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 The unsteady analysis of two-dimensional laminar flow of the non-Newtonian 

blood through an atherosclerotic artery in the presence of body acceleration, 

radiation effect and magnetic field has been studied. The blood flow has been 

assumed to satisfy the Herschel-Bulkley fluid model characteristics. The two-

dimensional model equations have been developed from the physical laws of 

continuity, momentum and energy conservation. These equations are transformed 

to non-dimensional form and solved numerically using explicit finite difference 

method under suitable radial coordinate transformation. The study findings show 

that, the presence of body acceleration increases both velocity and temperature 

profiles of the blood in the artery while the influence of applied magnetic field 

reduces the velocity of blood. It is also noticed that the effect of thermal radiation 

within the stenosed arterial segment leads to an increase in the local blood 

temperature through the radiative process.  

 

Introduction 

In the recent years, many cardiovascular diseases 

particularly atherosclerosis or medically called stenosis 

have been found to be the major cause of many deaths of 

people worldwide, especially in low-and middle-income 

countries (WHO, 2025). These diseases result from 

narrowing of human arterial system due to the 

accumulation of fats, cholesterols and other lipid deposits 

in the arterial walls which collectively form plaque. The 

continued formation of plaque in arterial walls reduces 

the normal flexibility in blood transportation and as it 

extends more may lead to the other cardiac diseases such 

as heart failure, myocardial infarction and cerebral 

strokes (Issah et al. 2024). These atherosclerotic 

conditions are mostly inhabited in Carotid arteries which 

supply blood to brain and coronary arteries which 

supplies blood to heart muscles. Therefore, the modelling 

of blood flow in atherosclerotic arteries has been 

attracting the interests from different mathematicians and 

modelers to work on due to their significant applications 

in health and medical fields.  

Blood as it flows from the heart to various organs of the 

body via different vessel routes can be categorized as a 

Newtonian or non-Newtonian fluid. A non-Newtonian 

fluid is the one which exhibits the non-linear relationship 

between its shear stress and rate of strain. By the study of 

Sochi (2013) blood can be assumed to be Newtonian fluid 

when flows in large blood vessels such as ventricles, 

arteries and veins under medium to high shear rates. 

However, at low shear rates the flow within narrow 
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vessels, e.g. capillaries and coronary arteries, the blood is 

assumed to be a non-Newtonian fluid. The impact of the 

non-Newtonian character can be described by a number 

of factors such as pathological blood rheology and flow 

in stenosed tube, (Huang et al. 2013).  

The abnormal flow of blood may happen whenever 

human body is subjected to changes in external 

accelerations. This occurs if a person performs extensive 

physical exercises such as running, riding bicycle and 

others. According to Tanwar et al. (2016) model, the 

influence of body acceleration force causes unusual 

changes on the blood flow characteristics which may 

mimic serious physical disorders such as loss of vision, 

increase of pulse rates and abdominal pains of the body. 

Aziz et al. (2023), presented a theoretical model on the 

analysis of pulsatile blood flow through elliptical multi-

stenosed inclined artery influenced by body acceleration. 

They revealed that the effect of yield stress and stenosis 

reduce the blood flow rate whereas the influence of body 

acceleration increases the flow of blood. 

Additionally, the context of radiation effect is related to 

any mechanism that induces thermal energy in the blood 

flow system. This can occur as a result of metabolic 

activities in body tissues such as inflammation, presence 

of excessive heat environments around the human body 

and applied thermotherapy in clinical treatments of 

injured patients. It was revealed from the findings of 

Lilian et al. (2023), that the viscous energy dissipation in 

arterial walls due to arterial stiffness can enhance storage 

of heat in blood which significantly increases its 
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temperature. The variation of the generated heat may 

cause changes on blood velocity, vessel diameter, 

temperature of the surrounding tissues and heat transfer 

coefficient of blood. Sinha et al. (2016), observed that 

brain can share 16% of the total heat generated in the 

whole body while about two-thirds of total heat generated 

in the body at rest is due to metabolic activities in the 

thorax, the abdomen and the brain. Gupta et al. (2013) 

investigated on Modelling of hyperthermia-induced 

temperature distribution and explored that blood flow 

system is whole affected by thermal response of living 

tissues. Also, the application of heat source and chemical 

reaction in MHD blood flow through permeable 

bifurcated arteries with inclined magnetic field in tumor 

treatments was studied by Devendra et al. (2021). 

