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This theoretical study aims to explore the dynamics of a Casson 

nanofluid flowing through a biological tissue under the influence of a 

magnetic field, in the presence of an inclined circular cylindrical lymphatic 

vessel. The governing partial differential equations and their boundary 

conditions are transformed into a set of non-linear ordinary differential 

equations using appropriate similarity transformations. The problem is 

solved using the bvp4c function in MATLAB software, and the numerical 

results are presented graphically. The research investigates and visually 

depicts the impact of various parameters on the velocity of the nanofluid, its 

temperature, and the concentration of nanoparticles. These parameters 

encompass the magnetic field, porous medium, inclination angle, 

thermophoresis, thermal Grashof number, Eckert number, mass Grashof 

number, Casson parameter, and the curvature parameter. The study 

concludes that an increase in the value of the Casson parameter significantly 

elevates the NP concentration while concurrently reducing the temperature 

of the nanofluid. We also found that there is a decreasing trend in both the 

nanofluid temperature and the NP concentration. The two variables peak in 

the tissue and then drop close to the lymph channel wall. 
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1. INTRODUCTION  

 

The field of nanofluids has recently garnered significant attention due to their 

unique rheological and thermal properties [1]. These properties have been extensively 

studied both numerically and experimentally by researchers worldwide, aiming to gain a 

deeper understanding and evaluate their potential in various applications. Among these 

applications, the behavior of nanofluids in porous media is of particular interest, 

especially in the realm of biomedical engineering [2].  

The term ―nanofluid‖ was first coined by Choi and Eastman [3], who discovered 

that the enhanced thermal conductivity of the base fluid could be attributed to the 

nanoscale particles suspended within it. Boungiorno [4] further investigated the factors 

contributing to the improved heat transfer in nanofluids and proposed that thermophoresis 

and Brownian diffusion played a significant role. Building on Buongiorno’s model, 

Hashim et al. [5] developed a mathematical framework to simulate the flow of nanofluids 

past a cylindrical device with convective heat transfer. A key finding of their study was 

that increasing the values of the thermophoresis parameter led to a significant increase in 

nanoparticle (NP) concentration. 

In the field of fluid dynamics, the Casson model provides a useful framework for 

understanding the flow characteristics of non-Newtonian fluids, such as blood and certain 

biological fluids [6]. The Casson fluid model, a rheological model, was first introduced 

by Casson [7]. Malik et al. [8] studied the heat transfer and boundary layer flow of a 

Casson nanofluid over a vertical cylinder and found that the velocity profile decreased as 

the Casson fluid parameter increased. Hayath et al. [9] explored the effects of thermal 

conductivity and changing viscosity properties in magnetohydrodynamic non-Newtonian 

nanofluid flow. Their study highlighted the importance of the Dufour and Soret effects on 

the boundary layer flow of the nanofluid. They observed that a decrease in the Soret 

number and an increase in the Dufour number resulted in significant heating, flow 

acceleration, and higher temperature magnitudes. Mabood et al. [10] studied the steady 

forced convection boundary layer nanofluid flow over a horizontal circular cylinder and 

found that the convective heat transfer coefficient and the solid volume fraction of NPs 

were related to the enhancement of heat transfer. Hayat et al. [11] examined the Casson 

fluid boundary layer flow induced by a stretching cylinder in the presence of both heat 

radiation and NPs. They observed a significant decrease in temperature with an increase 

in the intensity of Brownian motion. However, with higher Brownian motion parameter 

values, both the heat transfer rate and the NP concentration at the surface increased. 

Makkar et al. [12] conducted a mathematical analysis of an unstable boundary layer flow 

involving a Casson nanofluid in the context of a chemical reaction near a stretching sheet. 

