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The HVAC (heating, ventilation, and air conditioning) systems utilization has increased in 

the last decade. It conducts global warming which has an impact on the rising of global 

temperatures. An excellent air conditioning system will make the room comfortable 

conditions. This paper aims to investigate the mosque space with a cooling model of wall-

mounted air conditioning and the difference in inlet angle and air inlet velocity. The room 

design was constructed using SolidWorks software. Air distribution observations were 

created using ANSYS Workbench simulation software. The use of a supply angle of 90° 

results in an even distribution of air with a low inlet velocity, whereas in conditions of a 

supply angle of 60° requires a higher inlet speed. Thus, the uniform air distribution is able 

to be realized by the proper configuration which results an appropriately room temperature 

and saves energy usage. 
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1. INTRODUCTION

HVAC (heat, ventilation, and air conditioning) systems are 

increasingly being used at the end of this decade. This occurs 

because the development of developing regions has resulted in 

an increase in energy consumption by 40% of the total world 

energy consumption [1]. Global warming also has a role in 

increasing global temperature increase. Energy sources that 

are dwindling as well as strict energy policies and 

encouragement about its sustainability, there is a lot of 

research to deal with it. A lot of research is being done to 

produce renewable energy [2-6]. 

The air conditioning system is an effective way to get a 

room with comfortable conditions. As a step to balance indoor 

air quality and energy consumption, various ventilation 

systems, air conditioning, and air distribution have been 

widely researched and used such as ventilation shifting, 

mixing ventilation, hybrid air distribution and personal 

ventilation [7, 8]. A good air conditioning system is needed to 

save energy in addition to getting a comfortable room with 

good air distribution and a comfortable air temperature and 

appropriate flow rate in a room. This is what has led many 

researchers to investigate the performance of HVAC [1, 9-14]. 

The study of air conditioning systems can be carried out by 

numerical methods as predictions and comparisons with real 

or experimental conditions as well as visualizing air flow and 

temperature [10, 15]. Ning et al. conducted a CFD 

investigation in the bedroom by considering the height of the 

inlet to the sleeping position. The results show that the lowest 

inlet position results in an overall airflow distribution [16]. 

Indoor air quality is influenced by how much air flows in and 

how the air distribution occurs. Zhou and Kim conducted a 

study on the effect of air velocity on the suction in the kitchen 

[17]. Likewise, Liu et al. did a study of air velocity in the 

suction area in the house. The effect of air supply is also 

investigated [18]. This shows the effect of reducing the 

temperature throughout the room. Meanwhile, Noh et al. 

conducted a study on the effect of flow rate on the ceiling and 

ventilation, which also showed the effect on temperature, air 

quality and room comfort [19]. 

This article describes the results of investigating an air 

conditioning system using a computational fluid dynamic 

(CFD) on the air distribution of wall-mounted air conditioning 

with variations in inlet velocity and air intake angle. 

Evaluation of the effectiveness of the system can be seen from 

the distribution of indoor air and a comfortable temperature 

according to the standard. This air distribution affects the 

amount of warm or cold air supply to get the same indoor 

comfort and affects the cooling performance. 

2. METHODOLOGY

2.1 Design and model description 

The design used in this case is a mosque room with a 3D 

shape as shown in Figure 1a. In this case, the room uses wall-

mounted AC (Figure 1b). The dimensions of the room in the 

study are 15x16x4m with two doors on the right and left. The 

simulation in this case is carried out in the summer where cold 

air is blown into the room through three wall-mounted AC. 

The position of the air conditioner in this room is 50 cm 

from the roof in front of the room. The air outlet is located at 

the bottom of the door. The ambient temperature is set to 31℃, 

the room is assumed to be full of people so the air in the room 

is set to on 31℃ with an increase in temperature due to the 

presence of people of 5 Watt. The walls, ceiling and floor are 

assumed to be adiabatic no-slip. In this article, the AC inlet 

angle is varied 30°, 60° and 90°. Angle measurements are 

carried out as shown in Figure 1c.  
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Figure 1. (a) Design of masque room with three wall-

mounted inlet air; (b) wall-mounted air-conditioner; (c) angle 

of inlet air-conditioner 

 

2.2 Simulation methods 

 

The configuration in this simulation uses variations in inlet 

speed 1 m/s, 5 m/s and 10 m/s and at each speed the inlet angle 

was varied 30°, 60° and 90°. This variation was chosen for the 

simulation because of the average speed used in the wall-

mounted air-conditioner, while the inlet angle variation was 

also selected based on the use of a wall-mounted air-

conditioner. The configuration of this simulation is shown in 

Table 1. The inlet temperature is set uniformly at 17℃, this 

temperature is adjusted accordingly cooling load capacity. 

