
 



ii  

 

 

 

 

 

 

TABLE OF CONTENT 
 

 
Preface                                                                                                                          ii 
MTDA President Preface  iii 
Chairman of Puspanita Cawangan Kecil JPPKK Preface                                      iv 
Editorial Board                                                                                                             v 
 

 

This is academic work. Names, characters, places and incidents either are the product 

of article authors’ imagination or were used in relation to article authors’ work with 

granted permission prior to publication. Other than that, any resemblance to actual 

persons, living or dead, or events is entirely coincidental. 

 

Copyright @ 2022 PKTM 

All rights reserved. No part of this publication may be reproduced, distributed, or 

transmitted in any form or by any means, including photocopying, recording, or other 

electronic or mechanical methods, without the prior written permission of the publisher, 

except in the case of brief quotations embodied in critical reviews and certain other 

noncommercial uses permitted by copyright law. For permission requests, write to the 

publisher, addressed “Attention: Permissions Coordinator” at the address below. 

 
ISBN 978-967-18231-1-8 (e-book) 

Front cover image by PKTM 

e-book design by PKTM 

First e-book edition July 2020 

Second e-book edition April 2022 

 
Persatuan Kedoktoran Teknikal Malaysia (PKTM) 

No 64, Persiaran Wira Jaya Barat 40, 

Taman Ipoh Jaya Timur 1, 31350 Ipoh, 

Perak. 

http://www.pktm.org 



10  

ENGINEERING AND TECHNOLOGY 

PAPER 
ID 

 

TITLE OF MANUSCRIPT PAGE 

ET03 Analisis Kinematik dan Statik GPS Dalam Aras Laras 
Noor Khairul Idham Nordin 

13-20 

ET07 Influences of Overlapping Percentages on Laser Melting AISI H13 Tool 
Steel Surface 
Norhafzan B, Khairil C.M and Syarifah N. A 

21-26 

ET12 CPW Antenna Patch with Different Rectangular Element Movement on 
Slot 
M. M. Saad, H. Nornikman and M. Z. A Abd Aziz 

27-32 

ET 16 Smart Home Control Via Telegram Chatbot 
Hashamiza Binti Haruddin, Juliah Binti Sulaiman and Mohammad Firdaus 
Bin Azizan 

33-42 

ET20 Development of PSIS-Logo Microstrip Antenna for Wireless Applications.  
Wan Izma Izniza Binti Mohamed Rose and Noor Aishah Binti Muslim  

43-48 

ET21 Inkjet Deposition System in Nanodevices Fabrication 
Mohd Ali Mat Nong, Suzila Sabil, and Juraina Md Yusof 

49-53 

ET24 Penghasilan Peta Kuantitatif Kes Covid 19 Di Negeri Johor Menggunakan 
Qgis 
Sharifah Lailaton Khadijah Binti Syed Abdullah and Siti Kamisah Binti 
Mohd Yusof 

54-64 

ET27 The Development of Bus Passenger Monitoring System Using IoT 
Nur Suriya binti Mohamad, Zarina binti Md Amin, Tuan Amir Syazwan bin 
Zaini and Muhamad Khairan bin Saari 

65-72 

ET31 Kesan Buluh Tenunan Berlamina terhadap Prestasi Lentur dan Kekerasan 
bagi Tenun E-kaca / Komposit Hibrid Epoksi 
Kannan Rassiah, Dinesh Kumar Murugian, and Jamaludin Husain   

73-81 

ET33 Development of internet of things (IoT) based pH level monitoring device 
using blynk for fertigation system 
Mohd Iqbal Syazwan bin Azizan, Wan Nor Shela Ezwane binti Wan Jusoh, 
Md Razak bin Daud and Shukri bin Zakaria 

82-89 

ET34 Development of Internet of Things for Solar Power System in Cucumber 
Fertigation 
Shukri bin Zakaria, Mohd Iqbal Syazwan bin Azizan, Wan Nor Shela 
Ezwane binti Wan Jusoh and Md Razak bin Daud 

