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1 EADEFE

W, BUNKIEDM T 7 A N\— B ERPTORKY v PRV TERT 58HH
EHEATWS [1]. TLZ bR 7L—RIL Y baRC= VT LmEN 5 T ORI,
Ty N NVERE ALY Z—RICBF RN FOBBEEMIFS LICKD, Yy b
EHTORETSH, ALV Ex—hb5Dr—ar}, REEICHENREDLLTEIS
R THB. EXHES%E (EHD) 2] DDFHICBVWTHSNTNS T DX 3 RHRROME R
HIBIZ5I3, Rayleigh [3] I X A HE L REOLERBNICB VW THE S, KIIKRERE
ICHBELBRICKABREENVRAENRZEA S LALEICHEB LR LE. &IT,
Taylor [4] 13 T DKWBHIERICH L TLK D ARLEICEB T L2RL, EHICHEBEREICEKD
WARZRED 5T % MR OBR 2NN, ORI Taylor I— LA
FonTns.

HEROL LT, /AVHLENT 35T 1y N DREMICEET 5 EEBRAIAFIE, Tay-
lor [5]ICHAE B A, ZO®RDLDFLVHETIR, HENDTIFBERYvEVT (X
dPxy 74 v Y) B— REMENSETREHESFDENS D, BFEANETICONT
J R)ViERET Taylor 3— AL, #/NRERS L < BHEBEADERE NS a—
YVzv bE—FHENS. WROHE, RETOBHBENCKDBREIEITRLELNL X
DNERIRIEIC RS, —7, BARDBEZORIG I OMIGEZI DML, IRNAED
REERENENIL Y Z—HMICBETZERINZ 6. —AH, TDXS53ETVzy bD
HEHIRE D N BT, Leaky Dielecric £F)V [7) DRAICEK D LEBHKBRE &S
LhEALSD SN, LALEEDE A, Taylor — 2 HIRE 5 2SN IE—RRIRE
HIzv b [8,9,10] &~ Yy b LOZERFHNEHEDOTILEIC KDY 2y DA
(11, 12] x EHVERSNTOBICTER. o, KUy FE—Fhba—rYay
FE— RADOBITICRENA X 5%, BRET Yy FOIHRERRICET 2 HRIIF 72
THb.

53, Yoshinaga & Iwai [13) RAVFEH BN —EORMEDOE & THAEY v FOREN
LEAEE— RERAN. B, FUYEYIE—FhSI—-rTVxy FE— FADBITIC
&, BEHHAGES /GBS D) LBRRY LB Pe(WER/EHER) NEEXR
HERRETTERRL, BT FOBFEEEZINLG ZDDNRTA—ZTRLE. TOX
5EAEY v FOREICNLT, AV M AVETERENE FEHY v MIBNT
LHEROTBICE VNI 2 LHAFEINS. HE, BRICEVWEENG 1 00 FH
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X 1: SAERERZDOE & T 2 Koo FHElAES v b

Y= hMCBVT, REFEELICH L TAZETH ST EARENT VS [14]. 2Dk, B
FRETOWEY 2y MR LTE, FARETLERKPPRTES.

T TAMATIE, BRELOFHEKEY oy MY, — MEE TERABICEIFICH
ENTHNEERICK D EDOL S BLEMZRT MRS, KT — MR hREIC
LTzt —FRIEBE L, REREZERLZV 1 Kokl TEY 2y F2IET 5.

2 BEDENL

LRI &5 7%, 20T (z,y) BIZRT, FEBREY oy b EEXS. y=+Lich3b
BEMOFARICDTF SNZEMEDD, PR EICIEER « HEICFEITAER E, DRE
5. Vv ML T, RlE%y = £h(z,t), Vv bNEOEERY ML u = (u,v),
B EY = (BY, B, Mttt u BEp, HBERO LT3, Yy MERICHLT
3, LEAERE O LTBH, FEGROESIIEREL, NEBES EC = (B9, B0
TEORREZD. TOLE, Vv MikBIUEBARKROETEEEMEN 2B
(3IEMEER (V x E =0) TdH D (EHD M), Leaky Dielectric £ 7 IVCHREWVER 0, 13T Ty
FRE LICOBDET S, Fhe, BHEOKDIC, FE, BERNEERUOERSy=0I1cBL
THMTHIHEERER, BIEEEZ0<y<L LT 5.

