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A Marker-Density-Function approach for the direct numerical simulations of bubbly flows

by Akihiro Kanai, Member Hideaki Miyata, Member

Summary

The Marker-Density-Function(MDF) method is developed for the direct numerical simulation of
bubbly flows. The method is a front-capturing approach and then can capture three-dimensional
complicated interfaces. The two phases of gas and liquid are separately solved and the dynamic
boundary conditions at the interface are employed to connect the two phases. A new technique to
avoid merging of bubbles is also developed to investigate the effects of a large number of bubbles in a
periodical turbulent channel flow. Here the turbulent Couette flow containing 108 bubbles is
simulated and the mechanism of drag reduction. by microbubbles is explained by showing the 3-
dimensional flow structures.
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Fig.1 Velocity extrapolation from the liquid side into
the gas side for the advection-diffusion term at a

liquid-phase point.

Ul U2
1 \ 2 >
1 '
' 1
\ '
T ¥
' ]
' 1
U3 U4 I
3 \ 4 "
e —] 1
1 \ . , .
.‘ .] L liguid side
1 '
t '
Us Ue
5 6 gas side
interface

Fig.2 Velocity extrapolation from the gas side into the
liquid side for the advection-diffusion term at a gas-

phase point.

3. MEOME

8.1 LRME A
HEBEOFMZITI 20, ERFT—YOFET S
HMERASMOYIal—3Y3 %), 22T
Table.l \RTIEEHZ LA VXK E DD 4 DOBA
WKOWTEEETo 72,

Table.1 Computational conditions for a rising
bubble.

Case RB1 RB2 RB3 RB4

Mo 0.065 1.75e-b 6.14e-7 2.53e-11
Eo 39.3 17.5 9.9 53.7

Re 19.4 100 158.7 5400
We 15.3 10 5.87 20

04/P> 727 828 763 727

Mo & Morton #:. Eo {Z Eotvos T Y. #hFh
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Fig.3 Rising velocities normalized by experimental
or numerical result for the cases RB1. RB2, RB3,
RB4.
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Fig.4 Evolution of the bubble shape and the iso-

surfaces of the longitudinal vorticity around the

T=25.0

vertical axis for the case RB4. The values of the iso-

surfaces are —2 and +2.
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Fig.5 Evolution of two bubbles in a channel
when bubble merging is permitted. Time is
proceeding left to right and top to bottom.
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Fig.6 Evolution of two bubbles in a channel
when bubble merging is not permitted. Time is

proceeding left to right and top to bottom.
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Fig.7 Time histories of the frictional coefficients on

the top and bottom walls.

0.0045 T

No bubble ——
0.004

0.0035
0.003
0.0025

0.002

Turbulent energy per unit liquid volume"

20 40 60 80 100
Nondimensional time

0.0015
0

Fig.8 Time history of the turbulent energy per unit

liquid volume.
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Fig.9 Time history of the volume flow rate.
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Fig.11 Distribution of the turbulent energy per unit
liquid volume along the z direction at t=80.
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(b) with 108 bubbles
Fig.16 Iso-surface of the spanwise vorticity at the

value of —2 near the top wall.

Fig.14 Perspective view of the 108 bubbles in the
turbulent Couette flow.
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(a) without bubbles

(b) with 108 bubbles
Fig.17 Iso-surfaces of the longitudinal vorticity at the

values of -2 and +2 near the top wall.
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