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Abstract

A procedure for calculating radiation transfer along strongly nonisothermal paths is presented successively. It is
orientated to the estimation of transmission and self-radiation of the products of combustion of hydrocarbon fuels.
The procedure is based on a new approach to averaging spectral parameters by introducing distribution of lines in a
given spectral interval over the energies of lower states and matrix elements. Practically it means that the
combination of all spectral lines in the preset frequency is substituted by a combination of J groups of lines with
averaged values of quantum mechanical characteristics. This approach is intermediate between one-group
description with the use of s/d, y/d and exact account of each line. A multigroup model is generalized for the cases
of vibrational nonequilibrium state and calculations of transmission within the limits of a filter. An error of
calculation of the spectral characteristics of molecular gases in the spectral interval of 2-25 pm does not exceed
10% for a two-group model, i.e. by means of six parameters, in the temperature range 7 = 250-1000 K, and 12%
for a three-group model, i.e. by means of 9 parameters, in the temperature range 7" = 250-2500 K. The calculated
parameters of the three-group model are presented for CO, in the 4.3 and 2.7 um bands, CO in the 4.6 pm band
and H,O in the range 2-10 um. © 2000 Elsevier Science Ltd. All rights reserved.
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along a nonuniform path by transmittance of a certain
equivalent uniform layer. In the limited cases of
‘strong’ and ‘weak’ lines, the transmittance of a real
layer and of a uniform layer equated to the first one
coincide exactly and intermediate cases are described
by approximation dependences based on simple model

1. Introduction

The procedures available at the present time for cal-
culating the transfer of selective radiation are based on
different models of vibrational-rotational bands of
molecular gases [1-5]. Each of these procedures is

orientated, as a rule, to a specific narrow range of pro-
blems. Usually, the method proposed by Curtis and
Godson (the CG method) [6,7] is used for calculations.
Its essence consists in replacement of transmittance
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representations of the character of line distribution in
the considered spectral interval. The CG method
showed its effectiveness in the problems of atmospheric
optics in application to slightly nonuniform isothermal
atmospheric paths. Thereafter the method was
extended also to nonisothermal volumes of molecular
gases [8].

The CG method is most commonly used together
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Nomenclature

spectral absorption of a layer
concentration of absorbing gas
distance between spectral lines
energy of the lower state

contour of a line

spectral absorption coefficient
absorption coefficient of isolated line
width of a layer

matrix element

the number of lines in unit spectral inter-
val

pressure

statistical sum

transmittance of a layer

strength of a line

temperature

L RN

N Y xR v

X geometrical length of path
VA coeflicient of nonequilibrium state.

Greek symbols

y half-width of a spectral line
v spectral frequency

w absorbing mass.

Subscripts

a atmospheric

h a hot layer

L Lorentzian

v vibrational characteristic.

Superscript
F filter characteristic.

with the statistical model of a vibrational-rotational
band [8], which assumes the assignment of a certain
law for the distribution of intensities of spectral lines
in the considered frequency interval and the absence of
correlation between the position of the spectral line
and its intensity. The bands of the molecules CO,,
H,O, N,O and others at high temperatures are suf-
ficiently well described by means of this model. In the
case of the statistical model the transmittance R of a
uniform layer is described as a dependence on two par-
ameters: the mean absorption coefficient s/d and the
parameter of line density y/d

_ _ s/d x o
R= exP( JT+ (5/d x 0)/( x y/d)>’ ™

where o is the absorbing mass.

The merit of this approximation is the possibility to
use data for s/d and y/d obtained experimentally for
isothermal layers. The standard procedure of the
extension of results, which are valid for uniform layers,
to the case of a nonuniform path consists in the use of
the values s/d and y/d averaged along the optical path.
The temperature dependence of s/d and 7y/d is deter-
mined by all the lines entering into the given spectral
interval. The introduction of such a two-parameter
description is equivalent to the replacement of a com-
bination of real spectral lines by a set of identical lines
with a certain model dependence of equivalent width
on line strength and optical thickness, as well as with a
dependence of line strength on temperature. With such
a replacement in calculations along strongly nonuni-
form paths, the radiation of ‘hot lines’, i.e. of the lines
which correspond to transitions between states with

high energy values and which are weakly adsorbed in
the low-temperature parts of the path, turns out to be
not taken into account.

In the present work a procedure for calculation of
radiation transfer along strongly nonisothermal paths
is successively presented. The procedure is orientated
to the estimation of transmittance and self-radiation of
the products of combustion of hydrocarbon fuels in
fluxes, including the case of observation through the
atmosphere.

2. Multigroup model for calculating transfer of selective
radiation

The procedure is based on a new approach [9,10] to
averaging spectral parameters by means of introducing
line distribution in the given spectral interval over the
energies of lower states and matrix elements. Practi-
cally this means that the combination of all the spec-
tral lines in the preset frequency interval is replaced by
the combination of J groups of lines with averaged
values of quantum mechanical characteristics. This
approach is intermediate between a one-group descrip-
tion with the use of s/d, y/d and an exact account for
each line. Within the limits of this approach the trans-
mittance of the layer of length X with the Lorentz
broadening of lines is written in the form

J
R(x) =exp] — Z Wi

= [l war)

@
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X

W)= NiM | expl=/ T O . 6
X
Vi= NijMjJO y(x) exp{—E;/T(x)}C(x) dx. 4)

Here C(x) is the concentration of an absorbing gas,
y(x) is the effective half-width of spectral lines; N;, M),
and E; are the parameters of groups with the following
physical sense: N, is the number of lines in a unit spec-
tral interval, M, is the matrix element, E; is the energy
of the lower state. With such a possibility to preset
exactly the parameters of each line entering into the
considered spectral interval, it is possible, in principle,
to calculate the parameters for an arbitrary number of
groups and arbitrary division into energies depending
on the required accuracy and desired speed of calcu-
lation.

It is possible to propose several different methods
for determining group parameters that differ in both
the character of the input information used and the
form of the system of equations in these parameters,
as well as in the method of solving this system [9,11].
In the present work an algorithm for finding the par-
ameters of the multilevel model was used, which was
especially adapted to the problems of thermal-power
engineering and filter diagnostics of flames of thermal-
power engineering equipment in terms of the results of
radiometric measurements. Let a range of the possible
values of thermodynamic characteristics of objects
investigated be assigned. It is necessary to find such
model parameters, which would describe the spectral
characteristics of these objects with a certain estimated
accuracy. This requirement is identical to finding the
global minimum relative to Y; for the functional of the
following form

l—a,* 2
) = Vel = 1] ©)

where R; is the spectral transmittance of the ith object
expressed via a certain functional dependence (model)
on a set of the parameters Y;; a; is the spectral absorp-
tion of the same object measured experimentally or
calculated theoretically from a more exact model; g; is
the characteristic of the authenticity of the quantity a;.
In other words, it is necessary to achieve minimization
of the discrepancy of the parametric dependence of R;
for all the objects from the range of possible par-
ameters. A mean-square deviation will characterize an
error of the description of all the objects from the
selected range by the given parametric dependence
R;(Y)). The formulated problem of multiparameter op-
timization is a rather difficult one even for the modern
level of the development of calculating technique.

Moreover, there is a danger of finding a local rather
than a global minimum. We used a modification of the
program from the NAG library which combines the
Gaussian—Newtonian and  Newtonian  gradient
methods of the search for the functional minimum, as
well as SVD factorization.

We will dwell in detail on the algorithm of determin-
ing group parameters. At the first stage, a bank of
reference points was created in the entire range of tem-
peratures and absorbing masses of interest. It is necess-
ary that the bank include the data on the
transmittance of the layers with maximum absorbing
masses, as well as the data on the transmittance with
minimum absorbing masses, for which an approxi-
mation of an optically thin layer can be used a priori.
In the present work, the values of maximum absorbing
masses were determined depending on temperature: at
low temperatures from the calculation up to the dis-
tances of several tens kilometers with concentrations
characteristic for the atmosphere; at high temperatures
from the calculation for the layers of several meters
with percentage of radiating gases up to 100%.

The algorithm for finding model parameters was
divided into three stages to eliminate all kinds of
instabilities and local minima. Here, for determining
the limit and starting values of the parameters deter-
mined, their physical sense was used. At the first stage
of optimization a functional was constructed in the ap-
proximation of an optically thin layer. In this case the
transmittance of a uniform layer within the limits of
the group model is written in a simplified form:

J
R =-expy — ZW/ ,
= (©)
W, = N;M; expl—E;/ T(x)}oo,

At this stage the values of the energy E; and of
product N;M; were determined. The starting values of
the given quantities in this case can be approximately
estimated using the sharp change in the exponential
term in Eq. (6) for W; as a function of temperature.

At the second stage, optimization was carried out
over all the reference points with the variation of the
parameters N; and M. The value of the energy of the
level E; was considered here to be fixed. The value
N;=1 was used as the starting values. And, finally,
total optimization of the functional (5) over the entire
base of the reference points was made at the third
stage. After the determination of the model par-
ameters, an additional control was made over the
entire field of the reference points, where the mean-
square and maximum deviations were determined for
the values calculated in terms of the group model with
the parameters found.
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The range of the absorbing masses and tempera-
tures, selected for the reference points, was orientated
to the class of problems on the transfer of radiation of
heated gas layers through the bulk of the atmosphere.
This corresponds to the problems of radiation transfer
in the flames of heat—power installations and to obser-
vation of flames from considerable distances. The tem-
perature varied in the range 250-2500 K. The
absorbing masses changed within the limits from an
optically thin layer (L = 107> m, C = 107%) to maxi-
mum absorbing masses (L = 10* m, C=C, at atmos-
pheric temperatures and L = 2.5 m, C = 0.1 for hot
layers). The data for four absorbing masses at eight
temperatures, i.e. 32 points in all entered into the bank
of the reference points. The calculations showed that
an acceptable accuracy of the description of the spec-
tral characteristics of molecular gases in the spectral
range 5-25 um can be reached with a mean-square
error not exceeding 10% by means of a two-group
(two-level) model (6 parameters) in the temperature
range 7 = 250-1000 K and with an error not exceed-
ing 12% with the use of a three-group (three-level)
model (nine parameters) in the temperature range 7' =
250-2500 K.

3. Methods of the assignment of reference points

The determination of the values for absorption of
layers at the reference points needs a special descrip-
tion. It is precisely the range of the coverage of all the
possible experimental situations and the degree of the
authenticity of the initial information used that deter-
mine both the area of the applicability of the model
with the found parameters of groups and the accuracy
with which the spectral characteristics of absorption
and radiation are described.

