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Investigation on Atomization Performance of a Slinger
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Abstract; Slinger is a type of rotary atomizer wherein spray spatial distribution varies with the rotary speed

and mass flowrate. The spray parameters at a series of locations in the radial direction of the slinger were

measured and the parameters of the location where the spray Sauter Mean Diameter (SMD) corresponds to

the smallest were selected to be analyzed. The results indicated that at a specific mass flowrate, an optimum

diameter exists for the orifice, in which the orifice’ s spray corresponds to the smallest and most uniform.

Increases in the mass flowrate increase the optimum diameter. Further, the spray from the circular orifice is

more uniform compared with that from the slot orifice with the same circumference. When the length of the

orifice increases, the spray becomes larger but more uniform. The liquid regime in the orifice affects primary

atomization of the liquid, significantly affecting the spray SMD and uniformity.
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0 Introduction

A slinger is a rotary atomizing device that exhibits
the advantages of a simple structure, light weight,
high mass flowrate limit, and good atomization
performance''’. It is mainly used in the combustion
chamber of micro and small turbo engines'*™ . In a
manner similar to the rotary disc or rotary cup, the
liquid is accelerated by the slinger and is then
tangential to the air at a high speed to break into micro
drops. The difference is that the liquid is thrown out
from the edge of the rotary disc (or rotary cup) while
it is thrown out through the orifice in the slinger,
hence the shape, size, and length of the orifice affect
the slinger’ s atomization.

In 1980, Morishita'*' gathered liquid drops that
are thrown out from the slinger with a glass piece,
measured the size of the droplets on the glass, and
approximately determined spray Sauter Mean Diameter
(SMD ) change rules. The results indicate that the
spray SMD is proportional to the ™", and U denotes
the line speed at the edge of the slinger. In 2002,
Dahm et al.">”" examined liquid regime in the orifice
of the slinger and the parameters that affected it.
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Specifically, the liquid inside the slinger flows into the
orifice along the orifice circumference in the form of
liquid film and then accumulates to the orifice side
(which is opposite to the slinger’ s rotation direction
under the Coriolis force). When the liquid leaves the
orifice, it completely accumulates on the side of the
orifice and is termed stream mode. If the liquid is not
completely accumulated on one side of the orifice, it
is termed film mode. When the orifice exhibits an
angle with a small curvature, such as the four corners
of a square orifice, liquid preferentially gathers on the
four corners and is thrown out. In 2008, Sescu et
al."* " conducted a series of tests and numerical
simulations on the slinger. Their findings are as
follows: 1) After the liquid leaves the slinger, the
distance of the liquid breaking into droplets increases
with increases in the flowrate and decreases with
increases in the rotary speed; 2) The liquid spray
SMD increases with increases in the flowrate and
decreases with increases in the rotary speed; 3) The
spatial distribution range of the liquid spray in the
slinger radial direction increases with increases in the
flowrate and decreases with increases in the rotary
speed; 4) Increases in the diameter of the orifice of
the slinger can decrease the distance of the liquid
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breaking into droplets and reduce the spray SMD. Choi

et al.['>"!

investigated liquid regime near the orifice
of the slinger and liquid spray characteristics of various
orifices via high-speed camera and phase doppler
particle analyzer (PDPA). They observed that at low
rotary speeds or large flowrates, the liquid near the
orifice is broken in an irregular manner and increases
droplet size. The selection of an appropriate diameter
for the orifice and number of orifices can avoid
irregular breaking. The effect of the airflow in the
axial direction on the atomization of the slinger was
also examined. When the velocity of the axial airflow
is low, the rotary speed of the slinger dominates liquid
Axial
atomization when the velocity of the axial airflow

atomization. airflow  dominates  liquid
reaches a certain value.

The liquid spray spatial distribution of the slinger
changes when the work conditions of the slinger
change. Prior studies typically measured the spray
parameters at a fixed point to determine the
atomization law of the slinger, and it is not possible to
offset the effect of the spray spatial distribution change
on spray. They also focused on the spray SMD and did
not examine the uniformity of the spray. The present
study attempts to avoid the effect of the spray spatial
distribution change and determine the manner in which
the liquid spray SMD and uniformity change with
changes in the orifice’ s shape/size/length. It also
attempts to prove that liquid regime in the orifice
affects spray SMD and uniformity, and to determine
the change rules of the spray when the liquid surface

