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ABSTRACT

Fouling, corrosion, and erosion are the significant particle
ingestion degradation phenomena that can occur in a gas tur-
bine. The solid contaminants carried by the airflow enter the gas
turbine, and depending on their chemical properties and particle
size, they can adhere to the internal surfaces (fouling), remove
some material (erosion), or react with the internal part (cor-
rosion). For this reason, multi-stage filtration systems are com-
monly employed to preserve the life and the efficiency of the entire
system. Mechanical filters are used to separate small-diameter
particles by trapping the contaminant in cartridges of porous
material. These devices are characterized by high filtration ef-
ficiency, but also high pressure drop, which increases with the
exposure time. Inertial filters are used to separate large-diameter
particles. However, due to their lower collection efficiency and
pressure drop than porous filters, they are usually used in the pre-
filtration stages. In recent years, electrostatic fields induced on
dust-laden flows proved effective in trapping conductive particles
and showing good potential for industrial applications.

This work shows a geometrical multi-physics optimization
of a combined electrostatic-inertial filtration system. The com-
bination of an electrostatic filter with an inertial one aims to
take advantage of both the filtration mechanisms, i.e., capture
efficiency comparable to a high-filtration system and a pressure
drop comparable to an inertial one. A numerical campaign of
the innovative type of filter is performed using an in-house Open-
FOAM lagrangian solver that can simulate dispersed flows in
the presence of an electrostatic field. Regarding geometrical op-
timization, a simplicial homology optimizer is used to find the
geometry characterized by the highest capture efficiency and the
lowest possible pressure drop.

Keywords: OpenFOAM, electrostatic solver, multi-
physics optimization, gas turbine, filtration system,
particle separation
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NOMENCLATURE

D; Ion diffusion coeflicient

DC  Direct Current

E Electric field

E,  Electric field using the Peek condition
EPA  Efficiency Particulate Air filter

ESP  Electro Static Precipitator

FOD Foreign Object Damage

F. Electrostatic Force

GT  Gas Turbine

HEPA High Efficiency Particulate Air filter
J Electric current

K Ionic mobility in air

Qp  Particle electric charge

e Cylindrical electrode radius

SHGO Simplicial Homology Global Optimizer
Ug  Gas velocity

v Electric potential field

u Gas dynamic viscosity

Effective viscosity = u + ur

ur Turbulence viscosity

Ne Capture efficiency

Pe ITonic charge density

Pg Gas density

€ Dielectric permittivity of free space

€ Particles relative magnetic permittivity
dp Particle diameter

1. INTRODUCTION

The gas turbine’s filter house is the fundamental compo-
nent used to preserve the life and efficiency of the entire system
[1, 2]. The filters are used to avoid ingesting foreign objects that
could damage (FOD) the compressor blades or partially block
the passage area, causing an alteration of the fluid dynamics in-
side the machine. Moreover, the filtering media reduces the total
amount of environmental contaminants ingested by the system.
The pollutant particles that enter a gas turbine are responsible for
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three main phenomena: fouling, erosion, and corrosion. These
mechanisms affect the shape of the blade and cause performance
degradation over time [3, 4]. The operating temperature, particle
size, and the interaction between the blades and particles materi-
als determine which mechanism prevails over the others. Fouling
usually affects the compressor, and it is caused by the adherence
of micro-sized particles [5, 6] on both stationary and rotating
vanes. The turbine, instead, is mostly affected by erosion due to
the impact between the ingested contaminants and the internal
surfaces of the machine [7].

