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On Solving Mean Payoff Games Using Pivoting Algorithms
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Two classical pivoting algorithms, due to Lemke and Cottle-Dantzig, are studied on
linear complementarity problems (LCPs) and their generalizations that arise from infinite
duration two-person mean payoff games (MPGs) under zero-mean partition problem.
Lembke’s algorithm was studied in solving MPGs via reduction to discounted payoff games
or to simple stochastic games, We provide an alternative and efficient approach for
studying the LCPs arising from the MPGs without any reduction. A binary MPG can
easily be formulated as an LCP which has always terminated in a complementary solution
in numerical experiments, but has not yet been proven either the processability of MPG’s
by Lemke’s algorithm or a counter example that it will not terminate with a solution. Till
now, the processability of MPG’s by Lemke’s algorithm remains open. A general MPG
(with arbitrary outgoing arcs) naturally reduces to a generalized linear complementarity

*Corresponding author
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Research paper

Fluorogenic sulphate anion sensor with INHIBIT logic gate by dinuclear Zn
(II) complex: Synthesis, emission, DFT studies

Amar Hens

* Department of Chemistry, Government General Degree College, Ranibandh, Bankura, West Bengal, India

ARTICLE INFO ABSTRACT

This manuscript is dedicated to my Sir Prof. N,0; coordinating heptadentate non emissive ligand emits strong blue emissive light only in the presence of Zn
Kajal Krishna Rajak.

(I1) ion. This ligand yields a solid crystalline p-phenoxo bridge dinuclear Zn(II) complex 1a. The binding stoi-

Keywords: chiometry, binding constant and binding affinity of the complex in solution state has been studied here. The
Dinuclear Zn(II) complex UV-vis, Emission, 'H NMR and ESI-MS several spectroscopic ratiometric titration of the ligand in presence of
Emission zinc jon revealed that the major part of the solution contained dinuclear form of the complex over the mono-
UV_"’iS 5“-“.1)’ nuclear form. Theoretical interpretation also justifies this dimeric behavior of the complexation in solution state.
:;;:;::mg The complex was examined with varied types of anions, such as H,PO,=, HPO,2~, PO,3~, SO42~,F~,Br~,Cl ",

I7, AcO™, NO37, ATP and ADP. The dinuclear species was found to act as a highly selective and sensitive
receptor for tetrahedral SO,%~ by fluorescence ON-OFF signaling through the formation of sulphato bridging
dinuclear complex 1b. The photo physical properties of both the complexes have been correlated by DFT and
time-dependent DFT (TDDFT) method. The emission intensity changes of this dinuclear complex during the
addition of sulphate anion is useful to construct an INHIBIT logic gate at the molecular level, by means of Zn?*
and SO~ ions as chemical inputs and the emission intensity as output signal.

1. Introduction Zn?* ,while the introduction of other transition metal ions and biolo-

gically relevant metal ions (Ca®*, Na*, and K*) causes the intensity to
be either unchanged or weakened. The system shows selective chelation
enhanced fluorescence (CHEF) in the presence of Zn (II) ion as well [4].
It is to be noted that usually the Zn?* and Cd*>* exhibit parallel kind of
fluorescence properties with different fluorescent sensors [5]. It is es-
sential therefore to develop Zn?*-selective sensors that can make a
distinction of Zn?* from Cd®* with high sensitivity and selectivity.

In the current scenario, there is a need to find out sensors which
selectively detect environmental or biologically important anions. Like
cations sensors, the number of anion sensors reported in several jour-
nals remain elusive although it is interesting to note that some of these
papers report the emission property of such anions though hydrogen
bond interaction or several types of weak interaction with sensor. The
research interest is mainly focused on fluoride ion [6]. My target was to
find out similar kind of an anion sensor which preferred chelation in-
teraction between the target and the receptor. Here the synthesized
dinuclear Zn(Il) complex selectively binds with the sulphate anion by
removal of coordinated water molecules and forms sulphato bridge
dinuclear Zn(II) complex. The bridging sulphate moiety somehow dis-
torts the geometry of the complex in such a way that it diminishes the
emission property of the complex. The sulphate anion changes the
emission intensity of the sensor via complete quenching as followed by

Fluorescent probes for the detection of first row transition metal
ions have extensive use, not only in environmental monitoring, but also
in biological importance. Zinc, being the second-most copious transi-
tion metal in the human body, plays a fundamental role in controlling
metalloenzyme functions [1]. Lack of Zn(II) concentration in cells can
result in pathological conditions like diabetes, Alzheimer's disease and
cancer [2]. Therefore, a convenient and rapid method for analysis of Zn
(1) is highly relevant physiologically. Among various analytical
methods available, the fluorescence method is the best choice due to its
simplicity, facile property, cost effectiveness and high sensitivity. Zinc
ion is relatively inert and possesses a closed shell with a 3d'° electronic
configurations and can be detected using the fluorescence method. Li-
gand architect plays an important role in crown ethers and cryptands;
in addition, their metal complexes have a higher thermodynamic sta-
bility including higher metal-ion selectivity [3].

Herein I have introduced a simple and well yielded dinuclear Zn (II)
complex containing heptadentate chelating ligand whose photophysical
properties have been investigated under 3:2 v/v MeOH/water in HEPES
buffer (pH 7.2) at 25 °C. The luminescence property of this complex in
the working buffer shows that the emission intensity of the ligand HsL
increases significantly upon addition of various concentrations of
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DFT theoretical study