90-96 

ET37 Off-Grid Solar Hybrid System at PTSN area Edu Hub Pagoh Johor 
Mohd Affandi Mohd Ali, Khairunnisa A. Rahman, Khairil Fazly Bachok 

97-104 

ET38 Numerical simulation of server farm thermal transport phenomena 
M. Aswad Othman, M. Zulfazli R. Khan, and M. Faez Nordin  

105-110 

ET40 Eco-Green Interlocking Concrete Block   
 Fauziah Aziz, Zamsalwani Zamri,, and Saifullizam Abu Bakar  

111-116 

 

 

 

 

 



11  

ET44 Vertical Carousel System (Key Management) 
Mohamad Faizal Reza Yaacob, Eliza Shamsuddin and Maznah Iliyas 
Ahmad 

117-123 

ET46 Teknologi Pengimbasan Laser Daratan (TLS) Dalam Menyokong 
Pembangunan di Malaysia Satu Kajian Rintis 
Che Ku Ahmad Fuad Bin Che Ku Abdullah, Mohd Nizar bin Hashim and 
Ahmad Shahir bin Johan 

124-131 

ET47 Pembangunan Alat Bahan Bantu Mengajar Bersepadu Bagi Kursus 
Kejuruteraan Mekanik : Hukum Kedua Pergerakan Newton 
Mohamad Norizham bin Hamzah and Wan Nor Shela Ezwane binti Wan 
Jusoh 

132-140 

ET48 Smart Street Light 
Juliah Binti Sulaiman, Hashamiza Binti Hairuddin  and Kritinash a/l 
muneesvaran 

141-147 

ET51 Pemetaan Pelan Topografi Menggunakan Data UAV 
Siti Yukarni Binti Jusoh, Muhammad Amreel Faiz Bin Samsuddin and 
Muhammad Amirul Bin Kamarul Zaman 

148-159 

ET53 Whipsaw Angle Grinder 
Mohd Ridhuan bin Ismail  

160-164 

ET56 Penyembur Cendawan Automatik 
Ainul Azniza A.Z1, Jannatunnaim H, Nur Aqilah I and Nurul Atikah A  

165-171 

ET59 Effect Of Sonication Time on The Structure of Licoo2 Material Synthesized 
Using Sol-Gel Method 
Nur Azilina Abdul Aziz 

172-176 

ET60 Further investigation on the morphological of LiCoO2 material synthesized 
using the sol-gel method 
Nur Azilina Abdul Aziz 

177-181 

ET61 Pembangunan Lilin Wangi Berasaskan Minyak Masak Terpakai 
Zaliati Jaafar, Musla Ismail, and Kalsom Salleh  

182-186 

ET62 Sifat Fizikal Serapan Air dan Pembengkakan Ketebalan Papan Serpai 
Campuran Sisa Tempurung Kelapa Sawit dan Kayu Meranti Temak Nipis 
Hidanah Mohd Yunus, Hasmawi Khalid and Salina Binti Sariman @ Salleh 

187-194 

ET66 Analisis Terhadap Casis Kereta Lumba PSMZA 
Mohd Gadaffi Bin Osman, Mohd Sailuddin Bin Mamat and Normi Bin 
Muhamad 

195-206 

ET67 Analisis Terhadap Pemanas Air Pada Model Autoklaf Pergigian 
Mohd Gadaffi Bin Osman, Normi Bin Muhamad, and Mohd Sailuddin Bin 
Mamat 

207-213 

ET70 Kajian Kualiti Air Sungai Kulim: Kajian Penilaian Awal Terhadap  Parameter 
Indeks Kualiti Air 
Nor Ashikin Marzuki, Puteri Nur Shazleen Megat Hazly, and Izzatul Amiera 
Zamrie   

214-220 

ET72 Pembangunan Rekabentuk Alat Bantu Mengajar Alternator dan Stator 
Motor bagi Kursus DJA20032 Automotive Workshop Practice 1.  
Mohd Hanapi bin Jusoh, Mohd Sallehin bin Jusoh and Mohd Fais bin Ismail 

221-226 

 

 

 

 