As initial information one can use: calculations by
the ‘line-by-line’ method in terms of the bank of spec-
tral lines (BSL) for the temperatures below 600—1000
K; calculations in terms of the models of bands; data
on the results of experimental measurements of trans-
mittance at different temperatures and absorbing
masses. Below we consider each of these methods.

3.1. Calculation of the spectral transmittance of uniform
gas layers by the ‘line-by-line’ method in terms of the
bank of spectral lines

Rapid development of theoretical and experimental
methods of the high-resolution spectroscopy led to the
creation of voluminous atlases of spectral lines of mol-
ecular gases. The modern versions of the atlases
GEISA [12], HITRAN [13] and ATMOS [14] contain
data from 21 to 48 atmospheric and admixtures gases.

Numerous checkings confirmed the good reliability of
calculation results for the spectral characteristics of
molecular gases in terms of the BSL in the temperature
range 300-850 K.

The cumbersomeness of direct numerical integration
of transmittance functions over frequency is well
known. But since the reference points are calculated
once, a question concerning the economy of compu-
tational expenditures did not arise, and it was possible
to carry out calculations of spectral transmittance with
a preliminary specified high accuracy not fearing the
extra amount of calculations.

The spectral absorption of a uniform layer of thick-
ness L is defined by expression

A, =1 —exp{—K,L}, ™

where K, is the spectral absorption coefficient resulting
from the summation of the contributions of all the
lines:

K=Y > kjw.T. P, C). (8)

i vr—v'j’

Here kj is the coefficient of absorption of an isolated
line of the absorbing component i with the centre at
vo;. This coefficient depends on the frequency v, tem-
perature 7, total pressure P, and the concentration of
the absorbing component C; The absorption coef-
ficient of the isolated line is determined by the corre-
lation

Ky = Syf(vi, v). )

We are interested in a range of problems, in which
the contour of a spectral line is determined, as a rule,
by shock broadening. The form of the Lorentzian line
is defined by the following expression:

_ 1

- x-—— - 10
an T+ (v —v)/n) (10

Here a is the coefficient determined from the normali-
zation condition, yp is the Lorentzian half-width of a
line defined by the formula

s
206\ P
VL:VO(T> Fo’ an

where the values of y, and of the coefficient of tem-
perature dependence ¢ for each line are taken from
BSL. In calculation of absorption of large absorbing
masses of gases with weakly overlapping lines the ques-
tion concerning the form of the line contour at large
distances from the centre becomes topical. Different
experimental data on the absorption coefficient indicate
that the distribution of intensity in the tails of the lines
differs from Lorentzian one. For distances of 20-40
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half-widths from the line centre a certain excess above
the Lorentzian contour is observed and at larger dis-
tances the decrease occurs much more quickly than it
follows from Eq. (10). In our calculations at distances
smaller than A=gy; the line contour was supposed to
be the Lorentzian one and for larger distances to be
equal to zero. The coefficient «a is defined as

a = arctan (A). (12)

The value of the parameter g was determined from the
condition of the best coincidence with experimental or
calculated data for large absorbing masses. Fig. 1

A,

demonstrates the influence of the value of g, that
characterizes the ‘truncation’ of the contour, on the
absorption spectrum for considerable absorbing
masses. The calculations were carried out by the
method based on the model of randomly overlapping
Elsasser transitions [15] and by the ‘line-by-line’
method with different parameters g. This parameter
exerts the significant influence due to the fact that the
equivalent width of the strong line is practically pro-
portional to g. In our calculations of reference points
in terms of BSL, after numerous comparisons we
selected the following values of the parameter: g = 40

2000 2050 2100 2150 2200 2250
v, cm!
—a-:g=10 - - g=15 g=20 g=50 —x- -[15]
A,
1.0
(b)
0.8
0.6
0.4
0.2
0.0 L
2000 2050 2100 2150 2200 2250
v, cm™!
—a-:g=10 - =- g=15 g=20 g=50 —x--[15]

Fig. 1. Absorption spectra for P = 1 atm, L = 2.5 m, C = 0.1.
a CO, layer with 7' = 500 K.

(a) 4.6 um band of a CO layer with 7= 250 K, (b) 2.7 pm band of
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for the H,O and CO molecules and g = 20 for the
CO, molecule.

The strength of the line was determined from the
parameters of lines from BSL in the following way:

296\ 0,(296 11
Sie= SOk(T) QQ((T)) ””{Ek<ﬁ B ?>}

X <1—exp=—E—7§}>, (13)

where Q,(T) is the vibrational statistical sum.

Eqgs. (7)—-(13) define the algorithm of calculation of
absorption by molecular gases by the ‘line-by-line’
method. BSL GEISA [13] was used for calculation.
For each line the following parameters were taken
from BSL: the position of the line v, the half-width of
the line y, the energy of the lower state Ej, the power
coefficient of the temperature dependence of rotational
statistical sum d.

In calculation by the ‘line-by-line’ method a question
arises concerning the averaging of the spectral charac-
teristics obtained. To decrease the influence of the pos-
ition of the boundaries of spectral cells and to smooth
spectral information, averaging with the spread func-
tion of type of the Gaussian contour was used:

1 Vi+Av Vi —V 2
Ay = — ay expy — dv,
Y AJvk—Av Y ( Avys )
where 4 and Av are determined from the conditions of

normalization and reduction of the spread function to
1073=107%, ie. Av=(3 + 4) Avys. The spectra of the

Av
0.6 -

absorption of H,O calculated by the ‘line-by-line’
method with different widths of averaging are pre-
sented in Fig. 2. The optimal distance between the
neighboring spectral points vy, and the relationship
between Avy and Av, s are determined by the width of
the vibrational-rotational band and by the sharpness
of the change of spectral characteristics. The following
values were selected in calculation: Avie=35 cm™,
Avos=2.5 cm™! for CO,, Avi=Avos=5 cm~! for CO,
Avi=Avys=10 cm™! for H,0.

Comparison of the results of calculations of the
spectral transmittance of uniform layers of molecular
gases (H,O, CO,, CO, HCl) by the -‘line-by-line’
method with experimental data and results of calcu-
lations according to the model of randomly overlap-
ping Elsasser transitions showed that BSL GEISA
contains a sufficient number of lines to calculate the
spectral characteristics of gases with the temperatures
T < 700-800 K.

3.2. Calculations by band models

Calculations by band models represent another
source of reference points [1-5]. They allow one to
describe the temperature range from 250 to 3000 K.
The method based on the model of randomly overlap-
ping Elsasser transitions [15] was used for calculations
of spectral characteristics in the basic bands of di-
atomic molecules (CO, HCI, etc.) and in the 4.3 and
2.7 um CO, bands. The statistical model with the par-
ameters s/d and y/d taken from [5] was applied to cal-
culate the spectral characteristics of an H,O molecule

1600 1800

—d%v=25

- 3v=10

2000 2200

v, cm™
- x- §v=5

Fig. 2. Absorption spectra for H,O, calculated by the ‘line-by-line’ method, with different widths of averaging.
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Fig. 3. Radiation spectra of heated equilibrium layers of CO,, passed through the atmosphere, in the 4.3 pm band for P,=0.1 atm,
C,=0.0003, 7,=270 K, 7T,,=1000 K, C;,=0.1, calculated by different methods.
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at temperatures above 600 K. The intervals and
method of spectral averaging for 7' > 600 K are not so
important, and here the values of parameters were in-
terpolated.

3.3. Results of experimental measurements of
transmittance

The data of different experiments with measurement
of the transmission spectra of molecular gases can also
be used as reference points for determining the par-
ameters of groups. But the difference in the values of
the parameters of averaging in calculations and exper-
imental measurements hinders direct use of the results
of measurements as reference points. It is more prefer-
able to use these values in final tests of the obtained
parameters of groups.

Figure 3 presents as an example the spectra of radi-
ation of heated uniform layers of CO, in the 4.3 pm
band that passed through the atmosphere. Calculations
were carried out by the CG method using Eq. (1) with
the beam-average parameters from [5], by the method
described in [15], and by the procedure proposed in the
present work (the curves 3/). It is seen that for these
kinds of problems the use of the CG method without
essential corrections in the centres of the bands is inad-
missible. The multigroup model even in such specially
selected cases, which are difficult for numerical model-
ling, gives satisfactory results. The errors obtained in
describing the spectral characteristics of equilibrium
objects by the three-group model with 9 parameters in
the form of Egs. (2)—(4) for the temperature range
250-2500 K, pressure range 0.01-100 atm and arbi-
trary absorbing masses did not exceed 10—12%.

4. Calculation of transmittance within the limits of a
filter

In numerical simulation of the measured spectral
characteristics of objects it is necessary to carry out
averaging over the spread function of a specific
measuring device. So, the spectral transmittance of the
layer RY measured by a device with the spread func-
tion U, is equal to

R = lrwRUdv
A_Oo vV v 9

where A is determined from the conditions of the nor-
malization of the spread function. A necessity in taking
account of the spread function of the device makes the
numerical procedure of calculation of radiation trans-

fer more complex.
As shown above, the determined values of the par-

ameters of the group model depend not only on the
range of temperatures and absorbing masses, but also
on the method of averaging spectral characteristics.
Therefore, generally speaking, reference points should
be calculated with account for a specific spread func-
tion. But in such an approach generality is lost, and
for each spread function it would have been necessary
to recalculate the entire initial material on reference
points and to solve again the optimization problem in
order to find the parameters of groups. Therefore, it is
more advisable to determine the parameters of groups
with maximum detailed spectral division, with filter
parameters of the model being calculated for each
specific spread function by means of the following pro-
cedure.

We will write the transmittance within the limits of
the filter, using certain parameters of the multigroup
procedure which are weighted mean over the filter:

J WF
RF =exp)] — J (14)

;,/1 s [

where the values of W and V are determined from
Egs. (3) and (4) in terms of the filter parameters of the
multigroup model. To determine these parameters, we
will require the minimization of discrepancy for trans-
mittance within the limits of the filter in the limiting
cases of thin and thick lines, i.e. of the following two
functionals:

J

Fr=) | 2NM] expl—E]/T}

i J=1

1 +00 J
_ ZJ 7,3 N;M; expl—=E/T} dv |,
e

J

Fr= Y| SoNF M exp(—EL2T)

i J=1

1 —+00 J
_ ZJ T, N;y/M; exp(—E/2T} v |,
N

where the summation over i signifies summation over
all the reference points.

The filter parameters of the model N, M, E obtained
as a result of optimization, can be used to calculate
spectral characteristics of a specific device with the
spread function U,,.
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5. Account for nonequilibrium in the multigroup model

We will use the procedure given above to describe
radiation transfer in vibrationally-nonequilibrium
gases. We will generalize the multigroup model of the
description of the spectral composition of radiation by
having divided the energy of the lower level for each
group into several constituents, each of which corre-
sponds to its own type of motion:

E/ — E;rans +E;_/ibr .

