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Sudy of powder dispersion at theinjector exit and itsinfluence on particles
thermal and dynamic history

F. Ben Ettouil B. PateyronHéléne Ageorges, M. El Ganaoui, P. Fauchais

University of Limoges, SPCT, Limoges, France

Abstract: In plasma spraying, the particles dispersion atitfiector exit controls their dynamical and therma
histories (trajectories, velocities, temperaturasjting and vaporization ...) which are key paransefer the
splat formation at impact and the coating consibuctin this paper a model of particles conveyethinithe
injector is presented and their dispersions in, sigcity and direction are characterized
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Nomenclature:
A : constant (-)
C : constant (-)
Cp : drag coefficient (-)
D : internal diameter of the injector (m)
d, : particle diameter (m)
f : friction coefficient (-)
K : Karman constant (-)
K, : constant (-)
m, : particle mass (kg)
r : radius (m)
R : injector radius (m)
Re : Reynolds number (-)
u : velocity (m/s)

U. : shear velocity (m/s)

u” : dimensionless velocity™ = u/u, (-)

U : similarity number of the wall effect (-)
y = R-r distance from the wall (m)

Y : similarity number combining inner and outer
variables

y* inner variabley* = yu’ /v (-
Greek

d : dispersion angle (rad)

®: azimuthal dispersion angle (rad)

p : mass density (kg.H)

u : molecular viscosity (Pa.s)

Leff - Suspension viscosity (Pa.s)

&s . solid fraction (-)

U : kinematic viscosity (fs)

to : wall shear stress (N/m2)

& :outer variable = Y/ R (-)

Indices :

g:gas

p : particle

1. Introduction
At the injector exit, a particle is characterized four
parameters:
« velocity vector amplitude
« velocity vector anglé within a cone which total
angle is generally below 20° (see figure 1)

« velocity vector angle in the direction defined by
the angled varying from 0 to 360°
* mass distribution
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Fig. 1 Cone of particles dispersion at the injeetdt

For the same amplitude, the velocity vector antdg$

a non negligible role as illustrated in figure 2. |
presents the evolution of the surface temperatdire o
two zirconia particles, 2hm in diameter, both injected
with the same injection velocity vector amplitude40
m/s, but with two different angle$,£0° et5,=10°). It
can be seen that the modification of only one patam

of the particle injection changes its thermal higto
Similar results are obtained for its trajectory and
velocity.
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Fig.2: Temperature evolution on the surface ofaira
particles of 25im in diameter Injected with differeft
angles an@=0



This work presents a descriptive model of the {pans
of particles by a carrier gas inside the cylindrica
injector. The model taking into account the size
distribution of the particles, the particle collins
between themselves and with the injector wall, rsake
it possible to obtain the velocity and size disttibn of
particles at the injector exit.
The adapted strategy in this simulation consists in
- calculating the gas velocity profile,
- simulating of the size distribution,
- calculating of particle displacements and
velocities,
- detecting of particle-particle and particle-wall
collisions,
- calculating of displacements and velocities
after collisions.
2. Modeling
2.1 Calculation of carrier gasvelocity profile
To evaluate the viscosity of the suspension gasdpow
the formula of Einstein has been used [1]

Her = My L+ 25¢)

The flow mode is determined by the Reynolds number:
Re= p,u,D/ tiy

In the case of turbulent flow, a self-similarity wiean-
flow is considered [2], it is based on modified dog
wake law for turbulent flow [3]. The friction coéffent

is written as following:

f= ?Q3164(1+ Re/4.3110)

025
eg

The wall shear stress is given by:

_f e
Ly _Epgug

The shear velocity is expressed as follows

u. =7,/ p,

u” being the dimensionless velocity which is given by:

T =u(r)/u.
The model considered is based on two composed
similarity numbers U and Y, where U is the simiigari

number representing the pure effect of the wall ¥nd
that combining the inner and outer variables.

