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This research presents a comprehensive numerical investigation into two-dimensional, unsteady blood flow, 
incorporating the combined effects of thermophoresis and Brownian motion. The study aims to explore how these 
phenomena influence the dynamics of blood flow under various conditions. To facilitate the analysis, a similarity 
transformation approach is employed to reduce the complex system of partial differential equations governing the flow into 
a system of ordinary differential equations. These simplified equations are then solved numerically using a finite difference 
scheme, with the bvp4c solver in MATLAB and shooting techniques, to obtain both graphical and numerical results. The 
study specifically examines the effects of several key physical factors on the primary variables of interest in blood flow, 
including velocity, temperature, and concentration. Through detailed analysis, the research highlights how changes in 
parameters such as thermophoretic force, Brownian motion, and other relevant factors influence the flow characteristics and 
behaviour of blood under unsteady conditions. The findings from this investigation have significant practical implications in 
biomedical applications, including enhancing the understanding of blood flow for blood cancer treatments and improving 
the effectiveness of magnetic therapies. 
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1 Introduction 
Blood flow in the human body is a dynamic 

process in which heat and mass exchange. The 
unstable feature refers to fluctuations throughout time, 
such as pulsatile flow in arteries caused by heartbeat. 
Understanding how heat and mass transfer occur 
within blood veins is critical for investigating 
processes such as drug administration, the transport of 
oxygen and nutrients, and the removal of metabolic 
waste products. Heat transmission in MHD Casson 
fluid1 flow of blood is affected by blood viscosity, 
thermal conductivity, and the presence of the 
magnetic field. The Casson fluid model is often 
considered to exhibit blood's non-Newtonian 
behaviour. The Casson fluid model is often 
considered to exhibit blood's non-Newtonian 
behaviour. The non-Newtonian fluid flow occurs in 
many sectors of research, engineering, and food 
preparation. With this model, Malik et al.2 
investigated the MHD flow with varying viscosity 
over a stretching sheet using a Cattaneo-Christov heat 

flux model. Sharma and Gaur3 studied the heat-mass 
transfer phenomena on pulsatile bio-magnetic MHD 
flow of blood, assuming variable viscosity and 
chemical reaction. The effect of numerous constraints 
like Reynolds number, hydromagnetic parameter, 
variable viscosity, and Prandtl number on flow 
behaviour can be visualized using some 
computational models and numerical simulations4-11 
to investigate non-Newtonian fluid flows such as 
blood. Sarma & Paul12 investigated the flow of engine 
oil blended Casson hybrid nanofluid over a uniformly 
heated curved surface, incorporating the effects 
of magnetic field alignment, activation energy, 
and suction. 

Solutes (such as oxygen, carbon dioxide, and 
nutrients) may be transported through the bloodstream 
as part of mass transfer in blood flow. The magnetic 
field can impact the diffusion and convection of solutes 
in blood in an MHD environment. To comprehend 
temperature distribution in biological systems and 
medical applications, heat transfer analysis in blood flow 
is crucial. Nazar et al.13 discussed the heat transfer effect 
on mixed steady flow in a porous medium over an 
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isothermal horizontal circular cylinder. Zhao et al.14 
investigated the MHD stagnation point flow of nanofluid 
across a stretchable surface under impacts of chemical 
reaction and thermal radiation. The examination of 
ferrohydrodynamic fluid flow across a rotating disc with 
temperature-dependent thermal conductivity and 
geothermal viscosity that is directly proportional to the 
linear relationship of depth and inversely proportional to 
temperature is studied by Sharma et al.15. With this 
geometry, Sharma et al.16 recently studied the influence 
of porosity with forced convective heat transfer on 
steady ferrohydrodynamic flow for a water-based 
magnetic nanofluid across a rotating disc. Paul et al.17 
numerically discussed the thermal and mass transfer 
characteristics of Casson-Maxwell hybrid nanofluids 
flowing through an unsteady horizontal cylinder, 
incorporating variable thermal conductivity and 
Arrhenius activation energy. Furthermore, Paul et al.18 
investigated the 3D MHD flow of Casson 
Cu ₂ ₂−TiO −SiO /transformer oil ternary hybrid 
nanofluid incorporating effects such as Hall current, 
thermophoresis, and thermal radiation. Their study 
reveals significant enhancements in heat and mass 
transfer rates, with practical implications for rotating 
machinery, medical devices, and gas turbines. Many 
researchers19-24 examined the consequences of radiation, 
thermal diffusion, and diffusion-thermo on the flow of a 
nanofluid over a stretching sheet. The investigation of 
heat and mass transfer of MHD Casson fluid flow of 
blood past a porous stretching/shrinking sheet is shown 
in the present work under the influence of Brownian 
motion and thermophoresis effects. Using similarity 
variables, the governing equation system is converted to 
an ODE. The findings are presented via graphs and 
tables. The present study's key goals are as follows: 

