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Experiment on atomization characteristics of pulse-jet air-assisted nozzle
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Abstract: The pulse-jet air-assisted atomization nozzle has the advantages of good atomization characteristics and
minimal influence of fuel physical properties on atomization performance, and therefore has good application pros-
pects in ignited aviation heavy fuel engines. In order to investigate the atomization characteristics of multi-fuel used
on the pulse-jet air-assisted nozzle, four pure alkanes of n-octane, n-decane, n-dodecane and n-tetradecane were
selected to conduct comparative experiments. A phase Doppler particle analyzer (PDPA) technology was used to
measure the particle size and axial velocity of spray droplets under the fuel injection pressure of 1.0 MPa, the air
injection pressure of 0.8 MPa and the backpressure equivalent to standard atmospheric pressure. More attention was
paid to the processes of the micro-atomization characteristics of different fuel jets from near-field to far-field. It is
found that although the atomization performance of the four types of fuel droplets varies due to differences in physi-
cal properties, the Sauter mean diameter (SMD) at all sampling points remains below 20 um. With the develop-
ment of the jets, it exhibits a non-monotonic characteristic of first breaking and then coalescing, and the axial av-
erage velocity shows a monotonic increase. Further analysis reveals that the physical mechanism of droplets behind
this phenomenon is the interaction between two competitions: Separation-coalescence and coalescence-bouncing-
evaporation.

Keywords: nozzle; air-assisted; atomization characteristics; droplets

WS EHE: 2025-04-16; {EEIEHHA: 2025-08-02.

EEWE: EFEARRFLASEIIME (12072194) ; bt AAREELE I H (3242021).
EEEN: FME, WiH6F584, wanghanxu@bit.edu.cn.

BEEE. =R, Mt FI#EZ, zhenyu.zhang@bit.edu.cn.



2025 4F 11 H

FRAEAE Pk ft iy s =l B 25 AR 1 - 519 -

SRS AL e PebEdr | T e 45
MZHT /NI ANLE ) G RE 5 <500kg) . H:
FEANIEI N, 5 T B R AR AN ], 1o FH -3
s Je ML F R RV, 1 g -4 T o — 1A
SN S e e B ol o SN D RS p C 8T
(RP-3) RS p . R S ML 2R P 2 A5
PR INIRAILA 5 2 — , DRI LR T s 11 22 49K
BB SR K ShPLPE e B R =z —P),

TRAAIRAL B W55 25 0 35 Ak o TR SEBURE 78 40 HL
T RUBRE I SR IR . IR 25 A0 o e s, R VBT
RSN, S S mm R, 2L 5RAW
B BR YT, BRI 7843, Re R 388, Uk
HERCd B AREL DU P B AR 0 Se kAL
FAR A R pE B AR =, 5 R EIR A
Whbe. Z 7 IR RCE A UK EAEAR KRR E I
B TR 14 554k 5 o BR300 A 55 A = A
T R AR, IR T A i R R 1 ok S PR
BRI, DRI R LS 2RI 0 R s pL AL
SOAEE AR oA B R A MLSh 1 R g

U5 A8 2L B N i) 55 A SR GRE R =S
) I A iR 28 KB 1 E AR E R S IR A 5
Rk P, e Ak R b i sh i Ak Bh
A LA KSR A TR 1) 8 BY TN 2 R 255 HL e
W1 LR FUAR R 2 | 2515 AR RTRGR . RORGH
(AR B 2 7 J8) PRI I 0 — 2 i Ak B /)
RS BT . U AR 55 Ak ) A1 3878 F 3] LAAE A X
BARIA A T (IRF 1.0 MPa) T SEE 56T
L ) 5 2 g T PSS AR A, AR SS
PRSI AT i 2 B H 2 A BB O ot 45 AR
IR RN AR BT RE R FFRC T (M 25 A Rr I, RifL T
R AMAEA BRI 5 R G b TAERL.
FRINAR TR, SRS e SR LS
WS S5 2 00 15 LA B R R g DL B Al
5 DLz S Bl 5 R AR 2% 1 BUTEAAR 25 AL T 25 FE 9
TE MK ShHLHEE 7 T8 HAT 28 H i B AR 3 Fn v
A,

