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Abstract: To study the effect of main swirl number on the flow and combustion charac-
teristics of three-stage swirl combustor, two different main swirl number swirlers were de-
signed. The flow field and flame structure were obtained with particle image velocimetry
(PIV) and flame spontaneous emission. Results showed that the change of main swirl num-
ber had a great influence on the outlet flow, the lean ignition fuel air ratio and the lean blow-
out fuel-air ratio. With the increase of the main swirl number, the position of the vortex core

was close to the center and upstream location. The height of the center toroidal recirculation
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zone was increased, while the vorticity of the outflow was decreased. The recirculation ve-

locity and turbulence intensity inside the center toroidal recirculation zone were increased,

and the flame structure was symmetrical. The successful ignition time was reduced. Com-

pared with primary stage swirl number 0. 7, the lean ignition fuel-air ratio of primary stage
swirl number 0. 8 was increased by 48%, 41%, 26%, and 24 % at volume f{low rate of 200,

250, 300, 350m’/h, respectively. Besides, the lean blowout fuel air ratio was increased by

more than 30% in each operating condition. During the combustion process, the flame burn-

ed outward at a certain “V” opening angle. During the ignition process, the flame developed

to the inner side along the boundary of the center toroidal recirculation zone.
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Fig.1 Schematic view of experimental facility system
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0. 8, i1 TR GHE B W H A7 MR 2R 4
i) 5y 28 o P00 B T R 24 00 1) O JBE A 396 T T B R
5+ BETE L 0% B2 AT B 9 Hp O [l R X B
Sunain = 0.7 [ Y 1VBR TS BAT — %€ K/ B D) 18] 53
i (HBEE B R K JE AR IR U 1w 38 T 4 9
/0N o XE LATE S A2 08 DK 396 T T B 52 S 1] S i
A ek VR 8 1 i) 9 B s s EDAL X AR BT 1
.

Tl A T) 30 0 7 4 T AS [ el 1 7 ¢ Ak
F1% A4l 1] 322 43 A A0 1 6 T 0 R £ O
2. AT LI 72 PR R e BT - HeA%
ATl ) 37 A £ Bl 1] 5 BE Ced 93 A1 R F R MR AR £
ARARL BRIV 375 1) 235 A6 AR LE S 2 RS o L2 0 38 A
FEARRCIR . A =10 mm Ak PR E I KRR A 1



%3 WA 5 < T A GO T B ) = e T AR b 3N S R R AT R 639
120 120 120 — 120 — 120
- S 111111 =0 8 - Smam=0'8 - Smam=0'8 - Smam=0'8 - Smain=0'8
B 5‘] ||||| =0 7 B Su\am:O : 7 B Smam:O : 7 B Smam=0 : 7 B Smam=0 : 7
100 _\l\ .......... 100 -+ ..‘§ - 100 S) L 100 -+ \:5 1 100 N
\ ) / /
/ 4 /
80 [t 80 [t 80 [+t 80 fi 80 —/ o
vad ( (
£ 60 / £ 60 £ 60 £ 60 £ 60
e[ £ £ £ e\
= = = = =
A
\\\\\ )
40 ) 40 \ 40 40 40
\ N \ 4
20 ’/ 20 \ 20 -\ - 201 A 20 ()
i
1 Vi 5 N |
0 0 0 . (e : N\ 0 :
I i N .
I | | | | 14 | N T I | H | il |
-20 0 20 40 -20 0 20 40 -20 0 .20 40 -20 0 20 40 -20 0 20 40
u/(m/s) u/(m/s) u/(m/s) u/(m/s) u/(m/s)
(a) x=10 mm (b) x=30 mm (c) x=52mm (d) x=60 mm (e) x=80 mm
B 6 A [l A g 8 R 43 AT
Fig. 6 Axial velocity distribution at different locations

