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Abstract- The impact of magnetic field (Ha), cavity 
inclination (γ), particle volume fraction of Hybrid 
nanofluid (ϕ) on mixed convection within a three-
dimensional L-shaped cavity filled with Hybrid 
nanofluids is numerically studied in this paper. The 
study's goal is to apprehend and optimize the impacts of 
all these selected parameters on the fluid pattern sand 
transfer of heat. The studied enclosure has a heated block 
in the west wall, and the Hybrid-nanofluids enter with a 
specific constant temperature to circulate in a part of the 
top wall. All the other parts of the enclosures are 
considered insulated. The Boussinesq approximation and 
the "FVA" are used to discretize and solve the equations 
that govern the model. Crucial thermal attitudes and fluid 
patterns are studied in terms of relevant parameters on 
isotherms, global Nusselt number, and streamlines. The 
findings suggest that increasing the Magnetic field 
intensity, and the volume fraction of hybrid particle 
enhance heat transfer. Conversely, increasing magnetic 
field inclination, except for γ=15° across all analyzed 
parameters, results in a decrease in heat transfer rate. 
 
Keywords: Mixed Convection, Hybrid-Nanofluid,         
L-Shaped Cavity, Magnetic Field, Finite Volume 
Method, Hydrodynamic. 
 

1. INTRODUCTION 
Magneto-field and Hybrid nanofluid’s properties in 

convection are employed in different domains where 
regular heat and mass transfer techniques struggle to 
provide optimum results. The use of hybrid nanofluids in 
"natural and mixed convection" has caught researchers' 
interest [1, 11] because to its extensive applications in 
both engineering technology and natural phenomena. The 
majority of industrial processes, including conditioning 
of nuclear reactors and electronic and mechanical 
components, drying technologies, and solar 
collectors.Another goal is to assist in the management of 
energy by researching potential improvements in thermal 
conductivity derived from a study of thermal efficiency 
and the factors influencing the thermophysical 
characteristics of the hybrid nanofluid. 

To improve the convection rate in thesekinds of 
situations, a defined value of a magneto-field is 
implemented. Among the most important applications for 
this type of convection are tiny electronic devices and the 
thermal transfer required in reduced gravity equipment. A 
new research topic is the improvement of the heat transfer 
efficiency by creating an outside magnetic field, which is 
required for many industrial operrations. Hence, various 
heat transfer investigation projects have been completed, 
all with the target of developing novel strategies to 
improve thermal performance.  

Fadaei, et al. [12] have investigated numericaly the 
impact of a magnetic field on the thermal conductivity 
propertiesof Fe3-O4 ferrofluids. The findings indicate that 
implementing a magnetic field increased the efficiency of 
transmission of heat, and the pace of improvement 
differed according to the degree of magnetic field force. 
Teamah [13] havestudied the consequence of the "Mf" 
intensity and  heat source in an tending rectangular 
enclosure using multiple numerical simulations. The 
outcomes demonstrate that the presence of a "Mf" 
significantly influenced the flow patterns and heat 
transfer, and that when the Hartman number Ha>20, Over 
a wide range of Ra, the nusselt number and Sh keep 
constant.  

Teamah, et al. [14] expanded their research by 
incorporating an inclined cavity into their investigation. 
The buoyancy force has been found to be more 
influenced by the angle of inclination in this study. 
Oztop, et al. [15] looked into the impact of a magnetic 
field on heat exchange by mixed convection in a cavity 
driven by a lid that contained a corner heater. In The 
computational simulations, they discovered that the 
magnetic field cause asignificant changes in the 
temperature and flow distribution, As a result, there was 
an augmentation in the rate of heat transmission. Hussain, 
et al. [16] relied on a numerical simulation to investigate 
the influence of the "Mf" on heat transmission in a wide 
cavity with a straight convey that included an adiabatic 
obstacle. The outcomes indicate that increasing Ri 
enhances heat transfer and increasing Ha improves 
Nusselt average.  
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Asadi, et al. [17] have conductedan analyzed study of 
laminar heat exchange  in a channel through a sinusoidal 
ceiling submitted to a irregular "Mf". The study 
investigated the effect of differentes parameters such as 
magnetic field (intensity, direction), and wall geometry 
on the thermal efficiencyof the ferrofluid. It has been 
discovered that expanding the Hartman number, 
nanoparticle volume fraction, and "wave amplitude" 
enhance the rate of heat exchange. Kefayati's [18] study 
involved combining a lattice Boltzmann technique with a 
technique known as finite difference to replicate the 
impact of a magnetic fieldin a cavity triggered by the 
movement of two opposing lids. The findings indicated 
that the occurrence of a magnetic field causes aimportant 
improvement in the velocity of the blood flow, and that 
the magnetic field influences the blood's non-Newtonian 
behavior.  

