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Abstract The effects of operational and geometrical  List of symbols

parameters on pressure distribution and flow patternin Y-jet ~ ALR  Air liquid ratio

atomizers were studied using an experimental apparatus Diameter [m]

working with air and water. The results show that the Fluid mass velocity [kg/m? s]
mixing point pressure is very dependent on the diameter Superficial velocity [m/s]
ratio of the mixing duct and the air port and the water supply Length [m]

pressure ratio. A correlation to predict the mixing point Pressure [Pa]

pressure was developed and showed good agreement with R Slope ratio

the experimental data. With this correlation, it is possible to Temperature [K]

predict the occurrence of the critical condition for the air Mass flow rate [kg/s]

flow at the exit of its port. In a second group of results, the Position [m]

influence of geometrical and operational parameters on the
pressure distribution inside the mixing duct was analyzed.
The main result found was that for air liquid ratio between
0.1 and 0.2, this pressure distribution can be taken as linear. ~ Greek symbols

This information about air liquid ratio and the correlationto ¢ Ratio of specific heats

predict the occurrence of chocked flow at the exit of the air ~ Ap  Pressure drop [Pa]

port may give useful guidelines for atomizer designers. 0 Angle between air and water ports [rad]
Finally, using a two-phase map, the flow pattern inside Y-jet  p Density [kg/m’]

atomizers was found to be a transition between the annular ¢  Momentum ratio

flow and the wispy-annular flow.

N INUT NS

Non-dimensional groups
We Weber number

Subscripts

1 Middle point pressure measurement in mixing duct
2 End point pressure measurement in mixing duct

a Air

w  Water

ha Air at upstream position of the tape orifice plate
M Mixing point

m  Mixing duct

Keywords Y-jet atomizers - Twin-fluid atomizers -
Two-phase flow patterns - Experimental correlations
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1 Introduction
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Department of Mechanical Engineering, Polytechnic School, . . .
University of Sao Paulo, Av. Prof. Mello Moraes, There are basically two types of atomizers that are widely

2231. Sio Paulo 05508-970. Brazil used to burn heavy fuel oils: mixing chamber and Y-Jet
e-mail: jiy@usp.br atomizers. Y-jet atomizer is a twin fluid atomizer, largely
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used in industrial burners which consume medium heavy
and light fuel oils, and operates with air or steam as aux-
iliary fluid. Y-Jet atomizers are known for their ability to
maintain moderate emission rates while attaining a rela-
tively high efficiency in the atomization process. The low
atomizing fluid consumption is also a positive feature of
Y-Jet atomizers. This is possible in Y-Jet atomizers
because of the closer contact between atomizing fluid and
auxiliary fluid and low auxiliary fluid consumption [1, 2,
13]. The key factor here is the momentum transfer inside
the nozzle: the more efficient this momentum transfer is
from the auxiliary fluid to the fuel, the better the spray
quality will be regarding spatial drops distribution and the
mean drop size diameter.

Andreussi et al. [1], Mullinger and Chigier [14] and
Song and Lee [16] showed that the momentum transfer
efficiency is determined mainly by (1) the air to liquid
ratio, ALR; (2) the angle 0 between the ports of fuel and
auxiliary fluid; (3) the ratios between the geometric
parameters of the Y-Jet atomizer such as length to diameter
of the mixing duct /,,,/d,,,, mixing duct to auxiliary fluid port
diameters d,,/d,, and so on.

Mullinger and Chigier [14] and Andreussi et al. [1]
determined how the symmetry and the liquid film thickness
inside the mixing duct influence spray characteristics
externally to the nozzle, showing a close connection
between both flows. Song and Lee [16] made a photo-
graphic study of the flow patterns inside and outside the
Y-jet atomizers and were able to determine the main
mechanisms involved in the fuel atomization.

Fig. 1 Schematic drawing of
the experimental apparatus used
in the tests

Song and Zhang [17] worked on a one-dimensional,
separated-phase model for the flow inside Y-Jets and
combined it with a uniform atomization model outside the
nozzle by introducing an analysis of the growth rate of the
surface disturbance.

Recently, Zhou et al. [19] have worked on an experi-
mental investigation of the atomization performance of
single-hole Y-Jet nozzle. Although they have found inter-
esting results for the dependence of the droplet mean
diameter of the sprays on the air-liquid ratio, they did not
take into account the mechanisms of the internal flow that
could influence the spray quality.