R PE 43 A 1 B AR M AR A3 A B ] DX
WG P R W . AERRBEE i h =5 mm
h=95mm Kby 7 3B, WAL A I A D [E]
3 WP BE T A A 38 S R 2 ) B
PR S I S i = 0. 8 A o Rl X 18 3R
T Soin = 0. 7 PAFPTE U AiF 74 5 1o 28 J3E 06 i X6F 7
5 T HP A B O S, = 0.7 U E TN, HH
T 7 A A 0N D) EL A R X A R 1) il ey B
oy R RE K o e PR AE 35 m/ s 4 I8 T S =
0. 8 My dR i B FEWEH 30 m/s, A Spua = 0.7 Y
MR A BE BN S SRS B U ) e Bl . Bfd
ot o R U LD A BROR AR B RO B . 7
x=30mm Ak , 9 i I KR il R RE 43 A 2 R
AU A 3 A WG R OE It % 76 21 30 DX 9 [ P9 il
[ 30 B 22 S 450/ o S = 0. 7 ATH A 15 58 55 1) il 1)
IEM S . 75 x=52mm &b, B E S T~ &
J& G2 A 2 5m B R AR A
B . (R e Ak Ay R W ) T AR ) B 1) 7 L ]
LB W Soin = 0. 7 78 123843 1) b 1) 3 B2 3 1
Soein = 0. 8+ K5 23 X8 T o Ji It v 1) 1 PR BB SR A
) P S o s [ DX PN 3508 ) i ) 670 38 3 (L K A
WUAR S FEPRGE TR ) S = 0. 8 JiE ik 7 » H:
B 1) 43 77 A A5 1 D 1) i O B B — S B BE 1Y
JE 7 2% o A5 m] gt A AT A v 1Y 2l Jal ) 67

{HAE R o AEx =60 mm b, & G AR B RS P
PR A S A [ IX 320 SRk /)N o L T o T
SRRl e R N R [ N NP AT =
S = 0. 7 WY B L 9m/sy Sy = 0. 8 1Y 1]
TR 12m/s, S = 0. 7 & 5 BE T Bt T 174 %l
e T 32 A A iR %)l ) I 3 2 5 T R Y TR
ZEAEIH B . 7E R 22— B OL T L Bl £ e
BEAE RN X b F R RES . £ 2 =80 mm
Qb TE TSP A X it ) B S R L Y 5 ) O A D
55 5 HH O (810 DX P ) Y- 25 a1 3 (B R /N DA R
AP B 4 R S = 0.8 KT Spw = 0. 7, IS
Soain = 0. 8 55 [ 7 51 E

PR AN [R) J5E S B -1 T A () B 1) 7 Ak
14 07) 1) 3432 43 A A& 7 TR W 6 R 2RO &
2. MWEIH A LA W 78 R AS [ E 80T, 4%
A Bl [ 457 5 AL 1 YD 1) R e Bl 6 R 1 B DA
BRBE = ol N B, TR BNAE AR KN —FE
] FH SR B 1) S . 7E =10 mm &b, &b T g R
A0 AL I A LA A R 1 R A, P
V8 L A 1 e (L B Ak TR TRl IR e = s B . R
GE TG I B0 Bt 22 3 K AT A ) PR
M3 2h & J2 . BT S = 0.8 Y B B 15 {1 45
Spain =0. 7 [MANFEIT . FE =30 mm &b, H.0 B3R
DX PN 1) T A A AN R o R T T 45 1) A P 9 A



640 it o= 3 1 % R % 36 &
120 __ Smc'un:()'8 120 __ Smmn:O'8 120 __ Sma n:0'8 120 __ Smmn:O's 120 __ Smain:0‘8
— Smc'un:O'7 = Smmn:O'7 - Sm 1:0'7 = Smmn:O'7 r— Smain:0‘7
100 - 100 —t N S—— 100 - - . h 100 ( 100 i
\ \
\ /
80 - ? 80 /’ 80 D 80 )\ 80 \X
[V 4: | i [ 7
2 60 % g 60 2 60 / g 60 g 60 /
E E E E E
40 - /‘,4 40 wp 40 it : 40
1 C e {
L i
N ) N
20 20 20 20 [ 20 N
\ ]\ | |
\ & it T : S ] o
o 0 0 0 e 0
NG i |
[ Ll . A H N B HETE il
-20 0 20 -20 0 20 -10 0 10 -10 0 10 -10 0 10
v/(m/s) v/(m/s) v/(m/s) v/(m/s) v/(m/s)
(a) x=10 mm (b) x=30 mm (€) x=52 mm (d) x=60 mm (e) x=80 mm

