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ABSTRACT

Mixtures of inert gcses can be used to improve performence in closed
gos turbine cycles. In the present work, heat tronsfer and wall friction para-
meters have been obtained numerically to demonstrate the effects of mixture
composition and gos property variation for heating or cosling in regenerctive
heat exchengers of such cycles; the situation is modelled by laminar flow
through short ducts with constant well heat flux, For design predicticns cc-
counting for the effect of property variction, it is found that the property
rotio method is better thon the film tempercture method for heat tronsfer
while the lotter method is prefercble for cpparent wall friction - with the
proviso that the present definitions of the non-dimensional parcmeters be
employed.
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NOMENCLATURE

exponents for tempercture-degendence of properties,
eguation ()

specific heat ot constent pressure

hydraulic diameter (hwice plate spacing)

&oruge mass flux

dimensional constant

heat tronsfer coefficient

themal conductivity

length

pressure

exponents for property ratio method, equations (11)/c/nd (19
absolute temperature J
éxi;! velocity

bulk velocity

axial coordinate

force constents in Lennard-Jones (4-12) potential
cbsolute viscasity

density

Dimensionless quantities

f, fcp

apparent friction factor based on one-dimensional cpparent
wall shear stress, e.g., equation (13); Fq,lcngfhwise mean
opperent friction foctor

enthalpy, (H = H))/(e o To)

length for velocity boundary layer, 4L/(D, Re)

length for thermal boundary leyer, 4L/(D RePr)

Nusselt number, th/k
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cp

e

f

fd

m

ref

w .
x

@

pressure, 29c 1l’°3=>/<32
Prondtl number, cpﬂ-/k
wall heat flux, q"th/G‘oTo)

Reynolds number, GDP/#; Re , based on axial coordinate
pvbo)(/,u. :
transverse velocity, (1/4)vRe/\/b°

axial coordinate for velocity boundary layer, 4 x/(D, Re)
axial coordinate for thermal boundary layer, 4x/(DhRePr)

transverse coordinate, y/Dh

overall average or mean value (lengthwise)
properties evalucted ot bulk temperature
based on constant property ideclizations

in entry region

based on film temperature, (Tw +-Ib)/2
fully established or asymptotic value
lengthwise meon vclue

reference

properties evaluated ot wall remperature
properties evaluated ot local tempercture

inlet conditions

The circumflex (%) represents non-dimensignalization with respect to the
value of the quantity ot the inlet, e.g., @ = e/e,.
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1s INTRODUCTION

The closed 3rayton cycle, or ges turbine cycle, hes been suggested cs
an efficient, compact, versatile system for pcwer plant cnd propulsion cpoli-
cations (1, 2] . With thermodynamic cycle studies, Bemmert and Klein (3]
showed that considerable savings in the total costs of a gas turbine cycle can
be cchieved by mixing helium with o heavier gas; the increcse in density re-
duces the size of the turbomachines while the reduction in thermal conductivity
increcses the size of the hea! exchengam so thet an optimum occurs ot en inter-
mediate molecular weight, Approximate cclculations indicate that when the
heavier gos is another noble gas further improvements in heat trensfer perfor-
mance are poisible, compared to pure gases ot the some pressure,tempercture
ond molecular weight 4] .. However, the gcseous data cnd correlations for
heat exchengers have been obtcined with pure goses, primarily air, with negli-
gible veriction of the trensport properties. Whether such results ccn be cpplied
for mixtures of inert gases with tempergture-dependent properties is a baesic
question which the preseat paper attacks.

In ges turbine cycles the regenerctive hect exchangsr is typically con-
structed of parallel plates, with short fins attached forming additicnal parcllel
surfaces. Consideration of the heat transfer performance versus pumping power
requirements of these heat exchangens mually‘ results in design for operation
in the laminar or transitional flow regime. For leminar flow heat exchangers,
the streamwise length of the fins is shortened in order to tcke odventage of
the increcsed heat transfer coefficient of developing boundary layers by conti-
nuclly reinitioting the boundory layer. The thermal boundary condition is on
opproximately constant wall heat flux, As a guide to the effects of mixture
composition and property variation in such geometries, the present pcper - for
a first objective - investigates the simultaneous development of laminar thermal
ond velocity boundary layers in the entry region of parallel plate ducts.

The following section briefly discusses related werk which con be ex-
tended to provide improved guidence to the designer of regenerative heat ex-
changers for mixtures of noble gases, Section 3 summarizes pertinent knowledge
of their transport properties and demcnstrates the generalizaticas possible to re-
duce the analytical tesk. Since tHe consequent goveming equations cre non-
linear end coupled, they are solved numericclly as outlined in secticn 4. The
results of interest in design-lengthwise meon pcrometers - are presented in
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B : | section 5 : first, the effect of composition ot low heating rates and, then,
the effects that the temperature~dependence of the transport properties ccuse
on the hect trensfer parcmeters and the wall friction parameters, separctely .

Finally, the major conclusions are reiterated in the |ast section.
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4o ; A v r
in preliminary design studies for closed gas turbine systems, Venzco (4]

estimcted relctive hect transfer coefficients and pressure drop for bincry mixtures

of the inert goses with geometry held constant. For heat trcnsfer he employed
a constant property version of the Sieder-Tcte relctionship suggested sy Kem

(5]

o

Num = 1.86 ReBpe '3 (o/L1V3- 2.95 (123 (M)

This relation is essentially a themal entry correlction of the Levegue form (6]
which strictly cpplies only for a linear velority profile as in the wall regicn
of a fully estcblished flow. With long tubes the Nusselt number should tecsme
constant rather than tending to zero as in the cbove relationship. For pressure
drop caolculations, Vonco used the friction fector for fully developed flow.

His approach is still prevalent in industrial design of laminar flow hect ex-
changers.

As shown later, one of the main effects of varying mixture composi-
tion is to vary the Prendtl number. If the velocity profile is fully established
before heating commences, the function Num(L') should depend 3n geometry
ond thermal boundery condition ‘and be independent of Pr since the non-
dimensional varicbles con be defined so that Pr does not cppear in the gover-
ning energy equation or its boundary conditions (7] . Since thermal ond shear
boundary layers grow ot different rates when the Prandtl number is not unity,
the solutions to the simultcneous entry problem will very with Prandtl number.
In @ numerical analysis Hwang and Fen (8] hove shown this veriation to be
significant ot low values of L™ for constant wall heat flux and constant fluid
properties. For the compcrable constant well tempercture problem, Schiinder
(9] suggests cpplying the Pohlhausen solution in the immedicte entry as

Nume = 0.664 (L2 p, " 1/6 | @)

in continuous functions of the form

n n n“
Nu :W’Num 'N“m,e 3)
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for design computation.

Schade and McEligot (10] developed = numerical sclution to excmine
the effect of air property veriation for the simultaneous entry problem with
strong hecting or cooling cpplied to two paralle! plates. They concluded thet
the local Nusselt number increcses slightly and local friction factors increcse
severely with heating. To engineers accustomed 'o zonstent property cnclyses,
the occurance of a large chenge in friction fector and pressure drop while the Nusselt
number is changing only slightly might be surprising. Schode ond McEligot showed thet
such comparisons are sensitive to the choice of the temperature at which the properties
in the non-dimensional parcmeters are evaluated ond thet use of the constent oro-
perty ideclization can lecd to either dangerous or conservative design, depen-

ding on the application.

For the heat exchanger cpplications, designers employ meecn parcmeters
ond resort to empirical methods to correct for fluid property veriation (1]
The two most common schemes are the reference tempercture method and the
property ratio method (12] . Based on experiment end coproximate cnalysis,
Kays recommends exponents for the lctter method for various geometries cond
fluids., However, despite the ready availability of cppropriate numerical
methods for laminar flows for over a decade ':13] , these empirical. correlaticns
haove not been refined ond the guestion es to which is the more cccurcte

method has not been answered. Accordingly, a second objective of the pre-

sent paper is to excmine this question and, if possible, to improve the expo-
nents used in the property ratio method - for the parcilel plate geometry

ond constant wall heat flux.
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3. TRANSPORT PROPERTIES OF NOBLE GAS MIXTURES

While recl gos properties con be employed in the numerical cne-

lysis in tabular or eguction form directly, it is adventcgecus to exoloit the
similarities between different mixtures to reduce the number of computations
necessary to cover the ronge of conditions of interest. Thus, if their behaviour
cen be generclized, fewer varictions of pcrometers are required and the results
ore more concise and hove jreater usefulness. Accordingly, this section sum-
mcrizes our <ncwlegde of the pertinent transport properties. In camjunction
with the following section it demcnstrctes that, os o fist coproximation, the
variction in mixture composition can be reflected in the cnclysis in tems of @

single variable pcrometer, the inlet Prandtl number.

The Lennard-Jones (6-12) potenticl can be employed in the Chepmen-
Enskog kinetic theory to sredict themal conductivity, viscosity and Prandtl
number of binary mixtures of the inert gecses (14]. There has been considerchle
experimental study of the pure gases, particulerly helium eond argon, but few

data on their mixtures exist to check the predictions.

With force constants, £/ and O, as suggested by Hirschfelder, Curtiss
ond 3ird (14] the prediction of the helium viscosity falls about eight percent
below the data of Dawe and Smith [15] end Kaleikar end Kestin [16] at
temperatures around $00°C. Likewise, the predicted thermel conductivity is
cbout nine percent lower than the mecsurements of Saxena and Scxena r{7~
up to 1100°C. Similar discrepancies occur for xencn, but cgreement with
argon date is close. In general, cgreement is good necr room temperature for

these gases.

Thomton (18] measured viscosity of the helium/xenon system ot 20°C.
His data ogree with the predictions to within o few percent. On the other
hond the themmal conductivitiesabtained by Mason ond von Ubish [19] at
520 C show cn increasing divergence frem the sredicred curve as the fraction
of helium is increcsed. Using force constents suggested 5y DiPlopo and Kestin
[203 for the helium component, instead of those of Himchfelder, Curtiss end
Bird, leads to essenticl agreement with the recommended vclue from *he Themno-
physical Properties Resecrzh Cenrer [ 211 .
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Themal conductivity and viscosity are presented cgeinst logerithmic
coordinctes in Figure | for helium, xenon, crgon cnd some of their bincry
mixtures, These vclues cre besed on the Lennard-Jones (4-12) potential with
the force constents 0 = 2,158, 3.292 and 4.055 A, &€/ = 86.20, 152.75
and 229 °K for helium, argon and xenon, respectively, The xenon values cre

from Himchfelder, Curtiss and 3ird ond the others from DiPippc end Kestin.

Viscasities of the noble goses and their mixtures differ only slightiy
with molecular weight (composition). The veriction with tempercture is cppro-

ximately the scme for cll, Using an ideclized temperature degendence,

BT R L R (4a)
one finds the exponent "g" ranging from 0.7 to 0.8. On the other hand, the
values of the thermal conductivity very over cn order of mcgnitude from xencn
to helium. Again the tempercture dependence is cbout the same for each and

con be ideclized cs
ey b
{k/kpet) 2 (T/T o) (4b)

For the mixtures the exponent "B" is typicclly slightly less then "o" ond renges
from about 0.7 to 0.75. As ¢ first approximation, "a" ond "b" could be tcken
os eqgual ond the same vclue could be used for each of the mixtures. The spe-

cific heat is independent of tempercture but varies with composition.

Perhcps the main surprise is the Prandtl number veriation of the mixtures.

Argon/helium cnd xenon/helium are shown in Figure 2; the other mixtures yield
curves of the same shope. The tempercture dependence is almost negligible
since the power low exponents for k aond u differ so little, The Prandtl num-
ber of the pure goses is 2/3. However, each bincry system shows o minimum ot
intermedicte concentrctions (molecular weight); for xencn/helium it is Pr = 0.22
at room tempercture and is particulerly broed. Other Prendtl number minime
are : krypton/helium, 0.32; argon/helium, 0.42; krypton/neon, 0.33; xenon/
argon, 0.57. Thus, Prandtl numters in the renge 0.5 to 2/3 can e sotcined

with several choices of binery mixture and concentration.
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4, ANALYSIS

The details of the numerical analysis cre straight forward and effecti-
vely the scme os other methods for solution of coupled garcbelic pertial dif-
ferential equctions (e.g., reference (22] ) so only the essenticls will te out-
lined here. The number of parometers which must be varied to describe the
range of conditions possible is determined by examination of the non-dimen-
sional equations goveming the problem.

Under the steady, intemal boundary layer approximations - plus the

assumptions that (a) mixture concentration remains constant, (b) Mach numker

<< 1, (c) RePr 3 100, and (d) naturcl convection is negligible - the gover-

ning equctions can be written :

Continuity : Py R (5a)
Ppu ., Opv -0
ox oy x
x=-momentum : y (5b)
T M T T
gy ot BEG L -aby s g bR T e
Energy : (5¢)
A e T PR T T T
Sl el o 3y ~ 4Pr, B8y (kT'y")
Integral ye12
continity : Fooph ey . 4 (5d)

0

A circumflex (*) represen ts non-dimensionalization with respect to the value
of the quentity at the eatrance.

