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Absmaci— The elastico-viscouns boundary laver
fluid motion over a flat permeable plate having a shp
bommdary is considered. The transition of thermal en-
ergy and mass trapsport mechanizm bas been ans-
Iyzed. The elastic and viscons characteristic in the
fluid iz exhibited by Walters Liquid (Model B, a
non-MNewtonian floid model. The permeable plate at
which suction is applied is placed in the porous me-
dinm. The fluid domain receives thermal energy from
the permeable plate. The governing equations of fwid
motion with satisfying imposed boumdary conditions
are reduced to self-similar type by similarity transfor-
mation. The finite differemce method-based solver
‘bwpdc’ of MATLAE code is employed to perform no-
merical computation. The impact of differemt in-
volved flow parameters is illustrated from obtained
egraphs for discussions from a physical point of view.

Eeywords— Boundary layer, Elastico-viscous
fluid, Heat tramsfer, Mass trancfer, Partial ship.

L INTRODULTION
Elastice-viscous fluid belones to the class of non-Mewio-
nian fhaids exhibiting viscows and elastic propertes, Dur-
ing the motion of such type of fhud, elasticity halps to
store soain energy in the material while viscosity is re-
sponsible for energy dissipation. The application of such
fiwid is often noticed in chemical, mechanical, and petro-
lewmn industries. The techmological importance of this
fludd draws the attention of many researchers. Extensive
research work in this field i going on for the last few
decades (Ariel, 2003; Hayat @ ail, 2014; 2017; Sheremes
and Pop, 2018).

The wansport of heat along with mass in the fluid has
lots of applications in science and enginsening fields. In
nature, it helps in the formation of fog. The thermal and
mass diffusion ansing from buoyancy forces mitisted
many wanspont processes. Examples inchode catalytic re-
actors, nuclear reactors, heat exchanzars cooling de-
vices, solar collectors, petmolem resources, metallurg-
cal and chemical respurces, etc. Chondmry erf al. (2013)
imrestzated the bydromaznetc visco-elastic fuid Sow
taking inclined surface amd stodied the heat and mass
transport phenomena with viscous dissipation. Fashidi ¢t
al. (2014) presented the heat flow for mixed convective
bydromagnedc viscoe-elastic fluid over a permesble
wedze. He considered the homotopy methed to analyze
the: therma] radiaton effect on the Sow feld. Hayart ar al.
(2015) examined the heat transport for mixed comvective
elastc-viscous fluid past a stetching cylinder. Mayak o

al. (2014) presented the thermal and mass Tansport im-
pact on hydromagnetic elastic-viscons fluid past a
swetching porows sheet. The viscous and Joule dissipa-
ton alons with chemical reaction is also taken info ac-
count o this smdy. Farhanemebr of ai. (2019) demon-
sirated the mechanism of enhancement of hest transifion
and mass wansfer for magmetohydrodynamic nanofluid
over a shest taking nonlinear boundary conditions. The
relevant recent studies on heat and mass ransport are av-
vdent from the Hterafure of the refersnce papers: Tamdoyil-
mazoghn (2012, 20153), Amz eof al. (2014), Lavamya
(2019}, Yasmin ¢t ai. (2020).

The dynamics of fluids are mggered fom the bound-
ing surface and thos bomdary layer fiwd flow plays an
important role in finid dynamics. The application of such
flow s often observed in engineering and technological
processes fior the evaluaton of drag produced by the fric-
tion of bodies in the fluid domsin Blasius (1908), frstly
smdied the progress of velecity in the boundary layes
when finid flows over 2 flat surface. Pohlhansen {1921)
imwestizated the heat mansport phenomenon of Blasins re-
sult. The numenical investigation of Blasius"s findings of
flow problems was further cammied out by Howarth
(1935).