B 7 AR D T R 3 A

Fig. 7 Tangential velocity distribution at different locations

b RE TR A 3K B 5 K Sy = 0. 8 i A BRI
DY s AR R T Son =07, fEx=52mm
Ab S 5 b RE U A DD 1) (2 AT BT R R R
Soein = 0. 8 4T3 HA BR A VI 11 34 i . 7E 2= 60 mm
Ab 3T Spin = 0. 8, HMR 23 MK RGBT
DY) Bl AR X B AR )R R AR 1 R R
T 318222 S o e W 1 R SR SN
i U el AR . AE o= 80 mm Ak, 7EIR] 7 4
L EEAL L R BN Sl AR R B AT
A —E WD) B e R DD 1) SR K

i U 5 2 R i 5 X AL PR 3 2l A S
X AT 058 B AT LB S8 SRR g

uw'? + w'?
q = =, (D
u +w
Yk Q
0w o
RETER 2)

2 o o Ay Bl ik B RN AR 1)k Bh
Al o Ayl 1) o 85 R A% 1) 3 P H (8

AN TR) gty ) 7 A D i O R E G0 AL 8 TR L i
TR B Y E U A PO B SRR A A . RS T
B B = A~ B A B ) 37 S = 0. 7 EBRIHE i
BN AE 2= 10 mm Ab L X N E U # BB A3
BE I B 1) 3 7 A SR BN Bk By 7 2 =52 mm

Qb 5 ANl i 7l 1 3 A AR R R R X
P4 it L 5 3 AS DB U8 2l 30 BE TET Ak Soin = 0.7 =
D AR TR B0 5 R 5 E =80 mm
A AE R DX 21 N o Sone = 0. 8 19 3 L 558 32 {FL AH
ot A8 1R 5 AE KD i) 33 A A 7R A T R
i) JR 22 » 1] i i B 3184 Jim

AN ) Bl 7] A7 B AL 1) s i 43 A AN Bl 9 Fi R, AT
VL 163 gt 5t el X Bk 43 A o B[] — il 1) 57 AL
A7 T8 RUE AR T L 1) AR B2 1 18 T 38 3 A R 1 <
Vo FENETR A 10543 o e 30 DX I fe o o 3
I S =0. 7 R HEHE - 2 =52 mm 4 (191K
HE T R A U R = N A KA
WEiz gl . B S 10 T K JE S S = 0. 8 K]
If) 43 4 (0 45 Ui HE 008 e
2.2 NIEEWH

TR 50 2o A rp A A BILGE R e ) P )
CH « HEATI & . i F O B R 58 5T B 0 5 b 14
F g2 DA — B B R i T8 2 e, I T
B R e R SR T T TR RE T R A
Matlab #0F X} B R 47 J5 AL B B 5 X DR 46 &
5 E AT H 0T A0 08 DAL BE L AR S P39 B A0 B
200 5K & R fc e it - 2 R AT IH — fe Oh 5 R
AbFE L AFE] CH « W40 A, 8 10 B2 e Y KO0 &5 1 4
fiE o B KRR A K 5 O B A



