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KEYWORDS Abstract This article mainly emphases on the study of magneto Cu-A/,0;/water hybrid nanofluid
Non-Darcy; flow in a non-Darcy porous square cavity. The square geometry is a lid-driven enclosure with an
Porous medium; inside heated square obstacle. Cattaneo-Christov heat flux pattern is used for the formulation of
Mixed convection; the heat equation. This type of problems may be applicable in the high temperatures in the different
Hartmann number; scientific processes, extrusion of polymers, aerodynamics extrusion and cooling hot glass. Dimen-
Cu-Al,03/water nanofluid; sionless forms of governing flow expressions are computed numerically with Finite Volume Method
Hot obstacle; via SIMPLER algorithm simultaneously. The characteristics of numerous dimensionless parame-
Lid-driven cavity; ters such as; Richardson number (0.1 < Ri < 100), Hartmann number (0 < Ha < 100), height of
Boussinesq approximations hot square obstacle (0.1 < H < 0.5), width of hot square obstacle (0.1 < W < 0.5), Reynolds num-

ber (0.1 < Re < 25) and Darcy number (107> < Da < 107°) are analyzed. The achieved results are
projected graphically via streamlines, isotherms, local and average Nusselt numbers. The fluid flow
and rate of heat transfer in the direction of the moving heated obstacle isfound to play an important
role. The higher values of Ha decreases the local Nusselt number. Hybrid nanofluid provides a
higher heat transfer rate than the nanofluids. Increasing the width of the obstacle cause to decline

in the thickness of the right wall, this enhances the heat transfer in the clockwise direction.
© 2020 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Nanofluids are a new class of fluids, contain nanosized solid
particles (1-100 nm) in the ordinary liquid (water, lubricants,
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Nomenclature
D, position of the obstacle V dimensionless velocity component along y-
w width of the obstacle direction
H height of the obstacle v velocity component along y-direction (m s')
L length of enclosure X,y Cartesian coordinates
Ri Richardson number X, Y dimensionless Cartesian coordinates
Re Reynolds number
Ha Hartmann number Greek symbols
DA non-Darcy p Density (kg m™)
Gr Grashof number u Dynamic viscosity (kg m~' s 1)
C, specific heat y Kinematic viscosity (m*s~")
P pressure (Nm™2) o Electrical conductivity (s m™")
By magnetic field o Thermal diffusivity (m? s~ ")
Nug local Nusselt number A Cavity inclination angle
Nu,, average Nusselt number P Porosity
k thermal conductivity
Pr Prandtl number Subscripts
T temperature ¢ cold
u velocity component along x-direction (ms™") hnf Hybrid nanofluid
U dimensionless velocity component along X- nf nanofluid
direction bf base fluid
Uy lid velocity f fluid

Bio-fluids, oils polymer solutions) which was introduced by
Choi [1]. In recent years nanofluids have received innovative
procedures to enhance the rate of heat transfer in numerous
applications such as mechanical industrial processes, domestic
refrigerator, atomic reactors, fuel cells, energy storage systems
[2-6] etc. Many researchers [7—10] studied the different types of
nanoparticles with base fluids. Recently, many researchers are
introduced hybrid nanofluid due to high heat transfer when
compared to nanofluids. Hybrid nanofluid contains two types
of nanoparticles suspended in a base fluid. The applications of
hybrid nanofluids are solar water heating, transformers, heat
exchangers, vehicle brake fluids, defense manufacturing,
acoustics, microfluidics, microelectronics, transport, naval
structures, propulsion, grinding and heat radiators. Mehryan
et al. [11] studied the free convection of a Cu-A/l,0z/water
hybrid nanofluid and water-based Cu and A4/,0; nanofluid in
a cavity. The Cu-A/,0;/water hybrid nanofluid gives the best
results compared A4/,03; nanoparticles. Giwa et al. [12] ana-
lyzed the hybrid nanofluids have to improve the thermal and
flow properties of the base fluid which consequently enhanced
the free convection behavior of Cu-water and M WCNT-water
nanofluids in a cavity. A number of investigations on the influ-
ence of nanoparticle use have been cited in the research [13—
16].

