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ABSTRACT

The pressure drop and heat transfer performance ín the thermal

entry region of six horizontaì ìy oriented copper tubes has been

thorough'ly ínvestigated. Five tubes were internaìly finned and one was

smooth. A uniform heat flux axiatly and circumferentíally was supp'lied

usíng resistance wires wrapped tightly around the tube. For each tested

tube the heated section was preceded by a hydrodynamic entry section.

l,later was used as the working f1uid.

Pressure drop measurements r{ere fÍrst performed under Ísothermal

conditíons to defíne the friction factor and the critical Reyno'lds

number. These results compared favourab'ly with the predictions of pre-

vious analyticaì mode'l s. Further pressure drop measurements are

reported with heat addition and the effects of free convection and geo-

metry on the diabatic frictíon factor are discussed.

Heat transfer measurements u,ere taken I ocal ly at several axi al

positíons along the heated section. Results of the local Nusselt number

are presented and the effects of Reyno'l ds number and Rayl ei gh number are

studied thoroughly. The cÍrcumferential variation of wall temperatures

was a'l so i nvesti gated f or each tube at di f ferent val ues of Ray'lei gh

number. The results of the fulìy developed Nusselt number for the

smooth tube are compared with other results showíng a very good agree-

ment. A correlation between Rayleigh number and the fuììy deve'loped

Nusselt number was deveìoped for each finned tube separately. From

these correlatÍons it vlas possible to discuss the effect of tube

geometry on the degree of enhancement due to free convection.
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NOMENCLATURE

Engl i sh Symbol s

Ac = Actua'l surface area per unit 'length [m2lm]

Afl = Actual fl ow area [m2]

As = Nomi nal i nsi de surface area = r ol t- [m2J
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f = Fanning friction factor defined by equation

g = Gravitational acceleration [m/s2]

ll = Relativefinheight=ì/ft¡

kc = Copper therma'l conductivity [W/m . K]

k¡ = Fluid thermal conductívity [W/m . K]

| = Heated length [m]

Lp = Distance between pressure taps [ml

I = Fin height [mJ

M = Number of fins

rir = Mass flow rate of Flu'id [Kg/s]

P = Pressure [Pa]

Qe = Rate of electrical heat input Il,lJ

Qf = Rate of heat gained by the fluid [I.l]

Ri = inside radius = D'¡ /2 ln)
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= Local bu]k temperature IoC]
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= l,la'l I temperature ['C]
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Chapter I

I NTRODUCT I ON

Duri ng the past few decades a great amount of research has been

dÍrected towards the development of compact and more efficient heat ex-

changers. Energy conservation and improved energy utilization have been

the major driving forces behind this research. For some applicatíons,

such as those ín the area of transportation, it ís desirable to decrease

the weight and size of heat exchangers while maíntaining the same heat

duty and pumping power. For some other applications, such as those

encountered in the power and process índustries, weight and size are not

of major concern but increased heat duty for the same pumping povrer or

decreased pumping power for the same heat duty has obvious economicaì

benefi ts.

The development of technÍques for enhancing the standard heat

transfer performance of smooth tubes is, of course, a necessary require-

ment for manufacturing compact heat exchangers. Some of these enhance-

ment techniques are: surface prornoters, vortex generators, tube vibra-

tion, fluid vibration, electrostatic fíelds, and fluid additjves. Among

these technÍques, tube vibration, fl uÍd vibration and el ectrostatic

fields are not widely used because they require an external source of

povter and hence are considered uneconomical. Fluid additives are used

in a limited number of applÍcations since it is necessary in most appìi-

cations to maintain the purity of the working fluids. 0n the other

hand, surface promoters gained a lot of interest due to símplicity and
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suitabitíty to a wide range of engïneering applications. This thesis

deals with one type of surface promoters (internally fÍnned tubes) whÍch

involves the addition of a certain number of identical fins evenly dis-

tributed on the inner surface of the tube, as shown Ín Figure 1.1.

These tubes are presently available in different diameters, dÍfferent

numbers of fins, different fÍn heights and different fin types (straight

and spira'l).

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 under different operatíng conditions. Due to

the initial success of internally finned tubes as enhanced surfaces, a

number of research efforts (analytical and experÍmental) exploring the

performance of these tubes were reported during the past ten years.

Both laminar and turbulent flow conditions were studied. 0n the

analytical side, the mathematical models were limíted to pure forced

convecti on i n the f u'l 'ly devel oped regi on whi ch exi sts at some di stance

away from the entrance of the tube. While these studies are useful in

explaÍning the fluid flow and heat transfer mechanisms Ínvolved, a

designer needs detaíled informatíon on the thermal performance in the

entrance region. This is particu'larìy true for compact heat exchangers

where small tube lengths are uSed. In the meantime, almost a'll the

experimental data of heat transfer in Ínternally finned tubes are aver-

age values corresponding to a certaÍn tube length.

The objective of this investigation Ís to study experimentally the

heat transfer characteristics in the thermal entrance regÍon of horizon-

tal Ínternally finned tubes. Finned tubes with different configurations
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(number of fins, fin heíght and angle of twist), as well as a smooth

tube, will be used. Distilled water is used as the test f'luid. The

flow is'laminar, and a provision of establishing fu'lly developed fluid

f'low is imposed before the begÍnning of heating. The boundary condition

of uniform heat input axially Ís se'lected for thÍs study. No similar

resul ts v{ere reported yet í n the I i terature (ei ther ana'lyti cal 1y or

experimentally) and hence the present results should be of some value to

the designer. 0n the other hand, the chances of comparison between the

present results and other experiments or analysis are 'limited.
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Chapter I I

LITERATURE REVIEI^l

Since the present study is concerned with the laminar heat transfer

characteristics of internal'ly finned tubes, an exhaustive review of the

research efforts done in this area is presented here. However, due to

the rel ati vely smal I s j ze of thi s 'l i terature, th'i s revi ew was extended

to include some studies dea'ling with smooth tubes. These two groups of

studies share many similarities in the experimental procedure, methods

of data reduction and presentatíon, and trends in the results. Both

analytical and experimental studies are incìuded; however, the review ìs

limited to the laminar flow condition. Two 1imíting thermal boundary

condi t,i ons are normal ly used; these are uni form wal'l temperature axÍ al ly

or uniform heat input axially. Studies pertaining to both boundary con-

ditions are included in the case of interna'lìy finned tubes, but the

review is lÍmited to the boundary condition of uniform heat input

axially in the case of smooth tubes.

One important feature of laminar flow inside horizontal ducts is

the presence of free convective currents superimposed over the main

mechanÍsm of forced convection. The difference in temperature between

the tube wall and the fluid causes densÍty gradients within the flow

cross-section whÍch act as the drÍving force for secondary flow in

planes perpendicular to the main stream. The dimensionless groups which

were found to be indicative of the strength of these secondary flows are

the Grashaf number, Gl^, or Rayìeigh number, Ra. Normally, for a smooth
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tube free convection can be ignored for Ra.< 104. For higher values of

Râ, t,he influence of free convection on the pressure drop and heat

transfer characteristics cannot be ignored. As will be seen later, the

Ínfluence of free convection is much more pronouncecl on the heat trans-

fer than on the pressure drop.

Horizontaì, vertical and inclined tube orientations were covered in

the literature. However, since the horizontal orientatíon was used in

the present experiment, mainly studíes usìng this orientat,ion are

covered in this review.

2.L Smooth Tubes

These studies started almost around the turn of the twentieth

century. Hundreds of papers have been pub'lished sínce that time. In

this review onìy a few selected papers with widely known recognition

wi I I be revi ewed.

petukhov and Poìyakov [1,2] conducted an experimental investigatíon

of local heat transfer in a stainless steel tube with an inside diameter

of 18.8 ffiffi, wall thickness of 0.36 ffifl, and a heated 'length of 99

diameters. In their experímental set up they passed an alternating cur-

rent through the tube to provide a constant Ínput heat f'lux both axially

and circumferentiaìly. Distilled water was used as the working fluid.

A'length of 96 diameters was used before the heated section for deve'lop-

ing the velocity profile. The experiment covered the ranges of 50 to

?4OO for Reyno'l ds number and 2 x 105 to x 107 for the modi fi ed

Rayleigh number, Ra*. The axial variation of wall temperature at both

the top and the bottom was showr at Ra* = (1.8 - 3.0) x 107, and Re =
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(1400 - 1700). The difference between the wall top and bottom tempera-

tures was found to increase along the tube until it reached 27'C at the

end of the tube for the above mentioned values of Re and Ra*' The

local-average Nusselt number l{as shown as a function of the reduced

length X+ at different values of Ra* for the range 300 < Re < 800' The

results tJere compared with the pure forced convection solutjon for

smooth tubes. The agreement was excellent at the early part of the

thermal entry region for all values of Ra*. However, the experimental

results deviated from the forced convectÍon solution showing the effect

of f ree convect,i on aS the ful ly devel oped regí on v''as approached' The

cri ti ca.l val ue of Ra* at whi ch the ful 'ly deveì oped Nusse] t number

deviated from the theoretica] pure forced convection value |{as found to

.be 1.8 x 104. Based on their results, the following forrnula for the

fu1'ly developed Nusselt number was developed:

Nufd = 4.36 [1 + (Ra*/1.8 x 104¡410'045 (2.1)

with the propertíes evaluated at the average bulk temperature' This

corre.latÌon fitted their experimental data with a maximum deviation of

tS%. This correlation wÍll be used in this experímentaì investigation

for comparison with the fully-developed-Nusselt-number results of a

smooth tube. No pressure-drop measurements were reported in [1,2]'

Ede t3l conducted an experiment similar to that in [1,2] using

aluminum and brass tubes with inside diameters ranging from 12.7 to 50

mm. Reynoìds number ranged from 300 to 100,000, and Grashof numbers of

up to 107 were used. Aír and water were used as the working fluids and

the boundary condition of uniform heat input axialìy and circumfer-

entiaì1y was imposed by passing electric currents through the wall of
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the tube. The í nvestí gatÍ on ulas mostìy i n the turbul ent fl ow regi on ,

however, Ín the laminar fìow portion similar results to those in [1,2]

þlere presented in terms of circumferential variation of wall temperature

and axíal dÍstribution of local Nusselt number. In the ful]y developed

region, Nusselt number vlas correlated for water as a function of Grashof

number as follows:

Nufd = 4.364 (1 + 0.06 Gro'3) (2.2)

with the propertíes evaluated at the mean bu]k temperature. By using

the cíted average va'lue of Prandtl number (Pr = 8), equation (2'2\ can

be written in the form,

Nufd = 4.364 (1 + 0.0322 Ra0'3) (2.3)

Expressíng equation (2.3) in terms of the modified Rayleigh number, Ra*,

instead of RayleÍgh number, Ra, we get:

Nufd = 4.364 [t + g.0322 (Ra*/Nufd)0'3] (2.4)

.Equation Q.4) wíll be compared with the relevant portion of the present

experímental resu'lts. No mention was made of pressure-drop measurements

or specifications of heated length or hydrodynamic entry region'

Newell and Bergles [4] analytical'ly investigated the effect of free

convection on the heat transfer and pressure drop characteristics ín the

futly developed region of horízontal smooth tubes. The finite dìffer-

ence techníque was used in this analysis. This analysis was carríed out

for two limiting cases of zero and ínfinite wall conductance, with water

as the workíng fluid. The results showed that the free convection aug-

mented both Nusselt number and the product of the fríction factor and

Reynolds number. Infinite conductive tubes showed higher increases in

heat transfer and pressure drop than the zero conductive tubes at any

given value of Grashof number. For the infinite conductivity case' at a

Grashof number of 106, Nusselt number showed an íncrease of 500% over

the asymptotíc value of pure forced convection. The zero-wall-conduct-
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ivity tubes showed a significant circumferential variation of wall tem-

perature.

Bergìes and Simonds t5l tested a glass tube with water as the

worki ng f I ui d and constant heat f I ux axi al'ly and ci rcumferentí a'l ly as

the boundary condition. The tube was 0.762'n long and 1L'Q-mm inside

diameter. A copper tube with the same inside díameter and 0.914-m

I ength was used to devel op the vel oci ty profi'l e ahead of the heated

section. The experiment was carried out within the Reyno'lds number

range of 300 to 800, and Rayleigh numbers of up to 106. Local average

va1ues of Nusselt number were presented against the reduced length X+,

however, no significant variation was evident along X+ indicating that

all the recorded data were in the ful1y deveìoped region. These data

were compared with the pred'ictîons of t4l for the zero conductivity

case. It was found that at any Rayìeigh number, the experimental values

of Nusselt number were higher than the anaìyticaì predictions. l'|lall

temperature d'i fferences between the top and bottom were shown to be

genera'l 'ly hi gher than those reported i n [ 1 ,3] . The hi gh wal I tempera-

ture di fference between the top and the bottom was rel ated to the I ow

thermal conductivity of the glass tube. The experimental values of

Nusselt number in the fu1ly developed region were plotted against

Rayìeigh number along wíth the three empiricaì correlations reported in

ill for a stain'less steel tube, t3l for aluminum and brass tubes, and

another correlation for a staÍnless steel tube developed by Petukhov et

al. The data and the empirica'l correlations occupied a narrow band, and

they all fell mostly within the predictions of the two limiting cases

reported in t4l. This agreement led Bergles and Simonds to conclude
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that wa]l conductance has no significant contribution to the average

f ul ly deve'l oped Nusse]t number. No pressure drop measurements v',ere

reported.

Morcos and Bergìes [6] extended the work of Bergìes and Simonds [5]

to include a staín'less steel tube Ín addition to the gìass tube, and

ethylene glycol as well as water as the working f'luids. Their obiective

was to study the effects of wall conductance and fluid properties on the

pressure drop and heat transfer performance duri ng I ami nar, mi xed

convectíon. A uniform input power axialìy and circumferential'ly was

ensured by heating the tubes electrÍcal]y. The glass tube had 11.O-mm

inside diameter, 1.2-mm wal'l thíckness, and 1.13 m heated length. A

1.9-m long stainless steel tube of simi'lar inside diameter was used to

.develop 
the velocity profile ahead of the heated section. The stainless

steel test section had t.22-n heated length, 2.0-m hydrodynamic entry

length ahead of the heated section, inside diameter of 10-mm, and a wall

thickness of 0.5-mm. Four sets of data for the ful]y developed Nusselt

number of the g'l ass tube and the metal tube wi th both water and ethyl ene

glycol !{ere pìotted against Rayìeigh number up to Ra = 106. These

results were in c'lose agreement with each other up to Ra = 105, however,

for hígher values of Rayleigh number the effects of wall conductance and

P randtl number beca¡ne noti ceabl e. Consequent'ly , they deveì oped the

fol I owi ng correl ati on:

Nufd = t(+.¡O)Z + [0.145 (Gr*Prl'35¡1*-0'25¡0 '2651 L/2 (2'5)

knowing that Ra* = Gr*Pr, then equation (2.5) becomes

Nufd = t(+.gO)2 + [0.145(Ra*PrO'35ç*-0'25¡0 '2651 L/2 (2'6)
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v{here K* = kfq/k¡¡t and t is the wall thickness. All properties needed

in equations (2.5) and (2.6) are to be evaluated at the mean film

temperature. Equation Q.6\ was recommended for the foììowing range of

parameters:

3 x 105 < Ra* < 107, 4 1pr < 175, and 0.2 <K* < 7

Equation (2.6) wil'l not be used for comparÍson wíth the present results

since the va'lue of K* used for this experiment (K* = 0.005) is much

be'low the recommended range. The increase in the average friction

factor due to heating over the isothermal value was presented as a

functi on Rayl ei gh number only for the Reynol ds number range of 20 to

400. Data corresponding to the glass and metal tubes wÌth ethylene

g1ycol as the working fluid was used. The diabatic friction factor

.showed an enhancement of 50% over the isothermal friction factor at

Rayì ei gh number of 106. The effect of wal I conductance on the

enhancement of the friction factor was shown to be negligíb'le. In

comparíng the experÍmenta'l data with the predictions corresponding to

the two limiting cases presented in [4], it l{as shown that all the

experimenta'l data fell within the two'limits. The foììowing empirical

correlatÍon was reported for the ratio of the average diabatic frictlon

factor and the fulìy developed isothermal friction factor:

f¿i¿/flso,fd = [1 + (0'195 s¿0'15¡1511/15 Q'7\

The properties Ín corre'lation Q.7l are to be evaluated at the rnean film

temperature. This correlation witl be used for comparison with the

present experimental resuìts.
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?.2 Internal'ly Fi nned Tubes

Si nce the i nternal ly fi nned tubes have been i ntroduced only recent-

ly, a limíted number of studies have been conducted to test these tubes

in terms of heat transfer and pressure drop performance. Analytical

studies were limited to the fully developed, forced convection situ-

ation, and no analysis is available yet for the case of mixed convectjon

in the horizontal orientation. Experimental results were obtained for

i nterna'l 'ly f i nned tubes of di f f erent geometri es, and usi ng di f ferent

therma'l boundary conditíons. The following is a review of most pubìished

work concerning the internal'ly fÍnned tubes in the laminar fìow region.

2.2.1 Experimental Studies

HÍ1ding and Coogan 17l tested ten internally finned tubes with

different geometries, and one smooth tube. All tubes vrere made of

copper. The fins were longitudinal and straight with a rectangu'lar

cross-sectíon. The relative fin height H ranged from 0.36 to 1'0'

Number of fi ns M ranged from 2 lo 8. A1 I tested tubes had 14.O-mm

inside diameter and a length of 0.46-m. In their experimental set-up'

no provisÍon was made for separating the flow domain into developíng and

ful'ly developed parts. Thus, the reported values for the frïction factor

and Nusselt number were average values for the who'le tube length. A

steam jacket was used as the source of heat to ensure a constant wall

temperature ci rcumferent'iaì ly and axi a'l 
'ly and ai r was used as the

working fluid. Values of the isothermal and diabatic frictÌon factors

were reported for Reynoìds numbers rangíng from 1000 to 100,000 based on

the hydrau'lic diameter. A'11 propertÍes v,,ere taken at the average
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bulk temperature between the ínlet and outlet. The internal'ly finned

tubes showed higher values of (î¿i¿/Ti5e) than the smooth tube. The

Íncrease ín the average fríction factor due to heating was more notice-

able in the turbulent flow region. The Nusselt number based on the

hydraulic diarneter for the finned tubes showed an enhancement over the

smooth tube in the laminar and transitÍon flow regions. However, this

trend v¡as reversed i n the turbul ent regi on. The f i nal conc'l usí on of

this work was that the presence of fins enhanced the heat transfer in

the tubes by a factor of 200 to 300%. However, an accompanÍed increase

in the pressure drop was also noted, which was seen to be very high in

the turbulent region.

Heeren and Wegscheíder [8] studíed the possibilÍty of usíng intern-

al'ly finned tubes instead of smooth tubes in the design of condensers

for power plants. They reported that after six years of testing they

came up wíth the optimum configuration for the finned tube which they

did not specify clearìy probably due to patent rights. In thìs reference

[B] the authors commented brÍefly on the heat transfer performance of a

condenser constructed with this optímunr finned tubes. They showed that

the increase Ín the overall heat transfer coefficient over the smooth

tube design depended on the velocity of flow. This increase was about

100% at a velocity of 4.6 m/s and decreased to about 407o as the velocity

increased to 13.7 m/s. No significant change was noted in the

percentage increase in the overal'l heat transfer coefficient beyond the

velocity of 13.7 m/s. Using this interna'lly finned tube, Heeren and

14egscheider reported that it was possibìe to construct a condenser
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carrying the same duty of the conventional smooth tube design but with

only 59% of t,he external surface area. This finding is quite

interesting in illustrating the fact that interna'l1y finned tubes can be

a useful tool in constructÍng compact heat exchangers.

Watkinson et al. [9] conducted an extensive experimental investiga-

tion of the laminar heat transfer and pressure drop performances of

internally finned tubes. Eighteen interna'l1y finned tubes with straight

and spiral fins as well as two smooth tubes were tested. The relatÍve

fin height H ranged from 0.05 to 0.31, and the number of fins M ranged

from 6 to 50. The velocity profile was developed using a 0.61-m'long

tube prior to the 2.44-n long heated section. 0il was used as the

working fluid providing a Prandtl number range of 180 to 250. The

operationa'l range of Reynolds number was 50 - 3000 based on the insÍde

diameter. A steam jacket was used as the heat source to ensure the con-

stant wall temperature boundary condition. Simi'lar to [7], the measured

values of Nusselt nurnber were average vaìues over the whole tube length

encompassíng the therma'l entry regíon and the fully developed region.

The Nusselt number results for all fínned tubes showed an enhancement

over the smooth tubes. The degree of this enhancement was different,

from one finned tube to another depending on the geometry. At Reyno'lds

number of 500 based on the ínside diameter, the enhancement of Nusselt

number for the different finned tubes over the smooth tubes varied from

B to ZZ4%. For the case of straight fins the enhancement of Nusselt

number decreased with the increase in number of fins, but increased by

increasÍng the relative fin height. A correlation for the average

Nusselt number was developed as a function of Pr, (O¡/t-), M, Re, Gr, and
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fitted all of their data wíth a standard

deviationoftlT%.Theaveragefrictíonfactorwasmeasuredisother.

mally and wíth heat addition, however, only the ísothermal results were

reported. At the saïne Reynolds number, the internally finned tubes

showed a consistent increase in the isothermal friction factor over the

snooth tube. At a Reynolds number of 500 based on the inside diameter'

the isothennal fríction factor for different internalìy finned tubes

Íncreased by 1g to 131% over the smooth tube depending on the geometry'

In an attempt to correlate the friction factor wíth the tube geometry'

no simple relation 1aas found. However, the friction factor at given

va]ues of Reynolds number was found to increase strongly with the ratio

of hydraulic diameter to inside diameter' The critical Reyno'lds number

at the laminar-turbulent flow transition for all the tubes was corre-

lated against the ratio of fin height to hydrauìic diameter' It was

shown that the crítica] Reynolds number based on hydrauìic diameter is

higher for tubes with lower fÍn height to hydraulic ratio' The critical

Reynolds number was approaching the critical value for the smooth tube

of zl00 as the ratio of fin height to hydraulic diameter approached

zero. However, there was a considerable scatter in the data which indì-

cate that the ratio of fin height to hydraulic diameter is not the only

parameter on whÍch the crítical Reynolds number depends'

Marner and Bergles t10l conducted an experimental i nvesti gati on

Two sets of
usingmanytubeswithdifferentaugmentationtechniques.

tests t{ere carrÍed out at two different boundary conditions; one was

constant heat ftux axially and círcumferentially, and the other was cqn-

stant wall temperature axially and circumferentiaìly' In the first set
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of tests, a single internaììy finned tube was used. This tube had

straight fins, 0.92-m heated length, 14.2-nrn inside diameter, 0.83-mm

wal'f thickness, number of fins M = 10, and relatÌve fin heÍght of 0.22.

No mention was made of hydrodynamic entry length. Water and ethylene

glycol were used as the last fluids. Local values of Nusse'lt number

were p'lotted versus the reduced ìength X+. The local Nusselt number

showed an increase as compared with the smooth tube condition. The

dependence of the local Nusselt number on Prandtl number vras investi-

gated, however no solíd conclusion was possible from their límited data.

The average friction factor was presented under isothermal conditions

and compared with the standard values for smooth tubes. The finned tube

showed a consistent increase in the isothermal friction fact,or over the

smooth tube. Surprísing'ly, no mention was made of the range of Grashof

or Rayleigh number used. In the second set of testing, where the con-

stant wall temperature vras imposed, a spÍra'l finned tube was tested

among other tubes with different augmentation techniques. The internal-

ly finned tube was made of copper with 2.3l-m heated length,25.L-mm

inside diameter,0.7l-mm wall thickness, l6 fins, and relative fin

heíght of 0.168, No mention of a hydrodynamic entry region was made. A

steam jacket was used as the heat source. Average va'lues of Nusselt

number over the whole tube 'length were presented during heating. A

second set of average Nusselt number values were reported during cool-

ing. In the case of cooìing, the fluid u,as pumped hot in the test

section, while coolÍng water was used Ín the outer iacket. Average

Nusselt, number values were pìotted against Reynolds number based on the

Ínside diameter, during both heating and cooling of ethylene g'lycol. The
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enhancement of the average Nussel t number over the smooth tube was

hígher during heatíng than cooling. The average frÍction factor was

reported during both heating and cooling of ethylene glycol, and during

isothermal conditions. At the same Reynolds number based on the inside

diameter, the friction factor during cooling was the hÍghest, followed

by the friction factor during heating and then the isotherma'l value.

2.2.? Analyti cal Studi es

Nandakumar and Masliyah t11l solved the momentum equation for

f ul ]y deve'loped, I ami nar fl ow Í n tubes wi th strai ght i nternal f i ns usi ng

the finite element technique. The fins were chosen to be of triangular

shape with parameters as shown in Figure 2.I. The independent para-

meters which define the geometry of the tube are: the re'lative fin

height H, the number of fins M, and the half-fin angle,y . Nandakumar

and Mas'liyah discussed the influence of these geometrica'l parameters on

the axia'l velocity distribution within the flow cross-section. They

also reported tabulated values for the product (fiso,¡¿ Re) based on the

hydraulic dÍameter covering the range: 0.1 < H < 0.2,6 ( ¡4 < 24 and 3o

ji y < 12o. These va'lues were also correlated by,

( fiso,fd X Re)¡ = -0.5077+16.287 (D¡/Di )1.2-0.049 [I-EXPI20sH/(S+H)]
(2.8)

This corre'lation fitted their numerical values with an average error of

2.0% and a maxímum error of 4%. A part of the present experimental

results wi'll be compared with the predÍctions of equation (2.8).

Masliyah and Nandakumar [12] extended their previous work [11] to

inc]ude the solution of the ener$/ equation using the same technique,
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and the same fin shape shown in Figure 2.1. A uniform input heat f'lux

axíal'ly and uniform wall temperature perípheralìy were ímposed. A fu'lly

developed, laminar, forced convection was also assumed. The fuìly

developed Nusselt number based on the Ínside diameter was presented in

graphi cal and tabu'l ar forms for the foì 'l owi ng ranges of geometrÍ ca'l

parameters: (4 <N t24,0 <Y < 3o and0.2< H< 0.8). Itwas shown

that the fully developed Nusselt number depends strongly on H, M and

A high relative fín height'leads to a high Nusselt number for any values

of M and y. Zero half-fin angle gave the highest values of Nusselt

number for any combination of M and H. Finally, Ít was shown that for

any combinatÍon of H and Y, the value of Nusselt number starts

increasing as M increases up to a certaín value of M beyond whích a

further increase in M causes a decrease in Nusselt number.

Soliman and Feingold [13] obtained an anaìytical solution for the

momentum equation in the form of an infinite series. The assumed

geometry with its relevant parameters is shown in Figure 2.2. This

geometry resembìes closely the actual geometry of the internally finned

tubes, and the seri es so'l utÍ on al 'l ows more accuracy than the f í ni te

difference or finite element solutíons. The product (fiso,fd Re) based

on the inside diameter was developed for the range: (4 1 M I 32, 0.05 <

H < L and 0 < Y < 3.0o). The present experimental results will be com-

pared with the predictions of this anaìysis.

Solíman and Feingold [14] extended theÍr previous ana'lysis [13] to

include the energy equation. Again, the solution was in the form of an

infínite series using the geometry ín Figure 2.2. Laminar, forced con-

vection, fu1ly deve'loped flow with a uniform heat flux axially and
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unÍform wall temperature perípheraì1y was assumed. Results of the fulìy

developed Nusselt number based on the inside diameter vrere presented for

a range of geometrical parameters sÍmilar to that in [13]. The effects

of H, M and Y on Nu had similar trends as those reported in [12].

The influence of the therma'l boundary condition on the heat trans-

fer performance of internalìy finned tubes was investigated by Soliman

et al. tlsl. In thÍs study a uniform wall temperature axially and cir-

cumferentialìy was imposed. The geometrical parameters used in the pre-

vious works [13,14] were adopted. The momentum and energy equations

were solved numerÍcalìy using the fínite difference techníque. Values

of Nusselt number based on the inside diameter were tabulated for wide

ranges of H and M with Y= 3o. It was shown that for any combination of

H and M, the value of Nusselt nurnber corresponding to the uniform wall

temperature boundary condition is lower than Nusse'lt number for the

other limiting boundary conditíons used in t141. The effect of the

finite conductance along the fins, which wou'ld result in a non uniform

temperature there, was investÍgated in [15,16]. It was shown that the

fÍn conductance can have serÍous effects on the overall heat transfer

performance of tubes with long fins (H > 0.4).

All the above anaìyses were concerned with sítuations where pure

forced convection is assumed to exist. As of yet, there is no published

work i n whi ch the case of mi xed convecti on i n hori zontal i nterna'l 'ly

finned tubes has been considered, mainìy due to the complexity of the

problem. However, the following three references dealt with a simpli-

fied form of the problem. The símplification was done by changÍng the

orientation from horizontal to vertical thus providing axial symtnetry
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[17], or by considering a shrouded fin array in which a two-dimensional

computati onal modul e $,as possi b'l e t 1Bl or by ì imi ti ng the number of

internal fins to two [19].

Prakash and Patankar Ii7] analyticaììy investigated the effect of

free convection on the heat transfer and pressure drop characteristics

of vertical internalìy finned tubes. Uniform heat flux axial'ly and uni-

form wall temperature circumferentially were assumed. Fu'lìy developed,

laminar flow was considered. The finite difference technique was used

in solving the relevant momentum and energy equations. The analysis was

carried out for a Rayìeigh nurnber range of 0 to 105, and the geometrical

parameters range of0 < H < 0.8,0 1M< 32, and"¡=9. The increase in

Nu and fRe due to free convection trere found to be strongìy dependent on

the geometry. Generally speaking, the percentage increases in Nu and

fRe corresponding to any va'lue of Ra were highest for the smooth tube (H

= 0) and decreased monotonicaì1y as H increased. This influence of H

was particuìarly noticeable at small values of M (e.g. M = 6). However,

at high va'lues of M (e.9. fvl = 16), the influence of H on the percentage

increase in Nu due to free convection became almost neglig'ible. For any

combination of H, M, and Ra, the percentage increase in fRe was higher

than the percentage increase ín Nu. This ís attributed to the vertical

orientation, since an opposite trend was reported by many investigators

for the horizontal orientation. The critical value of Ra at which

significant changes ín Nu and fRe began to take effect þras found to

depend on the geometry. This critical Rayleigh number increased as H

i ncreased.

Acharya and Patankar [18] analyzed the probìem of laminar, fully
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developed, mÍxed convection ín a shrouded fin array using the finite

difference method. Two cases were considered; a hot fÍn and base with a

cold fluid, or a cold fin and base with hot fluid. In the first case,

which is more relevant to the present ínvestigation, the solution was

carried out for Grashof number range of 104 to 107. The ratio of fin
height to space between fíns was fixed at 0.5, while the ratio of the

fin típ clearance to fin height (C) was assígned the values of 0,0.4,

and 1.0. The increases in Nu and fRe due to free convections were found

to be strongly dependent on C. Longer fins (i.e. smaller c) delayed the

effect of Gr on Nu and fRe. In the second case, for C = 0 and 0.4 (long

fins) the effect of free convection þ,as not sígnificant on either Nu or

fRe until Gr reached 105; while for C = I (short fins), the effect of

free convection vras significant from Gr = 104. Higher values of C

(shorter fins) produced larger increases in Nu and fRe at any value of

Gr. General'ly for all the geometrícal cases, the percentage increase in

Nu due to free convection was higher than the percentage increase in fRe

(contrary to what was reported in [17] for the vertical orientatÍon).

Mirza [19] conducted an analytica] investígation of the heat trans-

fer and pressure drop performance of a horizontal tube with two vertical

straight Ínternal fins of zero thickness. In thís investigation of

mÌxed convection, laminar and fully developed flow was considered.

Uniform heat ínput axia'lly and uniform wall temperature circumferentia'l-

ly were assumed. Results were obtaÍned for Pr = 0.7 (air) and the finite

difference method was used. The reìative fÍn height H was varÍed from 0

to 1.0 and the computations were carried out for a Grashof number range

of 0 to 106. The percentage increase in Nu due to free convection was
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found to be a function of the relative fÍn height H. An íncrease in H

was shown to have the effect of suppressÍng free convection. At H = 0

(smooth tube) the effect of free convection was shown to be significant

for Gr > 104, but at H = 1.0 this effect was deìayed to Gr > 105. At

any value of GF, the percentage increase Ín Nu was hÍgher for lower

vaìues of H. However, at Gr > 105 the tubes wíth 'longer fíns showed a

hÍgher rate of increase in Nu with Gr than those with shorter fins.

SimÍ1ar trends were also noted for fRe.

From the above review of analytical and experimental research

efforts on the pressure drop and heat transfer characteristics of

internally finned tubes, the fol'lowing observations can be drawn:

1. All analytical investigations assume fu1ly deve'loped condi-

tí ons; a si tuati on whÍ ch í s expected to exÍ st some di stance ay',ay from

the entrance of the tube.

2. The effect of free convection has not been included in any

anaìysis concernÍng the internalìy finned tubes Ín horizontal orienta-

tion, except for the simplified geometry consÍdered in [19].

3. Al most al 'l the avaí I ab'le experimental data provi de average

values of Nusselt number for a specific'length of tube. 0nìy very

lÍmited local measurement has been reported corresponding to one tube

[10].

The present investigation was carried out due to the above apparent

deficiencies. For the design of compact heat exchangers where tube

lengths are normally smalì, it Ís very important to know the detailed

performance in the thermal entrance regíon and to know the effects of

tube geometry and free convection on this performance.
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Chapter III

EXPERIMENTAL INVESTIGATI ON

The objective of this experiment is to Ínvestigate the laminar heat

transfer and pressure drop characterÍstics in the t,hermal entry region

of internally finned tubes. In this investigation, uniform heat input

axially is chosen as the thermal boundary condítíon. Distil'led water

was selected as the workÍng fluÍd because of jts wide use in practical

applications. The foìlowing main features will be studied thorough'ly

for each tube:

1. The isothermal, ful'ly developed, friction factor and the criti-
cal Reynolds number at which transition to turbulent flow starts.

2. The vari ati on of the I oca'l -average Nussel t number axi a] ly al ong

the heated section at different Reynolds and Rayle'igh numbers.

3. The diabatic frÍction factor across the heated section at

different Reynolds and Rayleigh numbers.

4. The circumferential variation of wall temperature under the

effect of free convectíon.

5. The effect of both geometry and free convectÍon on the fu1'ly

deve'loped Nussel t number.

Five copper internaìly fínned tubes with different geometries are

to be tested along with a smooth copper tube. The smooth tube is used

in this Ínvestigatíon for the following reasons:

1. To províde a base for comparison with the internally finned

tubes.
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2. To test the technÍque of heat supp'ly and wall temperature

measurement by comparing the present-smooth-tube resu'lts wíth other

experimental resul ts.

The finned tubes were supp'lied by Noranda Metal industries, Inc..

The numbers assigned to these tubes by the manufacturer are used here,

while the smooth tube is referred to as tube N0.1. All dimensions are

used as they were supplied by the manufacturer, except for tube No. z0

where signifícant deviations were noted between different research

papers. Dimensions of tube No. 20 are used as reported by Watkínson et

al. [9], which were based on actual measurements. All dimensions used

in thÍs investígation are lÍsted Ín Table 1.

3.1 General Description of the Experimentaì Set-up

A schematic diagram of the experimental set-up is shown in Figure

3.1. A tank of 200-litres capacity is used for col'lecting the test

fluid. The tank is Ínsulated by a 25'mm layer of fiber glass, A 3/4

horsepower centrifugal pump Ís used to cÍrculate the water in the

system. The water is pumped frorn the tank and passed through a filter
to prevent any solÍd impuritt.t,lf,I_being circulated ínto the system.

A by-pass líne controlted by two üqlueS, is used to adjust the water flow

rate and pressure 'level ín the system.

For each test tube, the test sectÍon consisted of a hydrodynamic

entry'length followed (wíthout any discontínuity) by a heated section in

whÍch all pressure drop and heat transfer measurenents were taken. The

tota'l length for all finned-tubes test sections rvas 3.20-m, of which

2.2-n was used as a hydrodynamÍc entry ìength. Pressure drop measure-
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Table 1 Detailed Dimensíons of Test Tubes

Tube Number I 9 10 13 L4 20

Tube outsíde dÍameter,
D9s-mm 2L.3 12.7 9 .53 9 .53 15.9 t2.7

Tube inside diameter,
Di -mm 15.9 10.3 8.00 7 .04 13.9 10.7

Fin-tÍp diameter,
D¡¡-mm 7.75 5.46 4.75 10.9 7 .66

Number of fins, M 10 16 10 10 16

Re'l atí ve f i n hei ght, H 0.248 0.318 0.325 0.216 0.284

He'l ix ang'le, c -degrees 0 0 0 0 5.4

Actua'l flow area,
A¡1 -mmz 198 .6 73.6 40.6 29.9 t37 76.6

Actual .surface area,
A.-mm2lmm 50.0 54.0 60.0 35.2 67.3 7L.6

Hydrauì ic diameter,
D¡-mm 15.9 5 .45 2.7L 3.39 8.15 4.47
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were taken across a ìength of 1.0-m of which 0.875-m constituted the

heated section. For the smooth tube, the total length of the test

section was 5.65-m, of which 3.40-m waS used as a hydrodynamÍc entry

length, followed by a 2.25-n heated section. A thermocouple was used to

measure the upstream bul k temperature immedi ately ahead of the hydro-

dynamic entry section.

After passíng through the test section, the water flows into a

mixing chamber (to be described in Section 3.2.2) forcing the flujd to

mix properìy before the downstream bulk temperature is taken- The

water is then introduced to two heat exchangers to be cooled to the

initia'l temperature (for detailed description of the heat exchangers,

see Sectjon 3.2.3). After the fluid is cooled it passes through a flow-

meter measurement station where two variable area rotameters made by

Fisher and Porter are used. The two flowmeters are connected in paral-

lel so that one or both can be used depending on the flowrate. The

small flowmeter has a maximum capacity of 18 cm3/s, while the other has

a maximum capacÍty of 7O cm3/s. Both f'lowmeters were calibrated before

the beginning of the experiment. If flowrate measurement is not

required, both flowmeters can be bypassed. After flow measurement, the

working f'luid then flows back to the accumulating tank.

An open-l oop cool i ng water system was used wi th a 100 I j tres

accumulating tank to ensure a steady flowrate. A L/4 horsepower centri-

fuga'l pump was used to círculate the water with a by-pass 'line to con-

trol the flowrate in the cooling system. The water is then passed

through a flowmeter of variable area type made by Fisher and Porter with

a maximum capacity of 300 cm3/s. The water is then passed through the
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heat exchangers, and then down to the drain.

3.2 Detaíled Description of the Main Components

3.2.1 Heated SectÍons

Figures 3.2(a) and 3.2(b) show the detailed dimensions of the

smooth tube and finned-tubes heated sections, respectiveìy. For the

fÍnned tubes, two pressure stations, l.0-m apart are used to measure the

pressure drop across the heated section with two pressure taps at each

station. Lead lines from the pressure stations are connected to a

pressure transducer with adjustable span of 0-50.8-n¡rn of water up to 0-

152.4-mm of water. The transducer Ís manufactured by Rosemount Inc.,

model No. 1151DP, and excited by a D.C. povrer supply with a 0-100 mA and

0-120 V ranges. The transducer output in mA is measured by a digital

mul timeter.

For a'l I tubes, the wa'l I temperature was measured at 27 axi al

stations along the heated section. At each station two, 24 9â9e,

copper-constantan thermocoupl es were attached to the wal I at the top and

bottom. The thermocoup'les were installed Ín a small copper well, 2.5-mm

i n di ameter, f i'l I ed wi th a hi gh therma'l ly conducti ve paste (t< = L25

W/mk) made by Omega Engíneerin9, Inc. The well is then sealed with

solid epoxy to keep the paste a'lways in contact with the tube wa'l'l , as

shown in Figure 3.3. Two wall-temperature measurement stations are

located before the begÍnning of heatíng, and another two stations are

located after the end of heating. These measurements are used Ín calcu-

lating the temperature gradient in the tube-wa'l'1, so that the bulk tem-

perature can be evaluated at the beginning and end of heating as wi1'l be
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sho!,rn i n a I ater secti on. l,|i thÍ n the heated secti on, the wal ì t'empera-

ture measuring statjons are'less distant from each other at the begin-

ning in order to detect the expected rapíd ríse in wall temperature

there, while they are more distant towards the end where the variation

in wa1l-temperature is expecteå to n. linear. Detai'ls of the dimensions

and distances between stations are shown in Figure 3.2.

An insulated heating wire of 0.81-mm ín diameter and 2.08 ohms/m is

used for heating. Two paralìel lines were wrapped tightly around the

tube in order to decrease the overall resistance' No gaps were'left

between the wires (except around the thermocouple wells) in order t0

ensure a uniform wall heat flux. A 2000 v.A. isolation transformer

(Hammond, modeì EQSP), and a pol{er variac were used to control the povrer

supply to the heating wire. This impact pourer was measured by a djgital

Watt-meter (Electro industries, model lll100) with a range of 0 to 2'0

ktll. A schematic diagram of the power circuit ís shown in Figure 3'4'

All thermocoupìe outputs were measured by a digital potentiometer in oC

or oF (Leads and Northrup, model 938 Numatron). All teSt sections !{ere

covered by a 25-Ím layer of fiber gìass insulation to largely eìimÍnate

heat losses from the test section. A specia'lly designed bed was used

for supportÍng the test section and the horizontality of the tube over

this bed was checked by a surveying level'

3.2,2 Mi xi ng Chamber

The purpose of having the mixÍng chamber is to mix the working

fluid properìy at the exit of the heated section' As shown in Figure

3.5, the charnber has a diameter of 60 mm, and a length of 200 mm' A
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thermocoupìe well filled with high thermally conductive paste (k = I25

l¡¡/mk) is used to measure the downstream bu'lk temperature using a 24 gage

copper constantan thermocouple. Two grids are fixed at both ends of the

chamber with several inclined ho]es to create a vortex in the chamber'

This vortex mixes the fluid thoroughly so that a uniform temperature is

reached around the thermocouple well. The mixing chamber performed very

wel'l for most test runs.

Since the vorticity generated within the mixing chamber depends

upon the water ve'locity, at very low f'lowrates the mixing chamber showed

ineffectiveness and the downstream thermocouple reading kept rising very

slowly with time. This problem was overcome by instal'ling a thermo-

coup'le iust upstream of the mix'ing chatnber. At very ìow flowrates it iS

expected that the water temperature becomes uniform by the time it

reaches there. Heat balance calculations have shown that this measure-

ment was quite accurate.

3 .2.3 Heat Exchangers

Two, 1.5-m long, coUnter-CUrrent, double-pipe heat exchangers

were used to cool the test fluid back to the initial temperature. The

inner tube has an inside diameter of !2.7-nn and an outer diameter of

15.9-mm. The outer tube is 19.0-mm Ínside diameter, and 22.2-mm outside

diameter. The test fluid is flowing in the annulus and the cooling

fluid is flowing in the inner tube. The heat exchangers are connected

in series by a set of valves. Depending on the settings of these

valves, the flow can be directed to on'ly one or both exchangers depend-

ing on the required heat duty. These heat exchangers are essential for
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the establíshment of steady-state conditions in the system.

3.3 Experimental Procedure

3.3.1 Isothermal Pressure-Drop Measurements and Determjnation of
Lami nar-Turbul ent Transition

All internaìly finned tubes were tested isothermaì1y to evaluate

the friction factor and the critícal Reyno'lds number, Rêç¡, at which the

flow starts the transition to turbulent flow. The following procedure

was followed for each tube:

1 . The test f 1 ui d fl owrate was adj usted to i ts 'l owest poss'ibl e

value of 1.3 cm3/s.

Z. Downstream and upstream bulk tetnperatures ì{ere recorded (both

readings were aìways the same since no heat was added).

3. The pressure transducer output was recorded when steady state

condi tions were reached. The I ast two steps were repeated after

i ncreasi ng the f'l owrate by a precal cul ated arnount that g'ives a smal I

increase in Reynolds number, so that any change in the trend of !!e"

.pressure drop wíth Reynolds number can be detected. The process was

continued until Reynolds number bqsed on the inside diameter reached

about 2500. The i sothermal fri cti on factor and the correspondi ng

Reynolds number urere then calculated for each run based on the inside

diameter with fluid properties evaluated at the bulk temperature'

3.3.2 Calibration of Wall Thermocouples

To detect any errors in the wall thermocouples readings due to

the method of attaching the thermocoup'les to the walì, all thermocoupìes

were cal i brated af ter bei ng attached to the wa] I . The fo] I owi ng pro-
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cedure was fo]lowed for each of the six test sections:

1. The flowmeters and heat exchangers were isolated from the

system by adiusting their by-pass lines.

2, The by-pass line of the test-f'lujd circulating pump was closed

completely, thus forcing the maximum flowrate to be circu'lated in the

system.

3. No heat was added in the test section. Thus, it was possib'le

to assume that the upstream and downstream buìk temperatures, as wel'l as

all wall temperatures were equaì sínce the heat losses from the test

section were minímized by the insulation.

4. The water was heated in the test-fluid accumu'lating tank using

an externa'l heater of 1500 I^l capacity controlled by a power variac until

the water temperature reached B2'C.

S. gperation continued untí1 steady state was reached, which was

indicated by the constancy of all thermocouples readings.

6. The upstream and downstream buìk temperatures a'long wi th al l

wa'll thermocouples readings were recorded. Steps No. 4,5, and 6 were

repeated for water temperatures of 60,38, and 16"C to cover alì the

range expected during testing.

During these calibration runs, the maximum difference between the

upstream and downstream bu'lk temperatures was 0.1oC. The average bulk

temperature was assumed to be the actual temperature to which all wall

thermocouples readings should be corrected. The wall thermocouples

readings deviated slightly from the bu'lk temperature. At the bulk tem-

perature of 82"C, the wa11 thermocouples readings were wÍthÍn the range

B0-82"C, while at the bulk temperature of 16oC, the walì thermocoup'les



39

readings were within t0.zoc of the bulk temperature. The four readings

at each wall thermocouple and the corresponding bulk temperatures were

used to generate a calibration formula which was used to correct the

readíngs of that particular thermocouple during the heat transfer tests.

3.3.3 Heat Transfer Tests

A simi I ar procedure u,as fol I owed for each of the si x test

sections. Two or three flowrates were selected within the laminar flow

range for each finned tube. A higher number of flowrates was used for

the smooth tube. At each flowrate, several test runs were conducted

corresponding to different input powers Ín the heated section. The

amount of change in the power suppìy from one run to another depended on

the flowrate. HÍgh input powers were needed for hígh flowrates in order

to achieve a reasonable increase in the bulk temperature.

For each run, corresponding to a certain flowrate and a certain

power input, operation contÍnued until steady state conditÍons were

achieved as índicated by the constancy of all thermocoup'les, flowmeters

and pressure-transducer readi ngs. Then, the fo'l ì owi ng data were

recorded.

i - Upstream and downstream bulk temperatures

i i - Al I wal I thermocoupl es read'i ngs

iii - Electrical input power in l'latts

iv - Pressure-transducer reading

v - Test-fluid flowrate
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3.3.4 Data Reduction

The recorded data were fed to a digital computer to be reduced.

A FORTRAN IV computer program v,,as prepared for this purpose. A listing

of this program is provided in Appendíx A. The fol1owíng briefly out-

lines the steps performed by the program. For details of ca'lculations,

a sample run is presented in Appendix B.

1. All wall thermocoupìes were corrected according to the formula

developed for each one by the calibration process.

2. The rate of heat gaÍned by the fluid was calculated as:

Q¡ = mcP (Tout - Tin) (3'1)

3. The percentage deviation between the electrica1 power supplied

and the rate of heat gained by the water was calcu'lated as:

E = [(Qe-Qr)/Qe] x 100 (3'2)

Runs wíth more than 10.5% heat balance error were reiected. In fact,

90% of the recorded runs have values of E withÍn t5%'

4. The two wall temperature measurements before the beginning of

heating and the first one in the heated section vrere used to fit a

second degree polynomial, from which the axial gradient, of wall tempera-

ture was evaluated at the beginnÍng of heatíng.

5. The above step was performed at the end of heating using the

two wall temperature measurements outside the heated section and the

'last station in the heated section.

6. Knowing the wall cross-sectional area and the wa'll thermal con-

ductivity, the rate of heat conducted axially at both ends of the heated

sectÍon was calculated.

7. The inlet bulk temperature at the beginning of the heated



4T

section ¡1as evaluated by addíng the amount of increase in the bulk tem-

perature due to the axial heat conduction to the upstream bulk tempera-

ture.

B. The outlet bulk temperature was evaluated as in t,he above step,

except that the bu'l k temperature di fference due to the axi al heat con-

ductÍon in the wall was subtracted from the downstream bulk temperature.

9. After the in'let and outlet bulk temperatures were evaluated, a

straight ìine was fitted between thern and the local bulk temperature was

evaluated at each wa11-temperature-measurement statíon.

10. At each station the difference between the average wall

temperature and the bu'lk temperature was evaluated and used to calculate

the local Nusselt number.

Nux = Qt/i(nl)(1*-r5)r¡J (3.3)

11. Local Reyno'lds, Rayleigh, and Prandtl numbers were evaluated at

each station based on the local bulk temperature'

12. The reduced length, X*, was evaluated at each station.

13. Mean values of Reynolds, Rayleigh, and Prandtl numbers were

evaluated at the average bulk temperature.

14. The average, diabatic friction factor was calculated as

fdia = [ ae oi p Af]?1/lztonzl (3.4)

A detailed ìisting of all the reduced data of all the test runs per-

formed in this investigation is provided Ín Appendix C'

,..1j'. :¡ 1j "l::!l.ri,.ì::

,: ii- '''.:.. ..
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Chapter IV

RESULTS AND DISCUSSION

In thÍs chaptern the results of pressure drop with and without heat

transfer, local and fully-developed Nusselt number, and the circumferen-

tíal variatÍon of wall temperature wí1'l be presented and discussed

thoroughly for each tested tube. Comparisons with other resu'lts avail-

able in the literature are made whenever possible. Isothermal pressure

drop measurements are presented for the five internally finned tubes

only, since the pressure drop in the smooth tube $ras too small to

measure accurately with the available fací'lity. A'lso, diabatÍc pressure

drop measurements were not recorded for tube No.9 because of technical

difficultíes duríng the testing of that tube. The ranges of operating

conditions for each of the tested tubes are listed in Table 2.

4.1 Pressure Drop Results

Thís section is divided into two subsections. In the first sub-

sectíon the ísothermal pressure drop measurements wilì be presented and

discussed to show the effect of tube geometry on the friction factor and

the critical Reynolds number at whÍch the transition to turbulent flow

starts. In the second subsection, the ínfìuence of heating on the

friction factor will be presented and discussed.

4.1.1 Isothermal Runs

The experimental procedure during the isothermaì pressure drop



Table 2 Ranges of Operating Conditions

. l I:

.rlt

itl:ì ..;1
l;

Number of
Test Runs

45

2t

L2

9

15

11

Prandtl
Number, Pr¡¡

3.4 - 6.0

4.3 - 6.2

3.4 4.8

3.5 - 4.9

4.0 - 5.6

3.7 - 4.8

Mean Rayleigh -
Number, Ra,n* 10b

1 .88 - 74.8

0.61 - 16.6

0.47 - 4.26

0.27 - 2.52

1.70 - 73.5

1.20 - 13.8

Mean Reynoì ds
number, R€m

325 - 1600

2r5 - 920

360 940

420 - 720

280 - 1360

230 - 920

Input Power,
Qe' Watts

50 - 2000

50 700

50 - 300

50 - 250

50 - 1200

50 400

Mean Fìowrate,
m (Kg/hr)

4.7L - 4?.7

4.71 - 15.3

4.71 - 11.8

4.7L - 6.04

8.23 - 30.3

4.71 - 18.9

Tube
Number

1

9

10

13

14

20

Þ(,



runs was given in detail in the prevíous chapter.

and Reynoì ds number were cal cul ated based on the

fol I ows:

44

The friction factor

inside diameter as

ReÍ = (ñrul)/( uA¡l) (4.1)

(f.¡ss,fd)i = (ÀRoi p Afl2\l?urnz) (4.2)

The friction factor and Reynolds number calculated from equations (4.1)

and (4.2) are plotted on a log-log scale for each tube in Figures 4.1 to

4.5 along wíth the two analytical predÍctíons reported ín [11,13]. In

these figures, the experimental frictíon factor is seen to vary ìinearly

with Reyno'lds number in the laminar flow region as expected. The sharp

devÍation from that linear behavÍour indicates the start of the trans-

ítion to turbulent flow. Reynolds number corresponding to thís trans-

Ítion is called the critical Reynoìds number (Reç¡). The experimental

fríct,ion factor in the laminar region shows good agreetnent with the

analytÍcal predictíons as can be easÍly seen in Figures 4.1 to 4.5. The

values of (fiso,fd Re)i for all the finned tubes are lÍsted with the two

analytica'l predictions in Table 3. Notice must be directed to the fact

that the experimental results for tube No. 20, which is a spirally

finned tube, has been compared wíth the analytical results of [11,13]

which were deve'loped for tubes with straight Ínternal fins. It is

assumed that this comparison ís valid based on the analytical resu'lts of

Ivanovic [20] which show that the spÍrallÍng of the fins in tube N0.20

will affect the heat transfer and pressure drop performance onìy for

(tancl ) Re¡ > 1000. For o = 5.4o, this critería reduces to Reh >

10,000, which is beyond the present experimental range.
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Table 3 Comparîson of (f1se,ç¿ Re).¡ - Values With Two Analytical
P redi c ti ons

Tube Number Present Experiment
Ref. t11l
Equati on

(2.8)
Ref. t13l

lilithy = 3o

9 34.6 3r.2 29.t

10 45.6 48.2 47 .5

13 47 .4 42.1 35.9

14 25.3 26.9 26.1

20 27 .4 37 .4 41 .3
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The crÍtÍca'l Reynolds number for all the five internalìy fjnned

tubes was calculated based on both the inside and hydraulic díameters

and listed in Table 4. It can be seen from these results that the

critical Reynoìds number decreases as H Íncreases while M has an oppo-

site effect. The data ís limited however and does not permit deve'lop-

ment of a reasonably accurate correlation. In an earlÍer investigation,

l,latki nson et al . t9l reported simi'lar data for 18 i nternal'ly fi nned

tubes with different geometries. Their results were presented a'long

with a straight line that passes through the data, on a log-1og plot

using the critícal Reynolds number based on the hydrauìic díarneter.

This plot was reproduced along wíth the present results in Figure 4.6.

The correlation line is seen to be mostly influenced by the data of the

spiral'ly finned tubes, while the points corresponding to straight fins

are all fallíng above that line. The scattering in the plot suggests

that the critical Reynolds number is influenced by other parameters such

as the number of fins. The present results are shown to be most'ly above

the correlation line where all the data of straÍght fins are.

4.L.2 Runs With Heat Addition

During the heat transfer runs, the pressure drop across the whole

heated section was recorded. The diabatic friction factor (as an aver-

age over the heated section) was calculated by equation (4.2), and

Reynolds nurnber was calculated by equation (4.1). The modified Rayleigh

number was cal cul ated as fo] I ows:

Ra* = tgB Di3Qtp 2cpl / lvKfz, Ll (4.3)
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Table 4 Critical Reynolds Number Based on the Inside and Hydrauìic
D i ameters

Tube Number H M (Reç¡).¡ (Reç¡)¡

9 0.248 10 1530 8i0

10 0.318 16 1300 440

13 0.325 10 600 289

14 0.216 10 2130 t249

20 0 .288 16 146 5 6L2
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In order to show the effect of heating on the pressure drop, with-

out the Ínterference of any property effects, all properties were evalu-

ated at, the Ínlet bulk temperature. By evaìuating al'l fluid properties

at the inlet bulk temperature, the ratio (f¿i¿/f1so,fd) represents the

ratío of pressure drops for two ídentical tubes with the same flowrates

and the same inìet temperatures with heat being supplied to one of the

tubes while the other is kept adiabatic. The ratio (T¿1¿/f1so,fd) was

plotted against Ru* for each tube separately and the results are shown

in Figures 4.7 to 4.10. The p'lotted data is seen to be strong'ly depend-

ent on Reynoì ds number. For each tube, two or three sets of data cor-

responding to different Reyno'lds numbers are shown. From Figures 4.7 t'o

4.10 it can be noted that the value of (î¿i¿/fiso,fd) decreases wÍth

increasÍng Ra* for all sets of runs of tubes 10 and 13. For tube No'

L4, the ratio (f¿i¿/fise,¡¿) increases with íncreasing Ra* for all sets

of runs. For tube N0.20, (T¿i6/flso,fd) increses wíth R¿* for one set

of runs, while for the other set, the ratio (f¿1¿/f1so,fd) shows a

decrease wíth Ra* up to a certain value of Ra* and then it starts

increasíng. From these results it is clear that there are two factors

responsible for thÍs behaviour. One is the fluid viscosity, and the

other is the free convection. At low values of R¿*, the free convect'ion

effect is not strong, and the heat supplied causes a drop in the fluíd

viscosÍty which consequently causes a decrease in the pressure drop'

Thís seems to be the case for tubes N0.10 and 13 where most of the data

correspond to Ra* < 106. At high values of Ra*, the free convection

effect on the pressure drop is strong enough to overcome the viscosity

effect, and an increase in the pressure drop results as reflected by the
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values of (î¿¡¿/flso,fd). This is the case for tube No.14 where the

data correspond to Ra* > 106. Tube No. 20 for which the data has a

medium range of Ra*, shows a contínuous increase in the pressure drop

for one set of runs, while the other set shows a decrease and then an

increase wíth íncreasing Ra*. The resu'lts in Figure 4.7 to 4.10 suggest

that there is a critical value of Ra* at which the effect of free

convection becomes stronger than the viscosÍty drop. Thís critícal Ra*

seems to depend on Reynolds number and tube geometry.

