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Abstract MHD viscous nanofluid flow with vis-

cous dissipation and thermal radiation in the presence 

of a temperature gradient dependent heat sink is an-

alyzed.  Hence, this work mainly deals nano fluids 

with nanoparticles Cu, Ag, Al, Al2O3 and TiO2 and 

with base fluids’ water and kerosene. Prescribed heat 

flux boundary condition is employed on the porous 

surface. Suitable similarity transformations are intro-

duced for converting nonlinear partial differential 

equations into the nonlinear ordinary differential 

equations and then solved by analytically. The influ-

ence of various physical parameters over the velocity 

and temperature of nanofluids Cu-water and Cu-ker-

osene are examined by using graphs.  Skin friction co-

efficient and Nusselt number of various nanofluids 

tabulated and analyzed. It is found that skin friction 

coefficient and heat transfer rate of kerosene based 

nanofluid is higher than the water based nanofluid in 

the presence of considered physical effects.   

Keywords Porous surface; Nanofluid; Viscous 

dissipation;  Thermal radiation; Heat flux. 

I. INTRODUCTION 

One of the major studies in fluid dynamics is MHD 

wherein magnetic fields give importance in the flow of 

electrically conducting fluid. The study of boundary layer 

flow of fluid in MHD has a wide range of applications in 

the field of industry, scientific, astrophysical, geophysi-

cal and engineering. Chaim (1993) investigated Magneto 

hydrodynamic boundary layer flow due to a continuous 

moving flat plate. Liu (2005) studied heat transfer for a 

hydro magnetic flow over a stretching sheet. The MHD 

boundary layer flow of a nanofluid with viscous dissipa-

tion and radiation is investigated by Wahiduzzaman et al. 

(2015). Narayana et al. (2017) analyzed MHD nanofluid 

flow with thermal radiation and heat source/sink past 

stretching sheet.   

In the last two decades voluminous research has been 

done on the flow through porous media. The applications 

of a porous media are there in various fields such as hy-

drology, environmental pollution, insulation of building 

and equipment, energy storage and recovery, geothermal 

reservoirs, nuclear waste disposal, chemical reactor engi-

neering and the storage of heat generating materials such 

as grain, coal and geophysics. Steady flows through po-

rous media investigated by Greenkorn (1981). Flow over 

exponentially stretching sheet through porous media with 

a heat source/sink is studied by Swain et al. (2015). The 

latest developments in nanofluid flow and heat transfer in 

porous media are analyzed by Kasaeian et al. (2017). 

Pandey and Kumar (2017) examined the effects of ther-

mal radiation and viscous dissipation on nanofluid flow 

over a stretching cylinder in a porous medium.  

The examination of systems involving fluid flow and 

heat transfer in a nanofluid has an extensive variety of 

utilizations in industrial and nonindustrial field. Choi and 

Eastman (1995) presented a technique for improving 

thermal conductivity of fluids utilizing nanoparticles. Af-

terward, Kakac and Pramuanjaroenkij (2009) ruined 

down improvement of convective heat exchange with 

nano fluids. Rashidi et al. (2014) investigated the effect 

of magnetic field on mixed convection heat transfer of 

nanofluid. MHD boundary layer flow with heat transfer 

of nanofluid over a non-linear stretching sheet in the 

presence of thermal radiation, magnetic field and suc-

tion/injection investigated numerically by Reddy et al. 

(2016).  The effect of a non-uniform heat source/sink in 

a thermally stratified magneto nanofluid explored by 

Mehmood et al. (2016). Acharya et al. (2016) investi-

gated the impact of an external applied magnetic field of 

Cu-water and Cu-kerosene nanofluids squeezing flow. 

Khan et al. (2014) investigated the influence of magnetic 

field on the stagnation point flow of a ferrofluids with 

base fluids water and kerosene in the presence of viscous 

dissipation.   

So far no significant contribution has been made on 

MHD viscous nanofluid flow with dissipation and radia-

tion in the presence of a temperature gradient dependent 

heat sink with prescribed heat flux. Hence, this work 

mainly deals nano fluids with nanoparticles Cu, Ag, Au, 

Al, Al2O3 and TiO2 and with base fluids’ water and ker-

osene. Suitable similarity transformations are introduced 

for converting the conservation equations of the problem 

then solved by analytically. The impact of different phys-

ical parameters over the velocity and temperature of 

nanofluid Cu-water and Cu-kerosene nanofluids is ana-

lyzed by utilizing diagrams. Skin friction coefficient and 

Nusselt number of various nanofluids with nanoparticles 

Ag, Al, Al2O3 and TiO2 are analyzed with the help of ta-

bles. 

