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Characteristics of Y-Jet-Type Airblast Atomizer

with Self-Control Function∗

Masatoshi DAIKOKU∗∗, Hitoshi FURUDATE∗∗ and Takao INAMURA∗∗∗

A new type of Y-jet airblast atomizer was developed to control mean droplet diameter
over a wide range of liquid flow rates. This atomizer employs a fluid amplifier system that
controls the liquid delivery to two kinds of injection ports having different inner diameters.
In order to clarify the effect of amplifier dimensions on spray characteristics, the relationship
between flow rate characteristics and spray characteristics was investigated and flow visual-
ization of the flow inside the fluid amplifier was performed. When the main flow rates were
3.0 g/s and 4.0 g/s, the flow rate characteristics of the amplifier were improved, and good
spray characteristics were obtained.
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1. Introduction

In order to control the spray characteristics (the mean
diameter of the spray) of a Y-jet airblast atomizer, an at-
tempt was made to incorporate a fluid amplifier system(1)

into the atomizer. By dividing the liquid flow into two
kinds of injection ports having different inner diameters(2),
the overall mean diameter of the spray was maintained at
a fixed value over a broad liquid flow rate. Although this
strategy was useful in order to suppress a change in the
mean diameter due to the increase in the liquid flow rate
in low-flow-rate regions, there was an increase in the mean
diameter of the spray, probably due to an inadequate divi-
sion of liquid flow to the ports in the high-flow-rate region.
In order to improve this result, we examined the influence
of larger port dimensions on the overall mean diameter of
the spray, and determined a port capable of controlling the
mean diameter to a fixed value that is capable of suppress-
ing an increase in diameter in large-flow-rate regions(3).
Furthermore, in order to improve the spray characteristics,
we examined the effect of fluid amplifier splitter specifi-
cations on the mean diameter of the spray(4), (5), and con-
firmed that it is possible to maintain the mean diameter of
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the spray approximately constant, provided that appropri-
ate fluid amplifier offset values are employed. However,
the effects of the dimensions of the fluid amplifier on the
flow rate division to the ports and on the spray character-
istics remain unclear.

The objective of the present study is to develop a Y-jet
type airblast atomizer capable of producing a fixed mean
diameter over a broad flow rate range. In order to attain
further improvements in the spray characteristics of the Y-
jet type airblast atomizer, we seek herein to achieve favor-
able atomization through a detailed review of the functions
of both the main flow and the control flow in the fluid am-
plifier system, which plays a critical role in determining
how the liquid flow rate is divided.

2. Experimental Apparatus and Method

2. 1 Structure of the atomizer
Figure 1 shows the structure of the multi-port Y-

jet type airblast atomizer incorporating a fluid amplifier
system. The liquid passes through the first- (No. 1) and
second-stage (No. 2) fluid amplifiers and through a third-
stage (No. 3) orifice, and is then atomized by high-speed
air. The atomizer tip has eight smaller ports (SPs) and
four larger ports (LPs) having inner diameters of 1.4 mm
and 2.4 mm, respectively. Since the atomizing air velocity
in the LPs is lower than that in the SPs, relatively coarse
droplets will be discharged from the LPs.

2. 2 Structure of the fluid amplifier
Figure 2 shows the structures of the fluid amplifier

and the orifice that are incorporated into the atomizer. The
fluid amplifier flow path is comprised of a 1 mm-deep
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groove engraved onto a 4-mm-thick disc. The two fluid
amplifiers have two flow paths: the main nozzle and a
control port through which the control stream flows. The
two flow paths are divided by a splitter (the sharp-edged
section in the figure). Figure 2 (c) shows an orifice(2) that
prevents any adverse impact on the flow rate control by the
negative pressure that is generated in the port.

