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Preface

The International Conference on Theoretical and Applied Physics (The ICTAP 2019)is a
conference organized by Physical Society of Indonesia (PSI), University of Lampung (Dept.
of Physics, Dept. of Physics Education, and Dept. of Geophysics Engineering); Dept. of
Physics Education - Raden Intan State Islamic University of Lampung; Dept. of Physics
- Technology Institut of Sumatera; Dept. of Physics Education- Univ. of Muhammadiyah
Metro; Research Unit for Mineral Technology Lampung- Indonesian Institute of Sciences;
Research & Standardization Industry Lampung, and Physics Teacher Forum of Bandar
Lampung. It is an annual conference of the Society and moves from one major city to
another, started seven years back in Bandung (Capital city of West Java Province), then
consecutively moved to Palangkaraya (Capital city of Central Kalimantan Province, 2012),
Malang (East Java, 2013), Denpasar (Capital city of Bali Province, 2014), Kendari (Capital
city of South-East Sulawesi Province, 2015), Makasar (Capital city of South Sulawesi
Province, 2016). Yogyakarta (Capital city of Special Region of Yogyakarta Province, 2017),
and Medan (Capital city of South Sumatera Province, 2018).

The ICTAP 2019 was held in Bandar Lampung, Lampung, on 26"-28" September 2019, with
the main theme "Physics and Smart Society." It was aimed for promoting, developing, and
disseminating interdisciplinary research from many different fields of physics. Researchers
from universities, institutes, and related industries, working on various fields of physics were
invited to participate to present papers or just as a participant.

We would like to acknowledge all of those who have supported ICTAP 2019. Each individual
and institutional help were very important for the success of this conference. Especially we
would like to thank the organizing committee for their valuable advices in the organization and
helpful peer review of the papers.

We hope that ICTAP 2019 will be a forum for excellent discussions that will put forward new
ideas and promote collaborative researches. We are sure that the proceedings will serve as an
important research source of references and the knowledge, which will lead to not only
scientific and engineering progress but also other new products and processes.

Dr. rer. nat. Roniyus Marjunus

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by 10P Publishing Ltd 1



The 9th International Conference on Theoretical and Applied Physics ICTAP) IOP Publishing
1572(2020) 011002  doi:10.1088/1742-6596/1572/1/011002

Journal of Physics: Conference Series

Peer review statement

All papers published in this volume dburnal of Physics: Conference Series have been peer reviewed
through processes administered by the proceedings Editors. Reviews were conducted by expert referees to
the professional and scientific standards expected of a proceedings journal published by IOP Publishing.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of thiswork must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by 10P Publishing Ltd 1



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

Table of contents

Volume 1572
2020

< Previous issue Next issue *»

The 9th International Conference on Theoretical and Applied Physics (ICTAP) 26-28 September
2019, Bandar Lampung, Indonesia

Accepted papers received: 05 June 2020
Published online: 14 July 2020

Open all abstracts

Preface

OPEN ACCESS 011001
Preface

+ Open abstract = | View article 2 PDF

OPEN ACCESS 011002

Peer review statement

+ Open abstract = | View article 2 PDF

Papers

OPEN ACCESS 012001

99mTe_Sulfur colloid single photon emission computed tomography for assessment of
liver function

Y Dwihapsari, M Evalisa and F Nazir

+ Open abstract ='| View article A PDF

OPEN ACCESS 012002

A comparation of different strategies in Principle Component Analysis (PCA) algorithm
for clustering human tooth surface using Laser-Induced Breakdown Spectroscopy (LIBS)

N L P Trisnawati, A Krisandi, I G A Widagda, I E Suprihatin and H Suyanto

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012003
fRrgliminary study,of phases, clemental mapping, and clectrical propertics OB 4 out more,

Nafie9iQaderived fiom pisghusk silica (]

https://iopscience.iop.org/issue/1742-6596/1572/1 1/15



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

A Riyanto, S Sembiring, A R Amalia, A Astika and R Marjunus

+ Open abstract ='| View article A PDF

OPEN ACCESS
Acoustic characteristics board of areca nuts fiber composites

M Taufik, A Doyan, Susilawati, S Hakim and L Muliyadi

+ Open abstract ='| View article 2 PDF

OPEN ACCESS
An analysis of need and design of m-learning using scientific approach on electricity
material in senior high school to stimulate higher order thinking skills

