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ABSTRACT

An influence of the electrostatic precipitator process was
numerically investigated for heat transfer enhancement on saturated
porous samplesin a k- turbulent model. The condition of the water
entering a test section was the inlet temperature was 30 °C (303 K),
and inlet velocity was tested in the range of 1 —2.5 m/s. The electrical
voltage and time varied between 0 — 30 kV and 0 — 1 s, respectively.
Theinitia temperature of saturated porous samples was 10°C (283 K),
and both first and second sampleswere set in semicircle shapes. The
numerical results within the water channel showed that the electric
field and electric potential zone appeared and were concentrated
when using the electrostatic precipitator process. The high electric
voltage could increase disturbance and turbulence within the water
channel. The maximum flow field zone appeared above the
saturated porous sample area, and the maximum velocity field
increased with the inlet velocity and electrical voltage. The maximum
pressure was increased to the high voltages, but the pressure was
marginally increased with high inlet velocity. The vorticity contour
for an el ectrostatic precipitator process was more concentrated than
without the electrostatic precipitator process. Therefore, the
temperature contour line in case of high inlet velocity, electrica
voltage, and time can be more disturbing than the other cases. In
addition, heat from the water was transferred within the sample, so
the temperature within the porous sample gradually increased. The
fluid velocity within the front porous sample was more within the
saturated porous samples than within the porous back sample.
Therefore, the flow could move through and within the samples and
induce temperature within both saturated porous samples. Finaly,
the heat transfer within samples was enhanced by fluid flow in the
water channel, so the local heat transfer coefficient within samples
was induced by the fluid velocity in the water channel.
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1. Introduction

Sewage treatment technicaly removes
substances that contaminate water, and after the
waste treatment, water can be returned to the
water cycle. For the hydrologic cycle, the water
from treatment can be used in irrigation,
agriculture, and various purposes [1]. Wastewater
treatment plants may be distinguished by the
type of wastewater to be treated. Numerous
processes can be used to treat wastewater depending
on the extent and type of the contamination. The
treatment steps include physical, chemical, and
biologicd trestment processes. The wastewater
treatment process commonly screens for particle
removal, settling, activated sludge, filtration,
disinfection, and oxygen uptake. An activated
sludge process is one type of wastewater
treatment commonly employed using activated
dudge bacteria[2 - 5]. This physical wastewater
treatment process essentially involves the
removal of large non-biodegradable and floating
solidsthat frequently enter wastewater works. Most
indudtrial wastewater treatment uses the physical
wastewater treatment process to treat
wastewater produced by industries as an
undesirable by-product. The primary treatment
is the evaporation of inorganic compounds. The
method involves the heating of water with a
solution. Process hest refers to the application of
heat during industrial processes. In some
processes, heat is used to manufacture many
everyday products. With demanding to minimize
energy consumption, alternative trestments are
improved for thermd wastewater treatment. To
improve sewage treatment, some researchers
have paid great attention to devel oping thermal
wagtewater trestment by an dectrogtatic precipitator.
It is a device for removing small particles from
flowing water using eectric force [6 - 8]. An
dectric hester is an dectricd device that converts
an dectric current into heat and can enhance transport
phenomena by lowering the energy supplied.

For the mechanism of the electrostatic
precipitator process, a voltage of severa thousand
voltsis applied between the wire electrode and
plate ground. If the applied voltage is high
enough, an eectric coronadischargeionizestheair
around the eectrodes, which then ionizes the
particlesin the air stream. Due to the e ectrogtatic

force, the ionized particles are diverted toward
the grounded plates. As a result, particles build
upon the collection plates and are removed
from the air stream. Two fluid types have been
studied to improve the eectrogtatic precipitator
performance, i.e., gas[9 - 16] and liquid [ 17 -20].
The motion of dust particles in electrostatic
precipitation depends on the eectric fidd, space
charge, gas flow field, and characteristics of
dugt particles. The induced flow causes the tota
reaction to lean backward in the plane of rotation;
it also reduces the perpendicular component of
the total reaction and reduces the total rotor
thrust. The firgt dectrogtatic precipitator process
research was by Yamamoto and Velkoff [21];
they used experimental and theoreticd studies of
the secondary flow interaction in the electrogtatic
precipitator. The numerical results demonstrated
doseagreament with the exparimenta. Jerzy et d. [9)]
measured the flow field by the PIV method. The
results showed that the PIV method investigates
the field in ESP models. The secondary flow can
increase the turbulence flow. This eectrically
generated turbulence is significant due to a
strong interaction between the dectric charge and
the fluid flow. The secondary flows could impact
the precipitation of smdl partides. Audrey et d. [12]
investigated the synthesis of gas transformed from
biomass gasification to ashes. Considering this
issue, the feasibility of removing the particles
was studied with an ectrogtatic precipitator at a
high temperature (500 — 1000 °C), and pressure
(0.1 -1 MPa) was studied to develop afiltration
process at as high a temperature feasible. It can
describe the feasibility of an eectrostatic
precipitaior to clean syngas at temperatures
above 500 °C. Bedee et d. [19] investigated the
liquid phase in airborne particles precipitation
functionality for a microfabricated electrostatic
precipitator. The microfabricated el ectrostatic
precipitator was placed into a flow control
chamber with an aerosol particle from moving
the gas streams. The corona current is measured
during particle precipitation and can be visual
observation. During a 60 s exposure of the oleic
acid particles, the circuit resstivity was increased,
and the dectrode gap was decreased by
approximately 50. In addition, the evolution of
research in all electrostatic precipitator areas
from the past until now isshownin Table 1.
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Nomenclature

ion mobility, m?/V's

specific heat capacity, JK
characteristic linear dimension, m
electric flux density, C/m?

diffusion coefficient, cm?/s

eectric field intensity, V/m
electrophoretic force, C/m?s

loca heat transfer coefficient, W/n?.K

current density, A/m?
thermal conductivity, W/mK
unit normal vector

pressure, N/m?

flow rate, m%/s

space charge density, C/m?
Time, s

velocity, m/s

electrical voltage, V

VT  temperature gradient, K

\ electrical voltage, V

Greek symbols

£ dielectric permittivity, F/m
n kinematics viscosity, m?/s
g angle of theinclined plate, °
K permeability, m?
H viscosity, kg/ms

Subscripts

b back porous sample
eff effective

f front porous sample

i initial

S sample

0 tip of electrode, initial
Superscript

T matrix transpose
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Tablel
Evolution of the electrostatic precipitator

(Note: Lam = Laminar flow, Tur = Turbulent flow, N/A = Not available)

