X % ® I XK ¥ F R
Journal of Dalian University of Technology

H548% 55 341
20084E5 A

Vol. 48, No. 3
May 2 0 0 8

XEHS: 1000-8608(2008)03-0339-05

af JIs 4 SOU vhoRh PR O AL 2 R 55 AR PL AR

ok

(lLAEBEEZAE RILTAEFER, A7 A#%E 1160265
2AHEBEIARY BESHHIRFR, 1T K& 116024 )

WE: RAZEHSKBERI T ENTEREIETH SR ERELRI RS E0HE
HOTTHE BT EALR=ZERFIHBAN BR AR OB XTRDRBEHERX L. B
W35 FAE 5 #H Reynolds %% . Weber £ . A & % B th R A KA R A F 4t & 30 &
% %19 Mach #. Reynolds % AW FE L fr Mach B AR A2 R 5 FE LT R P L ZREF
FaE M B . Weber 2009 1F B 84 2%, % Weber 2k B /B, AR W LBk a3 K R %
CHB AT RN Y Weber B A B EESH R ARG F ML R FRETL T M EA.

KEWR: ;0 REFNRTME;TESHM

FE SRS TK401

MEARE: A

0o Hl

AR TR MR SRR F AR R TR PR
WAFTER B GE , F HALBE A ifF 57 B T g 38
SCAVT AR R 5 T DA — 40— 57 BT
O R (E P = il NS R O SR S SR S
AR AT 45 1k B9 JH . Zhou 451 2% 18 3] A iy ] T
Gk R R RS E et RS T
Y AR TR, (6T S ok R A R M o e M L AR
SO AT G5 AR P RS VE AR S R R 5 5 ki
T 2 7 = A B R TR O %R R R AT R A B
Xt S 9 et s P 1 s DR S A7 43 BT
1 PR € Yk 5 by

5 BRI 45 VA G [5R FLL E  ARA
JC K AT TR 46 8 1k AR v B B B TR B8 Bl kS
JEE A s AR R 58 5 40 900K o n s TR T T
WK TN o FEAERRZR (ra 0, 2 & o AR 2 W AR ST IR
T a5 < fl oy AR, WAL AR a S R AR
BWEU =0 0 —UW,U,=0 0 0).p —
P = > RPATVAEH 7 R ED N-S 5 BLBEAT 4 ) 5
Mr VAl B 2 — Ak 5 v 45 a0 F 2 U Ltk i

KRB . 2007-01-13; {EEIHHA: 2008-03-27.

20— AL AL L Bl ) D7 A

(’] —
8 =107+ V, (D
dt
IV; v, _ 1

_ oo O
20 o, T VTR

Hp bR j = 1.2 /0 8BRS AHY R, Q =

LXTEAHAE j= 1.0, = 1iWSAHMHAE j= 2.8, = 0.

BEAM I A8 5 S AR Ty BAR SR, B sh 72

WG RE Dy — P G . TRA T & H
—HRFRA

(7/22 _ 1

I o, Ma?*

o % 40— 1 Bl LA

Reynolds % Re = %,/ﬁﬂﬁﬁth Q=Q =

0./ o SRS BT 3 0 52 80 5 2% R0 bk AL
Ma = U/c.

RR A8 TE AR 25 3k, R B 40 s BoA i B s
it -

(Vispisp = (Vio ()5 po (051 X

expl at + iCkz + m) ] 4)

L.V =V, Vi Vy)sg AWIHIESIR
i S L AR A i = (— D5k = ko +

(3

EE&TE . K3 K235 HOM R 3L 4 % B 5 B (DLMU-ZL-200710).
TEFE® N FE " (1967-) . 9 7E KEH T K%M+ )5 T8, f #4% . E-mail : yanchunji@ hotmail. com.



340 Ax # ¥ T

¥ 2 515 %

ik s ke RSP e ARSI A K 0= o+
s w NI BYET R R, o 30 B0 5 SE8K
m A AR I AR, AR Bl Y A 1) AR .

B AT (1) L (2) i WA 3 45 il
T R

V,l - [anl/,,,(lr) + a2 anIm(lr) - Rek
r

AZ

X

dnl/,,,(kr)i|exp[wt+i(kz+m@)] 5)

V@l - i[alglfn(lr) + an Lnl,,,(l')’) - R77e ﬁ ><
lr A7 Lr

dlll,)z(k;’)}exp[thri(szrm@)] (6)
Vo =il an L0 — %dnlm(kr)} X
expl wt + iCkz + mh) ] 7
po = dn L, (kr)expl wt +1Ckz + md) ] (8)
(D AT (D (2) . (3) A B
4 7 B 15

Vi, =— do =B (sr)explat + iCkz + md)]

Qo
(9
Vi =— do ﬂB,,l(sr)exp[cuz‘ + 1Ckz + mf) ]
Qur
(10)
Vo —— dy B (o)explat - iCke + m0) ]

Quw
(1D
P = dyp B, (kr)expl at + iCkz + m0) ] (12)
X1, B, 2000 R 5 R m By & I Bessel PR%L, 1

=K+ 3,0 =Re(w—ik),¥ = F + Md" .
BRYBEHE c=colf,Ma=0,s= kXN T
SMEARTTFEETETE X 5 YD s s R
S I AL 4R O AR 0 2t e A9 — A R AR A

