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ABSTRACT: Fluid dynamics is a branch of mechanics, which deals with the study of fluid in motion and the 

subsequent effect of the fluid on the boundaries, which may be either solid surface or other fluids. The 

essence of the subject of fluid flows is that of judicious compromise between theory and experiments, its 

fundamental principles which are based on Newton’s laws of motion, the indestructibility of matter and also 

conservation of energy. The important physical quantities such as the coefficients of skin-friction, the heat 

and mass transfer are obtained from visco-elastic fluid (Walter’s liquid B′′′′) past a stretching surface / sheet 
with an applied suction embedded in a porous medium having power law temperature and power law 

concentration is studied in this paper. 

Keywords: Heat Transfer; Boundary Layer; Newtonian and Non- Newtonian Fluids ; Stretching Sheet; Viscoelastic; 

Free Convection; laminar; porous. 

I. INTRODUCTION 

Development, objectives, motive and Scope of fluid 

dynamics Related to the Mathematical Analysis of 

Viscous and Visco - Elastic Flows with Heat and Mass 

Transfer on continuous solid surfaces. 

II. LITERATURE SURVEY 

The literature survey plays a very important role in the 

research process. It is asource from where research 

ideas are drawn and developed into concepts and finally 

theories. It also provides the researcher a bird’s eye 

view about the research done inthat area so far. In this 

chapter, we have reviewed the works done in the field 
of non Newtonian fluid which are related to the present 

work. The formulation of rheological equation of state 

was studied by Oldroyd (1950). Oldroyd (1958) has 

studied the effect of visco-elasticity of some idealized 

visco-elastic fluids under steady state motion. The 

motion of a visco-elastic fluid contained between co-

axial cylinders has been studied by Walters (1960) and 

the solution of problem has been given by him in case 

of materials with short memories (1962). Rajeswari and 

Rathna (1962) have studied the flow behavior of a 

particular class of visco-inelastic and visco-elastic fluid 
near a stagnation point. The flow of a visco-elastic fluid 

in a curved pipe under pressure gradient has been 

discussed by Thomas and Walters (1963) and they 

(1965) have also generalized this result by considering 

the curved pipe of elliptic cross section. Soundalgekar 

(1978) has investigated the flow of a visco-elastic fluid 

past an oscillating plate (1978). Johri and Sharma 

(1980) have studied the free convection laminar flow of 

an incompressible visco-elastic fluid. The study of free 

convective flow of non-Newtonian fluid in presence of 

heat sources has been studied by Jha (1990). Nanousis 

(1993) has investigated the MHD flows in rotating 

viscoelastic fluid. The flow nature of visco-elastic 

fluids through a porous channel has been studied by 
Ariel (1993). Labropulu et al. (1993) have 

demonstrated the pattern ofvisco-elastic fluid flow 

impinging on a wall with suction or blowing. Ariel 

(1997) hasstudied the flow pattern of visco-elastic fluid 

flow past a porous plate. Kim (1997) hasshown the 

natural convection along a wavy vertical plate to non-

Newtonian fluids. Payver (1997) has discussed the heat 

transfer in laminar flow of visco-elastic fluid through 

rectangular ducts. The study of heat transfer of a visco-

elastic fluid over a flat plate in presence of magnetic 

field and pressure gradient has been worked out 
byKumariet al. (1997). The effect of radiation on visco-

elastic fluid flow has beenanalyzed by Raptis (1999).  
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The concept of Newtonian and non-Newtonain fluid 

flowsthrough concentric annulus with centre body 

rotation has been given by Naser (1997). Andrienkoet 

al. (2000) have explained the resonance behavior of 

visco-elastic fluids in Poiseuille flow. Ghosh et al. 

(2000) have analyzed the hydromagnetic flow of dusty 

non-Newtonian fluid. Singh and Thakur (2002) have 

worked out the exact solution of unsteady MHD non-

Newtonian fluid flows. The influence of eccentricity 

and inner cylinder rotation on fully developed laminar 

flow of non-Newtonian fluids through annuli has been 

explained by Escudier et al. (2002). The permeability of 

periodic arrays of cylinders for visco-elastic flows has 

been investigated by Alococer and Singh (2002). Hayat 

et al. (2002) have studied the behavior of MHD flow of 

an Oldroyd-B fluid. A study on MHD flow of non-

Newtonian visco-elastic fluid through a porous medium 
near an accelerated plate has been investigated by 

