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Temperature Distributions behind

Detached Shocks”

Davip FINKLEMAN*
United States Air Force Academy, Colo.

HE results obtained in the recent Note by Bluston! for

higher orders in the radiation-convection parameter I'
are in error because the boundary conditions were applied
incorrectly. At the shock wave, there is no incoming in-
tensity I if the freestream is cold; thus, in accordance
with the differential approximation?:3

I —Bg=0 at y=1 )

where 8 = (3)¥2 is perhaps best® but 8 = 2 is often used
as well, At the black surface of the body, the outgoing in-
tensity I(+ is

I+B8g="T,4 at y=0 @
The author chose to add these two relations in order to obtain
a single boundary condition on I, and this is obviously not
correct. The regular perturbation

I= 'Zo Bi(HT q = Zo C(OT

leads to
B;—8C:=0 (3)
forall7att = 0, and
By + BCy = Tu* (4a)
B;-FBC; =0 t>1 (4b)
ast— o,

An alternate statement of the differential approximation
leads to

dq/dt = — NTe~¢{(v + 1)* — I} dl/dt = 3NTe g

Of course, Eq. (16) of Ref. 1 follows from the foregoing. The
boundary conditions that Bluston used reproduce Eqgs. (4a) and
(3) to lowest order, but do not lead to Eq. (4b). The situa-
tion inherently depends upon the two-point boundary values
for the half-range intensities 1Y and I¢, which are linear
combinations of I and ¢ (or dI/dt). The application of the
correct boundary data yields a term of order I" in I and
modifies the temperature distribution as follows:

T =14 T(1 — By) logy + T2{3NCyy — 2(By — Dlogy —
3NC + 7 Iogy} -+ 0(P3> (5)
where
BO = 3T,* CO = %(Tw‘i/ﬁ)
Y1 = %{3N00 + NB(1 ~ Bo)}
It T, =Ty + T4 + T4, + ..., where Ty, ~ 0(1), as
in fact should be the case for a consistent regular perturba-

tion, Eq. (4b) would be modified accordingly. In addition,
the solution is invalid near the surface just as Goulard’s* was.
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Reply by Author to D. Finkleman

H. S. BrusTon*
Grumman Aireraft Engineering Corporation,
Bethpage, N.Y .

HE author wishes to thank Mr. Finkleman for his interest

in his paper. His comments! suggest, however, that he
has not read the paper very carefully. Finkleman states
that the solution is invalid near the surface. The last sec-
tion of my paper? is explicitly eoncerned with the validity of
the solution as a function of distance from the wall. It is
clearly stated that at the wall the solution “converges for no
physically realizable values of I and ‘‘the range of T" values
for which the solution (8) is valid decreases . . . to 0.003 close
to the body.” Finkleman’s comment here is, therefore,
merely repeating a point that has already been made. As
far as is known, the only solution valid near the wall is that
of Melnik,? which is summarized in Ref. 4.

Turning to my application of the boundary conditions,
Finkleman clearly has missed the point of the argument.
The conditions are obtained at the instant before the post-
shock flow starts to radiate, and at this instant I, ¢ = const
over the entire shock layer. Under these conditions, it is
quite legitimate to add the two relations (1) and (2) (of
Ref. 1) to obtain my boundary conditions at { = 0. Finkle-
man’s Eq. (4b) is obviously incorrect as his series expansions
for I, q are invalid at the wall where { - « (Refs. 1 and 2).
That is why it is necessary to apply both boundary conditions
at t = 0 just before the postshock flow starts to radiate.

The author would like, however, to point out a misprint
in line 15 of Ref. 2. This should read,

E»>utand b « T
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