Effect of Reynolds Number on the Vortical Structures

in aThree-Dimensional, Lid-Driven Cavity Flow






Abstract

The purpose of the present research is to investigate the effect of Reynolds
number on the vortical structure in a three-dimensional cavity. This cavity flow is
incompressible and it is stationary in the beginning. The primitive velocities and
pressure in a set of incompressible continuity and Navier-Stokes equations are solved
using the finite difference method. The velocity boundary conditions are no-dlip and
the pressure satisfies the Neumann boundary condition. By numerical computations,
the plots of velocity vector, vorticity iso-line and vorticity iso-surface are illustrated.
Then the effect of Reynolds number on the vortical structure variations and wavy
disturbances in the spanwise direction are shown through these plots. The results of
this study reveal that raising of the Reynolds number makes two-dimensional vortical
structure will evolve into three-dimensional structure. As the Reynolds number
reaches 1300, the three-dimensional vortical structure starts to exist obvioudly in the
flow field. This flow is not a steady motion, and it will continue to become a

turbulence flow with the increase of Reynolds numbers.
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Lid-velocity directi

/LV (@)

Re=400
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Re=1000
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4-11. iso-surface:(a)Re=400;w,.=0.75;(b)Re=1000; w,,=0.75;
(€)Re=1300; w,,=0.75 ;(d) Re=1500; w,,=0.75
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Re=1000 t*=40 at z=0.0556
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Re=1300 t*=105 at z=0.0556
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a, y° 0 0 a, y*> 0 0
2o . T i oa .
[a]=|0 " 0 [a]=[ 0 . .0
N P e 7
| 0 0 7* a,] 0 0 7 a,]
o, 72 0 0 o, 72 0 0
7oa, .o 7 oag .
[as]=f0 . . .0 [a,J=|0 . . .0
. . . a4 7/2 . . ae 7/2
0 0 y? a | 1 0 0 y? as |
o, y* 0 0] A2 0 0 0]
2oy .o 0 pB? SR
[as]=f 0O . . .0 [b]=| 0 " -0
Lo g f 7 0
0 0 7* o] 0 0 0 p°]

1 0 - O]

0 1 RN

[/]1=]0 . 0

: 1 0

0 - 0 0 1]

dx dx

ﬂ—E, 7/—2

o, =1+ 2+ 27%) ay =—(1+ B2+ %) Ly =-(1+28% +57),
a, =1+ 282 +20%), ag=—(2+ >+ y?),a, =—(2+ p7 +2%),
o, =—(2+28% + %), ay = -2+ 2 +5?)

{B} Xy z

i=23.M -1 j=23.NJ-1 k=23..LK-1 (3-7)
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(3-15)~(3-17)
Neumann (3-15)~(3-17)

(3-15)~(3-17)

i=0
i Uig ik — 2ui:0,j,k + Ui 1)k _ f
Re ( Ax)2 () k)
i=MI
i Uimrije — Zui:Ml, ik TUiovr1 - f
Re (ar) 24
k=0
i Wi k=1~ 2wi,j,k:0 W e .
Re ( Az)2 1(./)
k=LK
i Wi jk=Lk+1 — 2Wi,j,k:LK W ik=1k —g
Re (Az)2 26.7)
Jj=0
i Viji=1k ~ 2vi,j:0,k TU g —-h
Re (Ay) o
j=NJ
i Vi j=Nr+ik — Zvi,j:NJ,k U Nk y
bi’j’k i=1j=Lk=2 (3-7)

PO'jl,Z +ﬂ2 ’P1’,10,2 +72 'P171,1 _2'(1"':32 +72)'P17’1,2 +72 'P171,3+ﬂ2 'P1’,12,2 +P2r,’1,2
zafl,z'(Ax)z

n n
P0,1,2 P].,O,Z
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P1,1,2 - Po,1,2 _
(%)
2

: P0,1,2 = Pl,l,2 —Ax- fl(j,k)

fl(.ivk)

P1,1,2 - P1,o,2

T AN hl(i,k)
(%)
2

D Poo=P,, Ay hl(i,k)
Foip  Boa (3-7)

_(1"‘ B+ 272)'1)171,2 +7? “Pls +pB° Pt Py
= Gfl,z (Ax)z +Ax'f1(1,1<) +ﬂ2 'A)"hlu,K) _72 Py

n 2
b1,1,2 = 0112 (Ax) +Ax- fl(l,2) + ﬂz -Ay ’ h1(1,2) - 72 'P1,1,1
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