tension changes.
1 Test Device

The test device is shown in Fig.1. The test slinger
is driven by a motor mounted on a bracket. The rotary
speed of the motor is in the range of 0—24 kr/min and
controlled by a frequency regulator, and the minimum
adjustment unit corresponds to 6 r/min. A transparent
shaft is installed on the periphery of the test slinger to
collect the liquid splashed from the slinger and return it
to the liquid storage tank. The liquid in the tank is
driven by a pump, passes through the filter, pump,
valve, and mass flowrate meter, and is ejected from
the inject tube and hits on the wall of the slinger to
restart a new liquid cycle. The valve is a fine-tuning
valve, which can precisely adjust the liquid flowrate.
The minimum measuring unit of the mass flowrate

.2

meter corresponds to 0.1 g/s, and the measuring range
to 0 - 40 g/s. The
measurement equipment of the test includes a high-
speed camera and a PDPA. The high-speed camera is
used to capture the liquid regime near the orifice of the

approximately corresponds

slinger, and maximum shooting frequency corresponds
to 2500 fps. The PDPA is used to measure liquid spray
parameters such as SMD and droplet distribution. The
smallest measurement unit of PDPA is related to its
laser wavelength, which is about 0.5 wm. The measure
accuracy of PDPA is concerned with the types and the
shape of the test particles. When measuring the liquid
spray droplets, the relative error of speed measurement
is 0.2% , the droplet size is 0.5%, and the number of
the droplet is 1%"'".

Fig.2 shows a schematic view of the structure of
the test slinger. In the figure, the X-axis of the XOY
coordinate system coincides with the axis of the
slinger, and the Y-axis coincides with the center line of
the orifice. Specifically, R denotes the outer diameter
of the slinger, [ denotes the length of the slinger, w
denotes the rotary speed of the slinger, and the unit is
r/min or kr/min. The test slinger only includes one
orifice to prevent mutual interference between multiple
orifices. The mass flowrate of the slinger corresponds
to the mass flowrate of the liquid passing through the
single orifice expressed in m, and the unit of the
flowrate is g/s.

Computer

Shield PDPA

Light N
x 0 | Camera
1 Motor |

Slihger - |

| Flowmeter

| ‘Pump I

[ Filter Valve

(Controller}

Holder

Y N
X o il

"W

Fig.2 Schematic diagram of the slinger
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As shown in Fig.3, the shapes of the orifices are
selected from the two most common shapes used in
actual slingers: circular and slot. Orifices A - C are
round and are used to examine the effect of different
diameters on the atomization performance of the
slinger. The long side of Orifices D - F are parallel to
the axis of the slinger and used to investigate the effect
of slot orifice with different parameters on the
atomization performance of the slinger. Among them,
Orifices D and E were compared to examine the effect
of the slot length, and Orifices E and F were used to
investigate the effect of slot width. The circumference
of Orifice D is the same as that of Orifice B, and the
circumference of Orifices E and F is the same as that
of Orifice C. They were used to investigate the effects
of the orifices with different shapes on the atomization
performance of the slinger. The outer diameter of the
slinger was constant during the test and corresponds to
R =50 mm. The length [ of the orifices corresponded
to 3 and 6 mm. The orifices with length [ = 3 mm were
used as the baseline group, and the orifices with
length [ = 6 mm were used as the comparison group.
The baseline group includes Orifices A - F, and the
comparison group includes Orifices B and D.
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Fig.3 Schematic diagram of the orifices’ shapes and

sizes( Unit.mm)

During the test, the mass flowrate was adjusted to
a certain value, and the rotary speed was then changed
from low to high. The liquid regime near the orifice
was simultaneously captured by the high-speed
camera, and the parameters of the liquid spray were
measured via the PDPA. Subsequently, the liquid
mass flowrate was changed and the rotary speed was
readjusted to take measurements again. Water was
mainly used as the test liquid, and the sulfonic acid
was added in the water to change the liquid surface
tension to examine the effect of different liquid surface
tensions on atomization. The liquid property is shown

in Table 1. In Solutions II and III, the volume of
water significantly exceeded the volume of the sulfonic
acid, thus the effect of the sulfonic acid on the
solution viscosity was neglected. It is considered that
the viscosities of Solutions I, II, and III are the same,
and only the surface tensions are different. Solution I
was used as the test liquid except while studying the
effect of liquid surface tension on atomization.