The efficiency of a filtration system depends on the particle
size and airflow velocity. For this reason, a combination of filtra-
tion mechanisms is usually employed to have high filtration effi-
ciency for a wide range of particle diameters [8]. The most used
separation mechanisms for gas turbine applications are inertial,
mechanical, and electrostatic. Inertial filters are employed as the
first filtration stage to separate droplets and big particles (> 1 ym)
from the air stream. The principle is related to the lower reactivity
of particles with a high Stokes number to follow the flow. The
filtration efficiency of inertial filters varies with the dimensions
of the contaminants. In particular, they exhibit high efficiency
for contaminants with large dimensions and low efficiency for
small-sized contaminants. For this reason, mechanical filters are
positioned downstream of the inertial one to collect a wide range
of particle diameters at the intake of a gas turbine. Mechanical
filters utilize fiber material to remove contaminants from the air
stream. According to the European Standard EN1822-1 [9], me-
chanical filters can be divided into distinct categories based on
their respective capture efficiency concerning a predetermined
particle size. The most common filters are those designated as
HEPA and EPA, which can achieve a filtration efficiency of up to
99.995 % by removing particles that are extremely small, with a
size greater than 0.3 ym. The main disadvantage of these filters
is the significantly higher pressure drop than an inertial filter.
Furthermore, throughout its operational lifetime, an inertial filter
is distinguished by a constant pressure loss, whereas a mechan-
ical filter is characterized by an increase in pressure loss, which
is attributed to the flow obstruction caused by the trapped parti-
cles. The fiber of a mechanical filter could be pre-charged before
the installation to increase the capture efficiency, these filters are
usually called electrostatic porous medium [8]. The advantage
is related to the higher capture efficiency with extremely small
particles, thanks to the action of the electrostatic force. The dis-
advantage of these devices is mainly associated with the decrease
in time of performance due to the fading of the electrostatic force.
In fact, after a certain amount of time, they act as a traditional
porous medium, thereby losing the effects associated with the
presence of electric charge.

Electrostatic precipitators, ESP, are another filtration system
that uses electrostatic force to separate micro-sized particles, <
0.1 ym. These types of filters are not commonly used in the
gas turbine sector. However, preliminary studies have been con-
ducted [10] showing a very high potential for implementation
in these applications. The particle separation occurs utilizing
the corona effects, therefore using a strong electric field, which
ionizes the air and charges the particles but does not create a
voltaic arc within the filter. The generated electric field induces

an electrostatic force on the particles, which pushes them onto a
ground-collecting surface.

In previous works [11, 12], the effectiveness of an electro-
static inertial filter for gas turbine application has been proved
numerically and experimentally. To simulate an electrodynamic
filter and solve simultaneously the electric field and the flow
field, the authors have developed a new lagrangian solver in the
OpenFOAM environment [11]. The solver has been validated
against two simplified literature test cases [13—15] for both con-
tinuous and discrete phases. The effects of different parameters,
i.e., number of electrodes, geometry, and applied potentials, have
been evaluated using the in-house solver. The final configuration
is characterized by a powerful electric potential of 45 kV on the
electrode surfaces. With this filter element, a numerical capture
efficiency of approximately equal to 99 % has been obtained with
a very low-pressure drop equal to 50 Pa.

The present study aims to optimize the filter element shape
for a lower power supply system, which exhibits a maximum
electric potential of 12 kV. The shape optimization is performed
with the object to restore the performance losses due to the lower
electric potential applied. For this reason, a multiphysics opti-
mizer is developed in Python programming languages. Firstly,
different types of geometrical parametrization of the filter are pro-
posed. Subsequently, a Simplicial Homology Global Optimized
(SHGO) is used to find the best solution for capture efficiency
and pressure losses. The optimization process is conducted us-
ing a computational fluid dynamics (CFD) approach, specifically,
the in-house Lagrangian solver developed in [11], is employed to
calculate the capture efficiency and the pressure drop of the filter
for each geometry. Different geometrical constraints have been
added to avoid the presence of breakdown phenomena and to re-
alize the filter element modularly. Furthermore, a threshold value
for maximum acceptable pressure losses is established to ensure
the system does not exceed the values typically associated with
traditional filtration systems commonly employed in gas turbines.

2. METHODOLOGY

In the first part of the section, a brief description of the
electrostatic lagrangian solver used to evaluate the performance
of the electro-dynamic filter is reported. Subsequently, two types
of geometrical parameterizations for the filtering elements are
proposed. Finally, the optimization tool used to identify the
geometry that provides the optimal balance between pressure
losses and capture efficiency is presented.

