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Simulation study of the flow field in the plane convergent
nozzle based on the water guide laser
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(Guangxi Key Laboratory of Manufacturing Systems and Advanced Manufacturing Technology, School of Mechanical & Electrical
Engineering, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: The capillary nozzle with cone angle, which is suitable for the water jet guide laser processing technology, has
complex internal flow state. In order to obtain the highly stable water beam in the nozzle, using the method of finite element fluid
calculation software simulation and analysis, the flow field in the contracted nozzle which is suitable for the water guide laser
technology was simulated and analyzed, and the numerical verification was carried out. The parameter data of generating high-
speed and stable water beam were then obtained. The simulation results show that with the increase of the inlet pressure of the
plane nozzle, the ratio of the length to diameter of the capillary section decreases, and the fluid enters the nozzle and completely
separates from the wall of the capillary section. During this process, no obvious cavitation phenomenon occurs, and the
constricted water jet was formed. With the nozzle inlet pressure of SOMPa, the length of the water jet reattachment wall inside the

nozzle can reach 90% of the capillary length when the capillary diameter is set to be 0. 128mm, 0. 07mm, and 0. 03mm,

respectively. When the tapered tube is 10°, the water beam passing through the tapered section will attach to the wall again. The

parameters obtained from the simulation analysis can provide guidance for the selection of the nozzle.
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Fig. 1 Principle of water-laser coupling unit
KGR I AR 10 o e AR BRSEE X W b Sy ol
B P SR AR, B 20 BT LA R e it
R P[] A B D R R R A WF SR B
ANFHES A5 A, A 2 R BN K L =



756

2020 4E 11 A

SR
Fig.2 Schematic diagram of nozzle structure with capillary tapered angle
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Fig.3 Gridding of calculation area
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Fig.4 Axisymmetric simulation results of radial and axial densities of dif-
ferent capillary segments
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Fig.5 The phase diagram of the water flowing into the nozzle filled with air at different times at the Reynolds number of 12800

Fig. 6 Water beam state under the same simulation conditions
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Fig.7 Phase diagram of flow entering capillary nozzle with cone angle and reattaching wall at different Reynolds numbers
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Fig.8 The ratio of reattachment wall length to diameter under different

Reynolds number of 0. 128mm capillary section diameter
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Fig.9 No wall attachment in nozzle with aspect ratio of 0. 65 at Reynolds number of 18100
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Fig. 11 The ratio of reattachment length to diameter at different Reynolds

numbers of 0. 03mm and 0. 07mm capillary segments
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Fig. 12 Water beam reattachment with different cone angle
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Fig. 13 Simulated extraction of mass flow rate data with L/D ratio of 0. 65
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