12  

ET73 Pembangunan Rekabentuk  Meja Troli Angkat Hidraulik 
Mohd Sailuddin bin Mamat, Mohd Gadaffi bin Osman and Normi bin 
Muhamad  

227-231 

ET74 Pembangunan Rekabentuk Mesin Meratakan Tanah Bagi Turapan Blok 
Konkrit 
Mohd Sailuddin bin Mamat, Mohd Gadaffi bin Osman and Normi bin 
Muhamad  

232-239 

ET77 Akuaponik Menggunakan Tenaga Solar 
Azli Bin Omar and Mohd Ridhuan bin Ismail  

240-248 

ET80 Merekabentuk Troli Serbaguna 
Azli Bin Omar and Mohd Ridhuan bin Ismail  

249-255 

ET81 Roro Waste Bin Cloud based Monitoring using Solar Energy 
Maznah Iliyas Ahmad, Wan Siti Fatimah Wan Ab Rahman and Mohamad 
Faizal Reza Yaacob 

256-261 

ET87 Unmanned Aerial Vehicle Images in Obtaining Height Coordinates 
Syamsul Anuar Bin Abu Kasim, Che Ku Ahmad Fuad Bin Che Ku Abdullah, 
and Azilawati Binti Harun 

262-268 

 



International TVET, Academic and Research Symposium E-proceeding Vol. 2, No2 (2022) 

26 Feb. 2022 

105 

 

Numerical simulation of server farm thermal transport phenomena 
M. Aswad Othman*, M. Zulfazli R. Khan, and M. Faez Nordin  

Department of Aircraft Maintenance, Politeknik Banting Selangor 

*Corresponding author: aswad@polibanting.edu.my 

Abstract 

A server farm is a collection of network servers that are all housed in the same physical location. A server 

farm combines the computational capacity of several servers by running one or more applications or 

services at the same time. Because the servers are kept so close together, the system requires efficient 

cooling system to dissipate the heat produced. Inefficient cooling system can result in degradation of server 

performance or even total failure of the server. Therefore, efficient cooling system is essential to minimize 

system failure while optimizing the performance. The aim of this study is to model the heat transport 

phenomena of a server farm run by Telekom Malaysia (TM) as part of the TM city project. Ansys-Fluent 

was utilized to simulate the heat transport processes. Heat dispersion across the server farm was assessed 

using Ansys-Fluent via the heat contour mapping while airflow across the room was simulated using the 

streamline vector plot. It has been discovered that utilizing the original design, cooling air distributed at the 

front of the server racks can reach a maximum temperature of 27°C, which is the maximum permissible 

temperature according to ASHRAE recommendations. Similar temperature was also taken during daily 

operation of the server farm to validate the simulation data. From the streamline vector plot, it can be seen 

that this is primarily due to recirculation of hot air from the back of the server racks into the cold aisles. 

Thus, it is recommended that a cold aisle containment system be implemented to solve this problem.   

Keywords: - Computational fluid dynamics (CFD), server farm, thermal management, fluid dynamics, 

computer room air conditioning, Ansys-Fluent 

 

1. Introduction 

A server farm is a collection of network servers that are all housed in the same physical location. A server farm 

combines the computational capacity of several servers by running one or more applications or services at the same 

time. Server farms, which are frequently made up of thousands of computers, require a lot of power to run and stay 

cool. To operate efficiently, the TM city server farm requires efficient cooling. This is important to increase 

components lifecycle and reduce server downtime. Every data centre aspires to achieve zero downtime and 

maximum server efficiency and this can be accomplished by properly optimising and maintaining the components 

involved. Server's downtime or failure can be caused by a variety of factors, one of which being overheating. 

Overheating occurs when a server's temperature rises above its maximum working temperature, resulting in 

decreased performance, data loss, or even the server's complete failure. According to the American Society of 

Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE), a server farm's recommended temperature 

range is 18 to 27°C, with maximum allowed temperatures ranging from 15 to 32°C (ASHRAE, 2016). 

According to recent statistics from the TM city server farm, numerous server racks are operating near the 

maximum recommended temperature. This is especially true for servers on the upper levels of the racks, where cold 

air has dissipated and mixed with hot air recirculated from behind of the server racks. This results in isolated 

hotspots across the server farms, lowering system performance and shortening the life cycle of adjacent components. 

