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Introduction

® Cold-gas dynamic spray process (Figure 1) is a coating
technique in which solid particles are deposited onto a
substrate at supersonic speeds

o Detrimental effects associated with liquefaction such
as temperature oxidation, evaporation, melting, residual
stresses are minimised

e The flow field between the nozzle exit and the sub-
strate is that of a two phase gas particle supersonic im-
pinging jet
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Figure 1: Coldspray process. [1]

o Figure 2 is a flow visualisation of a supersonic imping-
ing gas jet obtained using shadowgraphy

o It reveals the main flow features including a standoff
shock, jet shock and jet boundary
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Figure 2: Supersonic impinging jet at PR = 3, (Left) s
=2 (Right) s = 3. [2]

Aim

e Aim of the project is to investigate the gas particle in-
teraction for both planar and round supersonic impinging
jets

o This poster presents results for supersonic impinging
gas jets issued from planar and round nozzles

o The flow is parameterised by the nozzle exit pressure
ratio PR, Mach number Ma and impingement distance s
(standoff distance)
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Numerical method

o The two-dimensional cartesian (o = 0) and cylindrical
(a = 1) Euler equations (Equation 1) are used to simulate
the planar and radial jet respectively
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o The internal energy per unit volume e assuming an
ideal gas is given by Equation 2
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o The dimensionless variables p, P, u, v and ¢ are:
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e Subscript ‘e’ refers to properties at the nozzle exit
while the ’ refer to dimensional variables

e The governing equations are solved using a symmet-
ric total variation diminishing (TVD) scheme [5] with the
appropriate boundary conditions from [4]

Simulation results

e Figures 3 and 4 are the dimensionless velocity mag-
nitude and pressure countours of a planar supersonic im-
pinging jet

e Figures 6 and 7 are the dimensionless velocity mag-
nitude and pressure countours of a round supersonic im-
pinging jet

e Figure 5 and 8 are "numerical shadowgraphs’ calcu-
lated from Equation 3
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Figure 3: Planar supersonic impinging jet at PR =
1.2,Ma=22,5 =2.
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Figure 4: Planar supersonic impinging jet at PR =
12,Ma=2.2,s =2.

Figure 5: Planar supersonic impinging jet at PR =
1.2,Ma=2.2,s =2.

o The planar supersonic impinging jet is asymmetrical
with wall jets the size of the exit jet

e The round supersonic impinging jet has a much
smaller wall jet along the plate

o Figure 9 is the pressure distribution along the substrate

o The maximum pressure of the planar impinging jet is
considerably greater than the round impinging jet

o For the round impinging jet the pressure near the jet
centerline is lower than that of experiment data [3]
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Figure 6: Round supersonic impinging jet at PR = 1.2,
Ma=2.2,5s=2.
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Figure 7: Round supersonic impinging jet at PR = 1.2,
Ma=2.2,5s=2.

Figure 8: Round supersonic impinging jet at PR = 1.2,

Ma=22,5s=2.
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Figure 9: Supersonic impinging jet at PR = 1.2, Ma =
2.2,5=2,

e The outflow boundary condition appears to induce
flow separation of the wall jet
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