In order to study and to design Y-jet atomizers, it is
important to know the flow behavior inside the mixing
duct. Particularly, the information about the flow pressure
at the mixing point and along the mixing duct, thus char-
acterizing the pressure drop, is very important to yield
hypotheses that are simple and accurate. By using an
especially constructed experimental apparatus, this
research aimed to study how some geometrical parameters,
such as the diameter ratio of the mixing duct and the air
port and the angle between the water port and the mixing
duct, influence the flow pattern and pressure distribution in
the mixing duct of Y-jet atomizers.

2 Experimental apparatus and setup

In a schematic drawing, Fig. 1 shows the experimental
apparatus used in the present experiment. Air and water
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Fig. 2 Schematic drawing of the generic Y-jet atomizer used in this
work

were the working fluids. Air and water mass flow rates
(W, and W, respectively) were measured by corner tap
orifice plates according to BS 1042, Sections 1.1 and 1.2
[3]. Through the frequency control of the pump driving
electric motor and by adjusting the two valves upstream the
pump, it was possible to obtain the desired levels of water
mass flow rate and its pressure supply (p.,). The air mass
flow rate was obtained from its pressure supply (p,)—there
was an electronic adjustment in the compressor—and the
pressure drop of the air line. In the same figure, T, and T,
represent the air and water supply temperatures, respec-
tively. All the experiments were conducted at room tem-
perature. The ranges of pressures used were from 4.7 to
11.7 bar for p, and from 1.5 to 17 bar for p,,. The spray
was discharged in the laboratory environment, i.e., at
atmospheric pressure.

In order to allow parametric analysis, seven Y-jet atom-
izers were constructed according to design criteria from
Mullinger and Chigier [14]. A schematic drawing of the

Table 1 Geometrical values for the parameters in Fig. 2

tested nozzles can be seen in Fig. 2. Table 1 shows the main
values of the geometrical parameters used. All the pressure
points, i.e., pa, Pw» Pm> P1 and p,, were measured by piezo-
resistive transducers, where py, is the mixing point pressure,
p;1 the pressure at the middle point in the mixing duct and p,
the pressure near the end of the mixing duct. The pressure
transducers (Danfoss AKL-33 060-g2105 and AKL-33
060-g2104) had a full-scale precision of 0.3 %. The trans-
ducers were connected to the nozzles’ pressure taps (diam-
eter = 1 mm) by flexible tubes. Table 1 shows their exact
positions in the mixing duct (z; for p; and z, for p,).

The atomizers were manufactured using a 3:1 scale in
order to allow easier access to the pressure and temperature
sensors, without perturbing the flow. To maintain a com-
parison basis with geometrical and operational parameters
used in the literature [1, 14, 16] a non-dimensional analysis
based on the Weber number, We, for the air flow inside the
mixing duct was conducted. According to the above cited
works, the minimum and maximum values for We were on
the order of magnitude of 10% and 10%, respectively. In this
work, the range for We was 500—42,500. Also, the air and
water fluid mass velocities, G, and Gy, respectively, were
imposed in the same order of magnitude to those used in
the literature, that is 10%-10> for G, and 10%-10* for Gy.
Thereby, the following mass flow rates ranges were applied
in order to obtain these criteria: 40 <m, <320kg/h and
240 <my <2,600kg/h.

For the seven nozzles, the main geometrical parameters
studied were as follows: the water port to the mixing duct
entry angle (0); the ratio between the mixing duct length
and diameter (I.,/d.,); and the ratio between the mixing
duct and the air port diameters (d,/d,) that include the
effects of the air flow expansion from the air port to the
mixing duct. The ranges used for the tests of these geo-
metric parameters were 7w/4 < 0 < 7n/18 (45°-70°);
3.5 < ln/dy, < 10; and 1.67 < d,/d, < 2. The following
sets of atomizers were used for each parametric study:
nozzles 2, 4 and 5 for 0; nozzles 2, 6 and 7 for [,/d,,; and
nozzles 1, 2 and 3 for d,/d,. These values are shown in
Table 1 for each nozzle.

