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Atomization performance on fuel slinger with
pulsed digital holography
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(1. State Key Laboratory of Clean Energy Utilization, College of Energy Engineering,
Zhejiang University, Hangzhou 310027, China;
2. Beijing Power Machinery Institute,

China Aerospace Science and Industry Corporation Limited, Beijing 100074, China)

Abstract: The measurement system of atomization field was built on a centrifugal fuel
slinger test bench. A suction hood with multi-well plate was used to prevent the oil mist
spill, and its flow field was calculated by simulation. Performance parameters such as fuel
droplet space distribution, size distribution and atomization cone angle were measured by
pulsed digital holography under different rotary speeds. Results indicated that the radial ve-
locity of suction hood was uniform, the velocity field near the fuel slinger was an order of
magnitude lower than the droplet velocity, so its influence on the atomization field was
small. The 20 um peak droplet size of atomization field accounted for 20% —30%. With in-
crease of the rotary speed, droplet size Sauter mean diameter (SMD) gradually decreased,
atomization field was centralized to axial direction and atomization cone angle was reduced.

At the same rotary speed, with the increasing distance away from the nozzle outlet, the
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droplet size SMD rose, and when the speed increased, the amplitude diminished.
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centrifugal fuel slinger; pulsed digital holography; atomization field;

Sauter mean diameter (SMD); atomization cone angle

90 2R Tl R e R e O L B g
0 B2 L T A 7 A A 1 R 22 L ARl A
M 0 1 S IAE E S TR I R AU B B B0 25 1k
PR R0 O T R AR R B ML
ERESRECE & o AR Gk =3I RS A S i R S 1
o, B0 OR i B BA S AR AR /N LA ) g A 1y
A I IR AN B B SE A B AR L AL
]I R T A5 2 A NB i s R s L,
WF5E 50 2R Il A 1 251k 2 550 0 5 43 B L ol
FO Pk BE RRAE . XA BT TRl B 254 L 32 = K L
RN 5 iy B R

Sy TR I A 1 55 AR LB AR R AE R
FEZ AL PE BE B 2 80 W R $F R T ¥ H 42 (Sauter
mean diameter, SMD, & 5128 Ds.) » 2% L5
i OB JE B R A S L 2 B ATR T T 22 Rl
7 L B 55 A R AT L S A
i 22 3% 860 F 43 B A (phase Doppler particle an-
alyzer, PDPA) | th /R SCRL FEAX . iy B 52 Bk 3 it
WM. BEAL SRS A m RS H
PDPA 5 1 AN ) % 38 Al 48 9 108 il 25 1k s B2
SMD. 5 AL ot 1 55 2 50, O 245t T H: B e 1 1 8
LB . Seong, Han %% 25 & PDPA Fl & i#
5 o AT T AR (S A A TR A X
Bl 3 % Ak i B g A7 T A1k BF 5. Werner
SELTT SR e AR S TE R R BEIh FLIEAR LR
AL = TR B e R AT T — RN S AR S
B g th 7 R R AT AL S R A5 R IR AR AR S I 4
SRR IS /N BRI e 1 [ LR i 28 A 5 R
PEREMENI 64T T 43 M. Morishita 255 gig A5 Al il
B LB ALRCT SRR I R A 38 X g5
W AT AL BRARAS 745 R LT B9 SMD, 25 1
FHK EAT 5256 2R e 2K 24 B AR 1Y 22 56 4 =X O
AT T RN B A SRR S AR B s e, R
SEH A = o B R DL R R R B OE T T
FNINEBIAE S I 4, R B £ 55 1k 1
1) 25 (] 35 &) P 32 3 N &8 I 3l AN 35 59 1 B 5 i 45
Ko BRI SR B AR 3 AR 1 4y T 5 IR TR R T
RGEVEM S5, o 1 A S R AR SMD I
SR 25 ) B 2 B UL S PR T B R 2 R B S )
(UPSEE= v

