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A B S T R A C T   

This study aims to unfold the significance of numerous physical parameters such as magnetic 
field, heat absorption, thermal radiation, viscous and Joule dissipations, etc. on the flow of 
graphene Maxwell nanofluid over a linearly stretched sheet with considerations of momentum 
and thermal slip conditions. The prevailing mathematical equations are reformed into extremely 
nonlinear coupled ordinary differential equations (ODE) utilizing similarity variables and then 
the equations are solved numerically by the scheme of Runge-Kutta Fehlberg method along with 
the shooting technique. The variations in graphene Maxwell nanofluid velocity and temperature 
owing to different physical parameters are shown via numerous graphs whereas numerical values 
of skin friction coefficients and Nusselt numbers are illustrated and reported in different tables. In 
addition, statistical approach is followed for the multiple regression estimation analysis on the 
numerical findings of wall velocity gradient and local Nusselt number and are reported in tabular 
form to demonstrate the relationship among the heat transfer rate and physical parameters. Our 
results reveal that the graphene Maxwell nanofluid velocity gets reduced owing to enhancement 
in magnetic field, angle of inclination of magnetic field, porosity and unsteadiness parameters 
whereas behavior of nanofluid velocity is reversed due to Maxwell parameter. Further, it is 
noticed that the heat transfer rate of nanofluid is augmented owing to heat absorption, radiation 
and thermal slip parameters while it is reduced due to increase in viscous dissipation and un-
steadiness parameters. The numerical results of the paper are validated by making comparisons 
with the earlier published paper under the restricted conditions and we found an excellent 
agreement with those results. A careful review of research papers reported in literature reveals 
that none of the authors has attempted this problem earlier although the thoughts and method-
ology explained in this paper can be anticipated to lead to enormously prolific connections across 
disciplines.   

* Corresponding author. 
E-mail address: alichamkha@duytan.edu.vn (A.J. Chamkha).  

Contents lists available at ScienceDirect 

Chinese Journal of Physics 

journal homepage: www.sciencedirect.com/journal/chinese-journal-of-physics 

https://doi.org/10.1016/j.cjph.2020.10.013 
Received 23 May 2020; Received in revised form 21 September 2020; Accepted 25 October 2020   

mailto:alichamkha@duytan.edu.vn
www.sciencedirect.com/science/journal/05779073
https://www.sciencedirect.com/journal/chinese-journal-of-physics
https://doi.org/10.1016/j.cjph.2020.10.013
https://doi.org/10.1016/j.cjph.2020.10.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjph.2020.10.013&domain=pdf
https://doi.org/10.1016/j.cjph.2020.10.013


Chinese Journal of Physics 68 (2020) 671–683

672

1. Introduction 

In the present scenario, owing to overwhelming significance in industry and public endeavor, the nanofluid problems have received 
notable attention from researchers working in the domain of nanotechnology. The nanofluid foremost termed by Choi [1] is a kind of 
fluid that consists of extremely fine metallic or non-metallic particles (up to 50 nm in radius). Addition of extremely fine metallic or 
non-metallic particles in the conventional fluid influences the fluid characteristics like heat transfer rate and thermal conductivity [2]. 
For example, in the modern nuclear system addition of nano-scale metal particles in the conventional fluid augments the heat transfer 
rate characteristics. Nanofluids are enormously useful in various applications including energy conversion, microsystem’s cooling (due 
to change in heat capacity of base fluid by adding nano sized metal or metal oxide particles), nanomedical industry, etc. The easiest 
way to enhance the thermophysical properties of base fluid is by adding the nano-sized particle (metal or nonmetal). The suspension of 
nano-sized particles (both metal or nonmetal) into the base fluid results in the extreme enhancement in temperature gradient of the 
fluid [3]. Some recent distinguished research studies mentioning the novel heat transfer rate characteristics of nanofluids can be found 
in references [4–6]. 

