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Abstract 
 

An analysis was made to study the effects of non-uniform heat source or sink and aligned magnetic field effect on boundary layer flow of 

carbon nanofluid past a stretching cylinder with melting heat transfer and radiation. The Prandtl boundary layer equations are trans-

formed into highly nonlinear ordinary differential equations utilizing similarity variables. The final resolved system is explained with 

shooting method. The upshots of governing factors on the velocity, temperature, surface skin friction and rate of heat transfer are dis-

coursed with the help of graphs. MWCNT performance is better than SWCNT in case of fluid flow. SWCNTs  transfers more heat from 

the fluid rather than multi wall tubes.Comparison of our numerical results with available literature works and shown a good agreement. 
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1. Motivation 

Electrically magnetic field applied transversely normal to the fluid 

flow aligned is studied under Maxwell’s law. This part has wide 

applications in the power generators, magnetic shielding, bearings, 

and electrically leading fluid. Sharma and Singh [1] analyzed the 

heat sink/source phenomena with varying thermal conductivity on 

magnetohydrodynamic pin point flow. Aligned magnetic effects 

on plasma structures were explained by Ergun et al. [2]. Sulochana 

et al. [3] investigated the inclined Lorenztian forces and Soret and 

Dufour effects. At high temperatures, radiation effect is not negli-

gible. As it has many utilizations in designing of equipment which 

has capable of bearing high temperature.  Impact of thermal heat 

transfer in stagnated flow of carbon water nanofluid was studied 

by Taswar et al.[4]. Rashid et al. [5] explained the radiation ef-

fects on water based metallic nanoparticles with prescribed surface 

temperature. Mahapatra and Gupta [6] inspected the stagnated 

flow with heat transfer impact along the elongated sheet. Pop et al. 

[7] explored the influence of radiative transfer of heat on the flow 

along stretched sheet.  

Today’s requirement is compact heat transfer systems. In develop-

ing such type of efficient system, lies the true work of researchers. 

Such type of work is useful in developing thermal engineering. In 

order to enhance the thermal conductivity in heat transferring, 

Choi [8-9] introduced nanoparticles which when combined with 

poor conductive base fluids to form a colloid, called nanofluids 

[10]. They are of man-made fluids whose particles may be of 

spherical or cylindrical shapes called tubes [11]. It is proved ex-

perimentally those tubes ahead spherical and other shapes of parti 

 

 

cles. CNT’s are proven as wonder technology as it combines with 

kerosene or engine oil shows excellent thermal transfer. CNT are 

enclosed by graphene layers. Basing on the layers CNT are of two 

types SWCNT and MWCNT (Xue [12]). They are used in Mag-

netic shielding, batteries, waste recycling, transistors, solar storage, 

thermal conductors, biosensors, etc. And also used in medical and 

social purposes such as water purification process [13]. Analysis 

of flow of temperature on MHD carbon nanotube past a wedge, 

explained by Khan et al. [14]. Three dimensional rotating flow 

with CNT embedded in a porous medium was investigated by 

Hayat et al. [15]. 

In the recent era, in many advanced technological processes, melt-

ing /freezing of any object plays an important role. Current re-

searchers showing much interest in discovering heat transfer due 

to melting because of its enormous applications in thawing and 

solidification procedures such as welding process, moulding and 

industrial manufacturing process, lava/magma solidification, heat 

transportation melting of permafrost, the freezing treatment of 

sewage, softening of frozen grounds. Effect of induced magnetic 

field with melting heat transfer past a stretching sheet was exam-

ined by Gireesha et al. [16]. Taswar Hayat et al.[17] studied car-

bon nanotubes with melting heat transfer condition on variable 

thickness surface. Adegbie et al. [18] described the melting heat 

transfer boundary condition on micro polar fluids. 

With the above awareness, an attempt is made to study the radia-

tion and aligned magnetic field effects on boundary layer flow of 

two different types of CNTS namely SWCNT and MWCNT past a 

stretching sheet with melting heat transfer boundary condition.  

 

2. Numerical analysis 

Consider a steady 2D, incompressible laminar carbon water 

nanofluid past a stretching cylinder with partial slip. As the geom-

http://creativecommons.org/licenses/by/3.0/
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etry is cylinder, coordinates are axially x and radially r. We took 

SWCNT and MWCNT and applied an inclined Lorentzian force 

normal to the flow. Two equally strengthened force but in contra-

dictory path creates a stretching velocity (Figure 1). 