Mixed convective flow in a lid-driven square cavity plays a
significant attention in view of its extensive range of applica-
tions in many engineering and technological areas, such as
heat exchanger devices, cooling of electronic devices and
MEMS, thermal insulation, petroleum reservoirs, oil extrac-
tion, solid matrix heat exchangers, geothermal and geophysical
engineering, chemical catalytic reactors and processes, geother-
mal systems and storage of nuclear waste materials [17-27] etc.
Manchanda et al. [28]. Analyzed the natural and forced
convection flows numerically in a two-sided lid-driven square

cavity with a heated triangle obstacle. Gangawane [29] investi-
gated the magneto hydrodynamic free convection of an open-
ended square cavity in the effect of the angle of a magnetic field
and different heater locations. Also Fluid flow through porous
media has a wide range of applications in scientific and engi-
neering activity which includes such diverse fields as soil
mechanics, thermal and acoustic insulation efficiency, filtra-
tion, heat removal from nuclear fuel debris, petroleum engi-
neering, transpiration cooling, use of electrochemical fuel cell
devices, lithium-ion batterie. Darcy’s law depicts the conduct
of fluid flows in porous media. According to the Darcy’s
law, the pressure gradient in the porous media is linearly pro-
portional to the velocity of the fluid. Non-Darcy behavior is
significant for describing fluid flow in porous media in a con-
text where high velocity occurs. Raizah and Aly [15] numeri-
cally studied the natural convection of Cu—water nanofluids
from a heated complex shape in a cavity with the effect of a
partially layered non-Darcy porous medium. Alsabery et al.
[30] numerically studied the fluid flow and heat transfer in a
square non-Darcy porous cavity containing a central square
solid body. Krishna et al. [31] used the finite volume method
to investigate the natural convection in a non-Darcy anisotro-
pic porous cavity. Sheikholeslami and Sadoughi [32] presented
the magneto hydrodynamic CuO-Honanofluid flow inside a
porous cavity having four obstacles. Merrikh and Mohamad
[33] investigated the Darcy effect in natural convection flow
in an enclosure filled with vertically two layers of porous
media. Kefayati [34] considered the Finite Difference Lattice
Boltzmann method (FDLBM) to study mixed convection in
a lids-driven square cavity for more details see [35,36].

The investigation of a magnetic parameter has incredible
properties on convective and heat transfer. A magnetic param-
eter is significant in science and industrial applications such as
cooling of different metals, metal coating, reactor cooling,
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purification of liquid metals, molten polymers, glass industry,
chemical engineering, and magneto hydrodynamic electrical
power generator, etc. Convective and heat transfer control
can be accomplished by the use of magnetic field effects in
many experiments, such as applications for cavity flow, jet flow
applications, separate flow and many others [37-41]. Sheik-
holeslami and Rashidi [42] studied the natural convection
nanofluid (Fe;0,~water) flow in the presence of the magnetic
field, volume fraction and Rayleigh number lead to an increase
of the local Nusselt number. Hosseinzadeh et al. [43] investi-
gated the cross-fluid nanofluid flow considering the nanoparti-
cles and gyrotactic microorganisms over a three-dimensional
cylinder under the influence of the magnetic field. Bourantas
and Loukopoulos [44] studied the effects of temperature
dependent properties of the natural convection flow in an
inclined square cavity filled with micropolar-nanofluid (4,03
-water) under the influence of a magnetic field.

The heat transfer phenomenon has remarkable attention
because of its various applications in numerous fields of indus-
try and science, such type of applications includes extrusion of
polymers, aerodynamics extrusion, molten polymers, the high
temperatures in the different scientific processes, cooling of
the glass sheet plays a significant role. Fourier’s law stated to
Fourier’s model a thermal relaxation time factor to increase
heat transfer but it is difficult for different materials to relax
in different thermal periods. In view of this fact, Christov
[45] was established for the efficient heat transfer mechanism
by the derivative model, then it is called the Cattaneo-
Christov heat flux model.

driven non-darcy porous cavity with Cattaneo-Christov heat
flux Pattern. In addition, it attempts to describe the impact
of various parameters on the flow and heat transfer. The
obtained results are validated with previous numerical investi-
gations and the effect of the significant parameters (Hartmann
number, non-Darcy, Richardson number, Reynolds number,
and hybrid nanofluid) on the fluid flow and heat are
researched. The obtained results are presented via graphically
in the form of streamlines, isotherms, local Nusselt number,
and average Nusselt number.

