Segregation of drop size and velocity in
jet impinging splash-plate atomizers
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Atomization of a liquid jet as it impinges on the flat end of a circular rod {(splash plate) is
studied experimentally. The effects of the splash-plate diameter (surface diameter) and the
jet velocity on the disintegration of the jet are investigated. Six surface-to-jet diameter
ratios of 2.3, 3.0, 5.1, 5.3, 8.7, and 13.9 are used, while the jet velocity is varied from 7.4
to 31 m/s. A hollow cone sheet and consequently a spray are formed as a result of this type
of impingement. A phase Doppler particle anaiyzer (PDPA) is used to measure the diameter
and velocity variations in the resulting sprays simultaneously. The diameter and velocity of
the drops at the region of the spray with the highest volume flux are measured for various
surface diameters and the jet velocities. It is found that the mean diameter of the drops at
this region decreases as the jet velocity increases. In addition, at low jet velocities (uj <
18 my/s), the mean drop diameter increases with an increase in the surface to jet diameter
ratio; however, at high jet velocities {u; > 18 my/s), it is insensitive to the changes in the
surface to jet diameter ratio. Empirical correlations are derived and reported for these
variations. It is also found that the mean drop diameter and velocity are the largest at the
outer edges of the spray, and they continuously decrease across the spray toward the spray
axis. This result indicates that the impinging jet atomizers segregate drop sizes and
velocities. The suspected cause of this segregation is the flow currents inside the hollow

cone spray.
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introduction

Impinging jet atomizers can be divided into two general cate-
gories: the jet-on-jet and jet-on-surface impinging or splash-plate
atomizers. Jet-on-jet impinging atomizers are typically used in
liquid propellant rocket engines where fast mixing between liquid
fuel and liquid oxidizer is essential (Heidemann et al. 1957,
Taylor 1960; Ibrahim and Przekwas 1991; Vassallo et al. 1992;
Ryan et al. 1995). Jet-on-surface impinging atomizers are com-
monly used in devices where a large diameter orifice is needed to
either provide a large mean flow rate, such as in fire sprinklers,
or where a highly viscous fluid is used, such as in coal slurry fuel
injectors. In such sprays, the liquid jet emerges from a large
orifice and impinges on a solid surface (splash plate). Because of
the wide-spread application, the impinging jet atomizers have
been extensively investigated. Detailed studies of these atomizers
were initiated by Hagerty and Shea (1955) and Dixon et al.
(1952). Later Dombrowski and Hooper (1963), Huang (1970), and
Donaldson and Snedecker (1971) contributed to the further
understanding of this problem.

Hagerty and Shea (1955) and Fraser et al. (1962) described
the instability and breakup of liquid sheets as follows. The fluid
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sheet experiences disturbances due 1o the aerodynamic forces.
Consequently, the sheet becomes wavy, the amplitudes of the
waves grow and cause the sheet to break up into ligaments.
Finally, the liquid ligaments break up into drops based on the
Rayleigh (1945) theory (see also Ashgriz and Mashayek 1995). By
assuming an exponential growth rate for the amplitude of the
wavy liquid sheet, Fraser et al. derived the following equation to
predict the mean drop diameter in the spray.

1/6( g /3
d=c0nst(—pi) ( ov) )

Pa plul2

where d is the mean drop diameter in the spray, p; and p, are
the liquid and ambient air densities, respectively, k, is a constant
for the nozzle, vy is the surface tension coefficient, and u ; is the
jet velocity. Ingebo (1984) made drop size measurements of the
spray from a jet impinging splash-plate atomizer by using photo-
graphic techniques. He derived the following empirical equation
for the mean diameter of the drops in quiescent air:

PR (2)
 2.8x 10 *Re; B

where d; is the jet diameter and Re; = p,u;d;/p, is the liquid jet
Reynolds number with ., being the liquid viscosity. Note that in
Equation 1, which is for the breakup of a liquid sheet, the drop
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diameter is proportional to u; 2/3; whereas, in Equation 2, which
is for the splash-plate atomization, the drop diameter is propor-
tional to u j". Therefore, it appears that for the same jet velocity
the splash plate reduces the mean drop diameter.

