
TURBULETüCE IiGA SÎIREÞE iüTS

TNA

STRATGHT COTüTCAL DTFFUSEB

by

tJo \Jo SLUSAR

A t,hesls qubmitteci in partial
fulfillnent of Èhe reouireaents
for the degree of l.'Iaster of Scienee
in ltechanical EngÍneering.

T.he Faeulty of Graduate Studies' and Research
Department of l'{eehanical Engineering

University of l"lanltoba
WinnÍpeg

c G.G. Sl-usar 1969



ACKNOÞ¡IEDG}IÐ}íTS.

The author would like to express his thanks to Dr. R.s. Azad
for his contintied interest and guidanee durinq the evolu.t,ion
of the thesis, to l'{r. P. van der spiegel for the nany ideas
he eontributed and to i'Tessrs. H. Krue6Ser and G. Fríesen for
their hetp in some of the experinenLal trork.



ii

ABSTRACT.

The turhul-en"* O"".reters in a strai,ght eoniealdiffuser wit,h a total ineluded anEle of É 
o g,*""" investi_gateel. Quantiry frow throush the diffuser raras kept eonstantanri inlet bounclary layer t,hÍeknesses h¡ere varierl b¡¿ intrortu_eing strais'ht pipes of varying lengt,hs before t,he årrru""..

Measurements oí tur'oulenee palîamet,ers r^rere marJe alonç,various t,raverses at eleven stat,ions in the ¿i¡fuse"-. Someof the results obtained aEreed wÍth the finrJines oi- oanu"workers in the field, anrÌ other of the resur-ts dif¡erer:'
eonsiderablv. The t'rbulenee inr_ensitíes, eross eorrerationeoefficienÙs, and turbulent kinetie energies were caleul_a.t.eclfor eaeh measuring point.
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I. ÏNTRODUCTION

In 1-966 the fluid rneehanies seetion of the F{eehanieal

Engineering Department at the UniversÍ-t¡r of Manitoba initiated
a long terrn study of air flow in three dimensional cliffusers.
It was hopect that this stuclv l.¡ould extend the work of H.Sprenger

who cornpleter!. an experimentel analysis of the flow throuEh a
series of riiffusers in 1959,

Sprenger was primarily coneerned with determinlng the
effeets of t,he bouncJary layer on the Íncompresslble flow in
channels with ad.verse pressure grarlients. He tested various
stralght, and eurved cliffusers with eireular entry anri outlet
cross-sections,andsevera1straightandeurvedrliffusers
with eircular entry eross seetions anrl elliptieal outlet
eross - secfions" (Sprengêrr I9r9) o 

,

Sprenger founct that a straight eírcular diffuser with an

outlet to inlet area ratio of 4 : I and a total eone angle of
.8o produeed the best pressure eonversion for all bounda::y l-a¡.er , ,.

thieknesses entering the riiffuser. Later work by Coekrell and ,:,,

Markl-and (L963) and Me Dona1d ancl Fox ß965) eonfirmed that ,,.,,

eonieal iliffgsers l,rith ineluded angles of 4o to loo had bet.ter ,',"

pressure recoverJ/ eharacteristícs than diffusers whleh were

not in this angle range,

As a resuLt of Sprengerl s finclings, R. lipka of the 
,',..,

University of l.{anitoba ínitiated pl-ans to test a straïght
eonieal diffuser with an 8" ineluded angle and an outlet
to inlet aree ratío of I+ : 1. Tt was hoperl that Sprenqerr s (

'.:-: I

i-i.ì
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results collld be repeated and that the eonieal dÍffuser
couki be used as a reference diffuser t'r'hose ehara.eteristies
eould be comparert to the eharacteristies of eircular - eurved :

and'elliptiea1 - eurved rJiffusers.

lÍnfortunately, cliserepaneies between Lipka? s findings
.: (Lipka, 196Ê) ancl Spren¡5err s results neeessÍtated the .,.,

,, repetiticn of the experlments in more ctetail, Sinee Lipka ',1",i',

,,. harl not made any turbulenee measurements anrl Sprenger hari 
.,.i.;r 

recommended that any extension of his worlc should inelucle ';'"

turbulenee nneasurements inside the diffuser, it was deeirlecl

I that the turbul-ence intensities and the turbulent shear

I stresses within t,he cliffuser would be measurecl during the
new serles of tests. This thesis cleals with t,hese turbulenee
measurements .

il_I The l,leehaníeal Engineering Department of the llniversity
of l{anítoba intends to study the flow urithin the referenee diffuser
in detail and to extend this sturly to provÍrle a generalizecl
mathematieal model for flow in three dlmensional diffusers

,... of all shapes partieularly those shapes whieh are of use 
.:,:1,, in fans, compregsorsn and turbines. .

the next chapter shall deal with the equat'ions,of
turbr:.Ient motion and the theory of operation of, turbulence
measuring equipment.



rI THEORY

2.L. Introduetion.

The purpose of this chapter is to 'trt"6duce the eoneepts , .

of turbulent flow and tu::bulent flov¡ meåsurement" ;t,'
-'rl:

:Follorring 'the 'meth'od 'of Hinze ng5gl it vrill"be'SFlo'rvri'hols ,:.,

tire equatíons of rnotion and. energy for turbuLenÈ flol¡s,'can'be
derfved by a perturbation'¡nethorì. ft r¡d.lT also be 'shoum hov¡ ühis,
perÈurbaËion' methocl ean be 'used ¡,q ì.ârrive ,et a theory of measurenent
for tr¡rbul-ent f'l ov¡s.

In order to arrive at the equations for turbulent f-auov¡

itisfirstneeëSSarJrtonotethemethodbywhichturbu1ent
flows are eharaeterizecl. 

'

UsualLy a turbulent flow ís ecnsidered to eonsist of
two parts - an ?average I or I meanl veloeit,y Û, and an 

:ì

instantaneous veLoeitv fluetuation, u. Consequentlv the 't:

lnstantaneous value of the total veloeity U, ls eonsidered to ,,,,,'

be the sum of the l mean? veloeitv plus the instantaneous ',ì,.''i

veloeiüy fLuetuatíon or, t * o. ú is defined as
roT

_lim +\ U dt , where T and t both signify time, ancl U
f'æçs ¿t "-!f
is the overall veloeÍty. Tn praetiee a satisfaetqry [ ls' ,,:.,

'obtained if èU/¿t is z,e?o, or ls negli.qibly smalI. The

violenee, or intensit¡r of the turbulenee fluctuations is
t.eken as the root aeen'sqùare value of ühe tlme averåged. ,'.r -il1'1:¡

lnÉtantane'ôus velóeity fluctuæ,tionÉ and is"usr¡411y termed u? .
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:',rt
That Ís , üt - nut. The overscore here denotes an averaqe.

.J fn the follqwing'text all averaging proeerlures r,''i11 be .. :. j:..

'ìj denoted by overscores. Sinee it will be neeessary to 'earry 
"'.¡.:'.¡''...'.out averaging proeedurîe€ on produets of quant,ities es well

be rclefined.

I Gío"r, : A =T + a 
¡:'l"tl:tt'''

: - .':..: -':,B;B+b,.;¡:...',,¡,',,.
where A anrl B can be any fluetuating quantities.

Then.: [=l-*ã=F*ã=E+ã
from whÍeh ã ='Q

È=
iñ^ñAISO:A|j=AÞ=AH

- =-- :-
and : Ab=Ab=Q

beeause b = Q

=-Similar1y:Ba=Bã=Q
beeause ã = Q

.ì As an example of hovr these averaging proeedures are
' . apprred ro the equations of turbulent flow eonsider the

continuity equation for eompressible flot^r.

\- \ / tt\S + +teuiJ = o z. t " IdT d.Li



where i = l, Z, j
e = density :

V.Af represents a standard eartesian eoordinate i'

system.
Ui = veloeity along the three eartesian rLireetl-ons.

.Theeontinuitvequationmustbetrueaten-l¡Ínstantin
turbulent flows. ft ntust also hold on t,he averageo

Now, let € = F* ë
Ui=Ti+u¡

where ë and u are instantaneous flueiuations anct IIi and E
ere mean values.

ì Substituting these values in equation Z" 1. 1 , anri
:

j 
applying an averaging proeedure the follorving is obtained:

I '+(ã.ð).+.,(o;â)(ti;il1 -o
Applying the given properties of overseores this beeomes:

G \

' : ... _ '

rt ean be seen thai one extra term, ãui , has been added
to the eontinuity equation as a result of the turbulent
fluetuations.

,?,. ?:.-Esg*,iet"-g1, mrçj;*iþ]s-LlssF*
-..

-{

. 
Ïn a manner simllar to the foregoing the eqr:ations of motio'n

for turburent flow ean be derir¡ecl'from the Navier - stokes
equaE1ons.



o

The Navier - Stokes equations for an íneompressible
fluid of'constant, viseositv are:

* tr, +, e ui È#i = -t, + .&,ve U i 2.2.o.

l= l, 21 3

j= 1' 21 3

Wherê:

þ = statie pressure

l¡= dynámie vÍseositv

I iri = eartesian eoord.inates

,
V-= Laplaeer s operator

U¡ = U¡ +uj

U¡ =ü¡+u¡

þ = F* F
Equations ?,2 .O .- become

*( ûr +u¡) *('U¡+ui)+.Í U¡*u¡ )

= àt Þ*F).* + ùvn(Út+q¡) ?.2.L.
JI¡ C f
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lühere:

^ttJ : /,\ = kinemat.ic viseositv
e

The equation of eontínuity for ineompressible turbulent
fldw is:

2.2.?_.

Therefore sinee è.Ü¡ must eoual zero, è ui ldill equal
, Jx, Jx i'zero as well

i Now eonsider the terrn:

+u¡è0, +a¡àu¡ )e?'J*J ¿ 
5¡j 

1''tt5'

(ù¡ * r^ j )*ft¡ *tr¡ )

from equation (2.2.T.)
:

Thts beeomes:

\ú¡èU' + ü¡èu,t )ç. ji-*,cÈJ .rÃj.:.

and

2.2.4.



t,:ril

,8

but

-tÅ¡ ._E = O because of eou.atfon (2.2.2.)
dxj

Similarlv

Ð¡Jür =è(ùr¡ ü¡)r ffii òxi

1 - Applving ån averaging proeedu.re to the ternrs in (2.2,3.) ,..,

' anrl noting equations (2.2.4.) ancì (?.2.5.), (2.2-.3.) heeomes

2.?.5 ,

è ( ü¡ Ü¡ ) +.à- ( ur¡îii)Jrj èxj

Completion of the "rr"""gi.g O"o""Orrt* on the rest of
eauations (2.2.I,) resuLts in

*"glo¡ D¡) = -È#,

Eguations (2"2.'6"j a're eallerl the .Revnolrjs equat,lons,
and they govern turbulent motion.
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In conventional. Car'tesj-an notation using

ttf yr\¡/ = [l , tÄ¿, [¡

xrYrL : X,r)(¿rXg

and U ,4\d = U, , U., üu

equatíons (2.2.6.) become

èq + à( ue) +À( uv) +à( uw¡ = -J- )Þàr åx )y Jr eãi
+r)çr*U -è(U,.)

Icx,

À¿
Jt

ù +-à. (uw) +à (vw) +! (w'')
Jt Jx Jy )z

It is easily seen that equations (2.2"?.) through (2.2.9n)'

are tire $lavier - Stokes equations for ineompressible flow
,,.r with nÍne additional terns in u, v, and w.

= :I J F
e5Ì¿
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These additional tenns are ealled the
they are a direct result of the turbulent
fluid.

I

Reynoldsdtresses and

fluctuations in the

would represent the nass flow
brousht about by the turbulent

mass -fl-ow would have an assoeiated
axis of the amount

Ferrari (1959) exprains these additional terms Ín t,he
folLowing ñn'nner ?

Consider a fluíd in turbulent mot,ion and eonsider an
infinitesin:,al-ly :smaIl element of area ¿6i, perpendieular
to the tJ axiso
The rerm e d{¡ 14¡ dÉ

through f¡: in tÍme rlt that, is
agitatíon of the ,f1uid. This
monentum cìireeted along the )(,i

dni = uj' ui ed 6¡å,t .

This'transport of rnomentum ean be interpreted. as a foree
J,^ ,of magnitrra"!$l upon dfj . This foree wçurrl aet in rhe same

dírection and sense as the posÍtive Ií.,axis.
ft would be exerterl b¡r the partíel.e masses naking üp r,he

negaËÍ,.ve normal side of area dEj upon the fluid loeatecl on
the positive norrnal sice of d.€j Henee the foree v¡oulcì be
oríentated in the same clirection as the positive rj axis.

?hen by the prineipre of aetion and reaetion it may be
seen 1:hat there'is an opposing foree transmitted aeross the
faee of eaeh elernenta-r area that woulcJ. be orientated
perpendieularLv to one of the axes'xj. This onposing force
may be representecl bv the expression jej =-eU¡ u¡ð6¡ -

dt
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If a t-ime áverage for these forces is construeted, and if
they are divicleri ly dd¡ sueh that they will represent stresses,
the result is

Tll'= -er.råuj
,ptt)

where I i j represents the time'averaged stress tensor.
'- ..:-. .

,:.,. ::':.:--:'

^ :- :'::'

., Henee r.he nturbulent stresses'r have originated beearrse of
'.:,r,t_'i, the veroerty fluctuations introrJuceri into the flrrid as a resrrlt of ,.,,.r,::.. :::::

the turbulent motion.

If a quantityIÏ¡j is now defined as

Ncting that

l-:\ì e(Ð( U¡ + U¡) -qr¡ j 2,2. 10
1

)

I it w.Í.ll be possible to rrrite the Reynolds equations in a manner
ì

tfrat is formally identieat to the }travier - Stokes eouallions for
, incompressible flow,

+-f'.$*9i*$ui'¡ =vau¡

by virtue of eontinuity, equatlons (2.'2. 6) ean be written
âS.

H' 
*'à(ú¡ ú.i) -- - rÈå, . *rftri')'å ?. z. 1r

Equations (2. 2. 11) are identieal in form to equations (2. 2. O)'
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The rnain difference between equations (2, 2. 11) and
equations (2. 2. O) Ís that the internal forees in equations
(2. 2, 0) are all assoeiated with viscous stressesr, r^,trile in ,;;,,.,.,,.,;.,i.:

equation s (2. 2. 11) th.e internaL forees are assoeiatect rnith ':'::':':;:'::j:''

the sum of the viseous and the_ReynoÏds stresses.

2.?, Dissipation of Energy in Tneompressible Turbulent Fl-ow.

In orr.ler to arrive at a set of equations for energy
dissipation it is first necessar\¡ to note the follor^'ing:

1. ïf the Navier - Stokes eqrraÈ,ions are mrrltiplied bv
a veloeÍty the resulting eeuations have the cli.rnensions
of energy per unit time per unit vol-un¡e. .

That is, energy per unit time per unit volume h.as'th.e I

dirnen-sions o

.l¡Ihere ln1 = mass

l, æ ]-ength
T '¡ time

ut
Tt

'L.!. I ¡ _tL_trr ï?,

Given the terrn eðàg in the Navíer - Stokes eouations, 
",,i..r_.,:i::::and multlplving ù-" veloeity, the following is obtained. :.,',,.,,,:r,.r'

g U ÙI has rcinen sions
ðr

M. L , t =M;3î 12 ñ3

This is iclentieal to that whieh r¡as obtaíned previously.
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2. Ilnergy per unit
Navier - Stokes
multiplied by a

mass per unÍt
equâtions were
velocity.

tirne u¡oulrJ result if the
divided by e anrl

Energy per unif mass per unit time has the cì.imensions,

^n2 1 r - t2gg , g.l*; r,_

v2TMT3

e U tU . L has cline nsionsète
Whieh is t2 o

^'¡)

The turbulent flov¡ of fluids is rlissipative in nature"
Féeause of the'instablÏity of the florr turbuleni eqtdies
break rrp and get"sm:iïler'and smaller until they are ,

dissipated in the for¡n o:f heat.
Because of this dissipative nature a eontinuous supply
of energ:¡ is required to maintain the turbulenee.

Beeause of the turbulent motion diffusion of fluid
partieles, along vrith their kinetíe enersy, Þakes plaee

Bêeause of 3, 4) and J above, it is elear that an

average steady state eannot exÍst unless the energv
supplied to t,he turbulent motion is equalled by the
diffusion of, turburent ener€y plrrs the tlissipation of
turbulent energy.

g.!.L"!3
13 T, '¡? M

3.

4"

5,
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Now consider a unit mass of fluid subjected to normâl
and shearing stresses €ri .

The r,cork done by these stresses per unit mass and time
during the deforma.tion of the fiuid Ís

w = åàÍ,i u¡ 2.3 .!.

or:

2.3 .3 .

W = åu¡jf'¡ +r 6ii $/ 2.3.2.

I 'By Nerrbon! s second law

è é'¡ = e-d-u¡
Jr¡ dt

where

1|u¡ =èu¡ + U¡è-U¡
dt Jt J¡i

therefore

uiè-d,j = eu¡d-u¡ =+e-d-(u¡ur¡'JÏ¡" 'eù' 3 Jt
Z.j.l+.
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Equation (2.3.t+.) represents the change in kinetic energy
per unit volume of the fluid particles.

;., 
di¡þli , the other term in equation ( 2.3.2.) is the work of

':,,, deformation of the fluid per unit volurne. Thi.s work of deformation l:,,

must equal the clissipatlon of energy per unit volume.

Substituting in equatjon (2.3.2.J

ït can be shown that Çi¡, dh" stress tensor, eari be

represented as the sum of the normal stresses and shearín! stresses.

\rn/* ** ( u¡ u¡) + 
È 

6,r*rJ

r.{here ãi¡ is the Kronecker delta

$oj=:. if iG j

6,¡ æ s ir r / i

2"3,5.

(Schliehting, 1968)
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^lJhen equatÍon (2.3,6.) is substituted into equation (2.3.j.\

2.3 .7 .

S¡¡Uå = O ir i f,j,and JU, Ír i3 jrxi ) xi

=å*(u¡u,l 
ens,, #, +ù(*î*3*,)#,

I

Therefore
I

i Hence

T
.L 2.3.8.

',,.,,i TÍhere (?.3.8. I) is the change in kinetie energy'per unit tj..,t,.....,,:,
'"¡ mass and +-ime of the fluid elernents and (2.3.8" If) is the rr"""'r l

dlssipaÈion of energy per unit mass and tirae of the fluid eLements.
If equation (2.3,6.) is introdueed into equatlon (2.3.L.) and

{
the result is expanded, the follov¡ing occurs:

ÏI

þ Sir Ju;g Ë¡.¡ ùui = O by virtue of continuitye El¡

W = å5|lu¡u¡) + Ð (Ðj +Àu')ùu¡'5i' I*¡ /Ir ¡
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l-:::: 
': where (2.3.9, I) represents ihe work done per unit mass '::',:

âod time by tÏie trydrostatie pressure and (2.3.9. TI) represents 
.,,:,t,,

I !ìIhen equations ( 2.3.8. ) and (2.3 "9.) are equated, the
, energy equaËion is obtainecl.

þ/=+ÀÇi¡U¡Ë -À(pU¡ )e Jæ¡ ' ' Jx¡ f
+ ùÀ. U¡ (*, +)Ui ) Z.j.e.Jx¡ ' Jxi Ër t -'/' '

ü,

**( u¡ u¡) *j. u-*[ u,¡ u¡ ) : - * ( e u;)

For a¡r incompressible fluid

ès
JX¡{
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IIence

.F

g

,* 
*u( 

u.¡ u¡ ) = *r( 
r* u¡ ui ) = jt.( u¡ u¡ u¡)

' Therefore equation (2,3.10.) becomes

+ù*Fu¡(*t .#j )'l

It
- (Ð, +lgr) ùu¡

Jx,j ðie i àx ;

2.3 .LL.

,t, The üeros in equation {2.3.11.) have the follotring
. signÍr'ícance:

unf.t nass and tíme.
2. (2.3.11. ff) is the work done per unÍt mass and tine

,i by the sum of the statÍc and veloeity pressures.
lj 3. (2.3"11. fff) ls the work done per unít mass and t,ime

, by .the viscous stresses.
l+n (2^3.11. ff) Ís the dissipation of energy per unit mass.
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Now, in order to see v¡hai influenee turbulence
fltrctuations have on the equation (2.3,1I.) the usual perturbatÍon
me'thod is followed.

'-aa:r 
rt ñu¡ = Ll¡ + L'l' ¡

Lf.^,F FOF
:.: .'::i U¡tJ;= fiil,u2D¡u;+tr¡rÅ; r:

,.,:.

' = D¡ü¡+Lü,l¿i + Xt '¡

I If these above are substituted into equation (2.3.1I.) and

i an averaging procedure is carrÍed out, the following oceurs:

*t(D¡ü¡) "å#T') = -È.tür (å otrttD,)i

AtsC

-$''.[", (å -$'il - * È-f 
Û;{') - È,( 4a.u¡)

D

Jxj Ej / Jx; Jxj

The above shall be termecl esuations (2,3.12.) ancl are

.,.an:= 
en:ergy eelaticns for 1 rurbul:nt flow fielrt.

FE

e

.*i)#f
r



20

In order, however, to assess expl-ieitly the energl¡
contributions of the turbulence fluctuations al-one it is
necessary to. eliminate the mean motion terms, Consider the

:i: Navíer - Stokes equations for turbulent flow in the form
j- 

'.::

.[$_ü, "*Í ú¡Ð¡)J = -$f, -*l ¿*i- e@¡)

If equations (2.3.13.) are muitiplied Uy Uj and divided
I by q they will have the same units as equations (2.3.1?.) 

"
(Cf. previ-ous a.rgument on dimensions)

Tnrs !j times equations (2.3.13, ) 'oecomes
g

+ è ( Ûj Ùrj) -'è (Ù¡D¡ Dil = -4 èF + ùd¡I!¡
2 )t ¿ Jx ; Jxr' Jx i)*;

i-t \._ r: ujgrtr¡ujt' : 
Jxí

Because of continuity

ta
x;

u
lct

)"
5E

= $.,(*l .H:)

¡,'. -' -' and

-û¡Lp = -è cpil¡)':i?, Ji¡er^J - -- J
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Recalling t,hat p is actually F S,¡ , it can be said that

-è. (Þú¡) = -àrpti)Jxj ' - Jx;

I lienee equations (2.3.13. ) become

If equations (2.3.lL.) are subtracted from equations (2.3.]2j
ít can be seen that the following will happen:

2.3.L2. A - 2.3.14. i = Q

2.3.12" C 2.3.L1+. ii e Q

T.f 2.3.L2. I Ís expanded, the subtraetíon will result in
the following:

s)î'+JfJÜiî"):2:É' e Jx¿ t

*û¡ ) r m'i) * ùlr"iQl, -ùs.'n -Ð ffi'lr¡ )fi - Jri 3r; -- taxi )xi)lx;

2"3 "L¡+,
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å[3.'i'l o u¡ *Fq,
+ uîË¡ ),Ui

JÏ¡
+ ),+ j llJr; /

- ù lèst
\Jxj

+4¡
Jx i

\)*¡/*x¡

which becomes

¿(E')
dt I

I
*,t"' (€.+")l

]T

-E,q*'J
Jai

ET

\Jrj Jx; /Jr¡
2.3.15.

Y

+{*,,*rr+affÇf;i;



Equations (2.3.15.) ere the eguations rvhieh show hot¡ the
actual -Bf.þglgg! energ-Y terrns act. The various terms in equation
{2.3.15.) have the follovring signífieence¡

1. 2.3.1-5. I represents the change in kinetÍe energl¡ per unit
mass for tl:e turbulence fluctuations.

2" 2.3.L5. If represents the conveetive diffusÍon by

turbulenee of the total turbulence energy.
3, 2.3.!5. III represents the energy transferred from the 

,

meen motÍon by the Reynolds Stresses. It represents the 
,,.,

production of the turbuLenee energy ::'ì'

l+.2,3;!5. fV represents the work done per r:nit mass per

unit time by the '¿iscous shear stresses of the turbulent
:moti on,

5. 2,3.l-5. V represents the dissipation of energl¡ per unit
rnass by t,he turbulent motion.

i For'.,he Furposes of this work thère is a verv interesting
point tc be noterl about the energy produetion term in the

i energy equatÍon. Consirler this rproductiont term,

,n¡3gi .3.16

,,'., For the purposes of díseussion, åssurne A mean motÍon along l;he '.'t.''.

:, xr axis and essume that LÜ, > A .,., 
Jrl .''\'rÐ éj 

Ërt 
tl r\' 

- q 
,., - .,

- uÎàü"The term (2.3.16.) eorresponding to this would - JIr
llhat is, the negative sign wouLd be retained. In'other words,

tal a positÍve veloeity graclient would result in'a deerease in turbulent i':',:,..i_.-.-..:":

energy Ò

23

the other hand, assume that +9r (. Q.Jrr



?)+

The eorresponding term (2.3.16.) woulcl nor¡r be Olèüt
' d3Ér

or, turbulenee energy v¡ould. increase. 
,,,.,.- ; .i:r'

Since a negative velocity graclíent is usuall¡r assoeiated
wlth an Ínereasing statie pressure, the turbulent enerqv woulcl

be expeeteci to inerease in a diffusive Broees,s."That thls'is
in faet, the case will be shown in Cha.pter V ¡ " 

"','t,'.1'
t,:. 

tt... 
t;,

2.1+, Theory of Measurement of rurbulence Parameters.

2.b.I. fntroelueùion

The measurement of turbulence parameters is eomplieated
by the very nature of the turbul-ent fl-o'¡¡. The faet that
turbulent flo'¡r is randorn, fluetuating, arld three climensional

requires that any deviee usecL to aequire physieal knowleCge

about that fLor,r has., the .following eharaeteristies:

1. The sensing elernent must be small. enough to eause only
the mininurn possibÌe disturbanee of the f1ow.

2. The sensing elemenL must have as rapid as possible a

response to high frequency fluctuatiøm.s.
l. The instrumentation associated r¿¡lth the sensing el-ement

rmrst be stable enough to preclucìe the necessit,y of
freouent re calibration.

Thehot...wireanernometeris,todate,theinstrument'<
whieh best satisfies these eonditiolls.
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2.1+:2. Hot - Ì'Jire Anemometry - General

There are two types of hot - wire anemonetér. These are
the eonstant eurrent hot - v¡i::e anemometer anrl r.he eonst,ant
temperature hot - wíre anemorneter,

The eonstant eurrent h-ot - rrire anernom+ter oÞerates on the
prineÍpl-e of heat transfer from. a fine wire r^¡hieh is plaeerl in
the flow fielrl anrl heated by passing a eonstant eleetr Íeal
eurrent through it. As heat ís transferred from the v¡ire its
ternperature cleereases, causing a change in the e1e'etiÍeäI re.sis-
tanee of the wire. This ehange in resistanee causes a ehange
Ín the rroltage drop aeross the vrtre ancl this ehanse in volta.ge
produees a measurai'rle signal .

The constant temperature ranemomet,er operates qn the sâiïre

principle except that the v¡ire is helri at e eonstant terzrperature.
When heat is transfer-red from thÞ wire its temperature st,art.s to
ehange. This in turn brings about a ehange in r^¡ire resistånee
t&rieh changes the current throu¡rh the u¡ire. As soon as the
eurrent throrrgh the wire starts to change, however, t,he ehanEe is
sense,:J and fed to e ûegative feeri. baek amplifier. This negatir.re
feed baek arnplirier eh.anges the eurrent throu¡.h the leire srrch that
the r,,"j.re regains its oris'inal tenperature.

Fi.qures z,I.a and z.L.b are bloek rliagram.s 6r the eireuitry
invol-vecl in l¡oth types of anernometer.

?.1+.J. Theorv of Oper:aiion o-f Hot - I'¡ire Anerqometel's.

King (1qll+) found that the.relationship deserihing rhe

25
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eooling of a wire h,y a gas flor^r hras:

r2p-w = A + B-\fî 2.4of-'
,..', Rw-R g

Where. I
Rw = electric resistanee of the wíre"
Rg = resistanee of the wire at the gas tempera.t,ure.

:...'

A.rB= eonstant.s clependine on the leneth anrJ rJianete:.
.,,. of the wire ancl the heat transfer propertíes of

the gâs.
:

I fne values of A and B have been ealeulated b-v theoretieal
I eonsicJerations (ttingllgl¿*), (Kr:aners )Igt+6), brrt the nosr. aeeeptable

mefhod to date flor fin,:ling them is'by calibrating the r,¡ire in ê-l
i noving air streem. 12 is plottecì. versus Uâ and a graph si.rnilar

to fiqure ?-,2 Ís ohtainecl.

ì fn orcler to see how equation (2.4..1) is roodified by
, turbulenee fluetuations for the eonstant tempera+-ure metþodrthe

,,, following assunptions are made:

, 'tt:i"' z. u ='û + u
3, Rw is the wire resistanee anC is essentially

. Ll -

,'..',i the wire '.:i: ' [. All fluetuations are small.



ri, r-:':"f:':-:-:.:':zL'-À:..t:. iJ /i.a.;:.,j,:::.tr:::t:!tai{i:,:.: li,:,:i.,t.ì;j.;t ti.lll};.:i":!::'r.::ìi:::1:;::,
.'':,.' ..'

:

Expanding eouat j.on 2.4..?. and ignoring second o::der small
terms girres

12 Rr, * ziÍñ'w = (Rw - Rs) LA + s{T] - (Rrv - Rg) Bff'b i.r _ :,; .

2.1+ n3 .

Noting equation (2.4.1,) it ean be seen that equation (2.4.3,)
reduces to

, z1-f F-!Í = (Rv¡ - Rs) s{fäO 2.1+.4'

i Therefore
' = E}¡---- Fg o -rirur- = *4ï'Rï: rr't¡u "ñ 2.4 .5 .

Therefore, by Ohmr s law, the voltage fluctuation, e, as-qoeiated,
rrith the currerrt fluctuation, i, urill be

e=Rwi

The sensitivityr s, of the hot v¡íre is defined as that
quantity whÍeh, when multiplied by ¿þg veloeity"fluctuation,
r^rÍlJ: give the voltage fluctuation of the wire.
Therefore, if

e=Rwi-B¡t:-3s
4I

then s must be

R*.- E-s L{g.;rr t
. rn a manner similar to the preceding it is possible

to arrive at a sensitivity for constant, current operatÍon.
rf sq-q is elefinecl as the eonst,ant eument sensitivity it
ean be founcl that

27

Blff þ e s ü 2.t+.6.

atn¿.o*t ! o



s r (Rr -- nE)2
e-e zTng
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ñ"r 2.1+.è.

::,,, DÍvicling equation (2.L.?,\ by ( 2,1+.8.) gives

-s* = å f*.jg-*J
".-" 'L*.* - RgJ

l

' 
ft ean be seen thatrfor r¡alues of Rw/lSZj/Z¡ s is l_ess' :;

thar, se_e. ie: the sensitivity for eonstant eurrent operation
. for nwÆg>3/2 is greater than that for eonstant temperature.

I The previous cliseussion points out the fact that the si,gnal
v¿ietr Ís obt,ained from the hot rvire is a funetion of the

, velocitv fluctuations" The quantities whieh are lumpecl

ì together as the sensitivítv are arl constants and ean be

1 acquired 'oy calibrating the hot r¡ire in a stearl¡r aír. stream.

I There are eer:tain limit,ations to the hot - wire method
of measurement. It will be of advantage to note them.

2.5. LimitatÍons of Hot, - Vlire Anemometers.

I - a:.-_

The limitations of bolh the eonstant - eurrent anrl the
eonstant temperature methods of measurernent shall be pointed

.ì out here. ft will be seen that, in genera.l, the eonstant.r, ' .:.....

:.f tenrperature anemometer has eertain aclvantages whíeh make it a i,,,..,,

tnore versa.tile instrument for general purpose ìrseo

Perhaps the most severe limitation to the hot - r.dre .
metho,l of measurement results from the faet thet th-e r,¡ires

. have a therrnãl inertia. That is, a finite time must elapse
, between the impingement of a fluetuation on the lrrLre ancl the :'
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ccoling of the wíre. Ït is easy to see that high frequeney
fluctuations eould ereate a situation sueh that the v¡ire ü¡ould
not have tíne to react to each incliviri.ual perturbation ancl .r,

henee an inecrrect signal would be received. fn short, the r¡rire ; '::.::

has a maxirnum frequeney limit.Once this l-imit is exeeerJed the
sensitÍvity of the wire decreases markerlly.

i.'...
The recipr"oeal of this maxÍmum frequeney limit is eall-ed ,, ,

the tirne eonstant of the wire anrl is denoted. by the svmtrol 14. 
.....:;;,

It ean be shown ¡nathematíeally (l{inzerLasg) that the t{ for :';':':¡,::

eonstant temperature operation is .005 times t,he lit for eonstant
eurrent operation. A qualitative diseussion of this phenomenon

will suffiee here, hovrever.

Consider a eonstant current hot r^¡íre. Before it ean
produeeanaeeuratesigna1ítmustfirstaehieveafina11ov¡er
temperature, ancl this temperature is clietated by the violenee
of the eddy. A eonstant temperature hot - wire, however, need.

only Slglta' to change its temperature before a signal is
proCuceC.'Sínce not as much heat need be transferrerl, the ühermal
ínertia does not have as great an effect in the eonstant temperatlJte":,:,'..
case as it does in the eonstant eurrent ease . ":"'':"'

The more appreeiable lag in the constant eurrent ease causes
the sensitivity to fall at high frequencies, and. it also
introrluees a phase strift in the output signal. Both of these
must be corrected. Hence the reason for the compensator in
figure 2.L. a.

Another limitation v¡hieh is inherent in eonstant eurrent
operations results from the ehanging tempereture of the hrire. i



jo

As was previously siatecl (Cf . section 2.I.) tfre constants
A and B rely on the Lreat transfer properties of the gas in

,,,,, whieh the w'ire is immersed. If the v¡ire temperatrrre ehanges, 1,,,t,

the film temperature of the gas next to the wire ehanqes ancl

henee A and B ehange. This does not have very mueh effeet
i-f turbulence intensÍties are lohrr but for high intensities

i,:¡ it is quite possible that results wilf be ealeulaterì on the ,,.:.

.'.'.basisofea1ibrationeurvesthatarenotaeeuratèforthegiven
...'.'.;eonditíonS.Thisv¡i11obvious1ynotoeeurwi.thaeonstant

,'.. I', temperature hot wire"

, Finall¡¡, it has also been proven that eonstant temperature
hot - wÍres colleet less ctust, and. eonseouently clo not require

,""rnuehreeaIibrationaseonstanteurrenthot,rn¡íres.(cot1is,
. L962)

I fn eoneLusion then, it r^rould appear that, iñ spite of
I lts possible greater sensitivity than 'the eonstant temperal'-ure

hot w'ire (Cf. section 2.1+.), the constant current hot wire is
suíted for 1ol.¡ frequeney, low intensitv turbulence onl¡r.

.ì The constant temperature hot wire is more expensive beeause i..,ii.,, of Ít,s elaborate feedbaek circuitry, but, it is a far more i,,.
: .:. :.'.:,:

,'. versatile instrument. It is for these reasons that eonstant :,,,':,

temperature hot wire anemorneters v,,ere chosen for the
experimental portion of t,his work.

l:.

2.6. l,{eehanies of Ïiot - l,rlire }6easurement.

This section deals with the aetual rnethod by whieh !

intelli.genee is gathered from the hot - wíre sÍgnals.
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2.().I. Turbulence Intensities.

jrj; The eooling of any hot - wire is determined mainly by the
component of velocity perpendieula.r to the wire. (Hinzerl959)
Therefore in figure 2.3 it ean be sean that the i^¡ires I and II
hrould be most sensitÍve to the fluetuation components 'usins

.' vcos Ð .

t,ti, If the sine and the eosg terms rrrêrê lumpecl wÍth the
wire sensitivity it eoulcl he sairi that the wires would react
prineípally tc the a u and b v conaponents of the

, turbulence fluctuations u¡hene a = (s) (sine) and b = (s)(eos¿s).
-ì

If v,¿res I and fT h*lr" the saÌne sensitivit¡r, and if the
, velocity fluetuations are dÍrected as shown in figure 2.J it

eân þg seen that the signals e., and e.- from the r¡¡ires r,voulrl be
.rl

eI=å'ü*bV
êrr=â. ll-bVII

,1,, and that è- * êrr ; z a uIII
li anrl that

and knowing the wire sensitivit,y from a ealibration errrve, the
.it values of the turbulenee veloeity fluctuations ean be obtai-ned . .1..¡,,..¡,.',

The reason that no w eomponent intruCes on t-he signals
from wires r and rr is that there is no eomponent of mean' velocity in the w direction. Conseouentl-y any eontribution'
.it eould make woulri be neglÍgible eompared to u end v.
(cf. equations (2.t*.2.) through i2,l+.?.))
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fn orcler to measure the v¡
À

be rotated 90* about the x
previous diseussion.

component the r+J.res f
axis and then w will

and If must
rerrlaee v in the

ft should be notecl here
o'n' the hot wire anemometer is
of the velccity flq_cJ,uations.
caleulated, are d,iu , ,l ,'

that the value aetuaL1y..FBâd',
the root mean square valr;.e
The flnql resultso r*hen they

FÆ- , ---,
, and ail W* .

':il ;'i

ere

:',

2.6.2. I'{easurement of the F-eynolds Stresses.

The Reynoì-ds stresses are denoterl by the tensor

I¿ 
-[f 

t* u^v u l¡il
- (Ð | .u-t¡ W v-w ib l-^ '^"f

lmr ffi 'ffi I (cf. seetion 2.2)
t'

In order to measure t,hese quantities it is necessary to
find some lvay of acquiring the time averaged r,'al-ues of u

multiplierl by vr u nrultipliecl by vr, anci v multiplied by w.

This .is clone in the following manner:

tonsider a parameter Ruv =Æ-_
rJFuiln

Thís shall be termed the correlation eoefficíent betrryeen r¡ and v.
::-
j_l:::l Consicler figure 2.3i

If the Root lt{ean Square values of er, eIf, eI+II, and eI_II
' ean be fòuncl the followine v¡ill result:
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l. :i.-.:. ::. :: ¡- -'. ::Ì: 1:_. ::i:i.-,":.'r.'_.'-:i_::':::l

(*r * 
"rt)Rtqs =

,l

t er "rr )ç.¡ts =

Now consirler the term

_2 _ 2er Rr.{s etl -Rtts

¿J;;ri_,6*urç,,
Subsit,uting for the e values the result is,

.Cü= .'. 2abF¡ + b.îe n?# u zåbiTTr - b"+=
4ab

Whic.h recluces to

33

er nris = Jtã;;f | ''-j- "J\= J a¿u¿ + 2abuv + bz vz

L- I :, '.)

"rr R'rs = J (æ-btr - J at;# Zabrv + b;-#

uvTF6
an<l this is equal to .Ruv.

are knorvn.

uT ean be forrncl as well .

aborrt the x a.xis

Ünfortunately the measurement cf Fw presents e eonsicìerable
problem. Sinee íl¡ eould not be measured. cturing the experimental
portion cjf this in¡ork it will not be discrrssed here. Suffiee to
say that it requires three anemometers ancl a three wire hot
v¡'ire probe .

/+at F

Therefore it is possible to measure üîr if B.uv, lT, and ,p
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The measurements discusserl in this section are brrt a very
few of'the measurements whieh mrrst be Cone in order to aryive at

,, a comprehensive pieture of the turbulent flow within a diffuser. r,',.,',:,

they are, horvever, the only measurements r,,*rieh eoulrl be done at the :':

present tirne.

2,7 . C onelusion.

. The preeedl'ng sections have diseusserl the general eguatÍons ,,,':

of motÍon for turbulen't, flows, the turbulence energ:/ eguations, and

, the theory behlnd turbulenee measuring deviees. Some of the
limitations of the existing measuring instruments have been

I noted, and the mechanies of the meâsurernents taken Curing the
exoerimental portion of the work ha''¡e been cliseussecl.

l

l the next ehapter shall cJeal p,rit,h a deseription of the t,est
, rig anrl the measurÍng instruments whieh were u.sed.
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:: ...;:.;: 3.1. Ïntroduction.

This ehapter deseribes t,?re equipment that was used in
the testing of the diffuser.