II. FORMULATION OF THE PROBLEM 
Analysis of Heat transfer in the MHD boundary layer 

flow of a Nanofluid with dissipation and radiation in the 

presence of a temperature gradient dependent heat sink is 

formulated. Two types of base fluids (water and kero-

sene) and 5 types of nanoparticles Copper(Cu), Sil 

ver(Ag), Aluminum(Al) Aluminum Oxide(Al2O3) and 

Titanium Oxide(TiO2) are considered. Porous Surface 

with prescribed heat flux is considered as the surface 
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Fig. 1: Schematic of the physical model of the problem.  

boundary condition. Physical model of the problem is 

shown in Fig.1. The conservation equations of the prob-

lem with boundary conditions can be expressed as fol-

lows  

Equation of Continuity  

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0 (1) 

Equation of Momentum  

 𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝑣𝑛𝑓

𝜕2𝑢

𝜕𝑦2 −
𝑣𝑛𝑓

𝐾𝑝
𝑢 −

𝜎𝐵0
2𝑢

𝜌𝑛𝑓
 (2) 

Equation of Energy  

 𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼𝑛𝑓

𝜕2𝑇

𝜕𝑦2 +
𝜇𝑛𝑓

(𝜌𝑐𝑝)
𝑛𝑓

(
𝜕𝑢

𝜕𝑦
)

2

  

 −
1

(𝜌𝑐𝑝)
𝑛𝑓

𝜕𝑞𝑟

𝜕𝑦
− 𝑄′

𝜕𝑇

𝜕𝑦
 (3) 

where the term −𝑄′𝜕𝑇/𝜕𝑦  represents temperature gradi-

ent dependent heat sink and Q’=-bQf is the volumetric 

rate is a linear function of the temperature field (Veena et 

al., 2011).  The Rosseland diffusion approximation for 

the radiation heat flux term is 𝑞𝑟 =
−16𝜎∗

3𝐾𝑛𝑓
∗ 𝑇∞

3 𝜕𝑇

𝜕𝑦
 (Raptis et 

al., 2004), where 𝜎∗ is the Stefan Boltzmann constant and 

𝐾𝑛𝑓
∗  is the mean absorption coefficient of the nanofluid.   

𝛼𝑛𝑓 =
𝑘𝑛𝑓

(𝜌𝑐𝑝)
𝑛𝑓

, 𝜇𝑛𝑓 =
𝜇𝑓

(1−𝜙)2.5, 𝑣𝑛𝑓 =
𝜇𝑛𝑓

𝜌𝑛𝑓
,  

𝑘𝑛𝑓 = (1 − 𝜙)𝑘𝑓 + 𝜙𝑘𝑠, 𝜌𝑛𝑓 = (1 − 𝜙)𝜌𝑓 + 𝜙𝜌𝑠,  

(𝜌𝑐𝑝)𝑛𝑓 = (1 − 𝜙)(𝜌𝑐𝑝)𝑓 + 𝜙(𝜌𝑐𝑝)𝑠,  
𝑘𝑛𝑓

𝑘𝑓
=

𝑘𝑠+2𝑘𝑓−2𝜙(𝑘𝑓−𝑘𝑠)

𝑘𝑠+2𝑘𝑓+𝜙(𝑘𝑓−𝑘𝑠)
, 

which boundary conditions are  

 𝑢 = 𝑎𝑥, 𝑣 = −𝑉0, 𝑘𝑓
𝜕𝑇

𝜕𝑦
= 𝑞𝑤 = 𝐸0𝑥2   at   𝑦 = 0 

 𝑢 → 0, 𝑇 → 𝑇∞   as   𝑦 → ∞  (4) 

