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Abstract—Various, different evaporator placements in a 
room have produced different airflow patterns, temperature 
distribution, and airflow velocities. In this study, the average 
room temperature and airflow velocity measured at 27 points of 
the CFD simulation for 4 positions of the planned evaporator 
placements were compared to determine the most ideal position 
based on the comfortable temperature and the maximum 
airflow velocity pursuant to the SNI 03-6572-2001 
recommendation. On Position 1, two evaporators were given to 
the west wall. Position 2, two evaporators were placed on the 
south wall. On Position 3, two evaporators were given to the 
north wall. Moreover, on Position 4, two evaporators were 
placed opposite to each other where an evaporator was placed 
on the south wall, and the other evaporator was placed on the 
north wall. An ANSYS Fluent software was employed to make 
the CFD simulation. Based on the results of the study, it was 
found out that Position 2 was the most ideal evaporator 
placement position since it met the comfortable temperature 
limit and has the highest number of airflow velocity points 
meeting the recommended maximum airflow velocity pursuant 
to the SNI 03-6572-2001 recommendation. 

Keywords: Air Conditioner, Airflow, CFD Simulation, 
Evaporator Position. 

 INTRODUCTION  
A Smart Classroom educational concept has begun to 

serve as an alternative concept in the learning and teaching 
activities. A combination of a digital technology and 
education is the concept of a Smart Classroom. It is expected 
that the application of a Smart Classroom will help enhance 
the productivity in the process of the learning and teaching 
activities [1][2].  

Thermal comfort is a crucial factor impacting on the 
teaching and learning activities in a classroom. Moreover, a 

comfortable situation depends heavily on several climatic 
variables such as radiation due to the sun exposure, the 
humidity, the air temperature, and the wind speed around the 
building [3].  Geographically, Indonesia is located in the 
equatorial region, so Indonesia has an equatorial climate 
which is hot and humid.  Therefore, Indonesia has a high 
temperature and a high humidity. This condition has resulted 
in a dependence on the use of an air conditioner (AC) in a 
classroom to achieve such a comfortable situation [4][5]. 

In a room, an installed air conditioner also serves as an 
effort made to increase the productivity of the learning and 
teaching activities. In a classroom, the presence of an installed 
air conditioner can be used to regulate the room temperature 
to provide a thermal comfort in order to increase the 
productivity in the learning and teaching activities [6]. 

In the split type of an air conditioner, the AC component 
is divided into two units, namely the indoor unit consisting of 
an air filter, an evaporator and a blower, an expansion valve 
and a control unit; and an outdoor unit consisting of a 
compressor, a condenser and a condenser fan. Moreover, both 
of the indoor unit and the outdoor unit employ 2 refrigerant 
channels; one channel is used to connect the evaporator to the 
compressor, and the other channel is used to connect the 
compressor and condenser to the expansion valve.  

Moreover, it is also used to connect the power cable to the 
supply electric current and to the compressor and the 
condenser fan. A Split AC is suitable for any rooms requiring 
such a quiet ambience such as bedrooms, workspaces, 
classrooms, and libraries. Rasyid (2017) stated that several 
things could affect the performance of an AC, one of which 
was the position of the evaporator in a room [7][8].  

Pursuant to SNI 03-6572-2001 meant to reach and 
maintain a comfortable situation, the airflow velocity falling 
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over the head must not be higher than 0.25 m/s and must be 
lower than 0.15 m/s. Moreover, the temperature limits are as 
follows [9]: 

1. Comfortable cool category (20.5°C-22.8°C,) 

2. Optimal comfort category (22.8°C-25.8°C) 

3. Warm comfortable category (25.8°C-27.1°C) 

Therefore, this study was aimed at making a simulation of 
an airflow pattern of the planned evaporator positions by 
employing a Computational Fluid Dynamics (CFD) method 
with variables and conditions obtained from the observational 
data and other various references. The simulation of an air 
flow pattern was aimed at predicting the distribution of the air 
flow and the temperature of the room and at determining an 
ideal position of the evaporator placement which will be 
implemented in the Smart Classroom concept on the Pusdiklat  
Building. 

