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Abstract

The research focuses on making flow and thermal calculations for the pulverized coal systems, pulverized coal
feeding and combustion of gas coal in the TPP-210A boiler in order to develop major engineering solutions for
converting the station 3 boiler to gas coal. It also aims to assess the temperature conditions of safe operation of the
boiler heating surfaces, following the formulation of major engineering solutions. Based on the analysis of the options
and experience of the technical modernization of the station 4 boiler, the process flow diagram for gas coal
pulverization was constructed with the maximum use of the available equipment and in compliance with the effective
fire and explosion hazard regulations. There were performed flow and heat calculations of the pulverized coal system
for the selected option in the operation and start/stop modes with determining the drying capacity of the pulverized
coal system and the range of pulverized coal rate for different coal grades. The coal-air mixture speed in the
pulverized coal ducts and burner channels was calculated and recommendations for the adaptation of the existing
burners for gas coal were formulated. The choice of the pulverized coal system for the station 3 boiler with the
maximum use of the available equipment and in keeping with RD 34.03.352-89 (Explosion Hazard Regulations for
Fuel Feed, Pulverized-Coal and Combustion Systems) and other regulatory requirements was substantiated.
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1. Statement of the research problem

Under the Ukraine’s President Decree No. 37/2017 “On the Resolution of the National Security and Defence
Council of Ukraine of February 16, 2017 “On Immediate Measures for the Elimination of Threats to Ukraine’s
Energy Security and Strengthening of Vital Infrastructure” and according to the schedule of repairs of major
equipment of thermal power stations (Annex 2 to the Order No. 622 of the Ministry of Energy and Coal Mining of
September 25, 2017 “On Preparation of Power Plants and Heating Networks to the Reliable and Efficient Operation
in 2018 and Autumn/Winter 2019”), considering the positive experience of the technical modernization of the station
4 power generation unit of the Trypillia Thermal Power Station appertaining to its converting to gas coal, there arose
the need for the development of design documentation and implementation of the measures aimed at converting the
300 MW pulverized coal power generation unit of the station 3 of the Trypillia Thermal Power Station to gas coal.

Therefore, the study aims at the analysis of the options, including the experience of the technical modernization
of the station 4 power generation unit, pre-design calculations of the process flow diagrams for the systems of
pulverization, pulverized coal feeding into the boiler and combustion in the TPP-210A boiler of the station 3 power
generation unit of the Trypillia Thermal Power Station of gas flame coal and long flame coal (G and DG grades) with
the maximum use of the available equipment packaging at different loads and for the starts and stops. It also provides
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for the assessment of the viable range of the power generation unit capacity when operating on G and DG grades of
coal and substantiation of the set of engineering solutions for converting the station 3 boiler to gas coal.

2. Analysis of the recent publications and studies

In 2017, because of the termination of the Donetsk anthracite supply [1], [2] and according to the Ukraine’s
President Decree No. 37/2017, it was resolved to convert the station 4 boiler unit of the Trypillia Thermal Power
Station to the combustion of gas coal. Within the framework of this project, the Institute of Renewable Energy of the
National Academy the Sciences of Ukraine carried out the pre-design analysis of the options and design
substantiation of the engineering solutions.

The major engineering solutions for the technical modernization of the station 4 boiler unit, as substantiated by
the Institute of Renewable Energy of the National Academy the Sciences of Ukraine (as compared to the solutions
applied to the boilers of the stations 2, 5 of the Zmiiv Thermal Power Station) consisted in the following [3], [4]:

o the number of coal pulverization systems was reduced from three to two (from one 100 MW system to one 150
MW system, or per section);

o the use of two available hot-blast fans (HBF) as flue gas recirculation fans (FGRF) to ensure gas drying was
substantiated;

e instead of four external cyclones, for the purification of the output flue gases it was proposed to install two
compact ash collectors in the existing flue-gas duct;

e instead of inert gas flow at the temperature 130-170 °C from the inert gas fan (IGF) used for cooling at the
start, scheduled or emergency stop of the coal pulverizer, the use of two spray gas coolers for cooling the gas
flow from the FGRF was substantiated;

