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A novel red-black coloring parallel projection algorithm for two-phase
flow using the phase field method

WANG Xiaoshuang, ZHANG Liangqi, XIAO Yao, ZENG Zhong
(College of Aerospace Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: In this study, an innovative parallel finite volume projection algorithm with a novel red-black coloring
approach is proposed to solve the two-phase flow control equations using the phase field method. This strategy
relies on the explicit advancement of the pressure Poisson equation, thus effectively overcoming the efficiency
limitation inherent in the traditional projection algorithms for solving the incompressible Navier-Stokes equations.
Moreover, we implement an interleaved scanning strategy for updating nodal variables, which significantly
enhances the spatiotemporal coupling in a compact manner. The integration of this technique with the phase field
method facilitates more accurate capture of interface dynamics and topology at a lower cost. Test results show
that, utilizing a grid size of 131 072 and an 8-thread CPU parallelization, the proposed parallel algorithm is more
than 80 times more efficient than the serial standard projection algorithm.
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Fig. 1 The calculation process of the two-phase flow system based on phase field method
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Fig. 2 Interlaced scanning strategy: the red dots are first calculated by the adjacent black dots, and then update the value of
the black dots by the calculated red dots

BT 22 0 AR M BUE 7 12 (FVM, FDM) J 22 730 AR 3 70 A Kt Al i o T i o AR 22 0 A% 58 1], 45
AT A B R S AR AR A O . DR, AR Y BT T LSS AT S — AP SE R AL R B (E T B R L RS
i b — AR B R BRSO E E I e B AT o SR LR R AR X B B AT R AT SR
B, AT 6 B

D) T2 (FR ) - BB R U3 ad J8 B 20 @9 s (TSRS 2, 20 50 R M B AR T AR R R 20 @1y
AR R



% 64 IR, aLEEHMmAmAFITRYE 79

Ui =F1(VU, VP, U)o (13)
DIREIEA (L0050 b — 2 T 345 S 0 B A5 A0 Uy, BT L0 71 s T o
Pyl = Fz(VUB,VPB,PR)O (14)
3 (B e F et A B R S Uy
Uy '=F3(U;, vPy! )O (15)
FULSE AL T 2B AT AT AU ROR 28 T =
4) T AL (41 550)
Ui =F1(VU;", VP, UL) . (16)
SIRCIEL (PR AT
Py =F2(VU;, VP, P}) . (17)
6) e (Z1 80
Ui ' =F3(Us, VP ') . (18)

2L IR AT R I Y AR B SSRR HOR . 8 & W U IR AT SO BRI R R] A HORTR
A XAERE S T I, SO OpenMP 52 BT 315

3 &6

T 2k 3 A4~ 2 Y R A SAL 4 I T i B o AR ARG B RN RO B A TR S R T A A
3.0 EESHRE

WG Z], — A HAED =04 m BB E T | mx1m Z4FErEmho. AFEBEEINEM,
VU RE XS Ry T 1 B WA %% BE R BE LU 30 1, SR La BOVE i 588 ) SRR AR A
opD

, ©

u

T ik AR 2 B R PR K La B, 1 A S B0 55 w5k 1 21 N/m) FIZEE (0.1 Pa-s) R FFARAE . IR E M

¥4 N 64%64, Hﬂ“lﬁi%ﬁkdt:lxlo” T S 0 S5 (E 55, 7 R 5 T B T AR X AR A RS A G B A, S A
FI il O 7 i A A s R QN Rl 3 BT, TR K i 1 40 AR A A Magnini 25 PR Mirjalili 5557 1540 .

La = (19)

emlilgr =S N
B3 Baasifim AR E B 0 2k FE IS AR A K B (P 4% 25 64%64)
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Fig. 4 Spatial convergence study on the accuracy of pressure/surface tension force calculation
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Fig. 5 Schematic of the rise of a lighter bubble in a heavier medium
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Fig. 6 Present algorithm for bubble rise (Case 1)
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Fig. 7 Present algorithm for bubble rise (Case 2)
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