where 𝑎 is dimensional constant and 𝑉0 is the constant 

suction velocity , 𝐸0 positive constant, 𝐵0  applied mag-

netic field, 𝐾𝑝 permeability of the medium, T temperature 

of the dynamic fluid, 𝑇∞ temperature away from the sur-

face 𝑞𝑤 rate of heat transfer (kW/m2), 𝛼𝑛𝑓 thermal diffu-

sivity of the nanofluid, (𝑐𝑝)𝑛𝑓 specific heat capacitance 

of  the nanofluid (J/kg.K), (𝑐𝑝)𝑓 specific heat capacitance 

of the base fluid (J/kg.K), (𝑐𝑝)𝑠 specific heat capacitance 

of  the nanoparticle (J/kg.K), 𝑘𝑛𝑓 thermal conductivity of 

nanofluid, 𝑘𝑓 thermal conductivity of basefluid (W/mK), 

𝑘𝑠  thermal conductivity of nanoparticle (W/mK), 𝜇𝑛𝑓 

dynamic viscosity of nanofluid (Pascal), 𝜇𝑓  dynamic vis-

cosity of base fluid (Pascal), 𝜇𝑠 dynamic viscosity of base 

fluid (Pascal), 𝜌𝑛𝑓 density of the nanofluid (kg/m3), 𝜌𝑓 

density of the basefluid (kg/m3), 𝜌𝑠  density of the nano-

particle (kg/m3), 𝑣𝑛𝑓  kinematic viscosity of the nanofluid 

(m2/s), 𝑣𝑓 kinematic viscosity of the base fluid (m2/s), 𝑣𝑠 

kinematic viscosity of the nanoparticle (m2/s).  

Suitable similarity transformation is introducing for 

converting the Eqs. (1)–(3) in to the nonlinear ordinary 

differential equations as follows  

 𝜓 = (𝑎𝑣𝑓)
0.5

𝑥𝑓(𝜂), 𝜂 = 𝑦 (
𝑎

𝑣𝑓
)

0.5

, 𝑢 =
𝜕𝜓

𝜕𝑦
, 

 𝑣 = −
𝜕𝜓

𝜕𝑦
, 𝑇 − 𝑇∞ =

𝐸0𝑥2

𝑘𝑓
√

𝑣𝑓

𝑎
𝑔(𝜂), (5) 

The resulting nonlinear differential equations are 

given by  

 𝑓′′′ + 𝜙1(𝑓𝑓′′ − 𝑓′2) − (
1

𝑅𝑝
+

𝑀

𝜙2
) 𝑓′ = 0 (6) 

 𝑔′′ + 𝐷(1 + 𝑄)𝑓𝑔′ − 2𝐷𝑓′𝑔 = −
𝐸𝑐𝐷

𝜙4
𝑓′′2 (7) 

 𝑓′(𝜂) = 1, 𝑓(𝜂) = 𝑆, 𝑔′(𝜂) = −1   at   𝜂 = 0  

 𝑓′(𝜂) = 0, 𝑔(𝜂) = 0    as   𝜂 → ∞  (8) 

𝜙1 =
(1−𝜙)2.5

(1+
1

𝛽
)

[(1 − 𝜙) + 𝜙
𝜌𝑠

𝜌𝑓
], 𝜙2 = (1 − 𝜙) + 𝜙

𝜌𝑠

𝜌𝑓
, 

𝐷 = 𝑤𝜙3
𝑘𝑓

𝑘𝑛𝑓
, 𝜙4 = 𝜙3(1 − 𝜙)2.5, 𝑤 =

3𝑃𝑟𝑅𝑑

3𝑅𝑑+4
,  

𝜙3 = (1 − 𝜙) + 𝜙
(𝜌𝑐𝑝)𝑠

(𝜌𝑐𝑝)𝑓
, 𝑅𝑑 =

𝐾𝑛𝑓𝐾𝑛𝑓
∗

4𝜎∗𝑇∞
3  (radiation param-

eter), 𝑅𝑃 = 𝐾𝑝𝑎/𝑣𝑓 (permeability parameter), 𝑃𝑟 =

𝑣𝑓/𝛼𝑓 (Prandtl number), 𝛾 = 𝑘1/𝑎 (chemical reaction 

parameter), 𝐸𝑐 = 𝑎2/((𝑐𝑝)𝑓
𝐸0

𝑘𝑓
√

𝑣𝑓

𝑎
) (Eckert number), 𝑆𝑐 =

𝑣𝑓/𝐷 (Schmidt number), 𝑆 = 𝑉0/(√𝑣𝑓𝑎) (suction 

parameter), 𝑀 =
𝜎𝐵0

2

𝑎(𝜌)𝑓
 (magnetic parameter).  