e instead of replacing the coal pulverizer fans (PF) with more powerful ones, it was substantiated that the
existing PFs can be preserved due to the arrangement of transportation of high-concentration pulverized coal
under a vacuum (HCPCv) with equipping the pulverized coal bunker with rotary-vane pulverized coal feeder in
order to eliminate the air infiltration into the bunker via the pulverized coal leakages;

e instead of replacing the burners, it was substantiated that the existing burners can be used subject to their
modernization and switching to the once-through vortex mode. The selected option provided for feeding the
used drying agent to the primary air ducts of the main end burners instead of the dump burners. The other ducts
(for the middle main burners, also the primary air duct) are fed with hot air. The pulverized coal is fed into the
central duct of all the burners by the HCPCv steam ejectors. At that, the size dimensions of the burners do not
change, except for the front ends of the central and primary air ducts, which are reduced 0.2-0.3-fold of the
external dimeter of the burner (i.e. by 0.3-0.4 m).

The flow diagram of the burner with HCPCv after the reconstruction is shown in Fig.1. All the engineering
solutions listed above were implemented during the technical modernization. As a result, the station 4 power
generation unit was successfully launched and put into operation on gas coal; it has already functioned for over three
months both in the double-section mode and each section functioning separately.

The boiler operation period showed that:

o the drying and pulverizing capacities of the pulverized coal systems on gas coal corresponded to the designed
values; the HCPCv system operated steadily; there were no recorded cases of uncontrollable temperature
increases and puffs in the pulverized coal system elements;

o the ash collectors demonstrated a sufficient effectiveness, no erosion of the HBF blades was observed;

o the flame length appeared to be shorter than the anthracite flame’s and its value was such as to ensure steady
ignition of the pulverized coal within a wide range of quality and loads of the boiler but too long to prevent
scorching of the end elements of the burner; the pulsating feed of the pulverized coal did not interfere with the
boiler operation; there were no recorded cases of pulverized coal separation to the bottom;

o the temperature modes of combustion corresponded to the design ones; the discharge of the liquid slag was
unimpeded within the whole range of load regulation; there were no recorded authenticated cases of slagging
of the platens caused by the drawing-up of the flame when combusting gas coal; there was no overheating-
caused damage of the screen walls;
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o within the period of operation and trial runs, the boiler unit reached the steam rate of 950-980 t/hr., and the
electrical power of the unit was 270-280 MW (the reduction in the power with reference to the design value is
caused by the above-mentioned decrease in the parameters of the main steam and reheat steam, aging and
wearing out of the turbine and generator, insufficient performance of the fans at the available level of
infiltration into the convection shaft and regenerative air heater (RAH);

e technical and economic indicators of combustion corresponded to those typical for pulverized coal boiler units

on gas coal.
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Fig.1. The flow diagram of adapting the existing burner of the station 4 TPP-210A boiler to gas coal.

At the same time, certain difficulties were revealed during the operation, which are being gradually eliminated at
the starting-up and adjustment of the boiler but should be considered when developing engineering solutions for
converting the station 3 boiler to gas coal.

1) The characteristics of the flue gases in the sampling cross-section on the section A appeared to correspond to
the design values. On the section B, because of the local infiltration of cold air into the convective shaft upwards of
the sampling cross-section, in the cross-section itself the oxygen level and temperature gradients were found to be so
high that the oxygen level in the flue gas samples exceeded 10%, and their temperature was 100-120 °C below the
design value. This problem was solved mainly owing to the installation of a deflector baffle above the sampling
cross-section on the side of the mentioned infiltration. This said, for the station 3 boiler it is proposed that the flue
gases should be sampled not from the wall zone but integrally from the flow in the design sampling cross-
section (according to the water economizer). In the process of design, it is also necessary to consider adapting the
infiltration path and HBF output to ensure the reduction of the draft loss with the optimization of the flue gas ducts,
elimination of the local resistances, spare slide valves, etc.

2) The HBF production capacity appeared to be lower than the design value probably because of the additional
pressure difference in the output duct. Due to that, the pressure at the pulverizer inlet for the closed air admixing
sometimes exceeded 100 mm H,O. To avoid excessive pressure drop at the pulverizer inlet, on the pulverized coal
systems of the station 4 boiler the admixing of hot and cold air are opened; this is envisaged in the design project but
causes the risk of over 16% exceedance of the oxygen concentration in the drying agent. This considered, for the
station 3 boiler, increasing the HBF production capacity within the available range of the electric drive power or
replacing the existing HBF with a one with a higher production capacity are considered.

