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This paper presents results of the analyses obtained by numerical

simulation for the possibilities of increasing the wear resistance of the
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ventilation mill working parts for coal grinding in the Kostolac B power
plant. The possibilities for modification are based on 3D numerical
simulation of multiphase flow of ventilation mill. Mineral materials during
the process of milling in the ventilation mill cause strong wear of the
suction plates. The multiphase flow simulations are performed in order to
obtain the mineral materials paths and velocity vectors. The mixture model
of the Euler—Euler approach is used. The results obtained in the numerical
simulation serve for the selection of an optimal redesign of the suction
plates. The application of this approach can reduce the number of possible
repairs and extends the period between them, resulting in significant
economic effects.
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1. INTRODUCTION

Wear is one of main failure mechanism materials and
equipment and exists in many industrial fields, such as
metallurgy, mining industries, energy sources and
construction industry. Hardfacing coatings have been used
widely in these industries because of the coatings’
excellence on abrasive wear resistance [1-3]. Wear rate for
the hard coatings is controlled by several factors such as
the size and distribution of the carbide particles, hardness
of the carbide particles relative to the abrasive, properties
of the matrix and its volume fraction and the coating
process, which determines the coating characteristics such
as the phases, density and micro-hardness [2-4].

The main aim of this paper is to increase the wear
resistance of the suction plates of ventilation mill for
coal grinding in power plants in order to define optimal
technology of revitalization by hardfacing. Working
parts of the device during exploitation are dominantly
exposed to wear, whose consequences are the reduction
in mill production capacity and its ventilatory effects
compared to the projected value, as well as frequent
delays due to parts replacements, which significantly
affects the productivity, economy and energy-efficiency
of the system. [2-4].

Multidisciplinary research of ventilation mills of
thermal power plants includes a variety of theoretical,
numerical, empirical and experimental methods of flow
research. [6-10]

The literature shows the worldwide usage of
numerical methods for different applications, simulation
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of the flow in complex industrial devices, plants, mixture
channels, burners and combustion, as presented in papers
[1, 2, 4-11]. Many numerical studies have been
conducted for simple models or parts in thermal power
plants, but authors didn't find the numerical simulation of
the multiphase flow in the whole, real ventilation mill.

In this paper, a numerical simulation method is used
to investigate the complex, multiphase flow in the
ventilation mills in thermo power plant Kostolac B in
Serbia, by CFD software package ANSYS FLUENT.
Previous research in this ventilation mill for mill impact
plates redesigning, confirmed numerical simulation as a
good tool for reducing the number of experiments and for
a more precise analysis of conditions for implementing
appropriate hardfacing technology. The experiment has
been continued in order to examine other parts of the mill
exposed to the greatest wear. Due to the high velocity of
mineral particles, pronounced wear of the grinding wheel
elements and mill walls, there occurs decreasing of the
time period between two repairs and their lifespan. The
particle interaction with the surface of suction plates in a
two-phase gas—solid particle flow is analyzed in this
paper. Critical locations, exposed to the most intense
wear were taken into consideration for revitalization, and
were determined based on the results of the flow nume-
rical simulation; vectors of the velocity and distribution
of particles in the ventilation mill [1-3, 6-12].

Revitalization represents a unique process, and that
is the reason why in practice there are no standard
procedures for defining and applying the most optimal
technology of reparation by hardfacing, or the
assessment of remaining life of repaired components.
Numerical simulation is used to achieve better
uderstanding of the behaviour of the mixture (coil and
other mineral particles); their attack angle on the
working part, can be used for determination of a
dominant wear mechanism.
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2. VENTILATION MILL AND NUMERICAL
SIMULATION

Ventilation mill is a very important system and its
operation has a significant influence on the level of
power plant efficiency. In ventilation mill there is
predominantly abrasive wear and erosion at elevated
temperatures. In the Kostolac B power plant, coal is
ground in the ventilation mills. The system includes
eight ventilation mills of EVT N 270.45 type, with a
nominal capacity of 76 t/h of coal. Mill-duct system in
the Kostolac B power plant is shown in the Fig. 1. The
technical characteristics of the ventilation mill are as
described in [1, 2, 11].

