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ABSTRACT 

Present work aims to investigate the blood stream in a permeable vessel in the presence of an external magnetic field with heat and mass transfer. The 
instability in the coupled flow and temperature fields is considered to be produced due to the time-dependent extending velocity and the surface 
temperature of the vessel. The non-uniform heat source/sink effects on a chemically responded blood stream and heat viscous. This study is of 
potential value in the clinical healing of cardiovascular disorders accompanied by accelerated circulation. The problem is treated mathematically by 
reducing it to a system of joined non-linear differential equations, which have been solved by utilizing similarity transformation and boundary layer 
approximation. The resultant non-linear coupled ordinary differential equations are solved numerically by utilizing the fourth order Runge-Kutta 
method with shooting technique. Computational results are gotten for the velocity, temperature, the skin-friction coefficient, the rate of heat transfer 
and rate of mass transfer in the vessel. The evaluated results are compared with another analytical study reported earlier in scientific literatures. The 
present investigation exposes that the heat transfer rate is upgraded as the value of the unsteadiness parameter increases, but it decreases for the 
increment of the space reliance parameter for heat source/sink.   
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1. INTRODUCTION 

Fluid mechanics is a mesmerizing subject that it attracts the thought 
from both the scientists and general public. It is a science of materials 
which are in motion. If blood is considered as a fluid, then the 
equation of motion recommended by  (Darcy, 1937, Brinkman, 1949) 
can be modified and can be used to  know the mechanical properties 
and the flow characteristics of blood, in order to have a full 
understanding of the development of these diseases, which will help 
bioengineers who are engaged in the design and manufacture of 
improved artificial organs and finding solutions to some of the human 
body related diseases and disorders and also the development of 
pathological patterns in animal or human physiology. 
 Blood is a thick red liquid constantly. The fluid providing the 
body with nutrition, oxygen, and waste removal. Blood is a suspension 
of numerous cells - red blood cells (erythrocytes), white blood cells 
(leukocytes), and platelets in a liquid   electrolyte solution called 
plasma. Plasma contains 90% of water and 7% of principal proteins 
(albumin, globulin, lipoprotein, and fibrinogen). Blood shows 
abnormal viscous properties, mainly due to the suspension of particles 
in plasma and it obeys the linear Newtonian model for viscosity 
(Cokelet, 1972). However, blood as a whole is considered as non-
Newtonian fluid predominantly when the characteristic dimension of 
the flow is nearby the cell dimension. The two types of anomaly are 
due to low shear and high shear effects (Chien et al., 1984). Blood 
behaves like a Newtonian fluid (Bhatti et al., 2016, Ismail et al., 2007, 
Sinha et al., 2016). When blood flows through arteries with larger 
diameter at high shear rates. 