Meanwhile, Amos et al. (2022) studied on chemical 

reaction, heat source and slip effects on MHD blood flow 

in stenosed artery under body acceleration and revealed 

that the presence of heat source and body acceleration 

enhance blood flow rate whereas magnetic field and 

chemical reaction decrease blood flow rate. In their 

findings Prakash and Makinde (2011) on radiative heat 

transfer to blood flow through a stenotic artery in the 

presence of magnetic field showed that, the patients 

undergoing thermal radiation therapy have an advantage 

of reducing the resistance of blood flow in the affected 

arteries by increased thermal radiation absorption.  

Furthermore, applying external magnetic field intensity 

on the body also brings significant changes on blood flow 

system. By treating blood to obey a power law fluid 

model, Varshiney et al. (2010) conducted a numerical 

study on the effects of external applied magnetic field on 

arteries having multiple stenoses. The findings indicate 

that blood flow characteristics are significantly 

influenced by the presence of multiple stenoses and the 

externally applied magnetic field of varying intensities. 

The findings of Mwapinga et al. (2020), on non-

Newtonian heat and mass transfer on MHD pulsatile flow 

of blood through stenosed artery in the presence of body 

acceleration postulated that the increase of body 

acceleration enhances velocity of the blood while the 

external applied magnetic field reduces the blood flow 

rate. 

The general objective of this study is to conduct a 

comprehensive analysis of non-Newtonian blood flow 

through a stenosed artery, highlighting the combined 

effects of body acceleration, thermal radiation and an 

applied magnetic field. To the best of our knowledge the 

simultaneous influence of these three factors; i.e, body 

acceleration force, radiation effects and magnetic fields 

within a single thermodynamic model has not been 

widely done in prior research. Specifically, the study aims 

to explore the role of radiation on blood circulation across 

different temperature profiles and to analyze the impact 

of body acceleration and magnetohydrodynamic (MHD) 

effects on the thermodynamic stability of blood flow 

under varying atherosclerotic conditions. The findings of 

this research will contribute deeper understanding of 

blood flow dynamics in affected arteries under complex 

physiological factors. Furthermore, the study has 

potential clinical implications by supporting biomedical 

scientists and clinicians in the management of 

cardiovascular diseases. It offers insights that could 

improve the application of therapeutic techniques such as 

magnetotherapy and thermotherapy, thus enhancing 

blood circulation and treatment outcomes for patients 

affected by atherosclerosis 

 

Mathematical Formulation 

The analysis of unsteady two-dimensional laminar flow 

of blood in non-porous atherosclerotic artery in the 

presence of body acceleration, radiation effect and 

magnetic field is studied. The study assumes that the 

blood flow is unsteady, incompressible, axisymmetric 

and satisfies Herschel-Bulkley fluid model. The body 

acceleration force 𝐺(𝑡) is imposed along the flow and the 

external magnetic field strength 𝛣0 is applied 

perpendicular to the flow. In addition, it is considered that 

the cylindrical coordinate systems of an artery are, 

(𝑟, 𝜃, 𝑧) representing the radial, tangential and axial blood 

flow axes while  𝑅 being the radius of an artery in a 

normal region. Moreover,  ℎ(𝑧)  is the geometry of the 

stenosed region of an artery which depends on𝑧0 

meanwhile, 2𝑧0, 𝛿 and L stands for length of stenosed 

region of an artery, protuberance of stenosis and the 

length of the whole arterial system as represented in the 

diagram below. 

 

 
                                         Figure 1: A Schematic flow diagram of an atherosclerotic artery. 

