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 Heat transfer occurs as a result of density differences caused by temperature 

changes. It has several industrial applications. To improve performance, one must 

investigate the heat transfer behaviour of the working fluid. Hence, the purpose of 

this work is to report a heat transfer analysis of a partially heated trapezoid cavity 

filled with a hybrid nanofluid. The temperature conditions of the cavity are such 

that the bottom boundary is partially heated, inclined side boundaries are kept at a 

lower temperature, and the upper boundary is kept adiabatic. A trapezoidal shape 

heated obstacle is considered in the cavity’s centre. The heat transfer and flow take 

place inside the cavity due to density variation. The mechanism is regulated by 

mass, momentum, and energy conservation, as well as related boundary 

constraints. The solutions are determined by the use of a numerical technique 

known as the Finite Element Method after the governing equations are transformed 

into non-dimensional form, which brings up physical parameters affecting the heat 

transfer and flow. The initial study is performed for three types of nanofluids with 

silver 𝐴𝑔 and magnesium oxide 𝑀𝑔𝑜 nanoparticles inside water 𝐻2𝑂, kerosene 

𝐾𝑒 , and engine oil 𝐸𝑂 . The study revealed that the engine oil-based hybrid 

nanofluid produced an increased heat transfer rate. Simulation is performed using 

engine-based hybrid nanofluid with the range of physical parameters, such as 

Rayleigh number 𝑅𝑎 (105 ≤ 𝑅𝑎 ≤ 107), Hartmann number 𝐻𝑎 (0 ≤ 𝐻𝑎 ≤ 100) 

and nanoparticles volume fraction 𝜙  (0 ≤ 𝜙 ≤ 0.2). It is found that the heat 

transfer rate is enhanced by increasing the fraction of nanoparticles in the base 

fluid. Moreover, imposition of magnetic field has reverse impact on the fluid 

movement.  
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1. Introduction 

Heat transfer has paramount importance in our daily life, 

from the human body dissipating heat to the cooling of 

electronic equipment, to the extraction of geothermal 

energy [1-2]. In order to increase the efficiency of 

already existing devices their heat transfer rates must be 

improved. Traditional fluids such as water and ethylene 

glycol are known to improve heat transfer rates, but 

because of these fluids' low thermal conductivities, they 

are not performing up to the requirement. In order to 

improve the poor thermal conductivity of these 

conventional base fluids a new fluid known as nanofluid 

has been studied widely [3-5]. The first study was 

carried out by Choi in 1995 and his experimental results 

suggest that incorporating nanosized particles (1-100 

nm) with base fluids (water, air) results in high thermal 

conductivities of these fluids which in turn improve the 

heat transfer rates [6]. After that much research has been 

carried out using nanofluids inside various shapes 

(square, rectangle, rhombus, and trapezoid) cavities [7-

10]. For these reasons, the study of nanofluids inside 

various complex-shaped geometries in the field of fluid 

dynamics is an area of interest nowadays.  

Numerous studies have been carried out in the past, 

MHD natural convection numerical investigation using 

hybrid nanofluid inside a trapezoid cavity was 

performed by Mohammad et al. [11]. A study carried out 

by Ghalambaz et al. [12] on hybrid nanofluids inside 

square shaped cavity to study various physical quantities 

related to heat transfer study suggested incorporating 

nanofluids increases heat transfer rates when the 

Rayleigh number is low in the conduction flow regime, 

whereas the local Nusselt number decreases in the 

convection flow domain as the flow moves from bottom 

to top. Sreedevi and Sudarsana [13] studied entropy 

generation and heat transfer simulation of 𝐴𝑙2𝑂3  and 

carbon nanotubes-based hybrid nanofluids in a square 

shape enclosure, heat transfer rates increase from 8.20% 

to 17.60% when the solid-volume fraction was 0.05 in 

case of carbon nanotubes and heat transfer rates 

increases from 8.20% to 12.40% when 𝐴𝑙2𝑂3 suspended 

nanofluid with the volume fraction 0.050 was used. 

Soomro et al. [14] reported the findings of the study of 

mixed convection heat transfer within a lid-driven semi-

circular shaped cavity and revealed that raising the 

Richardson number reduces heat transfer rates while 

increasing the Hartman number increases heat transfer 

rates. In a wavy-shaped cavity, non-Newtonian hybrid 

nanofluid was numerically examined by Hussain et al. 

