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This paper considers mathematical modeling on mixed convection MHD viscous fluid flow 
on the lower stagnation point of a magnetic sliced sphere. The study began with 
transforming the governing equations which are in dimensional partial differential 
equations to non-dimensional ordinary differential equations by using the similarity 
variable. The resulting similarity equations are then solved by the Keller-Box scheme. The 
characteristics and effects of the Prandtl number, the sliced angle, the magnetic 
parameter, and the mixed convection parameter are analyzed and discussed. 
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1. Introduction 
 

Nowadays, there have been many studies on MHD in various geometric shapes, such as the 
studies of Srinivasacharya and Reddy [1] on vertical plate, Jhumur and Bhattacharje [2] on L-shaped, 
Makinde and Aziz [3] on vertical plate, and Widodo et al., [4] on sphere. In term of fluid types such 
as micropolar fluid, nanofluid, ferrofluid, and viscous fluid, the study of the MHD has been 
investigated by Alkasasbeh et al., [5], Widodo and Ningtyas [6], Sajed et al., [7], and Nugraha et al., 
[8], respectively. In addition, in term of the conditions that influencing the MHD fluid flow can be 
seen in the papers that have been written by Widodo et al., [9], Haq et al., [10], and Prasad et al., 
[11]. 

The importance thing of magnetic fluid flow had attracted researchers to study and explore its 
benefits and uses in the industrial sector, especially in convective flow and heat transfer processes. 
The studies of convective MHD flow and heat transfer on the stagnation point when the fluid flow 
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through the various geometry, such as sliced sphere and sphere, have been investigated by Widodo 
et al., [12], Widodo et al., [13], and Nursalim et al., [14]. 

This paper considers the study of mixed convection viscous fluid magnetohydrodynamic flow on 
the lower stagnation point when the fluid through a magnetic sliced sphere. It therefore is interesting 
to study also the effect of the angle of the slice of the sphere. 
 
1.1 Mathematical Modelling 
 

Figure 1(a) and Figure 1(b) shows the physical model of the fluid flow and coordinate system, 
respectively. The mixed convection viscous fluid magnetohydrodynamic flow is assumed flowing in 
direction bottom to the top. Further, upstream temperature is denoted by 𝑇∞. Meanwhile, 𝑇𝑤 is the 
surface temperature on the surface of the sliced magnetic sphere. In addition, there is also a sliced 
magnetic sphere with the slice angle 𝜃𝑠 located at the bottom of the sphere. The following figures 
are their illustration 
 

 
Fig. 1. (a) Physical Model of MHD fluid flow, (b) Sliced magnetic sphere 
and coordinate system 

 
1.1.1 Dimensional governing equation 
 

The 2-D dimensional governing equation further is developed from continuity, momentum, and 
energy equations as follows 
 
Continuity equation 
 
𝜕(𝑟̅𝑢)

𝜕𝑥̅
+

𝜕(𝑟̅𝑣̅)

𝜕𝑦̅
= 0             (1) 

 
Momentum equation in-x direction 
 

𝜌 (
𝜕𝑢

𝜕𝑡̅
+ 𝑢̅

𝜕𝑢

𝜕𝑥̅
+ 𝑣̅

𝜕𝑢

𝜕𝑦̅
) = −

𝜕𝑝̅

𝜕𝑥̅
+ 𝜇 (

𝜕2𝑢

𝜕𝑥̅2 +
𝜕2𝑢

𝜕𝑦̅2) + 𝜎(𝐵0 − 𝑏)2𝑢̅ − 𝜌𝛽(𝑇̅ − 𝑇∞)𝑔𝑥     (2) 

 
Momentum equation in-y direction 
 

𝜌 (
𝜕𝑣̅

𝜕𝑡̅
+ 𝑢̅

𝜕𝑣̅

𝜕𝑥̅
+ 𝑣̅

𝜕𝑣̅

𝜕𝑦̅
) = −

𝜕𝑝̅

𝜕𝑦̅
+ 𝜇 (

𝜕2𝑣̅

𝜕𝑥̅2
+

𝜕2𝑣̅

𝜕𝑦̅2
) + 𝜎(𝐵0 − 𝑏)2𝑣̅ − 𝜌𝛽(𝑇̅ − 𝑇∞)𝑔𝑦     (3) 
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Energy equation 
 

