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The objective of this investigation is to provide a detailed analysis of laminar

fluid flou' and heat transfer in internally finned tubes. Three mathematical models

were formulated for this purpose. These models are shown to be capabie of simulating

the actual situation of pressure drop and heat transfer in such tubes. A summary of

the analysis and results associated r'ç'ith these modeis is presented in the following :

1. SteadS', laminar, forced convection heat transfer in the thermal entrance

region of internail¡' finned tubes rvas investigated numerically for the case of fully

developed hydrodynamics using the ffi| und 6 ,h"r*al boundary conditions.\_./ \-/
The governing equations were solved numerically using the finite difference method.

Results are presented for the smooth tube geometry and sixteen internally finned tube

geometries includ.ing the local Nusselt number and thermal developing length corre-

sponding to each boundarl' condition. Values of Nusseit number provide a reasonable

approximation of the actuai values near the tube entrance r¡'here free convection is

insignificant. Moreover, the entrance length is expected to be shortened considerably

if significant free convection exists in the fully developed region.

2. Stead¡', laminar fluid flow in the hydrodynamic entrance region of internally

finned tubes was investigated numerically. The parabolized Navier-Stokes's equa-

tions were solved using a control-voLume based finite diference method following the

" SIMPLER " algorithm. Resuits are presented for the smooth tube geometry and

sixteen geometries corresponding to various combinations of relative fin heights and

number of fins. For each geometry, the results include the local and fully developed

friction factors, local and limiting incremental pressure drop number, and estimates

of the hydrodynamic entrance iength. These results, as well as those of the previous

model, indicate tirat internal finning influences the development of velocity, temper-

i
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ature and pressure along the entrance region in a complicated way rvhich could not

have been predicted by extending the smooth tube results to internaily finned tubes

on a hydraulic diameter basis.

3. Steady, Iaminar, mixed convection in the fully developed region of horizontal

internally finned tubes was investigated for the case of uniform heat input axially

and uniform wall temperature circumferentially. The fluid florry and heat transfer

characteristics were found to be dependent on a modified Grashof number, Prandtl

number, relative fin height, and number of fins. Governing differential equations rn'ere

solved numericallJ'for the smooth tube geometry and for six internally finned tube

geometries îor Pr : 7 and modifred Grashof number : 0 to 2 x 106. Computed results

include the secondary flow componerÌts, axial velocity and temperature distributions,

wall heat flux, friction factor, and average Nusselt number. Internal finning was

found to retard the onset of significant free convective effects and to suppress the

enhancement in friction factor and Nusselt number compared to smooth tubes.

Comparisons were made between segments of the present analysis and existing

experimental data. Such comparisons were not possible before due to lack of equir'-

alence between experimental and analytical conditions. The present comparisons

showed good agreement, thus enhancing the confidence in both types of results and

improving our understanding of the fluid flow and heat transfer phenomena in the

augmenting tool of internally flnned tubes.

The major findings from this investigation has been reported in four recent pub-

lications by Rustum and Soiiman ( 1988a, 1988b, 1989, 1990 ).
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During the past 30 years, a great amount of effort was directed towards the

development of compact and more efficient heat exchangers. The reduction in weight

and size of heat exchangers is desirable in many areas. In the area of transportation,

compact heat exchangers are desirable in order to reduce the dead weight that has to

be carried around as part of the transporting machine. In other industrial applications

u'here weight and size do not cause any problem, highly efficient heat exchangers which

are capable of the same heat duty at reduced pumping pov/er or increased heat duty

at the same pumping power are desirable for obvious economical benefits.

Techniques developed to enhance the standard heat transfer performance of

smooth tubes include surface promoters, l'ortex generators, tube or fluid vibration,

electrostatic fields, and fluid additives. Techniques such as vortex generators, tube

or fluid vibration, and electrostatic fields require auxiliary power and hence may be

uneconomical. Fluid additives is undesirable for many industrial applications where

the purity of the working fluid is essential. On the other hand, surface promoters

gained a lot of interest due to their simplicity and suitability to a wide range of

engineering applications. The internally finned tubes belong to this class and have

become extremely popuiar in recent years.

Before using any enhanced surface in the design of compact heat exchangers,

the heat transfer and pressure drop characteristics of this surface must be studied

thoroughly. The performance of internally finned tubes as enhanced surfaces u¡as

investigated experimentaliy and analytically in recent years covering the single-phase

laminar and turbulent regimes, as well as two-phase boiling and condensation. These
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studies have shown that the performance enhancement due to internal finning is

particularll' significant in the laminar flolv regime.

In the laminar and turbulent flou' regimes, experiments ( with the exception of

only one or two works that reported iocal measurements ) produced data for the

mean values of the friction factor and Nusselt number corresponding to test sections

of given lengths, which included developing and fully developed regions. Analyticalll',

most of the mathematical models assumed fully developed conditions with pure forced

convection. Comparing the analytical predictions with experimental data, agreement

was found to be good in tlie case of turbuient flow where developing lengths are known

to be short and f¡ee convection is insignificant. However, the analytical predictions

deviated considerably from the experimental data in the case of laminar flow ( even

when both corresponded to fully developed conditions ) because free convection is

known to have significant efects on the velocity and temperature distributions within

the flow cross section, and hence cannot be ignored in the analysis of fully developed

laminar flow situations.

Compact heat exchangers frequently involve short passages, therefore, the flow

may remain in the developing mode over the whole, or a major portion of the heat

exchanger. Significant amounts of heat transfer and pressure drop occur in the devel-

oping region and the accurate evaluation of these amounts cannot be made without

detailed knowledge of the friction factor and Nusselt number in that region. A careful

revier¡' of the literature revealed that there is a serious lack of such information. As

well, there has been no analytical studies of laminar mixed convection in the fully

developed region of horizontal internally finned tubes reported in the literature.

The objective of this investigation is to provide a detailed study of heat transfer

and pressure drop in the laminar flou'regime for internally finned tubes. This study

is useful for providing design data and improved understanding of the performance of

these tubes. Results of this investigation will also make possible the comparison with

previously reported experimental data, and thus, improving the confidence in both
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theory and experiment. A wide range of geometric parameters is to be covered in

this investigation which uses an analytical approach for solving the relevant governing

equations. Three mathematical models were identified to describe the desired florv

situations. These include fully developed hydrodynamically and thermally developing

flow using two limiting thermal boundary conditions, a hydrodynamically developing

isothermal fl.ow, and a fully developed mixed convection flow. The three models can

be used to simulate the actual situation of pressure drop and heat transfer in the

developing and fully developed regions for a wide range of heating loads and a wide

range of geometric parameters.



Since the present analysis deals with laminar heat transfer and pressure drop

characteristics of internaliy finned tubes, a review of relevant research efforts reported

in the literature, either experimental or analytical, is presented in this chapter. Due to

the small amount of research papers dealing with internally finned tubes, this review-

is extended to include selected and rvidely recognized papers dealing with the smooth

tube geometry as well. Both limiting thermal boundary conditions of constant heat

input axially and constant wall temperature circumferentially and constant wall tem-

perature both axially and circumferentially are considered in this revier¡'. This revieu'

includes both deveioping and ful1y deveioped flow ( hydrodynamically or thermaily ).

However, it is limited to laminar florn'only.

Horizontal, r'ertical, and inclined tube orientations were covered in the literature.

Ilowever, the emphasis is placed here on horizontally oriented tubes since it relates

directly to this present work.

2.L Smooth tubes

CHAPTER 2

LITERATURE REVIEW

2.7.I Experimental Studies

Ede ( 1961 ) tested seven horizontally oriented metal tubes with diameters rang-

ing from I.27 to 5.08 cm. Aiternating electrical current was passed directly through

the tube walls generating a uniform heat input both axially and circumferentially.

Water and air were used as the working fluids. The experiment covered a range of

Reynolds number from 300 io 100,000 , obviously including both iaminar and turbu-

lent flow regimes, and Grashof numbers of up to 107. The heated section was reported
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to be remote from the entrance of the tube indicating a Ìrydrodynamically fully de-

veloped flow. Values of l{z¡a v/ere presented as a function of. Re in the laminar and

turbulent flow regimes for both u'ater and air. Interestingly, Nu¡a did not show any

dependance on. .Re in the laminar flow regime but the dependance w-as strong in the

turbuient florv regime. Peripheral variation of wall temperature was reported to be

substantial in the laminar flow regime, thus reflecting a strong effect of free convec-

tion. Values of y'fz¡a for u'ater $¡ere presented as a function of Gr for low va]ues of

Ãe, and correlated using the following relation:

Substituting the cited average value oI Pr - 8, equation ( 2 1 ) can be written in

the following form:

Equation (2.2) u'ill be compared rvith relevant results from the present analysis.

Mc Comas and Eckert ( 1966 ) tested a horizontal tube in the laminar flow

region using air as the rvorking fluid. The test section was heated uniformally by

passing a direct current through the tube wall. The heated section was reported to

be preceeded by a caiming section to ensure a fully developed hydrodynamic flow.

The testing '\ ¡as noted to cover very lou' heating loads giving a maximum Gr of 1000

down to an order of one. Temperature measurements were gathered in the thermally

developing and fully developed regions. Values of Nu, v/ere compared with analytical

predictions of pure forced convection and found to agree within L8% at low values

of. Gr. Free convection was noted to increase the value of Nu, at points remote from

the beginning of heating as Gr was increased. No appreciable effect of free convection

was found in the thermal deveiopment region.

Nu¡af Nuid,o : (r + o.oocro't)

Nu¡af Nutd,o : (t + o.orz2&ao'3)

Petukhov and Polyakov ( 1967a and 1967b ), experimentally tested a horizontal

stainless steel tube with an inside diameter of 18.8 mm, wall thickness of 0.36 mm,
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and a heated length equivalent to gg diameters. Aiternating electrical current was

passed directly through the tube wall generating a uniform heat flux at the fluid-wall

interface. Distilled lvater was used as the working fluid throughout the experiment. A

calming section equivalent to 96 diameters in length preceeded the heated test section

to ensure a fully developed velocity profile. The experiment covered a range of ,Re

from 50 to 2400, and -Rø* from 2 x 105 to 4 x 107. \ialues of .lfu" u/ere presented as

a function of the reduced iength X+ at different values of Ra+, and compared u'ith

the pure forced convection prediction. The agreement between experimental -l{2"

and the theoretical prediction for pure forced convection was found to be good at low

values of X+ and deviated only at high values of X+, thus showing the insignificant

effect of free convection in the initial portion of the thermally developing region. The

critical value oL Ra+ at which free convection became significant in the fully developed

region u'as reported as 1.8 x 104. Free convection was reported to create a substantial

peripheral wall temperature variation, especialiy at high values of Ra+. Values of

Nu¡a were found to be dependent on -R¿* alone. The following ccrrelation fitted all

experimental data in'ith a maximum deviation of iSTa :

This correlation will be used for comparisons rn'ith relevant portions of the present

analysis.

Shannon and Depew ( 1968 ) tested water in a stainless steel tube heated uni-

formly by passing a direct electrical current through the tube wall. The flow was

laminar and the heated test section was reported to be remote from the tube en-

trance. Measurements of temperature were taken in the thermal entrance region as

well as in the fully developed region. The testing covered a range of. Re from 120 to

2300, Gz,from 1.5 to 1000, and Gr :upto2.5 x 105. Values of. Nu" vrerepresented as

a function oî. Gz, at different values oî Gr and compared with the anaiytical predic-

tion of pure forced convection. The experimental values of. Nu, agreed very well with
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the analytical prediction at the beginning of heating and departed to higher values

at iocations remote from the beginning of heating. The value of Nu, at æf D - 700

was reported to be up to two and a half times the analytical pure forced convection

va.lue. These findings confirm the weak effect of free convection in the early stages

of the thermally developing region and its strong effect on the heat transfer in the

thermally fully developed region.

Bergles and Simonds ( 1971 ) investigated the heat transfer performance of a

glass tube. The flow was laminar with a fully developed velocity profile. Heating was

suppiied uniformly over the tube wall by an electric heater, and water was used as

the working fluid. The experiment was carried out within a -R,e range of 300 to 800,

and Ra of up to 106. Values of. Nu" were presented against the dimensionless tube

length X* sirowing no signiflcant variation with the tube length. In comparing their

results with other analytical and experimental results, they concluded the follorn'ing:

1 ) The value of Nu¡a at Ra: 106 is over three times tlie forced convective value

indicating a strong effect of free convection in the fully deveioped regio". 2 ) Entry

length is short when free convection is significant. 3 ) The available data for various

tube sizes and materials fall into a sufrciently narrol\¡ band so that drawing a generai

correlation for practical purposes is possible.

Morcos and Bergles ( 1975 ) extended the previous r¡'ork of Bergles and Simonds

( 1971 ) to include a wider range of. Pr and also to investigate the effect of u'all con-

ductance. A glass and a stainless steel tube were used in this work, and distilled water

and ethylene glycol were used as the working fluids providing a range oL Pr from 4 to

175. The flow was laminar and the tubes were heated electrically to ensure a uniform

heat supply to the tube wall. The heated test section was preceded by a sufficient

length of similar diameter pipe io ensure a fully developed velocity profile. Values of

Nu¡a for the glass tube and the metal tube were presented together against Rafor

both water and ethylene glycol. The results r¡/ere in close agreement with each others

for Ra up to 105. However, at higher values of Ra, the effect of wall conductance and
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Pr became more noticeable. Consequently a correlation was developed using Gr, Pr,

and a dimensioniess wall conductance pa ameter as the independent variables. The

pressure drop measurements were taken for the case of ethylene glycol only because

of the associated large pressure drop compared to the pressure drop in the case of

water which was reported to be very dificuli to measure. At Ra of 106 the increase

in the diabatic friction factor over the isothermal friction factor was found to be 50%.

The wall conductance apparently played an insignificant role in the increase of the

friction factor.

Brown and Thomas ( 1965 ) tested three tubes during cooling. The tube diame-

ters were I.27,2.54, and 1.27 cms and their iengths rvere 9I.44, 137.16, and 91.44 cms,

respectively. Hot water was flowing in the test section and cold water was florving at

a very high flowrate in the surrounding annulus. The cooling water in the annulus

showed a negligible change in temperature rvhich simulated a constant wall temper-

ature along the u'alI of the test section. The test section'was reportedly preceded by

a calming section to develop the velocit5' profile. The testing covered a range oL Re

from 200 to 1500 whicir indicated a laminar flow, and covered a range of Gr from

4xI}a to 4.8 x 106. Results of 1üzv/ere presented at different values of. Gz and Gr.

At higher values of. Gr, 1üz showed a significant increase due to free convection. A

correlation was introduced relatir,g Nu to Gz and Gr, which was reported to fit ali

their data to within +8%.

Depew and August ( 1971 ) tested a copper tube with a heated length to diameter

ratio, Sln:28.4. Thetestsection, 19.1 mmindiameter,'wassurroundedbyaS.lS

cm diameter annulus. Freon-l2 was passed through the annulus thus cooling the test

fluid at a constant wall temperature. The test fluids used were water, ethylene glycol,

and mixtures of water and ethylene glycol. The experiment covered a range of Re

up to a maximum of 1800, Gz from 25 to 700, and Gr from 7 x70a to 9.9 x 106.

Values of 1/z \¡/ere presented and correlated as a fuuction of Gz, Gr, and Pr. Their

correlation was reported to agree with their data and many other data of constant
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wall temperature heating or cooling for various fluids to within +40%. Obviously,

for such a small ratio of S f D, the flow is mostly in the thermaliy developing region,

lrence 1Vï was expected to be influnced by Gz which is in turn a function of Re.

Yousef and Tarasuk ( 1981a ) studied the formation and structure of secondary

flou' vortices of air in the entrance region of simultaneously developing flow with

constant wall temperature heating. The test section was an a^luminum tube u'ith a

25.1 mm inside diameter and 25.0 mm wall thickness. Different tests were conducted

covering a ratio S f D re;nging from 2 to 48. The testing covered a range of -Re from

120 to 1200 and Gr from 0.8 x 104 to 8.7 x 104. The researchers used the Schlieren

optical r.isualization s¡'stem which they reported to be sensitive in detecting the minor

vortices u'hich had not been visuaLized by smoke or dye lines. Two major vo¡tices were

found to form in the ]ower haif of tlie flou' cross section. These two vortices reverted

to four vortices with two major vortices in the lower half and two minor vortices in

theupperhalf of thecrosssectionwhen SID> lSandthewalltemperatureexceeded

tlre ambient temperature by 20'C .

Later, the same researchers, Yousef and Tarasuk ( 1981b ), extended their pre-

vious work to study the temperature field and the heat transfer performance of the

same type of flow and boundarl' condition, and covering the same ranges of operation

as their previous work. For this experiment, the researchers used tlie Mach-Zender

interferometer to determine the three-dimensional temperature field and the circum-

ferential average Nusselt number, Nur.Around the circumference, at a certain axial

location in the thermally developing region, the local Nusselt number at the bottom

was found to be up to five times higher than the top value due to ihe high intensity

of free convection. The secondary flow was reported to be very active in the entry

region, s'hile far from the entrance of the tube it decreased substantially. This is ex-

pected since the wall temperature was constant and the fluid temperature increased

gradualiy approaching the wall temperature. This in turn was reflected on the values

ol Nu" which were up to two times higher than the pure forced convective analytical
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predictions at the tube inlet and dropped to the analytical value far away from the

tube inlet.

Finally, the same researchers, Yousef and Tarasuk ( 1982 ), concluded their pre-

vious two works by introducing a correlation for Nz. Their correlation was reported

as a function of Gz and Gr. The researchers claimed thai their correlation fitted their

own data to within 13% to -1770,, and fitted other data of other works to within

*3To to -30%.

2.L.2 Analytical Studies

Many studies were reported dealing with the mixed convection problem analyti-

cally. The complexity of the governing equations forced these studies to simplify the

governing equations by some sort of approximations, thus sometimes limiting their

applicability. Hor.r'ever, many of these approximations became unnecessary with the

introduction of advanced numerical techniques that could handle complicated models

and with the introduction of faster computers. In this section, a brief discussion of

selected papers from the iiterature is presented. Different t¡'pes of thermal boundary

conditions at the wall are considered.

Faris and \/iskanta ( 1969 ) solr'ed the problem of laminar fully developed mixed

convection in horizontal tubes with constant heat flux axially and circumferentiaJly.

The circumferential variation of wall temperature \¡r'as also neglected in this study.

The properties were assumed to be constant except for the density which was taken to

vary linearly with temperature in the buoyancy term, thus creating the secondary flow.

Approximate solutions were assumed for the governing equations with coefficients

that were determined by perturbation. The effect of secondary flow on velocity,

temperature, and Nu¡a was studied. The results of. Nu¡a for fluids with Pr ranging

from 0.003 (potassium) to 40 (light oil) were presented as a function of ( Gr+ lJA").
The dependence of Nu¡a on Re in the fully developed region of horizontal tubes
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is surprising, however, this appears to be a result of assuming a solution for the

governing equations.

Newell and Bergles ( 1970 ) presented an analytical investigation of ihe efects

of free convection on fully developed laminar flow of u'ater in horizontai tubes u'ith

uniform heat flux axially. Tv¡o iimiting cases; infinite wall conductivity and zero wal.l

conductivity were considered. The governing equations were solved using the finite

diference method with truncated Taylor's series approximations for the derivatives.

Results for heat transfer and pressure drop with both heating and cooling \ryere pre-

sented for both limiting cases of wail conductivity as a function of Gr. Higher values

of Nu¡a unð f ¡aRe.were reported for the case of inf.nite conductivity, vrhere Nu¡a

at Gr : 106 was found to be five times the value of pure forced convection. For

zero conductivity Nu¡a and J¡afue were less than those of infinite conductivity at

simiiar Gr. Higher circumferential temperature variations were reported for the case

oî zero conductivity. In comparing results u'ith existing experimental data, the two

Iimiting cases of wall conductivity were found to bracket the experimental data of

heat transfer and pressure drop.

Hwang and Cheng ( 1970 ) adopted a boundary vorticity method to solve the

Navier Stokes equations with biharmonic functions. The solution 'was for laminar

fuiiy developed mixed convection in horizontal tubes with uniform heat flux axially

and uniform wall temperature circumferentially. The researchers intended to bridge a

gap which existed bet'r'veen trvo methods of solution, namely, the perturbation method

which was for low values of. Gr and the boundary layer approximation method which

was for high values of Gr. Convergence failed for Gr* higher than 4 x 105 which

was attributed to the nonlinearity of the system of equations. At the maximum Gr*

attained, Nu¡a was found to be about twice its value of pure forced convection for the

case of Pr :1. Results of Nu¡a and f ¡¿Re ì#ere presented graphically as functions

of Gr+ and Pr, and compared with existing solutions. This work will be referred to

further in this thesis.
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The problem of fully developed flow in a horizontal circular tube with large Pr

fl.uids and temperature dependent viscosity and density has been theoretically int'es-

tigated by Hong and Bergles ( 1976 ). In their investigation, two types of bound-

ary conditions were considered . The first type, which represents metal tubes, is

a constant wall heat flux axialiy and constant wall temperature circumfereniially,

i..., f| . The second type, which represents tubes with very low wall conduc-' \-/
tivity such as glass tubes, is a constant heat flux axially and circumferentiaJl5', i.e.,

fÐ In formulating the problem, the inertia term was dropped , thus restricting

the analysis to fluids with high Pr. The solution was carried out using the boundary

layer approximation which divides the fluid into two regions; a core region and a thin

boundary layer near the wall. Values of. Nu¡a ìÃ'ere presented for -Ro up to 106 and

compared with existing experimental data. Results of the 6l Uorrrrdary condition\-/
showed good agreement ( within 10 % ) when compared with experimental data for a

metal tube. Results of the @ Uoorrdary condition showed a deviation of 20% at\-/
lor¡' -R¿ and a deviation of 70% at moderate Ra when compared with experimental

data for a glass tube. Finally, the authors presented correlations for ly'u¡a as a func-

tion of a viscosity parameter and -R¿. Use of these correlations requires iterations

due to the temperature dependancy of the viscosity. Tirese correlations are not valid

for low values of Ra since they yield values of Nu¡a less than the asymptotic forced

convection vaLue.

The effect of nonuniform circumferential heating on fuliy developed laminar com-

bined convection in a horizontal tube was studied numerically by Patankar et al.

( 1978 ). Two cases of thermal boundary conditions were studied; one in which the

tube was uniformally heated over the top half and insulated over the bottom half,

and the other in which the heated and insulated portions were reversed. Results were

obtained by the finite difference method Íor Pr of 0.7 and 5 and Gr* of up to 6 x 106.

The bottom heating was found to give rise to a vigorous buoyancy induced secondary

flow resulting in a much higher Nu ¡a compared to its equivalent value for pure forced
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convection. The top heating gave rise to less secondary florn'and consequently Nu¡a

shor¡'ed a lowel degree of enhancement compared to bottom heating. Similar results

were also noted for the pressure drop, however, for both types of heating the rise in

pressure drop due to secondary flow was less profound compared to the rise in heat

transfer.

Nguyen and Galanis ( 1986 ) solved numericall¡' ( frnite difference ) the governing

equations fo¡ simultaneous development of velocity and temperature in the laminar

flow regime adopting the @ Oolrndary cond,ition. The system of equations rvas

solved in its elliptical form using a three dimensional mesh. Boundary conditions

downstream were implemented by imposing a zero derivative with respect to æ for

all components of velocity and the dimensionless temperature. The solution was

obtained for -Rø* up to 106 and Pr : 7. Values of Nu, v/ere presented against

X+ at Ra* :106 and compared with the predictions of simultaneous development

of pure forced convection. The two values were shown to coincide for most of the

developing region, and begin to separate at values of X+ ) 5 x 10-3. A significant

difference was shown in tire full¡' developed region between the two values of Nusselt

number due to the apparent effect of free convection.

All the above investigations correspond to the case of uniform heat flux axiatly

u'ith different wall conditions circumferentially. The second important limiting condi-

tion is that of uniform wal1 temperature both axially and circumferentiaiiy, normally

referred to as the 6 Uorrodary condition. The following papers correspond to this\-/
type of boundary condition.

A theoretical investigation was conducted by Hieber and Sreenivasan ( 1974 ) for

laminar flow of large Pr fluids through an isothermally heated horizontal pipe. The

solution was carried out for -Re ranging from 200 to 2000 and Gr of up to 105. The flow

domain was divided axially into four regions; nameiy, a near region where secondary

flow was neglected and Blasius fl.ow was assumed, an intermediate region where pure

free convection was assumed, a near-intermediate region with mixed convection , and
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a far region with pure forced convection. Results thus obtained expressed 1/z ( v'hich

is an overall. average value that includes both developing and fuily developed regions )

as a function of Gr, Pr, -R,e, and SlD. As the result of comparing the theoretical

analysis wiih existing experimental data, the theory was claimed to be successful.

Ou and Cheng ( 1977 ) studied the problem of mixed convection in the entrance

region of horizontai isothermal tubes. The probiem was formu-lated based on the

assumption of large Pr which renders the inertia terms negligible. Solution of the

system of equations 'was performed numerically using a marching technique in the

axial direction. For any given value of. Ra, the value of Nu" starts out identical to

the forced convection value, then deviates at a certain X* and then again approaches

the forced convective curve asymptotically. The solutioü was marched in the axial

direction until y'fz" approached the fully developed value of pure forced convection

io within 2To. Yafue of the entrance length r¡ias presented as a function of -Rø, and

was shown to decrease monotonically with .Rø.

Hieber ( 1981 ) extended his previous work to elucidate and further substantiate

the theory developed. Basically, the same analysis u'as used and the results were

rescaled to be comparable with a wider range of existing resul.ts and data. Such

comparisons showed very close agreements. Although his analysis was developed for

high Pr fluids, the author noted that his results are capable of good agreement with

data obtained for air.

The problem of mixed convection in the entrance region of an isothermally heated

horizontal pipe with no aid of the large Pr assumption has been addressed by Hishida

et al. ( i982 ). In their anaiysis, Pr was taken to be 0.71 which corresponds to air,

hou'ever, Gr did not exceed the value of 104. The governing system of equations was

solved numerically using the finite difference method. Secondary flow was found to

intensify gradually until it reached a maximum at a certain location depending on

Gr, and then diminished gradually, and ultimately vanished altogether downstream.
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As a result, variation of. Nu, along X+ was found to be identical qualitatively to the

pattern described by Ou and Cheng ( 1977 ). Increasing Grw'as found to increase

the value of. Nu, and decrease the entrance length.

2.2 Internally Finned Tubes

In this section, a brief leviern' of experimental and anaiytical efforts done in the

past concerning the internally finned tubes is discussed. This review is limited to

Iaminar flo,*'. Both limiting thermal boundary conditions of @ .od "-'
\-/ ('r') are

considered.

2.2.L Experimental Studies

One of the earliest works conducted on interna"lìy flnned tubes was done by

Hilding and Coogan ( 196a ). Ten internally finned tubes and a smooth tube were

tested. The relativefin height of these tubes ranged from 0.36 to 1.0, and the number

of fins ranged from 2 to 8. The tubes were made of copper, the working fl.uid was

air, and the heating was applied at constant wall temperature. The test covered a

range of. Re from 1000 to 100,000 ( based on the hydraulic diameter ) encompassing

the laminar, transitional, and turbulent flow regimes. All gathered data were average

values over the whole test section u'hich $,as approximately 33 tube diameters for

each tested tube. The internally finned tubes showed an increase in the friction

factor due to heating that exceeded the smooth tube increase at simiiar heating

loads. This increase r¡/as more noticeable in the turbulent flow region. Based on the

hydraulic diameter, ny'z showed an increase due to finning at various heating loads

in the laminar flow and the transitional flow. However, this trend reversed in the

turbulent flow and the presence of fins was reported to decrease the enhancement

of. Nu when compared with smooth tube results at similar heating loads. The final

conclusion of this work was that the presence of fins enhanced ¡f" Uy 200 to 300%,
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however, this was accompanied by an increase in the pumping losses as well which

was higher in the'¡,urbuleni fl.ow region.

The use of internally finned tubes instead of smooth tubes in the design of

condensers for power plants has been studied by Heeren and Wegscheider ( 1967 ).

They reported that after six years of laboratory testing and measurements they came

up v'ith an optimum configuration for the finned tube whose type was refered to

by a code. In a plotted graph, the overal.l ireat transfer coefficient for a condenser

built with internally finned tubes 'was compared with a similar one built with smooth

tubes. The internally finned condenser showed a higher heat-transfer performance

ranging from 40% to 100% over the smooth condenser depending on the velocity

of water in the tubes. The maximum increase was found at iow to moderate f.ovs

velocities, while at higher flou' velocities the increase in performance remained steady

at 40%. The researchers commented that greater enhancements can be achieved at

low to moderate florry velocities and at higher water temperature, since the water

viscosity drops v'ith temperature and eventuall5, 1..r pumping powers are required.

As a final conclusion the researchers reported that using internally finned tubes they

constructed a condenser carrying the same heat duty of a conventional smooth tube

condenser with only 59% oI external surface area. This finding is quite interesting

in illustrating the fact that internally finned tubes can be very useful components in

constructing compact heat exchangers.

Eighteen internally finned tubes with straight and spiral fins, as well as two

smooth tubes were tested by Watkinson et al. ( 1975 ). The testing v¡as carried

out r¡'ith laminar motor oil f.ow. The motor oil provideda Pr range of 180 to 250.

The heated section 'was surrounded by a steam jacket to ensure an isothermal wali

boundary condition, and the fl.ow was developed hydrodynamicaJly before entering the

heated section. The operational range of. Re was from 50 to 3000 based on the inside

diameter. The geometrical parameters of the tested tubes covered a relative fin height

range of 0.05 to 0.31, and a fin number range of 6 to 50. The data for heat transfer
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and pressure drop were taken across the whole heated section without separating the

thermally developing florn' from the thermatly futly developed flow. Values of lfz and

the overall friction facto¡ in finned tubes were shown to be consistentl¡'higher than

for smooth tubes. At, Re - 500, the enhancement of 1üz over the smooth tube ranged

from 8 to 224% and the increase in the overall friction factor at the same -R,e ranged

from 18 to I3I% depending on geometry. For straight finned tubes, the highest degree

of enhancement of Àrã *u.r shornn by tubes u'ith fewer and longer fins. Tiris degree

of enhancement decreased by increasing the number of fi"ns and by decreasing the

heigtrt of fins. The /úz was correlated as a function of. Pr, Gr, Re, and geometrical

parameters such as number of flns, relative fin height, and length to diameter ratio,

SlD. Their correiation fitted their data with a standard deviation of i I7%. In an

attempt to correlate the friction factor, no simple relation rvas found.

Marner and Bergles ( 1978 ) conducted an experiment with five diferent kinds

of augmented tubes in laminar florv with constant heat input axially. Among these

tubes, one was an internally finned tube with ten fins and a relative fi.n height of 0.22.

A iimited amount of data was reported for the axial variation of Nu, using tu'o fluids

( water and ethylene glycol ). This data deviated conside¡ably from the analytical

predictions of developing forced convection in smooth tubes and fuliy developed forced

convection in internally finned tubes. The discrepancy was attributed to a Prandtl

number effect and the possible effect of free convection was not considered. Values of

Grashof number were not reported in this study.

Rustum ( 1984 ) conducted an experimental study using a smooth tube and

five different internally finned tubes. The study was conducted using water as the

working fluid in the laminar flow regime with heat being supplied uniformly along

the tube axis. Fluid flow was first developed before entering the heated test section.

The geometric parameters ranged from a relative fin height of 0.216 to 0.325, and the

number of fins from 10 to 16. Local measurements of Nusselt number were recorded

and analyzed at different levels of heating loads. The range of operating conditions
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varied from one tube to another covering an Rat of up to 7.4x 107, -Re from 2L5 to

1600, and Pr from 3.4 to 6.2. Variation of /{2, was presented for the entire thermal

entry region and the fully developed region. Comparisons were not possible since no

similar data existed in the literature dealing with mixed convection in the thermal

entrance region or in the fully developed region of internally finned tubes. The effect

of secondary flow was found to be much more profound in the fully developed region.

The existence of fins was found to deiay the onset of secondary floli' to higher values

of. Ra+ when compared to smooth tubes. This study provides a major source of

experimental data against which the theoretical results of the present investigation

can be compared.

Marner and Bergles ( 1989 ) conducted an experiment investigation using three

tubes rvith heating and cooling under constant t'all temperature. A higir viscosity

fluid with Pr ranging from 1260 to 8130 was used as the working fluid. Their in-

vestigation covered Reynolds numbers ranging from 15.1 to 575. The three tubes

used were a smooth tube, a tube with a twisted-tape insert, and a spiral internally

finned tube. The heated section was preceded by a calming length thus ensuring a

fully developed velocity profile at the test section inlet. The effects of free convection

were found to be negligible due to the high viscosity of the working fluid. Isothermal

friction factors for the internally finned tube and the tube ri'ith a twisted-tape insert

were found to be 1.7 and 3.4 times those of the smooth tube for the range of. Re

tested. The 1úz was also found to be above those of a smooth tube during both

heating and cooling with the greatest improvement for heating was for the internally

finned tube wher. Nu ranged from 3 to 4 times the smooth tube value. For cooling,

the twisted-tape /y'r, *u.r 1.5 to 2.25 that of a smooth tube.
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2.2.2 Analytical Studies

The hydrodynamic problem of ful1y developed laminar flow in internally finned

tubes was investigated analytically by Nandakumar and Masliyah ( 1975 ). The gor'-

erning momentum equation was solved numericafly using the fi.nite element technique.

The fins were assumed to have a triangular cross section so that elements of triangular

shape could be easil¡'implemented. The geometric parameters involved in the analy-

sis were, number of fins M, relalive fin height fl, and thickness of fins. The number

of fins covered a range of 6 to 24, the relative fin height covered a, range of 0.1 to 0.2

only, and the thickness of fins was represented by the half fin angle which covered the

range of 3 to 12 degrees. Results ol f ¡a,o.R,e were correlated as function of the ratio of

hydraulic to inside diameters of the tube, the circumferential arc length between any

two adjacent fins, and tire relative fin height H. It rn'as reported that the correlation

fitied ali their numericai data witir an average error of 2To and a maximum error of

4%.

Soiiman and Feingold ( 1977 ) developed a series solution to the problem of fully

developed laminar flow in internally finned tubes. The shape of the fins was assumed

to be trapezoidal t'hicir is reasonably close to the real fin confrguration. Values of

f f¿på" were presented for a wide range of geometric parameters, namely, number of

frns M , relative fin lieight .tl, and fin thickness represented by the half fin angle. The

number of fins and the relative fin height were found to have the dominant effect on

f ¡a,o&", while the fin half angle had significant effect only for high number of long

fins.

The forced convection heat transfer of fuliy deveioped laminar flow in internally

finned tubes was investigated analytically by Ilu and Chang ( 1973 ). The heat

fl.ux was assumed to be uniform axialiy, circumferentially, and along each fin. The

momentum and energy equations were solved using the generalized Green's function

by the method of partial eigenfunction expansion. Results were presented for a wide
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range of geometric parameters. Secoudary loops of equi-velocity lines and isotherms

were found to form in the bay areas betrveen adjacent fins. These secondary ioops

were reported to be influenced by -tl alone. For -tl < 0.32, no secondary loops were

noticed. However, for fl > 0.32, the researchers reported that the secondary ioops

appeared in the equi-velocity lines as well as in the isotherms, irrespective of the value

of M. The value of. Nu¡a,o was presented as a function of fy' and M, and for tire

particular boundar5'condition considered, an optimum vaLue of Nu¡a,o was found in

the neighbourhood of f/ : 0.8.

The work of Nandakuma and Masliyah ( 1975 ) was extended by the same

researchers, Masliyah, and Nandakumar ( 1976 ), to include the heat transfer case.

The same geometry, method of solution and flow conditions were assumed. A fully

developed pure forced convection with constant heat input axially and constant wali

temperature circumferentially were adopted. Resuits of Nu¡a,o based on the inside

diameter v¡ere presented for a haif fin angle ranging from 0 to 3.0 degrees, a number

of fins rl4 from 6 to 24, and a relative fin height .l/ ranging from 0 to 0.8.The results

showed lhat Nu¡a.¡ increases monotonically with 11 for any value of. M, however,

N u ¡a,o increases by increasing M until it reaches a maximum at a certain number of

fins, then decreases. This critical number of fins increased by increasing the relative

fi.n height. A very interesting feature of the presented results is the effect of fin

thickness on Nu¡a. This effect appeared to be insignificant for low number of short

fins, and its effect started to appear at high numbers of long fins.

The same problem was investigaied by Soliman and Feingold ( 1978 ), who

deveioped a series solution for the velocity and temperature distributions and Nusselt

number. The fins \¡¡ere assumed to be trapezoidal in shape. Comparison of the results

with those of Masliyah and Nandakumar ( 1976 ) was possibie only for zero-thickness

fins due to the difference in fin shapes. The comparison showed good agreement

( within 5% )

The case of a finite fin conductance, which would result in a nonuniform tem-
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perature along the fins, was investigated for the case of constant heat flux axially

and uniform tube rn'all temperature circumferentially by Soliman ( 1981 ). Again,

a series solution was obtained using the method of separation of variables. It was

shown that the fin conductance can have a serious effect on the overall heat transfer

performance of tubes with long fins ( fl > 0.4 ). However, the assumption of perfect

conductance was found to be reasonable when the ratio of tube thermal conductivity

to fluid therma.l conductivity was higir.

The influence of the tirermal boundary condition on the performance of internally

finned tubes r¡'as investigated by Soliman et al. ( 1980 ). In their study, uniform

wall temperature axially and circumferentially 1'ç'as assumed and the solution 'was

carried out using the flnite difference technique. Resuits of Nu¡a,o for a wide range

of geometric parameters were presented, and for any geometry, Nu¡a,s wâs found to

be consistently lower than that for the constant heat flux boundary condition.

One of the very few works dealing with mixed convection in internally finned

tubes was conducted by Prakash and Patankar ( 1981 ). In the analysis, the complex-

ity of the problem was reduced substantially by adopting a vertical tube orientation.

In vertical tubes, secondary flow is unidirectional r¡'ith the main flow thus reducing

the problem by eliminating the radial and angular momentum equations. The solu-

tion domain also reduced to half the sector between any two adjacent fins because

of the symmetry of the flow. The problem lryas solved numerically using the finite

difference method for fuliy developed, laminar flow with constant heat flux axially

and uniform temperature circumferentially and along the fins. Results of. f ¡¿Re and

Nu¡a v/ere presented as functions of the single parameter ( Gr* lR" ) ranging from

0 to 10s, assuming Pr:0.7. Both f ¡aR" and Nu¡a increased rvith ( Gr+ f Re)îor

any geometry. At a given ( Gr* lR" ), shorter fins showed higher augmentation due

to free convection than longer fins. The presence of the fins suppressed and delayed

the onset of free convection.
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The effect of free convection on a shrouded fin affay was studied analytically by

Acharya and Patankar ( 1981 ). In their study, a horizontal, laminar, fully developed

flow with two t¡'pes of thermal boundary conditions ( a hoi fin and base with cold

fluid, and a cold fin and base with hot fluid ) was considered. The probiem was

solved numerically by ihe finite difference method for different geometric parameters

and different values of Gr+ using Pr : 0.77. For the case of hot ûn and base,

which is the most related to the present work, both y'üz¡¿ and f ¡¿R" were found to

increase with Gr+ and with fin tip clearance indicating that shorter fins a.llowed free

convection to be stronger whiie longer fins suppressed the effect of free convection.

This finding is ver¡'interesting, although the geometry is not exactly that of internaliy

finned tubes.

Prakash and Ranzoni ( 1985 ) studied the effect of buoyancy on laminar, fully

developed flovu in vertical annular passages u'ith radial internal fins attached to the

inner tube. The outer tube was insulated, r,r'hile the inner tube was supplied with

a uniform heat flux axially. Tire problem was solved numerically using the finite

difference method. Results presented showed that both Nu¡a and f ¡aRe increased

with (Gr+ f Re) over their corresponding values for pure forced convection. This

increase was shown to be strongiy dependent on the number and length of fins. Similar

to what was reported before by Prakash and Patankar ( 1981 ), and Acharya and

Patankar ( 1981 ), longer fins suppressed the buoyancy effect on Nu¡a and f ¡aRe,

and the lrighest increase in Nu¡a and f ¡¿Re due to free convection corresponded to

fewer and shorter fins.

Mirza and Soliman ( i985 ) made an initial effort at investigating the problem of

mixed convection in horizontal internally fi.nned tubes. The flow was assumed to be

fully developed,laminar, and heating v¡as assumed to be uniform axially with uniform

wall temperature circumferentially and along the fins. The geometry was simplified

by considering only two vertically oriented fins; one being at the top of the tube,

and the other being at the bottom. The problem 'was solved using the technique of
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false transients in conjunction with a marker-and-cell type of finiie difference mesh.

Results were obtained for relative fin heights ranging from 0 lo I, Pr - 0.7, and a

Gr+ ranging from 0 to 106. Although the geometry was constructed with onJ.y two

fins, the presence of fins was found to suppress the effect of free convection and to

delay its effect to higher t'alues of Gr+ compared to smooth tubes. The enhancement

of Nu¡a compared to the forced convectivevalue was found to be consistently higher

than the enhancement of /¡¿-Re for all values of fin heights and Gr*.

The problem of simultaneous development of velocity and temperature in the

entrance region of internaliy finned tubes was analytically investigated by Prakash

and Liu ( 1985 ) assuming pure forced convection. In their study, the limiting thermal

boundary conditions of constant heat flux axialiy and constant wall temperature cir-

cumferentially and the constant rvall temperature both axially and circumferentially

were considered. The flou' $¡as assumed to be iaminar and steady. The system of

equations was parabolized, and a marching finite difference technique in the axial di-

rection was adopted. Results of. Nur,¡71and -1y'2",7l¡iere presented in the developing

region and in the full1' developed region. Estimates of the hydrodynamic and the¡mal

entrance lengths were presented for different values of number of fins and relative fin

heights. No simple trend couid be found in terms of the effect of geometric param-

eters on the entrance length, and no firm conclusion was drawn on whether fi,ns wiil

shorten or increase the entrance length. This study will be referred to further in later

parts of the present investigation.

From the above review of experimental and anaiytical research efforts on the heat

transfer and pressure drop characteristics of internally finned tubes, the following

observations were drau'n:

1. Mixed convection was considered analytically oniy for the case of vertical

tube orientation. No analysis is available yet for the horizontal orientation.

2. The free convection effects on pressure drop and heat transfer in tubes

appear to be insignificant in much of the thermally developing region with the
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,r-.
(H1) boundary condition. Ilowever, these effects cannot be ignored in the fully

developed region.

3. Very little information exists in the literature regarding the local pressure

drop and heat transfer in the developing region. Such information is necessary for the

design of compact heat exchangers invoh'ing short passages. One analysis ( Prakash

and Liu, 1985 ) involved simultaneous development of velocity and temperature,

however, no results are available yet for the individual growth of hydrodynamic and

thermal boundary layers.

4. Most experimental data reported average va.lues of friction factor and Nus-

selt number over a certain test section length which often inciuded both developing

arid fully developed regions. This fact coupled with the current state of analysis

'u'here most available results for horizontal tubes correspond to fully developed forced

convection has made it nearly impossible to compare experiment r¡'ith theory. Such

comparisons, when successfuJ., increase the confidence in both sets of results.

The present analyses were carried out to address the above apparent deficiencies.

2.3 Numerical Techniques

There are many approximate numerical techniques reported in the literature. A

detailed discussion of such numerical techniques is beyond the scope of this work.

However, a good reference on these techniques was reported by Roache ( 1982 ). In

this section, the emphasis is placed on the most commonly used technique in solving

heat transfer and fluid flow problems, i.e., the finite difference method. Basically,

there are two powerful techniques that can handle nonlinear systems of partial dif-

ferential equations that are coupled together through their pressure terms. The first

technique is called " The False Transient ". In this technique, a steady state situation

is assumed transient temporarily. The solution starts by assuming initial conditions,

and then marching in time until steady state conditions are reached and the time

derivatives vanish. At this point, the solution is considered complete and the resuits
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correspond to the steady state solution. A detailed discussion of this technique was

reported by Harlow and \\relch ( 1965 ).

The second technique treats steady state systems of equations as they are and

cou-ld be direct ( non-iterative ) if the equations are linear and unlinked, or iterative

to handle linked systems of equations. In this class, the " Semi-Implicit Method

for Pressure-Linked Equations " technique, or as abreviated by " SIMPLE ", was

developed by Patankar and Spalding ( 1972 ). This technique u'as later revised by

Patankar et al. ( 1975 ), and reported in detail by Patankar ( 1980 ) under the name

" SIX{PLER " which stands for a revised version of " SIMPLE '. This scheme is very

widely used in the area offluid flow and heat transfer, and has proven to be capable of

handling strongly linked nonlinear systems of equations. This technique was adopted

as a solution tooi in this present anaiyses.

The above mentioned numerical techniques can be used in solving tìre governing

equations using the primitive variables, such as the components of velocity and the

pressure, or by means of vorticity and stream functions. The vorticity and stream

functions approach involves cross-differentiation of the momentum equations and

eliminating the pressure, thus decreasing the number o{ equations. The disadvan-

tage of such an approach lies in the difficulty in evaluating the primitive variables

after a solution is obtained, which requires numerical integration of the vorticity and

stream functions. In tliis stud¡', the approach of solving directly for the primitive

variables was adopted.
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3.1 Physical Models

The geometrl' under consideration is that of a horizontal tube with a variable

number of straight longitudinal fi.ns, evenly distributed around the inner wall of the

tube, as shown in Figure 3.1. Fins are assumed to be of negligible thickness with

sides oriented radialiy within the tube cross section. The fins and the tube wa.ll are

assumed to be of negligible tirermal resistance, resulting in a circumferentially uniform

wall and fins temperature. This assumption closely approximates the real situation

when the internally finned tubes are made of highly conductive metals such as copper

( which is norma.lly the case ), particularly when the fins are short.

To represent an actua"l physical situation mathematically, it is necessary some-

times to subdivide the actual situation into individual cases, each of which could be

represented by a different mathematical model. The value of Nu, ,pl during laminar

flou'in tubes ( as shown in Figure 3.2 ) is normally very high near tlie entrance and

it decreases monotonically until it reaches an asymptotic vaiue in the fully developed

region. Dividing this situation into a thermally developing region and a ihermally

fuJly developed region, the two cases can be analytically studied separately. In the

developing region, previous studies ( ..g. Nguyen and Galanis, 1986 ) have shown

that free convection may have insignificant effect on heat transfer due to the small

wall-to-bulk temperature difference. Therefore, the thermally developing region can

be described by a developing forced convection modei which represents the actual

situation with acceptable accuracy. This assumption is further justified by the fact

that free convection shortens the thermally developing region considerably as shown
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Figure 3.1 Geometry under consideration
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experimentally by Petukhov and Polyakov ( 1967 ), and Rustum and Soliman ( 1988 ).

On ihe other hand, free convection is known to have a strong influence on heat

transfe¡ in the fully developed region. Therefore, a fuliy-developed, mixed-convection

model is necessary in this region. Hence, the actual situation of hydrodynamically

developed but thermalil' ¿"n.toping flow can be represented with reasonable accuracy

by two models assuming forced convection in the thermally developing region and

mixed convection in the thermall¡' developed region, as shown in Figure 3.2.

A third model is needed for h)'drodynamic development. This model will assume

isothermal flor¡' and should provide information about the variation of friction factor

and pressure gradient in the hydrodynamic entrance length. Results of these three

models should provide a design tool for many applications of compact heat exchangers

where internally finned tubes are used.

3.1-.1 Developing Forced Convection

The problem of hydrodynamically fully developed flou' and therrnally develop-

ing forced convection heat transfer is considered in this case. Trvo types of thermal

boundary conditions are studied; a constant heat input axially and uniform wall

temperature circumferentially, and a constant wall temperature axiall¡' and circum-

ferentially. These two thermal boundary conditions are known as the @ urra
,,1, 

" \-/
( T ) boundarv conditions, respectively, and they represent limiting conditions for\,/

many industrial applications.

In this situation, no radial or angular components of the velocity exist. The

pressure is independent of r and 9, and its axial gradient is constant. The temper-

ature is a function of rr0, and æ in the thermally developing region. In the fully

developed region, a nondimensional temperature profile becomes invariant with the

axial location, æ.

Using this model, the fully developed axial velocity distribution can be generated,

from which the value of f ¡a,oRe can be calculated. The temperature distribution can
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also be generated in the developing and in the fully developed regions, from which

Nu,, Nu¡a,o and -t+ can be evaluated. All of these parameters are to be caiculated

for each tube geometry covered in this investigation using two limiiing boundary

conditions, the @ Uoor,dary condition and the @ Uolrodary condition.'\-/'\/
Tire solution of this problem has the advantage of being applicable to the case

of simultaneous development of veiocity and temperature for Pr ) 5. The Prandtl

number is a nondimensiona"l grorlp of fluid transport properties, and can be written

in the form of the ratio of diffusivity for momentum to diffusivity for heat. If Pr : I,

the velocit¡'and temperature profiles develop at about the same rate. If Pr ) 1, the

velocity profile develops more rapidly than the temperature proflle, and if Pr 1 7,

the temperature profile develops faster than the velocity profile. For Pr ) 5, the

velocity proflle leads the temperature profile sufficiently that a solution based on an

already fully developed velocity profile will apply quite accurately even though the

hydrodynamic starting length was ignored (Kays and Crav'ford, 1980 ). In other

rvords, the present model may be valid for simuitaneously developing flow of fluids

such as water or oiis. However, it is not applicable to simultaneously developing flow

of fluids such as gases and liquid metals.

3.1.2 Developing Isothermal Flow

The case of hydrodynamically developing flow is considered in this part. In

the developing region, the velocity is three dimensiona^l, and each component is a

function of. rr0, and æ. The pressure is also a function of rr0, and æ. The intensity

of the secondary flow first increases and then decreases until it vanishes in the fully

developed region. The pressure in the fully developed region is independent of r and

0, and its axial gradient is invariant with æ.

This model can produce the axial velocity distribution in the fully deveioped

region and consequently f Í¿,0R". In the developing region, the three components of

velocity can be generated, and the axial velocity distribution can be used to calcuiate
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f,Re, foppÃe, and K at each axial station. The hydrodynamic entrance length

Lp, anà the value oî Koo can also be calculated. Al1 of ihese parameters are to be

calculated for each geometry considered in this investigation.

3.1.3 Fully-Developed Mixed Convection

In this case, the flow is assumed to be fully developed hydrodynamically and

thermally. The density is assumed to be temperature dependent only where buoyancy

effects are considered. Heat input is applied at a constant rate axially and the wall

temperature is assumed uniform circumferentially.

The application of heat at the tube wall creates a temperature gradient, and

consequently, a density gradient. This in turn causes the iighter fluid to move upwards

and the heavier fluid to move downwards to replace it. This kind of motion is called

free convection or secondar¡' florn'. In smooth tubes, this motion usually takes the

shape of two loops within the cross section of the tube, with the fluid moving upwards

near the u,'a11 and dou'nwards at the core. In internally finned tubes, the pattern of

the free convection motion is expected to be complicated by the presence of the fins,

as shown later in this work.

The intensity of the secondary flow increases the mixing of the fluid and is

expected to enhance the heat transfer performance. At the same time, the interaction

of the secondary flow with the main flow increases the pressure drop. The presence

of fins increases the surface area, which has the effect of increasing heat transfer and

the frictional forces. However, the fins may suppress the intensity of secondary flow,

thus delaying its effect on heat transfer and pressure drop to higher heating loads

compared to smooth tubes.

For a given finned tube geometry, the solution of this model generates the three

components of velocity and the temperature distribution for given values of Prandtl

and Grashof numbers. From the axial velocity distribution, the value of f ¡¿Re can

be calculated, and from the temperature distributior^, Nu¡a can be calculated. All
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of these parameters are to be evaluated for all tube geometries considered in this

investigation) over a wide range oí Grashof number.

3.2 Mathematical Models

S.2.L Developing Forced Convectron

This modei is valid for steady, laminar, forced convection flow of incompressible,

Nervtonian fluids u'ith constant properties. Axial conduction and viscous dissipation

within the fluid are assumed negligible. Due to geometric symmetry of the flou'

domain, solutions of the governing equations are necessary only within 0 ( r 1 ro

and 0 < 0 < e.) as shown in Figure 3.3.

Based on the above assumptions, the applicable governing equations are as fol-

lows:

Momentum Equation

The dimensional momentum equation reduces to

Iô ¡ ôut, 7ô2u |dp
r0r\,ôr) ,12ô02 

pdæ

This equation is subject to the following boundary conditions

( r:ro , 0101
z:0 at i

Itr<r1ro ,, 0:0

and

ãu

--00r

Normalizing the above equation and boundary

parameters defined in the Nomenclature, we get

t.¡¿L

ôu

--0a0

at r:0 for all 0

at fo'
l.0.

(3.1)

")

r 1ro )

r 1r; )

conditions

(3.2a)

,-"1
0:01
using the

(3.2b)

(3.2c)

dimensionless
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Figure 3.3 Solution domain and coo¡dinate system for developing

forced convection and deveioping isothermal flow

Symmetry
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AU 0 at .R: 0 , for all 0 (3.4b)
AR

and
au f o<-R<l , d:aì
A,:o at { | 1e.+"¡

Lo<n<(1 -fl) ^ 0:o)

Boundary condition (3.4b) is difficult to implement numericaliy. In order to establish

a well defined boundary condition at the tube centerline, the transformation U' :

tl ' R was introduced.. The final form of the momentum equation becomes

u:o at { 'R:1 ' o(ds"} 
ß.qa\

f(i-.r1) S,R<1 , o:o )

7 a 1,-,âu\ 1 a2u 1

RaR\^âÃ )* w oor:-'

7 a2u' r aut 7 I __, ô2u,\
Rarr-RraR-*[''* *)--1

subject to these boundary conditions

|.ù.'J/

{ ^:t , 0(r="1
[J':o at {tr-H)<-R<1 , o:o } (g.oo)

[ ":o )

and

aU' 0<-R<1 , ':*ìao ou 
ì0.Ã<(1 -H), e:ol

The foliowing definitions were adopted for the fully developed frictionf.actor f ¡¿,s

and Reynolds number,Re based on the inside diameter D¿ :

(3.5)

Í¡a,o : n¿(-dplaæ) l(zp"l)
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and

Consequently, the product f f¿,rå" can be reduced to this dimensionless form

lra,ofu" :2lUa

where the dimensioniess mean velocity is given by

f ¡d ¡1r¡o:ll I u'dvdo
LJ e:o J n:o

Energy Equationr 6ì Boundary Condition\-/

The applicable energy equation has the form

1A/ A¿\ 7ô2t pcn ôt
;ô'\'ar)n,ar,r:-i"a*

Re : puuD¿lf¿

This equation is subject to the foliou'ing initial and boundary conditions :

atc:0

t : t. for all r) and ali 0

forø>0

l@lz)

|.'J.0 /

t:t-

ffi:o

(3.e )

and
ôt
Ar:0 at r:0, for all e (3'72d)

Normalizing the energy equation and boundary conditions, we get

7 A (rIf\-7 A2T 
- f r¿,lI¿"r,, 0,

EaR(t*/ + w a,,, 
: -=î-' an (3'13)

Ðtr
ÙU

(3.10)

( r:rs , 0(0(
at{

Itoarlro , 0:0

ar fo'r1r¿' ':ol
[0<t<t" , 0:a)

(3.11)

")

(3.72a)

(3.12b)

(3.12c)



at X* :0

forX+>0

T:T- at { 
R-_ r ' osá<al

f rr-ä) <.R<1 , o:o ì 
(3'14ó)

T : t for atÌ R, and all 0

#:o a, {'.ri;,:-ru) 
, ,,:_:\ 

(3 1ac)

and

* :0 at Ã: 0, for all 0 (3.74d)
AR

To insure a rvell defined boundary condition at the centreline, the t¡ansformations

T' : T.J? and U' : U . R u'ere introduced. The final form of the energy equation,

initial and boundary conditions become

_aT _ ôT' * !( r,* ôr?'\ _ r¡ap?"rr, ôT'Ã:;; - - + ;( T' + + I : #U' *--- (3.15)a¿z- ô_R--R\'- A0z) 4 v 
AX+

atX*:0
T' :0 for all R , and all 0 (3.16ø)

forX+>0

(J.14ø'

T,:T*.R at { 
R:7 ' o('="} 

(3.16ó)
f(t-H)s-R<1 , o:o )

and
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T' :0 at R:0 (3-16d)

In the fully developed region, energy equation (3.11) would still apply subject to

the condition,

Using this relation and the transformations U' : U .R and T' : T . R, the

norma.lized form of the fullS' developed energy equation can be written as

Rqr' -ry +!(r, * qq) :y,p¡ÍÍ¿pR",arr-âR-E\- a02) -Hl-=;-) (3'1i)

Equation (3.17 )is subject to boundary conditions (3.16b) to (3.16d).

The following definitions were adopted for tlie circumferentially averaged values

of tlre heat transfer coeffi.cient h",Ht and Nusselt number NlLr,Ht at any axial location

ôæ dr dæ pcou6rrrf,

and

NlLr,Ht: hr,atD¿lk

In nondimensional form, we have

h,,Ht : Q' ll" no (f- - ¿r)]

where

In the fully developed region, the definition of Nu¡a,n1 is similar to NL,,Hy,

given by equation (3.19) above. Additional relations are needed for the evalution

DÙr) I

', 
: 

ll,:, l:=,(u'r' rn)dR do7¡@uatz)

Nu",Ht:t¡(f--?r)

(3.18ø)

(3.18ó)

(3.1e)

(3.20)



of tlre dimensioniess wall temperature T*. These relations were obtained from the

application of au overall energy balance, as shown later.

Energy Equationt 6 Boundary Condition\-/
Equation (3.11) is valid for this condition subject to the following initial and

boundary conditions :

at æ:0
( t : t" within the fluid ì
{ I (3.21ø)
I f : f- at all solid boundaries )

foru>0

t:t- ar { 
r:ro ' o('="} 

(8.21å)
It¿<r1ro , 0:0 )

and

ðt
A, 

:0 at r : 0, for alt 0 (3"27d)

NormaÌizing using the appropriate definition of ? given in the Nomenclature, we get

#:o a, 
{ ::,,::," 

,, 

" 

:0,\ (3.21c)

at Xt :0

7 A ( -AT\, 7 A2T _ lÍ¿,oR"r, 0T
Raa\-aÃi-Rraor- 4 "ôx*

forX+>0

( T :1 within the fluid ì
{ þ g.zra)
[. 7 : 0 at all solid boundaries )
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T--o at t R:t ' o(ds'Ì
f(1 -n)s.R<1 ,, 0:0 )

aT Í0.Â<(1 -H), ,:oì.
ao:o a* 

t o<-B<1 , e:oJ

and

Using the same transformations 7r : 7.-E and U' : U .R, the above system

becomes

AT
AR:0 at -R : 0 , for all 0

RYI - aI' - L(r' + {3) : Ï-Ío,oÀ""' ðr'
òR, - ôn - E (' ôs2 / îLi' ô"-,- (3'24)

at X* :0
( T, : R within the fluid ì
i ) (3.25ø)
[. 7' : 0 at all solid boundaries J

forX+>0

(3.23b)

(3.23c)

T,:o at { R:7 ' o('="1 
rs.2sól

f(t-H)sR<r ,, o:o .,| ' /

aT to<,R<(l -rl) , ,:oì
at:o at 

L o<R<1 , e:o] Q'25c)

and

(3.23d)

Similarly, equation (3.11) applies in the fu11y developecl region subject to the

condition
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0n

Using this relation and the

normalized form of the fuliy

t-t*
tu-t-

"# - #* * (r, . #) : -r¡¿{;R" rl r Nu¡a,r

Subject to boundary conditions (3.25b) to (3.25d).

dta

dn

transformations U' : U .R and T' :

developed energy equation takes the form,

The circumferentially averaged values of the heat transfer coefficient hr,7 and

Nusselt number Nurg at any axial location were calcuiated based on defi.nitions

(3.18a) and (3.18b), respectively. In nondimensional form, Nltr,,T is given by

_Nu¡¿,r (t - t-)k
prlu6c,

Nu- ,r:

Equation (3.28) was aiso used in the fully developed region. Value of l{z¡a,r used

in equation (3.27) is not known apriori. ConsequentlS', an iterative procedure was

required for sof i'ing this equation, as described later.

3.2.2 Developing Isothermal Flow

This model is valid for steady, laminar flow of incompressible, Newtonian fluids.

Properties a e assumed to be constant throughout the flow domain. Axial mass

diffusion and body forces a e assumed to be negligible. Due to geometric symmetry

of the flow domain, solutions of the governing equations are necessary only within

0( r 1ro and 0 < 0 < a, asshou'ninFigure3.3.

Based on the above assumptions, the applicable governing equations are as fol-

lows :
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T .R, the

(3.27)
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Axial Momentum

I ôu u}u ãul ãn 11 â. ãu. rô2u1
ol" * *; a0+"a-): -t- pl; a,? *)* i ô") (3'2e)

Radial Momentum

I ô" ut ôu w2 ôu1 ôpoL"ar+;æ-;-"a*):-a,
la(1 A,,\ 7ô2u 20zol*rl*(;A("1 )- A a* - iæ) (3'30)

Angular Momentum

I a- us ôu au) a.1 r õp
oL" *-; ao*;-"*):-;ao

lalra. \ rô2u 2ôaf*,1*\;a"t'-l ) = a a,,, + * *l

Continuity

7 A . IEza 0u.;(rr) +:-*^:0 (3.32)r iJr' r ö0 öæ

To use the marching solution technique in the axial direction, the above set of

elliptic equations must be parabolized. To parabolize these equations, two steps must

be done; mass diffusion in the axial direction must be neglected ( # : # : i# --

0 ), u'hich has aJready been assumed, and the pressure is subdivided into two parts.

The first part of the pressure is a function of r and d oniy and it is the driving force

for the radial and anguiar velocities. The second part is a function of æ only and it

47

(3.31)



is the driving force for the main stream flow. Tire two parts are independent of each

other and can be u'ritten as follows

p(æ,r,0): pt(r,0) + F@)

using relation (3.33), the governing equations reduce to

Axial Momentum

Radial Momentum

I ôu u ôa ta2 ôu1 0n'ol"*+;æ-;*"a*l:-ã

Angular Momentum

(3.33)

lA/1 A..\ 102a Zôul-rlu\;a,t"l )- A ao, - ,, ao)

I a* w 0u 7)7n a-1 r 0p'
ol" *-; ao+--"*):-;ã

lalra..\ ro2u 2ôa1*rl*\;a,t"l )-aæ,+**)

(3.35)
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Continuity

These equations are subject to the follou'ing initial and boundary conditions

atæ:0
I ,: uo i¡'ithin the fluid ì
I , : 0 at all soiid boundari"s /

I O Id'tD du
;are")-;a0* a*:'

and

u : 7!) : p' :0 for all r and aII 0

w'here po could assume any value without influencing the solution.

Foru)0

P: po

't!, : 'u :'u : 0

within the fluid

ôu 0a

a0 a0

(3.37)

Normalizing the governing equations and the applicable initial and boundary condi-

tions using the dimensionless quantities given in the Nomenclature, we get

Axial Momentum

:?r:0

ðu
;- : 'ü :'aD : lJ
dr

( ,:ro , 0(01cr
al{

Itoarlro , 0:0

(3.38ø)

(0<r<ro , d:a)at 
io.r1r¿,,0:oJ

(3.38ó)

-.AU WAU UAU
l/ 

- 

-J- I 
--'aR' RA0'zAX

at

(3.38c)

) 
(B Beø)

r:0, for all 0

:i*(,#)

(3.3eó)

(3.3ec)

2 a2u |dP
_L-'R2A02 zdx
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R-adial Momentum

,ru -v' av -w' -yav :, !-( -7 a ' '\t' 
aR+ E oo - E * 1 ax- 

: 
" oR\Eôfr @t/ ) )+

2 a2v 4 0w aP,
R, ai,, - R, ae - aR (3'41)

Angular Momentum

v-al4' _v, aI4/ _r/14, _yav, _ ^ â ( t â, -,,,.\ _,
'' aR - E ôo + Ã + t ax :'-ar\t *tJrn' ) )

2a2w 4av TaPt
R, Al,, - R, At - R Ao (3'42)

Continuity

atX:0
fftr,t.#*lK:o

I U :1 within the fluid I
\ U : 0 at all solid boundarie, J

and

For X>0

IJ:v:rrr-o at { 
R:7 ' o('="} 

(B.a5a)
l(1 -n)SR<r , o:o )

a[J:av:w:o at { 
o<-E<1 

':'} (3.45b)A0- ôo-" @u 
ì.0afi<(1 -E) , o:ol \u'=uu

P : Po vsithin the fluid (3.44b)

It- : W : P' :0 for all ¡9 and e

#:v:w:o at -R:0, for ari o (B.4bc)
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In thefully developedflowregion, V:W: Pt : #:0, and dPldx be-

comes constant along X. Consequently equations (3.41) to (3.a3) vanish and equation

(3.40) reduces to

The boundar¡' conditions applicable to equation (3.46) are similar to equations (3.a5a)

to (3.45c).

Some of the ver5' important parameters that are calculated after the solution

of the above model, such as the local friction factor /", Reynolds number -Re, the

apparent friction factor f opp anà the incremental pressure drop number K are defi.ned

as foliows :

rô/-au\ ra2u td,PIp_l_-L_
RAR \'"â-R / ' R2 A02 - 4dX\./

Re : pruD;lp

Therefore, the product f ,Re in dimensionless form is expressed by

f'Re - -t= '!!-2dx

l. : D ¿(- dþ I dr') I Q pu26)

The apparent friction factor is given by

I
foPP: D;l@"

L

in dimensionless form, f oee&e can be wr

(3.46)

Q.aTa)

- F)þ)r(2e"1)

/_
foppAe : I Po

\
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itten as

- P 
)tQx)

(3.48)

(3.4e)

(3.50)



The pressure drop can be treated as the sum of two components; one is based on the

fully developed conditions and the other is a consequence of the change of momentum

in the entrance region, thus

F'-F 4Í¡¿* , r,'#tr:t"fit-x (3'51)

Substituting from equations (3.47) and (3.a9) into equation (3.51) and reducing we

oafb'"

Normally, the value of K increases gradually in the entrance region and asymptotically

reaches a limiting value K- which remains constant in the fully developed region.

3.2.3 Fully-Developed Mixed Convection

This model is applicable to steady, laminar fi.ow of incompressible, Newtonian

fl.uids. Properties are assumed to be constant, except for the density which is tem-

perature dependent where buoyancy effects are considered. Axial conduction and

viscous dissipation within the fluid are assumed negligible. The flow is assumed to be

fully developed hydrodynamically and tirermally with uniform heat input axially and

uniform wall temperature circumferentialiy. Consequently, tlie three velocity compo-

nents, the axial pressure gradient and the axial temperature gradient are all invariant

in the flow direction. This analysis assumes that each tube is always oriented with

the uppermost fin in the vertical direction. Due to the flow symmetry, the solution

is necessary oniy for 0 ( r 1 ro and 0 < 0 < r, as shown in Figure 3.4. As well, this

analysis considers the case of heating, i.e. situations where the wall temperature is

higher than the fluid temperature.

The applicable momentum, energy, and continuity equations under the above

assumptions and conditions are
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t\a

SymmetrY Plone 

-l

Figure 3.4 solution domain for fully-developed mixed convection
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Axial Momentum

I õ" zu0u
P11'- -r --L'0r ' r ð0

Radial Momentum

I ôa uôuoL"*+;æ

Angular Momentum

ðp lrA,ôu, r02ul-,l;arva,)-,,ar;,)

lu,z1
--l r)

I ô- u ôza uul
ol" a,+; æ*;l

:pg, ôn lA/7A..\ 7ô2u 2ôzn1
- ar + rL* [;rt'"1 ) - ¿ ô0, - ,, ao)

Continuity

:P9e

Energy

|ãn lAlIA .\ 7ð2zo 20u1
-;7;o* rla, (; a" t'-l )- A ar,, 

+ * ôe)

(3.53)

The momentum equations were parabolized by introducing the approximate rep-

resentation of the pressure given by equation (3.33). The Boussinesq approximation

was used in formulating the body force terms in the momentum equations, which

basically states that the density changes linearly with temperature as follows

I 0t w ôt atl -lt A t ðtr t ô2t1
o"ol" ar + ; ôo -" a-l: rl;â, (' ar) + ,, asr)

a.
*lru) +

(3.54)

ôu
ð0:1J

Nondimensionlizing, we get

(3.55)

P:P*lt+ø(t--t)]

(3.56)

(3.57)
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Axial Momentum

Radial Momentum

t¡ôu *v, a[J : _!dP *rltu 1 au 1 a2u1
' aR- E ao ax +'lr* " Etm+ wãar) (3'5e)

.,1*(å,i,'u)) * ##-##) (s60)

Angular Momentum

--AI/ 14, AI/ W2 Gr+ T ^ 0p,
t¡ _ _j- _ ^^aH _ _'aR'RA0 R 2 """" aR

--0W 14' AI4r IiI4' Gr+ T 7 AP'

'an-fi ar -fi:- 2 t¿na- 
Rôr

Continuity

.,1*(å*,",n'i) * ##.#Hl (861)

Energy

*(r{ *YY* ?{) :2'T * r{ * lTl (s.63)z I aR- R ao ' Pr)- aR2 ' RôR' R, ao,

Introducing the transformation V' - V .-R, the mathematical model takes the fol-

lowing final form
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Axial Momentum

Radial Momentum

Yry +YY: -'=+ *rlt! + Ly+ I f!1 (s 64)RaR' R a0 - 2dx''lanr' RaR' R, a7rl'-'--'

V'AV I4r AI/' W2 Gr+T ^ 0P'
_l-_

fraL- R, ao -E: , cosÛ- 
aR

^[a ¡7ðV',, 7A2I/' zawl*'læ(aãrJ + 
Ã3 -ã* - ,,ãî) (3'65)

Angular Momentum

V' AW W' AW V'W Gr+ T 7 API
I 

-- 

I c""14 
-RAR RAE R2 2 RAO

.,1*(*hr,*'r) * ##*##) (s66)

Continuity

Energy

Pr lV',ôT W AT Zy\ A2T 7 AT t A2T
ï(a aR+i at* *): ao,*nan*ø a,,, (3'68)

It must be pointed out that a transformed radial velocity V' is used in equa-

tions (3.64) to (3.68) instead of the velocity V in order to invoke a strong boundary

condition ( V' : 0 ) at the centerline of the tube. Along the solid boundaries, the
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three velocity components and temperature are equal to zero, while at the symmetry

plane, the normal veiocity component is equal to zero and the normal gradients of

the other two velocity components and the temperature are equal to zero.

Definitions (3.19) and (3.48) were used in calculating //z¡a and f ¡aÃe, respec-

tively.

The mathematical formulation, equations (3.6a) to (3.68), indicates that the

velocity, pressure, and temperature distributions for a particular fi.nned tube geometry

( i.e. given .t/ and AI ) arc functions of the two independent parameters Pr and Gr* .

Tlrerefore, overall quantities such as Nu¡a and f ¡¿Re would also be dependent on

Pr and Gr+ beside the geometric parameters .H and M. The axial pressure gradient

term ( dPldx )that appears in equation (3.6a) is calculated from a global mass

baJance, as shown later.
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SOLUTION PROCEDURE

4.1 Developing Forced Convection

CHAPTER- 4

The governing equations for ihis model consist of a fully developed momentum

equation and two energy equations for each thermal boundary condition. One energy

equation applies in the fully developed region and the other in the thermally devel-

oping region. The sequence of solving this system of equations started by soh'ing

the momentum equation, thus providing the axial velocity distribution u'hicilwas re-

quired for soh'ing the energy equations. The next step for each B.C. was to solve the

energy equation in the fuJly developed region, thus yielding a temperature distribution

from whiclt Nu¡a,o n'as calculated. After solving the fuily developed energy equa-

tion, the developing energv equation was solved using a marching technique, starting

from the tube entrance and proceeding by a certain axial step AX+. At each axial

location, the temperature distribution was generated and the circumferential average

local Nusselt numberwas calculated. Ai, the cross-section 'n'here the local value of

Nusselt number reached 1.05 times the fully developed value the solution þ'as stopped

and the value X+ at this cross-section was considered the thermal entrance length

-t+. Tube geometry ( ll and AI ) is the only necessary input information required

for the solution.

AND ACCURACY ASSESSMENT
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4.7.7 Solution Procedure

Momentum Equation

The momentum equation in its nondimensional form (3.5) and the applicable

boundary conditions (3.6) were solved numerically using a finite-difference approach.

All derivatives were approximated by second order central differences.

The resulting set of algebraic finiie difference equations were then solved using

Gauss Seidel point by point iterative method with overrelaxation factors ranging from

1.90 to 1.99. The iterating process was continued until the velocity at each single nodal

point has converged. The criteria used to judge the convergence v'as by comparing

the velocity at eacir nodal point with its val.ue from the previous iteration. If the

clrange was rvithin + 70-3% at all mesh points, then the solution was considered to

be converged. The velocity field was then integrated over the soiution domain using

equation (3.10) to get I/¡. The dimensionless parameler f ¡¿,oRe was then calculated

from equation (3.9) and the solution 1r'as progressed to the next step rn'hich deals with

the energy equation.

Energy Equation t @ Boundary Condition

The nondimensional full¡' developed energy equation (3.17) rn'as solved numer-

icallS' subject to boundary conditions (3.16). Values of. U' and f ¡a,oRe are known

from the solution of the momentum equation, and 7t can assume any value without

influencing the solution. Equation (3.17) was discretized and soh'ed using similar

procedure to the one used in solr'ing the momentum equation. Once a converged

solution was established, the bulk temperature was eva"luated using equation (3.20).

The fuliy developed Nusselt number was then calculated using equation (3.19).

In the developing region, energy equation (3.15) and the appiicable initial and

boundary conditions (3.16) were discretized using a finite difference approach. In the

-R and d directions, differential terms were discretized using second order central dif-
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ferences, r'ç'hile in the axial direction, terms were discretized using first order backward

differences to facilitate the use of the marching technique in the axial direction.

The procedure required soiving simultanously for all the temperatures at any

axia"l location X+ provided that the previous station ( X+ - Aif+ ) was solved

for. The iteration technique at any axial location was similar to that used in soh'ing

the momentum and the fully-developed energy equations. To determine the wall

temperature at any axial location, an iterative procedure rvas necessary. Using an

overall energy balance between the tube inlet and any axial location, we get

u'hich reduces to the following nondimensional form

Tu :2'X+

The energy equation was solved using an initial guess for T- and the bulk temperature

was calculated using equation (3.20) and compared with the value from equation (4.2).

If the two values deviate, the wall temperature was corrected as follows

Q': rnco$,6 - t.)

where n indicates the present iteration, and n i 7 the next iteration. This proce-

dure was repeated until both values of Tu agreed to four significant figures. The

local Nusselt number was then calculated using equation (3.19) and the solution was

marched to the next axial station. The solution rryas terminated at the axial distance

where the local Nusselt number approached the fully developed Nusselt number by

570 and the value of X+ there u'as taken as the thermal entrance length tr|r.

mn17 mnlu:lu

(4.1)

2X+
ri

(4.2)

(4.3)

54



Energy Equationr O Boundary Condition

The nondimensional fuliy developed energy equation (3.27) was solved with ini-

tial and boundary conditions (3.25). The appearance of Nu¡a,r in the right hand side

of the energy equation caused the solution to be iterative. An initial value of Nu¡a,r

r¡/as guessed and the solution was carried out follorving similar procedure to the one

used in soiving the momentum equation and the fully developed energy equation

with fÐ boundary condition. Nu¡a,T rvas calculated from the resulti ng T'using\-/
equation (3.28) and substituted into the right hand side of the energy equation. This

iterating procedure rvas continued untii Nu¡a,r converged to fir'e significant figures.

The solution procedure in the developing region was similar to the one used for

the @ Uoondary cond.ition. No iteration $,as necessary since ihe wall temperature\-/
was known apriori. The solution r,t'as terminated at the axial station where Nu,..r -
7.0'c Nu¡a,r and tire value of -l+ there represented Lî,

4.1"2 Selection of Grid Size

The solution domain in the R,0, and X+ directions was discretized by an unel¡en

three dimensional mesh. At any cross section, higher concentrations of mesh points

r¡'ere used near the solid boundaries (tube rvall and fin side), under the fin, and

near the tube centerline due to the steep gradients of [/t and ?' at these locations.

Simiiarly, in the X+ direction) \¡ery small vaLues of AX+ r¡¡ere used near the beginning

of heating, increasing gradually in the flow direction. In the -R and d directions, the

mesh was basically of uniform divisions in both directions of -R and 9, with the first

division near the wall, beside the fln, under the fin, and at the centerline subdivided

into six subdivisions ( Figure 4.I ).

The decision about the grid size in the -R and 0 directions was guided by the

accuracy of the results in the fully developed region. Solutions were obtained for

the four extreme geometries covered in this problem. These geometries are ( ll :

0.2,, M:4),, (H:0.8, M:4),(H:0.2, AI:24), and (fr' - 0.8, M:24).
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Figure 4.1 Appearance of the mesh for A-R : 0.1 and A0 : alï

AR =O.l
A0 = ø/5
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Results of f ¡¿,oBe and Nu¡a,.¡71 w€r€ obtained for different grid sizes in the radial

and angular directions) as shown in Table 4.1. A grid size of 35 x 20 ( Radial x

Angular ) was found to be a good compromise between accuracy and computer time.

The decision about the grid size in the X+ direction was guided by the accu-

racy of the results in the developing region for the smooth tube and two internally

finned tubes. The first trial of mesh selection was made by taking the first ten

steps with A,X+ : 10-6, followed by another ten steps with AX+ : 10-5, fol-

lowed by a gradual increase of AX+ starting with a value of AX+ : 10-a and

increasing gradually by a factor of 20Yo in each step over tire previous step ( i.e.
IIAX+l :1.2xA,X+l )to a maximum AX+:10-3 whereit u'as kept
lx++¡-x* lx+

constant for tlie rest of the steps. This grid size was used to calculate the thermal en-

trance lengths of the smooth tube and two internally finned tubes ( H :0.2, M : 4

and fl - 0.8, A,I :4 ). The results of L!r, and LI for these geometries are shown in

Table 4.2. A second trial r¡'as carried out using the first ten steps u'ith AX+ : 10-6,

followed by another ten steps rvith AX+ : 10-5 followed b.v a gradual increase of

^X+ 
starting with a value of AX+ : 10-a and increasing it graduall¡,' by a factor

o1l%in each step over the previous step ( i.e. AX+ | : 1.05 * AX+ I ) ,"lx-+A-r+ l**'
a maximum ( ¡X+ : 10-3 ) v'here it was kept constant for the rest of the steps.

This grid was difrerent from the previous one only in the rate of the gradual increase

of AX+ from 10-a to 10-3. The results o{ Lfi, and L$ for the same geometries of

the previous trial are also shorn'n in Table 4.2. A further refining of the axial grid size

(trial 3 )was carried out by taking the first ten steps with AX+ - 10-7, followed

by another ten steps with AX+ : 10-6, followed by a gradual increase of AX+

starting with a value of AX+ : 10-s and increasing gradually by a factor of 5%

in each step over the previous step to a maximum AX+ : 10-3 which was kept

constant for the rest of the steps. The results, as shown in Table 4.2, do not show

significant difference between trials 2 and 3; however, the computer time required

with trial 3 was found to be over 50% higher than that with trial 2. The axial step
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Table 4.1 Effect of mesh size on the value of f ¡a,o&e

and -foi;¡a,¡rr for some selected geometries

I\{esh Size

(Ãxd)

H :0.2

M:4

35x15

35x20

35x25

35x45

30x20

40x20

45x20

50x20

50x45

f l¿,0 R"

-t1 : 0.8

M:4

18.587

18.574

18.568

rö.b5ð

18.571

18.568

18.567

18.563

18.543

H :0.2

M :24

II

77

77

7T

195

169

161

fl : 0.8

luI :24

30.266

30.253

30.239

30.212

30.413

30.151

30.080

30.026

30.014

145

77.r82

7r.767

71.156

71.748

77.r25

35x15

35x20

35x25

35x45

30x20

40x20

45x20

50x20

50x45

Nu¡a,at

853.054

852.816

852.868

852.757

856.865

852.219

85i.108

850.6 13

850.536

4.547

4.545

4.544

4.542

4.543

4.551

4.553

4.556

4.553

19.406

19.399

19.399

19.399

19.334

79.426

79.447

19.448

79.448

4.627

4.62r

4.622

4.624

4.618

4.625

4.628

4.63i

4.636

153.667

153.678

153.686

153.740

159.290

152.801

r51.234

150.812

150.869
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Table 4.2 The effect of the axial step size on the values

of Lfi, and I| for some selected geometries

Mesh Size

LTt,

Trial 1

Trial 2

Trial 3

H:0.2 M:4

L+

0.09878

0.09029

0.09004

Trial 1

Trial 2

Trial 3

.H:0.8 M:4

0.05817

0.05180

0.05 1 75

0.02348

0.02180

0.0277r

Smooth Tube

0.0i984

0.01764

0.01749

0.0968 1

0.08831

0.08806

0.08276

0.07136

0.07732
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sizes of trial 2 were used to generate all the results as a reasonable compromise

between accuracy and computer time.

4.L.3 Validation of Accuracy

One way to substantiate the accuracy of the numerical solution is by comparing

the generated results with existing data. In the developing region, results of L!11,

Lf , Nu,,n1, and Nur,T exisi oniy for the limiting case of smooth tubes; figure 4.2

shor¡'s N'trr,Ht and Nur,7 as compared with the theoretical results reported by Shah

and London ( 1978 ). The agreement is shou'n to be very good. The values of L!1,

of 0.08840 and L$ of 0.06880 reported b¡' Shah and London ( 1978 ) compares very

rvell u'ith Lþ, of 0.08831 and LI of 0.07136 of the present analysis. For the case of

internall¡. finned tubes, data of fRe and Nu ane available onll'for the fully developed

region. Therefore, comparisons are made for the case of NuÍd.,Hr and /¡¿,s-Re with Hu

and Chang ( 1973 ), Masiiyah and Nandakumar ( 1976 ), and Soliman and Feingold

( i978 ). These comparisons, as shorn'n in Table 4.3, are in good agreement.

4.2 Developing Isothermal Flow

The s¡'stem of governing equations of this modei consists of a single axial momen-

tum equation in the fully developed region, and a set four equations in the deveioping

region ( axial momentum, radial momentum, angular momentum, and continuity ).

The sequence of solving these equations starts by soh'ing the momentum equation in

the fully developed region, thus providing a velocity distribution and consequently

the parameter f ¡¿,sfue was calculated. The value of f ¡a,sÀe served as a guide for

determining the axial location where the marching solution in the developing region

was terminated.

The system of equations in the developing region is nonlinear and coupled, there-

fore, an iterative technique'was necessary to solve all four equations simultaneously.

The solution technique selected to sof i'e these equations w'as a revised version of a
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Table 4"3 Comparisons of f ¡¿,sRe and, Nu¡a,at

with results from three other sources.

Tube

Geometry

Present Results

H AI

0.2

f Í¿,0R"

4

8

16

24

Hu and
Chang

(1e73)

18.57

21.50

26.7r

30.25

Nu ¡a,Ht

0.4

Masliyah and
Nandakumar

(1975,1976)

4.54

4.69

4.72

4.62

4

8

16

24

Í f ¿,oR"

27.67

44.r7

n.\ ÐÐ
I L,ù.)