A heptadentate N4O3 coordinating dinuclear zinc complex was synthesized and characterized by 'H NMR
spectroscopy, IR spectroscopy and ESI MS spectroscopy studies. X-ray single crystal structure of the dinuclear
complex revealed that both zinc atoms have pentacoordinated environment realized by the N202 donor set of
ligand and one water molecule. The theoretical optimized structure of the dinuclear complex in solution phase
was indicated a larger elongation take place in the bond distance between zinc and oxygen atom of coordinated
water molecule which leads to come closer of two zinc atoms in solution phase in comparison of crystalline
structure. This proximity of two zinc atoms fulfilled my aim for investigating the catalytic catecholase activity.
The catecholase activity of the complex has been investigated under completely aerobic conditions in MeOH
water medium at pH 8.0 against the model substrate 3,5-di-tert-butylcatechol (3,5-DTBC). Saturation kinetic
studies have shown the order of conversion of substrate to product quinone. The mechanistic path of the oxi-
dation process has been confirmed by UV-vis, CV and EPR spectral studies are made-up to be responsible for the
oxidation of 3,5-DTBC. EPR experiment suggested generation of radical in the presence of 3,5-DTBC and that
finding has been strengthened by cyclic voltammetric study. Thus, it proposed that the radical pathway is re-
sponsible for conversion of 3,5-DTBC to 3,5-DTBQ promoted by complex of redox-innocent Znll ion. The ligand-
centered radical generation has been further verified by density functional theory calculation.
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Two hundred times enhancement of emission intensity
of a heptadentate acyclic sensor coordinated with Zn**
jon: synthesis, crystal structure and emission properties
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ABSTRACT S SRR " ARTICLE HISTORY

A heptadentate N,O; coordinated dinuclear zinc complex was : - Received 30 March 2020
. synthesized. The sensor functioned as a “turn-on” fluorescence ~ Accepted 17 June 2020

receptor only to Zn?* jon in 3:2 v/v.MeOH/water in HEPES buffer

at pH 7.2 at 25°C. A huge increase in emission intensity (approxi

mately 200 times) of the ligand was observed in:the presence of

Zn2*+ which was accounted for by the formation of a metal-ligand c?;:;i o ?;ti:;ﬁ;nz.o

complex and thus could be used as zinc ion-selective Juminescent gﬂ- Stgay ’

probe, continuously emitting blue light in the presence of a UV

lamp. The theoretically optimized geometry in solution state gives:.

an idea about bond relaxation as well as change the geometric

scenario of the coordinated metal jon from trigonal bipyramidal -

to square pyramidal. : : :

© KEYWORDS
Dinuclear zinc(ll) complex;
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1. Introduction

In the field of coordination chemistry, the progress in synthetic receptors for cations
has attracted considerable attention in recent decades due to the fact that a large
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Semi-stationary Equilibrium Strategies
in Non-cooperative /NV-person
Semi-Markov Games

Prasenjit Mondal and Sagnik Sinha

Abstract For a limiting ratio average (undiscounted) non-cooperative N-person
semi-Markov game with finite state and action spaces, we prove that the solutions in
the game where all players are restricted to semi-stationary strategies (that depend
only on the initial state and the current state) are solutions for the unrestricted game.
Furthermore, we consider zero-sum two-person semi-Markov games with action
independent transitions (where the transition probabilities are independent of the
actions of the players in each state) and prove the existence of an optimal semi-
stationary strategy for each player. An example is provided to show that the semi-
stationary optimal strategies cannot be strengthened further for such class of games.

Keywords Semi-Markov games + Limiting ratio average payoff - Nash
equilibrium - Action independent transitions - Optimal semi-stationary strategies

Mathemetics Subject Classification (2000) Primary: 91A15 - Secondary: 60G99

1 Introduction

A semi-Markov game (SMG) is a generalization of a stochastic game [17] using
variable sojourn times which depend not only on the present state and the actions
chosen but also on the state at the next decision epoch. In the literature of SMGs
with limiting ratio average (undiscounted) payoff, to prove the existence of opti-
mal/Nash equilibrium strategies, various recurrence like conditions are assumed at
the outset. For example, [5, 8, 16] gave an ergodicity condition whereas, [6, 20]
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Zero-sum two-person discounted semi-Markov games with finite state and action spaces
are studied where a collection of states having Perfect Information (PI) property is
mixed with another collection of states having Additive Reward-Additive Transition
and Action Independent Transition Time (AR-AT-AITT) property. For such a PI/AR-
AT-AITT mixture class of games, we prove the existence of an optimal pure stationary

- strategy for each player. We develop a policy improvement algorithm for solving dis-
counted semi-Markov decision processes (one player version of semi-Markov games) and
using it we obtain a policy-improvement type algorithm for computing an optimal strat-
egy pair of a PI/AR-AT-AITT mixture semi-Markov game. Finally, we extend our results
when the states having PI property arc replaced by a subclass of Switching Control (SC)
states.

Keywords: Semi-Markov games; perfect information; AR-AT; optimal pure stationary
strategies; policy improvement algorithm.
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This study presents an analysis of thermal performance in a both sided wavy enclosure with various
moving walls. The plane walls of the enclosure are allowed to move in its own plane at a constant
speed. Furthermore, one of the plane walls is heated nonuniformly while all other walls are maintained
at constant cold temperature. The governing Navier-Stokes (N-S) equations in streamfunction-vorticity
(¥ — ¢) form coupled with the energy equation representing incompressible viscous flows are solved

Keywords: using our recently proposed fourth order compact scheme on nonuniform curvilinear grids (Pandit and
Mixed convection Chattopadhyay, 2017). In order to observe the effects of the pertinent dimensionless parameters such
Wavy surface as Richardson number (0.01 < Ri < 100), Grashof number (Gr = 10%), the wavy surface amplitude
Lid driven cavity (0 < A <0.06), and number of undulations (0 < d < 2) along the wavy surfaces on the fluid flow and
Compact scheme the thermal performance of the cavity, the streamlines, isotherms contours and Nusselt numbers are
Entropy generation

studied. We have carried out nine cases (Case-1 to Case-9) for moving both the plane walls depending
on the direction of moving walls and inclination angles. The issues of entropy generation are also

analyzed based on the obtained dimensionless velocity and temperature values.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

The interest in studying natural and mixed convection flows in
different shaped enclosures (e.g. square, trapezoidal, triangular)
has been growing rapidly due to its importance in wide range of
industrial applications such as in cooling of electronic devices [1],
oil extraction [2], solar collectors [3,4], geology and in biology [5].
This interest stems to augment flow physics for fluid flow and
heat transfer in geometries with irregular surfaces used in the
systems of crude oil production, separation processes in indus-
tries, geothermal reservoirs [6,7], heat exchangers design [8], and
insulation of building [9] etc.