References Authors Medium Initial condition Application M ethodol ogy
[9] Jerzy et al. air u=0.2ms, Particle precipitation Experiment
Vo =24 kV process
[10] Linand ar Ream Influence of the EHD Simulation
Kazimierz flow
[11] Farnoosheta. air Rewr Influence of the EHD Simulation
flow
[12] Audrey et al. ashes particles T; = 200 — 400°C, Biomass gasification Experiment
into air Pi =2-3MPa
[13] Hao et al. wet fuel gas Vo=30kV, control the emission Experiment
Ti =25°C SO,
[14] Taghayi etal.  biofuel into air u=219m/s Vo= Biomass gasification Experiment
10 kV, T; =150°C,
Pi =25 Pa
[15] Deylami SOz into air N/A Theremoval of sulfuric  Experiment
acid mist from flue
gases
[16] Milad et al. PM samplesinto Qi =75LPM, Toxicological studies Experiment
air Vo =12 kV
[17] Jingcai et al. SOs Vo=15-35kV Control of sulfuricacid  Experiment
aerosol emission
[18] Liton and soft nanoparticles  Q; = 50 cm?/s, Industry for removal of ~ Experiment
Chandra into liquid Vo=0-10kV micron-sized particles
from effluent gases.
[19] Beclecet al. polydispersed Vo=0-10kV Airborne liquid phase Experiment
liquid phase oleic particles precipitation
acid particles
[20] Idamet al. aerosol is Qi =0.53 g/min, Device for control of Experiment+
produced by Vo=8.1-16.8kV particle emissions Simulation
vaporizing
paraffin oil

From aprevious literature Sudy, the main group
of Electrohydrodynamics (EHD) applications
was divided by Saneewong Na Ayuttaya [22].
The firgt group was the increased flow mechanism
for EHD pumping and biomechanics application.
The second group was the injection flow
mechanism used in the droplet, electrospray,
and microfluidics. The third group was the
inducing flow mechanism used for eectrogtatic
precipitator and EHD actuator application. The
fourth group is the mixing process; it was used
in boiling, heat and mass transfer, heat
exchanger, and drying applications. For the
third group (inducing flow mechanism), this
mechanism of inducing flow requires a high
Reynolds number (Re) and high dectrica voltage

removal of the particle into the medium. The
experimental study presents most of the
research because this machine is suitable for
high Re or turbulent Re, so the numerica
analysisis usualy complex. In the different flow
visudization, Re can predict flow patterns [23].
The low Re and high Re could be shown with
laminar and turbulent flow, respectively. The
turbulence flow appeared with differences in
the fluid's gpeed and direction. There have been few
research studies on the dectrogtatic precipitator
process due to the complex interactions of the
turbulent flow model under the electrostatic
precipitator.

The flow visudization is necessary to show the
control direction of particles because the flow
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visualization in fluid dynamics is used to make
the flow patterns visible to get qualitative or
quantitative information on them [24, 25].
Nowadays, Computational fluid dynamics (CFD)
can solve problems that involve flow
visualization and fluid mechanics field; the
fluid problems are numerically solved by CFD
[26, 27]. In this study, the main electrostatic
precipitator process involved the phenomena
related to the direct conversion of eectricity
generation into kinetic energy, so heat transfer
enhancement on saturated porous samples.
This concept of the electrostatic precipitator
process is a feashility study based on the
saturated porous samples improvement by heat
transfer enhancement through the water channel.
Furthermore, the flow visualization under the
electrostatic precipitator process is conducted
by numerica anaysis, and al fields are
systematically studied. The flow and
temperature fields under the electrostatic
precipitator process are numericaly analyzed
for heat transfer enhancement within the sample.
Finaly, the sample is the saturated porous
medium, and the water channel is solved from
the turbulent model (k—& model).

2. Numerical analyses

To study the interaction for heat transfer
enhancement of saturated porous samples in a
k-¢ turbulent model under the electrostatic
precipitator process, the main parts of the
numerical analysis were obtained as follows:

2.1 Configuration

The water channel is created from three
main parts, an electric field, fluid flow, and the
temperature field. The dimension of water
channel isX =15cm (long) x Y = 2.5 cm (high)
and the physical model geometry is shown in
Fig. 1. TheY-axisisdefined for the channd flow.
In fluid mechanics and hydraulics, channel flow
isan internal flow in which the confining walls
change the hydrodynamic structure of the flow
from an arbitrary state at the channd inlet to a
certain date a the outlet [28]. From assumption,
clays are removed from the water tube for
wastewater treatment. Clays are assumed to be
saturated porous samples composed of soil and
water. The two saturated porous samples are

semicircle-shaped; theradiusis 1 cm, and they are
stuck to the bottom wall of the water channel.
The center of the first and second semicircle
shapes (saturated porous sample) arefixed at (4,
0) and (8, 0), respectively. The first semicircle
shape (front porous sample; Ty) and second
semicircle shape (back porous sample; Ty) appear
at the front and behind the water channdl,
respectively. The conjugate method investigates
the interface zone between water and sample.
Within the water channdl, the diameter of the
circle dectrode (E) is 0.01 cm, and plate ground
(G) is1lcm (long) x 0.1 cm (high). Three-circle
electrodes and the one plate ground are suspended
in each sample above the saturated porous sample.
From a previous study, the electric field can
drive from electrode to ground and is dense
between electrode and ground zone [29], so a
plate ground is installed behind the circle ground
when the flow direction moves from left to
right. In this setup of the water entering a test
section, the uniform initial temperature in the
water channel (T ) is 30 °C, and the initia

temperature of the saturated porous sample (T,)

is 10 °C. The electrica voltage (Vo) is varied
from 0to 30 kV, itisincremented by 5 kV; the
inlet velocity of water (u;) istested in the range of
1-25ns, itisincremented by 0.5 n/s; and the
timevariesinarange0—1s, it isincremented by
0.05 s. From Equation 4, the Reynolds number (Re)
is composed of characteristic linear dimension
(high of water channel), density and viscosity of
water and inlet water flow (u, =1-2.5m/s). The

l[aminar flow occurs when Rep < 2300, and
turbulent flow occurs when Rep > 2900 [29].
When u =1 - 2.5 s, therage of Reis 31,172 —

77,930, and Re can be considered in a turbulent
flow. It can be seen that the turbulent model (
K —& model) is solved in the water channel. In
the amulation, hest transfer of saturated porous
samples is enhanced under an electrostatic
precipitator. A domain subdivision is used for the
simulation, which is made up of the insde water
channel, where the electric force, fluid motion,
and heat transfer enhancement equations are
systematically solved in the k-¢ turbulent mode!.
The classical properties of water flow are shown
in Table 2 [30, 31], and the thermal properties
of water flow, water (liquid; 1), and clay (solid, 9)
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are shown in Table 3 [30, 31]. The saturated
porous sample consists of clay with only water
in the voids.