 

Therefore, basing on the Boussinesq approximation, the two-dimensional model equations of continuity, momentum and 

energy conservation are: 
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  (1) 

  (2) 

  (3) 

𝛒𝐂𝐩 (
𝛛𝐓

𝛛𝐭
+ 𝐮

𝛛𝐓

𝛛𝐫
+ 𝐰

𝛛𝐓

𝛛𝐳
) = 𝐤 (

𝛛𝟐𝐓

𝛛𝐫𝟐 +
𝟏

𝐫

𝛛𝐓

𝛛𝐫
+

𝛛𝟐𝐓

𝛛𝐳𝟐) + 𝐪𝐫(𝐓 − 𝐓𝟎) + 𝛕𝐫𝐫
𝛛𝐮

𝛛𝐫
+ 𝛕𝐳𝐳

𝛛𝐰

𝛛𝐳
+ 𝛕𝐫𝐳 (

𝛛𝐰

𝛛𝐫
+

𝛛𝐮

𝛛𝐳
)                               (4) 

   

Following Das and Saha (2009), the geometry of an atherosclerotic artery in figure 1, is mathematically defined as: 

ℎ(𝑧) = {
𝑅 − 𝛿 (1 + 𝑐𝑜𝑠

𝜋𝑧

𝑧𝑜
)

𝑅          otherwise
; −𝑧𝑜 ≤ 𝑧 ≤ 𝑧𝑜  (5) 

 

In equations (1) - (4), u, w, and 𝜎 are radial velocity, 

axial velocity, and the electrical conductivity of blood, 

respectively.  Moreover, 𝐶𝑝 and 𝑘 represent the specific 

heat capacity of blood at the constant pressure, and 

thermal conductivity constant of blood respectively, 

while𝑞𝑟 being the quantity of radiant heat in the arterial 

system. Furthermore, the difference in temperature 

𝑇 − 𝑇𝑜  in the arterial system makes a possible 

occurrence of thermal radiation around a stenosed region 

of an artery as supported by (Sharma and Gaur, 2018). 

Moreover, 𝜏𝑟𝑟  and 𝜏𝑧𝑧 represent the normal stress 

components acting perpendicular to the flow whereas 𝜏𝑟𝑧 

is the shear stress component in the arterial wall. The 

study assumes the blood to satisfy the Herschel-Bulkley 

fluid model, so the stresses on arterial wall are defined by 

the equation below: 

   (6) 

Where, 𝝉𝒊𝒋 represent the extra stress tensor components for which (𝒊, 𝒋) = (𝒓, 𝒛) directions, 𝑲 is the blood consistency 

index, 𝒏 is the flow index of blood and 𝝉𝟎 is the yield stress value at shear rate zero. 

 

𝚼̇ represents, the magnitude of shear rate and its expression is: 

 (7) 

Therefore, from equation (6) the normal and shear stresses of blood  𝜏𝑟𝑟 , 𝜏𝑧𝑧 and 𝜏𝑟𝑧 along 𝑟 and 𝑧 directions are 

computed by: 

 (8)   

 

The pressure gradient along radial flow is assumed to 

be very minimal due to the reduced lumen of an artery 

compared to the increase of pressure waves, implying 

that: 
𝜕𝑝

𝜕𝑟
≈ 0. This assumption reflects the dominance of 

axial flow and negligible radial pressure variations under 

normal physiological conditions. However, it is possible 

that in cases of significant vasodilation or 

vasoconstriction, especially in smaller or highly reactive 

vessels, radial pressure gradients may become non-

negligible due to altered wall compliance and flow 

behavior. Therefore, the study assumes the condition  
𝜕𝑝

𝜕𝑟
≈ 0 holds and hence pressure gradient leading the 

pulsatile flow of blood in the axial direction is defined as: 

