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Abstract  
The analyses of hybrid Nano fluid have received tremendous attention because of its importance as coolants in 

electric vehicles, heat exchange systems, heat care, nuclear reactors, thermos-therapy, aerospace, naval 

structures, and in power plants. This work examines influences of velocity-slip and induced magnetic field on 

hybrid Nano fluid which is tangentially hyperbolic on a stretching wedge in the presence of variable heat source. 

Copper and aluminum oxides are the two nanoparticles used for this research, and the conventional fluid is water. 

The flow is modelled in form of partial differential equations which were reduced into ordinary forms before 

solving them using homotopy analysis approach. The influences of important parameters on induced magnetic, 

temperature, velocity, Nusselt number, and drag coefficient are examined.  Findings are displayed on both tables 

and graphs which are agreed with the previous ones. 

Keywords: Heat Source: Hybrid Nano fluid: Induced Magnetic Field: Slip Effect: Stretching Wedge 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 14-07-2024                                                                             Date of acceptance: 31-07-2024 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. INTRODUCTION 

Numbers of decades ago have seen a rise in interest in studying boundary layer fluid flows associated 

uniform stretching sheet because of its numerous engineering and industrial uses. These include plastic film 

drawing, the production of glass fiber, production of paper, metal and polymer extrusion, hot rolling, wire drawing 

and metal spinning. The flow emanating from a sheet that is linearly stretched was initially examined by Crane 

[1]. Eventually, Carragher & Crane [2] added impact of thermal radiation to this problem. Magyari & Keller [3] 

studied the steady form of the flow over a sheet that stretches exponentially continuously with temperature 

distribution. Heat transfer of mixed convection was investigated with viscous heat from an exponentially 

extending surface by Partha et al. [4]. The work was expanded upon by Bidin and Nazar [5], who used numerical 

methods to address it while also looking at the influences of radiation on an exponentially stretching sheet. Ishak 

[6] studied the boundary layer of magneto hydrodynamic flow caused by a stretching sheet with importance on 

influence of the radiation while using the Keller box approach to solve the problem numerically. Elbashbeshy et 

al. [7] studied an unstable convection magneto hydrodynamic flow across a porous stretched sheet while 

considering impact radiation on the flow. Tufail et al. [8] researched on behaviours of heat source or sink on heat 

transfer associated with magneto hydrodynamic non-Newtonian flow across a porous stretched sheet. 

Rasheed et al [9] reviewed applications of hybrid Nano fluid for solar and thermal appliances as 

sustainable and renewable suspensions. The report shows that increasing thermal properties of the fluid enhances 

the performances of the appliances. Shah et al [10] numerically studied impart of magneto hydrodynamic of a 

hybrid fluid in a permeable cylinder. The result of their work shows that the fluid is a good conductor because of 

retardation of the opposing Lorentz forces generated within the fluid. Tanzila, Nadeem, and Khan [11] numerically 

examined absorption and generation of heat within silver-copper oxide-water hybrid nanofluid. The study showed 

that heat transfer is lower in just nanofluid than the hybrid form. Muhammad et al [12] used runge-kutta method 

to investigate a stagnation point of a Hybrid Nanofluid on a Stretching plate. Sreedevi, Sudarsana Reddy & 

Chamkha [13] analyzed heat and mass radiating effects of multiple walls carbon nanotube and silver hybrid 

nanofluid of water over a stretching plate. The research shows, among other, that boundary layer thickens by 

intensifying thickness of the nano particles volumes. Alnahdi and Gul [14] explored movement of hybrid 

nanofluid over a slippery sheet. Their result shows that the fluid hybridization enhances thermal properties of the 

fluid. 
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One well-understood phenomenon pertaining to fluids' non-adherence to surfaces is the slip boundary 

condition. Fluids with slip properties are helpful in several areas, such as internal cavities and prosthetic heart 

valve cleaning. In this case, the determining coefficient is the Kundsen number. This measures the molecular 

mean-free-path to characteristic length. The fundamentals of continuum mechanics are in line when there is no 

discernible slip between the fluid and the surface at very small Knudsen numbers. Beavers & Joseph [15] devised 

a boundary slip condition. The effects of the velocity-slip on magneto hydrodynamic flow and heat transmission 

across a porous stretched membrane were quantitatively studied by Afify et al. [16]. 

However, the no-slip condition, which is the presumption that a liquid clings to a solid barrier. One of 

the fundamental assumptions of the Navier-Stokes theory is the no-slip boundary condition. On the stretching 

boundary, partial velocity slip happens if the fluid is particulate, as in the case of suspensions, emulsions, polymer 

solutions, and foams.  

Using the Adomian decomposition scheme, Gbadeyan, Abubakar, and Oyekunle [17] examined a spiral 

channel’s effects of Navier slip on a steady incompressible fluid flow. The findings showed that a higher slip 

parameter improves heat transfer at wavy walls while decreasing it at flat walls. Aziz, Siddique, and Aziz [18] 

conducted a numerical analysis of a continuous boundary layer slip flow via a permeable plate positioned deeply 

within a penetrable medium. The study's conclusion showed that while the medium's porosity increases fluid 

velocity, it also opposes the fluid's thermal boundary layer. Research on the free convection exothermic slip fluid 

flow was conducted by Hamza [19]. Using the perturbation series approach, he was able to solve the nonlinear 

equations that he ran across. The project authorized that the fluid flow largely dependent on the slip. Numerous 

other scholars have recently [20–22], among others, examined flow problems while considering slip conditions at 

the boundary because of its significant technological uses in the polishing of prosthetic interior cavities and heart 

valves. 

The term "induced magnetic field" (IMF) refers to the extra magnetic field which is produced on fluid 

that conducts electrically when an external magnetic field is present. This is brought about by a greater magnetic 

Reynolds number. Glass manufacturing, magneto hydrodynamics generators and geophysics are a few 

applications for IMF. The IMF and blood flow work together to provide vital support for blood pumps, heart 

disease therapy, and numerous biomedical uses. Kumari et al. [23] examined the influences of IMF and heat 

sources/sink of fluid flow which conducts electrically on an elongating sheet. Subsequently, Ali and associates 

[24] reviewed the MHD flow through an expanding sheet with an induced magnetic field. 

