
 
 

 

 
CFD Investigation of Pulsatile Blood Flow in 

Axisymmetric Stenosed Porous Arteries with Velocity 
Slip Effects 

 
Priyanga R1 and Girija Bai H2 

1Research Scholar, Mathematics Department, Sathyabama Institute of Science and Technology, Chennai, India. 
Email: priyangaravi6@gmail.com 

2Assistant Professor, Mathematics Department, Sathyabama Institute of Science and Technology, Chennai, India 
Email: girijanameprakash@gmail.com 

 
 

Abstract— Blood flow plays a critical role in the development of atherosclerosis, where clots and 
plaques can restrict arterial blood transport. This study presents a computational investigation 
of unsteady, incompressible, electrically conducting, and viscous blood flow through multiple 
stenosed porous channels, incorporating magnetohydrodynamic (MHD) effects and slip velocity 
at permeable walls under time-dependent infusion or suction conditions. The governing 
equations are solved analytically using a perturbation method, yielding expressions for axial 
velocity (𝒖𝒙), volumetric flow rate (𝑸𝒗), and wall shear stress (WSS, 𝝉𝒘). Numerical simulations 
based on the Finite Volume Method illustrate the influence of key physical parameters on 
𝒖𝒙, 𝑸𝒗 and 𝝉𝒘 providing insights into hemodynamic behavior and potential implications for the 
onset and progression of arterial diseases. To validate the analytical predictions, computational 
fluid dynamics (CFD) simulations were performed using ANSYS Fluent based on the finite 
volume method. The numerical results, including axial velocity, pressure distribution, and wall 
shear stress contours, showed good agreement with the analytical findings. The combined 
analytical and CFD investigation provides a comprehensive understanding of the hemodynamic 
behavior in multiple-stenosed porous arteries and highlights the influence of stenosis severity on 
blood flow characteristics.  
 
Index Terms— MHD, Multiple stenosis, Pulsatile blood flow, porous channel and Slip velocity. 

I. INTRODUCTION 

Fluid dynamics studies how pressures, including external ones, influence fluid motion. Blood is a circulatory 
fluid transported by the heart throughout the body. Recent studies indicate that coronary artery disease (CAD) is 
a leading cause of death in India and a major global cause of disability, with mortality in Indians expected to rise 
sharply, surpassing high-income countries. Understanding blood flow is therefore crucial for diagnosing arterial 
diseases and developing preventive strategies. Computational models have been widely used to study stenosed 
arteries. Ali A. et al. [1] investigated MHD pulsatile micropolar flow in channels with symmetric constrictions. 
Azmi W. et al. [2] gives the mathematical modelling of MHD blood flow with gold nanoparticles in slip small 
arteries.  
Chen X.  et  al.  [3]  studied the effects of stenosis rate and Reynolds number on local flow and plaque formation. 
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Farooq J. and Hussain M. [7] gives analysis of MHD slip blood flow through a constricted artery filled with a 
porous medium of variable permeability: Applications in Biomedical Engineering. 
Shaikh F. et al. [8] compared numerical simulations of blood flow through stenosed segments. Satwai N. and 
Prasad K. M. [11] Modelling of MHD micropolar nano fluid flow in an inclined porous stenosed artery with 
dilatation. Thirunanasambantham et.al. [12] Computational Analysis of Hybrid GPL Blood Nanofluid Flow 
Through a Stenosed Artery Under MHD Effects. Ganesh S. et al. [9] analyzed MHD unsteady flow in narrow 
channels. Girija Bai H. [19], [20] explored pressure variations and blood flow in stenosed arteries. Hussain A. et 
al. [18] modeled blood flow through stenosed channels. Umar M. [21] gives the numerical simulations of blood 
flow in a stenosed artery using a multi-criteria decision-making algorithm. 
This work investigates unsteady pulsatile blood flow in a multiple-stenosed porous channel with time-dependent 
boundary velocity (injection/suction) and electromagnetic effects. The governing equations are solved 
analytically and parametric solutions are obtained via the finite volume method (FVM). Key parameters 
(𝐾௣, 𝛿, 𝑀, 𝜆, 𝑅) affect velocity, wall shear stress, pressure drop, stent performance and disease progression, 
emphasizing their importance for personalized treatment and optimized outcomes. 

