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Abstract
In this paper, the problem  of unsteady two-dimensional  mixed  convection heat, mass transfer flow of  nanofluid past a  moving wedge embedded in porous media 
is considered. The effects of nanoparticle volume fraction, thermal radiation, viscous dissipation, chemical reaction, and convective boundary condition are studied. 
The physical problem is modeled using partial differential equations. The transformed dimensionless system of coupled nonlinear ordinary differential equations is 
then solved numerically using Spectral Quasi Linearization Method (SQLM). Effects of various parameters on velocity, temperature and concentration distributions 
as well as skin friction coefficient, local Nusselt number and local Sherwood number are shown using table and graphical representations. The results reveal that 
the nano fluid velocity and temperature profiles reduce with increasing the values of nanoparticle volume fraction. Greater values of temperature and concentration 
distributions are observed in the steady flow than unsteady flow. The skin friction coefficient and local Sherwood number are increasing functions while the local 
Nusselt number is a decreasing function of nanoparticle volume fraction, permeability parameter, Eckert number, Dufour number, and Soret number. The obtained 
solutions are checked against the previously published results and a very good agreement have been obtained.
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Introduction

In the past few years, researchers have continuously worked on develop-
ing innovative heat transfer fluids that have significantly greater thermal 
conductivities than usually used fluids. In 1995, Choi was the first scholar 
who developed a newly pioneering type of heat transfer fluids and for such 
form of fluids he gave the term “nanofluids”. He prepared these fluids on 
sagging nanoscale particles of metallic basis with particle size less than 
100 nm in a common heat transfer fluids [1]. Nanofluids have been getting 
high attention in recent years not only due to higher in thermal conductivity 
but also potentially worthwhile in many modern-day applications.   These 
include microelectronics, fuel cells, food processing, biomedicine, power 
generation, ventilation, engine vehicle management, domestic refrigerator, 
and heat exchanger. Some of the studies on boundary layer flow of nano 
fluid past a wedge. Their study revealed that heat and mass transfer rates 
are reduced with increasing the value of pressure gradient parameter. The 
flow of Cu-Water and Ag-Water nano fluids past a porous wedge with the 
influences of MHD was considered. They showed that dual solutions hap-
pen for the negative pressure gradient.

The flow of fluid through porous media is essential due to its application in 

material sciences and engineering such as Petroleum industries, seepage 
of water in riverbeds, filtration and purification of chemical processes and 
many others. The analysis of boundary layer flow past a wedge in porous 
media has been a subject of several research papers [2]. MHD boundary 
layer flow past a fixed wedge within porous media was considered. Un-
steady MHD boundary layer flow of nanofluid and heat transfer past a mov-
ing wedge in a porous medium. They concluded that presence of porous 
parameter is helpful to generate heat in the system. Mixed convection flow 
is vital when the buoyancy force is created due to temperature variation 
between the solid surface and free stream grows, and which in turn con-
siderably affect the flow and the thermal fields. This flow arises in different 
transport processes such as heat exchangers, solar collectors, nuclear re-
actors, ground water pollution, and electronic equipment. Mixed convection 
boundary layer flow in a porous medium was investigated [3].

Viscous dissipation is the heat energy that is created as a result of friction 
between fluid layers. It alters the temperature flow distribution by acting like 
an energy source which indicts to affect the amount of heat transfer. MHD 
heat and mass transfer flow of nano fluids with the effects of viscous dis-
sipation. The effects of viscous dissipation on MHD flow of nano fluid past 
a fixed wedge embedded in porous media. They noticed that an increment 
in Eckert number leads to enhance the temperature distributions [4]. It is 
remarkable that radiation heat transfer can occur between two bodies sepa-
rated by a medium colder than both bodies. For example, solar radiation 
reaches the surface of the earth after passing through cold air layers at high 
altitudes. At high temperatures, radiation significantly affects temperature 
distribution and heat transfer. The effect of thermal radiation on mixed con-
vection flow of Nano fluid flow over a stretching sheet was examined and 
analyzed the effect of solar radiation on Ag-water nano fluid flow over an in-
clined porous plate embedded in a porous medium. They revealed that heat 
transfer coefficient increases with increasing radiation parameter. Chemical 
reactions are happened in numerous mass transfer problems, and it results 
in the generation of a species. The flow of fluid is also affected by chemical 
reactions that take place in it. The effect of chemical reaction on MHD flow 
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of nano fluids past a wedge through porous medium was analyzed. Their 
result revealed that mass transfer rate at the boundary surface increases 
with increasing chemical reaction parameter [5].

