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Abstract: The water spray system is a type of technology where it helps to keep the Local Exhaust
Ventilation (LEV) system clean when the smoke is discarded into the environment and prevent the
worker from inhaling welding fumes. The objective of this research is to conduct a simulation of a
filter box with water spray as a filter welding fumes based on the effects of applying different liquid
pressure by using Computational Fluid Dynamics. A geometric model of a spray nozzle is designed
using SolidWorks 2019 and analysed via a CFD software, ANSYS Fluent. The inlet and outlet
dimension parameter of the filter box used is 124.24mm, while the orifice of the V6 nozzle is
0.25mm. The working fluids used in this simulation are carbon-monoxide, nitrogen-oxide, and
water-liquid. The CFD simulation was carried out for different pressure at the V6 nozzle ranging
from 1 bar to 3 bar. The amount of volume fraction for carbon-monoxide and nitrogen-oxide
showing drop in number according to the amount of water-liquid volume fraction. The simulation
showed that this model could be used and securely used for an indoor workshop. The results from
simulation shows the two (2) bar pressure offers the most compatible water spray for the dimension
of V6 nozzle. This simulation is likely to succeed because it can reduce the welding emissions before
discharged to environments.

Keywords: Computational Fluid Dynamics, Exhaust Ventilation, Welding Emissions, VVolume
Fraction

1. Introduction 1.1 Local Exhaust Ventilation (LEV)

Many small and medium enterprises (SMEs) have
poor working conditions that cause safety and health
problems for workers. Any type of respiratory disease or
lung disease affects most welders working in the
construction  industry, factories, mines, refining,
metallurgy, rail, petrochemical, ironwork, shipbuilding, or
steel industries. Toxic fumes are produced by welding
processes, such as nitric oxide, carbon monoxide, ozone,
and nitrogen dioxide [1-3]. To overcome welding
emissions from the health of welders, a prevalent example
of engineering safety equipment used to control workers'
exposure to chemicals that are harmful to health is the local
exhaust ventilation system.

The local exhaust ventilation is commonly used in the
laboratory, construction, construction industry, automobile
industry, and workshop to reduce or remove exposure to
contaminants resulting from toxic chemicals [4,5]. The
toxic chemicals produced due to work in the industry need
the LEV system to isolate the worker from inhaling the
chemical fumes. The most cost-effective approach for
managing air pollution in industrial buildings is local
exhaust ventilation systems [6]. Fig. 1 shows the basic
component of the local exhaust ventilation system [7]. The
LEV system consists of four basic elements, such as the
hood, duct system, air cleaner, and fan as additional
discharge methods.
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Fig. 1 — Component of LEV

ANSY'S Fluent software contains the broad, physical
modelling capabilities required to model flow, turbulence,
heat transfer, and reactions for industrial applications.
Fluent is covering an extensive range and unique models.
These advantages are significant as the software can meet
the criteria of a water spray system [8-10]. Therefore,
objective of this research is to conduct a simulation of a
filter box with water spray as a filter welding fumes based
on the effects of applying different liquid pressure by using
Computational Fluid Dynamics.

2. Designs and Methodology

A simulation on the filter box with a water spray
nozzle requires a specific test to measure and identify the
volume fraction of each fluid: air, water-liquid, carbon-
monoxide, and nitrogen-oxide. The simulation will be
conducted using Ansys Fluent and the model created by
using SolidWorks to ensure that the necessary processes
will run smoothly.

The design of the filter box with a water spray nozzle
will be modelled using SolidWorks 2019 software before
export into ANSYS Fluent 2020 R1 software. The filter
box that was created with the same size of inlet and outlet
pipes and the design of the V6 nozzle. The references of
the filter box parameters are determined based on previous
research for this filter. The analysis parameters consist of
liquid, gas, and different ranges of inlet pressure in the V6
nozzle between 1 bar and 3 bar. The inlet velocity is the
same, which is 2.7 m/s. The filter box with V6 nozzle is
shown in Fig. 2 while the parameters are summarized as in
Table 1 and 2.

Fig. 2 — Filter box with V6 nozzle

18
Published by FAZ Publishing
http://www.fazpublishing.com/jcf

Table 1 — Parameters of the filter box

Parameter Measurement
Inlet pipe 76.20 mm x 142.24 mm
Outlet pipe 76.20 mm x 142.24 mm
Diameter of inlet nozzle 2.7 mm
Diameter of outlet nozzle 0.25 mm
Filter box sizes 139.90 mm x 304.80 mm
(LxW x H) x 304.80 mm

In the ANSYS Fluent, to get the better meshing, the
face sizing be controlled at one location: the nozzle to
produce the best skewness that can affect the calculation in
solution [11].

