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Abstract. In transport as well as manufacturing industries, the two basic aspects are heating and cooling. The use of metal or metallic 
oxide nanofluids has an effective cooling technique than that of conventional fluids. Therefore, the work is aimed at describing the 
three-dimensional MHD flow of metal and metallic oxide nanofluids past a stretching/shrinking sheet embedding with a permeable 
media. Further, thermal properties are enhanced by incorporating heat generation/absorption and radiative heat energy in the heat 
equation, enhancing the efficiency of temperature profiles. The convective boundary condition for temperature is used, which 
affects the temperature profile. Suitable similarity transformation is used to transform the governing equations to ordinary 
differential equations. The approximate analytical solution is obtained for these transformed differential equations employing the 
Adomian Decomposition Method (ADM). The influences of characterizing parameters are obtained and displayed via graphs, and 
the computation results of the heat transfer rate for various values of constraints are shown in a table. It is observed that both the 
momentum and energy profiles decrease with an enhance in the porosity parameter. Also, the fluid temperature decreases with an 
increasing thermal radiation parameter, but the opposite effect is encountered for the energy generation/absorption parameter. 

Keywords: Nanofluid; MHD; Thermal radiation; Heat generation; Porous medium. 

1. Introduction 

This modern and novel concept of nanofluid offers enchanting the heat transfer properties correlated to the heat transfer base 
fluid. Due to its varied industrial applications such as liquid cooling, vehicle cooling, biomedical applications, detergency, etc. many 
researchers have contributed their study in this direction. As per the technical concern in industries, for transportation, 
manufacturing, electronics, etc. the vital aspect is cooling. Most of the electronics product those are operating a long time they need 
cooling and for the state of cooling, scientists using nanofluid instead of conventional fluid. As per the biomedical concern, 
nanofluid is used for drug delivery. Gold nanoparticles are widely useful in sensor field surface modification material of DNA 
sensors to increase their sensitivity like sensitive membrane preparation. Nanoparticle liquid suspension (Nanofluid) is the term 
invented by Choi [1] to mark out this novel theory of nanotechnology-based energy transfer fluid that shows thermal properties 
higher to those of their base liquid. Nanoparticles used in nanofluids have been made of different materials, such as metals

( , , ),Au Ag Cu carbide ceramics ( , ),SiC TiC nitride ceramics ( , ),SiN AlN oxide ceramics 2 3( , ),CuO Al O and carbon nanotubes. Nanofluids 

aim to get the highest feasible thermal properties at the least feasible concentrations (in preference less than 1% by volume) by 
constant scattering and firm suspension of nanoparticles in base liquids. To attain this aim it is essential to know how nanoparticles 
improve heat transport in fluids. In the past few years, some attention has been specified convective transport of nanofluids. A 
wide review of the thermal conductivity of nanofluids has introduced by some researchers (Mishra et al. [2-3];Parida and Mishra 
[4];Bhatti et al.[5] and Makinde and Mishra [6]). Takhar et al. [7] scrutinized the magnetohydrodynamic effect of an unsteady flow 
due to the impulsive motion in a stretching surface. Free convection of a nanofluid in a nonisothermal vertical plate embedding 
with a porous medium is investigated by Gorla and Chamkha [8]. Further, Damseh et al. [9] and Zaraki et al.[10] have presented the 
influences of heat generation/absorption as well as the chemical reaction on the flow of micropolar and nanofluids respectively. 
Sandeep et al. [11-12]; Das et al.[13-15] have presented their study for the behavior of several physical parameters on the flow of 
nanofluid in various geometries. They have employed both analytical as well as numerical techniques for the solution of complex 
governing equations. In a useful discussion, Chamkha [16,17] presented the solar radiation in a free convective flow through a 
porous medium. For the heat transfer enhancement through a nanofluid, the nanoparticle diameter plays an important role. 
Ghalambaz et al. [18] carried out their study for the behavior of Al2O3-nanoparticle diameter in conjunction with variable thermal 
conductivity. However, mixed convection of nanofluid for the effect of thermal radiation was conducted by Chamkha et al.[19] and 
Gorla et al.[20]. In both of the aforementioned studies, authors have considered the flow through the permeable medium. An 
analysis of water-based nanofluids on the different physical conditions have presented by Sheikholeslami et al.[21, 22]) and Salem 
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et al.[23].The motion and energy transport of a nanoliquid, considering metallic nanoparticles for the variation of different pertinent 
parameters was conducted by Chamkha and his co-authors [24-26]. 