a) What are the physical implications of 2-
dimensional unstable blood flow? 

b) How does the porous lumen lining the walls
of the blood affect liquid velocity? 

c) What are the consequences of the modelled
physical factors on flow variables in the problem? 

d) How do the Brownian motion and
thermophoresis affect the transport phenomena? 

2 Mathematical Formulation 

2.1 Casson's Fluid Rheology 
The Casson fluid model describes the relationship 

between the stress and strain rate tensor under 
different stress conditions. Important factors like ߤ஻ 
(plastic dynamic viscosity of fluid), ݌௬ (permits fluid 

stress), and ߨ௖ (critical value based on the Casson 
fluid model) are employed in Casson fluid flow using 
the Rheological equation. 

߬௜௝ = ቐ2 ቀߤ஻ + ௣೤√ଶగቁ ݁௜௝	,					ߨ > ௖2ߨ ൬ߤ஻ + ௣೤ඥଶగ೎൰ ݁௜௝	, ߨ < ௖ߨ  ... (1) 

When the applied stress exceeds the critical value 
ߨ) >  ௖), the fluid flows and shows a characteristicߨ
shear-thinning behaviour. When applied stress is less 
than the critical value (ߨ <  ௖), the fluid does notߨ
flow and acts more like a solid. 

2.2 Flow Description 
An unstable two-dimensional MHD Casson fluid 

(blood) flow of an incompressible viscous thermal 
radiant is studied across a shrinking/stretching sheet 
Fig. 1. The chemical reaction, along with Brownian 
motion and thermophoresis, are also taken into 
consideration. The rheological equation of state for an 
isotropic and incompressible Casson fluid flow is 
typically stated25. 

The governing system of equations is as follows: 	డ௨డ௫ + డ௩డ௬ = ݐݑ߲߲ (2) …     .0 + ݑ ݔ߲ݑ߲ + ݒ ݕ߲ݑ߲ = ߩ1 ݔ߲݌߲ + ߭ ൬1 + ߩ଴ଶܤߪଶ−ቆݕ߲ݑ൰߲ଶߚ1 ݑ − ሻݐଵሺܭߥ ሺ்ܶߚ݃+ቇݑ − ஶܶሻ+ ܥ஼ሺߚ݃ − .ஶሻܥ ݐ߲߲ܶ  (3) …	 + ݑ ݔ߲߲ܶ + ݒ ݕ߲߲ܶ = ߙ	 ߲ଶ߲ܶݕଶ − ௣ܥߩ1 ߬+ݕ௥߲ݍ߲ ቄܦ஻ డ஼డ௬ డ்డ௬ + ஽೅ಮ் ቀడమ்డ௬మቁቅ.     … (4) ߲߲ݐܥ + ݑ ݔ߲ܥ߲ + ݒ ݕ߲ܥ߲ = ஻ܦ ߲ଶݕ߲ܥଶ − ܥ௥∗ሺܭ +ஶሻܥ	− ஽೅ಮ் ቀడమ்డ௬మቁ.			  … (5) 

