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The purpose of the study is to investigate the role of hematocrit, slip and TPMA (Total 

Protein Minus Albumin) on the flow of blood in an axisymmetric inclined porous tube. 

The Walburn-Schneck equation is used to model the flow of blood and the resulting 

governing equations are solved by considering the long wavelength and small Reynolds 

number approximation. The closed form solutions are obtained for velocity, flow rate 

and temperature. The study reveals that an increase in the hematocrit and TPMA has 

a larger impact on both velocity and temperature. Furthermore, the impact of porous 

parameter and slip parameter play a vital role in controlling the blood flow.  
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1. Introduction 

 

Mathematical studies on the non-Newtonian flow of blood are of interest to researchers due to 

its comprehensive applications in the field of Biomedical engineering and medicine. The Newtonian 

approach helps in understanding the flow of classical fluids through microchannels but fails to explain 

the complex behavior of blood [1,2]. The constitutive equations express the dependence between 

shear stress and shear rate for blood. Due to the complex macro-rheological behavior of blood, it is 

not possible to completely describe the various physiological parameters (e.g., hematocrit, TPMA, 

shear rate) through a single equation. Thus, many approaches exist to overcome this situation, some 

of which are a result of fitting a curve to the experimental data and others are based on some 

rheological models. Walburn and Schneck [3] introduced one such constitutive equation which gives 

the relationship between hematocrit and TPMA. Easthope [4] modified the Walburn-Schneck 

constitutive equation for blood by replacing scalar stress and shear strain rate by the stress and strain 

rate dyadics. This, when used to form a detailed kinematic model of blood flow gives rise to a new 

constitutive equation. Later, Rodkiewicz et al., [5] discussed the pulsatile blood flow in a conduit by 

using the constitutive equation for whole human blood, with the addition of chemical composition. 
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Furthermore, Luo and Kuang [6] proposed the new three-parameter constitutive equation for whole 

human blood using Casson model and assumed that the study of blood is concerned with laminar 

flow in tubes with a diameter larger than 300 mµ . This model (K-L model) can be used to properly 

describe the flow of blood when shear thinning behavior is concerned with wide shear range. Ballyk 

et al., [7] studied constitutive equation of whole human blood, the characteristics of Newtonian and 

non-Newtonian blood flows were compared in a two-dimensional study under both steady & 

unsteady flow conditions. Zhang and Kuang [8] investigated the blood flow using different 

constitutive equations. Singh and Singh [9] studied the role of hematocrit on the flow of blood in a 

tapered artery. Rajashekhar et al., [10] investigated the effect of hematocrit and magnetization on 

the FHD flow of blood. Further, Rajashekhar et al., [11] also studied the flow of blood in Y-bifurcation 

and obtained the velocity profiles for ICA (Internal Carotid Artery) and ECA (External Carotid Artery). 

Jahangiri et al., [12] compared the results of different non-Newtonian models to study the 

physiological behavior of blood. Recently, Manjunatha and Rajashekhar [13] carried out studies on 

the flow of blood using Casson equation by considering slip and porosity factors. 

Regulation of body temperature is one of the important functions of the human circulatory 

system. The heat in the body which is produced by the skeletal muscles is removed mainly by the 

convective heat transfer of blood. The principles of heat transfer have been employed by several 

researchers to explore information on how the human body transfers heat [14]. In 1943, Barcroft and 

Edholm [15] carried out experimental investigations to study the variation in blood flow due to 

changes in the temperature. The mean values of Nusselt number for the steady flow of diluted blood 

in a one-dimensional pipe of diameter 10mm were obtained by Mitvalsky [16]. Charm et al., [17] 

conducted experiments to collect more information on heat transfer coefficients in microcirculation. 

