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ABSTRACT 

The study uses the Tiwari-Das nanofluid model to compute free convective flows in a right-

angled trapezoidal cavity containing a porous material which is saturated with Cu-water 

nanofluid material. This investigation aims to enhance the characteristics of hybrid fuel cells 

and energy depository devices by analysing the cavity thermal physics and fluid flow 

characteristics. In the fuel cell trapezoidal enclosure geometry, the inclined and right wall 

portions are maintained at different isothermal temperatures, at all times. Finite difference-

based stream function-vorticity numerical simulations are employed to carry out this analysis. 

The outcomes have been presented for isotherms, streamlines, and Nusselt numbers concerning 

nanoparticle volume fraction, Darcy number, and various Rayleigh numbers. It is found that 

the inverse relationship between the thermal Rayleigh number and the nanofluid volume has a 

significant impact on the average Nusselt number. 

KEYWORDS: Trapezoidal enclosure, Natural convection, Cu-water nanofluid, permeable 

medium, Numerical; Fuel cells.  

 

NOMENCLATURE 

Roman Symbols 

pC  Specific heat at fixed pressure  

g  Gravitation acceleration vector 
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K  Porous medium permeability 

k  Thermal conductivity 

P Pressure 

Ra  Rayleigh number 

Tc Temperature of Cold right wall  

Th Hot left wall temperature 

T Temperature 

(u, v) Cartesian velocity components 

(U, V) Dimensionless velocity components 

V   Darcian velocity vector 

(x, y) Cartesian co-ordinates 

(X, Y) Dimensionless co-ordinates 

 

Greek  

   Coefficient of Thermal expansion. 

  Uniform concentration of the nanoparticles 

  Stream function 

  Dynamic viscosity 

  Density 

  Permeability of the porous medium 

θ Non-dimensional temperature 
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Subscripts 

c  Cold 

f  Fluid 

h  Hot 

mnf Nanofluid saturated porous medium 

m  Clear fluid saturated porous medium 

nf Nano fluid 

s  Particle 

 

1. INTRODUCTION 

Natural convection plays a significant role in several technologies and engineering analysis. It 

has several technical uses, including applications of solar systems, structures of civil 

engineering, the electronic sector, boilers used in industrial sectors and porous ovens. 

Convection heat transfer with permeable substances is now being studied in a variety of 

settings. The reason for this is that heat transmission in permeable substances has variety of 

applications ranging from biological transport phenomena to oil recovery sector in the 

petroleum industries. A variation in temperature between the solid matrix along with the 

percolate fluid has been examined and identified in the applications of permeable media such 

as the ecological effect of dumped nuclear waste, thermal power systems, chemical reactors, 

and so on. Further the impacts of thermal radiation in closed enclosures were studied in several 

research publications along with thermosolutal convection. Heat transfer through nanofluids 

has long been investigated both experimentally and conceptually. The origin of these concepts 

provides a precise and short explanation of the principles of enhancing heat transport. More 

over Nanofluids are a new type of fluids that form when stable nanoparticles interact with basic 

fluids. Nanofluids have several uses in building, research, manufacturing, and a variety of other 

industries. 

In [1] studied the thermohydraulic characteristics of nanofluids moving across porous media 

distinct elements of three distinct convective heat transport techniques, specifically natural, 

forced convection and mixed convection, were studied, including second law analysis, MHD 

flow, thermophoresis, nanoparticle shape effect, non-Newtonian nanofluids, Brownian motion 
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and hybrid nanofluids. The primary findings of this study are provided in three sections: 

outcomes, difficulties, and future directions.  Using a non-equilibrium thermal model, 

Sheremet et al. [2] conducted a computational analysis of free convective temperature 

distribution in an aluminium foam enclosure that has been differentially heated and is equipped 

with a Cu/water nanofluid. The study focused on the relationship between fluid flow and heat 

conduction and the Rayleigh number Ra, nano particles solid volume fraction, permeability of 

the porous field, and heat conduction at the nanofluid/solid matrix interface. Barman et al. [3] 

examined the result of enclosure aspect ratio on buoyancy driven fluid movement in a vertically 

situated curvy permeable enclosure with its wavy right wall kept at a constant less heat and 

heat source implanted at the vertical left end wall, leaving both the horizontal walls adiabatic. 

