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Growth of ZnO Nanorods on Different Seed Layer
Thickness Using the Hydrothermal Method for
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& “yer Mickness effect on the growih of zing oxide nanorods was Investigated I the prasent work, The

(EINC Caida sud Tayor for nanoreds growth was doposited using IRF splturing on u SI0/8) substrate, The
surface morphology of the zinc axida thin films was swdled by Atomla furca micrascopy and X-ray diffraction,
& ovide nanarods were then grown on two types of sead layer (50 nm and 160 nm) by hydrothermal .
metho . Densiy, dimension, surface morphology, elomental campusition af 2ie oxide nanorods was found o
be variad With zine uxide seed layar, as observed using Scaniing electron microrcopy, Xsray diffraction and
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nask and tharmal evaporation methods. Ulraviolot light af diffuront wavolegihs woro exposed Lo
INd ¢ rent-voliage characleristics was observed using semiconductor parametar analyzer, It was found that
s fiver o cr which nanareds grown affected the light detagtion gapatity of he devics,
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Development of novel 3D scaffolds using BioExtruder by the incorporation
of silica into polycaprolactone matrix for bone tissue engineering
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Bone tissue engineering

Development of three-dimensional (3D) scaffolds has acquired a great importance for bone repair and tissue
reconstruction. Thus, this paper addresses the development of 3D scaffolds by varying the content of silicon
dioxide (SiO) in polycaprolactone (PCL) matrix. The scaffolds were fabricated by employing 2 novel fused
deposition modelling technique (BioExtruder). The physicochemical propertics of the developed 3D scaffolds
were systematically studied using various techniques. The thermal properties
composites were assessed using differential scanning calorimetry and thermogravimetric analysis. The mor-
phology of the developed scaffolds was evaluated using scanning electron microscopy and optical microscopy.

and stability of the PCL and its

and found that the pore size was increased from 270 to 320 um with increasing the SiOz content in the PCL
matrix. The wettability of the developed scaffolds was assessed using contact angle meter. The scaffold in-
corporating 15 wt% of $iO, exhibited the highest hydrophilic property as well as thermal stability The Young's
modulus value determined using universal testing machine indicated that the scaffold developed with 15 wt% of
$i0, exhibits 101.59 MPa. To assess the performance of the scaffolds for tissue engineering applications. the -
vitro cytotoxicity and cell proliferation were systematically carried out using L929 Mouse Fibroblasts and MG63
Osteoblasts, respectively. It was found that the scaffolds did not show any toxic effects towards the cell growth,
and the cell proliferation was greatly increased > 90% during 7 days of cell culure. Based on the results, it is
concluded that the scaffold containing 15 wt% of SiOz is of potential candidate for bone tissue engineering

application.

1. Introduction

Bone repair and Lissue reconstruction are the challenging topics in
the fields of tissue engineering and regenerative medicine. Though bone
is known for its self-healing property, the large scale bone defects, such
2s bone infections, trauma and bone tumours, hinder the healing pro-
cess [ '], Thus, external intervention or bone substitute is often re-
quired o repair or replace the defect tissues. As an alternative option
fur conventional autografts and allografts, bone tissue engineering has
been proved as more advantageous and effective in terms of bone repair
and reconstruction [4,°]. To address this, a biodegradable and bio-
compatible scaffold serves as a temporary skeletal frame which can
mimic the properties of extracellular matrix (ECM), such as mec hanical
suppont, cell adhesion, proliferation and differentiation | |. These
biodegradable and biocompatible scaffolds induce bone tssue re-
generation and undergo gradual degradation, and thereby replacing a

* Corresponding author

E-mail address: | (M.Y. Kariduraganavar)