[15]. The results of the study revealed optimum heat 

transfer rates are achieved with pseudo-plastic hybrid 

nanofluids when the Rayleigh number is higher and 

Hartmann number is lower. The study carried out by 

Shorbagy et al. [16] on the effect of fin thickness on 

mixed convection of hybrid nanofluid suggests that 

increasing the concentration of hybrid nanofluids in the 

base fluid increases the heat transfer rates. Vidhya et al. 

[17] studied the thermophysical properties of zinc/oxide 

hybrid nanofluid for heat transfer applications. Results 

suggested that while using hybrid nanofluids heat 

transfer coefficient is enhanced by 28.9% and thermal 

resistance is decreased by 4.07%. According to a study 

by Azmi et al. [18] on the thermal-hydraulic 

performance of a hybrid nanofluid in a tube with wire 

coil inserts, the performance of the fluid is enhanced by 

the larger concentration of each nanoparticle, which 

accelerates heat transfer. Thermal radiation, heat 

creation, and chemical reactions were investigated on 

hybrid nanofluid in a study on 𝐴𝑔 − 𝐶𝑢/𝑤𝑎𝑡𝑒𝑟 hybrid 

nanofluid heat transfer enhancement by Hayat et al. [19]. 

The results suggest that in the presence of these 

parameters, the heat transfer rate of a hybrid nanofluid 

is greater than that of a conventional nanofluid. Soomro 

et al. [20] conducted a numerical analysis of the MHD 

𝐴𝑙2𝑂3 − 𝐶𝑢/𝑤𝑎𝑡𝑒𝑟  hybrid nanofluid's heat 

transmission capabilities over an inclined surface. The 

results revealed that heat transfer is increased by using a 

hybrid nanofluid in comparison to simple nanofluid. A 

study of nanofluids inside a triangle-shaped cavity of 

mixed convection was conducted by Khadija et al. [21] 

in which unsteady behavior of different nanofluids was 

carried. Results suggested that the higher aspect ratio 

results in a higher Nusselt number. Moreover, 𝐹𝑒3𝑂4 −

𝐸𝑂  provides higher results of heat transfer as compared 

to 𝐹𝑒3𝑂4 − 𝐻2𝑂 .  In one of the studies conducted by 

Massoudi et al. [22] on diamond-water nanofluid to 

study the effect of MHD natural convection and thermal 

radiation inside a trapezoid cavity, results show that 

using nanofluids with high shape factor improves the 

heat transfer rates. A comparative study on water and 

kerosene filled 𝐹𝑒3𝑂4 − 𝑀𝑊𝐶𝑁𝑇 hybrid nanofluid 

were carried by Thirumalaisa et al. [23] inside a porous 

square enclosure, 5% of nanoparticles is added in water 

and kerosene, results revealed that higher mean heat 

transfer rate is achieved with kerosene based nanofluids. 

Soomro et al. [24] examined the thermal performance of 

MHD considering triangle-shaped chamber with a 

circular barrier which has mixed convection flow. Heat 

transfer increases with an increase in the Richardson 

number and decreases with a rise in the Hartmann 

number, according to a study that analyzed several 

physical characteristics including the Reynolds number, 

Richardson number, and Hartmann number. 
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Mohammad et al. [25] natural convection was 

investigated in a wavy cage using hybrid nanofluid and 

heated cylinder, study shows that by increase in 

Hartmann number convective flow is decreased and up 

to 25% increase in heat transfer while using nanofluids. 

