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ABSTRACT: This paper considers the problem of steady laminar two dimensional boundary layer flow and 
heat transfer of nanofluids past a linear stretching sheet. The governing boundary value problem, consisting 

of equations of motion and heat transfer for a nanofluid flow past an linear stretching sheet, with their 

respective boundary conditions are considered for investigation. This boundary value problem consisting of 

nonlinear partial differential equations are transformed into nonlinear ordinary differential equations using 

suitable similarity transformation and are solved numerically solved by using fourth order Runge-Kutta 

method, along with shooting technique. The solution mainly depends on Prandtl number Pr, Lewis number 

Le, Brownian motion parameter Nb and thermophoresis parameter Nt, velocity slip parameter A, thermal 

slip parameter B and  solutal slip parameter C. The variation of the local Nusselt number and local Sherwood 

number with Nb and Nt for various values of Pr and Le is presented in tabular and graphical forms. It is 

found that for A=B=C=0(No slip boundary condition) local nusselt number decreases and local Sherwood 

number increases as Nt parameter increases. Further it is observed that as the velocity slip parameter A 
increases, local Nusselt number decreases and local Sherwood number decreases. As the thermal slip 

parameter B increases local nusselt number decreases and local sherwood number increases. As the solutal 

slip parameter C increases local nusselt number increases and local Sherwood number decreases. 

Keywords: Nanofluid, Stretching sheet, Slip boundary conditions, Brownian motion, Thermophoresis, Heat transfer, 

Similarity solution, boundary layer flow, linear stretching sheet. 

I.  INTRODUCTION 

The study of laminar boundary layer flow over a 

stretching sheet has received substantial notice in the 

past owing to its applications in the industries, for 

example, materials contrived by extrusion process and 

the heat treated materials drifting amid a feed roll and 

the wind-up roll or on conveyor belt possess the 
character of a poignant continuous surface have 

promising applications in a numeral of technological 

processes as well as production of polymer films or thin 

sheets. Few of these applications are materials 

manufactured by polymer extrusion, drawing of copper 

wires, continuous stretching of plastic films, artificial 

fibres, hot rolling, wire drawing, glass fibre, metal 

extrusion and metal spinning etc. The boundary layer 

flow and heat transfer owing to nanofluids over a 

stretching sheet are thrust areas of current research. 

Such investigations locate applications over a broad 
spectrum of science and engineering disciplines. An 

imperative aspect of boundary layer flow of a nanofluid 

over a stretching sheet is the heat transfer 

characteristics. It is vital to comprehend the heat 

transfer description of the stretching sheet so that the 

completed product meets the required quality. This is 

owing to the aspect that the superiority of a final 

product chiefly depends on the rate of heat transfer and 

the stretching rate. 

Kuznestov and Nield [1] have deliberated the natural 

convective boundary-layer flow of a nanofluid past a 
vertical plate analytically. They worn a model in which 

Brownian motion and thermophoresis property be taken 

into account. Furthermore, Khan and Pop [2] use the 

same model to learn the boundary layer flow of a 

nanofluid past a stretching sheet with a constant surface 

temperature. Very recently Ibrahim and Shanker [3] 

have studied the boundary-layer flow and heat transfer 

of nanofluid over a vertical plate taking into account the 

convective surface boundary condition. Recently, 

Haddad et al. [4] experimentally investigated natural 

convection in nanofluid by considering the function of 

thermophoresis and Brownian motion in heat transfer 

enhancement. They indicated that neglecting the role of 

Brownian motion and thermophoresis depreciate the 

heat transfer and this weakening elevates when the 

volume fraction of a nanoparticles increases. 
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Likewise Bachok et al. [5] numerically studied steady 

boundary layer flow of a nanofluid over a moving 

semi-infinite plate in a regular free stream. Further, 

Makinde and Aziz [6] conducted a numerical study of 

boundary layer flow of a nanofluid past a stretching 

sheet with convective boundary condition. Also, 

Vajravelu et al. [7] discussed the convective heat 

transfer of a nanofluid flow over a stretching surface 

using Ag-water or Cu-water nanofluid. 

