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Effects of Design Parameters and Operating Conditions on Spray Characteristics of Annular-Liquid-
Film-Type Airblast Atomizers *
- First Report: Comparison among Atomizers with Different Designs -
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Abstract

The effects of design parameters and operating conditions on spray characteristics of annular-liquid-film-type airblast
atomizers are currently under investigation to obtain insights into the development of high-performance aero-engine fuel
injectors. As the first attempt of a series of studies on this issue, this paper provides a review of results obtained by the
authors, on atomizers of different designs for both practical and research use. Comparison of the experimental results
shows that counter-swirl combinations of airflow sandwiching an annular liquid film result in narrower spray dispersion
than co-swirl cases, but the trend with respect to atomization characteristics is not as clear as is seen in some literatures.
The results on a non-prefilming atomizer show that, with counter-swirl combinations of airflow, the case in which the liquid-
swirl direction is the same as that of the outer air swirl shows better atomization performance than its counterpart. The
designs causing acceleration of air velocity near the atomizer lip seem to improve atomization but also to result in narrower
spray angles. The atomization performance is improved by increasing normalized air pressure drop across atomizers or by
increasing ambient pressure and their effects on the spray dispersion pattern could be explained by simple Stokes number
analysis. On the other hand, the effect of the air-to-liquid mass flow rate ratio is small and sometimes unclear. In the paper,
a problem on the evaluation of atomization performance by using concentration-based measurement techniques is also
briefly discussed. Finally, suggestions for future work are made, including more systematic approach for better physical

understandings, and some strategies for good atomizer designs are also proposed.
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SIZZ TR OVTHLRWEE (7L 7)) %&ikiT 7= Lsf
(Long Shroud flare) & UFSSf (Short Shroud flare) 7% il
A7z, ATEHOFEIZROWESTFRIC OOV TR A 1T 2 5
X2 H-5>TWB, FERMBEIZOWTCE, 794 —27 5
DNEMAIE—60deg. TH D, 4 ¥ F—27F (EllA
+45deg. e ' —45deg.) ZHAFAZZ LIZLD, &
WA IZ ) LT, BERIF 1 O LA A X A& i 1A AEE]
(Counter-swirl, Ct) K O*[ElJ5 AfiEml (Co-swirl, Co) @
M7 — 2 DERBETE S LT A>T D, DITIH
BRI OWTIE, Bl A X LS O 7 A fE R A A
HEDHAIILSCtE £iL§ 5. K2, Kd-eDIEH
IZDWCESB$ %, SSp (Short Shroud prefilming) 1,
BHIR IR o iz W T, SMIEE 2+ (B 2mm)
AL D & FRICHE-TEk D, 208 (prefilming
surface) b T % 23 A 22 S % 22 © O B [l 5 1S
&0 »IEEG M SIN%T, FMUZERGRE? S
DRI E 5 TN THRAL Eh 5 k5 ITEF & iz,
prefilming # 4 7OWEHFFTH 5, (HL, EHFFAL L
% & prefilming surface B E WD AR & 25 > T 5,
ZDSSp D SS & Iikd 5 Z & T, prefilming O
DB LEMRT DI ENTES, SSpIZONTIE, W
FBDOAY v b &—45deg. (L5 LN) OfthiZ+45deg. (Gt
FLP) D& DEMHEL, WwAmkEn (Ct) DFMT,
WENEO FEmI T 1A &2 SN & bE 72354 L lC & bt
7o 558 OVEFZREEDE O A X7z, W, SSpDKFLIZD

W, Bl 2 X HRR O BiEnl 5 1h) % Sl R & A b T
(29 v b fj—45deg.) , SGRHERIDHAE HH % W e
E LA, SSpCLN &Kt 52 L E§ 5,

RUZ, X5 I FEBREGIE DO WEMS & 7R 97, SEE AR IX 2
DOIEHFFADLZE L AR TH 528, BEHEOMEG 1H
NAEETIIHME FRE &L ->THED, EHEDHXH
PHERHFTH -7, 72, KITITmESngns, Rl
kW TiZ7u—7 (EHFFADRETHHL 8 DI
FIL) 2 5L &N 5 5ROWE % B iign 12 K D Hi
(295K) £ T, ZROWEBELZLALEHTE 2%
TR E 1T > T B,

