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Unsteady flows induced by light particles in an inclined container
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To clarify the mechanism of appearance of number density distribution of bubbles in a glass of Guinness beer, a numerical

simulation applying Euler-Lagrange approach to the unsteady flow induced by the light particles in an inclined container

was performed. The unsteady flow patterns are simulated for various bulk particle concentrations and inclined angle of

the container. The the scaled velocity fluctuation rapidly increases at Fr ~ 1.5, and then it gradually increases with

increasing Fr, even for scattering of data owing to the limitation in the numerical model. We conclude that the texture

for motion involves the instability of the gravity current.

1. #%8

FRAE L EN ) BE— U B —/ U, SiEEVI
SN ETRIal & UCHERICEBRENEISNAE U D Z &S
WTWA. FhUu, FRAE—Eay AESE, SlanEEs
JESARINZERIRIRE R TR L, RIRB L OB P4 5354
Ths. FrLREPICHT 2 RUBIFKIRH OB L2 L D3
Lo TEHET A0, FRAE—/UZ X A5 a0ES) IERER)
WRT % L8 LT L% 5. Benilov HIZIFUTHFAMATY 7 ~ %
W CRIEEBIEE Dk A RS, KIa0 TR ERD X9
WZRAH L7200, —i%ii7e = Z13NBEMER L TR Y, KiaDiF Lk
V2R MERIBERRIPA I 2 JRFTRIaErE MR T L, RIE
LB B EDVE U ORGSR E U CBERRORA T 5. 20
L&, KIAOFE BEREE LY bl FRERRSER S AT,
CICRY A ENTZAIAN TS D, UL, 5 ORKiERH R
D OITEIREE AT ORERE B CE 2. ZoFRE LT
Euler-Euler ZUORERRE TIL, RIBEEENT Y » RR 47—
CEEHEESNTLEY, BEREEmIHCA L, SRR b
T D TRIEPNE OFiEh & iy RGBS CHEZ D 2 LW TERND
LEZILND.

RIS AR RS A T DA DN TIE, R
— R b SRR R DZECRC, RFTRVESEERE D2
£ JRATREE O EODFIA & LTI SN QN D, Fexk D7 —
7T, RN R E OV SERE T, BEROEIARLE
& DESEM 2N ARERA157-0, LavL, FRE Lz EOPiEiET)
BRI E AR ORRE DI A B RET D HRIZENT
1720, AR CIE, RO HE—7 R & STORENE: s EE D
7550, RFTRIBEEE OBAITRE O JRFTHEE D2 A EH L 7=
Euler-Lagrage B ORI {iBET /L&D, AET/VTIE, i
BT R ER 1200, BRARRAIC T 2IEE R RBIOE
EFEALT S . ERBEETEA I T DR DORFZERIs A 4
12, PR TARER & R AHMERHE O ) DR RA T D4
DN TSRO RIEE N BE T Tt T5.

2. WEREFiE

FENTREIR OIS K OVEEER % Fig. 1 1”9, fE 40 mm, &S
200 mm O IRTTHEIEARIROR S 7% x Bl WET A yEhe L,
BTy AR p 27T LOIGEREL, 10deg. <p<70deg. D
FHCELS Wz, EITENZNOH T 252 x 60 & Liz.

BEFPRITFBEDOF R A =L OXYER L IZEE U 50 pum Th 5.
FHAMEIBIC I THIMORES Az ZFF-E2 2 LIk, BRPRLT-
OERERM % “Yotat i Cilio 7. Bl SEas L O
R OB, RHOEE R, 36 JO%rRURDITE
HEHEITHY, TNENLATO L S ISR sing.

do Oay,
a+aL:1,E-’-V-(au):O,E‘*‘V'(aL”)zoy )
Du T
wp oy =V Y [Vu+ (Vi)' + apg, @
dy pDpg
i u(y) + v, vs = T8 3

22T, a TR ORFTEREER, of IFREOBRER, u ITHRHED
BT MV, p IXEIEOERE, o (FRFEOKSE, Dp 13RI OHE
8, y 1TRIT-OFIESY ML, g 13BN MVERT. RIED
PIHEIEF R A B L & [FRROfEE VD, FHE 2 X Mol
W2 X0 IR TR (o) ITEBEOFRAE—L0 1/10 FREELL
TL/2% 0008 %< (a) <1.000% DOHPITEILSEZ. X @)
BT, RO HTEC X235 IE R L. & Q) 1
BT, ARG THE DRI A507 NS < WRFHOBFEE~DIEHEEN
BN, R OFEENTRAHOBREEIC R b — 7 A% il D&%
RULIZbOEHW, Fiz, iRt L OR-—HEm Ofize s
9 four-way coupling 7 /L & % 9 T72\ > two-way coupling “E7 /L
TRV L AT ORER S OMGRRHE I IR T AT o e
ST, AR TIfE SN2 ET VT 5 two-way coupling T
NVEFRH LT

4‘%
Ay =
0.67 mm
Bﬂ '®) o Ax =
0.79 mm
g Q
L K=
200 mm \ 0.10 mm
Dp =50 um
y

Fig. 1 Schematic of simulation domain and configuration.
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Fig.2 Instantaneous distribution of velocity component along the
longitudinal wall for {(a) =0.125 %. (@) =10 deg,, (b) =20 deg,,
(¢) p=45deg., (d) f=60 deg.
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Fig. 3 Spatio temporal distribution of velocity near the inclined wall
atx=100mm. (a) (&) =0.125%, f=10deg, (b). {a) =0.125%,
= 60 deg. (i) Original velocity, (i7) Third-order approximated velocity,
(#i) fluctuational velocity.
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Fig.4 Schematic of flow pattern near the inclined wall.
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Fig.5 Scaled maximum velocity fluctuation intensity vs. F7.
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