Hayat, Asad and Alsaedi [25] examined variable heat source in a stretched cylindrical flow in the 

presence of heat radiation. The findings show that curvature parameter enhances the flow velocity, but it retards 

the fluid temperature. Konda, Madhusudhana, Konijeti and Dasore [26] investigated non-uniform heat and 

magnetic field effects on Williamson nanofluid in a permeable medium. The outcomes show that Eckert number 

enhances velocity of the flow while it slows down the fluid temperature. Manyi et al [27] researched on variable 

heat source influence over a stretching sheet on radiating Eyring Powell fluid. The result shows among other that 

thermal parameter retards velocity of the flow and its temperature. Rawat and others [28] worked on importance 

of variable heat between two rotating but parallel plates on hybrid fluid in a Darcy-Forchheimer permeable 

medium. The investigation reveals that heat relaxation parameter retards transmission of the heat between the 

plates. Mehmood, Hussain and Sagheer [29] numerically examined impacts of variable heat source on convective 

magneto-nanofluid flow by shooting method. The outcome obtained is that fluid velocity reduces and fluid 

temperature increase as mass and heat parameter reduces. 

The heat and mass transfer analysis of the flow over a stretching sheet has been the subject of extensive 

research recently due to its vital applications in the pharmaceutical engineering, metallurgy, and space technology 

industries, including food processing technology, various hospital treatments, and polymer production, Okedoye 

and Ogunniyi [30] worked on binary chemical reaction and mass transfer of boundary layer flow through a moving 

plate. As a result, the work of Mohamed and Ahmed [31] is expanded to incorporate the effects of induced 

magnetic field and velocity-slip in the presence of variable heat source of the considered hybrid fluid on a 

stretching wedge. Therefore, the results are contrasted with previous findings as well as those of Mohamed and 

Ahmed [31] 

javascript:;
javascript:;
javascript:;


Influences of Induced Magnetic Field and Velocity Slip on Hybrid Nano Fluid on a Stretching .. 

www.ijres.org                                                                                                                                             185 | Page 

 

 

Fig. 1(a, b): Schematic Diagram of the Flow 

 

 

II. PROBLEM FORMULATION 

Let us suppose a steady, convective flow across a stretching wedge that is laminar, and hydro magnetic 

coupled heat and mass transfer. The fluid is taken to be Newtonian, and conducts electrically. Its temperature as 

well as induced magnetic field-driven fluctuations are restricted to the fluid density. The momentum equation 

makes the assumption that the effects of buoyancy and density variation are minimal (Boussinesq approximation). 

Furthermore, no applied electric field is present, and Joule heating and all of the Hall effects are disregarded. It is 

assumed that the induced magnetic field influenced the fluid flow properties. Let the y-axis be normal to the plate 

and the x-axis to be taken along its direction. If u is the velocity-component along x-axis, v is the velocity-

component along the y-axis, T is the fluid temperature, and Bi (i = 1, 2) is the induced magnetic field; then, by 

boundary-layer as well as Boussinesq approximation, the controlling equations of the flow can be written thus, 

Mohamed and Ahmed [31]: 

𝑢𝑥 + 𝑢𝑦 =  0,                                                                                                                                (1)  

 𝐵1𝑥 + 𝐵2𝑦 =  0,                                                                                                                                 (2) 

𝑢𝑢𝑥 + 𝑣𝑢𝑦 =
μe

4𝜋𝜌ℎ𝑛𝑓
(B1𝐵1𝑥 + 𝐵2𝐵1𝑦 − 𝐵𝑒

𝑑𝐵𝑒
𝑑𝑥

) + 𝑢𝑒
𝑑𝑢𝑒
𝑑𝑥

                                     

±
𝜇ℎ𝑛𝑓

𝜌ℎ𝑛𝑓
((
1 + 𝛾

𝛾
) + √2𝑛Γ𝑢𝑦) 𝑢𝑦𝑦 +

𝑔𝛽(𝑇 − 𝑇∞)

𝜌ℎ𝑛𝑓

          (3) 

𝑢𝐵1𝑥 + 𝑣𝐵1𝑦 = 𝐵1𝑢𝑥 + 𝐵2𝑢𝑦 + 𝜇0
𝜕2𝐵1
𝜕𝑦2

,                                                                                     (4) 

𝑢𝑇𝑥 + 𝑣𝑇𝑦 =
𝑘ℎ𝑛𝑓

(𝜌𝑐𝑝)ℎ𝑛𝑓

𝑇𝑦𝑦 +
𝜇ℎ𝑛𝑓

(𝑐𝑝𝜌)ℎ𝑛𝑓
(𝑢𝑦)

2
+
1

𝛾

𝜇ℎ𝑛𝑓

(𝑐𝑝𝜌)ℎ𝑛𝑓
(𝑢𝑦)

2
                    

+
1

𝜎(𝑐𝑝𝜌)ℎ𝑛𝑓
(𝐵1𝑦)

2
+

𝑘ℎ𝑛𝑓

(𝜌𝑐𝑝)ℎ𝑛𝑓

𝜕𝑞′′′

𝜕𝑦

                (5) 

The amount of heat produced is: 

𝑞′′′ = (
𝑘ℎ𝑛𝑓𝑢𝑤(𝑥)

𝑥𝜈𝑓
) [
𝐴∗(𝑇𝑤 − 𝑇∞)

𝑏𝑥
𝑢 + 𝑄0(𝑇 − 𝑇∞)]                                       (6) 

Where( 𝑄0, 𝐴
∗) denotes the temperature and space The coefficient for the heat source or sink that depends on 

something. In addition, when A is greater than 0 and Q0 is greater than 0, it means heat is being generated 

internally. On the other hand, when A is less than 0 and Q0 is less than 0, it means heat is being absorbed internally. 