Eldabe et al. (2003). The flow behavior of a visco-

elastic fluid near a rotating disk has been studied by 

Ariel (2003). The effects of free convection on the 

oscillatory flow of a visco-elastic fluid with thermal 

relaxation in presence of transverse magnetic field have 

been analyzed by Zakaria (2003). The study of free 

convection boundary layer over a vertical cone in non-

Newtonian fluid in presence of internal heat generation 

has been explained by Grosanet al. (2004). The 

investigation on visco-elastic boundary layer flow 
through a porous medium in presence of heat transfer 

has been carried out by Pillai et al. (2004). Liu (2005) 

has studied the unsteady unidirectional MHD flow of a 

non-Newtonian fluid saturated in a porous medium. 

Hashemabadi et al. (2005) have given an analytical 

solution of visco-elastic fluid flow and heat transfer 

through an annulus. Khan an  Sanjayanand (2005) have 

studied the visco-elastic boundary layer flow and heat 

transfer over an exponential stretching sheet. The 

solution of free convective viscoelastic boundary layer 

flow past a vertical porous plate with internal 

heatgeneration/absorption has been derived by Khan 
and Pop (2006). The effects of free convective flow of 

visco-elastic fluid past an infinite vertical plate in 

presence of transverse magnetic field has been 

explained by Choudhury and Das (2006). The studyof 

elastico-viscous fluid flow past a stretching sheet with 

partial slip has been analyzed by Ariel et al. (2006). 

Kumar and Singh (2006) have discussed the motion of 

viscoelastic fluid heated from below in a porous 

medium. The behavior of non-Newtonian fluid flow 

through a channel in presence of suction or injection 

has been investigated by Kamlsll (2006). The 
hydromagnetic fluctuating flow of a visco-elastic fluid 

in aporous channel has been studied by Ghosh (2007). 

Veena et al. (2007) have given anon-similarity solution 

for heat and mass transfer flow of electrically 

conducting viscoelastic fluid over a stretching sheet 

embedded in a porous medium. The study of heat 

transfer in a visco-elastic boundary layer flow over a 

stretching sheet with viscous dissipation and non-

uniform heat sources has been discussed by Abel et al. 

(2007).Visco-elastic MHD flow and heat transfer over a 

stretching sheet with viscous and ohmic dissipations 

has been discussed by Abel et al. (2008). Reza and 

Gupta (2008)have studied the momentum and heat 

transfer of a visco-elastic fluid past a porous plate 

subject to suction or blowing. The Hydromagnetic 

visco-elastic fluid flow due to the oscillatory stretching 

surface has been demonstrated by Abbas et al. (2008). 

The influence of mixed convective boundary layer flow 

of a visco-elastic fluid over a horizontal circular 

cylinder has been studied by Anwar et al. (2008). 

Magnetohydrodynamic flow and heat transfer of a 
visco-elastic fluid in a channel with stretching walls has 

been investigated by Misra et al. (2008). Norouzi et al. 

(2009) have investigated the convective heat transfer of 

a visco-elastic fluid in a curved duct. At periodic 

temperature, the study of free convective elastico-

viscous fluid flow past a uniformly accelerated plate 

has been investigated by Chaudhary and Jain (2009). 

Nandeppanavar et al. (2010) have studied the heat 

transfer in a Walters B fluid over an impermeable 

stretching sheet with non-uniform heat source/sink and 

elastic deformation. Koti et al have studied MHD flow 
of a visco-elastic fluid over a stretching sheet with 

power law temperature and power law concentration 

embedded in porous medium(2009). Jagadish Tawade 

et al,  have studied on the Heat transfer in a liquid film 

over an unsteady stretching surface with viscous 

dissipation (2009). Abel et al, investigated the Effect of 

non-uniform heat source on MHD heat transfer in a 

liquid film over an unsteady stretching sheet(2009).A 

numerical study on the motion of unsteady free 

convective heat and mass transfer in a Walters-B visco-

elastic flow along a vertical cone has been shown 

byMohiddinet al. (2010). A study on hydromagnetic 
boundary layer flow and heat transfer in visco-elastic 

fluid over a continuously moving permeable stretching 

surface with non-uniform heat source/sink embedded in 

fluid-saturated porous medium has been explained by 

Abel et al. (2010). The influence of fully developed 

mixed convection on a visco-elastic fluid between 

permeable parallel vertical plates has been described by 

Sajid et al. (2010). Prasuna et al. (2010) have explained 

the results of unsteady flow of a visco-elastic fluid 

through a porous media between two impermeable 

parallel plates. Unsteady MHD mixed convection 
stagnation point flow of a visco-elastic fluid on a 

vertical surface has been derived by Ahmad and Nazar 

(2010).  
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Hsiao (2010) has investigated the heat and mass 

transfer of a mixed convective MHD flow of a visco-

elastic fluid past a stretching sheet with ohmic 

dissipation. The problem of heat and mass transfer in 
magneto hydrodynamic visco-elastic fluid flow through 

aporous medium over a stretching sheet with chemical 

reaction has been analyzed by Alharbi et al. (2010). 

