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Abstract: To address the issues of empiricism, accuracy loss, and repeated calculation of interface
heights caused by the piecewise approximation strategy in interface reconstruction and the volume of
fluid equation solving using the circle-based interface reconstruction (CIR) algorithm, an integration
circle-based interface reconstruction (ICIR) algorithm is proposed. This algorithm employs a series
of processing strategies to achieve volume fraction solutions based on integration, effectively
avoiding empirical interface segmentation and repeated solving of interface heights in each
segment. Test results indicate that in a static test involving the random reconstruction of 1 000

circular interfaces, the ICIR algorithm improves reconstruction accuracy by 7. 71% compared to
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the CIR algorithm, with an acceleration ratio of 6. 78 for solving the interface equation. In the

horizontal motion test of a simple vapor bubble and the complex time-reversed single-vortex test,

the ICIR algorithm enhances accuracy by 3.96% and 13.09% , respectively, while computational

efficiency improves by 40. 88% and 68. 31%. Overall, the ICIR algorithm significantly boosts

computational efficiency and enhances the accuracy of interface reconstruction.

Keywords: interface reconstruction; curved interface reconstruction; gas-liquid two-phase flow
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Fig. 1 Schematic diagram of approximating the phase interface

using part of a circle

CIREEMBETHRBR SIS K TFEBE
(VOSET) J7 i iy JEAR., 3 o) 22 v 3 A3 e ot 4 o [
DAPER BT EAEE, VOSET & & —fal &
VOF Jik 5 LS Jr ik iy BT 804 55, a0 A
WF e A8 B AR RS B0 T S AR A vk L DAL
PRI UG P e A TR A B A S B R
. TS PR R BT T A A A 1k R R
S B EORS JE AEE , PRL ORI A S B R BT X
Sy P BT AR K S B B — 2D R B
FHEHMAF S R, S22 RER)E, T1H5 585
WM., 2T ARES T VOF FIEHILS
D7 iR AL B, B v T R A T RS
1.1.1 BEFEeHT

CIR F kil i 20 (2) Sfe fiff o [ ) 2P 42, A 20

r=-x (2)

1.0 NS
{—V.(W‘W)w, A

s @ ARFRIN K 6 O 24 i AR B0 s AL 9 77
5 PR
L1.2 BESAEHT

CIR 553k i i — b ] 50 9 J7 2% o B 130 2
WA 2 s, e R THIR AR B A A B IE %
gy, Flln, B B0 BT 7 B B2 B 5 AR o AR 5 B
T BT 5 RA% BT 9 A 22 5 & L Bl E O TR HLA&
E A AE B [ Lo » Lo s BB FE XN F
TR AN Wk AL E B0 L SRS SR O Bk
J7 e H RO ST SR A% BT R A2 X R Y AR R
IR HETERE S MR T B9 SE PR R R o Bz
25 /N T BE e CRARBUEDRS 72 )5 XA 40D, BRI & B
OALE

zkxb. xjtu. edu. cn

Ay

&2 BT A R RO o R R R
Fig. 2 Schematic diagram of determining the circle center

using dichotomy
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Fig. 3 Schematic diagram of the error in volume fraction

calculation by using the segmented method
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based on the integral method
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Fig. 5 Schematic diagram of different intersection types

between a circular interface and grid cells
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intersection types
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Fig. 15 L' error of the CIR algorithm for reconstructing

interfaces with different number of pieces
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Table 2 Average L' error of different algorithms for reconstructing random circular interfaces
I
ks : : :
10* 20° 40* 80* 160* 3207
PLIC 1.37X10°3 3.60X107" 1.20X10°* 5.04X10°° 2.32X10°° 1.12X10°°
¥ T , _
ELVIRA 2.63X10°° 8.34X10°" 2.59x10°* 7.39X10°° 1.97X10°° 5.13X10°°
CIR 2.25X107* 2.94X10°° 3.70X10°¢ 4,74X1077 7.89X10°8 2.60Xx10°°
it A A . .
ICIR 2.24X107* 2.87X107 3.63X107° 4,63X10°7 6.94x10"*° 1.90X107%
3 AREFEMALREKEATREE <x’—o.5>2+<y’—o.5>2 _q (19)
P 2
Table 3 Relative errors in reconstructed circular interface b

lengths for different algorithms

, IR 2% / %
RPN -
207 40° 80° 160° 320°
PLIC 1. 440 0. 940 0.910 0.890 0.900
PCLIC 2.610 1. 850 1. 260 0.760 0. 440
CIR 0.149 0.036 0.014 0. 007 0.005
ICIR 0.124 0.034 0.011 0. 005 0.002

A4 CIR ¥4 ICIR J ik R R @ 7 22 4L 0
Table 4 Computational time for solving the interface

equation using the CIR and ICIR algorithms

) FERT /s
ik :
102 20? 407 80? 1602 320
CIR 0.42 0.89 1.86 2.64 8.45 14.46
ICIR 0.06 0.15 0.20 0.43 1.23 2.55
ke 6.74  6.05 9.25 6.14 6.85 5.67
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Table 5 Average L' error of different algorithms for reconstructing random elliptical interfaces

L' %%
10° 20° 40° 80? 160 320°
ELVIRA 2.97X107° 5.54X107" 1.11X107" 2.57X107° 6.25X107° 1.56X107°
PCICCE C* &1E)  1.81X107° 2.67X10"" 3.83X10°° 4.92X107° 6.25X10°7 8.24X10°°
PCIC(H C' 1E)  1.23X107° 1.11X107" 1.26X107° 1.39x10°° 1.65X10°7 2.14Xx107°¢
CIR 1.80X107° 2.18X107" 2.64X107° 3.26X107° 4.22X1077 6.41Xx107°
ICIR 1.76X10°° 2.15X10°* 2.63X10°° 3.21X10° 4.11x10°7 5.71X10°¢
3.2 HEFERHE AN 55 UE BT 48 ICIR 553k 76 30 25 F 1 4 3 4 72

A5 38 S PR K A% Sl R [ e B 36 ) e

zkxb. xjtu. edu. cn
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Table 6 Deformation error of bubble during horizontal translation

D,
ik . ‘
25° 50° 100? 200 2507
VOSET-PLIC 9.92X107? 2.74X107° 1.09x10° 3.88x10°" 2.63x10°"
CIR 2.33x10* 2.04X10°" 4,83X10°° 3.58X10°° 3.12X10°
ICIR 2.07X107" 2.04x107" 4.77X107° 3.42X107° 3.02X10°°
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Table 7 Computational time for horizontal bubble translation

KRS /s
87N
25° 50° 100° 200° 250°
CIR 0. 086 0. 305 1. 066 3.982 5.694
ICIR 0.072 0.168 0.563 1. 905 3.198
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Table 8 Deformation errors of bubbles in the time-reversal

single-vortex problem

D.
RS

507 100° 150° 200*

VOSET-PLIC  0.405 0.075 0. 040 0.027

CIR 0.241 0. 040 0.021 0.012
ICIR 0.223 0.032 0.019 0.010
5100
2000 B CIR
B icirR 1 50
—— N AN .
1500 - — - S
4 60 &
= 1000 z
& L &
= 1 40 ﬁ
ﬁ
500 | 120

50° 100° 150° 200°
W%

16 B[] fz 36 B 34 0] R ey 9 b 0 B 9 AR I LA &
ICIR 57k AR 0 45 58/ 43 L

Fig. 16 Computational time of two algorithms and the
percentage reduction in computation time of
the ICIR algorithm in the time-reversal single-

vortex problem
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