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Experlmental Study on Atomization Performance of Triple Swirler Combustor Atomizer
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Abstract: In order to obtain the relationship between the atomization performance and the geometry parameters of the triple swirler
combustor atomizer, the influence of the fuel supply pressure and the key geometry parameters such as length-width ratio and angle of swirl
port on fuel flow rate,spray cone angle and the atomization performance were studied experimentally. A three—dimensional Phase Doppler
Particle Analyzer(PDPA)was used to measure the Sauter Mean Diameter(SMD )and number density distribution of points on a line and the
characteristic diameter and uniformity index of the Rosin—Rammler distribution. The results show that the fuel flow rate and spray cone
angle increase when the fuel supply pressure increases. The change of swirl port geometry parameters has different influence on fuel flow
rate and spray cone angle. When the swirl port length—width ratio and swirl port angle increase,the fuel flow rate decreases and the spray
cone angle increases. The law obtained by the study provides an important theoretical basis for the atomizer optimization design of the triple
swirler combustor.

Key words: fuel flow rate;spray cone angle;geometry parameters;swirl injector;triple swirler combustor;performance test;

aeroengine

0 38

e AAE A TR T R S A RCR A, BEAE
S BT BRI T R AR T s 8 A, /IR
SIAZ T HHM MR, JRBE = Wi r AR i e
OIS RRIBRACR  JIETRE K TR A HE
ST PIERAARTGENAY . = REFAASE 2 R FH A 50
g 2 [ N SR IR 2 R S ep T2 A A 1 R
AL PPN o O B IR P2 S G0N0 A

WA EHI:2019-03-26  EETAE {7 8 1 AERIBETE H V21
YEB R - FU(1987), Wik, P TR, RS B AW AR B T E-mail: dadal 204@126.com,

1944 4, Fi7RBEA Aboramovic fBEHE H T 250 205 W
(I sh S , (HIZ BRI AT IR A R Ams s 258
G S , bR YRR A B X
AU T 2 U AE IE AR FE R Atk |, 32 s < B S5 L
SR R 2 5 Taylor 28900 JC R BRE X iE i = JLAT R
15 IS HE A W AH BOC R THIESY , RIS 55 4 A
P HE VR 35 JLAR] RS s 5 Rizk 2505938 1 BE S 5 415
S I A8 55 A B 2, Rl e AR it

SIS R, 520 B IR, SIF. — BE SRS B S5 AL RE iU 5 D)0 55 4 Bl L 2020, 46 (4) : 82-86.MO Da, DOU Yitao, ZHAO Zhen, et al.
Experlmental study on atomization performance of triple swirler combustor atomizer[J]. Aeroengine, 2020, 46(4 ) : 82-86.



B4l 5

UH A —REARbE = B %5

HerERE IR 83

B2 RAS RN i R BT A Simmons i H 211
LR B0 AT 8 U 5 i 5 0 W W YT R 43 A 1Y) 2
ASSH A WL 55 A0 T35 AR R ELAR 1Y -
AR ALIE FE ; Takahashi 2V BRIG ST T ik b 20430 25
SO 55 A TR S B A 5 B 3 ZE AR A e R
(A5 VRIS T 8 W W 4 55 i o) K 32 A 56
IS R X R R T X O W T
W FRBIF 55 545 /0 , Taylor H & ICRE IS XT JLAn] R F ik
1T TG AT B8 T e ST A 2l ek ol s 5 42 RE 11
SE, BTN = eI R T RS 2 A T O M
FEARTA R A T 00 NI 5E 1 e A K 58 HL A I
R A X IS G A A A N 25 AL RE IS
1 REAR
BLODITE R 2 e LATBORIUNIE 1 BRI A
ﬁ%ﬁ%é@%‘lbﬂﬁ“ﬂ%‘, FHBETL A I8 11 % P B Al o 3T
A 4 A JE AT TR, BETAE K TE L
,Afwﬁlkmﬁ
Ittjj 0.3, TEMEHE T1/F
Bk, 28k 38k A6 3 9K 2 T 3

