teristics of the furnace medium of powdered coal furnaces in any zone of the furnace chamber,

NOTATION

w, ¢, and t, velocity, specific heat, and temperature of the combustion products, respec-
tively; Eres, resultant heat flux over the surface of the volume considered; q, heat released
per unit volume; Q » lowest heat of combustion of the working mass of fuel; n and m, fraction

of the fuel and rec1rculation per layer, respectively; 8, degree of burning of the fuel in

the zone; AB, degree of burning in a specified zone from the combustion of the fuel intro-
duced into previous zones; t;, t2, ci, and cz, temperature and heat capacity of the combus-
tion products at the entrance and the exit from the zone, respectively; tg, Cg, and r, temp-
erature, heat capacity, and fraction of the recirculation gases; Bp» theoretical fuel flow
rate; y, thermal efficiency; F, surface bounding the zone; Vc,, total heat capacity of the
combustion products for ta; Aey =€y.,1 — Etexps difference between the theoretical degree of bright-
nessofthesurfacevolumeandtheexperimentalvalue;rt,rcoz,andrnzo,totalvolumefraction of

triatomic gases and the volume fraction of CO, and H;0, respectively; By, dimensionless con-
centration of ash particles; dy, effective diameter of the ash particles; x; and %2, quanti-
ties which take into account the concentration of coke particles in the combustion product;
Pps total partial pressure of the gases; T, temperature of the combustion products; uclcas
dgmensionless and actual concentration of coke particles; and oo, emissivity of blackbody.
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PROBABILISTIC MODELING OF VIBRATIONALLY NONEQUILIBRIUM DIATOMIC
GASES IN THE THEORY OF RADIATION TRANSFER

V. I. Kruglov, L. V. Katkovskii, UDC 536.3:518.6
and Yu. V. Khodyko

The radiation transfer in a vibrationally nonequilibrium diatomic gas is described
by a system of equations which can be reduced to one integrodifferential equation
for the vibrational energy density. A method for the numerical solution of this
equation by using the theory of Markov chains is proposed in the paper,

The investigation of radiation transfer in nonequilibrium gases is closely associated
with such areas of application as spectroscopy, low-temperature plasmas, molecular gasdynam
ic lasers, radiation gasdynamics, and physics of the upper layers of a planetary atmosphere.
In the general case, the problem reduces to solving a system of equations of Boltzmann type
for material particles and photons [1, 2]. Obtaining concrete results by direct integration
of the system of equations is hence a very complex mathematical problem, Hence, examination
of such physical situations when the problem allows of specific simplifciations is of inter-
est. The present paper is devoted to an investigation of radiation energy transfer in non-
equilibrium diatomic heteronuclear gases (CO, HC1l, NO, etc., for example) both because of the
relative simplicity of configuration of diatomlic molecules and the practical importance of
such gases for radiation gasdynamics and atmospheric optics problems. Radiation processes
exert a substantial effect, together with inelastic collisions on the population of the vibra-
tional-rotational molecule levels at reduced pressures of the radiating medium p ~ 107“-10"2
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and the temperatures T ~ 1-3¢10°°K when the maximum of the Planck functions is in the fre-
quency range corresponding to vibrational—rotational transitions. The emergence of radiation
outside the boundaries of the emitting volume in this case results in spoilage of the local
thermodynamic equilibrium. However, a representation about the local equilibrium within sepa-
rate degrees of freedom [3, 4], and particularly, gbout the vibrational temperature T v(®)
which differs from the translational T(r) (the temperature of the rotational degrees of free-
dom also equals T(r)), can be introduced for a broad class of problems. The radiation char-
acteristics of such a partially equilibrium medium are determined by the radiation transfer
equation in which the source function depends on T v(E) or the equivalent parameter e(r), the
gas vibrational energy density. In turn, a kinetic equation must be written for e(x), where
besides the relaxation term, a term describing the influence of the radiation transitions
should be present.

