D. Cuevas-Vasquez, et al.: A Computational Methodology for Estimation of ...
Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 2, pp. 87-94 87

A COMPUTATIONAL METHODOLOGY FOR ESTIMATION OF
AEROSOL RETENTION IN A SAND-BED BASED FILTERING
SYSTEM FOR SEVERE ACCIDENT VENTING STRATEGIES

by

Delfina CUEVAS-VASQUEZ, Eduardo SAINZ-MEJIA,
Javier ORTIZ-VILLAFUERTE ", and Roberto LOPEZ-SOLIS

National Institute for Nuclear Research Carretera Mexico-Toluca, Ocoyoacac, Estado de Mexico, Mexico

Scientific paper
https://doi.org/10.2298/NTRP2002087C

A computational methodology to estimate the capacity of aerosol particle retention in a filter-
ing system based on sand bed is described in this work. This methodology uses a combination
of computational fluid dynamics and mechanistic models in the calculation procedure. The
methodology is applied to venting actions during a severe accident in a BWR Mark IT primary
containment. The SALOME and OpenFoam platforms were used to generate the geometric
and numerical models of a full scale model of a sand bed filtering system. The Eulerian/
Lagrangian approach was used to determine the steady-state of a compressible turbulent flow
through a porous media and to compute the aerosol particle transport, respectively. Collec-
tion efficiency was calculated by means of a mechanistic model based on the capture efficiency
of a single grain. The obtained Eulerian results include velocity, pressure, and temperature
fields inside the filtering systems. The Lagrangian tracking of aerosol particles showed that
particles crossing the coarser sand tend to accumulate initially on the periphery of the filter.
The parametric studies showed that mass-flows of up to 4.7 kgs~! satisfy the constraint of 1.1
bar pressure drop across the sand depth. Additionally, the efficiency of 99.5 % of retention
was determined for 1.0 pm aerosol particles in the 0.6 mm sand grain zone, for a gas velocity

of 0.1883 ms-1,
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INTRODUCTION

During a severe accident, the production and ac-
cumulation of steam and gases plus the volatile fission
products (noble gases and aerosols) in the primary con-
tainment induce pressure rise. Additionally, fission
products constitute a heat source. If corium is already
spread in the cavity or pedestal, its decay heat also con-
tributes to containment heat rise, and consequent atmo-
sphere pressurerise. In the fourth level of the Defense in
Depth concept, accident management includes the pro-
tection of the containment [1]. If during the progression
ofasevere accident it is not possible to ensure maintain-
ing of temperature and pressure within acceptable limits
to avoid losing integrity, containment venting can pro-
vide a means for accident mitigation. The venting ac-
tion may be filtered or not. The decision to adhere to one
or the other depends on each country's regulation. If the
filtered option is chosen, a significant reduction of fis-
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sion product release is expected. The filtration will be
through dedicated filtering engineered systems, which
includes pool scrubbers, sand-bed filters, and Venturi
scrubbers. Studies on the impact of implementing a fil-
tered containment venting system have been exten-
sively carried out [2-4].

Filtering engineering designs are currently in
use in nuclear power plants in Europe and Canada,
with different filtration technologies. The ones that
use water in the filtration stage are called wet systems,
which usually include additional devices for capturing
water drops and aerosol sprays [5]. Dry systems used
for aerosol retention are based on filtration through
porous media. In these engineered configurations, dif-
ferent types of sand and gravel are used, with addition
of metallic or ceramic fibers as well. Once the choice
of a venting and filtering system is made, several de-
sign features have to be assessed, such as vent flow
rate capacity, thermal loads, aerosol loads and their
characteristics, iodine and/or hydrogen loads, and ra-
diological protection of workers and the public,
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among others [4]. All these parameters are to be con-
sidered taking into account a broad spectrum of severe
accident scenarios. The hydrodynamic performance
ofthe venting and filtering system is the basis to assess
most of the parameters mentioned.

