Pushpa Publishing House http://www.pphmj.com/journals/jphmt.htm

Institutional Price List | Reviewers | Book & Monographs | Conference | Contact Us

SEARCH =]

Home  Publication Ethics  Guidelines  Journal ~ Submit a Manuscript  Individual Subscriber Login  Impact Factor
Journal Menu ISSN: 0973-5763
JP Journal of Heat and Mass Transfer

Ji | Hy .
ournal Home Aims and Scope :

Editorial Board The JP Journal of Heat and Mass Transfer publishes peer-reviewed articles in heat and mass transfer which enriches basic ideas in this
Guidelines for Authors field and provides applicable tools to its users.
Subscribe Articles both theoretical and experimental in nature covering different aspects in the area of heat and mass transfer such as heat transfer
Content in phase change phenomena, machinery and welding operations, porous media and turbulence are considered. Priority is given to those
which employ or generate fundamental techniques useful to promote applications in different disciplines of engineering, electronics,
Publication Ethics and communication systems, environmental sciences and climatology. Also, we encourage work on nanoscale heat transfer and information
Publication Malpractice technology having an open area in robotics, digital learning and space sciences. Articles concerning their management and business may
Statement also be promoted.

Journal Metrics / Impact Survey articles dealing with certain issues in the context of current developments in heat and mass transfer together with their

Factor applications in interdisciplinary topics are also entertained.
Frequency :
Categories
The JPHMT is being published in three volumes annually and each volume comprises of two issues appearing in February, April, June,
Journals List August, October and December.
All Journals

Abstracting, Indexing and Reviews :

® Scimago Journal & Country Rank (2018): SJR 0.14 : Q4
Google-based Journal Impact Factor (2018): 2.19 & 1
Google-based 5-Year CiteScore (Average Citations per Article): 4.25 & 1

Academic Keys (A Higher Education Journals in Sciences)

AMS Digital Mathematics Registry This litle
Chemical Abstracts is indexed
CrossRef DOIs databases in Smpus
EBSCOhost e
Excellence in Research for Australia (ERA Journal 2018 ID: 201205)
Google Scholar

IndexCopernicus JP journal of Heat and Mass
J-Gate Trancter

VISA

Credit Cards

[
BCOPUS"

ProQuest Arorcar

RG Journal Impact: 0.26 (ResearchGate) O 4 Molecwler Physics.
Scilit (Switzerland) L ani Dotk

Scopus

Ulrichsweb S|R 20ME \
Zentralblatt MATH 0,14 wiind i
i-Journals (www.ijournals.my)
i-Focus (www.ifocus.my)

powcrec

® e 06 0 0 060 0600 00 000000 °

i-Future (www.ifuture.my)

Editor-in-Chief :

Professor K. K. Azad

Retired Professor & Head
Department of Mathematics
Ex-Dean, Faculty of Science
University of Allahabad

Vijaya Niwas, 198, Mumfordganj
Prayagraj 211 002, INDIA
kkazad@pphmj.com

Home Journals Books & Monographs  Institutional Price List Refund Policy Disclaimer Policy Privacy Policy  Shipping & Delivery ~ Terms and Conditions Copyright 2012

This website is best viewed at 1024x768 or higher resolution with Microsoft Internet Explorer 6 or newer.

ldaril 20/05/2020 19:03



Pushpa Publishing House http://www.pphmj.com/journal garticles/1933.htm

Institutional Price List | Reviewers | Book & Monographs | Conference | Contact Us

SEARCH =]

Home  Publication Ethics  Guidelines  Journal ~ Submit a Manuscript  Individual Subscriber Login  Impact Factor

ISSN: 0973-5763

Journal Menu
JP Journal of Heat and Mass Transfer

Journal Home
Editorial Board
Guidelines for Authors
Subscribe

Content

Publication Ethics and
Publication Malpractice
Statement

Journal Metrics / Impact
Factor

Content

L Volume 19 (2020)
& volume 19, Issue 2
Pg 215 - 316 (April 2020)
& volume 19, Issue 1
Pg 1 - 213 (February 2020)
Volume 18 (2019)

_ Special Issue (2019)

Volume 17 (2019)

Volume 16 (2019)

Special Volume (2018)

_ Special Volume (2018)

_ Special Volume (2018)

_ Volume 15 (2018)

