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This article investigates a Darcy-Forchheimer flow nonlinear analysis in an electro-magnetohydrodynamic regime for a 
non-Newtonian ternary hybrid nanofluid (Cu–Fe₃O₄–Ti/blood) over a slanting extending plate incorporated in a porous 
medium, considering consistent heat source and sink effects and linear TR. By substituting the Cattaneo–Christov (CC) heat 
flow model for the traditional Fourier law, a thermal relaxation time permits limited-speed thermal signal transmission, 
thereby incorporating a more physically realistic heat conduction process. The boundary layer governing equations are 
transformed into a collection of nonlinear ordinary differential equations (ODEs) with the help of transformations of 
similarity, and these are then numerically resolved using MATLAB's bvp4c solver. The impact of inclination angle, 
electromagnetic parameters, volume fractions of nanoparticles, and thermal relaxation time on flow and heat transmission 
characteristics is demonstrated using parametric testing. The findings recommend prospective uses in targeted medication 
administration, thermal therapy, and bio-microfluidic devices in biomedical engineering by exhibiting improved thermal 
conductivity and controlled heat propagation. 
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Introduction  
In contrast to classical Fourier's law, the CC model 

of heat flux is a non-Fourier heat conduction model 
that considers the thermal relaxation time of the 
medium and ensures finite-speed propagation of heat. 
It is especially helpful in fast, small-scale, or complex 
systems like nanofluids, high-speed flows, biological 
tissues, and MHD applications. Incorporating time 
delay (Cattaneo) and frame invariance (Christov) into 
the model improves its accuracy, making it essential 
for accurate transient heat transfer analysis in 
sophisticated thermal systems1-10. Li et al.1 analyzed 
thermal transmission in a THNF (AlO₃–Ag–
CuO/water) across an extending sheet using the CC 
heat flux model. Significant effects are examined, 
such as magnetic fields, heat radiation, and 
nanoparticle shapes. Reddy and Bala2 investigated 
how radiation affects the unstable MHD micropolar 
flow across a thinned plate. To describe the obtained 

mathematical model, the homotopy perturbation 
method and the numerical method were proposed. 
Sharjeel and Sagheer3 demonstrated how magnetic 
fields and concentrations of silver nanoparticles raise 
temperature while reducing flow velocity and heat 
transfer in their study of MHD flow of a THNF over 
an extended sheet with slip and non-Fourier heat flux. 
Sandhya Rani et al.4 investigated the movement of 
chemically reactive nanofluids over a stretched plate 
using Joule heating and CC heat flux. The thickness 
of the boundary layer was found to be increased by 
the significant influence of magnetic fields, 
permeability, and thermal factors on temperature and 
velocity profiles. Reddy et al.5 used the CC heat flux 
model to examine how the energy of activation affects 
the chemical reaction of Eyring-Powell nanofluid past 
an angled radiative cylinder. Abdal et al.6 suggested 
that fluid properties and magnetic fields have a major 
impact on flow and temperature behaviour. They 
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looked into how heat transmission over an extended 
sheet can be enhanced by nanofluids with Maxwell 
and bioconvection and CC heat flux. Iqbal et al.7 
observed that buoyancy and mixed convection 
increased velocity while magnetic fields decreased it 
in their investigation of Maxwell flow of fluid over an 
extending plate with CC heat flux. Shankaralingappa 
et al.8 addressed relaxation chemical processes, 
thermophoretic particle deposition, and CC dual 
diffusion in their study of Oldroyd-B flow of fluid 
across an extending plate. It used numerical 
approaches to show how diverse variables affected the 
concentration, velocity, and temperature profiles. 
Using the Cattaneo–Christov model, Abbas et al.9 
evaluated the movement and transfer of heat of a 
Williamson fluid over an extending plate in a porous 
media. The results, which were accomplished using a 
numerical shooting approach, suggested that the 
concentration, velocity, and temperature profiles were 
considerably impacted by slip velocity, viscosity, and 
chemical reactions. Khalil et al.10 examined how 
various properties affected the fluid and the dual 
diffusive CC model on the heat transmission and flow 
of a Powell–Eyring fluid over an extending sheet 
using numerical techniques, which showed the effect 
of thermal conductivity, viscosity, and chemical 
reactions.  