The requírements for the testing of the diffuser h¡ere

as follov¡s:

1. Air moving device
2. \t'índ tunnel
3. Flor+ straightener
4, Contraction nozzle
5. Straight pipes for boundary layer 61rowt,h
6. Diffuser
7. Traversing mechanism and stanrl

. 8. Test equipment

Itens 1. through 6. have been described in detail Ín
Lipka ( 196Ê) , and were assemblåd exactly as they had been by
Lipka v¡ith one exeeption - Lipkai s traversing rnechanism rn¡as not
used.

,'Eigure 3.L is a sehematie representation of the wind tunnel
:.ì and diffuser assembly and is a copy óf the'drawÍng from Lloka' . ,tl ( 1968) . Figures 3.2 anð. 3,3 are photogï'apils of the entrre test 

'i

setup as it appeareC during the testíng for this work.

Thè remainrler of this chapter shall be a detailed '
cleseription of those pieees of eouipment r^¡hieh !,¡ere not r-rserl by
Lipka.
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3.?. Stand ancl Traversing I{echanism.

:,r', À device was neecled that eoukl carry a sensíng element
into the diffuser from the diffuser outlet and would allor¡¡
three dimensíonal movement of this sensÍng eÌenent.

!.

:. Iü was decidecl that a eonbination of eircular, transverse
.": "

: anq'longitudinal notion would be best suiterJ to the problern at
t,t',,' hancl. Consequently the deviee shown in FipSures 3.l9 anrt 3.5 was

designerl. fts operation is as follows:

i 1. The hot - v¡ire probe r¡¡as mounted in a six foot
I aluminum tube oríentecl along the longituclinal axÍs

of the diffuser.
, 2. This alu¡ninurn tube v¡as fastened to a movairle trollev
i sueh that the tube eoulcl be moverl in and out of th.e

I diffuser. The motion of the trolley was perpenrlieul-ar
' to the longitudinal axis cf the diffriser.

,, 3. The trolley ran on a traek whieh was fastener3 to a

eireular frame capable of rotating through 360o .

u,1 tr.. The eircular frar,ae r¡¡as mounted on a stand. r¡Ihen

neasurements !,rere to be nre.rle, the stand was positionec:';;t;,: in front of the diffuser such that the aluminum tube
w?rieh carried the hot wire probe was true along the
longitudinal axis of the diffuser.

:;Ììi With this arrangement it. was possible to traverse any
:;j:; diameter at any position within t,he diffuser.

The follon'ing is a deseription of the wheel ancl the trollev
assembly, anr!. the trolley itself.
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3.2.1. Vüheel and TrolÌey Assemb1y.

i; Fígure 3.6 is a dravrÍng of +.,he wheel anrJ trolley assembl¡¡; ',..

The wheel portion. of the assembly eonsisterj of two stanrjard
bieyele t¡hee1 rims spot welded together. It harl a diameter of
25 3/8 ", and was mounterl on four rollers at points A, B, C,

.:, and D. The trolley trael< was mounted on the wheel by means of 
,r,' tno L/8 " steel flanges. The serew.s fastening the flanges to r:'

,r the wheeL were consirlerably smaller than the hol-es through the t,l,'

, flanges ancl this aLlowed for. a eertaÍn amount of adjustment of
the track in both elevation and tilt. The rollers ìlpon n'hieh the
wheel r^¡as mounted were mad.e of brass io facilitate machini'ng,

I and v,rere mounted as sho',vn in figure 3 .7. '

Because of t,he difficulty of mainL,aining elose eonsïruetion
; tolerances on the stanrt, and beeause of a eertaÍn riegree of
lasymmetryinthebicye1ewhee1s,thero11.ers1{eremacleac1justab1e

in elevation.

3.2.2. Trolley.
..ì

:tI

igu.res 3.Å" ancl 3.9. are detaiLerl drar+ings of the trolley. 1,,

The trolley was fashioned frorn aluminum to faeilitate maehining
and ran along the 3nx l$n aluminum ehannel on two brass rolIers.
Guide sl-ots b¡ere cut into the ehanneL to keep the trolley

, stable in elevation and to províde a means of elarnping the .,:
ø!- - ' J---!r.-¿ì,-r---^.:trolley in one fÍxed position. Subsequent testing showerl that

these elamps were insuffieient ancl tr¡¡o more elamps t^rere installerJ
on the body of the trolley. The probe hol-der fitted through the.
A.69' ,'radj.us' hole 1n the trolleyr and eould be fixerì in
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posÍ.tion by the probe holder loek serew.

::I

',ia The position of the pr:obe holder, and henee the probe, hras .,,..

determínèd by a eentineter scale fasterred to the bottom of the
troltey t,rack.

,, The si ze of the trolley was dictated by t,he si ze of the
:' 'trolley track a.nd. bhe diameter of the diffuser outlet. Toleranees ': :

,. on the probe holder hole and the guíde slots \^rere dietateC by ease 
..:,:,' 

:'

, of longitud.inal movenent of the probe holder anrl ease of
transr¡erse movement of the'trollev. In short, the tol-eranees on

the entire assembly were rather líberal, and l¡¡ere not the sårne

for eaeh pieee. Hence the laek of infornation regarcling

toierances in the clraurings.

The equipment used for the experímental work was as follows:

.ñ3.3. Test Equipment.

3.3.L. Hot - trtlire Anemometers.

Two ÐÍsa Type 55401 constant temperature hot - wl-re

anemorneters, serial numbers 338 and 817 vrere usecl to make the

turbulence measurelnents. Figure 3.I0 is a photogra.ph of this type

of instru-ment urith an external D.C. Voltmete¡:- ,,ìf,,.,

. . ...,...

The frequeney response of this instrr:ment tras 0 - 60 kll z,

it had a probe operating resistanee range ofrO - 50¡u anr:l a 
.r

maximum ava.ilable probe eurrent of 25O x 10-' amperes.
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The Ð.C. Voltmeter wÍth the instrument (marked V in FÍg,3.10)
hart operating ranges of 20, 10, 5, anrl 2 volt,.s full scale, rnrith

;i:: zel'o shift D.C. voliages of I, 2, 5, and. lC volts" The meter,'..,, + ' -:':i accuracl was : L fo. This meter inrtieated bricge D.c. I,¡ol-tage.

The RÞïS indieabor (markecl mV in Fig 3.lO) har:t ranges cf
ì. 5, 10, 2A, 50, 100 , 2Og, 500 and IOOO mV RI",[S fulI seale, Tt
": , neasured the Rl4S value of bridge voltage (veloeitir) flrretuations

, to 2 fq ae'cu"ac¡t.

The instrunent had tr¡¡o ínput fil-ters desì,gnated as hieh
pass anrl low pass and these had settings of 0, 5, ZA, ]>O, 100,
?0O, 500, and 1000 äz and O, 1, 2, 5, 10, 2O, 5O, I00 kPiz
respectively.

Th'e maxirnum B.l'1.s. instrument noise level uncler normal
operating eonditions r¡rith the low pass filter set to J kïz
was 0.2 x 10-3 volts.

The power supply for.the instrument v¡as svritehable to 90, 100,
toir 1IO, L:-5¡ LzO, 130 votts AC and zoar 210, 2:.5t 22O, ?25t 23O, ..,;: 

,:.;:

and 2L0 volts AC, ât either 50 or 60 Hz. Line l'oltage r¡ariations
of I IO % were permitted in addition to these velues. The poþrer :'r'.,,..,

eonsumption rvas 1ÇO T{atts.

The instrument v¡as Lz.L inches high , L6.2.j inehes wirie,
ll+.1+5 inchès deep, and weighed approximately 5O lbs. ..:,...,...

tt t .-' lt'

3.3.2. Hot - r;,Iire Probes.

The type of hot, - wire probe usecl ivas a Disa 51.^3?. X pr.obe
mounted on a Disa 55430 X probe holcler. Figure 3.11 is a rJrawing

)9
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of the probe and probe holcler.

.-.., The 55A32 X probe is used in gases. The sensor
:.:', material-is platinum plated tungsten v¡ire, 5 mierons in diameter.

The maximum sensor temperature allowed is lOOo C, and the
ma.rimum ambient temperature (ie: temperature in r^¡hieh t.he sen*colî

:. can be usecl ) allowed i s 1 5Oo C " The frequencv response drops
- t ctb at 25 kïz f,or a mean .gas flow of 100. ft/sec, but the frequeney

,., response is better at higher mean speeds,

The probe was eonnected to the tr^¡o anemometers bv
standarcl Disa- ! ureter, "2. j olim eoaxial'iàbIes;' ,' ,r ;-
':, - 

.t^:'..1

,

", 
2:?:3---i ::.:: 13I li:

The signals from the two anemometers were fecl to a

Disa type 55LA6 R.andom Signal Indicator and Correlator, serial
number 32C, and alt turbulence measurenents \¡Iere taken on the

,.' Correlator Ri{S. (Root l,Tean Square) rneter,

: The Corue1ator was capable of measuring the RlfS.

BIvfS"'. \,'elue of their clifference. The RMS,. rneter had a

3 db frequeney response of 3 Hz - 200 kHz with voltage ranges

:.,,r of .01, .AiL5r,.I, .3L5, l, 3.L5, 10r 3I.5, anrJ 100 volts full
' seale.

..
Tle noise and hum level of the instrument was less

than 50x1O-õ volts RÌ,iS. The Voltmeter aecurecy *ras t 2 /" at full Fi

seale deflection.
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The Ínstrument also had a ratiometer and could províde
a time derivative of one channel of the input signals. This
rneter could not, .be used. for the presenü v¡ork. Information on

it can be-acquired fronn Disa {t962).

The correlator was Lz.I inches high, 16.25 inehes wide,
J.Iþ"1+5 inches deep, and lveigheC approxirnately 35 lbs.

ñ'Figure 3.12 is a phoùograph of the eorrelator hooked up to
the two anemometers. The eorrelator is the mirtdle instrument.

3.3.4, DigitalVoltmeter.

, Because of velocity flucLuatÍons an averãging Brldge meter
, used. The bridge D.C. Vo1tage, which is an indication of the
,mean fLow vel-ocity, was measured by a Disa type 551\30 Digital
iVoltmetêrr serial number 32L, lvhieh was connected to one of the
ianemometers. Fig. 3.10 is a close - up photograph of 1;he anemome-ter

and the digital voltmeter.

The Voltmeter had three ranges, 0.000 - 1"000 volts, 00,00 -'::

,, 1O.00 volts, and 00O.0 100.0 yoits. It had an accuracy of .3 f, of
:: full scale and a 500 volt overload eapacity. The inpuü coul-d be
'',' everêBed over periods of 1, 3¡ or 10 seconds. The potrer supply

could operate on 110 or 220 volts t LO /, at 50 or 6A Hz-

:.: The instrument was I+.2 inehes high, 8.35 ìnehes l'riCe,

¡,;. g.ZJ inehes deep, anrl weighed /./ pounds. '

Figure 3"L3 is a schenatic representation of the entire
test equipment-hook - up.
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2:2'-5-:-: : : : : -: :: : : :: : I : 1-'- : :i til 11
.r.'. :... 

' ,.t..-,,..,ì' All probes used. were calibrated wit,h a Disa Èype 55Db1- t,t",.,"':'.ii:'i"

Calibration unit, serial nulnber Zt+O, in conjunction with a Disa
type 55DI+2 motor control unit, serial number Lt+Z. (See Figr-rre 3.1r*)

, '.-.. . , . .. ,

,':, The calibration unit provided a low turbulence w"ind tunnel ,,.,,:.:,,,,,.,,.,,.,,1,

could'be used for probe calibration. It was used in conjunction
,,t,with a Bet z ryi.croaanometer, serial number 67otzO, which hacl a ;¡:,:',ì,-',"'t:,'i":,'-: .::... :. -".

differential range of /+00 mm of H2O, in .1 mrn incr.ements.

The calibration unÍt provided continuously variable air
lspeeds of 3.28 feet/sec to 656 feet /see. The backgrou.nd turbulence
]ofthewindtunne1v¡asratedat1essthano,15r"at32Èft,/secand'
5l'J{z bandrçidth, The unit was [0.5 inches long, L5,?5 inches wide, 

,

tll.S Ínches high, and weighed approximat'ely 4l+ pounds.

: The pcJr.rer supplSr for the calibration unit was a variable
Èransforrner u¡hich had a tapped primary that would pernit operation

, from 100, l1O, LãO, 2OO, 22O, or 240 V AC at' 50 or 60 Hz. The ::.:
:.r . 

' 
t 

^' 
. ,,-,maJclmun power consumption of the urtit ruas 500'tiratts. The transformer ";:"':"''i',,,

- --!l^ n Ê q 1 l--l^-- r- '.- - :.:.:,,,.was 9.7 inches wide, 7.5 inehes high, 7.1 inches in depth, and ::. ¡:r,.:.r,.:.:..

':weíBhed approxímat el-y 26 pounds.

3,3.6. Probe Repair Equipment.

-.:l
t-'-'l

' AIl probes uære repaired r^,-ith a Disa type 55À11

micromanipulator, used in conjunction with an Olympus VS - IV Zoom

microscope, seriaL # 2OL3L6. Figure 3.L5 is a photograph of this .

apparatus. The pouier supply for the rnicromanipulator was a
ünitek 10t18 B eapaeitor discharge power supply which supplied

'.' amp1e curr_eht^for prbbe v'rel-ding. Standard Disa 5 míeron platinum

....- ...-.'-.t'._ .,:
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coated tungsten wíre was used to effeet all probe repairs.

,,.:., 3.3.7. Idiscellaneous l"{anometers.

fn addition to the equipment previousty mentioned two
other manometers were used in the Ëesùing. These ean be seen

'. in Figure j.3. The rnanor¿eter fluid used rvas ltler"låm red,(Specifi-c
Gravlty = O,827't

¡, lhe large U tube manometer was used. to measure the pressure
drop across the contraction piece. Ït was the control for the

i tunnel calibration. ft was fabricated of à inch T.Ð. glass tubing
and had a differential range of 30 inches in.1 inch increments.

The banlc manometer consisted of a series of pi zometer tubes
r and, was connecr.ecl to the diffuser at each measurÍng station for
r the purpose of measuring the dífferential statie piessure along the
i diffuser. The pizometer tubes were oî + n f.D. glass and had a.

range. of 13 inches in .1 inch increments.

,.r,,. 3.1+ Conclusíon.

The aforenentioned apparatus Íras all used durÍng the
experimenËal porÈion of this work. The next chapter shall- deal
with the experirnental procedrrre follorsed during t,he testing of

: the diffusero 
::,::,:,-.,::.

' 
':1j: 

:
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EXPERTffiNT.A.L PROCEDURE A}TD RESULTS

, This chapter shall be divided into the followÍng
sections:
' 1. Preliminary Consid.eratíons and. Tests

2. Testing Procedure
3. InÈerpreiation of Rea.dings

, I+. Post Ex.oerimental Tests

4.1. Preliminary Considerations anC Tests

. It was decided that the diffuser woul-d be tested for
only one inlet air speed and various inlet bound.arlr layer
tttieknesses because previous work had indicated that d.if-fuser

i perforrnance r¡r,as virtually the same for inlet air speeds of
50 ft/seç to 3OO ft/sec" (Lipka, f968)

' It was also decidecl that measurements v¡ould be ma.de

,1.', at various points along tþe four traverses sholwr in Figure r*.1 '...; :.,:,,- - - - i,.,.;,.i,,..:ì at each of the eleven stations shorrn in Figure I¡.2. These
-(J-- .-.. r.:

',' measurements were to be repeated for five different iniet ,i,'','t,'.t ',j'..t'

boundary layer thieknesses.

,i It T¡as neeessary to make sotne prelimÍnary tests to see

:,j how the test equipn,ent would reaeÈ to the existing test
'i': eonditions and to ascertain just what type of flow eould be

expecÈed in the diffuser- These shal1 now be d,iseussed briefly.
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l+.r.1. surface Roughness l,Teasurements wit,hín the Ðiffuser.

: Because turbulence measurements lrere Èo be nad.e it was
thought that surface roughness meâsurements r,¡ithin the diffuser
rrould be valuable.

!

A Brr.rel and Kjoer type 6LOZ surface roughness meter w|t,h
a'3910 ri:otor d.rive and an MP 6100 pick up rÆas used to make surfaee

: roughness measurements alonþ-- t'he'gbÍìèrator,, oveþ,a',3crn'.,dÍstance
about the points' shor,,tt' in' Figui^e Il.t; Tab1e 4.1, shows' thesè. resuLts

ì It ean be seen. from Table 4.1 that the surface roughness
i va.rieci rand.omly. Tt was thought that thís variatioû r.t/ês

attributable to the fact that the interior surface of the diffuser
I had been coated r*¡ith a ceramic substance and therefore Ïrad no

r regular lay.

4.L.2, Hot - 'Í¡Íire Frobe Calibration.

'l'i"TheDisa55LoLÂnenometersv¡erep1acedÍ.noperation
,,1.,, aeeording to the manufacËurerl s specifications'. For the probes ,,

".i being used. the high pass and low pass filters on both anenometers '

were found to require settings of 20C Hz and 5 tttz respectively.

The Disa 55L32 hot - wire probes vrerg calibrated as per

::j,:l the instruetion manual- for the 55Ðl+I/t+2: probe calibration :;

ì equipment.

This calibration entailed the reading of the anemometer i

Brídge D.C.Voltmeter for varying flolv velocities. These

readings formeC the ordinate of a graph v¡hose abeissa r,vas the
flovr velocít3'; Graph 4.1', is an example of sueh a ealibratíon
ctlrve.
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The fLow velocities v¡ere calculated on the basis of the
differential pressure across the calibration equipment nozzle.
The formula usecì- for this cal"culation was

T,¡here :

v = flow velocity (¡net¡es/sec)
k = the ísentropic exponent, for air, 1.l+

R = ?8?,it Joraleslt<ilogrann " K
Tø = no zzl.e reservoir temperature (tf)

nozzLe reservoir pressr¡re (kg/e#j'
Ap= diffenential pressure across the no zzl,e (l¿Èlcrn2il

All Àp l¡ere measured rqith the Betz l4ícromanometer.

i ft was found that the differences bet¡¡een po and. 1o and

:_, corrections had to be applied to equation (4.1.1.). 
:,,,,_

:::..j r:1.::'.::

:

,,'.. Probes were calibrated when it v¡as necessary, ("g" after ,',,,:,i
t:.."' repaíring a probe) and the calibration of the probes r¡res eheeked "''i.

frequently. ( ie. prior to each new testingl sequence )

.. It was found that the sensitivities of sides I and If of

..', ühe I - probes (refer to Figure 3.11) were the same.

,+,1.1. Tests for Vibration.

It was thought that the vibration of the probe in the
',,i'. air stream would affect the ¡neasurement of the turbulence

v2=#Rr;r (1-#Ël
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parameters. that is, that the vibration would cause r¡rrorlg

inforniation to be fed to the anemometer.

With the lovr pass filter set at 2OO Hz in order to cut ,::

out genbia't'irciv, unsteadiness'turbülence inuensitÍesiwere' ôheeked :''"r''

at'täeväral points with the'prôbe vibîàùiñg àrid drittì tüe''vibräClör,s
dåmþed. It was found that thè êfîect of the viùratiàns-wås'cüi'out
Uy: ttiis fitter:setting'asiwe11o " ' 

"''i';i,r" .|. ':
'.: a:a

' tt'''

4.1.1+; lieasurement of the i'iean Velocity.Csmponents in the

Radial Ðirection.

Since the flow field in the diffuser was expanding
i it was known that there would be components of mean velocity

' in the radial directíon. It was necessary to see if these

i radial components were significant.
I

:

These radial vel-ocity components were measured using
the method of Fíedler and Sakagami ( i964) . It was found that
these components l.¡ere negligible compared to the longitudinal

; mean veloeity. They were less tlnan L fo of the longítudinal
: velocity.

I+.2. Testing Procedure

Ìû.i11 now be described.

The appara.tus was assenbled as shown in Chapter 3 and

itwasdeeidedthatthefirsttwoteStswou1dbemadeatthe'<
eÉreme linits of boundary layer thickness.
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The pipes used for bou-ndary layer grov.rbh 1lirere aLi-J,94:-in,
ín inner diameter. These pípes were installed betv¡een the diffuser
inlet and the contraction nozzle outjet. The ratio of the length 

.,:,

of pipe installed (L) , and the entrance dÍameter of t,he diffuser -':

(0"), was used. to code the tests. HÍgh ¡"Þ" ratios mean a
greater boundary iayer growbh before the diffuser, and low
L/\^ ratÍos mean a small.er bound.ary layer gror,lth before thergrr

diffirser.

ThefirstÙestvIascarriedoutatanL/T.ratj-oofo.6,
the seeond test was carried out at anLþ" ratio of 16.6,
and subsequent tests lrere carried cut at LÆ* ratios of 10"6,
4,6, and 1.6 in thaü order

At every f þe ratio with the exception of 0.6 and. 16.6
the method of testing was the sarne. It was found after the first
tr.¡o tesbs ç1,Þe = 0.6 and 16.6) tha¿ the traversing meehanisrn

could not fol1ow sa.tisfactorily along traverses ¿Þ - 8, and.

2.- 6. (See Figure Il..1.) Consequently the remeining three t/De
ratÍos lv-ere tested along traverses I - 5 and 3 - 7 only.
Ì'fith this exception the testing for each ¡"Þe ratio proceeded in
the follol'ring mânrn€Fi

I+.2.1. ÏíÍnd Tunne1 Calibration.

'It was decided to test ühe diffuser with an average inlet
velocity of 195 f'E/sec and it was neeessary to have sone method .;l

of knov¡ing when the average inlet velocity was at this'l.evel.
Sflth thÍs in mind the tunnel u¡as calibrated as follolvs:
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1. A U tube manometer', (Cf Section 3"3.7.) was conneeted

between the inlet and the outlet of the eontraction nozz]-e.
2. The wind tunnel fan was set at an arbitrary speed.

3. The hot wire probe tip was positioned in the diffuser
inlet plane

. l+, The mean velocities at the inLet r¡rere measured along
traverses I - 5 and 3 - ?.

5. The vrind tunnel fan v¡as set at a different speed and

the mean velocÍty readings were repeated.
6. After measurements at different fan speeds the average

velocity for each fan speed was calculâted and these average

velocities were plotted versrrs the differential pressure across

the conËraction nozzle to form a callbration eurve. t

The average velocitiêS r¡f€rê calculated by the formula

h.2|L "

averege inlet velocíty ( ft/sec) t

inlet radius 15 cm) ,
any radial dlstance from the center line ( cm) ,

velocity at any r ( ft/sec) ,

. lt :.: ..i
..: :i.t , -

$=
Ð

where

V¡!
R-:
rE
tLa

'For various points on a traverse vaLues of u were plotted
versus values of 12. The resulting velocity profile rsas

i.ntegrated by a planimeter and the area obtained v¡as di'¡ided

byÆz to obtain V, The V obtai.necL for profile I - 5 was

.averaged with the V obtained. for profile 3 7 ta obtain a t

final value for inlet mean velocity.
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During the calibration it r^ras found that the liquid 1evel

in the U tube manometer bounced considerably. It $Ias necessary

to judge visually the point about whieh it t"'as bouncíng.

Consequently the differential pressure readings obtaineC were

not accurate to more than t .2 inches.

Since lo_ç"a.] dp{isity cla3ees affectgd Èhe magnitude of the
¿trreråirliåi "'p"*=åi**" iü*rut airr*iËntiår p¡ä"sü"es.,,¡ere" .or.-
5Ë["ä"ior io..r densÍty changes by the relationship

l+.2.2.
.ô75 å - sza3o +6t+Tû.

where

p,

Ba

Ta

.o7 5

D=

=

pressure dífferential aeross contractj'cn
nozz\e ( fnches of ÞÍeriam red) ,
barometric pressure ( inches 0f Hg) t
atnrrospheric temperature ( oF) 

I
specific weight of air at 68 "¡' and 3O

inches of Hg. .

Finally, it orcler to obtain a straight line graph ,
was plotteri versus

...1

'-l

Ba . 52&
fr+$6#
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and the tunnel calibration curve was obtained. Graph b.2 is
an example of such a calibra'bion curve lor L/T. = 0:6.

..,t¡;,'r,Afüer Ëhe tuinnel- was calibraied the inlet average ì:':':.:

velocity was set to 1195 ft,/see and the measurements began.

b.2.2 " Anernometer l{easurements.

At each station the traverses mentioned previously |:,;,': ,

were measured. The measuring procedure was as follows:

'1. The probe tip was positioned in the plane of the
statlon being meaSured-.

2. The probe tip vras positioned as close as possible to the
diffuser wall Ín,the vêrtical plane'and the trolley nas

clanped;
3. Five measurements were taken with the wires of the

: probe in the position they are shor.¡-n in Figure 2.3.
These aeasurements were called Av, Bv, (A+B) v, (A-B) v, 

,_.,,.,.,

and Bridge D.C. Voitage. The A signal was fronc side I ;,: ::

D.C. Voltage measuremenË î¡as read from the Digital :ì:::ì::'

Voltmeter and the other readings were taken from the
RMS Indicator on the Random Signal Indicator and

Correlator.
,t.t 

t t- 
,_''

: .-: - i-i l-

!+. The probe was rotated 90o about the longit,udinal axis
of the diffuser and five nore measurenents ca1led Aw

Bw, (A+B)w, (A-B)vr, and Bridge D.C. Voltage rrere taken.
These neasurements v¡ere read from the same indicators
as in 3.
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The number of points measured on a traverse varied with
the d.iameter of the station. In general Ìnore measurements were

al: taken in the boundary layer than in that portion of the stream

, ¡rlrere the mean velociüy did not vary as the st,aiion was
i t"aversed.

l+ "2.3 " Differeirtial'Pressure ¡\.{easurements.

5. The trolley clamps were loosened, the probe was moved

a short distance ar,ray from the r,¡a11, and J. and lr"
above v¡as repeated" This went on until the opposÍte : .:,:l

:1.:::r-, ¡.,:1'Yrall was reached.

The differential pressures between the dlffuser stations
seþerine¿isuréd'witÍr''a'bank manòarèter'(.Cf ;'S'ectibn 3¿j',7 )',inriiictr

I úàS''hooked tó the diffuser,.:âs, is shovrn :in-Figures ).2 anð, 3,3.

I;leasurements r^rere made at various time inÈer'¡als for each

l,þe ratio anci. the results','rere averaged to arrive at the final
values.

Ðuring the measurement,s Ëhe l-iquld Ievel in the rnanometers ',.,,,,,,,.,

' bounced considerably and it, was necessary to visually average :::::':

the readings which vrere taken. The accuråcy of measrrrement

, was approximately È .2 incheg.in 6 inches of lIeriarn rêd.

Graph 4.3 Ís a graph of the pressures along ühe diffuser :ìr'',

¡f--for each tfre ratio
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, l+.3. Interpretåtioa of Readings.

The various rea-dings whíeh r{ere taken i,rith the hot - t¡ire
anemometers were redueecl to a usuable form in the following
manner:

1. Bridge Ð.C. Voltage measurement-s tv-ere used to find . ,.

the nrean velocity at each measuring point. This mean

velocíty could be found directly from the probe 't ,'

calibration curve.

2. The (A+B)v, (L-B)v, (A+B)w, (A-B)v¡ readj-ngs were '

used to find the turbulence Íniensities" The v subscripted

readings Ineasured uf and vt , anrl the r¡¡ su.bscripted :

readings measured ur and wt. The actual vaÌues of the 
i

intensities were found "in'the manner stabed in section I '

2.6 .L. :

The sensitivi¿y of the hot wire to snall voltage

fluctuations was found. by taking the slope (m) of the 
,.,,,.,

probe calibration curve at the mean velocity for ,:i,,1

eaeh measuring pOint, ¿VaIueS -Of,.-gt -and Vl hlere fOund 
,,,,

by. dividing the E¡4S'sum or :the HlilS d.ifference'of tha ''''"'

slgnals from the.hot-v¡ire by twice this sl,ope"

That is

u' = (A +-Êb,*
Zrn

v'= h-B)"
Zvn
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I

\^,.,= [p,-t],*
d̂- rvx-

The final
(¡+B) 

"- 2;*

value for uf was found by averaging the

and t,he values for uÎ.
&rn

{n * Br\*

During the measurements it uras found that some of the
turbulence readings fl-uetuated consid.erably. This wil-T.
be discussed later.

3. The Avrvr and Bvrw readings v/ere used in conjunction
with the (A+B)vrw and (A-B)vrw readings to find the
eorelation coefficients Ruv, and Ruw. This was d.one

by the method of sc-etÍon 2.6.2

That i.s

Rrv = eT -EÏ
(A+ s)n ( n-A)u

Rrw = Ai- Ð:*

The results of these calçulations are shol¡n in Appendix
A. ALL of the calculations were earried cut by an IBI,Í.

series 36A computer. The program used for the
caleulations is shown in Appendix B.

(A* B)*, {¿ - n}*.
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I+.1+. Post Experimental Tests.

1r.4. 1" Fan Stability l{ea-surements.

Beeause of the bouncing of the contraetion nozzLe

manometer. and the bank manometer it rvas decicled to check

the fa.n speed regulatÍon.

The fan control potentiometer was left at a eonstant
setting for a period of time ancl the R.P.U. vlas ehecked

at interva.l-s. The R.P.I{. was measured b¡r the method of Lipka
(1968). Tab1e I+.2 is the result of this testing.

I+. l+. 2. Diffuser RouncLne ss.

Certain asymmetry in the flclw prompted an accurace

measurenent of the interíor roundness of the diffuser.
The results of these measurements are shown í.n Table I+.3. ::::.

:,1,:.:,:-:

.tt-'t,'.iThe measurements were made es follows:
l,',;.The- diffuser was placed on a tirntåble with ìfts xjaxis ', ,

t,c ;lt'ï-'i.i-,:.at,'right angles to the turnta-o-Ie." ': :':. ':'

-f'r;l-l.c:i,¡2¡¡,.4:ldial gaugelmounted onr a rod 'w-ÌiÍèh-.wasparaLlel .tO

the diffuser x-axls was set to mid-scãl-e rat'posltri-on 1.
( cf. diagram; Tabre t+.j ) :,j.::

3. the turntable was rotated, and readlfrgq were taken at each,:..r'.

of the I positions shown. Thls was done for all 11

stations. '

' ...',

The preceding chapter described the methoCs used to arrive

aû the experimental results for this work. The foLlowing ehapter

urtlf,.- discuss these results.
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V" ÂNALYSIS ANID DISCTJSSION

OF RESUL'|S

The di-scu.ssion of the elcperilìiental results shall
proceed in the following order:

'

5.I Surface R'oughness Tests

J.2 Yj-bration Tests

J.) Fan Speed Regulation Tests

!.þ Roundness Tests

5.5 Pressure R'ise Aloirg +-he Diffuser

5.6 Turbulence Tests

5.7 Diseussion of Errors



5.I Surfaee Roughness Tests.

I It proved impossible to find an actuaÌ ltvaluetl of

.",', surface rou¿ghness throug.hout. the eli-ffuser (Cf . Tabl-e l+'1) .

:.: However Ít can be stated that the maximum srrrface roughnesses
,t,, eneounterecì- were so snall- (less than 150 mieroinehes RN1S )

that the diffuser could be elassified as snooth. Ðoyle et
al (Lg6ü state thát ì:'â'ì renge of rouqhness 'sueh asrthfs

r fal1s r^rithin the range of rougnness that rvould be encountered

i on a sur-face - ground finish. Sur-face grinclÍng would produee

i a fÍnÍsh which vrould be abont l;he same as the finish in a

; seamless coþPer tube 
"

5.2 Vibration Tests"

It was statecl previously that the vibration of the hot- 
,,,,

wÍre probe dici not a-ffect the turbulenee reacìings (Cf . Seetíon '.,':

4.1.3'.Theprobab1ereaSonforthiswasthatthehigh-pass
filters on the anemometers were set at a value of 2AO Hz,

This meant that any fluctuation nhose frequencl/ was less than

200 Hz gould.have been heavily attenuated. Any vibratÍons in 
,,.:,

the probe whieh could have caused a spuríous siqnal were far 
::

below 2AO Hz. Unfortunately any true turbrrlenee fluetuations
below2OoHzwe|ecutoutaswe11.Thiswi]-1beciseussed.<
in a later seetion.

57
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5.3 Fan Speed Regul-ation Tests,,

Table lt.2 shows t-he resu-lts of the tests rn¡hieh were

carried out to deLermine whether or not the exeessive bouneing

in the manometers (Cf Seeticns I+.2.1 and t0.2.3) lrrâs eauseci

bv variations in fan sPeerl.
,.': :

It can be Seen that th.e naximu¡l '¡ariation in fan F'PÏ'i

wås approximately o,g /" Aeeorrling Lo the fan laws the

average flow will vary directÌ-v as the RPN'I'

Consequently this ehange of Orfl" eoulC have eauserL a

ehange of r:oughLy 2 feet per second in the average flol'¡

velocity. Graph Ir..2 will shovr that, a change of 2 feet per

second v¡ill be indicated bY a

aoproximately A'15 inehes"
change of

This coulcl not possibly have been noticed on the

menometer. It is obvious that the manometers did

because of variations in fan speerl.

U rube

not, bounee

The reason for the relativelv large bounee in Lhe liquld in
the nanometérs 'i5 unknov¡n. The résult,s of .Lfp*à( 19ó8) ì showed

that the veloeity profile entering the contraction nozzLe

llrras uniform and sy.mmetrical ancl the Presence of the straighte-
ning grids t,ould have precludecl any large scale turbulenee

fluetuations.

'The only conelusion that ean be drawn is that- something i

ín the eombination of the cgntraction rrozzLe, the boundary
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i layer gr,cwth pipes, and the díffuser p::odrrced an instabÍU.ty ,i:..,,i

in the flov¡.

5.4 Roundness Tests"

Table 4.3 shows the results of the tests v¡híeh r¡Iere clone

to deterff,íne the symmetry of the diffuser' rt ean be seen

that the naximum amounr- the riiffuser is out of rouncl Ís
roughly O,O5 inehes, and thÍs is for one st;-¿tíon onl-rl"

. It is doubtful that the asynnmetrv in the flov¡ notecl by

I V*n der Spiegel (196t1) at higher LlDe ra-tios eould har¡e been

."used by the slight asymmetrt' in the rii-ffuser. It is more

. likel¡r that his asvmmetrie mean velocity prcfilês were caused

uy'thef}orri1sbeingyavredb3rtheboundary1ayergrowthpipes
'ob-: that there r¡as sonething ilr'the System which pro:iro+.ed'¡hore

,,ìr råpi'd boirndary layer grovrth on one side of the pipe than on ,' 
,,,r;,;¡,

'' thg other r '" " ì'
-: : -ì:.:::'::,;.

:-:. .. .l:.:::::"''" . 5.5 Pressure Rise Along the Diffuser. 'i'::ì'::"'i:

¡ ,i

,,,,i Graph 5.r is a plot of deid:c along the diffuser for each 
,,,.,..,,-,,¡,,.,tt L/Te ration Considering the aforementioned accuraey of '';:""::'::':

. measurement in the bank manometers it ean be stated that it
r,¡ouLd be as feasíble to drav¡ one average curve through the

'experirnental points as it v.,ould be to clraw separate eurves 
'{

through t,he points for each L/De ratÍo.
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:,' If t-here v.Iere a signifieant d,ifference for the .;),'-

curves for eaeh X/De ratio it eorrlcl be said that the inlet
boundarl' layer thickness af-fects the pressure recovery
eharaeteristies of the diffuser.

.:
. . .: l

' i If, on the other hand, one âverage curve is the eorreet :"'"i"

l:. eurve for all Lþe ra-tios it could. be saiC t,hat inlet bouncÌary ".rì.ì,

layer thickness does no'u affect the pressure reeoverJ¡

' eharaeteristics of tlæ clíffuserc

. The aeasurements taken were just not accurate enoup:h

to eonelude r,¡hieh one of the above Statements v¡as tru,e.

5.6 Turbulence Tests

The results of the turbulenee tests wÍLl be diseussed

as folLows:

5 .6.t General Trends.

5.6.2 Agreernent Vlith Published Ðata.

5.6.3 Relationship of Turbulence Intensities to

Boundary Lat,er Growtho

5.6.t+ B-easons for Anomal.ies.
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5.6.L General Trends 
"..-------

Graphs !.2 through 5.19 are representations of ui, vi ancl. -i,..,,:,,

Frf versu.s T/D at ever;r seeonrJ station for each L/Te ratio on

1. For any given L/De ratio the peak values of
turbulenee inteniit¡r tendecl to move oüt from
the diffuser r^¡alls as the orrtlet r/¡as approached.

2. The greater the L/De ratio the greater were the
peak values of íntensity, and the more rapid
was the movenent of these peaks away f::om the
diffuser wa1ls.

Graph s 5.2O through 5.25 are representations of €(G+r"*'#)
ver-"us YÆ for the 3 7 traverse for every second staticn

',, and eaeh L/Te ratio" The are.a under eaeh curve is representative 
:¡:,::.ìi

of the turbulent energ!' in the flow at that L/be ratio for
the particular station. €was kept constant at .OO2!2 lbm/fb3
and. this nay have -resul¿ed in en error in energy rnagnif,udes of
up to IÍ", The fol-l.owing trends could be noted.:

I. TurbuLent ênergy inereased as the Lþe r:atic
' incrgased.. " ";

the 3 - 7 traverse. These gra.irhs are representatir.e of the
1 5, ? 6, and t+ I traverses as well.

.,, , .4.,: 
.- -: .

, 

,,: 
:,,ir,:

Here i

Y = distanee from top diffusel: wail '::;.':
'.4:: :: . r

D = diameter at the statíon.

From these graphs it can be seen that the tu:rbulenee intensities
hacj. the following characterisr-ies: :
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. 2. Turbulent energy increased as the outlet was

.: 
approached

': ' 3. The peaks of turbuLent enerÊ:y behaverl the same

way as the peaks of turbulent intensity.

:. Statement 2. above is consistent v,'ith theoretical
', eonsiderations for. energy procluction in an adverse pl:essure

. 
gradient. (Cf section 2.j)

versus Yþ for every second station for the I 5 t¡arerse
of L/Te = 10.6, Graphs 5.29 through 5.3L are the sâme graphs

, 
to"the3-7 traverse.

I These graphs point out more clearl¡r the ¡notion of the

I peak tunbr-rl-ence intensities tov¡ards the eentre of the diffuser
: as the outlet is aPproached.

l

, Graphs J.jZ ancl 5.33 are graphs of- I (û'¿+F"*to) for the

;,: L - 5 and 3 7 traverses of Lþe = 1.0.6. ft ean be seen that
: the total energy ínereased a.s the outlet was approaeheC.

Graphs 5.3b throrrgh 5.3È ate representations of Ruv and

Ruw under the sane cond.itions as the graphs 5.26 throueh 5.33.
The foltowing trends can be noted for these graph,s;

I. The values of Ru'¡ arrd- Rut^¡ trere lo-wer in the
níd ï/n rânge for sta'bíon" ,ru.""" the'in1et than
for stations nearer the outlet.
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'2. There appears to be no paitern in the way the
Ruv and. Ruw values varied from posir,ive to
negative.

Brw and Ruw ratios v'-hïch ar:e..clo'se to ,L.':lniptry that turbulence
parameters are nearly the saae in the x, yr and z directÍons"
ff they r^rere exactl¡r the same in th.e x, y anrl z rjireetions the
turbr¡lenee would be called isotropie.

rt shouLd be noted here that tÌre LfDe = 10.5 ratj.o v¡as

representar,ive of all the Lþe ratÍos. (Refer to i\ppendix A)

ïn general then the following statenents cab'be mad.e;

1, The greaterbhe Lþe ratÍo, the greater the
burbule n'ee' intenbitíes.

2o The greater the Lþe ratio, the greater the
turbulent energy.

3o The closer to the outlet, the greater the
turbulence intensiÈies.

l+. The eloser to the outlet, the greater the
turbuLent energy.

5. Feaks of turbulence fntensity and energ¡r move,d ,

tbr,¡'ardS- one another as' the outlet was approached.
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6. The greater the L/De ratio, the more rapidly the

peaks of bcth turbulenee "lntenslty'and energy" moved

to¡¡ards one another.
7. At siations close to the intet tire tur"bulence in ,,.,:

the central pori;ion of the rìiffuser tras cioser
to being isotropÍe than it was at stal--ions

nea:"er the outlet'
j

...:,

:.