There are several numerical and experimental studies avail-
able in the literature to understand the mixed convection phe-
nomena in enclosures [10-14]. Oztop and Dagtekin [15] con-
ducted steady state two-dimensional mixed convection flow in
a square cavity where both the moving vertical walls are main-
tained at different constant temperatures with adiabatic bottom
wall. They concluded that when Richardson number Ri < 1, the
influence of moving walls on the heat transfer is same when they
move in opposite direction regardless the direction of walls. For

* Corresponding author.
E-mail addresses: animath81@rediffmail.com (A. Chattopadhyay),

swapankumar.pandit@visva-bharati.ac.in (S.K Pandit), hfoztop1@gmail.com
(H.F. Oztop).

https:]ldci.org,!10.1016!j,cummechﬂu,2019;08.006
0997-7546/© 2019 Elsevier Masson SAS. All rights reserved.

the case of opposing buoyancy and shear forces and for Ri > 1,
the heat transfer is some what better due to formation of sec-
ondary cells on the walls. Recently Pandit et al. [16] studied the
flow in a two sided lid-driven differentially heated square cavity
filled with a fluid saturated porous medium. They have discussed
about the importance of porous media in both the fluid flow and
heat transfer. Ismael et al. [17] have studied on heat transfer in a
cavity with the consideration of both the upper and lower moving
walls with partial slip. They have reported that there are critical
values for the partial slip parameter at which the convection is
declined. Recently, Basak et al. [18] studied effects of various
moving walls on energy transfer rates for mixed convection in
square cavities. Their simulation results reveal that the fluid flow
and heat flow distributions inside the square cavity are strongly
influenced by the direction and strength of the motion of wali(s).
Furthermore, the importance of studying cavities with moving
walls is that its main applications are devices with piston moving
in cylindrical containers [19].

Flow and heat transfer from irregular surfaces are often envis-
aged in many engineering applications to improve heat transfer
such as flat-plate condensers in refrigerators, flat-plate solar col-
lector, crude oil production, heat exchangers design, etc. Al-Amiri
et al. [20] conducted a study to analyze momentum and energy
transport processes in a lid-driven cavity with a sinusoidal wavy
bottom surface. They have reported that the average Nusselt
number would increase with the increase of both the Reynolds
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Abstract

This work presents numerical simulation of two-dimensional thermogravitational energy transport in a chamber filled with
copper—water (Cu-H,0) nanoliquid under the uniform magnetic impact. In this study, our aim is to analyze the characteristic
role of nanoliquid thermal conductivity under the influence of various thermal boundary conditions with constant magnetic
effect. The mathematical model of the flow physics consists of the Navier-Stokes (N-S) equations written using stream-
function—vorticity (y--{) variables including the energy transport equation. The governing equations are solved by using
a higher-order compact scheme based on finite difference method. The impact of key characteristics including nanoliquid
volume fraction (0 < ¢ < 0.04), Rayleigh number (10* < Ra < 10%), Hartmann number (0 < Ha < 60) and amplitude of
heating (0 < I < 1) is analyzed in detail. It is found that the energy transport augmentation occurs with nonuniform heating
over uniform heating and the rate of thermal transmission rises with a growth of Ra and ¢ but it decreases with the growth

of Ha number. In addition, the transient structures are very useful for understanding the thermo- and magnetohydrodynamic
problems.

Keywords Thermogravitational convection - Uniform heating - Nonuniform heating - Nanofluid - Magnetohydrodynamics
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Synthesis, photophysical properties and theoretical studies of pyrrole-based
azoaromatic Zn(II) complexes in mixed aqueous medium
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Department of Chemistry, Government General Degree College, Ranibandh, Bankura, West Bengal, India

ARTICLE INFO ABSTRACT

Kgyword.s: The mononuclear Zn(I) complexes of general formula [Zn(L),] 1have been synthesized in good yields by
é‘cfvf:mplex reacting Zn(OAc),-2H,0 with HL in 1:2 stoichiometric ratio in methanol. In this work, L represents deprotonated
i form of 2,5-Bis(4-bromophenylazo)-1H-pyrrole (HL'), 2-(4-Bromophenylazo)-5-(4-dimethylaminophenylazo)-
R 1H-pyrrole (HL?) and 2,5-Bis(4-chlorophenylazo)-1H-pyrrole (HL3), respectively. Coordination mode and ge-
Decay ometry of the complexes are authenticated by single crystal X-ray study of the representative complex 1a. The

ligands exhibit strong binding ability and ratio metric response to Zn?* jons. The electronic structure and
luminescent behavior of both ligands and the complexes were analyzed by DFT and Time-dependent DFT
method. The formation of 1:2 (M:L) complexes and their corresponding association constants, Kassoc (12:7.2 x
10°M1, 1b: 8.1 x 10° and 1c: 1.02 x 10*M™1) have been estimated with the help of the Benesi-Hildebrand
method. The calculated Kassoc Values unequivocally suggest that the current ligand frameworks incorporating
typical nitrogenous donors are superior complexing agent. Addition of Zn** ions to the ligands in a mixed
aqueous solution leads to a twofold change viz. a sharp variation of colour from orange to violet which is
imperative for naked eye detection as well as a significant enhancement of the fluorescence intensity during
coordination. Additionally, we explored the sensing property of the ligands depending on the nature of the
substituent. The importance of the present fluorescent probes (HL) is that they incorporate both electron-excess
(pyrrole and aromatic rings) and electron-deficient (azo) domains and thereby govern the ligand-centered
fluorescence property in a more controlled way.

1. Introduction

Exploration of novel chemosensors for the efficient detection of
essential trace metal ions are gaining attention in chemistry, biology and
the environment due to their close alliance with the bio-systems {1].
Selectivity in the detection of trace metal ions is one of the most chal-
lenging tasks concerning colorimetric and fluorimetric methods.
Currently, there is a great deal of interest in the development of highly
selective and sensitive fluorescence chemosensor relative to the other
types of sensors for their high sensitivity and convenient use for quan-
tifying metal ions. Fluorescent chemosensors have attracted much in-
terest among other sensors owing to their convenient use and high
sensitivity {2].

