
 
Semarak Journal of Thermal-Fluid Engineering 2, Issue 1 (2024) 16-25 

 

16 
 

 

Semarak Journal of Thermal-Fluid 
Engineering 

 

Journal homepage:  
https://semarakilmu.my/index.php/sjotfe/index 

ISSN: 3030-6639 

 

Temperature Distribution in a Cooled Room 
 

Siti Khadijah Azhar1, Ishkrizat Taib1,*, Muhammad Amir Zafran Saipul Anuar1, Muhammad Fauzi 
Abd Gani1, Muhammad Zahid Firdaus Shariff1

  
  
1 Faculty of Mechanical and Manufacturing Engineering, Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia 
  

ARTICLE INFO ABSTRACT 

Article history: 
Received 1 August 2024 
Received in revised form 23 August 2024 
Accepted 2 September 2024 
Available online 30 September 2024 

A 3-dimensional numerical study was conducted to compare the computational and 
experimental results of airflow characteristics and temperature fields in the activity 
areas of Kolej Kediaman Tun Dr. Ismail (KKTDI) and Kolej Kediaman Tun Fatimah (KKTF), 
focusing solely on their indoor environmental conditions. Two methods were 
employed: experimental measurements and computational simulation using the 
Computational Fluid Dynamics (CFD) approaches. The validation process involved 
comparing the proposed simulation with previous experimental results, focusing on 
velocity and temperature results. The average relative error of the velocity was 
12.59%, which was considered acceptable because it was less than 20%. This error was 
observed only at the KKTF, as no velocity was recorded at the KKTDI (0 m/s at all lines). 
The temperature simulation consistently showed 18°C across all lines. The 
experimental results for the KKTF ranged from 16.4°C to 17.8°C, whereas the KKTDI 
temperatures ranged from 27.8°C to 28.9°C. Comparing the simulation and 
experimental results, the KKTF results were similar, with differences ranging from 0.2°C 
to 1.6°C across the curves. However, the KKTDI exhibited significant differences, 
ranging from 9.2°C to 10.9°C across lines. This study successfully demonstrated the 
accuracy of the airflow characteristics and temperature field data obtained in the two 
active halls. The results provide valuable insights into the indoor environmental 
conditions of the KKTDI and KKTF, highlighting the importance of proper ventilation 
system design and equipment placement in managing heat accumulation. The results 
contribute to a better understanding of indoor environmental dynamics and can 
inform the future design and optimisation of similar spaces.   
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1. Introduction 
 

An activity hall is frequently used for meetings and small events that require a flexible and 
efficient air distribution system. Designing rational air distribution systems that accurately predict 
indoor air distribution to meet user requirements is a significant challenge. Therefore, this study was 
conducted to investigate the airflow characteristics and temperature fields in two different activity 
halls with similar designs and spaces. The main objectives of this study were to analyze and compare 
the computational and experimental results of airflow characteristics and temperature fields in the 
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activity halls of KKTDI and KKTF. Additionally, this study simulated the air distribution using CFD with 
different variables and parameters to develop a more efficient air distribution system. 

Research has shown that enhancing air-conditioning units can significantly improve their 
performance and energy efficiency [1,2]. Mohideen et al., [3] found that incorporating window air 
conditioner units with wickless loss heat pipes (WLHP) can improve the unit's coefficient of 
performance by 18%–20%. Studies on the performance of air-cooled condensers in air-conditioning 
units have observed that an increase in ambient temperature negatively affects the performance 
coefficient due to a decrease in overall heat rejection [4,5]. A parametric study and optimisation of 
an air-conditioning system for a heat-loaded room indicated that the direction of the air supply from 
the air conditioners strongly affected the velocity field and temperature distribution in the room 
[6,7]. 

Rodriguez and Hinojosa [8] studied the airflow in an air-cooled, three-dimensional rectangular 
room, considering the turbulent flow and the radiative exchange between walls. Fulpagare et al., [9] 
conducted experiments to investigate room airflow patterns and thermal comfort by examining 
rooms under four conditions: natural, only fan, only AC, and fan with AC. Prakash [10] used the CFD 
method to analyse thermal comfort and indoor airflow characteristics, developing new strategies to 
identify optimal window openings, improving low-temperature percentages by 50% [11]. Kato [12] 
performed CFD analysis on a network model of airflow and transport scenarios, whereas Nielsen 
predicted the flow and heat transfer in cavities [13]. They showed that the thermal wall jet from a 
radiator significantly influences the airflow patterns, temperature, and pollutant distribution in 
heated rooms [14]. Additionally, the ceiling average Nusselt number increases with Reynolds number 
and decreases with Grashoff number [15,16]. 

In this study, we analyzed the airflow characteristics and temperature distributions within two 
activity halls with similar designs and spatial configurations. We began by collecting temperature data 
from both halls to understand the baseline conditions and used CFD to simulate the air distribution, 
which allowed us to compare the results and identify differences in airflow patterns and temperature 
fields. To deepen the analysis, additional CFD simulations were conducted by adjusting various 
variables and parameters to observe their impacts on air distribution within buildings. 
  