R AEUI Y — N () RER (0 <y < h) BXU (i) A (b < y < L) TOFHK L BRI
HLTUTFDES LS !

(i)0<y<h:
V-u=0, p(0u/dt+u-Vu)=V-D, (1)
V-E" =0, VxE®Y=0, (2)
(i)h<y<L:
p=p, p=0, (3)

V-E® =0, VxE©9=0 (4)
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CZT, D=—-pI+u(Vu+ (Vu)) dHTVVIVTHB. E6i, Y—MRE (y=h)
TEABEMHREDRELD

(d/dt)/aedS-I—/(oeu—i—KE)-ndS=0, (5)

CCT, dSRRFZEMTEE I 3RMOWNABERTH D, REONREERT ML

% n (= (—0h/dz,1)//1+ (0h)02)?), WHNBRIHBY K LT 5.
—%, ¥— MR (y = h) TORSEERZMH

v = Oh /8% + udhy Oz, (6)
200 [pon]? e, »
paked: SE LR
[nDn + nTn] Z: = VK, (8)
[tDn + tTn] :)) = 0. 9)

TTT, RETOEERY MVE L (= (1,0n/0z)/\/1 + (Oh/0)?), EEBRI% v, H
BE k = —(0°h)022)[1 + (Oh/02)?)]|732 —K, IV IRV NVDRAT VI NVET =
«(EE - (1/2)IE-E) L, [If) = ()@ — () EREHRY > T () DRTEEDT. &
B, TRHE (y=L) T

E:£O) = By, (10)

ZHRY.

3 REALIEEBEAEADEDN
3.1 RBEaH

V— AT, HERE B u, p RUED By — FNERBED y (~ b) DERE TR
BUTOXS> HEROUZEATS .

U(.T, yat) = U’O(xat) + y2U2(.’E, t) + e )
p(z,y,t) = po(z,t) + y¥’pa(z,t) + - -, (11)
B9 (a,0) = S + B )+ -

TDLE, (1), (2 RickTE#EEDKEID

v(z,y,t) = —y(Ouo/0z) + O(®),  EP(z,y,t) = —y(BEY/0z) + O(%®),  (12)
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Z218%. =7, Y—MNETIE Q) RIZED A¢p =0 RETEHERT ¥ v )b ¢ BEE
§5. COMRELT oz AMICERPMCET 288 a(z) ZANT

¢ =a(z)(y— L) + ¢y, (13)

LT 5. |
ECV = V¢ THBHTLICERLT, BREM (1) & a(z) & EY) PREEO, h~ L
E3BRAERDEMUT, BROBEDIUTDOLSIcEDENS !

EY) = Ey +(00./0z)(y — L)/, E{) = 0./ + BE, [ (0R/0z),  (14)
E{) = B, + (h— L)/e")(80./z) + 0/ (0h/0z), EP =0. (15)

tRT, y=LTEX =E, THBENEY £0ThsC aEREELTHL.

3.2 HEBAER
FICRENEREBLUEROEHERE K, BROERARIRUEREMICA

W, EADRERDELTUTDEXTILE N ARERREES
Oh/0t = —udh/dx — hdu/dx, (16)
Ou/dt = —udu/dz — Wb™'0k/8z + 4Re™! [02u/8x2 +(1 /h)(ah/&v)(au/c‘)x)]
+ A[(02/1)(8h/0) + 0.(80/02)(2 —~ L/h) + 0. Eu/h] (17)
do./0t = —8(uo.)/0x — E, Pe™'(0h/0x). (18)

EXTR, REEE hy, RE U, EROBWE Ey L, UTORITHNMEAINATY
% @ Wb = pU?hg/y (Weber #, Re = pUho/1 (Reynolds#) , A = 0.Eo/(pU?), Pe =
Uo./(K®Eghy) (BR Peclet i [~ Ue Ey2rhy /(K Egrh2)]) HEAITNh TV 3.

(16) IUTEEHZHIRM: (6) I (12) ZHVTEL N, (17) RiES)HEX (1) IT/1Zm%
F(8), (9) BXUEH (15), (14) ZAWVTHES. X bic, REBERO (18) iF (5) RH

o

00 /0t + Uy - V,os + Vs - (0eus) + 0e(n-u)Vs-n =—[KE - n]gi), (19)

LB EZAVTNWS. TCTC, V, =nn-V),V, =V -V, u, = n(n-u),
u, =tt-u) TH5. £, KO <« KO ZFELTNS.