In this paper, a computational methodology is
presented for the estimation of the efficiency and aero-
sol transport in a sand-bed based filtering system. The
application of the methodology allows studying of the
impact of different venting strategies in diverse severe
accident scenarios. In the computational procedure, a
combination of computetional fluid dinamics (CFD)
modeling and simpler mechanistic models allowed for
a quick initial estimation of the overall performance of
the filtering system. The freely available, open-source,
packages SALOME [6] and OpenFoam [7] were used
to create a full scale CFD geometric model and to carry
out computations of the system performance. Pres-
sure, temperature, and velocity fields were determined
with the Eulerian approach, as well as the gas mixture
distribution. Then, a Lagrangian numerical approach
was used for aerosol particle tracking, transport, and
distribution. Finally, the efficiency of the system was
calculated by mechanistic models, thus allowing quick
parametric studies of different simulation scenarios.

This paper is structured as follows: an outline of
the computational methodology is presented first.
Then the CFD model of a sand-bed filter is shown, and
the numerical approach for calculation of pressure and
velocity fields, and particle trajectories is described.
The comparison with experimental data follows, and
finally, discussion and conclusions are presented.

OUTLINE OF COMPUTATIONAL
METHODOLOGY

For practical applications, the methodology re-
quires certain simplifications in a series of quasi-steady
uncoupled calculations, to lead to the desired venting
mass flow rate, primary containment depressurization
rate, and efficiency of the filtering system, all in accept-
able intervals. The following are the necessary steps to be
taken:

—  Determination of initial and boundary conditions
for the containment gas and aerosol transport cal-
culation. The data for this step are usually arrived
at by the simulation of severe accident scenarios
with appropriate codes. The data include the ther-
modynamic conditions in the source volume (pri-
mary containment, mainly), aerosol, gas and parti-
cle mixture composition and concentrations, and
the incoming velocity field to the venting system.

—  Venting pipe hydrodynamics steady state. Once
pressure, mass-flows and gas composition at the
venting pipe inlet are known, a steady-state calcu-
lation (a transient calculation to reach steady-state
conditions) provides the pressure, temperature,

gas composition and velocity fields inside the
pipe. Then an aerosol particle transport calcula-
tion is done to estimate the aerosol fractions
trapped in the venting pipe walls, up to the point of
the filter discharge.

—  Generation of venting pipeline pressure drop vs.
mass-flow correlations. A series of calculations
are then performed to obtain curves of pressure
loss vs. mass-flow, for diverse gas mixtures. With
this approach, it is not necessary to couple the con-
tainment and the vent pipe because a quasi-static
calculation approach can be used, since the vent-
ing pipe hydrodynamics reaches a steady-state
condition in just a few seconds, given that one al-
ready has the hydrodynamics and thermodynam-
ics data at the desired times of accident evolution.
Thus the vent pipe outlet conditions become the
boundary and initial conditions for the filtering
system.

—  Filtering system hydrodynamics steady-state. The
resulting pressure, temperature, and gas mixture
mass-flow computed in the previous step become
the boundary and initial conditions for a new
steady-state calculation, but this time for the filter-
ing system. This calculation is carried out to deter-
mine the velocity, pressure and temperature fields
inside the filter. A new series of curves of pressure
loss vs. mass-flow for diverse gas mixtures and
different types of sand, depths, etc., are computed,
to be used later in parametric studies.

—  Estimation of filtering system efficiency. Mechanistic
models are then used for a quick estimation of the effi-
ciency of the system, based on the results from previ-
ous steps. Moreover, results of the pressure, tempera-
ture and velocity fields in the filtering system at
different states may also be employed to derive other
important design parameters, such as thermal loads,
mechanical impacts, and radioactive loads.

The previous procedure requires creation and/or
modification of base geometric venting and filtering
system models. To do this, a decision has to be made at
the beginning for spatial resolution required for each
specific problem, since the range of particles, drops,
and sand diameters can differ by the orders of magni-
tude. However, it should be kept in mind that integral
values of some parameters, such as pressure drop and
mass-flow, can be of more practical interest. Regard-
ing the computational process, it is necessary to deter-
mine the appropriate numerical schemes to achieve the
solution of mass, momentum and energy equations,
plus the closure correlations, for compressible or in-
compressible flow or both, for each step. For a
sand-based filter, the solution involves a porous media
approach. OpenFoam offers a set of generic modules
that allow such a type of computations, but it is neces-
sary to follow a series of best practices to choose the
correct modules, generate specific models and achieve
robust solutions.
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namic performance of the filtering system. In this
work, the focus is set on the determination of the hy-
drodynamics steady-state of a sand bed based filtering
system, and its CFD modeling, and the experimental
setup and data used for validation.