The study of fluid motion with a magnetic field is considered important in the polymer industry, metallurgy, engineering, 
physics, and chemistry, etc. Also, the MHD flow plays a vital role in problems related to blood plasma, blood pump machines, and 
physiological fluids. An electrically conducting liquid conditional on a magnetic field is suitable in governing the rate of cooling. 
The electro-conducting fluid has been increasingly used in the manufacturing processes of semiconducting material such as silicon 
crystal gallium arsenide. The effect of the magnetic field could be very helpful in the modernization of technological processes. On 
account of their varied importance, these flows have been studied by several authors, notable amongst them are (Turkyilmazoglu 
[27]; Hamad [28]; Sheikholeslami et al. [29]; Ibrahim and Makinde [30]). 
Radiation is the temperature that originates from a source and travels via some material or space. Sound, energy, and light are the 
kinds of radiation. The thermal radiation impact might performance an important character in controlling the energy transfer 
process in the polymer processing industry. Various manufacturing procedures, for example, solar power skill, astrophysical flows, 
fossil fuel combustion heat processes, gas turbines, the many impulsion devices for missiles, aircraft, satellites, missiles. Also, heat 
radiation shows a vigorous part in procedures in manufacturing areas that arise at high energy for the design of numerous advanced 
heat adaptation systems. Several authors analyzed the radiation impact on energy transfer of a nanofluid in different physical 
conditions, notable amongst them are (Magyari and Chamkha [31]; Nadeem et al. [32,33]; Turkyilmazoglu et al. [34]; Chamkha and 
Khaled [35]; Ramzan and Bilal [36]; Hayat et al. [37]; Hag et al.[38]). The impacts of energy generation on the assorted convective 
motion of a nano liquid over a non-linear extending surface were analyzed by Lakshmi et al. [39]. Hayat et al. [40] have analyzed 
the three-dimensional motion of a nanofluid past an extending sheet. 

The motion of liquids past a porous medium is of great importance in heat removal from nuclear fuel debris, underground 
disposal of radiative waste material storage of foodstuff, and oil exploration. On the porous shrinking sheet, suction/injection of a 
liquid can noticeably variation the motion arena. Injection of the liquid via a permeable shrinking surface is of mutual apprehension 
in numerous applications that contain laminar boundary film control applications. These contain the coating of wires, film cooling, 
polymer fiber coating. Normally, suction is probable to practice the friction factor. Instead, injection acts oppositely. Suction is useful 
for chemical procedures to eliminate reactants. The injection is utilized to improve reactants, prevent corrosion, reduce the drag 
and cool the surface and also suction or injection is significant in manufacturing activities for example in the structure of bearings, 
diffusers, and thermal oil repossession. Malvandi et al. [41] reported the energy generation impact on the stagnation-point motion 
of a nanofluid past a stretching sheet through porous media. Some authors have studied the motion of a nanoliquid through porous 
media in different physical conditions, notable amongst them are (Kahar et al. [42]; Rashidi et al. [43]; Sheikholeslami and Ganji 
[44],). The influence of the magnetic field, Hall current, and heat generation/absorption in free convective flow over a moving vertical 
plate were conducted by Takhar et al.[45] and Chamkha[46] respectively. Recently, Sharma et al. [47] and Hayat et al. [48] have 
reported the 3-dimensional flow of a nano liquid past an extending surface for the effects of the heat source. 