They found that as the value of the instability parameter increased, the velocity 

distribution decreased very slowly. Pandey and Kumar [13] investigated the combined 
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effects of slip boundary conditions, viscous dissipation, and thermal radiation on a Cu-

water nanofluid induced by a stretching cylinder in a porous medium. Their findings 

indicated that the Nusselt number decreased when the thermal slip parameter, radiation 

parameter, and Eckert number increased. Furthermore, they found that natural convection 

characteristics and higher velocity slip were used to accelerate the flow. Basha et al. [14] 

explored the impact of the nonlinear Boussinesq approximation on the entropy generation 

and fluid transfer properties of a tangent hyperbolic nano-liquid flowing through a 

horizontal cylinder. Their findings indicated that an increase in the combined convection 

parameter led to an increase in nanofluid velocity, while higher values of the 

dimensionless temperature ratio parameter resulted in increased total entropy generation. 

Ishak et al. [15] proposed a computational solution for the flow and heat transfer around a 

stretched permeable cylinder. They found that the skin friction coefficient increased with 

the Reynolds number but remained constant with the Prandtl number. Mukhopadhyay et 

al. [16] examined the boundary-layer controlled convective motion of a Casson fluid over 

a symmetric wedge. They discovered that increasing the Casson fluid parameter allowed 

for control of flow separation. Abo-Dahab et al. [17] elucidated the thermophysical 

characteristics of viscoelastic fluid flow induced by a nonlinearly stretched surface. They 

observed that as the chemical reaction progressed, the temperature increased while the 

NP concentration decreased. Murthy et al. [18] investigated the magnetohydrodynamic 

boundary layer slip flow of a Casson fluid over a moving cylinder. They noted that an 

increase in the Hartmann number corresponded to an increase in the skin friction 

coefficient. Mahdy [19] presented numerical solutions for the flow and heat transfer of a 

non-Newtonian fluid over a stretched permeable cylinder, considering suction or blowing 

and the Soret and Dufour effects. They demonstrated that increasing the Casson factor 

reduced velocity while raised temperature. Moreover, an increase in the Soret parameter 

and a decrease in the Dufour parameter resulted in a drop in both temperature and 

concentration.  

Casson nanofluids exhibit unique behaviors when subjected to a magnetic field 

due to the interactions between the suspended NPs and the applied magnetic field [20]. 

Numerous researchers have incorporated the magnetic field into their studies. Alwawi et 

al. [21] investigated the natural convection of a Casson nanofluid around a horizontal 

rotating cylinder in the presence of a magnetic field. They found that the Casson 

nanofluid with ethylene glycol and copper oxide exhibited the highest temperature and 

the lowest local Nusselt number. Ogunseye et al. [22] focused on the numerical analysis 

of a Casson–Williamson reacting nanofluid species in a moving vertical medium. They 

discovered that the magnetic field increased the material viscosity and the NP thermal 

conductivity, while the Lewis number enhanced the fluid viscoplasticity. Nabwey et al. 

[23] studied heat transfer in the combined bioconvection flow of a Carreau nanofluid over 

an inclined stretchable cylinder subjected to a binary chemical reaction and a varying 

magnetic field effect. They found that for larger values of the activation energy limit, the 
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NP concentration in the nanofluid showed an increasing trend. In the presence of 

magnetic NPs, Walelign et al. [24] developed a mathematical model for the heat and 

mass transfer in a Casson fluid flow over an inclined stretching cylinder. They found that 

increasing the non-Newtonian Casson parameter improved the concentration and 

temperature profiles while decreased the flow velocity. Hamarsheh et al. [25] investigated 

the effects of NP volume fraction, magnetic force, and Casson parameter on natural 

convection in the boundary layer region of a horizontal cylindrical structure immersed in 

a Casson nanofluid with constant heat flux boundary condition. They demonstrated that 

increasing the Casson parameter reduced temperature, local skin friction, and velocity 

while increasing the local Nusselt number. Alwawi et al. [20] established a numerical 

simulation of kerosene oil flowing around a cylindrical form in the presence of an applied 

magnetic field. They found that the velocity distribution, rate of energy transmission, and 

skin friction were all enhanced by an increase in the mixed convection parameter or the 

volume percentage of ultrafine particles. Rahman et al. [26] used an extended cylinder to 

model and examine the irreversibility of Sutterby nanofluid flow. The data demonstrated 

that increasing the Forchheimer and porosity factors reduced the velocity field. The 

velocity and temperature curves revealed a trend that was contrary to the magnetic 

parameter. A higher Schmidt number was associated with a decline in the concentration 

distribution. 