Y-jet [ (mm) [ (mm) [, (mm) d, (mm) dp, (mm) 0 l/din dn/d, z; (mm) 7, (mm)
Atomizer

1 40 13.5 50 5.5 10 57° 5.00 1.82 25 42.5

2 50 14.0 50 6.0 10 57° 5.00 1.67 25 42.5

3 50 14.7 50 6.0 12 57° 4.17 2.00 25 42.5

4 50 16.7 50 6.0 10 45° 5.00 1.67 25 42.5

5 50 12.1 50 6.0 10 70° 5.00 1.67 25 42.5

6 50 14.1 35 6.0 10 57° 3.50 1.67 - 27.5

7 50 14.0 100 6.0 10 57° 10.00 1.67 50 92.5
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Table 2 Standard uncertainties for the measured variables

Variable Pa (bar) T, (°C) Pw (bar) T, (°C) pwm (bar) p, (bar) P> (bar) Ap, (mbar) Ap,, (mbar) Pha (bar)
Expanded 0.018 0.31 0.30 0.32 0.019 0.018 0.013 0.070 0.075 0.018
Uncertainty
Table 2 shows the standard uncertainties of the mea- 24 o Nozzle 1
sured variables. These uncertainties were calculated i Eﬁﬁ':i
according to the JCGM [11]. i . :gﬁﬁ;
S ¥ Nozzle 6
2 Nozzle 7
3 Results and discussion &
o !
The results for the py/p, and p,,/p, ratios as function of the E
air liquid ratio, ALR (= m, /my,), are shown in Figs. 3 and % 6&3 By
4, respectively. g ¥% B g H
In qualitative terms, all the results are similar, i.e., py &9@%@ oY ooé“é ; ;
and p,, decrease with the increment of ALR. This behavior S FE 4 : +° Po
occurs because the increment of ALR is the result of the
increment of m, or the decrement of m,,, which induces the -
air flow momentum to have a larger influence on the k28 i . : : : ,
mixing process, and particularly on the mixing point 0.0 02 0.4 06 0.8 1.0
ALR

pressure. On the other hand, as the water flow determines
the back pressure for the air expansion, the value of the
ratio py/p, is also important. This behavior is intrinsic to
any compressible fluid expansion and leads to the conclu-
sion that py is controlled, among others, by the water flow
rate in the mixing point.

In Fig. 3, it can also be seen that there are values for
pm/p. smaller than 0.5283 (for ALR > 0.25), in all the
cases studied. The hypothesis here is that the flow from the
air port to the mixing point is single phase (air only) with
y = 1.4, where 7 is the ratio of specific heats. This critical
condition happens because of the air port geometry and the
air flow discharge in the mixing duct. These nozzles in
Y-jet atomizer are similar to a converging—diverging noz-
zle, where the air port (d,) acts as a nozzle throat and the
mixing point pressure (py;) as the back pressure in the
diverging passage (controlled by the water flow in this
region).

There is virtually no difference among the results of the
influence of 0 on p\/p, as a function of ALR, concluding
that 6 does not exert significant influence on the mixing
point pressure. Regarding the influence of [,/d,, on p\/p.
as a function of ALR, the results indicate that py, increases
with the rise of [,,/d,, since the pressure drop inside the
mixing duct is smoother for larger values of /,,. Thus, the
environmental pressure being the same for the nozzles (i.e.,
the atmospheric pressure), the atomizers with higher [,
also have higher values for py,. Finally, it has been con-
firmed that the influence of d./d, on py is the most sig-
nificant of all the geometrical relations studied here. Higher
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Fig. 3 Experimental results for py/p, as a function of ALR for all the
tested nozzles
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Fig. 4 Experimental results for p,/p, as a function of ALR for all the
tested nozzles

values of d,,/d, produce higher values of the pressure drop
between the air pressure supply (p,) and the pressure in the
mixing point (py). Particularly, in the range
0.1 < ALR < 0.4, the influence of d,/d, is more
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Fig. 5 Actual and maximum air mass flow ratio as a function of the
pressure ratio in the expansion from air duct to the mixing duct

remarkable, indicating that the air pressure drop in this
region is larger when d,,/d, is incremented. Similarly, the
DPw/Pa as a function of ALR has the same behavior of that
found for py/p, for the geometrical parameters analyzed
(Fig. 4).

Figure 5 shows the ratio of air mass flow rate (actual r,)
to the maximum air mass flow rate (for Mach number equal
to one at the throat—air port, nym.) as a function of
pressure ratio pyi/p,. In the same figure, in continuous line,
the curve for isentropic compressible flow is also plotted.
In order to show the data inside the shocked region, a
dashed line was drawn for py/p, = 0.5283. The deviation
of the data from the isentropic prediction line is due to the
sudden expansion of air from its port to the mixing duct.

