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Num erical smulation of transonic flows in a diffuser with
GAO-YONG turbulence equations
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(Coll of Energy and Power Engineering Beijing Uni  of A eronautics and A stronautics Beijing 100083 China)
Abstract The two-dmensional shock wave/tuibulent boundary layer nteractions m a diffuser is numerically mvestiga-
ted by solving GAO-YONG canpressible mulence equations and usmg SM PLE algorithm on non-staggered grids Camparr
son of the can putational resulls of the tine-averaged parameters w ith correspond ing experinental data shows that the shock
strength  pressure along the wall surface separation pont and reattachm ent point agree wellw ith the experinental data The
cam putational results ndicate that the GAO-YONG campressible urbulence equations can well and truly sinulate shock wave/
tutbulent boundary layer interactions i transonic flaws This numerical simulation can further prove the correcmess and the
applicability of the GAO-YONG canpressible tuibulence model

Key words Tuibulent flow;

cam pressible mibulence model

—
=

1 35l

FERIE RAT 2R R, RAT AR (WK, EHL, o
55 ) BAFAERE KR BB A it i 5 2 AR B PRI
R, W AT S0 AT AR EIE S . W Al A
BT IUH R AEAE S R IR AN Y, S EUR I8R
B 51 AR S I B A MT;‘I"&WE"%&E&%?H
PHEIR T AR « Gk 22 48 PRI 8 57 75 i DA S #
Bidr RSt BehE. R 4ainsh . ?ﬁ%ﬁﬂ_fﬂs?ﬁi

« Ui EER: 2006-12-2& 1&iTHHA: 2007-06-18
e e (1980—), %, Wit, WR

Num erical caleulation

SN T SRR AR SR ST

Shock wave/wibulent boundary-layer mteraction GAO-YONG

T SR PRI B A AL 2 T B DA R B T R
(1 43 25 97 A BB AL 2 - 40 TR ME 1, 2% X T L AT
TS AN S AL IR A I LR 38 A 1 3 A0 A5 =X 1 A ) BB
BT BRI R AR . (R, E R FEAE i sl ik
SR i AR TR ) EORT AR v B SR PR ) R 2
FREEM,

GAO-YONG i it 75 F2 2H A& B M~ 350 5 12 3%
BRI, AR ERAUR E & I T T K&
(AR B B0 R AL, X [ SN AL A T S 9 e B

Email fuxiaoyanx@ 126. com



140 it

AR RSP S B AR IR G B M B sl 0
5 DN AN 7 i L 502 M TR it 9T - G R S AR A
TR SR, & GAO-YONG A ] [E it i
TR R L, WA M orkov infiE BAL, [R]I
KH Favre T35, 5| NBEE 712 IR TR, FJEXT A
A B AT 448 1 T 5 2 P P DRI T AT A% A, (60 T 4
F i GAO-YONG 7] iy T 24, Hl, i2H GAO-
YONG A] [E i it 77 FE 4l B % Dh Mo ALl 1 ) J 46 it
LR TV 1= ki R

P T AR R I B S — R SR A
AR E TR FHE B X R E A7 1E B W
DA b 51 2 IR 40 B 0 S5 A I B, T UK i A
XA BT M . [Rlik, A KA GAO-
YONG A] JE 4@ g P A X Saben 3 25 H (1985 75 18
Tl AT 7 B R, LA 5T GAO-YONG HJ JE 4
TSI X A TR TR A R AR AL
2 wHIFRERITESE
21 #HAETE

GAO-YONG W] J iy ¥t 77 F2 25 K 5 34 4 43 #r #E
H, AR HER B R SE HF 38 B, B8R T (1) S Bk
T B SE R . GAO-YONG W] J i ¥ 5 FE 4 Hh °F
VIWEE TR BT BT ERRELT
FE B &7 1 IR& 77 72 UL K WLIk RE 75 TR L Rl (T35
BAE b, EREANIR EAr), RS
FE LA K A s FE Al Ul B AT 2 STk [ 1~ 3]

il S} =
e axj(gtj)- 0 (1)

d((u,)

d d ' ;
o1 +Ej(glfu;+[’6gf)=gjfoq+U;)(z)

if—“i((mw)u;) =
;f}_((% + 0 Ju~ g~ q ) (3)
e () = 0 (4)

= () - () =

(Aum,+ p8) + == (9,+ 0= 0,= o)) (5)
p= RT (6)
; A u
w [ ffjgl) u/* m
Z i

b n!

d
A= (s + pb;) +
J

¥R 2008 4F
_d T du,
&L(ﬂ+ﬁ—0—0}—d;) (7)
X Ru p RN TR %, S, K /1; m p o
GlpSpE %‘zﬁﬁ’)ﬁlﬁ Eh. ENERER, g, qf N
J UL A R i U G

