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Program Objectives

To generatea modelor a seriesof models
to predict the resulting mechanical
propertiesof a depositsprayedfrom a new
material,basedon the processparameters
usedproducethedeposit.
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Outline of Work at SDSM&T

ÅEstimation of effects of He/N2 mixing through 1D model 

ÅProduce splat samples and model process

ÅAccurate estimation of particle impact conditions through CFD

ÅEffects of particle injection imperfections through CFD

ÅProvide accurate input for solid mechanics models
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Vnozzle

Å Estimate coating formation sequence in 3D



Todayôs Outline

Å3D  case study: Powder feeder line misalignment

ÅControlling particle impact velocity & temperature
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ÅExperimental velocity measurements 
reveal lower velocity particles than 
expectedé

ÅImperfections?

ÅHose assembly

ÅNozzle assembly

ÅFeeder tube assembly

ÅPowder feeder assembly

ÅIntroduce imperfections to evaluate 
process sensitivity

ÅStarting with feeder tube alignment
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Velocity Measurement

Can we simulate like real particle exit 

velocities by introducing imperfections?



Signs of Misalignment

ÅAccelerated wear in the nozzle

ÅReduction in particle velocity

ÅIncrease in velocity variation
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Aligned Powder Feeder Tube
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Misaligned Powder Feeder Tube
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Model Setup
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Gas Model
ÅNitrogen (ideal gas)

ÅEnergy equations

ÅὯ-turbulence model

ÅHot gas input
Å3.85 MPa & 360 ÁC

ÅCold gas input
Å3.85 MPa & 50 ÁC

ÅOutlet
ÅAtmospheric conditions
Å0.101 MPa & 20 ÁC

ÅGas flow rate 
Å1150 g/min

Particle Injection

ÅLagrangianparticles (DEM optional)

ÅInput Microtracdata for Ὠ

ÅReal particle size distribution

ÅDrag forces

ÅLift forces

ÅTwo-way coupled flow (Gas/Particle) 

ÅMomentum & Energy

ÅParticle injection rate: 12.4 g/min
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Physical Model



ÅNozzle wall impact angles assumed*

σπЈ

ÅCoefficient of friction*

ÅCoulomb's law of dry friction (0.33)

ÅTangential coefficient of restitution*

ÅὩ πȢχ

ÅNormal coefficient of restitution*

ÅὩ πȢψ
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Accounting for Losses from Particle/Nozzle 
Interactions

*Wu, C.Y., Thornton, C., Li, L.Y. Rebound Behavior of Spheres During 
Elastic-Plastic Oblique Impacts. International Journal of Modern 
Physics B. 22 (9, 10, 11). 2008. pp. 1095-1102.



Aligned Powder Feeder Tube Case Misaligned Powder Feeder Tube Case
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Simulation



Model Validation
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Mean 
[ m/s ]

Std. Dev. 
[ m/s ]

Variance 
[ % ]

Min 
[ m/s ]

Max 
[ m/s ]

Aligned Tube Simulation 633 74 12% 432 809

Misaligned Tube Simulation 623 92 15% 430 852

TECNAR Measurement 627 80 13% 260 932



Effects of Misalignment on Particle Impact
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