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Linear instabilities of a planar liquid jet in a static electric field

KRERA# (Osaka Univ.)
EiKBER (Takao Yoshinaga)

1 FxBE

XlAsnTwz ke, FHEEES 2y b CREFE@MBHIEICLELICESE, FEHE
WOREIE 553XV BLRENT 5. 2070, BEEZDDH 380k L 0EA
Wi EAERIC X 2ARENIIREFERCOABENS, ZD& ) LEREEIIELS » 5K
EEITIC X DFRSN TS, R, Y xv | L ABRREOEER LT3/ T (K
EBRTIE p = py/pe =~ 0.001), RAFF (Sinuous) € — FHELORFEMIEE SN (Bulge)
T— FHELOKEHEBER LD O RES LI I LN TVS L, 2.

B, TVZFRASL— - AV JOTENGHIEEL T, Yy FOFREAE
EMEIC R THEROME), EXRVMEEY (B OB > BiE o BRE) ©
TTHO»IZEN2DH B, R, FHY v FOERAACHES PP ITION TS
56 O RN L EELICN T 2 BEMIMRIEANTIC X DTSN TS, Papageorgiou &
Petropoulos[3] X p = 0 DA, WFE— FEELOZEEVBENEY =v b L AEARED
FERLLELRGERICKE L RLEMEI NS T L 2T, p# 01X LT El-Sayed [4]
* Grandison % [5] EABEDIEREHED P v P DEEWZ TR, WE— FicatLTicxL
TEBIIY 2y PELEMNT S L &R LT, & 5ICEl-Sayed % [6] (B M DI =2 —
FUMEDY 2y P ORERZFANR, WHE—FIRNLTH=2— b HIZ LY FALELE
RET S EZRL, ‘

NS DEHTTIZY =y F OBREBEEITHTROY, b LLRHEEICECGAZH>
TEY, Yy PREATOBEMOEHIC & 5 MMEROMREBMEL T35, 5K, A
FRAMIERICED > Tw 3 b0 L L THMBOEROBEBIZE I N TV, ARHTT
X, AROBZBEECABSKGBOBEREL COFELER L, L HEENLZEC
TR ZIT, MPERERCRIETZENS OHELZHLPIIL T3,

2 ERLEDEBER

B 1ICRT &9 %2 FPHEOMICH 5 2RILFHY =y b2z —y R TEZ DL, —ENK
B B, IVHEE (y = £L) K-> TEHEZ 6N, Yy FABSKAEOMEIIEEL, EfF

72



. Ew —
= et EY B
y e m 7
Bp~--=~" X
y:h. 8(0) ©) Oox (U, V)
-L E: Pa
- Ew —

X 1: Schematic of a planar viscous liquid jet and surrounding gas placed between parallel
sheath walls on which an external electric field is applied.

Oex 13¥ 2y FRE (y = hy) ICDAZHAT 5 & 5 (Leaky dielectric model)[7).

HEREARRL, Py FAB (- <y<hy), MB(-L<y<h_,hy <y<L)TOE
B = (u,v) BT 2EHOR, EHHBERABLY, Yoy FRfiy = he COBH 0w
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(i) NHRE—F:

ks

4k?
— 2 — — —
(k — w)?coth k + Y (kcoth f — f cothk) WO

+ pw? coth k(L — 1) + AK*[(k* + f*) coth k — 2k f coth f] + B = 0. (1)

(i) KNFFE—F:
4K? K?
(k ~ w)?tanh k + Reéf(kta,nhf— ftanhk) — Wo

+ pw?® coth k(L — 1) + CK*[(k* + f*)tanhk — 2kftanh f]+ D =0.  (2)
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ZIT, 2=k +iRe(k —w),

AE? (1 — epog)[l + tanh k(L — 1) tanh k]
i(k — w)Rei(k —w)Pe+og + [i(k — w)Peep + 1] tanh k tanh k(L — 1)’
B =—AE%(1 — ep)k®tanh k(L — 1)
i(k —w)Pe+og — [i(k — w) Peep + 1]
(k w)Pe+og+ [i(k — w)Peep + 1) tanh k tanh k(L — 1)’
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D = —AE2(1 — ep)k®tanh k(L — 1)
i(k—w)Pe+og — [i(k — w)Peep + 1]
1(k w)Pe+og + [i(k —w)Peep + 1] cothk tanh k(L — 1)

RTLNNT X —% L LT, B E COWERE L(> 1), BEN p = p,/pe, ERBEE W 0p =
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C=-
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X 2 i — FOMIEE Q;, O kot 280 %, M3 EBKAHE— FOBIER
Q DEB kN T BELORFE2R T, WRICEWT, (a)id Pe= 100, L = oo, (b) X
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2: Variations of the growth rate ; of the symmetric mode with wavenumber & for
Wb = Re = 100 when Pe = 100 and L = oo in (a), when Pe = 100 and L = 2 in (b) and
when Pe = 10 and L = oo in (c), where the solid lines denote for A = 0.1, p = 0.001, the
broken lines for A = 0, p = 0.001 and the dash-dotted lines for A = 0.1, p = 0.
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X 3: Variations of the growth rates Q; of the antisymmetric mode with wavenumber &
for Wb = Re = 100 when Pe = 100 and L = o0 in (a), Pe = 100 and L = 2 in (b) and
Pe =10 and L = oo in (c), where the solid lines denote for A = 0.1, p = 0.001, the broken
lines for A = 0, p = 0.001 and the dash-dotted lines for A = 0.1, p = 0.
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Xl 4: Variations of the maximum growth rates Q,q, with A in the symmetric mode (a)
and antisymmetric mode (b) whne [ = co, where Pe = 10 is denoted by O, Pe = 100 by
@ and Pe = 1000 by A keeping the other parameters unchanged.
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B 5: Variations of Qrme; with op when Pe = 10(O), Pe = 100(@) and Pe = 1000(4),
keeping the other parameters unchanged, where the symmetric mode for L = oo in (a) ,
while the antisymmetric mode for L = oo in (b). The solid lines denote for Pe = 0 and
broken lines for Pe = co.
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