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Lattice Boltzmann method modeling of magnetic water-based
nanofluid through a permeable three-dimensional enclosure
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In this work, the mesoscopic theory is invoked to depict nanoparticle transportation through a porous cavity. Different amounts of Lorentz
forces, Rayleigh number and permeability on the working fluid treatment have been examig@g-HAIO is selected including the Brow-

nian motion effect. Isokinetic, streamlines, and isotherms contours are various shapes of outputs. Results illustrate that the increase ir
magnetic forces lead toan increase in the conduction mode. Dispersing nanoparticles aids to incrase the Hartmann number.

Keywords: Non-Darcy model; nanoparticle; lattice Boltzmann method; MHD; permeable space.
DOI: https://doi.org/10.31349/RevMexFis.65.365

1. Introduction ering pulsatile flow. Rehmaet al. [10] examined the nano

_ _ liquid stagnation-point flow under magnetic field. They stud-
Convection flow process has fascinated researchers due {@q the exponential stretching sheet. Sheikholeslami [11] in-
?ts frequent uses fields such as electronic component Cook‘pected the new way for simulation of nanoparticle exergy
ing, food processing and crystal growth. Nanotechnologyynalysis under the Lorentz forces. Shetl. [12] examined
has been selected as a helpful passive methods to augmeRg oscillating flow of non-Newtonian fluid over a plate. This
the rate of heating when magnetic forces exist. Bal. [1]  plate was under the influence of MHD. lati al. [13] estab-
scrutinized mass transfer of cross flow in a duct. They prefished the radiation effect on Carreau fluid behavior along a
sented stream wise patterns in their report. Nawaz and Zubagheet. They added MHD impact with special boundary con-
[2] demonstrated the Hall Effect due to magnetic inductiongition. Gibanovet al. [14] illustrated the second law behavior
on radiative heat transfer of nano-plasma. They simulated ig¢ nanoparticles in a cavity with a moving wall. They mod-
3-dimensional spaces via FEM. @t al [3] examined the  g|ed mixed convection with a heat source. Astarghal
application of TiO2 nanoparticles for cooling of Central Pro-[15] scrutinized natural convection of ferrofiuid in an open
cessing Unit (CPU). They scrutinized impacts of Spherica‘Emrous cavity. Recent decade, different means have been em-
bulges on the behavior of nanoparticles. Sheikholeskmi ployed to enhance the thermal properties of common fluid
al. [4] illustrated the magnetizable hybrid nanofluid motion [16-43).
through a circular enclosure. They employed a variable mag- |, thjs research, the effects of magnetic forces on migra-
netic force on the domain. Natet al [5] demonstrated the tjon of 4 water based nanofiuid are displayed including the
peristaltic MHD flow of nanoparticles inside a duct. They Darcy number impact. The 3D-problem is modeled by LBM.

considered various boundary conditions. Sooerral. [6]  outputs for various amounts of buoyancy, Darcy and Hart-
scrutinized cooper nanoparticles transportation inside a cyling,ann numbers are demonstrated.

der. They reported a dual solution for the behavior of water

based nanofluid. Sheikholeslami and Shehzad [7] scrutinized

the nanopatrticle flow through a permeable space dueto MH?, Current geometry

impact. Danielet al. [8] considered the magnetic dissipa-

tion effect on stratification of nanofluid. They employed the A three-dimensional porous space filled with alumina is de-
radiation effect and viscous dissipation in energy equationspicted in Fig. 1. The lower surface is hot and other bound-
Hassaret al. [9] demonstrated Casson fluid transportationaries are clear form that figure. A constant magnetic field is
through a permeable media due to an external filed considapplied in they direction.



366 M. SHEIKHOLESLAMI et al.

Z
_ [—film,t) + f{9(z, t)]7, LAt = fi(z + Atei, t + Ab)
Ny
x 'y _AtciFk _fi(x7t)7 (1)
o
. /] 7 05 @.t) = gila D] AL = —gi(a, 1)
B o,
‘\ + gi(z, Ate;, t + At). 2
3 4 ' y In Egs. (1) and (2)r, andr, are relaxation times for ve-
locity and temperature. "i” represents each direction and in
current mode this varies from 0 to 18 because we used the
D3Q19 model (Fig. 2). In such model, Eqg. (2) can be used
FIGURE 1. Current 30 enclosure. to show the lattice velocity of each direction:
16
14 5/’
3. Boltzmann equations and mesoscopic 13/‘ /
scheme 10, \ 7
3.1. Boltzmann equations . i-—*“‘"’f 7
!‘9
Here we present an application of LBM. To estimate the ve- 2 / \Q
locity and temperature, we should solve Boltzmann equations Yy / 17
whose unknowns are the two distribution functiopgad f). 3 13
According to Ref. [44], we used BGK model to simplify the _ - x
equations as follows 16
| FIGURE 2. Selected model.
o o o0 -1-1-1-11 1 1 0 0 0 0 -110
= -1 -1 1 1 0 -1 -1 1 0 -1 1 0 0 -1 1 0 0 0 (3)
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We need to know the functiong? and f;? which are