3) After the lengthy adjustment aimed at selecting the optimal water pressure at the inlet of the spray coolers
depending on the temperature of the flue gases, the system proved feasible and efficient for maintaining a safe
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temperature of the drying agent in the modes of the pulverizer burnout. At the same time, due to the incomplete
evaporation of the sprayed water and/or uneven temperature distribution in the flow, there is still observed a discharge
of the collected condensate from the coolers. This considered and in order to provide an additional means of coal-air
mixture temperature control when pulverizing dry run-of-mine coal, the station proposes additional equipping of
the pulverized coal systems of the station 3 boiler with an inert gas fan (IGF), using spray coolers mostly for
emergency spray in compliance with the RD 34.03.352-89 regulations.

4) The option of feeding the used drying agent to the primary air ducts of the main end burners instead of the
dump burners with hot air feed into the other ducts (for the middle main burners, also into the primary air duct) and
pulverized coal into the central duct of all the burners by the HCPCv steam ejectors proved to be feasible and
efficient, in particular with respect to the gas speed in the burner duct for obtaining the flame with an optimal length
and with respect to the pulverized coal combustion efficiency. At the same time, this option turned out to be quite
complicated in terms of adjustment and routine regulation. Firstly, due to the presence of 10-15% pulverized coal in
the used drying agent, for equal productivities of all the pulverized coal feeders the middle burners get on average by
13% less pulverized coal than the end burners. This can be prevented either by separate regulation of the productivity
of the pulverized coal feeders or by regulation the blade gaps. Second, for the adopted scheme of distributing the air
flow between the main burners’ louvers, the drying agent flow into the primary air duct of the end burners remains
unchanged as the load changes, and the hot air flow into the primary air duct of the middle burners changes
depending on the boiler load. This makes it necessary to regulate the air distribution between the louvers of different
burners. This considered, for the station 3 boiler unit, the station proposed considering the possibility of the used
drying agent discharge onto the existing dump burners.

5) For the schematic diagram of the pulverized coal system proposed and implemented in the station 4 boiler, it
was recommended that coal with moisture of over 8% should be used, which enabled simplifying the schematic
diagram by abandoning the drying agent recirculation from the PF outlet into the pulverizer inlet. Among the gas coal
types proposed for supply to the Trypillia Thermal Power Station there is Lviv-Volyn run-of-mine coal with the
moisture below 6%, which makes it imperative to go back to the issue of the drying agent recirculation for the
station 3 pulverized coal system.

6) The starting-up and adjustment process revealed that the pulverizing fineness cannot be regulated by regulating the
position of the separator flaps (when the flaps are completely open, the pulverizing fineness becomes no coarser than 19%
residue on a Rgy mesh, whereas the norm prescribes Rgg > 20-24%). For further regulation of the pulverizing fineness, it is
planned that the internal piece of the separator should be shortened from 1/3 to 2/3 of its current length.

In addition, the thermal power station staff reports a significantly higher slag output for the operation of the
station 4 boiler on gas coal. Taking into consideration that the ash content of gas coal rose only slightly, as compared
to anthracite, this suggests that an increased portion of the ash is discharged with the slag aq and is correlated
with the GKD 34.09.103-96 data for a half-open combustion chamber (ag = 0.15 for anthracite and ay = 0.2-0.3 for
gas coal). This should be considered in a verification zoned thermal calculation of the combustion chamber and when
forming a list of additional equipment.

For performing the corresponding calculations, it is necessary to select a sample fuel to be used for the operation
of the modernized boiler unit. The experience of the technical modernization of the station 4 boiler unit showed that
the criteria for selecting a sample fuel should include not only the calorific value, ash content and total moisture, but
also the sulphur content determining the expected levels of sulphur dioxide, which must not exceed the permissible
value. The expected fly ash emissions after the existing electric filters must also be below the permissible level.

For the selection of a sample fuel, the following coal types were proposed:
e DGR 0-200 mm run-of-mine coal, Novovolynsk Coal Mine 9, Volynvuhillia State-Run Company, (Certificate

No. 22);

® G(G2) R 0-200 mm run-of-mine coal, Stepova Coal Mine, Volynvuhillia State-Run Company, (Certificate
No. 186);

e DG 0-100 mm coal concentrate, Pavlohrad Coal-Preparation Plant, DTEK Pavlohradcoal PRISC (Certificate
No. 204).