SRR (RPOREN T Re i MR E AR I AT}

SRl ey Bkt P i 5 25 10 R R O T T HRGE B D
b ey R ok PR o AN L A5 A K L i EL AT OGS R
AT TR A M T 25 A AR . 3 45 52 7 494
T P YD R T o e S T P |
Je s Pk B 73 A PDPA BB 5 3R A5 55 10 180 1 BL A2
F=ZEd i g il i, By e BHaARRA =
A 12 0 OB S (9 RE T 5 I I A AR
J1% A R PR BE AE O T R B i = 4
T ORSCBOTH S A T U A A i R
G, 42t 2 LA Al W B 0k 55 A0 g 1] AR
T I FBUE A BG4k W % 254l 1 19 52 i 5 2k
— 2 T ko B A SR A [ 5 R g0 5K
RS S BTN (G T E Y%
{1 1) 25 18] 73 A1 B4R A S S5 A HHE Ay o S 56 FE Al
BEAY G Bt K AE R DA e R SR S

1 MEFREMEE RS

1.1 WME/FEE

A BB R 20 H bR R4 5 5
SPOCT W LT W 45 S0 T8 2000 5% W 1 1 i i A
FADLAE B - FF 38 2 A [ 59 2 25 O IR0 Sy & B
Pl ] LA S S 01 ) BB e — b LY 1 2B
BB, A 45 42 B L % 5 YA WA 2P
TR BT A R BT A AL 1% G L 2 4R
T ARAE AL A B TS24 B KR AL i R E
IR . — B0 S A I E RS B AR
MRGF H AR - BRI 5 2800 T . T
FROPBCFHIPLIC % 98 5 DUAR A0 5 BEIE y Jk
il B2 25 Ol T 4 R T SR S B R SR
Pl A7 i P I o DA AR A5 AURE 37 v UKL R A%
B AR AT R D SR

S THTHOE IR ST BURL 37 42 B sgd i v
TACSRIE B =0 WBURL, 4 B0 % 7 A T8 5%
8ot 1a.p N

I(a:f:20) =

_ 2 PO SPS R
1 AZOO(I,y)@&lnL\ZO(l +y)] (1)

TEP W QX B B RIsH . th T
PR B A R E W RS R



1824 i

=3l

DA %35 %

SR R AR SR T /N il 728 4 B v O X 4 L I
Framgdt. AL RE LB S ok AR AT LN Ok A
R SNENIDP e i IR =P i A i R R g SN 3 BT g ]
Wi AR A B MR ORI ey ) AT LA
BB I, B R/NEZR IR R
I(x,ys20) = 1—1(asBs20) @ ¢ (x,y) =
1— IasBrz) @

[ [on(= ) Jemo (555

(2
Hor ¢, Cow ) B IE B9 7N I R VR 0 2 58 BE TR 5
M, I AR EZ L AL ¢ (e D IEHAF . E
T RLERIR N

_
M, = (3)
Horp o AU % O ek B0 T8 B B MR T R 4 4

o N&-«iJL iy 1 m\z}
o mm[ 3 Azln(e ),2 e D

4
TEBURL ) 42 B 1B B8 AALIE % - 1 € ]
8 Y TG OB = A O6E P THT Y /) 35 e R
x4 S5 PRI/ B o B0 AT 2 B BRIV 31092 - 1l Y
T VAR P A R AT SRR R R E
PEABURL , 2RAS BURL 215 1
1.2 KBWRE
PR E IR R WA 1 PR, &
S A - R L 55 1 52 5 A% Ak o R e S
A4, WEFALR SR EERME 1 PR,
RE 5 DAL S R & B0 7 Y 3 5 R R a0
RAE LUK IS, E B DA FRE AL
AL AL R Al R R Bk R A
BERERG. mE B SIPLI S 100ES40G, R
FHZZ 538 gt 85 HRL Sl AL A% 3k i Sl AL A PR il 28 P 2R
PRI 25 3 e L D e B SR I MLBIR B . R
A1 VP-20-FA3 s il 2 A 4 s 4 i 1 i i i
0 9ok 77 T s g A K e 0 b e 3 5
P T AR T A . O T U AR E L R
iR T B3R (IO g . AL TR
S FIE S Ty Bl FH A R R B A 5%, R
FESIA Ny 1 Hz, SEE KM O RP-3 i 25 Bl . 78
23R RO R K G L B il IR S B A b 55 Ak
it » T FH il 25 70 5 A S B Dl 1) [0 SO B0 A A
il B ) g B A R HERE O 2R [ IO 1 £
FLAR . fLAE 0 3 mm. b Al R 2 A 2 AR 2y