4 REREMN
AR DA (16), (17), (18) IKBWTEHEMOREM ZRRS =i, LUTOHEEL%E
EZ2%
h = h(X) + hexpli(k(X)z — wt)],
u = u(X) + dexpli(k(X)z — wt)], (20)
o =6(X) + dexpli(k(X)r — wt)].
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B 2: EEE kI ZRRIEERDOZEIL (Re = 100, Wb = 100, E, = 1) : (a)Pe =
100, L = 2, A = 0.1, 0.05, 0.01, (b)A = 0.01, L = 2, Pe = 1,10, 100, (c)A = 0.01, Pe = 100,
L=2,34.

CCT, sHAAERICEE Yy FOIEE EROBLIERHTHSH L LT, &eh
LML T BEMAT —IL X (€ ) DEBAINTWVS [15]. 2D, ELE X ORI
I D, 8/0X DREEH /0 ITHERTHH/hE . Thb DHELZ AR TH
INRIE B, 4, 6 ICBAL TRIBAEL T, BEHDE

(@h) =0,
at’ = A[(1/R)R 02 + 5.6.(2 — L/h) + G.Ey /Rl (21)
(4G,) = —(E,/ Pe)k,

TEbENS. TTT, '=0/0X. —H, HEEEHHHD, h, 4, 6 1<BT ZEHER
NEHETRWREZLDDOERGEL LT, LLTDS %lBﬁf?bVéEh%

O® +i4Re 1 k202 + [A&§k2(3 — L/h) — Wb Bk‘*] Q
+ E, Pe ! AG k3(2h — L) — i E2 Pe™' Ak? = 0. (22)

TCT, QO=w—kiThs. UTTREHEODICKHHLZERZEXS. (21) ADEHE
R R, 4, 0, LT, (22) XD Q OBEER Q; HVIE & 72 5 RIKE k DFREDFHELDO AL E
BB THB. Bl LT, Re=100, Wo =100, E, = 1DPARz=0(h=8=5.=1)TD
LEMEER 21CRT. A =001,Pe =100,L = 22EANRFTA—2E LT, K(a), (b)
hobhB LS, ADEINE PeDBAICKD, BRABRRIIBMLEZNEZEX S
BEUARZEREBGEBLEINT 5. DT Lid, HENOEMEL BESUZEROBIPAE
ERZREDEINEEZTLERLTVS. —F, K()5bhBKIICBEETOREL
HEAPT 58Ty FORZERIIIEINT 5.

5 HERITER

BohEREARR (16), (17), (18)ICHBNT, UTOFMERFMEIN LT/ Xvh 5
BT By FOBFRANDS 1t =0:h(z,0)=v1-22(0<z<1),z=0:h(0,t) =
1,u(0,t) = 1,0.(0,t) =1
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X 3: 2723 AT B2 — MEKOKRFERE (Re = 100, Wb = 100,Pe = 100, E,, =
2, L = 2);(a)A = 0.01, (b)A = 0.1.

BRI, 04/0t +udA/0x = BOKTEAZ 6N T 3 AEXICHK L T Time Sprit
EEAVTHEL, Thbb, &EMRT v ST EICA/Ot +udA/dz = 0% CIP i% [16]
ZRHWV, BN EDELNEHIR A, B ZHWVWT, 0A*/0t=B* 2+ A 5—ik%
HAWTH#EL. ‘

7ef, BERE%IA% Az = 0.1, At=0.0001 &L, EAIZ5 X—%% Wb = 100, Re = 100,
Pe=100, E, =2, L =2 BEY, Bh2ACHTEEROBERERAXRS. TTOD
STERRICBNT, AREERE 15 %LINDBENMRIENT VWS, K3y oy MEROE
MFERZR. (a) KIZ A =001 DEEEZRLTED, BFENICHXTEREEIDOENK
FVEAERLTWS., RIRAIICIREETHmE B 72, BRIORR & I FeimEg
DELATOD, AEY Ly FOXSICER (¥R AmDREERNITE VF I Ei
CTUTHNE 5 2340, —7, (bR A=0.10DHENNRERENEERTKEL
BOBERERLTVS. ¥— MERAMICEENDORSY oy MIXEEITIEL, §
BRIFOIDHEL G- TV, ZOHE, +OEVERIES — FAERENSZ Z EHFEE
ns.