Numerical study on MHD convective flow using hybrid-

nanofluid in an elliptic porous enclosure were carried by 

Shehzad et al. [26] he suggested that great heat transfer 

and high Rayleigh number is achieved while using 

nanofluids. Hossain et al. [27] carried work on MHD 

natural convection flow using nanofluid inside porous 

trapezoidal cavity with high temperature triangular 

obstacle, numerical experiments suggests that flow is 

stronger when 𝑅𝑎  and 𝐷𝑎  is higher and heat transfer 

rates also depends upon aspect ratio. Inside a triangular 

cavity that is slightly heated at the bottom, a study is 

being conducted on the natural convection of nanofluids 

by Khan et al. [28] It has been found that as 

Nanoparticles' Rayleigh number and solid-volume 

fraction increase, local and average Nusselt numbers 

also rise. Thermal conductivity's influence on heat 

transmission was studied by Khadim et al. [29] using 

Natural convection of a hybrid nanofluid numerically 

analyzed inside a wavy enclosure. It was discovered that 

heat transfer increases as thermal conductivity increases 

up to a value of 0.04. In one of the studies carried by 

Sreedevi et al. [30] to observe the effects of the magnetic 

field and heat radiation on natural convection using 𝑇𝑖𝑂2 

nanoparticles inside a square cavity. Therefore, the 

primary goal of this study is to numerically analyze a 

partially heated trapezoid cavity for heat transfer 

characteristics of hybrid nanofluids. This cavity has a 

heat obstacle in the center, adiabatic side walls and a 

heated bottom wall while the top wall is kept at a lower 

temperature. Isotherms, the Nusselt number, and 

streamlines are used to display temperature, heat transfer 

rates, as well as fluid flow. For further useful reading, 

refer to the articles [31-34]. 

In this piece of work, the heat transfer rate is analyzed 

upon using hybrid nanofluids with different base fluids 

inside a partially heated trapezoidal shape cavity with 

heated obstacle at the center. The objective is to attain 

the augmentation in heat transfer due to use of various 

hybrid nanofluids. The paper is distributed into various 

sections. Section 1 is devoted to the importance and 

related work reported in the past. The mathematical 

framework of the problem is presented in the section 2. 

A numerical solution procedure is explained in section 

3. The obtained results are discussed in the section 4. 

The conclusion of the presented study is depicted in 

section 5. Finally, all the cited references are listed in the 

end of article in the references section. 

2. Mathematical Formulation 

In this work, a numerical study of the steady, two-

dimensional, incompressible flow of viscous fluid inside 

a partially heated trapezoidal cavity with a heated 

obstacle at the centre is carried out. The cavity is filled 

with hybrid nanofluids of two types of nanoparticles: 

Silver (𝐴𝑔) and Magnesium Oxide (𝑀𝑔𝑂) suspended 

into three types of fluids: water, kerosene, and engine 

oil. The cavity is partially heated at the bottom, kept at 

comparatively at low temperature at side inclined walls, 

and adiabatic top wall. The geometry of the cavity can 

be seen in Fig. 1. The cavity is subject to a transverse 

magnetic field normal to the bottom heated boundary. 

Considering the low Reynolds number such that the 

induced magnetic field is neglected in comparison to an 

applied magnetic field. Moreover, viscous dissipation 

effects are also neglected. The governing equations for 

above considered criteria are given as below [35]. 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0,                     (1) 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

1

𝜌ℎ𝑛𝑓

𝜕𝑝

𝜕𝑥
+ 𝑣ℎ𝑛𝑓 (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2)       (2) 

𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
= −

1

𝜌ℎ𝑛𝑓

𝜕𝑝

𝜕𝑦
+ 𝑣ℎ𝑛𝑓 (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2)   

−
𝜎ℎ𝑛𝑓

𝜌ℎ𝑛𝑓
𝐵0

2𝑣 + 𝑔𝛽ℎ𝑛𝑓(𝑇∗ − 𝑇𝑐
∗)                     (3) 

𝑢
𝜕𝑇∗

𝜕𝑥
+ 𝑣

𝜕𝑇∗

𝜕𝑦
= 𝛼ℎ𝑛𝑓 (

𝜕2𝑇∗

𝜕𝑥2 +
𝜕2𝑇∗

𝜕𝑦2 )           (4) 

 

Fig. 1. Graphical Representation of the Geometry 

where 𝑝  is the pressure, 𝑔  is the acceleration due to 

gravity, 𝑇∗ is the temperature of the fluid, 𝑢 and 𝑣 are 

the respective velocities along the 𝑥  and 𝑦  directions. 

Thermophysical properties of hybrid nanofluid are 

density 𝜌ℎ𝑛𝑓 , dynamic viscosity 𝜈ℎ𝑛𝑓 (=
𝜇ℎ𝑛𝑓

𝜌ℎ𝑛𝑓
) , 

kinematic viscosity 𝜇ℎ𝑛𝑓 , electric conductivity 

𝜎ℎ𝑛𝑓 , thermal expansion coefficient 𝛽ℎ𝑛𝑓 , thermal 
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diffusivity 𝛼ℎ𝑛𝑓 (=
𝑘ℎ𝑛𝑓

