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Abstract: A mathematical model of the internal flow passage of a high-flow injector was established. The model was
verified using the experimental results of the flow characteristics of the injector, and the motion laws of the ball and
needle valves of the injector were obtained. Taking this as the dynamic boundary, a three-dimensional (3D) transient
numerical simulation of the fuel flow state inside the injector was performed to investigate the cavitation effect at the
valve and valve seat under dynamic boundary conditions, as well as the influence of the valve displacement on the
3D flow field. The findings reveal that throughout the injection process, cavitation is concentrated in regions with
large flow cross-sectional changes and rapid pressure fluctuations, such as the sealing ring surface between the valve
and valve seat and the nozzle entrance. As the valve moves, the cavitation degrees at the valve and valve seat,

nozzle, and other locations change constantly. When the needle valve descends, the cavitation at the nozzle is sig-
nificantly stronger than that when it rises, inducing a supercavitation phenomenon. The cavitation area at the nozzle
entrance increases to approximately 58.9%, which is 2.63 times the value when the needle valve is fully open. At the
throttle hole connecting the control chamber, a high flow velocity of over 600 m/s and intense turbulence occur as the

valve moves. At the diversion hole connecting the return oil and control chambers, a large area of a two-phase change
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region with a steam volume fraction slightly lower than 5% also appears, causing unstable flow velocity and local

pressure fluctuations in the hole, thereby affecting the injection accuracy.

Keywords: fuel injector; cavitation phenomenon; needle valve movement; ball valve movement; dynamic mesh
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Fig.1 Simulation model of the main components and
internal flow of solenoid valve fuel injector
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Tab.1 Part of key structural parameters of the fuel injector
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Fig.2 Test bench of fuel injector flow characteristic
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Fig.3 Comparison between test values and simulation values
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Fig.4 Motion laws of ball valve and needle valve
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Fig.5 Fuel injector flow channel mesh division and
boundary condition setting
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Fig.6 Mesh independence verification
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Fig.7 Model verification

HELRA AR, W2 THIR AR, A dnmifL i
A0, A R L 1 R e T
AMESim. BRILZ AN, =4ifi iR ZEA BT 5% , 1]
LS Ry R Aff M AL o 7 PR S 8, RE S b fli i
AW A RT & A T DL

3 HR5WE

W IH A AT I Sl AN B AR A A S T2 R A
B, PEICT WM AR BRARAL | T ALAL | B R AL R
FEA R B ZN W Z8 R AR TR B0 R ) U  TmdhRE =
B, XA R s AR = A L R L K DA &
A3 AR A T T
3.1 BREAEENEEE

BRIE AL P ZE RT3 B 3 R ) imdfie =
EIANE 8 firzs. 0~ 0.087 5ms MERIRIT S L. &
8 (a) WA, FERR IR A ST I i R rp, S (bR —
PREFEEACE, S 28R BT 3R 90% LA F. X
& T EREEFL 1 AFAE R R IR VAR A, A I AEAE
FLART R 0 T A0 A AT 5 8 vk 7E b &b 7= A X
M. nE 8(b) i, TEIKIRFF 5 i, i FL b A
JE BRI AR A AR AR TR 1 e o BRI 18T, 3
FSCER TAT AL AF T ] J 2 1 B 45 v . A i 3 AL
L AR T 1 B BRI, R A RO, SRR
BT, FEERE T AR B — A R X, B I
BRI E R O, niE 8@ s, Y 1=
0.0125ms Y}, #if [k XSCE 2978 151.0 MPa, T
AL AR S22k 149.5 MPa, #if 1k X8 &
JImg R T HARERAL. Bl A BRI T, i A R,
ISy VAN SRS TR WA N =i =B 8 3 N O e Y1)
25— A BRI o, T ST ) A % A D i
HERIZNZS A, Forb iR A SR A S AR B, 2R TEEK
TR 5 R 3 R0 5% 1 254 1) 3K R J8 T . 6 AH XK
R AR I s N TR B T B R e i A ks b
S EOZ X S WA Ty B L, S i XURS: B
K. FESLHIE], Bk G 2 A AR B R AR I S Ak
I, A 23 ol R oy T A i A 3 B I B, RISC
HR[26]FP A P 4a i AR SE PR s pl S B, ARl 9 TR,

