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ABSTRACT: The Covid-19 pandemic is currently still being faced in the world, so it is necessary to control
the spread, especially controlling the spread in health clinics. Controlling the spread of viruses through the air
can be done by installing mechanical ventilation that is because light airborne particles are expelled by an
exhaust fan. the addition of a mechanical ventilation system makes air exchange occur and air exchange can
form an airflow pattern. The flow pattern formed is very important to analyze because light airborne particles
tend to follow the airflow pattern. To know the flow pattern can be done by CFD simulation. In this study, the
CFD simulations were carried out with a transient time by varying the number of exhaust fans and the angle of
the air conditioner flapper. The simulation result shows without the addition of a mechanical ventilation system
the vortex is occur caused by the circulation of the air conditioner blower and the angle of the air conditioner
flapper provides a different flow direction. Meanwhile, the addition of a mechanical ventilation system can
produce air exchange and vortex flow becomes superposition flow. With the air exchange, the risk of
transmitting the virus through the air can be reduced. In addition, air exchange can cause the room temperature
to increase. Besides that, variations in the number of exhaust fan cause variations in the pressure value where
the greater number of exhaust fans installed, the pressure becomes decrease while the velocity value becomes
increase.

KEYWORDS- Mechanical ventilation system, CFD simulation, airflow pattern, pressure and
temperature.

I INTRODUCTION

The health clinic is the place of the health facilities service. The building of health clinics has a large
potential virus spread through the air or airborne infection, especially in the conditions of the covid-19 pandemic
that the world is still facing today [1]. Controlling the spread of the airborne infection can be done by optimizing
the ventilation system [2]. In general, ventilation systems are used to improve indoor air quality as physical and
chemical [3]. Ventilation rate is caused by the pressure difference, the value of pressure difference is influence
to value of ventilation rate [4]. The ventilation system can be the classification into two types that is natural
ventilation and mechanical ventilation [5]. Natural ventilation is the ventilation where the movement of air is
natural manner while mechanical ventilation is needed tools such as a fan to create of ventilation rate. In
general, mechanical ventilation uses an exhaust fan to create a ventilation rate [6]. The Health Ministry of
Indonesia has been creating the standard value of ventilation rate where the ventilation rate must be reaching the
minimum value of air change hour (ACH) is 6 per hour [7].

The addition of a mechanical ventilation system aims to circulate and exchange indoor air where the
dirty air is expelled through the exhaust fan channels and the fresh air enters through the inflow channels [8].
The air entering and leaving the room can form of air flow pattern [9]. The airflow pattern is important to
analyze because the movement of light airborne particles tends to follow the airflow pattern [10].

The role of the HVAC (Heating Ventilating and Air Conditioning) system during the pandemic covid-
19 is very important because the ventilation system can be reduced airborne particles in room so that the risk of
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airborne infection can be reduced [11]. In addition, a filtration system is very important, where the filter is
keeping the entering air quality [12].

The addition of airflow exchange using mechanical ventilation in the room where the indoor air is
conditioned by an air conditioner can be increasing the cooling load because the air with low temperature is
expelled by an exhaust fan and the air with high temperature is entered through inflow channels and then the
indoor air temperature becomes highly [13]. Increasing indoor air temperature can influence the consumption of
electric energy because the air conditioner can not reach the air temperature setting so the air conditioner is still
operated [14]. The value of indoor air temperature is effect to the room thermal comfort. Indonesian National
Standard (SNI) has been creating the standard value of thermal comfort with the range temperature is 20.5°C —
27°.8C [15].

Knowing the airflow pattern with the addition of mechanical ventilation can be done by using the
computational fluid dynamics (CFD) method [16]. The CFD method is relevant to obtaining the physic
phenomena of airflow such as flow pattern, velocity, pressure, vector, and temperature [17]. CFD has the variant
of type simulation that is the steady simulation and transient simulation. The steady simulation is a fluid flow
simulation where the flow time is negligible while the transient simulation is a fluid flow simulation that is
considered the flow time [18]. As we know, the air is very easier to deform after receiving stress so time can
affect the formation of flow patterns [19]. Thus, it is necessary to carry out a transient CFD simulation of the
addition of mechanical ventilation in the health clinic room to obtain and analyze the physical phenomena.