Aich, et al. [19] used computational fluid dynamics 
(CFD) to examine the buoyancy-driven airflow and 
generation of entropy in a 3D faceted greenhouse.The 
study aims to examinate  the impact of various 
geometrical and operational parameters. In their study, 
The method of finite volumes (FVM) was used by the 
researchers to numerically resolve the mathematical 
models of heat Transfer alongside fluid behavior. The 
outcomes indicate that the greenhouse's height and the 
opening area significantly affect the natural airflowand 
entropy generation. Al Salem, et al. [20] evaluated the 
impact of changing the lid orientation under magneto-
hydro-dynamic in a gradually heated hollow. The results 
demonstrate that the orientation of the lid motion has a 
significant influence on the flow patterns and heat 
eficiencerates, and that raising the magnetic field 
strenghtreduce the heat eficience rate for all various 
parameters. Ghorbanietal [21] have presented a 
computational fluid dynamics (CFD) study and 
compassion analysis on heat transfer improvement of 
Fe3O4-water ferrofluid  flow submitted to a magnetic 
field. The findings demonstrate that the intensity of field-
magnetic has a crucial impact on heat transfer 
enhancement, while the effects of fluidvolume fraction is 
less significant. Amgharani, et al. [22] have performed a 
computational simulation of mixed convection to 
examines the hydrodynamic and magnetic field effects 
within an 2D L enclosure full with hybrid nano-fluid 
(Al2O3-Cu water), with a localized heat source/sink. 
Based on the obtained results the Nusselt number and 
entropy formation are influenced by the magnetic field 
angle in a sinusoidal manner. The angles of 60 and 240 
degrees yield the maximum magnetic field strength, 
resulting in the most effective influence.  

Additionally, for optimal heat transfer performance, 
an angle of 180 degrees is found to be the best choice for 
the magnetic field. Mehrez and Cafsi [23] have executed 
numerical simulations to examine and analyze the impact 
of varying the intensity of "Mf" and non-uniformity on the 
movement and temperature exchange characteristics of 
the nano-fluid. The results examinate that the non-
uniform magnetic field strengthen the rate of heat 
exchange, while the uniform field of magnets has no 

influence on the heat exchange rate. Despite the extensive 
research conducted on this topic to understand the 
phenomenon of "mixed convection" in enclosures with 
multiples designs and boundary conditions, there is a 
notable scarcity of research specifically examining the 
situation of mixed convection occurring in an L-shaped 
cavity. This particular scenario involves an L-shaped 
cavity with a heated block placed inside, and the cavity is 
further exposed to the impact of a "Mf". 

Although the significance of "mixed convection" in 
practical areas, including heat transfer systems and 
thermal management, there remains a gap in 
understanding the intricate dynamics occurring within L-
shaped cavities under the combined effects of mixed 
convection, heating block, and magnetic fields. Exploring 
this unique configuration can provide valuable insights 
into the transfer of heat and fluid behaviors in complex 
geometries, contributing to the advancement of 
engineering concept and improvement in various fields. 

 
2. PROBLEM FORMULATION 

This study focuses on numerically investigating 
mixed convection of a Hybrid-nanofluids (water with 
suspended Cu/Al2O3 Nano elements) in a 3D L-shaped 
cavity with a heating block submitted to magneto-fields. 
As illustrated in Figure 1, the configuration size is H × 
3H for each element. The hybrid nanofluid enters the 
cavity via an upper wall section with an inlet temperature 
Tc and velocity Vin, and then exits through a section 
below the right wall with (w=H/4). An heated block with 
(b=H/3 and a=w/2) is positioned on the left wall with (h = 
H/3), and in the middle of the cavity with (l = H/2). All 
the others walls are considered insulated.  