2.2 Equations

The numerical modeling based on the concept
of an electrostatic precipitator process has been
developed for the heat transfer enhancement
within saturated porous samples in the k-¢
turbulent model. Within the water channel, the
fluid physical properties are constant and
incompressiblefluid. Concerning thevelocity, a
channel profile is imposed at the inlet with a
turbulent intensity. The continuity equation
(Eg. (1)) and Navier—Stokes equation coupled
with the Coulomb force equation (Eq. (2)) are
expressed as.

V.u=0, (1)

p[gt—%(a-vm} =-VP+(u+ ) ViU+ o (2

where U iswater flow velocity, tistime, P
is pressure, p is the density of water and u
viscosity of water. Where g4, is the viscosity
of water in aturbulent flow 4, /p=C K/ .

Thevortex structuresor vorticity (@) using
an electrostatic precipitator is described by
Saneewong Na Ayuttaya et al. [32]. When high
electrica voltage is exposed to fluid flow, the
fluid flow is created by ions generated in the
corona discharge near the sharp electrode
drifting to the ground. As a result, the
momentum of fluid flow is enhanced, and the
primary flow is generated. The primary flow,
ionized air, moves from electrode to ground to
induce the shear flow or secondary flow, so-

Table?2
Classical properties

called vorticity. Shear flow then appeared due
to the difference in fluid velocity between the
charged and uncharged fluid flow.
The gtrength of the vortex structure subjected
to an electric field is assessed through vorticity
(w), asshownin Eq. (3).
®=VxU, (3)
The Reynolds number (Re) is an important
dimensionless quantity in fluid mechanics used
to predict flow patterns in different fluid flow
situations, as shown in Eq. (4) below.
Re= @ y (4)
7]
The electric force (fg) relating to fluid flow
can be expressed in
fo =qE, ®)
where E is electric field and space charge
density (q) iscalculated by Griffiths [33]. Inthis

ides, the electric charge is treated as a continuum
of charge distributed over aregion of the area
The dielectric properties are homogeneity, and
the dectric field line is driven from the electrode
and induced to the ground. The electric field is
calculated by using Maxwell's equations (Egs.
(6), (7), (8) and (9)) shown below:

V-8E=q, (6)

E=-vV, (7)

v.3+% 0, (8)
ot

J=qu+(0-V)(cE)-bvq, 9

where ¢ is didectric permittivity, V isdectrica
voltage, Jiscurrent density, and b ision mobility.

With heat transfer under the electrostatic

precipitator process, the temperature in the water

Modeling parameter  b(m?®/V.s) e (F/m) & x(m?) saturation Ref
water 1.80x10™"  8.85x10" - - 1 [30]
solid - - 0.55 5.00x10" - [31]
Modeling parameter  p(kg/m?) 1 (kg/ms) k (W/mK) C, (kIkgK) Ref
water in channel 996 0.799%10°3 0.570 4.117 [30]
water in porous 999 1.30x107° 0.582 4.192 [30]
solid in porous 1500 - 2.000 0.878 [31]
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channel is higher than in the saturated porous
sample, so the heat transfer has appeared. This
idea can be used as implementation guidance for
removing dry clay in the water tube under the
electrogtatic precipitator process. The validity of
the following statements, the effect of buoyancy
is negligible, and the thermal property using
supercritical fluid is constant. The isotropic and
homogeneous are used for the saturated porous
medium, and the temperature distribution of the
water is calculated from the energy equations.
The governing equations describing the heat
transfer enhancement within the channd flow and
the saturated porous medium are calculated from
Egs. (10) and (11), respectively.

pC{(Z[+DVT} —k(veT), (10)

LI

ot ipSCp ) »
where T is temperature, Kk thermal

conductivity, and C, the specific heat capacity.

Theeffectivetherma conductivity (K ) inaporous
medium is calculated by Ky = (1- @)k + ¢k,

[34] (where x is permeability, ¢ is porosity,
and subscript sand | are clay (solid, s) and water
(liquid; 1) phase). To investigate the local heat
transfer coefficient (h, ) (Eq.(12)) within the

saturated porous sample surface, the porous
medium material is stuck to the bottom of the
water channel, and the upper surfaceis exposed
to hot water flow. So local convective hest
transfer is defined by the thermal equilibrium
eguation:

h=-—TT (12).
AT on

2.3 Boundary condition

(11)

The boundary condition of the water channel
and saturated porous sample under the
electrostatic precipitator process is shown in
Fig. 2. For symbol, the normal font for solving
an electric field, al of the outer boundary
conditions of an dectric field are defined with zero
charge symmetry (n-D=0). The boundary
conditions of electrode and ground are V =V,

andV =0, repectively. In the bold font for solving
the flow field, the inlet velocity boundary

condition U = U, and pressure of outlet boundary

condition are considered with zero viscous
stress ( p(Va+(Va)' -n=0). This boundary
condition specifies vanishing viscous stress dong
with a Dirichlet condition on the pressure ( P=P,).
No-dlip boundary conditions are computed for
the upper and lower channel flow (G =0). In
the oblique font for solving the temperature
field, the uniform initial temperature of the
water channel is defined as T =T, . The other

surface is considered an insulated boundary
condition ( —n-(-kvT)=0). The interface area
between the sample and water in the channel is

exposed to water flow. The conjugate method
can solve the interface between heat and fluid

flow; theinterfaceissolved by —n, - (—k VT, +
pucp,uUuTu) =N, - (=K, VT, + pde,dUde) =0.

where U and d arethe symbol of the upper
and the lower interfaces.

Water direction — ——>»

14 E;

Fig. 1 Physical model geometry

2.4 Finite element method

Considering that this research investigates
heat transfer within samples in water channels
using an electrostatic precipitator. Calcul ations
must be performed for the saturated porous
medium, and the water channd is solved from the
K — & turbulent model. Therefore, computational
fluid dynamics (CFD) using the finite element
method (FEM) is conducted to investigate flow
and temperature fields under the electrostatic
precipitator process. The simulation and
conditionsareinvolved for all parameters, with
a point of improving the device's design to
electrostatic precipitator process for removing
contaminants from water tube. This research
involves a complex problem that combines
eectrogatic and fluid mechanics and hesat transfer
enhancement in the water channel. Thiswork
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Fig. 2 boundary condition of the water channel and the saturated porous sample
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Fig. 3. Rdationship between maximum veocity and
electrical voltage from the simulation with the
different number of meshes

30

involves a complex problem that combines
electrostatics with fluid mechanics and heat
transfer enhancement in the water channel. The
dectric field is the main parameter for the
generation of corona wind. For this purpose, the
commercia software (Finite Element Method
Electromagnetics) [35, 36] is used to assess the
various parameters, as a result, the optima design
is selected. In this idea, a finite-dimensional
space of some solutions, a number of pointsin
the boundary, and the collocation points are used
for the given equation. The water channel flow
model is discretized using a triangular element.
The Lagrange quadratic approximates each
parameter'sdectric fidd, flow fidd, and temperature
distribution variation. The convergence test of
the electrical voltage of 30 kV iscarried out to
identify the suitable numbers of dements required
and the relationship between temperature and
time from simulations at the interface between

the water channel and sample for different
meshes. The convergence curve resulting from
the convergence test and the relationship
between maximum velocity and electrica
voltage from the simulation with the different
number of meshes is shown in Fig. 3. The
system of governing equations is solved with
the unsymmetrical multi-frontal method. The
number of elements independent of element
density was 11,610, and a dimensionless time
step of 1 x 10* to ensure numerica stability and
accuracy. Therefore, it can be assumed that the
accuracy of the numerica resultsisindependent of
the number of elements.

