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Abstract: Phonons are the main heat carriers in solids and Nickel based and Manganese based ferrite nano particles have 

very strong phonon crystal structures which makes them more effective for heat transfer applications. This current article 

explores the heat transfer in Nickel-zinc Ferrite (𝑵𝒊 − 𝒁𝒏𝑭𝒆𝟐𝑶𝟒) , Manganese-zinc Ferrite (𝑴𝒏 − 𝒁𝒏𝑭𝒆𝟐𝑶𝟒) nanoparticles 

with base fluid as Ethylene glycol (𝑪𝟐𝑯𝟔𝑶𝟐).Mathematical model is solved by using shooting method and key factors friction 

at the surface and heat transfer is calculated and analysed with the help momentum, energy and concentration profiles. It 

is observed that for higher magnetic field strength velocity profile diminishes and friction coefficient decreases. Porosity 

parameter increases the temperature distribution. 
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I. INTRODUCTION 

 

Ferrite nanofluids are widely used in many engineering 

fields due to the unique thermal properties in them. Ferrite 

nanofluids improve thermal performance in systems where 

efficient heat removal is critical. The idea of improving heat 

transport in fluids with the help of solid particles is due to the 

experimentation by Choi and Eastman [1].Later many 

researchers initiated development correlations for thermal 

conductivity with respect to different physical configuration 

such as size of nano particle, volume fraction of nano particle, 

type of nano material etc. This pioneered research work 

created a new dimension to the convective heat transfer in 

fluids.(See [2], [3], [4]). Fluid flows over any moving surface 

have wide rnage of applications in many industries such as 

mechanical, aerospace, food processing, chemical 

engineering etc. Initially this type work was introduced by 

Sakiadis in his early works flow over axisymmetric geometry 

[5] , flow over a flat surface [6] and flow over a cylindrical 

vessel [7].This area turn out to be more favourable for heat 

transfer in nanofluids due to the fact of higher thermal 

conductivity in nanoparticles as compared to fluids. Abdullah 

et al.[8] studied about thermal characteristics of nano 

materials in improving exchange of heat in fluids. Acharya 

and Mabood [9] reported convective heat transfer in iron 

oxide nano martials in radiative fluid flow configuration. 

Afridi and Qasim[10] examined the properties of copper and 

alumina and also performed irreversibility analysis for the 

same. Later Adan Asghar et al.[11] extended this work to 

mixed diffusion scenario with copper alumina nanofluid. One 

of the important and crucial components in this nanofluid 

based heat exchange problems is shape and size of the 

nanoparticle. Ali et al.[12] conducted a finite element analysis 

on nanoparticle accumulation near surfaces during flows 

within the geometry and importance of surfactant to avoid 

aggregation of nano particles.Sulochana et al.[13] studied the 

significance of thermal conductivity models and role of 

distinct nanoparticle effects. Tirumala et al [14] reported 

importance of magnetic field in nanofluid flow for melting 

heat transfer applications. Ali et al. [15] discussed about 

nanofluid flow in porous media with two different heat source 

models. Some studies are reported with hybrid base fluid 

also.Sulochana[16] and Prasanna Kumar examined the hybrid 

base fluid model with water and ethylene glycol with equal 

ratio mixing formula. Pavithra et al [17] extended the hybrid 

model to trihybrid nanofluid model for enhanced thermal 

conductivity. Haider and Ahmed [18] investigated engine oil 

flow over stretching cylinder to replicate the heat transport 
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phenomena in automobile engineering.Prashar and Ojjela 

[19] reported nanofluid consisting of zinc oxide and ethylene 

glycol . In view of the above cited references, most of the 

researchers focused their studies on water-based metals or 

metal oxides nanofluid flow over stretching sheet, to the best 

of our knowledge no attempt has been made to analyse 

thermal properties of manganese and zinc with ethylene 

glycol as base fluid. 

 

II. PROBLEM STATEMENT AND 

MATHEMATICAL MODEL 

 

Let us consider incompressible boundary layer flow due 

to a nonlinear velocity stretching sheet. Figure-1 provides the 

detailed configuration and boundary conditions of the 

problem. Uniform transverse magnetic field 𝐵𝑜(𝑥) is applied 

to the flow region. Nickel-zinc Ferrite (𝑁𝑖 − 𝑍𝑛𝐹𝑒2𝑂4) , 

Manganese-zinc Ferrite (𝑀𝑛 − 𝑍𝑛𝐹𝑒2𝑂4) nanoparticles with 

base fluid as Ethylene glycol (𝐶2𝐻6𝑂2).Flow is  assumed to 

be thermally equilibrium  and there is no slip between the 

particles. The present configuration corresponds to a low 

Reynolds number flow; therefore, the influence of the 

induced magnetic field is negligible and is neglected. 