2.1 Electrostatic solver description and CFD setup

In an electro-dynamic filter, both particles and fluid are sub-
ject to the influence of a strong electric field. The simultaneous
resolution of the electric and fluid-dynamics fields is not a capa-
bility typically available within the usual commercial CFD soft-
ware. For this reason, the OpenFOAM software is selected for
this particular application. The open-source nature of the code
permits the incorporation of novel solvers and supplementary
features. In a previous study, the authors developed a new La-
grangian electrostatic solver, named denseElectricParticleFoam.
The continuous phase was validated against the experimental lit-
erature data of Penny and Matick [13] evaluating the electric po-
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tential trend inside the fluid domain. The discrete phase, instead,
was validated against both numerical [15, 16] and experimental
[14] literature data evaluating the particles’ transverse velocity
along the flow direction. A comprehensive overview of the im-
plementation and the validation process are reported in [11]. The
subsequent discussion briefly addresses the equations used inside
the solver.

The conservation equations must be modified to take into
account the presence of a strong electric field which affects not
only the particles’ behavior but also the continuous medium. In
particular, the conservation of the momentum must be modified
by adding a source term related to the Coulomb force exerted
on the gas molecules. The momentum equation used in the
denseElectricParticleFoam solver is (1), where p. is the ionic
charge density and E is the electric field. Other equations are
necessary to solve simultaneously the electrostatic field and the
flow, which are the Gauss’s law (2), the irrotationality of the
electric field (3), and the transport equation for the ionic density
(4). In accordance with the literature, in the transport equation for
the ionic density, the ionic mobility, K, and the ionic diffusivity
are set respectively equal to 0.22 x 103 m?> C/J and 0.2 m?/s.

dU, 2
Pg 7+V-Ug®Ug ==-Vp+perrVUg+pE (1)
V.E="% )
£0
E=-VV 3)
J =p(KE+Ug) - D;Vp, “4)

When conductive particles flow within an electrostatic field,
they become electrically charged. The charging process is divided
into diffusion charging and field charging [17]. The prevalence
of one mechanism over the other depends on the particle charge
compared to the saturation value. In particular, when the parti-
cle charge is lower than the saturation value, the most important
mechanism is the field charging. Conversely, the diffusion charg-
ing prevails to the field one. The model proposed by Lawless
[18] is used to model the charging process within the solver. Sub-
sequently, the lagrangian force balance is modified to introduce
the electrostatic force defined according to (5). The equations on

the basis of the Lawless model, which are used to calculate the
particle charge, Qp, are reported in [11].

Fer = QpE )

In an ESP, the electric current flows between the electrodes
and the grounded surfaces without creating a voltaic arc. This
phenomenon is usually known as corona effect. The electric field
on the electrode must satisfy Peek’s condition (6). This condition
establishes that the mean value of the electrostatic field module
on the electrodes depends only on the geometrical properties
and not on the applied potential. Therefore, a new boundary
condition, Peek, is defined to calculate the ionic charge density
on the boundary so that the gradient of E is consistent with
Peek’s condition. However, the condition reported in (6) is valid
only for cylindrical electrodes. In the case of other shapes, the
experimental voltage-current relationship must be implemented
to find the ion density.

(6)

|Ep|=3.1x106(1+m)

re

The numerical domain used to simulate the electro-dynamic
filter is reported in Fig.1. To reduce the computational effort
of the simulation, only a 2D portion of the filter is simulated.
For this reason, a symmetric boundary condition is applied to
the upper and the lower surfaces. Moreover, at the inlet of the
domain, an airflow velocity equal to 1 m/s is imposed, while at
the outlet, a relative static pressure equal to O Pa is prescribed.
Regarding the boundary condition relative to the presence of the
electric field on the electrodes, indicated with red dots in Fig.1,
a constant DC potential and the Peek condition for the p.-E
characteristic are applied. The filter element surfaces are divided
into insulated and grounded surfaces. The insulated surfaces are
the ones positioned near the electrodes, which are used to avoid
the presence of the breakdown phenomena. The other surfaces
are considered grounded therefore, a null electric potential is
imposed on them. An overview of the used boundary conditions
and numerical schemes is reported in Tab. 1. Regarding the
turbulence model, the k-epsilon model [19] is selected for the
specific application since it supplies, according to the literature,
good performances in the case of low-reynolds shear flows.

