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Flow field simulation of double layer atomizer
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Abstract: The influences of parameters, such as delivery tube structure, gas pressure and the distance between the primary atomizer
and the secondary atomizer, on gas flow field were investigated by simulation. The effects of primary pressure on gas velocity at the
centerline were compared. Water atomizing experiment was carried out to validate gas scatter angle. The results show that the
structure of primary atomizer plays an important role in the flow field near the exit of delivery tube. Metal protector with conical
surface at the body extends certain length into the gas flow field to generate greater negative pressure near the tip of delivery tube.
The application of primary gas can suppress the circulation generated by only using the secondary atomizer.
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an atomizer with suitable structure, lots of research work
1 Introduction was loaded on analysis of the flow fields generated by
various atomizers[10—14]. Double layer scanning atomizer
The outline and the microstructures of the spray
forming product depend on the shape and size of droplets a i
together with fraction solid and the distribution of the I |

droplets along the jet direction greatly during spray E\J L/:’ !
I

forming process[1—5]. The states of all droplets are
significantly affected by gas flow field generated by the
atomizer. Research on the gas flow field benefits better
understanding the influence of the gas flow on the
droplets[6—8]. The design of conventional atomizer
includes closed atomizer and open atomizer, as shown in
Fig.1(a). The two atomizers have their own advantages
and disadvantages[9]. The former generates a negative
pressure zone, which causes a drag force on the melt in
the delivery tube to keep steady metal flow. A close \\\l
combination between closed atomizer and the delivery A
tube makes the kinetic energy transformed easily from
gas jet to the melt and the sound droplets are produced.
But it often causes solidification for the melt in the
delivery tube and restricts the moving of atomizer. The
design of open atomizer as shown in Fig.1(b) is simple
and does not need a delivery tube with complicated
structure and precise sizes. This design is often applied to
atomizing high activation melt to permit the moving of
the atomizer. Its disadvantage lies in its long distance
between the exit of nozzle and the melt, leading to the
loss of kinetic energy and unstable spraying. For designing
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Fig.1 Sketches of three atomizer structures: (a) Closed atomizer;

(b) Open atomizer; (c) Double layer scanning atomizer
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as shown in Fig.1(c) combines the advantages of both
atomizers motioned above[15]. Using this atomizer, the
melt flowing out from the delivery tube keeps steady and
the spray core scans freely.

In the present study, the effects of parameters on gas
flow field were investigated and validated by water
atomization experiments, aiming at the structure and
processes optimization.

2 Experimental

The double layer atomizer with laval type primary
nozzle and straight orifice secondary nozzle was used.
The inside diameter of delivery tube was 3.2 mm.
Secondary atomizer was located at a horizontal position.
2D axisymmetric swirling model, as shown in Fig.2, was
applied due to the rotational symmetry of this set-up. The
numerical simulation area was 400 mm in length and
200 mm in width, in which the meshes comprise
triangles and quadrangles. Compressibility and turbulence
effects were taken into account. Nitrogen gas for
simulation and validation experiment was used. The gas
pressure was relative pressure. Both primary and
secondary nozzles were circle orifices with areas of
127107 m? and 2.23><10* m?, respectively. The
Fluent software was applied to simulating the gas flow
field.
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Fig.2 2D numerical model area of atomization gas flow field
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3 Results and discussion