%3 WA A5 5 RA OE T BGH W) = OE A  Bl S R b R M 641
120 i Smain=0'8 120 i Smﬂin:()'8 120 i mam: 8
i —Smain=0'7 i Smﬂin:o'7 i _‘S'mam:O'7
100 -\ 100 — 3 100 S
\k\ ) B ) \))
/> < /
80 - } v 80 - 80 - ot
) \
zall A
60 |-/ 60 60
: : ) = | ()
£ £ £
S — S i S \ 5
40 N ) 40 40
~¢ )
> ~ (e
20 P 20 C 20 N
e B >
77 > i S
> ;
= 0 — - 0 1
I i | 1 | ] b 1 | ]
0 1 2 3 4 0 05 10 15 20 0 1 2 3 4
q q q
(a) x=10 mm (b) x=52. mm (¢) x=80 mm
&8 i Vi i B2 43 A
Fig. 8 Distribution of turbulence intensity
120 120 - 120
Shain=0-8 Spain=0-8 . Spain=0-8
i Smam=0'7 N i Smmn=0‘7 i Smum=0'7 1
100 - 100 100 T D
80 80 80
\
I )
£ 60 £ 60 £ 60
£ £ £
~ < ~= >
40 40 40 < /)
20 20 20 I/
Pan (
P \
0 0+ e = ——
I 1 j | i1 |
—-4000 0 4000 -2000 0 2000 4000 -2000 0 2000 4000
Qs Qs Qs
(a) x=10 mm (b) x=52 mm (¢) x=80 mm
9 WESM

Fig. 9 Distribution of vorticity

AN TS R 8 A K R R B O
EE AR

AN TR B 3 11T B KR A R AT S BV R
H 3 KA 5 S A GRS A AR X i, HUOxE IR —
b B0 #EAT RS - A b A [ e 3 4 45 4 7 2 1
Wit 300m® /h, i 0.6 FAY T4 TICH -
AT 10 PR K 3 H—AEJ5 9 CH » 582 .

o AR 3 B S RN )l 5 A T~ SO RE A8
R Nt CH « FW S A7AE T RO IX H . i
BERAE KA EE I RFAE . [ I FE ST 2% AF R CH -
G LI L AR B AR E N CH « RObs B ik
Gt B A SR R ARG AR

il CH [ % 6 3 Pl al L B 3 7of e
T a2 XTI CH « 52 B3R o T 25 b (e



642 w3 ¥

% 36 &

AR DK b T TR T[] 9 T I S 6T N R L
DI, [mlit i A2 E 1 % il 5 08 B S B IR L il
2% DX 3 i LE 3 LTI AL O AR A
BRE I B — RE 5K AR ) SRR L R T VAL,
[ I o b T 8 e A s W R R R B IR )
AR [ DX 5 T I X ) SR 7 2 B L S
IO 5 BT R G BE TR A Y BT R XS R S S
I FFBA KR IR AR BE | e AL A Y BT A B

4 AL BE AR G i 3 S DX 30 B A AR (AL
HELR) o A T - CH. « 43 88 O %R S 3 <
A 8250 s R IR Uik A RO A 11 0 RE A8 R b
E4. ME 10 H, S, = 0. 7 W X A& 5
AU BT TS DX B A B ] 4
T o T2 A JEE 5 A o i JBE R 20 o T 0 i

100 (A

20 p

100 | e

0.9

30 [ 0.8

0.7

- 0.6

g 0.5
= 3

0 0.4

03

50 0.2

0.1

0

K10 CH- A&RHWHHE

Fig. 10 Spontaneous emission images of CH -

XK CH « 434 A — i AR AR HA
PR TR A WMARREE I T e W 55 37« T
T Ty e B BE 2 WA B AR S o X L 1 e Ui # 11Y
P E KAL) o S = 0.8 1 H 0 819 X LA K [ 97
WAL BB S = 0. 7 [0] L JiE A0 B30 4 77
AT EE Sy = 0.7 J8) _E U7 A ) X 8k 4
Sevein = 0. 7 TR/ o Bl 1) 2 BE 45 K AE MR bR =
JEE vt DX PN ) AU AT DA PR i Tl R
Wl ) R R B I A ) AR 1 RS T
Jo BE B PN TG R TE A G 1) i TR A B A R AH L
T Suan = 0. 84 S = 0. 7 125 25 [X 1, [7] J5 %E A1, 3
S3 ISR TS
2.3 HAEEE