The study of unsteady mixed convection heat and mass transfer flow of 
nano fluid past moving wedge embedded in a porous medium has not been 
given much consideration so far. Analyzing the effects of unsteady param-
eter, moving wedge parameter, and convective boundary condition of mixed 
convection heat and mass transfer flow using Spectral Quasi Linearization 
Method (SQLM) makes this study novel [6]. Further, we considered nono 
fluids of Cu, Ag and Al2O3 nanoparticles with H2O as a base fluid. Employing 
SQLM are advantageous due to its fast convergence, easy to implement, 
adaptable to various problems, provide more accurate approximations 
with a relatively small number of unknowns, and require less grid points 
to achieve accurate results. The effects of different parameters on velocity, 
temperature, and concentration fields as well as the skin friction coefficient, 
the local Nusselt number, and the local Sherwood number are analyzed with 
the help of table and graphical representations [7,8].

Methodology

Mathematical formulation

We considered unsteady two-dimensional laminal mixed convection heat 
and mass transfer boundary layer flow of nano fluid past a moving wedge 
embedded in a porous medium [8,9]. It is assumed that the coordinate sys-
tem is chosen with x corresponding to the plane in the course of the flow 
and y indicating towards the free stream as shown in Figure 1 below.

It is also presumed that wedge is moving with velocity ( , )
1

mw
w

Uu x t x
tγ

=
−  and the 

velocity of the potential flow is ( , )
1

mwUu x t x
tγ

=
− . The wall of the wedge is kept with 

variable temperature 2
0( , ) ( )

1
m

w
xT x t T T

tγ∞= +
−  and variable nanoparticle concentra-

tion 2
0( , ) ( )

1
m

w
xC x t C C

tγ∞= +
− , where T0, C0, T∞, and C∞ are reference temperature, 

reference concentration, ambient temperature, and ambient nanoparticle 
concentration respectively. γ ≥ 0 are constants, t is time and γt<1, x is mea-
sured from the tip of the wedge, m is the Falkner-Skan power-law param-
eter. Further, the buoyancy force caused by temperature and concentration 
variation inside moving fluid is considered, and are taken in momentum 
equation [9-11]. The effects of thermal radiation, viscous dissipation, chemi-
cal reaction, and convective boundary condition are also encompassed in 
present study.

Using the above assumptions and the boundary layer approximation the 
continuity, momentum, energy, and nanoparticle concentration equations 
governing the considered problem are given as 
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The suitable boundary conditions are given as: 

t<0; u=0; v=0; T =T∞; C=C∞∀x,y
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−

 

T → T∞; C → C∞ as y → ∞

Where u and v denote the x and y velocity components respectively. ρf, 
ρnf , νnf , αnf , and (Cp)nf are density of base fluid, effective density, effec-
tive kinematic viscosity, effective thermal diffusivity, and effective specific 
heat capacity of the nano fluid respectively [12,13]. Likewise, g, βT, βC, K, 
qr, Dm, KT, Cs, Tm, DB and kr are respectively acceleration due to gravity, 
volumetric coefficient of thermal expansion, volumetric coefficient of con-
centration expansion, permeability of porous medium, radiation heat flux, 
mass diffusivity, thermal diffusion ratio, concentration susceptibility, mean 
fluid temperature, Brownian diffusion coefficient, and rate of chemical reac-
tion. Moreover, 

1 1
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m

fh x t h x tγ
−

−
= −  and 1 1
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1( , ) (1 )

m

sh x t h x tγ
−
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= − are convective 

heat and mass transfer coefficients respectively where h0 and h1 being 
constants. The expression U, uw, Tw, Cw, hf, and hs are usable for t>γ−1.

