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Abstract: In order to obtain the characteristics of spray field of main stage nozzle and pilot nozzle
of central staged combustor at idle condition, the particle image velocimetry (PIV) was used to measure
the spray field of single-tube combustion chamber with different head schemes and different nozzle fuel
ratios. And the post-processing software of spray field image was developed, the spatial distribution of the
spray field was obtained by extracting oil droplets on raw pictures in the central graded combustion
chamber. The research of spray field under idle condition indicated that: large-size droplets were
distributed in a conical shape in the fuel-rich head area of the combustion chamber, while the Sauter mean
diameter (SMD) was distributed in a V-shaped radial direction, namely, small in the middle and large on
both sides. The reduction of the expansion angle of the baffle made the number of droplets concentrated in

the fuel-rich head area of the combustion chamber and the average SMD was larger. When the incoming
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flow conditions and the fuel-air ratio were kept constant, changing the fuel ratio had little effect on the

atomization effect. The particle size with the largest number of droplets in the spray field under idle

conditions was 25 um, and the particle size range with the largest volume ratio was 30—50 um.

Keywords: central staged combustor; fuel spray field; Sauter mean diameter (SMD);

idle condition; fuel allocation

H T2 A s WL G S HEE LG . s iR T 5 )
R, PRI & Sl s A5 SR 4t B ) L
3K, TR Es X A 58 2 ¥ G R i R T AR Y
BORW FE AN 5T, S A D R T AR G
ERL LS e SRR 2 45 A8 N B3 il TR 28
(lean premixed prevaporized , LPP) #A 5% = | & 14 -
PR -F% % (rich burn-quench-lean burn, RQL) #% 48
IR BE = (staged combustor) 5 2 AH 44 B K
Ji&, Hor oy G ke & A R AU BN 43 SR RS 1)
HLC o Gk be 3 02 H AT AL T0F 58 31 A IR 75 Yk
PR, RO PR E R AL AT T
SEHUR TS Y A A

RO I3 PR be 2 BRI 25 1k e R RN 55 AL RIOR
LY MR 2 T RO L TR A3 A DA KT
Yz s [ N AMF 2005 BN I T R S G
WRBE S B I A 55 8 TR 2 g . X E i
ST 3R B H O 43 PR e & T (B PRSI A T
T NOx/HE 5% M) 55K, W) B 32 I 949K vl L 457
NOx HEAT 52 M5 7 0B %) i i SR b == o b 25
B BT W) ST T 7 O 1 R W - AN A A N D S
VT AR 5 25 I 1 AR Ak s AR 5 A X LPP
WRBE ZE AR R FE 10 2 0 a . RGO [RIBR I T
BN ()i 5 G AT g B AR, (UE PE e Bl 3
Gt T AR, BEAR T UL 3 N 5 AL OR S A R
25, RERR AR, el R E i, 25 AR ARCR
A A AT 3l PIV XA e %= Sk i 25
Gyt AT A, BFSE 1 0% E A5 43 TE DA R TRk 9
W7 R A 25 SRR A T AR A T ey A
FEASOGE LT [ 25 0 WS W E AN [ A 3l Fe J7 T il 25
R HEAT O A5 X 5 2 480 % s A SR R A Sk
IS I BB A7 1k b Y 55 AR R M A T BE YLK
TR RAE 2 ORI o3 A KL, BRI b 2 v RO 2
BELEAE G ] DRI [l X AR A X
B A3 PR B0 WA 9T R B, BRI AR IR
PSS 8 198 S T o IR 8 P v T AR A Py R B R,
KK IR B £ (the Sauter mean diameter, SMD)
AR 1) 7 T e AR e U B 7 R TR N, SR 4G AR
71 T AT IR AR Vel BT T B0 WS I 55 Ak Y B el

RT3 SIS rh o A3 SRR B = Y TR 9 55 AL E
PEFEAT IR0 B 5T, FURR 0 25 AL HE A 32 BN T 4544
PR, 25 SR FEXT T o5 b AK s m B8 K, gk
AU s A AR 5 S K T T B 55
HEATHESE, FF 1 i 5 G R R R % NI SMID %5 (]
A B ) 44 SMD & #i U /)N ; Cai, Felden
RIS B 5 FLAR W BRPOIRS TR B %=
Ity ) i Bk A AN [RDAE 30 0 ) B F S EAR dy, R d
T AR ) 1 20 A SE 3 5 iS22 Wi A A A
ARAk, Wl e R SMD & i3 K Fan 5521 fiff 5%
T 5 W %5 37 2 [RUA BAE L, el X R/ INge
M) e DX B R R Vit i R 0 A [l X B O,
ORIV B K5 Yan S5O SR HDRL - U 0 34 S0%T
LPP #5829 25 R P AT 05, (UM BIE 2% Mot 1t
AR, 38R0 U e %5 A AR AR 2%, IR B (E BE
9 25 AROCR A7 B MR T I T E e IR A L A 25 AeAk
T, (ELBE MG I T2 R R SR o0 BCAEAE AL DL A
Lucas 55" X B 52 & Sl AIL 0 AR AL 7E SR etk
BT HATURR LI, FOMAR SR T AR R E
AN e}l ) 7 ¥ BV AR 1) 40 A SMD BE A A [A], H
JE Vil 1) R JiE A2 3 SMD 2 35 /N SR, [l
it DT BE A R AR A R T 7% i R, R ARSI
RE A2, A B K BTE 1 Wood S5 SR
JFH 5 3 UG 53 BT AU FE AR P P S 06 R B iR
T Tl R Ao R 1 S, YR A IR R 1Y) 2% R L R g
H SMD Bk K5 25 7 AR BABE A 2F T IHIE B R 78 18
A 1 Al R (R R ) 5 TR B e e A A A OG5
Opacich 558" BIF 5 i 25 BE TR AR RE i 28 DI VS
WRBHERIECIR A T B PEXT T 25 (L PR RE 19572 i o 40
F 5, BIIRUEL R Z M0 s kA 5 e B K T TE
TR PR S BRI 1Y 2 T 5K ) 7R S5 Ak rh 52 B
TN 7R 2 F A KRS R R