Z Zulmaidah, A Suyatna and U Rosidin

+ Open abstract = | View article 2 PDF

OPEN ACCESS

Analysis of gravity anomaly for groundwater basin in Bandar Lampung city based on 2D
gravity modeling

A Zaenudin, R Risman, [ G B Darmawan and I B S Yogi

+ Open abstract = | View article 2 PDF

OPEN ACCESS
Analysis of mineral sediment characteristics of Bantimurung Bulusaraung National Park
in the Karst Maros Region

M Arsyad, N Thsan and V A Tiwow

+ Open abstract = | View article 2 PDF

OPEN ACCESS

Analysis of physical properties and mechanics of rocks in the karst region of Pangkep
Regency

M Arsyad, V A Tiwow, Sulistiawaty and I A Sahdian

+ Open abstract ='| View article 2 PDF

OPEN ACCESS

Application of learning models conceptual understanding procedures by using
experimental methods on understanding physics concepts of students

N Nurlina, R A Lestari and R Riskawati

+ Open abstract = | View article 2 PDF

OPEN ACCESS
Assessing the temperature of plasma produced in carbon dioxide (CO;) Laser-Induced

cakdaown Spectroseopy, (LIBS) from soil sample prepared by two differept methads gf metal mesh

and Silisong gEeAS€ ookies policy.

https://iopscience.iop.org/issue/1742-6596/1572/1

012004

012005

012006

012007

012008

012009

012010

(%)

2/15



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

A M Sari, K Lahna, N Idris, M Ramli, K Kurihara and Marwan

+ Open abstract ='| View article A PDF

OPEN ACCESS 012011

Claim and warrant: a contextual physics learning strategy to enhance studens'
argumentation skills

Viyanti, Cari, W Sunarno, Z K Prasetyo and H Maulina

4+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012012
Complexity and neutron stars with crust and hyperon core

H Adhitya and A Sulaksono

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012013

Comprehensive theoretical studies on stable and radioactive isotopes produced by proton
irradiation of titanium target

I Kambali

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012014
A frequency generator of 40-60 kHz based on arduino for ultrasonic cleaner applications

Junaidi, A Sulistiya, A Surtono, A Supriyanto and Warsito

+ Open abstract ='| View article 2~ PDF

OPEN ACCESS 012015

Developing analytical mechanics course program using Geogebra multiple representation
based (Mgeo-MR)

T I Hartini, S Liliasari, S Agus and T R Ramalis

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012016
Development of a robust mobile robot for volcano monitoring application

M Evita, A Zakiyyatuddin, S Seno, R Kumalasari, H Lukado and M Djamal

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012017
Development of e-module using flip pdf professional on temperature and heat material

H Komikesari, M Mutoharoh, P S Dewi, G N Utami, W Anggraini and E F Himmah

+ Open abstract =] View article A PDF _
This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more, 0

see our Privacy and Cookies policy.

https://iopscience.iop.org/issue/1742-6596/1572/1 3/15



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

OPEN ACCESS 012018

Development of physics practicum module based on collaborative teamwork learning
model

M Mustari, P Marwoto, R S Iswari, F A Ginanjar and Y Anjelinar

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012019

Digital oscillation rails: developing physics learning media to determine the acceleration
value of earth's gravity

R Diani, R B Satiarti, N Lestari, N B Haka, D Reftyawati, A Padilah and H Komikesari

+ Open abstract ='| View article 2~ PDF

OPEN ACCESS 012020

ECIRR (Elicit, Confront, Identify, Resolve, Reinforce) learning model with the pictorial
riddle method: is it effective in reducing physics misconceptions?

R Diani, Y Yuberti, S Anggereni, G N Utami, A Igbal and I Kurniawati

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012021

Effect of ball-milling time on chemical property of coconut shell powder
I Ismail, Arliyani, S Fathmiyah, Mursal, Z Jalil and H P S A Khalil

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012022
Effect of free parametrized TOV on properties of neutron stars

D Purnamasari and A Sulaksono

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012023

Effect size test of 7e learning cycle model: conceptual understanding and science process
skills on senior high school students

H Komikesari, W Anggraini, N Asiah, P S Dewi, R Diani and M N Yulianto

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012024
Effectiveness of physics electronic modules based on Self Directed Learning Model
(SDL) towards the understanding of dynamic fluid concept

I Diansah and A Asyhari

+ Open abstract = | View article 2 PDF

DRIE DA G4ek 88okies. By continuing to use this site you agree to our use of cookies. To find out more, 012(6
see our Privacy and Cookies policy.