Now, (5) and (6) reduce to: 

𝑢𝑇𝑥 + 𝑣𝑇𝑦 =
(𝐵1𝑦)

2

𝜎(𝑐𝑝𝜌)ℎ𝑛𝑓
+

𝜇ℎ𝑛𝑓

(𝑐𝑝𝜌)ℎ𝑛𝑓
(1 +

1

𝛾
) (𝑢𝑦)

2
                                        

+
𝑘ℎ𝑛𝑓

(𝜌𝑐𝑝)ℎ𝑛𝑓

(𝑇𝑦𝑦 −
𝑢𝑤(𝑥)

𝑥𝜈𝑓
[
𝐴∗(𝑇𝑤 − 𝑇∞)

𝑏𝑥
𝑢 + 𝑄0(𝑇 − 𝑇∞)]) 

          (7 ) 

The conditions at the wedge’s boundary are given by: 

𝑢 = 𝑁 (
1

𝛾
+ 1) 𝑢𝑦 + 𝑢𝑤(𝑥), 𝑣 = 𝑣𝑤 , 𝐵2 = 𝐵1𝑦 = 0,−𝜅ℎ𝑛𝑓𝑇𝑦 = 𝑞𝑓 when 𝑦 = 0

 
   𝑢 → 𝑈∞, 𝑇 → 𝑇∞, 𝐵0 → 𝐵1 ,  when 𝑦 → ∞    

                     (8)  
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Where, here and anywhere else 𝐵𝑦 is magnetic component in 𝑦-direction, 𝐵𝑥 is magnetic component along x-

directions, 𝑢𝑤(𝑥) = 𝑐𝑥 is velocity of the wedge while a & c are positive constants, 𝜇0 is magnetic permeability, 

𝑢𝑒(𝑥) = 𝑎𝑥 is velocity of the fluid beyond the wedge’s boundary, 𝐵𝑒(𝑥) = 𝐵0(𝑥 𝐿⁄ ) is wedge’s boundary’s 

magnetic field, 𝐵0 is upstream uniform magnetic field, 𝜂0 is magnetic diffusivity, 𝑄0 is heat source, 𝑁 is velocity-

slip, 𝐿 is length of the wedge, 𝑇∞ is temperature away from the wedge, 𝑞𝑟 is heat flux, 𝑘 is thermal conductivity, 

µ is dynamics viscosity, ρ is density, 𝜌𝑐𝑝 is heat capacity, 𝜎 is electrical conductivity, ℎ𝑛𝑓 is hybrid nano fluid, 

𝑛𝑓 is nano fluid, 𝑓 is fluid, 𝑓(𝜂) is fluid velocity, 𝑔(𝜂) is induced magnetic field, θ(𝜂) is fluid temperature, 𝑇𝑤 is 

wedge’s temperature at its boundary, γ is Newtonian parameter, Γ is tangential hyperbolic parameter, n is fluid 

rotation parameter, g is gravitational acceleration, and  ℎ is the wedge’s heat transfer coefficient. 

 

2.2 Rate of Heat and Mass Transfer at the wall 

According to Mohamed and Ahmed [31], the wedge’s wall heat (Skin friction, Cf) and Nano mass transfer 

(Nusselt number, Nu) rates are defined as: 

𝑐𝑓 =
𝜏𝑤

𝑈𝑤
2𝜌𝑛𝑓

 , 𝑁𝑢 =
−𝑥𝑞𝑤

( 𝑇∞ − 𝑇𝑤)𝑘𝑛𝑓
                                                           (9) 

Note that 𝜏𝑤 (wall shear stress) & 𝑞𝑤(heat transfer) are given as 

 𝜏𝑤 = [(
𝑃𝑦

√2𝜋𝑐
+ 𝜇𝐵)𝑢𝑦]

𝑦=0

𝑞𝑤 = [−𝑘𝑛𝑓𝑇𝑦]𝑦=0
                                                        (10) 

 

 

III. METHOD OF SOLUTION 

The stream function 𝜓𝑢,𝐵 which stands for both magnetic field and velocity, and satisfies (1) and (2) is:  

𝜓𝑢 = √𝑥𝑈𝑤𝜈𝑛𝑓𝑓(𝜂), 𝜓𝐵 = √𝑥𝐵𝑒𝜈𝑛𝑓𝑔(𝜂) , 𝜂 = √
𝑈𝑤
𝜈𝑥
𝑦,                                              (11) 

where 𝑢 = 𝜓𝑢𝑦, 𝑣 = −𝜓𝑢𝑥, 𝑢 = 𝜓𝐵𝑦 , 𝑣 = −𝜓𝐵𝑥   

Temperature is given in the dimensionless form as  

𝑇 = (𝑇𝑤 − 𝑇∞)𝜃(𝜂) + 𝑇∞                                                                                                               (12) 
But 𝐵𝑒 and 𝑈𝑤are defined as:   

(𝐵𝑒 , 𝑢𝑤) = (
𝑥𝐵0
𝐿
, 𝑐𝑥)                                                                                                                                 (13) 

Then (11) and (13) become 

𝜓𝑢 = √𝑐𝜈𝑛𝑓𝑥𝑓, 𝜓𝐵 = √
𝐵0𝜈𝑛𝑓

𝐿
𝑥𝑔(𝜂) , 𝜂 = √

𝑐

𝜈𝑛𝑓
𝑦                                                                           (14)  

Hence, 

 𝐵1 = √
𝑐𝐵0
𝐿
𝑥𝑔′(𝜂), 𝐵2 = −√

𝜈𝑛𝑓𝐵0

𝐿
𝑔(𝜂) , 𝑢 = 𝑥𝑐𝑓′(𝜂), 𝑣 =  −√𝑐𝜈𝑛𝑓𝑓(𝜂)                                             (15) 

The transformed forms of (3), (4) and (9) by using (14) - (19) are:  

𝐴2𝑁1 −𝑁4𝑃𝑟𝑓𝜂 + 𝐻 ((𝑔𝜂)
2
− 𝑔(𝜂)𝑔𝜂𝜂 − 1) + 𝑁1𝑓(𝜂)𝑓𝜂𝜂  + 𝑁4 (1 +

1

𝛾
) 𝑓𝜂𝜂𝜂            

                                                                                            +𝐺𝑟𝑡 𝜃(𝜂) −
𝑁4𝑁1

𝛾
𝑊𝑒(𝑓𝜂𝜂)𝑓𝜂𝜂𝜂 −𝑁1(𝑓𝜂)

2
= 0

               (16)    

1

𝑃𝑚
𝑔𝜂𝜂𝜂 + 𝑓(𝜂)𝑔𝜂𝜂 − 𝑔(𝜂)𝑓𝜂𝜂 = 0                                            (17) 

