
e-ISSN 2656-8632
Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Vol. 4, Issue 2; April 2022

8964

JEEEMI Vol.4 Issue 2 pp. 55-114 April
2022

e-ISSN
2656-8632

Heating and Cooling Rate Study on Water Cooling Thermal Cycler using Aluminium Block Sample
Nugroho Budi Wicaksono, Sukma Meganova Effendi 55-61

Use of AI Techniques on Photonic Crystal Sensing for the Detection of Tumor
Sunil Sharma, Lokesh Tharani 62-69

Measurement of Vital Signs Respiratory Rate Based on Non Contact Techniques Using Thermal Camera &
Web Camera with Facial Recognition
Raden Duta Ikrar Abadi, Endro Yulianto, Triwiyanto Triwiyanto, Sandeep Kumar Gupta, Vugar Abdullayev 70-76

Use of a Portable Particle Counter to Analyze Particle Stability Time in a Biological Safety Cabinet (BSC)
Herlina Candra Putri, Priyambada Cahya Nugraha, Endro Yulianto, Ashish Bhatt 77-83

Mechanical Fetal Simulator for Fetal Doppler Testing
Arum Triwerdani, Syaifudin Syaifudin, Bedjo Utomo, Abdul Basit 84-88

Comparison of Air Pressure Control Between Discrete and PID Control Applied in the Calibration Process in
Blood Pressure Meter
Harisha Avin Nurcahyana, Tri Bowo Indrato, Triana Rahmawati, Wahyu Caesarendra 89-102

Effect of Irradiation Distance on Tube Voltage Measurement and X-Ray Device Time Using Scintillator
All Adin Nurhuda, M. Ridha Mak'ruf, Tri Bowo Indrato, Sari Luthfiyah 103-108

Analysis of X-Ray Beams Irradiation Accuracy Using Collimation Test Tools as Well as Illumination
Measurement on the Collimator to the Radiographic X-Ray Machine Conformity Test Results
M Roziq, Tri Bowo Indrato, M. Ridha Mak’ruf 109-114

Published by:
Jurusan Teknik Elektromedik,
Politeknik Kesehatan Kemenkes
Surabaya, Indonesia

Editor-in-chief:
Dr. Triwiyanto



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 1

Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Volume 4, Issue 2, April 2022

Preface
AIMS AND SCOPE

AIMS
Journal of Electronics,
Electromedical Engineering, and
Medical Informatics (JEEEMI)
publishes peer-reviewed, original
research and review articles in an
open-access format. Accepted
articles span the full extent of
Electronics, Biomedical, and
Medical Informatics..

SCOPE
Electronics:

Electronics, Robotics, Control,
Intelligent Systems, Neural
Networks, Machine Learning,
Fuzzy Systems, Digital Signal
Processing, Image Processing,

Electromedical:

Biomedical Signal Processing and
Control, Artificial intelligence in
biomedical imaging, Machine
learning and Pattern Recognition
in a biomedical signal, Medical
Diagnostic Instrumentation,
Laboratorium Instrumentation,
Medical Calibrator Design.

Medical Informatics:

Intelligent Biomedical Informatics,
Computer-aided medical decision
support systems using heuristic,
Educational computer-based
programs pertaining to medical
informatics

JEEEMI seeks to be the world’s
premier open-access outlet for
academic research. As such,
JEEEMI does not limit content
due to page budgets or thematic
significance. Rather, JEEEMI
evaluates the scientific and
research methods of each article
for validity and accepts articles
solely on the basis of the
research. Likewise, by not
restricting papers to a narrow
discipline, JEEEMI facilitates the
discovery of the connections
between papers, whether within
or between disciplines..

IMPRINT
JEEEMI is published by Jurusan
Teknologi Rekayasa Elektro-
medis, Poltekkes Kemenkes
Surabaya, Kementerian
Kesehatan RI.
e-ISSN: 2656-8632

Electronics edition is available at:

http://jeeemi.org/index.php/jeeemi

All published article are
embedded with DOI number
affiliated with Crossref DOI:
10.35882

PUBLICATION FREQUENCY

Since January 2022, Journal of
Electronics, Electromedical
Engineering, and Medical
Informatics, JEEEMI,  was
published four issues a year in
January, April, July, and October.

Every issue consisted of 5-15
articles..

PEER REVIEW POLICY

JEEEMI reviewing policies are:
Every submitted paper will be
reviewed by at least two peer-
reviewers. Reviewers are
unaware of the identity of the
authors, and authors are also
unaware of the identity of
reviewers (double blind review
method).
Reviewing process will consider
novelty, objectivity, method,
scientific impact, conclusion, and
references.