We will consider only such vibrationally-nonequi-
librium states for which the Boltzmann distribution
over levels with the vibrational temperature 7.; is set
inside each type of the vibrations of molecules. This is
the vibrational temperature 7, for diatomic molecules,
for CO, we will limit ourselves by the case when the
temperatures of symmetrical and deformation modes
coincide with translational one (7;=7,=T), and vi-
brational temperature is equal to the temperature of
an asymmetric mode (7, = T53).

Introduce the coeflicient Z; for convenience of nota-
tion in the following way:

E;rans — (1 _ Z/)Ej, EJ\_/ibr — Z/E/‘.

With account for the accepted functional dependence,
the transmittance of the layer of length X will be writ-
ten in the same form (2), as for the uniform case, with
the parameters determined in the following way

A,
0.9 1

(1-2Z)E ZE
T(x) Ty(x)

X
W= | wm exp{ -

}Cdx, (15)
0

X
Vi= N/JO TN;Mj exp{—(1 — Z;)E;/ T(x)
— ZE/TU(x))C dx, (16)

where N;, M;, E; are the parameters of groups found
for the case of equilibrium states and Z; is the new
parameter introduced for the description of radiation
transfer in nonequilibrium gases. It is understood that
physically the parameter Z; can take values in the
range from 0 to 1.

The reference points for vibrationally-nonequi-
librium objects were calculated for CO, molecules in
the 2.7 and 4.3 um bands and for CO molecules in the
4.6 um band by the method suggested in [15]. The vi-
brational temperatures 75 for CO, and 7, for CO
were selected from the range 250-2500 K. Three values
of the vibrational temperature were taken for each
equilibrium variant. Thus, the total number of the
reference points amounted to 96.

Figure 4 presents a comparison of the results of cal-
culations for the transfer of radiation of vibrationally-
nonequilibrium CO through a cold absorbing layer,
carried out in terms of Eqgs. (2), (15) and (16) and on
the basis of the model described in [15]. The errors of
the description of spectral characteristics of vibration-
ally-nonequilibrium objects by the three-level model
with 12 parameters in the above range of thermody-
namic parameters did not exceed 15%.

0.8 osee,
2N
0.7 L W
4 -
0.6 . .\

0.5 ;
0.4 /]

0.3 j
0.2

: V5 ! /‘ \
N

0:1 /

1900 2000

- a-3

2100 2200 2300

—e—[15]

Fig. 4. Radiation spectra of vibrationally-nonequilibrium CO, passed through a cold absorbing layer, calculated by different

methods.
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Parameters of the three-group model for H,O

