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Abstract  

The application of green energy technology through passive cooling systems offers a solution to 

achieve energy savings and reduce CO₂ emissions. This study focuses on the simulation of room 

conditions using the computational fluid method with the aims of determining the effect of inlet and 

outlet configuration against the air condition in the room. There are 3 variations to evaluate the 

distribution of air temperature, air humidity, and air velocity, the variation are: Variation 1:  two 

inlets – one outlet, Variation 2:  two inlets – two outlets, Variation 3:  four inlets – three outlets.  The 

simulation used k-epsilon as a turbulent model, SIMPLE algorithm, and second order for 

discretization. The results presented in this simulation are the distribution of air temperature, air 

humidity, and air velocity. The results of the study show Variation 3 has the best design if cooling or 

heating equipment wants to be added, for example passive cooling in summer and a heater for cold 

weather.  On other hand, Variation 1 is the most effective in maintaining the stability of humidity 

distribution and air velocity within the room. This configuration successfully creates optimal 

ventilation by generating efficient natural convection without significant fluctuations, achieved 

using two inlets and one active outlet. 
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INTRODUCTION  

In general, climate change is becoming increasingly perceptible, significantly 
impacting indoor air conditions in buildings where people carry out daily activities. The 
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building sector and the activities within buildings account for about 32-48% of global 
energy demand, with the primary energy consumption allocated to conventional HVAC 
(Heating, Ventilation, and Air-Conditioning) systems [1-4]. This demand will continue to 
increase, given that more than 50% of new buildings in Asia are constructed each year. 
The International Energy Agency predicts that electricity demand for cooling will reach 
37% from 2016 levels and will continue to grow until 2050 [5].  The comfort level suitable 
for a particular room is determined using Psychometrics. Through psychometrics, the 
appropriate equipment can be selected to avoid disturbing human comfort [6]. Research 
has varied the input and output air configurations in a greenhouse building. These 
configurations include Natural Ventilation; Naturally Ventilated & Buried & Shaded 
Greenhouse; Naturally Ventilated & Buried Greenhouse; Naturally Ventilated & Shaded 
Greenhouse; Naturally Ventilated Greenhouse. The research results show that Naturally 
Ventilated & Buried & Shaded Greenhouse can produce the highest savings among the 
variations [7]. Water is generally used as a cooling medium due to the following factors: 
1. Water is a material that is readily available in large quantities. 2. It is easy to manage 
and process. 3. It absorbs relatively high heat per unit volume. However, this study 
compares water and glycol as cooling media. The results show that glycol cools the CPU 
surface faster than water [8]. A parametric study of the overall flow regime was conducted 
to describe the impact of the relevant parameters on velocity, temperature, skin friction 
coefficient, and local Nusselt number. It is evident that CuO-EG nanofluids cause a rapid 
decrease in temperature within the boundary layer [9]. The experiment studies the 
cooling performance of freshwater and seawater for evaporative air cooling. The study 
demonstrates the feasibility of evaporative cooling using seawater, which is a significant 
benefit for evaporative cooling applied in coastal areas to conserve freshwater [10]. The 
characteristic of spray-type liquid coolers is that the non-corrosive cooling liquid is 
sprayed directly onto the surface of the thermal element or the expansion surface in 
contact with the thermal element. After absorbing heat, the thermal fluid is discharged 
[11].  