Table 1 Property of the test liquid

Water volume Sulfonic acid Surface tension

Ne. (L) volume (mL) (N/m)
I 15.85 0 0.073
1T 15.85 2 0.049

1T 15.85 10 0.043

During the test, PDPA was used to measure the
liquid spray parameters at a series of points near the
slinger to determine the spatial distribution of the
spray. The coordinates of the points are shown in
Table 2, and the coordinate system is shown in Fig.2.

Table 2 Positions of measuring points

No X (mm) Y (mm)
1 0 60
2 0 70
3 0 80
4 0 90
5 0 100

2 Results and Discussion

2.1 Liquid Spray Parameters Calculation

d32:2d?/id? (1)
]\};:N/tli (2)

Q=1 —ef(l;io)” (3)
In(In(R™") ) = nind - nlnd, (4)

The PDPA can measure the diameter, velocity,
and moving direction of all droplets passing through a
certain point in space at a given time. By analyzing the
diameter of all droplets, liquid spray parameters, such
as SMD, concentration, and RR ( Rosin-Rammler )
distribution index at the measurement point, were
obtained. Spray SMD was calculated by Eq. (1),
where d,, represents SMD, N denotes the number of
measured liquid droplets, and d; denotes the diameter

. 3.
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for each respective droplet. Additionally, /N, denotes
the number of droplets passing through the measuring
point per unit time and was calculated by Eq.(2),
The RR
distribution was typically used to describe the diameter

where ¢ denotes the measuring time.
distribution of a liquid spray and calculated by Eq.
(3), where () denotes the volume fraction of all
droplets smaller than the diameter d in the liquid spray,
and d, denotes the characteristic diameter ( indicating
that the volume fraction of droplets with smaller
diameter than d,, corresponds to 63.2% ) . Furthermore,
n denotes the liquid spray distribution index (increases
in n decrease the range of the droplets diameter and
increase uniformity of the liquid spray ). Two natural
logarithmic calculations were performed on both sides
of Eq.(3) and Eq.(4) was obtained, which is a linear
function with independent variable d and dependent
variable In(In(R™') ). Based on the droplet data
measured by PDPA, the RR distribution index n was
calculated via a linear fit.
2.2 Spatial Distribution of the Liquid Spray
2.2.1 Spatial distribution of SMD/quaniity concentration/
’UOllLTTIB concentration

The concentration of the liquid spray in space was

measured via

two parameters, namely quantity

concentration and volume concentration. Quantity
concentration denotes the number of the droplets
passing through the measuring point per unit time and
equals to V,. Volume concentration denotes the volume
sum of the droplets passing through the measuring
point per unit time and is represented by V,. As shown
in Fig.4, the quantity concentration of the liquid spray
is inversely proportional to spray SMD. This means
that increases in SMD decrease quantity concentration.
Decreases in SMD cause the liquid to break into more
droplets, which increases the quantity of droplets. The
SMD decreases with

therefore the quantity concentration increases with

increases in rotary speed,
increases in rotary speed.

As shown in Fig.5, the volume concentration of
the liquid spray does not exhibit evident regularity with
the SMD. The volume concentration of the liquid is
equal to the average volume of the droplets in the
spray multiplied by the quantity concentration. As
shown in Fig. 4, the two parameters are inversely
proportional , thus changes in volume concentration are
irregular. When the rotary speed ranges between 6 and
12 kr/min, the volume concentration does not increase
significantly with increases in the rotary speed.

4 .
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Fig4 Curves of SMD/quantity concentration distribution
in the radial direction (Orifice A, m=1 g/s, the
solid line indicates SMD, the dotted line indicates
quantity concentration, and the number in the
legend indicates rotary speed, unit in kr/min)
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Fig.5 Curves of SMD/volume concentration distribution
in the radial direction (Orifice A, m=1 g/s, the
solid line indicates SMID, the dotted line indicates
quantity concentration, and the number in the
legend indicates rotation speed, unit in kr/min)

The results indicate the other orifices exhibit the
same liquid spray SMD/N, /V, distribution characteristics
at different mass flowrates or rotary speeds. It is known
that the volume concentration is determined by the
diameter and quantity of the droplets. In the case of
poor atomization, it is likely to be high due to the large
volume of a single droplet, and it is not possible to
evaluate the evaporation and combustion performance
of the liquid spray accurately. Typically, decreases in
the SMD increase the quantity concentration and
increase the combustion performance of the liquid
spray.
appropriate for evaluating the concentration distribution

