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Abstract 
The problem of hydromagnetic nanofluid flow in the presence of radiation and non-uniform heat 

generation/absorption past an exponentially stretching sheet is modeled in this study. By using similarity 

transformation, the equations of the flow are transformed to nonlinear coupled differential equations. The 

equations are then solved by the method of asymptotic series and the various flow profiles for the parameters 

governing the flow were obtained using the software “Mathematica Version 10”. It is observed that increase in 

the magnetic field and radiation parameters lead to decrease in the velocity, while increase in the stretching 
sheet parameter and thermal Grashfof number results in increase in the velocity and decrease temperature and 

concentration respectively. An increase in thermopheresis, thermal conductivity leads to increase in 

temperature and concentration distributions in the system. 

Keywords: MHD, exponentially stretching sheet, nanofluid, nonuniform heat generation/absorption, radiation. 

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

Date of Submission: 08-01-2022                                                                           Date of Acceptance: 23-01-2022 

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

 

I. Introduction 
The study of nanofluid flow over a sheet that is exponentially stretching is continuously making waves 

in the field of science and technology due to its important usefulness in the industries, engineers and experts in 

the technological advancement. Meanwhile, the use of these fluid under consideration in reducing heat in the 

industries can help in energy saving, lowering of the high rate of emissions and elongating the life span of such 

systems. 
It's vital to add that the various applications of this study are enormous and well appreciated in the 

metallurgical industries as long as modern technological development, improvement and processes are 

concerned, production of papers, glass fiber production (blowing and spinning), spinning of steel, aluminum 

alloy and metals as well as metals and plastic Extrusion, etc. However, continuous strips or filaments cooling 
occurs when such strips are drawn through a fluid that is at rest (quiescent fluid). Meanwhile, as these strips are 

drawn, often they’re stretched. In addition, the rate at which the strips cool and are stretched is being controlled 

by passing them across such a fluid just as the durability and how strong the product appears is a function of the 

cooling rate of the strip as well as the process of stretching.  

Nanofluid is said to be a composite of solid-liquid mixture of nanoparticles of sizes 1-100nm. It 

consists of a liquid called base fluid such as ethyl glycol, water, oil etc., and solid particles known as 

nanoparticles. The use of nanofluid is essential due to their high thermal conductivity properties. This study has 

applications in the areas of blowing and spinning of glass, paper production, drawing of wires and sheets of 

fiber, steel, metals and aluminum alloy spinning, and drawing of plastic films. During the processes, the transfer 

of heat between the sheet and medium of the fluid takes place and as a result of this, the material needs to be 

stretched. Meanwhile, the cooling and stretching of the sheet is very important, hence the quality of the product 
is dependent on the rate at which the cooling and stretching takes place. 

Eastman et al. (2001) and Choi and Eastman et al. (2001) opined that a little quantity (     volume 

fraction) of copper    smaller particles embedded in ethylene glycol raises an underlying very low heat 

conductivity of the liquid. the mechanical properties of the sheet obtained is dependent on the thermal 

conductivity assumed to change linearly with temperature (Chaudhary and Jain, 2006). Choi (1995), was the 

first to introduce a new and better fluid type known as nanofluid while studying about fresh facts on how to 

reduce heat from devices and technology behind it. However, in the work of Eastman et al (1997), there is a rise 

in the heat conductivity of water as smaller particles of copper (II) oxide       of 5% were added to the water.  
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Waini et al. (2020), analyzed the mixed convection flows of hybrid nanofluid over an exponentially 

stretched medium. They observed that the solid nanoparticles lead to a decrease in the profiles of the flow and 

enhanced the thermal distribution. Patil et al. (2019), discussed the influence of roughness upon mixed 

convection nanoparticle flow over an exponentially stretched surface. They observed that the rate of flow of heat 

energy (thermal energy) of the wall is considerably checked by the addition of nanoparticles. Nadeem et al. 

(2020), studied the influence of slip effects over nanoparticle flow over a stretching sheet. They reported that 

with augmentation of stretching parameter, the microorganism and Nusselt numbers increased while the skin 

friction decreased. Radiation effects in heat and mass transfer are important in fluid flow. Studies considering 

the effects of radiation in different flow configurations have been carried out, (Bunonyo et al. (2018), Omamoke 

et al. (2020)). The impact of thermal radiations on Maxwell nanoparticle flow upon a stretching cylinder by 
using semi-analytical method was analyzed by Islam et al. (2020). They opined that as a result of the 

enhancement in Maxwell parameter, the stress relaxation phenomenon was augmented thereby leading to a 

decrease in the fluid flow.  

