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Abstract: To investigate the flow characteristics of methanol fuel inside the nozzle of an internal
combustion engine fuel injector and the evolution of near-field spray and address the challenge of
refractive index matching between methanol fuel and transparent nozzle materials, this study
independently builds a high-pressure fuel injection and atomization visualization experimental

system and develops backlight uniform illumination imaging technology. Based on this platform,
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the transient flow characteristics and macroscopic spray properties of methanol fuel are investigated under
injection pressures of 50 MPa and back pressures of 0.1 MPa for orifice diameters of 0. 20 mm,
0.30 mm, and 0.40 mm. The results indicate that during the needle valve opening process,
geometric cavitation rapidly initiates within the orifice and evolves into a supercavitation flow
regime, accompanied by continuously developing line cavitation in the nozzle pressure chamber
and the coalescent motion of cavitation clusters. The change in nozzle cone angle lags behind the
needle valve movement, and the relationship between orifice diameter and line cavitation intensity
is nonlinear. When the orifice diameter is 0. 30 mm, the flow passage formed by the orifice inlet,
needle valve, and pressure chamber induces peak cavitation intensity, with the maximum spray
cone angle reaching 32.01°. Simultaneously, the small orifice nozzle (0.20 mm) generates
stronger shear effects in the exit region, and this fluid disturbance accelerates the breakup process
of slender liquid ligaments during the tail injection phase of methanol, resulting in a tail injection
duration 60 ps shorter than that of the 0. 30 mm orifice nozzle. This study reveals the cavitation
evolution mechanism and near-field spray characteristics of methanol inside the nozzle, providing

an experimental basis for the structural optimization and spray control of methanol fuel injectors.

Keywords: methanol; nozzle; cavitation; spray; optical experiment
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Fig. 1 Optical experimental platform for high-pressure
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methanol nozzle internal flow and spray
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Fig. 2 Processing principle and process of the optical nozzle tip
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Table 1 Main parameters of the nozzles

WigE LA D EAR Di/mm  BALE A AR Doy /mm

1 0. 20 0. 20
I 0. 30 0. 30
Il 0. 40 0.40
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Fig. 3 Optical setup of backlight imaging visualization
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Fig. 4 Typical transient fuel flow images inside the nozzle
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Fig. 5 Image processing methodology

2 LER 518

2.1 BERNIBEAESLRNESEE

e 115 W W T e W I PN 50 FR 852 s Ak O ol e
5T, WEWE Y BLARZ5 4 W3R 1, BEFL 420 0. 3 mm,
P62 T — U Y R et It G ok A v B g 5 O S
W A AR Ao A 3k L I i R R R A T £ 5
F B ] 58 SRR I 20 (c =0 ps) , iR IR 158 9 WL
I3 8 S b — RS S S R B VAR TP R S8 A B
MR 8 TR F R 5% B A0, (SRR 2,
F T % Y001 28 A B AL HE 3R L R R g B S5 R0 A
AL S R AR} O R R B e 20 ST 20 A T




166 [ . ]

K

%60 %5

s

EE (1

WS AR SCTE 3 AWM A BT T 5 kA MK
B, AR AR B T AR AR B 2 R X IR B £ 1Y
L,

ML 6 Ha] LUE L 7m0, 1O s R
i3 Ry 2 E A WAL . R T 3 A A 28 AR i 46 A
ﬁm%m%*WTﬂADWﬁ%ﬁﬁ%ﬁrciﬁ%
H LA 25 1k (480 ps) o HLBE T 45 1k Bl 41 18 FF )i iR
ZVT%@W%L'EHD U8 728 A 8 25 AR A (540 ps), YF

3 — B B, W5 I A AR T A 0N T I A S Y R Y 9
BN, R W46 A Wk 24T 51 & B sh
TG T R 7 2 P9I I s 06 S A R 6fF A e 1 4k s AL B
SAEE S E N R G T 2K (540 ps) . BEE
ERIRERTE P S A 20, O % A 3k B AR E B B
M I R 50 97 4R R AR Bt 2 KL R N B R e
RIFLEFLE 2L LS (760 ps) . TR, WAL P30 5

=480 us

FU ) e U A AR IR B A A 3 AT SR AR T A 0 X
B SBULM S 2 BB R Rk, WS, E 760 ~
1420 ps W§ 55 I B, Mg e P 94 415 282 48 45 98 58 3t o JL Al
AL R G B, SR Bl B I 4R 2 40 T
B SR R TR MR A A TR RRE — 2 R I U
/0N L PN T AL R R U 55 JL AR 25 Ak Y TSR B 42 O
55 AHWEWE ) = N TEW] Wi e s as . B
ﬂﬁﬁn%f“}: W5 £L P JL ] 25 ﬁ:l%ﬂ%ﬁwki
(4320 ps) o 3X FBIE T M 800 19 52 0] HY BEE Y
Tt B8 7 R[] A 2 R AE — A B R R K CF- T I

TR T P S A S — 201G R T R R Y R TS A R e
P S QR IR AR SIS R .
BIFE 6 040 ps B Z 58 4= % JBE , i 07 38 J Wi L N ok Ax
(18 HY P A 1B P A FH T 40k 52 1 Y [ Fsf I ) ) 3 A
BRSNS I S E = G % N

%ﬂlﬁlﬁijfﬂs

P 6 — MG S ek e e PN O S IR 2 R R (P, =50 MPa)

Fig. 6 Transient cavitation flow of methanol fuel in cylindrical nozzle (P;, =50 MPa)
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Fig. 9 Transient characteristics of methanol cavitation flow in nozzles with different orifice diameters
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Fig. 10 Transient near-field spray images of methanol in nozzles with different orifice diameters during the end-of-injection stage
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