(𝜌𝐶𝑝)ℎ𝑛𝑓
) , thermal conductivity 

𝑘ℎ𝑛𝑓 , and specific heat capacity (𝑐𝑝)
ℎ𝑛𝑓

. These 

thermophysical properties of base fluids (water, 

kerosene, and engine oil) and nanoparticles (𝐴𝑔  and 

𝑀𝑔𝑂) are given by the following nano relations: 

𝜇ℎ𝑛𝑓

𝜇𝑓
= (1 − 𝜙)2.5,

𝜌ℎ𝑛𝑓

𝜌𝑓
= (1 − 𝜙) + 𝜙1 (

𝜌1

𝜌𝑓
) + 𝜙2 (

𝜌2

𝜌𝑓
) ,

(𝜌𝛽)ℎ𝑛𝑓

(𝜌𝛽)𝑓
= (1 − 𝜙) + 𝜙1 (

(𝜌𝛽)1

(𝜌𝛽)𝑓
) + 𝜙2 (

(𝜌𝛽)2

(𝜌𝛽)𝑓
) ,

𝜎ℎ𝑛𝑓

𝜎𝑓
= 1 +

3𝜙(𝜎1𝜙1+𝜎2𝜙2−𝜎𝑓(𝜙1+𝜙2))

(𝜙1𝜎1+𝜙2𝜎2+2𝜙𝜎𝑓)−𝜙(𝜎𝑓(𝜙1𝜎1+𝜙2𝜎2)−𝜎𝑓(𝜙1+𝜙2))
,

𝑘ℎ𝑛𝑓

𝑘𝑓
=  

(𝜙1𝑘1+𝜙2𝑘2+2𝜙𝑘𝑓)+2𝜙(𝜙1𝑘1+𝜙1𝑘2)−2𝜙2𝑘𝑓

(𝜙1𝑘1+𝜙2𝑘2+2𝜙𝑘𝑓)−𝜙(𝜙1𝑘1+𝜙1𝑘2)+𝜙2𝑘𝑓
,

(𝜌𝑐𝑝)ℎ𝑛𝑓

(𝜌𝑐𝑝)𝑓
= (1 − 𝜙1 − 𝜙2) + 𝜙1 (

(𝜌𝑐𝑝)1

(𝜌𝑐𝑝)𝑓
) + 𝜙2 (

(𝜌𝑐𝑝)2

(𝜌𝑐𝑝)𝑓
) ,

        

            (5)  

where 𝜙 = 𝜙1 + 𝜙2  represents the total volume of 

nanoparticles fraction, and (∗)𝑓 , (∗)1  and (∗)2 

respectively shows the property of base fluid, 𝐴𝑔 

nanoparticles and 𝑀𝑔𝑂 nanoparticles, which are given 

in Table 1. The velocity and temperature conditions 

imposed on the walls of the trapezoid cavity are given as 

follows: 

𝑎𝑡 ℎ𝑒𝑎𝑡𝑒𝑑 𝑤𝑎𝑙𝑙𝑠
𝑎𝑡 𝑐𝑜𝑙𝑑 𝑤𝑎𝑙𝑙𝑠

𝑎𝑡 𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 𝑤𝑎𝑙𝑙𝑠
             

Ω2, Ω7, Ω8, Ω9, Ω10

Ω4, Ω6

Ω1, Ω3, Ω5

         

𝑢 = 0, 𝑣 = 0, 𝑇∗ = 𝑇ℎ
∗

𝑢 = 0, 𝑣 = 0, 𝑇∗ = 𝑇𝑐
∗

𝑢 = 0, 𝑣 = 0,
𝜕𝑇∗

𝜕𝑦
= 0

                           (6) 

Using the following transformation variables: 

𝑋 =
𝑥

𝐻
 , 𝑌 =

𝑦

𝐻
 , 𝑈 =

𝑢𝐻

𝛼𝑓
, 𝑉 =

𝑣𝐻

𝛼𝑓
, 𝑃 =

𝑝𝐻2

𝜌𝑓𝛼𝑓
2 , 𝑇 =

𝑇∗−𝑇𝑐
∗

𝑇ℎ
∗−𝑇𝑐

∗  ,

𝜈𝑓 =
𝜇𝑓

𝜌𝑓
 , 𝑅𝑎 =

𝛽𝑓(𝑇ℎ
∗−𝑇𝑐

∗)𝐻3

𝜈𝑓𝛼𝑓
 , 𝐻𝑎 = 𝐵0𝐻√

𝜎𝑓

𝜌𝑓𝜈𝑓 
 , 𝑃𝑟 =

𝜈𝑓

𝛼𝑓
 .