3. Resultsand discussion

The saturated porous sample improvement
through the water channel is systematically
proposed. The k-¢ turbulent modd is combined with
the electrostatic, flow field, and temperature
model. This feasibility study is based on the
concept of the eectrodatic precipitator process.
Where the electrical voltage (Vo) is tested from
0to 30 kV, itisincremented by 5 kV; theinlet
velocity of water (u;) istested in the range of 1
—2.5m/s, itisincremented by 0.5 m/s; and time
vary inarange0—1s itisincremented by 0.05s.
The uniform initial temperature of water (T,) is

30 °C (303 K), and the initid temperature of
saturated porous samples (T,) is 10 °C (283 K).
The first part shows the verification of the
model for numerical flow visualization. Then,
water flow transport within the k-¢ turbulent
model was comparedto thedectricfidd, flow fidd,
pressure field, vorticity field, and temperature
field with and without the electrostatic
precipitator process. Findly, the saturated porous
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samples flow and temperature fields were
compared to the first semicircle shape (front
porous sample; Tr) and the second semicircle
shape (back porous sample; Tp).

3.1 Verification of the mode

Figure 4 shows the experimental and
numerical setup to verify the accuracy of
computational fluid dynamics (CFD) by using
FEM to investigate the electric and flow fields.
The numerical result is validated with the
experimental result. The flow visualization
from the experimental setup is generated using
the oil smoke to produce a clear image of flow
visualization, as shown in Fig. 4 (a). Thewind
tunnel is mostly made of acrylic plates. The
dimension of tunnel is 1.5 m (long) x 0.3 m
(high) x 0.3 m (wide). Thejet airflow is supplied
from a blower (u; = 1 m/s) and is controlled by
the flow meter. The acrylic inclined plate's (the
dimension of theinclined plateis fixed at 15 x
15 cm?) angle (6) isvaried from 0 to 90°, by 30°
increments. The spotlight LED 500 W is
installed at the outlet of the rectangular duct,
and the light direction is averse to the flow
direction. The high voltage power supply creates
a high electrical voltage (Vo). The boundary
condition for numerical modeling has been
formulated to predict the electric field and flow
field within the rectangular duct, as shown in
Fig. 4 (b). The present simulated result is solved
by the finite element method using the
collocation method. From classical properties,
ion mobility (b) is 1.8 x 10* m?Vs, dielectric
permittivity (&) is 8.85x 10"2 F/m, density (o)
is 1.2 kg/m® and kinematics viscosity (77) is
1.56 x 10° m?s. The experimenta result by oil
smoke technigue and the simulated result by cell
Reynolds number are shown in the airflow motion.
The cell Reynolds number characteristics or
particle trajectories can be taught as the Peclet
number. Thecdl Reynolds number characteristics
or particle trgjectories can describe the Peclet
number. The Reynolds Number is the ratio of
inertial force divided by viscous forces, while
the Peclet number istheratio of convective heat
transfer divided by diffusive fluxes [37]. In all
cases, the air has flowed in the cross-flow
direction (left to right), avoids the inclined
plate, and is the obstacle. The flow separation
has appeared behind the inclined plate due to

the weak adverse pressure gradients, and the
momentum of upstream forces is weakening.

(@

(b)

Fig. 4. Veification of the modd (a) experimenta setup
(b) boundary condition for numerical modeling

In case absent electrostatic precipitator
process (Fig. 5), the angle of the inclined plate
(0) isvaried to show theflow visualization from
the experimental (Fig. 5 (a- c)) and numerical
setup Fig. 5 (d - f)). To present the simulated
result, the flow visudization is shown both
streamline and surface boundaries. For (6 = 15°
(Fig. 5 (@), the arflow is moved through the
inclined plate, and airflow is not turbulent, but
the airflow is turbulent with the inclined plate at
a45° angle of attack (Fig. 5 (b)). The airflow is
strongly turbulent in the case of the high angle of
theinclined plate, asshowninFig. 5 (c). Theflow
visualization by oil smoke technique (Fig. 5 (a-
c)) isasimilar trend to simulation results (Fig.
5(d-f)). Theflow visudization in case of §=15°
(Fig. 5(@), 0=45° (Fig. 5 (b)) and = 75° (Fig. 5
(c)) aredmilar trend in case of 6= 15° (Fig. 5 (d)),
6 =45 (Fig. 5 (¢) and 6 = 75° (Fig. 5 (1)),
respectively.

With the dectrogtatic precipitator process (Fg.
6), the flow visualization of the experimental
setup (Fig. 6 (ac)) is compared with the
simulated result (Fig. 6 (d - f)). The electrical
voltage and the jet airflow are fixed at Vo = 10
kV. Theairflow in case of = 45° (Fig. 6 (b)) is
more turbulent than in case of 8= 15° (Fig. 6 (a)).
In the case of the high angle of theinclined plate
(6 =75° (Fig. 6 (¢)), the airflow is extremely
turbulent. The flow visualization in case of 6=



Suwimon Saneewong Na Ayuttaya

International Journal of Thermofluid Science and Technology (2022), Volume 9, Issue 4, Paper No. 090403

15° (Fig. 6 (8)), @=45° (Fig. 6 (b)) and &= 75°
(Fig. 6 (c)) are similar trend with in case of 6=
15° (Fig. 6 (d)), 0=45° (Fig. 6 (e) and O = 75°
(Fig. 6 (f)), respectively. It can be seen that a
similar trend of the airflow distribution has
appeared in both cases.