MBI (A2 Bl , BRI R A 97 80 48K A e 22 ik
AN UG TR, AR IR PR T RE R . Bl
BRI T, R AR -5 BRI 2R 1T 2 Ak B I FEI 54 BT
W, TR A AL A BT IR TCK, b5 25 RS 4b
TAHX AR BT B

2.0000 ~2.062 5ms NERISCH SRR, HFitiE
TR/ | PR 22K, BRAB A T T LRI N, SE ik



2026 4E 7 A [ QAR I b7 B Bl N U7 E (1w - 703 -

R E0%
90

0.0125ms 0.0625ms 0.0875ms 0.2625ms 1.0625ms 2.0000ms 2.0375ms 2.062 5 ms 80

70
PP P L. ERERERER
‘ ‘ ‘ \ \ \ 50
) \ 5 \ . 40
| I T D B DN B I B
s 20
10
(a) ZEREBSH AR
HE/ (m/s)
550
0.0125ms 0.0625ms 0.0875ms 0.2625ms 1.0625ms 2.0000ms 2.0375ms 2.0625ms 500

SR |
|

250
200
150
100
50

(b) HERH

J&71/Pa
1.4x10°

0.0125ms 0.0625ms 0.0875ms 0.2625ms 1.0625ms 2.0000ms 2.0375ms 2.0625ms 1.2%10°

1.0x 10°
8.0x 10
6.0x 107
4.0x 10"

2.0x 10
0

-2.0x 10’
-4.0x 10

(c) H=ll

i &) B8/ (m/s”)

0.0125ms 0.0625ms 0.0875ms 0.2625ms 1.0625ms 2.0000ms 2.0375ms 2.0625ms 4300

4000
- 1 3700
3400

3100

2800

\ 2500

2200

1900

1600

1300

1000

(d) fishit =
B8 IKMAMZSERIH . EE.EN. HEERE

Fig.8 Contours of vapor volume fraction, velocity, pressure and turbulent Kinetic energy at ball valve
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Contours of vapor volume fraction, velocity, pressure and turbulent Kinetic energy at throttle hole



2026 47 H

SRARLLEE : B RN TG as = e i - 705 -

AARAS . FEFFERIE T, BRI AL 8 AR AR K, HiBh
AT R S A (A BR JAE AL 171 VT BE T[] 25 B IR P e — B X
AT RS A, W 10 (a) Fs , BRIE T 7 S0
LA dA D SR A, T REE BR IR 2 T
J&. SHCES [ETHh 5 LA A Ty BB R, R AL
JEF 0 B B REAR , A, P 3R I Ak J9R i 37 3 T LA
A, BRI J7 LA R Sk 3, A 4
Pt i B B 2 A T AL AN AT P S R, TR, A3 A
ANBT AR T X I FEER IR K TR B, 551
N R AR E .

0.2625 ~ 1.062 5 ms A%t b FHB B, B A4l
FE SRR/, Bl BT, 7R R T LA H s
FUT I, 2 L o B B i TR O, S T
EHIRTF I B, BRI AT ] 2= TR FLAR B/ [l
AL, W RS A5 R BUZR W AR
FEHARILA L AT, B n 55 7= A i
B, B RIRTE DX, S B i 3t e B2 B R 3G . [
W, 7P AL L AL A AR T AU K | ZE IR AR )
AR T 5% BIWIAHARIL I, S AER A FL O

AU I RER A L KR, HZ X S b T 1 1)

T, R T S AL LA TS & X
AT — 2 1 22, SR IR 2 A B, 1 AR T AR
AN, RS, DR 2R ZR R R I LR, R
AW E AR, oS iz AL H BT
T 15, 52 e B0 S A K0S, DT 5 e S SR
N i N R A = e R e e ot 1K 52 S /.4 e 2 |
WAL R NMLARAL , FEL 10 (b) WA i fLAb i
AR 600m/s DL F. WEEE 10 (c) I & BLAEAT
W T 2t i s o s e A R TR L, X AT
AEJE T Hs I AL 2B | BT LS S i s T3k
Pl s Ak ik 1 5 S AR AR AL S B0