8. Tn general the turbul.ence v¡i uhin the diffuser was

nolt - isotropÍc and non - homogeneous, '"rbere ,: ,

homogeneous turbulence is de-fined as turbulence

_ whieh has icÌentieal parameters at any point Ín
a flow field.. Hornogeneous turb'lletrce need not

be isotropic.

I

, 5.6.2 Agreement ïiith Publíshed Data.

( i) Turbulence fntensities.

Laufer (Lg5ü ancl G aviglis ( 1958) measurecl turbulence

paraneters in fully developed pipe flov¡. Both of these

researchers found the following :

1. The longitudinal cornponent of turbulence
: int¿nsi'by was'at a maximum near the pipe walI

and decreased to a minimum at the centre of tlre ',

pipe o



Graphs 5.2, 5.8, and 5,Llþ shor^r that this
tþ" case for tìre dÍffuser inlet at the higher
(10.6 and 16.6). It shoulcl be noteci that the
i.nl-et ,¡¡as fulty developecl for L/De ratios of
only.

was in fact
LlTe ratios
flow at the

10"6 and 16.6
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2. The racliaL eomponent of "turbulenee iniensity
vras close to zelo near the wall, rose to a peak

as ühe pipe centre was approached, anrl fell to
. a low value at the pipe eentre.

Therefore the turbulenee intensities for -fully developed

flow at the.diffuser inlet agreeC with the turbul-enee Ín-
tensities whieh had been found for full¡r developed pipe flor¡¡.

Spangenber:g et al (ir967lt and Schub'auer and Klebanoff
( 1951) have made turbulence intensity measuremenbs in acl.verse

pressure grarìí-ents. Spangenbergt,s .results r¡rere of partieular
interest because they agreed so elosely with the findirrgs in
the diffuser.

Spangenberg found the following for ur and vt:

1. Turbulenee intensiti-es were lorv nea.r the
wall, rose to a peak as the boundary layer was

traversed, and feIl to a minimum as the loeal
mean veloeity approached the free strearn veloeity.

2. Turbulence Íntensities aehÍeved higher peak

valrres at measuring stations nearer the outlet
of the test section" That is, peak rralues of
turbulence intensity were higher at lor¡er r¡aluês

of , dP/dx.
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These above results v¡ere iclentical to the finC,ings in
the diffuser. (CF Section 5.6.1)

( ii) .Correlation Coeffieients.

, The eorrelation coeffieients Ruv and Ruv,' u¡hieh were
:: founrl by Spangenberg et al lfgîil, Gaviglio (195É) , Laufer (f95f)

;.:.:':;: did not agree at all wit,h Lhe values -round for Ruv and Ruw
'.;-:,.. . in the cli-ffusero

The results obtainerj b,y Gaviglio for fully developecl
plpe flow were similar tc the results obtaÍned b]'Laufer.
In both studies Ruv h/as appï'oximately O.3 near the 'n¡allr
rose io abour. O.5 as the boundary layer was traversed, and
fel-l to z"ero at the centre of the pipe. Tt can be seen from
appendix A and fro¡n graphs 5.31, through 5.37 that there
appearecl to be no pattern to the variation of Ruv or Ruw

across any traverse in the diffuser.

iinee the correlation eoefficients varied erratieally,
,:';ir;,,, the Reynolcls stresses varied erratieally. This macìe it '.'.'
...;-..;impossib1etoderíveameanÍngfu1conc1usionfortherate

'...:,,, of produetion of turbuient energy. (CF" seetion 2.3) . .'

the only qualit,atir.'e eonelrrsion rvhíeh eorrkl be drawn was
' ' that the positive values of Ruv and R.uw must have outwej.ghed

the negative values because the mean turbulent enerËv )

..1.., e ( F *.ã¡-" +ffi), appeaned. to increase along the. di.ffuser - r:,,j,.ri:':' 
even though the true raÈe of transport of turbulent energy is' :::::.':

{e "1 oæ

r¡Èrere U is local free sirearn velocity , and

A is cross-seetlonal aree at the statlon.



5.6.3. Relationship of Turbul-ence Intensities to Boundary

Layer Growth.

:r:.::'i' Van der Spiegel (196S) ànal1'zed the turbul-ent boundary :''-:''

layer grovrth in the cliffuser for all L/De ratios. The

purpose o.f this section is to see if there was any relation-
shin hetr,¡een the turbulence intensities and the bounrCary' : :.::

'', layer growth in the di:lfuser . ;''':'¡

l:.:ì: 
: :: :t

'ecognized that eertain regions eould. :::: :

be clistinguished in a tur'Ìrulent bounda.ry layer'. These are

as fOllorn¡s:.

1. Â predorninantly viscous region adjaeent to
the wall rvhieh ís called eÍther the viscous
subla-rer or the pa-l-I resion¡

.l

2. A region just beyond the wall region in which

the' effect of viscosity decl:eases graclually
wit,h increasing distance from the wall. That

l::,: is, a regionin v¡hich the flovr is partially

,,. is called either the buffer region or the
transition regiorr.

3. A.region of free turbulence which is eharacterized
by a logarith.mic mean veloeity distribution. This ,,,';'jl. -, r

. M Lt a - !!l- --! - ---i 
:-l::

region is ealled the logarithmic region.
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4. A region ealled the
local mean velocity
stream velocity.

r¡ake region in
is almost equal

which the
to the free

It is knovm that the maximum turbu-lenee intensities in
the'l''bol;ndary layer occur in the buffer region.( I{inzeri959)

Corrsider graphs 5.Í6 th:rough 5*3I, the graphs o-f

turbulenee intensities for L/l)e = 10 o6,

It earr be seen that, âs the out,let of the cliffuser v¡as

approached; the peak r¡al-ues of turbn-l.ence inten-sit¡¡ morred

further ar,.lay from the di.ffuser r^¡alls anrL that the layidrs :

of hieher turbrrlence intensitv beeame larger. This impli-ed

thai the buffer region rr'as thickeníng' and vr.as morring

further from tiie v¡all. This êgreed vfith Van rier Spiegelt s
results. I{e fou.nd that the buffer layer thickehecl' as the

outlet of the diffuser vlâs approached.

Graphs 5.2 through 5.L9 shov¡ the Same trend as the above.

They aiso sliov¡ that the .buffer layer vras thieker flor thicker
entering boundar:y l-ayers. This too vras in ag:'eement r'.'ith

Van der Spiegell s findings.

ït should be ncteC irere that, the asynrmetrv lvhíeh Van

der Spiegei found in the grovrbh of the boundary laver was

indieated by the .t1-rrbulence intensity meåsu.rements. Graphs

5.26 through 5.3L incìícate a thicker boundary la¡rer all t-he

top of the cìiffuser than at the bottom, an,l a thieker boun-

d.ary 1a¡rer at'bhe left of the cliffuser^than at the right.
This is lvhat, t¡,as .found by Van der Spiegel"



It can be said then, that the tr:rhulenee intensities
reflected the bounclary layer grovrth ín t-he diffuser.

5.6.4. Reasons for Anomalies.

The onl-y.maior di-fference betlveen the resrrlts of the 
i:

tests in the diffuser and findin*es whieh have been puhlishecl.

prevíousty j-s in the values found -ror Ruv and Buw
l-'

It has been stated that the P,uv anrj Rutn¡ readings alîe

erra.r-ie, anrl that th.e only 'conclusiorr'thtrÈ edn be' ' i

drawn -1ro,r them is that they tencl to be hiqher nea¡ the

cent,ï.e of the rJiffuse:: f,han near the walls for stations
nearer the inlet. Unfortunately there are exceptions to even

this tentative statement. r

The only reason in sight for the gross differenees be-

¿þ¡ssn the correlations in the diffuser and the eorrelations
noted by others is that the flow in the tliffuser was not

stable, The large amount of bouncing in the bank manometers ,,,1

irrp1.iedafairlylarge'.erratiestatiepreSSU.ref1uetilation
and henee an erratie ehange in mean veloeít¡r. ThiS means

that the eonclitions governing the procluetion o-f turbu-l.ence

were constantly changing anct this may have affected the

eorrelation cóeffieients.
. ,,_,

.ì
The faet that the turbul-ence Lntensities re.flected pu-

blishecl data need not eontr:a.clict the above staternent.
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The serting on the high pass fir.r.er wourcJ have heavily
attenuated fiuctua¿Íons belorn¡ 2oo rIz. consequently anJ¡ farge
seale fluctuations due to a large change in rnean veloeÍty 

e-

would ha.ve been filtered out,n The value.s obtaínecl for Ru.v
and Ruw hov¡e.¡er, depend on the degree o-f isotrop¡r exkríbÍted
by the turì:ulenee fructu.ations. rf the conciti.ons governÍ_ng
turbulenee procuctÍon are changing it, is J.ikelyr that no
eonsistent clegree of isotrop¡¡ ean be attaÍnedo

70

fn short then;,
the behaviour of the
flow Ín'the dif fuser

the only reason t,hat ean be of.fered for
correlation coeffic:î_ents is tha.t, the
l',As UnStable,

5.7 Ðiscussion o.f Errors.

5.7.L Error in l.leasurernent.

The approximate errors in read.ing the manometers have
already been mentioned. (Cf. Sections Io.Z.1_ ancl b.?..j) anr¡
the e".ors involved in read.ing the anemometu." ,"r* quite
smal1n

the digitar voltmet.er eourcì be rearr to the nearest 0.oI-volts and this read'Íng lr¡as rounclerl off io the nearest 0.0!v6f¡s
for the conput,er progrâms. This introC.uced an error of less
than L f" in the mean velocir,y reacìin-{s. The error invol_ved
in reacling a steady signal from the Rl"is voitneter r^¡as negri_gib1e, The ex+.reme nu¡rrlrer of meter ranges availabl_e macle it



::::(;t

7L

possible to read wi-tlni-n I f" of fu1l scale.

A eonservative estímate of the total error involr.¡ed
- a,a.,,:,f insofar- as rneter reacl,ings ancì. ealeula.tions 'h¡ere coneerned ..,.,,,,,_:.. -

would be approximately 3 /", This includes the speci-fied

. aceurâcy of the meterso

It was mentioned in section 4.3 that eei'tain of the

turbulence readinqs fl-uctuated eonsiderahly. Ït was necessary

to take a visual average of these reaclÍtr.-{Sr ancl in this ease

thç error involyed coulcl have been as hÍ.eh as L5 q'oi the

final result.

The ffustrrations in the readings were chargecl to the

phenomenon known as intermitteney. Briefl¡¡, interrnittency
is a state rn¡hereby the fluid is tur.bulent for a periorl of

:

i time, then non - turbul-ent, then turbulent again, and So ono

l.ItoeeurSattireinterfacebetweenanon-turbu1entf1uid
and. a turbulent one. - Intermittenev 'is eharaetarized bv the

irìbermit,teney faetot, f ,'whi:eh is the ratio of the length of
Èinne the'.fluid ts.turbulent t,o tihe period of time over whieh

, a..t . )..:).-..,

',j.. the',t¡:rbulence rneasurements are nade. , ri.,:¡,:;;.,

Since the fluctuations in measurernent oceurred at the '¡' '

lower L/Te ratios (0'6, 1,6, and tr,6) at stations nearer the

inlet it was thought that the central core of almost non -
turbulenË florv i+as interacting with the free turbulenee, or

IOgaríthmic regiOn Of the bOund-ary layer. ltrO eqUiprnent was ',,'t,',t.t',,,"

available for the quantitative measurement of intermíttency.
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Errors in the positioning of the-probe r¡rere díf,fieult
to juclge, but it can be said that the probe position was

:,:. aeeurate to within I AJ centimeters.

1:!:1 - i-:::: -: :: - : :-: 1 l: :: -: : :: 1 1l :'
,.,',t',, -'': :.:.. -I - ':'' :'; It r¡,,'as mentioned previously that the high pass filters on 

..,::..:.::/,.

Þoth anenoneters hacl been set at 2OOHz. It tvas quite proba'o'ìe ., . '"
that these settings affected the absolute magnitude of the
turbulenee intensities by removing those tur'bulence fluc-
tuations which hacl frequeneies belov¡ 2OO Hz.

Laufer (L954) founcl that there vras 25 times as rcuch

energy in his ur component at a weve number cf 0.6, ås there
was at a vrave ntrnaber of 1.0. The wave number is defíned as

em. -1

where:

n = frequency of flueJ;uation ('""r- l)

-U = loea1 rnean veloeity (em./see)

TT = 3.1L16

At the inl-et to the diffuser the lolvest ï¡ave number which ..:,:.ì:.,:,:

eould be obtainerL with a filter setting of 200 Hz was ,''-"1.",".

6r3È3=?=x-399. = 0.211
59ro

2TTrn'
G-ËE-

rlt_,
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As the outlet was approacherl this wave nunrber would have
become hisher until it was approximately 1.0 near the wall

i;, on an outlet traverse. This means that portions of the ..,,,,..:,-i,,..,.1,r,'' .:. ..:r' ut, vt and rr¡t signars vlere being eut off in varying d.egrees
throughout the diffluser. The effect that this hacl v¡as to
þoost the magnitrrrles of the intensities near the eentre of

,.,1 

,, the rliffuser relatÍve to the intensi'ties nearer the wall , :.,,.,,,,,:,,,i...,,.,,,.,-t':,:. and to boost the Íntensities near the Ínlet relative to those ' '"', ',, -

.írearer the outlet. This means that the eomparatíve values ..:.::::.,::.;:.,::.::. .....1.:.. :i1:..::': of the turbulenee intensities are distortecl. It shoulcl be :' "' : '

noterl that thís v¡i}I happen for any fixed setting of the
high pass fil-ters because the local meen veLoeities varv for
a given traverse, ancl. the mean velocity is ehanqinø throughout,
the leng'th of the diffuser. Hot.rever, harl a lolver fí1ter
setting been usecl, the distortion w.oulrl probably not ha-¡e
been as great.

Ünfortunately a filter setting lov¡ enoueh to rninimize the
eornparative dif.ferenees in intensit¡r alon,q the diffuser wouLd
have also allor,¡ed fluetuar-ions due to vibration to affect
the turbul-ence signal. ft was the opinion of this author that ,-.,;,r.,,:,-,,,.,,.,,,,

the suppression if a portion of the actual signal was preferable '' , ,,

to the introduction of a spuri-ous signal becauser r¡rhen spectrua ;.,'',,:..,'-,ìi,ì'.',.t'',:,,

neasureaents are taken, the results of this v,rork can be
eorrecLed.

Tha nnangdi¡g ehapter has diseussed the results of the :.:-.:-,..:.--Ì,,,.,,,ir, "'":.,-.^- 
,:,::t"=, 

..ï_ *-ÐL;r..¡f Ðsr o-r. f/ne ....:.,.-:: :,:tests done on the diffuser, The next chapter sharr state the
eonclusions ivhieh result, frcm t,he r¡sork :rJone and sha-t-l offer
a few reeomn-rendations for fnture r¡¡ork
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VT CONCLUSIONS AN]I SUGGE-STTO}IS TOR

FUTURE T¡.IORK.

The follorrring eonerrrsions can be drarvn from the
measurements whieh trere taken:

1. The fl-ow in the diffuser is unstable ancl asymnretrie. 
,

2. The turbulence in the diffuser is non - isotropic .

and non - hcmogeneous. .

3. The turbulence intensity profires near il-re inret of
the cliffuser urere similar to r-hose whieh have been
noted in fully cieveloped pipe flow.

4. The turbulence intenslty profiles reflected the.l
boundary layer growth in the diffuser.

5. The turburent energy in the diffuser iner.eased as
the diffuser outlet was approaehed, and tÌris is ín
agreement with accepted t,heory. ,,,,

6. Beeause of the """iti.ir.l of the flow, nothing
meaningful eould be eoncludeil from the measurements
of Ruv and Rur¡r.
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wo:k:
The follor,,ring is a list of suggestions for fut,ure

1. The instabi_lity in the d.iffuser flor.¡ shoutrt be
removed. rt is possibre that a ehan,ge in the shape
of the contracti-on nozzre, gr the arlrJit,ion of more
flow straightener.s woul'C achieve this.

2. Careful consideration eoulrl be qir¡en to expancì.ing
the scale of the experiment. That is, perhaps the
diffuser coulrj be made larger so that it r¡¡ou1cl be
possihre to take íneaslrrements within +-he ¿liffuser
more easily.

3. The problem of asymnetr.y in the borrndary layer
grol,rt,h eould be lookedr into. ,

l¡. l"Tany more traverses than tr¡o could be measured at
each station in order to give a more eomplete picture
of the tur.bulence at any one station.

5. The traversing mechanism could be improve,i so that
vibration woukj no longer be a deterraining faetor
in anemometer filter settings anrj- so that the hot
wire probe could be more aceurately positioned.
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6. Future studies could include nessurements of
spectrum, intermittency, longitudinal cor"relations,
transverSecorre1ation-",andR'vw.A1soVerythoror-rg'h
measurements of Ruv and Ruw cculd be taken once the -'

diffuser flow is no longer erratÍe.

In eonelusion then, it can be saicl that this study of
the turbu.l-ence parameters in the diffuser has shown that t-he

turbulenee intensities are in agreement vrith. the -findings
for bo¡nrlar.y la¡rer grovrth, and that the Rur¡ and- Ruw parameters

require considerabty.' more stucl.y. It is hopecl. t,ha.t future
work on the refereneeCiffu.ser wiI-1- benefit from what has been

done here,
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TABLE l+. 1.

DIFFUSEF. SURFACE F-OTIGHNESS },{EASUF.EÞ{EI\ITS .

Position
w

I+-6n

2 8" 28 -r33

) -61' 20 95

3 Ê1' 12 32

2 4tt

26"
.28il

16- 36 3 411

Po sÍtion
S

1-l}"
1$n

p.ms ,tinehes

t++ - 92

t+4 - 6o

l+t+ - 80

3z

32-60
32 65

40-72
l+t+ -l-2o

72 92

40 -140

32 60

40 - 6t+

t+-Bï ?o-4t+ 3 6n

3 8?r

4-4"
lv-6"

"4 - 8"

Note: þincnes = inches X 10-6

RTIS /Linehes

16!l'52

1 B" 20-32
I É'12 6n 16-95
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TABLE I+.2.
':

FAI\I RNCULATOR I.{EASUREÌVIENTS .

Speed eontrol setting = 65

' T ime RPM T ime RPI{ T ime RPI.{

,,', 2: 10 lOtr.O ):13 1039 t+; l+5 1O4q

2:L5 1036 )zL5 LO35 t+: t+6 1046

^ 
a/¿i )-o l-039 3t 45 103 5 l+:47 :l-Ot$Ê

,.j.T lô?Á t,-t,'7 lô?o
-. Ll LvJv Ll. Ll( Lv-/ 7

2z t+5 IO39 l*:15 lOtuO
I

2.r.n tr.\r') ,,.1'7 lôr,<4Z4l L\J$) +.Ll L--,

Speed eontrol set,ting = 6l+,32

,.,r: 1: l*O 1O0O 2z I+6 l0l2 3z 4? lO19

' L-. t+5 1003 Zz t+T lol2 lr: 16 1016

1.t., a.1ELz q / 1006 3zL5 l0O7 r+tl7 lolz
2,1C,,, 7- -' l0O9 J:I? 1OO3

zzLT ro12 3: I+5 101.q

Note: rTÍmett in above denotes time of day in hrs. end {

minutes. A1I tinnes above are P.M.
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TABLE 4.3 .

ROUNDTìII SS I"{]T A SUREI{ENTS

Stations

I

2

3

l+

5

6

I

9

10

I

0

0

v

0

ñ

0

0

o

0

0

3

4

3

+5

-4
+1

+8

+10

+L2

+20

+33

+37

+l+6

?

+2

-rL

-11

0

+ ltl

+19

+27

+31

+37

+26

+ l+5

4

+7

+l+

0

+5

+6

+13

+13

+2

+32

+36

+53

6

+6

0

-1

-b
+5

+8

+8

+?

+15

.+I3

+7

o

+l+

+L2

+10

+19

+12

+20

+14

+13

+16

+lt+

+\6

7

b

5

-tz
ô

+4

+)

+3

+I0

+16

+I?

+19

I

+7

¿þ

+5

+10

+1I

+12

+ 1l{.

+23

+25

!20

+22

All measu-rements

in thousandths of
an ineh.
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FÏGURE 3"P TEST RTG

FTGURE 3,3 TEST RIG
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APPEI{DIX A

TOTAL RESTTLTS OF EXPERII..''ENTAL I,'IORK

Explanatiorr of the Coding SYStem

Eaeh table in the follorving pages has the word rrCoderr,

follov¡ed by a five digit number, in the upper left hand corner.

Traverse
1-5
2-6
^ã)- |

4-8 (Cf,'Figure4"l)

This eode denotes the L/De ratio, the station ''¡¡hich was measurerl,

and the traverse lvhich vras measurecl.

This is done as follov"s:
1. The first Lvro digits clenote the LÆe ratio.

16 means -u/Te = L6.6
10 means Lþe = 10.6
t+6 means X /De = l+"6

L5 means L þe = L.6
06 means Lþe = 0.6

2. The third digÍt denotes the traverse rvhich was measured.

For L/De = 16.6 and 0.6 there were four traverses
measured. Facing the outlet of the diffu"ser and looking
in towards the fan these were as follows:

Digit
1

2

a)
I+



ll+5

For L/De ratios of 10.6, 4.6, and 1.6 the traverses
were

Digit Traverse
I 1- 5

237
3 " The last t,v¡o digits denote the station at which the

measurements uJere tal<en.

Digit s

00

OI
,o

uY

J.\J

Station
n

I

ø

9

10

or

A e p.rnmn] os

Code L52.O3 means that the measurements l./ere carriecl out
at L/Ðe = I.6 along a vertical traverse at station 3.

Code 6l¿fO means that the neasurements vrere earried orlt
at L/De = 0.6 aLong trarrerse l+ - I at station 10.

The tables themselves are self explanatory:
y E dlstance from the diffuser wal-l in cm, and was alvrays

taken from top to bottom or from lef'r, to right. That
is small y is nearer to the top or the left wall of
the diffuser. For dia.gonal traversesy wås always
measured from the left of centre.



Ll+6

U, V, !V = U-t, Vt, ¡¡f in ftrlSeC

RUV, RUI,I = l,uv, Ruv¡

\fEL = local nean veì_ocity in ft/see
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L4 l
1- i¡:_ ;_jÍtlì ñf.{I;Tt-';: _ ;rlL ì-i ,.i!\/u ,.iL! :.rI I\/¡

U Rì.JV F.U id VEL

i.,r'!0 J'5t,2 0,1(17 0o/^,7'i -ûj"131 -t"47 7 1E3"680

ü"/¡-0 0.0r'3 {-1"01t 0"073 -0.154 -0"079 200,080

Ll"Ê0 0"ù14 0,ùlr)

4"1û 0"011. 0.00s

7.lCr 0.üll û"005

9.2C 0"01_5 C"ùtI

0.012 -0"2L1 -û"087 2û0.ûBû

0.Ð08 -û.127 -0"0 2üU.080

0.i105 -ü.1ç4 -{J,rJ 2ûû,080

t" ()09 -0.0 -Ð"L23 20û.080
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a' .iì-ì i DIÂirL,ILiì = il"í,iil1

rì nË,

i).44

ù,70

.1.40

q ',ln

I " 
rr0

tit.3û

l rJ r C'lj

U

û"Ç2':

0.i)É?

0"021_

0"01c

0" 00rl

tl.ûcii

0"088

a"875

a, r-ì? Ã

iJ.0i2

0"cû?

0"c0ó

{,\, 0í) 6

'). L4'j

CI"ó43

Id RIJV RUI¡,

\"JL-J

0" 050

-0.034

-0,lzl

-0. 0

-c.349

-0.317

-0.659

VFL

L23,656

I 82. Bó0

I 82. 860

r ti2. 8ó0

I82 " 8ó{)

LPr?. ?'60

182.8á0

L32.û20

0,0q0

/l /ì?Á,

l-l ¡l al O

rì í'ìlì L

n fit ç

o"532

t) . L26

-0"23ó

LaJ.J.:..

-0"750

-0. Ll¡ 7

-ü"1_16

o. ?-5 ?,

0" 13tr
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1¿&9'

Ciil-'i- óiû2 iiiÅi'rLll'f.i.. = i?.

Y U V i.i RUV RUi^ì VtL

U. rJ5 Oúcj34 û"ög_J ,J .547 il" 1ó? C .4?_Z 14.45{J

û"50 ù"49¿r t"55ä û"20't O.441 O.?4! l5û" gB0

i"0û 0"ût7 0"04it û.037 0.?6,7 a"L26 155.800

i"ó0 û"00E C,"CCf: 0.00É, -O.LZ5 -A.?50 155.9ût3

¡i, "Ì.0 Lr.0{J7 û. ü0á 0 "t0, *t.LZ3 -0.0 }55.800

8"óO 0"CtÌ7 A,oC4 t.004 -a.3?L -tJ" 193 155.gû0

10,gc 0"019 íJ.o0g 0.û23 -0.077 0"067 155.S00

i-l-,3n 0"3A2 0"317 Õ,ZLZ Ç)"2?l -0.O74 155.800

Ll"1û O"ç77 Ð"6q,4 A "5ç:i 0,lgt; -0.49T qb.;l_aa



C 
'-i 

i-r i o I C3 i) I ,:, ¡', 'aT i; = i: " l5O)

Y l-., V t¡i lìUV Rur/'l VEL

J.lC ü":{a9 i¡ .'s-i? û"L4+ -0"094. A.30? 4ù,3P,0

û, 70 i "Llt) n.84¿' 0" 604 0,2Ð7 0"402 Bó. ç20

1"50 0.ir1ó 0"251 0"?57 Cr.5ó9 -0.198 L35"LzO

?.70 0" {ll:i 0, tîil7 0.01-/+ -0,ü77 t,100 136.L?A

5,2ü C.0C7 0,Oiltr U "ûC7 -0"0 -C"1"07 L3ó 'LlO
7,70 ü,ûU7 0"C0+ 0.[Jú¿r -0"0 -0.0 i36.120

1û.20 0" 0tl7 0, ßrf 4 0.0û5 -0.0 -0.0 J.36,120

12.lf,{i û"093 ú"ü98 ù"û75 0"254 0"tBl 136"120

L?.50 0" É',80 O"7srJ 0 "520 0" ù9c, -0.5tr; ,a Ll.I'5?-O

!2.90 r.)"'ó+? .t"úo? a.537 -a"l2F: -o.44l- 6rj" 88{J



C',.''i 'î. 15[r,' I ü+

Y

J"?_A

,.1" 7û

L"4U

z"7a

z"1a

b"¿a

8.70

LLà¿\)

L2,20

1 ) On

13 " ç0

{J

i¡ .6i7

0,94,i

0 " 57,+

0,0i5

û,ii'|2

0"ûûí:

0.0ü7

ù"015

rj"ù5v

rt tìl l

t"ûûE

^ 
-7 t^,L

i-'r " 47 3

0" 7çrJ

D. lzil

4,273

r" 0û8

ü"0t5

0"005

0"008

Lr. û30

û"57+

ü.82{)

ù " 5/*7

w

0.38ú

a\ í.2 A

0. ûô3

0"c1ú

0, ü05

cr " Ð04

rl fìl ã

U¡Ultr

0.3û7

û, 63:

()"45b

A.U V

ü"13?

-(J" ltl
*0 

" ?47

-ñ /l

û" 156

- il" i)

-0" o

ü"061

-û.,J28

v..JJa

{)"L65

0.13ó

P.Uvd

{\ '> 2. /,
v e !_-Ja

c.i45

-0.l-69

0.093

Ð*35C

a.127

-0.153

0"041

fJ.1Ig

-0" l9B

ü,4E9

0"3é8

VEL

44"ê12

7 2. I6Q

113"980

1i9.720

lz? " 656

L23"656

123 " L.56

L23.656

I 23.656

1i3"q8û

B3 " 64A

tr? ?ñr\
- ) c J\-'\-j

I .¡.



t- 
.rl 

iì t" ;:1û5

Y

t" 1c

t.70
I O|-r

2 Cln

? oñ

?,'40

1û"90

I2 " 4Ì)

17"40

14 " ,-,f)

i4" 9D

:, " \52ijltil,ri:Ti.lr. =

IJ

0"+7+

;J"1L¡

t'\ 
=. 

'i /,

rJ" i02_

ú.029

û. OC'9

ü"ß09

0"û13

c. ü¿'3

ü"24¡J

\"i ø arJ +

0"5bq

n ñl Ã

0.i)57

0"i125

il"rJû9

u.0û6

0"ù11

û. ü3¿'

0, i6û
n r.-lù

r:j 
" 

1*5 3

ti .4 i,

0. ù6ó

U oUl'=

0.008

0.0ûó

0" 014

4.a44

0.28û

0.6a1

Õ "316

R.IJ V

VC IU J

'3 . L -Ê.¡?

a"+42

-n íì

-4.?-L4

0"059

4"L94

0.05CI

It .<ç\.(

-Õ "L6?
iJ. i)3 3

rt | :-a L

RU|4

ll 111r.Jctta

(J 
" 24+

'0.O(,?-

-4.2L7

-0.107

o, ?L7

-0.09ó

-0. 0 B6

-n (\

-0.0

l) " ?_54

û " ?_81

VEL

J[].340

Ã? ?nr\

1C) 8 " 24C

11.3.980

113.ç60

1i1"520

11I"52Ç

1i_?. q80

111"520

1"i1.520

EO" 360

+2 " 64fJ



. t53

í1. i0

{J " 8ü

2"Aii

J,00

È. oû

l-0, 5c)

i 2 " 50

l-,i. 5ü

!1+"5O

Ì ¡ì 1f]'

t5.80

u

,t,43Ê

n 7r, Ê

n ":,7

0.c)v8

(-i 
" 01 {;

0. c14

O.Dô3

o.?67

1 /^1,-7

0"51¡r,

;l -iQ?.

0 " bSiJ

a " z()?

ú"!+6

0. rll l.

0"ü15

0,0i2

û"û32

0" i91

0. ¡¡l- 5

0 " 52 5

{) "4?4

0" 2b8

n q-7)

o. Lt,2

0"14ó

0. û19

0,010

A.C}L?

0.057

U o !.L'7

0.58L

0" 48J.

0.37n

RUV

-c.178

-0" 152

0" 8c4

IJIJ.J\J

-0. il

0.27 {)

0" 138

'J T .L\J .:

-o " 23?

\to)L--,

n 11?
\/. !IJ

.û" 180

R.U þJ

-/t n?G\J.\JI)

-û.141

-n ñ

-û.2?A

0" 150

-c.0
I.00c

-o "238

-û " ?64

a"??i

VEL

?7,880

55"760

LfJl+ " 9 6A

1t4.964

LAE,240

i.08"240

TA8.2+O

.108" 21+0

108.240

u3. ó40

5 0" 840



:iiii:iiiiiiiii+;i:ì:t'.,,¡:,,iiriili¡;+;iìiiÌr¡i.1;,i'.i-iiliri.i*ii:i¡:d:;.i¡!t:;!¡:ïriiititiliìr,:

CüLìÊ '51û7 DIÄI"ìETEP. = L7- f5&

,i,, . Y u v hJ RUV RLJ!ìf .VEL

1ó.90 Ð.3b2 0.288. O.ZL4 -ì3.,0 -0:ló1 31.1ó0

lÕ"1û 0"53ü û,+ó0 0.410 -i3.039 -0,126 5O"g4t

14.80 0.52? 0.,+77 0.-Jl3 -0.072 -o.254 78.720
a::,'r 13.00 ü.050 0.037 0.A37 0.710 -û.149 87,74O

lü.50 0.019 0.a'L7 0.015 t"ó40 i1.15¿ 87.740

8.0ü 0.025 0.A25 0.C22 û.203 -û.0 g2.000

.; 5.5û 0.I55 0.155 0.19ó 0.û92 -o.0 e2"000

3.50 0.345 0.299 o.374 û.2?7 0.290 75,440
:..,-r 2.00 0.4Ê2 t.1+8?- 0.463 0.14ó t.L27 4B.3BO

L.OtJ ú.44Ð 0.3d4 0"362 0.159 0.090 31.160

Ð.1û 1.111. il .942 0"ö91 0,Ðóg -CI. Llg 114" 900

:.'. -: ì



CüDI 6108 üIrXf.lËTER ,= L5,5

T

û,10

ü" g0

2 .31)

4.313

Á an

CJ ?A

i1"80

I4 .3ü

1o. 3 C)

r7" 30

17"çO

u

û.273

ü.3E 7

o,5+0

o.5g 3

0"419

0.075

û.055

0.217

0.494

0"30ó

13.

V w

ô I ?1

Ð.23?

0. 41û

û-495

0.20i.

t). \)) ¿

U ¡ U:fJ

0.232

r¿. 442

o.344

CI,250

Ðo L5I

4.]253

0.41 0

r-,.olY

0.4ö9

0. 1û5

0:û57

0" L8ó

o, 4'ð4

0.3ó9

0" 285

RUV

0. 101

-0,043

-o . otl

-o ?32,L

0"0ó2

-û.3b0

-0:c

-t. ZL (>

o.?76

o:100

0. l3ç

RU },i

-0, 0

o. û1+

-0,ôtg

-u. ¿)5

4"67L

-0. 1 00

0.339

-t.576
a.27i

0. 17{)

fl. 107

VËL

18.040

25.256

45.920

B 2. t.0{)

8?.740

^;'!U ¡ é-UU

87:740

s2, o00

¡ä.aoo

37 .7 20

27.990



i liiíi *1';ti$ill$:¡ti

CûLÉ ó1ùç IIIAM[:TËfi

I

t1.10

L).óû

L. +O

2"40

3.90

5.40

7. gû

10.40

12"b0

I5"40

16.9û

17 "s0

18.ó0

I 8.9ü

llv

t"2+3

v..)¿¿

0.4!1

o-473

0.619

n tr. '7 /,

0.410

0.176

o. 0E2

c.2Bg

Ð .45{)

0"41g

\J¡it-1

0.29i.

o" 154

û "'2T+

0.281

fì ??Ã

o,47 2

c"454

0:394

il " 134

0, 0óó

ô ). lå

1.77L

0.41ç

0.336-

û.27i.

Lrc

!{

0?108

0. i_ 83

Ð .7gL

a "35L

0,4ö 1

0.37g

rJ,?95

0" lclo

o. o4b

a:259

û, t*V7

o.37 +

0, 312

0.23ó

RUV

-0. û3 g

-0. 03ó

-0.0 3,

0-03L

-0. o

-0.077

-0.565
/1 r ^â-U¡ IYj

-0. i5o

0.298

o.ùóg

o.à+z

0:131

0.û7ó

RU'$l

-0. oB 5

-0.0

0. 032

û..031

-0.0

o,0g+

o.L72

-{J.û

-t.900

-0. l3ó

ü. 235

o. rçz

0:156

û. 113

VEL

13.94A

22.gba

31 " 160

39. ó89

58.220

ó5.600

85.2&O

B-1.740

sâ,2a0

7 5.44t

55 "7 bO

44.2.9A

34.44Ð-

2 7.98CI

?:'l :



CÜiJE fr11,0

Y

o" I0

û. óû

I ¿rrl

2. ta

4,2û

á tn

Ð. 10

1û. Lû

!-{t31J

14.30

1ú.30

17,80

19.80

L9.5ú

\W

|l{

û: 15¿

4,22L

0.304

$:.3ó4

rJ 
" 448

o .494

o,:492

t.285
^.^,Ll .IJ9

o" 112

o.525

t"45à

0 r354

t.25V

tllhÞiEïEF,, =

ll

4.250

0"38?

0.49 3

Q.57 4

ü. 549

¡'ì Á1 Ê

ü,410

a. L57

lJ. L I J

ç.42ú

0.5i9

o "424

t.342

0. i9L

Ð-23+

0.3"ù4

n ?a?

0.4s1

0. 506

o, +97:

4"3Ð?

\.,r IitO

0.261

rJ.459

o.5iç
r'ì ?OO

0.314

RUV

-0"1J?ó

-0.0

-0. 033

-0:0ó3

-0. û8I

-0"2i.0

-a: ?Lz

-o.0

-(-r.+fu

-_o:2L8

-û.05 I
o. lll
o! jl63

û. ü36

R.UN

0.129

0. Ð39

-û.0
c.032

-0. l2 5

-0: 0 ã2

-o:.1ó8

-t,247

-o. oas

û.271

û.39ó

o.231

a:259

û,144

VËL

L7 | 22A

2',3.94+

32.8C0

+4 :78tJ

55,760

63.140

85. 2 80

93.480
,...,

9 6.7 6Õ

96" 760

85" 2 Bû

o¡. t+o

45 | 92{)

3 ó. 080

¿0.

V



{:iìtll c;20û i.,I¡¡riiîi-iì, = i,J" ].5'8

Y lJ V 'r,'.,1 RUV RUh' VEL

i1"10 0"024 C.0i3 û"c25 _0.0 _0.0 l3Ê.ó00
c'40 0"020 û'iJLB 0"tl6 -û"0 -c,0Tz zûi).080

0"to u"01 4 c.ü12 0.010 -0"c _0,û93 2C0.080
'l:i:l:l: :jì"90 û,011 0"r10ó û.006 -0.a) -ü.170 ZO0.Og0 ,"i.,,.,

7"+t û,c11. 0.0c6 0.cûó _t.0 _0.0 20û.0g0

ç"2û A"i)tt 5 fi",)i.b 0.Lìqû -0.Jó7 il" L?6 Ztû.080

?,70 ta.á,¿0 0"642 [) .AZg *û.rr31 -0. 152 lgg.óOO :,::-



¡?i.:ii:;i*;;.:.#liìÌiÍ:;ii':$'.i-.i+1\¡:'i7i;i:;i1:11:;..:'i¡.ii;;i¡ìli;iii;i:::¡i:l::$¡:."".¡::i'"f,':iüiii{":-.'j+i'#:!i'ji¡1l¡]:|ë||l

CüD[] Í:Z0i i-ltr,tùl i:TFli = iI. \59

Y U V V.J RUV RUI,.J VEL

i).2C C"i:9ç L).3¡jb û.50ô -0.49-a -0"30i 150.880

aJ,60 u.17ó, 0.,14i. t,228 -0"196 -0"0 L77.l7t

l.t0 c.01.5 i,)"iJl4 0.014 -0"i:) a"\44 182"8ó0

l. 70 0 " ü I 0 0" rlil7 O. ricg -0.0 -0.0 L82. 860

á.30 i1.009 c"ûCI5 0"Lr05 -{J.'157 -û.:15? 182.9ó0

8,70 ü*'J09 0"ilt5 0"00É, -0"357 -a,257 l-82.960

10" 50 0. ü53. 0. c47 0.050 -Ð. 176 -0. l_80 L8?,860

i0"80 a"8e6 Ð.635 0.450 -C.417 Ð,286 155.900



:,ìì':iËiïiiiii;'¡iiìriíi""':',i' :iìii:rí.i ,:.+ü:'i:i#:::si¡li¡ii;i.'.:iIi:'*,,-,riì;iìilt:ìiitr¡:i;'*ii

(.fit[- <:2(i? iiI¡,i"ii:Ti¡. - i ?."MA

iili*¡:¡¡:.,,1#:i¡ii;1i:¡1:¡¡1i¡;¡,,,,.',;¡iiiiîìiilìii!ÌiiìÍÌliiïtii',:"'.¡iiì'ii,r!.i,-:i:i=:;rri:,":,i;,i*,¡,i,;1

.,J" lj0

ü"70

1 
'. 

r,,

3" 80

E"3C

i-0.70

l,1. 10

i ï " E0

U

0.üt2

0"025

û"'lC3

0.üû¡'l

O "D}J
0"u79

ü"û8¿

r_r.gfll

o"ó.J1

r1 fì(]) ã

(1"ûlrì

0.,J'3ç

û, il$5

0.û05

ü.J2il

0, rJs 0

0"i)?-

l{

0" _ì78

0.Lì37

a . {i2?

0,0c7

ü" o05

c" 004

il"ri20

4\ 
^tr(]

o"571

RUV

a ,39 t.