AP = S G R AT iR . AR SO B
H, SRR E R K AR S TR AR . B R TR R
1 Matlab $E47 A3, T Ry H 4k )5 B K G K 58
JE . AR R ACGERE S =T B, R 11 (a) W]
LR 0T S =5 0. 8 TE L A% » B 56 50 K HL W ik
HIE AN BAT 2 0% /N IR BE 19 KB 0 T
FE_EFEIE I I A% 0 JR TR A B B A W R
KA (e=0ms )5 WIHR KAZAE O B X 0 5 LN
WA AL 4% . 5 EL S 90300 DX 900 £ 1 JE 3E 2 B 30 30F
T A5 o KA KGR BE R KA SRR £ 840
AT A S 1) 2 R AR A 1) s TRT R XN (D B T
fitf 23 SN S5 AR SR T B B T RSO B RE A KO
91 @R VAN B/ € D 9 N B A N A B TS
B /N BE(e=5ms) ;s KN T4+ A B R,
T DY b A BT e o ] FEITR ASp e 2 1 B0 i s T
BRBE o KA 8k 22 1 K By B (¢ =46 ms) ; Fie i K )
HhG [ DAL AR R R L S AR N BT A TR
o B K GE Y B (1=54ms) ,

M 11 (b)) ] LLFE H s Spiw = 0.7 55 Spe =
0.8 s Kk FE 2R L, K AE ZE L B WD B oK
(t=0ms),fi)5 kK% R ~F 28 /N(t=8ms), g —
KWK (1 =31 ms) , e J5 s E AR E N BT A
TR FUR BB B (t=44ms) .

RGO R B R A B () A 1R 1Y
HEF SRV NS R VN =P oy L DS Y S
5B WK B IV ) W Ao R B R R e
SCi R LA 25 2 B i kR ) D & OG5 B
TG KA &G B s @ b T b FH 6l fie
B,

M 12 efml LU H 95 5 78 2 1 A Bl /)N
By B B (1) DK S5OR []  Jt t [) P 2 Ol o 5 DR



VoA A - SRR I RO W = G R B A B S AR B A M 643

Integrated chemiluminescent intensity/10°

-

(=)}

W

—

w -~

\S]
T

Fig. 11

=40 ms
(b)S . =0.7

& 11

Process of the ignition in combustor

main

B ot A

13 ms

intensity of flame with time

Time/ms
Bl 12 K 2 ' i B AR 43 Wl () 728 £ 7 it 2

Fig. 12 Variation of integrated chemiluminescent

Bl G KOG BE RGN, T Saa = 0.7 BKH
WG oRE 0 6 o Dl ) A i B R AR BRI B IR 55
TR AR T, KR fig e 5 R A FEL AR 2F 1
i o KA RSH AR KB a1 . 6 ) s s [
Sonain = 0. 8 1Y 18] 378 5 J3 A 9, B PR K b3 AT
(6] i ity BT 0 B 3 AR s TR S = 0. 7 B TR0
7B I B ol A5 J9R il 45 9 B ) AR K KB K A BT
B [l DX R 3 & O o B B 9L AL S = 0. 7 1Y
B A KB R B RT T 5 ms, o = 0. 7 TR A
TR B B AR B RS . R RO R B
1) 35 B e AR — 21 MR TR R AR = R
AW AT BUR D B T K Bl 1) ) A 4R RS L KA
T R ™ s b2 B iy 38 5 o e 2 I 2 sk
2.4 miRiERE
PRI JE T 2 1) s AR B 9 < EE Cquo ) TN 13
JIFR s N AT DA o 99 E T8 25 19 st K R B i
AR AR R A 7] S B A S D 3G S R A
SRJE L di i A KO R g G 3 A 19 A
350m’ /h 4b s S = 0. 8 B KR BRI S 1 5
T Sin= 0.7 FZUR T AL KR FR A F K R A
RO 2SS 2 W SRS I RN 15 52
mrEe
_ prz . av . D,

Quo —
Vi |

To\ - Auh.
p’seXp(?,ojo) '

