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COMPUTATIONAL INVESTIGATION OF THE HIGH TEMPERATURE
REACTING GAS EFFECTS ON RE-ENTRY VEHICLE FLOWFIELDS

EJ. Kang'? Y. Kim," J.H. Park’ and R.S. Myong™
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Aerothermodynamic characteristics of re-entry vehicles in hypersonic speed regimes are investigated by applying
CFD methods based on the Navier-Stokes-Fourier equations. A special emphasis is placed on the effects of high
temperature chemically reacting gases on shock stand-off distance and thermal characteristics of the flowfields. A ten
species model is used for describing the kinetic mechanism for high temperature air. In particular, the hypersonic
flows around a cylinder are computed with and without chemically reacting effects. It is shown that, when the
chemically reacting effects are taken into account, the shock stand-off distance and temperature are significantly

reduced.

Key Words : -4

LM B

5% wFel g Wilo] AR WHAR FoiHo]
w2t AR vl A wAlel Blg 9 F7) e
27} vlwA A Qe CED d)4jo] wo] AREE T Qe
FAoltt, Al 1T @ 1 uF AeelA 9] SEaAe
ek CFD A7 S0l ] ATE T Qlow, AFY ]
WA W 9 WAk 59 AseiAlel 71&st Ha ek o
1

A= A B Al oA FE ] VIASS Sk, &
ol 25)2 ¢l aliel, ole3kel AHE 1L7)A ;@ﬂr

RHAOR I 100 km 29 e E2hs AxIY
&
ol23tel ¥

L= P EAL= G A ke i KB e s Ri: | 1B I A K R

Received: July 22, 2013, Revised: March 12, 2014,
Accepted: March 12, 2014.

* Corresponding author, E-mail: myong@gnu.ac.kr
DOI http://dx.doi.org/10.6112/kscfe.2014.19.1.007
© KSCFE 2014

SHCFD), A%1%) 3 Al|(Re-entry Vehicle), 114H-5-7]l|(High Temperature Reacting Gas)

5 #psl Ew, ol AR wE Al WAl dslgow
g3t dokee] A7) wBAe] G 9 A ot 2
e A A DAl REEA] arefEojol S,

FE2E g et AT 1950d% o] F 3] 1
war glom, A vlEgAel tigh A+ oA hiks] X3H
1 Qlek 58] AR vgAe] 127)A avE 1Est AT
= Liever and Habchi[1]2] SHJEA} AXIQ) HIZWA] Beagle 29
gk CFD F&alA A7 93, Lee[2]9] S58 7t o
0}01 Sxe% et Fgehks s aEd ke

, =g AR Al st

Yl v gk
3 2L ) 27 A DA 2
st 7119 Sshe eishs 2 Q.2

}-\1 olo

% sholth. Fig 1
ZIAREAL] afjE] g o]

ek S %“3‘5% Nt e
3t @l thgh 2=es ekt



8 / J. Comput. Fluids Eng.

E.J. Kang - J.Y. Kim - J.H. Park - R.S. Myong

c
L
=
8
c
o
5 N—N*+e
g 0—-0*+e
8
19.000 K N, almost completely dissociated;
‘ Ionization begins
5 N,—2N
ket
S 4,000 K N, begins to dissociate;
° 0, is almost completely dissociated
o
- 0,~20
& | 2,500 K—3F—— 0, begins to dissociate
&
No reaction Vibrational
800 excitation
0K———

Fig. 1 Temperature range of dissociation and ionization[5]
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Fig. 2 Flight trajectory of IXV[6]
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Table 1 Species mass fraction

Species N, NO N (0) 0,

Mass fraction 0.747 | 0.001 | 0.001 | 0.001 | 0.25

Table 2 Kinetic mechanism for the Earth's air

Reaction ¢ ur’ k;

0,+N=20+N 3.6000 x 10" | -1.0 | 118,800
0,+NO=20+NO 3.6000 x 10" | -1.0 | 118,800
N;+O0=2N+0 1.9000 x 10" | -0.5 | 226,000
N, +NO =2N +NO 1.9000 x 107 | -0.5 | 226,000
N+ 0,=2N+0, 1.9000 x 10" | -0.5 | 226,000
NO+0,=N+0+0, 3.9000 x 10%° | -1.5 | 151,000
NO+N,=N+0+N, 3.9000 x 10% | -1.5 | 151,000
0+NO=N+0, 3.2000x10° | 1.0 | 39,400
0+N,=N+NO 7.0000 x 10" | 0.0 | 76,000
N+N;=2N+N 4.0850 x 102 | -1.5 | 226,000
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Table 3 Flight conditions

Velocity | Altitude | Pressure | Temperature | Mach ]
(mis) | (km) | (pa) (K) | No. | Chemistry
3,267 51.9 723 269.6 10 Reaction
4,576 59.9 28.5 258.2 15 | Reaction
6,152 69.8 5.52 219.7 20 Reaction
7,194 76.1 2.03 206.5 25 | Reaction
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CN+NO=NCO+N L0 x 1017 0.000 21,200 Table 6 Grid convergence test conditions
CO+NO=NCO+0 3.8x107 | -0.873 | 51,600
CN+CO=NCO+C L5x 10 | 0487 | 65.800 Case | No.ofcell | Machno. | C, Convergence
, . ) 1 950 10 1.142 10"
Table 5 Comparison of axial force coefficients 2 3.600 10 1124 1072
-12
Case Mach3 | Mach7 | Mach20 E 7,000 10 1.104 10
Liever’s result[1] 1.5095 1.4820 1.4600 4 10,000 10 1.084 10
Present result 1.5056 14871 1.4630 5 19.500 10 1.084 10"
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Fig. 7 Temperature contours and pressure contour lines in shock wave region (Mach numbers 10, 15, 20, 25)
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Table 8 Maximum temperature of flow fields
M 10 15 20 25
Reaction 5,837K 8,273K | 10,660K | 12,490 K
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Difference 15.9% 36.1% 54.0% 60.5%
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