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Wind Tunnel Experiments on Non-Axisymmetric Blunt Bodies

with Flat Faces in Supersonic Flow

By

Iwao KAWAMOTO, Fukujyu SHIMIZU,
Junichi NODA, Hideo SEKINE
and Kiyomichi ISHIDA

ABSTRACT

The flow field around a non-axisymmetric blunt body with a flat face in supersonic flow is
important in relation to the aerodynamic problems of a reentry vehicle like a shuttle orbiter at
large angles of attack. Much attention has been paid to axisymmetric bodies experimentally as
well as theoretically, and results are available. ,

By contrast, the flow field about a delta-faced body, which is a basic form of lifting bodies
like the shuttle orbiter, is not clarified. Five models including circular-faced, elliptic-faced, clover-
faced, and delta-faced cylindrical bodies, are taken up for the purpose of pressure measurements
and oil flow tests on the windward flat faces.

These models can be divided into two groups: one is the group whose members have smooth
and continuous shoulder lines, the other the delta-faced body which has three sharp corners on
the side.

There are three important points in the present experiments.

1. The first is to obtain the pressure distributions on the flat-faced bodies with various

shoulder lines and to compare them.

2. The second is to obtain evidence of supersonic as well as subsonic regions near the

shoulders.

3. The third is to examine the behavior of the stagnation point on the flat face against angles

of attack.

This paper presents the experimental results for the problems stated above. The experiments
were performed at Mach numbers from 1.5 to 3.0, at angles of attack from -15° to 15°, and a
Reynolds number of about (2.5 ~4) x 107/m in NAL’s 1™ x 1™ supersonic wind tunnel.

First we conducted pressure measurements on the circular-faced body. The flow on the
circular-face expands gradually from the stagnation point to the shoulder and it becomes sonic
at the shoulder itself; the sonic lines on the face occur along the shoulder only.

Present measurements show that all bodies including the delta-faced body have these features
and supersonic regions do not exist except at their shoulders at small angles of attack. The pres-
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sure distribution according to the expansion of the flow from a stagnation point to the shoulder
for bodies of the first group like the clover-faced body is quite similar to that of the circular-faced
one. However the pressure distributions for the delta-faced body are fairly different with the

increase of the Mach number.

Particularly, a wide stagnation region seems to appear at M, = 2.5 and a = -5°. Further
increase in the Mach number results in this wide stagnation region growing into two stagnation

points.
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Calibration of pressure transducer Type: DRUK PDCR 22 #6365. Atmosphere 18.5C

X:PRESSURE(mmHg) Y:VOLTAGF(V) YO0=A*X+B Y-—YO0 ERROR (%)
0.000000 0.000000 —0.000159 0.000159 —0.001991
—159. 500000 —1. 673000 — 1.673375 0.000375 —0.004701
—384.400100 —4.029000 —4.032664 0.003664 —(.045956
—579.400100 —6.073000 —6.078289 0.005289 —0.066338
—754. 500000 —17.920000 —17. 915154 —0.004847 0.060788
—592.600100 —6.216001 —6.216762 0.000761 —0.009545
—410. 200200 — 4.304000 —4.303316 —0.000683 0.008576
—216.100000 —2.272000 —2.267131 —0.004869 0.061076
0.000000 0.000000 —0.000159 0.000159 —0.001991
Least square method. Y ! mmHg , X ! volt. Y=95.3252* X+ 0.0145226
X :PRESSURE(mmHg) Y:VOLTAGF(V)  YO0=Ax*X+B Y —YO0 ERROR (%)
0. 000000 0.000000 0.003556 —0.003556 —0.044499
148.700000 1.566000 1.566300 —0.000300 —0.003759
321. 800000 3. 382000 3.385473 —0.003473 —0.043467
512.400100 5. 385000 5.388561 —0.003561 —0.044565
708. 900100 7. 452001 7. 453653 —0.001653 —0.020683
537. 300000 5. 654000 5. 650244 0.003757 0.047011
334. 800000 3.525001 3.522095 0.002906 0.036365
182.600000 1.929000 1.922567 0.006432 0.080500
0.000000 0.003000 0.003556 —0.000556 —0.006955

Least square method. Y : mmHg,

D ovolt.  Y=95.15288 * X—0.3375142
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