 

 RESEARCH METHODOLOGY 
The simulation of an air flow pattern coming out of the 

evaporator was made by employing an ANSYS Fluent 2020 
R1 software based on various room characteristics such as the 
space dimensions, the physical properties of the air around the 
room, and the layout of the furniture and equipment having 
been determined to get the air temperature distribution in the 
Smart Classroom concept. The modelling to be made in the 
simulation would be as follows [5]: 
• The air conditioning system in the room was properly 

functional. 
• The dimensions and the angle of the evaporator air output 

were made the same for each of the positions.  
• The Smart Classroom was completely closed with no 

holes or gaps. 
• Constant (indoor) temperature. 
• The equipment and the furniture were included in the 

simulation.  
The dimensions (l by w by h) Smart Classroom were 9.3 

m by 8.9 m by 3 m. The walls of the Smart Classroom had a 
masonry material with brick blocks and cement plaster with 
the heat transfer coefficient value amounting to 7,746 W/m2K 
and the free stream temperature on the west wall amounting to 
302.85 K and 300 K on the other wall. There were concrete 
columns on each side of the walls with the heat transfer 
coefficient value amounting to0.515 W/m2. Moreover, there 
was also a window with a 10-mm-thick single sheet glass type 
with heat transfer coefficient value amounting to 5.74 W/m2K 
and the free stream temperature amounting to 302.85 K (on 
the west wall). The height of the window was 1.2 m from the 
base of the room [10]. Fig. 1 shows the Smart Classroom 
modelling. 

The position of the planned evaporator placement was as 
follows [11].  Fig. 2 shows Position 1 where the evaporator is 
placed on the west wall.  Fig. 3 shows Position 2 where the 
evaporator is placed on the south wall.  Fig. 4 shows Position 
3 where the evaporator is placed on the north wall.  Fig. 5 
shows Position 4 where two evaporators are placed opposite 
to each other with one evaporator placed on the south wall and 
the other evaporator placed on the north wall. 

 
Fig. 1. Smart Classroom Model 

 

 

Fig. 2. Position 1 

 
Fig. 3. Position 2 

 

Fig. 4. Position 3 
  

 

(a) 

 

(b) 

Fig. 5. Position 4, evaporator on (a) the north wall, and (b) the south wall 
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Table 1 and Table 2 show the initial parameters and the initial 
air conditions of the simulations based on the literature 
parameter guidelines [5][12][13]. 

TABLE I.  SIMULATION PARAMETERS 

 Setup Menu Value 
Meshing Automesh (Polyhedral) 

Gravity (On) -9.81 
Models Energy Equation 
Viscous Model K-Epsilon (2 Equation) 
Initialization Standard 

TABLE II.  INITIAL AIR CONDITION 

Setup Menu Value 
Outlet Temperature 295 K 
Initial Temperature 300 K 
ρ or Density 1.225 kg/m3 
Velocity 4.6 m/s 
η or Absolute Viscousity  
Ratio of Specific Heats 

1.79 E-05 N. s/m2 
1.4 

 

The evaporator output airflow velocity data were measured at 
27 points where there were 21 points at a 1.35-m (the assumed 
height of a sitting person) and 6 points at a 1.65-m height (the 
assumed height of a standing teacher), namely at points T2 - 
T7. Fig. 6 Airflow velocity data measurement points (top 
view) and Fig. 7 Airflow velocity data measurement points 
(side view) show these points [5][8][14][15]. 

 

 
Fig. 6. Airflow velocity data measurement points (top view) 

 

 
Fig. 7. Airflow velocity data measurement points (side view) 

 
 

 RESULT AND DISCUSSION 

A. Result 
Fig. 8 Airflow patterns position (a) - (d) below show the 

simulation results of the airflow patterns of the four models of 
the planned evaporator placement positions. It was found out 
that each evaporator position produced a different airflow 
pattern. 