(@

(b)

(©)

(d)

()

Fig. 5. Comparison of flow visualization between
experimental and simulated result in absent
dectrogatic precipitator process and u; = 1.0 m/sin the
various angles of an inclined plate (@) € = 15°,
experimental result (b) 6= 45°, experimental result
(c) 8= 75°, expearimentd result (d) 8 = 15°, smulated
result (e) 6 = 45°, simulated result (f) 8 = 75°,
simulated result

10

(b)

Fig. 6. Comparison of flow visualization between
experimental and Smulated result under eectrogtatic
precipitator process (Vo = 10kV) and u = 1.0 m/sin
the various angles of an inclined plate (@) 8 = 1%5°,
experimental result (b) &= 45°, experimental result
(c) 8= 75°, experimenta result (d) &= 15°, smulated
resUlt (€) @ = 45°, amulated result (f) @ = 75°, smulated
result

3.2 Effect of eectric field distribution

An dectric fidld is a physical field composed
of electrically charged particles and can affect
al other charged particles in the field. The
eectricfield within the water channel under the
k-¢ turbulent model isshown in Fig. 7.
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Fig. 7 Electric field within water channel (a) Vo = 0KV (b) Vo = 10KV (c) Vo = 20 kV (d) Vo = 30 kV with

electric field lines and electric potential zone

In the case of the absent electrostatic
precipitator process (Fig. 7 (a)), the dectric fidd
and thed ectric potential zone have not appeared.
Instead, the electric field and potential zone
appear and are concentrated in the case of using
the electrostatic precipitator process. The
eectricfield moves outward from thetip of circle
eectrodes (Ey, B, Es, Es, Es, Es) to plate grounds
(Gy, G2), andtheelectricfield linesareturbulent
at both of electrode and ground zone [32]. The
electric potential zone is more expanded and
more turbulent with increasing the electrica
voltage, as shown in Fig. 7 (b) — 7 (d)). In
addition, the semicircle shapes are consdered for
a feadhility study on the development of
saturated porous samples improvement. The
circle dectrodes (Ei, E2, Es) and plate ground
(G1) isset up for thefirst semicircle shape (front
porous sample; Tr), and the circle el ectrodes (Es,
Es, Es) and the plate ground (Gy) is set up for the
second semicircle shape (back porous sample;
Tw). From Fig., someelectric field lines of E4 and
Es are moved to G; and Ge. Typically, the eectric
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field lines are moved to the shortest distance,
but the strength of electrical voltage can disturb,
so the electric fieldsare moved to both grounds.
According to the above data, the disturbance of
electric field digribution can concentrate more
electric potential, resulting in a turbulent area
appearing. Fig. 8 shows the value of an electric
field at the line of the cross-section of the X-
axis through the middle of the water channdl. It
can be seen that the first position or edge of the
ground is accumulated the high electric force,
so the maximum value of the dectric fied
appears. Thedectricfied zoneisinfluencedaround
the eectrode and ground zone above the saturated
porous sample area. Therefore, the value of an
electric field is increased with the electrical
voltage increasing. Furthermore, the maximum
value of X - eectric field (Ey) and Y - electric
field (Ey) areincreased with the dectricd voltage
increasing, as shown in Fig. 9. A graph of the
maximum value of X- electric field (Ex) is
related to Y - electric field (Ey). The maximum
value of X - dectric field (Ey) and Y- dectric field
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(Ey) show a variable graight line indicating the 60000
electrical voltage (Emaxoc Ex oc Ey oc Vp).

——F, =0KkY

E,...(V/m)

Fig. 8 Value of an electric field at cross sections line

of the X-axis through the middle of the water P ()

channel (X, Yi =0, 0.0125and Xj, Y; = 0.15, 0.0125) Fig. 9 Maximum value of electric field (Emax) in
various electrical voltage consider both of X- electric
field (Ex) and Y- electric field (Ey)
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Fig. 10 Flow niela within water channel and absent electrostatic precipitator process (a) ui = 1.0 m/s
(b) ui = 2.0 m/s with streamline and arrow plot
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Fig. 11 Flow field within the water channel under electrostatic precipitator process and Vo = 20 kV
(a) ui = 1.0 m/s (b) ui = 2.0 m/s with streamline and arrow plot

3
Fig. 12 Flow field within
water channel under

(b) electrogtatic precipitator

process and u; = 1.5 m/s
(@) Vo=10kV (b) Vo =20
kV (c) Vo =30kV with
streamline and arrow plot
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3.3 Effect of flow field distribution

The eulerian specification specifies the flow
field, and fluid motion is focused on the time the
fluid move pass. the flow visudization is observed
with the fluid passing the fixed location,
visualized by observing the test section and
watching the fluid pass the fixed location. In this
study, the flow field in fluid mechanics is a space
or region with adistribution of physical quantity.
Thiswater flow quantity exists at each point in
this physical space. In the absent electrostatic
precipitator process, the flow field within the
water channel under the k-¢ turbulent model is
shown in Fig. 10. The flow field is moving from
the left to the right and avoiding both saturated
porous samples (firgt semicircle shape (front porous
sample; Tr) and second semicircle shape (back
porous sample; Ty)). The maximum flow field zone
has appeared above the saturated porous sample
area, and the maximum velocity field increases
with inlet velocity. In the case of high inlet velocity
(Fig. 10 (b)), the maximum velocity zone is higher
than in cast of low inlet velocity (Fig. 10 (a)).

The flow field using the electrostatic
precipitator process (Vo = 20 kV) is shown in
Fig. 11. The three cells of circulating fluids
have appeared within the water channel under
the k-¢ turbulent model. The big cell circulated
counterclockwise for the first cell, appearing
above the first semicircle shape (front porous
sample) zone. For the second cdl, the smal cell
circulated clockwise, and it appears between the
saturated porous samples (fird semicircle shgpe
(front porous sample) and second semicircle shape
(back porous sample)). The big cell circulated
in the clockwise direction for the third cell,
appearing above the second semicircle shape
(back porous sample) zone. In addition, the
main effect of the first and the third cellsisthe
shear flow effect. The shear flow is influenced
by differencesin velocities for the fluid caused
by fluid charging effects [36]. The charged fluid
flow from primary flow leads to secondary flow.
The eectric forceis influenced by the first and
the third cells, but the initia force from the pore
between the first and second semicircle shapeis
influenced by the second cell. Thethreecellsin
caseof highinlet velocity (ui=2.0m/s) (Fig. 11
(b)) are stronger and more expanded than the
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three cellsin case of low inlet velocity (ui = 1.0
nv/s) (Fig. 11 (a)).

