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Model of spatial SMD distribution of spray at
the near-field of swirl cup

GAO Zhao, LIU Yuying, GU Pengcheng

(School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A semi-empirical model of spatial SMD distribution at the near-field of swirl
cup was proposed based on the physical process of swirl cup atomization and the characteris-
tics of spatial Sauter mean diameter (SMD) distribution. The swirl cup spray at the near-
field was divided into central zone and border zone, the hybrid atomization model of pressure
swirl with primary air blast atomizer was used for the central zone, and the prefilming air-
blast atomization model of Ventruri tube was used for the border zone spray. The SMD and
SMD spatial distributions of the spray were combined with Gaussian distribution simultane-
ously. According to the difference of air pressure drop, two types of semi-empirical models:
pressure swirl atomization dominated model and airblast atomization dominated model, were
validated respectively. Furthermore, the influences of liquid pressure and air pressure drop
on the spatial SMD distribution were predicted and analyzed. Pediction results show that:

the SMD decrease with the increase of liquid pressure or air pressure drop.

Key words: swirl cup; near-field; spatial sauter mean diameter distribution;

air pressure drop; semi-empirical model

Y75 B #8:2020-02-09

TEF BN R 1990—) , 5 1 Lk BB NFAL S LB HLIR S IR BT 5T .

BEEE X ERA74—) L B E L BT NHZE R DHLIEE B LTS . E-mail: yyliu@buaa. edu. cn

S| AR = 0E X R 0 UM AR BE AR 5 W 55 SMID 1 28 ] 43 A R LT ] i 4 B 124, 2020, 35(9) : 1812-1821. GAO Zhao,

LIU Yuying,GU Pengcheng. Model of spatial SMD distribution of spray at the near-field of swirl cup[J]. Journal of Aero-
space Power,2020,35(9) :1812-1821.



%9 WA REVAR T 7K % SMID 2 8] 43 A A Rl 1813
HeSx
U HEE D HiE
Z EE TR
o FmK A a =5
P JE ) 1 WA TR
N i i 0 P o 0 W (O
We F A% c o X
Re I b FURTIPS
t TR 58 )5 h HME L A%
e B p R L 1% B 25 AE L A
w J5 % w 2 W% 3 55 AL LI
R i m RAERZ
r (LR DA max U

WA I8 2 Sk T Y AR 55 A A M X 0 s O Sl BILAA
betk g B A SR Y R R = 2 R R
71 %5 A 3 L A 55 A R 2 DL R R AR
RIR X I T T, WM 5y R ik, B O B
GOk G R Bl % AR AR A L 25 L g
s I HF 9T, GE /A 5] (General Electrie) #6311 H #4&
THIBE I | SC TG A8 RN 22 € i i A DS IC A4 B 1Y B It
Mo AL B R e I R 19 55 e, Bl 12
TR — R Rk ES . IR AR %
AR Z AR HOE 9 % R RIR B H AR
(SMD. i Ds, ) %3 [0] 73 A B4 52 0 4 5 > 58 55
Y RO 1 25 18] 3 Ao 55 0808 8 K PR RE DL K
PR8I U BE 3 A L R 8 0% S5 0K b M ik % U A
KM B BRI E .

X T E AR 3T 3 W 55 SMD 7S [R] 43 A T2 A
[ P Ah 2 SR O AR 7 T R i e
5% . Jeng.Flohre il Giridharan Z£5° 5% B — 4
PDPA (phase Doppler particle analyzer) 3% R#F 5%
1 CFMD56 Jig Uit A 305 37 W5 55 RSF 8 45 18] 43 A1 1
O IFWE ST T 2 AR VORI BT 1 5 e, 25 s
R 400 G 25 R R WIS i X 3 SMD =5 1]
O AT AR 1] 5 BB o A 2 PES SMD I
Hh A HETE W 25 10 AL L /M H B AE TR O 1T
X &b, Shanmugadas %1% % B PDI ( phase
Doppler interferometer) Jill i 4% AR X} Jj€ i #F 5 1
SMD 75 [a] 43 A7 47 7 90 &, 25 SRR 4%, 3K
B2 R AR R WM % b i X SMD 95 4% ) 52 3
AW IF AT TE 25 o Ho SMD WA {7 & 5 1A BU 4 23
[F) 3 A ) W {FL (07 B B AR — B, Wang 1Y R H
PDPA H AR & T CFMS56 Jig i 4 i 1 i 55 SMD
X[ o3 A 23 RUERE R 300 e AT 45 SR R A b
R X I SMD A7 — A8/ W WK 55 bl

