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ABSTRACT 
The present study examines the dispersion of a reactive solute in an unsteady Casson fluid flow through a 
porous channel in the presence of a transverse magnetic field. The channel walls are assumed to be catalytically 
active, allowing interphase mass transfer accompanied by an irreversible first-order chemical reaction. Blood is 
modeled as a poorly conducting non-Newtonian Casson fluid to reflect its rheological behavior in physiological 
flows. The generalized dispersion model of Sankarasubramanian and Gill is employed to derive expressions for 
the effective convection, dispersion, and exchange coefficients. The analysis reveals that interphase mass 
transfer at the walls significantly alters solute transport characteristics, while the magnetic field and slip effects 
strongly influence convection and dispersion mechanisms. The results provide insight into solute transport in 
biological and biomedical systems, particularly in magnetically influenced blood flow through porous or 
artificial boundaries. 
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1 INTRODUCTION 
The study of boundary absorption of dispersing 
tracers is fundamental to many applications in 
biological and physiological systems, 
chromatography, chemical engineering processes, and 
environmental fluid mechanics. In physiological 
situations where a first-order chemical reaction takes 
place at the tube wall, interphase mass transfer can be 
used. Physiological transport processes involve the 
supply of oxygen and nutrients to tissue cells and the 
removal of metabolic waste products. Such transport 
is also observed in pulmonary capillaries, where 
oxygen diffuses into the bloodstream and carbon 
dioxide is eliminated. Over the past decade, 
significant progress has been made in understanding 
the fluid dynamics of biological fluids under magnetic 
field effects. However, the poor biocompatibility of 
smooth or rough metallic surfaces in implanted and 
extracorporeal artificial organs can induce mechanical 
stresses. These stresses exert forces on erythrocytes, 

leading to haemolysis and consequent haemoglobin 
loss. Dispersion has attracted considerable attention as 
a key mechanism governing nutrient transport in 
blood flow and artificial devices (Middleman, 1972; 
Lightfoot, 1974; Cooney, 1976; Jayaraman et al., 
1981). Taylor’s pioneering studies (1953, 1954) on 
Newtonian fluid flow established that the effective 
dispersion coefficient is a function of the average 
velocity, tube radius, and molecular diffusivity. 
Subsequently, Sankarasubramanian and Gill (1973) 
extended the theory to time-dependent isothermal 
laminar flow in a tube, considering a non-uniform 
initial solute distribution and a first-order reaction at 
the tube wall.Using the generalized dispersion model 
of Sankarasubramanian and Gill (1970), Nirmala P. 
Ratchagar and Vijaya Kumar (2015) investigated the 
effects of couple stress, magnetic field, and first-order 
wall reaction on unsteady convective diffusion. 
Rudraiah et al. (2016) further examined exact 
miscible solute dispersion with interphase mass 
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transfer in a couple-stress, poorly conducting fluid 
bounded by porous beds.  
Ashis Kumar Roy et al. (2018) analyzed passive 
solute dispersion in Casson fluid flow through a tube 
using the Aris (1956) and Barton (1983) approaches. 
Siddheshwar et al. (2000) studied plane Poiseuille 
flow of a power-law fluid with interphase mass 
transfer. Several studies have examined solute 
dispersion in non-Newtonian fluid flow with 
boundary reactions ( Debath et al.,(2020), Roy et. 
al.,(2020), Das et. al.,(2022) ). The presence of linear 
or atherosclerotic walls significantly influences solute 
transport, with important applications in biochemical 
processes and cardiovascular systems. The dispersion 
of solute through a tube or channel having a porous 
wall was analytically discussed by Shah et al. (2020). 
The majority of the aforementioned studies took into 
account solute transport in a wall-free model. Using 
an appropriate lumen–tissue interface condition, some 
studies looked into luminal and wall (tissue) phase 
transport of solutes(Das et al.(2021) and Khanafer and 
Vafai(2022)). Roy and Shaw(2021) examined the 
dispersion of an injected solute could be used in the 
delivery of drugs to treat peripheral artery disease.  
Biswas et al.(2022) investigated the delivery of drug 
in the lumen and its retention in tissue, followed by its 
uptake at the lumen–tissue interface in a patient-
specific atherosclerotic artery. Prosanjit Das et al. 
(2024) investigated convective solute transport and 
retention in a permeable atherosclerotic arterial wall 
with cosine-shaped stenosis. Blood was modeled as a 
Casson fluid representing the suspension of red blood 
cells in plasma. The unsteady governing equations 
were solved numerically using the Immersed 
Boundary Method and the Marker-and-Cell scheme. 
Motivated by this formulation, the present study 
investigated the dispersion characteristics of a Casson 
fluid flowing through a porous medium in the 
presence of an magnetic field. To emphasise the roles 
of the dispersion coefficient and mean solute 
concentration, the generalised dispersion model 
developed by Sakarasubramanian and Gill(1973) is 
employed. The analysis reveals that the convection 
and dispersion coefficients are strongly influenced by 
the slip parameter, magnetic field strength, and porous 
medium parameter associated with suspended 
particles in the fluid. In contrast, the exchange 
coefficient arises predominantly from interphase mass 
transfer at the bounding walls and remains 
independent of the bulk flow velocity. Furthermore, 
interphase mass transfer is shown to alter both 
convection and dispersion characteristics. The 

