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Abstract: In this study, a model of MHD convective tin-oxide(TiO2) nanofluid flow over a cylindrical porous plate 

was examined. The governing equations of continuity, momentum, energy, and concentration modelled in terms of 

partial differential equations with boundary conditions were non-dimensionalised using the Buckingham’s π-

theorem and then were transformed into ordinary differential equations using the regular perturbation technique, 

each of these equations was solved in isolation using Frobenius Method which gave the analytic solutions. The 

solutions obtained for the momentum, energy, and concentration were subjected to analysis which gave the results 

for the temperature profile, concentration profile, and velocity profile graphically. It was observed that, when the 

radiation parameter was increased, the temperature profile dropped; as the chemical reaction was increased, the 

concentration profile and the velocity profile were reduced; again as the magnetic field number was increased, it 

lowered the profile of the velocity. The velocity profile was enhanced with an increase in the porosity parameter, and 

this, as a result, tended to increase in the size of the pore spaces of the porous medium; the concentration profile, 

temperature profile, and velocity profile all improved as the nanofluid volume fraction increased. 

Keywords: Nanofluid, MHD flow, Convection, Cylindrical Porous Plate, Analytical Solutions. 

1.   INTRODUCTION 

Nanofluids are created by suspending nanoparticles (particles with a "size" of less than 1µm) in liquids known as base 

fluids, which have average diameters of less than 100 nm in standard heat transfer fluids including water, ethylene glycol, 

and oil. When disseminated uniformly and suspended stably in host fluids, a modest number of guest nanoparticles can 

significantly improve the thermal characteristics of the host fluids. Choi (1995) used the term nanofluids (nanoparticle fluid 

suspensions) to designate a novel class of nanotechnology-based heat transfer fluids with thermal qualities superior to their 

host fluids or conventional fluids. Nanofluid technology as a novel inter-disciplinary subject where nanotechnology, 

nanoscience, and thermal engineering interface, has mostly developed during the last decade (Li, 1998; Feng et al., 2006; 

Kulkarni et al., 2008; Khan et al., 2020; Mukherjee & Paria, 2013; Maleki et al., 2019). According to Xuan and Li (2003), 

a wide range of engineering applications, such as automotive and air conditioning cooling, solar and power plant cooling, 

transformer oil cooling, improving diesel generator efficiency, nuclear reactors, and defense and space, are the main driving 

forces for nanofluids research. Jang and Choi (2004) designed a new cooler that combined a microchannel heat sink with 

nanofluids. When compared to a device that used pure water as the working medium, the cooling performance was 

improved. A nanofluid as a coolant in a microchannel heat exchanger to cool crystal silicon mirrors used in high-intensity 

X-ray sources, and found that the nanofluid significantly improved cooling rates over conventional water-cooled and liquid-

nitrogen-cooled microchannel heat exchangers (Lee et al., 1999). The flow and heat transfer characteristics of a water-based 

nanofluid inside a grooved channel with a rotating heat source are quantitatively explored in this work for the influence of 
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an oriented magnetic field on mixed convection flow (Mokaddes et al., 2019). According to several research initiatives from 

the late 1990s and the first decade of the twenty-first century, adding relatively modest concentrations of nanoparticles to 

frequently used base fluids like water and ethyl glycol boosted the effective thermal conductivity of these mixes dramatically 

(Choi, 1995; Touloukia et al., 1970; Yu et al., 2010; Hwarig et al., 2007; Zhu et al., 2007; Li et al., 2007; Hussian et al., 

2018; Chamkha, 2011; Adenyan, 2015; Rawar et al., 2016). Brownian motion's impact in increasing the thermal 

conductivity of nanofluids was investigated by Gupta and Kumar (2007).  Cheng et al. (2007) investigated ethylene glycol-

based nanofluids with TiO2 nanoparticles at a concentration of 0.5 percent to 8.0 percent by weight at 20°–60°C using both 

experimental and theoretical methods. Under those conditions, they found Newtonian behavior, with shear viscosity being 

a strong function of temperature and nanoparticle loading. Das et al. (2003) on the other hand, conducted a similar work 

with water-Al2O3 nanofluids, but only reported on shear thinning behavior. Maiga et al. (2006) investigated the forced 

convection of alumina particles suspended in ethylene glycol and water in a uniformly heated tube. They discovered that 

the heat transfer coefficient and wall shear stress rose as the nanoparticle volume percent and Reynolds number increased. 