𝑁3
𝑃𝑟
(1 +

4𝑅𝑑
3
) 𝜃𝜂𝜂 +

𝐻𝐸𝑐

𝑁5𝑃𝑚
(𝑔𝜂𝜂)

2
− 𝑁2𝑓(𝜂)𝜃𝜂 +

𝑁2
𝑃𝑟
(𝛼𝑓𝜂 + 𝛽𝜃(𝜂)) + 𝐸𝑐𝑁3 (1 +

1

𝛾
) (𝑓𝜂𝜂)

2

= 0                                            (18) 
And corresponding boundary conditions (10) are: 

𝑓(0) = 𝑆, 𝑓′(0) = (
1

𝛾
+ 1) 𝜆1𝑓𝑦𝑦 + 1,

 𝑔′′(𝜂) = 0 = 𝑔(𝜂), 𝜃𝑦 = 𝜔(𝜃(0) − 1)

𝑓𝜂 → 𝐴, 𝑔𝜂 → 1, 𝜃(𝜂) → 0   as 𝜂 → ∞

                                                                             (19) 

With flow parameters:  



Influences of Induced Magnetic Field and Velocity Slip on Hybrid Nano Fluid on a Stretching .. 

www.ijres.org                                                                                                                                             187 | Page 

𝐴 =
𝑎

𝑐
, 𝜆1 = √

𝑐

𝜈𝑛𝑓
𝑁, 𝑅𝑑 =

4𝜎𝑇∞
3

3𝑘𝑠
, 𝑃𝑚 = 𝜎𝜇𝑛𝑓𝜈𝑛𝑓 , 𝑃𝑟 =

(𝜇𝑐𝑝)𝑛𝑓

𝑘𝑛𝑓
,

𝐺𝑟𝑡 =  
𝑔𝛽𝑇(𝑇𝑤 − 𝑇∞)

𝜌𝑛𝑓𝑐
2𝑥

, 𝐸𝑐(𝑇𝑤 − 𝑇∞) =  
𝑐2𝑥2

(𝑐𝑝)𝑛𝑓
, 𝐻 =

𝜇𝑒𝐵0
2

(𝑐𝐿)2𝜌𝑛𝑓

                                                        (20) 

Where A is the stretching parameter, 𝜆1is velocity-slip, Rd is thermal radiation, Pm is inverse of induced Prandtl 

number, Pr is Prandtl number, Grt is Grashof number, Ec is Eckert number, H is magnetic field,   

𝑁1 =
𝜌ℎ𝑛𝑓

𝜌𝑓
, 𝑁2 =

(𝜌𝑐𝑝)ℎ𝑛𝑓

(𝜌𝑐𝑝)𝑓
, 𝑁3 =

𝑘ℎ𝑛𝑓

𝑘𝑓
, 𝑁4 =

𝜇ℎ𝑛𝑓

𝜇𝑓
, 𝑁5 =

𝜎ℎ𝑛𝑓

𝜎𝑓
. 

 

3.2 The Skin-Friction and Heat Transfer at the wall 

The interesting quantities are local skin-friction 𝑐𝑓𝑥 and local Nusselt number 𝑁𝑢𝑥. These are defined as: 

𝑐𝑓 = (𝑅𝑒𝑥)
−1 2⁄ [

1

𝛾
𝑊(𝑓𝜂𝜂)

2
+ (

𝛾 + 1

𝛾
) 𝑓𝜂𝜂]

𝜂=0

, 𝑁𝑢 = −𝑁3(𝑅𝑒𝑥)
1 2⁄ (𝑅𝑎 + 1)[𝜃𝜂]𝜂=0

                       (21) 

where, local Reynolds number, 𝑅𝑒𝑥 = 𝑢𝑤𝑥 𝜈𝑛𝑓⁄  

 

Thermophysical Features 

Table 1 presents the thermophysical characteristics of Al2O3, Cu, and Water, as reported by Ogunniyi et al [32]. 

Thermophysical property assessment models for the nanofluid are displayed in Table 2, and hybrid nanofluid 

thermophysical property equations are displayed in Table 3. ϕ1 represents the Al2O3 volume fraction, whereas ϕ2 

represents the Cu volume percentage. When dealing with a single nanofluid, ϕ1 = ϕ2 = 0, when appropriate, 

subscripts f, s1, and s2 stand for fluid, Cu-solid component, and Al2O3- solid component, respectively.  

Table 1: The properties of 𝐶𝑢, 𝐴𝑙2𝑂3 and 𝐻2𝑂 

Properties Al2O3 Cu H2O 

𝐶𝑝 765 385 4179 

𝜌 3970 8933 997.1 

𝜅 40 4 × 102 613 × 10−3 

𝜎 369 × 105 596 × 105 5 × 10−2 

 

Table 2: The Models the Nano fluid: 

Properties  The Nanofluid  

𝜌\𝐾𝑔𝑚−3 
𝜌ℎ𝑛𝑓 = (1 − 𝜙2)(1 − 𝜙1) +

1

𝜌𝑓
(𝜙2𝜌𝑠2 + (1 − 𝜙2)𝜌𝑠1𝜙1) 

𝜌𝐶𝑝\𝐽𝑚
−3𝐾−1 (𝜌𝐶𝑝)𝑛𝑓 = ((𝜌𝐶𝑝)𝑠 − (𝜌𝐶𝑝)𝑓)𝜙 + (𝜌𝐶𝑝)𝑓 

𝜇 𝜇𝑛𝑓 = (1 − 𝜙)
−
25

10𝜇𝑓 

𝜅\𝑊𝑚−1𝐾−1 
𝑘𝑛𝑓 = (

𝑘𝑠 − (1 − 𝑛)(𝑘𝑓 + (𝑘𝑓 − 𝑘𝑠)𝜙)𝑘𝑓

𝑘𝑠 + 𝑘𝑓(𝑛 − 1) − (𝑘𝑠 − 𝑘𝑓)𝜙
)𝑘𝑓 

𝜎\ 𝑆𝑚−1 
𝜎𝑛𝑓 =

𝜎𝑠 + ((𝜎𝑓 − 𝜎𝑠)𝜙 − 𝜎𝑓)(1 − 𝑛)

𝜎𝑠 + (𝜎𝑓 − 𝜎𝑠)𝜙 + 𝜎𝑓(𝑛 − 1)
𝜎𝑓

 
Table 3: The Models for the hybrid Nano Fluid: 