It is also to be considered if the presence of water inside
the duct could restrict the air flow. Ferreira et al. [5, 6]
showed that the liquid mass flow rate changes the value of
the gas mass flow rate at which the flow is choked, for the
same geometric expansion relation (d,,/d,). However, the
chocked condition always occurs at the exit of air port, not
downstream this point. In fact, the mixing point pressure is
established by three key factors: liquid (water) and gas (air)
mass flow rates and d/d, relation. The same authors
comment that the smallest values for Sauter Mean Diam-
eters in the spray are observed when the nozzles operate at
chocked conditions, meaning that this is an important
parameter for the operation of these nozzles.

In order to show the influence of all the parameters
analyzed in Figs. 3 and 4 in a single curve, two correlations
for the pym/p. and py/p, were proposed. Figures 6 and 7
show these correlations for py/p, and py/p., respectively,
along with the results obtained for nozzles 1-7. These
correlations are
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The correlations shown in Egs. (1) and (2) are valid for
the following range: 0 < ALR < 1; 3.5 < [/d, < 10;
1.67 < d,/d, < 2; and 45° < 0 < 70°. In the correlations,
0 must be given in radians (7/4 < 0 < 7n/18). As can be
seen in Figs. 6 and 7, there is good agreement between the
experimental points and the correlations given by Eqgs. (1)
and (2).

An important design parameter is the condition
for critical air flow. For the present case, pm/pa
< 0.5283 (critical condition) is obtained when
079221 /d ) %38 (d/d)*ALR*® > 1.2.

The same behavior found for pyy/p, against ALR was
found for p,/p, and p,/p, against ALR, suggesting a more
general correlation grouping, beyond the parameters used
in Egs. (1) and (2), also the z coordinate (Fig. 2), thus
resulting in a correlation that allows predicting the pressure
evolution within the whole mixing duct. This general
correlation is shown in Eq. (3)

lm —0.422
P& _ 0172 4 0.732 exp | —0.3710-025 (>
Pa dm

d 5.152 z 1.251
x (= ALR®%® _ 1.286( — : (3)
d, I

There is another operational parameter commonly
accepted for Y-Jet atomizers: the ratio between the
lateral momentum of the liquid jet going inside the
mixing duct and the axial momentum of the auxiliary
fluid (air or steam), known in the literature by the symbol
. Mathematically,

_ Gydypysin0

(4)
Gg,Mdgnpw

where G,, is the liquid (water) mass velocity, d,, is the
liquid port diameter, p,, is the liquid density, G, is the
gas (air) mass velocity, d,, is the mixing duct diameter
and p,. is the gas density evaluated at the average
pressure between py and pa, and at mixing temperature,
T\, calculated by,

_ macla,aTa + mWC[LWTW

Tm - -
m,Cpq + 1y Cp

(5)

where C,, , and C, , are the specific heats of gas and liquid,
respectively.

This ratio was introduced by Graziadio et al. [7] and
Andreussi et al. [1] and, according to these authors, this
parameter exerts a strong influence on the quality and
structure of the spray outside the atomizer. Thus, another
general correlation was developed replacing ALR by o.
The result was
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Da m

d 4.536 z 1.251
x (== e 03 —1.286( = (6)
d, I

Comparing Egs. (3) and (6), the first terms and those
related with the 7/, parameter are identical meaning that
the use of ALR or ¢ only changes how the [.,/d,, and d,,/d,
influence the pressure distribution inside the mixing duct.

p(2) 0.072  Im 030
~=0.172 4 0.764 exp | —0.0486™ (d_)
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Fig. 10 Slope ratio, SR, as a function of ALR

Figures 8 and 9 show the results of the experimental
values (dots) for all the nozzles and the predicted values
(line) by Eqgs (3) and (6). The agreement between those
results is very good. The residual standard errors found
were 0.02226 for Eq. (3) and 0.02236 for Eq. (6).

Another interesting result is that the pressure distribu-
tion inside the mixing duct can be taken as linear if
0.1 < ALR < 0.2. This behavior can be observed in
Fig. 10 that shows the slope ratio (SR) of the pressure
evolution within the mixing duct as a function of ALR.
This slope ratio is given by the following relationship

(pm —p1)(z2 — 21)
(p1 —p2)(z1 —2m)

where 7y, z; and z, are, respectively, the locations of the
tap for mixing point pressure, py;, middle point pressure,
p1, and near end pressure of the mixing duct, p,—see
Fig. 2 and Table 1.

