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IN A PREVIOUS study the total band absorptance of the 4-7p
band of carbon monoxide was obtained in terms of the
basic spectroscopic variables [1]. These include the half-
width of the spectral lines b(cm ™ !), a band width parameter

Fem™ ') = (kTB./hc)'? = 13-8(B,T/273)}'/2,
and an intensity parameter,
So(atm™'em™2) = (heB,/kT)Y? = 0-07412(273B./T)'?,

where T(°K) is the temperature, B.(cm™ ') is the rotational
constant, and a(atm™~!cm™2) is the integrated band inten-
sity. With the specification of the spectroscopic variables,
the total band absorptance [2, 3] was obtained as a function
of pathlength and good agreement was obtained with
experimental data for carbon monoxide. At high tempera-
tures, the effect of additional bands, called “hot bands”, also
becomes important and this contribution may also be
included in the basic formulation [4].

The form of the intensity distribution used (cf. [1],
equation (5) [5, 6]) suggests that the previous results should
also be applicable to triatomic gases.t In particular, we
shall consider the 2-7p bands of carbon dioxide and water
vapor and evaluate the total band absorptance directly from
the spectroscopic results. For these bands d = 2B,(cm™!) is
equal to 0-791 for CO, [8] and 34-45 for H,O [6].1 The
2:7p region of CO, is comprised of bands which have
centers at 3609 and 3716cm ™! for which a(atm™'cm™2)
equals 37 and 54, respectively [10]; for H,O the value is
200 [11]. The values for « correspond to a temperature
of 300°K.

The remaining quantity is the line half width which, for
CO, is given by [12]

bc(em™ 1) = 0:07(273/T(°K)) P.(atm). (1)
Here P, is the effective pressure given by [13]
P, =[(1-C)Pr+13C.Pr],

with C, the mole fraction of carbon dioxide and Py the total
pressure. The mole fraction is necessary because many
experiments are carried out with nitrogen gas as a diluent.
Comparable expressions are available for H,0 [14].

*Present address: Westinghouse Nuclear Center, Pitts-
burgh, Pennsylvania.

tFor an alternative application refer to [7].

{For H,O, B, is taken to be the mean rotational constant;
thatis, B, = (4+B+C)/3 = 17225cm™ ! [9].

The total band absorptance, A(cm™?'), may now be
directly calculated and the results are presented in Table 1
for CO; and in Table 2 for H,O. The agreement with the
experimental data is seen to be quite good over a broad
range of conditions. We recall that in our previous studies
with carbon monoxide the approximate intensity distribu-
tion that was used resulted in an arbitrary constant, Dy,
which was set equal to unity. The same value has also been
used in this study so that the present calculation truly
represents an a priori calculation.

We now consider the absorption of a mixture of radiating
gases. The total band absorptance for a two component
mixture of radiating gases I and 11, is given by

A :j\ [l_e_(klxl+kllxll)]dv 4
Av

where k is the spectral absorption coefficient and X is the
pathlength. Equation (4) may be rewritten in the following
form:

A=A1+AI.—J (1—e ¥y e Xnyqy, (5

Ay

where 4, and Aj are the total band absorptances of the pure
components, I and II, respectively which we have previously
evaluated (e.g. for COz* Ac = [y, (1 —e % Xcydy). For
CO2-H,0 mixtures it has been shown [15,13] that the
third term may by approximated by

Y —e_E”"XW)J (1—e kX dy (6)
Av; Av;

where the subscripts C and W refer to carbon dioxide and
water vapor, respectively, and Av; is a small spectral interval.
Introducing the narrow band absorptance for CO, we have

ac = I (1—e~kei¥e)y gy, 0]
Av;

and making the approximation 1 —exp(—kw ; Xw) = aw ;Av;
allows us to write equation (5) in the form

A= Ac+Aw + Y acow ;Av;. (®)
Av;

The evaluations of the total band absorptances Ac and Ay
follow in the manner previously discussed. To evaluate 7 ;

