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Abstract

This paper is aimed to investigate behaviour of vortex in 2 -~ D step cavity with high Reynolds
numbers(3.2 X 10%, 104, 3x 10%, 5% 10* and 7 x 10*). The SOLA algorithm which is MAC type, was
adopted to solution method computing the flow field on irregular grid. In case of Re=7 x 10¢, flow
behavior is steady, but periodic unsteady sinusoidal fluctuation of local velocity and kinetic energy is
found for Re=10". Continuous movements of small eddies in the secondary flow regions are discov-
ered for 3 x 10*. Generation of eddies and their active migrating behavior are detected over Re=5x
10 resulting in complete unsteady and non-linear flow characteristics. Furthermore, a typhoon-like
vortex(TLV) appears intermittently and rotates along the separation regions and boundary layers.
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Fig. 1 Variables Allocation on Irregular Grid
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Fig. 2 Grid Formation
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Fig.3 Instantaneous Streamlines at Re = 7x 10"
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Fig. 5 Nondimensional u,v Velocity Profile at X=
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Fig. 6 Temporal Fluctuation of u, v Velocity and Kinetic Energy
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FEEHoz Bnds gl

Fig62 X=0.85 2 Y= 0.150]1M ¢ u,v 2 &

TR A ERE S

Yehdth o= A S

250

A $FHE BFE Bo|H 53] Fig6c)ol 4
olg Ze Agel B Frtekn AUt 2uE
YEA 4% FAZASAY Y WFHEYY
& o148 FFEATE 7ol HR uY T %
$EUE ATY A0S AT, Huser s ¥
A7 Re=10AF9] AN 441 Aog

olg3te) MM MEHE S YR B
AH =3 ol & HolFGel e AR A7A

2 M3tz Ut} Koseff o] 23 gdde] A
YA (5) ¥ Freitass 9] X8 4(6)o A= 33t

FEAM FFREAH ] dolzzs 3x10°AF
e BT Busto gl

(a) Re=10¢

(b) Re=3x10*
(c)Re=5x10*
(d) Re=7x10*

(181)

Re=10"
-
8 R W AW
2 L/
200 f-
w / |
s Re=3X 10", f M‘,\]
e / bt o e ‘U\A P
H i /vfw Y v
c !
£ Re=5X10*
X 5ol :”’A e T A A
- If I ¥ AR -~
8 I M’WM*WNW VA
° e~ Re=7X10*
- /i
100V' L 1 L I
0 100 200 300 400 500
Time(UT/H)

Fig.7 Temporal Fluctuation of Total Kinetic Ener-
gy(T'=400 - 500)

o9} e ANE BT AT Folszs
o) Z7}el ote A YA EY FALE @
£7} 9ok,

2% 7 Bxbe A1 T=0-500 742 ] 47}
delszsel HeFd e ©AM ol 1)
B HEE] A HQ WL o T=100 AF7A
Ueh) ®elth 28] 2 Re=107HA & oz 24
o BTG WSo] vlokaln], LE N9 sine



72 REAFIISEEE, $238 F2M 1999

\\ 'II, /”/I///
WMMW
n i ”'f’

"/l/;,,,'{q,,,

Q&

/)
’/.‘u

AL

003 E-002

_5&

Fig.8 Time-mean Kinetic Energy Distribution
(Re=5x10%

el dlge ZAR delddd EAdte &
T2 79 o] F w &l FA €t

i} o] o] HelyARrdiEe LE F
Aol BA st nFyure HEL Hojyx
9 F7het @A LA " J 714 Holw =47t
ZF71she uhel AR T A FA 9 ghol #
olA e A& ¥ SHAUX I 4 L HA
o] e 2 A g o] 317 o ot}

1Y8L Re=5x10'¢] PIVAE AR} 24 85
o] AAME g9 &b FARHAZE &4
E5WE 2R E 4 AAAM9 FAUYAE +
3] 3at9 A 02 T AIE Aojoh PIVA M=
T AR MXE FPEE & AT
8& FH%e dAld §539 AR F& 14
S 53 o7)o} 2 Poiseuillef F& o] &3t1
Atk A o] & XA ) Ao} A Hu| met
71& ojgth PIVA RN & o] AR AR
ol 24 FAAFe e E e FA4F EA
33 R, o] AR o & o) AR 9] &}
FolA Fohfl o 23 S FI TS US
< 45 Uk SR 279 AAAYN R EEHE
2P4d)e v e RE FARES & 5 Ut