From the above equations,	ߙ = 	 ௞ఘ஼೛, where ߙ is 

thermal diffusivity, ݇ represents thermal conductivity, ߩ represents density, (ܥ௣) represents specific heat at 
constant pressure (݌) and ݇ݎ∗ denotes chemical 
reaction. Here, molecular diffusivity (ܦ஻) represents 
the rate at which species and particles diffuse through 
the fluid due to concentration gradients. 
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Important boundary circumstances of the model 
(Sitamahalakshmi et. al26) can be written as, ݑ = ܷ௪, ݒ = ௪݂,ܶ = ௪ܶ,	ܥ = ݕ		௪atܥ	 = ݑ,0 = 0,			ܶ → ஶܶ	, ܥ → ݕ		as									ஶܥ → ∞. ൠ     … (6)

In Eq. (6), blood velocity at the wall is	 ௪݂ (for 
suction: ௪݂ < 0, and for injection: ௪݂ > 0) and is given 
as,            

௪݂ = −ටቀ௩௏ೢ௫ ቁ ܵ.             … (7) 

In Eq. (3), the time-dependent permeable parameter ܭଵ(ݐ) 	= 	1)	(ݐ)ଶܭ −  defines the porosity (ݐܿ	
behaviour over time. The stretching velocity of the 
blood vessel, surface temperature, blood 
concentration, and the time-dependent chemical 
reaction parameter ܭ௥(ݐ) are defined as follows: ܷ௪(ݔ, (ݐ = −1ݔܽ ݐܿ , ௪ܶ(ݔ, (ݐ = ஶܶ + −1ݔܾ ,ݔ)௪ܥ	,ݐܿ (ݐ = ஶܥ + ௕௫ଵି௖௧ , (ݐ)௥ܭ = ௄ೝ∗ଵି௖௧.							… (8) 

Here ܽ, ܾ, ܿ and ܭ௥∗ are constants with ܽ > 0, ܾ ≥0, ܿ ≥ 0, and ܿݐ < 1 to ensure stability over time. 
Also, (ݐ)ܤ 	= ඥ(ܤ଴	/	(1	 − 	ct)), where ܤ଴ is the 
magnetic field strength at ݐ	 = 	0. 

The Rosseland approximation27 provides heat 
radiation(ݍ௥), and is given by ݍ௥ = 	−	 ସఙ∗ଷ௄೘ డ்రడ௬ ,     … (9) 

where,	ߪ∗is the Stefan-Boltzmann constant, which 
is equal to 5.67 × 10ି଼	ܹ/݉ଶܭସ and ܭ௠ is the 
Roseland mean absorption coefficient. If the 
temperature difference around the blood flow is 
sufficiently small, ܶସ in Eq. (9) can be approximated 
by expanding ܶସ in a Taylor series about ஶܶ and 
neglecting higher-order terms, yielding: ܶସ ≅ 4 ஶܶଷܶ −	3 ஶܶସ .			   … (10) 

The stream function ߖ is used for the velocity 

components such as ݑ = 	 డఅడ௬ 	 , ݒ = 	− డఅడ௫ to simplify 

the continuity equation. Furthermore, to simplify the 
governing equations, the dimensionless similarity 
variable (ߟ) and dimensionless functions	݂(ߟ),  (ߟ)ߠ
and ϕ(η)	are taken as follows: 

ߟ = 	 ൬ܷ௪ݔߥ൰ଵଶ ߖ				,	ݕ = (ߟ)ߠ		 ,			௪ܷݔߥඥ(ߟ)݂ = 	 ்ି ಮ்்ೢ ି ಮ் 	,			ϕ(η) = 	 େିେಮେ౭ିେಮ.			  … (11) 