     (7)    

Table 1 

Thermophysical characteristics of water and nanoparticle [36-37] 

Properties 𝜌 𝐶𝑝 𝑘 𝛽 × 10−5 𝜎 𝜇 𝑃𝑟 

Water 997.1’ 4,179 0.613 21 5.5 × 10−6 0.001003 6.8377 

Kerosene’ 783 2,090 0.149 99 6.0 × 10−10 0.00164 23.004 

Engine Oil 888.23’ 1,880.3 0.145 70 23.004 0.8451 10958.9 

𝐴𝑔 10,500 235 429 1.89 8.1 × 10−4 --- --- 

𝑀𝑔𝑂 3,560 955 45 1.05 8 × 10−4 --- --- 

where 𝐻 is the length of heated bottom boundary, 𝑅𝑎 is 

the Rayleigh number, 𝐻𝑎 is the Hartmann number, and 

𝑃𝑟 is the Prandtl number. Incorporating variables in Eq. 

7, the Eq. 1-4 may be written in the non-dimensional 

form as:  

𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑦
= 0,           (8) 

𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑦
= −

𝜌𝑓

𝜌ℎ𝑛𝑓

𝜕𝑃

𝜕𝑋
+ Pr

𝜈ℎ𝑛𝑓

𝜈𝑓
(

𝜕2𝑈

𝜕𝑋2 +
𝜕2𝑈

𝜕𝑌2)          (9) 

𝑈
𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑦
= −

𝜌𝑓

𝜌ℎ𝑛𝑓

𝜕𝑃

𝜕𝑌
+ Pr

𝜈ℎ𝑛𝑓

𝜈𝑓
(

𝜕2𝑉

𝜕𝑋2 +
𝜕2𝑉

𝜕𝑌2) 

−𝐻𝑎2 Pr 𝑉 +
(1−𝜙)(𝜌𝛽)𝑓+𝜙1(𝜌𝛽)1+𝜙2(𝜌𝛽)2

𝜌ℎ𝑛𝑓𝛽𝑓
𝑅𝑎𝑃𝑟𝑇   (10) 

𝑈
𝜕𝑇

𝜕𝑋
+ 𝑉

𝜕𝑇

𝜕𝑌
=

𝛼ℎ𝑛𝑓

𝛼𝑓
(

𝜕2𝑇

𝜕𝑋2 +
𝜕2𝑇

𝜕𝑌2)            (11) 

With the boundary conditions 

𝑎𝑡 ℎ𝑒𝑎𝑡𝑒𝑑 𝑤𝑎𝑙𝑙𝑠
𝑎𝑡 𝑐𝑜𝑙𝑑 𝑤𝑎𝑙𝑙𝑠

𝑎𝑡 𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 𝑤𝑎𝑙𝑙𝑠
             

Ω2, Ω7, Ω8, Ω9, Ω10

Ω4, Ω6

Ω1, Ω3, Ω5

         

𝑈 = 0, 𝑉 = 0, 𝑇 = 1
𝑈 = 0, 𝑉 = 0, 𝑇 = 0

𝑈 = 0, 𝑉 = 0,
𝜕𝑇

𝜕𝑌
= 0

                           (12)  

Moreover, the heat transfer rate at the bottom heated 

boundary, given by the local Nusselt number, is 

described as: 

𝑁𝑢𝐿𝑜𝑐 = −
𝑘ℎ𝑛𝑓

𝑘𝑓

𝜕𝑇

𝜕𝑌
        (13) 

whereas, the average Nusselt number is given by 

𝑁𝑢𝐴𝑣𝑔 =
1

𝐻
∫ 𝑁𝑢𝐿𝑜𝑐

 

𝐻
𝑑𝑋          (14) 
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3. Solution Procedure 

The governing Eq. 8-11 along with the associated 

boundary conditions (12) are solved using the well-

known numerical method called Finite Element Method 

(FEM) adopting Galerkin approach. The fundamentals 

and procedure about the method is well explained by 

Dechaumphai [38] and Taylor and Hood [39]. The space 

domain of the cavity is discretised by the finite number 

of non-uniform triangular mesh elements (see Fig. 2(a)). 