2.0000 ~2.062 5 ms FFER AT, 45 6l i [l i
Yok /L, TR LA T, TR I %) 2 i) i 4
J 7 Tt GRS IRy 4 3 L 9 5k B S A,
B 10(d) Fros. BRIEFL 1T A8 10 2Rk R 2 7 B A7)
SR R PR, A TR A KR A 1) R AL
4R, Bl A BRI ) S P, S 3 LA T3 Rl AT i/
fRass, IF HAEBRE R AR BB 13500, 76
BRIE o625, WA IR S AL R D12 e
S, 12 RN 25 BT 2 it

2.062 5 ~2.550 0ms HFEFIECH], HIE 10 (c) 7]
A ZB B LA R A T RS, FTREE R T4
W T R, 42 ) 2 FRUHG K, I o Ak 37 3]
L B AL S A RS S R, R I AF RN s

BRI T 7 I FLAL B A — s i 8h.

MITERT LB Y, BRI A b g J R 32 2 3
A G AR, DLRAGZAR 1 ) 58 A8 1 A ™
A, SRS B A R AR R, v R . ik
XFFIZAL B 7RI L , B T 34361530 A K ] R ] e A
AN, LR 2 SO R G T BB i St
(1) e . ] Asfthe AT a3 o A 9 2 A, R
S R 278 DU AT R M GEER AR AL Bl B, MK
T % Pk, 4 ST s T Sk,

3.3 §THRATEENEE

BT BIAL 28 VAR R B L R CimBhRE &
R 11 FoR. =T iR RE A P4 e 22 A
WML | O 2 e e T R T R RS i BN
FEME M CE N 2. B IR G T FE RS N I
FEPE, RS R 3 AP EL.

0.2625 ~0.625 0 ms NEFIRFATES 1 BB ULy
Bret i 55 1 2 (R RO S T8 , A4k b T liE R 2
BR, RO A 11 (@) AT A, BRI &k 4E Bt i
TR, IR B AT S, AR
b, PRAEAL A B B S A G, s 25 A B A
1GER [ TF I B BEBR AR I 1) & J 3] e =5 S5 L2
FER IR s S AR 5 2 28 (B s A peg 384T R Fm
i RV DX AT G, T T 28 A AP A RE RS A 31—
SEMZE R, LA 0 T R 1] 4RIz /)N
FERIEF)TF A B, SO 28 AL A XS AN R 20, NI
AL T R

0.6250 ~ 0.812 5ms MEFEIETHES 2 BrBt. teh
Mt L S TR 2520 n, d@ L 11 (b) AT AR
YRR I I 20 5 v g [ WS FL A R R AT, BE A T T
Jet WEFL N BRI G i, B R m e s R
AT OGS 2Bl 4 7 8 P —F 3 AR T 1 A, R 1) 2 A
BE TR

0.8125 ~1.062 5ms NEFIRFATES 3 Bz HE
11 (c) AT LLWRERS], 1= 0.8125ms J5JE 12k J1ik%
SR ERAS, BARZ RS A TERR T, (BN
BT IRAEIE 2 | LR 22 LT B . FE Y
BEmE AL 101 R 25 S S B O, WA WA g J R 2508/, 1
AL DI T 0 A, B AR, kT
T, MpeAEAb T 8N, R TRk T3 o P % It A I
FLEF R Ty T R ZU AR A, WA S L 2R & A
W B, FERFLA O R RACE X, FREE £
i T, IR X A, R A B A A0 T B 25 b
LA T ERMER . WPl - R m e 1k
T IR AR 5 BE T K A s oy, S EORTFL T e



- 706 - RHRE 224 (A AR 5 TR

5o BT

DR B R T AR IR S0 5 1] g ] 5 FL
AR, WL b A A AR, /N T B Y
ARrEE AR, R 11 (d) AT RS A
FErb i PR BEARAE AT R, JEHAEBIFLA 1 Ab e
FR oY, FErP AL T I A T 0 i o8 R T fL

0.2625ms  0.62500ms 0.8125ms 1.062 5 ms

2.1500ms 2.2750ms 2.4000ms 2.5500 ms

ALY

AR X T BIWALA DS R R, R
FLARTAX AT AR S , S EUAMTEA
T 2 AT SR, AP R, 7 e R S A
&, D fil R sl oy e, T MR e DX, DT e i 3
A

B %

(a) ZEIRHEBUM AR

A/ (m/s)