_ Volume 14 (2017)

Volume 13 (2016)

Volume 12 (2015)

Volume 11 (2015)

Volume 10 (2014)

_ Volume 9 (2014)

. Volume 8 (2013)

_ Volume 7 (2013)

_ Volume 6 (2012)

. Volume 5 (2011)

_ Volume 4 (2010)

_ Volume 3 (2009)

_ Volume 2 (2008)

_ Volume 1 (2007)

1dari 2 20/05/2020 19:07



Pushpa Publishing House http://www.pphmj.com/journal garticles/1933.htm

Volume 19, Issue 1, Pages 1 - 213 (February 2020)
Articles 1 -150f 15[ 1]

CORRELATION OF TEMPERATURE, VELOCITY AND PERFORATION LOCATION IN A FLAT UNGLAZED TRANSPIRED SOLAR
COLLECTOR (UTC) DUE TO AIR FLOW

by: S. P. Panigrahi and S. K. Maharana

Page: 1 -18

Abstract | Add to my cart

THREE DIMENSIONAL LAMINAR FLOW OF MAGNETITE WATER BASED NANOFLUIDS UNDER HEAT GENERATION AND
COUPLE STRESS EFFECTS

by: P. Chandra Reddy, S. Harinath Reddy, G. Sivaiah, V. Ravi Kumar and M. C. Raju

Page: 19 - 29

Abstract | Add to my cart

PARAMETER SENSITIVITY ANALYSIS ON MATHEMATICAL MODEL OF METHANE OXIDATION USING REVERSE FLOW
REACTOR WITH PERIODICALLY PERTURBED FEED GAS

by: A. Nuryaman, L. Zakaria and S. Suharsono

Page: 31 - 42

Abstract | Add to my cart

EFFECT OF VISCOUS DISSIPATION ON MHD MIXED CONVECTION FLOW OF HYPERBOLIC TANGENT FLUID OVER AN
EXPONENTIALLY STRETCHING SHEET WITH DOUBLE SLIP AND CHEMICAL REACTION

by: K. Sharada and B. Shankar

Page: 43 - 56

Abstract | Add to my cart

NUMERICAL SOLUTION OF THE TWO LAYER SHALLOW WATER EQUATION USING FINITE VOLUME METHOD
by: Arnasyita Yulianti Soelistya and Sumardi

Page: 57 - 71

Abstract | Add to my cart

IMPROVING SOLAR STILLS PRODUCTIVITY BY USING NANOFLUIDS TECHNOLOGY

by: Yousuf Alhenda, Aboelyazied Kulaib, Shafgat Hussain, Abdulrahim Kalendar, Adel Alenzi and Rafik El Shiaty
Page: 73 - 96

Abstract | Add to my cart

EFFECTS OF PULSATILITY AND DOUBLE STENOSES ON POWER LAW MODEL OF BLOOD FLOW
AND MASS TRANSPORT IN VESSEL

by: Reima D. Alsemiry, Sarifuddin, Prashanta K. Mandal, Hamed M. Sayed and Norsarahaida Amin
Page: 97 - 128

Abstract | Add to my cart

INFLUENCE OF THE FORM OF WRITING CONSERVATION LAWS IN COMPUTATIONAL MECHANICS
by: Evelina Prozorova

Page: 129 - 140

Abstract | Add to my cart

CONJUGATION CONDITIONS IN THE PROBLEM OF FILTERING CHEMICAL SOLUTIONS IN THE CASE OF STRUCTURAL
CHANGES TO THE MATERIAL AND CHEMICAL SUFFUSION IN THE GEOBARRIER

by: O. Ulianchuk-Martyniuk and O. Michuta

Page: 141 - 154

Abstract | Add to my cart

MIXED CONVECTION WITH ENTROPY GENERATION IN A SQUARE CAVITY FILLED WITH HYBRID NANOFLUID
by: Ilhem Zeghbid and Rachid Bessaih

Page: 155 - 174

Abstract | Add to my cart

PREDICTION OF HEAT TRANSFER AND PRESSURE DROP IN HELICALLY PERFORATED TWISTED TAPE HEAT EXCHANGER
TUBE USING FUZZY LOGIC

by: Sunil Kumar, Robin Thakur, Neeraj Gandotra, Sorabh Aggarwal, Arvind Singhy, Rajesh Maithani and Anil Kumar