Hence, the quantity concentration is more

of the liquid spray in space.
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2.2.2  Spatial distribution of liquid spray SMD in radial
direction of a slinger
studies, for all

atomizers, after the liquid is ejected from the nozzle,

Based on extant types of
it is broken into small droplets under the action of air
shearing force and then aggregated into large droplets
due to collision between the droplets. Therefore,
increases in the distance between the droplets and
atomizer initially decrease the liquid spray SMD and
then cause it to increase. The aforementioned
phenomenon is also applicable to the slinger.
2.2.2.1
As shown in Fig.6, when the rotary speed is less

than 12 kr/min, an evident relationship does not exist

Location of the minimum SMD

between the location of the minimum SMD and mass
flowrate/rotary speed. However, when the rotary
speed reaches 12 kr/min, the radial distance of the
minimum SMD location from the slinger axis increases
with increases in rotary speed. The Y coordinate of the
minimum SMD location increases with increases in mass
flowrate in a certain range of rotary speed, and increases
in the mass flowrate will extend the range of the rotary
speed. For example, when the mass flowrate is 1 or
2 g/s, in the rotary speed range of 3—12 kr/min, the
minimum SMD location of 2 g/s exceeds that of 1 g/s.
However, when the mass flowrate corresponds to 6 or
12 g/s, in the rotary speed range of approximately
6-24 kr/min, the minimum SMD location of 12 g/s
exceeds that of 6 g/s. At an extremely high rotary
speed, the minimum SMD location approaches the
same value when flow rates are close.
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Fig.6 Variation in the curves of the minimum SMD
location with respect to rotary speed ( Orifice
A, in the legend indicates mass
flowrate, unit in g/s)

number

The results indicate that similar phenomena occur

in the slinger with other orifices in Fig.3. When the
liquid leaves the orifice, the velocity can be divided
into radial velocity », and tangential velocity v,, as
shown in Fig.7. In most cases, v, significantly exceeds
v,, thus v, is the main factor that affects liquid breakage
time ¢". Increases in v, decrease ¢', thus it takes shorter
time for the liquid to break into the smallest droplets.
With increases in »,, the liquid leaves the slinger
farther away in radial direction of the slinger per unit
time. The radial position of the minimum SMD
location corresponds to ¥ = v, X ¢'. When the rotary
speed increases, v, increases but ¢ decreases, thus it is
not possible to determine the value of Y. On the
whole, increases in v, exceed decreases in ¢’ , thus the
radial coordinate of the minimum SMD location
essentially increases when the rotary speed increases.

220

Schematic diagram of liquid velocity direction
leaving the orifice of the slinger

2
'Y

Fig.7

As the mass flowrate increases, v, should increase
theoretically, initial droplets formed by the liquid
increase, and time ¢’ required for the liquid to break
into the smallest droplets increases. Therefore, the
location of the minimum SMD should be increased.
However, the results indicate that the liquid leaves the
orifice in different regimes as shown in Fig.8. When
the rotary speed is very low, the liquid fills the orifice
and forms a liquid column, as shown in Regime I in
Fig.8. When the rotary speed increases, the liquid can
leave the orifice and form a liquid film around the
orifice as shown in Regime II in Fig.8. The liquid can
also accumulate on the orifice side ( which is opposite
to the slinger rotary direction) and then be thrown out
in columns, as shown in Regime III in Fig.8.

Changes in the liquid regime directly affect the
time when the liquid breaks into the smallest droplets.
When the rotary speed is relative low ( approximately
3-9 kr/min) , the liquid regime typically changes with
changes in the rotary speed, thus the minimum SMD
location at low rotary speed (3 -9 kr/min) is
irregular. When the rotational speed is high enough to
a certain extent,

the liquid regime is typically

maintained as constant (it is more likely to form
e 5.
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Regime II when the mass flowrate is low and form
Regime III when the mass flowrate is large) , and the

location of minimum SMD varying with the rotary
speed becomes regular.

