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THE PRESENT note is to extend the interesting idea put
forward by Goulard [1] on the transition in optically
thick flows from the black-body formulation to the
Rosseland diffusion formulation. A smooth transition
is achieved by employing: 1. a temperature-jump
boundary condition as suggested by many investigators
2, 3, 4] to improve the diffusion approximation and 2.
a matching procedure between the optically thin and
optically thick regimes proposed by Probstein [4]. In
analogy with the simple mean-free-path treatment of
rarefied gases [5], the temperature-jump boundary
conditions is assumed to be of the first order, i.e. the
discontinuity being proportional to the temperature
gradient of the gas extrapolated to the wall. The propor-
tionality constant is then determined by requiring that
the solution reduces to the black-body result in the limit
of the optically thin regime.

For inviscid incompressible flow over a flat plate the
energy equation is given by [1]
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where the volumetric absorption coefficient has been
assumed to vary as a third power of the temperature
krlkri = (T|T3)® 2

The same notation is used as in reference 1. The boundary
conditions are

T=T; forx=0,y >0
T=Tw+ C@T|oy)forx >0,y=0 3)
T=T; forx >0,y - o0

where the first-order slip boundary condition has been
imposed with a constant C to be determined later. The
solution to equations (1) and (3) for the radiative heat
flux to a cold wall (T.y ¢ T3) for large optical length =
can then be written in the form
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where
Bo = Boltzmann number = P—m—%fﬁ ®)

7 = optical length = krix ©

Matching equation (4) with the black-body result in the
limit of small optical length

gr(0) = —oT3* ™

yields a value for C of 16/3kr; +/(#). Thus, equation (4)
becomes
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1t is noted that extending equation (4) for small values
of 7 can not be theoretically justified. However, as
pointed out by Probstein [4], similar extrapolations for
radiation, for simultaneous radiation and conduction
and for rarefied gas analysis are in good agreement with
the correct numerical solutions and with experiments.
Equation (8) is shown in Fig. 1 along with the black-
body and the Rosseland results.
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FiG. 1. Radiant heat flux in the inviscid incompress-

ible flat-plate flow.

For axially symmetric inviscid incompressible stag-
nation flow, the velocity field is given by
u = ax, w = —2az (C)]
where a is some characteristic velocity gradient V/L.
The energy equation is of the form [1]
dr 166T¥ L d*T
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The boundary conditions are

T=Ty+ C@T/dz)forz=0

T=T; for z—> o an
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F1G. 2. Radiant heat flux in the inviscid incompress-
ible stagnation flow.

The solution to equations (10) and (11) yields the radiative
heat flux to the cold wall as

12 3 1/27-1
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Matching equation (11) with the black-body results
yields a value of C = 16/3 kg:.

According to Goulard [1], a representative thermal-
layer thickness can be defined as

e ) il
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Equation (12) can then be written as
—166T* -
gR(0) = _\,éi [1 + 16/37"‘] (14)
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where +* = kg; 8*. The above result is shown in Fig. 2,
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