influence of the governing non-dimensional 
parameters is illustrated and discussed through 
graphical representations. 
2 MATHEMATICAL FORMULATION 
The constitutive equation for blood, expressed as 
Casson fluid, is as follows, according to Gunisetty 
Ramasekhar et al. (2024) 

To formulate the governing equations for the present 
investigation, the following assumptions are made: 

Ø The fluid under consideration is a Casson 
fluid, representing the non-Newtonian 
behaviour of blood, and is assumed to be 
incompressible and poorly conducting. 

Ø The flow is unsteady, laminar, and fully 
developed along the axial direction of the 
channel. 

Ø The channel is bounded by homogeneous 
and isotropic porous layers, and the porous 
medium obeys Darcy’s law. 

Ø A uniform transverse magnetic field is 
applied perpendicular to the direction of 
flow. The induced magnetic field is 
neglected due to the low magnetic Reynolds 
number. 

Ø Solute transport occurs through convection 
and molecular diffusion, accompanied by 
interphase mass transfer and a first-order 
heterogeneous chemical reaction at the 
channel walls. 

Ø The wall reaction is assumed to be catalytic, 
and the reaction rate is proportional to the 
local solute concentration at the boundary. 

Ø The channel walls are separated by a distance 
2h. 

Ø A Cartesian coordinate system is employed 
with the origin located at the centre of the 
channel, enabling a symmetric formulation 
of velocity and concentration fields. 
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Figure 1: Physical problem 

Region 1: 

 

 

 
The concentration C satisfying the convective 
diffusion equation gives 

 

Boundary conditions for velocity and concentration 
are 

 
The symmetric conditions, 

 

 
The heterogeneous reaction conditions are 

 
As the amount of solute in the system is finite,

 
 

where,
 

 - component of velocity, -

pressure, -viscosity of the fluid, - applied 

magnetic field, - the electrical conductivity, t -

time, D -molecular diffusivity, k-permeability of the 

porous medium, -slip parameter, -reference 

concentration, Ks-reaction rate constant catalyzed by 

the walls,  -shear stress, -plastic dynamic 

viscosity. Beavers and Joseph's (1967) slip condition 
at the lower and upper permeable surfaces is 
represented by equations (6).  
Introducing the non-dimensional quantities 

 

In non-dimensional form, equations (2) to (10) are 

 
we define the axial coordinate moving with the 
average velocity of flow as  which is in 

dimensionless form .Then equation (12) 
becomes 

 
where,  

The initial and boundary conditions are
  

 