Another important trend di sp'l ayed by Fi gures 4 .7 to 4.10 i s the

effect of Reynolds number on the value of (f¿ia/fiso,fd). At low values

of Ra*, lower Reynolds numbers corresponds to lower values of (f¿ia/

fise,¡¿) as in tubes 10 and 13, whi'le the trend Ís reversed at higher

values of Ru* as in tubes No. 14 and 20. At low values of Ru*, where

the effect of free convection is not strong, the pressure drop decreases

as Re decreases at the same Ra* because smaller Re results in hígher

rÍse in bulk temperature and consequentìy a lower average viscosity in

the heated section. At high va'lues of R¿*, the free convective currents

are aÍded by this decrease in víscosity and thus the pressure drop

increases as Re decreases at the same Ru*. It must be poínted out that

the above Reynol ds number effect, i s not di scussed i n al most aì 1

analyt,ical investÍgations since it is a common practice to assume con-

stant properties.

A comparison was also made between the experimental data and the

predi cti ons of empi ri cal equati on (2.7 ) reported i n t6l for smooth

tubes. Values of f¿i¿ and Ra were calculated wÍth all properties evalu-

ated at the film temperature at the middle of the heated section as
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recommended in t6l. The resuìts are shown for each tube separate'ly

a'l ong wi th equati on (?.7 | í n Fi gures 4 .11 to 4 .14. Accordi ng to the

trends reported in [18,19], it is expected that all the experimental

values would fall below the line of equation (2.7). This empirical

equation was limited in t6l to Ra < 106, however, ít was extended by a

dotted line in Fígure 4.11 to 4.14 to cover the range occupied by the

experímental data. Tubes No. 10 and 13 show values of (T¿i¿/f1so,fd)

lower than the empirica'l equation confirming the expectation that the

effect of free convectÍon vras suppressed by the presence of the fins.

Tubes No. 14 and 20 crossed the empirical line to higher values of

(F¿i¿/fiso,fd). Most of the experimental data that crossed the empiric-

al lîne correspond to va'lues of Ra higher than 196, which ís outside the

recommended range of the empirical equation.

To show the effect of geometry on (T¿i¿/fiso,fd) two plots are pre-

sented in Figure 4.15 and 4.16. Each pìot contains data for tubes No.

10,13, L4 and 20 at the same range of Re¡¡, with equation (2.7) for com-

parÍson. Figures 4.15 and 4.16 show that tubes N0.10 and 13 with

higher values of H exhibit,ed lower values of (1¿1¿/fiso,fd) than the

other finned tubes and the empirica'l prediction for smooth tubes. Tubes

No. 14 and 20 with lower values of H exhibÍted a sharp increase Ín

(F¿1¿/fiso,fd) at hígh va'lues of Ra and exceeded the empirical

predictions for smooth tubes. However, this occurred mainly at Ra > 106

where equation e.7) may not be valid. Genera'lly, the presence of the

fins seems to suppress the effect of free convectÍon on the values of

(l¿1¿/flso,fd). By comparing the results of tubes N0.10 and 13 which

have almost the same value of H but different values of M, we find a

clear trend in Ffgures 4.15 and 4.16 indicatÍng that a larger I'l results

in less free convectíon effect on the diabatíc friction factor.
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4.2 Heat Transfer Resu'lts

The testing procedure r.las descríbed in detail in the last chapter.

After the raw data were recorded, the local Nusselt, number Nu¡ was cal-

cu'l ated as fol I ows:

Nu¡ = Q¡/ .rr L (Tu, - T5)k¡J (4.4)

The dimensionless distance along the heated section rvas calculated as:

x+=[x/Ri]/(Re¡Prx) (4.5)

and the dimensionless wall temperature was calculated as

o*= [n L (T-¡1 - TU)k1] / Qr (4.6)

The local Reynolds number Re¡, local Prandtl number Pr^ and local modi-

fied Rayleigh number Ra¡* were calculated at the'local bulk temperature.

4.2.L l,la'll Temperature

The local wall temperatures were recorded at the top and bottom

of the tube for all wal'l-temperature-measurement stations. For each

tested tube, two or three runs at different values of Ra,¡* were selected

to cover the range of Ra,n* used for that tube. The selected runs were

plotted on a log-log scale for each tube separateìy, w'ith the theoretic-

a'l predictions for pure forced convection in smooth tubes t211. As was

mentioned earlier, no solution Ís available yet for the therma'l entry

regi on of i nternaì 1y f i nned tubes . Fí gures 4 .L7 to 4 ,22 show O\^/

against X+ for each tube separately.

In Figure 4.t7 for the smooth tube, the experÍmental dat,a in the

early part of the the.1qg1...ent!:y region converge to the analytical -pre-
q--^".¡".--*,.,-,._,--,, 

-

diction for all values -o-f Ra¡n*. This convergence indícates that the f¡ee

convection effect is very weak Ín thÍs part due to the small differ-
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b-ulk .tem.peratunes. ôs w.g.r¡¡o-v,e to hj.gher va'luqs ol

The difference in wal ]_ --te¡p 
e. ra 

-t.11 
rq,Þ-e 

!-W_e 
e_n 

^. !.|9 "-!{p= . 9.n.9

lue in the fully developed flow region.

Xr, the experÍmental data start to deviqte fron the analytÍcal . Pfg:

diction índicating that the effect of free convection ís startíng to

take p'lace. As the ef fect of free convection 9loï9, a _seP9lati on

I top and bot,tom temperatures starts to take place. The

the t9_p. .j: alryays hi gher. than .th-e_ tempellture .at,.,th9

bottom whÍch agrees with the trend repgrted iI 9ll pleviou¡ e¡perimentg,

between the wa]

temperature at

Runs with high er values of * gh.owe-d hi gh,q-¡ di fferenc-,es j n I q_C-gl.,rya t 1

temperature between the top and bottom. Similar results are shown for

the finned tubes in Figures 4.18 to 4.22, except that at the entry

region the experimental data did not approach the analytical predÍctíons

due to the geornetricaì effects. However, all runs correspondíng to

different va'lues of Ra** approach each other índicatÍng 3=Ig-q.lf _q'!lq_ç-t.'pf

free convec t the earlvpart of the th rrnal ent re io At

símilar values of Ra*, the smooth tube which has the thickest wa'lì,

exhíbited smaller wall temperature difference between the top and bottom

as compared with the finned tubes which had smaller wall thÍcknesses.

4.2.2 Local Nusse'lt Number

For each run the average-locaì Nusselt number was calculated as

defined by equation (4.4). In order to show the effect of Reynolds

number on the local Nusselt number, two runs for each tube were selected

with nearìy the same Ra¡¡* but different Re¡. The average-ìocal Nusse'lt

number for the two selected runs was plotted on a log-1og scale versus
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X+ along with the theoretical prediction for the thermal entry region of

smooth tubes with pure forced convection, as shown in Figures 4.23 to

4.28. In Figures 4.23 to 4.28 the expenimental data for each tube are

practícally identical showing no effect of Reynolds number either in the

thermal entrance region or the fuìly developed region. Based on the

prevÍous analytical and experimental ínvestigations, Reynolds number is

not expected to have any effect on Nusselt number in the fu'l'ly developed

regÌon. However, Reynolds number does have an effect on Nusselt number

in the entrance regÍon which was e'líminated in Figures 4.23 to 4.28 by

using X+ as a measure of dÍstance. To demonstrate this effect, the two

runs of tube No.9 were replotted using x/Ri instead of the reduced

length X+. Figure 4.29 as compared with FÍgure 4.24 shows the effect of

Reynol ds number on the local Nussel t number ín the thermal entry

region. At the same x/Ri, Nusselt number Íncreases as Reynolds number

increases. Thís trend is consÍstent with other investigations.

A second set of fÍ gures was prepared for al'l the tubes to

illustrate the effect of Ram* on the loca'l Nusselt number. For each

tested tube, two selected runs wÍth nearly equal va'lues of Rem but

different values of Ram* are presented in a separate plot ín Figures

4.30 to 4.35. l,lith each plot the analytical predÍction of the'local

Nusselt number Ín the thermal entry region of smooth tubes is shown for

comparÍson. Figures 4.30 to 4.35 show that in the early part of the

thermal entry regÍons the data of different runs approach each other

despíte the difference in Ra¡¡*, indicating a weak effect of free con-

vection in that regíon. As !{e move towards the end of the heated

section, va'lues of the local Nusselt number for the two runs start to
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separate from each other indícating the effect of Ra**. As the fully

deve'loped flow region was reached, which was indicated by constancy of

the local Nusselt number wÍth X+; the dífference in the local Nusselt

number between the runs wí th di fferent Ra* remai ned constant except for

some experimental scattering. The effect of Ra* on the fu'l'ly developed

Nusselt number is shown to be quite substantial. For tube No. 1

( smooth ) , the fu'l ty devel oped Nusse'l t number rí ses for the wel I -known

value of 4.36 at Ra,¡* = 0 to 13.6 at Ra¡¡* = 0.13 x 108; and for tube

No. 9, the ríse is from 5.00 [14] at Ra,¡* = 0 to about 14 at 4ar* = 9.32

x 107. No other data (ana'lytical or experimental ) Ís availab]e for com-

parison, especial'ly in the thermal entrance region of internally finned

tubes.

4.2.3 Fully Developed Nusselt Number

ComparÍson wíth previous works under similar experimental and

boundary conditions is possib'le only for the case of tube N0.1. The

predictions of equations (2.1) and Q.4l are shown with the pt'esent

experÍmental data in Figure 4.36. Equation (2.t) was developed for a

stain'less steel tube with water as the working fluid, and equatíon (2.4)

v,,as deve'l oped f or copper and al umi num tubes wi th water as the workí ng

fluid. All properties needed in pìottíng the data in Figure 4.36 were

evaluated at the mean bulk temperature as recommended in [1,3]. Fîgure

4.36 shows generally a very good agreement between the two empirical

equations and the present experimental data. Most of the experimental

data fell between the two empirica'l equatÍons, with equation (2.1) over-

predictíng the experimental results while equation (2.41 is underpre-
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dicting. However, the deviation between the two predictions is very

small. The good agreement displayed in Figure 4.36 a'lso serves to vali-

date the experimental technique foìlowed in this investigatíon.

The effect of free convection on the degree of heat transfer

enhancement is presented for each finned tube Índivídua'lly in Figures

4.37 to 4.41. In each of these figures the ratio (N¡¿/Nus) is plotted

against Ra¡,¡*, where Nuo is the Nusselt number for pure forced convection

(i.e. Ra¡n* = 0). Values of Nus used here ane based on the analysis ín

[14] and are listed in Table 5. An attempt to correlate the data of

each tube was done assuming the fol'lowing relatÍonship:

Nu¡6/Nue=1+C1(Ra**)C2 (4'7)

Equation U.7) has the same form of equation (2.41 developed by Ede [3]

.for smooth tubes. Geometrícal effects are expected to influence the

values of C1 and C2. A standard program based on the least square

method was used to obtai n the val ues of C1 and C2 that al ì owed for the

best fit between equation (4.71 and the experimental data of each tube.

The resulting values of C1 and C2 are listed in Table 5.

From Figures 4.37 to 4.4L, it ís notíced that equation (4.7) is

successful in correlating the effect of Ra,n* on Nu¡¿. This success is

reflected by the mínimum data scattering shown in these figures. It

must be pointed out that values of C1 and C2 for each tube Are app'lic-

able within the tested range of Ra,o* listed Ín Table 5, and caution must

be exercised when used outside thÍs test range.

The value of C2 is a measure of the rate of increase of Nu¡¿ with

Ram*. It is seen from Table 5 that the smooth tube has the lowest va'lue

of C2. Aìso, for the same M, C2 increases as H íncreases and this trend



Table 5 Values of Nue, C1 and C2 Used in Equation (4.7)

Source

Equati on
(2.41

Present
Experi ment

Present
Experi ment

Present
Experi ment

Present
Experi ment

Present
Experi ment

C2

0.300

0 .503

0.443

0.628

0.439

0.430

C1 x 104

150

6.27

12.7

0.929

17 .2

18.7

Ra** ¡ 19-6

1.88 - 74.8

0.61 - 16.6

0.47 - 4.26

0.27 - 2.52

1.70 73.5

1.20 13.8

Nuo [141
With Y = 3o

4.36

5.00

4.90

5 .53

4.84

4.79

M

0

10

16

10

10

1 6

H

0

0.248

0.318

0.325

0.?16

0 .288

Tube
Number

1

9

10

13

1 4

20

(O
f\)
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is consistent with the resu'lts of Mirza t191. For the same H, C2 seems

to decrease as M increases. Tube No. 13 with the largest value of H and

smallest value of M has the largest value of C2.

0n the other hand, the value of C1 can be seen frorn equation (4.7)

to be related to the critical Rayleigh number at which free convective

effects become signíficant. The higher the value of C1 the lower the

critical Rayleigh number. From Table 5 it is clear that the smooth tube

has the hi ghest Cl , i . e. the 1 owest cri ti cal Rayl ei th number. The

presence of fins delayed the effect of free convection. This delay

increases as il increases and/or M decreases.

The effects of geometry on C1 and C2 (discussed above) are

illustrated further in Figure 4,42 in which the smooth tube performance

is represented by equation (2.41 and the finned tubes performances are

represented by equation (4.7) with the appropriate values of C1 and C2.

Since the free convective effects starts early in smooth tubes, the

value of (Nu¡¿/Nue) for smooth tubes exceeds that of all tested tubes up

to Ram* of about 5 x 106. Beyond this value a reverse of trend is

apparent in Fígure 4.42. Keeping in mind that Nu6 for any fínned tube

is hÍgher than Nue for srnooth tubes, the resu'lts of Figure 4.42 indícate

that finned tubes are capable of a sígnificantly enhanced heat, transfer

performance, compared with smooth tubes partÍcularly at hígh Rayleigh

numbers.
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Chapter V

CONCLUSION AND RECOMMENDATIONS

An experimental investÍgatÍon was carrÍed out to study the pressure

drop and heat transfer characteristics in the therma'l entrance region of

six tubes (five Ínternal'ly finned and one smooth) under lamÍnar flow

condi ti ons. The f'low was hydrodynami cal'ly devel oped but thermal'ly

developing. Uníform heat input axial'ly and circumferentiaììy was

supp'lied in the heated section. Measurements of wall temperature,

friction factor, and'loca'l Nusse1t number were performed over a wide

range of operating conditions. From the present experímental resuìts,

the fol'lowing conclusÍons can be drawn:

1. The Ísothermal friction factor for all the Ínternaì'ly finned

tubes Ín the laminar flow region was found to agree well with two

analytical predictions [11,13] for Ínternal'ly finned tubes of similar

geometries under laminar and fulìy developed f'low conditions.

2. The critical Reynolds number at whÍch the transition to tur-

bulent flow started h,as found to increase wíth M and decrease wíth H.

These findings were also reported in [9]. Both the present results and

those reported in [9] showed reasonab'le agreement in trend.

3. The ratio of diabatÍc to ísothermal friction factor for the

interna'l1y finned tubes was compared wíth an empirical equatíon for

smooth tubes. The comparison showed that the presence of fÍns suppressed

the effect of secondary f'low, hence at Ra < 106 the finned tubes showed

lower values of díabatic to isothermal friction factor. At higher Ra,
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the internally fÍnned tubes showed higher increases in the friction

factor over the extrapolated empírical equatÍon for smooth tubes.

4. The experimental top and bottom wall temperatures for the

smooth tube at any value of mean Rayleígh number was found to approach

the pure forced convection analytical predíction at the early part of

the thermal entry region indicating that the effect of free convectíon

is not strong in that part. However, the top and bottom temperatures

started to separate from the anaìytical predictÍon and from each other

at higher values of X+ Índicatíng stronger free convection effects. The

maxímum effect of RayleÍgh number was found in the ful'ly developed flow

region. For any tube the difference in wall temperature between the top

and the bottom was found to increase with RayleÍgh number.

5. The ìocal Nusselt number was found to be influenced by the

Reyno'lds and Ray'leigh numbers. The effect of Reynolds number was in the

thermal entry region only, where the loca'l Nusselt number increased with

Reynoìds number. The RayleÍgh number effect started at the thermal

entry regíon and increased to its maximum effect in the fu'l1y developed

flow region. Its effect was found to be very strong in enhancing the

Nusse'lt number up to 500% over the forced convectíon value.

6. The fully deveìoped Nusselt number for the smooth tube þras com-

pared with two other empiricaì equations of two different sources. Most

of the experÍmental data fell between the two empirical equations, thus

supportíng the method of testing used in this study.

7. The values of Nu¡¿/Nue for the internally fÍnned tubes were

found to be lower than the smooth tube for value of Ra¡* < tu 5 x 106

Índicating that the presence of fins suppressed the effect of free con-
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yection. However, the rate of increase of Nu¡¿/Nus wÍth Ram* for the

Ínternally fínned tubes was higher than for the smooth tube, hence at

Ram* > tu 5 x 106 the finned tube ratios exceeded those for the smooth

tube. Tubes with ìonger and fewer fÍns exhibíted the ìargest crítícal

RayleÍgh number at whÍch the effect of free convectÍon starts and the

highest rate of Íncrease of Nu¡¿/Nuq wíth Ra¡¡*.

Based on the líterature survey and the present study, the author

wïshes to recommend the following to assíst ín guiding further studies:

1. The effect of Prandtl number on the heat transfer performance

of the internalìy fÍnned tubes should be investigated.

2. l,lÍder ranges of M and H should be used for similar investiga-

tions to assist ín developing the most efficient geometry.

3. Analytical investigatíons are needed for the thermal entry

regíon of the internally fínned tubes. Due to the complexity of the

problem, pure forced convection flow can be assumed in the ínítial
stages.

4 . Ana'lyti ca1 i nvesti gati ons of ful 1y devel oped f'l ow i n Í nterna'l 'ly

finned tubes for mixed convection should be considered.

5. Analytical and experÍmental Ínvestigations for finned tubes

shoul d be extended to hi gher val ues of Rayl ei gh number to expl ore the

effect of RayleÍgh number on the fully deveìoped Nusselt number. These

ÍnvestigatÍons are needed to confirm the present results where the

enhancement ín Nusselt number due to free convectíon was shown to be

higher for fínned tubes than for the smooth tube at large values of

RayleÍgh number.
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Appendix A

L IST ING OF CO'.IPUTER PROGRA'.I FOR DATA REDUCT ION

Dr¡iENSr0N T(80),TF(80) ,x(80) ,FLr4A(too),FL¡rB(too),FLtlc(ìoo) ,Tc(go)
Dr,'IENSr0N NU(60) ,xp (30),y(5),xl (60,4) ,RE (40),RA(40),NUA(!O)
REAL L,NU,KC,K,NUA

KC tS THE THERT{AL CoNDUCTtVtTy 0F CoppER tN (|/ATT,/i,1ETER. DEG C)

KC=.......

IS THE HEATED SECTION LENGTH IN CENT I''IETERS

IS A I,IATHI'IATCAL CONSTANT

pt=3.1\15927

IS IHE INS I DE D I A¡IETER IN I{ETERS

u-.......

rs THE CRoSS-SEC. AREA 0F THE wALL tN SQUARE0 CENTT''TETERS

AIJ=...'...

IS THE NOI'lINAL SURFACE ARTA OF THE TUEE IN(SQUARID IlETERS)

AS=.......

rs THE ACTUAL FLot' ARtA tN (SQUARED ¡ilLLt¡TETERS)

c
CL
c

c
c Pr
c

c
CD
c

c
4AW
c

AS

AF

c
c
c

c
c
c

AF=......
l=10
D0 5 J=I,10
READ, FLr,rA (t), FLnB ( | ), FLHC (t)
l- l+10

5 CoNTTNUE
READ, (X (l) , l=l, l4)
READ' (X (l) 

' l=15'23)
READ, (Y (l) , l=l,4)
D0 2 J=1,5¡r
READ, (xl (J, t), ¡-¡,4¡

2 CONTINUE
c
C THE NEXT LOOP IS FOR THE NU'.IBER OF RUNS
c

D0 J N=l'....

R I , R2, R3 ARE THE READ I NGS OF THE F LOI.I¡iETERS IN PERCTNT
Rì,R2 ARI FOR THE }IORKING FLUID FLOWRATT
R3 I S FoR lHt C00L rNG |'ATER F LoI,IRATE

c
c
c
c
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cQ
c

ls rHE INPUT POI'/ER rN rìrATTs , p r s rHE pREssuRE DR0p READ rNG rN (ñA)

READ, R I ,
READ, (T(
READ, (T (
READ, (T (

READ, (T(
READ, (T (

READ, (T (

R2,R],Q,P
,l=l t0)

,20)
, l=2 ,30)

' l=3 ,40)
, l=4 ,50)

¡,¡=5r,62)
CALL CALIBR (T,TC,Y,Xì)
D0 ì0 t-t,54
T(t)=7s1¡¡

IO CONTI NUE
D0 l5 t=t,62
r (t) = (5. /9.),r (r ( t) _32 . )r5 coNTtNUE
rA= (T (55) +r (56) ) / 2 .
CALL F LI'IETR (R I, R2, R3, F LI,IA, F L¡tB, F 1,,1C, F LRT, F LRTC)
PR I NT 7 , N , N , N , N , N , N , N , N , N , N , N , N , N , N , N , N , N

7 FoRttAT(, 1,,35X, t7 (t4) )
CALL HETBAL (Q,FLRT,TA,T)

THE FOLLOI.JING ìO STATEITENTS ARE FOR CORRTCTING THE INL
TEITPERATURE BY CONSIDERING THE AXIAL HEAT CODUCTED OUT
SECTION OF THE TUBE.

,l=l

c
c
c
c
c

T AND OUTLET
OF THE HEATED

rl= (r (l)+r (28)) /z.o
12= (r (2) +r (2Ð) /2.o
13= (T (3) +1 (3o)) /2.o
B= (r.l -T3-0.66661t Í | -rz) ) /z.66667
T (55) =T (55) - ( I ooo. o,rB*Awr¡Kc) ,/ ( I oó. o,rF LRT,rcp (T (55) ) )Tì ì= (r (2Ð+r (52)) /z.o
rr2=(r (26)+r 153¡7 ¡2.s
T I 3= (r (27) +r (5\) ) /2 .o
Bl= (rl3-Tì ì -3.2,r (Tt I -Tl2) ) / 2\.0
r (56) =T (56)+ (IOOO.O/rB I¡rAtJ,rKc),/ (Ioo.or,FLRT,tCp (T (56) ) )DO 20 J=l,23

- TF (J) =T (55) * (t . -x (J) /L)+ (x (J) /L) *T (56)
20 CONTINUE

Qc=F LRr/ 1000. ¡tcp (TA) r' (r (56) -r (55) )
D0 lr J=1,23
RA (J)- (9.81r(toooo.glB.EIA (rF_ (J) ) rf (D*,r4) *Qc* ( (Ro (rF (J) ) ) *,12) ¡r

.'tcp (TF (J) ) ) / (vtsc (TF (J) ) * (K (TF (.t) ¡'*,t2¡ ins,tloooo.o)
4 CONTI NUE

CALL PRESS (P,DP,DP],DP2, CF, D,TA, FLRT,AF)
REtt=FLRT*D* I 000. O,/V I SC (TA) /AF
RA¡t= (9.81* l0OOO. O*BETA (TA) * (DrÌ,r4) rrQc* ( (RO (TA) ) ,,,r2) ,rCp (TA) ) /r, (Vl Sc (Tn) *¡ 11¡¡ **2*AS*tOooo.o)
PRfl=PR (TA)
PR I NT 6 , REIl, RA',I, PRI.l

6 t0RftAT('O',ìox,'REl'l -,,F6.1,25X,'RAti - t,E9,3,25x,
rtf PRll - t,FS.Z,/)
TrN-T(55) *9./5.+32.0
Tou=T (56) *9./5.+jz.o
PRINT 8,TIN,TOU

8 FoRt'lAT(,or,lox, ' INLET_TEltp =t ,t6.2,2JX,'ouTLET TEllp =, ,F6.2,/)CALL RENOLD (FLRT,D,TF,PI,RE,AF)
CALL EXHBAL (FLRT,FLRTC,T)
CALL NUSELT (FLRT, L,T,TF,X, P I,TA, Q,NU, D,NUA, AS, FNU)D0 I J=t,23

. If (!) = (2 . *r( (r) /D/RE (J) /pR (rF (J) ) / I oo . )I CONTINUT
CALL PRINTS (NU,RE,XP,RA,TF,X,TC,NUA)
PRINT 9,FNU
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9 FOR,.IAT (.0.,30x, 'AVERAGI TULLY DEvELoPED NUSSELT =' ,T6.2,/)
3 CoNTtNUE

PRTNT 30
30 FoRt¡tAT (' I ' ,40x, ' END 0F DATA')

STOP
END

c
C THE FOLLOWING SUBROUTINE CORRECTS THE READINGS OF ALL WALL
C THER¡TOCOUPLES ACCORDING TO THE CALIBRATION.
c

SUBROUTINE CALIBR (TR,TC,Y,X)
Dt¡iENSt0N Z (5,5) ,x (60,4) ,y (5) ,TR (80) ,Tc (go)
D0 ì0 J=ì,54
D0 20 l=2,,lr
z (1, ì) = (Y (l) r, (x (J, | ) -TR (J) ) -Y (t ) * (x (J, l) -rn (J) ) ) / (x (J, I ) -x 1.1, ¡¡ ¡

20 CONTINUE
D0 30 l=3,4
z (t,2) - (z (2, l),t (x (J, l ) -rR (J) ) -z ( l, l) t (x (J, 2) -rR (J) ) ) /

* (x (J, r ) -x (J,2) )

30 coNTtNUE
Tc (J) = (z $,2) 't 

(x (J, ¡{) -ÎR (J) ) -z (\,2) * (x (J,3) -TR (J) ) ) /
* (x (J,4) -x (J,3) )

IO CONTI NUE

RITURN
ENO

c
C THE FOLLOI./ING SUBROUTINE CALCULATES THE PRTSSURE DROP
C ANO THE FR I CT I ON TACTOR.
c

SUBROUT I NT PRESS (P, OP, DP I, DP2, CF, D,TA, F LRT, AF)
9p= (p-r+. ) *3, /8.0
DP ì =0PrrR0 (TA) *g. g ì,r.0254
DP2=0P]l/689\.76
CFÊDPl*D'tRo (TA) ¡t ( (AFlì000000.0) r'*2) / (2.¡tl .O* (FLRT,/lOOO.)¡r'r2)
PRINT IO,DP,OPI,DP2,CF

l0 F0RI{AT('0',5X, 'PRESSURE DRQP = ',FÀ.2, r lN H2O', ' OR ',*F8.2, ' PASCAL" ' 0R ,,F6.3, I pSl"ìox, rcF = ,,F10.7,/)
R ETURN

END
c
C THE FOLLOWING SUBROUTINE CALCULATES NUSSELT NUI,IBTR AT THE TOP AND
C THE BOTTOI1 OF TACH STATION IN THE HEATED SECTION
c

SUBROUT I NE NUSELT (F LRT, L,T,TF, X, P I,TA, Q, NU, D, NUA, AS, FNU)
Dil'tENSt0N T (80),TF (80),x (60),NU (60),NUA (40)
REAL NU,L,PI,K,NUA
Qc=F LRT/ I 000 .o*cP (rA) * (T (56) -T (55) )
D0 20 J=1,23
NU (J) =QcrrD/ (r (J+2) -TF (J) ) /AS/K (TF (J) )

20 CONTI NUE

D0 2j J=2\.46
NU (J) -QcrrD,z (r (J+6) -TF (J-23) ) / AS/R (rF (J-23) )

25 CoNTt NUE

D0 J0 J-ì'lJ
NUA (J) -Qc*0,/ ( ( (T (J+2) +T (.1+Zg¡ ¡ /2.0') -f t (J)) / AS/K (rF (J) ). 30 coNTtNUE
SUll-O .0
D0 40 J-7,23
SUñ.SUl,t+NUA (J)

40 CONTINUE
t NU-S Ul,t,/ ì 7 .0
RETURN
IND

c
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C THE FOLLOI'ING SUBROUTINE PRINÏS ALL THE RESULTS IN A CERTAIN FORI'IAT
c

SUBROUTINE PRINTS (NU,RT,XP,RA,TF,X,TC,NUA)
D r r,rENs I 0N NU (60), RE (q0), xp (30),RA (40),TF (80), x (80),rc (80),NUA (40)
D rr'rENs t0N rEtrP (10) ,rL (30)
RIAL NU, NIIA
PRINT ìO

IO FORI.iAT('O',' ST.NO BOT NUS TOP NUS AVE NUS X+. RAYL NUI.I
*' , ' RE NUI'I PR NUI'I X BOT TTI.IP TOP TE¡iP AVT TEI,IP BUL TEI1P I 

)
D0 20 J=ì,23
TEHP (J) = ( (Tc (J+2) +rc(J+2il) /2.0)
TL (J) =Tr (J) ,t 9.o/5.0+32.0
PRINT 30,J,NU (J) ,NU (J+23) ,NUA (J) ,XP (J) ,RA (J) ,RE (J) ,PR (TF (J) ) ,X (J)

r,,Tc (J+2) ,TC (J+29) ,TE¡tp (J) ,TL (J)

30 F0RfrAT (' 0 

" 
3x, t 2,ux,F 5.2,\X,F 5.2,4X, F5. 2, 3x,t 7 . 5, 3X,89.3

rt, 2X, F6. 1, 3x,t \.2,2x,t \. 1, 3X, F5. |,5X,t 5. 1,5X,t 5. ì, 5X, F5. 1)
20 CONTINUE

RETURN
END

c
C THE FOLLOWING SUBROUTINE TAKTS THE FLOI./RATE READINGS OF ALL THE
C FLOWI4ETERS IN PERCENTAGE AND GIVE THE¡1 BACK IN (GR/SEC) ACCORDfNG
C TO THE CAL I BRAT I ON OF THE F LOWI'IETERS.
c

SUBRoUTINE FLt'tETR (Rl 
'R2'R3, 

FLt'tA, FLt'lB, FLt'tc, FLRT, FLRTC)
D t¡{ENS t0N FLt'lA (r00) , FLt'18 (t00) , FLI'IC (t00)
IF (RI.LE.IO.) THEN DO

F Ltr I = (R l,/ ì 0. ) r(F LtiA (10)
ELSE DO

| =20
D0 l0 J=ì,9
IF (RI.LE.I) THEN DO

F Ltlt = ( (R I - I +t 0. ) / 10,) rt (F LtlA ( I ) -rllrn ( | - I 0) ) +F LllA ( | - I O)
G0 T0 À0
END IF
l= l+'10

IO CONTINUE
END IF

40 r r (R2. LE. ìo) THEN D0
FLt{2= (R2,/t0.) ùF Lr,rB (10)
ELSE DO

I =20
D0 20 J=ì,9
rF(R2.LE.r) THEN D0

F Lr,r2= ( (R2- r + r 0. ) / to.¡ x (F L¡rB ( | ) -F LilB ( | - I 0) ) +F Lr'tB ( I - ì O)
G0 T0 50
END IF
l= l+10

20 CONTINUE
END IF

50 FLRT-FLtll+FLt{2
r F (R3. LE. ì0) THEN D0
FLRTC= (R3lì0.) *FL¡tc (ì0)
ELSE DO

| -20
D0 J0 J-1,!
rF(R3.LE.r) THEN D0
F LRTC- ( (R3- t+10) / t0.) * (FLnC ( r ) -tL''lC ( | - lo) ) +F LÄC ( | - I o)
c0 T0 60
END IT
l- l+10

30 coNTtNUE
END IF

60 RETURN
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END

c
C THE FOLLOI.IING SUBROUTINE CALCULATES THE LOCAL REYNOLDS NUI,IBER AT
C EACH STATION BASED ON THE INSIDE DIA¡1ETER AND THE LOCAL BULK TEI,IP.
c

SUBROUTINE RENOLD (FLRT,D,TF,PI,RT,AF)
D DrENS t 0N RE (40) ,TF (80)
D0 l0 J=I,23
RE (J) =FLRTT¡O¡r1000.0,/vtsc (Tr (J) )/AF

IO CONT I NUE

RETURN
END

C THIS SUBROUTINE CALCULATES TIIE HEAT BALANCE IN THE HEATED SECTION
C AND FINDS THE PERCENTAGE OF LOSSES.
c

SUBROUTINE HETBAL (Q,FLRT,TA,T)
D ||,IENS |0N T (70)

Qc=F LRT,z 1000. t CP (TA) * (T (56) -T (55) )
s¡¡= (Q-Qc) /Q* I oo.
PRINT ¡O,Q,QC,ERR

l0 FoRI'1AT(,0,, ì0x, 'ttEAsuRED q =,,F/.2, ' WATT',5X, ¡CALCULATE0 
Q =',tt7.2, I brATTr,5X, 'HEAT LoSSES =' ,F6.2,,2, ,/)

RETURN

END

c
C THIS SUBROUTINE CALCULATES THE HEAT EXCHANGED BY TACH HEATEXCHANGER
C AND FINDS THE PERCENTAGE OF HEAT LOSSES.
c

SUBROUTINE EXHBÄL (FLRT,FLRTC,T)
D rr'tENS t0N T (70)

Ql-FLRT,zì000.¡tcP ((T (57)+1 (58)) /2.)
Q2=FLRT,zl000.'tcp ((T (58)+r (59)) /2.)
QCì-FLRTC,zl000.¡rcp ( (T (62) +f (61)) /2
QC2=F LRTC,z t 000.,tCP ( (r (6 ì ) +1 (60) ) /2
HL l= (Qì -QC I ) /Qì ¡r ì00.
¡¡2= (q2-QC2) /Q2)r I 00.
RETURN

END

c
C THE FOLLOI.JING FUNCTION CALCULATES THE FLUID THERI,IAL CONDUCTIVITY
C AT A GIVEN TEI.IPERATURE.
c

I UNCT I ON K (T)
REAL K

K= (T- to. ) /80.'t0.09 ì+0. 585
RETURN
END

c
C THE TOLLOWING IUNCTION CALCULATES THE SPECIFIC HEAT CP AT A GIVEN
C TEI'IPERATURE
c

FUNCTt0N CP (T)
rF (T.1T.30.) THEN D0
cP=4t90.- I. ì5r( (T-20.)+.oo5¡r (t-zo.¡ r,,t2
ELSE DO

r r (r. LT.50. ) THEN DO

CP.4 177 . -.05* (T-40. ) +.0 ì 5tr (T-40. ) rr*2

r. (T (5

't 
(T (5

.),t (T

.)'t(T

7) -r (58) )
8) -r (59) )
(62)-r(6i))
(61)-r(60))

ELSE
IF (T

ry
LT.70.) THIN DO

cP=4r83.+.¡+5'r (T-60.) -.005* (l-60.¡ **2
ELSE DO

cP-4 I 97.+.95* (T-80.) -.005* (r-80.) ¡t*z
END IF
END IF
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END II
RETURN
END

c
C THE FOLLOI.IING FUNCTION CALCULATES PRANDTL NU¡tBER AT A GIVEN TEI,IP
c

FUNCT I ON PR (T)
IF (T.LT.30.) THEN DO

PR=7 .03-. 1995'r (T-20. ) +.00385r¡ (t-ZO. ) *'tZ
ELSE DO

I F (T. LT.50. ) THEN DO

PR=À .33-.O97* (T-40.)+.oot 2n (T-40.)'i'r2
ELSE DO

tF (T.1T.70.) THEN DO
p¡=1.04- .O\535x (T-60.) -.000ì35rr (r-60.) *'tz
ELSE DO

PR=2, 245- . 0297 tt (T-80. ) +. ooo3 ì,r (T-go. ) rç*z
END IF
END IF
END IF
RTTURN
END

c
C THE FOLLOWING FUNCTION CALCULATES THT I.JATER THTR''IAL EXPANSION
C COIFF ICINT AT A GIVEN TTI'IPERATURE.
c

FUNCTION BETA (T)
IF (T.LT.30.) THEN DO

B ETA=. 0002+9 . 5E -6¡, (T-20. ) _5. E _ gr, (t_ZO. ),t,rZ
ELSE DO

tF (T.1T.50.) THEN DO

BETA=. 00038+8 . 5E -6'r (T-¡{0. ) -5. E -8* (r-40. ¡,t,t2
ELSE DO

tF (T.1T.70.) THEN DO

BETA=.00053+6.5Ê-6t (T-60.) -5. E-g,t (T-60.) :r,,,2
ELSE DO

BETA*.00064+5.E-6t (T-go.)
END IF
END IF
END IF
RETURN
END

c
C THE FOLLOWING FUNCTION CALCULATES THE I./ATER DENSITY AT A GIVEN
C TEI{PERATURE.
c

FUNCT I ON RO (T)
II (T.LT.30.) THEN DO

R0=999._.2* (T_20.)
ELSE DO

I F (T.LT.50.) THEN DO

R0=992 .6-.395*(T-40.) -.oo55rb (t-40.) r.'rz
ELSE DO

I F (T.1T.70.) rHEN D0
R0-983.3-.515* (T-60.) -.0035* (r-60.) *,tz
ELSE OO

R0-971.8-.62* (T-80.) -.002* (T-80.) ¡r¡tZ
END IF
END IF
END IF
RETURN
END

c
C THIS FUNCTION CALCULATES THE ¡'ATER DYNAITIC VISCOSITY AT A GIVIN TE',IP.
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c
FUNCTI0N VtSc (T)
IF (T.LT.30.) THEN DO

VISC-l.0tt-3- .2535E-\* (T-20.) +.\6SE-6* (r-Zo.) r,,tZ
ELSE DO

lF (T.1T.50.) THEN DO

v I sc=.6568 -3 - .1333338-4* (T-40 . ) +. I 35E -6* (r-rro. ¡ r,r.2
ELSE DO

IF (T.LT.70.) THEN DO

v I Sc=. 475E -3- . 6l+e -5* (T-60. ) - . 3E-7 * (r-60. ¡,t,t2
ELSE DO

v I Sc=. 359t -3- . å5E -5r. (T-80. ) +. 4 E -7'r (r-80. ) ¡,,t2
END IF
END IF
END IF
RETURN

END

S E NTRY
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Appendi x B

SAMPLE CALCULATIONS FOR RUN NO. 1 of TUBE NO. 10

Run No.1 of tube N0.10 was selected as a sample to show how

different parameters are calculated. Local parameters wil'l only be

calculated at statíon No. 15, since they are calcu'lated the same way at

all other stations. The fo'llowing tab'le ís for the raw data as they

tvere recorded for the above mentioned run wi th wal I temperatures

corrected according to the calibration formulae.

Fl owrate
rìr, g/s

I nput
Power
Qe' l.l

P res su re
Drop
Readi ng
mA

l^lal I Bottom
Temperature

oc

i,Ia'l'l Top
Temperature.oc

Upstream
Bul k
Temperature

oc

Downstream
Bul k Temp-
erature

oc

1 .307 50 4.27 40.7 40.9 31.9 40.8

The following table is for the dimensional data of tube No. 10

Inside Diameter
D¡ -mm

Fl ow Area
A¡1 -mm2

Location of
stati on 1.5 ,

x-cm

Tota] Heated
Length

l -cm

l^lal I Cross-
Sectional Area

Ap-mm2

8.00 40.6 45.5 87.5 30.73

Mean bulk temperature T, = (31.9 + 40.8) / 2 = 36.35'C

Specífic heat at mean buìk temperature, c, = 4177 J/kg.f

Rate of heat gained by the fluid, Q¡ = ri cOA T6

Qf = [1.307 x 10-3 x 4177 (40.78 - 31.94)] = 48.2 l,J
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Percentage heat baìance error f = t(Qt - Qe)/Qf) x 1001

E = [(SO - 48.2)/50) x 1C0] -- 3.54i,

The thernocoup'le upstream and downstream of the heated section were

used to find the wall temperature gradient at the beginning and end of

heati ng by fi tti ng a parabol i c equati on.

,-t,-t,-t,l-i._àj.--i
42.9 43.8 45.60c

rffi
L_l LJ

32.7 31. 8 31.2 oc

End of
heating

r]
42.9 43.8 45.5 oc

x

Beginning
of heating

n
32.7 31.9 31.2 oc

x

7+4
0+4
4+4

In
J*
Tw

)/2
)/2
)/2

2Lt

5,
-3,

x=
X=
x=

At
At
At

= (43.7
= (42.9
= (45 .5

3.81
2.92
Ã t7

/?
/?
/2

At x = 0.5, f* = (3i.92
At x = 2.5, I* = (31.21
At x .= -1.5,Tw = ß2.7?

+ 31.81)
+ 31.18)
+ 32.67 J

Tw=A+Bx+cx2 Tw=D+Ex+Fx2

Af ter subst j tut j on of the above three condi t'ions, al 'l

be eval uated.
the constants can

uTn/ o x

end of heating

=f=0.396oC/cm

beginning of heating

lili th the wal I temperature gradi ent bei ng known at both the beg'inn'ing anC

end of the heated section, we got

TUi = Tin + [k\^/(OTn/Ox)n*J/(nrcO)

Tbj = 31.9 + (386 x 39.6 x 3C.73 x 10-6)/(1.307 x 10-3 x 4178) = 32.03"c

Tbo = Tout - [kw(dTw/dx)A*J/ (rirco)

Tbo = 40.78 - (386 x 34.5 x 30 .73 x 10-6) /(t.307 x 10-3 x 417g)= 40.7i'c

where Tgi and T5s are the bulk inletand ourler remperarures.

i,/ithjn the heated section, the local buìk temperature can be found from

=B=0.345o0/cm oTn/ox
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Tb = Tbi + (Tbo - Tni) x/L

The span used for the pressure transducer was 0-6 inches of water. The

pressure transducer reads linearìy, i.e; at zero pressure drop it reads

4 mA, and at a pressure drop of 6 inches of water it reads 20 mA. For

the present reading of 4.27 nA, the pressure drop and average friction

factor were calculated as follows:

aP = rc/rc\ (q.zl - 4.0) = 0.10 inches of water

The density of water was evaluated at the mean bu'lk temperture.

DensitY,0=994kg/mg

ÀP = 0.10 x 0.0254 x 994 x 9.81 = 25 Pa

The average diabatic friction factor f6'¡¿ was calculated as follows:

idiu = (AP Di p A¡2) / (llp iítz)

îdiu = {[es x 0.008 x 994 x (0.0000406)2] / lZ x (0.001307)21 I

fdi u = 0.0962

The bulk temperature at station L5 was evaluated as shown earlier:

Tb = 45,5/87.5 (40.70 - 32.03) + 32.03 = 36.54oC

at this temperature, the local viscosity is \/

ux = 7 .0229 x 10-4 t¡.s/m2 ,i','Lr,
and the local Reynolds number is !1i'' i\'l'I'

Rêx = (0.001307 x 0.008\/0.OOZS x 10-4 x 0.0000406) = 366.7

At the mean bu1k temperature, the víscosity is

lm = 7.0632 x Lo-4 t'l.s/m2

and the corresponding mean Reyno'lds number is

Rem= (0.001307 x0.008) / 0.0632 x 10-4 x0.0000406)

Rem = 364 '62

The modified Rayleigh number was also eva'luated local'ly and at the mean

bul k temperature

j
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Ra* = (g pi3Qt zcpl /( kç2 l-)

ß (36.35) = 3.484 x 10-4 1/K, ß (36.54) = 3.500 x 10-4 l/K

cO (36.35) = 4177.38 i/kg.r, cp (36.54) = 4177.35 i/kg.r

k¡ (36.35) = 0.6150 W/mK, k¡ (36.54) = 0.6152 W/mK

p (30.35)=994kg/¡¡3, 0 (36.54)=994kg/mg

Ram* = t9.81 x 3.484 x 10-4 x (0'008)3 x +8,23 x (994)2 x aL77l /rrr 
Û.oazz x 10-4 x (0.6150)2 x x 0.8751 = 4.66 x 10b

Ray* = t9.81 x 3.500 x 10-4 x (0,008)3 x +a .23 x (994)2 x aL77f /^ lr.0229 x 10-4 x (0.6152)2 x x 0.8751 = 4.70 x 105

l,lith the proprties lísted above, the local and mean Prandtl numbers are:

Prx = Pr (36.54) = 4.68, Prm = Pr (36.35) = 4.70

The local-average Nusselt number was calculated from

Nux = Qr/[n L(Tw - T5) k¡J :'

whereT¡¡= (40.7 +40.9) /2= 40.8'C

Nux = 48.2 / [nx 0.875 (40.8 - 36.54) 0.6152] = 6-7

and the correspondíng reduced length X+ = x/(RiRe¡Pr¡)

X+ = 0.455 / (0.004 x 366.7L x 4.68) = 0.0663

a.j
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Appendix C

TABULATION OF ALL EXPERIMENTAL RESULTS

f.dia
REI{ = (Re

m

I{]\MrRa
m

RAMF i Ra (evaluated at mean film temperature)
m

PRl4 = Pr
m

F

) a

Ti^I

TB

RE

RA

NU

=n-I \d

=n-rb

Re

Ra

Nu

X

PRfPr x
+X+=X

ù

X



RUN NUMBER ( 1 ) TUBE NUMBER 1

INPUT PoIdER = 95.O h, HEAT RATE GAINED BY IdATER = 92.5 V, HEAT BÂLÂNCE ERROR = 2.6%

REM = 325.1 RAM = O.2O3E 07 PRM = 5-43

UPSTREAM BULK TEMPERATURE =26.5 DEG C DOVJNSTREAM BULK TEMPERATURE =33.3 DEG C

INLET BULK TEMPERATURE =26.6 DEG C OUTLET BULK TEMPERAIURE =33.2 DEG C

MASS FLol^, RATE = 11.8 KG,/HR

STAT I ON
NO.

X TÌ.r( TOP )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

RE PR X+ RA

1748 Q7
1758 07
1768 07
177E 07
17AE 07
l80E 07
181E 07
183E 07
184E 07
186E 07

NU
( AVERAGE )

I
2
3
4
5
6
7
8
9

10
11
12
13
'14
'I 5
l6
17
l8
l9
20
21
22
23

2A.2
24.6
28.9
29. 1

29.3
29.5
29.6
29.8
29 .9
30. I
30.3
30.6
30.7
30. 9
31.'l
31 .4
31.7
32.O
32.3
32.7
33.O
33.5
34 .3

24.3
2A.7
29. O
29 .1
29.3
29.5
29.7
29.9
30. I
30.3
30. 4
30.7
30. 9
31.I
31 .2
31.4
3t.9
32.2
32.4
32.4
33 .3
33 .7
34 .4

2.4
6.8

ro.6
14 -6
20.4
26.O
31 .8
37.6
43.5
49.3
57 .2
65 .6
73.1
80.4
88. 1

95.9
07 .3
18 .9
30.6
42.3
53.8
65.2
90. 4

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

65
45
25
o5
15
35
45
55
75
85
45
95
65
95
45
95
15
45
65
95
25
45
45

7
8
I
o
2
3
5
7
I
o
3
5
7
I
2
4
7
I
4
I
I
4
2

26
26
26
27
27
27
27
27
27
2A
2A
2A
2A
2A
29
29
29
30
30
30
31
3l
32

303
304
30s
306
307
308
309
310
311
312
314
3'l 5
317
318
320
321
324
326
324
330
333
335
340

a7
85
a4
a2
80
77
75
72
70
68
65
6l
58
55
53
50
45
41
37
33
29
25
t6

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

oo212
oo487
oo763
o1053
ol 463
o1860
02264
02668
o3095
o3507
04077
o4626
05246
os725
06283
06835
07652
08498
0932s
'to167
11003
1 1al2
J 3637

188
190
193
194
196
199

o.202
o. 205
o. 208
o.212
o. 215
o. 218
o.226

E

E

E

E

E

E

E

E

E

E

E

E

E

o7
o7
o7
o7
o7
07
o7
o7
o7
o7
07
o7
o7

r3.5
11 .2
10.2
10.1
10.o
9.6
9.7
9.7
9.8
9.9

10.2
9.7

10.o
10.4
10-7
10.6
lo. 3
lo. 3
lo.8
10.7
to. t
9.7
9.6

FULLY DEVELOPED NUSSELT NUMBER =1O.2



RUN NUMBER ( 2) TUBE NUMBER 1

INPUT POI{ER = 149.O I'l HEAT RATE GAINED BY WATER 133.5 tl HEAT BALANCE ERROR =1O.4%

REM = 335.8 RAM = 0.3218 07 PRM = 5.24

UPSTREAM BULK TEMPERATURE =26.6 DEG C DOTJNSTREAM BULK TEMPERATURE =36.4 DEG C

INLET BULK TEMPERATURE =26.7 DEG C OUTLET BULK TEMPERATURE =36.4 DEG C

MASS FLOI./ RATE = 11.8 KG/HR

STAT I ON
NO.

1

2
3
4
5
6
7
I
9

to
11
12
t3
14
15
16
17
18
19
20
21
22
23

X T1¡'( TOP )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

PR X+RE

304
306
307
308
310
3J l
3 t3
314
3 t6
318
320
322
325
327
329
331
334
338
341
345
344
352
359

5.84
5.82
5.80
5.77
5.74
5.70
5 .67
5 .63
5.60
5.57
5.52
5 .48
5 .44
5.40
5.36
5.32
5..26
5.20
5. 14
5.09
5.03
4.97
4.85

RA

334
341
349
356
373

NU
( AVERAGE )

2
6

10
14

29.2
29.7
30. 1

30. 3
30.6
30. I
31.1
31.3
31.7
3t.8
32. 1

32 .4
32.8
33.O
33.3
33.6
34.3
34 .8
35.2
35 .6
36 .3
36 .8
37 .8

I
I
7
7
6
1

I
6
6
4
3
4
5
5
3
o
4
1

7
4
o
2
4

29
29
29
30
30
30
31
3l
3l
3t
3l
32
32
32
33
33
34
34
35
35
35
36
37

9
o
2
4
6
8
1

3
6
I
2
5
I
2
5
I
3
I
3
8
3
I
I

26
27
27
27
27
27
2a
2A
2A
2A
29
29
29
30
30
30
31
31
32
32
33
33
34

I
6
I
2
6
I
o
2
4
6
I
4
6
8
1

5
o
6
I
5
I
5
7

I
o
2
3
o
6
3
o
6
3
6
7
2
I
3
5
8
2
6
,l

6
o
I

o.oo212 0
o.oo487 0
o.00763 0
o.or054 0
o.o146s o
o.or862 0
o.0226A O
o.02673 0
o. 03 101 0
o.o3515 0
o.04087 0
o.04639 0
o.05263 0
o.05743 0
o.06304 0
o.06858 0
o.07680 0
o.08534 0
o.09367 0
o - 10217 0
o.1106 1 0
o. I 1878 0
o. 13723 0

3t1E 07
319E 07
326E

2578 07
259E 07
26lE 07
264E 07
2678 07
2708 07
2738 07
2778 07
280E 07
2A3E 07
288E 07
2928 07
2978 07
302E 07
3078 07

3.6
1.8
o.9
o.6
o.4
o.5
o.5
o.5
o.4
o.8
1.2
o.8
1.O
1.4
't .4
1.4
o.8
o.8
1.O
1.4
1.1
o.8
o.9

20
26
3l
37
43
49
57
65
73
80
8a
96

107
119
130
142
153
165
190

o7
o7
o7
o7
o7
o7

E

E

E

E

E

FULLY DEVELOPED NUSSELT NUMBER =.11.O



RUN NUMBER ( 3) IUBE NUMBER 1

INPUT POI¡,ER 188.0 l,J HEAT RATE GAINED BY I¡/AÏER 177.4 W HEAT BALANCE ERROR = 5.6%

REM = 348.0 RAM = O.457E 07 PRM = 5.O4

UPSTREAM BULK TEMPERATURE =26.8 DEG C DO¡/NSTREÂM BULK TEiIPERAIURE =39.8 DEG C

INLET BULK TEMPERATURE =26.9 DEG C oUTLET BULK IEMPERATURE =39.7 DEG C

MASS FLot, RATE = 11.8 KG/HR

STATION
NO.

X TI.' ( TOP ) TVJ ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR x+ RA

354

NU
( AVERAGE )

'|

2
3
4
5
6
7
I
9

'to
't1

12
13
14
15
16
17
18
'19

20
21
22
23

o.oo212 0
o.oo488 0
o.00764 0
o. o1055 0
o.o'1467 0
o.o1865 0
o.02272 0
o.02679 0
o. 03 r08 0
o.03524 0
o.04097 0
o-04650 0
o.05277 0
o.os760 0
o.06324 0
o.06882 0
o.077 10 0
o.o8s70 0
o.094ro o
o.10267 0
o.11119 0
o.1 r944 0
o. r3809 0

3.O
6.9

10.8
14.4
20.6
26.2
32.O
37 .7
43.6
49 .4
57 .4
65.3
73.7
80. 5
88 .3
96. 1

ro7 .5
119 .2
t 30.8
142.4
154.O
165.3
190. 5

3
3
3

5
5

30. 1

30.8
31 .2
31.5
31.8
32.1
32 .4
32.7
33.2
33.s
33 .8
34 .3
34.7
35.O
35.5
35.9
36.7
37 .4
37 .9
38 .5
39 .4
40. 1

41 .3

3
3
3
3
3
J

3
4
4
4
4
4
4
4
4
4

306
308
309
311
313
315
3J7
319
321
324
327
329
333
335
338
341
346
350
355

27
27
27
27
2A
2A
2A
29
29
29
30
30
31
3l
31
32
33
33
34
35
35
36
37

29 -9
30.5
31.O
31.3
31 .7
32. 1

32.3
32 .6
32.4
33.1
33.5
34 .1
34 .4
34 .7
35.2
35.7
36 .4
37.O
37 .8
38.3
38 .9
39 .8
41 .3

I
3
5
I
1

4
7
1

4
7
2
6
I
5
I
4
o
7
3
o
6
3
7

5 5.8r
o 5.78
5 5.75
o 5.71
2 5.67
3 5.6s
5 5.58
6 5.54
I 5.50
o 5.45
o s.40
I 5.35
1 5.29
7 5.24
7 5.19
6 5.14
1 5.O7
I 4.99
4 4.92
2 4.A5
o 4.74
7 4.71
6 4.56

428
46E

't4.o
12.1
11.4
11.2
1 t.o
11.O
11.2
11.2
'l't.2
11.4
11.6
11 .2
11 .7
'I 1.9
11.8
11 .7
11.3
11.5
11.4
11.6
't1.4
1t.o
1'l .2

07
Q7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

50E

59
65
7'l
76
a2
88
96
o5
14
22

E

E

E

E

E

E

E

E

E

E

E

39
52
65
79
92

30E

50G
360
365
369
380

20E
5tE

FULLY DEVELOPED NUSSELT NUMBER =11.4
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RUN NUMBER ( 4) TUBE NUMBER 1

INPUT PoWER = 246.0 t¡l HEAT RATE GAINED BY I¡TATER = 222.9 þl HEAT BALANCE ERR0R = 9.4%

REM = 360.3 RAM = O.6l9E 07 PRM = A'As

UPSTREAM BULK TEMPERATURE =26.8 DEG C DOWNSTREAM BULK TEMPERATURE =43,2 DEG C

INLET BULK TEMPERATURE =27.O DEG C OUTLET BULK TEMPERATURE =43.O DEG C

MASS FLow RATE = 1.1 .8 KGIHR

STATION
NO.