Carbon atom’s monomolecular layer having the similar structure to honeycomb is known as graphene. Owing to fast mobility of 
electrons, high thermal conductivity, stability and expanded surface area the graphene nanoparticles possess the novel material, 
physical, electrical and chemical characteristics [7]. Therefore, it has a wide range of applications including electronics, energy sector, 
sensing outlets, medical sciences, etc. [8]. Upadhya et al. [9] performed the theoretical investigation of magneto-Carreau fluid by 
adding the graphene and dust particles into the fluid and observed that mixture of ethylene glycol and graphene nanoparticles are 
noteworthy in improving the heat transport phenomena. Further, this study was prolonged by Mahesha et al. [10] taking the bearings 
of heat generation and thermal radiation and found that both temperature and velocity profiles are augmented owing to increase in 
unsteadiness parameter. The hydromagnetic flow problems in a porous medium with heat transfer has a number of real world and 
industrial applications, such as plasmas, extraction of energy from earth, separation of metal from non-metals enclosure, polymer 
industries, etc. The significance of problems of hydromagnetic flow of fluid along with heat transfer characteristics embedded in a 
porous medium are reported in literature [11–15]. 

In the aforesaid published studies, the majority of the problems were confined to the flow of Newtonian fluids. But, in practical 
situations it is found that numerous fluids in various engineering and industrial processes are non-Newtonian fluids in characteristics, 
for instance, molten plastics, polymers, nuclear fuel slurries, pulps, mercury amalgams, liquid metals, lubrication by heavy oil, etc. 
Owing to complex characteristics of these fluids one can’t find the single constitutive equation that reveals all the characteristics of 
such non-Newtonian fluids. However, a number of complex constitutive models for the non-Newtonian fluids have been proposed by a 
number of researchers, namely, Baris and Dokuz [16], Haroun [17], Sajid et al. [18] and Hayat et al. [19], etc. The proposed models are 
concerned with the second, third and fourth grade fluids which can estimate the impact of elasticity while these models are shear 
independent and unable to envisage the significance of shear relaxation [20]. Moreover, Maxwell model is proposed for the rate type 
fluids which can estimate shear stress relaxation and consequently become a popular model among the researchers. These models can 
also depict the significance of shear-dependent viscosity of boundary layer problems. Following this, many researchers which includes 
Fetecau and Fetecau [21], Wang and Hayat [22], Fetecau et al. [23], Hayat et al. [24] and Heyhyat and Khabazi [25] reported their 
investigations on Maxwell fluid flow problems considering different geometrical configurations to analyze the significance of different 
germane parameters on the flow field. 

Heat generation/absorption models of fluid flow driven by permeable stretched sheet have been investigated by many authors 
because of its numerous industrial applications viz. hot rolling, chemical reaction that discharges heat, endothermic reactions, heat 
exchange from nuclear fuel wastage, glass fiber production, paper production, etc. Following this, the quiescent fluid flow over an 
exponentially stretching sheet amid the significance of heat source/ sink is investigated numerically by Elbashbeshy [26]. This study 
illustrates that the suction can be employed to cool down the moving continuous surface. Further, this problem was extended by 
Elbashbeshy and Bazid [27] considering unsteady state conditions. Subsequently, effects of heat absorption on natural convective heat 
transfer flow of viscous fluid past an accelerated moving vertical plate considering chemical reaction into account was scrutinized by 
Hussain et al. [28]. The novel characteristics of thermal radiation for the surface heat transfer cannot be ignored while considering the 
industrial processes like electrical power generation, designing of furnace, production of glass, missiles devices, solar power tech-
nology, etc., wherein high temperature occurs. In the present industrial scenario due to decrease of conventional energy resources the 
attention has been focused on sustainable and renewable energy sources. The solar energy is the main fountain of renewable energy 
and thermal radiation acts a noteworthy role in transforming the solar energy to the appropriate form for various applications in 
industry. Several research studies have been reported to explore the novel characteristics of thermal radiation on different types of flow 
field [29–31]. 