II. MATHEMATICAL FORMULATION 

Figure 1 shows the computational model of a multiple-stenosed porous channel. A Cartesian coordinate system 
(𝑥, 𝑦)is used, where the 𝑥-axis is aligned with the channel centerline and the 𝑦-axis is perpendicular to it. Blood 
is assumed to be an unsteady, viscous, incompressible, electrically conducting Newtonian fluid subjected to a 
uniform transverse magnetic field of strength 𝑀଴. Owing to the low magnetic Reynolds number, induced 
electromagnetic effects are neglected. The channel is considered porous and permeable, allowing limited fluid 
exchange through its walls.  

 
Figure 1. The flow configuration's geometry with multiple stenosis 

The 2D equations that govern continuity and momentum (in both x and y directions) have been provided as 
dimensional notation based on the previous assumptions as follows: 

డ௨ೣ

డ௫
+

డ௩೤

డ௬
= 0  (1) 
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+ 𝑢௫

డ௨ೣ
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డ௩೤

డ௧
+ 𝑢௫

డ௩೤

డ௫
+ 𝑣௬

డ௩೤

డ௬
= −
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డ௣

డ௬
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డమ௩೤

డ௫మ +
డమ௩೤

డ௬మ ቁ − ቀ
ఔ

௞
ቁ 𝑣௬  (3) 

where 𝑢௫  𝑎𝑛𝑑 𝑣௬ → velocity components on 𝑥 𝑎𝑛𝑑 𝑦 𝑎𝑥𝑖𝑠, 𝑡 → 𝑡𝑖𝑚𝑒, 𝜈 → kinematic viscosity, p → pressure of 
blood, 𝜌 →blood density, 𝜎௘ →electrical conductivity and 𝑘 →porous media permeability. 
As stated in Makinde and Chinyoka [10], the flow flux is defined to account for the fluid absorbing in the walls 

∫  
௅

ି௅
𝑢௫ 𝑑𝑦 = 𝑈௫ 𝑓 ቀ

௫

ଶ௅
ቁ  (1 + 𝜖 𝑒௜ ఠ ௧),  (4) 

Let 𝑈௫  be the initial axial velocity at x=0 and f(x/2L) a flux function describing fluid absorption through the 
porous wall. The normal velocity through the porous boundary is time-dependent:   
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𝑉 = 𝑉௨(1 + 𝜖𝑒௜ఠ௧),  (5) 

where 𝑉௨ > 0 for infusion, 𝑉௨ < 0 for suction, and 𝜖 < 1 is a small oscillatory amplitude. With homogeneous 
porous media, 𝑣௬ = 𝑉 is independent of x and y, reducing 𝜕𝑢௫/𝜕𝑥 = 0 and making 𝑢௫ = 𝑢௫(𝑦, 𝑡). The pressure 
gradient along y simplifies to   

−
డ௣

డ௬
= 𝜌𝑉௨(𝑖𝜔𝜖𝑒௜ఠ௧) +

ఔ௏ೠ

௞
(1 + 𝜖𝑒௜ఠ௧)  (6) 

and the axial momentum equation becomes   

డ௨ೣ

డ௧
+ 𝑉௨(1 + 𝜖𝑒௜ఠ௧)

డ௨ೣ

డ௬
= −

ଵ

ఘ

డ௣

డ௫
+ 𝜈

డమ௨ೣ

డ௬మ −
ఔ

௞
𝑢௫ −

ఙ೐ெబ
మ

ఘ
𝑢௫ .  (7) 

The unsteady pressure gradient is assumed as Eldesoky [5]:   

−
డ௣

డ௫
= 𝑃௚ + 𝜖𝑃௔ cos(𝜔𝑡),  (8) 

where 𝑃௚ and 𝑃௔  are the steady and pulsatile components, respectively. 
The axisymmetric multiple stenosis geometry follows Dawood [4] Eldesoky [6], Prasad et al. [11], Mishra et al. 
[13], Misra et al. [16] and Shit and Roy [17].  
Its dimensionless height is   

