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Abstract

It is a great privilege for us to present the proceedings of ISAIME 2022 to the authors and
delegates of the event. International Symposium on Advances and Innovation in Mechanical
Engineering (ISAIME) is an international conference initiated by Badan Kerja Sama Teknik Mesin
(BKSTM), the Indonesian National Organization on Mechanical Engineering. This event is hosted
by the Mechanical Engineering Department, Hasanuddin University, Makassar, and held in
Makassar, Indonesia on October, 13th 2022. This conference is an invaluable opportunity for
academia and researchers to present and publish their works on the advancement of mechanical

engineering and technologies
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ISAIME conference has three broad topics namely energy, advanced material, and design and
applied mechanics. On this occasion, there were four distinguished keynote speakers and oral
presentations by participants which brought great opportunities to share their recent research

works and knowledge with each other.

Peer review committees tirelessly delivered constructive critical comments to the authors to
improve the quality of the presented papers. We are very grateful to the keynote speakers,
reviewers, advisory committee, session chairs, and all the authors for their active participation and
principal contribution to the success of this conference. We would also like to extend our thanks to

the members of the organizing team for their hard work.

List of Editors, Steering Committee, Advisory Board/Reviewer, Organizing Committee are available
in this Pdf.
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Abstract

A cleanroom is a highly controlled environment; therefore, air quality is of significant concern, and
specific physical and microbiological requirements must meet the standard. In addition to the
number of particles, another critical parameter in a cleanroom is temperature. USP (The United
States Pharmacopeia) 797 recommends that the temperature of a cleanroom be around 20 °C. Air
auaiity is achieved through several parameters and components, such as using a high-efficiency

particulate air filter (HEPA), the amount of fresh air entering the room, temperature, pressure

https://iopscience.iop.org/article/10.1088/1742-6596/2739/1/012012/meta 1/4
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difference, and airflow direction. In this study, the cooling load of the room for the filling and sealing
process was calculated, and the airflow and temperature distribution patterns between two
parameters of the return air grille (RAG) position were compared using Computational Fluid
Dynamics (CFD). The first parameter, RAG 1, was placed above the ceiling, while the second
parameter, RAG 2, was set on the sidewall. Based on the results of the study, it was found that the
heat load generated from the room was 6.99 kW with a cooling coil capacity amounting to 10.77
kW. Moreover, the supply airflow rate was 371.66 I/s. Based on the results of the simulation
modelling, it was found that the RAG positioned on the sidewall was more ideal than the RAG
positioned above the ceiling since the temperature was more evenly distributed in the room where

the RAG was positioned on the sidewall.
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Abstract. A cleanroom is a highly controlled environment; therefore, air quality is of significant
concern, and specific physical and microbiological requirements must meet the standard. In
addition to the number of particles, another critical parameter in a cleanroom is temperature.
USP (The United States Pharmacopeia) 797 recommends that the temperature of a cleanroom be
around 20 °C. Air quality is achieved through several parameters and components, such as using
a high-efficiency particulate air filter (HEPA), the amount of fresh air entering the room,
temperature, pressure difference, and airflow direction. In this study, the cooling load of the
room for the filling and sealing process was calculated, and the airflow and temperature
distribution patterns between two parameters of the return air grille (RAG) position were
compared using Computational Fluid Dynamics (CFD). The first parameter, RAG 1, was placed
above the ceiling, while the second parameter, RAG 2, was set on the sidewall. Based on the
results of the study, it was found that the heat load generated from the room was 6.99 kW with
a cooling coil capacity amounting to 10.77 kW. Moreover, the supply airflow rate was 371.66
1/s. Based on the results of the simulation modelling, it was found that the RAG positioned on
the sidewall was more ideal than the RAG positioned above the ceiling since the temperature
was more evenly distributed in the room where the RAG was positioned on the sidewall.
Keywords: Cleanroom, Return Air Grille, CFD.