 

 
 

Figure 1. Studied configuration and co-ordinates 
 

3. NUMERICAL SCHEME AND MATHEMATICAL 
MODELLING 

The configuration of the current study is a 3D-L 
cavity filled with (Al2O3-Cu) combined with water 
(hybrid-nano-fluid) under buoyancy force, as shown in 
Figure 1. Magneto-fields have an angle of γ. The L-
shaped cavity's walls are all adiabatics, and an heated 
obstacle is situated in the left wall. It is assumed that the 
flow is laminar, three-dimensional, and steady, and that 
the based hybrid-nanofluid is Newtonian and 
incompressible; radiation effects are ignored. Table 1 
presents the characteristics of nanoparticles and base 
fluid. 

 

γ 
h 

Vin 
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Table 1. Properties of hybrid-nanofluids [27] 
 

Copper (Cu) Water Alumina (Al2O3) Property 
1.67×10-5 21×10-5 0.85×10-5 β (K-1) 

8933 997.1 3970 ρ (kg×m-3) 
7-5.96×10 6-5.5×10 2.7×10-8 σ (Ω×m-1) 

401 0.613 40 k (W×m-1×K-1) 
385 4179 765 Cp (J×kg-1×K-1) 

 
The Boussinesq approximation is used to estimate 

density variations. Based on these assumptions, the 
prevailing equations can be written as [22]: 
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The boundary conditions are: 

• At the outlet: 0u
x
∂ =
∂

;  0v
y
∂ =
∂

; 0w
z

∂ =
∂

; 0T
n

∂ =
∂

 

• At the creek: inv v= ;  0u w= = ; CT T=  

On the remaining walls: u=v=w=0, 0
'

T
n
∂ =
∂

, where n' 

represents the normal direction perpendicular to the 
respective wall under consideration. At the block: 

''
' Hnf

qT
m K
∂ = −
∂

; u=v=w=0; (m' refers to the normal 

direction perpendicular to the block wall). The properties 
of the hybrid-nanofluid are specified by the subsequent 
equations [22]: 
The density formula of the hybrid nanofluid is defined as: 

1 1 2 2 (1 )Hnf p p p p fρ ϕ ρ ϕ ρ ϕ ρ= + + −  (6) 
The concentration of the nanoparticles  is  described  as: 

1 2p pϕ ϕ ϕ= +  (7) 
The heat capacitance is calculate as: 

1 1 2 2( ) ( ) ( ) (1 )( )p Hnf p p p p p p p fC C C Cρ ϕ ρ ϕ ρ ϕ ρ= + + −  (8) 

The thermal coefficient expansionis identified as: 
1 1 2 2( ) ( ) ( ) (1 )( )Hnf p p p p fρβ ϕ ρβ ϕ ρβ ϕ ρβ= + + −  (9) 

The expression for thermal diffusivity in hybrid 
nanofluids takes the following form: 

/ ( )Hnf Hnf HnfK Cpα ρ=  (10) 
Determination of the thermal conductivity as follows: 

1 1 2 2
1 1 2 2

1 1 2 2
1 1 2 2

( )
2 2( ) 2
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( ) 2

p p p p
f p p p p f

Hnf

p p p pf
p p p p f f

K K
K K K KK

K KK
K K K K

ϕ ϕ
ϕ ϕ ϕ

ϕ
ϕ ϕ

ϕ ϕ ϕ
ϕ

+
+ + + −

=
+

− + + +
 (11) 

Hybrid nanofluid with the following dynamic viscosity: 
2.5

1 2/ [1 ( ) ]Hnf f p pα µ ϕ ϕ= − −  (12) 
The effective electrical conductivity is expressed as: 
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By identifying the boundaries: 
xX
H

= , zZ
H

= , yY
H

= , 
in
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= , 
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= , 
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The governing equations are transformed into 
dimensionless equations, which are presented as follows: 
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where, 
3

2
f

r
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G
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= , 0

f
a

f
H B H

σ
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= , f
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v
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V H
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v
=  are successively Grashof, Hartman,  

Prandtl and Reynolds numbers.  
The following is an outline of the dimensionless 

boundaries : 
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∂
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represents the conventional direction normal to the 
measured wall); 

At the block: 
'
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f

K
m K
θ∂ = −

∂
, u=v=w=0, where m' refers 

to the perpendicular direction to the block wall. The 
Nusselt number is determined depending on the situation 
under consideration: 

The local Nusselt number is calculated for sections 
(Si) with (i varies from 1 to 5) as follows: 
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The global Nusselt number can be described as: 
1 2 3 4 5G SG SG SG SG SGNU NU NU NU NU NU= + + + +  (21) 

The global Nusselt numbers for each section, 
represented as NUSGi, are provided as follows: 
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4. NUMERICAL METHOD 
Toresolve the system of Equations (15)-(19) with 

their associated boundary conditions, a 
computational Fortran home program has been 
established.. The program uses the finite volume 
approach and employs the power-law scheme as proposed 
by Patankar [24]. To link the pressure and velocity fields, 
the program implements the SIMPLEC algorithm, 
originally proposed by Van Doormaal and Raithby in 
1984. This algorithm effectively handles the interaction 
between pressure and velocity, ensuring accurate and 
consistent results. 

