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Abstract- Various correlations for the total absorptance of a wide band are presented. These are 
employed in two physically realistic problems (radiative transfer in gases with internal heat source and 
heat transfer in laminar flow of absorbing-emitting gases between parallel plates) to study their influence 

on final radiative transfer results. 

NOMENCLATURE 

band absorptance [cm- ‘I; 

band absorptance of a wide band [cm-‘]; 
band absorptance of a narrow band 
[cm-l]; 
band width parameter [cm-‘]; 
correlation parameter [atm-’ -cm-‘]: 

Planck’s function [(W cr~-~)/cn-‘]; 
Planck’s function evaluated at wave 
number 01~ : 
exponential integral of order n; 
gas property for the large path length limit; 
distance between plates; 
radiation-conduction interaction 
parameter for the large path length limit; 
optically thin radiation-conduction 
interaction parameter: 
pressure [atm]: 
total radiation heat flux [W/cm2]; 

spectral radiation heat flux 
[(Wcm~2),‘cm~‘]; 
wall heat flux [W;cm2]; 

heat source or sink [W/cm3]; 
integrated intensity of a wide band 
[atm-’ cm-‘]; 

intensity of the jth spectral line; 
line structure parameter = 812 = ~[“;~/d; 

equilibrium temperature [K]; 
wall temperature [K] : 
bulk temperature [K]; 

dimensionless coordinate = SX/A,; 

dimensionless path length = SPL/A,: 
pressure path length = pr; 
transverse coordinate [cm]; 

line structure parameter = 2t = 2xy&l; 
line half-width [cm-‘]; 
dimensionless temperature defined in 
equation (IS); 
dimensionless bulk temperature; 
equilibrium spectral absorption 
coefficient [cm ‘I: 
thermal conductivity [(W cm-‘)/K]; 
dimensionless coordinate = y/L = u/uo; 

dimensionless function defined in 

equation (17); 
wave number [cm-‘]; 
wave number at the band center [cm-‘]. 

1. INTRODUCTION 

THE TOTAL absorption of a band of overlapping lines 
strongly depends upon the line intensity, the line half- 

width, and the spacing between the lines. In a particular 
band, the absorption coefficient varies very rapidly 

with the frequency and, therefore, it becomes a very 
difficult and time-consuming task to evaluate the total 
band absorptance by numerical integration over the 

actual band contour. Consequently, several approxi- 
mate band models (narrow as well as wide) have been 
proposed [l-14] which represent absorption from an 
actual band with reasonable accuracy. Several con- 

tinuous correlations for the total band absorptance are 
available in the literature [ 1 l-151. These are employed 
here in two physically realistic radiative transfer 
analyses to study their effects on the final results of 
actual radiative transfer process. The first problem 
considered is the problem of radiative energy transfer 
between a gas volume and the surrounding walls. The 
physical concept of this problem can be applied to the 
radiative transfer analyses of plane-parallel atmosphere 
with non-uniform heating. The second problem con- 
sidered is that of a laminar flow of an absorbing- 
emitting gas between parallel surfaces. Attention is 
directed, in particular, to carbon monoxide and carbon 
dioxide gases. Various correlations for the total band 

absorptance are presented in Section 2, and these are 
employed in radiative transfer analyses in Section 3. 

2. BAND ABSORPTANCE AND CORRELATIONS 

The absorption within a narrow spectral interval of 
a vibration rotation band can quite accurately be 
represented by the so-called “narrow band models”. 
For a homogeneous path, the total absorptance of a 
narrow band is given by 

AN = 
s 

[ 1 -expk,Al dw (1) 
Am 
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where li,, is the volumetric absorption coclticient. (‘1 ih 
the wave number. and .Y = 11,’ is the pressure path 
length. The limits of integration in equation (I I arc 
over thd narrow band pass considered. The total band 

absorptance of the so-called “~idt: band models” ix 

given b> 

A = .i‘; P -exp(-f,_,,S)]tll(,,-(‘,,,) (2) 

where the limits of integration are over the entire band 
pass and (I)~) is the wave number at the center of the 
wide band. In actual radiative transfer analyses. the 

quantity of frequent interest is the derivative of equa- 

tions (I ) and (2). 
Four commonly used narrow band models are 

Elsasser, Statistical. Random Elsasser. and Quasi- 

Random. The application of a model to a particular 
case depends upon the nature of the absorbing- 
emitting molecule. Complete discussions on narrow 
band models, and expressions for transmittance and 

integrated absorptance are available in the literature 

[l--6, 13, 141. Detailed discussions on the wide band 
models are given in [7- 151. The relations for total 

band absorptance of a wide band are obtained from 
the absorptance formulations of narrow band models 
by employing the relation for the variation of line 
intensity as [ 10. 13 151 