1. Introduction

A cleanroom is used in treating patients at a hospital, examining, and manufacturing a product in several
industries such as microelectronics, pharmacy, biotechnology, medical equipment, and food and
beverages. A cleanroom is a closed room capable of providing control over particulate contamination in
the air. Particulate contamination may be either in the form of a micro-organism such as bacteria,
microbes, or viruses in the form of a non-living particle such as metal, organic or inorganic compounds,
pollution, or dust [1]. ISO 14644-1 stipulates that the permissible particulate size for the cleanroom area
ranges from 0.1 um to 5 um [2]. In addition to the number of particles, another critical parameter in a
cleanroom is temperature. USP (The United States Pharmacopeia) 797 recommends that the temperature
of a cleanroom be around 20 °C [3].

The air pattern of the cleanroom is affected by the configuration of air supply, return air, and its flow
rate. When designing a good cleanroom, the first step that should take is selecting the configuration of
the air pattern [1]. An appropriately designed air pattern will result in evenly distributed cold air in the
room.

Bishnoi and Aharwal (2019) did a study on the effects of an airflow plane in the room and concluded
that the airflow and temperature distribution impacted on the optimization [4].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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The airflow pattern and the temperature distribution may depend on several inter-related factors such
as the RAG position, airflow rate, air temperature, and the number of particulates in the cleanroom. A
physical examination and measurement to study the effects of all these factors on thermal comfort,
energy efficiency, and the level of hygiene will take such a long time. In this situation, analyzing various
realistic scenarios through Computational Fluid Dynamics (CFD) method serves as an interesting
alternative [5]. The results of CFD may be presented in a color contour plot as shown by Fig. 1. It shows
the temperature distribution and particle concentration in a cleanroom. An airflow path line and a vector
plot are employed to show the airflow pattern in the cleanroom. A flow animation also helps visualize
the movement of air and particles in the cleanroom.

Figure 1. Airflow Pattern Simulation [1]

A CFD analysis can predict the generated airflow pattern and temperature distribution, the
concentration of particles, the relative humidity distribution, and the occupant’s thermal comfort in a
confined space such as a cleanroom. Bagus Satrio (2020) analyzed the temperature distribution of a
computer laboratory by considering the thermal comfort of the laboratory. Based on the CFD analysis,
it was found out that the airflow pattern could spread to every corner of the computer laboratory, so the
cold air was evenly distributed in that room [6].

In this study, calculating the cooling load in the cleanroom and compare the return air grille (RAG)
positions for the filling and sealing process of the drugs. The RAG positioned above the ceiling served
as the first parameter, and RAG positioned on the sidewall served as the second parameter. Using a CFD
method with ANSYS software to obtain the airflow based on these two parameters, could find the most
appropriate RAG position producing the airflow, so a good temperature distribution pattern in the room
could be achieved.

2. Method

In the implementation, the cooling load in the room was calculated and designed an RAG position with
two parameters to be examined. The room to be used in this study was the Filling 2 room in CSAS
building intended to produce cough medicines.



ISAIME-2022 IOP Publishing
Journal of Physics: Conference Series 2739(2024) 012012  doi:10.1088/1742-6596/2739/1/012012

2.1. Room Condition
The room serving as the object of study was a 18-square-meter room used in the sealing and filling
process for the production of cough medicines. Table 1 shows the condition of the space design.

Table 1. Room Condition

No Detail Information

1 Dimension of the Room 6 mby3mby 2.75m

2 Position Second Floor CSAS L19 Building
3 Location Tangerang, Banten

4 Design Temperature 20C

5 Room RH +60%

6 Room Pressure +

7 Pressure Difference 5Pa

8 Ambient Temperature 34C

9 Ambient RH +80%

The room was located on the second floor of CSAS L19 building as elaborated in Attachment 2. The
room was located between the Filling 1 room and the corridor. Fig. 2 showed that the room consisted of
three partition walls and the outer wall, where the outer wall faced southward. It showed also the floor
plan of the room that was designed with four diffuser supplies and two RAGs. The room temperature
was set at 20 °C pursuant to USP 797 recommendation, where the cleanroom temperature was around
20 °C [3]. The room was designed to be a room with positive pressure to avoid any air-borne
contamination from the other rooms. The pressure difference between Filling 2 room and the other
rooms was 5 Pa, pursuant to 1SO 14644-4 stipulating that the pressure difference between the clean
room should range from 5 to 20 Pa [2].