Momentum equation is considered with magnetic field term 

and porosity effect. Buingrno model is included for Brownian 

motion and thermophoresis effect.(See [20], [21], [22], [23]) 

 

 
Fig 1: Model Diagram of Fluid Flow Configuration. 
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boundary conditions are: [24] 

 

𝑢 = 𝑎𝑥𝑛, 𝑣 = 0, 𝑇 = 𝑇𝑤, 𝐶 = 𝐶𝑤 at 0y            

                                                                              (5) 

 

 𝑢 → 0,𝑇 → 𝑇∞,𝐶 → 𝐶∞   as 𝑦 → ∞     
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 Similarity Variable and Transformed Equations:[16]  

 

𝑢 = 𝑎𝑥𝑛𝑓′(𝜂),𝑣 = √(
𝑎(𝑛+1)

2𝜐
) 𝑥(𝑛−1)/2 (𝑓(𝜂) +

𝑛−1

𝑛+1
𝜂𝑓′(𝜂)) 

, 𝜉 = 𝑦√(
𝑎(𝑛+1)

2𝜐
) 𝑥(𝑛−1)/2, 

 

𝑇 = 𝑇∞ + (𝑇𝑤 − 𝑇∞)𝜃(𝜂),𝐶 = 𝐶∞ + (𝐶𝑤 − 𝐶∞)𝜙(𝜂)
                                   (6)

  

 

non dimensionalised differential equations in similarity 

variable 𝜂 are :          

 

𝑓‴(𝜂) + 𝐴1𝐴2(𝑓(𝜂)𝑓″(𝜂) − 𝑓′(𝜂)𝑓′(𝜂)) −

𝐴2𝐴3𝑀(𝑓′(𝜂)) − 𝜆𝑓′(𝜂) = 0                              (7)                 

                                                                                                          

(
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𝑁𝑡𝜃′(𝜂)2 = 0                                                               (8) 
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                                                          (9) 

 

 boundary conditions in terms of similarity variable 𝜉 are as 

follows: 

 

near the surface 𝜂 = 0: 𝑓′(𝜂) = 1, 𝑓(𝜂) = 0, 𝜃(𝜂) =
1, 𝜙(𝜂) = 1 

 

at the free stream condition 𝜂 = ∞: 𝑓′(𝜂) = 0, 𝜃(𝜂) =
0, 𝜙(𝜂) = 0                            (10) 
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𝜙1) + 𝜙1 (
𝜌𝑠1

𝜌𝑓
)} + 𝜙2 (

𝜌𝑠2

𝜌𝑓
)] 

 

 𝐴3 = [1 − 𝜙2 {(1 − 𝜙1) + 𝜙1 (
(𝜌𝑐𝑝)

𝑠1

(𝜌𝑐𝑝)
𝑓

)}

+ 𝜙2 (
(𝜌𝑐𝑝)

𝑠2

(𝜌𝑐𝑝)
𝑓

)] 

 

 Friction Coefficient and Heat Transfer Rate: 

Friction at the surface and rate heat transfer plays key 

Influence in boundary layer flow problems which are 

represented by skin friction coefficient and Nusselt number 

which can be written as 𝑐𝑓 =
𝜏𝑤

𝜌𝑓𝑢𝑤
2 , 𝑁𝑢 =

𝑥𝑞𝑤
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where 
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)

𝑦=0
, 𝑞𝑤 = 𝑘ℎ𝑛𝑓 (

𝜕𝑇

𝜕𝑦
). After non 

dimensionalisation these two quantities are:  
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III. RESULTS AND DISCUSSION 

 

The mathematical model is solved by using shooting 

method and momentum, energy and concentration profiles 

plotted and analysed. In boundary layer flows, velocity, 

temperature, and concentration profiles are fundamental 

because they describe how momentum, heat, and mass are 

transported between a surface and the surrounding fluid. 