Figure 1. Ventilation mill

Some reconstructions of the system were performed
in order to increase the ventilation effect, mill capacity
and optimize the distribution of coal powder and
combustion process. Tests performed after the
reconstructions have shown that the distribution 70:30
of coal powder is not optimal for combustion process.
The possibility of additional reconstruction is
considered, in this case the problem of wear reducing of
the suction plates. [11-13] which are shown on Fig. 2.

Figure 2. Position of suction plates in the working well of
ventilation mill

The numerical simulation of the multiphase flow
presents the first step in identifying ways for
revitalization of the mill parts exposed to wear. By
analyzing the velocity vector, distribution of flow
mixtures, pressure on working parts, it is possible to
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locate the critical locations in the construction of the
ventilation mill. The character of multiphase flow in the
ventilation mill TE-Kostolac B is mixed by components
of the air, coal dust, sand and other minerals particles,
which is directly related to the ventilation efficiency of
the mill, as well as to the wear process of vital parts.
The changes in quality and flow of the mixture
parameters directly affect changes in the combustion
chamber and boiler plant. In addition to the efficiency of
these changes, they are directly reflected in the emission
of the combustion products.

The ANSYS FLUENT software package based on
the finite volume method is used for numerical flow
simulations. The Reynolds averaged Navier—Stokes
partial differential equations of the turbulent multiphase
flow in the mill are solved. A solution of the dispersed
gas—solid flow is obtained, where granular phases are
pulverized lignite, sand and other mineral particles. The
coal moisture is introduced as the gas phase [1-6].
Because of the memory limitations and convergence
behavior, on one side and geometry and flow
complexity, on the other side, the mixture model of the
Euler—Euler approach is chosen. The mixture model is a
simplified multiphase model that can be used in
modeling flows, where the phases move at different
velocities using the concept of slip velocities. It is
applicable to very low loading and intermediate one for
the Stokes number less than 1. The continuity,
momentum and energy equations for the mixture, the
volume fraction equations for each secondary phase,
and algebraic expressions for the relative velocities are
solved in this model. In the considered multiphase flow
the loading is very low, meaning that the gas phase
influences the solid particles by turbulence and drag, but
the particles have no influence on the gas carrier. The
mixture model is as good as full Eulerian models in the
cases where coupling between the phases is strong, or
when the interphase laws are unknown. Also,
computational expenses are very high for the Eulerian
model due to a large number of nonlinear highly
coupled transport equations.

The first step in preparation for numerical simulation
is geometrical modeling of the mill obtained from the
several part drawings. The numerical modeling
procedure of the multiphase flow in the ventilation mill
is made up of two steps. The first step is geometry
preparing and mesh generating. An unstructured
tetrahedral grid is generated by consisting of 2,996,772
volume and 706,444 surface elements. Geometric model
of the ventilation mill with air mixture channel is shown
in Fig. 3 and in Fig. 4 (arrows indicate the location of
suction plates).

The mixture of the hot recirculation gases,
pulverized coal and sand particles enters the mill inlet.
Necessary data for numerical simulation were measured
on ventilation mill and collected from data of
maintenance. The volume flow rate of the gases is about
298,000 m3/h, whereas the mass flow rate of the solid
phases is in the order of 60 t/h, i.e. 16.7 kg/s. Volume
fractions of coal and sand are 591 « 10— 5 and 1.93
10— 5, respectively. If the influence of turbulence is
obtained through the mixture k—¢ turbulence model that
is the first extension of the single-phase k—¢ model, and
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can be applied in the cases when phases separate. The
lignite powder is modelled as a mono dispersed granular
secondary phase, with a particle diameter equalling 150
pm. The particle diameter of sand is taken to be 300,
800, 1500 pum. This paper considers the results with
sands particles 1500pm. The sizes of erodent particles in
this case have increased effect on the erosion rate. The
particle weight and drag are accounted. The standard
no-slip boundary condition is applied at all walls,
including the mill impeller that rotates within 495 rpm.
The adiabatic thermal boundary condition is applied,
too. At all exits, the value of the static pressure is
defined. The velocity at the mill entry is defined in such
a way that the volume flow rate of the recirculation
gases is satisfied.