Apart from experiments, simulation methods are needed before carrying out design. 
It is called The Computational Fluid Dynamics (CFD). It can reduce testing costs. CFD is a 
part of fluid mechanics that uses numerical analysis and algorithms to solve and analyze 
problems involving fluid flows. By applying computational methods to the governing 
equations of fluid dynamics, such as the Navier-Stokes equations, CFD allows for the 
simulation of complex fluid behaviors in various systems. This includes predicting the 
movement and interaction of fluids, heat transfer, and chemical reactions within a virtual 
environment. The process typically involves creating a digital model of the physical 
system, discretizing the domain into a mesh of smaller elements, solving the equations for 
each element, and then analyzing the results to understand and optimize fluid behavior. 
Several simulations have been carried out to determine the air condition in the room. Air 
conditioning simulation studies have been widely conducted to understand air 
characteristics such as air temperature distribution and airflow direction [12-19]. For 
instance, this research simulates airflow patterns in contact with the human body. The 
results show differences in airflow patterns and distribution of contaminant when 
realistic walking motion is applied to the model of human, compared to simplified models 
of motion. Contaminant leakage from the All room ranges from 20.6% to 28.6%, indicating 
that previous studies may have underestimated infection risks due to overly simplified 
human models and motions. These results underscore the importance of applying 
realistic human models and movements in CFD simulations for accurate infection risk 
assessment in spaces. [20]. A simulation of airflow in an underfloor air distribution 
(UFAD) system using Computational Fluid Dynamics (CFD) methods showed that finer 
mesh sizes produced more accurate simulations, although requiring longer computation 
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times [21]. Another study analyzed temperature distribution and airflow in naturally 
ventilated rooms during winter, showing that CFD simulations are effective in designing 
ventilation to improve thermal comfort, though there was a slight overestimation of 
temperature [22]. Another study utilized CFD simulations to optimize HVAC systems by 
modeling airflow to enhance thermal comfort. The location of air supply devices was 
found to significantly affect comfort, and the CFD-based approach proved more effective 
in evaluating indoor climate control strategies compared to traditional methods [23]. The 
final study examined the impact of different types of natural ventilation on the thermal 
environment, with jalousie windows proving more effective in improving air quality and 
thermal comfort than top-hang windows [24].  

Building on the issues outlined, this research focuses on simulating indoor room 
conditions using computational fluid dynamics (CFD). The primary objective is to analyze 
the effects of various inlet and outlet ventilation configurations on a passive cooling air-
conditioning system. The simulation evaluates air temperature, humidity, and velocity 
distributions under three distinct inlet-outlet configurations. It is conducted in three 
dimensions for comprehensive airflow analysis. 
 
METHODS 

This research used Computational Fluid Dynamics Method with Ansys Fluent 
Software. In the simulation approach, the process begins are drawing the geometry, 
followed by meshing, inputting parameter settings, running the simulation, validating 
results, and performing post-processing. The simulation uses 3 dimensions with 
geometry dimension 758 cm x 730 cm x 310 cm, the size  is equated to the size of a room  

  
(a)                                                                 (b) 

 
(c) 

Figure 1. Geometry (a) Variation 1, (b) Variation 2, and (c) Variation 3 
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(a) 

 
(b) 

Figure 2. (a) Boundary Condition, (b) Meshing of Geometry 
 
used for student activities.  This research variation consists of three variations: Variation 
1:  two inlets – one outlet as can be seen in Figure 1(a), Variation 2:  two inlets – two 
outlets as can be seen in Figure 1(b), Variation 3:  four inlets – three outlets as can be seen 
in Figure 1(c). 

The boundary condition can be seen in Figure 2 (a). Meshing in Computational Fluid 
Dynamics (CFD) involves dividing the model's geometry into small, discrete cells, as 
shown in Figure 2 (b) with 0,42 for skewness as a mesh quality parameter, it means the 
mesh has very good quality. The simulation used k-epsilon as a turbulent model, SIMPLE 
algorithm, and second order for discretization. This research utilizes Computational Fluid 
Dynamics (CFD) software, encompassing several key modeling steps. Initially, room 
geometry is drawn to create a virtual representation of space. Following this, meshing is 
performed to divide the geometry into discrete elements, which facilitates computational 
analysis. Next, the properties of the cooling fluids are inputted into the software to 
accurately simulate their behavior within the model as can be seen in Table 1. This 
simulation uses five meshes to determine the stable mesh used to analyze the results. 
After simulating all the meshes, the mesh used hexahedral type with 1.466.000 number 
of cells that has lowest error or in stable condition for outlet air temperature as can be 
seen in Table 2. The simulation is then run to analyze the airflow and cooling effects. 
Finally, data is collected, including contour maps and temperature graphs, to evaluate the 
performance of the cooling. 
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Table 1. Properties of Fluid and Wall 

