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 Numerical simulation of MHD free convection in a two-dimensional trapezoidal cavity of 
a hybrid nanofluid has been carried out in this research. The cavity is heated sinusoidal 
from the bottom wall, and the inclined walls are cooled while the top wall is isolated. The 
hybrid nanofluid (MgO-Ag/water) has been used as a working fluid. The numerical 
simulation has been validated with past papers and met a good agreement. The considered 
parameters are a range of Rayleigh number (Ra= 103 to 106), Hartmann number (Ha= 0 to 
60) and volume fraction (φ= 0 to 0.02). The results are presented as isotherms, stream 
functions, local and average Nusselt numbers, from which it is observed that the strength 
of the stream functions and isotherms increases with the increase of the Ra and ϕ while the 
increase in Hartmann number reduce the circulation of the flow and increases the isotherms 
strength. Also, the Nusselt number is increases with Ra and ϕ while it decreases with Ha. 
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1. INTRODUCTION 
 

Free, natural, convection is a popular phenomenon in many 
applications in which the fluid flow is controlled by bouncy 
without applying any external forces. Natural convection in 
the closed enclosure has attracted many researchers, who 
apply an extensive study to modify the possibility of heat 
transfer manipulation because it plays a major role in many 
engineering applications such as cooling systems of chips and 
microelectronic devices, reactors, geothermal systems, and 
solar collectors [1-7]. 

The shapes of the closed enclosures, in which free 
convection is a dominant force, are different depending on the 
type of the application, and this reason behind testing a wide 
difference shape. Some considered enclosures are uniform 
such as square, triangular, trapezoidal, rhombic, 
parallelogrammical, etc. while others are non-uniform, 
complex, shapes [8-13]. Free convection in a trapezoidal 
cavity with a top wall that is wider than the bottom wall and is 
filled with porous material was numerically studied by Basak 
et al. [14]. The cavity is heated from the bottom wall and 
cooled by the vertical walls while the top wall is maintained 
isolation. The inclination angle of the trapezoid is varying 
from (ϕ= 0°) for a square shape to (ϕ= 45°), for a trapezoidal 
shape. Furthermore, Ra and Pr numbers have been considered 
to be varying from (103 to 106) and from (0.026 to 988.24) 
respectively. They stated that the heat transfer and circulation 
strength increase with the increase of ϕ, Pr, and Ra. These 
results have been confirmed by Mehryan et al. [15] who added 
that the strength of heat and flow circulation are higher in the 
square cavity than in trapezoidal when the top wall length is 
shorter than the bottom. Venkatadri et al. [16] numerically 

investigated free convection of air in a closed trapezoidal 
enclosure where the top wall is inclined while the other walls 
are vertical on the left and right sides, and horizontal on the 
bottom. The authors investigated the effect of applying a range 
of Rayleigh number (Ra) and thermal radiation (Rd) on free 
convection where (Ra = 103 to 106) and (Rd= 1 to 5). The 
results showed that the transfer intensive of heat and the 
strength of circulation increase with the increase of Ra and Rd. 
Rao and Barman [17] studied natural convection in a square 
porous cavity in which the right wall, which represents the 
cold side, is away from the wall while others are straight and 
adiabatic except part of the left wall which contains the heat 
source. They considered a range of Ra (10 to 103), the ratio of 
the heater length to the right wall length, ε, (0.25 to 1), and the 
amplitude of the wavy wall, a, (0.05 to 0.25). The results stated 
that the strength of convection increases with the increase of 
the Ra number and decreases with the rise of ε, which is the 
effect recognized at high Ra. Also, the increase of the 
amplitude of the wavy wall increases the roughness of the wall 
and hence increases the convection strength.  

