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Optimization of phase field variables in bubble rise analysis
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When calculating a flow containing many bubbles, it is difficult to reproduce the flow pattern observed in
experiments because bubbles that are close to each other merge numerically in gas-liquid two-phase flow
analysis using the conventional interface capturing method. In this study, the Multi-Phase Field method
is used to prevent the numerical bubble merging by representing each bubble using an independent fluid
fraction function. The applicability of the proposed method is verified by comparing bubbly flow analysis

with experimental results.
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[X]-1-a: Initial bubble profile

X|-1-b: Single Phase Field

X]—1-c: Multi-Phase Field

[X|-1: Example of bubble flow calculation for a 4.2 mm size bubble flowing in a 40 mm diameter pipe (D, = 10Ax).
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[X|-2: Ordered Active Parameter Tracking method[7].

L BRET S,

2. PFIEQHY b A 770 T4 T EILDBRE
e L 67 7T 4 7RV EEH L, £
DAMUD PFE% 0 IZFET %,

3. Reordering
Bir272—XID D7 7T 4 7wIVEDEHED 2
EALRTH 256, ZhoD7 2 —XID D—F
D7 7T 4 7TRME, HWCERZRLRWE S ICH
RBZXEYEICEEINS,

4. Normalize
& PFi%. BalEHELLTOEREDN1ITH82 L5512
Hi ks 2,

5. Mass correction
ATFw T2 ATy T4 IBITIEEDOENII.
Chiu 5 DERBEIMIE 2] L FRICHIES %, &
T, ZHERBEAT Y 72 DOHICEHEINS,

PF 7712 O A i | X EFREAL B L T B % 72D, D

BEIT 210> TMUNR PEEDIEDAS > TLES 20D

KA B %, PRED T 27 T 4 7L DIMINZ AU,

ZNBIEEELSBRAEINDE =D, 77T 4 7LD

F A RFFEL D, OATPIEIZERD X £ B

TENES 5, AL TIX, R ZFERERSRCZ A L

T, 7277 4 7RVOHFHZRED S 3Ax IZHIR T %

(AT v 72)s TOIEZXOAPTIEE BNMELD D, [FH

UAIAH ID 20 MEEICE X BV BICHEIE N 3

BOME BT HHER

725, LS BB OFHENEGTH %,

4. “HRREFEEE
AW TIELL TN IZ/R S Navier-Stokes /72 % FebE
B LTEHT %,

V-u=0, (6)

Ou +(u-Vu= 1V (u(Vu+ (Va)¥)) - lVp + 1FS + lFb,
ot P P p P -
2T, uldEE, p lTFE, u IRYEREL p lEES.
F, 3RMERN., F, ZENB L FENAE R DN NT
»%, PF £721% MPF %2 W TEIHRE XN 5 PF 2#
. REERET 2720710 TrE, [RIR MKW
HEME 2 ER T 20BN S, KBFZETIE,
Balcazar 5 [9] & [RIRRICTRIAR ¢ ZETHE T 5.

¢(x.1) = 1 —max(¢1(X,0),....¢n-1(X, 1), dn(X, 1)), (8)

ZZTéo,..., oy FZNZEN N HOLKIED PF HTH
%, LEFEIZEL 2 ID OKIER LS L 7B,
SUARNICHEENER I NS, T K-> T. &XEN
DIENCEELZFE T2 e 2 b, JEN5
PHELOGEEIHT 2 Z e HAREL & S,

BT v MR BII R TER SN B,

p=pid+pg(l = ), ©)

1= wd+ p(l - 9), (10)
T 2T pr, pg \FRMEEB X SKHDEE, y, pg 13HAEB X
U DRERELTH 5,
KHEIES F, DFHEIIEXAD & 512 Continuum sur-
face force (CSF) EF L 24T %,

F,=0 ) xiVe;, (11)

ZZTC ol d3RARNMBE, « BEU ¢ 121 BHSKED
IR B X PFETH %,

FEEMEERIR DI RICIE SMAC B2 W TIE %
HELDIEIE%Z1T 5. HJ] Poisson A2, IR
MEGHEOFTRD IR PO 2T TH D, FHIE
DR E VK AR 2 2L — 2 Y TIATHI DS
B L < 725, £ Poisson fi#iEi2lE GPU FHEICHK
it U7z Cache-reuse multi-grid preconditioned conjugate
gradient (CRMG-CG) 7% [10] % 3# L 7z, Navier-Stokes
712 (7) ORBfEEER 7% MPF 512X (2) 72 & OR¢
FE57121% 3 FEE TVD Runge-Kutta 5% 8 U 720

5. AEROK AR

AW CTHIFE L7= MPF i OAPT i£2 A L 72K
TR AT O EMEE . LT, AHENOKIEELFRE
HEEMT %,

(1) fRrEG

HEEMEE Y U THEZE D = 40 mm OMHBENOR AR
fE#T 2 FEME L 7=, Colin & DFEER [1] 5t D3 L FIRkIC
SURMIMEIZ AR e K ERE L, PR A FET75%, K

- C-06-03 -



© —MRAFEABARGEIER

C-06-03

mmm  Navier-Stokes
mmm  MPF advection
mmm 1) Calc. Level Set
mmm 2) Clip PF value
3) Reordering
mmm 4) Normalize
mmm 5) Mass correction
mmm Precondition(CRMG)
mmm |terative method(CG)
NS
MPF
mmm APT
mmm Poisson

14.57
14
12
310
L
o 8
£
= 6
4 ¥2.99
5 [ ]
0 I —
P100 P100 V100 V100

(1GPU) (8GPUs) (1GPU) (8GPUs)

ENS mMPF APT M Poisson

[X|-3-b: Strong scaling test.

[X|-3: Measurement of computation time for calculations
with 192 x 192 x 288 cells.
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[X|-4-a: Storage of phase field variables at active cells.

1 [X|-4-b: Number of bubbles stored in each
memory layer.

[X|-4: View of 153 bubbles data storage.

s

[X|-5: Visualization of bubble flow with ray tracing.
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X|-6-b: Flow velocity.

[X|-6: Radial distributions of the void fraction and the flow
velocity.
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