88.98

27.22

tK oo

I l¿,oR"

0.6

5.88

o.t I

6.03

< t.¡
¿.ùL

4

I
16

24

19.13

22.39

28.20

32.0i

Soliman and
Feingold

(1977, 1978)

Nu ¡a,Ht

47.64

103.9

227.9

328.5

42.87

69.57

4.58

4.74

4.74

4.62

f Í¿,0R"

0.8

17.17

19.36

15.17

10.16

4

8

16

24

29.04

47.02

77.86

95.57

19.15

22.08

26.77

29.92

Nu ¡a,nt

77.r7

166.0

453.4

852.8

10i.1

2r9.5

6.05

6.98

6.09

tr9.)
rl .JL

4.63

4.tÐ

4.7 4

4.64

19.39

43.46

i07.6

153.7

50.31

110.8

246.1

356.0

28.63

44.40

71.15

87.07

164.8

448.4

838.2

11.82

21.10

76.22

10.41

6.07

6.82

6.03

<Ð9
ù.d¿)

73.43

170.50

469.90

894.20

48.16

103.1

224.1

327.0

19.30

42.58

106.5

156.9

11.38

19.12

i4.85

ooo

71.72

165.6

451.2

846.4

62

19.47

43.73

107.4

I47.9



semi implicii technique calied "SIMPLER". This technique was found to be powerful

in handling nonlinear coupled systems of partial differential equations of this kind.

The solution was carried out in the developing region using a marching technique,

starting at the tube entrance and progressing in the direction of flow with a step equal

to AX. At each axial station, the local value of f ,Re was calculated and compared

rvith /¡a,o-Re. The solution was stopped and considered complete for any particular

geometry as f,Re approached f ¡a,oRe by 1%, and the corresponding value of X u'as

called the hydrodynamic entlance length "LH,ryo". At each axial statiorì some other

engineering parameters $,ere calculated from the resulting velocity distribution, such

as f oooRe and K.

This model rn'as used to generate data for sixteen different geometries of internall¡'

finned tubes plus the geometry of the smooth tube. The interually finned tubes

correspond to combinations of the geometric parameters H : 0.2, 0.4, 0.6, and 0.8

attd It[ : 4, 8, 16, and 24.

4.2.1 Solution Procedure

The momentum equation in the fully developed region (3.46) r¡'as discretized

using the control volume based finite difference method. The equation was integrated

o\¡er a control volume resulting in an algebraic equation fo¡ each mesh point. The

coefficients rvere all constants and the solution was iterative only due to the presence

of # in tire right hand side of the momentum equation. A line by line sweeping

technique was used to solve the system of algebraic equations. The solution was

assumed converged if the percentage change in the velocity at every mesh point came

within + 10-3%. 
^global 

mass balance must be satisfied at the correct value 
"1 #,

as follows :

If equation (4.4) was not satisfied, the iterative procedure was continued until the

pressure gradient term ffi converged to five significant flgures.
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In the developing region, the applicable momentum and continuity equations in

their nondimensional form, (3.40) to (3.43), and their applicable initial and boundary

conditions (3.44) and (3.a5) were solved using a control volume based finite differ-

ence approach. The solution domain was discretized using a three dimensional mesh,

The governing equations were integrated each over its corresponding control volume

resulting in a system of algebraic equations coupled by variable coeficients. The

"SIMPLER" technique as discussed by Patankar ( 1980 ) was follou'ed closely. The

continuity equation rvas used to construct a pressure equation and a pressure cor-

rection equation. The pressure equation was used in this technique to generate a

pressure distribution that was used to solve the radial and angular momentum equa-

tions. The pressure correction equation w'as used to correct the computed radial and

angular velocities and bring them into conformity rn'ith the continuity equation. The

"SII\{PLER" scheme follou's these steps, at each axial station

1) Start with a guessed velocity fie1d.

2) Calculate the r.ariable coefficients of the momentum equations.

3) Calculate the coeffi.cients for the pressure equation and solve it.

4) Assume a value for the axial pressure gradie"t #.
5) Solve the three momentum equations separately using the pressure distribution

Pt from step 3 and the assumed value "f # from step 4.

6) Solve the pressure correction equation.

7) Correct the velocity field using the pressure correction from step 6 above.

8) Correct the term S using the global mass balance, given by equation (a.a).

9) Return to step 2 and repeat until conr.ergence.

Each of the momentum equations, the pressure, and the pressure correction equations

rvere solved using a line by line sìÃ/eep until converged to five significant figures. The

global convergence of the scheme was checked by more than one criteria as follows :

1) The absoiute value of the continuity equation residual must be less than 10-6

for each control volume.
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2) The axial pressure gradie"t # must converge to five significant figures.

3) The al¡erage change in tire radial and anguiar velocities must converge to five sig-

nifica'r figures, ( i.e. 
|-Ð ¡u'-'(r,,J)-rln(r,J)l lÐlr"(r,/)l] < \0-r%,
,.,

""a [f J4/'-tQ,J)-w'(I,J)llÐ|rn'/-(I,t)l] r0-3% where n indi-

cates the present global iteration and n - 1, indicates the previous global

iteration.

Knowing the initial conditions at -lf : 0, the soiution v/as progressed in the flou'

direction using finite axial steps ÂX. The parameters /" R", f opp}?e and K u'ere

calculated at each station using equations (3.48), (3.50), and (3.52), respectively. All

these parameters, as well as the dimensionless velocities and pressure distributions

are functions onl¡' of the geometrical parameterc H anð, IV.

4.2.2 Selection of Grid Size

The mesh used to solve this model lvas a three dimensional one, staggered in

the directions of -R and d. This mesh had uniform divisions in the radial and angular

directions and nonuniform divisions in the axial direction.

The decision about the mesh size in the .R and á directions u'as guided by the

accuracy of the results in the fully developed region. The smooth tube and the four

extreme geometries covered in this soiution were tested using different mesh sizes.

Values of f ¡a,oRe are reported in Table4.4. Based on these results and the computer

time used with each mesh size,a mesh of 30 x 20 (Radial x Angular ) subdivisions

was found to be a reasonable compromise between accuracJ' and computer time.

In the axial direction, smaller divisions l¡¡ere used near the tube entrance. These

divisions were enlarged gradually until a certain maximum size was reached u'here it

was kept constant for the rest of the flou' domain. An attempt was made where the

frrst ÂX was taken equal to 10-6, and a gradual increase ol70% rvas incorporated

until AX reached the value of 10-3. This kind of axial mesh was tested for the case

of the smooth tube and the results were found to be in good accuracy, as seen in

0,5



Table 4.4 Effect of mesh size on the value of. f ¡a,oRe

for some selected geometries

Mesh Size

Rx0

20x20

H :0.2

M:4

30x20

Jl : 0.8

At[ :4

i8.71

35x20

18.60

30x15

H :0.2

M :24

71.54

18.56

30 X

71.38

oÈ
lrtt

18.54

17 : 0.8

M :24

31.30

71.32

18.63

30.76

71.30

852.5

30.60

7r.42

852.7

30.74

852.4

30.76

851.9

853.0
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the next section. Prakash and Liu ( 1985 ) used an axial mesh starting with AX :
10-a and increasing graduailS' by a factor of 70Yo without imposing any restriction

on the maximum val.ue for AX. The present mesh is certainly finer than the one

used by Prakash and Liu, and based on the experience u'ith tiie previous model,

should produce more accurate results. An even finer mesh was used in the present

investigation for tubes rvith long fins due to the short entrance lengths associated

with these tubes. tr'or fin heigirts 1/ : 0.6 and 11 - 0.8, the axial step size started

with the vaJ.ue AX:10-7 and increased gradualiy by i0% untii AX:10-s.

4.2.3 Validation of Accuracy

To validate the accuracy of the generated results, comparisons with existing

publisired results is necessary. Results for smooth tubes exist for the two conditions of

developing and fuili' developed flow. However, for the case of internalh'finned tubes,

comparisons are possible oniy in the fully developed region. For the smooth tube

geometry. a value of 15.98 was'obtained for f f¿,oRe, u'hich compares very well with

the exact value of 16, and a value of 1.258 was obtained for Koo, which approximates

a nrean of the previously reported theoretical values ( 1.08 to 1.41 ) and a, mean

of the previously reported experimental values ( 1.20 to 1.32 ) as reported by Shah

and London ( 1978 ). Prakash and Liu ( 1985 )reported ÍÍa,ofu": 15.g6 and

K*:1"25 which are very close to the present values. In the developing region, the

smooth tube resuiß of fooo&e and K, shown in Figure 4.3, are in good agreement

with the finite difference results of Ho¡nbeck ( 196a ) and Liu ( 1974 ) as reported

by Shah and London ( 1978 ). For the case of internally finned tubes, r'alues of

ll¿,0R" for all considered geometries are compared with results from Hu and Chang

( 1973 ), Nandakumar and Masliyah ( 1975 ), and Soliman and Feingold ( 1977 ).

The agreement is seen to be ver¡' good, as shorn'n in Table 4.5. As well, values of

lÍ¿,0R" from this model agree to within 2%wifh the corresponding values listed in

Table 4.3 for the previous model.
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Table 4.5 Comparison between the present values of f ¡¿,sRe

and existing values.

Tube Geometry

H

Present
Results

M

0.2

4

8

i6

24

Hu and Chang

18.60

27.66

27.r0

30.76

1973

0.4

Nandakumar
and Masliyah

4

8

16

24

27.22

25.99

27.79

44.73

73.89

90.95

1975

Soliman and
Feingold

( 1e77 )

0.6

19.13

22.39

28.20

32.01

4

8

1tl

24

42.87

69.57

47.99

105.40

232.50

335.90

19.15

22.08

26.77

29.92

0.8

29.04

47.02

77.86

95.57

4

8

16

24

10 1.10

219.50

71.38

166.00

453.00

852.70

28.63

44.40

71. i5

87.07

50.31

1 10.80

246.r0

356.00

164.80

448.40

838.20

48.16

103.18

224.r0

321.00

73.43

170.50

469.90

894.20

71.r2

165.60

45I.20

846.40
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4.3 Fully-Developed Mixed Convection

In this model, the flow is hydrodynamically and thermally fully developed, and

hence the probiem is two dimensional. The solution was carried out using the "SIM-

PLER" technique for a wide range of Gr+. For each geometry, the solution was first

obtained at Gr* : 0. The value of. Gr+ was then increased gradually and corre-

sponding solutions were obtained until Gr+ - 2 x 106. Divergence \r'as encountered

sometimes if the step size of Gr+ was large. For some geometries ( short fins ), it

was not possible to progress tlie solution beyond Grt - 2 x 106.

Another independent parameter that appeared in the system of equations is

Prandtl number. In this investigation, Prandtl number rvas taken to be equal to 7,

u'hich approximates the value for water. Tirus, the present results co\¡er the range

01Ra+(1x107.

For this model, the geometries covered consist of the smooth tube and six dif-

ferent internally finned tubes with f1 - 0.2, 0.5 and 0.8 and Ai[ : 4 and 16. The

decreased number of finned tubes was adopted due to the ver¡'lúgh computation cost

associated with this model compared u'ith the two previous models.

4.3.1 Solution Procedure

The s5'stem of equations (3.64) to (3.68) 'was solved numerically using a con-

trol volume based fi.nite difference approach. Each equation was integrated over its

corresponding control volume, thus converting the three momentum equations and

the energy equation into a system of algebraic equations. This system of algebraic

equations was coupled by their variable coefficients. Following the procedure of the

"SIMPLER" technique, as discussed by Patankar ( 1980 ), the continuity equation was

used to construct a pressure equation and a pressure correction equation. In using the

"SIMPLER" algorithm to solve the system of the governing equations, it was found

out that this algorithm converges for very low values of Gr+ only. For Gr+ > 103,

the coupling of the equations became very strong and the algorithm diverged. A
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siight modification to the algorithm, as suggested by Prakash and Patankar ( 1981 )

u,'as found to be helpful in getting convergence at higher values of Gr+. Tlie modifred

version of the "SIMPLER" algorithm works as follows :

i) Start rvith a guessed velocit5' fisld.

2) Calculate the variable coefrcients of the momentum and energy equations.

3) Calculate the coefficients of the pressure equation and solr'e it.

4) Assume a value for the axial pressure gradie"f #.
5) The three momentum equations and the energy equation are swept simultane-

ously in the angular direction. After solving for each radial line the variable

coefficients are updated before moving to the next radial line during the sweep-

ing process.

ol

7)

8)

Solve the pressure correction equation.

Correct the velocity field using the pressure correction from step 6 above.

Correct the axial pressure gradient ,"4 using the global mass balance, equation

(4 4)

9) Return to step 2 and repeat until convergence.

The global convergence of the scheme v¡as checked by more than one criteria as

foilows :

1) The absolute value of tlie residual of the continuitl' equation must be less than

10-3 at each control r'olume.

2) The axial pressure gradie"t # must converge to five significant figures.

3) The average change in the radial and angular velocities must converge to five sig-

nificant figures, ( i.e. f¡ ¡rr.-'(I,J) -vn(I,J)l lÐly.(r,J)ll < rl-syo,
LIJT]

""d LÐ lw"-'(l, J) - w' (1, J)l lÐ lw* (1, J)l) < r0-3% where n indi-

cates the present global iteration and n * 7, indicates the previous global

iteration.

Values of. Nu¡a and f ¡¿Re were calcuiated using equations (3.19) and (3.48), respec-

tively. Tire converged values of velocities, temperature and pressure at a particular
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Gr* were used as an initial guess for the next value ol Gr+. The solution for each

particular geometry lvas carried out at six values of. Gr+. These values of Gr* are

0, 103, 10n, 105, 106 and 2 x 106, except for tire geometry of. H :0.2 and M:4,
where the maximum Gr* reached was 1.3 x 106 after which the solution diverged.

4.3.2 Selection of Grid Size

The mesh used to solve this modei 'was a two-dimensiona"l staggered, uniform

mesh. The decision about the mesh size was guided by the results of the smooth tube

geometry. Using a 30 x a0 ( Radial x Angular ) mesh produced ver5' good results

for the case of smooth tubes, as shorn'n in the next section. For the case of internail¡.'

finned tubes, the number of subdivisions in the angular direction were increased s'ith

the number of fins to insure accurac)¡. For the case of At[ : 4, the mesh size used for

all fin heights and ail vaLues of Gr+ u,'as 30 x 60. For the case of. M :16, the mesh

size r¡.as refined to 30 x 64.

4.3.3 Validation of Accuracy

Accuracy of the present results was assessed by comparing the predictions of

this model with previous results of some limiting cases. These limiting cases include

forced and mixed convection in smooth tubes and only forced convection in internally

finned tubes. The comparisons involve values of. f ¡¿Re and Nu¡a for all geometries,

and velocity and temperature profiles for smooth tubes only.

For forced convection in smooth tubes this model predicted f ¡afue: 15.98 and

Nu¡a:4.367, compared to the exact values of 16 and 4.365, respectively. Results of

Ï¡¿Re and Nu¡a for rnixed convection in ho¡izontal smooth tubes are presented in

Figures 4.4 and 4.5 for Pr : 1 along v'ith results from Hwang and Cheng ( 1970 ).

The results show very good agreement over the range 0 ( Gr+ < 2.6 x 105 covered by

Hwang and Cheng. Comparisons were also made between results of the velocity and

temperature distributions reported by Hwang and Cheng ( 1970 ) and the present
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predictions al Gr+ :2.6 x 10s. Excellent agreement was found in magnitude and

trend, as shou'n in Figure 4.6. In this figure, ø. and f" correspond to the velocity

and temperature at the tube centreline, respectiveiy. For tire case of internally finned

tubes, values oL f ¡a,oRe and Nu¡a,e w€r€ compared with results from Masliyah and

Nandakumar ( 1976 ) and Soiiman and Feingold ( 1978 ). The results were found in

good agreement, as shou'n in Table 4.6.

Computer programs developed in this analysis which were used in solving the

three models of the developing forced convection, the developing isothermal flow, and

the full,v-developed mixed convection are listed in Appendix C.
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Table 4.6 Values of f ¡a,oRe and //z¡a,o for finned tubes

as comDared with exisfinc" .¡alrres-

Geometry Present Results

M H ff¿,oRu lNu¡a,o

4

0.2

0.5

0.8

Masliyah and
Nanadkumar

( 1975, 1976 )

18.54

36.2i

71.30

16

f Í¿,rR" I Nu¡a,o

4.570

7.763

19.60

0.2

0.5

0.8

Soliman and
Feingoid

7977, 1978

26.55

129.20

440.70

19.13

I ò.+.''

4. (+t

8.326

110.20

f ta,o R" I Nu ¡a,o

4.58

19.30

28.20

469.9

19.1 1

36.90

71.09

4.74

1 06.50

4.62

7.89

19.47

26.73

126.29

457.I2

4.74

8.04

107.35
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5.1 Developing Forced Convection

Velocity and temperature distributions 'were obtained for sixteen different com-

binations of the geometric parameters If and M., in addition to the smooth tube

geometry. For each geometry, tire temperature distributions were obtained for the

CHAPTER 5

RESULTS AND DISCUSSION

two limiting thermal boundary conditions

ered in tlris model correspond to the smooth tube and combinations of .tl :0.2,0.4,

0.6, and 0.8, and AI -- 4, 8, 16, and 24. Based on t]re velocity and temperature

distributions, some very important engineering parameters \¡¡ere calculated. These

parameters a e) f ¡aåe, Nuld.,Hr, Nu¡d.,Tt Nlrr,Ht, and Nur,T. The influence of

the geometric parameters -tl and AI on the velocity and temperature distributions

was studied and sample results of some selected geometries are presented. The ef-

fect of the geometric parameters .Fl and AtI on the global parameters is presented for

all geometries and boundary conditions. Tlie local values of -Arz",¡¡1 and Nur,7 are

presented graphicall¡' for all geometries, and the corresponding numerical va"lues are

tabulated in Appendix A.

5.1.1 Fully-Developed Velocity Fields

and O The geometries cor,-

Figures 5.1 to 5.4 show samples of the dimensionless equi-velocit5' lines (ulu6)

for all considered fin heights and the lowest and highest number of fins ( Itt : 4

and 24 ). Results for other geometries are presented in section 5.2. It is clear from

these figures that the velocity gradient in both the radial and the angular directions

becomes steeper as r.ve approach solid boundaries. Another aspect of the flow pattern
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associated with long fins is tire existence of closed loop equi-velocity lines within the

bays formed by any two adjacent fins. Similar observations were reported by Hu and

Chang ( 1973 ) and Soliman and Feingold ( i977 ). IIu and Chang reported that

the existence of the closed loops depends only on -ty'. However, Soliman and Feingold

reported that the presence of closed loops is a function of H, M, and B ( the fin

thickness ). In the present anal1'sis, no closed loops can be noticed for the case of

shortflns H:0.2 and0.4foranyvalueof l\[. Tlieformationof closedioopsstarted

at H :0.6 and Il[ : 8. No ciosed loops are noticed for H : 0.6 and At[ : 4. For the

case of long fins 1l : 0.8, the closed loops are noticed for all values of M considered.

Secondary ioops a e one of the important features of the flow in internaliy finned

tubes because their existence affects the temperature distribution and consequently

the rate of heat transfer from these tubes.

6.-J..2 Temperature Fields

The fully developed temperature profile is presented for all ff and f.or tr[ : 4

and. 24 for both thermal boundary conditions @ ""a @ i" Figures 5.5 to

5.12. It is clear from these fi.gures that the temperature gradient in both the radial

and the angular directions becomes steeper as we approach solid boundaries. The

@ Uorrrrd.ar5, condition temperature fieids resemble the equi-velocity lines in terms\J
of trend. The formation of closed loops is noticed to occur at H :0.6 and M : 8.

No closed loops fo¡ -tl : 0.2 and 0.4 are noticed at any value of. M. For fI : 0.8 the

closed loops are noticed at a.ll values of. M from 4 to 24.

The isotherms for the O boundary condition resemble those of the @
boundary condition and the equi-velocity lines for ali geometries except for the cases

of higlr number of long fins, i.e. H : 0.6 and 0.8, and M : 24. 
^t 

M : 24 the

isotherms of the 6 ¡o,rndary condition did not sho'*, any formation of closed\-/
loops at H : 0.6 and 0.8, contrary to the @ uo¿ velocity distributions. To\-/
explore what is happening in the thermally developing region, the case of H :0.6
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anð" M :24 wasstudied for the two thermal boundary condition. 6 or,d 
O

Figures 5.13 and 5.14 show the results for the ô ¡oon¿ury Xition at four\-/
stations in tire developing region Closed loops are noticed to form right at the start of

heating and continues until the fully developed region is approached, where the closed

loops start to disappear. Figures 5.15 and 5.16 are for the same geometry using the

f} ¡oorrdary condition. Tire closed loops are shown to form right at the start and\-/
continues througirout the whole entry region.

It is evident that the presence of fins inside tubes infl.uences the velocity and

temperature distributions in a very complicated way. This in turn is reflected on

the behaviour of the local values of Nusselt number and consequentl¡' the entrance

lengths, as will be seen later. More details on the developing temperature profiles are

presented in a later section in an attempt to shed more light on the complicated way

by which the presence of flns affects the Nusselt numbers and the entrance lengths.

5.1-.3 Fully-Developed Pressure Drop

For the present conditions, f ¡aRe, which is indicative of the fully developed

pressure drop, is a function of the geometric parameters fl and AI. The computed

values of f ¡¿Re for the internally finned tubes with fl - 0.2,0.4, 0.6, and 0.8 and

M - 4, 8, 16, and 24 are listed in Table 4.3. Both ff and M are found to have

pronounced effect on f ¡¿Re. At any value of At[, Í¡¿Re inc¡eases monotonicaily with

H. Similarly, at any value of. H, f ¡¿R" is found to increase monotonicatly wiih M

for the range covered ( M :4to 24 ). However, it is expected that f ¡¿Re u'ill reach

a maximum value at a high A,I and then start to decrease. As M --¡ oo, the tube

becomes full of fins and approaches the geometry of a smooth tube, and consequently

l¡¿R" is expected to drop to 16, which is the value for smooth tubes.
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5.L.4 Heat Tbansfer

A) Fully-Developed Heat Transfer

NuÍd.,Hr anà Nu¡a,7 for all geometries studied are presentedin Table 5.1. The

effect of fi and M on the fuily developed Nusselt numberis somewhat mixed. Nu¡a

for both @ uod 6 io.r"ases monotonically wiih ll at any value of M. How-\-/ \-/
ever, at any value of H,, Nu¡a,nt and Nu¡a,7 increase to a certain maximum value

after u'hich they start to decrease. The value of. AI at which Nusselt number reaches

its maximum increases u'ith f/. The values of Nu¡a,a1 and Nu¡a,r are expected to

decrease to the values corresponding to the smooth tube geometry as M --+ oo. At

verS' high values oî M , the resistance to fluid flou' in the bays between the fin increases

and most the flou' is pushed to the core, thus approaching the smooth tube situation.

For any combination of Iy' and At[, Nu¡d,Ht is found to be consistentiy higher than

Nu¡a,r.

B) Developing Heat Transfer: @ Boundary Condition

l-igures 5.17 to 5.20 show the devlopment of the iocal Nusselt number Nur,Ht

over the range 10-4 < X+ < Lfi, for II : 4,8, 16, and 24, respectively. In each

figure, the influence of fln height is iiiustrated by showing results lor H : 0 ( smooth

tube ), 0.2,0.4,0.6, and 0.8. Both N1r,,,Ht and X+ arebased on theinside diameter

rather than the hydraulic diameter in order to show the effect of internal finning in a

manner easy to visualize.

For all geometries, Nlrr,H! follows the expected behaviour of monotonic decrease

along the developing region down to the fully developed value. An interesting feature

of the results in Figures 5.17 to 5.20 is that all finned tubes appear to have approxi-

mately the same rate of decrease of Nur,pl with respect to X* near the beginning of

heating and this rate is approximately equal to the rate for smooth tubes. Elowever,

sharp changes in this rate occur later in the developing region and this is particularly
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Table 5.L Values of Nu¡a,Frr ard Nu¡a,r for all geometries

H
M

Nu ¡a,Ht

4

0.0

8

0.2

4.336

4.540

5.880

L7.77

19.39

16

0.4

4.69

o.//

19.36

43.46

24

0.6

4.72

6.03

15.17

107.60.8

Nu¡a,r

4

4.62

5.32

10.16

i53.7

8

3.630

3.750

4.560

8.180

16.030

16

3.82

4.80

9.60

34.38

24

3.81

4.34

7.03

60.97

3.76

4 04

5.61

37.21
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noticeable for large numbers ( It[ :16 and 24 ) of. medium height fins ( fl : 0.4 and

0.6 ). As a consequence, this behaviour is expected to have effects on the length of

the developing region (LTù as presented shortly.

In an attempt to explain this behaviour, the temperature development at some

cross sectional locations of particular tubes was studied. For smooth tubes ( Figure

5.21 ), (T- - 7) can be seen to increase monotonically in the axial direction for all

radial locations within the tube cross section. On the other hand, for some internally

finned tubes ( 
".g., 

Il : 0.6 and It[ : 24 shown in Figure 5.22 ), (T* - ?) was

fourid to increase monotonicaliy at some locations within the core (Ã:0.2), while

at other locations within the bays formed by the fins (R : 0.7), (T- - ?) starts

out increasing, reaches a maximum and then drops toward the fully developed value.

This unconventional manner of temperature development is probably caused by the

complexvelocity distribution (as seenin section 5.1.1 ), and theirregular shape of the

wall-fluid interface where heat transfer takes place. Interestingly, u'hen an5' geometry

for which NIL, p1 behaves similar to smooth tubes ( 
".g., 

H :0.2 and Iv[: 8 ), the

form of the temperature development was also found to be similar to smooth tubes as

seen in Figure 5.23. The N1L,,Hr results of Prakash and Liu ( 1985 )for simultaneous

development of velocities and temperature showed trends quite similar to those in

Figures 5.17 to 5.20.

Table 5.2 provides values of the entrance length Lfi, f.or the whole range of tube

geometries considered in this investigation. These results contain maxima and minima

that are not easy to explain, but which can be attributed to the complicated way by

which the geometry influences the velocity distribution and in turn the temperature

and local Nusselt number development. Two important observations can be drawn

from the results in Table 5.2.

1) The value of L!t, for some finned tube geometries exceeds the value for smooth

tubes, which is contrary to expectations.

2) The assumption that the entrance length for finned tubes based on the

103



o) æ r- (o LN :f

F
{ I 5

F
n

H O rÞ

F
ig

ur
e 

5.
21

 T
he

 d
ev

el
op

m
en

t 
of

 t
em

pe
ra

tu
re

 f
or

 s
m

oo
th

 t
ub

es
 a

t 
pa

rt
ic

ul
ar

 r
ad

ia
l 

lo
ca

tio
ns

.

).
ó

.8

q) O t'-
.

(Ð tr
} =
f

x+

o) @ t-
\

(o tn 3



q) @ f- (.
o

LN :f m
E

=
l I a

ñ

C
tI

C
\I

(\
, I O -= o) @ r\ (o rf

)
:f (t

')

(f
) I C

)

F
ig

ur
e 

5.
22

 T
he

 d
ev

el
op

m
en

t 
of

 t
em

pe
ra

tu
re

 f
or

 H
 :

0.
6 

an
d 

M
 :2

4 
ai

 p
ar

tic
ul

ar
 lo

ca
tio

ns
.

F
ul

 ly
D

ev
e 

lo

x+



o O -= cn O r- (o rn :f

F
'{ I a tr
i

O
r

o) @ t'\ (Ð rf
) 3

F
ig

ur
e 

5.
23

 T
he

 d
ev

el
op

m
en

t 
of

 t
em

pe
ra

tu
re

 f
or

 H
 :0

.2
 a

nd
 M

 : 
8 

at
 p

ar
tic

ul
ar

 lo
ca

tio
ns

.

c, O ol æ r\ (D rn 3

0-
¿

){
+

ø
)

@ r\ (c
)

r.
f] :f

F
ui

ly
D

ev
el

op



Table 5.2 Values of -t[, for all geometries.

M

H

0.0 (smooth tube)

0.2

0.4

0.6

0.8

4 8

0.0883 1

0.09029

0.09152

0.05739

0.02180

16

0.09250

0.1049

0.08233

0.01 1 76

24

0.09500

0.1089

0.1192

0.005502

0.09324

0.1035

0.1260

0.02043
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hydraulic diameter may be equated to the entrance length for smooth tube appears

to be invalid.

Both of the above observations, as well as the existence of iocal maxima and

minima are consistent with the trends in the results of Prakash and Liu ( 1985 ).

In terms of magnitudes, the present results for Il : 0.6 are consistently iower by

45 fo 50% than the predictions of Parakash and Liu, horvever, their flow situation is

different from the present situation.

C) Developing Heat Transfer: @ Boundary Condition

Figures 5.24 to 5.27 show the development of the local Nusselt number Nur,7

over the range 10-4 < X+ < L+ for AI : 4, 8, 16, and 24, respectiveiy. The

influence of fin height ll is illustrated in each figure by presenting 1ü2",7 for fI : 0

( smooth tube ), 0.2,0.4,0.6, and 0.8. Similar observations to Ntr,,Ht in terms of

trends are noted. Comparing Nrrr,T to Nu.,¡¡1 for any geometry, Nu",T is found to

be consistentlylower than y'{2",at at any axial location X+. Also, Nttr,T shows an

irregular rate of development aiong X* as was noted. for the case of @ bolrrrdury\-/
condition. This irregular rate of development is reflected on the values of. L[, which

contain iocal maxima and minima similar to the -L[, resuits, as shown in Table 5.3.

For fl - 0.6, the present results of L$ are 44 to 77 To lower than those predicted by

Prakash and Liu ( 1985 ), however, their florry situation is different from this present

sitution.

Estabiishing general trends f¡om the present results was found to be a difficult

task. For example, values of LI are generally lower than.t[r, however, for the case

of. H : 0.8 and M - 76, L+ is more than 10 times that of -[[r. Also, the ratio

LfrrlLi varies significantly among different geometries. While it is unfortunate that

simple but accurate correlations cannot be developed for Nur,H!, NIL',T, Lfir, and

Ll,the results are useful in their present form and should serve as a warning against

extending smooth tube results to other geometries on hydraulic diameter basis.
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Table 5.3 Values of -tfr for all geometries.

M

H

0.0 (smooth tube)

0.2

0.4

0.6

0.8

4 I

0.07136

0.05180

0.0510 7

0.05473

0.0 1 764

16

0.04174

0.03945

0.04679

0.01 101

.'t /lLA

0.03135

0.02566

0.0i858

0.05919

0.02621

0.02135

0.01298

0.01850
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5.2 Developing Isothermal Flow

The velocity and pressure distributions in the solution domain were obtained for

sixteen different geometries of internally finned tubes and the smooth tube geometry.

The geometries covered in this model correspond to H :0 ( smooth tube ), and a

combination of the geometric parameters H :0.2,0.4,0.6, and 0.8 and II :4,8, 16,

and 24. Based on the velocity distributions) very important engineering parameters

were calculated. These parameters are) fhe, foooÀe, f ¡¿Re, K, K*, Lg,1v, and

Ln,syo. Influence of the geometric parameters fl and M on the velocity distributions

rvas studied and an adequate sample of result,s for some selected geometries is pre-

sented. The effect of If and Il[ on the global parameters is presentedfor all geometries

in graphical form in this chapter and in detailed tabulated form in Appendix B.

5.2.7 Velocity Fields

,4.) Fully-Developed Velocity Fields

In tlre previous section, results of fully developed equi-velocity (ulu6) Iines were

presentedforallconsideredflnheights(H:0.2,0.4,,0.6,and0.8)andforthehighest

and lowest values of number of fi"ns ( M :4 and 24 ). To avoid duplication, the fully

developed equi-velocit¡, (ulu6) lines of this model are presented for the geometries

that li'erenot presentedin the previous section (i.e., H - 0.2,0.4, 0.6, and 0.8 M :8

and 16 ), thus covering ail geometries among the two models. Figures 5.28 to 5.31

show that the velocity gradient in both the radial and the angular directions becomes

steeper as 'we approach solid boundaries. The other aspect of the flow pattern shown

in these figures is the formation of closed loop equi-velocity lines within the bays

formed by any two adjacent fins. As mentioned in section 5.1.1, the formation of

these loops is found to be a function of the two geometrical parameters, H and M.

For short fins ( -H:0.2 and 0.4 ), no loops are formed for any value oÍ M .
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However, for 1l - 0.6, the loops started to form for values of M :8 and higher. For

long fins of. H :0.8, the closed loops are shorn'n to form for all values of M considered

in this investigation ( i.e. At[:4,8, 16, and 24 ).

B) Developing Velocity Fields

In the developing region, the velocity starts u'ith a uniform profile at X : 0. As

the flow progresses along the tube ( X > 0 ), u boundary layer starts to develop along

the solid boundaries (tube wall and fi.n side ). This boundary layer continues to grow

until the fully developed region is reached. For the smooth-tube case, the boundary

layer grows symmetrically from the wall towards the tube centreline. For the case

of internally finned tubes, the boundary layer grolÃ,s towards the points where the

axial velocity is maximum. As indicated before, the location of the maximum axial

velocity depends on the geometry of the tube. Results for the four corners of the

covered geometries ( H : 0.2 and AI : 4, H : 0.2 and ],i[ - 24, H : 0.8 and

M : 4, and -H : 0.8 and M : 24 ) were chosen to be presented to shed some light

on the development of the velocity fields.

Figure 5.32 illustrates the boundary layer growth as evidence by the axial shift

in the equi-velocity lines for the case of low number of short fi.ns ( fI : 0.2 and

M : 4 ). The axial velocity is shown to accelerate at the tube centre and retards near

the solid boundaries. A secondary flow is generated due to the boundary iayer mass

displacement effect. For smooth tubes, the secondary flow has a radial component

only, and it is in the negative direction for the entire developing region (i.e., the

fluid is pushed towards the tube centre at all cross-sections ). For finned tubes,

the secondary flow generally has two components ( radial and angular ). The fluid

movement cannot be defined in a general way for all geometries, however, for each

geometry the secondary florn' appears to move the fluid from the retarding areas ( near

solid boundaries ) to the accelerating areas ( tube centre, the central area between

adjacent fins, or both ). Figure 5.33 shows the secondary flow pattern for the
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geometry of fl : 0.2 and M : 4. At an early station in the entrance region, the

secondary floin'is shown to be very active and mostly moves the fluid radially towards

the tube centre and away from the wall and fin side. At a later station downstream,

the secondary florn' is shown to be decaying. Similar results for -Él : 0.2 and M :24

are shown in Figures 5.34 and 5.35. It may be noted that for short fins ( H : 0.2 ),

the pattern of flow development resembles that of smooth tubes for most of the cross

sectional area except near the wall where the effect of the fins is noticeable.

Figure 5.36 shows the development of the boundary layer for the case of low

number of long fins ( fl : 0.8 and M : 4 ). For this geometry the axial veiocit¡' is

known to have two maxima, one at the tube centreline and the other within the bay

between the fins. The global maximum depends on the number of fins. If the number

of fins is low ( 
".g., 

M :4 ), the fluid finds the bay area to have less resistance than

the tube core area. This in turn causes the global maximum axial velocity to occur

in the bay area as shown in Figure 5.36. As a result of the boundary layer mass

displacement effect, the fluid moves from the retarding area near the solid boundaries

tou'ards the accelerating areas ( bay and centreline areas ). This in turn created a

secondary flow in the form of radial and angular components, as shown in Figure

5.37 Another interesting feature of Figure 5.37 is the appearance of a small eddy near

the corner formed by the tube waIl and fin side. One possible expianation for this

behaviour could be attributed to the fluid moving away from that area causing a

suction effect in that corner.

Figures 5.38 and 5.39 show similar results for the case of high number of long

fins ( fl : 0.8 anà M :24 ). For this geometry, the axial velocity has two maxima,

with the global maximum occuring at the tube cent¡eline. The secondary fl.ow, shown

in Figure 5.39, appears to be moving the fluid into the two maxima areas, and away

from the solid boundaries.
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5.2.2 Values of f,Re and K

Figures 5.40 to 5.43 show the development of. f ,Re and K in the floiv direction

from X : 10-a to the value of X at which f,R": 1.01( Í¡¿R" ) for M : 4,

8, 16, and 24,, respectively. In each figure, the influence of fin height is illustrated

by shorving results for -tl : 0 ( smooth tube ), 0.2,0.4,0.6, and 0.8. The inside

tube diameter is used as tire characteristic dimension in f,Re, and K, rather than

the hydraulic diameter, in order to show the influence of internal finning in a direct

mannel.

For all geometries, f rRu foliou's the expected behaviour of monotonic decrease

along the entrance region down to the fully developed value. For any value of. AI, f ,R"

at any X increases as f/ increases. An interesting feature of the results in Figures

5.40 to 5.43 is that all flnned tubes appear to have approximately the same rate

of decrease of. frRe with respect to X near the inlet of the tube ( small va-lues of

X ), and this rate is approximateiy equal to tlie rate for smooth tubes. However,

for some geometries, sharp changes in this rate occur later in the entrance region

and tlris is particularly noticeable for large numbers ( M : 76 and 24 ) of medium

height flns ( H : 0.4 ). These abrupt changes in the slope are attributed to the

complicated pattern of flow development discussed earlier. Naturaliy, this behaviour

is expected to influence the remaining hydrodynamic results, such as K, K-, and

the hydrodynamic entrance lengiir.

Values of K presented in Figures 5.40 to 5.43 follow the expected trend of mono-

tonic increase with X towards the limiting value Koo in the fully developed region.

For any value of M, K can be seen to increase with JI at small val.ues of X ( near

the inlet of the tube ). Elowever, this trend may change at larger values of X as

the K lines in Figures 5.40 to 5.43 start crossing. This line crossing is, of course, a

consequence of the change in the slope of the /,.Re curves along X which was pointed

out earlier. Similar trends \ryere reported by Prakash and Liu ( 1985 ).

Values of the limiting incremental pressure drop number Koo are listed in
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Table 5.4. These values were calculated by numerically extrapolating the values of K

near the end of the entrance region assuming exponential behaviour. For any given

11, tlre value of K"o increases as M increases. However, for a fixed M, K- starts

out increasing with -tl and then decreases. For f/ : 0.6, the deviation between the

present results and those of Prakash and Liu ( 1985 )ranges from 1.3% at M :24to

16.8% at A.[:8. Using Koo anà f ¡a, it is possible to calculate the overall pressure

drop in the entrance region using equation (3.51) provided that the hydrodynamic

entrance length is knou'n.

5.2.3 Estimates of the Hydrodynamic Entrance Length

Several definitions v¡ere reported in the literature for the hydrodynamic entrance

length. The one frequently used defines this length as the distance from inlet required

to achieve a cross-sectional maximum velocity of 99% of the corresponding fully de-

veloped value. This definition is easy to adopt when the location of the maximum

velocity is known apriori ( ..S the centre line for circular, rectangular, or square

ducts ). For internaliy finned tubes, the cross sectional maximum velocity may occur

at the centre line or somewhere within the bays betv'een the fins depending on the

value of H and M. Hence, for convenience and for more practical significance, it

was decided to use the following defi,nitions for the hydrodynamic entrance length.

LHITo: the value of X at which the local friction factor drops to 1.01 times

the fully developed friction factor.

LH,u4o= the value of X at which the local friction factor drops to 1.05 times

the fully developed friction factor. This definition was used by Prakash

and Liu ( 1985 ).

For the smooth tube case, the present model produced LH,ryo:0.06585 and

Lu,u%:0.04018. This value of. Lp,5v is in good agreement with results of Prakash

and Liu ( 1985 )who reported 0.0415. Values o1 L¡¡,1v and Ls,5V for the smooth

and finned tubes are listed in Table 5.5 from which some irregular and unexpected
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Table 5.4 Values of Koo

Tube Geometry

0.0 (smooth tube)

0.2

M

Koo

4

I

10

24

0.4

1.258

1.543

1.904

2.678

3.289

4

8

16

24

0.6

1.989

3.370

7.595

11.17

4

8

16

24

0.8

1.605

2.442

10.02

23.83

4

I

16

24

1.235

1.370

1.603

2.356
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Table 5.5 Values of L7¡,1v and L¡s,s7

H

0.0 (smooth tube)

LuJyo

M:4

0.2

0.06585

L H,syo

8

LHlvo

0.04018

0.4

16

0.06658

L H,uyo

LH,rTo

0.04066

0.06704

24

0.6

0.06890

LH,u%

0.04723

0.06665

LuJyo

0.04081

0.07637

0.04099

0.06589

0.8

0.04669

L n,sYo

0.04734

0.07636

Latn

0.04026

0.02096

0.05886

0.04910

0.07048

0.01836

LH,svo

0.02583

0.08737

0.04467

0.0 1010

0.01024

0.04824

0.09652

0.00533

0.004377

0.05855

0.002326

i40

0.009079

0.001837



trends are evident. For example, several finned tube geometries have longer entrance

lengths than the smooth tube. Also, for the same 1/, the hydrodS'namic entrance

length does not always increase with increasing M as would have been expected if

the smooth tube results did appiy to finned tubes on a hydrauiic diameter basis. The

trends in Table 5.5 are direct consequences of the irregular manner by which f ,Re is

shown to develop along X ( Figures 5.40 to 5.43 ). Qualitatively, the present trends

are consistent with those in Prakash and Liu ( 1985 ), however, for -FI : 0.6, values

of L¡1,sy reported by Prakash and Liu are higher than the present values by 6.2% at

M :24 and by 23.9% al M : 8.

5.3 Fully-Developed Mixed Convection

The velocity and temperature distributions were obtained for Pr : 7 at various

values of Gr+. The vaLues of Gr+ ranged from 0 ( pure forced convection ) to tire

lúghest value of 2 x 106. Tlie geometries covered in this investigation are the smooth

tube plus six diferent geometries of internally finned tubes. The internally finned

tubes correspond to a combination oL H : 0.2, 0.5, and 0.8 and lli[ : 4 and 16.

For the smooth tube geometry, the results were obtained for Pr : 1 as well as

Pr : 7 to facilitate comparisons u'ith existing data. Results in terms of velocity

and temperature contour lines are presented for all geometries at the highest value of

Grr to showtheeffectof freeconvection. Tireglobalparameters, such as f ¡aReand

Nu¡a, were calculated from the velocity and temperature distributions and the effect

of free convection on these parameters was studied for all considered geometries.

5.3.1 Velocity Distribution

A) Axiat Velocity Distribution

For all geometries, the influence of free convection on the axial velocity distribu-

tion was found to be less profound than the influence on the temperature distribution

( presented later ).
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Figures 5.44 to 5.50 show the axial velocity distribution for the smooth tube

geometry and all internaliy finned tubes considered in this investigation at the highest

Gr+. The general trend in these results is for more mass concentration in the lower

part of the tube. For very long fins ( H :0.8 ), the effect of free convection on the

axialveiocitydistributionisseentobeinsignificantup loGr+:2x106. Thistrend

would in turn reflect on the friction results, which are presented later.

B) Secondary Flow Pattern

The pattern of the bouyancy induced secondary flow is presented for the smooth

tube and all internally finned tubes considered in this investigation in Figures 5.51 to

5.57. These results correspond to the highest Gr+. Figure 5.51 in which the smooth

tube case is considered, provides a reference for studying the influence of internal

finning on the secondary flow pattern. These results show a single cell with upward

florn, along the heated wall and downward flou'in the core. The absolute value of the

secondary velocity vector along any radial line reaches a maximum near the wall.

Figure 5.52 shows the secondary flow pattern for a tube with a small number

of short fins ( H : 0.2 and M : 4 ). Two counter rotating secondary flou' cells

appear in the lower part of the tube, while in the upper part, the flow pattern is

close to the smooth tube behaviour. An exchange of fluid exists between the top

and bottom parts by upward moving flow around the tip of the horizontal fin and

downward moving flow in the core. Higher secondary flow intensity can be seen in

the lower part than the upper part of the tube .

Figure 5.53 shows the secondary fl.ow pattern for a tube with a small number of

medium height fins ( -Ëf : 0.5 arrd Ã[ : 4). Two counter rotating secondary flou'celis

appear in ihe lower part of the tube, while in the upper part, another cell is starting

to form right above the horizontal fin. An exchange of fluid still exists between the

top and bottom parts by upward moving f.ow around the tip of the horizontal fin and

downward moving flow in the core. The lower part of the tube is still more active
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Figure 5.44 Equi-velocitylines (ulur) at Gr+ :2x 106 for the smooth tube geometry.
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Figure 5.45 Equi-velocity lines (uluu) at Gr+ : 1.3 x 106 for H :0.2 and M :4.
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Figure 5.46 Equi-velocityiines (uluu) at Gr+ :2x 106 for II:0.b and M :4.
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Figure 5.47 Equi-velocity lines ( ulu, ) at Gr+ :2 x 106 for Ii :0.8 and. M :4.
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Figure 5.48 Equi-velocitylines (uluu) at Gr+ :2x 106 for E :0.2 and M:16,
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Figure 5.49 Equi-velocity lines ( ulut ) at Gr+ : 2 x106 for fy' : 0.5 and M : 16.
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Figure 5.50 Equi-velocitylines (uluu) at Gr+ :2x 106 for.H:0.8 and M:16.
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Figure 5.51 Secondary flow pattern for the smooth tube geometry at Gr+ - 2 x 106.

Scaie: t* {0 q
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than the upper part in terms of secondarl' flow intensity.

Figure 5.54 shows the secondar¡' flou' pattern fo¡ a tube with a small number of

iong fins ( H : 0.8 and M : 4 ). Tu'o counter rotating secondar¡' flow cells appear in

the lower part of the tube, and another trvo countet rotating celis appear in the upper

part as well. An exchange of fluid betu'een the top and bottom parts seems to be

happening with a small amount of flou' moving uprn'ards near the tip of the horizontal

fin and a small amount of flow moving downwards in the core of the tube. The upper

and lower parts of the tube appear to have about the same level of secondary flow

intensity.

For the case of high number of fins, Figures 5.55 to 5.57 show the secondary

flor+, pattern for short , medium, and long fins respectivel5'. Figure 5.55 shows the

secondary flow pattern for a tube with a iarge number of short fins ( H : 0.2 and

M : 16 ). The secondary flou' is shown to have a complicated pattern with two

counter rotating cells in the core of the tube and fluid exchange between core flou'

and each of the bays formed by two consecutive fi.ns. In each bay, the exchange florn'

enters along the lower fln and exits along the upper fin. The intensity of secondary

flow is always minimum in the uppermost bay and maximum in one of the lower bays.

Figure 5.56 shows the secondar¡' flow pattern for a tube with a large number of

medium height fins ( -ã : 0.5 and h[ : 16 ). For this geometry, the secondary flow

is severly suppressed in the bays formed by the fins. In the core section, only one

secondary flow cell exist and the second cell that existed for short fins has disappeared.

Figure 5.57 shows that the secondary flow for a tube with a large number of long

flns ( .H : 0.8 and M : 16 ) contains two weak counter-acting cells in the bay areas.

In the core area, a weak singular cell is shown to exist.

The ¡esults shown in Figures 5.51 to 5.57 demonstrate that internal finning has a

strong influence on secondary flow in both magnitude and structure. These influences

depend in a complicated 'way on the geometrical parameters -l and M, anà would

naturally reflect on the remaining results.
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5.3.2 Temperature Distribution

The isotherms for all geometries are presented in Figures 5.58 to 5.64 corre-

sponding to the maximum Gr* considered in ihis investigation. Figure 5.58 shows

significant free convective effects for the smooth tube case. The secondary flow cir-

culation causes a iarge shift in the location of the minimum temperature from the

tube centreline ( al Gr* : 0 ) downward along the symmetry plane. The iocal heat

flux at the tube waJl, which can be infer¡ed from Figure 5.58, is found to vary from a

minimum at the top of the tube to a maximum at the bottom. As well, the absolute

values of temperature are considerably lower than their forced convection values due

to the cross sectional circulation.

The case of a tube lyith a small number of short fins is exemplifred in Figure 5.59

for 1l : 0.2 atd AtI : 4. During pure forced convection ( Gr+ : 0 ) in this geometry,

the temperature profiie is identical in the upper and lower quarters separated by the

horizontal fin plane and the minimum temperature exists at the tube centre. The

presence of natural circulation gives rise to a second minimum temperature in the

Iower quarter and it destrovs the symmetry between the two quarters. It is also clear

from Figure 5.59 that the lower part of the tube wall becomes a much more effective

heat transfer surface than the upper part. The case of fl : 0.5 and M : 4, shown

in Figure 5.60, shows similar features to those in Figure 5.59.

For a low number of long fi.ns ( f/ : 0.8 and M : 4 ), Figure 5.61 shows the

effect of free convection on the isotherms. Minimum temperatures exist in the uppel

part of the tube, the lower part, as well as the symmetry piane. The intensity of free

convection for this geometry appears to be strong at both halfs of the tube.

For the case of large number of short fins ( .ä : 0.2 and M : 16 ), the isotherms

are shorvn in Figure 5.62. The interaction between the tube core and the bays formed

between the flns is shown to exist for this geometry. The minimum temperature zone

is shown at the bottom of tire tube core, and right at the second bay from the bottom.

This indicates that the second bay from the bottom is providing the best heat
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Figure 5.59 Isotherms for H :0.2 anà M :4 al Gr+ - 1.3 x 106.
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Figure 5.60 Isotherms for H:0.5 and M:4at Gr* :2 x 106.
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Figure 5.61 Isotherms Lor H:0.8 and M :4at Gr* :2 x 106.
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Figure 5.62 Isotherms for H:0.2anð. M:16 at Gr* - 2 x 106.
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transfer performance. As shown before, this frnding is consistent with the activity of

the secondary flow for this geometry.

For large number of medium height fins ( ,I/ : 0.5 and M : 16 ), Figure 5.63

shows the effect of free convection on the isotherms. The core area isotherms are

similar to those of a smooth tube. The bays area has nearly similar temperature

structure. The interaction between the core and the bays is rn'eaker than the case of

Figure 5.62. The heat-transfer performance of the bays is maximum at the first bay

from the bottom and decreases to a minimum in the last bay at the top of the tube.

The case of large number of long flns ( ,tI : 0.8 and M : 16 ) Figure 5.64 shows

that the structure of the isotherms is simiiar to the case of pure forced convection. In

the bays area, the structure of isotherms is identical in al1 bays, and the interaction

between the bays and the core area almost does not exist. This finding is consistent

u'ith the secondary flesz pattern which is shown to be severly suppressed for this

geometry. The minimum temperature is located slightly below the tube centre, and

each bay has its own minimum temperature at a point about half the distance between

the two fins and closer to the wall than the fin tip.

5.3.3 Distribution of Wall Heat Flux

Figures 5.65 to 5.70 show the trend in the present results of local heat flux

distribution at the solid wall ( tube and fins ). These results are presented in terms

of hl-lt, where h is the local heat transfer coefficient eva^luated f¡om the temperature

gradient normal to the wall and h is the average heat transfer coefficient over the

whole solid surface.

Figures 5.65 to 5.67 corresponds to finned tubes with ( H : 0.2, 0.5, and 0.8

and lli[ : 4 ) and they show the behaviour of the local heat flux at Gr* :0, 10s

and2 x 106. The abscissa is proportionaJ. to distance along the wall from the tip of

the upper fin to the tip of the bottom fin in the direction shown in the inset of each

figure. At Gr+ : 0, similarity exists between bay 1 and bay 2 of each geometry, as
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expected, and the areas near the tips of the fins are the most effective heat transfer

surfaces. As Gr+ increases, a higher proportion of the heat dissipation occurs in bay

2, which is consistant with the previous results of secondary flow and temperature

distribution for all fi.ns heights 0.2, 0.5, and 0.8 and M : 4. Figure 5.65 for the

case of H : 0.2 and M : 4 shows that a gradual decrease in relative heat transfer

effectiveness with Gr* can be seen at al1 surfaces of bay 1. In bay 2, significant

enhances in heat transfer efectiveness are evident at the circular wall and the bases

of the fins, while decreases in effectiveness occur near the fin tips. Similar findings

can be seen in Figures 5.66 and 5.67. Bay 1 shows a gradual decrease in relative heat

transfer effectiveness with Gr* at all surfaces except for the area near the junction

of the horizontal fin and the circular wali where some increase occurs.

A second set of heat transfer distribution results is shown in Figures 5.68 to

5.70. This set is for high number of fins ( M : 16 ), and different values of fin

heights H :0.2,0.5, and 0.8, respectively, and each figure presents the heat transfer

distribution at Gr* :0, 105, and 2 x 106. Figure 5.68 ( H :0.2 and M: 16 )

is simplified by inciuding only the top bay and the bottom three bays since the

behaviour at any point within the excluded bays is found to be consistent with a

gradual monotonic change between the corresponding points in bays 1 and 2. As

expected from the previous results, bay 3 ( the second from the bottom ) gets to be

the most active at Gr* : 2 x 106 while the top bay becomes the least active. The

modified Grashof number can be seen to have a strong infl.uence on the reiative heat

transfer effectiveness of different parts of the solid wall. Figures 5.69 and 5.70 shor¡'

the heat transfer distribution for .H : 0.5 and 0.8, respectively. For both cases, the

effect of Gr+ is only noticeable at the fin tips where it reduces the effectiveness of

the fin tips at the top bay and increase the effectiveness of the fi.n tips at the bottom

b.y.

Another way of presenting the heat flux characteristics is shown in Figure 5.71

in terms o1 Q'¡ I Q' , where Q'¡ is the integrated sum of the heat transfer rate from
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the sides of the fins per unit axial length. For -ã :0.2 and M :4, Q'f lQ frrst

decreases with Gr+ and then increases gradually. An increase in either H ot M

causes an increase in the value of Gr+ at which Q'¡lQ' starts decreasing. This is due

to the fact that secondary flow is retarded within the bays by increases in either ll
or M, as shown earlier. Comparing Q'¡lQ' to A¡lA which is the ratio of the total

surface area of the fins to the tota-l surface area of the solid wall, we find that the

fins are more effective heat transfer surfaces for all the geometries in Figure 5.71 at

Iorn, Gr*. \Mith decrease inQ'¡IQ'at high Gr+,Q'¡IQ'b""o-". smaller lhan A¡lA

forsomegeometries (e.g. H:0.2 and 0.5 and M:4) whichindicatethat, on

average) the circular u'all becomes more effective than the fins. This trend may again

reverse at Gr* higher than the values covered in this investigation, as suggested by

the behaviour with H :0.2 and M :4 ( where there is a gradual increase io Q'¡lQ'

at high Gr+ ).

5.3.4 Friction Factor and Nusselt Numbers

The case of horizontal smooth tubes is presented in Table 5.6 for two values of

Prandtl numbe¡ ( Pr :1 for air and Pr : 7 for water ). These results were used in

the previous chapter in comparisons with existing solutions and showed a very good

agreement.

Values of f ¡aÄel T¡d,oRe, where lÍa,oR" corresponds to pure forced convection

for the same geometry, are presented in Figures 5.72 and 5.73 for M - 4 and 16,

respectively, with the smooth tube case included for reference. These results show

that J¡¿R"lf Í¿,l-Ee remain equal to unity up to a critical Grashof number beyond

which f ¡aRelf ta.s,Re increases with Gr*. This critical Gr+ increases as H or M

incteases, which can be attributed to the earlier observation that interna.l finning

retards the onset of secondary flow. Also, due to the fact that the presence of fins

generally suppresses the values of the secondary velocities, we find that the ratio

f ¡afuef f ¡a,oRe dec¡eases with increases in either H or M at any given Gr+. For
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Table 5.6 Values of. f ¡¿Re and //z¡a for Horizontal Smooth Tube

Gr+
Pr=

Í ¡¿R"

-'l-1

0.0

Nu¡a

15.98

104

Pr=

Í ¡¿R"

4.367

.7

16.59

10s

Nu¡a

15.98

4.705

i9.97

106

2x106

4.367

6.388

16.15

26.35

6.007

16.90

9.350

107

9.076

18.67

37.22

t9.52

13.93

L4.33

16.04
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smooth tubes, the enhancement in the friction factor due to free convection exceeds

that of finned tubes except fo¡ the geometry H : 0.2 and M : 4 at high Gr+.

Figures 5.74 and 5.75 show the variation of Nu¡afNuJd,¡ with Gr+, for the

cases of fuf - 4 and 16, respectively. The prevailing trends are similar to the ones

discussed above in connection with the friction factor results. However, it must be

noted that for any geometry,, Nu¡af Nu¡a,o far exceeds f ¡aRelÍtd,oBe al any Gr+.

This is consistent with the earlie¡ results where it was shown that the influence of the

free convection currents on the temperature distribution is much stronger than their

infl.uence on the axial velocity distribution. The manner by which variations in M

and H influence Nu¡af Nu,rd,o is consistent with previously published experimental

and theoretical results IPrakash and Patankar ( 1981 ), Mirza and Soliman ( 1985 ),

and Rustum and Soliman ( 1988a ) I.
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COMPARISONS WITH EXPERIMENTAL RESULTS

An interesting feature of the literature on laminar flow and heat transfer in in-

ternally finned tubes is that there has been very little ( if any ) correlation between

experimental and analytical results. This is basicall¡' due to the fact that the exper-

imental conditions did not correspond to the situations assumed in the analysis. In

some cases, this lack of correlation gave rise to misconceptions, such as the proposition

by l\{arner and Bergles ( 1978 ) that Prandtl number has a much stronger influence

on heat transfer in internally finned tubes than in smooth tubes.

OnI5' 1*o experimental investigations reported data on iocal heat transfer in

internally flnned tubes with laminar flou'. The more extensive of the two is the work

of Rustum ( 1984 ). This data set is compared here with different results from the

present anaiysis. As is normally the case with analytical studies, not ail the results can

be confirmed experimentally. Fortunately, segments from all three models considered

in this investigation can be used in this comparison.

6.1 Model I

CHAPTER" 6

Figure 6.1 shows experimental data of the loca.l values of Nusselt number in the

thermaJly developing region of a smooth tube at four different values of. Ra[. The

effect of free convection is apparent in the fully developed region. Ilowever, in the

early part of the developing region rvhere the effect of free convection is weak due

to the small wall to bulk iemperature difference, values of the loca.I Nusselt numbers

seem to be approaching the analytical value for pure forced convection of Model I,

thus indicating the success of the analysis of Model I in defining a lower bound for

Rafr :0. This fact is substantiated by similar results for two internally finned tubes,
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as presented in Figures 6.2 and 6.3. It is obvious from these resuits that the entrance

length decreases as Ra[ increases. However the actua] heat transfer performance

measured experimentall5' ç¿¡ be reasonably approximated at any value of ,Rafi by a

horizontal line representing mixed convection in the fully developed region and the

forced convective line in the thermally developing region as it is apparent from Figures

6.1 io 6.3.

Tlre experimental val.ues of lÍ¿,0 for an internally finned tube with H : 0.216

and M - 10, reported b]' Rustum ( 1984 ), are presented in Pigure 6.4. This data is

compared with the analytical results for the same geometrv rvhich rvere generated us-

ing Model I ( Models II and III gave practically identical values ). The agreement can

be seen to be excellent. Other equally successfull comparisons between experimental

and analytical predictions of fully developed friction factors '\¡/ere reported by Rustum

and Soiiman ( 1988a ). No data exist in the literature on the axial development of

-îJ¿'

6.2 Model II

For the case of developing isothermai flow, no experimental data exist yet for

internally finned tubes. Fo¡ the case of the smooth tube geometry ( H -- 0 ), the only

experimental data found is the vaLue of. K*, which is the limiting incremental pressure

drop number. For smooth tubes, Shah and London ( 1978 ) reported experimental

values of Koo ranging from 1.20 to 1.32. These values compa e very well with the

value of Koo at ( H : 0 ) generated by this model which is 1.258.

6.3 Model III

Predictions of the present analysis are compared with the experimental data of

the fuliy developed Nusselt number ratio 1úø¡af Nu¡a,o of Rustum ( 1984 ). This

comparison is shown in Figure 6.5 for a tube with -rY : 0.318 anð. At[ - 16, and in

Figure 6.6 for a tube with ff : 0.325 and M : 10. In both cases) the theoretical
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predictions of Model III are generated at a P¡andtl number equal to the mean value

for the respective data set. Figures 6.5 and 6.6 shov' that the experimental data are

overpredicted bi' about L0 to 75%. It shouid be recalled that the present analysis

assurnes negligible fin thickness and uniform fin temperature ( i.e 100% fin efficiency ).

Both of these assumptions result in slight overestimation of Nusselt number fo¡ the

geometries consideredin Figures 6.5 and 6.6, as reported by Soliman ( 1981 ). Another

factor that could have contributed to this deviation in the results is the dependence

of properties on temperature, whereas the properties are assumed to be constant in

tire theoretical analysis except for the density in the body force term. Taking these

factors into account, it can be concluded that the comparisons shown in Figures 6.5

and 6.6 are quite satisfactory.

For the case of smooth tubes, tire analytical results of Nu¡alNz¡a,o from Model

III are compared u'ith three different independent experimental results. Figure 6.7

shorn's the experimental data of Rustum ( 1984 ), the empirical correlation gener-

ated by Ede ( 196i ), and-another empirical correlation generated by Petukhov and

Polyakor'( 1967 ) for smooth tubes. The results indicate that the theoretical analysis

slightly overpredicts the empirical correlations at high -Rø+. However, the difler-

ence is within an acceptable range especially if we considered an average of L75%

uncertainty in the experimental resuits.
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CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

CHAPTER 7

7.L.1 Model I

The local values of Nusselt number in the entrance region of internally finned

tubes for both @ ood 6 Uooodary conditions exhibited some unconventional\-/ \-/
behaviour. At very low values of X+, the rate of decrease of local Nusselt number

for ali finned tube geomet¡ies was found to be almost equal to that of smooth tubes.

However, sharp changes occured in this rate }ater in the de'i'eloping region, which re-

sulted in unexpected trends in the magnitudes of the entrance length. This behaviour

is attributed to the fact that internal finning influences tire veiocity distribution and

results in a complex geometry for the wall-fl.uid interface ( where heat transfer takes

place ), which may cause the form of temperature development to be different from

that of smooth tubes.

Results generated b-v this model in the developing region for the f) booodu.ry- \-/
condition were found to serve well as the lower bound for experimental results where

free convection effect took place. In the fully developed region, values of .Nu¡a,at arc

compared with other analytical results and shown to be very accurate. In general,

extreme care was taken about numerical accuracy. However, it must be emphasized

that ail results of this model correspond to pure forced convection, i.e., fl.ows with low

Grashof number. Free convective currents superimposed on the main flow may have

substantial effects on the heat transfer characteristics in the fully developed region,

but not much in the developing region, as shown in the experimental results that were
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used for comparisons.

7.!.2 Model II

Laminar fluid flow in the entrance region of internally fi.nned tubes has been

investigated theoretically. The appropriate continuity and momentum equations have

been soh'ed numerically using the fi.nite difference method. Results for the fully

developed and developing regions \¡¡ere obtained for sixteen fi.nned tube geometries

as well as the smooth tube geometry. The fully developed results of the finned tubes

and all results of the smooth tube agree well with previously published results, u'hich

indicates satisfactory numerical accuracy.

In the entrance region ofinternally frnned tubes, the local friction factor exhibited

some sharp changes in the slope for some geometries. This resulted in unexpected

trends in the magnitude of K, K- and ,L¡¡ which are attributed to the complicated

secondary flow field. Comparisons between predictions and experiments fo¡ /" were

not possible due to lack of experimental data.

7.1.3 Model III

A numerical anaiysis of laminar, fully developed mixed convection in horizontal

internally finned tubes has been presented covering a wide range of geometric param-

eters. The resuits sho'n' that tube geometry ( .tl and M ) has a strong influence on

the pattern and intensity of the secondary fl.orn' currents, which is in turn reflected

on the a;ciai velocity and temperature distributions, wall heat fl.ux, friction factor

and Nusselt number. In general, an increase in either H ot M suppresses secondary

flow in the bays formed by the fins at any given Grashof number. Consequently, the

departure oî. f ¡¿Re ar.d Nu¡a from their respectiveforced convection value begins at

higher Grashof numbers as -ã or M increases. This trend in the overall performance

is consistent with previously reported experimental data and is now justifred by the

detailed fluid flow and heat transfer characteristics presented in this investigation.
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7.2 RECOMMENDATIONS

7.2.L Model I

For the case of this model, the free convection effect could be added to study

the efect of secondary florn' on heat transfer and pressure drop and on the thermal

entrance lengths. \&'e know from experimental results that free convection plays a

small roie in the early stages of the thermal entrance region; nonetheless, the effect

of free convection on the thermal entrance length should be studied. Another factor

that will arise in the mathematical model once free convection is considered is the

appearance of Prandtl number, which could then be studied to investigate its effect.

A tremendous amount of work and computer time are required and it is only through

the use of superfast compute¡s that this type of work might be accomplished.

7.2.2 Model II

This work could be extended to other geometries. For exampie, if the fin height

11 is set equal to 1.0, the results will be for flow in circular sectors whe¡e M w1lrl

specify the angle of the sector. Another improvement could be made to this work by

assuming a finite fin thickness which in turn increases the wetted area and decreases

the flou. area and thus may have an impact on the results ol f ,Re and L¡y in the case

of large number of long fins. \[t'hat is more important is the generation of experimental

results of f ,, K and Koo for internally finned tubes.

7.2"3 Model III

For the case of this model, there are few possible steps that could be taken

further. The tremendous amount of computer time needed for producing data using

this model is a major obstacle, however, with the aid of a superfast computei the

following steps could be pursued further:
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1) The effect of finite fin conductance, ratirer than 100% efficiency, and of fi.n

thickness could be added to investigate these effects on the heat transfer and pressure

drop, especially for the case of large number of long fins.

2) Different values of Prandtl numbers could be explored to study the effect of

different types of fluids on the heat transfer and pressure drop in internaliy fi.nned

tubes. This should be coupied with the generation of corresponding experimental

data.

3) Some of the fluid properties that are known to be strongly temperature depen-

dent ( like the fluid viscosity ) could be modeled as variables in order to investigate

such effects on the results especially at high axial temperature gradients (i.e., high

heat input rates ).

a) The present results correspond to hot walls and cold fluids. The analysis could

be repeated for the case of cooling ( i..., hot fluids and cold walls ) in order to cover

this type of applications.
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6ì BouNDARY coNDrrroN

r\1

0.1000D-05
0.20 00D-05
0.3000D-05
0.4000D-0 5
0.5000D-05
0.6000D-0 5
0.7000D- 05
0.8 000D-0 5
0.9000D-05
0.1000D-04
0.2 000D-04
0.30 00D-04
0.4000D-04
0.5000D-04
0.600 0D- 04
0.7000D- 04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-0 3
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9 I 42D-03
0.1055D-02
0.1203D-02
0.1358D-02
0.15 21D- 0 2
0.1692D-02
0.1871D-02
0.2060D- 0 2
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.3407D-0 2
0.36 ?2D-02
0.3 95lD-02
0.4243D-O2
0.4550D-02
0.4873D-02
0.5211D-02
0.5567D-02

The Smooth Tube Geometrv

f ¡a,oR": 15.934

N1U r,Ht

0.1764D 03
0.r.358D 03
0.1163D 03
0.1045D 03
0.9633D 02
0.9021D 02
0.8535D 02
0.8133D 02
0.7794D 02
0.7496D 02
0.5871D 02
0.5022D 02
0.4501D 02
0.4146D 02
0.3891D 02
0.3698D 02
0.3545D 02
0.3422D 02
0.3317D 02
0.2762D 02
0.2427D 02
0.2191D 02
0.2013D 02
0.r872D 02
0.1757D 02
0.1661D 02
0.1s79D 02
0.1s08D 02
0.1446D 02
0.1390D 02
0.1340D 02
0.1294D 02
0.12s3D 02
0.7274D 02
0.1179D 02
0.11.46D 02
0.1115D 02
0.1086D 02
0.1058D 02
0.1032D 02
0.1008D 02
0.9844D 01
0.9623D 01
0.9411D 0L
0.9210D 01
0.9017D 01

x+

0.s940D-02
0.6 332D-02
0.6744D-02
0.7776D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.1026D-01
0.1087D-01
0.1 15lD- 0 1
0.1218D- 01
0.12 8 8D- 01
0.1362D-01
0.1440D-01
0.Ls2LD-01
0.1607D-0r.
0.16I7D- 01
0.1791D-01
0.18 9 0Ð-0 1

0.1990D-01
0.209 0D-01
0.21 9 0D- 01
0.2290D-01
0.2390D-01
0.2490D-01
0.2s90D-01
0.2690D-01
0.2 79 0D- 01
0.2890D- 01
0.2990D-01
0.3090D-01
0.3190D-01
0.3290D- 01
0.3 3I0D- 01
0.349 0D-01
0.3590D-01
0.3 6I0D- 01
0.379 0D-01
0.3890D-01
0.3990D-01
0.4090D-01
0.4190D-01
0.4290D-01
0.43 90D-01

Nu¡a,o :4.3364

N'llr,Ht

0.8832D 01
0.8654D 01
0.8484D 01
0.8320D 01
0.8t 62D 01
0.8010D 01
0.7863D 01
0.7722D 01,
0.7585D 01
0.7453D 01
0.7325D 01
0.7202D 07
0.7082D 01
0.6966D 01
0.6854D 01
0.6746D 01
0.6640D 01
0.6538D 01
0.6440D 01
0.6344D 0r.
0.6251D 01
0.6164D 01
0.6084D 01
0.6009D 01.
0,5938D 01
0.s873D 01
0.s8LlD 01
0.5753D 01
0.5699D 01
0.s647D 01
0.5599D 01
0.5552D 01
0.5509D 01
0.5467D 01
0.s42ED 01
0.5390D 01
0.5354D 01
0.5320D 01
0.5287D 01
0.5256D 01
0.5226D 01
0.5197D 01
0.5170D 01.
0.s143D 01
0.5118D 01
0.5094D 01

x+

0.4490D-01
0.4590D-01
0.46 90D-01
0.4790D-01
0.4890D-01
0.4990D-01
0.5090D-0 L
0.5L90D-01
0.5290D-01
0.5390D-01
0.549 0D-01
0.s590D-01
0.s690D-01
0.579 0D-01
0.5890D-01
0.5990D-01
0.6 0I0D- 01
0.6t 90D-01
0.6290D-01
0.6390D-0 r.

0.6490D-01
0.6590D-01
0.6690D-01
0.679 0D-01
0.689 0D-01
0.6990D-01
0.7090D-01
0.7190D-01
0.72 9 0D- 01
0.73 9 0D- 01
0.7490D-01
0.7590D-01
0.7690D- 01
0.7790D-01
0.7890D-01
0.7990D-01
0.8 0I0D- 01
0.819 0D- 01
0.8290D-01
0.839 0D-01
0.849 0D-01
0.8590D-01
0.8690D-01
0.879 0D-01
0.E83lD-01

N'lrr,Ht

0.5071D 01
0.5048D 01
0.5026D 01
0.5006D 01
0.4986D 01
0.4966D 01
0.4948D 01
0.4930D 01
0.4912D 0i
0.4896D 01
0.4880D 01
0.4864D 01
0.4849D 01
0.4834D 0t
0.4820D 01
0.4806D 01
0.4793D 01
0.4780D 01
0.4768D 01
0.47s6D 01
0.4744D 0r.
0.4733D 01
0.4722D 07
0.4712D 01
0.4702D 01
0.4692D 01
0.4682D 01
0.468lD 01
0.4658D 01
0.4658D 01
0.4643D 01
0.4643D 01
0.4626D 01
0.4625D 01
0.4611D 01
0.4611D 01
0.4596D 01
0.4596D 01
0.4s83D 01
0.4583D 01
0.4570D 01
0.4570D 01
0.4558D 01
0.4558D 0i
0.4553D 01
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fl BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.40 00D-05
0.5000D-05
0.6000D-05
0.70 0 0D-05
0.8000D-05
0.9000D-05
0.100 0D-04
0.200 0D-04
0.3 000D-04
0.400 0D-04
0.500 0D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.s310D-03
0.6526D-03
0.7802D-03
0.9142D- 0 3
0.1055D-02
0.1 203D- 02
0.1358D-02
0.15 2lD- 0 2
0.1692D-02
0.187LD-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D- 0 2
0.3407D-02
0.3672D-02
0.395lD-02
0.4243D-02
0.4550D-02
0.4873D-02
0.521lD-02
0.5567D-02
0.5940D-02

H :0.2

f l¿,lR" : 78.574

N1U r,Ht

0.2068D 03
0.2586D 03
0.1358D 03
0.1221D 03
0.1126D 03
0.1055D 03
0.9987D 02
0.9526D 02
0.9141D 02
0.8805D 02
0.7035D 02
0.6i00D 02
0.5505D 02
0.5084D 02
0.4766D 02
0.4512D 02
0.4303D 02
0.4125D 02
0.3973D 02
0.3146D 02
0.26e8D 02
0.241.2D 02
0.2208D 02
0.2053D 02
0.1929D 02
0.182sD 02
0.1736D 02
0.1659D 02
0.i589D 02
0.1s28D 02
0.1471D 02
0.1419D 02
0.1372D 02
0.1328D 02
0.1288D 02
0.1250D 02
0.1215D 02
0.1182D 02
0.1151D 02
0.1121D 02
0.1094D 02
0.106?D 02
0.7042D 02
0.1018D 02
0.9957D 01
0.9740D 01
0.9532D 01

Il[ :4

1t+

0.6332D-02
0.6744D-02
0.71.76D-02
0.7630D-0 2
0.8L06D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.10 2 6D- 01
0.108 7D-01
0.1 151D- 0 1
0.1218D-01
0.1288D- 01
0.1362D-0 L
0.1440D-01
0.15 21D- 01
0.1607D-01
0.169?D-01
0.1 79 LD- 0 1
0.1890D-01
0.1990D-01
0.2090D-01
0.2190D-01
0.2290D-0 r.

0.2390D-01
0.2490D-01
0.2590D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.2990D-01
0.3090D-0r.
0.3190D-01
0.3290D-01
0.3390D-01
0.349 0D-01
0.3590D-01
0.3690D-01
0.3790D-01
0.3890D-01
0.3I I0D- 01
0.4090D-01
0.419 0D-01
0.429 0D-01
0.439 0D-01
0.4490D-01
0.459 0D- 01

Nu¡a,o :4.5448

Nut,Ht

0.9333D 01
0.9142D 01
0.8958D 01
0.8782D 01
0.8612D 01
0.8448D 01
0.8290D 01
0.8137D 01
0.7990D 01
0.7848D 01
0.7710D 01
0.7s77D 01
0.7449D 01
0.7324D 01
0.7203D 01
0.7087D 01
0.6974D 01
0.6864D 0i
0.6758D 01
0.6655D 01
0.6559D 01
0.6470D 01
0.6387D 01
0.6309D 01
0.6237D 0r
0.6169D 01
0.6L0sD 01
0.6044D 01
0.5988D 01
0.5934D 01
0.s883D 01
0.5835D 01
0.5789D 01
0.5?45D 01
0.5704D 01
0.5664D 01
0.5627D 01
0.5591D 01
0.5556D 01
0.5523D 01
0.5492D 01
0.5462D 01
0.5433D 01
0.5405D 01
0.5378D 01
0.5352D 01
0.s328D 01

x+

0.4690D- 01
0.4790D-0 L
0.4890D-0 t
0.4990D-01
0.5090D-01
0.51"90D-01
0.5290D-01
0.5390D-01
0.5490D-01
0.5590D-01
0.5690D-01
0.579 0D-01
0.5890D-01
0.5990D-01
0.6090D-01
0.6190D-01
0.6290D-01
0.6390D-01
0.6490D-01

Nur,Ht

0.s304D 01
0.528lD 01
0.s259D 01
0.5238D 01
0.5217D 01
0.5198D 01
0.5179D 01
0.5160D 01
0.5142D 01
0.5125D 01
0.5109D 01
0.5093D 01.
0.5077D 01
0.5062D 01
0.5048D 01
0.5034D 0r.