In order to increase the heat transfer capability, the authors 
found that adding nanoparticles to the working fluid can 
achieve that goal [18-22]. Mahalakshmi et al. [23] studied free 
convection in a rectangular enclosure filled with nanofluid and 
contains two heat sources positioned at the bottom wall as well 
as the center of the cavity. The authors considered three types 
of nanoparticles (Ag, CuO, and Al2O3) with a range of volume 
fraction (ϕ= 0, 0.03, 0.06, and 0.09), Ra (103, 106, 107), and the 
length of the central heater (0.25, 0.5, 0.75). From the results, 
they stated that the enhancement of heat increased by adding 
nanoparticles, and the strength of the enhancement increases 
with the increase of the volume fraction, Ra, and the heater 
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length. Also, the best nanofluid of the three tested types was 
the Ag-water. Naseri Nia et al. [24] studied free convection of 
nanofluid in L- cavity with a single baffle. The results 
confirmed the previous statement, where they found that heat 
transfer enhances by adding nanoparticles to the main fluid 
and enhances further increases with the increase of the volume 
fraction. Furthermore, the baffle remarkably enhances the 
transfer of heat which increases with the increase of the baffle 
length.  

The researcher used different types of nanoparticles (metals, 
carbon material, etc.) in order to understand their effect on 
fluid flow and heat transfer enhancement. After that, they 
started to use more than one combination of nanoparticles with 
the main fluid which is called “hybrid nanofluids” where these 
types of nanofluids are more effective in rising heat transfer 
[25-28]. Mohebbi et al. [29] investigated free convection in T-
cavity filled with hybrid fluid and part of it filled with porous 
media. Their results presented that the heat transfer increases 
with the increase of the Ra number and the volume fraction of 
the nanofluid. Tayebi et al. [30] studied free convection in an 
annular enclosure with an elliptical source of heat, absorption, 
or generation, and filled with (Cu-Al2O3/water) hybrid 
nanofluid. They found that the entropy generation as well as 
the Nusselt number increase with the increase of the Ra 
number and the concentration of the nanoparticles.  

Applying magnetohydrodynamic field can affect the heat 
transfer enhancement as well as the strength of the vortices, 
for that reason an extensive study has been done to understand 
the role of the MHD [31-35]. Free convection of a (CuO-
H2O/water) nanofluid in a three-dimensional trapezoidal 
cavity with a corrugated bottom wall under the magnetic effect 
has been studied by Selimefendigil and Öztop [36]. They used 
a range of Ra and Ha numbers (Ra=104 to 106 and Ha= 0 to 
40), volume fraction (ϕ= 0 to 0.04), and the number of 
triangles of the bottom wall (N= 0 to 16). They found that the 
value of NuL and Nuavg increase with the increase of Ra, N, 
and ϕ while reduced when applying the MHD force. 
Furthermore, these reductions in heat transfer increase with the 
increase of the Ha number.  

The novelty of the current work is to study the effect of 
applying different strengths of magnetic field on the free 
convection in a closed trapezoidal-shaped enclosure filled with 
(50%MgO-50%Ag/ Water) hybrid nanofluid and heated using 
a sinusoidal heater source from the bottom and cooled by the 
two inclined walls. 

 
 

2. MATHEMATICAL MODELING 
 
To solve the considered problem, a FEM is employed. The 

problem sketch with the applied boundary condition can be 
seen in Figure 1. A trapezoidal enclosure is heated sinusoidal 
from the bottom and cooled by the two inclined side walls 
while the top wall is treated as adiabatically isolated. The 
closed cavity is to be filled with hybrid nanofluid (50%MgO-
50%Ag/ Water) for which the properties are mentioned in 
Table 1. The cavity is located under the 
magnetohydrodynamic effect. The current study considered 
some variables that can affect the flow behavior and transfer 
of heat such as the Ha, Ra, and ϕ. The simulation depends on 
the assumption below: 

 
1. The hybrid nanofluid is assumed to be in single-phase and 

thermal equilibrium. 

2. The main fluid (water) and the nanofluid are 
homogeneous so there is no slip for the particles. 
 

 
 

Figure 1. Physical geometry of the model 
 

Table 1. Thermophysical properties of the fluid and 
nanoparticles [37, 38] 

 
Properties Pure water MgO Ag 
Cp (J/kg K) 4179 879 235 
ρ (kg/m3) 997.1 3580 10500 
α(m2/s) 1.47x10-7 95.3x10-7 174x10-3 

k (W/m.K) 0.613 30 429 
β (1/K) 21x10-5 33.6x10-6 5.4x10-5 

µ (kg/m.s) 8.9x10-4 - - 
 
The governing equations for the problem are as follows, 

based on the above assumptions [37]:  
 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0 (1) 

