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1: Schematic of a planar liquid sheet and surrounding gas between parallel solid walls.
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B 21CR S & S Al EIC R R e 2 JoeniiAS oy b e A, FdmE o i, 1L
B2 y il ici . Yoy b ERRIAIE y = ha(z, t), R (2, t) (= (hy(z,t)+
ho(2,1))/2), n(z,t)+ (= (£L £ hs)/2), ¥— MEB b(2,t) (= hy(z,t) — h_(x,t)), &
IR b(z,t)e (= L — |h(x,t)x]), BEME y = £L THEINS. Y xy MR, JEPE
SUAHCOREEZ ZTNENL, g TR, Wk (w,v), (ug,vy), FES1 01, py, BIE pr, py, 000
) o, KiERE i £ 5%, 12720, PSRRI IER (n, = 0) L, JEHiME & 5
DI EZEZATTNEDET 5.

BTG Y oy BURIARES (—he <y < hy), NUBEPFSUATE (-L <y < h_, hy <
y < L) 1Cxfd 20N el SR TH D, BREMFE LTIdy =41, y = hy TOHE
WPENSAE L, y = he TOIPEZEAT (BT 10 &8 T10) 572 %.

fENT 2 IS T B 728, Wi, SHERDY oy FEBEREICHERTH o hEwne L,
DU OWMRGERZE 2 % -

(1) WRAHES (h- <y < hy):

ul(x7y7 t) = ulO(x7 t) + (y - U)Ul1($7t) + (y - U)2U12($7 t) +y (1&)
vz, y,t) = vo(z,t) + (y — n)on (. t) + (y — n) vz, t) + -+, (1b)
pi(,y,t) = po(x, ) + (y — n)pu (2, 1) + (y — 0)°pa(, 1) + - -, (1c)
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(ii) M (~L<y<h_, hy <y<L):

ug:l:(‘ra Y, t) = ugO:ﬁ:(‘rv t) + (y - TH:)Ugu:(I, t) + (y - ni)zugﬂi(xa t) + - ) (2&)
Vg (2,9, 1) = Vgox (2, 1) + (y — N2 )vgra (2, 1) + (y — ne)Pvgos (2w, t) + -+, (2b)
Dot (2,9, 1) = pgor(x,t) + (Y — ne)pgre (. 1) + (y — 02 ) *pgos(z, t) + -+, (20)

TTT, |h—n| <b/2~O00), |hi—ns] <be/2~O(bs) DRUETH Ay, ny DAEE
EZIGIELE (~ \) FHUE ~ O(1) THBA b, by < A THBT LISHEELES.
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Wb E N L, FOARNREES
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ov v 1
agfi = _ugOia—ngi - ;pglia (3f)
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BIRF by /2, W U/ (bo/2), BIHES) pUS 2V, &R E UTIEEELL y = py/ o1, BE

HIEHEE m = L/ (by/2), LA/ IVAEL Re = piUo(bo/2) /1, ¥ £ IN—KL Wb = pU2(by/2) /0
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an 1(%7 0 b
E:I: oY T :I:% [ug()i (m 2:1:7))] ,

DR D D, Pios Piis Ui, Vin, W2, U2 & Ui, Vio DR TH 5.
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BRIET % &, FETRROBEER T L2 E S E RO THHRRED S OBIELA f(y) expli(kz—
wt)] D& S ICEARE f(y) O TEE NS, BREIEED f(y) PIEENT, k—w

DITIBBEIFRIE,
(i) Bulge mode:
5 5 K Afk?
Q% coth k + (2 + k) coth k(m — 1) — W R (f cothk — kcoth f) =0, (4a)
e

(ii) Sinuous mode:
9 9 k> AfE?
e

TTTC, Q=w— kT =k —iReQ. . /5, YL IR T OB BRI
7 explilke — wt) ICHBIT 2 ELLFOX S IcEENS :

(i) Bulge mode:
Y(Q + k) kY 4ik?

2 20y M _
Q+4(m_1)[4+k(m 1)7] Wb+ RCQ 0, (5a)
(ii) Sinuous mode:

o, V(Q+E)? 20 1)2 _k_2 _
Q +74k2(m—1)[4+k (m —1)7] Wb_o' (5b)

LUN TR e 2B A 2 DT, TNHDEBIRICEBNT B IEFICEBEIGEL, w
DB Q OBEESY () DIETHNIFRIALZE L75%. X2 1d Bulge(XfFi) €—F,
3 Tl Sinuous(SHHR) £ — FICIUT B BIER Qp D kST 522 /RL T 3.
Tl3I4 (Re = 00), MR (Re = 100) 3, [1(Re =o00), O (Re = 100) (/i 2
R WRNCBNT, WD R ELZBICDONT, Xlem HKRELZBZITONTELE
WS B TV <L