Considering the diatomic molecules in the '"quantum oscillator—rigid rotator” approxima-
tion, the following system of equations can be written for the gas vibrational enmergy density
e(r) and the spectral intensity I(k, r):

. ) (1)
"VI (kv r= kv (l') (IV (l') -1 (ks r))a
3 _ o@—e@ 1 S, (1) ¢ (2)
t37-+vvw)dﬂ 0 = i)(nv.
where
- 1 .
ky()) = hvN (1) B 2 2 Sta )@y (v, 1)
2n BJﬂ
= W e, ( or )hﬂ}'
o {~(Ter)
0}«. (V, r) = l?ia (l') ,
T 2 'Yia(r)
, heB,
Sl = +a) g e (=G + 1) ),
1
e ) =vie | )T, wye =0+ 20— 20) (+ ),
v e N 4 ] _ v
0= ["’ (kaT.(r)) : ] B0 = T e
For simplicity in the writing, the time argument in the functions is omitted here.
Integrating (1) with respect to the solid angle results in the relation:
VS, (1) = 4ngvee, @) e () — b, ) | 1(k,nde, 3

(4x)
where according to (1), I(k, r) has the explicit form

1k 0= | &,V K@) exp{—1,(r, r)}ds’ +71,(rn n)exp{—7,(r, )},
jr—*]

2m
Wi )= | Rds =
0

Substituting (3) into (2) results in an integrodifferential equation for the vibrational en-
ergy density [2]
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(r)

where we have introduced the following notation:

G(r, 1) = —— Y Vi, (), (1) SRAZ B OB )
plr) . Ir—r?
(av)
Y(r) = 1 (‘ dv s‘ dQk, (O, (r,, n)exp{— T, (r, ra}, (6)
p(l‘) o .
(Av) (4x)
1 _ 1 1 1 _ 8ahBv
) O v v 2 (7

A sequential quantum-statistical derivation of the equations presented was first given in
[2,5-7}. However, let us note that it is convenient to simplify the kernel G(r, r') of the
fundamental equation of the theory of nonequilibrium diatomic gas radiation transfer (4) for
practical computations. Following [2, 7], expression (5) is successfully integrated approx-~
imately with respect to the frequency in an arbitrary spatially inhomogeneous case, which
results in the expression

exp { () }

s [_Be 7 @B p@)T@OT)'” ve |
G, 1) = (ko) ( ™ ) ks (T + T VT rrp

(8)
lr—i'

i
n a2 B, \'* B e (s)
1, (r, T') = (ho) ( p ) S S‘ T ds

In the spatially homogeneous case, the kernel of (8) takes on the especially simple form
(8]

n_p R exp{—kir—r'}
Gf(r, =k
(r r) yw- v 9)

where

(Bha o

N
k= ~ s (mBYV? 4,
(rplay —8V2 ksT (10)
.o 1/ __T
e + 1 -

Here k is the mean absorption coefficient [2, 7], which differs essentially from the corre~
sponding mean coefficients of the equilibrium theory introduced by Planck and Rosseland.

Let us also note that the mean absorption coefficient (10) 1is useful for calculations
of the vibrational energy density distribution e(r), while it is not used directly in the
calculation of the radiation intensity.

A diffusion approximation [7, 9], which permits obtaining analytical solutions for the
vibrational energy density, the spectral intensity, and the radiation flux density, can also
be developed in the spatially homogeneous case.

Another case inwhich an analytical solution is possible is the radiation of optically thin
volumes [10]. '
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The need for a computation of the characteristics of multidimensional spatially inhomo-
geneous volumes of a nonequilibrium gas often occurs in practical applications, however. In
mathematical aspects such a problem is no less complex than the problem of computing neutron
transport, for whose solution numerical methods, and primarily the Monte Carlo method, are
used extensively. The possibility of constructing an effective numerical algorithm for the
solution of the fundamental integrodifferential equation (4) also exists for the problem un-
der consideration.