B FEDOMERISEIZ DN TIE, YR A D RER & Rk
ISR TR 2 KRB O IRRE TV, FIL B EITE
22%, 3%, A%, WkE A  1ec/s, 3ec/sDRMFIZE
WRERE AT o 720 BLREKELE 4% D56, WKk
HA lee/sODREDOXIEE BEREIZ73 & 50D, HEH
ADSKIRE S D FHER M X D HF TN E W g D DI
BEOMEZES, W, LB RS CBWT,
WEHFRLS, SS, SSp DA RN AR D 213 i K 7% FEE
(SSHY i K ¢ 76mm®, LS& SSpid72mm®) TH DV, %
727 L7 OF B ORERIF I K 2 425000 0O 78 13 4
HTEHIHETH 7=,

W FE O AN & L — F T E ) &R L 2ok
ERE (KHI Y 2—47 7 )= 3 v ZHLDSA-
1500A, LDSA: Laser Diffraction Spray Analyzer) % Ht»
7zo L=VEITEIEZ L — Y Y — & BISAFAET 2 T
DOHITHFRELC AR A B Z L2k, ZORNES M, IR
JEHERET S HETH S, KB TIE, HFEO R
Bl A RGE L C, Bl AL E z = 15mm, 20mm i #61F
5 IEFEWITA % x = — 60 ~ 0mm D FiPHIZ 351 T 2mm 6
(—#BDF — 212D TE 5mmERE) T 73— ZHIE
U, Wik o 5o 2 kit (Sauter mean diameter,
SMD) K UMEFZARRGIRE A OTAH DI &k O IETE % &F
fili L7z, AR THWZEFRFER, L —FE—24
fE5mm (1/e*f%%%), ZH L v ZEE100mm (FH %01
95mm) , 2L v X HESFRHE300mm TdH b, RifEHIE
THEFIPHIE 1.4 ~1000m Tdh 5.

2.3 HEHA B2 DEERBROBE "
Mg B2 DT, BEXN IZX 4D SSIZB 0T
SRR AW A AREN & LA (SSCt) & &L [HEET
HO, EHEFBMTAREL 28RO AN RL S,
LU, AROBORBEARELLZEZS, £1DKS IS

§ 2 Makida 5 i3, /NUATZRE T O Y HIRBESS OTTZEIZ B0 T, BB O R4 108§ B WEHFRIx U COBRBERRER &2 J2hE U, WFZePa%
T BRI B D BRSO SEBR 2 1Y C Rl AR TR DB 41T > T 3%, RIS IC 51T 2 35 0 FIE A 4 Fr HLA DI 7R H
P GEBRBESS) (SE2N TSR, I DWW ERDABERBRES R E B RHEOBEIC O W amn kS h b ().

§3 HMH LZ1/eROIHEREL LI 5, thild 58 50L& D0 L — 3 uliiddéE LDCT-2000 O L — 33 & Ak,
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TR R F RO RE ST 2 — & - fFE SIS TZ R EIC S 2 B 11
— B EROERFRIEED RIC X B EE —

20%IEEREZERB/EEN, BN L KROT
TIBEIERIZ &0, B O HBZIRDILH O HIE G SR
B2 LI L THSICKE L o TWB I Ehbh o
(X16), BIIRTIZZDEDBHNIM S MIZT BT ENT
ETOBVA, K4 DIESTRE & REP DTN OR T
BREL T2, ARciddidz Bk 3R &5
WEHFRE LT — 2 DM kA 5 Z L & Lz,

WA B21C K B RRERIC IRk IR & U TR Rt % fli 1
L7, EBIE&MEIC o>V, B T4 KBHRO
RETITV, KRB S E A3 9.5 D&M TR 24
JE232%, 3%, 4%, 5% DB DN TR A 1T - 77,
FERLEEN T ALK & WA O k3 R e 51 0F, X
50D & D & Ak REE AR U7z, W NS b8
Ha O, R AORER & A U R Rz & D
SR AT 5 72, ERREERICOWTIE, EFZESEH RO
SOVl (2 ) FE 0 SRl RR T B B & RE L (X
3D zx i) D4y (x> 0) DFEIRIZ DWW CEHI A 1T - 72,