Khan et al. (2020), investigated the MHD Maxwell fluid flowing on the stretched surface. In their 

investigation, the heat and mass transmission were examined by using the impacts of variations in thermal 

conductivity and the Cattaneo-Christove effects. They found out that with an augmentation in Deborah factor, 

more resistance was offered to the fluid flow particles that have caused a decrease in the flow and concentration 

of fluid and also increased the characteristics of the heat energy (thermal energy). In the same vein, Hamid et al. 

(2015), adopted Buongiorno’s model for the investigation of the stagnation-point flow of nanofluid over a 

stretching/shrinking sheet with suction and injection. According to their results, the local Nusselt number 

decreases with increasing Brownian motion and thermophoresis parameters just as the Lewis number is 

independent of the type of sheet (stretching or shrinking) and value of suction and blowing. They opined that the 
reason behind the thickening of the thermal boundary layer and consequently reduction of Nusselt number might 

not be unconnected to the increase in the collision between the particles in the whole system (the increase in 

kinetic energy of the nanoparticles). This is evident as increase in the Brownian motion and thermophoresis 

parameters leads to an increase in the kinetic energy of the particles. Therefore, Fatunmbi et al. (2020), analyzed 

micropolar MHD fluid flow past a porous medium using slip conditions. They noted that augmentation in 

stretching parameter exhibits an adverse effect on both the flow and heat energy profiles respectively. 

Loganathan and Rajan (2020), investigated an entropy approach of Williamson nanofluid flow with joule 

heating and zero nanoparticle mass flux. They found out that the velocity profile decreases while the 

temperature profile is enhanced as the magnetic number increases.  

Moreover, the mechanical properties of the sheet obtained is dependent on the heat conduction 

expected to alteration in a straight line with coldness or hotness (Chaudhary and Jain, 2006). 
Chamkha et al. (2016), carried out a study on unsteady magnetohydrodynamic natural convection drift 

over an exponentially enhanced upright sheet in the presence of mass transmission, chemical and heat radiation 

applying Laplace transform method. They considered gray gas fluid, engrossing/releasing radiation without 

smattering intermediate. Their result showed the velocity enhances as the acceleration coefficient   or the Soret 

factor    enhances.  

However, a fascinating result of MHD fluid flows and heat transfer by employing different flow 

conditions were presented by Khan et al. (2021, 2020). They observed augmented values of the magnetic 

parameter leads to enhancement in transmission of heat and a decrease in the pattern in which the fluid flows. 

Sheremet et al. (2016), surveyed the free convection in a right-angle trapezoidal jam-packed by spongy 

intermediate and nanofluid by numerical method. Effect of some parameters were considered and they opined 

that Nusselt and Sherwood numbers enhances as a result of increasing 
           

  
.  Rashad et al. (2013), 

examined free and forced convective non-Newtonian flow past an upright material externally immersed in a 

permeable intermediate containing nanofluid. They reported from their findings that a rise in the local heat 

transfer coefficient is as a result of rises in             . Sheremet et al. (2015), investigated an unsteady free 

convection analysis in a porous cavity with wavy wall saturated by a nanofluid. They concluded that by 

adjusting the surface geometry parameters of the wavy wall, the average Nusselt and Sherwood numbers could 

be optimized.  
From the studies examined above, none of them investigated the influence of exponential stretching 

sheet with non-uniform heat generation/absorption and radiation on hydromagnetic nanofliud flow, hence, this 

analysis. 

 

II. Mathematical Formulation 
We considered a steady hydromagnetic two-dimensional boundary layer flow of a nanofluid over an 

exponentially stretching sheet with the consideration of the thermal radiation and conductivity, heat 

generation/absorption and stretching sheet parameters. The effects of mass Grashof, thermal conductivity, 

Brownian motion, thermal radiation and stretching sheet parameters on the flow has been put into consideration 
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on the flow model. We assume that the nanoparticles are dispersed homogeneously in the base fluid. The 

Cartesian coordinates       is used with        as the vertical plate and        along the sheet.  
 