A familiar feature of all the above studies considered 
is the no-slip boundary condition. But, there may be 

natural circumstances where no-slip boundary 

condition may not be pertinent. In such situation, it 

may be imperative to consider slip boundary 

condition. Fluids like water and gaseous (air) 

viscosity is very small (negligible) but fluid such as 

oil, glycerine, paints, molecule, printer ink possess 

large viscosity, where there exists a difference in 

relative tangential velocity i.e. there is a slip in the 

boundary. On the other hand the existence of 

intermolecular pull makes the fluid to stick to a solid 
wall and this gives rise to the shearing stresses and 

there will be no-slip from the boundary. The no-slip 

boundary condition is known as the main 

manifestation of the Navier-Stoke’s theory of fluid 

dynamics. But there are situations wherein such 

condition is not appropriate. Especially no-slip 

condition is inadequate for most non-Newtonian 

liquids and nanofluids, as some polymer melt often 

shows microscopic wall slip and that in general is 

governed by a non-linear and monotone relation 

between the slip velocity and the traction. The liquids 

exhibiting boundary slip find applications in 
technological problems such as polishing of artificial 

heart valves and internal cavities. 

The slip flow boundary condition was first introduced 

by C.L.M.H. Navier more than a century ago. The 

earlier studies that take into account the slip boundary 

condition over a stretching sheet were conducted by 

Andersson [8]. He obtained a closed form solution of 

a full Navier-Stoke’s equations for a 

magnetohydrodynamics flow over a stretching sheet. 

Following Andersson, Wang [9] set up the closed 

form similarity solution of a full Navier-Stoke’s 
equations for the flow due to a stretching sheet with 

partial slip. Furthermore, Wang [10] investigated 

stagnation slip flow and heat transfer on a moving 

plate. Similarly, Fang et al. [11] studied MHD slip 

viscous flow over a stretching sheet analytically. P. 

Donald Ariel [12] investigated the steady, laminar, 

axisymmetric flow of a Newtonian fluid due to a 

stretching sheet when there is a partial slip of the fluid 

past the sheet. He applied the HPM method to obtain 

the solution of B.V.P.  T. Hayat, T. Javed, Z.Abbas 

[13] examined the effect of slip flow and heat transfer 

of a second grade fluid past a stretching sheet through 
a porous space .He applied the H.A.M. method to 

solve the problem. M. Turkyilmazoglu [14] studied 

the heat and mass transfer characteristics of the 

M.H.D. viscous flow over a permeable stretching 

surface considering both the hydrodynamic and 

thermal slip boundary conditions. He solved the 

problem by using the confluent Hypergeometric 

functions. Abdul Aziz [15] investigated numerically 

the hydrodynamic and thermal characteristics of the 

boundary layer flow over a flat plate with slip and 

constant heat flux. Bikash Sahoo [16] studied the 
effects of partial slip on the steady flow and heat 

transfer of an incompressible, thermodynamically 

compatible third grade fluid past a stretching sheet. 

An effective second order numerical scheme has been 

used to solve the governing equations with inadequate 

boundary conditions. M Turkyilmazoglu [17] 

examined the M.H.D. boundary layer problem for 

momentum and heat transfer with dissipative energy, 

thermal radiation and internal heat source/sink in 

conducting fluid flow over a porous stretching sheet   

under the condition of velocity slip on the wall. He 
solved it analytically. M.M. Rahman [18] studied the 

heat transfer process in a two-dimensional steady 

viscous incompressible hydro- magnetic convective 

flow of an electrically conducting fluid over a flat 

plate with partial slip at the surface of the boundary 

subjected to the conducting fluid over a flat plate with 

partial slip at the surface of the boundary subjected to 

the convective surface heat flux at the boundary. He 

solved numerically the problem by using the 

Nachtsheim-Swigert iteration procedure. Bikash 

Sahoo [19,20] studied the effects of partial slip on the 

steady flow of a incompressible, electrically 
conducting third grade non-Newtonian fluid due to  

stretching sheet. He solved it numerically. Dileep 

Singh Chauhan and Amala Olkha [21] examined the 

boundary layer slip flow of a second-grade fluid in a 

porous medium past a stretching sheet and heat 

transfer characteristics with power-law surface 

temperature or heat flux. He solved it by confluent 

Kummer’s Hyper-geometric function. 

