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Abstract 

A three-dimensional model of free-surface flows with 
heat transfer, including solidification, was used to model the 
build-up of a coating layer in a thermal spray process. The 
impact of several nickel particles on a stainless steel plate in 
different scenarios was considered. Particles diameter ranged 
from 40 to 80 ~m and their impact velocity ranged from 40 to 
80 m/s. Particles were initially super-heated; their temperature 
ranged from 1600 to 2000°C. Fast growth of solidification was 
fo und to be .one cause of particle splashing in thermal spray 
coatIngs. Different splat morphologies obtained from the 
numerical model were comparable with those obtained from 
the experiments . Simulation of the sequential impact of two 
nickel particles showed side-flow jetting and particle splashincr 
observed in experiments . The numerical model proved to b; 
capable of simulating different impact scenarios that occur in a 
thermal .spray; this was demonstrated by simulating nine 
consecutl ve particles during their impact on the substrate. 
Scveral characteristics of a coating layer build-up such as 
particle splashing and formation of small satellite droplets and 
nngs around the splat could be seen in the numerical results. 
Particle splashing is one possible cause of porosity formation 
In thermal spray coatings. 

Introduction 

Phys ical properties of thermal spray coatincrs e.cr . 
porOSlt ' , 0 ' 0 y, are sensitive to a large number of process parameters 
(such as t' I . d' . . , par IC e size Istnbutlon, velocity, temperature and 
dC<Tree of I'd'fi ' o so I I IcatlOn; substrate material and temperature) 
which " are optimized by trial and error [lJ. Better control of the 
process . f reqUires a undamental understandincr of the fluid flow 
and he.at t~ansfer that occurs during the impa~t, spreading, and 
so lidificatIOn of molten droplets. 
, Several numerical models of droplet impact on a surface 
Includln cr heat t C h . '" ranSier ave been developed. Most of these 
works focused 0 th I . , n e norma Impact o f a smgle droplet on a 
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surface, a scenario which is axisymmetric, or 20 [2-6J, Far 
less has been published on droplet impact which is not 
axisymmetric , and thus must be cons idered three
dimensionally. The 2D/axisymmetric models have some 
limitations: the impact has to be normal and 3D aspects of the 
flow, for example fingering, during the spreading cannot be 
modeled. In a thermal spray process, drople ts may not impact 
in a direction normal to the substrate, several droplets may 
impact the substrate simultaneously, and droplets may impact 
on previously solidified splats . Modeling droplet impact and 
solidification in these situations requires a 3D model. 
Bussmann et al. [7J developed a 3D numerical mode l of free 
surface flows. They presented the res ults for two scenarios o f 
3D droplet impacts: the impact on an incline and the impact 
on a sharp edge. The model was validated by a compari son 
between the numerical results and experime ntal photographS. 
The Impacts were considered to be isothermal; no e nergy 
equation was solved in the model. 

The objectives of our study were: to exte nd the 
Bussmann et al. [7] 3D computati onal mode l to include heat 
transfer and solidification, and to use the model to stud y 
Important characteristics o f a coating layer build-up in 
conditions typical of a thermal spray process. We simulated 
nickel particles during their impact on a substrate and on 
previously solidified splats in different sce narios : normal 
impact of a single particle, sequential impact of two particles 
and multiple impact of nine consecutive particle ' . A wide 

range of part icle s ize (40 to 80 ~m ) and temperature ( 1600 to 
2000°C) and the impact velocity (40 to 80 m/s) was 
considered. The conditions used for the single and sequential 
impacts were those of the experime nts performed by Pershin 
et al. [8) . 

Numerical method 

Fluid Flow. Fluid flow in an impacting drople t was 
modeled using a tinite difference so lution of the Nav ier
Stokes equations in a 3D Cartes ian coordinate system 
ass uming laminar, incompress ible fl ow. The tl ow Rey no lds 