0.2625ms 0.6250ms 0.8125ms 1.0625ms 2.1500ms 2.2750ms 24000ms 25500ms 750

‘ A | v v | v 650

550

HI]“II]EEE

(b) HEZ

0.2625ms 0.6250ms 0.8125ms 1.0625ms

2.1500ms 2.2750ms 2.4000ms 2.5500ms

LA \!‘
532D D PP

150

=

J&J1/Pa
2.0x 10"

1.6x 10"

1.2x10°

8.0x10

4.0x 10

-4.0x 10
-8.0x 10’

(c) I =E

02625ms 06250ms 0.8125ms 1.0625ms  2.150 0 ms

22750ms  2.4000ms  2.550 0 ms 13900

13000

12000

11000

10000

9000

8000

7000

6000

A0 g
3

it 58/ (m’/s”)

=

(d) lnshez A
B 11 sELFSERSB EE EN R EE

Fig.11 Contours of vapor volume fraction, velocity, pressure, and turbulent Kinetic energy at needle valve

1.0625 ~2.150 0ms AEFIRSER TR, BLEf

B IR 1 2 TR 1A B s A, Z8 VAR B B R

i UL 5 JEE A T — AR R AOARZS , U, 27

*/\ﬁﬁﬂij(ﬁxiu 35%.

2.150 0 ~ 2.550 0 ms W& IRISCHI BB, th & 12 7]
LA S R B FLA T b2 b B igiz , 3¢ B2tk i
ML [y WAL AR, 2 25 Al B R T4
WSS B, 24 r=1.062 5 ms B, B4 IRIRI3 55 5k



2026 47 H

FHAEET M LA 114025 AR TR ML TR AR Y B AELAY
h22.4% , MR IR OC AR B AL TR E 43 B A W |
Tb, B ATk 58.9% , #&TF T 1.63 . iXJEH TAERT
W P B B, P L 4 AT R A A 5 P T S e 4T
fB I R, DA T B A5 3 A T B )N g
T SR AR A E— 25 I T AR X 224k, DI AR
PIEBI Bl B FRAR, DABCF 2SN I KA i sk &
I, R 2 WA K B A i — KK, X
— B 2] AR AR o B 3, e RAE R E] 90% LA
SO oA I DAk W B P S A S P g
CL AN LS S s £ L N s AR B 0. T A SCik[14]
AR TR R TS R IR TR T R0 A & R i AR
1A AN ARSI ASCR AT B G TR kA T
THE, 288 T 5 i R — N BES i #2 , 2
THE I RIS 5 5 P B B ) —FH AR T WL N SR
FEITEE X BT, WA R —E W52

R BU%
60 | & | Wmso
'/ 70
X 50 } L2
2 o (I
& 40} i : / 50
g
= 30F 6 / 40
= -
AN
E af O 30
kS
ST 20
o :
op ed N 0
0 05 1.0 1 20 25

Hif [/ ms

12 BFNOEERRERIHMTU L
Fig.12 Steam volume fraction change curve of the orifice
inlet section

3.4 HEEFLHOSEITK

BT IR A 55 L H 11 1 AU 2 28 PR R
B U i shRERERT R AR f I Hh e an &l 13 PR,

mE 13 (a) 5 () Fis, BEEE R, L O
THRINACE- Y im sl ig 5 s BERARG R, HOE R B A7
IR T i S R IO A AR T A A Ak R Y
M. FEET IR SE FF iR 5, O R RUINACE Y Ak H
PR —E W E TS O A IACE 2 i sh RE1E
Bt I ) 3K fe R T AR 1 —/INBE s ) B 8 38— 05
Je RO [ PR T AT RE R T R ) & N S AL
AL TP sh B8 Z S bEE S IR OCH], W O A
IBCER shfe S TR il 13 () Pis,
CUMBCE R ZE R BUR IR AS , I LR
0 FEF T RS — e RS R IR 280, Ui eI
I, WAL 2 IR B R R R FL i K T, 2=
2.337 5ms I}, PAIBEFLA FARP= A (R 23 Ak gt i & e 5]
THLE, W HZERIARFR BT R R ZIE K T2 i 2