The gas properties mcy be ideclized os :

P . b e T
P'E—T-; p=t?, k=17, cp=T

(6)

Initial conditions are : T 0,y) =1, Bo specified and ;(0,')7) =1, i.e.,
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uniform entry. 8oundary conditions are (1) the nonslip condition for velocities,
(2) constont wall heat flux,

—»

-(i--g,-)=o’ %

~

ond (3) symmetry of the flow and boundary conditions with respect to the centre
plene.

Examination of equations (5), (&) ond (7) shows the free pcrameters of
the mathematicai statement cre Prc, a8 p.O end the property exponents g,b
and d. For the present paper ¢ and b cre tcken as 0.75, d os zero and ;TQ
is set sufficiently high that the Mach number is small in the range of interest.
The parometers Pry (corresponding to the mixture molecular weight) and i
the hecting rate, remcin varigble.

The problem is solved numericclly with progrem BAND, developed by
Greif and McEligot (23] for flows between parallel plates with thermal radi-
ative intercction using o bend chsorptance model. For the present cclculations
the copability to handle thermal rodiction was suppressed, but property varic-
tion was included by choosing non-zero values of the exponents ¢ cnd b. The
numerical program is a finite control volume anclysis using implicit clgebraic
equations to represent the govemning equations; these equctions cre iterc-

ted ot each axial step to trect their coupling and the nonlinear tems.

Mesh spacing increcses in both the transverse and axicl directions. For
the results reported here, 81 transverse nodes were employed with the finmt
usually af. (y/Dh) = 0.001, ond longitudinclly there wers 70 steps per
decade nomally starting ot X, 10-5. As noted by Worsce-Schmidt ond
Leppert (13] the boundary |ayer approximations are not cppropricte for
x* <107 s no results are reported for the initial two axial deccdes. Prior
tests have shown convergence within 2 percent for Nu end within about 1
percent for Fap with this grid.
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3. RESULTS

Predictions have been obtained for the renges 0.2 € Pr £ 2/3, correspon-
ding to the Prandtl number variation from mixtures to pure gcses, end
25Q%2100. For ¥ = 10, E; was tcken cs 103 giving cn inlet Mach
number of 0,035 while ot higher Q+, p_o = 104 for Mo = 0.011, Pertinent wall

parometers cre listed in Appendix A for all conditions studied in this investi-
getion,

With heating at a constant wall heat flux, the local bulk tempercture
increases continuously; with constont specific hect this increcse is linecr. The
viscosity increases with temperature, so the local bulk Reynolds number
(GDh/,u bx) decreases in the axial direction cnd the flow would be expected to

remain laminar. Density is inversely proportional to tempercture so the flow

_accelerates cos it is heated, also nomally a stebilizing influence. This conti-

nuous gcceleration prohibits the occurence of invariant velocity and tempercture

‘profiles. The wall tempercture is larger then the bulk tempercture in order to

tronsfer energy to the gas so, ot a given cross section, the viscosity and thermcl
conductivity will be higher near the wall and the density will be [ower. Con-
sequently, parometers defined in terms of wall properties will have different
values then those using bulk properties in their definition. While the increcse
in viscosity is expected to increase the wall shear stress and decrecse the
velocity near the wall, thus increasing thermal resistance, the increase in ther-
mal conductivity is a factor tending to reduce thermal resistcnce. Likewise, the
expansion due to reduced density counteracts the decracse due to viscosity to
some extent. Near the entrance, the increasedviscosity and decrecsed density
at the wall cugment the non-slip condition causing transverse flow away from
the wall; this flow also corries thermal energy. Further downstream the trens-
verse flow decreases. (These various effects are reversed with cooling). While
the individual effects of these phenomena ccn be forecast in some cases, their
combined effect is not obvious and may very with geometry. Since density,
viscosity and thermal conductivity vorictions are cll of the same order of mag-
nitude, none dominates in such o way that o single-parcmeter,closed ~form anc-
lysis would cppecr fecsible,

For the present study the oresentation of results emphasizes meecn parc-
meters which are useful to design engineers; however, local Nusselt numbers
ond friction factors are included in the Tables for those interested. With pro-

. . Y ——
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perty variction, parameters can tcke o number of values depending on how
the temperctures which are used to evalucte the pertinent properties cre de-
fined. To avoid later confusion in the use of these predictions it is necessary
to be explicit in the definitions.

Local bulk temperature, Tbx' is the temperature corresponding tc the
total enthalpy flow at a cross section, i.e., the socalled mixing cup tempera-
ture. Average bulk temperature, T, _, is the crithmetic averqge of the local

value ot length L and the inlet value

While an integral cverage is nomally used for the avercge wall tempercture
in analyses it is not of use to the designer who lacks the detailed knowledge

of Tw(x); cccordingl}, we define Twa cs an arithmetic avercge
de 2 (Twc * Twl}/z

which becomes, for constant wcll heat flux,
Twa = My + T )72

(Thus, Two is lower than fTw(x) dx/L). Then, in agreement with normal. prec-
tise, on average film tempercture is chosen os

Tra * Tug * Tud/2

Comparable subscripting is used for indentifying the tempercture ct which pro-
perties cre evolucted, e.g., K\ =u(T, ), ond similarly for non-dimensioncl
parometers, Re, = GDH/'“bc‘ Average pressure is also tcken ot the arithme-

tic average of inlet ond exit, L. Other quantities will be defined later cs used.

Predictions for constent fluid properties

For small heating rates or low tempercture differences the constent pro-
perties idealization is often odequcte for practical cpplicaticns. For exemple,
one sees in Figure | that a S0°C difference in temperature ccuses a chenge in
thermal conductivity of about 17 % ot room temperature and 4 % at 1000°K.

In Figure 3 are plotted the meen Nusselt numbers versus non-dimensional length,
(e 4L/('DhRoPr), as obtained by serting the property variction exponents, a
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and b, ot zers ond holding @ = 1. The mean Nusselt number is defined in

terms of the integral cverage hect trensfer coefficient as

L
Nug = “°l;°” z E[’ / h (x) dx
[}

From Figure 3 one sees that in the entry Nua(L') increases cs the
Prandtl number is reduced by employing different inert gos mixtures. This in-
creagse is cpproximately 17% as Pr varies from 2/3 to 0.2. Since, for con-
stont properties, the development of the shecr tcundary layer is a function
of x* = 4x/(DhRe) ond is independert. of Prandtl number (i.e.,it is a solution
of equations (5a,b end d), the velozity profile is more fully developed for
Pr= 2/3 then for Pr = 0.2 at any specified value of L. Consequently, the
increase in Nu coincides with o higher average velocity gredient, (3u/ay),
between 0 ond L*; with increased velocities necr the wall an increase in heat

tronsfer parcmeters is reasoncble,

Also plotted on Figure 3 is the Sieder-Tate correlation (1) which has
been employed in, practise for heat transfer calculations in comparable situc-

tions. In oddition to differing by as much as a factor of two in the range of

" interest, this calculation fails to show the proper trend with L* except appro-
‘ximotely in the limited range 0.01 < L*< 0.1, At L™~ 0.001 the mecn

Nusselt number vcries as (L')'°‘47 rather than (L')"]/3 cs in the Sieder-
Tate correlction. Failure of this correlation to account for Prandtl number
dependence has been mentioned ecrlier.

Based on on integral/superposition method Kays (12] suggests that the
local Nusselt number forthe simultaneous growth of lcminar extemal boundary
layers con be predicted by

Nu_ = 0,453 p'/3 Roxl/ 2 (8)

for the thermal boundary condition of a constent wall heat flux. For the im=
medicte entry where T, = T° end V= V _, this relation con be transformed
to @ mecn Nusselt number

Nup, o = 0.906 r'/3 reg /70, /2112 )

m,e

In this case, equction (3), the form suggested by Schiunder [ 9], would Secome
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1/2
]

Nu, = [3,2352 + 1.8122/(Pr‘/3L') (10)

This equation is shown on Figure 3 for ¢ pure gas, Pr = 2/3,end cen be seen
to ogree with ‘he numerical prediction within cbout ten percent, For the mix-

tures ogreemer' s as good or better; the comparisons are shown individually
Iater.

It should be reemphasized that while the increcse in Nu(l") is of the -
order of 15 percent, when replacing o pure gcs by @ xenon-helium mixture,
the gain in heat transfer coefficient is much grecter. For example, tcking
equation (9) os an approximation for short fins in conjuncticn with Figures |
ond 2, one can see that for a given geometry and Reynolds number the effect
of replacing pure argon by a helium/xenon mixture is to increcse the heat
transfer coefficient cbout 2.4 times.

Predictions of heat tronsfer with property variaticn

When fluid properties vary significantly due to high heating rates ond
related large temperature variaticns in the flow Fieid, the numerical values of
non-dimensioncl parameters such cs Nu ond Re depend on the tempercture ot
which their properties are evaluated. Two methods of accounting for the pro-
perty varigtion are common in pracfise : the film tempercture cpproach end the
property-ratio appreach (12] . In the film temperature opproach it is cssumed
that using properties evaluated at T¢ will allow direct use of predictions ob-
tained under the constant property idealization. In the property ratio approach
the bulk temperature is used for the properties cnd the effect of heating is
represented cs

Nu/Nucp = (rv/rb)P (1)

for goses. The effectiveness of these two methods for heat transfer predictions
is examined in the present secticn; wall friction predictions are considered in
the following section,

Figure 4 demonstrates the cpparent effect of hecting rote on the meen
Nusselt number when the properties cre tcken ot T,/ i.e., the property ratio
approach. Thus, L, is defined a3 4L/(D)Repofr) = 4L kpy/(c,GD,2). The
effect of heating the gos in a slight increase in Nu, compared to the predic-
tion of Nu for constant properties (@*=0) ot the same velue of Lt:c' For a
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given value of O+, Nuy, is increased more for the pure goses than for the
mixtures, but this result is partially a consequence of the lower wclil-to-bulk
terupercture reached by the ges with the lower Prandt! number. However, for

- . ¢ .
Q = 100, which leads to (TwJTba)mox around 2.5 to 2.7, the increase is
only of the order of five percent. Thus, the expcnent p in equction (11) would
be cbout 0.05, which cen probably be considered negligible for mest proctical
ccses., On the other hond, for Q" = 100 ond Pr = 2/3 the local Nusselt number
Nubx reaches ¢ peck increase aver the constant property prediction of cbout
twenty-five percent at o location where Tw/rbx'z 3 so the meon Nusselt

number is affected even less than the local value.

To examine whether the film tempercture cocroach is en improvement,
the results are plotted in Figure 5 with propertie: avaluated ot the averace
film tempercture, Nug, = haol-/‘fc end L:c = 4ka/chDh2. With this choice
the mean Nusselt numbers decrecse as the hecting rate is raised. This effect
is of cpproximctely the scme mognitude for the pure gases as for the mixtures
with their lower Prandt! numbers. The most significant chservaticn is that the
reduction is about three times as grect cs the change when using bulk proper-
ties (Figure 4) so there is no cdvantage in accuracy with the film tempercture

epproach.

When heating the ges T, ond Ty both increcse, T more rapidly in the
entrance region and then both ot approximctely the scmercte at larger disten=-
ces. Consequently, T“/Tb first increases ond then cpproaches unity axiclly.
Likewise, Nuba(l.‘) is first greater than Nucp(L') ond then approcches Nucp(L’)
downstrecm. In this situation correlations of the form of equation (11) make
sense. In controst, when cooling the gos - as on the cpposite side of o re-
generative heat exchanger - both temperctures decrease continuously such that,
in the limit, T'/Tb cpproaches zero or TH/TW cpprooch‘es infinity. The rela-
tive property veriation ccross the flow becomes greater downstrecm instead of
less as in the hecting situation. This limit is not likely to ke of concern in a
gos turbine cyzle since the lowest tempercture is set by the inlet temperature
of the side to be heated, but might be o difficulty in cryegenic aoplications.
In the cooling range covered in the scope of the present scper, N”bq(L;c}
remained sufficiently close to Nucp(L') to neglect the difference.