EXPERIMENTAL SET-UP AND
DATA FOR VALIDATION

The CFD model of a sand bed filter for this study
was based on the containment decompression and fil-
tration system design described by Jouen [8]. The de-
velopment of the sand bed filter part in that engineer-
ing design was supported first by laboratory scale
measurements in an experimental loop set-up contain-
ing a sand column, under the PITEAS experimental
program [9]. The experimental data obtained from the
sand column described in that reference were used
here for comparison against the numerical results ob-
tained from a CFD model using the OpenFoam pack-
age.

The sand column in the experimental facility
was 80.0 cm high and 20.0 cm in diameter. Five differ-
ent sand particle sizes were used for the measure-
ments: 0.5 mm, 0.7 mm, 1.0 mm, 1.2 mm, and 1.6 mm.
The diameters were based on a lognormal distribution
with a standard deviation less than 2.0. The injected
aerosol particles were composed of caesium carbonate
of four different aerodynamic mass median diameters:
0.66 nm, 0.80 um, 1.40 pm, and 1.45 pm. The injected
gas mixture was composed of 68 % of air, and 32 % of
steam. Two gas velocities were used: 7.0 cms™! and
14.0 cms™'. Two test conditions were employed:
steady-state and transient regime. In the first case, the
gas was at 140 °C and the filter was preheated to that
same temperature. In the latter case, the filter was orig-
inally at room temperature. Measurements were taken
of pressure drop throughout the filtering sand column
and the purification coefficient.

For the case of sand diameter of 0.5 mm and gas
velocity of 14.0 cms™!, in the steady-state regime
measurement, the purification coefficient value was
much greater that the target value of 100, but the pres-
sure drop in the column was higher than the targeted
100 mbar* for the engineering design. The geometric
model was created in the environment of SALOME,
and it consisted of a single cylinder filled with sand,
with the same dimensions aforementioned. The mesh
created for this sand column was formed with 5131

* 1 mbar = 100 Pa
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Figure 1. Pressure drop comparison between
experimental data and OpenFOAM results

nodes, having 593 triangle faces, and 20984 tetrahe-
drons. Figure 1 shows a comparison of the pressure
drops in the experimental facility and those computed
with OpenFoam in this work. Unfortunately, Berlin
and Delalande [9] do not present experimental values,
but only profiles, and there is no other information
about experimental uncertainty or data spreading
bands. Thus, the values used for comparison were in-
ferred from those plots shown in that reference, which
clearly affects the accuracy of comparison results. In
this case data comparison yields a maximum relative
deviation of about 13 %, which was considered ac-
ceptable as a starting point to create a full scale model
of the filtering system. Details of the used OpenFoam
modules and the constructed SALOME geometric
model are given in the following sections.

THE CDF MODEL OF FILTERING SYSTEM

Jouen [8] described an entire depressurization
and filtration system, a sand-based filter, and the de-
sired operation features for use ina PWR plant. Table 1
shows some of those design geometric and operational
data.

Table 1. The PWR sand-bed filtering system as
described in [8]

Diameter 7.312m
Clay zone thickness 0.2m
Sand zone thickness 0.8 m
Empty zone height 1.5m
Dome-deflector zone height 0.5m
Sand grain diameter 600.0 um
Minimum filtering efficiency 10.0

Gas velocity 10.0 cms ™!

Air: 33 %, steam: 29 %,

Gas mixture CO»: 33 %, CO: 5%

Gas temperature 140.0 C
Maximum flow rate 3.5kgs™
Upstream pressure 5.0 bar
Pressure drop throughout sand 0.1 bar

Aerosol particle diameter in tests | 1.0 um




D. Cuevas-Vasquez, et al.: A Computational Methodology for Estimation of ...
90 Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 2, pp. 87-94

A 3-D geometric model and associated mesh ofa
sand filter with the same dimensions shown in tab. 1
was constructed for the CFD analysis. In the original
design there was a polyester sheet that separated the
clay and sand zones, but this interface was not in-
cluded in this work. Figure 2 shows a diagram of the
sequential steps in the construction of the geometric
model, and fig. 3 shows the final mesh and the differ-
ent zones composing the filter system. In this work, the
clay was replaced by a layer of finer-grain sand. The
mesh was created with 8042 nodes having 8603 trian-
gle faces, and the full volume was divided into 39188
tetrahedrons. The filtering system inlet was a deflector
device, and the outlet was the whole bottom surface.
The deflector was simply modeled as an inlet tube in-
serted into the dome zone, without a surface wall. Thus
the incoming gas stream was directed sideways in-
stead of going straight downwards.