Victor and Shah [18] first showed the effects of blood rheology on the transfer of heat. They obtained 

the values of heat transfer coefficients for the flow of blood in a tube by considering blood as a Casson 

fluid. Barozzi and Dumas [19] carried out numerical studies on convective heat transfer in the blood 

vessels of the circulatory system. Craciunescu and Clegg [20] studied the effects of pulsatile nature 

of blood flow on heat transfer in four typical vessel sizes: arterioles, terminal arterial branches, large 

arteries, and aorta. They found that the velocity pulsations have a small influence on the transport 

of energy out of the cells for the thermally essential terminal arteries (0.04 mm – 1.00 mm). They 

also concluded that, for studies on bioheat transfer, it is reasonable to assume the non-pulsating 

velocity of blood flow. Many researchers have recently studied the blood flow in different 

physiological conditions as mentioned in the studies of [21-23]. 

To the best of author’s knowledge, no attempts have been made in the literature which deals 

with the effects of slip, hematocrit and TPMA on the flow of blood in an inclined porous tube. The 

present investigation is helpful in filling the gap in this direction. The closed-form solutions are 

obtained by using long wavelength and small Reynold’s number approximation for velocity, flow rate, 

and temperature. The outcomes of the present model help in providing a better understanding of 

the flow of blood in narrow arteries. 

 

2. Mathematical Formulation and Closed Form Solutions   

 

The flow of blood is modelled to be laminar, steady, incompressible, fully-developed, 

axisymmetric and inclined at an angle β  with the horizontal axis (Figure 1).  

 

 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 47, Issue 1 (2018) 201-208 

203 

 

Penerbit

Akademia Baru

 
Fig. 1. Geometry of the porous tube   

 

Under the assumption of long wavelength 1δ <<  and small Reynolds number the governing 

equation for the flow of blood may be considered in the form [13]  
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Where Pr is the Prandtl number, Ec  is the Eckert number, rz
τ  is the shear stress along radial and 

axial coordinates. The constitutive equation for Walburn-Schneck equation is given by 
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where, 1
0.00797C = , 2

0.0608C = , 3
0.00499C = , 4

145.85C = , H  is the hematocrit percentage, 

TPMA  is the total protein minus albumin and γ
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Equation (5) corresponds to the velocity and thermal slip conditions respectively. Further, Da  is the 

porous parameter (Darcy number), α  is the velocity slip parameter, φ  is the thermal slip parameter 

and θ  is the temperature.  
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The closed form solution is obtained for the velocity expression (1) satisfying the boundary conditions 

(5) and (6). We obtain the expression for velocity ( )w  as 
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The expression for temperature ( )θ  is obtained by solving equation (3) together with the boundary 

conditions (5) and (6) 
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The instantaneous flow rate Q  across any cross section of the artery is defined as given below: 

0
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3. Results and Discussion 

The present paper investigates the flow of blood using Walburn-Schneck equations. The role of 

hematocrit, TPMA, porous parameter, velocity slip parameter, thermal slip parameter, Eckert 

number and Prandtl number on velocity and temperature are analyzed graphically with the help of 

MATLAB and are presented in Figures 2 to 11. 

Figure 2 shows the variation of hematocrit ( )H   on velocity ( )w . It is noticed from the figure 

that an increase in the percentage of hematocrit decreases the velocity in a porous tube. This is 

because, an increase in the percentage of hematocrit reduces the concentration of plasma and hence 

lowers the velocity of blood. This observation on hematocrit is in good agreement with the results 

obtained by Rajashekhar et al. [10]. The effect of total protein minus albumin ( )TPMA   on velocity is 

plotted in Figure 3. It is found that an increase in the concentration of TPMA  decreases the velocity. 

This is mainly due to the fact that a rise in the level of TPMA increases the plasma concentration and 

there by decreases the velocity. Figure 4 illustrates the variation of a porous parameter ( )Da  on 

velocity. It is observed from the figure that an increase in the value of porous parameter increases 

the velocity in an inclined porous tube. The effect of velocity slip parameter ( )α  on velocity is 

illustrated in Figure 5. It is important to note that, an increase in the value of velocity slip parameter 

decreases the flow of blood. Furthermore, the impact of inclination ( )β  on velocity is shown in Figure 
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(6). It is found that an increase in the angle of inclination increases the velocity in an inclined porous 

tube. 