Let us consider the stationary case (velocity, temperature, and pressure fields are in-
dependent of the time). The fundamental integrodifferential equation (4) reduces to an inte-
gral equation by using Green's function of the transfer operator

) d 1 _ -
( v (9] —— T—(S)—)Dy(s, $0) = 8 (s — 59),
Bl —sy) . : ds’
Pyl s = =] exp‘ &c(s'»v(s')!}' (1)

Se

Here s is the coordinate along the streamline y and ¢ (s) is the Heaviside function. Using
(11) the integral equation for ¢(r) has the form '

() =A | K(r, M)e(r)dr’ + o), (12)
14

Kiry, 1) = j D,(sy, s)G(v(s), 1y ds, 13)
v

(v (s) (14)
where the streamline r = y(s) passes through the point r,:r, = y(s;). The parameter A =1,
whose meaning will become clear later, is introduced formally in (12), but it should tend to
one in the final results.

9 (r) = jﬂ D, (sp 5) ["’0—(1@ b (p(s) ] ds,
b4

Let us also define the function U(roe, Ti1y ««+» rN):
U(ry, 1y, e, W) =Ul(r, ) +U(ry, 1) +...+U(tnv=1, r;_v)_,
where U(ri, rk) = In K (ri, rk); then by iterating the integral equation (12) we obtain

e(r)) = @iry) + 2%"5‘ . Sexp {U(tgs-eer TN)} @ (ry) dry... drn.. (15)
v v

N=1

The Neumann series (15) converges since the norm of kernel (13) is less than one, as is
easily shown. The observed radiation characteristics are related in a simple manner to the
linear functional F{e] of the vibrational energy density e(x)

Fio={ fme@dr=Qm X[ -~ [ p o ta) F (1) @ (ra) dro...drn. (16)
v N=0V 1

Here, by following the formal analogy with classical statistical mechanics, quantities of the
probability density p and partition function Q type are defined for a large canonic ensemble

p(Fos Typers T3 M) =Q7* (D) AN exp{U(r,, Ty,.... TN}, an
QM) = 27,”5 §exp U, T8} dr, ... dry, (18)
N=0
D[ e Jolo t Ndrydru =1, a
N=0o'V v
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where it is assumed that U(r,) = 0 everywhere, and therefore p(ro) = Q”*(1). Let us note that
f(r) in (16) is a known function. Thus, e.g., if we are interested in the spectral intensity
of the radiation emerging from the volume at a frequency v along the ray ro = ro(so), then

f (s0) = qv3k, (rg) exp { — 7, (Fo, Ta)}, To = o (So)s (20)

L3 {
Il = 2% [ [ oo [exp{Uee tir . T} F(8) @ (rn) dsodry...drn.
0V 1

N=0

In calculating functional (16) it is useful to go over to the integral sums for which we
divide the space V into a large number of equal cells with volume v, then (16) and (18) be-
come

Flel=Q() ) P(4)®(4), (21)
A;
Q) =v X (ho)"t exp {U (4}, (22)
4
where P(Ai) is the probability of the states Ai:
N
P(A) = —"g—f{)—‘ exp (U (4}, ; P =1, (23)

UA) =U@p, i, .., rgg:), ®A) =f(r§) e (r%:))‘

Here Ai denotes the phase~-space point of a state with a variable number of particles
A = (0, 0, 1),
where Ny runs through the values 0 to =, and réi) belongs to the set of the discrete partition
cell centers of the volume V at equal elements v. For fixed N there evidently exists (V/
V)Ni+l different states A,
The probabilistic interpretation of the Neumann series (5) also permits examination of

the state Aj as a photon trajectory generated at the point ré? ‘and experiencing scattering
at the sequence of points réizl, r(i) rgi)

Ne—2? "°°?

R(Ai) can be used to determine Q(})

N
R = (5] ew(-van.

. The mean value of the states function

For any values of the parameter B we find within the limits 0 < B8 < 1

i+ -
R =X P(A)R(A)=VQ"' (W AZ BW"i ("7)" =VQI) X W =VA—BNTQIM).  (ys)
A; 4 .