In this study for a constant aspect ratio, wall waviness, and heat source the flow-through 

Darcian permeable medium is influenced by convection as the Rayleigh-Darcy number 

augments. Because waviness resists the flow of fluid, midway vertical velocity decreases when 

the wave amplitude increases and the amount of variations per unit length, with the influence 

of a being more noticeable than the amount of variations per unit length. Thermal radiation and 

inclined magnetic fields have been studied by Abdelraheem et al. [4] for their effects on phase 

transition substance and thermosolutal convection inside a wavy horizontal enclosure equipped 

with NEPCMs-water mixes. At the primary time step, the time-fractional derivative has an 

effect on the zone of a phase change substance and minor changes has been found at the steady 

state.   Increasing the nanoparticle concentration to 5% reduces the speed of nanofluid by 

27.590%. Raising the Hartmann number also reduces the nano-fluid motions inside a wavy 

horizontal enclosure.  Barnoon et al. [5] investigated movement of nanofluid and temperature 

distribution in a permeable cavity with a pair of cylinders incorporated in the enclosure existing 

and without existing the effect of thermal radiation.  The findings indicate that changing the 

cavity angle might result in an increase or decrease in temperature distribution. Furthermore, 

taking thermal radiation into consideration, heat transmission is likely to be lesser than that 

which does not exist. Furthermore, the appropriate rate of temperature distribution is 

determined based on the conditions of temperature. Heat transmission can be enhanced or 

lowered by adjusting the cavity angle of the cylinders. Al-Kouzetal.[6] provided an 

experimental parametric investigation on free convective and entropy production inside an 

enclosure equipped with a nanofluid subjected to a field of magnetism in the existence of a 

permeable media.  The most important points raised by this work are the temperature 

distribution in the cavity with the influence of flow regime (Ra), medium porosity Da, strength 

of magnetic field Ha, and heating length, which is defined by geometric parameters. It was also 
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noted that the effects intensity of each parameter given varies. Sheremet et al. [7] numerically 

deliberated free convective flow in a porous square cavity with opposing temperature atside 

walls along with adiabatic top and bottom walls equipped with a water-based nanofluid. In this 

article a Special consideration has been given to the impacts of the permeability of the porous 

field, nanoparticles solid volume fraction, Rayleigh number, and solid matrix of the permeable 

medium in the field of fluid flow, heat circulation and Nusselt number. The effects of diverse 

porosity on the transient temperature distribution of convective Cu-H2O fluid flow via a 

permeable field (crystal bead, sandstone and aluminium foam) within a trapezoidal shaped 

cavity with no thermal equilibrium state were investigated by Al-Weheibi et al. [8]. In contrast, 

the local thermal equilibrium condition of nanoparticles and ordinary fluid is taken into 

account. The effects of distinct permeability and porosity factors on the Nusselt numbers are 

discussed in depth. free convection of Cu-H2O nanofluids surrounded by a permeable annulus 

generated in between the square cavity and an elliptical cylinder was investigated by Dogonchi 

et al. [9]. The outcomes of this article show that increasing the Ra and Da values significantly 

develop temperature distribution and the average Nusselt number at a given aspect ratio. 

Furthermore, increasing the Ra values enhances the momentum of nanofluid, but increasing 

the cylinder’s aspect ratio which is in elliptical shape has an adverse effect. Mehryan et al. [10] 

studied the free convection of Ag-MgO hybrid or water nanofluid flow via a permeable cavity 

has been explored using the LTNE model. The Darcy model is used to investigate the flow 

dynamics of a permeable field. Distributing Ag-MgO hybrid nanoparticles reduces fluid flow 

potency and temperature distribution rate via both the phases (solid & fluid) of porous medium.  

Furthermore, the utilisation of hybrid nanoparticles reduces the LTNE state. A thorough 

numerical analysis of fluid momentum and temperature distribution in an enclosure with 

revolving obstacles of circular type consisting of permeable field and exposed to a magnetic 

force was conducted by Barnoon et al. [11]. The findings in this article shows that the thermal 

conditions of the round obstacles, as well as their orientation, have a considerable impact on 

the movement fluid and temperature distribution. The largest heat transmission rates are seen 

in cold circular obstacles, whereas the lowest are found in heated circular obstacles. 