*Thereis a change in the sense that the half-width changes
for different mixtures. General expressions and values are
given in reference [12].
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Table 1. Results for absorption of CO; in the 2-7p region

CO; 2-7p at 300°K

Correlation
Effective Pressure Experimental Reference Present results
pressure pathlength data for theoretical (Edwards and
Pe(atm) PX(atm-cm) A{cm™?) data results Menard [57])
0-0763 0-081 4-0 9 3-89 44
0-549 0-081 65 9 631 65
2:05 0-081 69 9 565 69
0-078 0-685 143 9 1372 14-8
0-569 0-685 279 9 31-46 260
2:06 0-685 399 9 3669 36:8
0-676 6-205 982 9 101-17 89-7
2:33 6205 127-4 9 11261 115
272 24-898 179 9 16819 171
0-25 0-484 185 16 18-55 172
0-26 0-862 24-8 16 2656 239
0-225 13876 92'5 16 9299 953
13 132042 214 16 242-60 220
0-33 9-903 112 17 91-53 91-2
1-30 132:042 261 17 242:6 220
129 1309-230 366 17 314-38 342
Table 2. Results for absorption of H,O in the 2:7 u region
H,0 2:7pat 300°K
Correlation
Total Pressure Experimental Reference Present results
pressure pathlength data for theoretical (Edwards
Pr(atm) PX (atm-cm) Alcm™ Y data results et al. [20])
0397 287192 1104 18 90379 861
0171 2871-92 1002 18 831-76 795
0-082 2871-92 940 18 785-51 747
0-966 2297-57 1158 18 967-82 913
0-966 153171 1064 18 91923 869
0-397 153171 966 18 81647 789
0-021 1531-71 781 18 660-05 625
0973 880-73 931 18 84564 801
0-184 880-73 721 18 66123 640
0-007 880-73 4868 18 46208 532
0-966 38293 809 18 75309 712
0397 382:93 723 18 662:32 633
0-021 38293 562:3 18 49391 473
0-966 19146 699 18 632-59 634
0-397 191-46 6232 18 579-26 556
0-083 191-46 507-1 18 54473 442
0-066 88-07 3398 18 2936 353
0-010 88-07 2596 18 233-69 218
0-033 23-52 1418 18 119-84 106
0-003 23-52 835 18 71-90 589
1-00 326 155 18 197-74 186
0525 326 125 18 143-81 133
0-066 326 59 18 69-51 579

775

138-13 664 9 71904 605

and ay ; we use the Goody result [16] for a narrow band  The values for S; are obtained from Penner [8], p. 276.

of rotational lines: The total band absorptance for mixtures of carbon
dioxide, water vapor and nitrogen may now be calculated

—(S/d), X from equation (8). The results for the 2:7u ban@s are

o =1—expr— (9) presented in Table 3 and are in good agreement with the

[1 ‘}(S/d):]m‘ experimental data and correlation of Hines and Edwards
(b/d); [13’]
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Table 3. Results for absorption of a mixture of CO, and H,O in the 2-7 p region

27 Band
H,0 and CO, mixture
Correlation
total band
Total band Total band absorptance
absorptance absorptance (em™Y)
(cm™Y {cm™Y) [Hines and
Pressure Temperature Concentration Concentration [experiment [present Edwards
(atm) (°R) H,0 CO, (13)] result] (13)
1-042 982 0-258 0-254 434 428:55 403
1-098 990 0-051 0-249 241 24577 231
1-093 990 0-241 0-046 320 362-89 350
1-070 1475 0-250 0-249 324 331-31 298
1-162 990 0-101 0-099 256 249-04 260
1-178 1475 0-100 0-098 236 23479 220
1-175 990 0752 0-248 618 637-99 594

In summary the absorption of triatomic molecules and
their mixtures may be determined directly from the basic

. G.Herzberg, Molecular Spectra and Molecular Structure

Vol. 11, p. 488. D. Van Nostrand, Princeton, N.J. (1945).