M, EHEFEB2IZOWTIE, L — AT A V2R
PRI A BBETT - 720 AGRERO &, TR B2 2.2fi &
FIBIRO 7V 7 &HE L2 4 7 (SSECHIZHY) %38
MU CEHM AT > 72, W4 FpREREE T Ldo@) T
b0, FBLERETERME1%, 2%, 3%, 5%, 1%,
Wk B 43 1ec/s, 2cc/s, 3cc/s& L7, L —H[q|
PR EEEIRA I Y a2 — 27 ) r—3v g v
ZELLDCT-2000 % HVy, Bl 467 E z = 10mmiZ ¥ 1) 5
5 % W 1A % x = — 30 ~ 30mm D #i 7 1< ¥ W T 1mm [E1F5
T IN=ZHEL, Wik ko ¥ 2 FERRIc kD
PR % 47 5 72, 2 0O LDCT-2000 3 i 130k 22 31l oD A& 7«
5 CTHIAE IS & 5 WEFEINT 1 D 45 5 D YR FE X0 B 4 A
FEPRAED A TR T B 5 WY, AGRER TIEFHHIEE
B ORHED 728, CTHBEZ FVFISETE O L — F Rl
HBIEE L U COMBRED &% F 72, ARBR TRV 2%
RREIZ, V- —ak265mm (1/e1%), 2L
v A% 100mm (ARIF95mm) , 526V v 24 R Pk
300mm T O KiFHlE v EPHI$1.4~10004mTH % o

X 51z, EHFEB2IZOWTIE, BEHEREEOREST
IHRAF AN B 72912, 46 MBI L 2R EE TR
BB 0 12k, REKIESN (E4AE) %201~
0.82MPa % TZAL X ¥ 7235 A DB AR O 2 T8y
KENDRBIZ DN TH AN, GRERITE TR 8CE X
572DV —HF Y — Mk BB WEARER & 2
SRR D TR R SIRAEME & TR B 720 D L — W]
PRI X BRBME AT 572, V=Y — MKk 3%
W (SRR BRI o W TE, O @R AR 2 e L
T, BILESEEN124%, [IRERFRILALR =41
DRI OV TRER AT > 72, F72, L —FMfrkic &
2 RFRIE T, BB A EIE IR C < 124% & L7278,

KL ROV TIE, L — FRPR A RIE R E D
AR REME FHIRIE IR A (b D334 i) #ER L
T, ALR=246 D52 W TR 217 - 7=, Rl
TR RO L — IR R IE 2 E LDCT-2000 2 FY,
#il 75 A B z = 15mm, 30mm 2 ¥ 17 B W E M A x =
— 56 ~ 56mm D FPHIZ F5 T 2mm BIBE T b 5 73— 2]
EL, WAoo ¥ &2 SFEPRIERIC & 0 3l %47 - 72,
W, ERICBWT, FILEKR LD W E DO FHED
Wy Zfii & ik U TR E A E 5> T30, BROK
WMARIMHC BT, WRLRE FEEL/SF7 X -2 Th B
SORDFEE &g &2 S Af &t (EiREE) &b b
EIEMREL D THY , FHERBRIZB T 2%
MOMEFEDOENILBEDTH B,

2.4 EHAECHEEABOPE"

R C O EXTITIRT, W CITHEH B,
B2 Rt v 7 s RECTh 52, KD il s
M EFRMEIC S A 28 4A TE 52 ik LT
fRCTE 2 &S, MBS S ES & IR PATIC A 5 &
HIEREF ST 5, KRBT EICHEROMA L HED
EHEREANORBIZHFA L Tirbh, £3ITIEaBRL 72
BEMOFM AL DEIREN TS, KkBRIZHB W T,
WARDRERl & Z & FR e NS BE Rl 5 E R 7 15 0
MAAGDRIZDOWTEREET 72, RIITIRTHED,
JEM] F13 4 45deg. (FL%5P), —4bdeg. (FLHN), KU
Odeg. (FCHZ) DWIhrtr->TkD, Hliix4 v
F=29 7, WAFEEAY v b, T4 =27 T DJEIC
Jiglal fi 23— 45deg., +45deg., Odeg. DIHAIZIENPZ &
FitLTW\W5, M, HHEFOABImEL, ERIAO
MAADRIZLDRKTUBTEEDZE (il 21X PPZ !
166mm®, ZPP:158mm®, PPP:145mm?) #»H. 57228,
FEMIO AN & %2 (il 21X PPP & PPN, PPZ & NPZ%)
RSN Eh 57,

MG CUC K 2 RABRIC I3 AR & U TATHIRRE & i L
7o MEENZRAFIZDWTIE, WEFR TR &2 KRB RO IRGE
TV, RIEE R A 9.5 D 5k THRIL K EE R
2%, 3%, 4% DIFAIZ DN TRER AT - 72, FEBRIEE -
FHNEEE I XS0 8 O &Rl CREE 2 FH U7z, GHl3HE
FfiEz =5mm, 20mm, 40mm (2 ¥ 3 5 W 7% it %
x=—40~40mm D FPAIZF W\ T 2mm BT~ T3 —
ZHE L, WEHFEBOGA & RO kI & 0 R b
BERIEFEDIAN D G-I L 72,