TR
//// TETE

o I E N 4 THE T R S AE &tfgfﬁ o

e TR 2= N i VAR 1 B 2 4

Weis AieRE, e T oo 25
REE: il

JEE A T g R s 1, EAIR
by AT, RIS %S
b B AF B 55, i A e
TR AR R,

BN

NNV
N

I BFIE 1 LTS \J,e/<

I TEAE SE L Lyb Fi 2 HERIERE
TREFAE AR TRy i AR R 0, 4R 2 s

WIS RWNHE 1, 7 DR, L 1 ~4 WiEh
T A BE AR R (2428 50°) , 76 o TUART RSEAS AR B i
T, RSB S b 28 1.5 ~ 7 BIBER A A K 58
FEARIRI (48 2.2) , H B AR Al £ 1

F1 RWAR
VES L, /b 0/(°) VES L. /b 0/(°)
1 22 5 35
2 25 6 2.2 65
3 2.0 50 7 15
4 1.8

2 RIEEANATOSE
\ ]
IR
w2 i 7 i 3 (R
YRS 22 2 I T4 T e
(Phase 3

in SH|

\

2.1

ﬂﬁ"%%ﬂfﬁt?ﬁ%
Analyzer, PDPA) 245 il XUR Gt AL 2 48 At 2

Particle

Doppler

SRl AN, ANl 3 i o ARG SR A SE 1 TSI /A R 3
4k PDPA R4, WG E & TH0LE DL A4 bk
& IR MRS 3 48 PDPA A [a]Hf
FATRAE (VG A 1.92 ~ 774 o) FIEE {5 L
A1 O () i Ak B A T AASE 2 A A S 8, Wit
T . RKIREIRAE Doy, RAR DA SIEFR BN
FFAE B4R D 55
2.2 REEH

EEXE 7 A5 M BCT 9l e 3 40 R 0.17
0.54.2.73 MPa B BRIV I RIS 55 A, TR RS
P13 A 70 mm AL A9 S5 ALK RER TS, IR b S50
B EHZR A S Doy FUEURE 04, AL Rosin—
Rammler(R—R) /A WA RFAE AR RIS 51 FEFREL N,
HA R EAR AR 63.2% 23R AR AL .

FE SRR N +0.5%, FLIE J7 0 5 0 it 5
RS L KR KT e
03 m MR EA Lk o o
T+ 100 A/ R 2, AN
t o AT RO R 42, OF -~
PR O B . SR A=t
LGN e (o A T L S
FI36 AT 10 mm Bl 7 B 19 B4 BEHEANE

2 ANAH A BT IR S A AR, AN 4 PR . ik
A BT 3 SRR, HREE (20 £1) °CL %
% 786.6 ke/m’.

—.—O‘
——

—.—Q2
—— 0

Qs Hhihi i
oy MESEHER
. ' 90
T3 80
170
| 60
| 50
40
30
~ 420
10

100 ~ -

80

60 - -

a(®)

Q/(L/h)

40 |

20 - -

18 2.0 22 25
TG FELL L/

B 5 EREKELLITRHREMSREE R



84 it = 3 L 5546 %
3 IR B ) -
3.1 MimimEFHEER 40 pecspe— § g :2
WK Q FBETHEFA o BEVERUMAYK E L Lo A e |
AR AN S FTR o Q1=Qs Fil aas ZM5IE I T B B e e N
3 0.17.0.54 2,73 MPa FH AT B P ALHE A SO0 I DI DO S g

B RT UL ZEA TR O T T, 2 A v
FL 3B, SR I 2 Q B/, WSS HE A o 3 K5 FEAH
[ T8 HLACPE T, Q R o BG4 T 3 K
FLIF PR 2K 58 H 3 K H AR U RS AR B g i
FETIARL S /0N, WIS 1) JLAT R 5k A 3K, A 3k
Dydsin
AzT (1)
R D WG E B dy N0 EHAL ;0 N e S
il
JUTRHEEL A St R w o B C FR £
WE 6 frzs , NI H T L, 24 A G, 3 i 52 B0
/N HEFASER

110 |
10010
90 09
80T 0.8

\/]

s 701 07
60" 0.6
501 05

ey

AN [

407 04
30 03

<t | A

/
A

20 02 | — w

10 0.1

0 1 2 3 4 5 6

A
E6 ASuflalXRMELE

BRI R Q ry o
Q=F N/ 2p AP, (2)

A F S IR pr AR ES BE 5 AP AR T .