25 ERTiR, H TR b s F LRt R i £,
FES R PIABESE 5 ) — o 55 AT E AR A
FrE R AT SRR, R A e B I 1Y
ZARFEYE; XL Ay BRI B 9E A T AR
Y L R G TR TELE (S DN & 8 R g N NP /S TH I
S5 J7 T, 6T P A GO R R TR %



300 = B

38 %

PRFPEDT TR, o B R X8 4 T 00T Hob 3 41
WAbe = B S AR E AN B o TR0 42 00 T {EBE
SR, i T PR R ORI
A5 A 2R s 7 R ) R R 20 M 5 e RN B
JEA RO, 2 G A SO AT R S W B RS S
L 1 4 T 0 A R R AR AN AR S MR IR B
{HAERS 0 F W AIR A8 42 B MLIR DAY B6 6 B, 3 b %
JE MR RRCAE N B A ) L, X et 43 SR e 25 18 42
T BY(E PR L 5 3 R 2% () gt i SR s
AT THRIC . LTS 22 T 00T ol 73 ke
21 S5 AR XS T8 4 00T B BT ARk
MABRIERED I A5 HAT TR, AT SC T AR

1 HARMKREIRETTE

1.1 MR

AR SR AN ] Sk 355 7 ZE 1 vt o R bR = T b
5 3 A L A PR be = YR AR A, LB R 45 4
WA 1R o IR B AR e A IS | K
T3 AT R EREL . BIR L B J LM R

.....

SRBET A
e
— e

B e s AR A
Fig. 1 Schematic of geometric structure of the

center-staged combustor

BEXFARTAE RS . MR s FAS ] S 3R e
T A 3 Bl A Gk e E Sk T L 43l
FEIRAS 4 T 00 N Bk be % 32 B0 %5 25 AL Re ik
Y EaT, 3 PPk AN 2 R o oD A R
28 ST 7 ZE Hh ESRGUBIE Sy 22 m Mt S ) 5 =X
T I8 , 2 M W i S5 7 1] 55 v Bl o) A E — 1 e
£, (HPEHBE S B0 i 18] 2(a) JBOR T 7R
A FJT 5 B 1Sk AR S5 e R AL, 2 A W DL
& YU A Z5 AR TR, AT 56 B B9 Z90M =2
Tii] JE AL A5 22 () 1) A D A X 47 5K AR 0 RN AT U AR =
FEH/NT%A K% AR BY KM 041
124 150°F1 110°, HAE 4374 80, 72 mm; % C
1) 35 ZRE T A FR — 2l ) e T A A B, T R T

(EPEGLEE
— i
) 3k
—RER A
Prim
(a) JT AR EBES /R

(ELPRZR e i
— it

Y37 1

(b) lr%C

B2 fkbes SR R AR E A

Fig.2 Schematic of combustor head component combination

rimi 2544, 7] B 32 9 s 1 L {E PR i g 5 07 &2
A 5% B AR,
12 KRS

H TR0 EHZR D 32 X (particle image veloci-
metry, PIV) il &2 (9 12045 52 58 75 2 R A0 1) 3 s
% 350 R 00 v A B CRL R AR L ke i DL
BEIh e ) | IR I R B (R be = LA E | PIV
W R G DA SR | R AR RSB0 e )
DL R R A A HE B 2 i . 1B 3(b) Ay 36 0 B 1Y)
2 R B A SRR e = Sk AR A I 25 7 (] 43
A, AR SCRFH P 43 GOk AR 2 SRR T I EE 1 1
A, TR O MR b = R 2 BH A 9 B 3
) RS R e 2 0 T Z=0 AR iR I 2 5
FHRFL LA B wE vy ), AH AL O 2E MR I
SRR = (T 55 43 A R R T R T B 6
B A B A R s i L0 T T 0 LA R R



421 B4, LD AN S A TN 301
AR
HEC

! ") ik awE RPETOL

e =
S e
g A
otk \\ [

L' O

ML [FX4s  CCDAEML
(a) R ARG REH
R HEE

H DR b ki

L i

@g n

&7
Bot S0

] O
mg@/Ag$ﬁﬂﬁ%%£%@

(b) X 1 BOR B IA]

A 3

HHE= b3 e WKl

Fig. 3 Diagram of experiment system about characteristics of spray
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Table 2 Operating parameters of experiment

N 0.014 100 0
0.014 60 40
0.014 100 0
0.014 80 20
FEB 0.014 60 40
0.014 40 60
0.014 20 80
0.014 100 0
0.014 80 20
VES 0.014 60 40
0.014 40 60
0.014 20 80