S quo 9 R0 RABRA L 5 £, 9 R bE 3 U o
PE LB s B D #0045 8 80 SRR S A AT 565V, o
WABE AR Ty R py 53 590 D9 K b 28 14 i 11 L 2
AREF T 5qv FHRBE 3 28 A s A 9 AT RUR
KR h A RRBMIRIAE s Dsw 0 3 RIR 3 H
1o OO M — RN B S S5 S K56
TUIRMEAEE TARRES B W = IR 5K
LSRR =PI V@8

(3

0.042
0.040
0.038
0.036
0.034
0.032
0.030
0.028
0.026
0.024

0.022 1 1 I 1 1 i 1 1
200 220 240 260 280 300 320 340 360

Inlet volumn flow/(m*/h)

9o

13
Fig. 13

SRR A

Lean ignition fuel air ratio



614 Wi % @ h % o 36 %
MIE 13 A L Y 3 1136 200m® /h i .
3 & e

LB KA S D E N 250m’ /h
o Bt 2 11 3T F5E 300 o A X DA B R il i 2>
AN T R IR R ARl T T 8 48K 3 i
AR BB 23 A LT 28 ISR 4
IR R R S R AR B R R R D
UL AR 3 T U K i AR IR S R
RET/RESHEERRR T LT &
AR e U R/ 2 4 e AR R A B KPR RE L ot T
SR P A7 AN A AR I SC 0 BT S = 0.7
E VL RF 30 £ il 1o 38 B8 DA o S Sk A< 3 [
b 17 3 0 A K (AT KL W R 3 B T B
TR SR TR I 2 A L 23 A 5 B L RS A AR i
FARCR S — P13 B 32 A K RRE T

TP 45 114 5 K AR Bl A EE (o) T 14
JI 7 s DN PRl DUt o P G 37 4 19 18 K AR R il
AR AR AR TR o i 28 0 10 38055 014 9 g A A
Siain = 0. 8 Y HL KA BRI W T Son =
0.7,

0034 = S 0-8
0032 5,707
0.030 | \\\‘
0.028

2

= 0.026
0.024
0.022 -\'\‘\.
0 02 1 L Il L L

200 220240 260 280 300320 340 360
Inlet volumn flow/(m*/h)

14 0 R R kL
Fig. 14 Lean blowout fuel air ratio

AR BRM T EE o 5 A AR BRIl S A
HEE AR b am e Rz p" 7 AR
pe o B BRI B R O R R
P2 sghn AH I 56 25 R OR B BN SRR AR . &5
22 oM i Tt 9 e O, U R HE 13 A
O PNAP DR R ST AN RV PNEF SR Ve S
PREN B35 B Dy, 080/ o X 503008 KA FR B2 i B
R AT L AR BR il e BT T B o Spn = 0.8
9 HE AR BRI 5 T S = 0. 74 S0 = 0. 8 1
SEKCPERERCZE o IR U B0 in 2 S BIml i T
DA K HR e (8D XA i 9 5 O R bR T B R A
T 3K B DX R Il A AR %k A )
H R B K I IR B IR T R AN AR R

ARSCTF R T F SR E I B W) — e iR e
L s SRR I 5T, R EAR R LTS8

1) FE SR I 50 AR X HE 1T 3 R e A
Ko BRI Tt B B a0 A5 [0 378 e o0 07 1] s
0 Y7 530 o v R 91X o g g B 48, R g PG
TR 7 DX PR A0 P T 3 484 0 i A 5 E N 5ER K
SERXTFR o L) KR 2

2) BRBE R AR T AT R B T RO
DX 1 5 KM 5 — 5 VBT SK A 1AM B L Sk
T AR SO RIS PO [ X 0 B 1) )
KR eI R I PRI I AR R

3) AR GE TR B B A X sk KR BR
FOA AR KL S = 0. 8 1 11 AR R 9 S L 85
Soin=0. 7T 1EI T ¥ &~ 200.250,300.350m’ /h
25 A X R B T A48 %6 . 41% . 26 %6 .24 % 5 s K
W BRI HL 45 T 3E0m 30 %6 LA E