Regime |

Regime II

Regime I1I

Fig.8 Liquid regimes in the orifice

2.2.2.2  Effect of orifice shape on the minimum
SMD location

As shown in Fig.9, the minimum SMD location
of various orifices increases on an overall basis with
increases in the rotary speed. However, the minimum
SMD location does not exhibit evident regularity at
low rotary speeds.
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Fig.9 Curves of minimum SMD location varying with

different orifices (m=6 g/s)

2.3 Change Rules of SMD/n

The quality of the liquidspray was mainly
evaluated by two parameters; SMD and liquid spray
distribution index n. In general, the smaller the SMD,
the smaller the droplets of the liquid spray; the larger
the n, the more uniform the liquid spray. From
Section 2.2.1, it is known where the liquid spray
SMD is the smallest, the quantity concentration is
typically the largest, and the liquid spray evaporation
and combustion performance are optimal. The
minimum SMD location of the liquid spray changes
with changes in the mass flowrate, rotary speed, or
orifice shape. When the minimum SMD location

.6 -

changes, the spatial distribution of the liquid spray
also changes. Extant studies examined the liquid spray
characteristics of the slinger and typically selected a
fixed point in the space to measure the spray
parameters under different work conditions. Hence, it
is not possible to rule out the effect of change in the
minimum SMD location on the spatial distribution of
the spray. In the test, the spray parameters were
measured at a series of points initially and then data
were selected at the point where the liquid spray SMD
corresponds to the smallest to be analyzed, such that
the effect of the change in the minimum SMD location
on the spray is removed. Therefore, in the following
analysis, all the used data are at the points where
SMD is the minimum.
2.3.1 Changes in the rules of SMD/n with rotary speed
As shown in Fig.10, the results mainly indicate
that the liquid spray SMD of each orifice decreases
with increases in the rotary speed, and n increases
with increases in the rotary speed, thereby indicating
that increases in the rotary speed is beneficial to the
uniformity of the liquid spray. When the rotary speed
is less than 12 kr/min, the effect of changes in the
mass flowrate on SMD/n is irregular. When the rotary
speed reaches 12 kr/min, the SMD exhibits an overall
increase with increases in the mass flowrate, and the
degree of the increase decreases with increases in the
orifice area. For example, the liquid spray SMD of
Orifice C/F with a larger area does not change
significantly with increases in mass flowrate although
the liquid spray SMD of Orifices A/B/D/E with a
smaller area changes significantly with changes in the
mass flowrate.
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Fig.10 Variation in the curves of SMD/n with rotary speed at different mass flowrates ( the solid line indicates
SMD, the dotted line indicates rn, and the number in the legend indicates mass flowrate, unit is g/s)

When the rotary speed increases, the relative
velocity between the liquid and air increases such that
the liquid breaks into smaller droplets, and the liquid
spray SMD becomes smaller. When the mass flowrate
increases, the orifice with large area possesses
sufficient space to accommodate the liquid. Liquid

regime and radial velocity v, change slightly, thus the
change in the degree of the spray SMD is small. The
small-area orifices do not possess sufficient space to
accommodate the liquid, and liquid regime and v,
change significantly, hence the spray SMD changes
greatly as well.

7.
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2.3.2  Effect of orifice shape on spray SMD/n
2.3.2.1 Contrast at the same mass flowrate

As shown in Fig.11, with respect to the circular
Orifice A/B/C, when the mass flowrate does not
exceed 6 g/s, the spray SMD of Orifice A
corresponds to the lowest, and the n of Orifice A does
not significantly differ from that of Orifice B. Further,
Orifice C’ s spray exhibits the worst atomization
uniformity. When the mass flowrate increases to 12 g/’s,
the spray SMD of Orifice B is smaller than that of
Orifice A, and n exceeds that of Orifice A. This
indicates that for the circular orifice, the atomization
performance of the orifice with a small diameter is
better when the mass flowrate is low, and the orifice
with a larger diameter exhibits better atomization
performance when the mass flowrate increases to a
certain extent.
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alphabet in the legend denotes the orifice
number)

Fig.11
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With respect to slot Orifices D/E/F, when the
mass flowrate corresponds to 1g/s, the spray SMD of
Orifice E is smaller than that of Orifice F, and n
exceeds that of Orifice F. However, there is no
significant difference in the atomization performances
of the two orifices when the mass flowrate increases to
3 g/s. When the flow rate corresponds to 6 g/s, the
spray SMD and n value of Orifice D are similar to
those of Orifice F, thereby indicating that increases in
the width of the slot orifice do not significantly
optimize the atomization performance.