The main characteristics of the proposed coal types are presented in Table 1.
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Table 1. The characteristics of the proposed coal types and sample coal mixture.

Characteristic DGR G(G2)R DG 0-100 Mixture 40%G(G2)R Cert. No. 186 + 60%DG
Cert. No. 22 Cert. No. 186 Cert. No. 204 0-100 Cert. No. 204

WY, % 48 6.5 15.1 11,66
W, % 4.25 1.93 477 36
A% % 29.5 27.8 20.6 21.74
VE o 39.9 375 42.3 39.5
S% % 1.4 2.0 1.25 1.47

Q/", keal/kg 4934 5212 5178 5195
C™ % 82.18 82.15 86.27 56.27
H%™ 9% 5.72 5.95 4.32 3,43
0% % 10.18 8.41 7.22 5.22
N% o4 1.60 1.60 1.60 1.07
ST % 0.32 1.89 0.59 -
A, % 28.08 25.99 17.49 20.89
C’, % 54.23 54.96 57.58 56.53
H', % 3.77 3.98 2.88 3.32
0", % 6.72 5.63 4.82 5.14
N', % 1.06 1.07 1.07 1.07
S, % 1.33 1.87 1.06 1.38
ta, °C > 1400 1210 1270 1240
tc, °C > 1400 1290 1360 1330
HGI 62 68 56 62

The preliminary estimates showed that the Certificate No. 186 coal does not conform to the sulphur dioxide
permissible level regulations. The sulphur dioxide level for the Certificate No. 204 coal is well below the permissible
level, but its moisture exceeds the drying capacity of the pulverizers. Therefore, the Certificate N0.22 was taken as
the first sample fuel and the mixture 40% Certificate No. 186 coal and 60% Certificate No. 204 coal was used as the
second sample fuel. The characteristics of this mixture are also presented in Table 1.

3. Aim of the research

The study focuses on the analysis of the technical modernization options, including the experience of the station
4 power generation unit, pre-design calculations of the process flow diagrams for the pulverized coal systems,
pulverized coal feeding into the boiler and combustion of G and DG coal grades in the TPP-210A boiler of the station
3 power generation unit of the Trypillia Thermal Power Station with maximum preservation of the available
equipment packaging at different loads, at the starts and stops. It also provides for the assessment of the viable range
of the power generation unit capacity when operating on G and DG coal grades and substantiation of the set of
engineering solutions for converting the station 3 boiler to gas coal.

4. Results and their discussion

4.1. Engineering solutions and results of the flow and thermal calculations of the pulverized coal system in
the operation modes at different loads

The flow and thermal calculation of the pulverized coal system was performed using the standard method with
some simplifications due to its verifying nature:

o the optimal loading of the balls and optimal flow of the drying agent through the pulverizer were not calculated
and were taken as known data;

o the recirculation of the drying agent from the PF outlet into the pulverizer inlet was not used in the first
approximation;

o for the set values of the PF flow and levels of cold air (CA) infiltration, the proportion of the flows of the flue
gases (FG), hot air (HA) and CA varied until the moment when the imbalance became below * 0.2% for the
oxygen concentration of no more than 16%.

The selection of the design pulverized coal moisture relied on the fact that to ensure a sufficient flowability, on
the one hand, and to avoid over-drying of the pulverized coal for preventing increase in its explosiveness, on the
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other, the optimal range of the pulverized coal moisture is W™ = (0.5 — 1.0)W™, where W" is the hygroscopic
moisture (see Table 2).

The calculation considered that in the first approximation the output of the exhaust fans in real m® is
temperature-independent. In contrast to the calculations for the boiler of the station 4 power generation unit, the
calculation included the inert gas flow from IGF, which was obligatory in the burnout modes and in the operation
modes when required.