The study of Casson nanofluid across porous media in lymphatic vessels is a 

multidisciplinary investigation within the fields of porous media mechanics, fluid 

dynamics, and biomedical engineering. The objective of this work is to investigate the 

underlying principles that govern the transport of Casson nanofluid in porous surfaces, 

with a particular focus on the implications for lymphatic vessel dynamics. Through 

theoretical analyses and computational simulations we aim to clarify the processes that 

govern the interaction between Casson nanofluid and porous tissues comprise lymphatic 

vessels. 

 

 

2. MATERIALS AND METHODS  

 

2.1 Mathematical Model 

Consider a Casson nanofluid flow through a biological tissue comprises an inclined 

circular cylindrical lymph vessel of radius   and an angle  . In addition, consider a 

homogeneous magnetic field acts radially with constant intensity   , see Figure 1. 
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Figure 1: The physical domain for the problem. 

 

By considering the effects of Casson nanofluid parameter,  the curvature of the cylinder, 

the inclination angle, the thermal radiation, and the external magnetic field, we introduce the 

governing equations for the linear momentum, the mass conservation, thermal energy, 

and NP concentration  in the form [27], [28], [29]:   
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Here, (u, w) are fluid velocity components throughout the axial and radial axes of the 

cylinder respectively,   is the medium porosity, the NP concentration inside and outside 

the lymphatic vessel are denoted by    and   respectively, υ is the kinematic viscosity,   

represents the permeability of the porous medium,   is the Casson parameter,    is the 

volumetric concentration coefficient,    thermal expansion coefficient,    
  

(   )
 

 is the 

thermal diffusivity,   
(   )   
(   ) 

 is the heat capacities ratio of Casson nanofluid and the 

base fluid, and    is the thermal absorption coefficient. 

The suitable boundary conditions for the problem are provided by, see [27] and [28]: 
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where     denotes the heat flux at the tissue edge interface and    is the NP mass flux at 

the tissue lymph interface.  

The Local Nusselt number Nu is defined as: 
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where     is heat flux at the surface of the cylinder. 
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The similarity transformations are presented as: 
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Utilizing the non-dimensional transformations Eq. (8), the system of non-dimensional 

equations Eqs. (2(3,(4) can be expressed in the following form: 
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Where:   √
  

    
 is the cylinder curvature parameter,         
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the magnetic field parameter,   
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The boundary conditions Eqs. ((5,(6) are also converted into: 
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The non-dimensional Local Nusselt number Nu is defined by: 
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2.2 Numerical Method and Validation 

In this section, we used MATLAB to conduct numerical simulations that produced 

both graphical and numerical results for the flow of a Casson nanofluid. We considered 

the effects of several crucial factors in these simulations. 

2.2.1 Numerical procedure of solution. 

We employed the MATLAB function Bvp4c to numerically solve the modified 

partial differential equations Eqs. ((9,(10(11) along with the boundary conditions Eqs. 

((12(13). It was necessary to transform the system of ordinary differential equations 

(ODEs) into a corresponding system of first-order ODEs. The equations Eqs. ((9,(10(11)  

can be expressed as follows: 
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To convert the system of ODEs into a system of first-order ODEs, we define a new set of 

variables as follows: 

                                         (18) 

Substituting Eq. ((18) into equations Eqs. ((15(16,(17) yields the following system of 

seven first-order ODEs: 
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The corresponding boundary conditions Eqs. ((12,(13) become: 
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The  parameter values used in this investigation are listed in Table 1. 

Table 1: The  parameter values used in this study. 

parameter value parameter value parameter value 

  0.1   20    0.2 

  0.3   0.5    0.3 

   0.35   7    0.2 

   1.5   0.6    0.3 

  
 
 0.0001 P 0.5    1.3 

Ec 0.01 Re 0.1 Sc 5 

  
 
 0.0001    0   
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2.2.2 Validation  

To ensure the accuracy of our code, we compared our numerical results with the 

published data corresponding similar nanofluid models [27], [28]. This validation process 

is crucial for confirming the reliability of our simulations and ensuring that our model 

accurately represents the physical phenomena under study. Excellent agreement is 

observed as shown in Table 2. 