As the electrostatic precipitator process
increases (electrical voltage increases), inlet
velocity isfixedat u = 1.5 /s, asshowninFig. 12.
The maximum flow has appeared around the
electrode and ground zone. Fig. 12 (a)) shows
the low electrical voltage (Vo = 10 kV); the two
cells have appeared within the water channel
under the k-¢ turbulent modd. The two cdls are
circulated clockwise; the first and the second
cells appear between the first and the second
semicircle shapes and behind the second
semicircle shape, respectively. Fig. 12 (b)) shows
the medium electrical voltage (Vo = 20 kV); the
three cells have appeared within the water
channel under the k-¢ turbulent model. Thefirst cdl
circulated counterclockwise and appeared above
the first semicircle shape zone. The second and
thethird cellsare circulated clockwise, and they
have appeared behind both of the second
semicircle shapes. In the case of high electrical
voltage (Vo = 30 kV), the four cells are circulated,
as shown in Fig. 12 (c). The first big cell is
circulated counterclockwise, appearing above
the first semicircle shape zone. The second cell
is circulated in the clockwise direction, and it
has appeared between the first and the second
semicircle shapes. The third biggest cell is
circulated in the clockwise direction, appearing
behind the back semicircle shape zone. From
the above data, the main effect of the first and
third celsin the shear flow and the main effect of
the second cell is the initial force. As a result,
the small fourth cdll is circulated on the top of
the water channel under the k-¢ turbulence model,
which is influenced by the initial force of the
first cell. It can be seen that the increasing
electrical voltage influences the strength of the
eectricforce. The high electric voltage can increase
disturbance and turbulence within the water
channel. The above result showed that electric
force is induced by the electric field (Fig. 7),
resulting in the circulating flow that can induce
fluid flow (Fig. 11, 12) within the water channdl
under the k-¢ turbulence model. Increasing
eectric fidd (Fig. 12 (c)) causes the drength of
flow field distribution (Fig. 7 (d)).

Fig. 13 and 14 show the relation between
inlet velocity and electrical voltage. The inlet
velocity of water (u) istested in the range of 1



Suwimon Saneewong Na Ayuttaya

International Journal of Thermofluid Science and Technology (2022), Volume 9, Issue 4, Paper No. 090403

— 2.5 m/s, itisincremented by 0.5 m/s, and the
eectrical voltage (Vo) isvaried from0to 30kV, is
incremented by 5 kV. The maximum velocity
(umax) in various inlet velocities and electrical
voltage is considered in Fig. 13 (a). The
maximum velocity is increased with inlet velocity
and electrical voltage increasing. The maximum
velocity ratio ((Ur= Umax/ Ui) iISShownin Fig. 13
(b); it can be seen that in the case of inlet
velocity is high, the maximum velocity ratio is
higher than that case of inlet velocity is low.
The maximum vel ocity ratio in the case of high
electrica voltage is lower than in the case of
low electrical voltage. The maximum velocity
(Umax) and maximum velocity ratio (ur) arereated
to inlet velocity. The maximum velocity (Umex)
graphs show a variable straight line indicating
the inlet velocity increasing. In other words, the
maximum velocity raio (ur) is inversdy
proportional to inlet velocity increasing. The
correlation of datais Umax oc Ui oc 1/ UR).
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Fig. 13 Comparison between inlet velocity in various
electrical voltage in case of (a) maximum velocity
(b) maximum velocity ratio

Fig. 14 (a) shows that the maximum
velocity (Umax) 1S increased with dectrica voltage
and inlet velocity increasing. The maximum
velocity ratio (ugr) increases with the eectrica

14

voltage but decreases with inlet velocity
increases, as shown in Fig. 14 (b). The graphs
of maximum velocity (Uma) and the maximum
velocity ratio (ur) are variable exponentid lines
for theelectrica voltage (o), Umaxoc Ur oc V2. The
maximum velocity retio in case of Vo = 0kV and
u=25nVs(Fig. 13 (b)) and Vo=30kV and u; =
1.0 m/s (Fig. 14 (b)) are about 1.90 and 2.96
times, respectively. The maximum veocity ratio
incaseof Vo=30KkV and u = 1.0 m/sishigher than
incase of Vo = 0kV and u =25 nvVs. As can be
seen that eectric force is superior to inertial
force.

(a‘) 15 —+=l=1mis === K=15m'
—¥= U =2ms — 1 =25mis
997
_10 892 . -
@ , - T
2 1L . oom s X
~ P ot Lo
i e i -
= 5.34 B R P il V|
475 498 I S Y i ¥
5 ....... ..“:‘- /’( g o
o s e e 5.6
L Wit
_______ - 4.56
o o 351
51 7
0
0 5 10 15 20 25 30
¥y (kV)
b’ '
( , —= I = 1m/s 296 »
g
—=- #=15mis vy
26 i 2.61 2.59
= ”
- = U=2m/s //:.3: /;‘
— e 1 =25ms 221, Ter a2
-
22 55T 205 -«
0 // 8 ke /_‘
) 18,7 .Y g " o 209
, y
18 //','@6’ R
i i
139,77V o1
-
1.4 Aol
A3 18
108 # 2ol
i gl L
1.05
0 5 10 15 20 25 30

¥ (kV)
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3.4 Effect of pressure field distribution

The pressure field within the water channel
with and without the electrostatic precipitator
process is compared in Fig. 15. The pressure field
isageneral field component, represented in the
Lagrangian and Hamiltonian of an arbitrary
physical system, including the term with the energy
of particlesin the pressure field and the term with
fidd energy. The upstream pressure is generaly
greater than the downstream pressure. The
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pressure field within the water channel under
the k-¢ turbulent modd is not concentrated in case
of an absent electrostatic precipitator process
(Fig. 15 (a- b)). The contour lines are swirl around
the porous samples and the pressure field in case
of low inlet velocity (ui = 1.5 m/s) (Fig. 15 (a))
and high inlet velocity (u = 2.5 m/s) (Fig. 15 (b))
are gradually constant in both cases. In case of
electrostatic precipitator process (Vo = 15 kV
(Fig. 15 (c - d)), the contour lines are move aove
porous samples and the upstream pressure field
in case of low inlet velocity (ui = 1.5 m/s) (Fig.
15 (c)) and high inlet velocity (ui = 2.5 m/s)
(Fig. 15 (d)) are greater than the downstream
pressure. The pressure field with the electrostatic
precipitator processis more concentrated than

@

(©

1 2 3 4 5 6

7

X (cm)

X (em)

X (cm)

without. It can be seen that the electrostatic
precipitator processis more influenced than the
inlet velocity within the water channel under the
k-¢ turbulent mode. The maximum pressure (Pre)
in various inlet velocities (u) and electrical
valtage (Vo) isshownin Fig. 16. For Fig. 16 (a), the
maximum pressure is increased with the
electrical voltage increasing, but it is little
increased with inlet velocity increasing. On the
other hand, the maximum pressure increased as
the voltage increased, and it is alittle different
with variousinlet velocities, as shownin Fig 16
(b). However, higher inlet velocity and high
electrical voltage can induce more pressurethan
in other cases. The graph of maximum pressure
(Pmax) is the variable exponentia line for the
electrical voltage (Vo), Prmax oc Vo2

