T11% 2 T K @ H ¥ ¥ R Vol. 11, No.2
1993 £ 6 ACTA AERODYNAMICA SINICA Jun., 1993

PSR R Filis /A ET R
BiEMEH TR

I ok ek REL HAZ

R E Rl D PR A, AL (BB ES 100080)

WE K e EE PR B A Lt ik oS RT RS, S
PLIR A S B BE o 350 1 5D 12 T o 76 SRR i g O FF — MU, G B — A G M
BERSREl, ASCAMMA N-S BB sEtx — B S R RA s PR R H5e IE,  $2 il
T—ANERTRRHN O (DELR RIS ER LR A2 0) ek, FRNTA
BB 2 AR PR R AL LS LR B,

S W ARBTR B, ERRY, PR S,
7l E

AR AL R SR VITEERIEL, AR, BRTA RS, TF
KPR, FEMBAOSRA, BE, HTDMECATIBEN, TR RIER
BHBHE, BT, BIETSZREERR IR, Stk R R R T8 i
Bt AR BcE T HARIPRE Tk, BEIRRIHRET, ki ZR o
REB: LR BT, L5 B BB IR e A S50 R PR, B
R TXRRBPBTHRR, @R g T — M,  H R i 58 1%
SRR B, W SCBLM AR I LS R T, REARRE B R TR i B S R S e
W, Ak E IR TR AT A R AR MR, SR RO B 5 TR e R T 3 e i e
DB EARYTR B A 3%, RIS AR 1 5 ke o 6 B FE D4 A s B LA B 2
WO e, Bsnim i D BA%, BrR b, SRS BESg, FIRERED
WP, FERhEHRMMIE, BE R, X B ME Glo 8OR R ER 8 A S ik
AR D . 55508 <R (7 —Fhise /07 BT ahiasl g 8 ik
P, 3X—J5 kR P R B SO i 2 4L ik T s Y 18 B 451 5% Fn 42 92 PR 6T b 4L W1
HHM G, AREEARIEAE, ZRBLEAF,

A3H N-S HEBUETE LR HE BERRBORYSG G, B0iX ik R
R B R A B R R R i, S AR BRI E
ERMRBEERILE, FiPx—REMEA, M TEMAHERE, KH Beam-Warm-

AJCF 1991 ££ 11 A 20 B ®l, 19924 2 A 18 Bk FIE M.



130 "N B h 2 2R (1993 )H11%

ing""* B HoD 2 2 # 3o A MG SR AR 38 14 B T i 2 N-S T A IR RY Baldwin-
Lomax™ i iitdiAl, JAMMA RIS BB AR C RS, R &RRVIXF TS
LRI ERA — AR,

L AEAE P RPHERE /) BT B B ) NEARE, SRR FEES
)y I IR TR e R R A S R LR, AR RRAEEHEIL
SBORBESE . B ol R R SRR R . BB TS . (KB AL T ik
&, AR NE RS RS KBTI RIE —a,

—. BHFEMA R 54

AR M E T b R R gR R E R A S LR N-S R, BB e LR
WA, BSmREZASKE, ERTAEREFBEME T Eded; ATFRETH
Wik fk, TFLA Stokes RyBEEMAT R 4> THitEZR Bh Sutherland g% H, 4
- Prandtl SRS (Pr=0,72255), i Prandt] 80 0,9, 2% B3 45 Bk i [ 47
i, N-S HEGRBFEERD, HAMEEORE, #E, D%, itk o
BB G T0 R CRBE TC RN R AISE R, Wik A bR Z R 3 5 Sl 1y b7
ARG B, 4 RA N RRBIRR B ISR E MR bR R, B IBBIZ YW TS
fgi, A5¥foss B A EFE Y, W A AARE, HERAHEE, HE Vi
5 Wy B P A — — % BECBR AT AOOD) . iR e 2R 18 AU B oy O A i CTU A
Wt bF e LB, i Baldwin-Lomax fREREY, iRt =41 XiEH
A, WRELAR, ERBXK(RAERES 0, 28 1 ML KOMmERER, R
{ERTBRAERT, NEIRKRR h Prandtl-vanDriest 5 A REN, SRR
ek, DAMEIAERS EAFALIR I BB, HAE R R R A i s (B —55)

Foake = ka)rmaxUzdif/anx'*‘kaYmaxUldif/FmaxgzODwkdn (1)
EEY B REMEE, U SR LRI, SR ARSI A T, M
eSS B bR TR T,