To resolve the consequent system of mathematical 
equations, the tri-diagonal matrix approach, developed by 
Thomas, is employed. This algorithm is applied 
incrementally, solving the equations line by line in an 
iterative manner. By employing this approach, the 
program achieves efficient and reliable resolution of the 
algebraic equations system. During the iterative process, 
program continuously monitors the residuals of stream 
function. The residuals' convergence criterion is set to 10-5. 
Once the residuals drop below this threshold, indicating 
that the solution has sufficiently converged, the numerical 
code is considered to have reached convergence. 
 
4.1. Grid Size Independency 

The selection of an appropriate grid size is crucial in 
computational simulations as it affects the accuracy and 
computational resources required. To accomplish the 
solution's grid independence, the Nusselt number was 
evaluated using various uniform grid sizes. The findings 
are displayed in Table 2. Considering the analysis, the 
81×81×81 grid was found to be compatible with the 
current study, as it gives a equilibrium between the 
precision of the results and the numerically cost. 

Furthermore, when the grid was refined to 913, the 
extreme difference remained within 1.18%. This suggests 
that the adjusted grid size had no major effect on the 
general functioning of the system, promoting the 
appropriateness of the 813 grid for the purpose of the 
research.The results of this investigation verify the 
implementation of the selected grid size while offering 
trust in the accuracy of the outcomes achieved while 
improving the effectiveness of computation. 

 
Table 2. Grid size tests 

 

91×91×91 81×81×81 71×71×71 61×61×61 41×41×41 Grid Size 
60.11 59.40 58.99 55.28 44.18 Nusselt Number 

 
4.2. Code Validation 

To verify the reliability of our computational code, we 
compared the Nusselt numbers that resulted from the 
simulations we performed to those provided in earlier 
research by Ravnik [25], Doghmi, et al. [28] and Moraga, 
et al. [26]. The findings of the analysis are summed up in 
Tables 3 and 4, in which distinctive Rayleigh numbers 
were taken into account. Likewise, as can be seen in 
Figure 2, we juxtaposed the thermal distribution acquired 
from our modeling techniques to the findings provided by 
Doghmi, et al. [28]. 
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In Comparison between our findings and those of 
earlier research Ravnik [25], Moraga, et al. [26] and 
Doghmi, et al. [28] reveal a high level of approval, with 
an overall variance of roughly 3.24%. This suggests that 
our numerical algorithm effectively replicates the key 
features of the issue and creates outcomes that are 
compatible with developed literary works. 

 
           (3D) Doghmi, et al. [28]                         Present study 

 
 

Figure 2. Comparison of isotherm when Re=10 and Ri=10 with ref. [28] 
 

Table 3. Comparison of Nusselt number with those of Ravnik [25] 
 

Ra Water 
Gap% 

(Water + Cu) ϕ= 0.1 
Gap%  Present 

work 
Ref. Ravnik 

[25] 
Present 
work 

Ref. Ravnik 
[25] 

103 1.082 1.071 1.02% 1.381 1.363 1.32% 
104 2.114 2.078 1.73% 2.257 2.237 0.89% 
105 4.631 4.510 2.68% 5.047 4.946 2.04% 
106 9.325 9.032 3.24% 10.38 10.08 2.97% 

 
Table 4. Comparison of Nusselt number with those of ref. [26] 

 

Re Ri=0 
Gap% 

Ri=0.1 
Gap% 

 Present 
work 

Moraga,  
et al. [26] 

Present 
work 

Moraga, 
 et al. [26] 

10 2.550 2.552 0.07% 2.550 2.552 0.07% 
50 3.517 3.512 0.14% 3.509 3.500 0.25% 
80 

