(V7 b~¥ —DEsE 2006

Buoyancy-driven Path Instabilities of an Air Bubble Rising in Water and
Aqueous Polymer Solutions of a Hele-Shaw Cell

Dept. of Chemistry for Materials, Mie Univ. o Yoshihiro IKEDA, Masami Kawaguchi
E-mail : ikeike_yoshihiro_jump@yahoo.co.jp

Hele-Shaw Z/4HZK, HBHWEIHRY N—A Va7 7 Y LT7 I K (PNIPAM) K&
WRefmi-L, TOHREFEHNTHLoTERETAE—DIAOF A F I 7 2A2A0OHEE. BEL
EZTHRIFLIEZOTHRET D, BROBEICIKS T, {aIXFomEk (REAMEK) 2
KESHTIC, BRI LR O LA L, 180 LAEEIOEBE L FITEmML, —F
EIZESL T ERahotz, EREENR—EIZRD1MOEEIIK LY b PNIPAM AFERD
BAEBKEL Ipolz, £, FOEBEHEX D L. AOBBENES LILD 5, T42bb
JADOREENREZ D L badolz, £ LT, £OERBODOIRIEIL PNIPAM KIERDIX ) 3
KIZHART/INEL Jpoiz, TRIETTERNEKRIT/NTA—F THDH A ba—, L St OfEN
02%x L. AEHEIIIEHILAD D Z EBHLMTRoTz, E- T, StDIED 0.2 HFE
EFRNZEZTEETOHAZ L LHONTEY ., St DfEIT Hele-Shaw /L P DikE % L
AT H21ADARLEEHEZHIETIHFIZRDEBEILLND,

Keywords : Path Instabilities, Hele-Shaw Cell, Bubble, Aqueous Polymer Solutions, Strouhal
Number

The buoyancy-driven path instabilities of an air bubble rising in water and in aqueous
poly(N-isopropyl acryl amide) (PNIPAM) solutions of a Hele-Shaw cell made from two parallel
rectangle Plexiglas plates (25cm x Scm x 1.5 cm), separated by a 0.15 cm thick Plexiglas plate
spacer were investigated as functions of bubble size and temperature. The experimental
temperatures were varied at 16.0, 25.0, 31.3, and 34.8 °C and changes in the bubble size, namely a
bubble area S were performed from 0.1 to 1.0 cm®.  The motion of the center of the bubble
outline is a zigzag path, irrespective of the fluid and the bubble size.  When the bubble size is
increased, the periphery length L of the bubble is fluctuated. Thus, changes in the bubble shape
are evaluated by plots of the periphery length L as a function of rising time. = When the distances
that the bubble traveled along the centerline of the path for the bubble rising in the fluids are plotted
against the necessary time, the data points can be fitted to a straight line for all bubbles, leading to
the steady-state rising velocity U. The resulting U value increases with an increase in the bubble
size and gradually tends to a plateau value, irrespective of the fluid. The value of § which the U
value approaches the plateau one for water is smaller than that for the PNIPAM solution.  Above
the S value, the L value zigzag vibrates, irrespective of the fluid.  Thus, it can be considered that
the plateau velocity U causes the instability of the L value, namely path instability occurs.
Strouhal number St is defined by (fd/U), where f'is the frequency of the zigzag path and d is related
to d = 2 (S/m)"*: the resulting St value gradually increases and it somewhat steeply increases with
increasing S for the St values larger than 0.2, irrespective of the fluid. Thus, the value of St can be
regarded as a controlling parameter for the buoyancy-driven path instabilities of a bubble in a fluid
of Hele-Shaw cell.
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