With respect to orifices with the same circumference ,
C/E/F,
corresponds to 1 g/s, the spray SMD of Orifice E is

in  Orifices when the mass flowrate
the smallest while the n value of Orifice C is the
highest. When the mass flowrate corresponds to 3 g/s,
significant differences are absent between the spray
SMD of the three orifices although the n of Orifice C
is the largest. In Orifices B/D, when the mass
flowrate corresponds to 2 and 6 g/s, significant
differences are absent between the spray SMD of both
orifices although the n value of Orifice B exceeds that
of Orifice D on the whole. These results indicate that
when the circumference is the same, the spray SMDs
of circular and slot orifice are in little difference under
different working conditions, and the slot orifice’ s is
slightly smaller than the circular orifice’ s. However,
the uniformity of the circular orifice spray is better
than the slot orifice’s.
2.3.22 Contrast at the same equivalent mass
flowrate

Extant studies indicated that liquid is thrown out
along the circumference of the orifice, and the length
of the orifice circumference significantly affects
atomization. Let the equivalent mass flowrate be m' ,
and the following expression is obtained :

m' =m/P

where P denotes the circumference of the orifice. Fig.
12 depicts the relationship between the liquid spray
characteristics of each orifice and rotary speed at the
same equivalent mass flowrate. As shown in the
figure, there are no evident change rules when the
rotary speed is less than 12 kr/min. When the rotary
speed reaches 12 kr/min, with respect to the circular
Orifice A/B/C, the spray SMD of Orifice A is the
smallest, and n corresponds to the largest, significant
differences are absent between spray SMD/n of
Orifices B/C, the spray SMD of Orifice C is smaller
while the n of Orifice B is larger. Therefore, it is

concluded that increases in the diameter of the orifice
does not necessarily lead to better atomization
performance in the case where the equivalent mass
flowrate is not extremely high.
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Fig.12 Curves of SMD/n varying with rotary speed for
each orifice at the same equivalent mass flowrate
(m’'=1/7, the solid line corresponds to SMD,
the dotted line corresponds to n, and the
alphabet in the legend denotes the orifice
number)

With respect to slot orifices, when the rotary
speed is less than 12 kr/min, the spray SMD of Orifice
E is the smallest and spray SMD of Orifice D is the
largest. When the rotary speed exceeds 12 kr/min, the
spray SMDs of the three orifices are similar, and
spray SMD of Orifice E is still the smallest although
spray SMD of Orifice F corresponds to the largest.
The spray distribution index n of the three orifices
increases with increases in the rotary speed. When the
rotary speed exceeds 12 kr/min , the n of Orifice D
corresponds to the smallest, and that of Orifice E is
similar to that of Orifice F. The aforementioned
findings indicate that increases in the length of the slot
improve atomization performance although increases
in the width of the slot do not function in the same
manner.

The circular orifice was compared with the slot
orifice with the same circumference from Orifice B
and Orifice D. The results indicate that the spray SMD
of Orifice B is smaller than that of Orifice D, while
the n exceeds that of Orifice D. Orifice D was
compared with Orifice E/F, and the spray SMD sizes
of the three orifices were entangled when the rotary
speed was less than 12 kr/min. After the rotary speed

.9.
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reached 12 kr/min, the spray SMD of Orifice C
of F
corresponded to the largest. In terms of spray
distribution index n, the spray SMD of Orifice C
corresponded to the largest and that of Orifice E

corresponded to the smallest and that

corresponds to the smallest. The aforementioned
results indicate that the atomization performance of
the circular orifice exceeds that of the slot orifice with
the same circumference when the equivalent mass
flowrate of the slinger is the same. With respect to slot
orifices, increases in the length of the slot are more
favorable for atomization performance than increases
in the width.

As shown in Fig.13, when the equivalent mass
flowrate corresponds to 6/, the size and variation of
the liquid spray SMD of the three circular orifices are
similar, and the spray SMD of Orifice A is the
smallest. The n of Orifice B corresponds to the largest
among the three orifices, and the n of Orifice A/C is
similar. The results indicate that when the equivalent
atomization

mass flowrate is the same, the

performance of the smaller orifice is better.