1.4 jHEHERAAETTIE
ARICRT PIV AR HCH 3 25 37 It i A5, SR 1]
{8 Ak PR A R H S 18] Hh (1 3l R HRDREAR 93 A1

TMERAR R P E A SRR . BR —(E ik Ab
B UL K IR 5 50 R I = A o R 5 T R B EURE Y I
FRANR s e R An R B S A B e —— &
b I B e (RS H T IO IR A B S 1 AR
TH B 55 ] PR 04 K A A 2R 1, (A5 I R R AR
FECH 5 PR AR iR 22, SO SO R 4 Be4i vk
R B 7 B B AR X S B R R AT BRI, BRI S Y
EIG AL h — (A Ak G, R T BIR ol 2 &
s (HIKBE(E R 255) R, 5 8 FIARE: (HN
0) JE BUAS i 2V, 5CRe FH 300 25 A0 100 B30 30k o yi Bk i1
GRAEATAEIN, Roberts il 357k R FHXT #1579
MEREZ ZHATRZ N TR 5, T8 ek
HAR KK E B, HAG I SO 2 T A Sk, 85
JETR T 3 $ BT B b A% 45 S R B (B d g
FER AR T PRI K B R TR R AR ) o RIS
B ] BB AF A I VK B0 VR Tk ok 305 i 41 £ 45

PR I — A X 3 32 221 45 50 i RG E 17 8 i~ 45,
15 20 B — /NI Y 23 0] 43 A, 38 3 RS PR
| 23 V- B 55 23 [ 4 A A5 5, 2F e i 481t
FTTE 1 mmx1 mm X 3850 B N Bk 8 R AR i
B AR A A TR dyy DA R PR T AR
ERECH FARFR 50

| I B n

doign/ym 12 24 36 48 60 72 84 97 109121

5 JMERIRBUR IR
Fig. 5 Schematic of spray droplets

K6 R T &3R5 19 SMD =5 i) 43 A K []
HLO PR BE = NI B E R, AR SR 885 SRt
W TSN 25 5 XS R /N | R A
5 6 rhfTE, BV AR M A2 2 A7 i sl
R AR LUAE PE 2 W I W 555 550k JE 0, Vi y 7 ) BE
EL PE G It O (AR 1R I S,y B9 IE 18] 4 R IE 7
], R MR 430 5 X AR AE BE T HE 0Vl ) 7
3 (R 2r a8 B4R T m ), X=0 {2 T PIV ElZ
JE A5 D AR MR B AR I, X=0 Ayl lE B, 4
o XE 4(a) hbrs 1, 2, 3 KB Tk
T DXk O 9 Sk A IR, Py R, AR5 4~9 X
R I ERFR G X, 17 X3 1~ 9 Fom iy 2 4 i
X3, FH Oc Fm o



523

2 S O T e K S VR 2 77E 303

\ Lo, Femmixonig iT_&

ol R EJ7 T

N At (BRI .0, R=0
R, T

(SO (B SO Y e DA B
Fig. 6 Relative position of between observed

results with combustor

1.5 R IEWIE

TR T A PR 25 (1 A7 A 23 S A T BR PR LA AR
T BT AR SCR FH 0 25 3 UG Ak B 7 1564 T 301,
1] AH AL 2238 R 43 BT A (PDPA ) 76 I £ 7l B bt
PR 25 P8 T AL R TR O RO AR ER, 6
55 L7 I 2 A 8 v TR JBE, WRCAR SCOX e 0 M B M
T LR RAIREE T 199 55 37 45 (8] 437 43 501 )
F PIV 5335 3 AR AL B 5 12 i 15 45 SR 55 PDPA
I A TR 4 SR EAT 6T B, 96 IR AR SCR Y PIV
559 25 b G A B 7 V0 R A 5 8 T B B o
W7 2 B HE 5 SR 7 B, Hoh I 7(a) &
B0 W I 5 25 I e R, D e PRI A 38 W 0 WS g
M 1 KA AR B 25 A A TS HE Y
AR RIS, T Ui B IR A R S O A R (AR
IR, B 7(b) S22k FH i 55 3 UG Ak 38 07 15 T A%
S55L, i Bk AR o0 A R DR s R — 3K, 18 7(c)
X T Y=—14 mm &b, WERAAR U A2 Z 15310,
PV 1A T 1) 43 A R [R], SR FH R o 7 3 DU
et R AT A R A7 A T Bk AR K/ 25 880N, i
KR 1%, 7 T Z=6 mm Ab, 1% (8 76 T2 n] 4
ZAEFEN . LA BRI T AR SO 55 S Ak B 5 ik 1 o
B, AT IR I T AR SO 55 3 1 D i

(a) B LI IR Z P 1R

Y/mm

=20 =10 0 10 20
Z/mm

(b) SR M55 37 PR AL BT 25 B4 24

45
—— PIVHIE-EIR AL B
40 —s— PDPANEEHE
35
30t
g 25t
=& 20
15t
10+
5 L
0 I
-8 -6 -4 -2 0 2

Z/mm
(c) Y=—14 mmf[ 72 [ dy ¥ Lt

B 7 IR AL BT R R

Fig. 7 Verification of image processing method for fuel field

2 RBRERSHH

2.1 IR T 3mSR

& 8 B n T (B BE 2 W5 W 1K T LU 451 R 100% B
TR AMGEBERY dy i =Bl 551 FR W
PRRLAR 58 KA 43 A1 DX 35 Ay 5 vl Sk 3 X3, iz Ak K
B AR I R S HE G X FR oA, B R PR B mE A
SRR PR, WIS 45 KA v e A 10 A7 A A TR
THBOIE L 12 BN WUE e S I, 12 S50 B Sy ¥l 55 4 5
SR 3 R R e, OB B A R B T, R
E—?@]ﬁgd\, %L‘J\{Hﬂg’;%ﬁiﬂg ds, j(; [IRzE| j‘f:%/}lth
e i S A A B AR, R AR AR I T AR AR
iz, BT LA R=0 H 0 0 55 4 2 18] 19 X 38k dy, 2%
13U s &1 8(c) JBR T AN Al 1) v & (i 9%
e A 0 BYRE B, DL D R ) dy, R 245, 1R
o, FE B ISR X R, D<20 mm B dy, WA )5 V
2z FN =SV 151 A 5 YA 2 N T 31 M O 12581
Y By | 7% (o A5 R 2 T A R INTRCER 9
BRARH X I (D=40~60 mm ) JIERRIAE R/ INFEAAAE

