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Fig. 1 Schematic of liquid jet with cavitation bubbles
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Table 1 Parameters used in the calculation

Parameters Units Values
diesel density kam® 848
surface tension mih 26.89
air density kgm3 1.193
bubble density m3 10.87
jet speed s 200
nozzle radius mm 0.1
temperature K 300
sound speed (air) 8 348

sound speed (bubble) /M 250
sound speed (diesel) /| 1000
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Fig. 4 Hfect of swirling gas on the stability of liquid jet

AV HZHCR, S RIS e K sl BE KR
2.497, AR RIS (m = 1) I R F
2.496, Sk BRI RRPL B K H AL 1% RS
RTERe G, 4 E = 0.5 I, X FPsh T & K
K%l 2.489 AR RIS (m = 1) Rz
WAy 2,520, S REAS A JERICTRRPL S b s
DRI, ] DG SR (14 () i T 2 ol 59 T =0 iRAH St T L
(I FREES, (A58 T AH S i b e RS B s).

FiAk, M 4 Hab a] DU ER, USRI [R) e
T AR e P B AT — e s, (ERT s B 1) 5
M A O/ 5 3K SR ARG AR 1) ) it e 2 ) T2 SR
[ /N AR T3 AN K

5.3 = E NI
eSS IR R,
A PR A WA U A AL HE AT X S
PURE E ™ A .
5 gyt 2 PR RIS AT T (m =
1,2, % 8 B AR I AR RIS A AL), AN
HLARFR I U P ah G KR B B AR R R



W45 [Vl v R A A sl vh VR AR A 329

% 3 W o
4
E=0.5, Ma; =0.57 ~
& e
‘g 3 r // - ® \
5 4L i
2 e $
=} 7 AN
B 2f 4 Y
8 ,,‘"7 \\ 4
g / .
2 2 k.
3 1 a=0 ‘.‘
g | £ e a=0.05 '. ;
a=0.1 i
0 1 1 1 1 1 “ :I'
0 40 80 120 160 200
wave number
(@m=1
4
E=0.5, Max =057 7 ~
& A
% 3r // A \
5 s N
- ,’./ \. l‘.
E 7 S %
;D 2r ,c"l:/ \.\
] Z "
E .’/‘/ "\_
5L g L a=0 i}
L a=0.05 i
a=01 ¢
0 : §

0 40 80 120 160 200
wave number k;

(bym=2

Pl 5 AR TS S A 1 0 5

Fig.5 Hfect of supercavitation on the stability of liquid jet

M 5(a) 1 5(b) AT DL R 21, B SR
B, B K PEEh K AGBOR, BT BLE S (L%
Joi s SHRASETEW] AR, X4 R A )45k
Il R 2.

MBS ikl LUK, A A7 A R B 3
IR LEAC R 2% O PRUEAS SCRE Y 1 234
P, RSO R AR AN KT 0.0 VB i
), MR I, A IS 1 B 55
KPR s TR b7 SR foe /N LA IR » 70 280
FARAATE G K B S ik B e R ),
— PR AL, B P ERAR N, 735
WO B/ AR LT PR R AR, BTG U R 2 AL 5
RC W]

6 4 it

(1) BT ERANEARE VR AL, HRST T 40034 [F) i e
I I Al R A AT AN SRR E TR

R, BOAIE 45 AR, ST A AR S B S (1) SR A
LI A

(2) BN AV SAARTT R AP S, THEAS 21 B
KIS IR, S As e A% S Ak
AR E I B AR 7 s PRABEC FE  B 5, S
AN AR AN R AT R4t N, HL A2
O ELAR AR ATE I AR 58 s W0 RO oA A,
IEREPNG 7 Rib RISz ST VAN & 81 iy NP B RS0 5
AN G T TR AR TEIN 1 2

(3) MR Rt o 2 A S B B 5 AR Rl BRI
BNAAT T AR PR i SE A AR s iR FR
BN, AR 0 )l e A A A G e R i, 1T
XIFRPLBNIT, I U A s s AR NERE A mT e S B0E M
SRR T PE I A R AR A E AR A, AA AR A
e 2 S D 7 vy B v ST et B | B DA 7 )|
D s AR [ Al e 2 ) 3 5 LR e A /.

(4) B AT AR A 2 R R A
S, AL A d KR, B N AR
PN, o 40 EAR AR S B G s 8] — e
FERE G, B DB SRS, P B K5k
RN, o334 s BAR )L TR FEAE.