(1)

new bone tissue [53]. In particular, scaffolds for bone regeneration
should provide a highly interconnected porous structure. These pores
allow the transportation of nutrients, light and oxygen molecules to the
inner parts of a scaffold and facilitate the cell growth, vascularisation
and removal of waste material, and thereby maintaining a sufficient
mechanical strength to provide the structural requirements of the
substituted tissue [1,7,10]. Such porous bone scaffolds can be devel-
oped by various techniques, like solvent casting/particulate leaching
[11,17], gas foaming [13], freeze drying [ '], thermally induced phase
separation ], electrospinning [,' ] ete. However, the scaffolds with
required interconnected porous structure for specitic detects are diffi-
cult to manufacture with these techniques [, J. In recent years
the manufacturing of three dimensional scaffolds increased the hope fn;
the production of scaffolds with closer similarities to bone matrix [
Among ll.w manufacturing processes, 3D printing is a unique and rapid
protolyping (RP) process which was developed in early 1990's at
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Synthesis, structural characterization and
computational study of NLO-responsive
chromophores and second-order coefficients
of thermally crosslinked polymers

Radha V. Doddamani, Padmeshwary S. Rachipudi, [ISRGIANRatanasiet and

Mahadevappa Y. Kariduraganavar & *

This paper emphasizes the preparation of nonlinear optical {(NLO) responsive chromophores and their
corresponting polymars, Initially, the carboxyl acid group-based precursors of the chromophores
ccntaining strong acceptors stich as nitro-substituted thiazole and thiadiazole groups were prepared
anag subjecied to condensation reactions with a moneimer 1o yield a series of polymers. Prior to the
synthesis of the polymers, a thermally crosslinkable monomer, 2 6-di-(octy-1-nyl)-p-phenylenediamine,
was synthesized by a Sonogashira coupling reaction. All Lhe synthesized precursors, the monomer and
their coresponding polymers were characterized using FTIR. ‘H NMR, and CHN analyses and UV-Vis
spectrophatometry. Simultaneously, the molecular struclures of the precursors were designed and
optintized using the Geussion 16 (Revision A.03) program. The dipole moments, energy band gaps
betwan the HOMO and LUMO, polarizabilties and fiist arder hyperpolarizabilities of the precursors
were calcuated theoretically tsing the DFT approach: e values were in the ranges of 9.4321-15.3354 D,
1.5700-1.4i46 eV, 53.40-64.80 x 107" csu and 3703.35-5254.90 x 1072 esu, respectively. The
intiereal viecosities (p il of the polymers were measured by an Ubbelohde viscometer and were in the
range of 0.2453-0.2860 dl g, The thermal behavior of the polymers was investigated using DSC and
TGA The alass transition temperatures of the pelymers were in the range of 190-218 °C. The thicknesses
and refractive indices of the thin films were deteimined by ellipsometry, and the values were in the range
of 0.100-0127 ym and 1.211-1.426, respectively. The molecular orientations in the thin polymer films
were induced by corona poling and were ascertained using both a UV-Vis spectrophotometer and an
alumic force microscope. 1he second harmonic generalivns (SHGs) of the poled polymers were
detenmined using an Nd-YAG laser. The SHG coeflicients (dxs) ranged between 98.30 and 106.04 pm V~*
at 532 nm Among the synthesized polyciers, the pelymer containing dinitro-substituted thiazole
demcustrated an excellent SIHG coefficient as high a: 106,09 pm V “*_Furthermore, none of the polymers
showed SHG decay below 100 °C. and they retained 95% of their SHG values even up to 600 h. Based on
its enbanced NLO efficency and long temperal stability. ihe polymer containing dinitro-substituted
thiazole can be a particularly premising candidate for pholanic devices.

organic mateinls lave received much foeus due to their excellent
optical and electionic properties, which can be further tailored

‘Nonlinear optical materia's have vic ied tremendous interest  through struetural modification to achieve better characteristics to

-amoaxt!w seientific community in view of theirwide range of — improve the nonliacar optical activity of the materials for industrial

appliulwns in telecommunications, upm al switehing, scrsor — processing. i

.pmmﬂon, information storage, e’ Thus, there is a huge The synthesis of arsanic materials that contain electron-

dﬂnandtadestgn and develop novel nonlinear optical materials — donor (D) and clectron-aceeptor (A) units linked through a
MWﬂcﬂnd-ﬂdcr coefficients. " o dace, a wide ranoe of  r-conjugated biidvee (D-n-A molecules as push-pull systems)

; MWL\'- materia’s have been investsated; among these,  has been a subieet of considerable interest.**'® In these

mater ol the foseorder hyperpolarizability depends on the

Ky sl Univecsily, D rwaid 580001, Indin conjupated-clectionic siructure, viz., its length and shape and

on the spectiic charaeter of the donor and acceptor groups.
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Extraction and Characterization of
Cellulose from Natural Areca Fiber
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Abstract

removal of deposits in the extracted cellulose.