Kl 8(a) 5 & 8 (b)Xf tb M, I % B Kl 2k



304 o=

g h

EE '

38 %

Ay A A P LE R=20 mm & R=20 mm f iT X
B, IR B 7 %8 B ER AR B X 80 o, /N (A
K 8(d)); I R mEME S5 H . TAE R 7 DL ROk
ZAEARIE, J5 % B AT IARY AU, B
HRE T % R S L A A 1) T A e U
AN, — T3 AR IR AL B B T, O — T T E
B O BEME I O T M RO AR 2, RN
dy BUA 78 K5 = GE T 45 32 A7 I A 1 BR A sk /)~
F &L 6 4745 X B8 LA 25 44 (4 AR X7 8 AT, =
GE L A AEAR 81 7 1) L WA FH RGO, SR R /N
T, R A A AU Y BT VDA G R, AR
T gy 20BN /I 5 Y ST 14 o A5 9ok 2k 1 %o
oIS SR, i — 25 I T I ER G ZE &, I LA ifE
114 71 2 A A28 9 /N il 2 Opacich 41 4858 1 A ]
TELEE T BRI B AR SR 1 R e R 2R AR T 28 X
F b AR, B T E e R GREE
TE 475 K J LA b ) T BR 9 2% 185K 07 X 55 4k R v g
PRI, A3 il BRI BE T e R i 1 5 T SR TE 5K 77,
PEIEMBR 284, 0145 d, W/ . 9 R T LA
1 AL mm®) FIHERECH 5370, LA Nyop T o B
R IAE SRR E M DO ER B H R 2, TR A TR
R T J7 % B; MR MERFR B X 77 %€ B 1Bk
AR /N TR AL

R/mm

0 20 40 60

—a—D=5 —e—D=10 —a—D=20 —=v—D=40 —+—D=60

65

60 +
551
50+
§45-
40 +
35t
30

=
2
«

25

A

=30 20 =10 0 10 20 30 40 50
R/mm

() IT AR B dy B AR ) 53 AR

—a—D=5 —e—D=10 —a—D=20 —v—D=40 —+—D=60

70

65
60 |
5t

5

S

g S0} A / /\
2 st \\/ ’A\\'
"E40_ A

35f
Ny 0
30-'<:~'5v’<')(’ . 2N
25t Ty -
=30 20 -10 0 10 20 30 40 50

R/mm

(d) 7 B[l 057 B d, WA 1) 4347

B8 (EIEFMEERA 5 L 100% 75 A FIJTE B )
dy iz B
Fig. 8 Distribution contour of d;, for Plan A and Plan B at pilot
nozzle fuel ratio 100%

& 10 JE 7R T 8 BE 9% W5 6 19k Tk ok 60% B, J7
RAMITE BLEY dy 501 = B IMER KN, 43
A RASFN A AL 5 8 A . (B IR BT IR
T E 60% B, 7E & Sk X 48 1] R=+ 5 mm
DB TE B /IN dsy 43 A7 B AR 18 7N R A2 5 R AR
B, FROR B O W TR BRAIS, B 0 55 AR I
FFZ W, {H— G I A 0 S B RS R AR
N

drop
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

0 20 40 60
Z/mm

(a) JI%A



%2

B 28 b R BR 18 4 T AU G 305

drop

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

0 20 40 60
Z/mm

(b) T%B

B9 PRI d L 100% BF )55 A RIS B #Y
TMERECE A = 1K
Fig. 9 Distribution contour of droplets number of Plan A
and Plan B at pilot nozzle fuel ratio 100%

KA, HOMR IR R IS T I S ROR R T,
HEmF 758 A M5 %6 B A RLE AT . TR 4R
O WEE I J7 58 B BRI 3 A 5 TR (i PEZE
W B AR dih o Al R A AR 22 S, X LEIE 8(d) 5
K 10(d) , s/ IMELBEZ A I 2 )5 45 07 %8 B A9 23
A a1l 7 58 A, W AR B 5 0 3 2 )R BRAE Sk
T D 3

R/mm

X/mm
(a) TRA

R/mm

X/mm

(b) T%EB

70
651
60 r
55+
50
45+
40 +
351
30+
25t

dyy/pm

10 20 30 40 50
R/mm

() T RANIFGh I 7 B dy AR T S04l

-30 —20 -10 0

65+

e

60 | ®<gTe

55+ :\’\ A
Y/

—B— D=5

—o—D=10
3:;= —A—D=20
A A, —v—D=40

s0f
45t
40-,X
35-*\v0 *
.\&\/v\;[ T
30 @ v
sl VYRR
20t Ne. /’
sl
=30 20 10 0 10 20 30 40 50 60
R/mm