 
−𝜕𝑝

𝜕𝑧
= 𝐴0 + 𝐴1𝑐𝑜𝑠(𝜔𝑡), 𝑡 ≥ 0. Whereas, 𝐴0𝑖𝑠the 

steady amplitude of the pressure gradient, 𝐴1 is the am-

plitude of the pulsatile flow and 𝜔 = 2𝜋𝑓𝑝, where 𝑓𝑝 is 

a heart pulse frequency. The lumen diameter interacts 

with pulse frequency by influencing wave propagation 

and flow resistance. The change in pulse frequency brings 

the variations in heart rates which significantly affect 

flow dynamics, especially in vessels with compliant walls 

or variable geometry. Apart from this body acceleration 

force is defined by: 𝐺(𝑡) = 𝜌𝑎0𝑐𝑜𝑠(𝜔1𝑡 + 𝜙), 𝑡 ≥ 0 

for which𝜌𝑎0 represents the amplitude of body accelera-

tion and 𝑎0 is the body acceleration parameter, 𝜔1 =
2𝜋𝑓0where 𝑓0is the body acceleration frequency, 𝜙 is the 

phase difference angle. 

Boundary and initial conditions  

At 𝒕 = 𝟎   it is assumed that model equations (1) - (4) hold the conditions:  

  (9) 

While the boundary conditions are: 
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 (10) 
𝝏𝒘(𝒓,𝒛,𝒕)

𝝏𝒓
= 𝟎,

𝝏𝑻(𝒓,𝒛,𝒕)

𝝏𝒓
= 𝟎, 𝒖(𝒓, 𝒛, 𝒕) = 𝟎  at 𝒓 = 𝟎                                                                                                       (11) 

   

Non-Dimensionalization of the Model Equations 

The non-dimensional model quantities are introduced in this section and for convenience we let 𝒖𝒄 to be the characteristic 

velocity of the blood and 𝑅 is the radius of the normal artery. Therefore, the dimensionless variables are as follows: 

        (12) 

      (13 

       (14) 

For the aim of mathematical simplification, the asterisks are dropped when substituting equations (12) - (14) into 

equations (1) - (5) to obtain the dimensionless model equations of the simplified version as shown hereunder: 

           (15) 

        (16)  

 
𝝏𝒘

𝝏𝒕
+ 𝒖

𝝏𝒘

𝝏𝜼
+ 𝒘

𝝏𝒘

𝝏𝒛
= 𝑨𝟎 + 𝑨𝟏𝒄𝒐𝒔(𝝎𝒕) +

𝟏

𝜼

𝝏(𝜼𝝉𝒓𝒛)

𝝏𝜼
+

𝝏(𝝉𝒛𝒛)

𝝏𝒛
+ 𝒂𝟎 𝐜𝐨𝐬(𝝎𝟏𝒕 + 𝝓) −

𝑯𝒂𝟐

𝑹𝒆
𝒘.   (17) 

  

  (18) 

Where; 𝑹𝒆 =
𝑹𝒏𝝆

𝑲𝒖𝒄
𝒏−𝟐,    𝑯𝒂 = 𝑩𝟎 (

𝝈𝑹𝒏+𝟏

𝑲𝒖𝒄
𝒏−𝟏)

𝟏

𝟐
, 𝑷𝒓 =

𝝆𝒖𝒄𝑹𝑪𝒑

𝒌
, 𝑬𝒄 =

𝒖𝒄
𝟐

𝑪𝒑(𝑻𝒘−𝑻𝟎)
 and 𝑹𝒅 =

𝒒𝒓𝑹𝟐

𝝆𝒖𝒄𝑹𝑪𝒑
 are generalized Reynolds’ 

number, Hartmann number, Prandtl number, Eckert number and Radiation parameter source respectively. 