Recently, Aminreza Noghrehabadi, Rashid Pourrajab, 

Mohammad Ghalambaz [22] investigated the effect of 

partial slip(momentum or velocity slip)boundary 
condition on the flow and heat transfer of nanofluids 

past stretching sheet prescribed constant wall 

temperature. This problem is solved by using Runge-

Kutta-Fehlberg scheme with shooting method. They 

indicated that the reduced Nusselt number and 

Sherwood number are strongly influenced by the 

velocity slip parameter. Wubshet Ibrahim, Bandari 

Shankar [23] investigated the boundary layer and heat 

transfer over a permeable stretching sheet due to a 

nano fluid with the effect of magnetic field, slip 

boundary condition and thermal radiation. He solved 

it by fourth order Runge-Kutta method with shooting 
technique. 
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Thus motivated by the above mentioned 

investigations and applications of linear stretching 

sheet, we investigated the effect of partial slip 

boundary conditions on the steady laminar two 

dimensional boundary layer flows and heat transfer of 

nanofluids past a linear stretching sheet. We 

investigated that the skin friction coefficient
''

( f (0))−
,
 

reduced Nusselt number
'

( (0))−θ  and reduced 

Sherwood number '
( (0))−φ  are strongly influenced by 

the velocity slip parameter A, thermal slip parameter 

B and solutal slip parameter C.    

 

 

Nomenclature 

 

A       velocity (or momentum) slip parameter 

B        thermal slip parameter 

C        solutal(or concentration) slip parameter 

a,b,c   constants 

f
c       skin friction coefficient 

wu     is the velocity of the stretching sheet 

wC is nanoparticles volume fraction at the     

           stretching surface 

C∞ ambient nanoparticles volume fraction 

B
D     Brownian diffusion coefficient 

T
D      thermophoresis diffusion coefficient 

f         dimensionless stream function 

κ       thermal conductivity 

Pr       Prandtl number 

Le      Lewis number 

Nb     Brownian motion parameter 

Nt      thermophoresis 

xNu    local Nusselt number 

xSh     local Sherwood number 

xRe     local Reynolds number 

WT      uniform temperature over the surface of the  

          sheet 
 

 

T∞
    ambient temperature or is the temperature  

  far away from the sheet 
T       temperature of the fluid inside the boundary    

   layer 

u,v    velocity component along x and y-direction 

p       is the fluid pressure 

 

Greek symbols  

η       dimensionless similarity variable 

µ       dynamic viscosity  of the fluid 

υ        kinematic viscosity of the fluid 

φ        dimensionless concentration function 

fρ       density of the fluid 

f(a )ρ    heat capacity of the fluid 

p
(a )ρ   effective heat capacity  of  a nano fluid 

ψ        stream function 

α        thermal diffusivity 

θ        dimensionless temperature 

τ         parameter defined by p f
(a ) / (a )ρ ρ  

Subscripts 

∞       condition at the free stream 
 w       condition of the surface 
 

 

II. MATHEMATICAL FORMULATION 

 
Consider the two-dimensional boundary layer flow 
of a nanofluid past a stretching surface in which the 
flow is viscous, incompressible and steady state. The 

velocity of surface is linear and it can be represented 

as wu (x) ax= .Here “a” is constant and x is the 

coordinate measured along the stretching surface as 
shown in Fig 1. 

 
 
The nanofluid flows at y = 0, where y is the co-
ordinate measured normal to the stretching surface. 

A steady uniform stress leading to equal and 

opposite forces (i.e. two equal and opposite forces) 
are applied along the x-axis, so that the sheet is 
stretched keeping the origin fixed .The fluid adheres 
to the sheet partially and the motion of the nanofluid 
exhibits the slip condition. It is assumed that at the 

stretching surface, the temperature T and the 

nanoparticles fraction C take constant values wT  and   

wC respectively. When y attains infinity, the 

ambient values of temperature T and nanoparticles 

fraction C are denoted by T∞  and  C∞  respectively. 