Sj:‘t/ = (S;,4”)exp j[-_hO1(,~-(!)OI]!A~~I (3) 

where Sj is the intensity of the jth spectral line, tl is 
the line spacing, S is the integrated intensity of a wide 

band, A0 is the band width parameter, and ho = 2 for 
a symmetrical band and ho = 1 for bands with upper 
and lower wave number heads at (oo. The total 

absorptance of an exponential wide band, in turn, may 
be expressed by 

[AN(ll,ll)]d(fr)-(tr)0) (4) 

where II = SX,‘Ao is the nondimensional path length. 
b = 27rp,.jd is the line structure parameter. ?I> is the 
Lorentz line half-width, and &(u, 8) represents the 
mean absorptance of a narrow band. 

By employing the Elsasser narrow band absorptance 
relation and equation (3). the expression for the 
exponential wide band absorptance is obtained as 
[13.14] 

A(u,{j)= :,+(1/n) [In$+E,($)]dl (5) 

where i = ~lsinhfi/(cosh/I-cos z).;’ = 0.5772156 is the 
Euler’s constant, and E 1($) is the exponential integral 
of the first order. Analytic solution of equation (5) can 
be obtained in a series form as [ 141 

&4,/I) = 1 [ -(A)“[SrjM(mn)]i[n(B+ l)“tl!(n- I)!]) 
,I = I 

(6) 

whcrc 

Sc:!Lf(rtlrl) = 1 [(II +m - I )!(h - 1 )!C”].[2”‘(rn!Y] 
111 0 

A = -1Irtanh/i. H= l;cosh/j, 

(‘ = 2:( 1 +cosh/I) = 2B.:(B+ I). 

The series in equation (6) converges rapidly. When the 
weak line approximation for the Elsasser model is 

valid (i.e. /i is large). then equation (5) reduces to 

[1.X 141 

.4(u) = ;~+ln(u)+E,(u). (7) 

In the linear limit. equations (5) and (6) reduce to 
.7 = ~1. and in the logarithmic limit they reduce to 

A = ;‘+ In(u). It can be shown that equation (5) reduces 
to the correct limiting form in the square-root limit 
[14]. Results of equations (5) and (6) are found to be 
identical for all pressures and path lengths. For p > 1 
atm, results of equations (5)-(7) are in good agreement 
for all path lengths. 

By employing the uniform statistical, general stat- 
istical, and random Elsasser narrow band models 

absorptance relations and equation (3), three additional 
expressions for the exponential wide band absorptance 

were obtained in [13, 141. The absorptance results of 
the four wide band models are discussed in detail in 

[14]. The expression obtained by employing the 
uniform statistical model also reduces to the relation 
(7) for large /I. 

Several continuous correlations for the total absorp- 
tance of a wide band. which are valid over different 

values of path length and line structure parameter, are 
available in the literature. These are discussed, in detail, 
in [l I 151 and are presented here in the sequence that 

they became available in the literature. Most of these 
correlations are developed to satisfy at least some of 
the limiting conditions (nonoverlapping line. linear, 
weak line. and strong line approximations, and square- 

root. large pressure. and large path length limits) for 
the total band absorptance [ 12. 141. Some of the corre- 
lations even have experimental justifications [8, 111. 

The first correlation for the exponential wide band 
absorptance (a three piece correlation) was proposed 
by Edwards @f ctl. [7.X]. The first continuous corre- 
lation was proposed by Tien and Lowder [I I], and 
this is of the form 

il(tc. /I) = In@/‘(t) i(t~+2)/[~~+2f’(t)]) + 1) (81 

where 

,f’(r) = 2.94[1 -exp(-?.hOt)], t = /LQ. 