3. HBREEE

3.1 MEHFADERHM
3.1.1 EEIOHEAES HE P ERISM 5 7 5 2sEe0214
SUE R 9.8, HL KR ETEA% DS IZ I\ T,
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FER 5 1 D # A A 2SE T O TR BAE IS &
S RIEOZE M AN 5 2 BB A T EhIX 8 LUK
91T,

Jeb MY RKENZ B IR LI X D ERE N,
SAiENEx < ODFERDO Al Tnd, 7 4L~v—1
v TOME T x=—14mm DR EICHYS$ 5, 72, K
IZHBWT, MFEMUD TN T Ty ZIROMERIT, HFHE
WD 7205t AT b &2 - k&R L Tn
B, M, RENILITO &S BB O & & I2iirh T
W3, lls, 98 I/5—=206E (FF/3— Z[ER#I
10mm ¥ ¥) 126V, BREEE 10mm X 10mm O i
SAITTHUS L 72 200 /LD W% 2 5 13 & I 7= {lfl 4 D
ORE, Kk, BESDF — 2 &AL CRhllRESRNO
RO R TOEREFEOERT — 27 7 4 L EAE
K5, KIZ, Hi L @SN/ 33mm kRO &1
RSB AR (W2 FRR) 4, &g rh
D&% 6.7mm X 6.7mm D H ¥ FILGERNIZHFEIET B
WA RHERIE LCRI L, Thasfafit LT e
v b B, ZOY Y TNGEBOIA I, FEED & 5
FEAR S 7200% v TR AR TE, HOMHE
DREM AN BELL LIZ#i->TLEbAVE S ICHE
LTk T3,

T C IS BER A (XI8) IS4 H L Cicah 3
%, T ZCHIEBZEmAAN, R0, 200510
B2 65N A5tOWHK TS 5, WL ek
FERHSF MG BN AKTT T 2 28, T OSMFIXEH A
1B 2 Bk cHETH 20T, M AT
S BT, RN R S22 M A & Sl T h B &
ABRTIENTE D, £F, SMU2FEEDIENHAA D
T, b4y F—29FE 794 —27 T DfENEA
AbBICEHT 5 L, ZhywHAbEnosa (PPM,
MPM), ®Id 2 A HEM DS (PPP, MPP) &b
LT, WKL NVEESEBENNE THETSZ
ERbrs BA X Paih). 510, MiHEdHkEs
R UC, S M aanE (2) 1Sk B¢ (x 1)
DB 5 % D 2 2B A O AR (Ko
Ridgeline) O Iz B2zl xt4 5 /A5 (EFH%A
IZHRY) 2N E L o Tnd BlA KR bE) . —T7,
Al 2 s D g A A bE, Blbty 4 —295 &4
V=29 7 OEMAADLEIZEH TS L, Zhhw
FIEGERIO A (MPP, MPM) , *fI&-§ 5 [ 7 a1 gl
o4 (PPP, PPM) &R LT, RfIZ T itz =50mm
FHEDEIRIZ TN T, R D TR 2 E TR & 55
4% &5 sfEmAsRehs (FlAEKF ). L
L Z OEANZ Ml 2 i O BEmIfL A A bz & 5iE 0 &
g s L/he<, ZOMPHELTUE, V4 —29F
EAETARLOTEBS T 4= v THhOEENTED |

U2 g D # M 2 250 e RIic o 284 8
NSNS, RO TSR WO EE 2 52 5
WhEnwizwrtEIO6h35,

—J7, F 2RO ZEM G (X9) 1I2DWTT
HBH, FEIMU2FE ORI A A b A A5 kg n]
DEEITIE, MPPOMEFZEH OO (K aif) %
B, WEFIMINAT < SHE - TRIFFEABEINY 2 fiHi &
RTZ bbb, —7, SMU2FEOFEDRLAA D
AW AEM OBEA I, I 2 FIRERO 2 5 A 1%
Wi A D AR 5 2R NN S $ % 5850 12 1
FHraokitEm A (Kb %55, 20BN H
TR U 2R PSRN B i AR g, 2 okt
Rk & #1122V Tid, Zheng 5@ DFEHRIZ
Roh, wihnEnoMAGbEERHWZZDO44 TD
BRRME SR M L 22 m e E 2 6hb, 0, A2
TR D EAFAAA HEDFEIZONTT X E R BRD |
R WHAFEMIOBEA I, BRI & 2 55
aHD (Xa), 2 MPM O34 13— RAEE A 1A
12, FEcoaiif, bEICHY T 220D KE1H 5 &
FZERZTIENSE (Ke), HL, affizfiyd 2 M
KEBIZDOWTIE, EENM OIS T A 2507z
W, MABEICERN L2 D TH MBS 55, Th
IZDWTHE, HUSEER A B Uiy v 7 Ve
WL, KOHEIOEEEOEWT — & 2 EEIC5HF§
LHENRD B,