Moreover, at the critical boundary positions like, along 

the heated boundaries, comparatively denser mesh is 

utilized. The pressure term 𝑃 may be eliminated from 

the Eq. 9 and Eq. 10 by the following continuity 

constraint equation: 

𝑃 = −𝛾 (
𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
)        (15) 

Using Eq. 15, the Eq. 9-10 reduces to 

𝑈
𝑑𝑈

𝑑𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
= 𝛾

𝜌𝑓

𝜌ℎ𝑛𝑓

𝜕

𝜕𝑋
(

𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
)   

 + 𝑃𝑟
𝜈ℎ𝑛𝑓

𝜈𝑓
(

𝜕2𝑈

𝜕𝑋2 +
𝜕2𝑈

𝜕𝑌2)        (16)    

𝑈
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Fig. 2. (a) Triangular mesh and (b) mesh sensitivity curve 

Table 2 

Comparison of the work of Khanafer et al [40] and Davis 

[41] with present results 

𝑅𝑎 Khanafer et 

al. 

De Vahl 

Davis 

Present 

Results 

103  1.118 1.118 1.13073 

104’ 2.245 2.243 2.26744 

105 4.522 4.519 4.58512 

106 8.826 8.799 8.83413 

 

For large values of 𝛾 (𝛾 = 107) the continuity equation 

is satisfied. Mesh sensitivity curve is presented in Fig. 

2(b). It depicts that the number of nodes greater than or 

equal to 7500 is suitable to get the results with accuracy. 

The validity of the present code is carried out by 

performing the simulation on the mathematical model 

reported by Khanafer et al. [40] and De Vahl Davis [41]. 

The strong agreement between the results, presented in 

Table 2, shows the applicability of presented results. 

4. Results and Discussion 

Natural convection flow and heat transfer inside a hybrid 

nanofluid filled partially heated trapezoidal cavity is 

investigated in this study. For numerical simulation, the 

Finite Element Method (FEM) with Galerkin approach 

is utilized. The important physical parameters under 

consideration are nanoparticles volume fraction 𝜙 (0 ≤
𝜙 ≤ 0.2), Rayleigh number 𝑅𝑎 (105 ≤ 𝑅𝑎 ≤ 107), and 

Hartman number 𝐻𝑎 ( 0 ≤ 𝐻𝑎 ≤ 100 ).  Water, 

kerosene, and engine oil containing 𝐴𝑔 −
𝑀𝑔𝑂 nanoparticles are among the nanofluid choices. 

The results are presented in the form of heat transfer rate 

using Nusselt number both locally and average, 

temperature profile along mean path, temperature 

distribution using isotherms, and flow distribution using 

streamlines. The goal of this research is to determine the 

primary parameters impacting heat transfer. Fig.s 3-9 

demonstrate how the important factors affect flow 

distribution, heat distribution, and heat transfer rate. The 

initial experiment is performed by calculating the local 

and average heat transfer rate along the bottom heated 

boundary for different base fluids suspended in 𝐴𝑔 and 

𝑀𝑔𝑂 nanoparticles which is presented in Fig. 3(a)-(b). 

The profiles trend clearly depicts that compared to 

𝑤𝑎𝑡𝑒𝑟 − 𝐴𝑔 − 𝑀𝑔𝑂  and 𝐾𝑒𝑟𝑜𝑠𝑒𝑛𝑒 − 𝐴𝑔 − 𝑀𝑔𝑂 

hybrid nanofluids, the heat transfer rate using 

𝑒𝑛𝑔𝑖𝑛𝑒 𝑜𝑖𝑙 − 𝐴𝑔 − 𝑀𝑔𝑂  hybrid nanofluid is 

maximum. Therefore, the rest of the simulation is 

performed using 𝑒𝑛𝑔𝑖𝑛𝑒 𝑜𝑖𝑙 − 𝐴𝑔 − 𝑀𝑔𝑂  hybrid 

nanofluid and the detailed analysis is presented in the 

subsequent paragraphs. 

 

Fig. 3. Average Nusselt number for various hybrid 

nanofluids 
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4.1 Effect Of Increasing Nanofluid Volume-Fraction 

The temperature distribution of nanofluids is 

represented by isotherms in Fig. 4(a)-(c), which 

illustrate the impact on isotherms when the volume 

fraction of nanoparticles grows. The bottom of the 

hollow and the inner trapezoidal cylinder are partially 

heated. The trend of the isotherms shows that the 

temperature distribution of the fluid tends to rise as the 

nanoparticle volume percentage increases. This is owing 

to nanoparticles' increased heat conductivity. The fluid 

motion trajectories, on the other hand, are indicated by 

streamlines as the impact of nanoparticle volume 

fraction increase (Fig.4(d)-(f)). It is clear that as the 

volume percentage of nanoparticles increases, so does 

the strength of the streamlines.  