If one calls equction (10) the Schiunder-Kays reiction and plots it as

TSNS 1 L R o e e T - — gp— e
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@ dashed line on each of the subfigures of Figure 4, it may be seen that cgree-
ment with the constent property result is good for ecch cese but successively
better aos Pr is reduced. Since Nubc(_L;q) is predicted so closely by NUCQ’L')

it is worthwhile to improve the equation so it mcv be used by the designer

over the ronge of interest, By adjusting the Prandt! number Zependence of

Num,e for better prediction ot L* = 0.001, one mcy obtain

2

1/2
Ny, = [8.2352 « 1.9m2/(p0- 254 ] (12)

This equation still is of the order of five percent lower then the numericcl
prediction near L“ = 0.01. For moderate hecting rctes it would be within

gbout ten percent of the numerical results and would be low; in heat exchen-
ger design this would lead to units slightly longer than necesscry. Altematively,
the constents in equation (12) could be optimized for another range at the

expense of the accuracy of predictions in the immedicte entry,

Prediction of wall friction with property variction

While meost enclyses presently availoble for developing flows present fric-

‘tion results in terms of the wall shear stress evclucted from the velccity gredi-

eat at the wall (Fs), this cpproach is not of use to the designer when the ve-
locity profile is changing substantially, as in the entry or when a ges is heated.
To predict the required pressure drop with a one-dimensional design procedure,
one uses the "apparent" friction factor, Fcp’ besed on the wall shear determined
by treating the momentum change as one-dimensional. The same trectment is
often employed in experiments where size prohibits velocity profile measure-
ments. Both methods of presentation can be chosen with numerical resuits; con-
sequently, Bankston and McEligot (22] were able to demonstrate (¢) the nume-
rical values of f‘ and Fcp cen differ substentially end (b) discrepancies ecrlier
thought to exist between experiments and cnclyses were primerily due to the

differences in the definition used for the friction factors.

As with the hect tronsfer results we concentrate in presenting o meen

rent friction factor
cppe )

Dh p { G2 i
f - . (1
a* iL GTiTg. A P 7o 9 3)

(The locel coperent friction factor, f» oppecring in the Tcbles is defined

in the cnalogous cderivative form with d/dx replacing (lt) OAL ). When Py,

V_-W'N'”"" I 7 . ‘- ' Riaceo i ) 3 .\,
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is constent, the second term in brackets does not change and the definition
reduces to that of Shch and London [7) . With constent fluid oreperties cne
solves equctions (5¢), (5b) end (5d) only, so the result is indesendent of
Prendt] number and can be written as = single functicn FG(LL) which cpproc-
ches f_ - Re/24 as L* secomes lerge. This function may e found rcbulated in
Appendtx A aor can be derived from earlier local results (10, 24] . For o con-
tinuous approximation, the gpproach of Schiunder cen be used cs in equction
(13) to give

f - Re/24 = \[1 + 0.0788/L7 (14)

which represents the numerical results well in the immedicte entry but is 4 to
-
5 percent high in the range, 0.05 < L™ < 0.2.

With varying transport properties, the energy equction (5¢) is coupled
to equctions (Sa, b eond d) via the tempercture-dependent viscosity and den-
sity, so the wall friction clso becomes a function of the Prandtl numcer cnd
the hecting rate. Again the questicn crises as to the better methed of cccoun-
ting for the fl uid property variations. Predictions of friction are mot as well
behaved as- hect transfer parameters. In contrast to the heat tronsfer results,
direct use of the avercge bulk properties in Fo' Re cnd L¥ does not collepse
the results nicely around the prediction based on constent properties; the

. : & o
main effect is to spread the curves towards larger Lyg & Q incresses.

The effect of heating rcte on apparent wall friction is presented in
Figure & particlly in terms of average bulk properties. That s, P g is used
for the coefficient in equation (13) end Rebo is defined as be:are-bur the
non-dimensional length is based on inlet progerties, i.e., Lo . With this
representction hecting increcses qu * Reba considerably more than Nubc is
roised ot the same level of QF, At lengths grecter thon LY = 0.1 the curves
with heating approach the constant orocerties curve only slowly, although
Two/rbc is close to unity, cs the heated entry zontinues to affect the inte-
groted results for downstream. Cleose inspecticn of the trends for the highest
heating rotes shows thot as Pr increases ¢ convergence - from hected entry
behavior towards cgreement with constent property tehavior - is moved further
downstream, This effect corresponds to the difference in growth of the themal
boundery layer cnd shecr toundary layer as the Prandtl number changes :

Nu(l*) shows only a modercte effect of Pr, so for the same hecting rate the
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value of T/Tb is clmost the scme ot equel value of L rether then L+, thus
Tw/Tb approaches unity for Pr = 0.2 at earlier velues of L then for Pr = 2/3
end the veriction of properties across the channel is less for Pr = 0.2 at the
same L+, While the friction predictions for hecting ccprocch the sdichetic |
prediction cs Lba+ increcses, those for cooling diverge; this result clso corres- |
ponds to the trend of progerty variction since the rctio Tbc/Twa increcses

downstrecm for cooling cs described ecrlier in the section on hect trensfer,

As with the hect trcnsfer results, the cpparent effect of property veric- |
tion on wall friction is sensitive to the choice of reference tempercture, With
avercge film temperature for the reference, the shape of the resulting curves ‘
differs frm. the shape with bulk tempercture os reference. In Figure 7 the pro-
duct Ffo . Rexfc/24 is plotted cgainst L°+; g is used in the coefficient in |

equation (13) end Re. is besed on . . There is no adventece in cemparison
q Hia S P

on the basis of LF: sli::ce results cre shifted then further to the right (with
heating) so thet for L™ % 0.01 the difference from the cdicbatic prediction

is increcsed. For heating: the friction parometers are reduced for shert lengths;
then the predictions coverge with and cross the constent properties curve and
remoin slightly grecter ot larger distances. In comparison tz the bulk property
predictions, the effects for short and’long ducts are cpproximately the scme
magiitude with strong hecting, but for intermedicte lengths and for Q*=z 10
a display in terms of film properties shows significantly less variation. In the
range -2 < Qt < 2 there is no significent effect of heating until L°+ cpproa=
ches 0.1 with film properties ond then the effect is only of the order of

five to ten percent. As is the ccse for bulk properties, the convergence to-
wards the cdicbatic prediction is at successively greater distonces (L;) cs the
Prondtl number increcses, but for the scme condition it is several times ecrlier
with film properties. With cocling : the direction of the trends cre reversed

but for Q > -2 they are essentially ogain negligible for entry problems.

It is not clear from Figure 4 cnd 7 which coproach is better : property
retio or film tempercture. The property ratio zparocch would be represented
as

(g ROWN/ (g - ReLD) = (T, /T )" (15)

so this quotient {s plotted versus temperature ratio in Figure 3 to excmine the
svitability of a single exponent. A compliccted pcttem cppecrs. In contrast
to the expectation of Kays and London [251 , the general trend is a substential
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increase with temperature ratio. There cre slight differences with Prendtl num -
ber but the trends are maosily the same. An exponent g of the order of unity
would overpredict the friction factor ot the higher tempercture ratics and under-
predict it ot lower values. For cooling, g = 1 is valid within o few percent,
For moderate heating, the necessary value of g (i.e., the slope of o line
from the origin on this logarithmic plot) varies with length L;: it is cppro-
ximately constant os the tempercture rctio increcses with length then increcses
gredually os the rotic drops for successively longer ducts, The lctter effect

is @ consequence of the slow covergence of s * Reba to the cdiabatic curve
for long ducts os discussed earlier. It is seen that o function q (L;, Q", pr)
would be necessary to describe the derailed behavior. For Q1 = 2 and

L°+ < 0.4, on exponent g = 1.5 would reduce the difference from the constant
properties curve from 13 percent to o 7 percent discrepancy. With Q* = 10,

q = 1.2 is o better approximation, but the discrepancy would still reach
twenty percent. These comments and comparison of Figure & and 8 suggest

that the two methods hcve cpproximately the same overcll cccurccy for Q%2
with a slight adventage to the film properties cpproach for short ducts. For mo-
dercte heating - to Q" = 10 - the film property method is clearly superior,
while ot higher hecting rates both methods show regions where the simple

correlations would mislead the designer substonticlly.

It is perhaps inconvenient for the designer to have one method perform
better for heat tronsfer while the other is prefercble for wall friction, but the
difficulty should be negligible provided the preient definitions of the para-
meters are used. Once the heat trensfer problem is solved for the wall tempe-
rature using average bulk properties, the averoge film temperature can be
calculated from the results and can then be employed to predict the wall
friction behavior. ;

Analytical correlations such as equations (12) and (14) are useful for
parometer studies of systems and for initial sizing of components when hundreds
to thousands of individual configurations may te caiculoted. When grecter cc-
curccy is needed in fincl design decisions - or if varichie wall heat flux should
be trected - the numerical cnalysis can be employed directly. With the direct
application of the progrem, the question of definitions of the non-dimensicncl
parcmeters is cvoided; the engineer con choose definitions to suit his own
convenience, including direct presentation in temperctures, pressure and lengths
in units of his choice.

B ———— e — —— - ———
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6. CONCLUSIONS

For hect tronsfer to mixtures of inert geoses in short ducts formed of
pcrallel plates, the following conclusions conceming the behcvior of the mean
parcmeters cre warranted. In terms of appropricte non-dimensional varicbles
and parometers, the effects of verying mixture concentrction con be represen-
ted by variation of the inlet Prandtl number. These conclusions are based on
the specific definition of pcrcmeters chosen in the present work; with strong
heating rates the use of clterncte definitions in the correlations cen couse sub-
stentially different predictions of the hect transfer coefficient end friction

foctor and, consequently, of the wall tempercture cnd pressure drop.

a)  Under the constent property idealization, heat tronsfer and cpparent

wall friction parcmeters ccn be spproximated by

12
Ny, = (g.2352 + 1.9312/(p0-254 %) ]

ond 1/2
(F, - Re/24) = [1 + o.o7aa/L+]

to within ten percent for L* end L+, respectively, greater than 0.0Q1,

b) For hect transfer in the ronge -2 < Q* < .100 the bulk properties/pro-
perty ratio method of accounting for the effects of gas property veric-
tion = with exponent p = 0.005 - provides better predictions than the
film temperature method.

¢) For wall friction in the renge -2 < Q% < 10 the film temperature merhod

is more accurcte cverall than the property ratio epprocch.
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APPENDIX A

TABULATED RESULTS

This appendix presents reproductions of the summary tables of the com-
puted results that were provided as output from the UNNAC 1108 computer
at the Rechenzentrum, Univemitdt Karlsruhe. All coses for which predictions
were caolculcted are included in these tobles, Space limitations prohibit
listing all the predicted parameters of interest; however, the set shown
should provide the basic infomation from which others can Se cc'culated
vig their definitions end the ideclized property relationships. For example,

o R i 4L Re, ,L'(Tng>°: Lx (750)0
B3" OnRepPr  DpReg Pr  Repg AT, OnPeg \ To

The cases calculated are:

- - Pr » O+
0.7 (air) 50, Of
0.666 ... 100, 50, 25, 10, 2, 0, -2
0.4 100, 10, O+
0.2 100, 50* 25* 10, 2, O,
0.2, «2

+The case of Q" = 0 represents heating rates sufficiently small that
the properties can be considered censtant. In order %o calculate
these cases non-zero heat flux was chosen and the property exponents
were chosen for constant properties; these are identified in the
following tables by the head: VIS = .000, CON = .000, CP = .000.

*Inlet pressure relatively low, leading to excessive Mach mumber at
last few stations.
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Of necessity some of the toble headings are brief so the following

- S

definitions cnd/or comments a-e appropricte :

Progrem Usual
Szmbcl El_omenclafure
PR, 0 Pr

o
QPP-DH/KD-TO 2~
GAMMA
VIS Q
CON b
CP d
4X/DPEO x:
TB/” Tb)/To ;
T™W/T8 ‘l'W /l' &
NUBX Ny,
FR8,/24 Fiox RO, /24
WA/BA B,
NUBA Nubo
FRBA /24 fbo'R‘bc/u
PO-PI PoPx

Sy -

K *Pra (Bo-BL) - 2Pra

Qeﬁnirion

(cp p/k),

q"Dh/koTo
CP/CV

4x/(DhRe°Pr)

l"Dhﬂ( x

hPh/X be

Comment

Inlet Prandtl

number

Specific hea*

ratio

29cp°(p°-p)/62

-]

L.
zxx

viscosity exponent in
equation ()

thermal conductivity
exponent in equction (4)

specific heat expcnent
in equation (4)

local bulk tempercture
local tempercture raotio
local bulk Nusselt number

local apperent friction
product, based on bulk
properties, see pg.l4

average temperature rctio,
see pg. 10

avercge bulk Nusselt
number, see pg. 11

mean cpparent friction
product, based on bulk
properties, eq.(13) end
pg. 15

pressure drop, note 3g.9

- '\z.q
P va ‘.TbL -1 ]

2+a

A a A J
(Tna) LToL‘ 1
comparcbie to X(x) of
Shah and London 87] -
but error in output in
earlier constant property
results,
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_SYMMETRIC CANSTANT