Y =y exd-¢*/4)

o<l S (o5

with A=7, C=107, k=0.43 et k4=-0.52

The dimensionless velocity has been written agfdl
*=U + 2sin’(- £ /4)

Finally, the mean velocity at the radial positiorisr

written as the function of the outer variable ahé t
shear velocity:

u(r) = u. (U + 2sin’(- £* /4))

2.2 Calculation of particle displacement
Particles are supposed to be spherical, they
can collide between themselves and with the wall an

they are especially subjected to drag force, which
permits to write the momentum equation as follows:
2 - -

mp%:—CD.ﬂ.dp g‘up ug‘(up ug)

dt 4 2
2.3 particle-particle collision
Particle-particle collisions are supposed to bestela
and treated with the hard sphere model. Particle
parameters after collision (position, velocity,
acceleration) are calculated from the conservation
equations for momentum and energy.

2.4 particle-wall collision

The particle-wall collision was inspired from
the collision synchronization in the domain of dyna
simulation and animation. Two approaches are
possible:

- Milencovic method [4]: each object is stopped
on its first collision, the collision
synchronisation and treatment is made at the
end of the time step

- Faure and Galizzi method [5]: the rectification
of positions and velocities occurs later after
the collision.
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Figure 3: Treatment of particle-wall collision

In this work, the Milencovic method was adopted.

3. Reaults:

In the following are presented results from the
simulation of 5000 zirconia particles (22-45 pm),
conveyed within an injector 1.5 mm in diameter. The
used carrier gas is argon. The size distribution is
presented in figure 4. Gas and powder properties ar
summarized in table 1.

Table 1: Powder and carrier gas properties

p Flow rate| Viscosity
Carriergas: | 1,67 | 4LUmin | 2,0910
Argon kg/m3 Pa.s
Powder : 5800 1 kg/h -
Zirconia kg/m3
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Figure 4: simulated particle size distribution

Figure 5 shows that the spatial distribution of the
velocity vectors is uniform in space. Accordingthe
surface of a hemisphere the central part corresptind
the smallest surface, thus resulting in an angle
distribution close to zero in the injector axisidtalso
worth to note that for the initial distribution a
maximum angle of 30° was chosen §10f course the
initial distribution at the injector inlet shoulcepends
on the particle distribution at the connecting pipgiet
and works are in progress to calculate this digtitin
within the connecting pipe between the powder feede
and the injector.
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Figure 5: Initiald angle distribution at the injector inlet

Figure 6 shows that at the injector exit, due to
collisions, some particles have a divergence angle
higher than 20°, but most of them are within 20° in
good agreement with the experimental results. Fhe
angle distribution evolves along the injector lénghd
after 7 cm, it becomes bimodal and symmetricais It
clear that it tends after a longer course, to asSian
distribution of average zero. The mostdotalues are
within a cone of 20° and values outside the angie a
due to the particle-particle collisions.

Figure 7 shows thé angle distribution without taking into
account particle-particle collision, the dispersggems to be
the previous as the case but with a reduced vamia®main.

00
Final Delta (%)
Figure 6: Finab angle distribution at the 7 cm long injector
exit
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Figure 7: Finab angle distribution at the injector exit without

particle-particle collision

Figure 8 shows the final axial velocity distributiahe
initial one being supposed to be randomly uniform.
This resulting distribution at the injector exitesas to
be Gaussian and is centred on the mean gas velocity
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Figure 8: Final axial velocity distribution

Figure 9 illustrates the finab angle distribution as
function of particles size. What ever may be thee si
class of particles, small or big, the mean valué &f
approximately zero. It seems to confirm that the



dispersion ob is independent of the particles size.
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Figure 9: Finab angle distribution as function of particles
size

Figure 10 presents the distribution of the radedbuity
as function of the particle size. The geometry o t
studied system is symmetric, which explains why thi
distribution is almost symmetric and centred orozer
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Figure 10: Final radial velocity distribution asfition of
particles size

4. Conclusions

This paper presents the first results of a model
representing the dispersion of particles at theciar
exit of a plasma torch. The model developed tak&s i
account the size distribution, the wall-particledan
particle-particle collisions. This model is aimed a
determining the conditions of particles injectidnima
d.c plasma jet according to the working conditions
(carrier gas and powder flow rate, injector intérna
diameter ...)
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