0.6590D-01
0.669 0D-01
0.6 79 0D-0
0.68 9 0D-0
0.699 0D-0
0.7090D-0
0.7L 9 0D-0
0.7290D-0
0.739 0D-0
0.7490D-0
0.75 90D-0
0.7690D-0
0.7790D-0
0.7890D-0

0.5020D 0L
0.5007D 01
0.4994D 0
0.4982D 0
0.4970D 0
0.4958D 0
0.494?D 0
0.4936D 0
0.4925D 0
0.4915D 0
0.4905D 0
0.4904D 0

0.7990D-01
0.8090D-01
0.8190D-01
0.8290D-01
0.8390D-01
0.8490D-01
0.8s90D-01
0.8690D-01
0.8790D-01
0.8890D-01
0.8990D-01
0.9 029D-01

0.4880D 0r
0.4880D 01
0.4865D 01
0.4865D 01
0.4847D 01
0.4847D 0L
0.4832D 01
0.4832D 0r.
0.4816D 01
0.4816D 0L
0.4803D 01
0.4803D 01
0.4?89D 01
0.4789D 01
0.4777D 07
0.4777D 07
0.4772D 07
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6l BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-0s
0.70 00D-0s
0.80 00D-05
0.9 0 00D-05
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.60 00D-04
0.70 00D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2 000D-03
0.30s0D-03
0.41s2D-03
0.5310D-03
0.6526D-03
0.78 02D-03
0.9142D-03
0.10 55D-02
0.12 03D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.18 71D- 02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.3407D-02
0.3672D-02
0.39 51D-02
0.4243D-02
0.45 50D-02
0.48 73D-02
0.5211D-02
0.5567D-02
0.5 940D-02

H :0.4

f r¿,rR" :27.673

Nu",HI

0.2644D 03
0.2029D 03
0.1737D 03
0.1561D 03
0.1438D 03
0.1347D 03
0.1274D 03
0.1214D 03
0.1165D 03
0.1121D 03
0.8931D 02
0.7744D 02
0.7000D 02
0.6476D 02
0.6083D 02
0.s772D 02
0.5515D 02
0.5300D 02
0.s11LD 02
0.4079D 02
0.3505D 02
0.313lD 02
0.2863D 02
0.2659D 02
0.2496D 02
0.2361D 02
0.2246D 02
0.2146D 02
0.20s7D 02
0.1979D 02
0.1906D 02
0.1841D 02
0.178lD 02
0.1726D 02
0.1674D 02
0.1626D 02
0.1581D 02
0.1539D 02
0.1499D 02
0.146lD 02
0.1425D 02
0.1391D 02
0.1359D 02
0.1328D 02
0.1299D 02
0.r270D 02
0.7243D 02

AI :4

X+

0.6332D-02
0.6744D-02
0.7776D-02
0.763 0D-02
0.8106D-0 2
0.8607D-02
0.9L32D-02
0.96 84D-0 2
0.1026D-01
0.10I7D- 01
0.1 15 lD- 0 1
0.1218D-01
0.1288D-01
0.1362D-01
0.1440D-01
0.1 5 2lD- 01
0.16 07D-01
0.1697D-01
0.179lD-01
0.1890D-01
0.1990D-01
0.2090D-01
0.2190D-01
0.2290D- 01
0.2390D-01
0.249 0D- 01
0.2 5I0D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.2990D-01
0.30 90D-01
0.3190D-01
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3790D- 01
0.3890D-01
0.3990D-01
0.409 0D-01
0.4190D-01
0.42I0D- 01
0.439 0D-01
0.449 0D-01
0.45 90D-01

Nu¡a,o: 5.8815

Nll-r,Ht

0.7277D 02
0.1192D 02
0.1168D 02
0.1145D 02
0.1123D 02
0.1101D 02
0.1081D 02
0.1061D 02
0.1041D 02
0.1023D 02
0.1005D 02
0.9870D 01
0.9701D 01
0.9537D 01
0.9379D 01
o.9226D 0'L
0.9077D 01
0.8933D 01
0.8794D 01
0.86s9D 01
0.8s33D 01
0.8416D 01
0.8308D 01
0.8206D 01
0.8Lt LD 01
0.8022D 01
0.?939D 01
0.7E60D 01
0.7786D 01
0.7715D 01
0.7649D 01
0.7586D 0t
0.7526D 01
0.7469D 01
0.7415D 01
0.7363D 01
0.7314D 01
0.7267D 01
0.7222D 07
0.71?9D 01
0.7137D 01
0.?098D 01
0.7060D 01
0.7023D 01
0.6989D 0t
0.6955D 01
0.6922D 01

X+

0.4690D-01
0.4790D-01
0.48 90D-01
0.4990D-01
0.5090D-01
0.5190D-01
0.52 90D-01
0.5390D-01
0.5490D-01
0.5590D-01
0.5690D-01
0.5790D-01
0.5890D-01
0.5I I0D- 01
0.6090D-01
0.6190D-01
0.6 2I0D- 01
0.63 90D-01
0.6490D-01
0.65 90D-01
0.6690D-01
0.6790D-01
0.6 890D-01
0.6990D-01
0.7090D-01
0.7190D-01
0.729 0D-01
0.73 90D-01
0.74 9 0D- 01
0.7590D-01
0.7690D-0 1
0.7?90D-01
0.7890D-01
0.7990D-01
0.80s0D-01
0.8t 90D-01
0.8290D-01
0.8390D-01
0.8490D-01
0.8590D-01
0.8690D-01
0.8790D-01
0.8890D-01
0.89 90D-01
0.9090D-01
0.915 2D- 01

N1U r,Hl

0.689 lD
0.6I61D
0.6832D
0.6 I 04D
0.6777D
0.675 1D
0.6726D
0.6702D
0.6678D
0.6656D
0.6634D
0.6 613D
0.6592D
0.65 73D
0.6553D
0.653 5D
0.6517D
0.6499D
0.6483D
0.64 6 7D
0.645 lD
0.6435D
0.6420D
0.6406D
0.6392D
0.6378D
0.6365D
0.635 lD
0.63 5 1D
0.6320D
0.63 1 9D
0.630 1D
0.6300D
0.6 2 76D
0.6276D
0.62s8D
0.6258D
0.6237D
0.62 3 7D
0.6220D
0.6219D
0.6202D
0.6202D
0.618 6D
0.6 L 86D
0.6 1 76D

U1
01
01
01
0L
0L
01
01
01
01
01
01.
01
0
0
0
0
0
0
0
0
0
0
0
01
01
01
0t
01
01
01
0L
01
01
0L
01
01
01
01
01
01
01
01
01
01
01
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6ì BouNDARY coNDrrroN

l-+

0.1000D-05
0.20 00D-0s
0.3000D-05
0.4000D-05
0.5000D-05
0.6 000D-05
0.7000D-05
0.8 000D- 05
0.9000D-05
0.1000D-04
0.2000D-04
0.3 000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8 000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3 050D-03
0.4152D-03
0.5 310D- 0 3
0.6 526D- 03
0.7802D-03
0.9142D- 0 3
0.r.055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02

f to,oR" : 47.639

Nut,H7

0.3531D 03
0.2724D 03
0.2335D 03
0.2097D 03
0.1931D 03
0.1806D 03
0.1707D 03
0.1626D 03
0.1559D 03
0.1500D 03
0.1196D 03
0.1039D 03
0.9417D 02
0.8733D 02
0.8220D 02
0.7814D 02
0.?481D 02
0.720tD 02
0.6955D 02
0.5602D 02
0.4832D 02
0.4326D 02
0.3960D 02
0.3682D 02
0.3460D 02
0.3278D 02
0.3723D 02
0.2990D 02
0.2874D 02
0.2769D 02
0.2675D 02
0.2589D 02
0.2511D 02
0.2439D 02
0.2372D 02
0.2310D 02

H:0.6 M:4

if+

0.2 913D- 0 2
0.3154D-02
0.3407D-02
0.3672D-02
0.3951D-02
0.4243D-02
0.45 50D-02
0.48 73D-02
0.5211D-02
0.5s6?D-02
0.5 940D-02
0.6332D-02
o.6744D-02
0.7176D-02
0.7630D-02
0.8 10 6D-0 2
0.8607D-02
0.9132Ð-02
0.9684D-02
0.1 0 2 6D-01
0.L087D-01
0.1 151D-01
0.12 18D-0 1

0.1288D-01
0.L362D-01
0.1440D-01
0.15 21D- 01
0.1607D-01
0.1697D-01
0.1 7 9lD- 01
0.1890D-01
0.1990D-01
0.2090D- 01
0.2190D-01
0.2290D-01
0.2390D-01

Nu¡a,o :7I.772

N'rlr,Ht

0.2252D 02
0.2797D 02
0.2746D 02
0.2097D 02
0.2052D 02
0.2008D 02
0.1967D 02
0.1928D 02
0.1891D 02
0.1855D 02
0.1821D 02
0.1789D 02
0.1757D 02
0.1728D 02
0.1699D 02
0.7672D 02
0.1646D 02
0.1621D 02
0.1596D 02
0.1573D 02
0.1551D 02
0.1530D 02
0.1509D 02
0.1489D 02
0.14?0D 02
0.1452D 02
0.1435D 02
0.1418D 02
0.1402D 02
0.1387D 02
0.7372D 02
0.13s8D 02
0.1346D 02
0.1334D 02
o.1324D 02
0.1314D 02

x+

0.249 0D-01
0.2590D-01
0.269 0D-01
0.2 79 0D- 0 1

0.2890D-01
0.2990D-01
0.3090D-01
0.3L90D-01
0.3290D-01
0.3390D-01
0.349 0D-01
0.3590D-0L
0.3690D-01
0.3?9 0D-01
0.3890D-01
0.3990D-01
0.409 0D-01
0.419 0D- 0 L

0.4290D-01
0.4390D-01
0.4490D-01
0.4590D-01
0.46I0D- 01
0.4790D-01
0.489 0D-01
0.4990D-01
0.5090D-01
0.s190D-0r.
0.5290D-01
0.5390D-01
0.5490D-01
0.5590D-01
0.569 0D-01
0.5?38D-01

Nür,Ht

0.1305D 02
0.1296D 02
0.1288D 02
0.1281D 02
o.t274D 02
0.1267D 02
0.1.261D 02
0.1255D 02
0.1250D 02
0.1245D 02
0.1240D 02
0.123sD 02
0.123lD 02
0.1227D 02
0.1223D 02
0.1219D 02
0.1215D 02
o.72J,2D 02
0.1208D 02
0.1205D 02
0.7202D 02
0.1199D 02
0.1196D 02
0.r.r.94D 02
0.119lD 02
0.1189D 02
0.1188D 02
0.1183D 02
0.1183D 02
0.1179D 02
0.1179D 02
0.1.1?5D 02
0.1175D 02
0.1173D 02
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6ì BouNDARY coNDrrroN

T-r

0.1000D-05
0.2000D-05
0.3000D-05
0.40 00D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.800 0D-05
0.900 0D-05
0.100 0D-04
0.2000D-04
0.300 0D-04
0.400 0D-04
0.500 0D-04
0.6000D-04
0.7000D- 04
0.8000D-04
0.9000D-04
0.1 000D-03
0.200 0D- 03
0.3050D-03
0.41s2D-03
0.5 31 0D-0 3
0.6526D-03

fl : 0.8

lfo,oR":71.169

N'ur,Ht

0.4453D 03
0.3451D 03
0.2962D 03
0.2661D 03
0.245lD 03
0.2294D 03
0.217lD 03
0.2071D 03
0.1988D 03
0.1915D 03
0.1539D 03
0.1341D 03
0.1215D 03
0.1125D 03
0.1058D 03
0.1005D 03
0.9614D 02
0.9251D 02
0.8933D 02
0.7239D 02
0.6279D 02
0.s643D 02
0.5181D 02
0.4827D 02

M:4

x+

0.7802D-03
0.9142D-03
0.1.055D-02
0.1203D-02
0.13s8D-02
0.1521D-02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.3407D-02
0.3672D-02
0.3951D-02
0.4243D-02
0.45s0D-02
0.48 73D- 02
0.s211D-02
0.s567D-02
0.5940D-02
0.6332D-02

Nu¡a,o : 19.399

N'rlr,Ht

0.4545D 02
0.4313D 02
0.4118D 02
0.3952D 02
0.3805D 02
0.3676D 02
0.3560D 02
0.3455D 02
0.3360D 02
0.3273D 02
0.3192D 02
0.3117D 02
0.3048D 02
0.2983D 02
0.2922D 02
0.2865D 02
0.2812D 02
0.2767D 02
0.27i3D 02
0.2668D 02
0.2625D 02
0.2584D 02
o.2546D 02
0.2509D 02

x+

0.6744D-02
0.777 6D-02
0.763 0D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2
0.9684D- 02
0.1026D-01
0. r.0 8 ?D- 01
0.115 lD- 01
0.1218D-01
0.1288D-0 1

0.1362D-01
0.144 0D- 01
0.1s2lD-0 i
0.1607D-01
0. r.6 9 7D- 01
0.1791D-01
0.1890D-01
0.1990D-01
0.2090D-01
0.2180D-01

N1U t,Hl

0.2474D 02
0.2441D 02
0.2409D 02
0.2379D 02
0.2350D 02
0.2323D 02
0-2297D 02
o.2272D 02
0.2248D 02
0.2225D 02
0.2204D 02
0.2184D 02
0.2t64D 02
0.2146D 02
0.2729D 02
0.2t 13D 02
o.2097IJ 02
0.2083D 02
0.2069D 02
0.2057D 02
0.2046D 02
0.2037D 02
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6ì BouNDARY coNDrrroN

f,.+

0.1000D-05
0.2000D-05
0.3000D-05
0.40 00D-05
0.5000D-05
0.6000D-05
0.700 0D- 05
0.8 000D-0 s
0.9000D-0s
0.1000D-04
0.20 00D-04
0.3000D-04
0.400 0D- 04
0.5 000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.s050D-03
0.4152D-03
0.5310D-03
0.6s26D-03
0.78 0 2D-03
0.9142D- 0 3
0.1055D-02
0.1203D-02
0.13 s8D- 02
0.15 21D- 0 2
0.16I2D- 0 2
0.18 71D- 0 2
0.20 60D-02
0.2258D-O2
0.2466D- 02
0.2684D-02
o.291,3D-02
0.3 t 54D-02
0.3407D-02
0.3672D-02
0.3951D-02
0.4243D-O2
0.4550D-02
0.4873D- 02
0.5211D- 02
0.5567D-02
0.5940D-02

H :0.2

f ¡¿,0R" :27.497

N1T,,HT

0.2394D 03
0.1608D 03
0.1.543D 03
0.1386D 03
0.1277D 03
0.1197D 03
0.113+D 03
0.1083D 03
0.1040D 03
0.1003D 03
0.80?2D 02
0.7018D 02
0.6337D 02
0.5847D 02
0.5472D 02
0.5172D 02
0.4923D 02
0.4712D 02
0.4531D 02
0.3561D 02
0.3042D 02
0.2711D 02
0.2475D 02
0.2295D 02
0.2150D 02
0.2029D 02
0.1926D 02
0.1836D 02
0.1756D 02
0.1685D 02
0.1620D 02
0.1561D 02
0.1507D 02
0.1457D 02
0.1411D 02
0.1368D 02
0.1328D 02
0.1290D 02
0.12s5D 02
0.t222D 02
0.1190D 02
0.1160D 02
0.1132D 02
0.1105D 02
0.1079D 02
0.1.0s5D 02
0.1031D 02

AI :8

x+

0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.860 7D-02
0.9132D-02
0.9 6 84D- 02
0.1026D-01
0.108?D-01
0.1151Ð-01
0.1218D-01
0.1288D-01
0.1362D-01
0.144 0D- 01
0.1521D-01
0.16 0 ?D- 01
0.1697D-0r.
0.1 79 1D- 01
0.1890D-01
0.19 9 0D- 01
0.209 0D-01
0.2 19 0D- 01
0.229 0D- 01
0.2390D-01
0.2490D-01
0.2s90D-01
0.2690D-01
0.2 79 0D- 01
0.2E90D-01
0.2990D-01
0.3090D-01
0.3190D-01
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3 79 0D-01
0.3890D-01
0.3 99 0D-01
0.4090D-0 L
0.4190D-01
0.4290D-01
0.4390D-01
0.4490D-01
0.4590D-01

Nu¡a,o:4.6923

N'tlr,Ht

0.1008D 02
0.9867D 01
0.9658D 01
0.9458D 01
0.926sD 01
0.9079D 01
0.8899D 01
0.8726D 01
0.8559D 01
0.8398D 01
0.8242D 01
0.8091D 01
0.7945D 01
0.7803D 01
0.7667D 0t
0.7534D 01
0.?406D 01
0.7282D 01
0.7162D 01
0.7046D 01
0.6937D 01
0.6837D 01
0.6743D 01
0.6656D 01
0.6574D 01
0.6497D 01
0.6426D 01
0.6358D 01
0.6294D 01
0.6234D 01
0.6177D 01
0.6123D 01
0.6071D 01
0.6023D 01
0.5976D 01
0.5932D 01
0.5890D 01
0.5850D 01
0.581lD 01
0.5775D 01
0.5739D 01
0.5706D 01
0.5673D 01
0.5642D 01
0.5613D 01
0.5584D 01
0.555?D 01

X+

0.4690D-01
0.4790D-01
0.489 0D-0 L
0.499 0D- 01
0.50 90D- 01
0.5L90D-01
0.5290D-01
0.5390D-01
0.5490D-0 i
0.5590D-01
0.56 9 0D- 01.
0.s790D-01
0.58 90D-01
0.5990D-01
0.6090D-01
0.6190D-01
0.629 0D-01
0.6390D-01
0.64I0D- 01
0.6590D-01
0.66 90D- 01
0.6790D- 0 L
0.6890D-01
0.6990D-01
0.7090D-01
0.719 0D- 01
0.7290D-01
0.73I0D- 01
0.7490D-01
0.7590D-01
0.7690D-01
0.7790D-01
0.7890D-01
0.7990D-01
0.8090D-01
0.819 0D- 01
0.8290D-01
0.8390D-01
0.8490D-01
o.8s9oD-01
0.8690D-01
0.879 0D-01
0.8890D-01
0.89 90D-01
0.9090D-01
0.9190D-01
0.9250D-01

Nut,HI

0.5530D 01
0.5505D 01
0.548lD 01
0.5457D 01
0.5434D 0t
0.5412D 01
0.539lD 01
0.5371D 01
0.5352D 01
0.5332D 01
0.5313D 01
0.5296D 0r.
0.52?9D 0L
0.5263D 01
0.5247D 07
0.523lD 01
0.5216D 01
0.5201D 01
0.5187D 01
0.5174D 01
0.5161.D 01
0.5147D 01
0.5136D 01
0.5r.23D 01
0.5112D 01
0.5100D 01
0.5089D 0r.
0.s078D 01
0.5068D 01
0.5058D 0L
0.5048D 01
0.5047D 0L
0.5024D 01
0.5024D 01
0.5010D 01.
0.5010D 01
0.4990D 01
0.4990D 01
0.4978D 01
0.4977D 01
0.4960D 0L
0.4960D 01
0.4948D 01
0.4948D 01
0.4935D 01
0.4935D 01
0.4927D 07
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6l BouNDARY coNDrrroN

x+

0.1000D-05
û.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2 000D- 04
0.3 000D-04
0.4000D-04
0.5 000D-04
0.6000D-04
0.7000D- 04
0.8000D-04
0.900 0D-04
0.1 000D- 03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.78 02D-0 3
0.9142D-03
0.10ssD-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.1871.D-02
0.2060D-02
o.2258D-O2
o.2466D-O2
0.2684D-02
0.2913D- 02
0.315 4D- 0 2
0.340 7D-02
0.36 72D-0 2
0.39 51D-0 2
0.4243D-O2
0.4s 50D-02
0.48 73D-02
0.5211D-02
0.5567D-02
0.5 940D-02
0.6332D-02
o.6744D-rtz
o.7776D-02
0.7630D-02

Í ¡a,o R" :

Nu',Ht

0.3686D 03
0.2773D 03
0.2360D 03
0.2115D 03
0.1949D 03
0.1827D 03
0.1733D 03
0.165?D 03
0.1595D 03
0.1541.D 03
0.12s4D 03
0.1096D 03
0.9917D 02
0.9162D 02
0.8583D 02
0.8120D 02
0.7738D 02
0.7418D 02
0.7137D 02
0.5654D 02
0.4849D 02
0.4329D 02
0.3956D 02
0.3671D 02
0.3443D 02
0.3254D 02
0.3093D 02
0.2954D 02
0.2830D 02
0.2727D 02
0.262rD 02
0.2530D 02
0.2447D 02
o.2370D 02
0.2298D 02
0.2232D 02
0.2i69D 02
0.2110D 02
0.2055D 02
0.2002D 02
0.1953D 02
0.1905D 02
0.1860D 02
0.1816D 02
0.1-775D 02
0.1735D 02
0.1697D 02
0.1660D 02
0.1624D 02
0.1589D 02
0.1556D 02

H :0.4

44.706

l'+

0.8106D-02
0.8607D-02
0.9),32D-02
0.9684D-02
0.1026D-01
0.1087D-01
0.1151D-01
0.1 218D- 01
0.12 8 8D- 01
0.13 6 2D- 01
0.1440D-01
0.15 21D- 01
0.1 6 0 7D-01
0.16I7D- 01
0.1 ?91D- 01
0.18I0D- 01
0.1 99 0D- 0 1
0.209 0D- 01
0.219 0D- 01
0.2290D-01
0.239 0D-0 i
0.249 0D-01
0.2 590D-01
0.2 690D-01
0.2 790D-01
0.2 89 0D-01
0.2 990D-01
0.3 09 0D-01
0.3 r.9 0D- 01
0.3290D-01
0.3390D-01
0.3490D-01
0-3590D-01
0.3690D-01
0.3 79 0D- 01
0.389 0D- 01
0.399 0D-01
0.409 0D-01
0.4190D-01
0.4290D-01
0.4390D-01
0.449 0D-01
0.4s90D-01
0.4690D-01
0.4790D-01
0.48I0D- 01
0.4990D-01
0.5090D-01
0.5190D-01
0.5290D-01
0.s390D-0 i

M:8

Nu¡a,o:6.7694

N1U r,H7

0.1s23D 02
0.1492D 02
0.1461.D 02
0.1431D 02
0.1402D 02
0.1374D 02
0.1347D 02
0.1320D 02
0.1294D 02
0.1269D 02
0.r244D 02
o.7220D 02
0.1197D 02
0.rr74D 02
0.r.152D 02
0.1130D 02
0.1110D 02
0.109lD 02
0.1073D 02
0.1057D 02
0.1041D 02
0.1027D 02
0.1013D 02
0.1000D 02
0.9879D 01
0.9763D 01
0.9654D 01
0.9550D 01
0.9451D 01
0.935?D 01
0.9268D 01
0.9r.83D 0i
0.9102D 01
0.9024D 01
0.8950D 01
0.8878D 01
0.8811D 01
0.8746D 01
0.E683D 01
0.8623D 01
0.8566D 01
0.8510D 01
0.8457D 01
0.8406D 01
0.8357D 01
0.8310D 01
0.8265D 01
0.8220D 01
0.8178D 01
0.8137D 01
0.8097D 01

x+

0.5490D-01
0.5590D-01
0.5690D-01
0.5790D-01
0.5890D-01
0.5990D-01
0.6090D-01
0.619 0D- 01
0.62s0D-01
0.6390D-01
0.649 0D-01
0.659 0D-01
0.669 0D-01
0.6790D-01
0.6 8I0D-01
0.6I I0D- 01
0.7090D-01
0.719 0D- 01
0.72 90D-01
0.7390D-01
0.7490D-01
0.7590D-01
0.7690D-01
0.7790D-0 t
0.7890D-01
0.7990D-01
0.8090D-01
0.8190D-0 r.

0.8 290D-01
0.8390D-01
0.849 0D-01
0.8590D-01
0.8 6I0D- 01
0.879 0D-01
0.8890D-01
0.8 990D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9390D-01
0.9490D-01
0.9590D-01
0.9690D-01
0.9 790D-01
0.9890D-01
0.9990D-01
0.1009D 00
0.1019D 00
0.1029D 00
0.1039D 00
0.1049D 00

N,ü¿,HI

0.8059D 01
0.8023D 01
0.?987D 01
0.7953D 01
0.7920D 01
0.7887D 01
0.?856D 01
0.7826D 01
0.?797D 01
0.7769D 01
0.7742D 0t
0.7715Ð 01
0.7689D 01
0.?665D 01
0.7641D 01
0.7617D 01
0.7595D 01
0.75?2D 01
0.?551D 01
0.7530D 01
0.7510D 01
0.?491D 01
0.7473D 01
0.745i1D 01
0.7436D 01
0.7419D 01
0.?402D 01
0.7385D 0L
0.7370D 01
0.7354D 01
0.7339D 01
0.7337D 01
0.7303D 01
0.7302D 01
o.7277D 0r
0.7276D 07
0.7252D 07
0.725lD 01
0.7227D 07
0.7227D 07
0.?205D 01
0.7204D 01
0.7184D 01
0.7183D 01
0.7163D 01
0.7162D 01
0.7144D 01
0.7143D 01
0.7125D 01
0.7125D 01
0.7108D 01
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x+

0.1.000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5 000D-05
0.6 000D-05
0.7000D-05
0.8000D-05
0.9000D-0s
0.100 0D-04
0.2 0 00D-04
0.3000D-04
0.40 00D- 04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D-03
0.1055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.187lD-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3154D-02
0.3407D- 02
0.3672D-02
0.3 951D-02
0.4243D-02
0.4550D-02
0.4873D-02

ll : 0.6

I Í¿,0R": 103.94

Nilr,HI

0.5812D 03
0.441lD 03
0.3766D 03
0.3375D 03
0.3107D 03
0.2911D 03
0.2760D 03
0.2639D 03
0.2s40D 03
0.2454D 03
0.2011D 03
0.1766D 03
0.1604D 03
0.1486D 03
0.1395D 03
0.1322D 03
0.1262D 03
0.1211D 03
0.1167D 03
0.9377D 02
0.8117D 02
0.72s6D 02
0.6705D 02
o.6254D 02
0.5896D 02
0.5601D 02
0.5353D 02
0.5742D 02
0.4955D 02
0.4790D 02
0.4643D 02
0.4s11D 02
0.4391D 02
o.428tD 02
0.4180D 02
0.4086D 02
0.4000D 02
0.3919D 02
0.3844D 02
o.s774D 02
0.3708D 02
0.3645D 02
0.3587D 02
0.3531D 02

M:8

x+

0.5211D-02
0.5567D-02
0.5 940D-0 2
0.6332D-0 2
0.674+D-02
0.71?6D-02
0.7630D-02
0.8106D-02
0.860 7D- 0 2
0.9 i.3 2D- 0 2
0.9684D-02
0.1026D-01
0.10 8 7D- 01
0.1 15 1D- 01
0.1218D-01
0.12I8D- 01
0.1362D-01
0.1440D-01
0.15 21D-01
0.1 6 0 7D-01
0.16I7D-01
0.179lD- 0 1
0.1890D-01
0.1990D-0 r.

0.2090D-01
0.21 I0D- 0 1
0.2290D-0 L
0.2 3 9 0D-01
0.24 9 0D- 01
0.25 90D-0 L
0.2690D-01
0.2790D-0r.
0.2890D-01
0.2990D-01
0.3090D-01
0.319 0D-01
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-0L
0.3690D-01.
0.3790D-01
0.38 90D-01
0.3990D-01

Nu¡a,o: 19.367

Nur,Ht

0.3479D 02
0.3429D 02
0.3382D 02
0.3336D 02
0.3293D 02
0.3251D 02
0.3211D 02
0.3772D 02
0.3135D 02
0.3098D 02
0.3063D 02
0.3028D 02
0.2994D 02
0.2961D 02
0.2929D 02
0.2897D 02
0.2865D 02
0.2833D 02
0-2802D 02
0.2772D 02
0.274tD 02
0.277rD 02
0.2681D 02
0.26s2D 02
0.2625D 02
0.2600D 02
0.2575D 02
0.2552D 02
0.2530D 02
0.2508D 02
0.2488D 02
0.2469D 02
0.2450D 02
0.2432D 02
0.2415D 02
0.23e9D 02
0.2383D 02
0.2s68D 02
0.2354D 02
0.2340D 02
0.2327D 02
0.2314D 02
0.2302D 02
0.2290D 02

x+

0.4090D-01
0.4190D-01
0.429 0D-01
0.439 0D-01
0.449 0D-0 t
0.459 0D- 01
0.469 0D-01
0.4 79 0D- 01
0.489 0D-01
0.499 0D-01
0.5090D-01
0.519 0D- 0 L
0.s290D-01
0.s 390D-01
0.5490D-01
0.5590D-01
0.5690D-01
0.s790D- 0 L
0.5890D-0r.
0.5990D-01
0.6090D-01
0.6 19 0D-01
0.6290D-0 L
0.6390D-01
0.6490D-01
0.6590D-01
0.6690D-01
0.6 790D-01
0.6890D-01
0.6990D-01
0.7090D-01
0.7190D-01
0.7290D-01
0.7390D-0 i.
0.7490D-01
0.7590D-01
0.7690D-0 r.

0.7?90D-01
0.7 8I0D- 01
0.7990D-01
0.8090D-01
0.819 0D- 01
0.8233D-01

N,II,,HT

0.2278D 02
0.2267D 02
0.2257D 02
o.2247D 02
0.22s7D 02
o.2227D 02
o.22r8D 02
0.2209D 02
0.2207D 02
0.2193D 02
0.2185D 02
o.21,77D 02
0.2170D 02
0.2762D 02
0.2156D 02
o.2749D 02
o.2742D 02
0.2136D 02
0.2130D 02
o.2r24D 02
0.2723D 02
0.2110D 02
0.2110D 02
0.210lD 02
0.2101D 02
0.209lD 02
0.2090D 02
0.2082D 02
0.2082D 02
0.2074Ð 02
0.2073D 02
0.2066D 02
0.2065D 02
0.2058D 02
0.20s8D 02
0.2057D 02
0.2046D 02
0.2046D 02
0.2045D 02
0.2038D 02
0.2037D 02
0.2037D 02
0.2034D 02

270



6l BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-0s
0.3 000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D- 0 5
0.8000D-05
0.9000D-05
0.10 0 0D-04
0.2 0 0 0D-04
0.3000D-04
0.40 0 0D- 04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2 0 0 0D-03

-FI : 0.8

f f¿,0R":166'01

N1U r,Ht

0.7787D 03
0.5984D 03
0.5152D 03
0.4636D 03
0.4272D 03
0.4000D 03
0.3786D 03
0.3612D 03
0.3469D 03
0.3345D 03
0.2722D 03
0.2391D 03
0.2176D 03
0.2021D 03
0.1901D 03
0.1805D 03
0.1725D 03
0.1659D 03
0.1600D 03
0.1296D 03

fu[ :8

x+

0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-0 3
0.9142D-03
0.1.055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.i 692D-02
0.1 8 71D-0 2
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3154D- 02
0.3407I)-02
0.3672D-02

Nu¡a.,0:43.468

N'Ir",Hl

0.113 0D 0 3
0.1022D 03
0.9437D 02
0.8841D 02
0.8364D 02
0.7972D 02
0.7641D 02
0.?358D 02
0.7108D 02
0.6889D 02
0.6693D 02
0.6516D 02
0.6356D 02
0.6210D 02
0.6075D 02
0.5951D 02
0.5836D 02
0.5728D 02
0.562ED 02
0.5s35D 02

x+

0.3I51D- 0 2
0.4243D-02
0.4550D-02
0.4873D-02
0.5211D- 02
0.s567D-02
0.5940D-0 2
0.6332D-02
0.6744D-02
0.7776D-02
0.7630D-02
0.810 6D-02
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.10 2 6D- 01
0.1087D-0r.
0. 1 15 1D-0 I
0.1176D-01

N1U T,HI

0.5448D 02
0.5366D 02
0.5289D 02
0.5216D 02
0.5149D 02
0.5085D 02
0.s025D 02
0.4969D 02
0.4916D 02
0.4867D 02
0.4820D 02
0.4777D 02
0.4737D 02
0.4699D 02
0.4664D 02
0.4631D 02
0.460lD 02
0.4574D 02
0.4564D 02

2r1



6l BouNDARY coNDrrroN

x+

0.1000D-05
0.200 0D-05
0.300 0D-05
0.400 0D-05
0.5000D-05
0.6000D-05
0.7000D-0s
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.700 0D-04
0.8000D-04
0.900 0D-04
0.100 0D-03
0.200 0D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D-0 3
0.105sD-02
0.1203D-02
0.1358D-02
0.152lD-02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3154D-02
0.3 40 7D- 0 2
0.3672D-02
0.39s1D-02
0.4243D-02
0.4550D-02
0.4873D-02
0.5211D-02
0.556 7D-02
0.5940D-02
0.6332D-02

H :0.2

f ¡¿,0R" : 26.707

Nlrr,Hl

0.3000D 03
0.2270D 03
0.1952D 03
0.1759D 03
0.i624D 03
0.1522D 03
0.1440D 03
0.1 372D 03
0.1316D 03
0.1266D 03
0.1007D 03
0.86e4D 02
0.7815D 02
0.7185D 02
0.6704D 02
0.6320D 02
0.6004D 02
0.5736D 02
0.5508D 02
0.4298D 02
0.3653D 02
0.3238D 02
0.2938D 02
0.2708D 02
0.2522D 02
0.2367D 02
0.2234D 02
0.2119D 02
0.20t7D 02
0.1926D 02
0.1844D 02
0.1770D 02
0.1701D 02
0.1638D 02
0.1580D 02
0.1526D 02
0.1476D 02
0.142ED 02
0.1384D 02
0.7s42D 02
0.1303D 02
0.1266D 02
0.1230D 02
0.1197D 02
0.1165D 02
0.1135D 02
0.1106D 02
0.1078D 02

AI :76

x+

0.6744D-02
0.7776D-02
0.7630D-02
0.8r06D-02
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.1026D-01
0.10 8 7D- 01
0.1 151D- 01
0.121 8D- 01
0.12 8 8D- 01
0.13 62D- 01
0.1440D-0 L
0.15 2lD- 01
0.16 0 7D-01
0.16 9 7D- 01
0.1 791D- 0 1
0.1890D-01
0.19 9 0D- 01.
0.2090D-01
0.219 0D- 01
0.2290D-01
0.2390D-01
0.2490D-01
0.259 0D-01
0.2690D- 0 L
0.2790Ð-01
0.2890D-01
0.2990D-01
0.3090D-0i
0.3190D-û1
0.3290D-01
0.3390D-01
0.3490D-01
0.3s90D-01
0.36 90D-01
0.379 0D-01
0.38I0D-01
0.3990D-01
0.40 90D-01
0.419 0D-01
0.4290D-01
0.4390D-0 L
0.4490D-01
0.4590D-01
0.4690D-01
0.4790D-01

Nu¡a,o:4.7183

N1rr,HJ.

0.1052D 02
0.1027D 02
0.1003D 02
0.9795D 01
0.9574D 01
0.9362D 01
0.9158D 01
0.8962D 01
0.8774D 0t
0.8593D 0t
0.8419D 01
0.8251D 0r.
0.8090D 01
0.7935D 01
0.7785D 0L
0.7641D 0L
0.7501D 01
0.7367D 01
0.7238D 01
0.7118D 01
0.7007D 01
0.6904D 01
0.6808D 01
0.6719D 01
0.6635D 01
0.6557D 01
0.6484D 01
0.6415D 01
0.6349D 01
0.6288D 0r.
0.6229D 01
0.61.74D 01
0.6r-22D 01
0.6072D 01
0.6025D 01
0.s980D 01
0.5937D 01
0.5895D 01
0.5856D 01
0.5819D 01.
0.5783D 01
0.5749D 01
0.5716D 01
0.5684D 0L
0.5655D 01
0.5625D 01
0.5597D 01
0.5570D 01

x+

0.48 90D-01
0.49 90D-01
0.5090D-01
0.519 0D-0 L
0.5290D-01
0.5390D-01
0.549 0D-01
0.5 5I0D- 01
0.569 0D-01
0.579 0D-01
0.58I0D-01
0.5990D-01
0.6090D-01
0.61 I0D- 01
0.6290D-01
0.6 3I0D- 01
0.6490D-01
0.6590D-01
0.6690D-01
0.6 790D-01
0.6E90D-01
0.6990D-01
0.7090D-01

Nu",Ht

0.5545D 01
0.s520D 01
0.5496D 01
0.s473D 01
0.5450D 01
0.s429D 01
0.5408D 01
0.5388D 01
0.5369D 0L
0.534sD 01
0.5333D 0L
0.5315D 01
0.5298D 01
0.5282D 01
0.5265D 01
0.525lD 01
0.s236D 0L
0.s22lD 01
0.5208D 01
0.5194D 01
0.5181D 01
0.5168D 01
0.5156D 01
0.5143D 01
0.5133D 01
0.5i21D 01
0.5112D 01
0.5r.0lD 0r.
0.5090D 01
0.5080D 01
0.5070D 01
0.5069D 01
0.5047D 01
0.5047D 0L
0.503LD 01
0.5030D 0L
0.5015D 01
0.5014D 01
0.4999D 01
0.4999D 01
0.4985D 0L
0.4985D 01
0.4972D 01
0.4972D 01
0.4957D 01
0.4957D 01
0.4956D 01
0.4954D 01

0.7190D-0
0.7290D-0
0.7390D-0
0.7490D-0
0.759 0D-0
0.7690D-0
0.77e0D-0
0.789 0D-0
0.799 0D-0
0.8090D-0
0.8190D-01
0.8 2I0D- 01
0.83 90D-01
0.8490D-01
0.8590D-01
0.8 6I0D- 01
0.8790D-01
0.8 8I0D- 01
0.8I I0D- 01
0.90 90D-01
0.919 0D- 01
0.92 90D-01
0.9390D- 01
0.9490D-01
0.9500D-01

212



6ì BouNDARY coNDrrroN

x+

0.1000D-0s
0.2000D-0s
0.3 000D-0 5
0.4000D-0 5
0.5000D-05
0.6000D-05
0.700 0D-0 5
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D- 04
0.3000D- 04
0.4000D-04
0.5000D-04
0.6 0 00D-04
0.?0 00D-04
0.8 000D-04
0.9 000D-04
0.1000D-03
0.2 0 00D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-0 3
0.9142D-0 3
0.1055D-02
0.1 203D-02
0.1358D-02
0.15 21D- 0 2
0.1692D-02
0.1 871D-02
0.2060D- 02
0.2258D-02
0.2466D- 02
0.2684D-02
0.2 913D- 0 2
0.3154D- 0 2
0.3407D-02
0.36 72D-02
0.395ID-02
0.4243D-O2
0.4550D-02
0.48 73D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7776D-02
0.7630D-02
0.8106D-02
0.8607D-02

H :0.4

f l¿,0R" : 72.332

NlLr,Hl

0.5628D 03
0.4284D 03
0.3703D 03
0.3348D 03
0.3095D 03
0.2902D 03
0.2747D 03
0.2619D 03
0.2512D 03
0.2418D 03
0.1929D 03
0.1671D 03
0.1s06D 03
0.1389D 03
0.1300D 03
0.1229D 03
0.1171D 03
0.1122D 03
0.1080D 03
0.8548D 02
0.7323D 02
0.6s25D 02
0.5947D 02
0.5500D 02
0.5136D 02
0.4829D 02
0.4563D 02
0.4327D 02
0.4115D 02
0.3922D 02
0.3744D 02
0.3579D 02
0.3427D 02
0.3283D 02
0.3148D 02
0.3021D 02
0.2902D 02
0.2789D 02
0.2682D 02
0.2581D 02
0.2485D 02
0.2394D 02
0.2308D 02
0.2226D 02
0.2148D 02
0.2074D 02
0.2003D 02
0.1936D 02
0.7872D 02
0.1811D 02
0.1753D 02
0.1697D 02
0.1644D 02

M :76

x+

0.9132D-02
0.9684D-02
0.1026D-01
0.108?D-01
0.1 1 51D- 01
0.12 18D-01
0.12 8 8D-01
0.1362D-01
0.1440D-01
0.1 5 21D- 01
0.1607D-01
0.1697D-01
0.1791D-01
0.l.II0D-0L
0.1990D-01
0.2090D-01
0.219 0D-01
0.229 0D-01
0.23I0D- 01
0.249 0D-01
0.25I0D- 01
0.2690D-01
0.2790D-01
0.2 8I0D- 01
0.299 0D-01
0.3090D-0 1
0.3 L 90D-01
0.32 90D-01
0.3 3I0D- 01
0.3490D-01
0.35 90D-0 L
0.36 90D-01
0.3790D-01
0.38 90D-01
0.39 90D-01
0.4090D-01
0.41 I0D-01
0.42 90D-01
0.43 90D-01
0.4490D-0 L
0.4590D-01
0.4690D-01
0.4790D-01
0.4890D-01
0.4990D-01
0.5090D-0 L
0.5 19 0D-0 1

0.5 2I0D- 01
0.5390D-01
0.5490D-01
0.5590D-01
0.569 0D-01
0.5 790D-01

Nu ¡a,o : 6.0251

N1Ur,Hl

0.1594D 02
0.1545D 02
0.1499D 02
0.r455D 02
0.1413D 02
0.1373D 02
0.1334D 02
0.1297D 02
0.7262D 02
0.7228D 02
0.1196D 02
0.1165D 02
0.1.135D 02
0.1107D 02
0.1081D 02
0.1057D 02
0.1035D 02
0.1014D 02
0.9953D 01
0.9777D 01
0.9613D 01
0.9460D 0l
0.9317D 01
0.9183D 01
0.9056D 01
0.8937D 01
0.8825D 01
0.8719D 01
0.8618D 01
0.8523D 01
0.8433D 01.
0.8348D 01
0.8266D 01
0.8189D 01
0.8114D 01
0.8044D 01
0.7977D 01
0.7912D 01
0.7851D 01
0.7792D 01
0.7734D 01
0.7681D 01
0.7629D 01
0.7579D 01
0.753lD 01
0.7485D 01
0.7441D 01
0.7399D 01
0.7358D 01
0.7318D 01
0.7280D 01
0.7243D 0r
0.7208D 0i

x+

0.s890D-01
0.5990D-01
0.6090D-01
0.6190D-01
0.62s0D-01
0.63 90D-01
0.6490D-01
0.65 90D-01
0.6690D-01
0.6790D-01
0.6890D-01
0.6I I0D-01
0.7090D-01
0.7190D-01
0.729 0D-01
0.7390D-01
0.7490D-01
0.7590D-0 t
0.769ûD-01
0.779 0D-01
0.7890D-01
0.?990D-01
0.809 0D-01
0.819 0D- 01
0.8290D-01
0.8390D-01
0.849 0D-01
0.85 90D-01
0.8 6 90D-01
0.8790D-01
0.8890D-0i
0.8990D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9390D-01
0.9490D-01
0.9590D-01
0.9690D-01
0.9790D-0l^
0.9890D-01
0.9990D-01
0.1009D 00
0.1019D 00
0.1029D 00
0.1039D 00
0.1049D 00
0.1059D 00
0.1069D 00
0.1079D 00
0.1089D 00

NUr,H7

0.?174D 01
0.714lD 01
0.7109D 01
0.7078D 01
0.?048D 01
0.7020D 01
0.6992D 01
0.6965D 0t
0.6938D 01
0.6914D 01
0.6889D 01
0.6866D 01
0.6843D 01
0.6821D 01
0.6799D 01
0.6779D 01
0.6759D 01
0.6738D 01
0.672lD 0L
0.6702D 0r.
0.6684D 01
0.6666D 01
0.6650D 01
0.6633D 01
0.6617D 01
0.6602D 01
0.6587D 01
0.6573D 01
0.6558D 01
0.6545D 01
0.6531D 01
0.6518D 01
0.6506D 01
0.6493D 01
0.6482D 01
0.6470D 01
0.6459D 01
0.6448D 01.
0.6437D 01
0.6427D 01
0.6416D 01
0.6407D 01
0.6396D 01
0.6395D 01
0.6375D 01
0.6374D 01
0.6358D 01
0.63s7D 01
0.6341D 01
0.6341D 01
0.6326D 01

2r3



6l BouNDARY coNDrrroN

T+

0.1000D-05
0.2000D-0s
0.3000D-05
0.4000D-05
0.s000D-05
0-6000D-05
0.7000D-05
0.8000D-05
0.9000D-0s
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.100 0D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D- 03
0.6 526D-03
0.7802D-03
0.9142D- 0 3
0.1055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.18 7lD- 0 2
0.2060D-02
0-2258D-02
0.2466D-0 2
0.2684D-02
0.2913D-02
0.3 L 54D- 02
0.340?D- 02
0.3672D-02
0.3951D-02
0.4243D-02
0.455 0D-02
0.48?3D-02
0.52l. r.D-02
0.556?D-02
0.5 940D-02
0.6332D-02
0.6744D-02
0.71?6D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.1026D-01

fl : 0.6

f Ía,oR" : 227 .93

Nür,Ht

0.1033D 04
0.7902D 03
0.68s3D 03
0.6215D 03
0.s764D 03
0.5420D 03
0.5145D 03
0.4917D 03
0.4725D 03
0.4s57D 03
0.3665D 03
0.3190D 03
0.2886D 03
0.2669D 03
0.2506D 03
0.2376D 03
0.2270D 03
0.2182D 03
0.2105D 03
0.1710D 03
0.1493D 03
0.1352D 03
0.125lD 03
0.1173D 03
0.1110D 03
0.1058D 03
0.1 013D 0 3
0.9741D 02
0.939lD 02
0.9075D 02
0.8785D 02
0.8516D 02
0.8264D 02
0.8026D 02
0.7800D 02
0.7584D 02
0.7376D 02
0.7176D 02
0.6982D 02
0.6?95D 02
0.6612D 02
0.6435D 02
0.6261D 02
0.6092D 02
0.5927D 02
0.5766D 02
0.5609D 02
0.5455D 02
0.5305D 02
0.5159D 02
0.5016D 02
0.4876D 02
0.4740D 02
0.4607D 02
0.4478D 02
0.4352D 02

M :16

Nu¡d.,0:

Nur,Ht

0.4230D 02
0.4111D 02
0.3995D 02
0.3883D 02
0.3774D 02
0.3668D 02
0.3566D 02
0.3467D 02
0.3371D 02
0.32?8D 02
0.3188D 02
0.3105D 02
0.3028D 02
0.2956D 02
0.2890D 02
0.2828D 02
o-277\D 02
0.2717I) 02
0.2666D 02
0.2618D 02
o.2574D 02
0.2531D 02
0.2492D 02
0.2454D 02
0.2419D 02
0.2385D 02
0.2353D 02
0.2323D 02
0.2294D 02
o.2266D 02
0.2240D 02
0.2215D 02
0.219lD 02
0.2168D 02
0.2147D 02
0.2r26D 02
0.2106D 02
0.2087D 02
0.2068D 02
0.2051D 02
0.2034D 02
0.2018D 02
0.2002D 02
0.1987D 02
0.1973D 02
0.1959D 02
0.r.946D 02
0.1933D 02
0.1921D 02
0.1909D 02
0.1897D 02
0.1886D 02
0.1875D 02
0.1865D 02
0.1855D 02
0.1846D 02

x+

0.1087D-01
0.1151D-01
0.1218D-01
0.L288D-01
0.1362D-0i.
0.14-10D- 01
0.15 21D- 01
0.1607D-01
0.1697D-01
0.1791D- 0 L
0.1890D-01
0.19I0D- 01
0.2090D-01
0.219 0D- 01
0.229 0D-01
0.239 0D-01
0.249 0D-01
0.259 0D-01
0.2690D-01
0.2 79 0D-01
0.289 0D-01
0.2I90D-01
0.3090D-01
0.3 19 0D- 0 1
0.3 29 0D-01
0.3390D-01
0.3490D- 01
0.3590D-01
0.3690D-01
0.3790D- 01
0.3890D-01
0.3990D-01
0.4090D-01
0.419 0D-01
0.429 0D-01
0.439 0D-01
0.449 0D-01
0.459 0D-01
0.4690D-01
0.479 0D-01
0.4890D-01
0.4I I0D- 01
0.5 090D-01
0.5190D-01
0.5290D-01
0.5390D-01
0.5490D-01
0.5590D-01
0.5690D-01
0.5790D-01
0.5890D-01
0.5990D-01
0.6090D-01
0.6190D-01
0.6 290D- 0 i
0.6390D-01

15.175

x+

0.6490D-01
0.6590D-01
0.6690D-01
0.679 0D-01
0.6 890D-01
0.6 990D-01
0.7090D-01
0.7L90D-01
0.7290D-01
0.7390D-01
0.7490D- 01
0.7590D-01
0.7 6I0D- 01
0.7790D-01
0.7890D-01
0.7990D-01
0.8090D-01
0.819 0D- 01
0.8290D-01
0.8 390D- 01
0.8490D-01
0.8590D-01
0.8690D-01
0.8790D-01
0.8890D-01
0.8990D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9390D-01
0.9490D-01
0.9s90D-01
0.9690D-01
0.9?90D-01
0.9890D-01
0.9990D-01
0.1009D 00
0.1019D 00
0.1029D 00
0.1039D 00
0.1049D 00
0.1059D 00
0.1.069D 00
0.1079D 00
0.1089D 00
0.1099D 00
0.1109D 00
0.1119D 00
0.1129D 00
0.1139D 00
0.1149D 00
0.1159D 00
0.1169D 00
0.1179D 00
0.1189D 00
0.1191D 00

N1Ur,Ht

0.1836D 02
0.1827D 02
0.1818D 02
0.1810D 02
0.1802D 02
0.1794D 02
0.1786D 02
0.1779D 02
o.7772D 02
0.i.76sD 02
0.r.758D 02
o.7752D 02
0.174sD 02
0.1739D 02
0.1733D 02
o.7728D 02
o.1722D 02
0.7717D 02
0.1?11D 02
0.1706D 02
0.1?01D 02
0.1696D 02
0.1692D 02
0.1687D 02
0.1683D 02
0.r.678D 02
0.16?4D 02
0.1670D 02
0.1666D 02
0.1663D 02
0.1659D 02
0.1655D 02
0.1652D 02
0.1648D 02
0.1645D 02
0.1644D 02
0.163?D 02
0.1637D 02
0.1632D 02
0.1631.D 02
0.1626D 02
0.1625D 02
0.1620D 02
0.1620D 02
0.1615D 02
0.1615D 02
0.1610D 02
0.1610D 02
0.1606D 02
0.1606D 02
0.1601D 02
0.1601D 02
0.1598D 02
0.1s97D 02
0.1593D 02
0.1593D 02

214



6l BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.400 0D-05
0.500 0D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9 000D- 05
0. r 000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04

-I1 : 0.8

f ¡a,oR" : 41o3.40

N1¿r,Hl

0.1530D 04
0.1169D 04
0.1011D 04
0.9159D 03
0.8496D 03
0.7998D 03
0.7602D 03
0.7276D 03
0.7003D 0s
0.6?63D 03
0.5491D 03
0.4801D 03
0.4357D 03
0.4040D 03
0.3799D 03
0.3608D 03

M :76

Nu¡d",0:

Nu",H!

0.3452D 03
0.3321D 03
0.s207D 03
0.2617D 03
0.2291D 03
0.2077D 03
0.1922D 03
0.1804D 03
0.1709D 03
0.1632D 03
0.1567D 03
0.15r.1D 03
0.1463D 03
0.1421D 03
0.1384D 03
0.13sr.D 03

x+

0.8000D-04
0.90 0 0D-04
0.1000D-03
0.2000D-03
0.3050D- 03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D-03
0.10s5D-02
0.1203D-02
0.1358D-02
0.1521D- 0 2
0.1692D-02
0.1 I71D- 0 2

107.65

x+

0.2 06 0D- 0 2
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.340 7D-02
0.3672D-02
0.3 95lD-02
0.4243D-O2
0.4550D-0 2
0.48 73D-02
0.5211D-02
0.5502D-02

Nrrr,Ht

0.1322D 03
0.1297D 03
0.1273D 03
0.1253D 03
0.1234D 03
0.1217D 03
0.1201D 03
0.1188D 03
0.1175D 03
0.1164D 03
0.1154D 03
0.1145D 03
0.1136D 03
0.1130D 03

275



6l BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2 000D-04
0.3000D-04
0.4000D- 04
0.5 000D-04
0.6 000D-04
0.7000D-04
0.8 000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D-03
0.1055D-02
0.1203D-02
0.1358D-02
0.15 21D- 0 2
0.1692D-02
0.1 8 71D- 02
0.2060D-02
0.2258D-02
0.2466D-O2
0.2684D-02
0.2913D-02
0.31s4D-02
0.3407D-02
o.3672D-02
0.3951D-02
o.4243D-02
0.4550D-02
0.4873D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-02

H :0.2

f f¿,oR":30.253

NTrr,Hl

0.3589D 03
0.2701D 03
0.2309D 03
0.2072D 03
0.1906D 03
0.178lD 03
0.1683D 03
0.1602D 03
0.1534D 03
0.1476D 03
0.1168D 03
0.1006D 03
0.9010D 02
0.8260D 02
0.7689D 02
0.7234D 02
0.6859D 02
0.6543D 02
0.6272D 02
0.4823D 02
0.4037D 02
0.3524D 02
0.3155D 02
0.287tD 02
0.2645D 02
0.2459D 02
0.2302D 02
0.2167D 02
0.2050D 02
0.1946D 02
0.1854D 02
0.1771D 02
0.1695D 02
0.1,627D 02
0.1565D 02
0.1s06D 02
0.1453D 02
0.1403Ð 02
0.1356D 02
0.1313D 02
0.r272D 02
0.7234D 02
0.11.98D 02
0.1.165D 02
0.1133D 02
0.1102D 02
0.1073D 02
0.1046D 02

II :24

x+

0.6744I)-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2
0.9684D- 02
0.10 2 6D- 01
0.1087D-01
0.1151D-01
0.1218D-01
0.1288D-01
0.1362D-01
0.1440D-0 I
0.15 21D- 01
0.t 607D-01
0.1.6 9 7D- 01
0.17 91D- 01
0.1890D-01
0.19I0D- 01
0.2090D-01
0.2190D-01
0.2290D- 01
0.2390D-01
0.2490D-01
0.2590D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.29 9 0D- 01
0.3090D-01
0.3190D-01.
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3790D- 01
0.3890D-01
0.3990D-01
0.4090D-01
0.4190D-01
0.4290D-01
0.4390D-01
0.4490D-01
0.4590D-01
0.4690D-01
0.4790D-01

Nu¡d.,0:4.6277

N1t,T,HI

0.1020D 02
0.9953D 0L
0.971?D 01
0.949lD 01
0.9275D 01
0.9069D 01
0.8871D 01
0.8682D 01
0.8500D 01
0.8325D 01
0.8158D 01
0.7s97D 01
0.7842D 01
0.7693D 01
0.7549D 01
0.7411D 01
0.7278D O1,

0.?150D 0L
0.?026D 01
0.6911D 01
0.6805D 01
0.6707D 01
0.6615D 01
0.6530D 01
0.645lD 01
0.6376D 01
0.6306D 01
0.6240D 01
0.6178D 01
0.6119D 01
0.6063D 01
0.6011D 01
0.596lD 01
0.5913D 01
0.5868D 01
0.5825D 01
0.5784D 01
0.5745D 01
0.5708D 01
0.5672D 01
0.s637D 01
0.5605D 01
0.5574D 01
0.5544D 01
0.5515D 01
0.s487D 01
0.5460D 01
0.5434D 01

X+

0.4890D-01
0.4990D-01
0.5090D-01
0.5190D-01
0.5290D-01
0.53 90D-01
0.5490D-01
0.55 90D-01
0.5 6I0D- 01
0.5 7I0D- 01
0.5 8I0D- 01
0.5990D-01
0.6 0I0D- 01
0.619 0D- 0 L
0.6290D-01
0.6390D-01
0.6490D-01
0.6590D-01
0.6690D-01
0.6790D-01
0.6890D-01
0.6990D-01
0.7090D-01
0.7190D-01
0.7290D- 0 L
0.7390D-01
0.7490D-01
0.7590D-0 L

0.7690D-01
0.779 0D- 01
0.7890D-01
0.7990D-01
0.80 90D-01
0.8190D-01
0.8290D- 01
0.8390D-01
0.8490D-01
0.8590D-01
0.8690D-01
0.8790D-01
0.8890D-01
0.8990D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9324D-01

NUr,Ht

0.5410D 01
0.5387D 01
0.5364D 01
0.5341D 01
0.5320D 01
0.5299D 01
0.s279D 01
0.s260D 01
0.5242D 0r
0.5224D 01
0.5207D 01
0.5191D 01
0.5174D 01
0.5158D 01
0.5144D 01
0.51.29D 01
0.s115D 01
0.s102D 01
0.5088D 01
0.5075D 01
0.5062D 01
0.5050D 01
0.5039D 01
0.5028D 0
0.5017D 0
0.5006D 0
0.4996D 0
0.4985D 0
0.4975D 0
0.4966D 0
0.4957D 0
0.4948D 0
0.4947D 0
0.4928D 0
0.4927D 0
0.4911D 0
0.4911D 0
0.4896D 0
0.4896D 0
0.4882D 01
0.5882D 01
0.4868D 01
0.4868D 01
0.4857D 01
0.4857D 01
0.4852D 01

2t6



6l BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-0s
0.5000D-05
0.6000D-05
0.70 00D-05
0.8000D-05
0.9000D-05
0.100 0D-04
0.200 0D-04
0.3 000D-04
0.4000D-04
0.5000D-04
0.6 000D-04
0.7000D-04
0.800 0D-04
0.900 0D-04
0.100 0D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D-0 3
0.1055D-02
0.120 3D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.1871D-02
0.2060D-02
0.225 8D-02
0.246 6D- 0 2
0.2684D-02
0.2913D-02
0.3154D-02
0.3407D-02
0.3672D-0 2
0.3951D-02
0-4243D-02
0.455 0D-0 2
0.4873D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02

H :0.4

f Í¿,0 R" : 88.975

N1rr,H1

0.746LD 03
0.s644D 03
0.4829D 03
0.4334D 03
0.3990D 03
0.3732D 03
0.3529D 03
0.3363D 03
0.3224D 03
0.3104D 03
0.2475D 03
0.2143D 03
0.1930D 03
0.1778D 03
0.1663D 03
0.1s7LD 03
0.1495D 03
0.1431Ð 03
0.1377D 03
0.1074D 03
0.9021D 02
0.7843D 02
0.6959D 02
0.6255D 02
0.5678D 02
0.5194D 02
0.4781D 02
0.4424D 02
0.4113D 02
0.3839D 02
0.3596D 02
0.3379D 02
0.3184D 02
0.3008D 02
0.2848D 02
0.2702D 02
0.2568D 02
0.2445D 02
0.2332D 02
0.2228D 02
0.2131D 02
0.2041D 02
0.1958D 02
0.1879D 02
0.1806D 02
0.1738D 02
0.16?4D 02
0.1614D 02
0.1557D 02
0.1504D 02
0.1453D 02

It[ :24

ir+

0.8106D-02
0.860?D-02
0.9132D-02
0.9 684D-02
0.1026D-01
0.10I7D- 01
0.1151D-01
0.1 21 8D- 0 1
0. 12 8 8D-0 I
0. 13 62D- 0 1
0.1440D-0 1

0. 15 21D- 0 1
0.1607D-01
0.1697D-01
0.1791D- 01
0.L8I0D-01
0.1990D-01
0.2090D-01
0.21 I0D- 01
0.2290D-01
0.23 90D-01
0.2490D-01
0.25 90D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.2990D-01
0.3090D-01
0.31 I0D- 01
0.3290D-01
0.3 3I0D- 01
0.349 0D- 01
0.3 5 9 0D-01
0.3690D-01
0.3 790D-01
0.38 90D-01
0.3990D-01
0.4090D-01
0.4190D-01
0.4290D-0 L
0.4390D-01
0.4490D-01
0.4590D-01
0.4690D-01
0.4790D-01
0.4890D-01
0.4990D-01
0.5090D-01
0.51 I0D-01
0.5290D-01
0.5390D-01

Nu¡a,o :5.3207

N'trr,HI

0.1406D 02
0.1361D 02
0.1318D 02
0.1278D 02
0.1239D 02
0.1203D 02
0.1169D 02
0.1136D 02
0.1105D 02
0.1075D 02
0.1047D 02
0.1020D 02
0.994i.D 01
0.9696D 01
0.9462D 01
0.9239D 01
0.9034D 01
0.8846D 01
0.8673D 01
0.8513D 01
0.8366D 01
0.8229D 01
0.8101D 01
0.7982D 01
0.7871D 01
0.7766D 01
0.7668D 01
0.7576D 01
0.7489D 01
0.7406D 01
0.?329D 01
0.7255D 01
0.7185D 01
0.7118D 01
0.7055D 01
0.6995D 01
0.6938D 01
0.6883D 01
0.6831D 01
0.678r.D 01
0.6733D 01
0.6688D 01
0.6644D 01
0.6602D 01
0.656lD 01
0.6523D 01
0.6486D 01
0.6450D 01
0.6416D 01
0.6383D 01
0.6351D 01

x+

0.5490D-01
0.5590D-01
0.s69 0D-01
0.579 0D-01
0.5890D-01
0.5I I0D- 01
0.6090D-01
0.6 1 9 0D-01
0.6290D-01
0.6390D-01
0.6490D-01
0.6590D-01
0.6690D-01
0.679 0D-01
0.689 0D-01
0.6990D-01
0.7090D-01
0.7190D-01
0.7290D-01
0.73 90D- 01
0.7490D-01
0.75 90D-01
0.7690D-01
0.7790D-01
0.7890D-01
0.79 9 0D- 01
0.8090D-01
0.81 I0D- 01
0.8290D-01
0.83 90D-01
0.8490D-01
0.85 90D-01
0.8690D-01
0.8790D-01
0.8890D-01
0.8I90D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9390D-01
0.9490D-01
0.9590D-01
0.9 6I0D- 01
0.9790D-01
0.9890D-01
0.99 90D-01
0.1009D 00
0.1019D 00
0.1029D 00
0.1035D 00

N,IL,,HT

0.6320D 01
0.6291D 01
0.6262D 01
0.6235D 01.

0.6208D 01
0.6183D 01
0.6158D 01
0.6134D 0L
0.611lD 01
0.6089D 01
0.6067D 01
0.6046D 01
0.6026D 01
0.6007D 01
0.5988D 01
0.5969D 0L
0.5952D 01
0.5935D 01
0.5917D 01
0.5902D 0L
0.5886D 01
0.5871D 01
0.5856D 01
0.5842D 01
0.s828D 01
0.5814D 01
0.5801D 01
0.5789D 01
0.5776D 01
0.5764D 01
0.5753D 01.
0.5742D 01
0.5731D 01
0.5720D 01
0.5710D 0L
0.5700D 01
0.5690D 01
0.5680D 01
0.56?1D 01
0.5662D 01
0.5653D 01
0.5645D 01
0.5637D 01
0.s628D 01
0.5621D 01
0.5612D 01
0.5612D 01
0.5s95D 01
0.5595D 01
0.ss87D 01

277



6l BouNDARY coNDrrroN

ir+

0.100 0D-05
0.2000D-05
0.3000D-05
0.400 0D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.100 0D- 04
0.2 00 0D-04
0.3000D-04
0.400 0D- 04
0.500 0D-04
0.6000D-04
0.700 0D-04
0.8 000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9142D- 0 3
0.1055D-02
0.1203D-02
0.1358D-02
0.r. s21D-02
0.t.692D-02
0.18 71D-0 2
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2 91 3D- 0 2
0.3154D- 0 2
0.3407D-02
0.3672D-02
0.3951D-02
0.4243D-02
0.4s5 0D-02
0.4873D-0 2
0.5211D-02
0.556 7D-02
0.5940D-02
0.6332D-02
o.6744D-02
0.7176D-O2
0.7630D-02
0.810 6D- 0 2
0.8607D-02
0.9132D-02
0.9684D-02
0.1026D-01
0.1087D-01
0.1 L 51D- 01
0.1218D-01

H :0.6

f 1¿,0R" : 328.55

NUr,Ht

0.1473D 04
0.1130D 04
0.9757D 03
0.8801D 03
0.8122D 03
0.7609D 03
0.7202D 03
0.6869D 03
0.6591D 03
0.6350D 03
0.5105D 03
0.4448D 03
0.4029D 03
0.3731D 03
0.3506D 03
0.3327D 03
0.3181D 03
0.3058D 03
0.2952D 03
0.2394D 03
0.2076D 03
0.1E60D 03
0.1696D 03
0.1565D 03
0.1455D 03
0.1361D 03
0.1279D 03
0.1205D 03
0.1139D 03
0.10?8D 03
0.1023D 03
0.9718D 02
0.9243D 02
0.880lD 02
0.8387D 02
0.8002D 02
0.7635D 02
0.7291D 02
0.6967D 02
0.6660D 02
0.6371D 02
0.6096D 02
0.5837D 02
0.5590D 02
0.5357D 02
0.5135D 02
0.4s25D 02
0.472sD 02
0.4535D 02
0.43s5D 02
0.4183D 02
0.4020D 02
0.386sD 02
0.3777D 02
0.3577D 02
0.3443D 02
0.3316D 02
0.3194D 02
0.3079D 02

M :24

Nu¡d.,0:

N1U r,Ht

0.2969D 02
0.2864D 02
0.276+D 02
0.2669D 02
0.2579D 02
0.2492D 02
0.2410D 02
0.2s32D 02
0.2260D 02
0.2194D 02
0.2134D 02
0.2078D 02
0.2027D 02
0.1979D 02
0.1935D 02
0.1894D 02
0.1856D 02
0.1820D 02
0.1787D 02
0.1755D 02
0.1725D 02
0.1697D 02
0.1671D 02
0.1.646D 02
0.1 623D 02
0.1600D 02
0.t s79D 02
0.i.559D 02
0.r-540D 02
0.7522D 02
0.1504D 02
0.1488D 02
0.7472D 02
0.1457D 02
0.7442D 02
0.i429D 02
0.1415D 02
0.1403D 02
0.1391D 02
0.1379D 02
0.1368D 02
0.1357D 02
0.1347D 02
0.1337D 02
0.rs27D 02
0.1318D 02
0.1309D 02
0.1300D 02
0.7292D 02
0.12E4D 02
0.L277D 02
0.1269D 02
0.L262D 02
0.1255D 02
0.7248D 02
0.7242D 02
0.1236D 02
0.1230D 02
0.7224D 02

x+

0.1288D-01
0.1362D-01
0.1440D-01
0.1521D-01
0.1607D-01
0.1697D-01
0.1 79 LD- 0 1
0.1890D-01
0.1990D-01
0.2090D-01
0.219 0D- 0 1
0.229 0D-01
0.239 0D-01
0.249 0D-01
0.2 5I0D- 01
0.2690D-01
0.279 0D-01
0.289 0D-01
0.2990D-01
0.3 0 9 0D-01
0.3 r.90D-01
0.3290D-01
0.3390D-01
0.3490D-01
0.3 5I0D- 01
0.3690D-01
0.3790D-01
0.3890D-0 L
0.3990D-01
0.4090D- 01
0.4190D-01
0.4290D-0 i
0.4390D-01
0.4490D-01
0.4590D-01
0.4690D-01
0.4790D-01
0.48I0D- 01
0.4990D-01
0.5 0I0D- 01
0.5190D-01
0.5290D-01
0.5390D-01
0.5490D-01
0.5590D-01
0.5690D-01
0.579 0D-01
0.5890D-01
0.5990D-01
0.6090D-01
0.619 0D- 01
0.6290D-01
0.6390D-01
0.6490D-01
0.6590D-01
0.6690D-01
0.6790D-01
0.6890D-01
0.6990D-01

10.155

x+

0.7090D-01
0.7i.90D-01
0.7290D- 01
0.73I0D- 01
0.749 0D-01
0.75I0D- 01
0.7690D-01
0.7790D-01
0.78I0D- 01
0.79 90D-01
0.8090D-01
0.8190D-01
0.8290D-01
0.8390D-01
0.8490D-01
0.85 9 0D- 01
0.8690D-01
0.8790D-01
0.8890D-01
0.8990D-01
0.9090D-01
0.9190D-01
0.9290D-01
0.9390Ð-01
0.949 0D-01
0.9s9 0D-01
0.9690D-01
0.9790D-01
0.9890D-01
0.999 0D-01
0.1009D 00
0.1019D 00
0.1029D 00
0.1 039D 00
0.1049D 00
0.1059D 00
0.1069D 00
0.1079D 00
0.1089D 00
0.1099D 00
0.1109D 00
0.1119D 00
0.1129D 00
0.1139D 00
0.1149D 00
0.1159D 00
0.1169D 00
0.1179D 00
0.1189D 00
0.1199D 00
0.1209D 00
0.1219D 00
0.1229D 00
0.1239D 00
0.1249D 00
0.12s9D 00
0.126lD 00

N1üT,HI

0.1218D 02
0.1213D 02
0.t207D 02
0.7202D 02
0.1197D 02
0.1192D 02
0.1188D 02
0.1183D 02
0.1179D 02
0.7r74D 02
0.1170D 02
0.1166D 02
0.1162D 02
0.1159D 02
0.1155D 02
0.1151D 02
0.1148D 02
0.114sD 02
0.1141D 02
0.1138D 02
0.1135D 02
0.1132D 02
0.1129D 02
0.1126D 02
0.1123D 02
0.1121D 02
0.1118D 02
0.1116D 02
0.1113D 02
0.1111D 02
0.1108D 02
0.1106D 02
0.1104D 02
0.1102D 02
0.1100D 02
0.1098D 02
0.1096D 02
0.1094D 02
0.1092D 02
0.1090D 02
0.1088D 02
0.1086D 02
0.1085D 02
0.1083D 02
0.1081D 02
0.1080D 02
0.1078D 02
0.1078D 02
0.107sD 02
0.1075D 02
0.7072D 02
0.7072D 02
0.1069D 02
0.1069D 02
0.1067D 02
0.1067D 02
0.1066D 02

218



6ì BouNDARY coNDrrroN

x+

0.1000D-0s
0.2000D-0s
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.10 0 0D- 04
0.2000D-04
0.3000D- 04
0.4000D- 04
0.5000D-04
0.6000D-04
0.70 0 0D- 04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0. s 31 0D- 03

fI : 0.8

f j¿,0R" : 852.82

NLr,Hl

0.2374I) 04
0.1817D 04
0.1s79D 04
0.1434D 04
0.1332D 04
0.r.2s3D 04
0.1190D 04
0.1138D 04
0.1094D 04
0.1055D 04
0.8529D 03
0.7452D 03
0.6764D 03
0.6274D 03
0.590lD 03
0.5604D 03
0.5359D 03
0.51s4D 03
0.4975D 03
0.4043D 03
0.3533D 03
0.3204D 03
0.2971D 03

AI :24

Nu¡d,o:

NlU'r,H1

0.2795D 03
0.2656D 03
0.2544D 03
0.2450D 03
0.2371D 03
0.2304D 03
0.2246D 03
0.2195D 03
0.2150D 03
0.2110D 0 3
0.2075D 03
0.2043D 03
0.2015D 03
0.1989D 03
0.1965D 03
0.1943D 03
0.1923D 03
0.1905D 03
0.1888D 03
0.1872D 03
0.1857D 03
0.i.842D 03
0.1829D 03

x+

0.6s26D-03
0.7802D-03
0.9142D-0 3
0.1055D-02
0.1203D-02
0.1358D-02
0.152lD-02
0.16 92D- 02
0.1871D-02
0.206 0D- 02
o.22s8D-02
0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3 i.54D-02
0.3407D-02
0.3672fj-02
0.3 951D-02
a.4243D-02
0.455 0D-02
0.4873D-02
0.5211D-02
0.5567D-02

153.68

x+

0.5940D-02
0.63 32D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D- 02
0.1026D-01
0.10 8 7D- 01
0.1 1 51D- 01
0.1218D-01
0.1288D-01
0.1362D-01
0.1440D-01
0.1 5 2lD- 01
0. 1 60 7D- 01
0.1697D-01
0.1 791D- 01
0.1890D-01
0.1990D-01
0.2043D-01

N'trr,Ht

0.1816D 03
0.1804D 03
0.1792D 03
0.1780D 03
0.1769D 03
0.1759D 03
0.1?48D 03
0.1738D 03
0.1?28Ð 03
0.1718D 03
0.1708D 03
0.1699D 03
0.1689D 03
0.1680D 03
0.1672D 03
0.1663D 03
0.1655D 03
0.1647D 03
0.1639D 03
0.1631D 03
0.1624D 03
0.1617D 03
0.1614D 03

t10



fõ BouNDARY coNDrrroN

T+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
û.1000D-04
0.2000D-04
0.3000D-04
0.40 00D-04
0.500 0D-04
0.60 00D-04
0.70 00D-04
0.80 00D-04
0.90 00D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.415 2D- 0 3
0.5310D-03
0.6526D-03
0.78 02D-03
0.9142D- 03
0.1055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.r692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.26 84D-02
0.2913D-02
0.3154D- 02
0.3407D-02
0.3672D-02

f Ía,oR" : 15.934

Nu^ -
0.2243D 03
0.1316D 03
0.9810D 02
0.8430D 02
0.7727D 02
0.7278D 02
0.6938D 02
0.6659D 02
0.6418D 02
0.6206D 02
0.5137D 02
0.4519D 02
0.4119D 02
0.3835D 02
0.3616D 02
0.3436D 02
0.3283D 02
0.3148D 02
0.3028D 02
0.2398D 02
0.202sD 02
0.1789D 02
0.1627D 02
0.1508D 02
0.1414D 02
0.1337D 02
0.1,272D 02
0.1215D 02
0.1r65D 02
0.1121D 02
0.1080D 02
0.1044D 02
0.1010D 02
0.9791D 0i
0.9503D 01
0.9235D 01
0.8985D 01
0.8749D 01
0.8527D 01
0.831?D 0i

The Smooth Tube Geometry

x+

0.39 51D-0 2
0.4243D-02
0.4550D-02
0.48 73D-02
0.5 21 1D- 0 2
0.5567D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D- 02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.10 2 6D- 01
0.10 8 7D- 01
0.1151D-01
0.1218D-01
0.1.2 8 8D- 01
0.13 6 2D- 01
0.144 0D- 01
0.1521D-01
0.1607D-01
0. 16I7D- 01
0.1 791D- 01
0.18I0D- 01
0.1990D-01
0.2090D-01
0.219 0D- 01
0.2290D-01
0.23 90D-0 L
0.249 0D-01
0.2590D-01
0.2690D-01
0.2790D-01
0.2890D-0 r
0.2990D-01
0.3090D-01
0.3190D-01

Nu¡a,o :3.6294

Nu^ n

0.8118D 01
0.7929D 01
0.7749D 01
0.757?D 01.
0.7414D 01
o.7257D 07
0.7107D 01
0.6962D 01
0.6824D 01
0.6691D 01
0.6563D 01
0.6439D 01
0.6320D 01
0.6205D 01
0.6094D 01
0.5987D 01
0.5884D 01
0.5784D 01
0.5687D 01
0.5594D 01
0.5503D 01
0.5416D 01
0.533lD 01
0.5249D 01
0.5169D 01
0.5092D 0L
0.5018D 01
0.4948D 01
0.4884D 01
0.4824D 01
0.4768D 01
0.4716D 01
0.4667D 01
0.4621D 01
0.4578D 01
0.4537D 01
0.4499D 01
0.4462D 01
0.4428D 01
0.4395D 01

x+

0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3 790D-01
0.3890D-01
0.3 990D-01
0.4090D-01
0.4190D-01
0.42I0D- 01
0.43I0D-01
0.449 0D-01
0.45I0D-01
0.46 90D-01
0.479 0D-01
0.48 90D-01
0.49I0D-01
0.5090D-01
0.51 I0D- 01
0.5290D-01
0.s390D-01
0.5490D-01
0.55 90D-01
0.5690D-01
0.5790D-01
0.5890D-01
0.5990D-01
0.6090D-01
0.6190D-01
0.6 29 0D- 01
0.6390D-01
0.6490D-01
0.6590D-01
0.6690D-01
0.6790D-01
0.6890D-01
0.6I I0D-01
0.70I0D- 01
0.?r.38D-01

Nur

0.4364D 01
0.4335D 01
0.4307D 01
0.4281D 01
0.4255D 01
0.4231D 0L
0.4208D 01
0.4186D 01
0.4165D 01
0.414sD 01
0.4126D 01
0.4108D 01
0.4090D 01
0.4073D 01
0.405?D 01
0.4042D 01
0.4027D 01
0.4013D 01
0.3999D 01
0.3986D 01
0.3974D 01
0.3961.D 01
0.3950D 01
0.3939D 01
0.3928D 01
0.3918Ð 01
0.3908D 01
0.3898D 01
0.3889D 0L
0.3880Ð 01
0.3872D 01
0.3863D 01
0.3855D 01
0.3848D 01
0.3841D 01
0.3833D 01
0.3827D 01
0.3E20D 01
0.3814D 01
0.3811D 01
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fñ BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8 000D-0s
0.9 000D-05
0.1000D-04
0.2 000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D- 03
0.4152D-0 3
0.5310D-03
0.6526D-03
0.7802D- 0 3
0.9142D-0 3
0.1055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02

H :0.2

f f ¿,0R": 18.574

Nu- -
0.2556D 03
0.L49sD 03
0.1130D 03
0.9765D 02
0.8948D 02
0.8407D 02
0.7995D 02
0.7655D 02
0.7366D 02
0.7114D 02
0.5857D 02
0.5128D 02
0.4650D 02
0.4305D 02
0.4038D 02
0.3819D 02
0.3634D 02
0.3474D 02
0.3332D 02
0.2620D 02
0.2205D 02
0.1940D 02
0.1,757D 02
0.1620D 02
0.1s13D 02
0.1424D 02
0.1349D 02
0.1284D 02
0.7227D 02
0.1176D 02
0.1130D 02
0.r.089D 02
0.1051D 02
0.1016D 02

AI :4

x+

0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3154D- 0 2
0.3407D-0 2
0.3672D-02
0.3951D-02
0.4243D- 02
0.4550D-02
0.4873D-02
0.521lD-02
0.556?D-02
0.5 940D-02
0.63 32D-02
0.6 744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.9 13 2D- 0 2
0.9684D-02
0.1026D-01
0.1087D-01
0.1151D-01
0.1218D-01
0.128 8D- 01
0.1362D-01
0.144 0D- 01
0.15 21D- 01
0.160 7D- 01
0.1697D-01
0.1791D-01
0.1890D-01
0.1.990D-01

Nu¡a,o: 3.7498

Nu^ -
0.9842D 01
0.9544D 01
0.9267D 01
0.9007D 01
0.8763D 01
0.8534D 01
0.8318D 01
0.8113D 01
0.7918D 01
0.7733D 01
0.7557D 01
0.7388D 0r.
0.7227D 01
0.7072D 01
0.6924D 01
0.6782D 01
0.6645D 01
0.65r.3D 01
0.6386D 01
0.6264D 01
0.6146D 01
0.6032D 01
0.5923D 01
0.5817D 01
0.5714D 01
0.5615D 01
0.5519D 01
0.5427D 07
0.5337D 01
0.52s1D 01.
0.5167D 01
0.5087D 01
0.5008D 01
0.4936D 01

x+

0.2 090D-01
0.2 19 0D- 01
0.2290D-01
0.239 0D-01
0.249 0D-01
0.2s 90D-01
0.269 0D-01
0.2 79 0D-01
0.28I0D-01
0.2990D-0 i
0.3090D-01
0.3190D-01
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3790D-01
0.3890D-01
0.3I I0D- 01
0.4090D-01
0.4190D-01
0.4290D-01
0.4390D-01
0.4490D-01
0.459 0D-01
0.469 0D-01
0.479 0D-01
0.4890D-01
0.499 0D-01
0.5090D-01
0.5180D-01

Nur

0.4868D 01
0.4805D 01
0.4747D 0t
0.4692D 01
0.4641D 01
0.4593D 0L
0.4548D 01
0.4506D 01
0.4466D 01
0.4428D 01
0.4392D 01
0.4359D 01
0.4327D 01
0.4296D 01
0.4267D 01,
0.4240D 01
0.4214D 01
0.4189D 01
0.4165D 01
0.4142D 01
0.4121D 01
0.4100D 01
0.4080D 01
0.4061D 01
0.4043D 01
0.4026D 01
0.4009D 01
0.3993D 01
0.39?8D 01
0.3963D 01
0.3949D 01
0.3937D 01

221



O BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.500 0D-05
0.6000D-05
0.7000D- 05
0.8000D-0s
0.9000D-0s
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5 00 0D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D- 04
0.1000D-03
0.2000D-03
0.3050D-03
0.4L s2D-03
0.5310D-03
0.6526D-03
0.78 02D-03
0.9142D-03
0.105sD-02
0.1203D-02
0.1358D-02
0.1521D-02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02

H :0.4

lÍ¿,0R" :27.673

Nu- -
0.3274D 03
0.1921D 03
0.1454D 03
0.1256D 03
0.1149D 03
0.1079D 03
0.1026D 03
0.9825D 02
0.9456D 02
0.9135D 02
0.7540D 02
0.6609D 02
0.5995D 02
0.5548D 02
0.5201D 02
0.4918D 02
0.4679D 02
0.4473D 02
0.4292D 02
0.3390D 02
0.2863D 02
0.2523D 02
0.2286D 02
0.2109D 02
0.1970D 02
0.1855D 02
0.1757D 02
0.1673D 02
0.1598D 02
0.1532D 02
0.r472D 02
0.1418D 02
0.1368D 02
0.t322D 02

AI :4

x+

0.2466D- 02
0.2664D-02
0.29 i 3D-02
0.3154D-02
0.34 0 7D-0 2
0.36 72D-02
0.3951D-02
0.4243D-02
0.4550D- 02
0.4873D-02
0.52L1D-02
0.5567D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8l.06D-02
0.8607D-02
0.913 2D- 0 2
0.96 84D-02
0.1026D-01
0.1087D-01
0.1151D-01
0.1218D-0r
0.1288D-01
0.13 6 2D- 01
0.1440D-01
0.1521D-01
0.16 0 7D- 01
0.16 9 7D- 01
0.1? 91D- 01
0.18I0D-01
0.19 90D- 01

Nu¡a,o:4.5631

Nu- -
0.1279D 02
0.1240D 02
0.r202D 02
0.1168D 02
0.1135D 02
0.1104D 02
0.1074D 02
0.1046D 02
0.1020D 02
0.9948D 01
0.9707D 01
0.947?D 01
0.9257D 01
0.9046D 0L
0.8844D 01
0.8650D 01
0.8464D 01
0.8284D 01
0.8112D 01
0.7945D 01
0.7785D 01
0.7631D 01
0.7482D 01
0.7338D 01
0.7200D 01
0.7066D 01
0.6937D 01
0.6812D 01
0.6691D 01.
0.6575D 01
0.6462D 01
0.6354D 01
0.6249D 01
0.6150D 01

x+

0.2 09 0D-01
0.219 0D-01
0.2290D-01
0.2390D-01
0.2490D-01
0.2590D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.2990D-01
0.3090D-01
0.3190D-01
0.329 0D-0 L
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3790D-01
0.3890D-0r.
0.3990D- 01
0.4090D- 01
0.419 0D- 0 I
0.42 90D-01
0.439 0D-01
0.449 0D-01
0.4590D-01
0.4690D-01
0.4790D-01
0.4890D-01
0.4990D-01
0.s090D-01
0.5107D-01

Nur

0.6060D 0L
0.5975D 01
0.5896D 01
0.5822D 01
0.5753D 01
0.5688D 01
0.5627D 01
0.s569D 01
0.s515D 01
0.5463D 01
0.5414D 01
0.5368D 01
0.5324D 01
0.5282D 01
0.s242D 01
0.5204D 0L
0.5167D 01
0.5133D 01
0.5099D 01
0.5068D 01
0.5037D 01
0.5008D 01
0.4980D 01
0.4954D 01
0.4928D 01
0.4903D 01.
0.4880D 01
0.4857D 01
0.4835D 01
0.4815D 01
0.4795D 01
0.4791D 01

222



fñ BouNDARY coNDrrroN

f,'+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-0õ
0.9000D-05
0.1000D-04
0.2000D-04
0.3000D-04
0.40 0 0D- 04
0.5 000D-04
0.6000D-04
0.700 0D-04
0.8000D- 04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.652 6D- 03
0. ?802D- 03
0.9142D- 0 3
0.1 055D-02
0.1203D-02
0.1358D-02
0.r521D-02
0.16e2D-02
0.18 71D- 0 2
0.2060D-02
0.2258D-02
0.2466D- 02

fI : 0.6

f Í¿,0R":47.639

Nu^ n

0.4423D 03
0.2654D 03
0.2007D 03
0.1715D 03
0.1555D 03
0.1452D 03
0.1378D 03
0.1319D 03
0.1270D 03
0.1229D 03
0.1020D 03
0.8959D 02
0.8127D 02
0.7519D 02
0.7047D 02
0.6666D 02
0.6348D 02
0.6077D 02
0.5841D 02
0.4678D 02
0.3983D 02
0-3525D 02
0.3202D 02
0.2961D 02
0.2772D 02
0.2677D 02
0.2488D 02
0.2376D 02
0.2279D 02
0.2792D 02
0.2114D 02
0.2043D 02
0.1978D 02
0.1919D 02
0.1863D 02

AI:4

x+

0.2684D-02
0.2 913D- 02
0.3154D-0 2
0.3407D- 02
0.3672D-02
0.3951D-02
0.4243D-02
0.4550D-02
0.4873D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7776D-02
0.763 0D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.1 02 6D- 01
0.1087D-01
0.l.I51D-01
0. 1218D- 01
0.1288D-01
0.1362D-01
0.1440D-01
0.15 21D- 01
0.1607D-01
0.1697D-01
0.1791D-0L
0.18I0D-01
0.19 90D-0 r.

0.2 090D-01
0.2190D-01

Nu¡a,o : 8.1846

Nu^ -
0.1812D 02
0.1764D 02
0.7720D 02
0.167?D 02
0.1638D 02
0.1600D 02
0.1565D 02
0.1531D 02
0.1499D 02
0.1469D 02
0.1440D 02
0.7472D 02
0.1386D 02
0.r360D 02
0.1336D 02
0.1313D 02
0.1291D 02
0.1269D 02
0.1249D 02
0.1230D 02
0.121lD 02
0.1193D 02
0.1176D 02
0.11.59D 02
0.1143D 02
0.1128D 02
0.1113D 02
0.1.099D 02
0.1086D 02
0.1073D 02
0.1060D 02
0.1048D 02
0.1037D 02
0.1026D 02
0.1017D 02

itr+

0.229 0D- 01
0.239 0D-01
0.249 0D-01
0.2590D-01
0.269 0D-01
0.279 0D-01
0.2890D-01
0.2990D-01
0.3090D-01
0.3190D-01.
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3690D-01
0.3790D-01
0.3890D-01
0.3990D-01
0.4090D-01
0.4190D-01
0.4290D-01
0.43 90D- 01
0.4490D-01
0.45 90D-01
0.4690D-01
0.4790D- 01
0.48 9 0D- 01
0.4990D-01
0.5090D-01
0.51 I0D-01
0.5290D-01
0.5390D-01
0.5473D-01

Nur

0.1008D 02
0.9993D 01
0.9914D 01
0.9839D 01
0.9768D 01
0.9700D 01
0.9636D 01
0.9575D 01
0.9517D 01
0.9461D 01
0.9407D 01
0.9356D 01
0.9306D 01
0.9258D 0l
0.9212D 01
0.9168D 01
0.9125D 01
0.9083D 01
0.9043D 01
0.9004D 01
0.8966D 01
0.8929D 01
0.8894D 01
0.8859D 01
0.8826D 01
0.8?93D 01
0.8761D 01
0.8731D 01
0.8701D 01
0.8672D 01
0.8643D 01
0.8616D 01
0.8594D 01

223



fñ BouNDARY coNDrrroN

ir+

0.1000D-05
0.20 0 0D-0 s
0.3000D-0 5
0.4000D-05
0.5000D-05
0.60 00D-05
0.70 00D-0 5
0.8000D-05
0.9000D-0s
0.1000D-04
0.20 00D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.?000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.20 0 0D-03
0.30 50D-03
0.41s2D-0 3

I/ : 0.8

f Ío,oRu : 71.169

Nu- r

0.5598D 03
0.3501D 03
0.2671D 03
0.2261D 03
0.2026D 03
0.1876D 03
0.17?lD 03
0.1691D 03
0.1626D 03
0.1572D 03
0.1303D 03
0.1142D 03
0.1035D 03
0.9576D 02
0.8984D 02
0.8s12D 02
0.8124D 02
0.7796D 02
0.7513D 02
0.6112D 02
0.5253D 02
0.4676D 02

M:4

x+

0.5310D-03
0.6526D-03
0.7802D-0 3
0.9142D-03
0.1055D-02
0.1203D-02
0.1 358D- 02
0.152l-D-0 2
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.340 7D-02
0.3672D-02
0.3951D-02
0.4243D-02
0.4550D-02
0.48?3D-02

Nu¡a,o: 16.033

Nu-,n

0.4267D 02
0.3949D 02
0.3704D 02
0.3506D 02
0.3342D 02
0.3202D 02
0.3081D 02
0.2974D 02
0.2878D 02
o.2793D 02
o.27L5D 02
0.2643D 02
0.2578D 02
0.2577D 02
0.2460D 02
0.2408D 02
0.2359D 02
0.2313D 02
0.2269D 02
0.2228D 02
0.2190D 02
0.2153D 02

X+

0.521lD-02
0.5567D-02
0.5 940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.1026D-01
0.1 0 8 7D-01
0.1 1 5lD- 01
0.1218D- 01
0.12 8 8D- 01
0.1362D-01
0.1440D-01
0. 15 21D-01
0.1607D-01
0.1697D-01
0.1764D-01

Nur

0.2118D 02
0.2085D 02
0.2054D 02
0.202+D 02
0.1996D 02
0.1969D 02
0.1943D 02
0.1919D 02
0.1896D 02
0.1873D 02
0.1852D 02
0.1832D 02
0.1813D 02
0.1795D 02
0.t777D 02
0.1761D 02
0.1745D 02
0.173lD 02
0.1717D 02
0.1704D 02
0.1692D 02
0.1683D 02
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fñ BouNDARY coNDrrroN

f,'+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.s000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2 000D-04
0.30 0 0D-04
0.4000D-04
0.5 000D-04
0.6000D-04
0.7000D-04
0.800 0D-04
0.9 000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4 L 52D-03
0.5310D-03
0.6526D-03
0.78 02D-03
0.9142D- 03
0.10s5D-02
0.1203D-02
0.1358D-02
0.1521D-02

H :0.2

f ¡¿,0R" : 27.497

Nu^ -
t.2776D 03
0.1646D 03
0.r.294D 03
0.1137D 03
0.1044D 03
0.9?9lD 02
0.9279D 02
0.88s5D 02
0.8493D 02
0.8178D 02
0.6631D 02
o.s742D 02
0.5166D 02
0.4754D 02
0.4438D 02
0.4182D 02
0.3968D 02
0.3785D 02
0.3625D 02
0.2847D 02
0.2396D 02
0.2105D 02
0.1901D 02
o.1747D 02
0.1624D 02
0.1523D 02
0.1437D 02
0.1363D 02
0.1299D 02
o.7241,D 02

M:8

x+

0.1692D-02
0.18?1D-02
0.2060D-02
0.2258D-0 2
0.2 46 6D-0 2
0.2684D-02
0.2913D-02
0.3154D-02
0.340 7D-0 2
0.3672D-02
0.3951D-02
0.4243D-02
0.455 0D-02
0.4873D- 0 2
0.s211D-02
0.5567D-02
0.5940D-02
0.6332D-02
0.6 744D- 0 2
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.10 2 6D- 01.
0.1087D-01
0.L1s1D-01
0.1218D-01
0.1288D-01

Nu¡a,o :3.8772

Nu- -
0.1189D 02
0.1143D 02
0.1100D 02
0.1.061D 02
0.1025D 02
0.9923D 01
0.961 3D 01
0.9325D 01
0.90s-1D 01
0.8799D 01
0.8558D 0L
0.8331D 01
0.8115D 01
0.7910D 01
0.7714D 0t
0.7527D 01
0.7349D 01
0.7178D 01
0.7014D 01
0.6857D 01
0.6707D 01
0.6562D 01
0.6423D 01
0.6289D 01
0.6160D 01
0.6036D 01
0.5916D 01
0.5801D 01
0.5690D 01
0.5s83D 01

x+

0.13 6 2D- 01
0.1440D- 01
0.15 21D- 01
0.1607D-01
0.1697D-01
0.1?91D-01
0.1 8I0D-01
0.1990D-01
0.2 0I0D- 01
0.2I90D-01
0.2290D-01
0.2390D-01
0.2490D-01
0.2590D-01
0.2690D-01
0.2?90D-01
0.2890D-01
o.299oD-01
0.3090D-01
0.319 0D- 01
0.3290D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3 690D-01
0.3 79 0D- 01
0.3E90D-01
0.3990D-01
0.4090D-01
0.4173D-01

Nur

0.5480D 01
0.5381D 01
0.s285D 01
0.51 93D 01
0.5105D 01
0.5019D 0r
0.4937D 01
0.4860D 0i
0.4789D 01
0.4724D 01
0.4663D 01
0.4607D 01
0.4554D 01
0.4504D 01
0.4458D 01
0.4415D 01
0.4374D 01
0.4335D 01
0.4299D 01
0.4265D 01
0.4232D 01
0.420lD 01
0.4L72D 07
0.4145D 01
0.4118D 01
0.4093D 01
0.4069D 01
0.4047D 01
0.4025D 01
o.4oo8D o1

225



fñ BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.400 0D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.200 0D- 04
0.3 00 0D-04
0.400 0D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.800 0D-04
0.9 000D-04
0.1000D-03
0.2000D-0 3
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.?802D-03
0.9142D-03
0.1055D-02
0.1203D-02
0.13s 8D-02
0.1521D-02

H :0.4

f l¿,0R" : 44'706

NL,,T

0.4226D 03
0.25?4D 03
0.2049D 03
0.1799D 03
0.1651D 03
0.154?D 03
0.146?D 03
0.1401D 03
0.1344D 03
0.1294D 03
0.1041D 03
0.8967D 02
0.8046D 02
0.7405D 02
0.6923D 02
0.6541D 02
0.6226D 02
0.5958D 02
0.5725D 02
0.4572D 02
0.3883D 02
0.3430D 02
0.3107D 02
0.2863D 02
0.2668D 02
0.2507D 02
0.2370D 02
0.2252D 02
0.2147D 02
0.20s4D 02

I\[ :8

x+

0.1692D-02
0.18 71D- 0 2
0.2060D-02
0.2258D-02
0.2466D- o2
0.2684D-02
0.2 91 3D- 0 2
0.3154D-02
0.3407D-02
0.36?2D-02
0.39 51D-02
0.4243D-02
0.4550D-02
0.4873D-02
0.5 21 1D- 0 2
0.s5 67D-02
0.5940D-02
0.6332D- 02
0.6 744D- 0 2
0.71? 6D- 0 2
0.7630D-02
0.8106D-02
0.860?D-02
0.913 2D- 0 2
0.9684D- 02
0.1026D-01
0.1087D-01
0.1151D-01
0.1218D-01
0.1288D-01

Nu ¡a,o : 4.8041

Nu-.