 

�𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� = −

1
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

�
𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2

+
𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2
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�𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� = −

1
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

�
𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2

+
𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2

�

+
(𝜌𝜌𝜌𝜌)ℎ𝑛𝑛𝑛𝑛
𝜌𝜌ℎ𝑛𝑛𝑛𝑛

𝑔𝑔(𝑇𝑇 − 𝑇𝑇𝑐𝑐) −
𝜎𝜎ℎ𝑛𝑛𝑛𝑛𝐵𝐵𝑜𝑜2

𝜌𝜌ℎ𝑛𝑛𝑛𝑛
𝜕𝜕 

(3) 

 

𝜕𝜕
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

+ 𝜕𝜕
𝜕𝜕𝑇𝑇
𝜕𝜕𝜕𝜕

=
𝑘𝑘ℎ𝑛𝑛𝑛𝑛

(𝜌𝜌𝜌𝜌𝜕𝜕)ℎ𝑛𝑛𝑛𝑛
�
𝜕𝜕2𝑇𝑇
𝜕𝜕𝜕𝜕2

+
𝜕𝜕2𝑇𝑇
𝜕𝜕𝜕𝜕2

� (4) 

 
The non-dimensional form of the governing equations is 

obtained using the non-dimensional parameters mentioned 
below [37]:  

 
𝑋𝑋 = 𝑥𝑥

𝑊𝑊
, 𝑌𝑌 = 𝑦𝑦

𝑊𝑊
, 𝑈𝑈 = 𝑢𝑢𝑊𝑊

𝛼𝛼𝑓𝑓
, 𝑉𝑉 = 𝑣𝑣𝑊𝑊

𝛼𝛼𝑓𝑓
 ,  

𝜃𝜃 = 𝑇𝑇−𝑇𝑇𝑐𝑐
(𝑇𝑇ℎ−𝑇𝑇𝑐𝑐)

, 𝑃𝑃 = 𝑝𝑝𝑊𝑊2

𝜌𝜌𝑓𝑓𝛼𝛼𝑓𝑓
2 

(5) 

 
The following non-dimensional numbers were used: 
 

𝑅𝑅𝑅𝑅 = 𝑔𝑔𝛽𝛽𝑓𝑓(𝑇𝑇ℎ−𝑇𝑇𝑐𝑐)𝑊𝑊3

𝜈𝜈𝑓𝑓𝛼𝛼𝑓𝑓
, 𝑃𝑃𝑃𝑃 = 𝜈𝜈𝑓𝑓

𝛼𝛼𝑓𝑓
, 𝐷𝐷𝑅𝑅 = 𝐾𝐾

𝑊𝑊2, 

𝐻𝐻𝑅𝑅 = 𝐵𝐵𝑜𝑜𝑊𝑊�
𝜎𝜎ℎ𝑛𝑛𝑓𝑓
𝜌𝜌𝑓𝑓𝜈𝜈𝑓𝑓

, 𝛼𝛼𝑛𝑛 = 𝑘𝑘𝑓𝑓
(𝜌𝜌𝐶𝐶𝑝𝑝)𝑓𝑓

 
(6) 
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The Eqns. (1) to (4) are formulated in the following 
dimensionless equations: 

 
𝜕𝜕𝑈𝑈
𝜕𝜕𝑋𝑋

+
𝜕𝜕𝑉𝑉
𝜕𝜕𝑌𝑌

= 0 (7) 
 
The momentum equation is given by [37]:   
 

𝜌𝜌ℎ𝑛𝑛𝑛𝑛
𝜌𝜌𝑛𝑛

�𝑈𝑈
𝜕𝜕𝑈𝑈
𝜕𝜕𝑋𝑋

+ 𝑉𝑉
𝜕𝜕𝑈𝑈
𝜕𝜕𝑌𝑌
� 

= −
𝜕𝜕𝑃𝑃
𝜕𝜕𝑋𝑋

+
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜇𝜇𝑛𝑛

𝑃𝑃𝑃𝑃 �
𝜕𝜕2𝑈𝑈
𝜕𝜕𝑋𝑋2

+
𝜕𝜕2𝑈𝑈
𝜕𝜕𝑌𝑌2

� 
(8) 

