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Abstract: This paper deals with the numerical simulation of liquid fuel com-
bustion in a fluidized reactor using two-fluid Eulerian—Eulerian fluidized bed
modeling incorporating the kinetic theory of granular flow (KTGF) to gas and
solid phase flow prediction. The comprehensive model of the complex pro-
cesses in a fluidized combustion chamber incorporates, besides the prediction
of gas and particular phase velocity fields, the energy equations for the gas and
solid phase and the transport equations of conservation of chemical species
with the source terms due to the conversion of chemical components. Numer-
ical experiments showed that the coefficients in the model of inter-phase inter-
action drag force have a significant effect, and they have to be adjusted for
each regime of fluidization. A series of numerical experiments was performed
with combustion of liquid fuels in a fluidized bed (FB), with and without sig-
nificant water content. The given estimations were related to the unsteady state,
and the modeled period corresponds to the passing time of the flow through the
reactor column. The numerical experiments were conducted to examine the
impact of the water content in a liquid fuel on the global FB combustion kin-
etics.

Keywords: computational fluid dynamics model; combustion; fluidized bed;
two-fluid model; non-conventional fuel.

INTRODUCTION

Bubbling fluidized bed reactors with gas—solid particles is usualy employed
in industrial operations, such as energy production and petrochemical processes.
Lately these reactors were repeatedly used for the thermal disintegration (incin-
eration) of industrial waste and by-products. There are many benefits of fluidized
bed combustion of unconventional fuels (with high amounts of water and other
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378 NEMODA et al.

ballast matter). The high thermal capacity of the fluidized bed, the thermal con-
ductivity, and the intensity of heat transfer between the inert bed material and the
fuel facilitates a stable combustion process of a wide variety of unconventional
fuels, accompanied by a low sensitivity to fuel quality. The zone of intensive
combustion occupies ardatively small volume, because most of the fuel burnsin
the bed itself, and burning-off in the “splash” zone and above the bed. In addi-
tion, FB furnaces operate at lower temperatures (=~ 850 °C) that are optimal from
the aspect of decreased NOy emission in the flue gases. Moreover, these furnaces
are favorable from the viewpoint of the efficiency of in-bed desulfurization,®
when it is necessary. For these reasons, this technology is recommended by the
EU for waste matter combustion.

Experimental methods and numerical simulations are equally employed in
research and development in the fields of energy and process engineering. The
numerical models provide great opportunities for saving resources and time in
the development of facilities and technologies in these fields. However, it should
be noted that the numerical tools for ssmulation of complex processes, such as
fluidized bed (FB) combustion, are not completely developed due to difficulties
in describing complex two-phase flow and the specificity of heat and mass
transfer in bubbling fluidized bed (BFB). In addition, many of existing numerical
methods are not compliant to engineering needs, because they are complex and
require expensive computer equipment, and are therefore not suitable for deve-
lopment and engineering applications.

There are two main approaches for computational fluid dynamics (CFD)
modeling of gas—solid hydrodynamics. The first one is the Lagrangian—Eulerian
modeling approach, also called discrete particle modeling (DPM), which solves
the equations of motion individually for each particle, whereby the continuous
phase is modeled using an Eulerian framework and the trgectories of the
particles are simulated within a Lagrangian framework.1=3 In large systems of
particles, the Lagrangian—Eulerian model requires powerful computational res-
ources because of the number of the equations that are to be solved. The second
approach for modeling gas-solid flows is Eulerian—Eulerian modeling,4~’ also
called granular flow modeling (GFM), which assumes that both phases can be
considered as fluids and takes the interpenetrating effect of each phase into
consideration by using drag models. Consequently, the application of a proper
drag model in Eulerian—Eulerian modeling is very important. The Eulerian two-
fluid approach is an extension of the fluid dynamics formulation of single phase
to multiphase flow. Particles in gas—solid flow may be treated as magnified
molecules, and the analogy of their behavior to gas molecules is the reason for
the wide use of the kinetic theory of granular flow (KTGF) for modeling the
motion of particles. The KTGF approach is based on the concept of granular
temperature. The granular temperature measures these random oscillations of the
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LIQUID FUELS FB COMBUSTION MODEL 379