E
=)
jan)
=
w2
Rotary speed(kr/min)
Fig.13 Variations in the SMD/n curves with rotary

speed for each orifice at same equivalent
mass flowrate (m’' = 6/mw, the solid line
SMD, the dotted line
corresponds to n, and the alphabet in the

corresponds to
legend denotes the orifice number)

From the aforementioned analysis in Figs.11-13,
the effect of the orifice shape and size on the
atomization performance are as follows;

1) With respect to the circular orifice, at a
specific mass flowrate, an optimum diameter d’ exists
such that when the orifice diameter is d’, the liquid

.10 -

spray SMD of the orifice corresponds to the smallest.
Additionally, there exists another optimum diameter
d"” such that when the orifice diameter is d”, the spray
uniformity is optimal.  Typically, significant
differences are absent between the values of d” and d’,
thus it is considered that an optimum diameter exists
wherein the orifice exhibits optimal atomization
performance at a specific mass flowrate. When the
orifice diameter is smaller or larger than the optimum
diameter, the spray SMD increases and n decreases.
Decreases in the mass flowrate decrease the optimum
diameter. The results of the experiment indicate that
when the mass flowrate is less than 6 g/s, the
atomization performance of the orifice with a diameter
of 1 mm is optimal; when the mass flowrate
corresponds to 12 g/s, the orifice with a diameter of
2 mm exhibits optimal atomization performance. In
practical applications, the mass flowrate of a single
orifice is usually less than 6 g/s, thus the diameter of
the orifice should not exceed 1 mm.

2) With respect toslot orifices, increases in the
length of the slot improve atomization performance
although increasing the width does not exhibit
significant effect.

3) In most cases, the spray SMD of the slot
orifice is slightly smaller than the circular orifice’ s,
but the spray uniformity of the circular orifice is better
than the slot orifice’ s. Overall, the atomization
performance of the circular orifice exceeds the slot
orifice with a same circumference.

2.3.3  Effect of length of the orifice on spray SMD/n

As shown in Fig.14, at the mass flowrate of 2 g/s,
for circular Orifice B, when the length of the orifice
increases, liquid spray SMD increases, and the liquid
spray distribution index n increases significantly. With
respect to slot Orifice D, when the length of the
spray SMD
decreases, and the liquid spray distribution index n
When

corresponds to 3 mm, the spray SMD and n of Orifice

orifice increases, liquid slightly

significantly increases. the orifice length
B exceed those of Orifice D. However, when the
length increases to 6 mm, the spray SMD of Orifice
D is smaller than that of Orifice B although the n is
still smaller than that of Orifice B.

As shown in Fig.15, when the mass flowrate
corresponds to 6 g/s, significant differences are
absent in the spray SMDs of Orifice B/D. When the
orifice length increases, the spray SMD of Orifice B
decreases slightly while n does not significantly
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change. The spray SMD of Orifice D increases, and
the value of n increases significantly. When/ = 3 mm,
the spray SMD of Orifice B is similar to that of
Orifice D, and the n of the two orifices is equivalent.
When / = 6 mm, the spray SMD of Orifice B is
smaller than that of Orifice D although the n of Orifice
D exceeds that of Orifice B.

—— B3 —&— B6 —¥— D3 —4— DO
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40 -
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20 . L 3.2
0 5 15 25
Rotary speed(kr/min)
Fig.14 Curves of effect of orifice length on spray

SMD/n (m=2 g/s, the solid line corresponds
to SMD, the dotted line corresponds to n,
the alphabet in the legend corresponds to
orifice number, and the number in the
legend denotes orifice length, unit is mm)
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Fig.15 Curves of effect of orifice length on spray

SMD/n (m=6 g/s, the solid line corresponds
to SMD, the dotted line corresponds to n,
the alphabet in the legend denotes orifice
number, and the number in the legend
denotes orifice length, unit is mm)

It can be concluded that at different mass
flowrates, the atomization performance of circular
orifice changes differently from that of slot orifice
with the same circumference when the orifice length
changes. When the orifice length increases, the liquid
spray SMD increases on an overall basis although the
spray
Therefore, in the case where the liquid spray SMD

uniformity of the significantly improves.
can satisfy the design requirements, the orifice length
is appropriately increased to improve uniformity of the
liquid spray.
2.3.4  Effect of liquid regime in the orifice on
atomization performance

As shown in Fig.8, the liquid leave the orifice in
various regimes, and different initial liquid regimes
break into the droplets with different diameter
distributions via primary atomization and then affect
final liquid spray SMD and n. However, in general,
the liquid regime in the orifice is related to the mass
flowrate and the rotary speed. When the mass flowrate
or rotary speed changes, it is not possible to
quantitatively examine the effect of the liquid regime
in the orifice on the atomization performance. In the
test, the results indicate that in Orifice C, when the
rotary speed corresponds to 3.3 kr/min, the mass
flowrate corresponds to 3 g/s, and the liquid regime
in the orifice corresponds to Regime II. However,
when the rotary speed increases to 3.36 kr/min, the
liquid regime suddenly changes to Regime III, as
shown in Fig. 16. The

aforementioned two cases is almost the same, thus

rotary speed of the

they can be used to examine the effect of the liquid
regime on atomization performance.