The effects of hematocrit, total protein minus albumin, thermal slip parameter, Prandtl number 

and Eckert number on temperature ( )θ  is plotted in Figures 7-11. Figure 7 shows the variation of 

hematocrit on temperature. It is seen that an increase in the concentration of hematocrit increases 

the temperature of blood. The effect of total protein minus albumin on temperature shows similar 

behavior as that of hematocrit (Figure 8). The impact of thermal slip parameter ( )φ  on temperature 

is plotted in Figure 9. It is observed that an increase in the value of thermal slip parameter decreases 

the temperature. Hence, the temperature of the fluid can be controlled by taking thermal slip into 

account.   

 

  
Fig. 2. w  versus r  for varying H  with

, 2.5, 0.02, 1 and 0.2.
4

TPMA Da P
π

β α= = = = =  

Fig. 3. w  versus r  for varying TPMA  with

, 45%, 0.02, 1 and 0.2.
4

H Da P
π

β α= = = = =  

 

  
Fig. 4. w  versus r  for varying Da  with 

, 45%, 2.5, 1 and 0.2.
4

H TPMA P
π

β α= = = = =  

Fig. 5. w  versus r  for varying α  with 

, 45%, 2.5, 1 and 0.02.
4

H TPMA P Da
π

β = = = = =  
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Fig. 6. w  versus r  for varying β  with 

0.2, 45%, 2.5, 1 and 0.02.H TPMA P Daα = = = = =  

Fig. 7. θ  versus r  for varying H  with 

Pr 0.5, 0.5, 2.5, 1 and 0.2.Ec TPMA P φ= = = = =  

 

  
Fig. 8. θ  versus r  for varying TPMA  with 

Pr 0.5, 0.5, 45%, 1 and 0.2.Ec H P φ= = = = =  

Fig. 9. θ  versus r  for varying φ  with 

Pr 0.5, 0.5, 45%, 1 and 2.5.Ec H P TPMA= = = = =  

 

Figures 10 and 11 represent the variation of Prandtl (Pr)  and Eckert ( )Ec  number on 

temperature. It is seen that an increase in the values of Prandtl number results in a decrease of 

temperature. Physiologically, an increase in Prandtl number means a decrease in k   which is 

responsible for the drop in temperature. Hence, in general, cooling of the heated tube can be 

improved by choosing a coolant with a large Prandtl number (Figure 10). Further, the impact of Eckert 

number on temperature shows a similar behavior as that of Prandtl number. 

 

4. Summary and Conclusion 

 

The present paper investigates the effects of hematocrit, velocity slip, thermal slip and TPMA on 

the flow of blood. The flow of blood is modelled by Walburn-Schneck equation by taking porous tube 

into account. Further, there is a possibility of extending the present model by considering variable 

thermal conductivity and convective boundary conditions into account. The present study plays a major 
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role in the field of medicine to understand the flow of blood in narrow arteries. Some of the interesting 

findings are 

• The increase in the percentage of hematocrit and TPMA significantly affects the blood flow.  

• Darcy number and slip parameters play a vital role in the flow of blood. 

• The velocity of blood increases with an increase in the angle of inclination. 

• Temperature of the blood increases with an increase in the value of Hematocrit and TPMA. 

• Temperature of the blood can be controlled by increasing the thermal slip parameter. 

• An increase in the values of Prandtl and Eckert number decreases the temperature in a porous 

tube. 

 

 
 

Fig. 10. θ  versus r  for varying Pr  with 

0.2, 0.5, 45%, 1 and 2.5.Ec H P TPMAφ = = = = =  

Fig. 11. θ  versus r  for varying Ec  with 

0.2, Pr 0.5, 45%, 1 and 2.5.H P TPMAφ = = = = =  
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