 
Fig.1: Physical model of the problem 

Assumptions of Boussinesq’s are taken into account and the math-

ematical model for the present discussion is posed here.  
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The boundary conditions for the velocity and temperature field are   
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where u, v are radial and axial velocity components in x, r direc-

tions respectively.  is the aligned angle,   is the electric conduc-

tivity, B0   is the magnetic field strength, T is the temperature of 

the fluid, Tm is the temperature of the melting surface, T  is the 

quiescent flow temperature, , ,, Cp, and k are  respectively the 

density,   dynamic viscosity, kinematic viscosity, specific het at 

constant pressure and thermal conductivity, 
*k is the mean absorp-

tion coefficient, * is the Stefan-Boltzmann Constant, uw is the 

stretching velocity, ue is the free stream velocity, cs is the surface 

heat capacity, Rd is the radius of the cylinder, l is the characteristic 

length, λ1 is the fluid latent heat. 

 The condition represented in equation (5) is the melting heat 

transfer condition. The physical concept is that surface heat con-

duction is the ratio of melting heat to the heat required to improve 

T0 to Tm .  The variable thermal sink/generation q  has the form  
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where A,B are the heat sink/source parameters, f  is the base fluid 

kinematic viscosity, kf  is the base fluid thermal conductivity. 

CNTs are elliptical tubes with large axial ratio. Maxwell theory 

with these types of CNTs and its space distributions was proposed 

by Xue [12]   
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where   is the nanotube volume fraction, the subscripts nf, f and 

CNT are respectively represents the nanofluid, base fluid and Car-

bon nanotubes  

 

Similarity variables are applied to equations (1) - (3) and the 

boundary conditions (4) – (5), in order to convert dimensional 

quantities to dimensionless. The below were the quantities utilized. 
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In view of equation (8), (2) and (3) turns to the ODE form. 
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Subject to the boundary conditions 
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where M  is the magnetic field, R is the radiation parameter, Pr is 

the Prandtl number, A is the stretching ratio parameter,   is the 

curvature of the cylinder,  is the velocity slip parameter,  β is the 

Stefan numbers combining ( ) 1/p mc T T  −  and ( )0 1/s mc T T − of 

the liquid and solid phases. 

Engineering quantities of our interest are the Cf and Nux which are 

defined as 
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where Rex is the Reynolds number, 

 
Table 1: Base fluid and particles thermos-physical properties 

Physical  

properties 

Basefluid CNTs(particles) 

Water SWCNT MWCNT 

Density ( ρ -kg/m3) 997 2600 1600 

Specific heat capaci-

ty (Cp -J/kg K) 

4179 425 796 

Thermal conductivi-

ty(k-W/m K) 

0.613 6600 3000 

 

3. Results and discussion 

 
The highly coupled non-linear equations shown in equations (9) 

and (10) with respect to the conditions (11) and (12) is solved 

numerically by using shooting method. The resultant initial prob-

lem is solved by employing fourth order Runge-Kutta technique. 

Numerical values are computed using Mathematica software for a 

set of values of physical parameters. The effects are portrayed 

graphically in Figs. 2 – 11 and discussed elaborately.  

We found an excellent agreement with the existing literature for 

some reduced cases that of Sharma and Sing[1], Mahapatra and 

Gupta[6] and  Pop et al. [7].  
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Fig.2: Velocity profiles for different  

 

The influence of nanoparticle volume fraction on velocity and 

temperature are respectively shown in Figs. 2 and 3. Nanoflow 

velocity escalates on improving the size of the nanotubes.We 

know the fact that increase in the boundary layer thickness in-

creases the movement of the fluid flow and the heat of the fluid 

drops for escalating volume fraction. 
 

 
Fig.3: Temperature profiles for different  

 

Table 2: Comparison of results for ─ f ʺ(0) when A = B = M =  = β =  = 

0 with present study. 

A Sharma and 

Singh [1] 

Mahapatra 

and Gupta [6] 

Pop et al. 

