Journal of the Industrial Technology Research Institute.
Korea Maritime University. Vol. 14. 1997.

g 7% A4d 239 AuEl FEl

[ J|
ok
re
=y

A Study on 2-D Lid-Driven Square Cavity Flow

JK. Kim, C.S.Kim, Y.H.Lee

Abstract

Two-dimensional lid-driven closed flows within square cavity were studied numerically
for eight Reynolds numbers : 8x10°, 8.5x10°, 9x10°, 9.5x10°, 10%, 3x10%, 5x10° and
7.5x10". The calculation results show that the critical Reynolds number at which flow
unsteadiness appears is assumed to be in the neighbourhood of 8. 5x10°. And
exponentially decreasing vortices formation at corners is found commonly from the
time-mean flow patterns at higher Reynolds numbers (Re=3x10", 5x10* and 7.5x10%.
Another critical Reynolds number where flow random unsteadiness commences is
assumed to exist in the range of Re=10°-3x10" from the temporal variation of total Kinetic
energy curves. At three higher Reynolds numbers : 3x10%, 5x10* and 7.5x10%, an
organizing structure of four consecutive vortices at two lower corners with diminishing
size is revealed from the time-mean flow patterns. But, instantaneous flow

characteristics show very random unsteady fluctuation.
1. A &

oagEd o3 FEHE 239 AYE A¥EH 2F
CFD 2 AdAFN Do ZAZRALE st AT
Agsde JAHoz AgeAY exd JAA AUA
Tgs o 280 AHES L FHA 2FSFAD. Ghia

il

##Q WHIEOH
ggo] ¢t Hyun(1)2

2

T MHERTE

Q)& $AFFHT S=

oft g

« gzs oo staoistd ATy
- aZH I VTR
s gAY AA - 3F - ATHIAR

_1 —



AAF-H& 40093

AEE34 4 dFARE o) 88 ANe S35 239 GATE WY sjuiels A
T HAL Dol E=S (Re=10") 7Y 4EEHE YFHo = B33tz o B
A HZFAET dFe BY APHY Az dEH Ao Koseff 5 (3)-(5)&
33 A AvE R At AYe Wago °l&L Re=3.2x10%0A 7}A)3}
TS T98t9 BF9 5S4 4wsn 9on LDV M E Mo Fopg
Aol £=2Ho2RE Holszs 104 7179 9F548E8 2ad3 QYo o &
G zEggos NASE Fo HTo M REAYL Ausin o)z
Talyor-Goertler Like (TGL) <+ (Vortices) 2t =% Ak Lee 5(6)-(7)& Re=104
7HA 9] Dol =so N 225 Wy (Spanwise Aspect Ratio, SAR=1:1 and 1:3.2)
ol Hate] PIV 232 Ashn ST 20] ma E8A98 NS P S TGL
i EAGAoNGY ANYF STRTE AU Huser(8) & Alf-E @ oA 9
mHEEES AHlEFoldl o8 FHHE Re=3x10' Al AETF AvEy Aoz
FE5HE FXFo2 Fan Yt o= FAA B EAE R g9 o F
(eddy) 7} el Qlom ZmsRA6 osty dF54E Budta ok Verstap-
pen (9] 2349 Py AMuE F5 o) d3d 333x 333 AN 4 HAAs
°l8¥ MACHE &3 DNSO +Xsj42¢ B85t 2 A4 Re=2.2 x 10"l A
FEZL 1AL Holx o™ attractore] 7)<} Kolmogorov dEZ & A
FHAT. Lee 5(11)-(12)& SOLA-VOF(13)olH el th5a} TAZIME AEA AA
33 Re=3x104 7}A9] m@olzzs: FEFol tate] AL Y3 F2 A=z
M€ Re=10"d] A EXE RN HEue rnye 23 glon Re=3x10%A =
e gEe wAY FESAC Jen maaiey ZHAHA AIMHF F9g
(vortices series) o] Mg Lo walm ot EY F4R yHwgoz v
=9 G457t mAE wg g yde A2y ysyee dodle A¥E By
8t o] 9FE TLV (Typhoon-Like Vortex) 23 BAFAY. Yo}yl 9A) wam
THlEZT BE Re= 10° 3x10%, 5x10%,7.5x10") o] teE ANFDE A A 83
AH(14). \