This paper presents a detailed investigation of the impinging
jet atomization. Spray characteristics—namely, mean drop diam-
eter, mean velocity, and volume flux—are measured at different
locations in the spray as opposed to measuring the mean values
for the entire spray. The effects of the splash-plate diameter and
the impinging jet velocity on the spray characteristics are investi-
gated.

Experimental setup

The atomizer is designed so that both the liquid jet and the
splash plate can be changed independently. The liquid jet injec-
tor consists of a 0.16-cm outer diameter hypodermic tube con-
nected to a 0.64-cm diameter, 10.16-cm long stainless steel tube
by a brass connector. The diameter of the liquid jet can be
changed by using a hypodermic tube with a different inner
diameter. The injector is mounted onto a platform that allows its
vertical and horizontal position to be aligned so that the jet
impinges on the center of the impingement surface. The im-
pingement surface is the flat end of a circular rod. Different rod
diameters of d, =1.39, 2.33, 401, and 6.30 mm are used. They
are made of aluminum and copper and machined to produce a
smooth surface and to remove impurities that can affect the
results, from the surface, such as corrosion or oils. Two jet
diameters of d; = 0.46 mm and 0.93 mm are used. When the jet
strikes the center of the impingement surface, an axisymmetric
conical sheet and, consequently, an axisymmetric spray are pro-
duced. Six different combinations of surface to jet diameter
ratios of A =dx/dj =23, 3.0, 5.1, 5.3, 87, and 13.9 are tested.
The smaller jet is used to obtain jet velocities from 12 to 31 m/s,
while the larger jet generates a range of jet velocities from 7.4 to
9.7 m/s. The jet Reynolds numbers range from 6000 to 14,000,
and the appearance of the jet is wavy and turbulent, which
indicates that the flow is in the transition or turbulent flow
regime.

The fluid pumping system consists of a driving force, a hold-
ing tank, and pressure gauges. The driving force is a high-
pressure tank of nitrogen with a regulator attached. It deli-
vers a constant pressure of 1080 kPa to a 0.03 m> stainless steel
tank filled with water. The steady flow is monitored by an orifice
flow meter. After setting the desired pressure drop across the
orifice with a needle valve, the flow rate is calibrated with a
graduated cylinder and stopwatch. The precision of the gauge
allows the flow rate to be set to within 0.03 cm®/s of the desired
flow rate. Approximately 30 minutes are required to acquire data
at a sufficient number of points within the spray for one test
condition. A constant flow over this time is essential to ensure
that the spray does not change while it is being characterized.

A phase Doppler particle analyzer (PDPA) was used to mea-
sure the local drop size, mean velocity, and volume flux. A
description of this system is given by Bachalo and Houser (1984).
To decrease the amount of variation in the data, the PMT
voltage of the PDPA was kept at a constant setting of 310 volts
(McDonell and Samuelsen 1990). A velocity off-shift setting of
3.93 was required in order to measure a velocity range of 0-20
m/s. To obtain an accurate estimation of the spray characteris-
tics nominal sampling rates of 5500 validations /point were used.

The injector is mounted onto a traversing stand that can run
in the x, y, and z directions, shown in Figure 1. The spray is
moved from one position to another, while the PDPA is kept
stationary. Because the spray characteristics change with posi-
tion, it is important to have the same reference point for each
test. The origin of the coordinate axis for the experiment is taken
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Figure 1 Impinging jet setup and the reference axes