Furthermore, the type of the permeable field and the magnetic field has an effect on the pace 

of temperature dispersion. Numerous pieces of literature [[12], [13], [14], [15]] exist that 

discuss the porous enclosure and its related work. A study conducted by Ellahi [16] investigated 

the MHD flow of nanofluid within a  pipe at a higher temperature than the non-Newtonian fluid 

with variable viscosity. The study revealed that the MHD parameter reduces the fluid flow, and 

the velocity profile dominates the temperature profile even in varying viscosities. Ellahi [17] 
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also found that the velocity profile in pressurized alumina water near a wavy channel equipped 

with porous material was reduced. These findings offer valuable insights into fluid flow 

behaviour under different conditions. In a study by Bhatti et al. [18], the behaviour of tantalum 

and cobalt nano-particles in a hybrid fluid structure was investigated. The study found that the 

presence of Lorentz force led to a reduction in velocity. In their study; Tripathi et al. [19] 

presented a model for analysing the flow of electro-osmotic nanofluid in a micro channel with 

unique wave formations on the walls. The results of this study are crucial for comprehending 

the fluid dynamics of proposed innovative drug delivery devices. Akbar et al. [20] conducted 

a mathematical analysis of peristaltic momentum and heat transport in a heat-dependent 

variable-viscosity nanofluid flowing through a channel with heat generation and thermal 

buoyancy effect in the shape of cylinders, platelets and bricks. Tripathi et al. [21] developed 

analytical results for the flow characteristics of nanofluid in a heterogeneous channel. The 

findings of this study suggest that thermophoresis accelerates transverse flow and reduces 

pressure variations. 

This particular work has the potential to significantly advance our knowledge and 

comprehension of heat transfer and nanomaterials, which can be of great use for academic 

research purposes. Furthermore, the outcomes of this study can be applied in the advancement 

of heat transformers, particularly those that are commonly utilized in electronic components. 

The outcomes of this project can enhance and broaden the understanding of heat transfer and 

materials, which can be utilized for academic purposes. Additionally, these findings can be 

utilized in the advancement of heat transformers, particularly those utilized in electronic 

gadgets and fuel cells. 

 

2. MATHEMATICAL FORMULATION 

The nanoparticle diluted Newtonian 2-dimensional laminar flow, enclosed in a porous medium 

right angled trapezoidal enclosure is considered in the present work. Figure. 1aexhibits the 

geometrical representation for the computational configuration. Assume the enclosure 

embedded with porous medium with constant thermo-physical properties.  The horizontal walls 

of the enclosure are thermally insulated, the left inclined wall is isothermally cold while the 

opposite walls is isothermally constant high temperature is maintained. By assuming a 

Boussinesq approximation, very small densities, and so the incompressibility constraints are 
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not violated, as well as the buoyancy force. Thermal radiation, external magnetic field, internal 

heat generation, and viscous dissipation are ignored in the analysis.  

The set of governing equations laminar incompressible nanofluid taking into account in the 

conservation equation of mass, momentum, thermal transport and Poisson can be expressed as 

follows [22, 25]: 

 

𝜕𝑢

𝜕𝑥̅
+

𝜕𝑣̅

𝜕𝑦̅
= 0           (1) 

𝜌𝑛𝑓 (
𝜕𝑢

𝜕𝑡
+ 𝑢̅

𝜕𝑢

𝜕𝑥̅
+ 𝑣̅

𝜕𝑢

𝜕𝑦̅
) =  −

𝜕𝑝

𝜕𝑥̅
+ μnf (

𝜕2𝑢

𝜕𝑥̅2 +
𝜕2𝑢

𝜕𝑦̅2) −
μnf

𝑘
𝑢̅     (2) 

𝜌𝑛𝑓 (
𝜕𝑣̅

𝜕𝑡
+ 𝑢̅

𝜕𝑣̅

𝜕𝑥̅
+ 𝑣̅

𝜕𝑣̅

𝜕𝑦̅
) =  −

𝜕𝑝

𝜕𝑦̅
+ μnf (

𝜕2𝑣̅

𝜕𝑥̅2
+

𝜕2𝑣̅

𝜕𝑦̅2
) −

μnf

𝑘
𝑣̅ + g (ρβ)nf(T − Tc)  (3) 

