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Abstract: The interest to study the combustion processes has two benefits:
transformation of chemical energy to thermal energy, which basically is a source of
heat, the usage of exhaust gases as heat carrier used as a working body. For the
modelling of combustion process of lignite in “PP Kosova B” accurate data for the
analysis of dominant constituents were used. The Methodology of this research is
based on laboratory research, famous equations of different authors and the special
program Matlab. After the substitution of input values in the program that calculates
burned moles of lignite constituents, the obtained results from the program Matlab
for excess amount of air have been systematised in tables and diagrams.
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Introduction

For the modelling of combustion process of lignite in “PP Kosova B” accurate data for the
analysis of dominant constituents is required. These constituents are: carbon, hydrogen, nitrogen,
moisture, sulphur and ash. Mass percentage of constituents in the 1 kg sample can be given as follows:
c for carbon, h for hydrogen, n for nitrogen, s for sulphur, w for the moisture and a for ash. The model
for our purpose is based on the basic knowledge for models, results from measurements, as well as on
the famous equations of different authors.

Materials and Methods

For stoichiometric analysis of the combustion of lignite granules, we rely on the results of the
measurements for physicochemical composition of powder coal. Mass percentage of the constituents'
me, My, My, Ms, My, My, and m, is given in Figure 1.

mc =25.24%

ma =16.89% my =1.99%

Mo =2.78%

my, =43.65% ms=0.14%

m, =9.31%

Figure 1. Composition of lignite that is used for combustion in “PP Kosova B”

Now let’s do the stoichiometric analysis of combustion. We identify the stoichiometric moles of
oxygen with mg, for any consumed mole of oxygen from the constituents. Constituents of lignite that
consume the oxygen are: carbon, hydrogen and sulphur. Thus for carbon we have the following
reaction:

C+0, »CO, 1)
With the burning of 1 mole of carbon, 1 mole of CO; is produced and 1 mole of oxygen is required.
So, m, for carbon will be: mg. = 1.
Similarly, for hydrogen and sulphur it will be:
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H,+0.50, - H,0 mg,, =05 (2
S+0, - SO, mg =1 3)
Determination of overall moles of oxygen for kg of fuel (Ms) is done by multiplying individual value

of m of consumed oxygen by each constituent according to its mass percentage, and then after
summing them up we obtain the equation (Demneri et al., 2003):

m
M, = Mo op—He M -s—i-o
12 2 32 32 @)
Mo=—c+ 22pets- L

12 2 32 32
Now let’s determine the stoichiometric mass of air (Lo) for kg of fuel. As the mass percentage of
oxygen in atmospheres air is 0.23, equation (5) follows:

L, = 0123 x32x My, [kg air/kg of combustibles] (5)
The volume of dry air is determined by dividing L, by the density of the air that in STP is 1.293 kg/m®:
L
= en ()
1.293

In order to provide a more complete combustion of the fuel in the boilers, it is often required to insert
air in one more boiler that it is theoretically required \°. Coefficient of excess air (1) usually has a
range value 1.1-1.5 (Black and Veatch). Therefore the required volume of air for the actual
combustion process will be,
V=21V° (7)

Combustion products can be identified by assuming that a complete combustion takes place in the
boiler. Combustion products are: CO,, SO,, N,, excess of oxygen (O,) and water vapour (H,O). In
order to take the right equation for calculations, it would be useful to take into consideration the
concept for theoretical volume of combustion products (\/C‘,’)),which is a result of the need for the

theoretical value of air.

Vc(;)) :Vcoz "'Vso2 +Vr\?2 +V|-(|)Zo )
The volume of CO, for kg of fuel is given by the equation (9)):
Voo, = (22.41/12)-c =1.86- ¢, [ M3y, /kg of combustibles] (9)

Mass of carbon dioxide (mcoz) in combustion product can be calculated using equation (9) and the

density of carbon dioxide that in STP is 1.977 kg/m®.
Volume of SO, for kg of fuel is given by the equation (10):

Vo, = (22.41/32)-5=0.7-s, [m, /kg of combustibles] (10)
Sum of the equations (9) and (10) will give us the volume of triatomic gases:
Vio, =Veo, +Veo, =1.86-C+0.7-5 [m3, /kg of combustibles] (11)

Volume of nitrogen in the combustion product will be:

Ve =079v0 4 224

-n=0.79-V°+0.8-n, [m_/kg of combustibles] (12)