This correlation does not reduce to the correct limiting 

form in the square-root limit [12], and its use should 
be made for /j 3 0.1. Another continuous correlation 
was proposed by Goody and Belton [ 161, and in terms 
of the present nomenclature. this is given by 

4(u,/j) = 2 Ini 1 + 1(/[4t (71u/4t)]“~), /j = 2t. (9) 

Use of this correlation is restricted to relatively small /1’ 
values [12-143. Tien and Ling [17] have proposed a 
simple two parameter correlation for A(u, /I) as 

-I(u) = sinh ‘(u) (10) 
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which is valid only for the limit of large p. A relatively 

simple continuous correlation was introduced by Cess 
and Tiwari [12], and this is of the form 

A(u,B)= 2In(l+u/{2+[~(1+1/~)]‘~~}) (11) 

where fi = 4t/n = 2fi/n. By slightly modifying equation 
(1 l), another form of the wide band absorptance is 
obtained as [13, 141 

A(u,p) = 21n(l+~~(2+[~(~+-7Ci2/)1)]~‘~)) (12) 

where 

i 

0.1, /I d 1 and all u values 
c= 0.1, fl > 1 and u < 1 

0.25, [I > 1 and u > 1. 

Equations (11) and (12) reduce to all the limiting forms 
[12]. Based on the formu!ations of slab band absorp- 
tance, Edwards and Balakrishnan [lo] have proposed 
the correlation 

A(u) = ln(u)+E,(u)+~+:-Ej(u) (13) 

which is valid for large /J’. For present application, this 
correlation should be modified by using the technique 

discussed in [13,14]. Based upon the formulation of 
the total band absorptance from the general statistical 
model, Felske and Tien [15] have proposed a con- 
tinuous correlation for A(u, fi) as 

A(% /I) = 2E, (tp,) fE,(p,.2) -El [(p,l’2)(1+21)] 

+ In [(tpJ’/(l + 2t)] + 21, (14) 

where 

p. = ((t!u)[l+(tju)])-“2. 

The absorptance relation given by equation (7) is 
another simple correlation which is valid for all path 
lengths and for t = (b/2) 2 1. The relation of equation 

(6) can be treated as another correlation applicable to 
gases whose spectral behavior can be described by the 
Elsasser model. In [14] Tiwari and Batki have shown 

that the Elsasser as well as random band model 
formulations for the total band absorptance reduce to 
equation (7) for t > 1. 

Band absorptance results of various correlations are 

compared and discussed in some detail in [13, 14, 181. 
It was found that results of these correlations could be 

in error by as much as 407; when compared with the 
exact solutions based on different band models. Felske 
and Tien’s correlation was found to give the least error 
when compared with the exact solution based on the 
general statistical model while Tien and Lowder’s cor- 
relation gave the least error when compared with the 

exact solution based on the Elsasser model. The results 
of Cess and Tiwari’s correlations followed the trend 
of genera1 statistical model. Tiwari and Batki’s corre- 
lation [equation (6) or (7)] was found to provide a 
uniformly better approximation for the total band 
absorptance at relatively high pressures. The sole 
motivation in presenting the various correlations here 
is to see if their use in actual radiative processes 
made any significant difference in the final results. 

3. RADIATIVE TRANSFER ANALYSES 

The band absorptance correlations discussed in the 
previous section are employed in this section to two 

illustrative radiative transfer problems. The physical 

model and coordinate systems for both problems are 
shown in Fig. 1. 

9,’ CONST. 

(a) (b) 

FIG;. 1. Physical model and coordinate system. 

The expression for the total radiative flux, in general, 

may be given by [ 12,191 

&do = e1 --rz +:&no 

where 
(15) 

5 = J/L, uo = (S(Tl)PL/AO( 7-l ), Ab, B) = AOr, BVAo. 

In this equation e = aT4, with 0 denoting the Stefan- 
Boltzmann constant, A’(u) denotes the derivative of 
A(u) with respect to u, and u0 represents the non- 
dimensional pressure path length. The derivation of 
equation (15) assumes the existence of a local thermo- 
dynamic equilibrium and employs the exponential 
kernal approximation. The Planck function. e,,(T), is 
considered a slowly varying function of wave number 
over the band and its value is evaluated at the band 

center. Furthermore, small temperature differences 
within the gas were assumed and the absorption 
coefficient (like any other physical property) was taken 
to be independent of temperature [12]. Equation (15) 
possesses two limiting forms (optically thin and large 
path length limits) which are discussed in detail in 
[12,20,21]. It should be pointed out here that while 

the large path length limit may depend upon a par- 
ticular band model employed in the radiative flux 
equation, the optically thin limit is completely indepen- 
dent of the band model. 

