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Abstract: The unsteady fully NavierStokes( N-S) equations were solved by Harterr
Yee s TVD (total variation diminishing) and dual time march for the flow field. The 3D un-
steady heat conduction”equation was solved for the structure. The coupling was processed as
follows: the\flowfield acquired temperature s boundary condition from the structure and the
temperature field of the structure acquired heat flux s boundary condition from flow at the
fluidsolid interface. The method proposed here was validated by aerodynamically infinite
column. The transformation of head of space shuttleé s temperature was analyzed in detail
during pneumatic heating process. The results show that the increase of wall temperature
strongly affects heat flux. Therefore, solidfluid coupled iteration is very necessary in the

simulation since the influence of the increase of wall temperature can be considered.

Key words: fully coupling; hypersonic; pneumatic heat; structural heat transfer;
head of space shuttle

:2009 07 21; : 2010 04 14
(1982- ),



25

1706
' SR
G g i A
: , et |
iy |
l ek
1
s Fig. 1 Sketch map of hypersonic aircrafi s
pneumatic heat
1987 ,Thornton Dechaumphai'" 2
1988  Wieting > 2}
) Navier
. 1995 Chen Stokes( N-S) ;
. . 0Q) 0B:, 0G- OQH. _
2003 or 08T on' 0¢
L%_i_ %4_ a_H‘ (1)
’ » Re| 057 on~ 0¢
2004, (1 ,0 , Fe,Ge, H .
’ , Fv, Gy, H. ,61M¢
, Re
n n+ 1
’ [i+i-1 GA+ OB &C]A’"—
AT" 2ny) " IH GA+ OB 0" =
. 30711 _ 40n + On—l
- s 2
g + Run (2)
T , 1 , ,
&, 6 & .4, B, C
. Rus 5
Harter Yee T VD( total variation di-
1 inishi [78]
minishing) )
1 R ,
. @ [9] m « ” ,n
, « ” . Qm Qn+ 1 m
. @ , AQm — Qm+|_ Qm n+ 1



1707

8
Jameson'"” LU-SGS( lower up (2), g
per symmetric Gauss Seidel) TVD ©) ,
[9]: aT— B n B n 1 (
K == 1— + 4+ + 7
&€= Gri, i= A,B,C (3) on ( ) q q )
& .i= A,B C @
§ = 6|Di+1— 2pi+ pial 5 . n” .a B
T piut+ 2pi+ pii ’ n n+ 1
0.05 S8, , )
: q-=
) CFL ( Courat- g+ , T.=
Friedrichr Lewy) , T-; a= 0 B=0 ,n+ 1
, e a=1 B=1 , =n ,
2.2
aT Qﬂ ag _ ? ?
pCIJ al K[ag an+ aé (4) [6]
(4) ’ p » Cp ? ?
B K ” K s
B T 9f3 g; 0
4
3
) [ 2], Gridgen
) 60x
, , 0x6 60x30x%6.
[1-12] , 10 .
1): ( [9]
o). ( 2
- ) (2s),
2) )
@ N 2 2
¢, a=1 B=1,
oT- )
K—S—= ¢ 5
on = 1 (3) noo3 = 0
(4) ( ).
(T ) 57. 02 W/cm’, Fay-Rid-
@ : dell 57W/em®, [5] 54.1
Ti= (1- )T + o™ (6)  W/em?, 67.0 W/cm’. ,



1708 25
0.04
0.02
/ Level T/K
L Lo
10 3723
9 363.644
& n 8 354.989
>~ & > 7 346.333
= 0 6 337.678
5 329.022
4 320367
{] 3 311.711
LNL 2 303.056
1 2944
—002F N
PR T S T |
0.05 -
X/m L |
-0.02 0 0.02

2
Fig. 2 Grids for simulations of fluid solid thermal

int eraction in hypersonic flows

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

>

Present
A Experiment?!

