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COMPUTATIONAL ANALYSIS OF FLOW CHARACTERISTICS OF RE-ENTRY VEHICLE
AT LOW ALTITUDE

B.G. Park, S.H. Ryu, S.J. Jo and R.S. Myong"

Department of Mechanical Aerospace Engineering, Gyeongsang National University

Re-entry vehicles fly through each layer of the atmosphere with different states during descent to Earth. In
this study, we investigate the characteristics of the front bow shock wave and rear irregular wake flow of a model
re-entry vehicle in the low-altitude transitional regime using CFD based on Navier-Stokes equations. Five
species and seventeen species models is used to describe the reaction that might be present at supersonic and
hypersonic speeds. It was shown that bow shock wave occurs farther in low-altitude transitional regimes than in
high-altitude rarefied regimes. As altitude changes, the difference in heat flux appears to be greater than that of
surface temperature due to the influence of heat energy from chemical reactions. Additionally, through a
comparison of wake flows, it was confirmed that at lower altitudes, the irregularities of the boundary layer,
separation, recompression, and recirculation flows increased, making the wake flows of the vehicle more

irregular.
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Fig. 1 Trajectories of various re-entry vehicles
through Earth’s atmosphere
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Table 1 Flight conditions

Fig. 2 KRC configuration Alt. | Velocity | Mach | Temperature | Pressure | Reynolds
(km) | (m/s) | Number (K) (Pa) Number

Inflow-Outflow 53 | 9756.02 | 29.83 265.05 51.8668 | 50457
T 35 | 2287.84 | 7.42 237.05 558.924 | 150,340

33 | 1,361.11 | 447 23145 748.228 | 124,340

32 | 98749 | 3.26 228.65 868.019 | 106,580

31 | 68198 | 226 227.65 1,008.23 | 86,013

30 | 44496 1.47 226.65 1.171.87 | 65.627

Table 2 Species mass fraction
Species N, 0, N NO [0)
Mass fraction | 0.747 | 025 | 0.001 | 0.001 | 0.001

Symmetry

Fig. 3 Grid system and boundary conditions
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Table 3 Constants employed in Arrhenius equation for calculating
forward reaction rate coefficients [22]

Reaction Cy 7¢ | E,K
0,+0<~>0+0+0 1.0 x 102 | -1.5 | 59,500
0,+N~>O+0+N 10 x 10%2 | -1.5 | 59,500

0,+NO—>0+0+NO| 20 x 10% | -1.5 59,500
0,+0,20+0+0, | 20x10" |-1.5] 59,500
0, +N, o0 +0+N, | 20 x 102 | -1.5 | 59,500
N+O>N+N+O 3.0 x 102 | -1.6 | 113,200
N+ N> N+N+N 3.0 x 102 | -1.6 | 113,200

N, +NO—>N+N+NO| 70 x 102 | -1.6 | 113,200
N+0, oN+N+O 70 x 10 | -1.6 | 113,200
N, + N, o N+N+N, | 70 x 102 | -1.6 | 113,200
NO+O<>N+O+0 | 1.1x107 | 00 | 75500
NO+N<—<N+O+N | 1.1 x107 | 00 | 75500

NO+NO << N+O+NO| 1.1 x107 | 00 | 75,500
NO+O, <> N+O+0, | 50x10°] 00 | 75500
NO+N, ©oN+O+N, | 50 x10° | 0.0 | 75500

N, + O <> NO + N 1.8 x 10 | 0.0 38,400
NO+0O <0 +N 24 x 10° | 1.0 | 19,220
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at different altitudes
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Table 4 Flow characteristic at symmetry line
Altitude
(km) 30 31 32 33 35 53
Stand-off
dist, (mm)| 180 | 80 58 39 30 2
dﬂ.fgﬂc 0.0394 | 0.2192 | 0.5848 | 1.1152 | 2.6615 | 24.781
Max
trans-rot. | 364 | 723 | 1,603 | 3,607 | 7,793 | 51,560
temp. (K)
Max vib.
temp. (K) | 320 | 440 | 655 | 910 | 2302 | 26983
Maz‘l,;;”s‘ 3,867 | 7,099 | 12,207 | 19,492 | 39,885 | 60,488
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Table 5 Heat flux at blunt body

Altitude
(km) 30 31 32 33 35 53

Max Heat
flux 043 1.55 6.88 | 25.86 |219.63 | 9965.74

(KW/md)
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