TRRELAE . SRS NS —4ER A i - 707 -
4.
005 — - 0.25
> —— PR 5
- 0.04 F - %‘I’Hﬂ{ﬁ*z — IJ 0.20
b i \ | g
S 003} i Yl Jo1s £
oy / \ 2
Eos / Y 5
¥ 0.02F i {010 &
F 001 / A qoos =
B i
5 ot S 0
N 0 05 10 15 20 25
I} (] /ms
(a) HHPHZERARTR
550 0.25
~ 300 % {020
T 450 3
£ 400 \ | fois =
gy \ | g
350 1 L1 J010 5
i 300 . il =
o 250 i 005 &
== | — T L o
150 — FIRLLE
- 1 1 1 1 1 1 _005
0 05 10 15 20 25
I} (] /ms
(b) IR
1400 0.25
% 1200 [v:\a\ {0.20
E L
= 1000 4 \1,-0.15 g
£ s00f f y L =
Y}%E 5o Jo10 5
£ 600f L =
B 400} 1] 005 &
= ook — WFRSRE L o
= — HHIRAE
ol— . . . . 1 _0.05
0 05 10 15 20 25
[ [1) /ms

(c) HEFHnmshhg
B 13 $tREBSE7LYE OmRm EE R AR,
HE . ihEhee T H 2
Fig.13 Needle valve displacement and orifice outlet area
weighted average steam volume fraction, velocity ,
and turbulent Kinetic energy change curves

3.5 RERE4HMH

SIFFE I A5 PN AT A o e I s e, IR T
BRI T J7 S i FLAR B ARTE , I S fL S F A A BT i
AT, WAL 14 Fk.

Bt BRI I, [0 34 308 3 00 30 T AR o, i AL
Ab RO, YERE Bk KT R, S fLAL
JoT et I e BT P | 7RIS B KRR I ) —
/N B B[R] P S 3 L A A A T T O o 2 AR AE
0.026 65 kg/s ZiAy, Ut IMALAL B A SN
DB BRI AR . BEE R FF R, BEFLH F1 AR Y
TR N7 3% T2 oy ot R W2 w3 22U { WA e D e
HER AW IR, 3307 BT B i R



- 708 - KHAR AR (A AR5 TR

5o BT

TR 15 1 A A G AR T ) R, AR IR
Th—BEHE B 5, TR R K A T, 4
B B I e Yt 1) R/ NANASU 32 31 B 1) Ak i 38 AR TR R /)
(RS, 3 37 B FL B AR /NI RE I, 502 B B £ L
o S R A TSR, e IR E A i K
FHFR ST —/INBERHE] A, L HE 0 o e T
B, PRFFFE 0.20000kg/s A AT, IZAHZT NERIR T 7 S
WALEIR R 7.5 A4, YERIRIT I TR, BRiR
LA AR/, T3 FL A R R T AR R, WL
P14 g Jo 3t et B T 1 B T 28 T T .

0.035 0.25
2
> o
2 0030} 1020 X
< ]
= I
0§ 0.025 0.15 4
= itz
\JE 0.020 | 10.10 &E\[
= — WEfLI O =
#0015 — AL 1005 =
— FuAL#m2 S

0.010 0

0 0.5 1.0 1.5 2.0 2.5
i [ /ms

(a) Fratjis

2

ini1

(b) HHRE
E 14 RERENL

Fig.14 Comparison of mass flow

3.6 BEEHAZTH

TSl = R EERTh S TR
W B B B AR, ITEX 3 A0y B B R T
W, A ERIE R 7 AL A py, T Ak A
P, JEJTZ AN S psy. 45 SR I (EBERT B A28 1k il £k an
Kl 15 Fiks.

Bl BRI T I, Tl e e ) 220 B I, T B2 £
i =2 3 1] EAEH 3 R T m T AR e, T GR B
Fb, BEE S RRTERS BT e 2 AR e i B e
bl N 5+ 7 o e 1 b L | B A O AR WA N 2 OB 958
T ol s 1 TR /IR EE BT, 2 I B A K TR
I, B TR SRR AN , s, 42 i 1 o8 R
THIABR IR b, DR s e ) O IR TR R, R RE
F| 140 MPa A4 RFFRE. YIRIRTF IR T RERT, 425
R GG PR BT, Y T — e R BT, IR 32
N TEM IR T EAERDT, SHRFFR T R, Sty

P A R, 2 M R R P s A i
M /IN T 1R T a3 AR ) T /NSRRI o
Fe A —RE 1 F S BRI R 52 5K M.