A 120 mm F 50 mm, Tl 0 =8 Hy 43 [A] BR
R B R A W A 25 mm, 38 3 52 P
TR L 3 A 55 A TR Al 0 AT B B A X R
JFHL 48T A0l B 3 BRI DX, S R il A A
16 (4L 98T o o1 1) 453 A5 22 A W5 5 L 4 RS W
fkopEer 2 B0 R G S R 1(h) B
N> FE KO ARSI AN B AL
. WOG A G2 by S B AN BT FL A AR
F18 25 1) T A% » 8 06 SR v Y g AR L 4R R D R
Fitd ARG 2 B AR E AR 50 mm BOE R
W55 Y 5 T W5 5 O 4 70 B RLECT A1
Plicsk . H AL 4 Bright Solutions 24 A
T TR B Ot 7% (Wedge-HE-532) , 3 K
532nm, k55 K 800 ps. #E K 1 ~10kHz, YK H
R 4£0. 5mm, 554 B KD R ECF AL S
A Basler acA2040-90uc, 43 HE RN 2040 {4 &F X
204648 K B R RS 5.5 pm, WAy 90 /s .
e A PR I 28 55 A 1 i R a3l 1R R R TR o

(b) ki 2 E ik R e SE)
K1 R sE ks ieE A5 E

Fig.1 Measurement system of fuel slinger atomization field



59 1 P A ST A L T ko B 4 B B P 5 AL 1825

WOE RIS AL UREE” S Gt 5 Y 7 A L DLER
e R R . YOG e K B A /N T AR BIL Y S I [R]

20 pus» R TR B Al 408 55 T 4 S I SR T BT A
S A diw (DG645) [a] 25 306 4% A AR AL & YR LT
ARG 5 ps Ja OB R HDE .

2 WRERBHEITE

BV I A AR 0 55 By 1k 55 A i AN R R A
8 578 JEh B 25 A 37 S T PR A il 0 R X ) e X
W MR, R L ANSYS 8045 i 4% 55
S 56 2% U 7 AT O AT SR 0T
2.1 HEHERMNER S

2 PEAh R R R I A S AR R ] S 45 4 L £
SRR 2 Fiv 7, 78 52 56 e Jo) B8 K 58
Bl 1L.5m X 1. 2m X 1. 5m ) K =8 ], 45 )
SCEG AR AR . B A R i A T 4R
il B 20 AT 1 DX I A SR ] TCEML 3 i
130 B 3 AR 25 4 Ak W s 19 J7 =X 78 8 il 48 5 B
A BN LA A% fin 85 b B T A% S B 847
T FBCE O RAS AR ATl S E O s
J3HE S VA R B R S
885 Nm®/h #1 115 Nm?®/h. # FH{ RNG (re-nor-
malization group) k-e W4 J5 F& fin i AR 7oK 18
Y 6 J1-3 S % ] SIMPLEC (semi-implicit
method for pressure-linked equation consistent)

LA TR AR

<D

K2 JRh A s A i G U7 Bt R R
Fig. 2 Simulation model of the fuel slinger test bench
{low field

2.2 FEUHEERRESH

e B e A A o 2 5 TG e o 98K T ST 3 R
a3 B S T NN N (51 B -0 N W TR <)
A7 FER R B 0 VR T R vl 48 ) Rl R e il

B VB B R . R B 0 o Z LR
AU G 3 B 5 o DA i R R R T A R R
TR I H 55 48 W A AN 2 30 1 7 38 3 i T B 1T
A T R AIG DA 55 6 Ak I B R e . R A
FF ST 3 3 Ok it PR 1 4 T s b BN R R AR
AR 0 BB OR T H A BT
T G A AR B e R R 1 (T v A
(i) 2l A 90 FEL7ih 3 010 1) 25 A o ik 55 4 8 ST IROE
HH b — M S B 1 AR R 5T L R
BT 5 55 Ak T A B i L R 0 DA 55 il IR T
FALT R