Page: 175 - 184

Abstract | Add to my cart

APPLICATIONS OF AN EXTENDED LAPLACE TRANSFORM IN HEAT EQUATION
by: Hwajoon Kim

Page: 185 - 193

Abstract | Add to my cart

MODELING OF CONJOINT PROCESSES OF HEAT TRANSFER IN EMULSIONS OF NONMIXING LIQUIDS
by: Alexander Rozentsvaig

Page: 195 - 200

Abstract | Add to my cart

SOME ASPECTS OF THE FORMATION OF THE SPECTRUM OF ATMOSPHERIC TURBULENCE
by: A. V. Dmitrenko

Page: 201 - 208

Abstract | Add to my cart

COMPARISON OF EXPERIMENTAL DATA ON THE DECAY OF OSCILLATIONS OF AIR AND STEAM BUBBLES IN WATER WITH
ANALYTICAL RESULTS

by: Nail Suleiman Khabeev

Page: 209 - 213

Abstract | Add to my cart

Home Journals Books & Monographs  Institutional Price List Refund Policy Disclaimer Policy Privacy Policy  Shipping & Delivery ~ Terms and Conditions Copyright 2012

This website is best viewed at 1024x768 or higher resolution with Microsoft Internet Explorer 6 or newer.

2 dari 2 20/05/2020 19:07



F W JPJournal of Heat and Mass Transfer
/ © 2020 Pushpa Publishing House, Prayagrgj, India
g q'p \ http://www.pphmj.com

http://dx.doi .org/10.17654/HM 019010031
ALY \/ olume 19, Number 1, 2020, Pages 31-42 |SSN: 0973-5763

PARAMETER SENSITIVITY ANALYSIS
ON MATHEMATICAL MODEL OF METHANE
OXIDATION USING REVERSE FLOW REACTOR
WITH PERIODICALLY PERTURBED FEED GAS

A. Nuryaman®, L. Zakariaand S. Suharsono

Department of Mathematics

Faculty of Mathematics and Natural Sciences

Universitas Lampung

Indonesia

e-mail: aang.nuryaman@fmipa.unila.ac.id
aangnuryaman@gmail.com

Abstract

In this paper, we investigate the effect of operation parameters
to dynamic of dependent variables for catalytic oxidation reaction
using reverse flow reactor (RFR). Here, we consider a 1-D pseudo-
homogeneous model for RFR with cooling through the wall and
periodically perturbed feed gas. By using finite difference method
to the model, we construct numerical schemes. The simulations are
conducted for various values of period of gas feeding, switching time,
cooling capacity and superficial velocity.
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1. Introduction

Methane is the second largest greenhouse gas whose global warming
potential reaches about 20 times greater than carbon dioxide and it becomes
a wasted energy resource if not used. Methane includes the gas whose
low and unstable concentration, is about 1 vol%, and constitutes the most
arduous hydrocarbons to react whose adiabatic combustion temperature
is about 1900°C in the traditional combustion mode [1]. Therefore, auto-
thermal operation is hard to achieve a valuable without pre-heating the feed.
Thus, conversion of methane to carbon dioxide will give two advantages:
reduction of global warming effect and utilization of the heat output from
the reaction to pre-heat the feed. On the other hand, a catalyst is required
to accelerate the conversion and to carry out stable combustion for low

concentrations.

One method used in methane combustion is catalytic reverse flow
reactor (RFR). It was first proposed by Frank-Kamenetskii [2] and was
reviewed by Matros and Bunimovich [3]. RFR is a packed-bed reactor in
which the flow direction is periodically reversed to trap a hot zone within the
reactor. If we compare RFR with a direct flow adiabatic reactor, then
reactions using RFR may be run and proceed at lower temperature and

higher conversions.

There are some methods in previous research to investigate dynamics
of feed gas in RFR. In [4-17], there are three methods to investigate this
problem. They are experimental, analytical and numerical or computational
approaches. The last two methods are usually considered mathematical

models that describe the dynamics of feed gas dynamics in RFR.

Various models were proposed to describe the dynamic behavior of the
RFR. For example: Khinast et al. [4] and Salomons et al. [5] have used
a one-dimensional pseudo-homogeneous model, while [6] proposed a

one-dimensional heterogeneous model, and [7] used a two-dimensional



Parameter Sensitivity Analysis on Mathematical Model ... 33

heterogeneous model. In those models, temperature and concentration of

feed gas were assumed to be constant along time.

