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Abstract: This study numerically examined the mixing characteristics of rectangular cavity flows by using the
hybrid lattice Boltzmann method (HLBM) applied to the finite difference method (FDM). Multi-relaxation time
was used along with a passive scalar method which assumes that two substances have the same mass and
that there is no interaction. First, we studied numerical results such as the stream function, position of
vortices, and velocity profile for a square cavity and rectangular cavity with an aspect ratio of 2. The data
were compared with previous numerical results that have been proven to be reliable. We also studied the
mixing characteristics of a rectangular cavity flow such as the concentration profile and average Sherwood
number at various Pe numbers and aspect ratios.
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Table 1 Strengths w and centers of the primary
vortices of the lid-driven 1:1 (A=1)
square cavity

Primary Vortex

P x/L y/L

Present -0.103 0.6172 | 0.7379
100 | Ghia [3] -0.103 0.6172 | 0.7344
Hou [21] -0.103 0.6196 | 0.7373
Present -0.113 0.5547 | 0.6055
400 | Ghia [3] -0.114 | 0.5547 | 0.6055
Hou [21] -0.112 | 0.5608 | 0.6078
Present -0.118 0.5313 | 0.5662
1000 | Ghia [3] -0.118 | 0.5313 | 0.5625
Hou [21] -0.118 | 0.5333 | 0.5647

Re Reference

04 A Ghiaet al.(Re=100)

A Ghinetal.Re=100)
¥ GhisetslRe=400)

——— Present Re=1000) Present (Re=400)

"
06 04 02 0 02 04 UG UE 0 02 04 06 08
u-velocity XiL

(a) u-velocity (b) v-velocity

Fig. 3 Comparison of velocities at the mid-planes
for square cavity flow with Re=100, 400,
and 1000. (a) u-velocity along the vertical
geometric center line and (b) v-velocity
along the horizontal geometric center line
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(c) Re=1000

Fig. 4 Streamline(left side) and vorticity(right side)
contours for square cavity flow at different
Reynolds number Re=100, 400, and 1000
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Table 2 Strengths w and centers of the primary vortices of the lid-driven deep cavities (A=2.0)

Primary top

Primary down

Aspect
Ratio (A) Re Reference v L oL " L oL

Present -0.103 0.6150 1.7344 8.47E-4 0.5368 0.5999

100 | Gupta [22] -0.103 0.6125 1.7375 5.23E-4 0.5625 0.6000

Bruneau [23] -0.103 0.6172 1.7344 7.83E-4 0.5391 0.5859

Present -0.112 0.5508 1.6100 9.46E-3 0.4207 0.8503

2.0 400 | Gupta [22] -0.113 0.5500 1.6125 8.02E-3 0.4375 0.8625
Bruneau [23] -0.112 0.5547 1.5938 9.09E-3 0.4297 0.8125

Present -0.113 0.5294 1.5824 1.40E-2 0.3399 0.8651

1000 | Gupta [22] -0.118 0.5250 1.5875 1.25E-2 0.3250 0.8750

Bruneau [23] -0.117 0.5273 1.5625 1.48E-2 0.3516 0.7891
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(b) Vorticity

Fig. 6 Flow patterns of the lid-driven 1:2 deep
cavity flow at Re=100, 400, 1000 in order
from the left to the right. (a) Streamlines
and (b) Vorticity
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