APPLICATION OF
COMPUTATIONAL METHODOLOGY

To show how step 1 previously described in the
methodology was used in this work, the severe acci-
dent scenario chosen for the analysis was a BWR sta-
tion blackout, unmitigated after the assumed failure of
the reactor core isolation cooling system. An initially
inert Mark II primary containment design was consid-
ered as the source volume. As an accident progresses
steam, hydrogen, and radioactive material (noble
gases and volatile aerosols) enter the primary contain-
ment atmosphere, to encounter the inerting nitrogen.
In this work, it was considered that the MCCI phenom-
ena had not yet started, so there was no generation of
CO and CO,, and therefore only a mixture of nitrogen,
hydrogen and steam were assumed to be present.

For step 2, a venting pipeline system model was
developed for the code GASFLOW [10], which was a
computational code for applications used, among
other, to determine potential hydrogen deflagration
and explosion risk by 3-D calculations of hydrogen
distribution in primary and secondary containments
and vent lines. With the GASFLOW venting line
model, different hydrogen venting strategies were
computed [11]. Depending on the scope of this step 2,
1-D geometrical models and calculations can be used.
The GASFLOW can be used for the calculation of
transport of aerosols, but to accelerate calculations,
more simplified but faster CFD models in the
SALOME and OpenFOAM environments were cre-
ated. Either way, the steady-state calculation was per-
formed first, and then the aerosols were injected at the
pipe inlet to estimate fractions trapped in the pipeline.
step 3 was then carried out, to determine if the desired
conditions at the inlet of the filtering system were
achievable for different venting strategies.

To satisfy step 4 of the methodology, previously
described filtering system geometrical model was de-
veloped and the sets of equations determining the hy-
drodynamic performance of the filtering system was
solved with the OpenFOAM package, in an Eulerian/
Lagrangian approach. The boundary and initial condi-
tions for the calculation are shown in tab. 2. Two
solvers were employed in the computational process:
rhoPorousMRSimpleFoam, to determine the steady-
-state of a compressible turbulent flow through a po-
rous media; and porous Explicit Source Reacting Par-
cel Foam, to compute aerosol transport. The equations
solved in the first step were mass, momentum and en-
ergy balances, to obtain the velocity, pressure, and
temperature fields inside the whole filtering system.
The momentum equation for a porous media in the
solver rthoPorousMR SimpleFoam was a modified

Figure 2. Development of the full scale filtering system in SALOME

Empty zone

Coarser-grain sand

Finer-grain sand

Deflector-dome zone

Figure 3. Mesh and dif-
ferent zones composing
the filtering system
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Table 2. Initial and boundary conditions for the
steady-state calculations

Inlet flow rate 3.5 kgs™, zero gradient

Inlet gas temperature 422.0K

Rate of dissipation of 0.24576
turbulence energy

Turbulence kinetic energy 0.1617

Outlet pressure Atmospheric, zero gradient

Finer sand grain diameter 0.5 mm

Coarser sand grain diameter | 0.6 mm
10.0 cms™

Nitrogen: 38.7 %, steam:
57.4 %, H2:3.9 %

Acrosol particle diameter 1.0 m

Gas velocity

Gas mixture

Navier-Stokes equation, where the time derivative is
attenuated by adding a sink term [12]. This additional
source term was the Darcy-Forchheimer equation,
consisting of a viscous and inertial loss term. The vis-
cous term led to a pressure drop proportional to veloc-
ity; while for the inertial term, the pressure drop was
proportional to velocity squared.