The mesh is constructed with the CFMesh suites of the
OpenFOAM-v2206 software, which allows the creation of un-

Outlet

e,
TN

Symmetry

PLPLEEEL

FIGURE 1: Sketch of the used numerical domain
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TABLE 1: Boundary conditions and numerical scheme

Inlet Fixed velocity

Outlet Impose static pressure
Upper/lower surface Symmetry
Insulated surfaces No-slip wall
Grounded surfaces/ electrodes | No-slip wall with imposed V
Electrodes p. — E Peek

Advective Linear upwind
Time Steady state
Turbulence Linear Upwind

structured hexahedral mesh. A grid sensitivity analysis is per-
formed by observing the mean pressure at the inlet of the domain
and the force acting on the filter elements. The convergence
is reached with a number of elements approximately equal to
40e3. Initially, only the continuous phase is solved, and the solid
particles are introduced into the fluid domain only once the con-
vergence of the flow fields is reached. The properties and size
of the used solid particles are reported in Tab. 2. The diame-
ter distribution is selected according to [8] to represent the solid
particles typically found at the inlet of a gas turbine located in
the proximity of a polluted urban environment. The number of
particles per second injected at the inlet of the domain, instead, is
selected to test the device in an extreme environmental condition,
e.g. sandstorm.

TABLE 2: Details of the used particulate

Value
Particle density [kg/m’] 2700
Particle per second 403.19 x 10°
Type of Distribution Normal
Mean diameter [um] 1.0
Variance [um] 0.5
Max Diameter [um] 3.0
Min Diameter [um] 0.5

Different approaches can be employed to model the inter-
action between the fluid medium and the particles. To reduce
the computational effort of the simulations, a one-way coupling
is used to model the particle behaviors inside the filter, with
the assumption that the solid particles exert no influence on the
continuous phase. The effect of the turbulence on the particles’
behavior is taken into account using a stochastic approach which
samples a Gaussian plus delta distribution to calculate the veloc-
ity fluctuation. In addition, within the lagrangian equilibrium, the
electrostatic and spherical drag forces are introduced. Further-
more, upon impact with the boundary, the particles are subject
to elastic and dissipative forces. The magnitude of the dissipa-
tive force is a function of the restitution coefficient assigned to the
specified boundary. In particular, a restitution factor equal to one,
i.e., complete elastic rebound, is prescribed for all the surfaces
except the grounded one, where a restitution factor equal to zero
is set. Therefore, the particles are trapped. This assumption is
generally incorrect since the Coulomb force acting on the parti-
cle could not completely overcome the impact force. Based on

the experimental evidence of the authors on the considered setup
[12], the total number of particles that impact a grounded surface
and leave it is very low compared to that impacting an isolated
surface. In light of this observation and the difficulty of estimat-
ing normal and tangential restitution factors, the assumption of
adherence to ground surfaces is considered plausible.

