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ABSTRACT - Hybrid nanofluid are a new fluid created by combining two different types of 
nanoparticles dispersed in a base fluid to enhance the properties of base fluid. The 
incorporation of carbon nanotubes (CNTs) into a base fluid greatly enhances heat transfer 
performance over metal-based nanofluids. Partial differential equations (PDEs) are then 
transformed into simpler form of Ordinary differential equations (ODEs) using similarity 
transformation variables. The obtained ODEs are then encoded in Maple software using the 
Runge-Kutta Fehlberg Fourth Fifth (RKF45) method. By comparing the findings with those 
from earlier research, the authenticity of the result is confirmed. The results and discussion 
are focused on several parameters, including the stretching parameter, heat sink/source 
parameter, magnetic field parameter and aligned angle parameter over the velocity and 
temperature profiles. The results show that the velocity profile increases due to the increasing 
stretching parameter and decreases due to increasing aligned angle parameter and magnetic 
field parameter. The increasing value of heat source/sink parameter showed no effect on 
velocity. The temperature profile increases due to the increasing magnetic field parameter and 
aligned angle parameter. Meanwhile, the temperature profile decreases owing to the increase 
of stretching parameter and heat source/sink parameter. Findings of this study is related to 
the aerospace applications, specifically in the development of thermal protection systems 
where the thermal load management depends on the material conductive properties. 
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1. INTRODUCTION
Nanofluids are fluids containing nanoparticles that disperse into the base fluids.  This nanofluids term was first

proposed in 1995 by Stephen Choi to enhance the thermal performance and heat transfer capacity [1]. Since the discovery, 
nanofluids has enhanced the heat conductivity of current coolants such as water and ethylene glycol. Stated in [2], hybrid 
nanofluid is a new fluid created by distributing two different types of nanoparticles into the base fluid. According to 
experts, hybrid nanofluids, particularly those that work at very high temperatures, may eventually replace the conventional 
coolants. As a result, these nanofluids experience energy savings as well as less harmful effects on the environment [3]. 
Variety of nanofluids has been discovered through studies by researchers, for instance metal, metal 
nitrides/oxides/carbides, hybrid/composites and carbon. Literature survey has reported that significant attention was 
mostly directed to carbon-based nanofluids. Hence, the current endeavour focuses on copper and carbon nanotubes 
(CNTs) due to their excellent mechanical, electrical, and thermal properties. The addition of CNTs into a base fluid 
improves heat transfer performance significantly over metal-based nanofluids [4]. Several studies have been conducted 
on the performance of CNTs, both experimentally and numerically [5-7].  

Hybrid nanofluids flow over a stretching sheet has captured many researchers attention [8]. Boundary layer flow 
passing through a stretching sheet has many applications in production and manufacturing processes, including wire 
drawing, polymer sheet, metal spinning, rubber sheet and polymer processing. These behaviours are crucial for solving 
engineering problems because the rate of cooling and the stretching process determine the necessary properties of the 
final product. Refer to [9], the heat generation/absorption effect on MHD bidirectional exponentially stretched sheet. It 
was revealed that the improved skin friction coefficient results from the impact of magnetic parameter and volume fraction 
of nanoparticles. According to [10], the axial flow profile of the hybrid nanofluid is reduced owing to rising volumetric 
concentration of hybrid nanomaterials. Recent investigation [11] on convectively heated stretched sheet disclosed that the 
larger values of the radiative parameter, Biot number and slip parameter significantly enhanced the ternary hybrid 
nanofluid's heat transfer rate. 