X TW( TOP ) TW( BOTTOM )
CM DEG C DEG C

RE PR x+TB
OEG C

RA NU
( AVERÂGE )

307 .4 5 .79
309 .2 5.75
311.1 5.71
313.O 5.67
315.A 5.62
3t8-4 5.56
321.1 5.51
323.8 5.46
326.6 5.4 1

329.3 5.36
333. 1 5.29
336 .8 5 .22
341.O 5-15
344 .3 5. 10
34A.1 5.04
352.O 4.97
357 .8 4 .AA
363.9 4 .79
370. O 4 .70
376-3 4.62
382.6 4 .53
388-9 4.45
403 .3 4 .24

27 .2
27 .5
27 .A
2A.1
28 .5
24.9
29.3
29.7
30. 1

30. s
31.1
31 .7
32.2
32.7
33.3
33.8
34.6
35 .5
36 .3
37 .1
38.O
38 .8
40.5

30.6
31.5
32.O
32 .4
32.9
s3.3
33.6
34.O
34.2
34 .6
35. O
35.9
36.2
36.7
37. I
37.9
38 .8
39 .4
40 .4
41 .2
41.9
43.O
44 .7

30.9
31.8
32.3
32 .6
33.O
33.4
33.7
34.1
34 .7
35.O
35 .4
36.O
36.6
37.O
37.6
38.O
39.1
39 .9
40.7
41 .4
42.5
43.3
44 .A

3.O
6.9

I O.8
14.9
20.7
26.3
32 -O
37 .7
43.7
49.5
57 .5
65.2
73.8
80.6
88.4
96. 1

'to7.5
1 19.3
'I 30. I
142.5
15'4.1
165.3
190. 5

I
2
3
4
5
6
7
8
9

lo
t1
12
13
't4
't5
16
17
18
J9
20
2',l
22
23

o.oo212
o. oo488
o. 00765
o. o 1056
o.o1468
o.o1868
o.02275
o. 02643
o.03 113
o . o3530
o. 04 106
o. 0466 1

o. 0529 1

o.05777
o. 06344
o. 06906
o. 07739
o. 08605
o. 09452
o.103 17
o.11177
o.12009
o.13892

o
o
o
o
o
o
o
o
o

432E
E

E

E

E

E

E

E

E

38
44
5t

o7
o7
o7
07
o7
o7
o7
o7
o7
o7

14 .4
12 .4
11 .7
11.5
11.4
11.4
I1.6
11.6
11 .7
1{.9
12.3
11 .7
12.2
12.3
12 .4
12.3
1t.8
12 -2
11.9
12.O
11-8
11.4
I t.8

60E

4
4
4
4
4
4
4
4

69
7A
a7
96

o. 506
o.520E 07
o.533E 07
o.549E 07
o.561E 07
o.575E 07
o.589E 07
o.6 roE 07
o.632E 07
o.654E 07
o.6778 07
o.699E 07
o.7228 07
o.7738 07

FULLY DEVELOPED NUSSELT NUMBER =11.9
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RUN NUMBER ( 5) TUBE NUMBER 1

INPUT POWER = 297,0 I¡J HEAT RATE GAINED BY I,,ATER = 267.6 III HEAT BALANCE ERROR = 9.9%

REM = 373.3 RAM = O.8O7E 07 PRM = 4.66

UPSTREAM BULK TEMPERATURE =26.9 DEG C DOI{NSTREAM BULK TEMPERÁTURE =46.6 DEG C

INLET BULK TEMPERÂTURE =27.2 DEG C OUTLET BULK TEMPEPATURE =46.5 DEG C

MASS FLOI, RATE = 11.8 KGIHR

SIAT I ON
NO.

X Ttr( TOp ) Tt4,( BOTTOM )
CM DEG C DEG C

IB
DEG C

PR x+ NU
( AVERAGE )

RARE

3l.5
32.4
33.O
33 .5
34.O
34.5
34 .8
35.2
35.7
36.O
36.5
37.5
37 .9
38. s
39. 1

39.9
41 .O
41.9
42.9
43.9
44.4
46. I
4A -2

31 .9
32.8
33.4
33.7
34.1
34.6
35.O
35.4
36. I
36.6
37.O
37 .8
38 .4
39.O
39 .6
40.'l
41 .4
42 .4
43.3
44.2
45 .5
46.4
4A -2

'|

2
3
4
5
6
7
8
I

10
1t
12
13
14
15
16
17
18
19
20
21
22
23

3.O
6.9

10.8
l4 .9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
aa .4
96. 1

ro7 .5
I 19.3
130.8
142 .5
154.1
't65.3
190. 5

27 .4
27 .7
2A.',|
2A.4
28.9
29.4
29.9
30. 4
30.9
31 .4
32.',|
32.8
33.5
34.1
34.q
35 .4
36 .4
37 .4
38 .4
39 .4
40 .4
41 .4
43.6

308
3lo
313
315
318
322
325
324
331
335
339
344

5
6
6
6
6
6

o
o
o
o
o
o
o
o
o
o
o
o

764
796
829
863
897
932
967

349
3s3
358
363
370
378
386
394

o
o
o
o
o
o
o

65
95
l5
55
85
o5
25
55
95
25
95
55
75
84
64
54
a4
54
24
24
34
24
74

o.02279
o.02687
o.03 119
o. 03537
o.04 115
o .0467 4
o. 05306
o. 05795
o. 06356
o. 0693 1

o.o7770
o. 08642
o. 09496
o. 1o358
o.1 1235
o. 12075
o.13974

't6
72
67
62
56
49
43
37
3l
25
17
o9
of
95
a7
80
69
59
49
39
29
20
oo

o.oo212
o, oo488
o. 00765
o. o l057
o-o1470
o.o1871

529
538
547
556
569
582

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7

14.5
12.7
12 .2
't2.o
12.O
12.O
12.5
12.5
12 .4
12.6
13.2
12 -5
13.1
13. 3
13.3
13.2
12.7
l3.o
12.9
t3. t
12.4
12 .4
13.O

96
loE
258
40E
60E
80E

o. 703
o.721
o.743

E

E

E

E

E

E

E

E

E

E

402
410
424 105E 08

FULLY DEVELOPED NUSSELT NUMBER =12.9
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RUN NUMBER ( 6) TUBE NUMBER 1

INPUT POIiIER = 328.O W HEAT RATE GAINED BY I{IATER = 313.I I,, HEAT BALÁNCE ERRoR = 4.5%

REM = 387.0 RAM = O.1O2E OB pRM = 4.4a
UPSTREAM BULK TEMPERATURE =27.1 DEG C DOh/NSTREÂM BULK TEMPERATURE =50.o DEG c
INLET BULK TEMPERÂTURE =27.3 DEG C OUTLET BULK TEMPERATURE =5O.O DEG C

MASS FLow RATE =.11.8 KG,/HR

STAT I ON
NO.

X Tw ( ToP ) Tt¡, ( BoTToM )
CM DEG C DEG C

309.9 5.74
312.5 5.68
315.2 5.63
3r7.9 5.57
321 .A 5.50
325.5 5 .43
329.3 5.36
333.2 5.29
337 .2 5.22
341.2 5.15
346.8 5.06
352.3 4.97
358.6 4.A7
363.6 4.80
369-4 4.71
375.3 4.63
344.2 4.s1
393 .6 4 .39
403. O 4 .2A
412.8 4 . 17
422.7 4 . 06
432.6 3.96
455.4 3.7s

TB
DEG C

27.6
28.O
24.4
28 .8
29 .4
30. o
30. 5
3r. I
31 .7
32.3
33. I
33.9
34 .8
35.4
36.2
37. O
34.2
39.3
40. 5
41 .7
42.9
44 .O
46.5

RARE PR x+ NU
(AVERAGE )

o
o
o
o
o
o
o
o
o
ô
o
o
o
o
o
o
o
o
o
o,
o.

,|

2
3
4
5
6
7
8
I

lo
11
12
l3
14
15
16
17
t8
19
20
21
22
23

32
33
34
34
35
35
36
36
37
37
38
39
39
40
41
42
43
44
45
46
47
49
5r

3.O 32.7
6.9 33.8

10.8 34 .4't4.9 34.8
20.7 35 .2
26.3 35.8
32. O 36 .2
37 .7 36.8
43.7 37-5
49.5 38. I
57 .5 38 .6
65.2 39.5
73.9 4r.J^.2
80.6 40.9
88 .4 41 -7
96. I 42.3

107.5 43.9
1r9.3 45.O
130.8 46.1
142.5 47 . 1

154.1 48.6
165.3 49.8
'I 90.5 5f .9

3
4
o
5
I
6
o
5

4
I
2
7
4
1

I
4
4
7
I
9
3
7

o.oo212
o. oo489
o. 00766
o.ol058
o.o1472
o. o't 873
o.o22a2
o. 02692
o. 03'r 2s
o.03544
o.04125
o. o46E6
o. 05322
o.o58t3
o. 06387
o. o695s
o. o78co
o. 08678
o. 09538
o.104 16
o. 1 1289
o.12135
o. 14046

o.6268 07
o-639E 07

65tE 07
664
642
700
720
740
761

957
100
105E
I loE
't l5E
1 208
'l 258
I 368

7A2
81r
839
a7 1

897
927

14.8
13.O
12.5
12.4
12.6
12.5
12.9
13.O
13. O
'I 3.3
13.8
13. I
13.8
13.8
13.8
't3.6
13. O
13 .4
13 .2
13 .4
13.2
12.7
13.3

o7
o7
o7
Q7
o7
o7
o7
o7
o7
o7
o7
o7
07
o8
o8
o8
o8
o8
o8
o8

FULLY DEVELOPED NUSSELT NUMBER =i3.3

t..)
N)



RUN NUMBER ( 7) TUBE NUMBER 1

INPUT POl.rER = 395.0 tlt HEÂT RATE GAINED BY UTATER = 364.7 tr, HEÂT BALANCE ERROR = 7.7%

REM = 402.6 RAM = O.128E 08 PRM = 4.24

UPSTREAM BULK TEMPERATURE =27.1 DEG c DoWNSTREAM BULK TEMPERATURE =53.8 DEG C

INLET BULK TEMPERATURE =27.4 DEG C OUTLET BULK TEMPERAïURE =53.9 DEG C

MASS FLOI,, RATE = 1I.8 KG/HR

STÂTION
NO.

I
2
3
4
5
6
7
8
I

10
11
12
t3
14
'I 5
16
17
't8
19
20
21
22
23

I 5.72
I 5.65
I 5.59
I 5.53
6 5.44
o 5.36
4 5.24
9 5.20
a 5.12
5 5.04
2 4.94
7 4.44
3 4.73
2 4.65
2 4.55
3 4.46
o 4.33
4 4.20
I 4.O7
8 3.95
I 3.43
I 3.72
I 3.50

o. 810E 07
o.836E 07
o.863E 07
o.890E 07
o.9198 07
o.9478 07
o.987E 07
o. 103E 08
o.107E 08
o.1tlE 08
o.1 15E 08
o. 1 19E 08
o.125E 08
o. 132E 08
o.139E 08
o. 146E 08
o.153E 08
o. 160E 08
o.176E 08

X Tt,(TOp)
CM DEG C

TI¡'(BOTTOM) TB
DEG C DEG C

RE

310
313
316
320
324
329
333
337
342
347
354
360
368
374
381
388
399
410
421

RA

o.7348 07
o.75lE 07
o.7678 07
o.78sE 07

PR X+

o.oo212
o. oo489
o. 00767
o. olo59
o.o1474
o.o1875
o. 02285
o. 02696
o. 03 131
o. 03552
o.04r35
o. 04698
o. 05337
o. 05832
o. 06409
o. 0698 1

o. 0783 1

o.087l5
o. 0958 I
o.10464
o. I 1343
o. J 2193
o.14108

NU
( AVERAGE )

7
2
7
1

8
5
1

8
5
2
1

1

1

9
I
7
o
4
8
I
5
8
8

27
28
2A
29
29
30
31
3l
32
33
34
35
36
36
37
38
40
41
42
44
45
46
49

2
3
o
5
3
I
3
I
5
I
7
I
7
5
4
5
I
I
5
o
2
I
6

33
34
35
35
36
36
37
37
38
39
39
41
41
42
43
44
45
47
4A
50
51
52
55

33 .6
34 .8
35 .5
35 .9
36.5
37..|
37.6
38. 3
39. 2
39.7
40.4
41 .4
42.3
43.1
44.O
44 .a
46.5
47 .a
49.O
50. 3
52. 1

53.3
55.7

o
9
8
I
7
3
o
7
7
5
5
2
I
6
4
1

5
3
I
5
,|

ó
5

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130

5.O
3.3
2-A
2.4
2.4
2.9
3.3
3.3
3.3
3.5
4.2
3.4
4.1
4.O
4.O
3.8
3.4
3.7
3.6
3.6
3.4
3.1
3.8

433
445
457
485

42
54
65
90

FULLY DEVELOPED NUSSELT NUMBER =13.6

ts
Ir'J(,



RUN NUMBER ( 8) TUBE NUMBER 1

INPUT POWER = 488.0 W HEAT RATE GAINED BY l¡TATER = 464.O W HEAT BALANCE ERROR = 4.9%

REM = 42A.2 RAM = O' l82E OB PRM = 4.Ol

UPSTREAM BULK TEMPERATURE =26.5 DEG C DOI¡,NSTREAM BULK TEMPERATURE =60.5 DEG C

INLET BULK TEMPERATURÊ =26.8 DEG C oUTLET BULK TEMPERATURE =60.7 DEG C

MASS FLow RATE = ll.8 KGIHR

STAI I ON
NO.

't
2
3
4
5
6
7
I
9

to
t'l
12
l3
14
15
16
't7
18
19
20
21
22
23

ÏB
DEG C

PR x+ RÂ

o. 918E
o.945E
o.972E

NU
( AVERAGE )

X Tr¡, ( Top ) Tt,, ( BoTToM )
CM DEG C DEG C

E

E

E

E

E

E

E

E

E

E

o
o
o
o
o
o
o
o
o
o
o
o

o
o

RE

307
311
315
319
325
331
336
342
348
355
363
372
3A2
390
399

3
9
5
I
I
I
6
5
4
3
5
6
9
o
I
3
o
I
5
3
o
7
5

34 .5
35 .8
36.7
37.1
37 .9
38 .6
39.2
40. 1

41.2
41 .9
42.7
44.2
4s.3
46.3
47 .5
48.5
50. 7
52.2
54.O
s5.4
57 .7
59 .2
62.3

3.O
6.9

10.8
14.9
20.7
26.3
32.O
37 .7
43.7
49.5
57.5
65.2
73.9
80. 6
88 .4
96. 1

107 .5
I 19.3
130.8
142.5
154. I
165.3
't90.5

I
2
o
7
6
3
I
7
4
I
o
7
5
5
I

o
4
4
I
5
6
'|

o7
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8

27
27
2A
29
29
30
3l
32
33
34
35
36
37
39
40
41
43
44
46
4a
50
51
55

75
75
65
75
45
o5
75
65
95
14
84
54
54
44
a4
44
94
43
o3
43
23
33
93

7A
70
62
54
43
33
22
t3
02.
92
79
67
53
43
32
21
o5
89
75
61
4A
41
24

1 00E
I 04E
I 08E
1 l3E
117E
1228
127 E
't34E

154
161
168
179
't 91

o.oo2l2
o. oo489
o. 00766
o.o1059
o.o1474
o.o1877
o. 02288
o.02701
o.03l37
o. 0356 I
o.o4147
o.o47 15
o. 05360
o. o5858
o. 064.1 1

o.o7019
o.o7a77
o. o8770
o. 096-13
o.1o533
o. 1 1412
o. 1227 1

o. 14219

140E 08
I 48E

15 .6
14 .1
13.7
t3.8
t3.8
14 .O
14.5
14 .4
14.5
14.8
15.5
14.5
15.3
't5.2
15.1
14.9
14.3
14.9
14.5
14.9
14.7
14 .4
15.3

409
423
439
455
47 1

488
497
519

o.202
o.2l5
o .227
o. 236
o. 256

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

FULLY DEVELOPED NUSSELT NUMBER =14.8

l.Js



RUN NUMBER ( 9) TUBE NUMBER J

INPUT POI¡/ER = 59O.O tl HEAT RATE GAINED BY WATER = 546.6 t¡, HEAT BALANCE ERROR = 7.3%

REM = 453.7 RAM = O.24OE 08 PRM = 3.76

UPSTREAM BULK TEMPERATURE =26.3 DEG c DOIITNSTREAM BULK TEMPERATURE =66.4 DEG c

INLET BULK TEMPERATURE =26.7 DEG C oUTLEï BULK ïEMPERATURE =67.0 DEG C

MASS FLOW RATE = I 1 .8 KG,/HR

SÏATION
NO.

X Tr¡r( TOp )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

RE PR

.79

.69

.59

.50

.37

.25

.13

.02

.90

.78

.63

.49

.34

.22

.09

.97

.80

.63

.44

.39

.29

.21

.oo

x+ RA NU
( AVERAGE )

I
2
3
4
5
6
7
I
9

lo
ll
12
t3
14
15
16
17
t8
19
20
21
22
23

3.O
6.9

lo. 8
14.9
20.7
26'.3
32.O
37 .7
43.7
49.5
57.5
65.2
73.9
80. 6
88-4
96. 1

107 .5
I 19.3
130.8
142.5
154.1
165.3
't 90. 5

35
37
37
38
39
40
41
42
43
44
45
46
48
49
50
51
54
56
58
60
62
64
68

5
o
ô
5
3
3
o
o
4
2
2
8
1

3
8
9
4
3
3
o
6
4
o

307
312
316
321
328
335
342
349
356
364
375
385
398
408
419
431

I
4
2
o
o
9
6
5
4
2
3
3
2
4
8
5
6
3
6
5
3
7
I

34
36
37
38
39
39
40
41
42
43
44
46
47
4A
49
5l
53
55
57
59

27.2
27 .9
28.6
29.4
30. 4
31 .4
32.4
33.5
34.5
35.6
37.O
3A .4
39.9
41 .1
42.5
43.9
45-9
48. t
50. I
52.2
54.3
56.3
60.8

55
25
85
75
65
25
25
35
94
54
24
94
34
14
84
73
93
413
73
23
43
o3
83

o. oo21 2 0
o.oo489 0
o.00766 0
o.o1050 0
o.01476 0
o.o1879 0
o.02292 0
o.02707 0
o. 03 145 0
o.03571 0
o.o4162 0
o.04733 0
o.05382 0
o.05885 0
o.06472 0
o.07054 0
o.07918 0
o.o8816 0
o.09688 0
o.10586 0
o.1 14A2 0
o.12352 0
o.14324 O

o9
l3
17
21
27
33
39

'|

I
1

I
I
1

I
I
I
1

1

I
1

I
2
2
2

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

16.3
14.7
14 .4
14.5
14 -6
14.7
't5.3
15.3
15.3
15.7
16 .4
15 .4
16.4
16.3
16. 1

16. o
15 .4
t6. r
r5.9
16.3
16.O
15 .8
17.O

46
53
60E
69
79
90
99
10
20
36
54

500
512
525
556

27 1

244
297
3to
342

4
4
4

49
69
88

E

E

E
E

E

E

E

E

E

E

E

E

E

61
63
67

FULLY DEVELOPED NUSSELT NUMBER =16.O

l.J
Lrl



RUN NUMBER ( 1O) TUBE NUMBER .I

INPUT POt¡rER = 650.0 !r/ HEAT RÁ.TE GAINED BY WATER = 614.9 !t HEAT BÂLANCE ERROR = 5. %

REM = 475.9 RAM = O.292E 08 PRM = 3.57

UPSTREAM BULK TEMPERÂTURE =26.2 DEG C DOWNSTREAM BULK TEMPERATURE =71.3 DEG C

INLET BULK TEMPERATURE =26.6 DEG C OUTLET BULK TEMPERATURE =72,O DEG C

MASS FLOW RATE = 11.8 KG/HR

STATION
NO.

X TW( TOP )
CM DEG C

TW(BOTTOM) IB
DEG C DEG C

RE

307
312
318
323
331
338
346
354
363
372
3A4
397
411
422
436
4so
47 1

49'l
504

x+ RAPR NU
( AVERAGE )

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96
o7
19
30
42
54
65
90

I
2
3
4
5
b
7
I
I

10
ll
12
13
14
15
16
't7
18
'19

20
21
22
23

o
I
8
9
7
3
o
7
7
5
5
2
9
6
4
I
5
3
I
5
1

3
5

27 .2
2A.O
28 .8
29.6
30. I
31 .9
33.1
34.2
35.4
36 .6
38. 2
39.8
41.5
42.9
44.5
46.O
48. 3
50.7
53.O
55 .4
57 .7
60. o
65- 1

35 .5
37.3
38.1
39. O
40. 1

41 .2
41 .9
43.O
44 .O
45.O
46 .2
48 .5
49.5
50.8
52.4
54.3
56.7
58.6
61 .2
63.4
65.4
68. I
72.7

36
38
39
39
40
41
42
43
45
46
47
49
50
52
53
54
57
59
62
63
67
68
73

519
534

45
75
o5
45
25
75
75
a4
64
34
74
o4
54
94
63
53
83
83
83
13
53
63
12

o.oo212
o. oo489
o. oo767
o. o r060
o.o1477
o.ot882
o. 02296
o.o27 12
o.03152
o - 03579
o.o4173
o .o47 47
o. 05400
o. os905
o. 06495
o. 07079
o.07947
o. 08844
o. 09728
o.10634
o. I 1539
o.124 l8
o. 14417

1238
't 28E
I 33E
I 38E
I 46E
't 53E
1 62E
1 70E
179E
1 88E
201 E

2138
22AE
2398
253E
2678
288 E

309E
326E
343E
360E
37AE
4218

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

16
15
14
15
r5
15
15
'I 5
'15

16
l6
15
16
16
16
16
15
16
l6
t6
16
16
17

550
592

FULLY DEVELoPED NUSSELT NUMBER =16.3

F
N)
Or



RUN NUMBER (11) TUBE NUMBER 1

INPUT POITER = 7O3.O 1¡l HEAT RATE GÂINED BY 
'¡TATER = 651.4 t¡J HEÀT BALANCE ERROR = 7.3%

REM = 4A7.7 RAM = O.324E OB PRM = 3.48

UPSTREAM BULK TEMPERATURE =26.1 DEG C DOII,NSTREAM BULK ÏEMPERATURE =73.8 DEG C

INLET BULK TEMPERATURE =26.5 DEG C OUTLET BULK ïEMPERATURE =74.9 DEG C

MASS FLOW RATE = II.8 KGIHR

STAT I ON
NO.

X TI¡' ( TOP ) TI^,I ( BOTTOM )
CM DEG C DEG C

TB
DEG C

RE RAPR x+ NU
( AVERAGE )

36
37
38
39
40
4'l
42
43
44
45
47
49
50
5l
53
55
58
60
62
65
67
70
74

36.7
38 .5
39.6
40.2
41 .2
42.2
43.2
44 .4
46.O
,47 .O
48.3
50.2
51 .7
53.2
54.8
56. I
59. I

6r.3
63.7
65. 7
68 .9
70.9
75.2

3.O
6.9

10.8
14.9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
88 .4
96. 1

107.5
1 19.3
130-8
142.5
154. 1

t65.3
r90.5

o
I
7
6
I
I
6
9
I
I
t
5
6
I
6
6
2
2
8
2
3
o
9

1

2
3
4
5
6
7
I
I

to
ll
12
l3
14
l5
16
17
l8
19
20
21
22
23

30727
2a
2a
29
31
32
33
34
35
37
38
40
42

2
o
I
7
o
2
4
6
I
2
I
5
4
8
5
2
6
1

6
I
6
o
4

43
45
47
49
52
54
57
59
62
67

2 19E
233 E

250e
2638
2798
2958

312
318
324
332
340
348
357
367
376
389
403
414
431
446
461
444
499
514
530
548
566
614

I 5.80
7 5.68
3 5.57
1 5.45
3 5.30
4 5. t6
I 5.02
6 4.89
1 4.75
5 4-61
a 4.44
1 4.2A
7 4.10
I 3.98
o 3.83
I 3.70
2 3.51
I 3.39
4 3.2A
5 3.17
o 3.06
4 2.95
5 2.70

o.oo212 0
o-oo489 0
o.00767 0
o.o106 1 0
o.ol478 0
o.o1883 0
o.02297 0
o.o27 14 0
o.0315s o
o.03584 0
o.04179 0
o.04755 0
o.os4clg 0
o.osgr5 0
o.065c|7 0
o.o70s2 0
o.07960 0
o.08862 0
o. 0975'f o
o.10661 0
o.1r571 0
o.12455 0
o.14468 0

130E 08
136E 08
t41E 08
147 E

I 56E
165 E

1 758
184E
't94E
205E

320E
340E
359E
3798
400E
4218
4728

16.9
15.2
15. O
15.2
15.3
15.5
16. 1

16.O
16.O
16.4
17 .2
16. 1

17 .2
't7 .3
17.3
17.1
16.5
17 .3
t7.o
17 .6
17 .4
17.3
1a.9

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
oa

FULLY DEVELOPED NUSSELT NUMBER =17.O

tJ
!



RUN NUMBER (I2) TUBE NUMBER 1

INPUT POh,ER = 95.O VJ HEAT RATE GAINED BY h,ATER = 91.3 h, HEAT BALANCE ERROR = 3.9%

REM = 507.9 RAM = O. l88E 07 PRM = 5.60

UPSTREAM BULK IEMPERATURE =26.5 DEG c DOI,rNSïREAM BULK TEMPERATURE =3O.7 DEG C

INLET BULK TEMPERAïURE =26.5 DEG C OUTLET BULK TEMPERATURE =3O.6 DEG C

MASS FLolrJ RATE = 18 .9 KG,/HR

RÂ

170E 07
't718 07
172E 07
1728 07
1738 07
1748 07
175E 07
1768 07
1778 07
17AE 07
t79E 07
t80E 07

NU
( ÂVERAGE )

RE X+PRx Tw(ToP)
CM DEG C

Tt,J ( BoTf OM ) rB
DEG C DEG C

STATION
NO.

I
2
3
4
5
6
7
I
I

'to
11
12
l3
14
't5
l6
17
t8
19
20
21
22
23

15.9
12 .4
10.8
10.7
lo. o
9-7
9.8
9.8
9.5
9.8

10.4
'to.1
10.6
11 .O
11.5
11 .7
11.2
11 .4
11.6
11 .7
11.6
l1.o
tl.1

o7
o7
Q7
o7
o7
o7
o7
o7
o7
o7
o7

142
183
1A4

E

E

E

E

E

E

E

E

E

E

E20

26.6 486.5 5.88 0.OOl32 0
26.7 4A7.3 5.87 0.OO303 0
26 .7 4AA . I 5 .86 0. OO47s O
26.8 488.9 s.8s O.OO65s O
26.9 490.O 5.83 0.OO9rl O
27.O 491.r 5.42 0.Or1s8-O
27.1 492.2 5.80 0.O1409 0
27.2 493.3 5.79 0.01660 0
27 .3 494.5 5.77 0.O192s O
27.4 495.6 5.76 0.02142 0
27 .6 497 .1 5.74 0.02535 0
27 .7 498.6 5.72 0.02876 0
27 .9 500. 3 5. 70 0. 0326 f O
2A.O 501.6 5.68 0.03558 0
2A.1 503.1 5.66 0.03904 0
24.3 504.6 5.64 0.04246' 0
28.5 506.8 5.61 0.04752 0
24.7 509. I 5.59 0.05277 0
28.9 511.3 5.56 0.05789 0
29. I 513.5 5.53 O.06310 O
29.3 515.7 5.50 0.06828 0
29.5 517.8 5.48 0.O732A O
30.o 522.6 5.42 0.O8455 0

27.9
24.3
24.6
24.7
29. O
29.1
29.2
29 .4
29.5
29-5
29.5
29.8
29.8
29 .8
29.9
30. o
30. 3
30. 5
30.6
30.8
3l.o
31.3
3t.8

2A.O
24.4
24.7
28 .8
29. O
29.2
29.3
29.4
29.6
29.6
29.7
29.4
29.9
29.9
30. o
30. I
30. 4
30.6
30.7
30.9
31 .2
3r.5
31 .9

o
I
I
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
I
5
I
3
5

85
a7
89
91
93
95
s6

FULLY DEVELOPED NUSSELT NUMBER =.IO.9
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RUN NUMBER (13) TUBE NUMBER 1

INPUT PObTER = 297.O h/ HEAT RATE GAINED BY tt/ATER = 292.1 tl HEAT BALANCE ERROR = 1.7%

REM = 557.3 RAM = O.7O4E 07 PRM = 5.O5

UPSTREAM BULK TEMPERATURE =26.5 DEG C DOIJNSIREAM BULK TEMPERÂTURE =39.8 DEG C

INLET BULK TEMPERAIURE =26.6 DEG C OUTLET BULK TEMPERATURE =38.9 DEG C

MASS FLO[, RATE = 18.9 KG,/HR

STAT I ON
NO.

I
2
3
4
5
6
7
I
I

10
'I 1

12
13
14
t5
16
17
18
19
20
21
22
23

x Tur( ToP ) Tt|,(BoTTOM) rB
CM DEG C DEG C DEG C

RE

488
490
493
495
499
502
so5
509
512
515
520
524
529
533
538
543
549
557
564
57 1

578
586
602

ool32
oo304
oo476
00657
oo9l3
o1 161
o1414
o1667
o1s35
02193
0255 I
02895
o3285
o3586
03936
04244
04799
05333
05856
06389
069 r9
o7432
08592

o. 521
o.527
o. 533
o. 539
o.547
o. 556
o. 564
o.572
o. 581

PR x+

850
420
790
760
71 0
670
630
590
540
500
450
400
340
300
250
200
13 0
050
980
9l o
840
770
630

RA NU
( AVERAGE )

3.
6.

10.
14.
20.
26.
32.
37.
43.
49-
57.
65.
73.
80.
88.
96.
07.
19.
30.
42.
54.
65.
90.

o
I
I
9
7
3
o
7
1
5
5
2
I
6
4
1

5
3
I
5
1

3
5

30.9
31 .9
32.4
32.4
33-3
33.7
33.9
34.2
34.3
34 .5
34.7
35 .4
35. s
35.9
36.3
36.9
37 .6
38 .2
38.9
39 .5
40. o
40.9
42.3

3t
32
32
33
33
33
34
34
34
35
35
35
36
36
36
37
38
38
39
39
40
41
42

3
2
7
o
4
I
o
3
I
o
2
7
1

3
8
1

o
6

7
7
3
5

14.6
12.5
'I 1.8
11.5
11.2
1l.o
'I 1.3
11.3
1l.3
11.6
12.1
11 .7
12.2
12.3
12.3
12.2
11 .7
11.8
11.8
tt.9
11 .7
t1.3
11.6

26.4
27.O
27 .2
27.4
27 .a
24. 1

2A.4
24.7
29.O
29.3
29 .8
30. 2
30.7
31.O
31.5
31 .9
32.5
33.1
33 .8
34-4
35.O
35.7
37.O

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
Q7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

65
95
25
75
l5
35
75
o5
55
85
45
95
95
85
45
o5
85
o5
14
44
a4
o4
54

o. 590E
o.602E
o. 6 l4E
o.628E
o.639E
o.652E
o.665E
o.684E
o.704E
o.7238
o .7 448
o.7648
o.784E
o.8308

H
l..J\o

FULLY DEVELopED NUSSELf NUMBER =11.8



RUN NUMBER (14) TUBE NUMBER 1

INPUT POI¡/ER = 488.0 h, HEAI RÂTE GAINED BY VJATER = 467.2 W HEAT BALANCE ERROR = 4.3%

REM = 6OG .3 RÂM = O. I 36E 08 PRM = 4 .60

UPSTREAM EULK TEMPERATURE =26.7 DEG C DOWNSTREAM BULK TEMPERATURE =48.O DEG C

INLET BULK TEMPERATURE =26.9 DEG C OUTLET BULK ÎEMPERATURE =46.8 DEG C

MASS FLOh, RATE = 18.9 KGIHR

STATION
NO.

X Tt¡r( TOP )
CM DEG C

r'x(BorToM) TB
DEG C DEG C

x+ RA

oo132 0
oo304 0
00476 0
oo6s8 0
oosr6 0
01165 0
o1419 0
o167 4 0
01s43 0
02203 0
02563 0
o291 l O
03306 0
03610 0
o3s66 0
043 18 0
04441 0
05385 0
o5917 0
06'461 0
07002 0
07526 0
o8710 0

NU
( AvERAGE )

RE PR

'I

2
3
4
5
6
7
I
9

10
rl
12
t3
14
'!5
f6
4'r
't8
't9
2C
21
22
23

492
496
499
503
509
514
519
525
530
536
543
55r
559
566
574
542
594
607
620

34. O
35.2
36. O
36 .3
36.8
37.4
37 .6
38.2
38.9
39.3
39.5
40 .4
40.9
41 .5
42.2
42.4
44.3
45.2
46.3
47.1
48 .6
49.5
51.5

3.O
6.9

lo. I
14 .9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
88 .4
96. I

to7 .5
1r9.3
130.8
142.5
154.1
165.3
r90.5

33
34
35
36
36
37
37
37
38
38
38
39
40
40
41
42

5
7
4
o
7
3
4
8
1

4
8
9
2
I
5
5
7
5
8
7
6
I
2

30
30
31
32

27
27
27
2A
28
29
29

32
33
34
34
35
36
37
38
39
40
41
43

1

5
8
2
7
2
7
2
7
2
o
6
4
o
7
4
4
4
4
5
5
5
7

5.5
3.6
3.O
2.8
2.6
2.5
3.O
3.O
3.I
3.4
4.1
3.5
4.1
4.1
4.O
3.8
3.2
3.4
3.2
3.4
3.2
2.9
3. I

929E 07
95 |E 07
973E 07
996E 07
102E 08
1058 08
rosE 08
1 12E 08
I r5E 08
I 19E 08
1228 OA
l26E 08
l3rE 08
r37E 08
142E OA
l48E 08
t54E 08

35
o5
75
65
15
35
75
'I 5
75
25
85
35
95
74
64
64
64
44
14
34
64
a4
33

800
750
71 0
660
590
520
460
400
330
270
190
1t o
020
960
880
800
700
590
4AO
380
2AO
190
990

860E 07
875E 07
890E 07
906E 07

r60E 08
t74E 08

633
646
659
690

43
44
45
46
47
4A
51

FULLY DEVELOPED NUSSELT NUMBER =13.5
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RUN NUMBER (15) TUBE NUMBER 1

INPUT PorrúER = 657.o tJ HEAT RÂTE GAINED BY l,rarER = 632.7 w HEÅt BALÂNCE ERRoR 3.7%

REM = 656.1 RÄM = O.217E OA pRM = 4.21

UPSTREAM BULK TEMPERATURE =26.8 DEG c DOWNSTREAM BULK TEMPERATURE =55.7 DEG C

INLET BULK TEMPERATURÊ =27.O DEG C 0UTLET BULK TEMPERATURE =54.4 DEc c

MASS FLOI., RATE = 18.9 KGIHR

SÏATION
NO.

I
2
3
4
5
6
7
8
I

10
tt
12
13
14
l5
16
17
18
't9
20
21
22
23

X Tt¡r( TOP )
CM DEG C

ThI(BOTTOM) TB
DEG C DEG C

RE

540
548
555
566
577
590
599
6't I
623
641
660
679
698
'I 19
739
784

x+PR

.77

.70

.63

.57

.48

.39

.3l

.23

.14

.06

.95

.85

.74

.65

.55

.46

.32

.19

.06

.93

.81

.70

.47

RÂ NU
( ÂVERAGE )

40
40
41
42
42
43
44
45
46
47
4A
50
51
52
53
55
56
59

3.O
6.9

10.8
14 .9
20.7
26.3
32.O
37 .7
43.7
49 .5
57 .5
65.2
73.9
80. 6
88.4
96. 1

1o7.5
119.3
130.8
142.5
154. 1

165.3
190. 5

36
37
38
39
39

3
7
6
o
7
4
I
4
4
9
3
6
4
2
2
o
o
3
6
7
8
I
4

27
27
2A
2A
29
30
30
31
32
33
34
34
36
36
37
38
40
41
42
44
45
47
50

35.6
37 .1
37.9
38.6
39.5
40. 1

40.4
41.1
41 .4
41.8
42 .4
43.9
44 .4
45 .2
46.2
47 .5
49.1
50. 3
51.9
53.2
54 .3
56. I
59.O

4
9
3
I
q

2
9
6
3
o
o
I
o
I
8
7
1

5
9
3
7
I
2

15
25
25
65
o5
35
65
o5o5
85
a4
64
14
94
64
34
14
'l 4
14
93
13
t3
73

495
500
505

53

o.oo132
o. oo304
o.oo477
o. 00659
o.oo918
o.ol r68
o.o1423
o.ol679
o.o1950
o.o2212
o. 02576
o.02927
o. o3325
o. 03633
o - 03993
o. 04350
o. 04880
o.05432
o. o59?.1
o. 06523
o. 0707 l
o. 0760 I
o. 08793

5t
5t
52

r 208
122E
't25E
1 28E
I 33E

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

6.4
4.7
4.1
4.O
3.9
3.9
4.4
4.4
4.5
4.9
5-7
4.9
5.6
5.6
5.4
5.2
4.5
4.4
4.6
4.9
4.7
4.4
4.9

o8
o8
o8
o8
o8
o8
o8
o8
oa
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

77

o
I
5
2

137
141
146
r5l
156
163
69

83
90
97

o. 208
o.220
o.23t
o.2438
o. 256E
o.268E 08
o. 295E 08

FULLY DEVELOPED NUSSELT NUMBER =14.9

U)



RUN NUMBER (16) TUBE ÑUMBER T

INPUÍ PO!'/ER = 75O.O W HEAT RATE GAINED BY WATER = 725.1 w HEAT BALANCE ERRoR 3.3%

REM = 67A.7 RAM = O.266E OB pRM = 4.06

UPSTREAM BULK ÍEMPERATURE =26.3 DEG C DO1âTNSTREAM BULK TEMPERATURE =59.4 DEG C

INLET BULK TEMPERATURE =26.6 DEG C 0UTLET BULK TEMPERATURE =s8.O DEG c

MÂSS FLOll/ RATE = 18.9 KGIHR

SÏAT I ON
NO.

x rt.,(roP )
CM DEG C

Tt,,( BOTTOM )
DEG C

IB
DEG C

PR

82
74
66
qo

48
39
29
20
10
ol
89
77
64
54
43
33
l8
o3
89
75
62
50
34

RE x+ RA NU
( AVERAGE )

16.8
14.9
14.5
14 .3
14 -2
14 -3
14.8
'I 4.9
't4.9
15.5
16,.2
15 .4
't6. o
t6.o
15.9
15.5
14.9
15.3
't5-5
15 .4
15. 1

t4.9
15 .4

25
o5
95
o5
65
95
35
95
15
25
o4
64
24
74
44
34
34
84
43
o3
l3
o3
83

o
6
1

7
5
3
1

9
7
5
6
7
I
I
o
o
6
3
9
5
1

7
2

30
3t
31
32
33
34
35
36
37
38
40
41
43

36.2
38.O
38.8
39.7
40.6
41 .4
4t.6
42.3
42.A
43.2
43.9
45 .6
46. 3
47 -2
4A .4
49.9
5,1.7
53.O
54.7
56.3
57 .6
59.6
63. O

37
38
39
40
40
41
42
42
44
44
45
46
47
4A
49
50
52
54
55
56
59
60
63

o
9
8
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
8
5
1

3
5

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
r30
142
154
165
190

I
2
3
4
5
6
7
8
I

lo
lt
12
'I 3
14
15
16
17
t8
't9
20
21
22
23

27
27
2A
2A
29

44
46
4a
49
53

491
497
502
s09
517
525
534
542
552
56r
574
586
601
612
626
640
66t
683
706
730
754
774
81|

oo'l 32
oo3,34
oo477
00659
oo9r8
o1r58
o1424
o1680
o1952
o2215
02579
o2932
03332
03642
o4o04
o4362
04895
05450
05993
06546
o7096
07627
0883 I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o.135E 08
o. r39E 08
o. 142E 08
o. r46E 08
o. r52E 08
o.158E 08
o. 164E 08
o.170E 08
o. I76E 08
o. 183E 08
o. l92E 08
o.20rE 08
o.2r'tE 08
o.219E O8
o.229E 08
o.239E 08
o- 2538 08
o. 269E 08
o. 285E 08
o.30tE o8
o.318E 08
o.334E 08
o.363E 08

F-
L^)
N)

FULLY DEVELOPED NUSSELT NUMBER =15.4



RUN NUMBER (17) TUBE NUMBER 1

INPUT POWER = 877,0 TII HEAT RAÎE GAINED BY ÌdATER = 8I4.O hI HEAT BÂLANCE ERROR = 7.2%

REM = 709.6 RAM = O.323E 08 PRM = 3.87

UPSTREAM BULK TEMPERATURE =26.5 DEG C DOWNSTREAM BULK TEMPERATURE =63.7 DEG C

INLET BULK TEMPERATURE =26.8 DEG C OUTLET BULK TEMPERATURE =62.2 DEG C

MASS FLOI¡J RATE = 18.9 KGIHR

SÏAÏION
NO.

X T"J ( TOP ) T".' ( BOTTOM ) TB
CM DEG C DEG C ]DEG C

RE PR x+ RA

o. r54E
o.159E
o.163E
o.168E
o.1768
o.183E
o.191E
o.199E
o.2078
o. 216E
o.22AE
o. 239E
o. 253E
o. 263E
o.2768
o. 289E
o. 308E
o. 3288
o. 34SE
o. 371E
o - 389E
o.405E
o.441E

NU
(AVERAGE )

3
6

lo
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
190

'|

2
3
4
5
6
7
8
I

10
11
12
t3
't4
t5
16
17
18
t9
20
21
22
23

o
I
I
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
8
5
1

3
5

27 .3
27 .9
24.5
29.1
30. 1

30.9
31 .8
32.7
33.7
34.6
35 .8
37.1
3A .4
39.5
40.7
41 .9
43.7
45.6
47 .4
49.2
5r.o
52 .8
56. 7

37 .5
39.3
40.2
4',1 .1
42. 1

43.O
43.2
44.O
44 .6
45. 1

45.8
47 .8
4A .4
49.5
50.8
52.5
54.5
55 .9
57 .9
59.7
6t.l
63.3
67. 1

38
40
41
41
42
43
43
44
45
46
47
4A
49
50
52
53
55
57
59
60
62
64
67

3
I
2
6
4
3
7
7
9
5
I
7
8
I
1

'|

6
'I

o
4
I
4
6

493
500
507
513
523
532
542
552
563
573
588
€,02
619
633
649
665
689
716
742
770
792
808
847

7A
70
6l
53
41
3l
20
lo
99
89
75
63
4g
38
26
15
99
83
68
54
44
36
19

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

85
45
o5
95
65
95
55
45
o4
44
24
a4
a4
24
14
34
93
33
83
73
13
o3
33

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ool 32
oo304
oo477
00660
oo9 l9
ol t70
o1426
o1684
o1956
o2220
02586
0294 1

03343
o3654
040r8
o4379
o49 15
05472
06017
0657 1

07 121
07658
08876

17.1
15.3
J4.9
14 .8
14.4
14.A
15.4
15.5
t5.5
16. o
16.8
15 .9
't6 .6
16.6
16.5
16.2
15.5
16. 1

15-8
16.1
15 .9
15 .7
16. 1

U)
(f,)

FULLY DEVELOPED NUSSELT NUMBER =16. I



RUN NUMBER (18) TUBE NUMBER 1

INPUT POÌ¡JER = 2OO.O W HEAT RATE GAINED BY WÂTER = l9l.3 trt HEÂf BALANCE ERROR = a.a%

REM = 642.A RAM = O.33lE 07 PRM = 5.76

UPSTREAM BULK TEMPERATURE =24.1 DEG C DoWNSTREAM BULK TEMPERAïURE =3O.8 DEG c

INLET BULK TEMPERATURE =24.1 DEG C oUTLET BULK TEMPERATURE =29.9 DEG C

MÂSS FLOI., RATE = 24.5 RG/HR

STATION
NO.

I
2
3
4
5
6
7
I
I

'to
11
12
't3
14
t5
l6
17
18
t9
20
21
22
23

x rhr(roP)
CM DEG C

Trr, ( BOTTOM )
DEG C

x+

o. oo101
o.oo232
o. 00363
o. oosol

NU
( ÂVERAGE )

TB
DEG C

RAPRRE

27
27
2A
2a
2a
29
29
29
29
29
29
29
29
30
30
30
30
31
3t
3l
32
32
33

27.2
28.O
2A.5
28 .6
28.9
29 .1
29.3
29.4
29.7
29.4
29.4
30. I
30.2
30. 3
30. 4
30.6
31.1
3r.4
3t.6
3l .8
32 .4
32.7
33.2

o
I
I
I
7
3
o
7
7
5
5
2
I
6
4
1

5
3
I
5
1

3
5

3
6

lo
14
20
26
32
37
43
49
57
65
73
80
88
96

I
I
3
6
I
'|

2
4
5
5
b
I
I
o
2
4
8
'|

4
7
o
4
2

24.2
24.3
24 .4
24.5
24.7
24.4
25.O
25. 1

25. 3
25.4
25.6
25.8
26.O
26 .2
26.4
26 .6
26 .9
27 .2
27.5
27 .A
24.1
2A.4
29.O

597
599
600
601
604
606
608
6'to
612
614
617
620
623
625
624
631
635
639
644
648
652
656
665

26
24
23
21
18
l6
14
1l
o9
o6
o3
oo
97
s4
91
88
a4
79
75
71
67
63
54

66
o6
46
96
o6
16
26
26
46
56
46
26
45
95
75
55
65
95
15
35
55
55
55

o. 00697
o. 00886
o. o1079
o.o12'r1
o ,o147 4
o.o1671
o.ol942
o. 02203
o. 02499

13.3
10.9
9.8
9.5
9.2
9.O
9.O
9.O
9.O
9.2
9.5
9.3
9.6
9.9

10. o
9.9
9.6
9.6
9.7
9.9
9.6
9.4
9.3

o.2798 07
o.280E 07
o.2a2E 07
o-2e48 07
o.286E 07
o.288E 07
o.29 lE 07
o.293E 07
o. 296E 07
o.298E 07
o.301E 07
o.30sE 07
o.308E 07
o.31tE 07
o.314E 07
o.3l8E 07
o.3238 07
o. 328E 07
o.333E 07
o.3388 07
o.343E 07

107
119
130
142
154
165
190

o.02727
o. 02993
o. 03256
o. 03645
o. 04049
o.04443
o. 0484s
o. 05243
o. 05629
o. 06499

o.347E 07
o.358E 07

(,
Þ

FULLY DEVELOPED NUSSELT NUMBER = 9-5



RUN NUMBER (19) TUBE NUMBER 1

INPUT POl,'rER = 378.0 trt HEAT RATE GAINED BY I'TATER = 374.4 W HEAT BALANCE ERROR 1.O%

REM = 686.6 RÁM = 0.7768 07 PRM = s.35

UPSTREÂM BULK TEMPERATURE =24.Q DEG C DOITNSTREÂM BULK TEÍ{PERATURE =37.2 DEG C

INLET BULK TEMPERATURE =24.1 DEc c OUTLET BULK TEMPERATURE =35.9 DEG c

MASS FLOI, RATE = 24.5 RG/HR

STATION
NO.

X TW( TOP )
CM DEG C

TT.,( BOTTOM ) TB
DEG C DEG C

x+ RÂ NU
( AVERÂGE )

RE

598
601
604
607

700
708
717
736

o7
o7
o7

PR

o.564
o. 571
o.577
o. 584
o. 594
o.604
o. 613
o. 623
o.633
o. 643
o.657
o.671
o.686
o.698
o.711

I
2
3
4
5
6
7
I
I

lo
11
12
13
14
15
t6
17
l8
t9
20
21
22
23

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

3.O
6.9

10. I
f 4.9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
88.4
96. 1

107.5
119.3
130. I
142.5
154.1
165.3
190. 5

6
I
4
I
4
9
9
2
4
4
6
2
3
6
9
6
3
I
4
o
5
3
7

9
I
7
o
5
o
1

4
o
1

1

6
o
1

5
I
I
2
8
3
3
I
o

29
31
3l
32
é¿
32
33
33
33
34
34
34
34
35
35
35
36
37
37

24.3
24.5
24.7
24.9
25.2
25.5
25 -A
26. 1

26 .4
26.7
27.1
27.5
28.O
24.3
24.7
29. 1

29.7
30. 3
30.9
3l .6
32.2
32.7
34.1

611
615
620
624
624
632
638
644
650
655
661
666
674
683
691

7 6.25
6 6.21
5 6.18
5 6.14
7 6.lO
I 6.05
o 6.00
2 5.96
6 5.91
I 5.87
7 5.80
3 5.75
7 5.68
5 5.64
2 5.58
7 5.53
I 5.45
3 5.38
6 5.31
I 5.23
7 5. t6
o 5.10
3 4.95

o.oo101
o. oo232
o. 00364
o. oo502
o. 00698
o - oo888
o. o108 r

o.o1275
o.ol479
o. o1 677
o.o1951
o.o22l5
o.o2514
o.o2744
o.o30t3
o. 03279
o. 03674
o. 04083
o. 04483
o. 0489 1

o. os296
o. 05649
o. 06576

o7
o7
o7

14.3
12.2
11.4
11.1
10.9
10. 6
10.9
'to.8
'f o.8
11.1
11 .7
11.3
11.8
't2.o
12.1
I f .9
11.4
11 .7
t1.6
11 .7
11.6
11.3
11 .4

o7
o7
o7
o7

o7

767
789
412
835
857
908

o
o
o
o
o
o
o
o

725
745

38
39
39
41

(,
L¡

FULLY DEVELOPED'NUSSELT NUMBER =t1-5



RUN NUMBER (20) TUBE NUMBER 1

INPUT POr¡rER = 59O.O t, HEAT RATE GAINED BY WATER = 557.5 W HEAT BALANCE ERROR = 5.5%

REM = 731.7 RÀM = O.136E OB PRM = 4.98

UPSTREAM BULK TEMPERATURE =23.9 DEG c DOWNSTREAM BULK TEMPERATURE =43.6 DEG C

INLET BULK TEMPERATURE =24.1 DEc C OUTLET BULK TEMPERATURE =42-O DEG C

MASS FLOh, RATE = 24.5 KGIHR

SÍAT ION
NO.

X lt¡r( ToP )
CM DEG C

rt.J(BorToM) rB
DEG C DEG C

PR x+ RARE NU
( ÂVERÂGE )

I
2
3
4
5
6
7
8
9

'to
t1
12
l3
14
t5
t6
17
l8
19
20
21
22
23

32.O
33.5
34.2
34 .9
35.6
36.2
36 .3
36. 7
36.9
36.9
37 .1
34.2
38 .4
38. 7
39.4
40.3
41 .4
42. 1

43.1
44 .O
44.6
45.9
47 .9

3.O 32
6.9 34

to.8 34
14.9 35
20.7 35
26.3 36
32.O 36
37 .7 36
43.7 37
49.5 37
57.5 37
65.2 38
73.9 39
80.6 39
88.4 40
96. I 40

'to7.5 42
1 't9.3 42
130.8 43
142.5 44
154.1 46
't65.3 46
190.5 4A

15.1
l3.l
12.5
12.2
12.O
'I 1.9
12.2
12.2
12.2
12.7
13 .4
12.9
13.4
13.6
13 .6
13 .4
12.9
13.2
13.1
13.3
t3.l
12.9
13.1

o7
o7
o7
o7
o7
o7
o7
07
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

23
't8
l3
o8
o1
94
a7
81
74
67
59
51
42
36
29
21
1l
oo
90
80
70
61
41

86
26
56
'I 6
66
85
25
55
25
65
45
85
25
65
l5
75
55
15
74
74
94
94
44

24 .4
24 .7
25.O
25.3
2s .8
26.2
26.7
27 .1
27 .6
28.O
24.7
29.3
30. o
30. 5
31.1
31.7
32.6
33.6
34 .5
35.4
36.3
37 .2
39.2

599
604
608
6.t 3
6.l9
625
632
638
645
65r
660
668
674
685
694
702
715
729
742
756
770
744
417

o.oolot
o.oo232
o. 00364
o. oo503
o. 00699
o. oo890
o. o lo84
o.o1279
o. o1 485
o.ol684
o. 01 960
o.02226
o.02527
o. 02760
o.03031
o. 03300
o, 03699
o.04 1.l4
o - 04s20
o. o4s35
o. 05347
o.o5747
o. o66s2

o.86 I E
o.876E
o.892E
o.908E
o. 930E
o.953E
o. 975E
o.998E
o. ro2E
o.105E
o.108E
o. r 11E
o. 1 l4E
o. 1 17E
o.12rE
o. 1248
o.130E
o.135E
o. 141E
o.146E
o.152E
o.158E
o.17lE

(,
o\

FULLY DEVELOPED NUSSELT NUMBER =13.1



RUN NUMBER (21) TUBE NUMBER 1

INPUT Po!'rER = 7O3.O t¡rt HEAT RATE GAINED BY tdATER = 660.1 W HEAT BALANCE ERROR = 6.1%

REM = 759.8 RAM = O

UPSTREAM BULK TEMPERATURE =24.O DEG C

INLET BULK TEMPERATURE =24.2 DEG c

MASS FL0!¡, RATE

l77E OB PRM = 4.7a

DOTTNSTREAM BULK TEMPERATURE =47.2 DEG c

OUTLET BULK TEMPERÂÌURE =45-6 DEG C

= 24.5 KG/HR

RÂSTATION
NO.

TB
DEG C

X Tt,J ( ToP ) rr/ü ( BOTToM )
CM DEG C DEG C

NU
( AVERAGE )

RE PR X+

7
I
2
o
7
6
o
o
I
5
3
8
3
5
5
3
7
o
o
1

I
7
I

5
3
3
3
2
2
3
3
3
3
4
3
4
4
4
4
3

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

't04
106
109
111
114
117
121
124
't27
3l
36

E

E

E

E

E

E

E

E

E

E

E

601.7 6.21 0.OO1O1 0
606 -9 6. t5 0.oo232 0
612.1 6.09 0.00364 0
6r7.6 6.03 0.OO503 0
625 .4 5 .95 0. Oo7.c0 0
632 .9 5 . 87 0. OO89.t O
640.5 5.79 0.OtO86 0
648.1 5-71 0.O12a2 0
656.O 5.63 0.o1488 0
663.6 5.56 0. ot688 0
674.1 5.46 0.O1965 0
644.2 5.37 0.02232 0
695 .6 5.27 0.02534 0
704.6 5.20 0.02768 0
715.r 5.lt o.o30.t2 0
725 .A 5 . 03 0. O33.t 2 0
741.8 4.91 0.o3714 0
758 .8 4 .79 0. 04 132 0
775 .A 4 .67 0.04542 0
793.6 4 . 55 0. 04960 0
811.5 4.44 0.05377 0.
829.3 4.34 0.05781 o,
47cJ.7 4.11 0.06694 0,

24.5
24.9
25.2
2s .6
26.2
26.7
27 .2
27.A
24 .4
24.9
29.7
30.4
31 .2
3t.9
32.6
33.3
34 .4
35.6
36 .6
37 .8
38.9
39.9
42.3

33.3
35.O
35. 7
36.4
37 .3
37 .9
38. 1

38.5
34.8
38.9
39. I
40.3
40.6
41 .',|
41 .8
42.9
44.2
45. 1

46.2
47 .4
4A .2
49.6
52.O

3.O 34.O
6.9 35.6'1o.8 36 .4

14.9 36.8
20.7 37 .5
26.3 38. .l

32.O 38.4
37 .7 38.9
43 .7 39.7
49.5 40.o
57.5 40. I
65.2 41 .1
73.9 41 .6
80.6 42. 1

88.4 42.A
96. I 43.4

1fJ7 .5 45.1
119.3 46.O
130. 8 47 .O
142.5 47 .9
154 - 1 49.6
165.3 50.5
190. 5 52 .5

1

2
3
4
5
6
7
I
9

lo
tt
,12

l3
14
15
16
17
l8
19
20
21
22
23

40E
E

E

E

E

46
50

155
161
1 68E
177 E

I 85E
1 93E
202E
2108
230E

4
4
4
3
3
3

UJ
!

FULLY DEVELOPED NUSSELT NUMBER =.t3.9



RUN NUMBER (23) TUBE NUMBER I

INPUT POI,,ER = 93O.O 1¡, HEÂT RATE GAINED BY I¡,ATER = 863.7 b, HEAT BALÂNCE ERROR = 7.1%

REM = 818.9 RAM = 0.2768 OA PRM = 4.4O

UPSTREAM BULK TEMPERATURE =24. 'l DEG C DOVTNSTREAM BULK TEMPERATURE =54.5 DEG C

INLET BULK TEMPERATURE =24.4 DEG C OUTLET BULK TEMPERATURE =53. 1 DEG C

MASS FLOhI RATE = 24.5 KG/HR

STÀTION
NO.