2. Methodology  
 

This study employed two methods: an experimental approach and computational simulation 
using the ANSYS FLUENT software. The methodology outlines the implementation of each method to 
achieve the research objectives. 
 
2.1 Experimental Method 
  

This study focuses on investigating the airflow characteristics and temperature fields. 
Temperature readings inside the activity halls of KKTDI and KKTF were obtained every two hours 
starting at 8:00 a.m. to 10:00 p.m. Furthermore, the results are compared with the simulation results. 
Figure 1 illustrates the tools used to obtain the experimental data: (a) measuring tape, (b) 
anemometer, (c) tape, and (d) digital thermometer. 
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(a) (b) 

 

       
      (c)                   (d) 

  Fig. 1. The tools were used to obtain the experimental data (a) Measurements 
  Tapes (b) Anemometer (c) Tape (d) Digital thermometer  

 
2.2 Numerical Method 
 

ANSYS software was used for finite element analysis to address structural issues [17,18]. The 
application of CFD analysis to fluid dynamics problems is becoming increasingly common. For 
visualisation purposes, ANSYS FLUENT can solve CFD applications related to airflow characteristics 
and temperature fields in the activity halls of KKTDI and KKTF. 
 
2.2.1 Geometries of the KKTDI and KKTF activity halls 
 

The activity halls of KKTDI and KKTF were modelled using SOLIDWORKS software, with a 
parameter view of the halls shown in Figure 2. In this project, the model was built in SolidWorks, 
transferred to the design modeller, and saved in the IGS format, which is compatible with ANSYS. 
This format is illustrated in Figure 3. 

 

 
Fig. 2. Overall sizes of the KKTDI and KKTF halls 
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Fig. 3. Geometry in design modeler 

 
2.3 Meshing 
 

The meshing process discretizes the computational domain into numerous cells or elements [19]. 
This process generates mathematical equations related to the fluid flow model, thereby enhancing 
the numerical analysis and evaluation [20]. The accuracy of the entire model depends on the mesh 
quality. A high-quality mesh resulted in a more accurate flow solution. Figure 4 shows an overview 
of the meshed product. The model was subjected to a Grid Independence Test (GIT) to determine 
the appropriate element size for the geometry. Because of the GIT, the meshed model had a 
maximum skewness of 1.0 and a computational grid consisting of 128,129 nodes and 104,696 
elements. 

 

 
Fig. 4. Overview of the mesh product 

 
2.4 Boundary Conditions 
 

Boundary conditions were employed to define the specific boundaries of the flow variables within 
the model. The flow solution is influenced by the selected parameters, and the precise configuration 
of these parameters is crucial. Inappropriate boundary conditions can lead to inaccurate results. 
Therefore, suitable boundary conditions were specified for each part of the proposed model. 

The velocity inlet boundary condition was used to determine the scalar properties and velocity 
flow at the inlet wall boundaries. In this study, velocity inlets were positioned at the front surfaces of 
six air conditioners. The side wall is treated as a symmetry boundary condition, which is commonly 
applied to lateral walls to reduce the computational time and cost associated with fluid flow 
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problems caused by the flow field and symmetry of the geometry. Figure 5 illustrates the velocity 
inlet and wall boundary conditions. Table 1 lists the boundary conditions used in this simulation. 
 

    
(a)                (b) 

Fig. 5. Boundary conditions (a) Velocity inlet (b) Wall 
 

Table 1 
Boundary conditions 
Zone  Type 
Inlet Velocity magnitude = 1.317 m/s 

Temperature = 289 K 
Wall Wall (symmetry in 2D cases) 

 
3. Results  
3.1 Experimental Results 
 

This section presents and discusses the main findings from the KKTDI and KKTF activity halls using 
an experimental approach. The results focused on airflow characteristics in terms of velocity and 
temperature fields. Figure 6 shows a schematic of the activity hall. 
 

 
Fig. 6. Schematic of the activity hall 
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3.1.1 Evaluation of airflow characteristics in activity halls (velocity) 
 

The velocity measurements near the walls were approximately zero; therefore, only the nodes in 
the center were considered. The values for these four lines are listed in Table 2. In the KKTDI model, 
the air velocity was zero at all nodes, whereas in the KKTF model, it was zero on line 4. The highest 
velocity recorded in the KKTF was 0.167 m/s. Figure 7 illustrates the air velocity decline across the 
lines, starting from Line 1. 
 