Bl 3 se e ok A B

Fig. 3 Velocity distribution contour of the test bench

P4 R 9 B O R K

Fig. 4 Velocity vector diagram near the fuel slinger

BEEUE A IE B 7 20,30 mm 4b I 5 S Ty
li] P 2R 28 b A 1 L AN 5 I o B 2 I T e
JEE B 1G4 BE HE OK L 20,30 mm Ab i BE 43 B R
0.8m/s Fl 1. 6 m/s, 75 MM P B 3T o 2 32 43 A
Xof R o BT P A JRE O AR T A M A
B AL CFEARHE AR AN ) o 52 S0 A5 45 1 52 W 3 %
At B2 AN X5 AR A2 A CR S LD 20 mm 40 A7 1



1826 it =

%35 %

A Pt SR R (L2000 CRE b 00 ) iy 2 R P g i
Hrtik 100 mm., 75 L il £ v 3 e el 3l T L 55 A
T2 Bl B R LA R AR o H Al B oA 2 v —
B G R O FE I B S5 A B RS AR DS

Al : —— 30 mm
) [ WL | —— P H20 mm
2 50 }% : 1.6 m/s Z%
% k. ; il
é 15k : y
l @%g@:l;igwﬁﬁi%
0 5 1 1 I_'.I.:_l iﬁﬁ L 1
T 40 -20 0 20 40 60
z/mm

Bl 5 JE Al AR E 7 o6 I 1 R 43 A
Fig. 5 Velocity distribution along the optics axis

above the fuel slinger

3 LWMERSI

FIF © R0 ELAR R B B o 22 43 B il 4 R 4
R BE o s o 8 W PO B R I v B 4 B
RGP T 6 R A R R A AL
Y4 B E #EATI0 5% ARG 55 AL kAR g3 A
23 (8] 73 A F 55 AL HE A 25
3.1 ZWBH

S Al g B A 10 kg /by SR A5 i AR vk 0
L n 43 B8 5 000, 8 000 r/min I 15 000
r/min, ff TALRE 5 #E7T2 B BE 5. SEgmfr
FR#R i B2 o 20 ~25 CL A S 80 %
779.51kg/m® BhE J 7. 971 X107 " m?* /s, X H 5K 1
H0.24 N/m, W 5 5 58 3% K /N 11 22 mm X
11. 25 mm, £ %G E] g 800 ps.,
3.2 MEMERE

SEI ATk 2 B R 2 B e L,
k22 AR N 0.8 mm., B B i AE WM B0 IE B
T brifE22 HAR S 0. 15 mm, FT 45 B € fE gk 22 |,
FTEsAb B B s 0 30 mm, £k 22 FFRiE 22 1) 4
BEE 6 () iR, B TG R T A E 241
A GEBE o R BEAF) AN bk 1) 7= A 1 5 g
AL AR T Sk AL B TV AR B, S T S T ROR
N 55 7 500 L B2 5 15 W LG L TR] s (8 T 0% H bR
4 B8 A 20k SRS R — K R R T
ORI BR 25 UG 4 B R P i SRR S L MR
AN R 0 R R A B R AT E A, SR

PR J5 ik 22 BT o 22 1 B AR R L 6 (b) T
Bk 22 bR U 22 1) F e B AR AR I b T LU B
FRATAE AT . Gt A FAL B AL AR EZ2 & IR R
SR S bR ME 22 H 42 O 0.154 mm, R 22K
2.7 %% 396 I R R . Xk 22 RN AT 45 Ak HE AT E
A7 A5 B30 S5 P TH IR 2 W5 oG o 125 mm, L
HhC R B L S EE D 31 4 mm,

1 |
i i

(b) FAEA]
6 b2z 4 B R g

Hologram of standard wire and its reconstruction

(a) =R

Fig. 6

3.3 XWHERWR

IR Bk b 8 4 B B R G AN [ 5 T A
B AT I i, B 7 R % A 55 0 4 B A
iige NEACIPE S K-S ININVE i
Jei B 55 4 B AR BUIE M . SR /N SE R R
Bl BB 0. 5 mm B — A& )2, 1 4 B B 5t
Y REE A 7 (b) fros . 55 % RE KGR EE .
H5ERXH B, BARENEE, -2 R
FH 7N B3 P 5 A B Sy 8y 2 SRR X 5 T R AT
AL o DA vt Ry I e B Bl ) Oy o B KR
] Ay il 88 B ) oA = B ST ELAA AR BR R L 5T
) =423 [ 43 A I 7 Co) i I d #6855 T
RLAR S KIS I AR ) 339 5 434 Bl & R B8 I 6 1 1
e B S AR « Oy RS,