The dimensionless stress tensor components are defined as: 

 

𝝉𝒊𝒋 = {
(

𝟏

𝑹𝒆
𝚼̇𝒏−𝟏 + 𝝉𝟎𝚼̇−𝟏) 𝚼̇𝒊𝒋

𝚼̇ = 𝟎      𝐟𝐨𝐫    𝛕 < 𝛕𝟎

  (19) 

       

With: 

 (20) 

And also; 

       (21) 

 
 (22)

𝜏𝑟𝑧 = (
1

𝑅𝑒
Υ̇𝒏−𝟏 + 𝜏0Υ ̇ −𝟏) (

𝜕𝑢

𝜕𝑧
+

𝜕𝑤

𝜕𝜂
)  (23) 

The dimensionless initial and boundary conditions are: 

𝑤0 = (
𝐴0+𝐴1

4
) (1 − 𝜂2), this is the initial velocity along axial flow at steady state. This form satisfies the no-slip con-

dition at the arterial wall (𝜂 = 1), and imply that velocity is maximum at the centerline (𝜂 = 0). This is consistent initial 

condition for the pulsatile flow evolution governed by the time-dependent pressure gradient.  

  (24) 

 

Boundary conditions in dimensionless form are: 

    (25) 

      (26)  
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Since 𝑧0 is the half-length of stenotic region and e is the height of stenosis, then the dimensionless state of the geometry 

of atherosclerotic artery takes, the form:  

ℎ(𝑧) = {
1 − 𝑒(1 + 𝑐𝑜𝑠(𝜋𝑧))   𝑓𝑜𝑟 − 1 < 𝑧 ≤ 1

1                              otherwise.
 

Solution of Mathematical Model Equations 

To obtain the solution of the problem, first, the constricted part of the arterial segment is transformed from a cylindrical 

domain with a varying boundary (due to constriction) to a rectangular domain with a fixed boundary by introducing a 

new variable 
𝜂

ℎ(𝑧)
 . 

This approach offers several advantages in simplifying and solving the mathematical model formulated in case of 

geometric simplification, similarity scaling and normalizing radial coordinate system.  

Therefore, under this transformation the new form of equations (15) – (18) leads to: 

 (27) 

  (28) 

 (29)

 (30) 

Where by: 

       (31)  

          (32) 

  (33) 

with 

  (34) 

The initial and boundary conditions after this radial transformation are; 

 (35) 

 (36)  

 (37)  

 

Radial momentum transformation  

In order to obtain the radial velocity component   𝑢(χ, z, t) the continuity equation (27) is multiplied by ℎ𝜒 and then 

integrated w.r.t 𝜒  to obtain equation (38) below 

  (38) 

 

Re-arranging equation (38) we obtain  

 

∫ 𝜒
𝜕𝑢

𝜕𝜒
𝑑𝜒 + ∫ 𝑢𝑑𝜒 = ∫ 𝜒2 𝑑ℎ

𝑑𝑧

𝜕𝑤

𝜕𝜒
𝑑𝜒 − ∫ 𝜒ℎ

𝜕𝑤

𝜕𝑧
𝑑𝜒  (39) 

 

Performing integration by parts and simplifying equation (39) yield; 

  (40)  

 

Fixing the boundary conditions (36) and (37) into equation (40) leads to the re-arranged equation of the form; 
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           (41)   

Multiplying by 
𝝌

𝒉
  both sides we get the equation 

 (42) 

This finally simplifies to:  

𝑢 = 𝜒
𝑑ℎ

𝑑𝑧
𝑤                                                                                                                                                                   (43) 

The equation (43) represents the radial velocity component which is required to be computed. 

Then, differentiating (43) by product rule w.r.t 𝜒 and 𝑧 respectively yields:  

                                  (44) 

  (45)  

The equations (44) - (45) represent the transformation of radial velocity 𝒖  to axial velocity 𝒘 within the flow field. Now 

inserting these equations into axial momentum and energy equations in (29) and (30) respectively yields the continuous 

system of the model equations as follows: 