ACCREDITATION

JEEEMI is Sinta 5 accredited by
Kementerian Pendidikan,
Kebudayaan, Riset, dan
Teknologi Republik Indonesia via
National Journal Accreditation
(ARJUNA) accreditation platform.

SK:
https://drive.google.com/file/d/1pF
w0zMQfamhHECF-
xuQGyaQ0d6tHoLOV/view?usp=
sharing

POSTAL ADDRESS

JEEEMI Secretariat: Pucang Jajar
Timur No.10, Surabaya, East
Java, Indonesia, Phone:  +6231-
5037905, Fax.:  +6231-5025609,
Email: triwiyanto123@gmail.com,
triwiyanto@ieee.org



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 2

Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Volume 4, Issue 2, April 2022

ONLINE SUBMISSIONS

If you already have a Username/
Password for JEEEMI then Go to
login  at:
http://jeeemi.org/index.php/jeeemi
/login

Need  a Username/Password?
Go to registration at:
http://jeeemi.org/index.php/jeeemi
/user/register

Registration and  login are
required to submit items online
and  to check the status of current
submissions.

COPY EDITING and
PROOFREADING

Every article accepted by JEEEMI
shall be an object to Grammarly®
writing- enhancement program
conducted by AUTHORS.

REFERENCE MANAGEMENT

Every article submitted to JEEEMI
shall use reference management
software e.g. Mendeley with using
IEEE style.

OPEN ACCESS POLICY

JEEEMI provides immediate open
access to its content on the
principle that making research
freely available to the public to
supports a greater global
exchange of knowledge.

PROCESSING CHARGES

Every article submitted to JEEEMI
will be charged  Article
Processing Charges. This
includes submission, peer-
reviewing, editing, publishing,
maintaining and archiving, and
allows immediate access to the
full text versions of the articles.

PLAGIARISM CHECK

Plagiarism screening will be
conducted by JEEEMI Editorial
Board using Turnitin Similarity
Check.

INDEXING & ABSTRACTING

JEEEMI has been covered by
these following indexing services:
Google Scholar, Science and
Technology Index (SINTA),
Crossref, Indonesian Publication
Index (IPI), Dimension, Index
Copernicus, Academic Journal
Database, Bielefeld Academic
Search Engine (BASE), WorldCat,
Index Copernicus, Open  Access
CC LICENSE

This work is licensed under a
Creative Commons Attribution-
ShareAlike 4.0 International
License.

Authors who publish with this
journal agree to the following
terms:

Authors retain copyright and grant
the journal right of first publication
with the work simultaneously
licensed under a Creative
Commons Attribution License that
allows others to share the work
with an acknowledgement of the
work's authorship and initial
publication in this journal.

Authors are able to enter into
separate, additional contractual
arrangements for the non-
exclusive distribution of the
journal's published version of the
work (e.g., post it to an
institutional repository or publish it
in a book), with an
acknowledgement of its initial
publication in this journal.

Authors are permitted and
encouraged to post their work
online (e.g., in institutional
repositories or on their website)
prior to and during the submission
process, as it can lead to
productive exchanges, as well as
earlier and greater citation of
published work (See The Effect of
Open Access)



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 3



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 1

Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Volume 4, Issue 2, April 2022

Editorial Board

EDITOR-IN-CHIEF

Dr. Triwiyanto
(Scopus ID = 57193573834,
h-index:9),
Department of Medical Electronics
Technology, Poltekkes Kemenkes
Surabaya, Indonesia.

Associate Editor
(Main Handling Editor)
Assistant Professor Wahyu
Caesarendra, Ph.D.
(ID Scopus: 33067448100),
Faculty of Integrated
Technologies, Universiti Brunei
Darussalam, Brunei Darussalam.

International Editorial Board

Associate Professor Dr. Achmad
Rizal, (Scopus ID: 56081149400),
School of Electrical Engineering,
Telkom University,
Bandung, Indonesia.

Professor Dr. Eko Supriyanto, (ID
Scopus: 57194261987), Faculty of
Engineering, School of Biomedical
Engineering and Health, Universiti
Teknology Malaysia, Malaysia.

Sidharth Pancholi, PhD., (Scopus
ID: 57192684899), Department of
Electrical Engineering, Indian
Institute of Technology Delhi,
India.

Jiajin Lin, (Scopus
ID: 57220088979) , The First

Affiliated Hospital of Wenzhou
Medical University, Wenzhou,
China.