0.1970D 02
0.1893D 02
0.1823D 02
0.1758D 02
0.1698D 02
0.1642D 02
0.1589D 02
0.1540D 02
0.1493D 02
0.1448D 02
0.1406D 02
0.1.365D 02
0.1326D 02
0.1289D 02
0.1253D 02
0.121 8D 0 2
0.1185D 02
0.1152D 02
0.1120D 02
0.1089D 02
0.1059D 02
0.1030D 02
0.100lD 02
0.9734D 01
0.9463D 01
0.9200D 01
0.8943D 01
0.8694D 01
0.8452D 01
0.8218D 01

x+

0.13 6 2D- 01
0.1440D-01
0. 1 5 21D-01
0.160 7D- 01
0.16I7D-01
0. I 791D-01
0.18 9 0D-0 1

0.1990D-01
0.2090D-01
0.219 0D- 01
0.2290D-01
0.2390D-01
0.2490D-01
0.2590D-01
0.2690D-01
0.2790D-0 L
0.2890D-01
0.2I I0D- 01
0.3090D-01
0.319 0D- 0 1

0.3 2I0D- 01
0.3390D-01
0.3490D-01
0.3590D-01
0.3 6 9 0D-01
0.3?9 0D-01
0.3890D-01
0.3 94 5D- 0 i

Nur

0.799lD 0L
8.7772D 01
0.7561D 01
0.7358D 01
0.7162D 01
0.6975D 01
0.6795D 01
0.6630D 01
0.6478D 01
0.6339D 01
0.6211D 01
0.6094D 01
0.5985D 01
0.5884D 01
0.5791D 01
0.5705D 01
0.5625D 01
0.5551D 01
0.5481D 01
0.5416D 01
0.5356D 01
0.s299D 01
0.5247D 01
0.5197D 01
0.5150D 01
0.5107D 01
0.5066D 01
0.5044D 0l
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fñ BouNDARY coNDrrroN

x+

0.r000D-05
0.2000D-05
0.3000D-05
0.400 0D-05
0.500 0D-0 5
0.6000D-05
0.700 0D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D-04
0.300 0D-04
0.4000D-04
0.500 0D-04
0.600 0D-04
0.7000D-04
0.E00 0D-04
0.9000D-04
0.1000D-03
0.200 0D-03
0.305 0D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03
0.9 L42D-03
0.1055D-02
0.1 203D-02
0.1358D-02
0.152 1D- 0 2
0.169 2D-02
0. r.8 71D-02

I/ : 0.6

f f¿,0R":103.94

Nu^ n

0.6776D 03
0.4313D 03
0.3440D 03
0.2974D 03
0.2689D 03
0.2497D 03
0.2357D 03
0.2247D 03
0.2156D 03
0.2079D 03
0.1688D 03
0.1458D 03
0.1308D 03
0.1204D 03
0.1126D 03
0.1066D 03
0.1017D 03
0.9766D 02
0.9420D 02
0.7725D 02
0.6679D 02
0.5968D 02
0.545lD 02
0.5059D 02
0.4750D 02
0.4499D 02
0.4289D 02
0.4110D 02
0.3955D 02
0.3819D 02
0.3698D 02
0.3s88D 02

M:8

x+

0.2060D-02
0.22s8D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D-02
0.340 7D-02
0.3672D-02
0.3951D-02
0.4243D-02
0.455 0D-02
0.48 73D-02
0.5211D-02
0.5 5 6?D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8 607D-02
0.913 2D- 0 2
0.9684D-02
0.1026D-01
0.1087D-01
0. l. 1 51D- 01
0.1218D-01
0.12 8 8D- 01
0.13 62D- 01
0.1440D-01
0.1 521D- 0 1
0.1607D-01

Nu¡a,o: 9.6035

Nu- n

0.3490D 02
0.3399D 02
0.3317D 02
0.3240D 02
0.3170D 02
0.3104D 02
0.3042D 02
0.2984D 02
0.2929D O2
0.2877D 02
0.2828D 02
0.2780D 02
0.2734D 02
0.2690D 02
0.2647D 02
0.2605D 02
0.2564D 02
0.2523D 02
0.2482D 02
0.2441D 02
0.2401D 02
0.2360D 02
0.2318D 02
0.2276D 02
0.2234D 02
0.2190D 02
0.2746D 02
0.2101D 02
0.2056D 02
0.2009D 02
0.1962D 02
0.1913D 02

x+

0.16I7D-01
0.1 79 LD-O 1

0.189 0D-01
0.1990D-01
0.209 0D-01
0.219 0D-01
0.2290D-01
0.239 0D-01
0.2490D-01
0.2590D-01
0.26 90D-01
0.2790D-01
0.2890D-01
0.2990D-01
0.3090D-01
0.3190D-01
0.32e0D-01
0.3390D-01
0.349 0D-01
0.3590D-01
0.3690D-01
0.3790D-01
0.3890D-01
0.3990D-01
0.4090D-01
0.41 I0D- 0 1
0.429 0D-0 L
0.439 0D-01
0.449 0D-01
0.459 0D-01
0.4679D-0 r.

Nur

0.1865D 02
0.181.5D 02
0.1765D 02
0.1717D 02
0.1670D 02
0.1626D 02
0.1s83D 02
0.1542D 02
0.1503D 02
0.1465D 02
0.1430D 02
0.1.396D 02
0.1364D 02
0.1333D 02
0.1304D 02
0.7276D 02
0.1250D 02
0.1226D 02
0.7202D 02
0.1180D 02
0.1159D 02
0.1140D 02
0.1121D 02
0.1104D 02
0.1087D 02
0.1072D 02
0.1057D 02
0.1043D 02
0.1031D 02
0.1018D 02
0.1008D 02
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6\ BouNDARY coNDrrroN

x+

0.100 0D-05
0.200 0D-05
0.300 0D-05
0.400 0D-05
0.5000D-05
0.6000D-05
0.700 0D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.200 0D-03

11 : 0.8

Í¡¿,rR": 166.01

Nu^ -
0.9125D 03
0.5976D 03
0.4817D 03
0.4154D 03
0.3723D 03
0.3423D 03
0.3205D 03
0.3038D 03
0.2906D 03
0.2797D 03
0.2297D 03
0.2002D 03
0.1804D 03
0.1662D 03
0.1554D 03
0.1470D 03
0.1403D 03
0.1346D 03
0.1299D 03
0.1078D 03

M:8

x+

0.3050D-03
0.4152D-03
0.5 310D- 0 3
0.6s26D-03
0.?8 02D-03
0.9142D-03
0.1055D-02
0.1203D-02
0.1358D-02
0.1521D-02
0. i.692D-02
0.18 7t D-02
0.2060D-0 2
0.2258D-02
0-2466D-O2
0.26E4D-02
0.2913D-02
0.3154D-02
0.3407D-02
0.3672D-O2

Nu¡a,o: 34.381

N1U 
",T

0.9437D 02
0.8521D 02
0.7844D 02
0.7319D 02
0.6897D 02
0.6549D 02
0.6256D 02
0.6005D 02
0.5786D 02
0.5592D 02
0.5420D 02
0.5265D 02
0.5123D 02
0.4994D 02
0.4876D 02
0.4766D 02
0.4665D 02
0.4571D 02
0.4483D 02
0.4401D 02

x+

0.3 9 5lD-02
0.4243D-02
0.45 5 0D-02
0.48 73D-02
0.5211D-02
0.5s67D-02
0.5940D-02
0.6332D-02
0.6744D-02
0.7176D-02
0.7630D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.1026D-01
0.10 87D-01
0.110lD-0i

Nur

0.4325D 02
0.4254D 02
0.4187D 02
0.4725D 02
0.4066D 02
0.4012D 02
0.3961D 02
0.3914D 02
0.3869D 02
0.3828D 02
0.3790D 02
0.3755D 02
o.3722D 02
0.3691D 02
0.3664D 02
0.3638D 02
0.3615D 02
0.3610D 02
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fñ BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3000D-05
0.40 00D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8 000D-05
0.9 000D-05
0.1000D-04
0.2 000D-04
0.3000D-04
0.4000D- 04
0.s0 0 0D-04
0.6000D- 04
0.700 0D-04
0.8000D-04
0.9 000D-04
0.1000D-03
0.2 000D-03
0.3050D-03
0.415 2D- 0 3
0.5 310D- 0 3
0.6526D-03
0.78 02D-03
0.9142D- 0 3
0.10ssD- 02

H :0.2

f Í¿,0R" : 26.707

NU,,T

0.3256D 03
0.1993D 03
0.1602D 03
0.1409D 03
0.1285D 03
0.1197D 03
0.1128D 03
0.1072D 03
0.1025D 03
0.9854D 02
0.7969D 02
0.6877D 02
0.6151D 02
0.5621D 02
0.5211D 02
0.4880D 02
0.4606D 02
0.4375D 02
0.4r76D 02
o.3252D t2
0.27t9D 02
0.2369D 02
0.2118D 02
0.1924D 02
0.1768D 02
0.1639D 02
0.1530D 02

M :16

x+

0.1203D-02
0.1358D-02
0.1521D-02
0.16 92D- 02
0. 18 71D- 0 2
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D- 0 2
0.3407D-02
0-3672D-02
0.3951D-02
0.4243D-02
0.45s0D- 02
0.4873D-02
0.5211D-02
0.556 7D-02
0.5940D-02
0.6332D-02
0.6744I)-02
0.7176D-02
0.?630D-02
0.8106D-02
0.8607D-02
0.913 2D- 0 2

Nu¡a,o: 3.8115

Nu^ n

0.1435D 02
0.1353D 02
0.12E0D 02
0.1215D 02
0.1156D 02
0.1104D 02
0.1056D 02
0.1012D 02
0.9720D 01
0.9352D 01
0.9013D 01
0.8699D 01
0.8408D 01
0.8137D 01
0.7885D 01
0.7649D 01
0.7428D 01
0.7222D 0t
0.7027D 07
0.6844D 01
0.6672D 01
0.6509D 01
0.6354D 01
0.6208D 01
0.6069D 01
0.5936D 01
0.5810D 01

itr+

0.9684D-02
0.1026D-01
0.L087D-01
0.1 1s 1D- 0 1
0.1.218D-01
0.12 8 8D- 01
0.13 6 2D-0 I
0.1440D-0 r
0.1521D-01
0.16 0 7D-01
0.16 97D-01
0.1?9 lD- 01
0.1890D-01
0.1990D-01
0.2090D-01
0.219 0D- 01
0.2290D-01
0.2390D-01
0.249 0D- 01
0.259 0D-01
0.2690D-01
0.2790D-01
0.2890D-01
0.2 99 0D- 01
0.3 090D-01
0.3134D-01

Nur

0.5690D 01
0.5575D 01
0.5465D 01
0.5360D 01
0.5260D 0i
0.5163D 01
0.5070D 01
0.4981D 01
0.4895D 01
0.4813D 01
0.4734D 01
0.46s8D 01
0.4584D 01
0.4516D 01
0.4453D 01
0.4395D 01
0.4341D 01
0.4291D 01
0.4243D 01
0.4199D 01
0.4158D 01
0.4119D 0l
0.4083D 01
0.4048D 01
0.4016D 01
0.4002D 01

,ro



fñ BouNDARY coNDrrroN

x+

0.1000D-05
0.2000D-05
0.3 000D-05
0.4000D-05
0.5000D-05
0.600 0D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.20 00D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-0 3
0.3050D-03
0.4152D-03
0.5 310D- 0 3
0.6526D- 03
0.78 02D-03

H :0.4

I l¿,yÃ" : 72.332

Nu^,r

0.6172D 03
0.3906D 03
0.3129D 03
0.2?26D 03
0.2476D 03
0.2302D 03
0.2170D 03
0.2066D 03
0.1979D 03
0.1905D 03
0.1ss0D 03
0.1345D 03
0.1209D 03
0.1112D 03
0.1037D 03
0.9776D 02
0.9280D 02
0.8861D 02
0.8499D 02
0.67s4D 02
0.5717D 02
0.5025D 02
0.4518D 02
0.4118D 02
0.3786D 02

M :76

f,'+

0.9142D-03
0.1055D-02
0.1.203D-02
0.1358D-02
0.1521D- 02
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2913D-02
0.3154D- 02
0.3407D-02
0.3672D-0 2
0.3951D-02
0.4243D-O2
0.455 0D-02
0.4873D- 02
0.521lD-02
0.5567D-02
0.5940D-02
0.6332D-02
o.6744D-02
0.7176D-02

Nu¡d.,0:4.3378

Nu^ n

0.3498D 02
0.3242D 02
0.300ED 02
0.2794D 02
0.2596D 02
0.2472D 02
0.2247D 02
0.2083D 02
0.1936D 02
0.1800D 02
0.1675D 02
0.1560D 02
0.1455D 02
0.13s9D 02
0.7272D 02
0.1193D 02
0.112lD 02
0.1057D 02
0.9988D 01
0.9468D 01
0.900lD 01
0.8582D 01
0.8206D 01
0.7869D 01
0.7565D 01

x+

0.7630D-02
0.810 6D- 0 2
0.86 07D-02
0.913 2D- 0 2
0.9684D- 02
0. 1 02 6D- 01
0.1087D-01
0.115lD-01
0.1218D-01
0.r,288D-01
0.1362D-01
0.1440D-01
0.1s 21D- 0 1

0.1607D-01
0.1697D-01
0.1 79 1D-01
0.18 9 0D- 01
0.19 9 0D- 01
0.2090D-01
0.2r.9 0D-01
0.2290D-01
0.2390D-0r.
0.249 0D-01
0.2566D-01

Nur

0.7292D 07
0.7045D 01
0.682lD 01
0.6616D 01
0.6430D 01
0.6258D 01
0.6100D 01
0.5954D 0L
0.581?D 01
0.5690D 01
0.5571D 01
0.5458D 01
0.5352D 01
0.5252D 01
0.5157D 01
0.5066D 01
0.4980D 01
0.490lD 01
0.4829D 01
0.4762D 01
0.4701D 01
0.4644D 01
0.4592D 01
0.4555D 01

230



rô BouNDARY coNDrrroN

x+

0.1 000D-05
0.2000D-05
0.3000D-05
0.400 0D-0 5
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D- 04
0.3 0 0 0D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.41s 2D- 0 3
0.5 310D- 0 3

H :0.6

Í lo,o R" : 227 .93

Nil'r,T

0.1158D 04
0.7709D 03
0.6232D 03
0.5380D 03
0.4827D 03
0.4440D 03
0.4155D 03
0.3935D 03
0.37s9D 03
0.3614D 03
0.2960D 03
0.2586D 03
0.2341D 03
0.2164D 03
0.2030D 03
0.1924D 03
0.1837D 03
0.1765D 03
0.1702D 03
0.1406D 03
0.7227D 03
0.1r.05D 03
0.1016D 03

M:16

ir+

0.6526D-03
0.78 02D-03
0.9142D-03
0.1055D-02
0.L203D-02
0.1358D-02
0.15 21D-02
0.16I2D-02
0.1871D-02
0.206 0D-02
0.2258D-02
0.2466D-02
0.2684D-02
0.2 913D- 0 2
0.3154D-0 2
0.340 7D- 0 2
o.3672D-02
0.39s1D-02
0.1243D-02
0.45 50D-02
0.48 ?3D-02
0.s211D-02
0.55 6 7D-02

Nu¡a,o: 7.0331

Nu^ n

0.9458D 02
0.8888D 02
0.8403D 02
0.7978D 02
0.7595D 02
0.7243D 02
0.6914D 02
0.6602D 02
0.6303D 02
0.6016D 02
0.5736D 02
0.5464D 02
0.5198D 02
0.4938D 02
0.4683D 02
0.4433D 02
0.4188D 02
0.3948D 02
0.3715D 02
0.3487D 02
0.3267D 02
0.3054D 02
0.2848D 02

X+

0.5940D-02
0.6332D-02
0.6744D-02
0.?176D-02
0.763 0D-02
0.8106D-02
0.8607D-02
0.9132D-02
0.9684D-02
0.1026D-0L
0.10 8 7D- 01
0.1 15 1D- 01
0.1218D-01
0.12I8D- 01
0.1362D-01
0.1440D-01
0.1 5 21D- 01
0.i607D-01
0.16 9 7D- 01
0.1?9 LD-01
0.1858D-01

Nur

0.265lD 02
0.2463D 02
0.2285D 02
0.2rr7D 02
0.1958D 02
0.1811D 02
0.1674D 02
0.1548D 02
0.1433D 02
0.1329D 02
0.7234D 02
0.11,50D 02
0.1074D 02
0.1008D 02
0.9494D 0l^
0.8984D 0L
0.8542D 01
0.81 59Ð 01
0.7830D 01
0.7548D 01
0.7385D 01

231



fñ tsouNDARY coNDrrroN

x+

0.1 000D-05
0.2000D-05
0.3000D-05
0.400 0D- 0 5
0.5 00 0D-0 s
0.6000D-0s
0.7000D-05
0.8000D-05
0.9000D-05
0.1000D-04
0.2000D-04
0.3000D-04
0.4000D-04
0.5000D-04
0.6 00 0D-04
0.7000D-04
0.8000D-04
0.9 000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4r. s2D-03
0.5310D-03
0.6526D-03
0.780 2D-03
0.9 142D- 0 3
0.1055D-02
0.1203D-0 2
0.1.358D-02
0.1s21D-0 2
0.1692D-02
0.1871D-02
0.2060D-02
0.2258D-02
0.2466D-02
0.2684D-02

.F/ : 0.8

Í l¿,0R" : 453.40

Nu- n

0.1889D 04
0.7224D 04
0.9579D 03
0.8177D 03
0.7316D 03
0.6731D 03
0.6303D 03
0.s9?2D 03
0.5707D 03
0.5488D 03
0.4517D 03
0.3969D 03
0.3610D 03
0.3351D 03
0.31.53D 03
0.2995D 03
0.2864D 03
0.2753D 03
0.2657D 03
0.218lD 03
0.1886D 03
0.1686D 03
0.Ls41D 03
0.1431D 03
0.1345D 03
0.1275D 03
0.1217D 03
0.1168D 03
0.1126D 03
0.1090D 03
0.1058D 03
0.103r.D 03
0.1006D 03
0.9848D 02
0.9655D 02
0.9482D 02

II :16

x+

0.2913D-02
0.3154D-02
0.3407D-02
0.3672D-O2
0.39s1D-02
0.4243D-02
0.4s50D-0 2
0.4873D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-0 2
0.6744D-02
0.? 176D-02
0.7630D-02
0.8106D-0 2
0.8607D-02
0.9132D-02
0.9684D-0 2
0.1026D-01
0.1087D-01
0.1r.s1D-01
0.1218D-01
0.1288D-01
0.1362D-01
0.1440D-01
0.1 521D- 0 1
0.1607D-01
0.1.6 9 7D- 01
0.1791D- 01
0.1890D-01
0.1990D-01
0.2090D-01
0.2190D-01
0.2290D-01
0.2390D-01

Nu¡a,o: 60.970

Nu^ -
0.9327D 02
0.9188D 02
0.9063D 02
0.8950D 02
0.8847D 02
0.8755D 02
0.8671D 02
0.8594D 02
0.8525D 02
0.8462D 02
0.8404D 02
0.8351D 02
0.8303D 02
0.8258D 02
0.8218D 02
0.8180D 02
0.814sD 02
0.8113D 02
0.8083D 02
0.8055D 02
0.8029D 02
0.8003D 02
0.7979D 02
0.7956D 02
0.7933D 02
0.7910D 02
0.7888D 02
0.7865D 02
0.7842D 02
0.7818D 02
0.7793D 02
0.7768D 02
0.7743Ð 02
0.?718D 02
0.7693D 02
0.7667D 02

itr+

0.249 0D-01
0.2590D-01
0.2690D-01
0.279 0D-01
0.289 0D-01
0.299 0D-01
0.309 0D-01
0.319 0D-01
0.32 9 0D-01
0.3390D-01
0.3490D-01
0.3590D-01
0.3 690D-01
0.3 790D-01
0.3 890D-01
0.3990D-01
0.409 0D-0 L
0.4190D-01
0.429 0D-01
0.4390D-01
0.44I0D- 01
0.45I0D-0 L
0.46 90D-01
0.4790D-01
0.48 90D-01
0.49 90D-01
0.5090D-01
0.5190D-01
0.5290D-01
0.s390D-01
0.5490D-01
0.559 0D-01
0.5690D-01
0.5790D-01
0.5890D-01
0.5I 1 0D-01

Nur

0.7640D 02
0.7613D 02
0.7586D 02
0.7'o57D 02
0.7s29D 02
0.7500D 02
0.7470D 02
0.7439D 02
0.7408D 02
0.7377D 02
0.7344D 02
0.73r2D 02
0.7278D 02
0.7244D 02
0.7209I) 02
0.7174D 02
0.7138D 02
0.7102D 02
0.7065D 02
0.7028D 02
0.6990D 02
0.6952D 02
0.6913D 02
0.6874D 02
0.6835D 02
0.679sD 02
0.6755D 02
0.6715D 02
0.6674D 02
0.6633D 02
0.6592D 02
0.6551D 02
0.6509D 02
0.6468D 02
0.6426D 02
0.6418D 02

232



fõ BouNDARY coNDrrroN

x+

0.1000D-0s
0.2000D-0s
0.3000D-05
0.400 0D-05
0.5000D-05
0.6000D-05
0.7000D-05
0.8000D-0 5
0.9000D-05
0.1000D-04
0.2000D- 04
0.30 00D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.4152D-03
0.5310D-03
0.6526D-03
0.7802D-03

H :0.2

f Í¿,0R" : 30.253

Nu^ n

0.3679D 03
0.2273D 03
0.1851D 03
0.1635D 03
0.1493D 03
0.1388D 03
0.1307D 03
0.1240D 03
0.11E5D 03
0.1137D 03
0.9104D 02
0.7772D 02
0.6882D 02
0.6237D 02
0.5743D 02
0.5351D 02
0.5030D 02
0.4762D 02
0.4534D 02
0.3449D 02
0.2799D 02
0.2362D 02
0.2048D 02
0.181.3D 02
0.1631D 02

M :24

x+

0.9142D-03
0.1055D-02
0.1203D-02
0.1358D-02
0.152lD-02
0.1692D-02
0.1 I71D- 0 2
0.206 0D-02
0.225 8D-02
t.2466D-02
0.2684D-02
0.2 913D-02
0.3 154D- 0 2
0.3407D-02
0.3672D-02
0.3 951D-02
0.4243D-02
0.4550D-02
0.4873D-02
0.5 21 1D- 0 2
0.5567D-02
0.5940D-02
0.6332D-02
0.6 744D- 0 2
0.7176D-02

Nu¡d.,0: 3.7606

Nu- n

0.1486D 02
0.1369D 02
0.L273D 02
0.1191Ð 02
0.7122D 02
0.1063D 02
0.101.1D 02
0.9650D 01
0.9242D 01
0.8877D 01
0.8548D 01
0.8249D 01
0.79?5D 01
0.7724D 07
0.7492D 01
0.7277D 07
0.7076D 01
0.6889D 01
0.6713D 01
0.6547D 01
0.6390D 01
0.6242D 01
0.6r.01D 01
0.59'67D 01
0.5839D 01

x+

0.7630D-02
0.810 6D- 0 2
0.8607D-02
0.9132D-02
0.9684D-02
0.1026D-01
0.1087D-01
0.1 151D- 01
0.L2L8D-01
0.12 8 8D- 01
0.1362D-01
0.1440D-01
0.1 5 21D- 01
0.1607D-01
0.1697D-01
0.1 79 1D- 01
0.1890D-01
0.1990D-01
0.2090D-01
0.219 0D- 0 I
0.2290D-01
0.2390D-01
0.2490D-01
0.2590D- 01
0.2615D-01

Nrr
0.5717D 01
0.5601D 01
0.5489D 01
0.5382D 01
0.5280D 01
0.5181D 01
0.5086D 01
0.4995D 0i
0.4907D 01
0.4822D 01
0.4741D 01
0.4662D 01
0.4586D 01
0.4513D 01
0.4442D 01
0.4373D 01
0.430?D 01
0.4246D 01
0.4189D 01
0.4136D 01
0.4087D 01
0.4041D 01
0.3998D 01
0.3958D 01
0.3949D 01

qto
Lù¿



fñ BouNDARY coNDrrroN

T+

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D-05
0.6000D-05
0.700 0D-05
0.8000D-05
0.9000D-05
0.100 0D-04
0.2000D-04
0.300 0D-04
0.400 0D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9000D-04
0.1000D-03
0.2000D-03
0.3050D-03
0.415 2D- 0 3
0.5 310D- 0 3
0.6526D-03

H :0.4

f f a,o R" : 88.975

Nu^ -
0.7769D 03
0.4889D 03
0.3958D 03
0.3490D 03
0.3193D 03
0.2977D 03
0.2810D 03
0.2673D 03
0.2558D 03
0.2460D 03
0.1990D 03
0.1717D 03
0.1538D 03
0.1408D 03
0.1309D 03
0.1230D 03
0.1164D 03
0.1109D 03
0.1061D 03
0.8180D 02
0.6576D 02
0.5386D 02
0.4455D 02
0.3709D 02

M :24

x+

0.7802D-03
0.9142D-0 3
0.1055D-02
0.1203D-02
0.13s8D-02
0.15 21D- 0 2
0.1692D-02
0.1871D- 02
0.2060D- 02
0.2258D-O2
0.2466D-02
0.2684D-0 2
0.2913D-0 2
0.3154D-02
0.3407D-02
0.3672D-02
0.3 9 51D-0 2
o.4243D-O2
0.45 50D-0 2
0.48 73D-02
0.5211D-02
0.5567D-02
0.5940D-02
0.6332D-02

Nu¡a,o:4.0372

Nu^ -
0.3110D 02
0.2629D 02
0.2245D 02
0.1938D 02
0.1695D 02
0.1502D 02
0.1349D 02
0.r226D 02
0.1128D 02
0.1049D 02
0.9845D 01
0.9308D 01
0.8856D 0r.
0.8470D 01
0.8134D 01
0.7838D 01
0.7574D 01
0.7336D 01
0.7118D 01
0.691.7D 01
0.6732D 01
0.6s59D 01
0.6397D 01
0.6244D 01

x+

0.6744D-02
0.7t76D-02
0.7630D-02
0.810 6D- 0 2
0.8607D-02
0.913 2D- 0 2
0.9684D-02
0.1026D-01
0.1087D-01
0.11 s 1D- 01
0.1218D-01
0.12 8 8D- 01
0.1362D-01
0.1440D-01
0.1 5 21D- 01
0.1607D-0r.
0.1697D-01
0.1791D-01
0.1890D-01
0.1990D-01
0.2090D-01
0.21 33D- 01

Nur

0.6100D 01
0.5964D 01
0.5835D 01
0.5?12D 01
0.5595D 01
0.5484D 01
0.5377D 01
0.5275D 01
0.517?D 01
0.5083D 01
0.4992D 01
0.4905D 01
0.4822D 01
0.4741D 01
0.4664D 01
0.4589D 01
0.4517D 01
0.4448D 01
0.43 81D 01
0.4319D 01
0.4262D 01
0.4239D 01

234



aò BouNDARY coNDrrroN

Ä-1

0.1000D-05
0.2000D-05
0.3000D-05
0.4000D-05
0.5000D- 05
0.6000D-0s
0.?000D-0s
0.8000D-05
0.9000D- 05
0.1000D-04
0.2000D-04
0.3000D-04
0,4000D- 04
0.5000D-04
0.6000D-04
0.7000D-04
0.8 0 0 0D-04
0.9 000D-04
0.1000D-03
0.2000D-03
0.3050D-03

-Ël : 0.6

I Í¿,0 R" : 328.55

Nu^ -
0.1587D 04
0.1047D 04
0.8459D 03
0.7343D 03
0.6633D 03
0.6141D 03
0.5776D 03
0.5492D 03
0.5261D 03
0.5068D 03
0.4159D 03
0.3630D 03
0.3282D 03
0.3032D 03
0.2843D 03
0.2693D 03
0.2570D 03
0.2467D 03
0.2379D 03
0.1940D 03
0.1653D 03

AI :24

X+

0.4152D-03
0.53l.0D-03
0.6s26D-03
0.7802D-03
0.9142D-03
0.1055D-02
0.1203Ð-02
0.1358D-02
0.1521D-02
0.1692D-02
0.18 71D-02
0.2060D-02
0.2258D-O2
0.2466D-02
0.26 84D- 02
0.2913D-0 2
0.3154D- 0 2
0.340 7D-0 2
0.3672D-02
0.3951D-02
0.4243D-02

Nu¡a,o: 5.6103

Nu^,t"

0.1439D 03
0.1269D 03
0.1 1 28D 03
0.1008D 03
0.9021D 02
0.8089D 02
0.72s7D 02
0.6509D 02
0.5834D 02
0.5223D 02
0.4670D 02
0.4170D 02
0.3716D 02
0.3312D 02
o.2947D 02
0.2622D 02
0.2333D 02
0.2078D 02
0.1854D 02
0.1658D 02
0.1489D 02

X+

0.45s 0D-02
0.48?3D-0 2
0.5211D-02
0.5567D-02
0.5940D- 02
0.6332D-02
0.6744D-02
0.7176D- 02
0.7630D-02
0.8106D-02
0.8607D-02
0.9 L 32D-02
0.9 6 84D-02
0.1 0 26D-01
0.1087D-01
0.1151D-01
0.1218D- 01
0.L288D-01
0.1298D-01

Nur

0.1344D 02
0.1220D 02
0.1114D 02
0.1.025D 02
0.9498D 01
0.88?1D 01
0.8347D 01
0.7909D 01
0.?s44D 01
0.7238D 01
0.6980D 01
0.6760D 01
0.6571D 01
0.6406D 01
0.626lD 01
0.6130D 01
0.60L2D 01
0.5904D 01
0.5891D 01
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fñ BouNDARY coNDrrroN

x+

0.1000D-05
0.2 000D-05
0.3000D-05
0.4000D-0 5
0.5000D-05
0.6 000D-0s
0.7000D-05
0.8000D-0s
0.9000D-0s
0.1000D-04
0.2000D-04
0.3 000D-04
0.4000D-04
0.5000D-04
0.6000D-04
0.7000D-04
0.8000D-04
0.9 0 0 0D-04
0.10 00D-03
0.2 000D-03
0.3050D-03
0.4152D-03
0.5 310D- 0 s

-Fl : 0.8

Í l¿,0R" : 852.82

Nu-,,

0.2570D 04
0.17s3D 04
0.1458D 04
0.1281D 04
0.1158D 04
0.1068D 04
0.9976D 03
0.9419D 03
0.8965D 03
0.8589D 03
0.6979D 03
0.6094D 03
0.5520D 03
0.5106D 03
0.4786D 03
0.4528D 03
0.4314D 03
0.4132D 03
0.3976D 03
0.3245D 03
0.2810D 03
0.2s22D 03
0.2317D 03

AI :24

x+

0.6526D-û3
0.7802D-0 3
0.9142D- 03
0.1055D-02
0.12 03D-02
0.1358D-02
0.1s21D-02
0.1692D-02
0.18 71D- 0 2
0.2060D-02
0.2258D-02
0.2466I)-02
0.2684D-02
0.2 91 3D- 0 2
0.31s4D-02
0.3407D-02
0.3672D-02
0.395lD-02
0.4243D-02
0.4550D-02
0.4873D-02
0.5211D-02
0.5567D-02

Nu ¡a,o : 37 .272

Nu^ n

0.2163D 03
0.2040D 03
0.1941D 03
0.18s8D 03
0.r.78?D 03
0.1726D 03
0.1673D 03
0.162sD 03
0.1582D 03
0.1543D 03
0.1507D 03
0.1473D 03
0.1442D 03
0.1411D 03
0.1382D 03
0.1353D 03
0.1325D 03
0.1297D 03
0.1269D 03
0.1241D 03
0.1212D 03
0.1183D 03
0.1152D 03

x+

0.5 940D- 0 2
0.6332D-02
0.6?44D-02
0.71? 6D- 0 2
0.7630D-02
0.8 i 06D-02
0.8 60 7D-02
0.9132D-02
0.9684D-0 2
0.1026D-01
0.1087D-01
0.115lD-01
0.1218D-01
0.12 8 8D-01
0.13 6 2D-0 1

0.1440D-01
0.15 2 lD- 01
0.L607D-01
0.169 7D-01
0.1 79 LD- 01
0.1 848D- 01

Nur

0.1121D 03
0.1089D 03
0.1055D 03
0.1020D 03
0.9839D 02
0.9463D 02
0.90?3D 02
0.8672D 02
0.8260D 02
0.7841D 02
0.7416D 02
0.6991D 02
0.6s68D 02
0.6153D 02
0.s?s0D 02
0.5363D 02
0.4997D 02
0.46õ5D 02
0.4340D 02
0.4054D 02
0.3907D 02
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Numerical Values of f,R", f oppAe and K for all Geometries

APPENDIX B
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x

The Smooth Tube Geometry

f r¿,0 R" : 15'98

0.100000D-05
0.210000D-0s
0.331000D-0 5
0.464100D-05
0.610511D-05
0.771 562D-05
0.948719D-0 s
0.114359D-04
0.135 795D-04
0.159 375D-04
0.185312D-04
0.213843D-04
0.24s228D-04
0.279 ?51D-04
0.3r7726D-04
0.359499D-04
0.405449D-04
0.45 5I94D- 04
0.511593D-04
o.572753D-04
0.640 028D-04
0.?14031D-04
0.795435D-04
0.884978D-04
0.9I3477D- 04
0.109182D-03
0.121101D-03
0.134211D-03
0.148 632D-03
0.1 64495D-03
0.181 94 5D- 0 3
0.201139D-0 3
o.222253D-03
0.245479D-0 3
o.277027D-O3
0.299130D-03
0.33 0043D-0 3
0.364047D-03
0.401452D-03
0.442597D-03
0.48785?D-03
0.537643D-03
0.5 92408D-03
0.652649Ð-0 3
0. ? 18 914D- 0 3
0.791805D-03
0.8?1986D-0 3
0.960185D-03
0.10 5 72 0D- 0 2
0.116392D-02
0.728132D-02
0.141045D-02
0.15525 0D-02
0.170E75D-02
0.188062D-02
0.206 968D-0 2
0.22776sD-02
0.250642D-O2
0.275E06D-02
0.3 0 348 7D- 0 2
0.333936D-02
o.367429D-02
o.404273D-02
0.444800D-02
0.489380D-02
0.53 8418D-0 2
0.592360D-02
0.6 516I7D-0 2

f .Re

0.9751-30D 03
0.101690D 04
0.106230D 04
0.111030D 04
0.115880D 04
0.120250D 04
0.123000D 04
0.i21830D 04
0.113020D 04
0.936590D 03
0.676170D 03
0.449970D 03
0.3122?0D 03
0.246370D 03
0.218970D 03
0.208320D 03
0.204050D 03
0.201890D 03
0.200180D 03
0.198300D 03
0.196000D 03
0.193r.30D 03
0.189600D 03
0.1.85320D 03
0.180260D 03
0.174400D 03
0.167770D 03
0.160500D 03
0.152720D 03
0.144680D 03
0.136600D 03
0.128720D 03
0.121240D 03
0.114280D 03
0.107910D 03
0.102110D 03
0.968360D 02
0.920130D 02
0.87s760D 02
0.83431.0D 02
0.795630D 02
0.759370D 02
0.724890D 02
0.692460D 02
0.661790D 02
0.632760D 02
0.60s2?0D 02
0.579240D 02
0.554560D 02
0.531160D 02
0.5089?0D 02
0.487920D 02
0.467930D 02
0.448970D 02
0.430970D 02
0.413890D 02
0.397670D 02
0.382270D 02
0.367660D 02
0.s53790D 02
0.340630D 02
0.328150D 02
0.316310D 02
0.305080D 02
0.294430D 02
0.284340D 02
0.274790D 02
0.265740D 02

loppRe

0.975127D 03
0.997034D 03
0.102090D 04
0.104654D 04
0.107346D 04
0.110039D 04
0.112459D 04
0.114056D 04
0.113892D 04
0.110898D 04
0.104840D 04
0.968560D 03
0.884567D 03
0.805809D 03
0.735669D 03
0.674392D 03
0.621088D 03
0.57462lD 03
0.533927D 03
0.498088D 03
0.466335D 03
0.438020D 03
0.412597D 03
0.389601D 03
0.368635D 03
0.349359D 03
0.331488D 03
0.314785D 03
0.299061D 03
0.284173D 03
0.270020D 03
0.256536D 03
0.243682D 03
0.231439D 03
0.219795D 03
0.208739D 03
0.198258D 03
0.188334D 03
0.178946D 03
0.170066D 03
0.161670D 03
0.153731D 03
0.146221D 03
0.139116D 03
0.132393D 03
0.126030D 03
0.120007D 03
0.11.4304D 03
0.108904D 03
0.103789D 03
0.989429D 02
0.943513D 02
0.900000D 02
0.858758D 02
0.819661D 02
0.782s94D 02
0.747447D 02
8.774L77D 02
0.682s06D 02
0.652525D 02
0.624086D 02
0.597109D 02
0.571518D 02
0.547242D 02
0.s242r2D 02
0.s02365D 02
0.481641D 02
0.461983D 02

K

0.3836s8D-02
0.824083D-02
0.133051D-01
0.1.91313D-01
0.25 8241D-01
0.334675D-01
0.420703D-01
0.514422D-01
0.60995 7D-0 L

0.696786D-0 1

0.765277D-07
0.814808D-01
0.852004D-0 1

0.883818D-01
0.9146 5 2D- 01
0.946790D-01
0.9 813 s 7D- 01
0.101894D 00
0.105991D 00
0.110451D 00
0.115295D 00
0.120539D 00
0.126192D 00
0.732257D 00
0.138730D 00
0.145595D 00
0.152832D 00
0.160410D 00
0.168298D 00
0.176464D 00
0.184883D 00
0.193538D 00
0.202427D 00
0.211560D 00
0.220954D 00
0.230636D 00
0.240634D 00
0.2509?5D 00
0.261687D 00
0.272787D oO
0.284298D 00
0.296237D 00
0.308616D 00
0.321451D 00
0.3347s5D 00
0.348543D 00
0.362830D 00
0.377625D 00
0.392944D 00
0.408797D 00
0.425193D 00
0.442138D 00
0.4s9646D 00
0.477777D 00
0.496357D 00
0.515569D 00
0.535354D 00
0.555710D 00
0.576629D 00
0.598106D 00
0.620127D 00
0.642676D 00
0.665737D 00
0.689283D 00
0.713285D 00
0.737?08D 00
0.762572D 00
0.787649D 00
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0.716966D-02
0.788763D-02
0.867740D-02
0.954614D-02
0.105018D-01
0.115018D-01
0.125018D-01
0.13 5018D- 01
0. 14 5018D- 0 1
0.15 501 8D-01
0.16 5 018D- 01
0.175 01 8D- 01
0.185018D-01
0.19 5018D-01
0.2 0 5 01 8D- 01
0.21 5 01 8D- 0 1
0.225018D-01
0.23 5 018D- 01
0.245018D-01
0.255018D-0L
0.265018D-0I
0.275018D-01
0.285018D-01
0.2I5018D-01
0.305018D-01
0.315018D-01
0.325018D-01
0.33 5018D-01
0.345018D-0 L
0.3 5 5 01 8D- 01
0.365018D-01
0.37s018D-01
0.385018D-01
0.395018D-01
0.405018D-0 L
0.41 5 01 8D- 01
0.425018D-01
0.435018D-01
0.445018D-01
0.455018D-01
0.4650 L 8D- 01
0.475018D-01
0.48 5 01 8D- 0 L
0.495018D-01
0.505018D-01
0.515018D-01
0.525018D-01
0.535018D-01
0.545 01 8D- 01
0.555018D-01
0.565018D-01
0. s 75018D- 01
0.58s018D-01
0.5I s 018D-01
0.605018D-01
0.615018D-01
0.625018D-01
0.6 3 5018D- 01
0.64s018D-01
0.655018D-01
0.6584? LD-01

0.257180D 02
0.249080D 02
0.247430D 02
0.234200D 02
0.227390D 02
0.227240D 02
0.215880D 02
0.211.160D 02
0.206990D 02
0.203260D 02
0.199930D 02
0.1.96920D 02
0.194190D 02
0.191720D 02
0.189460D 02
0.187400D 02
0.185500D 02
0.183760D 02
0.182160D 02
0.180680D 02
0.179300D 02
0.178030D 02
0.176860D 02
0.17s760D 02
0.774740D 02
0.173800D 02
0.172910D 02
0.172090D 02
0.171320D 02
0.170600D 02
0.169930D 02
0.169310D 02
0.1.68720D 02
0.168170D 02
0.167660D 02
0.167170D 02
0.766720D 02
0.166300D 02
0.165910D 02
0.165530D 02
0.165190D 02
0.164860D 02
0.1 64550D 02
0.164270D 02
0.164000D 02
0.163740D 02
0.163510D 02
0.163280D 02
0.163070D 02
0.162880D 02
0.1 62690D.02
0.162520D 02
0.162360D 02
0.162200D 02
0.162060D 02
0.161920D 02
0.161800D 02
0.161680D 02
0.161570D 02
0.161460D 02
0.161428D 02

0.443338D 02
0.425656D 02
0.408889D 02
0.392992D 02
0.377922D 02
0.364300D 02
0.352428D 02
0.341965D 02
0.3326s7D 02
0.324310D 02
0.316773D 02
0.30s92sD 02
0.303669D 02
0.297929D 02
0.292638D 02
0.287744D 02
0.283200D 02
0.278969D 02
0.275018D 02
0.271319D 02
0.267847D 02
0.26458lD 02
0.261.503D 02
0.2s8597D 02
0.255848D 02
0.253243D 02
0.250777I) 02
0.24E423D 02
0.246188D 02
0.244059D 02
0.242028D 02
0.240089D 02
0.238235D 02
0.236462D 02
o.234763D 02
0.233134D 02
0.231572D 02
0.230071D 02
0.228629D 02
0.227243D 02
0.225908D 02
0.224623D 02
0.223385D 02
0.222790D 02
0.221038D 02
0.219926D 02
0.218851D 02
0.217812D 02
0.216808D 02
0.215836D 02
0.214896D 02
0.213985D 02
0.213102D 02
0.2t2247D 02
0.217477D 02
0.210613D 02
0.209832D 02
0.209073D 02
0.208337D 02
0.20762tD 02
0.207382D 02

0.813062D 00
0.838695D 00
0.864474D 00
0.890319D 00
0.916143D 00
0.940709D 00
0.963129D 00
0.983660D 00
0.100252D 01
0.101989D 01
0.103594D 01
0.105077D 01
0.106451D 01
0.1,07727D 07
0.108912D 01
0.110015D 01
0.111042D 01
0.111999D 01
0.112893D 01
0.113727D 01
0.114506D 01
0.115234D 01
0.115915D 01
0.1r.6552D 01
0.117149D 0L
0.117707D 01
0.118230D 01
0.118721D 01
0.119180D 01
0.11961.1D 01
0.120015D 01
0.120394D 01
0.120749D 01
0.121084D 01
0.121397D 01
0.121690D 01
0.121967D 0L
0.722224D 0r
0.122467D 01
0.122697D 01
0.122910D 01
0.123111D 01
0.123301D 0
0.723477D 0
0.123645D 0
0.123802D 0
0.1.23948D 0
0.124086D 0
0.124216D 0
0.124337D 0
0.124453D 0
0.124560D 0
0.124660D 0
0.124?56D 0
0.124844D 0
0.124930D 0
0.125009D 0
0.125081D 0
0.125152D 01
0.125216D 01
0.125246D 01
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x
0.100000D-05
0.210000D-05
0.100000D-05
0.2 100 0 0D- 0 5
0.331000D-05
0.464100D-05
0.610511D-05
0.7?156 2Ð-05
0.948719D-05
0.1 i4359D-04
0. 13 5 79 sD- 04
0.159375D-04
0.1853l.2D-04
0.213843D-04
0.245228D-04
0.279757D-04
0.317726D-04
0.359499D-04
0.405449D-04
0.455 994D-04
0.51 15I3D-04
0.572753D-04
0.640028D-04
0.714031D-04
0.795435D-04
0.8 84978D-04
0.9 83477D-04
0.109L82D-03
0.12110lD-03
0.13421 lD-03
0.14E63 2D-03
0.1 6449 5D-03
0.18l.94 5D- 0 3
0.201139D-03
0.222253D-03
0.245479D-03
0.27r027D-0s
0.2I913 0D- 0 3
0.330043D-03
0.364047D-03
0.40145 2D-03
0.442597D-03
0.487857D-03
0.537643D-03
0.592408D-03
0.652649D-03
0.7i8914D-03
0.79 1805D-03
0.8?1986D-0 3
0.960185D-03
0.1 05720D-02
0.1 1 6392D-02
0.r28732D-02
0.141045D-02
0.155250D-02
0.l.70875D-02
0.188062D-02
0.20696 8D-02
0.227765I)-02
0.250642D-02
0.27580 6D-02
0.30348 7D-02
0.33393 6D-02
0.367429D-02
0.404273D-02
0.444800D-02
0.48 938 0D-02
0.s38418D-02
0.592360D-02

H :0.2

f ¡¿,0R" : 18.60

Í,R"
0.975130D 03
0.101690D 04
0.108920D 04
0.113290D 04
0.118040D 04
0.123040D 04
0.128070D 04
0.132520D 04
0.135100D 04
0.133220D 04
0.1.23030D 04
0.102830D 04
0.778470D 03
0.568910D 03
0.440290D 03
0.377770D 03
0.352230D 03
0.343450D 03
0.340900D 03
0.339490D 03
0.336460D 03
0.329860D 03
0.318290D 03
0.301480D 03
0.280930D 03
0.259420D 03
0.23s?00D 03
0.223240D 0s
0.210050D 03
0.199240D 03
0.189720D 03
0.180690D 03
0.1?1750D 03
0.162840D 03
0.154070D 03
0.145610D 03
0.1376r.0D 03
0.130140D 03
0.723220D 03
0.116800D 03
0.11.0830D 03
0.105270D 03
0.100050D 03
0.951420D 02
0.905190D 02
0.861590D 02
0.820420D 02
0.781570D 02
0.744890D 02
0.710280D 02
0.677620D 02
0.646800D 02
0.617730D 02
0.590300D 02
0.564430D 02
0.540010D 02
0.516970D 02
0.495230D 02
0.474770D 02
0.455340D 02
0.437050D 02
0.419770D 02
0.403460D 02
0.388060D 02
0.373510D 02
0.359780D 02
0.346810D 02
0.334560D 02
0.323000D 02

M:4

f oppRe

0.975127D 03
0.99?0s4D 03
0.108918D 04
0.111210D 04
0.113705D 04
0.116383D 04
0.119186D 04
0.121969D 04
0.r24422D 04
0.125921D 04
0.125465D 04
0.122116D 04
0.115920D 04
0.108044D 04
0.998513D 03
0.921910D 03
0.853821D 03
0.794517D 03
0.743108D 03
0.698369D 03
0.65903?D 03
0.623887D 03
0.591764D 03
0.56r.679D 03
0.532947D 03
0.505272D 03
0.478674D 03
0.453325D 03
0.429383D 03
0.406902D 03
0.385829D 03
0.366046D 03
0.347413D 03
0.329799D 03
0.313105D 03
0.297258D 03
0.282209D 03
0.267923D 03
0.254369D 03
0.241.519D 03
0.229343D 03
0.21?808D 03
0.206883D 03
0.196536D 03
0.186735D 03
o.777452D 03
0.168657D 03
0.160326D 03
0.152433D 03
0.144956D 03
0.137872D 03
0.131161D 03
0.124804D 03
0.118782D 03
0.113078D 03
0.107676D 03
0.102560D 03
o.977757D 02
o.93r274IJ 02
0.887834D 02
0.846704D 02
0.807765D 02
0.770900D 02
0.736001D 02
0.702966D 02
0.671697D 02
0.64210lD 02
0.614091D 02
0.587583D 02

K

0.383658D-02
0.824083D-02
0.428233D-02
0.918542D-0 2
0.148083D-0 1
0.212601D-01
0.286516D-0L
0.370687D-01
0.465108D-01
0.567501D-01
0.6 713I9D- 0 1
0.766633D-01
0.845469D-01
0.908270D-01
0.961210D-01
0.101081D 00
0.106149D 00
0.111577D 00
0.117501D 00
0.123989D 00
0.131058D 00
0.138672D 00
0.146737D 00
0.15511.1.D 00
0.163652D 00
o.772278D 00
0.180990D 00
0.189857D 00
0.198986D 00
0.20E459D 00
0.218329D 00
0.228614D 00
0.239305D 00
0.250379D 00
0.261820D 00
0.27362lD 00
0.285?83D 00
0.298322D 00
0.311258D 00
0.324615D 00
0.338416D 00
0.352679D 00
0.367425D 00
0.382668D 00
0.398423D 00
0.414704D 00
0.431s18D 00
0.448884D 00
0.466809D 00
0.485308D 00
0.504386D 00
0.524057D 00
0.544335D 00
0.565218D 00
0.586721D 00
0.608848D 00
0.631602D 00
0.654988D 00
0.679007D 00
0.703656D 00
0.728926D 00
0.754815D 00
0.781303D 00
0.808375D 00
0.836014D 00
o.aoìreeD oo
0.892866D 00
0.922011D 00
0.951574D 00
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0.6 516I7D- 02
0.71696 6D-02
0.788763D-02
0.867740D-02
0.954614D-02
0.105018D-01
0.115018D-01
0.125018D-01
0.135 01 8D- 01
0.14s 018D-01
0.155018D-01
0.16 501 8D- 01
0.175 018D- 01
0.185018D-01
0.19501.8D-01
0.205018D-01
0.21501.8D-01
0.2 2 5 01 8D- 01
0.235018D-01
0.245 01 8D- 01
0.2 5 5 01 8D- 01
0.265018D-01
0.275018D-01
0.285018D-01
0.29 5 018D- 01
0.305018D-01
0.31s 018D-01
0.3250r.8D-01

0.312100D 02
0.301810D 02
0.292110D 02
0.282970D 02
0.274350D 02
0.266240D 02
0.258930D 02
0.252560D 02
0.246970D 02
0.242020D 02
0.237600D 02
0.233650D 02
0.230080D 02
0.226850D 02
0.223920D 02
0.221250D 02
0.218800D 02
0.2165soD 02
0.214490D 02
0.212590D 02
0.2108s0D 02
0.209200D 02
8.207700D 02
0.206300D 02
0.205000D 02
0.203790D 02
0.202670Ð 02
0.201620D 02
0.200640D 02
0.199730D 02
0.198880D 02
0.198080D 02
0.197330D 02
0.196640D 02
0.195980D 02
0.1953?0D 02
0.194800D 02
0.194260D 02
0.193760D 02
0.193290D 02
0.192840D 02
0.192430D 02
0.192040D 02
0.191670D 02
0.191330D 02
0.191010D 02
0.190700D 02
0.190420D 02
0.r.90r.50D 02
0.189900D 02
0.189670D 02
0.1894s0D 02
0.189240D 02
0.189040D 02
0.188860D 02
0.188690D 02
0.188530D 02
0.188370D 02
0.188230D 02
0.188100D 02
0.187970D 02
0.187850D 02
0.187841D 02

0.562501D 02
0.538768D 02
0.516316D 02
0.495078D 02
0.474997D 02
0.455996D 02
0.438862D 02
0.423960D 02
0.410852D 02
0.399209D 02
0.388784D 02
0.379383D 02
0.370853D 02
0.363070D 02
0.355934D 02
0.34936sD 02
0.343292D 02
0.337660D 02
0.332419D 02
0.327s28D 02
0.322952D 02
0.318660D 02
0.314625D 02
0.310825D 02
0.307238D 02
0.303846D 02
0.300634D 02
0.297s88D 02
0.294694D 02
0.297942D 02
0.289320D 02
0.286821D 02
0.284434D 02
0.282rs4D 02
0.279973D 02
0.277884D 02
0.275882D 02
0.27396tD 02
0.272118D 02
0.270346D 02
0.268643D 02
0.267004D 02
0.265426D 02
0.263905D 02
0.262439D 02
0.261025D 02
0.259659D 02
0.258340D 02
0.2s7066D 02
0.255834D 02
o.254642D 02
0.2534EED 02
0.2s2370D 02
0.251288D 02
0.250239D 02
0.24922tD 02
0.248234D 02
0-247277D 02
0.246347D 02
0.245444D t2
0.244566IJ 02
0.243773D 02
0.243645D 02

0.3350l.8D-01
0.345018D-01
0.355018D-01
0.365018D-01
0.3 75 01 8D- 01
0.385018D-01
0.395018D-01
0.405018D-01

0.981510D 00
0.101175D 01
0.1 04223D 01
0.107287D 01
0.110358D 01
0.113426D 01
0.116344D 01
0.119007D 01
o.t2L447D 0t
0.123688D 01
0.125753D 01
0.127660D 01
0.129424D 01
0.131059D 01
0.132576D 01
0.133987D 01
0.135300D 01
0.136523D 01
0.137663D 01
0.138727D 01
0.139721D 01
0.140650D 01
0.141519D 0t
0.142332D 01
0.143093D 0t
0.143805D 01
o.r44472D 07
0.145098D 01
0.145684D 01
0.146235D 0L
0.1467s0D 01
0.147235D 01
0.147688D 01
0.148115D 01
0.148516D 01

0.41 5 01 8D- 01
0.42s018D-01
0.43 5 01 8D- 01
0.445018D-01
0.455018D-01
0.465018D-01
0.4750 L 8D-01
0.485018D-01
0.495 018D-01
0.50 5 01 8D- 01
0.515018D-01
0.525 01 8D- 0l
0.535018D-01
0.54 5 01 8D- 01
0.55501 8D- 0 I
0.565018D-01
0.5 75 018D- 01
0.585018D-01
0.5I5 01 8D- 01
0.60s018D- 01
0.6L5018D-01
0.625018D- 01
0.635018D-0I
0.645018D-01
0.65s018D-01
0.66s018D-01
0.665841D-01

0.148891D 01
0.149244D 01
0.149574D 0
0.149886D 0
0.1s0177D 0
0.1504s2D 0
0.150710D 0
0.150953D 0
0.151180D 0
0.151394D 0
0.151596D 0
0.151784D 0
0.151961D 01
0.1s2129D 01
0.152287D 01
0.152434D 01
0.152573D 01
0.152702D 01
0.152825D 01
0.1s2941D 0L
0.153048D 01
0.153149D 01
0.153247D 01
0.153336D 01
0.153421D 0L
0.153499D 01.

0.153574D 01
0.153583D 01
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X

0.100000D-05
0.210 000D-05
0.331000D-05
0.464100D-05
0.610511D-05
0.771562D-05
0.948719D-05
0.1 14359D-04
0.1 35795D-04
0.1593 75D-04
0.185312D-04
0.213843D-04
o.245228D-04
0.279751D-04
0.317726D-04
0.35949 9D-04
0.405449D-04
0.455 994D-04
0.51 15 9 3D-04
o.572753D-04
0.640028D-04
0.714031D-04
0.795435D-04
0.884978D-04
0.983477D-04
0.109t 82D-03
0.121 r.01D- 0 3
0.134211D-03
0.148632D-03
0.16449 5D-03
0. r.81945D-03
0.201139D-03
0.222253D-03
0.24s479D-03
0.271027D-03
0.2I913 0D- 0 3
0.330043D-03
0.364047D-03
0.401452D-03
0.44259 7D-03
0.48785 7D-03
0.53 7643D- 03
0.59 2408D-03
0.652649D-03
0.718914D-03
0.791805D-03
0.871986D-03
0.960 L 85D-03
0.10s 720D-02
0.116392D-02
0.128132D-02
0.141045D-02
0. L 5 5250D-02
0.170875D-02
0.188062D-02
0.206968D-02
0.22776sD-02
0.2s0642D-O2
0.275 806D-02
0.30348 7D-02
0.333 940D-02
0.367430D-02
0.404270D-02
0.444800D-02
0.48 9380D-02
0.538420D-02
0.592360D-02
0.651700D-02
0.7169 70D-02

H :0.4

I Í¿,0R" : 27 .79

Í"R"
0.122930D 04
o.727240D 04
0.131870D 04
0.136660D 04
0.141 350D 04
0.145320D 04
0.147300D 04
0.144910D 04
0.134830D 04
0.115730D 04
0.923070D 03
0.724330D 03
0.s99270D 03
0.535700D 03
0.506200D 03
0.490350D 03
0.476830D 03
0.460360D 03
0.439280D 03
0.414060D 03
0.386050D 03
0.356870D 03
0.328430D 03
0.302720D 03
0.281070D 03
0.263650D 03
0.249630D 03
0.237770D 03
0.227000D 03
0.216680D 03
0.206530D 03
0.1965s0D 03
0.186800D 03
0.177430D 03
0.168530D 03
0.160180D 03
0.152390D 03
0.145140D 03
0.138380D 03
0.132070D 03
0.126150D 03
0.120580D 03
0.115320D 03
0.110350D 03
0.105650D 03
0.101200D 03
0.969760D 02
0.929710D 02
0.891700D 02
0.855600D 02
0.821320D 02
0.788740D 02
0.757770D 02
0.728330D 02
0.700330D 02
0.673720D 02
0.648400D 02
0.624340D 02
0.601460D 02
0.579720D 02
0.559060D 02
0.539440D 02
0.520820D 02
0.s03170D 02
0.486450D 02
0.470620D 02
0.4s5670D 02
0.441560D 02
D.428260I) 02

AI:4

ÍoppRe

0.722926D 04
0.125188D 04
0.127630D 04
0.130220D 04
0.132889D 04
0.135484D 04
0.137691D 04
0.138922D 04
0.13827sD 04
0.134939D 04
0.128972D 04
0.127429D 04
0.1.13558D 04
0.106155D 04
0.995172D 03
0.936512D 03
0.884416D 03
0.837411D 03
0.794142D 03
0.753557D 03
0.714927D 03
0.677817D 03
0.64206lD 03
0.607726D 03
0.s7s0L0D 03
0.544112D 03
0.515130D 03
0.4E8036D 03
0.462709D 03
0.438982D 03
0.416689D 03
0.395681D 03
0.375837D 03
0.357065D 03
0.339293D 03
0.322466D 03
0.306536D 03
0.291461D 03
0.277198D 03
0.263706D 03
0.250944D 03
0.238872D 03
0.227457D 03
0.216642D 03
0.206412D 03
0.i96726D 03
0.187554D 03
0.178866D 03
0.170635D 03
0.162834D 03
0.155440D 03
0.148430D 03
0.141783D 03
0.135478D 03
0.129497D 03
0.123822D 03
0.118436D 03
0.113325D 03
0.108473D 03
0.103867D 03
0.994940D 02
0.953410D 02
0.913990D 02
0.876560D 02
0.841020D 02
0.807290D 02
0.775270D 02
0.744880D 02
0.7r.6060D 02

K

0.480589D-02
0.102824D-01
0.1653 03D-0 1

0.23 65 8 2D-01
0.317735D-01
0.40956lD-01
0.51 19 75D- 01
0.62276 8D-01
0.73598 9D-01
o.842522D-07
0.935405D-01
0.101490D 00
0.108665D 00
0.115678D 00
0.122945D 00
0.130674D 00
0.138928D 00
0.147673D 00
0.156825D 00
0.166275D 00
0.175916D 00
0.185657D 00
0.19s446D 00
0.205293D 00
0.275272D O0
0.225494D 00
0.236071D 00
0.247082D 00
0.258573D 00
0.270558D 00
0.283035D 00
0.295991D 00
0.309421D 00
0.323323D 00
0.337706D 00
0.352589D 00
0.367997D 00
0.3839sgD 00
0.400506D 00
0.417668D 00
0.43s4?5D 00
0.453953D 00
0.473130D 00
0.493024D 00
0.513664D 00
0.535067D 00
0.s57258D 00
0.sE0255D 00
0.604076D 00
0.628736D 00
0.6542s7D 00
0.680644D 00
0.707915D 00
0.736068D 00
0.76511lD 00
0.795047D 00
0.825E67D 00
0.8s757?D 00
0.890147D 00
0.923572D 00
0.957833D 00
0.9928s5D 00
0.102866D 01
0.106519D 01
0.110238D 01
0.114020D 01
0.11?856D 01
0.121740D 01
0.125668D 01
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0.78 8760D-02
0.867740D-02
0.954610D-02
0.1 0s020D-0 1

0.115020D-01
0.125020D-01
0.13 5 02 0D- 0 1
0.145020D-01
0.155020D-01
0.16s020D-01
0.175020D-01
0.185 018D-01
0.195018D-01
0.2 0 5018D- 01
0.215018D-01
0.22 5 01 8D- 01
0.2 3 5 01 8D- 01
0.245018D-01
0.255018D-01
0.265018D-01
0.275018D-01
0.285018D-01
0.2 9 5 018D-01
0.3 0 s 01 8D- 01
0.315018D- 01
0.325018D-01
0.3 3 5 01 8D- 01
0.34 5 01 8D-0 1

0.355 016D- 0 1
0.365018D-01
0.375018D-01
0.385018D-01
0.395018D-01
0.405018D-01
0.415 01 8D- 01
0.42s018D-01
0.435018D-01
0.445 018D-01
0.455018D-01
0.46 5 01 8D- 01
0.475018D-01
0.485018D-01
0.495018D-01
0.505018D-01
0.515018D-01
0.525018D-01
0.535018D-01
0.s450 i.8D-01
0.555018D-01
0.565018D-01
0.575018D-01
0.5 8 5 01 8D- 01
0.5I5 018D- 01
0.605018D-01
0.61501 8D- 01
0.6 2 5 018D-01
0.635018D-01
0.645018D-01
0.655018D-01
0.665018D-01
0.6 75 018D- 01
0.685018D-01
0.68 89 75D-01

0.415740D 02
0.403980D 02
0.392940D 02
0.382590D 02
0.373300D 02
0.365230D 02
0.358170D 02
0.351920D 02
0.346370D 02
0.341390D 02
0.336900D 02
0.332840D 02
0.329140D 02
0.325760D 02
0.322660D 02
0.319810D 02
0.317180D 02
0.3147s0D 02
0.312490D 02
0.310400D 02
0.308450D 02
0.306630D 02
0.304930D 02
0.303350D 02
0.301860D 02
0.300470D 02
0.299170D 02
0.297950D 02
0.296800D 02
0.295?20D 02
0.294700D 02
0.293750D 02
0.2928s0D 02
0.292000D 02
0.291.210D 02
0.290460D 02
0.289750D 02
0.289080D 02
0.288450D 02
0.287860D 02
0.287300D 02
0.286?80D 02
0.286280D 02
0.285810D 02
0.285370D 02
0.284850D 02
0.284560D 02
0.284180D 02
0.283830D 02
0.283500D 02
0.283190D 02
0.282890D 02
0.282670D 02
0.282350D 02
0.282100D 02
0.281870D 02
0.281650D 02
0.281440D 02
0.281240D 02
0.281050D 02
0.280870D 02
0.280710D 02
0.280646D 02

0.688720D 02
0.662810D 02
0.638250D 02
0.614980D 02
0.593970D 02
0.575680D 02
0.559570D 02
0.s452s0D 02
0.532420D 02
0.520840D 02
0.5103'30D 02
0.500738D 02
0.491939D 02
0.483833D 02
0.476337D 02
0.469381D 02
0.462905D 02
0.4s6858D 02
0.451197D 02
0.445884D 02
0.440887D 02
0.436176D 02
0.431,727D 02
0.427579D 02
0.423530D 02
0.479744D 02
0.416144D 02
0.472779D 02
0.4094s3D 02
0.406337D 02
0.403361.D 02
0.400514D 02
0.397788D 02
0.395176D 02
0.392671D 02
0.390266D 02
0.38?955D 02
0.385734D 02
0.383596D 02
0.381537D 02
0.379553D 02
0.377640D 02
0.375795D 02
0.374013D 02
0.372292D 02
0.370628D 02
0.369019D 02
0.367463D 02
0.365956D 02
0.36449?D 02
0.363083D 02
0.361712D 02
0.360383D 02
0.359093D 02
0.357E41D 02
0.356625D 02
0.355445D 02
0.354297D 02
0.353182D 02
0.35209?D 02
0.351042D 02
0.350015D 02
0.349620D 02

0.129625D 01
0.133611D 01
0.137609D 01
0.141613D 01
0.145431D 01
0.148929D 01
0.152141D 01
0.155102D 01
0.1s7841D 01
0.160380D 0L
0.162?41D 01
0.164938D 01
0.166989D 01
0.168904D 01
0.17û696D 01
0.772374D 07
0.173946D 01
0.17s421D 01
0.176806D 01
0.178107D 01
0.179330D 01.
0.180480D 01
0.181562D 01
0.182583D 01
0.183542D 01
0.184446D 01
0.r.85297D 0i
0.186101D 01
0.186857D 01
0.187571D 01
0.188245D 01
0.188881.D 01
0.189479D 01
0.190044D 01
0.190578D 01
0.191081D 01
0.191556D 01
0.1.92006D 01
0.192429D 01
0.192828D 01
0.193205D 01
0.193s61D 01
0.193898D 01
0.194216D 01
0.194516D 01
0.194798D 01
0.195065D 01
0.195319D 01
0.195557D 01
0.195783D 01
0.195996D 01
0.196196D 01,

0.196387D 01
0.196565D 01
0.196734D 01
0.196893D 0L
0.197046D 01
0.197187D 01
0.197323D 01
0.197449D 01
0.197570D 0i
0.197682D 01
0.197736D 0l

q^D
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x
0.100000D-06
0.210000D-06
0.331000D-06
0.46410 0D-06
0.61051 1D-0 6
0.7715 62D-06
0.948718D-06
0.1 14359D-05
0.1 35795D-05
0.1 5 9375D-05
0.185312D-05
0.213843D-05
0.245228D-0s
0.279 751D-05
0.317726D-05
0.359499D-0s
0.405449D-05
0.455994D-05
0.511593D-05
o.572753D-05
0.640028D-05
0.714031D-05
0.795435D-05
0.8 849 78D-05
0.9 83476D-05
0.109182D-04
0. r.2110 LD-04
0.1 342 1 1D-04
0.148632D-04
0.164495D-04
0.181945D-04
0.20113 9D-04
0.222253D-04
0.245479D-04
0.271027D-04
0.29913 0D-04
0.330043D-04
0.364047D-04
0.401452D-04
0.442597D-04
0.487857D-04
0.s37643D-04
0.592408D-04
0.652649D-04
0.718914D-04
0.791805D-04
0.8 71986D-04
0.960185D-04
0.10s720D-03
0.116392D-03
0.128132D-03
0.141045D-03
0.15525 0D-03
0.1708 75D-03
0.1 88062D-03
0.206968D-03
0.227765D-03
0.250642D-03
0.275806D-03
0.303487D-03
0.3339 36D-03
0.s67429D-03
0.404272D-03
0.444800D-03
0.4893 8 0D-03
0.538418D-03
0.s9 23 60D-03
0.651696D-03
0.716966D-03

E :0.6

f Í¿,0R" : 47 .99

Í,R"
0.139553D 04
0.139955D 04
0.140475D 04
0.141041D 04
0.141663D 04
0.142344D 04
0.143089D 04
0.143904D 04
0.144794D 04
0.145765D 04
0.146823D 04
0.r47972D 04
0.149219D 04
0.150566D 04
0.152017D 04
0.153569D 04
0.155217D 04
0.156949D 04
0.158740D 04
0.160547D 04
0.162302D 04
0.163894D 04
0.165145D 04
0.165780D 04
0.16537?D 04
0.163317D 04
0.158775D 04
0.150873D 04
0.139168D 04
0.124315D 04
0.108262D 04
0.934821D 03
0.817011D 03
0.732116D 03
0.672848D 03
0.629890D 03
0.596247D 03
0.567928D 03
0.542702D 03
0.5r.9209D 03
0.496495D 03
0.473795D 03
0.450515D 03
0.426296D 03
0.401281D 03
0.376206D 03
0.352246D 03
0.330537D 03
0.311691D 03
0.29s672D 03
0.281940D 03
0.269763D 03
0.258482D 03
0.247638D 03
0.237000D 03
0.226514D 03
0.216241D 03
0.206291D 03
0.196?69D 03
0.187750D 03
0.1?926sD 03
0.171309D 03
0.163852D 03
0.156853D 03
0.150269D 03
0.144061D 03
0.138196D 03
0.132648D 03
0.127395D 03

M:4

f oppRe

0.139553D 04
0.139763D 04
0.140023D 04
0.140315D 04
0.140639D 04
0.140995D 04
0.141386D 04
0.141815D 04
0.742285D 04
0.142800D 04
0.143363D 04
0.143978D 04
0.144649D 04
0.1453?9D 04
0.746L72D 04
0.147032D 04
0.147960D 04
0.148956D 04
0.1 50019D 04
0.151143D 04
0.152316D 04
0.153516D 04
0.154706D 04
0.155827D 04
0.156783D 04
0.1574s2D 04
0.157564D 04
0.156910D 04
0.155189D 04
0.152211D 04
0.147996D 04
0.t42794D 04
0.136990D 04
0.r.30956D 04
0.124954D 04
0.119133D 04
0.113559D 04
0.1082s7D 04
0.103226D 04
0.984569D 03
0.939289D 03
0.896184D 03
0.854984D 03
0.815415D 03
0.777243D 03
0.740325D 03
0.704640D 03
0.670276D 03
0.637369D 03
0.606039D 03
0.576345D 03
0.548276D 03
0.521762D 03
0.496695D 03
0.47296lD 03
0.450449D 03
0.429063D 03
0.408731D 03
0.389391D 03
0.371000D 03
0.353517D 03
0.336908D 03
0.321136D 03
0.306168D 03
0.291966D 03
0.278495D 03
0.265719D 03
0.253603D 03
0.242174D 03

K

0.539016D-03
0.1 13 3 70D- 0 2
0.179037D-02
0.25r572D-02
0.331728D-02
0.420335D-02
0.5183 3lD-0 2
0.626761D-02
0.746797r)-02
0.8 79 75 7D- 0 2
0.10 2 710D-01
0.119050D-01
0. L 37181D-01
0.157310D-01
0.1796 72D-01
0.204531D-01
0.232178D-01
0.262939D-01
0.297174D-01
0.335276D-01
0.377660D-01
0.424754D-01
0.476965D-01
0.534626D-01
0.5 9 78 91D- 01
0.666591"D-01
0.740000D-01
0.8165I9D- 01
0.8941 1 1D- 01
0.969942D-01
0.104216D 00
0.111025D 00
0.11?519D 00
0.123876D 00
0.130261D 00
0.136803D 00
0.143582D 00
0.150654D 00
0.158055D 00
0.16581lD 00
0.17393lD 00
0.182410D 00
0.191228D 00
0.200344D 00
0-209708D 00
0.219278D 00
0.229036D 00
0.239004D 00
0.249237D 00
0.259810D 00
0.270797D 00
0.282252D 00
0.294213D 00
0.306691D 00
0.319684D 00
0.333185D 00
0.347181D 00
0.361668D 00
0.376643D 00
0.392119D 00
0.408107D 00
0.424629D 00
0.441703D 00
0.459352D 00
0.477590D 00
0.496434D 00
0.515898D 00
0.535991D 00
0.556724D 00
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0.788763D-03
0.867740D-03
0.9 54614D-03
0.105018D-02
0.115529D-02
0.r27092D-O2
0.L3I812D-02
0.153803D-02
0.169193D-02
0.186123D-02
0.204745D-02
0.225230D-02
0.247763D-02
0.272549D-02
0.299814D-02
0.329805D-02
0.362796D-0 2
0.3 99086D-0 2
0.439005D-0 2
0.482915D-02
0.531217D-0 2
0.5 84349D-02
0.642794D-t2
0.707084D-02
0.777802D-O2
0.855593D-02
0.941162D-02
0.103529D-01
0.11.3529D-01
0.123 5 29D- 01
0.133529D-01
0.143529D-0 I
0.153529D-01
0.163529D-01
0.173529D-01
0.183529D-01
0.1 93529D-0 1

0.2 03529D-01
0.213529D-01
0.223529D-07
0.233 529D-01
0.243529D-01
0.253529D-01
0.263 529D-01
0.273 529D-01
0.283529D-01
0.293529D-01
0.303529D-01
0.313529D-01
0.323529D-01
0.333529D-01
0.343529D-01
0.353529D-01
0.3 6 3 52 9D- 01
0.3 73529D-01
0.383529D-01
0.393529D-01
0.403529D-01
0.413529D-01
0.423529D-01
0.433529D-0 r.