Internal heat generation significantly affects the thermal performance of hybrid nanofluid. Authors in [12], addressed 
the effect of internal heat generation/absorption with hybrid nanofluid in an inclined porous cavity. Acccording to [13] 
the internal heat absorption with hall current and thermal radiation induced by stretched plate. The effect of heat 
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generation with chemically reactive bioconvective flow of hybrid nanofluid over curved stretchable surface. Was 
documented as stated in [14]. The impact of heat generation and thermal radiation was scrutinized stated in  [15] from a 
wavy enclosure with entropy generation. The effect of aligned magnetic field on heat and flow have been studied by many 
scholars. Authors in [16], focused on the effect of aligned magnetic field over a stretched sheet in dusty Casson nanofluid. 
Focusing on similar surface, [17] considered the aligned magnetic field  over an exponential stretching sheet with viscous 
dissipation and Newtonian heating. More recent studies on aligned magnetic field can be found in published articles by 
[18-21]. 

As disclosed by the above-mentioned literature survey, influence of aligned magnetic field and internal heat 
generation/absorption on carbon nanotube hybrid nanofluid from a stretched sheet has never been carried out. Therefore, 
the present study focuses on the stagnation point flow of carbon nanotube hybrid nanofluid past a stretching sheet with 
heat generation/absorption and aligned magnetic field. The Newtonian heating condition is accounted. Then, the partial 
differential equations (PDEs) are transformed to ordinary differential equations (ODEs) by using similarity transformation 
variables. The Runge-Kutta Fehlberg method (RKF45) is used to solve the resulting ODEs in Maple software.  

2. METHODOLOGY
Two-dimensional steady flow on a stagnation point across a stretching sheet immersed in an incompressible viscous

fluid of ambient temperature, 𝑇𝑇∞. The stretching velocity 𝑢𝑢𝑤𝑤(𝑥𝑥) and the free stream velocity 𝑢𝑢∞(𝑥𝑥) are assumed to have 
the forms 𝑢𝑢𝑤𝑤(𝑥𝑥) = 𝑎𝑎𝑥𝑥 and 𝑢𝑢∞(𝑥𝑥) = 𝑏𝑏𝑥𝑥 respectively, where 𝑎𝑎  and 𝑏𝑏 are constants. The study [22] is extended by 
incorporating the effect of aligned angle parameter [23]. The governing equations involved are as follows: 

𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 = 0, (1) 

  𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 = 𝑈𝑈∞
𝑑𝑑𝑈𝑈∞
𝑑𝑑𝜕𝜕

+ 𝑣𝑣ℎ𝑛𝑛𝑛𝑛
𝜕𝜕2

𝜕𝜕𝜕𝜕2
− 𝜎𝜎

𝜌𝜌
𝑢𝑢𝐵𝐵02𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼1, (2) 

𝑢𝑢 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 = 
𝑘𝑘ℎ𝑛𝑛𝑛𝑛

(𝜌𝜌𝐶𝐶𝑝𝑝)ℎ𝑛𝑛𝑛𝑛

𝜕𝜕2

𝜕𝜕𝜕𝜕2
+ 𝑄𝑄0

�𝜌𝜌𝐶𝐶𝑝𝑝�ℎ𝑛𝑛𝑛𝑛
(𝑇𝑇 − 𝑇𝑇∞), (3) 

subject to boundary conditions 

𝑢𝑢 = 𝑢𝑢𝑤𝑤 , 𝑣𝑣 = 0, 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −ℎ𝑠𝑠𝑇𝑇, at 𝑦𝑦 = 0, (4) 

  𝑢𝑢 → 𝑈𝑈∞, 𝑇𝑇 →  𝑇𝑇∞, as 𝑦𝑦 → ∞ 

where 𝑢𝑢  and 𝑣𝑣  are the velocity components along the 𝑥𝑥  and 𝑦𝑦 directions.