To the best of our knowledge, the influence of the three-dimensional MHD flow of metal and metallic oxide nanofluids past a 
stretching/shrinking sheet embedding with a permeable media and convective boundary condition has not been studied before. 
Therefore, the key goal i.e. the novelty of the present analysis is to form a mathematical model to recognize the influence of 
radiation on the 3-D MHD motion of metal and metallic oxide nanofluids past a stretching/shrinking sheet embedding with a 
permeable media with convective boundary condition. Due to the higher thermal conductivity of both the metal and metallic oxide 
nanoparticles, the cooling efficiency also enhances. However, one more novelty is the solution procedure. Instead of traditional 
numerical methods, we have employed a semi-analytical technique i.e. Adomian Decomposition Method (ADM). The structures of 
the motion and energy transfer features are studied through designing diagrams, tables, and analyzed in detail. This work is 
established as follows: In Section 2, the problem formalism. Section 3 includes the solution of the problem by the Adomian 
Decomposition Method (ADM). Section 4 contains a discussion and results. The conclusions are reviewed in Section 5. 

 
2. Mathematical Modeling and Formulation 

 

Radiative three-dimensional motion of a viscous nanoliquid in a conducting medium over a shrinking sheet is considered in 
the present investigation. The motion over a permeable media is considered with an added heat source in the energy equation. The 
conducting fluid-induced with the magnetic field act normal to xy-plane with field strength 0B  (Fig.1). However, assuming the 
small magnetic Reynolds number, the induced electric current, as well as Hall current effects, are neglected. 

Following aforesaid assumptions, the flow phenomena associated with the problem can be described as: 
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Fig. 1. Flow diagram 

where / ( )nf nf nfk Cpα ρ=  is the thermal diffusivity, (1 ) snf fρ ρ φ ρ φ= − + , the density, using Gherasim et al. [50] 14.80.904nf fe φµ µ= , 

the viscosity, ( ) ( ) ( )(1 )
nf f s

Cp Cp Cpρ ρ φ ρ φ= − + , the heat capacitance, following Mintsa et al.[51] (1.72 1.0)nf fk k φ= + , the thermal 

conductivity is chosen for the effective physical properties of nanofluid. Here, the convective thermal condition is presented with 

the coefficient 1h , the suction velocity, W , the rate constant, <0c . In particular 2 0m = , the sheet shrinks along the flow direction 

( x -direction) also for 2 2m =  the sheet shrinks axis-symmetrically (Zheng et al. [49]). 
We now present [49] the subsequent dimensionless parameters and similarity transformations: 
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where prime denotes the differentiation w.r.to η , using Eq. (6), the Eq. (1) is identically satisfied, and substituting into Eqs. (2, 3 
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The boundary conditions (5), reduce to 
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where * 3 *4 / nfNr T k kσ ∞= , the radiation parameter, 2
0 / fM B bσ ρ= (magnetic parameter), 0 / ( )p fQ Q b Cρ= , the heat source 

parameter, Pr ( ) /pf f fC kυ ρ= , the Prandtl number, /c bδ = ( stretching/shrinking parameter), 2/ fS W b mυ= (suction/injection 

parameter), / *f bKpχ α= (porosity parameter), 1 / /Bi h b kυ= , the Biot number. 

3. Solution of the Problem 

The system of DEs (7), (8) with the boundary conditions (9) are solved by employing the Adomian Decomposition Method (ADM). 

Using the general formulation of ADM we have to introduce the operators 3 3
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The linear and nonlinear terms of the above equations can be treated as an infinite series of polynomials of the form: 
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The exact solutions of (7) -(8) are as follows: 
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Using m=0,1,2….and evaluating the unknowns p and q we get the particular solutions. The local Nusselt number is described as 
follows: 
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where wq is the surface heat flux and

 

Re /x w fu x υ=  (Local Reynolds number).
  

Table 1. Thermophysical properties of water and nanoparticles 

 ρ (Kg/m3) Cp (J/Kgk) k (W/m.k) 

Pure Water 997.1 4179 0.613 
Copper (Cu) 8933 385 401 

Alumina (Al2O3) 3970 765 40 

4. Results and Discussion 

To study the nature of the velocity and temperature distribution for Cu-H2O as well as Al2O3-H2O based nanofluids, 

mathematical calculations are completed for the different values of , , , , , ,M Nr S Q Biχ δ  and φ  which are enumerated in figures. 