In areca emply fruit bunch, fibers are packed strongly with hemicelluloses,
lignin and with slight deposition of wax and inorganic elements. In the work
reported, for the extraction of cellulose from the raw areca fibers, formic
acid (20% v/v) and hydrogen peroxide (10% v/v) were used and the yield of
65% cellulose was attained. To know a-cellulose content with crystallinity,
XRD diffractions studies were carried and the values were found to be
93% and 71% respectively. FTIR spectral studies confirms the absence of
hemicellulose, lignin and wax in the cellulose extracted from areca fibers.
The morphological studies provided the evidence for isolated fibers and

&
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Introduction

The cellulose is commonly used in paper, film,
textiles, building material and for the production
of food additives. Recent researches are also
focusing on solving environmental problems such
as, designing a cellulose-based absorbent for oil
spills and heavy metal pollution on water or land’
and for making filters for industrial® and municipal
waslewaler treatment.?

Natural plant fibers are made up of polymers
namely cellulose, hemicelluloses and lignin and

Hydrogen Peroxide.

small number of extractives. Hydrophilic cellulose
is the main substance that makes up plant cell wall
and contributes to the physical stability of the cells.*
Hence, cellulose is the most abundantly available
organic compound on earth. Cellulose does not
dissolve in water and has high crystallinity and high
molecular weight.®

Cellulose is a linear pelymer consisting of glucose
monomer units connected through 1-4 f-linkages.
The terminal reducing and non-reducing sugar units
stabilized the cellulose polymer chain.® The reactive

CONTACT Basavaraju Bennehalli basavaraju@aiet.orgin Q Department of Chemistry, Alva's Institute of Engineering and
Technology. Visvesvaraya Technological University, Mijar-574225. Karnataka, inda.
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Influence of Surface Modification on Physical, Mechanical, and
Morphological Properties of Natural Single Areca catechu Fiber
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ABSTRACT

In the present study, fibers extracted from emply areca frult were surface modified by giving
chemical treatment with 2% NaOH solution al laboratory temperature to investigate the effect of
alkali treatment on physical, mechanical, and morphological properties of Areca catechufiber. Tensile
strangth and Young's modulus of areca fiber found lo decrease with alkall treatmaent, but improvement
in elongation at break of the fiber was observed for alkali troated fiber due to elimination of lignin and
hemicelluloses from the fiber surface upon alkali treatment. The resulls proved that the natural Areca
calechu liber is a polential allernative source lor strengthening the polymer composite industries,

Keywords: Areca catechu fiber, Alkall treatmant, Tensile strength, Morphology.

INTRODUCTION

Synthetic, non-biodegradable and expensive
glass, carbon and kevlar fibers are commonly used
in the fabrication of polymer composites because of
their outstanding physical and mechanical properties.
Many researchers attracted towards environmental
friendly natural fibers, as a promising allernative for
synthetic fibers due lo their abundance, renewability,
biodegradability, low cost, good specific strength,
good reinforcing properties, low density and non-
abrasive nature'. Also, natural fibers are less
hazardous compared to synthetic fibers.