0.548

4"2+7

-n r'ì

-0"240

-0.135

-0.'J27

-0. c8 3

-a "34ç

F.U N

n ?2Ð

-t" 1_9û

o. 2 i.9

0.246

-0.068

-0. tr30

0.19+

VEL

1"410

155.ECCì

i55,8C0

155.80C1

i.55"800

155.80C

I 55.800

155. û00

8û" 36û

lt::



C:Ìtr t: ì"i I ¿\ ili i_ T l- ¡,, =

\,U

c) " 
1"'7 íJ

0"61i1

c"04ç

0"01i

{J.0(r7

0" 0ti-'

0.i_t20

0.088

Ð. {}92

n ?fi Ê

Û"4)C¿o

,t"i78

C.'3/+7

0.oit

0. 004

0. fJ0r+

û. rJl.l

o".c6á

a " 6'36

0"55?

'tl

c" 719

t" 58ç

o. a?_=.:

0. ü07

0.004

0.005

ù"c18

tJ 
" ocì¿t

ll " 615

0.4(,0

RIJ V

d) .3+2

a"L?a

-4.47'
L+.2{} 6

vc¡/.L

0" l2ç

c.?_66

û.3û1

c"251

RUN

-a.az+.

0"Ð5?-

'J.)t))

-0.Ió9

-0" û

-0.131

0" lB5

Ð "2+4

-t "342

-û "264

1't:¡VLL

á8.880

'123,656

13ó"120

J36"t20

L3ú. L20

136" 120

L3 6. I20

t3b.120

113"980

qâ -7/-^
,J¿6 

'AU

*2ù?

Y

f"aÇ)

L,AA

7 "7íi

2"30

7"9û

I l,t ?r-!

rl_"30

I 
' 

C,.l

l" ¿, 60



;ii;,:,,ÊiiÌijì;!'";r,ì,'4¡iii::,ilil:iiili,li;,r..+;Ì:ii:iËîitì?ë,:x.¡i:i¡ii:it::l*,:',#$!iÌ

\6?t
Ctli-:L ,L?:D4 iliÅt'iÈlI,;:. = 1/-i.

Y U V i,t' RUV tìU1ê, VEL

0,05 ,3"814 û"3D4 0"592 -0"238 0.137 +8"380

rl,7c o"qt7 û"7L+ 0.{9s 0"309 ù.200 9,0.360

i- " 30 û "7i ts 0 " 6?0 O "/r5t O.i>Zt, -D.160 103" 32û

2,QC 0"752 û"210 A"29¿¡ -0.314 -0.0 LIg,IZA

?-.90 0"03ts ii"{J?.7 t"C¡25 A.3Zl -0.0 LLç.72t)

5"LO ü.,,:)ü7 û"]ü6 0.C05 CI.lgg 0.113 L23,656

7,ç0 0.cc6 t)"0'J4 0"004 û"f3t3 -0.0 123.t,56

liJ"4û 0.Ð10 ü"û08 0"008 -c"c -0"0 L23"65ú

l"i"q0 0"t75 il"i)50 0,088 -0"14:, 0.1e? "123.65ó

l?"70 ù"7i5 C,+¿7 0,f:48 -0"L75 -0"151 108"?+Ð

1f,"7û []"ó45 tl.5C? 0,.437 -{).258 -0"1ó9 45"9?O



,,,:.;.r¡;, :: 
: :,:.'.:::;..1.. i:1.,..1rr r1, -..'.. : .,..'.i-: :.:;:.l¡t.i,.,;.,ì..,i¡.-.'lri;i,:.:.:ii;,::ì::::r:ii;lr,:.,'i:.r.:::,i:.,i;,r.'...r..,;il;,-,t:;',;. :1:;,,:¡,:rì,;:

C t.i i: i.- ¿20 5

Y

i.J" LLì

'1.ùû

2"4û

l¡õ(,1

5" CC

l"ì1"0ü

12.00

1 "û0

11+"0û

L/+"Ç[t

1J

0. ó4ó

a- 847

fl 7c. ?

Ð"24U

Ü.OEÊ

J"ûi9

ü.cci

û,û1,¡

ü"Ðrá

O . 61jr-)

0"71 ó

L),:r5O

0"å4i

\") " 
(:') ?

a. ?4{

u,,J+'.J

ü"û1ó

0"{lû7

[]"0û3

0.ü57

0. ác rJ

0"6û0

ô ?¡ì

i5" 163

rÂ

c.435

û. t,ç2

n fii n

4"787

û"122

0 " 01_4

0.00ó

0.011

4"A74

ri.57_0

0,53?

0.353

P,U V

-û.137

0 .7_? O

n r Êrì
VO LJV

-n Ãnn

-0,8óI
'-t.J7¿:

-n ô

-0. üó ó

-0" ?g I

l!" 3ó I

4 ,257

-c"zz1

RU'vd

ù,025

o.t03

û. ûç2

-t "047-

-ù.137

-0,ló1
û " il53

n ì ?a

ü " o4-g

0" 151

12"ç9C

VEL

34.44A

5e "22Ð

1C3.320

113"ç80

113.ç90

l_ 13,9E0

lLc) "120

I 19"720

l'l 
" 

carì
I¿J' ¡ !'V

LLI"52O

6?..916

38"5/r0



t,Lìí-i n7DL lilålilTi:R =
'ì l. L6h

T

J"2A

i,i0

,,cj . I il

r.8f)

'7 ?/i

'f Qrì

12"3i1

1-1.30

I+.3C

L:1 ,2U

1,i"50

LJ

f"378

O "72+

^ 
7';.')

Ð"547

û"CI88

û,0it

{J.011

0. Ð31

íJ,ü42

û.79l¡

A. t-,ç2

0"51b

ü"++4

û.414

0"47?

0,û23

0" Ðít?

0. 0?_ 3

0"o57

{1. ó-l 9

l'\ F. t" /,

o "i57

T^j

Ð.?65

û, 4ci2

^ 
-71-7

0"474

rì nGtr

0"0i1_

c"tû8

ü"ü31

û" oq9

n q:ì a

û" 338

P.UV

0.û39

0" 095

-o"415

-û.164

-4"652

0. 047

0.171

-n rì

0.ï¿û

û,310

0" 3ûc

0.168

RU'L'J

ü.031

0 " 0/+6

Ð"794

-Õ .29 2

-0.1*59

Ð,5t+4

fr " t149

0. L32

Ð"274

n I ?Ã
V' \LJ

-c" 1û2

VEL

20. 5 00

^2.64û
87 " 64A

l_ 04. qó0

L itE . 24Cl

I0B " 24C)

108" 24tl

108.240

L0B.Zt+O

I 6. 920

58,22 0

36 " 73t)



,' ,, Y U V ld R{JV RU"r VEL .:': ;.:

0.I0 Ð.290 r1.17û c.213 Ð.ù7e 0,0ó5 15.580

l" 0c t.450 0.31ó 0,3û2 *0.0 ü. r)59 29,52t
z-50 ó.åto o.+lo CI,500 o.2zr 0.o25 5û.g40

'' -::.. :i;l.,; 4.5{J Ü.5Û3 0.+76 ü.555 t.228 0.188 ir8.BB$ ..:,1:,.-,ì:,,:. ),:_t

7.ûO i3.ü42 CI,0óÐ 0.0ó0 -0. l7!. -iJ.0 79.-îZÐ

'''':; rz'oû 0.019 0.0Ió o.ol7 -O"ìf, 0.069 Bz.ooo :':::i
: ..; . : : . .-

]-t'+.00 0.201 C.L7? 0"170 -0"0 -û.129 tZ.t00:'
ì : i: i: ..r-

1ó.30 ú].428 0-330 t.3ó5 -0"101 -0"0 42.b+Ð
'1ó.80 Ð.356 0'21,û o.254 -û.097 -0.071 30.3q0

::



CODL szAB Dt,{iiETEiì = l¿1. L66

Y

û" 10

Íj.70

2.00

4"00

6. 50

g. t0

11r 50

1¿r. 00

1¿,OO

i7"LO

J_ 7. .j0

a ?225

ü.318

o .4'3 g

0. t)96

ú,4Ð5

û.ü59

U t tJL.2

il, ü7 7

A.5b?

ìJ.443

t,332.

c.120

Ð.z{Jg

u.¿51

t.472
r3"435

0.090

o. a22

o. û6ç

ü. 51ó

a, +?g

0. 26ó

14

O.Ió2

o,2!4

o .324

a ? 5-39

0,335

0. 042

o.013

Q.056

a,529

0.373

0.2Èb

RUV

0.04ç

-0.02 B

-0.031

-0: ù.7ó

-0. 0g 7

-0. Ð

-0.095

-0. Ð

0.225

0:¿38

Ð. og3

ßU}J

-0, -1It
o.ûóB

0.029

CI. û53

o,230

-0,120

-0.531

-a " 2L3

û. 01i

- 0. 013

o.L22

. VËL

Lt+.160

1 9, ó90

29.520

58 ?22O

87,74A

90.200

87.V 40

85.28A

ó8. I 80

45 | 92t)

3r.lóo



Cùt:t IJ ¿UA

Y

Ü. Tû

c, gû

1. gCI

3.30

5,3ü

7,Bt)

iû.3û

12.80

r+. gt:

I6. 30

17.8û

18 . /r0

18.8O

iiIAl.lITËr, = 19.

U

rì 10Ä

o ,'¿(>?.

0.34L

4.474

0"601

u.>¿J

0.0ç,r0

0.03{r

rr rri

t.437

O. l¡'1 ü

U¡.JarÕ

U¡iUL

V

0. 119

0. Ló4

u.¿í+

U¡.JJU

o"47Q

0.v94

0, oB2

0.033

Ð.i?ù

o.+65

Ð,392

0.328

4"247

t'v

0:119

0.175

v.¿¿L

o,354

o,4gI

Ut 4Y)

.ì Nl.L

U. UIÖ

o. t2+

o. 410

0.348
Ä -, ^U¡ JII

a "?47

L67

RI.JV

0.050

0. 081

o"a22

-0,0

-0.'J58

-0.375

-0. 300

-û.320

-0. r¡¿

0. +gc

o,229

0" i:-+

0.140

RUW

0.û5L

{i. t340

0 . {134

0:058

o.0go

- o;3 e6

-a: 67 2

-û,0

-'0. ¡só

-D. 0

-0,0
0, û35

0. L44

VËL

13.120

1ó,400

22,960

3ó.090

55.V 60

85.280

85. 2 g0

85.29û

82; 000'

7 Z. L6A

42 " 6+0

zl .120

30,340



Ci}Dt o2i0

Y

1?,30

lg.0ú

1-q"00

ió. 50

15.Oû

1 3. Cl0

l1:û0

9" 0{J

f.UU

5"00

2.0[l

U"BO

,-\ ? rì

aJ t

\/

168

þ{

Ðr?-7b

ü.370

t.487

D.4A2

0.1ûo

o.o45

4.L74

û.492

û.519

û"377

Ð.?73

o "2a?

iJ. .ll 5

n ltq

ÜIA,I.IETER =

tl

0.335

0, +l_ 5

0"479

0. 340

t.I'¿2

ù.05ó

0: iti3

t.492

ti.5çi

o:+85

û.381

U¡l-'l 3

o"iç2

t.L72

Ü.JI3

U.+¿U

0, .4ç 2

ü,309

CI,û97

0"077

0.157

û. +26

0.458

at35I

o.?.66

0.202

û.l2B

û.099

RUV

0.200

Ç.2L't

û.2óû

o,' l5 Ë

û.,38t

-4. L5 2

-0"óó7

-0. 09 5

-0. û

-0.0
a,03.4

-0.0

o.û5ó

0,l.g1

RUt{

0:073

o. L32

o.Lgs

0.23L

-4.24L

-o .319

- 0,0

-û,2 50

-t. Ð61

-0:0
r1.034

-CI. Ò30

-0 " 049

-0. 05 5

VEL

39:óBB

50. 84.0

65.60t

82:0CICI

87.740

90.200

9Õ.200

85 " 280

¿¡" i+o

3 9. 6gg

29,520

1Y¡OðU

tr_ 5, 5 80.

14.7óO



Cl-ìi r-- i;3 Ll C

il"50

\J¡ YU

+"40

7 "4C

Ç " 
¿r{J

9"90

JIi:,i.if,TIfì = L,l, L69

U

0,ù23

0.015

0. ü1" ¡

ii"(311

0.û2ó

c,E2,-r

û"¿2r¿

Û" TJT J

i,l . ilO il

0" 00ö

û" J2l
¡ì el'ì

H

ü.L1 1ó

t.010

0.ûü7

ü,005

o"û2ó

û":?'ó1

¡ttt/Ì\u v

-i^r tirfq

-ô n

-û"0

hl , tç
/iõ L )rt

c" óil8

R,U Id

0,064

-0"321

-¡ì rì

-û" 194

0. 170

-tl"IgfJ

VEL

200, ügû

200.080

2ûû.090

200" û80

200"û80

l_ 67. 2 g0



i.;ir..#;l,ir,t:rii=:iili:l*

il"1.1

0"40

rt Q n

2.0i1

1r.50

7"0ü

?.90

iD,5C

1íì Èn

U

i1.216

ü"1¿.9

0, a22,.

0"009

Û"OCç

{-1.01 I

Ð "47 ó,

t) " 
q33

$"31+

Ð " ils:j

{}"12 1¡

0"L107

û"t0ô

c" u0ó

0" 01¡+

û.15i-

Ô ñL1Ã

170

þi

ü. 31ó

û.1ó7

0.rll2

î. 007

0. nDÉ,

0,rJ05

0. ü1 4.

lJ 
" 455

^ 
Á1Ê

RUV

-4.801:l

ir" 7liI

-0.10ç
0" 1.4{)

V' L) L

-jf.155

-c. c

-U " ¿¡89

. RU1',1

-o "?_52

-0.393

-o"067

-{J.244

va r | \i

û.109

ü.337

0,165

VËL

171.380

182.8ó0

l.82" Eó0

L82,86t

182.8ó0

162 " 86A

L82. BöA

L9 ¿î 
" 740

113.980

''.---.ì. :.:.ì.:.: j.l

-:.:::..-



ì3ì

C3ili c,¡ii¿Ì ùI¡t.ji:Ttiri = ll" L7t

Y L, V bi RUV RU,f,! VFL l

{-1"4ü 0"9ç)rf 0"55lJ O.Jiti -D"52?_ 0.il5g gû.200

,i.90 c.4v2 0"24i A.362 -û"11"ç o.275 L45.çó0

L.1+c 0"ul2ij rj.L)32 {3'014 -0"r -c.0?6 l55,Boo 
:;::r:;::3.90 0"0ü7 a"c05 û.005 -0.0 -0.2-86 155.g0û :::,::..

t "4Ç 13.{)ü7 D.0,34 0.004 -n.iJ -0.L70 155"¿lCO

3"90 0.0ü7 0,t05 û"004 -0"i35 -A.i2! 155.SÐC

i0,90 0"û57 ü"a35 0.û44 ,J.ü2? t).2_60 L55"soa 
,¡;.,,:,.,,,,,

î1,-.¿rr') a,9ê7 0.52tr Ç).74q -{),47L Ð'1çó It g.lza 
::":"::'

,;,::.:;i ,;','.:',

il-.80 0"Eç6 {l"t;31 ü.óó8 -0"48r, Ð.?-29 7i+.4Tb ':::':':



y U V ',,r R.UV RIJ¡J VËL

)"Vo 0"75_:' û"5e1 tì"4g4 -O"TZ6, t.56i ó5.óûC.)

l"'10 'J"4e4 a.+?i 0 -2.94 0.044 L.454 Lzò.656
1"30 0"üc1 0"c30 0"028 A.6L2 -0.ù79 13ó.12C

2"80 û.052 c.30i9 0.0c8 û.275 _0.c26I-tó.1,20

5,3û 0.11çó (]. üü:l ,,1" lìü4 _0.074 _0.û 13ó.120

7"8û û.ûc1 a"o)/+ Ð.ß05 -0"r7fl -L857 Lz6.rza
i,J"3[ì 0.0]L C"ûC] 0"007 (1,]3b 0,0gó lZ(:"LZA
ll''30 0"0i]ú 0'c5¿ ú"0F2 il.rB0 û.3'r-4 L36.Tzt
r2"(')0 rJ"5!5 0'+53 0-078 û.b35 -1.û7ó r27,9z0
)"2"80 rJ"7tr'f ù./+33 O"sbq -D.34(, -tt,!?g 5_1.3û0



Cl; i Ë: t:Zû4

Y

il.51)

I " 30

2"1û

? QN

5"4()

7 c)n

l0,aç
1 1 {)n

'l j ari

13"8û

1+" L73

U

3"8?û

0 "747

i: .'2? ?-

ù. ,J:i0

U. ULJÒ

c.00 /

û"0I0

û .7Etç

ù "i44
0.áci

'. o -r I T

ô l.?n

^ 
| -7'7

o"ov4

ü, ûûá

0"ûü9

0.27ù

t"Ê1?

0.583

n i ntr

r\ 
^1 

-7

o"ü05

0. 004

0"00ó

û.1óB

u. ö.i, Y

t"47V

.qUV

ñ 14trt-,.!L)

-'.j"+/ |

-û"68ir

-i1 n

-rì r'l

-n )o"

-0" l0 7

t-r ?¡ìav. 1- u L-r

RUþ,I

-û" 133

-o.072

0.i1ri

-0. 0ó I

Ð. tiió

-\).¿'J3

-íJ.0

-CI.191

0.151

4"L32

VËL

45 " ç?Q

I 04. çóC

L23. h55

l --.t ¿a.D)Õ

L(i.fji()

L23. t,56

L?3"656

L23"656

IO8 " Z4t

44.672



Y

û" tc
l\ .1 r\

Z " OC

f Ç/ì

8"C[i

I ñ nrì

l1 Ã¡l

i 2. 50

: --, Ëi r)

L+" {r0

U

ü "172
f\ -7É) /.

i\ )tr. )

t.0+?
ai fì1 I

ô nì tr

¡A ¡ìl n

n rì2 r-

L)"Ìr¿

¡l .ìriá:

t-'t q Á r_)

ù"38ir

0"ó38

ú".55c

lJ" 1ó I

4"029

0.ùLlB

0. fiO5

,3. 0ü lì

a,{}72

0. t25

ü"73J

A"+53

L7b

i"J

0.581

Õ"É2O

a. ?-52

0,01L.

0"005

ü, 0ûg

IJ . L'¿. Y

4.244

o. 7l- 5

û" 33g

R.tJ V

-c.tJ27

0.843

0.c7 i

-a .29 2

c"?08

0"123

| " i)() c)

û.04_?

-0. ù6 4

0" 2 0ç)

RU'd,l

c"14ç

i), Lg7_

-4.322

-0 " 55ó

-0"0

O,4Oó

- 0,. I2g

U" L+¿

rJ 
" 216

-a "7_97

-0" 174

v trL

¿9,)¿{)

48.38û

1û4"c,;ó0

1t^L L'1 t I lU

I 19 .7 ?-t

LL9"720

L19"72A

I l-9.720

LLg .7 2A

r1 9"12A

9Ð " 2AA

¿+O,67 2.

ì{

-.: : :.:. : :-:-.. :-:-:-
1r-.: t:::.:).::



C fi L, i_ t'V,D 6 r-iì I i!a,l-|]t - i r
¡-'i'i,-¡:-¡:jo

t q riñ

I I 
^a1L L.IJV

1 i flrfì

'J tìô

.1, O0

/+.00

') qrf

/ì trrì

û" i0

IJ

i).rá9

o " sâ i

û . ":24

û"071

fJ"cló

0.011

rJ 
" 02.9

Uø(.!L t

C"8i?

0"ó18

0 " 5¿t5

0" ¿r4 S

i /- 3â

0 " 34:Ì

0"c'J5

,1 aìl ?

0" c03

ù,ô7.3

i), {iöi

{)"405

{i.?30

L75

h,i

c"2b5

n r-nq

û, 66 .1

a .2b7

0.a53

0"011

0.008

0"02á

0.255

0" ?1.7

Ð .5+7

0"415

f{r,J v

-{l, c'13

ia 
^7n

-û" i00

-û" 593.

,.l ;i t í.t'Jì -/:-t)

O " Ió 8

0" 130

û"CZlr

-0"2L4

- 1l 1C) 1..

c,2:i3
a\ 

^- 
t

v a t- )v

RUbJ

-ü " 032

o "o22

-rl " {l

-0.0

0.185

- i,) " ?!3

-,ii.333

-n fl

0"265

-c.0ó0

- ü. ?43

C,LTti

VEL

2 0 .500

38.540

1 2. L6,A

l" ùB " 2_40

10?,.2.40

108"21+0

10I.240

I 0ß.240

l_u4. çó0

¡93.6/rO

/+5 
" 924

36,736



;::'*iÌ::::'l;:i!1::.*i'{iäli::1¡jlrl":;,;*!:lr:¡,;i:.$r:¡,;i:r$ììiì:;:jiìl',.5Nt:.. ,¡:i", ,

Cflnra 63ù7 DiAFìËTEiì =

::':-.'...:'.:'.':'.:':':f::..'::';''i,:':::.:::..ìi'j:j''-.'1.''..:.':!..:'':::::i:.:
'I ..

17. L76

;:,:;-^."::.::. .. :;:.: i :' :'.:. 
:.i.1:..-: r : : :-.:r: *,:... ;..::: i .'ì

Y

Ð. 10

0. B0

lt LU

4.10

6.1t)

8.60

11.10

¡.3 . 10

14. óû

15. ç0

lb.8t

tJ

o.? 6L

0. 391

U. OI I

Ð .547

o.ii6

0"017

0,015

0,,060

a,46 g

0 .450

0.347

v

U¡ lbl

o.259

UO+I\J

^ 
,/,7tr

{,1,155

f\ i\1 a

0: 012

0"û53

0, ¡+3 2

0.339

0.20 I

1,,,

or178

û.252

v.¿tu¿

^ 
E 1\/.

Ð.1_09

0.0 i_5

0...01 2

i1.04ó

a. +75

U¡'tf f

Ð.3L6

RUV

0:039

0.030

o. ûg3

D r446

0.099

o.341

0. lgó

û" 22.3

-0.04?

-0?067

-ü. if,g 3

RU|{

0.1I3

0"o31

0.c50

0,1s7

-o" o

0.194

o,197

-û, 03 g

:,
o.219

o?263

0. 129

VEL

L4.7 6A

22 " 
gó0

39" ¿BB

75r+4O

82. 00ü

82. bOo

82" 0Cl0

B2.O$0

7 5.44t

+2.64t

?ç " 52.O



i;*lf it ;,t :;r;¡Íìüi:i:l*:'":*i::ii::*

coD[ b308

'.'r.:' . Y

ü. L0

1l 1t\

z.0t

+.00

t3.5O

g. {J0

't 1 Ãrì

11+ . 0{J

1ó. 0o

17"00

17"50

DIÀÞ1[TEFì =

tlIJ

te, LTT

W

o:120

0"2t2

a.322

n q21

0.3û1

rì ^trn

0. o3û

o" Ltó

0.5i5

û.3ó1

4.261

t.?45

Ur5¿}U

o.523

U¡ÐUY

û.3ó8

0.4r5

ù . o3"l

ù.2ÐT

0.58C

û.4I C

o.334

0. i51

{J,23-à

c,396

o.555

a.?34

o "t44
0:020

o. 155

0.4¿ I

0.32Ê

o.25L

RUV

0. ûil g

-0.020

-0.0

-o. ov7

-0" Ð74

-0.3ó3

-0:- 150

-o.7_57

-0.0ó¿

-0. 0ó 3

û"ûT.5

Rì-.f 'n¡

0.17+

0. 035

-ü. 0

-0.032

-û. t

o.à4g

-0.195

0.104

0.232

Ð.L25

0" 0L4

VE.L

14.7ó0

2L "320
3ó.0E0

ó3. 140

87.740

87 .1+O

87:740

B2,.tOO

60" ó 80

37 -7 2A

30.340



,¡;:i,;:;:;-*:ii;"|.-;l;:¡¡i¡.l1:i.;;:¡¡i-.',¡1i::Èiii;]i:::il::::ììi:;;;;;::'j;:*'.i;Ì;ì:r.:,:,:i!1:'iitÍi¡jlÌi"$i}ii

CütË å309 II¿\È¿ETER = 19. 178

Y

ü.10

ü. go

I 1nL. LW

4. 10

6. ó0

?.lt)

I1.60

la¡ 1U

ló. ío

i7.60

L8"6ù

¡l
L,

Q.2?5

ö. 28ó

0.3g7

n Et ?

o.561

V. ¿:+

0. o75

t. 12+

v.2+¿

Ð "ty46

û-324

v

0,10ts

ü. 1.6 3

û.24û

0.3gI

4,460

'J. ¿ 3+

o.lfJo

û.124

û. 47ó

a"4aL

û.252

br

0" 154

0.2û2

0.297

0 .4-3 g

CI.49ç

0.1ó7

UoUJ-1

o.ioa

a . oz_z

o.346

0.23t

RUV

0.109

0,084

-0. o

-ú. Ð30

-o.t9-N
/\ ! 

^^-Uo*4Y

-0"'J
*û. t)

o. o7s

o:, 0ó 7

-0. 01 ó

RU}d

t "oB2

-0. û

o. öio

Ð. 096

t.170

-o.44i)

-0. 0.:
-u. ¿¿v

-o.ll¿

-0" 102

-û " ov7

VTL

13. 94û

L7.220

¿). I )ë

45.92{)

7 5.440

s7 "l 4a

97.740

t z. û00

og. s so

+4. ZB0

29.520



:;::.;::;
.1.:..t.:

CûLr[ 631û DiAþi'rTER = 2C. L79)

Y

0"30

i..24

2.20

Å -7n

5. 2fi

7 .2t)

9.70

L-¿,.2{)

1li. 7 0

tó.70

i8.2û

i\1.20

19"óû

U

û "3ó8

c.+33

0.555

0.41 7:

0.157

o .'L-7 4

u. 349

0.552

Õ.573

f\ j.-, /.

c,.3ó0

o,?1 g

û.2üg

\t

O.2'B/+

n.3gl

o-494

tJ 
" 4?5

o.2+4

0.140

0. 34't

Ð.447

O. /+7 2

0" 393

ü.247

l\ 
" 

--UoLIL

0,135

.!ü

or276

t).373

Ð.494

a: :433

t.14û

o. L40

û.314

o,5Q7

o. Eo¡

o, +28

t.267

c, Lço

0. 157

RUV

-0: û3 I

{1. ûåó

o- ?t2

0.19ó

0" 321

-Ur15U

-0,1o7

-û. 131

-a.ov2

-rì n

ù.033

-0. o

CI.05 2

RUì¡J

-Ð.040

-Ð,034

-0, c

-0.091.ì

-ar rì

-0. o

-o:162

-0. tg4

o, Ór, o

o" 044

t . {}32

-0. o

-0,0

VEL

39:6BB

45.920

og. 1+o

82- ûOO

94.200

90.200

90.200

7 8 "72A

58. 220

4+.28O

25.256

i ç" ¿so

I 4. 760



Y I-J V ,FJ RUV RUU VEL

ü"2C 0"06.ù 0"ü70 0"ûóó o.l5ó ,J"193 20ü.ûg0

û"óû û.û?-Cj 0,iji+ ,f.CIg -0,0 -0.0 ZOü.CJgû

i..4u {1"0i'¿ ,}"o)7 0.úcó _0,L56 _O" l"5g 200"0g0

+,4c t.û1i t"c0ó 0.llo5 o.15E -0"r94 200.080 ::..,,,,.

7"+A í]"01¿ 0,ûcó û.i105 -0*.t 58 _ù.1iJl ?û0.0g0

9"6C C",.li7 Lì"rJlô rl.OlZ -û.t) -CI.170 lBB.6û0



(.i--ìi-li: 5¿01_ LlIAi,¡tliì = il" 181

Y U V þJ R,UV RUI^J VEL

ri. iC ()",:i(:.+ (t.i,:i9 C. {:31 0. _10t -ü.370 ILg,7ZÐ
t'1'50 t"i:-:7 û"ó38 û.2!7 -l).248 -0.6û-r 1E5.go0

û"9û a"]7+ tl"úÍ-'5 0.07r. Õ"'r4 -zg,4hg rB2.gt¡O

1"3t 0"{ll7 û-ar+ o-014 0-1"94 o'11/+ rgz.E60
'+"3G 0"01ü o"0u 'a tJ'00c1 c,lqó -0.0q4 LBz.g60
7.30 'J"COç ir.oLìó o.,lû6 _{1.151 _0.I51 1g2.g60

liJ'3o íJ"035 c"c3c 0.03e 0.zrc o.3rq rgz.Eó0
LÐ"5A û"2?L C";:.jq7 û "Dg¿ -0*0?g -.û,42g lTT.LZA



CLJDi 54,J'¿

Y

) ,4t

c. gû

L .5C

¿r 
" ?()

.) ){\

10"5(-)

Lü.ç0

11" 30

l¿" Lt?..

ti

O "rrr5

0. 071

u"013

o"û0ó

0" 00+

t)" 0t5

A"{i?-4

o.Éû3

c" 5gg

nl¡i i'ff,:

IJ

n 4?r

ù "oi7
û"(J14

0"aa7

0"0û7

it"Ori7

0"0-10

0.5çl
f ì Q:¿ 1

ü"65b

0"û32

0 " ül_ i

û. t04

0" ü05

fì iln (

1, 
^)e

4"24L

D"+65

RIJV

-0"069

-0. 1l:?

-f^, ì )n\_r. L1_U

-0.393
./ì 141\J. LJL

O, L{)q

fi. 1-aL.(J r ! -rL;

û.329

RUi4j

0.410

4.L42

-0. 170

-0"0

u.¿,it

a "5+7

-a "367

VFL

1 04.9ó0

155.800

15i.800

l.55"BD{)

155.900

155"800

155"800

L15 " 96A

I3?.. A20



Y IJ V i,; RUV RUI.J VE L

t.40 0"f,ìû7 0"33,_c o.5çL -û"125 _0.26û hÐ.680

i"1ù û.i71- c.IiI 0.179 -c"û -Ð"374 13ó.tZû

i"90 0"û2'l Lt.o19 0.t29 -0.ûós o.?.48 136.72Ð

+"4C 0,0C7 0"0Có 0.C07 -A.10É -0.10.J 13ó.j.20 ,;..,.,

ó,90 0"Oflt, fr.OÇil+ û,L104 -û.0 -0.1-e3 l3ó.120
ri.40 û"0n7 {t"A05 il"û05 -C.O -0.0 L3(:.LZû

LL.?a u"LJZ8 c.'J?3 a.c)?1 -'J.051t -0.1.91 r.6"l.?a ,,.,,,

rr.ç0 0,i97 o,r-31 0"r-41 -0.09 7 -a, Ióo Lz6.LZ.t 
ì'¡¡"'

: t : ;':

3-?*.50 0"8,s7 t)"Ó29 0"667 0.426 -A"VL4 Ln8.A4O .::



C ri l-'i l¿r" 18lf

L¡

^ 
r.ç-l

o" 90ó

0.02ç

íl t\r\ 7

{\ nt1.J

íl ril ?

^ 
Ç:1 

"

'l rìt 7

ti

0 .37 7,

aI ? rì?

0.031

0,{i05

0" û0zr

L'l " r)0 9

û.04b

0.7ç0

RUV

(J.192

V'\JLU

.-/l nE â\)a JJ t-a

-n ,12 
^

-û, 30 ó

\it 1l-)

n 1trc

-0"26/+

0"513

n ì/.rìv o )Ðr_r

i:-'4ù4

T

L)"ZC

il ,8c1

1. Êiû

2, [i0

7.80

It. J0

li.B0

12,80

i,i " ,i0

tl"rqi

0"705

r,?36

{i"cl7

c" il,J il

c"c05

Û"}LZ

û " 04Í,

û"4<)?"

û" óc9

RU'r^J

û. 1q2

0.316

a,5i3

o"o7?^

0 .22?

-f\ n

A"L¿T

{i.687

-0. o5B

-û.191

VE i-

38" 54û

68. g go

L L9 .7 ?*O

L23.(56

I23.65ô

L? 1" ()56

L2.3.656

119 "7 20

II3.Cti0

7 7_.I6t



Ciji-;i: r>4J5 1È.

Y

0. +0

i,l-u

r.j' l0
-+ in

,/¡. . l" (J

.3 , ¿-.0

3 1/-ì

i I /"t\

11 Âñ

1r.60

14.10

i1+.5ü

U

ù"47c

4.7a2

i) . 67.0

0"074

i).0i4

u"t0í-ì

0"00ç

û " o7i:

t) " Ltrû

(\ r: ç'.:l

Ð.174

1 1-7 A

0 " 3?.1

0, ú?B

0" tl.rl

A o ]41+

fl ñ1 ¿i

0.0c7

i:t"iiùg

0.028

0, ¡10 0

t.,'e ¿-t t *

ü"írBi

0"c11

".j

,) "? }1¡

û.599

,J"456

0"r.1óÊ

o.t22

o "a{i7

0"Ð0ó

0,û16

CI,i00

0"341

ù" 58å

^ 
(f11

RUV

t. 09c,¡

ü.i127

o"L6¿-

-ii.l23

-il"ûs9
rì l fio
\). LJ J

-û,0 7 5

\ )Aq

-0" 35 0

0" E6ç

c"¿62

'-a "2?5

RU'/,¡

l) " L31+

Ð.?_7 6

0.51L

ü.17b

c,528

,/l Ì Åq

0.092

-c,o

-Q .400

-0.084

- o . 2?-l-

-il,lçó

V ËN-

32.800

,8 .220

103.320

111."520

1l l. 520

111"520

111.520

l_ 11.520

I 1 l. . 5 20

l_ c4. I60

77" 080

lûl"32{l



CtrtE b4Ð7 DIÂt"tETEii = 17.

Y

0. L0

c. g0

2,30

3:Bo

ó. 30

g 
" 

g0

11.13ü

12 Qrì

1+.30

I ri ?rì

?;. 1rì

!o.Õu

U

D,,345

a,+73

0.5gó

Ð: L24

CI"û21

0.014

t?a?2

ü. û77

0. 1r[ì 5

n Ê?1

û" 430

0.31g

V

o.27 3

û" 402

a .56i

o. 093

ü,û17

0.017

U. U¿¿

0. 07+

0.4ó5

i).434

{}"344

a.zt|

186

.yl*

ar2+7

n aLA

a.447

û1û77

r), t I7

ü.CI11

UoUl5

4"L24

a.47 B

4.4E2

t.?7 5

o.2iE

RUV

U¡ UJU

-0. o¡o

*9 
? 22e

-0"223

-a.27 g

-û:381

-0.0
u.lÕ1

0.ûóo

0.üóL

o,i?¿

RU1"'

-olo

-û. û93

-o.217

o:300

-o. 02 L

Ð.432

Ð.398

$.9V5

0. 36'0

0:23I

0. !.?2

0. 051

VTL

23 ?9 4+

39. ógB

7S. ?20

82:0O0

B 2. 000

82.000

82.000

82.000

7 2. L6A

48. 3 8û

34" /r40

ii.g++



.. -.:. -:..:- .:: -_...-...-.. :.: -_-r.-_t-r-
,,. - I :.:

Cû Ll t /r40I

Y

I I o YU

L7,+û

I ó. {.lO

14.00

11.50

?. 00

ö. 5Cl

4. O0

Z. 5U

L. 20

ü,10

DIA14ËTER = tS"

il

û.297

U.¿fUJ

U c r*{J iJ

ll 
"/-r

0.075

^ 
f\a ¿-

o.04+

û.319

TJO(jUY

c.503

4.327

,. V

0.2ü¿J

o,3a5

û"4?0

O.Zó2

0.07û

t, Ç)33

o.335
;u. )uf)

o. 401

0.251

187

û:208

Q.334

0.440

D.2b2

0.oó7

0.CIz9

û.033

a "z_&B

o"+EA

,.;-;

RiJV

-o. 03 B

-0.031

0.ó33

-. r;t
-0,Ó:?

-û.531

-0.09 1

o. oo+

0. j3ó0

ß.254

RUíC

0:037

lJ.0g5

t.232

4.487

t.249

-û.271

-û:14ó

-0.350

-0. o¡¡

-0.05ó

-o. o

VEI-

21.320

30.34t

5t.810

85.2gO

87.740

ço. eoo

87" 7+0-

87.740

(ß.1+0

45.9?O

2 7.9 80



1." !.'.':.. :

c ilii E

::ll

Y

0. i0

û" ó0

1.60

3.10

5"3û

10. 30

12.80

1+. go

ló.3û

I 7.60

18, 3ú

18.70

U

c.3 63

0.439

0 " 54il

0.218

0.140

0" 100

o.3.b+

u.>:¿

0.52 6

t"422

l\ ?7r\

o "279

V

0"197

Õ.2ç3

û. +30

o .557

0.167

0. 105

û,1û0

o.197

0.4¿2

4"413

4.422

t"293

0.19ó

H

0, 190

0. 31CI

o"l+10

0.433

t.167

o. !7+

0.084

4.2"L3

o"4o

0.505

0,344

U¡4ÕtJ

Õ 1 efì

RUV

-Ð. 02 ó

0, 111.

û.093

o, ¿L7

Ð.64Ð

-U¡U

0.66 ?

-0. 0

o. lze

û.093

0" 097

ö" iot
0.194

RI-'W

-0.025

-0. û60

-il.059

-0,2L5

Ð.175

:û.290

- o.257

-Q.692

o. 5¡o

0.317

o,0s+

o. oóB

0. o3r

VEL

?9 "52t
39.688

50.840

82. 0ûq

I 7,740

90.2Ð0

I 7. 740

85.280

7 5.4+a

53.3{10

34.44ß

ã0.3+o

19.680

t"j":.i.?:+;':ì"i:-;':rii:r¡i¡ì.:';Í'i.::::dri-l::::lj::ì::::::::l:;:::ìt::l::t::;:::i:i1.;::¡t:;:::t:;:;J:;:i;:ii:ii*

()4gq DjAl.:r-TEF..= l-9. lSS



:';r;.:;;:.;: :.;1.1.:: :.:'lì.f)¡: i:-:f ::.1
:r:ì

c ti b41Ü

Y

ù.10

ù.7ü

1.3ü

¿.30

3. 80

5.80

8.30

10.8t

l-5.Jtì

lri 7n

i_b. 8û

rs":o

1ç"30

19.8CI

...:.:i..::..

20. Lgg

U

4.334

o,414

0"427

i\ R?n

CI.47 B

u.rel

0 1349

û.2ó8

o.?19

a.477

0,55L

a.++3

û.2-t44

a,25L

V

o,215

Ð, ?ç1

0 "343

Ð.492

Ð.492

Lr. +¿ Þ

0:384

Ð.234

C-rsz

{\ i.L1
ir.lrJ¿

a,5$4

u.5>L

ù"254

r\ ! ÀG

v{

0 "?I4
o-297

0.4? 0

0.465

U t LO{

a.?19

Ð,335

U¡){u

ñ rinT

ü.rzv

u.3I(

0.278

o. Ig2

RUV

cì. có3

a.Ð7 3

0.053

Û.OBÛ

0.193

0.308

-t.0

-0,l)
:U.l9¿+

o.21 B

o .1"2-7

o. io¡
Û. I¿4

û, zl. l.