Kz, Db/ &5 afdms R o h 2 5% #H
N3 72912, RENOWIMOMEENIZHH L R+ 5.
LIFTIE, Frc2o0kiEs 5 2, RIBKi{EA 15 ,m~
25,m & U65m~75,mDKE BT B2 T AIHE
H¥3, 1ﬁﬁi%ﬂ%§h20/1m7 7 A, &@70/zm7 7
Z, B BNNIPNKEY 7 2RO KRRy 7 2 LR L
129 %, BiEIEAFE CHOW 2 TSBEEEO N RICK
DEHTBE i/ NORIFE Y T 2 TH D, Kk DT
MRy 5 2 Th B, —HBE R RNERHD
HMBORMAE L <KL, Lr eiEt oS HET: % M-
3 DIZHR/NRBEREGY Y T EGATHE EH
AONDU7ATHY, KIROHEEZITIZ WRIERY
TATH D, M, AR CIEFMAHERIIEET 22, 2
DORPFRIRAET 25 & O T O EAVORHIEIE, 2 b
— 2 2R E AR U 5 2 & ASTTRET H MY,

X102 Z N6 220Kk Y T 2 DWEHEEE O EH5H
JENXT PLOREBG M ERNT, £, IRiES 7 2D
WL, BERRAE L0 SRR 5 R 22 oDl R O
TEBR A @ (B D |x|< 26mm DO FEK S HE) O FE
ARELZY, PERIC SO OEFENMA &R LT
WBZENbhD, 72, PRTEIHEHN, TDU T2
ORI PGB REE 238 > T, HDflHE Tl FiRa
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—Ji, Kt 7 ZOLA13, HKAEPURT LU T
DEMETI NS 27280, NIRRT 5 5HEGEO #
HEZFITL L, ax AN OB T & D HOER 22X 2
FLERL TS, 72, SMU2FBEOFERRLAA D
AWIFHBEM OB AL, FTFHbEROLA & kL T,
KKFEY 7 A DOWETH & O WEFENM O RIRISAEAE L T
WBZLEAbM5, X512, FREichEWTRRRY I
2 DGR AT O RN A 2 0l & 7 fnd, W5 1AER]
DA T KRR 03T/ hEnoizxt U, R[5 e
DIFATKEREDOHNKREL B->TER D, WOMEH™ AR
LTW3, 11k, BKiE7 7 2 DU AR DR 2
=18.3mm kI 2 EE AN EE 7 4 L~ =Y
v T EAESEE Nz e 2T AEO 254 Rty T 2
BOEHER” L LU TRLEZEDTH S0, ZThickd bk
ALOMEMmA L D EREMNICHERTE S, —F4, NHI2HHE

110 //
~PPP = PPM
100 H
= -+ MPP - MPM
£ 90 f d)f
i 80 f/r‘ﬂﬁfd
< 0 f ’
E‘ L ILJ’ T —
& ‘k‘“ﬁizi: -
50
40 1 1 L 1 1
0 20 40 60 80 100 120 Number Count Peak
d[pum] at z=18.3mm
X111 BERIOF A A HEAREER OWTE I 5 2 555
(M5 A)

DA A DEDOFEZ K10, 1117 oh b K51,
/INKIED A & RIBRICBEZE Tid e,

PRk, FRoiisE 23 X &Ml 2 FiE& o Bem Dy ik
HABDEDENZLD , BEHEDHHRA =X LK
XHEEBZ NN B, Matsuura bW 13, 2D k5%
JiE I A A do 8 DB TR 3 B R R OO i o )
RHERE U TCORFEIRFEE =B A ROENE KD
MZHR$ 2 72012, PPPEPPM O 2O DM AA DY
12OV AMNE TN FRR2 00Ky 5 2 DRTTHE (I
M) g OVE RS ME L =5 F v 7 I HEMOR
FIRy 7Ikick0ERAIL | BEENSHEA % 50 1 A5k
R OWETHO BN G- 2 BB APNTN D, ZOREHE
#ERT 5L, F9RIAMALEN (PPP) OHAICIE Lk
(z=83mmf¥) DFEIZH W THIREY T 2 D
BRI E CEEEI) & FRI 1 B feocd il oD ok 7 1
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