 
𝜌𝜌ℎ𝑛𝑛𝑛𝑛
𝜌𝜌𝑛𝑛

�𝑈𝑈
𝜕𝜕𝑉𝑉
𝜕𝜕𝑋𝑋

+ 𝑉𝑉
𝜕𝜕𝑉𝑉
𝜕𝜕𝑌𝑌
�

= −
𝜕𝜕𝑃𝑃
𝜕𝜕𝑋𝑋

+
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜇𝜇𝑛𝑛

𝑃𝑃𝑃𝑃 �
𝜕𝜕2𝑉𝑉
𝜕𝜕𝑋𝑋2

+
𝜕𝜕2𝑉𝑉
𝜕𝜕𝑌𝑌2

�

+
(𝜌𝜌𝜌𝜌)ℎ𝑛𝑛𝑛𝑛

(𝜌𝜌𝜌𝜌)𝑛𝑛
𝑅𝑅𝑅𝑅 ⋅ 𝑃𝑃𝑃𝑃⋅ 𝜃𝜃 − 𝐻𝐻𝑅𝑅2

⋅ 𝑃𝑃𝑃𝑃.𝑉𝑉 

(9) 

 
The energy equation is given by:  
 

𝑈𝑈
𝜕𝜕𝜃𝜃
𝜕𝜕𝑋𝑋

+ 𝑉𝑉
𝜕𝜕𝜃𝜃
𝜕𝜕𝑌𝑌

=
𝛼𝛼ℎ𝑛𝑛𝑛𝑛
𝛼𝛼𝑛𝑛

�
𝜕𝜕2𝜃𝜃
𝜕𝜕𝑋𝑋2

+
𝜕𝜕2𝜃𝜃
𝜕𝜕𝑌𝑌2

� (10) 

 
The density, thermal diffusivity, thermal expansion 

coefficient, and heat capacitance of hybrid nanofluids are set 
to the following values [37, 39]: 

 

𝛼𝛼ℎ𝑛𝑛𝑛𝑛 =
𝑘𝑘ℎ𝑛𝑛𝑛𝑛

(𝜌𝜌𝜌𝜌𝑝𝑝)ℎ𝑛𝑛𝑛𝑛
 (11) 

 
𝜙𝜙 = 𝜙𝜙𝐴𝐴𝑔𝑔 + 𝜙𝜙𝑀𝑀𝑔𝑔𝑀𝑀 (12) 

 
𝜌𝜌ℎ𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙)𝜌𝜌𝑛𝑛 + �𝜙𝜙𝐴𝐴𝑔𝑔.𝜌𝜌𝐴𝐴𝑔𝑔 + 𝜙𝜙𝑀𝑀𝑔𝑔𝑀𝑀 .𝜌𝜌𝑀𝑀𝑔𝑔𝑀𝑀� [40] (13) 
 

�𝜌𝜌𝜌𝜌𝑝𝑝�ℎ𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙)�𝜌𝜌𝜌𝜌𝑝𝑝�𝑛𝑛
+ �𝜙𝜙𝐴𝐴𝑔𝑔. �𝜌𝜌 𝜌𝜌𝑝𝑝�𝐴𝐴𝑔𝑔
+ 𝜙𝜙𝑀𝑀𝑔𝑔𝑀𝑀 . �𝜌𝜌 𝜌𝜌𝑝𝑝�𝑀𝑀𝑔𝑔𝑀𝑀� 

(14) 

 
(𝜌𝜌𝜌𝜌)ℎ𝑛𝑛𝑛𝑛 = (1 − 𝜙𝜙)(𝜌𝜌𝜌𝜌)𝑛𝑛

+ �𝜙𝜙𝐴𝐴𝑔𝑔. (𝜌𝜌 𝜌𝜌)𝐴𝐴𝑔𝑔
+ 𝜙𝜙𝑀𝑀𝑔𝑔𝑀𝑀 . (𝜌𝜌 𝜌𝜌)𝑀𝑀𝑔𝑔𝑀𝑀� 

(15) 

 
Regarding hybrid nanofluid viscosity, it can be obtained 

from the experimental study of Refs. [37, 38].  
 