N;=0

In this case, evaluation of the functional Fle] reduces to finding the mean values R(A) and
&(\)

VO (A)

TS T mRw

(26)
where

DM = ;_‘, P(A) D (4).

i

Another method of determining Q(A), which relies essentially on the introduction of the pa-
rameter A, follows from an examination of the differential equation

O lnQM=A"Q" M Z NV exp{U (4)} o™it = A7 P (4) Ny= AN (M),
Ay
i

oA
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from which

QM =Vexp{ f N o) i:—] @n
0 .

Here the boundary condition Q(0) = V was used. Consequently, taking account of (21) and
(27), we obtain

Flel =Vexp{} ¥ -%3‘_] M. (28)
;

Let us note that although the probabilities P(Aj) are defined completely (23), the di-
rect calculation of the mean values R(A), & (1), and N(A), needed for the computation of Fle],
is practically impossible because of the excessively large number of points of the states'
phase space. This difficulty can be overcome by performing a sufficiently large number of
tests of the random variable Aj distributed with probability P(Ai)3Ai,» Aiz"°" AiM, from

which we obtain the mean values of the states functions directly on the basis of the law of
large numbers :

g

R o~

M M
1 N ama~t NVou) e LN
7w R(A), Ty~ — Lm(A.s), Ny~ o ;N (29)

s=1 s=1I

Here M is sufficiently large, however, considerably less than the total number of phase space
points which tend to infinity as v + O.

Therefore, (26) and (28) define two methods of evaluating F[e], when (29) is taken into
account, if the sequence of random variables Ais is known.

The method of generating the sequence Ais can be based on the use of the theory of homo-
geneous Markov chains [11-13]. According to the general theory, we define Wik’ the probabil-
ity of a transition from the state A, into the state Ak which satisfies the conditions

i
0K W<l R Wy =1, (30)
A
P(A) Wiy = P(A) Wy (31)

Moreover, to satisfy the conditions of the limit theorem [14], it is assumed that any state

Ak is attainable from any Ai in a finite number of transitions.

The solution of (30) and (31), which is sufficiently general for the subsequent purposes,
has the following form for Ni # 0 and Ai ¢ Ak

1 — 1—o
Wi = [UGN‘._Nk + ( 5 ? ) On,.m—1 + ( 5 )6Ni,h’k+l ] W (32)
and, respectively, for the case N, = 0 and A # A
1 — (33
Wi = [( ! ;—0 ) Oy, Ny T+ ( 3 i ) On, ny—1 ] Wi

The diagonal elements of the transition matrix Wj; are found from the conditions (30) . Here

o is a free parameter of the theory 0 <o < 1; m is the probability of the state Ay for a

known value Nk = N satisfying the normalization condition

E uk=l;

A
(Ny=N)

(34)
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and Vi is the conditional transition probability defined by the expression

_ (A0)"* 7' exp (U (AW} , (35)
(o) e exp {U (4,)) + (h0)"im7 " exp{U (A1)

Wip

Solution (32)-(35) written down allows arbitrariness in the choice of w, with the single
constraints mp > O for any Ay and wy satisfies the normalization (34)., In the simplest case,
we can set m = n~*(n — 1)-Nk, n = V/v. The following version of the selection of T 1is con-

siderably more general and, moreover, more effective

=[G ) x P ) x (e L) o )| rP_) Ny > 1, (36)
;.;(rfjh))' Nh. = 0'

where p = 1, 2 for r, ] r:

Ty

%) >0, L, () >0,
Arlr)=0, X xriir) =1, 3 &) =1"

eV rev

37

Here cu(ri) and x(rilrk) are arbitrary functions satisfying conditions (37). It 1is easy to
see that conditions (37) automatically result in the normalization (34);

Y3 D LEM ) D ) 6 ) = 1.