Montree Chaichanyut, (Scopus
ID: 9635405500), Department of
Electronic Engineering, Faculty
of Engineering, King Mongkut's
Institute of Technology
Ladkrabang, Ladkrabang
Bangkok, Thailand.

Assistant Professor
Vinayakumar Ravi, (Scopus
ID: 57216437887), Department
of Center for Artificial
Intelligence, Prince Mohammad
Bin Fahd University, Al-
Khobar, Saudi Arabia,

Zhaojie Ju, (Scopus
ID: 25655056800), Department
of School of Computing,
University of Portsmouth,
Portsmouth, United Kingdom.

Associate Professor Ali Al-
Timemy, Ph.D. (Scopus
ID: 35752795500), Department
of Biomedical Engineering,
University of Baghdad, Irak.

Dr. Ejay Nsugbe, (Scopus
ID: 57193322398), Nsugbe
Research Labs, Swindon, United
Kingdom,

Associate Professor Dr. Mashal
Fatima, (Scopus
ID: 57188804894), Islamic

International Engineering
College, Riphah International
University, Pakistan.

Associated Professor Dr. Nilar
Thein, (Scopus
ID: 57214322419), Yangon
Technological
University, Myanmar

Dr. Mohd Mukhtar Alam,(Scopus
ID: 55851947983), Department
of Mechanical Engineering,
Vivekananda Global University,
Jaipur India, India,

Dr. Md. Solaiman Mia, (Scopus
ID: 57150719400), Computer
Science and Engineering, Green
University of
Bangladesh, Bangladesh

Dr. Shahab Wahhab
Kareem,(Scopus
ID: 57205541046), Information
System Engineering
Department, Technical
Engineering College, Erbil
Polytechnic University, Erbil, Iraq

Dr. Yasir Hashim Naif, (Scopus
ID: 54784354300), Department
of Computer Engineering, Tishk
International University (TIU),
Erbil, Iraq.

Prof. Dr. Bambang Guruh
Irianto, (Scopus
ID: 57193503580), Department
of Medical Electronics



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 2

Technology, POLTEKKES
KEMENKES SURABAYA,
Indonesia

Associate Professor Dr. I Dewa
Gede Hari Wisana, (Scopus
ID: 57208838832), Department
of Medical Electronics
Technology, POLTEKKES
KEMENKES SURABAYA,
Indonesia

Associated Professor Sari
Luthfiyah,(Scopus ID
= 57190938237), Department of
Medical Electronics Technology,
POLTEKKES KEMENKES
SURABAYA, Indonesia



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 1

Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Volume 4, Issue 2, April 2022

List of Content
In this issue, all articles include authors from 2 universities in Indonesia (Poltekkes Kemenkes Surabaya,
Indonesia; Universitas Sanata Dharma, Indonesia; ) and 6 universities from overseas (Department of Electronics
Engineering, Rajasthan Technical University, India; IIMT College of Engineering, India; Azerbaijan State Oil and
Industry University, Azerbaijan; CSIR-National Physical Laboratory New Delhi, India; University of Engineering
and Technology Peshawar Pakistan; Faculty of Integrated Technologies, Universiti Brunei Darussalam, Brunei
Darussalam).

Heating and Cooling Rate Study on Water Cooling Thermal Cycler using Aluminium Block Sample
Nugroho Budi Wicaksono, Sukma Meganova Effendi 55-61

Use of AI Techniques on Photonic Crystal Sensing for the Detection of Tumor
Sunil Sharma, Lokesh Tharani 62-69

Measurement of Vital Signs Respiratory Rate Based on Non Contact Techniques Using Thermal Camera
& Web Camera with Facial Recognition
Raden Duta Ikrar Abadi, Endro Yulianto, Triwiyanto Triwiyanto, Sandeep Kumar Gupta,
Vugar Abdullayev 70-76

Use of a Portable Particle Counter to Analyze Particle Stability Time in a Biological Safety Cabinet (BSC)
Herlina Candra Putri, Priyambada Cahya Nugraha, Endro Yulianto, Ashish Bhatt 77-83

Mechanical Fetal Simulator for Fetal Doppler Testing
Arum Triwerdani, Syaifudin Syaifudin, Bedjo Utomo, Abdul Basit 84-88

Comparison of Air Pressure Control Between Discrete and PID Control Applied in the Calibration Process
in Blood Pressure Meter
Harisha Avin Nurcahyana, Tri Bowo Indrato, Triana Rahmawati, Wahyu Caesarendra 89-102

Effect of Irradiation Distance on Tube Voltage Measurement and X-Ray Device Time Using Scintillator
All Adin Nurhuda, M. Ridha Mak'ruf, Tri Bowo Indrato, Sari Luthfiyah 103-108