Heat transfer through a fluid is significant in several thermal 
engineering applications, for instance, heat exchangers, refrigerators, 
automobiles and power plants. Numerous mathematical models have 
also been developed, which are applied to cryopreservation, 
cryosurgery and laser surgery. And also in many modern techniques of 
physiotherapy, which involve heating the affected portion of the human 
body. The therapeutic procedure of electromagnetic hyperthermia, in 
which the cancerous tissues are exposed to a thermal environment of 
420C, while maintaining the neighbouring normal tissues at a suitable 
temperature, formulation and analysis of mathematical models on heat 
transfer through blood flow is very useful in the human circulatory 
system, blood flowing through different branches of the arteries or 
veins, heat is distributed through tissues evenly to the whole body and 
no heat is accumulated in any part of the tissue medium. The different 
mechanism for calculating the total quantity of heat carried by the blood 
when it flows through blood vessels include blood velocity, thickness of 
blood, vessel diameter, temperature of the adjoining tissues and heat 
transfer coefficient of blood. Barozzi and Dumas (1991) used a 
numerical method to study the convective heat transfer in blood vessels 
of the circulatory system. Many Researchers (Bhatti et al., 2018, 
Mahabaleshwar et al., 2017, Bhatti et al., 2017, Mabood et al., 2016, 
Bala Anki Reddy et al., 2016, Jai Qing et al., 2016, Bhatti et al., 2016, 
Abdul et al., 2016, Sharidan et al., 2006, Bhatti and Rashidi 2016) 
investigated the different flow problems over a stretching sheet with 
heat transfer. Chamka et al. (2010) analyzed similarity solution for 
unsteady heat and mass transfer from a stretching surface embedded in 
a porous medium. 
 Blood flow with radiation effect is one of the important subject of 
research, as it has got significant applications in Biomedical 
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engineering and in numerous medical treatment methods, mainly in 
thermal therapeutic procedures. Infrared radiation is a technique of 
heat treatment which is done for various parts of the human body. This 
technique is chosen in heat therapy, as it is possible to directly heat the 
blood capillaries of the affected areas of the body. We use heat 
therapy in the treatment of muscle spasms, myalgia (muscle pain), 
chronic widespread pain and long-lasting shortening of muscle 
(medicinally called as contracture), bursitis, that is, inflammation of 
the fluid-filled sac (bursa) that lies between ligament and bone, or 
between ligament and skin and is observed to be more effective.  
 It is also used in the therapeutic procedure of hyperthermia, 
which has a well-recognized effect in oncology. The effect is attained 
by overheating the cancerous tissues (Szasz, 2007) by means of 
electromagnetic radiation. Misra et al. (2010) reported theoretical 
estimates of blood flow in arteries during the therapeutic procedure of 
electromagnetic hyperthermia used for treatment of cancer. A few 
important discussions are also available in that paper. A few 
investigations are reported by some researchers (Inoue et al., 1989, 
Nishimoto et al., 2006, Bidin and Nazar, 2009, Irfan et al., 2017, 
Ishak, 2011) to analyse the effects of electromagnetic 
radiation/ultrasonic radiation on blood flow. Misra and Sinha (2013) 
studied the MHD stream of blood and heat transfer in a permeable 
capillary in stretching movement with thermal radiation effect. 

Generally, a viscous fluid normally sticks to a boundary, i.e., there 
is no slip of the fluid relative to the boundary. The no slip boundary 
state, which is the supposition that a liquid stick to a solid boundary, is 
one of the pillar of the Navier–Stokes theory. The non-adherence of the 
fluid to a solid boundary is called velocity slip. Velocity slip may arise 
on a stretching boundary when the fluid contains particulates such as 
emulsions, suspensions, foams and polymer solutions. Fluids exhibiting 
boundary slip also feature in diverse areas such as polishing of artificial 
heart valves and hydrophobic walls in fuel cells. Additionally, mass 
(solutal) slip can occur when simultaneous species diffusion occurs. 
Numerous studies have revealed the important influence of slip on near-
wall flow characteristics. Misra et al. (1993) studied blood flow through 
a stenosed arterial segment, in view of no-slip condition at the vessel 
wall. But the usual no-slip condition at the boundary must be changed 
by the slip condition (Ebart and Sparrow, 1965). Some authors (Brunn, 
1975, Nubar, 1971) suggested the existence of a red blood cell slip at 
the vessel wall. Misra and Kar (1989) developed a momentum integral 
method to study the problem of blood vessel in the present of a stenosis 
by taking into consideration the slip velocity at the wall. Several studies 
on slip effects and some other related problems were performed by 
some investigators (Hayat et al., 2011, Mukhopadhyay et al., 2012, 
Bala Anki Reddy and Suneetha, 2017). 

In all the revisions declared above, viscous dissipation is 
neglected. But the viscous dissipation in the natural convective flow is 
important, when the flow field of extreme size or in high gravitational 
field.  Such effects are important in geophysical flows and also in 
certain industrial geophysical flows operations and are usually 
characterized by the Eckert number. Gebhart (1962) examined that the 
effect of viscous dissipation may occur in natural convection in various 
devices which are subject to large decelerations or which operate at 
high rotational speeds. Viscous dissipation effects may also be present 
in stronger gravitational fields and in procedures wherein the scale of 
the process is very large, e.g., on larger planets, in large grassroots of 
gas in space, and in geological processes in fluids internal to various 
bodies. During the movement of fluid particles, viscosity of the fluid 
converts some kinetic energy into thermal energy. As this process is 
irreversible and caused due to viscosity, so this is called viscous 
dissipation. Initially the effect of viscous dissipation was considered by 
Brickman (1951). Chand et al. (2014) examined the problem of viscous 
dissipation and radiation on unsteady flow of electrically conducting 
fluid past over a stretching surface. The expressions of velocity and 
temperature were found with classical fourth order Runge-Kutta 
method.  