 

Table 1. Configuration for simulation 

 

Case 
Inlet Temperature 

(°C) 

Inlet velocity 

(m/s) 

Inlet Angle 

(°) 

1 17 1 30 

2 17 1 60 

3 17 1 90 

4 17 5 30 

5 17 5 60 

6 17 5 90 

7 17 10 30 

8 17 10 60 

9 17 10 90 

 

The design of the room was drawn using Solidworks 

software, and simulations were carried out using ANSYS 

software. The convergent criteria applied to this simulation are 

10-3 for energy conversion residuals. In this simulation, the 

design space is transferred to ANSYS Meshing as shown in 

Figure 2. The inlet and outlet sections are made with a fine 

grid to increase the accuracy of calculations. 

 

 
 

Figure 2. Meshed model 

 

 

3. RESULT AND DISCUSSION 

 

In this section, the results of simulations that have been 

carried out in 9 cases will be presented as shown in this section 

Table 1. The results of this simulation will be used as a 

reference for placing the air conditioner in the mosque room. 

Previously, calculations were made to determine the inlet 

temperature by considering comfortable room conditions 

based on cooling capacity. The simulation begins with setting 

the inlet temperature, then modeling with variations in inlet 

velocity, then modeling with variations in inlet angle. 

The results of the simulation are displayed in 3D and 2D 

visualization. Visualization of the resulting airflow 

distribution and its temperature distribution in 2D at several 

points.  

 

3.1 Temperature distribution 

 

Figure 3 shows the results of the temperature distribution at 

all variations in the inlet velocity and also the inlet angle of the 

3-AC wall-mounted. The temperature distribution was 

calculated over the three planes and then averaged over each 

distance from the front of the AC inlet. Figure 3a indicates that 

at the inlet speed 1 m/s, the resulting room temperature ranges 

from 27-37℃ on all variations. At the corner of the inlet 30° 

the farther from the inlet the air conditioner the resulting 

temperature increases. The result differs at an angle 60° where 

the room temperature has a relatively more diverse 

temperature, but the resulting temperature is still high, namely 

32℃. While at the inlet angle 90° the room temperature 

decreased significantly at the back of the room. 

Based on Figure 3b is the simulation result of an inlet 

velocity of 5 m/s. In the graph, it can be seen that the entire 

room has a relatively more uniform temperature, but the 

pattern of rising and falling is similar to the case when the inlet 

velocity is 1 m/s. The resulting room temperature ranges from 

19-27℃ at an inlet angle of 30°. At a 60° angle the room 

temperature ranges from 21-23℃, while at a 90° angle the 

room temperature is relatively more uniform at 20℃. 

1. Data record positions 

2. Inlet 

3. Outlet 
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Figure 3. Temperature distribution with inlet velocity; (a) 1 

m/s, (b) 5 m/s, (c) 10 m/s, (d) 10 m/s 

 

At an inlet speed of 10 m/s the resulting room temperature 

is lower than the others. Figure 3c shows that the average room 

temperature at the variation of the inlet angle of 30°, 60° and 

90° tends to be the same, namely between 17-21℃. The 

simulation results show that the inlet angle of 90° has a good 

temperature uniformity of 20℃. Where the expected room 

temperature is in the range of 17-21℃ in accordance with the 

standards of comfort in the room [20]. This uniformity of room 

temperature is produced because the flowing air flows evenly 

moves throughout the room. 

 

Table 2. ANOVA temperature “Inlet angle effect” 

 
 Sum of Squares df Mean Square F Sig. 

Between Groups 19.286 2 9.643 3.944 .048 

Within Groups 29.343 12 2.445   

Total 48.629 14    

 

Based on the results of the one-way ANOVA test as shown 

in Table 2, with a significance value of 0.048, it can be 

concluded that the inlet angle has an effect on the room 

temperature value because the significance value is less than 

0.05. 

