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PREDICTION OF THE AERODYNAMIC CHARACTERISTICS OF AN ORBITAL BLOCK
OF A LAUNCH VEHICLE IN THE RAREFIED FLOW REGIME USING DSMC APPROACH

Younghoon Kim, ' Honam Ok,' Youngln Choi' and Insun Kim'

The aerodynamic coefficients of Apollo capsule are calculated using a DSMC solver, SMILE, and the results agree
very well with the data predicted by NASA. The aerodynamic characteristics of an orbital block which operates at high
altitudes in the free molecule regime are also predicted For the nominal flow conditions, the predicted aerodynamic force
is very small since the dynamic pressure is exiremely low. And the additional aerodynamic coefficients for the analysis of
the attitude control are presented as the angle of attack and the side slip angle vary from +45°t0 -45°of the nominal

angle.
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Fig 1. The Apollo capsule configuration generated
by GEOM3D
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Fig. 2 The aerodynamic characteristics of Apollo Capsule
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Fig. 3 The orbital block configuration generated by

GEOM3D

Table 1 The nominal flow condition for the present study

Angle of Density Dynamic
attack (Kg/m3) |pressure (Pa) Ka namber

R 2.890E 3443E 1.467E

Case 1 -19.56 410 .03 02
. 5.776E 6.585E 7.016E

Case2 -11.09 1 04 +02
o 2.133E 2.349E 1.915E

Case 3 0.18 A1 04 +03

Table 2 The acrodynamic coefficients of an orbital block for
the nominal flow condition

Cx Cy CMz
Case 1 0.304E+01 -0.869E+00 0.577E+00
Case2 0.320E+01 -0.491E+00 0.303E+00
Case 3 0.330E+01 0.813E-02 -0.472E-02

Table 3 The aerodynamic forces of an orbital block for the
nominal flow condition (Lrer=2m, Arr=3.145m")

Fx(N) Fy () Mz (N-m)
Casc | 3297E-02 | -9.409E-03 | 1.248F-02
Case 2 6.627E-03 | -1.017E-03 | 1.256E-03
Case 3 2436E-03 | 6.008E-06 | -6.976E-06
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Fig. 4 The variation of the aerodynamic coefficients for an orbital block (Case 2)
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