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preferential flow within the gas mask domain, which resulted in a significant pressure
drop and heat concentration in the filter, affecting the filtration. However, another
study suggested designing the main sieve passageway of the filter to help in resolving
the pressure drop and create much well distribution of flow within the cartridge. In this
study, three geometries with re-design of the main sieve passageway of the filter were
made and simulated to determine the preferential flow using the computational fluid
dynamics (CFD) method. Two filter concentrations (300 ppm, and 1000 ppm) and
constant humidity ratios of at 80 % were simulated. The presence of the dead zone
was examined using the computational fluid dynamics (CFD) method, which was
controlled by the Navier-Stokes equation and continuity based on several flow
parameters. Based on the result occupied can be concluded, the second geometry had
a much better velocity contour distribution around 40% than the other geometry,
maintaining the overall minimum velocity area even though the formation of the dead
zone area for the second geometry was 10% higher at the lower part of the filter than
for the third geometry. The abilities of the second geometry to perform well even in
the presence of higher concentrations brought to the honeycomb-based design as the
main sieve passageway actually improve the velocity distribution and then minimizing
formation of “dead zone”. Concluding justified that the proposed geometry met the

Keywords: prediction of improving the pressure drop and create quite well distribution of flow in
Gas mask filtration; Main sieve the filter. prediction of improving the pressure drop and create quite much well
passageway; CFD distribution of flow in the filter.

1. Introduction

It has been made clear that any industrial sector involved in poisonous or polluting gas vapour
environmental worksite should wear protective equipment that is appropriate for their existing
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conditions. The gas mask filter, which aids in protecting the respiratory system from inhaling
hazardous and toxic substances, is a piece of safety equipment that must be used. The Institute of
Occupational Safety and Health (NIOSH), which regularly monitors employee exposure to dangerous
gas vapour environments, especially in the oil and gas industries [1,2], also oversees this part of
equipment as mandatory. Based on reports, a worker dies of toxic exposure in the workplace every
30 seconds, and one of the causes is failing to provide protective gear for workers [3,4]. This comes
as an alert to the employer especially regarding having a suitable and recognise gear protective that
approved by the authorities for protecting workers health and safety within the working
environment. A gas mask usually comprises a set of filters that manage to filter out any toxins
throughout a layer of part that filters air flowing through it. This has mostly been done using porous
materials that capture the substance that flow with the air, and basically, the material of porous
media is based on the type of substance it will be filtered for [5-7].

However, frequent absorption of the gas mask filter in the pollutant’s environment and
exposure to humid climates speed up the expiry date of the filter even though the expiry date set by
the manufacturer is permissible [8,9]. Additionally, the commercial gas mask filter’'s huge surface
area resulted in a low absorption rate through the filter paper and activated carbon, which also
decreases the filter lifetime [10-14]. Based on a previous study by Noraini et al., [15] they used
Computational Fluid Dynamics in assess the impact of temperature and relative humidity in Malaysia
on gas mask filtration. Their methodology involved simulating the airflow distribution using the
Navier-Stokes equations to model fluid dynamic heat transfer in the filter medium. They applied
different humidity and concentration levels in order to find areas with severeness that formed dead
zones in the filter medium, suggesting a possibility of increasing the pressure drop. The findings
showed the critical area of pressure drop formed at the charcoal bed material as the humidity ratio
increased, which had a substantial effect on the velocity distribution of flow overall. These results
indicates that current cartridges are not performing well within the local climate and create a
problem related to preferential flow.

In the meantime, the suggestion from previous studies reveals there are ways that filtration
of the gas mask cartridge can be improved by redesigning the main sieve passageway that helps re-
distribute the air flow much evenly [16,17]. The filter geometry can be modified to increase the
absorption rate of the filtered and activated carbon. In order to determine the direction of the overall
improvement of the filter flow, the aerodynamic characteristics of the designed filter based on the
preferential flow entering the filter was examined. Three different gas mask filter geometries were
deemed suitable for testing with a honeycomb structure [18,19]. The CFD method is useful for
assessing the flow variables in porous media within a gas filter, and it can also be used to evaluate
the geometry’s performance according to the parameter stated [20,21].