𝜌𝐶𝑝 (
𝜕𝑇̅

𝜕𝑡̅
+ 𝑢̅

𝜕𝑇̅

𝜕𝑥̅
+ 𝑣̅

𝜕𝑇̅

𝜕𝑦̅
) = 𝑘 (

𝜕2𝑇̅

𝜕𝑥̅2 +
𝜕2𝑇̅

𝜕𝑦̅2)          (4) 

 

with 𝑔𝑥̅ = 𝑔 tan (
𝑥 cos 𝑥

cos 𝜃𝑠
), and 𝑔𝑦 =

𝑔

cos(
𝑥 cos 𝑥

cos 𝜃𝑠
) 

 

 
subject to boundary conditions as follows 
for 𝑡̅ = 0 𝑡ℎ𝑒𝑛 𝑢̅ = 𝑣̅ = 0, 𝑇̅ = 𝑇∞ for any 𝑥̅, 𝑦̅; 
𝑎𝑛𝑑 𝑓𝑜𝑟 𝑡̅ > 0 𝑡ℎ𝑒𝑛 𝑢̅ = 𝑣̅ = 0, 𝑇̅ = 𝑇𝑊 at 𝑦̅ = 0, 𝑎𝑛𝑑 𝑢̅ = 𝑢̅𝑒(𝑥̅), 𝑇̅ = 𝑇∞ at 𝑦̅ → 0. 
 
where 𝜌 is the fluid density, 𝜇 is fluid viscosity, 𝑔 is gravity, 𝛽 is coefficient of thermal expansion, 𝐶𝑝 

is specific heat, and 𝑘 is heat flux. In addition, the value of 𝑟 is defined as 𝑟̅ = 𝑏̅ sin (
𝑥̅

𝑏̅
) and the value 

of 𝑢̅𝑒 =
3

2
𝑈∞  sin (

𝑥̅

𝑏̅
), 𝑢̅𝑒 is a local free stream. 

 
1.1.2 Non-dimensional governing equation 
 

Further Eq. (1) to Eq. (4) to be transformed into non-dimensional governing equations by 
introducing dimensionless variables as follows 
 

𝑥 =
𝑥̅

𝑎
; 𝑦 = 𝑅𝑒

1

2
𝑦̅

𝑎
; 𝑡 =

𝑈∞𝑡̅

𝑎
; 𝑢 =

𝑢

𝑈∞
; 𝑣 = 𝑅𝑒

1

2
𝑣̅

𝑈∞
; 𝑇 =

𝑇̅−𝑇∞

𝑇𝑊−𝑇∞
; 𝑝 =

𝑝̅

𝜌𝑈∞
2 ;  

 
By substituting these dimensionless variables into the dimensional equations of Eq. (1) to Eq. (4) 

can be written non-dimensional governing equations as follow 
 
Continuity equation 
 
𝜕(𝑟𝑢)

𝜕𝑥
+

𝜕(𝑟𝑢)

𝜕𝑦
= 0             (5) 

 
Momentum equation in-x direction 
 
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

𝜕𝑝

𝜕𝑥
+

1

𝑅𝑒
 
𝜕2𝑢

𝜕𝑥2 +  
𝜕2𝑢

𝜕𝑦2 + 𝑀𝑢 + 𝛼𝑇 tan (
𝑥 cos 𝑥

cos 𝜃𝑠 
)       (6) 

 
Momentum equation in-y direction 
 
1

𝑅𝑒
(

𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑦
+

1

𝑅𝑒2
 

𝜕2𝑣

𝜕𝑥2
+

1

𝑅𝑒
 

𝜕2𝑣

𝜕𝑦2
+

𝑀

𝑅𝑒
𝑣 −

𝛼𝑇

𝑅𝑒
−

1
2cos(

𝑥 cos 𝑥

cos 𝜃𝑠
) 

      (7) 

 
Energy equation 
 
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

1

𝑅𝑒

1

𝑃𝑟

𝜕2𝑇

𝜕𝑥2
+

1

𝑃𝑟
 

𝜕2𝑇

𝜕𝑦2
           (8) 
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where 𝑀 is magnetic parameter, 𝛼 is convection parameter, 𝐺𝑟 is Grassof number and 𝑃𝑟 is Prandtl 
number. Each of these parameters is defined as follows 
 

𝑀 =
𝜎(𝐵0 − 𝑏)2𝑎

𝜌𝑈∞
; 

 

𝛼 =
𝐺𝑟

𝑅𝑒2
; 

 

𝐺𝑟 =
𝑔𝛽(𝑇𝑊 − 𝑇∞)𝑎3

𝜈2
; 

 

𝑃𝑟 =
𝜈𝜌𝐶𝑝

𝑐
 , 

 
subject to boundary conditions as follows 
for 𝑡 = 0 𝑡ℎ𝑒𝑛 𝑢 = 𝑣 = 0, 𝑇 = 𝑇∞ for any 𝑥, 𝑦; 
and for 𝑡 > 0 𝑡ℎ𝑒𝑛 𝑢 = 𝑣 = 0, 𝑇 = 𝑇𝑊 at 𝑦 = 0, 𝑎𝑛𝑑 𝑢 = 𝑢𝑒(𝑥), 𝑇 = 𝑇∞ at 𝑦 → 0. 
 