Agricultural crop byproducts, wheat

stalks, corn stalk, rice husk, sugar cane, bagasse,
fruit peels, and pineapple leaves are some of the
potential source of natural fibers. Utilization of these
agricultural residues as a reinforcement material
in polymer composites may help in management,
development of light weight, strong, eco-friandly and
lucrative products with diverse applications®,

The utilization of agricultural byproducts as
reinforcement in composites has been reported by
several researchers*®. Pothana et al., reported the
optimum percentages of banana fibre as 40 wt%?, Luo
and Netravall have studied the mechanical properties
of pineapple fibre based polymer composites'®.
Pavithran et al., studied the rupture energies of

This is an ) Open Access article licensed under a Crealive Commons license: Altribution 4.0 International (CC- BY),

Published by Orlental Scientific Publishing Company © 2018
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ABSTRACT

The work presented here reports the infl of Al (Al) doping on Cd$ thin films for the structural,
morphological, optical and third-arder nonlinear optical (NLO) properties. Thin films of Pure CdS and Al-doped
CdS (Cd,.,ALS) with x = 0, 0.01, 0.05 and 0.1 are prepared on the glass substrate at 350 °C using the spray
pyrolysis technique. The observed X-Ray Diffraction (XRD) patterns of CdS films are found to a polycrystalline
hexagonal structure and are not much affected by Al doping. Also the fAlms have been examined by Field
Emission Scanning Electron Microscopy (FESEM) images. The transmittance of the CdS films is observed to be
50-60% in the visible region and that decreased at higher doping concentrations and with higher Al doping the
direct optical band gap is decreased from 2.52 to 2.38 eV. To understand the defect states characteristics, the
corresponding room-temperature photoluminescence (RTPL) spectra have also been taken and found the non-
linear behavior in a band to band-edge in the prepared pl upon Al incorporation. The sign and the
magnitude of the third-order NLO properties were determined using the Z-scan technique with a continuous
wave laser as the excitation source. It is observed that the material exhibit strong two-ph absorption (2PA)
with the nonlinear absorption (NLA) coefficient (B) in the range of 10~* cmW ™! and nonlinear refractive index
(NRI) nz ~ 10~ an®W ™", The tiird-urder NLO susceptibility has found to be cahanced from 3.12 = 10 5 esuto
6.36 x 107 esu upon Al incorporation. Optical limiting characteristics of the prepared films are studied at the
experimental wavelength, The results suggest that the Cd,.,ALS is a promising material for nonlinear optical
devices at 532 nm and optical power limiting applications.

1. Introduction

CdS semiconductor nanostructure [6]. The desired properties and use-
fulness of CdS for futuristic devices reside on the extent of doping dif-

In the visible region, the semiconductor materials with high optical
transmittance, large nonlinear optical properties and ultrafast time re-
sponse are the critical issue for optoelectronics control and commu-
nication applications [1]. The NLO properties of CdS nanostructured
semiconductor materials have fascinated more consideration in recent
years [2]. It is due to their size decreased from bulk to a few nano-
metres, wide direct band gap energy and more stability [3]. It has bgen
widely used in applications including optoelectronics and photonics,
lasers, LED's, transistors [4]. It has also been investigated as sensors f?r
ultraviolet radiation [5]. The two-photon absorption (2PA) observed in

* Corresponding author, Deparunen
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ferent impurities [7]. High transparency, homogeneity and low elec-
trical resistivity in the visible region are essential characteristics for the
materials to be used as window layers for solar cell applications [8]. In
order to reduce the electrical resistance, a large grain size is a pre-
requisite in the buffer layer for solar cells applications [9]. With a
thermal treatment after the deposition, larger grain size can be
achieved. Furthermore, during chemical bath deposition process doping
of CdS films with other chemical elements affects the resulting physi-
cochemical properties such as the electrical resistivity, band gap energy
and crystalline structure. Till date, to decrease the band gap energy of
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ABSTRACT