to be the center of the rod. The z-axis is in the vertical direction,
and the x-axis is in the direction of the jet. All z and x locations
are reported relative to this point (see Figure 1). A digital
traverse controller operates the traverse and positions the injec-
tor to within 0.025 mm of a desired location. The measurements
are taken at 5 mm intervals in the x direction and the spray is
traversed from the front edge (smaller x) of the conical spray to
the back edge (larger x). Data are acquired only in the region of
the spray where the PDPA detects more than 20 drops per
second. The mean diameter, velocity, and the local volume flux
are recorded simultaneously at 8 cm below the impaction point.
At this distance, the sheet is able to break-up and form spherical
drops, and the number of ligaments and nonspherical drops in
the measurement area is minimized. This is determined by the
number of signals that the PDPA rejected. When the probe
volume of the PDPA is moved farther below the impingement
point, the number of rejections is decreased. The distance at
which the number of rejections does not decrease significantly as
z changes is z =8 cm. Therefore, this plane is chosen to collect
the data. It is assumed that the spray is axisymmetric so no data
are taken in the y direction.

Spray cone angle

The front view of the impinging jet atomizer is shown in Figure
2a for a surface to diameter ratio of A=23 and u; =81 m/s. A
conventional 35-mm camera with side lighting is used to produce
these photographs. The figure shows that a radial sheet is formed
after the impingement, which becomes unstable and breaks into
drops. A wavy structure is formed on the liquid sheet, which
emanates from the impingement point and propagates radially
outward as concentric circles. Similar wavy patterns were ob-
served by Tanasawa et al. (1958). A magnified image of the edge
of the sheet is given in Figure 2b. No regular pattern can be
identified at the breakup point, and the sheet disintegrates
randomly. A study of the magnified images of the sheet breakup
point reveals that the atomization is not governed purely by the
growth of the surface waves and the formation of the ligaments
(Hagerty and Shea 1955; Huang 1970). It appears that the drops
are formed due to the azimuthal instabilities in the liquid rim.
The rim of the liquid sheet is rounded due to the surface tension
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Figure 2 (a) Front view of the impinging jet for A=2.3 and
jet velocity=8.1 m/s; (b) a closeup photograph of the atom-
ization of the liquid sheet

forces, and it is somewhat thicker than the other regions in the
sheet. The aerodynamic effects result in the churning of this rim
region, and the capillary effects cause its breakup from the sheet.
The ligaments later break into small drops by the capillary action
(Ashgriz and Mashayek 1995; and Vassallo and Ashgriz 1991).
This complex process can not be properly explained by the
present models for the liquid sheet breakup due to the
Kelvin—Helmholtz type instabilities.

A set of side-view photographs of impinging jets is shown in
Figure 3 for jet velocities of 4.3, 5.1, 6.6, and 9.7 m/s, and
A =23. 1t is observed that the sheet cone angle increases as the
jet velocity is increased. The sheet cone angle is defined as the
angle between the sheet and the jet axis (x-axis, see Figure 1).
The cone angle depends on the initial jet velocity and the
surface-to-jet diameter ratio. The higher the jet velocity, the
smaller the thickness of the liquid film formed on the solid
surface (Watson 1964). This causes more of the fluid to flow
parallel to the face of the rod, and consequently, the cone angle
increases. Another observation from Figure 3 is that the liquid
sheet is curved more at lower jet velocities. This is due to the
action of surface tension forces on the liquid sheet. Because
the sheet initially has some curvature towards the jet axis, the
surface tension forces are higher on the outer than on the inner
surface of the sheet. These unbalanced surface tension forces
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tend to bend the sheet towards the jet axis. This effect becomes
more pronounced as the inertia of the sheet reduces.

Figure 4 shows the variation of the cone angle with the jet
Reynolds number. Two different ways are used to measure the
cone angle. Figure 4a shows the “sheet” cone angle measured
directly from the photographs for two rod sizes with A = 2.3 and
A =5.3. For both cases, the cone angle increases with the jet
Reynolds number; it reaches 79° at a Reynolds number of 10°.
For Reynolds numbers below 10%, the sheet cone angle is always
larger for the smaller rod (A = 2.3). However, as Re is increased
beyond this point, the trend changes, as shown in Figure 4b.
Figure 4b shows the variation of the “spray” cone angle, which is
defined as the angle between the x-axis and a line drawn from
the impaction point to the point in the spray with the largest
volume flux (ie., 1 X 10? cc/s/cm?) at z = 8§ cm, as labeled in
Figure 1. The “spray” cone angle increases with increasing jet
velocity for all the rods that are tested.