(a)3 kr/min

(b) 3.36 ke/min
Fig.16 Pictures of liquid regimes in Orifice C

As shown in Fig. 17, when the rotary speed
increases from 3.3 kr/min to 3.36 kr/min, the spray
SMD suddenly decreases from 92 pwm to 87 pm, and
the value of n suddenly increases from 3.77 to 3.88.
As the change in rotary speed is insignificant, it

- 11 -
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proves that changes in liquid regime causes changes in
the liquid spray. The results indicate that the spray
SMD of Regime III is smaller than that of Regime II,
and the spray uniformity of Regime III exceeds that of
Regime II. Given that only one case exists, these
conclusions cannot be considered a general law.

95
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2 851
=
wn
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75 1 1 3.5
2.2 2.7 3.2 3.7
Rotary speed(kr/min)
Fig.17 Curves of effect of different morphologies on

spray SMD/n ( Orifice C, m=3 g/s, the solid
line denotes SMD, the dotted line denotes n)

2.3.5 Effect of liquid surface tension on spray SMD/n

As shown in Fig.18, when the rotary speed does
not exceed 6 kr/min, decreases in liquid surface
tension decrease liquid spray SMD although n changes
irregularly. However, when the rotary speed exceeds
12 kr/min, the liquid spray SMD of Solution I with
the largest surface tension corresponds to the smallest,
significant differences are absent between spray SMD
of Solution II and III, and liquid spray uniformity of
the Solution III is optimal.
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Rotary speed(kr/min)
Fig.18 Curves of effect of liquid surface tension on
spray SMD/n ( Orifice C, m=3 g/s, the solid
line denotes SMD, the dotted line denotes n,
and the legend denotes solution type)

20

Theoretically, decreases in the liquid surface
c12 .

tension decrease droplets such that the liquid breaks
under the same conditions. However, from Section
2.3.4, the liquid
significantly affects atomization. When the surface

regime in the orifice also
tension of the liquid decreases, it is probable that the
liquid regime in the orifice also changes, thus the
liquid spray SMD no longer decreases when liquid
surface tension decreases.

3 Conclusions

In this study, experimental research was
conducted. The results indicated that the location of
the spray minimum SMD of the slinger changes with
changes in the mass flowrate and rotary speed.
Accordingly, liquid spray
measured at a series of points in the slinger’ s radial

characteristics were

direction and the data were selected where the spray
SMD denotes the smallest to be analyzed, which were
compared with the traditional method of measuring the
liquid spray characteristics of the slinger at a fixed
location. Droplet size and uniformity of the liquid
criteria for

spray correspond to two important

evaluating the slinger atomization performance.
Therefore, liquid spray SMD and distribution index n
are mainly used for the analysis;

1) On the whole,

increases with increasing rotary speed. Changes in the

the distribution index n

spray SMD of the orifice with a smaller area exceed
those of the orifice with a larger area when the mass
flowrate changes.

2) An optimum diameter exists for the orifice
when the mass flowrate is fixed. The spray SMD of
the orifice with the optimum diameter denotes the
lowest, and the spray distribution index n denotes the
highest. The
increases in flowrate.

optimum diameter increases with
3) Increases in the length of orifice improve spray
although the spray SMD also
simultaneously increases.

uniformity

4) With respect to slot orifices, increases in the
length of slot decrease liquid spray SMD although
widening the width of the slot does not significantly
affect the atomization.

5) The spray distribution index n of the circular
orifice exceeds that of the slot orifice on the whole.

6) The liquid regime in the orifice significantly
affects the atomization of the slinger. When the liquid
surface tension decreases, the liquid regime in the
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orifice also changes simultaneously, thus the liquid
spray SMD does not strictly decrease with the
decreases in surface tension.

When designing a slinger, the parameters of the
orifice should be determined according to the actual
work condition of the slinger. If the orifice is round,
the diameter of the orifice should be near the optimum
diameter; if the orifice is slot, lengthening the orifice
is beneficial to the atomization.
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