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Effect of Reynolds Number of Molten Particle on Splat Formation
in Plasma Spraying
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Abstract: Effect of Reynolds number on the flattening behavior of in-flight particles was investigated by slit method.
Molten 6wt%-8wt% yttria-stabilized zirconia (YSZ) particles with different Reynolds numbers were collected. The
morphology of splats was examined using scanning electron microscope (SEM) and 3D laser microscope. Meanwhile,
the behavior of spreading, heat transfer and solidification of YSZ droplets with different Reynolds numbers were
simulated by CFD software Fluent. The results show that the flattening behavior of molten particles is significantly in-
fluenced by Reynolds number when Ohnesorge number exceeds 0.2. The splat tends to splash with the increase of
Reynolds number. At a lower Reynolds number, the splats exhibit a regular disc-shape. However, when Reynolds
number reaches 450+20, splats begin to splash. In addition, for the original molten particles with the same diameters,
the flattening ratio of molten particles in supersonic atmospheric plasma spraying (SAPS) is approximately 1.3 times
as much as that in atmospheric plasma spraying (APS).
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Table 1 Spraying parameters

Spray Ar H, Power  Voltage Current  Spray distance Feed rate Temperature Velocity

methods  /slpm /slpm P/kW U/v /A D/mm /(g-min™") 7/°C vi(m-s™)
SAPS 70.5 22 68.6 138 497 110 35 2919.0£2.0 505.0+3.8
SAPS 75.0 21 58.5 124 472 90 35 2813.94£2.5 484.5£9.3
SAPS 60.3 15 445 125 356 90 35 2685.4+2.7 464.54£3.0
SAPS 75.0 21 58.5 124 472 80 35 2680.0+14.7 544.5+13.5
SAPS 75.0 21 58.5 124 472 100 35 3066.4+10.1 544.2+13.0
SAPS 75.0 21 58.5 124 472 120 35 3196.4+10.1 584.4428.0
APS 32.9 8.225 44.0 67.6 650 90 38.4 2804.4+5.4 224.0+5.1
APS 423 10.575 44.0 71.4 611 90 38.4 2740.2+3.7 231.0+4.2
APS 51.7 12.925 44.0 75.6 585 90 38.4 2683.6+4.5 233.3+3.6
APS 47.0 11.750 48.0 74.0 650 80 38.4 2680.0+3.3 238.5+3.1
APS 47.0 11.750 48.0 74.0 650 100 38.4 2934.144.2 244.0+3.1
APS 47.0 11.750 48.0 74.0 650 120 38.4 2804.7£5.1 226.5+2.3

Note: slpm: standard liters per minute
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Fig. 2 Experimental apparatus of collecting splats by slit method
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Table 2 Properties of YSZ and stainless steel substratel**?®!

Property of YSZ Value Property of YSZ Value
Density 5890 kg/m? Solidus temperature 2923.13 K
Specific heat 713 J/( kg-K) Liquidus temperuture 3023.13 K
Thermal conductivity 2.32 W/(m-K) Thermal contact resistance 10° m* K/W
Viscosity 0.008 kg/( m-s) Surface tension 0.43 N/m
Molecular weight 123 Property of substrate Value
Standard state enthalpy ~11.006 X 10® J/mol Density 8400 kg/m?
Reference temperature 298.15 K Specific heat 575 J/(kg-K)

Melting heat 7.07X10° J/kg

Thermal conductivity 18.779 W/( m-K)
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Table 3 Parameters of YSZ splats in different spraying processes

Saple ot rC . me  dwmeerym R We oh SN
1 SAPS 2680.0 544.5 6.0 4147  2.44X10* 0.376 No
2 SAPS 2680.0 544.5 7.5 5184  3.05x10* 0.337 Yes
3 SAPS 3066.4 544.2 6.8 563.5 2.76X10* 0.294 Yes
4 SAPS 3066.4 544.2 5.0 414.1 2.03%x10* 0.342 No
5 SAPS 3196.4 584.4 5.0 469.0  2.34x10* 0.326 No
6 SAPS 3196.4 584.4 6.4 600.3 2.99x10* 0.288 Yes
7 APS 2680.0 238.5 14.5 439.0 1.13x10* 0.241 Yes
8 APS 2934.1 244.0 16.5 578.4 1.35%x10* 0.200 Yes
9 APS 2934.1 244.0 15.6 546.8 1.27X10* 0.206 No
10 APS 2804.7 226.5 17.9 549.0 1.26Xx10* 0.204 Yes
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