In order to study the effect of different band absorp- 
tance correlations on the final results of actual 
radiative transfer processes, two illustrative cases 
(extensively studied in the literature) are treated here. 
The first is the problem of radiative energy transfer 



between a gas volume (where there IS a uniform heat 
source) and the surrounding walls. The physical COII- 
cept of this problem can be applied to the radiative 
transfer analyses of plane-parallel atmosphere. The 
second problem considered is the problem of lammar 
flow of absorbing emitting gases bet\\een parallel 
surfaces. This reprcscnt\ a realistic situation of con- 

vective- radiati\eenergy transfer III the atmoaphcrc und 
in other engineering problems. b or mathematical 
simplicity. the bounding surface\ for both problems 
are considered to be black. 

3.1. Rdin/iw rruw,~/r~ iu ~L/SL’.S G//I i,~fcwd hctrr .\o~~r(‘c’ 

The physical model and the coordinate system fol 
this case is shown in Fig. l(a). The t\\o parallel black 

walls are considered to he at the xamc constant tem- 
perature r,, The gas is assumed to have ;I uniform heat 

source (or sink) of strength Q per unit \olumc. The 
radiative transfer is the sole mechanism of energy 

transfer within the gas. The local tcmpcraturc distri- 
bution is thus a conscquencc of the uniform heat 

source adding energy to the gas which in turn is 
transferred through the gas to the bounding surfaces 

by radiative transfer. 
For this special case, the conservation of energy 

yields 

dyR:dy = Q. (16) 

Since the problem is symmetric. an integration of 

equation (16) gives qK = ( 1;‘2)QL( 2: - 1) and after com- 
bining this with equation (15) there is obtained 

- ’ 4’,(i’)A’[Ilr”(C’-~)]d~’ 
i 

(17) 

where 

$(ir) = [‘<,,,,(T)- e,,,,(T,)li(Q!PS(T,)). 

In this equation 4(t) represents the temperature profile 
within the gas in terms of the Planck function. The 

equation is written for a single band gas but it can 
easily be extended to the case involving multi-band 

gases [12]. 
It has been shown in [12,20,21] that equation (17) 

gives the result 4 = l/3 in the optically thin limit while 
it yields (4juo) = (l/rr)[<(l -,‘)I”’ in the large path 
length limit. By employing the various band absorp- 
tance correlations discussed in the previous section. 
numerical solutions of equation (17) were obtained for 
different values of the line structure parameter t = [i, 7. 
The results (i.e. centerline temperatures) are illustrated 
in Figs. 2-4 along with the limiting solutions. It 
should be pointed out here that these result5 apply to 
any situation for which radiative transfer within the 
gas is the result of a single band. 

It is obvious from Figs. 2Z4 that the band absorp- 
tance results of all the correlations approach the op- 
tically thin limit for small u,,, the influence of the line 
structure parameter is maximum for intermediate 
values of uO, and in the large path length limit the 
solutions become independent of //. The one exception 

to this I\ that the results of Goody and Belton‘\ corrc- 
lationdo not approach the correct loparlthmlc limit for 
large //. The reasons for this are discussed III [ 12. IJ] 
I\ here it wa\ pointed out lhat the ubt‘ of the Good! and 

B&on’\ correlation \hould be rextrlcted to lrcl;rti\ cl> 

w1al1 \ alLI& of /;. 

For a particular value of/j, the results 01‘ different 

correlations approach the linear and logarithmic limits 
for different LIP) values. For /i = 0.02. for example, the 
results of all correlations (except Tien and Lowder’q) 
almost arc identical for II,, 2 I. This corresponds to 
the range of the square-root limit where three separate 
conditions (/i G. I. id//i x 1. and /j << 1) must be satisfied 

[II. 141. The square-root limit is not satisticd by the 
Tien and Lowder’s correlation. Although the lincat 
limit is independent of any spectral model, it i\ 

approached by different correlations for different ~~~~ 

L alues. 
Maximum differences between the results of various 

correlations occur for the intermediate values of 14~ 
(0.1 < (1,) < 10) and for 0.1 < /i < I. For large j values 

(i.e. for high pressures)? the line structure of a gas is 
smeared out and differences between the results of 
various correlations become small (see Fig. 4). This 
situation corresponds to the weak line approximation 

[l4]. and some consideration of this usually is given 
in developing a particular correlation. 