14 (Cmil) A1 Bl Cl A2 Bz C2 A3 B3 C3

5000 2.33E-03 3.39E—-02 1.27E+00 3.97E+00 1.96E—01 S48E+00 7.85E+02 9.23E+01 2.75E+0l
4980 1.94E-03 3.01E-02 1.37TE+00 4.71E+00 2.25E—01 S90E+00 8.52E+02 1.54E+02 2.81E+01
4960 2.49E—-03 1.00E+00 1.45E+00 6.07E+00 1.00E+00 6.50E+00 244E+18 1.00E+00 1.46E+02
4940 1.29E-03 3.93E-02 1.48E+00 4.90E+00 1.76E+02 8.00E+00 4.04E+00 7.24E—02  6.84E+00
4920 2.36E—03 3.67E—-02 1.74E+00 1.46E+01 5.55E—01 8.70E+00 S5.03E+01 1.00E+00 8.66E+01
4900 1.90E—-03 3.79E—-02 1.71E+00 1.10E+00 8.29E—03 6.06E+00 1.12E+01 3.77E+01 8.80E+00
4880 6.91E-04  4.19E—02 1.70E+00 1.62E+00 2.61E-02 6.36E+00 147E+01 259E+02 9.92E+00
4860 2.25E—-04  5.72E-02 1.I9E+00 1.29E+00 2.54E—02 6.29E+00 1.90E+01 1.75E+02 1.06E+01
4840 2.46E—-04  6.97E—02 1.30E+00 8.29E—01 1.80E—02  6.08E+00 2.29E+01 1.50E+02 1.10E+01
4820 1.12E-04  4.63E—02 1.I2E+00  5.02E—01 1.39E—-02 ST9E+00 2.74E+01 227E+01 1.14E+01
4800 8.57E-05  2.93E—-02 1.09E+00 3.72E—-01 1.14E-02 S578E+00 3.26E+01 9.14E+00 1.19E+01
4780 3.70E—05 2.52E-02  8.79E—-01 3.93E-01 1.52E—-02 59SE+00 4.06E+01 3.90E+01 1.27E+01
4760 2.69E—-05  2.86E—02 5.66E—01 1.45E-01 7.43E-03 546E+00 3.66E+01 1.66E+00 1.25E+01
4740 1.47E-05  2.79E-02  6.90E—01 1.15E-01 6.06E—03 S7TIE+00 3.67E+01 249E+00 1.27E+01
4720 1.48E—05  2.88E—02 5.06E-01 1.01E-01 9.84E—03 5.55E+00 4.22E+01 1.21E+01 1.34E+01
4700 4.43E-06 1.60E—-02  2.00E—01 4.02E-01 2.83E—02 697E+00 5.70E+01 286E+00 1.46E+01
4680 1.28E—05 1.91E-02  9.09E—-01 2.07E-01 1.97E-02  6.40E+00 5.22E+01 337E+00 145E+01
4660 821E-06  1.93E—02 6.91E-01  2.18E—01 1.86E—02  6.60E+00 6.15E+01 1.70E+00 1.52E+01
4640 9.84E—06 5.50E-02  3.73E—-01 1.24E—-01 1.59E—02  6.11E+00 6.08E+01 145E+00 1.53E+01
4620 1.08E—05 1.98E—02  3.00E—01 1.04E—01 1.97E—-02 S9SE+00 5.62E+01 1.51E+00 1.53E+01
4600 1.04E-05  2.96E—-02  3.89E—01 9.29E—-02 1.51E-02 592E+00 5.76E+01 1.17E+00 1.56E+01
4580 3.03E—-05 2.99E—02  4.44E—01 7.94E—02  2.90E—-02 STIE+00 441E+01 287E+00 1.51E+01
4560 2.50E-05  2.85E-02 5.49E—01 9.41E-02  2.90E-02 585E+00 4.58E+01 1.85E+00 1.54E+01
4540 5.13E-05  2.43E-02  7.31E-01 6.79E-02  3.10E-02  5.50E+00 4.17E+01 1.77TE+00 1.52E+01
4520 6.76E—05 1.70E—02 1.03E+00 1.01E-01 4.32E—-02 583E+00 4.08E+01 227E+00 1.54E+01
4500 1.57E—04 1.37E—-02 1.43E+00 1.28E—01 1.23E-01 S99E+00 3.57E+01 S.14E+00 1.53E+01
4480 7.15E-05  4.62E—03 1.52E+00 1.68E—01 4776E-02  6.30E+00 4.05E+01 1.56E+00 1.58E+01
4460 1.13E-03  7.63E—-03  233E+00 9.26E-02  5.21E-01 5.53E4+00 281E+01 7.84E+00 1.49E+01
4440 8.17E-05 5.96E—03 1.82E4+00  3.86E—01 1.15E-01 6.80E+00 547E+01 1.84E+00 1.74E+01
4420 1.09E—-03 7.42E-03 237E+00 1.02E-01 2.83E—-01 537E+00 2.52E+01 5.04E+00 1.49E+01
4400 1.81E-03  4.93E—03 242E+00 9.40E-02  2.65E—01 S.19E+00 2.29E+01 4.69E+00 1.47E+01
4380 1.07E—03 1.21E-02 236E+00 6.76E—02  532E—-01 4.55E+00 195E+01 1.53E+02 1.43E+01
4360 6.36E—03 1.36E—-02  2.30E+00 1.21E-01 1.41E+02 583E+00 1.87E+01 1.55E+02 142E+01
4340 3.36E—-03 1.67E—02  2.40E+00 4.57E-02 1.34E—-01  4.02E+00 1.46E+01 826E+00 1.33E+0l
4320 1.09E—-02 1.78E—02  2.43E+00 1.00E—01 1.29E+02 5.65E+00 1.43E+01 1.87E+02 1.31E+01
4300 I.11IE-02  2.01E-02 2.16E+00 4.57E—01 1.SIE+02 7.36E+00 222E+01 2.01E+02 1.44E+01
4280 3.49E—-03 2.29E-02 1.84E+00 1.05E—01 1.37E-01 4.53E+00 239E+01 6.48E+00 1.37E+01
4260 1.14E-02  2.16E—-02 1.88E+00 4.69E+00 3.76E+00 9.61E+00 3.77E+02 1.23E+00 2.38E+01
4240 1.24E—-02  2.48E—-02 1.99E+00 3.72ZE+00 1.60E+00 8.88E+00 9.16E+02 2.69E+01 2.54E+01
4220 9.08E—03 2.92E-02 1.68E+00 2.80E+00 1.56E+00 8.07E+00 1.81E+03 4.65E+01 2.65E+01
4200 1.21E-02 3.15E-02 1.54E+00 2.86E+00 1.09E+00 7.78E+00 1.54E+03 491E+01 2.55E+01
4180 8.18E—03 1.96E—02  1.40E+00 2.13E4+00 6.61E-01 6.89E+00 8.71IE+02 9.91E-01 2.30E+01
4160 1.00E-02  2.86E—02 1.44E+00 1.49E+00 2.58E—01 592E+00 1.59E+02 1.23E+02 1.73E+01
4140 1.13E-02 3.31E-02 I.I7TE+00 2.19E+00 2.58E—01 6.00E+00 143E+02 131E+02 1.68E+01
4120 2.67E—-03 1.59E-02  9.53E—01 1.80E+00 1.54E—01 5.02E+00 1.73E+02 827E+01 1.67E+01
4100 5.48E—03 1.00E—-02  8.48E—01 1.99E+00 227E-01 4.69E+00 1.82E+02 1.89E+02 1.66E+0l
4080 1.09E-02  2.41E-02  9.66E—01 2.14E+00 947E—-02 435E+00 S5.0IE+01 3.57E+02 1.22E+01
4060 5.78E—03 1.57TE—-02  9.24E—01 3.38E+00 1.46E—01 436E+00 1.07E+02 1.58E+02 1.46E+01
4040 7.74E—03 1.81E-02  7.47E—01 2.76E+00 1.00E—01 3.65E+00 1.54E+02 2.11E+02 147E+01
4020 4.34E—03 3.01E-02  4.57E—01 2.60E+00 893E—02 3.16E+00 261E+02 6.69E+01 1.55E+01
4000 4.67E—-02 1.45E—-02 1.LI3E+00 2.76E+00 7.16E—-02 3.00E+00 8.35E+01 2.73E+01 1.19E+01
3980 4.86E—02  8.44E—03 1.00E+00 2.78E+00 8.94E—02 2.57E+00 4.17E+02 1.50E+00 1.59E+01
3960 3.26E—-01 2.33E-02 1.23E+00 3.88E+00 9.68E—02 3.07E+00 6.70E+02 3.65E+00 1.78E+01
3940 7.65E—01 2.51E-02 1.I9E+00 2.87E+00 1.01E—01 2.88E+00 2.06E+03 2.09E+00 2.10E+01
3920 9.68E—01 2.14E—-02 1.09E+00 4.30E+00 2.47E—01 3.88E+00 4.75E+03 2.12E4+01 2.40E+01
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3900 8.94E—01 2.24E—-02  7.74E—01 794E+00 5.59E—01 5.35E+00 249E+03 7.86E—01 2.31E+01
3880 6.29E—01 3.60E-02  6.47E—01 528E+00 2.72E-01 4.66E+00 245E+03 1.77E+00 227E+01
3860 5.34E-01 3.44E—-02  4.22E—-01 [.L13E4+01  5.63E—01 6.52E4+00 198E+03 148E+02 2.34E+01
3840 3.07E-01 3.54E—-02  2.94E-01 297E+00 1.45E-01 419E+00 2.26E+02 7.33E+00 1.55E+01
3820 1.39E—-01 2.80E—02  8.20E—02  7.72E—01 4.00E-02 2.11E+00 536E+01 8.0lIE+00 1.07E+01
3800 1.22E-01 2.39E—-02  9.58E—02  4.59E+00 2.43E—01 464E+00 1.58E+03 142E+02 223E+01
3780 3.82E—-02  2.43E-02 1.38E—01 1.68E4+00 8.96E—02 2.83E+00 7.84E+01 1.90E+02 1.27E+01
3760 2.54E—01 4.35E—-02 3.15E-01 1.09E+01  4.28E—01 6.75E+00 1.49E+03 1.33E+02 248E+0l
3740 5.43E-01 S5.68E—02  3.32E—01 6.62E+00 8.21E+00 6.25E+00 1.54E+03 [1.57TE4+02 2.44E+01
3720 4.16E+00 1.50E+01 489E+00 1.11E+00 5.22E-02 8.71E-01 SA8E+05 2.81E+01 4.23E+01
3700 1.58E—01 1.00E+00 3.54E—01 5.19E+00 1.00E+00 293E+00 9.09E+31 1.00E+00 2.24E+02
3680 1.71E-01 2.13E-02 1.33E-01 3.62E+00 9.37E—-02 2.60E+00 2.82E+02 1.63E+01 1.54E+01
3660 2.07E—01 1.53E—-02  3.34E—-01 326E+00 7.88E—02 28lE+00 9.15SE+01 3.52E4+00 1.16E+0l
3640 2.98E—01 2.62E—02  4.92E-01 3.75SE+00  7.14E-02 326E+00 8.08E+01 8.65E+00 1.13E+01
3620 7.10E—01 4.31E-02  6.89E—01 8.65SE+00 2.11E-01 S49E+00 1.66E+02 3.73E+00 1.42E+01
3600 4.53E—01 4.12E—02  7.71E-01 244E+00 6.35E—-02 2.76E+00 9.48E+01 7.18E4+01 1.15SE+01
3580 4.59E—01 2.72E—02  8.77E-01 338E+00 9.30E-02 290E+00 2.72E+02 1.83E+02 1.46E+01
3560 3.98E—-01 243E-02  8.87E—-01 285E+00 7.40E—02 230E+00 3.17E+02 9.84E+01 1.47E+0l
3540 1.63E—01 1.17E-02  8.73E—01 4.12E+00 7.84E—02 2.39E+00 7.51E+02 1.53E+02 1.74E+01
3520 1.72E-01 2.03E—02  9.34E-01 5. 73E+00 9.45E-02 285E+00 1.18E+03 2.65E+01 1.87E+01
3500 1.18E—01 2.86E—02  8.94E—01 6.29E+00 9.82E—02 298E+00 8.46E+02 3.70E4+00 1.76E+01
3480 746E—02  2.04E—02  9.45E-01 7.69E+00 1.02E-01 322E+00 1.50E+03 9.54E+01 1.96E+01
3460 1.23E-01 2.55E—02 1.24E+00 9.99E+00 1.15E-01 3.70E+00 4.40E+03 9.36E+01 227E+0l
3440 6.20E—02  2.22E-02  9.57E-01 1.0O7E+01  1.15E-01 3.82E+00 2.80E+03 2.16E+01 2.12E+01
3420 5.59E—-02  2.73E-02 1.04E+00 1.19E+01 1.25E-01 4.11E+00 224E+03 8.49E+01 2.03E+01
3400 4.52E—02  2.83E—02 1.0SE+00 1.56E+01 1.36E—01 4.55E+00 1.52E+04 1.57E+02 2.64E+01
3380 3.21E-02 3.31E-02 I.IIE+00 1.76E+01 1.59E—01 4.89E+00 829E+03 5.30E+01 249E+01
3360 4.21E-02 5.53E-02 1.06E+00 1.62E+01 1.42E—01 495E+00 3.58E+03 147E+02 2.19E+01
3340 4.59E-02  2.19E-02 1.29E+00 147E+01 1.37E-01 498E+00 1.73E+03 2.01E+02 1.94E+01
3320 1.73E—02  4.31E—-02  9.95E—-01 1.24E+01 9.57E—-02 497E+00 238E+02 220E+02 1.34E+01
3300 1.21E—02  4.36E—-02 8.42E—01 1.26E+01  1.05E—01 S20E+00 2.52E+02 S.60E+01 1.37E+01
3280 1.47E-02 S5.17E—-02  7.94E-01 446E+00 3.21E-02 4.23E+00 883E+01 1.61E+00 9.94E+00
3260 5.54E—-03  4.13E—-02  6.03E—01 6.10E+00 4.68E—02 4.76E+00 9.44E+01 521E+00 1.05E+01
3240 390E-03 4.53E—-02 4.58E—01 3.56E+00 3.29E—-02 442E+00 8.94E+01 238E+00 1.02E+01
3220 3.12E-03  4.63E—02  3.46E—01 2.50E+00 295E-02 4.31E+00 9.38E-+0l 2.08E+00 1.04E+01
3200 1.49E-03 2.23E—-02  2.68E—01 1.56E+00 1.99E—-02 4.07E+00 7.87E+01 1.44E+00 9.94E+00
3180 1.35E-03 2.34E—-02  2.73E-01 145E+00 2.65E—02 4.08E+00 9.31E+01 1.85E4+00 1.05E+01
3160 2.03E-03 2.76E—02 1.0IE+00 2.11E+00 3.13E-02 4.68E+00 9.22E+01 3.37E+00 1.08E+01
3140 1.16E—03 1.31E-02  3.83E-01 1.O4E+00 2.74E—02 4.09E+00 8.84E+01 1.68E+00 1.07E+01
3120 6.96E—03 7.15E-02  4.96E—01 2.98E—-01 1.21E-02 327E+00 7.53E+01 1.17E+00 1.03E+01
3100 3.44E—-03  4.54E—02 3.43E-01 4.27E-01 1.75E-02  3.68E+00 8.04E+01 1.70E+00 1.08E+01
3080 2.96E—03 2.10E-02  4.50E—01 5.51E—01 2.70E—-02 4.03E+00 1.0l1E+02 198E+00 1.18E+01
3060 2.81E-03 2.63E—02  3.62E—01 3.46E—01 2.23E—02 3.74E+00 8.44E+01 230E+00 1.14E+01
3040 3.56E—03 1.10E—02 5.44E—01 2.55E-01 1.74E-02  3.53E+00 7.70E+01 2.17E4+00 1.13E+01
3020 7.02E-03 2.44E—-02  7.16E-01 1.95E—01 1.82E-02  3.60E+00 8.13E+01 2.15SE+00 1.17E+01
3000 1.27E-02  2.15E-02 1.04E+00 1.43E+00 4.71E-02 6.11E+00 9.23E+01 6.16E+00 1.26E+01
2980 1.44E—02  4.97E-02 1.I9E+00 3.48E+00 1.18E—01 7.16E+00 1.25E+02 1.79E+02 141E+01
2960 1.65E—02 3.77E-02 149E+00 1.78E+00 8.10E—02 6.46E+00 1.08E+02 1.07E+02 1.36E+01
2940 9.57TE—03 2.91E-02 1.54E+00 3.29E-01 3.76E—02 446E+00 7.87E+01 4.35E+00 1.26E+01
2920 9.13E-03 2.07E—-02 1.91E+00 5.12E-01 548E—-02 497E+00 8.53E+01 8.18E+00 1.32E+01
2900 3.98E-03 3.69E—02 1.72ZE+00  3.67E—01 S.19E—-02  4.66E+00 7.24E+01 448E+00 1.28E+01
2880 9.69E—04  5.02E—02 1.50E+00 4.78E—01 7.58E—02 495E+00 7.54E+01 7.09E+00 1.32E+01
2860 5.63E—04 1.10E—01 1.39E+00 5.19E—-01 8.11E-02 S.18E+00 8.04E+01 8.61E+00 1.36E+01
2840 1.73E—-04 1.44E—01 9.20E—01 6.53E—01 9.85E—02 S54E+00 8.93E+01 6.98E-+00 1.41E+01
2820 1.08E—04 1.26E—01 6.40E—01 9.28E—01 1.38E—01 6.01E+00 9.94E+01 8.82E+00 1.48E+01
2800 3.76E-05  7.73E—02  2.99E—01 1.28E4+00 1.55E—01 6.52E4+00 1.06E+02 7.50E4+00 1.53E+01

(continued on next page)
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14 (Cmil) Al B] C] Az Bz Cz A3 B3 C3