 
𝝏𝒘

𝝏𝒕
= 𝑨𝟎 + 𝑨𝟏 𝐜𝐨𝐬(𝝎𝒕) − 𝒘

𝝏𝒘

𝝏𝒛
+

𝟏

𝒉

𝝏𝝉𝝌𝒛

𝝏𝝌
+

𝝉𝝌𝒛

𝒉𝝌
+

𝝏𝝉𝒛𝒛

𝝏𝒛
−

𝝌

𝒉

𝒅𝒉

𝒅𝒛

𝝏𝝉𝒛𝒛

𝝏𝝌
+ 𝒂𝟎 𝐜𝐨𝐬(𝝎𝟏𝒕 + 𝝓) −

𝑯𝒂𝟐

𝑹𝒆
𝒘  (46) 

   

 
 (47) 

with 

 (48) 

 

and  

 (49)  

 (50)  

  (51) 

 

Numerical discretization of the Dimensionless 

Equations 

The discretization process of the continuous model 

equations (46) - (47) to a discrete system of algebraic 

equations is shown as follows: The Finite difference 

method (FDM) is involved to solve the discrete model 

equations. This method is better in approximation of 

higher order derivatives which are useful in 

implementation of different fluid dynamics models. In 

favor of this, explicit FDM scheme is chosen and believed 

to produce the best possible approximate results of this 

study compared to others. The first order derivatives are 

replaced explicitly by the forward difference method and 

second order derivatives are discretized by the central 

difference method. The similar method was employed 

(among others) by (Mustapha and Amin (2008), Sharma 

and Gaur (2018), and Liu and Liu (2020)). The 

approximate derivatives are displayed below: 

 

𝜕𝑤

𝜕𝜒
=

𝑤𝑖,𝑗+1
𝑘 −𝑤𝑖,𝑗−1

𝑘

2∆𝜒
,

𝜕2𝑤

𝜕𝜒2 =
𝑤𝑖,𝑗+1

𝑘 −2𝑤𝑖,𝑗
𝑘 +𝑤𝑖,𝑗−1

𝑘

(∆𝜒)2 ,
𝜕𝑤

𝜕𝑡
=

𝑤𝑖,𝑗
𝑘+1−𝑤𝑖,𝑗

𝑘

∆𝑡
 (52) 

 

 Similarly, the derivatives of 𝝉𝝌𝒛 and 𝝉𝒛𝒛 are also computed below. 
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𝝏𝝉𝝌𝒛

𝝏𝝌
=

(𝝉𝝌𝒛)
𝒊,𝒋+𝟏

𝒌
−(𝝉𝝌𝒛)

𝒊,𝒋−𝟏

𝒌

𝟐∆𝝌
,

𝝏𝝉𝒛𝒛

𝝏𝝌
=

(𝝉𝒛𝒛)𝒊,𝒋+𝟏
𝒌 −(𝝉𝒛𝒛)𝒊,𝒋−𝟏

𝒌

𝟐∆𝝌
,

𝝏𝝉𝒛𝒛

𝝏𝒛
=

(𝝉𝒛𝒛)𝒊+𝟏,𝒋
𝒌 −(𝝉𝒛𝒛)𝒊−𝟏,𝒋

𝒌

𝟐∆𝒛
  (53) 

Also, it is further defined that: 

 (54) 

 

Therefore, the substitution of equations (52) – (54) into (46) – (47) is done by making 𝒘 and 𝑻 the subject and if the 

radial velocity discretization is also done, then the final system of discrete equations is displayed in the following way: 

  (55)  

 
 (56)

 

                                 +  

                                   

                                    

                                        (57) 

with 

 (58) 

whereby   

     

 (59) 

and  

 (60)  
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 (61)  

 (62)  

The respective discretized boundary conditions are: 

  (63)  

  (64) 

 

Results and Discussion 

The numerical results of discretized equations (55) – (62) are here presented. The simulation process is done by 

MATLAB software, taken into the assumption of varying the following dimensionless parameters with their numerical 

values shown in the result plots:  

Fixed 

Parameter 
                

Value  1 0.8 1        1 0.3 0.5 0.2 0.04 0.01 0.1 

Varying 

Parameter 
              

 

Values 1,2,3 1,3,5 1,2,3 0.69,0.95,1.6 1,3,5 0.1,0.3,0.5 0.1,0.8,1.5 21, 25, 28  

 