To further understand the phenomena, a numerical study was performed utilizing available data to replicate the 

server farm thermal transport phenomena. 

The server farm environment was simulated and evaluated using Ansys-Fluent to generate a temperature 

distribution map and airflow vector plot of the server farm. The results were then used to see if there are any 

hotspots or excessive hot air recirculation. At the conclusion of the report, a plan of action to address the problem 

was also proposed. 

2. Literature review 

Servers are typically configured or arranged with the goal of separating the hot and cold aisles. This is done to 

decrease the mixing of hot and cold air, resulting in a lower feeding temperature at the server rack's front. Higher 

feeding temperatures result in worse cooling efficiency and, as a result, higher server operating tem peratures. The 

hot and cold aisle design, which involves positioning IT equipment racks in rows so that the rack fronts face th e 

cool aisle and exhaust is routed to the hot aisle is recommended by ASHRAE. This design (figure 1) minimises the 

mixing of hot and cold air and maximises heat dissipation (Bhatia, 2015). The hot and cold aisle design is already 

employed in the TM City server farm. However, there is no containment system in place. 
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Figure 1: Cold and hot aisle configuration( (Bhatia, 2015) 

It is hypothesized that without a containment system, the topmost racks will receive less cold air due to the mixing 

of hot air from the back of the rack with cold air at the front of the rack. This is why it's critical to utilise either a 

hot or cold containment system. Increased cold air supply temperatures and the warmest possible return air to the 

cooling unit are both attainable with containment. Better heat exchange across the cooling coil, increased cooling 

capacity, and overall higher efficiency are all advantages of a higher return temperature to the cooling unit.  

Furthermore, containment lets the supply air from the cooling unit to reach the front of the server equipment 

without mixing with the hot air. As a result, server inlet air temperatures are more consistent.  (John Niemann, 2015) 

3. Methodology 

The TM city server farm 1 has 96 server racks, six computer room air conditioning units (CRACs), and four 

remote power panels (RPP). The server racks are organised in single and double lanes, with the CRAC providing 

cooling air from beneath the raised floor. The room's measurements are 24 meter in length, 16-meter-wide and 4 

meter in height. The server farm's environment was modelled using the Autodesk Inventor, and figure 2 depicts the 

server farm's wireframe model. 

 
Figure 2: TM City server farm modeled in the wireframe view 

 

All components in the server farm are modelled as black boxes to simplify the simulation. As a result, the 

airflow inside the server racks, crac, and beneath the raised floor is not modelled. The airflow inside the space and 

over the components are the only issues that need to be addressed. All of the components are also assumed to be 

rectangular in shape, without cables and lights. The heat fluxes are applied to the inlet and outflow of the server 

racks and CRACs, as well as the corresponding walls, to provide the boundary conditions. 

The fluid domain was constructed using the boolean function after the 3-Dimensional model was imported into 

Ansys design modeler. Figure 3 shows how the fluid domain was discretized into smaller meshes. Due to the 

relatively basic shape of the server farm components, the hexahedral mesh was employed. The fluid domain is 

discretized into smaller rectangular boxes which are connected by edges and vertices. The edges and vertices are 

then shaped to fit the components' surfaces. The average mesh size parameter in Ansys Fluent is used to manage the 

amount of meshes. Because of the vast scale of the server farm, bigger mesh sizes (30cm) were initially utilised. 

Then, to improve the output, a smaller average mesh size (15cm) was chosen with 473,660 nodes and 475,063 

elements in total. Figure 3 depict the discretized fluid domain. The aspect ratio of the mesh is kept as near to 1. 
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However, there are certain deviation due to the dimensions and the components geometry in the server farm. A 

more accurate simulation will require further mesh refinement.  