particles and it is defined as the average of the three variances of the velocities of
a particle. A full mathematical description of the kinetic theory is provided
elsewhere.8 In spite of detailed mathematical modeling of the complex processes
in FB, the drag laws used in two-fluid models are semi-empirical in nature.
Therefore, it is essential to use a drag law that correctly predicts the minimum
fluidization conditions where the particles are in a state of suspension because of
the balance between interfacial drag and body forces. The inter-phase interaction
drag force model by Syamlal-O'Brien® is often used; the coefficient between
fluid and solid (granular) phase in that model depends only on the phase void
fraction, but not on the fluidization conditions.

In the present study, the GFM approach was chosen for the simulation because
it requires less computational time and capacities. Here, the presented numerical
experiments are related to engineering issues, for which detailed computations
are not necessary. The different coefficients of the Syamla—O'Brien inter-phase
interaction drag force model were applied for the numerical simulation of afluid-
ized reactor, depending on the conditions of the fluidization.10 The fluidization
conditions were varied by applying different bubble fluidization intensities, bed
particle sizes, gas composition, and temperature conditions. The investigation
also includes numerical experiments of different regimes of liquid fuels com-
bustion in a FB furnace for combustion of non-conventional liquid fuels. In this
part, specia attention was paid to the influence of the water content in the fuel on
the position of the intense combustion zone and the global reaction rate.

Euler—Euler granular model of the fluidized bed

The Euler—Euler fluidized bed modeling approach considers the gas and FB
dense phase (gas—particle system under conditions of the minimum fluidization)
as two fluids with different characteristics. In the transport equations for transfer
of momentum of the effective fluid (the FB dense phase), fluid—particle inter-
actions under conditions of the minimum fluidization velocity were modeled, as
well as the interaction between the particles themselves. In the Eulerian—Eulerian
approach, all phases have the same pressure and that is the pressure of the con-
tinuous-primary phase. This model solves the continuity and momentum equa-
tions for each phase, and tracks the volume fraction. Furthermore, an additional
transport equation for the granular temperature (which represents the fluctuating
energy of the solids) is solved, and the bulk and shear viscosity of the solids are
determined using the kinetic theory of gases on granular flow.

Moreover, it is necessary to define the coefficients for calculating the inter-
phase interaction term. For modeling the interactions between gas and particle
phases, within the suggested Euler—Euler granular approach to fluidized bed
modeling, the routines incorporated in the modules of the commercial CFD soft-
ware package Fluent 6.3.26 were used. This code alows for the presence of
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severa phases within one control volume of the numerical grid, by introducing
the volume fraction of each phase. The solid phase represents a granular layer
made of spherical particles of uniform diameter. The mass and momentum con-
servation equations are solved for each phase separately.

The basic and constitutive equations of the two-fluid granular model of a
fluidized bed are given in Supplementary material to this paper.

NUMERICAL TESTS OF THE EULER-EULER GRANULAR MODEL FOR DIFFERENT
FLUIDIZATION CONDITIONS

Despite rigorous mathematical modeling of the associated physics, the drag laws used in
the model continue to be semi-empirical in nature. The semi-empirical procedure is proposed
primarily for the prediction of drag law coefficients that correspond to real minimum fluid-
ization conditions. The constants 0.8 and 2.65 in the coefficient B of the Syamlal—-O'Brien
inter-phase interaction drag force model (Egs. (12) and (13) of the Supplementary material)
are not universal, particularly when it comes to the fluidization regimes with a multi-com-
ponent fluid and under non-isothermal conditions. For this reason, the presented numerical
experiments were performed with 2D simulations of the fluidization columns with different
particle diameters and for various temperatures and gas composition for fluidization, in order
to analyze the influence of the various fluidization conditions on the choice of most suitable
values of the coefficient B constants.

For the basic multiphase calculations, a professiona package (Fluent 6.3.26) was used,
but the inter-phase interaction drag force model (Egs. (12) and (13) of the Supplementary
material) were included in the calculation with their own code using the UDF options of
Fluent.