2 £ X M

1 FET, SEHER, TR R U s AN B A ) B 2 A
(1) — VBB ) doe AN B 03 M TE S A B S, P AL

3

7

23], 2000, 18(3): 283-287 (Du Qing, Shi Shaoxi, Liu Ning, et al.
A theoretical analysis of most unstable frequency of a liquid fuel jet
breakup (1) — Hects of dimensionless numbers on most unstable
frequency. Transactions of CSICE2000, 18(3): 283-287 (in Chi-
nese))

L, T8, B BRI F A R A AR E IR )
22, 2012, 44(4): 687-693 (Yan Kai, Ning Zhi, LU Ming. Spatial
instability analysis of an annular swirling viscous liquid j€hinese
Journal of Theoretical and Applied Mechanic2012, 44(4): 687-
693 (in Chinese))

Yuan W, Schnerr GH. Numerical simulation of two-phase flow in in-
jection nozzles: Interaction of cavitation and external jet formation.
Journal of Fluids Engineering2003, 125: 963-969

Payri R, Garcia JM, Salvador FJ, et al. Using spray momentum flux
measurements to understand the influence of diesel nozzle geometry
on spray characteristickuel, 2005, 84: 551-561

Sarre CK, Kong SC, Reitz RD. Modeling thffects of injector noz-
zle geometry on diesel sprays. SAE Paper 1999-01-0912, 1999
Blessing M, Konig G, Kruger C, et al. Analysis of flow and cavita-
tion phenomena in diesel injection nozzles and fteas on spray
and mixture formation. SAE Paper 2003-01-1358, 2003

Sou A, Hosokawa S, Tomiyama Affects of Cavitation in a nozzle
on liquid jet atomization.International Journal of Heat and Mass
Transfer 2007, 50(17-18): 3575-3582



330 7 ¥ ¥ Eid 2013 fF 2 45 &

8 Tamaki N. Hfects of cavitation in a nozzle hole on atomization of CSICE 2007, 25(4): 346-351 (in Chinese))
spray and development of highffieiency atomization enhancement 14 Zhou ZW, Lin SP. Hects of compressibility on the atomization of

nozzle. ICLASS, 2009 liquid jets. Journal of Propulsion and Powg992, 8(2): 736-740
9 Safari SD. Fects of cavitation on high-pressure atomization. [PhD 15 #5383, S WA P s A RE 0 (AT 9T . L RESu R 2
Thesis]. Irvine: University of California, 2009 X, 1984, 5(2): 200-205 (Gao Zongying. A study of the propagation

10 Payri R, Salvador FJ, Gimeno J, et al. Study of cavitation phenom- velocity of pressure wave in gas-liquid two phase mixtudesirnal
ena based on a technique for visualizing bubbles in a liquid pressur-  of Engineering Thermophysics984, 5(2): 200-205 (in Chinese))
ized chamberinternational Journal of Heat and Fluid Floy2009, 16 Lin SP, Lian ZW. Mechanisms of the breakup of liquid jefdAA
30: 768-777 Journal 1990, 28(1): 120-126

11 Desantes JM, Payri R, Salvador FJ, et al. Influence of cavitation 17 Mulemane A, Subramaniyam S, Lu PH, et al. Comparing cavitation
phenomenon on primary break-up and spray behavior at stationary  in diesel injectors based onffirent modeling approaches. SAE Pa-
conditions.Fuel, 2010, 89: 3033-3041 per 2004-01-0027, 2004

12 Hadiji L, Schreiber W. The stability of an inviscid liquid sheet con- 18 Jia M, Hou D, Li J, et al. A micro-variable circular orifice fuel in-

taining vapor bubblesJournal of Physical and Natural Sciences jector for HCCI-conventional engine combustion—Part | numerical
2007, 1(2): 1-11 simulation of cavitation. SAE Paper 2007-01-0249, 2007

13 JEE. AR AT I S AR IR S LB R 19 Wang X, Su WH. A numerical study of cavitating flows in high-
224k, 2007, 25(4): 346-351 (Yan Chunji. Atomization mechanisms pressure diesel injection nozzle holes using a two-fluid mdclei-
of 3-D viscous liquid jets in a compressible gakransactions of nese Science Bulletig009, 54(10): 1655-1662

(FEsmE: 1A H)

STUDY ON THE STABILITY OF LIQUID JET IN COAXIAL SWIRLING
COMPRESSIBLE FLOW UNDER SUPERCAVITATION Y

L Ming Ning Zh? Yan Kai FuJuan Song Yunchao Sun Chunhua
(College of Mechanical and Electrical Engineerin@eijing Jiaotong University Beijing 100044 Ching)

Abstract In this paper, a mathematical model is presented for studying on the stability of compressible liquid jet in
a coaxial swirling compressible airstream. The mathematical model and its solving method are verified by the data
in literature, and the influences of compressibility, swirling gas and supercavitation on the stability of liquid jet are
investigated, respectively. The results show that compressibility plays an important role in the instability of liquid jet.
The range of wave numbers, the drop distributions and the drop diameters are changed due to compressibilggtSThe e

of swirling gas on the stability of liquid jet areftiérent in various disturbance modes. However, gas swirling has little
impact on drop diameters. It is also found that the liquid jet becomes more unstable due to the greater supercavitatin
condition. Supercavitation with a small void fraction gets the greater wave numbers and the smaller drop diameters, while
it draws diferent conclusion when void fraction reaches a certain value.

Key words liquid jet, stability, swirl, compressibility, supercavitation
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