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Effect of alternating electric field frequency

on deformation and coalescence of weakly conducting droplets

YANG Xi, ZENG Zhong, LI Jiayu, ZHANG Liangqi
(College of Aerospace Engineering, Chongqing University, Chongqging 400044, P. R. China)

Abstract: Based on the phase field method (PFM) and charge conservation equation, a numerical method is
proposed for two-phase flows in an external electric field within the OpenFOAM framework. Under weakly
conducting condition, the deformation of a single droplet and the coalescence of two droplets under
alternating electric field are investigated. The results show that the frequency of the alternating electric field
can effectively affect both the deformation rate of the single droplet and the coalescence efficiency of the two
droplets. When the permittivity ratio Q equals to the electrical conductivity ratio R, the mean deformation
resulting from the alternating electric field (AC field) is the same as the steady state deformation under the
equivalent direct current electric field (DC field) , and the coalescence time becomes longer with the increase
of the AC field frequency. When Q > R, the mean deformation rate of the single droplet increases
continuously and the coalescence time of two droplets reduces with the increase of the frequency of the AC

field. When Q<<R, the increase of AC field frequency leads to the decrease of the average deformation rate
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of single droplet and the increase of the fusion time of two droplets.

Keywords: alternating electric field; AC field frequency; phase field method; coalescence; numerical simulation
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Table 1 The relative error for numerical solution and theoretical solution of internal and external pressure difference

R KT R Ji 22 B fi fit JE 2 B0 i RSB 22/ 7%
0.01 0.039 80 0.04 0.500
0.05 0.198 97 0.20 0.515
0.10 0.397 93 0.40 0.518

22 HEYI#E#TR
ST 7E BT VI B T AR I MR AT A . R A L A K R 2 WIE I R



% 12 9 ¥ B.F . RTEYHRENBIFERELIHRABERSGT A 63

200X 200 AL T B O L B8 0.5,C08 0.01, IR AR M, Jy 0.01, W iH %5 B AR5 1P 5 P87 K
HF . T E Re 7 1, BANEL Ca 4B 0.2,0.4 A1 0.9, A4 58 A W A, 1 F i 5 3B 2 51 Ky
(£1.0) . WIGREFH RN EREREE S, & LERR D=, —B)/(L,+B), Hr L, 25w
ORI, B A B O R . B 2 T Ca 43510 0.2.0.4 F1 0.9 I TFE A5 i)
1% I P 1) 725 A 8 78 I 3R 5 SR SR W & BB, Ding 280 A Hu 280 2R FHAE 3% 7 2246 34 FLIHTE 30 A8 SO
SESLR Hu S5 85 S0 MW & AT 80K UE T 24 B B0 1530 A% S5 i A8 T2 i S HS

0.8 - o DingZ% L4

07 L L Hu% 4]
A CEE R

0.6

0.5 - * o i e e

a 04l Ca=0.9

03

02| - Ca=0.4

0.1 L = E Ca=0.2

0.0 | | L
0 1 2 3 4

B2 AREHEBTHRENEREZMENEHETR
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