 

 

 where is the square of the Hartmann 

number, is the Reynolds 

number, is the Peclet number, is 
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the porous parameter, is the reaction rate constant 

catalyzed by the walls.
 3 METHOD OF SOLUTION 

By solving equation (13) and satisfying the boundary 
conditions (14) and (15). The blood velocity is 
obtained as  

 

The axial velocity components that have been 
normalised are 

where 

 

The generalised dispersion model of Gill and 
Sankarasubramanian (1970), which is expressed as a 
series expansion in the form of 
where, is the dimensionless cross sectional 

average concentration, given by 

 
Integrating equation (13) with respect to  in (0,1) 
and using the equation (22) and (23), we get 

In this model we write
 

where the dispersion coefficient,  Substituting 

the Equation (25) in (24) we obtain 

 

Equating the coefficient ,.we get, 

 
where . Equation (26) can be truncated after 

the term involving without causing serious error, 
because , etc. become negligibly small 

compared to  
The resulting model for the mean concentration is 

The differential equations of the following form are 
obtained by substituting (22) in (13) and using 
generalised dispersion model of Gill and 
Sankarasubramanian (1973) to the resultant equation. 

where,  . Since is chosen to 

satisfy the initial and boundary conditions on from 

equations (16) to (18) conditions on the function 

becomes 

Also, from equation (23) we have
 

Substituting k = 0 in equation (28) we get the 
differential equation for as 

For i = 0 in (25) we have 

These two equations (33) and (34) must be solved 
simultaneously, with an initial condition for using 
(23) that requires entering that equation to obtain

 

Substituting  in (22) and setting 
gives the initial condition for 

as
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Substituting equation (30) and (31) into equation 
(36),we get 

 

The solution of the reaction diffusion equation (33) 
with these conditions are formulated as 

 

from which it follows that  has to satisfy 

with conditions 

The solution of (39) subject to conditions (40) to (42) 
is 

 

where  are the roots of 

 

And An ’s are given by 

 

From (38), it follows that 

 

MATHEMATICA 12.0 is used to obtain the first ten 
roots of the transcendental equation (44), which are 
listed in Table (Nirmala P. Ratchagar and Vijaya 
Kumar (2015)) . In the expansions of and, these 10 
roots ensure the series will converge. With that, we 
obtain from (39) in the form  

 

Here  is independent of velocity distribution. 

As we get the asymptotic solution for 

from (56) as 

where is the first root of the equation (44). 

Physically, this represents first order chemical 

reaction coefficient to obtain . We get 

, from (26) (with i = 1) knowing  

and  . Likewise, , 

require the knowledge of and . 

Equation (46) in the limit  reduces 
to

Then we find . For 

asymptotically long times, i.e., equation (26) 

and (28) give  as 

The  must satisfy the conditions (23) and this 

permits the eigen function expansion in the form of 

Substituting (52) in (51) and multiplying the resulting 
equation by and integrating with respect 

to from 0 to 1, gives 

 

Multiplying by and integrating with 

respect to , we get 
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The first expansion coefficient in equation (61) 

using conditions (38) to (41) can be expressed in 
terms of (j =1 to 9) as, Using the boundary 

condition  

Further, from (57) and (61) we find that 
 

Using (55), (56) and (57) in the resultant equation 
after substituting i = 1 in (50), we obtain 

 

Using (54), (55) and (57) in the outcome equation 
after substituting i = 2 in (50), we obtain 