In general. the temperature difference between the 
centerline of the physical system and the wall is found 

to be lowest for the Tien and Lowdcr’s correlation 
and highest for the Cess and Tiwari’s correlations. 
For the most part. the results of other correlations 

fall between these two extreme values. The physical 
reasoning behind this is consistent with the results of 
the total band absorptance presented in [l3, 14. 181. 
If the absorption by a gas is high, then, to maintain 
the local thermodynamic equilibrium. the emission by 
the gas will be higher. This will result in high radi- 
ative energy transfer from the gas and consequently 

will lower the centerline temperature. Thus, the differ- 
ence in the centerline temperatures. as obtained by 
using the ditrerent correlations. arc of the same order 

as the ditlercnce in the band absorptance results of 
\ arioua correlations. 

As discussed in [4.5, 141. the Elsasser theory always 

predicts higher absorption than the general statistical 
model. From this and the results of Figs. 2 4. it may 
be concluded that for /i > 0.02, use of the Tien and 

Lewder’s correlation is justified for gases whose 
spectral behavior can be described by the regular 
Elsasser model. On the other hand, use of the Cess and 
Tiwari’s correlation could be made to gases with bands 
of highly overlapping lines. Since. in a vibration 
rotation band. the lines are distributed neither rcgu- 
larly nor randomly, care should be taken in applying 
a particular correlation for a specific case. 

The second problem considered is the problem of 
heat transfer in laminar, incompressible, constant 
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propel-tics. fully developed flow of absorbing cmitling 
gases betwern parallel plates. The physical model and 
coordinate system fol- this case is shown in t-ig. I ch). 
The conditions of uniform surface heat ilu~ for txch 

plate is assumed such that tiic Icmpcrature of Ihc 
plates. 7;. varies in the axial direction. t:ully developed 
heat transfer ix considered. and axial conduction am! 

radiation is assumed 10 be negligible ah compared with 

the normal components. Consistent with the constant 
properties fow. the absorption coetficicnl is taken to 

be independent of tempcraturc and radiation can be 
linearized. Extensive treatment ofthis problem is avail- 
able in the literature [X. 12. 22 -271. The sole moti\ ation 
for studying the problem here is to inlestigatc the 

inlluence of ditrerent band absorptancc correlations on 

the radiatilc transfer capabilit) of a gab in ;I more 
realistic situation. 

Within the confines of foregoing assumptions. the 
energy equation for the present problem can bc written 
as [P. 1x. ‘31 

nl 

_ O(C’)Ai[:uo,(~‘-,,]d~’ 
t 

(IX) 
“i 

where 

iii = Ai!il”i. ll”j = Sj(T~)pL~AOi( T() 

H, = Aoi(dr,,i~dT),‘,. H = ~ H,. 
/=I 

In this equation S,(T,) is the band intensity and &,(r,) 
is the band width parameter for the ith band. The 

equation describes the temperature profile within the 
gas for which the boundary condition can be written 
as 8(O) = 0. 

For flow problems, the quantity of primary interest 
is the bulk temperature of the gas. which may be 

expressed as [IX, 231 

The heat transfer yII. is given by the expression. 
q, = h,( TI - 7& where II, is referred to as the heat- 
transfer coefficient (W.‘cm’K). In general, the heat- 
transfer results are expressed in terms of the Nusselt 
number Nu. a dimensionless quantity defined as. 
Nu = h,D,:i. Here, Dh represents the hydraulic diam- 
eter, and for parallel plate geometry it equals twice 
the plates separation, i.e. Dh = 2L. Upon eliminating 
the convective heat-transfer coefficient. II,, from the 
expressions for yw and Nu. a relation between the 
Nusselt number and the bulk temperature is obtained 
as 

Nlr = 2Ly,,,,/l( I-1 - Th) = - 2:0,,, (20, 

The heat-transfer results, therefore. can be obtained 

either in terms of !Vlr or O,,. The gcncral solution ot 
equation (18) is obtained by numerical procedures. 
Before presenting thcsc results. it would bc convenient 
to obtain the limiting solutions of the general equation. 

