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IT waAs shown in a previous study that at elevated tem-
peratures the absorption of a radiating gas is significantly
affected by overlapping “hot bands™ [ 1]. The final theoretical
relations are, however, complex which complicates the
calculations. Furthermore, the extension of the results to
other problems and considerations; e.g. non-isothermal
transport, is also made correspondingly difficult. In the
present note a simplified model is proposed and tested.

The complexity of the basic relations is a direct consequence
of the inclusion of the hot bands into the analysis. To avoid
this difficulty Edwards [2] considered a single equivalent
band and used an average or equivalent value for the line
width, b,, or the broadening parameter, f, = 2nb /d,
where d is the line spacing. The relation for f, was deter-
mined from the nonoverlapped strong line condition which
corresponds to the maximum influence of the line broadening
parameter. This procedure may also be used in conjunction
with our previous studies.

From equation (A.5) of [1] we have that the total band
absorptance, corresponding to the above condition, is given
by
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where § is a characteristic line intensity, X is the pressure
pathlength, F is a characteristic band width, the subscripts
P and R refer to the P and R branches, and the optical depth
u,= 8, X/d In terms of an equivalent band we have
(cf. equation (B.4) of [3])
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Equating equations (1) and (2) yields
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which agrees with the result obtained by Edwards [2]. Now,
from [3] we have that
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and from [2] or [4]
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where B? is the square of the electric dipole matrix element,
Q.;, is the vibrational partition function and N, is the total
number density. Combining the above relations and using
the result that B? varies like (v + 1) [2, 4] yields
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Now, using the Euler-Maclaurin summation formula and
the identities [5]
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we obtain
BATYB(T) = [1 + (hev/kT)™ ¥ 2¥TI(3,
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where I'(a. b) is the incomplete Gamma function [6].
The total band absorptance may now be directly calculated,

using, for example. the expressions given in Appendix B of
[3] with B, determined from equation (7). A comparison of

monoxide the two values for §,(T) differ by less than 2 per
cent over the temperature range from 300°K to 1800°K.
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Table 1. Comparison of theoretical and experimental results for the total band absorptance for the 4Ty band of carbon monoxide

Two band

Temperature Effective Pressure Experimental Present Correlation
(°K) pressure pathlength data (Tien results results result [2, 8-10]
P, (atm) PX (atm-cm)  and Giedt [7], (cm™") [1](em™h {em™h
Abu-Romia and
Tien [8])(cm™ ")
900 1-02 10 277 3521 30 369
2:04 20 576 7112 60-3 66-5
306 30 905 103-19 102:4 89-5
0-51 25 380 40-44 397 411
1-02 50 820 80-18 823 862
2:04 10 1343 141-54 1245 1494
306 150 1910 18825 168 196-0
0-255 25 263 267 294 250
0-51 50 550 56-47 69-7 59:5
102 10-0 1062 111-55 114 1185
204 200 1762 17849 160-5 1913
306 300 234 230-08 2102 240-0
0255 50 378 40-44 397 375
0511 10-:0 66-0 7878 675 900
1-02 200 1340 142:23 1245 1530
2:04 400 2260 22311 2023 2270
306 60-0 2730 278-88 2580 2855
1800 1-02 100 129 117-33 977 107
153 150 172 1686 1455 160
2:04 200 195 20805 1923 208
255 250 247 242-56 2385 246
3-06 300 278 270-16 2780 277
1-02 200 159 157-76 139-8 154
1-53 30-0 221 21692 202 224
2:04 400 268 262-28 264 278
255 50-0 317 299-74 316 311
3-06 600 347 33524 3685 340

the present results with the experimental data of Tien and
Giedt [7] and Abu-Romia and Tien [8] for carbon monoxide
is shown in Table 1 along with the correlation results [2.8-10].
The agreement is seen to be very good. For completeness
we emphasize that the value of § (T) was obtained a priori
as given by equation (7). Another value of #,(T) may be
obtained empirically from the experimental data. For carbon

3. T. C. Hsiex and R. Grerr, Theoretical determination of
the absorption coefficient and the total band absorp-
tance. including a specific application to carbon mon-
oxide, Int. J. Heat Mass Transfer 18, 1477-1487 (1972).