Analysis of X-Ray Beams Irradiation Accuracy Using Collimation Test Tools as Well as Illumination
Measurement on the Collimator to the Radiographic X-Ray Machine Conformity Test Results
M Roziq, Tri Bowo Indrato, M. Ridha Mak’ruf 109-114



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 1

Journal of Electronics, Electromedical
Engineering, and Medical Informatics

Volume 4, Issue 2, April 2022

International Peer Reviewers Acknowledgement

J. M. Najeb, Universiti Teknologi
Malaysia, (Scopus
ID: 34267737700)

Gabriela W. Favieiro, Federal
University of Rio Grande do Sul,
Brazil (Scopus ID: 37461427000)

Prajoy Podder, Ranada Prasad
Shaha University, Narayanganj,
Bangladesh, (Scopus
ID: 56607203500)

Nilar Thein, Yangon Technological
University, Myanmar (Scopus
DD: 57214322419)

Tejaswini Kar, Kiit Deemed To Be
UNIVERSITY, India (Scopus
ID: 57189231239)

N. Yuvaraj, St. Peter's Institute of
Higher Education and Research,
(Scopus ID: 57204528593)

Yunier Prieur Coloma, Universidad
de Oriente, Santiago de Cuba,
Cuba (Scopus ID: 57212008164)

Tsehay Admassu Assegie, Aksum
University (Scopus
ID: 57209398365)

V.Ramakrishna, Sri Padmavati
Mahila Visvavidyalayam(Women's
University), India (Google Scholar)

Mohseena Thaseen, NES Science
College, India (Google Scholar)

A.K.M.Shafiul Kadir, Institute of
Biological Sciences, University of
Rajshahi, Bangladesh (Google
Scholar)

Vishwajeet Kumar, University at
Buffalo, The State University of
New Yorkdisabled, Buffalo, United
States (Scopus ID: 55845970800)

Shubhrojit Misra, Jadavpur
University, India (Google Scholar)

Nilesh Kumar Jaiswal, Vellore
Institute of Technology Vellore,
India (Scopus ID: 57219386675)

Brijeshkumar Y.
Panchal, DEPSTAR- CHARUSAT
University, India (Google Scholar)

Pardeep Singla, Deenbandhu
Chhotu Ram University of Science
and Technology Murthal,
India (Google Scholar)

Palanivel Rajan
S., M.Kumarasamy College of
Engineering, Karur, Tamilnadu,
India (Scopus ID: 57192283475 )

Kusnanto Mukti
Wibowo, Universitas
Muhammadiyah
Purwokerto (Scopus
ID: 57195533752)

Ratna Lestari Budiani, Universtitas
Gadjah Mada,

Yogyakarta (Scopus
ID: 57193061553)

Anggara Trisna
Nugraha, Politeknik Perkapalan
Negeri Surabaya (Scopus
ID: 57220021331)

Risa Farrid Christianti, Institut
Teknologi Telkom
Purwokerto (Google Scholar)

Yuli Triyani, Politeknik Caltex
Riau, (ID Scopus: 57193708371)

Muzni Zahar, Politeknik Caltex
Riau, (ID Scopus: 57193700159)

Tianur, Politeknik Caltex Riau, (ID
Scopus: 57193698901)

Latifah Listyalina, Universitas
Respati , Yogyakarta(ID
Scopus: 57188828027)

Wegig Murwonugroho, Universitas
Trisakti, Jakarta, Indonesia,
(Scopus ID: 57211579214)

Hastuti Marlina, Universitas Negeri
Padang, Indonesia (Scopus
ID: 57194596691)

Halifia Hendri, Universitas Putra
Indonesia, Padang,
Indonesia (Scopus
ID: 57207628362)



Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Volume 4, Issue 2; April 2022;       eISSN: 2656-8632

Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia
Decree No: 158/E/KPT/2021
Journal homepage: http://jeeemi.org/index.php/jeeemi 2

Endro Yulianto, Poltekkes
Kemenkes Surabaya, (Scopus
ID: 57211744836)

Indah Nursyamsi
Handayani, Poltekkes Kemenkes
Jakarta II (Google Scholar )

Riky Tri Yunardi, Universitas
Airlangga, (Scopus
ID: 57190572734)

Trie Maya Kadarina, Universitas
Mercu Buana (Scopus
ID: 57202162005)



Journal of Electronics, Electromedical Engineering, and Medical Informatics 
Multidisciplinary : Rapid Review : Open Access Journal                                   eISSN: 2656-8632 