RUil

-0. o

-{J.A54

-0. 02 6

-0: 05 I

-0.042

t"071

-0.115

0. 0ó9

-o, ooo

0,35 3

t .2t¡4

o" 17ó

û.0.97

-û.0

VEL

27.880

36,CI8Ð

3 9. ó88

55 | .160

72.Lbfi
^;ð 9. löu

90. zû0

87.740

öf r löU

78"724

ó0.6 BO

¡ç.oaa

z7:BBO

18, $4Û

1 :.: ..1:i-ì :.:



,i ì-'
¡.:':¡-1':':.;.:j::.:1:::':::q.'::::::Ì],.'i::::J::::ì::::-å:;::i::];il1::'::¡;ì:ii;!'::1jì:,:':ì:,jì;>l;i:;.

f.i-jljL lÍ¡-1 ij'J i-.j.ri¡:i Ti.,i = l.' !.r e 
19ü'

Y

,ì i\â

iJ"í¡{;

L"7ù

5"20

7 "2{)

3"7ii

ü"ôo

LJ

C"c:4+

,.1 .7¿,û

r,) 
" ú7 rj

t")"5t:L

Ð "234

t.)oli./

¡J. û3 ¡

"f"E7a

it,árJó

t) " i;96

û"ii4Ll

'r_l,lt3iJ

û"2i,il

t) " 7_?- ò

()"1"77

CI,7ii3

a "5ûv
{)"4Jô

c"201

0"1ü2

i) ,47 7

fì Ë,XÊ.

iìU V

o "ù42

0"'rl5I

0"ü5å

-c. t9 3

-0.50 7

-l.rlûÉ)

-û.lgE

-û"L54

R, tJ ',v

'J , ¿+ 7t¡

û "?45

i). 3 59

t:) " 235

-0" 177

*c 
" 087

-a " 21e

-r1.533

VEL

114" ûûC

I42. ó90

1-52,570

Iç5" 150

2CLV7_C

I9 5, I60

l,,iB" 600

I ó4" 0ÛO



vr¡ u V b; ,{iJV RUH VEL

iJ"c5 I"r-i5¡., (ì"77d û.556 ,J.i)1+6 u"380 óû"óg0

'."5ù 1"ûJ3 i1.350 c"ó48 ù.ùó6 0 "304 1ù0.040
f .ilû í)"c2? C.7¡rl 0.¿¿,ú _il.ûgû 0"274 123,CIO0
2"'JU ù.7;3 i)./ll {J"Õ01 _ü.I01 *,VZV I47,f:,r,'
4"00 ü'418 0 '402 Ð"402 -íi" rçg -ü.2I3 L75.4rlt
ò"i10 ü"2+S 0,Zi;ì_ A.Z5Z _ü.i133 _il.516 182,04{i
u"00 i')"?,84 t)"2.j? o,z,:2 -0,,8{lç -r),5t+0 r82;rj4u
9,'ùA û,92Ê 0"+33 Ð.4g5 _0" lil3 _i3"r*66 175"4gcJ

1Ü-00 O,'ù'r4 ß.722 0,567 -tJ.û1J1 _Ð,45g L4Z"6gA
10,50 L,a¿t7 )"25'j a"iír. _C*031 _{J_.3it6 I'Z.AZÐ

.: -.-. aa: .,



Y

0" lû

1,5û

r. ;t,

4"5ü

6">A

,'i .5û

lû"iitj

I 1' rlû

11. õ0

il

rì -r:

1" 2iü

r.2t3

il.álj3

¡ ii:')

0.2 i iì

t) " ?_{L 5

0"ú7+

i",ù3ç

l. C0/+

0, 43 r')

t "'¿7-")

:ì n.a "

ri,7ll

ù"46S

Ð .2_6'ò

A"¿LL

ii " +3Ë

{l " 808

Û,vc2

ir,J

.l " 4ù{:

û"754

{1.910

c.57 q

0.+9g

{},?ig

o.1¡i7

4"469

û"71ô

Ð"13t,

RUV

-1 ^')ìÚ e \' l- L

\¡ a 'J ,t r-)

n ì ?q.rn L )-l

-o" 3qç

-{} . i:b1

-û " 
/aScJ

-ri 
.ì1¿

U+\/TU

-lì n

ar --t r

RU 14

',i " L42

D-L43

f'l"1ll-

c"2só

il.0g7

-0"582

-o. 352

-o "417
*û 

" 298

VEL

28"700

55"760

g5.g+û

I /+ ?. óLl0

164" rlÐ0

tó8" 920

164"000

I 64" 0ûû

LL9"12t

i,ti, I 80



Y i-j ',j !Ì F.tj V RU i,,i V Ê L

,J.iit û"cûU 0e/i3{:} C,_"51 Ð,ÐZl t)"O14 Zi,7.8rJ

tl-7{} jJ"q71 û'ó4¿i fi"ólú -Il*L'}20 o,c3g 4c.rsû
1",J0 I.4Lü i_Orl0 í1",ð2Ð _0"ù6t A"Lg3 i5"44,J
?:"3A L"ù2S (i.çFt (J,gTts _û.tT ?- ]"257 LLg.l?û
4"84 û"7-?,Ê O*73Íj t)"úZç -0"gI3 O,il5g L4?"óO0

t"g{l *"1?5 û"2o3 Ð*2ç= _0.i131 cJ"cg1 1ó4.n00
i:"ilC ù"¿? r ü "Z2i ù"20, -ü" IiT _0"249 L5?_,520

it"lo 0"5û7 o,¿+23 û'479 -{i-r55 -Ð,i-57 r5z.5zo
It"5C' I.DLi 0.9.J7 O.7g? *a"Ð6g _0.3I5 1Oç.gg0
L2"z¡is {i"ç7¿ û"i:ii)4 ii"b3I -o "?-49 -Ð.20 4 72.Lf,a



.;::Ì';al ^ 
j- rra: ia.i ij:riltj.l

'¡ t: ,'ii:-\

rìiì'i:ilri.t+:'+,::;::,ì,,:,!:ì,,:¡tiiir::iiì-..ï;f!irii¡¡¡i¡,;;**iir.iiii:::*iii¡¡-;l#Í;l**::rl+:liii:".+iìlfÍlüìì,#
1 /,

1g¡*

'ii

3 " 27'.d

û"t0ç
/..1. g 0 3

1.o44

l-.029

0.3ç5

'.J, ¿¿. I

4"h56

ü.glc

c"5I+

f

J" ii5

2"1.J

4." i0

5 ' (¡t)

i I r)

1û, tí)

iz" lû
i -i 't t,

U

ü.1i;..¡

!\. ]- a

i " f 55

1 2.') ¿

I ì 7fì

{) .47- 3

il"-j1t)

'j " )iJ4 5

L"072

tJaii!11

v

),:t\44

A*/r75

c"82ó

1" i. 1,3

i, 12b

{} " 5r)7

'\i " ?54

0 " 711{r

{i . r;,3 z*

i)- 7il:

LU \i

f1 ;1t.-tj ø \)1Y

0".,121

-0"c16

-il" 173

-0.I05

-0"508

ir. t)L,

-U">ír {

-í1" 29g

v ø t -)t

RU i]

-rì tì

r3"cl{ì

o "Ð5?-

o.229

-0.0óû

-o.41 I
0"294

-0.205

-0 .42b

-{)"2?5

Vt:L

lr\1'r. (,öU

3û.3+CJ

45 " 920

88"5cfJ

L27 ,920

L)¿Ð>¿\)

152"52\)

1_32 " û20

ç5.940

¿:0"ri80



::"1:: I -..- ¡-
t r,_ji ,i

.: ..-. .. .'.' ).:':.::':.).:;J

iô1ü5 '; -),: '

!tY

rl /ìÊ:

0" 55

2.1C

4 "LrJ
¡-. iô

ii,li)

iü" l{J

i r'- ø Lt-)

1+.tfl

14. ú 11

i-i" 4:ió

i),5+ g

C"í:45

Ll"i_ì{.5

L.¿-)3

L,?_gt:

t') .':) t;1t

{}./r(,*

i.l"l>45

1 " iiiì0

iJ".,li¡i

D.3ú¿+

û"4i0

r..r6 1+u

D"bù1

L"AV2

T.2T5

c"i59

ll. ¿+9 C

0.4?O

il"9l¡l

ii,¿i73

i;

i) " 2?L

il î{)È

rJ'ì . 43 í]

,"t24

1"û41

I " ?. I';J

û.rj5B

û"387

û, 51d:

í) ' J 51',

û"¡32

RJJ V

-0"'l+7

-0" 045

-0"c87

-û, 3i13

-¡\ ')').,
v.)LJ

-û"1¿t2

-û " L37

-û "1LE
*iJ. 23C

lìu t,f

-,3"0

-n n

)"Ð40

û, 040

o" 19E

A t t-Uo L.l J

0" lg3

-0" il5g

-n ) -7,
\J a _) | )

-i) " 2?_g

VËL

I {ì. 8ó0

23 "78A

27 - L\50

37"72A

72"L6t

100. n40

L32"r)2{}

l+2.68A

L42, r7BÕ

75"44û

67 " ?_+i)



i'í'i'.r.l...1u¡]:..],'.-l..=1|',.r.j'.:':':'.";-''.'ìjJ:'':.:-::'...':''::':..:.:i.:':lj::::''...,

1?6

Y

rl" ù5

û" 7û

?. aü

4" il':)

ó. Ð0

,5.ùti

lil,Ði)

I t ¡aô

L ) - )li

L4,53

15"40

(.J

C,'J{tA

0"ó13

0.9úi

L"L9i.)

t ..3 7:.1

1 1 ^t')

rl. tJl4l

il " 4É,ç

1. tJ3l

L"t)7_5

i:"gri6

V

i) .7c),

iJ " 3Í,¡ {)

lì riTA

û"¿2rl

I"06t

I ";'ó3
,J õ :ft) I

fJ.,ù5y

ü" S5 ¿¡

a "ì3?
i)"75t

'tl

,J"2ZiJ

tJ.345

0"5û3

Q"794

L"04ç

1 " rJ63

{J. Í12 5

û-469

ü*ç44

0, g-ig

o"b25

P,U V

-,'ì 
117v¡ilÌ

-û.û

-0-rl

-n 1 r 7(, ô J- I I

-ù. Ðg 5

-0.1tJg

VUJ )L

-0. 13ó

-Ð, l5{)

-rJ,32É

-û"?o¿l

RU!r;

-0,035

-Ð "026

0"055

o. 1? I

^ -ñ^,J. tZö

0"041

-ü.160

- û" 340

-0 "33b

-{) "233

\/Ër

18" gó0

2li,42t

37 .120

55 "160

91 " 840

¿ 19" 72{l

I42.08a

Lt7"7bt

L L4 - BA{)

e8"56A

úc"69í)



Y ¡ v ir i{uv Íìrj._r,J vFL

rr,u) t)"J{j iJ"?-71 11"191 o.i)3} _0.0 L7.22O
ûo g(,. û"0\¡ {:ì" 35 g û*377 _O. iJgT _rj"û4 V 23" 780
1"¿Jn l"7t+T û,+92 tJ"4çZ _0"063 _0.06 5 ZZ.BAû
3,30 A"r1.B 0"ôgl 0"63i1 _O.()ZC _û.0 44"ZgA
5.3Q l. " ?{}-3 I . û(lç o,e4í _0.* 01 I 0 .02L ?2. 1úO
7'3A 1"312 l.i)C3 1.rl¡J3 _ü"?55 û.102 g5"94Ð
,.JA i",J39 0,r,]Zl,ì l.t){)3 _0",J ü.0g6 ll9"720

1I.3û û"&73 ü.g3g 0.¿85 _0.ó18 0.14ó LZ7-gZO
13"30 O,ót4 0,713 O"güB -O*21+t _0.555 123.û00
1¿r.¿JO L"ù22 ,J,3)jS ll.¿i1ìf _{}"254 _0.lgB 95.ç40
15"qfi ü.858 û,i3L2 0.7il7 _rJ"2ûó _0.307 67.2+a
l¡':,,Jü U.74L f)"ô7f 0.ii' _û.?_4() _O.lg5 5i"76A



l:;-iÌ ¡." I'Jiil: Lí)I0B

V

J"û5

0" 70

2. 00

+.00

6"00

8.0û

113.00

12"0û

L4"Ðû

15.50

17"00

ï7 " 
L){)

U

].37 1

iJ "542

D "7 {ig

0.97 5

L"ZB7

"l a-7 
^

L.203

1"üt_

(1" 96 ó

L .022

0" 77¿i

0"t¡1+

V

o.470

0. .31 B

{J " 432

(.)" óú 5

0.98 1

1" 0B I

1"C93

û.92+

0"ÍJ32

L"OI2

4"764

Q.54j

kl

rJ.20B

0"318

Ð"432

o. b54

0" 920

1"o63

1.115

0,901

Ü, BÛ8

o.gll

o." 667

û,349

RIJ V

-0"0í¡0

-c.û53

-0.0
-o.042

-0" o7ó

-0. 1g 0

-0,287

-0.ó38

-0. 17 0

-0" 30ó

-c.2ii g

-4.243

RUI,i

-3.C75

-0. 0/+9

-0"0ó7

-0"020

-0.o21

0.t42

O.IóI

o.268

-o " 149

-í1"397

-o "3Ð5

-o " 234

VËL

1 g. Bó0

'22.960

3t.340

45 " 920'

ó9" BB0

85 .2BO

l09. ggû

LLg.720

I 19. 720

L0c.040

óC. f) 8C

42, {}4A



1:3:;r::i\:':.::.ì (. i-) i: F lirl0!r

Y

c"6û

1 frr\

/+"3ii

6.30

8"30

1C"30

12.30

14.30

L6,3 C

17.50

l8"3l1

ì3" gû

:) I ¡i ¡l;: Ti

i-;

U- -':å i 0

,J,5]2

ü"ùii2

l.0af;

i.,303

L. +7 i3

1. 14ó

1 taL 2

1" lû9

ì 1n/.tê.tu?

0" f373

(\ -72 i

V

i) . 2i31.

0.3'5 L

!J o +¿+ Y

0" ¡5t"

1" lù4

L. ?.25

I"37ù
1 1 / tr!-o1OtJ

û" il?i)

1"i130

a "g?_ a

o.32C

i) " 625

lnj

o"212

u"3l-5

lJ 
" 423

a "-t5L

L -û42

L"225

1"370

1.3ç3

1"155

I"ûû3

0" 7e7

0"ó48

0"413

RiJ V

0. i)l¡ C

0"iJ50

ü "0ó6

0" 02CI

-4"{J35

-o . i) ?-o

-Ð "?1+û

-0. 10 3

-0.17ó

-0"fJ

-û. 10 3

-û.L32

-û.022

*.tJ 1d

-i)"'J6g

{} " 026

-0"0

-0,020

c).Ð73

0.035

û.119

-0. o

û. I20

-o.268

-,J.lgg

-0 " 079

-0"067

VËL

l9.68ij

23.7 &O

3rJ.340

f I o iJôtl

6g"ggû

85.?ga

103,320

L 14. 900

Llg "720
95,940

ó8" 880

55.7úA

44" 2[\A

r;,ì¡:.r.:,.¡--:i::.:.t-:"1-:::":":11:;r":::::l:;ì::::;ia!í::;:;:;:iì::::,ì:::ì.:l:i:;Iì

.. = l')
tçç



">1.1.: f ail., r _r^/'L-r.'r-iL !-1t..í, ,1,.,i:..ti.i, = ì,r_
3t0

,,i0

'\ ?r)

i " 5'"1

2, úr:

+" 60

ó"bLÌ

rJ" 1Ll

.J. çû

?"5dJ

U

0"Ç{¡7

i)-Çril

ü, Õ71

i), 3ç Ll

UåJõ)

rt"tiil

iJ"¿,75

ù" ä 5í)

û,97i)

Ð" /0o

ü ' *,7 {:,

{) "5{¡7

\)"i¿5

ü - +i)2

lJ e I Õ /

0,32t

Ð"567

*"514

i!

tJ ' í:Ut:

O"{r7{)

ù " 5r,1 rr

{)._ig(J

0.3cll

')"234

o " 4þi2

0"716

tl " ó83

Ê'i'j V

0"222

c"2lii

0.1.i5

u" l5g

-4.222

-o" lü7

VEJ¡ Lì

-ù "322

-ü.41 t

RU¡'¡

O "42L

c "35?.

0 " 1il0

!) " L32

-Ç) " L-|2

a"?06

-íJ " 3?.4

-o,23.3

-0. Igó

V TL,

I3? " {j2c

I52.52A

lo8.Ç20

195.1ó0

20L"720

2ûl " 72r

2CL.7zfr

1 ó8.920

147"óû0



'i"ìij¡tìl
it:'t.1\
:-- :': {lfit L.¡7;,)! :rj;rj.l r:J-r-i-ì = 11" 

Ë*å

Y 'J V \,ì (rJV ftt_,Jl-i VËL

J"ill LC_"3 ii"7?.? O,i23 Ll"17g 'i"325 75.44i)

ü.5C i "Cl? t"t,3í) 0"ó54 û.129 Ð,333 l"û3"320

l"ilii C.3ù,9 Ð"¡S5 0"ó12 -0"ù :j"269 LZV.9Z{)

2"0fì r-r.7c., ],1:\l A"{¡?rl -D"?Ot i)"?5? L5'2"520

/+,û{; 'J"ó34 ü.58ts 0.¿t95 -ü.137 0.07+ 175"480

b, rlû û./+2i: * "+4¿ tJ"4¿r? -0,û -r1"090 1t2"04û

3"JC U"il¿i.J ü,J13 1"36r) -C"32i -A. l9b lilrì.irûO

Lii"t0 1,141 0.570 Ð"832 -t1"354 -0"S l2_"-0üû

1i.r"8ü L"¿V r û"7b9 û.7ó9 -0.2.90 -0"üó4 100.û40



:::a;,:\

/-ì 'l n

û" 80

1 Aô

? arì

4. ß0

A An

8,80

1n ?rr

1 1 ?n

1 1 7n

DIAMETEA,

U

i. 183

1"048

ç" 807

4.53'¿

û.l_ ç?

û,188

o "21.1

0,875

1 1t.'lI.lL/ t

1 I Ril

- 1)

a "1?_5

0"830

o"h77

0,450

/'ì I 07

0. l_ 31

0" i 73

a.629

n al rì

4.674

RIJ V

0.158

û.20ó

o.327*

-0"/*25

-0.599

-n il

-0.337

-0,28 6

-0" 2ûó

RIJW

n 10?va L r-¡

0, 1t7

0.153

0.097

-0.07ó

-0. oó3

0. 11.4

- o. 051

-0. 147

-0"'345

VEI-

7?. lbo

103.320

1 37.7óO

I57.440

168.q20

1.8t.920

175.480

l,47. óûO

95. q¿i0

ó8,88CI

ä0'Ê

ì¡f

n n?n

0,651

0" 1"0 3

o. L?ç

o. CI89

n t1-7

û"738

a. g+9

n ?nq



,i::;:":" ,:irl:"Ì.ì.::9-.I;::;:::t;::¿ì:i,ÌJ:,:ì:ì::::t:j1:;::.:a:::í::l:::.:::::T

I
'"æ¡n¡¡&vj

r .ìi:i- 1.203

Y

{) " ôì3

i"ó0

3,10

Êi ¿lì

1"60

r¡ 
" rL{s

10"9û

11" Ð{l

L2.4û

-J

I r'-l í' )

ì " lÒ 7

1" {-J l)tr

0"71I

0"44ú

íJ"3ril

0"37+

L A47

i"l4ú

0" r17

iiu V

-0"C/r7

t"üqó

-û" 171

ii , i.)9 3

0" 088

-0"5û6

-0. t43

-û " 4i.l il

-û^294

-0" io3

RUI^I

o.l1û

-ü"097

ü,c7{i

-0, 037

Ð ,2L2.

o .457

- o, c7g

-Ð" 0Bg

-a "û26

VËL

51"660

7 2. LttA

10ç " 88il

147" óOû

151 " 4+A

1ó4" ü0{)

1La / r 
^L) | ca*W

L32 " t20
íìa È.L^LJU¡ /{]U

60, ó u0

0.ó5i

0"i12{)

q,,i75

0,765

o"4áû

0"1+1{j

o-299

û,782

0":357

ù " 5i1+

t¡i

O"L7it

{J.ç1!

0.b78

r.l.71l

a,37+

i) " 293

n a-f/,

û. ç08

0"tlÇ5

,1 ¿.rl^



i;il i)4

Y

? hù.

1r"rl0

ó, üû

[;" û0

lu"{lû

ll.5ú
1? :ir'

13 " ó0

: 'i I i.'..Tla t.
:.r ! , ': 

:..- i i :\

LJ

jl i.,-i I

L,'22L

ij" ìlf ii

O"o¡i2

û"3ô6

{.1. 4l' 7

rJ, 3¿:ü

ü.çó7

1"12i

0"72:+

û ",¡5i,
1 rì1 )

ü.7i15

a. -7 -7 /,

t"345

* "t+-'19

i).)7+

û. SiJtl

rl oi å

û.431

3"*fe,

û"rCg

a) çìfì ?

û.7 B5

0,490

û"403

lì ?d; 'r

0,3lú

0"759

0.ç53

0"53e

C.U V

aì '1 )'ì

0"lE1

if,"384

C " íJ39

-o"6Ii
Ð"215

'J" 14I

-rl 
) I Ë

-û"t4t
-i\. ) 2o

R U'r¡;

0.128

0. ló0

ü. lij Z

0"3ç9

-{J "?Ð4

-rl.3B7

-û" 135

-0 "299
*Lr.l69

VtrL

42 " t,4û

82.000

l-lg.12D

142"ú80

L5-I " 440

L52 " 5 2{}

I57 " 4/+A

Ll{.="ZU

91. g4û

49 .20C

ll+*



ü::,,;:ir:ii.:.--'¡i.*i:rj:¡,;r::i-ìi:rÌrirj:r:Íirriaii,ri. ji::;::;jiiil;tiÈ:ii

i. = l:j" Wfr
iì1;ii.::;:;:l""lt;,+:i:;t:A-ri:-a";,:iì::i:::':;i:,'r:i."1::::::i::::::i,:;::l;:rt

L:li,i 3.i.j2,)! a)i' j r,- T i

ll

i:i'*.,'.¡..i¡¡;'¡i¿tii,.íii'ii¡it;li.ì:;:ì:..iìfiiiiåiìiíi',::d:*;::í:¡:ij:,.¡.i.':¡ii:rJ:i.:f

Y

il" 1ü

fJ" 40

2 " 
i.iû

5 .3ú

7"3i)

u ;rl

lrl"Bû
't ) 2n

13" 50

i .i tìrf

14.óc

C.5z.r-lì

il " {:?- I

1 ì ?ii

L"j,Lt2

L"3¿3

I ?{-ro

r.137

û" 78rr

1"247

L"27tt

1" ûri3

I ":31 L

il. i3 7

í.t,,î31

û "92:_

l.Llir

L.37L

I l;r\

0,35ò

0"it3Ì_

iJ " 
,)17

ü,'+:]3

ü,óijl

i¿i

¡l ?? -7

l .4 i,,4

t",î40

l"l0¡

1 " ûð5

I " 0É' 5

I lfQ:<

t " tlLE,

1 1 q¿:,

L"()+7

t" ç01

i)-75L

R,LJ V

-0"ù21*

-0. Ð9 7

0"Ð?g

-ü "û+5

-o "204

-û " 7_28

n t7n
\/E\J' U

-0" l9E

-A "3-:L3

-¡l I Cll-

-Ð"358

-c. 291

RU¡,í

-0" t-11

-0" l3ô

-Ð" ló¿i

-i).28+

-û " 2ü3

-'f " lçó

_ l.\ ?2,^

-t"45L

-Ð. o+9

î. A-a
\) 6 t) I I

-0" 045

0 " or)ó

\/ri
VLL

23"78Ð

28" 700

59.?24

B8.5l,O

I 06.6üû

10ó" irûû

109"8r.10

lz3" r00

11ç"720

82. ûCû

(.,1 
" 2+A

5 1.6åC



l:i;i:':i|::l:::::n;:li::::li::L;ji:i{'l:;:¡::::i;ti:::::.:lj::::ü¡:'"*iii:i:.Ï+:l¿i'È¿:':i:"..'::ii:tjli:

a. -il.,i- Li;20*

Y

,'ì ,-ì Ã

/l 'f ¡l

?-. LLI

+,30

1Ð,30

11 :ìrr

l.+.3u

15" f 0

U

0" 5t-,li

r-ì 7tr I

I " ü!Ì8

I.37 {'¡

I " '3ri:]

il " !i-á i

û" qit I

L " L4|t

l*tL.+

Ð * 3l¡Ç

O. iíl Ll

i) " +3?

í) "'c 2t)

') ")t5
t.i"'1ólJ

L"i:?2

a\ r. ? 2

0* /13

ì fll I

ti . J',; tt.

o .521.

ffiê

o " i5í:

Ð,531

|J.17 5

Ç. ð{5

i " 03:l

0"ç51

0"951

û.ç51

L"22t

a\ 1.1 t\

{1,586

KUV

-rì i\)L

-ii.c23
t"038

a.'J2¿¡

-ü"0q3

-¡-ì 
rìqn

-û " 344

-iJ.I73

-CI.245

-r.r"1Õo

-c"137

RUig

ù"323

CI"c21

û "o6a

Ð.4?5

Ð .259

0"2û2

0"il37

û. L?_h

-0,205

0" 021

VËL

23 "7BA

34 " 440

54 " L20

çtr ?Qr\

I14.Bûû

lz3"o00

723 "t{.tO

123" 0û0

ç1.640

6û" ó80

42 " 640



: 1,:,
.,_ i L 1 î \'7 -. ì . T,.(. jL..f. Lr>¿Vl i,j-;'.,,r li. . = Lf"

?r'?,4Vr

Y

0" lc

ù" 9C)

2"40

/+"40

ó"4{j

8"4,û

I ',.1 ,40

IZ" 4ü

14.4û

15"'70

]-t¡" 1;Ct

iJ

(1 r? -7

û"{:-ìo

l_"iri9

L,27 3

'I l;7! r 1! I

Ì"ü86

1" 144

û- ç:l +

i], Bg I

4,216

c"432

O. 7Jç

0" q9t

l"Ðù3

J "992

1. O0-l

tl ¡l?

L u3{}

0"s06

0" 558

i4

o"344

Ð.44Ç

û"72ó

c.889

L,û42

L"U4ç

1"Q4'¿

o"893

1"106

ù,934

ü"602

RUV

-o,047

O.D3E

*o,)9 6

-0"130

-a * )v2

-0 " l4ó

-0. û60

-il"3l7

-ú"313

-a " 132

Fì Uh'

-o"D

û.04ó

*0 
" 070

0"rl?0

0.096

O. L9t+

A "24t)

-Ð "f)26

-û,û72

-0,0+5

\/Êt

23.7 gA

3û " 34A

51. óófj

78"720

95.94A

9L"g4A

g5 "940

106. É0t

ç l. s40

ó0"ó90

4r+ .280



ãs#

þi

û"311

íJ"398

o"547

û.767

0.968

1 .045

l"OEl

L.027

1." firZ

Ð"904

o"723

O "t+59

ù,05

0" óû

1" i,0

1 ..¡a

5. ó0

7"í:O

LJ"óO

11" ó0

13"60

15.10

L 6, b{i

17.3tJ

U

rJ"4.77

0.o2ll

4"717

i"071

L " 27<l

L.37û

I. .40 6

1.370

L"27lr

1" l-û¿¡-

o"gB1

{}"bti3

3 "',?-t tt

û"381

ù "537

rJ 
" iiì17

1, Oi]fJ

l.oB1

l"OEl
1 {\,/. C.

1.029

0"ril2

0" 7l-ü

Q ' rr3ll

d.LJV

-û*Oir2
..¡J "')7 7

-o "o42

-o "o+2

-0"02t
-4.23C

-o.235

-0.128

-0. o

-0.lti
*Q 

" 2û5

-û" CI5 3

RU'rl

{1,088

û"024

-a "t22

-0 " 020

-0"0

-0. o

-0-043

0. oB3

0. r3l

-0.023

-Ð.a42

CI"026

VËL

22 "96,)

2B " 700

36.08i)

55 "7 60

7 5-440

85.280

85.2BO

85.280

82,000

68.880

54" r20

36" û B0



;i:;ii:¡äii:i'*i;:,..."ä'it'iiii:i;ì,i,*,;::;:i;iiìi;Ì;i:ii!:1i'#iìr

CIIDE L62A9 DI AMETER = 19.
â$9.

Y

Ð, 10

0. B0

2,30

4.80

ó"80

8. BO

lo- 08

12. 80

14, B0

ló"40

17. 80

I 8.50

18. 9t

o.+4b

o.522

0.81 I

L.584

L.523

1.603

L.303

L.2+4

L.245

l. 201

0.885

o.703

0.585

0.29 7

o.339

Ð.55Õ

L,2b7

L.367

1.230

0,99ó

0.8?7

0.908

0.849

0. ó04

o.487

a.342

o.258

0,34ó

o.528

1. O81

L.328

1.305

o.99Õ

0.905

0.937

0.937

o.to4

o- 505

ß.36+

-0, o

-0.02 5

-0. 07?

-t.09ó

-0.037

-0.220

-0.208

-0.198

-o.18+

-0.152

-o. ¿l 3

-0.18ó

-o.048

RUW

-0.0

-0.Ð22

-0.L28

-o" 120

-0.1 1 1

-0.0ó9

-o.01 I

-0. ol 9

-o.o19

-o.039

-o.0ó8
G. 021

a.Ð25

VËL

3 l. 1åO

33,620

49.24Ð

83, ó40

Bó.920

83.640

7Ð.520

68.OóO

lÐ.52Q

70.5?O

54-940

4?" 5óO

39.3óO

UVilRIJV



Y

0.30

c"80

1.20

2.40

+. +o

6.40

7.+O

9.40

11.40

1 3,40

L5.4Ð

r7.óû

18.ó0

19,30

19"70

U

0.478

0.468

0.518

o,é40

1.01.2

1.378

I.435

1.39ó

r.238

1.186

1. OO3

0.99?

D.7+2

0. å17

o.5?4

V

o.2?8

o.36ó

0.388

t.416

0.84ó

1. IBó

L.230

1. l8ó

0.99t

0.93?

0.80 7

0.7ú9

0.58ó

o. +73

o,425

i{

0.232

û.319

0.398

Ð.+92

Ð.84å

l_. I 51

L.230

l. l.l7

L.Ð52

0.99ó

Ð.9L4

o.794

o" 58ó

o.4?3

0" 395

RUV

-0. 0g t

-0. o+8

-0.099

-o.Ð+5

-0.092

-o.117

-o.252

-o.256

-0. 2 ¡.0

-o,202

-o.229

-o. L26

-0.1óB

-0.0+7

-0.2LO

RU}d

Ð,059

- 0.054

-0. o

-0. o85

-0. o

-0.084

-0.083

-o. L32

-o.0

-0. o

-0. 1 30

-û.099
.0.4 Tó

-0" 047

-o. 10 5

VEL

31, ló0

33.624

3ó.900

42.64t

63.140

80- 3óO

83. ó+0

8CI.360

?3.800

vo.520

ó5. óO0

ó3.140

50.840

+4.28Q

39.3öO



rj.',.]

Lrii;L ió3JU :li;it'i._fi:ii = lil.{tl r
fí. ¡ ¿ô

Y

)"1u
,) ,2{i

i¡ :¿n

7 ?'n

î"ùü

3r " 0üì

l. cc

ù,30

ü,05

U

ü" 54t

0"7+3

ii"t01

c,llû
í\ 1¿. l
.,I¡¿Uf

U, i,E :i

1" 021

1"054

rl"i.'15

il- 5,iti

û " +2.i

0.1I1

iJ " L+7

0 " 2ó,5J

J. /+45

it. 5+7

c.495

i,J

) " {..,44

J ,52i:

ü ,2e3

û.û98

Û. L5L\

0"2ùll

4.57 2

c.834

v. tt5

i.IU V

iJ " 
/+L9

û.334

D,122

ü"204

tl " Of:l 0

-/r ô

UÐ )L)

-a " 387

-0. 6l ô

RU ¡I

-ü" 121

û"ûv7

-CI.191

-0"582

-iJ " {3

0"43c

- ü.0

0"ogó

VEL

161+"û00

L7 5.48l.i

I95" 1óC

Lq5.16{l

2CI.720

?_01"720

I88"¿,00

L57 .440

137,760



iiir,,;,,,*iil;:ri:l*

iJr-r i. L'--,liji ,.li,t.',r-.i',-r - rl
, 

.-tt ].jr,r"i-.ìi-: - tt-ê 
äIã

Y L: ",/ ¡i ÈtiV 't'u"^i VEL
',

liJ'írC i"ü45 ;1.t3'l i'),"74I t.Ü47 -il'i137 114"8i10

lû,4U i"{ll0 '}*:t7r) li'&65 C.2T?- -*"D47 L2ò"}'JO

lrl.Cü C- ó7T i-l ,5af Ü"¿-,70 0 ,31? -C"05Û L42"6'ÚA

'i"flO i-i"(;0r] t1 ,43,) i).469 0.178 -'J'0 164"ÛOff,
':: j j r"

T,û0 Ð.ZTd ù .?)i û"248 -0"491 -0 "7Ð7 175.48C ':'-'i":i;-'

5"ilüt-l-3Ûíl0.3iiLD.33I-0"àq40"02?-L88"6Û0

r, i.jtl l":i lij íl ,1+1+2 il" 315 - û.li.) 4 - Û" l2 5 L'¿2. Û40 
.,., .

i.0ü iJ,9(;4 {1"5"/5 0.8Ùb -O'3b8 0"O+7 157'440 ;':" '.,.

ij"05 ).,7?5 'J-613 tJ "'ð?(r *0.3Û3 0" 113 'ð5.:_8A ,',:,,',,'.,.



Y

1.1 " 5ù

I'J" 70

9.6|i

7, úÛ

3"ú,1

7,L'j

t " IrJ

{J " lû

U V h iiUV IìU!"J

1,4ûl
{.} "9? L

í-l ' 5f-: I

il " 173

i1"313

{} " 447

0*t¡i?

L.7L7

1"iiÐ4

t"7Lì2

û " 
/iBf,l

().2û1,

ù " 7-"i9

ü,J7ó

a.5t?

0"7ót

o" 500

1"02ts

ti 
" 137_

Çs. ¿tû?

a.131

rl ?¿iÊ

a "29lj

ù,64ð

0"99I

0"834

c. ,lû I

,ì )17

û"L4t'

-0"iç6

-1"057
lì ?'ì ?

^ 
r ?ar

-û.+11

-o .25?

* il rl

0" 152

0,083

-0 " 340

Ð"089

ü. t96

-0"0
t "2'r 6

ü.?iT

VËL

'i.?-7 
"92C

L3? " û2û

L5-7 ^ 440

168"'i20

1óú " ç20

rb?, "92D

L57 .57O

123 " 0CIt

ó0. ó B0



ã1&

i.i \j ¡¡i d. LJ vY

iJ"4C

i"ct
I rn

? " ¿:¡)

1+ * ar,:

ó"iJü

U" UU

10.30

i_2.rJ0

12"80

) "':)i,5

1. líiil

û"rcü/

') " 4 !,'1

0 " l_5ii

o ":2b4

0"3.í i)

0 " 9{13

/l +t, ji

i ;ì tì. .:,

i).-i52

il. 37 2

íi"iiBl

ü"i+5I

û"14n

Ù"41Û

fJ.4ùi

i) "7 2?

,;) . à47

ü. 5ú rv

,)" ¿83

t.û3tJ

{} "732

0" 193

0"35L

o,40:3

(l 
" 79ç

L.ú45

ù, fi4 é,

\JøL)J

íì ìn?

A "/+7 4

ù"L'7?

0"óç3

-0" 107

Ð"L36

-0"+41
*CI. 39 f

-0"093

P.U?l

-0 " 112

-û"055

-Ct"203

-û" 142

-û,L73
0"117

0.321

rJ.300

û,Irt2

VEL

7 8"72C

LA3 " ??.4

L32 "O?O

Ll:Z " 52O

ló4. ûû0

I 64.00ü

L51 " +44

I rr2. áEû

85 " 28û

55 "7 h{)



[.:.ji

Y

il" LC

tÌ"?tl

l"eû
-i ?í:

5"80

7"3i)

v"¿([)

11. 30

L7-. *A

L3"JC

't ? o,.

t)"¡i1ô

1 " i)41+

n .)f 
1

'J , .3::, 
()

^ 
?ì l

A .7'ar 4

J"12?

1 l/'. {

]. íliig

r-r V ç. -7

Ù"J28

0"!iüt

ii,ö32

I ' i1'-: I

0"23{)

'J -148

0"å19

1"155

1 " $1.J

0"ól'L

0 " 37,2_

a " ò2'¿

Q "qtst
,J,7 84

t) " 32&

Û"28E

0"80ó

1,01ó

1 CA IJ

Oo 7)-tll'

P.U V

^ 
1 ). t,.

''O LJU

ir" t+ I

Û,34,5

-ii"0{r4

-û,329

û.137

-û " lo4

-Ll,045

-0.0/+4

-û" 115

RUr'i

-0,102

û,040

-D. lti4

-0 " 2óB

ü"053

l)"?13

û"261

Ð"LT?

ñ i 
".r-\,'ã L.JJ

0 "a45

VEL

t)-:l " 240

88"5b0

L23 " 0C0

l+7 " irilA

L57 " +4ß

L57 . t¡4t

L4? " LgA

1 1ç.720

1ó8"ç20

45 .9?_O

3+- 440



Y

ít"44

]- It

?-"üo

4 " t,fJ

b"60

3"óü

1J,6U

12"1û

IJ,óC

14. ¡i0

U

] "7t-l
1 ,îi-u

''J ", i4

,J "1i2
¡ì iJtQ

1,1çl

i,liû

L,496

1"L62

û " 41()

0"53,1

il" 72ô

¡ì tl?

C . r,5.;

û"858

1"07ð

]. i19

aì ? f:]-i,

U.I+Y

{\ >," ')

'r"ì

1)è llU

a Cl11 iì

íl Ê1;1

:l fiíi

rl rto(J

O"?Iû

I r'\nô

û"73$

n ".ca

Ri.J V

0"rlfl2

c " ?_29

O.Dó4

-0" 33ç

-0. l? 3

-0,I7 4

-0"I01:

-Ð " t32

-0"0s0

-û" ü

RU tJ

0"079

o"L23

-û.05ó
¡-ì 1 ÃO

a, Lh4

-û. i)

0.34{i

0*041

Ð.Ð2Ð

0",171

VEL

5L. t'b}

ú3 ,9 6A

103"320

L )?- "020

132 "*20
1I4"800

95.940

85 " ZBt

54, LzA

27 "{}6t



Y

iJ,3Ü

l. t{-l

?_.30

+.3C

fr..JÛ

.3*3ü

1t -in

t 5 " ûu

15"ç0

U

í1 7L,-7

iJ,'? l ?

1 '1 r, 1.

,1 7?cr

1.004

L , t+(:6

L4{i¿

LøI.L I

I"U:)J

3" tìt-u

ii " tlüi

o"4t2

*, a-2ij

0"ó67

0 " å'+2

C. 88I

]- i0¿ì

r i å?

rl"sß9

a, 7lo

) " 4',t]

{)"2{rS

\¡¿

Ll "fr3I

{i "715

*3 " 
t-'191

C"í,L8

/'ì Cr 7()

L, ü09

0"889

il " b4ó

rl ti ?-l

il . 3'9?

RUV

-0.0

c"CI?ç

0"27C

,J.3b4

-t] . 117

-t "26e

-il"',Jlq
*t.ü65

-o " û57

-Ð.J9?

RUW

ü "o25

-0"020
*a,2cû

o "331

Ð *332

o.7-2 L

() 
"?_7 0

-0.{)
\).044

û "c63
Ð,ob6

VEL

45.920

54. lz1

85.280

L23 " ÛOO

L21 "924

10ó"600

85 " 280

ó8" B 80

/+9 .2ÐÐ

3qo41U

25 " 42t



ii:,,-f i:iit'f -,'.i:'if.l'ri:rii::;iiiit:iìRi .i:::i'*

[,-r[.,f 1]307 l)i:i','JTi-:ii = L1"
fl"*

;tl

^ 
L-L')

û"â54

0 ," 7 l>!+

lì c:t ì

O"Bç9

1.0 80

') "ç24

ü,778

û "ú2?

0"540

tì ?oo

Y

ü" l0

û. ç0

2.lu

4" l0

ó"1û

8" 10

10"1U

L2" LCt

14-10

15 " 60

Ló" 80

U

ù . i,-i 4-

û" st+

íl oc7

1" i?4

1.c45

1"331

i" " 25'l

L.1¿tL)

ü. çç4

{).'f tt<1

û "544

Í'\ i?)

o. 5ii i

û" r'95

c ",-il I

o "944

L"û42

û,904

û"834

Ð"6+ó

ù"53L

0" 3,17

iìU V

ü. Ll4

-o" 109

o"241

-0 " û36

-o.245

-0"I*5

-û.08t

-t "$62

-o "c22

-ñn

ÍìU i{

o,{J25

-o "o2L

-Q "O24

o"Lo2

û.288

"Ð.022

0. 021

o-û65

a"a23

o"o2Õ

-D " 046

VÉL

37 "7 2t

+5 "920

ô0" ó80

10(1.04O

114.800

I 5. 940

ó8.880

ó0. óBû

49 " 204

34 " 44D

2' " 420



Y

û.50

L.4G

7.9ß

4"90

6. 90

8"90

10. cJ0

12.90

14.9CI

Lb"4A

L7 "5û

o" 664

o.7gl_

l"{J3B

L. LL/+

L"L37

1. lStj

L.2ù4

1. rl98

0.38C

0"605

o."403

o "34?

