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Semi-theoretical prediction of air core diameter and averaged spray

cone angle at simplex swirl atomizer exit
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Aero-thermodynamics, School of Energy and Power Engineering, Beijing
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Beijing 100191, China)

Abstract: Influence of the liquid viscosity on air core size in the pressure swirl atomizer
was investigated. And theoretical analysis model was established in a control volume with
the conservation law of angular momentum in the particles system. Eventually, the semi-
theoretical prediction formula was derived, and used to calculate air core size and spray cone
angle. In addition, validity of the prediction formula was verified by experimental data under
different operation conditions. Results show that the present prediction formula can availably
and accurately calculate air core size and averaged spray cone angle, exhibiting a prediction
uncertainty of ==13% for air core diameter calculation and from —20% to 6% for spray cone

angle determination.
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Fig. 1 Image of swirl atomizer and air core
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Fig. 2 Schematic of atomizer structure and flow control volume
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Fig. 3 Schematic of the circumferential velocity distribution

in radial of boundary layer at atomizer outlet
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Fig.4 Schematic of the circumferential velocity distribution

in radial of boundary layer inside the atomizer
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Fig. 5 Comparison of measurement and

prediction diameter of the air core
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Bl 5 SRS 3 ML 250 i AR T 45X
A SE B0 B0k 45 R R AR ST S R AR i A
ETLR AT L TH SRS BE R AN S B 2 £ 1304,
A ECT & SCRRLL7-18 TRy 353 45 2R 3% 73 A 1R 26
TS R AR /N JU R SCHR[18 . 18] 6 XS
WS RS - 43 90 5 A 1) T 4 R 0 S 0 5k AR
AR SO TS A R B A E B AE — 2000 ~



4

R ARAEE BP0 I 1 7S 0 T AR RSP 4 TR 5 A 2 B T 931

6 %6 2z fa]. T SCHR 16 1Ay 1153 45 SR LT 2 52 06 )
1H 1y 2 3.

3 & i

DAY S G R R AR B A
AR P29 55 HE A0 R R BIL R L A SO B I A
PR 45 R R SRR AR E B S T
KA HIE BT, 75 0. 1~1. 4MPa i) TAE K )
TR T 5 2B 0 T ) 2 B 00 50 A0 X
A RLHEAT TR, 2580 .

1 A SCRE 8 AR At 57 ) 00 2 50T 58 B
M T 2SO0 ) ELAR R A RO . B R B
T SERE B AN E L2 13065

2) X O W - 2 ¥ 25 HfE AT A9 3T B R AE L
AR T RO BE AN JEAE — 2006 ~6 045

3) Hukor k[ 16-18 T iy it B 45 R A L
AR SOOI TR B2 HA R i el ik

CEPYE

[1] Amini G. Liquid flow in a simplex swirl nozzle[ J]. Inter-
national Journal of Multiphase Flow,2016,79.225-235.

[ 2] Ibrahim A A,Jog M A. Nonlinear breakup model for a lig-
uid sheet emanating from a pressure-swirl atomizer [ J].
Journal of Engineering for Gas Turbines and Power, 2007,
129(4) :945-953.

[3] Jazayeri S A,Li X G. Nonlinear instability of plane liquid
sheets[ J]. Journal of Fluid Mechanics, 2000,406 (1) :281-
308.

[ 4] Taylor G 1. The mechanics of swirl atomizers[ R]. London:
The 7th International Congress for Applied Mechanics.,
1948.

(5] . R, B0 W 55 bR 1k i B v H S 00 0. 4 ik 4L

A .1991,12(4) :36-41.
ZHOU Meng, ZHUANG Fengchen. Theoretical analysis
on spray performance of centrifugal spray nozzle[ J]. Jour-
nal of Propulsion Technology, 1991, 12 (4): 36-41. (in
Chinese)

[ 6] Taylor G 1. The boundary layer in the converging nozzle of
a swirl atomizer [J]. The Quarterly Journal of Mechanics
and Applied Mathematics,1950,3(2) :129-139.

[ 7] Som S K,Mukherjee S G. Theoretical and experimental in-
vestigations on the coefficient of discharge and spray cone

angle of a swirl spray atomizing nozzle [ J]. Acta Mechani-

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

ca,1980,36(1):79-102.

Binnie A M, Harris D P. The application of boundary-layer
theory to swirling liquid flow through a nozzle [J]. The
Quarterly Journal of Mechanics and Applied Mathematics,
1950,3(1) :89-106.

Dyakowski T, Williams R A. Prediction of air-core size and
shape in a hydrocyclone [J]. International Journal of Min-
eral Processing,1995,43(1) :1-14.

Wimmer E, Brenn G. Viscous flow through the swirl
chamber of a pressure-swirl atomizer [ ] ]. International
Journal of Multiphase Flow,2013,53(1):100-113.

Rivas J R R,Pementa A P,Rivas G A R. Development of a
mathematical model and 3D numerical simulation of the in-
ternal flow in a conical swirl atomizer[ J]. Atomization and
Sprays,2014,24(2):97-114.

Abramovich G N. Applied gasdynamics [ M ]. Moscow:
Izdatel’stvo Nauka.1976.

Khavkin Y 1. Theory and practices of swirl atomizers
[M]. London; CRC Press,2003.

Rizk N K, Lefebvre A H. Internal flow characteristics of
simplex swirl atomizers [ ] ]. Journal of Propulsion and
Power,1985,1(3):193-199.

Giffen E, Muraszew A. The atomization of liquid fuels
[M]. London;Chapman and Hall Limited,1953.

Rizk N K, Lefebvre A H. Prediction of velocity coefficient
and spray cone angle for simplex swirl atomizers[ J]. Inter-
national Journal of Turbo and Jet Engines,1986,4(1/2):
65-74.

Lefebvre A H, Suyari M. Film thickness measurements in
a simplex swirl atomizer[J]. Journal of Propulsion and
Power,1986,2(6) :528-533.

FU Qingfei, YANG Lijun, QU Yuanyuan. Measurement of
annular liquid film thickness in an open-end swirl injector
[J]. Aerospace Science and Technology,2011,15(2):117-
124.

W] e 0 2 e i Bk L) ] A 4R, 1981, 2
(2):88-100.

GE Minglong. An improvement on the theory of swirl in-
jector[J]. Journal of Astronautics,1981,2(2):88-100. (in
Chinese)

FE AL TR AR ) 2 LML Je st op e g R . 2005,
Wb SR beaE LML db st . b 5028 it R K2 R
#1.2009.

Lefebvre A H. Atomization and sprays[ M]. London; CRC
Press,1988.

(B . ZE2E)