𝜕𝑇

𝜕𝑡
+ 𝑢̅

𝜕𝑇

𝜕𝑥̅
+ 𝑣̅

𝜕𝑇

𝜕𝑦̅
= 𝛼𝑛𝑓 (

𝜕2𝑇

𝜕𝑥̅2 +
𝜕2𝑇

𝜕𝑦̅2)        (4) 

 

Figure. 1a. Schematic diagram of computational configuration 

 

The wall boundary constraints of the trapezoidal cavity as follows:  

On left inclined wall:  𝑢̅ = 𝑣̅ = 0, T = Tc 
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On right wall:  𝑢̅ = 𝑣̅ = 0, T = Th 

On horizontal adiabatic walls:  𝑢̅ = 𝑣̅ =
𝜕𝑇

𝜕𝑦̅
= 0 

With the pleasure eliminating vorticity-stream function approach and considered the below 

dimensionless quantities: 

𝑥 =
𝑥̅

𝐿
, 𝑦 =

𝑦̅

𝐿
,    𝑢 =

𝑢𝐿

𝛼
, 𝑣 =

𝑣̅𝐿

𝛼
 ,   𝜓 =

𝜓̅

𝛼
, 𝜔 =

𝐿2𝜔̅

𝛼
 , 𝜏 =

𝑡𝛼

𝐿2
, 𝜃 =

𝑇−𝑇𝑐

𝑇ℎ−𝑇𝑐
   (5) 

Where the nanofluid parameters are 

μnf = μf(1 + 4.93∅ + 222.4∅2) 

ρnf = (1 − ∅)ρf + ∅ρp,     

(ρc)nf = (1 − ∅)(ρc)f + ∅(ρc)p        (6) 

(ρβ)nf = (1 − ∅)(ρβ)f + ∅(ρβ)p 

knf = kf(1 + 2.944∅ + 19.67∅2) 

Stream function ψ and vorticity ω in non-dimensional form 

𝑢 =
𝜕𝜓

𝜕𝑦
, 𝑣 = −

𝜕𝜓

𝜕𝑥
 , 𝑤 =

𝜕𝑣

𝜕𝑥
−

𝜕𝑢

𝜕𝑦
        (7) 

 

. 

Figure. 1b. Comparison results of streamlines and temperature contours of (left- previous 

study) [ 23] and (right- present result) 

 

Therefore, the equations that govern (4)-(7) can be expressed in a dimensionless format. 
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𝜕2𝜓

𝜕𝑥2 +
𝜕2𝜓

𝜕𝑦2 = −𝜔          (8) 

𝜕𝜔

𝜕𝜏
+

𝜕𝜓

𝜕𝑦

𝜕𝜔

𝜕𝑥
−

𝜕𝜓

𝜕𝑥

𝜕𝜔

𝜕𝑦
= 𝐻1(∅) 𝑃𝑟 (

𝜕2𝜔

𝜕𝑥2 +
𝜕2𝜔

𝜕𝑦2 ) − 𝐻1(∅)
𝑃𝑟

𝐷𝑎
 𝜔 + 𝐻2(∅) 𝑅𝑎 𝑃𝑟 (

𝜕𝜃

𝜕𝑥
) (9) 

𝜕𝜃

𝜕𝜏
+

𝜕𝜓

𝜕𝑦

𝜕𝜃

𝜕𝑥
−

𝜕𝜓

𝜕𝑥

𝜕𝜃

𝜕𝑦
= 𝐻3(∅) (

𝜕2𝜃

𝜕𝑥2 +
𝜕2𝜃

𝜕𝑦2)                 (10) 

 

Here Prandtl number Pr =  
𝜇𝑓

𝜌𝑓𝛼𝑓
, Thermal Rayleigh number Ra =

𝑔𝜇𝑓𝛽𝑓(𝑇ℎ−𝑇𝑐)𝐿3

𝜌𝑓𝛼𝑓
Darcy 

parameter Da =  
𝑘

𝐿2
,𝐻1(𝜙) =

1+4.93𝜙+222.4𝜙2

1−𝜙+𝜙𝜌𝑝/𝜌𝑓
,   𝐻2(𝜙) =

1−𝜙+𝜙(𝜌𝛽)𝑝/(𝜌𝛽)𝑓

1−𝜙+𝜙𝜌𝑝/𝜌𝑓
 and 𝐻3(𝜙) =

1+2.944𝜙+19.67𝜙2

1−𝜙+𝜙(𝜌𝑐)𝑝/(𝜌𝑐)𝑓
. All the symbols and parameter are addressed in nomenclature. Table 1 

presents a comprehensive analysis of the thermophysical characteristics of nanofluids. The 

coupled partial differential equations have been employed with the following boundary 

conditions: 