 
 

The corresponding velocity components are  , for y-axis and  , for       . The temperature,   and 

nanoparticles volume fraction C at the boundary       are    and    respectively while far from the plate the 

temperature and nanoparticles fraction are    and    respectively. We applied a uniform magnetic field of 

strength    along the x-axis and assume that the magnetic Reynolds number is small, hence the induced 

magnetic field is negligible and consequently considered only the applied magnetic field. With the above 

considerations, the boundary layer governing equations can be expressed as follows:  
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With the following boundary conditions 
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where,    is the nanoparticle density,    is the base fluid density,   is volumetric thermal expansion coefficient 

of the base fluid,   is electrical conductivity parameter,   is the acceleration due to gravity,   is thermal 

conductivity,   is viscosity of the fluid,    is thermophoresis diffusion parameter,    is the chemical reaction 

parameter,    is the radiative heat flux and      is the  temperature dependent non-uniform heat source/sink 

defined in Hakeem et al (2017) as: 
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III. Method of solution 
For us to obtain the solution, we shall use the variables in equation (7) to transform the equations in 
order to have:  
                                               (8)  
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Therefore, the transformed boundary conditions are as follows: 
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Schmidt number, and the primes represent differentiation with respect to  ,     
  

 
  

  

 is the suction 

parameter. 
 

In order to solve equations (8)-(10) with boundary equation (11), we follow Bestman (1990), thus, 
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and the resulting equations are: 
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subject to: 
       ,         ,          ,       ,        ,        ,          (16) 
For      (large suction), we adopt asymptotic series technique, Bestman (1990): 
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Using equations (17) – (19) on equations (13) – (6) and after differentiations and simplification we obtain the 

series of approximations as: 
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Solving equations (20) – (25) subject to equation (26) gives the results below: 
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IV. Results and Discussion 
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V. Discussion of Results 
The analysis of the fluid parameters involved in this study are presented as follows: 

The impact of variations of values of the magnetic parameter  , on fluid motion is showcase through 

figure  . For a given good conductor of fluid, the application of magnetic field in a direction normal to it 

produces a certain power which acts in an opposite route to the fluid flow. This force which resists or drags the 

velocity of the fluid flow backward is termed the Lorentz force. Thus, as this parameter   increase, the velocity 
of the fluid flow decreases.  

The influence of the variations in radiation parameter  , on the nanofluid temperature are presented in 

figures  . However, the increase in radiation parameter  , generates more thermal energy (heat) to the nanofluid 

and this increases the thermal boundary layer and temperature as shown in figure  .  

The influence of the thermal Grashof number    on velocity is depicted in figure  . This parameter 

relates the impact of the thermal buoyancy forces to viscous force within the boundary layer region and an 

increase in the thermal buoyancy force brings about a growth in the nanofluid velocity. However, as values of 

   intensifies, there is a sharp increase in the velocity near the sheet which gradually decreases.  

The influence of the Prandtl number   , on the nanofluid temperature is shown in figures   

accordingly. As    increases, the temperature of the nanofluid reduces. This is true because physically, a fluid 

with large Prandtl number is associated with low thermal diffusivity causing the thermal energy (heat) 

penetration to be low. Hence, a reduction in the thermal boundary layer thickness sets in. 

The stimulus of the Brownian motion parameter    on nanofluid temperature and concentration fields 

are depicted in figures   and  . Increasing the Brownian motion parameter, leads to increase in the heat energy 

boundary layer and temperature of the nanofluid. This is attributed to the porosity nature of nanofluid within the 

hydrodynamic and thermal boundary layers. In figure  , as    increases, the concentration decreases. This is 
because increasing the Brownian motion is associated with more unpredictable motion and haphazard motion as 

well as the striking of nanoparticles.  

The evolution of the effect of thermophoresis parameter   , on the nanofluid temperature and 

concentration is showcase in figures   and  . As the thermophoresis parameter    intensifies, the temperature 

gradient of the nanofluid rises resulting to enhancement in the thickness of the thermal boundary layer. 

However, the nanoparticles exhibit several reactions to the variation in the value of the    because of the force 

of the temperature rise. Hence, with the rise in   , the movement of the nanoparticles becomes faster and this 

leads to increase in the energy due to motion, thereby bringing about the thickening of the boundary layer and 

temperature profile. Similarly, a growth in   , leads to a rise in the concentration profile. This is caused as a 

result of random motion of the nanoparticles due to the thermal kinetic energy they have acquired. Hence, an 

increase in the concentration sets in as presented in figure  .  

However, the heat generation/source parameters   and   shows an impact on temperature and 

concentration distributions on nanofluid. An increase in its values            is accompanied with an 

enhancement in the temperature and reduction in the nanoparticle concentration as captured in figures   and   . 