4. S. S. PENNER, Quantitative Molecular Spectroscopy and
Gas Emissivities. Addison-Wesley, Reading, Mass.
(1959).

5. B. L. Crawrorp and H. L. DiNSMORE, Vibrational



SHORTER COMMUNICATIONS

intensities. 1. Theory of diatomic infra-red bands,
J. Chem. Phys. 18, 983-987 (1950).

6. M. AsraMowrrz and 1. A. STEGUN, Handbook of
Mathematical Functions. U.S. Department of Com-
merce, N.B.S., A.M.S. 55 (1964).

7. C.L.TeNnand W. H. GiepT, Experimental determination
of infrared absorption of high temperature gases,
Advances in Thermophysical Properties at Extreme
Pressures and Temperatures, edited by S. GRATCH, pp.
167-173. Am. Soc. Mech. Engrs., New York (1965).

Pergamon Press 1973.

Int. J. Heat Mass Transfer. Vol. 16, pp. 1807-1811.

1807

8. M. M. Asu-Romia and C. L. TieN, Measurements and
correlations of infrared radiation of carbon monoxide
at elevated temperatures, J. Quant. Spectrosc. Radiat.
Transfer 6, 143-167 (1966).

9. C. L. TieN and J. E. LowDER, A correlation for total
band absorptance of radiating gases, Int. J. Heat Mass
Transfer 9, 698-701 (1966).

10. D. K. EDWARDs and W. A. MeENAarD, Comparison of
models for correlation of band absorption, Appl.
Optics 3, 621-625 (1964).

Printed in Great Britain

SHAPE OF POROUS COOLED REGION FOR SURFACE HEAT FLUX AND
TEMPERATURE BOTH SPECIFIED

ROBERT SIEGEL
Analytical Fluid Mechanics Section, Lewis Research Center, Cleveland, Ohio 44135, US.A.

(Received 23 January 1973)

NOMENCLATURE*

C, specific heat at constant pressure;

G, mass flow rate of coolant per unit length normal to
x,y plane;

. effective thermal conductivity of porous region;
8 position along boundary S;
M forincompressibleflow
Lpt,
2u, t ’

for compressible flow M = p/p_;

P,  for incompressible flow P = p/p_; for compressible
flow P = (p/p,.)*:

p.  pressure;

Q,oap» heat conducted into surface S per unit length
normalto x, y plane;

T,  temperatureratiot/t_;

t, absolute temperature ;

u, velocity vector;

X, Y, dimensionless coordinates x/h,, y/h,, where h, is
defined in equation (8);

o,  surfaceabsorptivity for incident radiation:

Kk,  permeability of porous material;

A,  parameterp Cxp  /2u k. :

., fluid viscosity;

¥, dimensionless gradient in X, Y plane, ¥8/0X ) +
e/ey).

* Other symbols are defined in text.

Subscripts
i, insulated and impervious surface;
r, reference condition;

S, on surface where coolant exits from porous medium;
0, on surface where coolant enters porous medium.

INTRODUCTION

AN EFFECTIVE cooling technique can be obtained by utilizing
porous materials so that coolant can be forced out through
the surface that is subjected to a heat load. For a given
pumping pressure the amount of coolant passing through
a location on the cooled surface will depend on the flow
resistance along the path through the porous region to that
location. The shape of the porous region will regulate the
flow resistance and hence the local cooling capability along
the surface. If a heat flux distribution is imposed along the
surface and it is also desired to maintain the surface at a
uniform design temperature, it is required to know what
shape the porous region should have to meet these condi-
tions.

In {1] a heat transfer analysis was devised for a three-
dimensional porous cooled region of specified shape. The
analysis obtained the region temperature distribution in
terms of a potential function found by solving Laplace’s
equation in the geometry of the porous region subject
to simple boundary conditions. Since steady-state heat