0.443530D-01
0.453530D-01
0.463530D-01
0.466859D-01

0.122418D 03
0.117701D 03
0.113231D 03
0.108993D 03
0.104975D 03
0.101165D 03
0.975534D 02
0.941293D 02
0.908835D 02
0.878073D 02
0.848925D 02
0.821316D 02
0.795173D 02
0.770433D 02
0.747036D 02
0.724931D 02
0.?04067D 02
0.68440lD 02
0.66s895D 02
0.648517D 02
0.632240D 02
0.617039D 02
0.602896D 02
0.589793D 02
0.s777r4D 02
0.566641D 02
0.556549D 02
0.547410D 02
0.539419D 02
0.532775D 02
0.52720rD 02
o.522483D 02
0.518456D 02
0.514991D 02
0.511986D 02
0.509359D 02
0.50704?D 02
0.504996D 02
0.503166D 02
0.501522D 02
0.500038D 02
0.498690D 02
0.497460I) 02
0.496333D 02
0.495297D 02
0.494340D 02
0.493454D 02
o.492632D 02
0.491867D 02
0.491153D 02
0.49048?D 02
0.489864D 02
0.489281D 02
0.488734D 02
0.488220D 02
0.487738D 02
0.487285D 02
0.486859D 02
0.486459D 02
0.486081D 02
0.4E5726D 02
0.485390D 02
0.485080D 02
0.484780D 02
0.484687D 02

0.231219D 03
0.220887D 03
0.211090D 03
0.201799D 03
0.192989D 03
0.184635D 0s
0.1?6713D 03
0.169200D 03
0.162076D 03
0.155321D 03
0.148915D 03
0.142841D 03
0.137082D 03
0.131622D 03
0.126446D 03
0.121540D 03
0.116890D 03
0.112484D 03
0.108311D 03
0.1043s9D 03
0.100619D 03
0.970807D 02
0.937355D 02
0.905754D 02
0.875929D 02
0.847808D 02
0.827327D 02
0.796423D 02
0.773785D 02
0.754275D 02
0.737269D 02
0.722305I) 02
0.709027D 02
0.697161D 02
0.686490D 02
0.676839D 02
0.668065D 02
0.660053D 02
0-652706D 02
0.645942D 02
0.639695D 02
0.633905D 02
0.628523D 02
0.623s07D 02
0.618819D 02
0.674429D 02
0.610308D 02
0.60643lD 02
0.602777D 02
0.599327D 02
0.596063D 02
0.592972D 02
0.590039D 02
0.587252D 02
0.584601D 02
0.582075D 02
0.579667D 02
0.577367D 02
0.5?5168D 02
0.573065D 02
0.571050D 02
0.569120D 02
0.567270D 02
0.565490D 02
0.564921D 02

0.578100D 00
0.600122D 00
o.622794D 00
0.646113D 00
0.670068D 00
0.694665D 00
0.719886D 00
0.745705D 00
0.772109D 00
0.799078D 00
0.826564D 00
0.854541D 00
0.882958D 00
0.911764D 00
0.940900D 00
0.970300D 00
0.999880D 00
0.102956D 01
0.105927D 01
0.108888D 01
0.111832D 01
0.1i4747D 01
0.117622D 01
0.120449D 01
0.123216D 01
0.125915D 01
0.128539D 01
0.131081D 01
0.133462D 01
0.135578D 01
0.1s7470D 01
0.139174D 01
0.140717D 01
0.142120D 01
0.143404D 01
0.144583D 01
0.145669D 01
0.146674D 01
0.147605D 01
0.148470D 01
0.149276D 01
0.150028D 01
0.150731D 01
0.151.389D 01
0.152004D 01
0.152583D 01
0.153126D 01
0.153635D 01
0.154115D 01
0.154565D 01
0.154988D 01
0.155388D 01
0.155763D 01
0.156117D 01
0.156450D 01
0.156764D 01
0.15706lD 01
0.157339D 01
0.1.57601D 01
0.157849D 01
0.158082D 01
0.1s8387D 01
0.158518D 01
0.158713D 01
0.158790D 01
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X

0.100000D-06
0.2100 00D-06
0.3 310 0 0D- 0 6
0.464100D-06
0.6L051lD-06
0.7715 62D-06
0.948 718D-06
0.114359D-05
0.1 3579 5D-05
0.1 593 75D-05
0.l.85312D-05
0.213843D-05
0.245228D-05
0.279751D-05
0.317726D-05
0.359499D-05
0.405449D-05
0.455994D-05
0.511593D-05
0.572753D-05
0.640028D-05
0.7140 3lD- 0 5
0.79s435D-05
0.8849 78D-05
0.9 83476D-05
0.109182D-04
0.121101D-04
0.134211D-04
0.1486 3 2D- 04
0.16449sD-04
0.181945D-04
0.201139D-04
0.222253D-04
0.245479D-04
0.277027D-04
0.29 9130D-04
0.330043D-04
0.364047D-04
0.4014 5 2D-04
0.442597D-04
0.4878 5 7D-04
0.53?643D-04
0.592408D-04
0.6 52649D-04
0.718914D-04
0.7918 0 5D-04
0.8719 86D-04
0.960185D-04
0.105720D-03
0.1 163 9 2D- 0 3
0.128132D-03
0.141045D-03
0.155250D-03
0.170875D-03
0.188062D-03
0.206968D-03
0.227765D-03
0.250642D-03
0.275806D-03
0.303487D-03
0.3339 36D-03
0.367429D-03
0.404272D-03
0.444800D-03
0.489380D-03
0.53 8418D- 03
0.592360D-03
0.651696D-03
0.716966D-03

fl : 0.8

f l¿,0R": 71'38

l"R"
0.175239D 04
0.175971D 04
0.176839D 04
0.177793D 04
0.178837D 04
0.179977D 04
0.78r222D 04
0.182575D 04
0.1E4042D 04
0.18s620D 04
0.187299D 04
0.189048D 04
0.190799D 04
0.192413D 04
0.193624D 04
0.193999D 04
0.193144D 04
0.191224D 04
0.189071D 04
0.187322D 04
0.185988D 04
0.184787D 04
0.183444D 04
0.181681D 04
0.179159D 04
0.175398D 04
0.169737D 04
0.161412D 04
0.149897D 04
0.135492D 04
0.119679D 04
0.104624D 04
0.920674D 03
0.82s663D 03
0.?56746D 03
0.706075D 03
0.666742D 03
0.634156D 03
0.605464D 03
0.5789?2D 03
0.553624D 03
0.528677D 03
0.503574D 03
0.4779s3D 03
0.451810D 03
0.425646D 03
0.400390D 03
0.377044D 03
0.356272D 03
0.338196D 03
0.322459D 03
0.308458D 03
0.295581D 03
0.283362D 03
0.277521D 03
0.2599s0D 03
0.248661D 03
0.237726D 03
0.2272ssD 03
0.217259D 03
0.207843D 03
0.19896ED 03
0.190640D 03
0.182814D 03
0.175450D 03
0.168509D 03
0.161956D 03
0.155763D 03
0.149909D 03

M:4

loppRe

0.175239D 04
0.17s622D 84
0.176067D 04
0.176562D 04
0.17?108D 04
0.777707D 04
0.178363D 04
0.179081D 04
0.1.79864D 04
0.180716D 04
0.181637D 04
0.182626D 04
0.183672D 04
0.184751D 04
0.185811D 04
0.186763D 04
0.187486D 04
0.187900D 04
0.188027D 04
0.187952D 04
0.187746D 04
0.187439D 04
0.187030D 04
0.186489D 04
0.185755D 04
0.784727Ð 04
0.183252D 04
0.181119D 04
0.17E089D 04
0.173981D 04
0.168773D 04
0.162652D 04
0.155946D 04
0.i49004D 04
0.14209lD 04
0.1.35375D 04
0.128941D 04
o.722820D 04
0.117018D 04
0.11r.522D 04
0.106312D 04
0.101363D 04
0.966477D 03
0.921385D 03
0.878102D 03
0.836450D 03
0.796354D 03
0.757837D 0s
0.720986D 03
0.685888D 03
0.652591D 03
0.621084D 03
0.s91302D 03
0.563144D 03
0.s36492D 03
0.s11230D 03
0.4872ssD 0s
0.464480D 03
0.442834D 03
0.422260D 03
0.402709D 03
0.384136D 03
0.366502D 03
0.349766D 03
0.s33886D 03
0.318824D 03
0.304539D 03
0.290993D 03
0.278150D 03

K

0.672405D-03
0.74L527D-02
0.223662D-02
0.314519D-02
0.4150 75D-02
0.526419D-02
0.649778D-02
0.786531D-02
0.938215D-02
0.1 10656D-01
0.1.2 9 347D- 01
0.15 010 8D-01
0.173165D-01
0.1 98750D-01
0.227077D-01
0.258300D-01
0.292488D-01
0.329706D-0 i
0.370167D-01
0.414248D-01
0.46237?D-01
0.514963D-01
0.572371D-01
0.634888D-01
0.702663D-01
0.775582D-01
0.853105D-01
0.934008D-01
0.101635D 00
0.109780D 00
0.117635D 00
0.125120D 00
0.132292D 00
0.139301D 00
0.146304D 00
0.153438D 00
0.160801D 00
0.r.68455D 00
0.176447D 00
0.184801D 00
0.193532D 00
0.202638D 00
0.212106D 00
0.221903D 00
0.231986D 00
0.242315D 00
0.252868D 00
0.263651D 00
0.274707D 00
0.286097D 00
0.297888D 00
0.310134D 00
0.322873D 00
0.336123D 00
0.349882D 00
0.364142D 00
0.378890D 00
0.394112D 00
0.409800D 00
0.4259s4D 00
0.442s75D 00
0.459667D 00
o.477243D 00
0.495310D 00
0.513867D 00
0.532920D 00
0.552463D 00
0.57249lD 00
0.592997D 00



0.788 763D-0s
0.867740D-03
0.9s4614D-03
0.105018D-02
0.1 15 5 2 9D-0 2
0.727092D-02
0.1398L2D-02
0.153803D-02
0.169193D-02
0.18 6123D- 0 2
0.204745D-02
0.225230D-02
o.247763D-02
o.272549D-02
0.299 814D-02
0.329805D-02
0.362796D-02
0.3 99086D-02
0.439005D-02
0.482915D-02
0.531217D-02
0.584349D-02
0.642794D-02
0.707084D-02
o.777802D-02
0.855593D-02
0.941162D-02
0.103529D-01
0.1 13 5 29D- 01
0.123529D-01
0.133529D-01
0.143 5 29D- 01
0.153529D-01
0.163529D-01
0.1 73 5 2 9D- 01
0. 1 83 52 9D-01
0.1 83 648D-01

0.144372D 03
0.139138D 03
0.134190D 03
0.129516D 03
0.125103D 03
0.120938D 03
0.117012D 03
0.113314D 03
0.109832D 03
0.106560D 03
0.103486D 03
0.100603D 03
0.979024D 02
0.9s3763D 02
0.930i74D 02
0.908185D 02
0.887729D 02
0.868741D 02
0.8s1160D 02
0.834928D 02
0.819989D 02
0.806292D 02
0.793787D 02
o.782428D 02
0.772168D 02
0.762962D 02
0.754766D 02
0.747530D 02
0.74r379D 02
0.736420D 02
0.732397D 02
o.729777D 02
0.726434D 02
0.724232D 02
o.722420D 02
o.720927D 02
0.720972D 02

0.265973D 03
o.254429D 0s
0.243486D 03
0.233116D 03
0.223288D 03
0.213976D 03
0.205155D 03
0.196800D 03
0.188889D 03
0.181401D 03
0.174314D 03
0.167610D 03
0.161270D 03
0.155278D 03
0.149616D 03
0.144269D 03
o.r39222D 03
0.134462D 03
0.129975D 03
0.125749D 03
0.121771D 03
0.118030D 03
0.114516D 03
0.111218D 03
0.108126D 03
0.105232D 03
0.102527D 03
0.100002D 03
o.977235D 02
0.957741D 02
0.940865D 02
o.926772D 02
0.913106D 02
0.9015s6D 02
0.891233D 02
0.881953D 02
0.881853D 02

0.613961.D 00
0.635366D 00
0.657191D 00
0.679420D 00
0.702005D 00
0.724928D 00
0.?48151D 00
0.??i617D 00
0.?95288D 00
0.819120D 00
0.843033D 00
0.866982D 00
0.890886D 00
0.914685D 00
0.938286D 00
0.961606D 00
0.984556D 00
0.100705D 01
0.102899D 01
0.105028D 01
0.107081D 01
0.109047D 01
0.1.10918D 01
0.112684D 01
0.114334D 01
0.115864D 01
0.117269D 01
0.118541D 01
0.119644D 01
0.120550D 01
0.121295D 01
0.121909D 01
0.122415D 01
0.122834D 01
0.123180D 01
0.123466D 01
0.123472D 01
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x
0.1 00000D-05
0.210000D-05
0.331000D-05
0.464100D- 05
0.61 0 51 1D- 0 5
0.771562D-05
0.94871 9D- 05
0.11435 9D-04
0.135795D-04
0.1 5 9375D-04
0.18 5 312D-04
0.213843D-04
0.245228D-04
0.279 7s 1D-04
0.317726D-04
0.359499D-04
0.405449D-04
0.455994D-04
0.511593D-04
0.572753D-04
0.640028D-04
0.71 403 1D-04
0.795435D-04
0.884978D-04
0.983477D-04
0.109182D-03
0.121101D-03
0.13421 1D-0 3
0.148632D-03
0.164495D-03
0.181945D-03
0.201139D-03
0.222253D-03
0.245479D-03
0.277027D-03
0.29 9130D-03
0.33 0043D-03
0.364047D-03
0.401452D-03
0.4425 97D-03
0.48785?D-03
0.537643D-03
0.592408D-03
0.652649D-03
0.718914D-03
0.791805D-03
0.871986D-03
0.96 018sD-03
0.105720D-02
0.116392D-02
0.12 8132D-02
0.141 045D-02
0.155250D-02
0.1 70 875D-02
0.1 88062D-02
0.206 968D-02
0.227765D-O2
0.25A642D-02
0.275 806D-02
0.303487D-02
0.333936D-02
0.367429D-02
0.404273D-02
0.444800D-02
0.48938 0D-02
0.538418D-02
0.592360D-02
0.6 51 6I7D- 0 2
0.716966D-02

H :0.2

Ífa,oR":27.66

f ,R"

0.146760D 04
0.153034D 04
0.159819D 04
0.166904D 04
0.17367sD 04
0.178345D 04
0.177001D 04
0.167184D 04
0.151370D 04
0.130422D 04
0.106151D 04
0.832848D 03
0.653364D 03
0.529290D 03
0.453165D 03
0.41160lD 03
0.388724D 03
0.3726?3D 03
0.3s7864D 03
0.342970D 03
0.328307D 03
0.314307D 03
0.301079D 03
0.288486D 03
0.276325D 03
0.264425D 03
0.252685D 03
0.241064D 03
0.229569D 03
0.218247D 03
0.207175D 03
0.196408D 03
0.186052D 03
0.1761?2D 03
0.166818D 03
0.158012D 03
0.149752D 03
0.142015D 03
0.134766D 03
0.127964D 03
0.121570D 03
0.115549D 03
0.109873D 03
0.104519D 03
0.994670D 02
0.947011D 02
0.902069D 02
0.859?09D 02
0.819806D 02
0.782236D 02
0.746883D 02
0.7r3623D 02
0.682341D 02
0.6s2914D 02
0.625221D 02
0.s99i33D 02
0.574s28D 02
0.551.286D 02
0.529286D 02
0.508428D 02
0.488628D 02
0.469799D 02
0.451893D 02
0.434865D 02
0.418684D 02
0.403323D 02
0.388760D 02
0.374972D 02
0.361936D 02

M:8

f oppRe

0.146760D 04
0.1s0047D 04
0.153619D 04
0.157429D 04
0.161325D 0^1

0.164878D 04
0.16?141D 04
0.167149D 04
0.164658D 04
0.159593D 04
0.152113D 04
0.142930D 04
0.132999D 04
0.123118D 04
0.113819D 04
0.r.05376D 04
0.978393D 03
0.911251D 03
0.85r110D 03
0.796850D 03
0.747600D 03
0.702693D 03
0.661592D 03
0.623841D 03
0.589036D 03
0.556823D 03
0.526891D 03
0.498970D 03
0.472832D 03
0.448280D 03
0.425157D 03
0.403328D 03
0.38268?D 03
0.363148D 03
0.344641D 03
0.327107D 03
0.310496D 03
0.294758D 03
0.27985LD 03
0.26573r.D 03
0.252357D 03
0.239689D 03
0.227688D 03
0.2i6319D 03
0.205548D 03
0.195344D 03
0.185677D 03
0.176518D 03
0.16?842D 03
0.159625D 03
0.151843D 03
0.144475D 03
0.137499D 03
0.130897D 03
0.124648D 03
0.118734D 03
0.113139D 03
0.107844D 03
0.102834D 03
0.980915D 02
0.936028D 02
0.893528D 02
0.853280D 02
0.815157D 02
0.779040D 02
0.744820D 02
0.712s96D 02
0.681674D 02
0.652566D 02

K

0. s 78 s 74D- 02
0.124220D-01
0.200523D-01
0.288229D-01
0.3886 72D-01
0.502168D-01
0.626058D-01
0. ?54690D-01
0.882622D-0 1
0.100359D 00
0.111148D 00
0.120405D 00
0.128335D 00
0.135345D 00
0.141900D 00
0.148415D 00
0.155162D 00
0.162259D 00
0.169?36D 00
0.177596D 00
0.185848D 00
0.194510D 00
0.203608D 00
0.213165D 00
0.223199D 00
0.233719D 00
0.244734D 00
0.256239D 00
0.268232D 00
0.280705D 00
0.293654D 00
0.307070D 00
0.320954D 00
0.335309D 00
0.350142D 00
0.365469D 00
0.381308D 00
0.397676D 00
0.414599D 00
0.432093D 00
0.450181D 00
0.468878D 00
0.488201D 00
0.508166D 00
0.528787D 00
0.550083D 00
0.572068D 00
0.594754D 00
0.618158D 00
0.642302D 00
0.667204D 00
0.692875D 00
0.719335D 00
0.746608D 00
0.774695D 00
0.803615D 00
0.833392D 00
0.864013D 00
0.89548?D 00
0.927790D 00
0.960918D 00
0.994833D 00
0.102951D 01
0.106488D 01
0.1-10091D 01
0.113753D 01
0.117466D 01
0.727225D 07
0.125018D 01
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0.788?63D-02
0.867740D-O2
0.954614D- 02
0.105018D-01
0.115018D-01
0.125018D-01
0.13 5 0 18D-01
0.145018D-0 t
0.155018D-01
0.165018D-01
0. L 7s018D-01
0. i 85018D-01
0.19501.8D-01
0.205018D-01
0.215018D-01
0.225018D-01
0.23 5018D-01
0.245018D-01
0.25 5018D-01
0.2 65 01 8D- 01
0.2 7501 8D- 01
0.285018D-01
0.295018D-01
0.305018D-01
0.315018D-01
0.325018D-01
0.335018D-01
0.345018D-01
0.355018D-01
0.365018D-01
0.375018D-01
0.385018D-01
0.395018D-01
0.405018D-01
0.415018D-01
0.425018D-01
0.435018D-01
0.445018D-01
0.455018D-01
0.46 5 01 8D- 01
0.475018D-01
0.485018D-01
0.495018D-01
0.505018D-01
0.515 0 18D- 01
0.52 5 01 8D- 01
0.535018D-01
0.545018D-01
0.5 5 5 01 8D- 01
0.56 5 01 8D- 01
0.5 75 01 8D- 01
0.5I5 01 8D- 01
0.595018D-01
0.6 0 5 01 8Ð- 01
0.615018D-01
0.62 5 01 8D- 01
0.635018D-01
0.645 018D- 0 1
0.655018D-01
0.665018D-01
0.670395D-01

0.349620D 02
0.338009D 02
0.3270s6D 02
0.316744D 02
0.3074s9D 02
0.299381D 02
0.292293D 02
0.286026D 02
0.280449D 02
0.275459D 02
0.270977D 02
0.266916D 02
0.263240D 02
0.259894D 02
0.256839D 02
0.254042D 02
0.257476D 02
0.249115D 02
0.246938D 02
0.244928D 02
0.243069D 02
0.241347D 02
0.239749D 02
0.238265D 02
0.236884D 02
0.235600D 02
0.234403D 02
0.233286D 02
0.232245D 02
0.23r272D 02
0.230364D 02
0.229514D 02
0.228719D 02
0.227976D 02
0.227280D 02
0.226628D 02
0.226077D 02
0.22s44sD 02
0.224908D 02
0.224405D 02
0.223933D 02
0.223491D 02
0.223075D 02
0.2226E6D 02
0.222320D 02
0.227977D 02
0.227655D 02
0.227352D 02
0-221068D 02
0.220801D 02
0.220550D 02
0.220315D 02
0.220094D 02
0.219886D 02
0.2196slD 02
0.219508D 02
0.219335D 02
0.279773D 02
0.219021D 02
0.218878D 02
0.218806D 02

0.624991D 02
0.598871D 02
0.5741.35D 02
0.550713D 02
0.s29564D 02
0.511152D 02
0.494942D 02
0.480536D 02
0.467629D 02
0.455983D 02
0.4454r2D 02
0.43576sD 02
0.426918D 02
0.418771D 02
0.411.240D 02
0.404254D 02
0.397753D 02
0.391687D 02
0.386011D 02
0.380687D 02
0.375683D 02
0.370970D 02
0.366522D 02
0.362317D 02
0.358336D 02
0.354559D 02
0.350973D 02
0.347562D 02
0.344313D 02
0.34r217D 02
0.338261D 02
0.335436D 02
0.332735D 02
0.330148D 02
0.327669D 02
0.325292D 02
0.323010D 02
0.320818D 02
0.318710D 02
0.316682D 02
0.374729D 02
0.312848D 02
0.311035D 02
0.309285D 02
0.307597D 02
0.305966D 02
0.304390D 02
0.302866D 02
0.301393D 02
0.299966D 02
0.298585D 02
0.297247D 02
0.295951D 02
0.294693D 02
0.293474D 02
0.292290D 02
0.297742D 02
0.290026D 02
0.288942D 02
0.287888D 02
0.287337D 02

0.12883?D 01
0.132671D 01
0.136508D 01
0.140335D 01
0.143968D 01
o.747277D 01
0.150303D 01
0.153079D 01
0.155631D 01
0.157984D 01
0.160157D 01
0.162168D 01
0.164032D 01
0.16s762D 01
0.167370D 01
0.168866D 01
0.1?0259D 01
0.171559D 01
0.172771D 01
0.173902D 01
0.1749s9D 01
0.175947D 01
0.1768?2D 01
0.177736D 01
0.178547D 01
0.17930sD 01
0.180016D 01
0.t 80682D 01
0.181305D 01
0.181891D 01
0.182440D 01
0.182954D 01
0.183438D 01
0.183891D 01
0.184316D 01
0.184716D 01
0.18509lD 01
0.185444D 01
0.185775D 01
0.186085D 01
0.186376D 01
0.1866soD 01
0.186909D 01
0.187150D 01
0.187378D 01
0.187591D 01
0.187791.D 01
0.187979D 01
0.188158D 01
0.188323D 01.
0.188479D 01
0.188626D 01
0.188766D 01
0.188894D 01
0.1E9017D 01
0.189130D 01
0.189240D 01
0.189341D 01
0.189436D 01
0.189s25D 01
0.189580D 01
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x
0.100000D-05
0.2i0000D-05
0.331000D-05
0.464100D-05
0.610 51 1D- 0 5
0.771 562D-0s
0.948719D-05
0. r.143 5 9D-04
0.13 5 79 5D- 0 4
0.15I3 75D-04
0.185312D-04
0.213843D-04
0.245228D-04
0.279751D-04
0.377726D-04
0.359499D-04
0.405449D-04
0.455I94D-04
0.51 r.5I3D- 04
0.5727s3D-04
0.640028D-04
0.7140 31D-04
0.795435D-04
0.884978D-04
0.98347?D-04
0.10 918 2D-0 3
0.121101D-03
0.134211D-03
0.148632D-03
0.164495D-03
0.18 1 945D-0 3
0.2 0113 9D-0 3
0.222253D-03
0.245479D-03
0.271027D-03
0.2I91 3 0D- 03
0.330043D-03
0.364047D-03
0.401452D-03
0.442597D-03
0.4878s7D-03
0.537643D-03
0.592408D-03
0.652649D-03
0.71 8 914D-0 3
0.791805D-03
0.871986D-03
0.960185D-03
0.1 05720D-02
0.116392D-02
0.128L32D-02
0.141 045D-02
0.15s250D-02
0.1?08 75D-02
0.188062D-02
0.206968D-02
0.22776sD-02
0.250642D-02
0.275806D-02
0.303487D-02
0.333936D-02
0.367429D-02
0.404273D-02
0.444800D-02
0.489380D-02
0.538418D-02
0.592360D-02
0.6 516I7D-0 2
0.716966D-02

H :0.4

f Ía,oR":44'73

f ,R"

0.20s263D 04
0.2734r4D 04
0.221504D 04
0.228670D 04
0.233099D 04
0.237377D 04
0.220155D 04
0.201287D 04
0.179514D 04
0.156122D 04
0.131230D 04
0.107243D 04
0.872503D 03
0.725167D 03
0.626067D 03
0.563364D 03
D.523272D 03
0.494788D 03
0.471549D 03
0.4s0703D 03
0.431233D 03
0.4r-2842D 03
0.395424D 03
0.378871D 03
0.363047D 03
0.347817D 03
0.333068D 03
0.318724D 03
0.304745D 03
0.291131D 03
0.277908D 03
0.26512lD 03
0.252829D 03
0.241085D 03
0.229932D 03
0.219394D 03
0.209473D 03
0.200152D 03
0.191399D 03
0.183174D 03
0.175434D 03
0.168137D 03
0.161248D 03
0.154?34D 0s
0.148571D 03
0.142736D 03
0.137208D 03
0.131972D 03
0.127013D 03
0.122319D 03
0.117879D 03
0.113683D 03
0.109724D 03
0.105993D 03
0.102486D 03
0.991947D 02
0.961137D 02
0.932352D 02
0.905504D 02
0.88049lD 02
0.857195D 02
0.83548lD 02
0.815205D 02
0.796209D 02
0.778326D 02
0.761380D 02
0.745797D 02
0.729604D 02
0.714437D 02

M:8

f oppRe

0.205263D 04
0.209533D 04
0.213909D 04
0.218142D 04
0.22r729D 04
o.223743D 04
0.223073D 04
0.219361D 04
0.213071D 04
0.204645D 04
0.194369D 04
0.1827+5D 04
0.170523D 04
0.158429D 04
0.146976D 04
0.136444D 04
0.126911D 04
0.118328D 04
0.110593D 04
0.103596D 04
0.972397D 03
0.914404D 03
0.861292D 03
0.812480D 03
0.76?468D 03
0.?25824D 03
0.687170D 03
0.6s1179D 03
0.61 7566D 03
0.586086D 03
0.556530D 03
0.528721D 03
0.502511D 03
0.477777D 03
0.454414D 03
0.432334D 03
0.411460D 03
0.391?23D 03
0.373058D 03
0.355406D 03
0.338709D 03
0.322914D 03
0.307969D 03
0.29382sD 03
0.280437D 03
0.267760D 03
0.255?56D 03
0.244385D 03
0.233614D 03
0.223409D 03
0.213741D 03
0.204580D 03
0.19s901D 03
0.187680D 03
0.179894D 03
o.772522D 03
0.165545D 03
0.158945D 03
0.1s2705D 03
0.146808D 03
0.141238D 03
0.135979D 03
0.131016D 03
0.126333D 03
0.121915D 03
o.777746D 03
0.113809D 03
0.110090D 03
0.106572D 03

K

0.803158D-02
0.1 72250D-0 1
0.277293D-07
0.3966s4D-01
0.s30548D-01
0.676720D-01
0.829s58D-01
0.982973D-01
0.113306D 00
0.127609D 00
0.140?60D 00
0.152489D 00
0.162880D 00
0.772277D 00
0.181.107D 00
0.189773D 00
0.198569D 00
0.207668D 00
0.217160D 00
0.227091D 00
0.237492D O0
0.248389D 00
0.259808D 00
0.27r77sD 00
0.284317D 00
0.2974slD 00
0.311199D 00
0.325566D 00
0.340565D 00
0.356199D 00
0.3?247sD 00
0.389395D 00
0.406969D 00
0.42s212D 00
0.444137D 00
0.46377lD 00
0.484141D 00
0.505281D 00
0.527225D O0
0.550010D 00
0.573671D 00
0.598246D 00
0.623770D 00
0.650276D 00
0.677801D 00
0.706372D 00
0.736033D 00
0.766808D 00
0.?98736D 00
0.831854D 00
0.866208D 00
0.901819D 00
0.938747D 00
0.977036D 00
0.101674D 01
0.105792D 01
0.110066D 0L
0.114504D 01
0.119116D 01
0.123913D 01
0.128905D 01
0.134104D 01
0.139526D 01
0.145181D 01
0.151083D 01
0.757244D 07
0.163669D 01
0.170369D 01
0.177343D 01
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0.788763D-02
0.867740D-02
0.9 54614D- 0 2
0.10 5 0 18D-01
0.115 018D-01
0.125018D-01
0.135018D-01
0.145 018D- 01
0.155018D-0i
0.16 5 018D-01
0.175018D-01
0.1 85 01 8D- 01
0.195018D-01
0.2 0 5018D- 01
0.2150t 8D-01
0.2 2 5 018D-01
0.23 5 018D-01
0.245018D-01
0.25 5 01 8D- 01
0.265018D-01
0.275 018D- 0 1

0.2I5 018D-01
0.295018D-01
0.305018D-0L
0.315018D-01
0.32 5 018D- 01
0.335018D-01
0.345018D-01
0.355018D-01
0.365018D-01
0.3 75 01 8D- 01
0.385018D-01
0.3I5 018D-01
0.4050l.8D-01
0.41s 01 8D- 01
0.425018D-01
0.43501ED-01
0.445018D-01
0.455018D-01
0.465018D-01
0.4?s018D-01
0.485018D-01
0.495018D-01
0.s05018D-0L
0.5l.5 01 8D-01
0.5 25 0 1 8D- 01
0.53 5 018D- 01
0.s45018D-01
0.5 5 5 018D-01
0.5 6 5 01 8D- 01
0.575018D-01
0.585018D-01
0.s95018D-01
0.6 0 5 018D-01
0.615018D-01
0.625018D-01
0.63 5 018D-01
0.645018D-01
0.655018D-01
0.665018D-01
0.675018D-01
0.685018D-01
0.695018D-0L
0.70 5 018D-01
0.715 018D- 01
0.725018D-01
0.735018D-01
0.745018D-01
0.75 s 018D-01
0.76 3 719D-01

0.699552D 02
0.684829D 02
0.670187D 02
0.655572D 02
0.647622D 02
0.628814D 02
0.617007D 02
0.606093D 02
0.59s984D 02
0.586608D 02
0.s77901D 02
0.569806D 02
0.562274D t2
0.5ss2s9D 02
0.548720D 02
0.542627D 02
0.53692?D 02
0.531608D 02
0.526635D 02
0.521982D 02
0.577627D 02
0.513547D 02
0.509724D 02
0.506138D 02
o.502773D 02
0.499614D 02
0.496647D 02
0.493858D 02
o.491237D 02
0.488772D 02
0.486452D 02
0.484269D 02
0.482274D 02
0.480278D 02
0.478454D 02
0.476735D 02
0.475114D 02
0.473586D 02
0.47274sD 02
0.470786D 02
0.469503D 02
0.468293D 02
0.467150D 02
0.466071D 02
0.465052D 02
0.464090D 02
0.463181D 02
0.462323D 02
0.461512D 02
0.460745D 02
0.460021D 02
0.459337D 02
0.458689D 02
0.458078D 02
o.457499D 02
0.4s6953D 02
0.456436D 02
0.45594?D 02
0.455484D 02
0.45s047D.02
0.454633D 02
o.454242D 02
0.453872D 02
o.453522D 02
0.453190D 02
0.452877D 02
0.452581D 02
0.4s2300D 02
0.452035D 02
0.451816D 02

0.103239D 03
0.100076D 03
0.970673D 02
0.942000D 02
0.915884D 02
0.892922D 02
0.872486D 02
0.854i17D 02
0.837465D 02
0.82226s]) 02
0.808301D 02
0.795410D 02
0.?834s6D 02
o.77232sD 02
0.761926D 02
0.752i80D 02
0.743027D 02
0.734392D 02
0.72624sD 02
0.718538D 02
0.711233D 02
0.704297D 02
0.697701D 02
0.691421D 02
0.685432D 02
0.679715D 02
0.6742s7D 02
0.669022D 02
0.664015D 02
0.659214D 02
0.654607D 02
0.650183D 02
0.645930D 02
0.64i840D 02
0.637904D 02
0.634112D 02
0.630457D 02
0.626932D 02
0.623530D 02
0.62024'oD 02
o.6!7072D 02
0.614004D 02
0.611038D 02
0.608167D 02
0.605388D 02
0.602697D 02
0.600089D 02
0.59?561D 02
0.595110D 02
0.592732D 02
0.590424D 02
0.588183D 02
0.586007D 02
0.583E93D 02
0.581838D 02
0.579839D 02
0.577896D 02
0.5?6006D 02
0.574166D 02
0.572374D 02
0.s70630D 02
0.568931D 02
o.567276D 02
0.565662D 02
0.564089D 02
0.562s55D 02
0.561059D 02
0.559599D 02
0.558174D 02
0.5s6964D 02

0.184586D 01
0.192090D 01
0.199832D 01
0.207793D 01
0.215564D 01
0.222823D 0t
0.229609D 01
0.235960D 01
0.241906D 01
0.247476D 07
0.252699D 01
0.257597D 01
0.262195D 01
0.26651lD 01
0.270567D 01
0.274378D 01
0.277961D 01
0.281332D 01
0.284503D 01
0.287489D 01
0.290301D 01
0.292950D 01
0.295444D 01
0.297796D 01
0.300013D 01
0.302104D 01
0.304077D 0i
0.305937D 01
0.307694D 01
0.309351D 01
0.310916D 01
0.312393D 01
0.313787D 01
0.315104D 01
0.316350D 01
0.317526D 01
0.318637D 01
0.31.9687D 01
0.320679D 01
0.321616D 01
0.322s03D 01
0.323340D 01
0.324134D 01
0.324882D 01
0.325590D 01
0.326261D 01
0.326894D 01
0.32?493D 01
0.328060D 01
0.328s97D 01
0.329104D 01
0.329583D 0i
0.330038D 01
0.330468D 01
0.330875D 01
0.331257D 01
0.331622D 01
0.331968D 01
0.332293D 01
0.332600D 01
0.332892D 01
0.333168Ð 01
0.333431D 01
0.333677D 01
0.333911D 01
0.334132D 01
0.334342D 01
0.334540D 01
0.334727D 01,
0.334888D 01
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X

0.100000D-06
0.210000D-0 6
0.331000D-06
0.464100D- 06
0.610511D-06
0.771s62D-06
0.948718D-0 6
0.114359D-05
0.135 79 5D-05
0.159375D-05
0.185312D-05
0.2l.3843D-0 5
o.245228D-05
0.279751D-05
0.317726D-05
0.35 9499D-05
0.405449D-05
0.455994D-05
0.511593D-05
0.5?2753D-0s
0.640028D-05
0.714031D-05
0.79 5435D-0 s
0.884978D-05
0.983476D-05
0.109 L 82D-04
0.121 1 0 1D-04
0,1 3421 1D-04
0.148632D-04
0.164495D-04
0.18 r.945D-04
0.201139D-04
o.222253D-O4
0.245479D-04
o.277027D-Ð4
0.29 9130D-04
0.330043D-04
0.364047D-04
0.40 r.452D-04
0.442597D-O4
0.48785 7D-04
0.53 7643D-04
0.592408D-04
0.652649D-04
0.7189r.4D-04
0.791805D-04
0.8719E6D-04
0.960185D-04
0.1 05720D-03
0.116392D-03
0.12 813 2D- 0 3
0.141 045D-03
0.t 55250D-03
0.1 708 75D- 0 3
0.188062D-03
0.20696 8D-03
o.227765D-03
0.25 0642D-03
0.27s806D-03
0.303487D-03
0.333936D-03
0.36 7429D-03
o.404272D-03
0.444800D-03
0.48 9380D-0 3
0.s38418D-03
0.59 236 0D-03
0.6 516I6D- 0 3
0.7r.6966D-03

H :0.6

f fa,ofu":105.40

f ,Re

0.2797r1D 04
0.281390D 04
0.283294D 04
0.285373D 04
0.287636D 04
0.290092D 04
0.292749D 04
0.295609D 04
0.298663D 04
0.301880D 04
0.305195D 04
0.308474D 04
0.311447D 04
0.313599D 04
0.313985D 04
0.37722+D 04
0.304354D 04
0.294516D 04
0.284322D 04
0.275154D 04
0.266878D 04
0.258983D 04
0.250980D 04
0.242360D 04
0.2326r7D 04
0.221493D 04
0.209230D 04
0.196145D 04
0.182095D 04
0-766727D 04
0.150095D 04
0.133000D 04
0.116731D 04
0.r02426D 04
0.906533D 03
0.814604D 03
0.745833D 03
0.695609D 03
0.658328D 03
0.628835D 03
0.603459D 03
0.580109D 03
0.557861D 03
0.536440D 03
0.51.5832D 03
0.496067D 03
0.477132D 03
0.458961D 03
0.441462D 03
0.424540D 03
0.408116D 03
0.392134D 03
0.376566D 03
0.361407D 03
0.3466?5D 03
0.332403D 03
0.318632D 03
0.30s408D 03
0.292769D 03
0.280742D 03
0.269338D 03
0.258555D 03
0.248374D 03
0.238769D 03
0.229706D 03
0.221.752D 03
0.213075D 03
0.205446D 03
0.198240D 03

M:8

f oppRe

o.279711D 04
0.28059lD 04
0.281579D 04
0.282667D 04
0.283859D 04
0.285160D 04
0.286577D 04
0.288116D 04
0.289781D 04
0.291571D 04
0.293478D 04
0.295479D 04
0.297522D 04
0.299506D 04
0.301237D 04
0.302397D 04
0.302619D 04
0.30172lD 04
0.299830D 04
0.297195D 04
0.294008D 04
0.290378D 04
0.286346D 04
0.281896D 04
0.276960D 04
0.271456D 04
0.265332D 04
0.258574D 04
0.251153D 04
0.243011D 04
0.234100D 04
0.224452D 04
0.214219D 04
o.203642D 04
0.19299lD 04
0.1825r.3D 04
0.172404D 04
0.162798D 04
0.153763D 04
0.1453i.5D 04
0.137432D 04
0.130077D 04
0.r.23210D 04
0.116789D 04
0.110778D 04
0.105147D 04
0.998658D 03
0.949084D 03
0.902500D 03
0.858675D 03
0.81?395D 03
0.778461D 03
0.741690D 03
0.706916D 03
0.673993D 03
0.642789D 03
0.613191D 03
0.585099D 03
0.558427D 03
0.533099D 03
0.509049D 03
0.486215D 03
0.464540D 03
0.443969D 03
0.424450D 03
0.405934D 03
0.388372D 03
0.371777D 03
0.355924D 03

K

0.107668D-02
0.2268 rD-02
0.358853D-02
0.505173D-02
0.667 452D-02
0.847539D-02
0.1 04752D-01
0.1 26972D-0 1
0.1 51 6 77D- 01
0.179156D- 01
0.209726D-01
0.243727D-07
0.281502D-01
0.323352D-01
0.3 69445D-01
0.419686D-01.
0.4736 89D-01
0.531104D-01
0.5 919 91D-01
0.656725D-01
0.?25705D-01
0.799246D-01
0.8775 37D-01
0.9605 69D-01
0.104806D 00
0.113948D 00
0.123421D 00
0.133154D 00
0.143050D 00
0.152960D 00
0.162701D 00
0.172103D 00
0.181071D 00
0.189608D 00
0.197794D 00
0.205767D 00
0.213686D 00
0.221713D 00
0.229985D 00
0.23860lD 00
0.247617D 00
0.257069D 00
0.266982D 00
0.277368D 00
0.288244D 00
0.299635D 00
0.3r.1556D 00
0.324029D 00
0.337069D 00
0.350691D 00
0.364907D 00
0.379716D 00
0.395124D 00
0.411123D 00
0.427708D 00
0.4448?3D 00
0.462610D 00
0.48091.1D 00
0.499768D 00
0.519180D 00
0.539145D 00
0.559661D 00
0.580729D 00
0.602346D 00
0.624508D 00
0.647209D 00
0.670438D 00
0.6941?9D 00
0.718411D 00
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0.?88763D-03
0. I 67740D-03
0.9 54 6 14D- 0 3
0.105018D-02
0.1 15 529D- 0 2
0.t27092D-02
0.13I8 12D- 02
0.1 53803D-02
0.16 919 3D- 0 2
0.18 612 3D-0 2
0.204745D-02
0.225230D-02
0.247763D-02
0.272549D-O2
0.299814D-02
0.329805D-02
0.362796D-02
0.399086D-02
0.439005D-02
0.482915D-02
0.5 3121?D-0 2
0.5E4349D-02
0.642794D-02
0.?07084D-0 2
0.777802D-02
0.855593D-02
0.941162D-02
0.103529D-01
0.1 135 2 9D-01
0.1 23529D-0 1

0.133529D-01
0.1.43s29D-0 r.

0.153529D-01
0.163529D-01
0.1 735 2 9D- 01
0.1 83529D-0 1

0.193529D-01
0.203529D-01
0.2135 2 9D- 01
0.223529D-01
0.233529D-01
0.243529D-01
0.253529D-01
0.263529D-0 i
0.273529D-01
0.283529D-01
0.293529D-01
0.3 0 3 52 9D- 01
0.313529D-01
0.323529D-01
0.333529D-01
0.343529D-01
0.353529D-0 i
0.36s529D-01
0.373529D-01
0.383529D-01
0.393529D-01
0.403s29D-01
0.413529D-01
0.423s29D-01
0.433529D-01
0.443529D-01
0.453529D-01
0.463529D-01
0.473529D-01
0.483529D-01
0.493s29D-01
0.s03529D-01
0.51352 9D-01
0.523529D-01
0.533529D-01
0.543529D-01
0.5 53529D-01
0.563529D-01
0.5 73529D-01
0.583529D-01
0.5 88592D-01

0.191436D 03
0.185018D 03
0.178967D 03
0.173273D 03
0.167924D 03
0.162s09D 03
0.158219D 03
0.153844D 03
0.149778D 03
0.146013D 03
0.142540D 03
0.139354Ð 03
0.136445D 03
0.133806D 03
0.131427D 03
0.129295D 03
0.127400D 03
0.r25727D 03
0.124258D 03
0.122976D 03
0.121859D 03
0.120887D 03
0.120034D 03
0.119277D 03
0.118592D 03
0.117958D 03
0.117354D 03
0.116764D 03
0.116194D 03
0.115666D 03
0.115169D 03
0.114700D 03
0.114254D 03
0.113829D 03
0.113425D 03
0.113040D 03
0.112673D 03
0.112324D 03
0.111991D 03
0.111675D 03
0.111373D 03
0.1i.1087D 03
0.110814D 03
0.110554D 03
0.110307D 03
0.110072D 03
0.109849D 03
0.109636D 03
0.109434D 03
0.109242D 03
0.109059D 03
0.108885D 03
0.108?19D 03
0.108561D 03
0.108411D 03
0.108269D 03
0.108133D 03
0.108004D 03
0.107881D 03
0.107?64D 03
0.107652D 03
0.107546D 03
0.107445D 03
0.107349D 03
0.1072s8D 03
0.10?171D 03
0.107088D 03
0.107009D 03
0.106934D 03
0.106862D 03
0.106794D 03
0.106729D 03
0.106667D 03
0.106608D 03
0.1065s2D 03
0.106499D 03
0.106473D 03

0.340952D 03
0.326759D 03
0.313310D 03
0.300567D 03
0.288498D 03
0.277072D 0s
0.266259D 03
0.256033D 03
0.246368D 03
0.237240D 03
0.228626D 03
0.220507D 03
0.212862D 03
0.205672D 03
0.198921D 03
0.192589D 03
0.186661D 03
0.181120D 03
0.175950D 03
0.171133D 03
0.166653D 03
0.162491D 03
0.158631D 03
0.15s053D 03
0.151738D 03
0.148666D 03
0.145820D 03
0.143178D 03
0.140801D 03
0.138766D 03
0.1 36999D 03
0.1.35445D 03
0.r.34065D 03
0.132828D 03
0.131710D 03
0.130692D 03
0.12976r.D 03
0.128904D 03
0.128112D 03
0.727377D 03
0.126692D 03
0.i.26051D 03
0.125450D 03
0.124885D 03
0.r.24352D 03
0.123848D 03
0.123371D 03
0.122919D 03
0.122489D 03
0.1220?9D 03
0.121689D 03
0.121316D 03
0.120960D 03
0.120619D 03
0.120292D 03
0.119978D 03
0.119677D 03
0.119388D 03
0.119110D 03
0.118842D 03
0.118584D 03
0.118335D 03
0.118095D 03
0.11?863D 03
0.117639D 03
0.117423D 03
0.117213D 03
0.1r7010D 03
0.1168i4D 03
0.116624D 03
0.116440D 03
0.116261D 03
0.116088D 03
0.115920D 03
0.115756D 03
0.115598D 03
0.115520D 03

0.743116D 00
0.768259D 00
0.793819D 00
0.819758D 00
0.846033D 00
0.872624D O0
0.899489D 00
0.926589D 00
0.953897D 00
0.981389D 00
0.100903D 01
0.103684D 01
0.1.06481D 01
0.109294D 01
0.112132D 01
0.114995D 01
0.117896D 01
0.120843D 01
0.123852D 01
0.126935D 0L
0.130112D 01
0.133398D 01
0.136815D 01
0.140379D 01
0.144105D 01
0.148004D 01
0.152092D 01
0.156362D 01
0.160671D 01
0.164768D 01
0.168669D 01
0.172378D 01
0.175914D 01
0.179280D 01
0.182483D 01
0.i85526D 01
0.188428D 01
0.191187D 01
0.193E]6D 01
0.196321D 0i
0.198705D 01
0.2009?0D 01
0.203127D 01
0.205184D 01
0.207138D 01
0.208995D 01
0.210766D 01
0.212458D 01
0.214065D 01
0.21s587D 01
o.277047D 07
0.218430D 01
0.219754D 01
0.22101lD 01
o.222205D 07
0.223337D 01
0.224422D 07
0.225460D 01
0.226445D 0t
0.227384D 01
o.228279D 07
0.229727D 07
0.229939D 01
0.230?08D 01
0.237442D 07
o.232752D 07
0.232808D 01
0.233436D 01
0.234046D 01
0.234625D 01
0.235180D 01
0.235696D 01
0.236202D 01
0.236682D 01
0.237120D 01
0.237566D 01
o.237797D 07
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X

0.1 00000D-06
0.210000D-06
0.331000D-06
0.464100D-06
0.610511D-06
0.771562D-06
0.948 71 8D- 0 6
0.1 143 5 9D- 0 s
0.1 3579sD-0s
0.159375D-0s
0.185 312D- 0 5
0.213843D-05
0.245228D-05
0.279751D-05
0.31772 6D- 0 5
0.359499D-05
0.405449D- 05
0.455994D-0s
0.511593D-05
0.5?2 753D-05
0.640028D-05
0.7140 31D- 0 s
0.795435D-0s
0.884978D-0 5
0.9 83476D- 0 5
0.10 9182D- 04
0.121 1 01D- 04
0.1 34211D- 04
0.148632D-04
0.1 64495D-04
0. 1 81945D- 04
0.2011s9D-04
0.222253D-O4
0.245479D-04
0.277027D-04
0.299130D-04
0.330043D-04
0.364047D-04
0.401452D-04
0.442597D-04
0.4878s7D-04
0.537643D-04
0.592408D-04
0.652649D-04
0.71 89 14D-04
0.791805D-04
0.8 71 986D-04
0.960 1 85D-04
0.1 05720D-03
0.116392D-03
0.12813 2D-0 3
0.141 045D-03
0.1 55250D-03
0.1 70875D- 03
0.1 88062D-03
0.206968D-03
0.227765D-03
0.250642D-03
0.27s 806D-03
0.303487D-03
0.3 33I36D- 0 3
0.367429D-03
0.404272D-03
0.444800D-0 3
0.48 9380D-03
0.538418D-03
0.592360D-03
0.6516 96D- 0 3
0.716 96 6D- 0 3

,ff : 0.8

f f¿,rR":166.00

f ,R"

0.426613D 04
0.43461?D 04
0.443605D 04
0.453474D 04
0.463498D 04
0.470748D 04
0.467858D 04
0.450307D 04
0.428549D 04
0.411622D 04
0.398703D 04
0.387233D 04
0.3?6083D 04
0.365011D 04
0.354068D 04
0.343356D 04
0.332942D 04
0.322851D 04
0.313071D 04
0.303556D 04
0.294237D 04
0.2E4970D 04
0.275589D 04
0.26s762D 04
0.255106D 04
0.243331D 04
0.230532D 04
0.216984D 04
0.202679D 04
0.187343D 04
0.170902D 04
0.153892D 04
0.137364D 04
o.722422D 04
0.109742D 04
0.99489?D 03
0.914847D 03
0.853456D 03
0.805925D 03
0.767s41D 03
0.734690D 03
0.704844D 03
0.676969D 03
0.6s0476D 03
0.625214D 03
0.60111 9D 03
0.578165D 03
0.556257D 03
0.535306D 03
0.51s209D 03
0.49s856D 03
0.47?190D 03
0.459146D 03
0.441708D 03
0.424874D 03
0.408642D 03
0.393054D 03
0.3?8137D 03
0.363922D 03
0.350433D 03
0.33?698D 03
0.3256E1D 03
0.314403D 03
0.303830D 03
0.293928D 03
0.284658D 03
0.275981D 03
0.267857D 03
0.260247D 03

It[ :8

f oppRe

0.426613D 04
0.430805D 04
0.435484D 04
0.440644D 04
0.446r24D 04
0.451264D 04
0.454363D 04
0.453672D 04
0.449706D 04
0.44407r.D 04
0.437727D 04
0.4s0985D 04
0.423959D 04
0.416684D 04
0.409200D 04
0.401549D 04
0.393774D 04
0.385912D 04
0.377996D 04
0.370047D 04
0.362078D 04
0.354086D 04
0.346053D 04
0.337929D 04
0.329634D 04
0.321070D 04
0.312159D 04
0.302862D 04
0.293142D 04
0.282939D 04
0.272794D 04
0.260905D 04
0.249168D 04
0.237176D 04
0.225164D 04
0.213357D 04
0.201.942D 04
0.191051D 04
0.180759D 04
0.171091D 04
0.162034D 04
0.153556D 04
0.145619D 04
0.13E182D 04
0.131208D 04
0.124663D 04
0.11.8517D 04
0.112740D 04
0.107306D 04
0.102191D 04
0.973715D 03
0.928257D 03
0.88533sD 03
0.844?69D 03
0.806394D 03
0.770060D 03
0.?35636D 03
0.703006D 03
0.672069D 03
0.642733D 03
0.614919D 03
0.588553D 03
0.563569D 03
0.539903D 03
0.517496D 03
0.496289D 03
0.476227D 03
0.4572ssD 0s
0.439321D 03

K

0.164004D-02
0.34?931D-02
0.554600D-02
0.787792D-02
0.1048 91D- 01
0.13414 7D- 01
0.1 6 6125D- 01
0.199932D-01
0.235253D-01
0.272577D-07
0.31215 4D- 01
0.354452D-01
0.3e9581D-01
0.447693D-01
0.498954D-01
0.553552D-01
0.6116 9 6D-01
0.673613D-01
0.739547D-01
0.809 747D-01
0.884457D-01
0.963896D-0 L
0.104823D 00
0.113747D 00
0.123144D 00
0.132970D 00
0.143169D 00
0.153677D 00
0.164411D 00
0.17s244D 00
0.186015D 00
0.196555D 00
0.206?54D 00
0.216585D 00
0.226104D 00
0.23542lD 00
0.244681D 00
0.254031D 00
0.263605D 00
0.273505D 00
0.283800D 00
0.294529D 00
0.305723D 00
0.317396D 00
0.32956?D 00
0.342253D 00
0.355474D 00
0.369241D 00
0.383569D 00
0.398475D 00
0.413966D 00
0.430039D 00
0.446695D 00
0.463925D 00
0.481720D 00
0.s00068D 00
0.518954D 00
0.s38365D 00
0.5s8285D 00
0.s78705D 00
0.5996r.4D 00
0.621004D 00
0.642872D 00
0.665213D 00
0.688021D 00
0.711291D 00
0.735017D 00
0.759187D 00
0.783?90D 00
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0.788763D-03
0.867740D-03
0.954614D-03
0.105018D-02
0.115529D-02
0.127092D-02
0.139812D-02
0.153803D-02
0.169193D-02
0.186123D-02
0.204745D-02
0.225230D-02
0.247763D-02
0.272549D-02
0.299814D-02
0.329805D-02
0.362796D-02
0.399086D-02
0.43s005D-02
0.4829 L 5D-02
0.531217D-02
0.58434eD-02
0.642794D-02
0.707084D-02
0.777802I)-02
0.855593D-02
0.941162D-02
0.10240 7D-01

0.253117D 03
0.246432D 03
0.240159D 03
o.234267D 03
o.228727D 03
0.223510D 03
0.218590D 03
0.213945D 03
0.209553D 03
0.205400D 03
0.201473D 0s
0.197766D 03
0.194275D 03
0.191002D 03
0.187948D 03
0.185118D 03
0.182514D 03
0.180140D 0s
0.177994D 0s
0.176075D 03
0.174376D 03
0.172888D 03
0.171601D 03
0.170498D 03
0.169566D 03
0.168787D 03
0.16E144D 03
0.167684D 03

0.42237lD 03
0.406358D 03
0.391233D 03
0.376950D 03
0.363464D 03
0.350730D 03
0.338709D 03
0.327359D 03
0.316643D 03
0.306525D 03
0.296970D 03
0.287947D 03
0.279428D 03
0.2?1387D 03
0.263799D 03
0.256644D 03
0.249903D 0s
0.243559D 03
0.237597D 03
0.232003D 03
0.226763D 03
0.221865D 03
0.217295D 03
0.213040D 03
0.209087D 03
0.205423D 03
0.202034D 03
0.199278D 03

0.808801D 00
0.834204D 00
0.859966D 00
0.886058D 00
0.912420D 00
0.939007D 00
0.965760D 00
0.992577D 00
0.101937D 01
0.r.04605D 01
0.107245D 01
0.109846D 01
0.112393D 01
0.114871D 01
0.r.17262D 01
0.119553D 01
0.121730D 01
0.123779D 01
0.125691D 01
0.t274s7D 07
0.129071D 01
0.130532D 01
0.131837D 01
0.132988D 01
0.133990D 01
0.r.34852D 01
0.135580D 01
0.136234D 01
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X

0.100000D-05
0.210000D-05
0.3 31 0 0 0D-0 5
0.464100D-05
0.610511D-05
0.7? 15 6 2D- 0 5
0.948719D-05
0.1 14359D-04
0.135 795D-04
0.15 9375D-04
0.18 5 312D- 04
0.213843D-04
0.245228D-04
0.279751D-04
0.3t7726D-04
0.3s949 9D-04
0.405449D-04
0.455994D-04
0.511593D-04
0.572753D-04
0.640028D-04
0.714031D-04
0.79 543 5D- 04
0.884978D-04
0.9 83477D-04
0.10 91 8 2D-0 3
0.1211 01D-0 3
0.134211D-03
0.148 632D-03
0.164495D-03
0.1I1945D-03
0.2 011 3 9D-0 3
o.222253D-03
0.245479D-O3
0.271.027D-03
0.299 r.30D-03
0.330043D-03
0.3 64047D- 0 3
0.401452D-03
0.442597D-03
0.48 78 5 7D- 0 3
0.53?643D-03
0.592408D-03
0.652649D-03
0.718 914D-03
0.791805D-03
0.8 719 8 6D- 0 3
0.960185D-03
0.10 s 72 0D- 0 2
0. r.163 92D-02
0.128132D-02
0.141 045D-02
0.155250D-02
0.170875D-02
0.1 88062D-02
0.206968D-02
o.227765D-02
0.250642D-O2
0.2 7s806D-02
0.303487D-02
0.333 936D-02
0.367429D-02
0.404273D-O2
0.444800D-02
0.489380D-02
0.538418D-02
0.592360D-02
0.65 1 697D-02
0.716966D-02

H :0.2

Ï Í¿,0R" : 27.70

f "Re
0.319867D 04
0.3531s0D 04
0.365738D 04
0.307167D 04
0.231554D 04
0.190935D 04
0.174676D 04
0.764774Ð 04
0.152439D 04
0.135285D 04
0.114760D 04
0.949095D 03
0.793390D 03
0.688693D 03
0.622669D 03
0.579424D 03
0.547602D 03
0.520969D 03
0.49669lD 03
0.473723D 03
0.451793Ð 03
0.430885D 03
0.410991D 03
0.392060D 03
0.373994D 03
0.356683D 03
0.340030D 03
0.323964D 03
0.308448D 03
0.293471D 03
0.279047D 03
0.265203D 03
0.251973D 03
0.239389D 03
0.227477D 03
0.216250D 03
0.205707D 03
0.195836D 03
0.186613D 03
0.178003D 03
0.169969D 03
0.762472D 03
0.155467D 03
0.148909D 03
0.142751D 03
0.136948D 03
0.131453D 03
0.726222D 03
0.121213D 03
0.116392D 03
0.111725D 03
0.107186D 03
0.102753D 03
0.984078D 02
0.947412D 02
0.899466D 02
0.8s8239D 02
0.81781sD 02
0.778330D 02
0.739962D 02
0.702909D 02
0.667381D 02
0.63357sD 02
0.601643D 02
0.577702D 02
0.543819D 02
0.518003D 02
0.494277D 02
0.472386D 02

M:76

f oppRe

0.319867D 04
0.337301D 04
0.347696D 04
0.336073D 04
0.311008D 04
0.285944D 04
0.265167D 04
0.248060D 04
0.232965D 04
0.218513D 04
0.203991D 04
0.189438D 04
0.175347D 04
0.162207D 04
0.150262D 04
0.139535D 04
o.729927D 04
0.121300D 04
0.113515D 04
0.106452D 04
0.100012D 04
0.941121D 03
0.886869D 03
0.836803D 03
0.790451D 03
0.747406D 03
0.707313D 03
0.669867D 03
0.634800D 03
0.601883D 03
0.5?0921D 03
0.541747D 03
0.514219D 03
0.488216D 03
0.463638D 03
0.440396D 03
0.418414D 03
0.397624D 03
0.377963D 03
0.s593?4D 03
0.341803D 03
0.325197D 03
0.309506D 03
0.294683D 03
0.280679D 03
0.267447D 03
0.254942D 03
0.243118D 03
0.231931D 03
0.227337D 03
0.211295D 03
0.201763D 03
0.192704D 03
0.184082D 03
0.17s862D 03
0.168014D 03
0.160509D 03
0.153323D 03
0.146436D 03
0.139829D 03
0.133488D 03
0.127403D 03
0.121s67D 03
0.11s972D 03
0.110615D 03
0.105494D 03
0.100604D 03
0.959441D 02
0.915102D 02

K

0.126863D-01
0.2 810 s 7D- 01
0.456 762D-01
0.618855D-01
0.752878D-01
0.8 7413 LD- 01
0.9959 92D-01
0.112232D 00
0.125070D 00
0.137s74D 00
0.149199D 00
0.159722D 00
0.169342D 00
0.1784?8D 00
0.18?525D 00
0.r.96754D 00
0.206320D 00
0.216305D 00
0-226748D 00
0.237674D 00
0.249104D 00
0.261056D 00
0.273556D 00
0.286628D 00
0.300296D 00
0.314578D 00
0.329498D 00
0.345066D 00
0.361295D 00
0.378196D 00
0.3957E3D 00
0.414063D 00
0.433056D 00
0.452778D 00
0.473255D 00
0.494518D 00
0.516603D 00
0.539554D 00
0.563420D 00
0.588256D 00
0.614122D 00
0.641081.D 00
0.669201D 00
0.698554D 00
0.729209D 00
0.?6123sD 00
0.?94704D 00
0.829673D 00
0.866194D 00
0.904310D 00
0.944056D 00
0.98541 9D 00
0.102841D 01
0.107298D 01
0.111907D 01
0.116660D 01
0.12154sD 01
0.126s48D 01
0.131655D 01
0.136848D 01
0.142108D 01
0.147418D 01
0.152763D 01
0.158123D 01
0.163484D 01
0.168837D 01
0.174166D 01
0.179465D 01.
0.184723D 01

256



0.788 763D-02
0.867740D-02
0.9 54614D- 0 2
0.105018D-01
0.115018D-01
0.12 5 018D- 01
0.135018D-01
0.145018D-01
0.155018D-01
0.165018D-01
0.l.75 018D- 01
0.18 5 018D-01
0.195018D-01
0.205018D-01
0.215018D-01
0.225018D-01
0.235018D-01
0.245018D-01
0.25s018D-01
0.265018D-01
0.2 75 018D- 01
0.285018D-01
0.2 9 5 01 8D- 01
0.3 0 5 01 8D- 01
0.315018D-01
0.325018D-01
0.3 3 5 01 8D- 01
0.345 01 8D- 01
0.355018D-01
0.365018D-01
0.3 75018D- 01
0.3 8 5 01 8D- 01
0.395018D-01
0.40s0L8D-01
0.415 018D- 01
0.425018D-01
0.435018D-01
0.445018D-01
0.4s50 L 8D-01
0.465018D-01
0.475018D- 01
0.48s018D-01
0.495018D-01
0.505018D-01
0.515018D-01
0.s 2 5 01 8D- 01
0.535018D-01
0.545 01 8D- 01
0.555018D-01
0.5 65 01 8D- 01
0.5 75 018D- 01
0.585018D-01
0.595018D-01
0.605018D-01
0.615018D-01
0.62s018D-01
0.635018D-01
0.645018D-01
0.655018D-01
0.6 6 5 01 8D- 01
0.666491D-01

0.4s2400D 02
0.434133D 02
0.417446D 02
0.402201D 02
0.388837D 02
0.s77483D 02
0.367715D 02
0.359223D 02
0.3s1771D 02
0.34s180D 02
0.339311D 02
0.334051D 02
0.329314D 02
0.325028D 02
0.321133D 02
0.3r?582D 02
0.314334D 02
0.311355D 02
0.308616D 02
0.306091D 02
0.303760D 02
0.301604D 02
0.299606D 02
0.297753I) 02
0.296031D 02
0.294430D 02
0.2s2940D 02
0.291551D 02
0.290256D 02
0.289048D 02
0.287920D 02
0.286E65D 02
0.285880D 02
0.284958D 02
0.284095D 02
0.283287D 02
0.28253lD 02
0.281823D 02
0.2811s9D 02
0.280537D 02
0.2799s4D 02
0.279407D 02
0.278894D 02
0.278413D 02
0.277961D 02
0.277538D 02
0.277140D 02
0.276767D 02
0.27641.7D 02
0.276088D 02
0.275779D 02
0.2?5489D 02
0.27s277D 02
0.274962D 02
0.274722D 02
0.274496D 02
0.274284D 02
0.274085D 02
0.273898D 02
0.273723D 02
0.273699D 02

a.872984D 02
0.833043D 02
0.795222D 02
0.?59458D 02
o.727235D 02
0.6992s9D 02
0.674703D 02
0.652949D 02
0.633520D 02
0.61604?D 02
0.600235D 02
0.585848D 02
0.572694D 02
0.560613D 02
0.549476D 02
0.539170D 02
0.529603D 02
0.520696D 02
0.512380D 02
0.504596D 02
o.497293D 02
0.490427D 02
0.483959D 02
0.477854D 02
0.472083D 02
0.46661?D 02
0.461433D 02
0.456s09D 02
0.451826D 02
0.447366D 02
0.443115D 02
0.439056D 02
0.435179D 02
0.431470D 02
0.427979D 02
0.424576D 02
0.421252D 02
0.418119D 02
0.415109D 02
0.472275D 02
0.409430D 02
0.406?50D 02
0.404167D 02
0.40r677D 02
0.399274D 02
0.396956D 02
0.394716D 02
0.392552D 02
0.390460D 02
0.388435D 02
0.386476D 02
0.384579D 02
0.382741D 02
0.380960D 02
o.379232D 02
0.377s57D 02
0.375930D 02
0.374351D 02
0.372818D 02
0.371328D 02
0.371114D 02

0.189932D 01
0.195086D 01
0.200176D 01
0.205192D 01
0.209906D 01
0.214165D 01
0.218034D 01
0.221564D 01
0.224795D 0t
0.227762D 07
0.230495D 01
0.233018D 01
0.235351D 01
0.237512D 01
0.239518D 01
0.241381D 01
0.243115D 01
0.244730D 07
0.246235D 0L
0.24?639D 01
0.248950D 01
0.250174D 01
0.251319D 01
0.252389D 01
0.2s3392D 01
0.254329D 01
0.255207D 01
0.256030D 01
0.256800D 01
0.257522D 07
0.258200D 01
0.258834D 01
0.259430D 01
0.259989D 01
0.260513D 01
0.261005D 01
0.261467D 01
0.261900D 01
0.262307D 01
0.262689D 01
0.263046D 01
0.263384D 01
0.263700D 01
0.263997D 01
0.264274D 07
0.264538D 01
0.264783D 01
0.265014D 01
0.265232D 01
0.265434D 01
0.265626D 01
0.265806D 01
0.265975D 01
0.266135D 01
0.266283D 01
0.266425D 01
0.2665ssD 01
0.266679D 01
0.266797D 01
0.266906D 01
0.266927D 01

257



X

0.1 00000D-05
0.210000D-05
0.331000D-05
0.464100D-05
0.610511D-05
0.771562D-05
0.948719D-05
0.114359D-04
0.1 35795D-04
0.1 59375D-04
0.1 8 5 312D-04
0.213843D-04
0.245228D-04
0.2 79?51D-04
0.377726D-04
0.359499D-04
0.40 5449D-04
0.455994D-04
0.s 11593D-04
0.572753D-04
0.640028D-04
0.71403 1D-04
0.795435D-04
0.884978D-04
0.9 83477D-04
0.l.09182D-03
0.121101D-03
0.134211D-03
0.148632D-03
0.1 64495D-03
0.181945D-03
0.201139D-03
o.2222s3D-03
0.245479D-03
0.271027D-03
0.299130D-03
0.3 30043D-03
0.364047D-03
0.401452D-03
0.442597D-03
0.487857D-03
0.537643D-03
0.592408D-03
0.652649D-03
0.718 914D- 0 3
0.791805D-03
0.871986D-03
0.960185D-03
0.1 05720D-02
0.116392D-02
0.12 81 3 2D- 02
0.14 1 045D-02
0.1 55250D-02
0.1 70875D-02
0.188062D-02
0.206968D-02
o.227765D-02
o.250642D-02
0.275806D-02
0.303487D- 02
0.333936D- 02
o.367429D-02
0.404273D-O2
0.444800D-02
0.489380D-02
0.538418D-02
0.59 2360D-02
0.65169?D-02
0.716966D-02

H :0.4

f l¿,0 R" : 73.89

f ,R"

0.588617D 04
0.621230D 04
0.515894D 04
0.395067D 04
0.303903D 04
0.250336D 04
o.223724D 04
0.207830D 04
0.193346D 04
0.176393D 04
0.156525D 04
0.136008D 04
0.118029D 04
0.104291D 04
0.945324D 03
0.875654D 03
0.822619D 03
0.778803D 03
0.740191D 03
0.704874D 03
0.67203sD 03
0.641281.D 03
0.612450D 03
0.585369D 03
0.s59869D 03
0.535777D 03
0.512929D 03
0.491189D 03
0.470447D 03
0.450627D 03
0.431679D 03
0.413577D 03
0.396312D 03
0.379885D 03
0.364300D 03
0.349562D 03
0.335669D 03
0.322614D 03
0.310386D 03
0.298965D 03
0.288338D 03
0.27847rD 03
0.269357D 03
0.260969D 03
0.253285D 03
0-246277D 03
0.239916D 03
0.234163D 03
0.228978D 03
0.224307D 03
0.220096D 03
0.216282D 03
0.212797D 03
0.209568D 03
0.206522D 03
0.203581D 03
0.200670D 03
0.197717D 03
0.194657D 03
0.191435D 03
0.188007D 03
0.184345D 03
0.180431D 03
0.176263D 03
0.171848D 03
0.167205D 03
0.162358D 03
0.157339D 03
0.152187D 03

M :76

f oppRe

0.s88617D 04
0.605700D 04
0.572870D 04
0.521878D 04
0.469604D 04
0.423835D 04
0.386468D 04
0.356027D 04
0.330347D 04
0.307s70D 04
0.286428D 04
0.266359D 04
0.247376D 04
0.229?18D 04
0.213561D 04
0.198920D 04
0.185699D 04
0.173748D 04
0.162909D 04
0.153041D 04
0.144018D 04
0.135738D 04
0.12811 5D 04
0.121075D 04
0.114556D 04
0.108505D 04
0.702874rJ 04
0.976231D 03
0.927157D 03
0.881202D 03
0.838090D 03
0.797579D 03
0.7s94s9D 03
0.723546D 03
0.689683D 03
0.657729D 03
0.627563D 03
0.599079D 03
0.572180D 03
0.54678lD 03
0.52280sD 03
0.500180D 03
0.47884lD 03
0.458731D 03
0.439794D 03
0.421980D 03
0.405239D 03
0.389524D 03
0.374?91D 03
0.360993D 03
0.348084D 03
0.33601?D 03
0.324743D 03
0.314211D 03
0.304369D 03
0.295162D 03
0.28653sD 03
o.278428D 03
0.270785D 03
0.26s547D 03
0.256659D 03
0.250067D 03
0.243721,D 03
0.237575D 03
0.231587D 03
0.225724D 03
0.219953D 03
o.274252D 03
0.208602D 03

K

0.232491D-01
0.502582D-01
0.748 6I8D- 01
0.955098D- 01
0.112875D 00
0.128526D 00
0.143856D 00
0.159480D 00
0.175425D 00
0.191366D 00
0.20683?D 00
0.221516D 00
0.235407D 00
0.248788D 00
0.262025D 00
0.275422D O0
0.289183D 00
0.303436D 00
0.318253D 00
0.333692D 00
0.349787D 00
0.366582D 00
0.384120D 00
0.402440D 00
0.421587D 00
0.441604D 00
0.462536D 00
0.484419D 00
0.507294D 00
0.531198D 00
0.556173D 00
0.582252D 00
0.609484D 00
0.637913D 00
0.667592D 00
0.698581D 00
0.730950D 00
0.764781D 00
0.800i66D 00
0.83?209D 00
0.876035D 00
0.916778D 00
0.959597D 00
0.100468D 01
0.105223D 01
0.110249D 01
0.115574D 01
0.727229D 07
0.727247D 01
0.133668D 01
0.140s35D 01
0.147890D 01
0.155783D 01
0.164263D 01
0.1?3381D 01
0.183189D 01
0.193737D 01
0.205068D 01
0.277225D 0t
0.230240D 01
0.244139D 01
0.258938D 01
0.274640D 07
0.29r237D 07
0.308705D 01
0.32701.1D 01
0.346099D 01
0.365907D 01
0.386350D 01

258



0.78876 3D-02
0.867740D-02
0.9 54614D- 0 2
0.105018D-01
0.115018D-01
0.125018D-01
0.13 5 01 8D- 0 1
0.145 01 8D- 01
0.155018D-01
0.16 5 01 8D-01
0.1 75 01 8D-01
0.185018D-01
0.195018D-01
0.205018D-01
0.215018D-01
0.22 5 01 8D- 01
0.235018D-01
0.245018D-01
0.25 5 01 8D- 01
0.2 6 5 01- 8D- 01
0.27501.8D-01
0.285018D-01
0.29 5 01 8D- 01
0.305018D-01
0.31 5 01 8D-01
0.325018D-01
0.335018D-01
0.345018D-01
0.355018D-01
0.3 65 0 L 8D- 01
0.3 75 01 8D- 0 L
0.385018D-01
0.3I5 01 8D- 01
0.40 5 01 8D- 01
0.41 5 01 8D- 01

0.146941D 03
0.141647D 03
0.136351D 03
0.1.31100D 03
0.126166D 03
0.121730D 03
0.117736D 03
0.114136D 03
0.110887D 03
0.107948D 03
0.105286D 03
0.1028?1D 03
0.100676D 03
0.986773D 02
0.96854sD 02
0.951892D 02
0.936654D 02
0.922689D 02
0.909871D 02
0.898087D 02
o.887240Ð 02
o.87724rD 02
0.868013D 02
0.859484D 02
0.851593D 02
0.844283D 02
0.837506D 02
0.831214D 02
0.825368D 02
0.819932D 02
0.814871D 02
0.810158D 02
0.805763D 02
0.801662D 02
0.797834D 02
o.794257Ð 02
0.790914D 02
0.787786D 02
0.784859D 02
0.782118D 02
0.779550D 02
0.777144D 02
o.774887D 02
0.772770D 02
0.770783D 02
0.768918D 02
0.767166D 02
0.76552lD 02
0.?63975D 02
0.762521D 02
0.761155D 02
0.759870D 02
0.758661D 02
0.757524D 02
0.756454D 02
o.7ss447D 02
0.754499D 02
0.753606D 02
0.752765D 02
0.751973D 02
o.757227D 02
o.7s0524D 02
o.7498î,2D 02
0.749238D 02
0.748649D 02
0.748095D 02
o.747572D 02
0.747080D 02
0.74661sD 02
0.746240D 02

0.202989D 03
0.197406D 03
0.191850D 03
0.186322D 03
0.181092D 03
0.176344D 03
0.172003D 03
0.168013D 03
0.16432?D 03
0.160911D 03
0.157733D 03
0.154767D 03
0.151994D 03
0.149393D 03
0.146950D 03
0.144649D 03
0.142480D 03
0.140431D 03
0.138492D 03
0.136655D 03
0.134912D 03
0.1.33257D 03
0.131682D 03
0.130183D 03
0.1.28753D 03
0.127390D 03
0.126087D 03
0.124842D 03
0.123650D 03
0.122509D 03
0.121415D 03
0.120366D 03
0.119358D 03
0.118391D 03
0.117460D 03
0.116566D 03
0.115704D 03
0.114874D 03
0.114075D 03
0.113303D 03
0.112559D 03
0.111841D 03
0.111147D 03
0.110476D 03
0.109828D 03
0.109200D 03
0.108593D 03
0.108005D 03
0.107436D 03
0.106884D 03
0.106349D 03
0.105830D 03
0.105326D 03
0.104837D 03
0.104363D 03
0.103902D 03
0.103454D 03
0.103018D 03
0.102595D 03
0.102183D 03
0.101782D 03
0.101392D 03
0.101012D 03
0.100642D 03
0.100281D 03
0.999298D 02
0.995E73D 02
0.992534D 02
0.989277D 02
0.9865s6D 02

0.425018D-01

0.407330D 01
0.428736D 01
0.450444D 01
0.472316D 0i
0.493229D 01
0.512369D 01
0.529908D 01
0.546010D 01
0.560806D 01
0.574434D 01
0.s86996D 01
0.598585D 01
0.609306D 01
0.619220D 01
0.628412D 01
0.636927D 01
0.644842D 01
0.652199D 01
0.659038D 01
0.665407D 01
0.67134lD 01
0.676884D 0t
0.682046D 01
0.686876D 01
0.691376D 01
0.695604D 01
0.699544D 01
0.703243D 01
0.706699D 01
0.709945D 01
0.712984D 01
0.7r5841D 01
0.718506D 0L
0.721029D 01
0.723376D 01
0.725608D 01
0.727681D 01
0.729634D 0L
0.731487D 01
0.733203D 01
0.734834D 01
0.736374D 01
0.737815D 01
0.739165D 01
0.740452D 01
0.741641D 01
o.742776D 01.
0.743841.D 01
0.744856D 01
0.745801D 01
0.746696D 01
0.?47536D 01
0.748319D 01
0.749061D 01
0.749?81D 01
0.750447D 01
0.751074D 01
0.751653D 01
0-7s2223D 07
0.7s2747D 07
0.753239D 01
0.753712D 01
0.754150D 01
0.754567D 01
0.754945D 01
0.755318D 01
0.755666D 01
0.7s5997D 01
0.756308D 01
0.756574D 01

0.435018D-01
0.445 018D-01
0.4550L8D-01
0.4650 r.8D-01
0.47 5 01 8D-01
0.4850L8D-0L
0.49 5 01 8D- 01
0.5050r.8D-01
0.515018D-01
0.s25018D-01
0.5 3 5 01 8D- 01
0.5450l.8D-01
0.555018D-0I
0.s65018D-0r.
0.5 75 01 8D- 01
0.585018D-01
0.595018D-01
0.6 05 01 8D-01
0.615018D-01
0.625018D-01
0.63 5 01 8D- 01
0.645018D-01
0.655018D-01
0.6 65 01 8D- 0 L
0.6?50l.8D-01
0.685018D-01
0.695018D-01
0.705018D-01
0.715018D-01
0.72501.8D-01
0.7350r.8D-01
0.745018D-01
0.7550L8D-0L
0.763580D-0 1

tÃo



x
0.100000D-06
0.210000D-06
0.331000D-06
0.464100D-06
0.61 051 lD- 0 6
0.77156 2D-06
0.948718D-06
0.1 143 5 9D- 05
0.13 5 79 5D- 0 5
0.1 59375D-05
0.185312D-05
0.213843D-0 5
0.245228D-05
0.279751D-05
0.31772 6D-05
0.35 949 9D-05
0.405449D-05
0.455994D-05
0.511593D-0s
0.572753D-05
0.64002 8D-05
0 .7140 3 1D- 0 5
0.795435D-05
0.8849 78D-05
0.983476D-05
0.10 91 I2D- 04
0.121101D-04
0.134211D-04
0.148632D-04
0.1 6449 5D-04
0.181945D-04
0.201139D-04
0.222253D-04
0.245479D-04
0.277021D-04
0.2I913 0D- 0 4
0.330043D-04
0.36404?D- 04
0.401452D-04
0.44259 7D-04
0.487857D-04
0.53?643D-04
0.59 2408D-04
0.652649D-04
0.718914D-04
0.791805D-04
0.871986D-04
0.9 6 01 I5D- 04
0.105720D-03
0.116392D-03
0.128132D-03
0.141045D-03
0.155250D-03
0.170875D-03
0.1 88062D-0 3
0.206968D-03
0.227765D-03
0.25 0642D-03
0.2?s806D-03
0.303487D-03
0.333936D-03
0.3 67429D-03
0.404272D-03
0.44480 0D-03
0.48 938 0D-03
0.538418D-03
0.592360D-03
0.651696D-03
0.71696 6D-03

fl : 0.6

f Í¿,0R":232.50

l,Re

0.858579D 04
0.882955D 04
0.909529D 04
0.937480D 04
0.96367ED 04
0.977634D 04
0.956115D 04
0.893143D 04
0.824002D 04
0.765837D 04
0.715309D 04
0.668722D 04
0.624560D 04
0.582160D 04
0.54r.193D 04
0.501303D 04
0.461950D 04
0.422878D 04
0.385146D 04
0.351335D 04
0.323662D 04
0.302516D 04
0.286782D 04
0.274777D 04
0.2648E3D 04
0.255813D 04
0.246620D 04
0.236616D 04
0.225324D 04
0.212508D 04
0.198291D 04
0.183242D 04
0.168338D 04
0.154613D o4
0.142772D 04
0.132987D 04
0.125011D 04
0.118411D 04
0.112768D 04
0.107766D 04
0.103196D 04
0.989368D 03
0.949228D 03
0.91r.201D 03
0.8?5112D 03
0.840851D 03
0.808327D 03
0.777444D 03
0.748097D 03
0.720180D 03
0.693591D 03
0.668238D 03
0.644048D 03
0.620965D 03
0.598954D 03
0.57?995D 03
0.s58081D 03
0.539218D 03
0.521414D 03
0.504678D 03
0.489017D 03
0.474424D 03
0.460892D 03
0.44839?D 03
0.436907D 03
0.426382D 03
0.4167?3D 03
0.408025D 03
0.400078D 03

M:16

loppRe

0.8585?9D 04
0.871347D 04
0.885305D 04
0.900268D 04
0.915475D 04
0.928450D 04
0.933616D 04
0.926719D 04
0.91.0505D 04
0.889101D 04
0.864776D 04
0.838618D 04
0.811223D 04
0.782955D 04
0.754059D 04
0.724690D 04
0.694913D 04
0.664759D 04
0.63437lD 04
0.604148D 0-1

0.5?4665D 04
0.546459D 04
0.519884D 04
0.495084D 04
o.472029D 04
0.450572D 04
0.430500D 04
0.411561D 04
0.393491D 04
0.376038D 04
0.358991D 04
0.342279D 04
0.32570i.D 04
0.309514D 04
0.293796D 04
0.278688D 04
o.264294D 04
0.250668D 04
0.237819D 04
o.225729D 04
0.214361D 04
0.203673D 04
0.193620D 04
0.184159D 04
0.175250D 04
0.166858D 04
0.158948D 04
0.151489D 04
0.144452D 04
0.137810D 04
0.131539D 04
0.125614D 04
0.120014D 04
0.114718D 04
0.109707D 04
0.104966D 04
0.100477D 04
0.962279D 03
0.922055D 03
0.883986D 03
0.84?972D 03
0.813921D 03
0.781?48D 03
0.?s1375D 03
0.722728D 03
0.69s738D 03
0.670334D 03
0.646451D 03
0.624022D A3

K

0.3 34133D-02
0.7i 240sD-02
0.114137D-01
0.162810D-01
0.217886D-01
0.279368D-01
0.3454?4D-01
0.413281D-01
0.481941D-01
0.551983D-01
0.623 782D-01
0.697446D-01
0.772936D-01
0.85011 7D-01
0.928 793D-01
0.100867D 00
0.108931D 00
0.117010D 00
0.125059D 00
0.133085D 00
0.141169D 00
0.149436D 00
0.158017D 00
0.167026D 00
0.176547D 00
0.186625D 00
0.197275D 00
0.208465D 00
0.220121D 00
0.232130D 00
0.244348D 00
0.256632D 00
0.268886D 00
0.28109lD 00
0.293305D 00
0.305641D 00
0.3r.8225D 00
0.331169D 00
0.344563D 00
0.358473D 00
0.372947D 00
0.388021D 00
0.403724D 00
0.420079D 00
0.437111D 00
0.4s4851D 00
0.473321D 00
0.492548D 00
0.512556D 00
0.533373D 00
0.555032D 00
0.577540D 00
0.600929D 00
0.62521lD 00
0.650401D 00
0.6?6537D 00
0.703621D 00
0.731693D 00
0.760778D 00
0.790919D 00
0.822166D 00
0.854583D 00
0.888247D 00
0.923254D 00
0.959?09D 00
0.997?49D 00
0.103?52D 01
0.107919D 01
0.112295D 01
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0.788763D-03
0.867740D-03
0.954614D-03
0.10 5 018D-0 2
0.115529D-02
0.r27092D-O2
0.L39It 2D-02
0,1 53803D-02
0.169193D-02
0.186 123D- 02
0.204745D-02
0.225230D-02
0.247763D-02
0.272549D-02
0.299814D-02
0.3298 05D-02
0.362796D-02
0.399086D-02
0.439005D-02
0.482915D-02
0.531217D-02
0.584349D-02
0.642754D-02
0.70 7 0 84D-02
0.777802D-O2
0.855 593D-02
0.941162D-02
0.1 03529D-0 1

0.1 13 52 9D-0 L
0.123 52 9D- 01
0.133529D-01
0.143529D-01
0.153529D-01
0.1 63529D-0 1

0.1 735 29D- 0 1
0. r.83529D-01
0.193 5 2 9D-01
0.203529D-01
0.213 s29D-01
0.223529D-01
0.233529D-01
0.243529D-01
0.253529D-01
0.263529D-0 L
0.2 73 5 2 9D- 01
0.283529D-01
0.2e3529D-01
0.303529D-01
0.313529D-01
0.3 23 5 2 9D- 01
0.3 33 5 2 9D- 01
0.343529D-01
0.353529D-01
0.3 63 5 2 9D- 01
0.3 73 5 2 9D- 01
0.383529D-01
0.393 529D-0 i
0.403529D-01
0.413529D-01
0.423529D-01
0.433529D-01
0.443 529D-01
0.453529D-01
0.463529D-01
0.473529D-01
0.48352eD-01
0.493529D-0 L
0.503529D-01
0.513529D-01
0.523529D-01
0.533529D-01
0.543529D-01
0.553529D-01
0.563 529D-01
0.5?3 529D-01
0.583529D-0 1

0.5I3 52 9D- 01
0.603529D-01
0.613529D-01

0.392868D 03
0.386352D 03
0.38037lD 03
0.374948D 03
0.369972D 03
0.36s376D 03
0.361094D 03
0.3570?0D 03
0.353260D 03
0.34e630D 03
0.346157D 03
0.342832D 03
0.339629D 03
0.336558D 03
0.333609D 03
0.330769D 03
0.328023D 03
0.325348D 03
0.322727D 03
0.320112D 03
0.317493D 03
0.314838D 03
0.312112D 03
0.309307D 03
0.306404D 03
0.303394D 03
0.300277D 03
0.297055D 03
0.293841D 03
0.290819D 03
0.287973D 03
0.285291D 03
0.282761D 03
0.280373D 03
0.278116D 03
0.275983D 03
0.273965D 03
0.272054D 03
0.270244D 03
0.268528D 03
0.266900D 03
0.265354D 03
0.263887D 03
o.262492D 03
0.261166D 03
0.259905D 03
0.258706D 03
0.2s7563D 03
0.256475D 03
0.255439D 03
0.254451D 03
0.253509D 03
0.252611D 03
0.2s1754D 03
0.250936D 03
0.250155D 03
0.249409D 03
0.248697D 03
0.248017D 03
0.247367D 03
0.246745D 03
0.246151D 03
0.245583D 03
0.245039D 03
0.244519D 03
o.244022D 03
0.243546D 03
0.243090D 03
0.242654D 03
0.242237D 03
0.241837D 03
0.241454D 03
0.241087D 03
0.240736D 03
0.240399D 03
0.240077D 03
0.239768D 03
0.239472D 03
0.239188D 03

0.602982D 03
0.583265D 03
0.s64801D 03
0.s47525D 03
0.531370D 03
0.516268D 03
0.502151D 03
0.488953D 03
0.476610D 03
0.465060D 03
0.454245D 03
0.444112D 03
0.434610D 03
0.425693D 03
0.417319D 03
0.409448D 03
0.402044D 03
0.395070D 03
0.388491D 03
0.382273D 03
0.3?6383D 03
0.370787D 03
0.365452D 03
0.360347D 03
0.355443D 03
0.350710D 03
0.346125D 03
0.341.664D 03
0.337451D 03
0.333676D 03
0.330254D 03
0.327t21D 03
0.324232D 03
0.321550D 03
0.319047D 03
0.316700D 03
0.3i4492D 03
0.312407D 03
0.310432D 03
0.308558D 03
0.306774D 03
0.305073D 03
0.303448D 03
0.301894D 03
0.300405D 03
0.298977D 03
0.29?605D 03
0.296286D 03
0.295016D 03
0.2937e3D 03
0.292613D 03
0.291475D 03
0.290376D 03
0.289313D 03
0.288286D 03
0.287291D 03
0.286329D 03
0.285396D 03
0.284492D 03
0.283616D 03
0.282765D 03
0.281940D 03
0.281138D 03
0.280359D 03
0.279602D 03
0.278867D 03
0.278151D 03
o.277455D 03
0.276777D 03
0.276777D 03
0.27s475D 03
0.274849D 03
0.274239D 03
o.273644D 03
0.273065D 03
0.272499D 03
0.27r948D 03
0.271410D 03
0.270885D 03

0.116902D
0.121763D
0.1 26903D
0.1 32350D
0.1 3813 1D
0.144279D
0.1 5 0 824D
0.157798D
0.1 6 52 34D
0.173169D
0.181637D
0.1 90682D
0.200341D
0.21 0662D
0.221 693D
0.23348 6D
0.24609 8D
0.25958 LD
0.273994D
0.289388D
0.3 0 5 817D
0.323325D
0.341 946D
0.36 1 707D
0.382626D
0.404695D
0.427909D
0.4s223 1D
0.47678 1D
0.5 0 0124D
0.522333D
0.543464D
0.563586D
0.582752D
0.6 01014D
0.6 1 841 9D
0.635023D
0.65086 1D
0.665971D
0.680404D
0.6941 79D
0.707335D
0.71.9901D
0.731915D
0.743 3 9 7D
0.754380D
0.764878D
0.774922D
0.784525D
0.793720D
0.802511D
0.810934D
0.8 1 8999D
0.826?08D
0.8341 05D
0.841 171D
0.847960D
0.854448D
0.8606 70D
0.866642D
0.872347D
0.877832D
0.883 07sD
0.8 8 810 3D
0.892924D
0.897565D
0.9 019I3D
0.90625 LD
0.9 1 0 322D
0.914228D
0.9 1 7990D
0.9 215 8 6D
0.925035D
0.928335D
0.931526D
0.934557D
0.93749 1D
0.940298D
0.942994D

01
01
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
01.
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01.
01
01
01
01
01
01
01
01
01
01
01
01
01
U1
01
U-T

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
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0.6 23s29D-01
0.633529D-01
0.643 529D-01
0.653529D-01
0.663529D-01
0.6 73s29D-01
0.683 529D-01
0.693529D-01
0.703s29D-01
0.713529D-0 L
0.723529D-01
0.?33529D-01
0.74352 9D-01
0.753529D-01
0.763529D-01
0.773529D-01
0.783529D-01
0.793529D-0 I
0.803529D-01
0.81 3 52 9D- 01
0.82352 9D-01
0.833529D-0 1
0.843529D-01
0.853 s29D-01
0.863529D-01
0.873529D-01
0.8 73 71 1D- 0 I

