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Abstract

Impact of electric-field with Fe3Os4 nanoparticles transportation through
porous cavity with lid walls is examined. The ethylene glycol as pure fluid with
nanoparticles shape and radiation are used. The characteristics of testing fluid
strongly rely on voltage and nanoparticles' shape. The CVFEM is utilized to obtain
numerical results aftermaths. Plots are acquired for voltage, radiation and
nanoparticles' shape. Outcomes demonstrate that higher values of permeability lead to
greater Nusselt number. It is also found that convection enhances with rise of electric

force.
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1. Introduction

Magnetite Fe304 nanoparticles are synthesized, characterized and applied as
magnetic adsorbing transporters in this investigation. In recent times, Fe304
nanoparticles are probably the most explored magnetic material by several
researchers due to its application such as, carters for drug delivery, biomolecules
separation, treating cancerous cells of lung by hyperthermia, bone cancer treatment,
magnetic separation in detoxification of biological fluids, magnetic resonance
imaging, removal of organic/inorganic pollutants, coating materials including
polymers, spin polarization and noble metals [1-7]. More uses pertaining to Fe304
nanoparticles embrace contrast enrichment in repeated adsorption trials, tunable
optical fiber, optical modulators and switches [8-14]. Thus, one can conclude that
Fe304 nanoparticles are very much promising due to the massive advantages of high
dispersion and extraordinary reactivity. Ferrofluid becomes more popular in previous
years [15-23]. Yan et al. [24] investigated experimentally and numerically the heat
conductivity property of water (as fluid) with SiO2 (as nanoparticle) as a nanofluid in
the vacuum tube which use in the solar unit. Thermal conductivity raised by
increasing of nano-sized-particles in the experimental investigation which was
performed by varied mass of nano-sized-particles. On the other hand, the numerical
study indicated improvement in the temperature, working fluid velocity and process
of the heat conductivity process elevated as well. An investigation which is done
experimentally and numerically by Rashed et al. [25] to cool down CPU by nanofluid
CuO, the values of thermal and conductance resistance numerically gained, were in a
good match with those results that were achieved from experimental. The convection
effects in the appearance of entropy in a permeable tank packed with nanoliquid are

examined by Baghaz et al. [26]. Significant efforts on the study of ferrofluids have



been devoted but the interaction of ferrofluids with an electrical field has neither

received sufficient attention experimentally nor on theoretical side.

Kumar et al. [27] have reported the resistance of magneto Fe304
nanoparticles. They found that utmost resistance of ferromagnetic near to its magnetic
coercivity. Effects of magnetic with nanofluid filled inside the wavy surface is
examined by Cho [28]. For improving thermal treatment, researchers were developed
innovate ways [29-49]. The permeability affects heat transfer from a porous media. A
relation between permeability and Kn number was developed for the first time by
Dehdashti [50] for meso-scale problems. Extending the relation to the heat transfer
problems, the impact of Darcy can be studied. PTSC utilizing the method of
minimizing entropy generation was investigated by Mwesigye et al. [S1], while the
tube as a receiver, is filled by the heat transferring nanofluid named 0il-Al2O3. They
revealed that not only the heat transfer function rocketed considerably by 35%, 54%
and 76% while the fraction of mass went up from zero to 4%, 6% and 8%
respectively, the thermal efficiency experienced 7.6% improvement. To simulate
behavior of fluid, various computational approaches can be used [52-86]. CVFEM is
the new technique and it uses for various field of sciences [87-101] and in all of them
were successful. The report which was presented by Azmi et al. [102], revealed that
the nanofluid TiO2 with a concentration of 1.0% volume in the lack of inserts, rose
23.2% the transfer of heating, while transfer of heating enhanced 48.1% utilizing the
twisted ribbon inserts because friction parameter was nearly twice in comparison with

pure water.

The existing literature bears witness that Fe304 nanoparticles in the presence
of electric field through lid walls having porous cavity with ethylene glycol and

radiation is yet not examined. Inspired by the said truth, this effort is devoted to fill
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the gap in existing literature. The nonlinear governing equations are tacked efficient
method, CVFEM with triangular element. After brief literature survey given in
introduction, the subsequent steps are designed as: Second segment talks about
mathematical formulation. Next part offers solutions procedure. The code validation,
mesh analysis and graphical interpretation are specified in second last. Key findings

sum up in last phase.

2. Problem explanation

The porous shell linked with allied boundary situations are exposed in Fig.
1(a). Sample element which was used in CVFEM were shown in Fig. 1(b). For higher
Darcy number, more complex contour for electrical density is considered and
demonstrated in Fig. 2. The simulation in this graph indicated that the electric density

contour goes up due to increase of Da.

3. Governing equations and CVFEM

3.1. Formulation

First we have to obtained electric- force by mans of the following equations

[103]:
J=qV +0E-DVq (1)
VEE =q (2)
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To estimate nanofluid properties, the homogeneous model has been used. This model
needs lower time for modeling. The mathematical expressions of (pCp ), Uy s and

Pny are [104]
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To gain the properties of iron oxide and base fluid, we utilized the same formulation

and properties which were written in ref. [104].