Nanofluids are thought to provide a number of benefits over traditional heat transfer fluids. Their thermophysical properties, 

on the other hand, are unknown at this early point in their development. As a result, it's impossible to estimate their full 

potential. This is demonstrated by looking at their thermohydraulic performance in a tube with a uniform wall heat flux for 

both laminar and turbulent fully developed forced convection. Two different literature models were used to express these 

properties in terms of particle loading, and they produce very different qualitative and quantitative results in two types of 

problems: replacing a simple fluid with a nanofluid in a given installation and designing an elementary heat transfer 

installation for a simple fluid or a nanofluid (Mansour et al., 2007). Convection is the heat transfer that occurs between a 

flowing fluid and a surface when their temperatures are different. Many have hailed nanofluids as the heat transfer medium 

of the future. Heat is transmitted through convection, a combination of conduction and fluid advection, in all practical 

energy systems containing fluids. As a result, rather than conduction, the phenomenon of nanofluid convection would be of 

technological interest. Sheikholeslami et al. (2015) examined the thermal radiation on MHD nanofluid, by using similarity 

transformation for temperature, concentration, and velocity the basic equations governing the mass transfer, heat transfer 

and flow were coverted to a system of ordinary differential equations, and these equations were subjected boundary 

conditions which were numerically solved by using the technique of Runge-Kutta Fourth- order. MHD is the acronym for 

magnetohydrodynamics which is defined as the study of how magnetic fields interact with moving, electrically conducting 

fluids (Schnack, 2009). Nanofluids, which are made up of a mixture of base fluids and nanoparticles, must be electrically 

conducting and hence vulnerable to magnetic fields. Many industrial and engineering applications rely on the flow of 

electrically conducting fluids in the presence of a magnetic field. The impact of a uniform magnetic field on nanofluid flow 

between two circular cylinders was explored (Sheikholeslami et al., 2018). Hayat et al. (2015) investigated the “MHD three-

dimensional flow of nanofluid with velocity slip and nonlinear thermal radiation”, alumina was treated as a nanoparticle 

and water as a base fluidand , the nonlinear system for temperature distribution was analyzed and solved. Zeeshan et al. 

(2012), studied the MHD flow of third-grade nanofluid between coaxial porous cylinders. An analytical analysis was 

performed to investigate the effect of a chemical reaction on the MHD flow of a nanofluid in an expanding or contracting 

porous pipe in the presence of a heat source/sink (Srinivas et al., 2016). The magnetic field may be used to control heat 

transfer and fluid flow, and it can also be used to maximize thermodynamic efficiency in a variety of fields. Heat transfer 

increases using nanofluids and porous inserts are two common methods (Aminian et al., 2020). For both constant and 

variable viscosity, two types of series solutions were presented. In this work, a model of MHD convective tin-oxide (TiO2) 

nanofluid flow over a cylindrical porous plate is investigated. 

2.   MODELING THE PHYSICAL PROBLEM 

An unsteady, oscillatory, incompressible, radiating tin-oxide nanofluid flow with two infinite concentric surfaces of inner 

and outer radii 𝑟𝐼  and 𝑟 respectively, with a free stream frequency for the inner and outer parts of the cylinder with 𝑣 

representing the velocity of the nanofluid is considered. The outer cylinder is at rest as the inner cylinder is moving upward 

and downward. The effect of the induced magnetic field is neglected on the assumption that it is minimal. Using 

Boussinesq’s approximation, the governing hydrodynamic partial differential equations in the cylindrical form of the 

nanofluid flow are given as 
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with the boundary conditions, 0),0( =tvr , 1),1( =tvr , 0),0( =tT , 1),1( =tT , 0),0( =tC
, 1),1( =tC

 

(Ngiangia and Akaezue 2019).                  

where rv ),( tr  denotes the nanofluid velocity, T ),( tr is the temperature of the nanofluid, 
C ),( tr is the concentration 

of the nanofluid, t is the time, 
r  is the radius of the nanoparticles, nf  is the density of nanofluids, nf  is the nanofluid 

dynamic viscosity coefficient, σ is the conductivity of the base fluid, g is the acceleration due to gravity, 
2

0B is the magnetic 

field,
2

rk  is the chemical reaction term, 
k  is the permeability or porosity parameter, nfnf  is the thermal expansion 

coefficient of the nanofluids due to temperature, g  is the acceleration due to gravity, nfpC )(  is the heat capacitance of 

the nanofluids, nfnf

  is thermal expansion coefficient of the nanofluids due to Concentration, nfK  is the thermal 

conductivity of the nanofluid, nfD is the Chemical molecular diffusivity the nanofluid, q  is the radiative heat flux. 

