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The nanofluid has diverse applications in industries, engineering, and medicine due 
to its greater thermal characteristics. However, various factors such as the shape 
and size of nanoparticles, the base fluid, the porous medium, the quadratic drag 
force, and the viscous dissipation have significant effects on the flow and heat 
transfer characteristics of nanofluids. Therefore, it is crucial to study the influence 

of these factors. In this paper, a theoretical investigation is conducted to 
analyze the mechanisms of thermal conductivities of different shapes of 
nanoparticles, such as platelet, cylinder, brick and blade on the mixed 
convective nanofluid flow in a vertical channel saturated with porous 
medium. Consider ethylene glycol and water as base fluids for the 
nanoparticles, including copper, aluminum oxide, titanium oxide, silver, and 
iron oxide. A thin, movable baffle plate of negligible thickness is inserted in 
the channel and made into double passages. To define the porous matrix, 
the Darcy-Brinkaman-Forchhiemer model is used, and to define the 
nanofluid, the Tiwari and Das model is used. Robin boundary conditions are 
considered for the channel flow. The differential transform method (DTM) 
is applied to solve non-linear governing equations with inertia, and the 
perturbation method is applied to solve the problem without inertia. 
Velocity and temperature cantors are shown graphically using MATLAB and 
MATHEMATICA. The obtained values by DTM and the perturbation method 
are well validated and shown graphically. The Nusselt number was 
evaluated and tabulated for all governing parameters. The objective of this 

article is to investigate the effect of nonspherical shapes of nanoparticles, the base 
fluid, the inertial forces of the porous medium, and the buoyancy force on the 
thermal characteristics of flow and heat transfer of nanofluids. The main findings of 
this problem are that the optimum velocity and temperature cantor are found for 
platelet-shaped water-based silver nanofluid.    
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1. Introduction 
 
The field of nanoscience has burgeoned significantly in the last few decades, and researchers are 

gradually investigating more fields of application without interruption. Nanotechnology is a scientific 
method to composite particles in the nanoscale range, from 1 to 100 nm. Its stupendous applications 
include nuclear reactors, the thermal industry, powder technology, the biomedical industry, etc. The 
blend of nanoparticles floating in a base fluid (water, oil, ethylene glycol, etc.) is called a nanofluid. 
Choi and Eastman [1] found that heat transfer capacities and deferment strength are greatly 
improved when a suspended nanoparticle is used, such as in residential refrigerator freezers, 
enhancing diesel generator efficiency, boosting chiller heat transfer efficiency, cooling of electronics 
and transformer oil, solar water heating, nuclear reactors, military and space, cooling of heat 
exchanging devices, and so on. These particles, also known as nanoparticles, have a diameter of less 
than 100 nm. Pak and Cho [2] experimentally examined the heat transfer and turbulent friction 
nature of ultrafine metallic oxide-suspended water flowing through a circular tube. A method for 
measuring the thermal conductivity of oxide nanofluids was developed by Lee [3]. The results they 
verified showed that the thermal conductivity of the nanofluid depends not only on the shape of the 
nanoparticles [4] but also on their size [5, 6]. 

Nanofluid flows are captured in much mathematical geometry. Such flows could be laminar or 
turbulent. Fluid dynamics has so many applications in the lubrication industries, gas turbine power 
plants, polymer technology, food processing industries, plasma power plants, thermal and insulating 
engineering, MHD power generators, etc. These fluid flows are driven either by natural, forced, or 
mixed convection. Studied combined forced and natural convective heat transfer and examined 
mixed convective flow in a vertical tube filled with porous material. Base fluids consist of water, oil, 
ethylene glycol, and lubricants, which significantly limit heat transfer performance. Nanofluids 
combine high-quality thermal conductivity with a lower density to facilitate convective heat transfer 
in a range of applications. The thermal conductivity and fluid mixtures were discussed by Hasan et 
al., [7, 8]. Properties like viscosity and specific heat have altered dramatically in the basic fluid. Many 
writers were drawn to work on engineering applications because of these qualities. Numerous 
researchers have experimented with the common uses of nanofluids, as documented in their 
literature [9–16]. 