Figure 1. Coordinate system and physical model 

The kinematic viscosity, dynamic viscosity, density, and thermal conductivity of a hybrid nanofluid are indicated by the 
letters 𝑣𝑣ℎ𝑛𝑛𝑛𝑛, 𝜇𝜇ℎ𝑛𝑛𝑛𝑛, 𝜌𝜌ℎ𝑛𝑛𝑛𝑛, and 𝑘𝑘ℎ𝑛𝑛𝑛𝑛,  accordingly. Further, 𝑇𝑇 is the temperature inside the boundary layer, ℎ𝑠𝑠 is the heat 
transfer coefficient, 𝜎𝜎 is the electrical conductivity, (𝜌𝜌𝐶𝐶𝑝𝑝)ℎ𝑛𝑛𝑛𝑛 is the hybrid nanofluid’s heat capacity and 𝑄𝑄0 is the 
dimensional heat generation or absorption coefficient.  They can be expressed in terms of the properties of base fluid f

and nanoparticles 1, 2s s  as follows [22]: 
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𝑣𝑣ℎ𝑛𝑛𝑛𝑛 =
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

,𝜌𝜌ℎ𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙2)�(1 − 𝜙𝜙1)𝜌𝜌𝑛𝑛 + 𝜙𝜙1𝜌𝜌𝑠𝑠1� + 𝜙𝜙2𝜌𝜌𝑠𝑠2,  𝜇𝜇ℎ𝑛𝑛𝑛𝑛 =
𝜇𝜇𝑛𝑛

(1 − 𝜙𝜙1)2.5(1 − 𝜙𝜙2)2.5,

(𝜌𝜌𝐶𝐶𝑝𝑝)ℎ𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙2)�(1 − 𝜙𝜙1)(𝜌𝜌𝐶𝐶𝑝𝑝)𝑛𝑛 + 𝜙𝜙1(𝜌𝜌𝐶𝐶𝑝𝑝)𝑠𝑠1� + 𝜙𝜙2(𝜌𝜌𝐶𝐶𝑝𝑝)𝑠𝑠2, (5) 

𝑘𝑘ℎ𝑛𝑛𝑛𝑛
𝑘𝑘𝑏𝑏𝑛𝑛

=
𝑘𝑘𝑠𝑠2 + 2𝑘𝑘𝑏𝑏𝑛𝑛 − 2𝜙𝜙2(𝑘𝑘𝑏𝑏𝑛𝑛 − 𝑘𝑘𝑠𝑠2)
𝑘𝑘𝑠𝑠2 + 2𝑘𝑘𝑏𝑏𝑛𝑛 + 𝜙𝜙2(𝑘𝑘𝑏𝑏𝑛𝑛 − 𝑘𝑘𝑠𝑠2)

,
𝑘𝑘𝑏𝑏𝑛𝑛
𝑘𝑘𝑛𝑛

=
𝑘𝑘𝑠𝑠1 + 2𝑘𝑘𝑛𝑛 − 2𝜙𝜙1(𝑘𝑘𝑛𝑛 − 𝑘𝑘𝑠𝑠1)
𝑘𝑘𝑠𝑠1 + 2𝑘𝑘𝑛𝑛 + 𝜙𝜙1(𝑘𝑘𝑛𝑛 − 𝑘𝑘𝑠𝑠1)

. 

where 𝜙𝜙1 and 𝜙𝜙2 are the volume fractions of nanoparticles for SWCNT and Cu respectively. 𝑘𝑘ℎ𝑛𝑛𝑛𝑛 , 𝑘𝑘𝑏𝑏𝑛𝑛 , 𝑘𝑘𝑠𝑠1 and 𝑘𝑘𝑠𝑠2 are 
the thermal conductivity of the hybrid nanofluid, base fluid, water, SWCNT and Cu. The solid nanoparticles of Cu (𝜙𝜙2 =
0.1) are added and mixed with a water-based liquid, then the solid nanoparticle of SWCNT (𝜙𝜙1 = 0.06) is added to the 
Cu/water nanofluid to create SWCNT-Cu/water hybrid nanofluid. The equations (1), (2) and (3) are nonlinear partial 
differential equations (PDEs) with many dependent variables which difficult to be solved directly. As a result, the 
governing PDEs is converted into ODEs using the similarity transformation variables as below: 