The aim of the present investigation is to study the effect of 
chemical reaction, as well as heat and mass transfer on the MHD flow 
of blood over an inclined permeable stretching surface with an acute 
angle α to the vertical in the presence of a non-uniform heat 
source/sink. Thermal radiation, viscous dissipation, velocity slip, 
thermal slip and solutal slip conditions are taken into account. Because 
of the permeability of capillary blood vessel walls, consideration of the 
slip at the wall makes the study closer to the reality. The governing 
partial differential equations have been transformed into a system of 
ordinary differential equations by similarity transformations which are 
then solved numerically by using fourth order Runge–Kutta scheme 
together with the shooting method. The effects of various pertinent 
parameters on the momentum, heat and mass transfer characteristics 
have been studied and numerical results are presented graphically and 
in the tabular form. The results specify very clearly the threshold value 
of the magnitude of the magnetic field strength that should be applied to 
the human body. The study will be of profound interest to medical 
surgeons in regulating blood flow during surgery. These result shows 
that the characteristics of blood flow as well as the effects of heat and 
mass transfer in presence of chemical reaction that takes place during 
blood flow process due to the action of drugs. The numerical results for 
various parameters reported here are compared with the previously 
published works, for some special cases of the present study that are 
available in the literature. This paper has been arranged as follows: 
Section 2 deals with the mathematical formulation of the problem. 
Section 3 contains numerical results and discussions. The concluding 
remarks are presented in Sec. 4.  

2. MATHEMATICAL FORMULATION 

Let us consider an unsteady two-dimensional incompressible 
flow of blood over a permeable capillary inclined time-dependent 
stretching sheet with an acute angle α to the vertical. Blood is treated 
here as a viscous incompressible electrically conducting fluid. The 
coordinate system and flow model are shown in Figure 1. 

 

Fig. 1 Physical   sketch of the problem. 

At time t=0, the sheet is impulsively stretched with velocity 

   
,

1

ax
U x tw ct




along the x-axis, where the origin is kept fixed in 

the fluid medium of ambient temperature T . A magnetic field B(t) is 

applied perpendicular to the sheet, with an acute angle ξ. This magnetic 

field acts like transverse magnetic field at
2

  . It is assumed that the 



Frontiers in Heat and Mass Transfer (FHMT), 10, 22 (2018)
DOI: 10.5098/hmt.10.22

Global Digital Central
ISSN: 2151-8629

  3 

magnetic Reynolds number is much less than unity so that the induced 
magnetic field is negligible in comparison to the applied magnetic field. 
The velocity slip, thermal slip, solutal slip and first-order homogeneous 
time-dependent chemical reaction have been taken into account. The 
fluid properties are assumed to be constant. Under these assumptions 
and following Chamka et al (2010) and Misra and Sinha (2013)), the 
governing equation of the boundary layer that are based on the balance 
laws of mass, linear motion, energy and concentration species for the 
blood flow in the presence of thermal radiation take the following form: 
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Subject to the boundary conditions:                                    
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Where wV represents the injection/suction velocity given by 
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Equation (6) indicates that the mass transfer at the surface of the 
capillary wall takes place with a velocity Vw where  0Vw   in the 

case of injection and 0Vw   in the case of suction. In Eq. (2), 

   1 2 1k t k ct   represents the time-dependent permeability 

parameter, in Eq. (5),  
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20 1N N ct   is the velocity slip factor. 
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concentration slip factor. The no-slip conditions can be recovered, by 

putting 0N K P   . The velocity  ,wU x t  of the stretching 

motion of the blood vessel, surface temperature  ,wT x t  and the 

concentration  ,wC x t  are considered as 
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where a, b, c and d are the constants such 
that 0, 0, 0, 0a b c d    and ct  . Let us consider 
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representing the magnetic field strength at 0, 0t   is a constant, u 

and  v are the velocity components in the x and y directions, 
respectively, g is the acceleration due to gravity,   is the density of 

the fluid,  is the coefficient of thermal expansion, * is the 
coefficient of expansion with concentration, T is the temperature, 
T is the temperature of the ambient fluid, C is the concentration, 