The effects of chemical reaction and heat transfer on 

the MHD flow of visco-elastic fluid through a porous 

medium over a horizontal stretching flatplate has been 

discussed by Eldabde et al. (2010). The nature of free 

convection on thevisco-elastic fluid (Walters liquid B 

type) flow past an infinite vertical plate accelerating 

inits own plane with constant heat flux has been 

examined analytically by Singh et al.(2010). Effects of 

heat and mass transfer on an oscillatory flow of a visco-
elastic fluid with thermal relaxation have been derived 

numerically by Ambethkar (2010). Hsiao and Lee 

(2010) have studied the MHD flow behavior of mixed 

convective visco-elastic fluid with conjugate heat and 

mass transfer with viscous dissipation and radiation 

past astretching sheet. Nadeem and Akbar (2010) have 

described the peristaltic flow of Walters B fluid in a 

uniform inclined tube. Prakash et al. (2010) have shown 

the effects of thermal diffusion and chemical reaction 

on MHD flow of dusty visco-elastic(Walters liquid, 

Model B ) fluid. The nature of thermal convection of a 
visco-elastic fluid in an open top porous layer heated 

from below has been presented by Niu et al. (2010). 

Joneidi et al. (2010) have described the motion of 

Walters B fluid in a verticalchannel with porous wall. 

The behavior of heat transfer characteristics on visco-

elastic fluid in a porous medium over an impermeable 

stretching sheet with viscous dissipation has been 

studied by Nandeppanavar et al. (2010). A number of 

fluid flow problems considering Walters liquid have 

been investigated by Biswas and Choudhury (2010). 

MHD viscoelatic fluid flow and heat transfer with 

temperature gradient dependent heat sink in a porous 
medium past a stretching sheet has studied by Koti et 

al(2011),Effect of slip conditions and hall current on 

unsteady MHD flow of a visco-elastic fluid past an 

infinite vertical porous plate through porous medium 

has been analyzed by Kumar et al. (2011). The 

numerical study of transient free convective mass 

transfer in a Walters B visco-elastic flow with wall 

suction has analyzed by Chang et al. (2011). Tawade et 

al  have studied on MHD flow and heat transfer for the 

upper convected Maxwell fluid over a stretching sheet 

(2011).  Abel et al discussed.   The effects of MHD 
flow and heat transfer for the UCM fluid over a 

stretching surface in presence of thermal radiation 

(2012).  The flow nature of Walters liquid B  and its 

behavior under valid and suitable boundary conditions 

has beendiscussed by Choudhury and Dey 

(2012),Choudhury and Debnath (2012). Effects of 

visco-elasticity on free convective flow confined 

between a longvertical wavy wall and a parallel flat 
wall of equal transpiration has been described 

byChoudhury and Das (2012). Moreover a number of 

visco-elastic fluid flow problemshave been discussed 

by Choudhury and Purkayastha (2012), Choudhury 

andBhattacharjee (2013) to study the flow behavior of 

Walters liquid under different geometries and suitable 

boundary conditions.  

The effects of mass transfer on MHD unsteady free 

convective Walters memory flow with constant suction 

and heat sink through porous media has been 

investigated by Reddy et al. (2012).Visco-elastic MHD 

oscillatory horizontal channel flow and heat transfer 
with heatsource has been studied by Choudhury and 

Das (2013).Choudhury and Das (2014)have discussed 

the visco-elastic MHD free convective flow through 

porous media inradiation and chemical reaction with 

heat and mass transfer.Koti et al (2014) discussed about 

Thin film flow and Heat transfer over an unsteady 

stretching sheet with thermal radiation, internal heating 

in presence of external MagneticAfield.  