https://iopscience.iop.org/issue/1742-6596/1572/1 4/15



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

Effectiveness of the implementation of probing-prompting learning model on student learning
outcomes in the discussion of static fluid

A Lutfia, A Asyhari and Saidy

+ Open abstract ='| View article 2~ PDF

OPEN ACCESS 012026
Effects of magnetic fields on the Current-Voltage (I-V) characteristics of the chitosan

membrane

N N Rupiasih, M Sumadiyasa, I K Putra, R Wulandari and I W Sari

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012027

Electrodepolymerisation of polyaniline film for use as an electrode in FeNi alloy
electrodeposition

S Budi, A S Putri, A Mahmud, Afrizal, M Paristiowati, S Muhab, U Cahyana and A Purwanto

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012028

Elemental analysis of agriculture soil by a pulsed carbon dioxide (CO,) Laser Induced
Breakdown Spectroscopy (LIBS)

N Idris, D Susilayani, A M Sari, K Lahna, M Ramli, K Kurihara and Marwan

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012029

Environment management in prospect coal mining area at Handil Kutai Kartanegara, East
Kalimantan using resistivity tomography, wenner configuration

D Parwatiningtyas and B W A Putro

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012030
Escape hill development as a strategy to improve urban safety after earthquake and
tsunami Aceh 2004 based on regional planning and geotechnical aspect

M Munirwansyah, H Munirwan, M Irsyam and R P Munirwan

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012031

Estimation radiation dose from operation of petroleum NORM waste disposal in landfill
using TSD-DOSE

C A W Dwipayana, S S Moersidik and M A Pratama

+ Open abstract = | View article 2 PDF
This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more,
QRN P ¢S Nnd Cookies policy. 012(9

https://iopscience.iop.org/issue/1742-6596/1572/1 5/15



26/03/23, 10.44 Journal of Physics: Conference Series, Volume 1572, 2020 - IOPscience

Exploring teacher perception about STEM learning material to foster students understanding of
dispersion concept

E Normayanti, A Abdurrahman and K Herlina
+ Open abstract ='| View article 2~ PDF

OPEN ACCESS 012033
Flipped classroom mode for geometry optics teaching and learning: teachers' perceptions
and expectations

D Asmayanti, A Abdurrahman, V Viyanti and K Herlina

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012034
Gravitational wave echoes from quark stars

D Kartini and A Sulaksono

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012035
Halaban (Vitex Pubescens vahl) charcoal and coal bottom ash briquettes with pressure

variations

N H Haryanti, H Wardhana, Suryajaya, R Ramadhan and Yunita

+ Open abstract ='| View article 2 PDF

OPEN ACCESS 012036

ICT learning media comparative studies: simulation, e-modules, videos

A Suyatna

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012037
Identification of biogenic gas reservoir zone using log, petrophysics and geochemical
data in S-1 well of Nias basin, North Sumatera

O Dewanto, Maulina and T B Nainggolan

+ Open abstract =| View article 4 PDF

OPEN ACCESS 012038
Identification of students' misconceptions using the Certainty of Response Index (CRI)
from work and energy material

M Mustari, S Anggereni, Sodikin, Fitria and A D Yusandika

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012039
Inyestigationadiadtcmsiosnmngpals ardmotenrtishabacothsimakgragkien themmdainore, o
Lsband Privacy and Cookies policy.

https://iopscience.iop.org/issue/1742-6596/1572/1 6/15



JI. Kembar Mas Barat No. 1 Bandung Indonesia

PHYSICAL SOCIETY OF INDONESIA (PSI)

Mail: psi@fisika.or.id

PSI

SURAT KEPUTUSAN
No:003/PS1.0172019
Tentang
KEPANITIAAN THE 9% INTERNATIONAL CONFERENCE ON THEORETICAL
AND APPLIED PHYSICS (ICTAP)

Ketua umum Physical Society of indonesia,
Memperhatikan : Tugas dan tanggungjawab kepanitiaan The 9" ICTAP
Menimbang : a. Visi dan misi dari Physical Society of Indonesia

b. AD/ART PSl pasal 6 -
¢. Keputusan sidang miajelis PSI 2018

Memutuskan

a.

b.