C is the concentration of the ambient fluid,  σ is the electrical 

conductivity,  is the kinematic viscosity, k is the thermal 

conductivity, pC is the specific heat at constant pressure, rq is the 

radiative heat flux and D is the mass diffusion coefficient. 
The non-uniform heat source/sink, ''q is modeled as 
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Where A*and B* are the coefficient of space and temperature 
dependent heat source/sink, respectively. It is to be noted that the case 

* 0, * 0A B    corresponds to internal heat generation and 

that * 0, * 0A B  , corresponds to internal heat absorption. 
Thermal radiation is simulated using the Rosseland diffusion 
approximation and in accordance with this, the radiative heat flux rq  

is given by 
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Where *k  is the Rosseland mean absorption coefficient and * is the 
Stefan–Boltzman constant. If the temperature differences within the 
mass of blood flow are sufficiently small, then Eq. (8) can be 

linearized by expanding 4T into the Taylor’s series about T , and 

neglecting higher-order terms, we get      
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We introduce the self-similar transformations (see Chamka et al 
(2010), Srinivas et al. (2014) and Misra and Sinha (2013) 
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where A; M; k3; Gr; Gc; R; Pr; Sc and   are non-dimensional 
parameters called, respectively, the unsteadiness parameter, Hartmann 
number, permeability parameter, Grashof number, solutal Grashof 
number, radiation parameter, Prandtl number, Schmidt number and 
chemical reaction parameter are given by 
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In Eq. (15), 0S  and 0S  correspond to injection and suction, 
respectively. The non-dimensional velocity slip Sf, thermal slip St and 
solutal slip Sc are defined by 
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Where the prime denotes derivatives with respect to  . It may be 
noted that when A=0 in Eqs. (11)–(13),the problem will be reduced to 
the one in the steady state. Also, the quantities of physical interest in 
this problem are the skin friction coefficient, heat transfer rate and 
mass transfer which are defined as 
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Where the wall shear stress, surface heat flux and the mass flux are 
given by 
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Using Eq. (17), quantity (16) can be expressed as 
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The above skin-friction coefficient, local Nusselt number and 
Sherwood number show that their variations depend on the variation 
of the factors ''(0), '(0)f    and '(0)  respectively. 

3. RESULTS AND DISCUSSIONS 

For numerical results, we considered 32.0, 2.0, 0.4,Gr Gc K    

/ 4, / 4, 1.0, 0.5,S =1.5,S =1.0,S 0.5, 21,f t cM S pr         
* *R=0.5, 0.5, 0.5,  0.5,  0.5, 0.6, 0.5.A B Ec Q Sc       These 

values are conserved as common unless specifically pointed out in the 
appropriate graphs. 
Figures 2– 9 depict the influence of non-dimensional axial velocity for 
different values of Hartmann number, permeability parameter, thermal 
Grashof number, solutal Grashof number, velocity slip factor, suction 
parameter, inclination respectively. Figure 2 shows that the axial 
velocity lowers as Hartmann number increases. This is due to the fact 
that an increase in Hartmann number signifies an enhancement of 
Lorentz force, thus reducing the magnitude of the velocity. This 
reveals an important observation that the motion of the blood in a 
carrying blood vessel can be regulated by applying a magnetic field 
externally and varying the intensity of the applied field. Figure 3 
displays the variations of velocity profile with changes in the 
permeability parameter. From this figure it can be observed that an 
increase in the permeability enhances the velocity of the blood. One 
can see that, for small permeability (K3 = 0.1), the axial velocity 
reduces faster than the case when the permeability is higher (K3 = 0.3; 
0.5). The variation of the axial velocity for both thermal Grashof 
number (Gr) and solutal Grashof number (Gc) for steady and unsteady 
flows are shown in Figures 4 and 5. Gr signifies the relative effect of 
the thermal resistance force to the viscous hydrodynamic force in the 
boundary layer regime. An increase in Gr induces a rise in the steady 

and unsteady state velocity profiles. There is a rapid rise in the 
velocity near the wall and then the velocity descends smoothly 
towards zero. Figure 6 presents the velocity profiles for various values 
of velocity-slip factor. With the increasing values of velocity slip 
parameter, the blood velocity reduces. When slip occurs, the blood 
flow velocity near the blood vessel is no longer identical to the sheet 
stretching velocity, i.e., a velocity slip exists. With the rise in Sf such a 
slip velocity increases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Velocity profiles for different values of M 