(d) I7 ZEBAN [l 1 v By AR ) S A

dy/pm

10 {HBEZBHEIRIN 5 HL 60% I J7%E A RIJT%E B i)
dyy M
Fig. 10 Distribution contour of ds, for Plan A and Plan B at pi-

lot nozzle fuel ratio 60%

KIBTEAMFEBARTHT 25T
¥ dy,, 5 5 3% W LE A BE G e 1k ok 5 LKl 100%
B, 7% B 2Y) dy R TIHRE A, Wi E £
P IEWE AT S T RN dy FEAR—5, FE BT
F R N T AR, (B PR RS i ) de K,
WE 5K A d R, RTRE S B0H A MR T E — ZUiE T
A TR N T BRI L R R R A SRR RS
F T L GROE T 14 AT 3 T R 1 B
I 25 AL R 4R 55, B AT X I N 1Y d, 2 R
FAH IR LA b 25 5Lk 3R WA A i A 3 e AR

x3 FEAMAREBWEIHTEH d,
Table 3 Results of Average d;, for Plan A and Plan B

T DS YES 35 dyy/um
(IR BTk FEB 59.70
I 100% %A 52,32
(L PE gk it HEB 56.57
i 60% Jra A 6.4




%t
&

306 = VAR R ' %38 4%

TN AL A 2 T R MR R 1Y) 25 AL AU
2.2 BAiH L 613 E E 4RI R I
FE B MR C Ik AR = Rk i

FUA, SR IEAN R Sk TR ZEFA T KR EL A9 23 I PR B2
B 11 7R 107 % B AL L9 R 4237 s, 19
23 (6] 3 A

R/mm

0 20 40 60
X/mm

(a) TEHIRHIBEMEIA LB . 100%

%

g

E 0
=

-10
-20
—30

0o 20 40 60
X/mm

(c) fEPER I BN L] . 40%

0 20 40 60
X/mm

(b) EPELIBTHEIRILLH] . 60%

(d) [EPELBTERRIM LB 20%

B 11 F% B AR ILEIL dy, 5370
Fig. 11 Distribution of d;, for different fuel ratios about Plan B

J7 % B KW B (EPERIR M LB, &
TS0 X 5 Y TR R R AR A K X8 (dy, 294 65 pm)
¥ eh G R=0 mm B 3V A% e SN 43 A, SR
JE (BB 2 Mt W (9K S BB 406 /0N, B SR A1 DR S g
FI B 0 25 Ak 3k SRk 55, (HLE 1R 4 E AR AR, R
T X B 5 5 1 — RONE IR VD R B U, AR
T A T TR 2, T LA R B 9 2 AR A RS B 5
Ty — 7 T SR TS g EL G 2w, FLmE Sy )
55l ) AR VAR ) SO S Sy, BRI L ) 38 T
FI B 0 25 A0 3 5, {HL S8R e 1 e e P S,
WA T B AR R, BEWE A B i B R 5T 1) )
BRI T RRE S B T R 85 81 41,
DAJOR 1o A e TR X, S0 S A S O A R A )
SMUAFEAEE SR ER . WY& F e sh, ki (4
PRI i = AN, TE dy, TLETE 20~30 pm
FARF T 1 Jo8 2R T o DX 5 B )N

J7 %8 C Wt (EL PRSI A9 el ), 42379
AR IEAR B BB R TT R C A TR
B dy 3 A 25 L5 P 12Ca) PR 7 s i Sk 8 X3
DA S HE TR X R 3 A, ROREAR 4 BR 23 A 1 3 25 HE
DXL, 18] TR Ui az gl i i BRORE AR 2 WD
TE M BRAR B DX P il BRORL AR 7 A 22 S BN, KR 23
DI A M BRRLAR T 35 pm BHT . B 25 (5 B ot 1
AT B/, AR W XM ER d, 7 20~30 pm 72
A, o3 AT HEAR Y 5] 5 P rp N Il BR 3 200 A A i 1)
Fo DX, DR R T BRAE T 17 02 Bl i A e e
ZE I R REAT, A 1) SO A0 37 DX 319 i o o
[l 35 DX A A T fl T I 9 DX 89 T T AR, PR
0 B 52/ 0 8 3 B A T 2 B P JH R B Py, i
DX I R H B (ZE 2R A& 12(0) B ), [R) i
THERRARRY N, T Tl O X ds, B B 12(¢)
TMEEAHE A A XTFR, B 13 02 22 T T R % 0



B 28 b R BR 18 4 T AU G 307

R/mm

X/mm
(a) [HPFLBEMERRM LB 100%

R/mm

0 20 40 60
X/mm

(b) [EHELIBTHE BRI EL B . 40%

R/mm

X/mm

(o) TELHELRBIMERRIN EL ] . 40%

12 55 C ARYRIN L4235 dy, FimsEs B 431
Fig. 12 Distribution of d;, and droplets number for
different fuel ratios about Plan C

on K, E U il R, R R IX
PALF) 38 3 8 AL AS X A, A 6 06 P AR, el AR
WBEET R = LS

F 4 MK 5 RILT 7% B A C TEA RN L
Bl a3 V-1 dy, 4558, S R R 2511 dy, 3
ARASBERRI BT A AL o DL 235 55 2 B Bl 25 1R T
b 5] 4% A = 7 2 T Sk 3 DX U ) v O R AR
BH AR A, HAh A TC