In [11, 12], the authors proposed an analytical approach to solve singular
perturbation problem that derived from 1-D pseudo-homogeneous model at
steady state condition under some assumptions. By using same model but at
unsteady state condition, an analytical solution using homotopy perturbation
method was studied [16]. Furthermore, Wibowo et al. [15] have reported
solution unique existence of mathematical model of reverse flow reactor

especially in the parabolic and hyperbolic equations.

Meanwhile studies of feed gas dynamics in RFR through numerical
simulation approaches were reported in [8, 10, 14]. Budhi et al. have
investigated RFR stability for constant and oscillating feed concentration
[10]. With the same topic, Nuryaman et al. [14] have studied the impact of
changes in operating parameter values to RFR dynamics for fixed feed gas
temperature with periodic concentration like square-wave function.

In this paper, we explore the previous research in [14] by considering
temperature is constant and concentration of feed gas which is periodically
perturbed like trigonometry function. Here we consider one-dimensional
pseudo-homogeneous model that describes cooled RFR behavior. By
numerical simulation approach, we analyze the parameter sensitivity to RFR
stability.

Here, we organize this paper as follows: A mathematical model for the
dynamic of methane temperature and concentration and numerical scheme
are described in Section 2. Next, in Section 3, numerical simulations are
presented to describe the dynamic behavior of feed gas in reverse flow

reactor. In the last section, conclusions are presented.
2. Mathematical Modeling and Numerical Scheme

In mathematical modeling of the RFR, we adopt 1-D pseudo-
homogeneous model for the cooling RFR consisting of one panel in Khinast
et al. [4] as follows:
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In equations (1)-(2), T = T(z, t) and C = C(z, t), respectively, denote the

where g(T) = which corresponds to reaction rate.

temperature (K) and concentration (mol/L) of feed gas at position z and

time ¢. Beside that, equations system (1)-(2) be equipped with boundary
conditions for flow to the right as follows:

A oT D oC

“ulpe,), & T T A =G -Caz=0 ()
pP’g

%—Zzo, %—Szo,atz=l. (4)

In equations (3) and (4), parameters 7;, denote inlet temperature
and C;, correspond to inlet gas concentration which enter into RFR from

left/right side of reactor. In this article, we assume that its temperature is
constant along time and its concentration is periodically perturbed function

like C;, = A + esin ot, where o corresponding with period for every time

interval before the flow direction is reversed.

To describe the dynamic behavior of methane in reverse flow reactor,
we use numerical approach since the model is in nonlinear form. Many
numerical methods can be used to simulate the behavior of methane which
is modeled by equations (1)-(4). Examples include finite difference method,
finite volume method, Runge-Kutta method and others. Here we used finite
difference method with forward difference for derivative with respect to

time variable and central difference for second derivative and backward
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difference for first derivative with respect to space variable. So we get
numerical schemes as below:

1
T/ =17 + a (T} = 2T} + T1Ly) = b(T) = TjLy) + cg(T])CY
_dl(T]n _TC)9 (5)

CH = O + ay(Clyy = 2C) + Cy) = by (C = Cy) = drg(T])CY (6)
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LT 0)pe,), + 00ey),) }

Here TJ” = T(zj, ty), C;? = C(zj, t,), Az =1I/N, and At =t/N, with
N, and N, denote the partition number of spatial and time coordinate,

respectively. Parameter values that were used in our simulations are given in
Table 1.
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Table 1. Parameter values, [4]

Parameters Value Descriptions
0 0.69 void fraction
(pcy); 904.55kIm>K ! volumetric heat capacity of solid
(pc 14 )g 0.508kJm K} volumetric heat capacity of gas
Aax 5.64kw m 'K effective axial heat conductivity
u 0.3ms™! Superficial gas velocity
Uy 0.1 377ka71K71 Heat transfer coefficient at reactor wall
Ay 272m™! Specific reactor wall surface
Ic 323K Coolant temperature
(-AH) 802000kJ /kmol Heat of reaction
D 6.52x10%m?%s! Gas diffusion coefficient
Eq 9.629 x 10%kJ/kmol/K Activation energy
R 8.3145kJ/kmol/K Universal gas constant
koo 734x107s! Frequency factor
ke 0.115ms™! Mass-transfer coefficient
ay 2000m ™! Specific particle surface area
n 1 Effectiveness factor
/ 0.26m Reactor length
ty 60s Switching time
3. Results

