w035 % W1 h ¥

2003 4 1§

ACTA MECHANICA SINICA

I

Vaol. 35, Na 1
Jam., 2003

Rz A F i /ia R ERE{E AR
JELeEim A AR

HRR SEH
(PEES T R, Jen 100039)

MR 4 8 PEERA LRI AR R TE R R, BP9 2 PR/ O R AR R R, R AR

eI H B AR 4 TG 4 =R

2 RSP/ R T Y s R e e I S

SRR MU SRS s, 0 ok R A LN SRR R HOE, A D00 AR AR PR BB T P T S
PES RN, AR PR B AR T R Al A A R L B R A R A G, OB T R M % ] R,

R PR AL

G BSTHUASD, R, B AN ECHTEARRL, ARsRERR R

5l &

iR / 30 AR EER] R ah e B
TSRS, TR A r s, R
Hah S i IE 60 FAL AR R S A B AR . Bl
VHSLER Sy p AR, AR AR R
A A - b AT 5 e Ay OR R R RE ) . WS
FEW, B [ 3 PR AR L R EE S Y W B
T T AL A R AR, R At B AL
P Eg AR, i W A TR U, RO R il O A
fi] PRt Y ) S AR, TE e AL 12 st )
Wi T - AR A RO HUE. SRk R TEAR
B 5 T b D AP B AR 9] f7E. Boussinesq IT{lS%
F, A AR A ] (RIRE RS, ASRETR I AL
A0 P BE R i sl, PSSR TR/ AR
TERL. I 2 PR AR n] LSS 804 HE ) A o i B
Freka, AEGPETRR A, A R
2. PR e i AR o T L AR A O 1] P
FIRRRE, B, fidy, WER Dl LUK e N, W]
LA 3 i 0 0 5% [ e, S5 T, AT SLHEGD
PR LRSI A IR kAR T8

AR BT e BARERT, iF

A001-11-21 HrB H—H, 20020416 Hr#EE S,
1) B S 8 B AL BE (S00T6043).

i 8 AUk 0 Rtk ny A E SR I AL
fist, Wilcox & Rubesinl'l (1980)(WR), Shih, Zhu
& Lumley?! (1993)(SZL1), Shih, Zhu & LumleyF!
(1995)(SZ12) Tl Gatski & Spezialel!l (1003)(GS); =
Bl Craft, Launder & Sugal® (1996)(CIS), Lien
& Leschzinedl®] (1996)(LL), Apsley & Leschziner["]
(1998)(AL) 1 Shih £ Bl (1007)(SHIH). % T H#E,

P Launder & Sharma k= gRPEHIA P1(LS) fEH4
PR, RS S A B / AR HELIER] A
o PR b o 1 N s S e e AR . s
g A P R A AR B R Rl
P, R By A (R R I S A, L
B4 5 IR B 2 - R E i 3 B 200 A A Ay
fRmM 4 e, R T b ARLR PR A ) Y 2

1 imiftisst

BB B IR oy = T, /& — 20,
AR R LR B 37 3 e i 2 R
Jo, R S R A R B 5 R,
A 36 T A T RS B, O F Rl
i)



o bl o : # 2003 £ 35
I 1 N I
aij = — 20, fusij + Bsinsnj — gsusudi;) + Hwigs g — st )+
I 1 k
Ba(wigtog; + g‘“«'&;‘wuﬂi}] = MERSEISij T T Wt S5 —
2 X
",ﬁ]{wmﬂ'us;j + Sig g Wiy + W85 — Ewﬂstmwmk ﬂ;‘j]—
“a(Win S8y i Sikskﬂu{j) {1]

s, TCREER L 1 R Sl oy di e i

k E
8ij = E_TE{U:',;' +U5), wy = E{Ui = Ui (2)

1
AR, = Hosf; B, 55 = Sij_ﬁskk'ﬁij-

2 #EHE M

TR LERABE, BARR Fave P Hya]
FESi NS JFFEN &, = i B 7E Sl s
P, R 3k GanssSddel $L3EF0 Roe R4, %
AR E#H PR Yee 1 minmod TVD 2. P
TR ik WU IS TR, GSORR R
SV T R R AR, T LU
S s A

3 HEMNHE

3.0 BT BT Sk B e SR
S i Bachalo fil Johnson!"™ SERL. — -3
c 4 20.30cm FFFFEEMSEGRE, B T R

BHE . E A Sk Mo = 0875, M kpE
0.7
0.6
E“:_? 0.5 [ exp
B L=
= --=- WR
0.4] —=—m SZLI
——— 5712
------ G
03 1
0s 07 08 L1 L3 Le
X/e
ia)

R WP Re/m=13.6 > 10 /m. 345 8 FE 95000 Pa,
BV 302K FFEEEY 063 m F) 0.887Tm , R
221 % 101, {ESEMFHTN T4 b EEEFT e, R
BIRET AR RS v < 050 ADAREEEY
dmm , A OB TS 7 W ] SR A e R
SEMITR ). BETTSEER., JCMMEE, WAEH DAS A
EHHE 28 fr I .