Ul(m/s) 5 10 1520 25 30 35 40 45 50

R/mm

20 40 60 80 100
X/mm

E 13 FECEBETH FREN

Fig. 13 Distribution of streamlines for Plan C at idle condition

x4 AEBEHTH I,
Table 4 Average d, of full zones for Plan B

TEHEGLHR I EL5/% YPFY) dy/um
80 58.3
60 56.2
40 54.4
20 56.7

x5 ARCE2HFEHJ,
Table S Average d;, of full zones for Plan C

EHEGIIH ELA/% Y VE dsy/um
100 53.9
80 54.8
60 532
40 55.95
20 552

23 LEEMRBELFHHETL
AR R I 25 R ] LUFE B, Sk F8 e b DX 2L &
BRI X AEMER B H L BB AT B
W25 B 14 R T sk 3 XA 4 3l
BRECH XT L, B PR AR R P, (%) RN E PR
PRI e 5], o R AR rpn R ratio of pilot nozzle ¥
475, I N AR AR M ERECH L Regioe 1R
SR R B H 5 4 X B H
el
] 14 25 SR R WINT A 6] 50 T B9 [6] 9 Sk
TR 5B I S A G 173 I S X, B
WECH L 2 3R ECH B T 50%, BB E



308 o= 3

VAN S 1

38 %

S L ER K H A5 BN %5 T R s IERAE
R FE R TR T R A S R A
THERAACAL i) o 3l [ 1) 3k 25 4 SN 50,
YR A M i, D BRORL AR /1N 5 3 7 4 3 8 25 DN,
BT 980555 , AH S T i DX I Bk T TR AR
s B A IS TR, SRR SZ R R T 2, R
Ui B ol R AR X L 0 2 e B PR, R AR AR I [
14(a) , I 5 A PIAS TOLAE Fy XER P9I 2R AL H

70
= X
3t [ ESTEeE
—I—RFH/QC 168
=
3
g
54
100 60
P./%
(@ TEA
W R 86
3t Bl &9 X 1sa
—._RFB/QC
182
e 2r 1% s
~ 178 ¢
= =
176 54
1H 174
172
170
0
100 80 60 40 20
P./%
(b) FEB
5
Bl iR X 166
Bl &35 X5 N l6a
47 —p— RFB/QC
{162
23 190 =
= 158 ¢
=2l {s6 =
154
I 152
150
0
100 80 60 40 20
P./%
OVEXS

K14 AFEDFET Bk ik X A e B ) R 2K
Fig. 14 Schematic of comparison of number of droplets between

Rich head filed with whole area for different plans

07 b AR 62%~ 69%, HUIT IS PE 9 W R Sk
I T T R LU B TR 14(0) 5 7S A ML,
AR TOLT, J7 % B Y& TSk X85 b G A
70%) ZRTIH R A, TS BIEEIEGIR M &t
100% F1 60% [ Fy/Qc 43 A i L2 85% F 76%,
2 PR IT IR A1) o0 2 75 S 3 i DX gk P A8 il
b B 14(e) % C AL E il X s BR %
H i 423 o) 32 B AE 50%~ 65% 36 Bl Y, 805 %
B E &Y MBI 5],

\ dss k) —d
& 155§ﬁz“€>40dif=(—m‘” 32(QC>)><100
d32(QC)

PR S T X B dayee) 5 21 diyqo)
M2 5. 1S 3R R SR S s T3 dy, K
F 2V dy; MR TR % B dy, 225735
INF R A, R T UHRERR AR FEH B, i
Y dyy WS TSk X 1 dy, PR
WAEST A M S 7 2 o N RIBR I B R
2 B Y DIF 284k anf&l 15(b), BRI LB/, 4
Y3 dy, T3k 3B 6 il XK 01 dy, 22 5H Dy

9
L —n— 5 EA
8t .\ 7‘5‘;‘73]3
7 : (|
S
& L
Q 5t
4l
- /.
3F [
oL
1 1 1
100 60
Po/%
(a) TRAMITEBIID Ak
11
—n—7%B
10+ —o— 5% C
9l
gl
=77
=
Q6r
51
4t
3t
2 1
100 80 60 40 20 0

Po%
(b) ANFMAM T I EBAT & CHID, 251k

15 Bk XIS 2 XY d, 257K RER
Fig. 15 Schematic of the average ds, difference between the fuel-

rich head area and the whole area



523

B 28 b R BR 18 4 T AU G 309

D NAS T DA PR S S FE RN ML S THE I
SRAT BRI I T R, {5 —J7 11 4 X4 551 728
22, o5 —J7 M BRI 3l 2 i — i B 8 5 Al e
2, (Al = G A A FH S A A5 B U 55 U1K,
SEECN IR R R K, R AR Tr S C XL
HAb kT %, dyy 22 580K, ARR N LB dy,
(1 DIF 225 AR, NI JT 58 C SRR A T

o . —— P,=100%
8l —— P,=60%
7F
6+
=40
3t
\®,
2t \
1F
L L L L L L " §,.§._. 8.
0 10 20 30 40 50 60 70 80 90 100110120130
d/um
(2) T RAMREH
1ol —— P_,=100%
—e— P, =80%
g s P =60%
r —v— P_,=40%
P,=20%
R
>
41
2 B .
0 10 20 30 40 50 60 70 80 90 100110120130
d/um
(c) FFEBIMHE A
18
16l —— P_=100%
—e—P,_=80%
147 e P =60%
12+ —v— Prpn=40%
0] P,=20%
£
=6l
4]
2
0 §'§m_~_,‘_h

d/um
(e) FFECHITHEH

0 10 20 30 40 50 60 70 80 90 100110120130

VLA B SR R 04 55 DI HIA A K 2k H B Y
24 ARIIATEFGHKER

AN [6] RIS [ Sk 38 5 58 T il 25 3 it Bk gk
It MARFRBERLAE B 4 A dn & 16 s, B d #ow
TR I EAR, Hrh & 16(a), B 16 (¢) . & 16 (e)
& W T A B R AR 1 1 R e B KR DN, B

