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Abstract: Due to the complexity and variability of the plasma spraying process, the dynamic behaviour of the sprayed pow-
der is difficult to be directly observed. In this paper, a finite element model of the atmospheric plasma spraying process is es-
tablished using Ansys software, the temperature and velocity fields of the powder particles are simulated and calculated, and
the influence of the spraying distance on the temperature and velocity state of the powder particles is deeply analysed. The

accuracy of the model was verified by comparing the experimental monitoring data and the finite element simulation results.
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The results show that the optimum spraying distance is 90 mm, when the temperature and velocity of the sprayed powder

particles reach the peak. The above study provides a theoretical basis and practical reference for the optimisation of YSZ
coating parameters and the enhancement of coating performance in the atmospheric plasma spraying process.
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Fig. 1 F4VB spray gun structure
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Fig.2 F4VB spray gun grid structure diagram
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Table 1 F4VB spray gun structural parameters

AR TS F4
IS EL4%/mm 6.0
JE4EK B /mm 14.5

JE4iifh/(°) 25.3
B 4% /mm 9.5
AR A BE /mm 725
BAM A A/ (°) 382

x2 YSZEFHYIEREMS

Table 2 Physical property parameters of YSZ particles[”]

WKL ZEL Hf

FLF EHAR/um 10~50

A2/ (g min™") 30~50
IR /K 300

P /(grem™) 5.89
/(T kg K 580

P& R EE/K 2950
PFR/(Wem' K 2.0
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Table 3 Calculate model boundary condition settings

pihis 3 173 &

wr W sy P ” ’
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A 300 V,ZO,VQZO,VZZQ ‘2—“’:0 0 111 325

A 0z

HA 0 0 0 0

FHA% 1000 0 0 0

Bt 3500 0 J(r) 101 325

TERLL T, A F AR s 2k 111 325 Pa(10 kPa
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Table 4 Atmospheric plasma spraying parameters
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Fig.3 The temperature field of powder particles under different current values
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Fig. 4 The temperature field of powder particles under different argon gas flow rates
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Fig. 5 The temperature field of powder particles under different hydrogen flow rates

PR B 58 A TR AT e s o S ek 37 1) 5
Wi, Al 7 s o S5 BR  SESR AN 40 SLPM
BF, 93 A UK o i 3o 5 R 210 m/s s 2@ B 2
44 SLPM B, i i 3 5 Ry 230 m/s 5 1 76 1< B R
48 SLPM i}, f5 fr 70 B2 D i — 2D 4 155 22 232 /s
e Ja TEAR R L IAE R 750 A KGR S B
44 SLPM ST AN [V A0t % b AR oA e B
VRS2, ik 8 s . ZERERW AR ES
4 SLPM B, By AU 1) fe e R B R 212 m/s 5 AR
TN S SLPM B, By 1R R 21 230 m/s; MM 7R A<
TN A 6 SLPM B, fi s B A 21 223 m/s.

A

E oW e
00 i) o e,

Elo REIFRIETHIMARBALEEHENL

Fig. 6 The velocity field of powder particles under different current values
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Fig. 7 The velocity field of powder particles under different argon gas flow rates
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Fig. 8 The velocity field of powder particles under different hydrogen flow rates
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Fig. 11 Temperature and velocity changes of powder particles under different current values in actual working conditions
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Fig. 12 Temperature and velocity changes of powder particles under different argon flow rates in actual working conditions
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Fig. 13 Temperature and velocity changes of powder particles under different hydrogen flow rates in actual operating conditions
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Table 5 Error between simulated and measured values of temperature and velocity under different conditions
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FH 750 A 4.63 23 4.41 217 10.34 2.74
790 A 5.46 6.08 0.8 0.88 11.41 731

40 SLPM 0.87 476 3.41 1.87 9.75 16

E R Wi 44 SLPM 4.63 23 4.41 2.17 10.34 2.74
48 SLPM 6.68 6.91 6.35 0.85 11.76 12

4 SLPM 14.05 10.11 8.34 0.47 12.81 8.89

AR 5 SLPM 4.63 23 4.41 217 10.34 2.74

6 SLPM 2.08 2.78 3.88 3.04 7.98 429
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