 

3.2 Airflow pattern 

 

Figure 4 shows the air flow pattern at an inlet angle of 30° 

for the three zones in front of the water inlet. At an angle of 

30° the flow pattern indicates that the flow velocity in front of 

the inlet is higher than at the back.  
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Figure 4. Airflow pattern at 5 m/s with 30° inlet supply; (a) 

line 1; (b) line 2; (c) line 3; (d) 3D view 

 

The cold air that is exhaled through the inlet at an angle of 

30° cannot properly spread throughout the room because of the 

turbulent flow on the front. The farther from the inlet, the 

lower the air velocity, so this makes the room temperature not 

uniform. This air flow turns and forms turbulence after hitting 

the floor and only rotates in the front area which then exits 

through the outlet channel. 

The simulated airflow pattern at an angle of 60° can be seen 

in Figure 5. As described in Figure 3, that the distribution and 

reduction of indoor temperature with an inlet angle of 60° 

shows better uniformity. This happens because at the inlet 

angle of 60°, the air flow can spread throughout the room. 

Cold air that is distributed is not only fixed on the front area 

but at an angle of 60°, the air flow changes direction 

backwards in the center area of the room. So that the air that 

bounces on the floor then changes direction backward and 

distributes cold air up and turns forward and then comes out 

through the outlet area. 

The airflow pattern at an inlet angle of 90° with an inlet 

velocity of 10 m/s is shown in Figure 6. The resulting flow 

shows that cold air can be diffused throughout the room. The 

flow from the inlet to the back wall at full speed then hits the 

wall and then flows down and rotates forward again which 

then exits through the outlet area. 

 

 
(a) 

 

(b) 

 
(c) 

 
(d) 

 

Figure 5. Airflow pattern 10 m/s with 60° inlet supply; (a) 

line 1; (b) line 2; (c) line 3; (d) 3D view 

 

 
(a) 

 
(b) 

 
(c) 
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Figure 6. Airflow pattern at 10 m/s with 90° inlet supply; (a) 

line 1; (b) line 2; (c) line 3; (d) 3D view 

 

3.3 Temperature distribution pattern 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 7. Temperature distribution pattern at inlet velocity 

10 m/s with; (a) 30°; (b) 60°; (c) 90° inlet angle 

 

Based on the resulting flow patterns at each variation in the 

inlet angle, we can see that at an angle of 60° and 90°, the 

resulting flow can spread throughout the room at almost the 

same speed. The flow of cold air that enters produces room air 

to decrease. The resulting room temperature at a speed of 10 

m/s with various variations in the inlet angle can be seen in 

Figure 7. Based on Figure 7, the temperature in the Y plane as 

far as 1.5 m from the floor which is an area that corresponds 

to the average height of humans in Indonesia. At the inlet angle 

of 30° the room shows a high temperature visualized with the 

dominant orange-yellow color. At an inlet angle of 60° the 

temperature is lower than the inlet angle of 30° which is 

indicated by yellow-green color and is less evenly distributed, 

while at an angle of 90° the room temperature is more uniform, 

indicated by a more even color of green and of course with a 

more comfortable temperature at 20℃. 

At an angle of 30°, the room temperature is uneven because 

when the angle is 30°, the air flow occurs only in the front area 

of the air conditioner and forms turbulence. Meanwhile, at an 

angle of 90°, the air distribution will be more even because the 

airflow sweeps across the room and turbulence occurs when 

the airflow hits the back wall. This causes the temperature 

distribution to be more even. In addition, the temperature 

distribution is influenced by the very high air flow velocity of 

10 m/s. The speed of this air flow allows the flow to blow to 

the back of the room. 

 

 

4. CONCLUSIONS 

 

This paper reports the results of a numerical investigation 

using Ansys Fluent Software on the distribution of indoor air 

in a mosque with differences in inlet angle and inlet velocity. 

Calculations and simulation results have been described in the 

previous section. Based on the simulation results, it can be 

concluded that the inlet velocity and inlet angle of the air 

conditioner affect the air distribution which causes the indoor 

temperature to decrease. At an inlet speed of 10 m/s and an 

angle of 90° is the most optimum configuration with the results 

of the temperature distribution which has the smallest 

difference, namely 17-21℃. Indoor conditions with an 

average temperature of 17-21℃ are comfortable conditions in 

the room. So that this configuration is the best configuration. 
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