In above studies, the viscous dissipation impact has not been considered as the same is supposed to be low but its relevance in food 
processing, instrumentations, lubrications, polymer manufacturing, etc., is considered as very significant as it enhances the charac-
teristics of temperature distribution which induce the heat transfer rate. Some important studies dealing with the viscous dissipative 
flow problem induced by stretched sheets are reported by Vajravelu and Hadjinicolaou [32], Partha et al. [33], Cortell [34] and Aziz 
[35], etc. Further, Joule dissipation shows the characteristics just like volumetric heat source in magnetohydrodynamic fluid flows and 
the collective significance of viscous and Joule dissipations are imperative in context of the heat-treated materials. Following this, 
several researchers such as Anjali and Ganga [36], Daniel et al. [37], Seth and Singh [38] and Seth et al. [39] modelled their problems 
considering the impacts of Joule and viscous dissipations. A meticulous review of research papers reported in literature reveals that the 
majority of the researchers have considered the no-slip conditions in their investigations and have ignored the slip conditions. But, in 
many physical problems such as low-pressure flows, micro/nano-scale flows, flow over coated surfaces, etc. Navier’s partial slip took 
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place. Owing to this reason, Singh and Makinde [40], Hussain et al. [41] and Seth et al. [42–43] studied the boundary layer flow 
problems taking partial slip conditions into account. 

The present study is mainly concentrated to unfold the significance of Joule and viscous dissipations on the flow of graphene 
Maxwell nanofluid over a linearly horizontal stretched sheet under the momentum and thermal slip conditions. The impacts of thermal 
radiation and heat absorption are also considered in the investigation. The highly complex mathematical model of the problem is 
numerically solved employing Runge-Kutta Fehlberg scheme along with the shooting technique. Further, a statistical approach is 
followed for the multiple regression estimation analysis on the numerical findings of wall velocity gradient and local Nusselt number. A 
careful review of research papers reported in literature reveals that none of the authors has attempted this problem earlier although the 
thoughts and methodology explained in this paper can be anticipated to lead to enormously prolific connections across disciplines. 

2. Mathematical formulation of physical problem 

The physical problem is formulated in mathematical form by considering the flow of an electrically conducting, two-dimensional 
stream line, incompressible and heat absorbing non-Newtonian Maxwell graphene nanofluid past a linear stretching sheet. The 
nanofluid consists of Ethylene glycol as a base fluid and graphene nanoparticles. The thermophysical properties of base fluid Ethylene 
glycol and graphene nanoparticles are mentioned in Table 1. The flow of fluid is considered on the two-dimensional Cartesian co-
ordinate system in which the stretching sheet is aligned to x-axis while y-axis is across to it. The fluid flow is limited in the area y > 0. 
The nanofluid is induced over a stretching sheet owing to the unsteady magnetic fieldB(t) = B0(1 − αt)− 1/2exerted along y- axis. The 
influence of the induced magnetic field is ignored as compared to applied magnetic field [12]. Further, the optically thick radiative 
Maxwell nanofluid is considered and hence, Rosseland approximations are utilised to do the mathematical model of the problem. 
Moreover, it is presumed that the considered sheet is shrunk owing to two opposite but equal forces with the time dependent velocity 
Uw(x,t) = cx(1 − αt)− 1

,where c and (1 − αt)− 1(here αt < 1) are respectively initial and notable stretching rate. The wall temperature of 
nanofluid is considered Twwhile the temperature outside the boundary regime is known as free stream which is denoted by T∞. The 
physical illustration of the problem is shown in Fig. 1. 

The governing momentum and energy equations for the graphene Maxwell nanofluid of such nature of problem [44] under the 
above-mentioned assumptions are reduce to 

Table 1 
Thermophysical properties of Ethelene glycol and graphene nanoparticles [46].  

Thermo-physical properties ρ(kg /m3) cp(J /kgK) K(W /mK)

Ethelene glycol 1114 2415 0.252 
Graphene 2250 2100 2500  

Fig. 1. The physical illustration of the problem.  
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The related boundary conditions are given by: 

u(x, 0) = Uw(x, 0) + s
∂u
∂y
, v = 0, T(x, 0) = Tw + D

∂T
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, (4)  

at y → ∞, u → 0, T → T∞. (5) 