The numerical solving of the governing equations of the Fluent Euler—Euler granular
model (Egs. (1)—(6) of the Supplementary material) was performed by the control volume
method, whereby the coupling and correction of the velocity and pressure for multiphase
flows are realized with the Phase Coupled SIMPLE (PCSIMPLE) agorithm. The discretis-
ation of the convective terms was performed with the second-order upwind scheme.

The calculations were non-stationary, with a time step of 1 ms, which allowed a rel-
atively quick convergence with a maximum of 100 iterations per time step, whereby the con-
vergence criterion between two iterations was set to 10-3. The number of time steps, i.e., the
total simulation time, was determined by the time required for the fluid to pass through the
entire reactor space. The computational domain consisted of the two zones: layer of particles
in the fluidized bed and the free flow above the fluidized bed. The entire numerical grid con-
sisted of more than 13000 nodes.

The inter-phase interaction drag force, Egs. (12) and (13) of the Supplementary material,
were included in the numerical simulation process by the specialized subroutines in the “C”
programming language (“user defined functions”), with which the user is able to upgrade
individual parts of the core Fluent code.

The proposed Euler—Euler granular model of the fluidized bed was applied on the three
fluidization regimes, the basic characteristics of which are presented in Table I. In all cases,
the theoretical value of the fluidization number was approximately three. The default cons-
tants of 0.8 and 2.65 in the coefficient B (Eq. (13) of the Supplementary material) had to be
changed for &l three regimes. Accordingly, the appropriate constants used for the simulation
of regime 1 were 0.282 and 9.077, respectively. The same constants, used for simulation of
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regimes 2 and 3 had the values of 3.2 and 0.6625, respectively. The results of numerical
simulations of treated fluidization regimes are presented in Fig. 1, which presents the dis-
tribution of the solid volume fraction during the development period of the bubbled fluid-
ization.

TABLE I. Numerica simulation cases
Reactor Particle Inlet fluidization

Regime dimensions FB height sz Particle material Fluidization as velocit
> m density, kg m3 gas 9 1 y K
m mm ms
1 1x0.15 0.15 0.3 2600 Air 0.25 300
2 0.23x0.4 0.3 0.8 2400 Air 1 300
3 0.23x0.4 0.3 0.8 2400 Air multi- 1 1200

component

@

(b)

(©
Fig. 1. Development of the solid volume fraction distribution for fluidization conditionsin
regimes: @) 1, b) 2and c) 3.
2D simulation of combustion of liquid fuelsin a fluidized combustion chamber

A comprehensive model of the complex processes in fluidized combustion chamber may
be formed by upgrading of the proposed isothermal and single component Euler—Euler
granular model of the fluidized bed, including the energy equation and the transport equations
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of chemica species conservation with the source terms due to the conversion of chemical
components. The additional equations for energy and conservation of chemical components
are presented in Egs. (1), (1b) and (2):

Energy equation of the gas phase:

0 _
8_ (agpgcp,ng) + V(agpgugcp’ng) =V [i VTQJ +
t Cpg

(13)
+V [ZagpgDi mCp,i TgVYi ] ~h(Ts-Ty)
i
Energy equation of the solid phase:
J o Ks
e (aspscp,sTs) + V(aspsuscp,s-rs) =V _VTS + h(Ts _Tg) (lb)
ot Cps
Conservation equations for chemical components:
d o
2t (agpgYi) +V(agpglgY ) =V (agpg DimVY ) +R @)

The energy balance equations for the two phases are connected through the interphase
volumetric heat transfer coefficient (h), which was given by Gunn.1! The granular conduct-
ivity coefficient has been determined using Syamlal and Gidaspow formulation.’2 Special
attention was paid to the determination of the effective thermal conductivity of the gas and
solid phase mixture.