It is assumed that the base fluid and the suspended 

nanoparticles are in thermal equilibrium. It is chosen 
that the co-ordinate system x-axis is along stretching 
sheet and y-axis is normal to the sheet. In the 
laminar sub layer near the wall, Brownian diffusion 
and thermophoresis are important for nanoparticles 
of any material and size for nanofluid.  
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The basic steady conservation of mass, momentum, 

thermal energy and nanoparticles equations for 

nanofluids can be written in Cartesian co-ordinates x 

and y as, see Kuznetsov and Nield [24]. The flow 

and heat transfer characteristics under the boundary 

layer approximations are governed by the following 

equations. 

 

2

2

2
2

T
B2

2 2

T
B 2 2

u v
0 (1)

x y

u u u
u v (2)

x y y

DT T T C T T
u v D (3)

x y y y y T y

DC C C T
u v D (4)

x y y T y

∞

∞

∂ ∂
+ =

∂ ∂

 ∂ ∂ ∂
+ = υ 

∂ ∂ ∂ 

        ∂ ∂ ∂ ∂ ∂ ∂ 
+ = α +τ +         

∂ ∂ ∂ ∂ ∂ ∂          

    ∂ ∂ ∂ ∂
+ = +    

∂ ∂ ∂ ∂    
 

The boundary conditions are 

w 1 W 2 W 3

u T C
v 0, u u L , T T L , C C L at y 0(5)

y y y

u = v = 0, T T, C C as y (6)∞ ∞

∂ ∂ ∂
= = + = + = + =

∂ ∂ ∂

= = →∞
 

 

Where u and v are the velocity components along x 

and y axis respectively.  f/υ =µ ρ is the kinematic 

viscosity, f
/(c )α = κ ρ  is the thermal diffusivity,  

BD is the Brownian diffusion coefficient, TD  is the 

thermophoresis diffusion coefficient and 

p f( a) / ( a)τ = ρ ρ is the ratio between the effective 

heat capacity of the nanoparticles material and heat 
capacity of the nano fluid. T is the temperature 

inside the boundary layer, T∞  is the temperature far 

away from the sheet.  w
u (x) ax=  is the stretching 

velocity of the sheet, ( )
2

w
T T b x / l∞= + is the 

temperature of stretching surface and 

( )
2

wC C c x / l∞= + is nanoparticles volume fraction 

at the stretching surface. 1
L  is the velocity slip 

factor, 2L  is thermal slip factor and 3L is 

concentration slip factor. Note that when 1L = 2L =

3L = 0 the no-slip condition is recovered, l is the 

reference length of a sheet and the above boundary 

condition is valid when x l≤  which occurs very 

near to the slit. 

 

We are interested in similarity solution of the above 
boundary value problem, therefore we introduce the 

following similarity transformations (dimensionless 

quantities). 

1/ 2

1/2

w

1

2
'

w

a T T
y, (a ) xf ( ), ( ) ,

T T
(7)

C C a
( ) ,u axf ( ), v f ( )

C C

∞

∞

∞

∞

− 
η = ψ = υ η θ η =  

υ −  

 − µ

φ η = = η = − η  
− ρ  

 

In eqn(7),f denotes the  non-dimensional stream 

function , the prime denotes differentiation with 

respect to η  and  the stream function ψ is defined 

in the usual way as u / y, v / x.= ∂ψ ∂ = −∂ψ ∂ Making 

use of transformations (7)  in (1), we can realize 
incompressibility condition (i.e. continuity equation)  

is identically satisfied and the governing eqns (2) – 

(4) takes  the form of  non-linear ordinary 

differential equations: 

 
2

2

''' '' '

'' ' ' ' '

'' ' ''

f f f f 0 (8)

Pr f Pr Nb Pr N t 0 (9)

N t
Le f 0 (10)

N b

+ − =

θ + θ + φ θ+ θ =

φ + φ + θ =

 

with the boundary conditions: 

 
' '' '

'