Further  our  Survey of  literature  is   major ingredient  

of research work  on which the researcher has to rely to 

understand  and  analyze  the subject  of research. In 
our paper, we have reviewed  the works done  in the 

field of non-Newtonian  fluid which are related to our 

research work. The formulation of rheological 

equations of state was studied by 

Oldwypi.Soundalgekar  has studied the flow of an 

elastico-viscous fluid past an oscillating plate. Johri and 

Sharma have discussed the free convection laminar 

flow of an incompressible visco-elastic fluid. The study 

of free convective flow of non-Newtonian fluid in 

presence of heat sources was done by Jha. Thien et. al 

have discussed the similarity solution of Oldroyd B 

fluid in a curved channel. Magneto hydrodynamic 
flows in rotating elastic-viscous fluid was demonstrated 

by Nanousis. The flow behavior of visco-elastic fluids 

through a porous channel has been given by Ariel. 

Labropulu et. al. have studied the flow pattern of visco-

elastic fluid impinging on a wall with suction of 

blowing. Mixed convective power law fluid past two 

dimensional or exisymmetric bodies was explained by 

Meissner et. al. Magnetohydrodynamic boundary layer 

flow of power law fluid with variable electrical was 

governed by Helmy. Ariel has showed the nature of 

visco-elastic fluid flow past a porous plate. Kim has 
explained the natural convection along a wavy vertical 

plate to non-Newtonian fluids. The discussion of heat 

transfer in laminar flow of visco-elastic fluids through 

rectangular ducts was given by Payver.  
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Kumari et. al. have analysed the heat transfer of a 

visco-elastic fluid over a flat plate in presence of 

magnetic field and pressure gradient. Nasser  has given 

the prediction of Newtonian and non-Newtonian fluid 

flow through concentric annulus with centre body 

rotation. Andrienko et. al. has discussed the resonance 

behavior of visco-elastic fluids in Poiseuille flow. 

Ghosh et.al. have discussed the hydromagnetic flow of 

dusty non-Newtonian fluid. The flow of non-Newtonian 

fluid in a helical pipe with elliptical cross section was 

explained by Ahmed et.al. Singh and Thakur have 
studied exact solution of unsteady MHD non-

Newtonian fluid flows. Effect of eccentricity and inner-

cylinder rotation on fully developed laminar flow of 

non Newtonian fluids through annuli was studied by 

Escudier et.al. AIococer and Singh  have explained the 

permeability of periodic arrays of cylinders for 

viscoelastic flows. The behavior of MHD flow of an 

Oldroyd-B fluid was shown by Hayat et. al. 

Magnetohydrodynamic flow of non-Newtonian visco-

elastic fluid through a porous medium near an 

accelerated plate was explained by Eldabe et.al lAriel 
has discussed the flow of an elastico-viscous fluid near 

a rotating disk. Zakaria  has studied the free convection 

effects on the oscillatory flow of a visco-elastic fluid 

with thermal relaxation in presence of transverse 

magnetic field.  

The behavior of free convection boundary layer over a 

vertical cone in non-Newtonian fluid in presence of 

internal heat generation was given by Grosen et. al. The 

visco-elastic boundary layer flow through a porous 

medium in presence of heat transfer was examined by 

Pillai et.al. Liu has discussed the unsteady 

unidirectional MHD flow of a non Newtonian fluid 
saturated in a porous medium. The analytical solution 

of viscoelastic fluid flow and heat transfer through an 

annulus was obtained by Hashemabadi et. al. Effects of 

free convective flow of visco-elastic fluid past an 

infinite vertical plate in presence of transverse magnetic 

field were derived by Choudhury and Das. Ariel et.al. 

have discussed the flow of an elastico-viscous fluid past 

a stretching sheet with partial slip. Kumar and Singh  

have studied the motion of visco-elastic fluid heated 

from below in a porous medium. The flow behavior of 

non-Newtonian fluid through a channel in presence of 
suction or injection was discussed by Kamlsll 