2. Mathematical formulation

We considered steady 2Dmixed convective flow of water-based
nanofluid (Cu or A/,03)/ hybrid nanofluid (Cu-A4/,03) in a lid-
driven cavity and a schematic view of the problem is displayed
in Fig. 1. The Newtonian fluid flow is considered as incom-
pressible and laminar. In addition, the attribute of viscous dis-
sipation is neglected. The right vertical wall is considered as a
heat sink (T.) and the remaining walls (top, bottom, and left)
are treated as adiabatic. A heated square obstacle (Ty) placed
at the bottom of the square cavity. Here L and W are indicated
the length and width of the cavity and obstacle, respectively.
The distance between the heated square obstacle and the left
wall of the cavity is DI. Tablel Shows the thermophysical
properties of two different nanoparticles and the base fluid.
The Boussinesq approximation is consistent with the following
governing equations [46-48].
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Configuration of geometry.
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Rashad [49]). T_T
Physical Water Copper Alumina 0= T,— T,
properties (H,0) (Cu) (A41,03)
By using dimensionless parameters, Eqs. (1)—(4) rehabili-
& (W x (m K)71> 0.613 401 40 tated as:
G ((kek) " x1) 4179 385 765 v v, ©
p (kg x m™) 997.1 8933 3970 ox oy 7
o(us x cm™!) 0.05 596 x 107 1 x 10710 - o
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e e I UV UV
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2T L 22T L 9y BT 4 0v 9T 4 0u 0_7) ‘ , ‘ ‘
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In above u and v are velocity component along x and y- where
direction, T is the temperature, p is the pressure, k is the ther- 5
ivi : - Gr="ATL Re—YL Ri— G Ha=ByL,/L, Da=%
mal conductivity, By is the magnetic field, x, y are the Carte- r= 7z e=", N=gpa, Ha= by oy VA= 12s
sian coordinates, pis the Density, ois the Electrical Pr=" '

conductivity, v is the Kinematic viscosity, F* is the Forch-
heimer coefficient, K is the permeability.

The following dimensionless parameters are used to mod-
ernize the governing equations as dimensionless:

Table 2 Comparisons of local Nusselt number at the upper
wall for the case of Pr = 0.71, Gr = 10%.

Re 100 400 1000
Khanafer and Chamkha [33] 1.94 3.84 6.33
Iwatsu et al. [34] 2.01 391 6.33
Present data 1.93 391 6.31

Fig. 2

51 02 03 04 05 06 0.7 08 08

oy’
The appropriate initial and boundary conditions over the
walls of the cavity are as follows:

Y=0,0<X<1,U=0,V=0%=0,

oY

‘ 10
Y=1,0<X<1,U=1,V=0,%=0, (10)
X=0,0<Y<1L,U=0,V=02=0, (an
X=1,0<Y<1,U=0,V=0,0=0,

Hot obstacle boundary conditions are as:
X-Dl=0&0<Y<H—-{0=1,0<(X,Y)<1
X—-D+DH)=0&0<Y<H—-{0=1,0<(X,Y) <1
and
Y—H=0and0< X-DI<D—{0=1,0<(X,¥)<1

(12)

TEWPERATURE

Figure comparison with Refs.[43] and [44].
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a) DI1=0.3, D1=0.4,

Fig. 3  Various values of D1 on streamlines (top) and isothermal (bottom).

2.1. The local Nusselt number

Nu = / NugdX
Hot obstacle Y=H
The local Nusselt number along hot obstacle is as:

+ / Nu,dY
Hot obstacle
Nu, = _<k”"f> <89) (13)

Ky + / Nu,dY|
Or Hot obstacle

12)'¢
Ky {00 The mathematical expressions of ., Kuy.(c,) o BT D
Nuy = _( k f) (B_Y> s> and p,, areas follows (by Rashad [49]):

Thermal diffusivity of the hybrid nanofluid is follows as:

X=D1+D

(14)

X=D1

The average Nusselt number of hot obstacle is obtained the
integrating the Eq.13 (local Nusselt number of hot obstacle) as _ Ky (15)

Oy =
follows (by Esfe [47]): (pcp)hn/
3.6
104 ——D1=0.3 ] ——D1=03
] 34 ——D1=0.4
3.2 —D1=0.5
81 ] ——D1=06
] 3.0 —- — D1 =07
2.8
57 6 £ E
P4 2 2.6
244
4 |
224
2.0
2 |
1.8
1.6
0 T T T T T T T T T T T T T T T T T T T
0.0 0.2 0.4 06 0.8 1.0 0 20 40 60 80 100
X Ha

Fig. 4 The effect ofDlon the local Nusselt. Fig. 5 Variationof D1 on the average Nusselt number.
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a) DA=10" DA=10""

DA=10"* DA=10"°

Fig. 7 The effect of DA on the local Nusselt number.