2. Methodology
2.1 Geometry of the Difference Gas Mask Filter

The geometrical modelling for the gas mask was developed using a commercially aided (CAD)

software called SOLIDWORKS 202. In this study, three different gas mask filters were developed and
simulated. A 3-dimensional model of the variation gas mask filter is shown in Figure 1.
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Fig. 1. Geometries of the main sieve passageway (a) Flat plane shape for the
first model, (b) Curve-plane shape for the second model, (c) inclined plane
shape for the third model

2.2 Discretization Technique

ANSYS FLUENT 23 manages to analyse multiple, automated parametric designs without complex
programming. The proposed software includes various physical models that capture many types of
phenomena related to fluid flow. The proposed solver is based on the finite volume method with
several types of arbitrary mesh topologies, such as hexahedral, tetrahedral, wedge, and pyramid
elements. Additional mesh refinement is employed for specified porous media at the filter surfaces
during calculation. The time derivatives are approximated with implicit second-order accuracy in
both space and time. The proposed method allows the use of larger time steps and provides better
stability. Both the velocity inlet and pressure outlet were computed to solve the continuity and
Navier-Stokes equations. The physical law describing the problem of a gas mask is the conservation
of mass, the conservation of momentum as stated in Eq. (1) and Eq. (2);

V.V=0 (1)
Wy = —VP + uv2V -VP+ uvA2 2
- P = —VP+ pvev-VP+ uvi2 v (2)

where is p air density, P is pressure, W is the air viscosity, and V is the air velocity.
2.3 Meshing of the Gas Mask Model

As seen in Figure 2, a mesh of the gas mask model and details at the inlet and outlet is shown also
4,354,230 elements and 767,576 nodes have been used to mesh the whole structure.
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Fig. 2. Meshed model of the gas mask

2.4 Parameter Assumptions and Boundary Conditions

The canister inlet maintained a steady inhalation flow rate throughout all simulations. Because
the inlet area was fixed, the mean velocity was calculated according to the inlet boundary. The
reference pressure (1 atm) at the inlet was constant. The outlet boundary condition was the pressure
outlet boundary. The no-slip condition was assumed for all solid walls. This filter is in contact with a
natural heat source from the environment. The inlet air is approximately 1000 m3/h for flow rate,
and the inlet temperature is 30°C. In the inner space of the filter part of the model, water vapour is
considered with a humidity of 80% based on the Malaysian relative humidity range defined for the
flowing fluid. The energy model was activated, and the SST k-omega model with the use of a standard
wall function was exploited for fluid flow analysis. The concentrations used for these conditions were
300 and 1000 ppm. The material properties of density, specific heat capacity, thermal conductivity,
and viscosity are listed in Table 1 below.

Table 1

Material properties

Material Air

Density (kg.m-3) 1.225
Specific heat (j.kg-1. K-1) 1000
Thermal conductivity (W.m-1. K-1) 0.0242
Viscosity (kg.m-1. s-1) 0.000017894

2.5 Porous Media Parameters
The simulation of the gas filter involves the parameters of porous media in which the pressure

drop in the gas filter normally comes from the filter paper and activated carbon. A Reynold number
of 78,000 was used in this simulation. Both viscosity and inertial effects were considered. Thus, the
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Wertheimer equation was adopted to describe the momentum dissipation through the porous
media, as stated in the equation;

—= = auV; + ppV? 3)
where a is the reciprocal permeability of the porous material (or viscosity parameter. B is usually
called the inertial parameter. AP is the pressure drop in the porous medium zone. Here, is the length
of the flow direction; p is the fluid viscosity. Vs denotes the superficial velocity of the fluid entering
the porous medium zone. The filter paper and activated carbon used in the rfp-1000 gas filter are
consistent with the literature. Therefore, the coefficients of the filter layer and activated carbon layer
were are consistent with the literature. The coefficients for the filter layer and activated carbon layer
were determined as follows:

a; =219 % 10°m~2,6, = 7.5 x 10*m™! (4)
The coefficients of the activated carbon layer are determined as:
a, =219x%x 10°m=2,6, =7.5%x 10*m™1! (5)