For a uniform stream, the pressure term in the momentum equation (2) 
defined as:

1 ( )nf

nf

vp dU dUU
x dt dx Kρ
∂

− = + +
∂                                                                                                 (6)

Employing the Rosseland approximation, the radiative heatflux qr term in 
the energy equations is given by:

3 *
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16
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T Tq
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∂                                                                                                                    (7)                                                                                                                              

where σ* is the Stefan-Boltzmann constant and k* is the mean absorption 
coefficient. The nanofluid effective thermo physical properties are given as:
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2.5(1 )
f

nf
v

µ
µ

φ
=

− ;
1

nf f
nf

nf

v
v

µ
ρ φ

= =  
2( ) ( )

nf nf
nf

nf f

k k
Cp Cp

α
ρ φ ρ

= =                                               (9)

where ν, ρs, ρf, (Cp)s, (Cp)f, µf , and νf are respectively the nanoparticle 
volume fraction, density of nanoparticle, density of base fluid, specific heat 
capacity of nanoparticle, specific heat capacity of base fluid, dynamic vis-
cosity, and kinematic viscosity of the base fluid, where the nanoparticle vol-
ume fraction φ1 and φ2 are defined as    

2.5
1 (1 ) [1 ]s

v v v
f

ρφ φ φ φ
ρ

= − − + ;  2
( )1
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v v

f
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ρφ φ φ
ρ

= − +                                                          (10)

The effective thermal conductivity knf of nanofluids when the added particles 
are of spherical shape, low volume percent, and the suspension is at ambi-
ent conditions is defined using the thermal conductivities of both nanopar-
ticles ks and basefluid kf as  

( 2 ) 2 ( )
( 2 ) ( )

s f v f s
nf f

s f v f s

k k k k
k k

k k k k
φ
φ

+ − −
=

+ + −                                                                                          (11)

It is also recognized that the base fluid and the nanoparticles are in thermal 
equilibrium and no slip take place between them. The thermophysical prop-
erties of the nanofluid for Cu, Ag, and Al2O3 nanoparticles and H2O as base 
fluid are given in Table 1.

Table 1. Thermo-physical properties of base fluid and nanoparticles.

Physical 
properties

H2O Ag Cu Al2O3

Cp (J/kgK) 4179 235 385 765
ρ(kg/m3) 997.1 10500 8933 3970
k(W/mK) 0.613 429 401 40
α × 107 (m2/s) 1.47 1738.6 1163.1  -
β × 105 (K−1) 21 1.89 1.67 0.85

We introduce the stream function ψ which is defined as u
y
ψ∂

=
∂  and v

x
ψ∂

= −
∂  

and the dimensionless similarity variables.

Figure 1. Physical model and coordinate system.
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Thus, the continuity equation (1) is identically fulfilled, and upon substituting 
similarity variables into equations (2)-(5), we obtain the following system of 
coupled nonlinear ODEs:
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The transformed boundary conditions are given as:

f(0)=0; f’(0)=λ; θ’(0) = -Bi1 (1-θ(0)); φ’(0) = -Bi2 (1-φ(0)) f’(∞) → 1; θ(∞) 
→ 0; φ(∞) → 0    (16)  
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Here, β, λ, A, κ, Grt, Grc, Pr, Ec, Sc, Df, Nr, Sr, rc, Bi1 and Bi2 are respec-
tively the Hartree pressure gradient parameter, moving wedge parameter, 
unsteady parameter, permeability parameter, local temperature Grashof 
number, local concentration Grashof number. Prandtl number, Eckert num-
ber, Schmidt number, Dufour number, thermal radiation parameter, Soret 
number, scaled chemical reaction parameter, and Biot numbers and prime 
[14-19].