𝜇𝜇ℎ𝑛𝑛𝑛𝑛
𝜇𝜇𝑛𝑛

 = (1 + 32.795𝜙𝜙) − 7214𝜙𝜙2 + 714600𝜙𝜙3

− 0.1941 × 108𝜙𝜙4 
(16) 

 
for 0≤ϕ≤0.02, 

Regarding nanofluid thermal conductivity, it is given by [37, 
38]: 

 
𝑘𝑘ℎ𝑛𝑛𝑛𝑛
𝑘𝑘𝑛𝑛

 

=
0.1747 × 105 + 𝜙𝜙

0.1747 × 105 − 0.1498
× 106𝜙𝜙 + 0.1117 × 107𝜙𝜙2 + 0.1997 × 108𝜙𝜙3

 
(17) 

for 0≤ϕ≤0.03, 
 

𝜎𝜎ℎ𝑛𝑛𝑛𝑛
𝜎𝜎𝑛𝑛

= 1 +
3�𝜎𝜎ℎ𝑛𝑛𝑝𝑝 − 𝜎𝜎𝑛𝑛�𝜙𝜙

�𝜎𝜎ℎ𝑛𝑛𝑝𝑝 + 2𝜎𝜎𝑛𝑛� − �𝜎𝜎ℎ𝑛𝑛𝑝𝑝 − 𝜎𝜎𝑛𝑛�𝜙𝜙
 (18) 

 
2.1 Stream function 
 

The flow fields within the cavity are represented by 
streamline contours, and they, therefore, be presented in the 
following format: 

 

𝑈𝑈 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝑌𝑌

,𝑉𝑉 = −
𝜕𝜕𝜕𝜕
𝜕𝜕𝑋𝑋

 (19) 

 
The stream function in dimensionless approximation 

equation is given by: 
 

𝜕𝜕2𝜕𝜕
𝜕𝜕𝑋𝑋2

+
𝜕𝜕2𝜕𝜕
𝜕𝜕𝑌𝑌2

=
𝜕𝜕𝑈𝑈
𝜕𝜕𝑌𝑌

−
𝜕𝜕𝑉𝑉
𝜕𝜕𝑋𝑋

 (20) 

 
2.2 Local nusselt number 
 

The average and local Nusselt numbers described by [37, 
41] have been used to investigate the effects of various 
parameters on heat transfer:  

 

𝑁𝑁𝜕𝜕𝐿𝐿 = −�
𝑘𝑘ℎ𝑛𝑛𝑛𝑛
𝑘𝑘𝑛𝑛

�
𝜕𝜕𝜃𝜃
𝜕𝜕𝑌𝑌

 (21) 

 

𝑁𝑁𝜕𝜕 = � 𝑁𝑁𝜕𝜕𝐿𝐿𝑑𝑑𝑋𝑋
1

0
 (22) 

 
2.3 Initial boundary conditions 

 
The following boundary conditions were used to figure out 

the two dimensionless equations in this study. 
At the bottom hot wall of the trapezoidal: 
 

𝑇𝑇𝑥𝑥 = 𝑇𝑇𝑐𝑐 + 𝑆𝑆𝑆𝑆𝑆𝑆(
𝜋𝜋𝜕𝜕
𝑊𝑊

),𝑈𝑈 = 𝑉𝑉 = 0 
 
At the inclined walls of the trapezoidal: 
 

𝜃𝜃 = 𝑈𝑈 = 𝑉𝑉 = 0 
 
At the insulation walls of the trapezoidal: 
 

𝜕𝜕𝜃𝜃
𝜕𝜕𝑌𝑌

= 𝑈𝑈 = 𝑉𝑉 = 0 
 

2.4 Solution procedure  
 

The present work has been solved by applying the FEM. 
These equations are contained nonlinear factors in the 
momentum and energy equations, to simplify these equations 
the under-relaxation factor is applied. The solution will 
converge if the error of the equations’ variables satisfies the 
following criteria. 