Some of these parameter values were obtained from existing literatures and others were assumed within realistic and 

physically meaningful ranges. In order to satisfy the geometry of the flow field stated earlier in equation (5), the domain 

interval for radial distance will range in 0 ≤ 𝜒 ≤ 0.8  and time derivative lies in  0 ≤ 𝑡 ≤ 1.  The results are here 

displayed; 

 

 
Figure 2: Effects of varying body acceleration on blood’s 

axial velocity 

 
Figure 3: Increasing Hartman number on blood’s axial 

velocity field. 
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Figure 4: Varying body acceleration parameter on 

blood’s radial velocity field 
Figure 5: Increasing of Hartman number on blood’ s 

radial velocity 

 

Figure 2, identifies the effects of varying body 

acceleration parameter on axial velocity. The increase in 

body acceleration increases the velocity of blood and that 

is because whenever someone is subjected to hard 

physical exercises there occurs rapid increase of 

heartbeats and pulse rates.  This results to increase in 

blood pressure enabling the rapid flow of blood from the 

heart towards the arterial regions of low pressure. This 

significantly rises blood velocity in arteries with low 

pressure. Similar results in discussion were done by 

(Tanwar et al. 2016 and Mwapinga et al. 2020). The 

variations of Hartman number on axial velocity were 

displayed in Figure 3. It was observed that the increase of 

Hartman number declines the velocity of blood. This 

results from the enhanced Lorentz force which retards the 

blood motion in the constricted artery (Varshiney et al. 

2010). Furthermore, Figures 3 and 4, illustrate the effects 

of varying body acceleration and Hartman number on 

blood’s radial velocity profile, in which their results 

coincide with what was observed in Figures 2 and 3. 

 

 
Figure 6: Increasing Prandtl number (Pr) on blood 

temperature profile 

 
Figure 7: Effects of increasing Eckert (Ec) number on 

blood temperature 

 
Figure 8: Effects of variation of radiation parameter 

source (Rd) on temperature profile 

 
Figure 9: Effects of increasing body acceleration on 

blood’s temperature profile 

 

Figure 6, displays the effects of variations of Prandtl 

number on blood temperature. It is observed that the in-

crease in Prandtl number reduces the temperature profile 

of the blood in the arterial segment. This is because if the 

blood attains high Prandtl number physically implies that 

its thermal diffusivity falls while its momentum diffusiv-

ity dominates the thermal boundary layer of the arterial 

wall. Figure 7, explores that the increase of Eckert num-

ber increases the temperature distribution in the blood. 

The Eckert number represents the amount of heat gener-

ated from friction of layers of blood due to relative mo-

tion. Thus, as the difference in temperature 𝑇𝑤 − 𝑇0 in 

the arterial geometry decreases the Eckert number be-

comes huge as a result heat emerges to flow from the 

blood layers to the arterial wall. Thus, this reinforces the 

coefficient of specific heat capacity of blood leading to 

increase in its temperature. These observations align with 

Sharma and Gaur, (2018) findings. 

Figures 8-9, illustrate the results of variation of radia-

tion parameter and body acceleration on the temperature 

profile respectively. These indicate that the increase of ra-

diation parameter source in the blood system increase the 

temperature of the blood. This is due to fact that the pres-

ence of radiant energy in the arterial wall influences the 

improvement of surface heat flux in the arterial system. 

This offers the regulation of blood flow’s resistance for 

proper circulation of hemoglobin to different parts of the 

body as it was explored by Zigta B, (2020). Consequently, 

the increase of body acceleration parameter enhances the 
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increase of core body temperature which eventually rises 

the blood temperature in the artery.  

 

 
Figure 10: Varying yield stress (𝝉𝟎) on shear stress profile. 

 

 
Figure.11: Effects of increasing flow index number (𝒏) 

on shear stress profile 

 
Figure 12: Variation of Reynolds’ number (Re) on the shear stress 

The variation of wall shear stresses is presented in Figures 

12-14.  