Non-Newtonian nanofluids are being extensively 
investigated for implementation in industrial 
processes, electronics cooling, and biological systems 
due to their changeable viscosity and enhanced 
thermal properties. Nanoparticles like TiO₂, Cu, or 
Al₂O₃ are added to non-Newtonian-based fluids to 
improve their stability and heat conductivity. They are 
used in a wide range of sectors, and even Newtonian 
base fluids can exhibit non-Newtonian behaviour 
when nanoparticles are added. Abbas et al.11 used 
numerical analysis to study the heat propagation and 
flow of a second-grade NF over an exponentially 
permeable extending curved Riga sheet, 
demonstrating the effects of chemical reactions, 
porosity, and magnetic fields on temperature, 
velocity, and concentration profiles. Elgazery and 
Asmaa12 had evaluated the flow of a Casson  
non-Newtonian NF over an extending sheet with 
nonlinear TR. Only the first solution was found to be 
stable, illustrating how factors like thermophoresis 
and resistance to porous media affected the 
concentration, velocity, and temperature of 
nanoparticles. Reddy and Bala13 numerically 

investigated the unstable micropolar 3D MHD flow 
over a thin stretching plate. In their exploration of 3D 
MHD flow of a non-Newtonian NF over a porous, 
extending plate with nonlinear TR and heat 
absorption, Tarakaramu et al.14 explored that heat 
transfer, velocity, and concentration profiles were 
significantly impacted by magnetic fields, porosity, 
and thermophysical parameters. Tuesday et al.15 
discovered the unsteady hydromagnetic movement of 
a non-Newtonian NF via a porous extending sheet and 
showed that magnetic fields, chemical reactions, and 
various flow parameters significantly affected the 
fluid's concentration, velocity, and temperature 
profiles. The impact of chemically reacting 
hydromagnetic flow across an incline with 
exponential stretching was examined by Reddy and 
Bala16, utilising unequal gain or loss. Maxwell NF 
flowed over an extending rough plate via porous 
media, and it was viewed that viscous dissipation, slip 
velocity, and thermophysical variables significantly 
affected the concentration, velocity and temperature 
profiles analyzed by Amer et al.17. Xin et al.18 
observed that heat transmission, fluid velocity, and 
pollutant concentration were significantly influenced 
by nanoparticles, thermal radiation, and fluid 
properties in their study of the release of pollutants 
through a porous Riga sheet in non-Newtonian NF 
flow. Ramesh et al.19 analyzed the EMHD flow of an 
iron oxide, titanium oxide, and extending surface with 
an HNF of ethylene glycol and observed that radiation 
increased temperature, magnetic fields reduced 
velocity, and hybrid nanofluids enhanced heat transfer 
performance. Abbas et al.20 proved that thermal slip, 
suction, and micropolar effects all significantly 
influenced the temperature, velocity, and 
concentration profiles in their investigation of 
micropolar NF flow over an incredibly extended 
sheet. A substance's porosity, or the amount of empty 
space inside it, determines how efficiently it holds or 
transports fluids. By being essential to fluid flow, heat 
transmission, and mechanical strength, porosity 
influences fields such as geology, civil engineering, 
thermal systems, and biomedical applications. In 
porous media, increased porosity enhances fluid 
penetration and heat exchange while influencing 
permeability, strength, and thermal behaviour. 