Oscillatory motion of an electrically conducing visco-

elastic fluid over a stretching sheet in a saturated porous 

medium with suction or blowing was examined by 

Rajagopal et.al. Ghosh has studied the hydromagnetic 

fluctuating flow of a visco-elastic fluid in a porous 

channel. The heat transfer in a visco-elastic boundary 

layer flow over a stretching sheet with viscous 

dissipation and non-uniform heat sources was explained 

by Abel et. al  Reza and Gupta  have discussed the 

momentum and heat transfer of a viscoelastic fluid past 

a porous plate subject to suction or blowing. Abbas et.al  

haveanalysed the hydromagnetic flow in visco-elastic 

fluid due to the oscillatory stretching surface. The 

mixed convective boundary layer flow of a visco-elastic 

fluid over a horizontal circular cylinder was explained 

by Anwar et. al. Misra et.al.  have discussed the MHD 

flow and heat transfer of a visco-elastic fluid in a 

channel with stretching walls. Norouzi et.al. have 

discussed the convective heat transfer of a visco-elastic 
fluid in a curved duct. The behavior of non-Newtonian 

fluid flow through three dimensional disordered porous 

media was studied by Morais et.al.  Biomagneticvisco-

elastic fluid flow in a channel with stretching walls was 

derived by Misra et.al. Choudhury and Jain have 

investigated the influence of periodic temperature on 

free convective elastic-viscous fluid flow past a 

uniformly accelerated plate. The study of heat transfer 

in a Walters liquid B over an impermeable stretching 

sheet with non-uniform heat source/sink and elastic 

deformation was shown by Nandeppanavar et.al. 
Mohiddin et.al. have analysed numerically the motion 

of unsteady free convective heat and mass transfer in a 

Walters-B visco-elastic flow along a vertical cone. 

Hydromagnetic boundary layer flow and heat transfer 

in visco-elastic fluid over a continuously moving 

permeable stretching surface with non-uniform heat 

source/sink embedded in fluid-saturated porous 

medium was described by Abel et. al. Effect of fully 

developed mixed convection on a visco-elastic fluid 

between permeable parallel vertical plates was shown 

by Sajidet.al.Ahmed and Nazar  have derived the 

unsteady magnetohydrodynamic mixed convection 
stagnation point flow of a visco-elastic fluid on a 

vertical surface. Behaviour of free convection on the 

visco-elastic fluid (Walters - B ' type) flow past an 

infinite vertical plate accelerating in its own plane with 

constant heat flux was examined analytically by Singh 

et-al. Xiong et.al. have described the drag enhancement 

and drag reduction in visco-elastic fluid flow around a 

cylinder. Analysis of visco-elastic fluid flow with 

temperature dependent properties in plane couette flow 

and thin annul was done by on Hashemabadi and 

Mirnajafizadeh. The behavior of thermal convection of 
a viscoelastic fluid in an  open  top  porous  layer  

heated  from  below  was  studied  by Niu et. al. The  

motion  of  Walters B fluid in a  vertical  channel with  

porous wall  was  studied  by  Joneidi et. al. The study 

of heat transfer characteristics of visco-elastic fluid in a 

porous mediumover an  impermeable  stretching sheet 

with  viscous  dissipation  was  performed  by  

Nandeppanavar et. al.   
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Moreover, a number of flow  problems  have  been  

disused  by  Choudhruy  and  Debnath  Choudhury  and  

Dey  to study  the flow patterns of  Walters  liquid 

(Model B') and  analyze  their  behaviours  under  

different  valid and suitable  boundary  conditions  
some of   which are  included here. From the  above 

study, it is noticed  that  the  results  reveal  various  

aspects of the  additional  terms in the  constitutive  

equation as  compared to  Newtonian fluid. In our  

present  study, we have   accommodated  six  models of 

visco-elastic  fluid  to  investigate  the  flow  behaviors   

in   specific problems. 

III. CONCLUSION 

Based on all the above literatures, it is encountered in 

many Engineering. applications such as materials 

manufactured by polymer  extrusion  process , polymer 

processing , wire and fibre coating of metallic sheets , 
melt spinning , cooling of electronic chips and crystal 

growing. 

   The industrial applications in the manufacture of 

plastic films and artificial fibre materials, in recent 

years has lead to a renewed interest in the study of 

visco – elastic boundary layer flow  with heat and mass 

transfer over a stretching sheet. 
In the present century ,which is  a century of 

technological advancement exploration of industries 

using latest technologies in extrusions  ions in 

manufacturing process and melt spinning processes , 

the extradite is stretched  into a filament when  it is 

drawn from the dye and solidifies in the desired shape 

through a controlled cooling system, glass blowing, hot 

rolling, crystal growing. Some of the Engineering. 

applications related to our research work such as 

materials manufactured by polymer  extrusion  process , 

polymer processing Aero foils , wire and fibre coating 

of metallic sheets, melt spinning , cooling of electronic 
chips , crystal growing and toughen glasses are being 

depicted in the following figures. (a , b , c and d ) 

respectively. 

A
B

C
D

 
 

Fig. 1. 
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