6 #5R

EBONERZZE LD, BEFHOLUERAWTHERPTOFHERY v b (HFFE—
F) OREBABAZEH L. REBBHOER, ERHM LICHSHELL A DEIN, Ped
B, LOBMNCXORRNICK D AEELE BT Lhbhotz. —F, Yav b
DOYIEFMEREZ BN TELNZY oy MERDORREIREN &, ADNEWIFEERMEER
NDZEMICZ D, NS5 2 i T T ehbhotz. L
ML, ADKELRB L, BEANLEMNICK D120, FHRicAaMNVILEL DS v — b
BEHEEL ZoTW 2 eWbhoTz. FHEHY Y MEAEY =2y FOXSIcEVYF 5
MEC STERIMBHREET 372 THB. Lich>THiEL LR OHBNTIZA
FFAAIC & B AREEMDN R NS EC Sk, LAHL, EFAMOER ORI N+
DFEINETRTTENY— PRI NE T LHFEINS.



22

B EE

AHFEIRE (No.24560194) DOBIERAEZII 8D THSB. T ICBBOERET S.

2E B

(1] Li, D. and Xia, Y.: ’Electrospinning of Nanofibers’, Advanced Materials, 16 (2004)
pp-1151-1170.

[2] Castellanos, A. Electrohydrodynamics (CISM 380, ed. Castellanos.A, Springer, 1998).

[3] Load Rayleigh,’On the equilibrium of liquid conducting masses charged with elec-
tricity’, Phil. Mag. 14 (1882) 184-186

[4] Taylor, G.I. ,’'Disintegration of water drops in an electric field’, Proc. Royal Soc.
A.280 (1964) 383-397.

[5] Taylor, G.1., ’Electrically driven jet ’, Proc, Royal Soc. A313 (1969) 453-475.

[6] Cloupeau, M. and Prunet-Foch, B., 'Electrohydrodynamic spraying functioning
modes: critical review’, J. Aerosol Sci. 25 (1994) 453-475, K U5 | i SCHKSHR.

[7] Melcher, J.R. and Taylor, G.I., 'Electrohydrodynamics: Areview of the note of inter
facial shear stresses ’, Annu. Rev. Fluid Mech. 1 (1969) 111-146.

[8] Melcher, J.R. and Warren, E.P., ’Electrohydrodynamics of a current -carrying semi-
insulating jet’, L.Fluid Mech., 47 (1971) 127-143.

[9) Ganan-Calvo, A.M., ’On the theory of electrohydrodynamically driven capillary jets’,
J.Fluid Mech., 335 (1997) 165-188.

(10] Higuera, F.J.,’Electric current of an electrified jet issuing from a long metallic tube’,
J.Fluid. Mech. 675 (2011) 596-606.

[11] Lopez-Herrena, J.M., Ganan-Calvo, A.M. and Perez-Saborid,M., ’One-dimensional
simulation of the breakup of capillary jets of conducting liquids’, J.Aerozol Sci., 30
(1999) 895-912.

[12] Hohman, M.M.,Dhin, M. ,Rutledge,G. and Brenner,M.P., ’Electrospinning and elec-
trically forced jets.I.Stability theory’, Phys, Fluid., 13 (2001) 2201-2220.

[13] Yoshinaga,T. and Iwai,T.,’Breakup of a liquid column jet in a static electric field’,
Theoretical and Applied Mechanics Japan, 62 (2014) in press.



23

[14] Ozen, O., Papageorgiou, D.T., Peteropoulos, P.G., 'Nonlinear stability of a charged
electrified viscous liquid film under the action of a horizontal electric field.’, Phys.

Fluids, 18 (2006) 042102.

[15] Jeffrey.A and Kawahara.T Asymptotic methods in nonlinear wave theory (Pitman,
1989).

[16] Yabe,T. and Aoki,T.,A numerical solver for hyperbolic equations by cubic-
polynomial interpolation’, Comput, Phys. Commun., 66 (1991) 219-232.