A noncentrosymmetric chalcone derivative (E)-1-(thiophen-2-y1)-3-(3, 4, S-trimethoxyphenyl) prop-2-en-1-one
(TTMP) was synthesized using Claisen Schmidt condensation approach and single crystals were grown using
slow evaporation method. The grown TTMP crystals crystallizes in orthorhombic structure with Pna2, space
group. The intermolecular interactions of the TTMP crystals were envisioned by Hirshfeld surface analysis
(HSA). Further, the structural conformations of the crystal were carried out by using 1H NMR, FTIR, and FT-
Raman spectral analysis. The UV-Vis-NIR spectrum of the sample clearly shows the prime transparency in the
entire visible and near infrared region. Thermal studies (TG/DTA/DSC) of the TTMP sample shows excellent
thermal stability and phase transition and also noticed that crystal was most stable up to 152.65 *C. The second
harmonic generation efficiency was obtained for the crystals using Nd:YAG laser and is to be 1.93 times that of
urea. The third order nonlinear absorption coefficient (B), nonlinear refractive index (ny), third-order nonlinear
susceptibilities (3% ®), second order hyper polarizability (yy) and optical limiting thresholds were determined by
Z-scan technique using the Diode-Pumped Solid State (DPSS) Continuous Wave (CW) laser. The results suggest
that the TTMP molecules are promising materials for optoelectronic device applications.

1. Introduction

delocalized m-electron systems with strong donor and acceptor groups
[8,9]. The significant nonlinearity has appeared as a consequence of

The chalcone derivatives have a high amount of scope in photonics
and optoelectronic applications, such as frequency doubling, optical
switching and optical limiting [1,2]. Nonlinear optical phenomenon is
the most significant property among all other properties which pro-
mises an innovative change in the field of photonics and optoelectronic
applications [3]. Among a large number of nonlinear optical‘ materials,
the organic chalcone derivatives show better stability, relatively sl.wrt
cut off wavelengths of transmittance, and outstanding blljle light
transmittance [4-7]. Compared to inorganic materials, organic mate-
rials are more flexible to optimize the required nonlinea:;‘ optical

possessing the donor and acceptor groups in the same
zl;wth’. zzaltering rhge substituent and functional groups on the initial
reactants. It has been generally understood that the second-order mo-
lecular nonlinearity in chalcone materials can be enhanced by large
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molecular configuration with two planar rings connected by conjugated
double bonds [10]. Hence, the search for the novel chalcone material
by altering the substituent and functional groups resulting in better
NLO properties is never ceased. The organic Chalcone derivatives are
motivating kind of NLO materials which can be modified to match the
desires. In these structures, two aromatic rings have to be substituted
with suitable electron donor or acceptor groups like —OCH3, —SCH3,
~Cl, —Br, etc. To increase the asymmetric charge distribution in either
or both ground state and excited States, giving rise to an advanced
optical nonlinearity [11,12]. The substitution of electron acceptors/
donors on either end of the phenyl rings of chalcone greatly influences
the formation of noncentrosymmetric crystal packing, which is a pri-
mary criterion for the exhibition of second harmonic generation (SHG)
In a crystal [13]. Many of the methoxy substituted chalcones show
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Abstract: Squeeze film investigations focus upon film pressure, load bearing quantity and the
minimum thickness of film. The combined effect of pressure viscous dependent and non-
Newtonian couple stress in porous annular plate is studied. The modified equations of one
dimensional pressure, load bearing quantity, non dimensional squeeze time are obtained, The
conclusions obtained in the study are found to be in very good agreement compared to the
previous results which are published. The load carrying capacity is increased due to the
variation in the pressure dependent viscosity and also due to the couple stress effect. Finally
this results in change in the squeeze film timings.

1. Introduction

In the field of hydrodynamic lubrication, the couple stress thin film characteristics of several bearings
have studied for some decades [1-6] by considering the viscosity of the lubricant as constant, although
it depends on both pressure and temperature. In recent years, the viscosity of variation of non-
Newtonian couple stress with temperature and pressure has been given thoughtful study in many
practical applications to engineering. Hanumagowda [7) investigated the characteristics of thin film
for circular step bearing and considered the viscosity variation of couplestress fluid. Naduvinamani et
al [8] discussed for parallel stepped plates,Lin et.al[9] investigated behaviour of Squeeze film for long
partial journal bearings , Bartz and Ehlert [10] discussed the influence of pressure viscosity oils on
pressure, temperature and film  thickness for elastohydrodynamic rolling contacts. In all these studies,
the pressure dependent viscosity variation of couplestress lubricant on the squeeze film behaviour is
discussed and found to be more important. All of the previous investigations were concerned with
impermeable surfaces. Wu[12,13] studied theoretically, the squeeze-Film behaviour for annular Disks
and rectangular plates by considering the porous facing. He found the importance of porous facing on
the squeeze film behaviour. In this paper, therefore, the influence of piezo-viscous dependency on
porous annular plates lubricating with non-Newtonian couplestress fluid is investigated. 4