𝜂𝜂 = �
𝑏𝑏
𝑣𝑣𝑛𝑛
�

1
2
𝑦𝑦,     𝜓𝜓 = �𝑏𝑏𝑣𝑣𝑛𝑛�

1
2𝑥𝑥𝑥𝑥(𝜂𝜂),     𝜃𝜃(𝜂𝜂) =

𝑇𝑇 − 𝑇𝑇∞
𝑇𝑇∞

(6) 

Equation (6) are the similarity transformation variables, where 𝜂𝜂, 𝜓𝜓 and 𝜃𝜃 are non-dimensional similarity variables, stream 
function and temperature. The continuity equation (1) has satisfied by using Equation (6). Furthermore, 

𝑢𝑢 = 𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

,  v = −𝜕𝜕𝜓𝜓
𝜕𝜕𝜕𝜕

(7) 

The ordinary differential equation can be acquired by substituting equation in (6) and (7) into the governing equations (2) 
and (3). Thus, the ODEs are as follows: 

1

(1 − 𝜙𝜙1)2.5(1 − 𝜙𝜙2)2.5 �(1 − 𝜙𝜙2) �(1 − 𝜙𝜙1) + 𝜙𝜙1 �
𝜌𝜌𝑠𝑠1
𝜌𝜌𝑛𝑛
��+ 𝜙𝜙2 �

𝜌𝜌𝑠𝑠2
𝜌𝜌𝑛𝑛
��
𝑥𝑥′′′ + 𝑥𝑥𝑥𝑥′′ − 𝑥𝑥′2 + 1 −𝑀𝑀𝑥𝑥′𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼1 = 0 (8) 

𝑘𝑘ℎ𝑛𝑛𝑛𝑛
𝑘𝑘𝑛𝑛

𝜃𝜃′′ + Pr𝝀𝝀 𝜃𝜃

��1 − 𝜙𝜙2� ��1 − 𝜙𝜙1� + 𝜙𝜙1

�𝜌𝜌𝐶𝐶𝑝𝑝�𝑠𝑠1
�𝜌𝜌𝐶𝐶𝑝𝑝�𝑥𝑥

� + 𝜙𝜙2

�𝜌𝜌𝐶𝐶𝑝𝑝�𝑠𝑠2
�𝜌𝜌𝐶𝐶𝑝𝑝�𝑥𝑥

�
+ 𝑃𝑃𝑃𝑃𝑥𝑥𝜃𝜃′ = 0

(9) 

where 𝑀𝑀 = 𝜎𝜎𝐵𝐵02

𝜌𝜌𝑏𝑏
is the magnetic field parameter, 𝛾𝛾 = ℎ𝑠𝑠 �

𝑣𝑣𝑛𝑛
𝑏𝑏
�
1
2�  is the conjugate parameter for Newtonian heating. 

 𝜆𝜆 = 𝑄𝑄0
𝑏𝑏𝜌𝜌𝐶𝐶𝑝𝑝

is the heat source/sink parameter, 𝜀𝜀 = 𝑎𝑎
𝑏𝑏

, (𝜀𝜀 > 0) is the stretching parameter and 𝑃𝑃𝑃𝑃 =
𝑣𝑣𝑥𝑥�𝜌𝜌𝐶𝐶𝑝𝑝�𝑥𝑥

𝑘𝑘𝑥𝑥
 is the Prandtl 

number, where the value always constant at 6.2 for water-based fluid. The reduced boundary conditions are as follows: 

𝑥𝑥(0) = 0,   𝑥𝑥′(𝑢𝑢𝑤𝑤) = 𝜀𝜀,   𝜃𝜃′(0) = −𝛾𝛾�1 + 𝜃𝜃(0)�, 

𝑥𝑥′(𝜂𝜂) → 1,   𝑥𝑥(𝜃𝜃) → 0,   𝜃𝜃(𝜂𝜂) → 0,   𝑎𝑎𝑠𝑠 𝑦𝑦 → ∞ 

(10) 