In the Eqs. (1)–(5), notations u and vrepresent the graphene Maxwell nanofluid velocity in x-direction (primary velocity) and y- 
direction (secondary velocity) respectively. νn f indicates the kinematic viscosity. λ = λ0(1 − αt), where λ 0is the initial relaxation rate. 
K = K0(1 − αt)is the porosity parameter. σis symbol of electrical conductivity of graphene Maxwell nanofluid. γis the angle in anti- 
clockwise sense from stretching surface. Tis the temperature of graphene Maxwell nanofluid. knf is the symbol of heat conductivity 
of nanofluid. qris the thermal radiation factor of graphene Maxwell nanofluid. (ρcp)nf is the symbol of specific heat capacitance of 
graphene Maxwell nanofluid. Q0is the heat absorption coefficient. s = s0
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The thermal radiation factor of graphene Maxwell fluid qrcan be expressed in the following form qr = − 4σ∗
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approximations [45]. Here σ∗is used to represent Stefan-Botzmann and k∗is the notation of absorption coefficient. 

3. Numerical method approach 

To obtain the physically stable and reliable numerical solution of problem mentioned in Section 2, stream function ψ =
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The dimensionless forms of boundary conditions are given as: 
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In above expressions,ρnf represents the graphene Maxwell nanofluid’s density, ρf is the base fluid’s density, μnf denotes dynamic 
viscosity of graphene Maxwell nanofluid, μf is the density of Maxwell fluid (base fluid), ksrepresents heat conductivity of graphene 
particles, kf represents the heat conductivity of Maxwell fluid (base fluid), A = α

cis unsteadiness parameter, ϕis the volume fraction of 

nanoparticle in nanofluid, β = cλ0denotes the Maxwell parameter, M =
σB2

0
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In view of engineering applications, the expressions for skin friction coefficient Sf and local Nusselt number Nuxare obtained and 
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represented as below: 
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4. Numerical method implementation 

The complexity of the mathematical model reported in Section 3 is very high, so analytical solutions of the model can’t be obtained. 
So, in order to analyze the solution of highly non-linear ordinary differential equations mentioned by Eqs. (6) and (7) along with 
conditions (8) and (9), numerical solution is analysed employing Runge-Kutta Fehlberg scheme together with the shooting technique. 
At first, Eqs. (6) and (7) are converted to the form of five first order differential equations. Furthermore, Runge-Kutta Fehlberg method 
is executed to solve these sets of five differential equations in which the initial functional values of f ′′(0) and θ

′

(0)are obtained by 
means of shooting technique. The value of the similarity variable ηis chosen as η = 7aimed at infinity boundary conditions whereas the 
step size is considered as 0.001 during the numerical computation. To achieve precise results the tolerance error is taken as 10− 6. The 
complete method is repeated till the anticipated correctness in the results is attained. 

Fig. 2. Velocity profile due to variation in magnetic field.  

Fig. 3. Velocity profile due to variation in porosity of porous medium.  
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5. Results and discussions 

In this segment, extensive numerical computation is executed and the numerical results are presented to demonstrate a compar-
ative analysis presenting the impacts of influencing parameters on the flow field. Throughout the numerical computation, values of 
various non-dimensional parameters are assumed as radiation parameter Nr = 0.2, Prandtl number Pr = 5,unsteadiness parameter A 
= 0.1,thermal slip parameter ε = 0.1, Eckert number Ec = 0.1, angle of inclination of magnetic field γ = π/3,magnetic parameter M =
1, Maxwell parameter β = 0.5, heat absorption parameter Q = 3and porosity parameter K1 = 0.1. These values remain unchanged 
throughout the analysis while the varying values of parameters are specified in respective figures. In all depicted figures, solid lines 
indicate the impact of pertinent flow parameters under no-slip condition while dashed lines denote the impact under slip condition. 
Figs. 2–6illustrate the influence of magnetic field, porous medium, inclination angle of magnetic field, Maxwell parameter and un-
steadiness parameter on velocity of graphene Maxwell nanofluid. Figs. 7–12 describe the significance of heat absorption, radiation, 
inclination angle of magnetic field, viscous dissipation, thermal slip and unsteadiness parameter on temperature of graphene Maxwell 
nanofluid. Fig. 2 exhibits that graphene Maxwell fluid velocity decreases on increasing magnetic field (M)parameter under both slip 
(A = 0.3)and no-slip (A = 0)velocity conditions. This type of behavior happens due to resistive Lorentz force; which is enhanced due to 
increase of strength of the magnetic field. Fig. 3explores the effect of porosity medium (K1)on nanofluid velocity. It is seen that due to 
increase in porosity the fluid velocity is decreasing. The reason behind this nature of velocity is that resistance opposes the fluid flow is 

Fig. 4. Velocity profile due to variation in angle of inclination of magnetic field.  