The surface-to-jet diameter ratio A affects the cone angle in
an interesting way. At high jet velocities (high Re), the cone
angle increases with increasing A, but at low jet velocities, the
opposite occurs. For low jet velocities and small diameter sur-
faces, the boundary layer in the film on the surface is not well
developed, and, therefore, as the liquid separates from the sur-
face it has a larger mean velocity and more momentum in the
radial direction as compared to a higher A case. Thus, the fluid
can overcome the surface tension forces, and the cone angle
spreads out. As A increases, the boundary layer is further devel-
oped, and, therefore, the mean velocity in the radial direction is
reduced. For high velocities, the boundary-layer thickness formed
on the surface is smaller, and it influences a smaller fraction of
the velocity profile. Therefore, the velocity profile is more uni-
form in this case, and the cone angle is mainly governed by the
flow trajectory in the free surface of the liquid. The flow trajec-
tory is turned more for larger A, therefore, the cone angle at
high jet velocities is larger for the higher A.

To derive an empirical relation for the spray cone angle 6,
the following arguments are used. The impaction of the jet on
the surface results in a stagnation-type flow. We assume that the
sheet cone angle 8 is approximately equal to the slope of the free
stream at the edges of the splash plate. Therefore, this angle can
be approximated by the ratio of the two velocity components:
tan® =~u,/u , where u, and u, represent the characteristic
radial and axial velocities, respectively (see Figure 1). Based on
the continuity equation, u,/u, ~ (h/d;)A, where h is the thick-
ness of the liquid sheet at the edges of the splash plate. There-
fore, the sheet cone angle purely based on the stagnation flow of
an inviscid fluid is tan @ = a A, where o should be determined
empirically. The influence of the viscous effects in changing the
flow direction is considered by including two terms. One account-
ing for the overall viscous effects for a constant pressure gradient
flow along the radial axis, and another representing the effects of
the development of the boundary layer at the solid interface. The
first term depends on Re™' and the second term on Re™!/2,
Thus, the sheet cone angle (in radians) can be estimated by the
following relation:

§=tan~! 1—Rec A+—P— 3)
@ Re Rel/? ‘

The spray cone angle, however, is different than the sheet cone
angle. The experimental results show that the correction is
proportional to A; i.e., 8’ = tan 0’ = A, Therefore, the following
empirical relation is written for the spray cone angle:

0=tan"'|a 1—Re” A+—§— +eA 4)
Re Re!/? N
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(a)

(c)

In Equations 3 and 4 Re, = 10* is the critical Reynolds number
at which point the influence of the A on 6 changes, a =1.7,
B =500, and & = 1.2 X 1072, The curves in Figure 4 are obtained
from the above correlations. The maximum error of these corre-
lations is within 5°, which is well within the experimental error.

Drop size and velocity segregation

To investigate the effect of the jet velocity and surface-to-jet
diameter ratio on the spray character, drop sizes, and velocities
are measured using the PDPA system. This type of splash-plate
atomization results in the segregation of drop sizes and velocities
across the spray. Figure 5 clearly shows the drop size segregation
for A =3.0, 8.7, and 13.9, and for different jet velocities. Note
that the mean diameter decreases along the x-axis for all cases.
This is in contrast to an original expectation of a Gaussian
distribution. The reason for the drop size segregation is not clear.
It may be due to the mechanism of the sheet breakup where the
smaller drops are ejected at a different trajectory than the larger
drops. (Some insight about this mechanism is given by Ashgriz
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(b)