 

�Γ
i+1−Γi

Γi+1
�≤η (23) 

 
i: is the iteration number. 
Γ: is a sample for all variables such as temperature, pressure, 
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velocity in x and y directions. 
η: is the convergence criterion which is set to be 105 in this 

study. 
Furthermore, it is known that the increase of the cell 

numbers will increase the accuracy of the results; however, a 
very high refine mesh means a long time and high 
requirements for that reason it is important to have a mesh 
independence test. This test determines the minimum number 
of cells that give an acceptable accuracy. For the current 
research, the independence test has been done as can be seen 
in Table 2 while the mesh sample is shown in Figure 2. The 
mesh size (9277) has been selected for all cases in this study.  

 
Table 2. The relation between the average Nusselt number 
along the bottom wall and the number of elements used for 

Ra = 106, φ=0.02, and Ha=0 
 

Mesh size Average  
Nusselt number Error 

737 13.615 ---- 
1354 13.401 1.57 
2072 13.408 0.05 
3582 13.367 0.3 
9277 13.328 0.29 

23353 13.316 0.09 
 

 
 

Figure 2. The triangle mesh distribution of the enclosure 
 

 
Present work 

 
Ghalambaz et al. 

 
Figure 3. Comparison between the present study and 

Ghalambaz et al. [37] for isothermal contours of hybrid 
nanofluid Ag–MgO/water at Ra = 104 for Rk=1 

2.5 Model validation 
 
To assess the current code it is crucially important to be 

validated with past published papers for this reason a 
comparison has been done with Ghalambaz et al. [37] for 
square cavities that are filled with hybrid nanofluid (Figure 3). 
The results met a high agreement with a very low percentage 
error. 

 
 

3. RESULTS AND DISCUSSION 
 
Free convection of a hybrid nanofluid in a trapezoidal cavity 

under the magnetohydrodynamic effect has been studied 
numerically. The cavity is heated from the bottom with a non-
uniform heat source. The circulation of the fluid inside the 
trapezoidal cavity is driven due to the force of the bouncy 
without any external force and is hence called natural 
convection. The hybrid nanofluid that has been considered in 
this study is Mgo-Ag/H2O Hybrid nanofluid. The considered 
parameters in the present work are a range of volume fraction 
(ϕ=0, 0.01, 0.02), Ra number (Ra= 103, 104, 106) and Ha 
number (Ha= 0, 10, 15, 30, 60). The outcomes of the present 
results are demonstrated as contours for stream functions and 
isotherms lines as well as the local and average Nusselt 
number. 

Figure 4 explains the effect of Ra on the stream functions 
and isotherms lines at fixed values of the Ha number (Ha=20) 
and Volume fraction (ϕ= 0.02). At law Ra number (Ra= 103), 
the cavity generates two large vortices that are equal in 
strength and size and different in the orientation, where one of 
them flows clockwise and the other flows anti-clockwise. As 
the Ra number increases (Ra=104), the strength of the flow 
enhances from (Ѱmax=0.068) to (Ѱmax=0.86) then the stream 
function strength is further increasing with further increase in 
Ra number (Ra=106) to be (Ѱmax=21). From the right side of 
the figure which presents the isotherms contour, it is clear that 
the isotherm enhances with the increase of the Ra number 
which means an increase in the convection force. 

Figure 5 presents the effect of applying different strengths 
of magnetic fields (Ha= 0, 10, 30, 60) at constant Ra number 
(Ra=106) and volume fraction (ϕ= 0.02). For the streams, the 
strength of the circulation decreases with the increase of the 
Ha number from (Ѱmax=38) at (Ha= 0) to (Ѱmax= 9.6) at 
(Ha=60). On the other hand, the strength of the isotherms 
increases with the increase of the Ha number, and the physical 
explanation is due to have both forces, bouncy and magnetic, 
in one direction and hence enhances the isotherms.  

Figure 6 demonstrates the effect of applying different 
volume fractions (ϕ=0, 0.01, 0.02) at constant Ra and Ha 
numbers (Ra=105 and Ha= 40). The streams and isotherms' 
strength increases with the increase of the volume fraction. 

Local Nusselt number presents the ratio of the convection 
to the conduction of the heat transfer. Figure 7 presents the 
variation of the local Nusselt number, along the hot wall, with 
different values of the Ra number at constant Ha number and 
volume fraction. It is clear that the value of the local Nusselt 
number increases with the increase of the Ra number and 
hence the convection inside the cavity increases with the 
increase of the Ra number. Figure 8 presents the variation of 
the local Nusselt number at different Ha numbers and constant 
Ra and ϕ. The figure shows that the NuL decreases with the 
increase of the Ha number which means that the magnetic field 
enhances the conduction and decreases the convection inside 
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the cavity. Figure 9 presents the variation of the NuL with 
different values of volume fraction (ϕ= 0, 0.01, 0.02) at 
constant Ra and Ha numbers.  