Fig. 5. Velocity profile due in variation of Maxwell parameter.  
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experienced due to increment in the porous medium. It is clearly evident from Fig. 4that an increase in angle of applied magnetic field 
(γ)from stretching sheet is the cause of decreasing the fluid velocity. This is because the increment in angle of magnetic field from the 
surface of the stretching sheet is the cause of enhancement in strength of magnetic field. Fig. 5shows that velocity of graphene Maxwell 
fluid increases due to increase in Maxwell parameter(β). Fig. 6exhibits that graphene Maxwell fluid velocity gets augmented owing to 
an increase in unsteadiness parameter (A). Further, it is to be noted from Figs. 2–6that graphene Maxwell nanofluid velocity is higher 
in case of no-slip condition than that of slip condition. Fig. 7 depicts that graphene Maxwell nanofluid temperature is reduced due to 
enhancement in heat absorption parameter (Q). This is owing to the reason that increment in heat absorption parameter results in the 
heat absorbing capacity of fluid throughout the boundary layer region. Fig. 8exhibits that the graphene Maxwell nanofluid fluid 
temperature gets increased as of augmentation of radiation parameter (Nr). It is because of physical nature of radiation that it upsurges 
the conduction influence of fluid and in turn thermal boundary layer gets thicker. Fig. 9shows that graphene Maxwell nanofluid 
temperature is decreasing due to increase in inclination angle of magnetic field. It is apparent from Fig. 10 that by increasing the Eckert 
number (Ec),the graphene Maxwell nanofluid temperature can also be increased. The reason behind this behavior of graphene Maxwell 
nanofluid is that Eckert number represents ratio of kinetic energy to enthalpy and the total work is done against viscosity where the 
kinetic energy is converted into internal energy. Hence, viscous dissipation has a nature to increase the temperature of fluid in the 
whole boundary layer. Fig. 11 presents that graphene Maxwell fluid temperature is reducing due to enhancing the thermal slip 
parameterε. Reason for this tendency of fluid temperature presented by Fig. 11is that due to increment in thermal slip parameter less 
heat is flowing from surface to fluid. Hence, temperature is reducing. It can be seen from Fig. 12 that, due to increase in unsteadiness 

Fig. 6. Velocity profile due to variation in unsteadiness parameter.  

Fig. 7. Temperature profile due to variation in heat absorption parameter.  
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parameter, graphene Maxwell temperature is also increasing. It is to be noted from Figs. 7–12 that graphene Maxwell nanofluid 
temperature is higher in case of no-slip condition than that of slip conditions. 

From an engineering interest viewpoint, numerical values of Nusselt number and coefficient of skin friction are analysed and 
presented in Tables 2 and 3. For this, values of non-dimensional parameters are considered as radiation parameterNr = 0.2, Prandtl 
number Pr = 5, unsteadiness parameterA = 0.1, thermal slip parameter ε = 0.1, Eckert number Ec = 0.1, angle of inclination of 
magnetic field γ = π/3, magnetic parameter M = 1, Maxwell parameter β = 0.5, heat absorption parameter Q = 3and porosity 
parameterK1 = 0.1. These values remain unchanged throughout the analysis. It is obvious from Table 2that coefficients of skin friction 
are getting enhanced due to increase in Magnetic field, porosity, angle of inclination of magnetic field and unsteadiness parameters. It 
is also evident from Table 2 that numerical values skin friction coefficients are reduced due to increase in Maxwell parameter. It is 
noticed from Table 3 that Nusselt number gets enhanced owing to increase in heat absorption, radiation, inclination angle of magnetic 
field and thermal slip parameters while it gets reduced due to increase in viscous dissipation and unsteadiness parameters. 