[7] 

Present Study 

0.1 − 0.9694 − 0.9694 − 0.9694 − 0.969388 

0.2 − 0.9181 − 0.9181 − 0.9181 − 0.918092 

0.5 − 0.6673 − 0.6673 − 0.6673 − 0.667302 

0.7    − 0.433427 

0.8    − 0.299279 

0.9    − 0.154552 

1.0    0.000000 

 

We see from the graph in the nanoflow motion, MWCNT domi-

nates SWCNT while the reverse is happening for temperature. Fig. 

4 represents the velocity profiles for different values of aligned 

magnetic field angle. From this figure, it is clear that the nanoflow 

velocity descends for ascending Lorentzian force. 

 
Fig.4: Velocity profiles for different  

 

The impact of  on the momentum and temperature are illustrated 

in Figs. 5 and 6. We see that the fluid motion drops near the sur-

face and after =0.5, a reverse trend is observed for escalating 

curvature parameter (Fig. 5). Fig.6 shows the nanoflow warmth 

rises initially heat and contradicting behavior is observed after the 

inflection point =4.5. Also it is observed that in both the cases 

the MWCNT is slightly higher than the SWCNT. The fact that the 

conduction processes is more prominent near the surface due to 

decreases the radius of the cylinder for higher values of   . 
Fig.7 shows clearly that the fluid velocity drops for an increase in 

 and this is of course the force enforced on the nanoflow by the 

stretching surface. One can observe that Multi wall CNTs have 

higher values compared to Single walled tubes.  

 

 
Fig.5: Velocity profiles for different  

 

Increasing β value enhances the warmth in the fluid because for 

more heat from the hot fluid get transferred to melting surface (Fig. 

8). Velocity profiles uplifts with an increasing β values (Fig. 9).  

One can notice that MWCNT dominates the flow whereas 

SWCNTs transfers heat more than MWCNTs. Here β =0 implies 

absence of melting mode heat transfer.  

 
Fig.6: Temperature profiles for different  
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Fig.7: Velocity profiles for different  

 

The influence of heat source or sink parameters A and B on the 

temperature are shown in figs. 10 and 11. From Fig. 10 , it is 

pointed out that the nanoflow temperature reduces with rising A 

and B. It is fact that the heat generates for the case A > 0 and B > 

0  whereas warmth loses from the sheet for A < 0 and    B < 0. 

 

 
Fig.8: Velocity profiles for different  

 

Table 3 represents a set of tabulated values for surface skin fric-

tion and the rate of heat transfer. It is noticed that surface shear 

stress descends while the Nux enhances for improving nanotubes 

size. The friction factor near the stretching surface is more when 

the radius of the cylinder increases. 

 
Fig.9: Temperature profiles for different  

 

Rate of heat transfer reduces for increase  values. The surface 

skin decreases and heat transfer rate increases with an increase in 

stretching ratio parameter. Also it is evident that for higher values 

of aligned magnetic field angle, decreases the surface skin friction 

and heat transfer rate. The raising values of radiation parameter 

results to increase in both the surface skin friction and rate of heat 

transfer.  

 
Fig.10: Temperature profiles for different A 

 

Ascending slip factor reduces the friction coefficient while the 

convective heat transfer rate enhances. The surface skin friction 

increases and heat transfer rate decreases with an increase in melt-

ing heat transfer parameter increases. Skin friction as well as heat 

transfer rates are decreases with an increase in non-uniform heat 

source or sink parameters. 
 

 
Fig.11: Temperature profiles for different B 

 

4. Conclusion 

 
An analysis is made to study the upshot of aligned magnetic field 

and melting heat transfer on CNTs imbedded radiated nanoflow 

past a stretching cylinder with non-uniform sink/generation. From 

the above investigation, one  may conclude that  

➢ CNTs improve transfer of heat from the flow. 

➢ Nanoflow momentum profiles swiftly rises with an in-

crease in nanoparticle volume fraction, curvature pa-

rameter and heat transfer parameter while it drops with 

an increase in inclined angle and slip parameter. 

➢ The temperature of the nanofluid rises with an increase 

in  or R or A* and B* but it decreases with an increase 

in  or  or  or β. 

➢ Skin friction can be reduced for higher values of  or λ 

or  or  or β or A* or B* and it rises with an increase 

in  or R. 

➢ The rate of heat transfer increases with an increase in  

or λ or   or  or β or R  and it shows an opposite behav-

ior when rise in  or A*  or B*. 

 

 

Also it is observe that the temperature of the fluid is higher in 

case of MWCNT than that of SWCNT.  
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