𝐿(𝑥) = ൝
𝐿଴ ቂ1 −

ఋభାఋమାఋయ

ଶ
ቀ1 + cos

ଶగ(௫ିௗ೎)

௟೎
ቁቃ , 𝑑௖ ≤ 𝑥 ≤ 𝑑௖ + 𝑙௖ ,

𝐿଴, otherwise,
  (9) 

where 𝑑௖ = 𝑑ଵ + 𝑑ଶ + 𝑑ଷ, 𝑙௖ = 𝑙ଵ + 𝑙ଶ + 𝑙ଷ, 𝛿௜ are stenosis heights, 𝐿଴ = 1 − [cos(2𝜋𝑡) − 1]𝜖𝑒ିଶగఢ௧ and 𝑦 ∈
[0, 𝐿(𝑥)] due to symmetry.   
The Beavers–Joseph–Saffman slip condition is applied at the porous wall Beavers [1], Saffman [15] and Bhatt 
[2]: 

𝜕𝑢௫

𝜕𝑦
= 0, 𝑦 = 0,

𝑢௫ = 𝐾௣

𝜕𝑢௫

𝜕𝑦
, 𝑦 = 𝐿(𝑥),

(10) 

where 𝐾௣ = 𝛽/𝐿 is the slip parameter.   
Introducing dimensionless quantities: 

𝑢௫ → 𝑢ത௫ =
𝑢௫

𝑉௨

,  𝑥 → 𝑥̅ =
𝑥

𝐿
,  𝑦 → 𝑦ത =

𝑦

𝐿
,  𝑡 → 𝑡̅ =

𝜔𝑡

2𝜋
,

𝑀 =
𝜎௘𝑀଴

ଶ𝐿

𝜌𝑉௨

,  𝑊଴ = 𝐿ඨ
𝜌𝜔

𝜇
,  𝑅 =

𝐿𝑉௨

𝜈
,  𝜆 =

𝑘𝑉௨

𝜈𝐿
.

 

Applying these, the dimensionless axial momentum equation becomes: 

𝑊଴
ଶ

2𝜋𝑅

𝜕𝑢௫

𝜕𝑡
+ (1 + 𝜖𝑒ଶగ )

𝜕𝑢௫

𝜕𝑦
= −

𝜕𝑝

𝜕𝑥
+

1

𝑅

𝜕ଶ𝑢௫

𝜕𝑦ଶ
− ൬𝑀 +

1

𝜆
൰ 𝑢௫ .                                 (11) 

III. SOLUTION TO THE PROBLEM 

The axial velocity is assumed in the form 

𝑢௫(𝑦, 𝑡) = 𝑢଴(𝑦) + 𝜖𝑢ଵ(𝑦)𝑒ଶగ௜௧ ,                             (12) 

where 𝜖 is the small oscillation amplitude, and 𝑢଴, 𝑢ଵ denote steady and transient components, respectively. 
Substituting (12) into the governing equations and collecting the coefficients of 𝜖଴ and 𝜖ଵ yields the following. 
Steady state (𝜖଴): 

1

𝑅

𝑑ଶ𝑢଴

𝑑𝑦ଶ
−

𝑑𝑢଴

𝑑𝑦
− ൬𝑀 +

1

𝜆
൰ 𝑢଴ = −𝑃௚           (13) 
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with 

𝑑𝑢଴

𝑑𝑦
= 0,  𝑦 = 0,  𝑢଴ = 𝐾௣

𝑑𝑢଴

𝑑𝑦
,  𝑦 = 𝐿(𝑥).        (14) 

The general solution is 

𝑢଴ = 𝐴ଵ𝑒௠భ௬ + 𝐴ଶ𝑒௠మ௬ +
𝑃௚

𝑅 ቀ𝑀 +
1
𝜆

ቁ
,                     (15) 

where, 

𝑚ଵ,ଶ = 0.5 ቎𝑅 ± ඨ𝑅ଶ + 4𝑅 ൬𝑀 +
1

𝜆
൰቏ , 𝐴ଵ =  

𝑚ଶ ቌ
𝑃௚

𝑅 ቀ𝑀 +
1
𝜆

ቁ
ቍ

𝑚ଵ𝑚ଶ𝐾௣(𝑒௠భ௅(௫) − 𝑒௠మ௅(௫)) + 𝑚ଵ𝑒௠మ௅(௫) − 𝑚ଶ𝑒௠భ௅(௫)
,

 