By using Eq. (11), the system of Eqs. (3-5) is 
reduced into nonlinear coupled ODEs such as: ൬1 + ൰ߚ1 ݂ᇱᇱᇱ + ݂݂ᇱᇱ − ݂ᇱమ − ൬ܯ + ൰݂ᇱܭ1 ᇱ݂)ܣ − + (ᇱᇱ݂ߟ0.5 + ߠ்ߣ + ߶௠ߣ = 0                      … (12) (1 + ᇱᇱߠ(ܴ + ᇱߠ൫݂ݎܲ − ݂ᇱߠ − ݂ܵܿ߶ᇱ − ݂ܵܿᇱ߶ ߶)ܣܿܵ− + (ᇱߠߟ0.5 + ᇱ߶ᇱߠܾܰ + ᇱమ൯ߠݐܰ = 0         … (13) ߶ᇱᇱ + ݂ܵܿ߶ᇱ − ݂ܵܿᇱ߶ − ߶)ܣܿܵ + −(ᇱ߶ߟ0.5 ߶௥ܭ +ቀே௧ே௕ቁ ᇱᇱߠ = 	0.       … (14) 

Subject to 
 ݂ = ܵ, ݂ᇱ = 1, ߠ = 1, ߶ = ߟ			ݐܽ			1 = 0݂ᇱ → 0, ߠ → 0, ߶ → 0					 ߟ			ݏܽ → ∞ൠ,						.       .. (15)

where, ܣ = ௖௔ , ܽ = –	൫1ߥ ,൯ݐܿ	 ܯ = ௫஻బమఙఘ௎ೢ ,ܴ = ∗ߪ16 ஶܶଷ3ܭ௠ , ܭ = ߥଵܭܽ , ܵܿ = ஻ܦ߭ , ݎܲ = 	 ்ߣ ,	ߙ߭ = ௫ଶܴ݁ݎܩ = )்ߚ݃ ௪ܶ − ஶܶ)ݔ	ߥଶ(1	 − (ݐܿ	 , ௠ߣ = ௫ଶܴ݁ܿܩ = ௪ܥ)௖ߚ݃ − 	ஶ)(1ܥ − ଶߥ	ݔ(ݐܿ	 ݐܰ 	, = ( ௪ܶ − ஶܶ)߬ߥ்ܦ ஶܶ , ܾܰ = ௪ܥ) − ߥ஻ܦ߬(ஶܥ , 
ܴ݁௫ = ܷ௪ߥݔ , ௥ܭ = ௥∗ܷ௪ܭݔ . 
2.3 Physical Parameters of Engineering Interest 

The skin-friction coefficient, Nusselt, and 
Sherwood numbers (Table 1) are used to characterize 
fluid flow friction on boundary layer, heat, and mass 
transmission. These non-dimensional parameters are 
important in fluid dynamics and heat/mass transfer 
analyses because they allow engineers and researchers 
to compare and predict the behaviour of fluids and 
heat/mass transfer across different geometries and 
conditions without having to consider the fluid's 
specific properties or system size. These 
dimensionless parameters are given by, 
Coefficient of skin friction, ܥ௙ = −ቀ1 + ଵఉቁ ݂ᇱᇱ(0). 
Nusselt Number,  ௨ܰ = −(1 +  .ᇱ(0)ߠ(ܴ
Sherwood Number, ܵ௛ = −߶ᇱ(0).  
3 Methodology 