Detecting transition metals is very important due to their widespread
involvement in various area like chemical, biological and environ-
mental. Amongst transition metal jons, Zn?" plays a critical role in the

* Corresponding authors,
E-mail address: @marjuchem@gmail.com (A, Hens).
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- 0020-1693/© 2021 Published by Elsevier B.V.

biological system and it is the second most abundant essential trace
element in the human body after iron. Furthermore, zinc is highly
associated with human health and diseases {3]. It is also crucial for
interceding various enzyme-catalyzed reactions and therefore, plays
very important roles in a wide variety of physiological and pathological
processes {4-7]. Disorder in zinc metabolism causes many neurological
diseases such as Alzheimer’s disease and Parkinson’s disease {8-11].
Therefore, the detection of Zn?* in bio-systems is of significant interest
and importance.

Significantly, selective detection of zinc is not straight forward
because zinc and cadmium are not easily differentiable owing to their
analogous chemical attributions. Accordingly, interference from cad-
mium is most likely in the course of zinc detection. Only a few sensors
are successful in estimating zinc without interference from others till
date, nonetheless their sensitivity is not very high. Moreover, Zn(1l) ion
is spectroscopically and magnetically silent owing to the closed shell
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Photoluminescence amplification of cerium incorporated graphene oxide

nanoparticles by photoinduced reduction: A mechanistic study highlighting

structural orderness
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ARTICLE INFO ABSTRACT

This work demonstrates a strategy 10 overcome the limitation of weakly luminescent graphene oxide (GO) based
materials by using a simple one pot synthesis of enormously luminescent cerium ion incorporated graphene oxide
nanoparticles (GO-Ce NPs). Apart from more than 100 fold amplification of photoluminescence intensity
compared 1o graphene oxide, the origin of such enhancement of GO-Ce NPs is investigated by exploring binding
interaction between ceriuns ions and GO NPs and the structural orderness of the GO NPs in presence of cerium,
XPS confirms the existence of two oxidation states of cerium in GO-Ce NPs, Experimental observations enable us
1o conclude a mechanism invelving photoinduced reduction of non emissive Ce (IV) to form luminescent Ce (III)
accompanied with energy pumping of cerium by photoexcited GO NPs in the structurally ordered GO-Ce
nanoparticles. Again, the interaction berween the cerium ions and the oxygen containing functional groups of
GO leads to decoupling of the functional groups and there by weakens the intensity of luminescence originated
from disordered induced defect states which results a non radiative chanel to generate trivalent cerium via single

Keywords:

Photoluminescence amplification
Cerium incorporation
Photoinduced reduction

Energy transfer

Structural orderness

electron transfer from the orbitals of the functional groups to the vacant 4f orbitals of tetravalent cerium.

1. Introduction

In spite of excellent applicability in energy storage [1], cartalysis [2],
optoelectronics [3], bio-imaging [4], drug delivery [5] due to some
unique properties and large surface area [6] utilization of graphene and
graphene oxide (GO) based nanomaterials in fluorescence imaging for
medical diagnosis becomes limited because of very low quantum effi-
ciency. Although chemical functionalization on graphene surface opens
up band gap resulting tunable photoluminescence in the range of UV to
NIR wavelengths [7], the challenge of photoluminescence amplification
of GO derivatives including graphene oxide nanoparticles (GO NPs) and
understanding of the origin of various luminescence region are still
considered as one of the excited research areas. Heterogeneous elec-
tronic structure provides various pathways for the charge recombination
process which has an important role on the quantum efficiency and

_tunable luminescence in GO based nanomaterials. {7b,2], Several
groups have highlighted the size of isolated sp? domains in sp° matrix

* Corresponding author.
E-mail address: sraab chem@presiuniv.acin (A, Halder).

hitps//doiorg/10:1016/] jlumin 2021.118019

and electronic coupling of different oxygenated functional groups pre-
sent at the edges or surfaces of GO sheets to obtain cluster states and
disordered induced defect states in between conduction and valence
bands of GO {7a,b.5]. Tuning of band gap and so photoluminescence can
be controlled by adjusting the ratio of sp? and sp® carbon atoms [7b,z].

Various efforts have been devoted to enhance the photoluminescence
intensity of GO based materials. The conventional method of tagging of
organic dye molecule [%], is not successful as the fluorescence of organic
fluorophore is strongly quenched by photoinduced electrons transfer or
energy transfer to graphene moieties [%,10]. So, the search for an
alternative way to amplify the photoluminescence of GO based nano-
materials is needed due to their potential applications in optoelectronics
and chemical biology [11]. On the other hand, due to interesting
chemistry and characteristics narrow absorption-emission bands even
within the complex, lanthanide ions have wide range of applications
[12]. These may induce an idea of choosing lanthanide elements as a
possible candidate of incorporation in GO families to synthesize cost

" Received 27 October 2020; Received in revised form 15 December 2020; Accepted 28 February 2021

‘Available online 6 March 2021 ¢ :
0022-2313/© 2021 Elsevier B.V. All rights reserved.
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Impact of moving walls on combined convection flow and thermal
performance in a wavy chamber
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Abstract
The impact of wall movements in different directions on mixed convection flow and thermal performance in a wavy chamber

is reported. The wavy wall of the chamber is heated non-uniformly, and the upper wall is kept at a constant cold temperature,
while the vertical walls of the chamber are adiabatic. Four different cases, namely Case-1, Case-2, Case-3 and Case-4, are
considered on the basis of multi-directional movements of the walls of the chamber. Mathematical model of the flow phys-
ics consists of the Navier—Stokes (N-S) equations in streamfunction (y) —vorticity () formulation including the energy
transport equations which are solved by higher-order compact (HOC) scheme on curvilinear grids Pandit SK, Chattopadhyay
A.(Comput Math Appl 74(6):1414-34 2017) [45]. It is found that the fluid flow and thermal performance are both influenced
by the direction of moving lids and the undulations of the wavy bottom surface of the chamber. Optimum thermal perfor-
mance is noticed when the wavy bottom surface of the chamber is employed with one undulation at low Richardson number
(Ri). Moreover, for Ri = 0.01, Case-2, in which the upper lid is moving in left direction and the left lid is moving in upward
direction, gives better heat transfer rate with maximum value of average Nusselt number for one undulation. Furthermore,
it is noticed that among all the cases, the cases (Case-2 and Case-4) in which upper lid is moving in left direction produce
minimum entropy generation for every undulations of the wavy surface with each of the Ri values. So, on the basis of better
heat transfer rate and the minimum entropy generation, Case-2 and Case-4 may be recommended as optimum configurations.