250

200

150

100 |

JE F1/MPa

501

0F

0 0.5 1.0 1.5 2.0 2.5
[ [A]/ms

(a) HIEE)ET]

Pi—s

T—e

P
l
(b) IR
E 15 ®RREEANLE

Fig.15 Comparison of chamber pressure

EHRIFIA T, R E R ILP R, 5 5
WITF S, i 0% e 1 ge s, £ iR 2 3k 5 KT+
i, B S 5 7365 200 MPa 247, I J1 & R T
JUFA 2 BT R RE A2, AR R e . —
BEEEF R RER, 1SR A TR TR

BRI T 7 S AL 1 LT H sz 2RI TR 1 5
M), ANCAESR IR T i 5 5 P R ] R B0 58 A . BRI )i i
JEF120 150 MPa, BRIR5E 4 FF)5 5 S 7E 23 MPa /2
AR RERRE , BRIR S8 2 G e, 1Ak 1 Ak B2
150 MPa.

4 & it

AR T UL M T 45 U S A (AR Y, s
— AR ER IR Rz SR, DUHAR iz sl 5t
B85 ) RS B W 5 — 4 8 S s AT AT
TR, WFFEmEM M e a5 N8 = e i 2
b, PAs FEEHET.

(1) BRIITIR T, Rrd AT 2 7R K R 2 B T
R AR R ZUEEAL , 2R R B Rk 90 % LA
b SR E A ™ B X 6 B W) TERR T
TR 5 R AT, R R R0 ph 4 LRS8O 2 A7 AE— R
TR R (i 1E X

(2) B IRINFAECIT , B e Pl A A d S H B



2026 47 H

SRARLLEE : B RN TG as = e i - 709 -

24k, WA £ R, BEFLA O R i i B s
AR, TR EARTEE SRR X, Ak #r e bR
K.

(3) TEMTMLEFE, AR R AL R
600 m/s Dh_F AR5 Ik, i e 2 4 b BRI X3
JUHRE [E T AL, 1AL B s B s A BT I Y
Fhimiygsg. [FEAE R LA 2 IR AR K | Z89A
RFU BT 5% (P ARAS Ak X 3.

(4) ALY BT i A B BRI B Bl
e, ML EE AN 52 BB 2 S5 ) 34 52 3]s £ L
KN, )58 TP a i, S fL iR 2
0.026 65 kg/s , T 4 T S22k 0.200 00 kg/s, H 13
wZ R R 7.5 £

(5) FEWTITHREAR R, BR A A FLAL G 2 AL R
JEARTAL. BRI T JE B i Ak 1) 25 Ah 5 B 57 T O A B 1
AR L, TS LA 1Y 25 Ak 32 AR TR 7T 1R DG A
Br. BRI 4G G PRT, BEFLALZE VAR 3 B RAEAS
mT 35%, BILA NS E AU 22.4%, Fifi
FEROCH] , 23 A A S R A A A, g £L
WZETVRIA R B KRS T 90% , BiFLA H 25 fLiH
FUE et nl ik 58.9% , Al ELEF IR 98 4 I isH T
T 1.63 1.

SE k-

(1] WOZBL, JWrz, WtkEs, 5. mRmARUe fLu A

MRS IR RS AT SE (1], i R TR R
2, 2024, 45(1): 70-76.
Gu Yuanqi, Fan Liyun, Miao Qiulu, et al. Investiga-
tion of the influence of the damping orifice of a high-
pressure fuel pump on the pressure characteristics of a
fuel system[J]. Journal of Harbin Engineering Univer-
sity, 2024, 45(1): 70-76 (in Chinese).

(2] X1 55, EmH, M, % BhhE I Sl S5

XFSEALIE RE DR S B 07 ELRESE (1), TR 3L,
2023(2): 11-17.
Liu Yu, Wang Xiangyang, Li Xinghua, et al. Simula-
tion of synergistic effect of injection pressure and inject-
tion hole parameters on diesel engine performance[J].
Vehicle Engine, 2023(2): 11-17 (in Chinese).