BETUEE?
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ST

PaRALLEL PLATES

WALL AFAT FLUAX

Gaunta= 4809

PR PERTY Ei?gngwts. Yige GA23.C0OMNS e835 . CPx +395

ux;apso

1¢45-33

1+31=23
1:75=93
2¢3:3=013
}-QJ-O3
3ebl=Q2
#253=03

_533=03
- Aedl=03

2'3)'33
1s3u-02

_1230=02

}-75-32
2+3J=02
3s33=32
1+ 63=32
3e55=32

Lefneg2

avd =92

_AeqQ=02

fead=al

_209=01

Yepa=0t

HeJ=l

Se33=~91

rq/Yt rv/Ta 4na(

Fegi-Ds36a -
Le24 2371

1e23 ZtQ?Z

lel!l 2e5895

IvlS 2,484

_1e18 207232 2

1e22 227274
1027 24748
l-32'2v733
1039 2764
1e43F 20732
1653 24599
PeRd Zoady
2¢13 20?3“
2«43 z.ﬁze

2073 ye838

ety 1712

5053 1275

9«63 1136
‘3063 )opSH
!7~“57|o~$5
2122 1032“

355 1872
4935 jedb)
4468 L{]bzd

15e32 9.235 t.645
2088 T 178 N oTNT
23+35  2.958 1,777
253+ 64112 14841
23ei8 54492 1.791
152 5,187 j.736
tFeAA  4.671 14775
]_3)»[1_.” 4,334 2-')"'
(6 RT - 4.C8F 2.518
Rl 3 789 2.726
foada .93 S.00F
12092 J.240 1.99)
tie37 2.%33 1.%28
ln.S,, 2. 641~~L.Q1?
"SE ?l}qé lt’Z"
9242 2.128 |.648
Fear - 14375 §a535
BeB7 1.672 [.H446
¢4 £.52) Fe357

FRAL 2% =“x/3A

Beby je417 1.299

ge54

—pa33% pe228

Sede _JsiV7 1:0%}

8'317':

Fei2Y 80—

8021
8;27,

'.jﬂQ i-;33
L.n?Z x.w?}

,3~'°R5

4USA FRBA/24

540132 154361
Sa«bé8 13 719

57274 11,988

‘QQOJJQ_XJQSQO
#0255 9,373
3;0}96 50629
J}oi?}m 772
7,099
2342382 ,3.527
Z<o°39 S.776
S ates . i
2-4834 4,822
tae221  H.24%

|LAQIZ7 3792
l19377 3390
_13°3%) .25
12 +252 2+.312
1.!'439 2._5“3
1=+827 2.314
130296 24113

qoagb ‘[.a‘ia
_Re873 1+581
556?2;71‘957
t;ﬂl& S fe36%

PP

3'688-Q|
Ye449=g1
SeSt4=13}
6¢758=01
B4263=51t
7¢533=01
l«141+00
1¢351+09
1+577+20
1+866+09
2+283+19g
2+931+90
Je%41+0p
5¢259+99
7+358+3¢9
u.leéoq
1+1304+01
lo““ltgl
teBt1+ny
2¢333+9)
Jsl93%01
12045492
2:312%02
4¢2487+92
Teh2+2
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e LAMINAR 6aS FLCH BETHEEN PARALLEL PLATES

e = SY&HETR!C CONSTANT WALl HEAT fFLUX

PR,0a 4703, QPR NH/KC,TO0x 2100, GAMMA=] .40

PROPFRTY EXPONENTS, V1Sz oC0C.cON= oRCO,CP= .0CO

4X/CPEO TR/T! TW/TA MURX FRA/24 N&/RA

l.0C=03

1e15=023

1.3C=021

f+5C=03

1¢75=03

ZepC=03

2¢30=03

2.4C=02

J.00=Q1

3«.3c-03

J.40=01

4.00-03

4.5C=Q3

Se.0C=02

S+50=03

6«10 ~03

beal=03_

7¢2C=03

8.00=0Q1

FecC=03

| 1200=02.
te15=02

I 1+3C=02
f«SC~02

1+75=02_

2+n0-02

2+3C=02_

2ehgG=g2

J.00=-02

Jeldg=02

I Jebp=Q2
Q.nahoz_

Hu.GCm02-

' Seng=02
_S5:8C=02 .

éepc=02

I 6+40-02
f Te2c=02
8.00=02

Fepc=02

la0Ca0l

“1eSC=g1t
2:0C=01

2«8C=Q1

d.0C=01

f 3.S0=01
! 4.0C=01
! 4+80=0t
S¢20=01

SeSC~C1t

WW-N‘ U

Jf‘.“‘ S.IRA
22,19 S.082
048 Hae740.
2R A0 4, 4ne
2h.94 M.ng
25.42 J.R4R
23495  3.446
2273 3,44}
21,40 3.208
2056  3.nkt
L1982 2.985.
t2.98  2.83C
1810  2.678
3736 2.885.

1be71  2.441

1415 2.35¢c
18e87 24244
1506 24173
18.48 2.,02%
Z1YeR7T (.97
J3a36  1.BB9.
TE2e73 —te782
el 1.497.
ttehé  tebpS:
Liefl 12517
SECeAR polus
18027 14375
=995 1319
-Qaél 1,2%q
94D 1e22%
.vgin“mLol°Z“
—%en&- 1,187
— 8.2 14122
S s == 78
8 QJ_—_"L‘ 076
—B.84% 1,089

—BeH47  1aQ4Y4..
S BeMy - 1,533

_Ral3b_ 1023
Re32 tegtl
A.29 —Le0 1100
Be2% t.0Nn2

B-Z“A,l.cg!,
R.24 teCOL

Be24 Lloﬂ_l
Re2%  tagntp
Re24 LaQ0 L
Be24 1,00V
Be24  legn)
Be2% fefnt

NURA FRRA/Z24

64.738 10.54R
ADASH 9,351
S7.¢294 9.287
S3.421 R,450
49,942 B.n2S
46.872 7.512
44,068  7.022
Bl eh?73 bab20
3J9.058  4A.]180
37,415 5.9n2
364975 _Se4460
3442322 S.384
32.569  S5.090
J1.085 4,542

29807 4.6209

?8.693 4,442
27824 H4e248
26."CB 4,079
25.33% 3,882
249.n%95 3.4675

_23.047 13,502

2124942  3.281

,2ﬁ.d72v”3c105.

19.807 —2.91p-
180347 24717
17416 2.542

_16+S11 2441}
15773 2.2R8
14,973 2.154

14472 2.071
;ro“7 .10999.
135564 [e®1 6

~13.044 _1.83g

12621 12757

~ 124283 . 1e49%

IEe®857  1etd4

~11eb43 1459

11e374 ~ 14544

_11a077 1492

10773 14539
10.526 1,392

9273 1e266

90390 14199
9160 1elbp
F.0064 1132
B.894 tetlly

_BeAlN lLelOg

Be750 1089
B«eb99 __1eC8B0

~ BabS7 1073
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LAMINAR GAS FLOW BFTWNEFN PARALI EL PLATFS

SYMMETRIC CONSTANT WALL HEAT FLUX

PR.Os o667, QPP NH/KD,T0s 1N0.0s GAMMAS] 667

PROPERTY EXPONENTS, V1S® ,750.c0Nm +750.CP= .000

4X/0PEQ

1.30-03

1¢75=03
2.30-03

3.N0=013

JehAg=-D3
“050'03
5.50=03
b¢50=01
8.00-03
1en0=02
feda=02
175=02
2+30-02
len0=02
Jebo=02
4.50=02
5;‘0.0?
beh0=02
8.00=02
1en0=01
2.00=01
3.no=0}
Ren0=0y

18/7

[l

TW/T8
3.512
Y Y1
3+T42
3.8)10Q
’0.10

Jy77“

3eb9b
3.5ﬁ5
J.uu
3.?“)
209&0
2.40%
2¢271
12946
10778
10582
1.““0
lo]‘a
1,283
1e180
1.0e9
1en3o0
temi R

NUR X
32,14
28433
28.25
22,513
300‘!
1R.R6
1726
lg_- 93
145,42
13:25
1107
1Ne 40
973
9218
8,90
2.70
,05‘
851
Boul
Re 1B
£,28
A.26
Re2éb

FRB/24
101812
R.674
7’73“
6,919
6'0339
5.85n
Selin
54072
“n’Q'
“.03'9
3,888
3,372
2849
2.339

2,022

12723
1?‘1.
1392
1,307
_le26%8
1,197
1s138
tetlde

WA /BA
2,313
2.4139
2.523
2.587
2:.419
?_ob“i
2.638
2:614
2,57t
2,495
5364
2.177
12976
1,773
1,639
1492
1e3A2
1299
!cZZ’
12165
3’95‘
1,029
1-210

NURA FRAA/24

57.724
Sp.321
““.237
39.181
35.‘70
32.367
29.1%98
26.898
24,474
21914
19211
16555
19,492
!2-“35
Ila"b
lg.?Sﬂ
[Uog““
Qe7964
94388
,oﬂl.‘
..23“
8.157
.06.3

17.092
144912
l}ooqq
11.506
9.432
Be552
7.823
72132
hAel4]8
S.677
44939
40304
3.701
3.293
2,832
2.4469
2.193
!0960
10757
!052’
lo“lﬂ
1038‘

PO-P]

6.572-01
8.318=01
1:040+00
1130?000
1.528+00
10869000
202“76@0‘
2.682000
3.249400
4.090*00
S.442+00
7.4665+00
10066001
1.485.01
1+873+0]
2.510+0!
3:3p5+g1l
00307f01
S.8184+01
BeSl4+q]
3’72“'0?
9.899+02
IOIQQﬁoj
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LAMINAR GaS FLOWN BETWNEFN PARALIEL PLATES

SYMMETRIC CONSTANT WALL WEAT FLUX

PR.Os o667, OPP.DH/KO.TO=

PROPERTY EXPONENTS, V1Ss .75

4X/0PED
1+30-03
1¢75=013
2«10=01
J.n0=-013
JeAQ-0)
4«50=013
5.50=03
beAD=01)
8.,n0=03
len0=02
1+Y0=0?
1¢75<02
2.30-02
JonO-O?
Jdebo~=02
4.50=02
SsRpep2
beAD=D?
8.n0=02
1+00=0]}
2:n0=01
3.n0-0]
4eno=01
§«00=01
éen0=01t

TR/TI

1+06
1-09
IE3
115
].l!
1222
127
1+33
1«40
1.50
[ s65
1«87
2.15
2.50
2.R0
3.25
3.7$
4.30
5.00
.4.00
1100
16.00
20.99
’s.”
30.99

Tn;YB
20“5‘
25885
#2845
?.7&]
2..!“
2.’%9
2.R79
2..?ﬂ
2,864
2:.791
2475
2.494
2.2R6
2-6‘?
te9n2
leZ1R
1+870
1eug)
135}
"?‘Q
fenot
|0O!7
1.029
loQZO
1e015

NUR X

3139
27.R0
2085
2?0?“
2ﬂ067
18.90
17193
1420
1500
l\p,S
12+33
11415
10+20
9-5]
.16
R.Ré
R.A®
ReS59
R.52
e
f.30
A.28
R.27
.o?b
Be26

e
FRB/24
R, 494

7,477
6.“?"

76"79

S,b234h
521"
4,017
4.511
4,2n4
3,904
J.543
3.]5&
2.803
2:%80
25192
1»911
73 Lyl
1820
1,413
12342
1221}
1210
xoo‘ﬂ
1,083
10BN

G0.0. GAMMAm1 667

WA/BA
1.736
1810
Eears
1e94)
1,981
24023
2.053
2:071
2,081
2,n74
2.043
lo97“
1,877
1,755
v hbu
,549
1,450
15168
1,293
12221
1.083
1.0““
1p028
1.019
tel 4

- -

N.CON= «750,CP= .000

NUéA Fna.)zq

S7.544
50.165%5
“Q.?ﬂ“
39.230
3@0)‘1
3246135
29.797
27.131
25.135
22.704
20+ 13R
|7059‘
15.554
l}oﬁSl
12844
11.791
11+007
lo-“]“
?.90%
9440
.o§“0
N.ZB7
8.174
Oy!l?
8.074%

ﬂo“;b
7.706
7.10!
6.514
5.904
50252
Le.4609
4.079
3.4605
3.289
24920
7.60“
2n3“e
2.110
1885
1544
1436
10375
!,J“J
1«324

PO-P1!

4.478~01
S«591=01
beRYI=n}
8.470=01
°'8°7-Gl
;.17afnd
1394400
1.636+00
1e943+00
2.393+00
4.184+00
$+622+00
7,605.09
9.427+00
!p2370°l
1:59%¢01
2:027+01
2v65!001
3.710%01
136202
3.275+n2
6.470+02
!’|39§03
1.869+03
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LAMINAR GAS FLON RETHEFN

SYMMETRIC CCNSTANT

667,

“ 3

waLL

PP OH /KD, TO=

EARALLEL _PLAIES

rEAT

25'3.