The solution presented for system (30) and (31) allows three kinds of transitions:

I. transitions without a chénge in the number of scattering centers (N = Ni);

II. transitions with an increase of one in the number of centers (Nk = Ni + 1);

III. transitions with a diminution by one in the number of centers (_Nk = Ni -~ 1),

The explicit scheme for constructing the sequence Ais on the basis of the solution (32)~-

(37) obtained starts with performing a type of transition from the arbitrarily selected ini-~

tial state Ai‘ It is assumed that only transitions of the types I, II, III, which are real-~

ized with the probabilities o, 1/2(1 — o), 1/2(1 — o), respectively, are allowed for Ni ¥ 0,

while the transitions of types I and II, which appear with the probabilities 1/2(1 + a), 1/

2(1 — o), are allowed for Ni = 0. Following this, a finite state Ak is performed with prob-
ability w; for the already known value of Ne. A rEk)
the probability ;u(rﬁk)), then an rsk) is randomly selected with the conditional probability

x(rgk) rgk)), then an rgk) is randomly selected with the conditional probability x(rgk)rﬁk)),

etc.

is hence first selected randomly with

We find the A, as a result of the random performance with the probability (36), where

if it turns out that Ak = Ai(rgk) = rgi), rSk) = rsi>, ceny ré:) = réi)

1 > Ai holds. Otherwise (Ak # Ai)’ the random variable £; distributed uniformly
in the range 0<< £ <1, is performed, where if £ < Wi then the transition into the new

» We assume that the

transition A

state Ai - Ak is realized, and for & ;Bwlk we consider that the transition Ai > Ai holds and
the state Ai is repeated in the sequence Ais being performed. To determine the next state
of the sequencevAis, the procedure described is repeated starting with a performance of the

type of the next transition, etc.
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The scheme described for drawing the transitions satisfies the condition of the limit
theorem on the attainability of any state Ax from any Aj in a finite number of transitioms,

Let us now show that the normalization conditions (30) are satisfied for each Ai'

Let P(E v>wik) =1 ~ W be the probability of the event § >w1k, then taking account
of (32) and (34), we obtain for the case Ni #0

Wy=on,+o0 2 7, P E > wy)
Ay
(Ag+A; ,N;=Ny)

+(l;0) Z, “hP@>wu)+(];0) 2 "uPA@>wu)=

Ap
(NymN+1) (NymN —1)

o B () B () B w

A Ay .
(N;=Ny) (Np=N;+1) (Ny=N;—1)

1 —
— 2 [OGN,..N,;{- ( 3 g ) O, Ny—1

Ap
(Akwﬂ,)

l_ AY
+( 2 2 ) ‘5N,-.Nu+l ]“kwih =1— ;: L£TY
‘ i

(Ah#'Ai ]

The proof for the case N, = 0 is performed perfectly analogously. There remains to show that
the detailed balance conditions (31) are satisfied, which is seen easily by direct substitu-
tion of (32), (33), and (35) into (31).

On the basis of the limit theorem [14], the described scheme permits the construction
of a stationary sequence Ais (the Markov chain trajectory). Then F[e] can be evaluated by

means of (26) and (29), or (28) and (29). Let us note that according to the limit theorem,
the initial state Ai can be selected arbitrarily; hence, for definiteness it is convenient

to perform it with the probability L for Ni = 0,

We use the remaining arbitrariness in giving m_ so that states yielding a large contribu-
tion to F[e] would be selected with the highest problébility for the sequence Ais being per-
formed. Starting from (21), it follows that the choice of the probability my, proportional
to the factors f(r.(,k) )(p(rtg:)) exp {U(Ak)} is optimal. This can be achieved most simply by

the following selection of the functions ;u(ro) and x(ri|rk) for r, #Fr;

fo(r) = f (ry), fa(rs) = F(R) @ (rp),

) = Oy = K o) (38)
2 fu (rs) 2 K (rk’ l's)(P (l',)
rseV reV

Therefore, the determination of m, by using (36) and (38) permits the efficient calcula-

tion of E(A), while for the optimal evaluation of f{(k) or 'ﬁ()\) from these same cansidera-~
tions, we should set f(tk) = (P(rk) =1.