Keywords HOC scheme - Wavy surface - Mixed convection - Entropy generation - Lid-driven cavity - Heat ransfer

Nomenclature g Gravitational acceleration (ms™2)
Be Bejan number k Thermal conductivity (Wm™ K™
Gr  Grashof number (gf;'L3(T] — T))/v?) L Side length of a square chamber (m)

Nu Local Nusselt number

Nu  Average Nusselt number

[ Anirban Chattopadhyay )/ Non-dimensional pressure
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Hemanta Karmakar walls (ms™")
1987hemanta@gmail.com Pr  Prandtl number (v/a)
Swapan K. Pandit . P Dimensionless pressure (p/ pUé)
swapankumar.pandit@visva-bharati.ac.in Re Reynolds number (UyL/v)
Ali J. Chamkha Sr Total entropy generation number
a.chamkha@kcst.edu.kw t Non-dimensional time
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ARTICLE INFO ABSTRACT

Keywords: This paper is framed to analyze mixed convection flow features of a CuO - H',0 nanoliquid within a partially
Mixed_c"?"e‘?ﬁ‘m heated wavy enclosure. The enclosure is embraced by the inclined magnetic field. In addition, the impact of
Nanoliquid . Brownian motion is assimilated into the nanoliquid. Two models, namely the viscosity and the thermal con-
a’r: . d’::s:n ductivity depending on the Brownian motion of nanoliquid are used. The numerical solutions of the control
Co;ypa f schetme equations constituting Navier-Stokes equations are carried out by adopting a compact finite difference scheme.
Magnetohydrodynamics Our computed results using some experimental data are compared to the results available in the literature and a

nice resemblance is obtained. Numerical results for the specified problem are investigated by controlling the key
characteristics such as nanoparticle concentration (0 < ¢ < 0.04), Richardson number (0.1 < Ri < 20), Reynolds
number (50 < Re < 750), Grashof number (Gr = 5 x 10*), Hartmann number (0 < Ha < 60), orientation angle of
magnetic field (0° < y < 90°), number of undulations (0 < 2 < 3) and amplitude of wavy surface (A = 0.05). It
is established that the angle y and the position of the heating area play a crucial role in the liquid motion and
heat transport inside the wavy cavity. The energy transfer rate can be augmented or diminished in presence of
nanoparticles along with variations of Hartmann and Richardson numbers as well as the number of waviness of
the bottom surface of the enclosure.

1. Introduction

Study of convective flow in an enclosure and it’s thermal perfor-
mance has witnessed the interest of scientists for long time due to the
essential applications in multidisciplinary fields. Such applications in-
clude atmospheric flow, heat exchangers {11, solidification [2,3], food
processing [4], nuclear reactors [5], electronic devices [6], drying tech-
nologies, lubrication systems, solar ponds [71, geothermal reservoirs
{81, thermal insulations, polymer industry, metal processing, petroleum
reservoirs, electronic packages, microelectronic devices during their op-
erations, consumer products, energy conversion, microsystems cooling
and many others. In all of these aforementioned applications, the heat
transfer performance is very sensorial and demands quick response of
thermal exchange [9]. Due to poor thermal activity of water, ethylene
glycol etc. The nanosize particles of metallic oxide CuO, TiO, or Al,0,
are added to those fluids. Both the numerical and experimental studies
have concluded that the mixture of nanoparticles in the form of colloid
structure and a base fluid possesses a higher thermal conductivity. It

* Corresponding author.

determines more effective thermal performance than normal fluid {10].
This mixture was named as ‘nanofluid’ by Choi et al. {11]. Researchersin
the CFD community have observed that immersing nanoparticles to nor-
mal fluid enhances the thermal performance of the resultant nanoliquids
[12,13]. Due to poor efficiency in cooling or heating, the normal liquids
(water, ethylene glycol etc) can be replaced by single phase nanoliquids
in most of the applications. Among the various applications, a few im-
portant applications are in heat reduction in electronic gadgets, car ra-
diators, refrigerators, boilers, drug delivery mechanism {14}, buildings
heating and cooling, storage of thermal energy {15}, CO, absorption,
lubrication of components, desalination, oil recovery (16}, photovoltaic
systems and solar systems(17].

Over the past few decades, the effects of nanofluids are considered
significantly in the field of heat transfer phenomena. There have been
several numerical and experimental studies carried out to investigate the
advantages associated with nanoliquid to transport mass, momentum
and energy. Bahiraei [18] reviewed migration of nanoparticles by ap-
plying two-phase methods and proved this method can model the char-

E-mail addresses: kx'&sésgo@glnall.coxn (K.D. Goswam), animath81@rediffinail.com (A, Chattopadhyay), swapankumarpandit@visva-bharati.ac.in (S.X. Pandit),

michael-sher@yandex.ru (MLA. Sheremet).
1'H,0
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ABSTRACT

This work deals with the impact of magnetic field-dependent viscosity and magnetohydrodynamics on the natural convection heat transfer
of Ag-MgO (50%-50%) water hybrid nanoliquid in a complicated enclosure. The considered cavity with concave or convex horizontal
boundaries has been differentially heated and cooled by multiple heat sources and heat sinks. The governing equations (Navier-Stokes equa-
tions) constituting stream function ()-vorticity () formulation with energy equation are solved by adopting a compact finite difference
scheme. Meanwhile, the flow domain that is influenced by several factors including Hartmann number (0 < Ha < 60), hybrid nanoparticles
volume fraction (0 < Pnap < 0.02), Rayleigh number (10° < Ra < 105), orientation angle of magnetic field (0° < y < 90°), magnetic num-
ber (0 < &y < 1), different cases (Case-1 to II), and internal heat generation or absorption (-2 < Q<?2) is analyzed generously.
Experimentally based correlations for thermal conductivity and dynamic viscosity have been used throughout the study. The outcomes show
that the geometric parameters can be used as an excellent controller of the thermal performance inside the wavy chamber.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1065/5.0061451