Pertama : menetapkan panitia The 9" ICTAP sesuai dengan nama dan jabatan yang
tercantum dalam lampiran keputusan ini

Kedua : bahwa yang namanya tercantum dalam lampiran keputusan ini dianggap mampu
dan cukap dalam menjalankan tugas dan fungsi serta tanggung jawab dibidangnya
masing-masing.

Ketiga : keputusan ini mulai berlaku sejak tanggal ditetapkan dengan ketentuan apabila
dikemudian hari terdapat kekeliruan dalam penetapan ini akan diadakan perbaikan
sebagaimana mestinya.

Bandung, 25 Januari 2019
Ketua Physical Society of Indonesia

HNSEADr. Ing Mitra Djamal




PHYSICAL SOCIETY OF INDONESIA (PSI)

J1. Kembar Mas Barat No. 1 Bandung Indonesia
Mail: psi@fisika.or.id
PSI

LAMPIRAN | - Surat Keputusan No.003/PS1.01/2019

THE 9" INTERNATIONAL CONFERENCE ON THEORETICAL AND APPLIED PHYSICS
(ICTAP)
SUSUNAN PANITIA

Pembina : Prof. Dr. Ing Mitra Djamal
Dr. Eng. KuwatTriyana, M.Si.
Dr. ReinardPrimulando
Dr. Fatimah A Noor

Pengarah : Prof. Warsito, S.Si., DEA., Ph.D.
Prof. Drs. Posman Manurung, Ph.D.
Prof. Drs. Simon Sembiring, Ph.D.
Prof. Dr. Agus Suyatna, M.Si.
Prof. Dr. Suharno, M.Sc.
Dra. Dwi Asmi, M.Si., Ph.D.
Dr. Nyoto Suseno, M.Si
Dr. Junaidi, S.Si., M.Sc.

Ketua : Dr. rer. nat. Roniyus Marjunus, S.Si., M.Si. (FMIPA Unila)
WakilKetua : Dr. Abdurrahman, M.Si. (FKIP Unila)

Sekretaris 1 : Dr.lkah Ning Prasetiowati Permanasari, S.Si., M.Si. (itera)
Sekretaris 2 : Dr. Nandi Haerudin, S.Si., M.Si. (TG Unila)

Sekretaris 3 lr. M Yunus, M.T. (LIP])

Bendahara1 : M. Barkah Salim, M.Pd.Si. (UM Metro)

Bendahara2 : Rahma Diani, M. Pd. (UIN RIL)

Sie. Kesekretariatan:

Agus Riyanto, S.Si, M.Sc (FMIPA Unila)
Ismu Wahyudi, S.Pd.,M.Pfis. (FKIP Unila)
Dr. Alimuddin (TG Unila)

Mohamad Samsul Anrokhi, M.Si.(ITERA)
Nurlaila Rajabiah, S.Pd., M.Sc. (UM Metro)
Leni Rumiyanti, 8. Pd, M. Sc.(FMIPA Unila)
Rahmat Nawi Siregar, M.Sc. (ITERA)
Humairoh Ratu Ayu, S.Pd., M.Si (FMIPA UNILA)
. Dr. Doni Andra, S.Pd., M.Sc (FKIP UNILA)
10. Nafa Aprilia Anugrah

11. Nilla Anggi Pratiwi

12. Catur Destiana

13. Nita Suliyani

14. Alfi Karimatun Nisa

15. Ria Oktaviani

16. Dewi Puspitasari

17. Indah Pratiwi

18. Friska T. Desy

19. Rosa Melinda

20. Deni Radiansyah

CoNon hON -




JI. Kembar Mas Barat No. | Bandung Indonesia
3 Mail: psi@fisika.or.id
PSI

21. Igbal Adi Nugraha

22. A.M Mario Sianturi

23. Siera Nadylle

24. Mir'atun Aulia

PHYSICAL SOCIETY OF INDONESIA (PSI)

. Acara:
Riswanto, M.Pd.Si.(UM Metro)
Happy Komike Sari, M. Si (UIN RIL)
Dr. Undang Rosidin, M.Pd.(FKIP Unila)
Dr. Ordas Dewanto, S.Si, M.Si.(TG Unila)
Dr. Yanti Yulianti, S.Si., M.Si.(FMIPA Unila)
Novinta Nurul Sari, S.Pd, M.Pd (FKIP Unila)
Kusno Isnugroho, S.T. (LIPI)
Bizry Cahya Divia
M. Rifqi Fauzi