2.2 Geometry parametrizations and optimization
algorithm

Filter elements are composed of mirrored curved surfaces
that are arranged in a systematic array, thereby adopting a mod-
ular approach. This choice constitutes an extreme constraint on
the geometrical optimization. Moreover, another constraint is
related to the avoidance of the electric breakdown. To ascer-
tain the inception of a spark within the fluid domain, the authors
have employed the following criterion: a breakdown occurs if the
electrical field along a connecting path between the electrode and
the grounded surfaces reaches a value exceeding 3 MV/m (which
represents the dielectric strength of pure air). This constraint
could be translated into a prescribed minimum distance between
the grounded surfaces. The considered filtration system aims to
provide an alternative to the medium-high filtration mechanical
filters currently employed in gas turbine applications. Therefore,
the pressure drops associated with the innovative filter should
not exceed the values typically observed with traditional filtering
media. A threshold value for the pressure drop is considered
inside the optimization process to ensure that the system operates
within the desired pressure drop range. This limit is fixed at 100
Pa, which corresponds to the order of magnitude of that observed
for a high-efficiency mechanical filter. In addition, the selected
threshold allows the use of multiple elements in the direction
of airflow to further increase the capture efficiency of the unit.
As the first attempt, the baseline geometry is approximated and
parametrized as a single arc, and the body of the filter elements
is considered a vertical line. Considering the usage of specu-
lar filtering elements and maintaining the same root width for
structural reasons, the geometry is completely described once the
position of the arc’s vertices is known. Therefore, the single arc
parametrization is characterized by four degrees of freedom, cor-
responding to the position of the extreme arc points in the plane.
The second proposed parametrization instead involves two arcs
joined at the end of the root of the element. In this case, the
geometry is wholly described once the positions of the extreme
points and the arc centers are known. Four additional degrees
of freedom, the coordinates of the centers, are added to the sys-
tem compared to the first approach. Figure 2 shows a sketch of
the implemented parametrization, where the points moved by the
optimizer are highlighted with a cross (orange extreme points,
violet arcs’ centers).

The optimization tool is written using Python programming
language and includes geometry construction, setup of the simu-
lation, execution of the simulation, post-processing of the results,
and geometry optimization. The different phases of a CFD simu-
lation and the post-processing are automatically managed by the
tool. The geometry is generated using SALOME, an open-source
CAD and meshing software. In particular, the abovementioned
geometrical parameterizations are coded inside the Python code
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FIGURE 2: Filter element parametrizations: single arc (top)
and double arc (bottom)

that uses the SALOME API to design the filter according to the
input parameters, which are degrees of freedom for the considered
geometry. Regarding the post-processing, the code analyzed the
results files of the simulation. In particular, the capture efficiency
and the area average of the inlet static pressure, therefore, the
pressure drop of the system are calculated. The Simplicial Ho-
mology Global Optimizer, SHGO, included in the Python Scipy
[20] library, is selected to maximize the system’s capture effi-
ciency. The selected optimization algorithm required as input
the variables’ range of variability, and the number of iterations to
construct the simplicial complex. Once the parameterization is
fixed, the number of variables, therefore the number of degrees
of freedom, is fixed. At the same time, the range of variability
of the parameters is selected to avoid overlap between the upper
and lower elements. The SHGO algorithm has been developed to
minimize a function of one or more variables; therefore, since the
object is to maximize the capture efficiency, its inverse is used as
the objective function.

3. RESULTS

In the first part of the chapter, the baseline geometry and its
performance are described. Moreover, the effects of both applied
electric potential and extension of the collecting area on the cap-
ture efficiency are discussed. Subsequently, the validation of the
optimizer in the inertial-only configuration is reported. Finally,
the results for both single-arc and double-arc parametrization are
shown for the multiphysics, inertial-electrostatic combined con-
figuration.

3.1 Baseline geometry description

The baseline geometry of the element was developed in [11],
through a trial-and-error process that was finalized to maximize
the capture efficiency and minimize the pressure drop. A very
high efficiency, approximately equal to 99 %, was obtained with
the two wires configuration when an electric potential equal to
45 kV was applied to them. Figure 3 shows the geometry of
the baseline filter elements, where red dots highlight the position

of the electrodes and green curves indicate the position of the
grounded surfaces. From the previous sensitivity analysis, the
capture efficiency of the system strongly depends on the applied
electric potential. In particular, in the case of a single wire con-
figuration, in which only the upper element presents the wire,
a linear decrease of the capture efficiency as a function of the
applied potential was established [11]. The other important pa-
rameter that influences the capture efficiency of the system is the
dimension of the collecting area, i.e. grounded surfaces. For this
reason, a sensitivity analysis on the extension of the grounded
area extension is performed. The results of these analyses indi-
cated that an increase in the collecting area enhanced the system’s
efficiency. However, this outcome is once again constrained by
the breakdown condition.