I
2
3
4
5
6
7
I
I

to
11
12
13
14
15
16
17
l8
't9
20
21
22
23

X TW(TOP ) Tt,(BOTToM) TB
CM DEG C DEG C DEG C

RÂRE PR x+ NU
( AVERAGE )

o
I
I
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
8
5
'|

3
5

3
6

to
't4
20
26
32
37
43
49
57
65
73
80
88
96

6
5
5
I
I
4
I
6
6
o
2
5
2
9
9
7
I
o
5
4
8
7
5

36
38
39
39
40
41
41
42
43
44
44
45
46
46
47
4A

35
37
38
39
40
41
41
42
42
42
42
44
44
45
46
4A
49
5l
52
53
54
56
59

8
7
5
4
5
3
4
o
4
6
I
5
I
6
6
1

I
o
4
8
8
6
7

24
25
25
26
27
27
2A
29
29
30
31
32
33
34
35
36
38
39
41
42
44
45
4A

7
2
7
3
o
7
4
2
I
7
7
7
I
6
6
6
'|

6
I
5
o
5
7

605
612
619
626
637
647
657
66'7
677
688
702
71€'
732

3 6.17
3 6.09
3 6.O1
7 5.93
t 5-82
1 5.72
2 5.62
2 5.52
7 5.43
o 5.34
2 5.22
2 5.10
4 4.94
I 4.88
3 4.78
6 4.67
I 4.52
6 4.37
6 4.23
7 4.Q9
4 3.96
8 3.84
7 3.58

o. oo10l
o. oo233
o. 00365
o. oo504
o. oo702
o. oo894
o.olo90
o.o12a7
o. o1 494
o.olc95
o.ol974
o.02244
o. 02550
o. 02786
o. 03063
o. 03337
o. 03745
o.04169
o. 04585
o. osc,10
o.o5432
o. o5842
o. 06765

16.8
15.O
14.5
't4.3
14 -O
14.O
't4.5
14.5
14.6
15. I
t6. I
15 .4
16- I
16.3
16 .2
16.O
15.3
15.7
15.7
16. r
15 .9
15 .8
16. 1

o. 142E 08
o. r46E 08
o.150E 08
o. I54E 08
o- 160E 08
o. 166E 08
o.172E 08
o. 178E 08
o. 184E 08
o.l91E 08
o.200E 08
o.209E Oa
o.2208 08
o.228E 08
o.238E 08
o.248E 08
o.263E 08
o. 279E 08
o. 295E 08
o. 31 1E 08
o. 328E 08
o. 345E 08
o.384E 08

107
119
130
142
154
165
190

50.
52.
53.
54.
56.

745
760
775
798
823
848
474
901
927
989

57
60

F(,
\o

FULLY DEVELoPED NUSSELT NUMBER =15.7



RUN NUMBER (24) TUBE NUMBER I

INPUT POT¡,ER =1O4 1.O I{ HEAT RATE GAINED BY hIATER =1OOI.O W HEÂT BÂLÂNCE ERRoR = 3.87"

REM = 860.1 RAM = O.352E 08 pRM = 4.17

UPSTREAM BULK TEMPERATURE =24.1 DEG C DoWNSTREAM BULK TEMPERATURE =59.3 DEc C

INLE'r BULK ÎEMPERATURE =24.4 DEc c oUTLET BULK TEMPERATURE =57.9 DEG c

MASS FLOII, RÂTE = 24.5 KG/HR

STAT ION
NO.

1

2
3
4
5
6
7
8
I

'to
l1
12
t3
14
15
16
't7
18
19
20
21
22
23

X Tb, ( TOP ) Tt, ( BOTT0M ) TB
CM DEG C DEG C DEG C

RE PR x+ RA NU
( AVERAGE )

24.a 606
25.4 614
26.O 623
26.6 631
27 .5 643
24.3 655
29.2 667
30.o 678
30.9 691
31 .8 703
33. O 720
34.',t 736
35.4 756
36.4 77 1

37 .6 790
34.7 808
40.4 837
42.1 867
43.9 898
45.6 930
47 .3 963
49. O 996
52.7 l048

37 .2
39 .3
40.3
41 .3
42 .4
43.3
43 .4
44 .2
44.6
44.9
45.2
47 .O
47 .5
48 .4
49.6
51.3
53.3
54 .6
56.2
57 .9
59. 1

61 .2
64 .8

3.O 3A.2
6.9 40.3

10-8 41.4
14.9 41.8
20.7 42.A
26.3 43.6
32 .O 44 .1
37 .7 44.A
43 .7 46. O
49.5 46.5
57. 5 46.7
65.2 48.3
73.9 49 .',|
80.6 50. I
aa.4 51 .2
96. .t 52. 1

107.5 54.5
1t9.3 ,55.8
130.8 57.5
't42.5 58. 7
154.1 61.4
165.3 62.5
190.5 65.6

66
86
o5
55
75
35
o5
75
o5
o5
15
94
44g4
34
94
24
74
33
53
43
13
13

t5
o6
97
88
75
64
53
42
31
21
o7
94
80
70
57
46
29
13
97
a2
68
55
36

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

oolol 0
oo233 0
00365 0
oo505 0
oo703 0
oo895 0
01092 0
o1289 0
o1498 0
01700 0
olgeo o
02251 0
02559 0
02757 0
03076 0
03352 0
03763 0
04JS1 0
04610 0
05037 0
05462 0
o5a72 0
06801 0

l66E 08
1728 OA
1778 Oa
l83E 08

17 .4
15.6
15. 1

14.9
14.7
14.7
15.2
'I 5.3
15 .4
15 .9
17 .O
16.3
17 .O
17.1
17.1
16.8
16. I
16.7
'16.7
17 .O
16.8
16.7
17 . 1

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

260E
27 4E
286E
300E
3148
3358
358 E

381E
4048
4298
453E
4978

191
199
207
215
225
234
247

,ß.o

FULLY DEVELOPED NUSSELT NUMBER =16.S



RUN NUMBER (25) TUBE NUMBER 1

INPUT POþ/ER = 2OO.O t¡, HEAT RATE GAINED BY VTATER = '197.7 Ul HEAT BALANCE ERROR = 1.'l%

REM = 76s.8 RAM = O.3llE 07 PRM = 6.02

UPSTREAM BULK TEMPERÂTURE =22.9 DEG C DOI''NSTREAM BULK TEMPERATURE =28.5 DEG C

INLET BULK TEMPERATURE =22.9 OEG C OUTLET BULK TEMPERATURE =27.8 DEG C

MASS FLOW RATE = 3O.3 KG,/HR

STATION
NO.

1

2
3
4
5
6
7
I
I

10
11
12
13
14
l5
'16

17
t8
t9
20
21
22
23

x rt,,(roP)
CM DEG C

Ttr(BOITOM) TB
DEG C DEG C

RAx+RE PR

47
45
44
42
40
38
36
34
31
29
26
24
2'l
't8
16
t3
o9
o5
ol
97
93
90
a2

oooS I
ool87
oo292
oo403
oos6 1

oo713
oo868
o1022
o1186
o1344
o1562
o1772
o2009
02192
02406
026 17
o2929
03254
o3570
o38S2
o4212
o4522
o521S

NU
( ÂVERAGE )

13.8
11 .2
10 .2
9-6
9.2
8.9
9.O
8.9
8.8
9.O
9.3
9. I
9.3
9.7
9.8
9-9
9.7
9.8

10. o
10 .2
9.9
9.9
9.7

719. | 6
720.5 6
722.O 6
723.5 6
725.6 6
727 .7 6
729.a 6
731 .9 6
734.2 6
736.3 6
739.3 6
742.2 6
745.4 6
747.9 6
750.8 6
753.7 6
758.O 6
762.4 6
766.7 6
771 .O 5
775.4 5
779.5 5
748.9 5

23.O
23. 1

23.2
23.3
23 .4
23. 5
23.6
23.7
23.9
24.O
24.2
24.3
24 -5
24.7
24.A
25. O
25.2
25.5
25.7
26.O
26.2
26.5
27 .O

25.4
26.6
27.O
27 .4
27 .A
28.O
2a. 1

24.2
24.3
24.3
28.3
24.6
24.7
28.7
2a.8
29.O
29.3
29.5
29.6
29.9
30. o
30.4
3l.o

26.O
26.7
27.2
27 .5
27 .7
28.O
24.'l
28.3
24.6
28.6
28-6
28 .8
28 .9
28 .9
29. O
29. 1

29 -5
29.7
29.9
30. o
30.5
30.7
31 .2

3
6

fo
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
190

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

07
o7
o7
o7
o7
o7
o7
07
07
o7
Q7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7

o.2678
o.268E
o. 269E
o.27'tE
o .2738
o.275Ê
o.2778
o.2798
o. 281E
o. 283E
o.285E
o. 288E
o. 291E
o.2948
o. 296E
o. 299E
o. 303E
o. 307E
o. 31 1E
o, 316E
o. 320E
o.3248
o. 333E

FULLY DEVELOPED NUSSELT NUMBER = 9.5



RUN NUMBER (26) TUBE NUMBER I

INPUÏ Poh,ER = 432.0 hl HEAT RATE GAINED BY h,ATER = 426.5 h, HEAT BALÂNCE ERR0R = 1.3%

REM = 815.4 RAM = O.8OIE 07 PRM = 5.60

UPSTREAM BULK TEMPERÂTURE =22.5 DEG c DOI^TNSTREAM BULK TEMPERATURE =34.6 DEG C

INLET BULK TEMPERATURE =22.6 DEG C oUTLET BULK TEMPERATURE =33.4 DEc c

MASS FLOtâl RATE = 30. 3 KG,/HR

STATION
NO.

X TW( TOP ) TW( BOTTOM) TB
CM DEG C DEG C DEG C

29.O

RE

760
766
773
779
785
792
801
811
820
830
839
848
669

PR

.51

.48

.44

.41

.36

.32

.27

.22

.18

.13

.o7

.o1

.95

.90

.85

.79

.72

.64

.56

.49

.42
-36
.22

6
6
6
6
6
6
6
6
6
6
6
6
5
5
5
5
5
5
q

5
5
5
5

x+ RA NU
( AVERAGE )

l5.o
12.6
11.8
11.4
'I 1.1
10. 9
11.1
11.O
lo. 9
11. r
11 .7
'l 1.4
11.8
12.1
12.2
12. 1

I1.8
12.O
12.1
12.3
12.O
12.O
11.990

I
2
3
4
5
6
7
I
o

10
1t
12
13
14
15
'16

't7
l8
19
20
21
22
23

3
6

10
14
20
26
32
37
43
49
57
65
73
80
8a
96
o7

714
717
721
724
729
734
734
743
74A
753

o.722
o. 736
o. 750
o.770
o.792
o.8r3
o.835
o.856
o-878

119
t30
142
154
t65

o
9
I
o
7
3
o
7
7
5
5
2
I
6
4
1

5
3
8
5
1

3
5

2
I
3
6
1

3
6
I
3
3
I
o
I
5
6
6
o
4
8
I
2
3

22
22
23
23
23
23
24
24
24
25
25
25
26
26
26
27
27
2A
2A
29
30
30
31

28 .5
29.9
30. 5
31.1
31 .7
32. 1

32.1
32.4
32.6
32.7
32.7
33.3
33 .4
33.5
33.8
34 .4
35. O
35.4
35.9
36.5
36.9
37 .6
38.9

I
I
I
3
6
I
1

4
7
o
4
7
'|

5
8
2
I
3
I
4
o
5
7

7
I
2
6
4
o
I
5
5
3
o
4
7
3
7
I
6
3
7
2
6
I
6

o. ooo8 1

o.oo187
o. oo292
o. oo404
o. oos6 I
o.oo7 14
o. 00869
o.o102s
o.ol189
o. o1 348
o.ol567
o. o1 779
o.o2019
o.02205
o.02421
o. 02634
o.o2952
o. 0328 1

o. 036c,3
o. 0393 I
o.04257
o.04572
o. 05284

o7
07
07
o7
Q7
o7
o7
o7
o7
o7
07
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

o. 586E
o. 593E
o.599E
o.606E
o . 616E
o.626E
o.636E
o.646E
o.656E
o.666E
o. 681E
o.694E
o. 710E

o.9298

IFULLY DEVELOPED NUSSELT NUMBER =1J
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RUN NUMBER (27) TUBE NUMBER 1

INPUT POITER = 680.0 h, HEAT RATE GAINED BY wArER = 635.5 h, HEAT BALANCE ERR0R = 6.5%

REM = 865.3 RAM = O.'t428 Oa PRM = 5.24

UPSTREAM BULK TEMPERATURE =22.4 DEG C DOWNSTREAM BULK TEMPERATURE =4O.5 DEG C

INLET BULK TEMPERATURE =22.6 DEG C OUTLET BULK TEMPERAÏURE =39.3 DEG C

MASS FLov, RATE = 3O.3 KG/HR

STATION
NO.

X T1., ( TOP )
CM DEG C

Tl,r(BOTTOM) TB
DEG C DEG C

PR x+

50 0.ooo81

RE

716
721
726
731
738
745
753
760

RA NU
( AVERAGE )

1

2
3
4
5
6
7
I
o

ro
11
12
13
14
t5
t6
17
ta
f9
20
21
22
23

31
33
34
34
35
35
36
36
37
37
37
38
38
38
39
39
40
41
42
42
44
44
46

o
9
I
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
8
5
I
3
5

3.
6.

10.
14.
20.
26'.
32.
37.
43.
49.
57.
65.
73.
80.
88.
96.

107 .
'I t9.
130.
142.
154 .

165.
190.

7
4
3
6
3
7
o
5
I
3
3
1

4
7
2
6
I
4
3
7
3
9
4

I
I
6
3
'|

6
7
2
3
4
4
3
5
I
3
I
I
6
5
3
o
1

o

31
32
33
34
35
35
35
36
36
36
36
37
37
37
38
39
40
40
41
42
43
44
46

I
1

4
7
1

6
o
4
I
ó
9
4
I
6
2
7
6
4
3
2
o
I
7

22
23
ao

23
24
24
25
25
25
26
26
27
2A
2A
29
29

6
6
6
6
6
6
6
6
6
5
5
5
5
5
5
5
5
5
5
5
4
4
4

o
o
o
2
7
I
3
6
4
I
2
I
2
I
6
3
7
7
6
'|

I
2
I

1tE
278
438
60E

45
40
34
27

o.ool87
o. oo293
o. oo404
o. 00562
o.oo7l5
o. oo87 1

o.o1028
o.o1r93
o. o1 353
o.o157s
o.ol789
o. 0203 I
o.o221A
o.02437
o. 02653
o.02973
o. 03307
o. 03633
o. 03966
o.04297
o.04618
o. 05344

84
ol
o3
o6
o8
1J
14
17
2'l
24
2A
31
36
42
4A
54

o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

I
I
q
o

I
1

1

1

1

1

1

I
1

1

1

I
1

1

1

1

1

I
1

16.1
l3 .9
13.1
12.8
'12.5
12.4
12.7
12.6
l2.7
't3.1
J3.8
13.4
14. O
14.2
14.3
14.2
13.8
14.2
14.2
14.5
14.2
14.O
14.2

o7
07
o7
o7
07
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

76
77
78
79

8
5
6
6

20
13
o7
oo
93
84
76
67807

30

815
825
835
849
864
879
895
910
926
96 1

60
53
45
35
25
15
o5

3l
32
33
34
34
36

60E 08
65E 08
79E 08

95
86
66

¡-(,

FULLY DEvELoPED NUSSELT NUMBER =13.8



RUN NUMBER (28) TUBE NUMBER 1

INPUI PO'¡rER = 751.0 h, HEAT RATE GAINED BY WATER = 746.8 W HEÂT BALANCE ERROR = 0.6%

REM = 893.3 RAM = O.174E OA PRM = 5.06

UPSïREÂM BULK IEMPERÂTURE =22.4 DEG c DOWNSTREÂM BULK TEMPERÂTURE =43.7 DEG c

INLET BULK TEMPERÂTURÊ =22.6 DEG C OUTLET BULK TEMPERA-IURE =41.6 DEc C

MASS FLOW RATE = 30, 3 KG,/HR

STAT I ON
NO.

x rt,,( roP )
CM DEG C

TW(BOTTOM) TB
ÐEG C DEG C

RE PR x+ RA

't04

NU
( AVERAGE )

50

I
2
3
4
5
6
7
8
9

10
11
12
't3
14
15
16
17
18
19
20
21
22
23

3.O
6.9

'to.8
14 .9
20.7
26.3
32.O
37 .7
43.7
49.5
57.5
65.2
73.9
80.6
88 .4
96. I

107.5
1 19.3
130.8
142.5
154.',|
165. 3
't 90. 5

208

o6
o8
'I I
14
17

23
26
30
34
39

143
147
152
157
164
171
179
1A7

32 .4
34.3
35. I
35.9
36.8
37.4
37.6
38.O
34.2
38.3
38. 3
39.3
39.5
39.9
40. 5
41.5
42.7
43 .4
44 .4
45 .4
46.1
47 .4
49.6

2
o
I
3
o
5
8
4
1

3
3
2
6
o
6
I
6
3
4
o
7
4
2

33
35
35
36
37
37
37
38
39
39
39
40
40
41
41
42
43
44
45
4G
47
4A

22.9
23.2
23.5
23 .9
24 .4
24.A
25.3
25.8
26.3
26.4
27 .5
24.1
24.9
29 .4
30. I
30. 7
31 .7
32.7
33. 7
34.7
35.6
36.6
38.7

716.9 6.49
722.6 6 .43
72A.3 6.37
734.3 6.31
742.4 6.23
751.1 6.15
759.5 6.08
767.9 6.OO
776.7 5.92
745 .2 5.85
796.9 5.75
808.2 5.66
820.8 5 . 56
830.4 5 .49
441.7 5.41
452 .7 5.33
869.3 5.22
886.9 5.10
904.4 4.99
922.6 4 .88
94't.r 4.7A
959.3 4.6A'foo1.6 4.46

o.ooosr o
o.oo187 0
o.oo293 0
o.oo404 0
o.00563 0
o.oo716 0
o.oo872 0
o. olo29 0
o.o119s o
o.ol355 0
o.o1s78 0
o.01792 0
o.02036 0
o -Q2224 0
o.02442 0
o.o26s9 0
o. 0298 r o
o.033r6 0
o.03644 0
o.03979 0
o.04313 0
o.04636 0
o.05368 0

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

15-9
13.8
13.2
l2 .9
12.6
12.4
12.7
12.7
't2.7
13.1
13.8
13 .4
l4.o
't4.2
14.2
14.1
13 .6
13 .9
13.8
14.O
13.8
'I 3.6
13 .7

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
oa
o8
o8
o8
o8

r95E 08
203E 08
2218 OA

FULLY DEVELOPED NUSSELT NUMBER =13.7
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RUN NUMBER (29) TUBE NUMBER 1

INPUT POI.¡ER = 878.0 tl HEAI RATE GÂINED BY WATER = 877.8 W HEAI BÄLANCE ERROR = O.O"/"

REM = 927.4 RAM = 0.2248 OA. PRM = 4.As

UPSTREAM BULK ÏEMPERAÏURE =22.4 DEG C DOÌI/NSTREAM BULK TEMPERATURE =47.4 DEG C

INLET BULK TEMPERATURE =22-7 DEG C OUTLET BULK TEMPERATURE =45.2 DEG C

MASS FLOW RATE = 3O.3 KG/HR

STAT I ON
NO.

X TT.' ( TOP ) TT..l ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE

714
724
731
734
749
758
768
774
789
799
813
426
841
852
865
879
899
921
943
965
989

1011
106s

o-ooo81
o.oo187
o. oo293
o. oo405
o. 00563
o.oo717
o. oo874
o. o103 1

o.ot 197
o.o13s9
o. o1 582
o.o1797
o.02042
o.02230
o. 0245 I
o. 02669
o. 02993
o. 0333 I
o. 03662
o. 04000
o. 04336
o. 04663
o. 0540 I

PR x+ RA NU
( AVERAGE )

I
2
3
4
5
6
7
8
9

10
1t
12
13
14
't5
16
17
l8
t9
20
21
22
23

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

o
I
a
9
7
3
o
7
7
5
5
2
I
6
4
I
5
3
I
5
I
3
5

34
36
37
38
39
39
39
40
41
41
41
42
43
43
44
45
46
47
4A
49
51
52
54

o

7
I
2
o
6
I
5
4
7
6
7
1

7
4
o
8
7
9
6
7
4
5

2 6.47
I 6.41
7 6.34
a 6.27
o 6.17
7 6.08
7 5.99
6 5.91
1 5.42
2 5.73
o 5.62
1 5.52
o 5.41
4 5.33
I 5.24
4 5.15
I s.02
5 4.89
3 4.76
I 4.64
o 4.52
8 4.41
o 4.17

23.O
23.3
23.7
24.1
24 .7
25.3
25.9
26.4
27 .O
27 .6
24.4
29.2
30. I
30. 7
31.5
32.3
33.4
34.6
35.8
36.9
38. 1

39. 2
4't.7

34.O
36.1
36.9
37 .7
38 .7
39 .4
39.5
40. o
40. 3
40. 3
40 .4
41 .7
41.4
42.3
43. 1

44.3
45 .8
46.6
47 ,8
48.9
49.8
5l .3
53.8

o. r24E 08
o.127E 08
o. f 30E 08
o.133E 08
o.138E 08
o. 142E 08
o. 146E 08
o. 151E 08
o.156E 08
o. r60E 08
o. 167E 08
o.1738 08
o. 180E 08
o. r86E 08
o. r93E 08
o,200E 08
o. 210E 08
o.2218 OA
o.232E 08
o.2448 OA
o.2s5E 08
o.267E 08
o.294E 08

16.3
14.3
13 .7
13.5
13.2
'I 3.1
13.4
13.4
13.5
13 .9
14.7
14 .2
14 .9
'I 5.1
15.1
14.9
14.2
14.6
14.5
14.8
14.5
14 .4
't4 .6

107
119
130
142
154
r65
190

+\
(¡¡

FULLY DEVELOPED NUSSELT NUMBER =14,5



RUN NUMBER (3O) TUBE NUMBER t

INPUT POI¡,ER =IO99.O t.J HEAT RATE GAINED BY WAIER =1036.0 W HEAT BALANCE ERROR = 5.7%

REM = 1O08.6 RAM = O.316E 08 PRM = 4'42

UPSTREAM BULK TEMPERATURE =24.3 DEG C DOI,,NSTREAM BULK TEMPERATURE =53.8 DEG C

INLET BULK TEMPERATURE. =24.6 DEG C OUTLET BULK TEMPERATURE =5I.5 DEG C

MASS FLOI¡/ RÂTE = 3O.3 KGIHR

STATION
NO.

1

2
3
4
5
6
7
I
I

10
1l
12
l3
14
15
16
17
18
't9
20
?1

23

X TI.'l( TOP )
CM DEG C

Th,(BoTroM) TB
DEG C DEG C

RE PR x+ RA NU
( AVERAGE )

3.O
6.9

10.8
14.9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
88.4
96. 1

107 .5
1 19.3
130.8
't42.5
154.1
165.3
190. 5

ooo82
oo r88
oo29s
oo407
oo567
oo722
oo880
oto39
o1207
o1369
o1594
o18I I

o2058
o2244
0247 1

02692
o3']20
03362
03597
o4039
04380
o4709
05454

o. 205
o.2't2

37
39
40
41
42
43
43
44
44
44
44
46
46
46
47
49
51
52
53
54
55
57
60

38
40
41
42
42
43
43
44
45
46
46
47
47
4A
49
50
52
53
54
55
58
58
61

4
5
6
o
I
6
I
7
7
o
o
4
8
6
5
2
3
2
7
6
o
I
3

o
o
o
o
o
o
o
o
o
o
o
o
o
o

5
6
5
5
5
4
4
o
3
4
5
o
3
I
9
3
I
o
4
7
7
5
4

24 .9 752 .4 6
25.4 760.6 6
2s.9 76A.7 5
26.3 777 .2 5
27 .O 789. 3 5
27 .7 800.9 5
2A.4 812.6 5
29 .1 A24.3 5
29.A 836.4 5
30.5 A48 .2 5
31 .4 A64 .6 5
32.4 880.8 s
33.4 899.4 5
34.2 914.O 4
35.1 93.l.4 4
36.O 948.9 4
37 .4 975.5 4
38 .8 lOO3.8 4
40.2 1032.2 4
41.6 106 1.9 4
43.O 1092.2 4
44 .3 1122.3 3
47.3 Ii92.s 3

14
07
99
92
a2
72
63
54
45
36
25
14
o2
93
83
73
59
45
3f
18
o5
93
68

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

66
70
75
79
86
92
98

o
o
o
o
o
o
o

2
2
2
2
2
2
2
296E
3J3E
330E
348 E

366 E

384E
4268

19
29
39

17.1
t5. r
14.6
14 .4
14 .',|
14.O
14.5
14 .4
14.5
15.O
t6.o
15.3
16.O
16.2
16. 1

ts.9
15 .2
15.7
15.6
15.9
15 .6
15 .6
15.8

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

soE
59E
70E
80E

F,
o\

FULLY DEVELOPED NUSSELT NUMBER =15.6



RUN NUMBER (3I) TUBE NUMBER I

INPUT PO'rrER =1411.O W HEAT RATE GAINED BY l,rATER =1307.6 hr HEAT BALANCE ERROR = 7.3%

REM = 1O9l.O RAM = O.465E OB PRM = 4'OG

UPSTREAM BULK TEMPERATURE =24.3 DEG C DOb,NSTREAM BULK TEMPERATURE =6.I.5 DEG C

INLET BULK TEMPERATURE =24.6 DEc C OUTLET BULK TEMPERATURE =58.8 DEG C

MASS FLow RATE = 3O.3 KGIHR

STATION
NO.

X T'd ( TOP ) TW ( BOTTOM )
CM DEG C DEG C

x+

o. ooo82
o.oo188
o. oo295
o. oo408
o. 00568
o.oo724
o. oo883
o. o lo42
o.ol2l1
o.01374
o.o1601
o.o1820

o.2t3E 08
o.2208 08
o.2278 Oa
o.234E 08
o.245E 08
o. 255E 08
o. 266E 08
o.2778 OA
o. 289E 08
o.301E 08
o.318E 08

3
6

lo
14
20
26
32

TB
DEG C

RARE PR NU
( AVERAGE )

1

2
3
4
5
6
7
I
9

ro
1l
12
13
14
t5
t6
17
't8
l9
20
2',l
22
23

37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
t90

25. 1

25.7
26.3
26.9
27 .A
24.6
29. 5
30. 3
31.3
32. 1

33.4
34.5
35.8
36.9
38. 1

39.2
41 .O
42.7
44 .5
46.3
48.O
49.7
53.6

40.4
42.4
43.8
45.O
46.2
47 .3
47 .3
48. t
48.3
48.6
48 .6
50. 6
51. I
5l .8
53.O
54 .9
57.O
54.2
60. o
61-7
62 .8
65. O
68,9

o6
36
75
55
85
45
25
o5
65
95
75
14
14
a4
34
o4
34
24
43
63
73
53
93

o
I
I
I
7
3
o
7
7
5
5
2
9
6
4
I
5
3
I
5
I
3
5

41
44
45
45
46
47
48
4A
50
50
50
52
52
53
55
55
58
59
61
62
65
66
70

5
o
2
7
7
5
o
I
I
5
6
2
9
I
o
I
5
I
7
I
I
7
o

755.
765.
775.
786.
801 .

816.
831 .

846.
86'l .

a76.
898.
920.
945 .

964.
988.

1012.
1048.
1087.
1126.
1167.
1209.
'1251 .

1309.

o.334E 08
o.354E 08

17.4
'I 5.9
15.5
15.3
15.O
15.O
15.5
15.5
l5 .6
t6. I
17.2
16 .5
17.2
17 .4
17 .4
17.1
16 .4
16.9
16.7
17.1
16 .8
16 .8
16 .9

o. 02069
o.02262
o -o24a7
o.o27 11
o. 03043
o. 03389
o.03724
o.04073
o.o4417
o.o474A
o. 05500

o.387E 08
o.369E 08

o.433E 08
o.405E 08

o. 492E 08
o.462E 08

o.523E 08
o.555E 08
o.586E 08
o.640E 08

Þ{

FULLY DEVELOPED NUSSELT NUMBER =16.7



RUN NUMBER (32) TUBE NUMBER 1

INPUT POT,JER =1763,O W HEAT RATE GAINED BY h,ATER =1636.2 I,, HEAT BALÄNCE ERROR = 7.2%

REM = 1197.4 RAM = 0.6878 08 PRM = 3.67

UPSTREAM BULK TEMPERATURE =24.3 DEG c D0}TNSTREAM BULK ïEMPERATURE =7O.8 DEG c

INLET BULK TEMPERATURE =24.6 DEG C OUTLET BULK TEMPERATURE =67 .7 DEG C

MASS FLOW RATE = 3O.3 KG,/HR

STAT I ON
NO.

I
2
3
4
5
6
7
I
9

lo
1t
't2
13
14
15
't6
17
18
19
20
21
22
23

x rw( ToP )
CM DEG C

TW(BorToM) rB
DEG C DEG C

PR X+ RARE NU
( AVERAGE )

't8.6
16.7
't6.3
16.2
16.O
16. O
16 .6
16.6
16.7
17 .3
18.5
17 .7
18.6
18.8
18.6
18.3
17 .4
t8.o
17 .9
18.3
18.O
1A.2
1A .2

270E 08
28lE 08
2928 OA
304E 08
321E 08
337E 08
355E 08
373E 08
393E 08
413E 08
441E 08
468E 08
50tE 08
526E 08
556E 08
587E 08
6348 08
685E 08
735E 08

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
tJ9
r30

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2
9
7
5
6
6
7
8
o
'|

6
1

8
o
5
o
2
4
6
9
I
2
I

25
25
26
27
2A
29
30
31
33
34
35
37
38
40
41
43
45
47
49
51
54
56
6'l

43.6
46.5
47 .6
48.9
50. 3
51.5
5l .6
52.5
52.9
53. I
53. 3
55.7
56.3
57 .2
58.9
61 -2
63.9
65. 5
67 .5
69. 7
71 .2
73.7
7A -7

45. I
48.O
49 .4
49 .9
51.O
51.9
52.5
53.6
55.O
5s.6
55.8
57.8
58.6
59.9
61.3
62.5
65.8
67 .4
69.9
71.2
74.a
75.9
80. 2

o
I
I
I
7
3
o
7
7
5
5
2
I
6
4
1

5
3
I
5
1

3
5

142
154
165
190

757
770
783
796
815
434
452
a7 1

89t
912
940
969

1002
1028
1060
1092
1 142
'I ls5
1249
1244
l3 l8
1 352
't440

I
I
1

7
8
o
6
5
I
o
7
2
5
9
6
I
1

3
o
7
o
6
6

6. 10
5.98
5 .87
5.75
s-60
5 .46
5.33
5. 20
5. 07
4 .95
4.78
4.62
4 .45
4.33
4.1A
4.05
3.86
3.67
3.51
3 .40
3.30
3.21
2.99

o. ooo82
o.oo188
o. 00296
o. oo409
o. oo570
o. 00726
o. oo885
o.ol046
o. or 216
o. o1 380
o.or609
o.ola3 I
o.o2aa2
o.02277
o. 02505
o.02731
o. 03067
o.o3416
o. 037s7
o. 04 104
o.04452
o. 0479 1

o. 05s59

776E OA
815E 08
854E 08
946E 08

ts
ê.
Co

FULLY DEVELOPED NUSSELT NUMBER =17.9



RUN NUMBER (33) TUBE NUMBER ,I

INPUT POIdER = 313.0 I,II HEAT RATE GAINED BY II,ATER = 304.8 W HEÂT BALANCE ERROR = 2.6%

REM = 951.4 RAM = 0.4748 07 PRM = 6.04

UPSTREAM BULK TEMPERATURE =22.1 DEG C DOI'TNSTREAM BULK TEHPERATURE =29.1 DEG C

INLET BULK TEMPERATURE =22.2 DEG C OUTLET BULK TEMPERATURE =2A.1 DEc C

MASS FLOI, RATE = 37.8 KG/HR

STATION
NO.

1

2
3
4
5
6
7
I
I

to
1t
12
13
14
15
t6
't7
18
19
20
21
22
23

X Ttr( TOP )
CM DEG C

TI,'(BOTÎOM) TB
DEG C DEG C

RE

5.2
2.4
1.2
o.7
o.2
o.o
o-1
9.9
9.9
o.o
o.5
4.2
o.5
o.7
o.9
o.9
o.6
1.O
1.O
1.1
Ll
t.o
o.9

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
07
o7

o - 4loE
o.4148
o.4 t8E
o .4218
o .427Ê
o.432Ê
o.437E
o.442E
o .4478
o.4528
o. 460E
o. 468E
o.4758
o.483E
o.491E
o.4998
o.5t6E

o. 00695
o.oo819
o. oo950
o. o1077
o.o1252
o.o1421
o. o161 1

o-o1758
o.or930

PR

.60

.58

.56

.54

.52

.49

.46

.44

.41

.38

.35

.31

.27

.24

.21

.18

.13

.08

.03

.98

.93

.89

.75

x+ RÂ NU
( AVERAGE )

3.O
6.9

10. 8
14.9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73 .9
80. 6
aa.4
96. I

'lo7 .5
119.3
130. I
142.5
154 .1
165.3
190. 5

o. ooo6s
o.oolso
o. oo234
o. oo323
o. oo449
o. oo57 I

22.3
22 .4
22.5
22.6
22.7
22.9
23.O
23.2
23.3
23.5
23.7
23.9
24.1
24.3
24.5
24.7
25.O
25.3
25.6
25.9
26.2
26.5
27.2

26.2
27 .2
27 .9
28.3
24.7
29 .1
29. I
29.3
29.4
29 .4
29.4
29.4
29.4
29.4
29 .9
30. 3
30.6
so. 7
3l.1
31 .4
3t.5
3l .9
32.7

26
27
2A
2A
2A
29
29
29
ta
29
29
30
30
30
30
30
3l
31
31
31
32
32
32

4
4
1

4
8
o
I
4
7
8
7
I
2
2
4
4
o
I
4
5
I
3
9

879.3
88 1.5
883 .8
886. I
889.4
892-5
895 .8
899.O
902 .4
905 .8
9 ro.3
914 -7
9r9.7
923.5
928.O
932.4
938 .9
945.7
952.3
959.O
965.7
972. 1

986. 5

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
5
5
5

o.39 I
o. 394
o.396
o. 399
o.403
o. 406

o. 02099
o. 02350
o. 0261 'l

o. o2865
o.03125
o. 03382
o. 0363 1

o.04193

FULLY DEVELOPED NUSSELT NUMBER =IO.6
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RUN NUMBER (34) TUBE NUMBER 1

INPUT POt¡rER = 613.0 t¡, HEAT RATE GAINED BY WATER = 6O4.1 tl HEAT BÂLANCE ERROR = 1.a%

REM = tO26-2 RAM = O. ltSE 08 PRM = 5.54

UPSTREAM BULK TEMPERÂTURE =22.2 DEG C DOWNSTREAM BULK TEMPERATURE =35.9 DEG C

INLET BULK TEMPERATURE =22.3 DEG c oUTLET BULK TEMPERATURE =34.4 DEG C

MASS FLOI¡, RATE = 37.8 KGIHR

STÂTION
NO.

X TI.J ( TOP ) T!' ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR x+ RA

o. 807
o.817

NU
( AVERAGE )

a92
897
903
910
917
923

22.4
22.7
22.9
23-1
23 .4
23.7
24.O
24.3
24.6
24.9
25.4
2s.8
26.3
26.6
27 .O
27.5
2a. 1

24.7
29. 3
30. o
30.6
31 .2
32 .5

29.9
3t.5
32 .3
32.9
33.7
34.2
34.2
34 .6
34.7
34.7
34 .6
35 .4
35 .4
35.6
35.9
36.6
37.3
37 .6
38 .3
38.8
39. 1

40. o
41 .5

I
2
3
4
5
6
7
I
I

10
'II
12
13
14
15
l6
11
t8
l9
20
21
22
23

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
190

o30
932
a32
933
733
334
o34
734
735
535
535
236
936
636
436
137
538
338
838
539
140
340
542

4
o
I
2
I
2
4
8
4
5
4
o
2
5
7
o
o
4
I
3
.2

I
o

930
937
946
955
966
973
983
992

1005
'lo 18
1032
1 045
l058
107 1

1101

6.57
6.53
6 .49
6 .45
6 .40
6.35
6.29
6.24
6. t9
6.14
6. 07
6.OO
5 .93
5.88
5.42
5.76
5.67
5.58
5.50
5 .42
5.35
5 .24
5. 12

ooc65
oo1 50
oo235
oo324
oo450
oo573
00697
ooa22
oo954
o 1c82
o1259
o1429
o1622
o177 1

olg45
o21',17
02372
o2637
o2497
03 16r
03423
03677
04251

883
887

4
o
4
2
9
4
1

8
8
6
I
I
1

I
o
o
2
I
o
2
6
5
I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

34
56
7A

o7
o7
o7
07
07
o7
o7
o7
o7
o7
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

6.4
3.8
2.9
2.6
2.1
1.9
2.1
2.O
2.O
2-3
3.O
2.6
3.1
3.3
3.4
3.3
3.O
3.4
3.4
3.7
3.6
3.4
3.4

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

828
839
855
870E
885
90r
918

ooE
o2E
04E
07E
10E
13E
178
20E
24E
278
35E

(¡r
o

FULLY DEVELOPED NUSSELT NUMBER =13.1



RUN NUMBER (35) TUBE NUMBER .I

INPUT POITER = 751.O W HEAT RATE GAINED BY bTATER = 754.9 W HFAT BALANCE ERROR =-O.5%

REM = 1063.9 RAM = 0.1578 OB PRM = s.32

UPSTREAM BULK TEMPERATURE =22.2 DEG c DOI'TNSTREAM BULK TEMPERATURE =39.4 DEG C

INLET BULK TEMPERATURE =22.4 DEG C OUTLET BULK TEMPERÀTURE =37.6 DEG C

MASS FLOT¡, RATE = 37.8 KGIHR

STÂI I ON
NO.

t
2
3
4
5
6
7
I
o

10
11
12
'I 3
14
15
16
17
18
19
20
21
22
23

990
999

10t 1

'1o22
'to38
1055
1072
1089
1107
1124
1 163

x rhl(roP)
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

X+ RA NU
( AVERAGE )

PRRE

977

32.4
34.2
35. I
35.5
36.2
36.6
36.9
37 .4
38. 1

38.3
38. I
38 .9
39. 1

39.4
39.8
40. 1

41 .4
41 .8
42.ç
43. O
44 .4
45.O
46.5

3.O
6.9

10.8
14.9
20.7
26.3
32.O
37 -7
43.7
49.5
57. 5
65. 2
73.9
80. 6
88.4
96. I

to7 .5
119.3
r30.I
142.5
154.1
16s.3
190. 5

6
8
1

4
I
I
5
I
3
7
3
8
4
8
4
I
7
5
2
o
I
6
3

22
22
23
23
23
24
24
24
25
25
26
26
27
27
28
28
29
30
31
32
32
33
35

7
6
4
2
o
6
7
1

2
3
1

1

2
3
I
6
5
o
I
4
8
o
8

886
89 1

897
903
911
920
924
936
945
954
966

16.6
14 .2
'I 3.5
13.2
12.4
12.7
12.4
12.A
12.7
13.O
13.8
13 .4
13 .9
14.2
14.2
14.2
13.8
14.2
14.2
14 .6
14 .4
14.2
14 .2

o. oo573
o. 00699
o. oo824
o. oo9s6
o. o1085
o.01262
o. o1 433
o.o1627
o -o1777
o-o1952
o.02126
o. 02383
o. 02649

o 6.54
7 6.50
4 6.45
4 6.40
9 6.33
I 6.27
5 6.21
I 6. t4
7 6.08
3 6.02
1 5.93
4 5.85
1 5.77
I 5.70
3 s.63
4 5.56
I 5.46
I 5.37
4 5.27
6 5.18
o 5.09
I 5.OO
6 4.41

o. 00065
o.ool50
o. oo235
o. oo324
o. oo4s 1

o. 102E 08
o.104E 08
o. 106E 08
o. 107E 08
o. 110E 08
o. I 12E 08
o. I IsE 08
o.117E 08
o.120E 08
o.1238 08
o.126E 08
o. l30E 08
o.133E 08
o. t37E 08
o. 140E 08
o. 144E 08
o. t49E 08
o.155E 08
o. 160E 08
o. 166E 08
o.172E 08
o. 178E 08
o. r92E 08

o. o29 lo
o.03176
o. 0344 1

o. 03697
o.04277

-lJt

FULLY DEVELOPED NUSSELT NUMBER =13.9



RUN NUMBER (36) TUBE NUMBER 1

INPUT POWER = 957.0 t¡J HEAT RATE GAINED BY WATER = 947.2 ttl HEAT BALANCE ERROR 1.o%

REM = lll8.1 RAM = O.223E 08 PRM = 5.O3

UPSTREAM EULK TEMPERATURE =22,5 DEG C DOWNSTREAM BULK TEMPERATURE =44. I DEG C

INLET BULK TEMPERATURE =22.7 DEG C OUTLET BULK TEMÞERATURE =42.O DEG C

MASS FLOW RATE = 37.8 KG/HR

STATION
NO.

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
't6
17
18
t9
20
21
22
23

X TÌ.'( TOP )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

RA

o. l32E 08
o.135E 08
o. t38E 08
o. 141E 08
o. I45E 08
o. r49E 08
o. r53E 08
o. 157E 08
o.161E 08
o. 165E 08
o.17lE 08
o.1778 OA
o.183E 08
o. l88E 08
o.194E 08
o.200E 08
o. 210E 08
o.219E 08
o.229E 08
o.239E 08
o.250E 08
o.260E 08
o.2838 08

NU
( AVERAGE )

RE

893
901
908

PR x+

3.O
6.9

10. 8
t4 .9
20.7
26.3
32.O
37.7
43.7
49.5
57 .5
65.2
73.9
80.6
88.4
96. I

f 07.5
I 19.3
r30.I
142.5
154.1
r65.3
190. 5

915
926
937
947
958
969
980

34
36
37
38
39
39
39
40
41
41
41
42
42
43
43
44
45
46
47
47
49
50
52

o
2
1

9
8
5
5
1

2
3
2
4
5
7
4
5
7
2
2
1

7
o
3

9
o
o

3
2
6
I
6
4
6
5
5
8
2
7
1

7
3
3
I
6
2
1

22
23
23
23
24
24
25
25
26
26
27
2A
29
29
30
30
31
32
33
34
35
36
39

9
3
6
I
4
I
4
I
4
I
6
3
o
6
3
I
9
9
I
I
I
9
o

995
1009
1025
1037
105 1

1065
1087
1lo9
1 131
1 154
1 174
1201
1 255

I 6.48
o 6.42
3 6.36
9 6.30
7 6.22
I 6.14
I 6.06
4 5.99
6 5.91
4 5.83
2 5.74
4 5.64
4 5.54
5 5.47
I 5.39
8 5.3r
o 5. 19
4 5.08
7 4.97
I 4.85
4 4.75
6 4.65
6 4.42

o. 00065
o.oo150
o. oo235
o. oo325
o. oo452
o. oo575
o. oo70 1

o. oo827
o. oo960
o-o1089
o.01267
o.o1440
o.o1635
o.o1786
o.o1962
o. 02'l 36
o. 02395
o.02664
o. 02928
o.03197
o. o3455
o.o3725
o.04313

17 .4
15.1
14 .4
14.1
't3.7
13 .6
13 .9
13 .8
13.8
14.2
15.O
14.5
15.1
15 .4
15 .4
15.3
14.A
r5.3
15.3
r5.5
15.4
r5.3
15.3

Lt¡
N)

FULLY DEVELOPED NUSSELT NUMBER =15.O



RUN NUMBER (37) TUBE NUMBER I

INPUI PowER =l25O.O W HEAT RATE GAINED BY WATER =1236.7 vt HEAT BALANCE ERROR = 1.1%

REM = l2O2.f RAM = O.343E 08 PRM = 4.64

UPSïREAM BULK TEMPERATURE =22.8 DEG C DOh,NSTREÀM BULK TEMPERATURE =51.O DEG C

INLET BULK TEMPERATURE =23.O DEG C oUTLET BULK TEMPERATURE =48.5 DEG C

MASS FLOI, RATE = 37 .8 KG,/HR

STATION
NO.

1

2
3
4
5
6
7.8

I
10
ll
12
13
14
15
16
17
18
l9
20
2'l
22
23

x f 
'rr( 

ToP )
CM DEG C

Tr,(BOTTOM) TB
DEG C DEG C

RE PR x+ RA

179
144
189
194
201
204

NU
(AvERAGE )

3.
6.

lo.
14.
20.
26.
32.
37.
43.
49.
57.
65.
73.
80.
88.
96.

107 .

I 19.
r 30.
142 .
154.
165 .

190.

902
912
921
931
946
959
973
947

1002
lot6
l035
r054
l075
1092
1111
I13t
I161
I 193
1225
I 25a
r 293
I 326
I 406

6 .41
6.33
6.26
6.18
6.08
5.98
5.88
5. 78
5 .69
5.60
5 .48
5.37
5.26
5.17
5. 07
4.97
4.82
4 .6A
4 .55
4.41
4 .24
4 .'t6
3-91

o 38.2
I 40.6
I 41.8
I 42.2
7 43.2
3 43.8
o 44.1
7 45.O
7 46.O
5 46,.2
5 46.O
2 47.4
9 47.8
6 44.4
4 49.2
1 49.7
5 51.7
3 52-5
8 54.O
5 54.7
I 57.O
3 57.7
s 60.2

2
6
5
6
7
6
6
3
4
5
4
o
1

5
4
I
5
2
5
7
4
2
I

23
23
24
24
25
26
26
27
27
28
29
30
31
32
33
33
35
36
37
39
40
41
44

3
I
2
7
3
o
6
3
o
6
5
4
4
I
o
9
2
5
8
2
5
7
6

5
o
6
7
o
I
I
8
5
6
I
5
5
f
7
4
4
3
4
9
o
I
1

o.00065 0
o.oor50 0
o.00236 0
o.oo325 0
o.oo453 0
o.oo577 0
o.oo7c3 0
o.oo830 0
o.00964 0
o. o ro94 0
o.o127 4 0
o.01447 0
o.or644 0
o.o1797 0
o.o1975 0
o.02t5t o
o.o24 13 0
o.02686 0
o.02954 0
o.03227 0
o.o3499 0
o.03763 0
o.04360 0

18 .4
16.2
15.5
't5.3
14.9
14.8
15.2
15.1
't5.2
15 .6
16.6
16.O
16 .8
'I 7.O
17 .O
16.8
16.2
't6.8
16.7
17.1
16.9
16.8
16.9

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

2 t5E
2228
230E
2378
248E
258 E

2708
280E
29 1E
303E
3208
338E
3s7 E

376E
395E
4158
460E

lJl(,

FULLY DEVELOPED NUSSELT NUMBER =16.5



RUN NUMBER (38) TUBE NUMBER .t

INPUT POì{ER =l582.O t, HEAT RÁTE GÂINED BY WAI-ER =1545.7 U, HEAT BALANCE ERROR = 2.3%

REM = 1298.7 RAM = O.5O3E Og PRM = 4.26

UPSTREAM BULK TEMPERATURE =23.1 DEG C DOITNSTREAM BULK TEMPERATURE =58.3 DEG C

INLET BULK TEMPERATURE =23.3 DEG C oUTLET BULK TEMPERATURE =55.5 DEG c

MÂSS FLOW RATE = 37.8 KG,/HR

STAÏ I ON
NO.

I
2
3
4
5
6
7
8
I

10
't1
12
13
14
15
't6
17
l8
19
20
21
22
23

RE

911
923
935
948
966
983

1001
1018
1036
1054
1079
r r03
I 131
1 153
I 179
't206
1246
1290
1 334
1 380
1 427
147 4
1 576

o. 00cj65
o.oo15l
o. oo236
o. oos26
o. oo454
o. oo579
o. 00706
o. oo833
o. 00968
o.orc'99
o.or280
o.ol455
o.ol654
o-or808
o. o1 s88
o.02166
o.02432
o. 02709
o.o2s79
o. 03256
o. 03532
o. 03798
o. 04397

o. 231E
o. 239E
o.2468
o.255E
o. 266E
o.2778
o. 289E
o. 300E
o. 313E
o.325E
o. 343E
o. 36 1E
o. 38 1E
o. 397E
o.4178
o.436E
o.465E
o .4978-
o - 528E
o. 561E
o. 595E
o. 628E
o.702E

X T1,'(TOP) TW(BOTTOM) TB
CM DEG C DEG C DEG C

40
43
44
45
46
47
47
4A
48
49
4A
50
5l
51
52
54
56
57
59
60
61
63
67

PR

.34

.24

.15

.06

.93

.81

.70

.59

.47

.37

.24

.11

.97

.86

.74

.63

.46

.29

.14

.99

.44

.71

.46

x+ RA NU
( AVE RAGE )

41 .9
44 .6
45.9
46 .3
47 .4
4A.1
48.6
49 .4
so.8
51.3
50. I
52.6
53. 1

s4.o
55.O
55.6
58.1
59.3
6r.o
61.9
64-9
65.6
6A .7

3.O
6.9

'1o.8
14 .9
20.7
26 .3
32.O
37 .7
43.7
49.5
57.5
65.2
73.9
80.6
88.4
96. I

fo7.5
I 19.3
130.8
142.5
154.1
't65.3
190. 5

6
3
3
6
I
I
I
6
9
o
I
I
o
6
8
6
5
5
o
7
6
7
4

23
24
24
25
26
27
27
2A
29
30
31
32
33
34
36
37
38
40
42
43
45
47
50

36
46
56
26
35
65
25
75
95
55
o5
l5
24
34
64
34
94
44
34
43
63
53
93

7
3
9
4
3
I
9
7
6
4
5
6
I
8
o
I
7
4
o
7
4
ô
6

19. O
16.9
16 .4
16.2
15 .9
15 .8
'16.2
16'.2
16. 3
16 .7
17 .9
17.2
t8.o
1a.2
18.2
18.O
17 .4
17 .9
17 .9
14.2
t8.o
14. 1

18. 1

o8
o8
oa
o8
o8
oa
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

FULLY DEVELOPED NUSSELT NUMBER =17.6
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RUN NUMBER (39) TUBE NUMBER I

INPUT POt¡rER =1763.O t, HEAT RATE GAINED BY I'TATER =1733.2 Vl HEAT BALANCE ERROR = 'l .7%

REM = 1371.8 RAM = O.627E OB PRM = 4.O2

UPSTREAM BULK ïEMPERAïURE =23.6 DEG C DO1dNSTREÂM BULK TEMPERATURE =63.2 DEG C

INLEï BULK TEMPERATURE =23.9 DEG C OUTLET BULK TEMPERATURE =60.3 DEG C

ttASS FLOI, RATE = 37 .8 KG,/HR

STAT I ON
NO.

'|

2
3
4
5
6
7
I
9

'to
ll
12
13
14
15
l6
17
18
19
20
2'l
22
23

X T1,'( TOP ) TI,'( BOITOM ) TB
CM OEG C DEG C DEG C

RE PR X+

230
13 0
030
930
790
660
540
420
3t o
200
050
91 0
750
640
51 0
390
2',t o
030
470
71 0
570
450
2AO

RA

o.27 1

NU
( AVERAGE )

44 .2
47 .O
48 .4
48.7
so. o
50.8
51.3
52.3
53.7
54.2
53.9
55.7
56. 3
57 .3
58 .4
59.2
62.1
63 .4
65.3
66.3
69.6
70.3
74.O

3.O
6.9

lo.8
l4 .9
20.7
26.3
32.O
37 .7
43.7
49.5
57 .5
65.2
73.9
80.6
aa .4
96. I

107 .5
'I 19.3
130. I
142.5
154. 1

165.3
190. 5

42
45
46
47
49
50
50
51
5t
5l
5l
53
54
54
56
58
60
61
63
64
65
68
72

I
6
6
9
3
5
5
3
6
7
6
7
o
6
o
o
2
4
o
8
9
'|

5

24
25
25
26
27
2A
29
30
31
3J
33
34
âq

36
38
39
41
43
45
46
48
50
54

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

4
o
6
3
2
1

1

o
o
9
2
4
8
I
2
4
3

o
I
8
6
7

925.O 6
938.7 6
952 -4 6
966.8 5
987. I 5

1006.6 5
1026-3 5
1045.8 5
1066.5 5
1086.8 5
1115.4 5
1143.8 4
1176.9 4
r203.o 4
1234.2 4
1265.9 4
1314.2 4
1 366.2 4
1418 .6 3
1473.8 3
1530.3 3
1578.O 3
't653.5 3

00065
oo15l
oo237
oo327
oo456
oo580
oo708
oo836
oo97 1

o1103
o1 285
o1461
o166 I
o 1816
o1998
02178
02445
o2724
o2996
0327 4
03550
o3816
O4a23

3f6E
331E
346E
360E
378E
3948
4 188
4428
469E
490E
5 16E
542E
581E
623E
665E
709E
754E
795E
870E

2A1
291
301

E

E

E

E

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

19 .7
17 .6
17.1
17.O
16'.7
16.5
17 .O
17.1
17 .'l
17.6
18 .9
14.2
'19. I
19 .4
19.3
19- 1

18.3
18.9
18.9
19.4
19. 't

19.3
19.2

\¡
Ltl

FULLY DEVELOPED NUSSELT NUMBER =18.7



RUN NUMBER (4O) TUBE NUMBER 1

INPUT POWER = 313.O h/ HEAT RATE GAINED BY lt,ATER = 305.6 ttl HEAT BALANCE ERROR = 2. %

REM = 1095. I RAM = O.498E 07 PRM = 5 .9 1

UPSïREAM BULK TEMPERÂÏURE =23.3 DEG C DOI¡TNSTREÂM BULK TEMPERÂTURE =29.5 DEG C

INLET BULK TEMPERÂTURE =23.4 DEG C OUTLET BULK ïEMPERÀTURE =28.7 DEG c

MASS FLow RATE = 42.7 Rg/HR

STAT I ON
NO.

1

2
3
4
5
6
7
I
I

10
1l
12
l3
14
15
't6
17
18
19
20
21
22
23

500E 07
507E 07
5148 07
5218 07
536E 07

X TW ( TOP ) Tt,J ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE

1022
1024
1027
1029
1032
1035
r039
1042
1045
1049
1053
'tos8
I 063
1 067
107 I
1 076
1o42
089
o96

o. ooo58
o.ool33
o. oo208
o. oo287
o. oo399
o. oo507
o.00618
o. oo728
o. oo844
o. oo957
o.01 I12
o.o1262
o. o 1431
o.ol5€2
o.o17 14
o.ol864
o. 02047
o.o2318
o - 02543
o.02773
o. 03001
o.03222
o. 03720

PR x+ RA

o.423E 07
o.4258 07
o.428E 07

430E 07
433E 07
4378 Q7
440E 07
4438 07
4478 07

NU
( ÀVERAGE )

3
6

'lo
'14
20
26
32
37
43
49
57
65
73
80
88
96

107
I t9
130
142
't54
165
190

3
4
o
5
I
2
3
5
5
5
5
9
I
I
o
3
6
7
I
o
2
5
2

27 .6
2A -6
29.2
29-5
29.9
30.2
30. 3
30. 6
30.9
30.9
30.9
31 .2
3t.3
31 .2
3t.4
31 .4
31.9
32-1
32.2
32.3
32 .8
33.O
33 .6

102
109
116
130

23.s
23.5
23 .6
23.7.
23. 9
24.O
24.1
24.3
24 .4
24.5
24 .7
24 .9
25. 1

25.3
25.5
25.6
25.9
26.2
26'.5
26.7
27.O
27 .3
27 .9

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
0

56
76
o6
36
76
96
26
46
96
26
96
36
36
26
76
16
75
55
15
95
55
o5
45

15 .6
12.6
11.3
10. 7
10.2
10. o
lo. o
9.9
9.8

10. o
to. 3
10. I
ro.3
10.6
10 .7
10.8
lo.5
10.7
11 .O
11.3
11.2
11 .2
11.1

450E 07
455E 07
460E 07
46sE 07
469E 07
474Ê. 07
47AE 07
4858 07
493E 07

Ltr
o\

FULLY DEVELOPED NUSSELï NUMBER =.lO.6



RUN NUMBER (41) TUBE NUMBER I

I NPUT POh/ER 59 1.O u, HEAT RATE GÂINED BY hTATER = 577.8 h, HEAÍ BÀLANCE ERROR = 2.2%

REM = 1163. I RAM = O. 1'lOE OB PRM = 5.52

UPSTREAM BULK TEMPERATURE =23.4 DEG C D0¡TNSTREAM BULK TEMPERATURE =35.1 DEG c

INLET BULK TEMPERATURE =23.5 DEG C oUTLET BULK TE¡¡PERATURE =33.7 DEc C

MASS FLOI, RATE = 42.7 RG/HR

STAT I ON
NO.