The skin friction coefficient Cf, local Nusselt number Nux, and local Sher-
wood number Shx are the three important physical quantities in engineering
and it is defined as:   
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∂  is the surface heat 
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∂
 is surface mass flux. Hence, the non-dimensional skin 

friction coefficient, local Nusselt number, and local Sherwood number are 
respectively given as: 
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where Rex is local Reynolds number defined by Re x
x

f
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Numerical method

In this section, the system of non-linear ODE (13)-(15) subject to the bound-
ary conditions (16) are solved numerically using SQLM [20,21]. The central 
point behind this method is identifying nonlinear component of a differential 
equation, linearizing the terms using the multivariate Taylor series expan-
sion and applying Chebychev pseudo-spectral collocation method [22].

Employing SQRM on equations (13)-(15), the following iterative scheme of 
linear differential equations is found.
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With transformed corresponding boundary conditions    

fr+1(0)=0; f’r+1(0)=λ ; θ’r+1(0) = -Bi1(1-θ (0)); ϕ’r+1(0) = −
Bi2(1-ϕ (0))

f’r+1(∞) → 1; θr+1(∞) → 0; ϕr+1(∞) → 0                  (23) 

where the terms r+1 and rare at the current and previous iteration levels 
respectively.

Equations (20)-(22) are then solved using the Chebyshev pseudo-spectral 
method. The unknown functions are given by Chebyshev interpolating poly-
nomials with Gauss Lobatto points that are defined by CSP method.

ξj = cos(π j/N), j = 0, 1, 2, ..., N; −1 ≤ ξ ≤ 1                                                    (24) 

where N is the number of collocation points used. Using the linear trans-
formation 

2 1
L
ηξ
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= −    the interval (0, L∞) is transformed into the interval (-1, 
1) where L∞ is large but finite number chosen to represent the behavior of 
the flow properties of the boundary condition value at infinity. Discretizing 
the system of equations (20)-(22) using spectral collocation method [23,24]. 
The differentiation matrix 2DD

L∞

=    is used to approximate derivatives of un-
known variables where D is (N+1) × (N+1) Chebyshev differentiation matrix. 
The system of equations (20)-(22) are then solved as a coupled matrix:                 
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a diagonal matrix of vectors, and I is an identity matrix of size (N+1) × (N+1). 
When SQLM is used the choice of an initial guess is very essential. The 
success of the scheme depends prominently on how good this guess is to 
give the most accurate solution [25]. The suitable initial guesses that satisfy 
the governing boundary conditions (13)-(16) are:
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Results and Discussion

The results of this study are obtained using the SQRM with the number 
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Sherwood number for Cu, Ag and Al2O3 water based nanofluids with vari-
ous values of unsteadiness parameter A and nanoparticle volume fraction ν 
when the other parameters value remain the same (Table 4).

Here, it is shown that the skin friction coefficient, local Nusselt number, 
and local Sherwood number are increasing functions of A. For Cu and Ag 
water based nanofluids, as ν increases, the skin friction coefficient and local 
Sherwood number increase while the local Nusselt number reduces [27,28].

Moreover, for Al2O3 water based nanofluids, the skin friction coefficient, local 
Nusselt number, and local Sherwood number are decreasing functions of ν. 
Table 5 shows the calculated values of the skin friction coefficient, the local 
Nusselt number and local Sherwood number for both Ag and Al2O3 water 
based nanofluids when ν=0.1, Pr=6.2, Sc=1, A=0.8, λ=0.1, Grt=Grc=0.01, 
Bi1=Bi2=0.5 for some values of β, κ, Nr, Ec, Yc, Df and Sr (Table 5). 

of collocation points N=50 in the space ξ and the scaled parameter η=6 
in all cases. Unless it is specified the parameters value used to produce 
the results are β=0.5, δ=0.10, κ=0.5, Pr=6.2, Sc=1, A=0.8, Ec=0.2, Df=0.2, 
Sr=0.3, Grt=Grc=0.01, λ=0, c=0.3, Bi1=Bi2=0.5 [26]. The values of these 
parameters are taken based on the average values of base fluid at ambi-
ent condition. The results are obtained for the velocity, temperature, and 
concentration profiles as well as the skin friction coefficient, local Nusselt 
number, and local Sherwood number using various parameters. Tables 2 
and 3 respectively show the skin friction coefficient -f”(0) for various val-
ues of m, and the local Nusselt number -θ’(0) for numerous values of Pr 
which are respectively compared with previously published results of and 
[26]. Keeping  the  rest  parameters  value remain constant. Here, a very 
good agreement is realized which in turn confirm the accuracy of the pres-
ent solutions (Tables 2 and 3).

