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Fig. 1 Schematic diagram of one-dimensional grid for ceramic particle with finite thermal conductivity
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Fig.2 Two types anode nozzle with different inner contour of F6 atmospheric plasma spraying system
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Fig. 3 Computational domain and mesh corresponding to (a) conical Laval anode and (b) cylindrical anode.
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Fig. 4 Electric current density distribution inside the plasma torch
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Fig. 5 Electric potential distribution inside the plasma torch (a) Laval nozzl and(b) standard nozzle
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Fig.6 Plasma temperature distribution inside the (a) Laval nozzle and (b) standard nozzle
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Fig. 7 Plasma velocity distribution inside the (a) Laval nozzle and (b) standard nozzle
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Fig. 8 Mach number of plasma velocity distribution inside the (a) Laval nozzle and (b) standard nozzle
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Fig. 9 Plasma temperature(left)and velocity ( right)distributions at the nozzle exit of F6 Laval nozzle (a) and standard nozzle (b)
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Fig. 10 Plasma temperature distribution in the computational domain of Laval nozzle (a) and standard nozzle (b)
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Fig 12 The evolution of particle velocity for two types of

nozzles
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The evolution of particle (a) surface temperature and (b) core temperature under two kinds of nozzles
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Effect of Anode Inner Structure on Plasma Jet and Powder Particle Behavior
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Xianbin', DENG Chunming', GUO Weike', LIU Min'
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Modern Materials Surface Engineering Technology, Institute of New Materials, Guangdong Acadamy of Sciences,
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ogy Normal University, Nanchang 330013, China;3. School of Materials and Mechanical Engineering, Shenyang Uni-
versity of Technology, Shenyang 110027, China; 4. Institute of Intelligent Manufacturing, Guangdong Acadamy of
Sciences, Guangzhou 510070, China)

Abstract: Anode nozzle is one of the key components of plasma spraying systems. Movement behavior of
plasma arc directly affects the plasma jet characteristic, and also the heating and acceleration process of
sprayed powder particles, which determine the quality of deposited coatings. This work aims to further
understand the reason for the large performance difference between the coatings prepared with conical Laval
and cylindrical anode nozzles under atmospheric conditions, the numerical simulation work is continued based
on the previous experimental work. A numerical model of the plasma spraying process including the inner
and outer space is established to study the plasma arc and jet characteristics and the flight behavior of
sprayed powder particles. The results show that under the same spraying conditions, the value of plasma arc
voltage generated by conical Laval anode is small which corresponds to lower electric power consumption.
At the anode nozzle exit of the cylindrical nozzle shows a higher plasma jet temperature and velocity, while
the plasma jet of the conical Laval nozzle has a smaller deceleration gradient and larger spatial diameter. At
the same spraying distance, the spraying powder particle velocity of conical Laval anode is smaller than that
of the cylindrical anode, but the heating and cooling rate of powder particles is greater and the melting is
more sufficient; In addition, spraying powder particles with small particle size in plasma jet has the
characteristics of faster heating acceleration and cooling deceleration.

Key words:numerical simulation;plasma spraying;anode inner structure ;plasma jet;particle behavior