The source term R in Eq. (2) corresponds to the chemical conversion rate of component
i. The source term of the reaction rate for component i was defined using the Arrhenius
expression:

Ea,i
RTQ

J[Yi]al v ]* 3

As the presented work is an integral part of extensive research of unconventional fuel
combustion and industrial wastes incineration, diesel fuel (CioHy,) with various water con-
tents was used as the fuel in the processed numerical experiments. Accordingly, the list of
chemical reactions that figure in treated test cases of the liquid fuels combustion in the FB,
and the corresponding coefficients in the Arrhenius equation, Eq. (3), are given in Table II.
The list includes two reactions that are not strictly chemical: the reactions of fuel devolatil-
ization and the water evaporation. The basic coefficients for the kinetics reactions for the
numerical experiments (Table I1) were taken from the literature.1314

R =Ko, eXp(—

TABLE Il. Chemical reactions list

No. Reaction o E,/Jkmaoll g ap
1 CroH22giquicy = CroH22(vapon 11.2 1.7E6 1 -
2 CygH», + 10.5 O, = 10CO + 11H,0 2.857E10 1.25E8 0.25 15
3 CO + 0.50,=C0O, 1.0E12 1.0E8 1 1
4 HZO(quuid) - Hzo(vapor) 22.39 1.7E6 1 —
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It should be noted that an actual quasi-three-phase system was treated here, that includes
the liquid phase (water and fuel in liquid state at the inlet), the gas phase (air with flue gases:
volatiles and steam) and the solid phase (inert bed particles). The numerical system was not
really a three-phase one, since equations for only two phases were used: the fluid phase,
consisting of the liquid fuel and water with gases (steam, volatiles, flue gasses and air) and the
particle phase, which consisted of agranular layer (bed) of particles.

The presented numerical experiments were applied primarily for verification of the
assumptions concerning the impact of the water content of aliquid fuel on the FB combustion
intensity. In the experiments with a pilot furnace with liquid fuel feeding into the FB,
withdrawal of the intense combustion zone was observed towards the areas below the bed
surface during the combustion of liquid fuels with a significant water content, compared to
those without water or with a low water content.1516 The emulsion of fuel (various oils) and
water were prepared in special homogenizers (heated vessel with a stirrer and heated lines to
the nozzle feeder). The detailed procedure is described elsewhere. 1516 Based on these experi-
mental results, it was concluded that the water in the fuel increased the global reaction rate of
combustion in the fluidized bed furnace. This phenomenon is associated with a sudden trans-
ition of water in the fuel to steam while entering the heated FB (= 900 °C), which causes an
expansion of the input jet and improved mixing of the fuel with oxidizer (air), as well as
breakage of the liquid (still not vaporized) fuel into small droplets thereby increasing of the
contact surface area of the fuel with the environment. The first attempts at numerical
simulation of this phenomenon were reported earlier.1’

The test case of numerical simulation of the processesin afluidized combustion chamber
was performed on the fluidization reactor of height 2.3 m and width of 0.4 m, asis shown in
the schematic view of the reactor (Fig. 2). The modeled granular bed consisted of particles of
diameter 0.8 mm and density of 2600 kg m3, where the height of the bed in the bulk condition
was 0.3 m.

Fig. 2. Schematic view of the geometry of the numerically simulated
fluidization reactor.

The fuel entered through a vertical nozzle placed axialy on the bottom of the reactor.
The nozzle for the introduction of the fuel was placed a a height of 0.05 m. Air for
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fluidization was introduced annularly as is shown in Fig. 2. The inlet temperature of the air
and fuel was ambient (300 K).

Aswas aready mentioned, diesdl (C,0H2,) with various contents of water was selected to
be the test fuel. The presented numerical experiments were performed with 0.0, 0.1, 0.2, 0.3
and 0.4 mass fractions of water in the fuel. The inlet mass flow rate of air and the pure diesel
fuel were 0.11627 and 0.002586 kg s1, respectively, in all calculations, which corresponded
to an excess air ratio of 4 = 3. In the cases when the fuel contained from 0.1 to 0.4 mass
fraction of water, the inlet total fuel mass flows were 0.00287, 0.00323, 0.00370 and 0.00431
kgssl

THE RESULTS OF THE NUMERICAL SIMULATION OF LIQUID FUEL COMBUSTION
IN THE FLUIDIZATION FURNACE

For the numerical experiments of the fluidized bed (FB) combustion, the
calculation procedure and the numerical method were the same as for the cases
treated in the numerical tests. The numerical grid shown in Fig. 2, consisting of
13130 nodes of which 3430 nodes were used for the granular bed zone, was
employed.

