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Modeling of Droplet Charging in Droplet Spray Process
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Abstract: Exactly measuring droplet charging is the key to freeform fabrication by use of droplet spray. In this

work, an electrostatic model of droplet charging is developed, and an algorithm for exactly predicting the char-

ging on the droplet is presented, which reflects the electrostatic effects between droplets. The droplet charging

model is solved in different conditions by finite element method (FEM). The charging amount is predicted with

the algorithm basing on the FEM results. The relationship between the charging voltage and the charging are

established in different disturbance frequencies. The results of simulation agree well with those of experiment

and prove to be superior to those reported in the literature.
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Fig. 1 Ring charging electrode and shape of liquid surface
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Equivalent charging circuit for three previously

Fig. 2

charged droplets
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Fig. 3 Flow chart for calculating charge of droplets
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Table 1 Parameters of the droplet charging model™*

Wa i s EERRUEE BT AT
F/kHz #R/pm KA/pm WERE ao/pm KR b/pm

15 91.5 600 159. 8 239. 800
25 77.0 360 134. 6 201. 789
%I L M S5 o i/ FEHLIL R Fo L L IR
1%/ pum (mes™ 1) 42 S./mm K /mm
100 9 1. 588 6. 35
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Fig. 4 Meshing of space between five droplets and electrode
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Table 2 The charges and potentials of drops generated with
the disturbance frequencies of 15 kHz and 25 kHz

e sh b Qi/ Q./ Qs/
U,/V
K /kHz (10712C) (107 12C) (107120
15 —2.172  —21.428 —1.936 —27.288 —1.89
25 —1.820 —29.120 —27.290 —40.050 —1.42
e shha Q./ Qs/
U;/V U,/V ) Us/V
K /kHz (107 2C) (107120
15 —30.00 —1.871 —31.51 —1.866 0
25 —46.15 —1.390 —52.18 —1.372 0
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Fig. 5 Potential distribution around five droplets in ring elec-

trode
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Fig. 6 Numerical simulation curves
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Comparison among numerical simulation and experi-
ment results and predicted results reported in the lit-

eratures

SRS T S I P S D R R 37 B R 5
T REALLA o DR H 2 SR S B A M 22 L (E
TEVR 22 SLVFIE N

5 45 i

(1) 3 o 8 305 Ot 2 T R IR 1 F 5 L 2 o
T AN R S A e i 7R PR S Al b 1 2R
FREAY L AT LIS S R i SR LR .

(2) R HIAT BRIT J5 ¥ X B £ 37 9 455 U OR i
TR - 2 S e L B R T H R A R R
PR S i 70 L FE R R L Y A L T A A R S S PR
(ERZV/R g ¥ S

(3) N AR BL T 5 e m S g it T — A
ANARS S 56 I S 14 3 BT 8 L L D e T 4 E 1
(7 BE5E T — 5 i) S,

& £ X #

[1] Orme M, Courter J, Liu Q B, et al. Electrostatic charging
and deflection of nonconventional droplet streams formed
from capillary stream breakup[ J]. Physics of Fluids, 2000,
12(9):2224-2235.

[2] Fillmore G L,Buehner W L, West D L. Drop charging and
deflection in an electrostatic ink jet printer[J]. IBM J RES
Develop,2004,21:37-47.

