INTERACTION OF A SHOCK WITH BLUNT BODIES
STREAMLINED BY A SUPERSONIC STREAM
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The density field is determined experimentally for plane shock incidence on blunt bodies
streamlined by a supersonic gas stream,

Plane shock incidence on blunt bodies (cylinders with a flat or spherical nose) around which a steady
supersonic gas stream flows is examined. . Such a problem arises in studying the effect of an explosion
wave on a body flying at supersonic velocity in the atmosphere, There are computations of such an inter-
action in [1-3]. However, the accuracy of the numerical schemes used is not adequate to obtain informa -
tion about the motion of the transient wave and the change in the gas parameters in the shock layer. Ex-
perimental data on the motion of the transient wave, the contact surface, and the pressure change at the
body stagnation point are given in [4-6].

We investigated the gas density distribution near the body at various times. The experiments were
performed in a two-diaphragm shock tube of 40 x 61 mm section., The model was placed in the working
section., Two shocks were obtained in the tests, where the stream behind the first produced steady flow
around the model, after which a second shock was incident on the model. The time between the arrival of
the shocks in the working section was 100 usec. The stream Mach number behind the first shock was M
= 1.44-1.50, and of the second shock was M, = 1.4-1.5. The density was measured by using a Mach—Zender
interferometer whose light source was a Q-modulated ruby laser. The Q-modulation was accomplished by
an electrooptical shutter on the basis of a KDP crystal. A typical interferogram is presented in Fig. 1.
The bow wave (1), the incident wave (2), and the wave reflected from the body surface (3) are seen. The
body diameter d is 10 mm,

As is known, the change in density in an axisymmetric flow can be found from the inverted Abel equa-
tion [7]:

Here Ap(r, z) is the change in density, 2 is the laser radia-
“' i,ilnﬂ TR g tion wavelength, and §(r, z) is the shift in the interference
1 ml”’i i | fringes.
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Experimental values of the quantity 6 (r, z) were ap-
} IRERERR 11141 proximated by even power Chebyshev polynomials to deter-
i ' ' mine Ap(r, z).

Density fields near a spherical nose at different times
are plotted in Fig. 2. Presented in Fig, 2a and b are the
results for two stages of unsteady flow, The time is mea-

! ‘m”' ' : sured from the time the incident and bow waves meet. Here
l . I is the bow wave, II is the reflected shock, and III is the
Fig. 1. Typical interferogram. t= 3.4 contact surface which originates when the reflected and bow

usec, shocks merge, Shown in Fig. 2c¢ is the density distribution
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Fig. 2. Density fields near a spherical nose: a) { = 4.5 usec;
b) t =10 pusec,

for steady flow around the body by the stream behind the second wave. The density in the shock layer is
referred to the density ahead of the bow wave. These data show that the distribution of the relative den-
sity in the gas layer between the bow and reflected waves is close to the initial value,

Presented in Fig, 3 is the time change in the relative densify for three points on the axis of symmetry
after incidence of the second shock on a cylinder with a spherical (a) and flat (b) nose: directly behind the
bow wave (1), upstream on the contact surface (2), and at the stagnation point (3), The time t; corresponds
to collision of the transient wave with the body nose; t, corresponds to the merging of the reflected and bow
waves ahead of the body, and t; corresponds to the time when the reflected shock becomes fixed relative
to the body. An experimental analysis of the data available in [4-6] as well as the computations [1] show
that the pressure at the stagnation point, the bow wave velocity, and the gas velocity on the axis of sym-
metry reach their steady-state values after the arrival of the rarefaction wave being formed during merger
of the bow and reflected waves. The subsequent wave interactions are not shown in the figures and their
influence on the mentioned parameters is not essential.

The density at a given point of the perturbed domain can take on the steady value only after the gas
particles passing through the bow wave which is fixed relative to the body have arrived at this point, The
time interval t, between the beginning of wave interaction and the time when the contact surface reaches
the body can be taken as the characteristic density build-up time, In our case t; =18 ysec (spherical nose},
t, = 34 ysec (flat nose) and considerably exceeds the time interval hetween the beginning of wave interac-
tion and the time when the rarefaction wave reaches the how wave,

In the tests conducted t; was 11 and 16 psec for the spherical and flat nose, respectively. The di-
minution in the density at the stagnation point is seen clearly in Fig. 3, which even continues fort > t,,
as is also its weaker change directly behind the bow shock. The maximum value of the density at the
stagnation point exceeds its stationary value 1.4-fold (spherical nose) and 1.7-fold (flat nose).

NOTATION

r,z are the eylindrical coordinates;

R(z) is the shock radius;

M is the stream Mach number behind the first shock front;
M, is the Mach number of the wave incident on the body;
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Fig. 3. Time change in the relative density; t in usec.
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is the gas density;

is the density increment;

is the gas density in the stream behind the shock impinging on the body;

is the shift of the interference fringes;

is the wavelength of light;

is the Gladstone~Daley constant;

is the time interval between the beginning of wave interaction and the collision of the transient wave
at the body stagnation point; )

is the time interval between the beginning of wave interaction and the time of reflected wave merger
with the bow shock;

is the time interval after which the reflected shock becomes fixed relative to the body;

is the time interval between the beginning of wave interaction and the time when the contact surface
reaches the body nose;

is the body diameter (d = 10 mm).
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