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Abstract: To investigate the impact of nozzle structure design on the flow characteristics and
spray characteristics of injectors and the electronically controlled high-pressure common rail fuel
injection system, a high-pressure common rail nozzle internal flow and spray visualization test
platform is utilized to explore the transient characteristics of cavitation flow within a full-scale
nozzle. A modified cavitation model, combined with a turbulence model and multiphase flow
model, is used to conduct numerical simulations on the effects of nozzle geometry on internal
cavitation flow patterns and overall nozzle performance. Additionally, a two-level fractional

factorial design is employed for geometric parameter sensitivity analysis. The results indicate that
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both geometric cavitation and string cavitation can coexist within the nozzle during fuel injection,

and needle valve movement directly affects the occurrence of string cavitation in the nozzle.

Factors such as nozzle outlet diameter, nozzle conicity coefficient, needle valve lift, and nozzle

hole length have the most significant impact on the nozzle’s overall performance. Differences in

internal cavitation flow patterns across different nozzle structures are the primary reason for

differences in flow and spray performance. String cavitation within the nozzle has a notable effect

on the spray’s macroscopic characteristics, with minimal risk of erosion. This study provides a

reference for nozzle structure design and theoretical support for precise control of regular

injection, fuel quantity, and spray in high-pressure common rail fuel injection systems.

Keywords: nozzle; sensitivity analysis; cavitation; spray; erosion risk
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Fig. 1 High-pressure common rail nozzle internal flow and

spray visualization test bench
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Fig. 2 Marine engine injector and transparent nozzle
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Table 1 Structure parameters of the transparent nozzle

K = @)

211 Bl
B I HE S 0,/ (D 45
B 1Sk R L,/ mm 0.26
WEHE IR ) 2 %2 R/mm 0.75
W% I R ) 85 2 H, /mm 0.68
B L& E H,/mm 0.66
WEFL A A 0, /() 77.5
HERE R AL K/mm 0
M5 L4 B Ly /mm 1.37
B fLA 0 H 4 D, /mm 0.4
L H 0 H 42 D,y /mm 0.4
LA B f 242 r/mm 0

zkxb. xjtu. edu. cn

K3 4 SH0E URER

Fig. 3 Schematic diagram of the main nozzle structure
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Fig. 4 Transient characteristics of cavitation flow in nozzle
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and the string cavitation 2D strength
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Fig. 6 String cavitation and super-cavitation phenomena

inside the nozzle at an injection pressure of 50 MPa

and a needle valve lift of 0. 13 mm
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Table 3 Design factors and their levels of conventional

two-level factors
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Fig. 9 Schematic diagram of near-field diffusion angle of

the liquid phase
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Fig. 10 Significant influencing of the structure parameters on the each performance index of the nozzle
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