Table 4 shows the skin friction coefficient, local Nusselt number, and local 

Table 2. Comparison of the SQLM results of skin friction coefficient -f “(0) for normal fluid (φv=0) for various values of m when Pr=0.73, Sc=1, λ=Sr=Df=Grt=Grc=Ec=Yc=Nr=κ=A=0.

− f “(0)
m Ashwini et al. Watanaba Ullah et al. Ganapathirao et al.           Present
0 0.4696 0.4696 0.4696 0.46972 0.4696
0.0141 0.5046 0.50461 0.5046 0.50481 0.50461
0.0435 0.569 0.56898 0.569 0.5689 0.56898
0.0909 0.655 0.65498 0.655 0.65493 0.65498
0.1429 0.732 0.732 0.732 0.73196 0.732
0.2 0.8021 0.80213 0.8021 0.80215 0.80213
0.3333 0.9277 0.92765 0.9277 0.92767 0.92768
0.5 - 1.0389 - 1.0389 1.03907
1 1.2326 - 1.2326 - 1.23258

Table 3. Comparison of the SQLM results of local Nusselt number -θ(0) for normal fluid (φ v=0) for various values of Pr with Sc=1,m=λ=Sr=Df=Grt=Grc=Ec=Yc=Nr=κ=A=0.

-θ’(0)

1.0389 Chamkha et al. [32] Yih [33]. Ullah et al. Nageeb et al. Present

1 0.33217 0.332057 0.332 0.332057 0.332057

10 0.72831 0.728141 0.7281 0.728141 0.72814

100 1.57218 1.571831 1.5718 1.571658 1.571754

1000 3.38809 3.387083 3.3881 3.396962 3.392166

10000 7.3008 7.297402 7.3102 7.351156 7.298394

Table 4. Values of the skin friction coefficient f “(0), local Nusselt number θ’(0) and local Sherwood number φ’(0) for Cu, Ag and Al 2O3  water based nanofluid with Pr=6.2, 
Sc=1, m=λ=Sr=Df=Grt=Grc=Ec=Yc=Nr=κ=0, Bi1=Bi2=0.5 for various values of A and φv.

− f”(0) −θ’(0) −φ’(0)
A φv Cu Ag Al2O3 Cu Ag Al2O3 Cu Ag Al2O3

0 0.05 0.5207 0.5352 0.4721 0.6339 0.637 0.6148 0.3631 0.366 0.3528
0.1 0.5517 0.5753 0.469 0.6008 0.6039 0.5716 0.3692 0.3737 0.3521
0.2 0.572 0.6057 0.4489 0.5197 0.5199 0.4843 0.379 0.3791 0.3475
0.05 0.8594 0.8832 0.7791 0.7131 0.7158 0.6935 0.3973 0.4 0.3874

0.2 0.1 0.9104 0.9494 0.774 0.6725 0.6748 0.643 0.4031 0.4073 0.3868
0.2 0.9439 0.9995 0.7408 0.5766 0.5752 0.5419 0.4067 0.4124 0.3823
0.05 1.4805 1.5215 1.3422 0.8129 0.8151 0.793 0.439 0.4415 0.4299

0.8 0.1 1.5683 1.6355 1.3334 0.7624 0.7636 0.733 0.4442 0.448 0.4293
0.2 1.6261 1.7219 1.2762 0.6473 0.6436 0.614 0.4475 0.4526 0.4252
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respectively show the effect of thermal radiation parameter Nr and Eckert 
number Ec on the temperature profiles [32,33]. 