I. INTRODUCTION

The convective heat transfer through natural convection in ther-
mal systems is a challenging issue owing to the practical importance in
a broad spectrum of scientific and industrial applications.’ * The last
two and half decades have witnessed a great surge in the use of convec-
tive fluids for the enhancement of heat transfer.*” Nanofluids play a sig-
nificant role in such context. There is a great demand in the
Computational Fluid Dynamics; (CFD) community to use nanofluid
for having a better thermal transport. Nanofluids are formed by sus-
pending nano-sized solid particles of oxides, metals, and carbon nano-
tubes with diameter ranging from 1 to 100 nm in a host liquid.” In view
of the effectiveness of using nanofluid, researchers have put forwarded
their curiosity by investing tremendous efforts to disclose all possible
comners.” " Nanoliquids have been acknowledged as one of the most

impressive and prospective working fluids due to numerous applica-
tions in the industrial segments including automobile radiators,'” cool-
ing of electronic parts,"" geothermal systems,'* solar collectors, ™
high-efficiency insulators in buildings, improving diesel generator,'®
cooling of transformer oil,”” petroleum industry, engine cooling,™ etc.
Hybrid nanoliquids can be more effective in comparison with mono
nanoliquids.”’

The wavy wall effects of closed cavities are the key interest among
researchers in order to capture mixed convection flow phenom-
ena.”” “* In thermal transfer applications,” ** the presence of nano-
fluids is crucial due to their promising characteristics, which can be
used as a good stimulator according to requirements. Over the past
two decades, many researchers have been attracted to design new ther-
mal systems for different engineering applications using the unique

Phys. Fluids 33, 102010 (2021); doi: 10,1063/5.0061451
Published under an exclusive ficense by AIP Publishing
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ARTICLE INFO ABSTRACT

Keywords:
Thermogravitational convection
Hybrid nanofluid

An analysis of fluid flow and thermal transfer has been encountered numerically for natural convection of
Ag-MgO (50%-50%) water hybrid nanoliquid in a vertical enclosure permeated by a uniform magnetic field and
different sets of heat source-sink pairs. The control equations (Navier-Stokes equations) constituting stream-

‘: ::“v:zy 8 function (y) - vorticity ({) formulations with energy equation are solved by adopting a higher order compact
e . finite difference scheme. Furthermore, the consequence of emerging parameters affecting fluid flows and heat
Magnetohydrodynamics

transfer, namely, Hartmann number (0 < Ha < 60), hybrid nanoparticles volume fraction (0 < Phnp < 0.02),
Rayleigh number (10® < Ra < 10°), different cases (Case-I-IlI), aspect ratios (AR = 0.5, 1, 2, 4) and internal heat
generation or absorption (-2 < Q < 2) are analyzed generously. Experimentally established correlations for
thermal conductivity and dynamic viscosity have been used throughout the study. Obtained results ascertain that
the arrangement of heat sources and heat sinks put major impact on fluid flow and heat transfer. The presence of
magnetic field causes a reduction in flow strength which leads to decrease in thermal transmission and the
maximum value of stream function. Moreover, Ag-MgO hybrid nanoparticles play indispensable role to levitate
the thermal transmission compared to other parameters.

Compact scheme

1. Introduction

The intensification of thermal exchange has indispensable role to
economize the savings of cost and energy significantly. Over the past
decade, an already established truth is that nanoliquid can significantly
influence the performances of the heat exchangers and heat sinks, based
on both the convective phenomena such as natural convection and
mixed convection [1,2]. The field of science and technology is levitating
the demand with a great surge in the use of convective fluids for
improvement of heat transfer exceptionally good. In the extension of
nanoliquid research, researchers have made a promising discovery in a
new form of nanoliquid called as hybrid nanoliquid. Hybrid nanoliquids
can be more effective in comparison with unitary nanoliquid. These
hybrid nanoliquids are prepared by suspending different nanoparticles
either in mixture or composite form [3,4] through physical and chemical
process. Hybrid nanoliquids are suitable for a multitude of applications
in energy management [5], food processing [6], chemical industry [7],
drug delivery [2] and manufacturing industries [9]. These “smart” fluids
are actually suspensions of nanometer sized metallic particles in

* Corresponding author.
E-mail address: michael-sher@yandex.au (MLA. Sheremet).

https://doi,org/10.31016/). jthermalsei, 2021.107376
‘Received 30 June 2021; Received in revised form 2 November 2021; Accepted 7 November 2021

orthodox liquids such as water, ethylene, glycol methanol etc [10,11].
Suspension of such particles enhances the thermophysical properties (e.
g. thermal conductivity, density, viscosity and specific heat) of host
fluids [12-16]. Sidik et al. [17] and Sarkar et al. [18] summarized
various aspects of hybrid nanofluids such as the methods of preparation,
thermophysical and chemo-physical properties and multi disciplinary
applications. Nowadays, the thermophysical properties of unitary
nanofluids can be enhanced using hybrid nanofluids that can be
considered as a combination of a host fluid with hybrid (nanocomposite)
nanoparticles. The latter can be considered as a combination of two or
more various materials in the nanometer size. Some researchers showed
that using hybrid nanofluids it is possible to enhance the energy trans-
port essentially [19-22]. Some review studies [23-26] concluded that
the hybrid nanofluid is a promising solution which results improvement
in two major aspects like physical and chemical properties, while these
properties cannot be realized in the nanofluids containing unitary
nanoparticles. Other interesting research on hybrid nanofluids applica-
tions can be found in Refs. [27-30].