For the GISL of negligible radiation. the right hand 
aide of equation ( IX) becomes /cro. and by combining 
the resulting equation v,ilh t IO). there ih obtained 

o,, : 17 70. 1211 

In the optically thin limit. equation (IX) reduces to 
a second order ordinary differential equation from 
which the expression for the bulk temperature is found 

to be [IX. 231 

O,, = [I (3N)‘] ;(576)(3N)’ ‘(NEzYP) 

-‘1.6N’+72N-288’ , (92) 

where 

n’k:‘xP = ; I -oxp[-(3.V)’ ‘1 I I t +exp[-(3N)’ ‘]I 

The quantity N in this equation is referred to as the 

optically thin radiation-conduction interaction par- 
ameter. The results of this equation (0, vs N) are 

illustrated in Fig. 5 along with other limiting solutions. 

In the large path length limit, equation (18) reduces to 

where 

i=l ,=I 

The dimensionless parameter M constitutes the radi- 
ation-conduction interaction parameter for the large 
path length limit. Equation (23) does not appear to 
possess a closed form solution. A numerical solution 

has thus been obtained. and the results for bulk 
temperature (O,, cs M) are illustrated in Fig. 5. 

By employing the spectral information given in 
[X, 1 I]. numerical solutions of equation (1X) were 
obtained for CO. COz. H?O. and CH4. For these 
gases. thermal conductivity values were obtained from 
Tsderberg [2X]. Bulk temperature results for CO and 
CO2 arc presented here in terms of the dimensional 
quantities L and 11. Results for Hz0 and CH4 are given 
in [IX]. Bulk temperature results for CO (fundamental 
band) and CO2 ( 15 ~1,431~. and 2.7~1 bands) as obtained 
by employing the various correlations for band absorp- 
tance, are illustrated in Figs. 6 9. 

Results for CO are illustrated in Figs. 6 and 7 for 
wall temperatures of 500 and lOOOK respectively. It 
is evident from these figures that, except for the results 
of Tien and Lowder’s correlation, results of other 
correlations difier from each other by less than 6”,, for 
all pressures and path lengths. For P = 0.1 and 1 atm. 
results differ by not more than 3”,,. The largest differ- 
ence of about h”,, occurs for P = lO.Oatm and r, = 
IOOOK. From a close observation of all the results 
presented in Figs. 6 and 7. ir may be concluded that, 
for low to moderate pressures (say up to 5atm). any 
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one of the correlations (Nos. 7. 3. 5. or 0) could be fundamental band having uniform distribution o! 

employed in radiative transfer anal~scs. At high spectral lines) at moderate and high pressures. 

pressures. however, MC of correlations 5 or 7 is l+or CO?, results of different correlations are illus- 

recommended. In [IX. 231, it wan noted that for CC) trated in Figs. X and 9 for I-’ = 0.01. 0.1, I and IOatm. 

the limit of large ~4~) is approached a~ I’ = IO atm for and for 7; = 500K and IOWK respectively. In [1X], 

7; = 500 K and at IOOatm for 7; = IO00 K. Thij trend it M;IS noted that for CO1 the limit of large u. (LLI;) 
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FIG,. X(b). Results for CO2 (three bands) with 7; = 500 K. 

)O 

is also evident, in general, from the results of Figs. 6 is approached at 2 atm for T, = 300 K, at about 4 atm 
and 7. The results of Tien and Lowder’s correlation. for T, = 500K, and at about 10atm for T1 = lOOOK. 

however, follow this trend more closely than any other Thus, results for 10 atm in Figs. 8 and 9 essentially are 
result. As such, use of the Tien and Lowder’s corre- LLU results. For clarity, results of P = 1 and 10atm 
lation is justified for radiative transfer analyses involv- are not plotted on the same graph. 
ing gases like CO (i.e. diatomic gases with single As was the cast with CO. the results of all corre- 
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lations (except Tien and Lowder’s) almost are identical ferent correlations is about 6”/, for P = 1 atm and 
for CO2 also for P = 0.01 and 0.1 atm. This, however, T, = 1000 K. For the most part, results of correlations 

would be expected because the low pressure (small 1) 3. 5, 6 and 7 are identical for P = 10atm. This again 

situation corresponds to the case of square-root limit would be expected because for C02, the LLU is 

and most correlations are developed to satisfy this approached at relatively lower pressures and most 
limit. It was pointed out earlier aid in [12, 14j that &relations are developed to satisfy the logarithmic 
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FIG. 9(b). Results for COz (three bands) with T, = 1000 K. 

the square-root limit is not satisfied by the Tien and limit. For gases like COz, therefore, use of any one of 