 

At right hot wall:  𝜓 = 0,    𝜃 = 1 

At cold inclined cold wall: 𝜓 = 0,      𝜃 = 0 

Top and bottom wall (thermally insulated walls): 𝜓 = 0,      
𝜕𝜃

𝜕𝑦
= 0 

 

Table. 1. Composed water and Cooper (Cu) nanoparticle's thermal-physical characteristics 

(see [24]) 

Physical characteristics Base fluid (water) Cu 

1 1( . . )pC J kg K− −
 

4179 385 

3( . )kg m −
 997.1 2700 

1 1( . . )k W m K− −  0.613 205 

7 2 110 ( . )m s − −  1.47 846.4 

5 110 ( )K − −  21 2.22 
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Table. 2. Comparison of average Nusselt number (Nu) with Pr=0.71(air) 

 

Ra 

 

Nu 

Ref. [26] Ref. [27] Ref. [28] 

FEM 

Present study 

(FDM) 

103 Average 1.12 1.074 1.117 1.1185 

104 Average 2.243 2.084 2.254 2.2526 

105 Average 4.52 4.3 4.598 4.5907 

106 Average 8.8 8.743 8.976 8.9905 

 

 

3. COMPUTATIONAL METHOD OF SOLUTION AND CODE VALIDATION 

In order to address the complex problem of non-linear transportation equations (8) - (10) and 

meet the required wall conditions, we employed a second-order approximation method based 

on finite difference techniques. Specifically, we utilized a central difference scheme to 

accurately approximate the diffusion and convective terms involved in the equations. This 

approach allowed us to arrive at a viable solution through a systematic and iterative process. 

To obtain numerical approximated integral for the nonlinear momentum and energy equations, 

a linear relaxation method was used to solve the discretized equations obtained through finite 

difference scheme. To obtain quick and accurate results for the stream function, the Gauss-

Seidel scheme is adopted to solve the discretization equation of the Poisson equation. Further 

details can be found in references [19, 20, 21, 22]. In all simulation processes, we make use of 

an under-relaxation parameter value of 10−1, ensuring that the calculations are carried out in a 

smooth and effective manner. Additionally, we set the convergence criteria at a value of 10−4, 

guaranteeing a high level of accuracy and precision in the resulting output. 

It is important to mention that there is currently no experimental research data available that 

can fully simulate the problem. In the study conducted by Gibanov et al. [23], Figure 1b 

displays the findings of free convective fluid momentum in a trapezoidal cavity using a 

working fluid of Pr = 0.71 and Ra = 105. The study compared the results obtained from the 

commercial FLUENT software with the ones derived from their own developed computational 

code. Our research, on the other hand, evaluated the current numerical finite difference method 

(FDM) and compared it to the findings of Gibanov et al. [23]. Based on the results presented 

in Figure 1b, it is evident that our findings align well with the existing literature. The finite 

difference approach was developed in an in-house MATLAB-based platform and verified with 
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previous numerical research [33-35]. Table.2. displays the average Nusselt number near the hot 

wall over a wide range of Ra (Ra=103 – 106). An excellent correlation of present numerical 

method with the [26-28]. As a result, we can confidently use our numerical method to further 

investigate the problem discussed in this paper. 

 

4. RESULTS AND DISCUSSION 

In this study, we investigate the mechanism of coupled fluid flow and heat transmission via 

free convection within a trapezoidal cavity containing a permeable field saturated with Cu-

Water nanofluid. The buoyancy forces created by density gradients drive the mixture, resulting 

in the formation of streamlines and isotherms throughout the cavity. We investigate the effect 

of various controlling factors within a certain range 103 ≤ Ra ≤ 106, 10-4 ≤ Da ≤ 10-1, 0.01 ≤ 𝜙 

≤ 0.05 and fixed Pr = 6.2, tested, including buoyancy parameter, and Darcy number. 