2780 2.54E-05 7.14E-02  2.09E—01 9.53E—-01 1.17E-01 6.47E+00 9.61E+01 4.72E4+00 1.51E+01
2760 1.39E—-05 5.73E—-02 1.51E-01 9.24E—-01 991E—02 6.70E+00 8.45E+01 3.18E+01 1.49E+01
2740 1.I9E-05  6.17E-02  2.42E—01 1.02E+00 1.17E-01 6.98E+00 8.52E+01 6.36E+00 1.52E+01
2720 1.20E—-04 1.09E—01 4.70E—-01 3.54E-01 9.65E—-02 6.01E+00 6.77E+01 6.90E+00 1.45E+01
2700 2.93E-05 6.82E-02  4.80E—01 2.85E—-01 6.90E—02 591E+00 8.46E+01 3.53E+00 1.52E+01
2680 1.91E-05 S5.13E-02  2.31E-01 2.17E-01 5.38E—02 S90E+00 9.13E+01 2.65E+00 1.55E+01
2660 2.77E-05  6.31E-02  2.69E—01 1.55E-01 5.20E-02 ST2E+00 9.72E+01 224E+00 1.58E+01
2640 4.16E—05 5.37E—-02  4.00E-01 1.12E-01 4.12E—-02 S55E+00  9.61E+01 277E+00 1.58E+01
2620 6.74E—-05 5.39E—-02  6.25E—01 6.57E—02 3.82E-02 S.18E+00 8.72E+01 2.72E+00 1.56E+01
2600 9.47E—05 5.19E-02  8.63E—01 1.33E-01 9.65E—02 S88E+00 1.11E+02 9.66E+00 1.65E+01
2580 1.31E-04  6.09E-02 1.I13E+00 1.12E-01 1.36E—01 S570E+00 1.07E+02  9.62E+00 1.64E+01
2560 1.78E—04  5.04E—02 1.43E+00 1.12E-01 1.53E—01 S.69E+00 1.11E+02 S551E+01 1.65E+01
2540 2.82E—-04  5.39E-02 1.78E4+00  7.91E-02 5.36E—01 534E+00 1.02E+02 132E+02 1.62E+01
2520 5.19E-04  5.67E—02  2.18E+00 6.90E—02  2.51E—01 525E+00 9.67E+01 141E+02 1.61E+01
2500 5.85E—04  6.56E—02 238E+00 1.16E—01 5.76E—02 S78E+00 1.11E+02 3.54E+00 1.64E+01
2480 721E—04  4.24E-02 254E+00 7.45E-02 2.29E-02 S31E+00 9.52E+01 1.57E+00 1.58E+01
2460 3.93E-04 2.62E—-02 237E+00 9.69E—02 1.87E-02 545E+00 8.59E+01 1.34E+00 1.54E+01
2440 1.02E—-03  3.11E-02  2.60E+00 8.02E—02 1.96E—-02  5.16E+00 6.89E+01 1.49E+00 1.47E+01
2420 3.15E-04  3.01E-02 2.19E+00 5.58E—02 3.11E-02 4.55E+00 541E+01 2.12E+00 1.39E+01
2400 1.72E-07 4.12E+00 1.41E-01 2.98E—-02 1.02E-02 3.66E+00 4.32E+01 1.57E+00 1.32E+01
2380 3.36E-01 6.92E+00 1.30E+01 2.14E-02 1.13E-01 325E+00 3.82E+01 1.87E4+00 1.28E+0l
2360 3.67TE-02  1.88E—02  3.28E+00 9.85E+00 7.81E+00 1.26E+01 274E+01 1.11E+00 1.26E+0l
2340 438E—02 2.26E—-02 3.12E+00 1.52E+01 1.00E+00 &.11E+01 3.30E+01 2.18E+00 1.22E+01
2320 5.27E—02  2.94E—-02 297E+00 586E+00 1.00E+00 9.85E+01 3.04E+01 2.16E+00 1.18E+0l
2300 7.26E—02 3.73E—-02  290E+00 3.66E—01 336E+00 5.22E+01 3.01E+01 1.87E+00 1.17E+01
2280 6.71E-02  4.32E—02 2.73E+00 1.36E—01 3.32E4+01  5.54E+01 2.66E+01 1.67TE+00 1.12E+01
2260 6.28E—02  4.03E—02 2.56E+00 1.33E+01 1.00E+00 8.68E+01 2.77E+01 1.60E+00 1.11E+01
2240 9.18E—02 5.67E-02  2.72E+00 346E+01 194E+01 6.21E+01 2.74E+01 1.25E+00 1.08E+0l
2220 8.64E—06  9.18E—03  4.20E—01 1.37E-01 448E—-02 2.84E+00 2.53E+01 1.44E+00 1.05E+01
2200 451E-02 2.19E-02 2.34E+00 2.98E-01 3.56E—-02 391E+00 3.13E+01 1.31E+00 1.09E+01
2180 3.72E-02  2.32E-02 224E+00 5.59E—-01 393E-02 430E+00 4.12E+01 2.16E+00 1.15E+01
2160 1.12E-01 246E—02 231E+00 7.93E+00 7.54E—01 7.57TE+00 1.46E+03 1.17TE+02 2.35E+01
2140 1.25E—01 1.66E—02  2.06E+00 1.11IE+01 5.40E—-01 7.79E+00 1.55E+03 3.30E+00 2.39E+01
2120 1.65E—01 1.38E—02 223E+00 1.12E+01 3.47E—-01 747E+00 1.39E+03 1.74E+02 233E+01
2100 6.30E—-02  9.29E—-03 1.82E+00 4.36E+00 1.76E—01 546E+00 1.37E+03 1.74E+02 2.13E+01
2080 1.03E—-01 1.10E-02  1.79E+00 4.12E+00 1.49E—01 531E4+00 4.08E+02 8.76E+01 1.73E+01
2060 1.24E—01 6.12E—03 1.58E4+00 4.26E+00 1.35E—01 S.18E+00 2.34E+02 2.04E+02 1.53E+01
2040 1.18E—01 9.90E—03 1.55E+00 4.43E+00 9.75E—02 489E+00 3.06E+02 1.96E+02 1.55E+01
2020 2.24E-01 1.12E—-02 1.48E+00 1.16E+01 1.93E-01 6.26E+00 899E+02 1.56E+02 1.93E+0l
Table 2

Parameters of the three-group model for CO, and CO including a vibrationally-nonequilibrium state

CO,
v A, B, C Z, A B, C, Z, As B; Cs Z;

