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Abstract; Eight turbulence models were employed in the detailed numerical investiga-
tions for transonic flows in the Sajben diffuser, so as to assess the predictive capabilities of
the turbulence models for shock-wave/turbulent boundary layer interactions in internal
flows, including the Spalart-Allmaras model, the standard k-¢ model, the RNG (re-normali-
zation group) k-¢ model, the realizable £-¢ model, the standard k-w model, the SST (shear
stress transport) k-w model, the v*-f model, and the Reynolds stress model. The perform-
ance of these different turbulence models was systematically assessed by comparing the nu-
merical results with the available experimental data. The ©v*-f model and the SST £-w model
performed much better than other models, and the SST k-w model predicted a little better than the
o* - f model for pressure on walls, while ©* - f model predicted a little better than the SST k-w mod-

el for separation location, reattachment location and separation length in strong shock case.
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Table 1 Sajben diffuser geometry parameters
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(strong shock wave case)
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Table 2 Mach number and the shock wave location

compared with experiment for weak shock wave case

S AL
TR ROERLE e/ HD

SA -+0.009 -+0.02
SKE =+0.031 —+0.16
RKE +0.017 -+0.06

RNGKE “+0.018 -+0.06
SKW =+0. 008 —+0.02

SSTKW —0.005 —0.05
V2F -+0.005 “+0.02

RSM +0.02 +0.10

HERf  SKW FI SA 5L 70 1 G 150 I o & B 09 25
XT3 A7 &, SA L SKW H1 V2F 5 ) 55 o 6
SSTKW,RKE FI RNGKE #% 7 tb, §g Fii il 1 4 2
F 45 5.3 A X [ & B, V2F B X T Tk % A
IO AT A A B A T

A4 A 1) A7 P R ) T S ) FE (]
6 fin. B w Ron B, y R R E L SR
B &l Hsieh 8650078 1987 47 fr U 45, & h
AILLE H Jr A A TR0 00 L A ST A RE T B O R
Fo X X T AR (o/ H=2. 88),
JIF A BRI REAL LT — A Y 3 B8 B O3 A X T 2R
2N (x/H=4.61) M5 34 (x/H=6. 34) 3 Ji& i
I, SKW R SSTKW #£7 F1 V2F 5% %1% 3 i
DX T 5 5 56 58 A T, 1 SKE #8878 Fil RSM

14r
1.2} x
| m ,'.
Y .
08 —— SKE =
= —— RKE
=061 RNGKE
——= SKW
04F — gsTRW :
— V2F :
G L
0 50 100 150 200 250
u/(m/s)
(a) x/H=2.88
16 -
. g:_
34 — SA
L2 . — SKE
1o} B. — RKE
= 08F - RNGKE
= 06} . — skw
="
02} ¥ e
0 L
_0‘2 L i i L ' ]
0 50 100 150 200 250
uf(m/s)
(b) x/H=4.61
1.8¢
16}
1.4}
12}
1.0}
=
= 08f
0.6
0.4
02}
0 -
25 50 100 150 200
u/(m/s)
(c) x/H=6.34



1220 oA e %32 %
1.8 =
£ 0.050 -
L6} 20025 N [ | =
L4} i R—y 0 0.1 0.2 0.3
12} == 54 x/m
v '. —— SKE (g) V2F
- b T £ 0,050 '
| §: — skw =0 DY bl | ——
’ it —— SSTKW -0.1 0 0.1 02 03
04+t A — VIF x/m
02}t &= _ RSM (h) RSM
of 7 Sajben ¥ HE %% 1 S 8 = B G D
-0.2 6 5'0 “'}0 lé(] 2{')0 Fig. 7 Mach number contours of the Sajben diffuser
wl(m/s) (weak shock wave case)
(d) x/H=7.493

K 6 Sajben 7 JE A% Ui 17 4 AL B F 2 B F) T O 00D
Fig. 6 Velocity profiles at four streamwise locations for

the Sajben diffuser(weak shock wave case)

BERIAE b B 18] B 3 55 52 96 (B S0 AR O, X T o fs —
AR )1 (o/ H=17. 493) , SKE #i% RNGKE
BLRUFT RSM 7 BE [ A0 B30 75 TE HEHf. S 2 T A
AR A DL AH ST A B TR B 9 R . SSTKW,
V2F Fl SKW AL 3= 3 IX A48 45 5 1, 1fi] SKE,
RNGKE F1 RSM 7| B 1 B A D15 5 .

HE— 25 43 A7 T 5 B o3 A7, 8 A A AL HE 1
g B 7 Fros. B RoRT LR B, 7R 55
WO 00T o I8 R R T 30 B2 AR AN R AR 5

O | S
D% 0.102030405060.708091.01.112

(f) SSTKW

W JLT- A A s B 2 5 L RE T A A2
IR o b RE T
3.3 GRME

55 3 A AU R AL B R=0. 72, 24
1R T ARS8 AR el 23 77 A8 S B0 O B g ke 1 3t
J2 53 X RGO AE TR S B 288 B i LAY
TR B0 HEAT I BAR X b T RE Y
IR 43 A A& 8 TR, SE5G B4 2 1l Hisieh S50
A5 DA HA] LA L 8 4 i i 45 R ) A5 401 25 R

REE
= o
0.9F — SA
0.8 —— SKE

—— RKE
g7 RNGKE
0.6F —— SKW
65k —— SSTKW
—— V2F
0.4F —— RSM
03F
02— 0 2 4 6 8§ 10
xIH
(a) LB
1.1p
Lo}
S8
0.9 — SA
08 —— SKE
—— RKE

& 0.7r RNGKE

0.6F —— SKW

| —— SSTKW

03 —— V2F
0.4} — RSM
03

0264 3 0 2 4 6 § 10

H
(b) T BE

[%] 8  Sajben 4" F s T BE I By Hs CGRRB0HD
Fig. 8 Static pressure on the Sajben diffuser top and

bottom walls(strong shock wave case)



LR

e

FAEWE 45 : Sajben 3 R4 At

=

1221

AP M SEL A1 -5 S5 R AR o T IR S DAL A
WA R B 22 5. 4 T B EE T, RNGKE, SST-
KW A1 RSM (1% 5 fE 8 ; X T BE 1A SSTKW
YRS ALL 04 Foe MR . ] P AT v ml LA 3] BE T A
ZINTE S PR R /IS DA B e /0N T s 18 57 8 BT ] LA
SE b BRI L B BAR IR SO #r
TE S50 S AR Hhy BE T 5 /) I S

B 06 R 013 B L m] LIS B 8 A i VAt A5 2 A 4
HH A8 BB A g 8 R 5 S 0 R e (SR
L7DX L. e 3 fras. N al LIS 5] L SSTKW
A V2E R T A S o K A 3 o B 5 S
RARIE.

R3 BHENSIREMEHIHEEHRELE

Table 3 Mach number and the shock wave location

compared with experiment for strong shock wave case
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Table 4 Top wall separation and reattachment

locations for strong shock wave case
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