Yousef et al.21 observed the influence of chemical 
processes, fields of magnet, and slip velocity on the 
HMT of a Casson-Williamson NF through an 
extending plate in a porous medium. They discovered 
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that magnetic and porous effects slowed the flow and 
reduced heat transfer, whereas chemical interactions 
enhanced mass transfer. Mondal et al.22 found how 
magnetic fields, thermophoresis, Soret-Dufour effects, 
and chemical reactions significantly altered flow, 
temperature, and concentration behaviours when they 
explored their effects on HMT across an inclined 
plate. Amer et al.23 delved into tangent hyperbolic NF 
flow along an extending plate within a porous 
medium with slip and magnetic effects. They 
determined that raising the magnetic field, slip, and 
porosity raises their temperature and concentration 
while decreasing velocity. This has important 
applications in heat exchangers and material 
processing. Raza et al.24 explored the MHD 
movement of a Williamson NF over an elongated 
sheet with variable thickness and noticed that 
temperature, velocity, and concentration of 
nanoparticles were significantly influenced by TC, 
Brownian motion, magnetic fields, slip influence, and 
thermophoresis. These factors, in turn, influenced the 
rates of HMT. CF flow with magnetic field effects, 
CR, and suction over an elongated sheet in a porous 
medium, exhibiting that key parameters influence 
velocity and concentration profiles, was discussed by 
Ekang et al.25. Kayalvizhi and Vijaya Kumar26 
concluded that magnetic fields reduced velocity, 
while electric fields and radiation enhanced 
temperature and entropy generation in their study of 
EMHD HNF flow along a porous elongated sheet. 
Qamar et al.27 explored EMHD bio-NF flow across an 
extending sheet through the Galerkin FEM and 
revealed that magnetic, electric, and thermal 
phenomena significantly impacted fluid behaviour 
and HMT. Faisal et al.28 evaluated MHD Hiemenz 
flow across a nonlinear stretched sheet and showed 
that magnetic fields and chemical reactions reduced 
flow and concentration while radiation and 
thermophoresis increased temperature. A Cu-CNT-
Ti/water THNF heat transfer under thermal and 
electromagnetic effects was evaluated by Shaik Jakeer 
et al.29, which indicated better thermal performance 
than conventional nanofluids. Because of its unique 
rheological properties, the Casson fluid is a 
remarkable representation of non-Newtonian NF that 
finds application in the fields of engineering and 
biology. This model is very significant in cases 
involving fluid dynamics in magnetic fields, heat 
transfer, and drug delivery. The CF model, which 
Casson introduced in 1959, describes the flow 

behaviour of viscoplastic fluids, which can be both 
solid and liquid depending on the stress applied. 
Because it accurately depicts the flow characteristics 
of blood, chocolate, and even printing ink, this model 
has found usage in various fields, such as polymer 
production, culinary science, and biomedical 
engineering.  

A prior study based on the literature found that 
there had been no attempt to illustrate the non-linear 
Darcy-Forchheimer flow in EMHD of aTHNF while 
incorporating non-Fourier heat conduction. HT 
characteristics of copper, Iron oxide, and titanium 
with blood over an elongated sheet with linear TR, a 
porous medium, a homogenous heat source/sink, and 
a CC heat flow model are the main applications of 
this model. Compared to the traditional Fourier law, 
this enhanced heat conduction model improves the 
accuracy of thermal forecasts by considering thermal 
relaxation time, which permits finite-speed 
propagation of thermal disturbances. The current 
model may be used in the key technologies for 
sustainable energy and environmental systems, such 
as hydrogen generation, wastewater treatment, drug 
delivery, and biodiesel synthesis. MATLAB's bvp4c 
solver technique is utilised to solve the system of 
ODEs that result from similarity variables of the 
governing fluid transport equations. This process 
incorporates the influence of non-Newtonian NF 
behaviour and non-Fourier heat flow. A detailed 
discussion and graphic illustrations of the results are 
provided. Future research might concentrate on 
expanding this framework to include more 
generalisations to time-dependent or three-
dimensional geometries. 
 
Mathematical Modelling 

The Cattaneo–Christov heat flux model is 
employed to analyse the 2D nonlinear electro 
magnetohydrodynamic flow of an incompressible, 
laminar ternary hybrid Casson nanofluid (Cu–Fe₃O₄–
Ti/blood) over a variable thickness surface, as 
illustrated in Fig. 1. The surface is non-flat and is 

described by the profile  1 ,
n

y x c J


  . The 

surface exhibits an outer concave shape when 1n   
and an inner convex shape when 1n  . Furthermore, 
a uniform magnetic and electric field is applied 
vertically to the inclined surface. We also analysed 
the implications of viscous dissipation and Joule 
heating under convective boundary conditions. The 
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mathematical representation for the sheet surface's 

variable thickness velocity is 0 ( )n
wu U c x  . The 

boundary layer flow equations for the THNF are 
given as follows1,12,16,29.  
 