4. 2 £
ol d7oME AT F LY MHEE dBRF

Foz AA33, viAEAHF nyols2Sy
o Q1A 9} Fe] HEFE vttt FY ol AL

JEAJA HF A REEN S FES] 989 o
A F79 dolm2F(3.2x10° 104 3x 104, 5x
10* and 7x 1090 ol & AL A IS F3H ).
2 A MY A FEHENME golsxSs
of & zpolzt A GERA] gston =3t &
T E S Re=10'2 A 3ln = o) ¢ B E v
BT E5E9E JeE AT Re=3x10'8 doj
A HolsRFolMe ZAgFY SEEXTEH S
AAsta gl oA EHEMW T2 e 9%
o dF o2 BAYEHM o] AL Holy2F
7t FHEFE O AR S ?—l"?‘ At} Re=5x
10'0] goll A= o & B4 2y 4 2 o 9
FEAo] FFEHAUTH 2y n ARERGME 2
Aelo Zgtd Feo| AFolgfol ArloA B
H AFEY ol & 979 Fzed o
& g A o dHio £EE X7} Ptats
vUeht @ 9ltd. Re=7x 10%9] 2] &= TLV(typhoon-
like vortex)o} FALE o} 77} ZA st on Hes
AR & doHelM HED £EHY oM AE
AE g Fak57t 3A e

AUz

1. R. Verstappen, J. G. Wissink, A. E. P. Veldman,
“Direct Numerical Simulation of Driven Cavity
Flows”, Applied Scientific Research, Vol.51 1993,
pp.377 - 381

2. U. Ghia, K.N.Ghia and C.T. Shin, “High - Re
solution for incompressible flow using the
Navier-Stokes equations and a multigrid
method”, J. Comp. Phys. 48, 1982, pp.387 — 410.

3. A. Huser and S. Biringen, “Calculation of two —
dimensional shear-driven cavity flows at high
Reynolds numbers”, Int. J. of Numerical Meth-
ods in Fluids, Vol.14, 1992, pp.1087 - 1109.

4. YH.Lee, J.W. Choi and D.H.Doh, Unsteady
Characteristics of a Two-Dimensional Square
Cavity Flow, Korean J. Air-conditioning and
Refrigeration Eng. Vol. 7 No. 4, 1995, pp.622
632.(Korean)

5. C.W.Oosterlee. PWesseling, A.Segal and E.Brak-
kee, “Benchmark Solutions for Incompressible

(182)



HNEE 2 ALY WA K5 B AT 73

Navier-Stokes Equayions in General Co-ordi-
nates on Staggered Grid”, Int. J. of Numerical
Methods in Fluids, Vol. 17, 1993, pp.301 - 321

. D.J.Kang, S.S.Bae and D.K.Choi, "An Unstruc-
tured Finite Volume Method for the Numerical
Calculation of Incompressible Flows”, JSME/
KSME of Fluid Eng. Conf., 1998, pp.312 - 316.

. J.R. Koseff and R.L. Street, “The lid-driven cavi-
ty flow:A synthesis of qualitative and quantita-
tive observations”, Trans. ASME, J. Fluids Eng.
Vol.106, 1984, pp.390 — 398.

. C.J. Freitas and R.L. Street, “Non-linear tran-
sient phenomena in a complete re-circulating
flow:A numerical investigation”, Int. J. for
Numerical Methods, Vol.8, 1988, pp.769 — 802.

. 22U, AAF and 01D F, "“LEFE e AGA
vlg) o) PIVAIZE", 33383, A124, A1
3., 1998, pp.113 - 119.

(183)

X XA W

B GRS

19574 3%10Y4, 19780 SEaychsin
7|zistnt EQ. 19984 SIC{ET J|AIZ
30t &Y (4AD, 1999 ~HxY SoiEtd
sPALTHRY XHEE130(RAL 19994 - Exf
Sysjcistn. 7| SER AL €
afs| 29

ZCHE A1)

1964 28294, 19861 Ei=siAchEnm
7|yetn &, 19954 st of
B3 JABEL Y (MAD, 199849 & O
S FY (SEEAD, 1371AL BN 2|2
sfrhet HelzAl GEts] ZoA