'

f(0) 0, f (0) 1 Af (0), (0) 1 B (0),

(0) 1 C (0) a t 0 (11)

f ( ) 0, ( ) 0, ( ) 0 as

= = + θ = + θ


φ = + φ η= 


∞ = θ ∞ = φ ∞ = η→∞ 
 

Where f, θ and φ are dimensionless velocity, 

temperature and nanoparticles concentration, 

respectively. η  is the similarity variable, the  prime 

denote differentiation with respect to η   and the 

governing  parameters appearing in eqs (8) to (11) 

are defined by 

p B w

f

p T w

B f

1 2

3

( c) D ( )
Pr Prandtl number;Nb Brownianmotion parameter

( c)

( c) D (T T )
Le Lewis number; Nt Thermophoresis parameter

D ( c) T

a a
A L Velocityslipparameter; B L Thermalslipparameter

a
C L So

∞

∞

∞

ρ φ −φυ
= → = →

α ρ υ

ρ −υ
= → = →

ρ υ

= → = →
υ υ

= →
υ

(12)

lutalslipparameter;















 

 It is important to note that this boundary value 

problem reduces to the classical problem of flow 

and heat and mass transfer due to a stretching 

surface in a viscous fluid when Nb and Nt are zero 
in eqs.( 9)-(10) (i.e. The boundary value problem for 

φ then becomes ill-posed and is of no physical 

significance).  
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It is also noted that when A=B=C=0(i.e. the no-slip 

condition) in eqn. (11), then we get usual boundary 

conditions
'f (0) 1= , (0) 1θ =  and (0) 1φ = at 

0η = .Further, when A=B=C=0, the fluid sticks to the 

boundary and when A, B, C → ∞ , the fluid slips past 

the boundary without any resistance.  The significant 

corporeal quantities of interest in this problem are 

local Skin friction coefficient fC , the local Nusselt 

number xNu  and the local Sherwood number xSh are 

defined as: 

ww m
f x x2

w w B w

xq x q
C , N u , S h (13)

u k (T T ) D (C C )∞ ∞

τ
=− = =

ρ − −

Where wall shear stress wτ , wall heat flux wq , mass 

flux mq  are given by: 

w y 0 w m B

y 0 y 0

u T
, q k , q D (14)

y y y
=

= =

     ∂ ∂ ∂φ
τ =ρν = − = −     

∂ ∂ ∂     
 

By solving eqs.( 13) using eqs.(7),( 14).We get 

 

'' ' 'x x
f x

x x

Nu Sh
C Re f (0), (0) Nur, (0) Shr (15)

Re Re
=− =−θ = =−φ =

 

Where f x x x
C , Nu (Nur),Sh (Shr),Re  are the skin friction, 

local Nusselt number and local Sherwood number 

respectively. 

III. NUMERICAL SOLUTION. 

An well-organized fourth order Runge-Kutta method 

along with Shooting technique has been engaged to 

study the flow model of the above coupled non-linear 

ordinary differential equations (8) - (10) for different 

values of governing parameters viz. Prandtl number 

Pr, Lewis parameter Le, Brownian motion parameter 
Nb, thermophoresis parameter Nt, velocity slip 

parameter A, thermal slip parameter B and solutal slip 

parameter C. The non-linear differential equations are 

first decomposed into a system of first order 

differential equations. The coupled ordinary 

differential eqs.(8)-(10) are third order in f and second 

order in θ and φ  which have been reduced to a 

system of seven simultaneous equations for seven 

unknowns. In order to numerically solve this system of 

equations using Runge-Kutta method, the solution 

requires seven initial conditions but two initial 

conditions in f and one initial condition in each of θ
and φ are known. However, the values of f, θ and φ

are known at η → ∞ . These end conditions are 

utilized to produce unknown initial conditions at 

0η =  by Shooting technique. The most important 

step of this scheme is to choose the appropriate finite 

value of ∞η .Thus to estimate the value of ∞η , we start 

with some initial guess value and solve the boundary 

value problem consisting of Eqs. (8)-(10) to obtain 
'' ' 'f (0), (0)and (0)θ φ .The solution process is repeated 

with another larger value of ∞η until two successive 

values of '' ' 'f (0), (0)and (0)θ φ  differ only after desired 

significant digit. The last value ∞η is taken as the 

finite value of the limit ∞η for the particular set of 

physical parameters for determining velocity, 

temperature, and concentration, respectively are 

f (0), (0)and ((0)θ φ in the boundary layer. After getting 

all the initial conditions we solve this system of 

simultaneous equations using fourth order Runge-

Kutta integration scheme. The value of ∞η is selected 

to vary from 5 to 20 depending on the physical 

parameters governing the flow so that no numerical 

oscillation would occur.  