3745 7.10E-01 4.80E+01 1.10  0.00 3.70E+00 2.30E+00 1.50 0.00 1.90E+00 2.60E+02 2.30  0.00
3740  2.10E+00 3.10E+00 0.85 0.00 6.40E+00 6.50E+ 00 220 0.02 4.10E+01 1.10E+01 5.40 0.08
3735 1.30E+00 2.30E+00 0.51 0.00 3.40E+00 4.70E+00 1.80 0.00 2.80E+01 1.30E+01 4.50 0.00
3730 9.00E—01  2.00E+00 0.30 0.00 1.I0E+01 1.10E+01 2.80 0.01 7.90E+01 2.00E+01 8.70  0.04
3725 490E—-01  1.60E+00 0.13 000 140E+01 1.50E+01 320 0.00 290E+02 4.80E+01 8.80 0.04
3720 2.50E-01  1.60E+00 0.08 0.00 7.10E+00 1.60E+01 2.60 0.02 1.60E+02 3.80E+01 7.20  0.05
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Table 2 (continued)
CO,
14 Al Bl Cl Z| Az Bz C2 Zz A3 B3 C3 Z3
3715 2.40E-01  4.00E+00 0.68 0.00 6.60E+00 8.10E+00 2.50 0.01 2.50E+02 6.10E+01 7.80 0.13
3710 2.60E—-01  1.70E+00 0.14 0.00 6.10E+00 1.00E+01 230 0.06 2.00E+02 S5.10E+01 7.40 0.16
3705 4.30E-01 1.50E+ 00 0.17 0.00 890E+00 1.20E+01 2.50 0.11 230E+02 5.70E+01 7.80 0.18
3700 5.70E—-01  1.30E+00 0.26 0.00 1.20E+01 1.20E+01 2.70 0.17 3.30E+02 9.30E+01 8.10 0.12
3695 6.70E—-01  1.20E+00 0.37 0.00 1.40E+01 1.20E+01 2.80 0.24 290E+02 9.00E+01 8.10 0.10
3690 7.80E—-01  1.10E+00 0.53 0.00 1.80E+01 1.10E+01 3.00 029 4.10E+02 8.50E+01 9.00 0.09
3685 8.80E—01  9.80E—01 0.71 0.00 1.90E+01 1.10E+01 320 032 S.S0E+02  5.00E+01 9.70  0.09
3680 9.80E—01  9.50E—01 092 0.00 1.90E+01 1.40E+01 330 030 4.70E+02 1.20E+02 9.30  0.09
3675 1.10E+00 9.60E—01 .10 0.00 2.10E+01 1.40E+01 350 0.27 4.00E+02 1.10E+02 9.00 0.08
3670 1.20E+00 1.00E+00 1.40 0.00 2.50E+01 1.40E+01 380 0.17 S.10E+02 1.70E+02 9.50 0.11
3665 1.30E+00 1.00E+00 1.70  0.00 2.80E+01 1.60E+01 4.00 042 4.70E+02 1.20E+02 9.30 0.05
3660 1.40E+00 9.60E—01 2.00 0.00 3.50E+01 2.00E+01 430 0.50 4.70E+02 8.90E+01 9.30 0.01
3655 1.80E+00 1.10E+00 230 0.02 320E+01 2.60E+01 420 0.51 4.10E+02 6.30E+01 9.00 0.01
3650 2.80E+00 4.10E+00 220 0.18 2.70E+01 7.70E+00 430 0.63 4.00E+02 3.20E+02 8.90 0.03
3645 1.60E+00 2.50E+00 1.50 0.00 2.80E+01 8.20E+00 430 0.58 4.80E+02 2.20E+02 9.30 0.03
3640 1.20E+00 2.00E+00 094 0.00 3.50E+01 1.10E+01 470 0.38 S.80E+02 1.60E+02 10.00 0.06
3635 8.40E—01 1.70E+ 00 0.58 0.00 4.00E+01 1.20E+01 5.10 029 6.10E+02 1.30E+02 10.00 0.09
3630 5.80E—01  1.50E+00 0.32 0.00 4.80E+01 1.40E+01 550 0.28 6.30E+02 7.50E+01 10.00 0.07
3625 3.70E—01 1.30E+ 00 0.15 0.00 6.10E+01 2.00E+01 570 020 7.20E+02 &.10E+01 11.00 0.10
3620 2.00E—-01  1.30E+00 0.06 0.00 2.60E+01 1.60E+01 4.60 0.17 6.60E+02 6.10E+01 10.00 0.13
3615 5.40E—02 1.10E+00 0.00 0.00 8.60E+00 9.20E+00 3.00 0.10 S40E+02 6.90E+01 9.30 0.14
3610 7.90E—02 1.20E+00 0.05 0.00 6.00E+00 8.10E+00 2.50 0.09 S5.60E+02 6.80E+01 9.40 0.16
3605 2.10E—01 1.20E+ 00 0.11 0.00 4.70E+00 7.00E+00 220 0.08 6.00E+02 7.40E+01 9.70  0.16
3600 3.60E—01 1.40E+00 022 0.00 3.80E+00 6.40E+00 2.10 0.10 6.60E+02 7.00E+01 9.90 0.15
3595  5.50E—01 1.50E+ 00 0.36 0.00 4.10E+00 8.50E+00 240 0.18 6.60E+02 6.70E+01 10.00 0.16
3590 6.70E—01  1.60E+00 0.50 0.00 520E+00 1.30E+01 3.00 030 7.30E+02 6.10E+01 11.00 0.15
3585  6.80E—01 1.40E+ 00 0.64 0.00 S5.60E+00 1.60E+01 310 040 840E+02 640E+01 11.00 0.16
3580 6.10E—-01  9.40E—01 0.80 0.00 4.60E+00 8.70E+00 290 048 890E+02 6.70E+01 11.00 0.16
3575 9.40E—01  2.00E+00 1.00 0.00 7.90E+00 1.30E+01 3.00 040 850E+02 6.60E+01 11.00 0.13
3570 1.20E+00 3.20E+00 .20 0.00 7.60E+00 9.10E+00 3.10 040 7.80E+02 6.10E+01 11.00 0.15
3565 1.40E+00 3.80E+00 1.30  0.00 7.20E+00 7.20E+00 320 0.25 8.10E+02 7.00E+01 12.00 0.19
3560 1.50E+00 3.80E+00 1.40 0.00 7.00E+00 6.70E+00 320 038 8.80E+02 6.60E+01 12.00 0.18
3555 1.50E+00 3.50E+00 1.50 0.00 1.20E+01 9.90E+00 370 0.51 1.00E+03 8.70E+01 12.00 0.11
3550 1.60E+00 3.50E+00 1.70  0.00 1.20E+01 1.10E+01 3.60 0.54 1.00E+03 7.00E+01 12.00 0.12
3545 2.00E+00 4.30E+00 1.90 0.00 1.20E+01 1.20E+0l 370 0.56 880E+02 6.00E+01 12.00 0.13
3540 2.40E+00 5.10E+00 2.10 0.28 1.30E+01 1.20E+01 3.80 0.61 830E+02 S5.80E+01 12.00 0.14
3535 3.30E+00 6.50E+00 240 0.16 3.00E+01 1.80E+01 4.80 0.05 9.10E+02 6.40E+01 13.00 0.22
3530 3.00E+00 5.90E+00 2.50 0.16 230E+01 1.50E+01 440 0.06 7.20E+02 S590E+01 12.00 0.20
3525 3.10E+00 5.80E+00 2.70  0.34 220E+01 1.60E+01 440 0.55 8.70E+02 7.60E+01 12.00 0.11
3520 3.40E+00 6.10E+00 290 037 230E+01 1.70E+01 450 0.53 7.80E+02 S5.00E+01 12.00 0.12
3515 3.70E+00 6.70E+00 3.10 0.34 230E+01 1.70E+01 470 0.52 740E+02 440E+01 12.00 0.12
3510 4.20E+00 7.40E+00 330 031 3.10E+01 2.00E+01 5.00 0.51 8.00E+02 6.90E+01 12.00 0.06
3505 4.10E+00 7.40E+00 350 032 3.10E+01 1.90E+01 510 049 9.10E+02 8.00E+01 12.00 0.08
3500 4.40E+00 7.90E+00 370 031 3.40E+01 2.10E+01 520 048 890E+02 6.80E+01 12.00 0.10
3495 1.20E—02  1.30E+00 096 0.00 2.00E+01 2.30E+01 4.50 0.20 4.20E+02 7.10E+01 9.50 0.73
3490 1.70E—02  2.30E+00 1.20  0.00 290E+01 3.00E+01 490 0.08 490E+02 690E+01 10.00 0.19
3485 1.80E—02  4.00E+00 1.30  0.00 3.80E+01 3.40E+01 520 0.06 S5.10E+02 6.20E+01 11.00 0.25
3480 1.70E—02  4.30E+00 1.40 0.00 4.50E+01 3.20E+01 550 0.05 5.00E+02 3.50E+01 11.00 0.77
3475 1.90E—02  3.70E+00 1.50 0.00 7.00E+01 5.00E+01 6.00 0.09 1.10E+03 S5.70E+01 13.00 0.18
3470 1.90E—02  2.20E+00 1.60 0.00 9.20E+01 5.60E+01 6.40 0.12 2.00E+03 6.10E+01 15.00 0.14
3465 1.90E—-02 1.90E+00 1.80  0.00 1.20E+02 7.80E+01 6.80 0.16 2.50E+03 2.10E+01 16.00 0.09
3460 1.90E—02  1.50E+00 1.90 0.00 1.40E+02 6.00E+01 7.10 0.17 1.50E+03 1.20E+01 16.00 0.06
3455 1.90E—02  1.00E+00 2.10 0.14 1.50E+02 2.10E+02 7.40 024 1.10E+03 3.20E+01 15.00 0.03
3450 2.20E—-02  6.00E+00 230 0.17 1.50E+02 1.90E+02 7.50 021 1.60E+03 6.30E+00 16.00 0.02
3445 2.80E—-02 4.50E—-01 2.50 0.17 1.60E+02 5.00E+01 7.80 0.18 2.00E+03 2.10E+01 16.00 0.07

(continued on next page)
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CO,

14 Al Bl Cl Z| Az Bz C2 Zz A3 B3 C3 Z3
3440 3.30E-02  2.20E-01 270 034 1.50E+02 S5.70E+01 790 0.14 280E+03 S5.10E+00 17.00 0.13
3435 3.80E-02  1.90E-01 290 028 1.70E+02 4.10E+01 820 0.14 270E+03 3.70E+01 17.00 0.15
3430 2.90E—-02  2.10E-01 290 021 1.90E+02 8.20E+01 850 020 220E+03 S5.60E+01 17.00 0.06
3425 7.70E-03  4.70E—02 250 033 1.30E+01 4.80E+02 6.80 0.08 4.50E+02 1.80E+01 10.00 0.37
3420 1.70E-04  2.00E-01 1.50  0.00 4.20E-02  2.00E+02 3.50  0.50 3.30E+02 1.80E+01 9.40 0.25
3415 490E-04  3.20E-02 1.80  0.00 230E+01 3.90E+02 7.50 0.04 5.60E+02 2.00E+01 11.00 0.45
3410 1.60E—04  2.50E—02 1.50  0.00 1.60E+02 4.10E+02 9.10 0.05 1.30E+03 3.80E+01 1500 0.79
3405 5.70E-05  1.00E—02 1.50  0.00 2.60E+02 240E+01 9.80 0.11 1.90E+03 2.10E+02 18.00 0.89
3400 8.40E—06  1.90E—03 1.40 0.00 290E+02 6.70E+01 10.00 0.07 2.00E+03 1.00E+00 16.00 0.83
3395 3.40E-04 6.10E-03 220 0.00 420E+01 2.60E+02 890 0.04 6.70E+02 1.00E+02 12.00 0.49
3390  2.00E-03  5.60E—02 240 0.80 3.40E-01 1.50E+02 620 0.17 S550E+02 1.30E+02 11.00 0.21
3385 9.40E-05  2.10E+00 1.40 0.00 3.00E-03  3.80E+0I 240 0.68 540E+02 1.30E+02 12.00 0.18
3380 1.30E-06 6.90E+00  0.28 0.00 1.60E-03 1.20E+02 1.80  0.00 5.80E+02 2.60E+01 12.00 0.00
3375  7.30E-07  4.10E-01 0.00 0.00 9.50E-04 1.70E+00 1.40 0.00 590E+02 1.90E+01 12.00 0.00
3370  1.30E—06  4.70E+01 0.00 0.00 5.40E-04 1.00E+00 1.00  0.00 5.80E+02 480E+01 12.00 0.00
3365 3.40E-06 3.20E+01 0.00 0.00 340E-04 8.80E-01 0.80 0.00 590E+02 640E+01 12.00 0.00
3360 7.80E—06  3.00E+00  0.00 0.00 2.00E-04 6.80E—01 0.67 0.00 6.10E+02 7.40E+01 13.00 0.00
3355 1.10E-05  5.60E+00 0.00 0.00 1.00E-04 3.80E—01 0.60 0.00 6.50E+02 6.20E+01 13.00 0.00
3350 3.40E—-05 1.10E+00  0.24 0.00 7.00E+02 270E+01 14.00 0.24 1.50E+00 220E+01 37.00 0.00
3345 9.30E-06  8.90E—01 0.15 0.00 5.60E-03  5.10E+01 430 0.72 7.70E+02 7.00E+01 14.00 0.24
3340 3.80E-05 1.30E+00 034 0.00 2.00E-03 6.40E+00 3.50 0.67 7.10E+02 240E+02 14.00 0.24
3335 4.20E-07 1.80E—02 0.02 0.00 6.10E+01 8.60E+01 11.00 0.25 3.40E+03 9.30E+00 18.00 0.18
3330  2.10E-06  1.50E—01 0.16 0.00 2.00E+01 7.50E+01 970 0.21 180E+03 3.50E+01 17.00 0.21
2400 1.10E-03  1.10E+02 1.70 0.00 7.30E-01  3.10E-01 370 0.55 7.00E+02 240E+00 9.40 0.03
2395 1.70E+02 1.50E+01 420 0.00 5.60E+02 330E+00 560 0.04 1.60E+03 200E+00 11.00 0.20
2390 1.10E+02 3.30E+00 270  0.00 230E+02 9.60E—01 340 0.04 720E+01 9.30E+00 13.00 0.57
2385 1.30E+02 3.10E+00 1.90  0.00 1.00E+02 2.40E-01 2,60 0.12 280E+03 3.70E+02 830 0.09
2380 1.20E+02 2.50E+00 1.30  0.00 5.90E+01 2.70E-01 230 030 9.40E+02 8.90E+00 520 0.17
2375  9.60E+01 2.00E+ 00 0.83 0.00 4.50E+02 4.50E+00 330 0.05 4.60E+03 6.60E+01 920 0.13
2370  7.20E+01 1.80E+00 0.51 0.00 5.50E+02 8.10E+00 3.00 0.04 S560E+03 290E+0I 8.50 0.06
2365 4.90E+01 1.70E+00  0.28 0.00 3.00E+02 4.60E+00 220 0.25 1.70E+03 1.50E+01 540 0.12
2360 3.70E+01 1.70E+00 0.18 0.00 6.20E+02 1.10E+01 2.60 0.09 130E+04 6.20E+01 9.10  0.06
2355 2.20E+01 1.60E+00 0.13  0.00 4.90E+02 1.30E+01 220 0.14 5.10E+03 2.10E+01 7.10  0.05
2350 1.80E+01 2.80E+00 0.47 0.00 6.30E+02 1.60E+01 2.50 027 1.50E+04 4.50E+01 8.90 0.06
2345 1.80E+01 1.60E+00  0.18 0.00 6.80E+02 2.40E+01 2.60 021 1.20E+04 3.90E+01 8.30  0.01
2340 2.40E+01 1.30E+00 0.15 0.00 9.40E+02 3.00E+01 3.10 021 1.50E+04 5.50E+01 9.00 0.04
2335 3.10E+01 1.10E+00 0.22 0.00 1.10E+03 3.90E+01 340 021 2.00E+04 7.00E+01 9.40  0.00
2330 4.70E+01 1.20E+00 0.37 0.00 1.I0E+03 5.50E+01 350 022 1.70E+04 5.80E+01 9.10  0.01
2325  6.20E+01 1.30E+00 0.54 0.00 1.10E+03 5.20E+01 370 024 270E+04 1.10E+02 9.80  0.00
2320 8.30E+01 1.30E+00 0.75 0.00 9.80E+02 8.70E+01 3.50 038 240E+04 9.50E+01 9.50  0.01
2315 1.10E+02 1.50E+00 098 0.00 9.50E+02 7.60E+01 350 054 3.70E+04 1.70E+02 10.00 0.02
2310 1.30E+02 1.70E+00 .20 0.00 9.30E+02 8.40E+01 350 057 320E+04 1.30E+02 10.00 0.00
2305 1.30E+02 2.10E+00 1.40 0.00 8.20E+02 3.60E+01 320 052 3.60E+04 1.20E+02 10.00 0.01
2300 3.20E+01 2.00E+00 .10 0.00 7.20E+02 1.10E+01 2.60 032 4.60E+04 1.70E+02 10.00 0.05
2295 3.60E+00 2.20E+00 0.66 0.00 7.60E+02 3.90E+00 2,60 028 4.10E+04 540E+02 10.00 0.02
2290 1.10E+00 2.20E+00 0.45 0.00 870E+02 6.70E+00 280 0.26 S5.20E+04 420E+02 11.00 0.03
2285 6.20E-01  2.50E+00 0.56 0.00 1.10E+03 9.10E+00 3.10 027 4.50E+04 390E+02 11.00 0.04
2280 3.40E-01  2.30E+00 0.36 0.00 1.20E+03 1.20E+01 340 027 590E+04 2.00E+02 11.00 0.03
2275 3.60E-01  1.70E+00 0.22  0.00 1.60E+03 1.40E+01 3.80 026 5.60E+04 230E+02 11.00 0.03
2270 3.80E-01  1.20E+00 0.23  0.00 2.00E+03 1.80E+01 420 025 6.10E+04 280E+02 11.00 0.02
2265 5.60E—-01  1.40E+00 037 0.00 240E+03 240E+01 450 024 6.70E+04 2.00E+02 12.00 0.02
2260 7.50E-01 1.50E+00  0.54 0.00 2.80E+03 3.00E+01 490 023 6.50E+04 2.50E+02 12.00 0.01
2255 1.00E+00 1.70E+00 0.74 0.00 3.30E+03 3.40E+01 530 023 7.10E+04 3.20E+02 12.00 0.02
2250 1.30E+00 1.90E+00 097 0.00 3.20E+03 2.70E+01 550 023 6.60E+04 1.90E+02 12.00 0.01
2245  1.60E+00 2.40E+00 .20 0.00 3.20E+03 1.20E+01 570 024 7.60E+04 290E+02 12.00 0.00