U.air Magnitude

2 4 6 75

0.0
—

FIGURE 3: Baseline filter geometry: velocity contour (top),
the electrical field’s convolution line (mid) and streamline
plot (bottom)

The aim of the work is to extend the applicability of this
filtration system in case of a lower voltage power supply. For
this reason, a geometrical optimization is necessary to recover
the performance loss due to the reduced applied potential. The
electric potential considered for this application is equal to 12 kV,
therefore more than three times lower than in the original setup.
The performance of the baseline geometry and the electrical con-
figuration utilized, e.g. applied electrical potential, number, and
size of the wires, is reported in Tab. 3. The approximately zero
efficiency of inertial-only and the extremely low pressure drops
indicate that an effective approach to increasing the combined
electrostatic-inertial efficiency might be to improve the inertial
contribution, despite the potential increase in pressure drops.
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TABLE 3: Baseline geometry performance and characteris-
tics

Value
Number of wires 2
Wire radius [mm] 0.154
Electric potential [kV] 12.0

Combined capture efficiency [%] 18.2
Inertial only capture efficiency [%] 0.0
Pressure drop [Pa] 50.0

3.2 Validation of the optimizer

To validate the optimizer results, two optimizations are per-
formed using the single-arc parameterization, keeping the exten-
sion of the collecting area constant while the system operates in
inertial-only mode. The first optimization is conducted to max-
imize the capture efficiency of the system, while the second is
performed to reduce pressure losses. The original configuration,
which can be approximated to a single arc geometry, is consid-
ered the starting point of the optimization. The two elements are
expected to become closer in the efficiency optimization, result-
ing in an increased pressure drop. Conversely, the elements are
expected to become more open and located far from each other
in pressure drop optimization.

U.qir ngm’rude

._

2 25
.
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FIGURE 4: Velocity magnitude contours for the inertial-only

optimized configurations: minimal pressure drop (top) and
maximum capture efficiency (bottom)

Figure 4 shows the results of both the efficiency and pres-
sure drop optimizations in the inertial-only configuration. As
expected, the optimizer closed and opened the elements. The
pressure drop optimization shows a reduction of approximately
42 Pa compared to the original case. In the pressure drop opti-
mization, an increase in both capture efficiency and pressure drop

is observed. In particular, an inertial-only efficiency of 3.8% and
a pressure drop of 350 Pa are obtained. Therefore, the optimiza-
tion tool can be considered validated for pressure loss and capture
efficiency optimizations.

3.3 Combined inertial-electrostatic optimization

The results of the multiphysics inertial-electrostatic opti-
mization, performed with the single and double arc parameteri-
zations, are reported below. During the optimization, the capture
area is kept at a maximum consistent with the minimum distance
between the electrode and the ground surface to avoid breakdown
and maximize efficiency. In addition, the number and dimensions
of the wires are kept the same as in the baseline case.

In the single arc parameterization, the optimizer can move
only the extreme points of the arc. Instead, the center point is
fixed in the same position as the single arc approximation of the
base geometry. The upper half element is taken as a reference
for the geometrical comparison. The optimized elements are
characterized by a higher radius than the original configuration.
Moreover, the arc’s extreme points are shifted toward the outlet
and upward than in the baseline geometry. Figure 5 shows the op-
timal geometry obtained with the single arc configuration, where
red dots highlight the position of the wires and green arcs show
the grounded surfaces.

U.air Magnitude

FIGURE 5: Single arc configuration inertial-electrostatic op-
timization: velocity contour (top) and, streamlines plot (bot-
tom)

At first glance, the geometry looks similar to the original
despite these geometric changes. However, a significant differ-
ence in capture efficiency and pressure losses is detected. In
particular, the capture efficiency results equal to 21.5 %, which is
18.1% higher than the baseline one. The increase in efficiency is
achieved in two steps. In the first step, the lower element creates
a large separation zone within the channel, causing particles car-
ried by the airflow to flow more toward the upper element than
in the original configuration. In addition, the flow is directed
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toward the lower element in the terminal part of the device. In
the second step, the electrostatic force pushes the particles into
the grounded surfaces, i.e., the concave/convex surfaces of the
lower/upper elements, and thanks to the continuous application
of the electric field, the particles are collected. Another advan-
tage of the optimized geometry is related to reducing the system’s
pressure losses. Specifically, the optimized configuration is char-
acterized by pressure losses of about 30 Pa, which represent a
40% reduction in comparison to the baseline configuration (50
Pa).