spectroscopic variables. By having the results in the form  10. D. E. Burch, D. Gryvnak, E. B. Singleton, W. L. France
of the useful approximate relations given in [1] it is also and D. Williams, Infrared absorption by carbon dioxide,
possible to directly extend the results to include high tem- water vapor, and minor atmospheric constituents, Ohio
peratures as well as nonisothermal effects. Future studies State Univ., AF 19(604)-2633 (1962). Also see D. E.
should determine whether the band constant, D, which was Burch, D. A. Gryvnak and D. Williams, Total absorp-
set equal to unity for carbon dioxide, water vapor, as well tance of carbon dioxide in the infrared, Appl. Optics 1,
as for carbon monoxide, is truly a universal constant. 759-765 (1962).
11. C. C. Ferriso and C. B. Ludwig, Spectral emissivities
Acknowledgement—The authors gratefully acknowledge and integrated intensities of the 2:7 ¢t H,O band between
support of this study by the National Science Foundation. 530and 2200°K, J. Quantve Spectrosc. & Radiat. Transfer
4,215-227 (1964).
REFERENCES 12. General Dynamics Convair, Study on exhaust-plume
1. T. C. Hsieh and R. Greif, Theoretical determination of radiation predictions, GD/C-DBE-66-001a (February
the absorption coefficient and the total band absorp- 1966).
tance including a specific application to carbon mon- 13. W. 8. Hines and D. K. Edwards, Infrared absorptivities
oxide, Int. J. Heat Mass Transfer 15, 1477-1487 (1972). of mixtures of carbon dioxide and water vapor, Chem.
2. D. K. Edwards and W. A. Menard, Comparison of Engng Progr. Symp. Ser. 64, 173-180 (1967).
models for correlation of band absorption, Appl. Optics  14. General Dynamics Convair, Study on exhaust plume
3, 621-625 (1964). radiation prediction, GD/C-DBE-66-001 (January 1966).
3. C. L. Tien, Thermal radiation properties of gases, 15. S. S. Penner and P. Varanasi, Effect of (partial) over-
Advances in Heat Transfer (edited by J. P. Hartnett lapping of spectral lines on the total emissivity of
and T. F. Irvine), Vol. 5, pp. 253-324. Academic Press, H;0-CO; mixtures (T < 800°K), J. Quantve Spectrosc.
New York (1968). & Radiat. Transfer 6, 181-192 (1966).
4. J. C. Lin and R. Greif, Theoretical determination of 16. R. M. Goody, Atmospheric Radiation—I. Theoretical
absorption with an emphasis on high temperatures and Basis, p. 153. Oxford University Press, London (1964).
a specific application to carbon monoxide, J. Heat 17. W. E. Nicolet, The experimental determination of band
Transfer 98, 566-568 (1973). absorption of carbon dioxide gas at elevated tempera-
5. D. K. Edwards and W. A. Menard, Correlations for tures and subatmospheric pressure, M.S. Thesis, Univer-
absorption by methane and carbon dioxide gases, Appl. sity of California, Los Angeles (1962).
Optics 7, 847-852 (1964). 18. D. K. Edwards, Absorption by infrared bands of carbon
6. M. W. Weiner, Radiant heat transfer in non-isothermal dioxide at elevated pressures and temperatures, J. Opt.
gases, Ph.D. Dissertation, University of California, Los Soc. Am. 50, 617-626 (1960).
Angeles (1966). 19. J. N. Howard, D. E. Burch and D. Williams, Infrared
7. J. L. Novotny, D. E. Negrelli and T. Vanden Driessche, transmission of synthetic atmosphere—III. Absorption
Total band absorption models for absorbing—emitting by water vapor, J. Opt. Soc. Am. 46, 242 (1956).
liquids: CCly, ASME, 73-HT-7 (1973). 20. D. K. Edwards, B. J. Flornes, L. K. Glassen and W. Sun,

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

Correlation of absorption by water vapor at tempera-
tures from 300 to 1100°K, Appl. Optics 4, 715 (1965).