FLUX

GAMMA=L 457

PRCPFRTY EXPONFNTS, ViS= ,750.c0Ns ,750.CP= ,000

4XDPECD

l«0C=-C3
1«30=03
1+75=03
2.1C-C3
J«nC=03
J.60=03
fe6C=-03
SeSn=03

6.60-03

8.00-03
l.0C=02
1+.30-02

. Fe25=02

2.3C=02
Jen0~C2
3.40=02
8,8¢0=-02
Se85C=02
beht=g2
8+.00=02
lecC=~0t
2.00-01
d«0c~01!
4e¢0C=0!
S:p0-0!l
6.00=01

TR,T1

[.C3
1C3
o4
1064
lefC8B
1e1l
‘Olu
1«15
1«20
ey
j el
1e44
105'3
1+758
190
2,12
2337
24465
J.00
.50
6.CC
8.50
11.C0
13.5¢
16.CC

TH/TR MURXY FRR,/24 #A/BA NURA FRBA/2Y PO-P]
JebRé 3H.RE  T.PF3 14247 654189 {418 2.823=01
16788 3115 7,218 143R5 574478 12.618 3.354=C1
o4l 27.8K B RER o929 S50.279 116164 4,135=01
16921 24461 6,832 1.473 44,381 9,909 4.988=01
16967 22.08 5e¢1pr [+517 39,350 p@geg3d3 6.034-01
2051 20e46 U,BR4AR | .848 34,25 Be138 46.868=01
2.108 18.72 BoelWad 1.584 32,806 7391 8.108=C!
20154 J7¢29 4,094 14614 3ICe00R 64777 9.442-01
2elRA 1hetHd A.07c | .638 27.4A8B0 b.264 [.08%e00
20210 1502 3.62R 1.860 25.437 S.77¢ 14272400
2022% [3.8% 3,358 1egfC 23,080 5.2%1 |.53pe00
ev212 Jek] 3-C7“ 1e69] 20.4Q8 Y5694 [q92COC0
Qe 1AD tlek2 2.?n6 1«hAB8 84154 4el42 24515+0n0
2¢074 1050 2830 14457 164191 34696 3e4271+C0O
{94 S.76 242868 1 .Ah}Ll 1494837 I 30 F “oZ?S'CO
1eRA7 S.38 24119 14568 134837 34059 Se178¢C0
1788 Fe03 14926 10503 12¢461 24776 bebloern
Lebh2H Bs.R | l-7§b 14939 114638 2¢538 B4.335400
f+622 248 teblA 1,380 10993 20339 103701
le826 ReB9 14404 14,319 104424 24136 1432]1+01
1 e328 R.8C 14407 14255 9.R86 1+935 1.782+01
l«13C R.33 t»2J7 Ts112 84799 1586 §.566+01
lec?1 B.2°9 Letis [,p0b64 Beubd] 1494 1.218+02
len4sS 8.28 10102 1042 684306 10374 2,2591¢02
ey g—Fa ¥ bR - tenld0 84217 16335 Y2472
leN24 E.26b leCAA j+022 8.160 el d S«8Q04+02
T e e - A
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LAMINAR GAS FL O BETHEEN PaRaLLEy PLATES

SYMMETRIC CoNSTaNT wALL HEAT FLUX

PRQFJ' ebb7, GPP,DH/¢C.Tn=

1540,

GAMMA=] 4 b7

PROPERYTY EXPONENTS, VIG= ¢7503c0n=s «75~,CPm 000

4X/0pPED

1+60-23
1+30-03
1¢75=03
2¢30=-023
3sg0=03
3¢60=03
4e¢50=03
S+S5C=023
hebd=03

9-03'03.

1+00=02
1+33=-02
7'75~02
2+30=02
1+00=02
3+ 60=-02
4¢50=-02
S§e5y=02
heh(=02
fs00=02
tegG=g1t
2.0C=01
jepgua=gl
4epa=nl
SegG=0l
AenNC=Q1

Tasvl

1«0}
101
te0Q2
102
183
Le 04
1+CH
1+05
107
1+08
i*l0
113
fel17
}+23
1+3g
134
145
1+55
164
[}80
2+3g
Je0q
400
Ss010
639
730

TH4,T78

102823

1316
1e356
10396
11“37
11467
[¢5C2
1e6J34
19662
12892
feALR
o AYY
tvhél
Leabe
16ty

12ALE

t1e573
10623
10472
14415
pe148
1.175
1et0é
1en’2
12452
1+a0

NURX

3473
age%4
27-2;
2442¢
21°73
2318
1B3eH9

17eC8

1597
1‘4"];
13eb9
12+51
}t'qr
IQ-SR
FeByg
Fe42
9ely
8.8:
Ba795

Bebo

8451
8¢37
803?
Beldpn
8.29
8+2a

FRg/s24

5.706
5,987
S.261
4,736
4,285
3.984
3640
3.387
J.141
2.949
2.717
2.495
2.249
2.085
1928
1827
}e718
1624
1546
Y 47S
te413
14266
1176
1133
tet1 !l
1131

Aa/na

Exb42
1159
l«18¢Q
1220
1222
1.237
1257
1274
10295
1376
1324
16342
1357
1364
1e362
13585
1319
10318
12267
1232
1131
1-385
legé0
1 +045
1+0135

nUBg FRgaz24

b eG42
S7n5.‘8
Snel72
44427
39245
34']54
3724729
2?.954
2?-659
2e+452
211423
200737
1aed7
14049
lq.905
1?.944
12+904
120091
lgi“""
l;‘oebb
1As301
912
q-720
ae52(0
ael%9
noJZO

12114
1ne758
9."07
Re334
7.‘4]5
4e853
be221
5.707
- 5282
ueB869
44433
30975
3.521
3 156
2844
2+650
20“36
24261
2116
1978
10836
1+553
[0429
1036".
1327
10306

Pe-P1

2¢16g=C1
2+529~91
JvGBl-Ol
30596'01
4¢262=01
4¢8n3=91
5-569"0]
be3R =01
7424101
B8+295=01
Fe748=01
1*1R4+0n
1e496+go
1+871+09
2+35)1+gg
2+770+0n
Je415+00
4¢163+010
Se027+00
6+19%9+0n
8+028+00
2¢102+01
4el14+q1
7063401
1e123e02
1¢499+02
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LAMINAR GAS FLO® RETAFFN PARALIEL PLATES

.

SYMMETRIC CONSTANT WALl

PR.Ox «667. OPP.DH/KO.TN=

WEAT FLUX

2., CAMMAR] 467

PROPFRTY EXPONFNTS, VIS=z .75M0.c0Ns o750.cP= .000

4X/DPED

fenC=013
130=-03)
1.75-03
2.,30=01)
3.00=03
3«40=03
4¢50-03
S«8n0=03
60&0-03
BeNO0=013
fenQ=Q?
1+30=02
2075'0?
2.30=02
3000-0?
debh0=02
4+50=02?
SeSp0=Q2
LO*O'O?
8.NC=07
l«00=-01!
2+n00=01
Jeno=0t
4.00=-01
Se00=0"!
ben0=01l

TesT!

1»CO
1-00
t-CO
1.00
1-0‘
101
101
101
101
1,02
{sC2
1.03
104
105
1,06
1.07
jc?
1=11
113
!llb
120
1240
160
180
2,00
2.20

TH/TB

Lenc?
I‘C“r’
10{573
le0R?
rs0o2
1098
lsio8
3 L.
o124
telal
fetdd
1+185
LegsR
l‘]7ﬂ
tetne
1109
[e]9
o190
1187
lala2
1e173
1122
lo!n‘
12084
tef72
lenekl

NUBYX

4,49
10.86
2771?
24,11
ZI_uKS
10,97
18.74
heBH
15:70
l4akl
13.“8
1234
FE=29
10419
973
9.15%
B+99
R.75
“‘60
8."9
R.ul
R.15
R.313
Ren)
R,10
R.29

FRBR/24

5.9&6
€s120
4,467
3,924
1.520
1.289
2:9214

WA/RA

1.629
1032
\fﬁl?
1.041
[sN&6
12050
[.05‘0
J.¢q9
tepbl
1,N47
ten?72
1:078
1.085
1:091
1+098
1100
1+100
1099
1.098
1,094
12078
1snhS
ts048
1en42

NURA FRBA/24

65-;3; “-i'OQB

S7¢439
Spe24n
44,32%
390287
36.188
32.755
29974
27|L7Z
750571
23147
20775
iR‘SJJ
164882
1“009]
13+08)
12+290
11+663
11,091
]Ontca“
S«38n
R.9R )
Be?77r
Bs 452
B.565

90779
Re4R2
7446
heSH9
5-9‘40
“0960
44565
4elg
3.786
3.372
2.964
2-6““
2.372
2217
2:027
| «884
1749
l-éb@
10560
[-353
10277
10235
t.210
10193

pl=-p!

1.823-01
2.095=01
2+45R=n
?.“SO'O‘
3:297=0
3.650-01
q‘- l36-0‘
4s2638=p]
S+153-01
S.768=01
6.;79-Q]
7+714=0]
9.284=p]
1.107+00
1323400
1-501+00
1+762+00
2:047*p00
2:361+00
2.766%007
3.181epp0
6.798°on
1s0%9+01
1.602+0)
2+:199+01
2.898+01




SYMMETRIC CONLSTANT

- 3 -
LAMINAR GAS FLOW BETweEN rAMALLEL PLATES

WALL mHEAT FLUA

FRIUS 200Te WPPUR/KUTUZ LuUelly GAMMAZY onn7
PRUMERTTY BEAFONENTSe VAS= «UUGPCUN= «0OUDPCP= L00LU
YA/UPEU I68/T1 Tw/Z it WUHKX FROE/24 vwA/ZBA NUHA FREA/24 PO=-PI
1e15=u4 3259 5.150 01090 10107 1.860-01
lLe3U=UJ AU« B85 4e.42U 57 «en0b 9.916 1-979-01
LeDU=US eB 97 4,512 H3.90H B.8h1 2.127-01
1e75=u3 27410 4e210 SU«2010 B.224 2.503-01
2eUU=US 2956 J.950 47209 T7.700 2e4ob=-01
2+30=03 c4% .U 3.712 L o341 7.198 2.649=01
2ebU=UJS 22.84 3.4Gc¢ 41.992 678100 2.820-01
JdeUu=ud 2151 3.289 39.298 6.3527 3.037-01
Sedu=U3 ZU .00 3% 157 37642 H.U4L8 5,191-01
. SeoU=US 19.92 3.u3D Soe.el1Y6 5798 JS.340-01
4.U0=U3 19,08 2.6806 S4e5H20 5S.5H14 5.529-01
4.50~ua 18.19 2734 32701 He.212 3.753-01
I SeU0=U3 17.46 2.609 31.206 4.958 3.966-01
DebU=UJ lo.79 24502 2Y9.979 4.739 4,170=-01
DeUU=UJS los2s 2.405 20eBD7  HaHUH H,.367-01
OeU-ULS 15.04 2.3uU% 27682 44348 4,592-01
' Te20~u3 15,13 2.224% 20657 U174 4,809-01
SelUU=UY le 54 2.119 25474  3.974 5,087-01
Y.UU=U3 £3589 2.101% 24220 3.7H1 HDe415-01
l leUUu=u2 13.41 1.931 23170 3582 S5.731=-0}%
leld=-ug 12.78 1.81b 21896 3.258 0.179-01
1.30-ue l2.20 Lel-oL 204779 3.175 b.604=01
lebU=u2 11.70 l.030 19605 2.975 /7.141-01
l 1l.75=ue l11.1o 1eb4d ldeldd37 2776 74774=01
ZOUU-UZ 1().72 le469Y 17.499 2-617 ’*.575"01
2e3U=U2 10eS1 1.3906 loe5Ad8 2.462 Y.001=01
' 2eU=UZ 9.98 1.340 15.844  2.536 J.718-01
SeUU=UZ Y.04 1.279 150359 2198 Le.055+00
dedU=Uc .43 l.242 14598 2113 lello+00
l debu=U2 9.25 1.209 144105 24039 1.175+00
4.0UU=U2 J.07 le172 loenll 1.954 1.251+00n
4edU=UZ 589 1135 13.0Y0 letsnd 13434400
Se.UU=UZ SelS 110 7F l2.608 1.790 1.432+00
' SeHu=U2 deb4 1.U8D 12¢3U7 1727 1.52U0+00
osUU=UZ Be55 1.068 11.997 1.673 l.000+0D
= De0U=UZ B.48 1.051 11681 leul7 1la708+00
7e20=u2 B2 1.039 1l.411 1569 1.808+00
BeUU=UZ d.d0 1le027 114109 1.510 1.940+00
Qevuu=uc B.32 1leul? lu«Ru2 1461 2.103+00
leCU=ul Be2Y levld LU«S02 leb1H6 2.205+0N0
lobU'Ul 6.25 1.003 Ye791 1279 5.069+00
2+UU=Ul Bel4 l.001 G.uU4 1e209 3.870+0n
ZedU=ul .24 1.001 Gel/1 116K 4,671400
de.0U=0U1 de2 leU0L 9015 1el40) He471+0n
Jdeou=uUl Be24 1leu0lL HBeQUE 14120 ne272+00
SeUU=Ul Be24% 1.U01 Bencl lelNH 74072+00
4.50=ul Cell l1.001 B8« 795 14098 7.873+00
S«VuU=ul Be24% le00l Be7084 1.084 H,073+00
SedU=UL B.24 1.001 debhol 1e077 Fe474+00
’ b.sUU=UL 324 leJOA Beh2H 1e0U70 LlLe027+01
i 0«OU=UL Held4 1.u01L B+5Y6 1069 1107401
‘---————-:1’-- ————— — f— jetiw—— *—:;\' ps =
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LAMINAR GAS FLOY BETHEEN PaRaLLEL