E.l Vitkin et al. | Int. J. Heat Mass Transfer 43 (2000) 2029-2045 2043
Table 2 (continued)
CO,
14 Al Bl Cl Z| Az Bz C2 Zz A3 B3 C3 Z3
2240 2.00E+00 3.10E+00 1.50 0.00 3.20E+03 2.20E+01 590 024 7.30E+04 2.00E+02 12.00 0.00
2235 2.50E+00 4.00E+00 1.80  0.00 3.10E+03 1.90E+01 620 026 820E+04 2.80E+02 12.00 0.00
2230 3.30E+00 4.30E+00 2.00 0.00 340E+03 1.40E+01 6.50 0.28 830E+04 3.10E+02 12.00 0.01
2225 4.20E+00 5.00E+00 240 0.12 340E+03 1.20E+01 6.70 021 820E+04 3.60E+01 12.00 0.02
2220  5.40E+00 5.90E+00 2.70  0.13 3.50E+03 1.20E+01 7.00 020 940E+04 1.80E+02 12.00 0.02
2215 6.70E+00 7.00E+00 3.00 0.15 3.60E+03 2.00E+01 7.30 0.06 1.00E+05 [1.80E+02 13.00 0.60
2210 8.30E+00 9.50E+00 340 0.13 3.60E+03 1.70E+01 7.60 0.06 1.10E+05 S5.50E+01 13.00 0.60
2205 1.00E+01 8.10E+00 370 0.17 3.70E+03 1.50E+01 790 0.06 130E+05 4.80E+01 13.00 0.55
2200 1.30E+01 1.10E+01 4.10 0.15 4.00E+03 1.60E+01 830 0.06 130E+05 990E+01 13.00 0.54
2195 1.50E+01 8.80E+00 440 021 4.10E+03 1.30E+01 8.60 0.06 140E+05 7.50E+01 14.00 0.45
2190 1.90E+01 6.50E+00 4.80 0.18 4.20E+03 1.40E+01 890 0.06 1.60E+05 1.80E+02 14.00 0.47
2185 2.20E+01 6.80E+00 510 0.20 4.70E+03 1.40E+01 9.30 0.06 1.70E+05 7.30E+01 14.00 0.45
2180 2.60E+01 3.60E+00 550 0.19 470E+03 6.70E+01 9.60 0.06 190E+05 S5.70E+01 15.00 0.43
2175  290E—-02 4.10E—02 290 0.70 2.10E+03 2.20E+01 9.00 0.06 1.80E+05 3.10E+01 14.00 0.43
2170 1.20E—-02  5.20E—02 2.60 0.50 1.60E+03 1.70E+01 9.00 0.27 1.80E+05 3.60E+01 15.00 0.03
2165 2.00E—02 4.60E—01 230 025 [1.10E+03 1.70E+01 880 022 190E+05 340E+01 15.00 0.04
2160 1.40E—-02  2.20E—-01 240 0.52 8.10E+02 1.70E+01 8.80 0.04 200E+05 390E+01 15.00 0.12
2155 1.80E—02  3.80E—01 240 0.37 7.00E+02 8.30E+01 9.00 0.0l 2.10E+05 [1.00E+02 16.00 0.15
2150 3.90E-02 1.30E+01 2.70  0.76 6.80E+02 2.60E+01 9.50 0.23 220E+05 3.70E+01 16.00 0.08
2145  4.40E—-02 3.90E+00 270 048 6.40E+02 2.20E+02 990 0.27 230E+05 4.50E+01 16.00 0.07
2140 2.80E—-02  9.40E—01 250 0.53 490E+02 2.10E+02 10.00 0.27 240E+05 4.90E+01 16.00 0.08
2135 1.20E-04 1.70E-01 1.00 0.00 6.00E—02  6.30E+00 2.80 0.02 220E+05 1.40E+01 16.00 0.10
2130 4.70E+03 280E+02 12.00 020 250E+02 250E+02 14.00 049 S5.80E+05 4.80E+01 19.00 0.08
2125 490E+03 5.30E+01 12.00 0.20 140E+02 890E+01 15.00 0.55 6.30E+05 3.80E+01 19.00 0.08
2120 5.10E+03 2.00E+02 13.00 0.12 120E+02 140E+02 1500 0.76 6.70E+05 3.40E+01 20.00 0.08
2115 5.20E+03 330E+02 13.00 0.22 4.60E+02 1.10E+02 1500 0.39 7.30E+05 440E+01 20.00 0.09
2110  5.60E+03 240E+02 14.00 0.04 220E+02 3.80E+01 15.00 0.79 7.90E+05 3.90E+01 21.00 0.12
2105 6.00E+03 3.30E+02 14.00 0.09 220E+02 4.30E+01 16.00 0.80 8.50E+05 230E+01 21.00 0.09
2100 6.40E+03 2.80E+02 14.00 0.09 860E+01 3.50E+00 16.00 0.84 9.20E+05 2.20E+01 21.00 0.09
2095 7.00E+03 1.80E+01 15.00 0.07 9.80E+05 190E+02 22.00 0.10 9.20E+01 480E+0l 62.00 0.09
2090 7.40E+03 220E+02 1500 0.09 270E+02 1.50E+02 16.00 0.73 1.10E+06 3.00E+01 22.00 0.09
2085 8.00E+03 6.10E+02 16.00 0.25 1.10E+06 1.70E+01 23.00 0.06 4.60E+01 1.50E+02 70.00 0.50
2080 8.90E+03 6.10E+01 16.00 024 1.20E+06 S520E+01 23.00 0.07 3.70E+01 4.60E+01 70.00 0.50
2075 9.80E+03 1.10E+01 17.00 0.07 130E+06 240E+02 24.00 0.11 1.20E+02 140E+02 68.00 0.50
2070  1.10E+04 6.00E+02 17.00 0.03 140E+06 1.60E+01 24.00 0.11 3.50E+01 1.50E+02 63.00 0.40
2065 3.20E+04 420E+02 18.00 0.21 3.40E+02 220E+02 20.00 0.59 280E+06 7.60E+00 26.00 0.13
2060 3.70E+04 480E+02 19.00 0.04 3.10E+06 S5.00E+00 27.00 0.12 7.50E+01 4.10E+02 51.00 0.14
2055 4.40E+04 530E+02 20.00 0.05 3.60E+06 5.70E+00 28.00 0.14 190E+01 4.50E+02 44.00 0.14
CO
2275 8.40E+00 4.90E-01 4.80 0.00 5.80E+00 8.70E—02 580 0.09 6.00E+01 8.80E-01 13.00 0.03
2270  2.00E+00 1.90E—01 4.10 0.01 9.80E+00 3.50E—01 4.60 0.03 4.00E+01 7.30E-01 11.00 0.02
2265 7.20E+00 4.60E—01 390 0.00 4.40E+00 7.70E—02 4.60 0.10 4.40E+01 8.60E—01 11.00 0.07
2260 5.70E+00 4.00E—01 3.50 0.00 4.40E+00 1.10E-01 4.00 0.08 3.00E+01 8.00E—01 9.20 0.08
2255 3.60E+00 3.20E—01 3.10 0.01 S.60E+00 1.80E—01 340 0.05 230E+01 8.70E-01 8.20 0.10
2250 4.80E+00 4.50E—01 2.80 0.02 3.80E+00 8.50E—02 3.10 0.10 S540E+01 7.20E-01 9.70 0.14
2245 4.50E+00 3.90E-01 240 0.00 430E+00 1.00E—01 3.10 0.05 4.10E+01 9.40E—01 9.10 0.17
2240 5.50E+00 3.90E—01 220 0.03 6.90E+00 1.60E—01 420 0.08 3.90E+01 1.30E+00 9.80 0.24
2235 6.10E+00 4.30E-01 2.00 0.03 270E+00 1.80E+00 590 0.25 3.50E+01 3.50E-01 7.80 0.21
2230  5.90E+00 4.30E—01 .70 0.01 1.80E+00 2.10E+00 540 024 3.80E+01 4.40E—-01 7.80 0.24
2225 5.60E+00 4.30E-01 1.50 0.00 2.00E+00 6.00E+03 590 0.32 3.60E+01 4.50E-01 7.50 0.26
2220 4.70E+00 3.90E—01 1.30  0.03 1.90E+01 5.00E-01 570 028 3.50E+01 6.00E+03 12.00 0.39
2215 4.90E+00 4.10E-01 1.20  0.03 1.90E+01 5.60E—01 580 029 3.80E+01 S90E+03 13.00 0.44
2210 4.10E+00 4.20E—01 096 0.02 1.20E+00 1.30E+01 4.70 0.60 3.00E+01 5.00E—-01 6.50 0.33
2205 3.60E+00 4.20E-01 0.79 0.02 1.20E+01 1.70E—01 4.80 0.36 2.50E+01 1.60E+00 8.30 0.40