Inclusive solutions were attained and are introduced in Figs. 2–13. At the period of calculation, the fixed values of different variables 

21; 1; 0;Pr 6.2; 0; 0.1; 0.1; 1; 0.5M m Nr S Q Biχ δ= = = = = = =− = = are assumed excluding for the variation of the variables matching 

to the corresponding figures. Now attained the mathematical result for various parameters, namely nanoparticle volume fraction 

( φ ), Biot number ( Bi ), shrinking parameter ( δ ), radiation parameter ( Nr ), heat source/sink parameter (Q ), magnetic parameter 

( M ), suction parameter ( S ), and porosity parameter ( χ ), etc. 

4.1 Velocity distribution 

Fig. 2 depicts the impact of nanoparticle volume fraction on the momentum. The present figure describes the influence of both 
the absence of volume fraction (pure fluid, blue lines) i.e. 0φ =  and various values of volume fraction of Cu and Al2O3 nanoparticles. 
The volume fraction is the amount of nanoparticles i.e. the percentage of nanoparticle accounted for in a certain volume of the 
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base fluid. It is noted that, in the case of pure fluid, the profile is closed towards the sheet and further it enhances the thickness of 
the boundary layer in the entire region. In close comparison between the two nanoparticles, it is clear that Cu-water nanofluid 
(black lines) reduces the profile more than the profiles of Al2O3-water nanofluids (red lines). The fact is, due to the higher density of 
Cu than the Al2O3 nanoparticles more amount of particle is clogged near the sheet for which velocity reduces. Fig. 3 illustrates the 
influences of the magnetic parameter on the velocity profiles using Cu and Al2O3-water nanofluids along with the case of pure fluid. 
The profile exhibited for the absence of porosity parameter. It is noted that, as the magnitude of such parameters increases, the 
velocity diminishes. The reason is that the growing value of magnetic parameter parameters induces the Lorentz force, a resistive 
force that resists the fluid motion. Again, it is seen that Cu-water nanoparticles have a more retarding effect than that of Al2O3-
water nanofluid in conjunction with magnetic parameter. The one more resistive force i.e. the influence of porosity is displayed on 
the velocity distribution in the presence of the magnetic parameter in Fig. 4. The figure shows in the absence of porosity maximum 
velocity is exhibited in the boundary layer and for enhances in a porous matrix, the velocity retards. The inclusion of both the 
resistive forces has retarding effects to reduce the thickness of the profile. With the inclusion of magnetic and porosity parameters 
Fig. 5 portrays the behavior of suction on the velocity in both the occurrence of nanofluids. It is seen that fluid will exert from the 
higher-pressure region to lower pressure region for which the thickness of the profiles reduces, as a result, the velocity decreases. 
The Cu-water nanofluid dominants over Al2O3 so that the retardation is maximum. It is interesting to observe that, in the case of 
impermeable ( 0)S= , maximum velocity exhibited in the entire flow domain. Fig. 6 describes the effect of δ , the velocity ratio on 
the momentum. The sign ‘+/-‘ represents the stretching/shrinking cases respectively. The dual character in the profile is exhibited 
for both cases. However, it is noted that, as the δ  rises in magnitude, the momentum increases. 

 

 
Fig. 2. Velocity descriptions for different values of nanoparticle volume 

fraction

21; 1; 0;Pr 6.2; 0; 0.1; 0.1; 1; 0.5M m Nr S Q Biχ δ= = = = = = =− = =  

Fig. 3. Velocity descriptions for dissimilar values of the magnetic 

parameter

2 1; 0;Pr 6.2; 0; 0.1; 0.1; 1; 0.5; 0.05m Nr S Q Biχ δ φ= = = = = =− = = =  

  