û.550

0" il2B

1"093

1.üç3

f.iló3

O" E8B

ü.7ó2

lJ" 5¿r5

t "'366

o "225

ãr,g

0 "523

û.642

û,873

0"931

1"050

1.081

O"BB8

o.736

0.576

0 "342

o-29t

RI..'V

0.033

0.026

-0.0

-û.061

-0. l-ó 3

-o.29 6

-0.144

-0" 020

-o,Ð22

-0. 0

-0. 0

Rl-,r,/

0.048

t,Ð?_3

-0. 0

-0. 0

o, ü59

0.046

0"021

-0.0

-û,0ó 7

c"026

-0, û

VËL

31.72A

45.920

67 -240

lû0"040

I 09.880

85.280

67 . ?-40

5¿r " l2O

47.640

27.06A

L9.680



:j,..-'..::1.:;:;::;....,;;.:l::'.:..'i:::1:''::":-r--.:-'.--...::..:.-.'...:.....
ì'

CODË Ió309 Di AI4EÏËR

Y

o.40

l. o0

1.70

3.20

5.2Ð

1.20

9.20

11.20

13.20

L5.20

1b"70

i.7. 70

18.40

18. 90

U

a.529

0. ó94

o.97 4

L.145

L.442

1. ó+û

L.77 3

L. l83

0.9+9

0. ó89

o. ó31

0.508

o.439

0.335

= 19.

\,t

û.3L2

0.+87

0.6óI

o.928

1.21.ó

1.581

L.4b3

0.941

o.155

o.459

o. +ó5

o.3tr"2

fr.27 8

o. 19ó

Êã0

h¡

0. +43

o.541

0.759

0.990

1.527

1.5 81

1.4ó3

0.9ó8

o.1L2

o.492

o.457

o.339

fi.297

o.277

RUV

*0. o

-0.099

-0.181

0.o40

-o.0
o.02 I

-o.0
0.01 7

-0.03 3

-o. oó5

-0.o39

-0.05 1

-o.Ð21

-0.079

RUH

-o.¡.gl
-o.039

-0. o84

-o.L45

-o,289

-o.263

-0. I 14

-0.098

0. 018

0.056

-o,041

-o.0óó

-o" 107

û.199

VËL

42.640

+?.5óO

ó0.680

73.800

I 18.080

123.O00

95. 120

Õ5. óOO

54.940

42.640

41. ooo

33. b2Ð

31.1óO

25-420



':-
C0DE 1ó310 DIAþlÉTER = 20. âAf,

19.50

19.20

18.40

17. 20

15.20

13.20

11.20

9.20

7.2$

5.20

3.20

1 .20

0. 70

0.10

U

o.560

o.582

0.707

1.049

1.291

r.589

1.5ó8

1. 378

0.9?g

0.7+B

o.526

0.43û

0.38 0

o,362

V

0.315

4.344

0.48 I

o.753

l. 06ó

r.+35

1..495

1. 082

Ð.7 29

o.523

0.35Õ

4.285

t.262

o"271

td

0. 410

o.+59

o.5+?

0.833

L, 189

1.384

1.399

1.082

o.752

o.527

0. 301

û.298

o.276

0"284

RUV

-0.10ó

-0.082

-0.0

-0.28 I

-0,373

-0.0f 5

0. û45

-0.18+

-o.ltg
-0. û2 r

-0.0

-0.tr23

-o.0
-o. ¡.T5

RU|'¡

-0,048

-o.022

-o.108

-o.058

-o.L72

-o.047

-0.09ó

-0. CI72

-0.o75

-o.L42

-o. o5ó

o.ûóo

-0. û

-0.170

VËL

41.000

42.640

+9.200

ó5. óOû

90.200

¡.08.2+0

103.320

77.09o

5 ?.+00

41.5bO

35.260

33.b20

31.98û

31 " 1ó0

j...: -

. .:':.:



Y U V i.; .qLJV Ê.Ui^J VËl
_...:.;¡1;:-:-'

C"iO ii"çi2 1)"5{¡Z J"58+ -O"2'J3 C"327 114.8û0

ii"80 û"?ó!. û":ó2Ð û"648 -rJ"ùå5 û.17? L'sZ"52A

2"ûû i)-úii-r ù"588 i)"t+64 -û.{) 0.187 175"48û

4"û{j ú"?'?5 0"3i)1 0"355 -.C.167 -J"127 ZAL.720
.. 

ta 
.'. , ,t ,'

í:.ûil a"24L ")"215 o,?-34 -Ð,352 -C.77? 1g5,T60 ::!.:i.r-:Ì

1.5rJ 'J"25 i il "229 ü"ó16 -0"678 -0 "289 188.6û0

¡J"¿û O"t{j9 !),:r3û l)"1+47 Ð"158 -0"361 182"Ð¿r}
t'.. 

. .,.,

?.(rt ',).775 ü.62ö O,5b7 û.185 -0"1106 168.çzil -':'1::1r.:,



i1:1;,¡itio:rt;;t 
*li:!Ì:jr-:irr:Ìllji:::i::::::..:.r:riäìj;i:äÍiì:i.rii:11;:_:iùir:,þ'r;'d:i;;üiti,:-li,r:i

i, ,i.rl- i b4ti ] i;1 r,,..i- -i 
i.: r, = l i *, -ß23

Y

¡.l ñã

ù"50

i"0c

? "'¿f)

4, riû

ò"i10

5"cü

9. ût

I " çitJ

ii)" ttl

t_;

l"r.Jr,¿i

L " lt+{j

û"ri3

0.8iJ

û"ü1+l

ü"29L

n r-,4 7

ü "797
Ð"919

o"L)r{l

,l 
" 7û5

r\ 11 rÃ /,

û"7?4

i)"732

o-?72

J " +1'/

0" 5+7

il"á31

0"i¿û

\:'

0. 8()5

tl,ó8-3

û"ói.8

'rJ 
" 5li{j

0,5{,ìf

{}"272

J "4L7

û"{r56

0, 7136

ù"732

RUV

0.129

-t-l ¡"1

-(i,,J79

-o " Lil

-0"283

-û " i:r?I

û, tL4

0" 136

O.28B

0"255

lu r{

c.17i

o "?58

0.2 35

0" 343

û"rJgl

-û " 5ç3

-c"393

-t " zto

-Õ.27 2

\JôIL/I

VËL

58 " 220

79"7?-c

l1ló" 6O0

L32.020

168" 920

175.490

168.920

147,6jlû

L5¿.\)¿U

L'32. Õ2A



Y iJ V rr îUV RUþi VfL

u.3û û"i:l7 i.;"+2?_ O"?)5iJ û.íl2l 0"05L 27"ürr0

i,U0 L.Lt-'Z Ð"fi'lL ,J"V75 C,ii20 ù.û83 54"L2Ð

2"2t ,i,.,9!5 i_1,7â? 0"!qô -0.20 j- t)"37i) 1ù3,32fl

tr"2C 0.ó4.:l 11,ó9ó i)"5b1 -0,tOl 0"35i1 I4Z.(:tii)

5"24 i)-¿¡9I C "527 0"4ó? -O. l7B O "LB4 1ó4.0û0

7 "20 û"2?1 ü.2Orj 0.191 -i.099 -O"455 lð8.920

,,2{J i.),2rt û"1_7,¡ 'J"2¿,2 -Ð"219 -i)"442 Lii.44i)

LA*7íJ 0.fi33 û"{:77 Ð.t}2' *0",35{: -rJ"?2'-} l31.7bt)

11" 50 1"r)riíl *.152_ û.glû ü"2ü7 -t*225 ç5.940

.:...1.1



Lr.Jùi,, lr4()v )1 i-!ii, iTLiì. = ttd*S 
'::ì'?:ji':''

Y LJ V U È'LJV R'tj!'J VEL

{)"?i¡Û"5+tlÙ,3240*2o5Ü"A+.]-O''}2819't}8i-j

1",3û 0,9:it) û"594 Ð.5ç4 -Û"J4? 0"038 37'77-O

1.s0 L"LL¿¡ 0" 104 Û"Û5? -ü"Ci7 Õ'Û91 54'L7O

-ì.riO 1.2L4 1.lÜu 1"1ÛB -0"155 Û"1ç13 lÛ6"600

5,3üt,?¡f0"7740''r'-lc-O'?-28Û'191142-ú80

J"1:00"25911,z'JiJí)"ZF¿E-0'')tl3-Û'L+4L5V'444
{i.-j0a'2i1o'225|J.2,-25-0"516-a.q?2L5'2.5?()

10'80Û",1:ð0.5.67C"49ÛÐ"'359-o*Il7142.bgo

]-1.,$0 l"û38 U.87,¿ ''').83t Ð"131- _i]"3[36 LÐ3"32c

L?-"5ü 1, iiÜci o. /9ir il' eJÛ3 c"?3c -{l '2L+ 18'7?Ç¡



:.;':i: ;: ;.:::. i ::,i. ;::.i :.?::::::.i!tìr.:i¡"'iì¡.-r:: j.-i

{.;.i l;. l¿lii)4,

Y

jl rl t:

1 çä

7.3û

!.:iú

I I :¿.'l

.l ) Ãíì

1 ? /.rì

::i:t::li;ì::;í1?:i.:'i';::1":.jr:"f, :.:.:jt"

11.'.

ffi&
'ii

o .7_5rJ

0.431

0"627

1 I Li2

0"*û1

t,?-t7

D "ç:47

a,'ò9t

û"7A'

iltj \,/

UÛ ¿T-.

-n,l

-ü" i)

-0" l5c

-o " 128

-t"791+

ii.i)58

ü ".ûó B

û.111*

flU rt

-''l' I3tl

-0.Q21

{J " ü40

il. r)63

0"078

-ç.3+5

-t¡ 
< 44

-0"340

-Ð .245

VEL

/ r1 
^lYoÐüU

28" ?üO

4û" r80

8r"28Ü

147"óû0

15 2 " 521)

12-l -7¿.ra
t J I o I riv

10ô.,600

-t ti"72a

l,:

1] * 1i¿f ì

ii"'72t:)

i-.üü]

i"1+9t>

{i.4 1 iJ

0, 2ç'l

Iì Gr:.raJ

I " ûri1

{),948

ù.3i 1"

û"41'1

û"*lír

I " 0d L

û"6ül

il ? ã¡ì

,\ ;/,1

û.352_

u.1-) l



ì;::: t;:::;:-':::i:r;tit;t;:l:;-

t i 1í
LLJI

:.",.r.:r: ìt-'.,'-1..1::.t.::ì.:.:t.:iat:t":.1.:,: i. ì::,1,:-:.:¡ìri::::t:*: fl;":l;!l:J:':

l-i,_,1"i-j=,t t.,l;,r'ri. ll;l = L5"
ilr:,: :::.¡:.. :r i.: ..

9AFt
Y

;r .,\ri

l\ t. l\

t"0t
2,û0

+, Lì0

ó, il0

ii " ilo

1û" 0û

12.00

11+"ilt)

Lt+,5Ð

U

ü. +i.l 7

a"5L7

U" ¿.üi

û "1 t,1r

L,22A

L"37r

U " ¡1. ii

û" ó31

¡'ì í) c, -1

t" 8{,7

L'19 i-,

t1 ')11

ù"4L+

(1 "+r)2

û . {'}212

7,;:30

) " t,3"j

û "3A9

0 ' {¡5 t--

ü.351t

í)-157

ït''

J.?¿?

il" 317

T\ ) L.Q

0"52S

n Ct)2

I 1CJ2

n ç1-ì2

O - -JCq

û"40/t'

Çì " 
{.) 7-?

iì ?tr ?

jj.iJ v

O^J53

-rì n

-i1" il4 7

-íJ ")4(;

-û"03ç

-,3. tó B

-o " 247

-û" 33ç

0" l8{,¡

C ' 16l+

0" l6þ

P.U'J

-û.0

-û"0
*0"0

0 . 01*4

ü"076

ll" 08?

0 " ?_ot

- o.250

- L"r. l-98

-o "22L

-{J "259

VTL

L7 "720

21 " 320

25 "¿",ZiJ

z 2 "'80{1

58,220

88" 560

I31"7i:O

142 " d'80

LJ1_.U/_U

7'à"720

7 ?.. L6A



Ci,l- i: Iii4tlt'

Y

ü"40

I ?f\

¿ "'òc

4"J'J

7"30

t,1fj

LL" at)

I+. EO

r5" 50

\.i

r)"40?

li tâ:.

0 "1F-'/¡

i"ù77

L"¿y5i+

ii " i357

ri .41 l

Ð,7'r,"r

A"8'ö3

)"-7i-7

t) "28ô

û"3i7

0"49?-

t)"75t+

t" 193

0"'JilI

í1. j l3

û"674

0,tlll

¡ * l{;'2

ã*#

0,2L5

O "/+71+

1.706

L, *62

a ,837.

t "49i
t"7+l

c"ç01

c "182

RUV

-{J " C

-û"t

-0.í158

-0. l7 5

- Õ. ü6C

0.211

O.I6B

^ 
1)t-

J A L/_û

/l rì? fivê\.rt ti

RU vi

-o "Ð1û

-0 " o?_3

-'Jr0

t"4frL

-0"389

-'J "3ç4

-C " 05fr

-n ?Áo

VEL

1,9 " 8ó0

23 ,7'ðA

32.'¿tO

49"200

98.5ö0

l'27,9?0

I37 .7 60

L.L4 " BD{)

85"2t4

L7 "?40



: LilL:É Iå4fJ7 i)l Âlit: il'ì = L7.

ã#g
V iJ V i"J iiUV RUH VEL

û.10 0"_i+ 0 rl "27+ 0" 199 0 ",J64 -3"259 L5.5BA

i).9{l ü"5i13 û,3IC O"3l-1 -O"05? -O"0 21.32C

L'9tl i)"{¡2r; 0*3ilíJ tJ"36ó -0.i)22 -C.O25 27,060

3"ç0 l),?,tr9 t].i?_J 0.517 -0"'344 *O"O?-L 3ó,080

5.90 1.1óö ü"'8Lr 0"81-3 -ß.ù59 -0"CI21 58"220

7.9ü 1"3ú0 1,Ð81 L"A45 -û.32b 0.043 85.280

ç-9rJ L"J2?- ü"t03 íJ"çû3 -0"2'72 -0"0 123"00{)

11,9C 0"55ì- {l.5lg O.514 -O.LV4 -C,0 LlV.g¿O

13,90 û" ¿i5rr 'J.764 0 " 7 tS A.244 -i) "224 i- 14.8t0

15.4{t íJ"380 C"'ð2D tJ"B20 0"058 -Q"?_33 78.720

ló.40 0"i)84 a"6"37 0"t,37 0.Ð3û -0.201 5',8.22Q



Cilii[: I64û8 iJ];\l"iËfI!1 = lB"
?30

Y

/\ /18

¡,J, )U

1" 80

3. EC

5"8t

a, 50

10"30

12"30

14.3t
1 Ã Arì

1 7. û{)

L7 "gt

tJ

),325

o "441

0" 5çû

O " û4{¡

L"L52

1" 46ó

L .5A5

û.918

1"115

l.û45

0"75V

a.625

V

r\ ) )')

ü"289

0 " 35'3

0" 78q

1,18ó

1. ,J7I

0.930

ç.853

0. (rc I

0.7 ¿3

o "45q

i,i

0.I87

c,248

o.353

0.508

a.764

1.134

1.078

0.90ó

Ð.ts75

G"883

0"737

0" 493

iìi.J V

c, Û9ç

-Cr n

-'û "Ð25

-0"i1

-0.018

-0"05ó

-0 " L47

-0.07 5

a.248

0.059

0. 0il I

a. L24

RU i{

-0. 193

-0.032

-û. o

-0.044

-0" 0

û. í15å

0.051

0.l-75

-o.2ú2

-0 " L31

-ß"24r)

-4.'ò92

VEL

15" 580

2L.32A

25. +2t

3ó.090

5L.bba

I 2.000

114"800

L21.920

109.880

85,28û

ó0.680

45.920



-:r N.ill,i ió409 -r i¡.il:Ti iì = L':). i:'-'"'t''"

aïL
iJVÞJ

Û.IÛ

tl" 70

2, l0

4"10

ò. 1il

8"IO

lù" L{)

12. 10

14" 10

1ó" l_0

l7.bû

1'3.5û

i9"90

,i -,282

û"1+0Ð

r._ |;71

0 " 7úlr

1. ü89

L "4¿6

I " 1óB

1" ù33

l_" 081

0"{}û7

ü" 84ó

ü"o92

o -?ù2

û "25.s

o "322

O , 1+5ls

O-7r0

1"053

l lgb

T"L23

0 " 
{.}lj fl

(). rr¿ I

û.7 6q

i)"6!5

Ð.1+57

o"164

û .23L

/t 2-l l\

A,45b

0"ó82

a .97 e,

L. L58

1"t23

o"{ì88

û.988

D"827

'û"(,88

û " 52tr

P.UV

il ¡176

-t3.Ð34

-o.il
-t.o23

-0"018

-o.lo7
-,'ì r-l 7 q

-0. 15 0

¡ì i1-2 ÃU.VJ)

Ð. L22

0.069

-ñ r.ì

0"0tsç

RU l,J

-0.207

-í) " r)

-0.07b

-0.0

-O .'JZL

-0.0

s.0ó1

-0.105

-0.104

-0"182

-B " L24

-û" l3ó

VEL

13.I20

19.É80

2.3 " 780

3 2, 8ûO

49.200

61 .2+O

95.94A

114.800

ll/+.80i)

88 " 560

b3.9$Ð

55.-76rJ

1+4 ' 2.8 )



:.ìlti.::'

iìuv

0.038

-t.1û?

-0.039

-0.032

-0. o

-0.0óo

-0.019
o.020

-o.34ó

-o.221

-0.4+o

-o..22b

-0.048

-0"t)78

-o" 185

RUH

-0.079

-0.o79

- 0.09o

-0.084

-0. 023

-o, lo 7

-o.47 2

-0. t

-o. 3l I

-Ð.229

- 0, ¿r09

-0. o49

-o. o

-o.22b

-o.220

VËL

29.520

29.52CI

29.520

31. 1óO

3?, ?20

+9.200

70,520

108.2+0

I 39" 400

L52.520

I 08. 240

L03.320

83.640

ó8. Oót)

5+.94{)

i:1..1r:,:.t, t:: .: :i:?f:.1:, f: ii;;:i: iì: ìr i,

CCIt'E 1ó4lO DIAMETER =

U

o.279

Ð.291-

0. 291

0.38 7

o.5ó9

0. 801

L.289

2.024

2. r98

1, 783

L.4Ð9

1.495

1.174

û.9ó1

o.ó58

ã3s

N

0.213

o.2L3

o.zI3

o.27 L

o.377

o.528

0.93?

L.531

1. ó+û

1.569

L.332

1.399

l.oó2

0, t0ó

o.507

20.

VY

0" 30

o. óo

L.20

2.30

4,30

ú,30

8. 30

3.O.30

L2-30

1+.3t

I 6.30

I 7.50

1 8,30

1 8,90

19,70

o.225

o.200

o.213

8.265

{J.340

o.528

o,952

r. ó4û

1. 640

1. ó40

L.332

L,27 8

.L"025

o.7+9

t.432





iE iù101 DIAi'1ËTËR = Iì.
ær*

Y i-., V lC RUV RUl¡d VEL

ü"05 ?_-299 1"319 0.981 0"324 -Ò.252 Bg,3gO

ù"ó0 2.252 1"25I L.tz8 0.C91 -0.14L L52.520

1"30 1"598 1"117 0.q77 0.127 -0.242 lB3.ó80

¿"61) 0.ó49 fi.574 0.476 -0,129 -0.589 2L3.200

4.3t t.512 0.50'ð 0.4ó7 -0.654 -Ð.743 2L3.?Ot

5.3ü 0.554 0"492 A.467 -t.76? -0.998 205.000

8,30 ù"539 0"469 0.49? -0.BgI -0.1?7 l96.goo

9.20 A.727 0.,634 û.656 -0.1óI -{l*17û lga.24a

9.90 !,4L5 1.0ó1 0.ço0 -0.093 0.199 L72.?ÐÐ

L0,30 1.91ó 1.201 1.025 -0.Ð30 0,230 L57.440



': - '.:.

it b- ],J102 JI.tf"tETLR = 12. æj

',;. Y ti V W RUV RUIJ VEL :,,,

0.C5 0.9/rB 0.75C O.446 0.I53 -0.I19 5û.940

tl'60 1.454 i.11ó 0.795 o. 195 -o.z7o 89.390

l. "30 L"237 L.tt67 0,g5q O.?41 - O,ZB4 14Z.6g0
.-:. -:,:_,-: ,-j

l.i, 2.50 [).418 O' 301 Ð.4t?- 0.97 2 -0. 1óO t77.g4O ,.i:.,,., j,-
1:. :_:.4.t::ì

4.64 0.153 o-r34 0-179 -0.ós3 -0.44b lç0.240 :.

ô.ó0 c.rzz û"112 o"l1ç -0.908 -0.89? LB1.ó80

..:, ð.ó0 0.13i. û.t2c o.L2.1 -0.831 -0.900 L77"g4o ,;.:,,,,

...:.. :. :,: :.:

10, IO 0.4V4 0,373 0,41g -O,O O.2?g L72"20û
'.-:.'-'.'-.:.:.:

,,'i 10.80 û.973 0.751 0.778 0.054 o-24g L52.5zo l

11'40 L'240 0.9¡14 0'B2o -0.024 0,395 11.1.520



Lì[ 1û1U3 l]lAl"1ETtiì = l-3.
836'

Y U V ïd RUV RULI VEL ',¡':,',1','' 1,'
: :._ t ..:.._

0.û5 0.ó53 0.427 0.303 -0.0 0.055 28,700

rJ"ó{.} '.ì.ç7ó 0.745 0,573 -0.ü 0"060 42.6+A

1"40 1.333 1.L34 I.CI2 -0"018, 0.1óg 78.720
.i.:. ... ..:_.:.?.7C û,6ç9 A.627 0.124 0"137 -0.0 l-32.840 ,¡,,:,,,,,,,,,,

4.4û 0.328 0 "239 0"4L7 -1. ûó1 0 .527 162.3óO

6.40 û"L25 A" 116 0.109 -0"215 -Ð,2ó9 L12"200

8.40 û,0:^7 (1.100 0.094 -0.800 -0.872 Ll7.g+O
.,r:,',,...,., . .',

1Ð.2o0.16?0"l74Û.154-0"168-o'30ó183.ó80

11.40 1"083 0"990 a-743 -t,l2O -{1,333 1ó7.280 i''"",r','."',

ï2.20 I "323 1"093 O.875 -0.053 -0 "386 12A.54Ð

LZ"7û "i-"?-t'3 1.115 0.738 A.L42 -0,218 85,28O



i.l:<,::'

L.Ë l0lc4 üIAfiETEiì = l1+" WT

i).50

Ll, óo

Ì trn

3.00

h t)l¡

7"00

c ,lfl

11.00

L2.30

13"0û

13.80

tltJ

c,60 5

n 7Ë.4

i"û2E

I"388

0.859

a . ?.24

o.L3?

rì ?1ñ

1,075

L¡Lttü

1"167

V

{), 46 6

0.57 B

0"787

1-045

0.781

0" 2 09

0.141

n 10c

1"181

1,00ç

H

o"762

Ð.351

o"667

!.26?

0.573

0.388

c. L22

0.193

0.807

o.ç18

0, ó78

RUV

0. 07 t"

-0.06 I

0.Ð78

0"018

-0" 953

-0" 309

-0.824

-0.341_

-c). 28 7

0.08û

-0. Ð

RUN

-0.029

Ð. 052

0.059

o, ?34

o" 485

-0.r11

-o,7 bz

-û.406

-0.203

- o .214

-0.295

V[L

25.42Ð

33-ó20

49" 200

96.7ó0

I+lú oðu

L62.3bA

L7 2.200

172.2tÐ

1 47, óO0

120" 540

82. 000



trE 10105 DJAi',lFrFR = L5. A38

,ì,. Y U V !{ RUV RUti VEL

0.05 0.55ô 0 "'34? 0.27 B _0.027 0.02 5 24.600

c"7{} 0.731 û-459 o'476 -û'ûó4 o-054 33.62a

1''+o 0.926 il-bÓ4 o"6?,4 -0.û 0.038 44.zga

¡'', 2.ç0 T.2ía û"9+5 a.827 -0.065 0.0ç3 63.g6D

4'30 1"148 a-119 1"230 -0.211 0.295 Il1.5z0
5"80 Ð.928 0-591 0-807 -o'6ú4 -!.o42 147.ó00

, 9.30 0.173 0.1ó7 0.2ûg _0,392 _0.0 Lb?..360

1l'8t û.ó11 0.477 0.388 -0.zBB -0.138 ló2,3ó0

' tr3"3û L.?30 1-06ó )-"t25 -0.?q4 -0.1.09 l-r1.520

L+"0ü 1"1ó7 0.7?5 0.?73 0.cBl _0.1.09 92,000

Ì4.5û 0.918 o'7t17 i).682 o.û21 -o.z0g 63.ç60



iirÊ 1r,'1C6

v

t1 ñ4

0"ó0
'I ?n

) Ãrl

4.60

7. 10

9.ó0

11.60

13. to

11+. 30

lÃ 1r\

15,8CI

DIÂþiETEP. =

U

sffi
{RU V

0.û31

-0- û3 7

-0. o

0"019

-0.CI50

0. 034

-Ð"411

-0.0

-0,253

-o. I 42

o" 01"9

0. c20

ü" 528

o. 6+8

û"771

1.039

1.251

L " 41iü

0"556

tj,253

û.911-

'I ì Äí)

1.104

1"01.3

o" 328

0"480

Ð.55â

u. t¿¿

1.0t1

o.s7i

0.5û0

o"zig

0,859

1"19t

1. 104

rl" 773

þJ

{}. zst

4..352

t .484

0.700

1.0ìll

L.3A+

4,556

a,4L7

o,755

1"033

Û. BÛ4

û.800

RUW

0.054

-0.0
-0.0
o.0lg

-0. t

0.390

0.0ó9

-û.0

-û, ó53

-0.529

-0, 138

-0"053

VEL

24,600

30"34A

3 6. ç00

49.200

6g. gB0

tL5.ó20

ï52.520

I ó2.360

142., ó80

124. ó4[)

82 " OO0

66.42Ð

._:-:.-.,::-::



'.*:È:Ìrt

LIE 1J 107

n ntr

0, ó0

1.40

?_"9t

+ "14

6. óû

9.10

11. 1ü

13. L0

14. 30

15.10

tr t "8û

l-l!J o

V

Pf*$DL¿,i'iËTtR =

tlU

0"¿r38

ß,624

o "74b

L'l . 9É' 1

1.1ó8

a"847

0.49 I
1.136

L.225

l"t5{J

0. 814

n ?6?

0"424

íl trafi

rì o7 I

1" 3+ó

n 201

û.890

'l 'l'l 7t. t! t

O. Bç2

O "14,0

i,{

t.258

0.352

û.408

0. óó9

û.813

L. 5L¿t

0.ç14

Ð.521

0.9ó1

0.955

0" 834

0.617

RUV

-0. o

û. û20

*0.CI40

-û.0

-0. û5 I

-4. o+5

-'f,. CI59

-4. +44

-CI. 15 5

-nn

0.038

RUh"

0.0?1

-0.0
0.097

iJ. 071

û. 02û

o.159

0. 319

-0.198

-û.557

-û.198

-t. ¡.ó1

-0.193

VTL

22.140

30.340

35.260

4ó.740

Õ3.9óO

115.620

147.6ûCl

I 5 7.440

L28.7 40

9ó.760

72. l.6û

58.22t



11r 10 E

Y

0.05

0.9û

1.õ0

7 .80

10,3t

12.80

14" 80

1ó.3û

LIo¿l)

i 7. Bìr'

{]I,AITITEFÌ =

ti

ãr*f

w

Û. LBz

0.302

0"402

ü,ó14

0. ç4I

I. ?57

1.. I 34

o. ó95

U. õ+J

0.812

0.773

v, iÐ¿

V

Ð.399

o.55 g

v.oll

o. 854

l" 195

7 "420

L,?06

0,ó39

1.054

1" 1ti4

,3. 9ú ü

0.6[ì4

0.2+o

CI.393

o"394

fJ.57 5

0.79 g

r. ¿.L I

ii. 96 5

V,AL¿

0.890

i"l5û

0"9ù7

RUV

0.053

-0. rJ

-û.0

-0, 039

-û.0
c. I00

t. ?_63

- 0. 205

-û.287

a. L?5

0"olg

-0.0

RU!'J

-n n2EV'VJJ

-o. 0

-0.099

-0. o

0.078

t-I33

t. L23

-0. o

-0.493

-o.262

-0.I?7

-0"111

VEL

17,220

27 .060

31.980

4 1 .00û

60. ó g0

g 9.380

I 32,840

152.52CI

1.28.740

89.380

66.42A

44.29t



]DE iC 1C9 DI Á IIIiTE iì = l_ ?.

\/Y

r'ì 1l Ã

ü, ?0

ì Ãr\

3. 00

8"0ù

1ù.50

13. Oß

L5.20

i7"00

tr8"00

18"70

¡t

Ð" 310

0.499

D "1C5

a,c7L

1.3û4

o.g6t:

1. ûûç

I 1 tri-ì

û.93 7

0.7c,;8

o"211-

\Jc LJL

c, -"48

0" 4ûB

n 4 11

1. C73

L.09r?

0.937

t.967

1"042

0. B3g

t.7 ?.2

ï'l

0,170

t.2b4

0.302

0.39e

û.710

1. u73

1"3t4

0.985

L, tl2

1.012

0.765

0.536

Þtot

JìUV

-0.05ó

-0. 04ç

-0. 04 7

-tl tìR a

o" 034

0.053

-0.243

-0. i_42

û.039

-0.0
ü"052

RU}d

-0. I23

-o,029

-0,0

-nn

CI. o4g

0.lló

o.221

0. 047

-o- 2t3

-0.155

-Ð.16ó

-t.07/+

VEL

L7 .220

24.6ûO

z 7- 060

33.620

46.740
-l5. 4+o

115.ó20

142.680

115.ó20

7 8-12Ð

5 8.220

49. 2 0û



rDF 1û1lO

Y

,'ì rì q

ù" 7Cl

r"70

.). +u

). YU

E .40

IÙ. qO

ï3.4t
15.90

L7 "4C

18.60

19"70

ilIAi\ÌEiÉP, =

il

;;;L,;i:;j;5:r:1i;ifii;ï.:.,ì.,-.:si:. i.iiji¡

20"

â&s
VW

0"279

a.3 64

0.1+05

0"929

L.325

1.399

1.t31

1".278

1 nA.tÂ

Ð.925

0.633

0117ó

0. ?29

û"255

0.408

û" ó79

I 1âq

I ? trÄ

IûUiJ

L.259

0. 949

0.838

o.556

o.190

Ð"250

Ð.284

o" 399

0.1¡5ó

0. ç93

1.191

r.ì Õ/. E

1"182

0.ç21

ß.7 L5

t.374

0.149

-0. û7 ?

-o- 03 5

-{J,0

-0.0
o. o34

^ ^r 
AU¡ TJ{] Y

-0. lt I

-0" û17

0.08l_

û.û35

-0. 0

Rtil'l

-0.0

il. 194

-0, o
s

o.o5l

0.117

0.0ó3

0.0ó3

o. 10ó

-0.073

-0.116

-0" ü41

-t.031

VEL

27. L40

24, bOO

25.420

35 " 26A

49.2t0

82.000

l2cl. 5 40

L32.8+A

103.320

'î ?. L6D

59.220

41"00û

R.UV



IÜ20Û

0"05

I r-ì/ì

¿. tu

4. 00

ir " O0

7 -7^
I t tv

s.Btl

C Âfì

oon

10"

V

ü I /ilulË IL: R =

tl(-,

e&,[

;:.,;,-r. :.. - .;.-.;:. ..:." ;, i -.;::.: :.-. "-r. .,:: t.:. .,:,.,.,]'..'.: -.: ": '

l

i

,.:.:.t.:.:

i'. : '.' .'.

1o L3ö

Lr lQl

1.5ç9

CI.45 1

U.4= L

ç.45e

1"2f]g

1 -Ì-t A

Ltöll

û" 9ûg

1,186

I.148

o. 492

a" +Lt

o.394

o.41 0

0.ô20

1, û81

U.Y¿4

i{

L. ?3t

1.186

T.217

4.451

o" 410

t).45!

o.426

o"943

L.342

1.238

IIUV

0.349

0.27 !

o.287_

-0.394

-tJ. 312

-0.738

-o.533

-4.543

-0.4+4

-0. 37 3

RUW

Q.t7_7

o. o17

-0.084

-0. ?93

-CI.694

-0, ó59

-o.719

-0.101

-0.0
0.0 30

VEL

I57.,44t

183.ó80

205.000

2L3.2ÐA

213.200

213.200

2L3.200

2ï3.2AO

1 90.240

1,67.28A

':,.:"



i:iii:::;l:,.i::iì;;i:É¡:]:ir::::::i::f):::i::::jT:::::ìn::i::::.'::.::::1:i:::i:?¿..:*'..*¿.;i'?:;*:;:;{i;i:;!Íil'::

l,)E l-0201 DIAf"iEIER = 11,
Zt*g

,'.',,',, Y ìJ 1/ þJ RU V RUld VEL 1,,

'1.05 1.953 I"CL4 L.252 0.345 û.O5-l 75.4+C

ù.50 ?,?I9 I.109 L.2A6 0.4Có 0.043 l32.g4O

1.00 l,g7g I.073 1.1-33 0.08g 0.035 162.360

z.û0 l_,132 0.959 a.gza -0.c -0. 122 196.900

3" 50 'J"541 0"451 0.525 -$.722 -0.523 205"000

5.50 ü"5û0 0"476 0.47Õ -û.92ó -0.Bgl_ 2CI5.000

7.5ü ù.51t5 0.492 0.492 -0.563 -0.891 205.000

9.00 û" 5óó o.492 Ð.541, -0"å62 -0.72A 205"000

'.',,; I-u1.0û 1"495 0"ç33 ]- l90 -0.302 -0.111 172"20û

lil. BO 2,079 O" 839 1.22t::j -0"48ó -0.037 103.32t



DL 10202 ilIÂi,'iETFR = LZ"
äe6

t{Y

0.05

t"50

T.4A

ItJll

4. çO

/. on

8"9û

1ü. 4ü

I l,40

11" a0

U

tr ?c r

'l /l¿ Ã

1.159

a "480

0"129

o "L22

L,¡IJO

0. ó11

r"2rg

L"3L2

V

o. +2 5

0. 76ó

0"920

0.309

/l 12Ã

0. l l g

0. 1lr C

0,5I5

0" B9q

UC {J)J

0.590

O. Bó2

0"ç94

t.557

0.135

rl. I 12

o. l_2ó

4,5L5

L.056

l"û0c

RUV

a "022

0.335

VoQSl

-0.3ó7

-0. 33 B

-l_.'J1ç

-0,912

C,, ?-6 6

0,49 0

o" 348

RUW

-û.037

- 0. 0óó

-0.0

0.272

-0" 580

-0. B9ó

-0.740

0.052

0. 054

û" 099

VEL

35. ?60

55,VbA

l_11"520

167.280

L'|2.20Ð

183. ó8û

I 83. ó80

L7 2.2ÐO

1,24,6+0

85.28û



itì::{'

rtl[: 10203

Y

i-\ t'l F

0. 60

I tr,n

2.90

4.90

6.90

8"9G

f. il. 40

Ll"ó0

T?" "?_A

12"80

v

i\l Ai\1f:Tf:l)
L./¡å!tLtLt\

n 7?c

0.959

1""3ót

0.9ó3

c"278

0.114

4.22.4

! "304

1.423

1 1Áci

0" 340

t"7L4

t. q4?

o-677

o.248

ü"12e

0.i21)

o,268

0" 780

t " B,s.l

0.705

'¡t

0,5ól

0.848

l_. tlB2

0.937

4.249

4.L29

rJ.I07

o.23+

1. 049

1 ñ,/- -7

L.AL2

æl*7

RUV

-0.051

-0. 12 9

-0. 2 l6

-0. +8 I

-0.20 3

-0.608

-0" 5g 3

-0.220

0.571

0"291

0.33.0

RU'vl,

0"144

o. CI84

0.102

û. 209

-0. 0

-o.255

-0. ó8 I

-0,039

-0. 0

0.159

ß.?86

VEL

33. ó20

50.840

I 3.490

1.42. é80

1é7.280

t72,200

L71.940

L17 .940

147.ó00

LQ7,4?A

7 8.12A



[,I lù20+ DT¡tf'rETEx = 1+"

VY

¡ì nq

û. ó0

1 ?,ô

3 "Za
Ë 

^rl

7" C0

li. û0

1 1 ,0i)

L¿. éIJ

13" 20

13,80

U

0"637

û"780

1 1Äl

L.346

Ù. óBó

0. 173

n l qa

0. 2 8i]

1.230

1.309

1-015

0.32i)

{) " 502

0,74¿

I r'\ ÃÌ

0.596

o"L42

0. 148

0. ¿8ç

0.91ó

1.012

Q.584

äåtr

W

{1.497

o.57 4

0.886

1.iðö

ü, 71ð

û.1ó7

0. I29

Ð "225

l. o85

1"012

û,ç17

RIJV

-0.02ó

-0. 07 I

-û, ì39 8

-0. 161

-o. L44

-0 .435

-û.4?2

-0. Ù64

û.550

0. z9B

O.20É'

R.u'y{

0.093

-ôñ
ü.033

û.182

0.720

-o" 2 3l

-o.zbo

-o. L4$

0.146

0- 141

il, l2 B

VEL

28.700

3 ó.900

55.7 60

LL5.62Ð

1"62.360

Lb1.28Q

]"72.200

L7 2,200

132. 840

ç3" 480

ó8.880

i:ì. t.. r:: ::



Lr 1"i.i205

ü. 05

û. ó0

1.40

2" $t

4.50

9.00

1,1..ûc

12"50

i3"70

14, 40

11+ " B0

tiI.afçIETER =

U

.l cìîa

ü"6ç7

0.892

ï '3rr7

!.39?

û.3úO

a -429

û,2 ó5

1."ü¿B

L.214

r rìtrñ

û" q00

u"5¿)

L). t+59

o.ó33

1 n? t

¡1 AO{l

o.v53

a "2i9
0.23I

O"BB5

1 rlQ?

a-7LS

0" 580

tÂl

0"4óç

0.508

L.1_2?

L .438

0" ç41

0.328

a"227

1. 151

0.921

0.703

p&g

RUV

-0. 04ç

-0. {)

-0" 070

-0. Ð94

-0, 17L

-o.27 4

0.43 0

-0. ?5 6

u. ¿o -5

0,I8ç

Q.2L7

0"050

RUW

û. û90

0.038

0,ù70

o.0tó

a.?42

û.460

-0.0

- 0,4 31

-0.0
o.150

0. 184

0.170

VEL

27.ûå0

31,9 80

41.000

7 Z.rb0

T74.64t

147. ó ùCI

1.62.3óO

I Õ2,3b0

142,680

93,480

7 2" 16ß

58.220



'Li F IJ2Lì6

.Y

ü"ó0

1"40

/ t'zU

5.I0

7,LC

'i,60
:1 Lñ

13.30

14" óc

15"40

tl

4"541

{} " 637

il" 863

tt L).)

l- o'f 5U

0.995

ù.483

1.05 4

t " -1 3+

L " l4{)

u"ql0

V

Ð"28+

Õ "392
0.633

û, góû

1,. 2l_ I

I.û,)3

0"753

û.351

tì ol7

1. 081

c.917

0"53S

DI.Â1"ìËTEfi = i6.
Êj9
!9

0"3ó4

o.3óg

ñ faTq

I-.UIJ

1.514

L.?67

û. ç.ó 8

0" ç37

1.153

0, ç45

t3" óç4

RUV

-0,027

-o.0

-0.034

-0. O3/r

0.091

- rì i-ì

-o. L24

-0.10ó

o.l2g

Q. ?62

O. OBó

0,075

RUW

-c.02ó

CI.054

û. 059

0.016

0. 195

0.307

0. 313

-Ð.07 2

0.219

{1" 100

t .22L

û.1óó

VEI-

25.420

JU. J+U

41.000

ö6.420

LL5.62t)

I 37. 7ó0

147. ó00

L51 .440

142, ó80

gô.7ó0

ó8. B8û

55.7óO



'ÍiÌiij:;::;i;i;ii:íi).ii.¿l*tiliii:ij:iiili;r,:r'i]'iì¿ili'..î:;!ii';;'i].iL;til:.l,¡lt1:'li.'.;.#,¡:.':,$:l:l{li''i$¡i

irt Ll)?07 DT1\f,1tItR = L7"

æ5L
V I^J RljVV

i1.05

,J.6O

i"1rC

2 "ga

4.9{>

7 "+a

ç.9û

12.40

14.4û

ì ã Lñ

1L qn

1lr. B0

ll

0,5ó1

G.ÉE9

ù"848

1.209

1" 51ô

Lc't I I

1.0ç3

Û. C,ó B

I.31ó

ù, ?6ó

0 " 81.4

0.328

o" 394

o"5r?