Homepage: jeeemi.org 
Vol. 4, No. 2, April 2022, pp: 55-61                                                                                                                                                                                      55 

RESEARCH ARTICLE  OPEN ACCESS 
 
Manuscript received January 18, 2022; revised February 03, 2022; accepted February 20, 2022; date of publication April 29, 2022 
Digital Object Identifier (DOI): https://doi.org/10.35882/jeeemi.v4i2.1 
This work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0) 

 

 

Heating and Cooling Rate Study on Low-Power 

Water Cooling Thermal Cycler using Aluminium 

Block Sample  
 
Nugroho Budi Wicaksono1, Sukma Meganova Effendi2 
1Department of Electromedical Technology, Faculty of Vocation, Universitas Sanata Dharma, D. I. Yogyakarta, Indonesia 
2Department of Mechatronics, Faculty of Vocation, Universitas Sanata Dharma, D. I. Yogyakarta, Indonesia  

Corresponding author: Nugroho Budi Wicaksono (e-mail: nug@usd.ac.id). 

 

ABSTRACT Temperature measurement has many applications in medical devices. In recent days, body 

temperature become the main screening procedure to justify people infected by SARS-CoV-2. Related to 

pandemic situation due to SARS-Cov-2, Polymerase Chain Reaction (PCR) method become the most 

accurate and reliable detection method. This method employs a device named PCR machine or Thermal 

Cycler. Commercially available thermal cycler draws 350-950 Watt from its power source. In this research, 

we focus to build a Thermal Cycler using a low-cost material such as aluminium, using a liquid coolant as 

the cooling system, and draw on approximately 180 Watt from the power source We use 2 types of coolant 

solution: mineral water and generic liquid coolant. Peltier device in thermal cycler serves as heating and 

cooling element. In heating rate experiments, generic liquid coolant shows a better result than using mineral 

water due to specific heat capacity and thermal conductivity of water. In the cooling rate experiments, the 

water pump is activated to stream the liquid solution, the flow rate of liquid solution is influenced by viscosity 

of the liquid. Generic liquid coolant has approx. 4,5 times greater viscosity than water. The higher flow rate 

means better performance for cooling rate. Using 2 pieces of 60-Watt heaters and a 60-Watt chiller and 

aluminium material as block sample, our research shows a heating and cooling rate up to approx. 0,1°C/s. 

Compared to commercially thermal cycler, our thermal cycler has a lower wattage; this lower wattage 

performance has been tradeoff with lower ramping rate. Some factors are suspected become the source of 

contributors of lower ramping rate. 

INDEX TERMS Cooling Rate, Heating Rate, Polymerase Chain Reaction, PCR, Thermal Cycler.

I. INTRODUCTION 

Temperature measurement has many applications in medical 

devices. For example, in recent days, body temperature 

become the main screening procedure to justify people 

infected by SARS-CoV-2. To name a few, temperature 

measurement also become a critical factor in medical device 

sterilization process, blood warming technology, laboratory 

water bath, and hot plate stirrer.  

Related to pandemic situation due to SARS-Cov-2, 

Polymerase Chain Reaction (PCR) method become the most 

accurate and reliable detection method. This method was 

developed by Karry Mullis in 1984 [1] and widely used in 

biochemical and molecular biology laboratories [2]–[5] . This 

method employs a device named PCR machine or Thermal 

Cycler. Temperature measurement technology is used in this 

device as a temperature reference point for its 3 steps.  PCR 

steps are Denaturation, Annealing, and Extension. 

Temperature sensor is placed in a metal material functioned as 

block sample for PCR tube. According to World Health 

Organization Regional Office for South-East Asia [6], some 

of important specifications for Thermal Cycler are cooling rate 

of block sample (up to 2°C/sec), heating rate of block sample 

(up to 3°C/sec), block sample temperature range (4°C - 99°C), 

and block sample uniformity.  

In a low-resource setting, the availability of material types 

and machining process for block sample become the main 

issue. We want to address this issue by selecting most common 

metal as the block sample, aluminium.  Aluminium also the 

http://jeeemi.org/index.php/jeeemi
https://doi.org/10.35882/jeeemi.v4i2.1
https://creativecommons.org/licenses/by-sa/4.0/
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most common material that is used as a block sample in 

Thermal Cycler [7]. Sailaja and Raju [7] and Mirales, et al. [8] 

mentioned that Peltier device is the most common component 

that is used as heating and cooling system. Leading 

manufacturer in Thermal Cycler, such as Applied Biosystems 

(Model: ABI Prism 7000 and ABI Prism 7900 HT), Stratagene 

(Model: Mx4000 and Mx3000P), BioRad (Model: iCycler 

IQ), and MJ Research (Model: DNA Engine Opticon2), also 

use Peltier device as the heating and cooling systems [9].   