In the present analysis, the boundary value problem is 

first converted into an initial value problem 

(IVP).Then the IVP is solved by appropriately 

guessing the missing initial value using the shooting 
method for several sets of parameters. The step size 

h=0.1 is used for the computational purpose .The error 

tolerance of
610−
 is also being used. The results 

obtained are presented through tables and graphs, and 

the main features of the problems are discussed and 
analyzed. 

IV. RESULTS AND DISCUSSION. 

The numerical solutions are obtained for velocity, 

temperature and concentration profiles for different 

values of governing parameters. The obtained results 

are displayed through graphs Figs.2-12 for velocity, 

temperature and concentration profiles, respectively. 

Fig 2(a)   shows the effect of dimensionless similarity 

functions 
' ''f ( ),f ( ), f ( )η η η for different values of 

velocity slip parameter A. As the value of velocity slip 

parameter A increases, the velocity normal to the sheet

f ( )η , mainstream velocity profiles 
'f ( )η  decreases 

and magnitude of wall shear stress 
' 'f ( )η  increases.  

Fig 2(b) indicates the velocity slip parameter A 

increases in magnitude, permitting more fluid to slip 

past the sheet, the skin-friction coefficient f ''(0)−  

decreases in magnitude and approaches to zero for 

higher values of the slip parameter, i.e. the flow 

behaves as though it were inviscid. This implies that 

the frictional resistance between the fluid and the 

surface of the sheet is eliminated and the stretching of 

sheet does no longer impose any motion on the fluid 

and the flow behaves as though it were inviscid.  
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This observation is agreement with the study reported 

by Anderssion [8] for a non-magnetic viscous fluid. 

Therefore, the skin-friction coefficient decreases as the 

values of velocity slip parameter (A) increases  

Fig 3. shows the effect of different values of velocity 

slip parameter A on dimensionless velocity profiles 
'f ( )η .From the figure it is clear that as the value of 

velocity slip paramater A increases  the velocity 

profile 
'f ( )η  decreases. Further it is observed that for 

velocity slip parameter A=0(i.e. no-slip condition) the 

graph approaches unity, hence it satisfies usual 

boundary condition 'f (0) 1= . 

Fig 4. shows the effect of different values of velocity 

slip parameter A on temperature profiles ( )θ η  .From 

the figure one can see that as the value of velocity slip 

parameter( A =0.0,0.5,1,2,5 ) increases the temperature 

profiles also increases, which results in thickening of 

the thermal boundary layer. 

Fig 5. shows the variation of temperature with respect 

to thermal slip parameter B.The graph reveals that the 

wall temperature ( )θ η and the thermal boundary  layer 

thickness decreases when the values of B increases. 

Fig 6. shows the effect of different value of Prandtl 

number Pr on the temperature profiles. From the graph 

it is noticed that temperature decreases with the 

increasing value of Prandtl number (Pr=1,2,3,4) 

because thermal boundary layer thickness decreases 

due to increase  in Pr. In short, an increase in the 

Prandtl number means slow rate of thermal diffusion. 

The graph also shows that as the value of Prandtl 

number Pr increase, the wall temperature decreases. 

The effect of Prandtl number on a nanofluid is similar 
to what has already been observed in common fluids 

qualitatively but they are different quantitatively. 

Therefore, these properties are inherited by nanofluids. 

Fig 7. shows the influence of the change of Brownian 

motion parameter Nb and thermophoresis parameter 

Nt on the temperature profile when(Nt=Nb).It is 

noticed that as the thermophoresis parameter Nt and 

brownian motion parameter Nb increases the thermal 

boundary layer thickness increases. 

