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Instabilities of a compound liquid jet in a static electric field and production of
particles and capsules
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We analytically investigate breakup phenomena of a viscous liquid jet in a
closely placed concentric sheath on which a static electric field is imposed. Taking account of a
surrounding electric field of the jet, long wave nonlinear equations of the jet are derived. Evolution of
the jet is numerically solved when a liquid emanates from a nozzle exit. It iIs shown that there exist
three types of breakup modes - jetting, spraying and spinning - depending upon the parameters the
electric Euler number A (=electric force/fluid inertial force) and the electric Peclet number Pe
(=convective current/conductive current). Then, critical curves are found in the A -Pe parameter space,
across which the mode is transferred from the jetting to the spinning through the spraying with the
increase of A and/or the decrease of Pe. In particular, there is a range of A where a satellite drop
appears with the increase of A for smaller Pe in the transition from jetting to spraying mode.
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Fig.1. Schematic of a liquid jet in a
sheath of cylindrical wall under a static
electric field.
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Fig.2. Time evolutions of the surface
profile, axial velocity and surface
charge density in the jetting mode
when A=0.02, Pe =10, Wb =10,
Re =100 and L=2,
profiles are given at t =0,6,12 and
17.6062.

fbERLTWAD, Yy MRER Ty
75y K0 EREER IR A LT
TIXRAMBICEM L, TERHR R ClE—EEIC
FEANTNWG., 22 LlE, (o)W TOREE
IR C O 2K T FE AR 53 AR DS R 0 TIE BRI &
EHICEMPERE IS 2 Z & 270
LCWA., ZOXIRAREE—NE2Z 2Tk
T 4 TE— REIES.

WIZ, A= 032N LT7-G8 DORREICED
= v POREIREEt = 0,1.5,38 X AR EERF
At =4.7361cxF LT 3 ITRT. Y= v ME
WX @KLY LD X DI, AERILH
TR S DLt/ S, it (b)
X Ebonsd Loz, FoomihzbrE ik 2
ML TWE, ERUETRER C S HIZRAITHE
MU=t T 5. —F, REEMEEZIX()
M Xvbnsdkolcunhnd IRk~
WA L, RIS CIE B O 7= ORI
Bhnt5., ZoOfRERE— 22 2Tl L

2 : : :
(a) e
. . ‘ .

where the

0 10 20 30

20 " : R

b)) =1} D,
0 1 1 1

0 10 20 30

2 T T T
O

0 10 20 30

Fig.3. The surface profile, axial
velocity and surface charge density in
the spray mode when A= 0.3, Pe =10,
Wb =10, Re =100 and L = 2, when the
profiles are given at t=0,1.5,3 and

4. 736.
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Fig.4. The surface profile, axial
velocity and surface charge density in
the spinning mode when A =0.9 with
keeping the other parameters unchanged,
where the profiles are given at
t =0,0.6,1.2 and 1.7027.
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Fig.5. Critical curves among the
jetting, spray and spinning modes in
(A,Pe) space, where typical breakup
profiles in these modes are shown in the
subwindows for which the ordinate

denotes r and the abscissa z.
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Fig.6. Produced liquid drop sizes Dgy,e

for different values of A and Pe, where
Pe = 500, 100, 50 and 40 are,
respectively, denoted by ¥, O, @ and
A, while Pe =30, 20, 10 and 5 are
denoted by V, <, A and X each of which
are connected with lines.
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Fig.7. Variations of the effective
diameter of the main and secondary
produced drops near the transition
region for Pe =10 when A increases,
where broken lines denote expected D,y
produced liquid drops produced liquid
drops Breakup profiles near the
transition region for Pe =10 where a
large drop abruptly decreases to a small
one with the increase of A: (a)A = 0.06,
(b) A=0.07, (c)A=0.08, (d)A=0.09
and (d)A = 0.1.
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Fig.8. Variations of Dg,, for Pe =10
when satellite or fissioning drops are
expected, where the thick solid lines
denote main drops and thick broken lines
main and fissioning or satellite drops
while A with thin lines denote the same
as in Fig. 6.
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