5 1 A
E= e+ uu = CI,T—“%+ Sus (8)

q-—k— q’:—kr _ (9)

0, ﬂjﬁ}ﬁﬂjjjri’wﬁﬁﬁ):fJjj?FﬂfTifzxﬁFl’JJ?fﬁu
jJ ARG SO WUE B ML RE 1 B ) AN AR ] 358 ks
Oy, 053 A P 350 T 1R s I L 77 01V S 97 0 i 9
1o BAFE3tm i N 77 9 1

{(1-2)

o' - Zuu ajf 1-2)

Y

-Zu,88  (10)

B, =18 1+1& 1Lg = P n (11)
A 1) LR, AS SR M58, &R
Phihs REGKE, HEBALR 45880 a JF R

R EBALR o MU AES (7) 78 2. B (10
Unﬁuﬁﬁixﬁh%TM$ﬁ%§
0;1—2} = CU dj:-z, (12)
AT IERR R SRR R TR REUER C, )5,
I EAS F AR RS 2 AR RR R X -V [ AL br i
PR RR X -y AR AR 2R T RS M RECERE D, 3
i3 E] X -Y b5 R T I AR KR
0{3 = Du aj .(13)
BLERS. (T Wk RK. C, Pr)= (RFE. Ktk &%
Pl G BB, ARE B BB B (W 0T, R
AR, B
(Bk k) = (KT*", C,RP5 C, W Pr) (14)
LRREE T A R CAO-YONG n] it 7 FE 4110
TEHNE A, B
(x,y.z )=(aynz)/L (u,v )=(uv)/h,
A LA IEKIE, o MRFEFE O =00 PN
KRB FEE T =TA, T, NRREE; p =P/
(P{a,f )s h =h/d.
2.2 BEHEBGE
A SCHUE T8 77 ¥R B AT TR 48 30 30 R 5] 6L 190 4%
SMPLE 753" ¥ shE T b2 —Fr S5,
X ER A AR O Z2 A ks SR L, At S et 4
e, BT LAAS SR 4 B0 A Ao 3B Bl T X A
&I S H 7R LB O S A X b, R R U



i 204% 5 24

i FH GAO-YONG jiri it B8 BY X 41 s 2% PN 15 75 T 9 50 1) 50 (i 4 40, 141

S B AT DA b AR B8 e R A i 5L R AR /S R A T AR
PR — e 2o A Hb S I T00 3 BOCR F B kG BE 11
HLPA 1% 30 Bk, X2 —F R &8 R mmn a4
KA, BMZHEEANRAEH AR S #% X (UD,
QU ICK , TUD %), ixXFiig =0 n] LA Rlchh v AR 3R 7% &
AR, it E R A B RN ERE. FN, AT
A A5 F AR A B U BT 5| R B JEV 3 R 103N, XE R
FRARA S BRI E R 7 RHIE-CHOW 3)) & 46
", BB T KT FE AR TDMA 5%
BIRAK A

f 45 b, SMPLE 83208 % H T A 7 & 48 it 3)
(5, X Ay vl ik K 0 4 T RE R AL R HE 1B 1B
HERELMEDMBEENME. B5 A0 K%
SMPLE BUA R BT & K /1R & M L, w]
FE4f SM PLE 532 (1) F Z X At 72 T2 R 1B =77
FERSINT % A IE A B 5 2R B n 35, i 2
FEABIEAE & IR J1 18 IE B R R R 1, R 3 i oK g
FE 18 1E 77 B2 5t 7T LA 453 31 68 9% f Wt i 46 P 52 w1
& AR, #EmseBLE S B IE, B W] 45 SM -
PIEEGFERTEEE N EE =8 2K
Ho AT, FE R EERK R RS
Fl R AR

B=@"+ qE”™- a7

A e Tl FH, FUD £R—riliX, CDSHE
ANHILZES, ap ARATE F. X g b KUk
R 5 &, A O SR A R AR e

3 BOHIRUEERSH

WEHUSCHR [ 7 8T EERY Sapend [E 25 N KB
TR BN 1 SR N B, £ 52 GAO-YONG Jifs it B L 78
TH S P A S T e R A R

ey RS TRV, LRy — i, 4 scds 4
kilIE. HFOEEN 62. 1lmm H O EE N 66 mm,
W& I FE N H = 44 mm (WRIE = A TE B NN K E
FRIERE ).

ZHRCHR [ 7 8P iR s3G5 B, Wids it B, 18
[ 4 B T R FH G 0 %% 300 50 2% A, TR 1 FN% BE — B Ak

Fig.1 Grids of diffuser
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Fig.2 Pressure contours distributions
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Fig.3 Mach number contours distributions
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Fig 4 Separation zone on top wall
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Fig.5 Top wall pressure distributions
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Fig.6 Bottom wall pressure distributions

Fig.7 Comparison of top wall pressure
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