3.1 Influence of delivery tube structure on gas flow

field

The primary atomizer plays the role of delivering
mainly similar to the traditional closed atomizer and the
atomizing effect of primary atomizer is unconspicuous.
So angle a, of the primary atomizer between primary
orifice and centerline was selected to be 12.5° in Fig.1(c),
smaller than angle a; of 15°=30° for closed atomizer
commonly used in Fig.1(a). The atomization operation
was carried out by the secondary atomizer mostly with
the function of scanning at the same time. The influence
of the primary gas pressure of 0.5 MPa and the
secondary gas pressure of 0 MPa on pressure distribution
and gas velocity streamlines is shown in Fig.3. The
structure of metal protector and the length of delivery
tube out of the metal protector play an important role in
the flow of gas jet from primary atomizer. In Fig.3(a),
the end of metal protector is a conical surface with a
certain length out of primary atomizer. There is a
non-uniform pressure distribution at tip of the tube with
two higher pressure zones of 0.137 MPa in point 4 and
0.026 MPa in point C with a distance of 10 mm from
delivery tube tip. The formation of the higher pressure
zone A originates from that gas jets impinge on the
outside wall of delivery tube and reflect, resulting in a
reduction in the velocity and an increase in pressure
caused by the energy changing from kinetic energy to
potential energy. An aspiration pressure area (pg=—0.034
MPa) is generated near position B, which forms a
pumping action on the melt in the delivery tube and
benefits the flow of the melt. In Fig.1(b), the velocity
streamline distribution shows that the gas flow is steady
without circulation. For the second structure, the end of
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Fig.3 Pressure and flow streamline distribution: (a) Primary gas pressure distribution of metal protector with circular conical surface;

(b) Velocity streamlines of structure in Fig.3(a); (c) Primary gas pressure distribution of metal protector with cylinder surface;

(d) Velocity streamlines of structure in Fig.3(c)
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metal protector is a flat surface keeping the same height
with the exit of primary nozzle, as shown in Fig.3(c). For
the structure, there are two higher pressure zones of
0.111 MPa pressure in point £ and 0.013 MPa in point G
and two negative pressure zones of —0.113 MPa in point
D and —0.015 7 MPa in point F. Compared with Fig.3(a),
there is one more negative pressure zone in point D,
which disturbs steady gas flow ejected from the primary
nozzle. There is a circulation near point D, as shown in
Fig.3(d). During operation of the double layer atomizer,
viscous molten metal will clog the gas orifice easily
when a little metal droplet is transported to negative
pressure zone D. Compared with negative pressure near
the exit of the delivery tube generated by both units, the
negative value in point F is smaller than that in point B.
Flow streamline distribution in Figs.3(b) and (d) shows
that the structure in Fig.3(a) is better than that in
Fig.3(c).

During the operation the molten metal flowing out
of the tube is expected to be transported into the center
hole of secondary atomizer as soon as possible, which
needs a small distance of J in Fig.1(c). The diameter of
secondary atomizer should be larger in order to avoid the
molten metal clogging on the inside surface of secondary
atomizer caused by gas turbulence. When the atomizer
works, the secondary atomizer should keep a certain
distance from the primary atomizer because of scanning.
Both factors influence the unit design.

The gas velocity distribution as a function of radical
distance at different axial distances is shown in Fig.4.
The operation conditions are the same as those in Fig.3(a)
and the axial distances used are 20, 30, 40 and 50 mm
from the tip of delivery tube, respectively. The maximum
gas velocity along radius decreases gradually with
increasing axial distance, as shown in Fig.4. At the
axial distance of 20 mm, the influence scope of gas jet is

/
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15 mm, and increases to 25 mm when axial distance
changes to 50 mm. Meanwhile, the gas ejected from
annular gap expands and stacks at the centerline,
resulting in an increase in the axial velocity within the
axial scope. The simulation results indicate that the
diameter of center hole should be more than 25 mm
when the distance between primary and secondary
atomizer is less than 50 mm. Taking account of safety
and stability, the diameter of secondary atomizer is larger
than 50 mm in the present study. The distance J in
Fig.1(c) is in the range of 10—20 mm when the secondary
atomizer scans to a limited position. Considering the
secondary atomizer’s volume and the gas supplying
channel, a certain distance should be kept between the
secondary and primary atomizers.
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Fig.4 Gas velocity distribution as function of radial distance at
different axial distances

