




3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

f”
 (0

) 
 

1.75              1.85                1.95                2.05               2.15                2.25                 2.35               2.45 
 Values (S) 

 

1st solution 
 

2nd solution 

Cu-water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  

Sc1 
Sc2 Sc3 

φ = 0, 0.1, 0.2  

φ = 0, 0.1, 0.2  





1.75              1.85                1.95                2.05               2.15                2.25                 2.35               2.45 
 Values (S) 

1st solution 
 

2nd solution 

Cu-water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  

Sc2 

Sc3 

Sc1 

φ = 0 

φ = 0.1  

φ = 0.2  

5.3
 
 
 

4.8
 
 
 

4.3
 
 
 

3.8
 
 
 

3.3
 
 
2.8

θ”
 (0

) 
 



3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

1st solution 
 

2nd solution 

Cu-water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  

φ = 0, 0.1, 0.2  

φ = 0, 0.1, 0.2  

f”
 (0

) 
 

Sc1 
Sc2 Sc3 

1.6             1.7               1.8            1.9             2.0             2.1             2.2             2.3              2.4            2.5  
 Values (S) 

 

5.5

5.0

4.5

4.0

3.5

3.0

2.5

Values (S) 

1st solution 
 

2nd solution 

Cu-water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  

1.6             1.7             1.8            1.9             2.0              2.1             2.2             2.3              2.4            2.5  
 

θ”
 (0

) 
 

φ = 0 

φ = 0.1  

φ = 0.2  

Sc3 

Sc1 

Sc2 

1.98

1.48

0.98

0.48

-0.02

-0.52

1st solution 
2nd solution 

φ = 0.1, 0.2  

φ = 0.1, 0.2  

Sc1 Sc2 

f”
 (0

) 
 

Aluminium 
water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  
 

2.2               2.3                2.4                2.5               2.6                2.7               2.8                2.9              3.0  
 

Values (S) 



5.2

5.0

4.8

4.6

4.4

4.2

4.0

3.8
2.2                2.3               2.4                 2.5                2.6                 2.7                 2.8                2.9               3.0  

Values (S) 

1st solution 
2nd solution 

Aluminium 
water 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  
 

φ = 0.1  

φ = 0.2  

Sc2 

Sc1 

θ’
 (0

) 
 

0

-0.02

-0.04

-0.06

-0.08

-0.10

0

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6

-0.7

-0.8

f’
(η

) 

φ = 0.1, 0.2, 0.3 
φ = 0.1, 0.2, 0.3 

Cu 
Aluminum 
Ag 

S = 3 
δ = 0.1  
δT = 0.1  
Rd = 0.2  
P r = 6.2  

(a) 

0
]

-0.2

-0.4

-0.6

-0.8

-1.0

-1.2

-1.4

-1.6

(b) 

2nd solution 

φ = 0.1, 0.2, 0.3 

f’
(η

) 

0               1              2              3               4               5              6  

Values (η) 



Cu 
Aluminum 
Ag 

1st solution S = 3 
δ = 0.1  
δT = 0.1 
Rd = 0.2  
P r = 6.2  

0.10

0.08

0.06

0.04

0.02

0
0     0.1   0.2   0.3  0.4  0.5  

Values (η) 

0.6

0.5

0.4

0.3

0.2

0.1

0

θ 
(η

) 

(a) 

Cu 
Aluminum 
Ag 
 

S = 3 
δ = 0.1  
δT = 0.1 
Rd = 0.2  
P r = 6.2  

0.10

0.08

0.06

0.04

0.02

0
0     0.2   0.4    0.6   0.8   1.0  

0                            1                            2                            3  
Values (η) 

0.6

0.5

0.4

0.3

0.2

0.1

0

θ 
(η

) 

(b) 

1st solution 
2nd solution 

Solid lines = Cu water 
Dashed lines = water 

φ = 0.1  
S = 3 
Rd = 0.2  
δT = 0.1  
P r = 6.2  

0

-0.2

-0.4

-0.6

-0.8

-1.0

-1.2

-1.4

-1.6

f’
 (η

) 

δ = 0, 0.2, 0.5 

0             1             2             3             4             5            6  
Value (η) 

Solid lines = Ag water 
Dashed lines = water 

φ = 0.1  
S = 3 
δT = 0.1  
Rd = 0.2  
P r = 6.2  

1st solution 
2nd solution 

δ = 0, 0.2, 0.5 

0

-0.2

-0.4

-0.6

-0.8

-1.0

-1.2

-1.4

-1.6

f’
 (η

) 

0             1             2             3             4            5            6  
Value (η) 



 
0                      1                      2                      3                      4                      5                      6  

0.6

0.5

0.4

0.3

0.2

0.1

0

1st solution 
 

2nd solution 

 

Solid lines = Cu water 
Dashed lines = water 

φ = 0.1  
S = 3 
δ = 0.1  
δT = 0.1  
P r = 6.2  

Rd = 0, 0.5, 1  

0.10

0.08

0.06

0.04

0.02

0
0           0.2           0.4          0.6           0.8           1.0  

θ 
(η

) 

Value (η)

0.6

0.5

0.4

0.3

0.2

0.1

0

θ 
(η

) 

0                                0.5                                 1.0                               1.5                                 2.0 
Value (η) 

0.10

0.08

0.06

0.04

0.02

0
0          0.1       0.2         0.3        0.4           0.5  

1st solution 
 

2nd solution 

 

Rd = 0, 0.5, 1  

Solid lines = Ag water 
Dashed lines = water 

φ = 0.1  
S = 3 
δ = 0.1  
δT = 0.1  
P r = 6.2  



0.6 
 
 
 
 
 

0.5  
 

 
0.4 

 
 
 

 
0.3  

 

 
 
 

0.2  
 

 
 
 

 

0.1  
 
 

 
 

0 
0                                 0.5                             1.0                               1.5                              2.0 

Value (η) 

f”
  (

η)
 

Solid lines = Aluminium-water 
Dashed lines = water 

1st solution 
 

2nd solution

φ = 0.1  
S = 3 
δ = 0.1  
δT = 0.1  
P r = 6.2  

Rd = 0, 0.5, 1  

1.0

0.8

0.6

0.4

0.2

0

θ’
  (

η)
 

0                                 0.5                             1.0                               1.5                              2.0  
Value (η) 

1st solution 
 

2nd solution

 

Solid lines = Ag-water 
Dashed lines = water 

φ = 0.1  
S = 3 
δ = 0.1  
Rd = 0.2  
P r = 6.2  

δT = 0, 0.2, 0.5  

0.20

0.15

0.10

0.05

0
0          0.1        0.2         0.3         0.4         0.5  



1.0 
 

 
 
 
 

0.8  
 
 
 

 
 

0.6  
 
 
 

 
 

0.4  
 
 
 

 

 
0.2  

 
 
 

 
 

0 
 

θ’
  (

η)
 

0                                    0.5                             1.0                                     1.5                                      2.0 
Value (η)  

0.20 
 

 
0.15 

 

 
 

0.10 

 
 

0.05 
 
 
 

0 
0          0.1         0.2         0.3         0.4         0.5  

δT = 0, 0.2, 0.5  

1st solution 
 

2nd solution

 

Solid lines = Rd = 0.2  
Dashed lines = Rd = 0  

Aluminium 
φ = 0.1  
S = 3 
δ = 0.1 
Rd = 0.2  
P r = 6.2  
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