Table 2: The local Nusselt number value comparison for various values of Magnetic field 

at   =0.1,       , Sc=11,                             . 

M Walelign et. al [27] Ismaeel et. al [28] [present] 

0.0 1.0000 1.0000 1.000000 

0.2 1.0197 1.0197 1.019804 

0.5 1.1180 1.1180 1.118034 

0.8 1.2605 1.2806 1.280631 

1.0 1.4142 1.4142 1.414220 

 

3. RESULTS AND DISCUSSION 

 

The numerical simulations were carried out using the MATLAB function Bvp4c to 

obtain numerical and graphical representations for the flow properties of the Casson 

nanofluid, considering the effect of some pertinent factors. 

Figure 2 illustrates how the dimensionless constant velocity   influences velocity, 

temperature, Nusselt number, and NP concentration profiles. Figure 2(A) shows that the 

nanofluid velocity reaches its peak value in the tissue (as    ) and then drops to its 

lowest value at the lymph wall. Additionally, the velocity decreases as   increases, due to 

the increase in fluid suction at the lymphatic wall. The influence of   on nanofluid 

temperature is shown in Figure 2(B), where the temperature noticeably increases as   

increases. This elevated temperature might be advantageous for cancer therapy which 

induce cancer cell death. However, it is critical to equilibrium this against the danger of 

harming healthy tissue. Furthermore, the temperature drops in the region adjacent to the 

lymph wall. The NP concentration in Figure 2(C) is inversely proportional to  , where it 

decreases as   increases. As a result, there will be less NP accumulation in the tumor as 
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the lymph sucks up the NPs from the tissue. The NP concentration profile follows the 

trend of the temperature profile in the tissue, starting high at the tissue and falling as it 

gets closer to the lymph wall. This makes sense considering there are multiple reasons 

that a dropping temperature might impact drug concentration. A drop in temperature may 

reduce the Brownian motion of NPs, which might reduce the NP concentration in the 

tumor tissue. Treatment results may be compromised if NPs are unable to sufficiently 

concentrate within the tumor to reach therapeutic payload concentrations. The effect of   

on the Nusselt number is revealed in Figure 2(D). The Nusselt number declines as the 

value of   increases, which might suggest that heat transfer across the lymph wall is 

becoming less efficient.  

 

Figure 2: Effect of Dimensionless Constant Parameter   on: (A) The Interstitial 

Nanofluid Velocity Profile, (B) The Temperature Profile, (C) The NPs Concentration 

Profile, (D)The Nusselt Number Profile.  
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The effect of the Brownian motion parameter    on nanofluid temperature is 

depicted in Figure 3(A). It is observed that the nanofluid temperature decreases in the 

case of large    values due to the intensified random motion of NPs. Figure 3(B) 

illustrates how    affects the concentration of NPs. It is noticed that increasing the    

values enhances the NP accumulation in the tissue. An increase in the Brownian motion 

parameter causes the NP concentration to rise as a result of the NPs being more evenly 

distributed, mixed, and diffused. This shows that the behavior and dispersion of NPs in 

the tumor are fundamentally governed by Brownian motion. We can see in Figure 3(C) 

that the rate of heat transfer increases as    increases. 

 

Figure 3: Effect of Brownian Motion Parameter    on: (A) The Temperature Profile, (B) 

The NPs Concentration Profile, (C)The Nusselt Number Profile.  
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An essential parameter for analyzing the temperature and NP concentration in 

nanofluid flow is the thermophoresis parameter   . Figure 4(A-B) shows how 

temperature and NP concentration are affected by the thermophoresis parameter   . 

These figures demonstrate that the temperature of the nanofluid decreases with the 

increase in   , and the NP concentration profile exhibits the same tendency. Physically 

speaking, when    increases, the thermophoresis force also increases, tending to transport 

NPs from hotter to cooler places leading to reducing the fluid temperature as well as the 

NP concentration. According to the data shown in Figure 4(C), the Nusselt number 

increases when the thermophoresis parameter    increases. 