The computational procedure consisted of two steps. In the first step of the
calculation, the fluidization parameters were formed, according to the calcul-
ations presented in the numerical tests (Fig. 1c). The calculations were multi-
component and non-isothermal (the gas phase was heated up to 1200 K). The
matrix values of the variables calculated in the first computing step were emp-
loyed as the initial conditions for the second step of the calculation process.
Moreover, in the second step, the boundary conditions were changed introducing
the inlet fuel flow and the equations of chemical species with the source terms
due to activation of the chemical reactions. Each of the steps comprised two
simulation periods of approximately 2.5 s. After this period, it could be con-
sidered that the analyzed processes had entered a quasi-stationary state, because
further changes were minor. Accordingly, in the second computing step, the pro-
cesses were simulated from the beginning of the fuel introduction into the heated
FB, under the developed fluidization conditions, up to the end of the period of
2.5-3s.

The gas temperature distributions calculated by numerical simulation of
diesel fuel combustion in fluidized bed under the specified conditions without
moisture are shown in Fig. 3. for the period starting from 600 ms after fuel
introduction into the heated fluidized bed. The temperature field in the zone of
intense reaction in fluidized combustion chamber harmonically changed in time;
hence, quasi-stationary processes could be assumed in thistype of furnace.

The calculated temperature profiles along the fluidized reactor height for al
five mass fractions of water from 0.0 to 0.4) are shown in Fig. 4. The temperature
profiles were averaged over time for the period ranging from 2 to 3 s from the
beginning of fuel feeding into the heated FB. The changes in the radial tempe-
rature profiles versus time were not symmetric, but stochastic; hence, the vertical
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profiles in Fig. 4 represent the mass-weighted average temperature for the cross
sections along the reactor height. The ordinate in Fig. 4 is the normalized
temperature, defined as the ratio of the temperature and the maximal temperature
(Tmax) N corresponding conditions, while the abscissa represents the dimension-
less height of the furnace, which is defined as ratio between the height of the
reactor and the height of the fixed bed (Hs,). The temperature peaks and more
rapid attaining of the maximum temperature in the given diagrams were shifted
more towards the middle of the bed in the regimes with the fuel that contained
water. It could be concluded that the water content in the fuel affects, to some
degree, a withdrawal of the intense combustion zone in fluidized bed furnace
towards the lower zones. This also pointed to the fact that with fuel that con-
tained water, the location of combustion was lower, i.e., that more efficient com-
bustion was achieved. The registered effect of more a more rapid reaching of
higher temperatures during combustion was more pronounced when the mass
fractions of water in the fuel had values of 0.1 and 0.2, whereas for the higher
moisture content in the fuel, this effect was less pronounced. This indicated the
presence of a dual effect of the fuel moisture content, i.e., on the one hand, the
sudden expansion of water vapor improved the mixing of fuel and oxidizer, while
the local heat balance was reduced on the other.

Fig. 3. The change in time of the tem-
perature field in the fluidized combustion
chamber.

L Fig. 4. Cdculated temperature profiles
0.5 1 L5 2 along the fluidized reactor height for dif-
H/H,, ferent mass fraction of water in the fuel.
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The effect of the changing of combustion reaction rate due to the presence of
water in the fuel could also be analyzed by using the diagram in Fig. 5, which
shows the averaged values (in the combustion zone ared) of the summary reac-
tion kinetic rate depending on the water fraction in the fuel. These calculation
results correspond to the conditions after a period of 2 s from the beginning of
fuel feeding. Figure 5 shows that the mean reaction kinetic rate of diesel-fuel
oxidation had higher values in the cases when the fuel contained water, whereby
the dependency of the reaction rate on the moisture content in the fuel increased
suddenly when the fraction of moisture was 0.1. The noted effect of the influence
of fuel water content on the averaged fuel oxidation kinetic rate could be exp-
lained by the expansion of steam in the simulated FB, which in a number of
nodes contributed to favorable (stoichiometric and over-stoichiometric) mixtures
of fuel and oxidizer being obtained. On the other hand, higher values of the mois-
ture content in the fuel led to a decrease in the local temperature of the FB, and
then the reaction rates (according to the Arrhenius expression) were dightly lower.

