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Numerical Computation and Flowfield Analysis of Hypersonic Flow over
a Double—Cone Body

QIAN Geng, WANG Baoguo

School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China

Abstract In recent years, numerous studies about shock/boundary layers and shock/shock interactions in hypersonic flow over a double—
cone body were reported. The interaction between a shock wave and a separation zone in a hypersonic flow is a very challenging problem
because of its complexity. Previous researches show that the heat transfer rate on the cone forebody is over—predicted by about 20% and
the separation zone is slightly too large. The hypersonic flow over 25°~55° sharp double —cones and the blunt double—cone models are
simulated by using the Navier—Stokes equations in the conservation integral form with multi —species and non—equilibrium molecular
thermal excitation and chemical reactions. The cases presented in this paper include 5 different Mach numbers, which are 15.56, 10.34,
9.59, 8.20 and 8.06, respectively. The surface pressure and the heat transfer rate are obtained, with a good agreement between the
continuum CFD simulations and experiments. A preliminary analysis of the effects of the numerical schemes on the simulation of the flow
is also presented. It is shown that the simulation results, especially, the size of the separation zone, are very sensitive to the limiter used.
The more dissipative limiters tend to reduce the separation zone size. The Roe scheme with van Leer limiter gives the most satisfactory
results. The simulation of double—cone flows at high enthalpy in the environment of pure oxygen is also presented.
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Table 1 Free-stream and wall conditions for the 25°~55° sharp double-cones

Us/(m-s™) T./K P./Pa T,/K Ma p=/(10"kg-m™)
I N, 2070.0 42.60 2.227 297.00 15.56 0.0261
I N, 2574.88 150.00 48.69 300 10.34 1.0926
11 N, 2664 185.56 36.06 293.33 9.59 0.6545
v 0, 4019 625.7 169.23 600 8.06 0.9442
\Y 0, 3853 569.8 173.59 600 8.20 1.0613
2 25°~55°

Table 2 Free-stream and wall conditions for the 25°~55° blunt double—cones

Ux/(m-s™) T./K P./Pa T,/K Ma p=/(10"kg-m™)
I N, 2577.92 150.00 49.58 300 10.34 1.1081

il K
Tfﬁﬁ%& 200012
4 I -
14 1800
- o 5 I 12 1600
’ - 1400
. . - . 10 1200
8
6 I (Ma=10.34) " Iggg
Stanton . L 1 4 g 283
(L=92.08mm) , C, Stanton St : 200
0 2
0 4223
C”zﬁth (6)
Pl (a) (b) -
2 . .
(a) Mach number (b) Translational-rotational
St=—— v (7) temperature
Ptz (ho=h,)
s . , 4 '
_ 5 Fig. 4 Parameter contours for case |

2010,28(14) 51



e
R Sciece & Fechuology (ArthIeS )
- T /K
pI(N-m ) TK ind
%Oﬂﬁ 1.548%10¢ 33306 873
'3 1.4x10" 3000 800
8 1.2x104 2500 700
7 600
p 2000
500
3 1500
4 — 400
; 1000 200
: 500 200
. 48.64 150 150
(a) (b) (c) - (d)
c¢) Translational-rotational (d) Vibrational temperature
(a) Mach number (b) Pressure ©)
temperature
5 Il
Fig. 5 Parameter contours for case I
S . 4 |
ngiaﬁﬁﬁ 011 | 0.14
o 5t
o 0.10 | 012
§ 0.09 5[
0.08 L ‘ 0.10
_ 5" 0.07 [ ,| |
oN s . e 0.06 C | & 0,08 |
° . "om 005 W 2 [l a | | |
o, oo T foos L AN g
. e R 0.03 i ™ . { '|| L 9
0.5 ™% boga , © s 0.02 1 NERY, 04 % ¥ -
0mo g @ . = o ! r Frmeaii
0 02 04 U'Eﬁ-ﬁ&iu:gz 031 2 j 14 1.6 18 : o ghe T s -
s emm /L ([=92.08mm ) /L (1=92.08mm)
(a) (b) (c) St
(a) Experimental value (b) Pressure coefficient by numerical simulation (c) Stanton number by
numerical simulation
6 Il St
Fig. 6 Surface pressure coefficient and Stanton number for case
, o 6(a) 7 8 (Ma=10.34)
Schlieren (10 R R ,25°~55°
Ne
10.33
10
9
8
7
6
5
4
3
2
1
0=
(a) ( I (b) 1)
(a) Sharp double—cone (case Il) (b) Blunt double—cone (case |)
7 Ma=10.34 Ma
Fig. 7 Mach contours for case of free—stream Ma=10.34
52 2010,28(14)