(d)
Figure 3 Side views of the liquid sheet cone for A=2.3 and jet velocities of (a) 4.2 m/s; (b) 5.1 m/s; (c) 6.6 m/s; (d) 9.7 m/s

and Poo, 1990.) However, the development of air currents within
the hollow spray cone may be a better explanation of the ob-
served segregation of the smaller drops. The air currents are
generated because of the aerodynamic interaction between the
spray and the surrounding atmosphere. The trajectories of the
smaller drops are affected more, because the smaller drops have
a higher surface-to-volume ratio, and, therefore, they have a
higher aerodynamic drag-to-momentum ratio (Poo and Ashgriz
1991; Eroglu and Chigier, 1991).

The changes in the diameter distribution across the spray in
the x direction are shown in Figure 6 for the test condition of
u=14.1m/s and A = 3.0. The spray formed at this condition has
diameters that vary significantly in the x direction. As can be
seen from the plots, the range of diameters decreases as x
increases. At x = 20, 90% of the drops are smaller than 321 pm,
while at x =50 mm, 90% are smaller than 103 p.m. For the axial
positions x =25 mm through x =50 mm the largest number of
drops are in the diameter range of 26.6 pm to 37.5 pm. For
x =20 mm, however, the largest number of drops are in the
range of 168.37 wm to 179 pm.
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Figure 5 also shows that as the jet velocity increases the mean
diameter generally decreases. As indicated by Inamure et al.
(1991), the thickness of the liquid sheet decreases with increasing
the jet Reynolds number. In another related experiment,
Lefebvre (1989) has shown that the drop size decreases with the
liquid sheet thickness. This explains the observed trends in
Figure 5. Figure 5 also reveals that the drop sizes become more
uniform at higher jet velocities. For a jet velocity of 14.9 m /s and
A = 8.7 the diameter changes from 136 to 59 wm. As the jet
velocity increases, the curves become flatter, and the mean
diameter varies by only 15 wm for jet velocities above 22.4 m/s
(see Figure 5b). The reduction in the drop segregation is caused
by the opening of the cone angle at higher jet velocities, which
causes the currents inside the cone to be weaker and the drops
to no longer be entrained. In addition, because the atomization
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process is more efficient at higher jet velocities, the maximum
drop size decreases and the range of the drop diameters becomes
narrower.

Another observation from Figure 5 is that a larger A at high
jet velocities generates a more uniform spray. For example, the
local mean diameter of the spray for u; =21 m/s and A=3.0
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Figure 6 Changes in the drop size distribution for different
X locations in the spray

changes from 104 to 50 pm along the x-axis. Whereas, the local
mean diameter for the same jet velocity but a larger A =8.7
varies from 75 to 52 pm, which is a 23 wm reduction along the
x-axis. The change in the mean diameter along the x-axis be-
comes even smaller for A = 13.9 (a 17 um reduction, from 83 to
66 wm). For smaller jet velocities, the trend is reversed. For
u; =12 m/s the variation of the mean diameter along the x-axis
for A =3.0 is from 171 to 67 pm, which is a 104 wm change. At
A =87 and for the same jet velocity of u; =12 m/s, the mean
diameter decreases by a total of 171 pm, from 277 to 108 p.m, as
x increases.

The efficiency of the drop size segregation with the jet veloc-
ity and A has the same trend as the cone angle. It appears that
the drop size segregation and the cone angle may be related. As
the spray cone angle increases, the size of the hollow zone within
the spray cone increases, resulting in the reduction of the veloc-
ity of the air currents. The lower the air velocity, the less the
drop size separation, and, therefore, the more uniform the spray
in the x direction.

Figure 7 shows the mean vertical velocity of the drops along
the x-axis at 8 cm below the impingement point (z = 8 ¢m). The
jet velocity is varied while the surface to jet diameter is kept
constant at A = 3.0. The velocity decreases from the front to the
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Figure 7 Variation of mean drop velocity in the axial direc-
tion for A=3.0: ;=120 m/s %, v;=17.1 m/s +, 4;=21.0
m/s v, u;=26.0 m/s W
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back of the spray as the spray is traversed in the positive x
direction. Three factors are responsible for the observed velocity
decrease in the x direction. One is due to the atomization
process, which resuits in a distribution of drop sizes and veloci-
ties. Smaller drops tend to move slower, because they have a
higher surface-to-volume ratio and consequently higher drag
(Poo and Ashgriz 1991).