10. Ghozi Ridho Muzdhofar

11. Deddy Catur Prastowo

12. Rahmat Catur Wibowo

13. Istifani Ferucha

coNdarwn D

Sie. Pertemuan Kajur/ Kaprodi dan PSI:

1. Arif Surtono, S.Si., M.Si., M.Eng. (FMIPA Unila)
2. B. Anggit Wicaksono, S.Pd., M.Pd. (FKIP Unila)
3. Drs. Amir Supriyanto, M.Si.(FMIPA Unila)

4. Dr. Ahmad Zaenudin, S.8i, M.T.(TG Unila)

5. Dedy Hidayatullah Alarifin, M.Pd.(UM Metro)

6. Dr. Yuberti, M. Pd.(UIN RIL)
Sie. Konsumsi:

1. Deska Limawening P, M.Sc. (ITERA)

2. SriLatifah, M. Sc. (UIN RIL)

3. Hervin Maulina, S.Pd., M.Sc. (FKIP Unila)

4. Harlina, M.Sc. (ITERA)

5. 8ri Wahyu Suciyati, S.Si., M.Si. (FMIPA Unila)
6. Dra. Damriani (MGMP)

7. Suprihatin, S.Si., M.Si (FMIPA Unila)

8. Nia Wirawan

9. Andhika Raymond

10. Yeli Krisdayanti Lature

11. Rahmat Aan Setiawan

. Perlengkapan, Transportasi dan Feild Trip:
Karyanto, S.8i., M.T. (TG Unila)
Tri Siswandi, M.Si. (ITERA)
Ardian Ashari, M. Pd. (UIN RIL)
Drs. Pulung Karo-Karo, M.Si. (FMIPA Unila)
Rustadi, 8.Si., M.T (TG Unila)
David Chandra Birawidha, S.T (LIP})
Igbal Firdaus, S.Si., M.Si (FMIPA Unila)

~Noorwn2




J1. Kembar Mas Barat No. 1 Bandung Indonesia

@ PHYSICAL SOCIETY OF INDONESIA (PSI)

Mail: psi@fisika.or.id

PSI

Sie.

COoNODORWN =

~ooson=2

Sie.

—

IT & Makalah:

Antomi Saregar, S.Pd.,M.Pd. M.Si. (UIN RIL)
Dr. Muh. Sarkowi, S.Si, M.Si. (TG Unila)

Okky Fajar Trimaryana, S.Si., M.Si. (ITERA)
Dr. Viyanti, S.Pd., M.Pd. (FKIP Unila)

Ajo Dwi Yusandika, M. Sc. (UIN RIL)

Sodikin, M.Pd. (UIN RIL)

Donni Kis Apriyanto, S.Si., M.Sc. (FMIPA Unila)
Nur Endah Susilowati

Adyt Anugrah

. Publikasi & Dokumntasi:

Rita Aprilyawati, S.Pd. (MGMP)

M. Amin, S.T. (LIP])

Syamsurijal, S.Si, M.Si. (TG Unila)

Mahardika Yoga, M.Sc. (ITERA)

Irwandani, M. Pd. (UIN RIL)

Gurum Ahmad Pauzi, S.Si., M.T. (FMIPA Unila)
Wayan Suana, S.Pd., M.Si. (FKIP Unila)

Dana dan Sponsorship:
Dr. | Wayan Distrik, M.Si. (FKIP Unila)
Bagus Sapto M, S.Si, M.T. (TG Unila)

Bandung, 25 Januari 2019
Ketua Physical Society of Indonesia




Journal of Physics: Conference Series

PAPER « OPEN ACCESS

Simulation approach of chamber purging experiment by nitrogen gas

To cite this article: R Marjunus 2020 J. Phys.: Conf. Ser. 1572 012059

View the article online for updates and enhancements.

This content was downloaded from IP address 103.3.46.247 on 16/07/2020 at 05:17


https://doi.org/10.1088/1742-6596/1572/1/012059
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv6iHScpm35Js9M-biXmzbfQQxpV1YiH3Z-8mmsu_cO-Txnr6H8ps-B2K4cTbgFnAv9G0sMNZ2LjFvRW_TolUT_XDIrXTaQ4eHTO76034nWCnMXKdYtxeR_aVpNBW8vJ_rmaS_h5rEPOr_BmJgoMnv7Gc5wlzWzPzmXbgeLO8lI3wqnWuSVnHMEWaNq70MMs3u1IErlAJZbtau7mSkG0S_YMrv3IUrT__F3j-z55BzWXCXmYPbD&sig=Cg0ArKJSzHDhdMfu24Du&adurl=http://iopscience.org/books