Effective density of the hybrid nanofluid is expressed as:
Pinf = PitrorParoy T Pcubcu + (1= @)pyy, (16)

The heat capacitance of the hybrid nanofluid is expressed
as:

(PCp) py = Pttsor (PCp) 410 + D (0Co)
+(1 _¢)(pcp)bf (17)

The thermal conductivity of hybrid nanofluid is expressed
as:

Fig. 8 The effect of DA on the average Nusselt number.

Ky <w + 2kty + 2(P a0 Koy + eukcn) — 2¢kb/)

k Aoy Koy TPcukcu
Y <(¢,“I[%¢+¢k() + 2kbf - (¢A1203 kA1203 + ¢CukCu) + ¢kb/>
(18)
The effective dynamic viscosity of the hybrid nanofluid is
expressed as:
oy
25"
(1= (P, + Pcu))

The effective electrical conductivityof the hybrid nanofluid
is expressed as:

Py = (19)
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a) H=0.1

H=0.2

13
12
114

10

Nu
<
1

Fig. 10 The effect of H on the local Nusselt number.

3<(¢A/203‘7AI203+¢04°'(‘M) _ (¢A1 T )>
503 “u

w:l—i— 7

Obf (Pa1y03 9 t1y03 +dcusc) (Da1y01 911303 +dcutcu)
(72 : ';'—"if +2) - | z,:f - (¢A[203 + ¢Cu)
(20)

3. Numerical method and validation

Finite volume-based simple algorithm has been used to com-
pute the governing Egs. (6)—(9) withthe appropriateboundary
conditions (10)—(13). To solve the convective and the diffusion-

Fig. 11

The effect ofH on the average Nusselt number.

terms, we employed an upwind and central difference schemes.
In order to obtain a result, the square cavity was meshed by
81x81 and residual convergence has fixed as 107°. To validate
the obtained numerical results, the outcome are compared with
the earlier work of Refs. [50,51] in some specific values of Gr
and Rewhich is exhibits in Table 2. It is observed that the out-
come of present results, Refs. [50,51] results are in good agree-
ment. It is also observed from Fig. 2, present result isotherms
and earlier work of Khanafer and Chamkha [50] and Iwatsu
et al. [51] isotherms’ are similar. This is revealed that the out-
comes results are precious.
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a) Ha=0 Ha=10

Ha=50 Ha=100

Fig. 12 Various values of Ha on streamlines (top) and isothermal (bottom).

4. Results and discussion

In this section, the present problem is investigated numerically
of hot obstacle position on magneto-hybrid nanofluid flow in a
lid-driven porous cavity. Except for the differences in the
respective figures and tables, these values are considered to
be fixed on the entire computation HA =10, H=0.2,
W =02, Ri=10, Re=10, D1=0.5, ®=30°, ¢= 0.02,
DA =107, y, = 0.02 respectively. The obtained numerical
results characterized by typical streamlines, isotherms, local
Nusselt numbers, and average Nusselt numbers for different
values of involved parameters including Reynolds number
(Re), Richardson number (Ri), non-Darcy (DA4), Hartmann
number (Ha), position (DI), height (H) and a width (W) of
the obstacle results of these computations are presented and
discussed in the following subsections.

4.1. Position of obstacle (D1)

The consequences for changing the different values of the
obstacle position over the bottom wall on the distribution of
streamlines are exposed in Fig. 3(a). When the square obstacle
is changing the positions from 0.3 to 0.7 from the left to right
wall of cavity, a top vortex formed inside the cavity and it is
moving from the left to right wall of the cavity. There is no sig-
nificant effect on the behavior of streamlines on changing the
position of the obstacle. Fig. 3(b) illustrates the effect of the
isotherms in different values of obstacle position. When the
square obstacle is placed at positions from 0.3 to 0.7 the cause
to decline the thickness of the right wall of the cavity. As a con-
sequence, the temperature decreases in the square cavity. Fig. 4
shows that the influence of the local Nusselt number growth of

changing the position of the obstacle illustrates the heat trans-
fer enhancement. The average Nusselt number on changing the
position of a hot obstacle increases the heat transfer is shown
in Fig. 5.