$ 2% 3k

L L Sifuk i m L. 4. 56T CFD 347 ik = i i 44

peas e w BT [J]. HESEH AR . 2009,30(5) :533-537.
WU Zhiyong, LIN Yuzhen, LIU Gaoen, et al. Dome struc-
ture modification of a high temperature rise combustor
based on CFD simulation[ J]. Journal of Propulsion Tech-
nology,2009,30(5) :533-537. (in Chinese)

[2] BT, TRE, TP SRR 31T K& H % 554U

L. PR AT 2 Al 2% B % 4 . 2010, 27(5) : 38-41.
WU Zhenyu, WANG Chengjun, WANG Dandan. Triple
swirler design and fluid numerical simulation[ J]. Journal
of Shenyang Institute of Aeronautical Engineering, 2010,
27(5):38-41. (in Chinese)

(3] B ABRMY .okl 5. = T8 UL &% Il 258 40 2 B0 X 4K e 1k g

MR L) . AL 3 J) 2441, 2016, 31(7) 1 1569-1574.
MO Da,CHENG Ming,ZHANG Chengkai,et al. Effect of
triple swirler with an outer ring on combustion perform-
ancel J]. Journal of Aerospace Power,2016,31(7):1569-
1574. (in Chinese)

[4] GUTMARK E J,LI G,ABRAHAM S. Characteristics and
control of a multiswirl spray combustor[ ]J]. Combustion
Processes in Propulsion,2006,19(3) :97-110.

[5] LI Guogiang, GUTMARK E J. Combustion characteristics of a
multiple swirl spray combustor[ R]. AIAA-2003-0489,2003.

[ 6] ERDMANN T J.BURRUS D L,BRIONES A M, et al.
Experimental and computational characterization of flow
rates in a multiple-passage gas turbine combustor swirler
[R]. ASME Paper GT2017-65252,2017.

[ 7] LILLEY D G. Swirl flows in combustion; a review[ ] ].
ATIAA Journal,1977,15(8) :1063-1078.

[ 81 LI Guogiang, ANGIER S. LAMBOLEZ O, et al. Experi-



3 30

Vo AR 4 - SRR U B W = R U A B = U B 5 R B e M B0 645

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

mental study of velocity flow field for a multiple swirl
spray combustor[ R]. ATAA-2002-0618,2002.

JASUJA A, TAM C. Determination of airblast atomized
spray structure using state-of-the-art laser diagnostics
[R]. ATAA-92-323,1992.

DHANUKA S K. TEMME ] E, DRISCOLL J F, et al.
Vortex-shedding and mixing layer effects on periodic flash-
back in a lean premixed prevaporized gas turbine combus-
tor[ J ]. Proceedings of the Combustion Institute, 2009,
32(2):2901-2908.

LEFEBVRE A H, BALLAL D R. Gas turbine combus-
tion: alternative fuels and emissions [ M]. London: CRC
Press,2010.

HASSA C, HEINZE J, RACKWITZ L, et al. Validation
methodology for the development of low emission fuel in-
jectors for aero-engines| R]. ISABE-2005-1143,2005.

R AT TR L S A E TR AR E IO = G T
TR B R R [T, % 3l 01 2% 4k, 2017, 32 (2) : 306-
313.

ZHAO Zigiang, HE Xiaomin, DING Guoyu. et al. Effects
of outer swirl number on flow characteristics of triple-
swirlers[ ] ]. Journal of Aerospace Power, 2017, 32 (2);
306-313. (in Chinese)

FEPAFE MR RR L X R B I AR Sk A R S b AR
R LA Bl BT 52 L0, A28 3l 0y 24 4 2004, 19 (1) < 142-
147.

YUAN Yixiang, LIN Yuzhen, LIU Gaoen. Combustor
dome design with three swirlers for widening the operation
stability range [ J]. Journal of Aerospace Power, 2004,
19(1) :142-147. (in Chinese)

SRR R X B S AR AR A R A A 1
PR B W5 [ o2 8 Jy 24l - 2007, 22(4) £ 5547558,
PENG Yunhui, LIN Yuzhen, LIU. Gaoen. A preliminary
experimental study of pattern factor for a triple swirler
combustor[ 7. Journal of Aerospace Power, 2007,22(4) .
554-558. (in Chinese)

XN H AL T R A BRI L SR B E i
BOEAEILT ). s 3 J7 2541, 2010,25(6) : 1251-1257.