Further, by using the boundary layer approximation, where the Reynold number 𝑅𝑒 → ∞ which 

implies that 
1

𝑅𝑒
→ 0, the Eq. (5) to Eq. (8) can each be expressed by 

 
Continuity equation 
 
𝜕(𝑟𝑢)

𝜕𝑥
+

𝜕(𝑟𝑢)

𝜕𝑦
= 0             (9) 

 
Momentum equation 
 
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝑢𝑒

𝜕𝑢𝑒

𝜕𝑥
+

𝜕2𝑢

𝜕𝑦2 + 𝑀(𝑢 − 𝑢𝑒) + 𝛼𝑇 tan (
𝑥 cos 𝑥

cos 𝜃𝑠 
)                 (10) 

 
Energy equation 
 
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

1

𝑃𝑟
 

𝜕2𝑇

𝜕𝑦2
                      (11) 

 
subject to boundary conditions as follows 
for 𝑡 = 0 𝑡ℎ𝑒𝑛 𝑢 = 𝑣 = 0, 𝑇 = 𝑇∞ for any 𝑥, 𝑦; 
and for 𝑡 > 0 𝑡ℎ𝑒𝑛 𝑢 = 𝑣 = 0, 𝑇 = 𝑇𝑊 at 𝑦 = 0, 𝑎𝑛𝑑 𝑢 = 𝑢𝑒(𝑥), 𝑇 = 𝑇∞ at 𝑦 → 0. 
 
1.1.3 Stream function 
 

In the two-dimensional flow, the velocity in each -x and -y component can be expressed 
as stream function as follows 
 

𝑢 =
1

𝑟

𝜕𝜓

𝜕𝑦
;  𝑎𝑛𝑑 𝑣 = −

1

𝑟

𝜕𝜓

𝜕𝑦
                      (12) 
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Further, by substituting equation Eq. (12) into each equation Eq. (10) and Eq. (11), it is obtained, 
 
Momentum equation 
 
1

𝑟

𝜕2𝜓

𝜕𝑡𝜕𝑦
+

1

𝑟2

𝜕𝜓

𝜕𝑦

𝜕2𝜓

𝜕𝑥𝜕𝑦
−

1

𝑟3

𝜕𝑟

𝜕𝑥
(

𝜕𝜓

𝜕𝑦
)

2

−
1

𝑟2

𝜕𝜓

𝜕𝑥

𝜕2𝜓

𝜕𝑦2
= 𝑢𝑒

𝜕𝑢𝑒

𝜕𝑥
+

1

𝑟

𝜕3𝜓

𝜕𝑦3
+ 𝑀 (

1

𝑟

𝜕𝜓

𝜕𝑦
− 𝑢𝑒) + 𝛼𝑇 tan (

𝑥 cos 𝑥

cos 𝜃𝑠 
)(13) 

 
Energy equation 
 
𝜕𝑇

𝜕𝑡
+

1

𝑟

𝜕𝜓

𝜕𝑦

𝜕𝑇

𝜕𝑥
−

1

𝑟

𝜕𝜓

𝜕𝑥

𝜕𝑇

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝑇

𝜕𝑦2                     (14) 

 
with boundary conditions 
 

𝑡 < 0; 𝜓 =
𝜕𝜓 

𝜕𝑦
= 𝑇 = 0 for any 𝑥, 𝑦;  

𝑡 ≥ 0;  𝜓 =
𝜕𝜓 

𝜕𝑦
= 𝑇 = 1 at 𝑦 = 0; 

𝜕𝜓

𝜕𝑦
= 𝑢𝑒(𝑥), 𝑇 = 0 at 𝑦 → ∞. 