Table 2. The main results of the flow and thermal calculations of the pulverized coal systems of the station 3 boiler for the sample
coal (DGR) for the reduced infiltration levels

Load, % 100% 90% 80% 70%
Source data:

Pulverized coal rate, t/hr. 68,2 61,4 54,6 47,8
Calorific value, kcal/kg 4934 4934 4934 4934
Stoichiometric air flow, nm*/t 5746 5746 5746 5746
Number of pulverized coal systems 2 2 2 2
Coal equivalent rate per boiler, t/hr. 96.1 86.6 77.0 67.3
Boiler heat output, Geal/hr. 610 549 488 427
Boiler heat output, % of the rated value 1.000 0.900 0.800 0.700
Coal moisture, % 48 48 4.8 4.8
Pulverized coal moisture, % 2.0 2.0 2.0 2.0
Evaporated moisture, t/hr. 1.95 1.75 1.56 136
PF flow, thou. m%hr. 125.0 125.0 125.0 125.0
PF flow, thou. nm3/hr. 90.3 89.8 88.2 87.3
FG flow, thou. m3/hr. 83.1 80.9 82.6 82.9
FG flow, thou. nm®/hr. 36.4 355 36.2 36.9
HA flow, thou. m%hr. 0.0 0.0 0.0 0.0
HA flow, thou. nm3/hr. 0.0 0.0 0.0 0.0
CA (admixture) flow, thou. m%hr. 23.8 24.6 22.2 20.7
CA (admixture) flow, thou. nm3hr. 215 22.2 20.0 18.7
CA infiltration, thou. m%/hr. 333 333 33.3 33.3
CA infiltration, thou. nm¥hr. 30.0 30.0 30.0 30.0
CA infiltration, % 51.9 52.1 53.3 54.0
IG flow, thou. m3/hr. 0.0 0.0 0.0 0.0
IG flow, thou. m3/hr. 0.0 0,0 0.0 0.0
FG temperature, °C 350 350 350 340
HA temperature, °C 320 320 320 320
CA temperature, °C 30 30 30 30
1G temperature, °C 130 130 130 130
O, concentration in FG, % 6.62 6.97 7.42 7.84
H,0 concentration in FG, % 7.35 7.20 7.08 6.94
O, concentration in 1G, % 8.87 9.06 9.26 9.46
H,0 concentration in IG, % 6.60 6.53 6.47 6.40
Temperature after the pulverizer, °C 105 107 114 118
Generated heat, Mcal/hr.:

Drying agent heat 4259.9 4148.7 4236.4 4195.0
Heat from the milling bodies 1231.4 1108.6 985.9 862.2
CA heat 486.6 4934 473.2 460.4
Heat flow rate, Mcal/hr.:

Evaporation heat 1255.6 1132.0 1011.8 887.4
Heat of the used drying agent 2957.6 3005.2 3152.4 3238.9
Heat capacity of the dried pulverized coal, Kcal/(kg-K) 0.26 0.26 0.26 0.26
Heat for pulverized coal heating 1464.2 1349.2 1296.3 1181.9
Wall heat loss 293.2 264.0 234.7 205.3
Imbalance, % 0.1 0.0 0.0 0.1
In the used drying agent:

H0, % by vol. 7.1 6.7 6.6 6.3
Dew point, °C 40.6 39.8 39.2 38.6
02, % by vol. 14.4 14.7 14.7 14.7
0Oy, % by vol. dry 15.4 15.7 15.7 15.7
Speed at PF output, m/s 254 254 254 254
Speed after the flow splitter, m/s 37.9 37.9 37.9 37.9
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Table 3. The main results of the flow and thermal calculations of the pulverized coal systems of the station 3 boiler for ASh and
sample fuels for the existing infiltration levels