The basic equations in our model were turned into 
ODEs using the mandatory similarity variables, and 
they were then numerically solved in "MATLAB" 
software. A comparison table (Table 2) is also given 
for the code validation of the method used. Following 
is a description of the problem with conditions: 
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݂ = ,ଵ෦ݕ ݂ᇱ = ,ଶ෦ݕ ݂ᇱᇱ = ,ଷ෦ݕ ߠ = ᇱߠ,ସ෦ݕ = ,ହෞݕ ߶ = ,଺෦ݕ ߶ᇱ = ଵ෦ᇱݕ ,଻෦ݕ = ଶ෦ᇱݕଶ,෦ݕ = ଷ෦ᇱݕ ,ଷ෦ݕ = ൬ 1ߚ + ൰ߚ ∗ ଶଶ෪ݕ) − ଵ෦ݕ ∗ ଷ෦ݕ + (ܣ) ∗ ଶ෦ݕ + 0.5 ∗ ݊∗ ଷ෦ݕ − ܮ ∗ ସ෦ݕ − ܼ ∗ ଺෦ݕ + ܭ ∗ +ହ෦ݕ 1ܯ + ܭ ∗ ଶ෦ݕ − ܮ	 ∗ ସ෦ݕ − ܼ ∗ ସ෦ᇱݕ ,଺෦ݕ = ହ෦ᇱݕ ,ହ෦ݕ = ൬ 11 + ܴ൰ ∗ ݎܲ−) ଵ෦ݕ	∗ ∗ ହ෦ݕ − ସ෦ݕ ∗ ଶ෦ݕ − ∗ܣ ସ෦ݕ) ∗ 0.5 ∗ ݊ ∗ −(ହ෦ݕ ܾܰ ∗ ହ෦ݕ ∗ −଻෦ݕ ݐܰ ∗ ହଶ෪ݕ ,

here,  ܣ = 	 ቀ1 + ସଷ ∗ ܴ݀ − ܵܿ ∗ ݎܲ ∗ ݑܦ ∗ ቁݎܵ ଺෦ᇱݕ ; = ଻෦ᇱݕ ,଻෦ݕ = (ܵܿ) ∗ ଵ෦ݕ) ∗ ଻෦ݕ + ଶ෦ݕ ∗ (଺෦ݕ + ܣ ∗ ଺෦ݕ) + 0.5 ∗ ݊ ∗ +଻෦ݕ ݎܭ ∗ ଺෦ݕ − ቆܾܰܰݐ ∗ ൬ 11 + ܴ൰ቇ∗ ൫−ܲݎ ∗ ଵ෦ݕ ∗ ହ෦ݕ − ସ෥ݕ ∗ ଶ෦ݕ − ܣ ∗ ସ෥ݕ ∗ 0.5∗ ݊  ∗ ܾܰ−ହ෦ݕ  ∗ ହ෦ݕ ∗ ݐܰ−଻෦ݕ  ∗ ଵ෦ݕ	) ∗ (ܿܵ−) = ෦ଽݕ,෪ହଶ൯ݕ ∗  .(෦଼ݕ ∗ ݊ܭ ∗ ܿܵ + ෦ଽݕ
Subject to the subsequent boundary circumstances ݕ෦ଵ = ܵ, ݕ෦ଶ = ݕ ,ߝ෥ସ = 1, = ෦଺ݕ  1 = ߟ	ݏܽ		 0; = ෦ଶݕ  0, = ෥ସݕ					 0, = ෦଺ݕ								 0  .inϐinite	to	tends	ߟ	ݏܽ						

4 Results and Discussion 
In this study, a theoretical analysis of Casson fluid 

flow for blood is performed by considering the heat-
mass transport phenomenon. We have imposed the 
magnetism of uniform strength to the flow direction 
because the blood as a Casson fluid considered in this 
study is electrically conducting. Furthermore, 
velocity, temperature, and concentration distributions 
were examined, and the effects of various relevant 
flow parameters were demonstrated. 

Table 1 — Local Skin-Friction Coefficient, Nusselt Number & Sherwood Number. ࡹ	 	ܭ 	ߚ 	ݎܲ ܵܿ	 	ݎܭ 	ݐܰ ܾܰ	 	௙ܥ ௨ܰ ܵ௛	
0.2 0.5 0.5 0.71 0.6 0.2 0.2 0.1 0.8826 0.9742 0.04888 
0.5 0.9008 0.9701 0.04836

1 0.9303 0.9634 0.04748
0.2 0.2 0.5 0.71 0.6 0.2 0.2 0.1 1.0500 0.9370 0.04345 

 0.5 0.8826 0.9742 0.04888 
1 0.8188 0.9888 0.05054

0.2 0.5 0.2 0.71 0.6 0.2 0.2 0.1 0.6105 1.0380 0.05391 
0.5 0.8826 0.9742 0.04888
1 1.1020 0.9259 0.04149