The OpenFoam solver needs values for the ten-
sor coefficients in the Darcy-Forchheimer equation.
For the case of a homogenous porous medium, the ten-
sor coefficient for Darcy’s Law reduces to a scalar,
which is simply the inverse of the permeability of the
media, and a simple equation to calculate it is the fol-
lowing L e 32

__ca 1
180(1—¢)? M

where B [m?] is permeability, e — the porosity, and d [m]
— the diameter of the sand particle . From this step, it is
possible to obtain curves of pressure loss vs. mass-flow
for diverse gas mixtures and different types of sand,
depths, etc.

The solver porousExplicitSourceReacting Parcel-
Foam is the part of the Lagrangian Solvers employed for
particle tracking. In this work, it was used for the tracking
of the aerosol particles injected into the gas stream at the
deflector zone. For the interaction wall-particle options,
only the rebound interaction was used. The particle
tracking allows for studies of design optimization, as for
example to determine if the aerosol distribution would be
homogenous in the sand zone.

AEROSOL COLLECTION
EFFICIENCY

Finally, for step 5, the efficiency of the filtering
system can be determined by CFD analysis, but it
would require precious computation time to assess the
large number of different scenarios during the pro-
gression of a severe accident (venting flow rates, gas
mixtures, etc.). If one, additionally, needs to test differ-
ent filtering system designs, clock time becomes a

heavy constraint. Alternatively, in engineering practi-
cal approaches, system efficiency can be first
estimated on the grounds of mechanical models. Then,
if the mandatory constraining design parameters, as ei-
ther operational pressure drop or temperature, are sat-
isfied, and also if the desired efficiency is within an ac-
ceptable range, a new CFD analysis can be applied for
specific promising designs. This is the approach fol-
lowed in this methodology.

In a primary containment, aerosol particle re-
bound, adherence, and deposition on the walls are phe-
nomena that need to be taken into account in transport
calculations. In a sand filter, however, the first conser-
vative approximation is to calculate how many parti-
cles can be trapped by sand grains, without giving
credit to adherence to walls. The collection efficiency
is simply as follows

n=1-P 2)

where 7 is the collection efficiency and P — the total
penetration in a sand filter. The first approach in this
case is to consider that one grain can trap one single
aerosol particle. Thus, the total penetration P, through-
out a bed of total length H, can be obtained from the
following

P =exp[—3“H e ] )

2d,

where 7, is the capture efficiency of a single grain, o —
(= 1.0 — porosity), and d, — the grain diameter [m].
There are different mechanisms for aerosol capture,
and correlations of 17, for each of them can be found in
literature, for example for low speed gas flows, Mann
and Goren [13] determined the expression for the re-
gimes of Brownian diffusion and sedimentation. The
expected conditions at the inlet to the sand filter from a
venting action in a BWR containment correspond to a
regime dominated by inertial impact. For this case, the
following correlation by Michaels and Goren [14] can
be used 1

14 167(A,Sthk) >

“4)

Mim

where Stk is the aerosol particle Stokes number and 4,
is a hydrodynamic shape factor, for particles that devi-
ate from spherical shape, and depends on the Reynolds
number. To calculate the Stokes number, one requires
the velocity field computed in the previous step. Thus,
one can calculate efficiencies for different sand grain
sizes, porosities, and velocity fields for a particular
sand filter design.

RESULTS

The design by Jouen [8] considered a PWR con-
tainment at 5.0 bar for venting action, and the design
pressure of the filtering system was up to 1.5 bar in or-
der to operate within a pressure drop of 1.1 bar. This
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same last value was set as the target for the model de-
veloped in this work. In a BWR Mark II containment,
venting can be initiated when the pressure is between
4.0and 4.5 kgem™2 (392266.0t0 441299.0 Pa), but the
pressure drop through the venting pipeline can be sig-
nificant. Also, devices can be used to further reduce
the pressure load reaching the inlet of a filtering sys-
tem. For a mass-flow rate of 3.5 kgs~! (see tab. 1), the
inlet pressure was 160 000.0 Pa, with atmospheric
pressure (101 325.0 Pa) as the target outlet pressure
(boundary condition). Figure 4 shows the results ob-
tained for the pressure drop though the filter system.
With this model, a maximum of 4.7 kgs™' still satisfies
the constraint of 1.1 bar.