In the double arc parameterization, the optimizer can move
both extreme points and centers of the arcs. The common extreme
vertex of the arcs is another time fixed in the same position as the
baseline geometry one. The result of this optimization is shown
in Fig. 6. In this case, the element geometry is significantly
different than both baseline and single arc optimized ones. The
extreme points of the arcs are moved by the optimizer toward the
inside of the device and the lower element. The con of this closure
is the increase in the pressure drops of the device. Specifically,
the pressure drops of the filter are equal to 71 Pa, which are 42 %
and 136 % higher than the baseline and the single arc optimized
configurations. Nevertheless, the pressure drops are significantly
lower than the one of a conventional high-efficiency porous filter,
approximately equal to 500 Pa.

FIGURE 6: Double arc configuration inertial-electrostatic op-
timization: velocity contour (top) and, streamlines plot (bot-
tom)

The advantage of the optimized two arcs configuration is
the significant increase in the capture efficiency of the system,
which is equal to 25.1 %. Compared to the other geometries,
a capture efficiency enhancement respectively equal to 37.9 %,
baseline, and 16.7 %, single arc, are obtained. The improvement
in efficiency is not limited to the approach outlined above for the
single-arc configuration. In addition to the presence of separa-
tion zones that direct the flow toward the grounded surfaces, the
mean velocity inside the device is increased due to the device’s

more closed configuration. As the flow velocity increases, the
efficacy of inertial separation also rises. This indicates that the
improvement in combined efficiency is associated with the in-
creasing importance of this separation mechanism. The overall
performance of the baseline geometry and the optimized ones are
reported in Tab. 4.

TABLE 4: Baseline geometry performance and characteris-
tics

| Pressure drop [Pa] | n¢ [%]

Baseline configuration 50 18.2
Single arc optimized 30 21.5
Double arc optimized 71 25.1

4. CONCLUSIONS

The work shows a geometrical multi-physics optimization of
an innovative electro-dynamic filter for gas turbine applications.
The initial part of the study introduces the optimizer, emphasiz-
ing the incorporated geometrical parametrization and the utilized
optimization algorithm. Subsequently, the optimization is vali-
dated in the inertial-only modality, given that the impact of the
electrostatic field was demonstrated in previous research. In par-
ticular, two objective functions are used to validate the tool. In
the first optimization, the objective is to reduce pressure losses,
while in the secondary optimization, the aim is to enhance the
capture efficiency of the system. The optimizer has opened and
closed the filter branches respectively to decrease the pressure
losses and increase the capture efficiency. Accordingly, the op-
timization tool may be considered validated. In the final phase
of the study, a multiphysics optimization is conducted using both
single and double-arc geometrical parametrization to enhance the
capture efficiency while maintaining pressure drops below a spec-
ified threshold value. The threshold value is set equal to 100 Pa,
approximately the order of magnitude of the pressure drop that
characterizes a traditional porous filter. The optimized geome-
tries showed a significant improvement in capture efficiency com-
pared to the base element, with values 18.1 % and 37.9 % higher
for single and double arc configurations respectively. However,
the single arc configuration also exhibits a lower pressure drop
than the baseline configuration, with a value of 30 Pa compared
to 50 Pa. The double arc configuration, instead, is distinguished
by a slightly elevated pressure loss of 71 Pa. Nevertheless, the
resulting values remain markedly inferior to those associated with
the porous filter system typically employed in a gas turbine, i.e.,
500 Pa. Further investigations will be carried out to evaluate the
effects of other types of geometric parameterization and the use of
an array of filter elements on the capture efficiency of the system.
An experimental program will also be carried out to validate the
results of the CFD-based geometric optimization.
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