Another factor that affects the thermal conductivity of nanofluids is the form and shape of 
nanoparticles [17]. The thermal conductivity of several metallic oxide nanofluids, including 
CuO/water, ZnO/water, and SiO2/water, was measured by Alawi et al., [18]. Chon et al., [19] have 
shown that the size of the particles affects the thermal conductivity of Al2O3 nanofluid. Thermal 
characteristics are superior to standard ones, according to a survey found in the literature [20, 21]. 
According to existing data, solids have a higher heat conductivity than liquids. Water and motor oil 
have thousands of times less heat conductivity than copper (Cu). A forced convective nanofluid (Cu-
H2O) flow around a solid circular cylinder in an unstable regime was computationally simulated by 
Yacine et al., [22]. An increase in the concentration of nanoparticles in the base fluid was seen to 
correspond with an increase in the mean and average Nusselt numbers. The primary energy systems 
for which TiO2 nanofluids are used are solar collectors and heat pipes. By using certain impurities as 
base fluids, the thermal conductivity of TiO2 nanofluids can be varied and improved. Karuna Prasad 
et al., [23, 24] found a higher rate of heat transport in ternary hybrid nanofluid compared to normal 
fluid in the study of nonlinear thermal convective heat transfer. 

Hybrid nanofluids are superior nanofluids than nanofluids. These different combinations of 
nanoparticles with traditional base fluid exhibit remarkable capabilities in heat transport and hence 
find applications in nuclear system cooling, heat exchangers, and solar systems [25, 26]. The authors 
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[27, 28] studied TiO2 and Fe3O4 nanoparticles due to their wide applications in the environment. 
The numerical investigation of the flow of water-based nanofluid is conducted by Sabeel et al., [29]. 
He concluded that a high rate of heat transfer occurred for CuO nanoparticles compared to Al2O3 
and TiO2 nanoparticles. The effect of MHD on Maxwell micropolar fluid flow is studied by Sabeel et 
al., [30]. He observed in his results that the increase in the micro-inertial parameter enhanced the 
flow and suppressed the temperature field. The influence of MHD on viscoelastic fluid flow is studied 
numerically by Sabeel et al., [31]. He found in his results that the rate of heat transfer and mass 
transfer decreased with the increase in magnetic field. Taimoor Dil et al., [32] analysed the 
characteristics of heat transfer with water-based nanofluid. In this study, three different types of 
nanoparticles are used. Sabeel et al., [33] applied the Galerkin-Petrov finite element method to study 
the flow and heat transfer of hybrid nanofluid. By increasing the nanoparticle concentration, the rate 
of heat transfer can be enhanced at both plates. Noorehan Awang et al., [34] used different shapes 
of nanoparticles in hybrid nanofluid flow. The optimal rate of heat and mass transfer is found in 
blade-shaped nanoparticles. Nadhira Azreen Azmi et al., [35] found the optimal rate of heat transfer 
for platelets, followed by cylindrical, brick, and spherical-shaped nanoparticles. Asif Memon et al., 
[36, 37] observed that the Forchhieimer resistance decreases the temperature profile in the study of 
flow and heat transfer of nanofluid. Asif Memon et al., [38] found that the velocity decreased with 
the enhancement in inertial force. 

The aim of this work is to carry out a theoretical investigation on the effects of different shapes 
of nanoparticles on mixed convective flow in a vertical channel saturated with porous media. The 
several nanofluids with different base fluids in the flow are considered to be under the influence of 
buoyancy forces. A thin, flat plate is inserted into the channel, making a double-passage channel. The 
plate is movable and has negligible thickness. The analytical method (using perturbation) and the 
semi-analytical method (using DTM) are used to solve the governing highly nonlinear equations with 
Robin boundary conditions [39–41]. The use of porous media and nanofluids are two techniques for 
enhancing heat transfer that were coupled in the current study. In addition, the effects of inertial 
force and viscous dissipation were considered. Expressions for the values of the Nusselt number and 
profiles of temperature and velocity are produced. The thermal conductivity of conventional heat-
transfer fluids, such as oil, water, and ethylene glycol mixtures, is known to have a significant impact 
on the heat-transfer coefficients between the heat-transfer medium and the heat-transfer surface, 
leading to poor heat-transfer performances. The goal of this effort was to create an innovation in 
heat transfer in mixed convective flow by inserting a thin flat plate in an open-ended vertical channel 
and to find uses for it in heat exchangers. 