0,
u v

x y

 
 

 
 … (1) 

 
2

2

2
0 ' '

1
1 ( ) cos ( )

1
( ) 1 ( ) ( ),

thnf T thnf

thnf thnf

thnf

u u u
u v T T g

x y y

B F
Bu E u u

k k

  


 
 





   
          


          

  

 … (2) 
 

   

 

2 2 2
2 2

2 2

232 2

2 2
1

2
0

2

16 1
1

3

( ) (
( )

t

thnf
thnf

p pthnf thnf

thnf

p thnfp thnf

T T T u T
u uv v u

x y x xx yT T
u v

x y u T v T v T
v u v

y x x y y y

TT T u

yy yC k C

Q
Bu E T

CC






 











     
            

        
        

    
           

   )T


















 … (3) 
 

The essential boundary conditions1,29 are as 
follows:  
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The THNF has the following thermophysical 

characteristics29: 
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Fig. 1 — Schematic illustration of the required problem 
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Dynamic viscosity  
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The following is the reconstruction of Eqns. (2)-(4) 
using Eqns. (5)-(7). 
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The required boundary conditions are as follows12: 
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'

'
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 

 

... (10) 

 
Nonlinear and coupled, Eqs (8)-(10) have the 

domain  ,  . It should be converted to  0, to 

facilitate the computations. Thus, we get29 

 
 

( ) ( ) ( ), ( ) ( ) ( ),F f f                   … (11) 
 

Here, Eqs. (8)-(10) as,  
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      



       

  

… (12) 
 

Table 1 — Thermophysical characteristics of Cu, Fe3O4, Ti and Blood29 

Physical 
properties 

3

kg

m
 
 
 

 
p

J
C

kg K

 
 
 

 
W

k
m K

 
 
 

  1 1m    5 1
10T K

     
 

 
Pr  

Blood 1050 3167 0.52 0.8 1.8 × 10-1 21 
Cu 8933 385 400 5.96 × 107 17 × 10-1  
Fe3O4 5200 670 6 25000 1.3  
Ti 4510 540 20 2.5 × 106 0.9  
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… (13) 
 

These are the necessary boundary conditions12,29:  
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… (14) 

 

Where   is the angle of inclined surface, 

 0t tU x c     is the thermal relaxation time, 

01

2 f

Un
J



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is the wall thickness variable, 
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 is the porosity parameter, 
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 is the Eckert number, 

0
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Q
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  is the heat generation parameter. 

The rate of transmission of heat and the skin 
friction coefficient are analysed to satisfy engineering 
curiosity: 
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… (15) 

 

Here ( )
Re w

x
f

x c u




  represents the local Reynolds 

number. 
 
Graphical Description 

Using a graphical representation, we examined the 
non-dimensional parameters for the velocity and 
temperature profile '( )f   and ( )  ) data in this 
section. The consequences of the porosity parameter 
K  on the '( )f   and ( )   when 0.5 1.5n and  
are described in Fig 2. In Fig. 2(a), the velocity 
decreases as the porosity parameter ( )K  values 

increase at 0.5 1.5n and . It is also observed that 

the velocity is lower at 0.5n  compared to 1.5n  .  
Fig. 2(b) illustrates that the higher porosity improves 
the temperature. This implies that the larger values of 
the porosity parameter lead to a thicker TBL.  

 
 

Fig. 2 — Graph for effect of K  on (a) '( )f   and (b) ( )   
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The effect on THNF '( )f   and ( )   of the magnetic 

field ( )M  parameter is shown in Fig. 3. The velocity 
profile and the TBL decrease when the magnetic field
( )M  increases at 0.5n  and 1.5n   in Fig. 3(a).  
From Fig. 3(b), we find that the temperature for larger 
values of the magnetic field ( )M  rises on 0.5n  and

1.5n  which in turn raises the TBL thickness. This is 
due to the Lorentz force, which has already been studied 
in the existing literature29.  

The discrepancies of the inertial coefficient sF  on

'( )f   and ( )  at 0.5 1.5n and  graphs are 
displayed in Fig. 4 for the ternary hybrid 
nanofluids. In Fig. 4, increasing the inertial 
coefficient lowers the velocity profiles, and the 
temperature shows a contradiction in THNF. Fig. 5 
depicts the CF parameter ( )  on '( )f   and ( )   at

0.5 1.5n and . Fig. 5(a) shows that fluid velocity 
decreases with an increase in the Casson fluid 

parameter, while Fig. 5(b) indicates that the 
temperature profile also decreases as the Casson 
fluid parameter increases.  