Corridor

2000
3
o
o

Partisi 2 AR ‘

2000

RAG [1#

< Dinding Luar.
\ pelviviv] l

Figure 2. Floor Plan and Positions of the Walls and the Room Partitions

2.2. Cooling Load The Room
The cooling load is generated from various kinds of heat transfers such as conduction, convection, and
radiation through the building components and from the internal sources. The building components
capable of affecting the cooling load include:
1. External load: Heat load through the walls, roof, windows, doors, partition, ceilings, and floor.
2. Internal: Lamps, people, electronic devices producing heat.
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2.3. Infiltration: Air leaks and humidity migration.

The cooling load was calculated by employing a cooling load temperature differential (CLTD)
method pursuant to ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning
Engineers) standard [7]. CLTD is a theoretical temperature differential calculating the joint effects of
the inside and the outside air temperatures, daily temperature range, solar radiation, and thermal storage
in the construction [8]. In terms of CLTD value, a CLTDc (Cooling Load Temperature Differential
corrected) was obtained, in which CLTDc is a value of temperature differential having been adjusted to
the design temperature, the outside temperature, and the latitude of the building.

Below is how the cooling load was calculated through the building, internal and infiltration
components:

2.3.1. Heat Load Through The Wall
A wall consists of several different component materials each of which store’s heat differently.
Moreover, it has its own specific heat properties (Cp) as a measure of the ability of a material to store
heat energy [9]. Therefore, a material’s thermal conductivity is defined as the rate of a heat transfer
through the material thickness unit per unit area per thermal difference unit. The thermal conductivity
of a material is a measure of the ability of a material to conduct heat. A high conductivity value indicates
that the material is a good conductor of heat, while a low conductivity value indicates that the material
is a bad conductor or isolator of heat [10].

The thermal conductivity is calculated use equation (1), where Table 3.11 of Handbook Cooling
and Heating Load Calculation Manual ASHRAE shows the thermal resistance value [11].

U =1/ (R1+R2+...+Rn) (1)

Where:

U  : Heat transfer coefficient, W/m?K

R : Thermal resistance, (m?.K)/W

X : Material thickness, m

If the wall experiences any contact with the outer air, the value of CLTDc should first be identified.
To obtain the value of wall CLTDc, according to ASHRAE Cooling and Heating Load Manual [11]
can be calculated use equation (2). Moreover, Table 3.10 of Handbook Cooling and Heating Load
Calculation Manual ASHRAE shows the values of CLTD, and Table 3.12 of Handbook Cooling and
Heating Load Calculation Manual ASHRAE shows the values of LM [11]:

CLTDc = (CLTD + LM) x K + (25,5-Tr) + (T0-29,5) 2

Where:

CLTD : Cooling Load Temperature Difference, °C LM Latitude Month

K : Coefficient value for the wall color

K : 1.0, for a dark or light color in the industrial area

K : 0.83, for a medium light color in the residential area (light blue, green, etc.)

K : 0.65, for a light color in the residential area (beige)

Tr . Design temperature, °C

To : Outer air temperature, °C

After obtaining the value of CLTDc, the heat load through the wall can be calculated. According to
ASHRAE Cooling and Heating Load Manual [11], the heat load is calculated using an equation (3) as
follows:

Q=UxAXxCLTDc 3

Where:
Q : Wall cooling load, Watt
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CLTDc: Cooling Load Temperature Difference Corrected, °C
U : Wall heat transfer coefficient, W/m2K
A : Area of the wall, m2.

