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Abstract: To enhance the accuracy of numerical simulations for interphase mass transfer, a calculation
method for interfacial area and centroid integrated with velocity extension is proposed within the
volume of fluid (VOF) framework. This method consists of two components: a polygonal cutting
algorithm and a mass source distribution algorithm. The polygonal cutting algorithm approximates the
phase interface within a grid cell as a planar polygon. Starting from any vertex of the polygon, it
subdivides the polygon into triangles, subsequently calculating the interfacial area and centroid.
The mass source distribution algorithm utilizes the Helmholtz equation to transfer the volume
expansion term caused by mass transfer into the primary phase, ensuring a divergence-free velocity field
for the secondary phase and thereby guaranteeing the accurate solution of the volume fraction
equation. Tests reveal that in the absence of interphase mass transfer, the relative error in
calculating droplet surface area using the polygonal cutting algorithm alone remains within +1%.
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However, when interphase mass transfer occurs (with a mass transfer rate m"=10kg * m * « s '),

using only the polygonal cutting algorithm leads to distorted results. When the two algorithms
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are applied synergistically, the maximum absolute percentage error for droplet surface area is

0.89%, and for droplet volume is 0. 28%. The simulation results show good agreement with the

theoretical droplet growth curve. These findings indicate that the proposed method can provide

reliable geometric information of phase interfaces for addressing interphase mass transfer problems.

Keywords: interphase mass transfer; VOF model; interface area; interface centroid; velocity

extension
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Table 1 Numerical study on interphase heat and mass transfer using the VOF model
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Fig. 1 Volume fraction field and estimated interface areas
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Fig. 2 Schematic diagram of a polygonal interface in

a cube
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Fig. 3 Relationship between the centroid of the interface and

the mean value of its vertices
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Fig. 4 Two methods for cutting a planar pentagon
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Fig. 5 Variation of the surface area of a droplet during its

free relaxation at different resolutions
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interfacial area density during droplet’s free relaxation
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Fig. 7 Schematic diagram of droplet position and morphology
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Fig. 8 Variation of droplet area during its relaxation on walls

with different contact angles
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Fig. 9 Morphology of droplets on the wall at the equilibrium

state
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Fig. 10 Variation of the surface area during droplet growth
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Fig. 11 Variation of the volume during droplet growth

& 12 4 0. 002 s.m"=10 kgem s~ " 5 1) J) 3 3
JER ., G diE o= 0 FE, H TR
T, % (0, €811 7R 3% 2 7k J 2 U 3T 149 R R R /N 43
A 0] LU S AR SCHE 09 5 o 3R 0 B A vk B )
JE 77 77 2 U5 3508 2l B SRR 9 S B DR T UM B R
W R 0. (1 /o —1/p,)m” =0 0] 1, YAH CRP
T TR L A4S v S A R ) 0 E T B KL,
SR B 12 Cad H B0 1 — A HE 9 B A9 B s, 3 )
TR AR RN TR ) A% B I R % ER 0 W 9T R OC
W,

r
1X10 - 1
VU * VU ux
PR
A S A S S S N AL T
\SAEARANANARARAEPI
O v 1
- il A it L4
- SEANAY Y T
s [
. - - AR 7t
T T
. ‘ .
Ty
: ‘
T[T
. i '
g
L] Llalels
i1 | i pial -l >
2L INEYRIEY FEEEE -
~ AN A . s | -
N NV RN I
Y N i T T B -~
RERE AEEEEEE
ow N N ~ - EEEE
~
JJAN Js N EEE

Ca) AN AT 80 411 %




%5 3 40 TG R A I A A AR 42 oy SR v i AR R 0 3 5 T T 95
R AT T N O N A A o ] AN 43 e 2% v W iy A 19 CFD 884 [T, 4k L
AR AT AR AT NN AR NENE NN R A B EI ,
U N L LA NE AL AL NI AL AR (AR J&, 2023, 42(9): 4538-4549.
ey CALAL AL AL AL AL AR LML AL AR AR AL LK
Sy CADATAT AT ACATACATATAL AL AL A A AR AR AL A K LUO Cheng, FAN Xiaoyong, ZHU Yonghong. et al.
A A A AT R AT AT AT AT AT L NN R A0 AR AR AR R3S 3E
PARCACICACRCAE R R . § ‘\ #}’ MECSTATIHHHMIS CFD simulation of liquid distribution in different dis-
T S A HHE A
- ::: “:\:;\\“4_ A | . tributors in medium-low temperature coal tar hydro-
: \\‘ \\\:\\\:\‘ ‘i;* Nauy T i genation reactor [ J]. Chemical Industry and Engineer-
) \3.::;‘};“ Sabas ing Progress, 2023, 42(9): 4538-4549.
::‘:\::‘:\\(\:\ < T [4] FRANCOIS J, DIETRICH N, GUIRAUD P, et al.

(b) SR JHA SCH i 7 ¥
P12 IR A i AR b i B 3 S g 5 AR R
Fig. 12 Velocity field and source term of pressure equation

during droplet growth
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