Ny

Figure 3. The geometric model of the ventilation mill with
duct and channels to the entrance at the burner
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\

Figure 4. Detail of the geometric model the ventilation mill
(arrows indicated positions of suction plates)
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In numerical simulation the solution is obtained if the
mixture of the recirculation gases, pulverized coal and sand
entered the ventilation mill. Second type of restriction is a
very complex geometry which includes the impeller mill,
mill housing, and a large number of close-packed blinds.
The results show the distribution of velocity vectors;
volume fraction of the granular phases, turbulences and
particle paths of the granular phases in the mill; attention is
focused on results related to the gas mixture and sand. The
numerical simulation of the flow shows that the highest
turbulence occurs in the transition region, from the exit of
the mill and duct, in the areas of suction plates (location is
shown by arrows Fig. 3 and Fig 4.).

Due to the process of grinding wheel rotation, the
velocity and direction of the mineral and sand particles,
acting on the suction plates, especially on their front
surfaces, are of great importance because of the
pronounced wear at these places. Absolute velocity vectors
of the mixture on the exit of the ventilation mill at the
beginning of the duct, near suction plates, are detaly shown
in detail in Fig 5. (area of suction plates is indicated by
arrows). It is shown that due to the ventilation effect of the
mill, part of the mixtures from the channels is drawn back
into the mill, which causes strong turbulence. The highest
velocity is about 140 m/s in the area where mixture goes
out from the mill into the area of the suction plates.
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Fig. 5. Velocity vectors of the mixture on the exit from the
ventilation mill, in place near suction plates and on the
start of duct
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Fig. 6. Detail velocity vectors of the mixture on the exit
from the ventilation mill, in place near suction plates and
on the start of duct (area of suction plates is shown by
arrows)

Sand particles are most abrasive, and therefore,
velocity of sand particles are especially investigated.
Figure 7. shows absolute velocity vectors of sand
particles along the walls of the mill, and in the area of
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suction plates. Based on the scale on the left side, it can
be seen that the intensity of the velocity is in the range
of about 77 m/s up to 127 m/s. The multiphase flow of
hot recirculation gases, pulverized coal and sand
particles, on the exit of the ventilation mill, in the area
of suction plates, have a very small angle to the surface
of suction plates. The maximum velocity magnitude of
sand particles is about 127 m/s, which causes damages
dominantly on the suction plate’s front surfaces.
Analysis of the velocity vectors, flow angles of the
mixture, sand and mineral materials indicates dominant
erosive wear of suction plate. The process of erosion
refers to a series of particles of mineral and sands
striking and rebounding from the surface of the suction
plates. Ductile materials have a maximum erosion rate
[20], at low angles of incidence (typically 15° to 30°),
which is dominant in this case.
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Fig. 7. Absolute velocity vectors of the particles of sands
near the walls and area of suction plates of mill
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Sand particles are most abrasive, and therefore the
velocity of sand particles is especially investigated. Figure
7. shows absolute velocity vectors of sand particles along
the walls of the mill, and in the area of the suction plates.
Based on the scale on the left side, it can be seen that the
intensity of the velocity is in the range of about 77 m/s up
to 127 m/s. The multiphase flow of hot recirculation gases,
pulverized coal and sand particles, on the exit of ventilation
mill, in the area of suction plates, have a very small angle
to the surface of the suction plates. The maximum velocity
magnitude of the sand particles that is about 127 m/s,
which causes damages of the dominantly on suction plate’s
front surfaces. The analysis of the velocity vectors, flow
angles of the mixture, sand and mineral materials indicates
dominant erosive wear of the suction plate. The process of
erosion refers to a series of particles of mineral and sands
striking and rebounding from the surface of suction plates.
Ductile materials have a maximum erosion rate [20], at low
angles of incidence (typically 15° to 30°), which is
dominant in this case.