2.3.2. Heat Load Through The Roof

The value of roof CLTDc is calculated use equation (4), Table 3.8 of ASHRAE Cooling and Heating
Load Manual shows the values CLTD, and Table 3.12 of ASHRAE Cooling and Heating Load
Manual shows the values of LM [11].

CLTDc = (CLTD + LM) x K + (25.5-Tr) + (T0-29.5) (4)
Where:
CLTD : Cooling Load Temperature Difference, °C LM Latitude Month
K . Coefficient value for the roof color
Tr : Design temperature, °C
To : Outside air temperature, °C

The conduction heat color through the roof is calculated with equation (5), and, like the wall and
roof, the coefficient value of the heat transfer is calculated use equation (1).

Q=UxAXCLTDc (5)
Where:
Q : Roof cooling load, Watt
CLTDc : Cooling Load Temperature Difference Corrected, °C
U : Wall heat transfer coefficient, W/m?2.
KA : Area of the wall, m?

2.3.3. Heat Load Through The Floor And The Partition
The conduction heat color through the floor and the partition is calculated use equation (6), and, like
the wall and roof, the coefficient value of the heat transfer is calculated with equation (1).

Q=UxAxAT (6)
Where:
Q : Heat load through the Floor/Partition
U : Roof heat transfer coefficient, W/m2K
AT : Temperature differential, °C
A : Area of the floor/partition, m?

2.3.4. Heat Load Through the Lamp

The heat load from the light-bearing equipment is calculated use equation (7). Moreover, Table 4.1 of
ASHRAE Cooling and Heating Load Manual shows the values of ballast factors and Table 4.4 of
ASHRAE Cooling and HeatingLoad Manual shows the values of CLF [11].

Q =qixfsxfux CLF @)
Where:
Q : Light cooling load, Watt
qi : Total power of the lamps, Watt
fu : Percentage of lamp usage, %
fs : Ballast factor

CLF : Lamp cooling load factor
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2.3.5. Heat Load From the Occupants

Not only do humans produce sensible heat, but they also produce latent heat. Human heat load is
calculated to use equations (8) and (9), where Table 4.5 of ASHRAE Cooling and Heating Load Manual
shows the values of heat per person [11]. The value of CLF is assumed to be 1 since the air conditioner
works less than 24 hours [11].

Qs=nxqsxCLF (8)
Where:
Qs : Sensible cooling load of the occupant’s load, Watt
Ql : Latent cooling load of the occupant’s load, Watt
n : Number of occupants
gs : Sensible heat produced by the humans, Watt
gl : Latent heat produced by the humans, Watt
CLF : Cooling load factor for humans

2.3.6. Heat Load from Equipment Heat Load

Equipment heat load is calculated using equation (9). Moreover, Table 4.12 of ASHRAE Cooling and
Heating Load Manual shows the values of equipment sensible heat, and Table 4.13 of ASHRAE Cooling
and Heating Load Manual [11] shows the values of equipment load factor.

Qs=qix FL x CLF 9)
Where:
Q : Equipment sensible cooling load, Watt
qi : Equipment sensible heat, Watt
FL : Equipment sensible coefficient
CLF : Sensible heat factor,
CLF :1 if the equipment is used less than 24 hours

2.3.7. Heat Load From Ventilation

Ventilation is outer air deliberately put in the room in order that the air circulation in the room continues
to be maintained. The ventilation heat load is calculated use equations (10) and (11), where Table 5.3 of
ASHRAE Coolingand Heating Load Manual shows the occupant’s need of air [11]:

Qs =1,23 x AT x scfm (10)
QI =3.010 x AW x scfm (11)
Where:
Qs : Sensible heat load, Watt
Ql . Latent heat load, Watt Scfm: Occupant’s need of air, /s
AT : Temperature differential between the room air temperature and the outer air
temperature, °C
AW : Humidity ratio differential between room humidity and outer air humidity, kg/kg.

The air humidity ratio differential is determined with a psychrometric diagram.