0.238916D 03
0.238655D 03
0.238405D 03
0.238166D 03
0.237936D 03
0.237715D 03
0.23?504D 03
0.237301D 03
0.237107D 03
0.236920D 03
0.236742D 03
0.236s?0D 03
0.236405D 03
0.236247D 03
0.236096D 03
0.235951D 03
0.235811D 03
0.235677D 03
0.235549D 03
0.235425D 03
0.235307D 03
0.235194D 03
0.235085D 03
0.234980D 03
0.234880D 03
0.234783D 03
0.234782D 03

0.270372D 03
0.269871D 03
0.269382D 03
0.268905D 03
0.268438D 03
0.267982D 03
0.267536D 03
0.267100D 03
0.266674D 03
0.2662s7D 03
0.265849D 03
0.265450D 03
0.265059D 03
0.264677D Os
0.264302D 03
0.263936D 03
0.263577D 03
0.263225D 03
0.26288lD 03
0.262543D 03
0.262213D 03
0.261888D 03
0.261571D 03
0.261259D 03
0.260954D 03
0.260654D 03
0.260649D 03

0.94ss69D 01
0.948038D 01
0.95041-5D 01
0.952714D 01
0.954898D 01
0.957004D 01
0.95901.8D 01
0.960954D 01
0.962821D 01
0.964605D 01
0.966316D 01
0.96796sD 01
0.969532D 01
0.971058D 01
0.972491D 01
0.973904D 01
0.975243D 01
0.976s17D 01
0.977766D 01
0.978935D 01
0.980098D 01
0.981163D 01
0.982239D 0L
0.983231D 01
0.984216D 01
0.985131D 01
0.985161D 01
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X

0. r.00000D-06
0.210000D-06
0.3 310 0 0D- 0 6
0.464100D-06
0.610s1l.D-06
0.771562D-06
0.94871.8D-06
0.114359D-05
0.135795D-05
0.159375D-05
0.18 5312D- 0 5
0.213843D-0 5
0.245228D-05
0.2 79751D-05
0.317726D-05
0.359499D-0 s
0.405449D-0 5
0.455994D-05
0.51 15I3D- 0 5
0.5 72753D-05
0.640028D-05
0.714031D-05
0.79 5435D-05
0.8 849 78D- 0 5
0.983476D-05
0.10 918 2D- 04
0.121101D-04
0.134211D-04
0.148632D-04
0.164495D-04
0.181945D-04
0.201139D-04
0.222253D-04
0.245479D-04
0.277027D-04
0.299130D-04
0.33 0043D-04
0.364047D-04
0.401452D-04
0.442557D-04
0.48785 7D-04
0.53 7643D-04
0.592408D-04
0.652649D-04
0.718914D-04
0.791805D-04
0.871986D-04
0.96 0185D-04
0.r.05720D-03
0.116392D-03
0.128132D-03
0.141045D-03
0.1s5250D-03
0.170875D-03
0.188062D-03
0.20696 8D-03
o.227765D-03
0.250642D-03
0.2 75806D-03
0.303487D-03
0.333936D-03
0.3 6 742 9D- 0 3
0.404272D-03
0.4448 00D-03
0.4893 80D-03
0.538418D-0s
0.59 2360D-03
0.651696D-03
0.716966D-03

.tl : 0.8

f Í¿,0R" : 453.00

f ,R"

0.152423D 05
0.164832D 05
0.15?392D 05
0.138370D 05
0.125823D 0s
0.116577D 05
0.108471.D 05
0.101097D 05
0.943538D 04
0.881500D 04
0.823944D 04
0.770136D 04
0.719517D 04
0.671.641D 04
0.626103D 04
0.582430D 04
0.540099D 04
0.498759D 04
0.458964D 04
0.422497D 04
0.391302D 04
0.366084D 04
0.346210D 04
0.330339D 04
0.317044D 04
0.305115D 04
0.293631D 04
0.281902D 04
0.269444D 04
0.255956D 04
0.241395D 04
0.226031D 04
0.210515D 04
0.195674D 04
0.182235D 04
0.170s80D 04
0.160698D 04
0.152325D 04
0.145116D 04
0.1387s7D 04
0.133026D 04
0.127753D 04
0.722864D 04
0.11.8299D 04
0.1r.4026D 04
0.110023D 04
0J06272D 04
0.102758D 04
0.9s4632D 03
0.963727D 03
0.934694D 03
0.907372D 03
0.881602D 03
0.857234D 03
0.834119D 03
0.812116D 03
0.791086D 03
0.?70893D 03
0.751410D 03
0.?32519D 03
0.714129D 03
0.696170D 03
0.678617D 03
0.661478D 03
0.644801D 03
0.628654D 03
0.613117D 03
0.598270D 03
0.s84175D 03

M :76

f oppRe

0.152423D 05
0.1.58923D 05
0.158363D 05
0.152629D 05
0.146201.D 0s
0.140017D 05
0.1.341.27D 05
0.128498D 05
0.123108D 05
0.117936D 05
0.112962D 05
0.108165D 05
0.103531D 05
0.990428D 04
0.946883D 04
0.904535D 04
0.863233D 04
0.822832D 04
0.783288D 04
0.744762D 04
0.707608D 04
0.6722r2D 04
0.638850D 04
0.607634D 04
0.578531D 04
0.551398D 04
0.526030D 04
0.502182D 04
0.479601D 04
0.458033D 04
0.437257D 04
0.41.7099D 04
0.397474D 04
0.3?8381D 04
0.3s9892D 04
0.342106D 04
0.325115D 04
0.308975D 04
0.293708D 04
0.279303D 04
o.265732D 04
0.252956D 04
0.240929D t4
0.229610D 04
0.218956D 04
0.208928D 04
0.199489D 04
0.190603D 04
0.182240D 04
0.1?4366D 04
0.166955D 04
0.159977D 04
0.153406D 04
0.r47277D 04
0.141386D 04
0.135889D 04
0.130704D 04
0.125811D 04
0.121188D 04
0.116815D 04
0.112676D 04
0.108751D 04
0.105024D 04
0.101482D 04
0.981113D 03
0.94901lD 03
0.918424D 03
0.889274D 03
0.861499D 03

K

0.5 915 74D-02
0.129 6 91D-01
0.2 03676D-01
0.274932D-0t
0.345968D-01
0.418148D-01
0.491806D-01
0.5 6 70 77D- 01
0.644095D-01
0.722966D-07
0.803754D-01
0.886469D-0 1

0.9 71 1 18D- 01
0.10576lD 00
0.114583D 00
0.123558D 00
0.132653D 00
0.141821D 00
0.151021D 00
0.160249D 00
0.169s60D 00
0.179055D 00
0.188854D 00
0.199063D 00
0.209770D 00
0.221029D 00
0.232870D 00
0.24s277D 00
0.258207D 00
0.271573D 00
0.285262D 00
0.299137D 00
0.313091D 00
0.32?062D 00
0.34105?D 00
0.3551.40D 00
0.369411D 00
0.383968D 00
0.398904D 00
0.414285D 00
0.430167D 00
0.446590D 00
0.463581D 00
0.48r.172D 00
0.499389D 00
0.518262D 00
0.537820D 00
0.558090D 00
0.579113D 00
0.600913D 00
0.623542D 00
0.647013D 00
0.67r.369D 00
0.696637D 00
0.722843D 00
0.?50002D 00
0.778127D 00
0.807228D 00
0.837270D 00
0.868216D 00
0.900038D 00
0.932623D 00
0.9658?1D 00
0.999679D 00
0.103389D 01
0.106835D 01
0.110291D 01
0.113740D 01
0.117166D 01
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0.788763D-03
0.867740D-03
0.954614D-0 3
0.105018D-02
0.115529D-02
0.127092D-02
0.1398r.2D-02
0.153803D-02
0.L69193D-02
0.186 1 23D-02
0.204745Ð-02
0.225230f)-02
0.2477 63D-02
0.272549D-02
0.2998 14D-02
0.329805D-02
0.362796D-02
0.3 99086D-02
0.437776D-02

0.570879D 03
0.558407D 03
0.546770D 03
0.535963D 03
0.525973D 03
0.516781D 03
0.508365D 03
0.500699D 03
0.4937s9D 03
0.487517D 03
0.481946D 03
0.4770i5D 03
0.472693D 03
0.468945D 03
0.46s733D 03
0.463019D 03
0.460760D 03
0.458912D 03
0.457476D 03

0.835045D
0.80986?D
0.785924D
0.763 1 79D
0.?41 596D
0.727742D
0.70 1 78sD
0.6 83492D
0.6 6 6 234D
0.649978D
0.634695D
0.6 20 3 54D
0.606925D
0.5 943 7 6D
0.582678D
0.s 71 796D
0.561 699D
0.552353D
0.544000D

03
03
03
03
03
03
03
03
03

0.1205s3D 0
0.123884D 0
0.127145D 0
0.130319D 0
0.133388D 0

03
03
03
03
03
03
03
03
03
03

0.136340D 0
0.139161D 0
0.141832D 0
0.144345D 0
0.146686D
0.148846D
0.1 508 1 8D
0.15259?D
0.154182D
0.1 55 5 77D
0.1 5 6 784D

0
0
0
0
0
0
0
0
0

0.1 578 1 5D
0.15I6 81D
0.159416D 0l
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x
0.100000D-05
0.210000D-05
0.33 1 000D-05
0.464100D-05
0.610511D-05
0.771562D-05
0.948?19D- 05
0.1 14359D-04
0.135795D-04
0.1593 75D-04
0.185312D-04
0.213843D-04
o.245228D-04
0.2797s 1D-04
0.31,7726D-04
0.359499D- 04
0.405449D-04
0.455994D-04
0.511593D-04
0.5?2753D-04
0.640 02 8D-04
0.714031D-04
0.?95435D-04
0.8849 78D-04
0.9 83477D-04
0.109182D-03
0.121 10 r.D- 0 3
0.13421 1D-03
0.148632D-03
0.1 64495D-03
0.18 r.945D-03
0.2 01 13 9D- 03
0-2222ssD-03
0.245479D-03
o.271027D-03
0.2I913 0D- 0 3
0.330043D-03
0.364047D- 03
0.40145 2D-03
0.442597D-03
0.4878 57D-03
0.s37643D-03
0.5 92408D-03
0.652649D-03
0.718914D-03
0.791805D-03
0.871 986D-03
0.960 1 85D-03
0.1 05 720D-02
0.116392D-02
0.128132D-02
0.141045D- 02
0.155250D-02
0.1 70875D-02
0.188062D-02
0.2069 68D-02
0.227765Ð-02
0.250642D-02
0.275806D-02
0.303487D-02
0.333 936D-02
0.367429D-02
0.404273D-02
0.444800D-02
0.489380D-02
0.53841 8D-02
0.592360D-02
0.6 516I7D- 0 2
0.716966D-02

H :0.2

f Í¿,0R": 30.76

f "R"
0.682110D 04
0.644800D 04
0.374560D 04
0.259140D 04
0.229430D 04
0.215290D 04
0.202640D 04
0.189070D 04
0.173120D 04
0.154250D 04
0.133740D 04
0.114450D 04
0.988940D 03
o.877220D 03
0.800560D 03
0.?46190D 03
0.?04060D 03
0.668170D 03
0.635500D 03
0.604800D 03
0.575670D 03
0.548020D 03
0.521840D 03
0.497080D 03
0.473640D 03
0.4s1410D 03
0.430260D 03
0.410120D 03
0.390930D 03
0.372660D 03
0.355310D 03
0.338890D 03
0.323440D 03
0.3089?0D 03
0.295500D 03
0.283020D 03
0.271500D 03
0.260870D 03
0.251080D 03
0.242030D 03
0.233620D 03
0.225750D 03
0.218310D 03
0.211.180D 03
0.204250D 03
0.197400D 03
0.190500D 03
0.183460D 03
0.176190D 03
0.168650D 03
0.160810D 03
0.152690D 03
0.144360D 03
0.135E80D 03
0.127380D 03
0.118970D 03
0.110770D 03
0.102920D 03
0.955110D 02
0.886330D 02
0.823380D 02
0.766560D 02
0.7158s0D 02
0.671010D 02
0.631580D 02
0.597040D 02
0.566760D 02
0.540140D 02
0.516620D 02

M :24

f oppfue

0.682107D 04
0.662566D 04
0.s57283D 04
0.471780D 04
0.413660D 04
0.372253D 04
0.340581D 04
0.314763D 04
0.292404D 04
0.277964D 04
0.252618D 04
0.234184D 04
0.21.6869D 04
0.200932D 04
0.186484D 04
0.173486D 04
0.161804D 04
0.151275D 04
0.141741D 04
0.133064D 04
0.12s128D 04
0.117839D 04
0.11 1120D 04
0.104907D 04
0.991436D 03
0.937846D 03
0.887892D 03
0.841222D 03
0.797532D 03
0.756559D 03
0.718076D 03
0.681891D 03
0.647839D 03
0.615778D 03
0.585587D 03
0.557162D 03
0.530405D 03
0.s05229D 03
0.481549D 03
0.459282D 03
0.438347D 03
0.418660D 03
0.400138D 03
0.382697D 03
0.366249D 03
0.350705D 03
0.335974D 03
0.321964D 03
0.308587D 03
0.295756D 03
0.283393D 03
0.277427D 03
0.259800D 03
0.248469D 03
0.237402D 03
0.226583D 03
0.216009D 03
0.205687D 03
0.195634D 03
0.185875D 03
0.176434D 03
0.167339D 03
0.158612D 03
0.150274D 03
0.142339D 03
0.134812D 03
0.12?697D 03
0.120988D 03
0.114677D 03

K

0.271613D-01
0.5 53 972D-0 t
0.733 771D-01
0.8 70103D-01
0.100267D 00
0.113937D 00
0.128079D 00
0.142577D 00
0.157157D 00
0.171416D 00
0.184s73D 00
0.197684D 00
0.209713D 00
o.22r402D 00
0.233095D 00
0.245050D 00
0.257425D 00
0.270312D 00
0.283761D 00
0.297805D 00
0.312468D 00
0.327779D 00
0.343770D 00
0.360475D 00
0.377923D 00
0.3961s2D 00
0.415201D 00
0.435094D 00
0.45s870D 00
0.477565D 00
0.500218D 00
0.s23875D 00
0.548595D 00
0.574443D 00
0.601498D 00
0.629856D 00
0.659624D 00
0.690923D 00
0.723889D 00
0.?58659D 00
0.795386D 00
0.834218D 00
0.875302D 00
0.918778D 00
0.964765D 00
0.101335D 01
0.106459D 01
0.111846D 01
0.117490D 01
0.123376D 01
0.129484D 01
0.135782D 01
0.742237D 07
0.148808D 01
0.155450D 01
0.162121D 01
0.i68778D 01
0.175381D 01
0.181898D 01
0.188308D 01
0.194590D 01
0.200740D 01
0.206757D 01
0.212648D 01
0.218428D 01
0.224105D 01
0.229698D 01
0.235218D 01
o.240677D 0t
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0.788763D-02
0.867?40D-02
0.954614D-02
0.105018D-01
0.115018D-01
0.125018D-01
0.135018D-01
0.145 018D- 0 L
0.155018D-01
0.165018D-01
0.175 01 8D-01
0.L85018D-01
0.195018D-01
0.205018D-01
0.21 5 01 8D- 01
0.22 5 01 8D- 01
0.235018D-01
0.245018D-01
0.255018D-01
0.26s018D-01
0.275018D-01
0.28s018D-01
0.295018D-01
0.305018D-01
0.315018D-01
0.325 018D-01
0.335018D-01
0.34 5 01 8D- 01
0.355018D-01
0.365018D-01
0.3 75 018D- 01
0.3I5 01 8D- 01
0.395018D-01
0.40 5 018D- 01
0.4i.5018D-0 L
0.425018D-01
0.435 018D-01
0.445018D-01
0.455018D-01
0.465018D-01
0.475018D-01
0.485018D-0 L
0.49s018D-01
0.505018D-01
0.515018D-01
0.s25018D-01
0.535018D-01
0.545018D-0 L
0.55 5 018D- 01
0.565018D-01
0.5 75 01 8D- 01
0.585018D-01
0.595018D-01
0.605018D-01
0.615 018D- 01
0.6 25 01 8D- 01
0.635018D-01
0.645 018D- 01
0.6 5 5 01 8D- 01
0.65E929D-01

0.495700D 02
0.476940D 02
0.460010D 02
0.444620D 02
0.431130D 02
0.419630D 02
0.409700D 02
0.401020D 02
0.393360D 02
0.386550D 02
0.380460D 02
0.374980D 02
0.370020D 02
0.365510D 02
0.361410D 02
0.357650D 02
0.354210D 02
0.351040D 02
0.348120D 02
0.345430D 02
0.342930D 02
0.340620D 02
0.338480D 02
0.336490D 02
0.334640D 02
0.332920D 02
0.331310D 02
0.329810D 02
0.328420D 02
0.327110D 02
0.325890D 02
0.324750D 02
0.323690D 02
0.322690D 02
0.321760D 02
0.320880D 02
0.320060D 02
0.319290D 02
0.318570D 02
0.317900D 02
o.377270I) 02
0.316670D 02
0.316120D 02
0.31s600D 02
0.315110D 02
0.314650D 02
0.314220D 02
0.313Ei0D 02
0.313430D 02
0.313070D 02
0.312740D 02
0.312430D 02
0.312130D 02
0.311850D 02
0.311590D 02
0.311350D 02
0.311120D 02
0.310900D 02
0.310700D 02
0.31062sD 02

0.108751D 03
0.103194D 03
0.979888D 02
0.931180D 02
0.887704D 02
0.850263D 02
0.817630D 02
0.788900D 02
0.763390D 02
0.740550D 02
0.719980D 02
0.701331D 02
0.684342D 02
0.668791D 02
0.6s4496D 02
0.641304D 02
0.629088D 02
0.677740D 02
0.607167D 02
0.s97291D 02
0.588042D 02
0.579361D 02
0.571196D 02
0.563502D 02
0.556237D 02
0.s49366D 02
0.542857D 02
0.s36682D 02
0.530816D 02
0.525235D 02
0.519919D 02
0.514850D 02
0.51001lD 02
0.505386D 02
0.500961.D 02
0.496724D 02
0.492663D 02
0.488768D 02
0.485027D 02
0.481433D 02
0.477917D 02
0.474651D 02
0.471,449D 02
0.468363D 02
0.465387D 02
0.462516D 02
0.459744D 02
0.45706?D 02
0.454479D 02
0.451976D 02
0.449555D 02
0.44721,rD 02
0.444940D 02
0.442747D 02
0.440608D 02
0.438s40D 02
0.436533D 02
0.434586D 02
0.432694D 02
0.431976D 02

0.24608lD 01
0.251433D 01
0.256729D 01
0.261969D 01
0.266913D 01
0.271396D 01
0.275480D 01
0.279218D 01
0.282654D 01
0.285811D 0r.
0.288731D 01
0.291426D 01
0.293925D 01
0.296244D 07
0.298398D 01
0.300403D 01
0.302269D 01
0.304008D 01
0.305631D 01
0.307146D 01
0.308561D 01
0.309884D 01
0.311121D 01
0.312280D 01.
0.313363D 01
0.314378D 01
0.315328D 01
0.316219D 01
0.317054D 01
0.317836D 01
0.318569D 01
0.319257D 01
0.319903D 01
0.320508D 01
0.321076D 01
0.321609D 01
0.322110D 01
0.32258lD 01
0.323021D 01
0.323435D 01
0.323823D 01
0.324188D 01
0.324532D 01
0.324854D 01
0.325155D 01.
0.325440D 01
0.325706D 01
0.325958D 01
0.326193D 01
0.326413D 01
o.326622D 0r
0.s2681?D 01
0.326998D 01
0.327772D 0L
0.327332D 01
0.327484D 01
0.327626D 01
0.327762D 07
0.327886D 01
0.32795lD 01
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x
0.100000D-05
0.210000D-05
0.331000D-05
0.464100D-05
0.61051lD-0 s
0.771562D-05
0.948719D-05
0.114359D-04
0.1 35795D-04
0.1 59375D-04
0.185312D-04
0.213843D-04
o.245228D-04
0.279751D-04
0.317?26D-04
0.359499D-04
0.405449D-04
0.455994D-04
0.511593D-04
0.572753D-04
0.640028D-04
0.71403 LD-04
0.795435D-04
0.884978D-04
0.983477D-04
0.109182D-03
0.1211 01D-0 3
0.13421lD-03
0.148632D-0 3
0.164495D-0 3
0.181945D-03
0.2 0 11 3 9D- 03
o.222253D-03
0.245479D-03
o.271,027D-03
0.299130D-03
0.330043D-03
0.36404?D-03
0.401452D-03
0.4425 97D-03
0.48 7857D-03
0.53 ?643D-03
0.592408D-03
0.652649D-03
0.718914D-03
0.79 r.805D-03
0.8 71986D-03
0.9 6 018 5D- 0 3
0.105720D-02
0.116392D-02
0.728132D-O2
0.141045D-02
0.155250D-02
0.1708 75D-02
0.188062D-02
0.206968D-02
o.227765D-02
0.250642D-02
0.275806D-02
0.30 3487D-02
0.333936D-02
o.367429D-02
o.404273D-02
0.444800D-02
0.4893 80D-02
0.538418D-02
0.592360D-02
0.6 516I7D- 02
0.716966D-02

ïI : 0.4

Í Í¿,0R" : 90.95

f "R"
0.136s50D 05
0.924361D 04
0.s40602D 04
0.377851D 04
0.321254D 04
0.293799D 04
0.273552D 04
0.2s51.70D 04
0.23665lD 04
0.216906D 04
0.195944D 04
0.175116D 04
0.156417D 04
0.141167D 04
0.129419D 04
0.120409D 04
0.113238D 04
0.107215D 04
0.101908D 04
0.970802D 03
0.926109D 03
0.884397D 03
0.845355D 03
0.808?69D 03
0.774451D 03
0.742215D 03
0.711888D 03
0.683318D 03
0.656383D 03
0.630997D 03
0.607i08D 03
0.s84694D 03
0.s63750D 03
0.5442E7D 03
0.526317D 03
0.509847D 03
0.494869D 03
0.48135lD 03
0.469236D 03
0.458442D 03
0.448860D 03
0.440356D 03
0.432794D 03
0.426019D 03
0.41.9867D 03
0.41417?D 03
0.408793D 03
0.403564D 03
0.398348D 03
0.393016D 03
0.387456D 0s
0.381571D 03
0.375283D 03
0.368531D 03
0.361273D 03
0.3s3481D 03
0.345142D 03
0.336255D 03
0.32683lD 03
0.316891D 03
0.306470D 03
0.295610D 03
0.284370D 03
0.272818D 03
0.261033D 03
0.249106D 03
0.237135D 03
0.225224D 03
0.213482D 03

It/[ :24

ÍoppRe

0.136550D 05
0.113443D 05
0.917350D 04
0.762626D 04
0.656778D 04
0.581012D 04
0.523599D 04
0.4?78s8D 04
0.439782D 04
0.406807D 04
0.377293D 04
0.350319D 04
0.325503D 04
0.302755D 04
0.2820s7D 04
0.2632s7D 04
0.246255D 04
0.230843D 04
0.216830D 04
0.204043D 04
0.192330D 04
0.181563D 04
0.171633D 04
0.162450D 04
0.r.53937D 04
0.146026D 04
0.138661D 04
0.131791D 04
0.t25372D 04
0.119367D 04
0.113742D 04
0.108467D 04
0.103518D 04
0.988738D 03
0.945149D 03
0.9042s3D 03
0.865908D 03
0.829988D 03
0.796376D 03
0.764960D 03
0.735635D 03
0.708292D 03
0.682824D 03
0.659120D 03
0.637067D 03
0.616548D 03
0.597445D 03
0.579636D 03
0.562999D 03
0.547413D 03
0.532758D 03
0.518916D 03
0.505?75D 03
0.493225D 03
0.481165D 03
0.469502D 03
0.4s8146D 03
0.447021D 03
0.436055D 03
0.425186D 03
0.414361D 03
0.403537D 03
0.392676D 03
0.381756D 03
0.3?0758D 03
0.359678D 03
0.348519D 03
0.337293D 03
0.326022D 03

K

0.542562D-01
0.945282D-0 1

0.120253D 00
0.139886D 00
0.158167D 00
0.176508D 00
0.195248D 00
0.214429D 00
0.233941D 00
0.253542D 00
0.272926D O0
0.291874D 00
0.310369D 00
0.328607D 00
0.346883D 00
0.365484D 00
0.38462sD 00
0.404463D 00
0.425103D 00
0.446629D 00
0.469103D 00
0.492s91D 00
0.517154D 00
0.s42864D 00
0.569796D 00
0.598017D 00
0.627624D 00
0.658687D 00
0.691301D 00
0.?25569D 00
0.?61601D 00
0.799s05D 00
0.839434D 00
0.881554D 00
0.926046D 00
0.973136D 00
0.102308D 01
0.r.07618D 01
0.113278D 01
0.119326D 01
0.125806D 01
0.132764D 01
0.140253D 01
0.148327D 01
0.15704sD 01
0.166469D 01
0.176663D 01
0.187692D 01
0.199621D 01
0.212515D 0i
0.226440D 01
0.2414s1D 01
0.257608D 01
0.274956D 01
0.293540D 01
0.31.3394D 01
0.334539D 01
0.356987D 01
0.380730D 01
0.405748D 01
0.431997D 01
0.459417D 01
0.487922D 07
0.517406D 01
0.547734D 01,
0.578756D 01
0.610299D 01
0.642169D 01
0.674160D 01
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0.788763D-02
0.86 7740D-02
0.9 546 1 4D- 0 2
0.105018D-01
0.1 l- 5 01 8D-01
0.12 5 018D- 01
0.135018D-01
0.145 01 8D-01
0.1550t 8D-01
0.165018D-01
0.175018D-01
0.18 5018D- 01
0.195018D-01
0.205018D-01
0.215018D-01
0.225018D-01
0.2 3 501 8D- 0 L
0.245018D-01
0.25 5 01 8D- 01
0.26 5 01 8D-01
0.27s018D-01
0.2I5 01 8D- 01
0.295018D-01
0.305018D-01
0.3 15 018D-01
0.325018D-01
0.3 3 5 01 8D- 01
0.34 5 01 8D- 01
0.3 s s0 18D- 01
0.3 6 5 01 8D- 01
0.3 75 0l. 8D- 01
0.385018D-01
0.3I5 01 8D- 01
0.4 0 5 01 8D- 01
0.415018D-0 i.
0.425018D-01
0.43 5 01 8D-01
0.445018D-01
0.45 5018D- 01
0.46 5018D-01
0.475018D-01
0.485018D-01
0.4I5 01 8D- 01
0.505018D-01
0.515 01 8D- 01
0.5 2 5 01 8D- 01
0.5 3 5 018D-01
0.545 018D- 01
0.55s018D-01
0.56 5 01 8D-01
0.5 75 018D- 01
0.585018D-01
0.595018D-01
0.605018D-01
0.615 018D- 01
0.62 5 01 8D- 01
0.635018D-01
0.645018D-01
0.65 5 018D- 01
0.665018D-01
0.6 75018D-01
0.68 5018D-0t
0.695018D-01
0.704833D-01

0.202014D 03
0.19092sD 03
0.180309D 03
0.170251D 03
0.161214D 03
0.1s3430D 03
0.146702D 03
0.140868D 03
0.135791D 03
0.131357D 03
0.r27471D 03
0.124053D 03
0.121036D 03
0.118363D 03
0.115988D 03
0.113870D 03
0.111975D 03
0.110275D 03
0.108745D 03
0.1 07364D 03
0.106113D 03
0.104979D 03
0.1.03947D 03
0.103005D 03
0.102145D 03
0.101358D 03
0.100635D 03
0.999703D 02
0.993584D 02
0.987940D 02
0.982727D 02
0.977905D 02
0.973438D 02
0.969296D 02
0.96545lD 02
0.961877D 02
0.958s53D 02
0.955457D 02
0.952573D 02
0.949883D 02
0.947373D 02
0.945028D 02
0.942838D 02
0.940790D 02
0.938874D 02
0.937082D 02
0.935403D 02
0.933831D 02
0.932358D 02
0.930977D 02
0.929682D 02
0.928468D 02
0.927329D 02
0.926260D 02
0.925257D 02
0.924315D 02
0.923430D 02
0.922599D 02
0.921819D 02
0.921086D 02
0.920397D 02
0.919750D 02
0.919141D 02
0.91.8580D 02

0.314734D 03
0.303466D 0s
0.292258D 03
0.281156D 03
0.270728D 03
0.261345D 03
0.2528s4D 03
0.245132D 03
0.238079D 03
0.231611D 03
0.22566lD 03
0.220169D 03
0.215086D 03
0.210368D 03
0.20s979D 03
0.201885D 03
0.198060D 03
0.194477D 03
0.191115D 03
0.187955D 03
0.184979D 03
0.182172D 03
0.179520D 03
0.177012D 03
0.174635D 03
0.172381D 03
0.170239D 03
0.168203D 03
0.166263D 03
0.164415D 03
0.162651D 03
0.160967D 03
0.1593s6D 03
0.157815D 03
0.156338D 03
0.154923D 03
0.153565D 03
0.1s2262D 03
0.151009D 03
0.149804D 03
0.148645D 03
0.147529D 03
0.146453D 03
0.145416D 03
0.144415D 03
0.143449D 03
0.142517D 03
0.141615D 03
0.140743D 03
0.139900D 03
0.139084D 03
0.138294D 03
0.137528D 03
0.1367E6D 03
0.136066D 03
0.135368D 03
0.134690D 03
0.134033D 03
0.133394D 03
0.132773D 03
0.132169D 03
0.131s83D 03
0.131012D 03
0.130467D 03

0.706056D 01
0.?37641D 01
0.768693D 01
0.799011D 01
0.827117D 01
0.852108D 01
0.874409D 01
0.894378D 01
0.e12318D 01
0.928477D 0r
0.943088D 0L
0.9s6328D 01
0.968366D 01
0.979330D 01
0.989349D 01
0.998513D 01
0.100693D 02
0.101466D 02
0.102178D 02
0.r02834D 02
0.103441D 02
0.104002D 02
0.104521D 02
0.105004D 02
0.105452D 02
0.105869D 02
0.106256D 02
0.106617D 02
0.106953D 02
0.707267D 02
0.107560D 02
0.107834D 02
0.108090D 02
0.108329D 02
0.108552D 02
0.108762D 02
0.r.08958D 02
0.109143D 02
0.109315D 02
0.109476D 02
0.109628D 02
0.109771D 02
0.109904D 02
0.110029D 02
0.110146D 02
0.110256D 02
0.110361D 02
0.1104s8D 02
0.110548D 02
0.110635D 02
0.110716D 02
0.110793D 02
0.110864D 02
0.110931D 02
0.110994D 02
0.111053D 02
0.111108D 02
0.111162D 02
0.11121.2D 02
0.111258D 02
0.111300D 02
0.111343D 02
0.111381D 02
0.111417D 02
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x
0.1 00000D-06
0.210000D-06
0.331000D-06
0.4 6410 0D- 0 6
0.610511D-06
0.771562D-06
0.948 718D-06
0.1 14359D-0s
0.13s795D-05
0.1 593 75D-05
0.1853r.2D-05
0.213843D-05
0-24522gD-O5
0.2 79751D-05
0.317726D-05
0.359499D-05
0.405449D-05
0.455994D-05
0.51 15I3D- 0 5
0.s 727ssD-05
0.640028D-05
0.7140 31D- 0 5
0.795435D-0 5
0.8849 78D-05
0.983476D-05
0.10 91 I2D-04
0.121 1 01D- 04
0.134211D-04
0.148632D-04
0.1 64495D-04
0.1 8 1 945D-04
0.2 01 13 9D- 04
0.222253D-04
0.245479D-04
0.277027D-04
0.299130D-04
0.33 0043D-04
0.364047D-04
0.401452D-04
0.442s I7D-04
0.4878 57D-04
0.537643D-04
0.592408D-04
0.652649D-04
0.718914D-04
0.791805D-04
0.8 71 I8 6D- 04
0.9 6 018 5D- 04
0.1 05720D-03
0.116392D-03
0.l-28132D-03
0.141 045D-03
0.1 55250D-03
0.1 708 7sD-03
0.1 88062D-03
0.206968D-03
0.227765D-03
0.250642D-03
0.275806D-03
0.303487D-03
0.333 936D-03
0.367429D-03
0.404272D-03
0.444800D-03
0.4893 80D-0 3
0.538418D-03
0.5 92360D- 03
0.651696D-03
0.716I66D-0 3

H :0.6

Í l¿,0R" : 335.90

l,R"
0.188250D 05
0.200819D 0s
0.210900D 05
0.204150D 05
0.180807D 0s
0.159623D 0s
0.742627D 05
0.127968D 0s
0.7I4722D 05
0.102513D 05
0.911489D 04
0.805222D 04
0.707593D 04
0.623972D 04
0.559813D 04
0.514700D 04
0.483441.D 04
0.460369D 04
0.441538D 04
0.424776D 04
0.409062D 04
0.393s79D 04
0.379359D 04
0.365112D 04
0.351135D 04
0.337287D 04
0.323380D 04
0.309201D 04
0.294549D 04
0.279304D 04
0.263514D 04
0.247456D 04
0.231634D 04
0.216651D 04
0.203011D 04
0.1909?l.D 04
0.180514D 04
0.171433D 04
0.163450D 04
0.r.56302D 04
0.149785D 04
0.143751D 04
0.138112D 04
0.132814D 04
0.12?825D 04
0.123r.28D 04
0.118713D 04
0.1 14572D 04
0.110695D 04
0.107074D 04
0.103699D 04
0.100558D 04
0.976411D 03
0.949362D 03
0.924333D 03
0.901221D 03
0.879928D 03
0.8603s7D 03
0.842406D 03
0.825965D 03
0.810912D 03
0.797105D 03
0.784391D 03
0.772598D 03
0.761551D 03
0.751078D 03
0.741023D 03
0.731259D 03
0.721696D 03

M :24

f oppÀe

0.188250D 05
0.194834D 05
0.200?07D 05
0.201694D 05
0.196685D 05
0.188949D 05
0.180299D 05
0.171382D 05
0.162438D 05
0.153572D 05
0.144835D 05
0.136254D 05
0.127872D 05
0.119792D 05
0.112165D 05
0.105113D 05
0.986790D 04
0.928438D 04
0.875522D 04
0.827391D 04
0.783419D 04
0.74305?D 04
0.705837D 04
0.671362D 04
0.639290D 04
0.609320D 04
0.581.179D 04
0.554612D 04
0.529379D 04
0.505263D 04
0.482077D 04
0.459688D 04
0.438023D 04
0.417078D 04
0.396899D 04
0.377553D 04
0.359097D 04
0.341568D 04
0.s24972D 04
0.309292D 04
0-294494D 04
0.280535D 04
0.267369D 04
0.254949D 04
0.243232D 04
0.232175D 04
0.22rT42D 04
0.211E98D 04
0.202611D 04
0.19385r.D 04
0.185591D 04
0.177806D 04
0.170471D 04
0.163564D 04
0.157064D 04
0.150949D 04
0.145200D 04
0.139800D 04
0.134731D 04
0.129976D 04
0.125518D 04
0.121343D 04
0.117433D 04
0.173772D 04
0.110346D 04
0.107136D 04
0.104128D 04
0.r.01305D 04
0.986529D 03

K

0.739563D-02
0.1 60839D-0 1
0.261288D-01
0.368189D-01
0.472110D-01
o.57277 6D-01
0.671464D-01
0.76859?D-01
0.8 640 84D- 01
0.957607D-01
0.104869D 00
0.113674D 00
0.122136D 00
0.130289D 00
0.138282D 00
0.146322D 00
0.154589D 00
0.163218D 00
0.172290D 00
0.181.860D 00
0.191964D 00
0.202632D 00
0.213891D 00
0.225765D 00
0.238276D 00
0.251437D 00
0.265253D 00
0.279706D 00
0.294759D 00
0.3103s0D 00
0.326398D 00
0.342818D 00
0.359544D 00
0.376551D 00
0.393864D 00
0.411556D 00
0.429723D 00
0.448471D 00
0.467900D 00
0.488096D 00
0.509131D 00
0.s31069D 00
0.5s3965D 00
0.577874D 00
0.602853D 00
0.628956D 00
0.656257D 00
0.684827D 00
0.714748D 00
0.74611sD 00
0.779037D 00
0.813627D 00
0.E50019D 00
0.888359D 00
0.928816D 00
0.9?1566D 00
0.101682D 01
0.106481D 01
0.1115?9D 01
0.117005D 01
0.122790D 01
0.128969D 01
0.135578D 01,
0.142656D 01
0.150248D 01
0.158390D 01
0.167131D 01
0.176513D 01
0.186586D 01
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0.78 8763D-03
0.867740D-03
0.9546 14D-03
0.10 s018D- 0 2
0.115529D-02
0.727092D-02
0.13I8 12D- 02
0.1 53803D-02
0. 16 91 I3D- 02
0.1 8 612 3D-0 2
0.20474sD-02
0.225230D-02
0.247763D-02
0.272549D-02
0.299814D-02
0.329805D-02
0.362796D-02
0.399086D-02
0.4390 05D-02
0.482915D-02
0.5s7277D-02
0.584349D-02
0.642794D-02
0.70 7084D-02
0.777802D-02
0.855593D-02
0.94r 162D-02
0.103529D-01
0.113529D-01
0.1 23529D-0 1

0. 13 35 2 9D- 01
0.1435 2 9D- 01
0.1 5 35 2 9D- 01
0.163529D-01
0.173529D-01
0.183529D-0r
0.193529D-01
0.203529D-01
0.213529D-01
0.2 23 5 2 9D- 01
0.233529D-01
0.243529D-01
0.2 5 35 2 9D- 01
0.263529D-01
0.273529D-01
0.283529D-01
0.293529D-01
0.303529D-01
0.3135 2 9D- 01
0.323529D-01
0.333529D-01
0.343529D-01
0.353529D-01
0.363529D-01
0.373529D-01
0.383529D-01
0.393529D-01
0.403529D-01
0.413529D-01
0.423529D-01
0.433529D-01
0.44352sD-01
0.4s35 29D-01
0.463529D-01
0.473529D-0 L
0.483529D-01
0.493529D-01
0.503529D-01
0.513 5 2 9D-01
0.523529D-01
0.533529D-01
0.543529D-01
0.553529D-01
0.563529D-01
0.s73529D-0 1
0.5 83 5 2 9D- 01
0.593529D-01
0.603529D-01
0.613s 2 9D- 01

o.772287D 03
0.703024D 03
0.693931D 03
0.685045D 03
0.676422D 03
0.668109D 03
0.660126D 03
0.6s2488D 03
0.645189D 03
0.638203D 03
0.631479D 03
0.624959D 03
0.618574D 03
0.612252D 03
0.605914D 03
0.599485D 03
0.592900D 03
0.586097D 03
0.5?9030D 03
0.571668D 03
0.563990D 03
0.555990D 03
0.547674D 03
0.539054D 03
0.530153D 03
0.520998D 03
0.511624D 03
0.s02068D 03
0.492678D 03
0.483969D 03
0.475877D 03
0.468343D 03
0.461316D 03
0.454751D 03
0.448607D 03
0.442851D 03
0.437449D 03
0.432374D 03
0.427601D 03
0.423107D 03
0.418870D 03
0.414874D 03
0.411100D 03
0.407533D 03
0.404160D 03
0.400967D 03
0.39?943D 03
0.395078D 03
0.392360D 03
0.389781D 03
0.387333D 03
0.385008D 03
0.382799D 03
0.380698D 03
0.378700D 03
0.376799D 03
0.374989D 03
0.373266D 03
0.371625D 03
0.370061D 03
0.368570D 03
0.367149D 03
0.365793D 03
0.364500D 03
0.363266D 03
0.362088D 03
0.360964D 03
0.359891D 03
0.358866D 03
0.357886D 03
0.356950D 03
0.356056D 03
0.355202D 03
0.354385D 03
0.353604D 03
0.352857D 03
0.352143D 03
0.351460D 03
0.350806D 03

0.961567D 03
0.938036D 03
0.915821D 03
0.894821D 03
0.874950D 03
0.856131D 03
0.838300D 03
0.821397D 03
0.805368D 03
0.790163D 03
0.775730D 03
0.762018D 03
0.748972D 03
0.736538D 03
0.724659D 03
0.713276D 03
0.702330D 03
0.691761D 03
0.681510D 03
0.671522D 03
0.661745D 03
0.652129D 03
0.642632D 03
0.633214D 03
0.623844D 03
0.614493D 03
0.605140D 03
0.s95?69D 03
0.s86688D 03
0.578373D 03
0.s70697D 03
0.563566D 03
0.556906D 03
0.5506s9D 03
0.544778D 03
0.539224D 03
0.533965D 03
0.528974D 03
0.s24226D 03
0.519703D 03
0.515385D 03
0.511258D 03
0.507307D 03
0.503521D 03
0.499888D 03
0.496399D 03
0.493045D 03
0.489818D 03
0.486709D 03
0.483713D 03
0.480823D 03
0.478034D 03
0.475340D 03
o.472737D 03
0.470220D 03
0.467784D 03
0.465426D 03
0.463142D 03
0.460929D 03
0.458783D 03
0.456702D 03
0.454683D 03
o.4s2723D 03
0.4s0820D 03
0.448971D 03
o.4471,74D 03
0.445427D 03
o.443729D 03
0.442076D 03
0.440468D 03
0.438903D 03
0.437378D 03
0.435894D 03
0.434447D 03
0.433038D 03
0.431664D 03
0.430324D 03
0.429017D 03
0.427742D 0s

0.197395D 01
0.208992D 01
0.221433D 01
o.234779D 07
0.249094D 0L
0.264459D 01
0.280955D 0L
0.298671D 01
0.317709D 01
0.338180D 01
0.360196D 01
0.383880D 01
0.409356D 01
0.436752D 01
0.466198D 01
0.497816D 01
0.531728D 01
0.568045D 01
0.606863D 01
0.648269D 01
0.692335D 01
0.?39106D 01
0.78861lD 01
0.840848D 0L
0.895792D 01
0.953381D 01
0.101352D 02
0.107608D 02
0.113878D 02
0.i19800D 02
0.125398D 02
0.130695D 02
0.135711D 02
0.140464D 02
0.t44972D 02
0.149249D 02
0.153310D 02
0.157168D 02
0.160835D 02
0.164323D 02
0.167641D 02
0.170800D 02
0.i73806D 02
0.176671D 02
0.179400D 02
0.182002D 02
0.184483D 02
0.186850D 02
0.189107D 02
0.191261D 02
0.193318D 02
0.195281D 02
0.197156D 02
0.198948D 02
0.200660D 02
0.20229sD 02
0.203858D 02
0.20s351D 02
0.206780D 02
0.208r44D 02
0.209450D 02
0.210699D 02
0.211894D 02
0.213038D 02
o.274t32D 02
0.215178D 02
0.216r.80D 02
o.2771,40D 02
0.218057D 02
0.218936D 02
0.219778D 02
0.220s82D 02
0.221354D 02
0.222091D 02
0.222800D 02
0.223478D 02
0.224726D 02
0.224747D 02
0.225342D 02
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0.6 23 5 2 9D- 01
0.6 33 5 2 9D- 01
0.643529D-01
0.6s3s29D-01
0.663529D-0l
0.673s29D-01
0.683529D-01
0.693529D-01
0. ?03 5 2 9D- 01
0.713529D-01
0.723529D-01
0.733529D-01
0.743529D-01
0.753529D-0l
0.763529D-01
0.773529D-01
0.783529D-01
0.793s29D-01
0.803529D-01
0.813529D-01
0.823s29D-0 I
0.833529D-01
0.843529D-01
0.853529D-01
0.863529D-01
0.873529D-01
0.883529D-01
0.893529D-01
0.903529D-01
0.913529D-01
0.923529D-01
0.933529D-01
0.943529D-01
0.9 53529D-01
0.963529D-01
0.9 6 5214D-01

0.350181D 03
0.349583D 03
0.349011D 03
0.348463D 03
0.347939D 03
0.347437D 03
0.346956D 03
0.346496D 03
0.346056D 03
0.345634D 03
0.345230D 03
0.344844D 03
0.344473D 03
0.344118D 03
0.343778D 03
0.343453D 03
0.343141D 03
0.342842D 03
0.342556D 03
0.34228lD 03
0.342018D 03
0.341766D 03
0.341525D 03
0.341294D 03
0.341072D 03
0.340859D 03
0.3406s6D 03
0.340460D 03
0.340273D 03
0.340094D 03
0.339922D 03
0.339757D 03
0.339599D 03
0.339448D 03
0.339302D 03
0.339279D 03

0.426499D 03
0.425284D 03
0.424099D 03
0.422942D 03
0.4218i1D 03
0.420707D 03
0.419628D 03
0.418574D 03
0.417543D 03
0.416535D 03
0.415550D 03
0.414586D 03
0.413643D 03
0.412720D 03
0.411817D 03
0.410933D 03
0.410068D 03
0.409221D 03
0.408391D 03
0.407s?9D 03
0.406783D 03
0.406003D 03
0.405238D 03
0.404489D 03
0.403755D 03
0.403035D 03
0.402329D 03
0.401636D 03
0.400957D 03
0.400291D 03
0.399637D 03
0.398996D 03
0.398366D 03
0.397748D 03
0.397142D 03
0.397041D 03

0.225915D 02
0.2264s9D 02
0.22698sD 02
0.227+86D 02
0.227965D 02
0.228426D 02
0.228868D 02
0.229292D 02
0.229697D 02
0.230085D 02
0.230459D 02
0.230815D 02
0.23rr57D 02
0.231484D 02
0.231798D 02
0.232099D 02
0.232389D 02
0.232666D 02
0.232930D 02
0.233187D 02
0.233431D B2
0.233665D 02
0.233887D 02
0.234103D 02
0.234310D 02
0.234508D 02
0.234697D 02
0.234877D 02
0.235052D 02
0.235219D 02
0.23s378D 02
0.235533D 02
0.2356?eD 02
0.235819D 02
0.235957D 02
0.235980D 02
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X

0.100000D-06
0.21 0 00 0D- 0 6
0.331000D-06
0.464100D-06
0.610 51 1D- 06
0.771562D-06
0.948718D-06
0.114359D-05
0.1 35795D-05
0.1 s9 375D-0s
0.185312D-05
0.213843D-05
0.245228D-05
0.279 751D-05
0.317726D-05
0.359499D-05
0.405449D-05
0.455 994D-05
0.511593D-05
0.s72753D-05
0.640 028D-05
0.714031D-05
0.795435D-05
0.8849 78D-05
0.983476D-05
0.l.09 t.82D-04
0.121 1 01D- 04
0.13421 lD-04
0.148 632D-04
0.1 64495D-04
0.181 945D-04
0.201139D-04
0.222253D-04
0.245479D-04
0.27r027D-04
0.299 130D-04
0.330043D-04
0.364047D-04
0.401452D-04
0.442597D-04
0.487857D-04
0.s37643D-04
0.592408D-04
0.652649D-04
0.718 914D- 04
0.791E05D-04
0.871986D-04
0.960185D-04
0.105720D-03
0.1r.6392D-03
0.12813 2D-0 3
0.141 045D-03
0.1 55250D-03
0.1 ?0875D-03
0.1 88062D-03
0.206968D-03
o-227765D-03
0.250642D-03
0.275806D-03
0.303487D-03
0.333 936D-03
0.367429D-03
0.404272D-0s
0.444800D-03
0.489380D-03
0.538418D-03
0.592360D-03
0.651696D-03
0.716966D-03

fI :0.8

f Í¿,0R" : 852.70

f ,R"

0.369945D 05
0.337978D 05
0.268936D 05
0.232324D 05
0.206010D 05
0.184167D 05
0.165397D 05
0.148927D 05
0.134205D 05
0.120861D 05
0.108632D 05
0.97s474D 04
0.8?0306D 04
0.780046D 04
0.706868D 04
0.651431D 04
0.610214D 04
0.578410D 04
0.552157D 04
0.529042D 04
0.50?809D 04
0.487798D 04
0.468740D 04
0.450473D 04
0.432869D 04
0.415796D 04
0.399097D 04
0.382596D 04
0.366115D 04
0.349508D 04
0.332725D 04
0.315843D 04
0.299133D 04
0.283001D 04
0.267888D 04
0.254138D 04
0.241900D 04
0.231137D 04
0.221676D 04
0.213296D 04
0.205788D 04
0.198972D 04
0.192720D 04
0.186932D 04
0.181534D 04
0.176467D 04
0.1?i678D 04
0.167115D 04
0.162729D 04
0.158471D 04
0.154302D 04
0.150191D 04
0.146128D 04
0.142118D 04
0.138184D 04
0.134354D 04
0.130658D 04
o.t2772rD 04
0.1237s9D 04
0.120580D 04
0.117585D 04
o.174772D 04
0.112136D 04
0.109671D 04
0.707372D 04
0.105232D 04
0.703247D 04
0.101411D 04
0.99?180D 03

M :24

f oppRe

0.369945D 05
0.353201D 05
0.322397D 05
0.296565D 0s
0.2?4848D 05
0.255920D 05
0.23s016D 0s
0.223665D 0s
0.209543D 0s
0.196422D 0s
0.184135D 05
0.172555D 05
0.161610D 05
0.151292D 05
0.141658D 05
0.132767D 0'o
0.124636D 05
0.117232D 05
0.110492D 05
0.104343D 05
0.98?130D 04
0.935379D 04
0.887624D 04
0.843392D 04
0.802277D 04
0.763924D 04
0.728019D 04
0.694277D 04
0.662437D 04
0.632259D 04
0.603532D 04
0.576078D 04
0.549?69D 04
o.524529D 04
0.500337D 04
0.477207D 04
0.45516?D 04
0.434241D 04
0.414436D 04
0.395737D 04
0.378115D 04
0.361526D 04
0.345921D 04
0.331246D 04
0.377447D 04
0.304468D 04
0.2922s8D 04
0.280763D 04
0.269931D 04
0.259711D 04
0.250054D 04
0.240911D 04
0.232239D 04
0.223998D 04
0.216155D 04
0.208683D 04
0.201558D 04
0.r.94764D 04
0.188286D 04
0.182110D 04
0.776227D 04
0.1?0625D 04
0.165295D 04
0.760227D 04
0.155412D 04
0.150841D 04
0.146507D 04
0.142401D 04
0.138s16D 04

K

0.144567D-01
0.289526D-01
0.415564D-01
0.534714D-01
0.650368D-01
0.76 3 51?D- 01
0.874677D-07
0.984120D-01
0.109188D 00
0.119783D 00
0.130169D 00
0.140305D 00
0.15016lD 00
0.15975sD 00
0.169197D 00
0.178657D 00
0.188306D 00
0.198276D 00
0.208659D 00
0.219516D 00
0.230887D 00
0.242803D 00
0.255289D 00
0.268370D 00
0.282065D 00
0.2963E9D 00
0.311352D 00
0.326943D 00
0.343144D 00
0.359910D 00
0.377183D 00
0.394885D 00
0.412948D 00
0.431318D 00
0.449981D 00
0.468964D 00
0.488332D 00
0.508172D 00
0.528582D 00
0.s49652D 00
0.s71472D 00
0.594115D 00
0.617654D 00
0.642152D 00
0.667670D 00
0.694258D 00
0.7219?3D 00
0.750849D 00
0.780907D 00
0.812155D 00
0.844580D 00
0.878112D 00
0.912696D 00
0.948226D 00
0.984602D 00
0.102173D 01
0.105948D 01
0.109778D 01
0.113653D 01
0.117562D 01
0.121499D 01
0.725452D 07
0.129412D 01
0.133369D 01
0.137310D 01
o.147225D 01.
0.145105D 01
0.148936D 01
0.152711D 01



0.788763D-03
0.867740D-03
0.954614D-0 3
0.105 018D- 0 2
0.115529D-02
0.727092D-02
0.139812D-02
0.153803D-02
0.16 91 I3D- 0 2
0.186123D-02
0.204745D-02
0.225230D-02
0.247763D-02
0.272549D-02
0.2998 i 4D-02
0.329805D-02
0.362796D-02
0.3990E6D-02
0.43 9005D-02
0.482915D-02
0.5312L7D-02
0.584349D-02
0.642794D-02
0.7 0 70 84D- 0 2
0.777802D-02
0.855593D-02
0.9 07869D-02

0.981638D 03
0.967425D 03
0.954486D 03
0.942762D 03
0.932193D 03
0.9227I7D 03
0.914272D 03
0.906794D 03
0.900217D 03
0.894473D 03
0.889496D 0s
0.885216D 0s
0.881s62D 03
0.878464D 03
0.8?5848D 03
0.8?3643D 03
0.871780D 03
0.870191D 03
0.86881.4D 03
0.867596D 03
0.866492D 03
0.865465D 03
0.864490D 03
0.863548D 03
0.862629D 03
0.861730D 03
0.861193D 03

0.134843D 04
0.131375D 04
0.128105D 04
0.125027D 04
0.122133D 04
0.11.9416D 04
0.116870D 04
0.l. 1448 7D 04
0.172262D 04
0.110187D 04
0.108255D 04
0.106460D 04
0.104796D 04
0.103254D 04
0.101829D 04
0.100514D 04
0.993012D 03
0.981844D 03
0.971566D 03
0.962112D 03
0.953418D 03
0.945421D 03
0.938062D 03
0.931287D 03
0.925045D 03
0.91.9288D 03
0.916042D 03

0.156415D 01
0.160039D 01
0.163575D 01
0.167021D 01
0.170364D 01
0.173603D 01
0.176739D 01
0.179765D 01
0.182695D 01
0.185527D 01
0.188267D 01
0.190932D 01
0.193543D 01
0.196094D 01
0.198621D 01
0.201142D 01
0.203662D 01
0.206206D 01
0.208?84D 01
0.211405D 01.
0.214076D 01
0.216796D 01
0.219558D 01
0.222356D 01
0.225774D 07
0.227992D 07
0.230134D 01
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Computer Codes Used in the Analysis of Model I, Model II, and Model III

APPENDIX C
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DIMENSION U( 50, 55),T1 ( 50, 55),T( 50, 55 ),V( 50, 55),RM(65)
&,G',l (50,55 ) ,CZ (50,55 ) ,Ca (50,55 ) ,C¿ (50 ,55 ) ,CS (50,55 ) ,tZ(50,55 )

DoUBLE PRECISI0N DTH,G5,G1,G2,G3,T,T1,T2,T3,V,FRE
* rG4,pI,UBrU,TBl,TBrÀNUS'1 rDR,ANUSS,A1 rA2,B1,82,RM

REAL N

c I H ] rs riu HEicHT, I H ] is Hul¿¡ER oF FINS, I HH¡ ] ls Hul¡gER 0F
c ANcULAR DrvrsroNs. I Hv¡ ] ls tnr NUMBER 0F RADIAL DIVISIoNs....

ns¡o (5,*) H,N,NHD,NVD
PRiNT 5TH,NTNHD,NVD

5 FORMÀT('1"10X,'FIN HEIGHT = 
"F5.3,10X,'NIJMBER 

0F FINS = '
*rF3.0r10X,'NHD =',12r10x,'NVD =' rÍ2)
wRirE (4,6) H,N,NHD,NVD

6 FORMAT ( 1 ,9X, ' CHF 

"2(9X,F5 
.2) ,2(9X, I 3 ) )

NHDT=NHD+7
NHD5=NHD+5
NHD6=NHD+6
¡q¡1¡{=}.{i{!+4
DR= 1 . /N\¡D
rF (H.nQ.0.0) NVD=NVD-5
NVDl O=NVD+1 0
NVDl 1=NVtr+1 1

N\rD12=NVD+12
NVD13=NVD+'13
¡qyp.l {=¡f\/þ+ 1 4

NVDl 5=NVD+1 5

NVDl 6=NVD+1 6

PI=3.14159265358979
DTH=PI /H/¡¡UN
JF=(1-H)/DR+11.5
iF (H.n9.0.0) JF=NVD16
JFNl =JF-1
JFN2=JF-2
JFN3=JF-3
JFN4=JF-4
JFN5=JF-5
JFN6=JF-6
RM( 1 ) =0.0
D0 121 J=2,NV016
I F ( ¡. TN. 7 . OR. J. GT. JFN6.ÀND. J. LE. JF.OR. J. GT.NVDl O ) RM( J ) =

&RM(J-j )+nn/6.
I F ( ¡. Ct. 7 . ÀND. J. tE. JFN6. OR. J "GT. JF. AND. J. LE.NVDl O ) NU( J ) =

,py1¡_1 )+DR
121 CONTINUE

D0 20 J=1,NV016
D0 20 I=2,NHD7
u( I,J) =. 25*Rt't(¡ )* ( 1 . O-RM(J)**2. )

v(i,J)=1.0
2O CONTINUE

D0 101 K=2,NHD7
u(K,NVD'16)=0.0
u(K,1)=0.0

1 O1 CONTINUE

MODET I
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D0 10 J=2,NVD15
D0 10 I=2,NHD7
rF (r.en.2.ÀND.r.LE.7) c0 T0 100
G0 r0 1 

'10

1 OO I F ( J. GE. 2 . AND. J. LE. 6. OR. J. GE. JFN5. ÀND. J. LE. JFNl .OR. J. GE.NVD 1'1 .
&AND.J.tE.NVD15) GO TO 120
G0 T0 130

120 A1=1 .1 5.
A2=1 . I 6.
sl=1.16.
s2=1 . I 6.
G0 T0 30

1 3O IF ( J.GE. 8.AND. J.LE. JFN6_1 .OR. J.GE. JF+1 . AND. J.LE.NVD1 O-1 )GO TO 1 4O
c0 T0 150

140 A1='1 .0
À2=1 .0
81=1 . I 5.
B2=1 . I 6.
c0 T0 30

150 rF (J.EQ.7.0R.J.EQ.JF) CO rO l0O
G0 T0 170

160 e1=1.0
A2=1 . I 6.
B1=1 . I 6.
B2=1 , I 6.
r F ( J. EQ. 7.ÀND. J. EQ. JFN6. OR. J. EQ. JF. AND. J. EQ. NVDl 0 ) ¡1 = 1 . I ç.
G0 T0 30

170 rF (J.EQ.JFN6.0R.J.EQ.NVD10) GO TO 180
G0 T0 110

180 A1=1 .16.
A2=1 .0
81=1 . I 6.
B2=1 . I 6.
r F ( ¡. nQ. JFN6.ÀND. J. EQ. 7 . 0R. J. EQ. NVD.1 0 . AND. J. EQ. JF) A2=1 . I 6.
G0 T0 30

110 rF (r.EQ.8) co r0 190
G0 T0 200

1 9O i F ( J. GE. 2.ÀND. J. tE. 6. OR. J. GE. JFN5.ÀND. J. LE. JFNl . OR. J.GE. NVDl 
-1 

.
&ÀND.J.rE.NVD15) c0 T0 210
G0 TO 220

210 À1=1.16,
A2=1 . I 6.
81=1.0
B2=1 . I 6.
c0 T0 30

220 TF ( J. GE. 8 . AND. J. LE. JI'N6- 1 . OR. J . GE. JF+ 1 . AND. J. tE. NVDl O- 1 ) GO TO 2 3 O

G0 T0 240
230 À1 =1 .0

À2=1 .0
81=1.0
s2=1 . I 5,
G0 T0 30

240 rF (J.EQ.7.OR.J.EQ.JF) c0 rO 250
G0 T0 260
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250 A'1='l .0
n2=1 , I 6.
81=1.0
n2=1,16.
iF (¡.nQ.7.AND.J.EQ.JFN6.OR.J.EQ.JF "AND.J.EQ.NVD.10 ) A1 =1 .16.
G0 T0 30

260 rF (J.EQ.JFN6.OR.J.EQ.NVD10) G0 '.IO 270
G0 T0 200

270 A1=1.16.
A2=1.0
B1=1.0
s2=1.16"
rF (¡.nQ.JFN6.AND.J.EQ.7.OR.J.EQ.NVD10.ÀND.J.EQ .JF) A2=1 . I 6.
G0 T0 30
rF (l.ce.9.AND.r.LE.NHD7) CO rO ZgO

I F ( ¡ . CN. 2 . AND. J . LE. 6 . OR. J . GE. JFN5 . AND. J. tE. JFN'1 . OR. J. GE. NVD'1 1 .
200
280

&AND.J.LE.NVD15) GO TO 290
G0 T0 300

290 A1 =1 .1 6.
A2=1 . I 6.
B'1=1.0
82=1 .0
G0 T0 30

300 iF (J.cE. B.ÀND. J. LE. JFN6-1 .OR. J.GE. JP+1 .ÀND. J.LE.NVDl 0-1 )G0 T0 31 0

G0 T0 320
310 4.1=1 .0

À2=1 .0
81 =1 .0
82=1 .0
G0 T0 30

320 rF(J.EQ.7.OR.J.EQ.JF) G0 r0 330
G0 T0 340

330 A1 =1 .0
A2=1 " I 6.
B1=1.0
B2=1 .0
r F (r.n9. 7.ÀND. J. EQ. JFN6 "OR. J. E8. JF.AND. J . EQ. NVÐ1 0 ) e1 =',l . /6.
GO TO 30

340 rF (J.EQ.JFN6.OR.J.EQ.NVD10) G0 T0 350
350 A1=1"16.

A2='1 .0
B'1=1.0
B2=1 .0
rF (¡.nQ.JFN6.AND.J.EQ.7.OR.J.EQ.NVD10.AND.J"EQ "JF) A2=1 . I 6 "

30 CONTINUE
c1 ( I, J) = Q. *RM( ¡ ) +À1 *DR ) / ( (n2*¡2+¡1 *¡2 ) *DR*DR)

c2 ( I, J) = Q. *RM( J ) -À2*DR ) i ( (¡l *42+À.1 *¡'l ) *¡p*¡p)
G3 ( I,J)=2. i (n¡¡(,: ) * (S2xg2+B1 *82 ) *OtH*¡ttt)
G4 ( I, J)=2./ (nu(J)* (8.1 *82+81 *3'l )*¡1¡1*¡1s)
c5 ( i, J ) = Q.*RM( J ) I x I ez lnRlnR+ ( e I -ez ) / ( el *¡z )

&/DR-1 . /nu( t) +2./n¡t(,: ) I sl /sz lnrHlDrH )

1 O CONTINUE
N1=0
D0 12 NiTER=1,60000
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D0 70 I=2,NHD7
D0 70 J=2 rNVDl 5

rF (i.nQ.2.AND.J.cE.JF) GO TO 411
G0 T0 421

41.1 U(t,,:)=0.0
G0 T0 70

421 IF (I.¡Q.2) u(r-1,J)=u(r+1,J)
IF (i.nQ.¡¡go7) U(1+1,J)=u(r-l,J)
u(I,J)=u(r,J)+1 .997*( (cl (r,J)*u(t,,:-1 )+c2(r,J)*u(r,J+1 )+

&c3 ( i,,: )*u( i-1,J ) +c4 ( r,J)*u( r +1,¡) +nM(J) **2 ) ics ( r,J)-u( I,J) )

CONTI NUE
N1=N1+1
N2=N1/10
rF (nz.nç.1) G0 ro 431
G0 T0 441
N'1 =0
G0 T0 4 5'1

G0 T0 12
DO 13 I=2INHÐ7
D0 13 J=2,NVDI5

70

431

441
451

rF (v(r,¡).nQ.0.0) co ro 13
IF (n¡ss((v(r,J)-u(i,J)) lvfi,t) )*100.0.cr.0.001) co ,ro 2s

1 3 CONTINUE
PRINT 55 , NITER

55 FoRMAT ('.1 

"20N,,',CONVERGENCE 

OF THE MOMENTUM EQ N O

&,I5,' ITERÀTIONS')
D0 111 J=1,NVD16
PRINT 40, (U(I,,:),I=2,NHD7)

1 1 1 CONTiNUE
40 FoRMAT (l ,10 ( 1X,01 2.6))

CALL INTEG(U,DTH,pI,UB,N,DR,NHD7,NVD,NVD',l 6,NHD,H)
FRE=2. /UB
PRINT 60,UB,FRE
I{RI TE (4 ,7 ) UB , FRE

7 FoRMÀT (/,10X,'U8 
"F10.7,10X,'FRE "n10.5)60 FoRMAT ( l r20X, 'ÀVERAGE BUIK VELOCITy"F10.7,10X, ' F*RE = 

"F10.5 
)

c0 T0 65
25 D0 45 J=.1 ,NVDI6

D0 45 I=2,NHD7
v(I,J)=u(1,;)

45 CONTTNUE
1 2 CONTINUE

PRiNT 75,NITER
75 FoRMAT ('.1"20Kr',N0 CONVERGENCE WITHIN 

"I5r' 
ITERATIONS')

soLUTioN 0F THE CONSTANT HEAT FLUX ENERcy EQUATIoN.

65 cALt CHFFD (ÀHUS 1,DR,DTH, pI,N, T,U,NHD7,NVD'1 6,H,RM, JF,V,G 1,G2,G3
&,G4,G5,FRE,UB)
t^tRITE (3,9999) rne,ANUSl,UB

cc
cc
cc

D0 999 J=1,NVDI5
D0 999 1=2,NHD7
I.tRirE (3,9999) c1 (r,J),c2(r

999 CONT]NUE

CCURED AFTER '

,J),c3(1,,:),c4(I,J),c5(I,,:),u(t,,.])
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9999 FoRMAT (3(1X,D23. 16) )

cc
cc sotuTroN 0F THE DEVELOPiNG ENERGY EQUATTON FOR THE CoNSTÀNT HEAT
CC FLUX CÀSE.
cc

cÀLL cHFEn (eHusl,DR,DTH, pI,N, T,u,NHD7,NVD1 6,H,RM, JF,v,G1,G2,G3,
&G4,G5,FRE,UB)

cc
cc sotuTIoN 0F THE FULLY DEVETOPED ENERGY EQUÀTIoN FOR THE CASE
CC OF CONSTANT WALL TEMPERÀTURE.
cc

ÀNUSS='1 . 0
D0 16 J='1 ,NVD16
D0 16 I=2,NHD7
T(I,J)=u(i,J)
T1 (I,J)=10.00
T2(I,J)=u(I,¡)
iF (¡.nQ.1.0R.J.EQ.NvD16) CO rO +eO
G0 T0 16

460 T(t,;)=0.0
r'1 (I ,,1)=0.0
T2 (I ,J )=0.0

1 6 CONTINUE
N'1=0
D0 80 NITER=I,999999
D0 50 I=2,NHD7
D0 50 J=2,NVD'I5
rF (r.nç.2.AND.J.cE.JF) c0 T0 470
G0 T0 480

470 T(I,;)=0.0
G0 T0 50

480 rF (r.EQ.2) T(r-1,J)=T(i+1 ,;)iF (i.gQ.NHD7) r(r+1,J)=r(i-1,J)
T( I,J ) =r( i,J ) +1 . 993* ( (cl ( I,J ) *T( i,J- 1 ) +G2( t,,: ) *1( J,;+1 ) +c3 ( r,J ) *

&T ( I -1, J ) +c4 ( 1,,: ) *T ( I +1, J ) +'1 . /u¡*u ( t,,: ) *T2 ( I, J ) *eHUSS ) /cS ( I,¡ )

&-T(I,J) )

5O CONTINUE
N1=N1+1
N2=N1/10
rF (Nz.nç.1) c0 r0 490
G0 T0 80

490 N1 =0
D0 85 I=2,NHD7
D0 85 J=2,NVD1 5
rF (rl (i,¡).eQ.0.0) co ro 85
iF (Dess((rl (i,J)-r(r,r)) lrt(r,J))*100.0.cr.0.001) co ro los

85 CONTINUE
D0 42 I=2,NHD7
D0 42 J=2,NVD16
T'1 ( r,J ) =T.1 ( i,J) *U( r,; ) /nu(,:)

42 CONTiNUE
cÀLL INTEG(Tl,DTH,pI,TB,N,DR,NHD7,NVD,NVD1 6,NHD,H)
TB=TB/UB
ANUS2=1 . O/TB
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rF(DÀBS( (enusz-enuss)/eHusz )*l oo. 0.cr.0.01 ) co
PRINT 90

90 FoRMAT ( ' 1 ' ,30X, 'FULLY DEVELOPED CONSTANT WALI
PRINT 500,NITER

500 FORMÀT ( ' 0' ,30X, ' CONVERGENCE 0
D0 11'11 i=2,NHD7

1111 CONTiNUE
D0 112 J=l,NVD16
PRINT 40 , (T ( i ,,: ) ,I =2 ,NHD7 )

1 1 2 CONTINUE
PRiNT 35,TB,ANUS2
I.¡RITE (+,3S) tn,ÀHUS2
G0 T0 520

95 ANUSS=ANUS2
D0 .1235 

J=.1 ,NVD16
D0 1235 I=2,NHD7
T2(r,J )=r(l,J)

1 235 CONTTNUE

D0 11'11 J=l,NVD.Io
T ( I , J ) =r ( I , ¡ ) /ts

105 D0
DO

r1 (

1 1 5 CONTTNUE
80 CONTINUE

PRINT 530,NITER
STOP

530 FORMAT('1' ,20N, 'N0 CONVERGENCE WITHIN' ,I5,'ITERATIONS')
520 CONTTNUE

D0 1919 J=2,NV016
D0 1919 I=2,NHD7
rF (u(1,,t).nQ.0.0) co ro 1919
Tl (r,J)=T1 (r,J)/u(r,J)/TB

1 91 9 CONTJNUE
DO 2929 J=l,NVD16
}rRITE (8,2222) (rl (t,;),I=2,NHD7)

2929 CONTINUE
2222 FOWTAT ( 5( 1X,n1 2.6) )

cc
CC SOLUTION OF THE DEVETOPING ENERGY EQUATION FOR THE CASE OF

CC CONSTANT WALI TEMPERATURE.
CC

CALL CWTER(G1,G2,G3,G4,G5,NHD7,NVD1 6,RM,JF,FRE,T,U,DTH,DR,H,
&PI ,N,ANUS2 ,UB,V)

STOP
END

SUBROUTINE INTEG (U,nlH,PI,UB,N,DR,NHD7,NVD,NVD1 6,NHD,H)
DOUBLE PRECISI0N U( S0,SS),F(65),OtH,UB,pI,DR

*,F1 ( 65),F2(65),F3(6S),Unt,UB2,UB3,SUM1,SUM2
REÀL N

NHD6=NHD+6
NHD5=NHD+5
NHD4=NHD+4
¡y¡1Q=¡¡yp+10

CCURED AFTER

15 J=1,NVD16
15 r=2,NHD7
,J)=T(i rl)

T0 95

TEMPERATURE')

"I6r'ITERÀTIONS'
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NVD11=NVD+1'1
NVDl 2=NVD+1 2

NVD'13=NVD+13
¡¡y¡.1 {=[\r!+ 1 4
NVDl S=NVD+1 5

JF=(1_¡1)/¡ft+11.5
rF (H.n9.0.0) JF=NVD16
JFN 1 =JF- 1

JFN2=JF-2
JFN3=JF-3
JFN4=JF-4
JFN5=JF-5
JFN6=JF-6
D0 10 i=2,NHD7
F1 ( r )=DR/6 . /9,* (u(r ,Hvo1 0)+u(r ,NVD1 6)+4.* (u( I ,NVD1 i )

&+u(i ¡NVD'13)+u(I,NVD1s) )+2.0*(u(r,NVD12)+u(I,NVD14) ) )
F1 ( r ) =r1 ( r ) +on/6 . I l.*(u( r, 7 ) +u( r, .1 

) +4. * (u( r, 2 ) +u( r, 4 ) +
&u(r, c) ) +2.* (u(r,3)+u(i,s) ) )
rF (H.n9.0.0) co ro 90
F1 ( I ) =F 1 ( I ) +¡n/6 . I 3.* (u( r,tr ) +u( i,JFN6 ) +4. 0* (u( l,¡rw1 ) +u( l, JFN3 )

&+U( r,JFN5) ) +2.0* (U(r,JFN2 )+u(l,JFN4 ) ) )

9O N1=NVD1O-JF
N2=N1 /2
rF (H1.1n.0) GO TO 140
iF (Ht .e9.1 ) co ro 150
N3=2*N2
rF (Ht"ng.N3) GO TO 100
G0 T0 110

100 SUMI=0.0
SuM2=0. 0

JF1 =JF+1
NVD9=NVD+9
D0 120 J=JF'1 ,NVD9,2
SUMI =SUM1 +U ( J , J )
iF (;.ng.NVD9) CO rO tZO
SUM2=SuM2+U(i,¡+1 )

1 20 CONTINUE
F2 (I )=DR/3. * (u(i,JF)+u(i,NVD1o)+4.0*SuM1+2. 0*SUM2 )
G0 T0 160

110 SUMI=0.0
SUM2=0.0
JF'1 =JF+ 1

NVDS=NVD+8
D0 1 30 J=JF1 ,NVD8,2
SUM'1 =SUM'1 +U ( i , J )

rF (;.nQ.NVD8) CO rO l¡O
SUM2=SIJM2+U(I ,J+1 )

1 30 CONTINUE
F2 (r )=DR/3. 0* (U(r,,:r)+u(r,NVD1 O-1 )+4. 0*SIJM1+2.0*StjM2)+

eDRl 2. 0* (U( i,NVD',l 0-1 ) +U( r,NVD1 0 ) )
c0 T0 160

140 F2(I)=0.0
G0 T0 160

1 50 F2(l )=¡n/2.0*(u(r,;r)+u(r,NVD'10) )
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160 N1=JFN6-7
N2=N1 /2
rF (Hl.nQ.0) Go r0 220
rF (Hl.nQ.1) Go ro 230
N3 =2*N2
rF (Hl .nQ.N3) Go ro 170
G0 r0 180

170 SUMl=0.0
SLIM2=0.0
JFNT=JF-7
D0 1 90 J=8,JFN7,2
SUM'1=SUM1+U(T ,J )

iF (¡.nQ.JFN7) CO rO lgo
SUM2=SUM2+U(i,J+1 )

1 90 CONTINUE
F3 (r )=DR/3.* (U(r,7)+U( r,;rN6)+4. 0*SUM.1+2. 0*SUM2 )

G0 T0 210
'180 

SUM1 =0. 0

SUM2=0. 0

JFNT=JF-7
D0 200 J=9,JFN7 r 2

SI.IM1=SUM1+U(I ,J )

rF (¡.nQ.JFN7) eO rO ZOO

SUM2=SUM2+U( I ,J+1 )

2OO CONTINUE
r3 (r )=¡R/3. 0*(U(r,B)+U( r,;ru6)+4.0*SUM1+2. 0*SuM2)+

&DR/2. 0* (U( r, 7 )+U(1,8 ) )
G0 T0 210

220 F3(I)=0.0
G0 T0 210

230 F3(i )=on/2.0*(u(r,7)+u(r,,:r}16) )

Zj1 F (r )=r,1(1)+F2(r )+r'3(r )

1 O CONTINUE
UB1 =DrH/6 . O I 3.0* ( F ( 2 ) +F ( I ) +4 . 0* ( F ( 3 ) +p ( 5 ) +F ( t ) ) +2. 0* ( r ( ¿ ) +r ( 6 ) ) )
N1 =NHD/2
N2= 2*N 1

rF(NHD.EQ.N2) CO rO ¿eo
G0 T0 520

480 StlMl=0"0
SUM2=0. 0

D0 60 J=9,NH05,2
SUMl =SUM-I +F (J )

iF(J.EQ.NHD5) CO rO eo
SUM2=SgM2+r'(¡+l )

6O CONTINUE
IJB?=DTH/3. 0* (¡'(8 ) +r (HHoS )+4 . 0*SUM'1 +2 . 0*SLIM2 )

UB3=DTH/2. 0* ( F (HHoe ) +r (Hun7 ) )
UB=UB1 +UB2+UB3
G0 T0 530

520 SLIMl =0.0
SUM2=0 .0
D0 70 J=9,NH06,2
SUM1 =SUM1 +F ( J )
rF(J.EQ.NHD6) CO rO ZO
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StiM2=SuM2+f (¡+.1 )

70 CONTINUE
uB2=DTH/3 .0* ( F ( I ) +n (¡lH¡Z ) +4. 0*SUM1 +2. 0*SUM2 )
UB=UB1 +UB2

530 UB=UB/et *2. 0*N
RETURN

END

suBROuTI NE CHFFD ( ÀHUS 1, DR, DTH, pI,N, T,U, NHD7,NVD.l 5,H, RM, JF,V, G 1,
&G2,G3,G4,G5,FRE,UB)

Dr MENS I ON U ( 5 0 , 5 5 ) , RM ( 6 5 ) , V ( 5 0 , 5 5 ) , r ( S 0 , 5 5 ) ,
&c1 ( 50, 55),G2 ( S0, 55),Cl ( 50, 55),C¿ ( 50, 55),CS( 50, 55 )

DOUBLE pRECiSI0N DR,DTH,pI ,U,V rG1 ,G2,G3,G4,G5,FRE,A1 ,A2,UB,TW,
&coRR,T,TB,ÀNUS.1 ,RM
REAI N

D0 5 I=2,NHD7
DO 5 J=1,NVD'15
v(I,J)=1.0
T(I,J)=nþf (.t)

5 CONTINUE
TW=0.00
NN=0
D0 100 ITER=1,50000
D0 10 I=2,NHD7
D0 '10 J=1 ,NVD16
rF(J.EQ.1) c0 r0 80
G0 T0 90

80 T(I,J)=0.0
G0 T0 '10

90 rF(J.sQ.NVD16) cO rO 110
c0 T0 140

110 T(I,J)=tw
G0 T0 10

140 rF(r.EQ.2) co ro 150
G0 T0 160

150 IF(J.GE.JF) GO TO 170
c0 T0 180

170 T(t,,:)=TW*RM(J)
G0 T0 190

'1 80 T(t-1,J)=T(l+.1,.i)
T ( I, J ) =T ( t, J ) +1 .997 * ( (c I ( i, J ) *T ( t,,,t- 1 ) +G2( t,; ) *T ( I, J+ 1 ) +G3 ( t, ; ¡ *

190
160

&T( r -1,J ) +c4 ( i,t ) *T ( i +1, J ) -u( r,; ) *nu(; ) *rnn/2. ) / ( +cá ( 1,,: ) ) -r ( í,¡ ) )
G0 T0 10
ir(r.EQ.NHD7) CO rO ZOO

c0 T0 210
200 T(i+1,J)=T(t-1,,:)

T( I,J ) =T( I,J ) +1 .997 *( (c1 ( I,J ) *T( I,J- 1 ) +G2( t,,: ) *1( 1,.1+1 ) +c3 ( I, J ) *
&T( I -1,J ) +G4 ( i,¡ ) *T ( i +1, J ) -u( i,; ) *RM( J ) *rn¡/2. ) / ( +c5 ( r,,: ) ) -r ( Í,¡ ) )
G0 TO 10

210 î!t,,:)=T(r,{)+1,99i*((ct(r,J)*T(i,J-1)+G2(r,,:)*1(1,.T+1)+G3(r,J)*
cr(i-l,J)+G4(t,,:)*T(i+1,J)-u(i,;)*RM(J)*r'nn/2. )/(+c5(r,,i))-r(i,¡))

1 O CONTINUE
rF (irnn.LE.55) co ro too
¡¡=¡¡l'{+ 1

iF (NN.EQ.1o) co ro 5oo
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G0 T0 100
500 NN=O

D0 20 I=2,NHD7
D0 20 J='1 rNvD16
rF(v(r,J).EQ.0.0) co ro 2o
rF(DABS( (v(i,J)-r(i,¡) )/v(r,J) )*'100.0.cr.0.001 ) co ro 30

20 CONTiNUE
PRINT 1 5

15

35

FORMAT ('1' ,30X,'FULLY DEVELOPED CONSTANT HEAT FLUX')
PRINT 35,ITER
FORMAT(' ' ,30X,'CONVERGENCE 0 CCURED AFTER ' ,I5,' ITERÀTIONS'
D0 114 J=1,NVDl6
PRINT 45 , (T ( I ,,1) ,I =2 ,NHD7 )

1 14 CONTINUE
D0 25 I=2,NHD7
D0 25 J=2,NVD16
T( I,J )=t( t,J) *u( 1,,:) /nu(¡)

25 CONTINUE
NHD=NHD7-7
NVD=NVD16-.16
CALL INTEG(T,DTH,PI,TB,N,DR,NHD7,NVD,NVD1 6,NHD,H)
TB=TB/UB
D0 1919 J=2,NV016
D0 1919 I=2,NHD7
v( r,J)=(rw-v( i,J) /RM(J ) )

1 91 9 CONTINUE
DO 2929 J=1,NVD'Í 6

t¡RITE ß,2222) (v(I,J),I=2,NHD7)
2929 CONTINUE
2222 FORUAT ( 5( 1x,D1 2.6) )

ANUS.l =1 .01 (rw-rs )

PRiNT 70,TB,ÀNUS1
I^IRITE (+,10 ) tA,ÀHUSl
RETURN

45 FORMÀT ( /,5(10( 1x,D1',l .5),/) )

70 FORMÀT(1,10X,,'AVERÀGE BULK TEMP=',F10.6,10X,'NUSSELT NUMBER ='

30 D0 40 I=Z,NHD7
D0 40 J=1,NVD16
v(I ,J )=t (t ,.i )

40 CONTINUE
1 OO CONTINUE

PRINT 85,irER
85 FoRMAT('0' ,20X,'N0 CONVEGENCE 0

RETURN

END

suBRourI NE cHrER ( ÀNUS 1,0R, DTH, PI, N, T, U,NHD7, NVDl 6, H, RM, JF,V, G 1

&G2,G3,G4,G5,FRE,UB)
DTMENSi0N U(50,55),RM(6S),V(50,55),T(50,55),

&c1 ( 50,55),c2( 50, 55 ),C¡ ( 50, 55 ),C¿ ( 50, 55 ),CS ( 50, 55 ),T1 ( 50, 55 )
DOUBLE PRECI SI0N DR,DTH, pI,U,V,G1,G2,G3,G4,G5, FRE,A1,À2,UB,TW,

&coRR, T, TB, T1, TW1, X,DX, CORRS, CORRSS, TWS, TWSS, ÀNUS 1,NUSS, TT,DR1,
&ANUSLT , ANUS2 l , RM

REÀL N

ccuRED WITHIN 

" 
I 5,' ITERATIONS'
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D0 5 I=2,NHD7
D0 5 J=1 ,NvD16
v(I ,J )=1 . 0
T1 (I,J)=0.0
T(I,J)=0.0

5 CONTINUE
TW1 =0. 0

X=0 .0
NN=0
RF=1.1
D0 110 NST=1,700
NCR='1

rF(NST.GT.20) CO rO +ZO

G0 T0 410
420 DX=1 .0s*DX

rF' (¡x.cr.0.001 ) nx=o.001
GOTO2

41 0 DX=1 .0E-04
rF (¡¡sr.LE.19) DX=1.08-05
rF (HSr.LE.10) DX=1.0E-06

2 IYI=Z.0*DX+tw1
X=X+DX
RF= 0 . 9224+. 0 I *NST-0 . 0 0 2 5*NST*NST+0 . 0 0 0 0 3*NST* * 3
iF
IF
]F
IF
IF
IF
IF
iF

NST.GE.2) nr=Rn*(N*. 007143+ .97 14)
RF.G8.1.982)Rr=1.982
NST.cE.30) RF=1.983
NST.cE.40) RF=1.984
NST.GE.50) RF=1.985
NST.GE.60) RF=1.987
NST.GE.70) RF=1.990
H.EQ.0.0.AND.NST.GT.1 0) Rr=1 .5

D0 100 ITER=1,60000
D0 10 I=2,NHD7
D0 10 J=1,NVD15
rF(J.EQ.1) cO rO 150
G0 T0 170

160 T(t,,1)=0.0
G0 T0 10

170 rF(J.EQ.NVD16) c0 T0',180
c0 T0 210

180 T(I,J)=rw
G0 T0 10

210 rF(i.EQ.2) co ro 220
c0 T0 230

220 TF(J.GE.JF) GO TO 240
G0 T0 250

240 1(I ,; )=TW*RM(J )

G0 T0 260
250 T(i-1,,:)=T(l+1,J)

T ( r , J ) =r ( I , J ) +RF* ( (r'nn*u ( r ,; ) / q .O lnx*r 1 ( i , ¡ ) +c 1

&G2 ( r,J)*T( l,J+1 )+c3 (i,J) *T( I -1,t) +c4 ( i,J) *T( I+j
&14 .0lDx)+cs ( i ,J ) )-r (r ,,: ) )

260 c0 r0 10
230 iF(r.EQ.NHD7) CO rO ZZO

(1,,1)*T(I,J-'1 )+
,J)) /((r'Rn*u(I,,:)
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270 r(
T(

&G2

c0 T0 280

&l 4.0 lÐx)+c5(r,J) )-r(r,;) )

G0 T0 .10

280 T(1,;)=T(I,J)+RF*( (rne*u(I,,:) / q.0lnx*T1 (i,,:)+c1
&c2 ( I,J ) *T( I,J+1 ) +c3 ( I, J ) *T ( I -1,,: ) +c4 ( I,J ) *t( I +1

sl q.0 lnx)+G5(i,¡) )-r( 1,,:) )

1 O CONTINUE
rF (Hsr.EQ.1.ÀND.irER.LE.40) co ro '100

¡¡=]rf].{+1
rF (HH.nQ.10) c0 r0 400
G0 r0 100

400 NN=0
D0 20 I=2,NHD7
D0 20 J=1,NVD16
rF(v(r,J).8Q.0.0) co ro 20
rF (DÀBs( (v( r,J )-r( r,r) ) /v( r,J) )*1 00. 0.cr. 0. 001 )

20 CONTINUE

+1 ,J)=f (I-1,J)
,J)=T(i,,:)+RF*( (¡'nn*u('f, rJ) / 4. 0/nx*tl (I,,1)+c1
I,J)*T( t,J+1 )+c3 ( I,J ) *T( t-1,,:) +c¿ ( i,J)*T( i+1

D0 25 I=2,NHD7
D0 25 J=2,NVD1 6
v( r,J)=r(l,t)*u(r,J) /RM(J)

25 CONTiNUE
NHD=NHD7-7
NVD=NVD1 6-1 6

cÀtl INTEG(V,DTH,pI,TB,N,DR,NHD7,NVD,NVD 1 6,NHD,H)
TB=TB/UB
CORR=2.0*x/rs
rF(coRR.LE.1 .0001 "ÀND.CORR.cE.0.9999) cO TO 31 0
G0 T0 320

310 PRINT 35,ITER,NCR
35 FoRMAT('1"2}X,',CONVERGENCE O CCURED AFTER 

"I5,' 
ITERATIONS'

& , 
'1 0x, 'ÀND ' ,12 , ' CORRECTIONS' )

D0 125 J=.1 ,NVD16
PRiNT 45, (T(1,;),I=2,NHD7)

1 25 CONTTNUE
ANUS2 1 =NUSS
NUSS=1.0/(rw-rn)

(t,;)*T(I,J-1)+
,J)) l((rRn*u(i,t)

(t r,.t)*T(I,,:-1)+
,J)) l((r'Rn*u(I,¡)

rF (¡¡uss.LE.1.0s*ANUS1) cO TO 290
G0 T0 300

290 PRINT 70,N,,T8,NUSS
ANUSLT=1 .05*ANUS'1
x=x-DX* (HUSS-¡HUSLT) / (NUSS-¡HUSZI )

PRiNT 500,X,ANUSLT
I,¡RITE (+,11 ) X,RHUSIT

500 FORMAT ( I ,5X, 'THE ENTRY REGION = ' ,F'10.8 ¡ f

&F11.5)
RETURN

300 PRiNT 70,X,TB,NUSS
I.¡RITE (+,11) X,HUSS

71 FoRMAT (5X,r10.8,5X,F.12"5)
G0 T0 120

320 rF (NST.EQ.1) CO rO llS

G0 T0 30

NUSSELT NUMBER = 'I
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rF (Hcn.LE.25)
G0 T0 340

330 rr (Hcn.nQ.1)
G0 TO 360

350 TWS=TW

C0RRS=C0RR
TW=TW*(1.0+COnn)12.0
NCR=NCR+ 1

G0 T0 100
360 TWSS=TI.i

C0RRSS=C0RR
TW=TWS+ ( 1 . 0-CORRS ) * ( twss-TwS ) / (COnnSs-CORRS )

TWS=TWSS

CORRS=C0RRSS
NCR=NCR+ 1

G0 T0 100
340 c0 r0 1 30
1 1 5 TW=TW*CORR

D0 56 I=2,NHD7
D0 56 J=1 ,NVD'I6
T ( I , J ) =r ( i , J ) *CORR

56 CONTINUE

G0 r0 330

G0 T0 350

NCR=NCR+1
c0 T0 100
FORMÀT('0' ,5(10( 1x,D'1 1.5) ,/))

^FORMÀT('0' ,9Xr'AT X ='rF10.8,20X,'AVERAGE BULK TEMP-' ,F11.7 r20X,
G'NUSSELT NUMBER = ' ,F1 0.5)

45
70

30 D0 40 I=2,NHD7
D0 40 J=1,NVD16
V(I,J)=t(1,¡)

4O CONTINUE
1 OO CONTINUE

PRINT 155,ITER
RETURN

1 55 FORMAT('0' ,1 0X,'NO CONVERGENCE O
1 20 D0 80 I=2,NHD7

D0 80 J=1,NVD16
T1 (I r,¡)=t(i r.l)

80 CONTINUE
TW1=Tl.i

1 1 O CONTINUE
RETURN

130 PRINT 140,NCR
140 FORMAT('0' ,/I/ ,35X"CONVERGENCE FAILED wiTHIN ' ,f2,' ITERÀTIONS')

RETURN
END

ccuRED wITHIN ' ,I5,' ITERATIONS')
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DOUBTE PRECTSION U(35,35),V(35,35),W(35,35),US(35,35),
*vs ( 3 5 , 3 5 ) , t^ts ( 3 5 , 3 5 ) , r ( ¡ S , 3 5 ) , ÀpR ( 3 5 , 3 5 ) , Rnt ( 3 5 , 3 5 ) , ePX ( 3 5 , 3 5 ) ,
*¡Hn ( 3 5 , 3 5 ) , eHr ( 3 5 , 3 5 ) , eHX ( 3 5 , 3 5 ) , ASn ( 3 5 , 3 5 ) , est ( 3 5 , 3 5 ) ,
*esx ( 3 5 , 3 5 ) , enn ( 3 5 , 3 5 ) , REr ( 3 5 , 3 5 ) , lnx ( 3 5 , 3 5 ) , lWn ( 3 5 , 3 5 ) ,
*ewr ( 3 5 , 3 5 ) , ¡t^¡x ( 3 5 , 3 5 ) , nn ( 3 5 , 3 5 ) , at ( 3 5 , 3 5 ) , Cn ( 5 5 ) , SL,MV , SUMW ,
*cr( 55),cx( 55 ),A( 35,35),r( 35, 35),C ( 35,35),D( 35, 35),E( 35, 35)
DOUBLE PRECI SiON F ( 35, 35 ),eC ( 35, 35 ),p ( 3S, 35 ),FC ( 35, 35),Up( 35, 35 ),

*vp ( 3 5, 35 ),l^iP ( 35, 35 ),DPDX,R ( 55 ),DR,DX,DTH, Pi,DPDX1,FRE,FRE1,X
*,v2 ( 35, 35),pC1 ( 35, 35),WZ ( 35,35),V1 ( 35,35),Wl (35,35),p1 ( 35, 35)
*, FREFD, FRE0'1, FRE05, FREP, xp, L rDp, K, cu, zE, FÀppRE, BX ( 3 5, 3 5 )
*,DR1,DR2,DR3,BRC,BTC,BXC,CRI,REC'1 ( 3S, 35 ),REC2 ( 35, 35 ),Ul ( 35, 35 ),
*APRC, ÀPTC, APXC, ÀNRC, ANTC, ANXC, ASRC, ÀSTC, ASXC, AERC, AETC, ÀEXC

DOUBLE PRECISI0N AWRC,ÀWTC,ÀWXC,KP,FÀPREP,FÀPREL,KL
cc
cc
cc
cc
CC

MODEL iT

Hnn ) IS THE RADIAT DIvISIoNS, ( N¡¡ ) rs rur ÀNcuLAR DivIsioNS.
H ) TS THE RETATJVE FiN HEiGHT.
¡,t ) IS THE NUMBER oF FINS.