 

Figure 4: Effect of Thermophoresis Parameter    on: (A) The Temperature Profile, (B) 

The NPs Concentration Profile, (C)The Nusselt Number Profile.  
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Figure 5(A-C) illustrates the impact of thermal radiation    on the temperature of 

the nanofluid, the NP concentration, and the Nusselt number. The temperature curve at 

various    values is depicted in Figure 5(A). As    increases, the temperature decreases, 

reaches its maximum value within the tissue, and then drops as it gets closer to the vessel 

wall. The NP concentration decreases as we approach the vessel wall (at    ). Figure 

5(B) shows that    has a significant impact on the NP concentration profile. The NP 

concentration profile is seen to increase with increasing levels of thermal radiation. The 

heat transfer coefficient decreases as     increases, as shown in Figure 5(C). Increasing 

the radiation parameter in thermal therapy facilitates more efficient heat delivery to the 

tumor, enabling targeted and regulated treatment with little harm to the surrounding 

healthy tissue.  

 

Figure 5: Effect of Radiation parameter    on: (A) The Temperature Profile, (B) The 

NPs Concentration Profile, (C)The Nusselt Number Profile.  
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Figure 6(A-C) illustrates the effect of changing the magnetic field parameter   on 

the temperature of the nanofluid, the concentration of NPs, and the Nusselt number. The 

graphs clearly show that increasing the magnetic field strength raises the temperature of 

the nanofluid. This is due to the production of magnetic viscous heating, or additional 

viscous dissipation, in magnetohydrodynamic flows due to the interaction between the 

fluid and the magnetic field. Increased magnetic field strength in the system may cause 

this additional heat output to contribute to an overall temperature increase. Conversely, 

NP concentration profiles show a declining trend with increasing magnetic field 

strengths, as seen in Figure 6(B). This is because magnetic viscous heating, which 

increases thermal energy, can accelerate mixing and diffusion processes, thereby 

lowering the concentration. The impact of the magnetic field parameter   on the Nusselt 

number is seen in Figure 6(C), where the Nusselt number decreases as   increases. 

 

Figure 6: Effect of Magnetic Field Parameter   on: (A) The Temperature Profile, (B) 

The NPs Concentration Profile, (C)The Nusselt Number Profile.  
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Figure 7(A) depicts the behavior of the nanofluid temperature for different values 

of the porous medium parameter  . It is observed that as   increases, the temperature of 

the nanofluid also increases. The NP concentration as a function of   for different values 

of porous medium parameter   is shown in Figure 7(B). As   increases, the NP 

concentration decreases. Figure 7(C) illustrates that the Nusselt number decreases with 

an increase in the porous medium parameter  . 

 

Figure 7: Effect of Porous Medium Parameter   on: (A) The Temperature Profile, (B) 

The NPs Concentration Profile, (C)The Nusselt Number Profile.  

 

The effects of the mass Grashof number    on the flow dynamics are examined 

and illustrated in Figure 8(A-C). Both the NP concentration and the nanofluid 

temperature decrease as    increases. Larger    accelerate the cooling process, as 

revealed in Figure 8(B). Similar to the NP concentration, the nanofluid temperature 

exhibits a significant initial variation within the tissue before decreasing near the lymph 
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wall. As shown in Figure 8(C), increasing the values of    results in a higher Nusselt 

number. 

 

Figure 8: Effect of Mass Grashof Number    on: (A) The Temperature Profile, (B) The 

NPs Concentration Profile, (C)The Nusselt Number Profile.  

 

Figure 9(A) presents the influence of the thermal Grashof number    on the 

nanofluid temperature. It is observed that as    increases, the temperature decreases. The 

nanofluid temperature drops even if it is in a warm environment because convective heat 

transfer promotes more efficient cooling. Figure 9(B) shows the impact of    on the NP 

concentration. It’s clear that the concentration increases with the increase in    values. 

The fluctuation of the Nusselt number with    is shown in Figure 9(C). Consequently, 

when the value of    increases, the heat transfer coefficient improves. 

In thermal therapy applications, this can lead to better treatment outcomes by improving 
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the dispersion of therapeutic chemicals and delivering heat to the target area more 

effectively. 