y @!' Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence, Any further distnbution

of this work must maintain aticibution 16 the author(s) and the title of the work, joumal citation and DO, R L ct‘\\“':"‘a_‘\} o
Published under licence by JOP Publishing Lid 1 b gl ™ $ 145 3
coatn OF A 1D
o5 W - 3T

(et



Journai af Advanced Research in Fruig Mechanics and Thermal Sciences 51, Issug 2 (2018) 158-168

& Journa] of Advanced Research in Fluid
ij) Akaderia Bary Mechanics ang Thermal Sciences

Journal hemepage: www.nkademiabaru.comfadmu‘h:ml
ISSN: 2289-7875

Combined Effect of Piezo-Viscoys Dependency and Non-
Newtonian Couple Stresses in Porous Squeeze-Film Circular

Vasanth Karigowdar Rajendrappal2:, Hanumagowda Bannihalli Naganagowda?, Jogyalla
Santhosh Kumar?, Raju Buchanahallj Thimmajah!?

! School of Applied Sciences, REVA University, Bangalare, 560064, India
T Alva's Institute of Englneering & Te:hnology. Mijar, Moodbidre, Dakshina Kannada, 574225, India

ARTICLE INFO ABSTRACT

Article history: On the basis of Morgan and Cameron approach and the Barys experimental research,
Received 29 July 2018 a mathematical model js considered for the combined effect of piezo-viscous
Received in revised form 24 October 2018 dependency and hon-Newtonian couple stresses on the squeeze-film characteristics of
Accepted 28 October 2018 porous circular plates. ‘An analytical solution for the mathematical model using the

Available online 11 November 2018 small perturbation technique is obtained, The results are presented graphically for

selected parameter values. Results put forward to show that the effect of pressure
dependent viseosity is to enhance the load carrying capacity significantly and lengthen
the squeeze film time and the effect of permeability is to decrease the pressure, load
carrying capacity and squeeze film time, It is seen that the present results are in good
agreement with the earlier works in the limiting conditions of conventional circular
bearing,

Keywords:

Squeezing Film, Pressure Dependent

viscosity, Non-Newtonian Couple stress
Fluid, Circular Plates, Copyright © 2018 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

An excellent review has been given on squeeze film lubrication of various porous bearings in the
field of Tribology. For example, Morgan and Cameron (1], Rouleau [2], Wu [3], Cusano [4), Prakash
and Vij [5], and Tian [6]. They have confined their investigations to Newtonian fluid as a lubricant ang

thin film bearing such as finite journal bearing, externally pressurized circular step Thrust bgaring,
rotor bearing system, and sphere and a flat plate by Lin [8-11]. Recently, Elsharkawy [12] studied the
effect of misalignment on the performance of finite journal bearings lubricated with couple stress
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Abstract: In this paper, the effect of PDV on the coupl

porous circular stepped pla
modified Reynolds equation is derive
and load carrying capacity are solve
tabulated and presented graphically for sele
effect is depleted in a porous bearing compare
adverse effect on the pressure, load carrying cap

1. Introduction:
eze film bearings attracted by many researchers because of
ubrication of film elements, artificial joints, automatic

transmissions and internal combustion engines €lc. Porous bearings are useful because of self lubricant
characteristics and low cost. Initially Morgan and Cameron [1] analyzed under steady conditions on
Prakash and Vij [2] studied on non rotating porous journal bearing,
ar plates with lubricants containing polar
] extended the work on MHD and surface

From past two decades study on porous sque
wide applications in engineering namely 1

narrow porous journal bearing. Later
Researchers [3-8] studied on anisotropic porous rectangul
additives in squeeze film lubrication. Hanumagowda et al.[9
roughness on circular stepped plates.