(continued on next page)
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CO,

14 Al Bl Cl Z| Az Bz C2 Zz A3 B3 C3 Z3
2200 3.10E+00 4.10E-01 0.64 0.02 1.00E+01 1.70E-01 430 040 1.30E+01 2.30E+00 6.80 0.42
2195 3.00E+00 4.20E-01 0.54 0.00 9.70E+00 1.10E-01 470 0.15 190E+01 1.50E+00 6.90 0.72
2190 2.90E+00 4.10E-01 0.49 0.00 8.70E+00 1.60E—-02 5.80 0.01 190E+01 140E+00  6.00 0.67
2185 2.40E+00 3.50E-01 036 0.00 1.30E+00 1.70E+00 3.00 0.11 3.10E+01 4.70E-01 6.50 0.83
2180 2.10E+00 4.10E-01 0.28 0.00 190E+00 1.60E+00  3.80 0.04 3.50E+01 4.00E-01 6.80 0.84
2175  1.60E+00 4.20E-01 0.19 0.00 290E+00 3.20E-02 3.10 0.09 230E+01 1.30E+00 6.40 0.84
2170 1.50E+00 4.10E—-01 0.15 0.00 1.50E+00 8.60E+00 420 0.08 250E+01 4.30E—01 6.00 0.86
2165 1.10E+00 4.10E-01 0.10  0.00 8.50E+00 2.10E-01 430 046 1.40E+01 1.80E+00 6.90 095
2160 8.60E—01  4.00E—01 0.06 0.00 1.10E+01 4.70E-01 430 0.69 3.40E+01 220E+00 11.00 0.99
2155 6.20E-01  4.20E-01 0.05 0.00 1.30E+01 5.80E-01 480 0.79 2.00E+01 7.40E+00 11.00 0.99
2150  3.80E—01  4.90E—01 0.05 0.00 7.70E+00 3.60E—01 420 0.78 250E+01 1.90E+00  9.20 0.99
2145  1.70E-01  6.60E—01 0.26 0.00 8.00E+00 4.20E-01 450 095 3.70E+01 1.60E+00 11.00 0.42
2140  2.30E-01  5.90E—01 0.15 0.00 9.20E+00 5.00E-01 480 095 430E+01 240E+00 12.00 0.29
2135 4.00E-01  4.30E-01 0.04 0.00 6.50E+00 4.90E—-01 440 093 4.00E+01 S5.10E+02 12.00 0.31
2130 6.00E-01  4.00E—01 0.03 0.00 7.20E+00 5.40E—01 490 092 480E+01 6.70E+02 13.00 0.22
2125 7.770E-01  3.60E-01 0.04 0.00 6.80E+00 5.50E-01 520 091 S540E+01 6.20E+02 14.00 0.19
2120  8.80E—01  3.10E—-01 0.04 0.00 4.00E+00 4.20E—01 460 0.66 4.10E+01 7.10E+01 13.00 0.99
2115 1.00E+00 2.90E-01 0.07 0.00 1.60E+00 2.00E—-01 340 033 280E+01 3.10E+00 11.00 0.99
2110 1.20E+00 1.90E—01 0.17 0.00 7.10E-01  8.90E—01 1.70 092 5.10E+01 I1.10E+00 11.00 0.38
2105 1.50E+00 2.50E-01 0.30 0.00 5.10E-01  1.30E+00 1.90 099 3.80E+01 8.10E-01  10.00 0.39
2100 1.50E+00 1.50E—01 0.33  0.14 B8.90E-01  6.00E—01 1.40 0.87 3.00E+01 1.40E+00 10.00 0.29
2095 1.50E+00 1.20E-01 0.40 0.00 1.I0E+00 6.40E—-01 1.30 0.74 3.90E+01 880E-01 11.00 0.99
2090 1.70E+00 2.90E—01 0.45 0.00 1.00E+00 1.90E-02 1.80 0.33 1.00E+00 5.70E—01 3.00 0.96
2085 1.80E+00 3.40E-01 0.54 0.00 1.60E+00 2.80E—-02 2.00 0.18 6.00E+00 1.60E+00 6.20 0.99
2080 1.40E+00 3.40E—01 0.56 0.00 2.00E+00 6.10E-02 1.60  0.00 7.10E+00 1.50E+00  6.30 0.98
2075 1.70E+00 3.20E-01 0.68 0.00 2.10E+00 4.10E-02 1.90 0.00 4.80E+00 1.40E+00 520 096
2070  2.30E+00 3.70E—01 0.84 0.02 1.80E+00 5.80E-07 2.60 049 5.70E+00 9.80E—01 490 0.93
2065 2.30E+00 3.90E-01 096 0.08 190E+00 7.50E-03 240 035 490E+00 1.00E+00 510 094
2060 2.30E+00 3.50E—01 1.00  0.02 4.70E+00 5.30E—02 3.50  0.13  5.20E+00 1.60E+00 590 097
2055 1.80E-01  4.90E-01 0.69 029 3.10E+00 1.70E-01 1.40 0.14 8.60E+00 5.90E-01 480 0.88
2050 1.40E+00 5.00E—01 1.10  0.05 240E+00 9.90E—03 1.90 033 1.10E+01 6.40E—01 520 0.88
2045 1.70E-01  4.40E—-01 087 029 280E+00 1.70E-01 1.60 022 120E+01 4.50E—-01 490 0.83
2040 2.20E-01  4.20E—01 098 0.16 3.20E+00 1.50E—01 1.80 0.18 1.20E+01 5.20E—-01 5.10 083
2035 1.50E-01  4.00E-01 099 0.14 340E+00 1.70E-01 1.90 0.16 1.I0E+01 5.10E-01 490 0.81
2030 8.00E—02  3.80E—01 094 0.13 3.80E+00 2.10E—01 210 0.09 1.20E+01 6.50E—01 530 083
2025 6.80E-02  3.70E-01 1.00  0.10 4.40E+00 2.30E-01 230 0.05 [1.30E+01 7.30E-01 5.80 0.84
2020 1.30E—01  4.00E—01 1.20 0.04 5.10E+00 2.00E-01 2.60 0.03 1.20E+01 8.40E—-01 590 0.83
2015 7.00E-02  3.80E-01 .20 0.05 490E+00 220E-01 270 0.05 1.40E+01 7.10E-01 6.00 0.82
2010 4.30E—02  3.70E—-01 1.20  0.07 4.30E+00 2.40E—-01 270  0.08 1.50E+01 6.40E—01 6.00 0.79
2005  7.00E-02  4.30E—-01 1.50  0.02 5.00E+00 2.10E-01 3.00 0.07 1.40E+01 7.80E-01 6.10 0.78
2000 1.50E-01  3.30E-01 1.80 0.03 7.00E+00 2.20E-01 350 0.02 1.70E+01 9.50E-01 7.30  0.83
1995 1.20E-01  3.50E-01 1.90 0.02 6.80E+00 2.20E-01 3.60 0.00 1.70E+01 8.90E-01 7.20  0.81
1990  6.80E—02  4.10E—01 1.90 0.02 540E+00 2.20E-01 3.60 0.06 2.00E+01 7.00E-01 6.90 0.77
1985 5.90E-02  4.20E-01 2.00 0.01 4.50E+00 1.70E-01 370 0.11 1.50E+01 8.30E-01 6.20 0.68
1980 4.00E-02  2.70E+01 2.10 0.04 4.40E+00 2.00E—01 3.80  0.10 2.10E+01 6.70E—01 6.90 0.70
1975 4.30E—-02  6.20E+00 220 0.03 4.70E+00 1.80E-01 4.00 0.10 2.00E+01 7.50E-01 7.00 0.68
1970  7.30E—02  3.00E+02 250  0.02 6.30E+00 2.00E-01 4.40 0.04 260E+01 7.70E-01 8.00 0.75
1965 5.80E-02 1.30E+02 270 0.03 S5.00E+00 1.80E—01 450 0.08 240E+01 7.50E—01 7.60  0.68
1960 5.40E—02  1.90E+02 2.80 0.03 4.70E+00 1.70E-01 460 0.09 230E+01 7.50E-01 7.60 0.65
1955 3.80E-02 1.70E4+02 290 0.05 3.90E+00 1.50E—01 470 0.11 230E+01 7.50E-01 7.50  0.60
1950  2.80E-02  3.60E+03 3.00 0.07 230E+00 8.40E-02 470 0.18 2.00E+01 8.30E-01 7.00 0.50
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The results of the work are summarized in Tables 1
and 2 where the values of 4;,=N;M;, B;=v,N,, C;=E}/
1000 are presented for fixed frequencies v for each of
three groups. Table 1 contains the values of the par-
ameters of the three-level model for H,O in the range
2-5 pm with the interval of 20 cm™!. Table 2 contains
the parameters of the three-level model for CO, in the
2.7 and 4.3 um bands and for CO in the 4.6 um band
with an interval of 5 cm™' with account for the poss-
ible nonequilibrium. Numerous calculations of optical
characteristics of nonuniform objects with the use of
parameters presented in the tables confirmed the re-
liability and efficiency of the proposed approach [16—
18].
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