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Simulation Study on Effect of Cold Spray Nozzle Material on Particle
Acceleration Behavior
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ABSTRACT: The paper aims to investigate the effect of nozzle material on particle acceleration behavior during cold
spray. The geometric model of the nozzle was established, and geometric dimension and boundary conditions of the noz-
zle was set. The inlet, convergent section, throat, divergent section of nozzle was divided in to small meshes. Subse-
quently, the simulation software Fluent 14.5 was used for simulation analysis. The results show that the heat exchange
happened among gas with high temperature, particle flow with room temperature, and nozzle wall in the cold spray. The
inner wall of ceramic nozzle had the lowest temperature, because its thermal conductivity was the lowest. Hence, the heat
loss of gas flow and the particle was the smallest, and the velocity of particles was slightly high (441 m/s). The inner wall
of copper nozzle had the highest temperature, which was conducive to the improvement of particle temperature. Therefore,
the temperature of particles was the highest. And the particle with high temperature can easily produce plastic deformation,
improving the deposition effect of particles. However, the inner wall with too high temperature caused the nozzle block-
age because that the particles adhered on the inner wall of nozzle. In summary, the numerical simulation method can be
used to study the heat transfer behavior of the inner and outer walls of the nozzle, which can provide theoretical guidance
for the selection of nozzle materials. Hence, the nozzle design can be optimized by comprehensively considering the se-

lection and use of nozzle materials.
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Fig.1 Schematic of the nozzle used in simulations
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Fig.2 Schematic of quad meshing
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Fig.3 Schematic of heat transfer during cold spraying process
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Fig.4 Temperature distribution of nozzles of different materials
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Fig.5 Variation of gas and particle velocity in nozzles of different materials
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Fig.6 Particle trajectories and temperatures in different divergent sections of different material nozzle
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