Fig 8. shows the variations of concentrartion profile 

for different values of velocity slip parameter A.It is 
noticed that the concentration profile increases as the 

value of velocity slip parameter 

=(0.0,0.5,1,2,5)increases.Thatmeans concentration 

profile is directly proportional to velocity slip 

parameter A. 

Fig 9. Illustrates the variation of concentration profile 

with respect to concentration or solutal slip parameter 

C. As it can be seen from the graph, as the values of 

solutal slip parameter C=( 0.0, 0.5, 1, 2, 5) increases 

the concentration profile decreases, which results in 

thinning of concentration boundary layer. 

Fig 10. Shows the variation of concentration profiles 

for different values of Lewis number Le.  

It is noticed that concentration profile decreases with 

the increasing value of Lewis number (Le=1,2,5,8,10).  

Moreover, the concentration at the surface of a sheet 

decreases as the values of Le increase. From the plots 

it is evident that large values of Lewis number results 

in thinning of concentration boundary layer of 

nanofluid. 

Fig 11. reveals variation of concentration profiles in 

response to a change in thermophoresis parameter 

Nt.The influence of thermophoresis parameter on 
concentration profile graph is monotonic, i.e as the 

values of Nt increase,the concentration boundary layer 

thickness is also increasing.Moreover, it is possible to 

recognize from the graph that the magnitude of 

concentration gradient on the surface of a sheet 

decrease as the values of Nt increase. . 

Fig 12. reveals the variation of concentration profile in 

response to a change in Brownian motion parameter 

Nb. As the values of Brownian motion parameter 

(Nb=0.5, 1.5, 4) increases, the concentration boundary 

layer thickness is decreasing. Furthermore, the 

magnitude of concentration gradient on the surface of 
a sheet increases as the values of Nb increase. 

Finally, a comparison with published papers available 

in the literature has been done in order to check the 

accuracy of the present results. From the table 1, the 

skin friction coefficient ''f (0)−  decreases as the 

velocity slip parameter A increases. It is interesting to 

find that as the velocity  slip parameter  A  increases in 

magnitude, permitting more fluid to slip past the sheet, 

the skin-friction coefficient decreases in magnitude 

and approaches to zero for higher values of the slip 

parameter, i.e. the flow behaves as though it were 

inviscid. The numerical values of skin friction 

coefficient ''f (0)−  in this paper are in excellent 

agreement with the result published in Anderson [8], 

Hayat et al. [25] and Wubshet Ibrahim [23]. 

From table 2 compares results for the local Nusselt 

number '(0)−θ   and local Sherwood number '(0)−φ  

when Le=Pr=10 and A=B=C= 0(no slip condition) 

obtained in the present work with those reported by 

Khan and Pop [2] and Aminreza [22] .Consider that 

the zero value of slip factor simulates the stretching 

model used in the work of Khan and Pop [2] and 

Aminreza [22]. Table 3 shows that the present results 

are in good agreement with the results reported by 

Khan and Pop [2] and Aminreza [22]  .  

From Tables 3 ,4, &5 shows the variation of the local  

Nusselt number  '(0)−θ  and local Sherwood number 

'(0)−φ  respectively for different values of Nb, Nt , 

A, Band C  when Pr=10, Le=10.In tables 2,3,4, and 5 

we observe for A=B=C=0(No slip boundary condition) 

nusselt number 
'(0)−θ  decreases and  Sherwood 

number 
'(0)−φ  increases as Nt parameter is increased. 

 



 

 

 
                                                                            Abel and Shambajee                                                               399 

Table 3: As the slip parameter A increases Nusselt 

number decreases and Sherwood number decreases. 

As the Nt increases Nusselt number decreases and 

Sherwood number initially decreases afterwards 

increases as the value of Nt increases. Table 4:  As 

the slip parameter B increases nusselt number 

decreases and sherwood number increases. As the 

Nt increases Nusselt number decreases and 

Sherwood number increases (B=0) and decrease for 

(B=1,2). Table 5: As the slip parameter C increases 
nusselt number increases and Sherwood number 

decreases. As the Nt increases nusselt number 

decreases and Sherwood number initially decreases 

but increases as the value of Nt increases. 
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V.  CONCLUSIONS 

In this paper, effects of velocity, thermal and solutal 

slip boundary conditions on the flow and heat transfer 

of nanofluids past a linear stretching sheet with 

prescribed constant wall temperature is investigated. 