Now, when the procedure for calculating the mean values of the states function Aj has
been determined, we discuss two methods of determining Q(A) on the basis of (25) and (27),
According to (38), the greatest quantity of trajectories is generated in that part of the
states space Aj where the probability P(A;) is relatively large. On the other hand, since
the function R(A{) is inversely proportional to the probability P(Aj), it is clear that the
low-probability states, which are relatively small in the sequence Ais being generated, also

yield significant contributions to i(}‘). This is why a calculation using (27) is more effi-
cient. The meaning of the introduction of the parameter A is the realization of this calcu-
lation.
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Finally, let us turn to the continual limit v + 0, then the positions of the possible
photon scattering points are limited only by the volume V itself. For greater definiteness,
let us examine the case when the functional F[e] is the spectral intensity of the radiation
emerging from the volume at a frequency v along the ray ro = To(se). A special considera-
tion is necessary here since in this case function f(r) governin% functional (16) is singu—

lar. It is convenient to introduce new notations: A:L = (s » coey I ), =
ds‘(,i) drfi) rgi), N drlgi). then the probability density of the event Ay takes tgie form
i
By = M e way B j f jP(Ai) A, =1, (39)
Q( ) _,o
QM = E AY ” ---jexp Uty To .., T)}dsedry . .. dry-
N=0o 0V ¥ :

The spectral intensity of the radiation emerging from the volume is easily obtained in the
form

\ .
__o®m n -2
1[81_(1_M§m exp {OSN(A) }o(x) (40)

analogously to the derivation of (26) and (28), where I is the geometric path of the ray ro =
ro(so).

Let us note t:hat b?iguse of the passage to the limit v + 0, formulas (29) remain valid,
Here 0(A ) = f(s )(P(r ), where f(s,) is defined by (20).

The transition probibility density wik is determined by the substitutions LW wk and

Yor T ik in (32) and (33), where %, is the probability density of the state Ak for a known

M

k

- _ LM @@ e TP e @D o), N>, (41)
gz (Sg’))» N, =0,

;u(so) - fu. (So) i(r' r) = K({, Do(r)

’

5 fuls)ds §K (r', 1) o(r)dr '
0

(42)
In this case the normalization condition becomes

!

(- [ mdsiodep . drf) = 1.

Y v

The conditional transition probability @iy 1s found by the passage to the limit v + 0 in
(35):

A i (1) |
Y= T (A + A Ay 43)
The following notation is used here fi(so) = £(so), f2(s0) = £(so)o(xo(so)),
@ (r(®) (i) @ (r§) ad)
I (4,) = £ (sgM) x(r®) %(@P) %(T‘),)’ N, >1,
£ (sM), N, =0,
(45)

i = n (), % (0= [K( o).
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Generation of the trajectory Ay starts with performance of the type of transition from
1g P ty

the arbitrary initial state A; exactly as in the discrete case described above, The finite
state Ak is then performed: First the point sgk) is selected randomly on the ray ro = Xo(so)

with the probability density ¢ (sgk)), then the point rgk)with the conditional probahility

k) Itc()k)) ’ rgk) = rt(sgk)) ’ (k

density x(rs and afterwards the point r. ) is selected with the

-~

conditional probability density x(rgk)lrsk)), etc. Having completed the random selection of

the state Ak with the probability density wx in such a manner, the transition Ai > Ay itself

with probability wik_should be performed. Analogously to the discrete case, if £ < %y (£

is a random variable distributed uniformly in the range 0= { <X1), the transition to the new

state Ai + Ak is realized; otherwise, Ai -+ A;ﬁ The procedure described is repeated to deter-

mine the next state. For definiteness it is convenient to perform the initial state Ai with
the density w at Ni
is defined by the condition of maximal convergence of series (29); in particular, it is pos-
sible to set ¢ = 1/3. It should be mentioned that a more exact value of the absorption coefe
ficient k (r) must be used in (20) in the calculation of the spectral radiation intensity
than in tﬁe integrodifferential equation (4). This is related to the fact that the kernel
G(r, r') is an integral quantity in conformity with (5).