Property The Hybrid Nano Fluid 

Density 
𝜌ℎ𝑛𝑓 =

𝜙2𝜌𝑠2
𝜌𝑓

− (𝜙2 − 1) [(1 − 𝜙1) +
𝜌𝑠1𝜙1

𝜌𝑓
] 

Heat capacity 

(𝜌𝐶𝑝)ℎ𝑛𝑓 = (
(𝜌𝐶𝑝)𝑠2

𝜙2

(𝜌𝐶𝑝)𝑓

− [
(𝜌𝐶𝑝)𝑠1

𝜙1

(𝜌𝐶𝑝)𝑓

+ (1 − 𝜙1)] (𝜙2 − 1)) (𝜌𝐶𝑝)𝑓 

Viscosity 𝜇ℎ𝑛𝑓 = 𝜇𝑓[1 − 𝜙1 − 𝜙2 + 𝜙1𝜙2]
−2.5 

Thermal conductivity 
𝜅ℎ𝑛𝑓 = (

𝜅𝑠2 + 2𝜅𝑓 + 2𝜙2(𝜅𝑠2 − 𝜅𝑓)

𝜅𝑠2 + 2𝜅𝑓 + 𝜙2(𝜅𝑓 − 𝜅𝑠2)
×
𝜅𝑠1 + 2𝜅𝑓 + 2𝜙2(𝜅𝑠1 − 𝜅𝑓)

𝜅𝑠1 + 2𝜅𝑓 + 𝜙1(𝜅𝑓 − 𝜅𝑠1)
) 𝜅𝑓 

Electrical conductivity 𝜎ℎ𝑛𝑓

𝜎𝑓
= [1 +

𝜎𝑠2𝜙𝑠2 − 3(𝜙𝜎𝑓 − 𝜎𝑠1𝜙𝑠1)

2𝜎𝑓 + 𝜙𝜎𝑓 − 𝜎𝑠1(𝜙𝑠1 − 1) − 𝜎𝑠2(𝜙𝑠2 − 1)
] 
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3.3 Numerical Computation  

The solution procedure is carried out by homotopy analysis technique. It involves obtaining base functions as a 

solution set {𝑓(𝜂),𝜃(𝜂),𝑔(𝜂) } for the considered fluid flow model, and defined (Liao [33, 34]) as: 

𝑔(𝜂) = ∑∑𝑏𝑘,𝑛
∗ 𝑒−𝑛𝜂𝜂𝑘

∞

𝑘=0

∞

𝑛=0

;  𝑓(𝜂) = ∑∑𝑎𝑘,𝑛
∗ 𝑒−𝑛𝜂𝜂𝑘

∞

𝑘=0

∞

𝑛=0

;  𝜃(𝜂) = ∑∑𝑐𝑘,𝑛
∗ 𝑒−𝑛𝜂𝜂𝑘

∞

𝑘=0

∞

𝑛=0

                              (22) 

Where𝑐𝑘,𝑛
∗ , 𝑏𝑘,𝑛

∗ ,𝑎𝑘,𝑛
∗  are constants. 

By the solution procedure, initial approximations for the boundary conditions are: 

𝑓0(𝜂) =
1

1 + 𝜆1
−

1

1 + 𝜆1
𝑒−𝜂 + 1, 𝜃0(𝜂) =

𝛽𝑖
𝑁3
(𝑒−𝜂 − 1), 𝑔0(𝜂) = 𝑒

−𝜂                                          (23) 

The auxiliary linear operators Lf, Lg and L𝜃 are: 

𝐿𝑓(𝑓) − 𝑓′′′(𝜂) + 𝑓′(𝜂) = 𝐿𝑔(𝑓) − 𝑔′′′(𝜂) + 𝑔(𝜂) = 𝐿𝜃(𝑓) − 𝜃′′(𝜂) + 𝜃(𝜂) = 0                                          (24) 

The (3) is satisfied by:  

𝐿𝑓(𝑐3𝑒
−𝜂 + 𝑐2𝑒

𝜂 + 𝑐1) = 𝐿𝜃(𝑐7𝑒
𝜂 + 𝑐8𝑒

−𝜂) = 𝐿𝑔(𝑐4 + 𝑐5𝑒
𝜂 + 𝑐6𝑒

−𝜂) = 0                                          (25) 

The Zeroth-order deformation for the equations is 
(1 − 𝑝)[𝑓0(𝜂) − 𝑓(𝜂; 𝑝)]𝐿𝑓 = −𝑝ℏ𝑁𝑓[𝑓, 𝜃, 𝑔]

(1 − 𝑝)[𝜃0(𝜂) − 𝜃(𝜂; 𝑝)]𝐿𝜃 = −𝑝ℏ𝑁𝜃[𝑓, 𝜃, 𝑔]

(1 − 𝑝)[𝑔0(𝜂) − 𝑔(𝜂; 𝑝)]𝐿𝑔 = −𝑝ℏ𝑁𝑔[𝑓, 𝜃, 𝑔]
}                                                                                   (26) 

Where,ℏ is auxiliary parameter and 𝑝 is embedding parameter. 

𝑁𝑓[𝑓, 𝑔, 𝜃] =
𝑁4
𝑁1
(
1

𝛾
𝑊𝑓𝜂𝜂 + (

𝛾 + 1

𝛾
))𝑓𝜂𝜂𝜂 + 𝑓𝜂𝜂𝑓𝜂

             𝐴2 − (𝑔𝜂𝜂𝑔𝜂 − (𝑔𝜂)
2
+ 1)𝐻2 − (𝑓𝜂)

2
+ 𝐺𝑟𝜃

} 

𝑁𝑔[𝑓, 𝑔, 𝜃] = 𝑔𝜂𝜂𝜂 − 𝑃𝑚(𝑔𝑓𝜂 − 𝑓𝑔𝜂𝜂) 

   

   

3 2

2 2

2

1 4 1
, ,

Pr 3 Pr

1
              1

N f g N N Rd ae b

H
N f Ec f g

Pm



 

  

  




  
     

  


           

      

 (27)  

With the boundary conditions given by: 