The effects of increasing the nanoparticle volume 

percent on the temperature along the vertical mean 

position and heat transfer rate along bottom heated 

border are shown in Fig.5. Fig. 5(a) depicts the 

temperature distribution at the mean vertical position. 

The profiles clearly illustrate that the temperature of the 

fluid increases along the bottom mean path due to an 

increase in the nanoparticle volume percentage. The 

temperature, on the other hand, tends to drop when the 

nanoparticle volume fraction increases along upper 

mean path. The heat transfer rate along the heated length 

of the trapezoidal cavity is depicted in Fig. 5(b). The 

graph clearly shows that the heat transmission rate is 

greatest towards the extreme ends of the heated length. 

Furthermore, when the volume percentage of 

nanoparticles increases, the heat transmission rate 

decreases. 

 

Fig. 4. Isotherms and streamlines under the effects of 

nanoparticles volume fraction when 𝑅𝑎 = 106 and 𝐻𝑎 = 50 

 

Fig. 5. Temperature and Nusselt number profiles under the 

effects of nanoparticles volume fraction when 𝑅𝑎 = 106 and 

𝐻𝑎 = 50 

4.2 Effect of Increasing Rayleigh Number  

The temperature distribution as a function of the 

Rayleigh number 𝑅𝑎 is represented in Fig.6(a)-(c). Fig. 

6(a) illustrates that for low Rayleigh numbers, isotherms 

are smooth, indicating that conduction flow is dominant. 

The thermal boundary layer thickens as it approaches the 

cavity's side corners and top portion. Overall, heat 

transport occurs by conduction. Furthermore, as the 

Rayleigh number 𝑅𝑎 = 106  is raised, buoyant forces 

are taken into consideration, and the isotherms becomes 

non smooth along the heated boundaries. At 𝑅𝑎 = 107, 

strong isotherms demonstrate the dominance of buoyant 

force. Due to high buoyancy effects, the isotherms 

become turbulent and the cavity top section becomes 

heated. That is, heat transport occurs as a result of 

convection. 

The streamlines for the nanofluid flow are shown in 

Fig. 6(d)-(f) for various increasing Rayleigh numbers. 

The streamlines are dispersed into two symmetrical 

boluses, one on either side of the cavity. This is owing 

to the boundary conditions that have been established. 

The fluid heats up and rises in the centre, then cools 

down at the side walls, causing such circulation. The 

intensity of streamlines is modest at low Reynolds 

number 𝑅𝑎 = 105, indicating that heat transmission is 

due to conduction. The strength of streamlines rises as 

the Rayleigh number increases. In comparison to 𝑅𝑎 =

105 , where buoyancy effects are less important, 

streamlines dominate the whole cavity at 𝑅𝑎 = 106 , 

demonstrating the dominance of convective heat 

transmission. At 𝑅𝑎 = 105, 106  and  107 the absolute 

value of the stream function reaches maximum values of 

1.1457, 38.4437, and 92.4334, respectively.  

The temperature 𝑇  changes owing to the range of 

Rayleigh numbers 𝑅𝑎 values are depicted in Fig.7(a). 

The results are computed along the vertical mean 

position. It depicts the shift in fluid temperature from 

(0,0.5) to (0.5,1). It can be observed that the temperature 
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tends to drop as the Rayleigh number grows from 0 to 

0.5, but it increases when the Rayleigh number increases 

from 0.5 to 1. The variation in the local Nusselt number 

𝑁𝑢𝐿𝑜𝑐 owing to the different range of Rayleigh numbers 

𝑅𝑎 is shown in Fig.7(b). The graphic clearly shows that 

the heat transmission rate is greatest at the extreme ends 

of the heated length. Furthermore, as the Rayleigh 

number grows, so do the heat transfer rates, with the 

exception of the midway, where the Rayleigh number 

has no influence on heat transfer rates. 