T B R 55 A 3 5 T RLAR Y A ()
A3 A B TG 2 6000 AN BURL, 43 B3R
] %% 2R F BE B b A mE s L R R 265,
29.5.32. 5mm Fl 35.5 mm &b % 5 09k A2 4 A
W 8 fiR . 5435 % i I (E KL AZ 2y 20 pm, 5
Et 20 %6 ~30 %0 , B 5 FE vl 45 s s s 1A ) g B Ak
55 T FAPRLA A1 il e A AL o Bt 2 B2 7 385 /)N A
KL 5 LG R 4N %% 380 5000 r/min B, 5 BE
26.5.35. 5mm.RARTE Ny 17. 5~22. 5 pm kL 5
o3l A 37.75% .31, 45% . K% i TF . oK
SR 7 H D o 08 (AR AR X IOE A o B L B
5000.8000.,15000r/min. & & H 29. 5mm &b k7
2 Bl 22, 60%,26.12%6,28.39% .



9 0

P A ST A L T ko B 4 B B P 5 AL 1827

@ BEWALE () TR

(c) Fi =4z
B 7 e 8 EE

Fig. 7 Reconstruction of droplet field hologram

il

R4 25 Ak 3 1 25 (R 422 43 A1 o S8 3 1 5 et g
RN I N =i S A AR o O S O <O B < I
(SMD) i 5% #2846, 25 SR AN 9 Fron . 7EAH [H]
R PP ST I A I A O o B B B AR kL
12 SMD 34, LBl A 5% 3 04 TF i 5 18 KB I 32 D
JNGINEE T Sl 5 000 r/min, 5 M 26.5 mm F|

—~z=26.5mm

,\ ——2z=29.5 mm

——2z=32.5 mm

’\ / —-2z=35.5mm
Ae@ 0.18 4\ “-\ 77295
T 012 A AALL 705 o

o® 006f ‘*‘NWW/ &

N Vter s e e i i 355 9

20 40 60 80 100
FHH RAS/um

(a) n=5000 r/min

N

——2z=26.5 mm
—2z=29.5 mm
—2z=32.5 mm
—2z=35.5 mm

20 40 60 80 100
FHH/ um
(b) n=8000 r/min

ﬁ 024 ¢ e i 26.5
\gﬁ 0.18 it e iy A
] \:— 0.12 ) %4 > 5 / W 325 &
g 0.06 - v VW 355 ‘l}&
0 020 60 80 100
kA um

(¢) n=15000 r/min

P8 N[ T 5 R AR 23 A

Fig. 8 Droplet size distribution at different rotary speeds

——2z=26.5 mm
——2=29.5 mm
——2z=32.5 mm

——2z=35.5 mm
S £ S -

7 N
g 68 j /%5
46 ' 29.5
S 25 &

561 D&

] A e S — 355 %

4 6 8 10 12 14 16
/103 (r/min)

B9 FEAkkiis SMD RSk A8 4k
Fig.9 Variation of droplet size SMD with rotary speed

35. 5mm, SMD M 59. 84 um B4 1 ] 69. 3 um., i
B3 &y 15 000 r/min, SMD M 52. 2 pm 3 fill #)
52.82pm, #RIMTESS AL BT, & 5% o D 37 A
0 7 (5 9oty R DA g s B LS el R R A AR ) A
TERE R B T3 2% o 3 W 0 4 IOV 22 & PR 2R /)
T o 5552 A B A Bl B A L /N 55 T Y
WM/, SEE R ) 55 . R 5 i BA RS fE . 5
B RE TR RES 12 Bl 21 BE 25 IS 1 G Y b
DA IH B 3 I s 1 T s, SMID Bk . B 35 B Y
Th i W AN [ e BE b SMID #5256/ 14
#.,5000,8000, 15000 r/min ¥ & T F 1k ki 15 #
SMD 435 & 64.31.59.50,52. 85 pm, FB I £ e
Eepe iy m gt s 22 Ap ol LLRIR N