29

Mixture
Coal ASh Cerlz?\llz. 29 40% Cert. No. 186 +
60% Cert. No. 204

Load, % max. max. min. max. min.
Source data:
Pulverized coal rate, t/hr. 40.8 68.2 47.8 64.9 45.4
Calorific value, kcal/kg 5500 4934 4934 5192 5192
Stoichiometric air flow, nm*/t 6510 5746 5746 5887 5887
Number of pulverized coal systems 3 2 2 2 2
Coal equivalent rate per boiler, t/hr. 96.2 96.1 67.3 96.2 67.3
Boiler heat output, Geal/hr. 610 610 427 610 427
Boiler heat output, % of the rated value 1.000 1.000 0.700 1.000 0.700
Coal moisture, % 8 4.8 4.8 11.7 11.7
Pulverized coal moisture, % 0.7 2.0 2.0 3.0 3.0
Evaporated moisture, t/hr. 3.02 1.95 1.36 5.82 4.07
PF flow, thou. m*hr. 120.0 125.0 125.0 125.0 125.0
PF flow, thou. nm*/hr. 85.5 90.3 88.0 95.1 92.7
FG flow, thou. m*hr. 0.0 83.1 77.0 97.2 99.9
FG flow, thou. nm®/hr. 0.0 36.4 34.3 42.6 445
HA flow, thou. m*/hr. 99.5 0.0 0.0 19.5 0.0
HA flow, thou. nm*/hr. 458 0.0 0.0 9.0 0.0
CA (admixture) flow, thou. m%hr. 0.0 17.2 12.2 0.2 8.0
CA (admixture) flow, thou. nm3/hr. 0.0 15.5 11.0 0.2 7.2
CA iinfiltration, thou. m%hr, 40.0 40.0 40.0 40.0 40.0
CA infiltration, thou. nm*/hr. 36.0 36.0 36.0 36.0 36.0
CA infiltration, % 78.6 69.4 71.6 69.5 69.7
IG flow, thou. m%hr. 0.0 0.0 7.4 0.0 0.0
IG flow, thou. m%hr. 0.0 0.0 5.0 0.0 0.0
FG temperature, °C - 350 340 350 340
HA temperature, °C 320 320 320 320 320
CA temperature, °C 30 30 30 30 30
IG temperature, °C 130 130 130 130 130
O, concentration in FG, % 21.00 6.62 7.84 6.65 7.87
H,O concentration in FG, % 0.50 7.35 6.94 6.81 6.45
0O, concentration in 1G, % 21.00 8.87 9.46 8.90 9.49
H,O concentration in 1G, % 0.50 6.60 6.40 6.15 5.97
Temperature after the pulverizer, °C 110 105 115 86 95
Generated heat, Mcal/hr.:
Drying agent heat 4690.5 4259.9 4110.5 5907.1 5059.0
Heat from the milling bodies 736.7 12314 862.2 1170.9 819.7
CA heat 340.3 486.6 444.1 3425 408.2
Heat flow rate, Mcal/hr.:
Evaporation heat 1952.0 1255.6 885.5 3695.9 2604.6
Heat of the used drying agent 2857.5 2957.6 3183.2 2425.2 2675.7
Heat capacity of the dried pulverized coal, Kcal/(kg-K) 0.23 0.26 0.26 0.26 0.26
Heat for pulverized coal heating 782.1 1464.2 1145.7 1013.0 805.9
Wall heat loss 175.4 293.2 205.3 278.8 195.2
Imbalance, % 0.0 0.1 -0.1 0.1 0.1
In the used drying agent:
H,0, % vol. 6.8 7.1 6.4 111 9.4
Dew point, °C 39.9 40.6 38.7 49.1 45.8
02, % by vol. 19.6 14.4 145 12.7 133
02, % by vol. dry 21.0 15.4 15.5 14.3 147
Speed at PF output, m/s 244 25.4 254 254 254
Speed after the flow splitter, m/s 36.4 37.9 37.9 37.9 37.9
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From the beginning, it was assumed that the cold air infiltration into the pulverized coal systems after the
reconstruction remained at the same level as it had been before the reconstruction and was in its turn determined by
the calculation of the flow and thermal balance for ASh anthracite (Table 3). However, the operation indicators of the
pulverized coal system of the station 4 boiler after the reconstruction revealed that the actual levels of infiltration into
the pulverized coal systems are significantly lower. This was considered in the major calculations for the sample fuels
at the boiler loads equal to 100, 90, 80 and 70% of the rated load (Table 2).

4.2. The analysis of the calculation results
The analysis of the calculation results suggests the following:

1) The rated load of the power generation unit operating on gas coal is achieved with as many as two pulverized
coal systems.

2) The dew point in the used drying agent does not exceed 50 °C, which prevents the risk of moisture
condensation in the elements of the pulverized coal system and at the inlets to the burners.

3) To ensure the required flow of the hot flue gases to the drier, the real output of HBF used as FGRF, taking
into consideration the need to overcome the additional pressure difference, should be no less than 100 thou. m%hr.