With the effect of heat generation, the fluid flow changes because a considerable quantity of thermal energy 

(heat) is been realized and this leads to an increase in the thermal thickness of the boundary layer, thus leading 

to a rise in the temperature. Conversely, concentration profile decreases as the heat generation/source 

parameters increases            as it is obvious in figure   . Meanwhile, since the dispersion of 

nanoparticles leads to decrement in the rate of transfer of thermal energy, then it shows that heat energy will be 

loss thereby resulting to a decrease in the mass boundary layer thickness and causes a decrease in the 

concentration profile.  

In figures    and   , the effect of heat absorption parameters           on temperature and 

concentration are presented. Since as heat absorption           is accompanied by heat loss, then it 

implies that the heat energy already gained by the particles will be decreasing gradually (until it is lost 

completely) leading to a fall in the thickness of the thermal boundary layer and consequently in the temperature 

of the fluid as depicted in figure   . On the other hand, heat absorption           enhances the 

concentration distribution as shown in figure   . As the heat source gradually decreases, the zigzag motion of 
the particles slows down while mass thermal boundary layer thickness rises and leads to an increase in the 

concentration. 

Figures    indicates the impact of the thermal conductivity parameter  , on dimensionless temperature. 

Meanwhile, increasing the thermal conductivity parameter   results to an increasing thickness of the thermal 

boundary layers leading to a rise in the temperature.  

The Schmidt number   , and its influence on the nanoparticle concentration is presented by the use of 

figures   . The number   ,  implies the ratio of momentum diffusivity (kinematic viscosity) to mass diffusivity. 

Physically, it entails the relative thickness of the hydrodynamic layer and mass transfer boundary layer. Hence, 

increasing    causes a decay in the mass boundary layer thicknesses leading to a decrease in concentration. 
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The effect of the stretching sheet parameter  , on velocity, temperature and concentration profiles are 

represented in figures   ,    and    respectively. As the values of the stretching sheet parameter increases 

gradually, the velocity of the fluid flow also increases slowly. As the values of the stretching sheet parameter 

intensifies, the velocity gradient also increases quickly, moving far away from the free stream region thereby 

allowing more flow to occur. This is attributed to the fact that the velocity of the stretching sheet is less than free 

stream velocity. This is shown in figure    . Meanwhile, the effect of stretching sheet parameter on temperature 

and concentration are presented in figures    and   . It is observed from the profiles that both the temperature 

and concentration decrease as the stretching sheet parameter increases. This is as a result of the fact that velocity 
of the stretching sheet is more than the free stream velocity and more energy (heat) is needed to overcome this 

and also particles move from the area of greater concentration to the area of lower concentration.  

 

VI. Conclusion 
Having successfully carried out the analysis of hydromagnetic nanofluid flow past an exponentially 

stretching sheet with radiation and nonuniform heat generation/absorption analytically, together with the 

MATHEMATICA for the solution simulation, we have noted vital observations springing from the significance 

of parameters of nanofluid flow as it affects the velocity, temperature as well as concentration. Hence, we have 

made the following conclusions from our study. 
1. The velocity increases as thermal radiation, stretching sheet, thermal Grashof, numbers rise.  

2. Upsurge in the values of magnetic parameters leads to a decline in fluid velocity.  

3. Increasing the stretching sheet, Prandtl number and heat absorption           numbers lower the 

temperature while the reverse is the case when thermal radiation, Brownian motion and heat generation 

parameters          , rises. 

3. The effect of thermophoresis and thermal conductivity factors when they are increased brings about increase 

in temperature and concentration. 

4. In the case of increasing values of Brownian motion and heat generation parameters           the 

concentration decreases while for heat absorption parameters          , it rises.  

 

Nomenclature 
       the velocity components 

    viscosity coefficient. 

    density of fluid. 

    electrical conductivity of fluid. 

    Magnetic field parameter. 

    fluid temperature. 

    fluid heat conductivity. 

     heat capacity at constant pressure. 

     heat flux radiative. 

    Concentration. 

    the proportion of heat capacities of nanofluid to that of base fluid. 

        nanofluid heat capacities. 

        base fluid heat capacities.  

     Coefficient of Brownian motion. 

     thermophoretic diffusion coefficients 

     the ambient fluid temperature.  

     the ambient fluid concentration. 

     Prandtl number. 

     Schmidt number. 

     thermophoresis number. 

     Brownian motion factor. 

    Stretching sheet velocity parameter. 

    the thermal radiation factor.  

     Thermal Grashof parameter. 
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