Ap = Pf(a;f)
Hrp oo % (kg/m’) 5 o hy TiE 5%
(rad/s) ;R N ME H AR (m) s Kl 8 B 2 %0, B
{8 0. 95,

ATLUE L2 il e 22 5 i i 4tk —

T5 R FHH T i 2 s 22 1Y O @W‘
THUTE FE T 28 M L 11 104 M SR R B A [] I e I
HEY T ] i) e R A 3 L R I e 1Y) 1) e R
FESE, IR R T BA 5 25 SR AR R B R

(5



1828 i

¥

3

DA %35 %

AT PR PR B B KR 3 5 A SR AR T 1 55 Ak

AN TR) 5 ST 55 S T) 43 A WL 10 B S 43931
et T WEME S O BE R 26.5.29.5,32. 5 mm Fl
35. 5 mm Kb%l 1] B UKL ER o A o Bl T T A A T
(8 T 5 » 55 Ak 37 1 il 1) 8B v gk B e o T
e 1 AL B3 o0 A it 2l e RE R AR Oy s
T . Bl i BE 3G . 554k 3 10l 1o R 43 FE
BE S 26. 5mm 1 29. 5 mm &b, BiMEIE F o (2 =0
mm) H IR E A /D 1 DX, 2 R — 25 8
T 1 < 1 T R I oo 3 & i e M 1
W W6 phy ] 1) X8 A 1% 22 A W 3 L 2H G 7 S I O
AEAE 28 B X T 25 T B AR R i 428 1) 132 il
] B Ay /N, B BB R A RE I XA A
X 5

AN TR) B 3R W 1T 29. 5 mm 42 55 TR i 1)

——z=26.5 mm

——2z=29.5 mm

—~—2z=32.5 mm

%fﬁ\+z=35.5mm

T mm
LA AL T 009 5
X s
i -

0 20 40

x/mm
(a) n=5000 r/min

0.20
%45 0.16
®x 012
IRV
Tii\: 0.08
o= 0.04 y
(L= VA Vv vy
-40 =20 0 20 40
x/mm
(b) n=8000 r/min
R ——2z=26.5 mm
/A\ ——2z=29.5 mm
D —2z=32.5 mm
/N \TZ
——2z=35.5 mm
AL AT
020 (L /1] 4 VAN [
B 0161711/ 777 % LVl Vil S P
8K 012f e VAL Vil Sy A
TE 008 AL 25 &
T& 004 | S L L7325
. P Vv e 7355
-40 =20 0 20 40
x/mm
(¢) n=15000 r/min
P10 R[] T 250 2 43 A

Fig. 10 Spatial distribution of droplet at different

roraty speeds

OPATANE 11 P B e I ep s BRI L 55 T B0
D AR A A DURURL B o3 A il 4R 00 o 1
SE T 52 A4 £ .5000,8000,15000 r/minkh 3 T
FAVHE A 4y Bk 45.55°,43..93°.40. 04°, [ & %
TG TE o WG L 1T Y RS AR ) B R A 55 o 43
P O DT 25 A0 HE AR N . TR i
AU TH R MBS M T A A R N R A R 55
ARV 2 8L B

ULy [ = #=5000 r/min
0.06 F —*—7r=8000 r/min
’ —a—1=15000 r/min
£ 0.05
K
E 0.04
E
k¢ 0.03
_—l 0.02
0.01
0 Ao : . . L LIRS
-40 -30 -20 -10 0 10 20 30 40
x/mm
B 11 WEWEH 1 29. 5 mm &b 22 i 6l 4 16
Fig. 11  Axial distribution of droplet at nozzle
outlet 29. 5mm
4 &

B 7 DAl oty W B0 52 6 5% U 1Y 52
M), 35 Bk b g5 4 8 X AS [] A U L %5 1
S8 & 53 . 15 DU R 458

1) 22 AL A R 8l e e A 1) O 24 5
0 JE 1 48 B TR 8114 U 37 3 1 %5 i Bl P AR
— B g, ml LLB Ak 25 A . BV 25 A3 5
i /)N

2) Fkopgicr 4 50N R R SRR L s
A UREE” 0 T 550 4 B AR 8O L
BIEEHRERG ST XA R, BAR &
PN .