The second factor that may be partly responsible for the
observed velocity decrease in the x direction is the velocity
profile in the sheet after impingement. When the jet impinges on
the surface, the boundary layer on the surface continuously
grows and results in a nonuniform velocity profile in the sheet
when it leaves the surface (Watson 1964). Because the velocity is
higher at the sheet surface and reduces towards the inside of the
film, the mean velocity of the drops may follow the same trend.

The third factor that results in lower observed velocities along
the x-axis is due to the variation of the drop trajectories. The
drops are not moving in the vertical direction; however, the
PDPA measures only the vertical component of the velocity. The
velocity components reduce slightly as the drop trajectory be-
comes more off axis (i.e., for larger x). However, sample calcula-
tions have shown that this cannot be the only factor responsible
for the observed reductions in the velocity along the x-axis.

Mean drop size and velocity

To investigate the effect of the jet velocity on the spray charac-
teristics, the drop mean velocity and diameter at the “center” of
several sprays are compared. The “center” of the spray is defined
as the location where the volume flux is at its maximum value.
This is determined by measuring the volume flux along the x-axis
at regular intervals, as shown in Figure 8. By fitting a curve to
the volume flux data, the x position at which the maximum
occurs can be estimated.

One of the ways that the size of the impaction surface affects
the flow is that a larger surface applies more shear stress to the
fluid and reduces the mean velocity of the flow. This effect can
be seen in Figure 9, which shows the mean velocity of the drops
at the center of the spray. The curves show that for A =3.0, a
spray with the highest drop velocities is formed; whereas, for
A =139, a spray with the lowest drop velocities is formed. The
point at which a spray had zero velocity was determined by
reducing the jet velocity until no sheet was formed from the edge
of the rod. At this velocity the fluid travels around the 90° edge
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Figure 9 Effect of jet velocity and plate size on the mean
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A=30@ A=51m, A=87 a,A=139 +

of the rod and drips off. Drop mean velocities u,; can be
correlated by the following relation:

us=au;+b )]

where u, and u; are in m/s and the experimentally determined
coefficients are:

a=027+107%A%¢ (8)
b= —0.0729A'%° )]

The lines in Figure 9 are obtained by using Equation 7. Our
experimental data indicate that for small A, the mean drop
velocity is much smaller than the jet velocity. For small A, all the
terms containing A can be neglected, and the drop velocity
becomes approximately equal to 1/3 of the jet velocity.

The drop velocity at the breakup point is usually assumed to
be equal to the sheet velocity, and the sheet velocity is assumed
to be equal to the jet velocity. Taylor (1966) indicates that when
the liquid impacts on a surface, the pressure builds up there and
deflects the streamlines from the direction of the jet to the lines
in the impact plane, which spread out radially from the impact
region. The stream velocity varies in passing through this region
but, if the fluid is inviscid, regains its original value as it passes
out of it. Experimental measurements of the sheet velocity have
verified this theory. However, whether the drops at the break-up
point have the same velocity as the sheet has not been verified.
Our results indicate that the drop velocities at z=8 cm are
much smaller than the jet velocity, and consequently, smaller
than the sheet velocity. Therefore, part of the observed velocity
change is due to the aerodynamic drag. However, sample calcula-
tions indicate that not all of this change can be attributed to the
drag effect. (Because close to the break-up region there is a
significant drop—drop interaction, a proper drag coefficient can-
not be determined. Therefore, our sample calculations could only
show an approximate value and are not presented here.)