READ (5,*¡ NRD,NAD,H,M
DR=1 . O/NRD
rFrN=(1-H) lon*Z
1F (H.rç.0.0) IFIN=IFiN+10
PRINT 7,NRDTNÀDrH,M

7 FORMAT ('1"10X,'MESH SIZE (', ,r2r'.N"rzr')"1oxr'FIN HEIGHT = 
"*F3.1,10X,I2,' FINS"100(/) )

FREP=1.0
FRE=2. 0

ZE=O.0000000000
SUMV=0.0
SUMW=0.0
FREl ='1 .0
RFP=1 .0
RF=1 .0
RFDP=1 .0
RFCO=1.0
RFS=1 .0
RFVC=1 .0
PI=2 .0*DARCOS ( zE )
NRDl =NRD+1
NRD2=NRD+2
NRD3=NRD+3
NAD'1=NAD+1
¡¿¡l=t{[!+2
DTH=PI /¡AlHEN
DX=1 .0E-09
X=0.00
DPDX=-32. 0

R(2)=0.0
D0 10 I=3,NRD3
iF (r.sQ.3.oR.I.EQ.NRD3) n(i)=R(i-1 )+nn/2.0
rF (r.Nn.3.ÀND.i.NE.NRD3) n(i)=R(t-1 )+DR

1 O CONTINUE
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cc
cc
cc

iNiTIALIZiNG ALL VETOCITiES ÀND PRESSURE.

DO 20 I=1,NRD3
D0 20 J='1 ,NAD2
IF (t .nn. 1.AND.J.NE.NÀD2) u(r,J)=2.0*(1 .0-(R(r )+nn/2.0)**2)
UP(I,J)=1.0
P(I,J)=0.0
P1(I,J)=0.0
IF ( T .Hn. 1 .AND.T .NE.NRD3.ÀND.J.NE.
Pc(i,J)=0.0
T(I,J)=0.0
v(I ,J )=0.0
vP(I,J)=0.0
w(I,J)=0.0
i^iP(I,J)=0.0
APR(I,J)=0.0
ANR(I,J)=0.0
ÀSR(i,J)=0.0
ÀER(I,J)=0.0
AI,IR( I ,J)=0.0
BR(1,J)=0.0
APT(I ,J)=0.0
ANT(I,J)=0.0
ÀST(I,J)=0.0
AET(I,J)=0.0
À}¡T(1,J)=0.0
BT(i,J)=0.0
APX(I,J)=0.0
ÀNX(i,J)=0.0
ASX(I,J)=0.0
AEx(I,J)=0.0
Awx(i,J)=0.0
Bx(I,J)=0.0
F(I,J)=0.0
Fc(I,J)=0.0
v2(i,J)=0.0
PC1 (I,J)=0.0

1 .AND.J.NE.NÀ02) P(l,J)=0.0

w2ft,J)=0.0
v1 (I,J)=0.0

rF (r.ng.2.0R.r.EQ.NRD3) v(l,J)=0.0
IF (,:.ng.2.0R.J.EQ"NAD2) w(l,J)=0.0

2O CONTINUE

w1 (I,J)=0.0

cc
cc
cc

cAtt FDMoM (DR,DTH,R,U,US,ApX,ÀNX,ÀSX,AEX,AWX,CX,NRD,NAD.I
*MTDPDX, PI,T TDPDXl, I FIN )

PRINT ]'1
1 1 FoRMAT (' 1' ,250(l))

FREFD=_DpDXl 2 .0
DP=0. 0

XP=O. 0

SOIVING THE FULLY DEVELOPED MOMENTUM.
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FREO5=1 .05*FREFD
FREO 1 = 1 . O 1 *FREFD

MM=0

STÀRTING THE SOLUTION FOR THE ENTRY REGION.
cc
cc
cc

D0 501 I=2,NRD2
D0 501 J=2,NÀD'1
u(I,J)=1.0
IF (¡.nQ.NÀ01 ) u(r,NAD2)=u(r,NÀD1 )

iF (r .¡Q.NRÐ2) u(Hnn¡,J)=-u(nnnz,,:)
iF (r.nQ.2) u( 1,,:)=u(2,J)
iF (I.ce.IFIN) u(I,1 )=-u(I,2)
IF (i.lr.IFIN) u(r,1)=u(I,2)

501 CONTINUE
DPDX=-'100.0
rF (0x.cn. 1 .08-03 ) ¡x=1 .08-03
X=X+DX
D0 502 I=2,NRD2
D0 502 J=2,NAD1
P(r,J)=p(r,J)-PQ5,5)
PC(I,J)=0.0

502 CONTINUE
CRI=05.0

cc
CC TTERATING THE VELOCITiES AND THE PRESSURE USING THE ''SIMPLER''
CC SOLUTION ÀLGORITHM.
cc

D0 1000 ITERAT=1,300
cc
cc cÀLcuLÀTrNG THE MOMENTUM EQUÀTIoNS CoEFFTCTENTS.
CC

CRI TV=0 . 00 1

CRI TP=CRI TV
CRT TPC=CRi TV
CRi TVR=CRi TV
CRi TVÀ=CRI TV
CRl TVX=CRI TV
RFS=1 .0
RV=0. 1

D0 30 I=2,NRD2
D0 30 J=2,NAD1
rF (l.sQ.2) c0 r0 31
v(I ,NÀ02 )=v( I ,NAD1 )

IF (t .cn.IFIN) v(I ,1 )=-v(I ,2)
IF (t.rr.IFiN) v(r,1)=v(I,2)
t^i(1,J)=-ti(2,J)
I{(NRD3 ,J )=-w(xnDz ,J)
u ( I , NAD2 ) =u ( t , NAD 1 )

u(NRD3,J)=-u(HnDzrJ)
U(.1 ,J)=U(2,¡)
IF (I.cn.IFIN) u(t,1 )=-u(I,2)
rF (l.lr.IFIN) u(t,1 )=Uft ,z)
DR'1=DR
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DR2=DR
DR3=DR
rF (I .nQ.3.0R.i .EQ.NRD2) ¡R3=0. 7s*DR
IF (I.nQ.3) DR2=0.50*DR
rF (i.nQ.NRD2) nnl=0.50*DR
APRC=4.*DR3*DX/DTH/R( T)**2+2. *DTH*DX* ( 1 . /DR1 +1 . /DR2 )

*+2.*DR3*DTH'kDX/R(i )**2+DTH lq.0* (On2*U(t,,:)+(2.*tn3-DR2)*U(I-.1 ,J))
ApR ( I , J ) =ÀpR ( i ,,: ) +RFCO* (npRC-¡pR ( I ,.1 ) )
ANRC=2.'IDTH*DX/DR1+p1¡1*¡X/R (i ) +OUAX1 (-V(t ,t )*

'kDTH'rDX/2.0 , ZE )

ANR ( I , J ) =ANR ( I ,,: ) +RFCO* (eNnc-e¡¡R ( t ,,: ) )
ASRC=2. 0*DTH*DX/DR2-nrH*DX/R( I ) +DMÀX1 (v( r, J ) *DTH*DX I Z.0,Zn)
ASR(I,J)=ASR(1,,i)+RFCO* (esnc-esn( t,,:) )

ÀERC=2.i.DR3*DX/DTH/R( I ) **2+DMÀx1 ( -DX/8. /n( I ) *
* ( ( 2. *DR3-DR2 ) * (w( r -1,J ) +w( r -'1, J+1 ) ) +oR2* (w( r,,:) +w( r,J+.1 ) ) ), zs)

AER( I,J)=AER(1,;)+RFCo* (anRc-¡gn( t,,l) )

Àl.iRC=2.*oR3xnx/DTH/R( I ) **2+DMAX1 (Dx/8. /n( r )* ( (2.*DR3-DR2 )*
*(w(l-1,J)+w(i-1,J+1 ) )+nR2*(w(r,¡)+I^¡(r,J+1 ) ) ),zn)

At,lR ( I , J ) =AliR ( I , J ) +nrco* (ÀwRc-Avln ( t ,; ) )
BRC=DR3*DTH*DX/R( I ) * ( ( ( 2. *nR3-oR2 ) * (I^i( r -1, J ) +w( i -.1, J+1 ) ) +un2*

* (w( r,; )+w( I,J+1 ) ) ) / 4. /nng ) **2+DTH*vp ( r,J ) * (onZ*u( r,J ) + ( 2. *DR3-
*DR2 ) *U( r -'1,J) ) I 4, -2,*Dy,l R( i ) **l* (nn2* (w( r,,:+ 1 ) -¡i( r, J ) ) + ( 2 . *DR3-
*oR2 ) * (l¡( r -1, J+1 ) -w( r -1,J ) ) ) -¡u¡xl (nru*¡x/2. *v( r,J),zE) *v( I +1,J ) -
*DMÀx1 ( -orHxox/2. *v( r, J ), zE ) *v( r - 1, J ) -o¡¿¡x1 (ox/e . /n ( I ) * ( ( z . *DR3-
*¡n2 ) * (w( r -1,J ) +w( I -'1,J+1 ) ) +on2* (w( i,,: ) +w( I,J+1 ) ) ), zn) *y( 1,¡+1 )

BRC=BRC-DMA¡1 ( -¡x/g . /n ( I ) * ( ( Z . *DR3-DR2 ) * (w( r -1, J ) +w( r -1,,:+1 ) ) +
*DR2*(w(i,¡)+w(I,J+1 ) ) ),zn)*v(1,,:-1 )

BR ( r , J ) =BR ( i , J ) +RFCO* ( BRC-BR ( I ,; ) )

Cn(t )=-DTH*DX
31 rF (¡.uQ.2) Go ro 32

t^l( 1 ,J )=-w( 2 ,J )

il(NRD3,J)=-w(unÐz,J)
v(I,NAD2)=v(I,Han1 )

Ir (I.cE.irlH) v(l ,1 )=-v(l ,2)
rr (t.tr.IrrH) v(I,'1 )=v(I,2)
u(I,NÀ02)=U(t,NAD1 )

u(NRD3,J)=-u(NRD2,J)
U(1,J)=u(2,¡)
rF (r.cE.rrrH) u(I,1 )=-9fi ,Z)rr (r.LT.iFrN) u(I,1)=u(I,2)
DR1 =DR
DR2=DR
DR3=DR
rF (i .E;Q.2.0R. r .EQ.NRD2 ) nn3=0.50*DR
rF (r.nQ.2) DR1=0.7S*DR
ir (r .5;Q.2) 0R2=0.50*DR
rr' (r.EQ.3) nR2=0.7s*DR
rr (r.EQ.NRD1 ) 0nl=0.75*DR
rF (r.EQ.NRD2) Onl=0.50*DR
IF (I .EQ.NRD2) on2=0.75*DR
ÀpTC=4 . xnR3,t¡x/DTH/ ( n ( I ) +on3/ 2 . ) * *2+2. *DTH*Dx* ( 1 . /DR1 +1 . I nnZ)

*+ (u ( r, J ) +U ( t,,:-'1 ) ) I +.*DR3*DTH+2. *DR3*DTH*DX/ (n ( r ) +DR3/2, ) **z
*+DMAX1 ((v(l+1 ,J-1)+v(l+1 ,J)+v(I,J)+v(r,J-'1 )) l4.l(n(r )+DR3/2. )*
*DR3*DTH*DN.,zE) +¡uex1 ( ( 1, /nnz-1 . /onl ) *nR3ootH*DX/B . *. (v ( r + 1, J- 1 ) +
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*v( i + 1, J ) +v( i, J-'1 ) +v( l, J ) ), zn ) +nl¡¡x1 (nR3*¡ru*ox/ ( n ( t ) +nn¡/2. ),r*(1./¡nl -1.lnnz),zn)
ept( l,J)=Apr(t,¡)+RFCO* (eptc-epr(i,t) )

ÀNTC=2. *DTH*DX/DR1 +DTH*¡R3*DX/ (n( i ) +DR3 I 2. ) /¡nl +tueXt ( - (
*v( I +.1, J- 1 ) +v( I +'1, J ) +v( I,; ) +v( I, J-1 ) \ / g .*DTH*DX*DR3/0R1, zE )

¡¡tt ( I , J ) =ÀNT ( t ,; ) +RFCO* (e¡¡tC-eHt ( i ,; ) )

ASTC=2. *DTH*DX/DR2-DTH*DR3*DX/ (n( r ) +nn3 I 2. ) /¡nZ+nuAx1 ( (

*v ( I + 1, ;- 1 ) +v ( I + 1,,: ) +v ( t, J ) +v ( I, J- 1 ) ) / g .*DTH*DX*Dn3/onz, zn )

¡sr ( r , J ) =Àsr ( r ,; ) +RFco* (esrc-¡sr ( i ,; ) )

ÀETC=2. *nn3*ox/¡rH/ (n( r )+on3/2. )**2+nu¡x1 ( -¡n3*ox/ 2. I
* (n(r )+on3/2. o)*I^1(r,J),zE)
enr( i,J)=AET( t,,:)+RFCO* (antc-ent( i,,: ) )

AWTC=2. *DR3*DX/oIH/ (n( i )+nR3/2. )**2+DMÀX1 (I,j( r,J)
**¡p3*p¡/2. / (n( I ) +on3/2. ),zn)
¡wr( t,J)=AWT( t,,:)+RFCo* (awrc-¡wt( I,,:) )

BTC=DR3*Dyul a . *wp ( I ,,: ) * (u ( t ,,: ) +u ( I , J-'1 ) ) +2 .*DR3*DX/ (n ( I ) +Da3l2 . )**:r2*(v(l+l r,:)+v(I,,:)-v(I+1,J-1)-v(1,,:-1))+DMÀx.l (-pR3*¡rH¡,nxl4./
* (n(l ) +nñ / 2. )* (v( r +1,J-1 )+v( r+1,J)+v( r,J-1 )+v( r,J) ), zn) *w( I,J)+
*DMAX1 ( -DR3*DTH*nx/ ( n ( t ) +¡R3/ 2 . ) * ( 1 . /nnl _ 1 . I nnZ),2ø)*r,i ( t,,; ) _'
*DMÀX1 (¡R3*OrU*¡X/8 . /OR1 * (V( i +.t, J- 1 ) +V( r + 1, J ) +V( r, J- 1 ) +V( r, J ) ),
*Zn)'rW(l+1,J)

BTC=BTC-D¡¡Rx1 (¡R3*nxl 2./ ( n ( i ) +Dn3/2. ) *w( r, J ), zn ) *w( r, J+'1 ) -
*DMAX1 (-¡n3*¡X/2. I G(r )+nn3/2. )*w(r,J),zE)*I.¡(i,,:-1 )
*+DMÀX1 (-( I . lnnZ-1./DR1 )*
*DR3*DTH*ox/8. * (v( 111,J-1 ) +v( 1 +1,J) +v( i,,:-1 ) +v( I,¡ ) ), zg) *w( t,; )
*-DMAX1 (-nR3*ptu*Dx/g . lnn?*(v( i+1,J-1 )+v( I+1,J) +
*v(I,J-'1 )+v(I,J) ),zn)*w(i-1,J)
nr ( I ,; ) =BT ( I , J ) +RFCO* ( BTc-BT ( I ,.1 ) )

cr(r )=-DR3*DX/ (n( r )+DR3/2. 0)
32 CONTINUE

DR.1=DR
DR2=DR
DR3=DR
IF (I .uç.2.0R. r .EQ.NRD2) DR3=0. 50*DR
iF (t.nQ.2) DR1=0.7S*DR
IF (r.nç.2) DR2=0.s0*DR
IF (r.nç.3) DR2=0.75*DR
IF (I.nQ.NRD1 ) onl=0.7b*DR
IF (i.nç.NRD2) onl=0.50*DR
iF (r.nQ.NRD2) ¡n2=0.75*DR
u(I ,NAD2)=u(l ,Hen1 )

u(NRD3 ,J )=-u(Hnn2 ,l)
u(1,J)=U(2,J)
IF (I.cn.rFrN) u(r,1)=-ufi ,z)IF (I.r,t.iFIN) u(I,1)=u(I,2)
v(i ,NAD2 )=v( I ,NAD1 )IF (r.cn.rFrN) v(i,1)=-v(r,2)
iF (r.lr.iFrN) v(r,'1 )=v(i,2)
w( 1 ,,: )=-w(2 ,J )

i^i(NRD3 ,J )=-w(NRn2 ,J)
Àpxc=4. *nR3*DX/nrH/ (n( i ) +nn3/2.)**z+2. *DTH*DX* ( I . /DR1 +1 . /onz )

*+DR3*DTH /z .*u(r ,J )+nuAX1 (DR3*DTH*nxl q.* ( 1 . lnnz-|. /onl )* (v(r +1 .J ) +
*v ( I, J ) ),zn) +DMAX1 ( -on3*orH*DX/ ( n ( r ) +on3/ 2. ) x (1 . lnnZ-t. /nnl ),2i,)
¡px(I,J)=Apx(t,;)+RFco* (epxc-epx(1,,:) )

292



ANXC=2. *DTH*DX/DR.1+DTH*DX/ (R( r ) +un3/2. ) *tn¡/oni +¡uex1 (_ (

*v(r+.1,;)+v(r,J) )/4.*orH*ox*DR3/DR1,zE)
ANX( r,J)=ANX( t,;) +RFCO* (¡¡lxc-¡Hx( t,;) )

ÀsxC=2. *DTH*Dx/ÐR2-DR3*DTH*DX/DR2/ (n( r ) +nn I 2. ) +ouext ( (
*v( I +1,t )+v( I,J) ) /4. *ntH*ux*DR3/0R2, zE )

Àsx ( r , J ) =ASX ( I ,; ) +RFco* (¡sxc-esx ( I ,; ) )

ÀEXC=2. *DR3*DX/¡rH/ (n(r )+¡n3/2. )**2+DMÀX1 (_ (

*i,l(r,¡+1 )+t^¡(r,J) )*DR3*DX/4./(n(l )+¡n3/2. ),zn)
AEX ( I , J )=AEX ( i , t ) +RFco* (¡nxc-¡nx ( I , t ) )

Ar^iXC=2. *DR3*DX/DTH/ (n( r ) +oR3/2. ) **2+DMnx1 ( (
*p(1,¡+1 )+w(r,J) )*nR3*Dx/ 4./(n(l )+nñ12. ),ze)

Ài,¡x ( I , J ) =AWX ( t ,,: ) +RFco* (ewxc-nwx ( t ,,: ) )
BXC=DR3*DTHI Z.*Up ( I,J ) *g( i,,: )

*-DMAX1 ( (v(I+1,J)+v( I,J) )*¡tH*¡x I +.xnn3loR1,zE)*u( t+1,J)-
*DMÀx1 ( - ( v( J + 1, J ) +v ( I, J ) ) *¡tH*nxl q.*DR3/DR2, zn ) *u ( t - i,,t ) -
*DMÀx.1 ( (w( l, J+1 ) +l.l( I,J ) ) *DR3*Dx / 4. / (n( I ) +nng/2. ),zE) *u( l,J+1 )
*-DMAx.1 ( - (w( r, J+1 ) +w( i, J ) ) *¡R3*Ðxl 4./ ( n ( I ) +nñ I 2. ), zn ) *u ( r, J-i ) +
*DMÀx1 ( -oR3*nrHxÛx,l 4. * ( 1 . I nnz-l . /nnl ) * (v( r +1, J ) +v( i, J ) ), zE ) *u ( i,; )

BXC=BXC+DMÀX'1 (DR3*DTH*DX/(n(i )+DR3/2. )*(1 ./nnZ-l ./nnl ) ,zn)*U(r,J)
nx( t,;)=BX( I,J)+RFco* (BXC-BX( I,,: ) )
cx ( I ) =-DR3*DTH*DXl 2.0

30 CONT]NUE
cc
CC

cc
CATCULATIONS OF PSEUDO-VELOCITIES

D0 40 I=2,NRD2
D0 40 J=2,NÀD1
u(i ,NAD2)=u(I ,Heo1)
u (NRD3 

, J ) =-u (HRoz ,,: )

U(1,J)=u(2,J)
IF (I.cn.rFrN) u(r,1)=-u(t,2)
iF (i.rr.IFiN) u(r,'1 )=u(r,2)
v(i ,NAD2 ) =v(l ,NAD1 )
rF (r.cr.IFrN) v(r,1)=-v(t,2)
iF (l.rr.iFrN) v(1,1)=v(t,2)
t,l(1,J)=-w(2,J)
t+(NRD3 ,J )=-w(Hnn2 ,,: )

IF (I .Hn.2) vS(t ,,:)=(AHn(i ,;)*v(I+1 ,J)+ÀsR(1,¡)*v(I-
I ern ( t,.1 ) *v( I, J+1 ) +ÀwR ( i,,; ) *v( I, J- 1 ) +BR ( t, I ) ) /enn ( I,,:
IF (J.Hs.2) I^is(t,,:)=(ÀNt(t,;)*I^r(l+1,J)+Àsr(t,,:)*w(I-

I ¡er ( l, J ) *w( I, J+ 1 ) +Ar.ir ( I, ; ) *i,l( I, J- I ) +BT ( i,,: ) ) /ept ( I,,:
40 CONTINUE

cc
CC

cc
cÀrculATiNG THE CoEFFTCiENTS 0F lHE PRESSURE EQUATioNS.

D0 50 I=2,NRD2
D0 50 J=2,NAD1
DR3=DR
iF (i.nç.2.0R.i.EQ.NRD2) nn3=0.50*DR
I F ( r . Hn . NRD2 ) s ( I , J ) =R 1 I + 1 ) *cR ( i + 1 ) *DTH*Dx/npn ( r + 1 ,,; )
B(NRD2,J)=0.0
IF (l.Hn.2) c(r,,:)=R(l )*cR(r )*¡tH*ox/ÀpR(i,J)
c(2 ,J )=0. 0

IF (¡.Hn.NÀ01 ) o(l,J)=CT(l )*nn3*ox/epr(i,;+1)

,J)+

,J )+
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D (i ,NADl )=0 . 0
rF (,:.Hn .2) E(r,;)=cr(I )*oR3*nx/eer(r,,:)
Eft ,2 )=0. 0

A(I,J)=s(t,J)+c(t,,:)+D( I,¡)+n( l,J)
V(2 ,J )=0. 0

v(NRD3,J)=0.0
w(r ,2 )=0. 0

w(i ,NÀ02 )=0.0
F ( r, J ) =r ( t, J ) +RFs* (DR3*DTH* ( n ( r ) +DR3 I 2, ) I 2,* (u( I, J ) -up ( i,,: ) ) +¡rH*

*DX* (R( i +1 ) *vS ( 1 +1, J ) -n( I ) *vs ( I,J ) ) +DR3*DX* (ws ( i, J+1 ) -wS ( i,J ) ) -
*F(I,J))

50 CONTINUE

SOLUTION OF THE PRESSURE EQUÀTION.
CC

cc
cc

N=0
D0 620 I=2,NRD2
REcl (I,2)=¡(t,z)
D0 620 J=3,NÀD1
REcl (r,J)=A(i,,:)-E(r,J)*o(r,J-1 )/nncl (r,;-1 )

620 CONTINUE
D0 610 ITERP=1 ,9999
Ð0 621 7r=2,NRD2
I =NRD2+2_I I
D0 622 J=3,NÀ01
P(I,.1 )=0.0
P (I ,NAD2 )=0 . 0
P(.1 ,J)=0.0
P(NRD3,J)=0.0
REc2(I,2 )=g (r,2)*p( t+1,2) +cfi ,2)*p( I-1,2) +t (r,2)
REC2 ( I,J ) =E( l,; ) *REc2 ( i,t-1 ) /nncl ( i,,t-1 ) +¡ ( I,J ) *p( I +1,J ) +

*C(I ,J)*p(i-1 ,J)+n(t ,,;)
622 CONTINUE

p( r,NÀD1 ) =p ( I,NAD1 ) +nrp* (nncz ( r,Han1 ) /nncl ( r,HRn.1 ) -p( r,NADl ) )
D0 623 JJ=2,NAD
J=NAD+2-JJ
p( I,J ) =p( l,J ) +RFpr. ( (n( i, J ) *p ( r,J+1 ) +REC2 ( l,¡ ) ) /nscl ( I,,: ) -

*P(I,J))
623 CONTINUE
621 CONTTNUE

¡q=¡,1+ 1

rF (H.eg.1) c0 r0 630
G0 r0 610

530 N=0
D0 640 I=2,NRD2
D0 640 J=2,NADI
rF (e(r,,:).nç.0.0) co ro 640
rF (nens((p(i,J)-r(i,r) ) lp0,J) )*100.0.cE.cRrrp) co ro 6s0

540 CONTiNUE
c0 T0 615

650 D0 660 i=2,NRD2
D0 660 J=2,NAD1
T(i,J)=p(I,.1)

560 CONTINUE
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61 O CONTINUE
PRiNT 625,ITERP

625 FORMAT (II,'10X,'THE PRESS.EQN. DID NOT CONVERGE WITHTN
*I 7, ' ITERATIONS' )

STOP

SOLUTION OF THE RADIÀL MOMENTTJM.

6'15 N=0
D0 130 I=3,NRD2
rF (i.cn.IFrN) necl (r,2)=ÀPR(1,2)+AwRfi ,2)
rF (r.rr.iFrN) nncl (r,2)=ApR(r,2)-AwR(t,Z\
D0 130 J=3,NAD1
REcl (I,J)=ÀpR(1,¡)-AwR(I,J)*AER(i,,t-'1 )/n¡cl (I,,1-.1 )

1 30 CONTINUE

CC

CC

cc

DO

DO

DO

iF (,:.nQ.NAD1) v(I,J+.1 )=v(l,J)
iF (¡.nQ.2.AND.r.LT.rFrN) V(i,J-1 )=V(l,J)
IF (,l.gg.2.AND.I.GE.IFIN) V(l,J-1 )=-V(I,J)

-139 
CONTINUE
D0 13l Ii=3,NRD2
i =NRD2+3-I T

D0 '132 J=3,NÀD1
REC2(I,2)=ANR (t rZ)*V(1+1,2)+ASR(t,2)*V( f-1,2)+BR( 7,2)+

*cR( I )* (p( î,2) -P(r-1,2) )

REC2 ( I,J ) =AI,¡R( i,J ) *REC2 ( t,,:-1 ) /nUCl ( i,J-1 ) +¡Nn( t,; ) *V( I +1, J) +
*ÀSR ( i , J ) *v ( I -'l , J ) +BR ( i , J ) +CR ( I ) * ( p ( i ,,: ) -n ( i - 1 ,,'I ) )

132 CONTINUE
v( r,NAD1 ) =v( I,NAD1 ) +Rr'* (nncz ( t,Hen1 ) / (nncl ( i,HRnl ) -enn( I,NAD1 ) )

*-v(I ,Nnn1 ) )
D0 133 JJ=2,N4Ð
J=NAD+2-JJ
v( r,J ) =v( r,J ) +RF* ( (¡nn( I, J ) *v( I,J+1 ) +Rec2 ( l,¡ ) ) /nncl ( i,t ) -v( t,; ) )

133 CONTINUE
131 CONTINUE

N=N+.1

rF (H.nQ.l) Go ro 140
G0 r0 120

'140 N=0
D0 '1 50 I =3 :NRD2
D0 150 J=2,NAD'1
rF (v(l,J).8Q.0.0) Go ro'150
rF (ness((v(I,J)-T(i,;) )/v(t,J))*100.0.cE.cRITvR) G0 T0 160

1 50 CONTINUE
G0 T0 25

160 DO '170 I=3,NRD2
D0 170 J=2,NAD1
T(I,J)=v(t,¡)

1 70 CONTINUE,120 
CONTINUE
PRINT 35,1TERRÀ

35 FORMAT (/I,1OX,'THE RÀDIAL MOMENTUM DID NOT CONVERGE WITHIN 

"

20 ITERRA=1,5000
39 I =3,NRD2
39 J=2,NÀD'1
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CC

cc
CC

*I7,' ITERÀTiONS')
STOP

SOTUTION OF THE ANGUTÀR MOMENTI]M

N=025
DO

IF
IF
TF
DO

90 I=2,NRD2
I.NE.2.ÀND.I.NE.NRD2) nnCl (t,3)=ApT(1,3)
r.EQ.NRD2) nnCl (l,s)=ApT(r,3)+ANT(i,3)
I.EQ.2) REC1(I,3)=Apr(1,3)-AST(r,3)
90 J=4,NAD'1

rF (r.Nr.2.ÀND. I.NE.NRD2) nnCl (r ,t)=ApT(r ,J)-AWT(r ,J)*
*ÀET(r,J-1 )/nnC1 (r,J-1 )

iF (r.EQ.NRD2) nncl (r,t)=Àpr(r,J)+ÀNT(i,¡)-ÀI^ir(I,J)'r
*AET(I,J-1 )/nnCl (t,,:-t )

IF (I.nQ.2) REcl (r,¡)=ApT(r,J)-ÀST(r,¡)-Awr(r,J)*
*AET(r,J-1 )/nnCl (t,t-t )

1 90 CONTINUE
D0 180 ITERAN=1,5000
D0 199 I=2,NRD2
D0 1 99 J=3,NAD1
rF (i.np.2) i^i(r-1,J)=-w(r,;)
IF (l.nq.NRD2) w(I+1,J)=-w(l,J)

1 99 CONTINUE
D0 191 II=2,NRD2
I =NRD2+2-I I
DO 192 J=4,NAD1
IF (I .NE.2.AND.I.NE.NRD2) REC2(I,3)=ÀNT(I,3)*t^t(i+1,3)+

*AST( t, 3 ) *w( i -1, 3 ) +nt( I, 3 ) +cr( t ) * ( p ( r,3 ) -e( r, z ) )
rF (i.nq.NRD2) nncZ(r,3)=ÀST(r,3)*}r(i-1,3)+nr(r,3)+cr(i )**(p(i,3)-P(i,z))
rF (i.eg.2) REc2(r,3)=ANT(r,3)*w(r+.1,3)+sr(r,3)+cr(r )*

*(P(r,3)-P(t,2))
iF (t.¡¡n.2.ÀND.r.NE.NRD2) nncz(i,,:)=ÀI.rr(I,J)*REC2 (t,t-l) I

*REC 1 ( I ,;- 1 ) +ANT ( t , t ) *W ( I + 1 , J )+ÀST ( t , t ) *W ( I - 1 , J ) +BT ( i ,,: ) +
*cr(r )* (p(i ,J)-P(r ,;-1 ) )
rF (r.ng.NRD2) nncZ(i,,:)=ÀI.7r(r,J)*REc2(r,t-1 )/nncl (t,,i-'1 )+

*AST ( i ,; ) *w ( I - 1 , J ) +BT ( I , J ) +cT ( t ) * ( p ( I , J ) -e ( I ,,:- '1

iF (i.nQ.2) REC2(1,,:)=ÀWT(t,J)*ntrC2(r,,:-'1 )/nncl
*ÀNT ( I , J ) *l^¡ ( I + 1 , J ) +BT ( I , J ) +cT ( I ) * ( p ( i , J ) -p ( i , ,l- 1

1 92 CONTINUE
w( r,NÀD'1 ) =w( i,NAD.1 ) +RF* (nucz ( i,uen1 ) /n¡c 1 ( I,NAD1 ) -w( i,NÀ01 )

DO 1 93 JJ=3 INAD
J=NÀD+3-JJ
hi( I, J ) =w( l,J ) +RF* ( (enr( t,t ) *it( t,¡+'1 ) +REC2 ( I,,: ) ) /nncl ( t,,: ) -

*}l(I,J))
1 93 CONTINUE
1 91 CONTINUE

N=N+ 1

rF (H.ng.1) co ro 200
c0 T0 180

200 N=0
D0 210 r=2,NRD2
DO 21 0 J=3,NAD1

)

I ,J-1 )+
)
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iF (¡^l(i,,:).nQ.0.0) c0 TO 210
rF (Dess( (w(1,,:)-r(r,t) ) /w(t,;) )*'100.0.cE.cRrrvA) co ro zzo

21 O CONTINUE
G0 T0 55

220 DO 230 I=2,NRD2
D0 230 J=3,NÀ01
t(t,,:)=w(I,¡)

230 CONTINUE
180 CONTTNUE

PRINT 65,ITERAN
65 FORMAT (ll,lox,'THE ANc. MOM. DID NOT coNVERcE l+trHIN',

*T7,' ITERATIOHS')
STOP

CC

cc
cc

55 N=0
D0 250 I=2,NRD2
IF (r.c¡.rFrN) nncl (t,z)=Àpx(r,2)+ewx(r,z)
rF (r.rr.rFrN) nncl (t,z)=Àpx(r,2)-AI^rxfi ,2)rF (r.nQ.NRD2) nncl (t,z)=REC1 G,2)+anx(r,2)
rF (i.nQ.z) REcl(r,2)=RECl(t,z)-asx(r,z)
D0 250 J=3,NAD1
IF (I.Hn.2.ÀND.I .NE.NRD2 ) nnCl (I ,,:)=ÀpX(t ,,:)-eWX(t ,J)*eEX fi ,¿-1) /

*REC1 (1,;-1 )

IF ( i .sQ.NRD2 ) nncl ( I,,: ) =Àpx( I,J ) +ANX( l,,l ) -À9¡x( I, J ) *AEx fi ,l-1 ) /
*REC1(t,,:-1)
IF (t.eQ.2) REcl (r ,,:)=Apx(l,t)-esx(r ,;)-ewx(r ,;)*aex( t,l-1) I

*REC1 (i,;-1 )

250 CONTINUE
D0 240 ITERAX=1,5000
D0 259 I=2,NRD2
D0 259 J=2,NÀ01
IF (l.nQ.2) u(i-1,J)=u(i,;)
iF (i.gQ.NRD2) u(t+1,J)=-u(l,J)
IF (¡.nQ.NÀD1) u(I,J+1)=u(r,J)
IF (.1.nç.2.ANÐ.I.LT.IFIN) u(I,J-1 )=U(l,J)
rF (.1.uQ.2.ÀND.I.cE.rFrN) U(l,t-1 )=-U(r,J)

259 CONTINUE
D0 251 II=Z,NRD2
I =NRD2+2-I I
DO 252 J=3,NAD1
iF ( r .Hn. 2.AND. I .NE.NRD2 ) neCZ (1,2)=ANX( r,2 ) *U( r+1,2 ) +eSX(r,2 ¡ *

SOIUT]ON OF THE AXIAL MOMENTUM.

*U ( I - 1 , 2 ) +BX ( t , 2 ) +CX (

]F
IF

i.EQ.NRD2) REc2 (l ,2)=ÀSX(t ,2)*tJ (t-1 ,2)+BX(t ,Z)+cx(r )*np¡x

iF
*REC 1

1F (r.nQ.NRD2)
*Àsx ( I ,,.] ) *u ( t - 1

rF (r.¡Q.z)
*eHx ( I , J ) *U ( I +'1

252 CONTINUE

r.EQ.2)

*cx(r )*npux

.HÈ. z.AND. ï .NE.Hiná l'Ëò, i i,.rilewxi; ;Ji;üð; f i;
I,J-1 )+ÀNX( I,J ) *u( I +1,J ) +ASX( I,,: ) *U( i -'1,J ) +BX( l,J ) +

REC2 (I,2)=ANX fi ,Z)*u(r+1,2)+nx (t,Z)+cx(r )*¡p¡x
I .NE.NRD2) REC2(I,J)=AI,IX(1,¡)*REC2(1,¡-l )/

) *¡pox

REC2 ( I, J ) =AWX ( I,,: ) *REC2 ( l, J- 1 ) /REC1 ( t,;- 1 ) +

,J ) +Bx( i,,: ) +Cx( I ) *op¡x
REC2 (I,J)=AWX(r,,:)*REC2(t,J-1 )/nnCl (i,;-1 ¡+

,J ) +Bx( t,t ) +cx ( i ) *np¡x
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u( I,NAD1 ) =u( t,NAD1 ) +1 . * (necz ( t,llaol ) / (nncl ( t,tlenl )-anx( l,uaol ) ) -
*u(i,NAD1))
D0 253 JJ=2,NAD
J=NAD+2-JJ
u( I,J ) =u( i,J ) +1 . * ( (¡nx( I,,l ) *g( 1,.J+1 ) +Rnc2 ( t,¡ ) ) /n¡c1 ( I,J ) -u( t,; ) )

253 CONTINUE
251 CONT]NUE

¡=¡lf +1

rF (u.nQ.1) Go ro 260
G0 T0 240

260 N=0
D0 270 I=2,NRD2
DO 270 J=2,NADI
rF (u(r,¡).nQ.0.0) Go ro 270
rF (n¡ss( (u(r,J)-T(r,,:) ) lufi,J) )*100.0.GE.cRITVX) G0 T0 280

270 CONTINUE
G0 T0 85

280 D0 290 I=2,NRD2
D0 290 J=2,NADI
T(i,J)=u(i,¡)

290 CONTINUE
240 CONT]NUE

PRINT 95,ITERÀX
95 FoRMÀT (II,lox,'THE ÀXIAL

*T7,' TTERATIONS')
STOP

cc
cc
CC

EVALUÀTION OF THE SOURCE TERM FOR THE PRESSURE CORRECTION EQUATiON.

85 Ð0 300 I=2,NRD2
D0 300 J=2,NADI
v(2,J)=0.0
v(NRD3 ,J ) =0 . 0
li(I,2)=0.0
t^i(I,NÀ02)=0,0
DR3=DR
iF (I.n9.2.OR.I.EQ.NRD2) DR3=0.50*DR
Fc ( i, J ) =FC ( i, J ) +1 . 0* (DR3*DTH* ( R ( I ) +nn3/2 . ) I z.* ( u ( l,': ) -ue ( 1,,: ) ) +

*DTH*DX* (n( i +1 ) *v( I +1,J ) -R( I ) *v( I,J ) ) +DR3*DX* (i.i( I,J+1 )-t.¡( I,J ) ) -
*FC(I,J))

3OO CONTINUE

SOLUT]ON OF THE PRESSURE CORRECTiON EQUÀTION.

86 N=0
D0 320 I=2rNRD2
REcl(I,2)=¡fi,2)
Ð0 320 J=3,NAD1
RECl (I,J)=A(i,t)-E(I,J)*o(I,J-1 )/nncl (t,,1-'t )

320 CONTINUE
D0 310 ITERPC=1,9999
D0 321 Í|=Z,NRD2
i =NRD2+2-l I
D0 322 J=3,NAD1

MOMENTUM D]D NOT CONVERGE WITHIN , 
,

cc
cc
cc
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PC(I,1 )=0.0
PC(I,NAD2)=0.0
PC(1,J)=0.0
PC(NRD3,J)=0.0
REC2(r ,2)=g(t,Z)*pc(I +1 ,2)+c(I ,2)*pc(i-1 ,2)+FC ft,2)
REC2 ( r, J ) =E ( r,t ) *REc2 ( r, t-.1 ) /nncl ( 1,,.1- 1 ) +s ( r, J ) *pc ( 1 +'1,.t ) +

*C( I,J )*pC( I_.1,J)+pC( l,¡ )

322 CONTINUE
pc ( r,NAD1 ) =pc ( i,NAD1 ) +Rrp't ( nncz ( r,xeo1 ) /nncl ( r,Hen1 ) -pc ( r,NÀD.1 )
D0 323 JJ=2,NAD
J=NAD+2-JJ
pc ( r,J )=pc ( I,J ) +RFp* ( (¡ ( l, J ) *pc ( i,J+1 ) +REC2 ( i,; ) ) /nnc1 ( I, J ) -*PC(I,J))

323 CONTINUE
321 CONTINUE

¡=¡rf + 1

rF (¡r.nQ.1) Go ro 330
G0 T0 310

330 N=0
D0 340 I=2,NRD2
D0 340 J=2,NÀ01
rF (pc(l,J).8Q.0.0) co ro 340
IF (D¡ss( (pc(r,J)-T(r,;) ) lpc(r,J) )'r100.0.cE.cRrrpc) co ro ¡SO

340 CONTiNUE
G0 T0 115

350 D0 360 i=2,NRD2
D0 360 J=2,NAD1
T(i,J)=pc(t,,:)

360 CONTINUE
31 O CONTINUE

PRINT l25,ITERPC
125 FORMA'T (/I,1OX,'THE PRESS.

¡,T.1 ,, I TERATI ONS ' )

STOP
1 15 CAtt ÀxpREs (u,cx,Àpx,DPDX,NRD,NAD1,R,DR,pI,M

*,DTH, RFDP,DPDX1, I TERAT )

FRE=-DPDX/2.0
I COUNT=0
iF (rrnnnr.LT.50) co ro I loo
CRr =DABS ( (r'nn-r'nn1 ) /rnn ) *'1 00 . 0
rF (cni .cr.'1 .0E-03 ) co ro I I ol
I COUNT=I COUNT+1

1 101 SUMW=0.0
SUMV=0.0
D0 888 I=3,NRD2
D0 888 J=2,NADI
STJMV=SUMV+DABS( (VI ( I,J)-V( T,J) )*'I OO. O )

SI.JMW=SUMW+DABS (V ( T ,I ) )
888 CONTINUE

SE=SUMV/SUMW
I.IRrrE (9,303) sE

303 FORMÀT ( 1 0X, ' SUMV = 
"D25.6 

)

rF (supl/sur"lw.cT.1.0E-02) co ro lloz
I COUNT=I COUNT+1

coRR. EQN. DID NOT CoNVERGE I,¡ITHIN 

"
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1 1 02 SUMV=0.0
SUMW=0.0
D0 878 I=2,NRD2
D0 878 J=3,NAD1
STJMW=SUMW+DABS( (W1 (I,J)_W(I,J) )*1 OO. O)

SUMV=SUMV+DABS (W( I,¡ ) )
878 CONTINUE

SS=SUMW/SUMV
l^iRirE (9,202) SS

202 FORMAT (10X,'SUMI.I = 
"D25.6)rF (su¡lw/su¡,lv.cr.1.0E-02) co ro llo¡

i COUNT=I COUNT+ 1

'1103 D0 868 T=2,NRD2
D0 868 J=2,NÀ01
iF (nans(r'c(r,J)).cr.1.0E-06) co ro I lo¿

868 CONTINUE
I COUNT= I COUNT+ 1

1104 rF (rcouNT.LT.4) CO rO llOO
PRTNT 2,iTERAT

2 FORMAT ('1"20X,'CONVERGED AFTER 

"I5,' 
ITERÀTIONS')

PRINT 987
987 FORMAT (2(/),SOX,'AXrÀL VELOCTTy' )

D0 380 I=2rNRD2
PRiNT 2000, (u(1,,1),J=2,NAD1 )

380 CONTINUE
PRiNT 876

875 FORMAT Q(/ ) ,SOX,'RÀDrÀL VELOCTTy' )

D0 390 I=2rNRD3
PRiNT 2000, (v(t ,,1) ,J=2,NÀ01 )

390 CONTINUE
PRINT 765

765 FORMÀT (2(/),SOX,'ANGUIAR VELOCITy' )

D0 400 I=2,NRD2
PRINT 2000, (w( t ,,: ) ,J=2,NAD2 )

4OO CONTINUE
PRINT 654

654 FORMAT (2(/),SOX,' PRESSURE' )

D0 41 0 I =2 ,NRD2
PRINT 2000, (n(I,,:),J=2,NAD1 )

41 O CONTINUE
KP=K
FÀPREP=FÀPPRE
DP=DP-DX*DPDX
K=2.0* (¡p-nRnnn*X)
FÀppRE=Dp /XlZ.0
pRINT 3,DPDX,X,FRE,FÀPPRE,K,NST

3 FORMAT (lr1X,'DPDX = 
"D12.5r1X,'X+ 

= 
"D12,5r1X,'FRE 

= ', ,D12.51
*1X,'FÀpPRE = 'rD'12.5r1Xr'K(X) = 'rD12.5r' NST = ',13)
I,IRITE ß,123) X,nnn,FAPPRE,K

'123 FORMAT (5X,4(016.6) )

2000 FORMAT (/, 10(1X,D12.5) )

rF (¡n'r.nQ.1) G0 T0 102
rF (nnn.LE.FRE05) CO rO lol
G0 T0 102
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1 01 L=(FRE0s-FREp) /(nnn-rnnp) * (x-¡p) +xP
PRINT 103,L,FRE05

'103 FoRMAT (ll,5x,'AT 5% L = ',014.6,5x,'FRE = ',014.6)
MM=1

G0 T0 510
102 IF (FRE.tE.FREO1) GO TO 105

G0 T0 510
1 0 5 L= ( rneo 1 -FREp ) / ( r'ne-rn¡p ) * ( ¡-¡p ) +xP

KL= (FREo1 -FREp) / (r'nn-rnsp) * (¡-¡p ) +KP

FÀPREL= ( r'nnOl -FREP ) / ( rn¡-rnnp ) * ( FÀppRE-FÀpREp ) +FÀpREp

PRINT 1 06,L,FRE01
wRITE (3,123) i,,rnno1,FAPREL,KL

106 FORMAT (ll,5X,'AT 1% L = 
"D'14.6,5X,'FRE 

= 
"D14.6)STOP

cc
CC CORRECTION OF ALL VETOCTTiES USING THE

cc
1 1 00 D0 370 I =2 ,NRD2

D0 370 J=2,NAD1
I F (t .Hn .2t v1(i ,; )=v(I ,J )

IF (.l.Hn .2) vl1(r,;)=w(l,J)
rF (r.Hn.2) v(i,J)=v(I,J)+RFVc*cR(I )*(pc(I,¡)-Pc(I-1,J)
rF (¡.Hn.2) t,i(I,J)=i,l(i,J)+RFVc*cr(I )*(pc(t,,:)-Pc(i,J-1 )

370 CONTINUE
CC

CC UNDERRELAXING THE DEPENDENT VÀRIABLES
cc

DO 116 T=Z,NRD2
D0 1'1 6 J=2,NAD1
v( I,J)=v2 ( I,J)+RV't (v( i,l) -vz ( i,J) )

vl(I,J)=I,i2(I,J)+Rv't (w(i,,:)-wz( i,J) )

v2(l ,¡)=v(t,J)
9t2(I,¡)=w(t,;)

1 1 6 CONTINUE
I F ( I TERÀT.cE. 050 ) WnI tn ( 9, 37 1 ) I TERÀT, I TERRA, I TERAN, I TERAX, I TERP

* , ITERPC,DPDX,DPDX1 ,NST, I CoUNT
r F ( r IERAT.cE. 050 )WRlrS ß,3t z)U( 9,'1 2 ),V( 9,12),W( 9, 1 2 ),FC (9,12),Cnl

372 F0RMAT (5(D14.6) )

371 FORMAT (2X.,6( 1X,r 4),2(D13.5),r3, 1X,i2)
1000 FREl=FRE

PRINT 4,ITERAT
4 FORMAT (II,1OX,'THE ÀLGOR]THM FÀILED WITHIN ' ,T7,
,rr ITERATiONS')

STOP
510 D0 520 I=2,NRD2

D0 520 J=2,NADI
uP(I,J)=u(t,;)
vP(I,J)=v(t,J)
t^lP(I,J)=w(1,¡)

520 CONTINUE
DX=1 .1 0*DX
XP=X
FREP=FRE

5OO CONTINUE

CORRECTION PRESSURE.

)/¡pn(I,;)
)/ept(1,.1)
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REWIND 4

PRlNT 7788
7788 FORMAT (' 1 

"150(/) 
)

I^iRI TE ( 4, 1 
.1 

1 1 ) X,DX,Dp, FREP, FREFD, FRE0 1, FRE05,DPDX,XP, FAPPRE, K

D0 1118 i=2,NRD2
I,IRITE (4,1111) (U(r,J) ,J=2,HRn1 )

1 1 18 CONTINUE
D0 1119 Í=2,NRD3
I^IRITE (4,1111 ) (V(i,J),J=2,NAD1 )

1 
.1 19 CONTTNUE

D0 '1 120 I=Z,NRD2
Ì{RITE (4,1111 ) (W(r, J),J=2,NÀD2)

1 1 20 CONTINUE
D0 1122 I=2,NRD2
WRITE (4,11 11 ) (p(t,,:),J=2,NAD1 )

1 1 22 CONTINUE
PRINT 1 51 5

15'15 FoRMAT (' 1',150(/) )

STOP
END

suBRouri NE AXPRES ( US, CX, APX,DPDX,NRD, NÀD1, R,DR, PI,M,DTH, RFDP,
*DPDX1,iTERÀT)

DOUBTE PRECTSiON US(3S,3S),eeX(35,35),CX(55),R(55),DPDX
* 

, 
pI ,DR TDTH TDPDX'1 , SL,M, SUMl ,DR2

NRD2=NRD+2
SLJM=0.0
SuMl =0.0
DO 10 I=2,NRD2
D0 1 0 J=2,NAD1
DR2=DR
rF (i.n9.2.0R.
SLrM=St M+US (I ,J
SUMl =SUMI +CX( i

1O CONTINUE
DPDXI = (pt I z. 0/r'r/urs-suM) /suM1
DPDX=DPDX+RFDP*DPDX 1

RETURN

END

cc
suBRourlNE FDMoM (nn,nrH,R,U,US,ÀPX,ANX,ÀSX,ÀEX,ÀI^iX,CX,NRD,

*NAD1 ,M,DPDX,PI ,T,DPDX1 ,iFIN)
DOUBLE pRECiSiON U(35,35),US(35,35),enX(35,35),eHX(35,35),

*Àsx ( 3 5 , 3 5 ) , anx ( 3 5 , 3 5 ) , ewx ( 3 5 , 3 5 ) , Cx ( 5 5 ) , DPDX , DR , DTH , T ( 3 5 , 3 5 ) ,
*R( 55 ),Pi,DPDX1,FRE,FRE1,DR1,DR2,DR3,REC1 ( 3S, 35 ),NNC2 ( 35, 35 )

NRDl =NRD+1
NRD2=NRD+2
NAD=NÀD1 -1
FRE=1 .0
FREl =0.0
RFDP=0. 0005
RFVC=1 .0

.EQ.NRD2¡ ¡pl=¡P/2.0
*(n(l )+nn?/2.0)*oR2
/¡px( I,J ) * (n( l ) +nn2 l 2. o ) *nR2

cc
cc
cc

CÀLCULATION OF THE VELOCITY COEFFICIENTS.
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D0 10 I=2,NRD2
D0 10 J=2,NAD1
DR1 =DR
DR2=DR
DR3=DR
iF (r.ng.2.oR.r.Eg.NRD2) ¡p3=pft/2.0
IF (r.nQ.2) DR1=0.75*DR
IF (I.nQ.2) DR2=DR/2.0
rF (t.nQ.3) DR2=0.75*DR
IF (i.rQ.NRD1 ) nnl=0.7S*DR
iF (r.ng.NRD2) onl =DR/2.0
IF (t.¡Q.NRD2) ¡R2=0.75*DR
Àpx(r ¡J)=).*DR3/DTH/(n(i )+on3/2. )+¡rH*(n(r )/nR2+R(r+1 )/¡n1
ANX( I, J) =DTH*R( I +l ) /nnl
ASX( i,J) =DTH*R( i ) /nnZ
ÀEX( i,;)=un3/nTH/ (R( r )+¡n3/2. 0 )
AI.ix( I,.l) =nR3/DTH/ (R( i ) +nn3/2. 0 )
cx( r ) =- (n( I ) +on3/2. 0 ) *DR3*DTH/ 4 "O

1 O CONTINUE
cc
cc
cc

CALCULÀT]ON OF THE PSEUDO-VELOCITIES.

D0 1000 ITERÀT=1,9999
iF (irsner.EQ.50) Rrop=0.001
rF (rrnn¡r.EQ. 100) RFDP=0.005
CRIT=0. 1 -0. 009*ITERAT
r F (cni r. LT. 0 . 001 ) cRr r=0 . 00'1

SOLVING THE MOMENTUM EQUATION.
cc
cc
cc

N=0
D0 40 I=2rNRD2
rF (r.cn.rFrN) ngcl (t,z)=ÀPX(
rF (r.rr.IFIN) nncl (t,z)=ÀPX(
IF (r.UQ.NRD2) nnCl (t,Z)=REC1
IF (I.nQ.Z) REcl(r,2)=REC1
D0 40 J=3,NADI
IF ( I .Hn. 2.AND. I .NE.NRD2 ) nncl ( t,,: ) =Àpx( i,J ) -Awx( I,J ) *ÀEX( f ,J-1 ) /*REC1(i,,1-t )

IF (i.e0.NRD2) nncl (t ,¡)=Àpx(i ,J)+ANX(r ,,:)-Al.¡x(r ,,:)*enx(r ,J-1) I*REC1(I,,:-t )

rF ( I . n0. 2 ) REc'1 ( r,,: ) =Apx ( r,t ) -Àsx ( I, J ) -Àl¡x ( r,,: ) *AEX( r,J-1 ) I
*REC1 (t ,;-'1 )

40 CONTINUE
D0 30 ITER=1,9999
iF (r.ng,2) u(i-1,J)=u(r,;)
rF (r.eQ.NRD2) u(r+1,J)=-u(I,J)
IF {¡.e0.2.ÀND.r.LT.rFrN) u(r,J-1 )=u(r,J)
iF {;.n0.2.AND.r.GE.iFrN) u(i,J-1 )=-u(i,¡)
IF (¡.nQ.NAD1) u(r,J+1)=u(I,J)
D0 41 II=2,NRD2
I =NRD2+2-I i
DO 42 J=3,NAD1
iF ( r .¡¡n. 2.ÀND. i . NE.NRD2 ) ngCZ (t,Z)=ANX( r, 2 ) xu( l+1, 2 ) +Àsx (t,2) o

,2 )+Àwx (t ,Z)
,2 )-ÀI^tx fi 12)
t,2)+enx(1,2)
I ,2 ) -ÀSX (t ,Z)
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*u(i-1,2)+cx(I )*DPDX
rF (r.nO.NRD2) necz ft,z)=ASX(I,2)*u( t-1 ,2)+cx(I )*DPDX
rF (t .nQ"z) REC2 (t ,2)=ANX(I ,2 )*U( 1+1 ,2)+CX(i )*DPDX
rF (i.HÈ.2.ÀND.I.NE.NRD2) nncz(t,;)=Àwx(I,J)*nnc2(t,;-1 )/

*REc 1 ( i , t- 1 ) +ÀNX ( t ,,¡ ) *g ( i + 1 , J ) +ASx ( t ,; ) *u ( I - 1 , J ) +cx ( I ) *opnx
rF (r.rg.NRD2) nncz(1,¡)=AWX(I,,1)*nnc2(t,,:-1 )/n¡cl (t,,:-1 )+

*Àsx( I,J ) *u( i -1,,i ) +cx( I ) *DPDX

rF (r.nQ.z) REc2(i,J)=Allx(I,,:)*REc2(i,J-1)/nncl(t,,:-1)+
*¡HX( I rJ ) *U( t +1,J ) +CX( T ) *DPDX

42 CONTINUE
u(i,NAD1 )=REC2(r,HRo1 )i (nncl (i,Hen1 )-enx(t,Hent ) )
D0 43 JJ=2 rNAD
¡=¡¡¡!+2_JJ
u(I,J)=(enx(i,,:)*g(1,¡+1 )+REC2(I,,:) )/nncl (t,,:)

43 CONTINUE
41 CONTINUE

¡=],j+ 1

IF (H.nq.1) Go ro 50
G0 T0 30

50 N=0
D0 50 I=2,NRD2
D0 60 J=2,NAD1
iF (u(r,,:).nQ.0.0) Go ro 60
rF (n¡ss((u(l,J)-r(1,¡))/u(l,J))*100.0.GE.cRIr) co r0 70

60 CONTINUE
G0 T0 55

70 D0 90 I=2,NRD2
D0 90 J=2,NAD1
T(i,J)=u(I,.1)

90 CONTINUE
3O CONTINUE

PRrNT 1 00,iTER
100 FORMÀT (/,10X,'F.0. MoM. DiD NoT CoNVERGE WITHIN ' ,r7,

*I iTERÀTIONS')
STOP

EVALUATING THE PRESSURE GRÀDIENT CORRECTING PÀRAMETER.

55 CALt AXPRES (U, CX,APX,DPDX,NRD,NÀ01, R,DR, PI,M,DTH,RFDP,DPDXl
*rtIERÀT)

FRE=-DPDX/2. 0

}lRITE (9,85) lrnRer,ITER,DPDX,DPDXI
85 FORMAT (2( 1X,I5),2(1X,0'1 5.5) )

CORRECTING THE VELOCITY DISTR]BUTiON.

D0 140 I=2,NRD2
D0 140 J=2,NAD1
u ( I , J ) =u ( I , J ) +RFvc*cx ( I ) *DPDX1 /¿px ( I ,,¡ )

,140 
CONTTNUE
KK=I TERAT/2
KK1 =2*KK
rF (¡txl.wn.TTERAT) CO rO looo
rF (oess( (rnn-r'nn1 )/nnn)*loo.0.GE.1.0E-04) co to looo

cc
cc
cc

cc
CC

cc
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PRINT 120,ITERÀT
1 20 FORMAT ( I ,1 0x, 'CoNVERGED AFTER ' , I 5, ' ITERATIONS' )

D0 110 \=2,NRD2
PRINT 2000, (U( I , J) ,J=2,NÀ01 )

1 1 O CONT]NUE
2000 FORMAT (/,.1 0( 1X,012.5) )

PRINT 1 3O,DPDX,FRE
130 FORMÀT (l110X,'DpDX = 

"0',14.6,.10X,'FRE 
= 

"D12.5)RETURN
1000 IF (KKI.EQ.iTERAT) nRn'1=rRn

PRI NT .1 
50 , i TERAT.150 

FORMAT (II,10X,'THE ALGORITHM FAiLED WITHIN 

"15,' 
ITERATIONS')

STOP
END
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DIMENSToN JA( 20 ),,:n( 20 )
DOUBTE PRECTSTOH U( 33,65) ,V( 33,66) ,W( 33,66 ) ,UB,TB,

lvs ( 33, 66 ),I^rs ( 33, 66 ),T ( 33, 66 ),Aen( 33, 66 ),enr( 33, 66 ),leC ( 33, 66 ),
zeNn ( 33, 66 ),AHr ( 33, 66 ),el¡c ( 33, 66 ),eSn( 33,66),ASr ( 33, 66 ),DR4,NU,
¡nsc( 33, 66 ),arn( 33, 66 ),aet( 33, 66 ),Anc( 33, 66 ),ewn( 33, 66 ),tl ( 33, 66 )
+¡wr ( 33, 66 ),¡wc ( 33, 66 ), nn ( 33, 66), BT ( 33, 66 ),CR ( 55 ), SUMV,SUMW,
scr( 55),Cx( 55),A( 33,66),S( 33,66 ),C( 33,65),D( 33,66 ),8( 33,66)
DOUBLE PRECISiON F( 33,66 ),pC( 33, 66),p( 3¡,66),FC ( 33,66 ),Q( ¡9,66),

'1 DPDX,R ( 55 ),DR,DTH, pI,DPDN1,FRE,FREl,U1 ( 33, 66 ),TC ( 33, 65 ),tHntn
2,v2(33, 65 ),pc.1 ( 33, 66 ),WZ ( 33, 66 ),V'1 ( 33, 66),r^r1 ( 33, 66 ),e1 ( 33, 66 )
3,zE,Bc ( 33, 66 ),ÀpX ( 33, 66 ),¡HX ( 33, 56 ),eSX ( 33, 66 ),AnX ( 33, 66 ),
+awx( 33, 66 ),nx( 33, 66 ),nn1,DR2,DR3,CRI,nnCl ( 33, 66 ),nnc2 ( 33, 66 ),
5T2 ( 3 3, 66 ),VL,VR, TL, TR,UL,UR, PR, PL, PCR, PCL, PRTL

( Hnn ) ts tHn NUMBER 0F RÀDiÀL DIVISIoNS.
( l¡e¡ ) rs rug NUMBER 0F ÀNGULÀR DIVISIoNS.
( H ) IS THE RELATIVE FIN HEIGHT.
( u ) rs rHE NUMBER oF FINs.
( pnrr ) ts tns PRÀNDTL NUMBER.
( cn ) IS THE GRASHoF NIMBER.

READ (5,o¡ NRD,NÀD,H,M,PRTL,GR
DR=1.o/Hno
rFrN=(1-H) lOn+Z

cc
cc
CC

cc
cc
cc
cc
cc

MODEL 11I

I FF=i Fi N

iFFl=IFIN-1
iF (tt.sQ.o.o) lpp=¡p¡+2
iF (H.nç.0.0) IFFl=NRD+2
iF (ir.nQ.o.o) IFIN=NRD+10
IFINl=IFIN+1
M2=I'll2
FRE=2.0
ZE=O . 000000000000000
SUMV=O.0
SUMW=0.0
rRel=1.0
RFDP=0 .5
RV=0 .22
RFC0=1.0
RFS='1 . 0
RFVC=1.0
Pr=2 .0*nencos ( zn )

NRDl =NRD+'1
NRD2=NRD+2
¡¡¡¡J=|,fftþ+3
NADl =NAD+1
¡¡¡l=¡,ffiþ+2
DTH=PI /NÀD
DPDX=-44.0
R(2)=0.0
D0 10 I=3,NRD3
rF (l.nQ.3.oR.r.EQ.NRD3) R(r )=R(r-j )+nal2.0
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cc
cc
cc

10
IF (I.lqn.3.ÀND.r.NE.NRD3) n(i )=n(t-1 )+nR
CONTTNUE

DO 20 I=1,NRD3
DO 20 J=l,NAD2
u(I,J)=0.0
P(I,J)=0.0
P'1 (I,J)=0.0
Pc(I,J)=0.0
T(I,J)=0.0
TC(I,J)=0.0
v(I ,J )=0 . 0
I.i(I,J)=0.0
ÀPR(i,J)=0.0
ANR(I,J)=0.0
ASR(I,J)=0.0
AER(I,J)=0.0
A}iR(I,J)=0.0
BR(I,J)=0.0
APT(I,J)=0.0
ÀNT(I,J)=0.0
AST(i,J)=0.0
ÀET(i,J)=0.0
AÌ.iT(I,J)=0.0
BT(I,J)=0.0
ÀPx(I,J)=0.0
ÀNX(I,J)=0.0
ASX(I,J)=0.0
AEx(I,J)=0.0
A}Ix(I,J)=0.0
BX(I,J)=0.0
APG(I,J)=0.0
ÀNG(I,J)=0.0
ASG(I,J)=0.0
AEG(I,J)=0.0
Al^tG(I,J)=0.0
BG(I,J)=0.0
F(I,J)=0.0
Fc(I,J)=0.0
v1 (I,J)=0.0
i.l.1 (I,J)=0.0
rF (r.nQ.2.0R.r.EQ.NRD3) v(r,J)=0.0
IF (,:.nQ.2.0R.J.EQ.NAD2) W(r,J)=0.0

20 CONTTNUE
cc
CC READING VETOCTTIES AND PRESSURE FROM PREVIOUS SOLUTION ÀT LOWER

CC GRÀSHOF NUMBER AND USE THEM ÀS iNITIÀL VALUES FOR HIGHER GRASHOF.
cc

1 1 1 1 FoRMAT (3 ( 1X ,D22.14) )

REÀD (4,1111) DPDX

D0 1112 1=1,NRD3
READ (4,',l111 ) ((U(i,J),T(r,¡)),J=1,NAD2)

TNITTÀLlZING ÀLL VETOC]TiES ÀND PRESSURE.
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.1 
1 12 CONTINUE

D0 1113 |=2,NRD3
REÀD (4,',1111 ) (V(I,J),J='1,NAD2)

1 1 
-13 

CONTINUE
D0 1114 I=1,NRD3
READ (4,1111 ) (W(r,;),J=z,NAD2)

,1 
1 14 CONTTNUE

D0 1121 I=.1 ,NRD3
READ (4,111 1) ((p(l,J),pC(t,;)),J=1,NAD2)

1121 CONTINUE
D0 1115 I=2,NRD2
D0 1.1 15 J--2,NÀ01
î2fi,¡)=r(t,;)
u1 (I,J)=u(I,.1)
P1 (I,J)=p(I,.1)
PC1 (I ,J)=PC(i ,,:)

1 1.15 CONTINUE
D0 1116 I=3,NRD2
D0 11 16 J=2,NAD'l
v2(I,¡)=v(l,J)

1 
.1 '1 6 CONTI NUE

D0 11 17 'Í,=2,NRD2

D0 1117 J=3,NAD1
w2(i,J)=w(t,.1)

,I 
1 

,17 
CONTINUE
CRI=05.0

cc
CC

cc
cc

ITERÀTING THE VETOCiTIES AND THE PRESSURE US]NG THE ''SIMPLER''
SOtUTiON ALGORITHM.

NN= 1

JÀ( 1 )=2
JB( 1 )=NAD*2/M+1
D0 5 i=2r142
iF (uz.lr.2) c0 T0 5

JA( r )=JA( r _1 ) +2*NÀD/M
JB( r ) =JB( I -1 ) +2*NAD/M

5 CONTiNUE
cc
cc
cc

D0 30
D0 30
VL=V(T
VR=V(I
TL=T ( 1

TR=T ( 1

UL=U( I
UR=U( I
D0 75

CALCUTÀTING THE MOMENTI.JM EQUATIONS COEFFICIENTS.

I =2 , NRD2

J=2 rNAD1
,J-1
,J+1
,J-1
,J+1
,J-1
,J+1

rF (r.cn.iFrN1.AND.J.EQ.JÀ(L) )

rF (r.cn.rFrN1.AND.J.EQ.JB(L) )

rF (r.cn.rFrN.ÀND.J.EQ.JA(r) )

iF (l.c¡.rFrN.AND.J.EQ.JB(L) )

L=1 ,M2
vl=-v(I ,J )

vR=-v(t rJ )

TL=-T(t,;)
TR=-T(I,I)
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IF (l.cn.iFIN.ÀND.J.EQ.¡e(r)) ul=-u(i,.1)
IF (r.cn.rFrN.AND.J.EQ.,¡g(L) ) uR=-u(i,¡)

75 CONTINUE
THETA= ( ¡-Z ) *DTH+DTH/2. O

iF (r.nO.z) co ro 31
DR1 =DR
DR2=DR
DR3=DR
IF (t.nO.3.0R.I .EQ.NRD2) nn3=0.75*DR
IF (I.nQ.3) oR2=0.50*DR
rF (r.nQ.NRD2) nnl=0.50*DR
epn ( l, J ) =ÀpR ( r, ; ) + 1 . 00* ( 4 . 0*DR3/ors/n( 1 ) **3+2. 0*urH/R ft ) lnnZ+

i2.o*DTHIR( r ) /DR1 -epn( r,,l ) )

eNn ( l, J ) =ÀNR ( I,l ) +1 . 00* ( Z . Ox¡tH/DR1 /R( t ) -nrH/n ( i ) **2+pl,tex1 ( -'lv(i 
,J )*oru/2. 0/n(i )**2 , zr )-eHn(I ,J ) )

esn ( l, J ) =ASR ( t,.i ) +1 . 00* ( z. O*nrH/DR2/R ( r ) +orH/n( r ) **2+o¡rex1 (
'1v( r,J) *DTH/2. O/n( r )**2, zn)-RSn( r,;) )

enn(r,J)=AER(I,J)+1 .00* ( 2.0*on3/oru/n(l )**3+uMAX1 (-
1 ( (2.0*DR3-DR2 ) * (w( I -1,J ) +w( I -1,J+1 ) ) *nR2o (w( I,,i ) +w( I,;+1 ) ) ) /
28. 0/R( r )**2, zr)-enn( r,J) )

ewn(l,J)=ÀtiR(I,t)+1 .00*( 2.0*DR3/¡tH/n(I )x*3+¡t'lex1 (+
1 ( (2.0*DR3-DR2 ) * (w( I -1,J ) +w( i -l,J+1 ) ) +oR2* (w( I,,¡ ) +w( t,"l+1 ) ) ) /
28,0 lR( r ) **2,2n)-Awn( r,,:) )

nn( i, J )=BR( I,t ) +1 . 00* (on3*nrH/n( I ) * ( ( Q.0*DR3-DR2 ) * (w( r -1,J )+
1r^i(I-1 ,J+1))+nR2*(w(t,;)+r,¡(r,J+'1))) l+./on¡)**2+cR*DTH*Dcos(tHer¡)
2/q.* (nn2*r(r,,:)+(2.*on3-oR2)*r(r-1,t))-z.in(l )**l*(¡pl*(w(r,,:+1)-
3I^I( r,J ) ) + ( 2. 0*DR3-DR2 ) * (W( I-1,J+1 ) -W( i-'1,J ) ) ) -n¡¿¡Xl (V( l,¡ ) *OrH/
42.0 /R(I ) **2, zn ) *v( 1 +1, J ) -ouex1 ( -v( r,¡ ) *nrH/2. 0/R( I) **2, ZE ) *
5v( I -1, J ) -DMÀx'1 (- ( (2. 0*DR3-DR2 ) * (r^¡( r - 1, J ) +w( r -1, J+1 ) ) +on2x (

6w( t,,: ) +w ( I, J+1 ) ) ) / 8 .0/R( I ) x*2,2s ) *vL+¡R3*nrH*v( r, J ) **2/p( r ) **3
7-DMAX1 (+( (2. 0*DR3-DR2)*(I^i(r-1,J)+I^¡(r-1,J+.1 ) )+DR2*(
8w(I,.:)+w( I,J+'1 ) ) ) /8.0/R(r )**2,28)*vR-BR(r,,:) )

Cn( i )=-DTH
31 rF (¡.eQ.2) co ro 32

THETA=(¡-Z)*NTH
DRl =DR
DR2=DR
DR3=DR
rF (i.nQ.2.0R.i.EQ.NRD2) ¡n3=0.50*DR
IF (l.nQ.2) DR1=0.75*DR
iF (l.nQ.2) nR2=0.5o*DR
IF (r.n0.3) oR2=0.7s*DR
iF (r.nç.NRD1 ) nnl=0.75*DR
IF (I.ng.NRD2) onl=0.50*DR
IF (r.ng.NRD2) nn2=0.75*DR
ÀPî

loR3*nrH/ ( n( r ) +DR3 / 2. ) **2-pn3*DTH* ( 1 . 0/DR2-1 . 0/¡nl ) / ( n( I ) +un3/2. )

2+2 . 0*DTH / nnZ+2. 0*OrH/0R.1 +OUAX1 ( +DR3*DTH / 4 . 0 I ( n ( r ) +DR3 I 2. Q ) **l* (

3v( i, J ) +v( I + 1, J ) +v( I +1,,:- 1 ) +v( I, J- 1 ) ) rZø) +DMAX1 ( +DR3*DTH/g . Oo

4 (1 .0 lDRz-1 . 0/DR1 ) / (n( r ) +On¡/2. 0 ) * (v( r,; ) +v( 1+1,J ) +V( r +1, J- 1 ) +
5v( i,.l- 1) ) rzn)-¡pt( I,.l ) )
eHr ( l, J ) =ANT ( r,,l ) +'1 . 00* ( oR3*nrH/DR1 / ( n ( r ) +oR3/ 2. 0) +2. 0*nrH/¡n1 +

'1 DMÀx1 ( -nn3*ors/e . O /nni / ( n ( r ) +nn3 I 2. 0 ) * (v ( r, I ) +v ( 1 +1, J ) +v ( r + 1, J- 1 )

2+v( r ,J-1 ) ) ,zø) -¡Hr (i ,J ) )

r, J ) =Àpr ( r,.J ) + 1 . 00* ( 4. 0*DR3/DtH/ ( n( I ) +ong/ ). Q) **la).Qx
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Asr ( r, J ) =ÀST ( r,,: ) +1 . 00* ( -nR3*nru I nnz I ( n ( r ) +DR3 I 2. 0 ) +2 . 0*olH/on2+
1DMAX.1 (+oR3*¡rH l8.0lDR2l(n(r )+DR3/2.0)*(v(r,,:)+v(1+1,J)+v(r+.1 ,;-1)
2+v( r,t-1 ) ),zn)-esr(r,,':) )

ent ( r, J ) =AET ( t,,: ) +.1 . 00* ( 2. 0*DR3/nrul (n ( i ) +nng/2. 0 ) **2+nMAX1 ( -
1ÐR3*t^¡( t ,t\ 12.0/ (n( r )+on3/2.0 ) ,zE)-enr( r ,;) )

ewr ( r, J ) =Ar^ir ( r,,: ) + 1 . 00* ( 2 . 0*DR3/¡tu/ ( n ( I ) +nn3/2 . 0 ) **2+DMAX1 (

1DR3*w(t ,t) lZ.0/(n(l )+nn3/2.0) ,zE)-nwr(i ,,:) )

BT( I,J ) =BT ( i,J ) +1 . OO* ( 2. 0*DR3/ (n( I ) +DR3 I 2. 0 ) **3* (v( t,l ) +
1v( i+1,J ) -v( 1 +1,J-'1 ) -v( t,,:-1 ) ) -oR3*nrH*cR/4. 0* ( r( i,t ) +r ( i,,:-1 ) )
2*DSrN ( rHnr¡ ) +DMAX'1 ( -nR3*¡rH I 4. I (n ( i ) +pn¡/ l . ) **l* (v( r,t ) +v( i + 1, J ) +
3v( r +1,J-1 ) +v( r,J-1 ) ), zn) *w( r,J ) +DMAX1 ( -on3*¡rH* ( 1 . 0/DR2-1 . 0/DR1 ) /
48 . 0 I ( n ( r ) +DR3 I 2. 0 ) * (v( r,,: ) +v( 1 +1, J ) +v( r +1, J-1 ) +v( r,,:-1 ) ), zn ) *
5w( r,,: ) -¡r"r¡xl (¡n3*orn/8. 0/DR1 / ( n ( r ) +on3/2. 0 ) * (v( r, J ) +v( r +1, J ) +
6v(r+1,,:-1 )+v(r,J-1) ),zt)*w(I+1,J)-DMAX1 (-DR3*DTH la.o lonzl
7(R(r )+on3/2. )*(v(1,,:)+v(I+1,J)+v(r+1 ,J-1)+v(r,,:-1)),zn)*w(t-1,J)-
8DMAX1 (OR¡*W( r ,J) 12.0/ (n( r )+nn3/2.0 ) , ZE)*W( r ,J+1 )-DMÀX1 (-nR3't
9r{(r,J) /2.0/(n(i ) +nR3/2.0),zn)*w(r,,:-.1 )-nr(r,,:) )

ct( I ) =-DR3/ (n( t )+DR3/2. 0 )
32 DR1=DR

DR2=DR
DR3=DR
IF (r .S0.2.0R.i.EQ.NRD2) ¡R3=0. 50*DR
IF (r.eQ.2) DRl=0.7S*DR
rF (r.ng.2) DR2=0.50*DR
IF (r.nQ.3) oR2=0.7s*DR
iF (r .ng.NRD1 ) nnl =0.75*DR
rF (r.nç.NRD2) Unl=0.50*DR
iF (l.nQ.NRD2) on2=0.75*DR
¡px ( i, J ) =Apx ( r, ; ) + 1 . 00* ( 4 . 0*DR3/nrH/ ( n ( r ) +DR3/ 2. 0 ) * *2-ÐR3*DTH*

1 ( 1 .0/ÐR2-1 . 0/DR1 )/(n(i )+nn3/2 .O) +2.0*oTri/oR2+2. 0*DrH/onr-
z¡px(r,J) )

e¡rx ( r, J ) =ÀNX ( r,t ) +1 . 00* ( nR3*orH/DR1 / ( n ( i ) +DR3/ z. 0) +2. 0*nrs/un1 +
1DMAX1 ( -¡rH/4. 0/ ( n ( r ) +nR3/2. 0 ) * (v( r,.l ) +v( r +1, J ) ), zn) -ANX( i, J ) )

esx ( r, J ) =ASX ( r,,: ) + 1 . 00* ( -oR3*or¡r / nnz / ( n ( r ) +DR3 I 2. o ) +2 . 0*¡rH/¡R2+
1 DMAXI {dtul 4. 0/ (n( r ) +un3/2. 0 ) * (v( r,,: ) +v( I +.1, J ) ),zn) -esx ( r,; ) )
enx ( r, J ) =AEX( I,J ) +1 . oo* ( 2. 0*DR3/DrH/ ( n ( r ) +pn3/2. 0 ) **2+DMAX1 ( -

1DR3/4. O/ (n( I )+pn3/2.0 )* (i^i( l,;)+w( r,J+1 )

¡wx( I,J ) =Àt,lx( r,; ) +1 . 00* ( 2. 0*DR3/nrH/ (n(
1DR3/4. 0/ (n(r )+un3/2. 0 )* (i^I(r,J)+w( r,J+1 )

BX( I,J ) =BX( r,J )+1 . OO* (-DMAX1 (nrH/+. O/ (n( r ) +nn3/2. 0 ) * (V( r,J ) +
1v( r +1,J) ),zE) *u( r +1,J )-¡uexl ( -orH/¿. 0/ (n( r ) +on3/2. 0 ) * (v( i,J ) +

2v( i +1, J ) ), zE ) *u ( t -1,; ) -¡uexl (DR3/4 . 0/ ( n ( t ) +pn3/2. 0 ) * (r^r( i, J ) +
3i,t(I,J+1)
+w( t ,t+1 )

cx(r)=-DR3*DTH/2.0
ÀPc ( I, J ) =ÀpG ( t,.l ) + 1 . 00* ( 2 . 0*DR3/¡rH/ ( n ( I ) +uR3/ 2 . 0) * r,2-DR3*DTH

1*( 1. Innz-1./unl ) I2.0/ (n(I ) +DR3/2.0)+DTH/DR2+DrH/DRl+DrH*DR3*
zpnu,/8 . / ( n t t ) +nn3 / 2. ) *¡l,r¿x1 ( ( ( 1 . / nnz-l. /unl ) * (v( r, I ) +v ( r + 1, J ) ) )
3,zE)-¡pc(r,t))

ANc ( r, J ) =ANG ( r,; ) + 1 . 00* ( nR3*¡ru/ 2, 0 I DR1 / ( n ( r ) +on3/2 . 0 ) +¡rH/on1
1 +DMÀX1 ( -nrH*oR3*pRrr/8. 0/DR1 i ( n( r ) +nn3 I 2. 0 ) * (V( r, J ) +v( 1 +1, J ) ), ze )

2-ANG(i,,:))
ASG ( r, J ) =ÀSG ( i,,l ) + 1 . 00* ( -¡n3*nrH I 2 .0 I DR2 I ( n ( r ) +DR3 I 2. o ) +nru/¡n2

1 +DMAX't ( orn*nR3*pnrl/g . 0 IDRZ I ( n ( r ) +DR3 / 2. 0 ) * (V( i,,: ) +v( r +1, J ) ), zn )

, zE ) *uR-DMAX1 ( -DR3/4 . 0/ ( n ( r ) +nn3/ 2 . 0 ) * (lr ( i, J ) +

,zn)*ul-nx(t,,'i))

,zE)-ÀEx(t,,t))
)+on3/2. 0 )**2+or"r¡x1 (

,zn)-awx(t,,:))
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2-Asc( i ,;) )

nnc ( I, J ) =AEG ( t,; ) +1 . 00* (¡n¡/¡tH/ ( n ( I ) +nn3 / 2. 0 ) **2+DMAX1 ( -DR3*
I pnrr/8. o/ ( n( I ) +nn3/2. 0 ) * (l+( i, J ) +w( r, J+1 ) ), ze ) -enc ( t,,'l ) )
¡wc ( I, J ) =AWG ( i, r ) +'1 . 00x ( nn¡/ptH/ ( n ( I ) +ÐR3 / 2. 0 ) *x 2+DMex'1 ( un3*pnrl/

18 . 0 / ( n ( i ) +DR3 I 2. 0 ) * (I^¡( r,,: ) +w( r, J+1 ) ), zr ) -nwe ( r,,: ) )

nc ( t,,i ) =BG ( I, J ) +.1 . 00* ( -DR3*DTH*U ( I, J ) +DMAX1 ( -nrH*DR3*PRTL*
1 ( 1 . /DR2-1 . 0/DR1 ) I 8, I (n( I ) +DR3/2. ) * (v( l, J )+V( 1+1,J ) ), zr ) *r( 1,,.1 ) -
2DMAX't (nlH*¡R3*pnrr/B . 0/DR1 / ( n ( r ) +nn3/2. 0 ) * (V( r,,: ) +v( r + 1, J ) ), zn ) x

3T ( r +1, J ) -DMAX1 ( -Ors*nn3*pRrr,/B . 0 /nnZ I ( n ( r ) +DR3 I 2. 0 ) * (v ( r, J ) +
4V( r +.1, J ) ), Zn ) *r ( r - 1,t ) -nuexl ( pR3*pRrr I e,0 I ( n ( r ) +on3 I 2. 0 ) * (I^i( I, J )
5+iv( i, J+1 ) ), zn ) *TR-DMAX1 ( -¡R3*pnrt/ 8.0 I ( n ( r ) +nn3 / 2. 0 ) * (w( i,¡ )

6+w(l,J+1
30 CONT]NUE

CC

cc
cc

CORRECTION OF ÀLL VETOCITIES USING THE CORRECTION PRESSURE.