With a view to scrutinize the importance of the considered work, a
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Abstract

Two structured classes of zero-sum twao-person finite
with discounted payoffs, namely,
Transition Time (
Transition Time (

(state and action spaces) semi-Markov games
Additive Reward-Additive Transition and Action Independent
AR-AT-AITT) and Additive Reward-Actijon Independent Transition and Additive
AR-AIT-ATT) have been studied. We propose two practical situations of economic
competition viz. petroleum game and groundwater game that suitabl

y fitinto such classes of games,
respectively. Solution (

value and pure stationary optimals) to such classes of games can be derived
from optimal solution to appropriate bilinear programs with linear constraints. We present a stepwise
generalized principal pivoting algorithm for solving the vertical linear complementarity problem
(VLCP) obtained from such game problems. Moreover, a neural network dynamics is proposed for

solving such structured classes. Examples are worked out to compare the usefulness of the above
three algorithms.
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ARTICLE INFO ABSTRACT

Keywords: The proposed work exhibits a numerical simulation of steady thermogravitational convection of Cu-Al,0,
MHD (50%—50%) water hybrid magneto-nanofluid in a novel shaped enclosure regulated by magnetic field dependent
MFDV X (MFD) viscosity in presence of flush mounted variable heaters. Various cases (Case-I to Case-IV) have been
Natural convection . : :
Hybrid nanofiuid consld.ered depending on the location of the heaters on the bottom and left boundaries. Pertaining to this
Compact scheme analysis, the streamfunction (y)- vorticity (¢) form including the energy transport equation of coupled partial
Deformed cavity differential equations are evaluated with the help of an efficient higher order compact finite difference
scheme. Results are exhibited in terms of streamlines, isotherms and Nusselt numbers to describe the transport
phenomena obtained for different physical parametric values to this simulation. The influence of the physical
parameters such as, Rayleigh number (10* < Ra < 10%), Hartmann number (0 < Ha < 60), hybrid nanoparticles
volume fraction (0 < ¢y, < 0.04), orientation of magnetic field (0° < y < 60°) and magnetic number
(0 < 8 < 1) on the hybrid nanofluid flow and energy transfer are analyzed. Obtained results indicate that
the combinations of the heaters location and the shaped of the geometry have major impact on all the
transport phenomena. Moreover, Cu-Al, 03 hybrid nanoparticles play an essential role to levitate the thermal
transmission compared to other physical parameters. An addition of hybrid nanoparticles leads to an increase
in the average Nusselt number up to 10.8% in Case-I, 12% in Case-II, 11.66% in Case-IIl and 11.65% in
Case-IV. The novelty of the present work is to examine the rheological properties of hybrid nanoliquid in a
novel shaped cavity subjected to magnetic field dependent viscosity (MFDV) along with flush mounted variable
heaters.

segments including automobile radiators [11], cooling of electronic
parts [12], geothermal systems [13], solar collectors [14], insulators in

The natural convection caused by the pure buoyancy-driven flow buildings, development of diesel generator [15], cooling of transformer
has been an ongoing interest among researchers due to its endogamous oil [16], engine cooling [17], electronic chips cooling [18-20], heating

1. Introduction

and cost effective applicability in energy related applications [1—4].
The consequence of energy transportation through heat transfer in
thermal systems is the prime concern in various scientific applications
owing to the lack of energy sources. In order to reduce the energy
loss it is essential to enhance the thermal performance by using good
heat transfer fluid [5-7]. These physical challenges are highly con-
cerned with the problems related to energy waste management, The
nanotechnology and the associated nanofluid treatment have ensured
a great practical prominence as the prospective heat transfer fluid
for the applications in large spectrum [8-10]. The researchers have
acknowledged nanofluids as one of the most prospective and impressive
working liquids due to its numerous applications in various industrial

* Corresponding author.

and tempering process [21-23], medicine [24-26¢], etc. As a further
improvement of unitary nanofluid applications [27], researcher have
innovated a new heat transfer fluid composed with multiple nanoparti-
cles called as hybrid nanofluid [28-31] which can be more effective
in comparison to unitary nanoliquids. Hybrid nanofluids are formed
by distinct nano-composite particles in a host fluid. The synergistic
effect of hybrid nanofluids is very significant in terms of stability of
such composed fluid. Some comprehensive literature reviews [32-35]
have been conducted by compiling all the extensive properties of hybrid
nanofluids. It is worthy to mention here that an optimal hybridization
of nanoparticles is crucial component for the betterment of thermal
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ARTICLE INFO ABSTRACT

Keywords: The proposed work exhibits a numerical simulation of steady thermogravitational convection of Cu-Al,0,
MHD (50%—50%) water hybrid magneto-nanofluid in a novel shaped enclosure regulated by magnetic field dependent
MFDV . (MFD) viscosity in presence of flush mounted variable heaters. Various cases (Case-I to Case-IV) have been
Natural convection considered depending on the location of the heaters on the bottom and left boundaries. Pertaining to this

2:;m: analysis, the streamfunction (y)- vorticity (¢) form including the energy transport equation of coupled partial
Deformed cavity differential equations are evaluated with the help of an efficient higher order compact finite difference
scheme. Results are exhibited in terms of streamlines, isotherms and Nusselt numbers to describe the transport

phenomena obtained for different physical parametric values to this simulation. The influence of the physical
parameters such as, Rayleigh number (10* < Ra < 10°), Hartmann number (0 < Ha < 60), hybrid nanoparticles
volume fraction (0 < ¢ppp < 0.04), orientation of magnetic field (0° < y < 60°) and magnetic number
(0 < &,°< 1) on the hybrid nanofluid flow and energy transfer are analyzed. Obtained results indicate that
the combinations of the heaters location and the shaped of the geometry have major impact on all the
transport phenomena. Moreover, Cu-Al,0; hybrid nanoparticles play an essential role to levitate the thermal
transmission compared to other physical parameters. An addition of hybrid nanoparticles leads to an increase
in the average Nusselt number up to 10.8% in Case-], 12% in Case-I], 11.66% in Case-Ill and 11.65% in
Case-IV. The novelty of the present work is to examine the rheological properties of hybrid nanoliquid in a
novel shaped cavity subjected to magnetic field dependent viscosity (MFDV) along with flush mounted variable

heaters.