M=1.0, 2.0, 3.0 

            Steady 
            Unsteady 
 

Fig. 3 Velocity profiles for different values of K3 

K3=0.1, 0.3, 0.5 

            Steady 
            Unsteady 
 

Fig. 4 Velocity profiles for different values of Gr 

Gr=1.0, 3.0, 5.0 

            Steady 
            Unsteady 
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Figure 7 is aimed to shed light on the effect of suction parameter on 
the velocity distribution in the boundary layer. It reveals that the 
velocity profiles slightly decrease with an increase in the suction 
parameter. This is because the heated fluid is pushed towards the wall 
where the buoyancy forces can act to retard the fluid due to high 
influence of viscosity. From Figure 8 we can infer that the velocity 
profiles decrease with an increase in the inclination parameter. This 
can be certified to the fact that the angle of inclination decreases the 
effect of the buoyancy force due to thermal diffusion by a factor of 
cosα. Consequently, the driving force to the fluid decreases as a result  

 

 

 

 

 

 

velocity of the fluid decreases. Figure 9 displays the velocity profile 
for various values of aligned angle ξ. The velocity profile of the fluid 
decreases with increasing the aligned angle. The reason for this is 
increase in the aligned angle causes to strengthen the magnetic field. 
Due to this enhanced magnetic field, it generates opposite force to the 
flow, this force is called Lorentz force. Figures 10–16 focus on the 
temperature distribution for various values of thermal radiation 
parameter, Prandtl number, unsteadiness parameter, temperature 
dependent source/sink, Eckert number, thermal slip parameter and 
inclination. The temperature profiles are presented for several values  

Fig. 5 Velocity profiles for different values of Gc 

Gc=2.0, 3.0, 4.0 

Fig. 6 Velocity profiles for different values of fS  

fS =0.5, 1.0, 1.5 

Fig. 7 Velocity profiles for different values of S 

S=0.5, 1.0, 1.5 

0, ,
4 2

 
  

Fig. 8 Velocity profiles for different values of α 

 = 0, ,
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 
 

Fig. 9 Velocity profiles for different values of  

Fig. 10 Temperature profiles for different values of R 

R=0.5, 1.5, 2.5 
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of thermal radiation parameter in Figure 10. It is found that the 
temperature enhances as the radiation increases. This may be 
attributed to the physical fact that the thermal boundary layer 
thickness enhances with increasing radiation parameter. Figure 11 
demonstrates the effect of Prandtl number on the temperature 
distribution. The numerical results show that the increase in the 
Prandtl number results in a decrease of the thermal boundary layer 
thickness and in general lesser average temperature with in the 
boundary layer. The reason is that smaller values of Pr are equal to  

 

 

 

 

 

 

 

increasing the thermal conductivity of the fluid, and therefore heat is 
able to diffuse away from the heated surface faster than higher values 
of Pr. Hence in the case of smaller Pr, the thermal boundary layer is 
denser and the rate of heat transfer is reduced. Therefore, an increase 
in Pr reduces temperature. Figure 12 represents the temperature 
profiles for various values of unsteadiness parameter. It is observed 
from this figure that as the unsteadiness parameter increases, the 
temperature of the boundary layer diminishes. The variations in the 
temperature profiles for changes in the heat source/sink are presented  