X 3 SMD 75 [8] 43 4 s 42 ) 52 90 =0 4r i JE 38 .
[F] 4 b , ¥ B8 25012 5% B PDA (patical dynamic an-
alyser) M & Jy ¥R BF 5T 1 258 A B L JRORE R Fe 0T
R R A 1 W 55 SMD 3 A 1 52 Wi, 45 2R 3 W]
SMD 43 Aii iy 2k il #R FH i 5 Frg 385 0K 5 B0 8 A o8I
kR, [R5 SR B N S5 i DX
SMD J A3 5 BB I3 A5 T 25 5 25 R FR B AR
SMD 75 i) 43 fii 1 B =W o AT T 4. 5807 A2 450
Xof MU AR H 13 55 SMD A AFF 5T 2 B 24 Sk 35
RERTF 300 B BT AR LA 8 554k ol L 5 AR
BEAT 5072 Sk R B AR T 3201, S B AL IR R
2 BETAR LB O BEME I D F e £ BB IESE
g5 R WM IE F i %5 SMD 43 i A A8 fk
S ERAA 6] 25 SUERE T 1 55 AL A2 A 56
A S BIFGE AT AL B X8 T i 45 A 2 Bk
W% SMD 52 It e 7 R et oE TAE.
N, Han SN BESE T A [R]85 0 155 W 007 5 % 1€ 7t AR
th 1 SMD 7 [R] 43 45 B 52 ), 15 21 25 0 15 M 1Y o7
B S BUE FTAE SCIRAE b 0 M s DT ek A2
VOB PR B L 0 T B MR s 11 SMID %5 [A] 43 Al . Wang
551 Ateshadi %51 I BURE A 25 00 WE
Ui 2 ORI IS 25 5 AR X8 JE i A Y F R 55 SMID | 5%
We JEAT T WFSE . A5 R R U T OSCIRE AR O
W 85 I i 50 W 25 A X e i AR 8 i 35 SMID
I A L% A 0, Wang 2617 R i PDA 250
WP EMSE T SCIRAE K 8 B AR B SMD 43
A 2R 45 2R 2 W] SC IR 9K A 202 . SMID %5 (]
oy e AR AR AL . Chin S5 BF 58 T N A1 i
T i € 1] X € AL A 8 I %5 SMID (14 52 1, 2 30
SEIRFR W N SR 7 0] AH B AT A T AL PERERY $2
Tho (HI2 i THERAM LS S A2 45t S R Z  H
S AL A I ) 55 AR 3N 2 AL A A R TR AR T



1814 i

¥

I IS

%35 %

PRI 5 9 25 SMID 725 [i) 73 A 5 13l S5 4 2 50t
A7 SRHR I A T B AT AR K A Bk A

FIRT A5 2 U MR 125 SMID i1 85 280 B 52 &
L 8 e A T S WS i % SMD g &
N ¥ /AW {1 5= RVAN LU B i
Y % SMD 1 =5 8] 73 A B F 58 JL Pt =5
S El o @2 1575 T R DS DR D Qi A S
DUIY S J 2278 38 3o 20 PO HE S 0 T T A 3 37 W
% SMD =5 [a] Jp A3 A7 g B ME FE A K. I, A
Py B A O LAl R B0 55 AL e S S
() SMD =5[] 73 A 2 2 Ja A Tl B AT - e 22

A SC RIS T T OB 55 Al B 4 B AR L SR
FARIY X 5 1 - 25 45 R 25 23 A bR RO T8 A 1T
% SMD =5 [6] 73 fii #4717 2F 2 B e, LASE B
XTI AR I 3 W 55 SMID 25 [1] 73 A7 ) B

1 FEF# SMD = 8 53 R B & v

1.1 HEF#F SMD a5 H A5

WA IR T AL A U R L Rl 55 A i i
NS ACRE T 55 AL LR 5 B 18T 1 25 T e it
MRS A PRI R 7R I . D4R DA 3 W 5 W
Je A R A (N BER 40 25 AT S AR R
T 25 A A s @ K 23 W ol 2 SC PR L e
BN IR T B SRR W A SR A H H % 3
UL e CHI AL 4 ) 25 S 3 0 85 DA . L3l
S5 BN » A2 T3 AR LR ) SR TE A
JHE AR HE T I 25 5 D 3 40 A T 21 3C FAF 2 1 i 4%
TR A N BE AR T B HE B AL o

DMk B 5 OB

N BALRIA S
BRI

USRI
(EPSEEETT T
ECER A
ERUTE
@K
53] U R T
MO
il
by

TR

Y@L

B1 T AR 25 A o 2 AR OR 2 18
Fig. 1 Schematic diagram of atomization process
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