segments including automobile radiators [11], cooling of electronic
parts [12], geothermal systems [13], solar collectors [14], insulators in
buildings, development of diesel generator [13], cooling of transformer
oil [16], engine cooling [17], electronic chips cooling [18-20], heating
and tempering process [21-23], medicine [24-26], etc. As a further
improvement of unitary nanofluid applications [271, researcher have
innovated a new heat transfer fluid composed with multiple nanoparti-

1. Introduction

The natural convection caused by the pure buoyancy-driven flow
has been an ongoing interest among researchers due to its endogamous
and cost effective applicability in energy related applications [1-4].
The consequence of energy transportation through heat transfer in
thermal systems is the prime concern in various scientific applications

owing to the lack of energy sources. In order to reduce the energy
loss it is essential to enhance the thermal performance by using good
heat transfer fluid [5-7]. These physical challenges are highly con-
cerned with the problems related to energy waste management. The
nanotechnology and the associated nanofluid treatment have ensured
a great practical prominence as the prospective heat transfer fluid
for the applications in large spectrum [£-10]. The researchers have
- acknowledged nanofluids as one of the most prospective and impressive
working liquids due to its numerous applications in various industrial

* Corresponding author,
. E-mail uddresses: Yrist890gmail.cam
(S.K. Pandit),
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cles called as hybrid nanofluid [28-31] which can be more effective
in comparison to unitary nanoliquids. Hybrid nanofluids are formed
by distinct nano-composite particles in a host fluid. The synergistic
effect of hybrid nanofluids is very significant in terms of stability of
such composed fluid. Some comprehensive literature reviews [32-35]
have been conducted by compiling all the extensive properties of hybrid
nanofluids. It is worthy to mention here that an optimal hybridization
of nanoparticles is crucial component for the betterment of thermal
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Abstract: ArvLand leteroaryt Selenides are an tnportant class of vrganic compoutds and their
synthesis has been sidely studied 2l over the workd in the Tast tvew decades. Transition metals
catalysed cross-coupling and directed C—H activation in wmctivated arenes in the presence of
diselenidev/ary! solenols are found 10 be the most impartant wals for their syathesis. In recent
yeurs different ranstion metal eatilysts were Tound 1o be effective to perforns (=8¢ crisss-
coupling in hoth aryl and hieteroaryl sings. The prosent reveew arfiele eavers alf the recent ad-
» in the field of the synthesis of aryd and heteroaryl selepides
through hemogeneous and heterogencous trmsition oretals catalyzed cross-goupling reactipns

e directed selenylation vie C—H bond activations.

Detrasish Kundy

Kevwords: Cross-coupling, C-H activation, wansition metal, sclenides, hiomogencous snd heicrogenous catalysis, organic compounds.

1L INTRODUCTION

In the list 1we decades, researchers have witnessed the different

transition metals catalyzed cross-coupling reactions as powerful

ormanic synthetic methods for the generation of several biologically
important molecules and natural products based on Carbon-

heteroatom bonds. The diarel diselenide compounds are atircting

considerable attention from organic chemists duc to their poential
bological activities (e.g., anticancer, antitumor, antiviral, antimi-
crobial, antioxidant and antithyvroid) {19} They also exhibit tre-
mendous eatzlytic activity i modem orgamic synthesis [10]
Diselenides, which mostly serve as a valuable source of orga-
noseleniun teagents, alfows the inclusion of sclenium moieties ino
the aramatic rngs of organic melecules for the successful imple-
mentaton in thie generation of C—5¢ bonds [} ]- A nuniber of sus-
sainsble, new, and greener methodologies have been repornted in the
fiterature o prepare unsymmetrical dinryl selenides. Although
=8¢ cress-coupling reactions under conventional pathways suffer
from severa! drawbacks such as the use of expensive amd toxic sol-

vents, longer fesction times, stoichiometric or greater guantty of

myerallic repgents, awd high reacton emperamre [12-19] Selenation
vio C—H activation has been inmoduced as a sustainable tematve
fisr this purpose.

Due to the much ower foxicity, availability, and acceptable
stabifity of sclenium, diselenides have received significant agtention
beeause they have been postulated as ope of the most auractive
sourees of selenium as well as nmportant selenylating agents in the
croag-conpling  reactions with  pre-functionalized  resctints ke
Budparencs, arvl boromie actds, diazomum sabis and arvl amines
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synthesize unsymmetrical selenides [20-26]. The preparation of
diaryl selenides from organoboron compounds 1s traditionally less
explored compared to sryl halides. Based on the carlier reports of
an ever-mcreasing number of gronps, the researchers were intngucd

“by the chemistry of Se—Se bond in disclenides because 1t can gen-

erate nucleophiles (RS7), electrophiles (RS*) or radicals (RN
which nnderwent various nuclesphilic, electrophilic as well as pho-
tochemical transfonmations.

Crass-couplinz reactions via transtion metals catalysis have
emerged as an interesting and appropriate technique for the synthe-
sis of organoselenides [27-34]. Synthesis of highly potent dianyt
selenides through such o concise and convenient catalyic route has
‘motivated the area of research at s vital stage of develepmant,
Orver the past few vears, significant developments m C—=Se cross-
coupling chemistry have been successfully achieved by employing
ransition metals like copper. silver, mong niekel, palladium, mdsany,
efe., but catalytic svstems consisting of some Lnsition metals are
not highly desirable and anticipated due to their remendous cost,
toxicity, and Jow mmover number, Although, the metal-assisted
transtformations are highly efticient, regro- and stereoselective lead-
ing to a decrease in the production of waste, the costly and toxie
heavy metal complexes go through difficuities i the separation of
soluble metal catalysts fram the reaction centre, A number of spe-
clalized works toward the metl-free synthesis of diarvi seleandes
sre availahle in the lierature [35-39], but our curremt research fo-
cuses on the applicability of ansition metals 1o catglyze ther syn-
thisis, :

In recent times, selenylaion reactions of achvated Cisp™—H
bonds by wansition metals catalysis have ganed growing im-
portance regarding photochemical tnstonuanions in madem or-
ginie chemistry, Transition poetals=assisted aromane C—H oxy-
genation [40-421, ammation [43-45]; and helogenation [4648] yeac-
tions have been successtully achueved by rescarchers i syathete
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