 

where

By substituting the asymptotic limits of the 
coefficients  and into 

equation (25), the mean concentration profile can be 
evaluated as a function of the axial coordinate X,  

and the governing parameter . The initial 

condition required for solving equation (25) is 
obtained by computing the cross-sectional average of 
the concentration field given in equation (17). As the 
present analysis focuses on the long-time behaviour of 
the system, it is observed that the resulting solution 
becomes independent of the initial mean 
concentration distribution. Consequently, the solution 
of equation (25) expressed in terms of the asymptotic 
coefficients as 

where 
 

4 RESULTS AND DISCUSSION 

The dispersion characteristics of a solute in 
Casson fluid flow through a porous channel are 
examined in terms of the effective convection 
coefficient, dispersion coefficient, and mean solute 
concentration. Numerical computations are carried out 
using MATHEMATICA 12.0 and the results are 
presented graphically. The effects of the governing 
non-dimensional parameters, namely the Hartmann 
number (M=0,0.5,1,1.5,2), porous parameter 

, Casson (rheological) parameter 
, slip parameter 
, and wall reaction parameter 

, are discussed with reference to 

Figures 2–15 for fixed 
values .  

 
Figure 2: Variation of versus  

 
Figure 3: Impact of M on  

 
Figure 4: Impact of  on  

Figure 2 presents the axial variation of the dispersion 
coefficient. At short axial distances, dispersion 
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exhibits a transient nature due to the combined effects 
of velocity gradients and molecular diffusion. As the 
solute travels downstream, dispersion gradually 
stabilizes and attains an asymptotic value. This 
behavior indicates the establishment of a fully 
developed dispersive regime, consistent with shear-
enhanced transport mechanisms originally described 
by Taylor (1953) and later formalized by Aris (1956). 
Boundary absorption weakens dispersion by 
continuously extracting solute at the walls, thereby 
restricting axial spreading. The variation of the 
convection coefficient with Hartmann number is 
shown in Figure 3. Increasing magnetic field strength 
results in a reduction in the magnitude of the 
convection coefficient. This occurs because the 
applied transverse magnetic field induces a Lorentz 
force that resists fluid motion, suppressing axial 
velocity. The observed magnetic damping agrees with 
previous magnetohydrodynamic studies on blood and 
non-Newtonian fluids (Misra and Adhikary, 2017; 
Tripathi and Kumar, 2020). 

 
Figure 5: Impact of on  

 
Figure 6: Impact of on  

 
Figure 7: Impact of M on  

Figure 4 illustrates the influence of the Casson 
parameter on convective transport. Higher values of 
the Casson parameter correspond to stronger yield 
stress effects, leading to an expanded plug-flow 
region. This reduces velocity gradients across the 
channel and consequently lowers the convection 
coefficient. Similar suppression of convective 
transport due to yield stress has been reported for 
Casson and viscoplastic fluids (Roy et al., 2018; Das 
et al., 2021). The effect of porous resistance on 
convection is depicted in Figure 5. As the porous 
parameter increases, permeability decreases, offering 
greater resistance to fluid motion. This reduction in 
axial velocity directly diminishes the convection 
coefficient. Such trends are consistent with classical 
porous-wall flow models (Beavers and Joseph, 1967; 
Shah et al., 2020). The effect of porous resistance on 
convection is depicted in Figure 5. As the porous 
parameter increases, permeability decreases, offering 
greater resistance to fluid motion. This reduction in 
axial velocity directly diminishes the convection 
coefficient. Such trends are consistent with classical 
porous-wall flow models (Beavers and Joseph, 1967; 
Shah et al., 2020). 

 

 Figure 8: Impact of  on  
Figure 6 highlights the impact of velocity slip at the 
porous walls. An increase in slip parameter enhances 
near-wall velocities, which in turn strengthens axial 
transport. Consequently, the convection coefficient 
increases with slip. This observation underscores the 
importance of wall conditions in regulating transport 
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processes, particularly in permeable and biological 
surfaces (Rudraiah et al., 2016). The dependence of 
dispersion coefficient on magnetic field strength is 
illustrated in Figure 7. Increasing Hartmann number 
leads to a noticeable decrease in dispersion. The 
magnetic field suppresses velocity fluctuations and 
weakens shear-induced mixing, thereby reducing axial 
solute spreading. This magnetic control of dispersion 
has important implications for targeted drug delivery 
and biomedical flow regulation (Biswas et al., 2022; 
Prosanjit Das et al., 2024).Figure 8 shows that 
dispersion decreases with increasing porous 
parameter. The enhanced resistance imposed by the 
porous medium restricts fluid motion and reduces 
mixing efficiency, resulting in lower dispersion. This 
behavior conforms to predictions of the generalized 
dispersion theory (Sankarasubramanian and Gill, 
1973).  