III. SOLUTION OF THE PROBLEM 
Confluent hyper geometric function is used for finding 

analytic solution of the energy equation. The exact solu-

tion of the momentum equation with the boundary con-

ditions (8) is obtained by  

 
𝑓(𝜂) = 𝑆 +

1−𝑒−𝐸𝜂

𝐸

𝑓′(𝜂) = 𝑒−𝐸𝜂
} (9) 

where  

𝐸 =
1

2
[𝑠 + √𝑠2 + 4(1 − 𝜙)2.5 (1 − 𝜙 + 𝜙

𝜌𝑠

𝜌𝑓

+ 𝑅𝑝
−1 + 𝑀)] 

In order to solve the energy Eq. (7) new variables ξ is 

defined respectively as follows    

 𝜉−1 =
−𝐸2𝑒𝐸𝜂

𝐷(1+𝑄)
 (10) 

The Eq. (7) can be written by using the Eq. (10) as 

 𝜉
𝑑2𝑔

𝑑𝜉2
+ [(1 − 𝐾1) − 𝜉]

𝑑𝑔

𝑑𝜉
+ 𝑆1𝑔 = −

𝐸𝑐𝐸4𝜉

𝐷(1+𝑄)2𝜙4
 (11) 

 𝑔(𝜉 = 0) = 0,
𝑑𝑔

𝑑𝜉
(𝜉 =

−𝐷(1+𝑄)

𝐸2 ) =
−𝐸

𝐷(1+𝑄)
 (12) 

Using the Eq. (12), the solution of Eq. (11) is  

𝑔(𝜉) = −
𝐸𝑐𝐸4𝜉2

𝐷(1 + 𝑄)𝑆1(𝑆1 − 𝐾1)𝜙4

− 

  
[

−𝜉

𝐾2
]
𝐾1

𝐹11 [𝐾1−𝑆1,𝐾1+1; 𝜉][
𝐸

𝐷(1+𝑄)
+

𝐸𝑐𝐸2

(𝑆1−𝐾1)𝜙4
]

[
−𝐷(1+𝑄)

𝐸2 ]
𝐾1−1

[𝐾1 𝐹11 [𝐾1−𝑆1,𝐾1+1;−𝐾2]−𝐾2
𝐾1−𝑆1
𝐾1+1

𝐹1[𝐾1−𝑆1+1,𝐾1+2;−𝐾2]1 ]
 (13) 
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Table 1. Thermo physical properties of water and nanoparti-

cles (Domkundwar and Domdunwar, 2004)  
Density ρ 
(kg/m3) 

Specific heat 
Cp (J/kg K) 

Thermal conduc-
tivity K(W/mK) 

Prandtl Num-
ber Pr 

Water 997.1 4179 0.613 6.2 

Kerosene 783 2090 0.145 21 
Cu 8933 385 401 - 

Ag 10500 235 429 - 

Al 2710 913 201 - 
Al2O3 3970 765 40 - 

TiO2 4250 686.2 8.9538 - 

The Eq. (13) can also be expressed as   

𝑔(𝜂) = −
𝐸𝑐𝐷(1 + 𝑄)𝑒−2𝐸𝜂

𝑆1(𝑆1 − 𝐾1)𝜙4

+ 

  
𝐾2𝑒−𝐸𝐾1𝜂 𝐹11 [𝐾1−𝑆1,𝐾1+1;−𝐾2𝑒−𝐸𝜂][

𝐸

𝐷(1+𝑄)
+

𝐸𝑐𝐸2

(𝑆1−𝐾1)𝜙4
]

[𝐾1 𝐹11 [𝐾1−𝑆1,𝐾1+1;−𝐾2]−𝐾2
𝐾1−𝑆1
𝐾1+1

𝐹1[𝐾1−𝑆1+1,𝐾1+2;−𝐾2]1 ]
 (14) 

where 𝐾1 =
𝐷(1+𝑄)

𝐸2 [𝐸2 − 𝑅𝑝
−1], 𝑆1 =

2

(1+𝑄)
, 𝐾2 =

𝐷(1+𝑄)

𝐸2 . 