The heat transfer rate −𝜃𝜃(0), the surface temperature 𝜃𝜃(0), the skin friction coefficient 𝐶𝐶𝑛𝑛 =  𝜏𝜏𝑤𝑤
𝜌𝜌𝑛𝑛𝑈𝑈2∞

  and the Nusselt 

number 𝑁𝑁𝑢𝑢𝜕𝜕 =  𝜕𝜕𝑥𝑥𝑤𝑤
𝑘𝑘𝑛𝑛(𝜕𝜕−𝜕𝜕∞)

are the physical quantities of interest. The surface shear stress is 𝜏𝜏𝑤𝑤 = 𝜇𝜇ℎ𝑛𝑛𝑛𝑛 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
𝜕𝜕=0

. Thus, the 

𝐶𝐶𝑛𝑛𝑅𝑅𝑅𝑅𝜕𝜕
1/2 and  𝑁𝑁𝑢𝑢𝜕𝜕𝑅𝑅𝑅𝑅𝜕𝜕

−1/2 are as below: 

𝐶𝐶𝑛𝑛𝑅𝑅𝑅𝑅𝜕𝜕
1/2 = 𝑛𝑛′′(0)

(1−𝜙𝜙1)2.5(1−𝜙𝜙2)2.5, 

(11)
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𝑁𝑁𝑢𝑢𝜕𝜕𝑅𝑅𝑅𝑅𝜕𝜕
−1/2 = −𝑘𝑘ℎ𝑛𝑛𝑛𝑛

𝑘𝑘𝑛𝑛
𝜃𝜃′(0), (12) 

where Reynolds number is indicated by 𝑅𝑅𝑅𝑅𝜕𝜕 = 𝑈𝑈∞𝜕𝜕
𝑣𝑣𝑛𝑛

. 

3. NUMERICAL METHODS
The resulting ordinary differential equations (8) and (9) with reduced boundary conditions (10) were solved

numerically by using the RKF45 method. RKF45 is a numerical method that incorporates adaptive step size control and 
can be utilised to solve ODEs. Erwin Fehlberg, a renowned mathematician, first presented this numerical technique in 
1969. The procedure for this method involves determining if the proper step size h  is being employed. At each step, two 
distinct approximations for the solution are generated and compared. The approximation is accepted if the two outcomes 
are in close agreement. If the two outcomes do not agree on the required precision, the step size is decreased. If the 
solutions agree on more significant digits than necessary, the step size is raised. The following is the method for RKF45 
of orders four and five [24]: 

RKF of order four: 

1 0 1 3 4 5
25 1408 2197 1 ,

216 2565 4104 5
y y k k k k= + + + +

RKF of order five: 

1 0 1 3 4 5 6
16 6656 28561 9 2 ,
135 12825 56430 50 55

y y k k k k k= + + + − +

where: 

( )1 0 0, ,k hf x y=  1
2 0 0, ,

2 2
khk hf x y = + + 

 
 

1 2
3 0 0

3 93 , ,
8 2 32

k khk hf x y = + + + 
 

31 2
4 0 0

72961932 720012 , ,
13 2197 2197 2197

kk khk hf x y = + + − + 
 

31 4
5 0 0 2

3680439 845, 8 ,
216 513 4104

kk kk hf x h y k = + + − + − 
 

3 51 4
6 0 0 2

3544 118 1859, 2 .
2 27 2565 4104 40

k kk khk hf x y k = + − + − + − 
 

To implement this method in the Maple software, an appropriate command, ‘dsolve’ is used with the option ‘numeric’. 
Since this method combines the efficacy of the fourth-order and fifth-order Runge-Kutta methods, it provides exceptional 
reliability in solving ODEs [25]. As a result, the accuracy is improved. 