Figure 3 shows a systematic diagram of the liquid
flow in the fluid amplifier system. The supplied liquid is
divided by the fluid amplifier system. Finally, the liquid is

Fig. 1 Y-jet-type twin fluid atomizer

(a) 1st fluid amplifier (No. 1) (b) 2nd fluid amplifier (No. 2) (c) Orifice plate (No. 3)

Fig. 2 Details of fluid amplifier system

supplied to the LPs and SPs in the atomizer tip.
2. 3 Fluid amplifier specifications

The fluid amplifier system that is incorporated into
the atomizer has a structure such that in the first stage
(Fig. 2 (a)), the liquid from one inlet is flowed into the
main nozzle and the control port. Therefore, the rates of
the main and control flows cannot be regulated individu-
ally. In view of this fact, we consider the splitter offset
at the first-stage fluid amplifier to be a critical parameter
for the determination of the flow rates for the main and
control flows. Similarly, the second-stage fluid amplifier
is also considered to be important for the determination of
the flow rates into the SPs and LPs corresponding to the
flow from the first stage.

Figure 4 (a) and (b) illustrate the splitter section of
the fluid amplifier (corresponding to Fig. 2 (a) and (b)).
The offset into the control flow inlet is represented as a
negative value (−), and that into the main flow is repre-
sented as a positive value (+). The present paper focuses
on a fluid amplifier system that incorporates a combina-
tion of the first-stage offset (−0.5 mm), the second-stage
offset (0.6 mm) and the third-stage orifice diameter (1 mm)
which produced favorable atomization characteristics in a
previous paper(4).

In order to clarify the fluid amplifier system charac-
teristics, we constructed a new fluid amplifier of transpar-
ent acryl resin plate having the structure shown in Fig. 5.
The new fluid amplifier is not incorporated into the atom-
izer and is intended for the investigation of both the flow
rate characteristics and the inside flow pattern with no at-

Fig. 3 Combination of three fluid amplifiers
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(a) 1st fluid amplifier (b) 2nd fluid amplifier

Fig. 4 The splitter offsets of the first and the second amplifiers

Fig. 5 Fluid amplifier for flow observation

omizing air. The structure permits liquid to be supplied
both from the main nozzle and from the control port of the
first-stage amplifier.

2. 4 Experimental procedure
The liquid used in the experiments was tap water. The

experiments were conducted using a liquid flow rate (mL)
range of 3.95 – 11.9 g/s and an atomizing air flow rate (mA)
of 4.0 – 8.0 g/s.

A PDPA with a transmitter-receiver focal distance of
250 mm was used for determining mean diameters. Mea-
surements were performed under a condition of forward
scattering. The Sauter mean diameter (SMD) was deter-
mined in the plane approximately 100 mm below the at-
omizer by measuring the quantities SMDs and SMDl at the
center of the spray discharged from the SP and the LP, re-
spectively. The SMDs and SMDl were determined from
at least 3 such measurements, respectively, and the differ-
ence between the measured and the averaged values was
approximately ±5%. The total SMDt for the overall spray
was calculated according to the following equation(2) us-
ing the flow rates (mLs, mLl) into the ports:

SMDt =
mL

mLs

SMDs
+

mLl

SMDl

(1)

where

mL=mLs+mLl (2)

The flow rate mLl from the LP was measured at all
four LPs using an isokinetic sampling probe, and the mLs

Fig. 6 Effects of total liquid flow rate on liquid division and
SMD for mA =6.0 g/s (Splitter offset of No. 1: −0.5 mm,
No. 2: 0.6 mm)

was determined in terms of the difference from the total
liquid flow rate mL (Eq. (2)). The flow rate mLl was deter-
mined from at least 5 such measurements for each experi-
mental condition, and the maximum deviation of the flow
rate mLl and mLs were approximately ±7% when com-
pared with the averaged values.

3. Results and Discussion

3. 1 Atomization characteristics of the Y-jet air-
blast atomizer incorporating the fluid ampli-
fier system

Figure 6 shows an example in which a change in liq-
uid flow rates mLs and mLl from the SP and the LP, respec-
tively, with respect to the total supplied liquid flow rate
mL for the case in which a fluid amplifier system is incor-
porated into the atomizer. As mentioned in section 2.3,
the offsets of the fluid amplifier system are fixed to be
−0.5 mm and 0.6 mm for the first-stage and the second-
stage, respectively.

