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Hyper sonic vehicle-inlet integrated aer oheating simulation

DIN G Ha-he, WANG Famin
(Institute of Mechanics,Chinese Academy of Sciences ,Beijing 100080 ,China)

Abstract : Aeroheating analysis of propulsion/forebody integration has been conducted
by means of CFD technique. Especially ,different computation model s are adopted for differ-
ent flow regime ,including laminar ,transition and turbulent flow. In this text ,compress hility-
corrected SSGZJ k€ model has been employed in turbulent region,moreover ,we introduce
algebraic intermittency model of transition to smulate the transition processfrom laminar to
turbulent. By these methods,wall heat flux of forebody and engine has been calculated and
compared with experimental results. Results show that compresshbility-corrected SSGZ-J k€
model can reasonably predict heat flux in the complex high-speed compressble flow ,and al-
gebraic intermittency model of transtion can smulate transtion process of boundary layer.
Flow regime ,structure geometry and shock wave have great effects on heat flux.

Key words: aerospace propulson system; aeroheating; scramjet ; transition; CFD (com-
putational fluid dynamics)

. Klopfer  Yee'!! ,

. Hoff mann™®!

[3]

1 2006-07-31; : 2006-10-12
(90505016)
(1976-) ,



1298 22
) ) SSGZ-J ke y
4]
, Roe AUSM + Dk ok
ot TPYI By,
_a_[ Hrl @kl _
o M +0_k oxl = P« - Dk + SSk (1)
’ pe & _a[ W1 @_s] o
ot *Pu; 0x; 0x; H +0£ oxid ~ R D
, (2)
Po=1; . p, =pe:R = GiPE:
, k ij an, k , 1 k k,
—_ 2
’ ) D=G££_;Tij=-pdiu'j;|JT=ka_;
(Boussinesq) k £
B-L Spalart-Allmaras : '
€ 1 1G1=150,G. =183, G =
0.09,0c=1 00 =1 44
SSGZJ ke 1SS = - 01 Ma% P« - 0> Ma¥E , , Mar =
,Pappp'®’ : max (Mar - A ,0) A
1 , MaT <0-2
, 0:=250,=20A =02
’ 12
Mayle'® 20 (71
' NS ,
(Bouss
inesq) , NS
/
Mr =Qi+ (3
’ Q
’ Q:O,
1 Q=1 0<Q <1
Mayle'®
11

SSGZJ ke (5]




8 : - 1299

2
X - Xt 2
0 - 1-exp[-[ 9 J nRe)] X 2 X

0 X < Xt
(4) . Dilley!®!
n=125x10"" Tu"*, Tu ; , 2
Re , )
Re =PwUH/Mo (5) , ,
0 2 2
) , 3 )
2
21
NS ,
(8]
' (a
- 0.68m N
y 0.5m
0.28
Roe , n 28m
o /
N,
' BRI T
, 0.48m HE
Yp
(b)
L 1 1
Fig.1 Sketch of model
Mt = Miam +MT (6) 5
Met MLam M Fig.2 Grid distribution at symmetrical section
22
1 /
L 1 3
) Fig.3 Grid distribution at horizontal section
, 1(b)
’

© 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



1300 22
1.5
3
CFD : Lo
S 05F
Ma. =6 4,
po =5 23MPa, To =566 K. L
' -0.5 1 1 1 1 1 1
, 0 004 008 0.2 0.16 020 024 028
, Tw =298 K. b
s 4
Fig.4 Trangtion intermittency
31 0.05
GIF , 0.001
-0.05
1 E
(101 = -0.10
) -0.15
’ -0.20
. 1 1 1 1 1 1 1
( ) , 025 0 01 02 03 04 05 06 07
, 250 kHz ffm
1 5
Fg.5 Pressure contours
’ ' 0.05
0.00 [
-0.05 -
£ -0
-0.15
-0.20 -
, L =0 185m. _0.25 L1 1 ! 1 1 1 ]
<0 01 02 03 04 05 06 07
32 L/m
4 , 6
g 01 Fig.6 Mach number contours
5
6 , 33
CFD
5 %- L
Stanton ’ ’
St = gPete(heo - hi) (7 18 ! !
7 8 Stanton
, CFD : 8 ,
7 L
1 / / /



1301

8
0.5 — = !
IR > 54 _
— il ’
041 e ,
= 4
- o SSGZ-J ke
/ 1
1 ’
0.4 0.5
L/m !
7
Fg.7 Heat flux at forebody ramp (1) SSGZJ ke
0 _ R RS ! 13%;
: RS2
Vi o LAl 2
0.8 - .
iy !
06} " (3)
2 33 ,
A
04 - 18 ,
]
L ;
02
(4)
0 1 1 1 | y
040 045 050 055 060 065 070
L/m
8
Fig.8 Heat flux at upper surface of inner path
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