Figure 5 shows the velocity streamlines in the
filter. The incoming gas is first deflected sideways, re-
ducing significantly the inlet velocity. The vortex zone
helps in getting a more uniform distribution of the in-
coming aerosol particles. The streamlines clearly de-
lineate the border between the sand and empty zones.
In this area, the gas velocity has been reduced to
0.1883 ms~', which is the value used for the aerosol re-
tention efficiency calculations.

Once the Eulerian fields had been determined,
the Lagragian aerosol particle tracking calculations
were carried out. One could already have the first esti-
mation of the amount of particles trapped in the vortex
zone and those capable of crossing the sand zones. The
particles were injected randomly into the gas stream at
the deflector entrance. Their size was 1.0 um. Figure 6
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130000
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110000
Empty zone

100000
0.5 1 1.5 2

Filter system height [m]

Coarser grain zone

shows the aerosol particle distribution at the moment
of injection, and fig. 7 shows the distribution 170.0
seconds afterwards. In these figures, the particles were
enlarged to facilitate visualization, so they might ap-
pear as crossing the computational domain, but this
was not the case. Figure 7 shows that the aerosols
crossing the coarser sand tended to accumulate at this
time on the periphery of the filter. Modifications to the
geometric model, for example on the initial inclination
of the deflector or when other obstacles added to
change the velocity field profile, could lead to a more
uniform particle distribution. This type of changes to
the geometric model could be quickly carried out in
SALOME.

Regarding the efficiency of the 0.6 mm (coarser
grain) sand zone for collecting the 1.0 um particles,
the results following the mechanistic model intro-
duced in the previous section showed an efficiency of
99.5 % for the velocity of 0.1883 ms™".

There are still various issues to be tackled before
the point of direct application of this methodology is
reached and models are developed of a sand-based fis-
sion product filter in case of real severe accident scenar-
i0s. Among the main physical-chemical models that
need to be added are thermal loads and the characteristics
and distributions of the volatile fission products that are
carried by the gas stream. In this work, for example, only
one value for aerosol diameter was used (1.0 pm), be-
cause it is the reference value used in the design test
phase, and also as the target value for the prototype filter-

Finer grain zone

Figure 4. OpenFoam
results of pressure drop
across the filtering system

2.5 3 3.5

Figure 5. Velocity field
on the middle plane
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Figure 6. Aerosol particle distribution at 1=0.0 s

Figure 7. Aerosol particle distribution at z=170.0 s

ing system design (see tabs. 1 and 2). Additionally, al-
though one relevant issue for this type of systems is that
hydrogen concentrations could reach combustion levels
[15], in this work hydrogen concentration was set at 3.9
%, a value below the limit for risk consideration in plant
emergency procedures. This issue, anyway, needs also to
be studied for long transient events, where hydrogen
concentrations could increase.

CONCLUSIONS

A computational methodology is presented for
the estimation of the capacity of aerosol particle reten-
tion in venting actions during a BWR severe accident.
This methodology uses a combination of CFD and
mechanistic models in the calculation procedure. To
show an application of the methodology, for the CFD
modeling part, a full scale model of a sand bed filtering
system was created. The open source, freely available,
SALOME and OpenFoam platforms were used to gen-

erate the geometric and numerical models. The filter-
ing system consisted of four sections:

— the dome, where the flow deflector was lo-
cated,

— an empty zone,

—a 0.6 mm sand grain size zone; and

—a 0.5 mm sand grain size zone.

The OpenFoam solvers used were rhoPorous
MRSimpleFoam and porousExplicit SourceReacting
ParcelFoam to determine the steady-state of a com-
pressible turbulent flow through a porous media and to
compute the aerosol particle transport, respectively.
Thatis, an Eulerian/Lagrangian approach was used for
the CFD model. Regarding the collection efficiency, a
mechanistic model based on the capture efficiency of a
single grain was used for calculations.