3. CONCLUSION

The numerical simulations of the multiphase flow are
presented for a ventilation mill in the Kostolac B power
plant. The results obtained by the numerical simulation
clearly show that the CFD methods done in ANSYSS
FLUENT provide detailed analyses of flow in
ventilation mill.
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The results obtained in the simulations are using in
determination of locations, which is most exposed to
wear, due to sand, coal and other mineral particles
movement. The paper presents the results concerning
the velocity vectors of the gas mixture and the sand
particles in the mill. The maximum velocity magnitude
of sand particles is 77 m/s up to 127 m/s. One of the
most exposed parts to wear is the suction plates. The
numerical results of the velocity vector magnitude of the
sand, coal and other particles distributions in the
ventilation mill walls correspond to damages due to
wear on side walls and the suction plate’s surface. The
distribution of the gas mixture and the gas mixture
average velocity, in the area of suction plates, obtained
by numerical simulation are well matching with the
results obtained by measurement.

Based on the numerical simulation results and
experimental tests of the modal testing, the selection of
critical area, optimal hardfacing technologies and filler
materials for suction plate’s revitalization were carried out.

The application of this approach can reduce the
number of possible repairs and extends the period
between them and give significant economic effects.
The experimental tests of mill wearing parts in real
exploitation conditions show that this approach can give
good results. Research results are applied in the thermal
power plant of Kostolac B and can be used for other
parts in facilities and in similar facilities.
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HYMEPUYKA CUMYJIAIUJA MYJITU-
®A3HOI' CTPYJABBA OKO YCUCHHX IIVIOYA
BEHTWJIAIIMOHOI' MJIMHA Y ®YHKIINJU
MMPOAYKETKA NPEOCTAJIOI PAJHOI' BEKA

Mapxko Puctuh, Paguna Ilpoxuh-IlBeTkoBuh,
Mupko Ko3uh, CiaBuna Puctuh,
Mupko IHapumuh

Ogaj pan npectaBba MoryhHocT kopuiihema pesnrata
HYMEpPHUKUX CUMYJIAIH]ja, 32 CMambehe Xadama paJHuX
JIeJIOBAa BEHTWJIALMOHOT MIIMHA 32 MIICBEHE YIJba Yy
tepmoeniekTpann Kocronan b. Moryhnoct peButamn—
3alje YCHCHHMX IUIOYa BEHTWIAMOHOT MIIMHA je
3acHOBaH Ha 3D HyMepHUKoj cUMyJalju MynTH(a3HOT
CTpyjama y BEHTHJIALMOHOM MIIMHY. UBpcTe decTwuile
CMelle yrajb, MHHEpaTHE MaTepHje, IE€Cak TOKOM
TpoIeca MIIEBEHa M3a3MBajy BEIHKO Xa0ame yCHCHHX
miovda. Ilpumenom codtBepckor makera ANSYS
FLUENT 12, nobuhe ce ametajbHHjU TpUKA3 MYJITH—
(dasHor cTpyjama u Op3uHE MemaBUHE Koja omoryhyje
Jla ce Ha OCHOBY UHTEH3HMTETa M cMepa Op3uHe, Ipern3—
HHje oJpelie KPUTHYHE 30HE y KojuMma he ce mojaBuTH
omrehema KO/l YCHUCHHMX TUIOYa BEHTWJIALIMOHOT MJIMHA.
Kopumrhen je Euler—Euler monen memasune. Pesynraru
noOujeHn moMohy HyMepudke cuMyianuje KopucTtuhe
ce 3a M300p ONTHMMAaJHE TEXHOJIOTH]EC PEBHTAIM3ALH]je
YCHCHHX IUIOYa BEHTHWIAMOHOT MIiMHA. [IpuMeHOM
OBOT TIPHCTYyIIa pelIaBama IMpodiieMa CMamHo OM ce
6poj Moryhux MHTEPBEHTHUX MOIPABKH U MPOILYKHO OH
ce nepuon u3Mel)y HEONXOAHMX KOMILIETHHX PEMOHTa
NOCTpOjeha, YUMe OM Cce OCTBapWIM 3Ha4ajHU
eKOHOMCKHM edekTd ¥ yjenHo mnoBehana eHeprercka
e(pMKaCHOCT TEPMOCHEPTETCKHX arperara.
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