As Nr increases near the boundary surface, the temperature profiles in-
crease correspondingly up to a certain range, and after that it shows the 
opposite trend. The temperature profiles also increase near the boundary 
surface and attain a peak value for large Ec, and then reduce in the rest of 
the region. This suggests that the thermal boundary layer become thicker 
with increasing value of Ec. The effect of the Dufour number D f on the 
temperature profiles is shown in Figure 12. 

Greater the value of Df leads to an increment of the temperature profiles. 
Dufour effect is the heat transfer brought by volume fraction gradients and 
substantial because of the density variance in the flow system. Figure 13 
shows the effect of the chemical reaction parameter Yc on the concentra-
tion profiles.

The concentrations profiles reduce with an increment of Yc. Similar trends 
are observed for both Df and Yc as pointed out in [16]. Figure 14 reveal that 
increasing the value of Soret number Sr leads to increase the concentration 
profiles and its boundary layer thickness except near the boundary surface. 

This enrichment of concentration profiles is due to the mass flux generated 
by the temperature gradient. Figure 15 displays that the velocity profiles are 
increasing function of moving wedge parameter λ. 

This implies that when wedge moves the fluid velocity at the surface of the 
wedge is no longer equal to  the  initial fluid velocity. Figures 16 and 17 dis-
play the effect of Biot numbers Bi1 and Bi2 on temperature and nanoparticle 
concentration fields respectively. 

The increment of Bi1 leads to increase the sheet surface and the nanofluid 
temperature. The intensity of convective heating on the sheet surface in-
creases when the value of Bi1 increases. This leads to the growth of con-
vective heat transfer from the hot fluid on the lower surface of the sheet to 
the nanofluid on the upper surface which intern enhance the thickness of 
thermal boundary layers. From Figure 17 it is realized that the sheet surface 
and nanofluid concentration increase with an increases in the value of Bi2. 

It is found that the skin-friction coefficient is slightly increased by increasing 
the value of β, κ, Nr, Ec, Df and Sr. The local Nusselt number is increased 
as β and Nr are increased while it is decreased as the value of κ, Ec, Yc, Df 
and Sr are increased. Further, the local Sherwood number is enhanced 
as the value of β, κ, Ec, Yc, Df and Sr are increased.

Figures 2-4  shows  the  effect of nanoparticle volume fraction ν on the 
velocity, temperature, and concentration profiles for Ag water based nano-
fluids for both steady and unsteady flow [29].

Increasing ν leads to increase the fluid velocity and temperature profiles 
while it decreases the concentration profiles for both steady and unsteady 
flow. Greater temperature and concentration distributions are observed in 
the steady flow than unsteady flow, whereas the opposite trend is observed 
for the velocity distribution. Further, it is noticed that greater the value of ν 
leads to enhance the thermal boundary layer thickness while it leads to de-
cline the momentum and concentration boundary layer thickness.  Figures 
5-7) display  the  influence  of the unsteadiness parameter A on velocity, 
temperature, and concentration profiles respectively for both Ag and Al2O3 
water based nanofluids [30]. 

It demonstrates that the velocity profiles are an increasing function while the 
temperature and concentration profiles are decreasing function of A. This 
leads to reduce the thickness of the momentum, thermal, and concentration 
boundary layer. It is also observed that the lower temperature and concen-
tration distributions, 9 and the higher velocity distribution in Ag than in Al2O3 
water based nanofluid as increasing the value of A [31]. The effect of the 
pressure gradient parameter β on the velocity, temperature, and concentra-
tion profiles are shown respectively in Figures 8-10. 