In Figures 10 and 11, it is observed that the magnitude 

of shear stress at the arterial wall increases as the yield 

stress and flow index number of blood increase. This im-

plies that any amount of yield stress needed by the blood 

to flow offers a certain amount of shear stress at the ste-

nosis throat which eventually decreases the blood flow 

rate. On the other hand, the increase in flow index number 

of the blood increases the thickness of blood to flow and 

hence yields higher shear stress at the wall of the stenosis 

region which also decreases the blood flow rate too. How-

ever, as the power index value  𝑛 > 1 the shear stress 

increases towards large negative numbers physically en-

hancing the blood’s viscosity in the narrowed artery 

(Mwapinga et al. 2020). This consequently offers higher 

resistance in the blood leading to downing the blood flow 

rate. 

Figure 12, elaborates the effects of increasing general-

ized Reynolds number on shear stress. It is noted that the 

increase in Reynolds number of the blood diminishes the 

amount of shear stress in the arterial wall toward zero. 

This is because, the increase in Reynolds number lowers 

the consistency index of the blood 𝛫 as the result, and the 

magnitude of stress is reduced toward zero. Physically, 

the increased Reynolds number enhances higher move-

ment of blood molecules due to the decreased shear stress 

at the wall resulting to high blood flow rate in the arterial 

system. Similarly, the same findings were revealed by Liu 

and Liu, (2020).  

Conclusion 

The mathematical analysis of blood flow through an 

atherosclerotic artery using the Herschel-Bulkley non-

Newtonian fluid model has displayed significant impacts 

of body acceleration, thermal radiation, and magnetic 

field effects on velocity, temperature, and shear stress 

profiles. 

 The results indicate that increasing body acceleration 

leads to a notable enhancement in both axial velocity and 

temperature of the blood. This behavior is attributed with 

the inertial effects introduced in the momentum and en-

ergy equations, which in turn promote a thicker velocity 

and thermal boundary layer. 

In contrast, the presence of an applied transverse mag-

netic field introduces a Lorentz force that opposes the mo-

tion of blood, effectively reducing the axial velocity. This 

magnetic damping effect is clearly represented in the re-

duced velocity profile obtained from the numerical solu-

tions of the momentum equation by increasing values of 

the Hartmann number. 

Thermal radiation, incorporated via the Roseland ap-

proximation (radiative heat flux) in the energy equation, 

presents a direct correlation with the increase in blood 

temperature. Higher radiation parameters lead to an ele-

vated thermal boundary layer thickness, which is evident 

from the enhanced temperature profiles across the arterial 

wall.  
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The parametric analysis further reveals that an increase 

in the flow behavior index 𝑛 and yield stress 𝜏0 elevates 

the resistance to flow, consistent with the rheological be-

havior of the Herschel-Bulkley fluid model. These param-

eters increase the nonlinearity of the shear stress, reduc-

ing overall flow rate, as observed in the shear stress pro-

files. Additionally, an increase in the Reynolds number 

leads to a reduction in the consistency index K, implying 

a shear-thinning behavior that supports an increase in 

blood flow rate. The inverse relationship between ℜand 

wall shear stress cements the role of inertial effects in 

modulating thermodynamic resistance in stenosed arter-

ies. 

Therefore, since the applied magnetic field significantly 

reduces blood velocity via the Lorentz force, it is recom-

mended that magnetic field intensity should be carefully 

optimized in therapeutic applications. Moreover, the 

moderate increase in body acceleration enhances both 

blood velocity and temperature profiles, indicating that 

controlled movement or body positioning may improve 

hemodynamic performance.  Although, these effects 

should be quantified for individual cases using patient-

specific parameters. Finally, the inclusion of thermal ra-

diation in the model promotes blood temperature and 

thermal boundary layer thickness. This suggests a poten-

tial use of controlled thermal radiation (e.g. infrared ther-

apies or thermotherapy) to enhance nutrient transport, 

provided that it aligns with safety thresholds for tissue ex-

posure of affected arteries. 
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