 
2. Methodology  
2.1 Formation of the Problem 
 

Consider an open-ended vertical channel divided by a thin, movable plate of negligible thickness 
saturated with porous medium (see Figure 1). Analysed the steady, laminar, fully developed flow of 
nanofluid. The X axis is taken upwards and parallel to the flat wall. The Y axis is taken perpendicular 
to the X axis, and the plate position is taken as y*. The width of the channel is D. 

The origin of the axes is such that the channel walls are in positions y=-h and y=h. For fully 
developed flow, it is assumed that the transverse velocity is zero and the pressure depends only on 
x [42]. The fluid is a water-based and ethylene glycol-based nanofluid containing five different types 
of nanoparticles: copper, aluminium oxide, titanium oxide, silver, and iron oxide. It is assumed that 
the base fluid and the suspended nanoparticles are in thermal equilibrium. 
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Fig. 1. Physical configuration 

 

Considered 
1U and 2U are the velocities in stream-I and Stream-II, 

1T and 2T are the temperatures 

at left wall and right wall, 1h  and 2h are the width of the stream-I and stream-II.  

 
The momentum and energy equations for both stream-I and stream-II are   
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Where nf  is the viscosity of the nanofluid, nf  the density of the nanofluid, nf  the coefficient of 

thermal expansion of the nanofluid, nfk  the thermal conductivity of the nanofluid, which are given by  
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Where    is the nanoparticle volume fraction, f  is the viscosity of the base-fluid, f  the density of 

the base-fluid, f  the coefficient of thermal expansion of the base-fluid, fk  the thermal conductivity 

of the base-fluid, s  is the viscosity of the solid particle, s  the density of the solid particle, s  the 

coefficient of thermal expansion of the solid particle, sk  the thermal conductivity of the solid particle. 

      The empirical shape factor is given by 3n


=  where  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   for different shapes of particles are given in Table 1.  

 
Table 1  

Sphericity   for different shapes of nanoparticles [43] 
Model  Platelet Blade Cylinder Brick 

  0.52 0.36 0.62 0.81 

  
Let a and b are constants depend on the particle shapes are given in Table 2. 

 
Table 2  
Constants a1 and b1 empirical factors [43] 
Model Platelet Blade Cylinder Brick 

a1 37.1 14.6 13.5 1.9 
b1 612.6 123.3 904.4 471.4 

 
The boundary, interface conditions on velocity, temperature cantors are 

 

1 0U = , 1 0T T= ,   at Y h= −                         

 

2 0U = , 2 0T T= , at Y h=  

 

1 2 0U U= = , 1 2T T= , 1 2dT dT

dY dY
= ,   at *Y y=                                                                                               (5) 

 

Where 
*y is a position of the plate. The thermophysical properties of base fluid and particles are 

given in Table 3. 
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Table 3 
Thermophysical properties of base fluid and particles [43] 
Model ( )3−kgm  ( )11 −− Kkgcp  )( 11 −− KWmk  ( )1510 −− K  

OH2  997.1 4179 0.613 21 

262 OHC  1.115 0.58 0.1490 6.5 

Cu 8933 385 401 1.67 

2TiO  4250 686.2 8.9528 0.9 

Ag  10500 235 429 1.89 

32OAl  3970 765 40 0.85 

43OFe  5180 670 9.7 0.5 

 
Introducing non-dimensional parameters in the governing equations of momentum and energy 

such as 
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where Br  is Brinkman number, Re  is Reynold’s number, Gr  is Grashoff number,  porous 

parameter,  inertial parameter, f  is kinematic viscosity of the base fluid, 1Bi and 2Bi are Biot 

numbers and  is mixed convection parameter. 
Assumed isothermal wall temperatures for the channel. In particular, the boundary temperature 

at 1 2Y h= −  is 1T , while the boundary temperature at 2 2Y h=  is 2T  with 2 1T T . These boundary 

conditions are compatible with Eq. (1) and (3) if and only if dP dX  is independent of X . Therefore, 

the pressure gradient is considered as a constant.  
 