s

Fig. 3 — Meshing of the filter box model

The simple scheme was selected under pressure
velocity coupling. For spatial discretization, least-square
cell-based was choose for gradient and body force
weighted has been set for the pressure. Volume fraction
has been set as compressive in solution. For momentum,
turbulent Kinetic energy, turbulent dissipation rate, and
energy in spatial discretization have been set as second-
order upwind. Under relaxation factors in solution
controls, the flow quantities have been set as pressure, p =
0.3, density, p = 1, body faces = 1, and volume fraction =
0.5 [12]. Turbulent kinetic energy and turbulent dissipation
are set as 0.8, while turbulent viscosity is set as 1. The
initialization method for this solution has been selected as
standard initialization, which computes from Inlet 2
boundaries. In the initialization method, the patch was
added in the fluid domain. The pressure has been set as
100000 Pa, 200000 Pa, and 300000 Pa for the mixture
phase. The water-liquid volume fraction has been set as
one, and the remainder, which is carbon-monoxide and
nitrogen-oxide, has been set as zero. Underrun calculation,
the number of time steps has been set as 1000, and the time
step size is 2x 1073 to obtain two (2) seconds of time flow.
The number of iterations was set as one.

3. Results and Discussion

Result and findings obtained through this research
being analyzed. The result obtained is shown in the form
of a graph, table, and figure. The result is explained in
detail about the volume fraction throughout the filter box
with the V6 nozzle. The result of the findings is compared
to obtain the most efficient pressure for the V6 nozzle
design.
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3.1 Volume Fraction at Selected Line

The value of the volume fraction inside the filter box
with the V6 nozzle must be located to take readings of the
volume fraction. Several points must be discovered
because the contour of the volume fraction for each end
inside the filter box with the V6 nozzle is not uniform, so
more points must be taken to achieve an accurate reading
of the volume fraction. In this research study, all points are
in the middle of the outlet pipe. A line was plotted to
measure the contour of volume fraction on the plane. From
there, ten samples were generated, and the data was
successfully obtained. The line's location was plotted at the
centre of a 76.2 mm length outlet pipe. The line also can
be used to obtained others required data such as velocity.
The volume fraction generated by ANSYS Fluent from the
selected line inside the filter box's output pipe and two-
point technique was utilised to identify the chosen line
position for collect the ten data samples. Table 2, 3 and 4
shows the volume fraction at the filter box with different
inlet pressure at the V6 nozzle. All the velocity and
working fluid at the inlet filter box is the same.

Table 2 — Volume fraction with 1 Bar inlet pressure

Node Carbon- Nitrogen- Water-
Number  Monoxide Oxide Liguid
1 0.422 0.423 0.024
2 0.418 0.433 0.019
3 0.410 0.447 0.010
4 0.404 0.460 0.001
5 0.406 0.442 0.005
6 0.416 0.400 0.028
7 0.432 0.353 0.069
8 0.452 0.305 0.128
9 0.470 0.272 0.180
10 0.476 0.263 0.197

Table 3 — Volume fraction with 2 Bar inlet pressure

Node Carbon- Nitrogen- Water-
Number  Monoxide Oxide Liquid
1 0.461 0.442 0.003
2 0.424 0.419 0.019
3 0.353 0.380 0.077
4 0.283 0.342 0.158
5 0.194 0.300 0.336
6 0.161 0.286 0.443
7 0.139 0.276 0.524
8 0.166 0.290 0.473
9 0.217 0.317 0.363
10 0.247 0.332 0.294

Table 4 — Volume fraction with 3 Bar inlet pressure

Node Carbon- Nitrogen- Water-
Number  Monoxide Oxide Liquid
1 0.421 0.372 0.048
2 0.419 0.393 0.037
3 0.415 0.427 0.023
4 0.414 0.447 0.014
5 0.417 0.429 0.018
6 0.432 0.378 0.056
7 0.463 0.298 0.146
8 0.480 0.252 0.210
9 0.489 0.232 0.253
10 0.491 0.228 0.262
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Fig. 4 to 6 shows the volume fraction of working fluid
inside the filter box with different inlet pressure at the V6
nozzle against the number of nodes.
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Fig. 4 - Volume fraction of working fluid Inside the filter
box with 1 Bar of inlet pressure
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Fig. 5 - Volume fraction of working fluid Inside the filter
box with 2 Bar of inlet pressure
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Fig. 6 - Volume fraction of working fluid Inside the filter
box with 3 Bar of inlet pressure