..37-

SYMMETRC CONSTANT wALL HFEAT FLuX

eh67

WX/DPED TR/TI Tw, T3

1+00-0)
1*15-03
1+33=03
1+50~-03
7075-03
2+09-03
2¢30=33
2+60-03
1.00~33
3¢33-03
3¢460-03
4+03d=03
4s83=01
5¢00-03
5¢53-013
A+ 030=33
Aebd=03

7+20=33 -

A¢00=03
9+00-03
1*00~-02
ye15-92
io 3802
L.SO-OZ
1975=02
2:00=-02
2¢30=-932
2+60-92
1e¢n0=02
3¢30=-02
3¢460-02
4+00~02
4eS53-32
543Jd~02
§e¢53w32
4¢30-02
4o b3=02
7+20=92
Reg0~02
9¢00~02

GPP,DH/ ¢T3 T9m

PLATES

2,0, GAMMA=]ebs7

PROPERYY EXPONENTS, Vig® ,750,C0N® «754,CP= 4600
NUBX FRg/24 %®,/pgA NUBA FRpa/z24 Po=FP1l
o33 o942 3462 52462 <971 bge1B89 1ge54l 19647=01
1¢39 938 3257 4,898 <949 610075 94818 1e761=01
1¢09 9935 33¢88 4.634 4967 574690 9241 1+879=0]
|«0n 331} 23097 4,267 « 745 S51¢989 Re598 2+.002=01
1e0n 9325 2702 3.955 4963 5~¢284 7,956 2+155=3}
1900 921 2554  3.733 941 47291 7.440 24298=-01)
1+00 916 24¢32 3.455 4988 4ue362 54937 2.456=g}
299  e912 228} 3.252 4956 4,¢95] 44524 2+603-9]
e99  e908 21647 3.057 4953 30e3l4 40074 2¢787=91
099 03032 20062 2.906 951 37658 5794 2.917=3)
«99 +298 ;982 2-766 « 949 34021} 5¢549 3¢539=91
.99 0393 19003 2.634 <947 3ueSYp 50266 30193-Q1
«99  «a83 13y 2.494 2949 354773 4eF66 3037S=D}
«99 eaB3 1733 2.3466 4942 316277 44715 3e547=p)
¢99  «r78 16¢73 2.258 4939 29.989 4.498 3.7g8-g|
99  e874 16017 2.145 4937 220865 44309 3¢842-7)
+99  +ab6? 1557 2.G64 4935 27:689 4}l 4eC6=0}
099  enb4 5404 78B4 2932 2406863 134939 4e292=p1
*98  «en58 447  }.878 929 2a+485 3.7473 Y4e4pi=p1
98 —ea5) 13e8g5 1.775 4926 240230 3¢530 4+653=g}
+98 +a45 ;3¢33  1.687 923 23174  3.353 4+882-9]
098 ealdbh 3269 1.579 4919 27858 3.131 5¢197=g)
97 28 i2.17 ,.Q9“ +945 2;.730 2+95) Se49;1-0y
097 eAal8 jp1eba 1394 4910 19+605 24754 S5e849=3)
¢97  eAT7 J1e08 14300 «935 18¢4386 245587 6e257=g)
96 0797 10eba. 14226 49721 174497  2.4900 6+628=Q1
*95 o787 10e19 14153 +896 14e535 24247 7.036-0}
«95 0277 9e8a  1.091 <891 15e84] 24123 7+4p9=01
e94  ¢765 957 1.027 «886 15035 4987 7+8640=01
093 4757 9423 .989 4883 1us533 14903 8e173=0)
«?3 749 Sein «953 4879 14ed%9 1830 8e445=3)
«92 740 Ba9a «909 4875 1344603 }e744 84822=0)
e%y v729 8.7% «8468 871 11+087 1657 %e23n=0}
e93 719 8¢5 . .8135 «847 1?-656 10583 9+602=901
«89 7397 B4y «807 4863 12292 1520 %¢%42=g}
88 «7033. Bal4y «782 4859 174980  Je466 1e026+00
*87 489 B2 +757 4855 1je680 1410 1+060%00
e84 o478 _ Belgs 735 4852 11387  1e3462 |Q%1%00
sB4 464 ReOn «70% 4847 1yeg?9 10307 1¢128+G0
82 «p47 _Begy 881 o84} 1nelb4 14250 1*16%9+0g
- — b
= 2y - —a
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LAMINAR GAS FLOY BETNEFN PARALIEL PLATES

SYMMETR ¢ éOVSfAVT NALL HEAT FLUX

PR,O0= 4400, GPP,IH/KO,T0s 100,80, GAMMAz],447

PROPERTY EXPONENTS, 1Sz +767.004% «750,cPx .000

4WX/DPED

Len2=03
1¢30=313
[e75=-03
2430-013
3«N0=33
JehAN=03
4.50=03
5.50-31
6.43=03
8+00=03
teng=n2
1¢30=02

1s75=02

20 3)‘02
3ensear
JeAh0=02
4.50=02
S.50-32
bebhn=32
RenNd=n2
teN0w0y

_2:00-01 _
3epo-ol

den0-0!
5¢00=01
6ﬂng-qt

Ta3/T1
tei2
1«13
117
]-23
‘.33
l-J‘}
1+45
155

1.66

- 2+33
2.30
2.75

3.39
.92
4ebN

~5.50
4.50

7.43

930
1102
21+09
3132
“3099
52.99
6’098

TNsTR

3e24éb
3.3194
3.;‘,
Jeh4 b
3.A97
3.700
e ArS
JeG94
3.8n1

303&1

J.173
2907
2844
242218
fe9uy
14759
135,3

led412

14333
o281

teplR

1.6:4

fenda

‘;.?'.q,
feai2
lenn?

NURYL FRR/24 Na/B8 NURS FRBA/24 P3-PI
3747 (44023 20177 69.085 25,168 4,635-0]
31343 11993 227} 51enB0 224298 S5.715=01
29.40 12.313 2.178 S3.]145 19.050 7.184=01
2he3b  9.34N 24459 464740 164562 AR.997=0}
23.48  R.193 2.524 414237 144395 }.126407
21ehh  T43AR 2,555 374AL1L1 134355 1.3234+00
19642 A.779 2.574 33972 114579 1.6]2¢02
17491 A4288 24577 304315 10397 1.9137+00
1h.49 5.77n 2.8463 28.171  9.442 2.3g4+gn
15411 5,445 2.522 25.593 A.53) 24781400
13¢4? 4,989 2,452 22,873 7.625 3.,485+930
[?'23 Jﬂf?‘q 2329 20.006 6.714 “-6!0000
1090 8.229 2.1496 17194 S.839 6.447+09
10490 3,425 14953 156015 S5.139 8.913+00
P37 20811 10753 130272 4,411 14232401
9412 24414 4423 124284 34931 1.545+01
R.2% 2,020 {.482 g;.g?g 3.373 2.049%9+q1
Be74 14734 14373 124575 2.918 2.4462+0]1
B,43 1.547 1,29% 13.047 2.559 3.410+01
2463 o418 (226 9593 2.246 4.493+0]|
A.45 1340 j.1A3 F.185 (4964 4.369+0]
QQJII J'?'“ [-qsb Bed 1 4 [cSQQ 20“74002
A28 lol}’ ten2? 30?0; 1e440 he|F49+p2
}.27W 1+111 |-gli 9.;14 14398 14273%03
9.26 1119 1en12 A.0863 14373 2.3634+93
.28 14297 1309 A.n33 14367 4.29 453
TG TR - -
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bAMLaR gAS5 FLOS RETLEEN PaRALLEy PLATES

SYMMETREC-CONST anT ALl -HEAT -FlLuX

PR,O= ;436, Qpp.DH/tﬁ.T%l 140, GAunAS|ebs7

PROPERTY ExPangnTS, VIgas ,757,c0%= «757,CP=x on0o
4X/0pEQ TB/TI Yu,T8 NUBRX FRn/24 wa/PA »UBA FRPA/24

1463203 1431 1e267 35.24

A B 3% 600351 15«63
1033=03 31 1297 22.7% 7 il

5

A

l &n7
hRRAR 1e15C 01‘29: l3.875
Y7933 1el2 1e337 28a7a 858 J.17. 924377 124135
' 2032-33 122 1376 25.53 G848 14190 97295) Ige74%
Fe23=33  Pe3 jeslé 22¢8e 5582 }.211 Y5086 9,555
1¢n3=933 1004 Jeul4 21e14 G:'39 ]s226 304343 R.5;3
4e55=33 1024 jeul9 7.3y 5.A20 1.245 3405687 7.939
' Be52=03 1ok jenln 3784y 4,247 10242 370639 7.3,;7
40hG=03 [ec? jea38 jeebT  3.942 14278 204226 44753
Rep3=03  (e5B8 jerbdb Selda 3,663 | e294 24857 4e207
' ;‘93'02 fefa 1ea%4 ¥4t2u 1.35%4 (a3} 2ueld73 5.62%
1030232 1e13 pee21 313eGa 3.c48 je33, 270800 Beg21
1e75=32 fel7 JeA3® e85 2,783 [e345 196262 4e415
2033=02 12023 poalin i&oﬁa 2497 14353 17247 3927
30535302 193~ 1 eA23 15elu 2.285 (4352 (Ge5%s 34509
1eb5=02 1936 JeAll 9975 24150 |e346 ju4eS17 13425g
4eBi,=n2 | *4% jenbr Fe3a  2.Guld 33 faclgp 20952
ReSyu=02 1095 jealld  9esa 1,875 16312 126525 24727
hebs2232 [e84k Je4b) 8a8s 773 [e229 ;0833 24532
Rego=02 1982 1e4c®  8e74 1,667 Je2h2 170203 20344
TeB5=01  2%3a (393 Febg  1.54% 1e22% (1539 2.147
2e0C=01 3472 14173 Bely 14335 1elal €¢29C 1e771
2e03=3F BeTH o136 8e3a [.215 14535 aed37  1.535
4egu=31 Sefn 10072 Beda  j.187 Jenbl  Reb37  je438
Be3=G1 6657 1452 Redf  §.125 [.545 ne4bR 14382
horgl=3) TeCg Jes82 83  1eirb 1.2  ael376 14347

pPa=pl

1e715=31
20316}
2+425=7
20387"0]
JeM2%9=04
3+871=21
4e498=n}
Selbq=51
SeBh3-5}y
6721231
7.935-31
S AL FTETY
12212*30
j28,4%9g
1¢897959
2.22P030
2¢735+39
3e317%¢qg
3¢9} +00
4.369003
6e22%+2n
1e5,59+C1
2:253+5}
42717%5)
7e257+5}
1e¢63+*02
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LAMINAR GAS FLOAN BETAEFN PARALIEL PLATFES

SYMMETRIc ~ONSTANMT NALL HEAT FLUX

PR:QQ .*G:; nPé.aH}K:.TC- 150.5; GAMMAS] (ALT7

“PROPFRTY EXPONFNTS., V1Sm .000.cON= «NGO.CPx .00

4X/0PER Ta,T!

tega=o?
le15=33
1'33-03

150-01

!u?S-Uj
2.0§fﬂ3
2.33=03
2¢4n=N3
J.nc-03
3:3p=03
J.a0-02
4¢00=-03
4¢S0=-93
Seng=03
Se53=03

6.00=03

bebh=-03
zi73-03

8ep3-53

90(’(3‘@3
fefin=0n2

1e15=02

?0)0-6?
1+50-02
1e?25=02
2+NQ=02
2+3g=02
2.40-02
3eng=g2

3+30=02

Yebg=p2
Yenn=92

_4e53=02

Seng=02
Ss5g=n2
beN0=N2

=Sshg=iZ

7420=27
.oga'ﬁz
9en0=02
tepg=a1
1450=91
2:0a~5!
2.53-0"
Jegn=ot
de80=0)

.“.Dg‘a;