| lemik —

200
3.0F [
25F r
- 1.5
.E 20k 'I '.‘g ‘
z | z
= L5 \ % f } \
Lof \ % f \\ A
Ey 0.5 | A
05EN_ { \v/\a_q‘_ N / / R'“‘--...
3 P ‘._-‘_.k_l _.—T_\. { s | r: PR R | —.i.__‘_\-. II PRI
0 0.5 L0 1.5 0 0.5 1.0 1.5
*/L (L=92.08mm ) x/L (L=83.4mm )
(a) ( ) (b) ( h
(a) Sharp double—cone (case Il) (b) Blunt double—cone (case I)
8 Ma=10.34
Fig. 8 Heat flux for case of free—stream Ma=10.34
. 8 L=83.4mm, s
9 9 9 9 1 1 (a)
, . Candler M .
9 10 11T s - o
Roe minmod  van Leer 12 Roe o
. 11 11 Roe s van Leer
o 11(b) Roe minmod R
2 T.'K
T s /(N-m ) TIK "
9.608 lestzmi 3534 938.9
9 350y 00
8 : 3000 00
: - 2500 h
6 . 600
5 5 2000 500
4 A 1500 400
i ; N
5 . 1000 200
1 o 00 200
349
"o 185 1
(a) (b) (c) - (d)
(a) Mach number (b) Pressure (c) Translational—rotational temperature  (d) Vibrational temperature
9 IIl Roe minmod
Fig. 9 Parameter contour for case Ill using minmod limiter
kR PNm ) TIK Tk
9657 1.274=10¢ 3593 9335
: 35 GO0
L 3000 &0
7 2500 700
B &0
5 20600
4 1500 =
3 400
2 . 300
'IJ 00 200
0 3507 182.8 1485
(a) (b) (c) - (d)
(a) Mach number (b) Pressure (c) Translational-rotational temperature (d) Vibrational temperature

10 Il Roe van Leer
Fig. 10 Parameter contour for case Il using van Leer limiter

2010,28(14) 53



J‘CM K

|

4@7
-
(Articles)
Ty
9.594
9
Ist order
- — - — minmod 8
————— van Leer 7
6
5
4
RAT AR e 3
2
1
o Roe + —[fi kg 85 Roe +minmod Roe + van Leer
0
(a) Candler (b)
(a) Candler result (b) Numerical simulation in this paper
11 IIl Roe
Fig. 11 Shock location and the separation region for case Ill using different limiters
35 T ;
a0t Roe+H-minmod H 4__ — — — van Leer
T s Roet+H-van Leer minmod
3L
o S
0 L i n L 1 L 1+ n 0 PR R S S T | L
02 04 06 08 10 12 14 16 1.3 05 L0 L5
x/L (L=92.08mm)
L
(a) Candler (b)
(a) Candler result (b) Numerical simulation in this paper
12 IIl Roe
Fig. 12 Pressure coefficient for case Ill using different limiters
13 v Vv . , 5
( v, hy=9.85MJ/kg; V, h=8.78MJ/kg) o
30 o0r
: = Run 87 (10 MJ/kg)
2sF ® Run 88 (9 Ml/kg) = 25 A
L Ii
L L] r d
20F - 201
L - L
£ sk . g 1
3 Ny - 215 r
f k- W g
F ; s ] 10 K
sk J00E = -’ ~
[ smnnl” S |
- L NN |
0' PR R T T T N TR S T N TR S S o 4 el oo L A\
4 8 12 16 5 10 15
wem xlem
(a) Nompelis (b)
(a) Experiment result (b) Numerical simulation in this paper
13 \% \Y
Fig. 13 Surface pressure for case IV and case V
54 2010,28(14)




I

4

H s van Leer

o El

(References)

[1] Nompelis 1. Computational study of hypersonic double—cone experiments
for code validation [D]. Minneapolis, MN: Department of Aerospace
Engineering and Mechanics, University of Minnesota, 2004.

2] : : o ML :
2009: 199-212.

Wang Baoguo, Liu Shuyan, Wang Xinquan, et al. Heat transfer [M].
Beijing: China Machine Press, 2009: 199-212.

[3] Olejniczak J, Candler G V, Hornung H G. Computation of double-cone
experiments in high enthalpy nitrogen[R]. AIAA Paper 97-2549, 1997.

[4] Wright M J, Sinha K, Olejniczak J, et al. Numerical and experimental
investigation of double—cone shock interactions|J]. AJAA Journal, 38(12):
2268-2276.

eview

Secpnce & “Fechreotagy

[5] Nompelis I, Candler G V, MacLean M, et al. Numerical investigation of
double —cone flow experiments with high —enthalpy effects [R]. AIAA
Paper 2010-1283, 2010.

[6] s . DSMC
[J]. , 2010, 28(4): 64-67.

Li Xuedong, Wang Baoguo. Science & Technology Review, 2010, 28 (4):
64-67.

[7] Candler G V, Nompelis I, Druguet M -C, et al CFD validation for
hypersonic flight — Hypersonic double—cone flow simulations [R]. AIAA
Paper 2002-0581, 2002.

[8] , s . [M]. : N

, 2005: 527-576.
Wang Baoguo, Liu Shuyan, Huang Weiguang. Gas dynamics[M]. Beijing:
Joint Press of Beijing Institute of Technology, Beijing University of
Aeronautics and Astronautics, Northwestern Polytechnical University,
Harbin Engineering University and Harbin Institute of Technology, 2005:
527-576.

[9] Park C. Nonequilibrium hypersonic aerothermodynamics [M]. New York:
Wiley, 1990: 173-189.

[10] Holden M S, Wadhams T P, Harvey J K, et al. Comparisons between
measurements in regions of laminar shock wave boundary layer
interaction in hypersonic flows with Navier—Stokes and DSMC solutions
[R]. RTO-TR-AVT-007-V3, 2006.

[11] Candler G V, Nompelis I, Druguet M C. Navier—Stokes predictions of
hypersonic double—cone and cylinder—flare flow fields [R]. AIAA Paper
2001-1024, 2001.

(TrEmE X7T)

2010ELERMIERNAFEASN

BfiE: 20104£8 150
WA TF - 3k

::] iE. 024—25286811
BHF{E5: 2dzs2010@163.com

2010,28(14)