     𝑓′(0) = 𝑈𝑠𝑙𝑖𝑝𝑓′′(0) + 𝐴, 𝑓(0) = 𝑔(0) = 𝑔′′(0) = 0,

  𝑓′(0) = 1 = 𝑔′(∞);   𝜃′(0) =
𝛽𝑖
𝑁3
(𝜃 − 1), 𝑓′(∞) = 𝜃(∞) = 0;

}                                          (28) 

Mth-order Deformation Equation 

If 𝑝 = 0 in (5) while differentiating m-times 𝑤𝑟𝑡 p, and dividing by m! The higher-order deformation equations 

reduce to: 

[𝜒𝑚𝑓𝑚−1 − 𝑓𝑚]𝐿𝑓 = −ℏ𝑓𝑅𝑚
𝑓
;   [𝑔𝑚 − 𝜒𝑚𝑔𝑚−1]𝐿𝑔 = ℏ𝑔𝑅𝑚

𝑔
;   (𝜃𝑚 − 𝜒𝑚𝜃𝑚−1)𝐿𝜃

= ℏ𝜃𝑅𝑚
𝜃                                           (30) 

With boundary conditions: 

𝑓𝑚′(0) = (
1 + 𝛾

𝛾
) 𝜆1𝑓𝑚′′(0) + 1; 𝑓𝑚(0) = 𝑆;  g𝑚′(∞) = 1

 𝑓𝑚′(∞) = 𝐴,𝜔𝜃𝑚′(0) + 1 − 𝜃𝑚(0) = 𝑔𝑚(0) = 𝑔𝑚′′(0) = 𝜃𝑚 = 0

}                                          (31) 

Where    

𝜃𝑚(𝜂) =
1

𝑚!

𝜕𝑚𝜃(𝜂, 𝑝)

𝜕𝜂𝑚
;   𝑓𝑚(𝜂) =

1

𝑚!

𝜕𝑚𝑓(𝜂, 𝑝)

𝜕𝜂𝑚
;  𝑔𝑚(𝜂) =

1

𝑚!

𝜕𝑚𝑔(𝜂, 𝑝)

𝜕𝜂𝑚
                                          (31) 

𝑅𝑚
𝑓
(𝜂) = 𝐴2 + ((

1

𝛾
+ 1) 𝑓𝑚−1

′′′ +
1

𝛾
𝑊 ∑ 𝑓𝑛

′′𝑓𝑚−1−𝑛
′′′

𝑚−1

𝑛=1

)
𝑁4
𝑁1
− ∑ 𝑓𝑛

′

𝑚−1

𝑛=1

𝑓𝑚−1−𝑛
′

         + ∑ 𝑓𝑛

𝑚−1

𝑛=1

𝑓𝑚−1−𝑛
′′ + (∑ 𝑓𝑛

′

𝑚−1

𝑛=1

𝑔𝑚−1−𝑛
′ − ∑ 𝑔𝑚−1−𝑛

′ 𝑔𝑛
′′

𝑚−1

𝑛=1

− 1)H + 𝐺𝑟𝜃𝑚−1
}
  
 

  
 

  

𝑅𝑚
𝑔
(𝜂) = 𝑃𝑚 (∑ 𝑓𝑚−1−𝑛𝑔𝑛

′′

𝑚−1

𝑛=1

− ∑ 𝑓𝑛
′′𝑔𝑚−1−𝑛

𝑚−1

𝑛=1

) + 𝑔𝑚−1
′′′  
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𝑅𝑚
𝜃 (𝜂) = 𝐸𝑐 ((

1

𝛾
+ 1) ∑ 𝑓𝑚−1−𝑛

′′ 𝑓𝑛
′′

𝑚−1

𝑛=1

+
𝐻

𝑃𝑚
∑ 𝑔𝑚−1−𝑛

′′ 𝑔𝑛
′′

𝑚−1

𝑛=1

) + 𝛽𝜃𝑚−1

               𝑁2 ∑ 𝜃𝑛
′

𝑚−1

𝑛=0

𝑓𝑚−1−𝑛 +
1

𝑃𝑟 ((𝑁3 +
4

3
𝑁2𝑅𝑑)𝜃𝑚−1

′′ + 𝛼𝑓𝑚−1
′ ) }

  
 

  
 

                                          (32) 

And𝜒𝑚 = 1 ( for 1 ≤ 𝑚)  or 0 (for 1 ≥ 𝑚) 
When 𝑝 = 1 and 𝑝 = 0, we have: 

 𝑓(0) − 𝑓0(𝜂) = 𝑓(1) − 𝑓(𝜂)=0

𝑔(0) − 𝑔0(𝜂)=g(1) − 𝑔(𝜂) = 0

𝜃(0) − 𝜃0(𝜂) = 𝜃(1) − 𝜃(𝜂) = 0

}                                                                                    (33) 

As𝑝varies value 0to1. The𝑓(𝜂, 𝑝),𝜃(𝜂, 𝑝), 𝑔(𝜂, 𝑝)also vary from initial functions 𝑓0(𝜂), 𝜃0(𝜂), 𝑔0(𝜂)to final ones 

𝑓(𝜂),𝜃(𝜂) 𝑔(𝜂)respectively. 

By Taylor’s series expansion, it reduces to: 

𝑓 − 𝑓0(𝜂) = ∑ 𝑓𝑚(𝜂)𝑝
𝑛

∞

𝑚=1

, 𝑔 − 𝑔0(𝜂)= ∑𝑔𝑚(𝜂)𝑝
𝑛

∞

𝑚=1

, 𝜃 − 𝜃0(𝜂) = ∑ 𝜃𝑚(𝜂)𝑝
𝑛

∞

𝑚=1

|

𝑝=0

(𝑓𝑚 =
1

𝑚!

𝜕𝑚

𝜕𝜂𝑚
𝑓(𝜂, 𝑝), 𝜃𝑚 =

1

𝑚!

𝜕𝑚

𝜕𝜂𝑚
𝜃(𝜂, 𝑝), 𝑔𝑚 =

1

𝑚!