Fig. 4. Velocity profiles for various values of porosity parameter

21; 1;Pr 6.2; 0; 0.1; 0.1; 1; 0.5M m Nr S Q Biδ= = = = = =− = =  

Fig. 5. Velocity profiles for various values of the suction parameter

21; 1; 1;Pr 6.2; 0; 0.1; 1; 0.5; 0.05M m Nr Q Biχ δ φ= = = = = =− = = =  

4.2 Temperature distribution 

Figure 7 displays the impact of φ , the nanoparticle volume fraction on the energy distributions. It is noticed that as the φ
enhances, the energy upsurges because when the φ  rises, the thermal conductivity upsurges, and the thickness of the thermal 
boundary layer depresses. It is also observed that the variation from the negative region towards the positive region enhances with 
the decrease in magnitude for which the thickness retards. From the figure, it is seen that, the pure fluid case maximum 
temperature exhibited, and in comparison, to both of the nanoparticles, Cu-water nanofluid has a dominating role over the Al2O3 
nanofluid. The fact is, the conductivity of Cu is more for which the capacity for heat transfer enhances. Figs. 8 and 9 illustrate the 
impact of the magnetic parameter and porosity parameter on the energy description respectively. It is noted that for the growing 
value of the magnetic parameter and porosity parameter the energy description diminishes. The reason is the stored energy 
dissipates from the plate region towards the fluid region for which a similar trend in the profile is marked. Fig. 10 explains the effect 
of the suction parameter on the energy description. It is observed that for the growing value of suction parameter energy profile 
upsurges. It is seen that in the impermeable case i.e. when ( 0)S=  the fluid exhibits its maximum temperature. However, in the 
case of Cu-eater nanofluid, the rate of enhancing is more significant than that of the case of Al2O3-water nanofluid. The effects of 
the heat source/sink parameter on the temperature profile are seen in Fig. 11. Moreover, the absence case i.e. 0Q = is also presented 
in the same figure.  
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Fig. 6. Velocity descriptions for dissimilar values of the shrinking 

parameter

21; 1; 1;Pr 6.2; 0; 0.1; 0.1; 0.5; 0.05M m Nr Q S Biχ φ= = = = = =− = = =  

Fig. 7. Temperature profiles for various values of nanoparticle 
volume fraction

21; 1; 0;Pr 6.2; 0; 0.1; 0.1; 1; 0.5M m Nr Q S Biχ δ= = = = = =− = = =  

  
Fig. 8. Temperature descriptions for dissimilar values of magnetic 

parameter

2 1; 0;Pr 6.2; 0; 0.1; 0.1; 1; 0.5; 0.05m Nr Q S Biχ δ φ= = = = =− = = = =  

Fig. 9. Temperature descriptions for various values of porosity 
parameter

21; 1;Pr 6.2; 0; 0.1; 0.1; 1; 0.5; 0.05M m Nr Q S Biδ φ= = = = =− = = = =  

Noticeable increase in fluid temperature is marked from the sink to source in the entire thermal layer and comparison to both 
the nanofluids, it is observed that the nature of Cu nanoparticle always dominates over the Al2O3 nanoparticles. The behavior of 
Biot number ( Bi ) i.e. due to the heat flux on the fluid temperature is displayed in Fig. 12. Due to the uniform temperature field 
inside the body, the values considered for the Biot number makes the problem thermally simple. For 0.1Bi<  the heat conduction 
is much faster than heat convection away from its surface. It is because of the lesser temperature gradients inside the body. Here, 
it is seen that within this range increasing Bi enhances the profile as well. The performance of the Nr on the energy description 
is seen in Fig. 13. It is detected that the thermal radiation yields a diminution in the energy profile because the thermal radiation 
parameter diminishes the thickness of the thermal boundary layer. 

4.3 Numerical simulation of engineering coefficients 

Table 2 displays the numerical computation for the behavior of several parameters on the rate of heat transfer coefficient 
described through Nusselt number i.e. ( ) 1/2

RexNu
−

. We observed that the value of ( ) 1/2
RexNu

−
upsurges in magnitude for growing 

the values of nanoparticle volume fraction as well as the thermal radiation. However, for the magnetic, porosity, heat sink to source, 
and the enhanced values of Biot number the effect is reversed. Moreover, it is to note that due to a good conductor of heat transfer 
Cu nanoparticle also dominates over the Al2O3 from each case. Therefore, it is the suggestive measure to care for the choice of 
nanoparticles for the enhanced heat transfer rate for various industrial purposes. 