 

Fig. 6. Isotherms and streamlines for the values of Rayleigh 

number when 𝜙 = 0.2 and 𝐻𝑎 = 50 

 

Fig. 7. Temperature and Nusselt number profiles under the 

variation effects of Rayleigh number when 𝜙 = 0.2 and 

𝐻𝑎 = 50 

 

Fig. 8. Isotherms and streamlines under the effects of 

Hartmann number when 𝜙 = 0.2 and 𝑅𝑎 = 106 

 

Fig. 9. Temperature and Nusselt number profiles 

under the effects of Hartmann number when ϕ = 0.2 and 

Ra = 106 

4.3 Effect Of Increasing Hartmann Number 

Fig. 8(a)-(c) show the variance in the temperature 

distribution for different values of the Hartmann number 

𝐻𝑎. The Hartmann number is a dimensionless quantity 

used in magnetohydrodynamics to represent the relative 

relevance of magnetic force to viscous forces in a 

conducting flow subjected to magnetic field effects. Fig. 

8(a) shows that for low Hartmann numbers, isotherms at 

the top are turbulent, as opposed to Fig. 8(b) and 8(c). 

The thickness of the thermal boundary layer rises 

towards the top portion and side corners of the cavity. 

Furthermore, raising the Hartmann number to 𝐻𝑎 = 50 

allows viscous forces to be considered, but buoyancy 

forces still dominate. Isotherms at 𝐻𝑎 = 100 reveal the 

dominance of viscous forces. Because of the high 

viscous forces, the streamlines become smooth in the top 

section of the cavity. 

The streamlines for the nanofluids are shown in 

Fig.8(d)-(f) for various Hartmann numbers. The 

streamlines are spreading into two symmetrical boluses 

on the cavity's left and right sides. This is due to 

enforced boundary constraints. The strength of the 

streamlines is minimal for high Hartmann number 𝐻𝑎 =
100 , indicating that heat transmission is due to 

conduction flow. The strength of streamlines rises as the 

Hartmann number falls. In comparison to 𝐻𝑎 = 100, 

where buoyancy effects are less significant, streamlines 

occupy the whole cavity at 𝐻𝑎 = 0, demonstrating the 

dominance of convective heat transmission. Absolute 

values of stream functions are 44.88, 15.93, and 5.21 for 

𝐻𝑎 = 0, 50, and 100, respectively. 

The change in temperature 𝑇  caused by different 

Hartmann number 𝐻𝑎  values is seen in Fig.9(a). The 

values are computed along the mean position. The graph 

shows that from 0 to 0.5, temperature tends to rise as the 

Hartmann number rises, but from 0.5 to 1, temperature 

tends to fall as the Hartmann number rises. The variation 

in the Local Nusselt number 𝑁𝑢𝐿𝑜𝑐 owing to different 

Hartmann number 𝐻𝑎 values is shown in Fig.9(b). The 

results are proportional to the heated length of the 

trapezoidal cavity. The graphs clearly shows that the 
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heat transfer rate is highest at the heated length's extreme 

ends. Furthermore, when the Hartmann number grows, 

heat transfer rates tend to decrease, with the exception 

of the middle, where the Hartmann number has no 

influence on heat transfer rates.   

5. Conclusion 

The behaviour of 𝑤𝑎𝑡𝑒𝑟 − 𝐴𝑔 − 𝑀𝑔𝑂  , 𝐾𝑒𝑟𝑜𝑠𝑒𝑛𝑒 −

𝐴𝑔 − 𝑀𝑔𝑂 , and 𝐸𝑛𝑔𝑖𝑛𝑒 𝑂𝑖𝑙 − 𝐴𝑔 − 𝑀𝑔𝑂  hybrid 

nanofluids within a partially heated trapezoidal cavity 

containing a heated trapezoidal cylinder is investigated 

numerically in this paper. To solve the governing 

equations, the Finite Element Method is applied. The 

effects of Rayleigh number (𝑅𝑎), nanoparticle volume 

percentage (𝜙), and Hartmann number (𝐻𝑎) on flow and 

heat distribution as well as on heat transfer rate are 

considered. The study's findings reveal that among the 

considered hybrid nanofluids, engine oil-based hybrid 

nanofluid works best as it provides enhanced heat 

transfer rate. At low Rayleigh numbers, heat transfer 

primarily occurs through conduction, while at high 

Rayleigh numbers, convection becomes the dominant 

heat transfer mechanism. Increasing the volume 

percentage of nanoparticles improves average heat 

transfer rates. Higher values of the Hartmann number 

equate to a stronger magnetic field, resulting in less fluid 

movement. 
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