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Abstract
Hollow cone sprinklers are devices widely used in the industry
to atomize liquids such like water in a gas such as air, to achieve
a proper atomization process, the sprinkler efficiency must be
as high as possible, otherwise it will be necessary to perform
the processes again and the costs increase. A parameter for the
measurement of efficiency of these devices is the aspersion
distributed by volume of water, and this is achieved with the
analysis of the fluid at constant pressures. This article presents
the evaluation via CFD simulation of a hollow cone sprinkler
WT400 in the CFX® module of the Ansys Workbench V17.0®
program. The evaluation analyses the performance of the
sprinkler when there is a 29.7% change in the exit angle of the
sprinkler hollow cone, compared to its initial configuration.
Computational analysis of volume fraction, velocities in
symmetry planes and flow lines are carried out;
Experimentally, spray distribution of the configurations are
evaluated.

Figura 1. Operation of a hollow cone nozzle. [4]
The distributor generates a rotational flow that accelerates the
fluid while it is approaching the central zone as the distributor
diameter decreases towards it. If the operating conditions are
adequate in the intermediate zone the fluid descends in contact
with the surface having a high angular momentum, thus,
forming an air core in the center. In the conical part of the
sprinkler the fluid forms a film due to the coanda effect [5]
which decreases its thickness until it falls off forming small
drops.

Keywords: Two-phase CFD, sprinkler, hollow cone, cone
angle.
INTRODUCTION

The output geometry [4] is one of the main characteristics in
the performance of the nozzle. However, the variation of
conditions and type of flow can make the hollow cone nozzle
one of the most suitable devices for performing various spray
applications such as gasoline spraying [6], or in nuclear
applications [7], where can perform experimentation under
operating conditions determined by the manufacturer and
variation of the injection angles [8], leading to develop
previous models in 3D simulations that can deliver results from
the behaviour of the characterization of said model [9]. Other
methods such as image processing experimentation for the
study of the spray in a hollow cone nozzle [10] can analyse
behaviour patterns of a biphasic transient fluid in its output
distribution [11]. However, this type of experimentation has a
long process of generating cyclical information to obtain
results.

Hollow cone sprinklers and their use in different fields of
industry have led to different dispersion studies. This is the case
of pesticides used in agriculture, which are generally applied
by means of sprinklers that determine the quality of distribution
of said pesticide for the preservation of plants [1], where the
efficiency of the distribution of pesticides in tobacco plants is
studied with a hollow cone sprinkler, evaluating the dispersion
coverage. This coverage makes these nozzles an important
component in the atomization of the fluid for applications dust
elimination with collectors [2], and diverse applications like the
dry cooling towers of natural draft, where the conservation of
the water is sought due that the use of these towers in arid zones
and power plants requires pre-cooling systems with water spray
to achieve rapid evaporation [3].
A hollow cone sprinkler consists of a distributor that has a
hydrocyclonic form on its upper part, a cylinder in the middle
and an adjacent conical part at the bottom area, as shown in
figure 1.

In this paper we present the modelling of a commercially
available BETE WT400 hollow cone nozzle in Ansys
Workbench V17, which represents one of the most suitable
computational tools [12] for the characterization of this device
to make improvements in design [13] [14] by optimizing the
geometry determined by the dispersion distribution size and the
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mass flow conservation [14]. This is achieved by making a
computational analysis of fluid dynamics (CFD) [15] to obtain
simulations that are close to reality, a method that has been
explored for the evaluation of theoretical models [16] [17].
Finally, the validation of the best geometric configuration at the
same operating conditions will be determined through the
manufacture of the improved nozzle for the evaluation of both
performances.
METHODS AND MATERIALS
Figure 4. Meshing of the control volume of the cup-straight
nozzle assembly and injection chamber.

In order to improve the angle of exit of the sprinkler, it starts
from a design of a commercial hollow cone sprinkler BETE®
WT 40080 (straight nozzle) figure 2.

The boundary conditions were established according to the
operating conditions of the sprinkler, which on the
recommendation of the manufacturer, 2 scenarios were
established varying the supply pressure of 10 and 30 Psi and
the flow of 2.0 and 3.5 GPM respectively, wall conditions
without slippage in order to estimate the friction of the sprinkler
with the fluid and pressure gauge opening conditions 0 Pa for
the injection chamber.
The resolution of the equations of conservation of mass and
momentum for a fluid in rotation were made using the CFX®
module of the Ansys Workbench V17.0. With transient
simulations, with step times of 0.002 s, 25 iterations per step
time for a total simulation time of 1 s, were performed for each
of the geometries. The configuration of the fluid in the
simulation corresponds to a diphasic fluid made up of water and
air, both with properties at 25° C, the selected turbulence model
corresponds to the kw due to the high vorticity that occurs in
the fluid inside and at the outlet of the hollow cone nozzle.