In this research work, the Hamilton and Crosser (1962) models for thermal conductivity and dynamic viscosity are used, 

being valid for both spherical and non-spherical shape nanoparticles. )1( 2 bafnf ++=    
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According to Loganathan et al. (2013) and Asma et al. (2015), 

( ) sfnf  +−= 1  

( ) sfnf )()(1)(  +−=                                                                                   (7) 

( ) ( )( ) ( )
spfpnf

CCC   +−= 1  

where   is the nanoparticles volume fraction, f and s  are the densities of the base fluids and solids particles, f and 

s  are the thermal expansion due to temperature of base fluids and solids nanoparticles, 𝐾𝑓 and 𝐾𝑆 are the thermal 

conductivity of the fluid and solids nanoparticles, ( )
fpc  and ( )

spc  are the specific heat capacities of solid nanoparticles 

and base fluids at constant pressure, f  is the dynamic viscosity coefficient of the fluid, a and b are constants and depend 

on the particle shapes as given in Table 1. 
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The n appearing in Equation (6) is the empirical shape factor given by n = 3/Ψ, where Ψ is the sphericity defined as the 

ratio between the surface area of the sphere and the surface area of the real particle with equal volumes. The values of Ψ 

for different shape particles are given in Table 2. 

In addition to the above, some physical properties of the base fluid and nanoparticles are given in Table 3. 

In the work of Makinde and Mhone (2005), the temperature of the plates 0T  , wT  are assumed high enough to produce 

radiative heat transfer. According to Cogley et al. (1968), for an optically thin medium with relatively low density, the 

radiative heat flux is given by 

)(4 0

2 TT
y

q
−=




          (8) 

where   is the radiation absorption coefficient. 

Table 1: Constant 𝒂 and 𝒃 empirical shape factors, (Timofeeva et al., 2009 and Aaiza et al., 2015). 

Model Platelet Blade Cylinder Brick 

a 37.1 14.6 13.5 1.9 

b 612.6 123.3 904.4 471.4 

Table 2: Shericity Ψ for the different nanoparticles shapes, (Timofeeva et al., 2009 and Aaiza et al., 2015). 

Model Platelet Blade Cylinder Brick 

Ψ 0.52 0.36 0.62 0.81 

Applying the following dimensionless variables using Buckingham’s 𝜋- theorem 
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Applying dimensionless variables above in equations (1), (2), (3) and (4), the modelled equations are transformed into 
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Subject to the boundary conditions 

0),0( =tv , 
tetv =),1(   𝑡 > 0      (13) 

0),0( =t , 
tet  =),1(   𝑡 > 0      (14) 

0),0( =tC , 
tetC =),1(   𝑡 > 0      (15) 

Where 𝑟 is the dimensionless coordinate, 𝑘∞ is the dimensionless chemical reaction term, N is the dimensionless radiation 

parameter, 𝑑 is the diameter, 𝑘 is the dimensionless porosity parameter, 𝑀 is the magnetic parameter also called the 

Hartmann number, Re is called the Reynold number, Sc is the Schmidt number, Pr is  the Prandtl number, Gr𝑇 is the thermal 

Grashof number, Gr𝐶  is the modified Grashof number. 

Further, we define: 

𝐿1 = 

21  ba ++

f

s




 −−1

   𝐿2 = 

f

s




 −−1    𝐿3 = 

f

s








 −−1  

𝐿4 = 
( )
( )

1

1

−














−−

fp

sp

C

C




  𝐿5 = 





)()1(

))(1()1(

fsfs

fsfs

kkknk

kknknk

−−−+

−−+−+
𝐿4       𝐿6=

21  ba ++  

1

1

1 Re LJ −=    22 LGrJ =   33 LGrJ C=   M
k

L
J += 6

4  

5

1

1 Pr Lw −=    =2w N 4L   4

1

1 LScE −=   42 LkE =  

 

Table 3 Thermophysical properties of water and tinoxide nanoparticles, (Loganathan et al. (2013) and Asma et al. 

(2015)). 

Model ( )3−kgm  ( )11 −− kkgC  ( )11 −− kWmk  ( )1510 −− k  

𝐻2𝑂 997.1 4179 0.613 21 

𝑇𝑖𝑂2 4250 686.2 8.9528 0.9 

Method of Solution 

Assuming the nanofluid under consideration is incompressible, as a necessary condition for engineering and science 

applications. The solution of equation (9) yields 
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where 𝑄 is an integration constant. 

