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Influence of nozzle structure on high pressure water jet and
optimization design of nozzle structure parameter

HAN Qilong, MA Yang
(Department of Power Engineering, The Second Artillery Engineering University, Xi’an 710025, China)

Abstract; Nozzle is the crucial component used to generate high pressure water jet, and its structure form has large influence on dynamic
performance of high pressure water jet. So the influence of nozzle structure on high pressure water jet was analyzed, and the optimization design of
nozzle structure parameter was implemented. A two-phase flow computational fluid dynamics model was employed to analyze the flow field. The
Kriging surrogate model was used to replace the computational fluid dynamics model in the process of optimization design for reducing the
computational resources. The nondominated sorting genetic algorithm and multiobjective evolutionary algorithms based on decomposition were
respectively employed to carry out single and multi objective optimization design. The research results show that the general capability of line-form
nozzle is the best, the concavity-form nozzle is in the middle, and the protruding-form nozzle has the worst capability. The single and multi
objective optimization design of line-form nozzle is implemented, in which the core zone length and the mass flux of water jet are taken as
optimization objectives. Compared with the baseline, the two indexes increased by 14.71% and 27.56% respectively after the single objective
optimization. The optimal semi-cone angle after multi objective optimization located on [ 15.4°, 89.8 °]. The global optimization algorithm based
on surrogate model and evolutionary algorithm is proved to be effective.
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Fig.1 Schematic diagram of configuration of cylindric nozzle
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Fig.2 Schematic diagram of cylindric nozzle with

three different kinds of generatrix
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Fig.3  Schematic diagram of flow character of

high pressure water jet
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Fig.5 Schematic diagram of computing boundary
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Tab.1 Validation of axis velocity of high pressure

water jet with cylindric nozzle
Hha] 437 %/ mm
40 50 75 125 200
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282.5 279.3 273.5 270.2 264.3
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Tab.2  Configuration parameters of nozzle with

different semi-cone angle

1,/mm 1,/mm 5/(°)
Shape 1 7 18 6.34
Shape 2 15 10 11.31
Shape 3 23 2 45
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Fig.6 Central axis velocity and velocity distribution along radius direction when x =0.3 m with three different nozzles
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Tab.3 Single objective optimization results
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L/mm 35.38 14.71% 7.336 -76.22%

Q/(kg/s) 0.214 0.66% 0.154 -27.56%
8/(°) 15.44 89. 88
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