R SRR RR A E ML R AR B A A AT, th T N-S
FERF T Ak W, BB ¢ =1, BRIBIE . TLLRIRGE AR S
Sive By, WL Al L AR A0 rp (A A SRR N LT B Rk s
EER. REPUNSTRL), BEmAAAMATREBEE. u=u=0 MREEEELR,
W 0 FIE ) SRR, TSN R A R, 18 CHRIMISM R FX S C
M FOREECHHED, ETFIELR), X (SREEAKERELS MY HRAEES A
St R KA ALIER, HENPTERIBBCRTE R, ETHLR, kL
Ry, R, B RS AMERE,

AR &ML R BREAE BN TR, EHEE DO RSB,
DLAE BRI UE i B B R R E AW B IL R, RSNy —eaT e, fER Rk
By A BRI, TRk LREAYE ) P(X) 2B A0, RETREM R ) £ oL



% 2 O peA pEFRMORTY R bR ET RN T R T 131

MEHIF, TR L TPE hEESHRTRENS S E, BEReRmAZRN D, W
HE h 2 525 d s 8 /bRy 3 R AR AR 12T TR S S oA
AP =0oh/R (2)
AP AFEE L FREHZE AP=P—p, o AZEEGBMIEE MAMTENKE S, A
FREER, RAMICERZ, XEBRETRERSHENIIZ GIEBEEAEID, thEp
B RH
R=(1+y" )y’ (3)
X, Y ATEE LAY RRAER, y(x) ARBEARYMZ R, 1hT & BRI
Ny Bl y' i1, £ ERXhamREE, REFERARAINE
y' =AP[(ch) (1)
Rk o fERBERAFH, B LA, ]

peo={ (TG ax)as 2 V([ peode)ae PE(0 - ) (59

BRFMH y(0)=y(L)=0, LZMNEMKE, BUrRERNGLET, oh po LHI

M A pr B B I 2 B 250, BT X A S8 X 38 T8 i Ao Bl 1 0L,
XKLL BF IR 3 HE L FR PRy B AN P, TR — AR R BN, Wi R A

IARRL R AR (nfd 1 Z18 2), fESBRH TN,  EaTYE 50 BACIE— o R RELEA

’w'{uw 7] N
N ‘
—%&HHJR e

] q

T ﬂ‘TrY TIIT

K1 BYmogEEHNERis
Fig, 1 Airfoil grids of uniform initiat
flowfield without deflection

e i T T

Uy AR Tl

. LU
i

e

x3:

; E———

/ ; /] T il

: ’S/‘(’( - ‘ ’— u , N . P
W, T =

A2 WHAERETHIEY R
Fig. 2 Airfoil grids of converged flowfield
with flexible wall deflected

G, HIA— BB, ACEBRELE, RALR LE AR EL N



132 =n K H h ¥ % # (1993 4) % 11 %

67 1, YRS 1 S LR A 2R T Cn i 2) , i M W R L A Fy (0) =
YyCL)=0, JREEMPsyEHEE, MW 2 FmmshLARE G X ah u(x), HIfERE
MR y(x), WIAMCARR RN, Zoit RIRESCAMIAR, IERMEMICH A A2
TORFY, X AERE TSR R R S 5, T AS T B AT B R A R HEAT S, X RE
D W R R ZE, SREMIEWIE R T kA B R R SURIVIEM. A T IRIEFI#
A, BRI R TR 7 I AR I SR E AR TE RE T RO I 28, AN U AE 28k A 47 (38 L AR 2%
IS RETER A /DT 86° BT 94°), MIEH WM, (B —IFdaifkdE 200~300 P55
HEBAER RS, TEETRSAMREF AT EHEG ARG T, BEEHEAh
SICOGXW R AR, XFREEMRKSCRER I ERERF, aREHEE 50 P,
TR A M — IR AR RO 75 FE 2208 AT AR 1A, AETHSRYTT 2RI B 1R, (B HE R
BRd, IRZETREMREE, M FHFIMFIREM, X LR R E Sl & a7y 3 BhE =
W Ry P,

= WA E A BE R &

A S T B B ik A Rk C RIS, B A LR, ARG IIE R M g
%ot A R R BE 2 S I EL S B e I e o, WS N i iE 4G, — B —
Bkt ER R AMIE, MR REE, ARAE. CHMBERXE
W, AL R DX R M A AR AR

AV He TR ER 194 A~ 55, LRI 55 AN, HbER A4 EEREX, Rl Liy140
AETEBTERRBERX (M 0,395c ) 0.635c)4 23 i, ME 1M 2 IF H, WS A
ENiZ. B4, kX OnEex aibng, ExSmBEmazE, KA Eiseman
— 4 (IR R, TRIER AR g, WAL IR ST Y KiEE.

