


Temperature Dependent Blood Flow Of Tapered Porous Artery Characterized With Mild Stenosis


                                                         ABSTRACT
Temperature dependent blood flow of tapered porous artery characterized with mild stenosis was investigated analytically in an inclined stenotic artery under the influenced of magnetic field. Blood is an electrically conducting Newtonian fluid. The artery was constricted at the region of stenosis, thereby having maximum flow at the center of the stenosis due to temperature difference resulting from influence if magnetic field. The Physics of the problems was described by the usual MHD equations alongside with the boundary conditions. Analytical expression of the volumetric flow rate, velocity profile, wall shear stress, pressure gradient was derived. We computed the blood flow rate as we varied different parameters and was observed that at the diverging region the velocity profile reduces the flow rate while the blood viscosity increases the inhibition of the stenosis led to increase in magnetic field. It was also observed that the increase of various parameter of Grashof, Reynolds, Nusselt and Prandtl number resulted in clockwise direction of the flow rate.   And it was discovered that increase in porosity term
  , blood viscosity, heat absorption parameter, soret term led to increase in other flow characteristics like blood velocity, mass concentration, blood temperature etc
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INTRODUCTION

Blood flow in arteries is a complex phenomenon, influenced by various factors such as viscosity, temperature, and magnetic fields. Constricted arteries can lead to cardiovascular diseases, such as atherosclerosis and hypertension. Understanding the transient flow behaviour of blood in constricted arteries is crucial for diagnosis and treatment of cardiovascular diseases.
Medical science has shown that some individuals have their arteries constricted as a result of lumen deposition on the wall of the arteries. The constriction of the artery may arise as a result of the eating habit of the person, Neetu Srivastava (2014) investigated the analysis of flow characteristics of the blood flowing through an inclined tapered porous artery with mild stenosis under the influence of an inclined magnetic field and discovered that  the  flow patterns in converging region( diverging region , and nontapered region  are effectively influenced by the presence of magnetic field and change in inclination  of artery as well as magnetic field. Those who are used to eating food with high level cholesterol and fat with little or no exercise may gradually have residual particles deposited on the wall of their arteries. The continuous and gradual deposition of such particles may result in the formation of a harden tissue on the walls of the artery Abbey Tamunoimi and 0kuyade Ighoroje Wilson (2015) in their journal titled “MHD flow in bifurcating porous medium”. Such tissue is usually referred to as stenosis medically. The constriction known as stenosis will subsequently reduce the diameter or radius of the affected artery. This will subsequently inhibit the free flow of blood fluid through the affected artery. According to medical experts there are various forms of stenosis some of which includes: Aortic, Carotid, Renal and Spinal depending on the part of the artery where the constriction occurs. Parikshit Kewal Suri et al (1974) investigated the effect of magnetic field on oscillating blood flow in arteries, the above-mentioned names all found out that the idea of electromagnetic field slows down the speed of blood.  Sharma Singh et al. (2010) investigated the Mathematical modelling of blood flow in a stenosis artery under MHD effect through porous medium, they observed that the shear stress increases at the tempering angle.In some instances, an individual with constricted artery may undergo scanning or chest X-ray. This equipment is associated with high magnetic field and heat. Studies have shown that magnetic field has tremendous effect on the transport of fluid through arteries, (Barnothy,1969). What therefore is the blood flow situation, when an individual with constricted artery is subjected to magnetic field? This study will examine among others the effect of magnetic field on the transport of blood fluid in a constricted channel or tube to mimic the situation of a patient undergoing Nuclear Magnetic Resonance (NMR) as a form of medical therapy. The study would be subsequently extended to include the effect of transient heat transfer on the flow of a viscous fluid in a constricted porous channel. Sometimes magnetic field and heat is applied to the individual in pulses. The time interval between successive pulses is usually very small in the order of a few seconds. This makes the flow of heat into the tissue transient.  Parikshit Kewal Suri et al(2014), investigated blood flow in a branched artery and discovered that magnetic field is required to enable free flow of blood in a constricted artery. It should be noted here that this work will ; enhance the understanding of the stenotype arteries in human body, serve as an aid to engineers and medical experts that will work on constricted channels and lastly this work will add to the knowledge of the readers.
METHOD OF SOLUTION 
The equations governing the motion of the fluid in the constricted tube shall be solved analytically by means of the modified homotopy perturbation method and modified Bessel function. The results were analyzed graphically using Python software package. For easy analysis, the problem shall be approached in three formats. These are the entry flow region, the flow around the constricted zone and the flow after the constricted zone which is referred to as out flow. In the entry region of the tube, because of the narrowing it is regarded as a tube whose radius is collapsing to the center of the constriction. In this case, the flow is seen to be converging. The radius of the tube shall then be represented as r = R0 f (αz) that is, r = R0 exp(-αz). On the other hand, from the center of the constriction, the radius of the tube is seen to be rising gradually to a maximum radius R0. In this case, the tube is seen to be diverging. The situation can be represented mathematically as r = R0 exp (+αz). These are illustrated in figures (1a, b, c). The governing equations for this work are:













THE PHYSICAL STRUCTURE OF THE MODEL 




z


[image: ]
Fig. 1a
From Hagen Pousieulle 
2L
 
r(z)
Fig 1b

Fig 1c
Flow in a diverging region
 
Z
r

[image: ][image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Scan.jpg][image: ]
	Region I
Fig. 1f: A schematic structure of stenotype artery from Neetu Srivastava (2014), 
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For Cartesian Coordinate System the Equation Becomes:
Now the formulations are as follows in Cartesian coordinate system;
								           	     (1)
 +      (2)
  			     (3)
        	     (4)  
together with the following boundary conditions;
 (Symmetry condition) on (z) = Rₒ							    (5a)
(u, o, ԝ) = 0		on 𝑟 = Rₒ								   (5b)
T = Tԝ		on W =  									   (5c)
C = Cԝ		on W = 									   (5d)
𝓺r = 0,
(u, o, w) = (Uₒ O, Wₒ)	on r=0									   (5e)
The symbols and their definitions as captured in equations (1-5) are as follows;
 is the density of the flowing fluid,  the Viscousity, P the pressure, (𝑟, , z) the orthogonal axis vector in a cylindrical co-ordinate system,V= (u, o, w)	velocity component in the (r,, z) orthogonal axis of the cylinder, H= (o, o, Hₒ) applied magnetic field vector in the z axis, 𝓺rthe heat transfer flux vector, ɡ the gravitational field vector, T temperature of the fluid at any time.
where equations (1-4) denote the continuity, momentum, energy and concentration equations respectively. 
Now introducing the non-dimensional variables below in equation (5) appropriately into equations (1-4)
,,
  , , , ,, , ,  ,, ; ,  					(6)
 the following non - dimensional forms were obtained


 										(7)

 			(8)

 							(9)

 							(10


With the boundary conditions as follows

  				(11)
From equation (7), 

 											(12)
Solving equation (12), we have:

 										(13)

Equation (13) shows that the velocity shall be a function of two independent variables.
Differentiating equation (12), we have:

 											(14)
Substituting equation (14) into equations (8) - (11), we have:

 					(15)

 								(16)

 									(17)
Where:  ,M is the magnetic field,   is the constriction term ,  is the Grashof  number due to temperature difference,  is the Grasshof number due concentration difference, heat absorption parameter, r is the radius of the circle, is the Schmidt number, P is the pressure, RePr is the Reynolds number and Prandtl number, ReSc is the Reynolds number and Schmidt number . 

The boundary conditions are:

  						(18)

Method of Solution
Following Bunonyo et al. (2021), the oscillatory nature of the flow due to the pumping action of the heart entails that the flow profiles can be expressed in the form;

  										(19)
Applying the oscillatory perturbation in equation (19) into equations (15)-(17), we obtained,

 							(20)

 									(21)

 									(22)
The boundary conditions are:

 						23)

where
The blood momentum is being impacted by temperature and mass concentration, let’s recall equations (z) and (22) respectively as;

 									(24)

 									(25)
The homogenous part of equations (24) and (25) are:

 									(26)

 									(27)

 								(28)

 								(29)
The particular solution equations (28) and (29) are:

											(30)

											(31)
The general solutions of equations (23) and (24) are

 							(32)

 							(33)
Since the solution to equations is finite, then, equations (30) and (31) reduce to:

 										(34)

 										(35)
Applying the boundary conditions in equation (23) on equations (32) and (33), we have:


 					(36)

Solving equations (34) and (35) using the boundary conditions in equation (3.46), we have:

 									(37)

 									(38)

where  are the modified Bessel function of the first and second kind of order n with  as the argument. 




Substituting equations (37) and (38) into equations (32) and (33) respectively;

 							(39)

 							(40)
To investigate the impact of the temperature and mass concentration on blood momentum through a constricted artery, let’s substitute equations (37) and (40) into equation (20), we have:

 					(41)
The homogenous function of equation (41), we have:

 									(42)
Solving equation (3.63), we have:

 										(43)
The particular solution of equation (43) can be stated as:

 							(44)
Differentiating equation (42) according to order of equation (43), we have:

 			(45)

 	(46)
The general solution of equation (3.63), we have:

 						(47)
Solving equation (47) using the boundary condition in equation (42), we have:

 						(48)

 						(49)

 								(50)

where 	
Volumetric Flow Rate
The volumetric flow rate can be stated mathematically as