Peltier device as a cooling system uses air as a coolant, but 

due to thermal conductivity of air, the heat cannot be 

completely removed (<106 W/m2) from the device. Liquid 

cooling on the other hand, show a promising solution to this 

problem. Alihosseini [10] study the importance of liquid 

cooling as a cooling system in Thermal Cycler using 

numerical simulation.  

The archaic method –automated hand transfer or dip and 

dunk method– is claimed has a rapid solution [11] but it uses 

only 3 set point and 3 container which is not good enough 

because some PCR Cycling sometimes need 4 set points of 

different temperature [12] and the initial setting for the 

thermos water bath [11] is complicated need to be determined 

empirically using certain estimation formula.  

 
TABLE 1 

Comparison of Wattage and Ramping Rate from Several Commercially 
Available Thermal Cycler 

Company & 

Model 

Wattage 

(Watt) 

Ramping Rate 

Heating 

Rate 

(°C/s) 

Cooling 

Rate 

(°C/s) 

Bio-Rad S1000 [13] 700* 2 - 3,3** 

Bio-Rad Opticon 2 [14] 850* 3* 

Eppendorf Mastercyclers Pro 384 [15] 950* 4*** 3*** 

Eppendorf Nexus (Gradient & Eco) [15] 700* 3*** 2*** 

Chai Biotech. Open qPCR [16] 350* 5* 

Cepheid SmartCycler II  [17] 350 10* 2,5* 
* Up to/Max, ** Average, *** ca. 

   

Most commercial product draw a high wattage (from 350-

Watt up to 950 Watt) to achieve a fast-ramping rate as shown 

in Table 1. In their product specification sheet, Eppendorf also 

uses aluminium for the sample block. Cephied Smart Cycler 

II achieve high heating rate up to 10°C/s because they define 

their ramping rate based on 50°C - 95°C temperature 

measurement. The other manufacture, except Bio-Rad S1000, 

mention their ramping rate based on the maximum value that 

can be achieved by the heating/cooling element. 

In this research, we focus to build a Thermal Cycler using a 

low-cost material such as aluminium and using a liquid 

coolant as the cooling system. We use 2 types of coolant 

solution: mineral water and generic liquid coolant. The 

method and result of this research will be described in the next 

section. 

 
II. METHOD 

Figure 1 shows a simplified block diagram of Thermal Cycler 

[18]. Peltier device in the system usually serves as heating and 

cooling element. Pamungkas [19], Poernomo [20], and 

Atmani [21] also developed a thermal cycler using Peltier 

device and aluminium as block sample based on this 

simplified block diagram. Their thermal cycler [19]–[21], only 

achieved 0,3 – 0,6 °C/s due to the design of block sample and 

uniformity of the aluminium materials. 

 

Temp. 

Sensor
CONTROLLER

Heating 

Element

Cooling 

Element

BLOCK 

SAMPLE

 
FIGURE 1. Simplified block diagram of Thermal Cycler 

Using a liquid as a cooling solution, we need to modify the 

simplified block diagram become the block diagram as shown 

in Figure 2. Water reservoir is used to store the coolant 

solution. As mentioned before, we use mineral water and 

generic liquid coolant. Generic liquid coolant is usually made 

of 50% of water with 50% of ethylene glycol (C2H6O2). The 

difference between mineral water and generic liquid coolant 

lies on its properties. Stone [22] and Jack [23] summarize the 

fluid’s properties of water and generic liquid coolant as shown 

in Table 2. Compared to aluminium with its specific heat 

capacity’s properties of 0,9 kJ/kg·K, water and generic liquid 

coolant draw more energy than aluminium. 

 

TABLE 2  

Properties of Water and Generic Liquid Coolant 

Properties Water 
Ethylene Glycol/Water 

(1:1) 

Boiling point, 1 bar (°C) 100 111 

Freezing Point (°C) 0 -37 

Enthalpy of vaporization (MJ/kmol) 44 41,2 

Specific heat capacity (kJ/kg·K) 4,25 3,74 

Thermal conductivity (W/m·K) 0,69 0,47 

Density 20°C (kg/m3) 998 1057 

Viscosity 20°C (cS, 10-6 m2/s) 0,89 4 

 

Figure 3 and Figure 4 show the proposed design based on the 

block diagram on Figure 2. We use thermocouples as 

temperature sensor that was inserted in the block sample. 