The model of the filtering system created in this
work is based on the design presented by Jouen [8] for
venting from a PWR containment. In this work, the
source volume was a BWR Mark II primary contain-
ment design. Velocity, pressure, and temperature
fields inside the filtering systems were obtained as the
first results. From the Lagrangian tracking of aerosol
particles, it was noted that those particles crossing the
coarser sand tend to accumulate initially at the periph-
ery of the filter. Then, from parametric studies, it was
found that mass-flows of up to 4.7 kgs ™' still satisfied
the constraint of 1.1 bar pressure drop across the sand
depth, when setting the atmospheric pressure as the
target at the filtering system outlet. Additionally, from
the mechanistic models used in this work, the effi-
ciency was determined to be 99.5 % of retention for the
1.0 m aerosol particles in the 0.6 mm sand grain zone
for gas velocity of 0.1883 ms™".

The CFD and mechanistic models introduced in
this work can easily be modified, so a wide variety of
parametric studies can be carried out, to obtain a better
initial estimation of the filter efficiency depending on
incoming gas flows, gas mixture proportions, sand bed
depths, efc.
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Henduna KYEBAC-BACKE3, Enyapro CAUH3-MEXHUA,
Xapuep OPTU3-BUTA®YEPTE, Pooepro JIOIIE3-COJIUC

PAYYHAPCKA METOJOJOI'MJA 3A INMPOLEHY 3ANPXKABAIbA
AEPOCOJIA Y CUCTEMY ®UITPUPAILA HA BA3U IIECKOBUTOI CIOJA
3A CTPATETUWJE BEHTNINPAIbLA TENKMNX AKIIMIAEHATA

Y oBOM pajly omnMcaHa je padyyHapcKa METOAOJIOrHja 3a MpOlLeHy KamauuTeTa 3ajpKaBamba
AepOCOJIHUX YeCTUla y CHCTeMY (PUITpHpama 3aCHOBAHOM Ha IECKOBUTOM ciojy. OBa MeToponoruja
KOPUCTH KOMOUHANIN]Y pauyHapcKe AUHAMUKE (hIIynia 1 MeXaHNIKUX MOfIeJIa y IIOCTYIKY U3padyHaBama.
MeToponoruja ce MpuMeRyje Ha aKkiuje BEeHTHIAlje TOKOM TEIIKOT aKIUJeHTa Yy TPUMapHOM KOHTE]-
MeHTy BWR Makr II peaxkropa. ITnardpopme SALOME u OpenFoam kopuitheHe cy 3a reHepucame
reOMETPHjCKUX U HyMEPUUKIX MOJIeJIa IyHOT OIicera cucrema 3a (puiaTpupame neckKoBUTor cioja. Ojnep -
JlarpaH:xoB npucTyn KopulitheH je 3a ofpehuBarmbe CTaMOHAPHOT CTakha KOMIIPECUOMITHOT TYPOYJISHTHOT
IIPOTOKA KPpO3 NOPO3HU MEUjyM U 3a U3pauyHaBame TPaHCIOpTa aepocosHux decrtuna. Eduxkacnoct
cakyIbalha U3padyHaTa je MOMOhy MeXaHMYKOI MOjiella 3aCHOBAHOT Ha e(MKAacCHOCTH 3axBara Iloje-
ArHAvHOT 3pHa. [Jo6ujenu OjnepoBu pe3ynTaTi YKby4yjy Hojba Op3MHEe, IPUTHCKA 1 TeMIeparype yHyTap
cucreMa 3a punTpupame. JlarpaHxoBo npaheme aepoCONHUX YECTHIA TIOKA3aN0 je ;ma gecTune Koje
poJIa3e KPO3 KPYIHU]H IECaK UMajy TCHACHIM]Y 1a Ce MHUIUjaTHO aKyMYyIHpajy Ha iepucepuju punrepa.
ITapamerapcke cryamje mokasaine cy ga nporouu mace jgo 4.7 kgs™' 3ajmoBoibaBajy orpaHuuerme naja
nputucka of 1.1 6apa no gyounu necka. [Topep Tora, yrBpbeHa je epukacHocT 3ajpxkaBama off 99.5 % 3a
gecruie aepocosa o 1.0 pm y 308 necka o 0.6 mm, 3a 6p3uny raca oj1 0.1883 ms™!

Kwyune peuu: Mark 11, inexcax akyuoenin, OpenFoam, SALOME, aepocoa, cucitiem 3a ¢puaitipuparse,
egpuxacHociu



