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Inverse Energy Cascade Structure of Turbulence in a Bubbly Flow
(2nd Report, Numerical Analysis using Eulerian-Lagrangian Model Equations)

Yuichi MURAI Atsuhide KITAGAWA, Xiang Qun SONG,
Fujio YAMAMOTO and Junichi OHTA

The inverse energy cascade in bubbly flow is investigated by a numerical simulation using the
Eulerian Lagrangian model in which the governing equations are formulated with emphasis on the
translational motion of bubbles in non-uniform flow. This paper is concerned with the validation of
the numerical model and various parametric dependency on the inverse cascade. The calculated
results reveal that, 1) continuous growth of the spatial fluctuation scale in a bubble induced flow is
well predicted by the present numerical model and the results have a good analogy with the experi-
mental results which are introduced in our first report, 2) the strong relationship between energy-
decaving process and bubble-bubble distance interval identified also by the present analysis, 3) the
slope of energy-decaying at high wavenumber region depends on the kinetic viscosity of liquid, and
that at low wave number region depends on inuniformity of bueyancy distribution which changes due

to the bubble motion.
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Table I Numerical & experimental condition

Computational Conditions
Computational Domain = 0. 10mX0. 10m X 0. 10m
Max. Number of Bubble in the Domain = 3426
Grid Division Number = 48X 48X 48
Time Integration Step = 0.001 sec.
Simulation Period = 5. 000 sec.

Liquid Phase Conditicns

Density 960 kg/m°
Kinematic Viscosity 107 °m?/s
Temperature of Liquid Phase 15 degC.
Gas Phase Conditions CASE2 CASE4

Average Void Fraction
Average Bubble Radius
Std. Dev. of Bub. Rad.

0.64 mm

0.612 % 0913%
0. 86
0.10 mm | 0.13

Terminal Velocity

of single bubble (m/s)
* Measured Value 0.108 0.148
* Predicted Value 0.108 0.148

Average Bubble Rising
Velocity (m/s)
* Measured Value 0.109 0.146
* Predicted Value 0.107 0.144

Slope of Energy Cascade
* Measured Value
* Predicted Value

-3+0.3
-3x0.3

-3=£0.3
-3+0.3
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Table 2 Measured drag coefficient of bubble

CASE | CASE | CASE | CASE | CASE
1 2 3 4 5

Reyrolds

Number Re [11.9]13.8]18.4]25.4(28.4

Measured
Drag Coeff. 1,

Stokes Law
or Hadamard's
Drag Coeff. *1 | 1.

611,43 | 1.47(1.03)0.082

35)1.16 | 0.87)0.63 | 0.56

Moore's

Drag Coeff. #2|1.45)1.41)1.27}1.06}0.99

Mei's

Drag Coeff. #3|2.16)1.91)1.52|1.18)1.08
Tomiyama' s
Drag Coeff

Levich's
Drag Coeff. *5

Standard Sol id
Drag Coeff. #6|3.68|3.42|2.75(2.25]2.11

*1:0d=16/Re, _ *2:0d=(48/Re) (1-2. 21/4 Re)
*3: Cd—(24/Re)E2/3 1/A)
Rg"?hﬁ (1+3.315/4 Re)

*4:Cd=(16/Re) (
£ L I cd—(24/Ra)(l+0 15 Re® **7)

*4 | 2.45)2.28|1.83[1.50|1.40

4.0413.48(2.61|1.89(1.69

Detailed Info. — see References 10, 12
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Fig. 2 Time evolution of energy spectra
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Fig. 4 Energy spectra of liquid phase by different number of bubble
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)} Spatial Averaged Buoyancy
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Fig.5 Non-uniform buoyancy source to generate
macroscopic, flow fluctuation (CASE 4)
(Low-pass filtered void fraction at /=5.0s)
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Table 4 Influence of viscosity

Average Void Fraction =0.913%
Other conditions
are same as CASE 4

Calculated at t=2. Os

v Re 7 Ez/E Slope
No| x10°°
m*/s - - -

al 10.0 25.4 0.58 | 0.947 -3.3
b 5.0 75.3 0.49 | 0.899 -2.8
¢ 2.5 [197.1 0.30 | 0.893 -2.2

as| 10.0 0 0.50( 0.767 -4, 1
Forced

Ez/E: Vertical Component Ratio of Kinetic
Energy, Slope: Inverse Energy Cascade S|ope
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Fig.6 Time evolution of bubble’s uniformity in
different kinematic viscosity
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