dp
A

dX
=                 (7) 

 
The reference velocity and temperature are given by Ref. [38] 
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One   obtains   the   combined momentum and energy equations using non-dimensional 

parameters corresponding to streams I and II as 
 

Stream-I 
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Stream-II 
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Subject to the boundary conditions for both streams I and II  
 

1 0u = at 1
4

y = −  and 2 0u =  at 1
4

y =  

 
3 2 2

1 1 1
33 2

1 4 1

1 1
,

d u d u du
Bc

Bi dy E dy Bi dy


− − =  at 

1

4
y = −   

 
3 2 2

2 2 2
43 2

2 4 2

1 1
,

d u d u du
Bc

Bi dy E dy Bi dy


+ − =  at 

1

4
y =  

 

1 0u = , 2 0u =  at *y y=  

 
2 2

1 2

2 2
*

d u d u
at y y

dy dy
= = ,  

 
3 3

2 21 1 2 2

3 3
*

d u du d u du
at y y

dy dy dy dy
 − = − =

                                                              
                            (11) 
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2.2 Perturbation Method 
 

The obtained governing Eq. (9) and Eq. (10) are highly nonlinear and are solved by the 
perturbation method without inertia term. The solutions are found using the perturbation method. 
The perturbation method can strongly justify with a small value of perturbation parameter   (

Br =  ).  

 

( ) ( ) ( ) ( )2

0 1 2 ...i i i iu y u y u y u y = + + +                                                                                               (12)                                                                        

 
Substituting Eq. (12) in Eq. (9), Eq. (10), and Eq. (11) and equating the coefficients of   to obtain 

zeroth and first order equations. 
 

Zeroth order equations 
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First order equations 
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Stream-II 
 
Zeroth order equations 
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The boundary, interface conditions for both streams I and II are 
 
Zeroth order 
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First order 
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The solutions obtained for zeroth and first order Eq. (13) to Eq. (16) using the conditions Eq. (17) 

and Eq. (18) are given as  
 

Zeroth order solutions 
 
Stream-I 
 

10 1 2 3 4[ ] [ ]u d d y d Cosh y d Sinh y = + + +
                                            (19) 

 
Stream-II 
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                       (20) 

 
First order solutions 
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Stream-II                      
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Too many constants are there and hence not shown in the paper. 
 

2.3 Differential Transform Method
 

  



CFD Letters 

Volume 16, Issue 12 (2024) 38-58 

47 
 

The obtained governing Eq. (9) and Eq. (10) are highly nonlinear differential equations and are 
solved with inertial by using differential transform method.  

The DTM method was introduced by Ref. [39] who solved electric circuit analysis problems. Taylor 
series expansion is used to construct this method and is a semi-analytical numerical technique.  
 
The kth derivative differential transforms of the ( )f y  is defined as follows:  

 

0

1 ( )
[ ]

!

k

k

y y

d f y
F k

k dy
=

 
=  

 
                                                                             (23) 

 
where ( )f y is the given function and [ ]F k  is transformed function. Differential inverse transforms 

of [ ]F k  is defined as follows:   
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The DTM has been applied to obtain the solutions of Eq. (1) and Eq. (3).
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                       (25) 

 
The initial conditions are as follows  
 

1[0] 1u = , 1[1] 2u = , 1[2] 3u = , 1[3] 4u = , 2[0] 5u = , 2[1] 6u = , 2[2] 7u = , 2[3] 8u =               (26) 

 
The constants 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8  numerical values can be find by using the 
differentially transformed equations then the solutions can be obtain form the system by substituting 
constants numerical values.  
 
