HeoH H1M wo% xR @ K OF OF R Vol. 60 No. 1
2026 4£ 1 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Jan. 2026

RALEEN S ER TN N RER K
5 2= B A 4 %M%ﬂﬂ%ﬁ%ﬁﬁ

s, ARLLMgE, WA, MR, EARE, (TR EE!
(1. VLI RZEEIRAFIL R . VLIRATT, 2120135 2. 1 G383 K23 MU K TR 207 &5
AR, R, 2002405 3. PEMEAMEREGRARASE L — P50, L, 201108;
4. T ENAE A RA " e R LR 2 E E A=, R, 201108)

WE . AT B R R AU o 35 o B 60 R B A b R it B TR R LA, AR R F B AT

LR AL R e b St R R AR, A EHE S ER AT H AT TR RERL,FFALT

FRYERBERR, ATZFE KR THILAMZEAH 0.20,0.30,0. 40 mm, "k £ /E A A 50 MPa F=

HEH 0.1 MPa Bt PEEMAT B R AR FFRZUAR, AREREAN AR TF TP,

"ﬁ*?bﬂ\]ILFI/”"%M#&:‘%%JJ&&T"??%%&" RE B EE N ENAF LR RGRENINE R

FHBRILRED, WEEANTRFE THMRES), ERILABRS XA TN REZFERRL LR Y

LA T 0. 30 mm BF PRI 2 5 4H R R F) E M R 6 AL T 5] B AL R Gk B A, vk B4R AR

K 32.01°, REEF, D ILERREE (0. 20 mm) £ B v K3k = & 5% 69 3 o, X AP IR AR S ik T F B
v P Botm K ik 22 0 7 B At A2, BPR AR 40 B AL 4R 0. 30 mm SURPETE AL 60 ps, EATAB T T T E AT

N 8 AL IEACHL R B v A, A T BRI i 5 60 A M AL B vt B A R AR AR IR R

KW . FE R S F s TALAL K

PESES. TK421 XEREB: A

DOI: 10.7652/xjtuxb202601016 XEHS: 0253-987X(2026)01-0162-09

Visualization Experimental Study on the Influence of Orifice Diameter on
Methanol Flow and Transient Spray Characteristics in
High-Pressure Injection Nozzles

ZHANG Ying', LI Hongmei**', HAN Dan’"', YANG Yizhou', GUO Genmiao', HE Zhixia'
(1. Institute of Energy Research, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 2. Key Laboratory for
Power Machinery and Engineering, Ministry of Education, Shanghai Jiao Tong University, Shanghai 200240,

China; 3. Shanghai Marine Diesel Engine Research Institute, China State Shipbuilding Corporation Limited,
Shanghai 201108, China; 4. National Key Laboratory of Marine Engine Science and Technology,

China State Shipbuilding Corporation Limited,Shanghai 201108, China)

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

methanol nozzle internal flow and spray
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Fig. 2 Processing principle and process of theoptical nozzle tip
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Table 1 Main parameters of the nozzles

Mg BifLAH B D./mm  BifLH A EHA2 D../mm

1 0. 20 0. 20
Il 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 flow images of the internal flow under

backlighting-based beam homogenization method
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Fig. 6 The 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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