It illustrates that the velocity profiles rises while the temperature and con-
centration profiles decline as β increases. This is due to the growth of wedge 
angle the fluid moves much slow and diminishes the thickness of velocity, 
temperature and concentration boundary layer. The effect of permeability 
parameter κ on the velocity profile is shown in Figure 9. It is also noticed 
that the increment of κ leads to enhance the velocity of the nanofluid on the 
porous surface and reduce its boundary layer thickness. Figures 10 and 11 

β κ Nr Yc Wc Df Sr  -f”(0)  -θ’(0)  -φ’(0)
Ag Al2O3 Ag Al2O3 Ag Al2O3

0.2 0.5 0.5 0.5 0.3 0.2 0.3 1.6638 1.3996 0.0889 0.1916 0.9506 0.9081
0.5  -  -  -  -  -  - 1.7072 1.427 0.3803 0.487 1.0801 1.0327
1  -  -  -  -  -  - 1.7784 1.4726 0.7197 0.8324 1.2653 1.2111
0.5 0.2  -  -  -  -  - 1.6531 1.3619 0.3973 0.5064 1.0724 1.0232
 - 0.5  -  -  -  -  - 1.7072 1.427 0.3803 0.487 1.0801 1.0327
 - 0.8  -  -  -  -  - 1.7596 1.4893 0.3636 0.4681 1.0875 1.0419
 - 0.5 0.1  -  -  -  - 1.7068 1.4267 0.159 0.4047 1.1605 1.0729
 -  - 0.5  -  -  -  - 1.7072 1.427 0.3803 0.487 1.0801 1.0327
 -  - 1  -  -  -  - 1.7075 1.4273 0.4072 0.4689 1.0598 1.0255
 -  - 0.5 0.1  -  -  - 1.7067 1.4267 0.8294 0.8434 0.962 0.9406
 -  -  - 0.5  -  -  - 1.7072 1.427 0.3803 0.487 1.0801 1.0327
 -  -  - 1  -  -  - 1.7077 1.4274 −0.1817 0.0411 1.2278 1.1479
 -  -  - 0.5 0.3  -  - 1.7072 1.427 0.38026 0.487 1.08007 1.0327
 -  -  -  - 0.5  -  - 1.707 1.4269 0.3635 0.4698 1.1592 1.1134
 -  -  -  - 0.8  -  - 1.7069 1.4268 0.3398 0.4455 1.2698 1.2259
 -  -  -  - 0.3 0.2  - 1.7072 1.427 0.3803 0.487 1.08007 1.0327
 -  -  -  -  - 0.5  - 1.7075 1.4273 0.1301 0.2541 1.1398 1.0877
 -  -  -  - 0.8  - 1.708 1.4276 −0.1778 −0.0318 1.2152 1.1572
 -  -  -  -  - 0.2 0.3 1.7072 1.427 0.3803 0.487 1.0801 1.0327
 -  -  -  -  -  - 0.5 1.7073 1.4271 0.3691 0.4821 1.1057 1.0341
 -  -  -  -  -  - 1 1.7076 1.4274 0.3328 0.4651 1.12 1.0537

Table 5. Values of the skin friction coefficient -f”(0), local Nusselt number -θ’(0) and local Sherwood number−φ’(0) for Ag and Al2O3 water based nanofluid with φv=0.1 and 
Pr=6.2, Sc=1, A=0.8, λ=0.1, Bi1=Bi2=0.5, Grt=Grc=0.01 for various physical parameters.
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Figure 2. Velocity profiles for various values of φv. Note: (         ) φv=0.0, (         ) φv=0.1, ( ) φv=0.2, ( ) φv=0.0, ( ) φv=0.1, ( ) φv=0.2.

Figure 3. Temperature profiles for various values of φv. Note: (         ) φv=0.0, (         ) φv=0.1, ( ) φv=0.2, ( ) φv=0.0, ( ) φv=0.1, ( ) φv=0.2.

Figure 4. Concentration profiles for various values of φv. Note: (         ) φv=0.0, (         ) φv=0.1, ( ) φv=0.2, ( ) φv=0.0, ( ) φv=0.1, ( ) φv=0.2.

Figure 5. Velocity profiles for various values of A. Note: (         ) A=0.0, (         ) A=0.1, ( ) A=0.2, ( ) A=0.0, ( ) A=0.1, ( ) A=0.2.
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Figure 6. Temperature profiles for various values of A.  Note: (         ) A=0.0, (         ) A=0.1, ( ) A=0.2, ( ) A=0.0, ( ) A=0.1, ( ) A=0.2.