The physical quantities of interest are the local skin 

friction coefficient and Nusselt number which represent 

shear stress and the rate of heat transfer, which are given 

by 

 𝑐𝑓 = −
1

(1−𝜙)2.5 𝑓′′(0), 𝑁𝑢 =
𝑘𝑛𝑓

𝑘𝑓

1

𝑔(0)
 (15) 

𝑔(0) = −
𝐸𝑐𝐷(1 + 𝑄)

𝑆1(𝑆1 − 𝐾1)𝜙4

+ 

  
𝐾2 𝐹11 [𝐾1−𝑆1,𝐾1+1;−𝐾2][

𝐸

𝐷(1+𝑄)
+

𝐸𝑐𝐸2

(𝑆1−𝐾1)𝜙4
]

[𝐾1 𝐹11 [𝐾1−𝑆1,𝐾1+1;−𝐾2]−𝐾2
𝐾1−𝑆1
𝐾1+1

𝐹1[𝐾1−𝑆1+1,𝐾1+2;−𝐾2]1 ]
 

IV. RESULTS AND DISCUSSION 
To exhibit the physical significance of the present study, 

the influence of pertinent physical parameters such as 

suction parameter S, magnetic parameter M, nanoparticle 

volume fraction ϕ, heat sink parameter Q, Eckert number 

Ec, radiation parameter Rd of Cu-Water and Cu-Kerosene 

nanofluids is taken into consideration and the outcomes 

are indicated graphically. Skin friction coefficient and 

Nusselt number in various nanofluids are also calculated. 

Physical properties of the base fluids and nanoparticles 

are exhibited in Table 1.  

As a validation of the accuracy of the present results, 

comparison study is made through the Table 2. The re-

sults of –f  ´´(0) is observed to be a great concurrence 

with the previously reported work in a few special cases.  

Figures 2 to 4 illustrate the effect of S, M and ϕ on 

the velocity profile of the Cu-water and Cu-kerosene 

nanofluids. It is depicted that the velocity decreases as S 

and M increase, and increases as ϕ increase respectively. 

This is due to the fact that suction reduces the thickness 

of the momentum boundary layer, strengthening the mag-

netic field cause to induce the opposite force of the flow, 

which slow down the motion of the flow and presence of 

solid nanoparticles that thickening of the momentum 

boundary layer.  Figure 5 depicts the effect of S on the 

temperature profile. It is recognized that the increased 

value of the S corresponds to decrease the temperature 

within the fluid. Due to the suction fluid particles move 

towards the surface, which reduce the thickness of the 

thermal boundary layer.  Figure 6 displays the influence 

of the ϕ on temperature profile. In both the cases of Cu- 
 

 
Fig. 2.  Velocity profile for various S. 

 
Fig. 3.  Velocity profile for various M. 

 
Fig. 4.  Velocity profile for various . 

water and Cu-kerosene nanofluid, it is noticed that the 

influence of the ϕ is to increase the temperature. The 

presence of solid nanoparticles that increase the thermal 

conductivity of the nanofluid.  The temperature profile of 

Cu-water and Cu-kerosene nanofluid is presented in Fig. 

7 for different values of Q. The Heat sink parameter Q 

reduces the temperature in both fluids. This is because of 

the more heat is transported from the fluid to the surface 

and thus the temperature decreases. Figure 8 reveals that 

the effect of Rd on temperature. It is noted that the in-

creased value of Rd implies to an increase in the rate of 

heat transfer which reduces the temperature. Figure 9 

presents the temperature profile for different values of EC 

of Cu-water and Cu-kerosene. An increase in EC enhances 

the temperature. This is accordance with the fact that heat 

dissipation decreases while increasing the values of Eck-

ert number. 

The influence of all the above said physical parame-

ters on velocity and temperature of Cu-water nanofluid 

possesses higher velocity and temperature value than Cu-

kerosene nanofluid.  
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Fig. 5.  Temperature profile for various S. 

 
Fig. 6.  Temperature profile for various . 

 
Fig. 7.  Temperature profile for various Q. 

The effect of M and ϕ on skin friction coefficient of 

both Cu-water and Cu-kerosene nanofluids is exhibited 

in Figs. 10 and 11. It is shown that the skin friction coef-

ficient increases when improved values of M and ϕ in 

both fluids. Skin friction coefficient physically refers to 

the ratio between local shear stress to characteristic dy-

namics pressure. Shear/yield stress increases with the in-

creasing value of M and ϕ. However, the magnitude of 

the skin friction coefficient of Cu-kerosene is higher than 

Cu-water nanofluid. 