Using non dimensional parameters (6), Eq. (1) and Eq. (3) can be rewrite as 
 
Stream-I 
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22
21

1 1 3 12

2 1 1

1 1
48

d u
u I E u

E E E dy




 
= − + + − 

                       
(27) 

 
Stream-II 
 

22
22

2 2 3 22

2 1 1

1 1
48

d u
u I E u

E E E dy




 
= − + + − 

         
             (28)

    
 

Where 1  and 2  are the dimensionless temperatures in stream-I and stream-II. 

 
3. Results  

 
The influence of different shapes of nanoparticles on mixed convective nanofluid in a vertical 

channel saturated with porous media is investigated analytically. The different shapes (namely, non-
spherical shapes: Cylinder, Platelet, Brick, and Blade) of nanoparticles are Copper ( Cu ), Titanium 

oxide ( 2TiO ), Silver ( AG ), Aluminium oxide ( 2 3Al O ), Ferrous oxide ( 3 4Fe O ) with the base fluids 

Water ( 2H O ) and Ethylene glycol ( EG ) are considered for the nanofluid. The channel is able to be 

divided into multiple passages by inserting a thin plate, and it is movable. The flow-governing 
equations (without inertia) are solved analytically by applying the perturbation method and the -
highly nonlinear equations with inertia are solved semi-analytically by applying the differential 
transform method. The numerical values of profiles obtained by both perturbation and DTM methods 
agree very well. The flow is depicted pictorially by placing the plate in different positions. The plate 
is placed in the centre of the channel for Figure 2 to Figure 6, the plate is placed at different places 
in the channel for Figure 7, and the plate is placed at right wall for other figures. The fixation of 
parameters is considered for all the graphs except the varying one are 0.5 = ,  10 = , 0.01 = , 

0.02 = ,  1 10Bi = , 2 10Bi = , 0 = , 1TR = , 2H O Cu− , Platelet . 

Figure 2 displays the impact of   on the velocity distribution. The enhancement in buoyancy 
force causes a deficiency in the density of the fluid. Hence, the magnification occurs in the velocity 
of the flow in both passages. The reverse flow takes place due to the isothermal boundary conditions 
in the channel with asymmetric wall temperatures [40]. The impact of  on the velocity profile is 
depicted in Figure 3. The enhancement in  causes the magnification in drag force to slow down the 
velocity of the flow. The impact of   on velocity and temperature cantors is displayed in Figure 4 and 

13. The enhancement in   increases the thermal conductivity of the fluid, causing the low viscosity 

to slow down the velocity and magnify the temperature of the fluid. Figure 5 and Figure 15 display 
the impact of different nanofluids on velocity and temperature profiles. The optimal velocity and 
temperature can be seen for water-based silver nanoparticles due to their high thermal conductivity, 

which causes low viscosity. The influence of different shapes of 
2/Cu H O nanoparticles on velocity 

and temperature profiles is pictorially displayed in Figure 6 and Figure 14. The optimal velocity and 
temperature are observed for the platelet-shaped nanoparticles, followed by cylinders, blades, and 
bricks. The increase in densities of nanoparticles depreciates the velocity field. The present result 
shows that the elongated nanoparticle shapes like platelets and cylinders have lower densities as 
compared to the square-shaped nanoparticles like blades and bricks. The impact of the baffle plate 
on the velocity cantor is shown in Figure 7. It is clearly seen that the velocity is very high when the 
plate is placed near the wall. Fluids can easily flow in the wide passage compared to the narrow 
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passage. The impact of  on the velocity and temperature cantor is displayed in Figure 8 and Figure 
9. It is observed that the flow depreciates with the increase in . The enhancement in quadratic drag 
force will diminish the velocity of the flow and enhance the temperature of the flow. Figure 10 
displays the comparison of the differential transform method and perturbation method for the 
velocity profile. It is clearly seen in the figure that the values of both the differential transform 
method and the perturbation method agree very well for small values of the perturbation parameter
 . The impact of   and  on the temperature profile is shown in Figure 11 and Figure 12. The 

temperature depreciates with the enhancement in   and  . The value of  increased to 0.5 to see 

the difference in temperature profiles for ,  and  . The comparison of water-based and EG-based 

nanofluids for velocity and temperature profiles is shown in Figure 16 and Figure 17. The velocity and 
temperature of the flow are low for water-based nanofluids due to their high density and low 
viscosity. 

