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Effect of Bleed Hole Diameter on Hypersonic Aerodynamic Characteristics
of a Hemisphere Model
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ABSTRACT

Bleeding blunt nose model is proposed in order to control the aerodynamic characteristics in hypersonic region. The air is bled from
the top of the model and it exhausts to the base. The increase in the base pressure is expected and, as a result, the reduction of drag force is
expected. This paper reports the experimental results of hemisphere model with different bleed holes in hypersonic wind tunnel and the
effect of the bleed hole diameter is discussed. The experiments are performed in a hypersonic wind tunnel, University of Tokyo, in
Kashiwa. This wind tunnel enables the Mach number 7 flow of 120 mm in diameter for 60 seconds. In this study, the stagnation pressure is
950kPa, stagnation temperature is around 600K and Reynolds number is 1.6 x 10°, respectively. The prototype model is a hemisphere in 40
mm diameter with a bleeding hole in 5mm and 10mm diameter. From the shadowgraph images, the shock distance becomes shorter with
the increase of the bleed hole diameter and the shock wave shape becomes concave at the center for larger bleed hole diameter. From the
measurement of balance system, drag force coefficient reduces with the increase in the bleed hole diameter and the maximum reduction of
drag force coefficient is 10% of that without bleeding. The main reason for the reduction of drag force is estimated to be increase of the
base pressure from the measurement result of base pressure. The base pressure increases with the increase of the bleed hole diameter.
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Table. 1 Flow condition

Po, kPa Ty, K p1, kPa M
Av. 952 600 0.22 7.07
S.D. 0.9 54 0.01 0.036

Direction

e |

i

Fig. 1 Overview of UT-Kashiwa Hypersonic Wind Tunnel
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Fig. 4 Typical shadowgraph photographs
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Fig. 5 Comparison of shock wave position with different bleed

holes
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ig. 6 Drag force coefficient vs. Angle-of-Attack
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Table. 2 Measured Base Pressure (unit: kPa)

Position -10mm +1mm +3mm +7mm
0.125D model 1.26 0.72 0.26 --
0.25D model 7.08 -- -- 1.11
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Fig. 7 Positions of pressure measurement

Front hole (Newtonian analysis)

Inner Corn
Inner Model (Newtonian analysis)

Fig. 8 Estimation of drag force coefficient

Table. 3 Detail of drag force coefficient reduction

“ Thrust

Position Bleed Inner Thrust Total
hole Corn
0.125D model -3.1% +2.4% -2.4% -3.1%
0.25D model -11.4% +9.7% -10.4% -12.1%
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Fig. 9 Temperature of interior path
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