TESZ R N RRMLI FH 7 18T, Orbital 23w e i 248
g 23 St B ST N FH 1) 2 P P R R I v R S Bl L
T AN 5 dhpL I, SE SRR X R E )y AR R
W% S5F 25 1 T S A W55 25 R R F- 3 H A% (SMD) AT i
6.8 um. R 2SS B WIS R R & SIS (R
ETR I AR ERE S KRS, FEThE H
DA B BN AR B A SRS A
Wias TENALL SLTT K Hp, A0 FE2s S 40 B 0 1

FEPCHHLSE AT, e A 2 A & s L g
X P R A E AL,

Fe s NRBIL AR R JRLYE TAR , AR ER
DX PR WS 555 1AE ST, DT 2 2R K b i 25 7 T A A
2, AN F TR GE 2 AU W 25 AL s I 1 1 S Mg 55, ik
M5 55 X2 AUl B 25 A i R FH (B X 5, o] DASES 7
SERFEY, HATRAF 0 506 BE S . ok s =
25 B S A S T AR DR Rk R B, R I e ]
PR “PHIRITE " . 1% 2 G0 A & ARG i AR ik
PRI S AL SRR, W R, SR e i —
PmEEE IR AN 5 RS IR G, e i
FIE IR S YTE R ZE T . A A
TR TN F 118 A R BT S Ao AR ARG N7, R Yk 72 A1
JTE B 5 A R M /N 5 LUK, BRI AL FE AT
PEFTFFAG , B RIAEXTH Ry SE e, ) SRR vk 5
AEERH i sh A )

T ok i St s AU B 25 AR s i 55 b, Jang
2LVl 37 FH 5 0 P AR P9 0 % S ML I 23 < A B
W55 IR TR0, 45 M AEmTHE T th B R Y
S iE 8y, XA A P 00 BRI R B
5551 SMD JEHIY 9 ~ 30 pm. Jin 255 SO
TG LA KM 55 (K IR B 645 A R G AR D
LSRN SMD, AL TSR T S ER
FRIGESILE J7 () BUABLXT W 25 W0 SMD R RZ . 280075
SRR 0 75 S A B 25 S AT UL B 8 R A A N
I H R T AR W] BEAEAE R ZUFE A VE . Hu
20Tt e T 2 S B P A5 R 0 2 35 A v 1y 22
5, R IR RIS T IR0 A 8 250 2485 FL VR e 25 T
AN, G ECH TR A I 55 5T 28 IR 8 /N A IS A
A5 T S SR 48 o 2 B8ORS T 0 VT 04 52 e AE B 5 Lt
A1, FETF AT 8 YR S AR A /)N i o M B o7
5 TS B B (R I T 08N, Gao S5V WBIRSE TR
B8 AR I IR R X 7S AU B S R eIk S T
WS RS2 I, 48 PR AS (] DAl AL ) 22 55 A
SMZE R, AN, s W 2B, Wi SMD
Wit 2 7 55 I 7 AR B I B A, A=A i i I
S Bt A e/ R RR P BE RTE , AR s 1R
SRR AT . R IER E, Wu 205w 2x
A BT B S PA Bh B i 8 iR e
1T THAT, FE TS T W55 NN = 7] L &
WO S AN sl Z R A A . 2B e R A
WFFE 2T 5 1 2 MR 25 S 5 AL LB, (5
XS T S B ORI+ 5 A BT AR AN 7247

SR BT AR ik pp s S s S B R



- 520 - A o

Hl

i 5543 % 456 )

S

K AL 238 ki 24Tt (PDPA) H2 AR X F 2 Fhali
BEIRIRBE 2 AE T W 55 R T e I & oh TR0 R
T Cs~ Cpu ZFRFIREY, BElJE T Cia~ Cis 25
KRG, SR T Cio~ Cp Z2MIRRIREY),
177 32856 v 3 FH A AR 35 1 S B8 (CgHys) | IE 28 %€
(CioHa2) + IE+ 285 (CiaHae) FIE A+ PU%E (CiaHso) , £
BTV B AT SR B T R, [R]  al ke ke AR
Yk o) TR, A Bh T B R v UL 5E 21 i 2R
G, I 0 HERE 5 IR Y SMD A ] -4k
JE, WFSE M S5 Rk a6 B AR A R | RiAe 5
[] 3 85 2 [A) AR AR DGR 48, B ROOCTE AN [RIRORHR iat H i/
Y3\ e S A WOURR PR AL IR, LSS Ay ik g S
A o5 AL TE RSPl bR R 2%