The SR is an important parameter for this kind of
analysis because it can indicate the regions where the
pressure distribution is approximately linear. In the present
results, this region is in the range of 0.1 < ALR < 0.2.
Because the range 0.05 < ALR < 0.3 is the most used in
practice (most widely used works with 0.08), this provides
an important direction for the mathematical modeling of
pressure drop inside the mixing duct of Y-jet atomizers. It
should be taken into account that nozzle 6 is not part of this
analysis for not having the middle point pressure, p; (see
Table 1).

Finally, to close the analysis of the pressure distribution
inside the mixing duct, Fig. 11 shows the values of p, for
all the nozzles tested comparing them with the atmospheric
pressure (in red). The mean atmospheric pressure at the site

SR =

(7)

W < Nozzle 5
) ¥ MNozzle 6
& B Mozzle 7

pz(bar)
3
1

ALR

Fig. 11 Comparison between results for p, and the atmospheric
pressure level (line) for all the nozzles (color figure online)

of the experiments was 94.4 kPa with insignificant stan-
dard deviation (<0.34 %). The results indicate high pres-
sure levels of p, in the exit region of the atomizer, for the
small values of ALR. For these cases, a kind of accom-
modation must occur at the end of the mixing duct for the
pressure to reach the atmospheric value. As the flow at this
region is a two-phase flow, the hypothesis of chocked
flow—normal and oblique chock waves—must be rejected,
as it has been observed only for solid particles and gas
mixtures, as those involved in solid propellants [18]. Also
the critical phenomena in two-phase flows are less well
defined—e.g. pressure propagation—as proposed by
Hewitt and Hall-Taylor [10].

The combined uncertainties for the parameters presented
in this section are summarized in Table 3. Their values are
dependent on the levels of the mass flow rates. Thus, as
example, they are shown for two values of .

In order to further explore the flow within the mixing
duct, some appropriate two-phase flow maps were ana-
lyzed. Figures 12, 13 and 14 show vertical two-phase flow
pattern maps for water and air extracted from [9], Fig. 12;
[8], Fig. 13; and [15], Fig. 14.

In Fig. 12, the coordinates present the superficial
momentum fluxes for the air (ordinate) and water (abscise).
Ja and j,, are the superficial velocities for air and water,
respectively. The specific mass of the air, p,, was calcu-
lated as the average value between the mixing point (at
mixing point pressure, py;) and the exit of the mixing duct
(at atmospheric pressure, p,um). Although the tests were
carried out in a vertical downward orientation, the influ-
ence of the gravity compared to the momentum transfer
was found to be minimal inside the mixing duct. The

@ Springer



20

J Braz. Soc. Mech. Sci. Eng. (2014) 36:13-22

Table 3 Examples of combined uncertainties for the parameters

Parameter o ~3 ¢ ~ 11
Value Combined uncertainty Value Combined uncertainty
m, (kg/h) 106.1 0.3 82.8 0.4
my, (kg/h) 2,001.5 4.4 2,679.0 4.2
ALR 0.053 0.0002 0.031 0.0002
PWPa 0.648 0.008 0.808 0.008
® 3.03 0.09 11.05 0.33
ALR = 0.1 ALR =02 ]
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Fig. 13 Vertical two-phase flow pattern according [8]

results shown in this figure stand for all the seven nozzles
tested. It can be seen that the main flow patterns are the
annular and the wispy-annular. In terms of py-j%, ALR
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Fig. 14 Vertical two-phase flow pattern according [15]

increases with the decrement of py-j%. Then, according to
this map, for small values of ALR, the main flow pattern is
a transition between the annular flow and the wispy-
flow. The region of interest, that is
0.1 < ALR < 0.2 for practical applications, occurs exactly
above this transition. It should be noted that these bound-
aries in the two-phase maps are not exact [4].

Figure 13 shows the results for the Griffith and Wallis
[8] map. In this figure, Q, and Q,, are the volumetric flow
rates of air and water, respectively; d,,, and A,, are the
diameter and cross-sectional area of the mixing duct,
respectively; and g the acceleration of gravity. According
to the flow patterns described by this map, the results are
localized in the mist and annular regions, for high values of
0./(0a + Qy), meaning that Q, and Q, + Q, have the
same order of magnitude. This condition, in which the
volume occupied by the air fraction is larger than that
occupied by the water, constitutes a typical atomizer flow
pattern.