4) In the design calculation modes the temperature after the pulverizer does not exceed 120 °C, the oxygen
concentration in the drying agent does not exceed 16%, the coal-air mixture speed in all sections of the pulverized
coal ducts is below 25 m/s, which fully complies with the PTE and RD 34.03.352-89 regulatory requirements [5], [6].

5) The mode conditions for pulverizing the DGR coal containing 4.8% moisture and the mixture with 11.7%
moisture differ significantly. When pulverizing the moister coal mixture at the rated load, for maintaining the thermal
balance of the drier, hot air admixing is needed; when the load is reduced, maintaining the temperature after the ball-
mill pulverizer is ensured by reducing the admixing of hot air and adding cold air into the drying agent. For
pulverizing the DGR run-of-mine coal, hot air is not used: to control the temperature rise even at rated load, coal air
admixing is required. At the load equal to 70% of the rated one, in order to control the oxygen concentration in the
drying agent the temperature of the coal-air mixture should be increased to the critical value of 118 °C.

The latter fact makes it necessary to consider applying the recirculation of the used drying agent from the PF
outlet into the pulverizer inlet. In was said in [2] that the need for the recirculation of the used drying agent into the
pulverizer inlet arises when the pulverizer designed for a high drying capacity is fed with relatively dry fuel. In such a
case, either the temperature after the pulverizer must be increased or admixing of cold air must be increased with the
risk of going beyond the regulatory limits for the temperature and/or oxygen concentration after the pulverizer. The
drying agent recirculation helps reduce the temperature without adding cold air. However, at the technical
modernization of the station 4 boiler the recirculation was dismissed. On the one hand, the coal with the moisture of
over 8% was considered as a sample fuel. On the other, due to the presence of a horizontal section between the PF
and the flow splitter, the offtake of part of the coal-air mixture flow would cause the reduction of the speed down to
less than 25 m/s, which is unacceptable according to the regulatory requirements [6], [7].

The situation is different with the station 3 boiler. Firstly, the moisture of one of the sample fuels (DGR Cert.
No. 22) is 4.8%, which makes it impossible to maintain the temperature of the coal-air mixture at the acceptable level
by means of admixing cold air only. Secondly, the engineering staff of the thermal power station found a solution for
inserting a junction for the offtake for recirculation after the horizontal section, in the ascending section of the
pulverized coal duct.

4.3. Recommendations for adapting the existing burners to gas coal combustion

Based on the calculation results, instead of replacing the burners it is proposed to keep the existing burners
subject to their modernization and switching to once-through vortex mode [8]. As in case of the burners of the station
4 boiler, the pulverized coal is fed into the central duct of all the burners by the HCPCv steam ejectors. At that, the
size dimensions of the burners do not change, except for the front ends of the central and primary air ducts, which are
reduced 0.2-0.3-fold of the external dimeter of the burner (i.e. by 0.3-0.4 m).

The difference with the station 4 boiler burners is that the used drying agent is discharged onto the dump

burners. Whereas on the station 4 boiler burners the speed increase in the tubes of the burner, which is required
according to the standard OST 108.030.26, was achieved by directing the drying agent to the main burners, in the
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proposed variant the same effect is achieved by opening or switching of the external primary air duct into the
protective blow mode.

5. Conclusion

The paper presents the results of the pre-design calculations and analysis of the options for the process flow
diagrams for the pulverized coal systems, pulverized coal feeding into the boiler and combustion of gas flame coal
and long flame coal (G and DG grades) in the TPP-210A boiler of the station 3 power generation unit of the Trypillia
Thermal Power Station with the maximum preservation of the available equipment packaging at different loads and
for the starts and stops. It also provides the results of assessing the viable range of the power generating unit capacity
when operating on G and DG grades of coal.

