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REFS:
Table 1 Wall temperature gradient

Fig. 1 Average heat-transfer rate parameter: a) hemi-
sphere in nitrogen; b) hemisphere in argon; c) flat-face

in nitrogen
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Approximate Solution of the
Energy Equation

JOHN FILLO*
Syracuse University, Syracuse, N. Y.

Introduction

IN a previous paper by Bush,1 it has been shown that the
incompressible and compressible laminar boundary layer

equations may be solved by an approximate method, namely,
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« See Ref. 1.

an iteration procedure. It is the object of this note to extend
this method to the solution of the laminar boundary layer
energy equation for wedge-type flow with variable wall
temperature.

Analysis

The appropriate energy equation for the type of flow and
wall temperature mentioned previously is

with the boundary conditions

rj = 0: 0 = 0 rj- = 1 (2)

where ft determines the wedge angle, 7 is the power to which
the wall temperature is raised, and Pr is the Prandtl number.

Denoting df/drj by w, Eq. (1) becomes

drj Pr(2 - (3)

This equation may be solved by iteration by introducing a
suitable approximation for 6 in the right-hand side. De-
noting the resulting solution by G, one has

d2G dO r *
W = ~Pr dv Jo Wdr)l + Pr (2 -

The first integral of this equation is

~ V (4)

(2 -

The second integral of this equation is

- 1) dr,L (5)

Pr (2 "
satisfying the boundary condition (2(0) = 0.

If the approximating functions w and 6 are

w —

0 = erf(6?7)

a = const

b = const

(7a)

(7b)

then the first integration, Eq. (5), yields the temperature
gradient at the wall for rj = 0:

dij = 1 (8)
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and the second integration, Eq. (6), yields

£(oo) = 1 = pr[l + (2 - /3)7] — tan-1™ +

I—— - —+

(1 + (9)

Given /3, a2 may be determined from Ref. 1, Eq. (1.11), and
it is

[J+(1/2*-)] (10)

For a given Prandtl number Pr and 7, m may be determined
fromEq. (9).

Several numerical calculations have been performed, and
they are tabulated in Table 1. Comparison between the
approximate and Levy's2 "exact" solutions is made. It may
be noted that the results of Ref. 2 are negative but by a trans-
formation may be made to conform to the results of this
paper. The nondimensional temperature function of this
paper is #(77). Denoting the temperature function of Ref.
2 by 0i (77), the relationship between the two functions is

0 = 1-8, (11)
and, therefore, the derivatives are

= -(dd./drj) (12)
Although only one iteration was used, the results are quite

satisfactory, especially for the case when /3 = 7 = 0.
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Continued Comments on the Collapse
of Pressure-Loaded Spherical Shells

BERTRAM KLEIN*
Hughes Aircraft Company, Culver City, Calif.

DURING recent years, continued theoretical and experi-
mental interest has been expressed on the collapse of

pressure-loaded spherical shells. However, to date there still
are important unanswered questions concerning certain dis-
crepancies between tests and the theories or semi-empirical
plots. Such comparisons are shown in Figs. 2, 3, and 7 of
Refs. 3, 5, and 6, respectively. The spread of data shown in
Fig. 2 of Ref. 3 is so large that one wonders whether there
really is any rational answer for this phenomenon. Fortu-
nately, the author already has stated in Ref. 1 certain factors
contributing to this scatter. Basically, the shell behavior is
sensitive to initial irregularities that always exist in practice.
The presence of these deviations overshadows any effect of
the angle subtended by the shell segment; therefore, this angle
is eliminated from the problem. Furthermore, the maximum
compressive strain that the shell can sustain is considered as
the true measure of the collapse strength.
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Fig. 1 Plot of data of Homewood, Brine, and Johnson

Based on these considerations, a plot of the test data given
in Ref. 3 has been made and is shown in Fig. 1 of the present
note. The numbers near the circles are the specimen num-
bers quoted in Ref. 3. The curve shown is approximately the
lowest curve given in Fig. 1 of Ref. 1. The numbers in the
parentheses are values of what is believed to be a significant
parameter X used in plotting data in Refs. 3, 5, and 6. It is
seen that this parameter does not appear to correlate too well
in the present plot. In general, the data presented here
appear to be much more consistent and rational than when
plotted vs A.

An effort will be made to interpret the test data given in
Refs. 4 and 7 as well as other known data. Then, design
curves will be established in light of all these data.
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Transition Relations across Oblique
Magnetohydrodynamic Shock Waves

ROY M. GlJNDERSEN*

Illinois Institute of Technology, Chicago, III.

IN magnetohydrodynamics, analogs of the usual gasdynamic
shocks occur, and transition relations across hydromag-

netic shock waves have been considered by de Hoffman and
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