0.2 0.5 0.5 0.71 0.6 0.2 0.2 0.1 0.9956 0.9399 0.8513 
1 0.9956 1.2200 0.1635
7 0.9956 6.386 5.9970

0.2 0.5 0.5 0.71 0.22 0.2 0.2 0.1 0.8826 0.8264 0.1788 
0.3 0.8826 0.8264 0.1849

0.78 0.8826 0.8264 0.2116
0.2 0.5 0.5 0.71 0.22 0.5 0.2 0.1 0.8826 0.8270 0.2187 

1 0.8826 0.8279 0.2795
2 0.8826 0.8295 0.3851

0.2 0.5 0.5 0.71 0.22 0.5 0.1 0.4348 1.900 2.94343 
 0.2 0.4242 1.912 2.96791
 0.4 0.4067 1.989 3.00720

0.2 0.5 0.5 0.71 0.22 0.5 0.1 0.3 1.4008 2.122 2.89413 
 0.5 0.8882 2.201 2.93068
 1.0 0.4408 2.246 2.92965

Table 2 — Comparison table of the present study 
when ࢼ = ࢉࡿ = ࢘ࡷ = ૙. ݎܲ ࡹ Sitamahalakshmi et al.26 Present study 

(0)′ߠ- (0)′ߠ-
0.5 0.21 0.4659 0.4885
0.5 0.25 0.5335 0.5405
0.5 0.21 0.3294 0.3464
1.0 0.21 0.4242 0.4348
0.5 0.21 0.3904 0.4013
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4.1 Variation of Velocity Profile 
Figures (2-6) represent the flow behaviour of 

Casson fluid influenced by the physical parameters, 
namely magnetic parameter (M), Cassion fluid 
parameter (ߚ), Grashof number (L), material 
parameter (K) and buoyancy factor (z), respectively. 
Figs. (2-3) indicate the slower fluid flow on 
increasing the value of magnetic as well as the Casson 
fluid parameter. The intense (higher value) 
magnetization provides a physical retardation force 
that is directed in the opposite direction of the flow. 
Also, the higher Casson fluid parameter is responsible 
for more viscous force, resulting in more friction and 
prevention in the flow velocity. 

Fig. 4 shows the impact of the thermal Grash of 
number ܮ for velocity profile. When the Grashof 
number increases, the buoyancy forces become more 
significant, promoting the upward motion of the fluid 
and increasing the velocity. As the material parameter 
increases (Fig. 5), the viscosity of the fluid decreases, 

leading to an increase in velocity due to reduced flow 
resistance. The buoyancy factor (Z) represents the 
effect of solutal buoyancy on the flow (Fig. 6). When 
the buoyancy factor increases, the density difference 
between the fluid and the surrounding environment 
becomes more pronounced, causing the fluid to rise 
more easily and thus reduce viscous resistance. This 
increase in buoyant forces accelerates the flow. 

4.2 Variation of Temperature Profile 
Temperature profile for distinct Prandtl number, 

Brownian motion, and thermophoresis for ܵ = −0.2, 0.2	are sketched in Figs (7-9). With a high 
Prandtl number, the thermal diffusivity is lower. As a 
result (Fig. 7), the thermal boundary layer thickens, 
which hinders heat transfer and leads to a lower 
temperature in the fluid. Fig. 8 depicts how Brownian 
motion influences temperature curves. The more 
intense Brownian motion causes energy dispersion 

Fig. 1 — Geometry of the physical model 

Fig. 2 — Magnetization vs Velocity Profile 

Fig. 3 — Casson Fluid Parameter vs Velocity Profile 

Fig. 4 — Thermal Grashof Number vs Velocity Profile 
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across the fluid, thus lowering the temperature. The 
thermophoresis parameter (Nt) characterizes the 
tendency of particles to move from regions of high 

temperature to low temperature. As Nt increases 
(Fig. 9), the rate of nanoparticle migration increases, 
which results in a reduced local temperature of 
the fluid. 