Final forms of equations are:
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To remove pressure terms, below formulation should be applied.
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3.2. CVFEM procedure

There are innumerable ways to study the effects of nanoparticles. However, most of
the conventional techniques are infeasible for practical utilization for the reason that
they comprise numerous steps, like involve time, material, sources, energy and
material-consuming methods. The CVFEM is particularly suitable for heat transfer
[105] which collectively benefits to both FEM and FVM. The triangular element via
linear interpolation is utilized to calculate scalars and in the last step, the Gauss-

Seidel way is engaged to estimate the values of scalars.

The associated Nusselt numbers wvu,, and nu,, are obtained as:
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4. Results and discussion

This unit dedicates to three sub sections namely, mesh analysis, code validation and

graphical interpretation by discussing the role of significant physical parameters

associated with the proposed study. The reliable outputs always must be independent

of mesh size. Consequently, all states must require the step of mesh analysis. For

instance, for certain case, the Tablel illustrates the results of different meshes.

For the authentication of FORTRAN code, the existing literature [106] bears witness
about its accuracy, as presented in Fig. (3). Fig. 3 presents the comparison of present
solutions with previous literature. Strong agreement between the profiles shows the
validity of the present numerical solution. In the proposed study the electric filed with

ferro-fluid (FesOs — C2HgO> nanofluid) like hydrothermal fashion is treated. The
characters of voltage supplied ( 4 =0 to70kV ), Darcy numbers ( Da =107to 10°),

shape factors (m=3 tos.7 ), radiation parameters (Rd =0 t00.8 ), concentration of

Fe304 (¢ =0%to 5% ) were illustrated in Figs. (4) to (8).

Shape of nanoparticle can change the thermal performance and according to
simulation data, platelet shape has maximum efficiency and we used this shape in all
outputs except from the last figure. Figs. 4 and 5 illustrate for streamline and

temperature field at ¢=0.05,Rd =0.8,Re =3000in absence of electric field. Flow

behavior depicts that some cells near to the heated wall were produced. As

permeability augments, cells become merged together and generate stronger cell.



Isotherm becomes more complicate with rise of Da. This is because of favorable
impact of permeability on convection flow. So, more heat can be distributed within

the tank. Figs. 6 and 7 describe the impacts of Da in appearance of voltage Ap =10kV

. It can be obvious outputs that both Da and Coulomb force have direct relationship
with nanofluid flow and temperature gradient. In comparison of permeability,

Coulomb forces have greater impact and isotherm shows greater heat transfer rate.

Size of cells enhances with rise of Ap. Shape of isotherms convert to complex one
with rise of both Da andA¢. In last figure (Fig. 8), influences of all scrutinized

parameters were described. Eq. (20) represents a formula which derived from

simulation data.

Nugye = 6.63 + 0.34m + 4.44A¢ + 1.66 In[Dal]

20
+3.32Rd + 1.73A¢ In[Da] + 0.99RdIn[Da] — 0.017m? (20)

As shape factor enhances, convection becomes stronger. Besides radiation factor is in
direct relationship with Nu.
5. Conclusions

Iron oxide transportation within a permeable tank including electric field has
been investigated in the current study. To obtain governing formula, homogeneous
model was involved and last equations were modeled by involving CVFEM. This
model is very powerful for simulating nanomaterial behavior in existence of external
forces. Scrutinized variables namely radiation factor, voltage, shape factor and Darcy
factor has been simulated. Convection is in direct proportion to permeability and

coulomb forces. As Rd enhances stronger cells generates.
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Fig. 1. Present geometry with two lid walls
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Da =10" Da =10°

Fig. 2. Electric density distribution injected by the bottom electrode when
Ap=10kV ,$=0.05,Rd =0.8,Re =3000
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Fig. 3. Verification for nanofluid thermal behavior [106]
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Fig. 4. Results for streamlines and isotherm at
Ap=0kV ,¢$=0.05Re =3000,Rd =0.8,Da=10".
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Fig. 5. Results for streamlines and isotherm at
#=0.05,Rd =0.8,Re =3000,Da =10°, Ap =0kV .
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Fig. 6. Results for streamlines and isotherm at
Re =3000,Da =10°,Ap=10kV ,Rd =0.8,¢=0.05.
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Fig. 7. Results for streamlines and isotherm at
Ap=10kV ,Re =3000,Da =10",Rd =0.8,¢=0.05.
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Fig. 8. Dependency of Nu,, on Rd,m,Da, Ap
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ave

Tablel. Mesh effect on change of Nu,, when Re =3000,Rd =0.8,Da=10",$=0.05, Ap=10

81 =241 91 %271 101 x301

19.0857 19.0983  19.0996

51 %151 61 x181 71x211

19.0639 19.0711  19.0818
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Highlights

e Numerical simulation of nanoparticle migration within a porous media was studied.
e Non-Darcy mode was applied to employ porous terms.

e As Da augments, heat transfer augments.

e Nu declines with augment of electric field.
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