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A Study of Two-Phase Swirl Spray Characteristics on
Dual Airblast Velocity Ratio
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ABSTRACT

In this study, spray characteristics of a dual airblast atomizer are addressed. Three dimensional
characteristics of a dual airblast atomizer with air swirl are measured to provide the significant
data The liquid flow rate was fixed at 0.06 kg/min, and atomizing air was controlled at the
liquid-air mass ratio of 40. The performance of the spray with co-swirl and counter-swixl flow
was investigated at each point in the developed spray region using a three-component phase
Doppler particle analyzer. This instrument was also used to evaluate the concentration profiles. The
three dimensional mean velocity were investigated to present flow characteristics of the dual
mmm.mmmmamwns.mmmmﬁk,mmm
concentration were analyzed to understand atomization characteristics. This eXperimental results can
be conveniently utilized for the preliminary design of gas turbine engines for aircraft.

Key Words : Dual Airblast Atomizer(23 371%% v, Swirler(M371), Co-swirl,
Counter-swirl, Sauter Mean Diameter(SMD), Phase Doppler Particle Analyzer(PDPA), Air-to-Liquid
Mass Ratio
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Fig. 1 Schematic of the
dual airblast atomizer
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Fig. 2 Schematic diagram of

experimental apparatus

g 3y on, 9% 3719 A =9 YRAAN
gAgez 442 F2& ¥ FFH9 I, Fig.
14 H%o] 3718 A7t =& AMeedM ¢S
o #AEER HA, AFRYL

£ AN e AQ9] 379 £ FAd 53
871 914 339 PDPA A2¥§¢ <4394
PDPA X292 A, A3 M7, 344 |43
A2 F4H9 glen, FEE F Y4 Ho)A
(Ar-ion 750mw)# AH8-34d. =¥ ¥F =§&
324 ol¢FA o R Qe RPYA2 AR/EA o
# A5o oo Atk Fig. 2+ #A 4% 3
A9 Mgt

22. 284

=% 378 FEAY 9302 39 ¥H9) &9
T4 23 WAEYE rdoe APNNT. Az
Af7l9 o) GEB2 4 G gAZY ol
AMA 2 x§ 234 WA 3339) AAE o=
A AR89 &4 39 ¢t wgRgeseE 4
3, 399e2 PR PR do} AN 462
Aol o WAYYs) 33 AANIEL =89
RN FAE0Z OFYLE FA INAA &
AL, 249 33 ANPEL =@ VHSE
ZUHA ST, A2 A3RANE =29 27
oM 5, 10, 15, 20, 30, 40, 50, 60, 70, 85, 100,
120mme] Al AR AF. FHNBL 1522
Ausigion oj Fe dolg = 10,00071= 4
s,



EIAA Yot A] A5 WA 3 F(2000)/29

N

INOUT=1:1

INOUT=2:1
{ co-swirl, Mr=4.0, QutSwirler=30° , InSwirler=30° )

INOUT=3:1

oF

INOUT=1:1

INOUT=2:1

INOUT=3:1

{ counter-swirl, Mr=4.0, OutSwirler=45" , InSwirer=30" )
Fig. 3 Photograph Nlustrating Atomization
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Fig. 4 Axial mean velocity profiles
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Fig. 5 Axial mean velocity profiles along the centerline

A%, & co-swirls] F4de ysiesa)d e}
ol oY x§ Mo 7ig AR RE &
B AR lan, counter-swirl?) FpdE
z=20mm? AFRH ¢4 gl

2E U8 371 &5 8o} counter-swirl
o] co-swirl B0} & YEESR X F Bo)x glon,
%3] CTANY VY2ARA 714 E 481§
Holm vt
Fig. 5 (b¥e A1 $999 A% 2-5, 30mm
A AFAN %Y SEQE MYFISENY A
B3Pl vzt SAR Aot z=5mmAME &5
7t FAgd w4 IR glon,
counter-swirle] co-swirlidth 2 £ $X# 10
2 Uk §§0) Y 2=0mmY AR o2
FME counter-swirl} co-swirly] £5xj0l7t 3
A dehim 129, A counter-swirlo]

co~swirldtt & &cPIF Roln g TP
counter-swirl?} B¢ W3S Fobg
£8 &cE 7MY co-swirle A YP8 ¥ =
& 2ojz gt
322 91724494 4 X (Radial velocity), A 85

B2 (Swirl velocity)

£5 #5394 oRRg B89 Jig 4
8 59 BA%] FUY 4 U ¥ HAYY
* ANPP &% HP ol

Fig. 6& 2=5, 30mme! x134A e AR=37
8 Friesdst ARG A VPP e Wy
24 EANNCE ERE A2V R
z=5mm¢] FYAME ZE Y& xuld dtjo) ¥
BBz o548 FHRY 04544 Fdd 3
AP S F G4 F2HA g
Counter-swirl £32} 57 F49RA &9 w3



w [me)
s 2 8 B

& o =

w T n o m
Radiel distance pnm}

Fig. 7 Swirl mean velocity profiles
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Fig. 9 (b) Variation in mean drop size along the centerline
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