The fluid-particle when comes in contact with a solid
boumdary, is observed in mamy practical applications that
it does mot take the velocity of the surface and slips along
the surface as it has a fized tanzential velocity. Such a
flow is termed as partial ship flow at the boundary. The
application of this type of flow is noticed in the chemical
industry and in medical weatment. The mixed convectve
fhaid flow past 3 vertical plate for unsteady case in paral-
lel siream presented by Patl ¢ ai. (20013). The ship impact
on the fluid motion taking pressure and buoyant forces
it accoumt over vertical plates investizated by mamy re-
searchers: Aziz of al. (2014), Bhattacharyya and Layek
(2012), Cao and Baker {2008), Turkyilmazoetn (20050

The present mwvestization sims to disouss the heat
mansition and mass wanspert mechanism for elastco-vis-
cons fhad flow with slip effects over a flat permeahbls
plate. The stdy also intended to analyze the impact of
different mvolved Sow feahme parameters n the veloc-
ity, temperanme, and concenTation profles. The non-
Hewtonian fluid model Walters Liquid (Model B} (Wal-
ters, 1960; 19462) is taken for Elastico-viscons fluid. The
finite difference method-based solver “bvpdc” of
MATLAR code is employed for the mathematical com-
putstion of zoverning equations. The computed results
are plotted with invelved flow parameters for discussion
to bring ourt physics insight into the fluid flow.
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Reactive Mass Diffusion in Viscoelastic @
Fluid Past a Stretchable Exponential I“::ﬁ'.:'

Sheet Due to Variation in Wall
Concentration

Kamal Debnath and Sankar Singha

Abstract An investigation i= initiated to study the solute diffusion with chemical
reaction of the first order in non-Newtonian viscoelastic fluid through boundary layer
over a sireichable exponential sheet dug to variation in wall concentration. ‘Walter
Liquid (Model B/, a model of non-Newtonian fluid, exhibits the fluid’s viscoelastic
nature. The chemical reaction rate and distribution of wall concentration for the
species are taken in exponential form. Utilizing suitable similarity variables, the equa-
tions guiding fluid motion and relevant satisfyving boundary conditions are simplified
to self-similar forms. The MATLAB solver ‘bvpde” is used to evaluate the resultant
equations. The concentration profiles computed numerically for different involved
flow parameters are plotted. The impact of flow feature factors on the concentration
profiles is analyred from graphs from a physical point of view. The mass diffu-
sion process due to chemical reaction in viscoelastic Aow through boundary layer
past a stretchable exponential sheet affectad noticeably with the variation of wall
concentration.

Kevwords Boundary laver - Chemical reaction - Mass diffusion - Variable wall
concentration « Yiscoelastic fuid

1 Introduction

The viscous layer flow that extends to the expandable surface is an imporiant problem
arising from fluid mechanics as a result of its extensive applications in industrial
manufacturing, such as polymer sheet extraction, paper production, fiber glass manu-
facturing., metal processing, wire drawing. Crane [ 1] firstly studied the exact solution
in the closed-form of a steady flow boundary of the membrane of viscous fluid over
a simple stretchable plate. Many scientists later built on Crane’s work, including
Pavlov [2]. Gupta and Gupta [3], Chen and Char [4], who studied thermal and mass
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Hydromagnetic Visco-elastic Boundary
Layer Slip Flow and Heat Transfer Over | s
a Flat Plate

Kamal Debnath and Sankar Singha

Abstract The steady hydromagnetic visco-elastic boundary layer laminar electri-
cally conducting fluid with slip effects past a flat plate characterized by Walter's
Liguid { Model ') has been investigated. The heat transfer mechanism is also studied.
Special forms of velocity and thermal slips are taken into account involving the local
Reynolds number. The governing partial differential equations of fluid motion are
transformed into ordinary differential equations by making use of suitable similarity
variables. The transformed differential equations along with boundary conditions
are solved with the help of bvpdc inbuilt MATLAB software. The computed numer-
ical results of velocity. temperature and temperature gradient have been depicted
graphically and discussed for different values of flow parameters involved in the
solution. The skin friction coefficient i= also evaluated and presented in tabular form
for various values of magnetic parameters for discussion.