Pr=19, 21, 23 

Fig. 11 Temperature profiles for different values of Pr 

    Fig. 12 Temperature profiles for different values of A* 

A*=0.0, 0.5, 1.0 

Fig. 13 Temperature profiles for different values of B* 

B*=0.0, 2.0, 4.0 

Ec=0.5, 1.0, 1.5 

Fig. 14 Temperature profiles for different values of Ec 

tS =0.5, 1.0, 1.5 

   Fig. 15 Temperature profiles for different values of tS  

Fig. 16 Temperature profiles for different values of α 
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in Figure 13. It is observed that the temperature enhances with an 
increase in heat source. The effect of Eckert number Ec, on 
temperature is shown in Figure 14.  Number Ec, designates the ratio of 
the kinetic energy of the flow to the boundary layer enthalpy 
difference. As Ec is enhanced, the temperature increases, since 
internal energy is increased. Temperature profiles for the various 
values of thermal slip parameter are shown in Figure 15. It is seen 
from this figure that the thermal slip parameter increases, less heat is 

transferred from the stretched vessel to the fluid and hence the 
temperature decreases. Effects of inclination parameter on the 
temperature profiles are shown in Figure16. It is noticed that the 
thermal boundary layer thickness decreases by increasing the angle of 
inclination. 

 

 

 

 
Table 1 Comparison of results of skin friction coefficient for several 
values of unsteadiness parameter in the absence of Hartmann number, 
permeability parameter, Grashof number, modified Grashof number, 
coefficients of space and temperature dependent heat source/sink, 
Schmidt number and slip conditions. 
 
A* 

Sharidan et al. 
(2006) 

f ''(0)   

Chamka et al. 
(2010) 

f ''(0)  

Present 
f ''(0)  

0.8 -1.26104 1.26151 -1.26108 

1.2 -1.37772 1.37805 -1.37777 

2.0 -1.58736  -1.58741 

 
Table 2 Comparison of results of the wall temperature gradient 

'(0) for several values of unsteadiness parameter, suction and the 
Prandtl number in the absence of angle of inclination, Hartmann 
number, permeability parameter, Grashof number, modified Grashof 
number, thermal radiation, Schmidt number and slip conditions. 
 
 
A* 

 
S 

 
Pr 

Gurbka 
and 
Bobba 
(1985) 

Ishak 
et al. 
(2011) 

Hayat et 
al. 
(2011) 

Present 

0 -1.5 0.72  0.4570 0.45702 0.45702 
  1.0  0.5000 0.50000 0.500005 
  10.0  0.6452 0.64516 0.64516 
 0 0.01 0.0197 0.0197  0.01970 
  0.72 0.8086 0.8086 0.80863 0.80863 
  1.0 1.0000 1.0000 1.00000 1.00000 
  3.0 1.9237 1.9237 1.92359 1.92368 
  10.0 3.7207 3.7207 3.72159 3.72060 
  100.0 12.2940   12.2940 
 1.5 0.72  1.4944 1.49436 1.49437 
  1.0  2.0000 2.00000 2.00000 
  10.0  16.0842 16.09624 16.0842 
1.0 -1.5 1.0  0.8095 0.80951 0.80951 
 0   1.3205 1.32052 1.32057 
 1.5   2.2224 2.22235 2.22236 

Sc=0.6, 0.78, 1.0 

Fig. 17 Concentration profiles for different values of Sc 

 Fig. 18 Concentration profiles for different values of   

 =0.5, 1.0, 1.5 

  Fig. 19 Concentration profiles for different values of cS  

cS = 0.5, 1.0, 1.5 

   Fig. 20 Concentration profiles for different values of α 
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Table 3 Comparison  0  for several values of Prandtl number in 

the absence of angle of inclination, Hartmann number, permeability 
parameter, Grashof number, modified Grashof number, thermal 
radiation, Schmidt number and mass slip. 
Pr Bidin and 

Nazar (2009) 
El-Aziz 
(2009) 

Ishak 
(2011) 

Mukhopadhy
ay and Reddy 
(2012) 

Present 

1 0.9547 0.954785 0.9548 0.9547 0.95479 

2 1.4714 0.46315 1.4715 1.4714 1.47142 

3 1.8691 1.869074 1.8691 1.8691 1.86918 

5 1.1599 2.500132 2.5001 2.5001 2.50015 

10  3.660372 3.6604 3.6603 3.66030 

Table 4 Comparison  0  for several values of unsteadiness 

parameter, Hartmann number, Prandtl number and radiation number in 
the absence of angle of inclination, Grashof number, modified Grashof 
number, Schmidt number and mass slip. 
 