H

_In_ 5 97
VV‘} Jt 81} Jx

29V, Q Pn Iy
P = R oy Twel T a2 T ow

IV, IV,
dr + 7. 0

IV, | 9Vy

90 Ir Va =0

(13)
U A B ) — R, B Weber %0, HoE Xl

we — 2Ua
o

BV MRBXRADFTFMAD 15
F—FHXT S5 DRI anvan vdii dor o B
5B FF IR MK A, T 5 MR N
F R EAEREO B AR RZEATH L F R
Ry BT A S R AR G Y eR 2 TR Bl R R I (5 K
KR X EARYH CCk,w,Re,We, Q, Ma,m) =
0 KR,

2 ZiRbyvhig

AR SO WA G 3 o3 24 55 55 A LB Y F 5L 52
PR 2 AEAS R S T S B0F x4 3R S U B R
e 8 & M il ¢ R Clk, ws Re, We, Q, Ma,
m) = 0 YRk [P] R A SCR 2 TaIASE 20T 6 1O
RAEATRAG RIS E o L w, = 0 M FIET
SRIGETTFE CChyws Re,We,Q, Ma,m) = 0 R, 24
S R TS ke > 0 B, H5T- LIF ehe lA
HI ST HE B AR MR 5 Bl S U T 1) 184 0K (IR 5 9
] 5 =l ] SRR T 1) = << 0) o DA F T AR 75
AEE.

Bl 1 (a) A (b) 2 % Ma = 0. 115, BI7E
N SR T TR 46 5 LT 5 Reynolds 20 Re X 51 i
e B PESE e B TR AE R 1 1o R 1(d) & Ma
= 0. 8 B KA M AT FE 4 P15 5L T Re X 5 i
S PE S e (Y TR A S RO T 5 SR W 3 P A Ol
T TC IR Tl X AR Bl 1GR3 2 AR Rl X R Bl
KABIBEE Re M3 K1 K X UL H] Re 7 5
R GEAT BRI R A AR EENIER, B
2 BOR AR b 3 2 38 0 Re nl LA F B 40 24 5
F AL B R 4T, Reynolds % i 3X — 1 F 7 XE A
HE X Re = Ua/v KB, X 2 W T WK A9 1E
FAFEHLIL BhRE A0 45 2R, EAh . NI 1) ~ (d)
HORXER . TC IR H B AR /N I SR KT, Re 1Y
7 A X AN R I U U ) S A s ) R R
I 8 B3 1 A e A Bl i 1 i R s ] R 3R e
HH IV P % B8 LU AR S Bk B ) K A% 2, XS BR | 5
LI 3 11 25 A 5 02— B0, N T R A Ma 1
SCRIAT, Ma 938 8 VR 3 S0 0 30 BE 0 3800, 4
DA S 3 8 AR 1) R G I, 25 Ak i R s R ok
) B0 3k R B T A O R A G 0 5 Ak R S T
NSk R0 RIS NITERE SR PN SIS uN tE s
P 6 00 K AR e B0 5 S 1 B 2 S 3 1 34 R ke
S5 A i ARk 3 R B 4 2 ik Bk S AR L A
17T A 7 9 1 5 K



%3 FPEES. TEEAETPESEREARS>E S EILE 341
0.16 0.16
014 F 0.14 | -
012} 012 | fﬂﬂqi
0.10 | 0.10 | \x
~" 0.08 | < 0.08 |
0.06 | —=— Re=1000 0.06 | —— 262;888
—e— Re=2000 —+— Re=
0.04 Re=3000 0.04 A Re=3000
0.02 | —+— Re=4000 0.02 F —v— Re=4000
0012345678 091011213 0° 1 2345678 910111213
k k.
(a) m=0, We=13, Q= 0.001 3, Ma = 0.1 (b)) m=1, We=13, Q=10.001 3, Ma = 0.1
0.7 g 07 -
06} N 06} A&
SN %
05} 05 X
-~ 041 g 04 \.
03} —=— Re=5000 03} —=— Re=5000 "
: +— Re=10000 : e Re=10000
02} —a— Re=15000 02t —+— Re=15000
i —v— Re=20000 i —v— Re=20000
0.1 0.1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
k k,
(c) m=0, We= 26, Q= 0.001 3, Ma = 0.8 (d) m=1, We= 26, Q= 0.001 3, Ma = 0.8

B 1 Reynolds # Re x4t 30 3 K & 09 %

Fig. 1 Effect of Reynolds number on the growth rate
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Fig. 2 Effect of density ratio on the growth rate
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Fig. 3 Effect of Weber number on the growth rate
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Breakup and atomization of viscous liquid jets in a compressible gas

YAN  Chun-ji* "

( 1. Marine Engineering College, Dalian Maritime University, Dalian 116026, China;
2. School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The mechanisms of the breakup and atomization of a three-dimensional viscous liquid jet,
which is injected into a compressible gas, are studied by using the method of spatial linear stability
analysis. The dispersion relation is obtained which delineates the evolution of a general
three-dimensional disturbance on the free surface. The primary parameters that govern the growth
rates of the disturbances are the Reynolds number, the Weber number, density ratio which is a ratio
of gas density to liquid density and the Mach number of the ambient gas with respect to the frame of
reference moving jet. The Reynolds number, density ratio and the Mach number always tend to
promote the instabilities of the liquid jets. The influences of the Weber number on the jet stabilities
are complex. When the Weber number is in small region, the growth rates of the disturbances
decrease with an increase of Weber number; while it is in large region, it promotes the disturbance
growth rates of the liquid jets.

Key words: jet; breakup and atomization; stability; compressibility