𝜕𝑚

𝜕𝜂𝑚
𝑔(𝜂, 𝑝) |)

𝑝=0

                           (34) 

The series (12) converge at 𝑝 = 1 with appropriate value of the auxiliary parameter 

Hence, the general solutions to the equations are: 

𝑓𝑚(𝜂) = 𝑓𝑚
∗(𝜂) + 𝑐1

𝑚 + 𝑐2
𝑚𝑒𝜂 + 𝑐3

𝑚𝑒−𝜂 ,

𝜃𝑚(𝜂) = 𝜃𝑚
∗ (𝜂) + 𝑐7

𝑚𝑒𝜂 + 𝑐8
𝑚𝑒−𝜂,

𝑔𝑚(𝜂) = 𝑔𝑚
∗ (𝜂) + 𝑐4

𝑚 + 𝑐5
𝑚𝑒𝜂 + 𝑐6

𝑚𝑒−𝜂
}                                                                                      (35) 

Subjected to conditions: 
𝜃𝑚(𝜂) = 𝜃𝑚

∗ (𝜂) + 𝑐7
𝑚𝑒𝜂 + 𝑐8

𝑚𝑒−𝜂, 𝑐3
𝑚 = 𝑐5

𝑚 = 𝑐𝑐7
𝑚 = 𝑔𝑚

∗ (0)6
𝑚 = 0, 𝑐1

𝑚 = −𝑐2
𝑚 − 𝑓𝑚

∗(0),

𝑐4
𝑚 = 1 +

𝑓𝑚
∗′(0) − 𝜆1𝑓𝑚

∗′′(0)

𝐴 + 𝜆1
, 𝑐7
𝑚 = 𝑔𝑚

∗ (0), 𝑐8
𝑚 =

𝜔(𝜃𝑚
∗ (0) − 𝜃∗(0))

𝑁3

  

where, 𝐶𝑖; 𝑖 = 1,2, … , 8 are constants. 

 

RESULT AND DISCUSSION 

The findings of the current work agreed to those obtained by Mohamed & Ahmed [31], Ali et al [24], 

Ishak et al [35], and Mahapatra & Gupta [36] if variable heat source or heat sink and magnetic thermal buoyancy 

(𝐺𝑟𝑡 =  0) are negligible. The compared results, which are displayed in Table 4, are in excellent agreement with 

one another for the other 𝑃𝑟 numbers. Unlike the numerical solution previously described, the Prandtl number 

utilized in this case corresponds to plasma (𝑃𝑟 =0.7Table 4: Drag coefficient 𝐶𝑓𝑥 𝑅𝑒𝑥
1 2⁄

for different A values 

when 𝐻 = 𝑊 = 𝑛 =  𝛼 = 𝑤 = 𝜙 = 0 

 

A Current Study Mohamed & Ahmed [31] Ali et al [24] Ishak et al [35] Mahapatra & Gupta [36] 

0.1 -0.9693861 -0.969386 -0.9694 -0.9694 -0.9694 

0.2 -0.9181070 -0.918107 -0.9181 -0.9181 -0.9181 

0.5 -0.6672636 -0.667263 -0.6673 -0.6673 -0.6673 

2.0 2.0175028 2.017500 2.0175 2.0175 2.0175 

3.0 4.7292823 4.729280 4.7293 4.7294 4.7293 

 

Table 5: The Rate of heat transfer at the wall of the stretching wedge for 𝜆1 = 0.3, 𝐺𝑟𝑡 = 0.05, 𝛽 = 0.4, 𝐸𝑐 =

0.2, 𝛼 = 0.2 

𝐴 θ′(0) 𝑓′′(0) 
𝐴 = 0.3 0.108396 −0.569814 

𝐴 = 0.6 0.037224 −0.461357 

𝐴 = 1.2 −0.064989 0.191149 

𝜆1 = 0.5 0.117025 −0.475296 

𝜆1 = 1.0 0.131884 −0.338050 
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𝐴 θ′(0) 𝑓′′(0) 
𝜆1 = 1.6 0.142897 −0.252236 

𝐺𝑟𝑡 = −0.04 0.181468 −0.649739 

𝐺𝑟𝑡 = 0.15 0.067032 −0.497820 

𝐺𝑟𝑡 = 0.40 0.010696 −0.346968 

𝛽 = −0.6 −0.527427 −0.594349 

𝛽 = 0.0 −0.207029 −0.582424 

𝛽 = 0.2 −0.086857 −0.577797 

𝐸𝑐 = 0.8 0.133505 −0.569306 

𝐸𝑐 = 1.6 0.166850 −0.568631 

𝐸𝑐 = 3.2 0.233084 −0.567291 

𝛼 = −0.4 −0.555705 −0.596498 

𝛼 = 0.2 0.108396 −0.569814 

𝛼 = 0.4 0.305804 −0.560811 

This study examines the effects of fluid regulating parameters of the hybrid nanofluid on the stretching wedge. 

Drag coefficient and Nusselt number solutions validate the semi-analytical solution derived by the homotopy 

analysis approach. The findings are displayed in Fig. 2-15, and on tables 4 and 5. 

Effects of Parameters Variation on Velocity Field 

The non-negative effect of the stretching parameter on the velocity of the fluid f′(η) is illustrated in Fig. 

2. The expansion of f′(η) occurs as the stretching parameter is strengthened. The velocity profiles for the nano 

fluid and hybrid nano fluid flow situations coincide when A=1. Furthermore, it is noted that in this instance, the 

fluid and the wedge’s surface move at the same speed when velocity = 1 and acceleration = 0. Additionally, it is 

noted that the profile of the fluid velocity exhibits an increasing function when the stretching parameter A > 1, 

but the opposite trend is seen when A < 1. The fluid velocity f ′(η) is shown in Fig. 3 as a non-negative function 

of the magnetic parameter (H). An enhancement of the magnetic parameter causes f′(η) to expand. The effect of 

Weissenberg number (W) on fluid velocity is shown in Fig, 4. It is found that a surge in the W reduces the 

hydrodynamic boundary layer's strength and velocity. Fig. 5 illustrates the behavior of velocity-slip parameter on 

the fluid velocity. Increasing the parameter retards the fluid velocity along the boundary of the wedge. The 

influence of thermal Grashof number is depicted in Fig. 6. The velocity of the fluid is enhanced by escalating the 

Grashof parameter. 

Effects of Parameters Variation on Induced Magnetic Field 

The induced magnetic field, g(η), is influenced by the stretching parameter (A) as demonstrated in Fig. 