Using the transformation technique used by Ngiangia and Orukari (2021), a regular perturbation of the form 

𝑣(𝑟, 𝑡) =  𝑣0(𝑟) +  𝑣1(𝑟)𝑒−𝜔𝑡       (17) 

𝜃(𝑟, 𝑡) =  𝜃0(𝑟) +  𝜃1(𝑟)𝑒−𝜔𝑡       (18) 

𝐶(𝑟, 𝑡) =  𝐶0(𝑟) +  𝐶1(𝑟)𝑒−𝜔𝑡       (19) 

is selected 

where 𝜔 is a free stream angular velocity. 

Putting equation (16) into equations (10) - (12) and applying the regular perturbation technique by substituting equations 

(17), - (19) into the simplified equations gives: 
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Subject to the associated boundary conditions  

0),0(0 =tv , 
tetv =),1(0 , 0),0(1 =tv , 

tetv =),1(1 , 0),0(0 =t , 
tet  =),1(0 ,  

0),0(1 =t ,
tet  =),1(1 , 0),0(0 =tC , 

tetC =),1(0 , 0),0(1 =tC ,   
tetC =),1(1   

With the presence of a singular point, equation (20) – (25) is tested and shown finite, implying that it is analytic (Dass and 

Rama, 2000, Gupta, 2005, and Raisinghania, 2011), and so an analytic feasible solution is attainable. A solution of this kind 

can be found using the Frobenius approach. 

0 (𝑟)= 
( )
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is assumed. 

Substituting equations (26) into equations (22) after simplification, the expression obtained an indicial equation of the form 

( )  0Q1 011 =−+− awmwm      ( )00 a   (27) 

the solution is obtained as 
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the recurrence relation is 
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and the solution after imposing the boundary conditions is given by 
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The recurrence relation of equation (23) using the same approach is given as 
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and solution after imposing the boundary conditions yield to 
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Substituting equations (26) into equations (24) after simplification, the expression obtained an indicial equation of the form 
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the solution is obtained as 
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and solution after imposing the boundary conditions yield to 

=)(0 rC









+

+
+ ...

42
1

1

2

EQ

E

ewt

















+
+

+

+

...
42 1

2

2
1

1

EQ

rw
r

E

Q

E

Q

     (35) 

Using the same approach, then the recurrence relation is found to be: 
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and solution after imposing the boundary conditions yield to 
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Rewriting equation (20) yields 
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The solution of the complimentary part in equation (38) yields 
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The solution of the particular integral in equation (38) yields 
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The complete solution, which is a combination of the complimentary function and the particular integral after the imposition 

of the boundary conditions then take the form: 
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Similarly, adopting the same approach and procedure: 
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Using the Taylor series expansion of 1
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in equation (42) and equation (43), about the point 𝑟 = 1and ignoring 

powers of 𝑟 > 1, with the simplification of equation (42) and equation (43), after imposing the boundary conditions, also 

substituting equations (30), (32), (35), (37), (42) and (43) into equations (17), (18) and (19) respectively after simplification 

takes the form 
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(46) 

3.   RESULTS AND DISCUSSION 

Results 

To get numerical validation and physical insight into the problem, the parameters values used (Aaiza et al., 2015) are 

Re = 1000, 1500, 2000, 2500, 3000;       𝑀 = 1, 2, 3, 4, 5;          𝐺𝑟𝜃  = 0.78, 1.56, 2.34, 3.12, 3.90 

𝑘∞ = 1.35, 2.35, 3.35, 4.35, 5.35;     𝐺𝑟𝐶  = 1, 3, 5, 7, 9;   = 0.1, 0.2, 0.3, 0.4, 0.5; 

𝐾 = 0.3, 0.6, 0.9, 1.2, 1.5;  𝜔 = 0.2, 0.4, 0.6, 0.8, 1.0; 𝑁 = 0.5, 1.0, 1.5, 2.0, 2.5; 

Pr = 0.71, 1.71, 2.71, 3.71, 4.71; Sc = 0.6, 0.8, 1.0, 1.2, 1.4; 𝑡 = 0.5;  𝑄 = 1 
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Figure 1: Concentration Profile 𝑪 against boundary layer 𝒓 for varying Schmidt number, Sc. 