𝐴ଶ = −

𝑚ଵ ቌ
𝑃௚

𝑅 ቀ𝑀 +
1
𝜆

ቁ
ቍ

𝑚ଵ𝑚ଶ𝐾௣(𝑒௠భ௅(௫) − 𝑒௠మ௅(௫)) + 𝑚ଵ𝑒௠మ௅(௫) − 𝑚ଶ𝑒௠భ௅(௫)
.

 

Transient state (𝜖ଵ): 

 
ଵ

ோ

ௗమ௨భ

ௗ௬మ − (1 + 𝜖𝑒ଶగ௜௧)
ௗ௨భ

ௗ௬
− ቀ𝑀 +

ଵ

ఒ
+

௜ௐబ
మ

ோ
ቁ 𝑢ଵ =

ௗ௨బ

ௗ௬
− 𝑃௔ cos(2𝜋𝑡) 𝑒ିଶగ௜௧ ,                  (16) 

subject to 

 
ௗ௨భ

ௗ௬
= 0,  𝑦 = 0,  𝑢ଵ = 𝐾௣

ௗ௨భ

ௗ௬
,  𝑦 = 𝐿(𝑥).                           (17) 

The solution is 

𝑢ଵ = 𝐴ଷ𝑒௠య௬ + 𝐴ସ𝑒௠ర௬ + 𝐴ହ𝑒௠భ௬ + 𝐴଺𝑒௠మ௬ + 𝐴଻,                         (18) 

where, 

𝑚ଷ,ସ = 0.5 ቎(𝑅ത) ± ඨ(𝑅ത)ଶ + 4𝑅 ቆ𝑀 +
1

𝜆
+

𝑖𝑊଴
ଶ

𝑅
ቇ቏ ,  𝑅ത = 𝑅(1 + 𝜖𝑒ଶగ௜௧) ≈ 𝑅,

𝐴ଷ =
𝐴ଷଵ + 𝐴ଷଶ + 𝐴଻𝑚ସ

𝑚ଷ𝑒௠ర௅(௫) − 𝑚ସ𝑒௠య௅(௫) + 𝑚ଷ𝑚ସ𝐾௣(𝑒௠య௅(௫) − 𝑒௠ర௅(௫))
,  𝐴ସ = −

𝑚ଵ𝐴ହ + 𝑚ଶ𝐴଺ + 𝑚ଷ𝐴ଷ

𝑚ସ

,

 

𝐴ହ =
𝑅𝑚ଵ𝐴ଵ

𝑚ଵ
ଶ − 𝑚ଵ𝑅 − 𝑅 ൬𝑀 +

1
𝜆

+
𝑖𝑊଴

ଶ

𝑅 ൰

,  𝐴଺ =
𝑅𝑚ଶ𝐴ଶ

𝑚ଶ
ଶ − 𝑚ଶ𝑅 − 𝑅 ൬𝑀 +

1
𝜆

+
𝑖𝑊଴

ଶ

𝑅 ൰

, 𝐴଻ =
𝑃௔ cos(2𝜋𝑡) 𝑒ିଶగ

𝑀 +
1
𝜆

+
𝑖𝑊଴

ଶ

𝑅

.

 

 

Finally, substituting 𝑢଴ and 𝑢ଵ into (12), the complete velocity profile is obtained as 

𝑢௫(𝑦, 𝑡) = 𝐴ଵ𝑒௠భ௬ + 𝐴ଶ𝑒௠మ௬ +
𝑃௚

𝑅 ቀ𝑀 +
1
𝜆

ቁ
+ 𝜖𝑒ଶగ௜௧(𝐴ଷ𝑒௠య௬ + 𝐴ସ𝑒௠ర௬ + 𝐴ହ𝑒௠భ௬ + 𝐴଺𝑒௠మ௬ + 𝐴଻).    (19) 