The 9th International Conference on Theoretical and Applied Physics (ICTAP)

IOP Publishing

Journal of Physics: Conference Series

Simulatio

1572(2020) 012059  doi:10.1088/1742-6596/1572/1/012059

n approach of chamber purging experiment by

nitrogen gas

1. Introduction

Conten

Published under licence by 10P Publishing Ltd

R Marjunus

University of Lampung, J1. Prof. Dr. Soemantri Brodjonegoro No.1, Bandar Lampung
35145, Indonesia

roniyus.1977@fmipa.unila.ac.id

Abstract. Chamber purging is usually required in a gas sensing research, in order to make a
perfect dry air condition (Relative Humidity/RH = 0%) in the chamber. An experiment shows
that RH of the cylindrical chamber (volume = 7.5 cm?®) never touch 0% (only 32% and 4%)
although it was purged by 100 and 300 sccm of synthetic air (consists of 20% O, and 80% of
N2). It was also obtained the same condition when N, gas was used instead of synthetic air. In
order to understand this experiment’s results, a simulation has been done. The simulation
approach using a box-form chamber (volume = 9.6 cm®) shows that the combination of the
diffusion-convection process of N, gas is responsible for the results of the chamber purging
experiment instead of pure diffusion or pure convection.For the future step, it is needed
further investigation (experiment and simulation) in order to reach 0% RH.
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Figure 1. Humidity achievement with flow variations [1]
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In a gas sensor experiment, chamber purging is one of the important steps in order to get an adjusted
humidity condition (dry or wet) in the chamber. Experimentally, it was found that to achieve a
perfectly dry condition (0 % R.H./Relative Humidity) was unreachable [1]. Figure 1 shows purging
experiments that were planned to reach expected R.H. i.e., 0% and 50% at room temperature (30°C)
using flow variations. According to figure 1, if it was used 100 sccm (standard cubic centimeter) air,
the chamber would only achieve 32.2% after 30 minutes. It would be 4% RH for 300 sccm air. The
first 30 minutes was aimed for temperature stabilization in the chamber. Then, there were no
significantly different results between 100 sccm and 300 sccm for expected RH= 50%, and it was
obtained 47% after it was waited for 10 minutes.
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Figure 2. Reproducibility of purging experiments [1]
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If it used nitrogen (N), the results are as given in figure 2 [1]. N, was used because synthetic air is
more expensive than N,. Based on figure 2.(a) and (b), it proves that measurements of the purging
experiments which have been done are reproducible. If a heater was used in the chamber (figure 3), it
shows that the heater makes the dehumidification faster but the humidification slower.
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Figure 3. RH and chamber temperature [1]

According to those explanations, it should be an explanation for these phenomena. Literature
searching concludes that there is no report yet, which is similar to this case. Some researches regarding
the simulation approach of the humidification and dehumidification process have been conducted, but
their cases are actually not the same as this report [2,3,4,5,6,7,8].This article will investigate the
explained phenomena based on diffusion and convection concept.

2. Data/Materials and Methods
As explained before, this investigation based on the diffusion process which uses the Diffusion
Equation as given by Equation (1) [9],

ac _ pp2
ol DV-C (D
where C is the water vaporconcentration, D is water vapor diffusion constant in N>for temperature 7'

(in K) and at pressure p (in atm). D in Equation (1) can be calculated as presented in Equation (2) [9],

— p Po(T)*
D =Do%() )
where Dy is diffusion constant of water vapor in N> (i.e. 0.2178 cm?/s) at Tp = 273.15 K and po=1
atm; and ais a constant (1.81) in Massman’s Equation [9]. Afterward, specific humidity will also be
used in this simulation as reveals in Equation (3) [10]

3)
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where m,,, and m, are the water vapor mass (kg), which is in the N, and the N>-mass, respectively. By
combining Equation (1) — (3), it will be obtained a new form of Equation (1), which will be usedin this
simulation for the diffusion process.

This simulation will also compare the diffusion and the convection process, which employs the
mass balance equation for N» as given in Equation (4) [10],

dmgyin dmg out

a T a @

where m, i, is No-mass (kg), which goes in and m, o, Which is out from the system. It also employs
the mass balance equation for the water vapor as presented in Equation (5)[10],

dMyy chamber — dMy in _ dmy out (5)
dt dt dt

where My, chamber> Mw in a0d My, oyt are the water vapor mass (in kg) which is in, goes into and flows
out from the system, respectively. Then, by combining Equation (3) — (5), it will be produced a new
form of Equation (5) will be the basic equation in this simulation for the convection process.