D0 374 I=2,NRD2
D0 374 J=2,NAD'I
iF ( t .Hn. 2 ) v( r,J)=v( r,J) +nrvc*cR( i ) * (pc( r,.l)-pc( I-1,J) ) /epn( t,t )

D0 376 L=1 ,Il2

) ,zt) *TL-BG(t,;) )

IF (I.cn.IFIN.ÀND.J.EQ.,le(r) ) w(I,J)=0"0
rF (r.cs.rFrN.AND.J.EQ.¡¡(r)) CO rO ¡Z¿

376 CONTTNUE
rF (¡.¡u.2) t^l(r ,J)=w(t ,J)+nrvc*cr(i )*(pc(t ,,'l)-pc(I ,;-1 ))/¡pr(l ,,1)

374 CONT]NUE
cc

D0 1000 ITERAT=1,9000
cc

CALL ANGSWE (aen,AHn,ÀSR,AER,ÀWR,BR,ÀPT,ANT,
1 AST T 

AET, AWT, BT, APX T ANX, ÀSX, ÀEX, AWX, BX, APG, ANG, ASG, AEG, AWG, BG,DR,
?DTH rM2, I FI N, I Fi N 1, JÀ, JB, RFCo, CT, CR rCX rzn, U,V, W, T, R, I TERAT, PRTL,
3GR,NRD2 TNRD1,NÀ01, P, PC,A, B rC rD rE rF rFC,RECl rREC2 rQ, I FF, I FF1,
4I{s,vs,î2,lJl,v2 rtt2rRFs,DPDX rRv rH )

APPtYiNG THE BOUNDARY CONDITlONS.

D0 1 
'1 i =2 ,NRD2

D0 '1 1 J=2,NAD1
JJ=NAD1 +2-J
v(2,J)=0.0
v(NRD3 ,J ) =0; 0

v(t,1)=v(t,2)
v(I ,NAD2 )=v(l ,HRo1 )
rF (t.cn.IFIN1 ) v(I,1)=-v(i,2)
rF (l.cn.rFrN1 ) v(i,NAD2)=-v(t,Heo1 )

:È-fi,2)=0.0
w(I ,NÀ02 )=0.0
tl(NRD3,J)=-w(Hnn2,l)
w(1,,:)=-w(2,J)
Do 12 L=1 ,M2
iF (t.cn.IFIN.ÀND.J"80.,:n(r)+1 ) i.¡(I,J)=0.0

,1 2 CONTI NUE

cc
cc
cc
cc

cc
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CC

u(i,1)=u(I,2)
u(i,Hen2)=u(l,uen1 )

u (Hnn: 
, J )=-u (NRD2 

, J )
u('1 ,l)=u(2,.1,1)
IF (r.ce.IFIN) u(I,1 )=-uft ,z)
rF (r.cn.rFrN) u(t,NÀ02)=-u(t,Hen1 )

t(t,1)=r(I,2)
t(l ,tq¡¡2)=r(i ,Hen1 )

r(Hno3,J)=-T(NRD2,J)
r(1,,:)=t(2,¡;)
rF (r.cg.IFiN) r(I,.1 )=-T(t,z)
rF (r .c¡.iFrN) r(r,NAD2)=-T(t,HRn1 )

CONTi NUE

cc

cc

cc
cc

11

cc
cc

cÀLL AXPRES (u,cx,Apx,DPDX,NRD,NÀD1,R,DR,pI
* TDTH TRFDP TDPDX1, I tnnnr )

FRE=-DPDX/2. O

I COUNT=0
CRi=DABS ( (rnn-rnn1 ) /rnn ) *1 00. 0

rF (cnl.cr.1.on-o3) co ro I lol
I COUNT=i COUNT+.1

1 1 01 SUMW=0.0
SUMV=O.0
D0 888 I=3,NRD2
D0 888 J=2,NAD1
SUMV=SUMV+DÀBS( (VI (I,J)-V( I,J) )*1 OO. O )

SUMW=SUMW+DÀBS (V( I ,; ) )
888 CONTTNUE

iF (suuw.nç.0.0)
SE=SI.'MV/SUMW
I,¡RrrE (8,303) sE
FoRMÀT (10X,'StiMV
IF (Stit'w/SUt'fW.Cr.
I COUNT=I COUNT+ 1

SUMV=0.0
SUMW=0.0
D0 878 I=2INRD2
D0 878 J=3,NÀD1

303

1108
1 102

co ro 1108

878 CONTINUE
rF (su¡¡v.EQ.o.o)
SS=SUMW/SUMV
I^IRrrE (8,202) ss

202 FoRMAT (10X,'SUMW
IF (SU¡¡W/SUÌ'w.Ct.

'1 
1 09 I COUNT=I COUNT+'1

1103 D0 868 I=2,NRD2

STJMW=SUMW+DÀBS( (WI ( I,J )_I4( I,J) )*1 OO. O )

STJMV=SI.]MV+DÀBS (W( I ,.I ) )

= 'rD25.6)
1 .0E-03 ) co ro I I OZ

c0 r0 1109

= 'rD25.6)
1 .0E-03 ) co ro I I Og
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D0 868 J=2,NAD1
1F (O¡sS(pC(i,.1)).Cr.1.0E-03) CO rO I lo+

868 CONTINUE
I COUNT=i COUNT+ 1

1 1 04 SUMV=0.0
SI.JMW=0.0
D0 898 I=2,NRD2
D0 898 J=2,NAD1
sIJMW=SIiMW+DÀBS( (rl (r,J)-T(t,;) )*100. 0)
SUMV=STJMV+DABS ( T ( T,¡ ) )

898 CONTINUE
SS=SUMW/SUMV
t^lRITE (8,203) SS

203 FORMÀT ( 1 0X, ' SUMT = 
"D25.6 

)

rF (suuil/suw.Gr.1 .0E-03 ) co ro I I OS

I COUNT=I COUNT+ 1
-105 TF (ICOUNT.LT.5.AND.ITERÀT.LT.O36O) GO

PRINT 7,NRD,NÀD rH rM, PRTL TGR
7 FORMAT ( ' 1 

" 
3X, 'MESH SI ZE ( 

"r2 
r',X', ,r2 ,

*F3.1,3Xr' M = 'rI2r3Xr 'PRTL= 'rF4.1r3X,
PRINT 2,iTERAT

2 FoRMAT ('1"20X,'CoNVERGED AFTER 

"I5,'PRiNT 987
987 FORMÀT (2(/),SOX,'AXIAL VELOCITY' )

D0 380 I=2rNRD2
PRiNT 2000, (u(I ,,,1) ,J=2,NÀD'1)

380 CONTINUE
PRINT 876

876 FORMAT (2(/),SOX,'RÀDIAL VETOCITY' )

D0 390 I=2,NRD3
PRINT 2000 , (v(I ,,,i ) ,J=2,NAD'1 )

390 CONTINUE
PRTNT 765

765 FORMÀT (2(/),SOX,'ÀNGULAR VELOCTTY' )

D0 400 I=2,NRD2
PRINT 2000, (W(1,,,1) ,J=2,NAD2)

4OO CONTiNUE
PRINT 654

654 FORMAT (2(/),SOX,'PRESSURE' )

D0 41 0 I=2,NRD2
PRINT 2000, (e(i,t),J=2,NÀD',l )

41 O CONTINUE
PRINT 655

655 FORMAT (2(/),SOX,'TEMPERATURE' )

D0 420 I=2,NRD2
PRINT 2000, (t(t, J\,J=2,NÀ01 )

420 CONTINUE
SUM=O.0
SUMl =0.0
D0 1500 I=2,NRD2
DR4=DR
IF (t .eQ. 2.oR.I .EQ.NRD2) oRa=nn/2. 0

D0 1500 J=2,NÀD1
SUM=SUM+U( i,t) * (R( I ) +nnq I 2. 0 ) *nR4xOrH

T0 1100

')'r3xr'H = ',
'cR=',D'10.4,1111)

ITERÀTTONS')
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suMl=suM1+u(I,J )*r( i,,:)* (p( 1 )+nR4/2. 0 )*on4*ot¡l
1 5OO CONTINUE

g3=5gv/el*2.0
TB=SUM1 *2.0lpt
NU=-1 .0/TB
PRINT 3,UB,FRE,TB,NU

3 FoRMAT (/,'UB = 
"D13.5r' 

FRE = 
"D13.5,' 

TB = 
"D13.5,'NU 

=
1013.6,10(/))
cÀLt Ftux (HTM,T,PI TDR,DTH,NRDTNADTRTJÀrJBrM2,IFiN)
IF (Cn.Ct.0.0) cÀLL SECFLO (V,W,PI ,NAD,NRD,R,DTH,DR)
PRTNT 2222

2222 F)RMAT (10(/))
D0 1420 I=2,NRD2
PRINT 2000,(¡'c(l rJ),J=2,NAD'1 ).1420 
CONTINUE

'123 FORMAÎ (5X,4(D',l6.6) )

2000 FORMÀT (1,10(1X,012.5) )

GO '-IO 1212
cc
cc
cc

1

CORRECTION OF ALL VELOCITIES USiNG THE CORRECTION PRESSURE.

100 D0 370 I=2,NRD2
D0 370 J=2,NAD1
T1 (I,J)=t(t,¡)
iF (cn.nQ.0.0) co ro 370
rF (l.Hn.2) v1(r,,'])=v(r,J)
iF (¡.He.2) I.I1 (r,¡)=I.t(I,J)
rF ( I .He. 2 ) V( i,J)=V( r,J)+RFVC*CR( i ) * (pC(t,,: )-PC( i-'1,J) ) /¡pn( t
D0 375 L=l tM2
IF (r.cs.IFIN.AND.J.EQ.JÀ(L) ) w(I,J)=0.0
rF (r.cn.rFrN.ÀND.J.EQ.JÀ(L)) CO rO ¡ZO

375 CONTiNUE
iF (.r.Hn.2 ) i^l( r,J)=w( r,J)+RFVC*cr( i ) * (pc( r,,:)-Pc( I,J-1 ) ) /¡pr( i

370 CONTINUE

UNDERRELAXING THE DEPENDENT VARIÀBLES
cc
cc
cc

D0 '116 !=2,NRD2
D0 116 J=2,NÀ01
T2(r rJ)=r(1,.1)
u1 (I,J)=u(i,.i)
IF (I.Hn.2) V2(i,,:)=V(I,J)
IF (¡.nn.2) w2(i,,.:)=w(I,J)

,1 -16 
CONTINUE
rF(rTERÀT.G8.0200) Wnlr¡ (8,37',l ) ITERAT,ICoUNT,DPDX,DPDXl,GR
rF(rTERAT.cE.0200) i.lRrre ß,372)u( 15,15),v( 15,15),w( 15,15)

1 ,T( 1 5,1 5) ,FC( 1 5,1 5) ,CRr
372 FoRMÀr (6(01 1.4) )

371 FORtrÀT Qftl),3(p18.7) )

1000 FRE'1=FRE
PRINT 4,ITERAT

4 FORMAT (I/,10X,'THE ALGORITHM FAILED WITHIN ' ,I7,*I ITERATIONS')
STOP

,J)

,J)
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1212 REWIND 4

PRINT 7788
7788 FORMÀT (' 1 

"150(/) 
)

t^iRrrE (4,1111) DPDX
D0 1118 I=1,NRD3
t.iRrrE (4,1111) ((u(l,J),T(t,t)),J=1,NAD2)

1118 CONTINUE
D0 1119 Í=Z,NRD3
t^iRITE (4,1'111 ) (v(I,,:),J=1,NÀD2

,1 
1 

,19 
CONTTNUE
D0 1120 7=1,NRD3
t^iRITE (4,11'11 ) (w(I,,:),J=2,NAD2

1 1 20 CONTINUE
D0 1122 I=1,NRD3
wRrrE (4,1111) ((p(I,J),Pc(r,¡)

1 
.122 

CONTTNUE
D0 9182 I=2,NRD2
tlRITE Q,1111) (t(r ,,:) ,J=2,NÀ01
t^tRITE (1,1111 ) (u(r,t),J=2,NÀD1

9182 CONTiNUE
PRINT 1 51 5

1515 FORM¡r (so(/))
STOP
END

suBRourINE AXPRES (UrCX,ÀPX,DPDX,NRD,NÀÐ1,R,DR,PI,DTH,RFDP,
*DPDXI,ITERAT)

DOUBTE PRECTSTON U(33,66),¡pX(33,66),CX(55),R(SS),DenX
* , PI ,DR,DTH,DPDX1 , SUM, SUM'1 ,DR2

NRD2=NRD+2
SUM=O. 0

SUMl =0.0
D0 10 I=2,NRD2
D0 1 0 J=2,NÀD1
DR2=DR
rF (r.¡Q.2.OR.r .EQ.NRD2¡ ¡p2=¡ft/2. 0

SUM=SUM+U( r,; ) * (R( r ) +on2 I 2. 0 ) *DR2

srrMl=suM.1+cx(r ) /¡px(r,J)* (n( i ) +DR2 I 2. 0 )*oR2
1 O CONTINUE

DPDXl =(pt lz. 0/DTH-suM) /su'rI
rF (p¡¡s(¡pox1 ).cr.01 .0) DPDXl=01 .0*DPDX'1/DÀBS(Op¡Xl )

N1=ITERAT/01
N2=N1*0.1
IF (Hz.ng.ITERÀT) op¡x=npDX+RFDP*DPDX1
RETURN
END

SUBROUTINE TO UPDATE THE COEFFICiENTS.

SUBRoUTINE COEFF1 ( l,een,ANR,ÀSR,AER,AWR,BR,ÀPT,ANT,ÀST,AET,
IAWT TBT,APX,ANX,ASX TAEX,AWXTBXrÀPG,ÀNG,ÀSG,ÀEG TAWG,BG,DR,
¿DTH ruz, i FI N, I FI N 1, JA, JB, RFCo, CT, CR TCX TZE, U, V, W, T, R, PRTL,
3GR,NRD2,NRD1 ,NAD'1 )

DIMENSION JA( 20 ),JB( 20 )
DOUBLE PRECISTON ApR(33,56),eHn(33,66),esn(33,66),Ann(33,66),

,J=1 rNAD2)

cc
cc
cc
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1 Ar.¡R ( 33, 66 ), rn( 33, 65 ), cR ( 55 ),eer ( 33, 66 ),Rwr ( 33, 66 ),¡Sr( 33, 66 ),
zenr ( 33, 66 ),ewt ( 33, 66 ),sr( 33, 66 ),cr( 55 ),Àpx( 33, 66 ),¡Hx( 33, 66 ),
¡esx( 33, 66 ),enx( 33, 66 ),ewx( 33, 66 ),sx( 33, 66 ),cx( 55 ),eec ( 33, 66 ),
+eHc ( 33, 66 ),esc ( 33, 66 ),enc ( 33, 66 ),ewc ( 33, 66 ),sC ( 33, 66 ),R( 55 ),
sDR,DTH,VR,VL,UR,UL, TR, TL, THETA, ZE,DR1,DR2, DR3,U ( 33, 66),
6v(33,66),w(33,66),r(33,66)

cc
D0 30 J=2,NÀ01
VL=V(T,J--1
VR=V(I,J+1
TL=T(I,J-1
TR=T(I,J+1
UL=U(I,J_1
UR=U(I,J+1

rF (r.cn.rFrN1 .ÀND.J.EQ.;¡(r) ) vl=-v(i,¡)
iF (l.cn.IFIN1 .ÀND.J.EQ.,:s(r,) ) vn=-v(i,.1)
rF (t.cn.IFIN.ÀND.J.EQ.¡e(r)) tl=-t(I,;)
iF (l .cn.IFIN.ÀND.J.EO.¡s(r) ) rn=-t(I ,,:)
iF (r.cn.rFrN.ÀND.J.EQ.¡e(r)) ur,=-u(r,,:)
rF (r.cn.IFrN.ÀND.J.EQ.;n(l)) un=-u(t,,:)

75 CONTINUE
THETA= (¡_Z) *DTH+DTH/2. O

rF (r.¡Q.2) co ro 31

DR1 =DR
DR2=DR
DR3=DR
rF (r .ng.3.0R.r.EQ.NRD2) nR3=0.75*DR
rF (r.nQ.3) pR2=0.50*DR
IF (i.nQ.Hnn2) DR1=0.50*DR
¡pn( r, J ) =ApR ( r, ; ) +RFCO* ( 4. 0*DR3/nrH/n ( t ) **3+2. 0*DTH/R( I ) /onz+

1 2. o*DTH/R( r ) /DR1 -epn( r,J) )

¡Hn(i,J)=ÀNR(I,J)+RFco* (2.0*DTH/nnl /n(I )-ntn/n(r )**2+nuu1 (-
1v( r,J ) *otul 2. 0/R( r ) **2, zE) -ÀNR( r,,: ) )
asn ( I, J ) =ASR ( r,,: ) +RFco* ( 2 . 0*nrH/DRz/R ( I ) +nrH/n ( I ) **2+¡¡¿¡x1 (

1v( I,J) *ntul 2. 0/R( r ) **2,28)-ÀSR(r,;) )

¡nn( I,J )=ÀER( i,t)+RFCO* ( 2. 0*DR3/otH/n1 ¡ )**3+DMAX1 (-
1 ( ( 2. 0*DR3-DR2 ) * (W( I-',l,J ) +W( I -1,J+1 ) ) +OR2r. (W( I,,l ) +W( I,l+1 ) ) ) I
28. 0/R( r) t,*2, zE) -ÀER( t,; ) )
ei,in( I rJ) =AliR( I,; ) +RFCO* ( 2. 0*DR3/otH/n( I ) **l-¡¡¡4¡)¡'l ( +

1 ( (2.0*DR3-DR2 ) * (w( I -1,J ) +w( i -1,J+1 ) ) +oR2* (w( I,,: ) +w( I,.i+1 ) ) ) /
28. 0/R( I )**2,28) -AwR( t,;) )

nn ( r,,: ) =BR ( r, J ) +nrco* (DR3*DTH/n ( i ) * ( ( ( 2. 0*DR3-DR2 ) * (ä( r -1, J ) +
1w( r - 1, J+1 ) ) +pnZ* (w( t,t ) +w( r, J+'1 ) ) ) I 4./png ) **2+GR*DTH*DCOS (rHnre )

2lq.* (pR2*r(i,,t)+(2.*DR3-¡n2)*r(r-.1 ,,:))-2./n(i )**l*(¡pl*(w(t,t+.t )-
3I^i(I,J))+(2.0*DR3-DR2)*(l¡(r-1,J+1)-w(r-.1 ,J)))-ouexl (v(I,,t)*nrH/
42.0 I R(I ) **2, zn ) *v( I +'1, J ) -¡uex1 ( -v( t,l) *nrn/ 2. 0/R ( I ) **2,2¡.) *
5v( I - 1, J ) -DMÀx1 ( - ( ( 2. 0*DR3-Dn2 ) * (w( r -.1,J ) +w( r -1, J+1 ) ) +DR2* (

6l+( I, J ) +w( I, J+1 ) ) ) / 8 .0/R( I ) **2,2n ) *vl+nn3*¡tli*v( i, J ) **2/R ( i ) **3
7-DMAX1 (+( (2.0*DR3-DR2 )* (W(i-1,J)+W(r-1,J+1 ) )+¡nZ* (

8lv( r, J ) +w( r, J+ 1 ) ) ) i8. 0/R ( r ) x*2,28 ) *vR-BR ( i,,: ) )

Cn(l)=-DTH
31 rF (¡.nQ.2) co 'ro 32

THETÀ= (;-2 )*pt¡i

D0 75 L=1 ,M2
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DR1 =DR
DR2=DR
DR3=DR
IF (r.nQ.2.0R.I.EQ.NRD2) nR3=0.50*DR
IF (i.nç.2) DR1=0.75*DR
IF (i.eQ.2) DR2=0.50*DR
IF (i.nQ.3) nR2=0.7s*DR
IF (i.nQ.NRD1 ) onl=0.75*DR
IF (t.nQ.NRD2) onl=0.50*DR
IF (t.nQ.NRD2) nR2=0.75*DR
ÀPT( I,J)=APT( I,,:) +RFCo* ( 4. 0*DR3/DTH/ (n( t )+DR3/l.Q) **)al.Q*

1 DR3*DrH/ ( n ( I ) +DR3 / 2. ) **2-¡R3*DrH* ( 1 . 0/DR2- 1 . 0/DR1 ) / ( n ( I ) +on3/2. )

2+2 . 0*DTH lnnZ+2. o*oru/oR1 +DMAX1 ( +DR3*DTH / 4 . 0 I ( n ( r ) +nn3/ 2 . 0 ) ** 2* (

3v( I,J ) +v( I +'1,J ) +v( r +1, J- 1 ) +v( I,J-1 ) ), zn) +ouex1 ( +nR3*otu/g. o*
4 ( 1 . 0/DR2-1 . 0/DR1 ) / (n( I ) +On3/2. 0 ) r, (V( r,,: ) +V( 1 +1,J ) +V( r +1,J-1 )+
5v(r ,J-1 )) ,zn)-APT(r ,J))

ANT ( I, J ) =ANT ( i, ; ) +RFCO* ( ¡R¡*¡IH/DRI / ( p ( 1 ) +DR3/ z . 0) +2. 0*utu/nR1 +

1 DMAXI ( -oR3*nrH/e . O/unl / ( n ( r ) +on3/ 2 . 0 ) * (v ( r, J ) +v ( r +'1, J ) +v ( r + 1, J- 1 )

2+v(r,J-1 ) ),zn)-ANT(I,J) )

Asr ( I , J ) =AST ( I , J ) +RFco* ( -DR3*Dru/onz I (n ( I ) +nR3l2 .0) +2. 0*ntH/on2+
1 DMÀx1 ( +nR3*orH I 8 . 0 I DR2 I ( n ( r ) +DR3 I 2. 0 ) * (v ( r, J ) +v ( I + 1, J ) +v ( I + 1, J- 1 )

2+v( r,J-1 ) ),2ø)-AST(I,J) )

ÀET ( I, J ) =ÀET( t, J ) +nnco* ( 2. 0*DR3 lmul ( n ( t ) +DR3 / 2. 0 ) **2+ouex1 ( -
1DR3*l¡( t,t) lZ. 0/(n(i )+on3/2.0),zn)-¡sr( i,,:) )

¡wr ( t, J ) =Àwr ( I, ; ) +RFCO* ( 2 . 0*DR3/DTH/ ( R ( I ) +on3/2 . 0 ) **2+Dl"tAX1 (

1DR3*l¡( r,J) 12. 0/(n(i )+on3/2.0),zE)-ewr(r,,:) )

nt ( t, J ) =BT ( i, J ) +RFCO'k ( 2 . 0*DR3 / ( n ( i ) +nn¡/2 . 0 ) ** 3* (v( I,,: ) +

1v( I +1,J ) -v( r +'1,J-'1 )-v( r,.l-1 ) ) -DR3*DTH*GR/4. 0* (r( t,t ) +T( i,J-1 ) )
2*Dsi N ( rHer¡ ) +DMAX1 ( -nR3*ntH / 4 . / (n ( r ) +un¡/ 2 . ) **2* (v ( t, I ) +v ( I +1, J ) +

3v(r+1,r-1)+v(I,J-1)),zn)*w(t,J)+DMÀx'1 (-oR3*¡rH'k(1.0/DR2-1.0/DR1 )/
48.0 I (n( i ) +nn3 / 2. 0 ) * (v( r,r)+v( 1 +1,J ) +v( r +1,J-1 ) +v( r,J-1 ) ), zn) *
5I.i ( r, J ) -nu¡x1 ( pn:*¡rH/8 . 0/DR1 / ( n ( r ) +DR3 /2 . 0 ) * (v ( t,,: ) +v( 1 +1, J ) +

6v(I+'l,J-1 )+v(r,J-1 ) ),zu)*w(l+1,J)-DMÀx1 (-DR3*DTH 18.0 lDR2l
7(R(r )+nn3/2. )*(v(i,J)+v(1+'1 ,J)+v(r+.1 ,J-1)+v(r,J-'1 )),zn)*w(r-1,J)-
SDMAX'1 ( on¡*w( r,J) I 2. 0 / ( n ( t ) +on3 I 2. 0 ), zE ) *w ( r, J+1 ) -DMÀx1 ( -nR3*
9l+( I, J ) I 2. 0 I ( n ( I ) +DR3 I 2. 0 ), zE ) *w( I, J-1 ) -Br ( I, J ) )
cr( i )=-DR3/ (n( i ) +DR3/2. 0 )

32 CONTINUE
DR1 =DR
DR2=DR
DR3=DR
rF (r .nç.2.0R. r .EQ.NRD2) nn3=0. 50*DR
rF (r.nç.2) DRl=0.75*DR
rF (r.ng.2) DR2=0.50*DR
IF (r.nQ.3) nR2=0.75*DR
IF (I.nQ.NRD1 ) onl=0.75*DR
IF (l.nQ.NRD2) ¡nl=0.50*DR
IF (t.nQ.NRD2) oR2=0.75*DR
apx ( i, J ) =Apx ( l,.l ) +RFCO* ( 4 . 0*DR3/DTH/ ( n ( r ) +nn¡ / 2 . 0) * t?-DR3*DTH*

1 ( 1 .0/DR2-1 . 0/DR1 ) /(n(t )+¡n3/2,0)+2. 0*DrH/DR2+2.0*DrH/onl-
2APX(r,J) )

enx(l ,J)=ANX(I ,;)+nrco* (DR3*DTH lnnl I (n(l ) +nn3/2.0)+2.0*nrH/¡R1+
'1 DMAxI ( -orH/¿. o/ (n ( r ) +nn3/2 . 0 ) * (v( r,,: ) +v( i +1, J ) ),zn) -eHx ( r,r ) )

¡sx ( i, J ) =Àsx ( i, J ) +RFco* ( -DR3*DTH I DR2 I ( n ( I ) +DR3 I 2. 0 ) +2 . 0*DTH/DR2+
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1 DMAX't lo,tt/ q. 0/ ( n ( i ) +nn3 /2 . 0 ) * (v( r, ; ) +v( J + 1, J ) ), zn ) -nsx ( r,,: )

¡nx ( l, J ) =AEX ( t,,: ) +nrco* ( 2 . 0*oR3 lorn/ ( n ( t ) +nn3 I 2. 0 ) ** 2+DMAX1

lDR3l 4.0/ (n( r )+on3/2.0 )* (w( r ,r)+w( I ,J+1 ) ) ,zn) -enx(t ,¡ ) )
¡wx ( l, J ) =Àwx ( t, J ) +nrco* ( 2 . 0*DR3 I ntul ( n ( t ) +DR3/2 . 0 ) ** 2+¡l't¡x1

1DR3/4. o/ ( n ( r ) +on3/2 . 0 ) * (r^¡( r,,: )+w( r, J+1 ) ), zr ) -¡wx ( i,,: ) )
nx( r, J ) =BX ( r, J ) +RFco* ( -DMAX'1 (orH/¿. 0/ ( R ( I ) +on3/2 . 0 ) * (v( I, J ) +

1v( r +1,J ) ), zn) *u( 1 +1, J ) -pu¡xl ( -otH/¿. oi (n( t ) +¡R3/2. 0 ) * (v( i,J ) +

2v( r +1, J ) ), z¡) *u( i -'1,J ) -u¡¡x'l (¡n¡/4. o/ (n( r ) +nn3/2. 0 ) * (i^¡( I,J ) +

3I.¡(I,J+1
4I.i(1,J+.1
cx(i )=-DR3*DTH/2.0
epc ( I, J ) =ÀpG ( t,.l ) +RFCO* ( 2 . 0*DR3/orn/ ( n ( i ) +oR3i 2 . 0 ) **2-nn3*DTH

1 * ( 1 . / nnZ-1. /onl ) / 2 . 0 I ( n ( I ) +nn3 I 2. 0 ) +DTH/DR2+oru/nR1 +DTH*DR3*
zpnrr/g . / ( n ( r ) +nn3/2 . ) *ol¡Rx1 ( ( ( 1 . /nnz-l. /¡nl ) * (v( 1,.: ) +v( I +1,,: ) ) )
3,zn)-¡pc(t,;))
enc ( r, J ) =ÀNG ( r, ¡ ) +RFco* ( ¡n3*¡rs/ 2 . 0/DR1 / ( n ( i ) +nn3/ 2 . 0 ) +DTH/DR1

1 +DMAX1 ( -orn*nR3*pnm/8 . 0/onl / ( n ( l ) +DR3/2. 0 ) * (V( r,,: ) +v( r +.1, J ) ), zn )

2-ÀNc(t,,:))
¡sc(l ,J)=ÀsG(r ,r)+RFCO* (-on3*ntH l2.0lDR2/ (n(r ) +nn3/2.0 )+DTH/DR2

1+DtfÀx1 (oru*oR3*pnrl/e .0lDRzl(n(r )+DR312.0)x(v(t,,:)+v(1+.1 ,J)),Zn)
2-Asc(r,¡) )

¡nc ( i, J ) =ÀEG ( I,,: ) +RF CO* ( nn3/nrH/ ( n ( I ) +DR3/2 . 0 ) x* 2+DMAXl ( -DR3*
1 pRTr/B . 0/ ( n ( r ) +on3/2. 0 ) * (lr( r, ; ) +w( r, J+'1 ) ), zn ) -rnc ( t,; ) )
¡wc(r ,J)=ÀvÍG(r ,;)+RFCo* (on¡/¡r¡l/(n(l )+DR312.0)**2+ot'lAx1 (DR3*PRTL/

18 .0 I ( n ( r ) +nn3 I 2. 0 ) * (i^¡( r, J ) +w( r, J+1 ) ), zn ) -nwc ( r,,: ) )
nG ( l, ¡ ) =BG ( l, J ) +nrco* ( -on3*otti*u ( i,,: ) +ouax 1 ( -ntH*on3 *PRTL*

,zn)*uR-DMAx1 (-on3/4.0/ (n(i )+DR3/2. 0)* (i.t( I,J)+
, zn ) *uL-Bx ( t ,,: ) )

i (1 . lDR2-1 . /ÐR1 ) / 8, I ( n( r ) +nn3 / 2. 0 ) * (v( r,,: ) +v( 1 +1, J ) ), zn ) *r ( l, ¡ ) -
2DMAx'1 (nrH*oR3xpnri,/8.0/DR1/(n(l )+on3/2.0)*(v(l,t)+v(1+'1 ,J)),zr)*
3T ( l + 1, J ) -DMAX 1 ( -nrH*¡R3*pnrr,/ 8 . 0 / DR2 I ( n ( t ) +DR3 I 2. 0 ) * ( v ( I, J ) +

4v(r+1 ,J)),zn)*r(r-1,,:)-¡uex'l (¡R3*pnrl18,0/(n(l)+DR3/2.0)*(r^i(r,J)
5+w(i ,J+1
6+w(I ,J+1

30 CONTINUE
RETURN
END

suBRourlNE CoEFF (J,Rnn,ANR,ÀsR,ÀER,ÀvlR,BR,APT,ANT,AST,ÀET,
'1 AWT, BT, ÀPX, ÀNX, ASX, AEX, AWX, BX, ÀPG, ANG, ASG, AEG, Ài.¡G, BG, DR,
?DTH rM2, I FI N, I FI N 1, JA, JB, RFCo, CT, CR, CX, ZE, U,V,W, T, R, PRTL,
3GR,NRD2,NRD1,UeO1 )

DTMENSToN JÀ( 20 ),JB( 20 )
DouBtE pREcrsio¡¡ epn( 33,65) ,euR( 33,66) ,Rsn( 33,66) ,enn( 33,66) ,

l¡wn( 33, 66 ),sn( 33, 66 ),cn( 55 ),Àpr( 33, 66 ),eNr( 33, 66 ),RSr( 33, 66 ),
zenr( 33,66) ,awr( 33,66) ,st( 33,66) ,ct( 55) ,Apx( 33,66 ) ,eHx( 33,66 ) ,
sesx( 33, 66 ),enx( 33,66),awx( 33, 66 ),sx( 33, 66 ),Cx( 55 ),Àpc( 33, 66 ),
+eNc ( 33, 66 ),aSG ( 33, 66 ),ane ( 33, 66 ),ewc ( 33, 66 ), sC ( 33, 66), R ( 55 ),
sDR,DTH,VR,VL TUR,UL, TR, TL, THETA, ZE,DR1,DR2,DR3,U ( 3 3 166),
6v( 33,66 ),r^i( 33,66),T( 33, 66)

cc
D0 30 I=2rNRD2
vl=v(I ,,1-'1 )
VR=V(I ,J+1 )

TL=T(i,.:-'1 )

TR=T(i r.i+1)
UL=U(i,J-1 )

\,zn)*TR-DMÀx'1 (-¡R3*pnrLl 8.0 I (n( r ) +DR3 I 2. 0 ) * (w( r,.l)
) , zn ) *TL-Bc ( t ,; ) )
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UR=U(i,J+1 )

D0 75 L=1rM2
rF (r.cn.rFrN1 .AND.J.E0.JA(L) )

rF (r.ce.rFrN1 .ÀND.J.EQ.JB(L) )

rF ( r .en. iFrN.AND. J.EQ. JÀ(r)
rF ( I .Cs. iFrN.AND. J.EQ.JB(L)
rF (r .cn.rPrN.AND.J.EQ.JA(r)
rF ( r .cn. rFrN.AND.J.EQ.¡s(L)

75 CONTINUE
THETA= ( ¡_Z)*DTH+DTH/ 2 . 0
rF (r.ng.2) co ro 31

DR1 =DR
DR2=DR
DR3=DR
IF (I.sQ.3.0R.I.EQ.NRD2) uR3=0.75*DR
IF (t.nQ.3) on2=0.5o*DR
IF (I.nq.NRD2) nnl=0.50*DR
ApR ( r, J ) =ApR ( i,,; ) +RFCO* ( 4 . 0*DR3 /¡ruin ( I ) ** 3+2 . 0*orH/n ( r ) I onz+

'1 2. o*DTH/n( r ) /¡nl -APR( r,J) )

ANR ( I, J ) =ÀNR ( i,,: ) +RFCO* ( 2 . 0*DTH/DR1 /R ( i ) -orH/n ( I ) ** 2+DMex1 ( -
1v( r,J) *wul 2. 0/R( r )**2,28)-ANR( r,,: ) )
ÀsR( i,J) =ASR( l,¡)+RFCo* ( 2. 0*DTH/DR2lR( i )+otH/n( I )**2+¡uexl (

1v( r,J ) *nrsl 2. o/n( r) **2, zE ) -ÀsR( r,,: ) )
AER( I,J) =AER( t,,:)+RFCO* ( 2. 0*DR3/nru/n( i )**3+ntt¡x1 (-

1 ( (2.0*DR3-DR2 ) * (W( r -1,J ) +W( t -1,J+'1 ) ) +OR2* (W( r,; ) +W( r,.l+1 ) ) ) /
28. 0/R( r ) **2,28)-ÀER( r,;) )

AliR(I,J)=AWR( t,;)+RFCO* ( 2. 0*DR3/Otg/n( i ),r*3+nltAx.1 (+
1 ( (2.0*DR3-DR2 ) * (W( I-1, J ) +W( i -1,J+1 ) ) +OR2* (W( 1,,: ) +W( I,,l+1 ) ) ) /
28. 0/R( i ) **2,2E)-ÀvlR( i,,:) )

nn( r, J ) =BR( r, J ) +RFCO* ( ¡R3*UrH/n( i ) * ( ( ( 2 . 0*DR3-DR2 ) * (W( r -1, J ) +
1I{( i -1, J+1 ) ) +nR2* (w( r,,: ) +w( r, J+1 ) ) I / 4,/on¡ ) **2+GR*DTH*DCOS ( rHnr¡ )

2 I q.*(oR2*r( t,t ) + ( 2. *DR3-DR2 ) *T( t -1,t ) ) -2./n( I ) **l* (¡pl* (w( t,¡+1 ) -
3w( r, J ) ) + ( 2. 0*DR3-DR2 ) * (W( r -1, J+ 1 ) -lt( i -1, J ) ) ) -O¡¿¡Xl (V( r,,: ) *prU/
42.0 I R( I ) **2, zn ) *v( 1 +1, J ) -ol¿exl ( -v( I,¡) *otu/ 2. 0/R ( I ) **2,2E.) *
5v( r -1, J ) -DMAX'1 ( - ( ( 2 " 0*DR3-DR2 ) * (W( r -1, J ) +W( r -l,J+1 ) ) +OnZ* (

6w( t,¡ ) +vl( I,J+1 ) ) ) /8. 0/R( I ) **2, zE) *vL+Dn3*ntH*v( I, J ) **2/R( i ) *o3
7-DMAX1 (+( (2.0*DR3-DR2)*(I^t(r-'t,J)+w(r-1,J+t ) )+onZ* (

8tr(I,J)+t.l(I,J+1 ) ) )/8.0/R(i )**2,2n)*vn-sR(i,,:) )

Cn( I ) =-DTH
31 r F (,:. nQ. 2 ) co "Io 32

THETA=(¡-Z)*NTH
DR.1=DR

DR2=DR
DR3=DR

VL=-V(I,J)
VR=-V(1 ,J )

TL=-T(i,¡)
TR=-T(1,¡)
ul=-u(i,¡)
uR=-u(i,¡)

IF
IF
IF
IF
IF
IF
IF
APT

r . EQ. 2 .0R. I . EQ. NRD2 ) ¡n3=0 . 50*DR
I.EQ.2) DRl=0.75*DR
i .EQ.2 ) OR2=0.50*DR
i.EQ.3) DR2=0.75*DR
r.EQ.NRD1 ) Onl=0.75*DR
i .EQ.NRD2 ) DR1=0. 50*DR
i .EQ.NRD2) ¡R2=0.75*DR
I,J)=Apr( t,.l)+RFCO* (4. 0*DR3/DTH/ (n( r )+oR3/).Q)**11/.Q*

1DR3*DTH/(n(r ) +DR3lZ. )**2-pn3*DTH* (j.0lDR2-1.0/DR1 )/(n(r )+nn3/2" )

2+2.0*DTH lonZ+2.0*nrH/oR1 +DMAX1 (+DR3*DTH I 4.01 (n( r ) +nn3l2. Q)**t* (
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3v( r, J ) +v( I +1, J ) +v( I +1, J-.1 ) +v( I, J-1 ) ),2ø) +nu¡x1 ( +uR3*ntn/8 . 0*
4 ( 1 . 0/DR2-1 . 0/DR1 ) / (n( I ) +OR3/2. 0 ) * (v( r,J ) +v( r+'1, J ) +v( r +1,J-1 ) +

5v ( r , J- 1 ) ) , zn ) -¡pr ( r ,; ) )
¡Hr ( I , J ) =ÃNT ( I , J ) +RFCO*

1DMAX1 (-nR3*prH /e.OlÙnl I
2+v ( r ,;- 1 ) ) , zs ) -ANT ( r , J )
est ( I , J ) =AST ( I ,; ) +RFco*

1 DMÀx'1 ( +oR3*nru I 8 .0 lDR2 I
2+v(l ,,:-1) ) ,zn)-esr(t ,;)
ent ( I , J ) =ÀET ( t ,; ) +RFC0*¡¡s¿\¿tu/ f¡u¿\¿tL

1 DR3*w( t,t) I 2. O/ ( n ( r ) +nn3/2. 0 ), zn ) -nnr ( r,,: ) )
el¡r ( I, J ) =AWT ( I,,: ) +RFcO* ( 2. 0*DR3 /otH/ ( n ( i ) +¡n3/2 . 0 ) ** 2+ol¿¡x1 (

I DR3*tl( t,l) I 2. 0/ ( n ( r ) +on3/2. 0 ), zn ) -ewr ( r,.i ) )
at( I,J ) =BT( i,; ) +nrco* ( 2. 0*oR3/ (n( I ) +DR3/2. Q ) **l* (v( i,; ) +

1v( r +'1,,: ) -v( 1 +'1,J-1 ) -v( r, J-1 ) ) -DR3*DTH*CR/¿. 0* ( T ( t,t ) +t( t,,:-1 ) )
2*DSrN(rUnt¡)+ol¡¡x'1 (-nn3*¡rH /4./(n(r )+DR3/t.)**/* (v(r,;)+v(i+1 ,J)+
3v(r+1,,1-'1 )+v(r,J-1)),zs)*w(r,J)+DMAX1 (-DR3*DTH*(1.0/DR2-1.0/DR1)/
48 . 0 I ( n( r ) +nn3 I 2. 0 ) * (v( r,,l ) +v( 1 +'1, J ) +v( I +1, J-1 ) +v( r, J-'1 ) ), zn ) *

tR3*¡rH/tn1 / (n( i )+on3/2. 0 )+2. 0*oril/oR1+
n( r ) +¡n3/2. 0 ) * (v( r,¡ ) +v( 1 +1,J ) +v( r +1,J-1 )

-¡n3*¡rH/DRz / (n ( r ) +oR3 / 2 .0) +2. ¡*¡1¡1/nn2+
n(r )+nn3/2.0)*(v(r,,:)+v(I+1,J)+v(I+1,,:-1 )

2. 0*DR3/DrU/ (n( i )+nn3/2. 0 )**2+DMAXl (-

5w ( r ,,: ) -nu¡x I (un¡ *orH/ I . 0 /DR 1 / (n ( I ) +nn3 / 2 . 0 ) * (v ( i , ; ) +v ( I + 1 , J ) +
6v(I+1,J-1 )+v(T,J-1 ) ),zn)*w(r+.1,J)-DMAX1 (-nR3*¡rH /8.0/DR2l
7 (R( r ) +nnz / 2. ) * (v( r,; ) +v( J +1,J ) +v( r +1,J-1 ) +v( r,J-1 ) ), zn) *w( i -'1,J ) -
BDMÀX1 (¡n3*r,i( t,l) I 2. 0/ ( n ( r ) +nn3/2. 0 ), zn ) *w( r, J+ 1 ) -DMAX1 ( -nn3*
9r{( I . J) l 2.o/ (n( r ) +DR3/2. 0 ), zn) *w( I,J-.1 ) -nr( t,¡ ) )9I.I(i ,rq( I, J ) I 2.0 I (n( r ) +DR3 / 2. 0 ), zn) *w( I,J- 1 ) -nt( t,
cr( r ) =-DR3/ (n( r ) +DR3/2. 0 )

32 CONTINUE
DR1 =DR
DR2=DR
DR3=DR
rF (r .nQ. 2.0R.r .E8.NRD2) OR3=0. 50*DR
rF (r "eQ.2) DR1=0.75*DR
rF (r.nQ.2) DR2=0.50*DR
rF (r.ng.3) DR2=0.75*DR
IF (l.nQ.NRDl ) DR1=0.7s*DR
iF (r.n9.NRD2) ¡nl=0.50*DR
rF (r.ng.NRD2) DR2=0.75*DR
Àpx ( r, J ) =Apx ( r,,i ) +RFco* ( 4 . 0*DR3/oru/ ( n ( r ) +nR3 /2 . 0 ) **2-DR3*DTH*

1 ( 1 .0/DR2-1 .0/DR1 )/(n(r )+nn3/2.0)+2. 0*orH/nR2+2. 0*DrH/¡nl-
zepx(r ,J) )

¡Hx ( r, J ) =ÀNX ( r,,: ) +RFCO* ( pn¡*orH/DR1 / ( ¡ ( 1 ) +DR3/ 2, 0 ) +2. 0*otH/oR'1 +
1 DMAXI ( -nrs/¿. 0/ ( n ( i ) +nR3/2. 0 ) * (v( r,; ) +v( r +1,J ) ), zn) -¡Hx( r, J ) )

¡sx(t ,J)=ASX(t ,,:)+RFco*(-DR3*DTH lonz/ (n(r ) +DR3l2. o)+2.0*ntH/nnz+
1DMÀX1 (mu/ q. 0/ ( n( I ) +on3/2. 0 ) * (v( r,; ) +v( 1 +1, J ) ),zt) -nsx ( r,,: ) )

enx ( I, J ) =ÀEX ( I, ; ) +RFCO* ( 2. 0*DR3 /ottt/ ( n ( I ) +on3/ 2 .0) x *2+ot''t¡x1 ( -
1DR3/4. O/ (n( i ) +nn3/2. 0 ) * (I^t( i,t )+w( r, J+1 ) ),2ø) -enx( i,J ) )
¡wx ( i, J ) =AWX ( t,,: ) +nrCO* ( 2 . 0*DR3 I wu I ( n ( I ) +DR3 / 2. 0 ) ** 2+otqexl (

1 DR3/4. 0/ ( n( r ) +on3/2. 0 ) * (t^i( i,; ) +r,i( r, J+.1 ) ), zn ) -ewx( r, J ) )

nx ( r, I ) =BX ( r, J ) +RFCO* ( -DMAX1 (|fU/ 4. 0/ ( n ( i ) +nR3 /2. 0 ) * (V ( r, J ) +
1v( r +1,J ) ), zE) xu( I +1,J) -o¡rexl ( -nrui4. 0/ (n( r ) +on3/2. 0 ) * (v( r,J ) +

2y ß+1, J ) ), zs) *u( r - 1,J ) -nuex1 (on:/¿. 0/ (n( i ) +tn3/2. 0 ) * (I.i( r, J ) +
3w(I r,:+1)
aw(i,,:+.1)
cx(r )=-DR3*DTH/2.0
¡pc ( r, J ) =ApG ( r,r ) +RFco* ( 2 . 0*DR3/oru/ ( n ( r ) +oR3/2 . 0 ) **2-DR3*DTH

1*( 1 . lnnZ-t./¡nl ) 12,01 (n(l ) +nn312.0)+orH/¡R2+DTH/DR1+DTH*DR3*

, zn ) *un-DMAX1 ( -on3 /4 . oi ( n ( i ) +on3/2 . 0 ) * (Ì.r ( r, J ) +

,zE)*ul-nx(l,l) )
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2pRTr/8 . / ( n( t) +nn3 I 2. ) *ol¿¡x'1 ( ( ( 1 . lnnZ-l. lonl ) * (v( i,; ) +v( r + 1,J ) ) )
3 ,zn) -¡pc (I ,,1) )

¡¡¡c ( I, J ) =ANG ( t,,: ) +RFco* ( nn3*orH/ 2 . 0 /DR1 / ( n ( r ) +nnz I 2. 0 ) +DTH/DR1
1 +DMÀxt ( -¡ru*nR3*pnrr/B . 0/DR1 / ( n( r ) +¡n3/2. 0 ) * (v( r,,: ) +v( 1 +1, J ) ), zn )

2-ANc(l,,:))
esc ( r, J ) =ÀsG ( r,,: ) +RFCO* ( -oR3*¡rH I z . 0 I nnz I ( n ( r ) +DR3 I 2. 0 ) +DTH/DR2

1 +DMAX1 (¡rH*nR3*pnrr/B . 0 lDR2 I (n ( r ) +DR3/2. 0 ) * (v( r,,: ) +v( 1 +1, J ) ), zs )

2-ÀsG(i,,:))
egc ( i, J ) =AEG ( i,.l ) +RFCo* ( on¡ /otH/ ( n ( t ) +DR3 I 2. 0 ) **2+¡t'lAX'1 ( -DR3*

IpRTL/g.0/(n(i )+¡n3/2.0)*(l¡(r,J)+w(r,J+1 )),zn)-erc(r,;) )

ewc(l,J)=AWG(i,;)+RFCO*(un¡/nrH/(n(r )+DR312.0)**2+ol',rAx1 (DR3*pRTt/
18.01 (n(i ) +nn312.0)*(w(l,t)+t^¡(r,J+1 ) ),zn)-¡wc(r,,:) )

nc ( i, I ) =BG ( l, J ) +nnco* ( -oR3 *otH*u ( t, J ) +ot',tAx1 ( -ntH*¡R3* PRTL*
1 (1 . lDR2-1 . /nnl ) I 8. I (n( r ) +DR3/2. 0 ) * (v( r, J ) +v( 1 +1,J ) ), zn) *r( l,.l ) -
2DMAX1 (nrs*nR3*pnrr,/g . 0/DR1 / (n( r ) +¡n¡/2. 0 ) * (v( r, J ) +v( J + 1, J ) ), zn ) *
3T ( r +1, ; ) -¡u¡x1 ( -¡ru*oR3*PRTL/8 .0 lDR2 I ( n ( I ) +on3/2. 0 ) * (v( r, J ) +

4v(r+1 ,,:)),zn)*r(r-'1 ,J)-DMAX1 (¡R3*pRrl18.01(n(r )+on3/2.0)',(l^l(i,J)
5+w(t,J+1
6+w(I ,J+1

30 CONTTNUE
RETURN
END

suBRouriNE ANGSWE (enn,eHR,ASR,ÀER,AI+R,BR,Àpr,ÀNT,
1 AST, AET, Àl.tT, BT, ÀPX, ANX, ÀSX, AEX, AWX, BX, APG, ÀNG, ASG, AEG, AWG, BG, DR,
zD'-IH ruz, i FI N, I FI N',l, JÀ, JB, RFCO, CT, CR TCN TZE, U, V rW, T, R, I TERAT, PRTL,
3GR TNRD2 TNRDI rNÀD1, p, pC rÀ, B, C,D,E, F,FC,REC 1,REC2,Q, I FF, I FF1,
4ws,vs rT2 rvl rvz rwz,RFS,DPDX,RV rH)
DTMENSioN JA( 20 ),rn( 2o )

DOUBTE pRECrSr0N ÀpR(33,66),ANn(33,66),esn(33,66),¡nR(33,66),
.l 
¡wn ( 33, 66 ), nR ( 33,66), Cn ( 55 ),Àpr ( 33, 66 ),al.It ( t3, e6 ),esr ( 33, 66 ),

z¡nr( 33,66),Awr( 33, 66 ),sr( 33, 66 ),ct( 55 ),Apx( 33, 66 ),e}{x( 33, 66 ),
g¡sx( 33, 66 ),enx (33,6ø),ewx ( 33, 66 ),sx( 33, 66 ),cx( 55 ),Àpc( 33, 66 ),
¿¡l¡c ( 33, 56 ),esc ( 33, 66 ),anc( 33, 66 ),Rwc( 33, 66 ),sC( 33, 66 ),R( 55),
sDR,DTH,VR,VL,UR,UL,TR,TL,THETA, ZE,DR1 ,DR2 ,DR3 ,U(33 ,661 ,
6v( 33,66),I.¡( 33,66),T( 33,66),p( 33,66),pc ( 33,66),¡( 33,66),8( 33, 66)
7,C(33, 66 ),D( 33, 66 ),8 ( 33, 66 ),n ( 33, 66 ),nC ( 33,66),RnC1 ( 33, 66 ),
8REC2 ( 33, 66 ),Q( ¡¡, 66 ),WS ( 33, 66 ),VS ( 33, 66 ),tZ(33, 56 ),Ut ( 33, 66),
9v2 (33 ,66) ,w2(33 ,66 )

NRD3=NRD2+ 1

NÀD2=NAD1 +1

CALCULAT]ONS OF PSEUDO_VELOCITTES

D0 40 I=2,NRD2
D0 40 J=2,NADI
vl=v(t,;-1 )

VR=V(l ,J+l )

DO 47 L=1 Ì42

),ze) *TR-DMÀx'1 (-nR3*pnrr./ 8.0 I (n( i ) +nR3 / 2. 0 )* (l+( I,J)
) ,zE) *TL-BG( t ,t) )

cc
cc
CC

rF (r.cr.rFrN1.AND.J.EQ.;n(l) ) vn=-v(i,,:)
rF (r.cn.rFIN1 .AND.J.EQ.¡e(r) ) vl=-v(i,,.i)

47 CONTTNUE
IF (t.He.2) vs(r,t)=(eHn(r,¡)*v(I+1,J)+ÀsR(I

I enn ( i, J ) *vR+Àwn ( t, J ) *vl+¡n ( I, ; ) ) /epn ( t,,: )

IF (¡.Hn.2) i^is(t,.i)=(¡Ht(t,,:)*i,l(T+1,J)+AST(I

,t)*v(i-1,J)+

,J)*w(I-1,J)+
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1 AET ( r , J ) *t^i ( I , J+'1 ) +AWT ( i ,,: ) *ll ( i , .l- 1 ) +gr ( I , J ) ) /¡pr ( i ,,: )

D0 45 L=1 ,142
IF (r.cn.rFiN.ÀND.J.EQ.JA(L) ) ws(r,J)=0.0
CONTiNUE
vS(2,J)=0.0
vs(NRD3,J)=0.0
}iS(I,2)=0.0
t,ls(I,NÀD2)=0.0
CONTI NUE

45

cc
cc
cc

40

D0 50 T=2,NRD2
D0 50 J=2,NÀ01
ÐR3=DR
IF (r .n9.2.0R. r .EQ.NRD2) nR3=0. 5o*DR
IF (r.Hs.NRD2) s(I,J)=CR1i+1 )*DTH/AeR(1+1,J)
IF (I.He .2) c(r,;)=CR(r )*nru/¡pn(r,;)
1F (,:.Hn.NAD1 ) ¡(r,J)=cr(r )*¡n¡/epr(r,J+.1 )

iF (¡.Hn.z) E(r,J)=cr(r )*DR3/Àpr(i,J)
B(NRD2,J)=0.0
c(2 ,J )=0. 0

D(I,NAD1 )=0.0
8(I. ,2)=0. 0

D0 46 L=1 ,M2iF (r.cn.rFiN.AND.J.EQ.JB(r)) 0(r,J)=0.0
IF (I.cs.IFrN.AND"J.EQ.JA(L)) n(r,J)=0.0
IF (I.cn.IFIN.ÀND.J.EQ.JÀ(r) ) ws(r,J)=0.0

46 CONTINUE
À ( I , J ) =s ( I , J )+c ( t ,; ) +D ( I , J ) +n ( I ,; )

F ( I, J ) =r ( r, J ) +RFS* (nrH* (vs ( I +1, J ) -vS ( r, J ) ) +nn3* (ws ( r, J+ 1 )
1-I,is(I,J))-r'(1,,:))

5O CONTiNUE
cc
cc soLUTrON 0F THE PRESSURE EQUÀTION
cc

rF (cn.nQ.0.0) G0 r0 610
D0 6'10 ITERP=1,5000
D0 1620 I=2,NRD2
D0 1620 J=2,NÀD'1
P(i,1)=0.0
P(i,NAD2)=0.0
P(1,J)=0.0
P(NRD3,J)=0.0
PL=P(I,J-1 )
pR=p(t,J+1 )

D0 1625 L=1 ,M2
IF (r.en.iFrN.AND.J.EQ.JB(r) ) pn=0.0
IF (I.cn.IFIN.AND.J.EQ.JA(t) ) pl=0.0' 

1625 CONTINUE

Q(r,':)=¡( I,J)*PR+E( t,':)*PL+F( t,l)
iF (r.nQ.2) REcl (r,;)=B(r,J)/¡(r,,:)
iF (r.nQ.2) REc2(r,,:)=Q(r,J)/¡(l,;)
rF (r.Ne.z) REcl (r eJ)=(r(i,¡)/¡(r,J)) I(1 .0-c(r,,1)/¡(r,¡)*

CALCULATTNG THE COEFFTCTENTS 0F THE PRESSURE EQUATioNS.
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1REC1 (i-1,J) )

rF (r.nn.2) REcz(t,;)=(c(r ,l\ lt (r,¿)*REC2(i-1 ,,i)+O(r ,t) ln(r,,:))/
1 (1 .0-c(I ,,:)/n(i ,¡)'tnpc1 (I-1 ,J))

1 620 CONTTNUE
DO 1621 J=2,NADl
ÐO 1621 II=2,NRD2
I =NRD2+2-i i
p( I,J)=REC1 ( l,¿) *p( Irl,J)+REc2 ( t,,r)

1621 CONTiNUE
DO 621 I=2,IFF1
D0 621 J=2,NAD1
Q(I,;)=¡( l,J)*P(l+'1,¡)+c(1,J)*P(i-1,
iF (¡.nQ.2) REcl (r,,:)=D(r,J)/À(r,J) I
iF (,i.nQ.2) REcz(r,,:)=q(r,J) lnft,¡) I
IF (,l.Hu.2) REc1 (1,,:)=D(I,J) lxG r¡) I

lREC1(t,,:-t ))
rF (¡.¡¡n.2) REc2(i,¡)=(s(i,J) /A(r,,:)*REc2(i,J-1 )+Q( r,J) I

1A(r,J) ) I (1. o-n(r,;)/e(r,;)*REc1 (r,;-1 ) )

621 CONTINUE
rF (u.¡Q.o.o) co ro 626
DO 622 I=IFIN,NRD2
Do 622 L=1 ¡M2
JÀC=JA ( t )

,:BC=JB (L )
DO 622 J=JAC,JBC
Q( l,,t )=n( I,J ) *p( t +1,J ) +c ( I, J ) *p ( I -1,,: ) +¡' ( l,; )

rF (;.nç.;¡(r)) nncl (r,J)=D(r,r)/e(r,;) I (1.0-E(r,J)/
1À(r,J))
rF (¡.nQ.,¡e(l) ) nncz(r,r)=Q(i,J)/e(r,t) I (1.0-E(r,,:)/

1A(r,J))
rF (,:.nn.,:e(r) ) nncl (r,,:)=D(r,J)/¡(r,t) / (1.0-E(r,,:)/

1A(r,J)*Rnc.1 (i,;-t ) )
rF (¡.nr.;¡(r) ) nrcz(i,,:)=(n(r,.1)/a(r,;)*REc2(r,;-1 )+

1Q(i,J)/a(i,,t)) l(1.0-n(r,,:)/e(r,J)*REc1 (i,,:-t ) )
622 CONTINUE

DO 623 II=iFIN,NRD2
I =NRD2+I FI N-I ]
D0 623 LL=1 rM2
L=M2+1 -LL
J¡C=JÀ ( t )

JgC=JB ( t )

DO 623 JJ=JAC,JBC
J=JB (L ) +JÀ (l ) -¡;
p(I,J)=REC1 (t,,:)*p(1,.T+1 )+RnC2(1,¡)

623 CONTINUE
626 DO 624 II=2,IFF1

I=iFF1 +2-lÍ
DO 624 JJ=2,NAD1
J=NAD1 +2-JJ
p(I,J)=REC1 (I,;)*p(1,.t+1 )+nncz(t,;)

624 CONTINUE
61 O CONTINUE

D0 35 J=2,NAD1
DO 1252 i=2,NRD2

+F(I,J)
.0-E ( r ,J) /A(r ,,: ) )
.o-n(r,J)/A(r,,:))
.o-n(r,J)lA(r,;¡*
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UR=U(I,J+1 )

UL=U(I,J-1 )

D0 1255 L=1 ,M2
Ir (I.cE.IFrN.AND.J.EQ.JB(L) ) uR=-u(I,¡)
rF (i.cE.rFrN.ÀND.J.EQ.JÀ(L) ) ul=-u(r,;)

1 255 CONTINUE
g ( I , J ) =ÀEX ( I ,; ) *uR+At^lx ( I ,,: ) *uL+Bx ( i , t ) +cx ( r ) *opnx
rF (r.nQ.2) REcl (r,,1)=ÀNX(r,J)/Àpx(r,J)
r F ( r . nq .2) REc2 ( r , t ) =Àsx ( r , J ) /Àpx ( r , J ) *u ( r -.1 ,; ) *Q ( i ,,: ) /¡px ( r ,,: )

r F ( r . Hn. 2 ) REc'1 ( r , ¡ ) = (AHx ( r ,,1 ) /¡px ( r ,; ) ) / ( 1 . O-esx ( t ,.r ) /¡px ( r , J ) *
'1REC1(r-1 ,J))
IF (r.Hn.2) REc2(r,;)=(¡sx(r,¡)/npx(r,J)*REc2(t-'1,¡)+Q( r,J) I

l¡px(r,,:) )/( I .o-¡sx(r,;)/¡px(r,J)*nnc1 (r-1,;) )

1252 CONTINUE
u(Hn¡z,J)=REC2(Hnnz,t) I (1 .0+REc1 (NRD2,J) )

D0 1253 II=2,NRD'1
I =NRD1 +2-TI
u(I,J)=REC'1 ( t,t) *u( i+1,J )+Rnc2 ( i,; )

1 253 CONTINUE
D0 38 I=2rNRD2
u(T,J)=u1 (I,J)+RV*(u( i,¡)-u1 (r,J) )

38 CONTTNUE
i r ( t TERÀT.GT. 000 ) C¡rl CoEFF (,,:,aen,ÀNR,ÀSR,AER,ÀWR, BR,APT,ANT,

1 ASr rÀET,ÀI^ir, BT,Àpx rÀNx,ASX,AEx rÀI^Ix, Bx,ÀpG,ÀNG,ÀsG,AEG,ÀI^lG, BG,DR,
zÐ'IH ruz, I FI N, I FI N1, JÀ, JB, RFCO, CT, CR TCN TZE, U, V rW, T, R, PRTL,
3GR,NRD2,NRD1 ,NAD1 )ir (cn.EQ.o.o) co ro 620
D0 1130 I=3,NRD2
VR=V(I ,J+1 )

vl=v(t r,:-'1 )

D0 1135 L=1 ,M2
rF (r.GE.rpi¡¡1.ÀND.J.EQ.JB(l) ) vn=-v(r,J)
rF (r.cE.IFrN1 .AND.J.EQ.JÀ(r,) ) vl=-v(r,J)

1 1 35 CONTINUE
Q ( I ,; ) =AER ( t ,,: ) *VR+ÀI.¡R ( t , t ) *VL+BR ( i , t )+cR ( I ) *

1(P(r,J)-P(r-1,J) )

ln (t.EQ.3) necl (r,.r)=ÀNR(r,J)/ÀpR(i,.1)
rF (r.nQ.3) REc2(r,,:)=Q(r,J)/epn(r,¡)
rF (r .Hn.3) REcl (r ,,:)=(eHn(i ,J)/ÀpR(i ,,:))/(1 .O-¡sn ft ¡) I

lepn(r,J)*nuc1 (r-t,;) )

IF (t.Hn.3) REc2(t,,:)=(¡sn(r,,1)/¡pn(r,J)*REC2(t-1,;)+
1Q(r,¡)/epn(r,,r) ) I (l .o-ÀsR(r,.i)/¡pn(r,J)*nnc1 (r-1,J) )-1130 
CONTINUE
D0 1131 Ii=3,NRD2
I =NRD2+3-I I
v(i,;)=REC1 ( l,¡) *v( I+1,J )+REc2(t,t)

1 131 CONTINUE
D0 36 i=3INRD2
v(r,J)=v2 (i,J)+Rv*(v( i,t)-v2 (I,J) )

36 CONTINUE
CALL CoEFF (J,APR,ANR,ÀSR,AER,AWR,BR,APT,ANT,

1 ÀsT, ÀET, ÀWT, BT, APX, ÀNX, ASX, AEX, ÀWX, BX, APG, ANG, ASG, AEG, AWG, BG, DR,
2DTH rM2, I Fi N, I FI N 1, JÀ, JB, RFCo, CT, CR TCN TZETU TV,W, T, R, PRTL,
3GR,NRD2,unt1 ,lleo1 )
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rF (;.nQ.2) co ro 620
D0 .1 

1 90 I=2, I FF'1

Q ( I , J ) =ÀET ( I , ¡ ) *¡4 ( 1 , ¡+ 1 ) +ewr ( i ,,i ) *t,l ( I , J- 1 ) +gt ( I ,,: ) +ct ( t ) *
1(P(I,J)-p(t,.1-t ))
rF (r.nQ.2) REcl(i

1REC1 (r-1,J) )

IF ( t .H¡. z ) REc2 ( r,J)=(¡sr( r,,:) /ner( r,;) *REc2 ( r-1,.1) +Q( r,J) I
l¡pr(i ,;))/(t . o-¡sr(i ,;)/¡pr(i ,,:)*nuc.1 (r-1 ,J))

1 90 CONTINUE
D0 1'191 II=2,IFF1
I=IFF1 +2-If
w(I ,J)=REC1 (i ,t)*t.l(I+.1 ,J)+nnc2(t ,;)

191 CONTINUE
D0 37 I=2,NRD2
w(i,J)=t^i2(I,J)+Rv*(w(I,.1)-wz(i,,:) )

37 CONTTNUE
i F ( i rnnet. GT. 000 ) c¡rr CoEFF (,;,een,ÀNR,AsR,AER,AllR, BR,Apr,ANT,

1 AST, ÀET, AWT, BT, ÀPX, ÀNX, ÀSX, ÀEX, AWX, BX, APG, ANG, ASG, AEG, ÀWG, BG, DR,
ZDTH rM2, I FI N, I FI N 1, JA, JB, RFCO, CT, CR, CX, ZE, U, V,I^¡, T, R, PRTL,
3GR,NRD2,NRD1 ,Hen1 )

620 D0 1520 I=2,NRD2

rF (r.EQ.2) REC2(r
IF (I.NE.2) REcl (I

,J)=(tHt(t ,,:)/¡pr(r ,J))/ (1.O+¡sr(r ,,:)/¡pr(r ,J) )

,J)={Q(i ,r)/epr(r ,,:))/(1 .O+¡sr(r ,,:)/¡pr(r ,J))
,t)=(enr(r,J)/Apr(r,,:) ) I (t .0-AST(i,¡)/¡pr(r,J)*

TR=T(I,J+1)
TL=T(I r,i-1)
D0 1525 L=l ,M2

1 525 CONTINUE

Q(I,J)=AEG
rF (r.EQ.2

iF
IF

r . GE. i Fr N. AND. J . EQ. ¡s (r ) ) tn=-r ( r , t )

i . cE. i Fr N. ÀND . J . EQ. JÀ (L ) ) tl=-r ( r , ¡ )

rF (r.nQ.z

IF (I.HN.Z
lepc(t,t))l

1 520 CONTINUE

rF (r.Hn.z
1RECl (I-1,J

T(NRD2,J)=REC2(HnnZ,t) I (1 .0+REC1 (nnnZ,,:) )

D0 1512 II=2,NRD1
I =NRD1 +2-lI
t( t,J)=REC1 ( t,u) *T( i +1,J)+nnc2(i,,:)

1 51 2 CONTINUE
D0 39 I=2,NRD2
t(i,,:)=T2(I,J)+RV* (t(t,,:)-rz( I,J) )

39 CONTINUE
cÀtt CoEFF (J,ÀpRrÀNR,ÀsR,ÀER,AvlR,BR,Apr,ANT,

1 AST, AET, AI.jr, BT, Apx, ANX, Àsx, ÀEx, Al,¡x, BX, ApG, ANG, ÀsG, AEG, Ai^tG, BG, DR,
2DTH rM2, I FI N, i FI N',l, JÀ, JB, RFCo, CT, CR, CX, ZE rU rV,W, T, R, PRTL,
3GR,NRD2 ,NRD1 ,Han1 )

35 CONTINUE
iF (cn.ng.o.o) RETURN

I , J ) *TR+ÀwG ( t ,,: ) *ti,+gc ( I ,,: )

REcl ( I,J)=ANG(t,r)/epc(i,¡)
REc2 ( I, J ) =ÀSc ( r,,: ) /epc ( r, J ) *T ( r -1,t ) +Q ( l,; ) /epc ( r,,: )

nscl (r,J)=(eHc(r,J)/Apc(r,,:) ) I (1 .0-Asc(r,,1)/¡pc(r,J)*
)

REc2 ( r, J ) = ( esc ( r, J ) /Apc ( i,,: ) *REc2 ( r - 1,,,i ) +Q ( r,.l ) /
'1 .0-ASG(r,;)/epc(i,;)*nnc1 (r-t,;) )

cc
CC

cc
CALCULATING THE COEFFICIENTS OF THE PRESSURE CORR EQUATION"
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D0 300 I=2INRD2
D0 300 J=2,NAD1
DR3=DR
iF (r.nQ.2.0R.T.EQ.NRD2) DR3=0.50*DR
FC ( r, J ) =FC ( i,,: ) +RFS* (¡rH* (V( t +1, J ) -V( I,J) ) +DR3* (W( t,t+1

1 -}i ( I , J ) ) -FC ( t ,,: ) )

3OO CONTINUE

SOLUTION OF THE PRESSURE CORRECTION EQUÀT]ON.
cc
cc
cc

D0 310 TTERPC=1,5000
D0 1320 I=2,NRD2
D0 '1320 J=2,NÀ01
Pc(I,1)=0.0
Pc(I,NÀD2)=0.0
PC(1,J)=0.0
PC(NRD3,J)=0.0
PCR=PC(t r,:+1)
PCL=PC (t ,,:- t )

D0 1325 L=1 ,M2
iF (r.cn.rFrN.AND.J.EQ.JB(L) ) pcn=0.0
rF (r.cn.rFiN.ÀND.J.EQ.JA(r) ) pcl=0.0

1 325 CONTINUE

Q(r ,;)=n(I ,J)*PCR+E(t ,¡)*pcl+Fc(I ,;)
rF (i.eQ.z) REcl (r,J)=B(r,,:)/a(i,,1)
IF (i.sQ.z) REc2(i,J)=Q(I,,:)/e(i,;)
rF (r.l¡s.2) REcl (r,J)=(a(r,J)/A(i,,:)) l(1 .0-c(r ,¡) lt (i,;¡*

1REcl (r-1,J) )

iF (t .Hn. z) REc2( r,J)=(c(i,r)/e(r,J)*REc2 (r-1,J)*Q(r,t) I nfi ,t) ) /
1 (1 .0-c(i ,r)/¡(r ,,r)*Rnc1 (r-1 ,J))

1 320 CONTINUE
D0 1321 J=2,NAD1
DO 1321 IT=2,NRD2
I =NRD2+2-i I
pc ( i , J ) =REC 1 ( I ,,: ) *pC ( I + 1 , J ) +REC2 ( t , ¡ )

1321 CONTINUE
DO 321 I=2,iFF1
D0 321 J=2,NAD'l
Q( I,J ) =s( t, J ) *pc ( I +1,J )+c ( r,J ) *pc ( i -1,,: )+rc ( I,,: )

rF (¡.nQ.z) REcl (r ,J)=D( r ,J)/A(r ,t) /( I . o-n( l,¡)/e(r ,;) )

rF (,:.nQ.z) REc2(r,J)=Q( r,J) /A(i,,:)/(l.o-n(r,¡)/e(i,.:) )

TF (¡.¡r¡.2) REcl (r,J)=Ð(r,,:)/¡(i,,:) /(1.0-E(I ,J) /A(t,;¡o
1REC1 (r,;-t ) )
rF (¡.Hs.z) REc2(r,J)=(n(i,¡)/e(r,J)*REc2(r,;-1 )+Q(i,,:)/

1 e ( 1,,: ) ) I (1. O-n( i, J ) /A( r,,: ) *REc1 ( r,,:-t ) )
321 CONTINUE

iF (u.nç.0.0) co ro 326
D0 322 I=IFIN,NRD2
D0 322 L=1 ,Mz
JAC=JA ( L )
JBC=JB ( L )
D0 322 J=JAC,JBC
Q ( t,,: ) =n ( I, J ) *Pc ( I + 1, ¡ ) +c ( I, J ) *pc ( t -1,,: ) +r'c ( I,,: )

iF (,:.nQ.,:n(r)) nncl (r ,.1)=D(r ,J)/n(r ,J) /(1 .0-E fi ,¿) I
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1A(r,J))
rF (,:.nQ..l¡(r) ) nncz(r,,:)=Q(r,J)/e(r,t) I (1.0-Eft ,t) I

1A(i,J))
IF (,l.Hn.;¡(r)) nrcl (t ,,:)=D(I ,J)/a(t ,t) l( 1 .0-E ß,t) I

1e( i,t)*nnc1 (1,,:-1 ) )
rF (J.Ns.¡n(r) ) nncz(r,;)=(n(r,;)/¡(r,,:)*REc2(i,;-1 )+

1Q( r,.: ) /¡ ( i,,: ) ) / ( 1 . o-n( r,,: ) /¡ ( r,¡ ) *Ruc1 ( r, J-1 ) )

322 CONTINUE
D0 323 II=IFIN,NRD2
I =NRD2+i FI N-I I
D0 323 LL=1 rM2
L=M2+1 -LL
¡eC=JA ( L )

JBC=JB ( t )

DO 323 JJ=JÀCIJBC
J=JB (t )+¡e (r )-,:¡
nc(1,.1)=REC1 (i,,:)*pc(I,J+1 )+REC2(i,¡)

323 CONTINUE
326 D0 324 fI=2,IFF1

I =I FF'1 +2-II
DO 324 JJ=2,NAD'I
J=NAD1 +2-JJ
Pc(i,J)=REC1 (t,¡)*pc(I,J+1 )+REc2(t,,:)

324 CONTTNUE
31 O CONTINUE

RETURN
END

suBRouTiNE FLUX (HTM,T TPI TDRTDTHTNRD,NÀD,RrJÀrJBrt"t2, triH)
DTMENSioN JA(20),JB(20)
DOUBLE PRECISi0N T(33,66),pi,DR,DTH,n(55),QR,QA,DR2,SUM,SUM1
NRDl =NRD+1
NRD2=NRD+2
NADl =NAD+1
tiRITE (6,',l5)
SUM=0.0
D0 10 J=2,NÀD.l
QR=-2. 0*( 1 . 0+H*M/pr )* ( 1 9.0*T(NRD2,J)-T(Hnnl,J) ) / 3.0/On
I,¡RITE (6,20) ,:,Qn
SUM=SLIM+QR*DTH

1O CONTINUE
SLJM=SUM/ (pt +H*i'l)

20
15

FoRMAT (.1 0X,I4, 1 0X,D1 3.5)
FoRMAT ('1' ,4X,'ANGULAR IOCATION' ,6X,'RÀD F[UX')
I.iRrrE (6,5) suM

5 FoRMAT Q(l),l0X,'THE TOTÀL WÀLL FLUX = 
"013.5)rF (H.nç.0.0) RETURN

I^IRrrE (6,90)
wRrrE (6,100)
SUMl =0.0
D0 1 

'10 J=2,NÀ01
D0 120 L=1 ,M2
rF (;.nQ.JÀ(L)) co ro l¡o
rF (;.nQ.JB(L)) co ro 140

1 20 CONTINUE
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G0 T0 '1 10
130 D0 150 I=IFIN,NRD2

DR2=DR
rF ( i .eQ.2.oR.r .EQ.NRD2 ) DR2=DR/2.0
QA=-2.0*(1.o+H*M/pr )/(n(t)+nn212.0)* (9.0*T(r ,,:)-r(r ,,:+1 ) )

1l3.0lDrH
il' ( I .ng.iFiN) DRz=DRz12.0
SUMl =SuM1 +QA*DR2
I,tRirE (6,60) t,J,çA
CONTINUE
G0 T0 110
D0 70 i=IFIN,NRD2
DR2=DR
rF (r.eQ.2.oR.r.EQ.NRD2) ¡nz=nn/2.0
QÀ=-2. 0* ('t . o+u*y7pr ) / ( n ( t ) +on2 I 2. 0 ) * ( 9. 0*T( r, J ) -T ( i, J-1 ) )

1 /3 .0lDrH
rF ( r .n9. iFiN) nn2=nn212.0
SUMl =SuM1 +QÀ*DR2
i.tRrrE (6,60) t,J,Q¡
CONTINUE
CONTINUE
SUMl =SUM1/ (pi +tt*u)
FORMAT (5(/) ,25X,'FiNS FLUX')
FORMÀT ( 4X, ' RADi ÀL LOCATI ON' ,4X, 'ANGULAR LOCÀTI ON' ,4X,

]'ANGULAR FIUX')

150

140

70
110

90
100

60 FoRMAT ( 10X,I4,14X,14 r10X,D13.5)
I.¡RrrE (6,80) suul

80 FoRMAT ( 5 (/ ) ,'1 0X, 'THE TOTÀL FINS FLUX = 
"D1 

3. 5 )
RETURN
END

SUBROUTINE SECFIO (V,W,PI,NÀD,NRD,R,DTH,DR)
DOuBtE PRECISI0N V(33,66),W( 33,66),pI,R(55),RADCOM,ANGCOM,

.l 
SECF ( 33, 66 ),Ot n,DR,DR2,DTH,DI RECT ( 33, 66 )
NÀ01 =NÀD+ 1

NRÐ1 =NRD+1
NRD2=NRD+2
I^IRITE (6,15)
DO 1O I=2,NRD2
DR2=DR
iF (r .nç.2.0R. r .EQ.NRD2) nnZ=¡n/2. 0
DO 1 O J=2,NAD1
RADCOM=(v(r ,¡)+v(r+1 ,J) ) lZ.OlnG)
ANGCSM= (w( i,¡ )+t^l( r,J+1 ) ) I 2.0
SECF ( I,J ) =DSQRT(RADCOM**2+ANGCOM**2 )

Di R=RADCOM/ÀNGCOM
DIR=DATAN (U N) * 1 8O . O/PI
DIRECT(I,J)=DIR
IF (n¡Dcot'r.GT. 0. 0.AND.ÀNGCoM.LT. 0. 0)
rF (neDco¡r.rr. 0.0.AND.ANGCoM.rr. 0. 0)
iF (R¡Dcot't.tT. 0. 0.AND.ANGCoM.cr. 0. 0 )
CONTINUE
D0 30 I=2rNRD2
I{RITE (6,20) (sncr(I,,:),J=2,NAD1 )

CONTINUE

10

30

DI RECT ( I , I ) =DÀBS ( ¡l n ) +90 . 0
DiRECT ( t,t )=DÀBS (0ln)+'1 80. 0

DIRECT ( t,; )=DABS (nt n) +27 0,0
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Ï,IRITE ( 6,1 6)
D0 40 I=2,NRD2
I{RITE (6,20) (ninnct(t,;),J=2,NAD1 )

4O CONTINUE
16 FORMAT ('1"7X,'THE DiRECTION iN DEGREES')
20 FORMAT (l ,10(1X,n12.5) )
,15 

FORMAT ('i 
"TX,iDISTRIBUTION 

OF RESULTÀNT OF SEC. FLOW')
RETURN

END
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