    										(51)
Substituting equation (50) into equation (51), we obtain

  						(52)
Simplifying equation (3.72), we have:

  				(53)

Note that: then equation (53) gives:

  					(54)
Simplifying equation (54), we have:

  					(55)



Rate of Heat Transfer (Nusselt Number)
The rate of heat transfer can be stated mathematically as

  											(56)
Differentiating equation (31), we have:

 										(57)
Substituting equation (57) into equation (56), we have:


 									(58)

Rate of Mass Transfer (Sherwood Number)
The rate of heat transfer can be stated mathematically as

  											(59)
Differentiating equation (39), we have:

 										(60)
Substituting equation (60) into equation (59), we have:


 									(61)

Shear Stress at the Walls of Blood Vessel
The rate of shear stress can be defined mathematically as

  											(62)
Differentiate equation (3.69) we have:

 						(63)
Substitute equation (63) into equation (62), we have:

 					(64)
Skin Friction Coefficient
The skin friction coefficient can be calculated mathematically as;

  											(65)
Substituting equation (64) into equation (65), we have:

 						(66)












RESULTS AND DISCUSSION 
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Figure1: depicts the effect of permeability on the shear stress for different values of  parameters
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Figure 2: shows the effect of temperature profile on the angular velocity
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Figure 3: shows the effect of artery inclination on the Nusselt number.
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Figure 4: depicts the effect of smidt number on the blood velocity
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Figure 5: Represents the effect of the height of stenosis on the blood velocity
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Figure 6: depicts the effect of Prandtl number on the blood velocity
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Figure 7: Represents the effect of the Schmidt number on the blood velocity
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Figure 8: Represents the effect of the temperature difference at the wall on the blood velocity
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Figure 9 : : Represents the effect of the concentration difference at the wall on the blood velocity
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Figure 10: Variation ofGrasshof temperature  on the blood velocity
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Figure 11: Variation of Grashof concentration on blood velocity
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Figure 12: Effect of Reynolds number on the blood velocity
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	Figure 13: effect of  Nusselt number on the blood temperature
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Figure 14: Effect of height of stenosis on the blood temperature
[image: ]
Figure 15: The effect  Prandtl number on the blood temperature
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Figure 16; Effect of blood temperature on the walls of artery
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Figure 17:Effect of blood temperature on the Reynolds number.
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Figure 18: Effect of angular velocity on the blood temperature
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Figure 19: The effect of angle of inclination on the blood temperature




4.3	Concentration Profile
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Figure 20: Effect of the Smidt number on the mass concentration
[image: ]
Figure 21: Effect  of  angle of inclination ( on the mass concentration
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Figure 22: Effect of Schmidt number (Sc) on the mass concentration
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Figure 23: the effect of angle of concentration difference at the wall ( ) on the mass concentration
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Figure 24: The effect of Reynolds number on the mass concentration
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Figure 25:  Effect of  angular velocity ( on the mass concentration
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Figure 26: Effect of  angle of inclination of the artery on the mass concentration






	