4.2. Non-Darcy (DA)

The effects of different Darcy numbers on the streamlines are
illustrated in Fig. 6(a). Increasing the DA from 107 to 1072 is
a significant effect on the velocity. We observed that the higher

Fig. 13  The effect of different values of Haon the local Nusselt
number.
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a) wW=0.1

w=0.2

\Y

b)

114

10

Nu
»
1

Fig. 15 The effect of W on the local Nusselt number.

values of DA increasing the velocity, the streamlines are circu-
lating in the clockwise direction. Fig. 6(b) illustrates the effect
of the Isotherms in different values of Darcy numbers. The
highest values of Darcy number enhancing the rate of heat
transfer. The isothermal lines move around the clockwise
direction due to higher heat transfer. The higher Darcy num-
ber values increase the velocity of the fluid, and as a result,
the square cavity temperature rises. The influence of the several
values of the Darcy number on the distribution of local Nus-
selt number is illustrated in Fig. 7. The low values of the Darcy
number declines the rate of heat transfer. The distribution of
the average Nusselt number on the hot obstacle for different

Nu

Ha
Fig. 16  The effect of W on the average Nusselt number.

Darcy numbers is shown in Fig. 8. The higher values of Darcy
number increases the heat transfer rate.

4.3. Height of different obstacles (H)

The impact of increasing the height of the obstacle on the
streamline is plotted in Fig. 9(a) It is seen from this figure that,
when elevates the obstacle height causes the streamlines to cir-
culate in the clockwise direction. Fig. 9(b) presents the influ-
ence of isotherms for various values of the obstacle height.
Isotherms and rate of heat transfer has highly affected with
an increment of obstacle height. Physically, growing the obsta-
cle height causes the right wall of the cavity to flow the heat in
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Hybrid (Cu— Al,0;)

12
10 -
g — Cu Water
— Al;Os; Water
- ~—— Hybrid Nanofluid
Z 8-

Fig. 18 Variation of Cu-water, A/,03-water and Hybrid (Cu-
Al>,03) nanofluids of local Nusselt number.

clockwise direction. Figs. 10 and 11 shows the effect of local
and average Nusselt number for the five different heights of
a hot obstacle. When increasing the height of the obstacle it
enhances the heat transfer.

28
27
26 Cu Water
25_‘ —— Al:0; Water
) ~— Hybrid Nanofluid

Nu

] 20 40 ea 80 100
Ha

Fig. 19 Variation of Cu-water, A/,03;-water and Hybrid (Cu-
Al,0;3) nanofluids on average Nusselt number.

4.4. Impact of hartman number (Ha)

The consequences for the different values of the Hartmann
number on the distribution of streamlines are presented in
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a) Re=0.1

b)

Re=10

0005

0.005
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008
0065
o7

Fig. 20  Various values of Re on streamlines (top) and isothermal (bottom).

Fig. 12(a). The vortex moves freely in the square cavity, due
to the absence of the magnetic field because the magnetic
field opposes the buoyancy force. It is noticed that when
increasing the magnetic field from 10 to 100 the streamlines
are circulating in the anticlockwise direction in the top por-
tion of the square cavity. This happens as a result of the
magnetic field applied in the inclined direction. Fig. 12(b)
illustrates the different values of the Hartmann number on
the distribution of isotherms. Increasing values of the mag-
netic field cause to decline in the thickness of the right wall.
Physically, a larger magnetic field promotes the temperature
as a consequence, the temperature rises in the square cavity.
The distribution of the local Nusselt numbers on the heated
obstacle for different Ha values are shown in Fig. 13. The
higher values of the Ha declines the local Nusselt number.

4.5. Width of the obstacle (W)

Fig. 14(a) shows the effect of streamlines for the different val-
ues of the width of the heat obstacle. When increasing the
width of the obstacle inside the cavity from 0.1 to 0.5 there
is no significant impact on the streamlines. Fig. 14(b) shows
the influence of isotherms on the different values of the width
of the heat obstacle. Increasing the width of the obstacle cause
to decline in the thickness of the right wall, this enhances the
heat transfer in the clockwise direction. Variation of obstacle
width on local and average Nusselt number is exhibited in
Figs. 15 and 16. From these figures, the rate of heat transfer
is enhancing due to an increment in the width of the heated
obstacle.