 
A* 

 
M 

 
R 

 
Pr 

Misra and  
Sinha (2013) 

Present 

3.0 0.5 1.0 21.0 0.46591 0.46591 
3.0 0.5 1.0 25.0 0.53355 0.55063 
3.0 0.5 2.0 21.0 0.32947 0.32979 
3.0 1.0 1.0 21.0 0.42420 0.42420 
4.0 0.5 1.0 21.0 0.39048 0.39046 
 

Table 5 Values of  0f  ,  0 and  0   for various values of Gr, Gc, S, M, 3K , R, Pr, A* , B*, Sc and    with A=0,Sf = 1.5, St= 1.0, Sc= 0.5 

and  = 450. 
M K3 Gr Gc α R Pr A* B* Ec Sc  ''(0)f   '(0)   '(0)  

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.404622 0.835273 0.626557 

2.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.419555 0.835703 0.620771 

1.0 0.6 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.373346 0.834706 0.638644 

1.0 0.4 3.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.399646 0.834410 0.628083 

1.0 0.4 2.0 3.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.364370 0.834428 0.641994 

1.0 0.4 2.0 2.0 / 2  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.504168 0.835303 0.584914 

1.0 0.4 2.0 2.0 / 4  1.5 21 0.5 0.5 0.5 0.6 0.5 -0.400756 0.787476 0.627688 

1.0 0.4 2.0 2.0 / 4  0.5 23 0.5 0.5 0.5 0.6 0.5 -0.405206 0.843220 0.626385 

1.0 0.4 2.0 2.0 / 4  0.5 21 1.0 0.5 0.5 0.6 0.5 -0.403486 0.826813 0.626992 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 1.5 0.5 0.6 0.5 -0.404326 0.832285 0.626655 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 1.0 0.6 0.5 -0.399335 0.787387 0.628364 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.78 0.5 -0.413044 0.833755 0.691599 

1.0 0.4 1.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 1.0 -0.414156 0.833618 0.701039 

 
Table 6 Values of  0f  ,  0 and  0   for various values of Gr, Gc, S, M, 3K , R, Pr, A* , B*, Sc and    with A=0.5, Sf = 1.5, St= 1.0, Sc= 

0.5 and  = 450. 
M K3 Gr Gc α R Pr A* B* Ec Sc  ''(0)f   '(0)   '(0)  

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.423810 0.851735 0.677965 

2.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.436563 0.851604 0.673926 

1.0 0.6 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.397441 0.852300 0.686372 

1.0 0.4 3.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.419804 0.851240 0.678991 

1.0 0.4 2.0 3.0 / 4  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.388060 0.852315 0.689246 

1.0 0.4 2.0 2.0 / 2  0.5 21 0.5 0.5 0.5 0.6 0.5 -0.509573 0.849030 0.649343 

1.0 0.4 2.0 2.0 / 4  1.5 21 0.5 0.5 0.5 0.6 0.5 -0.420387 0.807054 0.678811 

1.0 0.4 2.0 2.0 / 4  0.5 23 0.5 0.5 0.5 0.6 0.5 -0.424312 0.859021 0.677841 

1.0 0.4 2.0 2.0 / 4  0.5 21 1.0 0.5 0.5 0.6 0.5 -0.423020 0.846069 0.678233 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 1.5 0.5 0.6 0.5 -0.423595 0.849618 0.678029 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 1.0 0.6 0.5 -0.419920 0.814690 0.679090 

1.0 0.4 2.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.78 0.5 -0.431372 0.850344 0.745616 

1.0 0.4 1.0 2.0 / 4  0.5 21 0.5 0.5 0.5 0.6 1.0 -0.431090 0.850320 0.741452 

 
The computed values of the concentration distribution for 

numerous values of Schmidt number, chemical reaction parameter, 
solutal slip and inclination are displayed in Figures 17–20. Figure 17 is 
a plot of concentration distribution for various values of Schmidt 
number. The Schmidt number is the ratio between a viscous diffusion 
rate and a molecular diffusion rate. We notice from this figure that the 
concentration distribution of the flow field reduces as the Schmidt 
number increases. This is due to the fact that heavier diffusing species 
have a greater retarding effect on the concentration distribution of the 