The Nusselt number values are shown in Table 4 for the different values of governing parameters 

for platelet shaped 
2 3 4H O Fe O− nanofluid in a channel with asymmetric wall temperatures 2 1T T . 

The rate of heat transfer is diminishing with enhancement in   ,  ,  and magnifying with the 

enhancement in  and  . The optimum rate of heat transfer occurred for brick shape 
2 2H O TiO−

nanofluid.  
 

 
Fig. 2. Velocity contours for   
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Fig. 3. Velocity contours for   

 

 
Fig. 4. Velocity contours for   

 

 
Fig. 5. Velocity contours for different nanofluids 
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Fig. 6. Velocity contours for different shapes of nanoparticles 

 

 
Fig. 7. Velocity contours for different positions of baffle plate 

 

 
Fig. 8. Velocity contours for   
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Fig. 9. Temperature contours for   

 

 
Fig. 10. Velocity comparison with   

 

 
Fig. 11. Temperature contours for   

 



CFD Letters 

Volume 16, Issue 12 (2024) 38-58 

53 
 

 
Fig. 12. Temperature contours for   

 

 
Fig. 13. Temperature contours for   

 

 
Fig. 14. Temperature contours for different shapes of nanoparticles 
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Fig. 15. Temperature contours for different nanofluids 

 

 
Fig. 16. Velocity comparison for different base-fluids 

 

 
Fig. 17. Temperature comparison for different base-fluids 
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Table 4 
The values of Nusselt numbers for different governing parameters 

          Nanofluid Shape At Y= - 0.25 At Y= 0.25 

10       0.8838 2.0174  
20       1.1466 1.7134  
30       1.2343 1.6121  

 0.5      0.8838 2.0174  
 1      −0.8664 3.8554  
 1.5      −3.6663 6.8003  
  0.0     0.8690 2.0403  
  0.02     0.8838 2.0174  
  0.05     1.0916 1.9871  
   0    0.8838 2.0174  
   0.5    0.8669 1.9506  
   1    0.8844 1.9329  
    0.01   0.8838 2.0174  
    0.1   1.6205 2.0207  
    0.5   4.8950 2.0357  
     

2H O Cu−   0.8760 1.9976  

     
2 2 3H O Al O−   0.8733 2.0077  

     
2 2H O TiO−   0.8855 2.0175  

     
2H O Ag−   0.8788 1.9948  

     
2 3 4H O Fe O−   0.8838 2.0174  

     EG Cu−   1.5087  1.4114 

     
2 3EG Al O−   1.4214 1.4558  

     
2EG TiO−   1.4322 1.4527  

     EG Ag−   1.5482 1.4081  

     
3 4EG Fe O−   1.4084 1.4741  

      Platelet 0.8838 2.0174  
      Blade 0.8291 2.0079  
      Cylinder 0.8617 2.0212  
      Brick 0.8433 2.0266  

 
4. Conclusions 

 
This study investigates the integral thermal conductivity of nanofluid flow with different shapes 

of nanoparticles under the influence of a quadratic drag force in a porous channel. Inserted a 
movable, thin, flat plate with negligible thickness to make a double passage channel. The problem is 
solved using the perturbation method and the differential transform method. The obtained 
numerical values are agreed very well for small values of the perturbation parameter. 

 
i. The velocity profile diminishes with the enhancement in ,   and magnifies with the 

increase in  ,   and  . 

ii. The temperature profile magnifies with the enhancement in ,   and diminishes with the 

increase in   and  . 

iii. The optimum velocity and temperature cantors are found for platelet-shaped water-based 
silver nanofluid.  

iv. The heat transfer rate is diminishes with the enhancement in ,  ,  and magnifies with the 

enhancement in  and  .  
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v. The optimum rate of heat transfer occurred for brick-shaped 
2 2H O TiO− nanofluid. 

vi. The maximum velocity is found when the plate is near the wall. 
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