= 0, Let us also note that the free parameter of the theory 0 <o < 1

‘ The procedure described for finding the Markov chain trajectory is convenient for the
evaluation of ®(A) on the basis of (29). For an effective calculation of R(A) or N(A), this
procedure should be altered somewhat, exactly as in the discrete case, by setting f(s) =
®(x) = 1 in (41)-(45).

An especially great simplification is possible for optically thin radiating volumes. In

this case it is convenient to set Eu(so) = 1/1, i(rlr') = 1/V in (41) to find ¥(X), R(A), or
N(A), then we obtain in place of (43)

- (W) % exp {U (4,))
(AV)V® exp (U (Ay)} + (W)"i exp {U (4,)}

Wi =
The proposed variation on the Monte Carlo method differs from other methods used in the
theory of neutron transport [15, 16] and radiation scattering [17, 18] in that it relies sub-
stantially on the theory of homogeneous Markov chains. No less important is the methodolog-
ical difference associated with normalization on a large ensemble (39) with a variable num-
ber of particle scatterings, as well as the numerical realization of the whole procedure
(29), (40)-(45).

The approach described affords the possibility of a polynomial approximation in A for
F[e] with subsequent extrapolation from the domain where the Neumann series converges rapid-
ly A <1, to the desired value A = 1, The considered approach is evidently also applicable
in the neutron transport theory and the scattering theory for incoherent radiation since the
structure of the appropriate equations is analogous to (4) and (12). ‘

NOTATION

n = k/k, unit vector of photon momentum; I(k, r), spectral radiation intensity; IS(I).
source function; k, wave vector of the electromagnetic radiation; kv(r), absorption coeffi-
cient of a diatomic gas at the frequency v; £(r), vibrational energy per unit mass of gas;
e%(r), equilibrium value of e(r); 1°(r), vibrational relaxation time; p(xr), mass of gas per
unit volume; S,,(r), spectral density of the electromagnetic radiation flux; N(r), number of
diatomic molecules per unit volume; V(r), mean gas velocity at a point r; Av, vibrational
bandwidth; j, rotational quantum number; a, number of the vibrational—rotational branch;
T(r), local translational—rotational temperature; T,(r), local vibrational temperature; k
Boltzmann constant; c, speed of light; m, mass of the diatomic molecule; vo, natural fre-
quency of kernel vibration of a diatomic molecule; B, Einstein coefficient of the stimulated
transition 0 + 1; h = 27h, Planck's constant; u, molecule dipole moment; r,, equilibrium
internuclear spacing; wg = ve/c, center of the vibrational—rotational band; Bas rotational

constant of the diatomic molecule; dQ, solid angle differential; Iv(rn, n), spectral intens-
ity of the external radiation penetrating through the boundary point rn of the volume V in

*As in Russian Original — Publisher.
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the direction m = k/k; t*, radiation deactivation time of molecules; k, mean absorption co-
efficient; R*, probability of radiation deactivation of the molecules.
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METHODS FOR CALCULATING THE ANISOTROPY OF RADIATION BASED ON
AN APPROXIMATION OF THE RADIATION PROPERTIES OF SURFACES

S. P. Rusin UDC 536.3

The spatial distribution of radiation is examined in calculating radiation heat
transfer between surfaces in a diathermal medium.

Contemporary technological processes require a more detailed study of the spatial dis-
tribution of radiation in calculating radiation heat transfer between surfaces in a diatherm-
al medium.

Radiation heat transfer for surfaces with arbitrary emissivities and reflectivities was
analyzed very completely in [1] by assuming that the temperature distribution and the optical
parameters are given and using the integral equation

TefflM, 5, = €M, 5, o)+ [ 1 (M, Sy Sy,0) LotV 5,0 K (0, N)aF,, o

where Ieff and I, are, respectively, the effective and blackbody radiation intensities; s,

direction of emission (reflection); r, brightness coefficient; €, directional emissivity;
K(M, N) = d¢ (M, N)/dFy, where d¢ is the elementary angular coefficient and Igff is the quan-
tity sought.

Polygraphic Institute, Moscow. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol.
36, No. 2, pp. 296-302, February, 1979. Original article submitted April 20, 1978.
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