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Application of CFD Design Analysis of Atmospheric Lifting Body Re-Entry Problems
Yukimitsu Yamamoto, Hiroshi Kawato, Shigeya Watanabe and Kenji Fujii (NAL)

Key Words: Lifting Body, Re-Entry, Aerodynamic Design

Abstract
In order to investigate the capability of lifting body type atmospheric re-entry by relatively small-size vehicles, basic numerical
and experimental study has been performed. The vehicle is based on the blunt nosed delta body with two tip fins. Two
In the design of
these lifting body type re-entry vehicles, one of the most important problems is that the vehicle has a capability to accomplish

elevons are integrated on the fuselage base to enlarge trim capability for a wide range of Mach number flight.

the stable flight from supersonic to low subsonic speeds. Aerodynamic characteristics have changed extremely through the

transonic speed range.
performed by CFD and the wind tunnel experiments at NAL.
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In the present study, conceptual aerodynamic analysis of these lifting re-entry vehicles has been
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51 Flight Conditions of Lifting Body Re-Entry
Mach No V.[m/s] P[Pa] To[K] ofdeg] de(deg)
4 1206.124 1282.988 226.05 20 -10,0,10
2 591.4293 4736.234 217.571 15 -10,0,10
1.3 383.7304 11087.09 21665 5 -10,0,10
1.1 324.5807 15463.2 21665 5 -10,0,10
0.9 269.6189 26529.93 2233 5 -10,0,10
0.5 167.5195 85914 279.245 5 -10,0,10
Span b =2.673m
Biock NoJMAX X MAX XKMAX Block Region
Ls = 4.229m n
b = 2.673m(63.2%Ls) 1 121 X 89X 55 [Fuselage + Wing + Lower Body Flap
c=4.229m 2 21X31X11 [Outer Fuselage Base + Side Body Flap
= 2
o R 3 15%13X 11  [Body Flap End Surface
Zco=Yca=0 egion between Body Flap Inner Side
Xcp = (Xeo-Cmp - c/CwLs | 4 21X3X1L o e P
Ls=4.229m l().Arln 5 21X15%17 F:iner Fuselage Base + Upper Body
E1 Geometry and Dimensions of Lifting Body s

(C101 Basic Configuration)
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a) C102 (Tail Up Geometry)
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2 Test Conditions at NAL TWT Experiments

. Total Total Reynolds No. Free Stream
TWInd Mach Pressure Temperature  (Based on Body ;rrse S:I::m Temperatur
unnel  No. (kPa) ) Length) essure(Pa)
0.5 60 311 2.1E+08 5.06E+04 296
0.9 60 311 3.1E+06 3.55E+04 268
Transonic 1 60 311 3.2E+06 3.17E+04 259
1.1 60 311 3.2E+06 2.81E+04 250
14 60 311 3.2E+06 1.89E+04 223
14 150 286 9.0E+06 4.71E+04 205
1.6 170 285 9.9E+06 4 00E+04 188
Supersonic 2 220 287 1.1E+07 2.81E+04 159
3 510 288 1.6E+07 1.39E+04 103
4 1270 291 2.3E+07 8.36E+03 69.3

4 Model Setting Photograph at

Tunnel

Body Length : 0.38061m
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E5 Comparisons of Aerodynamic Coefficients of TWT
Tests at M.=1.1, B=0°
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Comparison of Pressure Coefficient Cp on the Leeward Cross Sectional Plane for Baseline
Geometry at M,=1.1, 0=0°, §=5°
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