The volume fraction of working fluid in Fig. 4 shows
the lowest volume fraction of water-liquid compared to the
others two graphs. The water-liquid volume fraction
affects the carbon-monoxide, and the water-liquid begin
with a small-volume fraction and start increasing at node 5
until 10. The volume fraction of carbon-monoxide and
nitrogen-oxide decreases as node 5 is increases. Compared
to the volume fraction of working fluid in Fig. 4, Fig. 5
present the highest volume fraction of water-liquid. The
water-liquid volume fraction starts to increase from node 1
until node 7, then decreasing to node 10.
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The figures shows that the lowest volume fraction for
carbon-monoxide and nitrogen-oxide. The water-liquid
volume fraction starts increasing at node 1 until node 7, the
volume fraction for the carbon-monoxide and nitrogen-
oxide decreases at the same node. Fig. 6 shows a similar
pattern as in Fig. 4. The increasing water-liquid volume
fraction may be seen from node 5 to node 10. Both patterns
indicate decreased carbon-monoxide volume percentage
from node 4 to node 10. Both figures show the same
nitrous oxide pattern, increasing at node 5 until node 10.

Comparing the three results of volume fraction
working fluid with the different pressure inlet of the V6
nozzle, Fig. 5 shows the decreasing volume fraction for the
carbon-monoxide and nitrogen-oxide. This figure also
gives the lowest value of the volume fraction and the
highest volume fraction of the water-liquid. From all the
results for volume fractions with different pressure inlets
of the V6 nozzle, the 2 Bar is the most suitable for the V6
nozzle. It can be seen through the water-liquid volume
fraction, which is the 2 Bar that gives the most value of
volume fraction. It means that the 2 Bar has better water
spray particles than the other inlet pressure of the nozzle.
It also has the most negligible value of volume fraction for
carbon-monoxide and nitrogen-oxide. It proved that the
more water-liquid volume fraction, the less value of
volume fraction for carbon-monoxide and nitrogen-oxide.

3.2 Validation

Validation for this research, the simulation has
computed average velocity at the outlet of the selected line
to compare with the previous experimental result. At point
8, the experimental velocity is the same location as the
velocity at the selected line in this simulation. The
experimental velocity is 2.71 m/s being compared by using
the percentage difference formula. The percentage
difference is the calculation between two different results
for determining the precision of the calculation. In this
research, the percentage differences that need to be
calculated are between the simulation of average velocity
(experimental) with the experimental velocity (theoretical)
from the previous study. The equation is given by,

# . _# ;
% error = experimental — "theoretical %100 (1)

#theoretical

Based on the equation above, it is imperative to
determine the simulation result is close enough to the
experimental result. From this formula, it can assume that
the simulation results have an error or not. Table 5 shows
the average velocity generated from the ANSYS Fluent
simulation. Due to no water spray in this research and the
pressure at this nozzle was not taken. It is then necessary
to compare the average velocity to the 2.71 m/s
experimental velocities from the prior study using the
percentage difference calculation to determine whether the
average velocity is higher. Table 6 shows the formula for
calculating the percentage difference between two values.
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Table 5 — Average Velocity for 0 Bar from simulation

Pressure (Bar) 0

3.08
4,76
4.48
3.98
2.78
1.86
1.65
141
1.09
0.54
2.56

Velocity (m/s)

Average Velocity (m/s)

Table 6 — Calculations of percentage difference for
average velocity with experimental velocity

PR Calculation 0
(Bar) different
0 % error = ‘M‘xloo 5.53 %

By referring the Table 6, the percentage difference
for O bar is less than 10%. It is acceptable because the
previous study for the LEV does not has a filter box on it
which is the geometry model only shaped in the cylinder
pipe. After putting the filter box, it will be increasing the
dimension for the geometry model. Then, the velocity flow
will decrease because of the area inside the filter box.
Consequently, the dimensions from the filter box affect the
velocity flow inside the filter box.

4. Conclusion

As for conclusion, different pressure at V6 nozzle can
affect the volume fraction for carbon-monoxide, nitrogen-
oxide, and water-liquid. The results show that if the water-
liquid volume fraction is high, it can be reducing the
volume fraction for welding fumes which is carbon-
monoxide and nitrogen-oxide. 2 bar inlet pressure for the
inlet nozzle can be considered as the best as it gives good
results compared to the others pressure. 2 bar offers the
most volume fraction for water-liquid inside the filter box
and it more compatible with the dimension for the V6
nozzle. Consequently, it can be concluded that a higher
volume fraction of water-liquid is needed to reduce the
welding fumes. Hence, the objective stated is achieved.
The percentage difference for average velocity was
achieved and indirectly makes the simulation valid and
carried into further simulation study. The result of
percentage difference shows below 10% of average
velocity compared with the previous research. It is still
acceptable because the different dimensions of model
geometry will affect the velocity flow inside the filter box.
As for recommendations, this filter box design is highly
efficient to the pressure that supplies from the nozzle at the
top of the body filter box. The nozzle design is successful
in its capability to transmit the different pressure towards
the filter box. scale model geometry that needs to mesh in
small element sizes.
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