 

Figure 2: Concentration Profile 𝑪 against boundary layer 𝒓 for varying chemical reaction, 𝒌∞. 

 

Figure 3: Concentration Profile 𝑪 against boundary layer 𝒓 for varying volume fraction,  . 
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Figure 4: Concentration Profile 𝑪 against boundary layer 𝒓 for varying free stream frequency,  . 

 

Figure 5: Temperature Profile 𝜽 against boundary layer 𝒓 for varying Prandtl number, Pr. 

 

Figure 6: Temperature Profile 𝜽 against boundary layer 𝒓 for varying radiation term, N. 
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Figure 7: Temperature Profile 𝜽 against boundary layer 𝒓 for varying volume fraction,  . 

 

Figure 8: Temperature Profile 𝜽 against boundary layer 𝒓 for varying free stream frequency,  . 

 

Figure 9: Velocity Profile 𝒗 against boundary layer 𝒓 for varying, porosity parameter, 𝑲. 
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Figure 10: Velocity Profile 𝒗 against boundary layer 𝒓 for varying, Magnetic field parameter, 𝑴. 

 

Figure 11: Velocity Profile 𝒗 against boundary layer 𝒓 for varying, Reynolds number, 𝑹𝒆. 

 

Figure 12: Velocity Profile 𝒗 against boundary layer 𝒓 for varying, Prandtl number, 𝑷𝒓. 
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Figure 13: Velocity Profile 𝒗 against boundary layer 𝒓 for varying volume fraction,  . 

 

Figure 14: Velocity Profile 𝒗 against boundary layer 𝒓 for varying free stream frequency,  . 

 

Figure 15: Velocity Profile 𝒗 against boundary layer 𝒓 for varying radiation term, 𝑵. 
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Figure 16: Velocity Profile 𝒗 against boundary layer 𝒓 for varying Grashof number, 𝑮𝒓𝜽. 

 

Figure 17: Velocity Profile 𝒗 against boundary layer 𝒓 for varying modified Grashof number, 𝑮𝒓𝑪. 

 

Figure 18: Velocity Profile 𝒗 against boundary layer 𝒓 for varying chemical reaction, 𝒌∞. 
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Figure 19: Velocity Profile 𝒗 against boundary layer 𝒓 for varying Schmidt number, Sc. 

4.   DISCUSSION 

The Schmidt parameter impact on the concentration is graphically displayed on Figure 1. It was observed that as the Schmidt 

number is improved upon, there was a decline in the profile of the tin oxide nanofluid concentration, which indicated that 

the Schmidt parameter decreased the tin oxide nanofluid concentration and it converged at a point. This observation was 

consistent with the work of Babu et al. (2011). 

Figure 2, is the effects of chemical reactions on the tin oxide nanofluid concentration profile. As the chemical reaction 

progressed, it was observed that the tin oxide nanofluid of concentration profile decreased. The observation was consistent 

with the work of Babu et al. (2011). 

The nanoparticle volume fraction is one of the most significant aspects to consider when describing a nanofluid, and almost 

every nanofluid parameter is influenced by it. As shown in Figure 3, the tin-oxide nanofluid concentration profile increased 

as the volume fraction was increasing, and converged at a point. The findings of Ngiangia et al. (2021) are compatible with 

this observation. 

Figure 4, shows that the concentration profile of the tin oxide nanofluid increased as the free stream frequency was 

increased. The work was consistent with the work of Ngiangia et al. (2021). 

Figure 5 dwells on the Prandtl number impact on the profile of the temperature of the tin-oxide nanofluid. It was observed 

that an increase in the Prandtl number resulted in a corresponding decrease in the temperature profile of the tin oxide 

nanofluid and later converged. This observation was consistent with the findings of Makinde and Mukutu (2014) and 

Karthikeyan et al. (2013). The Prandtl number stands for the ratio of thermal diffusivity to momentum diffusivity. 

Figure 6 shows that as radiation was increased, the tin oxide nanofluid's temperature decreased. The passive or energetic 

emission of waves or particles over space is known as radiation. As a result, we can state that increasing the intensity of 

heat energy in motion lowers the temperature of the tinoxide nanofluid in the scenario from which it originates. The findings 

are consistent with those of Ngiangia et al. (2021). As a result, it is critical to emphasize that the tin oxide nanofluid should 

be insulated from much less radiation to achieve faster cooling. 

Figure 7, shows that the temperature profile of the tin oxide nanofluid increased as a result of increase in the volume fraction 

and it converged at a point. The observation was the same as the findings of Ngiangia and Akaezue (2019). 