2.3.8. Heat Load Of Infiltration

Heat can be transmitted through the air entering from a crack in the door or the wall entering the
room due to the pressure difference between the rooms, and it occurs naturally. Infiltration air
discharge is determined by using the graphs in Fig.3, from the pressure difference and door opening
factor (K).
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Figure 3. Infiltration Characteristics of the Window and the Door [9]
After obtaining the value of Q/L, the infiltration discharge can be calculated use equation (12).
Scfm =P x Q/L (12)
Where:
Scfm : Infiltration air discharge, I/s
P : Perimeter of the door opening, m

The infiltration heat load is calculated use equations (13) and (14).

Qs =1,23 X AT x scfm (13)
QI =3.010 x AW x scfm (14)

Where:

Qs : Sensible heat load, Watt

Ql : Latent heat load, Watt

Scfm - Infiltration air discharge, /s

AT : Air temperature differential of the room, °C

AW : Ratio differential of the air humidity between the rooms, kg/kg

2.3.9. Psychrometric Analysis

A psychrometric analysis is conducted with psychrometric graphs. There are several parameters on the
psychrometric graphs such as the dry air temperature line (Tdb) serving as the abscissa and the humidity
ratio line serving as the ordinate. Mixed air and steam thermodynamics condition will be fully
determined if there are three parameter that have been determined [12]. On the psychrometric graph,
there are other parameters from the air properties which can help us analyze the air properties such as
relative humidity (RH), wet ball temperature, specificvolume, enthalpy, and dew-point temperature. In
the psychrometric analysis, we need the comparison value of sensibleheat load to room total load. The
value of RSHR s calculated using equation (15).

RSHR = RSH/RTH (15)
Where:
RSHF : Room sensible heat ratio
RSH : Room sensible heat load (Watt)RLH : room latent heat load (Watt)

RTH : Total sensible and latent heat load (Watt)
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The psychrometric graph helps us know the temperature of the room supply in order to determine
the capacity ofcooling coil and required supply air discharge. The required supply air discharge is
calculated use equation (16).

Scfm = RSH/1,23 x (TR -~ TSA) (16)
Where:
scfm : Supply air discharge to the room, I/s
RSH : Room sensible heat load, Watt
TR : Room temperature, °C
TSA : Supply air temperature, °C

In terms of the capacity of cooling coil pursuant to Handbook Cooling and Heating Load
Calculation Manual ASHRAE, the coil capacity is calculated by adding the total oom heat load and
sensible and latent heat load of the outside air [11]. The sensible and latent heat load of the fresh air is
calculated use equations (17) and (18).

OASH = 1,23 x scfmOA x (TOA - TR) (17)
OALH =3.010 x scfmOA x (WOA — WR) (18)
Whereas:
OASH > outside air heat load, Watt
OALH > outside air heat load, Watt
ScfmOA  : fresh air discharge, I/s
TR : room temperature, °C
TOA : outside air temperature, °C
WR - humidity ratio, kg/kg
WOA - humidity ration, kg/kg

From the air heat load, the required capacity of cooling coil can be calculated use equations (19),
(20) and (21).

gS = RSH + OALH (19)
gL = RLH + OALH (20)
gT=9gS+qgL (21)

3. Results And Discussion

3.1. Calculating the Cooling Load

Tabel 2 shows characteristics of the wall material. The heat transfer coefficient value (U) of the wall is
calculated use equation (1), so we obtain results as follows: Udinding = 1/(Rtotal) = 1/0,41 = 2,47 W/m?
K. The floor on the filling 2 room experienced contact with the roof of the first floor. The floor
construction was thesame as the roof construction as shown by Table 3 and Table 4. The heat transfer
coefficient value (U) of the roof and the floor was 0.63 W/m?2K. The heat transfer coefficient value (U)
of the partition was 3.66 W/m?K.