Properties Value Unit 

Inlet Air Temperature  303 K 

Inlet Air velocity 0.5 m/s 

Air Relative Humidity 67.5 % 

Air Density 1.225 kg/m2 

Air Specific Heat 1006.43 J/kg.K 

Air Thermal Conductivity 0.0242 W/m.K 

Air Viscosity 1.7894e-05 kg/m.s 

Wall Material Concrete  

Wall Temperature 300 K 

Wall Density 2200 kg/m2 

Wall Specific Heat 840 J/kg.K 

Wall Thermal Conductivity 1.4 W/m.K 

 
Table 2. Grid Independency [Author result] 

Mesh Number of Cells Outlet Air Temperature (K) Error (%) 

A 550.000 301.10 - 

B 760.000 302.02 0.3046 

C 970.000 302.11 0.0298 

D 1.466.000 302.18 0.0232 

E 1.800.000 302.18 0 

 
RESULTS AND DISCUSSIONS 
Simulation Analysis   

Based on the simulation result, many results can be analyzed such as air 
temperature distribution, air relative humidity distribution, graph of air temperature, air 
humidity, and air velocity in many positions inside the room. The air temperature 
distribution can be seen in Figure 3. The inlet air temperature of 303 K is marked in 
orange colour, for all temperature variations the smallest difference is only 3 K. This is 
due to the low inlet air velocity and the small dimensions of the outlet causing the room 
to not circulate air properly. The air temperature in the near floor for all the variations 
has a higher temperature than in the middle room and in the top room that has lowest air 
temperature. The air temperature distribution in variation 1 shows high temperatures 
were distributed in two positions, this is because variation 1 has two inlets that are 
distance from each other. It is different from variation 2 where the high air temperature 
is only in one position, but the high-temperature area is wider than variation 1. This is 
because two inlets in variation 2 do not have a gap or distance. The different phenomena 
are shown in variation 3. It shows a relatively wide air temperature distribution. This is 
because variation 3 has more inlet and outlet sections than other variations. Variation 3 
has the best design if cooling or heating equipment wants to be added, for example passive 
cooling in summer and a heater for cold weather. It is because variation 3 has the most 
extensive inlet area than other variations.   

Figure 4 shows three variations show significant differences in humidity 
distribution and air velocity, reflecting how each variation affects the dynamics of airflow 
and heat distribution within the room. Variation 1 stands out as the most stable, with 
humidity and air velocity evenly distributed throughout the room. This indicates that 
Variation 1  has  the  most  optimal  configuration  for  generating efficient and consistent 
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Figure 3.  Distribution of Air Temperature, Variation 1 (a) near floor, (b) middle room, 

(c) near top, Variation 2 (d) near floor, (e) middle room, (f) near top, Variation 3 (g) near 
floor, (h) middle room, and (i) near top. 

 
natural convection. This variation also demonstrates that with only two inlets and one 
outlet active, airflow can be managed very efficiently. Variation 2 shows stronger 
convection, with higher air velocity and greater humidity variations. Although it exhibits 
stronger convection, Variation 2 is less stable than Variation 1, due to the significant 
increase in velocity and larger humidity variations. This suggests that while natural 
convection is stronger, airflow stability is less maintained, which could cause discomfort 
or inefficiency in room temperature control. This could be due to the arrangement of two 
active inlets and two active outlets, which increase airflow dynamics but reduce stability. 
Variation 3 is the most unstable, with greater humidity fluctuations and lower air velocity. 
This indicates that Variation 3 has the least optimal arrangement, with airflow 
obstructions reducing the efficiency of natural convection. The less even humidity 
distribution and lower air velocity suggest that this variation may require adjustments in 
room configuration or ventilation to achieve better performance. This could be due to the 
activation of three inlets and three outlets, which increases airflow complexity and may  

 

 

 

 

 

    

      (a)    (b)        (c) 
   

       (d)      (e)     (f) 
   

     (g)    (h)    (i) 

 
Figure 3.  Distribution of Air Temperature, Variation 1 (a) near floor, (b) middle room, 