Kevwords Hydromagnetic + Similarity variables - Skin friction - Velocity slip -
Visco-elastic

1 Introduction

The study of boundary layer flow is very significant in fluid mechanics as the whole
dynamics is triggered from the boundary surface. The application of such fow is
often observed in modem engineering and industrial processes for the calculation of
frictional drag of bodies. Blasius [ 1] firstly investipated the structure of evolution of
boundary layer fluid velocity over a flat plate. The heat conduction phenomenon of
the Blasius problem was analyzed by Pohlhausen [2]. The numerical computation
of Blasius problems was camied out by Howarth [3]. Abu-Sitta [4] established the

K. Debnath (&) - 5. Singha

Diepartment of Mathematics, The Assam Foyal Global University, Guwahati 781035, Assam,
India

e-mail; debnathbwra @ gmail.com

5. Singha
e-mail; sibraj. 158 & gmail .com

i The Authons), under exclusive license to Springer Matare Singapore Pte Lid. 2021 483
A_E. Haszamien et al. (eds ), Emerging Techaslogies in Data Mining and nformation

Security, Advances in Intelligent Systems and Computing 1285,

hitps:#doi.org 10.1007/978-981- 15-9927-9_46

101

——
| S—



First page of paper 4

Advances in Mathematics: Scientific Journal 10 {2021}, no.1, 211-221

%avmm_ IS5N: 1857-8365 (printed); 1857-8438 (electronic)
https//doi.org/10.37418/amsj. 10.1.21

IMPACT OF SUCTION OR BLOWING ON ELASTICO-VISCOUS
HYDROMAGNETIC FLUID FLOW PAST A STRETCHING PERMEABLE
SHEET

KAMAL DEBNATH!, SANKAR SINGHA, AND BIMALENDU KALTTA

ARSTRACT. The analytical study using Homotopy perturbation technique has
been initiated for two-dimensional steady elastico-viscous hydromagnetic fluid
flow past a stretching permeable sheet. The elastico-viscous property in the
fluid exhibited by Walters Liquid (Model B'). The stretching permeable shest
is exposed to suction or blowing. Similarity solutions are obeained by care-
ful inspection to convert the govemning equations of fluid motion into self-
similar solvable ordinary differential equations. The velocity expression and
shear stress at the stretching permeable sheet have been retrieved and numeri-
cally evaluated for different values of elastico-viscous, magnetic and suction or
blowing parameters. The velocity distribution and skin friction expression are
plotted to study the effects of invelved flow feature parameters.

1. INTRODUCTION

The stretching sheet problem in fluid dynamics find its place in industry be-
cause of it's numerous important applications. This type of problem often no-
ticed in industry in manufacturing unit, such as rolling of artificial fibres, extrac-
tion of polymer sheet, glass-fibre production, crystal growing, paper production,
crystal growing and so on.
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Abstract

The heat fransport with combined interaction of pressure and
buoyancy forces for visco-elastic flwid past a verfical plate along
with slip condition is imvestigated. Visco-elastic nature of the fluid is
explored by the Walters Liquid (Model B7), a fluid model for non-
Newtonian fluid. The fluid motion iz guided by highly non-linear
coupled differential equations. The governing differential equations
are reduced fo solvable self-similar form by employing relevant
similarity  transformation. The selCsimilar resultanit  governing
equations are evaluated by inbwilt MATLAE sobver ‘Inpdc’. The
numerically evaluated results of velocity component, femperature, and
femperature gradient arve represented graphically. The impacizof
involved flow feature parameters on the flwid domain ave illustrated
[from graphs for discussions to bring owt physical insight. The fluid
motion and the heaf fransifion ave substantiolly affected by the
involved flow parameters.

Keywords :-Boundary layer, Heat transfer, Mixed convection, Velocity slip, Visco-
elastic.
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