9 10 11 12 13 14 15

Fig. 15 Pressure field within water channel (a) Vo =0 kV and uj = 1.5 /s (b) Vo = 0 kV and u; = 2.5 nv/s
() Vo=15kV and u; = 1.5 m/s (d) Vo = 15 kV and u; = 2.5 m/s with contour plot and deformed shape
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3.5 Effect of vorticity field distribution

The vorticity fidd within the water channel
with and without the electrostatic precipitator
processis compared in Fig. 17. The vorticity is
a pseudovector field that can describe the trend
and direction of particle rotation. Conceptually,
vorticity could be determined by marking parts
of a continuum in a small neighborhood of the
point in question and watching their relative
displacements as they move along the flow. In
all cases, the contour of vorticity is swirling and
turbulent around the porous samples. The vorticity
contour with the electrostatic precipitator process
(Fig. 17 (b - ¢)) is more concentrated than without
(Fig. 17 (@). In addition, high inlet velocity and
eectrica voltage can more disturb the contour

of vorticity than low inlet velocity and absent
electricd voltage. The vorticity would be twice the
mean angular velocity vector of those particles
relative to their center of mass, oriented
according to the right-hand rule. The value of
vorticity in various inlet velocities and electrica
voltage is shown in Fig. 18. The maximum
vorticity ((Wma) is increased with inlet velocity
(Fig. 18 (a)) and electrical voltage increasing
(Fig. 18 (b)). The graph of maximum vorticity
(Wnex) 1s avariable straight line for inlet velocity
increasing (u), and it is the variable exponentia
line for the electrical voltage (Vo), Wirexoc Ui oc V.
But the minimum vorticity ((Wmax) is decreased
with eectrica voltage and inlet velocity increasing

(Fig. 18 (c)).

@ (1/5)
(a 24 ] 4500
g :
= _{;” g /"—\
L T T {’ T \‘\ T \{ T T T T T | 0
o 1 H 3 4 s [ 7 s w1 12 13 418
X (cm)
(b) 2
g : - 5000
; 14 /—\'
¢ T T T 1“ T T T T 1
(] 1 2 7 Ll 10 11 12 13 14 15
X (em) - 10000
(C) - 2
5o [’ﬂ\ PR
0 T T : ‘[ = T "Ei T |é ;* T T T T - 15000
o 1 2 3 4 ] 6 7 9 10 I-l 12 13 14 15
X (em)
Fig. 17 Vorticity field within water channel (a) Vo = 0 kV and u; = 1.0 m/s (b) Vo = 20 kV - 20000
and u; = 2.0 m/s (c) Vo = 30 kV and u; = 2.0 m/s with contour plot
5000 5000
(a) (b) 4590 |
—*= N =1mis /‘_
4000 1 . == l=)5mis 3542 /‘1"
e
> R - K= U =2ms N g
= 3000 = 3000 — e 3 =25 m's ‘-'65‘.,:_,")-’/
= : A 77 303
3 o 33 2035 .//':—’; 631
2000 4-====-"TTT 2000 /_.-7’:-:, ol
1408 o % T 200
N0 b T s 1000 ,904:_';—';:/"’ 1435
ss;i/,gf,“ 931
0 r "
1 1.5 5
0 5 10 15 20 25 30

16

Vy(kV)

Fig. 18 Maximum and minimum vorticity in case
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3.6 Effect of temperature field distribution

The graph of the isothermal surface is
explained in terms of the temperature field; all
points of the same temperature are connected in
the field. The temperature field within the water
channel with and without the electrostatic
precipitator processiscomparedin Fig. 19. The
heat transfer from water transport through the
sample, so the temperature within the porous
sample gradually increases. Temperature field
due to time-dependent heat sources in a large
rectangular grid. With absent electrostatic
precipitator process, ui = 1.0 m/s and first stage
(t=09) (Fig. 19 (@), uniform initial temperature
of water (T ) is 30 °C (303 K) and initia

temperature of saturated porous samples (T,) are

10 °C (283 K). Astime progresses (t = 0.5 s)
(Fig. 19 (b)), heat from water transfersinto the
sample, so the temperature within the porous
sample gradudly increases. Within water channel
under the k-¢ turbulent model, the contour line
of temperature in case of high inlet velocity,
eectricd voltage and time (u; = 2.5 Vs, Vo = 30kV
andt=0.6s) (Fig. 19 (d)) can more disturb than
in case of low inlet velocity, eectrica voltage
andtime (i =10mMm/s, Vo=5kV andt=0.29)
(Fig. 19 (c)). Figure 20 shows the relationship
between the interface zone (center of surface
temperature) of saturated porous samples and
time with various electrical voltageand u; = 1.0
m/s. The first semicircle shape (front porous
sample; Tr) and second semicircle shape (back
porous sample; Tp) are shown in Fig. 20 () and
Fig. 20 (b), respectively. The graph of a
parabolicfunctionisshown at theinterface zone
of temperature. As time progresses, the heat is
transferred from water to the sample, so the
water flow temperatureisdecreased. Inthefinal
process, the temperature of the sampleis closest
to the airflow temperature. As a result, it is
almost the thermal equilibrium. Therefore, the
surface temperature of high electrical voltage
(Vo =30KkV) ishigher than in the case of absent
eectrica voltage (Vo = 0 kV), as shown in Fig.
20 (¢). In addition, increasing the electrical
voltage and inlet vel ocity speed up the sample's
surface temperature to close to the water flow
temperature.
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4. Heat trander enhancement on satur ated porous
samples using eectrogatic precipitator process

This section investigates the flow and
temperature fields with the improvement of
therma efficiency within saturated porous samples.
This feasbility study is based on the concept of
the eectrostatic precipitator process, the dectrica
voltage (Vo) and time are varied from 0 to 30 kV
and 0 —1s. Theinlet velocity of water (uj) is
compared with 1 and 2.5 m/s. From the initial
time of the k-¢ turbulent model (t = 0 s), the
uniform initia temperature of water (T.) is30°C

(303 K), and the initid temperature of saturated
porous samples (T,) is 10 °C (283 K). Theinlet

velocity isfixed a u = 2.0 n/s, as shown in Fig.
21 and 22. Figure 21 showstheflow field within
saturated porous samples in various dectrica
voltages. The flow can move from the left to right
through both saturated porous samples and is
concentrated with high eectrical voltage. In all
cases, swirling flow is circulated clockwise
between the front and back porous samples due
to the space between samples. In cases of low
electrica voltage (Vo= 0-5kV) (Fig. 21 (a- b)),
fluid velocity within the front porous sample is
similar to fluid velocity within the back porous
samples. But fluid velocity within the front
porous sampleis higher than (Vo=10-15KkV)
(Fig. 21 (c-d)). Incasesof high eectrica voltage
(Mo=20—-30KkV) (Fig. 21 (e- g)), fluid velocity
within the front porous sample is fluid velocity
within the back porous sample, as shown in
cases of medium electrical voltage higher than
fluid vel ocity within the back poroussample. The
fluid velocity of theleft Sdeis more than the right
side of the front porous medium, and the fluid
velocity of the left and right sides of the back
porous medium is rather steady.