Ne80=01
S+ng=ot
Se50en1
be00=01
beGn=n|

TH/TH NURY  FQRR/24 ¥A/BA NUBA FRSA/Z4  PQOP!
3429 7.122 69.499 13.872 1.332=c1
1444 4+515 65,099 124957 (.430=-01
32.77  b.1hk bled76 124134 1.521=01
37,75 5.841 57517 114345 1.,h37=0]
28«73 5.373 53+545 (05139 |.771~0,
27408 5e042 50e¢340 94870 1.R95=01
2503“ 4¢7%n 47,202 ?.224 7,037-0[
24016 4.4u4nr 444419 R.A98 2.169-0
2?!72 Q.,18n 91.79:. 3.599 2-333-(‘[
ZieW]  Segud 49ep2n 74737 2.45:1=g]
214012 3.a49 324849 74424 2,544=01
2010 3.A17 3b6e47R 74049 2.7C7=01
L?,!S 3.5“? 34-283 blés° 2.877=p1
1R.34  3.2R9 334179 Ae329 1.03R=p|
17364 J-Iéﬂ 31.794 beHd4b 3-[93-C[
17.73 3.p929 30593  S.3971 3.34)-p1
15.40  2.R399 294331 S§.541 3.51}=01
15.35 2.78n 2Re231 S4317 3.475=01
!5’22 ?cééz 7@-96' S.354 3-88]'0[
1956 2.51}) 2S:42n “4:778 4.129=01
14sal 2,397 24.487 4.545 4,363=01
1332 24282 23.n75 44254 4.697ap)
12.77 —2.140 21.918 44014 8.012-01
12+17 2.012 20« AS5R 3757 5.419=01
11«58 1 .BAR [P402 34497 S.R75-n1
1111l 1792 1R«395 3297 Ae3lb=p1
19aké 1.693 17.415 3.087 4.8146=01
lﬂq}? 1.5'“ l606|4 20921 7291 =01
7293 [.533 1Se747 2.74) 7.893=q1
AW LeRRD 15:20R 24429 R.327=r )

"%ﬂ 30431 l“v?“ﬂ 2053] ﬁv7“7-c|
929 1374 149205 2¢418 9.285=p]
.09 ta373 L3e4Ay9 2.299 9.932=01
393 Je27R 134185 2.199 1.056+0N
R.2a 1240 126792 20113 Lellb+nn
_Re70  Je20R 124455 2039 117540n
FehG—1Fe IR E2230% —1+942 12493409
R.63 1elu? 11814 14895 1e31p+nn
2,45 _!O!" Il-QQZ lt919 l03’70cq
B«39 1enR9 11142 14739 1.503+nn
B.35 1.06% I0«RAES 14672 1.404+00
R.27 1.1822 10eN1Y  1e%pn 2.102e0n
n;)s’*g.¢g7 9.874 4347 2.587e4p9
8.724 1,201 94303 1.279 3.049+07
2,24 teQn1t 9.:30 1¢2%) 3.55n+00
.24 1.0M 9.NN2 1.:99 4.n037e0nNn
3,24 1.901 8.927 1+175 4.,510+20
7.07“_ 1e0n1 R.33>2 l-?gs H.Q?l‘on
R.2% 1.301} Be?”Y 1e¢1Y% Be947)1400
Re?4 1001 Ra.724 1e¢127 S5.951¢0n
8¢24 10Nt 8.ABY 1117 Ae4d2+0n
Re24 1e0n1 AsAU49 1178 Aua912enn
5 = .~ e
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LAMINAR GaS F| C4 BFETNEFN PARAL|EL PLATFS

SYMMETRIC CQNSTANT WALL HEAT FLUX

PRoOs% 4200. GPPsDH/KDaTOx 10040, GAMMAZ] 2667

PROPERTY EXPQONENTS, VIS= .750.c0'= .750.CP= .000

NURA FRRA/24

4X/DPED TR/T! THU/TB NUBX FRB/24

1.00=01 110 3e129 4010 19542 74.157
1+30=03 1e13 3,245 35.80 16.944 65,471
1¢75=03 117 3.4iC 31,45 13.819 Sh.R78R
2¢30=03 1+23 3.504 27.91 11e7809 49,944
3JeN0=03 1430 3.54A2 24.76 9.497 43.987
3¢60~03 1234 3.548 22.80 R.716 404273
4¢50=03 185 3540 20.59 7.924 364115
5¢50=03 1+55 3.475 18.78 7.377 32.700
6040"03 1266 34394 7.74 4.hAA 294R54
BeNO=03 1«80 3a245 (6579 46.5n3 27.069
1eNC=02 2.00 3ePRS 14426 bhoOucs 244139
1¢30-02 2.3C 2832 1272 5.714 21071
147502 2.75 2.504 11.33 5.18] 1Repb1
2¢30=02 330 24192 10a3% “.Scb 15¢736
3:00-02 400 1+905 9.77 3.7n5 13s084
3¢40=02 460 14728 9.9C 3.14l 12.841
Ye50~02 S¢S0 1547 9,27 2.410 11794
$¢50=02 657 1416 9.n8 2.2n3 tlenls
6eh0=02 TehD 14322 Be92 1.9165 10473
8.00=02 9.00 1+244 8«76 1 +b4R7 2.975
1eN0=0) 1190 141768 A k] 14524 9.5056
2«N0=01 21.00 1«nG8 Belé 1e2hA B«SH]|
3en0=01! 3100 1en3n A.31 1.15A4 84308
4¢00=01 4099 1¢018 BRe28 tol16 B.1864
Sen0«0] S0+99 1012 Re25 1.097 LERRY
‘Qﬁo-ol ‘0098 10069 8,28 1000‘0 8.072

..... —

344261
302706
25.942
22.394
19104
17132
18914
13222

7|l-831

in+60%
9405
8.27%
7274
belhpn
QObss
5048
44360
784
3279
2834
24418
1764
1+548
;0““7
1397
[.368

« 258
*310
« 341
440
«e548R
ALY
o716
«817
-q?o
1.035
l1e212
I-QMS
1¢77)
2.128
251D
2'77q
30037
Je3S}
3«S570
Je78}
4003
54248
64178
7367
9.284

12607




s o L

B

— s — e

- 42 -

LAMINAR GAS FLON BETWEEN PARALLEL PLATES

SYMMETR]IC CONSTANT WALL HEAT FLUX

PR,0= 4200+ QPP oeH/KD«TO® S0.0¢ GAMMAR] 6667

PROPERTY EXPONENTS, VISa ,756,CON= «750,CP= .00C

4X/DPEQ TB/TI Tw, T8

1¢00=03 1+05 24152
2¢00=03 110 20437
3«60=013 lelB8 2.4134
6e0=-03 1«30 2+7}15
1°00=02 1+5Q 29652
2°00-02 2+00 2+301
3:60=02 2+8Q 1e844
6¢00=02 Ye0QG 10482
1¢00=01 6+00 248
3¢50~-01 1850 feqlé

—LAMINAR GAS FLOW BETWEEN

SYMMETRIC CONSTANT wALL

NuBX

39484
2945

22087
1842

1489
t1e92
9772
917
_Be72
8e¢35

FRR/2Y4 W,a/BaA

174196 1.590
120322 1.753

8.984 |.884
70002 1969

5674 199,
40505 1867
30396 1.622
2+384% 1.388
1741 1212
|.245 1+034

NUBA FRBA/24

744627
$3.8)3;
Ho.aaq
32182
250283
18194
130960
11546
10050

BeY1y

HEAT FLUX

29429
21622
164240
12438
904727
6¢7g5
SeQ72
JeB1
20734
10695

PARALLEL PLATES

PReO= ¢200+s QPP eDH/KOTO® 25,04 GAMMA=] 4647

PROPERTY EXPONENTSs VISs ,750:CON® ¢750.(P= +000

4x/DpED TB/T! TH/TB

1200-03 1+03 je602
2¢00=03 105 784
3¢60=03 1009 1945
6s00=03 115 200962
L*0a=02 1e25 20321
2¢00-02 [*50 2044
3¢6Q0-02 190 Le8}2
6eQ=02 250 [¢543
1¢00=01 3¢5Q 1314
3¢80~01 9+75 o056

NUB X

398p
2929
22¢75
18e4y
1509
1172
10+00

927

8.89

8¢37

FRB/2Y Wa/BA

14757 14305
10787 1.401
8,389 1.493
6.570 }«568
Se240 0623
4017 1627
3:213 16532
2.50~ }+388
14908 14244
1218 j.050

NUBA FRBA/24

75001
S4e |44
416212
3259
25¢843
18977
14787
120234
10+565
8612

254273
§8¢782
14456
11497
8e¢9.4
44359
40814
o759
2847
1e6M4¢

»188
«301
s 444
05627
0981
1¢437
2076
20749
Je452
Te1n?

«142
«223
0326
+ 456
04137
legQ8
1488
20052
2799
4848

Inlet pressure was relatively low on these two calculations, leading to Mach

number greater than 0.2 for

= 3 0.3
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LAMINAR GAS- FLOW BETHEEN PaARALLEL PLATES

SYMMETRC CONSTANT saLL HEAT FLuUX

PRyD® ¢200, GPP«DH/¢B.Tos 10,3, GAMMA=] 647

PROPERTY EXPONFNTS, VIGs ,750,C0N= «75n,CP= on0C

4x/C0pPED

l000°03
1+30=03
1+75-03
2+33=013
Ye00=33
3060'03
4e¢50=03
5¢5Q0=93
Asb0=03
2+90=-33
1+00=92
++33=02
|o75-02
2¢30=32
3e0=02
3e63=g2

“4e5Q0=0g2

SeS53=02
AsbQ=n2
ARepld=g2
t*03=g1
2¢93C=g!
3+ 090-01
4203=01
S:Q3=Q!
AeQQd=gl1l

T8/71

tet
101
1«22
leC2
1933
1«24
135S
e 36
13?7
1«08
Ieio
b33
tetl?
123
1+33
1036
} + 4S5
1*58
1eb66

_Je8g

2+gn
309
430
S+3n
be3y
7oQg

Ka/nA

nUBA FRgas24

TW,TB NURX FRR/24

te246 39.8q 12,323 1.124% 7c.346
1s274 354} 10,974 141239 6,059
te3l3 31+32 9.657 l-iSe 520935
Je152 274499  B.4633 14177 5,.229
yo183 29.537 7.52% 1.197 4c.135
1eul5 22464 7.089 1.211 47479
Fedu4? 20065 6,368 1.229 37.44
1eul? ;ao?g 5.895 14246 duel78
teR37 176 S.403 1.261 370477
1e834 (6e37 4,983 14277 2a.88g
JeR02 1504 44519 1.294 240165
10689 3347a  4.055 14333 21s34g
19438 295 3,802 4329 24.56)
beAall 11039 3.24% 1337 1ae355
10897 ;3e5%a  2.937 1337 14a-4%8
10676 33043 24753 14332 50369
1e838 Febo  2.546 }.319 luei48
10499 9044 2.371 14330 112619
foud7  Fe2y7 2.223 14279 12434
103795 9004 24377 14254 134742
14333 Be¥r  }.925 1.222 1,066
10472 8065 1a514 14128 94608
o124 Be%a 1.317 1.38% o0eg7})
1eaZl  BeYa 14225 14059 ae787
10252 8eda 14172 .45 Reb]12
1oa%3 8431 141490 14035 ae49)3

.

21958
19518
17.107
154152
!]0“65
12+418
110243
[30276
P.464
Reab76
7835
_beF44
be(356
5¢340
4727
49348
1«930
. 359
3310
3«04
20757
2098
je782
10615
|0515
1450

Po=pP1

f02486=031
1e495=0]
1+813=p)
2,171=01
2:596=0}
2¢940=-91
de433=01
3¢954-0]
4¢503=01
5¢181=01
belli=01l
7+456=p1
9-4]5-91
1+176+00
lo“7“og°
12729+019
2¢118+9n
2+569%*00
Je040+00
3¢721+00
4716400
1¢085+01
1+9n3+01
2+983+91
438441
60]68031
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LArINAR gAS

SYMmETRPC ConSTanT

FLOw

GETAEFN

PRyn= ¢2GG,y GPP DR/ ¢GsTR=

Ly -

PaRaLLEr PLaT

&t

wALL-HEAT FlX

GAuMARE L.