Figure 8, shows that the temperature profile of the tin-oxide nanofluid was increased as the free stream frequency increased. 

Figure 9, shows that as the porosity parameter is increased, the velocity profile of the tinoxide nanofluid was improved. 

This result was consistent with the findings of Aaiza et al. (2015). 

Figure 10, reveals that when the velocity profile of the tin oxide nanofluid was diminished, the magnetic field strength 

within the region of the nanofluid increased. The study of the effect of magnetic field was also reported by Karthikeyan et 

al. (2013), Ngiangia and Orukari (2021), and Aaiza et al. (2015). A clear indication that the magnetic field term was opposed 

to the free flow of the tin oxide nanofluid. 
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Figure 11, results in a decreased in the velocity profile of the tin oxide nanofluid, and this observation was at variance with 

the results of the increase in the Reynolds number of base fluids. This observation is consistent with the findings of Ngiangia 

and Akaezue (2019), Masour et al. (2007), and Polidori et al. (2007). The tin oxide nanofluid is a laminar flow. 

Figure 12 dwells on the Prandtl number impact on the profile of the velocity of the tin oxide nanofluid. It was noticed that 

an increase in the Prandtl number results in a corresponding decrease in the temperature profile of the tin oxide nanofluid. 

This observation was consistent with the findings of Karthikeyan et al. (2013); Makinde and Mukutu (2014). 

Figure 13, reveals that the velocity profile of the tin oxide nanofluid increased as a result of increase the volume fraction. 

The observation was the same as the findings of Ngiangia and Akaezue (2019). 

Figure 14, results in a decrease in the velocity profile of the tin-oxide nanofluid as the free stream frequency was increased. 

Radiation impact on the velocity profile is depicted in Figure 15 reveals that an increase in radiation reduced the velocity 

profile of the tin oxide nanofluid. 

The impact of the Grashof number on the profile of the velocity is displayed in Figure 16, which reveals that an increase in 

the Grashof number reduced the velocity profile of the tin oxide nanofluid. An increase in the thermal Grashof number 

means cooling the cylindrical plates.  

The Modified Grashof number impact on the profile of the velocity is displayed in Figure 17. It reveals that an increase in 

the Grashof number reduces the velocity profile of the tin oxide nanofluid. An increase in the thermal Grashof number 

means lowering the concentration of the nanofluid around the plates. The modified Grashof number can be explained as a 

buoyancy force acting on a fluid due to a concentration difference. 

The chemical reaction impact on the profile of the velocity is depicted in Figure 18. It was observed that the profile of the 

velocity tin oxide nanofluid reduced as the chemical reaction increased. 

The Schmidt parameter impact on the velocity is illustrated in Figure 19. It was noticed that as the Schmidt number was 

improved upon, there was a decline in the profile of the velocity, which indicated that the Schmidt parameter decreased the 

velocity profile of the tin oxide nanofluid. 

5.   CONCLUSION 

Accurately, a study on a model of MHD convective tin-oxide(TiO2) nanofluid flow over a cylindrical porous plate is made 

with the behaviour of the various material parameters such as the magnetic field term M, the Prandtl number Pr, the radiation 

parameter N, the chemical reaction 𝐾∞, the porosity parameter 𝐾, the Schmidt number Sh, the Reynolds number Re, the 

modified Grashof number 𝐺𝑟𝐶 , the Grashof number 𝐺𝑟𝜃 , the tin-oxide nanoparticles volume fraction, and the free stream 

frequency been examined and findings shows that the chemical reaction was increased, the nanofluid concentration profile 

and the velocity profile were concomitantly reduced. When the radiation parameter was raised, the temperature profile 

dropped, resulting in a quick cooling effect on the nanofluid. The Prandtl number experienced a similar effect, with a 

decrease in the velocity profile. This meant that the radiation parameter should be increased to have a cooling effect at the 

nanofluid's temperature. The velocity profile was enhanced with an increase in the porosity parameter. This was, as a result, 

responsible for the observed increase in the size of the pore spaces of the porous medium. Generally, it was observed that 

the tin oxide nanofluid concentration profile, temperature profile, and velocity profile all improved as the nanofluid volume 

fraction increased. One of the most essential parameters in the description of nanofluids has been discovered to be the 

nanoparticle volume fraction. It was recommended that a further study on a 3D cartesian coordinate system of the nanofluid 

should be considered. 
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