4.6. Hybrid nanofluid (Cu-Al,O3 -Water)

Fig. 17(a) depicts the effect of two different nanoparticles (Cu,
Al>03,) in the base fluid (water) on the streamlines. There is no
significant effect on the Cu-water, A,O; -water, Cu-Al,0; |
Water (Hybrid nanofluid) in the streamlines, but the strength
of streamlines is slightly reduced with nanofluid. Fig. 17(b)
shows the effect of isotherms. It is shown that the overall shape
of the isotherm contours is the same for both base fluid (water)
and hybrid nanofluid (Cu-A4/,0; /Water) and there is no signif-

Nu

o
N
o
N
o
<}
o
©
o

100

Fig. 21  The effect of Re on the average Nusselt number.
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Ri=100

Fig. 22 Various values of Rion streamlines (top) and isothermal (bottom).

icant effect on the rate of heat transfer. Fig. 18 illustrates the
influences of Cu-water nanofluid, 4/,0; -water nanofluid Cu-
ALO3/Water hybrid nanofluid on the local Nusselt number.
Physically, hybrid nanofluid provides a higher heat transfer
rate than the other two nanofluids because of the hybrid nano-
fluid thermal conductivity is higher than the Cu and A/,0;
water nanofluid. In Fig. 19 the average Nusselt number shows
hybrid nanofluid thermal conductivity is higher than the Cu
and A/,0; water nanofluid.

4.7. Effect of Reynolds number (Re)

Fig. 20(a) illustrates the streamline for the different Reynolds
numbers. It is observed that at Re = 0./ the fluid flow of
the vortex forms the upper right side of the obstacle in the
clockwise direction. An increment of the Reynolds number
reflects the growth of the vortex. The highest Re value changes
the direction of the vortex as an anticlockwise direction.
Fig. 20(b) shows the effect of different Reynolds on the iso-
therms. A rise of Reynolds number cause to decline the thick-
ness of the right wall. Physically, the higher Reynolds number
demotes the temperature as a consequence, the temperature
decreases in the square cavity. In Fig. 21 shows the higher val-
ues of the Re increasing the growth of the average Nusselt
number.

4.8. Effect of Richardson (Ri)

The effect of the Richardson numbers on the streamlines
shown in Fig. 22(a). The flow pattern shows the forming of
a vortex with a circular right side of the cavity in the clockwise

Nu

Fig. 23  Variation of Ri on the average Nusselt number.

direction. When increasing the Richardson number the vortex
becomes thicker in the streamlines. Fig. 22(b) demonstrates the
different values of Richardson on isotherms. The higher values
of the Richardson number increasing the rate of heat transfer.
Physically, increasing the Richardson number enhancing the
shear stresses, thus growing shear stresses lead to produce
resistance to fluid motion and during such resistance heat
transfer rises in the square cavity. At the highest Richardson
number declines the thickness of the right wall. Fig. 23
illustrates the impact of different Richardson number from
0.01 to 100 in the average Nusselt number. The higher value



Impact of heated obstacle position on magneto-hybrid

833

of the Ri enhancing the heat transfer and increasing the
thermal conduction of the square cavity.

5. Conclusions

Heat transfer derived previously researchers have used Fourier
law to define a heat transfer equation, present model, we
capture the temperature equation by using non-Fourier heat
flux model because Fourier law has a drawback to explain
the heat transfer duo thermal relaxation time. Moreover, in
the current study, the enhancement of mixed convection flow
can be analyzed by the moving of the obstacle in different
positions like moves towards the right wall or left wall. To
the best of author’s knowledge and based on the above
literature survey, no studies have reported on hybrid nano-
fluid (Cu-Al,03/water) flow in a lid-driven non-Darcy por-
ous cavity with Cattaneo-Christov heat flux Pattern.
Dimensionless partial differential equations are computed
with the use of a finite volume-based simple algorithm.
Impacts of active parameters like Richardson number, Hart-
mann number, and heights of the obstacle, width of the
obstacle, Reynolds number, and Darcy number are pro-
jected via streamlines, isotherms, local and average Nusselt
number. The prime outcome of the present study is listed
below:

1. The higher values of Darcy number increases the velocity
and heat transfer rate.

2. The hybrid nanofluid thermal conductivity is higher than
the Cu and A4/,0; water nanofluid.

3. The higher values of the Rienhancing the heat transfer and
also increases the thermal conduction of the square cavity.

4. The higher Reynolds number declines the thickness of the
right wall and demotes the temperature as a consequence.

5. From this present model, it is exposed that the Cu-A503/
water nanofluid provides a higher heat transfer.

6. The intensity of fluid flow lessens with an increment of
Hartmann number.

7. Increasing values of the Hartmann number cause to decline
in the thickness of the right wall and reduce the local Nus-
selt number.
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