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An Experimental Study on the Flow Characteristics in Highly Viscous Liquid
by Multi-Nozzle Bubbling
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Abstract

A visualization study of flow characteristics in a mixer using multi-nozzle bubbling was performed. The

mixer is filled with liquid glycerin (dynamic viscosity = 1000mPa -

s at 25° C) and convective mixing is

induced by air bubbles generated from 9 orifices installed on the bottom of the mixer. To visualize the flow
field, PIV (Particle Image Velocimetry) system consisting of 532nm Nd:YAG laser, 2k x 2k CCD camera and
synchronizer is adopted. The bubbles generated with uniform size and frequency form bubble stream, and
bubble streams rise vertically without interaction between bubble streams. Mixing efficiency is affected by the
height of bubbler and the effective height of bubbler is 20mm from the bottom of the mixer.
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(a) Top view
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(b) Side view

Fig. 1 Dimension of mixer using bubbling and position
of measurement planes
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Fig.2 Schematic diagram of experimental setup for
visualization using PIV technique
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Fig. 3 Measurement section to estimate the convection
flow rate

A Sl strz WEeY Folsl £ WAL
HFL Aok I} welr B dAFolAE
PIVZIH & o83t vlE Fold WE JEF
(bubble steam) FH 9] 53 FA3L 7| EFl
s fAmdo w3 A FFE ALt
E35te aAE A% g

ZA4el] o]8d PIV A2"L2 ¢ Ho MdgH
Al~"3 Fdsiy, FUF FAF FAHFREAA 9
A wEeRtg 53 3718 FYswA vEY F
W F5%4L A o) W I8
/min 2} 16 ¢ /min ©]1 0.5, BB Folt my
719] wl=2to2RE Omm, 10mm, 20mm, 30mm,
40mm, 50mm, 70mm, 90mmE WIAA7AA 2F
1674 5o disl dgstgien, Zhzte] 79
&) 200709 «#34&=38 HAFEUh FF 4
o2 Fig. 3904 2E AAHoH vjEef9 Folt
omm¥ o, 5 HEHI} vt X Y& B 9
H HEee FALE 4FoE s XFHLE
35mm Bol A RO ZEE 150mmx 150mm 7]
2] FHolt}.

oy BEee Fgold WE EF anE AF
Hoz uvlwaly] s HAFFe YHoFRFH X
% wWgoz S0mm EolZ AFA vHgo=
75709 wARL FZ3l9 ZERON Jd8 FLHE
&L Axtsdo.

=2 = =

31 72IEHE ¥ vzl HE £o|
DAY A WRoIM S AFLS QW
A A% g gde nEHo A& AR &
Z 19 YolA F71E9 EAHL RolXT, TgF
vl A /TSR 45 AL YR &3
o A GG uHz2 @wutr] dolAe 7
X AL F2% 240tk Fig. 4= 1572



198

(@ (®)

Series of bubble rising in the glycerin. The flow
rate of air gas was 8¢/min and time interval
between images was 31.5ms (a) Images for
single bubbler operation mode (b) Images for
the 9 bubblers operation mode

Fig. 4
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Fig. 5 Flow rate variation calculated based on the
velocity profile according to bubbler height
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(e) Section 5
Fig. 6 Flow fields in the measurement plane 1
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(b) Streamline pattern
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Fig. 9 Combined flow field for the measurement plane 2
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