Both mLs and mLl increase monotonically as mL in-
creases. However, the rate of increase for mLs is greater
than that for mLl. In other words, if mL is small, then mLl

is larger than mLs. However, if mL increases and exceeds
approximately 7 g/s, then the value of mLs exceeds mLl.
Corresponding to the flow rate characteristics, the total
Sauter mean diameter (SMDt: �) given by Eq. (1) is con-
stant at approximately 70 µm over a relatively broad flow
rate range. These atomization characteristics are desirable
in our study. Therefore, the flow rate characteristics of
the fluid amplifier system incorporated into the atomizer
are important and will be compared with those of the new
fluid amplifier shown in Fig. 5.

3. 2 Functions of the main flow and control flow in
the fluid amplifier system(6) – (8)

Previously we examined the flow rate and spray char-
acteristics for the case in which a fluid amplifier sys-
tem was incorporated into a Y-jet type airblast atomizer.
However, the atomizer has a structure in which the liq-
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uid branches out into a main flow and a control flow from
one inlet in the first-stage fluid amplifier. These branched

(a) Main flow rate of 1st fluid amplifier=3.0 g/s

(b) Main flow rate of 1st fluid amplifier=4.0 g/s

Fig. 7 Effects of total liquid flow rate on liquid division
(Splitter offset of No. 1: −0.5 mm, No. 2: 0.6 mm)

(a) Control flow rate of 1st fluid
amplifier=2.0 g/s

(b) 3.5 g/s (c) 5.0 g/s

Fig. 8 Photographs of internal flow in fluid amplifiers with no atomizing air (Splitter offset of
No. 1: −0.5 mm, No. 2: 0.6 mm, Main flow rate=4.0 g/s)

flows cannot be regulated individually. Furthermore, a
number of aspects of the flow rate division in the fluid
amplifier remain unclear. Therefore, we decided to ex-
perimentally investigate the relationship between the flow
rate characteristics and the flow in the fluid amplifier itself
without incorporating the fluid amplifier into the atomizer.
This was achieved by using only the fluid amplifier shown
in Fig. 5.

Figure 7 shows the variations of liquid flow rates mLs

and mLl from the SP and the LP (shown in Fig. 5), respec-
tively, with the total flow rate mL when liquid is supplied
from the first-stage main nozzle and the control port, re-
spectively. Figure 7 (a) and (b) illustrate cases in which
the main flow rate (the rate of the flow supplied from the
main nozzle in Fig. 5) is fixed at 3.0 g/s and 4.0 g/s, re-
spectively, and the flow rate of the control flow (the flow
supplied from the control port in Fig. 5) is allowed to vary.
Although mLl becomes constant when the main flow rate
is 4.0 g/s (Fig. 7 (b)), in either case, mLl is greater than mLs

when mL is small, and the relationship is reversed when
mL increases (Fig. 7 (a) and (b)). The value of mL at which
the relationship between mLl and mLs is reversed is ap-
proximately 7.5 g/s and 8.0 g/s for main flow rates 3.0 g/s
(Fig. 7 (a)) and 4.0 g/s (Fig. 7 (b)), respectively. The result
shown in Fig. 7 (a) is quite similar to the case in which
a fluid amplifier system is incorporated into the atomizer
(Fig. 6).

It is surmised that the agreement between these flow
rate characteristics shown in Fig. 7 (a) and the flow rate
characteristics shown in Fig. 6 also applies to the flow rate
division between the main flow and the control flow at the
first stage when a fluid amplifier system is incorporated
into the atomizer.
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3. 3 Flow visualization of the liquid inside a fluid
amplifier system(7), (8)

Figure 8 shows the flow visualization results for the
effect of the control flow rate on the flow rate character-
istics of the fluid amplifier. It should be noted that the
flow rate from the first-stage main nozzle is 4.0 g/s and
that this flow rate corresponds with the case in which fa-
vorable flow rate characteristics (Fig. 7 (a)) were obtained.