 

Figure 3: The discretized fluid domain - average mesh size of 0.015m, hex dominant mesh with average orthogonal 

quality of 0.92046 and average skewness of 0.12689 

 

     The server farm's walls, floor, and ceiling are assumed to be adiabatic for the sake of this study. This means that 

no thermal energy enters or leaves the server farm. It's also assumed that there's no air leakage between the server 

farms and components. The heat flow throughout the server farm is modelled using thermal en ergy. Then, within 

Ansys-Fluent the boundary conditions are set to replicate the thermal transport phenomena and calculation were run 

for the maximum of 3000 iterations or until the convergence of residuals.  Figure 4 highlights the flow chart for the 

simulation processes. 

3.1 Flow chart 

 

Figure 4: Flow chart of the simulation processes 

 

4. Finding and analysis 
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Figure 5: Temperature distribution in front of the server racks 

 

     As shown in figure 5, the temperature in front of the rack fluctuates from 20°C to 27°C with the original setup. 

The temperature distribution on most racks may be seen to be lowest on the lower half of the rack and greatest on 

the upper portion and sides of the racks. This is due to the cold air coming from beneath the floor through t he raised 

floor inlet, which warms up when it comes into touch with the server wall and flows up  intermixing with warm air 

around the server racks. Recirculation of hot air from the back of the server racks into the rack intake on the cold 

aisle is also responsible for the temperature rise on the side of the racks. This is a phenomenon commonly occurring 

with server farm without a containment system installed. Similar case was also reported by E. Wibron in her theses 

CFD Modeling of an air-cooled data centers. Warmer air is produced at the borders of the server racks as a result of 

the mixture of hot and cold air. Figure 6 depicts the exhaust air streamline, which can be used to confirm this.  

 

Figure 6: Streamline flow of exhaust air from the back of server racks 

 

On most sides of the server racks, the reverse flow is present. This is also due to the suction force caused by the 

server racks' internal fan. The increased velocity of the streamline as it approaches the front se ction of the server 

racks confirms this. 

The highest temperature on the server racks is 27°C, which is on the edge of the maximum recommended 

temperature as stated by ASHRAE in its white paper TC9.9. Thus, a method to increase server rack cooling 

efficiency are required. 

Aside from that, the thermal contour of the floor at various elevations can be used to gain more insight into the 

room's heat dispersion. The elevations are 0.1 meter – at floor level, 1.05 meter - mid rack height, and 2.02 meter as 

indicated in figure 7. 
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Figure 7: (a)Different horizontal planes used for thermal contour plot. (b),(c) and (d) contour plot at 0.1m,1.05m 

and 2.02m respectively. 

 

 

Figure 8. Thermal contour on vertical plane across the server farm 

From figure 7, it can be seen that the flow of cold air from the raised floor inlet is sufficient to provide cooling 

from the lower to the top racks for most server racks. However, as in figure 8 there is some hot air recirculation 

over the tops of the server racks in the vertical plane. The recirculation of hot air from the server racks' sides and 

tops will mix with the cold air, eventually raising the cooling air temperature. As a result, a simple approach such as 

constructing a cool aisle containment system is recommended to prevent hot air recirculation.  

5. Conclusion 

The server farm's three-dimensional (3D) environment had been successfully modelled from the 2D design. 

However, because all components are assumed to be rectangular in shape and simulated as black boxes, the resulted 

simulation is a simplified version of the actual server farm. The purpose of this simplification is to reduce 

computational power and calculation time. However, the simplifying procedure can lead to a loss of preci sion. The 

simulation result should always be reevaluated by comparing it to the actual server farm measurements. 

20-27°C 
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The server farm's thermal transport phenomena were successfully simulated using Ansys-Fluent. The velocity 

streamline plot was also useful to visualize the airflow throughout the server farm. The average temperature and 

localised hot spot in front of the server farms were successfully simulated and identified. The temperature map 

shows that the increase in temperature happens primarily on the side and top of the server racks. The temperature on 

the server racks' sides and tops can reach as high as 27°C. The temperature rise is primarily due to hot air 

recirculation, as can be seen in the velocity streamline. 

To address this issue, it was suggested that the server farm be outfitted with a cold aisle containment system.  A 

similar simulation with the cold aisle containment system modeled in place is also proposed to be performed. This 

will be beneficial as a part of the cost-benefit assessment prior to the actual installation.  
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