From the above date, the flow can move from
theleft toright direction within the samples, and
it can induce temperature within both saturated
porous samples, as shown in Fig. 22. The
temperaturefieldin case of Vo=0-30kV (Fig.
22 (a- g)) isincreased by flow field in Fig. 21
(a- ), respectively. In addition, the inlet vel ocity
of the water channel under the k-¢ turbulent
model (u) is compared with 1 and 2.5 m/s, as
shown in Fig. 23. Int = 0.05 s, the temperature
within the saturated porous sample surface
between the first semicircle shape (front porous
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sample; Tr) and the second semicircle shape
(back porous sample; Tp) iscompared in various
eectrical voltage and initia velocity. In all cases,
the value of the temperature of the interface
zone (center of surface temperature) in the case
of highinlet velocity (ui - 2.5m/s) ishigher than
in thecase of low inletvelocity (ui=1.0m/s).
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(d)

The temperature value in the first semicircle
shape (front porous sample; Ts) ishigher thanin
the case of the second semicircle shape (back
porous sample; Tp). In addition, the graph of the
value of temperature (T) is a variable straight
linefor electrical voltageincreasing (Vo), Tec V.
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Fig. 19 Temperature field within water channel and with and without electrostatic precipitator process
@u=10m/s, Vo=0kV andt=0s(b) ui=1.0m/s, Vo=0kV andt=0.5s(c) ui = 1.0m/s, Vo =5 kV
andt=0.2s(d) uy=25m/s, Vo =30 kV and t = 0.6 swith contour plot and deformed shape
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Fig. 20 Relationship between interface zone of
saturated porous samples and time with
various electrical voltage and u, = 1.0 m/s (a)

first semicircle shape (front porous sample; T))
(b) second semicircle shape (back porous
sample; T,) (c) comparison between first (T))
and second (T.) semicircle shane
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(a) = u (mJs)
4

Fig. 21 Flow field within saturated porous sample with
u=20ms(@ Vo=0kV (b) Vo=5kV (c) Vo= 10kV
(d) Vo=15kV (& Vo=20KkV (f) Vo=25KkV (g) Vo=30kV
with streamline and arrow plot

Figure 24 compares the local heat transfer
coefficient ratio (hg) with t = 0.1 s between the
eectricd voltage in various inlet velocities within
the saturated porous sample. In mechanics and
thermodynamics, the heat transfer coefficientis
the proportionality constant between the heat
flux and the thermodynamic driving force for the
flow of heat. The local hest transfer coefficient
(h) a a particular point on the heat transfer
surfaceis equd to the local hest flux, at the same
point, per the local temperature drop. The first
semicircle shape (front porous sample; Tr) and
second semicircle shape (back porous sample;
Tb) are investigated in Fig. 24 (a) and 24 (b),
respectively. The local heat transfer coefficient
ratio (T) isreferred to as the local heat transfer
coefficient when using the eectrogtetic precipitator
process (EP) per local heat transfer coefficient
in the absent electrostatic precipitator process

(no EP), i.e,, h o /N . The heat transfer

within the samplesisenhanced by thefluid flow
in the water channel, so the local heat transfer
coefficient within the samplesisinduced by fluid
velocity in the water channel.
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@ P

Fig. 22 Temperature field within saturated porous
samplewith u;=2.0m/sandt=0.05s(a) Vo=0KkV (b)
Vo=5KkV () Vo=10KkV (d) Vo=15kV (€) Vo=20KkV (f)
Vo = 25 kV (g) Vo = 30 kV with contour plot and
deformed shape
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Fig. 23 Temperature comparisons within saturated
porous sample surface between the first semicircle
shape (front porous sample; Tr) and the second semicircle
shape (back porous sample; Tp) in various electrical
voltage and initid velocity (u = 1.0 m/sand 2.5 m/s) and
t=0.05s

The graph of the local heat transfer
coefficient ratio (hg) (Fig. 24) shows a smilar
trend to the fluid velocity ratio (Fig. 14 (b)). The
local heat transfer coefficient ratio decreases
with inlet velocity increasing and increases with
the eectricd voltage increases. The local heat
transfer coefficient ratio graphs are variable
exponential linesfor thedectricd voltage (Vo), h
oc V% this is because the fluid velocity within the
front porous sample is higher than the back
porous sample. Consequently, the first semicircle
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shape'slocal heat transfer coefficient ratio (front
porous sample; Tr) is higher than the second
semicircle shape (back porous sample; T).
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Fig. 24 Comparison on local heet transfer coefficient
ratio with t = 0.1 s between dectricd voltage in various
inlet velocity within saturated porous sample (@) firgt
semicircle shape (front porous sample; Ty) (b) and the
back semicircle shape (back porous sample; Tp)

5. Conclusion

The hesat transfer enhancement on saturated
porous samples is numerically investigated using
the el ectrostatic precipitator process. The water
channel is solved in this study using the k-¢
turbulent model. In the first part, the simulated
result of flow visualization is validated against
the experimenta result. It can be seen that asimilar
trend of the airflow distribution has appeared in
both cases.

For the second part, the disturbance of dectric
fied digtribution can create a more concentrated
electrical potential, resulting in the turbulent area
appearing. The flow field moves from the |eft to
the right direction, avoiding both saturated porous
samples. The electric force isinduced from the
electric field resulting in the circulating flow
that can induce the fluid flow within the water

20

channel under the k-¢ turbulence model. The
pressure field in the case of the electrostatic
precipitator process is more concentrated than in
the absent case. In addition, higher inlet velocity
and high electrical voltage can induce greater
pressure than in other cases. The contour of
vorticity is swirling and turbulent around the
porous samples. The contour line of temperature in
case of high inlet velocity, electrical voltage,
and time can be more disturbing than in the case
of low inlet velocity, eectricd voltage, and time.
The flow and temperature fields were
investigated with heat transfer enhancement
within saturated porous samples for the lagt part.
The flow can move from the left to right direction
within both saturated porous samples and induce
temperature within both. The value of the
temperature in the case of the first semicircle
shape is higher than in the case of the second
semicircle shape. The heat transfer within samples
is enhanced from fluid flow in the water channd,
so the local heat transfer coefficient within samples
isinduced from fluid vel ocity in the water channdl.
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