3) SEI I A 25 1k 3 %5 i 1 W {EDRLAR R 20
pm 5 EG R 20060 ~ 3000, Bl % L 0 T . Ak
REAR SMD /) 5 I 4 P22 W s L8 1 oy B 1 48
F ARt SMD 1y K, HLFE & 5% 3 T 5 R
g B2 B/

4) J £ 5 K 5000, 8 000,15 000 r/min
B 35 A0 HE F 43 3R 45. 55° .43, 93°,40. 04°, B &
e T ARG U i S b AR AR )

5) T ik o gl A B BRI R B %5 Ak
Yy =4 280 (55 1% 25 18] 43 A1 ORLAR 43 A\ 55 A 4 £



Bom P A ST A L T ko B 4 B B P 5 AL

1829

SR RIATHY i HORTE L A s B 5
= R P B T AR

S 3k :

(1]

[2]

[5]

[6]

L7]

[8]

[9]

[10]

[11]

BERNARD P,ALAIN D E C,SMALL K,et al. Review of
fuel spray distributions to predict performance of rotary
atomizers in a slinger gas turbine combustor[ J]. Journal of
the International Institutes for Liquid Atomization and
Spray Systems,2016,26(5):483-511.

T B, RS GE L B0 SR 55 10 R 1 T A i
TOFFE )], s TREHE,2017,8(1) :58-67.

MA Zhao, LI Ming,SUO Jianqing, et al. Study on atomiza-
tion characteristic and optimum design of a centrifugal noz-
zle[J]. Advances in Aeronautical Science and Engineering.,
2017,8(1) :58-67. (in Chinese)

WERNER ] A D,PRASHANT R P.BRYAN H L.,et al.
Analysis of liquid breakup regimes in fuel slinger atomiza-
tion[ J]. Atomization and Sprays,2006,16(8) ;945-962.
KIS L A4 £ T7 55 AWK S LU HLIR 5 R A4
WAk e & Pk RE 5 [T ). A2 3 Jy 22 4K, 2015, 30 (10D
2410-2415.

LIU Denghuan, JIN Jie, WANG Fang, et al. Performance
test of slinger combustor of turbojet engine running in en-
gine test[J]. Journal of Aerospace Power,2015,30(10):
2410-2415. (in Chinese)

RXUSC B W B0 JO I B A5 P VR AT LR DL RN < o [ A 25 2
2 (FJD A 3 /N K B v B i 78 2 2 CHLTHHLD 55 3
Ji B 01 5 1% 3l 2 AR R 2. 2000.

WIS R PG BGHR ER S g0 JE il A BRI BT il R
PeAE M5 S e L) 1. i 8h ) % 4%, 2003, 18 (1)«
92-96.

ZENG Chuan, WANG Hongming, SHAN Peng. The de-
sign and study of the annular combustion chamber with
centrifugal fuel injection[ J]. Journal of Aerospace Power,
2003,18(1):92-96. (in Chinese)

$ 5. SO PR B0 B I BBt LT . s R 3 il . 2016,
42(2) :7-10.

JIANG Xuehui. Design of a gas-liquid two-phase slinger
[J]. Aeroengine,2016,42(2) ;7-10. (in Chinese)

RBAL L RAUSC, BRE 55, — i g 0 JB il 3 55 Ak 74 A 1 1 50
LI, fii 2 8 1 24 . 2012, 27(7) . 82-87.

XIONG Chun, SONG Shuangwen, CHEN Jian, et al. Ex-
perimental study of atomization performance on a fuel slin-
ger[J]. Journal of Aerospace Power,2012,27(7);82-87.
(in Chinese)

SRS AR, S, A — R S T AL B0 JB Il B 5 Ak Pk
B ES (R et EAT R 58 =% (5 B M 40 JHEAR
BT DU 75 K gl Sy A 42, 2019.