In Figure 2, we can observe the streamlined contours for various Rayleigh numbers (Ra). One 

can easily notice stream function value increases from the Rayleigh number intensifications. It 

should be noted that even a little raise in the Rayleigh number can have a big influence on the 

stream function.  In fact, as the Ra value rises, so does the buoyancy force, which improves the 

stream function.  The larger flow of the cavity is observed at the centre and the flow sucking 

towards the inclined cold wall from the straight hot wall of the cavity that causes the flow 

function to increase. By raising the Ra from 103 to 106, a strong vortex forms at the cavity's 

centre. By enhancing the Ra, the vortex grows and is drawn to its full potential, exposing much 

of the cavity to the maximum flow towards the slant wall where the streamlines are highly 

clustered near the cold wall.  

Figure 3 depicts the impact of Ra on the isotherms. Buoyancy forces are frequently more 

intense at large Ra due to the greater kinetic energy of the flow. Ra increases temperature and 

concentration distributions through trapezoidal cavities due to enhanced buoyancy forces. As 

a result, there is a strong heat dispersion between the hot and cold walls, and the corresponding 

asymmetric thermal contours are clearly visible. As Ra grows, heat transmission becomes 

increasingly advection-dominated, and the isotherm field deforms as buoyancy increases. 

Circulation is lowest towards the wall and highest near the centre. As a result of the initiation 

of advection, the isotherms deviate substantially and are pushed towards the inclined wall with 

higher Ra. Temperature variations along the hot and cold walls appear to be critical for the 

formation of the thermal boundary layer at Ra = 106. Small temperature gradients can be seen 
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at the centre regime due to more circulation there, whereas a big temperature stratification zone 

can be found at the vertical symmetry line due to flow stagnation. 

 

 

 

Figure. 2. Streamlines for distinct values of Rayleigh number Ra (Ra = 103-106) with 

Darcy number Da = 0.01, nano particle volume fraction parameter Փ = 0.04. 

 

 



13 
 

 

 

 

 

 

 

Figure. 3.Isotherms for distinct values of Rayleigh number Ra (Ra = 103-106) with Darcy 

number Da = 0.01, nano particle volume fraction parameter Փ = 0.04 
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Figure. 4. Streamlines for various values of Darcy number Da (Da= 0.1-0.0001) with 

Rayleigh number Ra =105 and nano particle volume fraction parameter Փ = 0.04 
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Figure. 5. Isotherms for distinct values of Darcy number Da (Da= 0.1-0.0001) with 

Rayleigh number Ra =105 and nano particle volume fraction parameter Փ = 0.04 
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Figure. 6. Local Nusselt number of hot wall (right) for Darcy number Da = 0.01, nano 

particle volume fraction parameter Փ = 0.04 

 

Figure. 7 Local Nusselt number of hot wall (right) for Rayleigh number Ra =105 and nano 

particle volume fraction parameter Փ = 0.04. 
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Figure. 8. Average Nusselt number along the hot wall with nano particle volume fraction 

parameter Փ = 0.04. 
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Figure. 9. Average Nusselt number along hot wall with permeability parameter Da = 

0.01. 
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Figure 4 displays the contours of streamlines for different Darcy numbers (Da). The 

streamlines show a single clockwise flow across the porous zone when Da value is lower. 

However, as the Da value increases, the flow rate spreads throughout the porous area, which is 

influenced by the harmonic motion of the fluid. As can be observed, a decline in Da number 

causes high porous resistance, which in turn causes the flow function in the cavity to decline. 

Low porosity results in a greater solid surface of porous matrix within the cavity, which reduces 

fluid movement.  As a result, in such circumstances, the ability of fluid circulation is 

diminished, and fluid flow is impeded. The vortex's intensity within the cavity is also controlled 

by permeability, which can grow or decrease as a result of the buoyancy parameter Ra. In this 

case, the reverse trend of rising Ra values may be observed for the decrementing value of Da. 

Furthermore, the decrease in permeability leads the streamlines to be more regular, resulting in 

improved fluid circulation inside the trapezoidal cavity. 