The significance of the problem under consideration is discussed with realistic values for the leading parameter. Blood flow at the region of converging and diverging was tapered and inhibited by the magnetic field force. The inclination of the angle  as well as the magnetic field N1 on the flow characteristics such as velocity profile, shear stress, and volumetric flow rate were numerically computed. All graphs are plotted for the values of Grashof number, Nusselt number, Shearwood number, Prandtl number, Reynolds number, etc.  
Figure 1: Shows the influence of the porosity term on the blood velocity w(r). It is observed that increase in the porosity term  leads to increase in other flow parameters.  Figure 2: Represents the behaviour of the inclination of angular velocity of the artery to other flow parameters. It was observed that increase in angular velocity of the artery led to increase in blood velocity w(r).
Figure 3: shows the effect of the heat absorption parameter N1 on the body of an individual whose artery is constricted (stenosized). The individual feels heat at night when temperature of the environment is low and feels cool in the afternoon when the environment is high. It means that the individual is characterized with exothermic reaction.
Figure 4: shows the result of the Soret (S) effect on the blood velocity. The result shows that increase in soret number leads to increase in other flow parameters. This illustrates that thermal buoyancy force enhances the blood velocity.
Figure 5: shows the effect of the height of stenosis () on the blood velocity. It was observed that increase in the height of stenosis leads to decrease in the blood velocity at some point and later led to a shift  at the tapered region. It means that at the region of the constriction both at the converging and diverging region there was no flow at all. It further means that an individual with constricted artery must be exposed to a magnetic field before such patient blood can flow freely.
Figure 6 represents the behaviour of the Prandtl number on the blood velocity. It was observed that increase in Prandtl number led to increase on the other flow characteristics.
Figure 7 represents the effect of Schmidt number on the blood velocity. It was observed that increase on Schmidt number lead to increase on the blood velocity.
Figure 8: shows the results of the temperature on the walls of artery to the blood velocity.
The results show that as the temperature on the walls increases progressively, so also the blood intensity increases.
Figure 9 represents the effect of the concentration on the wall to the velocity profile. It was observed that increase on the concentration of the wall led to increase on the velocity profile.
Figure 10: depicts the effect of Grashof number of the temperature on the velocity profile. The results shows that increase in Grashof number of the temperature leads to increase  on the velocity profile of the blood.
Figure 11: depicts the effect of Grashof number  of the concentration on the velocity profile. The results shows that increase in Grashof number of the concentration leads to increase  on the velocity profile of the blood.
Figure 12: depicts the effect of Reynolds number   on the velocity profile. The results show that increase in Reynolds number led to increase on the velocity profile of the blood.
that increase in Nusselt number to decrease on the temperature profile of the blood.
Figure 13 represents the effect of the porosity term on the profile. The results show that increase in the porosity term led to decrease on the temperature profile of the blood.
Figure 14: depicts the effect Prandtl number on the temperature profile. The results show that increase in Prandtl number led to a very low temperature of the blood.
Figure 15: shows the effect of temperature at wall to that of the blood temperature. The results show that increase in the temperature on the walls of artery resulted to no significant increase on the blood temperature. 
Figure 16: depicts the effect of Reynolds number (Re) on the blood temperature. The result shows that increase in Reynolds number led to increase blood temperature.
Figure 17: depicts the effect angular velocity (on the blood temperature. The results show that increase in angular velocity ( on the blood temperature.
Figure 18: depicts the effect of angle of inclination ( ) on the blood temperature on the velocity profile. The results show that increase in angle of inclination led to no significant increase in the blood temperature.
Figure 19: depicts the effect of Smidt number on the mass concentration. The results show that increase in Smidt number progressively leads to increase mass concentration
Figure 20: represents the effect of the height of stenosis on the blood tem mass concentration.  It was observed that increase in the height of stenosis led to no significant increase in the blood temperature.
Figure 21: depicts the effect of Schmidt number on the mass concentration. The results show that increase in Schmidt number leads to increase in mass concentration.
Figure 22 represents the effect of concentration difference at the wall on the mass concentration. It was observed that increase in the angle of inclination of the artery at the wall led to no significant increase in the mass concentration.
Figure 23 represents the effect of the Reynolds number on the mass concentration. It was observed that increase in Reynolds number led to a decrease in the mass concentration.
Figure 24 represents the effect of the Reynolds number on the mass concentration. It was observed that increase in Reynolds number led to a decrease in the mass concentration.
Figure 25 represents the effect of the angular velocity ( on the mass concentration. It was observed that increase in angular led to a decrease in the mass concentration.
Figure 26: Represents the effect of the angle of inclination of artery on the mass concentration. The result shows that increase in the angle of inclination of the artery has no significant difference on the mass concentration. It means that the patient with constricted artery will need to be exposed to magnetic resonance before blood can flow through the artery of such Patient.
RECOMMENDATION
· The development of a numerical model that accounts for viscousity-temperature dependence and magnetic field effects should be made.
· There should be an investigation of the transient flow behaviour in constricted arteries, which is a critical aspect of cardiovascular diseases.
· Analysis of the impact of constrictions on the flow dynamics, which can provide insights into the diagnosis and treatment of cardiovascular diseases.

CONCLUSION
The governing equations for unsteady MHD convective heat and mass transfer past a semi-infinite vertical permeable moving plate embedded in a porous medium with heat absorption was formulated. The plate velocity was maintained at a constant value and the flow was subject to a transverse magnetic field. The computed values obtained from analytical solutions for the velocity, temperature, concentration fields as well as skin-friction coefficient, Nusselt number and the Sherwood number with their amplitude and phase are presented graphically and in tabular form. After a suitable transformation, the governing partial differential equations were transformed to ordinary differential ones. Theses equations were solved analytically by using two-term harmonic and non-harmonic functions. We conclude the following after analyzing the graphs: The velocity decreases with increasing the Prandtl number, and magnetic field parameter whereas reverse trend is seen with increasing the heat generation parameter, radiation parameter, porous parameter, Soret number, thermal and solutal Grashof numbers. The temperature decreases as the values of Prandtl number increase and reverse trend is seen by increasing the values of th tuermal radiation parameter, heat source parameter. The concentration decreases as the values of the chemical reaction parameter and B Schmidt number whereas concentration increases with increase in the value of Soret number.
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FIGURE 2: Schematic diagram for the porous artery with the different stenosis.
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