 

Figure 9: Effect of Thermal Grashof Number    on: (A) The Temperature Profile, (B) 

The NPs Concentration Profile, (C)The Nusselt Number Profile.  

 

Figure 10(A) depicts the effect of the Eckert number    on the nanofluid 

temperature. It is observed that the nanofluid temperature decreases for large    values. 

Figure 10(B) illustrates the influence of    on the NP concentrations. It is observed that 

increasing the    values increases the NP concentration in the fluid. In Figure 10(C), we 

see that as    increases, so does the rate of heat transfer rate. This higher heat transfer 

rate can assist reach and preserve therapeutic temperatures more quickly, resulting in 

better treatment outcomes. Physically speaking, a higher Eckert number results in a lower 
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temperature because of improved convective heat transfer and better fluid mixing. It also 

enhances the concentration of NPs in the fluid. This can result in better heat delivery to 

the target tissue and better therapeutic agent distribution in thermal therapy applications, 

both of which can lead to more successful treatment outcomes. 

 

Figure 10: Effect of Eckert Number    on: (A) The Temperature Profile, (B) The NPs 

Concentration Profile, (C)The Nusselt Number Profile.  

Studying the effects of the cylinder angle of inclination   on flow profiles is 

essential because it influences the flow dynamics, heat transfer properties, and NP 

dispersion behavior in nanofluid systems. As shown in Figure 11(A-B), the NP 

concentration decreases and the nanofluid temperature increases as the cylinder is shifted 

from a horizontal (   ) to vertical (    ⁄ )  orientation. Variations in the inclination 

angle can affect the formation and thickness of boundary layers near the cylinder surface, 



N. F. Ahmed et al. 404 

which in turn impacts the heat transport mechanisms. The impact of the inclination angle 

  on the Nusselt number is seen in Figure 11(C), where larger   values cause the Nusselt 

number to decrease. 

 

Figure 11: Effect of Inclination Angle   on: (A) The Temperature Profile, (B) The NPs 

Concentration Profile, (C)The Nusselt Number Profile.  

 

Figure 12(A-C) illustrates how the Casson nanofluid parameter   affects the 

profiles of nanofluid temperature, NP concentration, and Nusselt number. Figure 12(A-

C) clarifies that while NP concentration and Nusselt number increase, the temperature of 

the nanofluid decreases as the Casson fluid parameter   increases. The cooling impact 

occurs because of the Casson fluid parameter, even if thermal conductivity improves with 

higher NP concentration and Nusselt number. The enhanced Casson fluid parameter 
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might cause modifications to fluid viscosity or flow patterns that impede heat 

transmission, lowering the temperature of the nanofluid. 

 

Figure 12: Effect of Casson Parameter   on: (A) The Temperature Profile, (B) The NPs 

Concentration Profile, (C)The Nusselt Number Profile.  

 

The impact of the curvature parameter   on the temperature, NP concentration, and 

Nusselt number profiles is displayed in Figure 13(A-C). Figure 13(A) shows the effect 

of   on the temperature of the nanofluid. The relationship between the curvature 

parameter and the cylinder radius is undoubtedly inverse. As such, the radius of the 

cylinder tends to decrease as the curvature parameter   increases. When this occurs, the 

cylinder surface area decreases, leading to a drop in the fluid temperature due to an 

increase in the surface velocity gradient caused by an increase in the curvature parameter 
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 . The temperature rises for a considerable distance away from the wall before falling 

close to the cylinder wall. The impact of   on the concentration of NP is apparent in 

Figure 13(B). An increase in   results in a reduction in NP concentration that reaches its 

minimal value near the vessel wall. This decrease in concentration can be considered to 

be due to the drop in temperature, as lower temperature may reduce the potential energy 

of the NPs. This fall in concentration might also be attributed to NP absorption by the 

lymph. On the other hand, lymphatic vessels absorb cellular waste, toxins, and NP 

residue to lymph nodes for filtering and removal. The lymphatic system assists in 

preserving the health and functionality of tissue by eliminating these waste materials. 