(3] BEEfE. BEARATEN Py o B OFSE [) ). AU IR =



o514 W R R T S o R U T A P A B A 221

1993,14(1):53-58. Transactions on Magnetics,2004,40(2) :557-560.
Huang Z H. Research on controlling of charging in ink-jet [8] Chen C. Exploration on the mechanism and frequency band
printing[ J]. Chinese Journal of Scientific Instrument, 1993, of mono-size droplet[ D]. Taiwan: Chenggong University,
14(1) :53-58. (in Chinese) 2004 :100-300.
[4] Passow C H. A study of spray forming using uniform drop- (9] BEflfe, gk DAL, L me SR 4T BN AR e W 98 [T ). AL AR (3R %
let sprays[ DJ]. USA: Massachusetts Institute of Technolo- #2,1994,15(3) :317-320.
gy,1992:35-67. Huang Z H,Zhang Y M. Experimental research on continu-
[5] Suzuki M, Asano K. Mathmatical model of droplet charging ous ink-jet printing[J]. Chinese Journal of Scientific Instru-
in ink-jet printers[ J]. Journal of Physical D: Appl Phys., ment,1994,15(3) :317-320. (in Chinese)
1979,12(4) :529-537. EEE N :
(6] ()220, #S WM gl Jy 2 (M. b st BH AL, 1990 F ®(1981— ) B LA, EEPFG I AL S R
300-450. A3k,
Lamb S H. Hydrodynamics [ M ]. Beijing: Science Press., E-mail: luojun@mail. nwpu. edu. cn
1990:300-450. (in Chinese) FRE(957— ) L BRI, AT T O
[7] Gyimesi M, Avdeev I,Ostergaard D. Finite-element simula- WARYG RIS N TGN .
tion of micro-electromechanical systems ( MEMS) by E-mail : gilehua@nwpu. edu. cn
strongly coupled electromechanical transducers[ ] ]. IEEE ( 5"%‘& gﬁ iﬁ : g % )

bbb oAb bbb e
HE—2007 ER R TR EBHER RS RIRIRIEEM

Ry T SR R TR WL B e 3R ] B AR Tl A R K P L A T Al B R R R o [ A
For hEIR T o P EEM TR S P EFEAE ST 2007 42 9 A 6-9 H L fEVELE G 2 I
il 2007 [ B B Toolb fE 40 ) 3 2 AR R JZ2 8 I8 7 (TR R <2007 #5818 157D

“2007 SN IRH i TZ MR  OCHEFR AR HEAL AR FR AT Ml B A DA R O B T R SE B AT
F0 53 BRI I - I3 BB AL A A e 2 e St SR A R R A R SRR R . R R IER IR
) 520 12 o R ) 4% A DG B R AR SRR 30, BAREER AT -

—fEXEERAE:

(1) [ A1 i 40 il 1 R K R 2 9 5 250 5 (2) AR 7 A BV B 5 Al B A B R 5 (3) R DL S
AR B G54 AT AL H R 5 B LR T AR A R 5 (O A= = R A & I s B R S5O0 AT TR R 5 (5)
R G WNTF RV 6 WR R G5 A FPE S I R B (6) FF b et il il R AR 7 e R
AR A 5 () W45 e I 45 22 4 5 85008 e BRI PR 48 B R 5 (8) S b Rz 1T A1 S5 i il 3 5 (9) R G bn Ak I
HEMCH A,

ZEXEX:

(1) PNEE B WS BB . BB A% S VR 35 3 199 0% BIF 5 0 i sl SR 5 9%k 43 B 2898 SC b J00A A 3 1 ik
ST UL s 2R A R 208 SO A X S PRI (R AL 2 L (2) RAENTT R Bl 4 [ 2 R S R R,
(3) LT A M B SONGF PP S P 2% [n) B, $5 27 18 SCHT 20 [ B 4 58 BT 7 B i PR 28 fF A iE B . (4) 183k
AE L OCEE TR SCREE L IE S0 S SCHR AR T A AL, B 4000 FE L. (5) #2388 SCRE AT ik Se
i M PR — 1 LR ] K Email, (6) $5fm B A0 82 58 /R A TR 406 & 7 =X G il b bk | a3 A% L
L A5 R L HE 55D o AR B BOlE bR i I S In ke . (DA RS R RS ARE ., HIEH A
BBIRHG . SV S H IS SO AECIUR I & ) G D B R, 385108 5518 SO 2 1SS it

= EXERBEHEI 2007 4E 6 7 30 H,

M EM U RBER A : (100045 bt i PE I X 1 = # — 5 11 2 at#h K& WA R A 5 MM
(AR 3 ) A4 75 ® % t BHERE &+

B Z MW :010-63326985;010-63326090~98 %% 217/219;13366876664, f£H..010-63326099, HL T
{Z#f : shangwubu@vogel. com. cn

A . EBXSWEHBERMXFEMTMIY http: /www. csaa. org. cn/; http:/www. vogel. com. cn,