For the results shown in Fig. 14, Q, and Q,, are the
volumetric flow rates of air and water, respectively; Fr is
the Froud number and B, given by
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B — :uliquid /:uwaler (8)
[(Pliquid/ Pwater) (Gliquidfair/ 4 Waterfair)3] v

where u is the absolute viscosity; and o is the surface
tension. As in this work, the liquid used was water, B = 1.
In this map, only Fr is taken into account in the abscissa,
therefore meaning that only the influence of the gravita-
tional field on the flow is considered.

The results are outside the flow regimes established by
the map although it is possible to say that they are in the
region of transition between froth and annular. This tran-
sition occurs for the values of mass flow rate of water
greater than 1,000 kg/h and for ARL smaller than 0.1. As
the water mass flow rate decreases, ALR increases and it is
reasonable to speculate that the flow leaves the annular
zone to become dispersed. According to Oshinowo and
Charles [15], for sy > 1,000kg/h (or ALR <0.1) the
flow pattern would be a mixture of froth and annular
(maybe the “wispy annular”), for 500<umi, <
1,000kg/h (0.1 <ALR <0.3), the flow pattern would be a
more defined annular and for m, <500kg/h
(or ALR > 0.3), the flow would be found in the atomized
region. Obviously, these conclusions are merely specula-
tive, once the results were founded outside the map.

All the maps suggest a pattern near the atomized region.
Although these maps were not plotted specifically for flows
inside Y-jet atomizers, they can yield important informa-
tion to improve the existing models and their results.
Concerning the unsteady sprays caused by transitions
between two-phase flow patterns, two-phase flows become
unsteady when inhomogeneity is present in the mixture of
phases. Jedelsky and Jicha [12] presented a detailed anal-
ysis regarding spray unsteadiness for effervescent atomiz-
ers. Although effervescent atomizers operate at lower
pressures as compared to Y-jet atomizers, some important
findings of their work can be brought in order to elucidate
this problem. One important conclusion in the context of
the present work is that the unsteadiness grows as ALR
decreases, which is also accompanied by the increase in the
liquid discharge coefficient. They found spray unsteadiness
for ALR < 0.06. Another important remark is that the
increase of fluctuations of void fraction at the exit port of
the nozzle produces unsteadiness on the spray. This phe-
nomenon also occurs for very small or very large values of
ALR. At these extremes, large structures of separated
phases are present, constituting inhomogeneous mixture,
which in turn causes great variations in the volume of the
compressed air and formation of large clusters of liquid
(ligaments) at the exit of the nozzle. Therefore, it is
important to operate Y-jet atomizers far from these

extremes of ALR. A practical consequence from the point
of view of the results shown in Fig. 12 would be to operate
Y-jet atomizers for 0.1 < ALR < 0.2. In this range, the
two-phase flow pattern will be annular mist (Fig. 13), far
from annular to wispy-annular transition, avoiding the
appearance of large ligaments of liquid and constituting
more homogeneous and steady sprays.

4 Conclusions

In this study, the influence of the operational and geometric
parameters on the pressure distribution and flow pattern
inside the mixing duct of Y-jet atomizers was carefully
examined. Air and water were the working fluids. Water
supply pressure exerts great influence on the mixing point
pressure, acting as a back pressure for the air expansion, if
one considers a converging—diverging nozzle analogy. The
ratio between the mixing duct and the air port diameters
was the main geometric parameter that regulated the
mixing duct pressure. The correlation developed to foresee
the mixing point pressure [Eq. (1)] as a function of oper-
ational and geometric parameters studied, showed to agree
well with the experimental results.

An important design parameter is the condition
for critical air flow. For the present case, Py/P,
< 0.5283 (critical condition) is obtained when
0~%22(1,/d) O3 (d/d ) ALRYY > 1.2.

Two correlations for the prediction of the pressure
within the mixing duct were developed and showed good
agreement with the experimental values. This is important
because they can be used to model the pressure drop in this
region, thus helping in the design of Y-jet atomizers.

For 0.1 < ALR < 0.2, the pressure distribution inside
the mixing duct can be taken as linear. This range of ALR
is the most appropriate to obtain steady and homogeneous
flows. For ALR < 0.1, this pressure drop is larger in the
first half of the mixing duct, being the opposite for
ALR > 0.2.

The high pressure levels for the pressure near the end of
the mixing duct suggests that a kind of relaxation must
occur in order to accommodate the pressure at the atmo-
spheric level.

Finally, using a two-phase map, the flow pattern inside
Y-jet atomizers was found to be an annular mist flow, a
transition between the annular flow and the wispy-annular
flow.
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