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Abstract: Gas discharge generates the arc or plasma that acts as a heat source. Arc spraying and plasma spraying using the generated
energy as a heat source are collectively called gas discharge heat source spraying. When spraying occurs, the arc or plasma discharge
combined with the carrier gas excites the jet with high-temperature and high-speed plasma, which melts the powder or wire material;
finally, the molten droplet is deposited on a substrate to form a coating. Notably, various interactions occur between the jet and molten
droplets during the in-flight process, such as melting and fragmentation of the droplets and the drag effect between the droplet and jet.
However, real-time monitoring of the jet and molten droplets is difficult owing to the high temperature and harsh environment during
the spraying process. As an emerging computational method, numerical simulation can be used to study the transient the field and the
physical behavior of molten droplets during the spraying process; thus, numerical simulation is an important tool and area of focus. In

this study, the differences and potential drawbacks of models in the simulation of two spraying processes, arc spraying and plasma
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spraying, are studied, and the characteristic distribution of different jets, state of the droplets, and mechanisms of acceleration and
heating of in-flight molten droplets are investigated. In the arc spraying process, wire materials with different thermal conductivities
cause the static temperature at the cathode to be much higher than that at the anode, and the velocity distribution of the jet flow is
more diffused in the wire plane. The use of a massive wire can increase the velocity and temperature of the molten droplets; however,
this might exacerbate asymmetric melting of the wire. Therefore, core wires are expected to be more promising for future applications.
Most models consider the interaction of the individual droplets and jet flow instead of droplet groups, and the improved two-fluid
model does not consider the thermophoretic force; therefore, further adjustments and advanced models are required. Plasma spraying
has been more extensively studied than arc spraying. This study focuses on the following key scientific issues in the spraying process
before coating deposition: On one hand, the energy source used for plasma spraying, excitation, and plasma flow directly affect the
state of the materials. Thus, determining an appropriate turbulence model based on the flow state is the first important issue. The
plasma two-temperature model using the non-local thermal equilibrium very closely reflects the actual working conditions and has
become the most suitable base model because the electromagnetic processes at the cathode and anode crucially affect plasma
formation and the plasma characteristics, thereby affecting the electromagnetic properties of the cathode / anode and sheath regions,
such as the arc reattachment behavior and anode wear. The physical parameters of in-flight molten droplets have been evaluated in
several studies using theoretical analyses, experimental demonstrations, and numerical simulations. The effects of various process
parameters were analyzed, providing an effective guide for achieving the desired experimental results and for determining the optimal
parameters. Finally, the mass and heat transfer processes in molten droplets in the jet flow were systematically analyzed. For example,
the droplet goes through the following stages: acceleration and heating, constant temperature and velocity, deceleration and cooling in
the jet flow, and fragmentation via vibration breaking as the main mechanism. However, numerical simulations still have limitations
such as insufficient simulation accuracy and a lack of in-depth research. Future research on multi-droplets modeling of arc spraying,
simulation of the turbulence and electromagnetic properties of plasma spraying, and numerical simulation of plasma transfer arc
spraying, a new technique that is becoming increasingly mature, can potentially provide directives for advancing the simulation of gas
discharge heat source spraying. This study summarizes the evolution of each physical process model in the numerical simulation of
gas discharge heat source spraying since the emergence of thermal spraying simulation, and provides theoretical guidance for the
experiments by combining the results of each stage of evolution.

Keywords: discharge; plasma spraying; numerical analysis; jet
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Table 1 Comparison on technologies of spraying with gas discharge heat source

Technology

Simulation results

Arc spraying

Plasma spraying

Research

Fewer More

Develvopment
of model

Laminar—turbulence Laminar—turbulence (RANS—LES—DNS)

Thermal (LTE—improved LTE—NLTE)
Droplet (single—fluidized—multiplied) Ele-Mag (coupled—electrodes separated— Arc / electrodes coupled

—Arc / sheath coupled)

Jet characteristic

Heterogeneous Homogeneous

Diverge in the wire plane 3D Characteristics

Jet evolution

Increasing — stay constant — decreasing (velocity&temperature)

Droplets source

Wire Powder (APS, SAPS, SPS); wire (PAWS)

Droplets evolution

Increasing — stay constant — decreasing (velocity&temperature)

Breakup twice Breakup once (APS, SAPS, SPS); breakup twice (PAWS)

Breakup mechanism

Vibration / explosive Vibration; bag-like / stamen-like (PAWS)

Alive problem

Insufficient precision in turbulence model; hard to verify about molten droplets

Future vision

Multi-droplets model LES model; Arc / sheath coupled model; PTWS simlulation
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