Figure 10 presents the variation of the Nuavg number at 
different values of Ra number, volume fraction, and Ha 

number. From the figure, it is noticeable that the value Nuavg 
increases with the increase of the Ra number and the volume 
fraction while the magnetic field enhances acts negatively on 
the Nuavg. 

 
 

Ra Stream functions isotherms 

103 

  

104 

  

106 

  

 
Figure 4. Visualization of stream functions and isotherms with Rayleigh number at Ha = 20 and ϕ = 0.02 

 
Ha Stream functions isotherms 
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Figure 5. Visualization of stream functions and isotherms with Hartmann number at Ra = 106 and ϕ = 0.02 

 

  

Stream functions Isotherms 
 

Figure 6. Visualization of stream functions and isotherms with volume fraction at Ra = 105 and Ha = 40 
 

    
Figure 7. Local Nusselt number (NuL) along the bottom wall 

at various Rayleigh numbers (Ra) for Ha=20 and ϕ = 0.02 
Figure 8. Local Nusselt number (NuL) along the bottom wall 

at various Hartmann numbers at Ra = 106 and ϕ = 0.02 
  

  

 
Figure 9. Local Nusselt number (NuL) along the bottom wall 

at various volume fractions at Ra = 105 and Ha = 40  

 
Figure 10. Average Nusselt number (Nuavg) of the bottom 

wall at various volume fractions, Ra and Ha 
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4. CONCLUSION 
 
The effect of the MHD and hybrid nanofluid on the natural 

convection in a closed enclosure, trapezoidal shape, has been 
investigated in this paper. The main results can be concluded 
as: 
• The circulation of the hybrid nanofluid inside the cavity 

increases with the increase of the Ra number where it 
increases from Ѱmax = 0.068 at Ra=106 to Ѱmax= 21 at 
Ra= 106 and these numbers at Ha = 20. Furthermore, the 
value of Ѱmax is much higher at free MHD where Ѱmax 
= 38 at Ra=106 while it further decreases at the high 
presence of MHD to be Ѱmax= 9.6 at Ha= 60. Also, the 
strength of the streams barely increases with the increase 
of the volume fraction.  

• The isotherms enhance with the increase of the Rayleigh 
number at constant Hartman number to be very strong at 
higher Ra number. Also, at constant Rayleigh number, the 
streams seem to be increased with the increase of the 
Hartman number. Furthermore, the effect of the volume 
fraction has a small effect on the streams where it 
enhances with the increase of the volume fraction.  

• The NuL and Nuavg are increasing with the increase of the 
Rayleigh number and volume fraction while decreasing 
with the increase of the Hartman number. 
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NOMENCLATURE 
 

Cp Specific heat, J. kg-1.K-1 
g Gravitational acceleration, m.s-2 
Ha Hartman number 
k Thermal conductivity, W.m-1. K-1 
Nu Nusselt number 
P Non-dimensional pressure 
Pr Prandtl number 
Ra Rayleigh number 
Rk Thermal conductivity ratio  
T Dimensional temperature, K 
U Non-dimensional velocity component X-direction 
V Non-dimensional velocity component Y-direction 
W Non-dimensional Length of the enclosure 
X Non-dimensional X-coordinates 
Y Non-dimensional Y-coordinates 
Ɵ dimensionless temperature 
µ dynamic viscosity, kg. m-1.s-1 
 

Greek symbols 
 
Ψ Absolute stream function 
φ Solid volume fraction  
θ Dimensionless temperature 
ρ density, J.kg-1.K-1 
µ Dynamic viscosity, kg. m-1.s-1 
α Thermal diffusivity, m2.s-1 
β Thermal expansion coefficient, K-1 
 
Subscripts 
 
avg Average 
c Cold 
f Fluid (pure water) 
h Hot 
L Local  
hnf Hybrid Nanofluid 
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