I
2
3
4
5
6
7
8
9

10
11
12
13
14
t5
16
17
l8
19
20
21
22
23

X TW(TOP) T¡.l(BOTTOM) TB
CM DEG C DEG C DEG C

RE

1026
to30
t035
to39
1046
'to52
1058
l065
107 1

1078
l087
1095
1 105
1112
1121
r 129
1 142
I 155
't 167
I 180
1192
1205
't233

36
33
30
27
22
18
14
10
o5
ol
96
9l
85
80
75
70
63
56
49
43
36
30
17

84A
86 1

473
886
898

PR x+ RA

422
830
839

NU
( AVERÂGE )

10.8 33.8
t4.9 34 - 1

26'.3 35.O
20.7 34 .6

49.5 36.3
43 .7 36. I

57.5 36. I

3.O 3't .2
6 .9 32.9

32.O 35.2
37 .7 35.6

65 .2 36.6
73 .9 36. a
80.6 36 . I
aa.4 37.1

23.6
23.A
24.O
24 -2
24 .4
24 .7
24.9
25.2
25.5
25.7
26.1
26 .4
26.4
27.1
27 .5
27 .8
2A.4
28.9
29.4
29.9
30. 5
31.O
32. 1

30.8
32 .4
33.2
33.9
34 .5
34.9
35.O
35.3
35.4
35.5
35-4
36. I
36.1
36. I
36 .4
37.O
37.6
37 .A
38.3
38.7
38.9
39.6
40.9

66
96
26
86
26
46
76
t6
76
26
15
65
25
75
35
85
35
15
65
25
95
15
o5

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

oooss 0
oo133 0
oozos 0
oo288 0
oo400 0
oo50s o
006r9 0
oo730 0
ooa47 0
oos60 0
ol117 0
o1268 0
o t439 0
ot570 0
o1724 0
or876 0
02102 0
02336 0
02565 0
02798 0
o3c'29 0
03253 0
03759 0

9128 07
925E 07
943E 07
9608 07
980E 07
995E 07
101E 08
'l03E 08
ro6E 08
108E 08
11lE 08
1 14E 08
J 17E 08
t20E 08
126E 08

o7
o7
o7
o7
o7
o7
o7
o7

6.1
3.4
2.5
2.1
1.7
1.5
1.7
1.5
1.5
1.7
2.3
1.9
2.4
2.6
2.8
2.7
2.3
2.4
2.8
3.1
3.O
3.1
2.9

96. I 37.3
107.5 3A.2
119.3 38.5
130.8 38.9
142.5 39.1
154.1 40.1
165.3 40.3
190.5 4't.4

(Jr
._t

FULLY DEVELOPED NUSSELT NUMBER =12-5



RUN NUMBER (42) TUBE NUMBER 1

INPUT POWER = 751.O 9l HEAT RATE GÂINED BY ITATER = 734.4 Vl HEÂT BALANCE ERROR = 2.2%

REM = 1224.0 RAM = O.159E OB PRM = 5.21

UPSTREAM BULK TEMPERATURE =24.3 DEG C DOh,NSTREAM BULK TEMPERATURE =39.2 DEG C

INLET BULK TEMPERATURE =24.5 DEG C OUTLET BULK TEIIPERÂTURE =37.6 DEG C

MASS FLOI', RATE = 42.7 RG/HR

STAT I ON
NO.

I
2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
l8
19
20
21
22
23

X TI¡,l(TOP ) TW(BOTTOM) TB
CM DEG C DEG C DEG C

RE PR

.19

.15

.12

.o8

.02

.97

.92

.87

.42

.77

.71

.65

.58

.53

.47

.41

.33
-25
.18
.10
.02
.95
.79

x+

o. oooss
o.oo133
o. oo209
o. oo289
o. oo402
o.oo511
o.00622
o. oo733
o. ooss I
o. 00965
o.o1122

o. 0258 1

o. 028 .16

o. 03050
o.03277
o. o3789

RA

1 l2E 08
I l3E 08
I 15E 08
I t6E 08
r 18E 08
'I 20E 08
1238 08
l25E 08
127E OA
l29E 08
t32E 08
l35E 08
138E C,8
141E 08
t44E 08
1 478

NU
( AVE RAGE )

26
76
36
26
46
45
65
75
25
55
85
75
95
25
15
95
75
35
85
85
85
64
24

24.6
24.9
25.1
25.3
25.7
26.O
26.3
26.6
27 .O
27 .3
27 .A
24.2
2A.A
29.1
29.6
30. o
30.7
31.4
32. 1

32.7
33 .4
34.1
35-5

33.5
35.4
36.2
36.8
37 .7
38.2
38. 3
3A.7
38.9
38 .8
38.7
39 .6
39 .5
39. 7
40. I
40.8
41.7
41.5
42.4
43. O
43 .4
44.3
46.O

o 34.1
I 36.O
8 36.9
9 37. I
7 37.A
3 38.3
o 38.6
7 39.O
7 39.6
5 39.9
5 39.7
2 40.4
9 40.5
6 40.9
4 41 .1
'l 41 .4
5 42.4
3 42.7
8 43.3
5 43-6
1 45.O
3 45.3
5 46.7

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
190

105 t
1056
I 062
1068
t076
1084
1092
1 loo
I lo9
11 17
I 128
I 139
1 151
'I 'i6 t
1172
I 182
1 198
1215
123 1

1248
I 265
1242
132 1

o.o1734
o.or579

o.ot887

o .0127 4
o.o1447

o.o2114
o. 02350

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

16.6
14.1
13.3
13.O
12.6
12 .4
12.5
12.5
12.4
12.7
t3.3
12.9
13 .4
13.6
13.7
13.7
13.3
13.8
r3.9
14.2
14.O
14.O
13.8

o8
o8
o8
o8
o8
o8
o8
o8

't528
157 E

1 62E
1678
172E
177 E

t88E

DEVELOPED NUSSELT NUMBER =J3.5

Ltr
@

FULLY



RUN NUMBER (43) TUBE NUMBER 1

INPUT POWER =1188.O t¡tl HEAT RATE GAINED BY WATER =1149.4 td HEAT BALANCE ERROR = 3.2%

REM = 1365.5 RAM = O.329E 08 PRM = 4.61

UPSTREÂM BULK TEMPERÂTURE =25.6 DEG C DoþJNSTREAM BULK ïEMPERATURE =48.8 DEG c

INLET BULK TEMPERÂTURE =25.7 DEG c 0UTLET BULK TEMPERAïURE =47 .2 DEG c

MASS FLOW RATE = 42.7 KG/HR

STATI ON
NO.

I
2
J

4
5
6
7
8
9

to
lt
't2
13
14
'I 5
16
17
't8
19
20
21
22
23

RE

1085
l094
I lo3
1 112
1 126
1 l39
1152
I 165
1 179
'l 192
1210
122A
1249
1 265
1244
1 304
't 332
I 363
'I 394
1 42€,
1 458
1 490
't 565

RA

't 98E
2018
205E

25
35
45
95
45
45
55
55
15
55
85
85
45
65
84
o4
94
74
44
34
84
84
33

x rt./( ToP ) rw( BorroM) TB
CM DEG C DEG C DEG C

PR x+

o.ooo58 0
o.oot34 0
o.oo2ro o
o.oo290 0
o.oo404 0
o.oos14 0
o.00626 0
o.oo739 0
o.oo858 0
o.oo973 0
o.ol l32 0
o. o.t 286 0
o.o146 I O
o.ot595 0
o.or7s3 0
o.or909 0
o.02r40 0
o. 0238'l o
o -02617 0
o.02858 0
o.03098 0
o.03330 0
o.o3855 0

NU
( AVERAGE )

3
6

lo
14
20
26
32
37
43
49
57
65
73
80
88
96
o7
19
30
42
54
65
90

o
I
8
I
7
3
o
7
7
5
5
2
I
6
4
I
5
3
I
5
1

3
5

.o

.3

.7

.1

.o

.7

.4

.6

.6

.5

.8

.9

.1

.8

.t

.4

.8
o

.9

.3

.7

.2

39
41
43
44
45
44
45

45
45
45
46
46
47
47
49
50
50
51
52
53
54
57

39.9
42.2
43.3
43.6
44 .5
45. I
45 .4
46.O
47 .O
47 .2
46 .9
48. I
48 .4
48.9
49 .4
49.9
5l .6
52.2
53.3
53.8
55.8
56. 3
54.2

2
2
2
2
2
2
2
2
2
2
2
2

26
26
26
27
27
2A
2A
29
29

o
4
8
1

7
2
I
3
9
4
2
I
I
4
2
I
o
'|

2
3
4
5
I

o2

30
31
3l
32
33
34
34
36
37
38
39
4Q
41
43

97
9l
86
80
72
65
58
50
43
37
2A
19
o9

10E
158
21
27
33
39
45
54
63
73
81

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

't8.6
16.2
14 .9
14.9
14.6
14.9
14.9
7.A

15. I
15.5
16.5
15.9
16.6
16.9
17.O
16.8
16.3
17.O
16.9
17 .4
17.3
'17 .4
17.5

94
86
74
62
51
40
29
l9
97

90E
300E
3l4E
329E
343E
359E
3748
390E
425F.

(tt
\o

FULLY DEVELOPED NUSSELT NUMBER =16. I



RUN NUMBËR (44) TUBE NUMBER 1

INPUT POWER =1478.O td HEAT RATE GAINED BY WATER =1399.6 I.l HEAT BALANCE ERROR = 5.3%

REM = 1442.3 RAM = O.445E 08 PRM = 4.34

UPSTREAM BULK TEMPERATURE =25.7 DEG C DOI,JNSTREAM BULK TEMPERATURE =54.O DEc C

INLEï BULK TEMPERATURE =25.9 DEG c oUTLET BULK TEMPERATURE =s2.O DEG c

MASS FLOId RATE = 42.7 RG/HR

SÏAÏION
NO.

I
2
3
4
5
6
7
8
o

to
1t
12
13
14
l5
16
17
18
't9
20
21
22
23

X TI.' ( TOP ) Tt,' ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE

o. oo405
o.oo515
o. 00628
o. oo74 t
o. 00860
o. 00976
o.ol.l36
o. 0129 1

o.o1466
o.o1602
o.o1761
o. o l9l8
o.02152
o. 02395
o. 02633
o.o2a76
o.03 I l8
o. 03352
o. 0388 1

PR

.93

.86

.80

.73

.64

.55

.47

.38

.30

.22

.12

.ol

.90
-42
.72
.63
.49
2E

.23

.10

.98

.47

.63

x+

o. ooc58
o.oo134
o. oo2 ro
o. oo29 1

RÀ

o.2438 08
o.249E 08
o.255E 08
o.261E 08
o. 270E 08
o.278E 08
o.287E 08
o.296E 08
o.306E 08
o.316E 08
o. 329E 08
o.343E 08
o. 358E 08
o. 370E
o. 384E

NU
( AVERAGE )

41 .5
44.1
45 .1
46.2
47 .4
48.3
48. 1

48 .8
49,O
49.O
48.9
50. 5
50.6
50. 8
51 .7
53.3
54 .9
55.5
56 .6
57 .9
58.5
60. 1

63.2

o 42.7
I 45.3
8 46.5
I 46.8
7 47.9
3 4A.4
o 48.8
7 49,6
7 50.7
5 5t.r
5 50.8
2 52.1
I 52.4
6 53.1
4 53.8
1 54.2
5 56.4
3 57.1
8 58.5
5 59.O
I 61.5
3 62.1
5 64.5

3
6

10
14
20
26
32
37
43
49
57
65
73
80
88
96

107
119
130
142
154
165
190

26
26
27
27
2A
29
29
30
3l
31
32
33
34
J3
36
37
38
39
41
42
43
45
48

3
7
2
7
3
o
6
3
o
7
6
5
5
3
2
I
4
7
I
4
8
1

o

109 I
1102
1l t3
1 125
1141
1 157
1172
I 188
I 205
1221
1244
1267
1293
13t3
1 338
1362
I 399
1439
147 A
1519
't56I
1 603
I 700

99E
208
438
66E
90E
15E
38E
94E

55
65
65
25
55't5
95
85
45
85
85
35
44
84
14
54
64
o4
54
84
83
43
43

o.3
o.4
o.4
o.4
o.4
o.5
o.5
o.5

9.1
6.8
6.3
6.O
5.6
5.5
6.O
5.9
5.9
6.3
7.4
6.8
7.5
7.9
8.O
7.8
7.2
7.9
8.O
8.3
4.2
8.3
a.4

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

FULLY DEVELOPED NUSSELT NUMBER =I7.5

o\
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RUN NUMBER (45) TUBE NUMBER .I

INPUT POWER =1992.O ttl HEAT RATE GAINED BY I'TATER =1916.6 lrl HEAT BALANCE ERROR = 3.e%

REM = 1614.4 RAM = O.748E Og pRM = z.a4

UPSTREAM BULK TEMPERATURE =26.1 DEG C DOhTNSTREAM BULK TEMPERATURE =64.8 DEG C

INLEï BULK TEMPERATURE =26.3 DEG C OUTLET BULK TEMPERATURE =62. 't DEG C

MASS FLOìII RÂTE = 42.7 RG/HR

STATION
NO.

x Tr.J ( TOP ) Tr¡' ( BOTTOM ) rB
CM DEG C DEG C DEG C

RE PR x+

o. ooo58
o-oo135
o.oo2l1
o.oo292
o. 00406
o.oo517
o. 00630
o.oo744

NU
( AVERÂGE )

RA

I
2
3
4
5
6
7
8
I

lo
tt
12
13
14
t5
't6
17
18
19
20
21
22
23

3.O 44.3
6.9 51 .3

20. o
17.9
17.5
17 .2
16.9
16.8
17 .4
17.3
17 .4
't7.9
19 .2
18.5
19.4
't9.6
19 .6
r9-4
14.7
19.4
19.5
19.8
19.7
20.o
19 .7

o. ooa55
o. oo982
o.o1'143
o. o1 300
o.o1478
o.ot616
o.o1777
o.o1936
o.02174
Q.02420

93

26.8
27 .4
28.O
24.7
29.6
30. 5
31.4
32.3
33. 3
34.2
35 .5
36.7
38. I
39. I
40 .4
4t.6
43 .4
45.3
47-1
49-O
50.8
52 .6
56.6

46.8
49.7
50.8
52.2
53.7
54 .8
54. 5
55 .4
55. 7
55.8
55.5
57.6
57 .8
58.4
59. 7
61 .8
64.O
64 .9
66.3
6fJ.2
69.O
71 .2
75 -7

1 104
1t t9
1 134
I 150
1 172
I193
1215
1237
126 1

I 285
13 19
1 352
'I 390
1 421
't457
1 494
I 550
16 tO
1670
17 34
1 786
1A22
191 1

35
45
55
35
45
75
65
95
95
64
14
24
74
14
44
14
14
23
63
o3
13
23
63

85
76
68
59
47
36
25
15
o4

o.343E 08
o.354E 08
o. 365E 08
o. 377E 08
o.393E 08
o. 4loE 08
o.428E 08
o.446E 08
o.466E 08
o.485E 08
o.5r2E 08
o.539E 08
o.570E 08
o. 594E 08
o.623E 08
o.652E 08
o.6978 08
o .7 44E OA
o.792E 08
o.a42E OA
o.886E 08
o.922E 08
o.101E 09

10. 8 52.7
14.9 53.1
20 .7 54 .4
26.3 55. I
32.O 55.6
37 .7 56 .6
43.7 58.O
49.5 58.5
57.5 58. 1

65.2 60.O
73.9 60.4
80.6 61.4
88.4 62.5
96. 't 63.2

107 . 5 65.9
f19.3 67.O
130.8 69. I
142.5 69.9
154.1 73.3
165.3 73.7
190.5 77 .4

80
66
52
41
29
18
o1
85
70
56
44
37
l9

o. 0266 I
o. 02907
o.03l50
o. 03388
o. 03927

o\

FULLY DEVELOPED NUSSELT NUMBER =19.1



RUN NUMBER ( T ) TUBE NUMBER 9

INPUT POWER 5O.O u/ HEAT RATE GAINED BY WATER = 47.4 vt HEAT BALANCE ERRoR = 5.3%

REM = 214.9 RAM = O.641E OG PRM = 5.79

UPSTREAM BULK TEMPERÂTURE =22.9 DEG c D0h,NSTREAM BULK TEMPERÄTURE =31.6 DEG C

INLET BULK TEMPERATURE =23.O DEG C OUTLET BÙLK TEMÐERATURE =3.I.5 DEG C

MASS FLOW RATE = 4.7 KG/HR

STAT I ON
NO.

x Ttr( ToP ) Tl,r( BoTToM) TB
CM DEG C DEG C DEG C

31

RE

't 95
t96
197
198
199
201
202
203
205
206
204
2'to
212
213
215
217
219
222
224
226
224
231
233

RAPR x+

o. oo23 1

o. oo540

NU
( AVERAGE )

1

2
3
4
5
6
7
I
9

'to
IJ
12
13
't4
15
't6
17
l8
t9
20
21
22
23

8
6
2
I
4
o
4
I
o
2
7
3
6
o
3
7
2
7
4
o
6
I
3

I
3
5
7

ro
l3
't6
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

5
5
5
5
5
5
5
5
5
5
5
5
q

5
5
5
5
5
5
5
5
5
5

25
26
26
27
27
2A
2A
2a
29
29
29
30
30
31
3l
32
32
33
33
34
34
35

24
25
26
26
27
2A
2A
2A
29
29
29
30
30
31
3l
3t
32
32
33
34
34
35
35

24 8
6
I
7
4
I
3
6
I
3
6
I
4
7
I
6
I
6
I
I
4
I
I

o.5t2E 06
o.5r8E 06
o.524E 06
o.5308 06
o.539E 06
o.548E 06
o.557E 06
o.5668 06
o.575E 06
o.584E 06
o.597E 06
o.609E 06
o.622E 06
o.634E 06
o.646E 06
o.659E 06
o.675E 06
o.691E 06
o.706E 06
o.7228 06
o.739E 06
o. 756E 06
o.773E 06

16.8
12 .4
10.7
9.3
8.4
7.7
7.5
7.3
7.5
7.4
7.3
7.2
7.2
7.3
7-3
7.2
7.2
7.1
7.O
6.6
6.5
6.5
6.9

o. oo849
o-o1158
o. o1623
o. 02088
o.02554
o.03022
o. 03490
o. o39s8
o. 04s85
o.o52l3
o. 05842
o. 06473
o.07l05
o.o7738
o. 0853 I
o. 09327
o. 10124
o.,|0923
o. 11721
o.12522
o. I 3324

7 6.44
6 6.41
5 6.37
4 6.34
I 6.29
1 6.24
5 6.19
I 6. f 5
3 6.10
6 6.05
5 5.99
3 5.93
1 5.88
I 5.82
I 5.76
6 5.71
8 5.64
1 5.58
3 5.s1
5 5.45
I 5.39
o 5.34
3 5.28

2
3
5
7
o
3
6
9
2
5
9

6
o
4
8
3
I
2
7
2
7

23
23
23
23
24
24
24
24
25
25
25
26
26
27
27
27
2A
2A
29
29

',30
30

o\
t\)

FULLY DEVELOPED NUSSELÏ NUMBER = 7. 1



RUN NUMBER ( 2) TUBE NUMBER 9

INPUT POh,ER = IOO.O ttt HEAT RATE GÂINED BY I,ÂTER = 98.6 h, HEAT BALANCE ERROR = 1.4%

REM = 236.2 RAM = O.166E 07 PRM = 5.21

UPSTREAM BULK TEMPERATURE =22.8 DEG C DOU,NSTREAM BULK TEMPERATURE =4O.8 DEG c

INLET BULK TEMPERÄIURE =23.O DEG C OUTLET BULK TEMPERATURE =4O.7 DEG C

MASS FLOW RATE = 4.7 RG/HR

STAT I ON
NO-

Tl,r( ToP )
DEG C

x+

oo23 I
oo540
oo850
o1161
o1628
o2097
02568
0304't
o3515
0399 I
04627
05266
os905
06547
07 192
o7839
0865 I
09466
1 0285
111,C7
I 1933
12761
I 3592

RA

108E 07
l 10E 07

'I 3E 07
16E 07
208 07

NU
( AVERÂGE )

X
CM

rt.t(BoTroM) TB
DEG C DEG C

RE

196
198
200
202
205
207
210
213
216
219
223
226
230
234
23A
242
247
252
257
262
264
273
279

41
34
27
20
tt
o1
92
83
74
66
55
45
35
25
16
o7
95
a4
73
63
52
42
32

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

24
2A
32
36
40
45

151
157
163
169
175
la3
l9l
200
204

Êo7
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07
E07

PR

I
3
5
7

'to
13
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

'|

2
3
4
5
6
7
I
9

10
1l
12
13
14
15
16
17
l8
19
20
21
22
23

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

56
46
36
26
16
96
85
75
55
35
15
85
55
35
15
o5o4
14
34
64
o4
64
24

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

23.3
23.7
24 .1
24.5
25. 1

25.7
26.4
27.O
27.6
28.2
29.O
29.4
30.6
31 .4
32.2
33.O
34. O
3s.o
36.O
37.O
38. 1

39.1
40. 1

26 .8
24.2
29.3
30.3
31.3
32.3
33.O
33.5
34.O
34.7
35 .4
36.2
37 .O
37 .8
38.6
39.4
40. 5
41.6
42.6
44.O
45.2
46.2
46.8

26
2a
29
30
3l
32
33
34
34
34
35
36
37
38
39
39
40
42
43
44
45
46
47

7
3
5
4
6
6
3
o
4
I
I
7
5
3
o
8
9
o
2
4
6
7
1

o.217

't7 .1
13.O
't1.1
10. o
9.2
4.7
8.6
8.6
a.7
4.7
4.7
8.6
8.6
8.6
8.8
4.7
8.6
8.5
4.4
8.O
7.8
7.7
8-3

o.226E' 07
o.234E 07

o\(,

FULLY DEVELOPED NUSSELT NUMBER = 8.5



RUN NUMBER ( 3) TUBE NUMBER 9

INPUT POI.TER = 15O.O t¡, HEAT RATE GAINED BY ttrATER = 142.3 W HEAT BALANCE ERROR = 5.2%

REM = 256.1 RAM = O.2aGE 07 PRM = 4.76

UPSTREAM EULK TEMPERÂTURE =22.8 DEG c DOI./NSTREAM BULK TEMPERATURE =48.8 DEG C

INLET BULK TEMPERATURE =23.1 DEG c OUTLET BULK TEMPERATURE =48.6 DEG C

MASS FLOþ, RATE = 4 .7 RG/HR

STATION
NO.

X TI¡, ( TOP ) TI¡, ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE

197
200
203
205
2.10
214
21a
222
226
230
235
241
247
253
259
265
273
241
290
294
307
316
326

o.158
o. 164
o. r69
o. 175
o. t83
o. t91
o. 200
o. 209
o.217

226
239
252
265
279
293
307

344
363
383
403
424
445

PR X+ RA NU
( AVERÂGE )

33
37
41
45
49
54
59
64
69
74
79
84

1

2
3
4
5
6
7
I
I

10
1t
12
13
14
'I 5
't6
17
18
19
20
21
22
23

1

3
5
7

10
'I 3
16
19
22
25
29

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

325

2A.4
30. 4
31.8
33.2
34 .4
35. 5
36-4
37.1
37 .8
38.8
39.9
4t.o
42.3
43 .4
44.5
45.8
47 .3
48 .8
50. 3
52 .3
53 .9
55. 3
56. 1

24.4
30 .4
32. 1

33.3
34.7
36.O
37.O
37 .7
3A .4
39.2
40. 5
4',t.7
42.9
44 .O
45. I
46 .3
47 .8
49-4
51.2
52.4
54. 5
56.O
56 .6

o
o
o
o
o
o
o
o
o
o
o
o
o
o

66
46
l6
96
o5
25
35
35
45
45
95
55
24
14
24
44
34
64
o4
74
73
93
33

23 .6
24 .2
24 .7
25.3
26.2
27.1
27 .9
28.4
29.7
30-6
31 .7
32.9
34.1
35.2
36 .4
37 .6
39.O
40. 5
4l .9
43 .4
44.9
46. 3
47 .8

o. oo23 I
o. oo54 1

o. oo852
o.ol164
o.ot634
o.02106
o. 02s80
o. 03057
o. 03s36
o.o4015
o. 04658
o. 05304
o. 05953
o. 06605
o.Q726'1
o.07920
o.oa747
o. 09579
o.104 14
o- I 1253
o. 12094
o.12937
o. 1378'l

17.5
13.5
11 .7
10.6
10. o
9.6
9.6
9.7
9.9
9.9
9.8
9.8
9.7
9.7
9.8
9.7
9.6
9.4
9.2
4.9
8.7
4.7
9.4

07
o7
o7
o7
o7
07
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7

FULLY DEVELOPED NUSSELT NUMBER = 9.5

o\s



RUN NUMBER ( 4) TUBE NUMBER 9

INPUT POIilER = 2OO.O Ì,/ HEAT RATE GAINED BY l,rATER = 192.6 t¡t HEAT EALANCE ERROR = 3.7%

REM = 2A1 .2 RAM = O.465E 07 PRM = 4.29

UPSTREAM BULK TEMPERATURE =22.8 DEG c DoVINSTREAM BULK ïEMPERATURE =58.1 DEG C

INLET BULK TEMP,ERATURE =23-2 DEG C OUTLET BULK TEMPERATURE =57.8 DEG C

MASS FLOh, RATE = 4.7 KG/HR

STAT I ON
NO.

1

2
3
4
5
6
7
I
I

ro
11
12
t3
14
t5
't6
17
18
19
20
21
22
23

X TW( TOP )
CM DEG C

TtJ(BOTTOM) TB
DEG C DEG C

PR

.32

.19

.06

.s4

.77

.60

.45

.31

.17

.o3

.86

.69

.52

.36

.21

.07

.89

.73

.57

.45

.36

.24

.19

96
66
46't5
75
25
75
25
85
55
44
64
14
a4
84
24
23
73
63
93
63
83
63

23.4
24.6
25.4
26.2
27 .4
24.6
29 .8
30.9
32. 1

33. 3
34 .9
36.5
38. 'l

39.6
41.2
42.4
44.4
46.8
4A.7
50. 7
52.'l
54 .7
56 .6

2
I
6
1

7
o
'|

o
I
3
I
4
1

6
2
7
7
7
7
4
6
5
2

RE x+ RA NU
( AVERAGE )

I
3
5
7

10
13
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

21AE 07
22AE 07
238E 07
24AE 07
2648 07
2798 07
295E 07
312E 07
330E 07
34AE 07
373E 07
398E 07
424E 07
4528 07

4939

30. 3
33.O
35.O
36.4
3A.2
39. 7
40.9
41.4
42.4
43.9
45 .6
47 .5
49.O
50. s
52.O
53.6
55.4
57.6
59.8
62-1
64.5
66 .6
67 .9

198
202
206
210
215
221
226
232
237
243
251
259
264
276
285
295
307
319
332
343
351
359
368

oo232
oo5.12
oo854
o1167
o1639
02 .l15

o2594
o3073
o3556
0404 1

o4692
053:17
06006
06670
07336
08006
088.16
09689
f0533

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

'1375
2224
3086

4798 07
508E 07
545E 07
583E 07
622E 07
659E 07
688E 07
7 198 07
750E 07

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

7.4
3.7
2.'l
1.3
o.8
o.5
o.5
o.8
1.O
o.9
o.8
o.7
o-6
o.6
o.7
o.7
o.7
o.5
o.4
9.8
9.5
9.5
9.9

FULLY DEVELOPED NUSSELT NUMBER =1O-A

o\\¡



RUN NUMBER ( 5) TUBE NUMBER 9

INPUT POI{ER = 5O.O I¡J HEAT RATE GAINED BY T¡/ATER 48.9 t¡/ HEAT BALANCE ERROR = 2.2%

REM = 361.3 RAM = O.6O5E OG PRM = 6.OG

UPSTREAM BULK TEMPERATURE =22.9 DEG C DO\',NSTREAM BULK ÏEMPERATURE =28.O DEG C

INLET BULK TEMPERÂTURE =22.9 DEG C OUTLET BULK TEMPERATURE =28.O DEG C

MASS FLOI¡'I RATE = 8.2 KG,/HR

STAT ION
NO.

x T!,',( TOP ) Tr.r( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR x+ RA

617
626
636

NU
( AVERAGE )

t.
3.
5.
7.

to.
13.
16.
19.
22.
25.
29.
33.
37.
41.
45.
49.
54.
59.
64.
69.
74.
79.
84.

I
2
3
4
5
6
7
8
I

'to
11
12
13
14
'I 5
16
17
l8
t9
20
21
22
23

t
5
4
4
3

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

46
46
36
26
76
l6
56
96
36
76
66
56
46
36
26
l6
55
95
25
65
q5
35
75

o
I
3
4
5
7
I
I
2
4
6
I
1

3
6
I
I
4
6
I
2
5
8

23
23
23
23
23
23
23
24
24
24
24
24
25
25
25
25
26
26
26

24 .4
24.9
25.3
25.4
26.3
26.4
27 .3
27 .6
27 .A
2A.1
2A.4
2a.7
28 .9
29.1
29.3
29.4
29.7
29.9
30. J

30.6
30. I
31.1
31 .4

24
24

25
26
26
27
27
27
2A
2A
2A
29
29
29
29
29
30
30
30
3t
31
31

3
I
3
I
4
I
3
7
I
2
6
I
o
J

4
5
7
o
4
7
o
4
5

341
342
343
344
345
347
348
349
351
352
354
356
358
360
362
364
366
368
37 1

373
376
374
380

524
531
535
539
544
549
555
561
566
572
579
586
594
601
609

26
27
27
27

o.ool32 0
o.oo308 0
o.oo48s o
o.0066l o
o.00926 0
o.ol1el o
o.ol4s7 0
o.01722 0
o.o1988 0
o.02255 0
o.02610 0
o.02966 0
o.03323 0
o.03680 0
o.04038 0
o.04396 0
o.o4844 0
o.05293 0
o.o5743 0
o.06r93 0
o.06644 0
o.07096 0
o. 075.19 0

22
17
13
11
lo
I
I
I
I
7
7
7
7
7
7
7
I
8
I
7
7
7
7

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6

'|

2
I
I
4
2
5
I
o
7
5
4
6
5
7
I
o
o
I
a
I

I

o¡\
o,

FULLY DEVELOPED NUSSELÏ NUMBER = 7.8



RUN NUMBER ( 6) TUBE NUMBER 9

INPUT POhIER = 1OO.O W HEAT RATE GAINED BY WÂTER = 98.3 I,, HEÂT BÂLÂNCE ERROR = 1.7%

REM = 383. I RAM = O.14OE 07 PRM = 5.67

UPSTREAM BULK TEMPERATURE =22.9 DEG C DOh,NSTREAM BULK TEMPERATURE =33.2 DEG C

INLET BULK TEMPERATURÊ. =23.i DEG C OUTLET BULK TEMPERATURE =33.2 DEG C

MASS FLOtt, RATE = 8.2 KG,/HR

STATION
NO.

x rvr(ToP)
CM DEG C

TI..l(BOTTOM) TB
DEG C DEG C

RE PR RA

loTE
109E

o 6.43
I 6.39
I 6.35
7 6.31
6 6.25
5 6.19
3 6.14
2 6.08
1 6.03
I 5.97
7 5.90
5 5.83
3 5.77
1 5.70
I 5.64
7 5.58
3 5.50
o 5.43
7 5.36
3 5.29
1 5.22
9 5.16
7 5.O9

o.ool32
o. oo309
o. oo485
o. 00662
o. oo928
o.ol194
o.o1461

o1729
o1997
o2266
02625
o2985
03346
o3708
0407 I
04434
04890

X+ NU
( AVERAGE )

1

2
3
4
5
6
7
8
9

10
'I 1

12
13
14
'I 5
16
17
18
't9
20
21
22
23

343
344
346
348
35.1
354
357
360
363
365
369
373
377
38r
344
388
393
398
402
407
412
416
421

Q7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

14E
16E
l9E
218
23E
258
29E
328
35E
38E
41E
44E
48E
528
56E
61E
65E
69E
74E

22

os347

25.4
26 .9
27 .9
24.7
29.7
30.8
31 .4
32.O
32.3
32.7
33 .2
33.8
34.O
34 .4
34 .7
35. O
35 .5
36.1
36 .6
37.3
38.O
38.6
38.9

16
14
12
10
I
9
9
9
8
I
I
I
I
I
I
o
I
I
I
9
9
9

't .5
3.5
5.5
7.5

10.5
13.5
16. 5
19 .5
22.5
25.5
29.5
33 .5
37.5
41.5
45 .5
49 .5
54 .5
59.5
64.5
69.5
74.5
79.5
44.5

25
27
27
2A
29
30
31
31
32
32
32
33
33
34
34
34
35
35
36
37
37
3a
38

9
o
8
7
7
6
2
7
o
6
I
3
7
1

3
7
2
7
I
I
6
2
7

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

23.2
23.5
23.7
23.9
24 .3
24.6
25.O
25 .3
25.7
26. O
26 .5
26.9
27 .4
27 .8
24.3
2A.A
29, 3
29.9
30. 5
31.1
31-7
32.2
32.4

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

10E
12E

3
I
I
2
I
6
2
o
o
I
I
8
o
I
4
6
6
6
I
4
4
4
6

o5803
0626 1

06721
07 142
o7644

p
o\
!

FULLY DEVELOPED NUSSELT NUMBER = 9.3



RUN NUMBER ( 7) TUBE NUMBER 9

INPUï POWER = 15O.O t{ HEAT RÂTE GAINED BY VTATER 143.4 W HEAT BALANCE ERROR = a.a%

REM = 401.8 RAM = 0.2278 07 PRM = 5.37

UPSTREAM BULK TEMPERÂTURE =22.9 DEG C DOhJNSTREAM BULK TEMPEN;TUNE =37.9 DEG C

INLET BULK TEMPERATURE =23.O DEG C OUTLET BULK TEMPERAïURE =37.8 DEG C

MASS FLOW RATE = 8.2 KG,/HR

STAfION
NO.

1

2
3
4
5
6
7
I
I

to
11
12
t3
14
15
16
17
18
l9
20
2',|
22
23

X TW(TOP) TI{(BOTTOM) TB
CM DEG C DEG C DEG C

RE

22.7
16.8
14.2
12 .4
11 .O
'to. 1

9.7
9.7
9.8
9.8
9.8
9.9

10.1
10.2
lo.6
10.7
to.8
ro.8
10.9
10 .4
'to. 3
10.2
10.6

RAPR

6 .41
6. 36
6.30
6.24
6. 16
6.08
6.OO
5.92
5.85
5.77
5.68
5. 59
5 .50
5 .42
5.33
5. 25
5. 16
5.06
4 .96
4 .47
4 .74
4.69
4.60

x+ NU
( AVERAGE )

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
13
l6
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

27 .O
24.7
30. o
3't.2
32.7
33 .9
34 .8
35. 3
35.7
36.1
36.9
37 .5
38.1
38.6
39.O
39.5
40. 3
41 .2
42.O
43.O
44 .O
44 .9
45. 3

27
2a
29
31
32
33
34
34
35
35
36
36
37
37
38
39
39
40
41
42
43
44
45

o.oo132
o. oo309
o. 00486
o. 00663
o. oo930
o.o1197
o.o1465
o.ol735
o. 02004
o.02275
o.o2637
o. 03000
o. 03365
o. 03730
o. 04096
o. 04463
o. 04923
o. 05386
o. 05849
o.063J5
o.06782
o. 0725 1

o.07722

343.6
346-4
349.2
351.9
356. 1

360. 3
364 .5
368 .7
372.4
377 .O
382 .5
388.O
393.5
399.O
404-4
409 .9
416 .9
424 .O
431.3
438.7
446.2
453 .9
4€'1 .7

f
8
I
1

4
6
4
I

I
4
I
4
I
4
o
8
5
3
6
4
2
o

23
23
24
24
24
25
25
26
26
27
2A
2A
29
30
30
31
32
33
33
34
35
36
37

3
6
o
3
I
3
8
3
8
3
o
7
4
o
7
4
2
I
I
8
6
4
3

o. l57E 07
o.16lE 07
o. r64E 07
o. r67E 07
o.1728 07
o. 177E 07
o. 181E 07
o. 186E 07
o.191E 07
o.196E 07
o.203E 07
o.210E 07
o.216E 07
o.223E 07
o.231E 07
o.2388 07
o.2478 07
o.2578 07
o.267E 07
o.2768 07
o.2a7E 07
o.297E 07
o. 3078 07

o'\
oo

FULLY DEVELOPED NUSSELT NUMBER =1O,3



RUN NUMBER ( 8) TUBE NUMBER 9

I

INPUT POWER = 2OO.O ì¡, HEAT RATE GAINED BY ltrATER = 193.8 W HEAT BALANCE ERROR = 3.1%

REM = 423.6 RAM = 0.3478 07 PRM = s.OG

UPSTREAM BULK TEMPERATURE =22.9 DEG C DOIdNSTREÂM BULK ïEMPERATURE =43.2 DEG C

INLET BULK TEMPERATURE =23.1 DEG C oUTLET BULK TEMPERATURE =43.O DEc C

MASS FL0W RATE = 8.2 KG,/HR

STÂTION
NO.

X TT.J ( ToP )
CM DEG C

TI¡'(BOTTOM) TB
DEG C DEG C

RE PR x+ RÂ

215E 07
2208 Q7
2268 07
2328 07
2418 07
2508 07
259E 07
268E 07
2778 07
2A6E 07
299E 07
3128 07
326E 07
339E 07
354E 07
368E 07
386E 07
405E 07
4248 07
4438 07
463E 07
4848 07
505E 07

NU
( AVERAGE )

I
2
3
4
5
6
7
8
I

lo
'fi
12
t3
14
15
't6
17
't8
't9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

44
45
46
47
49

4
7
5
I
6
1

I
7
2
7
7
6
2
9
6
3
5
6
8
I
4
7
2

23
23
24
24
25
26
26
27
2A
2a
29
30
31
32
33
34
35
36
37
38
40
41
42

28.5
30. 7
32.3
33 .8
35.3
36.6
37 .4
38. 1

38 .5
39. 3
40. o
40.7
41 .4
42. 1

42.7
43.6
44 .A
45 .8
46 .8
48.5
49.6
50.8
5l.a

4
I
4
I
5
2
I
5
2
I
8
7
6
6
5
4
5
7
I
I
1

2
4

344
348
352
356
36 1

36'7
373
378
384
389
397
404
412
419
427
435
445
455
466

3.O
7.O
4.4
2.4
1.5
o.a
o.5
o.5
o.8
o.8
o.8
1-O
1.2
1.4
1.7
'LI
1.7
1.8
1.8
1.4
1.3
1.1
1.6

I 6.39
5 6.31
3 6.23't 6. 16
7 6.05
4 5-94
o 5'.84
7 5.74
3 5.65
I 5.56
2 5.44
6 5.33
o 5.22
6 5.12
4 5.Ot
3 4 .9'l
5 4.79
I 4.67
5 4.55
5 4.43
7 4.32
'l 4.21
a 4.11

477

o.oo132
o. oo309
o. 00486
o. 00664
o. oo932
o. o1200
o.ol470
o .o17 41
o.o2013
o. 02285
o. 02650
o.o3016
o. 03383
o.o3752
o.o4 122
o.04494
o. 0496 1

o. o5430
o. 0590 I
o. 06374
o. 06849
o. 07325
o. 07804

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

50
5r
52

448
500
511

FULLY DEVELOPED NUSSELT NUMBER =1I.2



RUN NUMBER ( 9) TUBE NUMBER 9

INPUT POt'rER = 25O.O W HEAT RATE GÀINED BY WÂTER = 243.6 \t HEAT BALÀNCE ERROR = 2.5%

REM = 446.6 RAM = 0.4888 07 PRM = 4.74

UPSTREAM EULK TEMPERATURE =22.9 DEG C DO'¡,NSTREAM BULK TEMPERATURE =48.4 DEG C

INLET BULK TEMPERATURE =23.2 DEc C OUTLET BULK TEMPERATURE =48.2 DEG C

MASS FLOW RATE = 8.2 KGIHR

STAT I ON
N0.

X Tþ.l(TOP) TW(BOTTOM) TB
CM DEG C DEG C DEG C

29
32
34
36
37
39
40
41
41
42
43
44
45
46
46
47
49
50
5l
53
55
56
58

RE PR x+ RA

2728 07
281E 07
2918 07
300E 07
314't 07
3298 07
3438 07
358E 07
3728 07
387E 07
409E 07
431E 07
453E 07
4768 07
500E 07
524E 07
554E 07
s86E 07
618E 07
651E 07
685E 07
720Ê 07
756E 07

NU
( AVERAGE )

I
2
3
4
5
6
7
I
9

10
l1
12
13
14
t5
16
17
18
't9
20
21
22
23

13
16
19
22
25
29
33
37
41

1

3
5
7

10

45
49
54
59
64
69
74
79
84

23

519
534
550
566

23.6
24.2
24.7
25.3
26.2
27 .O
27 .9
24.7
29.6
30.5
31 .6
32.4
33 .9
35. I
36.2
37 .3
38 .8
40.2
41.6
43. 1

44 .5
45.9
47 .4

29.9
32.6
34.7
36 .4
38 .4
40. o
41 .1
41.9
42.5
43 .1
44.3
45.3
46.2
47 .2
48. 1

4A.7
50.2
51.7
53.2
54.6
56.2
58. O
58 .9

17
14
l3
12
1l
ll
1t
ll
11
J1
'II
't2
12
12
13
13
12
12
12
12
12
12

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

346
350
355
360
367
374
381
388
395
402
411
421
431
44'l
451
462
475
490
504

o 6.36
7 6.27
4 6.17
2 6.08
3 5.95
4 5.42
5 5.70
5 5.58
4 5.47
4 5.36
7 5.23
3 5.lO
2 4.97
3 4.A4
7 4.72
3 4-60
I 4.45
o 4-31
5 4.17
4 4.O4
7 3.92
4 3.80
5 3.68

o.ool32 0
o.oo309 0
o.oo487 0
o.oo66s o
o.oo934 0
o.ol203 0
o.or474 0
o.o1747 0
o.02020 0
o.02294 0
o.02661 0
o.03030 0
o.03401 0
o.03773 0
o. 04 'r48 0
o.04524 0
o.04996 0
o.05471 0
o.05948 0
o.0€'427 0
o.06908 0
o.07389 0
o. 0787 r o

I
2
7
I
o
4
2
3
6
6
7
I
o
2
6
o
o
I
I
5
5
1

4

!
O

FULLY DËVELOPED NUSSELT NUMBER =12.2



RUN NUMBER ( IO) TUBE NUMBER 9

INPUT POl.rER = 3OO.O W HEÂT RATE GAINED BY WÂTER = 295.1 W HEAT BALANCE ERROR = 1.6%

REM = 47 1.6 RAM = O.66OE 07 PRM = 4.49

UPSTREAM BULK TEMPERATURE =22.9 DEG c DoWNSTREAM BULK TEMPERÂTURE =53.8 DEG C

INLEI BULK TEMPERÂTURE =23.2 DEc C OUTLET BULK TEMpERATURE =53.6 DEG c

MÀSS FLOII, RÂTE = 8.2 KGIHR

STAT I ON
NO.

X TI.'(TOP) TT,'(BOTTOM) TB
CM DEG C DEG C DEG C

RE PR x+ RA NU
( AVERAGE )

I
3
5
7

10
13
16
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

I
2
3
4
5
6
7
I
I

10
1t
12
13
14
15
l6
17
l8
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

3
4
6
5
5
o
1

I
4
5
6
6
6
6
6
I
o
4
3
8
2
8
8

31.2
34.5
36.9
38.8
4r.o
42.9
44 .2
45. 1

45.7
46 .4
47 .A
49. 1

49.9
50.9
52.1
53.3
55.3
56.7
58.7
60.8
62.6
64 .2
65 .6

23
24
25
25
26
27
2A
30
3l
32
33
34
36
37
39
40
42
43
45
47
49
50
52

7
4
1

I
I
I
I
o
o
I
5
I
2
6
o
4
1

I
6
4
1

I
6

o.3
o.3
o.3
o.3
o.3
o.4
o.4

347
352
358
36,4
373
381
390
398

527
546
566
586
602
614

406
415
427
439
452
465
474
492
509

26
96
76
46
o5
65
l5
55
95
55
35
54
o4
o4
34
o4
74
93
83
33
33
63
53

34
22
11
oo
84
69
55
42
30
17
o2
86
71
57
43
29
13
97
a2
68
55
44
37

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ool 32
oo309
oo4a7
oo666
oo935
or 206
o1479
o1753
o2027
o2303
02673
o3045
o34 l9
03795
04173
04554
0503 1

os51 1

05992
0647 4
06956
07 434
07925

33E 07
468 07
60E 07
74F. 07
95E 07
16E 07
37Ê 07

o.459E 07
o.4a2E 07
o.506E 07
o.539E 07
o.5728 07
o.607E 07
o.642E 07
o.6788 07
o.7 168 07
o. 7638 07
o.813E 07
o.863E 07
o.916E 07
o.969E 07
o.'t02E 08
o.106E 08

23.4
17.6
t5. t
13 .6
12.6
12.O
11.9
12.O
12 .4
12.5
12.6
12.4
13.2
t3.6
13 .9
13.8
13.6
13 .9
13 .6
't3.o
13. 1

13.2
13.2

!

FULLY DEVELOPED NUSSELT NUMBER =13.1



RUN NUMBER ( .I .f ) TUBE NUMBER 9

INPUT POWER = 35O.O W HEAT RÂTE GAINED BY V,ATER = 335.4 Id HEAT BALANCE ERROR =  .2%

REM = 492.3 RAM = O.8l5E 07 PRM = 4.29

UPSTREAM BULK TEMPERATURE =22.9 DEG c DoWNSTREAM BULK TEMPERATURE =58.O DEG C

INLET BULK TEMPERATURE =23.2 DEG C oUTLET BULK TEMPERATURE =s7.8 DEG c

MASS FLOI/ RATE = 8.2 KGIHR

STATION
NO.

X TW ( TOP ) T',, ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR x+

oo132
oo3 lo
oo488
00667
oo937
o.l 2c9
o1442
o1756
02032
o23C9
0268 I
o30s6
03433
o3812
04 193
04575
o5056
05537
06020
06so I
06989
07 479
07972

NU
( AVERAGE )

RA

o.38rE
o.398E
o. 4 l6E
o .4348
o. 46l E

o. 489E
5't7
547
577
609
652
697
't 43
791
839
889
954

o2
o9
15
21
26
31

I
2
3
4
5
6
7
8
I

10
'tt
12
13
14
15
16
17
't8
19
20
21
22
23

348
354
36 I
367
377
387
396
406
4't6
426
440
454
469
444
soo
516
537
559
542
601
615
629
645

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
13
16
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

32.3
35.9
3a.7
40.8
43.O
45.O
46. 3
47 .2
47 .9
4a.7
50.3
51 .4
52.3
53.8
55.3
56.7
58.9
60.5
62 -3
64.4
67 .2
69. 1

70. o

3
9
2
3
3
o
1

I
4
7
7
6
I
3
7
3
5
o
6
7
7
5

23.4
24.6
25.4
26.2
27 .4
28.6
29.8
31.O
32.1
33. 3
34.9
36.s
38.1
39.6
41 .2
42.4
44 .A
46.4
4A.7
50. 7
52.7
54 .7
56.6

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

16
66
16
75
55
25
75
35
15
25
o4
34
14
44
24
64
73
53
t3
83
33
73
l3

320
t90
060
940
770
600
450
31 0
170
030
860
690
520
360
21 0
070
890
730
570
450
360
2AO
't9 0

23.7
17 .7
15.3
13.9
13.O
12.5
12 .4
12.6
13. J

13.2
'I 3.4
't4.o
r4.5
14 .5
14.6
14.6
14 .4
14.4
r5.o
't4 .'l
13.8
13.9
14.6

o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
01
o7
o7
o7
o8
o8
o8
o8
oa
o8

.\,
t.)

FULLY DEVELOPED NUSSELT NUMBER =14.O



RUN NUMBER (12) TUBE NUMBER 9

INPUT POhtER = IOO.O tl HEAT RATE GAINED BY WATER = 99.5 l/ HEAT BÂLANCE ERRoR = O.5%

REM = s28.3 RAM = O.13OE 07 PRM = 5.9O

UPSTREAM BULK TEMPERATURE =22.8 DEG c DoWNSIREAM BULK TEMPERATURE =3O.1 DEG C

INLEI BULK TEMPERATURE =22.9 DEG C OUTLET BULK TEMPERATURE =3O.1 DEG C

MASS FLow RATE = 11.8 KclHR

STATION
NO.

X T'¡' ( TOP ) TT.' ( BOTIOM ) TB
CM DEG C DEG C DEG C

2
'|

9
6
6
5
2
8
2
6
'|

5
I
2
4
5
9
2
6
I
6
o
I

RE

4A7
489
491
493
496
499
502
505
507
510
514
518
522

x+ RA

08E
09E
roE
J IE
128
148
16E
178
19E
208

PR NU
(AVERAGE )

1

2
3
4
5
6
7
8
I

10
ll
12
13
14
l5
l6
17
18
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1

3
5
7

to
13
16
19
22
25
29
33
37
41
45
49
54

23.O
23.2
23. 3
23.5
23.8
24.O
24.3
24 -5
24 .7
25.O
2s.3
25.6
26.O
26.3
26.6
27 .O
27 .4
27 .a
24.2
28.6
29.O
29.4
29.4

25.'l
26 .1
26.9
27 .6
24.5
29.4
30. 1

30.6
3r.o
31.5
3t.8
32.1
32.6
32.8
33.O
33.3
33.6
33.9
34.1
34.8
35.2
35.5
35.9

26
30
34
38
43
48
53
57

5
5
5
5
5
5
5
5

66
56
56
46
36
26
16
o6
96
86
66
56
45
25
t5
o5
85
65
45
'I 5
95
65
35

46
43
40
38
33
29
25
21
17
l3
o8
o3
98
93
88
83
77
71
66
60
55
49
44

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ooo92 0
oo2r6 0
oo339 0
00463 0
00649 0
oo835 0
ot02 I o
01207 0
o13S4 0
o158 1 0
o1831 0
02082 0
Q2332 0
02584 0
02836 0
03088 0
03404 0
03721 0
04038 0
04356 0
04675 0
04994 0
o5314 0

23
25
27
29
3l

134
136
139
I 42E
'145E
I 48E
'I 51E
I 53E

E

E

E

E

E

E

E

E

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
Q7
o7
o7
07
o7
07
o7
o7
o7
07
o7
o7
o7

I
3
I
4
4
9
1

5
3
o
I
I
I
9
9
1

3
4
5
2
2
2
5

59
64
69
74
79
a4

562
567

\,
(¡)

FULLY DEVELOPED NUSSELT NUMBER = 9.2



RUN NUMBER (T3) TUBE NUMBER 9

INPUT POlrrER = 2OO.O Ì., HEAT RATE GAINED BY i'TATER = 2O1.O hr HEAT BALANCE ERROR ---O.5%

REM = 569. I RAM = O.313E 07 PRM = 5.42

UPSïREAM BULK ïEMPERATURE =22.6 DEG C DOITTNSTREÁM BULK TET{PERATURE =37.3 DEG C

INLET BULK TEMPERATURE =22.7 DEG c OUTLET BULK TEMPERÂTURE =37.2 DEG c

MASS FLOW RATE = 1I.8 KGIHR

STAT I ON
NO.

X TW(TOP) Tþ'(BOTTOM) TB
CM DEG C DEG C DEG C

27
29
30
32
33
35
36
36
37
37
38
38
39
39
40
40
41
42
42
43
44
45
46

RE PR x+

o. ooo92
o.oo216
o. oo340

NU
( AVE RAGE )

RA

1

2
3
4
5
6
7
I
I

10
tl
12
'I 3
14
15
't6
17
18
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

27 .2
29.2
30.8
32.',|
33 .9
35 .5
36 .6
37, 3
37.8
38.3
39. I
39.8
40.2
40.8
41 .1
41 .4
42.2
42.9
43.6
44.6
45.5
46.3
46.6

3
2
7
I
7
I
2
I
2
I
5
I
5
I
3
7
4
o
6
I
7
4
2

54
55
56
57

23.O
23.3
23.7
24.O
24.5
25.O
25.5
26.O
26.5
27 .O
27 .6
24.3
29.O
29 .6
30. 3
30.9'
3t.8
32 -6
33. 4
34 .3
35.1
35 .9
36.8

447
491
495
498
504
51
51
52
52
53
54

178 07
228 07
268 07

26
l6
o6
96
86
76
66
45
35
25
o5
75
45
o5
75
45
15
o5
15
44
94
64
44

47
41
35
30
21
13
o5
98
90
83
73
64
qq

47
39
3l
21
l1
o2
93
83
75
66

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2
2
2

2
2

o7
o7
o7

1

4
o
I
I
6
o
I
8
7
7
7
I
1

4
7
I
o
2
I
I
I
2

o
6
2
I
4
2
I
7
5

o. 00464
o - oo6so
o. oo837
o. o l025
o. o 1213
o.o1402
o.ot59f
o.o1844
o. 02098
o. 02353
o. 02609
o. 02864
o. 03 121
o. 03443
o. 03766
o. 04090
Q -O44 16
o.o4742
o. 05070
o. 05399

30E
378
448

2508 07
2578_ 07
2648 07
27 1E 07
280E 07
2a9E

580
590
600
610
620
630
64'l
652

298E
308E
317 E

328 E

340E
3548
367E
380E
394 E

408E
422E

07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

-\,
Þ

FULLY DEVELOPED NUSSELT NUMBER =11.4



RUN NUMBER (14) TUBE NUMBER 9

INPUT POWER = 3OO.O h, HEAT RATE GÂINED BY h,ATER = 295.O I', HEAT BALANCE ERROR 1 .7%

REM = 609.2 RAM = 0.5378 07 PRM = 5.O3

UPS,TREAM BULK TEMPERÂTURE =22.6 DÊc c DOhINSTREAM BULK TEMPERATURE =44.2 DEG C

INLET EULK IEMPERATURE =22.7 DEG C oUILET BULK ÍEMPERATURE =44.O DEG C

MÂSS FLOW RATE = 1 1 .8 KG,/HR

STAT I ON
NO.

X TI', ( TOP ) T'', ( BOTTOM ) TB
CM DEG C DEG C DEG C

29
32
34
36
38
39
40
41
42
42
43
44
45
45
46
46
47
48
49
5r
52
53
54

RE PR x+ RA NU
( AVE RAGE )

I
2
3
4
5
6
7
I
o

to
ll
12
13
14
t5
16
17
t8
t9
20
21
22
23

7 6.45
4 6.36
1 6.24
I 6.20
5 6-08
I 5.97
7 5.86
3 5.75
I 5.65
4 5.55
6 5.43
9 5.31
3 5.20
o 5.08
I 4.97
1 4.A7
a 4.74
I 4.61
3 4.44
3 4.36
6 4.25
4 4.13
6 4.O2

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

29.3
32.2
34 .4
36. 3
38.5
40.5
41.a
42 .6
43.2
43.7
44.4
45 .7
46.2
46 .4
47 .4
47 .9
48.9
49.8
50. 8
52.4
54.O
55. 1

55.5

3
I
2
I
I
I
I
7
I
I
7
3
I
6
1

6
6
5
4
5
8
8
7

23
23
24
24
25
26
26
27
2A
29
29
30
31
32
33
34
36
37
38
39
40
42
43

I
6
1

6
3
o
I
5
2
o
o
I
I
I
8
I
o
2
4
7
I
1

3

488
494
500
505
514
523
53r

o. ooo92
o.oo216
o. oo340

o.321E 07
o-331E 07
o.340E 07
o.350E 07
o.364E 07
o.379E 07
o.393E 07
o.408E 07
o.423E 07
o.438E 07
o.458E 07
o.480E 07
o.502E 07
o.525E 07
o.548E 07
o.572E 07
o.602E 07
o.633E 07
o.664E 07
o.696E 07
o.7298 07
o. 763E 07
o.7978 07

o. 00464
o. 00652
o. oo840
o. o lo29
o.o1218
o. o1 409
o.o1600
o.o1856
o.02112
o. 02369
o.0262A
o. 02888
o.03t49
o.03477
o. 03806
o.04137
o. 04469
o. 04802
o.05137
o. o5473

3
6
2
2
5
4
o
o
1

1

1

4
6
o
4
I
1

4
7
I
6
8
4

540
548
557
568
579
591
603
614
627
642
658
675
692
709
727
745

{
(Jl

FULLY DEVELOPED NUSSELT NUMBER =13.2



RUN NUMBER (15) TUBE NUMBER 9

INPUT POWER = 4OO.O tl HEAT RÂTE GAINED BY I¡TATER = 384.4 W HEAT BALANCE ERROR = 3.9%

REM = 65 1.O RAM = O.8O5E 07 PRM = 4.67

UPSTREAM BULK TEMPERATURE =22.6 DEG c DOTTTNSTREAM BULK TEMPERATURE =5O.7 DEG c

INLET BULK TEMPERATURE =22.8 DEG C oUTLET BULK TEMPERATURE =50.6 DEG c

MASS FLOId RATE = I I.8 KG,/HR

STAT TON
NO.