300 
500 

4.127 
5.102 
5.605 

4.122 
5.084 
5.567 

0.12% 
0.35% 
0.68% 

4.120 
5.814 
7.351 

4.077 
5.706 
7.157 

1.05% 
1.89% 
2.71% 

 
5. RESULTS AND DISCUSSION 

The primary goal of this study is to look at how 
dimensional and thermal factors affect fluid flow 
behaviors and heat exchange inside a three-
dimensional L-shaped hollow. The research emphasizes 
on multiple important features, such as variation in 
temperature, global Nusselt number, fluid structures, and 
streamlines. To accomplish this, multiple thermal 
characteristics are taken into account, includingthe 
Hartman numbers (0≤Ha≤100), Reynolds numbers        
(10≤Re≤1900), magnetic field inclination (0≤γ≤45), and 
volume fraction of nanoparticles (0%≤ϕ≤4%). 
 
5.1. Effect of the Thermal Parameters 

Figure 3 depicts an analysis of the isotherms in 
various layers for the examined setting up. Particularly, 
when viewed from the plane Z=0.5, the cavity exhibits an 
advantageous level of symmetry. This symmetry is due to 
thermal borders and the configuration's related 
geometrical symmetry. The Z=0.5 plane has the most 
behavior of the planes studied, making it especially suited 
for displaying and evaluating the dynamical and thermal 
fields inside the examinatedcavity. By focusing on this 
plane, we can gain a detailed understanding of the 
complex fluid flow patterns and temperature dispersion in 
the system. 

        Z=0.2       Z=0.5          Z=0.8 

 

 
 

Figure 3. Temperature distribution for various Z positions  
(0.2, 0.5 and 0.8), for Re=100, Ri=0.1 and ϕ=3% 

 
Figure 4 illustrates the impact of the Reynolds 

numbers and fractional volume of Hybrid-nanoparticles 
on 3-D flow layout and temperature variation within the 
L-shaped cavity for an invariant setting of Hartman 
number Ha=10, Richardson number Ri=0.1, and magnetic 
field angle of inclination γ=0°. By considering the 
entrance boundary conditions, the velocity behavior, and 
examining two cases with volume fractions of Hybrid-
nanoparticles (ϕ) set at 2% and 4%, it becomes evident 
that enhancing the Reynolds number has a substantial 
positive impact on heat transfer.  

The Reynolds number reflects the ratio of inertial to 
viscous forces, indicating a direct relationship between 
velocity and Reynolds number. As a result, when the 
Reynolds number increases, heat transfer improves 
significantly. With the presence of a left-side obstacle 
(heated block),the viscous fluid's velocity forms a tiny 
clockwise vortex at the bottom of the block. However, 
this clockwise vortex diminishes as the Reynolds number 
increases, particularly reaching a moderate value of 
Re=500. The association of metal nanoparticles with the 
base fluid is critical in this phenomenon.  

The presence of  the nanoparticles alters the fluid's 
density and particle mobility, leading to changes in flow 
characteristics.Furthermore, for Reynolds numbers 
Re≥500 , excellent heat transfer is observed due to 
aimportant iincrease in the fluid velocity. This occurs 
when a balance is achieved between the inertial forces 
and the characteristics of the nanoparticles.  

Moreover, in this study, It has been observed that 
raising the volume fraction of Hybrid nanofluid particles 
leads to an enhancement in heat transfer, except for cases 
where the Reynolds number Re≤100. Physically, in the 
studied configuration, heat transfer occurs as the 
temperature moves from the hot body (heated block) to 
the cold body (incoming fluid). As a result, the 
temperature distribution gradually spreadtoward the 
heated block and progressively shifts around the 
hollowexit.This phenomenon arises from the 
exhangewithing the oncoming cold fluid and the 
buoyancy effect of the heated block. Furthermore, for 
Reynolds numbers Re≤100, the temperature distribution 
reveals that increasing the volume fraction (ϕ) diminishes 
heat transfer. In these cases, the higher volume fraction of 
nanoparticles lowers heat transfer rather than enhancing 
it. 
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Figure 4. Isotherm lines (up) and streamlines (down), for Ha=10, for 
Ri=0.1, for γ=0° and for various Reynold numbers  (100, 500, 1000 and 

1500), and for differents values of Hybrid nanoparticles ϕ=2% and 
ϕ=4% 

 

Figure 5 presents the hydrodynamical and thermal 
fields, aiming to highlight the impact of the Hartman 
numbers and the Hybrid-nanoparticles volume fraction on 
the 3-D flow arrangement and temperature exhange 
inside the L-shaped cavity. This investigation is 
conducted while maintaining a constant value of the 
Reynolds number Re at 750, Richardson number Ri at 0.1, 
and magnetic field angle of inclination γ at 0°. the results 
analyzed the impact of the Hartmann number on the fluid 
dynamics. The velocity was oriented from top to bottom.  