7. It shows that, in both the nano fluid and hybrid nano fluid scenarios, the generated magnetic field profile 

decreases as the parameter increases. Also increasing values of magnetic field (H) amplified the induced magnetic 

field, g(η), as shown in Fig. 8. Fig. 9 illustrates the influence of inverse of the magnetic Prandtl number (Pm) on 

g(η). Rising Pm values cause decrease in the strength of the induced magnetic field, g(η).  

Effects of Parameters Variation on Temperature Field 

In Fig. 10, the rising A-value indicates a drop in fluid’s temperature. Notably, when the stretching 

parameter is increased, the temperature profiles in the case of nanofluid flow are lower than those in the hybrid 

nanofluid flow. 

  
Fig. 2: Impact of wedge parameter on f′(η) 

  
Fig. 3: Effect of magnetic field on f ′(η) 
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Fig. 4: Effect of Weissenberg number on f ′(η)    

 

 
  Fig. 5: Behaviour of 𝜆1on f ′(η)   

    
Fig. 6: Influence of Grashof number on f ′(η)     

 

 
Fig. 7: Effect of stretching parameter on g (η) 

 
Fig. 8: Variation of magnetic field on g (η)  

  

Fig. 9: Impact of Pm against g (η) 

 

It is important to note that internal heat generation occurs when α > 0 and β > 0, while internal heat 

absorption occurs when α < 0 and β < 0. Across the boundary layer region, the temperature rises or falls depending 

on the combined impacts of heat source/sink characteristics. 

As we can see from Fig. 11 and 12, enhancing the values of α > 0 and β > 0 increases the fluid 

temperature, while more energy is absorbed when the values of α < 0 and β < 0 escalate, leading to a significant 

decrease in temperature in the direction of the boundary layer. Furthermore, the heat source's thermal boundary 

layer is thicker than the heat sink's. With the help of Fig. 13, the impact of ω (thermal slip parameter) is examined. 

It is observed that increasing ω values cause the profile to drop. As noted by Sabu et al [37], increasing the thermal 

slip parameter lowers the temperature by reducing the sensitivity of the fluid flow inside the boundary layer. This 

lowers the quantity of heat generated. The temperature graphs' fluctuation in relation to the radiation parameter 

Rd is shown in Fig. 14. Temperature and thermal boundary layer thickness increase in tandem with increases in 

Rd values. The fluid temperature rises in response to an increase in thermal radiation, increasing the thermal 

boundary layer thickness in the process. This implies that heat radiation automatically increases as Rd increases. 

From a physical perspective, it is noted that the radiation process raises the temperature of the nanoparticles by 

producing heat in the working liquid. The temperature graphs' variation with respect to the Eckert parameter Ec 

is shown in Fig. 15. Temperature and thermal boundary layer thickness grow in tandem with increases in Ec 

values. The fluid temperature rises with an increase in Ec, leading to a physical increase in the thickness of the 

thermal boundary layer. This implies that the thermal layer is automatically enlarged when the Eckert parameter 

is increased. Physically, it is seen that the Ec raises the temperature of the nanoparticles by producing heat in the 

working liquid.  
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Fig. 10: Impact of stretching parameter on 𝜃(𝜂) 

 
Fig.11 Impact of heat generation/absorption 

on𝜃(𝜂) 

   
Fig. 12: Effect of heat generation/absorption on𝜃(𝜂)   

 
Fig. 13: Effect of thermal slip on 𝜃(𝜂) 

  
Fig. 14: Radiation effect against𝜃(𝜂)  

Fig. 15: Eckert number impact on𝜃(𝜂) 
 

IV. CONCLUSION AND OBSERVATION  

The present study thoroughly investigates the impacts of various fluid regulating parameters on the 

behavior of hybrid nanofluid flow over a stretching wedge, using a semi-analytical solution derived from the 

homotopy analysis method. The results are in strong agreement with previous research conducted by Mohamed 

& Ahmed [31], Ali et al. [24], Ishak et al. [35], and Mahapatra & Gupta [36], particularly when the variable heat 

source/sink and magnetic thermal buoyancy are negligible. 

Key observations from this study include: 

1. Velocity Field:  

- The fluid velocity  𝑓′(𝜂) increases with a higher stretching parameter (𝐴). For 𝐴 =  1, the fluid and wedge 

surface velocities match, while 𝐴 >  1 enhances fluid velocity, and 𝐴 < 1 reduces it. 

- The magnetic parameter (𝐻) positively influences fluid velocity 𝑓′(𝜂), as does the thermal Grashof number. 

- Higher Weissenberg numbers (𝑊) reduce both the hydrodynamic boundary layer strength and fluid 

velocity. 

- Increasing the velocity-slip parameter decreases fluid velocity along the wedge boundary. 

 

2. Induced Magnetic Field: 

- The induced magnetic field 𝑔(𝜂) decreases with higher values of the stretching parameter (A), and 

increases with the magnetic parameter (𝐻). 

- A higher magnetic Prandtl number (𝑃𝑚) reduces the strength of the induced magnetic field 𝑔(𝜂). 
 



Influences of Induced Magnetic Field and Velocity Slip on Hybrid Nano Fluid on a Stretching .. 

www.ijres.org                                                                                                                                             193 | Page 

3. Temperature Field: 

- The temperature of the fluid decreases with an increasing stretching parameter (A), with lower temperature 

profiles for nanofluids compared to hybrid nanofluids. 

- Internal heat generation occurs when 𝛼 > 0 and 𝛽 > 0, while absorption happens when 𝛼 < 0 and 𝛽 < 0, 

influencing the boundary layer temperature accordingly. 

- Increasing values of 𝛼 > 0 and 𝛽 > 0 raise fluid temperature, whereas 𝛼 < 0 and 𝛽 < 0 significantly 

decrease it. 

- The thermal slip parameter (𝜔) reduces fluid temperature, while the radiation parameter (𝑅𝑑) and Eckert 

parameter (𝐸𝑐) both increase the temperature and thermal boundary layer thickness. 

 

These findings as illustrated through Figs. 2-15 and Tables 4 and 5, confirming that the semi-analytical solution 

closely aligns with the numerical solutions for various parameter values. The comprehensive analysis underscores 

the significant role of fluid regulating parameters in determining the flow and thermal characteristics of hybrid 

nanofluids, providing valuable insights for optimizing fluid dynamics in engineering applications. 
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