1. METHOD
2.1 Research Schematic
In this study, the clinic that was used as the object is the Bayu Suta Medical Service clinic. The schema
of the clinic is shown in Figure 1.

Figure 1. Scheme of health clinic.
The treatment room (R.TINDAKAN) was chosen as the object for the CFD simulation because the
treatment room was not equipped with a ventilation system and the schematic addition of mechanical ventilation
has been illustrated in Figure 2.
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Figure 2. Schematic of mechanical ventilation addition.

Fig. 2 is shown the schematic of the mechanical ventilation addition. In this case, the type of air
conditioner is used split type and the flapper AC (fan guide) is varied, which is 40°, 50°, and 60°. In addition,
the number of exhaust fans also varied, namely 2, 4, and 6. In this case, the first simulation is a clinic room
without the addition of ventilation and the next is a clinic room with the addition of mechanical ventilation.
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2.2 CFD simulation.
The CFD or computational fluid dynamic simulation using Ansys Fluent software. In general, the CFD
simulation consists of 4 processes, namely geometry, mesh, physic, and result.

2.2.1 Geometry.

Simulation used negative part or only fluid domain without solid. CFD technique with negative part
aims to save the number of mesh so that the iterations process becomes faster and less memory needed. Fluid
domain of computation as shown in Figure 3.

(a) (b)

Figure 3. Fluid domain. (a) fluid domain without ventilation, (b) fluid domain with ventilation.

The dimension of fluid domain is 4.48m x 2.80m x 6m, thus the volume of fluid domain is 75.26m?®, dimension
of fluid domain follows the dimension of health clinic that is choose as an object on this research.
2.2.2 Meshing.

Meshing is the process of enumerating fluid domains into a grid. The number of grids of the mesh
greatly affects the simulation result i.e., the convergence value and accuracy of the result. Smaller grid size of
the mesh, the simulation result becomes smoother and accuracy becomes high, and also the convergence
standard value can be achieved. Type Mesh used in this research is poly hex-core type mesh where this mesh is
a combination of polyhedral and hex-core type mesh. The advantages of poly hex-core mesh are the relatively
smaller number of mesh and high accuracy [20]. Poly hex-core mesh is shown in Figure 4.

Figure 4. Poly hex-core mesh.
Mesh is set with a minimum cell’s length is 0,005859m and maximum cells length is 0,04687m. The summary
of the meshing result is shown in Table 1.
Table 1. Summary of the meshing result.

No Parameter Value
1 Cells 867.700
2 Faces 3.287.310
3 Nodes 1.636.738
4 Volume statistic:
Maximum volume (m®) 2.28e-04
Minimum volume (m®) 4.21e-09
5  Face area statistic:
Maximum face area (m?) 3.26e-03
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Minimum face area (m?) 9.23¢-08

2.2.3 Solution.

Simulation of fluid flow is solved by governing equations that are continuity equation, momentum
equation, and energy equation [21]. While the turbulence model used is the RANS (Reynolds Average Navier
Stokes) turbulence model Namely K-epsilon (K-g). The RANS turbulence model is used to solve average
turbulence flow []. The k-epsilon turbulence model has two-equation namely turbulence kinetic energy (k) and
turbulence dissipation rate (). Turbulence kinetic energy has been modeled as an equation (1) [22].
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While turbulence dissipation rate has been modeled by equation (2) [22]
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Where x is the coordinate x-directional axis, p is the density of the fluid, E;; is the deformation of fluid, and p,
is eddy viscosity. Eddy viscosity has been modeled by equation (3) [23].