1 &G

B RS SR E

P 1 7 B R SRR B, SRS
SRR, SO E & FE R AT 15.0 MPa
() 425 S, G WU IR S B2 30 . BRI
fEfEIh A b, IR s R TG R, R4S
A RS R R A A, e FLBOR e AR E 2 H
B W58 45 1 3 (Mgl [ )3 2 1.0 MPa | 5§ 1
0.8 MPa) . oAV 3 Fl 45 25 SR D1 43 il 2o P4
FE 36 R RE R + 0.2% ) IRBUEUE. fo ka4
SRR 28 BT R G, 2055 Ui B s S L 55
k. 23 S B 55 A0 R A A ) MRS R ] PDPA
[0, R G )5 P 5 20 2 WL SCHR[26]. MG 5
FHOGCH A O CTE S A RS SoT s , 95
P K (514.5 nm 1 488.0 nm) AYHOL. 4 HOMOEE T
RSP Sk T TR ) R R AR T — AN, B s R
A WS 55 R TE 281k W A5 R G 15 5 el
i AR, I 3 A P T R Ol H A A R e O LA
7. PDPA AbBEERXHE S AT cE AL RS , 715045
FIB Bl ) U SRR R B E) PC . H
TN H0 (ECU) F Tl 2= Ul B s wh it s+
SRR K TE | SR hA P LA K PDPA ffil % .

Kl 2 g S mEvE A S PDPA FRCE )
IS A B R, ERA ARG I P R &
Bl | SO AR R At iR 2 5 7 ik W WA A S O ol i T B
52, SR BRI E o W a5 A TR T 5 R R4
AR TR A, R H R RN J B BK 3 £ 1 i
B, YRR A 55 . T RRIAAR RN T s
A, DRI I L AR R IS T ) A T U
71(0.8 MPa).

B ARIIR I B A PRI I | (R 25 (R 4 £ A

1.1

I M55 55

I i

N

1 EEHPBHRZESVINEETE
Fig.1 Schematic of air-assisted injection system and test-
ing device

RAE

1A ] Bt

B2 ZSHBBEEEER PDPANEBRLCETE
Fig.2 Schematic of the air-assisted nozzle cross-section
and PDPA measurement point locations

15°, e & e fitrh, gy me 2% m v e b L
W SRR 3 R IR IE Joh 0.8 MPa, IBESR
J18 0.7 MPa, BEIHHFLERT RN 4.0 ms FLiH | 7RI8) P&
H0.5ms FMFET WS IEARERT R AR f. BARE 3
HRRES T LA S IR S e T AR, A
P AR TR | IR T R A R I S
I o) 2 (55 2 b ) 0 ok S 12728 IR 2
WISTEBT SRS 0.8 MPa , BHFRLEN ] A 3.2 ms
HWPIFEERE N 3.2 ms B9 TR 2-F T g4
i)Y, HARHE W25 B GG DL nT AN, VR A
W5 5 A R 30T, R0 T 285 5 - DN 50 T g v 0 2
b T B Al 2 HUEE B WM Ab 20, 40, 60 L 80 FH
100mm /) 5 A SRR SEA Tl &, FFAEARR] To0 T
PEIRIEES 40 WK, ARG 08 v Bt Xl it
AL RAS B D A 9651 A, S £ Al ik 59 360
A AR .

4 Desantes 212 s F2EBBFFemE L B4R



2025 4F 11 H

SRS QUL e Wi LU e R R E R - 521 -
0.3 ms 0.5ms 0.7 ms 0.9 ms 1.1 ms 1.3 ms 1.5ms 1.7 ms 1.9ms 2.1 ms 2.2 ms
! l
- L)
(a) B, WESAFLERTTEN 3.0 ms
0.3 ms 0.5 ms 0.7 ms 0.9 ms 1.1 ms 1.3 ms 1.5ms 1.7 ms 1.9ms 2.1 ms 2.2ms

5

(b) VG, WEFEETEY 2.0 ms
3 BERSHAETZ
Fig.3 Variation of spray morphology with time
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Fig.7 Probability density distribution of axial velocity and its log-normal fitting function at different measuring positions
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