3. Results
3.1 Pressure Drop on Gas Mask Filter Concentration Under Local

Table 1 shows the impact of pressure drop on the gas filter at different humidity. The pressure
drop distributions for various gas mask filter models under 80% humidity with 300- and 1000-ppm
concentrations are shown. Based on these results, the pressure drop gradually increased from the
upper side as concentrations rose, and with the exception of Model C, the pressure drop was more
pronounced on the left side than on the right side of the charcoal filter. This can be linked to left side
flow streamline recirculation, which causes momentum loss, radial flow disturbance, and the
creation of a dead zone. For Model A, which corresponds to 80% humidity at concentrations of 300
ppm and 1000 ppm, the largest pressure decrease was observed among the studied settings.
Compared with the surface boundary, the pressure drop also affected a wider area of the charcoal
filter. These results are consistent with earlier studies [8].

Further investigation revealed that the pressure decrease for Model A occupies a larger portion
of the filter than the other regions. With a rise in the filter concentration and humidity ratio, the
pressure decreases exhibit a significant increase. Model B shows significantly less pressure decline
across the filter region, which a lesser decrease in the adsorption rate and a marginally less
problematic time for gas breakthrough.

A non-significant pressure drop is observed in the middle of the filter at the same time for
geometry 3. Instead, where the air flow enters the filter at the bottom of the filter is where there is
a somewhat larger pressure drop. The filter’s minor slope or descent from the upper section, which
caused pressure to concentrate and build up at the bottom of the filter, is an obvious explanation. It
should be remembered that dry air and water vapour have different densities at the same
temperature. As a result, excessive humidity tends to make the air less dense, thereby lowering its
pressure [8].
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Table 1

Pressure drop distribution in (a) Model A, (b) Model B, (c) Model C
Model A Model B Model C
Pressure Drop 30C, 80%, and 300 ppm 30C, 80%, and 300 ppm 35C, 80%, and 300 ppm

Contour 4
3.490e+00
I 3.102e+00
2.714e+00
2.327e+00
1.939e+00
' 1.551e+00
1.163e+00
7.756e-01
3.878e-01
0.000e+00

30C, 80%, and 1000 ppm

3.2 Heat Propagation Effect Under Different Concentrations

An increase in local temperature within the filter layer caused the water vapour ratio to increase.
This is because water vapour has a propensity to trap heat, particularly in the charcoal filter shown
in Table 2. However, the results show that for various water ratios and concentrations, there is not
much variance in the temperature differential at the filter layer among the different models. This is
a result of the charcoal filter's porous structure, which evenly distributed the temperature across the
filter. Table 2 shows that the average temperature occupies approximately 80% of the space in the
gas mask filter. Despite the similar temperature values, the high humidity in the area caused a
reduction in the filter's impedance of flow in terms of concentration.
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Table 2
Distribution of temperature (a) Model A, (b) Model B, (c) Model C
Temperature Model A Model B Model C

Contour 1 30C, 80%, and 300 ppm 30C, 80%, and 300 ppm 30C, 80%, and 300 ppm
3.083e+02 —"

3.077e+02
3.072e+02
3.066e+02
3.060e+02
I 3.054e+02
[ 3.049e+02
[ 3.043e+02
3.037e+02
3.032e+02 30C, 80%, and 1000 ppm

(K]

The results further demonstrate that the local temperature plays a function in the increase in
water vapour ratio while considering the identical parameters as previously described. However,
despite the variations in geometry and environmental conditions, the temperature distribution
within the filter layer remained largely constant. This is largely due to the charcoal filter's porous
medium effect. Due to the significant humidity, this homogeneous temperature distribution affects
the total heat propagation across the filter, which is affected by the high humidity presentin the local
environment [8].