Figure 5 depicts the isotherms for various Da levels. As the Da value decreases, the thermal 

boundary layers become thinner. Furthermore, when permeability decreases, more cold thermal 

plumes escape to the left of the heated wall, aiding in the cooling process. Temperature 

distributions inside a trapezoidal cavity are reduced when the Da number is reduced. As 

permeability diminishes, the isotherm-lines become more regular, improving fluid circulation 

in the cavity. When Da=0.1(high permeability) the isotherms are very much closer to both the 

vertical walls when compared to Da=0.0001 (low permeability), which shows high Da has 

higher temperature gradient. We investigated the association between the thermal Rayleigh 

number, porosity, and the local Nusselt number in this work (Fig 6). Our findings indicate that 

the heat transport along the hot wall increases with the growth in the Rayleigh number. This 

means that an intensification in the thermal Rayleigh number leads to enhanced temperature 

distribution from the heated wall. Moreover, we observed that the transient mean Nu raises 

with the Darcy-Rayleigh number. This suggests that the greater the Darcy-Rayleigh number, 

the better the temperature distribution from the hot wall. Additionally, we found that the local 

Nusselt number raised with thermal buoyancy parameter Ra at the heated wall. However, for 

low Rayleigh numbers such as 103 and 104, the local Nusselt number does not show a 

significant change. These observations provide valuable insights into the mechanisms of 

temperature expansion in porous field and can be utilized to optimize thermal management 

systems in various applications of engineering. This is due to conduction's dominance. At large 

Rayleigh numbers, however, the average Nusselt number rapidly increases. This tendency is 

particularly observed for Rayleigh numbers of 105 and 106. 
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As depicted in Figure 7, the variation in Local Nusselt number experiences a gradual delay in 

steep increase as the Da value decreases. At a low Da value the heat transfer reaches the 

physical limit of an almost impenetrable porous medium. Decreasing Da value from 0.1 to 

0.0001 decreases the local Nusselt number which means reduction of porosity suppresses the 

flow and heat expansion rate. On the basis of information provided in Figure 8, it may be 

noticed that correlation exists in between the Nusselt number and Rayleigh and Darcy 

parameters. Specifically, as the Ra value rises and the Da value drops, the temperature 

distribution rate is also seen to increase. This suggests that there exists an inverse association 

between the average Nusselt number and both Ra and Da values. Figure 9 depicts a thorough 

illustration of the relationship between the thermal Rayleigh number, the average Nusselt 

number, and the nanofluid volume fraction. The plot elucidates that an increment in the 

nanofluid volume fraction leads to a diminution in the rate of heat transfer. Conversely, an 

increase in the thermal Rayleigh number results in an increase in the rate of heat transmission. 

These observations signify the significant impact of both nanofluid volume fraction and 

thermal Rayleigh number in heat expansion. 

 

5. FINAL REMARKS 

This research paper provides an in-depth investigation of free convection flows inside a right-

angle trapezoidal cavity. The Tiwari and Das nanofluid model was utilized to simulate the flow, 

while the cavity itself was equipped with a porous bed and a Cu-water nanofluid. The 

investigation was carried out through numerical simulations, allowing for a comprehensive and 

detailed understanding of the fluid dynamics within the system. The outcomes of this analysis 

provide valuable information on the behaviour of natural convection flows in complex 

geometries and highlight the potential of nanofluids for augmenting heat transfer in practical 

applications. We analysed the impact of various governing parameters within the range 103 ≤ 

Ra ≤ 106, 10-4 ≤ Da ≤ 10-1, 0.01 ≤ 𝜙 ≤ 0.05 and fixed Pr = 6.2, tested, including buoyancy 

parameter, and Darcy number.This study has identified the following noteworthy results: 

• The value of the stream function increases as the Rayleigh number increases, indicating 

that the Rayleigh number has a major impact on the stream function. 

• With an increase in Ra, advection will probably have a more significant impact on heat 

transportation. 
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• As permeability decreases, streamlines become more regular, resulting in greater fluid 

circulation in the cavity. 

• Decreasing the Da number declines the temperature distributions inside a trapezoidal 

cavity; nevertheless, the average Nusselt number rapidly increases with high Rayleigh 

numbers.  

• The thermal Rayleigh number and the volume fraction of nanofluid have an inverse 

effect on the average Nusselt number. 
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