ES

b&7

PRAPERTY ExPONENTS, vica ,750,cC0n= = S ey

sX/cePel

E.CU-OJ
lolu‘CJ
fe?S=03
2¢20=03
Yegu=03
3.62-03
5e8u=g3
S+8L=03
AedbT=03
Regi=33
peno=02
1e3c-32

|l7§-02
2+2L"0l

yepG=02 -

3eby=02
deSC=02
SeSL=02
AekC=52
8eau=g2
tegi=gl

2060791

1ec-=Ct

4ecC=31

SefE=]1

_AeCl=31

YB/T]

i.Cco
1.8¢
| Rt
| R
fe2}
121
fe21
12}
=
102
1el2

Lecd

Fel3
11cS
P*Cé
hrz?
EeC?
bl
1*13
~lela
te23

i‘ei
_LleBp
r SRyt
222

38

TH,TE NUBXK  FRAR/24 £A/AR

nmUBA FRAA/Z24
P.nd% 45 55 13 421 1,025 28,594 lg.912
19156 3557 9,147 [.028 640832 17.585
fesbt 3pefa RB.0465 jar32 SRei85 54259
10272 2745~ 7.060 1a036 51228 134397
tenBf 24.4a £,285 [.5%) Ycedlg .82
| en87 22.6- $.777 l1er44 4,669 |ro8237
ten¥4 25857 8,214 J.n4B 374633 ©.76R
lv;i“_tﬁo?, ﬂ’73“J1.:52,300365 ReRER
Fepil 17+57 4.389 [.056 310663 R.1S6
Lepl9 16022 4.7 33 JelAC 204067 7,456
1e12% 149¢%4 3,685 [enkS 2&¢356 4715
ghaty 3eb.  3.23Y Jegds ZaeD¥L G.94
gt|53.;2'3; .2,86‘ jana?8 2re762 Sel74
peyp 64 ;l'3$~~2o55? |scBY JoebQpn  4e5bH4
19472 155 2.3nF peg8Y Jae7ET 4eghS
40376 jcoedu. 2,183 1.9l 169658 3.726
Fet7% 9eSg - [ .9B1 jeCOY4 F4e455 3.373
10182 9022 1.849 14595 13e5¢% 3.8
FEprl—Fert— 3o R 09T (9 e20% —5x85]
10174 BeRo 1,647 14093 120058 24629
Teybh —Belu - §.55% fag9) fred7g 2397
10332 BeSu  1.37p 1ez76 9992 40862
et BaMa  [.2R3 jeTE4  @e369 jeb4H
1e~B8  EBe42 1.230 14585 9ec87 14523
Foeafi 8633 o193 1e87 meFlp jedis
10262 8437 1,165 1ezul  Ae787 14353

e

-

Prepi

999552
xc |5“-Ll
ps3s8=ny
leSAC=021
1 «835=4}
2+0,32=01
2vIfl =0}
ZOSQH-LI
2+883-c)
3+23g=Cl
3.6“8'&[
“'321'c1
Se191=C1
be127=01
735131
8+310°01
9-695'51
_1*118%p
10278+¢g
1°479%*p
14765%¢0
3¢272*%c0
QOQTZ*QQ
6.913+0¢
Fej26*co
lelb3*+])




_ LAMINAR

PR)y1=

SYAMETRIC CONSTNT

©2)0,

=

GAS FLOY RETHEEN PaRALLE, PLATES

APP,DH/ k) TO= 123,13,

YALL HEAT FLiX

QA“IA= | e b b7

_PRQPERTY EXPQUENTS, Vlg= ,nJ1,c04= ¢37-,CPa 4393

4yx/0pED A/ Tl TW/T3 yuBX

l-]]-])
tei5=33
L+3=23
1¢53=a3
7-75-03
2+33~23
2+3)=933
2e53=33
3¢37=93
Y3 3=03
Yeb6)=023
5¢33=33

__$+59=03

Se33=33

. 5¢33=933

C AeF=3)
he5]=23

Fe23=-33

_8+90-g3
~%s33-a3
100J=92
“per5=-92
1¢31)=02

125302

1975=92
2+33=032
2¢33=32
2e40=732
301=32
3.33~02
_3+403=12
4930=32
_4e50=92
" 5e393=32
5¢5)=932

4839=92

heb)=n2
Fe2i=02
AeQ3=92
e 3u=n2
L2 90=Q}
‘1e5)=31
2209=0}
25 )=t
3:09=9}
“3+59=31

NUO)J-Qy

4+3%=al

. L [ I
-~ 8e53=01

o 5-. .)AJ--J i
Ae5i=71

4)",‘7
37-5)
15.54
13e1
3129
2922
)7-5-:)
26437
24940
)3.“?
22465
21465
23457
iQo55
:'8.9;
13425
1754
16e%¢
15024

[5-5;—

!"0093
(4ol
1354

12090

{2¢25
tieZn
11924
1Geds
I\Q*Q
fael?
9.9¢
375
¢4
.22
Yol

a3

Re9n
505;
8¢7%
Reb2
805%
'8-4&
Heldo
Ra2a
Ae2a
a2z
Avla
Re2a
Re2y
Ae2a
a424

3e24

FRA/24 YA/RA

“UBA FRAA/24

19,289 75.657
F.29% 7-¢8523
9,847 hyeR?7
8.‘5? 6,'5"3
7.565 5a¢239
7.[ﬁ3 5%1723
be63? 5129
A.213 424445
5.915% 454373
- 5,AR3 41429
5.353 41473
4,748 37.6°%95
4.535 35.937
q:3qq J4ed2y
,211 33e 104
4.032 31722
3.8131) 3-«515
3.415 204125
3.451 274454
3«23 2404913
2-%76 210593
2.7 27e214
2.5135 2~¢8139
2.335 19733
2247 1aebdb7
2.142 17773
2.01°9 160824
1745 tAhe232
1.879 1a+713
1,795 leel22
|n7~‘9 |u.51§
fo641 ldesjg2
1534 11567
1.533 13193
1.471 12¢809
o412 12479
1.377 1241237
ie322 11725
1,278 11+491
el l~e432
1e79 0e?15
f+339 2.592
l-}Zl 1.37[
Alo?'l cs 212
1e2)h 239
t, B8’ as997
1¢212 ne?2)
Fena2 14280
‘o""‘ 00‘507
1.2l T 764

e s 3 P e

192.447
13,113
17.042
15,933
176771
134341
12'42q
124179
11+ 343
10855
1Je4n1
Fe332
9.333

3,359

8,441
Beft3
y 44 750
7e433
762357
51657
5631364
51924

5.583 °

5«21 1
“0840
4,542
q. 253

4.015 -

Je754
3.595
Je454
3.293
o121
2.975
24352
2.744
244631
2533
244210
2301
202"”)
taedAl
leb670
1544
LatAl
14395
le 343
f+3!9
T i
14254
1233
14215

| £
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La-lNAR GAS FLOYw oETweEd FARALLEL PLATES
Srhme TRIC CunaTanT wahal bl rFE ol FLUA
FIPUS o2UD? UPPeUr/\UesTULS =eZ?t GAMNMA=1en67
FrROFPCKITY BEAFOHENTSe 1S2 7230 2CUN= o 750eCP= 00D
GAZUPEY IB/Z1L TasT3 v X FOB/Z2% wA/ZbA JUTA FRHA/ZDY PN=01
lebU=US leuu e 9D BUU% Yea0/ YU THelYy 19.38uY 4 ,215=00
1e3UUS LoV 998 35,085 Hellld o997 0787 17.029 1.059-01
L+ 79=U4% L+0U +994 31,07 75606 997 58195 (6. 798 1,231-N
ZedU=ud l.00 «2Y93 27,60 neth2 [ UYL Dle240) 2:875 1.U4l4y~-N1
QelUU=US lLeUU 492 2w 50 Selml e 990 4H5¢3%H]1 1165706 lenla=-
JebU=US 1elU 99l 22,00 5He30Y 990 41720 10+350 1l.770-0"
$eSU™U3 10U o990 20,01 GeT77 995 37R89 9,281 1.989=0"
Sedu=US l.uU 989 lo.Y1 4350 Y90 Ooweld Heb?1l Zo20114=N
beou=ud l1l.UU e 48Y 17,5 3.96D 99U 314729 T.l06 2.417-01
Belui=ud 1.0V e 400 lt).dn 3992 HYULG Ye152 TeU?l 2eboo=N"
lebu=ue l.vu 287 14,94 Je22d sHYY loelildh bel238 24952=-M
lelu=Uc¢ LeUU 2989 L3957 2871 Y98 23.611 HSebd S.4i10=01
107:)-[)‘ 1.UU o 104 lﬁ.d‘# 9-5()4 o‘f‘?d cl)ersnN Lernik J.uh&"”‘.
2e3u=Uc 1.0V sUB2 11,23 2229 <491 1BeH07 B.,219 4 ,557=01
devu=us 9Y etal 1y, 41 19839 990 1oe834 3728 H,227=01
deU~UL 9y . 1031y 3 .95 lecly4 sYOU 1972% e84 H,764a=N1
“4eDy=uce 9 «STY  Gohe LaGT8 «YbY 18.521 I bJa8SY=M
SebHu=ud «9Y  wyls T 9vE2 1950 eBY 158573 2.é24 7.18u=01
DeU=UL oYY 77 0,80 leud «HBY lelU 2o /91y =01
Beuu=UZ « 90 ey ilo 0,08 1343 +988 12+111 el T i=00
leUU=uUiL Yo e il 8.9 1.242 298 1i.813 2el?76 Y.,8387=N1
celUu=ul YO PR AN 5.27 leu2d U/ “ewlN lenith 1.,4u4n+N"
SeUu=u]L . TS B ek 9n I8! Y4l 0 1le423 1.8461+40
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LAMINAR GAS FLQWN BETWEEN PARALLE| PLATES

SYMMETR1C CONSTANT wALL HEAT FLUX

PRyo= 4200, 9PP,pH/cJ.Tns=

-2.','

GAMMAS ] 4647

PROPERTY EXPONENTS, Vism +750,c0N® +757,CPa 400G

4X/0PED TR/TI TH,TB

1+00-03
10]5-03
1¢30~03
1¢50=02
1+75=03
?2+00=03
2+30~03
2¢43-03
3+00=03
3¢30=-013
1+63-03
4enQ=0d
4¢503-93
5,0J=-013
S5¢53-013
A*Q0=03
Aeb3=Q3

720~03

Re00=33
9¢00=03
1*00=02
lolsooz
1+30=-92
1+50~02
1+75=92
2+00-Q2
2+30=02
2+460=02
3¢00-02
1¢30=02
3+460=-02
4enNQ=Q2
,-50-02
§+00=02
S¢50-02
AenN0=02
Ao bQO=-n2
7¢2Q9=02
Aen0=g2
0.00-02

139
190
1«00
1.09
l«0a
l«Q09
te0a
«99
+ 99
«99
+99
«99
99
99
99
99
«99
«99
«98
98

«98

98
« 97
97
e 95
94
« 95
95
«?y
093
093
092
« 7y
99
+89
+813
«87
«8s
ten
.82

e9573
0947
e 944
940
«935
el
«027
©923
s318
914
*312
*2Cé
«331
0597
*A?2
«n88
+p813
en’79
sa73
eabd?
eab}
+n53
«Q45
eRléb
*ea25
*/16
«a05
w794
«78%
0776
« 768
+758
747
0236
«725
*715
+723
059|
o475
* 455

NUBX

HU'II
3746,
35'5?
33035
31et2
29«3,
27.54
2600
2“-5;
2305I
22062
216>
20457
19+64
!8097
18+24
17055
lb.q_"_‘
16¢25
155>
1475
14e¢18
1352
12+8¢<
12024
i[-67
11els
10°7%
xg.Jz
10°08

985

9¢54

937

90[;

8.97

Be79

Beby

8e¢5n

8434

8e27

FRa/24

9.455
B.824
Be226
7.642
7.081
b.66468
6213
5.796
5.412
S5.164
4.879
4.584
4.314
4,142
3.953
3.698
3,541
3.385
3,177
3.002
2.832
2.637
2.467
2.292
2-120
1.972
1.828
1716
;;5#7
1.529
1454

1,360

1276
|‘0206
1,139
1.078
1+017
<956
.879
792

LIVEY

I975
l973
972
970
«948
966
.963
« 941
+ 959
«957
« 955
l953
«95}
« 949
v 746
« 944
09“2
« 94
«937
« 934
<931
«927
092“
o9|9
.9'9
.9!0
«905
«9n1
+885
«892
+8R8
085“
+879
+875
+B71
« 847
« 842
«858
«852
08‘45

NUBA FRgas24

7ae714
7hne%12
64¢956
67.627
Sae290
S4e788
5;-352
QQUSZA
4e 435
41449
4;.793
3?0532
37.754
IR 999
35487
320167
374785
3ae579
29. 189
274719
240476
24929
210660
254278
2n«%00
l1ee¢794
le-?lﬂ
17838
14884
]AcZBQ
150773
1ce182
lue543
l;.cqb
135406
l1t227
17835
|;.H97
12e114
11+715

18.807
17554
14507
15.364
14215
13299
12u407
11669
1n+855
ln-JSS
9:912
9393
R.eqa
gela4
7+999
7652
7.286
he974
e b5
he221
5«.895
6.490
S5e156
4¢793
4e432
HelH43
3.85°9
30628
3376
3«220
3«Q85
24928
2¢762
26622
2503
7.398
24299
20]95
2.085
f.958

Po=P!

8+4629=02
9¢229-02
?«779=0Q2
leC45=01
1¢123=01
1+195=0}
1¢275=01
10348'0]
1e438=-01}
1¢502=01
1eS562=01
1eb6348=9
1e729=01
le799=01
]|875-Dl
1+945=01
2¢021~01
2+096=01
2+185=g1
2+290=01
2¢385=01
2¢514=0)
2+630-01
2*747=0]
2+916=0)
3e045=91
3e177=01
3«°91=01
Je416=9y
3.“97-Q|
3e548=0}
Jebyy=n)
3e711=01
3e740=01
3e792=01
JeB80n7=01
Je8p4=g])
3¢784=91
30727‘0.
3Jeb 5=
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