KRS, Q=0 a2 RE L (£ 0) I Relc K 5T, Whic KD EDZT &5, Jif
R LI AROEN DL LTHWS  ENTES. ZTTURTIE, iR L DL
T ke DM SHAN E 75 B & 5 BIGEZEBNAMN & H7Ed. THIC, mHREL
EABICONTEEMDZII/NELZRD, mIchT B k. OZ{LIINEL RS, FTT, m
W U TR D k, DRDNERFED 5% LAN £ 75 % & 5 7% m ZREH Dz BN % < 72 2 HE
it 9%, TOXIICU TSN 2FHID m TD WhITH§ 22D 4 1TRENT
W5, KEDbh3 K5I Bulge(HR) £— F ((a) M) & Sinuou(KXFE) £—F ((b) )
DWFTNDLGE, Wo DEINE &I, DM 1307 m(J) DAL, £lezh&kb
ENEWVTHERIDREENE K 72 % m(BE) LI L TS, LIeh->T, JEl o
D m TR TN THDRE DN T E L m DD 2 T LIEEITNETHS.
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2: Variations of the temporal growth rate in the bulge mode with % for different Wb
when 7 = 0.001 where the solid lines denote the exact solutions for Re = oo, broken lines
denote the exact solutions for Re = 100, while open squares denote the approximation
for Re = 0o and open circles the approximation for Re = 100; (a) m = 2 and (b) m = 4.
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3: Variations of the temporal growth rate in the sinuous mode with & for different Wb
when v = 0.001, where solid lines denote the exact solutions for Re = oo, broken lines
denote the exact solutions for Re = 100, while open squares denote the approximation
for Re = 0o and open circles the approximation for Re = 100; (a) m = 2 and (b) m = 4.
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[X] 4: Validity and limitation of the approximation and influence of the wall in the pa-
rameter region of Wb and m when p = 0.001, where the wall does not affect when m is
above the broken lines, while the approximation is valid when m is below the solid lines
and, so that, the influence of the wall can be neglected for m in between the broken and
solid lines; the bulge mode in (a), the sinuous mode in (b).

4 WEMEETORSEN

L W16 NI JERIE T RECR 2 MBSt O S TRt 256 2 7% 5. K,
TS — SO, ETE Bulge(hF5) €— FTH T % (Sinuous £— FOYGIERIEMEIC
&£V Bulge E— FWFREND) 728, LLUFTiE Bulge(R#5) £— R DBEHHIC DL TIANX
%. ISR D =24+ 04coskr, upg =1, = vg = Vyox = Ugor = Po = Pgor = 0 &F
. TOLE, kdRKHIWEZLZ 2 k= ky, ZITOTW05.

X 513 Wh = 100 D & EDJEBDIRNIE bynae & H/AME by DIRFREIFEEE & BRI 2B KT
BIRZHIZ2 mICDWTRL TV, (a) KD DB E I m WRKELEBIEE b
& boin @imfllaa&ﬁ”‘b‘ﬂiﬂ;fﬂi)é@kﬂ U, mWINELZRBE, by DHIIIDE DR
WICRB T eNohsd. 2O Lld, K (b) DEKIEZIRDS EDHN S K5I mA/NEWn
& Z@EHOLDEIT LR IZBRDER I B85, —J7, K (c) TRAKIICmMDKE
{7 % LW BT 2 XTIl /5 & L MICEIL T 5.

—J7, K61CiE Wh = 500 D5 DJEADRFRFEE & SR ZINTZIRD R EN TV .
(a) MBEDMBEINCNTND mITH UTE bge DENIERD bypin, DIRADHRX D BB E L,
Dynin (S EAEERRE CRUMICIAD U — AWK 5. Z D78, IHDEDDEICHS, AD
557 E WM RT X TEARPMICETT 52 LA THENS.

CDXIIT, WoHRELZRBITDNT bz D by I BT XD FE I LH L
RPN TIRRD SR BICIRZ RS, ROERD DIE A EARAN S IS A Ui krd
5. TOXIEREIE Wo AVNE LS TEH, mAVNES WS CEIREN K D 2 =y M
FEELTWAEE) TERLENS. TOFWILDEKIE, MEY v b DZENRNLENET
DH 2 ZENALGET— RIS KB RO A AT TAREB TS, FFEY 2y DBEE T OB
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[X| 5: Evolutions of the maximum and minimum thickness b,,,, (solid lines) and b,
(broken lines) in (a) when Wb = 100, v = 0.001 and Re = oo, while typical breakup
profiles for different m where m = 3 for k,,, = 0.162 at t = 736 in (b) and m = 10 for
ko = 0.0847 at t = 3905 in (c).
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6: Evolutions of the maximum and minimum thickness by, (solid lines) and b,
(broken lines) in (a) when Wb = 500, v = 0.001 and Re = oo, while typical breakup
profiles for different m where m = 3 for k,, = 0.408 at ¢t = 257 in (b) and m = 5 for
km = 0.353 at ¢ = 506 in (c).
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WILDE Y & DI OVIRIEDER E NS 78, TP v FTE W WWRZEWEGP m D
INE W BTRE IR B T 5 nfelih b 5 EEZA5N5. &k, Wo D/hNEWEE
DBEIZRIEIIFEY £y MICBT 25 1 2N AZEE— RICHIST 5 EEA 5N %.
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W2 EE— REFBLTED, LR & o M NGEER S5 C
EWFRINS.
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