û" g4L

1. û82

0.91ó

O. 9Eç

O. BóO

t "744

1"007

0.5e8

Ð"402

4.423

o,45 L

û. ó34

o.864

L.3¿O

1.lg2

1.276

0.591

L t l)Y

1"093

0.ç15

o.625

-û. 0

-0.024

-0. I 34

-0.0

0. il7 0

-4.257

û.080

0.309

o. lúg

CI.07ó

0.033

RU}T

0.077

0.041

0.0¡.ó

- 0,0ó6

0. 06ó

0.318

-0.022

0.18ó

0.037

0, 095

0.089

0. og9

V Ëi-

25.420

31... I g0

39,3ó0

ó0.6 gt

93.480

1 3 2, 8/+0

L42.6gO

147.60û

1t3.32û

7 2. L6A

ó0.680

50" 840



iLl; ,i.ü208 Lìi¿IitTËt.ì =

â9P

V |,'J R,U VY

iì nÃ

u. 7û

I R¡/l

2"8C

4"80

7":30

9"80

11.B0

't ? Qn

15"30

iô"É,û

17"3û

17"8û

L,,

t.561

0, 69?

0. 906

I" 134

1.4ó0

L.535

1.349

1.0û7

L"246

L. +23

1.180

1.03û

O" Bóó

0.237

o" 45q

r).594

n â? a

1,r15

L"247

1.1e1

1 rì" I

l_. 0ó L

l. 3ü4

L.o3ó

0.788

û"393

0.423

0.493

Ð.6t,4

0.888

1.r81

1"30/+

L.325

1.171_

1.1û9

1" 107

l. 03ó

0,. 941

0.71ó

-c" 0

o. fJZ L

-0. o

-0. û1 B

-0. o8 7

o.û23

-0. 06 I

-o,612

0,0ó1

0,040

0.105

0..04û

0.133

RUþ'J

0. 041

-0.041

-0.0

- 0.0

0. o52

Õ.?.67

o. 19ó

0.3L2

0.05ó

{1.024

0.098

0,1 34

0, 101

VEI-

27.C60

3 3. 62û

4'2. t,40

58.22{)

85" 280

115.ó20

L24.640

128"?40

I 32. 840

107.420

72,1úO

óü. ó 8û

5 3. 300



DE lü209 DIAl"iãTIiì = ]9"
ãFS

WY

û"05

û.70

L " 70

8.0c

1U,50

13"ûO

1Ã rìn

1b " 5ti

l7 Ärì

1B"ZO

13"90

{..j

0,ó48

O.7 ('4

l" 106

1 .410

1. " 521

L"487

1" 1ç1

L,317

1.31ç

1. ûBÛ

a,94b

{).7 29

\/

0,284

o.443

l-ì Ë.Ãc

û.864

1" 148

L 225

1.312

1,25 8

1.1û7

L 15ü

0.853

0"71u

0.278

0.3 ó4

0.47ú

0.540

0.8ço

1.181

T,T46

0.ç84

L. L2.3

T "3L2
1 11/-.

o.ç07

0. 814

o. É".14

IIUV

0.028

0. i34.3

-0.Lì20

0.073

0.07û

0" 021

-0.0
0,L57

-0.04ç

-0. ü55

-û,053

-t"020

-0" 074

R,UhI

-o "o24

- û. 04Ð

-0. c

-0.017

-0.!02
-0.341

-0.2Ló

-0. 1 34

-Ð.0Iq

-û"072

- {). 039

VEL

25.42{)

3 1- 980

39.3óO

ó0.680

85.290

LO7.420

L20.540

t_24. ó40

111.520

gç.3 Bû

åó- 4?ß

55-7 60

41.000



j[¡F 102i0 ÐI¡\lt1E IEfì. = ?rt

å5&
¡

rJ.05

0.80

5"80

4..7U

10.90

1? ?rì

I/OIU

18.0O

18, ¿10

Lç" 7CI

tl

û"+óó

a " 62<)

U" f'Jt)

I ¡ UY:1

LtJL{.

L .487

L"+42

L* lBg

L,27 g

L . Tê,F:

l-.053

0. 9É'2

ß "7L4

{1" 277

t.399

il" 57 5

0" 814

! 1ñtl"¡tCll

i,335

1.304

1.18ç

L. ¿:)tJ

1 " 
íJ42

0,880

0.789

rJ.459

ù.55ó

O. Bó4

L. !49

L.335

,L.225
1. 107

l_. 192

L"073

0.890

O.B3B

{3" 563

RUV

-o.Ðv2

-0. CIz ó

-0" c

-0. o

-0"o17

0.037

0. o3ç

-o.c55

-U. U

0" 143

o. û57

0"ü3ß

CI. {121

RU!d

-0. 02ó

o-022

0" 020

-0,0

-û,020

0.103

o. L27

0. 329

-0.0
0"018

o. 112

0.109

0"0óg

VEL

25.420

33. ó?0

41.000

óû, ógo

85.290

1S3, 32 0

IÐ7 .420

1I1.520

1û3" 320

78.7?,0

66.420

58 " ?-7-A

¿r4.28O



CÜlr[ 4å100 DIA,ïETFR = 1,1v' 
äf5

Y U V !C RUV fi.Ul¡i VEL

0.50 1.014 0"ó2ó o.62.6 -0.0 0.556 1é2.3bû

1.50 0.I93 r1.17ó C.184 -0.918 -O.77g 205.000
:: :.::

,:::. 3,5A û.1-89 0"1-óB 0:l-ó4 -1.057 -A.94+ 205t0p0

5,5A 0,I84 i),172 t.L64 -O.g9l -O.gBó 213.2ûÐ

?" 50 0. lóo 0,139 0.13g -1.C35 -0.g9 L 213,200

:,:,,; 8:50 O.1ó4 A?26? 0"148 ;0.59ó -O 74+ 213.200..
: t.: .'

9" 0 0.199 û.!72 0"¡_?ó -t.900 -o.g2g 205.oü0
ttt,'t.

.,';1:: g.g5 l..o++ 0.716 0.59ó 0"0i3 -ó.Oii 162,360



lÉ ,ró iû L DIAI';IT[È = il. asá

?,t

n ç,?7

o" ó79

a.347

o, 147

0.150

rl 1Llì

û, L34

û.171

^ 
Ã?a

0.45 B

û.05

0, 50

1.0û

, trn

ô.50

q,5A

1r1,50

1Ù"8û

ll

1.014

l_,148

ß.474

r\ 1 C.-7

{1. 16 7

0.17!

o.l_53

t.194

1"t93

1,182

),7+5

0" 703

0.212

0, l4L

n 1q?

0.160

t "L?7

ù. L7l_

0" 937

û" 80I

R,UV

-0.04ó

-0. 0B 5

-0,198

-1.Ð74

-0. 86 5

-1.1û2

-0.66 2

-0. 79 5

0, t75

0.03 0

fi.UÙd

û"450

0.519

rl.l52

-0" 902

-0.982

-1.012

-L.O34

-0.81_2

- 0. 5û6

-o.654

VEI-

7 5,4.40

128.7+0

1ó7. 2 80

L11"940

LB3. ó80

1"90.240

¡.90.240

190.24û

i_42"68û

1 03, 320



ir'i:¡,;¡,-!r.,,¡:i

LjE 4ll()Z DIAiviETETì = L2" ãfr'f

Y

n nÃ

û.50

1, ûO

3.00

5. 00

7.0û

9,00

l0 .00

11.00

11.fì0

U

rì a7 a

1.104

o. 781

rì 1Ã?

0, 146

0.150

0. 14l

rì I A?

û" 982

û. 80ó

a.,7 b2

û.858

0.134

0. 14ó

o" 149

0" l-30

0.Ir+2

0. 82 0

0"ô71

0"517

O.7 É,6

o.513

rJ.I40

Õ.128

0. 13ó

0" 130

4"L45

o .7 ?.L

0"499

RUV

-0. 10 ó

-0. i32 3

-0.06 i.

- 1.001

-0.892

-1"028

-rì o7E

-0.89ó

D. Ð4?

-0. o

RUl'J

Ð.347

0.355

0. 334

-0.880

-û"999

-rl,8ó9

- 0. 990

-0. B1 3

-0. óó0

-0.165

VEL

53,300

7 8.V20

L42. bao

t ó2- 3óO

167.3$ß

l_67.280

1ó7.280

L67.280

L37.'160

41, 000



lr[ 4¡irJ3 DIAiüETE? = 13.

Y

ù.05

ü" 5û

1" 00

2. 00

4. û0

6"ü0

8"00

10. 00

11.00

l_2 " 00

L2.5ç

L2.95

U

0. óçç

l_.1J36

a"se?

0" 174

o"L34

0.13,5

a "L38

o. L52

û.543

1 nÃ?

o " 7'zg

{1" 5 û3

V

0" 596

r\ oo2

f-ì n? o

0. i54

û. L29

Uo llY

4"L34

o" 149

0.531

CI. ,98 0

0"607

'J.38ó

!c

0"466

t.771

0.706

0.184

CI.L24

O. IZ9

0.132

a"!54

O.3Bó

0" 800

0,48ó

aì 21 -7

ãs*
RUV

-0.11_2

-0. I 30

-0.155

-4.126

-1.û13

-0.978

-o- q7 1

-0.824

-û. 271

ü. 0ó4

-t.0

-ü" 1Zó

Ê.U|.l

c.21"0

û.393

0.434

-0.121

-1.ûl-2

-0.959

-1.010

-0.8ó1

-0.289

-0"252

-Q.L77

-0.1û5

VÊI-

39.3óO

72.L60

103.320

L37 "7 60

137"?ó0

!37 .160

I37 .7 6A

I 37.7ó0

I 32. 840

66.424

35.2åO

22.960



DL, ¿+i:Lû4 DIÀ¡iËTÊR = l/+-

Y

c.05

i,00

2"00

5. OO

¡1 . oc)

11. û0

! t ar^

L 3,00

13.80

¡{

û.517

û .736

o" 849

0"3É,9

{3. 10 5

û.1_11

0" 5f-' 9

I " 1"33

n 704

û.4..68

4.459

0, óó9

0.8ûó

0.36,?

0.. 1û 2

!-ì 1 rì7

0.481

1. r382

t"634
íì ?Ã"

25ç

k RUW

û.204

0.355

û.354

a, L73

- 1.008

-Ð.903

-0.105

-Ð "?7 5

-0.184

-0.0

VEL

31.98û

50.840

7 2. L60

111"520

1i1-520

115"ó20

120.540

89.390

39.360

22- !40

V. aa'+

0.591

o.662

c.369

0. 098

0.109

0.48I

û.913

0. 540

0.285

-0.048

-0" 07 0

-û.047

-0. 16 0

-Ð.9?7

-0,99+

-L.322.

-0. û

-0. ü

-CI.109

RUV



Y

n qar

L"ilO

2"00

3.30

5"30

-7 2^

9.30

I1.30

rz "50

13.5CI

1/+. 3û

l_+" 8ü

tl

i-l " 47ó

0"ó78

u. öl i

0.77 2

0.180

c.130

0,121

t,. I7 L

0" 7ûil

L.237

0.926

0" 63,0

0.47 0

V

o"435

0"ó0i.

0"787

0"64fl

{J 
" L57

û.121

0"1_I7

o" 150

0.70û

1" 014

0.745

0"451

û" 31 7

t4ì

0.254

0.525

o. ó69

4.648

0.189

0, L26

0" L L2

0.159

0.ú12

D.924

o. b84

o.435

û.436

RUV

-0. l0 0

-0.135

-0. 0g I

-0.284

-0.982

-0.997

-1.Ð43

-0.1 08

-0" 059

-0"t
0.05 0

-0. 0

RUl,l

-0"121

-0. ¡_0ó

-0.509

-0.I59
-0.386

-û. e58

-rJ - I4?.

-4.5L2

-ar tt

0.289

0,140

0.139

0.048

vEf

3l.9BO

49 . ?OA

OJ ¡ YÞU

I 03. 320

T24.640

L24.64A

L24.640

128,740

L20,5+o

7 5.44t

44.28Q

28.700

21.3?D



a-;r+::ì:'jì::t1ì¡tl:+i:1rt;:-r:::::a::i;::iit::;:!:j¡t:l:i:r:i::;:;:il*:l:ì::l:ì::rï:l;:;ì::r::;¿
: _t:

DE /+61,tó Í)IÀi.lËÏER = 1b. ã&t

Y

n íìtr

û. Éü

l. ó0

3. ro

5.10

1ü " 1,0

12.10

I 3. ¿t0

L4."30

15" Iü

t{

o"416

ü. 7C4

0. s49

0.42 0

(\ 'l 2-7

o.l_51

0.337

0.950

'1 ',t1Ê
I. LLJ

0" 8é3

n A)7

0" 482

V

\)." +¿+

Ð.573

0",?92

0.389

t" 126

rì 1?¿.

o.2ç7

I"A44

n âc7

0. bl+

a.423

a "v45

tç

c,344

o" 543

0" fl0ó

(\ Ç, -7 ./,

ù. 139

û.136

o,045

o,895

û.840

0"595

t" 423

0.3I7

RUV

-0" û2ó

-il. 10I

0. 041

0.307

-0"812

-0.77 L

-0.0
0. I38

o. 145

0. 019

-0.0

-û" ù2 5

RUV'¡

û.059

0,158

0. 179

û.27 6

-o.532

-0. ó5ç

-0-o

t.188

-o.039

-0,0

o.o4I)

o" 050

VEL

3 0. 340

44.28t

12. ï6{.)

111.520

115,620

I 20.540

I24.640

l.00. 040

ó3.960

41.000

21.064

2?.C60



i:|i::.,::1::;:::::i:;:;:::]È::;::'.::::ï:-j:ì:::i.::f..¡:::{:l:::'::.::l:::::i::i:::::;;::;:::]:.&:1ì':.j:::::::ì:]:ìi]::i:j;:;;ij."'i:

tjE 46107 Ð I /rl¡F T[ l"ì = L7 " ffis

rf nÃ

iJ. 7,1

1"40

2.80

5"rJ0

7 .50

10.0c

12.0t

13. 50

15.00

I R QN

iú" 70

il

o.52 4

0.803

0. gó0

0.877

0.1ç5

0,184

0. 514

1.. û70

aÌ a1./.

0" 510

Ð"432

n 7qo

0. c.i3

0, 8 91:

0.171

^ 
l Ae

0,481

0" 883

1 
^/'\ 

1

0"614

0"496

0"3?4

U

0. 3óû

o " ê,47

0,800

0.839

û.184

0" 189

4,525

o- qol

o.9L7

r\ t.22.

4,448

û" 303

RUV

-0.049

O" IóÉ

0" 1/r 2

-0" 032

-û.2ó 5

-0"0

-0"130

0" lL9

-0.0

0.û92

0, û74

O.\J¿5

RUvi

0"05ó

0"127

- 0. 10ó

-û.D96

-0" 133

-o.122

o "327

0.074

0.273

0.070

o "ß82
a,Ð25

VEL

30.?40

5û.840

66.420

103.320

L24. â44

L?4. b40

L20,54A

96" ?60

68.8 80

4l_, û00

30.34û

?2.96t



it 461Û8 DIArqËTEiì = 18.

'i. .r':_.-'

?tn?
@?.*¿

iJ.05

0"7û

2. BA

./. iì n

b. B0

g. 30

11" 3Û

l3.30

14.ô0

15"70

1ó.50

1? ?n

17. Bß

tt

û.5óB

Ð.745

0" 889

t.1c4

û,5óB

û.281

0.48 I

û. 800

L.L34
1 

^1 
?IrUa I

a "1L?

Q,51 6

A ,45 t)

t,

0 " 4/r3

Ð"584

0" aÐB

ü.8o?

û" 526

û "29?
rJ 

" 612

o-77 L

0. ç81

0" 864

0" 664

0,5{13

0.364

û"'304

W

0.2ó{J

0" 483

o"674

0.820

0.547

o.?.7c

a.437

0. 711

o. ç81

4.86+

{}. b44

0,52r

o" 394

a-25L

RUV

0.112

0" Loó

0.128

0. rl4 5

0.1 8ó

0. oz3

0.0ó1

0.219

û"076

0.09 5

0.055

û. 04l_

0.0ó B

û.025

RUU

-0.072

-0.0
'ù.022

-0.100

-0, 300

a.282

0.550

0.19T-

t .717

0" 146

0.135

0.078

0,041

0,028

VEL

3 5.2óO

44.280

53. 300

82. 000

ll5.ó20

t24.644

I?O.540

LOV.42.O

1 8.12Õ

60. ó80

42.640

35 " 26Ð

25 .420

2l^, 32t



:::

D[ 46109 DIAi;ËTF t = ].9. só&

0.05

0" 70

I .50

2,90

4.90

7 "40
OQô

I1.9û
1? On

L4" 4A

15" 513

1s"40

11.30

L8"70

U

0.518

a.724

o. 82 Lr

1.ü50

0"881

ù"ó0i

0.ó97

O.Bô7

1.006

u" rJlr I

0"8r5

o" 680

Ð.55?_

t"413

V

a "+25

û.6û4

i),743

0"949

0.820

a"656

n ??a

0.950

o.9?4

rl" 808

Ð- 644

0. 493

0.408

û"?7 L

.ltl

a"729

a. +53

0"634

o.162

0.820

0.569

0.697

0.857

o" 8ó5

0.785

Ð. 6?4

o.459

CI.21-2

R.UV

0,08 5

0.2Ð5

o. L25

0.135

0.356

0"094

0. l7ó

0,c75

0",J75

0.û37

0" û54

û.04û

0, û64

-0"0

RUW

-û.44?.

8.A24

-o. o

-0.085

-0. L0B

a.27L

a .255

Ð" 39ó

o. 08ó

0. I4ó

0,113

û.0ó5

Û.049

a. 064

VEL

33.62Ð

42.640

4ç,20û

?2.1ó0

LLL.520

120.540

lli-.520

Lû0.04{J

1 5.440

53.3ÐÐ

42.,640

)3,624

27-OúO

2I.:32 0



ì:iÌ

NL 4ó i. 1Lì

Y

c,20

1" rl0

i.80

3.00

9.0û

1I.50

17.00

18"00

I8 " Bû

19. 80

UL\lli:TER = ?4"

fit.r.!
;;:l:::$i

tl

c,465

a.645

u "194

0.984

0"95$

a.7,ao

0.7 6I

û.8ç5

1.05'l

1"023

0"853

r) "729

0,599

0.393

\/

D"448

n qoÃ

o.7 6L

û,820

0.692

û"751

û"857

rì tiì ?

il"B13

0"612

0,48 0

0" 39¡r

0" 3û3

l^J

J.?25

0.¿t39

a.554

a.135

o.68ó

rJ.7çC

ú.830

û.87ó

0. ç35

o "135

o" 579

û. 4 8ll

0"377

Ð.262

?&fi

RUV

-0,0

-0. 0? 4

-0.021

-0.0

-0" 0

-0.389

-0.349

-n 1A9.

-û. O1+B

-0,0
0.043

0"048

ü. c25

-0., if 29

RU!{

0"085

t. ß24

0,046

a.023

0.r74

o.232

-0"ûóI

- 0. 060

-0. I4r

-ú.041

-û.024

t"024

-0.025

-0.0

VEL

27.060

3ó. ç00

46.7 40

ó 3,96 0

I 5" 280

lQ7 .474

107.42C)

100. û40

85.280

63.9ó0

49.?AO

4L.000

31.ç80

22.964



t
üi

D

1.:':l':.:.:

4ó 2 {10

1.50

f tirl

5.5Õ

7"û0

rì Ân

ã rn

ç" q5

I}I AI"IFTËR, =

IJ W

o.636

ît.1.64

il,ló4

0,I5ó

0. 143

Ð. L48

4.377

Ð.-143

R,U V

-a .413

- L. 041

-o.944

-0.948

-1.050

- 0, 845

t"4?5

0.502

RUW

-0,0

- 1. 039

- 1, 040

- l. 040

- 0. 857

- 0.9ó 5

-û,0
0.0 5l

VEL

1 77- 940

20 5. 000

2r15" oct0

2t 5. il0CI

2t5. CIû0

20 5. 0û0

2CI5.û0{)

1ó7.280

i0"

V

#66

0" 88 7

c.174

û"176

U.LI/

0"164

o.L7?

û.738

1. L¿'û

0"469

0. L60

û.L72

o. Ll2

0.164

o " l7É,

o .549

0.681



().24 L"rJ49 0 "555 0.724 -0.398 -t.044 132.840

íJ"70 0"731 0"37n 0,ó5é -0.3óI -CI.0 1b2.36ß

2"7A 0"152 0"134 0"147 -0.909 -1.07ó L71.94Ð

+"7D û.14.7 0"I37 D"L34 -L053 -0.891 L17.9+O

ô.70 0.1ó1 0.157 0.13¿' -0.887 -l-.0O? 1B3.6BO

rl" 70 û" 148 0. i40 0,14CI -0.997 -0, gB1 183.ó80

9,7A t.?44 Ð.?_gó 0.Lól -0" 101 -û.635 193.ó90

10"70 L.334 0.7g7 0.8g7 0.+25 0. I90 ¡.20.540

Lù.95 L.O-72 A"569 {l.7gg O.39ç 0.L92 B2..AOA

'j.:. ..t..



..:
t rt- 1+b?CZ

0.20

n Án

L.10

3.Iil
Ã 1tì

7.10

c ln

11" 1û

'| 1 A.^

11.95

DI,AiiËTFIl =

IJ

1 rtot

1"12ú

0"3trû

0. l4t)

0" l4g

0.158

0 ' l-4¿ì

'r n1 î
ÀtvÅJ

1 'l 6rì

n ç((J

0"ó91

Q "722

4.246

o. L25

0.13?

0. 149

0. 143

0" óç9

û.7óó

2&&

Ìti

0.892

0"984

U'LY7

o.137

o. l_ 34

0.14ó

0.128

0,82 0

o.92t

o.78 I

RUV

-0.345

-CI.500

-0.3L9

-1.û15

-0.750

-0. 98 I

-o.862

0.431_

o.428

o "340

RUli{

-ô Ì ?q

0. CI30

-o. L64

- 0. 903

-L. Ð25

-0. 71 1

-0.988

o.211

0. 061

0.1L5

VEL

72.1ótJ

L?A.54A

L57 " 44Ð

L67.364

L62.360

I ó2. 3óG

162,3óû

L32.840

7 8.12t

5ü.840

L?- "

i.ì-i.:.:i: r:

'. lr -_.' . ,...



DE t+Í¡?O3 ìlI Af'1FÏFR = L'3.
AfA#sly

., Y U V f"l FUV RUfi VEl- -:,:.-

0.20

0.7û

r, 20

7-"2ç

4.2t

I ¡ /U

g 
"z.a

l_ l_,.2û

Llo(U

L?.70

L2. q5

0. óç0

U.V+f

L. t82

a,?58

0.r21

0"115

r\ 1r.,7

û.252

0. E76

o" 700

0"572

û.656

o"7L5

i1.270

0"117

0.1û7

0. t_0 5

ü.279

0"6ó7

0.525

^ 
7-7É.

o.559

CI. 840

û.87 2

Q.?47

Ð.1I2

0,114

ô 1^q

0"202

D "123

0. ó12

0.538

-0.150

-0.38 1

-0.355

2.489

-0.953

-o.97 6

-0,99 1

ü,t71

0.331

0.215

0. 290

-û.144

-0. I2 B

-o.ló4

-CI.129

-o.953

-Ð. 97 7

-1.033

-$, L 49

-{J.O

0. 049

û.045

39.360

ó3.9ó0

9-3.48û

1 24. á40

L?_4.644

l2Ð.540

1i. 5. 62 0

L24.64Q

ó8, BBO

49.200

3ó.900



' :.:::: ã?o
Dt 462A4 DI AÞlFTFR = 14.

'':'.ì::.: :.'Y IJ V þJ RUV RUtÀl VEL . .: 1:::.:'.-.... .:'.:

0.20 û.6û7 A,404 A-4rI 0.04ó -0.0óg Zg,VOÐ

fr.7A 0"8ó4 0.612 A--141 -û.094 0,C39 4ç.2ûû

L"20 1"015 A"723 0.989 -0,L44 -0"045 ó8.680

?" 2A 0. 85 7 0. ó15 0.763 -0. 50ó 0.0ó4 1oo.04o ..,..; ¡.: ;:

z.za o.a3r o.l?6 a.z5z 0.4óT 0. r-32 11 5.6?0 
:"::::'r::r'i":rr"i:"

6.2G 0"11¿ 0"105 0"103 -0.9ó4 -0.965 115.ó20

9"20 0.1ü8 0.105 0"105 -0.937 -1.002 LLs.62A

11"20 0,L64 0.1óg O.135 -A"341 -0,3?7 I15.620

L2"Lû 0.745 0.65?_ 0.63+ 0.500 -0,0 100.040

l_3"1r1 0.945 0.12,1 0.834 t-+24 0"091 lr8.Bg0

i3.95 0.533 0.3?g O.4ç2 0. 329 0" 049 31.98CI



Lr l:

j:.:.::;--: ::",.::,.:,::\:!!:+i,:-i,:e:!::.;:,n ::ì,f- ! jl.::ir::j":.:-::,:,1,:-:,

DIAI'4ÊTEiì = 1.5"4o205

c.2û

0,9û

1" 60

2"90

4, 4{)

ó,4û

â on

i.0 . 9Ð

L2.40

13"60

L4,4t

L4",a5

27L

l-J

A Ao.'I

i 
^18

0.741

il" I48

0"122

0.L27

n ?10

0" 8ç0

0"814

0.45I

Ð.6óç

O" 883

0,584

a. ï71

0,117

0.121

0"262

n 7É.Q

0.7û3

o,+66

k'l

0,355

û.508

0.710

0,ç15

0. 51.7

0" l lrl"

0.117

0.L2r

0" 197

f\ 9.21

ç.165

{} .52fr

RUV

-0. o

-0.0

-o. 05 4

-0.358

-0.1ó3

-0.67 7

-c.847

-0" 930

0.273

o.424

n ?. 1c

t.235

RUid

û.02ó

o-o35

0.109

0.12L

-o.322

-c.545

-0.951

-o.815

- o.4t0

0.135

0, 118

0. 051

VE{-

27,t60

31. 98û

4ó.740

82.000

1 24.6+0

L28.140

L24,644

L24.640

L20,540

ç3 " 480

58.2?O

3ó.900



;:ìr:
; -i_,ìl;tr:-:,:-:t:+t:t,:,f.::n"ti,ì:i ^::1 -!11.Ìi::.:ì":,:J.tr:..?: ::tt :.t:.r:q-:.:,:r:.;.:i.:.:":-:-:¡:

t-rE tra7Ab ]IAfrlFTËÍì i= 16.

-.:.i,i:.lLi(:.j.:i.

ã7ä

Y

O"ZÛ

0.7 0

2"80

5. 00

" 
qaì

10"ûo

12.00

l1 ñ/^ì

t4.5A

15"20

1E c)Ã

U

iJ .55I

0"óÉ4

n a6^

l,194

0.952

r'l 1Ctr

0.128

0.186

0.348

0,853

0.809

0"514

V

0"317

û.426

0.563

0.92I

0.631

4.2.d, I

0.118

0" 197

4"745

11 7??

0,634

IJ 
" 423

y{

ù.3 93

o"443

0.604

0,978

t.7 !5

0.242

0.120

ü" 157

Ð.7 83

t, B?1

0.122

4,469

R.U V

-0" 0

-o. 02 3

-'3"t21

-0" c

-Ð. ?43

-0. 1ó9

^ 
?^^

-v. tt5¿

-CI "7_5+

0.á20

0" 307

a.?46

0" l6q

RUl,{

-0.0

ù, ûó4

0.020

0. 074

t.27 2

0.3ó6

-ù. 81 7

-s. 684

Ð.089

-0. o2 3

-û,0

0.040

VËL

21,O60

31.980

42.6+0

72.1ó0

1 I 5.620

!?4.640

120.540

.L2û,54t

1 00. û40

óó.420

49.20t

27. Qd'A



:'Ì.:

DE 4i2A7

Y

û.30

0.80

1,50

z"ó0

4,3û

6.80

1l ?n

1I. BO

13. ó0

15.0ù

15,90

16"95

U

{J"4çô

0"5ç7

o "74.5

o,gJ7

1l 60?

0.T12

û.1ó6

0.514

0"8óó

0"56ç

V

0"221

0.363

rì Ã70

ô A l.O

o. B2Ð

,J"751

0.168

ü"L75

0" 656

û" 60i

û "382

td

0.345

0,355

0.54û

0. 710

I.041

0" 593

0,LóB

o. Lóó

0.ó15

0.858

o. 716

0"433

R{J V

0,ù32

-0"0

0.018

-ñ r-ì

-0. 0g 1

-0. o

-0.750

-4.543

0, /+22

0,3Ig

o,z4g

a. L3?

RUI.J

-0. 0

-û.fi?4

o.o22

t.035

-CI.021

-CI.1û0

-0. ót o

-0.3ó5

-0.04ó

CI.141

4.L24

0. L23

VEL

22"96D

27.ûÉ0

39 -360

46 "7 40

B2-t00

LA7 .420

LL5.ó20

120.540

11r.520

78.720

53.30CI

33.624

DIAi\'lETFiì = 17. 473



DE 4b2û8 i.liA,\iFTF:l-ì =
å?'&

T,I RUV

r1.20

ü.80

L.óû

2.80

4,80

ir'80

9.3C

11.80

13. 60

15,lO

17.10

17"95

IJ

a.+Õ3

[,1 " ó40

0. 845

l.trO\.,

n o't ?

0.4ç2

o, ?25

0. ó6,6

1.082

û,.8e6

c.7l- 4

0,457

RUl-"i

0. 089

0.02 3

13, 042

0.03ó

t. û19

-0. 095

0.400

-0, o

0" 128

o "L62

0.115

0"078

ü,025

VEL

22. !40

25.420

31.980

4?. b40

66-420

89.380

1. 1,I. 5 20

12t,540

111.52CI

85.280

5 5. 7óû

42.640

27.ûóù

1Q

V

0"217

0.313

o"47b

0.584

û.853

0"778

a" 492

0.28 4

0" 597

0.984

o.766

0" 584

a "?t,5

0.278

r\ ?Ãn

0.459

o.644

0.880

0.98 I

0.41 0

û.280

0.553

1"C50

0.79t

4"644

0" 408

-0" 03ç

0. û2ó

-0. 02 0

-c, 0

-o. a37

-0.354

-0. 10 7

-CI. L28

0.28 0

0.391

0. 216

0.lgç

o"L7 6



û.20

û,90

1,70

2.9û

+.24

õ.2t

8. 70

11" ZCI

L3"20

15" 20

1ó"70

Ll .lA

18,30

it"ç5

U

0 " 37¿r

t.525

0.5913

n ?trã

û.982

n o7"

0. 901

û" 3ç4

o.42L

ü" gc4

Ð.945

a) 7e1

0.ó71

a "443

rì 17C

o.284

0.31ç

A. /+1 5

G,742

û" 80ó

0.7 25

ü.35ù

4.. +3+

0.895

0.779

4"692

o"47{)

ß"?95

lt

C,.232

\J..JIJ

û" -ig6

0.578

o.73fl

{J 
"1 64

o.977

a. +37

4"351

0. ç88

t"917

rì 7Ão

0"575

0.404

Wg
RUV

0.033

-0. 02 g

0.094

-0. û

-0. ü

-t.259
-o. L7 2

U. L1.:

0.190

0.13ó

0.ló3

ü. 120

t. tóg

RUi^J

-0"02ç

-{J.0

-o.0
0.057

-0. 0

-Ð "452

-0.08ç

-o, ?I?

0. 114

0,CI29

o.139

0.057

,J. T?4

o" 090

v trL

IB.8ó0

25.420

2 8. 700

39.360

55"7 bA

ó9. BB0

LA?.320

L24.54Ð

I15.ó2t

I 0û. 040

ó8.880

50" 84û

41 " ûûO

2 8.700

4."" -

'-...'. :.:.:: _: -.



DE 4h7iA ÐIAI"TEILR = 20"

I,J rV

1. û0

I Arì

? nn

4.60

9.00

11.50
'I ? Ein

Ió.óO

i.7.80

1{ì.80

lç" 8û

û.270

lì ??o

û"514

a "654
n 70G

ô o7-]

n aÊ,Á

0.526

0.49+

Uo I ll

0" 9û4

0" 8i1

0.731

0.47 ?"

o-2.t4

0.248

o"342

ô ?c]o

a.5+3

c.141

0,901

ü .547

t. 547

û"7+5

O,B5B

o,522

Ð.3+4

ir,J

Ð.?a?

0.248

11.333

0.425

0.553

0"787

0" 793

4.463

a.541

0.783

0.843

û. 74.t1

a"575

0.440

åt*
RUV

0.03ç

o,039

-0. 0

0. û24

-0 , D?-2

-0. Dó9

-û" lû6

-û.288

0"o61

0.133

0. 21 l_

0,210

0.I01

0.147

RUbT

-û.181

-33.031

ü. ,35 4

-0.0ó5

ß "Ð22

- o.022

ct. 154

-t). L44

-û.208

-0.090

0,07ó

0"0ó5

0.0óB

0.050

VFI-

I 8.860

22.96Ð

2 7. tó0

33 " 620

44.28t

6b- 420

9ó.7óO

115.ó20

1.15.62A

I 00. 040

7 g "v20
58 " ?20

4ó.740

30.340



[,Ë ].510û DJA]viETER = 10.
r

TTT

ht

.1 nÃ

o" 50

r. 00

3. 00

5. 5û

8. 00

0nn

o 7a!

vIil't
I

o,77ü

o,482

0.098

La . û27

0.015

0.016

0. 512

0.502

0.154

rì nqâ

0"01ó

0.023

ù"013

0.017

o" 492

ç.469

4.523

_.ì rì q?

$-423

t.o?5

0.t13

0.015

o.7-34

RUV

-0. û 75

-0. 51 I

-t"479

-û- +5 ß

-t.486

-0. 3 B9

-4. I45

0.1.94

RUI{

0.5ûó

0.679

-o.0

-0.037

-i1.692

-0.333

- a "346

-0. 3 56

'VEL

I77.ç40

l_ 83- 6 80

I?ó.800

205.000

213.200

2 L3.200

2ü5,000

196, B0û



fË 15101 ùïrriIETEiì = lt.

Y

f\ nÊ,

1. t0

3.00

fi /l rl

7. O0

']" 0ü

1û, ó0

Ll].80

t!U

0.037

0,013

0"013

0"015

0.017

u. t3¿

L.444

V

o.67 ?_

o "u?_5

0.012

0"012

0.01.4

rì nl Ã

1. û54

0.77 0

0,558

0.065

0. 014

û.014

0.014

0.020

0. 17ó

0.6?T

2?&

l'l RUV

-0.06 û

-t.095
varJ t L

-0.5L9

-a,7 97

-0.47 I

0.184

û,123

RUi,|l

0.505

-Ð. L7 B

-4.529

-4.449

-0.5 5?

-r.038

-3-467

-o.373

VEL

85.280

1ó7. 2 B0

Ll2.20ß

172.200

1 83, ó80

183.ó80

157 " 440

I 37, ?óO



Y U V I.J RUV RUW VEL

0.05 CI" 874 Ù.ô9r¡ C"527 -0"Û68 0.345 55'760

0.50 0. BJ t rl ,459 t.7OO -0. 114 0.48ó L2Ð.540

1.0û 0.071 0 .t32 {1. 113 -0. r9I5 - O- C79 L47-600

3.ü0 Û.01c D.lll7 0.020 -0.533 '0-626 ï52-52Ð ,,,,, ,,,., ,

".::t:::: --:.-'..

5,ü0 0.029 ü.018 0"û35 *O.560 -O-731- L51-44Ö

7.00 0"ûå0 0,tJ62 0"093 -0.831 -0 '627 167-280

9.00 0.û13 Û.ALZ 0.015 -0'51C -0.89ó Lb2'36ç :, 
,.,.:, ,,,.,,..,¡,

'- 
"..'.:. 

._ : ,:

1û.OO 0.028 0.024 A"O24 -0.03ü -0.165 L6?,36t r "::':'i: l

1l-.r10 lj.51t 0.6ó 7 L.g?g 0.15I -0.010 L52.52A .,'.'1',.,..:.,
'- 

-. 
-.-j'.:.-.: : _., : .

11.80 1,079 0,.863 0"949 0"L73 -O-351" 7z'L*A



r\ F, 15103 DIA.i'iEIER = I3" ftw

û.05

tl.5û

l-.0c

2,00

4"00

ó. 00

9"00

10.00

11. ûû

12.CI0

1) An

U

û.7? ,a

1,ü41

A.84L

0.078

0.0û5

ù. û56

0,065

0.029

0.125

o. óó1

0 " t,l4

0.788

o. 526

fì ¡1É, ?

0.059

0,035

o.o47

0"031

^ 
1 t:,L

L " Lt+4

0.497

l¡l

4"422

0,788

0.694

D.Ag2

rì nÁ Ë

o. o15

û. oBg

0,031

0.109

^ 
tr-7 1

0.45 L

RUV

-0.ù75

-0" 07 B

-0" Io5

-0. ó50

-0,91 5

-o. ?_7 4

-0.08 0

-Q. +44

0.187

-{1 .0

0.ûgl

RUr.J

Ð.362

Ð.42?

o.439

-0,541

-0.qI1

-0" BóCI

-0. 9ó9

-0.900

-Ð" 230

-0.638

-a .2.+8

VEL

4l.oo0

82.t0t

rL5.62CI

132,840

1 32. 840

I 37.760

I42. 6gA

I42.680

L+2,680

1û3.320

28.7Ðß



ri,'.:,,i.*iii.",Èii¿ìii.--.'åi{,:iiiiiiiiìiilr:i:Ë+iiii'',:+,Èiì$ill',91fi11+;li

DE t5rû4 DIA|:LI'ER = L4" ä#I

Y U V l^f RUV Rutu'l VEL ,,

ù.05 0-607 c,525 Q.394 -0.040 0,30ó 3I.gg0

0.5c û,q32 rJ,g66 0.7ól -G,og1 0.347 ó3,çóO

l.5c 0"4v7 û,3ùö 0.547 -0.110 0.315 L20.540

2.5O S.l-II 0.'J94 0' lOB -0.845 -0.ó5ó L24.640 l,'.t.,,r:,,.:,;'
'_t'_

4"50 0.cgg 0.092 0,0çû -1.053 -1"û23 L24"6+Ð

ó.5ü û" 100 0,r191 0.09ô -0. ç?8 -0.914 LZg-74A

8" 50 0.101 0' 091 C' 098 -0.831 -L.A52 L28.74O ,, ,',i,.,',',
i:.i 1-: ) : :'r :ì.1-;

lc"5CI o.L25 o.101 CI.113 -0"600 -û.528 13Z.B¿|O ...,.,.,
:¡l ; - :::'.::ì.;.: ;. 