20 | —— PIPHZIOO%
—e— P,,=60%
15+
X
O\?: \.
NG 10 \.:n\.\.
.
\.§.
5+
0p—

0 10 20 30 40 50 60 70 80 90 100110120130

d/um
(b) FRAMH AT
20
15+ i‘v
>|\
w\lsl\
< 10t N
s =
s
—— P,,=100%
5t —e—P,_,=80%
—a— P, =60%
4 —v— P_=40%
or— P,=20%
0 10 20 30 40 50 60 70 80 90 100110120 130
d/pm
(d) T EBIHAR 1
20
15
.
X 10r N =y .
N : B
/ —s— P_=100%
ST —e— P,_,=80%
—a— P_=60%
- —v— P,,=40%
or— P,,=20%
0 10 20 30 40 50 60 70 80 90 100110120 130
d/pm
() FTECUTH IR 531

B 16 AR CBE T i KA BB A 2041 ML

Fig. 16 Distribution of fuel droplets number and volume with particle size for different conditions



310 o=

7))

pij

% 4R

38 %

B SyAs BE HORL B H B 2 R 25 pm [
T ARREF, FEUUR: 40 pm BREIT AR T H H ik £,
BARK T 70 pm BRE TR HED; 8 16(b). K16 (d).
&1 16 () = W31 A4 B 43 25000 A BECRE A% ) 3 K
NSRS Y WA NN AL N G S Sl R S N
BLAESE 40 pm, X L4 8 3 2R B B 2 A AR R 43
5, RUPR 5 H e 2 kiR, R B0 R B
K, FZRRFHH R 20 R R R /N R
RRR BT HCH BN, (BB iR A
[/ T R F 80 H 8% 2 R A2 4 F 25~ 40 um,
1M 40~ 50 wm Z [AIMER T o AR AR 40 B0 K

3 &

ASCRIH PIV I3 25 S 5 EIHR S b 3
RARGES I a5 18 42 T T D PR = 1 =
PR [R] 3k 8 77 22 RIS [m] 1 3 R G LL 3] 1) Tl 25
Y25 [ oy A A e A T 5T . R4 SR T

1) 45335 7 %8 v OB AR T BR A Sk 30 5 I X
SRR BRI A 5 7K 0 DN, R o, AR
2 VR, B ds, R PR, T TR
G X S ERRLAR /N, T BLAEAR 0 7 1) o A k5

2) S HPHE L A T U AR K A RN L R EE R
F2 B0 T Sk 3 DX T BB H SR Ny
AR H 4, 3 d, R FRIN R
{ELE 2% Mt W e 52 ) i K

3) SR S R AR e — g s, AR = AR
TH G AR BA b % 25 AR SR B2 AN K, (H s 52
TSk BB AR (A2 1] 43

4) JRJE EE v B 32 AR R oy A A T Sk
D, T ERECH 5 AN 50% L AR
LRI B3 s, BT K .

5) WS ERECH 2 R RLAE R
25 um, HR A 35 um; i % 3 AR B B R
THERLAR G FI R 35~50 pm.,

IR R A T T T I SRR
GELE TR 0 43 PR Jee & RN ) G AR DT L 1
PEHLAE N S HE

Sk

[1] XUk, 468, 2 A0, 5. KA RHLR SIHLE & & B
AR AR5 W [9]. Wi ZS 3 A7 2441k, 2008, 23(6): 976-980.
LIU Daxiang, JIN Jie, PENG Youmei, et al. Summarization of de-
velopment status and key technologies for large airplane engines[J].
Journal of Aerospace Power, 2008, 23(6): 976-980. (in Chinese)
[2] BAHR W W, GLEASON C C. Experiment clean combustor pro-

[31]

[4]

(5]

[6]

(7]

[8]

(9]

(10]

(1]

[12]

(13]

[14]

gram: phase 1 final report[R]. NACA-CR-134737, 1975.

G, R FE e R AR HLR SR % M), L5 i s Tl
i Rt 2016.

XE SR, BB, XIAFE, S BRI A X Ly AR R E
NOxHE L 5% Wi [J]. BEBeBE 2= 58 R, 2013, 19(3): 254-260.
LIU Fuqiang, MU Yong, LIU Cunxi, et al. Influence of fuel stage
proportion on NOx emission from central stage combustor[J]. Jour-
nal of Combustion Science and Technology, 2013, 19(3): 254-260.
(in Chinese)

K U R 458 B R 1l IS 25 37 R R BT 5 (D). R AT R AT A
KK, 2009.

ZHANG Zheng. Experimental study on fuel spray characteristics in
model combustor[D]. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2009. (in Chinese)

A6 LPPIR TS G R B 28 Sk 3 U7 S8 A 5% [D). R AL - 7 AL AR
ZEPLR K2, 2013.

ZHU Jiawei. Research on the heads projects of LPP low emission
combustor[D]. Nanjing: Nanjing University of Aeronautics and As-
tronautics, 2013. (in Chinese)

GAE, X F, M, SFOBURE A bE 2 B Sk T il 25 AR
SLEG[I]. LA 3 A 4, 2014, 29(2): 250-258.