P 1 e REM Ay ar AR, RIS R R A
BRE, EAafmlek AT 08 < Xje< 1.1 BT
5 DRI L e A AL A B0 F 3 s - B A E AT
LS {45 45 R 00 T & DO, 15330 po@is (s S E. m
AL i AR ALIE, 4 B 1 S SRR U, Hoh WR
F BB RSES,  SZL1, CLS, LL 1 SHIH ff4s
B BIE, STL2, GS i AL EMA A4
TR i

B2 BESBEREHE Ve = 1250 fl X/e =
1375 PG T PR A, LS IR M R AR T
PRy ah i RE A, T A A SR AR A
A PR P, O R PR R R A
FiA. Hvb SZL2Z fn AL 348 KA.

Py |"I-'n:lnlal

P1ORE L. BEER S
Fig.l Test case 1: wall pressure distributions
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Fig 2 Test case 1: mean velocity profiles
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Fig.d Test case 1: turbulent shear stress profiles
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Fig.4 Test case 1: streamwise normal stress () profiles
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Fig i Test case 2: lower wall pressure distributions
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Fig.T Test case 2: density interferogram and isc-density contours in the interaction region
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Fig 9 Test case 2: turbulent shear stress profiles
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Fig.10 Test case 2= streamwise normal stress profiles

14 5 it

Ak e ik o o TR O MARLILL i/ R
MEAEA, Heh S 5 il et ks i
HAR A LR PR U X, B T A A AR ek
Fh, REEM-—-mE O, 5 TH sl MR L
Rt AR o, R T i & m e, WR
AT ERPERL S RO RS0, B2 E e O,
RO SERPEEGURLE, AR R LT R
\inN e eRRAdE, ERESREML, 5
AR, AT AR P WA A By - B
Atz F CLE AR LR o psifb |E(EE— B A
WAL,

5 F X m

Wilcow DO, Rubesin MW, Progress in turbulence modelling

for complex flow field including dfects of com pressibility.

MASA Report, TP151T, 1980

2 Shih TH, Zhu J, Lumley JL. A realisable Reynolds stress
algebraic equation model. NASA TM, 106093, 1993

& Shih TH, Zhu J, Lumley JIo A new Reynolds stress alge
braic equation model. Compadt Methods Appd Meoh Ergryg,
1995, 125 287T~32

4 Gatski TH, Spegiale CG. On explicit algebraic stress mod-

els for complex turbalent fows. J Fledd Mech, 1995, 254:

i

H9-TH

Craft TJ, Launder BE, Suga K. Development and applica-
tion of a enbic eddy-visasity model of turbulence. fnt J
Hemt Fligd Flow, 1996, 17: 108115

Lien F5, Leschziner MA . Low-Reynolds-number eddy- vis-
cosity modelling tased on non-linear stress-strain Svorticity
relations. In: Rodi W, Bergeles G eds. Enginesring Trbu-
lence Modelling and Experiments 3. Elsevier, Amsterdam,
1996. 91~100

Apsley DD, Leschziner MA. A new low- e non-linear twio-
equation turbulence model for complex flows. Tt J Heat
Flid Flow, 1996, 19: 2080~222

Shih TH, Zhu I, Liou WW, et al. Modelling of turbulence
Swirling Flows. 11#h Symp af Trerbudent Shear Flows, 1997,
31.1-316

Lauwnder BE, Sharma BL Application af  the ETETEY-
dissipation madel of turbulence to the caloulation of fow
near spinning disc. Lett Heat Mass Transfer, NASA T
113112, 1997

Bachalo WD, Johnson DAL An imwvestigation of transonic
turbulent boundary layer separation generated on an ax-
isymmetric fow model. ATAA Paper, 79-1479, 1979
Delery J. Tvestigation of strong turbulent bound ary-layer
interaction in 20 flows with emphasis on turbulence phe-
nomena. ALAA Paper 81-1245, 1551

Huang PG, Coakley T.1. An implicit Navier-Stokes code for
turtmlence flow modelling. ATAA Paper 92-(1547, 1902



L B ARAF o T /R T P i A i R i3

NONLINEAR TURBULENCE MODELS IN SHOCK/BOUNDARY-LAYER
INTERACTION Y

Yang Xiaodong  Ma Huivang
[ Ceraduate School of Chinese Aoademy of Seiences, Beifing 100039, Chinag)

Abstract  FEight popular nonlinear turbulence models under low-Re fs framework have been tested and
validated with experimental data of two transonic flows. The standard maodel is low-Re B2 model of Launder
and Sharma (1974). The nonlinear quadratic models are: Wileos & Rubesin (19807 Shih, Zhu & Lumley (1993);
Shih, Zhu & Lumley (1995); Gatski & Speziale (1993); and the nonlinear cuble models are: Craft, Launder &
Suga (1906); Liem & Leschziner (19967 Apsley & Leschziner (1908): Shih et al. (1997). The benchmark flows
are two transcnic flows over bump grometries with shock-wave/boundary-laver interaction including separation:
the axisymmetric bump flow of Bachalo & Johnson and the 2D channel bump flow of Delery. The computational
results show that nonlinear models with coefficients appropriately ascociated with strain and vorticity invariants,

vield safisfactory results superior fo linear models

Key words transonic flows, turbulence, shock/boundary-layer interaction, nonlinear turbulence models
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