given in [44]
F, = 3pw; [A(sin(%z)v — sin(6;) sin2(0z)w> sin(6,,)
u - Cl eq 2
Cs x (0.5 cos(26,)(u) — w cos(0,) sin*(0,)
e L(ci-u)?  _yu? i)
fit = o [2 « cf) ety M ®) +g.8(T — Tm»Acos(ex)} — w(BB)(3)pw,

w; ={1/18 i=1:6; 1/3 i =0;1/36 i=7:18} (6) F, = —3BBw;pv + 3Aw; p[— (v cos*(6.)
—sin(6,)(0.5)wsin(26.)) + (0.5usin(26,) sin?(6.)

External Lorentz and buoyancy forces act according to — wsin?(6,) cos?(0.x))],
F, = —w; BB(3)pu — 3pw; A(—u cos?(6.)
F=F.+F,+F, (7 + sin(26. )w cos(0,)(0.5)) + 3w; A(sin? (0, )u sin(6.,)

—wcos(f,)sin?(6.))(—sin(6,)),
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We calculated three important variables namely, Kinetic
energy,N uave and Nuyoc according to below formulas:

A=uL %2Ha?, Ha= LBO\/E,
7

E. = 0.5[v? + w? + u?]. (14)
K v
Da 7% BB Dal?"
Nugype = NudYdX,
where B, is magnitude of the magnetic field. 2
After solving the main equations, density, temperature

i kny OT

and velocity can be calculated. Nujpe = —L — . (15)
kf 071,_,

Temperature: 7= _ g;,
i The required constraints are listed in Tables | and II.

Momentum: pu=>_c:f;, (8)
7 TABLE |. Details for water and nanopatrticles.
P - -1
Flow density: p = Z fi. p(kgim®) C,(ilkgk) k(W/mK) d,(nm) o(Q-m)
t Pure water 997.1 4179 0.613 - 0.05
Al O3 3970 765 25 47 10'?

3.2. Characteristics of working liquid

The properties of the nanofluid selected as working fluid of

current paper can be calculated as [45] TABLE Il. The coefficient values of AD3 nanofluid.

( pCp) Coefficient ALO3- Water Coefficient AdOs- Water
1=+ =22 = (pCp)ns/(pCyp)y, ©)
(vCy) s (PCp)ns/(PCp) s values values
ai 52.813488759 as -298.19819084
(PB)ny = (pB)s(1 = @) + (o) az 6.115637295 ar  -34.532716906
Pnf 4 Py (10) as 0.6955745084 as -3.9225289283
Pr . Ps ai  A4.17455552786E-02 ay  -0.2354329626
A= 0—;, as 0.176919300241 a0 -0.999063481
—p(A-1)+(A+2\"" o,
Ly (2B DB\ o)
3p(A—1) of
4. Independency of grid and validation
X = :—p, Ry = —dp(1/kp — 1kpesy), We should find unique solution which which are independent
f of the size. For this purpose, various grids have been used.
kny 1 104 (6T d As an example, Table 11l was reported. The code’s validation
Ty +5x10°¢pscp 19’ (9, T dp) is visualized in Fig. 3 and Table IV [46-48]).
ko T 3(x —1)¢

X dppp * (x+2)—(x —1)¢ (12) _ Calcagni et al. [46] _. Present work

9'(¢,dp, T) = (ar0Ln(dp)* + azLn(dy) + asLn(¢)
+ agLn(d,) + agLn(¢)) + Ln(T) (a1
+ asLn(@) + asLn(d,) + asn(dy)Ln(o) WA=
+ asLn(d,)?) NS )

Bnf = kJTl%kBrownian‘F (1- ¢)72.5ﬂf (13

£=4/5Ra=10"

“nf”, “s” and “f” represent “nanofluid”, “solid particle” and  Ficure 3. Comparison of outputs between the present work and
“base fluid”. “d,, " is the particle diameter. Ref. [46].
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TABLE IIl. Grid independency wheRa = 10°, ¢ = 0.04 Da = 100 andHa = 60.

Mesh size 51 x 51 x 51 61 x 61 x 61 71 x 7L x71 81 x 81 x 81 91 x 91 x 91
Nuave 2.4167 2.4294 2.4371 2.4489 2.4499

magnetic field, the velocity is reduced and the

TABLE IV. Nusselt number for various Ha at Pr=0.733. St

Ha Gr =2 x 10*
Present Rudraiaét al. [48]
0 2.5665 2.566894
10 2.26626 2.261644
50 1.09954 1.083047
100 1.02218 1.008833
1
3 Peresent work
Gr= [ o Khamafer of al,
i . = == = Poregent work
08 B Gr= [t Q Khamafer of al.
¥
\
os} ©
0
04k
02
A | [ 1 [N N | i
% 0.2 04 0.6 08 1
X
FIGURE 4. Validation of LBM code for nanofluid (Khanafest al.
[24]) when¢ = 0.1 and Pr = 6.8. FIGURE 5. Influence of Lorentz forces on (a) isotherm, (b) stream-
lines, (c) isokinetic energy and (d) local Nusselt numbe¥ at=
. . L = 0.5whenRa = 10°, Da = 0.001, ¢ = 0.04 Ha = 0 and
5. Results and discussion %a — 60, ¢