Figure 1 portrays the importance of magnetic field on velocity 

profile and from this figure it is clear that for higher magnetic 

parameter values velocity profile decreases. An externally 

applied transverse magnetic field generates a Lorentz force 

that acts opposite to the direction of fluid motion. This 

resistive force suppresses the fluid velocity, leading to a 

reduction in the velocity profile throughout the boundary 

layer. As the magnetic field strength (or magnetic parameter) 

increases, the momentum boundary layer becomes thinner, 

and the flow experiences enhanced damping. Physically, the 

magnetic field increases the effective resistance to flow, 

converting kinetic energy into thermal energy through Joule 

dissipation. Consequently, the peak velocity decreases, and 

the fluid approaches the free-stream velocity more slowly. 

This magnetic braking effect is particularly significant in 

electrically conducting fluids such as liquid metals, plasmas, 

and electrolytes. Figure 2 represents effect magnetic term on 

energy profile. An increase in the magnetic parameter 

intensifies the applied magnetic field, which strengthens the 

Lorentz force opposing the fluid motion. This resistance 

reduces the fluid velocity and weakens convective heat 

transport away from the surface. As a result, more heat 

accumulates within the boundary layer, leading to an increase 

in the fluid temperature and a thickening of the thermal 

boundary layer. Figure 3 shows the role of magnetic 

parameter on concentration profile and from this it is evident 

that concentration supresses due to Lorenz force. 

 

The porosity term appears in the velocity profile when 

the flow occurs through or over a porous medium, and it 

represents the resistance offered by the porous matrix to fluid 

motion. Figure 4 indicates the effect of porosity on 

momentum profile. The porosity term acts as a retarding 

force, opposing the flow. Increasing porosity resistance leads 

to a reduction in fluid velocity throughout the boundary layer. 

The momentum boundary layer becomes thinner, and the 

peak velocity decreases. Figure 5 is plotted to know about the 

impact of temperature profile. The porosity term also 

influences the temperature profile in boundary layer flows 

over or through a porous medium, mainly through its indirect 

effect on fluid motion and heat transport.  Lower velocity 

weakens convective heat transport, allowing heat to remain 

longer within the boundary layer. Figure 6is plotted for Nt 

and it shows increasing trend for thermophoresis parameter .  

 

In boundary layer flows, the skin friction coefficient and 

the Nusselt number are required because they quantify the 

most important surface transport phenomena—momentum 

transfer and heat transfer between the fluid and the solid 
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boundary. Table-2 shows the computation of various physical 

quantities with respect to fluid flow parameters. It is observed 

that skin friction increases with magnetic and porosity 

parameters and it is not influenced by Brownian motion and 

thermophoresis parameter. Lewis number increase Sherwood 

number which basically tells us about mass transfer rate. 

 

 
Fig 1: Effect of Magnetic Parameter on Velocity. 

 

 
Fig 2: Effect of Magnetic Parameter on Temperature. 
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Fig 3: Effect of Magnetic Parameter on Concentration. 

 

 
Fig 4: Effect of Porosity Parameter on Velocity. 
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Fig 5: Effect of Porosity Parameter on Temperature. 

 

 
Fig 6: Effect of Thermophoresis Parameter on Concentration. 
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Table-1: Thermophysical Properties of Nano Particles and Base Fluid.[25] 

 

Table-2: Computation of Skin Friction, Nusselt Number and Sherwood Numbers. 

M 𝝀 Nb Nt Le 𝑪𝒇𝒙 𝑵𝒖𝒙 𝑺𝒉𝒙 

1     1.475907 0.758480 1.650502 

3     2.906185 0.641948 1.282154 

5     4.580278 0.517062 0.969278 

 0.0    1.399327 0.764686 1.671763 

 0.2    1.475907 0.758480 1.650502 

 0.4    1.548696 0.752572 1.630358 

  0.5   1.475907 0.230115 1.793808 

  1.0   -------- 0.022066 1.786740 

  1.5   -------- 0.001663 1.777075 

   0.5  1.475907 0.626545 1.621162 

   1.0  -------- 0.523219 1.640984 

   1.5  -------- 0.441977 1.686443 

    1 1.475907 0.758480 1.650502 

    5 -------- 0.530344 4.435639 

    10 -------- 0.485855 6.420351 

 

IV. CONCLUDING REMARKS 

 

This numerical study focuses on role of hybrid 

nanofluid on boundary layer flows embedded in porous 

media. Computational fluid dynamics model is solved by 

shooting method. Some of the important outcomes of this 

study are as follows. 

 Momentum distribution drastically reduced for higher 

values of magnetic parameter. 

 Skin friction coefficient is increased with high magnetic 

field strength. 

  Brownian motion parameter depreciates heat and mass 

transfer rate. 

 Thermophoresis parameter enhances the mass transfer 

rate. 
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