LIU Dianchun,DONG Yuxi.SHANG Shoutang,et al. Nu-
merical simulation of the flow field in a single annular con-
centric staged combustor[ J]. Journal of Aerospace Power,
2010,25(6) :1251-1257. (in Chinese)

AFBAT PR 45 2L 45 R [R) 6 B i B X A A SO
B A UK M RE B 2w [T 1. it =S 8 J1 % 4. 2014, 29
(5):1062-1070.

FU Zhenbo, LIN Yuzhen,FU Qihui,et al. Effect of differ-

ent step heights on ignition and blowout performance of

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

internally-staged combustor [ J ]. Journal of Aerospace
Power,2014,29(5):1062-1070. (in Chinese)
AHBLRT PR R L oot L 55 D A RORBR S TR A
RESCIR L] i 30 J) 4, 2015, 30(1) 1 46-52.

FU Zhenbo, LIN Yuzhen,ZHANG Chi, et al. Experiment
of combustion performance of internally-staged combustor
pilot stage[ J]. Journal of Aerospace Power,2015,30(1);
46-52. (in Chinese)

AHELRT PRF 2 L Bkt L 56 D A3 OB B & 3 L LRk
5907 AR BT L) ], R AR L2014, 35(1) . 77-86.

FU Zhenbo, LIN Yuzhen.ZHANG Chi, et al. Experimental
investigation on fuel-staging mode of internally-staged
combustor under approach condition[ J]. Journal of Propul-
sion Technology+2014,35(1):77-86. (in Chinese)

X Ty S ENE oI D o PR A 55 Al R M 0 B Y
CJ. #Eded R .2019,40(8) :1824-1831.

LIU Yian, GUO Zhihui, ZHANG Man. Experimental in-
vestigation. on spray characteristic of internally-staged
combustor[ ] J. Journal of Propulsion Technology, 2019,
40(8):1824-1831..(in Chinese)

AR SO AR A SCF A O A SRR A AR A I X AT
T KCHLIELT . 58 5y Ty 41, 2013, 28(8) : 1759-1763.
ZOU Bowen, XU Quanhong, CAO Wenyu, et al. Lean
blowout mechanism of coupled recirculation zone in con-
centric staged combustor[J]. Journal of Aerospace Power,
2013,28(8):1759-1763. (in Chinese)

i ] - Al IR R 1 R o e e E S e o o B
fiias 8 J1 %41, 2019,34(10) : 2081-2090.

ZHAI Weikuo, HU Ge,PENG Jianyong,et al. Experiment
on flow characteristics of a reverse-flow combustor[ ]J].
Journal of Aerospace Power,2019,34(10):2081-2090. (in
Chinese)

TETR e glh, &k, 56 = G00E T MR B8 & U 8 A Sk i
G REEE [EB/OL]. [2020-09-04]. https: // doi.
org/10. 13675/j. cnki. tjjs. 190861.

SMITH G P, LUQUE ], PARK C, et al. Low pressure
flame determinations of rate constants for OH(A) and CH
(A) chemiluminescence[ J]. Combustion and Flame, 2002,
131(1):59-69.

AIRE W, i, B, S IR E TR B A A ) A5 ok i
RS T]. fias 3 J12# 4, 2018,33(7) 1 1767-1778.
LINGHU Changhong, WANG Gaofeng,ZHONG Liang,et
al. Experiment on ignition process in annular swirling com-
bustor model [ J]. Journal of Aerospace Power, 2018,
33(7):1767-1778. (in Chinese)

LEFEBVRE A H,WHITELAW J H. Gas turbine combus-
tion[ M]. London; Hemisphere Publishing,1983.

(3. TR A