(3] EEisk, WAL, T €, S SEAISGNMHL DPF Rk

P AR R A Bk BRGSO kS (). R ShAL,
2023(5) : 86-92.
Wang Chaoqgiang, Chang Shiying, Yu Fei, et al. Esti-
mation of nonlinear unsteady soot load for heavy-duty
engine DPF[J]. Vehicle Engine, 2023(5) : 86-92(in
Chinese) .

[4]

(5]

(6]

[7]

(8]

(9]

[10]

(11]

Brennen C E. Cavitation and Bubble Dynamics[M].
Oxford: Oxford University Press, 1995: 136-140.
B, A, X, AR IR RS X I g
LN G BAE BT A2 [T]. VG2 588 R
4, 2017, 51(1): 59-64, 78.

Ma Bin, Gao Ying, Liu Yu, et al. Effects of slip veloc-

=

ity on the modeling of cavitation phenomenon in injector
nozzle[J]. Journal of Xi’an Jiaotong University, 2017,
51(1): 59-64, 78(in Chinese).

wrooaE, ABIEMS, R ek, SF. ML EEANmE b AR
JEX WS A A K e g s (1], AR
4, 2020, 41(5): 1261-1269.

Gao Ying, Deng Haipeng, Ma Bin, et al. Effect of ori-
fice lengths and injector temperatures on cavitating char-
acteristics and near-field spraying based on ethanol-
diesel[J]. Journal of Engineering Thermophysics ,
2020, 41(5): 1261-1269 (in Chinese).

B, R R, RIS, . RORERCHEH) S-S
HRIEAS R E SR Ak R S m o IR a1 e 8
2017, 51(11): 14-21.

Gao Ying, Ma Bin, Deng Haipeng, et al. Experimen-
tal investigation on the cavitation characteristics of etha-
nol-diesel blended fuels[J]. Journal of Xi’an Jiaotong
University, 2017, 51(11): 14-21 (in Chinese).
oo, W gk, sk 3, S SEImBLBEII L
P KU L], & shbL, 2024(1) : 21-27.
Guo Qing, Cao Jian, Zhang Yi, et al. Risk analysis of
cavitation erosion for diesel engine injector nozzle
holes[J]. Vehicle Engine, 2024(1) : 21-27(in Chi-
nese) .

TREER, B B, FIRBH, AR WEME NGRS T A
L RE S BRI L (D). P2 5808 K2 3,
2025, 59(5): 189-197.

Xu Shuohan, Zhao Kai, Bai Tianyang, et al. Parame-
ters sensitivity analysis of injector performance with the
effect of nozzle internal flows[J]. Journal of Xi’an
Jiaotong University, 2025, 59(5) : 189-197(in Chi-
nese) .

Cao T, He Z, Zhou H, et al. Experimental study on
the effect of vortex cavitation in scaled-up diesel injector
spray characteristics[J].
Thermal and Fluid Science, 2020, 113: 110016.
KICKL, O, AR, SE. SLIpLECRImE LN A
b5 2 iR IR W 5 (0], NABL TR, 2018,
39(5): 14-20.

Zhang Wenquan, Wang Qian, He Zhixia, et al. Ex-

nozzles and Experimental

periment on characteristics of cavitation and erosion in

diesel engine nozzle orifice[J]. Chinese Internal Com-



+ 710 -

RHAR 2R (A AR5 TR

F59% HM

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

bustion Engine Engineering, 2018, 39(5) : 14-20(in
Chinese) .

Desantes ] M, Salvador F J, Carreres M, et al. Large-
eddy simulation analysis of the influence of the needle
lift on the cavitation in diesel injector nozzles[J]. Pro-
ceedings of the Institution of Mechanical Engineers,
Part D: Journal of Automobile Engineering, 2015,
229(4) : 407-423.

mkol, BREABE, Li Fan, 5. WEALZSfRARMEREAL
W) iy S O 46 R AE AR (D] ARl BLAR S 4, 2017,
48(9) : 369-376.

Gao Yonggiang, Wei Mingrui, Li Fan, et al. Cavita-
tion characteristic inside nozzle and near-nozzle initial
spray structure[J]. Journal of Agricultural Machinery,
2017, 48(9): 369-376 (in Chinese).