 

 
(a) 

 

(b) 

 

 
(c) 
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(d) 

Fig. 8. Airflow patterns of (a) Position 1, (b) Position 2, (c) Position 3, and 
(d) Position 4 
 

 

Fig. 9 Airflow velocity distribution at 1.35-m altitude (a) - (d) 
below show the results of the air velocity distribution of the 
evaporator output at a 1.35-m altitude and the measurement 
point for the air flow velocity exceeding the limits 
recommended by SNI 03-6572-2001. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 9. Airflow velocity distribution at 1.35-m altitude for (a) Position 1, 
(b) Position 2, (c) Position 3, and (d) Position 4 
The average room temperatures produced in the simulations 
were 24.27 ° C, 24.5 ° C, 24.45 ° C, and 24.38 ° C for Position 
1, Position 2, Position 3, and Position 4, respectively. 
Moreover, Fig. 10 Temperature distribution at a 1.35-m 
altitude (a) - (d) below show the temperature distribution on 
the plane with a 1.35-m height for each position of the 
evaporator placements. 
 

 
 
 
 
 
 
 
 
 
 
 

(a) 

 
 
 
 
 
 



Received: Sept 27, 2021 | Revised: Oct 19, 2021 | Accepted: Oct 31, 2021 183 

 
(b) 

 
 
 
 
 
 
 
 
 
 
 
 

(c) 
 

(d) 
 

Fig. 10. Temperature distribution at a 1.35-m altitude (a) Position 1, (b) 
Position 2, (c) Position 3, and (d) Position 4 

 

 

B. Discussion 
Based on the results of the measurements of the CFD 

simulations, it was found out that in Position 1 there were 4 
points exceeding the standard limit of the air velocity 
recommended by SNI 03-6572-2001; it exceeded 0.25 m/s at 
points T19 (0.673 m/s), T21 (0.282 m/s), T24 (0.317 m/s), and 
T26 (0.367 m/s). In Position 2, there were 3 points exceeding 
the standard limit namely at points T7 (0.266 m/s), T18 (0.419 
m/s), and T19 (0.286 m/s). In Position 3 there were 4 points 
exceeding the standard limit, namely at points T11 (1.084 
m/s), T12 (0.422 m/s), T20 (0.268 m/s), and T21 (0.384 m/s). 

In Position 4 there were 7 points exceeding the standard limit, 
namely at points T11 (0.442 m/s), T12 (0.293 m/s), T14 (0.464 
m/s), T15 (0.648 m/s), T21 (0.504 m/s), T23 (0.381 m/s), and 
T24 (0.353 m/s). 

The ideal evaporator placement position would be 
determined based on the results of the average room 
temperature and the results of the air velocity at each of the 
measurement points complying with the standards 
recommended by SNI 03-6572-2001 in the case of the thermal 
comfort. Fig. 11 Comparison of the average room temperature 
at each evaporator position below shows the comparison of 
the results of the average room temperature. 

 
 
 

 
Fig. 11. Comparison of the average room temperature at each evaporator 
position 
 
Fig. 12 Comparison of total measurement points that meets 
airflow velocity standards below shows the comparison of the 
total air flow velocity measurement points complying with the 
speed standards recommended by SNI 03-6572-2001. 

 

 
Fig. 12. Comparison of total measurement points that meets airflow 
velocity standards 
 
Based on the comparison of the average room temperature 
simulation results as shown in Fig. 11 above, all the results of 
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the average temperature of each of the simulated rooms did 
not exceed the comfortable temperature limit in terms of the 
optimal comfort category. Moreover, Position 2 or the 
position of the evaporator placed on the south wall constituted 
the largest number of the measurement points complying with 
the standard air flow velocity recommended by SNI 03-6572- 
2001, namely 24 points out of the total 27 measurement 
points. 

 CONCLUSION 
Based on the results of the air flow simulations 

employing a CFD method made at each of the planned 
evaporator positions, it was found out that various airflow 
patterns were obtained at each planned position. Position 2 or 
the position of the evaporator placed on the south side of the 
wall was the most ideal position to place the evaporator since 
it met the comfortable temperature standards and there were 
24 air flow velocity measurement points out of the total 27 
measurement points complying with the standard 
recommended by SNI 03-6572-2001. 
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