Figure 10 shows how the mean diameter at the center of the
spray is affected by the surface-to-jet diameter ratio and the jet
velocity. The dashed curve in the figure is obtained from Equa-
tion 1 given in Fraser et al. (1962) for sheet breakup. If the
densities and the surface tension are assumed to be constant,
then Equation 1 reduces to k/u}/>. The constant k is dependent
on the injector. In our case a value of k£ = 500 makes an excellent
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Figure 10 Effect of jet velocity and plate size on the mean
diameter at the center of the spray and an empirical fit;
A=3.00,A=5.18,A=87 a, A=139 +

fit through the datapoints for values of u; greater than 18 m/s.
At these velocities, the size of the impaction surface has little
effect on the size of the drops. For lower jet velocities, the mean
diameter of the drops at the center of the spray increases when a
larger impaction surface is used. The difference between the
equation of Fraser et al. and our results is due to the method
used to create the sheet. Equation 1 is obtained for sprays
formed from a slot-shaped nozzle which creates different sheet
thicknesses. However, in the present experiment, the sheet thick-
ness is dependent on both the jet velocity and A. For larger rod
diameters (i.e., larger A) and low velocities the surface shear
effects reduce the mean velocity of the sheet, which results in
less efficient atomization. As can be seen from Figure 10, there is
a greater difference in the mean velocity for different A at lower
jet velocity. At higher velocities, the shear stress effects become
minor, and the results can be well predicted by Equation 1. To
account for the effect of jet velocity and surface-to-jet diameter
on the mean (linear) drop diameter in jet-on-surface impinging
atomizers, the experimental data are used to derive the following
empirical relation:

K, KA
+
(Re — I{em)z/3 Re — Rem

d=d, |1+ (10)

where d,, = 35 pm and Re,, = 5000 are the minimum drop size
and minimum Reynolds number, respectively, K, =114, and
K, =14. The above correlation has several features. For very
small As, the third term on the right-hand side is negligible, and
we obtain a correlation similar to that of Fraser et al. Equation
1. When A is large, the second term is negligible, and we obtain
a correlation similar to that of Ingebo (1984), Equation 2. In
addition, the first term is added to provide a minimum drop size
for very large Reynolds numbers. Equations 1 and 2 provide a
drop size of zero as the Reynolds number approaches infinity,
which is not physical. The minimum Reynolds number Re,, in
Equation 10 represents the Reynolds number below which the
liquid sheet does not atomize.

Conclusion

The experimental investigation of jet impinging splash-plate at-
omizers has revealed that the hollow cone spray formed by these
atomizers has the following characteristics. At low jet velocities,
larger surface-to-jet diameter ratios A cause the cone angle 6 to
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decrease; however, at large jet velocities, the reverse occurs: an
increase in A increases 6. The mean diameter and velocity are
larger at the outer periphery of the spray cone and decrease
towards the spray axis. It is suggested that this size and velocity
segregation is caused by the air currents generated by the spray
inside the spray cone. The efficiency of the drop segregation is
found to be directly dependent on the spray cone angle. The
spray becomes more uniform at higher jet velocities and larger
surface-to-jet diameters. Based on these results, it can be con-
cluded that the drop sizes and velocities can be segregated in a
controlled manner by changing the jet-to-surface diameter ratio
and manipulating the design of the afterbody of the impinging
surface. The interaction between the spray flow and the body of
the impinging surface can cause different air (gas) currents,
which will entrain and segregate drops. Such atomizers will result
in simultaneous atomization and separation of drops or particles.

In addition, the mean diameter at the region of the spray with
the highest local volume flux, referred to as the “center” of the
spray, decreases with increasing jet velocity. For low jet velocities
(less than 18 m/s), a larger A generates sprays with larger drops;
however, for high jet velocities, A does not have a significant
effect on the mean drop diameter. Finally, the mean velocity of
the drops increases with increasing jet velocity and decreases
with increasing A. Empirical correlations are provided for the
variation of the mean drop size and velocity as a function of the
Reynolds number and A.
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