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Abstract: 

In this proposed model, we have discussed the generalized Fick’s and Fourier’s laws over MHD 

Williamson nanofluid flow with mixed convection past a bidirectional stretched surface. 

Influence of variable thermal conductivity and stratification with second-order slip are also 

considered.  Suitable transformations have betrothed to transform the partial differential 

equations into differential equations with high nonlinearity. The solution of the proposed 

problem has attained via some suitable analytical or numerical technique. Impacts of 

miscellaneous arising parameters have deliberated via graphical structures. Some useful 

tabulated values of physical quantities have also discussed.  
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Ţ



3

2





1
0 1

0 1

1

2
1

2 2 2

1

0
1



0 1

1

0

0

0







2

2

2
0

0



2

1

1

1



1

1

1 3

1



¤



0



1

1

2

2



1

2

1

2

1 2

0

0



0

0

0

1

=1 =0

0

1

=1

¡1

=0



0

1 1



0
2
0

0
2
0

1

2

1



2 2 2

2 2 2

1 1

0 0

1

1

1

1

000 02 00 ¤ 0 0 000 0000 00 00 00 0



000 02 00 ¤ 0 0 000 0000 00 00 00 0

00 02 0 0 02 0

2 00 0 0 0

00 00 0 2 00 0 0 0

0 0

0 ¤
1

0 ¤
2

0 0

¤ ¤
1

¤
2

1

1

1 2
0

¤
1

¤
2

2 2

=0 0 =0



=0 0 =0

1 2 00 0 00 000 0 0 00
=0

1 2 00 0 00 000 0 0 00
=0

0 0 0 0

0 0

0

¤
1
¤
1

0

¤
2
¤
2

3

3

3

3

2

2

2

2



1 2 3

4 5 6

7 8

9 10

2 5 7 9 3
=0

1 3

4 6 6
=0

8
¤

10
¤



¤ ¤
1

¤
2

00 00 0 0

0



¤ ¤

¤

¤

¤
1

¤
2

¤
1

¤
2

¤
1

¤
2



¤

¤

¤

 = 0.2, 0.3, 0.4, 0.5

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c  t  0.2,

1

 2


 0.1

1 2 3 4


0.2

0.4

0.6

0.8

1.0

f '

  0.2, 0.3, 0.4, 0.5

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

2


 0.1

1 2 3 4 5 6


0.1

0.2

0.3

0.4

0.5

g '

0 0



 0.0, 0.3, 0.6, 1.0

 0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

2


 0.1

1 2 3 4 5 6 7


0.2

0.4

0.6

0.8

1.0

f '

Pr  0.2, 0.4, 0.6, 0.8

  0.2, M  0.4,  0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15



¤ 0

c  0.0, 0.4, 0.8, 1.2

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

2 4 6 8


0.05

0.10

0.15

 

t  0.0, 0.4, 0.7, 1.0

  0.2, M 0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t 0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15



  0.1, 0.7, 1.4, 2.0

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15



Le  0.5, 0.8, 1.2, 1.5

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

2 4 6 8


0.05

0.10

0.15

 



M  0.0, 0.3, 0.6, 0.9

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.2

0.4

0.6

0.8

1.0

f '

M  0.1, 0.4, 0.7, 1.0

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c  t  0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15

0.20

g '

0 0

1

 0.2, 0.3, 0.4, 0.5

  0.2, M  0.4,   0.2,   0.3, Pr  0.7,
Nt  0.2, Nb  0.8, Le  1.0,
c  t  0.2

1 2 3 4 5 6 7


0.1

0.2

0.3

0.4

0.5



2

 0.1, 0.13, 0.16, 0.20

  0.2, M  0.4,   0.2,   0.3, Pr  0.7,
Nt  0.2, Nb  0.8, Le  1.0, c  t  0.2

2 4 6 8


0.05

0.10

0.15

0.20

0.25

 

¤
1

¤
2

Nt  0.2, 0.4, 0.6, 0.8

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15

0.20

 

Nt  0.1, 1.5, 3.0, 5.0

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

1 2 3 4 5 6


0.05

0.10

0.15





Nb  0.1, 2.0, 3.5, 5.0

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2
Nb  0.8, Le  1.0, c t  0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15



Nb  0.3, 0.5, 0.8, 2.0

  0.2, M  0.4,   0.3, Pr  0.7, Nt  0.2,
Nb  0.8, Le  1.0, c  t  0.2,

1

 2


 0.1

1 2 3 4 5 6 7


0.05

0.10

0.15

 

  0.20, 0.40, 0.45, 0.50

M  0.4,   0.3, Pr  0.7, Nb  0.8

Nt  0.2, Le  1.0, c t  0.2,   0.1

0.1 0.2 0.3 0.4


0.8

0.6

0.4

0.2

0.0

C fyRe 12

  0.20, 0.25, 0.30, 0.35

  0.2,   0.3, Pr  0.7, Nb  0.8,

Nt  0.2, Le  1.0, c t  0.2, 1 2 0.1
0.4 0.6 0.8 1.0

M

2.8

2.6

2.4

2.2

2.0

1.8

1.6
CfxRe 12

¤ 1 2 ¤ 1 2



00 00 00 00 00 00 00 00





2
0 1 1 2 1 2

3 1 4 1 2

2
0



1

2

1

2 2 2
)