AT S A XU ANEUA 2 R S LA B il 5 1k 3K
BEMERSHRIR]L LT K& PEMAESH e
E R B 22 AR 2, 2017,

L ETT. A T & F 5 & T R BRI
(I, it R 22240 CA AR B2 D 2020, 60(3) :212-218.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

GAO Xiang, WANG Fang, XIAO Yangchun, et al. Devel-
opment and verification of a fuel slinger atomization test
bench[ J ]. Journal of Tsinghua University ( Science and
Technology) ,2020,60(3) :212-218. (in Chinese)

SEONG M C,SEONG H J,DONG H L,et al. Spray char-
acteristics of the rotating fuel injection system of a micro-
jet engine[ ] ]. Journal of Mechanical Science and Technolo-
gy.2010,24(2) ;551-558.

SEONG H J,SEONG M C. Spray behavior of the rotary
atomizer with in-line injection orifices[ ] ]. Atomization and
Sprays»2010.20(10) ; 863-875.

HAN J J.SANGSIG Y.SEONG M C. Srpay in cross flow
of a rotary atomizer[ ]J]. Atomization and Sprays,2012,22
(2):143-161.

SEONG M C,SANGSIG Y,HAN J J. Spatial drop behav-
ior of a rotary atomizer in a cross flow[]]. Atomization and
Sprays,2012,22(12) :1077-1095.

WERNER J A D,PRASHANT R P,BRYAN H L. Visual-
ization and fundamental analysis of liquid atomization by
fuel slingers in small gas turbine engines[ R]. St. Louis,
Missouri, USA; 32nd AIAA Fluid Dynamics Conference,
2002.

WERNER J A D,PRASHANT R P,BRYAN H L. Exper-
imental visualization of liquid breakup regimes in fuel slin-
ger atomization[ J]. Atomization and Sprays,2006,16(8) :
933-944.

MORISHITA T. A development of the fuel atomizing de-
vice utilizing high rotational speed[ R]. Houston, Texas:
International Gas Turbine Conference and Products Show,
1981.

MR, XA, SFL B O b B R 1 5 B
LI 0. AL R 5 il R K22 241 2019,45(8) : 1560-1568.

YE Yulong. JIN Jie, LIU Rui, et al. Non-uniform flow
characteristics of direct-connected fuel slinger[]J]. Journal
of Beijing University of Aeronautics and Astronautics,
2019,45(8) :1560-1568. (in Chinese)

Bk & R M0 5 Ak AT LT ). HE R R, 1995, 16 (4)
45-49.

JIA Yongzhong. Ananalyse on atomization of fuel slinger
[J]. Journal of Propulsion Technology. 1995, 16 (4):45-
49. (in Chinese)

A AR A AT . B A B I ORI B oYt
(I, A E#OE . 2014,41(6) ; 1-11.

WU Yingchun, WU Xuecheng, CEN Kefa. Development of
digital holography in particle field measurement[]J]. Chi-
nese Journal of Lasers,2014,41(6) :1-11. (in Chinese)
T A B R A B R R R SR LD AN
HITL R, 2014,

WU Yingchun. Digital particle holography for 3D measure-
ment and its applications[ D]. Hangzhou: Zhejiang Univer-
sity,2014. (in Chinese)

W . BT 4x B UBURLER 8 5 V0T 25 10T B 5 R S N
[DI. BT - #i L K% ,2019.



1830

Vi)

EE

%35 %

[24]

YAO Longchao. Digital holographic method and applica-
tion to measurement of particle combustion and droplet at-
omization[ DJ. Hangzhou: Zhejiang University, 2019. (in
Chinese)

WU Yingchun, WU Xuecheng,YAO Longchao, et al. Sim-
ultaneous particle size and 3D position measurements of
pulverized coal flame with digital inline holography[ J]. Fu-
el,2017,195(5) :12-22.

[25]

[26]

WU Yingchun, WU Xuecheng, YANG Jing,et al. Wavelet-
based depth-of-field extension, accurate autofocusing, and
particle pairing for digital inline particle holography[]].
Applied Optics,2014,53(4) :556.

WU Xuecheng, XUE Zhiliang, ZHAO Huafeng, et al.
Measurement of slurry droplets by digital holographic mi-
croscopy : fundamental research[ J]. Fuel, 2015, 158 (15) ;
697-704.

(. ZE2B)