blood flow field. Figure 18 shows that the influence of the chemical 
reaction on the concentration profiles in the boundary layer. It reveals 
that the concentration decreases with an increase in the chemical 
reaction. Figure 19 demonstrates the effect of the solutal slip to the 
concentration distribution. It indicates that the concentration decreases 
with a rise in solutal slip. Concentration profiles for the various values 
of inclination parameter are shown in Figure 20. It is observed that the 
concentration increases with the increase in the value of inclination 
parameter. 
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For the accuracy and validity, we compared the present numerical 
results corresponding to the skin-friction coefficient with that of 
Sharidan et al. (2006) and Chamka et al. (2010) (Table 1). Moreover, 
the present numerical values corresponding to the heat transfer 
coefficient compared with the previously published numerical results of 
Gurbka and Bobba (1985) Ishak et al. (2011) and Hayat et al. (2011) 
(Table 2), Bidin and Nazar, (2009) El-Aziz, (2009), Ishak (2011) and 
Mukhopadhyay and Reddy (2012) (Table 3), Misra and Sinha (2013) 
(Table 4). The Values of  0f  ,  0 and  0   for different 

values of M, K3, Gr, Gc, α, R, Pr, A*, B*, Ec,  Sc and  γ   are shown in 
Table 5. It can be noted that the skin friction coefficient increased with 
increasing values of Grashof number, solutal Grashof number, 
permeability parameter, heat source, radiation and Eckert number, 
whereas the reverse trend is observed in the case of Hartmann number, 
Prandtl number, Schmidt number and chemical reaction for A=0. 
Further, from Table 5, it is noticed that the Nusselt number increases 
with an increase in the Hartmann number, inclination and Prandtl 
number, where as it decreases with an increase in the radiation and 
Eckert number. From Table 6, it is noticed that the results are same as 
in the table.5, even after taking A=0.5. The Values of  0f  , 

 0 and  0   for different values of Sf, St and Sc are shown in 

Table 7 for A=0. The skin-friction coefficient decreases with the 
thermal slip and concentration slip, while it increases with the velocity 
slip. The Nusselt number decreases with the thermal slip and 
concentration slip while increases with the velocity slip. It is seen that 
the value of Sherwood number decreases with an increase of thermal 
slip, velocity slip and concentration slip. From table.8, the same effects 
were seen as in the table.7 for A=0.5. 
 
Table 7 Values of  0f  ,  0  and  0 for various values of Sf, 

St, Sc with A=0.0, Gr=2.0, Gc=2.0, S=0.5, M=1.0, 3K =0.4, R=0.5, 

Pr=21, A*=0.5, B*=0.5, Sc=0.6,  =0.5 and α=450. 

fS  tS  cS  ''(0)f  '(0)  '(0)  

0.5 0.5 0.5 -0.824869 1.372580 0.649400 
1.0 0.5 0.5 -0.540318 1.468520 0.634617 
0.5 1.0 0.5 -0.829293 0.758747 0.649052 
0.5 0.5 1.0 -0.863787 1.360400 0.486690 

Table 8 Values of  0f  ,  0 and  0   for various values of Sf, 

St, Sc with A=0.5, Gr=2.0, Gc=2.0, S=0.5, M=1.0, 3K =0.4, R=0.5, 

Pr=21, A*=0.5, B*=0.5, Sc=0.6,  =0.5 and α=450. 

fS  tS  cS  ''(0)f   '(0)   '(0)  

0.5 0.5 0.5 -0.870470 1.413830 0.698093 
1.0 0.5 0.5 -0.567534 1.506000 0.685004 
0.5 1.0 0.5 -0.874783 0.779061 0.697800 
0.5 0.5 1.0 -0.907093 1.402470 0.514883 

4. CONCLUSION 

The steady two-dimensional heat and mass transfer on the MHD 
flow of blood over an inclined permeable stretching surface with non-
uniform heat source/sink were numerically investigated. The governing 
boundary layer equations were reduced into a system of ordinary 
differential equations and then the equations were solved numerically. 
The main results of the present investigation are as follows: 

 By increasing Ec, the boundary layer as well as the 
temperature profiles on the stretching sheet are increased. 

 By increasing R, the boundary layer of the fluid flow is 
increased as well as convective heat transfer rate on the 
stretching sheet is increased. 

 By increasing Pr, the boundary layer of the fluid flow and the 
heat transfer rate decreases.  
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