MER(2)FR R L, 24 1 T AR I AR
T FRE K BRI R B

TEFAE A 0 SRR  Q RIS 4HE A o 197
fehZen®l 7 Fros o N ] UL ZEAR TR R TO0F
O BEREF, Q Wi/, o ¥R, HIFEFEEEX(D T, 03
REF,A BRI R w N, B R
32 ELl4aESH

1% 1 FEAS RS )R g5 AR s Bl 8 fir

.\.ﬁh‘.’—. { 30

40 bt —
"“—.‘4._‘_.___‘ 120

20 f----md- e

20 35 50 65
THEAE A 6/(°)

B 7 mERtEfENRRREMEE AN

TNo 3 R 25 A A 4 R 68°.77°.79°,
ME R UL, FEE 18 0.17 MPa iF, S8R 00% 5 28
/N, B K A R AR A B TR IR,
WS S 3R B 8 A, MR v 5 23 AR AR G2 Sl AR
FER /NI 5 24 6 F736 3] 2.73 MPa i, #R3i1 2 15 11
Ja BT Bk 25 5 Bt e 7 A T i, WS 25 A BB R, &t
TR 7 oy R T R [ S SR AP S AR AR
BEE IR ARG B A

(¢)2.73 MPa

(a) 0.17 MPa

(b) 0.54 MPa
E8 AXR1MEZER

7% | ZERIRIR T T ABOs 40 A 9 s .
DRI AT O, 3 2l 26 58 BRI R 3, B2 I T 1
PR, DA IIECE M e ~osom 27
N, RO S e
E BT B2 AL AORRTARL 2 tooon 774 4

N s o g, 18000 : !
TR, WOt & 2 o000 b ’,\‘H
g Y

BRI AR S o
HERRIRE TR DA 2 10 o s
B, SR B HR 1 MEEEST
R T RT3

Jr % VAEAF IR 8 Doy 20 A WP 10 i o
WP, AR R ) F I8 F1.0 BRI Dy 42
I BN R AR Y Doy B RO R 4
75 D (BN, HL SR DR R 9 5 P B o 1
ERIEES SN ESIE R IPIET TR



%4 L HAR b W 5 P ERE IR ST 85

BRshEM I, 52350 —017MPa ——054MPa —2.73MPa
140
AR B2 380, S5 AR 120

X 100 ‘ﬁ;”a. 7
g &1 0.54.2.73 80{-+- Y-} -+ -7

Dgy/um

60
MPa HTJ‘ DSM ttiﬁ*ﬁi& ’ :/H\: 40
20
J IR PDPA 0 Y fE 0 ;
-100 =50 0 50 100

AR B ES /mm

B b

SAEEAR D A AR N BERERAE K 58 HL g A
FERRER AN 11 7R o Dy~Dy F1 N\~Ns 23515 0 F 15
4 0.17.,0.54 ,2.73 MPa B} FOHRRAE BLAR FI A1 T8 55

——D —@D, Dy FHEEAR
—— N, —¥—N, Ny SrAidRE
160 : - 4
140 -
3
120
£
2100 2 =
Q
80
1
60 -
40 : : g 0
1.7 1.9 2.1 23 25

A SE L La/b

B 11 EREKETSEEZEN S IR

NPT AT L e 0 b X 0 5 s 25 Ak M e
AR EMFEEIT L/ KREF TR 2
Ly/b /NEISE, DA Ly/b KAT R TR B8 e
A A T2, FLR R Ly 38K, Ji sl 7 5
R AR 28 1o TR M P ) P R O, B B 2 1 s )
REFEAL 9l BE , MR 55 25 SR ARG S BE R o, 4555
SRS . (EREE SR T B T e, e R A 8 L
Xt oA TR IS B8N . 24 Ly/b AR, S

—4—D —8-D, LDy, FHLHERR
—w—N, —#—N, Ny AR
160 4
140 g o
~ ) ,
—
120 il
Ei 100 2 =
80
1
60
40 0
15 25 35 45 55 65

TS AIEE 60./(°)

B 12 ERERESTEERMNS s

TITh e, W o Al TR A B3

FHIEEAS D M AR N BEE AL F EE 0 172
PERRZANTET 12 Bz o DT RRT DL T Al £ J3E ) 0
WA S AL PERE AT —E R . ARSI, 6 KAy
FALTEALT 0 /MK, DR 0 KA F T BRI R 5 0 i
K, IR M T 554k o AH R BRI T B T, ek
FARERS AL IR R BT N 2 0 AR, it
e J1Th g I, W 55 Al it i AR 4

