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Mutual Interaction between Streamwise Vortex and Bubbles
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In resent years, it has been watched with keen interest that microbubbles decrease turbulent friction resistance in wall
boundary layers. This effect is experimentally confirmed by several research institutes regarding ship-building,
however, theoretical explanation for the drag modification has not been sufficiently made. Especially, the interaction
between the bubbles and the three-dimensional vortex structures in the turbulent boundary layer must have close
relationship with the drag modification. In this study, it is shown that the mutual interaction between bubbly flow and
streamwise vortex, and stability of streamwise vortex structures can be predicated by the numerical analysis using

Eulerian-Lagrangian model.
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Fig. 1 Simulation model

Copyright © 2000 by JSCFD



gdo0ooobOooooOoooooobOooooooooo
gooooo@ooooO)yhooooobooobda OO
JdoDoodobO0o0ooOoOobOo0ooDbOooooooOooo
000000 Non-slip OODODOOODOOOODOOODOO wuey
0o0o0o0o0oooDbOoobOboooobooo@oooo)Ho
000MDOO00xO000000000M0O0O00 TablelO
20000Reynolds OO0 O0OOOOODOOOOOOOOO
godoobOoOoooooooaoao
Tablel Simulation conditions 1

Calculation Domain 300 200% 100mm’
Grid Division Number 60x 40x 20
Density of Liquid p5=1000 O /m"
Radius of Bubble rs=5.0x 10*m
Atmospheric Pressure P,=101.3% 10° Pa
Kinematic Viscosity of Liquid v,=10"* m%s
Calculation Period t*=00 100

Table2 Simulation conditions 2

Conditions Re a (%) g(m/sz)
0 10 3.0 9.81
0 100 3.0 9.81
0 1000 3.0 9.81
0 100 1.0 9.81
0 100 3.0 9.81
O 100 5.0 9.81
ad 100 1.0 0.0
0 100 3.0 0.0
0 100 5.0 0.0
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Fig.2 Streamwise vortex collapse process
by the density gradient
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Fig.3 Streamwise vortex collapse process
by buoyancy of bubbles
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Fig.4 Streamwise vortex collapse process
by effective viscosity of bubbly media
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(O Re=1000, g=9.8 w *=0.72,a =3.0%)

Fig.5 Time averaged equiscalar surface of vorticity squared
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Table3 Cross-correlation coefficient
of streamwise vortex (Re=100 1000)

Conditions Re a (%) Cross-correlation
O 10 3.0% & 0.0% -0.01890
O 100 3.0% & 0.0% 0.58926
O 1000 3.0% & 0.0% 0.97708
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(Re=10, g=9.8 w *=0.72,0 =0.0%)
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(Re=100, g=9.8 w *=0.72,0 =0.0%)

!

(Re=1000, g=9.8  >=0.72,a =0.0%)
Fig.6 Time averaged equiscalar surface of vorticity squared
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Fig.7 Cross-correlation coefficient (Re=100] 1000)
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Fig.8 Distribution of liquid velocity vectors and bubbles
(y=130mm,t*=100)
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Table 4 Froude number

Conditions Fr
O Re=10, a =3.0%,g=9.8m%s | 1.683x 107
O Re=100, a =3.0%,g=9.8m%s | 1.683x 107!
O Re=1000, o =3.0%, g=9.8m%s 1.683
O Re=100, o =3.0%, g=0.0m%/s o
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Fig.9 Time averaged equiscalar surface of vorticity squared
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Fig.10 Time averaged equiscalar surface of vorticity squared
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Table5 Cross-correlation coefficient
of streamwise vortex (Re=100, 100 5%)

Conditions a (%) g(m/s?) | cross-correlation
O 1.0% & 0.0% 9.8 0.67716
O 3.0% & 0.0% 9.8 0.58926
O 5.0% & 0.0% 9.8 0.51373
O 1.0% & 0.0% 0.0 0.99824
O 3.0% & 0.0% 0.0 0.99565
O 5.0% & 0.0% 0.0 0.99285
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Fig.11 Cross-correlation coefficient(Re=100, 100 5%)
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