2 2 2
)



0 1 0 2

1 0 1 1 0 2

3 2
4

2
2 2

3 2
4

2
2 2

1

0 0

1

1

1

1

000 02 00 00 000
2 3

0



000 02 00 00 000 0

00 02 0 0 02 0
1

0

2 00 0 0 02 00
1

0 0 0

00 00 0
2

0

2 00 0 0 02 00
2

0 0 0

0
1

00
2

000

0
3

00 000
1 2

0 0

4 2 3 1

2 3

1



2

2
1 1 3

2

3 0

1 0
2

2

2

1 2 3 4 2
2

1
0 1

1

1

3
4

3
0

2
0

1

1

2

1

2 2

=0
2

=0
2

1 2 00 00 2
=0

1 2 00 00 2
=0



0 0 0 0

0
1 2

0
3 4

0 0

3

3

3

3

2

2

2

2

1 2 3

4 5 6

7 8

9 10

2 5 7 9 1 3 3

0 00 000

4 6 6

0 00 000
8

0
10

0



1 3

4 3 2 1 0 1
 4

 3

 2

 1

0

1

 f ,g,,

f'
' 0

 ,
g'

' 0
 ,
'
 0

 ,
' 0



' 0
' 0
g'' 0
f'' 0

1 2



00 00 0 0

0



2

3

2 3

2 3



1 3

2 4

1

1

2

3

3

 = 0.2, 0.3, 0.4, 0.5

 = 0.002,  M = 0.2,   = 0.3,
Pr = 1,  Nt = 0.2,  Nb = 0.3, Le = 1,
  = 0.1,  c = 0.2,  1=2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f ' 

0

 = 0.2, 0.3, 0.4, 0.5

 = 0.002,  M = 0.2,   = 0.3,
Pr = 1,  Nt = 0.2,  Nb = 0.3, Le = 1,
  = 0.1,  c = 0.2,  1=2 = 0.2

1 2 3 4 5


0.0

0.1

0.2

0.3

0.4

g '

0



 c = 0.0, 0.4, 0.8, 1.2  

  = 0.002,   M = 0.2,    = 0.3,
Pr = 1,   Nt = 0.2,   Nb = 0.3,   Le = 1,
  = 0.1,   t= 0.2,   1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



  0.002, M  0.2,   0.3,
Pr  1, Nt  0.2, Nb  0.3, Le  1,
  0.1, c  0.2, 1 2  0.2

t = 0.0, 0.4, 0.7, 1.0

1 2 3 4 5


0.2

0.4

0.6

0.8



  = 0.1, 0.7, 1.4, 2.0

 = 0.002,  M = 0.2,  S1 = S2 = 0.2,
Pr = 1,  Nt = 0.2,  Nb  = 0.3, Le = 1.0,
  = 0.1,  c = 0.2,  1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



 Le = 0.5, 0.8, 1.2, 1.5

  = 0.002,  M = 0.2,   = 0.3,
 Pr = 1,  Nt = 0.2,  Nb  = 0.3, S1 = 0.2,
   = 0.1,  c = 0.2,  1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



 = 0.0, 0.3, 0.6, 1.0

 We = 0.2,  M = 0.2,   = 0.3,
 Pr = 1,  Nt = 0.2,  Nb = 0.3, Le = 1,
   = 0.1,  c = 0.2,  1=2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

0

 Pr = 0.2, 0.4, 0.6, 0.8

       = 0.002,  M = 0.2,   = 0.3,
 S1 = 0.2,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
   = 0.1,  c = 0.2,  1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8





M = 0.0, 0.3, 0.6, 0.9

        = 0.002,  S1 = 0.2,   = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

0

      = 0.002,  S1 = S2 = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
       = 0.1,  2 = 0.2,  We = 0.2

M = 0.1, 0.4, 0.7, 1.0

1 2 3 4 5


0.02

0.04

0.06

0.08

0.10

g '

0

Nb = 0.3, 0.5, 0.8, 2.0

 = 0.002,  M = 0.2,   = 0.3,
 Pr = 1,  3 = 0.2,  Nt = 0.2, Le = 1,
   = 0.1,  2 = 0.2,  We = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



Nb = 0.1, 2.0, 3.5, 5.0

 = 0.002,  M = 0.2,   = 0.3,
 Pr = 1,  Nt = 0.2,  Nb = 0.3, Le = 1,
   = 0.1,  2 = 0.2,  We = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



Nt = 0.1, 1.5, 3.0, 5.0

 = 0.002,  M = 0.2,   = 0.3,
 Pr = 1, 3  = 0.2,  Nb = 0.3, Le = 1,
   = 0.1,  2 = 0.2,  We = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