4 #ig

ASSCAEA ) 5 73 B AHAY TUAT ROSE AR ] 64195 20
UL M P B U A XA T AL
i S HEA AL PERER R R T T, AR AT
4518

(1) 24 M54 P JLAR] RSP AR ] I, Bl s g 4
B i SR O A AR 25 A ] SR A R T A 5
R

(2) @A T AN RE DR A 0T L A 11
FAREARIGE W . FEATRI BRI T, B pg
v HE VAT A B3 0, R O DR/, 54 55 A
WK, AL TR AT

(3)JLAPHRFPERC A S5 2R BRI S5 HE A 15
XWE BT RS HHE, ISP RE
REMLALIEA 7 LA, W BERT T IS ISR A TR TE

SE 3

[1] Bahr D W.Tech nology for the design of high temperature rise
combustors|R].ATAA-85-1292.

[2] 2 ARTE, AT, 0 L RETA AR % Sk TR VAL 5 T 55 % AR
KINFEMAI AL 3001254, 2004, 19(3) :332-336.
YUAN Yixiang, LIN Yuzhen, LIU Gaoen. The effect of flow field and
fuel spray of combustor with swirl cup on lean blowout limit at idle
condition [J]. Journal of Aerospace Power,2004, 19(3): 332-336. (in
Chinese )

[3] Kress E J. Multiple swirler dome combustor for high temperature sise
applications[R]. ATAA-90-2159.

[4] il Az RV E (M) dbat: TS RRA:, 1985:
240-245.
JIN Rushan. Gas turbine combustion [M]. Beijing: China Astronautic
Publishing House, 1985:240-245.(in Chinese )

(5] BSL %, S WA, i ) P , 268 % 101 42 X 9 0 W W 2 AL R B 32
[ e A ,2005,26(3):209-214.
YANG Lijun,GE Minghe,ZHANG Xiangyang,et al. Effects of spout

length on spray characteristic of swirl injector [J].Journal of Propulsion



86 it =

5 46 &

Technology,2005,26(3):209-214.(in Chinese)

[6] Taylor G 1.The mechanics of swirl atomizers [C]//Seventh International
Congress of Applied Mechanics. London:Imperial College, 1948
280-285.

[7] Rizk N K, Lefebvre A H. Prediction of velocity coefficient and spray
cone angle for simplex swirl atomizers[J].International Journal of Turbo
and Fuel Nozzles. 1987,4:65-73.

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

[9] Simmons H C. The correlation of dropsize dist ribution in fuel nozzle
sprays [J]. Journal of Engeering for Gas Turbine and Power,1977,99
(3):309-319.

[10] Takahashi F,Schmoll W J ,Dressler J L. Characteristics of a velocity
modulated pressure swirl atomizing spray measured by the phase
Doppler method[R].ATAA- 94-0558.

(1] 2%, B WAL, SR il B A% Lo M58 25 2 S A R PR R 6 BT
FETN0% 3 )14, 2005, 20(6) : 1083-1087.

YANG Lijun,GE Minghe,ZHANG Prel

Xiangyang. iminary

investigation on dynamic characteristics of swirl injector [J]. Journal of
Aerospace Power,2005,20(6):1083-1087. (in Chinese)

[12] S48, FRH, D7, 55 =R BE 2 A BBl 51X DL s 3 )
24, 2017,32(11) :2569-2575.
MO Da,CHENG Ming, WAN Bin,et al. Numerical simulation and
experiment of triple swirler combustor [J].Journal of Aerospace Power,
2017,32(11):2569-2575. (in Chinese)

[13] H A U A AL BT H AR M. AL 5T B Toll R
2006:8-15.
GAN Xiaohua. Aero gas turbine engine fuel nozzle technology [M].
Beijing: National Defense Industry Press,2006:8-15.(in Chinese)

[14] % =, bR WIMEEOR THM)EE 2 RRLAEAT: A e R
2002:86-97.
HOU Lingyun, HOU Xiaochun.Nozzle technology manual[M]. 2nd ed.
Beijing: China Petrochemical Press,2002:86-97.(in Chinese)

[15] Lefebvre A H.Gas turbine combustion [M]. Philadelphia: Hemisphere
Ublishing Corporation, 1999:270-275.

(Zk X1 )