6. Multiple regression analysis: estimation of Nusselt number and skin friction coefficients 

Multiple regression estimation analysis is a statistical tool which is used to estimate the relationship between two or more variables. 
Generally, regression analysis is useful to recognize how the precise value of a dependent variable differs owing to variation of an 
independent variable considering other independent variables fixed. A quadratic regression estimation analysis for Nusselt number 

Fig. 8. Temperature profile due to variation in radiation parameter.  

Fig. 9. Temperature profile due to variation in angle of inclination of magnetic field.  
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and skin friction coefficients has been presented in this section. The model of multiple quadratic regression estimation for coefficients 
of skin friction is mentioned for a set of 100 different values of M and K1, obtained arbitrarily from the intervals [1,7] and [0.1,0.5] 
respectively for two different values of β = 0.1and β = 0.5. Apart from this, a model of multiple quadratic regression estimation for the 
Nusselt number is provided for a set of 100 various values of Ecand Q analysed arbitrarily from the intervals [0.1,0.3] and [1, 3] for two 
different values of Pr = 5and Pr = 10. During the estimation process, the other parameters are considered constant as stated. 

The estimated multiple quadratic regression model for CfxRe1/2
x corresponding to magnetic field and porous medium parameter is 

given as follows 

Cfest = Cf + b1M + b2K1 + b3M2 + b4K2
1 + b5M K1. (12) 

While the regression formula for NuRe1/2
x corresponding to Eckert number Ec and heat absorption parameter Q is given as 

Nuest = Nu + c1Ec + c2Q + c3Ec2 + c4Q2 + c5Ec Q. (13) 

Tables 4 and 5 present the coefficients of multiple quadratic regression estimated values of skin friction coefficients and Nusselt 
number corresponding to different parameters. The maximum relative error bound for skin friction ε = |Cfest − Cf|/Cfand Nusselt 
number ε1 = |Nuest − Nu|/Nuare also obtained and presented in the Tables 4 and 5 respectively. From the tabulated values, it is 

Fig. 10. Temperature profile due to variation in viscous dissipation.  

Fig. 11. Temperature profile due to variation in thermal slip parameter.  
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evident that the coefficient of porous medium parameter is higher than that of magnetic field parameter, which suggests that the 
variation in skin friction is more sensitive for the values of K1 than M for both values of β. In the same way we can observe that Nusselt 
number is more prone to heat absorption parameter Qfor both values of Pr as compared to Eckert number Ec. 

7. Numerical solution validation 

In order to validate the numerical solution obtained in this paper, we have done a comparison of numerical values of − f”(0)for 
varying values of unsteadiness parameter Aand Prandtl number Pr = 0.1and with those of Elbashbeshy and Bzid [47] when β = M =
K1 =Q = Ec =A1 = ε = 0and are presented in Table 6. The comparison of results shows an excellent conformity of numerical results 
which validates the correctness of our numerical solution. 

8. Conclusions 

In this paper, we have illustrated the significance of Joule and viscous dissipations on the flow of graphene Maxwell nanofluid over 
a linearly horizontal stretched sheet under the influence of heat absorption, thermal radiation, momentum and thermal slip conditions. 
Runge-Kutta Fehlberg method along with the shooting technique is used to solve the mathematical model of the problem. Some 

Fig. 12. Temperature profile due to variation in unsteadiness parameter.  

Table 2 
Skin friction coefficient under both no-slip (A1 = 0)and slip (A1 = 0.3)conditions.  

M  K1  γ  β  A  − Sf (Skin friction coefficient)  
A1 = 0  A1 = 0.3  

0.3 0.1 π/3  0.5 0.1 0.904414 1.238991 
1.0 0.1 π/3  0.5 0.1 1.001193 1.397464 
1.7 0.1 π/3  0.5 0.1 1.083724 1.539501 
1.0 0.1 π/3  0.5 0.1 1.454462 1.055319 
1.0 0.3 π/3  0.5 0.1 1.549653 1.072543 
1.0 0.5 π/3  0.5 0.1 1.629525 1.100774 
1.0 0.1 π/6  0.5 0.1 1.462395 1.041607 
1.0 0.1 π/4  0.5 0.1 1.550280 1.091902 
1.0 0.1 π/3  0.5 0.1 1.635045 1.139043 
1.0 0.1 π/3  0.1 0.1 1.504209 1.062136 
1.0 0.1 π/3  0.3 0.1 1.493148 1.059742 
1.0 0.1 π/3  0.5 0.1 1.454462 1.055319 
1.0 0.1 π/3  0.5 0.1 1.576369 1.105661 
1.0 0.1 π/3  0.5 0.4 1.650656 1.146503 
1.0 0.1 π/3  0.5 0.7 1.723085 1.185448  
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significant findings of the present study are summarised as follows: 
The graphene Maxwell nanofluid velocity gets reduced owing to enhancement in magnetic field, angle of inclination of magnetic 