JIN Renhan, LIU Yong, FENG Zhipeng, et al. Experiment on spray
characteristic of single head of dual-swirl cup combustor[J]. Jour-
nal of Aerospace Power, 2014, 29(2): 250-258. (in Chinese)

S0 K, BN SC, TR, AF . DU I R0 M g R 1 K e
WESE [9]. P 2 025 R K24 24 41, 2013, 45(4): 453-460.
DANG Longfei, YAN Yingwen, XU Rong, et al. Experimental
Study on fuel spray characteristics of pressure-swirl atomizer[J].
Journal of Nanjing University of Aeronautics & Astrunautics,
2013, 45(4): 453-460. (in Chinese)

XN 5y, G, Kig. PR b E
[7]. e PER A, 2019, 40(8): 1824-1831.
LIU Yian, GUO Zhihui, ZHANG Man. Experimental investigation
on spray characteristics of internally-staged combustor[J]. Journal
of Propulsion Technology, 2019, 40(8): 1824-1831. (in Chinese)
AR, R, BB, A AR T R 0 W 5 L R 1 5
g fr 3 36 (9] A 25 3l J1 2 4k, 2020, 35(8): 1634-1654.

WANG liajun, GUI Tao, QIU Wei, et al. Experiment on the influ-
ence of fuel temperature on the atomization characteristics of cen-
trifugal nozzles[J]. Journal of Aerospace Power, 2020, 35(8): 1634-
1654. (in Chinese)

T b, A, S . b 2> SR 8 T TR O B 25 4R
PERF 5T (0], M HEHA, 2020, 41(6): 1305-1313.

FU Jiangkun, ZHOU Jianhua, GUO Zhihui. Experimental investi-
gation on pilot spray characteristics of internally-staged combus-
torp[J]. Journal of Propulsion Technology, 2020, 41(6): 1305-1313.
(in Chinese)

W 55 0 . vl 3 R e = Sk B i 55 3% 1R 56 F Y (D). 1 At
B AU ZE R K2, 2019,

CHEN Dengbing. Experimental study on fuel spray field of the

FALRR IR B 5T

central-staged combsutor head[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2019. (in Chinese)

CAIJ, JENG S M, TACINA R. The structure of a swirl-stabilized
reacting spray issued from an axial swirler[C]// 43rd AIAA
Aecrospace Sciences Meeting & Exhibit. Reston : AIAA, 2005: 14-
24.

FELDEN A. Development of analytically reduced chemistries
(ARC) and applications in large eddy simulations (LES) of turbu-

lent combustion[D]. France: Institut National Polytechnique de


https://doi.org/10.3969/j.issn.1005-2615.2013.04.003
https://doi.org/10.3969/j.issn.1005-2615.2013.04.003
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.190372
https://doi.org/10.13675/j.cnki.tjjs.190372
https://doi.org/10.3969/j.issn.1005-2615.2013.04.003
https://doi.org/10.3969/j.issn.1005-2615.2013.04.003
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.180490
https://doi.org/10.13675/j.cnki.tjjs.190372
https://doi.org/10.13675/j.cnki.tjjs.190372

523

2 S O T e K S VR 2 77E

311

[15]

[16]

[17]

(18]

Toulouse, 2017.

FAN Xiongjie, XU Gang, LIU Cunxi, et al. Experimental investiga-
tions of the flow field structure and interactions between sectors of
a double-swirl low-emission combustor: effects of main stage swirl
intensity and venturi angle[J]. Journal of Thermal Science, 2020,
29(1): 813-819.

YAN Yingwen, WANG Yajun, DENG Yuanhao, et al. Fuel spray
characteristics investigation in LPP combustor[J]. Aircraft Engi-
neering and Aerospace Technology, 2016, 88(4): 498-507.

LUCAS E, MA P C, MAYHEW E, et al. Fuel effects on lean blow-
out in a realistic gas turbine combustor[J]. Combustion and Flame,
2017, 181: 82-99.

WOOD E J, MCGANN B, MOTILY A, et al. Impact of fuel prop-
erties on combusting jet fuel spray breakup, analyzed using high-
speed phase contrast imaging[R]. AIAA 2020-0522, 2020.

(19]

(21]

(22]

OPACICH K C, HEYNE J S, PEIFFERE, et al. Analyzing the rel-
ative impact of spray and volatile fuel properties on gas turbine
combustor ignition in multiple rig geometries[R]. AIAA 2019-
1434, 2019.

AUk AR, B IE SC. R I T VR R B EOR A M 0], 4
SR 5 ST, 2000, 13(4): 5-8.

LI Jibao, HU Zhengyi. Design technology for high-temperature rise
and high-heat capacity combustor[J]. Gas Turbine Experiment and
Research, 2000, 13(4): 5-8. (in Chinese)

LEFEBVRE A H. Fuel effects on gas turbine combustion: ignition,
stability, and combustion efficiency[J]. Journal of Engineering for
Gas Turbine and Power, 1984, 107(24): 23-37.

iz K shpL et T 0F ) Bgh & 2 i &k sh pl it 0t
SEOME R BE A B M. AL AT A Tolk i AL, 2000: 189-
190.

(h# R )


https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1016/j.combustflame.2017.02.035
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1016/j.combustflame.2017.02.035
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1108/AEAT-10-2014-0157
https://doi.org/10.1016/j.combustflame.2017.02.035
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002
https://doi.org/10.3969/j.issn.1672-2620.2000.04.002

	1 研究对象及试验方法
	1.1 研究对象
	1.2 试验系统
	1.3 试验工况
	1.4 油雾场图像处理方法
	1.5 试验方法验证

	2 试验结果与分析
	2.1 折流板结构对油雾场特性影响
	2.2 燃油比例对油雾特性的影响
	2.3 头部富油区域与全场油雾对比
	2.4 不同工况下全场油珠信息

	3 结　论
	参考文献