4. RESULTS AND DISCUSSION
The numerical analysis is presented graphically on the velocity 𝑥𝑥′(𝜂𝜂) and temperature profiles 𝜃𝜃′(𝜂𝜂) to investigate

various parameters which are stretching parameter 𝜀𝜀, conjugate parameter 𝛾𝛾, nanoparticle volume fractions for SWCNT 
𝜙𝜙1 and Cu 𝜙𝜙2, heat source/sink parameter 𝜆𝜆, Prandtl number 𝑃𝑃𝑃𝑃, magnetic parameter 𝑀𝑀 and aligned angle parameter 𝛼𝛼1. 
Table 1 shows the values of thermophysical properties characteristic of water and nanoparticles used in this study [22].  
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Table 1. Thermophysical properties of water and nanoparticles 
Physical Properties Water (𝑥𝑥) SWCNT (𝜙𝜙1) Cu (𝜙𝜙2) 

𝜌𝜌 �𝑘𝑘𝑘𝑘 𝑚𝑚3� � 997 2600 8953 

𝐶𝐶𝑝𝑝 �
𝐽𝐽
𝑘𝑘𝑘𝑘 ∙ 𝐾𝐾� � 4179 425 385 

𝑘𝑘�𝑊𝑊 𝑚𝑚 ∙ 𝐾𝐾� � 0.613 6600 400 

Comparison between the present results and prior numerical results have been carried out to validate the method's 
effectiveness as presented in Table 2. The obtained results for skin friction coefficient, 𝐶𝐶𝑛𝑛𝑅𝑅𝑅𝑅1/2

𝜕𝜕 values are compared 
with the studies from [22, 26-28]. Based on the comparison, it can be confirmed that the present result is verified as it 
came to a good agreement and great consistency. Thus, it is confirmed that the RKF45 method has proved its 
effectiveness and that the results of this study are regarded as precise and credible. 

Table 2. The comparison of 𝐶𝐶𝑛𝑛𝑅𝑅𝑅𝑅1/2
𝜕𝜕  values for specific values of 𝜀𝜀 and 𝜙𝜙1(𝐴𝐴𝐴𝐴2𝑂𝑂3) with previous studies as 

Pr = 6.2, 𝜆𝜆 =𝜙𝜙2 = 0 and 𝛾𝛾 = 1 
𝐶𝐶𝑛𝑛𝑅𝑅𝑅𝑅1/2

𝜕𝜕 
ε  1φ  Bachok [26] Yacob [27] Mohamed [28] Zaki [22] Present 

0.0 
0.1 1.6019 1.6019 1.602081 1.602081384 1.602081414 

0.2 2.0584 2.0584 2.058376 2.058376034 2.058376152 

0.5 
0.1 0.9271 - 0.927121 0.927120763 0.927119925 

0.2 1.1912 - 1.191179 1.191176331 1.191176350 

Figure 2. Velocity profiles 𝑥𝑥′(𝜂𝜂)  for various 𝜀𝜀 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1, 𝑀𝑀 = 0.3,  𝛼𝛼1 = 𝜋𝜋

6

Figure 3. Temperature profiles 𝜃𝜃(𝜂𝜂) for various 𝜀𝜀 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1, 𝑀𝑀 = 0.3, 𝛼𝛼1 = 𝜋𝜋

6
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Figure 4. Velocity profiles f’(η) for various M when 
ε = 0.5, 𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1 

Figure 5. Temperature profiles θ(η) for various M when 
ε = 0.5, 𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1 

Figure 6. Velocity profiles f’(η) for various 𝛼𝛼1 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝑀𝑀 = 0.03, 𝜆𝜆 = 0.1 

Figure 7. Temperature profiles θ(η) for various 𝛼𝛼1 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝑀𝑀 = 0.3, 𝜆𝜆 = 0.1 

Figure 8. Velocity profiles f’(η) for various 𝜆𝜆 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝑀𝑀 = 0.05, 𝛼𝛼1 = 𝜋𝜋

6

Figure 9. Temperature profiles θ(η) for various 𝜆𝜆 when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝑀𝑀 = 0.05,  𝛼𝛼1 = 𝜋𝜋