The consequences of the Eckert number ( )Ec  on 

'( )f   and ( )   at 0.5 1.5n and are displayed in  
Fig. 6. In Fig. 6(a), the velocity profile increases with a 
rise in Eckert number.  The thermal profile rises with a 
rise in the Eckert number displayed in Fig. 6 (b). In  
Fig. 7(a) represents the influence of the Biot number
( )Bi  on ( )   at 0.5 1.5n and . When the Biot 
number is higher, it increases the temperature profile. 
Fig. 7(b) shows that the effect of the heat generation 
parameter ( )Q  for the ( )   when 0.5 1.5n and . 
The temperature profile increases when increasing the 
heat generation parameter for THNF.  

Table 2 explains the rate of HT 1/2Rex xNu   and 

skin friction coefficient 1/2Re / 2f xC  for the different 

values of the parameters n ,  , , sF , rG , M , K , E , 

 
 

Fig. 3 — Graphs for effect of M  on (a) '( )f   and (b) ( )   

 

 
 

Fig. 4 — Graphs for effect of inertial coefficient sF  on (a) '( )f   and (b) ( )   
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Fig. 5 — Graphs for effects of   on (a) '( )f   and (b) ( )   

 

 
 

Fig. 6 — Graphs for effects of Ec  on (a) '( )f   and (b) ( )   
 

 
Fig. 7 — Graphs for (a) influence of the Biot number ( )Bi  on ( )   and (b) heat generation parameter ( )Q  on ( )   at 

0.5 1.5n and  
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Table 2 — Numerical values of '' (0)f and ' (0) for various values of the , , , , , , ,s rn F G M K  , , , , ,i tE B R Ec  and Q  

n      
sF  

rG  M  K  E    
iB  

t  R  Ec  Q  '' (0)f  ' (0)  

0.5 1.0 

3

  
1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6000 0.0269 

1.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.8053 0.1112 

2.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.9695 0.1221 

0.5 1.5 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.7006 0.0519 

0.5 2.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.7660 0.0648 

0.5 2.5 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.8120 0.0726 

0.5 1.0 0 1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.5209 0.0363 
0.5 1.0 

4


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.5668 0.0309 

0.5 1.0 

2


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6835 0.0166 

0.5 1.0 

3


 

1.5 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6648 0.0192 

0.5 1.0 

3


 

2.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.7271 0.0116 

0.5 1.0 

3


 

2.5 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.7872 0.0043 

0.5 1.0 

3


 

1.0 0.2 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6495 0.0208 

0.5 1.0 

3


 

1.0 0.3 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6329 0.0229 

0.5 1.0 

3


 

1.0 0.4 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.6164 0.0249 

0.5 1.0 

3


 

1.0 0.5 0.2 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.4686 0.0884 

0.5 1.0 

3


 

1.0 0.5 0.4 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.5026 0.0723 

0.5 1.0 

3


 

1.0 0.5 0.6 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.5358 0.0568 

0.5 1.0 

3


 

1.0 0.5 1.0 0.6 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.4407 0.0448 

0.5 1.0 

3


 

1.0 0.5 1.0 0.7 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.4823 0.0328 
 

(Contd.)
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Table 2 — Numerical values of '' (0)f and ' (0) for various values of the , , , , , , ,s rn F G M K  , , , , ,i tE B R Ec  and Q    (Contd.) 

n      
sF  

rG  M  K  E    
iB  

t  R  Ec  Q  '' (0)f  ' (0)  

0.5 1.0 

3


 