I
2
3
4
5
6
7
I
9

10
11
12
13
14
l5
t6
17
't8
19
20
21
22
23

x Tr{(roP)
CM DEG C

Ttr(BOTTOM) TB
DEG C DEG C

PR x+RE RA NU
( AVERAGE )

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

31.3
34 .9
37 .7
39.9
42.6
44.9
46. 1

47 .1
47 .7
44.2
49.5
50.6
51.O
5l .9
52.5
53. I
54 .9
56.7
58. 1

59.6
6r.3
63. O
63 .8

31 .4
34.9
37 .3
39.6
42.O
43.4
45.1
45.8
46.3
47 .2
4A.O
44.7
49. 3
50.2
50. I
5l .5
53.4
55. 1

56. 2
58.2
59 .5
61.2
62.8

23
23
24
25
26
27
2A
29
29
30
32
33
34
36
37
38
40
4'l

3
I
5
2
I
1

o
o
I
9
2
4
7
o
2
5
1

7
3
9
5
o
6

490
498
505
513
524
535
546
557
568
579
594
610
626
642
659
676
698
721
744
769
794
420
846

66
16
66
16
35
65
75g'5
85
85
85
25
o4
34
14
34
44
34
94
33
33'I 3
43

42
3t
20
'to
95
81
67
55
43
3t
t6
o2
88
74
61
48
ó¿
17
o2
89
75
63
51

o2
42
83
25
68

80E
o4E
10E
16E
228
29E

o. ooo93
o-oo2l6
o. oo3¿ 1

o. 00465
o. 00653
o. oo8¿3
o.oro33
o.o1224
o.o1416
o.o1608
o.o1865
o.02124
o. 0238s
o.02647
o. o29 10
o.03175
o - 03507
o. 03842
o -04177
o.04sl4
o. 0485 I
o.05l89
o.05527

o.4238 07
o.439E 07
o.455E 07
o.4728 07
o.496E 07
o.521E 07
o.547E 07
o.572E, 07
o.5988 07

6268
664

28.5
20.9
17 .7
15.7
14.2
13.2
13.O
'I 3.O
13.3
't3.5
13.6
13.9
14.5
14 .9
l5 .6
16.2
15 .8
15 .7
f6.o
15.8
15.8
15 .6
16.O

o
o
o
o
o
o
o
o
o
o
o
o
o
o

23

7
7
7
I
I
I
I
1

1

1

I
'I

o7
o7
o7
o7
o7
07
o7
o7
o7
o8
o8
o8
o8
o8

43
44
46
48
4g

\I
o\

FULLY DEVELOPED NUSSELT NUMBER =14.8



RUN NUMBER (16) TUBE NUMBER 9

INPUT P0VJER = 5OO.O W HEAT RATE GAINED BY ITATER = 486.7 w HEÀT BÂLANCE ERROR = 2.7%

REM = 7OO.9 RAM = O. 1l8E 08 PRM = 4.3O

UPSTREAM BULK TEMPERATURE =22.4 DEG C DOWNSTREAM BULK TEI,IPERATURE =58.1 DEG C

INLET BULK ÌEMPERATURE =22.8 DEG c OUïLET BULK TEMpERATURE =57.9 DEG C

MASS FLOì{ RATE = .I I .8 KGIHR

RA

538E 07
564E 07
590E 07

NU
( AVE RAGE )

RE

604
624
645
687
689
712
735

178
57E
97E
38E
8lE
278
738
378
ooE
07
14
21
29
38

58
68
75
83
91

PR X+X T'r¡ ( ToP ) Tt¡, ( BoTToM ) TB
CM DEG C DEG C DEG C

STATION
NO.

2A.A
21 .3
18.2
16.3
14.9
14.2
14.O
14.3
14.8
15.O
15.5
15 .8
16.5
17.2
't7 .5
17 .5
17 .5
17.8
1A .4
17 .3
't7.2
17 .O
17 .6

6
6
6
7
7
I
8
9
1

I
1
,|

1

I
1

'|

I
I
1

1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o7
o7
o7
o7
o7
07
o7
o7
o8
oa
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

I
3
5
7

to
13
t6
't9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

4A
1

7
I
I
I
I
I

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6.40 0.ooo33
6.27 0.OO2l6
6.13 0.OO341
6.O1 0.00466
5.83 0.006ss
5.66 0.OO845
5.50 0.oto37
5.35 0.Ot228
5.21 0.O1421
5.07 0.O1616
4.89 0. O1876
4.71 0.02 138
4.55 0.02402
4 .34 O.02667
4.23 0.02934
4 . 08 0.032lo2
3.90 0.03538
3.74 0.03876
3 .58 0.04214
3.45 0.04551
3.36 0. 04892
3.24 O.05236
3.19 0.05581

6
o
5
o
3
4
4
3
4
I
9
6
o
2
I
7
3
1

I
6
2
2
6

491
50t
510
s20
534
548
562
576
590

66
98
30
59
79
oo
22

4
2
o
8
o
2
4
6
a
o
6
2
8
4
I
7
7
7
7
7
7
7
7

23
24
25
25
27
2A
29
30
3l
33
34
36
37
39
41
42
44
46
48
50
52
54
56

5
8
7
3
I
o
1

I
2
3
o
o
I
7
I
7
6
3
5
I
7
8
5

52
53
53
54
56
57
59
61
62
65
67
69
7'l

33
37
41
43
46
49
50
51
52
52
54
55
56
57
58
59
61
63
65
67
69
72
73

5
I
2
8
I
3
7
6
I
7
o
5
1

o
2
7
7
4
o
6
I
o
o

1

2
3
4
5
6
7
I
9

to
lt
12
'I 3
14
15
16
17
l8
l9
20
21
22
23

FULLY DEVELoPED NUSSELT NUMBER =16.5
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RUN NUMBER (17) TUBE NUMBER 9

INPUT POhTER = IOO.O t{ HEAT RATE GAINED BY I'TATER = 96.0 l¡J HEAT BALÂNCE ERROR =  .O%

REM = 66'1 .6 RAM = O.l15E 07 PRM = 6.17

UPSTREAM BULK TEMPERATURE =22.I DEG C DOI.,NSIREAM BULK TEMPERATURE =27.4 DEG C

INLET BULK TEMPERATURE =22.1 DEG C oUTLEï BULK TEMPERAI-URE =27.4 OEG c

MASS FLOW RATE-= 15.3 KG,/HR

SlATT ON
NO.

X TW ( TOP ) TI.J ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR X+ RA NU
( AVERAGE )

1

2
3
4
5
6
7
I
9

10
11
12
'I 3
14
15
t6
17
18
f9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

lo
'I 3
l6
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

24
24
25
26
26
27
2A
2A
29
29
30
30
31
31
31
31
32
32
32
33
33
33
33

1

7
5
o
I
7
3
9
4
I
4
8
1

4
6
7
o
3
6
o
3
6
6

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
5
5
5
5

22.2
22.3
22.4
22.6
22.7
22.9
23. 1

23.3
23.5
23 .6
23.9
24.1
24 .4
24.6
24.9
25. 1

25.4
25.7
26 -O
26.3
26.6
26.9
27.2

o
8
5
1

I
6
3
9
2
7
2
5
8
2
3
5
7
o
o
6
I
2
3

622.5
624.3
626.1
628. O
630. 8
633. 5
636. 3
639. 'l

64 1.9
644 -7
644 .4
652-1
655.8
659.5
663.3
667.O
67 1 .'l
676.3
68J.O
685 .7
690. 3
695.O
699 .6

o. oooT 1

o.ool65
o. oo260
o. oo3s4
o. 00496
o. 00639
o. oo78 l
o. oo923
o.o1066
o.ol2c9
o.o14co
o.o1s9l
o.o1782
o.oJ974
o.02l6s
o. 02358
o. o2598
o. o2839
o. 0308 I
o. 03323
o. o356s
o. o38c8
o. 0405 I

31.1
23.2
19. O

't6 .4
13. 9
12.1
10.9
10 .2
9.8
9.3
LO
8.8
4.7
8.6
8.6
4.7
8.8
8.8
9.O
8.8
8.8
8.8
9.2

57

42

97

55
51
48
45

92
88
83
79

38
35
31
27
23
't9
15
ll
o6
o2

o.987E 06
o.994E 06
o. rooE 07
o. lo 1E 07
o. ro2E 07
o. lo3E 07
o.104E 07
o.105E 07
o.107E 07
o. rosE 07
o.109E 07
o.111E 07
o. 1 128 07
o.114E 07
o. 1't5E 07
o. 1 17E 07
o.119E 07
o. 1218 07
o. 1238 .07
o.125E' 07
o.1278 07
o.1298 07
o. t3lE 07

.{
co

FULLY DEVELOPED NUSSELT NUMBER = 9,1



RUN NUMBER (18) TUBE NUMBER 9

INPUT POt.tlER = 25O.O W HEAT RATE GAINED BY WATER = 247.O ttt HEAT BALANCE ERROR = 1.2%

REM = 726.6 RAM = O.368E 07 PRM = 5.55

UPSTREAM BULK TEMPERATURE =22.1 DEG C DoWNSTREÂM BULK TEMPERÂTURE =35.9 DEG C

INLET BULK TEMPERATURE =22.2 DEG C OUTLET BULK TEMPERATURE =35.9 DEG C

MASS FLOW RATE = 15.3 KG/HR

STATION
NO.

X II,.l ( IOP ) TV' ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE

625
630
635
639
647
654
66f
668
676
683
692
702
7'.\2
72',\
731

x+PR RA

o.258E 07
o.263E 07
o.26aE O7
o.273E 07
o.280E 07
o.288E 07
o. 296E 07
o. 304E 07
o.3lrE 07
o.3r9E 07
o.330E 07
o.341E 07
o.35 t E 07
o.362E 07
o. 373E 07
o.3848 07
o. 398
o. 413

NU
( AVERAGE )

3lI
3
5
7

to
t3
t6
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

1

2
3
4
5
6
7
8
I

10
1t
12
t3
14
t5
l6
17
l8
l9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

22
22
23
23
23
24
24
25
25
26
26
27
2A
2A
29
29
30
3l
32
33
33
34
35

27.1
29.2
30.8
32.3
34. I
35.8
37.O
37 .9
34.4
39. I
39.7
40.2
40.9
41.3
41 .6
41 .4
42.5
43. O
43. 5
44.6
45.2
45 .8
46 .4

27
29
30
32
34
36
37
38
39
39
40
41
41
42
42
42
43
44
44
45
46
46
47

o
I
I
3
3
1

5
5
I
6
4
f
6
2
6
7
5
o
7
5
3
I
,|

4
7
o
3
I
3
8
2
7
2
8
4
o
7
3
I
7
5
3
o
a
6
4

o. oo355
o. oo498
o. 0064 l
o. oo785
o. oo929
o. o to74
o.or218
o.01412
o.o1607
o.or802
o.ol998
o.02194
o. 0239'l
o.02637
o. 02884
o.03132
o. 0338 I
o. 0363 I
o. 0388 1

o.04l33

6 6.57
4 6.52
2 6.46
9 6.41
1 6.33
4 6.25
6 6.17
I 6.09
o 6.02
3 5.95
I 5.85
5 5.76
o 5.68
5 5.59
o 5.51
3 5.43
2 5.34
o 5.24
J 5.15
s 5.06
o 4.97
8 4.89
I 4.80

o. oooTl
o.oo165
o. 00260

22
18
16
14
12
l1
11
11
l1
11
11
It
tt
11
11
11
12
12
12
12
12
12

7
9
I
5
2
6
I
4
3
I
o
1

J

2
4
I
I
I
3
1

2
3
7

74
75
76

o7
o7
o7
o7
o7
o7
o7

E

E

E

E

E

E

E

o .424
o.444
o. 459
o.475
o.491

77
7A
80
81
a2

o
2
4
6
I
1

3
6

-_¡
\o

FULLY DEVELOPED NUSSELT NUMBER =1'1.7



RUN NUMBER (19) TUBE NUMBER 9

INPUT POt¡rER = 4OO.O hl HEAT RATE GAINED BY tr,rATER = 375.3 b, HEÂT BALANCE ERROR = 6.2%

REM = 740.7 RAM = O.66OE 07 pRM = 5.12

UPSTREAM BULK TEMPERATURE =22.O DEG C DOWNSTREÂM BULK TEMPERATURE =43.1 DEG C

INLET BULK TEMPERATURE =22.2 DEG C OUTLET BULK TEMPERATURE =43.O DEc C

MASS FLO'J, RATE = 15.3 KG/HR

STATION
NO.

I
2
3
4
5
6
7
I
I

lo
'II
12
13
14
15
16
17
t8
't9
20
21
22
23

X T1,,( TOP )
CM DEG C

X+ RA NU
( AVERAGE )

T1¡'(BOTTOM) TB
DEG C DEG C

PR

.55

.47

.38

.30

.18

.07

.96

.85

.75

.65

.52

.40

.29

.t8

.07

.96

.83

.70

.58

.46

.34

.23

.11

22.5 627 .6 6
23. O 634.8 6
23.5 642. 1 6
24 .O 649 .4 6
24 .7 660. 4 6
25.4 671.3 6
26.1 682.3 5
26.8 693.3 5
27 .5 704.3 5
24.2 71s.r 5
29.2 729.5 5
30.f 743.9 5
31. 1 75A.2 5
32.O 772.a 5
33.O 787.7 5
34.O 803.O 4
35.1 822.5 4
36 .3 A42.6 4
37 .5 863.2 4
38.7 884.3 4
39.9 906.O 4
41 .1 928. I 4
42.3 950. a 4

RE

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

41
43
44
44
45
46
46
47
47
47
48
49
50
50
52
53
55
56

29
32
35
37
40
42
44
45
45
46
47
48
4A
49
49
49
51
51
52
53
55
57
57

7
I
3
4
o
4
o
1

7
3
3
3
6
2
5
8
2
I
6
a
4
2
5

29
32
35
37
39 o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

7
9
,|

2
6
7
1

o
5
4
I
5
3
7
8
2
5
3
7
4
I
A

4

o. oooT l
o.oor66
o. 0026 I
o. 00356
o. oo499
o. 00644
o. oo788
o. oo934
o. o 1080
o.01226
o.o1422
o. o 1619
o.o l8 l6
o.02014
o.o2213
o.o2413
o. 02664
o.029í6
o.03170
o.03424
o. 03680
o. 03936
o.04194

n ?oE

o. 406
o. 418
o.430

31 .4
22.7
'19. 1

'I 6.8
14.4
13 .4
12.8
12.6
12.7
12.7
12.7
12.4
13.1.l3.5
14.1
14.6
14 .4
14.8
't5.s
15.2
14.7
14.2
14.8

o7
o7
o7
o7
07
07
o7
o7
o7
o79E

444
466
484
502
521

564E 07
5908 07
6178 Q7
645E 07
673E 07
702E O7
739E 07
7768 07
815E 07
854E 07
895E 07
936E 07
978E 07

FULLY DEVELOPED NUSSELT NUMBER =I3.8
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RUN NUMBER (2O) TUBE NUMBER 9

INPUT POIdER = 55O.O ld HEAT RATE GAINED BY WÄTER = 517.4 W HEAT BALANCE ERROR 5.s%

REM = 845.5 RAM = O.|O8E 08 PRM = 4.64

UPSTREAM BULK TEMPERATURE =21.9 DEG C DOWNSTREÂM BULK TEMPERATURE =51.1 DEG C

INLET BULK TEMPERATURE =22.2 DEc C OUTLET BULK TEMPERAI-URE =5O.9 DEG C

MASS FLOI¡, RATE = 15.3 KG/HR

STATION
NO.

I
2
3
4
5
6
7
I
I

to
11
12
'I 3
14
15
16
17
l8
19
20
21
22
23

X TT.'( TOP )
CM DEG C

Tl,l(BOTTOM) TB
DEG C DEG C

RE

629
639
649
659
675
690
705
720
735
750
770
790

PR

.52

.41

.30

.19

.03

.88

.74

.60

.47

.35

.20

.05

.90

.76

.62

.44

.32

.17

.02

.87

.74

.61

.48

X+ RA NU
( AVERAGE )

1

3
5
7

lo
l3
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

32.3
36.5
39 .8
42-4
45.7
48 .6
50. 3
51 .2
5l .8
52.2
53 .4
s4.5
54.6
56. O

56.7
57.1
58 .4
59 .8
61.4
63. 1

65. 3
66.2
67 .4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

a7

22.7
23.3
24.O
24.6
25.6
26.6
27 .6
28.6
29.6
30.6
3t -9
33.2
34.5
35.8
37.1
38.4
40. 1

41 .7
43 .4
45.O
46.6
4A .3
49.9

32.4
36 .5
39.4
42.O
45.O
47 .2
44.7
49.5
50. o
50.8
51.5
52.1
52.5
53.7
54.3
54 .8
56.O
57 .7
58 .8
61.1
63.O
63.6
65.9

1

3
6
9

8J
83
85

99 1

105
111
117
124
132

909
940
971

1 004
1038
t073
I lo9

'I 40E
I 49E
157E
I 66E
I 75E

7
7
I
I
1

2
3
3
1

o
o
6
8
7
2
3
2
o
9
I
6
4
'|

I
4
I
6
6
4
o
'|

4
6
8
I
q

9
4
2
5
6
8
4
I
8
6

o
o
o
o
o
o
o
o
o
o
o

6
6
6
6
6
5
5
5
5
5
5
5
4
4
4
4
4
4
4
3
3
3
3

o. oooT 1

o. ool 66
o. 0026 1

o. oo3s7
o. oo50 I
o. 00646
o. oo792
o. oos38
o. olc86
o. o1 233
o. o 1431
o.or630
o.or830
o. o2c32
o.02234
o.02437
o. 02693
o. 02950
o. 03208
o. 03467
o.o3726
o. o3s86
o.04245

o.sso
o.572
o.594
o.617
o.651
o.686
o.721
o. 756
o.792
o. 829
o. 882
o. 936

3l
23
19
17
15
14
14
14
14
14
14
15
J5
l5
16
17
17
17
17
17
t6
17
17

o7
07
o7
o7
o7
o7
07
07
07
07
o7
07
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

FULLY DEVELOPED NUSSELT NUMBER =I€.2



RUN NUMBER (21) TUBE NUMBER 9

INPUT POIITER = 7OO.O '¡J HEAT RÂTE GAINED BY WATER = 67O.4 t¡J HEAT BÂLANCE ERROR = a.2%

REM = 922.7 RÂM = O.l66E 08 PRM = 4.25

UPSTREÂM BULK TEMPERATURE =21.9 DEG C DOWNSTREAM EULK TE¡iIPERATURE =59.7 DEG c

INLET BULK TEMPERATURE =22.2 DEG C oUTLET BULK TEMPERATURE =59.5 DEG C

MÂSS FLOh, RATE = 15 . 3 KG,/HR

STAT I ON
NO.

x Ttr( ToP )
CM DEG C

TI.J(BOTTOM) TB
DEG C DEG C

PRRE x+ RA NU
( AVERAGE )

f
2
3
4
5
6
7
I
I

lo
11
12
13
14
l5
l6
17
t8
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

to
13
l6
t9
22
25
29
33
37
41
45
49
54

22.9
23.7
24.6
25.4
26.7
28.O
29. 3
30. 5
3r.8
33. I
34 .8
36.5
38.2
39.9
41 .6
43.3
45.5
47 .6
49.7
5l .9
54.O
56. 1

58.2

35.2
40. 3
43.7
46.7
49.9
52. 1

53. 5
54. f
54 .4
55. 5
55.8
57.2
58. 3
59.5
59.5
60. 3
63. 1

65.6
66.4
69. 5
71 .3
73.2
75'.7

35
40
44
47
51
54
55
56
57
57
58
60
6t
62
62
63
66
68
69
71
74
76
77

1

3
3
3
o
o
6
4
o
5
6
3
2
4
I
4
o
3
7
8
3
2
7

691
711
730

32.7
24.2
20.6
18.5
16.8
't5.9
15 .7
16.O
r6.6
16.9
17.5
17 .6
1A .2
18.5
19.8
20. I
20.2
19.8
20.9
20. 3
20.2
20.4
20.4

o7
o7
o7
o7
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

o.7228632
645
659
6'72

I
I
o
I
7
3
6
I
3
3
o
6
4
3
2
2
o
5
5
I
o
3
I

6
6
6
6
5
5
5
5
5
5
4
4
4
4
4'
4
3
3
3
3
3
3
3

o. oooT l
o-oo166
o. 00262
o. oo358
o. oo503
o. 00649
o. 00796
o. oo943
o.o109 1

o.o124l
o.o1441
o.or643
o.ol846
o. 02050
o.02255
o.02462
o.02720
o. o2980
o. 03239
o. 03soo
o. 03763
o.o402a
o.04294

759E
7978
835E
894 E

953E
lot E

loSE
1 148
12 1E

o
o
o
o
o
o
o
o
o

749
769
789
417
845
a75

59
64
69
74
79
a4

906
938
97 1

1014
1 058
I 104
I 133
1 162
't 192
1224

o. r30E
o.140E
o.150E
o.160E
o. l71E
o.182E
o.196E
o. 210E
o.2258
o.2378
o.2498
o. 260E
o.2738

co
t\)

FULLY DEVELOPED NUSSELT NUMBER =18.8



RUN NUMBER ( T ) TUBE NUMBER 10

INPUT PObIER = 5O.O lr, HEAT RATE GÀINED BY WATER

PRESSURE DROP = 2.6 MM H2O

4A.2 W HEAT BALANCE ERROR = 3.5%

F =0.0962 1

PR x+ NU
( ÂVERAGE )

REM = 364.6 RAM = O.466E OG RAMF =O.9O3E 05 PRM = 4.7O

UPSTREAM BULK TEMPERATURE =31.9 DEG c DoWNSTREAM BULK TEMPERATURE =4O.8 DEG C

INLET BULK TEMPERATURE =32.O DEG c OUTLET BULK TEMPERATURE =4O.7 DEG C

MASS FLOW RÂTE = 4.7 KG/HR

RAREx r\.,( roP )
CM DEG C

TI,'(BOTTOM) TB
DEG C DEG C

STATION
NO.

54 .4
21 .3
17.O
12.9
10.6
9.2
9.1
4.4
8.1
8.O
7.6
7.5
7 .'l
6.8
6.6
6.5
6.2
6.1
5.8
5.5
5.4
5.3
5.4

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6

389E
393E
396E
400E
4058
410E
4l6E
4218
427E
4328
4408
447E
4s5E
4628
4708
477
447
497
507
517
527
537
547

335. I 5. t6 0.OO2t7 0
336.4 5.14 0.00506 0
337.8 5.12 0.00796 0
339.1 5.09 0.OlO85 0
341.2 5.06 0.O1521 0
343.2 5-03 0.O1956 0
34s.3 4.99 0.02393 0
347 .4 4.96 0.02830 0
349.5 4.93 0.03268 0
3s l .6 4 .89 0. 03706 0
354 .4 4 .85 0.04291 0
357 .2 4 .81 0.O4A77 0
360. 1 4.76 0.05464 0
363.O 4.72 0.O605s O
365.9 4.68 0.06642 0
368 .9 4 .64 0.07232 0
372.6 4.59 0.07971 0
376' .4 4 .54 0.OA7 12 0
380.2 4.49 0.09454 0
384. I 4.44 0.10198 0
387.9 4.39 0.10943 0
391.9 4.34 0-11690 0
395 .8 4 .29 0.12439 O

32
32
32
32
33
33
33
34
34
34
35
35
35
36
36
36
37
3-l
38
38
39
39
40

2
4
6
8
1

4
7
o
3
6
o
4
7
I
q

I
4
9
4
I
4
I
4

7
5
3
I
8
4
7
3
7
f
7
o
7
2
7
2
I
4
2
o
5
1

5

32.7
33.9
34.2
35.O
35.7
36.4
36.8
37 .4
37 .A
38.1
34.7
39.2
39.8
40. 3
40.9
41.3
42.O
42.6
43.3
44.O
44.7
45. 3
45 .6

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

'|

3
5
7

10
13
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

1

2
3
4
5
6
7
I
I

10
11
12
t3
14
15
't6
17
la
l9
20
21
22
23

H
Co(,

FULLY DEVELOPED NUSSELT NUMBER = 6.8



RUN NUMBER ( 2) TUBE NUMBER 10

INPUT POt¡rER = 1OO.O 9l HEÂT RATE GAINED BY lrrATER = lOO.l

PRESSURE DROP = 2.5 MM H2O

V, HEAT BALANCE ERROR =-O.1%

F =O.09228

REM = 4O4 .3 RAM = O.118E 07 RAMF =O.2O1E OG PRM = 4.19

UPSTREAM BULK TEMPERATURE =32.3 DEG C DOI'JNSTREAM BULK TEMPERATURE =5O.6 DEG c

INLET BULK TEMPERATURE =32.4 DEG C oUTLET BULK ïEMPERATURE =5O.5 DEG C

MÁSS FLOW RATE = 4.7 KG/HR

STATION
NO.

'|

2
3
4
5
6
7
I
I

10
11
't2
t3
14
l5
l6
17
18
19
20
21
22
23

X TI.' ( TOP ) IU' ( BOTTOM ) TB
CM DEG C DEG C DEG C

RA

830E 06
8468 06
86tE 06
877E 06
901E 06
925E 06
949E 06
974E 06
999E 06
1028 07
't06E 07
109E 07
1 13E 07
1 16E 07
1208 07

PRRE x+ NU
( AVERAGE )

8
3
I
I
3
2
9
I
5
3
3
o
3
3
2
2
5
5
9
3
4
5
3

32
33
33
34
34
35
35
36
37
37
38
39
40
41
41
42
43
44
45
46
47
4A
49

34.8
37.O
37 .8
39. 3
40. 3
41 .5
42. 1

43.2
43.9
44 .3
45.5
46.3
47 .6
48.5
49.5
50. 4
51.8
52 -A
54 .2
55.5
56.7
57 .8
58 .6

5
5
5
5
5
5
5
t
5
5
5
5
t
5
5
5
5
5
5
5
5
5
5

'|

3
5
7

10
13
16
19
22
25
29
33
37
4',!
45
49
54
59
64
69
74
7g
a4

34
36
37
38
40
41
41
42
43
44
45
46
47
4A
49
50
51
52
53
5s
56
57
58

8
2
6
o
6
2
I
5
I
7
5
3
2
o
8
6
7
7
7
I
I
I
I

339
34 I
344
347
35r
356
360
365
370
374
381
347
394
400
407
414
423
432
441

o s.ro
I 5.Os
7 5.OO
5 4.96
I 4.89
3 4.42
a 4.75
4 4.69
o 4.62
7 4.56
o 4.4A
4 4.39
o 4.3,|
6 4.23
4 4.16
3 4.08
o 3.99
o 3.90
I 3.81
3 3.73
7 3.65
3 3.57
o 3.49

o.oo217 0
o.oo507 0
o.oo797 0
o.o1088 0
o.01s26 0
o.o1965 0
o.02405 0
o.o2e46 0
o.03288 0
o.o3732 0
o.04325 0
o.04920 0
o. o55 17 0
o.06 1r6 0
o. 067 l6 0
o.o73.t8 0
o-08c'73 0
o.08830 0
o.09589 0
o.10349 0
o.111'll o
o. I 1873 0
o.12636 0

124E 07
12AE 07
t33E 07
t38E 07
1438 07
'I 48E 07
t53E 07
158E 07

24.'l
't6.7
13.9
11.5
10.3
OE
9.5
8.9
8.8
8.8
8.4
8.5
LO
7.8
7.6
7.5
7.2
7.2
6.9
6.6
6.5
6.4
6.6

450
459
469
479

co
F,

FULLY DEVELOPED NUSSELT NUMBER = 7.7



RUN NUMBER ( 3) TUBE NUMBER IO

INPUT POþjER = 15O.O t¡, HEAT RAïE GAINED BY rrrATER

PRESSURE DROP = 2.4 MM H2o

'155.3 r¡, HEAT BALANCE ERROR =-3.5%

F =O.08832

PR x+ RA NU
( AVERAGE )

REM = 449.4 RAM = 0.221Ê 07 RAMF =O.353E OG PRM = 3.74

UPSTREAM BULK TEMPERATURE =32.4 DEG C D0WNSTREAM BULK TEMPERATURE =60.9 DEG c

INLET BULK TEMPERATURE =32.7 DEG C OUTLEï BULK TEMPERATURE =60.7 DEG C

MASS FLOW RÀTE = 4.7 RG/HR

STAT ION
NO.

I
2
3
4
5
6
7
8
9

10
1l
12
l3
14
15
16
17
18
19
20
21
22
23

o.oo217
o. oo508
o. oo799
o.o109 I
o.o153l
o.ol973
o.o24't6
o. 0286 1

o. 03308
o.03757
o. 04357
o. 04960
o. 05565
o.06172
o. 06780
o. 07390
o.08r50
o.o8918
o. 09690
o. r046s
o. 1 1214
o.12026
o. 12A12

o. r3rE
o. l35E
o.139E
o. t43E
o. t49E
o.155E
o. 161E
o.167E
o.173E
o.180E
o,189E
o. t98E
o. 207E
o.2r6E
o.2258
o. 235E
o.2478
o. 256E
o. 266E
o.2758
o. 285E
o. 295E
o. 30sE

x ft,,( roP )
CM DEG C

TT.J(BOITOM ) TB
DEG C DEG C

95
34
84
44
44
54
a4
24
84
54
o4
a4
93
23
83
63
23
83
93
43
53
13
43

RE

341
346
350
355
362
369
376
344

33.2
33.8
34 .5
35. 1

36. t
37.O
38.O
38 .9
39.9
40.9
42. 1

43.4
44.7
46.O
47 .3
48.5
50. J

51 .7
53.3
54.9
56 .5
58.2
59 .8

36.8
39.O
41 .1
42.6
44.5
45.8
46.8
4A .1
49. I
50. 2
51 .9
52.8
54.8
56.4
57 .8
59.2
61.1
62.7
64.9
67.O
6A -7
70 .4
7t.9

36.8
40. 1

41.2
43.6
44.7
46.3
47 .2
48 .9
50. I

50. 6
52. 1

53 .4
55 .2
56.8
58. 3
59.6
6t.6
63.2
65.3
67 .4
69. 2
71 .O
72.3

t.5
3.5
5.5
7.5

10. 5
13.5
16.5
19.5
22.5
2s .5
29.5
33 .5
37.5
41.5
45.5
49.5
54.5
59.5
64.5
69.5
74.5
79.5
84.5

39r
399
410
420
431
443
454
466
48 1

489
498
508
518
529
540

25.2
15 .9
'I 3.6
11.3
10.6
lo. o
ro. o
9.5
9.3
9-4
9.1
9.3
4.7
4.4
4.2
4.2
7.9
7.9
7.5
7.1
7.1
6.9
7.O

o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

oo(¡

FULLY DEVELOPED NUSSELT NUMBER = 8.3



RUN NUMBER ( 4) TUBE NUMBER 10

INPUT POIá,ER = 2OO.O h, HEAT RATE GAINED By WATER

PRESSURE DROP = 2.4 MM H2O

= 209.7 l,,

F

REM = 489.2 RAM = O.346,E 07 RÂMF =O.5lAE OG PRM 3 .41

UPSTREÄM BULK TEMPERATURE =32.4 DEG C DOI,rNSTREAM BULK TEÍTIPERATURE =7O.8 DEG C

INLET BULK TEMPERATURE =32.8 DEG c oUTLET BULK TEMPERATURE =70.6 DEG C

MASS FLOI, RATE = 4 .7 KÈ/HR

HEAT BALANCE ERROR =- .8%

=O. 0879O

NLI
( ÁVERAGE )

STAT I ON
NO.

I
2
3
4
5
6
7
8
I

10
1'l
12
13
14
15
t6
17
18
't9
20
21
22
23

x rl.,(roP)
CM DEG C

TI.'(BOTTOM) TB
DEG C DEG C

PRRE

5. 02
4.92
4.83
4 .74
4.60
4 .47
4.34
4 .21
4.09
3 .98
3.83
3.69
3. 55
3 .45
3.37
3.30
3.20
3.11
3.Ol
2.9'l
2.A1
2.71
2 .60

6
6
8
1

8

I
4
2
2
3
9
I
4
I
I
3
7
3
2
5
5
3

x+ RA

37
41
45

343
349
355
362
37 1

381
391
402
413
424
439
454
470
4A4
493
503
517
531
547
564
5A2
602

38
4',l
44
46
4A
50
51
53
54
55
58
59
62
64
66
67
70
72
75
7A
80
8l
83

5 38.7
5 43.O
5 44.6
5 47.5
5 48.9
5 50.9
5 52.O
5 54.3
5 55.9
5 56.5
5 5A.4
5 60.1
5 62.6
5 64.6
5 66.7
5 68.4
5 7r.O
5 73-2
5 75.9
5 78.8
5 8l.O
5 82.6
5 84.3

33

1

3
5
7

10
13
l6
19
22
25
29

49
54
59
64
69
74
79
84

6
6
2
o
3
I
3
2
4
I
o
3
o
1

1

I
4
5
4
2
3
7
5 624

33 .4
34.3
35.2
36.O
37.3
38.6
39.9
41 .2
42.5
43.4
45.5
47 .3
49.O
50. 7
52.5
54 .2
56.4
58.5
60. 7
62.9
65.O
67 .2
69 .4

o.oo217
o. oosos
o. oo800
o. olo94
o. o1 535
o.ot980
o.02426
o. o2875
o. 03326
o. o3778
o.04384
o. 04992
o. 05602
o. 062 I 'l

o. 0682 7
o .o7 446
o.08223
o. 090C'6
o, o97s3
o.1o585
o. I I383
o.l2r86
o. r2994

o. 180E 07
o. r87E 07
o. r94E 07
o.2018 07
o.212Ê. 07
0.2238 07
o.235E 07
Q.2468 07
o.258E 07
o.27 1E 07
o.2888 07
o.30sE 07
o.3238- 07
o. 339E 07
o. 352E 07
o.366E 07
o. 384E 07
0.4028 07
o.4218 07
o.4408 07
o.4618 07
o.483E 07
o- 506E 07

2 3.6
5.4
3.3
1.4
o.8
o.3
o.4
9.7
9.6
9.8
9.5
9.7
9.O
8.8
8.6
8.5
8.3
4.2
7.8
7.5
7.4
7.7
7.9

co
o\

FULLY DEVELOPED NUSSELT NUMBER = 8.7



RUN NUMBER ( 5) TUBE NUMBER .IO

INPUT PO'JER = IOO.O I¡,l HEAT RATE GAINED BY WATER =

PRESSURE DROP = 5.4 MM H2O

98.2 W

F

REM = 632.3 RAM = O.936E OG

UPSTREÂM BULK TEMPERÂTURE =3O.8 DEG c

INLET BULK TEMPERATURE =3O.9 DEc c

RAMF =O.146E OG PRM = 4.75

DOWNSTREAM BULK IEMPERATURE =41.f DEG C

OUTLET BULK TEMPERATURE =41.O DEc C

MASS FLot, RAIE = 8.2 KG,/HR

TI,J( BOTTOM ) TB
DEG C DEG C

RE PR x+

HEAT BALANCE ËRROR = 1.8%

=O. 06635

NU
( AVERAGE )

STAIION
NO.

X Tþ'( TOP )
CM DEG C

RA

I
3
5
7

'to
l3
l6
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

1

2
3
4
5
6
7
I
I

to
1t
12
l3
14
t5
f6
17
l8
t9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

32
34
35
36
37
38
39
40
40
41
41
41
42
43
43
44
44
44
45
46
47
47
48

33
34
35
37
37
38
39
40
41
41
41
42
43
43
43
44
44
45
46
46
47
4A
48

o
I
6
o
I
9
5
5
2
3
I
3
o
5
I
2
I
3
'|

I
4
1

5

9
2
4
3
7
6
2
1

6
'|

7
I
7
3
6
o
6
I
I
5
1

7
3

31.O 573.O
3r.3 575.6
31 .5 578.3
31 .7 58r.O
32. 1 s85. I
32.4 589 . 2
32.A 593. 3
33. 1 597.5
33.5 601 .7
33.8 605.9
34.3 61 1 .6
34.7 617.3
35.2 623.2
35.7 629.O
36. I 635.O
36.6 640.9
37 .2 648.5
37 .7 6s6. 2
38.3 663.9
38.9 671.8
39 .5 679 .7
40. 1 687.8
40.6 69s . 9

5.30
5.27
5.24
5.22
5. 17
5. f 3
5.09
5.05
5. 02
4 .98
4 .93
4.A7
4.A2
4.77
4.72
4 .68
4.61
4 .55
4 .50
4 .44
4.38
4 .32
4 .27

o.oo124
o. oo288
o. oo454
o.006r9
o. 00867
o.01l r6
o.ot365
o.ol6 t4
o.ol864
o.021 14
o. 02448
o. o2783
o.03 119
o. o3455
o.o3792
o.04130
o. 04553
o.04977
o. 05402
o. 05828
o. 06255
o. 06683
o.07r11

779
o. 791
o.804
o.a17
o.829
o.442
o. 855
o. 873
o. 890
o.908
o.926

944
962

o
o
o
o

'lo 1E
t03E
106E
108E
I toE
I 13E

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o7
o7
o7
o7
o7
o7

30.5
17.6
14.5
11.8
lo. t
9.1
4.7
8.O
7-A
7.8
7.6
7.4
7.5
7.4
7.5
7.7
7.6
7.8
7.5
7.3
7.3
7.3
7.3

7548
762E
7708

5E

o
o
o
o
o
o
o
o
o

oo.\¡

FULLY DEVELOPED NUSSELT NUMBER = 7,6



RUN NUMBER ( 6) TUBE NUMBER IO

INPUT POWER = 15O.O ht HEAT RATE GAINED BY ldÂTER =

PRESSURE DROP = 5.2 MM H2O

146.5 W HEAT BALANCE ERROR = 2.3%

F =O.06389

REM = 669.3 RAM = 0.1578 07 RAMF =O.226E OG

UPSTREAM BULK TEMPERATURE =3I. I DEG C DOI,,NSTREAM BULK ÏEMPERATURE

INLET BULK TEMPERATURE =3I.2 DEG C OUÏLET BULK TEÍ'¡PERATURE

MASS FLOI.J RATE = 8.2 KGIHR

PRM = 4.46

=46.4 DEG C

=46.3 DEG C

NU
(ÄVERAGE )

STAT I ON
NO.

I
2
3
4
5
6
7
8
I

10
11
12
13
14
15
t6
17
t8
t9
20
21
22
23

x+

o-ool24
o. oo289
o.oo454
o. 00620
o. oo869
o.o1118
o.o1369
o.o1619
o. o t871
o.02123
o. o2459
o.02797
o.03136
o.03476
o.o38 I6
o.04t58
o. 04586
o.o5016
o. o5446
o. os878
o.063ll
o. 06745
o.07r80

I t5E 07
1 17E 07
1t8E 07
1208 07
1238 07
126E 07
r29E 07
1328 O7
t35E 07

x Tr{, ( ToP ) Tt, ( BOTTOM ) TB
CM DEG C DEG C DEG C

RE PR RA

31.4
3l.8
32. 1

32 .5
33.O
33 .5
34.O
34 .5
35. r

35.6
36 .3
37.O
37 .6
38 .3
39.O
39.7
40.6
41.5
42.3
43 .2
44 .O
44 .9
45 .8

34 .4
36.1
37 .A
39.1
40.9
42.3
43.1
44.2
44 .7
45.3
46 .3
46. 5
47 .6
4A .4
49.O
49 .6
50, 5
51.O
52. 1

53.2
54 .1
54.9
55 .7

34
37
38
40
41
42
43
44
45
45
46
47
4A
48
49
49
50
51
52
53
54
55
56

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
l3
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

577
58 I
585
589
595
602
608
614
621
627
636
645
654
664
673
683
695
707
720
732
745
758
772

5 5.25
5 5.21
6 5. 17
7 5.13
9 5.07
1 5.Ol
5 4.95
I 4.90
3 4.84
9 4.7a
a 4.71
a 4.64
I 4.56
't 4 .49
5 4.43
I 4.36
2 4.27
5 4-19
o 4.ll
8 4-O3
I 3.96
I 3.88
3 3.81

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2A I
I
9
o
5
6
2
6
4
6
5
7
4
3
3
5
4
6
4
3
2
2
2

I 38E
1428
I 46E
l 50E
154
158
163
168

o.174
o. 179
o.185
o.l9l
o.197
o. 203

17
14
12
10
I
I
I
8
8
8
I
8
I
8
I
I
I
I
I
I
I
I

07
Q7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

Co
oo

FULLY DEVELOPED NUSSELT NUMBER = 8.5



RUN NUMBER ( 7) TUBE NUMBER IO

INPUT POI',ER = 2OO.O I.I HEAT RATE GAINED BY WATER = .I95-8 t¡J HEAT BALANCE ERROR

PRESSURE DROP = 5.1 MM H2O F =0.06260

2.1%

REM = 7O7 .O RAM = 0.232Ê 07 RAMF =O.32lE CG PRM = 4.19

UPSTREAM BULK TEMPERATURE =31.2 DEG C DOWNSIREAM BULK TEMPERATURE =51.7 DEG C

INLEÏ BULK TEMPERATURE =31.3 DEG C OUTLET BULK TEMPERAIURE =51.5 DEc C

MASS FLOI¡/ RATE = 8.2 KGIHR

SÏAÏION
NO.

I
2
3
4
5
6
7
I
I

10
tl
't2
13
14
l5
't6
17
18
l9
20
21
22
23

X TI'/( TOP )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

PR x+RE RA NU
( ÂVERAGE )

1

3
5
7

10
13
t6
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

31.7
32. 1

32.6
33.O
33.7
34 .4
35. I
35.8
36.5
37 .2
38. 1

39. 1

40. o
40. I
4t.8
42.4
43 .9
45. I
46.2
47 .4
48. 5
49.7
50.8

7
o
2
o
3
o
I
2
I
5
7
o
5
c
3
o
1

I
3
I
9
o
'|

35
38
40
42
44
46
46
4A
4A
49
50
5l
52
53
54
55
56
56
58
59
60
62
63

35.7
39.4
40.6
43 .6
45.2
46.7
47 .5
49 .4
50. 7
50.4
5l.I
51.7
53. 1

54. 1

54 .9
55.5
56 .8
57.5
58 .8
60. 4
61.5
62 .7
63 .8

580
585
591
596
605
613
622
631
639
649
66 1

673
686
699
712
726
743
761
779
797
816
835
848

2
6
I
6
o
5
2
o
I
o
3
I
6
7
I
5
7
3
3
6
3
3
6

5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
3
3t3

3
3
3
3

22
17
12
o6
99
91
83
76
68
61
52
42
33
24
16
o7
97
a7
77
68
59
50
44

o.ool24
o. oo289
o. oo4ss
o. 0062 1

o . oo870
o.o1121
o.o1372
o.o1624
o.o1877
o.02130
o.02470
o. 028 10
o-03152
o. o3494
o. o3838
o.04t83
o.046t6
o. 05049
o. o5484
o. 05920
o. 06356
o - 06793
o.o7229

o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o

1558 07
l58E 07
1628 O7
r65E 07

28.5
17.6
14 -7
11.8
10.4
9.7
9.5
8.8
8.6
8.9
9.O
9.3
8.9
8.8
8.9
9.1
LO
9.3
9.1
8.8
8.8
8.8
8.9

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
Q7
o7
o7
o7
o7

I 70E
1 75E
181E
186
192
197

o.204
o .212

E

E

E

E

E

E

E

E

E

E

E

E

E

E

220
228
236'
244
254
264
275
286
297
308E

oo
\o

FULLY DEVELOPED NUSSELT NUMBER = 9.O

3178 07



RUN NUMBER ( 8) TUBE NUMBER 10

INPUï POl,rER = 25O.O 'J HEAT RATE GAINED BY I/ÂTER = 247.3 W HEAT BALANCE ERROR

PRESSURE DR0P = 5.O MM H2O F =0.06129

1 .1%

REM = 74a.4 RAM = O.325E 07 RAMF =O.389E OG PRM = 3.94

UPSTREAM BULK TEMPERATURE =31.3 DEG C DOWNSTREAM BULK TEi{PERATURE =57.2 DEG C

INLET BULK ïEMPERATURE =31.5 DEG C OUILET BULK TEMPERATURE =57.O DEG c

MASS FLow RATE = a.2 KG/HR

STÂTION
NO.

I
2
3
4
5
6
7
I
I

to
l.l
't2
13
't4
l5
16
't7
18
19
20
21
22
23

x rt,J( roP ) rt,J(BorToM) rB
CM DEG C DEG C DEG C

37
41

RE PR x+ RA NU
( AVERAGE )

5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
5
5
5
5
5
5
5
5

o
6
2
9
6
3
2
4
o
6
I
9
5
6
5
3
I
9
3
2
2
6
6

43
46
48
50
5l
53
55
54
55
55
57
58
59
60
62
62
64
66
67
67
68

37
39
42
44
47
49
50
51
52
53
54
55
56
57
58
59
6t
62
63
65
66
66
67

20
13
o6
99
90
80
71
62
53
44
32
21
10
oo
90
80
68
57
47
40
34
2A
21

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o

o
I
5
7
4
2
3
7
5
3
I
o
I
I
'l
7
4
1

6
4
4
7
8

583.O 5
589.9 5
596.8 5
603 .9 4
614.7 4
625.7 4
636.9 4
644.4 4
660.O 4
671 .9 4
688. I 4
704.6 4
721 .6 4
738.9 4
756.6 3
774.7 3
797.A 3
821 .5 3
843.6 3
857.4 3
871.8 3
887,O 3
902.9 3

3r.9
32 .5
33. 1

33 .6
34.5
35 .4
36.3
37.2
38.O
38.9
40. 1

4'l .2
42.4
43 .6
44.4
45.9
47 .4
48 .9
50. 3
51.8
53.2
54.7
56 .2

oo124
oo289
oo4ss
00622
ooa72
o1 123
o1 376
o1629
o1883
02138
o2480
o2423
03167
o35J3
o3859
04207
o4642
o5079
oss14
059s4
06395
06839
07244

o. t98
o.204
o. 209
o.214
o.223
o. 231

279E
2928
304 E

3r8E
331E
345 E

362 E

97E
loE
23E
37E
51E

380E 07
o7
o7
o7
o7
o7

240
249
258
267

3
4
4
4
4

24.6
17 .7
14.9
12.O
to. I
10.1
10.o
9.4
9-2
9.6
9.7

10.1
9.7
9.8
9-9

10. 1

9.9
10.4
ro.4
ro.o
ro.3
1r.3
11.6

o7
o7
o7
o7
o7
o7
07
07
o7
o7
o7
o7
o7
o7
o7
o7
o7

\o
o

FULLY DEVELOPED NUSSELT NUMBER =1O.1



RUN NUMBER ( 9) TUBE NUMBER 10

INPUT POTTJER = 3OO.O t¡J HEÂT RÂTE GAINED BY I¡/ATER

PRESSURE DROP = 5,O MM H2O

296.2 Vl HEÂT BÂLANCE ERROR = 1.3%

F =O.06l 14

RA NU
( AVERAGE )

REM = 788.9 RAM = O.426E 07 RAMF =O.426E OG PRM = 3.72

UPSTREAM BULK TEMPERATURE =31.3 DEG C DOWNSTREÂM BULK TEMPERATURE =62.3 DEG C

INLET BULK TEMPERATURE =31.5 DEc C OUTLET BULK TEMPERÂTURE =62.2 DEG C

MASS FLOW RATE = 8.2 KG,/HR

STATION
NO.

X TW( TOP ) TI{( BOTTOM ) TB
CM DEG C DEG C OEG C

RE

585
593
601
6ro
623
63è
650
664
679
693
713
734
755
777
799
422
846
863
88 I

PR x+

'|

2
3
4
5
6
7
I
I

lo
ll
12
13
14
t5
t6
17
l8
l9
20
21
22
23

32
32
33
34
35
36
37
38

'|

3
5
7

10
13

45
49
54
59
64
69
74
79
84

2
7
5
I
7
4
4
I
I
4
8
o
o
6
I
6
3
o

o
I
o
o

51
53
54
57
58
58
'58
59
61
62
63
64
66
67
68
71
71
72
73

5
5
5
5
5
5
5
5
5
5
5
5
E

5
5
5
5
5
q

5
5
5
5

38
43
45
4S

2
5
I
2
3
2
3
I
I
I
2
I
3
I
I
I
q

o
4
3
o
3
4

2
2
2

2
2
3

I
I
5
2
2
3
3
4
4
5
I
3
7
1

5
9
6
4
2
9
7
4
2

o 5.18
3 5.09
7 5.O2
3 4.94
4 4.42
a 4.71
6 4.60
6 4.49
o 4.39
6 4.24
7 4.15
3 4.Q2
5 3.90
2 3.7A
4 3.67
2 3.56
7 3.45
4 3.38
2 3.30
o 3.22
o 3. 15
3 3.07
9 2.99

o-oo124 0
o.oo239 0
o.oo456 0
o.00622 0
o.oo873 0
o.o1126 0
o.o1s79 0
o.o1633 0
o.o1889 0
o.o2145 0
o.02489 0
o.o2834 0
o.03 r80 0
o.03528 0
o.o3876 0
o.04225 0
o.0466t o
o. os 102 0
o.05544 0
o.05989 0
o.06436 0
o.06885 0
o. 07337 0

3'r3E 07
3268 07
3408 07
358E 07
3778 A7
396E 07
4lsE 07
43sE 07
456E 07
4798 07
498E 07
518E 07
538E 07
5598 07
580E 07
6028 07

o7
o7
07
07
07
o7
07

478
55E
63E
75E
88E

2A40E

ooE

7
4
2
1

o
o
I
I
o
o
I
o
o
o
1

I
1

2
1

2
3
4

6
I
9
'|

o
5
5
I
b

1

3
3
7
5
7
1

1

I
3
4
I
6
4

16
19
22
25
29
33
37
41

39
40
41
43
44
46
47
4a
50
52
54
55
57
59
6l

900
920
94.|
963

F
\o
tJ

FULLY DEVELOPED NUSSELT NUMBER = 1 1 .3



RUN NUMBER ( 1O) TUBE NUMBER 10

INPUT POtr/ER = IOO.O U, HEAT RATE GAINED By vTATER =

PRESSURE DROP = 8.5 MM H2o

97.8 W HEAT BALANCE ERRoR = 2.2%

F =O.O5O83

REM = A74.3 RAM = O.873E OG RAMF =O. l37E 06 PRM = 4.92

UPSÏREAM BULK TEMPERÂTURE =30.7 DEG C DOTTTNSTREAM BULK TEMpERÂTURE =37.9 DEG C

INLET BULK TEMPERÂTURE =3O.8 DEG C OUTLET BULK TEMPERATURE =37.8 DEG c

MÂSS FLOW RATE = II.g KG,/HR

STAT I ON
NO.

X T1¡'( TOP )
CM DEG C

Ttr(BoTTOM) TB
DEG C DEG C

RE

8r6
8r8
421
424
a2a
432
836
840

x+PR RA NU
( AVERAGE )

32
33
34
35
36
37
38
38
39
39
40
40
41
41
42
42
42
42
43
44
44
44
45

4
2
6
o
I
6
I
2
1

1

5
o
5
o
4
6
o
2
7
3
6
I
3

32
34
34
36
36
37
38
39
40
40
40
4'l
41
42
42
42
43
43
43
44
44
45
45

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1

3
5
7

'to
l3
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

1

2
3
4
5
6
7
I
I

to
11
12
t3
14
15
't6
17
't8
l9
20
21
22
23

4
5
4
2
3
3
o
I
3
I
5
7
3
I
1

3
7
I
5
o
3
7
1

37.2
20.6
17 .4
13.7
ll.6
to.3
9.7
8.6
8.1
8.1
7.9
7.8
7.5
7.4
7.4
7.5
7.4
7.7
7.5
7 -4
7.4
7.4
7.5

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o7

o. 809E
o.8r8E
o.830E
o.a42E
o. 854E
o.866E
o.878E
o.890E
o. 906E
o.921E
o.937E
o.953E
o.969E
o. 985E
o. 100E

444
a4a
854
859
865
a7 1

476
aa2
889
897
904

30. I
31.O
31 .2
31 .4
3l .6
31.9
32. 1

32.3
32.6
32.A
33.2
33. s
33.8
34.1
34 .4
34.8
35.2
35.6
36.O
36 .4
36.8
37 .2
37 .6

25
85
55
25
25
25
35
45
55
65
25
85
44
14
84
54
84
14
54
94
44
o4
74

3l
29
2A
26
23
20
17
14
12
o9
o5
ol
98
94
9J
87
83
7A
74
70
65
61
57

o. 00086
o. oo202
o.oo317
o. oo433
o. 00606
o. oo780
o. oo954
o.or 128
o.o1302
o.01477
o. ol7lo
o.ol943
o.02176
o. o24 lo
o.02645
o. o2879
o.03l73
o. o3467
o - 03762
o. 04057
o. 04353
o. 04649
o. 04946

o. 748E
o.7548
o. 759E
o. 765E
o.774E
o.7a2E
o. 791E
o.800E

911
9t9
927
934

N)

FULLY DEVELOPED NUSSELT NUMBER = 7.8



RUN NUMBER (11) TUBE NUMBER 10

INPUT POtdER = l5O.O W HEAT RATE GAINED BY ldAÏER =

PRESSURE DROP = 8.3 MM H2o

146.3 W

F

REM = 907.3 RAM = O. 1418 07 RAMF =o.2OBE 06 PRM = 4.72

UPSTREAM BULK TEMPERATURE =3O.8 DEG C DOITINSTREAM BULK TEiíPERATURE =41.5 DEG C

INLET BULK TEMPERATURE =3O.8 DEG C OUTLET BULK TEMPERATURE =4'1.4 DEG C

MASS FLOI¡, RATE = I1 .8 KG/HR

HEAT BALANCE ERROR = 2.a%

=O. 04962

NU
( AVERAGE )

SI'AT I ON
NO.

x Tl,.l ( ToP ) Tr,J ( BOTTOM ) TB
CM DEG C DEG C DEG C

RAPR

.30

.27

.24

.21

.17

.13

.09

.04

.oo

.96

.91

.86

.80

.75

.70

.65

.59

.52

.46

.40

.34

.2A

.23

33 .8
20. 1

16.8
13.4
11 .4
10. 3
9.7
a.7
8.3
a.4
8.3
4.4
8.1
8.O
8.O
8.2
8.3
4.5
8.3
8.2
8.3
8.3
4.2

o7
o7
o7
o7
o7
07
o7
o7
Q7
o7
o7
o7
o7
o7
07
o7
07
o7
o7
o7
o7
o7
o7

45
45
45
45
55
65
85
t5
35
74
24
a4
54
44
24
24
64
'l 4
84
64
64
74
o4

o
3
5
7
I
5
I
2
6
I
4
I
4
I
4
I
4
o
7
3
I
5
I

31
3l
31
31
32
32
32
33
33
33
34
34
35
35
36
36
37
38
38
39
39
40
41

RE x+

1.5
3.5
5.5
7.5

ro. 5
13.5
16.5
r9.5
22.5
25.5
29.5
33 .5
37.5
41.5
45 .5
49. 5
54.5
59. s
64.5
69 .5
74.5
79.5
84 .5

1

2
3
4
5
6
7
8
9

to
1l
12
'I 3
14
'I 5
16
17
l8
19
20
21
22
23

33
36
36
38
40
41
41

6
1

I
8
I
1

9
5
7
6
I
3
2
7
2
4
o
3
I
9
3
I
7

33.6
35.O
36.4
37 .6
39.2
40.7
4't.5
42.6
43.3
43.9
44.8
44 .8
45.8
46 .4
46 .8
47.1
47 .5
47 .9
48 .8
49.5
49.9
50.5
51 .2

818
822
426
830
836
442
848
855
a6 1

867
876
884
893
902
911
920
93r
943
954
966
978
990

1003

1 13E
1 148
1t5E
1 17E
I 188
1208
1228
1248
126E
128E
131E
1 34E
137 E

I 408
I 428
I 458
I 498
152E
I 56E
I 60E
1648
I 68E
17 1E

o. 00086
o.oo202
o.oo318
o. oo433
o. 00607
o. oo78 1

o. oogss
o.or r30
o. 01305
o.o1480
o. o 1714
o.o1949
o.o2l84
o.Q2420
o. 02656
o. 02893
o.03189
o. 03486
o. 03784
o. 04083
o. 04382
o. 04682
o. 04983

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

43
44
44
44
45
46
46
47
47
48
4a
49
49
50
50
5l

FULLY DEVELOPED NUSSELT NUMBER = 8.4
\o(,



RUN NUMBER (12) TUBE NUMBER 10

INPUT PObTER = 2OO.O h/ HEAT RATE GAINED BY WÂTER =

PRESSURE DRoP = 8.3 MM H2o

194.8 h'

F

REM = 941 .7 RAM = O.2O3E 07 RAMF =O.26lE OG PRM = 4.53

UPSTREAM BULK TEMPERATURE =3O.8 DEG C D0WNSTREAM BULK TEMPERATURE =45.1 DEG C

INLET BULK TEMPERATURE =3O.9 DEG C OUTLET BULK TEMPERATURE =45.O DEc C

MASS FLOlt, RATE = I I .8 KG,/HR

Ttr(BOTTOM) TB
DEG C DEG C

RE PR x+

HEAT BÂLANCE ERROR = 2.6%

=O. 04956

NU
( ÂVERAGE )

STAT ION
NO.

x Tr{( foP )
CM DEG C

RA

I
3
5
7

10
13
t6
't9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

1

2
3
4
5
6
7
8
o

10
'I 1

12
13
14
t5
16
17
18
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

65
95
35
75
95
25
65
o4
64
24
94
a4
a4
94
34
a4
74
a4
24
94
84
o3
53

31
3l
31
32
32
33
33
34
34
35
35
36
37
37
38
38
39
40
41
42
42
43
44

34 -G
36 .4
38. 3
39.8
41.9
43.6
44.7
46. O
46.A
47 .4
48 .3
48.5
49 .7
49.7
49.6
50.4
51.7
52 .5
53.5
54.1
54.O
53.O
52 .4

34 .6
37 .8
38 .8
41 .5
42.9
44 .2
45.3
47 .3
4a .7
4a.3
48.6
49. 1

50. r
50. 4
50.2
so.6
52.O
52. S
53.9
54 .6
54 .4
54.3
53. O

420
825
831
836
444
853
861
870
878
887
898
910
922
934
947
959
975
991

1008
1024
'l04 

1

t059
1076

2A
24
21
17
11
o6
oo
95
89
a4
77
70
63
57
50
44
36
2A
20
13
o5
98
9t

I 90E
I 95E

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ooo87
oo202
oo3'f 8
oo434
00608
oo7a2
oo957
o1132
o1308
o1484
ol7 t9
o1955
02192
02429
o26e.7
o2906
o3205
O35Crs
03805
04 t07
04409
o47 12
osol6

o
o
o
o
o
o
o
o
o
o
o
o
o

151E 07
l53E 07
156E 07
158E 07
162E 07
't65E 07
l69E 07
1728 07
176E. 07
180E 07
l85E 07

33.9
20.4
17.1
13. 5
11.7
ro.6
10. 1

9.1
8.7
8.9
8.9
9.1
8.8
9.2
9.8
9.8
9.4
9.3
9.2
9.3

lo.1
11.4
13.8

o. 200E
o. 205E
o. 2108
o.2178
o.224E
o. 231E
o. 238E
o.245E
o.2528
o. 259E

07
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

\or
FULLY DEVELoPED NUSSELT NUMBER = 9.7



RUN NUMBER ( I) TUBE NUMBER 13

INPUT POI¡JER = 5O.O I¡, HEAT RATE GAINED BY I¡,ATER =

PRESSURE DROP = 5.2 MM H2O

47.9 W

F

REM = 423.9 RAM = O.296E 06 RAMF =O.53OE 05 PRM 4 .85

UPSTREAM BULK TEMPERATURE =3O.6 DEG C DOhTNSTREAM BULK TEMPERATURE =39.4 DEG C

INLET BULK TEMPERATURE =3O.7 DEG c OUTLET BULK TEMPERATURE =39.3 DEG C

MASS FLOU, RATE = 4.7 KG,/HR

HEAT BALANCE ERROR = a.1%

=O. 09362

NU
( ÂVERÂGE )

STAÏION
N0.