The boundary layer equations governing the flow are 

reduced to a set of non-linear ordinary differential 

equations using a similarity transformation. The 
obtained differential equations are solved numerically 

by using an efficient fourth order Runge-Kutta 

method along with Shooting technique has been 

employed for different combinations of nano fluid 

parameters(or governing parameters).It has been 

theoretically analyzed the influence of various 

governing parameters including Prandtl 

number(Pr),Lewis number(Le),Brownian motion 

parameter(Nb),thermophoresis parameter(Nt)  

velocity slip parameter(A), thermal slip parameter(B)  

and solutal slip parameter(C) on the momentum, 
thermal and concentration boundary layer are 

discussed using tables and figures. The numerical 

results obtained are in excellent agreement with the 

previously published data in limiting condition and 

for some particular cases of the present study.  

 

The main findings of the study are summarized as 

follows: 

(i) As the value of velocity slip parameter A increases, 

the normal velocity profile and main stream velocity 

or lateral velocity 
'f ( )η  profile decreases where as 

magnitude of wall shear stress profile increases.   

Further it is observed that for velocity slip parameter 

A=0(i.e. no-slip condition) the graph touch one, hence 

it satisfies usual boundary condition
'f (0) 1= . In 

other words we can say momentum boundary layer 

thickness decreases as the velocity parameter A 

increases.  
(ii) As the value of velocity slip parameter A 

increases the skin friction coefficient f ''(0)−

decreases, which permits more fluid to slip past the 

sheet. Any further, increase of slip parameter A 

results is decrease in magnitude and finally 
approaches to zero i.e. the flow behaves as though it 

were inviscid.  

(iii) As the values of velocity slip parameter ( A 

=0.0,0.5,1,2,5 ) increases the  temperature profile (i.e. 

thermal boundary layer thickness)  and concentration 

profile(i.e. concentration  boundary layer thickness)  

increases respectively. (Which results in thickening of 

the thermal boundary layer thickness). 

(iv) As the values of thermal slip parameter B 

increases the temperature profile decreases, which 

results in  thickening  of concentration   boundary 

layer where as the  values of solutal slip parameter 

(C=0.0,0.5,1,2,5) increases the  concentration profile 

decreases, which results in thinning of concentration  

boundary layer. 

(v) Concentration boundary layer thickness increases 

with an increase in thermophoresis parameter (Nt = 

0.1, 0.5, 1, 1.5, 2) but it decreases with an increase in 

Brownian motion parameter (Nb = 0.5, 1.5, 4.0). The 

influence of thermophoresis parameter on 

concentration profile graph is monotonic, i.e as the 
values of Nt parameter increase,the concentration  

boundary layer thickness is also increasing. 

(vi) The concentration profile decreases as the values 

of Lewis number Le increases where as the 

temperature profile decreases as values of Prandtl 

number Pr increases. Further, an increase in the 

Prandtl number means slow rate of thermal diffusion. 

(vii) As the value of both the thermophoresis 

parameter Nt and Brownian motion parameter Nb 

increases the temperature profile increases, which 

results in thickening of the thermal  boundary layer 
thickness. 

(viii) As the slip parameter A increases Nusselt 

number decreases and Sherwood number decreases. 

As the Nt increases Nusselt number decreases and 

Sherwood number initially decreases afterwards 

increases as the value of Nt increases. 

(ix) As the slip parameter B increases nusselt number 

decreases and sherwood number increases. As the Nt 

increases Nusselt number decreases and Sherwood 

number increases (B=0) and decrease for (B=1,2) 

(x) As the slip parameter C increases nusselt number 

increases and Sherwood number   decreases. As the 
Nt increases nusselt number decreases and Sherwood 

number initially decreases but increases as the value 

of Nt increases. 
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