Volumetric flow rate:  

𝑄௩ = ෍ 𝐴௜

ଶ

௜ୀଵ

𝑒௠೔௅(௫) − 1

𝑚௜

+
𝑃௚𝐿(𝑥)

𝑅 ቀ𝑀 +
1
𝜆ቁ

+ 𝜖𝑒ଶగ௜௧ ෍ 𝐴௜

଺

௜ୀଷ

𝑒௠೔௅(௫) − 1

𝑚௜

+ 𝜖𝑒ଶగ௜ ൫𝐴଻𝐿(𝑥)൯.       (20) 

Wall shear stress (WSS): 
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𝜏௪ = ෍ 𝐴௜

ଶ

௜ୀଵ

𝑚௜𝑒
௠೔௅(௫) + 𝜖𝑒ଶగ௜௧ ෍ 𝐴௜

଺

௜ୀଷ

𝑚௜𝑒
௠೔௅(௫).             (21) 

Pressure gradient:  

−
డ௣

డ௬
=

௅ ௜ ఠ ఢ௘೔మഏ೟

௏ೠ
+

ଵ

ఒఘ
(1 + 𝜖𝑒௜ଶగ௧).        (21) 

IV. NUMERICAL RESULTS AND DISCUSSION 

This study provides a numerical analysis of 𝑢௫, 𝑄௩  and 𝜏௪, computed and displayed via the finite volume method 
(FVM). Figures 2a-4f show dimensionless profiles for varying slip parameter 𝐾௣, stenosis depths 𝛿, magnetic 
parameter M, permeability 𝜆, and Reynolds number R. Standard parameter values were adopted from Makinde 
and Osalusi [14], Makinde and Chinyoka [10], and Mishra et al. [13].  
Using ANSYS Fluent 2025 R2, CFD simulations were performed to investigate blood flow through a porous 
artery containing three consecutive stenoses. The continuity and momentum equations were solved under 
laminar flow conditions using the finite volume method. 
Figures 2a-2e illustrate axial velocity profiles. Figure 2a shows a parabolic velocity distribution, with velocity 
decreasing near the walls and further decreasing as 𝐾௣ increases. Fig. 2b demonstrates that increasing stenosis 
depth 𝛿 reduces axial velocity near the wall and centerline. Fig. 2c indicates that higher magnetic parameter M 
lowers axial velocity, a principle used clinically to slow blood flow during surgery. Fig. 2d shows that increased 
permeability 𝜆 enhances axial velocity by reducing flow resistance. Fig. 2e illustrates that increasing R decreases 
axial velocity in the channel. 
Figures 3a-3e present volumetric flow rate 𝑄௩ . Flow is lowest at stenosis throats and highest at stenosis ends. 𝑄௩  
decreases with increasing 𝐾௣, 𝛿, M, and R, but rises with higher 𝜆.  
Wall shear stress (WSS) is depicted in Figs. 4a-4e. WSS decreases with increasing Kp and 𝜆 (Figs. 4a, 4d) and 
increases with higher 𝛿, M and R (Figs. 4b, 4c and 4e} shows that the pressure gradient −𝜕𝑝/𝜕𝑦 decreases with 
increasing permeability 𝜆.  
The velocity contours (Figure 5) show that blood accelerates significantly at the stenosis throats due to the 
reduced flow area, reaching maximum values near the center of the artery. Velocity decreases near the walls 
because of viscous effects and gradually recovers downstream of each constriction. 
The pressure contours (Figure 6) reveal a steady pressure decrease along the artery, with larger pressure drops 
occurring across the stenosed regions. Higher pressure is observed upstream of the constrictions, while lower 
pressure exists downstream, indicating increased flow resistance. 
The wall shear stress distribution (Figure 7) demonstrates peak shear stress at the stenosis throats, where velocity 
gradients are highest. In contrast, lower and more uniform shear stress values occur in non-stenosed regions. 
These results highlight the significant impact of multiple stenoses on blood flow dynamics and arterial wall 
loading.  