X TI¡J ( TOP ) TT., ( BOTTOM ) TB
CM DEG C DEG C DEG C

RARE PR X+

31
29
27
24
21
18
't4
11
o7
o4
oo
95
s1
a7
a2
7A
73
68
63
58
53
48
43

310E
316E
3238
3298
336E
3428
349E

'|

2
3
4
5
6
7
I
I

10
1t
12
l3
14
'I 5
16
17
18
19
20
21
22
23

7
4
t
b
5
2
7
2
5
I
3
7
I
6
o
4
o
7
3
2
7
4
I

30
3l
3l
3l
3l
32
32
32
32
33
33
34
34
34
35
35
36
36
37
37
38
38
39

3t.6
32.5
33. I

33.7
34.7
35.3
35.8
36.3
36.7
37 .O
37 .5
37 .9
34.2
38.6
39.O
39.5
40. 1

40.8
41.5
42.3
42.9
43.6
44.O

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1

3
5
7

10
13
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
?s
a4

3l
32
33
33
34
35
35
36
36
36
37
37
38
38
39
39
40
40
41
42
42
43
43

o. 00206
o. oo480
o. oo754
o.o1029
o.o1442
o.o1855
o. 02269
o. 02683
o. 03098
o.03s13
o. 04068
o.o4624
o.05 l8l
o. o5739
o. 06297
o. 06857
o. 07558
o. o8260
o. 08964
o. 09669
o.10376
o.1 1084
o.1 1794

o.246E
o. 249E
o. 251E
o.253E
o.2578
o. 260E
o.264E
o.2678
o.27 lE
o .27 4E
o.2798
o.2a4E
o - 289E
o.294E
o. 299E
o. 304E

9
1

3
5
8
1

4
6
I
2
6
o
4
I
2
6
'|

6
1

5
o
5
o

390
391
393
394
397
399
401
404
406
409
4't2
415
414
422
425
424
433
437
441
446
450
455
459

25
75
25
85
15
55
85
25
65
o5
25
54
a4
14
54
94
24
54
a4
34
74
24
84

o
o
o
o
o
o
o

36.4
20.8
15.6
12.6
9.9
8.7
8.3
7.4
7.6
7.5
7.4
7.3
7.4
7.3
7.3
7.2
6.9
6.6
6.3
5.9
5.8
5-5
5.6

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6

\o
L¡

FULLY DEVELOPED NUSSELT NUMBER = €'.9



RUN NUMBER ( 2) TUBE NUMBER 13

INPUT POWER = 1OO.O 1., HEAT RAÍE GAINED BY ITATER =

PRESSURE DROP = 4.9 MM H2O

99.8 W HEAT BALÂNCE ERROR = O.2%

F =O.08650

REM = 468.3 RAM = 0.7548 OG RAMF =O. I lgE 06 PRM = 4.34

UPSTREAM BULK TEMPERÂTURE =3O.8 DEG c DOWNSTREAM BULK TEMPERATURE =49.1 DEG C

INLET BULK TEMPERATURE =31.O DEG C OUTLET BULK TEMPERATURE =48.9 DEG C

MASS FLOI¡, RATE = 4.7 KG/HR

STATION
NO.

X TI,J( TOP )
CM DEG C

x+ RÂ NU
( AVERAGE )

TI,,(BorToM) rB
DEG C DEG C

RE

o. 00756
o. olo32
o.ol446
o.or862
o.02279
o. 02698
o.03 I t7
o. 03538
o.04100
o. 04664
o. o5230
o. 05798
o. 06368
o. 06939
o. 07656
o. 08374
o. 09095
o.09818
o. t0542
o. 1'1267
o. 1't993

PR

.26

.21

.17

.12

.05

.98
-91
.44
.78
.71
.63
.54
-46
.38
.30
.22
.13
.03
.94
.86
.77
.69
.61

535
545
556
57 1

587
603
619
635
651
674
696

o
o
o
o
o
o
o
o
o
o
o
o

75
95
25
55
55
64
74
94
24
64
a4
24
a4
44
24
14
24
44
93
63
43
53
73

31.3
31.7
32. 1

32 .6
33.2
33.8
34 .4
35.O
35 .6
36.2
37.1
37 .9
34.7
39 .5
40. 3
41.1
42.2
43.2
44.2
45 .2
46.2
47 .3
48.3

33 .6
35.O
36.2
37 .3
39.O
40. o
40. I
41 .5
42.O
42.6
43 .4
44.3
45. 1

46.2
46 .9
47 .9
49. 'l

50. 4
51 .7
53.2
54 .4
55.6
56.5

t.5 33
3.5 35
5.5 36
7.5 37

lo.5 39
13.5 40
16.5 41
19.5 41
22.5 42
25.5 42
29.5 43
33.5 44
37 .5 45
41.5 46
45.5 47
49.5 4A
54.5 49
59.5 50
64.5 52
69.5 53
74.5 54
79.5 5s
84.5 56

I
2
3
4
5
6
7
I
I

10
'II
12
13
14
t5
l6
17
18
l9
20
21
22
23

393
396
400
403
408
413
414
423
429
434
441
449
456
464
472
4ao
490
500
5to
521
532
543
554

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o7

o. 00206
o. oo48 I

525E 26.2
17 .7
14.3
12. 1

9.9
9.3
9.O
8.7
8.8
8.9
8.9
8.a
8.8
8.5
8.6
8.4
8. I

7.A
7.4
7.O
6.9
6.7
6.8

o. 719
o.742
o. 766

E

E

E

E

E

E

E

E

E

E

E

E

E

E

o. 790E
o.820E
o. 851E
o.883E
o.9 t5E
o.947E
o.9808
o.lolE

FULLY DEVELOPED NUSSELT NUMBER = 8..1
\o
o\



RUN NUMBER ( 3) TUBE NUMBER 13

INPUT POWER = 15O.O hl HEAT RÂTE GAINED BY I¡TATER = 152.3 l,J HEAT BALANCE ERROR =-1.5%

PRESSURE DROP = 4.7 MM H2O F =O.O8277

REM = 516.9 RAM = O.l38E 07 namr =O.2OíE 06 pRM = 3.89

UPSTREAM BULK TEMPERATURE =30.8 DEG C DOTJNSTREÂM BULK TEMPERATURE =58.7 DEG c

INLET BULK TEMPERATURE =31.2 DEG C 0UTLET BULK TEMPERATURE =s8.s DEG C

MÂSS FLOìI, RATE = 4.7 KG/HR

SÏAT ION
NO.

X TIll( TOP )
CM DEG C

Tr.J(BoTToM) TB
DEG C DEG C

63E
87E
24E
62E

RARE PR X+

.22 0.00206

. 15 0.oo48I

.08 0.oo757

.ol o.olo34

.90 0.or45r

.80 0.o1869

.70 0.o22eo

.60 0.o27 12

.5 1 0. 03135

.4 1 0. 035€O

.29 0.04129

.17 0.04701

. 06 0. os27s

.95 0. 0585 I

.44 0.06429

.74 0.O70C9

.61 o.07734

.50 0.08461

.42 0.09189

. 36 0. 09923

.29 0.1066 I

.22 0. t 1402

. 15 0. 12146

NU
( AVERAGE )

35
37
39
40
43
44
45
46
47
47
49
50
51
53
54
55
57
59
6l
63
65
67
68

'|

3
5
7

10
t3
16
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

1

2
3
4
5
6
7
I
o

10
t1
12
13
14
15
l6
17
l8
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

3
5
2
o
3
6
7
7
5
3
6
I
o
6
6
I
9
8
I
I
8
I
I

o4
o8
12
17
23
29

o6
o6
o6
o6
o6
o6
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
Q7
o7
o7
o7
o7
o7

3
3
1

I
o
4
3
4
2
o
2
4
7
2
3
I
6
5
5
7
4
4
8

45
45
55
65
54
54
74
o4
64
34
14
34
74
53
53
93
o3
53
63
o3o3
53
73

7
3
I
6
5
4
4
3
2
2
4
7
I
2
4
7
2
I
3
9
5
o
6

3l
32
32
33
34
35
36
37
38
âo
40
4'l
42
44
45
46
4A
49
5t
Eô

54
56
57

396
401
406
411
419
427
435
444
452
461
473
485
497
510
523
536
554
571
582
593
604
615
627

135
141

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o

15E
39E

ooE

8
I
I
8
I
I
1

I
1

I
'|

1

1

24.6
17 .4
14.2
12. 1

10. 3
9.8
9.7
9.5
9.7
9.8
9.7
9.7
9.8
9.4
9.6
9.3
9.1
4.7
8.3
7.4
7-7
7.4
7.5

E

E

E

E

E

E

E

E

147E
154E
162E
1 698
I 75E
tStE
1A7E
193 E

\o
-J

FULLY DEVELOPED NUSSELT NUMBER = 9.O



RUN NUMBER ( 4) TUBE NUMBER 13

INPUT POþTER = 2OO.O W HEÂT RATE GAINED BY ltrATER =

PRESSURE DROP = 4.5 MM H2O

199.6 W HEAT BALANCE ERRoR = O.2%

F =O.O79OG

REM = 564.5 RAM = O.2O9E 07 RAMF =O.268E OG

UPSTREAM BULK TEMPERATURE =30.9 DEG C DOI,,NSÏREAM BULK TEMPERATURE

INLET BULK TEMPERATURE =3I.4 DEG C OUTLET BULK TEMPERATURE

MASS FLOhI RATE = 4.7 RG/HR

PRM = 3.54

=67.4 DEG C

=67.2 DEG C

NU
( AVERAGE )

STATION
NO.

I
2
3
4
5
6
7
I
9

10
11
12
't3
14
15
t6
17
t8
l9
20
21
22
23

X T}'(TOP) TI.,l(BOTTOM) TB
CM DEG C DEG C DEG C

RE

24

x+

o. 00206
o.oo4a2
o - oo758
o. o r036
o.o1455
o.o1876
o. 02299
o.02724
o.03 1s1
o. 03580
o.04154

PR

17
14
12
10
'to
'to
'to
to
lo
10
lo
10
10
10
10
I
o
I
I
I
I
8

07
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

RA

290E 07
303E 07

32.O
32.4
33.6
34.4
35.7
36.9
38. r

39.4
40.6
41 .A
43 .4
45. I
46.7
4A .4
so. o
51 .6
53.7
55.7
s7 .8
59.8
6t.9
63.9
66.O

36 .8
39. 3
41 .6
43 .6
46.3
47 .A
49. O
50.3
51.2
52.2
53 .8
55.3
57.O
59.O
60. 5
62 .4
64.7
67.3
69. 7
72.5
74.6
77 .1
74.9

36
39
41
43
46
4A
49
50
51
52
54
56
57
59
60
62
65
67
70
73
75
77
79

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
t3
l6
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

398
405
412
419
429
440

o. 109
o.113
o. I 17
o.121
o.128
o. ,l34

o.l4l
o.148
o. 155
o.162
o.'172

o.04731 0
o.os310 0
o.o5891 0
o.06470 0
o-o70ss o
o.07790 0
o.08s30 0
o .0927 4 0
o.10023 0
o.10776 0
o. 1 1533 0
o.12295 0

1A2
193
204
215
223
233
244
255
266
274

451
463
474
486
503
520
537
555
574
544
598
613
629
646
664
684
706

8
4
2
o
6
4
5
o
7
7
1

1

6
5
I
6
5
3
3
4
I
8
3

5
5
5
4
4
4
4
4
4
4
4
3
3
3
3
3
3
3
3
3
2
2
2

19
o9
oo
9l
77
64
52
39
27
't6
o1
87
73
60
48
4',l
32
23
14
o5
95
86
76

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

3
6
5
5
8
5
4
4
6
I
I
I
I
4
6
3
9
6
'|

6
5
2
3

\oFULLY DEVELOPED NUSSELT NUMBER = 9.9



RUN NUMBER ( 5) TUBE NUMBER 13

INPUT POIdER = 5O.O tJ HEAT RATE GAINED BY WATER

PRESSURE DROP = 7.5 MM H2o

45.O t', HEÂf BALÂNCE ERRoR =1O.1%

F =O. 07963

NU
( AVERAGE )

REM = 541.8 RAM = O.269E OG RÂMF =O.491E 05 PRM = 4.94

UPSTREAM BULK TEMPERATURE =31.O DEG C DOIJúNSTREAM BULK TEMPERATURE =37.3 DEG C

INLET BULK TEMPERATURE =31.1 DEG C OUTLET BULK TEMPERATURE =37.3 DEG C

MASS FLOI¡, RATE = 6. t KGIHR

STATION
NO.

I
2
3
4
5
6
7
8
I

lo
11
12
13
't4
15
t6
17
18
19
20
21
22
23

x rw( roP ) Tþr(BoTroM) rB
CM DEG C DEG C DEG C

RE PR x+ RA

o. 235
o. 236
o. 238
o. 239
o.242
o.244
o.247
o -249
o.251
o
o
o

o

o
o
o
o
o
o
o
o

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

7
3
I
5
3
8
3
7
2
5
I
3
5
9
I
4
I
4
9
5
o
6
9

31 .2 510. 3
31.3 511.7
31 .5 5't3.2
31 .6 s 14.6
31.8 5t6-8
32.O 519.O
32.2 521.2
32.5 523 .5
32.7 525.7
32.9 528 . O
33.2 531 .O
33.5 534 . O
33 .7 537. I
34.O 540.1
34.3 543.2
34 .6 546.3
34.9 550.3
35.3 554.2
35.6 5s8 . 2
36.O 562.2
36.4 566 . 2
36 .7 570. 3
37 .1 574.4

31 .7
32.3
32.4
33 .4
34.2
34.8
35.2
35.8
36. I
36.4
36 .8
37 .2
37 .4
37 .A
38. I
38 .3
38.8
39. 3
39 .8
40 .4
40.9
41 .4
4't.7

5. 28
5.26
5 -24
5.23
5.20
5.18
5.15
5.13
5.1r
5.08
s. 05
5.02
4.98
4 .95
4 .92
4.89
4.85
4.41
4 .78
4.74
4 .70
4 .66
4 .63

oot58
oo369
oo58 I
oo792
o1.t09
o1427
o17 45
o2063
o2342
o2701
03126
03552
03979
o4407
04834
05263
05799
06336
06474
07413
07953
08493
o9034

295 E

299 E

303E

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

254
257
260
263
267

E

E

E

E

E

E

E

E

E

E

E

E

E

E

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
o6

2
6
2
4
I
5
7
o
6
3
2
o
o
I
I
I
7
4
2
a
6
4
5

2708
2738
27AE
2A2E
286E
290E

F

\o
FULLY DEVELoPED NUSSELT NUMBER = 6.8



RUN NUMBER ( 6) TUBE NUMBER .I 3

INPUT POlrlER = IOO.O t¡tl HEAT RATE GAINED BY IIATER =

PRESSURE DRoP = 7.3 MM H2o

REM 579.3 RAM = O.637E OG

UPSTREAM BULK TEMPERATURE

INLET BULK TEMPERATURE =3I

92.7 W HEAT BALANCE ERROR = 7 .3%

F =O.07743

RAMF =O.1O1E OG PRM = 4.58

D0WNSTREAM BULK ïEMPERATURE =44.O DEG c

OUTLET BULK TEMPERATURE =43.9 DEG C

FLOU' RATE 6. 1 KG,/HR

=3O.9 DEG C

lDEGC

MASS

SÏAÏION
NO.

x Tt.,(ToP)
CM DEG C

Tt.,( BOTTOM )
DEG C

RÂ

o.488E 06
o.495E 06
o.502E 06
o.508E 06
o.5r8E 06
o.529E 06
o.539E 06
o.550E 06
o.560E 06
o.571E 06
o.585E 06
o.600E 06
o.6l4E 06
o.629E 06
o-6448 06
o.659E 06
o.678E 06
o"698E 06
o.7r8E 06
o.738E 06
o.758E 06
o.778E 06
o.7998 06

NU
( AVERAGE )

TB
DEG C

RE PR X+

1

3
5
7

10
l3
16
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
-t9

a4

1

2
3
4
5
6
7
8
I

10
11
12
13
14
l5
16
17
1a
19
20
2'l
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

31 .3
31 .6
31.9
32.2
32.6
33. 1

33.5
34.O
34.4
34.8
35.4
36.O
36 .6
37 -2
37 .A
38-3
39.1
39.8
40. 5
4t.3
42.O
42.7
43 .4

32.9
34.O
3s.o
36. 1

37.5
38 .6
39.4
40.1
40.7
4 t.o
41 .7
42.3
42.8
43.6
44.O
44.7
45.7
46 .6
47 .4
44.7
49.6
50.5
5t.I

32
34
35
36
37
38
39
40
40
41
41
42
43
43
44
44
45
46
47
48
49
50
5l

51|
514
517
520
525
530
534
539
544
549
555
562
568
575
542
589
598
607
616
625
634
644
654

26
23
l9
l6
1l
o6
ol
96
9t
86
80
74
68
61
55
49
42
35
2A
2'l
14
o8
o1

65
65
75
75
35
o5
75
44
24
14
64
24
94
74
64
54
34
34
44
64
94
44
14

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ool58
oo370
oo58 1

oo793
01111
o1430
o1 750
02070
0239 1

o27'13
Q3142
03573
o4005
04438
o4472
05307
o5852
06399
06947
07 497
o80.{8
08600
09153

34
22
17
l3
lo
I
9
8
I
I
I
I
I
I
I
I
8
7
7
7
6
6
6

8
2
I
7
9
8
2
7
5
5
4
3
5
3
4
3
o
I
5
o
9
7
I

N)
O
O

FULLY DEVELOPED NUSSELT NUMBER = 8.O



RUN NUMBER ( 7) TUBE NUMBER 13

INPUT POI¡,ER = 15O.O T¡, HEAT RATE GAINED BY T¡,ATER

PRESSURE DROP = 7.O MM H2O

143.I W HEAT BALANCE ERROR = 4.6%

F =O.07371

x+
( AVERAGE )

REM = 6,22.7 RAM = O. l13E 07 RAMF =O.l6lE OG PRM = 4.23

UPSTREAM BULK TEMPERATURE =3O.9 DEG C DoVJNSTREAM BULK TEMPERÂTURE =s1.1 DEG c

INLET BULK TEMPERATURE =31.2 DEG C OUTLET BULK IEMPERATURE =51.O DEG C

MASS FLOW RATE = 6. I KGIHR

SÏATION
NO.

x Tt./( roP )
CM DEG C

rt¡,(BoTroM) rB
DEG C DEG C

RE PR RA

7628
77AE
794E
810E
835E
860E
886E
91lE
938E
964 E

NU

30
20
16
13
'H
ro
I
9
I
I
I
I
9
I
I
I
I
I
I
I
7
7
7

o6
o6
o6
o6
o6
o6
o6
o6
o6
o6
Q7
07

E07
E07
E07
E07
E07
E07
E07
E07
E07
E07

31.5
32.O
32.4
32 .9
33 .6
34.2
34.9
35.6
36 .3
36 .9
37.8
38.8
39.7
40.6
41 .5
42 .4
43-5
44.6
45.8
46.9
48. O
49.1
50. 3

34.3
35 .9
37 .5
38 .9
41 .1
42.5
43 .5
44.5
45.1
45.6
46 .5
47 .4
44.2
49.3
so-o
51.O
52.3
53. a
55.O
56 .8
58.1
59.5
60 .4

34
36
37
39
41
42
43
44
45
46
46
47
4A
49
50
5l
52
54
55
57
58
59
60

1.5
3.5
5.5
7.5

10.5
13.5
16.5
19.5
22.5
25.5
29.5
33. 5
37.5
41.5
45.5
49.5
54.5
59.5
64 .5
69.5
74.5
79.5
84 .5

1

2
3
4
5
6
7
8
I

10
'I 1

12
13
14
'I 5
t6
17
1a
19
20
21
22
23

513
518
523
527
535
542
550
557
565
573
583
594
605
6r6
624
639
654
669
685
701
717
733
74A

24
19
t3
o8
oo
93
85
7A
71
64
54
45
36
28
19
tl
o1
91
8l
72
63
54
47

'tlt
115
119
124
129
134
139
't 44
150
155

7
4
I
I
J

5
o
6
3
1

7
5
6
I
2
I
7
9
3
1

2
6
6

5
q

5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
3
3
3
3
3
3

o.oor58 0
o.oo370 0
o.oos82 0
o.oo794 0
o.o1114 0
o .o1434 0
o.o1756 0
o.02078 0
o.02401 0
o.02726 0
o.03159 0
o.0359s o
o.04032 0
o.04470 0
o.o49ro o
o.0535l o
o.os904 0
o.06459 0
o.o7015 0
o.o7573 0
o. 08 131 0
o.08690 0
o.09246 0

I OOE
r04E
107E 07

I
I
3
7
o
I
6
3
2
3
3
4
5
3
4
4
I
I
5
o
I
7
I

|..J
O

FULLY DEVELOPED NUSSELT NUMBER = 8.9



RUN NUMBER ( 8) TUBE NUMBER 13

INPUT POWER = 2OO.O T.J HEAT RATE GAINED BY þ,ATER =

PRESSURE DROP = 6.8 MM H2O

194.I t,

F

REM = 668. I RAM = O.1758 07

UPSTREAM BULK TEMPERATURE =30.8 DEG U

INLET BULK TEMPERATURE =3 1 . 1 DEG C

RAMF =O.23OE OG PRM = 3.92

DOTT,INSTREAM BULK TEMPERATURE =58.2 DEG C

OUILET BULK TEMPERAÏURE =58.O DEG C

MÂSS FLOh' RATE 6. I KGIHR

HEAT BALANCE ERROR = 2.6%

=O. O7O99

NU
( AVERAGE )

STATION
NO.

X TT.'(TOP) TþJ(EOITOM) TB
CM DEG C DEG C DEG C

RARE PR x+

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

6
2
8
4
3
3
2
I
o
9
2
4
6
I
1

3
9
4
I
5
o
6
I

o5
45
95
55
54
84
24
94
a4
94
o4
54
44
63
33
33
13
43
13
23
13
63
o3

29
20

1

2
3
4
5
6
7
8
I

10
11
12
t3
14
15
t6
17
l8
19
20
21
22
23

35
37
39
41
44
46
47
4A
49
50
5l
52
53
55
56
57
59
60
63
65
66
68
70

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

f
3
5
7

10
l3
16
19
22

29
33
37
41
45
49
54
59
64
69
74
79
a4

4
I
I
I
6
3
7
7
6
4
5
6
5
o
o
3
2
I
o
2
I
7
o

31
32
32
33
34
35
36
37
38
38
40
41
42
43
45
46
47
49
50
52
54
55
57

35
37
39
41
44
46
47
4A
49
49
5l
52
53
54
55
56
58
60
62
64
66
68
69

514
520
526
533
543
553
564
574
585
596
612
627
643
659
676
693
715
737
754
767
781
795
811

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o.104
o. 107
o.lro
o.I13
o.lt8
o. 122
o. 127
o. 132
o. 137
o. 142
o.149
o.156
o.163
'o. tzt
o. 178
o. 186
o. 196
o. 206
o.214
o.222
o.229
o.237
o.245

23
16
o9
o2
92
a2
72
62
53
43
3t
20
o8
97
a7
76
64
52
44
37
31
24
17

oo1 s8
oo370
oo582
oo795
o1116
o 1438
o 176 'l

02085
o2411
o2737
03175
03615
04056
04499
04943
05389
05s47
06506
o7065
07629
08196
08766
09337

't6
13
11
10
ro
I
I

ro
to
lo
'to
10
10
to
'to
9
I
8
8
8
8

07
o7
o7
07
o7
07
o7
o7
o7
o7
o7
o7
07
07
o7
07
o7
o7
o7
07
07
o7
o7

2
3
1

5
I
4
o
I
I
I
2
3
4
2
5
3
o
7
4
I
8
5
7

l'.J
O
tJ

FULLY DEVELOPED NUSSELT NUMBER = 9.7



RUN NUMBER ( 9) TUBE NUMBER 13

INPUT POì,rER = 25O.O t, HEAT RATE GAINED BY hTATER = 247.6 W HEAT BALANCE ERROR = O.9%

PRESSURE DROP = 6.7 MM H2O F =0.06974

REM = 720.1 RAM = 0.2528 07 RAMF =O.275E OG PRM = 3.61

UPSTREAM BULK TEMPERATURE =3O.8 DEG C DOWNSïREÂM BULK TEMPERATURE =65.7 DEG C

INLET BULK TEMPERATURE =31.2 DEc C OUTLET BULK TEMPERAïURE =65.5 DEG C

MASS FLOI.V RÂTE = 6. 1 KG,/HR

STATION
NO.

X TV' ( TOP ) T!,' ( BOTTOM ) TB
CM DEG C DEG C DEG C

36
39
42
44
47
49
50
52
53
53
55
56
57
59
60
62
64
67
69
72
73
73
74

709
731
751
76'7
785
804

2468
259 E

27 1E
2A3E
296E
308E
322E.
335E

RE PR x+

o. ool58
o. oo370
o. oo583
o. oo797
o.o1118
o. o 1441
o.o1766
o. 02c'93
o.02421
o. 02750
o.03 191
o. 0363s
o. 04cl79
o. 04526
o. o4s73
o.054l9
o. o5.o83
o. 06550
o.o7 121
o. 07695
o.oa272
o. 08852
o. o9436

NU
( AVERAGE )

RA

I
2
3
4
5
6

8
9

to
ll
12
13
14
15
16
17
1a
't9
20
21
22
23

2 5.21
4 5.12
7 5.O3
2 4.94
2 4.41
6 4-69
3 4.56
4 4.45
8 4-33
6 4.22
a 4.o7
6 3.93
I 3.80
1 3.67
7 3.55
I 3.45
I 3.37
6 3-28
6 3.20
I 3.11
7 3.O2't 2 .93
3 2.44

I
3
5
7

10
t3
16
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

5
5
5
5
5
5
5
5
5
q

5
5
5
5
5
5
5
5
5
5
5
5
5

36.7
39. 7
42.2
44 .A
48.O
49.8
51 .3
52.6
53.6
s4 .5
55.8
57.2
58.4
60.2
6'.t.4
63. I
65.5
67 .7
70.2
72.6
74.O
74.2
74.4

9
6
1

5
7
6
I
2
o
I
2
4
I
6
I
6
I
3
4
o
4
5
o

3l
32
33
34
35
36
37
38
40
4'l
42
44
45
47
49
50
52
54
56
58
60
62
64

8
5
3
1

3
5
6
8
o
2
7
3
I
5
o
6
6
5
5
4
4
4
3

516
524
532
541
554
567
58 1

595
609

o.134E 07
o. 1398 07
o.1448 07
o. l49E 07
o. rs6E 07
o.'t64E 07
o.1728 07
o. 180E 07
o. 189E 07
o. 197E 07
o.209E 07

221E 07
2338 07

o7

2A
20
16
13
11
10
10
10
10
11
11
11
1t
11
1t
11
11
lo
10
to
10
12
13

I
5
4
I
5
I
7
6
8
1

2
4
6
3
7
5
1

I
4
o
4
o
I

624
644
665
6A7

o
o
o
o
o
o
o
o
o
o
o
o

o7
o7
Q7
o7
o7
o7
o7

a24
846
870
895

350E 07
364E 07

N)
O(,

FULLY DEVELOPED NUSSELÏ NUMBER =11.2



RUN NUMBER ( .I ) ÎUBE NUMBER 14

INPUT POWER = 5O.O 1,.l HEAT RATE GAINED BY I¡IATER =

PRESSURE DROP = LO MM H2O

47.8 t¡,

F

REM = 2A1.5 RAM = O.17OE 07

UPSTREAM BULK TEMPERATURE =26.2 DEG C

INLEï BULK TEMPERATURE =26.3 DEG C

MASS

RAMF =O.2O3E OG PRM = 5.58

DOTTNSTREAM BULK TEMPERATURE =31.2 DEG C

OUTLET BULK TEMpERATURE =31.2 DEc c

FLOt', RATE 8.2 KG/HR

HEÂT BÂLÂNCE ERRoR = a.a%

=C.25443

RÂ NU
( AvERAGE )

STAÏION
NO.

I
2
3
4
5
6
7
I
I

to
11
12
13
14
15
16
'17
18
't9
20
21
22
23

X TW( TOP )
CM DEG C

T1.'( BOTTOM ) TB
DEG C DEG C

RE PR x+

27
2A
2A
29
29
30
30
30
30
30
3l
3l
3l
3t
32
32
32
J¿

33
33
33
34
33

1.5
3.5
5.5
7.5

ro.5
'I 3.5
16.5
19.5
22.5
25.5
29.5
33 .5
37.5
41.5
45.5
49. 5
54 .5
59.5
64 .5
69.5
74.5
79.5
84 .5

8
3
8
2
6
o
3
5
6
I
2
4
6
I
o
.1

5
I
'|

4
7
o
I

20.2
15.4
12.9
11.5
10.4
9.7
9.4
9.4
9.4
9.3
LO
9.1
9.1
9.2
9.2
9.4
9.1
9.2
9- I
9- 1

8.8
9.O
9.8

o7
o7
07
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

267 .6 5
268.3 5
268.9 5
269.6 5
270.6 5
27 1.6 5
272.6 5
273.6 5
274.6 5
275.6 5
276.9 5
278.2 5
279.5 5
280.8 5
242. 1 5
2A3.4 5
245.1 5
2A6.7 5
288.3 5
290.O 5
29'l .6 5
293.2 5
294 .9 5

26.4
26.5
26.6
26.7
26.9
27 .O
27 .2
27 .4
27.5
27 .7
27 .9
28.2
2A .4
24.6
28 .8
29. I
29.3
29.6
29 .9
30. 2
30. 4
30.7
31.O

27 .A
24.3
28.7
29.1
29.6
29.9
30. I
30.2
30.4
30.6
30.9
31. 1

3l.3
31.5
31.7
3t.9
32.3
32.5
32 .8
33. I
33 .5
33.7
33.7

o.oo136 0
o.oo3r8 0
o.oo500 0
o.00683 0
o.00956 0
o.o1230 0
o.o1504 0
o. o1778 0
o.02053 0
o.o232A O
o.02695 0
o.03062 0
o.03430 0
o.03798 0
o.04r67 0
o.04536 0
o.04998 0
o.0546 r o
o.o5924 0
o.06386 0
o.06850 0
o.07314 0
o.07780 0

152E
1 53E
1 53E
154E
1 56E
I 57E
'I 58E
60E
61
62
64
66

168
t69
17 1

173
175
174
180E 07
1A2E 07
185E 07
l87E 07
190E 07

I\)
O
5

FULLY DEVELOPED NUSSELT NUMBER = 9.2



RUN NUMBER ( 2) TUBE NUMBER 14

INPUT POhTER = l5O.O h, HEAT RATE GAINED BY IdATER =

PRESSURE DRoP = I .3 MM H2o

143.9 W HEAT BALANCE ERROR = 4.1%

F =O.32289

REM = 312.O RAM = O.65oE 07 RAMF =O.598E 06 PRM = 4.98

UPSTREAM BULK TEMPERATURE =26.3 DEG C DOWNSTREAM BULK TEMPERATURE =41.3 DEG C

INLET BULK TEMPERATURE =26.5 DEG C oUTLET BULK TEMPERATURE =41.2 DEc c

MASS FLOh, RATE = 8.2 KGIHR

STAT I ON
NO.

x Tt{(roP) rt,/(BorToM) rB
CM DEG C DEG C DEG C

RE PR x+ RA NU
( AVERÀGE )

1

2
3
4
5
6
7
I
I

1'O

tl
12
13
14
l5
l6
17
18
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

30
32
33
34
35
36
36
36
37
37
38
39
39
40
40
41
42

730
432
533
433
234
o35
536
936
436
837
637
o38
638
239
839
540
I 4l
542
343
444
245
o45
446

o.ool37
o.oo319
o - oo502
o. 0068s
o. 00960
o.ot236
o.o1513
o.ol790
o. 02068
o.02347
o.o27 19
o. 03092
o. 03467
o. 03843
o.04220
o. 04598
o. 05072
o. o5548
o. 06025
o. 06so4
o. 06984
o. 07466
o. 07950

o .467E
o .4758
o.483E
o. 491E
o.503E
o. 5 l6E
o. 528E
o. 540E
o. 553E
o. 567E
o. 585E
o.603E
o.6228
o. 641E
o. 660E
o. 679E
o - 704E
o.7298
o.754E
o.780E
o.806E
o.833E
o.860E

21 .4
't6.3
't4.3
13.2
12 -5
12.3
12.1
12.3
12.6
12.7
12.6
13.O
13.1
13.2
13.5
13.3
12 .4
12.A
12.6
12.2
12.2
12.5
13.O

269.8 5.86
27 1 .A 5.81
273.4 5.76
275.4 5.7t
274.4 5.64
28 I .8 5.58
244 .7 5.5 1

247 .7 5.45
290.7 5 . 39
293.6 5 . 33
297 .6 5.25
301 .6 5 .17
305.7 5.09
309.9 5 . Ot
314.'l 4.94
318.4 4.86
323.9 4.77
329.4 4.68
335. 1 4.60
340. I 4 .51
346.7 4 .43
352.7 4 .34
358 .8 4 .26

26.A
27 .',|
27 .4
27.A
2A -3
2a.a
29.3
29.8
30. 3
30.8
31 .5
32.'l
32.A
33.5
34. 1

34 .8
35.7
36 .5
37 .3
34.2
39.O
39.9
40 .7

7
I
1

I
I
3
o
3
5
o
6
I
7
4
I
7
9
5
5
5
4
I
6

07
07
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

43
44
45
46
47
47

l..J
O
L,I

FULLY DEVELOPED NUSSELT NUMBER =12.7



RUN NUMBER ( 3) TUBE NUMBER 14

INPUT POV,ER = 25O. O I', HEAT RATE GAINED BY hIATER = 244

PRESSURE DROP = 1 .7 MM H2O

1 V, HEAT BALANCE ERROR = 2.3%

F =O.41357

REM 347.4 RAM = O. l38E Og RAMF =O.1O4E 07 PRM = 4.42

UPSTREAM BULK TEMPERAIURE =26.3 DEG c DOWNSTREAM BULK TEMPERATURE =51.9 DEG C

INLET BULK TEMPERAIURE =26.7 DEG C OUTLET BULK IEMPERATURE =51.7 DEG C

MÂSS FLOI, RATE = 8.2 KGIHR

STATION
NO.

f
2
3
4
5
6
7
I
I

10
1l
12
13
14
15
16
17
18
't9
20
21
22
23

o 5.80
4 5-72
I 5.64
2 5.57
2 5.46
2 5.35
3 5.25
5 5..l5
7 5.05
1 4.96
4 4.83
I 4.71
6 4.59
5 4.47
6 4.36
I 4.25
4 4.12
3 3.99
5 3.86
o 3.75
I 3.63
I 3.52
o 3.44

o. ool 37
o.oo3l9
o. ooso3
o. 00687
o. 00964
o.o1212
o. o1521
o. o1801
o.02082
o. 02364
o.o2742
o.o3122
o. 03503
o - o3887
o -04272
o. 04658
o.05143
o. 05630
o.06 119
o. 06609
o. 07099
o. 07590
o. o80Bo

o.809E 07
o.833E 07
o.856E 07
o.880E 07
o.9168 07
o.9548 07
o.993E 07
o.103E 08
o.107E 08
o. t l lE 08
o. t 17E 08
o.123E 08
o. 129E 08
o.135E 08
o. 14rE 08
o. 147E 08
o. l55E 08
o. 163E 08
o. t72E 08
o. J80E 08
o. 189E 08
o. 198E 08
o. 206E 08

X Tf,, ( TOP )
CM DEG C

Tb,(BOTÎOM) TB
DEG C DEG C

x+ RA NU
( AVERAGE )

RE

292
297
302
307
313
32c
327
335
343
35 I
359
370
38r
392
404
415
427
437

PR

40
41
4'l
42
43
44
45
46
47
49
50
52
53
54
56
57
59
59

1

3
5
7

to
t3
l6
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

272
275
274
242
247

33
35
37
38
39

3
4
7
7
o
7
3
3
6
4
8
9
2
4
4
5
7
6
3
6
2
I
6

4
I
4
6
I
8
5
9
3
o
5
5
7
I
1

1

1

3
7
2
8
3
9

27 .1
27 .7
28.3
28.8
29.7
30.6
31 .4
32.3
33. I
34.O
35.1
36 .3
37 .4
38 .6
39. 7
40.8
42 .3
43 .7
45. I
46.6
48.O
49 .4
50. 9

23. O
18. O
16.3
15 .4
t4.6
't4.7
15.O
't6. 1

17.1
17 .3
16.7
16.8
16.5
16 .4
16 .4
't6.5
15.4
15 .9
15.7
15.7
15.3
'r5. I
'I 6.4

N)
O
o\

FULLY DEVELoPED NUSSELI NUMBER =16.1



RUN NUMBER ( 4) TUBE NUMBER 14

INPUT POI¡,ER = 35O.O I¡I HEAT RATE GAINED BY WATER = 333.8 W HEAT BALANCE ERROR =  .6%

PRESSURE DROP = 2.2 MM H2O F =0.52640

REM = 382. 1 RAM = O.225E Og RAMF =0.1528 o7 PRM = 3.98

UPSTREAM BULK TEMPERATURE =26.3 DEG c DoWNSTREAM BULK TEII'IPERATURE =61.3 DEG C

INLET BULK TEMPERATURE =26.8 DEG C OUTLET BULK TEMPERATURE =61.1 DEG C

MASS FLow RATE = 8.2 KclHR

STATION
NO.

X T\¡,( TOP )
CM DEG C

T'¡'(BOTTOM) TB
DEG C DEG C

RE PR x+

273
278
242
247
294
301
308
3l5
323
331
342
353
364
376
388
401
417
433
442
453
463
475
4A7

RA NU
( AVE RAGE )

I
3
5
7

10
l3
l6
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

1

2
3
4
5
6
7
I
I

to
'II
12
13
14
l5
16
17
'18

t9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

35 .6
38.7
40.6
41 .9
43.5
44.3
45 .3
45.9
46.7
47 .9
49.8
51.1
52.7
54 .4
55.9
57 .7
60. o
6t.8
63.7
65 .8
68.2
69.8
70.9

35
37
39
40
42
42
43
43
44
45
47
48
50
52
53
55
57
59
61
63
65
67
69

4
I
5
7
1

4
4
7
5
7
5
8
6
4
7
8
7
7
6
5
I
5
I

27
2A
2A
29
30
32
33
34
35
36
38
39
41
43
44
46
4A
50
52
54
56
57
59

5 4 .74 O. 02094 0
3 4.65 0.02379 0
1 4.49 0.02762 0

6 5 .77 0. OO.t 37 0
2 s.66 0.OO320 0
8 5.55 0. OO504 0
4 5.45 0.00689 0
3 5.31 0.00966 0
3 5 . l7 0.0124€, 0
5 5 . 04 0.01527 0
I 4.91 0.01810 0

5 3.91 0.O4313 0
o 3.78 0.04704 0
o 3.62 0.05 t95 0
4 3.48 0.05684 0
I 3.39 0.06 178 0
o 3.3 I O. 06676 0
a 3.22 0.O7 177 0
4 3.13 0.07680 0
8 3. 04 0.08 186 0

1 128
117E
1218
126E
'I 33E
1 40E
1 4AE-
l 56E
I 64E
17 2E
1 83E
1 95E
2068
2198
23 1E
2448
260E
277
289
302

24.3
't9.4
17.7
'I 7.O
16 .5
17.3
17 .6
1A .7
19.5
19.3
18.7
19. f
18.9
1A .4
18.7
'18. I
't7.7
17 .7
17 .7
17.6
16 .9
17 .4
1a.3

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

15
29
43

1 4.34 0.03 147 0
5 4.19 0.03534 0
3 4.05 0.03922 0

3
3
3

N)
O.{

FULLY DEVELoPED NUSSELT NUMBER =18.3



RUN NUMBER ( 5) TUBE NUMBER 14

INPUT POWER = .I 5O.O T{, HEAT RÂTE GAINED BY WATER = ,147.3 þI HEAT BALÂNCE ERRoR

PRESSURE DROP = 3.1 MM H2o F =o.i45l8

1.8%

REM = 6s6.9 RAM = 0.5518 07 RÂMF =O.499E oG PRM = 5.47

UPSTREAM BULK T€MPERATURE =26.2 DEG C DOTTNSTREAM BULK TEMPERÂTURE =32.9 DEG C

INLET BULK TEMPERATURE =26.3 OEG C oUTLET BULK TEMPERATURE =32.9 DEG C

MASS FLOW RATE = 18.9 KGIHR

STAT ION
NO.

I
2
3
4
5
6
7
8
I

10
1l
12
13
't4
t5
t6
17
18
19
20
21
22
23

X T',J ( TOP ) TI¡J ( BOTTOM )
CM DEG C DEG C

TB
DEG C

RE x+PR RA

4AA
494
500
50s

o.51 1

NU
( AVERÂGE )

26,-4 613.9 5
26.6 615.9 5
26.7 618.O 5
26 .9 620. 't 5
27 .1 623.2 5
27 .3 626. 3 5
27 .5 629. 3 5
27.4 632.4 5
28.O 635.5 5
24.2 638.6 5
28.5 642.7 5
28 .8 646 .7 5
29.1 650.8 5
29 .4 654.8 5
29 .7 658 .8 5
30.o 663.O 5
30.4 668.O 5
30.8 673.O 5
31 .2 678. I 5
31.5 683.3 5
3t-9 688.5 5
32.3 693.7 5
32.7 699. O 5

29.4
30.6
31.5
32.2
33. I
33.7
34.2
34.5
34.6
35.O
35. 5
35.8
36. I
36 .4
36.5
36.7
37.2
37.3
37 .4
37 .6
37 .9
38.O
38.2

1 .5 29.3
3.5 30.7
5.5 31.6
7 .5 32.3

10.5 33.3
13.5 34.1
16.5 34.7
19.5 35.O
22.5 35.3
25.5 35.6
29.5 36.2
33.5 36.5
37 .5 36.8
41.5 37.O
45.5 37 .3
49.5 37.4
54.5 38.O
59. s .?8 .2
64 .5 '38.4
69.5 38.5
74 .5 38.8
79.5 39.O
84 .5 39. O

91
89
86
84
8t
78
74
71
68
65
6t
57
53
49
45
42
37
33
2A
24
'19

15
tl

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

00060
oo1 39
oo218
oo298
oo417
oo537
00657
oo777
oo897
o1017
o1'177
or338
o1 499
o166'l
o1422
or983
02186
02388
0259 f
o2795
o2998
o3202
o3407

o
o
o
o
o
o
o
o

29.3
21 .4
18. 1

16. I
14.2
13.2
12.6
12.5
12.5
12.2
'I 1.8
11.8
ll.9
11.9
12.O
12.3
12.O
12.3
12.8
13.2
13 .4
13.9
14.5

07
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o7

72

o.5't6E
o. 524E
o. 532E
o. 539E
o.5478
o. 554E
o. 562E
o.572E
o. 583E
o. 5938
o.604E
o.6l4E
o. 625E
o.636E

4
4
4
4

75
79
83

NJ
O
co

FULLY DEVELOPED NUSSELT NUMBER =12.6



RUN NUMBER ( 6) TUBE NUMBER .I4

INPUT POWER = 3OO.O I¡J HEAT RATE GAINED BY t/AfER

PRESSURE DROP = 3.3 MM H2O

= 295.7 W HEÂT BALANCE ERROR = 1.4%

=O.15368F

REM = 703.3 RAM = O. t29E OB RAMF =O.9398 06 PRM = 5.O7

UPSTREAM BULK TEMPERATURE =26.2 DEG c DOIdNSTREAM BULK TEMPERATURE =39.7 OEG C

INLET BULK TEMPERATURE =26.4 DEG c oUTLET BULK TEMPERATURE =39.6 DEG C

MASS FLOh, RÂTE = 18.9 KG,/HR

STATION
NO-

t
2
3
4
5
6
7
8
I

10
1l
12
13
14
15
l6
17
t8
19
20
21
22
23

x rt.J ( ToP ) Tr,, ( BoTToM ) rB
CM DEG C DEG C DEG C

RAPRRE x+

o. 00060
o.ool39
o.oo219
o. oo298
o.oo418

NU
( AVERAGE )

32.4
34.9
36.s
37.8
39. 1

40.1
40. 8
41 .4
42.O
42.5
42.9
43 .1
43.6
43 .9
44.1
44.7
46.O
46 .5
46 .8
47 .5
48.6
49.5
49.8

L5
3.5
5.5
7.5

10. 5
13.5
16.5
19.5
22.5
25. 5
29.5
33.5
37 .5
4l .5
45.5
49 .5
54 .5
59 .5
64.5
69.5
74.5
79-5
84.5

32
34
36
37
38
39
39
40
40
41
41
41
41
42

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4

4
6
I
2
5
I
8
2
6
o
1

4
7
1

2
o
1

6
I
I
I
7
3

26 -6
26.9
27 .2
27.5
2A.O
2A .4
28 .9
29. 3
29.8
30.2
30.8
31 .4
32. 1

32.7
33.3
33 .9
34.6
35.4
36. 1

36.9
37.7
3A .4
39. 2

4
6
7
I
I
2
4
5
5
7
I
o
4
o

4
I
2
4
8
4
2

3

616
620
624
624
635
641
647
653
659
665
673
642

88
a4
79
75
69
62
56
50
45
39
32
25
18
lt
o4
97
89
80
72
64
56
49
41

o. oo539
o. ooc59
o. oo780
o-oosol
o.01ct22
o.o1l84
o.01347
o-o1510
o.o1673
o.ol837
o.02001
o.02207
o.o2414
o.02621
o. o2e29
o. o3c'38
o.03247
o.03457

o.957E
o.9728
o.987E
o.looE
o. 102E
o. l05E
o. loTE
o.109E
o. 1 12E
o. 1 14E
o. 1 17E
o. 121E
o. 1248
o. l28E
o. 131E
o. r35E
o. l39E
o.144E
o. r48E
o.153E
o.158E
o- 163E
o.168E

o7
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

30.2
22.2
19.2
17.5
16. 1

15 .6
15 .2
15.'l
15.1
15-1
1s.5
16.O
16.3
16.7
17 .4
17.3
16.5
t6-9
17.6
17.5
't7.1
16 .8
'17.2

42
43
44
44
44
45
46
47
48

690
698
707
716
727
738
749
76 I
773
785
797

DEVELOPED NUSSELT NUMBER =16.4 t\)o
\o
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RUN NUMBER ( 7) TUBE NUMBER 14

INPUT POt'rER = 45O.O W HEAT RATE GAINED BY TJATER = 438.0 hl HEAT BALANCE ERROR = 2.7%

PRESSURE DROP = 3.6 MM H2O F =0.16648

REM = 75 1.O RAM = 0.2218 08 RÂMF =O.1418 07 PRM 4 .71

UPSTREAM BULK TEMPERAIURE =26.2 DEG C DOTJNSTREAM BULK TEMPERÂTURE =46.2 DEG C

INLET BULK TEMPERAÌURE =26.4 DEG c oUTLET BULK TEMPERATURE =46.1 DEc c

MASS FLOrr, RATE = 18.9 KG/HR

SIATION
NO.

X Th'(TOP)
CM DEG C

TT,' ( BOTTOM )
DEG C

TB
DEG C

RE

618
625
631

NU
( AVERAGE )

o. oo783
o. oo90s
o.o1027
o.ol r90
o.ot355
o.o1520
o.ol685
o.ot851
o.02018
o.02227
o.02437
o. 02648
o. 02860
o. 03072
o. 03285
o. 034s8

PR

.85

.79

.73

.66

.57

.49

.40

.32

.24

.16

.06
-96
.86
.76
.67
.57
.46
.35
.24
.14
.03
.94
.44

X+ RÄ

143 E

147 E
I 50E
'I 53E
1 58E
1 63E
168E
17 4E
l80E

I
2
3
4
5
6
7
I
9

lo
ll
12
13
14
15
16
17
l8
t9
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

8
2
7
'|

8
5
1

I
5
2
I
o
9
I
7
6
7
a
I
1

2
3
4

26
27
27
2A
2A
29
30
30
3f
32
33
34
34
35
36
37
38
39
40
42
43
44
45

o
I
I
o
5
2
2
2
2
I
I
2
I
3
7
5
o
7
3
6
I
2
7

35
37
39
41
42
43
44
44
44
44
45
46
46
47
47
4A
50
5t
52
52
54
55
55

35
38
40
42
43
44
45
46
46
47
48
4A
49
50
50
51
52
54
54
55
57
58
58

o
5
7
2
I
I
9
4
7
2
5
I
5
o
6
2
6
2
I
6
3
o
2

95
o5
25
35
45
45
55
65
75
o5
65
54
74
14
84
74
54
74
44
54
o4
93
23

o. 00060
o.oo139
o.oo219
o - oo299
o.oo4r9
o. oo540
o. 0066 1

o
o
o
o
o
o
o
o
o
o
o

l9
18
't7
17
17
18
18
l8
t8
't9
19
20
20
20
19
l9

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

31
23
20

4
6
6
2
o
7
3
8
4
6
2
8
2
I
4
7
1

3
I
9
5
5
7

673
642
692
704
717
730

637
646
655
664

744
757
771

826
845
865
884

185
193

E

E

E

E

E

E

E

E

E

E

E

E

E

E

789
807

o.20r
o. 209
o .217
o.225
o. 233
o .244
o. 255
o.266
o.277
o. 289
o. 300
o.3'12

20
l9
20
21905

FULLY DEVELOPEÐ NUSSELT NUMBER =19.5 N)
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RUN NUMBER ( 8) TUBE NUMBER 14

INPUT POI.,ER = 600.0 I', HEAT RATE GAINED BY I,,ATER = 592.5 I¡I HEAT BALANCE ERROR = 1.2%

PRESSURE DROP = 3.9 MM H2o F =O.17917

REM = 8O5.O RAM = O.343E OB RAMF =O. 197E 07 PRM = 4.37

UPSTREAM BULK TEMPERAïURE =26.1 DEG c DoWNSTREAM BULK TEMPERATURE =s3.2 DEG C

INLET BULK TEMPERATURE =26.4 DEG C 0UTLET BULK TEMPERÂTURE =53.O DEG C

MASS FLOII, RATE = I8.9 KGIHR

STATION
NO.

X TtJú( TOP )
CM DEG C

TW(BOÍTOM) TB
DEG C DEG C

x+ RÀ NU
( AVERAGE )

RE PR

37
40
43
44
46
46
47
47
47
49
49
50
5l
52
53
54
57
57
58
60
63
63
64

37.6
41 .8
44 .4
46.1
47 .9
49.2
50. 3
50.8
5l.1
52. 1

53.2
53.9
54 .6
55.7
56.9
58. 1

60.2
61.O
61 .8
63.8
66. 5
67 .2
67 .7

'|

2
3
4
5
6
7
I
9

to
1l
12
13
14
15
t6
17
1q
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

4
9
o
4
I
I
5
7
I
I
4
2
o
3
4
6
2
2
I
4
2
4
6

619.8 5
628.1 5
636.4 5
644 -6 5
656.9 5
669.2 5
681 .5 5
694. I 5
707 .O 5
720. 1 4
738. 1 4
756.5 4
775.4 4
794 .9 4
814 .8 4
835.2 4
861 .4 4
888.4 3
916. 1 3
944.6 3
973.8 3
998.8 3

1015.8 3

26 .8
27 .5
28. I
28.7
29.6
30.5
31 .4
32.3
33.2
34 .'l
35.4
36 .6
37 .8
39. O
40.2
41 .5
43.O
44 .5
46. O
47 .5
49. r
50. 6
52. 1

o.00060 0
o.oo139 0
o.oo2r9 0
o.oo299 0
o.oo420 0
o.oo542 0
o.00663 0
o.00786 0
o.oo908 0
o.o1032 0
o. ol r97 0
o.or363 0
o.o1530 0
o.ol697 0
o.ol865 0
o.02034 Ð
o.02247 0
o.o2459 0
o.Q2673 0
o.02887 0
o. 03.lo 1 0
o.o3315 0
o.03531 0

1 95E

410E
432Ê
454E
47AE
499E
5 16E

o
2
4
I
I
8
9
6
4
o
7
3
o
9
o
o
6
3
3
3
4
I
I

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

2018
2078-
213E
2228
2328
242E
2538
263E
27 4E
289E
304E
319E
335 E

35 tE
367 E

3888

N)FULLY DEVELOPED NUSSELT NUMBER =22.3



RUN NUMBER ( 9) TUBE NUMBER 14

INPUT POI¡,ER = 75O. O I¡, HEAT RATE GÄINED BY IdATER =

PRESSURE DR0P = 4.3 MM H2o

748.2 W

F

STAT f ON
NO.

REM = 866.2 RAM = O.496E 08 RAMF =0.2628 07 PRM = 4.O3

UPSTREAM BULK TEMPERATURE =26.2 DEG C DOWNSTREAM BULK TEMpERATURE =60.3 DEc C

INLET BULK TEMPERATURE =26.5 DEG C OUTLET BULK TEMPERÂTURE =60.2 DEG C

MASS FLoI{I RATE = 18.9 KGIHR

HEAT BALÂNCE ERROR = o.2%

=O.196OG

NU
(AVERÂGE )

X T1,,( TOP )
CM DEG C

Tt¡J ( BOTTOM )
DEG C

TB
DEG C

RÂRE PR X+

1

2
3
4
5
6
7
I
9

lo
11
12
13
14
15
t6
17
18
l9
20
21
22
23

o
o
o
o
o
o
o
o
o
o
o
ô
o
o
o
o
o

7
7
I
4
7
2
3
q

6
2
4
4
2
4
5
8
6
3
I
2
6
6
2

39
43
45
47
49
50
51
5l
51
52
53
55
56
57
59
59
62
64
65
68
70
71
73

o
2
I
o
o
3
6
3
9
4
I
8
7
9
6
5
o
7
3
5
1

2
2

40
45
4A
50
52
53
54
55
55
56
58
59
60
61
63
64
67
68
7Q
72
75
76
77

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
li

5
5
5
5
5

1

3
5
7

10
l3
l6
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

27 .'t 622.9 5.81 0
27 .a 633.5 5.70 0
28.6 643.9 5.60 0
29.4 654.2 5.50 0
30.5 669.7 5.36 0
31 .7 685.4 5 .22 0
32.A 701.5 5.09 0
34.O 718.O 4.96 0
35.2 735.O 4.83 0
36.3 752.3 4.70 0
37.8 776.2 4 .54 0
39.4 800.8 4. 39 0
40.9 826.3 4 .24 0
42.5 852.5 4.tO O
44 .O 879.6 3.96 0
45.5 907 .4 3.83 0
47 .5 943.2 3.67 0
49.4 980.2 3.53 0
51.3 1006.8 3.42 0
53.2 1029.1 3.34 0,
55.2 10s2.8 3 .26 0,
57.1 'to78.t 3.'17 0.
59.O 1105.2 3.08 0.

