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Do Program Objectives

To generatea model or a seriesof models
to predict the resulting mechanical
propertiesof a depositsprayedrom a new
material, basedon the processparameters
usedproducethedeposit
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AEstimation ofeffectsof He/N, mixing through 1Dmodel
AProduce splat samplesdmodel process

AAccurate estimation of particle impact conditions through CFD
A Effectsof particle injection imperfectiongiroughCFD

AProvide accurate input for solid mechanics models

A Estimate coating formation sequence in 3D
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TodayoOSs Outlin!‘l

A3D case study: Powder feeder line misalignment
AControlling particle impact velocity & temperature

Nozzle Substrate
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A Experimental velocity measurements
reveal lower velocity particles than

expecteé

Almperfection®
A Hose assembly
A Nozzle assembly
A Feeder tube assembly
A Powder feeder assembly

AlIntroduce imperfections to evaluate

process sensitivity

A Starting with feeder tubalignment

AMP

SDSM&T

Outline

Velocity Measurement
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Can we simulate like real particle exit
velocities by introducing imperfections?
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Worn Nozzle
Exit

AAccelerated wear in the nozzle
AReduction in particle velocity
Alncrease in velocity variation

Worn Nozzle
Throat
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Aligned
with AXxis
£ |
Y, a0
Powder SS316
Feed Line Spray Gun
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PBI Nozzle
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1Aoff from
AXIS
10 mm
Lz ‘ ________________ 2o
Ezz T 7
Powder SS316 ‘ ﬁ
Feed Line Spray Gun PBI Nozzle
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Model Setup o 'l

Measurement Planeie

Hot Gas/Feeder Tube
Interface

Insulated Wall

Hot Gas Inlet

Nozzle Exit

Cold Gas Inlet &
Particle Injection
Plane

Cold Gas/Feeder Tube
Interface

Plane of Symmetry
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Gas Model

A Nitrogen (ideal gas)
A Energy equations
A"G turbulence model

A Hot gas input
A 3.85 MPa & 360C

A Cold gas input
A 3.85 MPa & 50/C

A Outlet

A Atmospheric conditions
A 0.101 MPa & 20iC

A Gas flow rate
A 1150 g/min
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Physical Model

Particle Injection
A Lagrangiarparticles (DEM optional)

A InputMicrotracdata forQ
A Real particle size distribution

A Drag forces
A Lift forces

A Two-way coupled flow (Gas/Particle)
A Momentum &Energy

A Particle injection rate: 12 g/min
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M Accounting for Losses from Particle/Nozzle m
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Interactions

ANozzle wall impact angles assumed
oTJ

A Coefficient of frictiori
A Coulomb's law of dry friction (0.33)

ATangential coefficient of restitution

Solution Time 0.012002 (s)

AQ &
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ANormal coefficient of restitution
AQ @ e R
3 ‘Y . A .
“Wu, C.Y., Thornton, C., Li, L.Y. Rebound Behavior of Spheres Duri Xz 0.00000 2,7.04ve’°2’§i‘o“9”“97f2‘;7f rgm/s)ses.rs 1085.2
ElastiePlastic Oblique Impactiternational Journal of Modern [ .

Physics B. 28( 10, 1). 2008 pp. 10951102.
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Aligned Powder Feeder Tube Case Misaligned Powder Feeder Tube Case
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Model Validation

Aligned
with Axis
o . mmm Aligned Tube - CFD
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Fee\clivLine Spray Gun PBI Nozzle ?
Q
E‘ 100 -
L
- - 50 -
Std. Dev Variance Min Max
[ m/s ] [ % ] [m/s] [mis]
Aligned Tube Simulation 74 12% 432 809 0
Misaligned Tube Simulation 623 92 15% 430 852 v
TECNAR Measurement 80 13% 260 932
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Effects of Misalignment on Particle Impact "l
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