EX B A A LRy, WA EIER. M4 122<< & <145 (FE B E _EXT R 0,395c <X <
0,635c), 7 <40 &}

Xg, n)=X(&, 1) (6)
VE, m)=Y(E, n)+y(x)+(1—71/40) (7))

Holx=\X (&, 00—0,395c, XH x, y AREELMHRRER v GRS,
X, YV R -0k, X(&, 1), Y& MEFHMEARES (5REL
TR, SRELR X, V RWHREBERK, SRNADLEEMNN. ERITRER
B, 15V AHRREER, AR 7 R RFRER. 2§ mnEL Ll
FILLSMEE, A A% A TS,

A3 ] Beam-Warming fasGE U For @ik, *asinfs i (RAEX R b
)T B AR R B ARG ) O BSBCER FI S D 25 4y, B AL SR F—Bt Euler 2
Sy, BSEOG T RETE — R, SRR Es AR, XARES BEREN
VT4 fsh £ F7 NORID R 0 B RGEFRD A%, RERBARMKRR, WFoowih
B — A A S MR, M A A R Uk iR, XL YXREE L TRl
WG IR B BB T B, AR by, R AR AR, B ARl A



”; UL% %ﬁﬁﬁ*”tﬁh&/ﬂlﬁf?*ﬁﬂ’]FIE‘;EH..IM%%’ 133

q"ZJ',ﬂ

FIRAUEE, ST PR RS RS, (RSO R T, 5N R A B RE
T B2 B AR v Ao A2 T, AELE R W BCT BOAWI, X AR RRE PERT A 2%
PRI, o BEIK R AT I TR, AU Bl R LS e B TR RS0 30 S RIS 1
TR TERE Yk, L5 R ol A PER b 2ORE AN Y BasX B T g A TR P

DT bR SR 1, SR AE T Y AD R AR A R R i G, CTL
AR 20, B — IR BaE, TTHUBCRMR I K, 3 e RPN T SR TE Y
WHiRZ 5, WA RS, SHeE B sl i, TR A AR R ST A7 T g
HIZF LA ER, HRI/D RSB CTL A iR 899 70 1 8y e/l 26 1 LT
B A HEFF R SO o an R R xed gz i 1) S 5l "IHTHH’JWH‘%Hﬁtfﬁxﬂﬁ’}ﬁlﬁlﬁ'{\)
A RIEL EWIDIRIT, MR b2 B, A4 G 2 Ryl Sl
ML PR RET RL R EG e LA AR T O T I