. 00060

.oo139
, oo220
. oo300
,oo421
oos43
00665
oo789
oo9t2
o 1037
o1203
o 1371
o1540
o1709
o1879
o20so
02264
02478
o2692
02909
03127
03346
03566

o. 249E 34.7
26.7
24.O
22.9
21 .7
21 .9
21 .a
22.6
23.5
24.3
24.3
23.8
24.7
25.2
24.5
25.8
24 .7
24.9
25.2
24 .7
23.8
25.O
25 .9

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
oa
o8
o8
o8
o8
o8

o. 259
o. 269
o.278
o.294
o.310

327
344
362

E

E

E

E

E

E

E

E

641E
669E
698E
7278
758E

379E
404
429
455
482
509
53
57
6t

3
OE

Ir.J

N)

FULLY DEVELOPED NUSSELT NUMBER =24.4



RUN NUMBER ( 10) TUBE NUMBER 14

INPUT POI,TER = 2OO.O V, HEAT RATE GAINED By h,ATER =

PRESSURE DROP = 5.2 MM H2o

r97.6 W

F

REM = 1027.7 RÀM = O.697E 07 RÂMF =O.664E OG PRM = 5.64

UPSÏREAM BULK TEMPERATURE =25.5 DEG C DOWNSTREAM BULK TEMPERÂTURE =31.J DEG C

INLET BULK TEMPERATURE =25.6 DEG C OUTLET BULK TEMPERATURE =3f.t DEG c

MÂSS Flotr, RATE = 30. 3 KG,/HR

HEAT BALANCE ERRoR = 1.2%

=O. O938O

NU
( AVERÂGE )

STAf I ON
NO.

X T1.r( TOP )
CM DEG C

TW(BOTIOM) TB
DEG C DEG C

RE

986
990
994
998

1o02
loos
1013
10l9
1024
1030
r 035
1042
't049
los6
1062
1069
1076
loSs

RAPR x+

o. ooo37
o. 00086

I
3
5
7

10
'I 3
16
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

I
2
3
4
5
6
7
I
I

10
11
't2
'I 3
14
l5
16
17
t8
19
20
21
22
23

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
E

5
5

2a
30
31
é¿
33
34
34
35
35
36
36
37
37
37
38
38
38
38
39
39
39
39
39

9
4
4
2
3
2
9
4
I
3
I
2
4
7
I
2
I
I
o
4
6
7
4

o
3
3
2
2
I
6
I
I
6
't

4
7
o
2
3
I
o
I
3
5
4
2

3 6.O3
I 6.01
I 5.99
6 5.97
I 5.94
o 5.91
2 5.88
3 5.85
5 5.83
7 5.80
2 5.76
7 5.73
2 5.69
7 5.66
2 5.62
7 5.59
5 5.55
3 5.51
1 5.47
I 5.43
8 5.39
5 5.35
3 5.3'l

9696
I
I
o
2
4
6
I
o
2
4
7
9
2
4
7
o
J

6
9
2
6
I

25
25
25
26
26
26
26
26
27
27
27
27
27
28
2A
2A
29
29
29
29
30
30
30

o.oo136
o. oolas
o. oo259
o. oo333
o. oo408
o. oo482
o. oo556
o. 0063 1

o. oo73 1

o. oo830
o. oo930
o. o1030
o.o1130
o.ol230
o.ol3s6
o.ol48 I
o.or607
o. o1 733
o.ol859
o.o1985
o .o2112

972
974
977
98 1

o.609E
o.613E
o. 617E
o. 62l E

o.6278
o.634E
o. 640E
o.646E
o. 652E
o.6598
o.667E
o.676E
o. 684E
o.692E
o.70tE
o.709E
o.7208
o. 731E
o.741E
o.7528
o.7648
o. 775E
o.7a7E

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
a7
o7
o7
o7
o7
o7

35.4
25.5
21 .6
r9.o
r6.6
15 .4
14 .4
l4.o
13 .8
13.3
t2.9
12.4
12.A
12.7
12.7
12.8
12 .4
12.7
13. O
13.1
13.2
13.7
14 .6

¡J

(,
FULLY DEVELOPED NUSSELT NUMBER =13.2



RUN NUMBER (TI) TUBE NUMBER 14

INPUT POWER = 4OO.O W HEAT RATE GAINED BY U,ATER = 393.0 u' HEAT BALANCE ERRoR

PRESSURE DROP = 5.5 MM H2O F =O.O9879

1 .7%

REM = 1086.6 RAM = O.158E OB RÀMF =O. I lsE 07 PRM = 5.3O

UPSTREAM BULK TEMPERÂTURE =25.4 DEG C DoI.,NSTREAM BULK TEMPERATURE =36.6 DEG C

INLET BULK TEMPERATURE =25.6 DEG c ouTLET BULK TEMFERATURE =36.5 DEG c

MASS FLOW RATF = 3O.3 KGIHR

STATION
NO.

I
2
3
4
5
6
7
8
I

10
1t
12
l3
14
l5
16
17
J8
19
20
21
22
23

X Tb, ( ToP ) Tt, ( BoTToM )CM DEG C DEG C
T8

DEG C
RE x+ RAPR NU

( ÁVERAGE )

32
34
36
37
39
40
40
40
41
42
42
43
43
43
43
43
44
44
44
45
46.
46.
47.

I .5 32.2
3.5 35.O
5.5 36.7
7.5 38.1

10.5 39.9
13.5 41.1
16.5 42 -O
19.5 42.5
22.5 43.O
25.5 43.8
29.5 44 .9
33.5 45. O
37 .5 45.2
41.5 45.3
45.5 45.A
49.5 46.O
54.5 47 .O
59.5 46 .7
64 .5 46.9
69.5 48.1
74.5 49.O
79.5 49.3
84.5 49.4

,3
7
3
6
2
o
I
9
2
2
I
o
I
2
6
I
8
1

5
I
5
7
3

36.O
26 .4
22.7
20.5
18.3
17.5
16.9
17 .O
16.9
16.3
1s.9
16.3
16.7
17.1
17 .2
17.5
17 .1
l8 .6
19. I
t8-t
17.9
1A .4
18.8

4 6.O't o
9 5.97 0
4 5.93 0
o 5.90 0
3 5.84 0
6 5.79 0
I 5.73 0
I 5.68 0
3 5.63 0
5 5.58 0
3 s.51 0
1 5.45 0
o 5.39 0
I 5.33 0
I 5.27 0
I 5.21 o
I 5.14 0
o 5.O7 0
4 4.99 0
o 4.92 0
I 4.86 0
I 4.79 0,
1 4.72 0.

25
26
26
26
26
27
27
2A
2A
2A
29
29
30
30
3l
3l
32
33
33
34.
34.
35,
36.

7 97 1

o 976
2 SA2
5 988
I 996
2 1C04
6 'to12
o 102 1

4 1029
8 lo37
3 '1048
I losg
3 fo70
8 ro80
3 r09 1

8 1102
4 1116
o I r3t
7 1145
3 tt60
9 1174
5 1r89
2 1205

ooo37
ooo86
oor36
oo l85
oo260
oo334
oo409
oo484
oo559
00634
oo734
oo835
oo935
o1037
o1138
o1240
o1367
o1494
o1622
or75t
ot879
o2008
02138

o. 1228
o.123E
o. 't 25E
o. 1278
o. 129E
o- r32E
o.134E
o.137E
o.139E
o. 1428
o. t45E
o.149E
o. t52E
o.156E
o.l60E
o. '163E
o.168E
o.173E
o.178E
o. t83E
o.188E
o.193E
o.198E

o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

N)

5

FULLY DEVELOPED NUSSELT NUMBER =17.4



RUN NUMBER (12) TUBE NUMBER t4

INPUT POt¡rER = 60O.0 Ut HEAT RÂTE GAINED By WATER

PRESSURE DROP = 5.6 MM H2o

= 592.4 l¡J

F

REM = 115O.3 RAM = 0.2718 Oa RAMF =O.172E 07 PRM = 4.97

UPSTREÄM BULK TEMPERATURE =25.4 DEG C DOWNSTREAM BULK TEMpERATURE =42.3 DEG C

INLET BULK TEMPERATURE =25.6 DEG C OUTLET BULK TEMPERATURE =42.2 OEc C

MASS FLOW RÂTE = 3O.3 KG,/HR

HEAT BALANCE ERROR = 1.9%

=O.lOO3 1

RA NU
(AVERAGE )

STAÏ I ON
NO.

x Tw( roP )
CM DEG C

T','(BOTTOM) TB
DEG C DEG C

RE

974
982
99 I
999

10't2
1024
I 036
l049
106 I
1073
1090
I 106
1 123
1 141
1 158
I 176
I 199
1222
1246
1270
I 295
l 320
I 345

, ooo37
ooo86
oo136
oo186
oo260
oo335
oo4 10
oo485
0056 1

00637
OO7!q8
oo839
oo94 I
o1043
o1t46
o't249
o1378
o1508
o1638
o1 768
o1899
0203 I
02162

t85
189
193
196
202

o.240
o.24A
o.257

PR x+

I
3
5
7

lo
J3
l6
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

I
2
3
4
5
6
7
I
o

to
lt
12
l3
14
t5
16
17
18
19
20
21
22
23

204
214
219
225
231

o
o
o
o
o
o
o
o
o
o

5 5.99 0
I 5.93 0
2 5.A7 0
6 5.82 0
1 5.74 0
5 5.66 0
9 5.58 0
1 5.5t o
3 5.44 0
7 5.37 0
r 5.28 0
8 5.'t9 0
7 5.10 0
o 5.o2 0
6 4.93 0
5 4.85 0
2 4.75 0
5 4.65 0
2 4.55 0
4 4.45 0
1 4.36 0
2 4.27 0
I 4.18 0

25
26
26
27
27
2A
2a
29
ta
30
3l
3l
32
33
34
35
35
36
37
38
39
40
41

4
6
I
4
3
7
7
4
6
I
7
o
4
I
6
9
3
6
6
I
5
5
I

35
38
40
42
44
44
45
46
46
46
47
4A
48
48
49
48
50
51
51
52
53
54
55

3
I
6
6
6
9
o
7
3
o
I
2
6
1

7
7
7
I
2
3
4
I
8

35
39
41
43
45
46
4A
48
49
49
51
51
5t
52
52
52
53
54
55
56
57
58
58

E

E

E

E

E

E

E

E

E

E

E

E

E

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

o. 266E
o.275E
o.2a4E
o. 295E
o. 307E
o.3198
o.33 t E

o.3448
o. 356E
o. 369E

08 37 .2
08 27 .A
08 24.2
o8 22 -O
08 20.2
08 19.9
08 19.3
08 19.2
08 19.3
08 19.4
08 19.1
08 19 .7
08 20.1
o8 20.4
08 20.5
08 21 .9
08 21 .5
08 21.1
08 22.1
08 21 .7
08 21.A
08 21 .9
08 21 .A

l..J

(.n

FULLY DEVELOPED NUSSELT NUMBER =20.6



RUN NUMBER (J3) TUBE NUMBER 14

INPUT POI,JER = 8OO.O 1,/ HEAT RÂTE GAINED BY h/ÂÎER =

PRESSURE DROP = 5.8 MM H2o

776.O ld HEAT BALANCE ERRoR = 3.O%

F =O.10352

x+ NU
(ÂvERAGE )

REM = 1216.8 RAM = O.399E 08 RAMF =O.239E 07 PRM = 4 -6,7

UPSÏREAM BULK TEMPERATURE =25.6 DEG C DOITNSTREÂM BULK TEMPERATURE =47.7 DEG C

INLET BULK TEMPERATURE =25.8 DEG c oUTLET BULK TEMPERATURE =47.s DEc c

MASS FLO'¡, RATE = 3O.3 KclHR

STATION
NO.

I
2
3
4
5
6
7
I
I

10
11
12
13
14
t5
16
17
l8
l9
20
21
22
23

X Tt/( TOP )
CM DEG C

rt./ ( BorroM )
DEG C

TB
DEG C

RE PR

.94

.87

.80

.73

.62

.53

.43

.34

.25

.17

.05

.94

.83

.72

.62

.52

.39

.27

.16

.04

.93

.83

.,J

RA

o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o
o.o

15
o5
o5
95
15
35
35
45
65
l5es
54
o4
o4
54
54
54
44
14
64
93
l3't3

26
26
27
27
28
29
29
30
31
32
33
34
35
36
37
38
39
40
4'.|
43
44
45
46

'|

1

5
2
3
6
2
5
f
4
5
4
6
o
I
7
5
3
4
'|

4
o
o

38
42
44
46
48
4A
50
50
50
5t
52
52
52
53
54
53
56
57
57
59
6t
62
63

38. I
43.O
45.9
44.2
50.4
51.7
53. 1

53.8
54.O
55.2
56 .9
56 .8
57 .1
57 .3
5A .4
58.5
60.6
61 .8
62 .5
63.8
66.O
66. 5
67.1

1.5
3.5
5.5
7.5

lo. 5
13.5
16.5
t9.5
22.5
25.5
29. 5
33.5
37 .5
41 .5
45.5
49 .5
54.5
59.5
64 .5
69.5
74.5
79.5
84.5

98'l
992

I OO3
to13
lo30
l046
1062
1078
1094
'Iltt
I 133
1 156
't 180
1204
122A
1253
I 285
13t8
I 352
1 386
1421
1458
I 495

o. ooosT
o. ooo86
o.oo136
o. oo186
o. 0026 1

o. oo336
o.oo411
o - oo4e7
o. 00563
o. 00639
o. oo74 1

o.oo844
o. 00946

1Orc
I 153
1254
1 388
'I 520
t65J
17A4
19r6
2049
2182

o.317
o. 329
o.344
o. 359
o. 375
o.39 I
o .407
o.423
o.444
o.466

o.2478 OA
o.253E 08
o.260E 08
o.266E 08
o.276E 08
o.286E 08
o.296E 08
o.307E 08

E08
E08
E08
E08
E08
E08
E08
E08
E08
E08

I
1

5
5
o
I
1

3
1

6
1

2
o
I
6
o
4
7
7
3
o
8
J

38
29
25
23
22
21
2'l
21
22
21
21
22
23
23
23
25
23
23
24
24
23
23
24

o.488E 08
o.sl tE 08
o. 5348 08
o. 557E 08
o.58 I E 08

FULLY DEVELOPED NUSSELT NUMBER =23- I N]
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RUN NUMBER (I4) TUBE NUMBER 14

INPUT P0rrJER =IOOO.O t¡¿ HEAT RATE GÂINED By t¡rAlER

PRESSURE DROP = 6. 1 MM H2o

= 959-7 !,

F

REM = 1285.9 RÂM = O.55OE 08 RÂMF =O.3128 07 PRM = 4.39

UPSTREAM BULK TEMPERAÍURE =25.7 DEG C DOWNSTREAM BULK TEMPERÂTURE =53.o DEG c
INLET BULK TEMPERÂTURE =26.0 DEG C OUTLET BULK TEMPERATURE =52.9 DEG c

MASS FLOW RATE = 3O.3 KGIHR

RE PR x+

HEAT BALANCE ERROR =  .O%

=O..|0839

NU
( AVERAGE )

STATION
NO.

X TI./ ( TOP )
CM DEG C

Thl ( BOTTOM )
DEG C

TB
DEG C

o8 39.7
08 30.o
o8 26 .6
08 24.8
08 23.5
08 23.4
08 22.7
08 23 .7
08 23.9
08 23. O
08 23.7
08 25. O
08 25.9
08 26.7
08 26.9
08 27-1
08 25.1
08 25.5
08 26.3
08 26.3
08 25.2
08 26. 3
08 27 .O

RA

o. 309E
o.319E
o. 329E
o. 3398
o. 354E
o. 370E
o. 3868
o.403E
o .4208
o. 43AE
o .462
o. 486
o.51 I
o.537
o. 563
o. 590
o.624
o. 659E
o.69sE
o.7328
o _7708
o.806E
o.834E

9867
ó
o
8
9
4
2
6
I
9
6
I
3
o
8
I
2
I
1

4
I
2
c

40
45
48
49
5l
52
54
53
54
55
55
55
56
57
57
58
62
63
64.
65,
67.
68.
69.

40
46
50
52
54
56
57
58
58
60
61
6t
61
62
63
64
67
68
69
71
73
74
74

,5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1

3
5
7

10
l3
16
l9
22
25
29
33
37
41
45
49
54
EO

64
69
74
79.
84.

I
2
3
4
5
6
7
I
I

to
1t
12
l3
14
'I 5
t6
17
t8
l9
20
21
22
23

,9
8
I
5
I
2
I
1

I
6
7
5
I
2
4
5
4
6
4
o
4
1

7

26.4
27.O
27 .7
24.3
29.2
30. I
31.O
32.O
32 -9
33.8
3s. o
36.3
37.5
34.7
39 .9
41.2
42.7
44.3
45 .8
47 .3
48 .9
50.4
51 .9

999
fo13
1026
1046
1 066
1086
I 107
1 127
1 14A
1 177
1207
'1237
1 269
l 30l
1 334
1 376
1 420
I 465
l5r I
1 558
r601
162A

5 .91
5 .82
5.73
5.64
5.52
5 .41
5.30
5. l9
5.08
4 .98
4 .a4
4.71
4.58
4 .46
4 .33
4 .22
4.08
3.94
3.81
3 .68
3-56
3 .46
3.40

o. ooo37
o. ooo87
o. ool 36
o.oo186
o. 0026 1

o. oo337
o. oo4 l2
o. oo489
o. 00565
o. 00642
o .oo7 44
o. oo848
o. oo95 I
o. o1056
o.o1160
o.o1266
o. o1 398
o.o1s30
o.ol663
o. o1 797
o.ol93c
o. 02063
o.02 t97

.4
,9
,4
o
I
I
7
o
7
9
8
5
I
3
4
ó
6
2
o
1

3
4
I

N)

!

FULLY DEVELoPED NUSSELT NUMBER =25.3



RUN NUMBER ( T5) TUBE NUMEER f4

INPUT POWER =12oo.O t{ HEAT RATE GAINED BY WATER =1149.3 tr/ HEAT BALANCE ERRoR = 4.2%

PRESSURE DROP = 6.3 MM H2O F =O. 11t5.1

REM = 1362.9 RAM = O.735E 08 RAMF =O.379E 07 PRM = 4.12

UPSÏREAM BULK TEMPERATURE =25.9 DEG c DoWNSTREAM BULK TEMPERATURE =58.5 DEG C

INLET BULK TEMPERÂTURE =26.2 DEG C OUTLET BULK TEMPERATURE =58.4 DEG C

MÂSS FLO[', RATE = 3O.3 KclHR

STATION
NO.

I
2
3
4
5
6
7
I
9

'to
11
12
13
14
15
t6
17
t8
l9
20
21
22
23

X Ttr( TOP )
CM DEG C

RA

o.376E 08
o.39rE 08
o.40sE 08

NU
( AVERAGE )

TþJ(BOTTOM) TB
DEG C DEG C

RE

992
1009
1025
l04 I
r065
1089
1113
1 138
f 164
1 190

26
27
2a
2A
30
31
32
33
34
35
37
38
40
41
42
44
46
48
49
51
53
55
57

43.3
48.3
51.3
53.O
55.5
56. l
57 .8
56 .7
58.3
59.4
59.O
60. o
60. 3
60.9
63.2
64 .5
68.6
69.2
70. o
71.3
73 .8
74.1
76.'l

7
5
2
I
o
t
2
4
5
6
o
q

o
5
9
4
2
1

I
8
6
5
3

41.O
31.2
27 .9
26.3
25.O
24.9
24 .4
25.8
25.2
25.O
26.1
27.O
2A.3
29. 1

24 .4
2A .4
26.2
27 .O
2A.1
28.5
27.5
29. 3
29.6

o8
o8
o8
o8
o8
o8
o8
oa
o8
o8
o8
o8
o8
o8
o8
o8
o8
o9
o9

o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

PR

76
65
56
42
2A
15
o3
90
7A
63
4A
33
l9
o6
93
77
62
49
40
32
24
t6

X+

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
t3
16
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

43
50
54
56
58
60
62
62
63
65
66
66
66
67
69
70
74
75
76
7a
80
8l
a2

5
4
o
6
I
6
I
4
I
6
5
6
8
7
3
9
2
6
5
1

7
I
2

1226
1263
1302
1341
1382
I 424
1 474
1 534
1591
I 625
't 660
I 697
17 36

419E
44 1E
465E
4908
s l5E
540E
566E
602E
638 E

676 E

7 148
7548
7948
846 E

900E
955 E

996E
r04E
108E

5
5
5
5
5
5
5
4
4
4
4
4
4
4
3
3
3
3
3
3
3
3

I
J

3
3
2
o
5
5
2
5
6
o
3
9
6
6
6
3
7
I
6
5
I

5.86 o. ooo37
o. ooo87
o.oo137
o. ool 87
o.00262
o. oo338
o.oo414
o. oo490
o. 00567
o. 00644
o. oo748
o. oo852
o. oo957
o. o 1062
o.o1167
o.o1273
o.or406
o. o1540
o. o 1673
o-o1807
o.o1942
o. 02078
o.02214 I t2E 09

Ì.J

oo

FULLY DEVELOPED NUSSELT NUMBER =27.3



RUN NUMBER ( I ) TUBE NUMBER 20

INPUT POI¡JER = 5O.O W HEAI RATE GAINED By I¡IATER =

PRESSURE DROP = 2.O MM H2o

52.2 w HEAT BALANCE ERROR =-a.3%

F =O.35634

REM = 256.6 RAM = O. l2OE 07

UPSTREAM BULK TEMPERÂTURE =31.2 DEG C

INLET BULK TEMPERATURE =31.4 DEc c

RAMF =O.l67E OG PRM = 4.74

D0I¡TNSTREAM BULK TEMPERATURE =4O.8 DEG C

OUTLEÏ BULK TEMPERATURE =4O.7 DEG C

MÂSS FLO'¿, RATE 4.7 RG/HR

STATION
NO.

X TI,J( TOP )
CM DEG C

TW(BOTTOM) TB
DEG C DEG C

RE PR x+ RA NU
( ÀVERAGE )

I
2
3
4
5
6
7
8
I

fo
lt
12
't3
14
15
16
17
18
19
20
21
22
23

41
45

7
6
4
8
3
7
2
5
8
3
o
3
I
3
I
2
o
6
2
I
6
2
5

27 .O
17 .7
13.5
12.6
tl.6
11.4
'ro.8
10.7
10.8
10. 3
9.6
9.7
9.2
9.2
8.8
8.8
8.5
8.1
8.O
7-7
7.2
7.2
7.6

o6
o6
o7
o7
o7
o7
07
o7
o7
o7
o7

o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7

1

3
5
7

10
l3
l6
19
22
25
29
33
37

49
54
59
64
69
74
79
a4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

234
235
236
237
239
240
242
243
245
247
249
251
253
255
257
260
262
265
268
27 1

274
277
280

3t.6
31.8
32.O
32 .2
32.5
32.9
33.2
33.5
33 .8
34.1
34 .5
35.O
35.4
35 .8
36.2
36.7
37.2
37 .7
3A.2
38 .8
39.3
39.8
40. 3

32.4
33.5
34 .2
34 .6
35. I
35.5
35 .9
36.2
36.5
37. O
37.5
38.O
38 .5
39.O
39.6
40. o
40.6
41.3
4l .9
42.6
43 .4
43 .9
44 .2

32
33
34
34
35
35
36
36
36
37
38
38
38
39
ão
40
41
41
42
42
43
44
44

I 5.23
I 5.2r
I 5. 18
I 5.16
3 5.12
I 5.08
4 5.05
9 5.O1
5 4.98
1 4.94
2 4.89
3 4.85
4 4.AO
6 4.76
a 4.71
o 4.67
8 4.61
6 4.56
5 4.51
4 4.45
3 4.40
2 4-35
2 4.30

o. oo228
o. oos33
o. oo838
o.o1143
o. o1 602
o. 0206 1

o. 0252 I
o. 0298 l
o. o34rt3
o. o3904
o. 0452 r
o.05r39
o. os758
o. 06379
o. 07000
o.07623
o.oa402
o . 09't 84
o. 09967
o. 10752
o.1 1538
o.12326
o. t3l t6

989E
999E
rol E

102E
103E
l05E
'l06E
1088
109E
1118
1 13E

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

1 15E 07
1 178
I 19E
1218
'1238
t26E
129E
131E
I 34E
137 E

I 40E
t 43E

N)

\o
FULLY DEVELOPED NUSSELT NUMBER = 9,O



RUN NUMBER ( 2) TUBE NUMBER 20

INPUT POI,,ER = 1OO.O I', HEÁT RATE GAINED BY I|/AIER = IO3.7 Id HEAT BALANCE ERRoR =-3.7%
PRESSURE DROP = 2.2 MM H2O F =O.3888i

REM = 2AS.7 RAM = 0.2918 07 RÂMF =O. 39 I E OG PRM = 4.24

UPSTREAM BULK TEMPERAÍURE =31.4 DEG C DOTTNSTREAM BULK TEMPERATURE =5O.4 DEG C

INLET BULK TEMPERATURE =31.9 DEG c OUTLET BULK TEMPERATURE =sO.2 DEc C

MASS FLOW RATE = 4.7 RG/HR

SÏATTON
N0.

I
2
3
4
5
6
7
I
I

10
11
12
13
14
15
16
17
t8
19
20
21
22
23

X T"J(TOP)
CM DEG C

x+ RA NU
( AVERÂGE )

T"'J(BOTTOM) TB
DEG C DEG C

RE PR

35
36
37
38
38
39
40
41
41
42
43
44
45
46
47
4A
49
50
52
53
54
55
56

35
36
37
38
39
40
41
41
42
43
44
45
46
47
48
4A
50
5t
52
54
55
56
57

1.5
3.5
5.5
7.5

10. 5
13.5
16.5
19.5
22.5
25.5
29.5
33.5
37 .5
4l .5
45.5
49.5
54.5
59.5
64. 5
69.5
74.5
79 .5
44. 5

1

5
4
2
I
7
4
o
6
3
4
4
4
3
5
3
4
9
1

2
I
I
6

32
32
33
33
34
34
35
36
36
37
38
38
39
40
41
42
43
44
45
46
47
4A
49

2
6
o
4
1

7
3
o
6
2
1

9
7
6
4
3
3
4
4
5
5
6
6

20. I
't5.7
13 .2
12.4
tl.9
,'l .7
11.4
11.s
11.5rt.t
lo. 5
10.4
ro.o
10. o
9.5
9.5
9.3
8.8
8.6
8.4
7.9
7.9
8.2

o.203E 07
o.2078 07
o.2f 1E 07
o.214E 07
o.220E 07
o.227E 07
o.233E 07

237 .5 5. t6
239.5 5. I r
241.6 5.07
243 .6 5. 02
246 .7 4.95
249.9 4-88
253.1 4.8t
256.4 4.74
259.7 4.68
263.O 4.61
267 .5 4.52
272.1 4.44
276 .8 4. 36
241 .6 4.27
286.4 4.19
291 .4 4.12
297 .7 4.O2
304. I 3.93
310.6 3.84
317 .2 3.75
324.O 3.67
330.9 3 . 59
337.9 3. 5 I

o. oo229
o. oo534
o. oo840
o.ol147
o.o1607
o. 02070
o. 02533
o. 02998
o. o3464
o. 03932
o. 04557
o.05184
o.o5813
o. 06445
o. 07078
o.o77t3
o. 08509
o. 09307
o.lo108
o.l09.ro
o.1r7J3
o. 125 18
o.13323

o. 239E
o.2458
o.252E
o. 260E
o. 2698
o.278E
o.2a7E
o. 296E
o. 306E
o. 3l7E
o.329E
o.3428
o. 3s4E
o. 367E
o. 380E
o. 393E

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7

N)
¡.o
O

FULLY DEVELOPED NUSSELT NUMBER = 9.7



RUN NUMBER ( 3) IUBE NUMBER 20

INPUT POWER = 15O.O W HEAT RATE GAINED By WATER

PRESSURE DRoP = 2.5 MM H2o

154 .7 W

F

REM = 311 .2 RAM = O.5l3E 07 RAMF =O.7O5E OG PRM = 3.83

UPSTREAM BULK TEMPERATURE =31.3 DEG C DOI^INSTREAM BULK TEMPERATURE =S9.7 DEG C

INLET BULK TEMPERATURE =31.9 DEG C OUTLET BULK TEMPERA,TURE =59.4 DEc C

MÂSS FLOU, RATE = 4 .7 RÈ/HR

HEAT BALANCE ERRoR =-3.1%

=O.43779

NU
( ÂVERÁGE )

STAT 1 CN
NO.

X TW( TOP )
CM DEG C

TI¡'(BOTTOM) TB
DEG C DEG C

RÂRE PR x+

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
13
16
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

I
2
3
4
5
6
7
I
I

10
It
12
l3
't4
15
'16

17
't8
19
20
2',!
22
23

36
38
40
41
42
43
44
45
46
47
4A
50
5l
53
54
56
57
60
61
63
65
67
68

37
39
40
41
43
44
45
46
47
48
50
5'l
53
54
55
57
59
6l
62
64
66
68
69

o
f
I
I
I
I
2
1

1

5
2
5
1

2
8
1

I
2
I
I
I
6
I

o
I
1

1

I
2
2
I
o
2
I
4
9
2
I
2
I
I
I
6
I
6
9

32
33
33
34
35
36
37
38
39
39
41
42
43
44
46
47
49
50
52
53
55
56
58

4
o
6
3
2
2
1

o
o
I
2
4
7
I
2
5
o
6
2
7
3
I
5

238.5 5. 14
24 1.6 5.07
244 .6 5. OO
247 .A 4 .93
252.5 4.A2
257 .4 4 .72
262 .4 4 .62
267 .4 4.53
272,6 4.43
277 .9 4.34
285. 1 4.22
292.4 4 . 10
300. o 3.99
307 .7 3.88
315 .6 3 .77
323 .7 3.67
334. O 3.55
342.9 3 . 45
348.9 3.39
355 . 3 3.32
362.O 3.25
369. 1 3. f8
376.6 3-11

o.oo229 0
o.oo535 0
o.oo84 I O
o.ol f 49 0
o.or612 0
o.02077 0
o.02543 0
o.o30f2 0
o.o3482 0
o.03955 0
o.o4s87 0
o.05222 0
o.05859 0
o.06498 0
o.07 139 0
o.o77a2 0
o. 0858,7 0
o.093sr o
o.10203 0
o.'l 1018 0
o. I 1838 0
o. 1266't O
o.13487 0

306E 07
315E 07
24Ê 07
33E 07

20.2
15.5
13.6
12.8
12 .4
12.2
12.1
12.O
12.O
11.4
ro.8
10. 6
ro. 3
lo. 3
9.8
9.7
9.4
8.9
8.8
8.5
7.9
7.9
8.O

75
89

3
3
3
3
3
3

468
60E

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7

404
419
439
460
4A 1E
503E
525E
548E
576E
603E
624E
646 E

669E
692E
7 l6E

ts
N)

FULLY DEVELoPED NUSSELT NUMBER = 9.9



RUN NUMBER ( 4) TUBE NUMBER 20

INPUT POlrrER = 1OO.O hl HEAT RATE GAINED By WATER

PRESSURE DROP = 4,9 MM H2O

95 .5 tf, HEAT BALANCE ERROR =   .S%

F =O.13860

X+ NU
( ÂVERAGE )

REM = 629.3 RAM = 0.2138 07 RAMF =O.253E 06 PRM = 4.a4

UPSTREAM BULK TEMPERATURE =31.6 DEG C DOWNSTREAM BULK TEMPERATURE =38.6 DEG C

INLET BULK TEMPERATURE =3.I.7 DEG C OUTLET BULK TEMPERÂTURE =38.5 DEG c

MÂSS FLOW RATE = 11.8 KGIHR

STÂT I ON
NO.

X TW(TOP) TtJ(BOTTOM)
CM DEG C DEG C

TB RE
DEG C

RAPR

3l
3l
32
32
32
32
33
33
33
33
34
34
34
34
35
35
35
36
36
37
37
37
38

34.O
35.2
36.O
36.8
37 .5
38. 1

38 .6
38 .9
39. I
39.4
39.8
40.2
40 .4
40.6
41 .1
4't.2
4t.3
42.O
42.2
42.6
43.2
43. 5
43 .9

34
35
36
36
37
38
38
39
39
39
40
40
41
41
41
41
42
42
42
43
44
44
44

5
5
E

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

I
3
5
7

10
13
t6
l9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

I
2
3
4
5
6
7
I
I

10
'tl
12
13
14
15
16
17
18
t9
20
21
22
23

o
I
3
ô
8
5
I
2
5
9
5
7
1

2
5
7
I
6
I
2
o
2
4

I
I
I
3
5
7
o
2
4
7
o
3
6
I
2
5
I
3
7
I
5
I
2

589
591
592
594
597
600
603
605
608
6r l
6t5
6 t9
623
627
631
635
640
645
650

t 84E
l86E
187 E

I 88E
I 908
192E
194E
I 96E
I 99E
20tE
2038
206E
209E
2128
2158
2178
2218
225E
22AE
232E
235 E

2 398
2438

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
07
o7
o7
o7
o7

26.3
18.O
14.1
12 .4
tl.l
10.2
9.9
9.7
9.6
9.5
9.2
9.2
9.1
9.5
9.3
9.6
9.7
9.4
9.7
9.7
9.2
9.4
9.5

1 5.21
o 5.19
I 5.17
7 5. t5
5 5. t3
3 5.10
1 5.07
9 5.05
I 5.02
7 4'.99
5 4.96
4 4.92
3 4.89
3 4-A6
2 4.A2
2 4.79
2 4.75
3 4.71
4 4.66
6 4.62
I 4.58
o 4.54
3 4.50

655
660
666
67 1

o. ooo9 l
o.oo2J3
o. oo335
o. oo457
o. 0064 1

o. oo824
o. o 1008
o.o1 t92
o.o1376
o.o1s60
o.o1806
o. 02053
o. 02299
o.02547
o.02794
o. 03042
o. 03352
o. 03663
o. o3974
o.04286
o. 04598
o.o49l I
o.05224

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

N)
N)
t.J

FULLY DEVELOPED NUSSELT NUMBER = 9.s



RUN NUMBER ( 5) TUBE NUMBER 20

INPUT POI{ER = 15O.O t,l HEAT RATE GAINED By I'TATER

PRESSURE DROP = 4.8 MM H2O

144.A W HEAT BALANCE ERRoR = 3.5%

F =O.13568

X+ RA NU
( ÁVERAGE )

REM = 656.4 RAM = O.353E 07 RAMF =O.377E 06 PRM = 4.62

UPSTREAM BULK TEMPERATURE =31.8 DEG C DOh,NSTREAM BULK TEtIpERATURE =42.4 DEG C

INLET BULK TEMPERATURE =32.O DEG C 0UTLET BULK TEMPERATURE =42.3 DEG C

MASS FLOW RATE = I1.8 KGIHR

SÏATION
NO.

x Tþr(ïoP)
CM OEG C

T"/(BOTTOM) TB
DEG C DEG C

RE PR

25.7
1A.2
14 .4
12.A
11 .7
11.1
lo.8
lo. I
10.7
10.6
'lo. 4
10 .4
10.4
10. 8
10.6
lo. I
l1. t
lo.8
r1.1
11.1
10.6
10.7
10. 9

o.3t3E 07
o.318E 07
o.323E 07
o.329E 07
o.336E 07
o. 343E 07
o.349E 07
o.356E 07

32.2 593 .8 5
32 .4 596 .6 5
32 .7 599. 5 5
32.9 602.3 5
33.2 606.6 5
33.6 6't1.O 5
34.O 615.4 4
34.3 619.8 4
34.7 624.2 4
35. O 628.7 4
35.5 634.8 4
36.O 640.9 4
36 .4 647 .O 4
36.9 653. 3 4
37.4 659.6 4
37 .A 665.9 4
38.4 674 .O 4
39.O 6A2.1 4
39.6 690.3 4
40.2 698 .7 4
40.8 707.1 4
41 .4 7 15.7 4
42 -O 724 .3 4

.5
2
5
5
3
1

6
o
4
7
3
8
2
4
I
3
6
4
a
3
4
I
3

35
37
38
39
40
41
41
42
42
42
43
43
44
44
45
45
45
46
46
47
48
4A
49

1.5 35.5
3.5 37.2
5.5 38.8
7.5 39.8

10.5 40.9
13.5 41 .6
l6.5 42.2
19.5 42.6
22.5 43. 1

25.5 43.6
29.5 44.3
33.5 44 .7
37 .5 4s.3
41 .5 45 .4
45. s 4s.9
49 - 5 46.1
54.5 46.7
59.5 47 .4
6'4.5 47 .9
69. s 48.5
74.5 49.3
79.5 49.9
84.5 50.3

1

2
3
4
5
6
7
8
9

10
lt
12
13
14
t5
l6
't7
t8
19
20
21
22
23

t6
t3
1l
o8
o4
oo
96
92
88
a4
79
74
69
64
59
54
48
43
37
31
25
20
14

o. ooo9 1

o.oo2,,4
o. 00336
o. oo458
o. 00642
o. oo826
o.orolo
o.o1195
o.o13EO
o.ot565
o. o 1813
o. o20€ I
o. 02309
o. 02558
o. o28c,8
o. 03058
o. 0337 I
o. 03685
o. 03999
o.04315
o. 0463 I
o.04947
o. 05264

o.285E 07
o.288E 07
o.291E 07
o.2948 07
o.299E 07
o.304E 07
o. 308E 07

o.3638 07
o.371E 07
o.380E 07
o.389E 07
o.398E 07
o-407E 07
o.4l6E 07
o-425E 07

NJ

(,
FULLY DEVELoPED NUSSELT NUMBER =1O.7



RUN NUMBER ( 6) TUBE NUMBER 20

INPUT POI,ER = 2OO.O I.,I HEAT RATE GAINED BY I¡,ATER = 198.6 t¡, HEAT BALANcE ERRoR = o.7%

PRESSURE DROP = 4.7 MM H2O F =0.13274

REM = 647. I RAM = O.53OE 07 RAMF =O.sl4E OG PRM = 4.39

UPSTREAM BULK TEMPERATURE =32.1 DEG C DO'¡,NSTREAM BULK TEMPERATURE =46.7 DEG C

INLET BULK TEMPERATURE =s2.3 DEG C oUTLET BULK TEMPERATURE =46.5 DEc C

MASS FLou, RATE = 1I.8 KGIHR

STAT ION
NO.

I
2
3
4
5
6
7
I
I

10
'II
12
t3
14
15
16
17
18
19
20
21
22
23

x Tr'r( ToP )
CM DEG C

TI.,l( BOTToM ) TB
DEG C DEG C

RE

598
602
606
6ro
616
622
62A
634
641
647
656
664
673
682
691
700
7',t2

32.6
32 .9
33.2
33-5
34.O
34.5
35.O
35 .5
36.O
36.5
37.1
37.8
38 .4
39. I
39. 7
40 .4
41 .2
42.O
42.a
43.6
44 .4
45.2
46.O

5
4
4
4
4
5
6
I
2
5
,|

I
6
6
7
I
5
4
4
6
I
7
4

o
3
I
2
1

o
5
o
5
8
6
2
6
o
I
2
7
9
4
2
5
1

I

PR

26.7
t8.6
14 .9
13 .4
12.5
12.O
11.8
'tf.8
rt.8
1't .7
lr.5
11 .7
11 .7
12.2
11.9
12 .4
't2.5
12.2
12.5
12.5
11.9
12. 1

12.2

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
07
o7

RAx+

399E
405 E

410E
4 t6E
425E
4348
4448
453E
4628
4728
4A4E
4978
510E

NU
( AVERÂGE )

37
39
40
42
43
44
44
45
45
45
46
47
47
4A
48
49
49
50
51
52
53
54
54

1.5 37.O
3.5 39.3
5.5 4t.5
7.5 42.6

f o.5 43.9'r3.5 44.7
16.5 45.4
19.5 46.O
22.5 46 .5
25.5 47 .2
29.5 4A.'l
33.5 48.5
37.5 49 .2
41 .5 49 .4
45.5 50.2
49.5 50.5
54.5 51.3
59.5 52.2
64.5 52 .8
69.5 53.6
74 .5 54.9
79.5 55.6
84.5 56.2

5.12
5.08
5. 04
5.Or
4 .95
4 .90
4 .A4
4 .79
4.74
4 .69
4.62
4.55
4 .49
4 .42
4.36
4.29
4.22
4.14
4 .07
4.OO
3.92
3.85
3.79

ooo92 0
oo214 0
00336 0
oo459 0
00643 0
oo828 0
o1013 0
01r98 0
or384 0
o1570 0
ol8f9 0
02069 0
o23 r9 0
O257O O
02422 0
03074 0
03390 0
03707 0
04025 0
04343 0
04663 0
04983 0
05303 0

6A2E 07
620E 07
638E 07
656E 07
675E 07

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

523
537
550
567
584724

736
74A
76'1
773
786

Ì\)
òJs

FULLY DEVELOPED NUSSELT NUMBER ='t2.O



RUN NUMBER ( 7) TUBE NUMBER 20

INPUT POI¡JER = 25O.O !, HEAT RATE GAINED By WATER = 247 .1

PRESSURE DROP = 4.8 MM H2O

V' HEAT BALANCE ERROR

F =O. 13523

't .1%

REM = 715.6 RAM = O.712E 07 RAMF =O.64lE OG PRM 4.20

UPSTREAM BULK TEMPERATURE =32.3 DEG c DoITNSTREAM BULK TEMPERATURE =50.4 DEG C

INLET BULK TEMPERATURE =32.6 DEG C OUTLET BULK TEMPERATURE =5o.3 DEG c

MASS FLOÌ¡, RATE = I1.g KG,/HR

STATION
NO.

1

2
3
4
5
6
7
I
o

10
ll
't2
l3
14
'I 5
l6
17
18
l9
20
21
22
23

X TT,,( TOP )
CM DEG C

x+

o. ooo92
o.oo2r4
o. oo337
o. oo459
o. 00644

NU
( AVERAGE )

TW(BOITOM) TB
DEG C DEG C

RE

602
607
612
617
625
632
640
648
656
664
675
686
698
709
721
733
74A
764

26.9
19. 1

15.5
14.O
13.3
12.A
12.7
12.7
12 ,7
12.7
12.6
12.A
12 .9
13.5
13.l
13.6
13.7
13.3
13.7
13 .6
l3.o
13 .2
13.3

RA

o. oo829
o. oro15
o.o1201
o.o1388
o.ol575
o.o1825

PR

.08

.03
-99
.94
.88
.8'l
.74
.68
.62
.55
.47
.39
.31
.23
.'t6
.o8
.99
.91
.42
.74
.66
.58
.so

32
33
33
34
34
35
35
36
37
37
38
39
40
41
41
42
43
44
45
46
47
4A
49

34.4
41.O
42.9
44 .4
45.3
46.3
46.9
47 .5
48.O
4A .4
49.3
49.9
50.5
50. I
52.2
52,5
53.2
54 .6
55.4
56.3
57 .9
58.6
s9.6

38
4',|
43
45
46
47
4A
4A
49
so
5l
5J
52
52
53
54
55
56
57
58
59
60
6'l

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1

3
5
7

to
13
l6
19
22
25
29
33
37
41
45
49
54
59
64
69
74
79
a4

I
3
7
1

7
3
I
5
2
a
6
4
2
o
I
6
6
6
6
7
7
7
7

780
796
412
429
845

5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3
3
3
3
3
3

5
4
4
4
I
I
6
5
5
7
7
I
3
I
6
6
I
3
o
J

4
o
I

o.02076
o.o232A
o. 02580
o.02834
o, 03088
o. 03406
o. 03725
o. 04045
o. 04366
o. 04687
o. 05009
o. 05330

o. so4E
o.5t3E
o.s22E
o, 532E
o. 546E
o. s60E
o.5748
o. 589E
o. 604E
o.619E
o. 639E
o.659E
o.680E
o. 701 8
o.7238
o .7 44E
o.7728
o. 800E
o.828E
o.857E
o.887E
o.9l7E
o. 947E

o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o7
o7
o7
o7
o7

FULLY DEVELoPEO NUSSELT NUMBER =13.1
NJ
l.J
Ln



RUN NUMBER ( 8) TUBE NUMBER 20

INPUT POh,ER = 3OO.O T¡J HEAT RATE GAINED BY I,,ATER = 295.7 }J HEAT BALANCE ERRoR

PRESSURE DRoP = 4.9 MM H2o F =0.13771

1.4%

REM = 743.6 RAM = O.9l3E 07 RAMF =O.79OE 06 PRM = 4 .O2

UPSÏREAM BULK TEMPERATURE =32.4 DEG C DOTTNSTREAM BULK TEMPERÂTURE =54..t DEG C

INLET BULK TEMPERATURE =32.8 DEG C OUTLET BULK TEMPERATURE =53.9 DEG C

MASS FLOI, RATE = I 1 .8 KclHR

STAÏ I ON
NO.

I
2
3
4
5
6
7
8
I

'to
l'l
12
l3
14
'I 5
l6
17
t8
19
20
21
22
23

X Tt¡'( TOP )
CM DEG C

RA

o.609E 07
o.6228 07
o.636E 07

649E 07
69E 07
90E

100E
1048
109E
r l3E
1178
'l 20E
1238

NU
(AVERAGE )

TW(BOTTOM) TB
DEG C DEG C

RE PR x+

39
42
44
46
47
4A
49
49
50
50
5l
52
53
53
55
55
56
58
59
60
62
63
64

I .5 39.8
3.5 43.O
5.5 45.9
7.5 47.2

ro.5 48.8
13.5 49.8
16.5 50.7
19.5 51.5
22 -5 52.1
25.5 53.O
29.5 54 . O
33.5 54.6
37 .5 55 .6
41 .5 55 .9
45.5 57 .1
49.5 57 .7
54.5 59.O
59.5 60.5
64.5 61.3
69.5 62.6
74.5 64.3
79.5 65.4
84.5 66.4

I
I
9
4
4
5
3
o
4
I
I
5
2
7
3
7
7
3
2
4
3
2
3

805
836

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

33. I 605.2 5
33.6 611.1 5
34-1 617.1 4
34.6 623.1 4
35.3 632 -4 4
36. O 641 .7 4
36.8 651 .3 4
37 .5 660. I 4
3A.2 6'70.7 4
38.9 680.7 4
39.9 ' 694 .2 4
40.9 708.O 4
41.8 722.1 4
42.A 736.4 4
43.8 751.O 3
44 .7 76s.9 3
46.O 7a4.9 3
47 .2 AO4.2 3
4A .4 A24 .O 3
49.6 A44 .1 3
50. 8 858 .8 3
52.O 870.5 3
53 .2 882.6 3

6
tt
7
7
7
7

1l
32
54
76

866
897
929
96 I

o5
oo
95
89
8t
73
66
58
51
44
34
25
16
o7
98
90
80
70
60
5l
45
39
34

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

ooo92
oo214
oo337
oo460
00645
oo83 I
oro17
o1204
o1391
o1579
o1830
o2082
02336
02590
o2444
03 roo
03420
o37 4',I
o4062
o43A4
o47C'5
oso30
05355

26.6
19.O
15.6
14 .4
13.7
13 .4
13.3
13.3
13.4
13.5
13.4
13.8
13.8
14.5
14.O
14.5
14 .5
'14.1
14.5
14 .4
13.7
'I 3.9
14.O

07
o7
07
o7
o7
o7
o7
o7
o7
o7
o7
o8
o8
o8
o8
o8
o8
o8

N)

o\
FULLY DEVELoPED NUSSELT NUMBER =13.9



RUN NUMBER ( 9) TUBE NUMBER 20

INPUÏ POWER = 35O.O VJ HEAT RATE GAINED BY I.,ATER = 338.9 I¡I HEÂT BALANCE ERRoR = 3.2%

PRESSURE DROP = 4.9 MM H2O F =O.l3Z5.l

REM = 769.5 RAM = O.l11E 08 RAMF =O.gOGE OG PRM = 3 .88

UPSTREAM BULK TEMPERATURE =32.6 DEG C DOhINSTREAM BULK TEMpERATURE =57.4 DEG c

INLET BULK TEMPERATURE =32.9 DEG C OUTLET BULK TEMPERATURE =57.2 DEG C

MASS FLOh, RATE = 11.8 KGIHR

STAI I ON
NO.

1

2
3
4
5
6
7
8
o

'to
11
12
l3
14
15
16
17
18
l9
20
2',l
22
23

x ttJ( roP )
CM DEG C

ThI(BOTTOM) TB
DEG C DEG C

RAPRRE x+ NU
(AvERÂGE )

o
5
I
5
5
6
4
o
6
o
1

9
7
4
2
6
7
6
7
o
9
1

7

41
44
46
48
49
50
51
52
52
53
54
54
55
56
58
58
59
6l
62
64
65
66
66

I .5 41 . 1

3.5 44 .A
s.5 48.O
7 .5 49.5

10.5 51.t
13.5 52.2'16.5 53.2
19.5 53.9
22.5 54 .7
25 .5 55.5
29.5 56.8
33.5 57 .4
37 .5 58.6
41.5 58.9
45.5 60.2
49.5 60.9
54.5 62.4
59.5 64.1
64.5 65. 1

69.5 66 .6
74.5 68.3
79.5 69 . O
84-5 69.s

607
614
621
624
639
650
661
672
683
695
711
727
744
761
778
796

33.3
33.9
34 .4
35.O
35.8
36. 7
37.5
38 .3
39.2
40. o
41 .1
42.2
43.3
44 .4
45.5
46.7
48.O
49 .4,
50.8
52.2
53 .6
55.O
56.4

8t8
441
859
472
886
90r
916

75
64
54
54
24
14
24
44
94
64
54
74
34
23
53
13
63
63
13
53
63
33
73

030
970
91 0
850
760
6't o
580
500
41 0
330
220
120
020
920
830
74 0
630
520
440
390
32 0,
26 0,
20 0.

ooo92
oo214
oo337
oo4€o
00646
oo832
o1018
o1 206
o1 3S4
o1582
ol 835
o2088
o2342
o2597
o2853
03 1lo
o343 1

o3752
0407 4
04398
o4724
osos 1

0538C

705E
7238
7 40E
758 E

785E
I l3E
84 lE
869E
898E
9278
967E
101E
't05E
109E
I 13E
I l8E
123E
I 29E
1348
138E
1 428
147 E

t5lE

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o7
o7
o7
o7
o7
o7
o7
o7
07
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

3
8
6
5
o
6
6
7
I
o
9
3
4
I
5
I
2
7
I
o
q

6
6

26
I
5
4
4
3
3
3
3
4
3
4
4
5
4
5
5
4
5
5
4
5
6

N)
ts
!

FULLY DEVEL0PED NUSSELT NUMBER =14.7



RUN NUMBER ( IO) TUBE NUMBER 20

INPUT POI{ER = 4OO.O T¡, HEAT RATE GAINED BY I,ATER = 392.0 T.J HEAT BALANCE ERR0R

PRESSURE DROP = 5.O MM H2O F =0.13994

REM = AO2.1 RÂM = O.138E 08 RAMF =O.97lE OG PRM = 3 .71

2.o%

UPSïREAM BULK TEMPERATURE =32.7 DEG c DoI¡JNSTREAM BULK TEMPERATURE =61

INLET BULK TEMPERATURE =33.1 DEG c ourLET BULK TEMPERATURE =61.

MASS FLOþJ RATE = 1 I .8 KG,/HR

.4 DEG C

2DEGC

STAT I ON
NO.

X TI,' ( TOP ) TW ( BOTTOM )
CM DEG C DEG C

TB
DEG C

PR

.oo

.93

.86

.79

.69

.59

.49

.39

.30

.21

.09

.97

.86

.76

.65

.55

.45

.38

.31

.24

.17

.10

.03

33 .6 610.5 5
34.2 618.5 4
34 .A 626 .6 4
35 .5 634.8 4
36.5 647 .4 4
37 .4 660.2 4
38 .4 673 .2 4
39.4 686.6 4
40.3 7o0.2 4
41.3 714.1 4
42.6 733. O 4
43.9 752.4 3
45.1 772.2 3
46.4 792.5 3
47.7 813.3 3
49.O 834.5 3
50.6 857.1 3
52.2 A72.7 3
s3.8 889.O 3
55.4 906.3 3
57.1 924-5 3
58.7 943.8 3
60. 3 964 .3 3

RE x+ RA

o.826E
o. 8498
o.873E

NU
( AVERAGE )

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o

2
I
6
3
4
6
4
1

7
3
5
4
5
2
4
I
2
3
4
o
2
5
o

I .5 42.3
3.5 46.5
5.5 49.9
7.5 51.6

10.5 53.3
13.5 54.5
16.5 55.5
19.5 56.4
22.5 57 .2
25.5 58.2
29.5 59.6
33.5 60.4
37 .5 61 .8
4l .5 62.2
45.5 63.8
49.5 64 ..6
54 .5 66 .4
59.5 68. 3
64.5 69.3
69.5 70.1
74 .5 7't .2
79.5 71.6
84.5 73.1

1

2
3
4
5
6
7
I
I

10
'II
12
13
14
15
16
17
18
19
20
21
22
23

o. ooo92
o.oo214
o. oo337
o. 0046 1

o. 00647
o. oo833
o.olo20
o. ol 208
o.o1397
o. o't 586
o.o1840
o. 02094
o. 02350
o. 026D6
o. o2853
o.03120
o. 0344 I
o. 03756
o. 0409 I
o.04419
o. 04748
o. 05078
o. o54 10

897E
934 E

9728
10l E

105E
l09E
1 138
r 18E
124E,
r 308
I 35E
't41E
147E
154E

66
72
7A

184
190

60E

o7
o7
o7
o7
o7
o7
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8
o8

27 .1
19 .4
16.3
15.1
14 .7
14.5
14.5
14.6
14.9
l5.o
15.O
15.3
15 .4
16. 1

15.4
16. I
16. 1

t5.6
16.2
17 .2
17.8
19.7
19.9

E

E
E

E

E

FULLY DEVELOPED NUSSELT NUMBER =16.1
N)
tJ
æ



RUN NUMBER (J1) TUBE NUMBER 20

INPUT POITER = 2OO.O W HEAT RATE GAINED By tdATER =

PRESSURE DROP = 7. I MM H2O

194.7 W HEAT BALANCE ERRoR = 2.7%

F =O.O7914

REM = 1OO9.9 RAM = 0.4378 07 RAMF =O.444E OG PRM = 4.A4

UPSTREAM BULK TEMPERATURE =3O.6 DEc C DOTJNSTREAM BULK TEMPERATURE =39.5 DEG C

INLET BULK TEMPERATURE =3O.7 DEG C OUTLET BULK TEMPERATURE =39.4 DEG C

MASS FLOh/ RATE = lB.9 KGIHR

STATION
NO.

'|

2
3
4
5
6
7
I
o

10
1l
12
l3
14
l5
16
17
'I 8
19
20
21
22
23

534
336
o37
138
540
5 41
3 41
442
342
442
343
843
444
544
o45
145
645
246
446
746
547
647
o47

o. 362E
o. 366E
o. 369E
o. 373E
o. 378E
o. 383E
o. 388E
o. 394E
o. 399E
o. 404E
o.4l r E
o. 419E
o .4268
o. 433E
o .44 1E
o. 448E
o.4578
o. 467E
o.4768
o.486E
o. 496E
o. 506E
o. 5 16E

X TI.' ( TOP ) TI.' ( BOTIOM ) TB
CM DEG C DEG C DEG C

RE PR x+

ooosT
oo133
oo209
oo285
oo399
oo5l3
oo827
oo742
oo856
oo97 1

o1125
o1274
o14s2
ot587
o1741
o't 896
o2c,90
o22A4
02479
0267 4
o2a69
o3065
0326 1

NU
( AVERAGE )

RÂ

I
3
5
7

lo
l3
t6
t9
22
25
29
33
37
41
45
49
54
59
64
69
74
79
84

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

34
36
38
39
40
41
42
42
43
43
44
44
45
45
46
46
46

32
22
't7
15
t3
12
't2
l1
11
11

1l
t1
12
12
lt
12
12

47
47
47
48
48
49

928.3 5.32 0
932.O 5.29 0
935.7 5.27 0
939.5 5.24 0
945.1 5.21 0
950.8 5.18 0
956.5 5. 14 0
962.3 5.11 O
968.1 5.O7 0
973.9 5. 04 0
981.7'4.99 0
989.6 4 .95 0
997 .6 4 .91 0

1005.7 4.86 0
tot3.8 4.A2 0
1022.O 4 .7A O
1032.4 4 .72 0
1042.8 4.67 0
1053 .4 4 .62 0
1064. r 4.57 0
1074 .9 4.52 0'to85.8 4.47 0
1096.8 4.42 0

I
,|

3
5
I
1

4
7
o
3
7
I
5
I
2
6
I
6
I
6
I
6
I

30
3l
3l
3l
3t
32
32
32
33
33
33
34
34
34
35
35
36
36
37
37
38
38
39,

07
o7
o7
o7
o7
o7
Q7
o7
o7
o7
07
o7
o7
o7
o7
o7
Q7
o7
a7
o7
o7
o7
o7

1

5
7
5
7
6
1

I
7
6
5
3
2
5
3
6
I
6
o
3
9
4
5

Ì..J
N)

FULLY DEVELOPED NUSSELT NUMBER =11.8