Table 2 
Experimental velocity result 
No line Velocity (m/s) 

KKTF KKTDI 
1 0.167 0 
2 0.133 0 
3 0.067 0 
4 0 0 

 

 
Fig. 7. Experimental velocity result 

 
3.1.2 Evaluation of temperature field in the activity areas 

The temperature readings at KKTF and KKTDI were notably different: KKTF was freezing, and 
KKTDI was hot. The highest temperature recorded at KKTDI was 28.9°C, while the lowest temperature 
recorded at KKTF was 16.4°C. Table 3 lists the experimental temperature results. Figure 8 shows that 
the temperature differences across the lines for KKTF and KKTDI were minimal and acceptable. 
 

Table 3 
Experimental temperature results 
No line Temperature (°C) 

KKTF KKTDI 
1 16.5 27.8 
2 16.4 28.2 
3 17.0 28.9 
4 17.8 28.9 
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Fig. 8. Experimental temperature results  

 
3.2 Computational Simulation Results 
3.2.1 Evaluation of airflow characteristics in activity halls (velocity) 
 

The velocity values obtained from the CFD simulations are listed in Table 4. The highest velocity 
was at line 1, measuring 0.125 m/s, whereas the lowest was at line 4, measuring 0.00139 m/s. Figure 
9 shows the simulated velocity results. 
 

Table 4 
Simulation velocity result 
No line Velocity (m/s) 
1 0.12542 
2 0.10971 
3 0.07232 
4 0.001399 

 

 
Fig. 9. Simulation velocity result 

 
3.2.2 Evaluation of temperature field in the activity hall 
 

Table 5 presents the experimental results for Tun Fatimah and Tun Dr. Ismail residential colleges. 
The highest temperature occurred at line 1, with 17.8°C (TF) and 28.9°C (TDI). The lowest 
temperature for TF was in line 3, at 16.4°C, while for TDI, it was in line 4, at 27.8°C. Figure 10 indicates 
that the temperature at the TF was similar to the experimental temperature, with differences of only 
0.2°C (line 1), 1°C (line 2), 1.6°C (line 3), and 1.5°C (line 4). In contrast, the temperature at the TDI 
showed significant differences of 10.9°C at lines 1 and 2, 10.2°C (line 3), and 9.2°C (line 4). 
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Table 5 
Simulation velocity result 
No line Tun Fatimah (℃) Tun Dr Ismail (℃) Simulation (℃) 
1 17.8 28.9 18.0 
2 17.0 28.9 18.0 
3 16.4 28.2 18.0 
4 16.5 27.8 18.0 

 

 
Fig. 10. Simulation temperature results 

 
3.2.3 Air flow characteristics in the activity hall 
 

Figure 11 illustrates the velocity contour and streamline obtained by post-processing. The velocity 
reached its maximum value of 2.135 m/s at several locations, including above line 1, between lines 2 
and 3, and near air conditioners 4 and 3. However, the vorticity between lines 3 and 4 is greater than 
that at other locations. Overall, the center of the hall exhibited higher air conditioner velocities than 
the walls, approaching 0 m/s. This situation is consistent with the velocity profile, indicating that the 
center of the hall is cooler than the other regions. 
 

          
(a)         (b) 

Fig. 11. Postprocessor process: (a) Velocity contour (b) Streamline  
 

3.3 Verification Process 
 

To verify the accuracy of the current simulation, a comparison with previous experimental studies 
is necessary. Table 6 lists the simulation and experimental velocity results. Figure 12 shows that the 
shape of the simulation graph is similar to that of the experimental graph, with an average relative 
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error of 12.59%. This error is within the acceptable range (below 20 %). Therefore, the reliability of 
the current simulation was confirmed as genuine and valid. 
 

Table 6 
Simulation velocity result 
No line Experimental velocity (m/s) Simulation velocity (m/s) Relative error (%) 
1 0.167 0.12542 24.89 
2 0.133 0.10971 17.51 
3 0.067 0.07232 7.94 
4 0 0.001399 - 
Average relative error (%) 12.59 

 

 
Fig. 12. The velocity contour and streamline obtained in post- 
processor process 

 
4. Conclusions 
 

This study successfully achieved its main objectives by analysing and comparing the airflow 
characteristics and temperatures in the activity halls of KKTDI and KKTF. The first objective was to 
examine the parameters of computational simulations and experimental measurements. The results 
show that the highest and lowest velocity values in the simulation were 0.12542m/s, and 0.00139 
m/s, respectively. In contrast, the KKTF experiment recorded velocity differences of 0.167m/s, and 0 
m/s, with an average velocity difference of 12.59%. For temperature, the simulation recorded the 
highest value of 18°C, while the KKTF experiment ranged from 16.4°C to 17.8°C, and the KKTDI 
experiment displayed a temperature range of 27.8°C to 28.9°C. The average temperature differences 
were 5.97% and 57.23% for KKTF and KKTDI, respectively. These findings demonstrate that the 
experimental results closely match the simulation data, thereby confirming the accuracy of the 
airflow and temperature field measurements at both activity halls. Therefore, this study successfully 
validated the computational models and achieved their objectives. 
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