(c) near top, Variation 2 (d) near floor, (e) middle room, (f) near top, Variation 3 (g) 
near floor, (h) middle room, (i) near top. My opinion is the temperature difference to 

low when it be compared with another area, so the average temperature is 302 K. You 
might consider the adding more data to protrude its phenomenon. 
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result in higher turbulence and less even heat distribution. In conclusion, Variation 1 is 
the most efficient and stable in generating even and efficient natural convection. While 
Variation 2 has stronger convection, it needs improvement in maintaining airflow 
stability. Variation 3 shows a significant need for improvement in room configuration and 
airflow management to achieve better performance. 

Figure 5 (a) illustrates the temperature distribution along Line 1, each with three 
variations in conditions (Variation 1, Variation 2, and Variation 3). Variation 1 shows a 
stable temperature trend with a slight increase from around 301.80 K at the inlet to about 
302.20 K at the outlet. This indicates that natural convection along Line 1 in Variation 1 is 
quite uniform without significant heat accumulation. Variation 2, on the other hand, 
shows a sharper increase in temperature, reaching around 302.60 K at a position of 
approximately 2-3 meters, then slightly decreasing towards the outlet. This suggests a 
higher concentration of heat at certain points, possibly due to room geometry or the 
influence of airflow distribution. Meanwhile, Variation 3 exhibits the most significant 
temperature increase, reaching around 303.00 K at the 3-meter mark before gradually 
decreasing to around 302.40 K at the outlet, indicating strong heat accumulation at certain 
positions likely caused by obstructions in natural airflow.  

 

 

 

 

 
(a) (b) 

 
(c) 

(d) 
 

(e) 
 

(f) 

 
(g) 

 
(h) 

 
(i) 

Var 2 

Var 3 

Var 1 

Figure 4.  Distribution of Air Humidity, Variation 1 (a) near floor, (b) middle room, (c) 
near top, Variation 2 (d) near floor, (e) middle room, (f) near top, Variation 3 (g) near 

floor, (h) middle room, (i) near top. 
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(a) 

 
(b) 

Figure 5. Air Temperature in The Middle Line (a) Line 1, (b) Line 2.  
 

Figure 5 (b) displays the temperature distribution along Line 2. Variation 1 again 
shows a stable temperature trend with a slight increase from 301.80 K to 302.20 K, 
indicating a uniform airflow distribution without significant heat accumulation along Line 
2 in Variation 1. In contrast, Variation 2 experiences a more significant temperature 
increase compared to Line 1, reaching around 302.70 K at the 2–3-meter mark before 
dropping back to around 302.30 K near the outlet. This suggests heat accumulation in the 
middle of Line 2, which then dissipates as it approaches the outlet. Variation 3 follows a 
similar pattern to Line 1, with a peak temperature reaching around 303.00 K at the 3–4-
meter mark, then decreasing to around 302.60 K near the outlet, indicating substantial 
heat accumulation at specific points, possibly due to changes in airflow or the position of 
heat sources.  

In each humidity distribution graph obtained from the numerical study of natural 
convection in a room, various trends reflect differences in humidity distribution across 
the three variations and the three different measurement lines. (Line 1, and Line 2) can 
be seen in Figure 6. Figure 6 (a) shows the humidity distribution on Line 1. Variation 1 
displays a relatively stable downward trend from around 66.5% at the inlet to about 66% 
at around 3 meters. After that, the humidity gradually increases again towards the outlet. 
Variation 2 exhibits a sharper decline, starting from 66.5% at the inlet and reaching a low 
point of around 65.5% at the 4-meter mark before rising again towards the outlet. In each 
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(a) 

 
(b) 

Figure 6. Air Humidity in The Middle Line (a) Line 1, (b) Line 2. 
 