Measured block sample’s temperature is the average of 

thermocouples measurements. Type-K thermocouples are 

employed as a sensing element in this system and MAX31855 

is integrated in the system as the signal conditioning circuits. 

MAX31855 is an integrated circuit which has an ability to 

convert analog signal to digital with 14-bit resolution and to 

compensating the missing thermoelectric voltage due to one 

of the cold-junction on the one end of thermocouple is not at 

0°C. Using virtual reference of 0°C, there is voltage changes 

approximately 41μV for a 1°C temperature reading in type-K 

thermocouple. This approximation then calculated using 

equation (1). Where VOUT is output voltage of type-K 

thermocouple in μV, temperature of another end of cold-

http://jeeemi.org/index.php/jeeemi


JEEEMI                                                          Nugroho Budi Wicaksono (September 2021) 

Homepage: jeeemi.org 
Vol. 4, No. 2, April 2022, pp: 55-61                                                                                                                                                                                      57 

junction (remote-junction) is TR (in °C), and device 

temperature is TAMB (in °C) [24]. 

( ) ( )41, 276 /
OUT R AMB

V V C T T=   −  (1) 

Water Cooling Design

Block Sample

Temperature 
Sensors

Signal 
Conditioning

Control Unit

Driver
Water Pump 

and Fan

Driver

Chiller Driver

Heaters

Water 
Reservoir

Electronic Design

 
FIGURE 2. Water cooling thermal cycler. 

 

 

Size of block sample are 80 mm × 80 mm × 16 mm and can 

handle up to 3 PCR tubes 1,5 ml with 11 mm diameters. A 60-

Watt Peltier device is placed in the chiller to cool the water 

solution. Coolant solution is pumped using water pump from 

water reservoir to block sample and back to the water 

reservoir. To heat the block sample, we use 2 pieces of 60-

Watt heating elements which are placed under the block 

sample. 

We design the experiment to run on 35°C up to 75°C for the 

heating ramp and 75°C up to 35°C for cooling ramp. The 

lowest temperature is used to study the correlation between 

room temperature with heating and cooling rate. There are 2 

variance of experiments that we design, (1) the chiller 

condition and (2) types of liquid coolant. From those 

experiments, we want to investigate the ramping rate (°C/s) 

and the time duration to achieve desired temperature setting 

(minutes:second). The ramping rate of thermal cycler defines 

the ability of thermal cycler to ramp between initial 

temperature to desired temperature and the total time needed 

to complete 30 cycles of Denaturation, Annealing, and 

Extension. Ramping rate become the key consideration to 

determine the performance of thermal cycler [25].  

 

 

 

« « « « 

» » » » 

Thermocouple

PCR Tubes

Chiller Block Sample Reservoir Tank and 

Water Pump

« « « « 

» » » » Heater

Heater

 
FIGURE 3. Proposed design of water-cooling Thermal Cycler 

 

 
FIGURE 4. Detail and isometric-view of Block Sample 

 

 

III. RESULT AND DISCUSSION 

The result will be explained in three sub-sections: heating rate, 

cooling rate, and experiments summary. 

A. HEATING RATE 

We conduct 2 experiments with variation of coolant solution. 

Each experiment was repeated 5 times (trials). Figure 5 show 

the heating rate experiment using mineral water (a) and liquid 

coolant (b). Figure 6 and Figure 7 show the summary of 

heating rate duration and heating rate in °C/s. Even the 

purpose of mineral water and generic liquid coolant is for 

cooling the block sample, but in fact it also affects the duration 

to heat block sample. It shows that using generic liquid coolant 

have a better result than using mineral water.  
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(a) (b) 

 
(c) 

FIGURE 5. Heating rate experiment on (a) Mineral water, (b) Liquid Coolant, 

and (c) legend 

 

 
FIGURE 6. Heating rate duration 

 

To achieved T = 40°C – from 35°C to 75°C, the system 

only needs less than 6 minutes. It means that we can achieve 

up to 0,117°C/s. In these 2 experiments, both liquid solutions 

were not pumped through the tubing; the liquid solution stay 

still in its place. Based on parameter shown in Table 2, specific 

heat capacity and thermal conductivity of water greater than 

generic liquid coolant. Those parameters make the liquid 

coolant has a better performance than mineral water. 

 

 
FIGURE 7. Heating rate of proposed water-cooling Thermal Cycler design 

B. COOLING RATE 

As shown in Figure 8, we conduct 4 experiments. Each 

experiment was repeated 5 times (trials). The cooling rate 

duration are shown in Figure 9 and the cooling rate in °C/s are 

shown in Figure 10.  