6

Figures 2 and 3 show the graph of velocity and temperature profiles for the increasing value of stretching parameter 
𝜀𝜀 when 𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1, 𝑀𝑀 = 0.3,  𝛼𝛼1 = 𝜋𝜋

6
. Based on figure 2, the velocity profile 𝑥𝑥′(𝜂𝜂) increases when 𝜀𝜀
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increases. The thickness of the boundary layer will increase due to increasing 𝜀𝜀. Next, figure 3 shows the graph of the 
temperature profile 𝜃𝜃(𝜂𝜂) decreases with increasing 𝜀𝜀. This is because the fluid is more likely to quickly exit the stagnation 
region when the stretching to external velocity ratio increases. In accordance with this situation, the sheet's surface 
temperature is dropped [22]. 

Figures 4 and 5 show the graph of velocity and temperature profiles for the increasing magnetic field parameter 𝑀𝑀 
when ε = 0.5, 𝑃𝑃𝑃𝑃 = 6.2, 𝜆𝜆 = 0.1, 𝛾𝛾 = 1. The presence of magnetic field tends to influence the fluid movement because 
it creates a force known as the Lorentz force that works against the flow. Consequently, this causes the velocity profile to 
decline. The velocity profile in figure 4 is decreased because of the fluid flow slows down by the imposed magnetic field 
[29]. Figure 5 shows the graph of the temperature profile θ(η) increases with increasing 𝑀𝑀. In a flowing fluid, the magnetic 
field may cause the Lorentz force, a drag force that slows the flow and increases the temperature. 

Figures 6 and 7 show the graph of the velocity and temperature profile for the increasing aligned angle 𝛼𝛼1 when 𝑃𝑃𝑃𝑃 =
6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝜆𝜆 = 0.1,   𝑀𝑀 = 0.03 and 𝑀𝑀 = 0.3. The increment value of aligned angle 𝛼𝛼1 results in decreasing 
velocity and increasing temperature profiles. This statement is supported by [11], which stated that the increasing value 
of aligned angle increases the strength of magnetic field, which act in opposite direction of the flow region. This enhances 
the Lorentz force that decelerates fluid flow and increases the temperature. 

Figures 8 and 9 show the graph of velocity and temperature profiles for increasing heat source/sink parameter λ when 
𝑃𝑃𝑃𝑃 = 6.2, 𝜀𝜀 = 0.5, 𝛾𝛾 = 1, 𝑀𝑀 = 0.05, 𝛼𝛼1 = 𝜋𝜋

6
. The increasing 𝜆𝜆 in figure 8 does not affect the velocity profile as the

equation is not linked to each other due to decouple boundary layer equation. This indicates that the λ is not present in 
the momentum equation. Figure 9 shows the graph of the temperature profile 𝜃𝜃(𝜂𝜂)  decreases with increasing λ. The 
presence of heat absorption (𝜆𝜆 < 0) causes the temperature profile and its boundary layer thickness to reduce since heat 
is removed from the plate. Studies from [30], supports the above results even more, where they discovered that lowering 
the surface temperature causes the heat absorption/generation coefficient to rise, thus reducing the conductive thermal 
resistance. 

5. CONCLUSIONS
The numerical solutions for different parameters of stretching parameter 𝜀𝜀, heat source/sink parameter 𝜆𝜆, magnetic

parameter 𝑀𝑀 and aligned angle parameter 𝛼𝛼1 towards the velocity 𝑥𝑥′(𝜂𝜂) and temperature profiles 𝜃𝜃(𝜂𝜂) are solved by 
utilising RKF45 method. The results have shown how the stretching parameter 𝜀𝜀, heat source/sink parameter 𝜆𝜆, magnetic 
parameter 𝑀𝑀 and aligned angle 𝛼𝛼1 affect the flow of fluid and heat transfer characteristics. The results of this study are 
important for industrial practitioners who works in industries like energy, aerospace, automotive, oil and gas and many 
more. 
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