4.3 Variation of Concentration Profile 
Figure 10 displays how the unsteadiness parameter 

affects the Casson fluid's concentration curves. 
Both cases, the stretching (S = 0.2) and shrinking 
(S = – 0.2) showed that when the value of ܣ	increases, 
the blood particle species concentration field shrinks. 
As a result, a remarkable loss in the concentration 
boundary layer thickness is observed. Fig. 11 depicts 
the chemical reaction impact on the concentration 
profile of the Casson fluid. As Kr increases, the 
reaction rate intensifies, causing the chemically 
reactive species to be consumed more rapidly. This 
leads to a decrease in concentration near the surface 
because the reaction effectively removes the particles 
from the flow. Moreover, the increasing Schmidt 

Fig. 5 — Material Factor vs Velocity Profile 

Fig. 6 — Solutal Buoyancy Factor vs Velocity Profile 

Fig. 7 — Prandtl Number vs Temperature Profile 

Fig. 8 — Brownian Motion vs Temperature Profile 

Fig. 9 — Thermophoresis vs Temperature Profile 
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number shows the reverse trend for the fluid flow 
(Fig. 12). In contrast, a lower Schmidt number 
indicates more efficient mass transfer, leading to a 
thinner concentration layer and faster dispersion of 
the particle species in the fluid. The consequences of 
the Brownian motion parameter on concentration 
profiles are seen in Fig. 13. It is noted that as the 
Brownian motion increases, the random motion of the 
particles becomes more pronounced, which causes the 
particles to disperse more effectively. This leads to a 
reduction in the concentration of the solute in the 
vicinity of the surface. 

The thermophoresis effect refers to the migration 
of particles from regions of higher temperature to 
regions of lower temperature due to the temperature 
gradient. Fig. 14 illustrates the impact of the 
thermophoresis parameter (Nt) on the concentration 
profile. As the thermophoresis parameter (Nt) 
increases, the concentration profile improves, 
showing an enhancement in the mass transfer process. 

Fig. 10 — Unsteadiness Parameter vs Concentration Profile 

Fig. 11 — Chemical Reaction vs Concentration Profile 

Fig. 12 — Schmidt Number vs Concentration Profile 

Fig. 13 — Brownian Motion vs Concentration Profile 

Fig. 14 — Thermophoresis vs Concentration Profile 

5 Conclusion 
The numerical investigation of the two-

dimensional unsteady MHD Casson fluid flow of 
blood across a porous lumen lining wall of the blood 
is presented in this investigation. The chemical 
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reaction with Brownian motion and thermophoretic 
effects are included to describe the Casson fluid 
behaviour of blood. The governing nonlinear equation 
of motion, microrotation, temperature and 
concentration are solved by using the bvp4c method 
in “MATLAB” software. The findings of the recent 
investigation are summarized as below:  
1 Increasing the magnetic field strength and Casson 

fluid parameter slows fluid flow by raising 
viscosity and friction, which hinders velocity. 

2 Higher Grashof numbers enhance buoyancy and 
fluid velocity, while Prandtl number thickens the 
thermal boundary layer, reducing heat transfer. 
Additionally, Brownian motion and 
thermophoresis improve mass and heat transfer by 
dispersing particles. 

3 Chemical reaction parameter reduces surface 
concentration by accelerating solute consumption, 
while the Schmidt number and Brownian motion 
impact the concentration boundary layer and mass 
transfer efficiency. 

These insights can optimize nanofluid-based 
systems for a wide range of industrial, biomedical, 
and environmental applications, therapeutic 
treatments, diagnostic tools, and medical device 
design, offering more efficient and targeted solutions 
in cancer treatment, drug delivery, cooling systems, 
and biomaterial development. The insights gained 
from this study may lead to more effective medical 
treatments and advanced diagnostic techniques in 
these areas. 
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