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Airframe Drag Assessment Based on Wind Tunnel Tests of a Small-scale Supersonic Flight Experiment Vehicle
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Abstract
With the aims of creating and validating innovative fundamental technologies for high-speed atmospheric flights, a small-scale supersonic
experimental vehicle is being developed as a flying test bed. The configuration M2006 with a cranked-arrow main wing and twin engines
was designed and its aerodynamic characteristics were verified through wind-tunnel and flight tests. A new configuration M2011 with a
main wing and tails of similar shapes and a single GG-ATR engine was proposed. Intensive wind-tunnel tests were carried out in transonic
and supersonic regimes. It was found that the overall drag coefficient increases as the intake passage is throttled and that the airflow
through the intake seems to be squeezed by the development of the boundary layer. In addition, the tail steering box located at the vertical

tail root has little influence on overall drag.
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Fig.1. The overview of the configuration M2006-prototype.
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Fig.2. The proposed configuration M2011.
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Table 1. Dimensions of the configuration M2011.
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Table 2. The design concept of the configuration M2011.
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Fig.3 The wind-tunnel test model for the M2011 baseline configuration.

267 54.7 247 16
‘ N
SS==— 3
—==t ;
S E f f f FUT43 0% 10
957 A 2T —=0A t1 Omm 547 g;lz 16
R ] (A
—=}-08
D
B AR 0% 10
{27 —HA t05mm
S wEI0-7 | 180
A 2 4% @01%!) X 0
Loy 3 ] BEI0-J
Fig.4. The overview of the intake, orifice, static pressure and total
pressure probe.
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Table 3.Transonic wind tunnel test conditions.
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Table 4. Supersonic wind tunnel test conditions.
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Fig.5. Overall aircraft drag coefficient vs. Mach number.

1, Nose-C, Intake-At0.5, 4 1) 7 4 72 L
1.1
1.0
% 0.9 ——
{08 f
N 0.7
[; 8.6
5
i 04
ﬁ 03 — A VT HOT Y NE
o1 —AUF—IAAR YK
0.0 ] ] ]
0.7 0.8 0.9 1.0 1.1 1.2 13
TYINEL M
., Nose-C, Intake-At0.5, 4" ') 7 1 R 80%
11
ﬁ 1.0 -
o 0.9 e
C o8
~ 0.7
*' 06
¥ o5 =~
0.4
g 0.3 — A VT HOT YN
8% —AT—Y AAT YN
0.0 1 1 1
0.7 0.8 0.9 1.Q 1.1 1.2 13
TYNE M
1, Nose-C, Intake-A t0.5, F1) 74 X 60%
1.1
I
1.0
& 09 [
Z 08 .
N 07 e
0.6
I os
[y 04
R 8-; — A VTV HATYNK
01 —A T AAT YN
0.0 1 1 1
0.7 0.8 0.9 1.0, ) 1.2 13
EQZAY M

Fig.6. Estimated Mach number in the transonic regime.
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Fig.7. Schlieren photographs.
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Fig.8. Estimated Mach number in supersonic regime.
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Fig.9. Ratio of intake drag to overall aircraft drag in the transonic
regime.
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Fig.10. Ratio of intake drag to overall aircraft drag in the supersonic
regime.
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Fig.11. Effects of steering box on overall aircraft drag coefficient.
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