Afterward, these two equations (diffusion and convection) will be applied for the experiment
chamber, which is replaced by the chamber model, as presented in figure 4. Finally, it will be shown,
which one is the best approach to explain these phenomena: is it diffusion, convection, or combination
of diffusion and convection?
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Figure 4. Experiment Chamber (left) and its model (right) [1]

3. Results and discussion
As mentioned before, this simulation starts with the diffusion process. By substituting Equation (3) to
Equation (1), it is obtained a new form of Equation (1) as exhibited in Equation (6)

dw _ 2

e DV-w (6)
Then, for the convection process, by using Equation (3), Equation (5) can be rewritten as presented in
Equation (7)

dwmg chamber __ d@WinMain _ 4®Wout™Maout (7)

dt dt dt

where Win, Wout> Ma chamber, Ma in ANd M4 oy are water vapor specific humidity which goes into and out
from the system, N>-mass which is in, goes into and out from the system, respectively. Afterward, it is
assumed

dMain _ AMaout _ dMay

dt dt dt (8)

Equation (8) causes Equation (7) can be represented as written in Equation (9)
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Afterward, it is already understood that [1]
Wout = Wchamber = @ (10)
Wi, = constant, (11)
M, chamber = PN, Vchamber> (12)
ma = pn,V, (13)

where py,, Ma, Venamver, and V' are the Na-density (in kg/m?),the N>-mass which flows (in kg), the
chamber volume (in m?), and the atmosphere volume which flows (in m?), respectively. Because of
these equations/Equation (10) — (13), Equation (9) can be redisplayed as given in Equation (14)

d_(‘) — V (win_w) (14)

dt (Vchamber"'Va)’

If the Diffusion Process/Equation (6) is combined with the Convection Process/Equation (14), then
it is obtained

49 _ pyzgy 4 — @in=®) (15)

dt (Vchamber*’Va)'
Equation (15) can only be solved numerically as given in Equation (16),

Wijkl+1 = Wijkl
+ DAF Wikl — 2WijK1 T Wi—1jk] N Wiji1kl — 2Wijkl T Wij-1k]
Ax? Ay?
+ (wi,j,k,1+1 - zwi,j,k,l + wi,j,k—l,l) 4 ALY (win - wi,j,k,l)
Az? (Vchamber + AtV)

(16)

Then, according to figure 4, the sample holder is as a barrier which causes the followed conditionat
the sample holder boundary

dw dw dw
oy (17)

Numerically, the meaning of Equation (17) is as given by Equation (18)
Wijkl+1 = Wik (18)

Afterward, based on w-form solution, it be formed the RH-form as the followed procedure. Based
on the Ideal Gas Equation, the gas mass (m) can be computed as exhibited in Equation (19)

_ v
=2 (19)
where p is the gas pressure (Pa), V is the gas volume (m?®), M is the gas molecular mass (kg/mol), and
T is the gas temperature (K). According to Equation (19), Equation (3) can be written as presented in
Equation (20)

_ Mypw
w = Mops’ (20)
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where p,, is the water vapor pressure (Pa), pa is the N»-pressure in Pa, M,, is the water vapor molecular
mass (18 kg/mol), and M, is the No-molecular mass (28 kg/mol). Then, because of

Pa =D — Pw> (21

where p is the total pressure of water vapor and N, (in Pa), then Equation (20) can be reformed as
exhibited in Equation (22)

w=0629-22 (22)
P—Pw
Since RH is as given in Equation (23) [8]
RH = B (23)
Dsat

where psa is No-saturated water vapor pressure (in Pa) as presented in Equation (24)

17502T
240.97+

(1.0007 .46X10_5><1013.250)><6.11216xp(

)><1.01x105
Psat = 1013.250

24)

where T is the temperature (in °C). Afterward, if Equation (22) is substituted to (23), it changes the
display of Equation (23) as presented in Equation (25)

_ wp
RH = (0.6429+ )psat’ (25)

Then, substitution Equation (16) to (25) produces the RH as function of time. If it is only diffusion,
then Equation (16) is simplified as presented in Equation (26)

_ Wit1,jk] =20 k1 +0i-1jk] Wij+1k]1~ 20 k1t 0ij-1k]
wi,j,k,l+1 = a)i,j,k_l + DAt <( AxZ + Ay? +
(wi,i,k,m—Zwi,i,k,1+wi,j,k—1,1) (26)
Az?

