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g‘hus the solution satisfying the boundary conditions is given
Y
g = ¢ =517 — 202%) + §(1 — 23)(1 — 4% X
{In[@ — 28)/(1 — #)*] + 2e arctan[(l + 2z)/a] — 7/a}
' )
It is noted that
9'"(0) = (de/dn)y=0 = 3(dp/dr)z=0 = 3 )
This agrees with Plotkin’s numerical result.
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Comment on “Asymptotic Description
of Radiating Flow near
Stagnation Point”

WaALTER B. OLsTAD*
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N a recent article, Jischke! applied the method of matched
asymptotic expansions (MAE) to obtain solutions for
the stagnation-region flow of an inviscid, gray radiating shock
layer when either the radiation convection energy parameter
T or the reference optical depth 7, is small. He also states
that the Poincare-Lighthill-Kuo (P-L-K) technique used
earlier by the present author to obtain solutions to the same
problem?—* (formulated in a more general way to include
nongray radiation and to preserve the coupling between the
energy and momentum equations) fails to correctly resolve
the singular behavior. It is the purpose of this comment to
explore the nature of this “failure’” and to show that it is
a failure only in a rather restricted sense and in no way in-
validates the results obtained using the P-L-K technique.

As Jischke points out the P-L-K solution fails to correctly
resolve the singular behavior at the stagnation point (z = 0)
because Ap—1—x(0) # hexact(0) + 0[6(e)],where h represents
the enthalpy of the gas and 0[5(e)] represents the order of
the approximation elsewhere in theinterval (0,1). However,
there is ample justification for ignoring this difficulty of the
P-L-K technique as it is recognized that the value of the
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enthalpy of the gas adjacent to the wall obtained by any
inviseid analysis is physically incorrect and hence of little
practical interest. The primary value of the inviscid analysis
is in displaying the behavior outside the viscous and thermal
boundary layers. If this viscous boundary layer is smaller
than 0(e—/T) then one must carry the inviscid solution to
higher order using either the MAE or P-L-K techniques to
provide a common overlap region in which the inviscid and
viscous solutions are both valid. The inviseid analysis is
also a valuable tool (again for a thin boundary layer) for
obtaining global quantities such as the shock detachment,
distance and the radiative heat flux. It should be noted that
the global quantities (particularly the nongray radiative
heat flux) obtained with the regular perturbation (or outer)
solution are not sufficiently accurate for engineering purposes.
The P-L-K technique was adopted by the present author to
improve on the accuracy of these global quantities. In this
regard the first-order MAE solutions of Jischke yield global
quantities evaluated with the first-order regular perturbation
expansion which provides no improvement. Of course, an
improvement could be obtained by using his composite solution.

There is also another reason for not being too concerned
over the failure of the P-L-K technique to provide a uniformly
valid solution. An approximate solution is considered to be
uniformly valid if it satisfies the condition [Yexaet(T) —¥approx
()|<8(e), for all z, in the interval of interest, where lim 6(e) —
0. Since the P-L-K technique requires expansion of the
mdependent variable as well as the dependent variable one
might expect that the aforementioned condition is too strict
and that satisfaction of a somewhat more relaxed condition
should be sufficient. Such a condition might be |yexaes(x)
— Yp_1_xlr + Ne)]|<(€) for all z in the interval of interest.
Here 0(\) « 0(8). This condition is satisfied by the P-L-K
solutions to the inviscid, radiating, stagnation-region flow
problem for either I' or 7, small. It is also satisfied by the
P-L-K solution of Jischke’s example problem, 2y’ = I'(y? —
a?),y(1) = 1, for either T or & small.

8
6|
( \  ——2nd-order P-L-K
\
L \ \ ~———23rd-order P-L-K
\
\ \
1
y al \ b !
\ |
|
]
L \ :
i
Vo
i
2 - \ |
\ ! Fig. 1 Com-
~ \ ! parison of P-L-K
! and exact solu-
. I ! . | tions for T
02 ol ¢} ol 02 03 small.
X
(@) I'=0l
10
ﬁ,s_é_,,_b.-———
y 8
6 1 1 ol |
-2 t 0 ! 2 3x10
X
(b) T =00l