The influence of various parameters M and ϕ on the 

Nusselt number is portrayed in Figs. 12 and 13. In both 

the cases Cu-water and Cu-kerosene nanofluids, it is 

identified that the Nusselt number increases with increas-

ing values of ϕ and decreases with increasing value of M. 

This is due to the fact that the rate of heat transfer rate is 

enhanced while increasing values of ϕ along with Rp and 

reduced with the increase of M along with ϕ. It is also 

viewed that the Nusselt number of Cu- kerosene is sig-

nificantly higher than that of Cu-water nanofluid. 

 
Fig. 8.  Temperature profile for various Rd. 

 
Fig. 9.  Temperature profile for various Ec. 

 
Fig. 10.  Skin friction coefficient for various M. 

 
Fig. 11.  Skin friction coefficient for various . 
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Fig. 12.  Nusselt number for various M. 

 
Fig. 13.  Nusselt number for various .. 
 

Table 2. Comparison of skin friction coefficient –f  ’’(0) with the previously reported works (S=0, RP =0) 

M  Vishnu Ganesh et al. (2014) Present result 

  Cu –Water Ag –Water Al2O3- Water TiO2 –Water Cu –Water Ag –Water Al2O3 -Water TiO2 -Water 

0 0.05 1.1089207 1.1396602 1.0053797 1.0115104 1.10891990 1.13965970 1.00537744 1.01150120 

0.15 1.2088625 1.2721531 0.9818474 0.9960410 1.20886232 1.27215295 0.98184454 0.99603051 

0.20 1.2180440 1.2897881 0.9559225 0.9726024 1.21804381 1.28978802 0.95591881 0.97258946 
2 0.05 1.7288700 1.7487500 1.6643600 1.6680601 1.72887239 1.74874830 1.66435578 1.66806207 

0.15 1.6713980 1.7177294 1.5153352 1.5245650 1.67139830 1.71773028 1.51533590 1.52456583 

0.20 1.6212641 1.6758341 1.4347985 1.4459580 1.62126418 1.67583410 1.43479879 1.44595888 

Table 3. Skin friction coefficient of various nanofluids. 

 SILVER ALUMINUM ALUMINUM OXIDE TITANIUM OXIDE 

WATER BASED NANOFLUID 
 S=0.5  M=1.0  RP=0.5  S=0.5  M=1.0  RP =0.5  S=0.5  M=1.0  RP =0.5  S=0.5  M=1.0  RP =0.5  

0.05 2.29243  2.29243  2.55792  2.17864  2.17864  2.45807  2.19750  2.19750  2.47453  2.20167  2.20167  2.47817  
0.15 2.98122  2.98122  3.25490  2.61840  2.61840  2.93123  2.68096  2.68096  2.98630  2.69463  2.69463  2.99838  

 S=1.0  M=2.0  RP =1.0  S=1.0  M =2.0  RP =1.0  S=1.0  M =2.0  RP =1.0  S =1.0  M =2.0  RP =1.0  

0.05 2.63608  2.55792  2.29243  2.52575  2.45807  2.17864  2.54401  2.47453  2.19750  2.54805  2.47817  2.20167  

0.15 3.43639  3.25490  2.98122  3.08601  2.93123  2.61840  3.14616  2.98630  2.68096  3.15932  2.99838  2.69463  

KEROSENE BASED NANOFLUID 
 S=0.5  M=1.0  RP=0.5  S=0.5  M=1.0  RP =0.5  S=0.5  M=1.0  RP =0.5  S=0.5  M=1.0  RP =0.5  

0.05 2.33277  2.33277  2.59363  2.18975  2.18975  2.46776  2.21360  2.21360  2.48861  2.21886  2.21886  2.49321  

0.15  3.10280  3.10280  3.36537  2.65540  2.65540  2.96376  2.73353  2.73353  3.03283  2.75054  2.75054  3.04794  

 S=1.0  M=2.0  RP =1.0  S=1.0  M =2.0  RP =1.0  S=1.0  M =2.0  RP =1.0  S =1.0  M =2.0  RP =1.0  

0.05  2.67529  2.59363  2.33277  2.53651  2.59363  2.18975  2.55961  2.48861  2.21360  2.56471  2.49321  2.21886  
0.15  3.55451  3.36537  3.10280  3.12157  3.36537  2.65540  3.19680  3.03283  2.73353  3.21320  3.04794  2.75054  

Table 4. Nusselt numbers of various nanofluids. 