 
1.1.4 Similarity equation 
 
By using similarity equations 
 
for small-time (𝑡 ≤ 𝑡∗) with 𝑡∗ any value is 
 

𝜓 = 𝑡
1

2𝑢𝑒(𝑥)𝑟(𝑥)𝑓(𝑥, 𝜂, 𝑡); 𝑇 = 𝑠(𝑥, 𝜂, 𝑡) ;  𝜂 =
𝑦

𝑡
1
2

                   (15) 

 
for large-time (𝑡 > 𝑡∗) with 𝑡∗ any value is 
 

𝜓 = 𝑡
1

2𝑢𝑒(𝑥)𝑟(𝑥)𝐹(𝑥, 𝑌, 𝑡); 𝑇 = 𝑆(𝑥, 𝑌, 𝑡) ;  𝑌 = 𝑦                   (16) 
 

Further, by substituting Eq. (15) into Eq. (13) and Eq. (14), the following governing equations for 
small-time are obtained 
 
Momentum equation 
 
𝜕3𝑓

𝜕𝜂3
+

𝜂

2
 
𝜕2𝑓

𝜕𝜂2
+ 𝑡

𝜕𝑢𝑒

𝜕𝑥
(1 − (

𝜕𝑓

𝜕𝜂
)

2

+ 𝑓
𝜕2𝑓

𝜕𝜂2
) = 𝑡

𝜕2𝑓

𝜕𝜂𝜕𝑡
+ 𝑡𝑢𝑒 (

𝜕𝑓

𝜕𝜂

𝜕2𝑓

𝜕𝜂𝜕𝑥
−

𝜕𝑓

𝜕𝑥

𝜕2𝑓

𝜕𝜂2
−

1

𝑟

𝜕𝑟 

𝜕𝑥
𝑓

𝜕2𝑓

𝜕𝜂2
 ) +  𝑀 (1 −

𝜕𝑓

𝜕𝜂
) − 𝛼𝑡𝑠

tan(
𝑥 cos 𝑥

cos 𝜃𝑠
)

𝑢𝑒
                       (17) 

 
Energy equation 
 

𝜕2𝑠

𝜕𝜂
+ Pr

𝜂

2
 

𝜕

𝜕𝜂
+ Pr𝑡𝑓

𝜕𝑢𝑒

𝜕𝑥

𝜕𝑠 

𝜕𝜂
= Pr𝑡 (

𝜕𝑠

𝜕𝑡
+ 𝑢𝑒 (

𝜕𝑠

𝜕𝑥

𝜕𝑓

𝜕𝜂
−

𝜕𝑓

𝜕𝑥

𝜕𝑠

𝜕𝜂
−

𝑓

𝑟

𝜕𝑟

𝜕𝑥

𝜕𝑠

𝜕𝜂
))                (18) 
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And by substituting Eq. (16) into Eq. (13) and Eq. (14), the following governing equations for large 
time are obtained 
 
Momentum equation 
 
𝜕3𝐹

𝜕𝑌3 +
𝜕𝑢𝑒

𝜕𝑥
(1 − (

𝜕𝐹

𝜕𝑌
)

2

+ 𝐹
𝜕2𝐹

𝜕𝑌2
) =

𝜕2𝐹

𝜕𝑌𝜕𝑡
+ 𝑢𝑒 (

𝜕𝐹

𝜕𝑌

𝜕2𝐹

𝜕𝑌𝜕𝑥
−

𝜕𝐹

𝜕𝑥

𝜕2𝐹

𝜕𝑌2 −
1

𝑟

𝜕𝑟 

𝜕𝑥
𝐹

𝜕2𝐹

𝜕𝑌2 ) + 𝑀 (1 −
𝜕𝐹

𝜕𝑌
) −

𝛼𝑆
tan(

𝑥 cos 𝑥

cos 𝜃𝑠
)

𝑢𝑒
                        (19) 

 
Energy equation 
 
𝜕2𝑆

𝜕𝑌2 + Pr
𝜕𝑢𝑒

𝜕𝑥
𝐹

𝜕𝑆 

𝜕𝑌
= Pr (

𝜕𝑆

𝜕𝑡
+ 𝑢𝑒 (

𝜕𝑆

𝜕𝑥

𝜕𝐹

𝜕𝑌
−

𝜕𝐹

𝜕𝑥

𝜕𝑆

𝜕𝑌
−

𝐹

𝑟

𝜕𝑟

𝜕𝑥

𝜕𝑆

𝜕𝑌
))                  (20) 

 
Especially at lower stagnation point (when 𝑥 =  0), the governing equations for small-time are 

reduced to: 
 
