dtfn Durability and Mechanical Integrity of Structural Materials

G::" The Cold Spray Club

An analytical methodology to determine the
equipment requirements for adhesion in cold spray

Authors:

Luis Alonso
M.A Garrido-Maneiro

P. Poza
Hamburg, October 20t , 2023



E Understanding the inputs to select the equipment
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E Analytical model offering multiple possibilities

« Model based on the one-dimensional isentropic theory

* Analysis of the dynamics of the dilute two-phase flow
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E Evolution through the nozzle u
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* Applying the Newton’s second law to one particle:

Fp: Drag force
Fp =mya, m,,: Particle mass

Ap: Particle acceleration

« The drag force is a function of the gas and particle velocities:

Cp: Drag coefficient

CD pAp

Fn =
D 2

(vg — vp)z p : Gas density

Ap: Cross section area

 The gas velocity is a function of the Mach number, M :

y: Relationship between heat capacities

= M./YRT R: Gas constant

T: Temperature



E Governing equations of the problem u
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« The Mach number can be related to the cross section F,
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E Validation of the model with experimental data

Does the model predict the particle velocity for real geometries?
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Optimal design U

Governing differential equation:
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Quasi-optimal real design U
Small difference in the particle velocity Does the model provide the best conical shape
for a nozzle?
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E Reachable particle velocities by an equipment

If the maximum operation conditions are known, the maximum particle velocity is obtained

An area of the reachable particle velocities

[ Nozzle geometry ] [ Gas ] [ Particle diameter] [ Pomax, Tomax] is obtained for a certain equipment

1 1000

Max. particle velocity ‘\é’

~ 850 — D =
> B T To—873 K; P0—32 bar
'g A: Exp. Data [Champagne et al.]’
) 2011
>
Q
O

Definition of Calc.ulatlon of _the _ Definition of | — %

dyn maximum particle velocity dyni1 .

10 15 20 25 30 35 40 45
Particle Diameter (xm)

50



-

E Adhesion and erosion limits

The particle velocity must be within a certain range to achieve adhesion
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E Reachable adhesion window by an equipment
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E Adhesion windows for different equipment/powder

Cu particles

U

Ti particles
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Relating particle velocity to stagnation conditions

We can obtain maps relating the stagnation conditions with
the particle velocity
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E Blueprint for users

Inputs v, needed for Equipment to Conditions
adhesion obtain v, that lead to v,

* Nozzle geometry
« Gas
» Particle characteristics .

T T T T K .I T K 1200 || T T T T T
2400 1 == Frosion = Critical velocity — 850 8),3L\ \ @ 0,
1100F T=873K;P=6 bar 4 é 08‘5’?\ \ d} (%} S
= 2000 | mm Adhesion = Non-adhesion . @ 1000} - - - - T,=873 K; P;=30 bar Erosion limit | o %
] c R — T,=1273 K; P, =60 bar 5800
3 = 9OQfEI 5
> 1600 f 2 s00 ] @ 750
= el . . o r
% 200 5 --.__\___i_i’-_\.c.iheaon wmdowi =
L q‘) ____________________ 9 8
=~ > o v | = 700 %0
© o Pl : P 0 S7p
© 800 o Non-adhesion dimit_ =
© b : c 650 29
o © (o)) N )6‘ 0
L © o R ) (]
400 0ol ko 2% %
:gdp,max : dp,max » 600 o\ \ \ \ \
200 ! L L I L L L N N
0 10 15 20 25 30 35 40 45 50

Al Ti Zn 316LCu Ni 10 20 30 40 50 60 70

Particle Diameter (xm) Stagnation pressure (bar)

14



dtfn Durability and Mechanical Integrity of Structural Materials

G::" The Cold Spray Club

An analytical methodology to determine the
equipment requirements for adhesion in cold spray

Authors:

Luis Alonso
M.A Garrido-Maneiro

P. Poza

Hamburg, October 20t , 2023 "



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