Lowder’s correlation. At low pressures, therefore, use the correlations 2, 3, 5 and 6 is recommended at low 

of the Tien and Lowder’s correlation is not justified. and moderate pressures, and of 3, 5, 6 and 7 at high 

Other results of CO2 (shown in Figs. 8 and 9) follow pressures. Use of the correlations 2, 3, 6 and 7, in a 

the same general trend as for CO in Figs. 6 and 7. particular radiative transfer analysis, provides a greater 

The maximum difference between the results of dif- mathematical flexibility and simplicity. 
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In this study. use of several continuous correlations 

for total band absorptance were made to two problems 
to investigate their inlluence on the final results of 

actual radiative processes. F-or the cast of radiative 
transfer in a gas with internal heat source. it was found 
that actual centerline temperature results obtained b) 
using the diilerent correlations folio\\ the same general 
trend as the results of total band absorptance by these 
correlations. From these results, it may be concluded 

that USC of the Ticn and Lohder’s correlation should 

be avoided at lower pressures. but its use ih -justified 
(at moderate and high pressures) to gases whose 

spectral behavior can be described by the regular 
Elsasser band model. For all pressures and path length 
conditions. use of the Ccss and Tiwari’s correlations 

could be made to gases with bands of highly over- 
lapping lines. In a more realistic problem invohing 

flow of an absorbing xmitting gru. results of different 
correlations (except the Tien and Lowder’h correlation) 
differ from each other by less than h”,, for all pressures 

and path lengths. Use of Tien and Lowder’s corre- 
lations is justified for gases like CO at moderate and 
high pressures. For gases like COz. use of any other 
correlation is rccommcnded. While F‘elske and Ticn’s 

correlation is useful for all pressures and path lengths 
to gases having random band structure, Tiwari and 
Batki’s simple correlation could bc employed to gases 

with regular or random band structure but for 
I’ 3 I.Oatm. 

~~~llo~~~lvtl~/ul~~~~t~l5 This work \vas supported by the 
NASA ~Langley Research Center through Grant NSG-1281. 
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Applications of infrared band model correlations 

APPLICATION DU MODELE DE BANDES INFRAROUGES 
AU RAYONNEMENT NON-GRIS 

Rbum&Des expressions differentes sont present&es pour l’absorptance totale d’une bande large. Elles 
sont utilisees dans deux problemes physiquement rtalistes (transfert radiatif dans des gaz avec source 
de chaleur interne et transfert thermique pour un ecoulement laminaire de gaz absorbant et Cmetteur 
entre plaques paralleles) et on Ctudie leur influence sur les rCsultats du calcul du transfert par rayonnement. 

ZUR ANWENDUNG DER KORRELATIONEN FUR DAS INFRAROTBAND-MODELL 
AUD FIE NICHTGRAUE STRAHLUNG 

Zusammenfassung-Es werden verschiedene Korrelationen fur die Gesamtabsorption eines breiten 
Spektrums angegeben. Urn deren EinfluB auf die Ergebnisse von Strahlungsaustauschrechnungen zu 
erfassen, wurden die Korrelationen auf zwei physikalisch realistische Probleme angewandt (Strahlungs- 
austausch in Gasen mit innerer Warmequelle und Warmelbergang bei laminarer Stromung eines 

absorbierenden und emittierenden Gases zwischen parallelen Platten). 

I-IPHMEHEHHE MOAEJIbHbIX BbIPAmEHMfi AJIJI IIOFJIOIIIATEJIbHOI? 
CTIOCO6HOCTH B HHQPAKPACHOM ,@IATIA30HE K HECEPOMY M3JIYYEHMIO 

hiEIOTZilpur--PaCCMOTpeHbI pa3nHYHble 3aBIICHMOCTkl .IInll IIOnHOti IlOrnOIIIaTenbHOfi CIlOCO6HOCTH. 

BTU 3aBHCAMOCTH EICIlOnb30Ban&iCb nnSl li3ySeHEiR PiX BnAIlHHSI Ha KOHeYHbIe pe3ynbTaTbI 00 nyYH- 

CT~M~ nepeHocy B AB~X (t)n3siYecK5ix sanavax (nyrricrbrti nepenoc ri ra3ax npa rra.rm~~i~l mryrpernrero 
HcToWntca renna 54 nepenoc renna npu naMIiHapHoM Te4eHkiH norno~akouwx-~3ny~aKw~x ra3oB 

Memny napannenbHbrwi nnacTuHaMu). 
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