KZ
He = pCﬂ N (3)

Equation (3) involves a constant that can be set it is gy, g, C1,, C2,. The value of this constant can be lowered
by a number of fittings for the turbulence flow wide range, namely: C,=0,09; g,= 1,0; 0,= 1,3; C1,= 1,44,
C2,=1,92 [24].

The solution method or solver used in this simulation is the SIMPLE scheme (Semi Implicit Method
for Pressure Linked Equation), which is the numerical procedure for solving the Navier-Stokes equation that
uses the relationship between velocity and pressure to obtain mass conservation and pressure field value [25].

2.2.4 Transient CFD Simulation Setup.
The transient CFD simulation used several parameter settings among them as shown in Table 2.

Table 2. Parameter settings.

Parameters

Settings

Solver type
Pressure formulation
Velocity formulation

Time
Gravity
Energy equation
Turbulence model

Fluid density and viscosity
Boundary conditions:
1. inlet
2. outlet
3. wall
Solver scheme
Solution initialization
Run calculation:

Pressure based
Pressure gauge
Absolute
Transient
Y-axis (-9.81m/s?)

On
k-epsilon (standard with wall
function)

Fluent data base

Velocity inlet
Pressure outlet
No slip condition
SIMPLE
Standard
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1. Iteration number 6000
2. Time scale factor 0.02
3. Flow time 60 seconds

Initial value that is inputted at the boundary conditions (pressure outlet, velocity inlet, and temperature)
using experimental data that has been measured.

1. RESULT AND DISCUSSION
3.1 Simulation without addition of mechanical ventilation.

Simulation result without the addition of a ventilations system is carried out by varying the flapper
angle of the air conditioner. Simulation results that is velocity contour are shown in Figure 5.

Velocity [m s”-1]
Contour 1

Figure 5. Vector and velocity contour without addition of ventilation system. (a) flapper angle 40, flapper angle
60, (c) flapper angle 80.
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Figure 5 shows vector and velocity contour, the vector has been set using flow directional and the color
of the vector is set constant variable. In general, without the addition of a ventilation system, the flow is
continuously circulated in the room without any air changes. This condition is very dangerous because light
particles airborne circulated continuously in the room so it is very dangerous for patients or medical personnel
thus the risk of airborne infection becomes high. Therefore, it is necessary to add a ventilation system to create
air exchange in the room and the risk of transmitting the virus through the air can be minimized. Meanwhile, the
AC flapper angle influences on the input flow, causing a flow vortex to occurs in the room and the vortex occur
at different positions due to variations in the flapper angle.

From the simulation result, the room temperature obtained is 22°C, where this value already meets the
thermal comfort standards. The temperature simulation results shown the same result as the AC temperature this
is due to the absence of additional cooling load.

3.2 Transient simulation with addition of ventilation system.

Transient simulations with the addition of a ventilation system are carried out by varying the number of
exhaust fans. The simulation was carried out with a flow time of 60 seconds. Simulation results are shown in
Figure 6.
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Figure 6. Vector and velocity contour at flow time 1s to 60s.

Figure 6 shows the result of transient simulations with variations in the number of exhaust fans the
velocity vector is used for directional flow and the color of the vector is set constant variable. Each variation of
the exhaust fans shows the exchange of air through the inflow and exhaust fan mechanism. With the exchange
of air, the airborne particles in the room can be removed through the exhaust fan and fresh air enters through the
inflow channels so that the risk of airborne virus transmission can be reduced.
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From simulation results, the varying number of exhaust fan produce a difference velocity of the airflow
that enters through the inflow channels this is caused by the different in pressure generated by the exhaust fan
thus the more of number exhaust fan is added then the air indoor pressure becomes decrease due to the large
mass flow of air is expelled from the room. The pressure difference is used to make air enters naturally through
the inflow channels so that the greater value of pressure differences the velocity of airflow through inflow
channels can be increased. The simulation results show that the variation in the number of 6 exhaust fans
produces the highest airflow velocity value compared to variations of 2 and 4 exhaust fans.