3.2 Gas flowing field of double layer scanning atomizer
Fig.5 shows the effect of primary gas pressure up to

1 MPa on gas flow with a constant secondary pressure of
1 MPa. The gas flow field is illustrated in Fig.5(a) when
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Fig.5 Effect of primary gas pressure on gas flow velocity streamlines at constant secondary pressure of 1 MPa: (a) 0; (b) 0.5 MPa;

(c) 1 MPa



5488 ZHAO Wen-jun, et al/Trans. Nonferrous Met. Soc. China 19(2009) s485—s489

only the secondary atomizer is applied. The velocity
streamline distribution in Fig.5(a) indicates that there are
two intense circulation flow areas in points M and N. The
scope of circulation M extends from underneath the
secondary atomizer to the primary atomizer and
decreases with increasing primary gas pressure to 1 MPa.
Scope N is relatively small and the effect of primary gas
pressure on it can be neglected. The circulation forming
is restrained effectively within a certain limit by
increasing primary gas pressure.

Keeping secondary gas pressure of 1 MPa, the
effect of axial gas flow velocity on the centerline of the
atomizer is shown in Fig.6. Increasing primary gas
pressures from 0.5 to 1.5 MPa, the axial gas velocity
increases within distance of 100 mm and almost keeps
same in the distance range of 100—400 mm. When both
primary pressure and secondary pressure are applied the
axial gas velocity is slower than that when the secondary
pressure is applied only in the distance range of 50-250
mm, similar to the results in Ref.[16]. One reason is that
after increasing the primary pressure, the gas is originally
centered on the centerline scatters, so the axial gas
velocity reduces, as shown in Fig.7. The velocities along
radial direction at axial distances of 100 and 150 mm are
shown in Figs.7(a) and (b), respectively. The influencing
scope of gas increases in radial direction when both
atomizers are applied. Another reason lies in the change
of the position for the highest gas pressure zone. The
highest pressure zones are located at the position
underneath the secondary atomizer at axial distances of
50 and 65 mm as shown in Fig.8, respectively, for
different primary gas pressures. The gas streamlines
bend downwards caused by the moving down of the
highest pressure zone. Therefore, the influence of the
secondary atomizer on the gas velocity at the centerline
goes down. Otherwise, the impinging between primary
gas and secondary gas results in the loss of kinetic
energy and the decrease in the gas velocity.
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Fig.6 Axial gas velocity as function of axial distance
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Fig.7 Velocity distribution as function of radial distance at
secondary gas pressure of 1.0 MPa and axial distance of
100 mm(a) and 150 mm(b)
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Fig.8 Pressure distribution of two operating conditions:
(a) Primary gas pressure of 0 MPa; (b) Primary gas pressure of
0.5 MPa

Water atomization experiments are used to validate
the outline of numerical gas flow field, and the results
are shown in Fig.9. Comparing the contour of velocity
field and one of the experiment photo of water atomizing
at the primary pressure of 0.5 MPa and secondary
pressure of 1.0 MPa, the gas scattering angle simulated is
18°, which is very close to the measured one of 19°,
indicating that the simulation model can be used to
simulate the gas flow field effectively.
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Fig.9 Gas velocity distribution and water atomization:
(a) Numerical result of velocity distribution; (b) Water

atomization photo
4 Conclusions

1) Atomizer with the tip of the metal protector
extending certain length out of the primary nozzle
generates greater negative pressure.

2) According to the scatter scope of gas emitted
from primary atomizer, the diameter of secondary
atomizer center hole is determined, which is larger than
25 mm at least, but for security, this diameter is set to be
50 mm

3) The gas from primary atomizer stabilizes the
atomization process and suppresses the circulation flow
generated by secondary gas, which is used to atomize the
liquid mainly.

4) At axial line, when only secondary atomizer is
applied the gas velocity is higher than that when both
atomizers work. The influence of gas ejected from the
primary atomizer in the axial line area becomes weaker
after the primary gas pressure is increased. Therefore, the
gas velocity at center line slows down, but scatter scope

s489

becomes larger.
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