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A: Primary vortex
B: Secondary vortex
C: Tertiary vortex
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Fig.4 Computed Streamlines of 2-D solutions and particle
trajectories at E plane for Re=80 and 320.

X AR DRESHZERT, HBELEED AR T i
THEHELLEEINDZDHOD, ZOBREDOR e KT
13 WD 2 KTV RN B O I W E TR
INTVBZENDMNS, LML, SEMIcHIUTRe
=30 DTFMN 2 RITTRISRFFZ 15 2 /% > F51H] D i
W<, FERRIEEI RN 3 RITHRN DR EZ(EHET 5
bOLWRIND,

51T, IRTHEIZDNTRET B7/-0, A/
HRIDEEMEFARTz, Fig NNIRe=800D J BLN
KERD RS yOKER EOEESFiZRT, F
HOFMHIICHEYE T2 T BE Oy=0. 15O %R
&, MHEEN SF v EF ¢ FREIT S N
BEL TNV, iz, #HEIMEE HETE— 2 28
TH5EHIMB, LML, @BFLhsAN S EE
EIREL TH 0, FRCEIRTITMIC B~ mh >
FRNDEEL. B HETIIE h THEM G
95, —H., FiRBRHHSTAKERERTE, §
NTOBEEEF + ET « PRI SAEEANN ST
W5, HEORKEIZDIIDy=0. MHETHD, Z
DEBHIZIWHEOZNESEDES LN,

Fig 81dRe= 32DERTHS. ReFOBMMzL
o THEDOEII T AMEBEREED 1| % IREIET S,
ZINCHEDOBEBEMET, FrET  FREIET

Talb—3gv

an 17

=
E 10

T e
E plane : /,o’/
f Py
L | o
| 7
i %
o’
s
>0.5r !
: u-velocity
| Steady state, Re=80
i
b | —— FEM (2-D,30x60)
» | [ ] Step=4000
n 1A Step=8000
N\
Q |
O 0 N e A\O\l ........
: 0. 1.0
u [m/s)
E 1o ' pae
E plane | o
.
[
,0"1‘
A © !
é |
r |
.
>0.5" I u-velocity
L b\c ! Steady state, Re=320 i
\ | i
q i — FEM (2-D,30%60)
: [ ) Step=7000
& FaN Step=11000
ol 8 ]
: 0.0 1.0
u /g

Fig.5 2-D and 3-D numerical solutions in u-velocity

profiles at E plane for Re=80 and 320.

E1 0 f o) 0
! o o
E plane { o /,a//
lp o7
E/,a
ay Re=80
. a | --- A plane i
705 g g W B plane
g ‘?: QO D plane 4
9 — E plane !
o 4 ¥ F plane
Q : A H plane
9 i © | plane
9
D Q
0.0 0.0 1.0
u [mis]
: 1 O[—v“-—ﬁ‘: Tﬁ'* s ﬁl;,‘, O/Y/—j/ju——,-—
F Eplane 1 -9 - 1
| [ O
b |
t m 9
ot g Re=320
€ kg: -A plane
L ™ B plane B
»05 'Qﬂ Q + C plane
Y d O D plane
Qﬂ ‘% — E plane
bq ¥ F plane 1
x G plane
A H plane
© | plane
0.0 1.0
u [m/s)

Fig.6 Comparison of u-velocity profiles at

various planes for Re=80 and 320.

1K 2 T Te i 4



18 (18) E %k & #@-
Re-=l
@ 0.05 uﬁ 89 T YT T T T T T T
E0 1 iane | A
5 jplane .
Lo | |

w

3 0.0 : :
| — y=0.97 :
r v 0O y=0.75
. A y=0.528 -
B O y=0.25 -
| LV y=oo28! 31
. . H . ¢
- | S S N S TR TR WS TN SN TN W1 SRR ¥\
0.05'-— & L
z M
Ly =
ég 0.05 lﬁyi qp r 1 1 T 1 {71 f »: T
= Kiplane ! P 5%
1 k: I._
Y

Rl AERTEEEEEEEEE

c(j:r T i T
N
__QK R
<<
)
2
w
e

3 00 % X
- — y=0.973 | :
i gs O y=0.75 | i
S A Y=0.528 | ;
B O y=0.25 | il
Er i ¥ y=0.028 b
_O'OSI l: 1 -l 1 J:l 1 t 8 | 1 I 1 ls lEl
z [m]

Fig.7 Profiles of w-velocity at different
heights for Re=80.
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Fig.9 Particle trajectories within the primary vortex.
(a) Starting point (3.45,0.53,-5.47), step =2000,
Re=80

(b) Stanir.lg point (1.96,0.25,-5.16), step=30000,

Re=80.

(c) Starting point (1.96,0.25,-5.47), step=20000,
Re=320.

(d)Schematic diagram of 3-D trajectory.

Fig.10 Particle trajectories within the secondary
and tertiary vortices.
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Fig.11 Flow patterns near the side wall within
the cavity viewed from the top.

PEHENB &0 n 3, ReBAMEMT s E<F
AEH D EFRIT N L ——2%E LTSN, fih
X3 KL T S (Re=375, 436) . “hoDFhzE b
HNSGBBRUZEEZTig BITRT, <IFHEDRIC
MNo—Y—REERAOEBHEREZRA L TS0,
BEEDOI YRS ZANMIBLZWA, 3 RTHIUIA
R TIEFRHICHERETH D, Re=3T15 T IFAHD
EFREIZBNT R L —Y =N/ H I BRI
BED NS RN HRIOHRNERIENCEES
5 EBbMS, NL—Y—D&EFALMBITI—FT
HO, Fig HORLZESIEAEZ 1 0. 1ETH 3,
Re=438TIE b L —H— 3R ZSRIANICEB L NS T
AN BT S, Re=526TIZh L —H—13< ITHE
HWOHFREIDDDTROATEE LTS5, A/
HROEINE <720, #2 Kotk 2

O K% TART R &



20 (20 B kX =

Re$436

Fig.12 Flow patterns at the mid-plane viewed from the side.

downstream side

mid-line

Re=375 Rez438 Re=526
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Numerical Simulation of a Three-Dimensional Cavity Flow

Koji KUNITSUGU and Tatsuo NISHIMURA

Three-dimensional flow in a rectangular cavity with a constant lid velocity were examined numerically

by the use of three-dimensional flow analysis (-FLOW) . Validity of assumption of two-dimensional flow near
the mid- plane of the cavity was confirmed at low Reynolds numbers. A coaxial double spiral movement
was observed in the primary vortex, and also a single spiral movement was identified within the secondary

and tertiary vortices at moderate Reynolds numbers.
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