When the first-stage control flow (the black liquid) in-
creases from 3.5 g/s (Fig. 8 (b)) to 5.0 g/s (Fig. 8 (c)), the
liquid that flowed in the first-stage main flow path (the
right flow path) is evidently increased compared to the
2.0 g/s control flow (Fig. 8 (a)). This is due to the influx of
the control flow into the main flow, resulting in an increase
in the flow rate of the control flow in the second-stage am-
plifier. The increase in the flow rate of the control flow in
the second stage means an increase in the amount of influx
into the second-stage main flow path (the left flow path),
which causes most of the liquid to flow into the SP.

When the flow rate of the first-stage control flow is
low (2.0 g/s; Fig. 8 (a)), the control flow does not enter the
first-stage main flow path (the right flow path). Therefore,
even though the flow rate of the second-stage control-flow
is small, the fact that most of the control flow at the en-
trance of the second-stage amplifier enters the control flow
path (the right flow path) is revealed by the white stream-
line continuing from the main flow path of the first-stage
control flow. Therefore, when the total supplied flow rate
mL is low, relatively more liquid flows into the LP, result-
ing in a flow rate characteristic wherein the relationship
between mLl and mLs is reversed as mL increases.

4. Atomization Characteristics of the Y-Jet Type Air-
blast Atomizer

4. 1 Flow rate characteristics of the fluid amplifier
system

Figure 9 (a), (b), and (c) show the variation of the flow
rates mLs and mLl with the liquid flow rate mLs for the at-
omization air flow rates of 4.0, 6.0, and 8.0 g/s. At any
air flow rate, both mLs and mLl increase monotonically as
mL increases. The rate of increase is higher for mLs, in-
dicating a characteristic that should suppress the mean di-
ameter for the entire spray, even when a large flow rate
is involved. Furthermore, the value of mL at which the
magnitude relationship between mLs and mLl is reversed,
with the exception of the case in which mA = 8.0 g/s, is
approximately 7 g/s, which indicates favorable flow rate
characteristics over a broad liquid flow rate range. In a
previous paper, we reported only the case involving an air
flow rate of 6.0 g/s, a rate at which the magnitude relation-
ship between mLs and mLl is reversed, we confirmed that
a configuration combining a first-stage offset of −0.5 mm,
a second-stage offset of 0.6 mm, and a third-stage orifice
diameter of 1.0 mm, produces favorable flow rate charac-

(a) mA =4.0 g/s

(b) mA =6.0 g/s

(c) mA =8.0 g/s

Fig. 9 The variation of liquid division with total liquid flow rate
(Splitter offset of No. 1: −0.5 mm, No. 2: 0.6 mm)

teristics, even when the air flow rate varies.
4. 2 Mean diameter

Figure 10 shows the measured values of the SMD
(SMDs: ©; SMDl: ♦) of the spray ejected from the SP and
the LP, respectively, and the variations of the total SMDt

(�) for the overall spray with the supplied liquid flow rate
mL. Figure 10 (a), (b), and (c) correspond to Fig. 9 (a), (b),
and (c), which show the flow rate characteristics of the
fluid amplifier.

Figure 10 (a) illustrates the case in which the air flow
rate mA = 4.0 g/s. It is found that as mL increases, the
SMDs and the SMDl increase, whereas the SMDt for the
total spray remains fixed at approximately 70 µm. Fig-
ure 10 (b) and (c) show cases in which the air flow rates are
mA = 6.0 g/s and mA = 8.0 g/s, respectively. As the atom-
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(a) mA =4.0 g/s

(b) mA =6.0 g/s

(c) mA =8.0 g/s

Fig. 10 The variation of SMDt with total liquid flow rate
(Splitter offset of No. 1: −0.5 mm, No. 2: 0.6 mm)

izing air flow rate increases from mA=4.0 g/s (Fig. 10 (a))
to 6.0 g/s and then to 8.0 g/s, the SMDt decreases slightly.
However, whereas for mA = 4.0 g/s and 6.0 g/s, the SMDt

remains virtually constant, independent of mL, at mA =

8.0 g/s, a tendency appears whereby the SMDt also in-
creases as the flow rate mL increases. The reason for this
phenomenon may be due to the fact that, as described in
the flow rate characteristics (Fig. 9 (c)), when mL is small,
the flow rates of the SP (mLs) and the LP (mLl) are virtu-
ally equal, and no characteristic is produced that clearly
reverses the relationship between mLs and mLl.

