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The objectives of the present study is to up-grade 
the cold spray technology for spraying of 
multicomponent coatings with the mixture 
preparation directly in the gas flow. 
To reach this goal a new design of the cold spray 
nozzle was developed and the following 
advancements were achieved:
Calculation of the gas parameters in the nozzle for 
the case of subsonic and supersonic flows mixing.
Calculation of the particles outlet parameters 
(velocity and temperature values) depending on 
the location of the powder injection point.
Experimental testing of the nozzle with spraying of 
different multicomponent coatings.
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powder injection

Examples of the sprayed 
multicomponent coatings
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ConclusionsConclusions

Cu+Al coating on aluminium substrate
Initial composition of the mixture: 

50%Cu - 50%Al 

Spraying of graded coatingsSpraying of graded coatings

AlTi

ObjectivesObjectives Main equationsMain equations
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Approximation of HendersonEquations for calculation of 
particles velocity and 

temperature

Evolution of the particle velocity in the 
nozzle.

Evolution of the particle temperature 
in the nozzle.

Equations for calculation of gas parameters
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Equations to calculate gas and particle parameters

V1 = V2

T1 > T2

Deposition of multicomponent coatings by Cold SprayDeposition of multicomponent coatings by Cold Spray

Composition of the 
mixture applied for 

spraying is 
50% Al - 50% SiC

Cu

Al

Advantages:

• It is possible to vary concentration of 
each powder component during 
spraying

• Particles of each component have the 
optimal value of velocity and 
temperature

Gas pressure
Gas temperature
Gas consumption
Electric consumption

10 – 30 MPa
up to 600 °C 
0,5 – 2  m3 /s 
1 – 30 kW

Main parameters

A new design of the cold spray nozzle 
with two points of powder injection is 
proposed. 

Several multicomponent coatings 
including graded ones were successfully 
sprayed.

Ti+Cu coating on steel substrate
Initial composition of the mixture: 

50%Cu - 50%Ti 

Ti+Al coating on steel substrate
Initial composition of the mixture: 

30%Al - 70%Ti 

Cu+Al+SiC coating on steel substrate
Initial composition of the mixture: 

30%Cu - 40%Al - 30%SiC 

Calculation of the particle outlet 
temperature

Calculation of the particle outlet velocity 

Graded coatings were sprayed on Al substrate.

Calculation of gas and particle parametersCalculation of gas and particle parameters

Experimental 
setup

Experimental 
setup


