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Abstract

In recent years, as spacecraft have become smaller, their cables and devices have been moved from
interior to exterior of their mainbody for enough internal space needed for payloads and tanks. However,
characteristics of aerodynamic forces generated by such external protuberances had not been systematically
studied before Kawauchi et al. ¥, who surveyed the influences of single protuberance but lacked
investigations on multiple protuberance cases. In this study, therefore, we attached the multiple
protuberance to the slender bodied spacecraft. The condition of the wind tunnel tests is M., = 1.5, Re =
1.1x107, and the angle of attack 15°. Compared to the single protuberance case attached to the front part
(x/L = 0.22) with the azimuthal angle 45°, the side force Cy decreased at most 8.0 % by attaching the
additional protuberance to the middle part (x/L = 0.55) with the azimuthal angle 135°.
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Tablel Test conditions
Mach number: Mo [-] 1.5
Total pressure: Po [kPa] 196.1
Reynolds number: Re [-] 1.1x107
Total temperature: 7o [K] 294
Angle of attack: a [°] 15
Static pressure: Ps [kPa] 53.2
Static temperature: Ts [K] 204
Aft
x/L=0.
Middle
Front x/L=0.55
x/L=0.22
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Fig. 1 Configuration of experimental model and
definition of its axial position
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Fig. 3 Azimuthal angle of protuberancel
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Table 2 Aerodynamic six coefficients

Ca Cy CN Ci Cn Cn

Ref. 5) 0.756 0.822 1.664 0.000 0.681 0.112

Experiment 0.757 0.838 1.501 0.000 0.640 0.121

(a) Ref.5)

(b) Present Experiment

Fig. 5 Comparisons of shock waves by schlieren images

(a) front45

(c) front45_middle90 (d) front45_middle135

Fig. 6 Schlieren images
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Fig. 7 Side force coefficient Cy (blue: front protuberance, red:

middle protuberance)
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Fig. 8 Yaw moment coefficient Cn (blue: front protuberance,
red: middle protuberance)
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Fig. 9 Oil images from 90 degree
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Fig. 10 Oil images from -90 degree
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Fig. 11 Detail views of oil images from 90 degree
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Fig. 12 Detail views of oil images from -90 degree

Table3 Summery of oil pattern angle [degree]

90 view -90 view difference
(No pro.) 3D 3D 0)
front45 22 42 20
front45 middle45 21 40 19
front45 middle90 18 43 25
front45 middle135 26 37 11
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