In a previous paper(3), we reported a number of cases
in which the liquid had a tendency to adhere to the inner
port surface in the SP, the LP, or both, when the air flow
rate had a value other than mA = 6.0 g/s, e.g., mA = 4.0 g/s
or 8.0 g/s, for which the liquid was ejected in a film state,

(a) mA =4.0 g/s

(b) mA =6.0 g/s

(c) mA =8.0 g/s

Fig. 11 Spray pattern of Y-jet atomizer (Splitter offset of No. 1:
−0.5 mm, No. 2: 0.6 mm)

which caused the deterioration of atomization. However,
we previously examined the influence of the LP dimen-
sions(3) and the fluid amplifier offset(4), (5) on the atomiza-
tion characteristics, and the result obtained in the present
study shows a significant improvement in the atomization
characteristics.

4. 3 Pattern of atomization
Figure 11 (a), (b) and (c) show photographs of

changes in the atomization pattern as a function of the
liquid flow rate mL using air flow rates of mA = 4.0, 6.0,
and 8.0 g/s. In the case of mA = 4.0 g/s, the low atom-
izing air flow rate produces coarse droplets at any liquid
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flow rate. However, because an appropriate flow rate divi-
sion is achieved in the fluid amplifier system, little change
is observed in the pattern of atomization, even when the
liquid flow rate increases from 6.65 g/s to 11.9 g/s, which
holds the SMDt value for the entire spray constant. In ad-
dition, in the case of mA = 6.0 g/s, there is little formation
of liquid film at the nozzle outlet despite an increase in the
liquid flow rate. Moreover, even if some film is formed,
this film becomes favorably atomized by the air flow.

As shown in Fig. 9 (a) and (b), the value of mL at
which the magnitude relationship between the liquid flow
rates of the SP and LP is reversed is 7 g/s, which is an ap-
propriate flow rate characteristic, for both mA =4.0 g/s and
mA = 6.0 g/s, ensuring that the SMDt value for the entire
spray is regulated to a constant value.

In contrast, for the case of mA = 8.0 g/s, the value
of mL at which the magnitude relationship between the
flow rates of the SP and LP is reversed is extremely low
(4.0 g/s), as shown in Fig. 9 (c). Therefore, the flow rate
of the SP is relatively large. This causes the formation of
a liquid film at the SP, with a confirmed tendency for the
production of coarse droplets.

In this case, a tendency exists wherein the total mean
diameter SMDt increases as the liquid flow rate increases;
however, liquid breakup is promoted due to the fact that
the atomizing air flow rate is large, thus the rate of increase
of the SMDt is suppressed (Fig. 10 (c)).

5. Conclusions

In the present paper, with the objective of improving
the atomization characteristics that produce a fixed mean
diameter in a manner independent of the liquid flow rate,
we focused on the characteristics of a fluid amplifier sys-
tem, which plays a critical role in the determination of liq-
uid flow rate division and examined the relationship be-
tween the fluid amplifier characteristics and the atomiza-
tion characteristics. The following results were obtained:

( 1 ) An appropriate combination of fluid amplifier
offsets produces an appropriate division of liquid flow
rates to atomizer ports, which should result in favorable
atomization characteristics.

( 2 ) In the measurement of the flow rate characteris-
tics of a fluid amplifier not incorporated into the atomizer,
we verified the flow rate division between the main flow
and the control flow in the first-stage amplifier for condi-
tions that exhibit favorable flow rate characteristics.

( 3 ) By visualization of the flow inside a fluid am-

plifier, we studied the relationship between the flow rate
characteristics and the variations in the first- and second-
stage flow rate divisions.

( 4 ) Within the scope of experiments conducted in
this study, we confirmed that even with a change in air
flow rate, the characteristic that regulates the total SMDt

value for the overall spray can be maintained constant.
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