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freestream density = 4 x 10 ~4 kg - s 2 /m 4 , duration time-10
ms' anc*ex^ diameter of the nozzle = 15 cm.

Figure 1 shows a sketch of the delta-wing semicone model.
The vertex angles of the delta-wing and the semicone body are
60 and 30 deg, respectively, which are made of Bakelite and
plastic. Ten positive electrodes were located in the model and
negative electrodes of the same number were installed in the
freestream as shown in the figure.
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Introduction

OBSERVATIONS of shock waves around hypersonic
vehicles have been carried out by optical systems such as

schlieren methods, Mach-Zehnder interferometers, and
shadowgraphs. However, these methods are not suitable to
measure the shock shapes of a wing body because it is difficult
to observe the shock pattern between a wing and a body. For
this reason, several techniques to visualize cross-sectional
shock shapes have been developed recently. The electron
beam method,M the vapor screen method,5'6 and the electric
discharge method7 are useful for this purpose.

The electric discharge method was recently reported by
Kimura, et al.7 Its principle is as follows: when an electric
discharge is generated across a shock wave, the radiation
intensity in a shock layer differs from the freestream ac-
cording to the density difference. The location of the shock
wave is easily observed by taking a photograph of the
discharge column.

In this paper, we used the electric discharge method to
visualize the cross-sectional shock shapes around a delta-wing
semicone body. The primary purposes are to determine the
variations of shock patterns with angle of attack and to
visualize the cross-sectional shock shapes.

Experiments and Discussion
A hypersonic gun tunnel was used in this experiment. The

characteristics of the hypersonic gun tunnel is as follows:
Mach number = 10, Reynolds number = 2 x l 0 4 cm"1 ,
freestream velocity = 103 m/s, static pressure = 0.4 Torr,
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Fig. 1 Delta-wing semicone model.
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Fig. 2 Experimental results of shock shapes: a) a = 0 deg, b) a = 10
deg, c) a = 20 deg, and d) a = 30 deg.
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Fig. 3 Experiments of leading edge.
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The radius of the blunted nose was less than about 0.05 cm
in diameter, that is, Reynolds number was about 105. The
measurements were carried out at the position of 120 mm
from the nose, as shown in Fig. 1. According to Chernyi,8 a
flow pattern around a slightly blunted cone becomes almost
the same as a pointed cone, in the case that bluntness factor
V2/CD •*/£/• tan 2/3 is larger than about 1.5, where CD, x, d,
and & are the drag coefficient, distance from the nose, radius
of the blunted nose, and semiapex angle of the nose,
respectively. If the theory can be applied to our case, the flow
pattern in this experiment may be considered to be a conical
flow since the bluntness factor is about 70.

Figure 2 showed the experimental results for the angles of
attack a = 0, 10, 20, and 30 deg. Double shock patterns, which
consisted of a wing shock and a body shock, occurred in cases
of a. = 0 and 10 deg. On the other hand, single shock patterns,
compounded by a wing shock and a body shock, appeared in
cases of a = 20 and 30 deg. The results of the double shock
patterns agreed well with those obtained by the vapor screen
method.6

More precise experiments near the wing leading edge were
carried out in cases of ex = 21, 22, and 23 deg, and the results
were shown in Fig. 3. At a = 21 deg, the shock wave was
attached at the leading edge, while it was detached from the
leading edge at a. = 22 and 23 deg. This agreed approximately
with the result of Ref. 9.

At a = 0 or 10 deg, it was impossible to observe the corner
shock wave by an optical system, since light paths were
prevented from passing through by the wing or the body. The
electric discharge method is superior to any optical method in
this respect.
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Introduction

THE analysis of the hypersonic interaction problem
without slip and temperature-jump conditions on a flat

plate by utilizing the boundary-layer equations is well
documented.1'2 For the interaction problem with slip'and
temperature-jump effects, Ref. 3 has provided a solution
which is an expansion in terms of the slip parameter about the
no-slip strong interaction solution. Analysis of Ref. 3,
however, would be more appropriate for the cold wall case
where the slip and temperature-jump effects are much
smaller. The momentum integral-equation formulation of
Ref. 4 suffers from the fact that the use of a linear velocity
profile does not allow a complete accounting of the viscous
effects in the momentum equation. Further, in this approach
the integraton is started right from x = 0, thus covering the
noncontinuum flow and continuum-merged flow regimes
where the boundary layer equations cannot, strictly speaking,
be used. In the present analysis, a finite-difference solution to
the strong interaction problem with slip and temperature-
jump effects is given by utilizing the boundary layer
equations.

Flow Equations and Discussion of Results
Under the assumption of a linear viscosity relation of the

form /x = Cr, the transformed boundary-layer momentum
and energy equations may be written in terms of the
dimensionless stream function / and the dimensionless total
enthalpy//as2

-W fW_4 (V a2/ a/a'A
J drj2 \ drj dxdrj dx
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In order to bring out the character of strong interaction
solutions as distinct from weak interactions, pressure has been
retained as a coefficient of higher order terms in Eqs. (1) and
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