In this study, the fluid being investigated was 
electrically conducting, and the effect of the Lorentz 
force improved the fluid flow, leading to an augmentation 
in the velocity field.This improved fluid mixing lead to a 
more uniform temperature distribution throughout the 
system, and more efficience heat, reducing temperature 
gradients and minimizing the hot temperature arround the 
block spots. When the Hartmann number reached 
Ha=100, a direct association between Ha and fluid 
velocity was observed for all values of ϕ. Specifically, as 
the Ha value increased, the fluid velocity showed a 
significant increase as well.In addition to the changes in 
velocity, It became apparent that as the Ha values 
increased, the boundary layering expanded. Figure 5 
shows the effect of "Mf" inclination (γ)  on temperature 
exhange and fluid contours under a variety of Hartmann 
numbers (Ha) (ranging from Ha=10 to Ha=100).  

The velocity profile shows a decrease as the 
inclination angle γ increases.  Morever,  Figure. 6  is 
depicted to evaluate the influence of ϕ on fluid patterns 
and temperature distribution for two cases of Hartman 
number Ha=10 and Ha=100. It has been found that 
increasing (ϕ) for a set value of  Ha has a negligible  
effect on temperature patters and a sustainable  impact on 
velocity profile. Initially, for Ha =10, the temperature is 
more toward  the left block for differentes values of (ϕ), 
and by increasing the Hartman number to Ha=100, the 
temperature expand in the cavity. 
 
5.2. Global Nusselt Number 

Figure 7 illustrates the results obtained for various 
values of Reynold number (Re ranged from 50 to 1900) 
and Magnetic field intensity (Ha ranged from 10 to 100) 
for fixed values of Richardson number (Ri=0.1), particle 
volume fraction (ϕ=4%), and magnetic field inclination  
(γ=0°) in form of global Nusselt number in the heated 
block. The results demonstrated that increasing Reynolds 
number increase the global nusselt , wish can be 
explained as the Reynolds number reflects the balance 
inertia and viscous forces.  

Additionally, when increasing the magnetic field 
intensity, the global nussel number increases for all 
Reynolds numbers except for Re=200, and Ha=100, where 
the heat transfert has diminished. Likewise, the variations 
in global Nusselt numbers between Reynolds numbers 
Re=700 and Re=1900 are less than 1%. 
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Figure 5. Isotherm lines (up) and streamlines (down), for Re=100, for 
ϕ=4%, for Ri = 0.1, and for for various Hartman number Ha (10, 30, 70 
and100), for differents values of angles of inclinaison γ=0° and γ=45° 

 
  

 

Figure 6. Isotherm lines (up) and streamlines (down), for γ=0°, for 
Re=750, for Ri=0.1, and for for various Hybrid nanoparticles volume 

(1%, 2%, 3% and 4%), for differents values of Hartman number Ha=0 
and Ha=100 
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Figure 7. The global Nusselt number variation with Re, for ϕ=4%, 
Ri=0.1, and γ=0°, and for different values of Ha (10, 40, 70, and 100) 

 

 
 

Figure 8. The global Nusselt number variation with Ha, for ϕ=4%, 
Ri=0.1, and Re=100,andfor different values of γ (0°, 15°, 30°, and 45°) 

 

 
 

Figure 9. The global Nusselt number variation with Ha, for Re=700, 
Ri=0.1, and γ=0°, and for different values of ϕ (1%, 2%, 3%, and 4%) 

 
This behavior has been observed for all the 

considered Hartman numbers. Based on the results 
displayed in Figure 8, the Heat transfer enhances as the 
Hartman number (Ha) and angle of inclination (γ) 
increase, except for the case where the angle of 
inclination (γ) is set to 15°, the effect remains unchanged 
for a fixed parameters such as Ri=0.1, ϕ=4%, and Re=100.  

The highest values for the global Nusselt number are 
obtained in this case. The results can be summarized that 
increasing the magnetic field intensity (Ha) has a more 
pronounced impact on enhancing heat transfer compared 
to decreasing the inclination angle (γ).  