Furthermore, the Nusselt number at the lymph walls is increasing with the increase in   

values, as seen in Figure 13(C). 

 

Figure 13: Effect of Cylinder Curvature Parameter   on: (A) The Temperature Profile, 

(B) The NPs Concentration Profile, (C)The Nusselt Number Profile.  
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4. CONCLUSION 

 

This study has explored the mechanisms of heat and mass transfer in the flow of a 

Casson nanofluid across an inclined circular cylinder subjected to a magnetic field. The 

governing partial differential equations were transformed into ordinary differential 

equations using non-dimensional variables. The Bvp4c built in function in MATLAB was 

employed to provide a numerical solution to the problem dimensionless governing 

equations. The profiles of temperature, velocity, and NP concentration were graphically 

demonstrated for various parameter values. The major findings of this investigation are as 

follows: 

 The dimensionless fluid flux parameter significantly influences the interstitial 

nanofluid velocity. This influence is clearly depicted in the graph and shows a 

diminishing effect. 

 Both the nanofluid temperature and the NP concentration in this flow exhibit a 

decreasing pattern, peaking in the tissue and subsequently falling near the lymph 

vessel wall. 

 The temperature of the nanofluid increases with the rise in the values of the fluid 

flux parameter, the magnetic field parameter, the porous medium parameter, the 

inclination angle, and the thermophoresis parameter. Conversely, it decreases with 

the rise in the values of the thermal Grashof number, the Eckert number, the mass 

Grashof number, the Casson parameter, and the curvature parameter. 

 The NP concentration can be improved by increasing the thermal Grashof 

number, Casson parameter, radiation parameter, Eckert number, and Brownian 

motion parameter. Conversely, it can be reduced by increasing the parameters for 

the mass Grashof number, inclination angle, curvature, magnetic field, 

thermophoresis, mass Grashof number, mass, and porous media. 

 An increase in the Nusselt number can be achieved by increasing the Brownian 

motion parameter, thermophoresis parameter, mass Grashof number, thermal 

Grashof number, Eckert number, and Casson parameter. In contrast, the Nusselt 

number decreases by increasing the dimensionless constant parameter, radiation 

parameter, magnetic field parameter, porous medium parameter, inclination angle, 

or curvature parameter. 

These findings provide valuable insights into the dynamics of Casson nanofluid flow 

across an inclined circular cylinder and can guide future research in this area. Further 

studies could explore the effects of other parameters and conditions on the flow 

properties of Casson nanofluids. 
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List of symbols. 

   Brownian diffusion coefficient [     ] 

   Thermophoretic diffusion coefficient [     ] 

   Mass Grashof number 

   Thermal Grashof number 

g Acceleration due to gravity [      ] 

   External magnetic field [N       ] 

   Radiation parameter 

   Prandtl number 

Sc Schmidt number 

   Thermophoresis parameter 

   Brownian motion parameter 

K Porous medium permeability 

      Mass flux,  heat flux respectivly 

  
    

 
 Mass flux coefficient, Heat flux coefficient respectivly 

   Nusselt number 

  Magnetic field parameter 

   Fluid temperature near the wall [K] 

   Temperature far away from the wall [K] 

   Nanoparticle Concentration in the lymph vessel [       ] 

   Nanoparticle concentration away from the wall [       ] 

P Porosity parameter 

Ec Eckert number 

F Dimensionless Stream function 

w, u Velocity components in r, z directions [     ] 

   Dimensionless velocity 
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   Thermal conductivity [       ] 

Greek symbols  

  Medium porosity 

α Inclination angle 

  Casson nanofluid parameter 

   Thermal expansion coefficient 

   Volumetric concentration coefficient 

    Dimensionless temperature and concentration 

      Dimensionless constants 

Ω Cylinder curvature parameter 

  Dimensionless constant velocity 

  Kinematic viscosity [     ] 

  Heat capacities ratio 

      Heat capacity [      ] 

   Thermal diffusivity [     ] 

η Similarity variable 

Subscripts  

  Ambient conditions 

p Constant pressure 

l Lymph 

eff Effective 

  Nanofluid 

Superscripts  

  Differentiation with respect to η 

* Dimensionless property 
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