Momentum equation 
 
𝜕3𝑓

𝜕𝜂3 +
𝜂

2

𝜕2𝑓

𝜕𝜂2 +
3𝑡

2 cos 𝜃𝑠 
(1 − (

𝜕𝑓

𝜕𝜂
)

2

+ 𝑓
𝜕2𝑓

𝜕𝜂2
) = 𝑡

𝜕2𝑓

𝜕𝑡𝜕𝜂
+ 𝑀𝑡 (1 −

𝜕𝑓

𝜕𝜂
) −

2

3
𝛼𝑡𝑠                (21) 

 
Energy equation 
 
𝜕2𝑠

𝜕𝜂2 + Pr
𝜂

2

𝜕𝑠

𝜕𝜂
+ Pr 𝑡 𝑓

3

2cos 𝜃𝑠

𝜕𝑠

𝜕𝜂
= Pr 𝑡

𝜕𝑠

𝜕𝑡
                    (22) 

 
with boundary conditions 

𝑡 = 0 ∶ 𝑓 =
𝜕𝑓

𝜕𝜂
= 𝑠 = 0 for any 𝑥, 𝜂 

𝑡 > 0: 𝑓 =
𝜕𝑓

𝜕𝜂
= 0, 𝑠 = 1 at 𝜂 = 0 

𝜕𝑓

𝜕𝜂
= 1, 𝑠 = 0 at 𝜂 → ∞ 

 
whereas for the large time, at stagnation point (when 𝑥 =  0), the equations are reduced to 
 
Momentum equation 
 
𝜕3𝐹

𝜕𝑌3
+

3𝑡

2 cos 𝜃𝑠 
(1 − (

𝜕𝐹

𝜕𝑌
)

2

+ 𝐹
𝜕2𝐹

𝜕𝑌2
) =

𝜕2𝐹

𝜕𝑡𝜕𝑌
+ 𝑀 (1 −

𝜕𝐹

𝜕𝑌
) −

2

3
𝛼𝑆                 (23) 

 
Energy equation 
 
𝜕2𝑆

𝜕𝑌2 + 𝑃𝑟
3

2cos 𝜃𝑠
𝐹

𝜕𝑆

𝜕𝑌
= Pr

𝜕𝑆

𝜕𝑡
                      (24) 
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with the boundary conditions 
 

𝐹 =
𝜕𝐹

𝜕𝑌
= 0, 𝑆 = 1 at 𝑌 = 0; 

𝜕𝐹

𝜕𝑌
= 1, 𝑆 = 0 at 𝑌 → ∞ 

 
2. Methodology 
 

The problems of mixed convection MHD viscous fluid flow on the lower stagnation point of a 
magnetic sliced sphere further is solved numerically using the Keller-Box method the same as that 
used in the study conducted by Al-Shibani et al., [15], Osman and Langlands [16], and Habib et al., 
[17]. There are four steps as follows 

 
i. Reducing the transformed equations to a first-order system. 

ii. Write the difference equations using central differences. 
iii. Taking Linearization of the resulting algebraic equations by Newton method and writing 

them into matrix-vector form. 
iv. Solving the linear system by block tridiagonal eliminations technique. 

 
3. Results and Discussions 
 

The effects of various parameters, such as Prandtl number (Pr), magnetic parameter (M), sliced 
angle parameter (𝜃𝑠), and mixed convection parameter (α) are applied to investigate velocity and 
temperature on the lower stagnation point. Further, the problem is numerically solved by the finite 
difference method using the Keller-Box scheme. The computer programming is developed using 
MATLAB. 
 

Table 1 
Magnetic parameter values based on sphere material 
Magnetic sphere 𝜌 𝜎 𝑀 

Iron 7.87 x 103 1.04 x 107 1.3 
Cobalt 8.86 x 103 1.6 x 107 1.8 
Steel 7.75 x 103 1.61 x 107 2.0 
Zinc 7.14 x 103 1.68 x 107 2.3 

 
The current results are further compared with the results obtained from the study of Widodo et 

al., [13] where 𝑀 =  1.3, 𝛼 = 1, 𝑃𝑟 =  0.7, and 𝜃𝑠 = 0. The difference between the current study 
and Widodo et al., [13] are that in the current study the sphere has no effect on the slice angle, and 
for Widodo et al., [13] problem is solved by using an implicit finite difference method. Figure 2 shows 
comparison of present and Widodo et al., [13] results. 