If simulation results of pure diffusion case/Equation (26) is compared to the experiment results, it is
as presented in figure 5. It can be seen that there is no RH change when wet/dry N is applied.
Simulated-RH is always at the same value, i.e. 60%. It happens because of very slow process in this
approach.
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Figure 5. Simulation of pure diffusion versus experiment [1]
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If it is only convection, then Equation (16) can be reformed as given in Equation (27) and shown in
figure 6.
(win—wijx1) @7)

Wy = AtV —.
Ljkl+1 (Vchamber +AtV)

(L] T T
. M0 maen ™ il th bepnier CHISC fywprarismpni
o] o [ UM sagnpay Py ik i et 30 ok b
lh A - - - 300 s N with bealer (300 espermmi
T - BIHY e 24, i besaier {90 lsimplaiion
& = = W sageon N wilith bearter | 30T s b alation

= HHY soem M i ith Reamar @ WP g hm el ion

LE Irerded 084

iy I,|._l"" . i

3o -l\_‘_____ E
] '

m-"ﬁ

e, "= m - —— S

R ()

Imtemched 5084

Sl T T
# {mitmtes )
Figure 6. Simulation of pure convection versus experiment [1]

According to figure 6, if it is pure convection, then simulated-RH is always at the same value,
although the flow rate of N is variated. It is obtained because the process is very fast.
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Figure 7. Simulation of diffusion-convection versus experiment [1]

The last result is a diffusion-convection combination (Equation (16)) as given in figure 7.
According to figure 7, the combination of diffusion and convection is the best approach because the
simulation results have a tendency to the experiment results.
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4. Conclusion
The simulations which have been done proving that the combination of diffusion and convection is the
best approach because it can close experiment results instead of using only diffusion or convection
approach. For the future step, it is needed further investigation (experiment and simulation) in order to
reach 0% RH.

5. References

[1] Roniyus M 2018 Development of Pt-based sensitive layer for carbon monoxide work function
change based sensor in air at room temperature Ph D Thesis (Miinchen: Universitit der
Bundeswehr)

[2] Faissal A, Mohammed A, Mazherb A K and Abdulrahim A 2019 Simulation and optimization
study of the humidification—-dehumidification desalination process Desalination and Water
Treatment 141p 23-25

[3] Yang L, Xin H, Hao P, Xiang L and Shan D T 2018 Simulation and optimization of
humidification-dehumidification evaporation system Energy 145 p128-140

[4] He W F and Han D2017 Performance simulation of an air-heated humidification
dehumidification desalination system /OP Conference Series: Earth and Environmental
Science 73 012004p 1-6

[5] Chiranjeevi C and Srinivas T 2015 Experimental and simulation studies on two stage
humidification—dehumidification desalination and cooling plant Desalination 376 p 9-16

[6] Yoshinori H, Hideo M and Fumio M2008 Simulation of a dehumidification/humidification
performance of a desiccant rotor using pore size controlled material regenerated by low
grade thermal energy International Refrigeration and Air Conditioning Conference at
Purdue (2008) p 1-8

[7] Haris P G, Rajendra S A and Rakesh K 2003 Experimental design and computer simulation of
multi-effect humidification (MEH)-dehumidification solar distillation Desalination 153 p
81-86

[8] Naser K N, Mohammed M F, Abdul A O, Said M A H and Abdul R T A 1997 Simulation study
to improve the performance of a solar humidification-dehumidification desalination unit
constructed in Jordan Desalination 109 p 277-284

[9] William J M 1998 A review of the molecular diffusivities of H,O, CO,, CHs, CO, O3, SO,, NH3,
N>O, NO, and NO; in air, O, and N> near STP Atmospheric Environment 32 (6) p 1111—
1127

[10] Yunus A C, John M C and Robert H T 2017 Fundamentals of thermal-fluid sciences (5th
Edition. Mc Graw-Hill Education)

Acknowledgment

The author would like to thank Ministry of Research and Higher Education, Republic of Indonesia
and also to Institut fiir Physik, Fakultdt Elektrotechnik und Informationstechnik, Universitit der
Bundeswehr Miinchen, Germany, for supporting this research.