A. Validation of Analytical Predictions 

The CFD simulations reproduce the principal flow characteristics predicted by the analytical formulation. Both 
approaches indicate accelerated flow through the stenosis throats, a progressive pressure reduction along the 
artery, and increased wall shear stress in constricted regions. The agreement between the analytical and 
numerical results demonstrates the reliability of the developed mathematical model for describing pulsatile blood 
flow in multiple-stenosed porous arteries. Consequently, the CFD analysis serves as an independent verification 
of the theoretical predictions and provides a detailed visualization of the underlying hemodynamic phenomena.  

TABLE I: THE COMPUTED VALUES OF NUMERICAL PARAMETERS ARE DISPLAYED HERE 

K
p 

δ M λ R ux
1 

ux
2 

ux
3 

ux
4 

ux
5 

ux
6 

Q
v1 

Q
v2 

Qv
3 

Qv
4 

Q
v5 

Q
v6 

τw
1 

τw
2 

τw
3 

τw
4 
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5 
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6 

0 0.
25 

2 0.
3 

1 0.
88 

0.8
6 

0.7
7 

0.6
1 

0.3
6 

0 1.
18 

0.
82 

0.1
4 

0.0
7 

0.
59 

1.
18 

-
5.2
9 

-
5.1
1 

-
3.5 

-
2.8
7 

-
4.8
8 

-
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9 
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1 

0.
25 

2 0.
3 

1 0.
59 
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5 

0.4
4 

0.2
3 

0.0
8 

0.2
3 

0.
92 

0.
57 

0.0
1 

-
0.0
1 

0.
35 

0.
92 

-
7.3
5 

-
7.0
2 

-
4.3 

-
3.3
9 

-
6.5
8 

-
7.3
5 
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1 0.
25 

2 0.
3 

1 0.
37 

0.3
3 

0.1
9 

0.0
4 

-
0.0
4 

-
0.9
7 

0.
69 

0.
35 

-
0.0
6 

-
0.0
6 

0.
15 

0.
69 

-
9.1
3 

-
8.6
2 

-
4.8
5 

-
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2 

-
7.9
7 

-
9.1
3 

0.
1 

0.
1 

2 0.
3 
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24 

1.2
2 

1.1
7 

1.0
6 

0.9 0.6
7 
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17 

1.
03 

0.7 0.6
4 

0.
93 
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-
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16 
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8 
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-
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4 

-
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6 

-
3.5
7 

-
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1 

-
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1 

-
5.4
4 
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1 

0.
5 

2 0.
3 

1 0 -
0.0
5 

-
0.2
1 

-
0.5
2 

-
0.9
9 

-
1.6
7 

1.
15 

0.
46 

-
0.0
5 

-
0.1
7 

0.
11 

1.
15 

-
5.4
4 

-
4.8
2 

2.0
9 

2.7
6 

-
3.4
2 

-
5.4
4 

0.
1 

0.
25 

0 0.
3 

1 1.
24 

1.2
2 

1.1
7 

1.0
6 

0.9 0.6
7 

1.
62 

1.
06 

0.1
4 

0.0
7 

0.
72 

1.
62 

-
6.9
6 

-
6.5
1 

-
3.8
5 

-
3.0
6 

-6 -
6.9
6 

0.
1 

0.
25 

6 0.
3 
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Figure (a) Velocity distribution for increasing the range of the slip parameter 𝐾௣ 

 
Figure (b) Velocity distribution for increasing the multiple stenose depths 𝛿 = 𝛿ଵ = 𝛿ଶ = 𝛿ଷ 
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Figure (c) Velocity distribution for increasing the range of the Magnetic parameter M 

 
Figure (d) Velocity distribution for increasing the range of the permeability parameter 𝜆. 

 
Figure (e) Velocity distribution increasing the range of the Reynolds number R 

Figure 2: Velocity distribution under varying parameters: (a) Slip parameter 𝐾௣, (b) Stenosis depth 𝛿, (c) Magnetic parameter M, (d) 
Permeability parameter 𝜆 𝑎𝑛𝑑 (e) Reynolds number R. 