 SILVER ALUMINUM ALUMINUM OXIDE TITANIUM OXIDE 
WATER BASED NANOFLUID 

 S=0.5 M=1.0 RP=0.5 S=0.5 M=1.0 RP =0.5 S=0.5 M=1.0 RP =0.5 S=0.5 M=1.0 RP =0.5 
0.05 1.74690 1.74690 1.57701 1.82828 1.82828 1.63674 1.81089 1.81089 1.62295 1.78138 1.78138 1.59618 

0.15 1.77458 1.77458 1.63208 1.99457 1.99457 1.80031 1.94418 1.94418 1.75958 1.85555 1.85555 1.67851 

 S=1.0 M=2.0 RP =1.0 S=1.0 M =2.0 RP =1.0 S=1.0 M =2.0 RP =1.0 S =1.0 M =2.0 RP =1.0 

0.05 1.53217 1.57701 1.74690 1.59530 1.63674 1.82828 1.58083 1.62295 1.81089 1.55439 1.59618 1.78138 
0.15 1.54768 1.63208 1.77458 1.71526 1.80031 1.99457 1.67405 1.75958 1.94418 1.59563 1.67851 1.85555 

KEROSENE BASED NANOFLUID 
 S=0.5 M=1.0 RP=0.5 S=0.5 M=1.0 RP =0.5 S=0.5 M=1.0 RP =0.5 S=0.5 M=1.0 RP =0.5 

0.05 2.13835 2.13835 1.87984 2.30762 2.30762 1.99702 2.28182 2.28182 1.97742 2.26159 2.26159 1.96301 

0.15 2.09966 2.09966 1.89900 2.53988 2.53988 2.22074 2.43058 2.43058 2.15996 2.40239 2.40239 2.11599 

 S=1.0 M=2.0 RP =1.0 S=1.0 M =2.0 RP =1.0 S=1.0 M =2.0 RP =1.0 S =1.0 M =2.0 RP =1.0 

0.05 1.81000 1.87984 2.13835 1.93133 1.99702 2.30762 1.91064 1.97742 2.28182 1.89636 1.96301 2.26159 

0.15 1.77441 1.89900 2.09966 2.08329 2.22074 2.53988 2.02320 2.15996 2.43058 1.98152 2.11599 2.40239 

Table 3 displays the skin friction coefficient of the 

nanofluid with nanoparticles Ag, Al, Al2O3, and TiO2 and 

with base fluids water and kerosene for various values of 

ϕ, M, S and Rp. It is noticed that, an increase in the values 

of ϕ, M and S enhances the skin friction coefficient of all 

the above said nanofluids but  the effect of Rp on it is de-

creased. It is also pointed out that the skin friction coeffi-

cient of nanofluid with base fluid kerosene is relatively 

higher than that of nanofluids with base fluid water.  

The influence of the parameters ϕ, M, S and Rp on the 
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Nusselt number of the nanofluid with nanoparticles Ag, 

Al, Al2O3, and TiO2 and with base fluids water and 

kerosene are shown through the Table 4.  From the table 

it is clear that the Nusselt number increases with the 

increasing the values of ϕ and Rp and decreases while 

increasing values M and S. It is also identified that the 

Nusselt number of nanofluid with base fluid kerosene is 

significantly higher than that of nanofluids with base 

fluid water. 

V. CONCLUSIONS 

The flow of MHD viscous nanofluid with nanoparticles 

Cu, Ag, Al, Al2O3, and TiO2 and with base fluids’ water 

and kerosene are analyzed. Heat transfer with viscous 

dissipation, thermal radiation in the presence of a 

temperature dependent heat sink subject to prescribed 

heat flux has been carried out through this paper. The 

present study summarized as follows  

1) An increase in the value of the nanoparticle volume 

fraction caused in an enhancement of the fluid 

velocity, but the increasing values of magnetic para-

meter and suction parameter declined the velocity.  

2) The fluid temperature increases while increasing 

values of the nanoparticle volume fraction and 

Eckert number and decreases with the increasing 

values of suction parameter, heat sink parameter and 

radiation parameter. 

The skin friction coefficient and Nusselt number of 

the nanofluids with the nanoparticles Cu, Ag, Al, Al2O3 

and TiO2 and with base fluids’ water and kerosene for 

various values of the nanoparticle volume fraction, 

suction parameter, magnetic parameter and permeability 

parameter are analyzed. 
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