On the odder hand, the large value of the mass flow of goes out through exhaust can produce a large
value of air change hour or ACH. A high ACH value can accelerate the reduction of airborne particles in the
room because more air mass is expelled so that light airborne particles are also expelled along with the air as
well as the movement of airborne particles following the flow pattern that occurs [10, 26].

The simulation results also show that time affects the airflow pattern. Each exhaust fan variation in the
1% second shows that air is starting to be sucked by the exhaust fans. Then at 30 seconds, it looks like the air has
started entering through inflow channels where the variations of 6 exhaust fans produce the highest air velocity
entering the room and the exhaust fan still sucks the room air and the airflow pattern seen from velocity vector
has shown a change in a pattern where the air begins to focus on moving towards the exhaust fans. At 60
seconds the air around the exhaust fan has focused on moving towards the exhaust fan channels. The difference
in flow pattern from variations in the number of exhaust fans is only on the value of the flow velocity. From the
simulation result, the average value of pressure in each variation is shown in Figure 7.

Average Pressure Gauge
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Figure 7. Average pressure gauge.

Figure 7 shows the value of the average pressure difference with variations in the number of exhaust
fans. The graph in Figure 7 shows that the more exhaust fan installed, the average pressure in the room becomes
lower so that variations of 6 exhaust fans can produce a high flow rate and high ACH (Air Change Hour) value
but the decrease in the pressure value is not too significant thus, the standard pressure for occupant to breathing
activity still can be achieved.

3.3 Flow pattern with and without the addition of ventilation system.
With the addition of a ventilation system, a different flow pattern occurs, where the flow pattern is
viewed at the center position of the building as shown in Figure 8.

Velocity [m s”-1]
Contour 1
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(a) (b)
Figure 8. Vector and velocity contour at center position. (a) without ventilation, (b) with addition mechanical
ventilation.

Figure 8 shows that there is a difference in flow patterns. With the addition of a ventilation
system, the vortex resulting from the circulation of the air conditioner (AC) blower turns into superposition
flow. This change in flow pattern is caused by the effect of the exhaust fan which continues to suck air in the
room and the flow that enters through the inflow. In addition, the air conditioner flapper angle (guide fan) is no
longer significant in influencing the formations of the flow pattern.

3.4 Temperature difference with and without addition of ventilation system.
The simulation result shows that there is a difference in temperature contour under conditions without
and with the addition of a ventilation system as shown in Figure 8.

(@ (b)

Temperature K]
Contour 1

Figrure 8. Temperature contour. (a) without addition mechanical ventilation, (b) with addition mechanical
ventilation.

Figure 8 shows the temperature difference without and with the addition of a ventilation system there is
an increased temperature value due to the addition of a ventilation system (inflow dan exhaust fan), this is
caused by the addition of heat into the room so that the temperature becomes high. The mechanism of added
heat is the presence of outdoor air with high temperature entering through the inflow and conditioned air being
expelled through an exhaust fan so that the room temperature becomes high and the consumption of electric
power becomes increases because the Air Conditioner (AC) can not reach the set temperature.

The temperature generated by the addition of the ventilation system still meets the standard of thermal
comfort that has been determined by Indonesia Standard National [15].

v. CONCLUSION
From the result of this study, the things that can be concluded are: flow pattern without the addition of
a ventilation system and variations in the angle of the air conditioner flapper occur vortex and vortex occur at
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the different positions due to different direction of flow from the air conditioner. With the addition of a
ventilation system occur air exchange, while the variations of 6 exhaust fans produce the highest flow velocity
value compared to variations of 2 and 4 exhaust fans. On the odder hand, with the addition of a ventilation
system, the vortex flow can be reduced becomes superposition flow and the flapper angle of the air conditioner
is no longer significantly contributes to the formation of a flow pattern. The addition of mechanical ventilation
also can increase the value of the room temperature, but the risk of transmitting the virus through the air can be
reduced.
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