Twn 7.0E-041-
' |
= odk
g 65E04
e}
od 6.0E-04]
5 SE.04 . , , . Fig. 5. Averaged kinetic rate of the summary
e 0.1 02 0.3 04 reaction of diesel-fuel oxidation depending on
Yoo the water content in the fuel.
CONCLUSIONS

A comprehensive 2D numerical model of the bubbled fluidized bed with
combustion of liquid fuels has been proposed. The developed numerical model is
based on Eulerian—Eulerian granular flow modeling with the kinetic theory of
granular flow. It includes the following basic governing equations. the continuity
equations of the solid and gas phase, the momentum conservation equations of
the gas and solid phase, the energy equations of the gas and the solid phase and
conservation equations for the chemical components.

For amore realistic simulation of eventsin the fluidized system of gas—solid
particles that include combustion processes, it is necessary to adjust the constants
of coefficient B (Egs. (12) and (13) of the Supplementary material) depending on
fluidization conditions and fluid and solid parameters. For this purpose, the
proposed Euler—Euler granular model of the fluidized bed was applied on three
different fluidization regimes.
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The presented numerical experiments were primarily applied to an inves-
tigation of the impact of the water content in aliquid fuel on the intensity of FB
combustion. The presented numerical experiments were performed with water
mass fractions of 0.0, 0.1, 0.2, 0.3 and 0.4 in diesel fuel. Within the analysis of
the results of the numerical simulation of FB combustion of the fuel with differ-
ent water contents, the temperature profiles and the mean kinetic ratio of diesel
fuel oxidation were considered.

The calculated vertical temperature profiles along the fluidized reactor
height showed that the water content in the fuel affects, to some degree, the with-
drawal of the intense combustion zone in the fluidized furnace towards the lower
zones. Moreover, the averaged kinetic rate of diesel-fuel oxidation was higher
when the fuel contained water. These two effects could be explained by an inc-
rease in the mixing intensity of the reactants and oxidizer due to steam expansion
in the FB. Furthermore, the effect of the fuel moisture content had a dual nature:
the sudden expansion of steam enhanced the mixing of fuel and oxidant, but also
reduced the local thermal equilibrium; thus, the observed effect was less pro-
nounced when the values of the water mass fraction in the fuel were higher than
0.1. Based on the analyzed results of the numerical experiments, it is could be
concluded that liquid fuels burn efficiently in afluidized bed, even if they contain
arelatively large portion of water. When it comes to diesel fuel, with water mass
fraction of 10 % had the most favorable kinetic characteristics, i.e., fuel with 10
% of water by mass required less volume for the process of combustion in the FB.

SUPPLEMENTARY MATERIAL

The basic and congtitutive equations of the two-fluid granular model of a fluidized bed
are available electronically from http://www.shd.org.rs/JSCS/, or from the corresponding
author on request.

NOMENCLATURE

a;, a»  rate exponent for the first and second reactant
Co drag coefficient

Cpg Cps 9asand solid specific heats

mass diffusion coefficient for speciesi

,m
dp, ds  particle mean diameter
E, activation energy
e restitution coefficient
g gravity acceleration
Jos radia distribution function
h heat transfer coefficient with specific surface
H height
H¢p height of the fixed bed
I unity matrix
lop second invariant of deviator of the strain rate tensor
Kgs gas/solid momentum exchange
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thermal conductivity
pre-exponential coefficient
diffusion coefficient for granular energy
pressure

universal gas constant

summary reaction rate

strain rate tensor

absolute temperature

maximal temperature in the regime
instantaneous velocity vector
species mass fraction