>

st

99

W

1020 30 40 50\ 60 70 8090
Angle/(°)

3 =0

Fig. 3 Comparison betw een/simulation data and
experimental data normalized by

wall heat flux at t= 0

2) 4 5 t= 1s = 2s
.t= 2
389. 19K, 388. 72K, 0. 12% ,
5
5.1

X/m

Fig.4 Contour of pipe temperature at t= 1s

0.04

0.02 Level T/K

10 389.2

378.678
368.156
357.633
347.111
336.589
326.067
315.544
305.022
294.5

Y/m
=
—_N WA UV O

-0.02

5 t=12s

Fig.5 Contour of pipe temperature at 1= 2s

: L= 215 mm, S=
692. 768 Tmm’,
BRI R 2 0 xs |7 S
157.9 9.4] Tlesm -1 020
2 2 2
ol *lesm tlis = 20
17.84mm, 6
T= 240. 0K, Ma=
6 0, Re= 7.35x 10°. ,

:P= 7850kg/m’, cs= 502)/ (kg * K),T=

373K ,K= 19.7W/(m * K); T= 873K k=
25.1W/(m * K), ,

, 50 x 60 x 30,



1709

6
Fig.6 Double ellipsoid model

1.2x10°

50 x 30 x 30,

7
Fig.7 Grids ‘of double ellipsoid

5.2

12

s )
451. 52K, 57.8%.
3) )

m,

11

13%,
288K

2

0.04

8 =0
Fig.8 Heat flux distribution on the surface of

double ellipsoid temperature at t= 0

1.00

0.98F
0.96
0.94
. 0.92
&
< 0.90
0.88
086

0.84

LIBLI O I L B

il I I A AT A A
5 0.5 1.0 1.5 20 25 3.0

tls

9 ( =0 )

Fig.9 History of heat flux at stagnation point

normalized by the value at t= 0

500

450F
& 400/
~

350

300

¥ O I Y O N (N O O Y O Il A o 0

0.5 1.0 1.5 20 2.5 3.0
t/s

10
Fig. 10 History of stagnation point temperature

inside the solid

1s 3s R
482. 7K,



1710

25

4%.

Level T/K
5 4515
4 413.625
3 375.95
2 337.875
1 300

Fig. 11

11 = 1s
Contour of double ellipsoid temperature

at t= 1s

Level T/K
4

Fig. 12

12 1= 3s
Contour of double ellipsoid temperature
at t= 3s

[1]

[2]

[3]

[4]

[5]

[6]

71

[8]

[9]

[10]

[11]

[12]

Thornton E A, Dechaum phai P. Finite element prediction
of aerothermalstructural interaction of aerodynamically
heated panels| R]. AIAA Paper 871610, 1987.
Dechaum phai P, Thornton E A, Wieting A R. Flow-ther
mat structural study of aerodynamically heated leading ed
ges[ R]. ATAA Paper 882245, 1988.
Wieting A R, Dechaumphai P, Bey K S. Application of irr
tegrated fluid-thermalstructural analysis methods [ R].
ICAS 88 2.3.3, 1988.
Chen Y K, Henline W D, Tauber M E. Mars pathfinder
trajectory based heating and ablation calculations[ J]. Jour
nal of Spacecraft and Rockets, 1995, 32(2) : 225 230.

[ ]}~ ,2003, 25
(1):3539.
XTA Gang, LIU Xinjian, CHENG W enke, et al. Numerical
simulation of fluidsolid- therm alinteraetion in hypersonic
flow's blunt aircraft[\J]. Journal of National University of
Defense Technology, 2003,25(1) : 35 39. (in Chinese)

(T ,2004,26( 2) : 24 26.
HUANG Chunsheng, WU Jie, FAN Xuji. Analysis of {flr
id structure-thermal simulations on the aircraft[ J]. Me
chanics in E ngineering, 2004, 26( 2) : 24 26. (in Chinese)
Yee H C, Kutler P. Application of secondorder accurate
total variation diminishing (T VD) schemes to the Euler e
quations in general geometries [ R]. NASA TM-85845,
1983.
Harten A. High rsolution schemes for hyperbolic conser
vation laws[J]. Journal of Computational Physics, 1983,
49: 357 393.
[D].
,2007.

XIE Jinrui. Numerical simulation of hypersonic flows and
calculation of aerothermal heating[ D]. Beijing: Beijing U-
niversity of Aeronautics and Astronautics, 2007. (in Chr
nese)
Yoon S, Jameson A. Lower upper symmetric Gauss Sediel
method for the Euler and Navier Stokes equation|[ J].
ATAA Journal, 1988, 26(9) : 3539.
Ramon C, Houzeaux G. Numerical approximation of the
heat transfer between dom ains separated by thin walls[ J].
International Journal for Numerical M ethods in Fluids,
2006, 52: 963 986.
Giles M B. Stability analysis of numerical interface condr
tions in fluid structure thermal analysis[ J]. International

Journal for Numerical Methods in Fluids, 1997,25: 421- 436.