Figure 2. Aspersor de cono hueco comercial de referencia
(Boquilla recta a derecha-Copa Distribuidor espiral izquierda)
For the CFD analysis of the sprinklers, initially we proceeded
to the configuration of the geometric model of a straight nozzle
WT-400 as shown in Figure 3 and 4, this was done using the
CAD tool Autodesk Inventor 2016.

Figure 3. CAD model of
straight studio nozzle.

From the simulation obtained, the geometric modification of
the straight nozzle is made by expanding the angle of
inclination of the exit walls of the nozzle, resulting in a conical
pattern, without modifying the generation chamber of
tangential rotation to water atomization, as shows in Figures 5
and 6.

Figure 4. CAD model of
spiral dispenser.

Once obtained the volume of fluid occupied inside each of the
2 assemblies (cup and nozzle) and the spherical outlet chamber,
in which the fluid injection is made, meshing was carried out
by means of the meshing module Meshing® of the Ansys
Workbench V17 for both geometries, adapting the mesh
parameters (obliquity, aspect ratio, expansion factor, Figure 4)
according to the software requirements. A total of 1.4x106
elements were required to guarantee the independence of the
mesh in each of the simulations, which allows to guarantee the
reduction of the error by discretization of the domain.

Figure 5. CAD model of
hollow cone nozzle with
geometry modification.

Figure 6. CAD model of
spiral distributor with
geometry modification.

Figures 7 and 8 show a comparison of the volumetric fractions
(100% water red and 100% air blue) between the hollow cone
nozzle sprinkler for the operating conditions of 30 Psi and 3.5
GPM. From this we can highlight the increase in the opening
angle of the injection cone, going from 81.4° for the straight
nozzle and 121° for the curved nozzle.
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Figure 7. Contours of volumetric fraction in plane
of symmetry of the straight nozzle sprinkler.

Figure 8. CAD model of spiral distributor with
modification of hollow cone nozzle geometry.

The experimentation phase to test the obtained design uses a
795 mm diameter tank and a height of 980 mm with a pumping
system, the mass flow measurement is taken by means of a
rotameter that will allocate the equivalence with the mass flow
from 0.22 kg/s to a pressure of 30 PSI according to the
operation values of the manufacturer BETE [18]. Then, the
distribution of the circular pattern is measured by dividing the
tank into an octagon, to section the circular spray pattern into
eight equal parts and to measure its distributed volume as
shown in Figure 9.
Figure 10. Volume distribution in straight nozzle.

Figure 11. Volume distribution in hollow cone nozzle.
Figure 9. Distribution octagon
From these distributions of volumes between both nozzles, an
increase in the distribution of volume more uniform in the
nozzle verified by the weight of the water contained in each of
the cells of the octagon, as shown in Figure 12, is presented.

RESULTS AND DISCUSSION
In the experimental results an increase in the dispersion due to
the direction of exit of the water with the new geometry and the
increase in the speed of rotation of the vortex was evidenced,
which can be evidenced by the volumetric fraction of air that
enters the sprinkler as it is seen in Figure 6, from this one can
infer a high speed of rotation of the water, which generates an
exit angle greater than that provided by the geometry of the
straight nozzle.
Due to the octagonal division of the tank, the volumetric
distributions deposited in each of the cells are obtained. These
volumes differ both in the experimentation with the straight
nozzle and the hollow cone nozzle, since the entrance of the
flow is in the direction of the position 5 of the octagon Figure
7. This causes the distribution of the volumes to be unbalanced
with respect to the position 1, as evidenced in Figure 10 and
Figure 11.

Figure 12. Weight distribution in the octagon.
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To visualize the performance of the opening angle in the
straight nozzle, one can compare the results of the CFD
simulation in contrast to the actual nozzle at a pressure of 30
psi, as shown in Figures 13 and 14.

CONCLUSIONS
Fluid-CFD computer simulation allows the designer to
parameterize the design of a sprinkler, allowing him to make
both geometric and operational variations with shorter
verification times compared to the experimental process.
Increases in the opening angle in the injection cone were
obtained for the hollow cone nozzle, this without changing the
operating conditions with respect to the straight commercial
nozzle, this indicates that the consumption of working fluid can
be reduced, requiring less sprinklers by area unit, which
improves industrial processes and guarantees the protection of
the environment in industrial processes in which water is used
as a working fluid.

Figure 13. Spray angle
straight nozzle CFD
simulation.

Despite the reliability of the computational results, it is required
in the future to perform experimental validations of the
computational model developed in this work.

Figure 14. Spray angle
straight nozzle experimental
test.
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