YiuH,0 Water mass fraction in the fuel

Greek symbols

o phase void fraction
P density

A bulk viscosity

T phase stress—strain tensor
O granular temperature
Uskin Kinetic viscosity

Uscoll  collisional viscosity

g&x

c [

8

<o fd—/nDDT

Usir frictional viscosity

1] angle of internal friction for the particle
bgs transfer rate of kinetic energy

Yos collisional dissipation energy

Indexes

b fluidized bed

g gas

S solid

i educts

j products
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n3BO[J

OBO®JIYUIHU OJIIEP-OJJIEPOBCKHU MOJEJI TPAHYJIAPHOT TOKA CATOPEBAHA
TEUHOI TOPHUBA Y PEAKTOPY C ®JIYUIU30BAHUM CJIIOJEM

CTEBAH HEMO,HA1, MUJIMLA MﬂAﬂEHOBHT}i, MMUJIMJAHA HAHPI/IKA1, IOPAI'OJbYB I[AKI/I’BZ,
AJIEKCAHJIAP EPWR' 1 MHPKO KOMATHHA®

IHHClTlmlelTl 3d HyKeapHe Hayxe ,Bunua”, Ynusepsuinew y beoipagy, beoipag, ZI/Inoeauuonu uenmap
Mawunckol paxyniueimia, Ynueep3uiteii y beoipagy, Beoipag u 3Mawuncku daxynieta,
Ynusepsuwiewi y beoipagy, beoipag

Y papmy je mpemioXKeH MOIEN HyMEpHUKe CHUMyJalldje caropeBama TEYHHX TODHBA Y
¢nynnuzoBanom cinojy (FB), koju ce 3acHuBa Ha zBo-(iyunHom Ojnep—OjnepoBckom mpH-
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CTyIy MoJenupama QIyHIU30BaHOT CI0ja y3 ogpehrBame moska dp3uHa raca ¥ 4ecTHIa y OBO-
(pasHMM rpaHyIapHAM TOKOBMMA 3aCHOBAHOT Ha aHAJIOTHMjH Ca KHHETHYKOM TEOPHjOM racosa
(RTGF). CBeobyxBaTaH Mozen KOMIUIEKCHUX ITpolieca Y GQIyuIu3alluOHOM JIOKHUIITY MOJpa-
3ymeBa, nopep ogpehupama nomka dp3uHe racHe U 4yecTHuHe (ase, UHKOPIOPUPaKke eHepreT-
CKHUX jeflHauMHA racHe W yecTHyHe ¢as3e, KA0 U TPAHCIOPTHUX jeHAYMHA XEMHjCKUX KOMIIO-
HEHTH Ca U3BOPHUM YWIAaHOBMMA KOjH IOTHYY Off KOHBEp3Hje KOMIIOHeHaTa. Hymepuuku exc-
MepUMEHTH T0Ka3yjy a u3dop koedunujeHara y uspasuma 3a Cuiie Tpema MPUINKOM HHTEp-
akuvje ¢a3a MMa H3y3eTaH 3Havaj U Jja Ce OH MOpa CIIPOBECTH MOCEDHO 3a CBAKU 3HAUYAjHO
Pa3IuuuT pexxum dyususanyje. YpaheHne cy cepuje HyMEpUUKHUX €KCIIepUMEeHaTa ca CUMY-
nauujom mpoueca caropesama y FB, ca u de3 3HauajHOr cagpxaja Boge y ropusy. IIpopauyHu
Cy HecTallMOHapHH, a MOJeIMpaHy BPEMEHCKH NEPHO OfiroBapa BPEMEHY 3a Koje rac mnpohe
LesTy BUCHHY peakTopa. M3/moxeHH HyMepHYKH eKCIIePUMEHTH Cy TPBEHCTBEHO HaMEEeHH 3a
WCTIUTHBake yTHUIAja Ccaipikaja Biare y TOPUBY HAa KHHETHUKY peakudja y (ryHIu30BaHOM
JIOKULITY.

(TTpumssero 30. janyapa, peBunupaHo 1 npuxsaheno 27. mapra 2014)
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