Table 2. Characteristics of the Wall Material

No Wall Component Resistance Value
(m2.K)/W
1 Outer Surface Resistance 0.06
2 20-mm Plaster 0,03
3 100-mm Brick 0,14
4 20-mm Plaster 0,03
5 100-mm Polyurethane 0,03
6 Outside air resistance 0,12




ISAIME-2022

IOP Publishing

Journal of Physics: Conference Series

2739(2024) 012012 doi:10.1088/1742-6596/2739/1/012012

Table 3. Material Characteristics of the Roof and the Floor
No Wall Component Resistance Value

(m2.K)/W
1 Inner Resistance 0.12
Value
2 20-mm Plaster 0.03
3 Concrete 1.17
4 Steel Sliding 0.000035
5 Ceiling Air Space 0.18
6 100-mm Polyurethane 0.03
7 Outer air resistance 0.06

Table 4. Material Characteristics of the Partition

No Wall Component Resistance Value
(m2.K)/W

1 Inner Surface 0,12
Resistance

2 100-mm 0,03

Polyurethane

5 Inner Surface 0,12

Resistance

The calculation was conducted based on the data and equations (1) to (21) having been elaborated
above as shown nTable 5 and Table 6.

Table 5. Sensible Heat Load

No Source of Equation Sensible Heat Load
Sensible Heat (Watt)
Heat Load Through (2)and (3) 237.15
the Wall
2 Heat Load (6) 158.76
Through the
Roof
3 Heat Load (6) 158.76
Through the
Floor
4 Heat Loat (6) 754.88
Through The
Partition
5 Heat Load of ) 262.66
the Light
6 Occupant’s (8) 300
Heat Load
7 Equ Joment Heat (20) 1453.28
8 Heat Load of (11) 731.42
The Ventilation
9 Infiltration Heat 2133 and 98.89
Load 14
Table 6. Latent Heat Load
i Sensible
Sourceﬁggtensmle Equation Heat Load
(Watt)
1 Occupant’s Heat Load (€)) 390
2 Heat Load of The Ventilation (12) 2.301,31
3 Infiltration Heat Load (13) and (15) 145.20
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Table 7. showed the total heat of the room. It was 6,992.31 Watt. The heat load of the room would
be used to calculate the capacity of cooling coil. When calculating the cooling coil, the heat load was
added with the safety factor(SF) amounting to 10%.

Table 7. Total Heat Load of the Room

No Heat Load Total Total + SF

1 Sensible Heat 4,155.80 4571.38
(RSH)

2 Latent Heat (RLH)  2,836.51 3,120.16

3 Total Heat (RTH) 6,992.31 7,691.54

3.2. Calculating the Supply Air Discharge to the Room
The air discharge of the air conditioner to the room was calculated use equation (16). Before calculating
it, we were required to determine the supply air temperature by using a psychrometric analysis. There
are several steps required to use a psychrometric analysis to determine the capacity of cooling coil. They
are as follows:
o Plot the air condition and the room air condition in the psychrometric diagram. The outer air
condition is marked with point 1 (34 °C and RH amounting to 80%), while the room air condition
is marked with point 2 (10 °C and RH amounting to 60%) as shown by Fig. 4.
o Calculate the room sensible heat load ratio value (RSHR) with equation (16), so the results as
follows:
RSHR =4571.38 Watt/7,691.54 = 0.6 Watt.
The supply air condition was found when the RSHR line was tangent to the 90-% RH line.
Therefore, the requiredsupply air had a temperature amounting to 10 °C, RH amounting to 90%,
and humidity ratio amounting to 0.007 kg/kg. The supply air discharge was calculated with
equation (16).
rScfm = 4571.38/1.23 x (20 C - 10 °C) =371.66 I/s

ASHRAE PSYCHROMETRIC CHART NO. 1

ASHRAE) y PR N Ay -
=7 AKX VA
/ 5 - 1
Ao 1

oY B TEMPERATIRE ©

Figure 4. Psychrometric Analysis

3.3. Calculating the Capacity of Cooling Coil
Calculating amount of outside air load with equations (17) and (18) with the outside air discharge
amounting to 42.48 I/s, the results as follows:

Sensible heat load of the outside environment:
OASH =1.23x42,481/sx (34 °C -20 C)=731.42 W

10
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Latent heat load of the outside environment:
OASH =3.010 x 42.48 /s x (0.027 kg/kg — 0.009 kg/kg) = 2,301.31 W

Calculating the capacity of cooling coil of the air conditioner with equations (19), (20) and (21), the
results asfollows:

qs =4,571.38 W + 731.42 W = 5,302.80 W

gL =3,120.16 W + 2,301.31 W =5,421.47 W

Hence, the total capacity of cooling coil required to absorb the heat from the outside air was:

qT =5,302.80 W +5,421.47 W =10,724.27 W

3.4. Analyzing the Effects of an RAG Position.

After calculating the cooling load and determining the required numbers of the RAG, then observe the
effects of an RAG position on the temperature distribution. The first examination was done with the
RAG positioned above theceiling as shown by Figure 5. Moreover, the second examination was done
with the RAG positioned on the sidewall as shown by Figure 6.

2.000(m) F/L‘
—— X

1.000

Figure 5. Parameter 1 Figure 6. Parameter 2

From those two parameters, comparing the airflows based on the streamline shown by the results
of the simulation. Figure 7 shows the airflow of the first parameter, while Figure 8 shows the airflow of
the second parameter.

i"'%’?',‘:" 2] Moa S i
el e
Figure 7. Airflow of Parameterl Figure 8. Airflow of Parameter 2

Fig. 7 shows that, in terms of the course of the streamline, the airflow is dominant on the
ceiling of the room, while Fig. 8 shows that the airflow reaches every corner of the room. Fig. 9
shows the color contour of the temperature distribution on the ceiling (Y=2.5 m), while the figure on

11
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the right is parameter 1, and the figure on the left is parameter 2. Figure 9 shows that parameter 1
results in a 20°C-air temperature pattern more evenly distributed than that of parameter 2. The 20°C
temperature is depicted with a green contour.

0.500

Figure 9. Area Temperature Distribution of the Ceiling (Y>1.5 meter)

Figure 10 shows the temperature distribution at a 1.5-meter altitude above the floor (Y=1.5 m),
where 1.5 meters isthe altitude of the air conditioner and the average height of the workers. Fig. 10 shows
that the temperature is more evenly distributed in the picture on the left (parameter 2), so it shows us that
the airflow pattern affects the temperature distribution, where parameter 1 has a better temperature
distribution at a 2.5-meter altitude since the airflow is more dominant on the ceiling as shown by Figure
10. However, at a lower altitude, namely at a 1.5-meter altitude, the temperature distribution of
parameter 1 decreases.

Figure 10. Temperature Distribution of the Ceiling Area (Y=1.5 meter)

Figure 11 shows the temperature distribution from the side of the room at a 1.5-meter altitude.
Figure 11 shows that the design of parameter 2 results in a better air distribution, namely the RAG
positioned on the sidewall.
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Figure 11. Température Distribution from the Side (Z = 2 meter)

Hence, based on the results of the simulation, it is found out that the RAG positioned on the
sidewall is more idealthan the RAG positioned on the ceiling since it will result in a more evenly
distributed 20 °C air; therefore, it will meet the standard SNI and achieve the desired design condition.

4. Conclusion

Based on the results of the study, it is concluded that the heat load of the 6-m-by-3-m-by-2.75-m Filling
2 room is 6.99 kW. The required cooling or the capacity of cooling coil is 10.72 kW with the supply air
discharge amounting to 371.77 I/s. Based on the results of the simulation, it is found out that the RAG
positioned on the sidewall is the most ideal position since it results in a more evenly distributed
temperature than the RAG positioned on the ceiling. The RAG positioned on the sidewall produces the
average temperature amounting to 20.59 °C, while the RAG positioned on the ceiling produces a higher
average temperature, namely 20.69 °C. Hence, it already meets the standards stipulated by ASHRAE
for pharmaceutical room.
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