 
Figure (a) 𝑄௩ profile variation as the slip parameter 𝐾௣ range increases 

 
Figure (b) 𝑄௩ profile variation as the multiple stenoses depths 𝛿 = 𝛿ଵ = 𝛿ଶ = 𝛿ଷ range increases 
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Figure (c) 𝑄௩ profile variation as the magnetic parameter M range increases 

 
Figure (d) 𝑄௩ profile variation as the permeability parameter 𝜆 range increases. 

 
Figure (e) 𝑄௩ profile variation as the Reynolds number R range increases 

Figure 3: Variation of 𝑄௩ profile under different physical parameters: (a) Slip parameter 𝐾௣, (b) Stenosis depth 𝛿, (c) Magnetic parameter M, 
(d) Permeability parameter 𝜆 𝑎𝑛𝑑 (e) Reynolds number R 

 
Figure (a) WSS profile variation as the slip parameter 𝐾௣ range increases 

 
Figure (b) WSS profile variation as the multiple stenoses depths 𝛿 = 𝛿ଵ = 𝛿ଶ = 𝛿ଷ range increases 
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Figure (c) WSS profile variation as the Magnetic parameter M range increases 

 
Figure (d) WSS profile variation as the permeability parameter 𝜆 range increases 

 
Figure (e) WSS profile as the Reynolds number R range increases 

 

Figure (f) Pressure gradient profile variation −
డ௣

డ௬
 for increasing values of 𝜆 when 𝜖 = 0.3 

Figure 4: Profiles of (a–e) Wall Shear Stress (WSS) under varying physical parameters and (f) Pressure gradient variation for permeability 
parameter 𝜆 at 𝜖 = 0.3. 

 
Figure 5: Contour of axial velocity in the triple-stenosed porous artery obtained from ANSYS Fluent. 
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     Figure 6: Pressure coefficient distribution along the stenosed artery               Figure 7: Wall shear stress not Pressure coefficient 

B. Validation of Analytical Predictions 

The CFD simulations reproduce the principal flow characteristics predicted by the analytical formulation. Both 
approaches indicate accelerated flow through the stenosis throats, a progressive pressure reduction along the 
artery, and increased wall shear stress in constricted regions. The agreement between the analytical and 
numerical results demonstrates the reliability of the developed mathematical model for describing pulsatile blood 
flow in multiple-stenosed porous arteries. Consequently, the CFD analysis serves as an independent verification 
of the theoretical predictions and provides a detailed visualization of the underlying hemodynamic phenomena. 

VII. CONCLUSIONS 

This study investigates pulsatile blood flow through an axisymmetric porous artery with multiple stenoses and 
velocity slip at the permeable wall. Analytical and finite-volume numerical methods were employed to examine 
the effects of slip, magnetic field, and permeability on flow behavior. The results provide insights into velocity, 
wall shear stress, and the hemodynamic factors associated with vascular diseases such as atherosclerosis. Based 
on the computational findings, the following observations were made: A rise in slip parameter 𝐾௣ correlated with 
reduced 𝑢௫, 𝑄௩  and 𝜏௪ in blood flow, due to weaker fluid-wall interaction. 
 Increasing stenosis depth and magnetic parameter reduces velocity (𝑢௫) and flow rate (𝑄௩), while increasing 

wall shear stress (𝜏௪).  
 Higher permeability (𝜆) enhances flow, lowers pressure gradient, and reduces wall shear stress.  
 Increasing Reynolds number (𝑅) decreases velocity and flow rate but increases wall shear stress.  
 CFD results showed flow acceleration at stenoses, pressure reduction along the artery, and peak wall shear 

stress near stenosis throats.  
 Excellent agreement between analytical and CFD results validates the proposed model. 
In summary, the present study combines analytical modeling and CFD simulations to investigate pulsatile blood 
flow through a porous artery containing multiple stenoses under slip boundary conditions. The obtained results 
demonstrate that stenosis severity, magnetic effects, permeability and Reynolds number significantly influence 
velocity distribution, volumetric flow rate, pressure characteristics, and wall shear stress. The excellent 
agreement between theoretical predictions and ANSYS Fluent simulations confirms the robustness of the 
proposed model. These findings may contribute to a better understanding of arterial flow behavior and provide 
useful guidance for the assessment and treatment of cardiovascular disorders associated with arterial narrowing. 
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