Available literature shows that not much work has been carried out on the effect of viscosity on

porous circular stepped plates. We can see some of the studies on bio-lubricated joints and squeeze film
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In this paper, a radial basis function (RBF) collocation known as Kansa's method has been extended to solve
fractional Darboux problems. The fractional derivatives are deseribed in the Caputo sense. Integration of radial
functions that appears duc 1o fractional derivatives have been dealt using Gauss—Jacobi quadrature method. The
equation has been linearized using successive approximation. A few test problems have been solved and compared
with available solutions. The effect of RBF shape parameter on accuracy and convergence has also been discussed

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Darboux problems, where the governing equation is of hyperbolic in
nature, in general arises in wave phenomena. Consider,

Pu
& = dxdy
u(x,0) = g(x} x€(0,a]

u0,y) = h(y) € [0,b] Ly

= fl,yulx, ), (x,)ES

whereq, b>0, J:=[0, a]l x [0, b] and g and h are continuously differen-
tiable functions.

Sometimes the Darboux problem is also referred as the Goursat prob-
lem. Certain classical problems of mathematical physics and rigid body
dynamics are expressed in terms of Darboux problems. They can also
be considered as a limiting case of tricomi problem. Efforts to solve
(1.1) numerically is dated back to 1960s. These attempts are made by
Day (1,2], Jain and Sharma [3] and Gourlay [4]. They are based on
Trapezoidal or other quadrature formulae and Runge-Kutta type meth-
ods. Later a nonlinear trapezoidal formula based on geometric means
(5] and harmonic means [6) are also considered in solving Goursat prob-
lems. In (7], a general class of difference schemes [or this problem have
been attempted. In 2011, the problem has been solved in a triangular
domain with mixed Dirichlet and impedance boundary conditions (8],
based on Runge-Kutta method and trapezoidal formula.

In recent years, fractional order differential equations (FDEs) are at-
tracting not only mathematiclans but also engincers and scientists from
various fields. It is found that these equations can be used to model
many natural phenomena and physical problems more accurately than
their classical counterparts. To name a few, some of the problems where

* Corresponding author,

numerical schemes have been useful are: plasma transport problem with
anomalous diffusion [9], fractional order Bloch equation that provides
basis for nuclear magnetic resonance spectroscopy and magnetic res-
onance imaging [10] (NMR and MRU, respectively), description of the
dynamic events that occur in biological tissues [11], fractional model
for the shafting system of the water jet mixed-flow pump during the
startup process [12], fractional neutron point kinetic model to analyse
the dynamic behaviour of neutrons [13), etc.

In the present article, we have considered the fractional Darboux
problem in the following form:

“D¥u(x,y) = %TIJF Sy, (el
u(x,0) = g(x) x€10,4q];
u(0,)) = hiy); y€(0,h), (12)

where @, b>0, J :=(0,a] % (0,b),& = (a.a;) € (0,1]% (0, 1) and gand h
are continuously differentiable functions with g(0) = h(0). The function
J ¢ J xR - Ris a continuous function and satisfies Lipschitz condition
with respect to the third variable u with Lipschitz constant L.

Researchers, namely, Abbas, Benchohra and Vityuk have worked ex-
tensively on the existence and uniqueness of various classes of frac-
tional Darboux problem for hyperbolic type; see [14) and the refer-
ences therein. The problems considered were fractional equations or
inclusions with and without delay terms in various forms. Results are
also established for equations that invelves impulsive effect. Vityuk and
Mykhailenko [15] have obtained the sufficient conditions of the exis-
tence and uniqueness of the solution of implicit fmctional Darboux prob-
lem and also provided some numerical solutions.

Past two decades have witnessed an extensive development of RBF
based schemes for solving PDEs, The reasons for such an interest towards
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