 
Figure 9: Impact of  on   

 
Figure 10: Impact of  on  

 
Figure 11: Impact of  on  

 
Figure 12: Impact of  on  

The variation of dispersion with Casson parameter is 
presented in Figure 9. Increasing yield stress 
suppresses shear-induced spreading by promoting 
plug-like flow, thereby reducing dispersion. 
Comparable results have been reported in earlier 
studies on non-Newtonian dispersion phenomena 
(Roy et al., 2018; Siddheshwar et al., 2000). Figure 10 
demonstrates that dispersion increases with the slip 
parameter. Enhanced slip amplifies near-wall velocity 
gradients, facilitating greater solute spreading. This 
result highlights the significant role of slip 
mechanisms in modulating dispersion in porous and 
micro-scale flows (Ratchagar and Vijaya Kumar, 
2015). Figure 11 illustrates the variation of mean 
solute concentration with porous parameter. An 
increase in porous resistance leads to a reduction in 
mean concentration, as solute transport is hindered 
and wall absorption becomes more effective. This 
phenomenon is relevant to solute retention processes 
in biological tissues and porous membranes (Khanafer 
and Vafai, 2022). 
As shown in Figure 12, the mean solute concentration 
decreases with increasing magnetic field strength. 
Reduced convection allows boundary absorption to 
dominate the transport process, resulting in lower 
average concentration. This observation is consistent 
with magnetically influenced physiological transport 
models (Misra and Adhikary, 2017). Figure 13 reveals 
that mean concentration decreases as the Casson 
parameter increases. Stronger yield stress reduces 
axial transport efficiency, enabling greater solute 
uptake at the catalytic walls. Similar trends have been 
observed in previous Casson fluid studies (Das et al., 
2022). 
Figure 14 shows a pronounced decrease in dispersion 
coefficient with increasing wall reaction parameter. 
Strong boundary reactions act as effective solute 
sinks, significantly limiting axial spreading. Figure 15 
demonstrates that increasing wall reaction strength 
causes a substantial reduction in mean solute 
concentration. This confirms that interphase mass 
transfer at the walls plays a dominant role in solute 
depletion, largely independent of bulk flow velocity. 
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Similar conclusions were reported by Rudraiah et al. 
(2016) and Roy et al. (2018). The combined analysis 
of Figures 2–15 indicates that magnetic field effects 
and boundary reactions exert the strongest control 
over solute dispersion, while rheological and porous 
parameters primarily modulate shear-induced 
transport. The results strongly support the 
applicability of the generalized dispersion model for 
non-Newtonian physiological flows. 

 
Figure 13: Impact of  on  

 
Figure 14: Impact of on  

 
Figure 15: Impact of  on   

5 CONCLUSION 
The generalised dispersion model of 
Sankarasubramanian and Gill (1973) is used to 
examine how a magnetic field affects a solute 
dispersion in a fluid flow with wavy boundary 
retention effects in a conduit. The three transport 
coefficients the exchange (absorption) coefficient, 
convection coefficient, and dispersion coefficient are 
used to characterise the dispersion process. It is 
observed that the absorption coefficient is unaffected 
by the rheological parameter, electric number, 
Hartmann number, and porous parameter. Magnetic 
field affect the convection coefficient. It is found that 
as the magnetic field grow, the negative asymptotic 

convection coefficient drops, whereas as the wall 
absorption parameter increases, it increases. The 
boundary reaction dramatically reduces the axial 
dispersion.This results corresponds to those given by 
Ashis Kumar Roy et al., (2018). 
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