In this report, we studied the behavior of a nanofluid inconvection to decrease. So, the kinetic energy is reduced with
the presence of a uniform magnetic field inmersed in a gghe increase of Ha. Besides, the thermal plume vanishes as a
gesult of the of strong Lorentz forces. Fig. 11 demonstrates

a nanoparticle concentration of 0.04 has been considered variation of the heat transfer rate with respect to the vari-
working fluid. Outcomes are reported for various magnetic@P!es- Equation (16) has been obtained according to the out-
forces ({a = 60, 0), buoyancy forcesHa = 10°, 10* and ~ COMes of various cases
10%) and Darcy numberfa = 100, t0 0.001).

Figures 5, 6, 7, 8, 9 and 10 illustrate the impact of the

porous space. Using a homogenous model for the nanoflui

Nugye = 2.22 4 0.58log(Ra) + 0.31Da — 0.29Ha

significant variables on the hydrothermal behavior. The do- +0.46(log(Ra))(Da) — 0.45(log(Ra))(Ha)
main is affected by conduction when buoyancy force and per-
meability are low. A simple shape for temperature contours — 0.32(Da)(Ha) + 0.56(log(Ra))*. (16)

can be observed. As these factors grow, convective mode is

gradually increased. The complex shape of the temperature The thickness of the boundary layer along the bottom sur-
profile is a result of the convective mechanism. Stronger roface decreases with the increase of Da and Ra. Nu decreases
tating vortex and thermal plumes can be seen for the largestith the increase of Hartmann number. Increasing Ha makes
Ra and Da. In this situation, that includes the effects of theéhe isotherms becomes denser.

Rev. Mex. 5. 65(2019) 365-372
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Ha=60 Ha=0

] FIGURE 8. Influence of Lorentz forces on (a) isotherm, (b) stream-
FIGURE 6: Inflluen.ce of Lorentz forces on (a) isotherm, (b) stream- lines, (c) isokinetic energy and (d) local Nusselt numbe¥ at=
lines, (c) isokinetic energg and (d) local Nusselt numbeY at= y/L = 0.5whenRa = 10*, Da = 100, ¢ = 0.04, Ha = 0 and
y/L = 0.5 whenRa = 10°, Da = 100, ¢ = 0.04 Ha = 0 and Ha = 60.

Ha = 60.

FIGURE 7. Influence of Lorentz forces on (a) isotherm, (b) stream- FIGURE 9. Influence of Lorentz forces on (a) isotherm, (b) stream-

lines, (c) isokinetic energy and (d) local Nusselt numbe¥ at= lines, (c) isokinetic energy and (d) local Nusselt numbe¥ at=
y/L = 0.5whenRa = 10*, Da = 0.001, ¢ = 0.04, Ha = 0 and y/L = 0.5whenRa = 10°, Da = 0.001, ¢ = 0.04, Ha = 0 and
Ha = 60. Ha = 60.
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()

(c)

(d)

FIGURE 10. Influence of Lorentz forces on (a) isotherm, (b)
streamlines, (c) isokinetic energy and (d) local Nusselt number at
Y =y/L = 0.5whenRa = 10°, Da = 100, ¢ = 0.04, Ha = 0
andHa = 60.

Da »»

log(Ra)

Ha=30

_—~"im

Ha

log(Ra)

Da=30

FIGURE 11. Impacts ofDa, Ra and Ha on average Nusselt num-
ber whenHa = 30, Da = 50 and Ra = 10*.

6. Conclusions

In this mesoscopic modeling, the impact of a uniform Lorentz
force on the convective transportat of hanoparticles through
a porous 3D cavity has been studied. Lattice Boltzmann
method which is founded on molecular theory can show fer-
rofluid behavior in no-Darcy medium. Such method pro-
vides the impact of Hartmann, Darcy numbers and buoyancy
forces on ferrofluid. Results illustrated that the velocity of the
nanofluid decreases with a decrease of buoyancy forces and
permeability of space. As Lorentz forces enhance dispersing,
nanoparticles becomes more significant. As permeability of
space increases, the convective flow of nanofluid enhances.

Future work: As a new idea, this problem can be extended
for variable magnetic field with hybrid nanofluid. Also, a two
phase model for nanofluid can be employed.

Nomenclature

Ha
9. f
U, V, W
K
Pr
€a
k
Cs
g™
E.

Greek symbols

Y
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Hartmann number
distribution functions
Velocity components
Permeability

Prandtl number
Discrete velocity
Thermal conductivity
Sound velocity
Equilibrium distribution
Kinetic energy

stream function
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Subscripts

ave Average

f Pure fluid

loc Local
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