=, WHEERW®

Aty T CAST L0 481 F 3 VRS 34 b Mg e 1o N-S mmmfkﬁl, (4 Iy
)30 R A BE T AN AT T e TR AR O, 181 3 Fnls 4 4y Bes i T Ix R pIE H &
0.6 1-Y/C
~~~~~~ LR LW
- Ll hag gy ‘
ol
0O REBLRER
ST ERERAYE
— FHEREIELE
120 1 L ! 1 -06 L,,,.i R T _,,‘L_:
0.0 0.4 08 X/C 0.92 0.96 100 p/p,

| 3 CAST10 T/ MR
Fig,3 Comparison of the pressure
distributions on CASTI10 airfoil

Hoth b BOMURIE S B4 pobb e, JErblE 8R4y L T CAST10% fyseiagh (7[‘:}\

[d 4 FTTEMERENEIR KIS

Fig.4 Comparison of the total pressure
losses with and without wake cf
CAST10 airfcil

REEHDI S %, Rk DREBM =0.7857, TLf a=4,016°, Bt Re=4x10°,

HIPLRLBE ok BN 2,5 GRS ik E HApik),
0.03c, RERKL=0,24c, JCRAEMHIEGHMELE 2000 2 (RT3 EAN v =2, 78) BHBIMCSY
CUATER IR BT N8, 3k 3 T ER AT il 8 ds #r
£ 100 kAR b O GRS ER/NT 0.1%, Hhi/hT 0,05%,

£ 1073 107° Z A,

FLAT T BT W o 5 UC LA I STk S 0 3% R85 0 40

Mgy C, 6k — 0,75, BEEEN

T BN IE R BORCERE] /N B A G,
PUANTT FERY -5k %
800 AT



134 = KB # H % % (19934)R 11 %

Wesdt, Rk, TN 2500 KA RRKCE, FTLAR T 2RISR Z T RIEARELY
HHE, CASEROA WA BT A R BB A,

B 3 AR HERNE Hil &S BFREATIUMILTE 0, 39¢ JbH —A /N, X
HRERH THACERFEF B, XAAMNNMTAERK. AERLRL, X470
U EEHBELERBE T, AHREMEEFE. B4 2855, Kb
BIEERDREBHE (P, /Po), HBFRESRIRT MEHHEERILART (V/e), WL
AHELRE, A BEMREEH S ERKRA M, — 5, XRVEHE hMER
6, WABESHEZ—MEEatk, X8R MR B R g ki, &l
P e AR T, BESHRBL M DR/, SEEEEREMAHEL
RAEHFE R, BTHEXM, FLASHEMEEY T 0T, FERME D 3.127%,
IR R AW, BTLA BB JrRauRb 2 e LA R sl

M. & W

SR HY T — R o BT P B M. B 4 0 938 73 A BT R o o 7
SR N-S 5 BALRT 2k, 40 THPEEEER JEHEME T 13 B B A R /0
B At — R SR, SR AT T s R i S SO B B e 1
BATRG RIS A GRS R R S, LA, 5 R Dk
B B I PIA BR TE RSN, RS R,

2 £ X ®W

Beam R M, Warming R F, An Implicit Factored Scheme for the Compressible Navier-
Stokes Equations, AIAA Journal, 1978, 16(4); 393--401

2 Baldwin B S, Lomax H, Thin Layer Approximatien and Algebraic Model for Separated
Turbulent Flows, AIAA Paper 78-257, 1978,

3 Fletcher C A J Computaticnal Techniques for Fluid Dynamics, by Springer-Verlag,
1987,

4 Kinsey D M, Two-Dimensional Navier-Stokes Solution of the Flow Overa Thick Super-
critical Airfoil with Strong Shock Induced Serparation, AFWAL TR 88 3085,also0 AD-A203
331, 1988,

5 David A D, Charles B J, et al, High Reynolds Number Tests ¢f the CAST 10-2/DOA 2
Airfoil in the Langley 0,3-Meter Transonic Cryogenic Tunncl, Phase 1 NASA TM 84620,
1983,



H2 M O gt W TEORA LI AR BT M A E R RIS 135

Calculation of Transonic Flow with the Shock/Boundary

Layer Interaction Controlled Adaptively

Ma Xia Jiang Jingui Zhang Mianchun Xiao Linkui
(Institute of Mechanics, Academia sinica)

Abstract The performance of transonic airfoil can be changed with
the shock/boundary layer interaction controlled by an adaptive surface
in the shock region, This passive control can be realized by making a
cavity on the airfoil and covering it with an elastic rubber membrane
wall, The 2-D Reynolds-averaged compressible unsteady full Navier-Stokes
cquations is solved using the Beam-Warming scheme with Baldwin-Lo-

max turbulent model, A method is proposed which can treat this special
case (with the local surface boundary adaptively changed by the flow
field around airfoil), and a procedure is described which allows
the computation of transonic viscous flow over the adaptive airfoil
using N-S equation, The influence of the adaptive wall on the flow
ficld over a modern transonic airfoil has been investigated,

Since we use the time marching method to get the steady result, the
main difficult in the present case is the treatmen! of the membrane wall
boundary which changes its shape as the solution proceceds, Deflections
of the flexible wall as function of the pressure over it can be found by
the mechanics of materials, We proposed a method of locally changing
grids to avoid the globhal interpolation, Since the grid spaces grow
exponentially from the surface in the normal direction, we use a linear
relation which means deformation of grids cies out exponentially,
The converging time is saved considerably to get accurate solutions
following the above treatment, The locally changed grids maintain
the good quality of the original grids, The calcrlated results show that
compared with the casc without control, a strong shock splits into two
weak shocks and the lift increase a litile with the adaptive control case,
That the adaptive control case has a smaller wake means less losses

and the total drag decrease more than three percent,

Key werds shock/boundary interaction, passive control, supercritical

airfoil, transonic separated flow,