Y Holez24 10 vleel N F549) MFFAo] Yt A1 Zshe gAE ol
E27Y FHL fF5FY FAGAN BHAN wje TR old] P WL
°h AAHA R Uk @by B ATME o]s} ge Pz RE 53 ¢
Adolsz49] 4o B YL FHoZ sgon 1 A7 Re=8.5x10°Z o) A
TEH #E53 nPPYol Hgoz YEde ¢ £+ g EY 443 ¥gd 1
HolE2s 58 Re= 10°, 3x10', 5x10% 7.5x10) o) Bjatod® G549 E4e n3



9 75 Yy 259 AHE 5o By a7

Ao

2. A2y

TEIE MAC WU AN AN 50 Bage wog R e B R P
O ARY BEAe HEYoR fx85] gu wa MAE Boln Q. Spmeg
HES A€ He43 nan. Ameage e A, NYS 9 wgy sgg
A NSRRI 028 g wAge 291 g TR 2ol nEge Yy 4
9€ 7} o,

Ur=( Uy i+ U; i)/2 Vi (AVI 1+BVii1)/(A+B)
=¥ ui ) /2 ‘[JJPP Du”],il Ui/ (CeD)]
Ve Vit Vi )2 VSt Avb, J)/’<A+F)
ViV i) bé DU +C 1,§/§C+D§
Up=(E i,j-1)/(D+E)  Vy= AV itBVi:)/(A+B
. :I\Illariables v
. : Int lated Value
J(Y)f Vi,j_._l o erpolate Ia
Ay 1=C Ui-1.)iv1 VQ Ui, j+1
Up Pi, j+1
Vp Vi, Uy i} Vis1, j
Vi - ]
_ R
Ay;= D Ui-1. ; UL Pi Ui j i+1 Uivt,;
LL ?J’D |
i1 |UD Vies o
ij—le V,_)l U..l 1, j-1
i, j- :
FIIIJ-F A —— B — i(x)
Axi 1 Ax;g Ax;4 4

Fig. 1 Conservative Variables Allocation



22F-3&4-°3=2

9i)ox =2 ugt— wl)(A+B) )
duv/ 9y =(yyuy—voup)/D 2
duv/ dx =(uwy—uwp A 3)
a0y =2(ve— nH/(C+D) @)

A% G THEE pet7 AAWAE 23t g gol FRTH: +32
AeA e g x¥Fl gt o 2ol AT

%\ —__2 _ “i+1,j—(1+s)u,~.,~+su i—Lj B

( ox* ) ,',—' s(s+1) * A? , s=BJA )
2] .

(—52) i = (A2+B) (piv1s—Dii) / ©

ool st e ol Aol g AFPANS Hirt(15)01 1% 71¥E A g3
FRABASE FAARS- ARAEe FAD oy He AEIAT. Lee 56
oygne 538344 g AFHRRE A7) 7 2ol AAEHL itk 7194 G
GE dgAFF A4S gejz BRHEAT QAo A= AgeAe (B-A
gE (C-B)2A X3 A=A wa sololct. ol BHE Are ol 2338
co] Baste IVAEEE SAge JeET A

ou , ou Quy L Ob _, = A4t 2o\ %
L+ Sy T ey Tox - (v—7¢ Gi)37 @

2

H(r -4 -G) 5

 (R— 1 (a2 _ g2y ou 1 /p_ 2 2\ O u
G, = (B A)u+2(A AB B)ax+8(B A)NA +B)8x2

_1f(c— 1 2v D 2% (-
Gy = 8{(c po+% 3L (DB + g By (c E)]

ag2e B a7A Qe 2344 Hurd F)6lEl 2 net7d AAY 2y g Yepdt.
AA%EE 80X80°13L, W o] A 2} HaAAL 27IE 1/400H( HE FAulEl E°l) AFoly
7Bl €l zYREAMY Agarle 21/53 Holth. AAWIAS 2 (8) ol A3t Pt
A7 M AATE Jehz CFe A% a7 238 & A< AEAFoIt. ©l

..—34—-



(9l 7E A3d 2dd AuE {5 B A7
e 0.012 stut.

=2

AX(z')={sin(z Mi1)+CF]/ fgl{sin(zﬂf_—l—wcz?} )
i o=1,2,3, . 0. M-1
1.0 :
0.0 1.0
X

Fig. 2 Irregular Grid Formation (80x80)
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Fig. 3 Fluctuation of Total Kinetic Energy
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Fig. 4 Time-mean Velocity Vectors (Re=8. 5x10%)
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Fig.5 Instantaneous Velocity Vectors (t=800)
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