3.3 Velocity Effect on The Low-Concentrated Filter Under The High Humidity Condition

The fluid and particles are slightly difficult to pass through the region of low velocity for a porous
medium filter, especially in humid climates (refer Table 3). This phenomenon normally occurs due to
increases the pressure and temperature in the charcoal filter, which are prone to decrease the
efficiency of the filtration. The results show that flow re-circulation was observed in all geometry of
the gas mask, where flow re circulation was presented as negative values, as shown in most of the
Model. This result is due to the increase in the superficial velocity at the inlet, which is prone to form
a dead zone. The region of the dead zone corresponding to the worst adsorption rate of the charcoal
filter.
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Table 3
Distribution of velocity (a) Model A, (b) Model B, (c) Model C
Model A Model B Model C
ghase 1.Velocity  30C, 80%, and 300 ppm 30C, 80%, and 300 ppm 30C, 80%, and 300 ppm
ontour 4 T —
P N g = P

6.352e-05 A O oze

aoa7e0s (RIS

' telefetelele2e2:!
| 3.621e-05 § ~ -
B 0.0 _0_0_0_0
'+ 2.256e-05 R o
\......'. &
8.907e-06 22aPs g8
-4.747e-06
-1.840e-05
-3.205e-05
-4 .571e-05
-5.936e-05
[m s*-1]

From the observation, Model A gas mask filter showed low-flow re-circulation was formed around
the of the filter at the 300-ppm concentration and evenly distributed with an increase in the filter
concentration and humid condition. However, Model B showed a much better distribution even
though there was formation of restrict flow at the bottom, but the overall flow was not affected even
at higher concentrations. On the other hand, Model C, even at the 300-ppm concentration, showed
an impressive velocity distribution, but as the concentration increased the overall velocity
distribution upwards from below region started to restrict and reduce the flow velocity. The constant
velocity distribution was also observed on the centre side of the filter compared to the other regions
of the charcoal filter. This result is due to fluid flow passing through the porous medium of the
charcoal filter without resistance compared to other regions. In the same time, the different
geometry gives different ways of flow distribution that alter the formation of flow restriction, which
even increases the concentration still does not disturb other regions of the filter.

3.4 Validation of Results
From a previous study (Noraini et al., [15]), the preferential flow for a gas mask canister was
simulated. Figure 3 shows a comparison of the pressure drop and velocity distribution results the

previous study. Model B, where the curve geometry was selected because the overall performance
with previous filter were better.
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(b) (d)
Fig. 3. Comparison between results where a) Pressure drop
in previous study, b) Pressure drop in Model B, c) Velocity in
previous study with, d) Velocity in Model B

From Figure 3, the results from the simulations are different from those from previous studies,
where different pressure drops or dead zone formation occur within the Model with the improved
distribution of velocity. This is due to the Model that brought a much wider distribution of flow and
reduced air re-circulation from influencing the overall velocity. Thus, the Model of the honeycomb
main sieve-passageway does improve the current Model filter.

4. Conclusions

Analysis is done on the gas mask filters where the overall flow at three different geometries of
the gas mask filter still had the formation of dead zone; however, compared to the existing geometry,
there had been improvement in terms of velocity distribution. The investigation on the effect of local
climate or humidity in the air on gas mask filtration been seen where the result of the temperature
distribution on the charcoal filler were through evenly, the high humidity ratio and pressure drop in
the gas mask filter still happens in the form of a dead zone of pressure drop that can reduce the
efficiency of filter concentration overall as time goes by. The gas mask filter's lifespan will be
shortened at the same time by the high humidity ratio in the filter, which will trap heat inside the
filter, causing a pressure drop. By analysing the air flow characteristic towards the gas mask filtration
using Fluent analysis had showed the pressure drop was noticeable when high velocity circulation
occurred near the charcoal filter. The contour of velocity also showed distribution through the gas
mask filter, especially for geometry 2, exhibiting greater absorption with better velocity distribution
and less pressure drop or dead zone generation overall.
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