Figure 2 shows that Figure 2(a) the velocity and Figure 2(b) the temperature of the present study 
and Widodo et al., [13] are coincided. This coincidence means that the results of the current study 
are confirmed. The numerical results of the current study further can be used for other parameters 
and variables that are appropriate to the problem in the current study. 
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Fig. 2. (a) Velocity and (b) Temperature 

 
3.1 Variations in Magnetic Parameter 
 

Figure 3 shows numerical results with variations in magnetic parameters. The variation of the 
magnetic parameters used in this numerical calculation is as shown in Table 1 and the fixed value of 
the other parameters used are 𝛼 =1, Pr = 0.7, and 𝜃𝑠 = 30°. 

Figure 3(a) illustrates that an increase in the magnetic parameter causes a decrease in the fluid 
velocity. This happens because the increase in the magnetic parameter causes an increase in the 
Lorentz force which holds the fluid close to the spherical surface. So the fluid velocity is reduced. 
Figure 3(b) shows that an increase in the magnetic parameter causes an increase in the fluid 
temperature. This is due to the large number of fluid particles that are retained by the Lorentz force 
so that the distance between the particles is getting closer. 
 

 
Fig. 3. (a) velocity and (b) temperature for various magnetic parameters 

 
This causes the opportunity for friction between particles to become more frequent, causing the 

internal temperature to increase. 
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3.2 Variations in Convection Parameter 
 

The variation of convection parameters used in Figure 4 are 𝛼 = 1, 2, 3, and 4, when the fixed 
value of other parameters are M=1, Pr=0.7, and 𝜃𝑠  =  45 °. 
 

 
Fig. 4. (a) velocity and (b) temperature for various convection 

 
Figure 4(a) shows that the fluid velocity increases when the convection parameter is increased in 

value. This occurs because of the additional energy in the fluid flow caused by the external force 
exerted on it. Meanwhile, Figure 4(b) shows that the fluid temperature decreases when the 
convection parameter value is increased. This happens because the fluid particle force is dominant 
over the Lorentz force so that there is no increase in the internal temperature of the fluid due to 
friction between fluids or repulsive forces that arise in the fluid flow. 
 
3.3 Variations in Prandtl Number Parameter 
 

The variation of the Prandtl number parameter used in Figure 5 is Pr = 0.7(Gas), 1(Brine), 
7(Water), and 100(Oil), with fixed values for other parameters are M=2, 𝛼=2, and 𝜃𝑠  =45 °. 

Figure 5(a) shows that the fluid velocity decreases as the value of the Prandtl number is increased. 
This happens because increasing the Prandtl number results in an increase in the density of the fluid. 
 

 
Fig. 5. (a) velocity and (b) temperature for various Prandtl number 
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This causes the fluid particles to flow more slowly. Figure 5(b) shows that the temperature of the 
fluid decreases when the value of the Prandtl number is increased. This happens because increasing 
the value of the Prandtl number has an impact on decreasing the thermal conductivity so that the 
heat distribution in the fluid decreases slowly and causes the temperature of the fluid to decrease. 
 
3.4 Variations in The Angle of Slice of The Sphere 
 

Variations of the spherical slice parameters 𝜃𝑠 used in Figure 6 are _s = 15, 30, 45, 60, 65, 70, and 
85, the fixed values for other parameters are M=2, =1, and Pr=0.7. 

Figure 6(a) shows that the velocity of the fluid increases with the increase in the angle of slice on 
the sphere. This happens because the lower surface of the sliced ball gets wider which results in 
reduced friction between the fluid and the surface so that its velocity increases. Figure 6(b) shows 
that the temperature of the fluid decreases with increasing the angle of slice on the sphere. This 
happens because the greater the angle of slice on the sphere causes the surface under the sphere to 
become wider, which has an impact on the temperature at the bottom of the sphere decreasing 
faster so that the fluid temperature decreases. 
 

 
Fig. 6. (a) velocity and (b) temperature for various slicing 

 
4. Conclusion 
 

A study of the numerical solution of the mixed convection viscous fluid flow problem at the lower 
stagnation point of the magnetic sphere wedge has been carried out. The result is that 

 
i. If the value of the magnetic parameter is increased, the fluid velocity decreases and the 

fluid temperature increases, 
ii. If the convection parameter value is increased, the fluid velocity increases, but the fluid 

temperature decreases, 
iii. If the Prandtl number is increased, the velocity and temperature of the fluid decrease, 
iv. If the angle of the wedge of the lower sphere is increased, the velocity of the fluid 

increases but the temperature of the fluid decreases. 
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