Mass of the nitrogen in the products of combustion is calculated by the equation (12) and the density
of nitrogen that in STP is 1.25 kg/m®.
Theoretical volume of exiting dry gases is the sum of equations (11) and (12),

Vg(ih =Vro, +VN°2 =1.86-c+0.7-s+0.79-V° +0.8-n (13)
Water vapour in the combustion products comes from the combustion of hydrogen and from the
moisture that is found in the fuel. If we assume that 1 kg of dry air contains 10g of moisture, then the

amount of water vapour in the combustion products is given by the following equation (Black &
Veatch, 1996).
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my,o =9-h+w+0.013V° [kgy, ,/kg of combustibles] (14)
Thus theoretical volume of water vapour will be:
VI-(I) o~ mgzo /szo (15)

Water vapour in the combustion products is overheated when the partial pressure is low, while the
temperature is high. Assuming that water vapour behaves according to Avogadro’s law, the value of

Pu,o 1s obtained from the relation below:

Ph,0 =18.016/22.41=0.804kg /m* (16)

thus,
0 0
V. 9-h+w+0.013V _ 9-h+w+0.013V [ kg of comb.] a7)
2 Ph,0 0.804 :

Viio =11.19-h+1.24-w+0.0161V°, [m}, , /kg of combustibles] (18)
Including the amount of excess air (A >1), the actual volume of dry gases will be:

Vi =V +(A-1)V° (19)
where: (4 —1) is excess of air.
Similarly, the actual volume of ware vapour is:

V.0 :V,f20 +0.0161(1 -1V ° (20)
The total volume of gases for kg of fuel will be:

Vy =Veo, +Vy, +Vy 0 +(A-1V° (21)
VVolume fraction of triatomic gases, i.e. water vapour will be:

\Y Vv
oo, = 0 T = (22)
VG Vg

From the total mass balance, mass of the gases will be:

m, =1-a+1.306xAxV° (23)

Results and Discussion

After substituting the input values in the program for calculating the consumed moles of gas
constituents, the obtained results from the program Matlab for excess of air are systematised in table 1
and shown in Figure 2.
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Figure 2. Excess air dependent composition of combustion products of lignite in “PP Kosovo B”
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Table 1. Impact of excess air in the parameters of combustion process in “PP Kosova B”

Parameters of ﬂ,
stoichiometric model 11 12 13 14

M, 0.02518 0.02518 0.02518 0.02518
Lo 3.48940 3.48940 3.48940 3.48940

M real air 3.83834 4.18728 4.53622 4.88516
VO 2.69869 2.69869 2.69869 2.69869
Vcoo 0.46946 0.46946 0.46946 0.46946
Mco2 0.92813 0.92813 0.92813 0.92813
Vso2 0.00098 0.00098 0.00098 0.00098
Mso2 0.00029 0.00029 0.00029 0.00029
VRro2 0.46956 0.46956 0.46956 0.46956
Voo 2.20644 2.20644 2.20644 2.20644
Vo, 2.67600 2.67600 2.67600 2.67600
V%o 0.78787 0.78787 0.78787 0.78787
Vg 2.94587 3.21574 3.48561 3.75548
Vo0 0.79221 0.79656 0.80090 0.80525
M0 0.63694 0.64043 0.64393 0.64742
Vg 3.73809 4.01230 4.28651 4.56073
Mo 3.02455 3.29104 3.55754 3.82404
Mo> 0.07260 0.14519 0.21779 0.29039
Mygq 4.03541 4.38435 4.73329 5.08223
rro2 0.12562 0.11703 0.10954 0.10296
20 0.21193 0.19853 0.18684 0.17656
mq 4.70803 5.06048 5.41293 5.76538
P4 1.25948 1.26124 1.26278 1.26414

Conclusions
Based on the results from the analysis of lignite that is used in “PP Kosova B” and other calculations
we conclude that:

e During the combustion process of lignite in the boilers of “PP Kosova B”, regardless of the
increasing of excess air, the value of the following parameters doesn’t change: volume and
mass of CO,, SO,, other triatomic gases, volume of nitrogen in STP, dry gases, water vapour,
overall number of moles of oxygen for kg of fuel, stoichiometric mass of air for kg of fuel.

e During the combustion process of lignite in the boilers of “PP Kosova B”, with increasing of
excess air the value of the following parameters increases: volume and mass of real air, dry
gases, nitrogen and oxygen, density of gases, whereas the volume fraction of triatomic gases
and water vapour decreases.
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