It was established that the rated load of the power generation unit when operated on the sample gas coal is
achieved by operating only two pulverized coal systems. The dew point in the used drying agent does not exceed
50 °C, which eliminates the risk of moisture condensation in all the pulverized coal system elements and at the inlets
of the burners. To ensure the necessary flow of hot flue gases for the drying, the real output of the HBF used as FGRF
(taking into account the need to overcome the additional pressure difference) should be no less than 100 thou. m*/hr.
In all the calculation modes, the temperature after the pulverizer does not exceed 120 °C, the oxygen concentration in
the used drying agent does not exceed 16%, and the coal-air mixture speed at all sections of the pulverized coal ducts
is no less than 25 m/s, which fully complies with the PTE and RD 34.03.352-89 regulatory requirements. The mode
conditions for pulverizing the DGR coal containing 4.8% moisture and the mixture with 11.7% moisture differ
significantly. When pulverizing the moister coal mixture at the rated load, for maintaining the thermal balance of the
drier, hot air admixing is needed; when the load is reduced, maintaining the temperature after the ball-mill pulverizer
is ensured by reducing the admixing of hot air and adding cold air into the drying agent. For pulverizing the DGR
run-of-mine coal, hot air is not used: to control the temperature rise even at rated load, coal air admixing is required.
At the load equal to 70% of the rated one, in order to control the oxygen concentration in the drying agent the
temperature of the coal-air mixture should be increased to the critical value of 118 °C.

According to the calculation results, instead of replacing the burners, it is proposed to keep the existing burners
subject to their modernization and switching to the once-through vortex mode. Similarly to the station 4 boiler
burners, the pulverized coal is fed into the central duct of all the burners by the HCPCv steam ejectors. At that, the
size dimensions of the burners do not change, except for the front ends of the central and primary air ducts, which are
reduced 0.2-0.3-fold of the external dimeter of the burner (i.e. by 0.3-0.4 m).
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AHoTauis

3aBaaHHAM POOOTH € BUKOHAHHS BUTPATHO-TEINIOBUX PO3PAXYHKIB IO CHCTEMax NPUTOTYBaHHS IWITY, HOAadi
nuiIy B KoTen Ta crnamoBanHio B ko TIIII-210A Byriyuis ra3oBoi rpynu Ui BU3HAY€HHS OCHOBHUX TEXHIUYHHX
pilreHs 3 TepeBeAeHHS KOoTia CTaHIii Ne3 Ha cHamoBaHHS BYTUUIA Ta30BOi TPYIH; BHKOHAHHA PO3PAXyHKIB
3a0e3rneueHHs] TeMIlepaTypHUX YMOB Oe31eYHO] eKCIuTyaTanlii TOBEpXOHb HAarpiBy KOTJIA Micis BU3HAUCHHSI OCHOBHHUX
TEeXHIYHUX pimeHb. Ha mimcTaBi aHanmizy BapiaHTIB Ta JOCBiAy TEXHIYHOTIO MEpEeOCHAIIEHHS KOoTia craHuii Ned
BU3HAYCHO TEXHOJIOTIYHY CXEMY JUIS IIPUTOTYBaHHS MUY 3 BYTULIA Ta30BOi IPYNHU 3 MAKCHUMAaJIbHHM BHKOPHCTaHHAM
HasBHOTO OOJNAJHAHHA 1 3TiAHO 3 YHHHHMH HOPMATHBHUMH BHUMOTaMH IIOKEkKO- Ta BHOyxoOesmeku. Bukonano
BUTPATHO-TEIUIOBI PO3PaXxyHKH MUJIOCHCTEMH 32 BU3HAUECHUM BapiaHTOM B PEXKHMMax eKCIuTyaTalii Ta MyCKiB-3yNuHIB
3 BU3HAYCHHSAM CYIIMJIBHOI IPOXYKTHBHOCTI MIJIOCUCTEMH Ta Jialla30Hy BUTPATH IITY IS Pi3HOI SIKOCTI BYTLLIA.
BuKOHAaHO pO3paxyHKH IMIBUAKOCTI aepocyMillli B IHIONPOBOJAX Ta KaHAlaxX MalbHUKIB, HagaHO PeKOMEHHalii 3
ajanTtanii iCHYIOYMX MaNbHUKIB IiJ ra3zoBe Byriuisi. OOrpyHTOBaHO BHOIp CXEMH IMWJIONPUTOTYBAaHHS Ul KOTJa
crannii Ne3 3 MakcHMMalbHUM BHKOPHCTaHHSIM HasBHOTO oOnamHanHs, morpuManusm PJ] 34.03.352-89 Ta inmmx
HOPMAaTHBHHX BUMOT 3 0e3MeYHOl eKCIuTyaTalii.

KurouoBi cjioBa: aHTpanurt; Tra3oBe BYTULIA, MHJIOBHUIHE CIATIOBAHHS, MWJIO MPUTOTYBAaHHS, TEILUIOBHIMA
PO3paxyHOK.