humidity distribution graph obtained from the numerical study of natural convection in a 
room, various trends reflect differences in humidity distribution across the three 
variations and the three different measurement lines. (Line 1, and Line 2) can be seen in 
Figure 6. Figure 6 (a) shows the humidity distribution on Line 1. Variation 1 displays a 
relatively stable downward trend from around 66.5% at the inlet to about 66% at around 
3 meters. After that, the humidity gradually increases again towards the outlet. Variation 
2 exhibits a sharper decline, starting from 66.5% at the inlet and reaching a low point of 
around 65.5% at the 4-meter mark before rising again towards the outlet. Variation 3 
starts at 66%, drops to near 65% at the 3-meter mark, and then gradually increases to 
around 65.8% near the outlet. The maximum and minimum values for Variation 1 are 
66.5% and 66%, for Variation 2 are 66.5% and 65.5%, and for Variation 3 are 66% and 
65%. Among the three variations, Variation 1 has the highest humidity throughout the 
graph, while Variation 3 shows the lowest humidity levels. This suggests that Variation 1 
might have a more stable and uniform airflow, while Variation 3 could be experiencing 
greater temperature variations or turbulence.  

Figure 6 (b) shows the humidity distribution on Line 2. Variation 1 again 
demonstrates stability, with a very smooth downward trend from 66.5% at the inlet to 
around 66% at the outlet. Variation 2 shows a significant drop from 66.5% at the inlet to 
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65% at the 4-meter mark, followed by a rise towards the outlet. Variation 3 has a pattern 
similar to Variation 2, starting from 66%, dropping to 65% around the 3-meter mark, and 
then slightly increasing towards the outlet. The maximum and minimum values in this 
graph for Variation 1 are 66.5% and 66%, for Variation 2 are 66.5% and 65%, and for 
Variation 3 are 66% and 65%. As with Line 1, Variation 1 continues to show the highest 
humidity values, while Variation 3 shows the lowest, reinforcing the idea that Variation 1 
has a more uniform and stable humidity distribution. 

Figure 7 shows the velocity distribution graphs along the two different lines (Line 
1, and Line 2) show a significant increase in speed as they approach the outlet in all three 
variations tested (Variation 1, Variation 2, and Variation 3). Figure 7 presents the velocity 
distribution on Line 1, where all variations exhibit relatively low and stable speeds from 
the inlet position up to around 6.5 meters, before experiencing a sharp increase near the 
outlet at around 7 meters. Variation 1 shows the most significant spike in speed, reaching 
a maximum of approximately 3.8 m/s. Variation 2 follows with a maximum of about 2.8 
m/s, while Variation 3 has the smallest spike with a maximum of around 1.8 m/s. Figure 
7 displays the velocity distribution on Line 2. This graph follows a similar pattern to Line 
1, but the increase in speed begins earlier, around the 6-meter mark. Variation 1 shows 
the sharpest spike, with a maximum speed reaching around 7.8 m/s, higher than on Line 
1. Variations 2 and 3 follow  a similar  pattern, with  maximum speeds of around 6.8 m/s  

 

 
(a) 

 
(b) 

Figure 7. Air Velocity in The Middle Line (a) Line 1, (b) Line 2. 
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and 5.8 m/s, respectively. This indicates that Line 2, possibly due to its location within the 
room, has stronger natural convection compared to Line 1.  
 
CONCLUSIONS 

Based on the results of the numerical study conducted, it can be concluded that 
variation 3 has the best design if cooling or heating equipment wants to be added for 
example passive cooling in summer and a heater for cold weather, among the three 
variations of passive cooling system configurations tested, Variation 1 is the most 
effective in maintaining the stability of humidity distribution and air velocity within the 
room. This configuration successfully creates optimal ventilation by generating efficient 
natural convection without significant fluctuations, achieved using two inlets and one 
active outlet. In contrast, Variations 2 and 3 exhibit deficiencies in natural convection 
stability; although Variation 2 generates stronger convection, its low stability can lead to 
thermal discomfort and inefficiencies in temperature control, while Variation 3 shows 
uneven humidity and air velocity distribution due to suboptimal room configuration. 
Therefore, it is recommended to adopt a configuration similar to Variation 1 to ensure 
stable and efficient airflow, while Variations 2 and 3 require further improvements. This 
study provides a deep understanding of how passive cooling strategies can effectively 
reduce heat loads and support energy independence.  
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