 Nt  = 0.1,  1.5,  3.0,  5.0  

  0.002, M  0.2,   0.3,
Pr  1, 3 0.2, Nb  0.3, Le  1,

 0.1, 2  0.2, We  0.2

1 2 3 4 5


0.2

0.4

0.6

0.8





   = 2, 4, 6, 8 

We = 0.2,  S1 = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S2  = 0.2

0.25 0.30 0.35 0.40


2.5

2.0

1.5

1.0

C fx
Re12

1 2

 = 0.2, 0.3, 0.4, 0.5   

We = 0.2,  S1 = 0.2,   = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,

     = 0.1,  c = 0.2,  S2  = 0.2

0.25 0.30 0.35 0.40
M

2.5

2.0

1.5

1.0

C fxRe 12

1 2

2
0

 3 = 2, 4, 6, 8

 = 0.002,   M  = 0.2,    = 0.3,
Pr = 1,   Nt = 0.2,   Nb = 0.3,   Le = 1,

  = 0.1,   t= 0.2,   1 =  2= 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

3
0

 We =  0.1, 0.4, 0.7, 1.0

      Nt = 0.2,  S1 = 0.2,   = 0.3,

 Pr = 1, S2 = 0.2, Nb = 0.3, Le= 1.0,
   M = 0.2,    = 0.002,   Nr = 0.4

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

0

 We = 0.1, 0.4, 0.7, 1.0,               

    Nt = 0.2,  S1 = 0.2,   = 0.3,
 Pr = 1, S2 = 0.2, Nb = 0.3, Le= 1.0,
   M = 0.2,    = 0.002,   Nr = 0.4

1 2 3 4 5


0.00

0.02

0.04

0.06

0.08

g '

0



Nr = 1, 2, 3, 4

   = 0.002,  S1 = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  1 = 2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

0

 3  0.1, 0.2, 0.3,
0.4

 = 0.002,   M = 0.2,    = 0.3,

Pr = 1,   Nt = 0.2,   Nb = 0.3,   Le = 1,

  = 0.1,   t= 0.2,   1  =  2= 0.2

1 2 3 4 5


0.00

0.02

0.04

0.06

0.08

0.10

g '

3
0

 1 =  0.3,  0.5,  0.7,  0.9

    Nt = 0.2,  S1 = 0.2,   = 0.3,
 Pr = 1,  S2 = 0.2, Nb = 0.3, Le = 1.0,
   M = 0.2,    = 0.002,   We = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

f '

1
0

 1 = -0.1, -0.2, -0.3, -0.4   

      Nt = 0.2,  S1 = 0.2,   = 0.3,

 Pr = 1,  S2 = 0.2, Nb = 0.3, Le = 1.0,
   M = 0.2,    = 0.002,   We = 0.2

1 2 3 4 5


0.00

0.02

0.04

0.06

0.08

g '

1
0

 2 = -0.1, -0.3, -0.5, -0.7

       Nt = 0.2,  S1 = 0.2,   = 0.3,
 Pr = 1.0,  S2 = 0.2, Nb = 0.3, Le = 1.0,
   M = 0.2,    = 0.002,   We = 0.2

1 2 3 4 5


0.2

0.4

0.6

f '

2
0

 2 = 0.1, 0.3, 0.5, 0.7   

      = 0.002,  We = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S1 = S2 = 0.2

1 2 3 4 5


0.00

0.02

0.04

0.06

0.08

g '

2
0



4 = -0.2, -0.3, -0.4, -0.5  

       = 0.002,  We = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S1 = S2 = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0

f '

4
0

 4= -0.2, -0.3, -0.4, -0.5   

        = 0.002,  We = 0.2,   = 0.3,

 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S1 = S2 = 0.2

1 2 3 4 5


0.02

0.04

0.06

g '

4
0

 S1 = 0.1, 0.2, 0.3, 0.4   

       = 0.002,  We = 0.2,   = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S2  = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8



1

 S2 = 0.0, 0.1, 0.2, 0.3

    = 0.002,  We = 0.2,   = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
      = 0.1,  c = 0.2,  S1  = 0.2

1 2 3 4 5


0.2

0.4

0.6

0.8

1.0



2

  3 = 1, 3, 5, 7   

 = 0.002,  S2 = 0.2,    = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S2  = 0.2

0.15 0.20 0.25 0.30
We

1.8

1.6

1.4

1.2

1.0

C fxRe 12

3
1 2

  We = 0.2 ,  S2 = 0.2,    = 0.3,
 Pr = 1.0,  Nt = 0.2,  Nb = 0.3, Le = 1.0,
     = 0.1,  c = 0.2,  S2  = 0.2

 = 0.0, -0.4, -0.8, -0.12

0.1 0.0 0.1 0.2 0.3 0.4
Nr

2.5

2.0

1.5

C fx
Re 12

1 2


