 

  
(a) (b) 

  
(c) (d) 

 
(e) 

FIGURE 8. Cooling rate experiments on (a) Mineral water with Chiller OFF, 

(b) Mineral water with Chiller ON, (c) Liquid Coolant with Chiller OFF, (d) 

Liquid Coolant with Chiller ON, (e) legend 

 

The use of generic liquid coolant without Peltier device is 

activated increase the time to achieve its set point of 35 °C. It 

takes up 1 hour 50 minutes and 40 seconds to cool down from 

75 °C to 35 °C, it means we can only achieve 0,006°C/s. This 

result shows that the generic liquid coolant is slow down the 

cooling rate. 

 

 
FIGURE 9. Cooling rate duration 
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FIGURE 10. Cooling rate of proposed water-cooling Thermal Cycler design 

 

In these 4 experiments, the water pump is activated to 

stream the liquid solution (water or generic liquid coolant) 

from the water reservoir to block sample and chiller and loop-

back again to water reservoir tank. The flow rate of liquid 

solution is influenced by viscosity of the liquid. Compared to 

the water’s viscosity, generic liquid coolant is approx. 4,5 

times greater. With the same water pump’s power, the flow rate 

of mineral water is higher than generic liquid coolant. The 

higher flow rate means better performance for cooling rate. 

C. EXPERIMENTS SUMMARY 

Summary of heating and cooling rate is shown in Table 3. In 

heating condition, generic liquid coolant gives a better 

performance by approx. 52% than mineral water. Overall 

performance of cooling condition with chiller is activated, 

mineral water gives a better cooling rate by approx. 36%.   

A phenomenon of exponential decay in temperature change 

occurs in Table 3; there is a temperature inertia in all 

experiments, especially when temperature measurement 

reaches approx. 45 °C. This phenomenon also stated in 

Newton’s law of cooling, the rate of heat loss of a body (block 

sample) is directly proportional to the difference in the 

temperatures between the body (block sample) and its 

surroundings. 

Due to Newton’s law of cooling, we further investigate the 

rate of cooling with T = 30°C – from 75°C to 45°C, the 

results are shown in Tabel 4. Using this investigation, we can 

achieve cooling rate from 0,393°C/s up to 0,409°C/s. Mineral 

water has around 4% better performance than generic liquid 

coolant. 

 

 

TABLE 3 

Summary of Heating And Cooling Rate With Chiller Condition Is On 

Parameter 
Trials 

Average 
1 2 3 4 5 

Heating Duration (mm:ss) 

Mineral Water 08:42 09:04 08:42 09:04 08:44 08:51 

Liquid Coolant 05:52 05:53 05:44 05:48 05:43 05:48 

Heating Rate (°C/s) 

Mineral Water 0,077 0,074 0,077 0,074 0,076 0,0756 

Liquid Coolant 0,114 0,113 0,116 0,115 0,117 0,115 

Cooling Duration (mm:ss) 

Mineral Water 06:37 06:00 06:36 06:39 06:33 06:29 

Liquid Coolant 09:17 09:01 08:29 08:37 08:41 08:49 

Cooling Rate (°C/s) 

Mineral Water 0,101 0,111 0,101 0,1 0,102 0,103 

Liquid Coolant 0,072 0,074 0,079 0,077 0,077 0,0758 

 

TABLE 4 

Further investigation of cooling duration and cooling rate with 
T

  = 30°C 

Parameter 
Trials 

Avg 
1 2 3 4 5 

Cooling Duration (mm:ss) 

Mineral Water 01:13 01:13 01:14 01:13 01:14 01:13 

Liquid Coolant 01:19 01:15 01:15 01:17 01:16 01:16 

Cooling Rate (°C/s) 

Mineral Water 0,411 0,411 0,405 0,411 0,405 0,409 

Liquid Coolant 0,380 0,400 0,400 0,390 0,395 0,393 
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IV. CONCLUSION 

Using 2 pieces of 60-Watt heaters and a 60-Watt chiller and 

aluminium material as block sample, our research shows a 

heating and cooling rate up to approx. 0,1°C/s. Compared to 

commercially thermal cycler, our thermal cycler has a lower 

wattage; this lower wattage performance has been tradeoff 

with lower ramping rate. Some factors are suspected become 

the contributors of lower ramping rate: the determination of 

lower temperature’s set point of 35°C affected by Newton’s 

law of cooling; fluid’s properties or characteristics affecting 

the water pump’s power selection and liquid solution’s mass; 

and block sample design that was thick. A further 

investigation of cooling rate with T = 30°C – from 75°C to 

45°C – shows a promising result of 0,4 °C/s cooling rate.  
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