Figure 7. Concent profiles for various values of A.  Note: (         ) A=0.0, (         ) A=0.1, ( ) A=0.2, ( ) A=0.0, ( ) A=0.1, ( ) A=0.2.

Figure 8. Velocity profiles for various values of β.  Note: (         ) β=0.0, (         ) β=0.1, ( ) β=0.2, ( ) β=0.0, ( ) β=0.1, ( ) β=0.2.

Figure 9. Velocity profiles for various values of κ.  Note: (         ) κ=0.0, (         ) κ=0.1, ( ) κ=0.2, ( ) κ=0.0, ( ) κ=0.1, ( ) κ=0.2.
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Figure 10. Temperature profiles for various values of Nr.  Note: (         ) Nr=0.0, (         ) Nr=0.1, ( ) Nr=0.2, ( ) Nr=0.0, ( ) Nr=0.1, ( ) Nr=0.2.

Figure 11. Temperature profiles for various values of Ec. Note: (         ) Ec=0.0, (         ) Ec=0.1, ( ) Ec=0.2, ( ) Ec=0.0, ( ) Ec=0.1, ( ) Ec=0.2.

Figure 12. Temperature profiles for various values of Df.  Note: (         ) Df=0.0, (         ) Df=0.1, ( ) Df=0.2, ( ) Df=0.0, ( ) Df=0.1, ( ) Df=0.2.

Figure 13. Concent profiles for various values of Yc. Note: (         ) Yc=0.0, (         ) Yc=0.1, ( ) Yc=0.2, ( ) Yc=0.0, ( ) Yc=0.1, ( ) Yc=0.2.
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Figure 14. Concent profiles for various values of Sr.  Note: (         ) Sr=0.0, (         ) Sr=0.1, ( ) Sr=0.2, ( ) Sr=0.0, ( ) Sr=0.1, ( ) Sr=0.2.

Figure 15. Velocity profiles for various values of λ.  Note: (         ) λ=0.0, (         ) λ=0.1, ( ) λ=0.2, ( ) λ=0.0, ( ) λ=0.1, ( ) λ=0.2.

Figure 16. Temperature profiles for various values of Bi1. Note: (         ) Bi1=0.0, (         ) Bi1=0.1, ( ) Bi1=0.2, ( ) Bi1=0.0, ( ) Bi1=0.1, ( ) Bi1=0.2.

Figure 17. Concen profiles for various values of Bi2.  Note: (         ) Bi2=0.0, (         ) Bi2=0.1, ( ) Bi2=0.2, ( ) Bi2=0.0, ( ) Bi2=0.1, ( ) Bi2=0.2.
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Conclusion

Unsteady mixed convection heat and mass transfer boundary layer flow of 
nanofluid past a moving wedge in porous media is studied. The flow of Cu, 
Ag and Al2O3 water based nanofluids are considered and assumed that the 
nanoparticle volume fraction can be actively controlled at the boundary sur-
face. The governing equations were numerically solved using SQRM. From 
the obtained results the following conclusions are drawn:

The nanofluid velocity and temperature profiles reduce with increasing the 
values of nanoparticle volume fraction while the opposite behavior is ob-
served for concentration distribution.

Greater values of temperature and concentration distributions are per-
ceived in the steady flow than unsteady flow whereas the opposite trend is 
seen for  the  velocity  distribution. The nanofluid velocity, temperature and 
concentration distributions are respectively increasing functions of moving

- wedge  parameter,  thermal and solutal Biot numbers. The skin fraction

solutal Biot numbers.

coefficient  and local  Sherwood  number are increasing functions  while  the 

-

local  Nusselt number  is  a  decreasing  function of  the nanoparticle volume  
fraction, permeability parameter, Eckert number, and the  Soret number.  

Soret number. 

For Al2O3 water based nanofluids, the skin friction coefficient, local Nusselt 
number, and local Sherwood number are decreasing functions of nanopar-
ticle volume fraction.
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