XIPRT, BREABETE, S8S0H, 4. WO LS
Boxt a5 A AN /2w LT]. B HL TR, 2020,
41(6) = 72-77

Liu Zhenming, Ouyang Lufei, Guo Lijun, et al. Influ-
ence of the structural parameters of injector nozzle on
cavitation effect[J]. Chinese Internal Combustion Engine
Engineering, 2020, 41(6): 72-77 (in Chinese) .
Prasetya R, Sou A, Oki J, et al. Three-dimensional
flow structure and string cavitation in a fuel injector and
their effects on discharged liquid jet[J]. International
Journal of Engine Research, 2021, 22(1): 243-256.
B, FEIE, B R, RIS
WS WA DA O AP 25 R R 2 ) (0], 3 RO 224l (T
J), 2022, 52(10) : 2234-2243.

Zhao Wenbo, Li Yujie, Deng Jun, et al. Needle mo-
tion and its influence on in-nozzle flow and spray jet
characteristics [J]. Journal of Jilin University (Engineer-
ing and Technology Edition), 2022, 52(10) : 2234-
2243 (in Chinese) .

Hte, ek, 2T, % AEHR SRR )
SRTLT]. NIRBLAAR, 2012, 30(4) : 354-358

Xia Shaohua, Zheng Jinbao, Miao Xuelong, et al.
Cavitation analysis on ball valve in solenoid injector[J].
Transactions of CSICE, 2012, 30(4) : 354-358(in
Chinese) .

A &, VFOBR WM ER ] R A AL LR AT
ST (1], Smbl, 2019, 41(1): 38-43.

Shi Lei, Xu Yue. Visualization experiment and numeri-
cal simulation of cavitation phenomenon in fuel injector
control valves[J]. Diesel Engine, 2019, 41(1): 38-
43 (in Chinese) .

MaH, Zhang T, AnQ, et al. Visualization experiment

[20]

[21]

[22]

[23]

[24]

[25]

[26]

and numerical analysis of cavitation flow characteristics
in diesel fuel injector control valve with different struc-
ture design[J]. Journal of Thermal Science, 2021,
30(1): 76-87.
Xk, XMREA, RASK, S BUmESs s AT
IR 25 A SO0 A o3 B [0, N HABLA 4, 2022,
40(1) : 62-70
Liu Jingbin, Liu Zhenming, Wu Jiechang, et al. Nu-
merical analysis of cavitation effect of ball valve under
dynamic boundary condition of injector[J]. Transactions
of CSICE, 2022, 40(1): 62-70(in Chinese).
Ren R, SuT, MaF, etal. Study of the influence laws
of the flow and cavitation characteristics in an injector
control valve[J]. Energy Science & Engineering ,
2022, 10(3): 932-950
e, 4ok, ik fi, % BRGNS EOE S
s E L. BUCA S )1, 2023 (3) : 32-37.
Qiu Longbin, Li Yongkui, Zhang Wei, et al. Simula-
tion analysis of cavitation and erosion of fuel injector
nozzle[J]. Modern Vehicle Power, 2023(3): 32-37(in
Chinese) .
SRIREL, ARFH, FEREDE, 5. Wi A AR
FRRPEBE Y R AR A AL L. A ABL TR, 2022,
43(2) : 41-48.
Zhang Junhong, Li Chenyang, Pei Guobin, et al. Re-
search and optimization on flow and spray characteristics
of nozzles[J]. Chinese Internal Combustion Engine En-
gineering, 2022, 43(2) : 41-48(in Chinese).
FTE, KR, XIS, A AU SEImBLRGEE N
PRI 2 AL R BRI L [T]. SS A, 2023,
44(10) : 3091-3100
Li Ziming, Liu Zhenming, Liu Jingbin, et al. Model
comparison of fuel cavitation phenomena in microchan-
nels of marine diesel engines[J]. Acta Armamentarh,
2023, 44(10) : 3091-3100 (in Chinese).
Sa B, Klyus O, Markov V, et al. A numerical study of
the effect of spiral counter grooves on a needle on flow
turbulence in a diesel injector[J]. Fuel, 2021, 290:
120013.
Be MR, RAFIL, WIbKIE, . mLEUBEh AR
W= 5E 0], AL HLA R, 2015, 46(5) . 321-
327.
Duan Lian, Yuan Shouqi, Hu Linfeng, et al. Cavita-
tion analysis of control-valve in high-pressure common
rail injector[J]. Journal of Agricultural Machinery,
2015, 46(5): 321-327 (in Chinese)

(A4 EBER)