Furthermore, for certain values of inclination (in this 
case, γ=15°), the enhancement in heat transfer becomes 
particularly noticeable. This result can be explained by 
the reality that expanding the Hartman number (Ha) 
enhances the velocity profile, thereby promoting inertia 
and the Lorenz force within the cavity. In Figure 9, the 
influence of increasing the the hybrid nanofluid  volume 
fraction on the overall Nusselt number is depicted while 
maintaining a constant Reynolds number (Re=700), 
inclination of angle (γ=0°), and Richardson number 
(Ri=0.1). The graph reveals that as (ϕ) increases, overall 
Nusselt number alsoenhances. Furthermore, Figure 9 
shows that increasing Hartman number leads to enhanced 
heat transfer for all nanoparticle volume fraction. 

These results indicate that higher volume fractions of 
the hybrid nanofluid and stronger magnetic fields 
contribute to elevated heat transfer rates, ultimately 
improving the efficiency of the system. 

 
6. CONLUSIONS 

The primary goal of this investigation is to optimize 
important variables such as the Hartman number, 
Reynolds number, particle volume fraction, and magnetic 
field inclination on mixed convection of an H. nanofluid's 
inside an L-shaped enclosure containing a heated block. 
To accomplish this goal, a diverse set of parameters are 
chosen and their effect on the intended result is evaluated. 
The Hartman number (10≤Ha≤100), magnetic field 
inclination angle angle (0°≤γ≤45°),volume fraction of 
hybrid nanoparticles (1%≤ϕ≤4%), and Reynolds number 
(10≤Re≤1900) were all chosen as computational 
conditions for this study. Throughout the investigation, 
the dimensions of the heated block and the Richardson 
number (Ri=0.1) are considered constant. The 
investigation's outcomes indicate that the parameters 
mentioned earlier have significant effects on both the 
velocity field and the heat transfer behaviors. The main 
insights are summed up below: 
• The volume fraction of particles and the Hartman 
number have an important effect on thermal field and 
flow structures. 
• Except for γ=15°, fluid flow increases with increasing 
magnetic strength and nanoparticle concentration, while it 
decreases with rising magnetic field inclination. 
• The temperature distribution is less affected by an 
enhance in inclination of magnetic field and nanoparticles 
volume fraction for a set value of Ha than an increase in 
Hartman number for a fixed value of ϕ and γ. 
• This analysis takes into account multiple Reynolds 
number values and magnetic field intensity, resulting in a 
significant enhancement in heat transfer performance as 
the Hartman number increases. Higher Reynolds number 
result in expanded the velocity patterns and significant 
changes in temperature distribution within the cavity. 
Furthermore, the rate of heat exchange improves with the 
Reynolds number. 
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• The optimal conditions for achieving the highest heat 
transfer rate are as follows: Richardson number set to 0.1, 
volume fraction of particles (ϕ) at 4%, Hartman number 
(Ha) at 100, angle of inclination (γ) at 15°, and Reynolds 
number (Re) greater than 700. 

 
NOMENCLATURES 

 
Symbols / Parameters 
A, B: Dimensionless Heat block 
Cp: Particular capacity for heat [K-1×J×Kg-1] 
G : Acceleration due to gravity [s-1×m2] 
B0: Magnetic_eld strength [T] 
Gr: Grashof number 
H : Characteristic length [m] 
NU: Number of nusselt 
K: Conductivity of heat [W×m2×K-1] 
p : Pressure [Pa] 
L : Heat blocklenght  
P : Dimensionlesspressure  

eR : Reynoldsnumber 

rP : The number of Prandtl  
"q : The Heat transfer [m-2×W] 

Ri : The number of Richardson  
T : Temperature (K) 

, ,X Y Z : Dimensionlesscoordinates  
, ,U V W : Dimensionless speed  

α : Diffusion of heat [s-1×m2] 
ϕ : Solid volume fraction of nanoparticles  
β : The Thermal expansion coefficient [K-1] 
σ : Effective electrical conductivity [Ω×m-1] 
µ : Dynamical viscosity [s-1×kg×m-1] 
θ : Dimensionless temperature,  
υ : Kinematical viscosity [s-1×m2] 
ρ : Density [Kg×m-3] 
γ : Magnetic field inclination [°] 
B : Bottom 
C : Cold 
F : Fluid 
G : Global 
H : Horizontal 
Mf: Magnetic_field 
Hnf : Hybrid-nanofluid 
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