In this section, we show some numerical simulations to analyze the
sensitivity of operating parameters by means the effect of changing the
parameter values on RFR stability or the continuation of the oxidation

process.
Parameter sensitivity analysis of feed gas period

At first case for constant feed gas, the behaviors of two dependent
variables 7' and C are shown in Figure 1. Furthermore, if we investigate up to
six times reversed, we have Figure 2.
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Figure 1. Temperature and concentration behavior of feed gas for various

time values ¢ with 4 = 0.25, € = 0.05 and ® = 0. Left figure, for flow from

left to right and right figure after reversed.
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Figure 2. Temperature and concentration behavior of feed gas for various

time values f with 4 = 0.25, ¢ = 0.05 and ® = 0 after six times reversed.

From Figure 2, when the feed gas flow is reversed several times, the
highest temperature is in the reactor center position. This is caused around
the end of the reactor where the feed gas enters, the temperature is still low
so that only a small amount of feed gas reacts. While around the end of the
reactor where the remaining feed gas or the reaction product comes out, the

temperature drops again due to the same thing as in the start up conditions.
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In the next step, we simulate the impact of changing the period

parameter o which is shown in Figure 3 as follows.
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Figure 3. Temperature and concentration behavior of feed gas for various

time values ¢ with 4 = 0.25, ¢ = 0.05 after six times reversed. Left figure,

for ® = 5n and right figure ® = %

In the case of feed gas being disturbed periodically, the parameters of the
feed gas period affect the presence of waveforms in the plot of feed gas. The
concentration of the feed gas which oscillates periodically has little effect on
the temperature dynamics of the feed gas in the reactor. The existence of
waveforms on the dynamics plot of feed gas concentration occurs for a large
period. The similar conditions to constant feed gas concentrations occur
when the feed gas period is small. In general, the size of the feed gas period
does not make the reactor go out. This is indicated by the dynamic plot shape

of the feed gas temperature in the reactor as shown in Figure 3.
Parameter sensitivity analysis of switching time

Switching time is one of important factors in RFR operation. Figure 4
and Figure 5 show the effect of switching time to dynamics of feed gas along
RFR.
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Figure 4. Temperature and concentration behavior of feed gas for various

time values ¢ with 4 = 0.25, ¢ = 0.05, ¢ = 20s after six times reversed.
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Figure 5. Temperature and concentration behavior of feed gas for various

values ¢ value with 4 = 0.25, ¢ = 0.05, ¢ = 120s after six times reversed.
Left figure, for ® = 5t and right figure ® = %

The choice of the duration of reversal (switching time) is very influential
on the stability of the RFR in operation. From Figure 4 and Figure 5, it is

indicated that the reversal time that is too short (case ¢ r= 20s) or too long
(case ¢ r= 120s) will make the RFR go out. This situation is shown by the

dynamics of temperature which decreases closer to the feed gas temperature.
It shows that there is no reaction in the reactor. This result is in agreement
with the results that reported in [10] and [17].
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Parameter sensitivity analysis of superficial gas velocity

The effects of superficial gas velocity value to behavior of feed gas
along RFR are shown in Figure 6 and Figure 7. When in the operation of the
RFR, the feed gas flow velocity is small, it is indicated that the reactor will
eventually go out. A slow feed gas flow rate will cause more feed gas to act
in the reactor end position where the feed gas enters. Thus, getting to the
end of the reactor, there is no additional heat from the reaction product.
Simultaneously, the contribution of reactor cooling continues. As a result,
over time the overall temperature becomes low and eventually goes out. The
opposite condition occurs when the feed gas flow rate is increased as shown
in Figure 7.
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4. Conclusion

RFR stability investigations have been shown for the oxidation process

with periodically disturbed feed gas. The parameter sensitivity analysis

process through a numerical approach was carried out to see the effect of

the feed gas period, switching time and superficial gas velocity. The results

of the analysis showed that the choice of switching time and superficial gas

velocity greatly influences the sustainability and stability of RFR operations.
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