Table 2. Value of Nessult number for Pr 6.2; 0.1; 1S δ= = =  

φ  M  χ  Q  Nr  Bi  Cu -water 2 3Al O -water 

0 1 0 0 0 0.5 -2.1613 -2.1613 
0.05     -2.2265 -2.2332 
0.1     -2.2755 -2.2787 

0.05 2    -2.1825 -2.187 
 3    -2.1449 -2.148 
 1 1    -2.1442 -2.1473 
  10    -1.7868 -1.784 
  1 -0.3   -2.6198 -2.6208 
  -0.1   -2.3142 -2.3164 
  0.1   -1.9588 -1.9631 
  0.3   -1.5209 -1.53 
  0.1 1  -2.3943 -2.4123 
   2  -2.5926 -2.6227 
   1 0.3 -1.0261 -1.0339 
    0.1 -0.266 -0.268 
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Fig. 10. Temperature descriptions for various values of the suction 

parameter

21; 1; 1;Pr 6.2; 0; 0.1; 1; 0.5; 0.05M m Nr Q Biχ δ φ= = = = = =− = = =  

Fig. 11. Temperature description for dissimilar values of ,Q

21; 1; 1;Pr 6.2; 0; 0.1; 1; 0.5; 0.05M m Nr S Biχ δ φ= = = = = = = = =  

 

 
Fig. 12. Temperature profiles for various values of Biot number

21; 1; 1;Pr 6.2; 0; 0.1; 1; 0.1; 0.05M m Nr S Qχ δ φ= = = = = = = = =  

Fig. 13. Temperature descriptions for unlike values of radiation 
parameter

21; 1; 1;Pr 6.2; 0.1; 0.1; 1; 0.5; 0.05M m Q S Biχ δ φ= = = = = = = = =  

5. Conclusion 
 

In the present study, the magnetohydrodynamic 3-dimensional flow of nano liquid over a shrinking surface under the effect of 

thermal radiation and heat generation via the permeable media was investigated. The physical effects of distinct parameters such 

as nanoparticle volume fraction, Biot number, radiation parameter, magnetic parameter, porosity parameter, shrinking parameter, 

heat source/sink parameter and, suction parameter on momentum and energy descriptions were depicted and discoursed in this 

paper. The main observations are listed below. 

 The effects of magnetic parameter M, suction parameter S, and permeability parameter χ  on the velocity description f ′  are 
similar.  

 The velocity description f ′  enhances when φ  and shrinking parameter δ  enhances.  
 The effects of magnetic parameter M, Radiation parameter Nr , porosity parameter χ , heat source/sink parameter Q, and Biot 

number Bi  on the temperature profile θ  are similar. 
 The temperature profile θ  decreases when the Nr  increases. 
 The temperature description θ  rises when the φ  and the suction parameter enhances. 
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Nomenclature 

0B  Magnetic field strength *Kp  Porosity in dimensional form 

T  Fluid temperature , ,u v w  Velocity components along x, y and z directions 

T∞  Free stream temperature Greek symbols 
c  Rate constant f  Non-dimensional stream function 

*k  Mean absorption coefficient θ  Non-dimensional temperature 

Q  Heat source/sink φ  Nanoparticle volume fraction 

k  Thermal conductivity α  Thermal diffusivity 

pC  Specific heat ρ  Fluid density 

wU  Stretching velocity *σ  Stephan-Boltzmann constant 

0U  Reference velocity υ  Kinematic viscosity 

L  Characteristic length µ  Dynamic viscosity 

M  Magnetic field parameter χ  Non-dimensional porosity 

Pr  Prandtl number Subscripts 

R  Thermal radiation f  Base fluid 

W  Suction velocity nf  Nanofluid 
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