1.0 0.5 1.0 08 0.01 0.5 0.2 0.1 0.5 0.1 0.1 -1.5227 0.0387 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.02 0.5 0.2 0.1 0.5 0.1 0.1 -1.5969 0.0290 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.03 0.5 0.2 0.1 0.5 0.1 0.1 -1.5937 0.0310 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.04 0.5 0.2 0.1 0.5 0.1 0.1 -1.5903 0.0328 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.6 0.2 0.1 0.5 0.1 0.1 -1.6103 0.0556 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.7 0.2 0.1 0.5 0.1 0.1 -1.6189 0.0800 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.8 0.2 0.1 0.5 0.1 0.1 -1.6262 0.1012 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.3 0.1 0.5 0.1 0.1 -1.5997 0.0384 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.4 0.1 0.5 0.1 0.1 -1.5995 0.0487 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.5 0.1 0.5 0.1 0.1 -1.5993 0.0582 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.04 0.5 0.1 0.1 -1.5931 0.0142 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.06 0.5 0.1 0.1 -1.5955 0.0185 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.08 0.5 0.1 0.1 -1.5978 0.0227 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 1.0 0.1 0.1 -1.6016 0.0803 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 1.5 0.1 0.1 -1.6021 0.1354 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 2.0 0.1 0.1 -1.6020 0.1912 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.07 0.1 -1.6225 0.1035 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.08 0.1 -1.6149 0.0778 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.09 0.1 -1.6075 0.0523 

  
 

            (Contd.)
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Table 2 — Numerical values of '' (0)f and ' (0) for various values of the , , , , , , ,s rn F G M K  , , , , ,i tE B R Ec  and Q    (Contd.) 

n      
sF  

rG  M  K  E    
iB  

t  R  Ec  Q  '' (0)f  ' (0)  

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.07 -1.6048 0.0430 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.08 -1.6033 0.0378 

0.5 1.0 

3


 

1.0 0.5 1.0 1.0 0.01 0.5 0.2 0.1 0.5 0.1 0.09 -1.6017 0.0325 

 

 , Bi ,, t , R , Ec and Q . The 1/2Re / 2f xC decreases 

with increasing the inclination angle parameter, porosity 
parameter, and thermal relaxation time parameter, 
whereas opposite behaviour exists in the Biot number 

and Eckert number. The 1/2Rex xNu  increases with 

increasing the Biot number, nanoparticle volume 
fraction and thermal relaxation time parameter, whereas 
opposite behaviour exists in inclination angle parameter, 
magnetic field parameter, Eckertnumber, and porosity 
parameter.Some additional significant trends are clearly 
illustrated in the contour plots presented in Figs. S1-S4 
in Supplementary Information. 
 
Conclusion 

In the present study, two-dimensional nonlinear 
flow of ternary hybrid Casson nanofluid (Cu–Fe3O4–
Ti/Blood) over an inclined stretching sheet with 
EMHD is considered, which gives immense 
performance in thermal conductivity. The given 
governing PDEs are transformed using similarity 
variables into coupled ODEs.  The MATLAB bvp4c 
approach is used to examine the provided results. The 
main findings, along with their biomedical 
engineering relevance, are summarized as follows: 
●   An increase in the porosity parameter reduces the 

velocity but elevates the temperature profile, 
which is beneficial in controlled perfusion and 
porous biomedical scaffolds where enhanced 
thermal regulation is desired. 

● Higher magnetic field strength increases 
temperature while reducing velocity, indicating 
potential for magnetic-field-assisted blood flow 
control in targeted hyperthermia and magnetic 
drug delivery systems. 

●   Increasing the Biot number raises the fluid 
temperature, and a similar trend is observed with 
the heat generation parameter; this behaviour is 
relevant to bioheat transfer processes such as 
tissue heating and thermal therapy. 

●   The Eckert number enhances both temperature 
and velocity profiles, reflecting the significance 
of viscous dissipation in high-shear biomedical 
flows such as blood pumping and 
microcirculatory transport. 

●   An increase in thermal relaxation time improves 
the heat transfer rate, which is important in 
accurately modelling non-Fourier heat conduction 
in biological tissues. 

●   The skin friction coefficient and heat transfer rate 
decrease with increasing inclination angle. Here,

0  corresponds to a horizontal surface,
/ 4   to an inclined surface, and / 2   to 

a vertical surface. This observation is useful for 
the orientation-based design of biomedical flow 
and thermal management devices. 

Overall, the present model may provide useful 
guidance for thedesign and optimization of advanced 
biomedical thermal systems, including targeted drug 
delivery, blood flow regulation, magnetic 
hyperthermia, and bioheat transfer devices. 
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