'

L2.50 ¿.L51 l. û7? t.szo 0" 145 -0.+41 82.00û :::ì.:: ::ì":':i:

13.50 fJ.730 A.+7b o*492 -0"û44 -0. Ll3 31.ggû

L3.95 A,+52 0,309 û.2.g5 -0,0 0.024 Lg. góo



i1t!ii1r:lii:..i: :iiiii¡.:*¡:i;rir+:iiiül-ì'",:,r, ii:ïì"iì.;i1iii:ii¡íii,iiiiti:iií.:l. liìt':.'¡ii,i!r:*tiir:""*

2.*ã
DE 151û5

,Y

fi ¡l Ã.vrvJ

ü.5û

1.50

3"50

5.5û

J.50

g,5Ð

l- 1" 50

L2.5A

l? ñn
L ) a )\,

14.50

14.80

DIAI.lITE¡ = 15,

L]

c.5i,o

Ç.724

û" 88ó

0.105

ù. 0ç4

0"0ç9

0" 1û5

0.394

1" 0ó4

r.08ç

0.5ç0

0"416

o" +52

t.664

o.7 54

0.093

Û. OBó

t" 085

0.095

Ð.394

L. 041

0. B8ó

0,364

û.¿73

I{

ü.30ó

0. 584

0.738

^ 
1nç

O. OBó

o. oçû

0,098

Ç.39/*

0,,168

0. 814

û.408

ß.238

RUV

-0, 'J41

-û. 06 2

-0.093

-0" 93 I

-n âa q

-1.04ç

-o.767

-0. 23 1

0.143

0.c70

_U. U

-û.0

RiJl,¡

0.2L2

Ð.236

o.322

-û. ó 86

-1.04ó

-û.979

-L,045

-û.5 19

-0. 359

-0.L30

-û.098

VEL

25.47.O

44,.280

95.280

115.ó20

L 15. É'20

120"540

120.540

I 2û, 540

I 3. 480

55.7 6A

25.420

18.8óO



Y

r-ì fì ri

¡1 Ã/.i

r É^

?-,54

/, tr.^

A É, 1\

't n qrl

11.5CI

l¿.5Ð

1+.50

L5,7ß

tl

a.47L

0.704

tJ.9¿4

û.572

0.1ü1

û.094

0.i03

o"2L4

0. 481

tJ.':1J

1 ?rìÊ

0"90ó

0.51 0

0"45¿i

D"+L4

4.64+

C. rl35

ù.53+

o,û88

0. û84

O. OBB

0.1óó

f-\ ?Â n

0"932

1 no?

O" 58/t

û. 371

CI. 04

1,'d

0.2E5

0.5ó3

0.805

'1. 
ó 10

13. 094

0" 086

0.097

r'ì I O?

o.437

a.932

0.892

o.644

0.347

rf tÕ1

8.U V

-t. {J43

-0. û80

-û. 08I

-0. L32

-0.855

-0.993

-0.85 7

-0.40 I

0.183

-0.0
0. û33

0.,Jtr_9

-0" 0

-Û. rJ

RUI^J

o "T73

0- 201

ô ?qq

t.245

-û.822

-0.914

-0.8ç8

-0.150

-0,2Ll
-û " 43?

-o " ló4

-o.oB7

-0. o

-nn

VEL

24. ó00

42. ó40

75"440

I03.320

1i-1.520

111.520

115,620

i.20"540

120,54û

loo" 040

7 2. 1,60

44" 29O

24 " 60Ð

2L,32t



#': ittir.-iq*ii:1'Íi¡i:.'l,,iiiii:;iìtii+;ï,,:!i*:i:i;i1'¡r"ri,:i',;r:ti:ii:tiÍi;:i:iiiiiiilirÌ.;.,":,ii;:

DË t5iû7 D]qi'itìTfP. = 17. 3#&

Y

r'l /ì Ã

0.50

I .00

2.û0

4"AO

ó"0û

8. û0

10,00

1 a 
^/l!¿. UU

14"00

15.00

16.0û

Ió.95

U

A.++o

û.578

0.704

t,909

Ð,2A7

0,0ç4

0.09s

0.164

0.6ç7

L.L2?

ü.955

û"640

0 "423

V

n ?a6

0.540

o"644

0.835

n 1(a

0. c8ó

O. OBó

rl 114

û" á5ó

1.03á

0,6Bl|

o"+32

rl" 3û4

n¡

t.?65

c- 485

0" 805

0.2L1

0.08ó

0.08ó

û.135

0.67 6

0"992

û. óû4

o. 448

0.265

RUV

-û. 04 7

-0.c55

-0.,û4Õ

-o.240

-0.90 I

-0. 79 I

-o.91 7

û.27û

-0.tJ

0. ô18

-t, o23

-0.052

RL'bT

û,101

û.097

0. 187

o .299

-a. a14

-o-915

-0.907

-0.810

-CI.558

-0. l8ó

-ù- oóo

-û,040

-0 " 030

VËI-

?7.060

39.3ó0

44.280

75.440

I07.420

111.5?0

111.520

115,óZü

111"520

7 2, L.6Q

44" 28Q

30.340

'2t-320



DE 151ù8 DI¡\l4ETfÈ. = 18" s8$

0"c5

iJ.30

1" 0û

t nrì

3, tü

9"00

Il.5û

I4.00

15. 50

17.00

¿7"70

1? CE

U

0"4L2

CI. 531

0"ó3lr

û. 771

0.68ç

0.0ç9

0,1I_l

a "5L4

i,. 0t I

tJ. o)+

tl Ã?o

t,433

0,300

V

0.485

û.6Ð4

Ð.79?_

0" Eo3

0.ü71

0.079

i).5L+

0.917

fJ"476

0.36¿r

0 " ?.9I

n,232

Vl

û.24L

0.41_q

o"543

o,7Ðg

0"6ó3

û. û99

0"1I1"

û. 514

0.778

O"¿tlb

o"335

Ð"265

o, I70

RUV

-0.10ç

-0.103

-û. 08 7

-0. I04

-0.033

-,3.453

-o. 2l 3

-0.0

c. 042

-0. c

-0" 0

-ù. o

RUil

0.102

0"L22

c" 148

0,281

o .253

-0.230

-o.77 4

-o.404

-0, 1 38

-0"0

-0.0

-0,0

-o.0

VEL

7.5.424

39.3óO

4+.280

ó8-880

93.480

It1.4?0

LO7.420

10 7" 420

óB.8BO

33"6?_0

25"424

zt.3?a

1 ó, 4û0



Y

ì,1. u i

U¡.)U

aì çÌ rì

1"80

+.30

A R.r\

9.30

11"80

L3 "30

r5.80

17.70

19.70

18"95

U

n ?ço

û"443

0. ó58

û.451

0" 124

0.114

0.4û0

0.869

û.783

rl qfl?

o.336

o"zb1

0.33 5

0,402

0.54û

0" ó47

0"415

,J 
"'J95

0,088

0,42 0

O.8Bó

o,643

t,364

o.7++

,3 
" ¿'i.)ó

f.{

a.278

0.344

0.485

0, é01

0.46ç

0,130

0. Io3

û. 381

o "154

0, É,0ó

0.321

û. 214

0" l/t1

RUV

-0. 05 5

-a.L72

-0, I 09

-0. 08 0

-t,055
-t .241

-a.5?2

-0-ù60

0. o5ó

0.02 t

o. a?3

-0"0

-0. 0

RU'td

0. 074

0. oó2

0. 14ó

0. 190

0.o53

-0.2?L

-0.56 3

-U. JYU

-0.200

-0.041

0. o2ó

rl. o2l

-û.046

VEL

24" ó0tJ

3 1.9 B0

3ç" 3ó0

53.300

çó.760

103.320

!"03.320

103-320

85.280

46.7 4A

25.r+24

I B" 860

15.580



DL. 15110

Y

a"2a

û. ó0

l, ó0

, AT\

5.00

? qrl

10.0ü

12.5ü

1 ¿i ..ln

I 7 ¡iô

ì a Ãrì

lç,1û
'I {f Án

'l .3 C)1ì

tl

a.4ît

Ur12Y

a. b27

0.708

o.466

c.267

0 "7L?,

0.884

0. 61ó

0.49 ç

o.42t

0"345

0.2ó9

0"358

0.41 0

0.585

û,73 5

t. +66

0,l_2ó

0.231

û" 739

u.ö¿þ

o"4bg

rì 2¿^ ?

\-Ir llLZ,

û.239

U."¿L¿

ttlj

0.280

U.3 { I

0"543

O " 65{)

o" 4óó

ü "145

0" 336

C. ó4q

ß.1t2

o"414

û" 333

t"27t

o ,202

o- I74

a&7

R.UV

-0. 110

-0. 1ó1

-0. loo

-0.129

-0.178

-0.491

-0,21 3

-0 " 218

0.01ç

-0"0
0.û52

-0.0

-0" 0

-0. 0ó I

ß.UH

o,oó8

-c.0
0.103

t.375

0" 280

-a,346

-o.527

o,1CI2

-0. 097

-0.o

-C¡" O

-0. o

-0¡ù

0.039

VEL

28.700

31,980

46"14D

63.9ó0

I 0ü. 040

103.320

107" 420

gö,760

60. ó80

35.260

21.t6Ð

72. T4Ð

l_8.8ó0

15.580

DI¿\l'ÌEïEK = 70.



152rJ0

Y

0.50

2.50

Ã fitì

7 .5C'

9. 50

q.g5

1rìtrI Ài"iF ïE R, =

tl

tl . ul+

Û,OTç

ú .4+6

0.020

0,335

0"727

c.0?g

0,û15

ù. 074

o. û22

0" 0ó6

0.559

ã&&

UJ

Ð.o23

0.034

O. OZÛ

0,025

n rìorì

o,48 5

RUV

-0.251

-0.875

-0" 741

-û. 75 g

o. t4&

o.ó00

RU!,

-ù. 3 39

-0.41 7

-0. 3 71

-0.350

-0.0
0.295

VËL

190.240

205.000

2 05. 000

213.200

213.200

190.240



iÌiiii¡:.'j;Í!lï,,,,'ütìi'a" +:+ìiìii i.iil,,.lfi ir::¡$;i¡rlSi.i,i1+

DÉ: 15201 IJIAÞiETF-R = 11-
ã8ç

V

il" 5o

I .0c

2. Ð0

4" 00

6. 00

8.00

iD.0û

la,95

l¡

v.L'.t t

4"2b4

0.014

r.l"O2ç

rì ôG7

û.01ó

D "0?.2

Ð.829

0.19ç

U¡ I l{]

0.012

ü"011

0.087

0.01 3

t. 031

n aqt

l/ï

û.2 9ó

{J. 3 09

0.013

a. o+v

CI"013

o"013

0.021

ü,41 0

RUV

-Õ. ?7 L

-o. 19 0

-0.386

-0.+34

-0.219

-o.259

0.4ó I

RUI,{

-o.293

-0. 158

- 0. 490

-0. ó53

29.348

- o. 42L

-0.397

0.235

VËL

L7 ?,200

I 72. 200

177.940

177.940

177,940

I 77" 940

171.94t

100" 040



D! L5202 )IA¡"ìËfÊíi = 'j..?.

29t
:ì:
,,,,, Y U V rd RUV RUI^J VFL

ü./r0 i.071- 0"569 O.9IB -0.5?I -0.149 LZO.i40

ù.9û a"?56 il.lg3 0.279 -0"053 _0. 183 L52.520

1"40 0.0ó4 ù.053 0.070 -0.170 _0.556 I57.44O 
,:,,,ì,,,,,

3.40 0.0ó7 t.010 0"108 -0.206 -i..050 l-57.44o :,Í:,:ì

5.40 0.026 0 "047 0.û23 -0.4?5 -ç,473 157.440

1.4c ü.0ó4 0. 1û5 0.018 -1.0çl- -a.427 L57.44tJ

9,4O 0.016 0.021 0.015 -0.300 -0.384 L57.440 '.i,,;','1,

,;,'';;i,ti

r0.40 û.031 O,û40 CI.O19 -0.194 -c.083 L57.44û 
,.;;,.:.;:;.

Ll.40 1"135 û"820 Õ.820 0.50Ü o.r4g rû3-3zo '':1:'';':

11"ç5 L.a23 o'ó30 0.114 0.368 0.082 63.g()o



[)k 152L13 DIAfqETEiì = 13.

0, 50

I .00

2"co

4.00

ó. c0

9"0û

10.00

l" 1.00

l_2"00

L2.5t

12.95

U

1.013

1" 15I

0,117

û"062

0.08ç

c, 099

0. 0ç?

0. 164

0.69ó

L.L34

a-745

V

t.D72

CI.óó3

0" 0gg

0. 045

0.075

0" 104

0.084

0. Io2

a"74L

0.937

0" 483

'1,:..i

i',l

{J.953

l,012

0.117

i1.099

0. ü92

a" t77

O.OBZ

0,.089

û"392

o. 837

a" 644

a*l

RUV

-3. D5 4

-0.441.

-n r oq9a L t t

-t.800

-0.900

-0.941

-0.31 5

-û.127

0.559

0.419

ú.3I I

RU''l

-0.061

-0.073

- 4.57 7

- i_. 036

-1.0ó1

-0.9I7

- o.90 4

-o.9Lg

0,091

o.o54

-t,0

VEL

ö6.42û

93,490

1 37. ?ó0

137.7ó0

L37 .160

I37 .7 6t

I37,7ó0

I 37.7óO

I24.64ß

I 3. 480

42 "64û

.:.:I:,:.



NF L57ù4

Y

í1 " 2ù

{1. 7û

l. 70

5" tu

9.7 A

T. {U

9.JÛ

11"7û

12"70

1 2 7f\

i3,95

U

1 A A'7

û" 4L5

0.101

0.L02

O.TÛI

0" 932

Ð "2Ð7

0.994

0.7tl

û"b23

0. ó5 É)

G. óç3

0"+ü4

0.084

0.091

0"ü92

0.944

4"247

0.83 7

û" 485

0.394

1¡{

u. t¿¿

û.987

rì q?o

CI. 101

0.094

ù.094

i). 854

0,135

0,837

t"Ð,52

Ð.525

ä'Fä

RUV

-0,209

-0. 31 3

-o. +93

-0.344

-0.881

-0" 7B 0

-0.008

-0. J.ó6

û. +25

n a)-7

û.159

,q.1..,'d

-0. 1 18

-0. 08l

-0,109

- l-, c00

-1.o37

-0.999

-1.052

-0. l-40

{}-o21

-0.035

0.Ð09

VEL

49.200

66-424

!2 4.640

L28.7 40

L28.7 +O

12¿+" 640

L?4,64t

l.24. 64A

93" 490

39.3ó0

31.990

l-ìL{f"lËTEIì = L4"



L5?Ð 5

Y

ü.2û

a.7 a

i.7 0

Ã ?rì

7 "70
g 

"7Ð

I 1.70

L3"70

L4.7 Ð

14"95

iliÅþiEl'ER =

tl

û "795
rl ?ÊÂ

0"9ó0

0.1r8

0.099

0" üç2

û.09 7

0.11/r

0" ç84

0" 804

4.544

w

4"644

0. ó64

o .942.

0.1L4

o. tgz

o. Ð92

0.087

0,0 96

0" 820

rl.7L0

t.482

w3
RUV

-0" 174

-ö. Lg2

-0. 3ó.!_

-0. 61 6

-0.82ó

-o.9-l2

-o. gl2

-0. 6l l.

0.450

0.171

û.203

RU[{

-0.1.1E

-o.07ó

-û.053

-0.591

-1"0û9

-o.Bg7

-0,997

'a .1L6

0,114

-0.0

-{t.0

VEL

4?.64Ð

42" 640

ç3"480

11.5.620

l_ 2 0. 540

L2$.5+O

120.540

120,540

85.280

46.7 4A

29" 700

0. ó04

t,563

o.733

û,105

o" 090

il. 0g 2

0.098

Ð. TL4

a" 820

0, ÉrO6

0,311



It L52û 6

i.l " 20

0. 90

l. ç0

3" 90

5"90
-7 C11

9. 90

11.9CI

l_3. 90

1"4,9û

15.40

II
LJ

0, ó3 7

4.775

0" 899

A . Le,4

0"ü94

0,088

n ílQ ?

0" 126

û.86f)

n 7tr,Ã

0.+81

V

¡3.476

0. 58+

0,7 25

t. 143

o. 08+

0,078

o.090

0.105

0.803

ft ¡ o Y.-l

t " é,o4

o,?77

g9'¡+

'rij

0.510

o"ó84

o. fl83

0.1¿'4

0. 08ó

C.OBó

0.a82

0-T41

0,ó98

0,808

0, 664

0.437

RUV

-0.077

-CI, 13 1

-0.3óL

-0.112

-0.852

3.694

-0, 89 2

-0.538

4.4L4

o, )-43

0.140

0,L54

RUl¡J

-û.043

-0" 053

-0.079

-o.281

-0.889

-0" g2B

- L. 031

-0.478

0.125

0.037

0,077

-0,0

VEL

57.ô¿U

42.640

82.000

I I I.520

]-lL.52C

111.520

111"520

115.ó20

93.490

53.300

42- 644

25.420

tlI,AfiETER = 16"



!)! 152'J1

Y

il Ãrì

1. t]0

2.00

3"û0

5"00

7. û0

g. o0

1I.00

13,ûû
-¡ tr 

^rì

IOcUU

L6 ,4Ð

16"90

tl

c.5ó 0

o"ó99

0"915

U. ö'J U

Õ.228

rì 11(1

0" 1I1

0.111

0.315

û"964

t "774
0,560

O "¿r55

V

0"389

0.5/+{)

4.163

o "733

0"199

0" 094

0. ü98

o. l-0 5

0" 378

0.604

O " 
/+?6

û"248

r.t

0.428

0- 578

O.Bó4

0.872

0.184

0" 107

0.102

û.101

Ð.29+

I.O07

0"6b4

o.5cB

0-386

RUV

-0,ù27

-0, 0E6

-0.194

-o.327

-0.08ç

-c.5b4

-0"553

-0, ó04

0.302

û-255

T.Ió1

o"070

0"07?

RU hJ

-0.041

-t . o40

0.020

-0.139

-0.175

-0,45û

-0.576

-0. ó4ó

-CI. I84

0,020

0.021

0" CI37

11 ñÄl

VEL

2 8, ?ûO

39. 3 6û

60" ó80

93.480

111"520

l.l_ 1.520

L1l,520

115.ó20

I l_ 5- ó20

7 2. L6A

44"28ü

3l.c8f)

22,9 0

Di¿\i'Ëri!ì. = L7. Ê9S



iliiì:1i,i,:".i.*iÌiriËir,iii':,-41¡,irt:i iriii:.¿

DË L52tô ilI¡¡MF:Tif'ì

lìi¡,'¡t:. 1;'l:;':+iiii:'",:'ii.i::',"rÈi$li:iit¡li.!:1;ii':ZriiÍ1li:ä¡¡il:i:,,:¡,,ïiitilÌii,¡,'.:.:"i il,iî.'r:jl::,ïiì?ì

w&

\/Y

0.30

1.00

2"00

/+,ûO

6 "00

B.OO

9. fJO

l.1. oG

13"00

15,00

16. 0ú

l_ 7. o0

17.50

L7.95

¡l

Ð.434

û.514

0,6ó3

0.8óó

0" 802

o .2.31

o. I30

0"101.

0"103

0. 31f)

Ð.952

0.888

a. 62.7

0"513

0.413

û.253

0.333

0" 502*

a"67A

{J " 157

0.178

0" 107

0.087

0. 111

ü.217

0" 788

û" 7/+O

0"502

0.342

0. ?Ll

ld

Ù. Z9B

o.423

0.536

o.7b2

o. ó49

0.1ç8

ì3.1 I 5

0.111

0" ù95

'J.356

o.852

0. 814

0,538

Ð"435

0"339

RUV

-0.028

-0. û 27

-0. oó4

-0.148

-o.7'54

-0, i33

-0.03 I

-0" 45 I

-o.204

-0.0
ç.¿>5

0. 1.8 6

0" 1'33

0"038

o. 107

RUW

0,058

-û.052

-ü, 02 I

-0.0

-o.283

-0.708

-a.?75

-0.l"ó3

-0,354

-0, 0

0" t54

ù"03ç

0.021

,J.O22

o" 026

VEI-

22. L40

27. A60

3 ó.900

53.300

9 ó.760

LÕ7 .42A

LO7 - 420

LO7.420

107.420

ta7 . +7_o

82.00CI

58-220

3 ó.900

28,700

22.I40



DL L:t?09

Y

t"o5

0.30

0.80

t. 8û

/r. 3O

6"30

9.30

11. 80

T+.30

i5" B0

17, B0

18.30

1 a on

il

I ?C?

Ð.467

n qÊ?

o.145

U¡ö¿'5

u.50¿

û.191

û.198

0.676

c"b94

a.528

0.456

a.327

\/

0.21û

0.303

û"42b

0.5ó3

a.676

0.381

0.153

ñ 1ÂA

0"ó13

c" 584

t" 437.

o"342

o,l"7E

aç?-

w

0.305

0.358

0.45q

4.624

a.744.

0"400

Utl19

0.217

0.1 57

0. 644

o.448

o-385

t"213

RUV

-0. o3 7

-0.02ó

0. o3?

-0,c54

-4.2+8

-0.337

-0.343

0"I90

o. L70

û.140

0.07ó

0.052

û.11ó

R{JÞd

-0.030

-0.07 L

-0. o5B

-0.020

-0.092

-0,230

-0.2L2

-4. L77

0.034

0,04!.

0,047

-0.0
o,o1B

VEL

72 " I4t

22.964

31"980

44.290

89.380

103.320

103.320

L07.420

96" 760

44.28Ð

30.34CI

24. ó00

I B. B6CI

DIAI'ÌLTIR = tr9"



ï52!{)

¿J" 20

/l Qrì

I " tlO

2"00

4"5Ð

-7 
^^

ç.50

12"0û

14" 50

17 " 0,3

19" 5t)

19,80

l_?.95

U

{J.37 7

¡'ì q1tr.

0. v24

û"842

0.ó49

t.324
n ?1Á

0,63+

û.77 7

0. 583

0"419

a "359

V

0"219

o" 384

0. 41 t)

0.543

Ð"775

o.ó1..?

0"343

ù"251

0. 634

0" 715

c,,484

0"35C

o,230

ffis
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APPENDTX E

COFIPUTER PROGRAT,I}ß]S USED TO

CAtCtit'ATE rr.i,,l...-r

IUF¿BTtr,ENCE PÀRAT,ETERS

CONTENTS

I'{ain Programme .. .... . ... ... ......... ........ .300

Data. Printout Progralune. ...,..... o..o....... ...3O2

Subroutíne Readill .... o... .................... ..3O3

SubrouÈine Uplo'b................¡....... ..... r.3OL+

NOTE: liain programrne calculated the followlng:
St, v', wrr ü', l"', ff", åe( l.t* i"o çn),
Ruv, Ruw, ffi, ffi, Y /T.

Subroutine ReaCin was the calibration eurve for
thé probe in use at the time of testing.

l.._;..1., ¡,-,ia.:1

' 
'::"i_"_-::::::

Subroutine Uplot. plotted t,he ealcul-ated parameters
versus Y /T.

Data Prinùout prograinme printed out the data in
Appendix A.
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CriLL Ëì:Xìi\),\-)i NOTE:

fiRïIf)6r1-x-
FCiR\iAT)' TJiìíriJL-\T !,iLiCITy
I\IPUTS
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RgAD ) 5 ¡2.;;lr )AV ) I -)r I 3V ) Iv., A3Pv ) I ìi rAllNv ) Ij.r,À,.^l ) i-x- ! jil) I -x-e:\:Ìp,,r ) J-)(-,

I a.iì¡\i,i ) I x I I ) I;+ rX ) I )í- I I = l:l,iili1:j-x-
FCRiíAT ) 1CF8.5-)r

CALCULAT ICITS
DO ó00 I=1rl\Ui'lj,
DC 222 J=lrf{
IF )LiJS ) :. ) l;---i'l) JiiìÉ.LT.._,oiul* t,C Tü J,.J_

..: CONTINUi
: iJTV ) Ix-=i\3pv) I*)ilrj. . / ),r,,i;Ål,t ) Jliì.¿51_ )J).1ìi2. )i
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r¡JT ) i -)f=.,1LìNl\,i ) I v-f-)ç 

1 (,í.):. / ) l.j¡i:À¡l ) JìítisL ) i)íìr2. -),r

I ,.J ) I ìi=. )32e-)íiJTi{ ) J )í;f lJ¡,1EANi ) Jìí
\/ ) I ìê- 

"C)3,29-FVT ) I -x--x-ijlitAN )JJr
,'¡j ) ï *= n 33?e_x_l{T ) I ìiliut,,lrAi! ) J_)r
, EÀl ËRG ) I-),.-. C01165-,'.)U )J-)íìi-)i2.V) I j(_-yr-x-/ 

ç,rr,r )l)íji)i2_)+
I RUV ) IJ.'= ) AV ) I;íìr)í2-SV ) l-)rx-)i Z)?/ \ ir,iìpV ) I x-;r-{¡lf,i y ) I -).1 -)i

r RU;,/)l-)í- )4,¡,1 ) l-rlJilí2-31¡J )l-x.-)i-)íZt /l î,.jpi,J)i-x-J,¿Åùi\iÍ) lr-r-
¡u)i*-u)1?Yìí-)i2

I UV) i;í-RUV) Iìr)íJ) i-)tìiv) l-x-
Ui4 ) I -x-=RUi/,1 ) J ìrxu ) I -;í-)i;,¡ ) I -)i

VIL ) lii-Jr?liirii )J+t
vv)I;<-=V)i*):t*f
þJhr ) J;i-i¡,1 ) T x--)É-x2

, PK ) I-x= ) vv ) I-,._i,.JirJ ) lvrìí / \vv ) I,\_.!,jt^J ) Jìi_)i
DIYDIS)I/.=X) I)(/)It

, .ONT Ï NUi
, i,vRITt)6rgc0.,.

FCiìIiAT )IzX r rXr rgXr rl-J T;/ì | r liXr r VTt r lLrX rtil¡r ; llX:rLjt r llXr
1 | V | : l--l.X r ',it r7X r tENIRG I r 9X r riìr.JVr r 9X, r (ijl.l t ¡7X> r Ji":lA¡l r /-)í

i"JR I TE ) 6 I gJvli ) X ) I -,-. ruTi,i ) Iri:VT ) i-)í,iiT ) Iì(-:-J ) I-)(-: V ) i r(_ I !,t ) Jìr, Ii\iEñrJ )

1{-:(Ji!)I)f IvEL)I-)íI I-f i\iiJill ijìí_
üñITE)6;111->t
FOiit4AT) 1:ìXr rl.j.jrr lI,,X, rVVr ç!_1X:l

l4XrfY CViR Dt//';-
'¡/RITE)6r333-)r)uiJ) I*cVV) I)í-:ll,,.l) iì(erlJV) I-y.rJl.rj) J-)írPl,) Il(-r)i,,.iDIS) Il{.,

1I=1 ri"lui',1B-^
FCRi"iAT ) 7 F I2.6/ / / /)(
CALL tjPLCT ) D i;'lD I;î ¡ 2. ¡:.,. r lJT,,,l ;4 n sl,. rlìi_li,i3 r i, : i. i(-

CALL UPLCT ) )If,lDI S : 2. s'). rVT ;4. ¡ ). -.i'l,J\illrf . r C.x-
cALL UPLcT)Dii'iDI:.îr2nçi'.:,'/ T ç4,¡). rNiJi'i 3rll .rJo-)i-
CALL UPLCT )DIr"4DI Sr 2c s¿ o rU:4. ¡()" t\i ii\ii rC.:i.-X-
CALL UPLTT ) Dii'if)i S: 2. s'i o ¡V t4 o )A t çj\lij¡13 rû" ¡0.ìí
CA L L UP LC T ) D I i'i D i S r 2 . ¡,- c s'¡l s 4o ; i.,t o r l.i ii,i ), ü . r ., n -;l-

ys 
=)

) =( Ín thfs prÍntout
ijn;ì i . :_T!'ì.t t / /:,!

I lr, iìijv ) j

,ii',' I r 1i;lís r',)',j I r liX : f Ur^l I : 1-ìX : t,(1 | r



a \, i I rlf | -r ': \ -
:"_LL..:!-ili.

a¡\LL JPL.iT).¡
CALL JPL]T ) )

'.1,:ÌS s2.o ¡ -. ' r.,.-jr+*; l. -.i'i..j ',-i:,j" ¡ l "-:í-
.lli:i s2"; ,. er"r'L'1rit o;.-: c ¡lil.''.):::ìt -r r t'-l oì.1

)'i) I S ¡2 t ).:. t:,':.1 ¡1" l J o :,'r.j'.i3r -'. r íj. -X-

CALL UPl--ìT )DI;'i)iSç ?. ¡ -o r¿irliìCr. -2 ¿2. çr'iJl'i3r I. ; l.-x-
CALL UPLUT ) )i;'1)iS r 2., -. rR,JV sI.5 ç-i.i:l\;ii,li¡ t O. ¡-ì "5x-
CA LL UPLüT )D L'1 ) i S;2. ¡,-. r RJy. r 1.5 c -L.5 ri\'rUiui S r Co r -i.5-x-
C A I t- .i P L C T ) I L"i ) i S r 2 . ç - . r u V s . 5 ç - . 5 r )'l : i.'iS r C . t - . ) ){-

CALL UPLCT ) DIi"iDI S r 2" sJ. rl]';r ¡.5 ç-.5 rl',l.,r,48'0. ,-. )'\
CALL UPLIT ) )I'"i)I S r 2. ¡ -. rP'( ç 1. r -1. ,\J /i3 r Ic e-fo -)i

GC TO 1t
STCP
;\l ì



LFVË1.. L, l"lfD 2 DÂTF = ó901"0

't:1.'.:. i:í-:r.... :- .. . -rt:.:::::,.'.;-:
.r! :.\.: :t;-ri..rrl.... :.::: rj.. :...r:i.'

I

to/r)2/i

t..

1

C

11
10û

200
C

222
700

DIl4Fi'JSI[jNl À.v{20} 
'tsVt2o} råBPV{20} rAB|.ìV{ zc],Atd{20} rBtd t,?al,ABphr{ âo} r ,1^Bi.!r"d{ 20 } 

' 
E { 20 } r urv{ 2c ) rurt.t { 20 } rurM{ 20 } rvr{ 201r þ,rr{ 20) r r,J{ 2(}} r v{ 2CI } r l:?þr{2û}rx{?0)TFNERG{20}rRt_'v{20)rRUl,t{2t!rUMEAf\{2C0}rEM{200lrsL{20ût 

:
3 r VFLt 200 ) , UIJ{ 200 ) , t.tvl ZO0 ) rLtì¡t{ZO0l r DI trlp I S { 20C}t
¿r' VV( 20 ) r i-t'Ì] (?01 rR (ZA) ¡PK{ 20 I ry{ Z0)

C 0¡4M,-rf'j Fþ1, tf t¡Ë AÞ], S L

CALL qEÁ^DTI',J{N}

hIRITE{6r;t }
FOR14ÀT{ ' TLJIìBIJLFFIT VELOCiTY PARAMFTFP.SI //1
I N DLJT S

READ { 5 ' l Cil r FhiD=9Ç t NC DDË r NUMB, DI Å ,,,

FtP,i"lAT { i 5, 5 X t I? ? 5X. F5. ?l
RËAD | 5' 200 ) { AV { i I r BV { I }, ABpV { I }, ABNV I T ) :, At¡t { I I, Bt4t { tr I, ABpr^t { I },

I AE[\ì|r{ I }, F{ I I r X{ I I , I =l,NtJ}48 }
F]RMÀT{IOF8,5]

CA¡çULATI ONIS

DC 600 I -t- , i\u¡48
Dn 7.?-? J=LrN
IF(ÅBS{F{ i)-rM{J} !"1T.0.SûI} GD Tn 7,00

C I]NT I NUE

r'1Ä f r,j 3O2

=ÅBPV ( T ? *.100" / { LJMFAN {J I *SL f J } *2. )
=ÀBP!d{ T } *1n0./{ LtMF{\J {J }#St_{ J}È2" I
={UTV{

UTV( I
UTIi(I
tJT14

VT

RUV{ ]
P" Lir,,,t { ï

=ÀBÌ\V { I
t+u-Tht{Tf)/2.
*100"/{L,MEÁN{ J} *SL{ J}*2. }

t4, .¿.8NJtd{ I *10c. / { i_JMËAN { J ) *,S L{ J };.2. }r,", I { 1t=.qijty|r¡{ LJõlt.l{}../{uMtAN{
U{ ï l=.0"328*UT¡,1{ I }*tJl'4CÅN{J)
V( I }=,0328*VT{ Tl*UMËAN{J}
bl { ï ) =, 0328 *f.lÏ{ I } *UMF,Af't ( J )

= ( ¡iV { I } **2-BV { I } *x,?1 / { ÁBpV I I }'rABNV { I
={Af"J,{ I )**2-Rl^i{ f l**2} /(Á.BPtl{ I l*ABNt¡f {I

DIAf4ETER. = rrF3.O//l

DIAI4FTER = f,F_1.A//l

)?
)l

VFL{Il=Ul.,lFAf.l{J}
VELI I )=?.28¿tVFL{ T }

É.,0 n C CNT I NiIJF

þ,IF I TF I 6 T ?.] NC f]DE I DT.À
2 FrP.þ1AT{f Lrr5XrfcnDE r,I5,l

i^íRITE(6r80nl
Sflo FnRf",traT{16Xr ryr rTxr tL.trrTXrrvr r7x,.''.ì I] / / )

tblr r 5Xr t RUVr r5X¡ | RUl,f t r 5Xr t VEL

., 800 FûRMAT{12X1F5.2rÕF9.3/l
l'\rF IT[ { ó r 3 } NjCf:JDE, D I A

3 FI,r,Q.MAT{rl_tr5xrrcnDË rrtr5or
WR'TE{órEÛII

801 FCRI,'IAT { I6X r I y I rTXr r ur , ?x r I v, ,¡7X, I W r r 5X r I R.UVr r 5x, , R,uf.i r r 5Xr I vELlt//l
WP ïrE ( É,,901- l { X{ I ),U{ T I ,V{ T ),t¡J{ I } rp-t"JV{ I } rRUþt{ I } rVEL{ I t, I=l¡NLJ|{Blì9û1 FûR¡4A I (t2x tF5"2, åF8.3/)

i GNTß11igg srotr
ENT
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' ' :-. .

,'. SU?RCJTI\li tjPla' T)X;Xri)(;)("'i.,1 :'/r'í,1Xr\",:irj e;'¡rXAXçYiiX-;t ::: ::
D I,'lEi'.lS Ì li.l x ) l_it lì{- : Y ) r _ ì'_:ji

I l'{ T:c: R Gi I ) ) ó.) r 1i l-;t
I l\ T r G : R i.l L AN i( r ii S T iì :i ( : )¡i S ii ;',' )) s P L'.1 S

)ATA it',Ç)¡ t ¡t ¡
iiLAi\K= 1 i71 Y1251 6
ASTRSK= i'.,4J-1L1524
DASI-1=I6l.t+3?3¿+òg
P L - -< = l 7 i 2'¿ ? 3 6 t ,

,.., ti; RIT: )6rli.-;Jii )X)J-X-rY)Jìl-¡J=lri!-v,- .r,,',r,,.,,,.,,,,.,-:û 
FCR|IAT ) | | çZl lt.4),. :ì:::::r: Ì

Y''.11N=Y)1)(-
Yl'11¡=YviI|l
DO l¿C J= 1 , l\,1

IF )Y)J+-Yr,iI\!-x- 28,25t2(: NoTE: *=ü
6 IF )y)J)i-y;":3xìi 4i.¡4,ç3,- l-t

.,.g y!;Iri-y)JJr 
1'-l\ +! 'Tr'J\r 

'=l .''""" 'r: co To 4.j for thlg printout : " ' "
: v Y,,i AX-Y )J-)r . :..:.: .:i
,.:.) CCf,iTiNlJ! " :'::'t 

:t.

IF)Yl'ix)i 4Lt4?-e47
2 IF )fir'li,jxr 4i ç4¡1I
,1 CJ¡'iT I i.rU--

Y\,i1X=YiìX
, YY I fi=Y\1),1
þ- YSC,\ L= ) Y\4AX-Yiï I l,i -)+,/ 99. íl

!','R ITi ) ó r9j-)(- Yi¡^X :Yi.ili!rYSC¡,L
' FOiìy, AT )t YAXjS 9 iÂX = trFllo4ç1¡ Yli\j = ttTI)..4st¡ SCAL.- = 'rFilrI i4lt

Xi¡l\-X)j-)1
, Xi.j AX = Xiuì i t'.1

DC L3 J=lçiij
IF )X ) J)r_X¡iIiii-;r 11 ¡ l-:: ;I;)

.i IF )X)J*-XllAX* l3ti3>i2
ll" X¡lI\l=X)J-x-

Gü TO ]3
-:1.,.,.-.,:.

i¡l äiii;ilIi" ''',t,:';,,;,;';:,',',',;,',.';,

.: IF)X[|X-)í t+3¡44t43 :',,:,.:.;:.:.:,:

,il4 I F ) X:vi i\,1 +ç 4? ¡8 ¡43 :,:r'.'.:,,:;,;,:,:'

r-ì COi,ITI\JI : j 
:1

X,,iAX=X.,lX
X)1I¡,j=X!ii\

8 XSCA L= ) Xl"lAX-X;,i I i,t-)c / i9 " 
i:.

i,lR i TE ) ó ¡,a5-x- X¡4AX rXi'.i Il'l r XSCiil
:)5 FOiìi'{AT )t XAXIS 9,'4ÂX = ttF1.l..4¡rr ¡i Iil = rell!n4çt; SC,ÀLi- = r..F1iø :.:.-.-.:.:..-.:.

_._..:.:.._. -: -.. I t, ::- -:.__:..:- ,'. _:^: ::-': t+

)C 15 JP=1rlCù
DO ':-) I P= l' ;6C

;5 GRID )IPrJPri=jLAN(
)3 8i JP=lrlC-
GRID) l rJP-).-)A.Siì

l J cR i)) ó.i rJP;-=)ÅSil
)C 8i IP=1:óù

,, GRID)lPrl_)r=iúOJ
,'35 GRID)lP;1C-;r=¡,i ¡; ---.:..,

GRID)lri-x-=PLIJS
Giì I D ) I r 1i-ìtr*-PL,J:;
GRiD)ó;r1)i=Pl"J(
GRI))6or1oJ-;i=P¡¡q



:,:' IF )YAN-!i,tf \-:i I75 ¡4=s ;45': 6 IF_ )yAX_v\.iAX_)í 4i ¡4i: I I ll
5 CO i.i T I i\.iU i.

JP= ) ) YfìX-YiiI ¡,1* /y S(ALìi. I " ..

DC j 1J )= I 2;;î,t
û GRID)JrJP)í-i'iü,
=: Il ) XAX-Xri I i{',( L?_i ¡ 124 çi27
3 IF )XAX-X'.'1ÅX-)r I?4 ç\2-4 ;I25
4 CONT]iiUI,ì.'. I P = ) ) x A X - X ,I i \ )(' / x s c A L -)í, . 1 . .-.. t.î r a^, r-attQ -LJ -r-¿¡?9
c GRID)IP,J-ir=ir{gFr
5 DC 5D J=1:l'r

IF )X )J-)i_x,.ili\-x- 6,);6Iç6?_
2 lí )X)J)r-Xi'1/\Xx 61,¡61;6.,

,,..1 coi,tTiNUi
,1,..,,,, IF )y ) J)r-y\4JNI-vc 6iì :ó 3 ç51' 4 IF )Y ) J*-Yr!,lAX-x- (:3 t6J ró;
:,::;3 COi\T I \UE
'.'i,, IP= ) )X)J)+-Xi'ili{)./XSCAL-)í.1. j

JP = ) ) Y ) J-)r-Yi,, L\-)r,/ ySCAL_;r o 1 o,_
Glì i D ) I P r JP-)i=AS Tiì SK

,C CO\IT I \iU:
r.,JRITt )6r7-r-.''-

rC F0R¡'1AT )t1t-;r
i l^jRITt )6 ç-l:-)t ) )Giìl)) IPrJP-){-rJp=1 r lîC-Frlp=l r6l-x.:5 FORI,iAT )r 'rlv)41-x-
I RiTUiìN

í: ¡.t ¡: Lrly