field, porosity of porous medium and unsteadiness parameters whereas behavior of fluid velocity gets reversed due to Maxwell 
parameter. The heat absorption and thermal slip parameters reduce the temperature of graphene Maxwell nanofluid in the boundary 
layer regime while the temperature of fluid is increased owing to increase in radiation, angle of inclination of magnetic field, viscous 
dissipation and unsteadiness parameters. Magnetic field, porosity, angle of inclination of magnetic field and unsteadiness parameters 
enhance the shear stress at the stretching sheet. The rate of heat transfer of nanofluid is augmented owing to heat absorption, radiation 
and thermal slip parameters while it is reduced due increase in viscous dissipation and unsteadiness parameters. 

Table 3 
Rate of heat transfer at the stretching sheet under both no-slip (A1 = 0)and slip (A1 = 0.3)conditions.  

Q  Nr  γ  Ec  ε  A  − Nux(Nusselt Number)  
A1 = 0  A1 = 0.3  

1 0.2 π/3  0.1 0.1 0.1 0.788837 0.804141 
3 0.2 π/3  0.1 0.1 0.1 0.920885 0.935852 
5 0.2 π/3  0.1 0.1 0.1 1.013741 1.028224 
5 0.2 π/3  0.1 0.1 0.1 0.935670 0.920443 
5 0.4 π/3  0.1 0.1 0.1 0.851402 0.833506 
5 0.6 π/3  0.1 0.1 0.1 0.781560 0.761875 
5 0.2 π/6  0.1 0.1 0.1 0.927172 0.939219 
5 0.2 π/4  0.1 0.1 0.1 0.920443 0.935670 
5 0.2 π/3  0.1 0.1 0.1 0.913945 0.932408 
5 0.2 π/3  0.1 0.1 0.1 0.943847 0.947938 
5 0.2 π/3  0.2 0.1 0.1 0.924448 0.936906 
5 0.2 π/3  0.3 0.1 0.1 0.906412 0.926128 
5 0.2 π/3  0.1 0.1 0.1 0.920885 0.935852 
5 0.2 π/3  0.1 0.2 0.1 1.191418 1.231990 
5 0.2 π/3  0.1 0.3 0.1 1.439763 1.514481 
5 0.2 π/3  0.1 0.1 0.1 0.919290 0.935185 
5 0.2 π/3  0.1 0.1 0.4 0.914304 0.931363 
5 0.2 π/3  0.1 0.1 0.7 0.909338 0.927575  

Table 4 
Error bound and coefficients of multiple quadratic regression for the estimated CfxRe1/2

x with variations in Mand K1.  

В Cf  b1  b2  b3  b4  b5  ε  

0.1 − 0.9453 − 0.2112 − 0.2862 0.0067 0.0187 0.0171 0.0047 
0.5 − 0.9004 − 0.2247 − 0.3370 0.0077 0.0547 0.0254 0.0058  

Table 5 
Error bound and coefficients of multiple quadratic regression and error bound for the estimated NuRe1/2

x with variations in Ec and Q.  

Pr Nu  c1  c2  c3  c4  c5  ε1 

5 − 1.3931 − 0.7258 1.6353 0.0768 0.4318 − 0.2417 0.000024 
10 − 1.7862 − 0.9962 2.6242 0.1319 0.6564 − 0.4804 0.000028  

Table 6 
Comparison of − f ′′(0)with previously published paper.  

PrA  0.1 
Elbashbeshy and Bzid [47] Present result 

0.8 1.3321 1.3382 
1.2 1.4691 1.4637 
2 1.7087 1.7079  
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