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ADAPTATION OF MATHEMATICAL MODEL OF MEDIUM PRESSURE 
BOILERS PARAMETERS TO REAL OPERATING CONDITIONS

Zhitarenko V., PhD(1), assoc. prof., Bejan V. ass. prof. (1), Ostapenko O. PhD, ass. prof. (2),
Yakovleva O. PhD, assoc. prof. (2)

(1) Pryazovskyi State Technical University, Mariupol
(2) Odessa National of Food Technologies, Odessa

In the last decade, highly efficient combined power plants based on modern cycles and 
processes have been actively introduced in the thermal power industry. In addition, the widespread 
use of microelectronics and computer control systems can further increase the efficiency of operation 
of both existing power plants and new ones. Increasing prices for primary energy sources and their 
scarcity require the development and implementation of a wide range of energy-saving measures. 
One of the ways of energy saving in the production of thermal energy at thermal power plants and 
boilers is to choose the optimal modes of operation of the equipment. The modes of operation are 
largely determined by the characteristics of a particular consumer: daily, weekly and seasonal load 
schedules, the structure and equipment of existing energy supply systems, and the technical ability to 
connect to centralized networks. In addition, it is necessary to consider the circuit solutions, the 
characteristics of not only the power plant and other elements of the scheme, the climatic conditions 
of the region and much more.

The issues of mathematical, technical and economic analysis of the efficiency of combined 
technologies, especially in the thermal power industry, are given special attention today. Developing 
approaches to mathematical modeling of such technologies, optimization methods and related 
software allows us to choose effective solutions that ultimately lead to a decrease in the cost of 
production.

The solution of optimal energy problems began to be engaged from the middle of the last 
century, when there were large energy systems, thermal power plants, combined heat and power 
plants.

The undisputed letters in the formation of processes of optimization in the energy sector, far 
ahead of their time appeared the works of Venikov and Hornstein, and a significant contribution to 
the development of optimization in heat power is to make the school of the Saratov Polytechnic 
Institute (now SGTU) under the leadership of A. Andryushchenko. A number of works of this 
school have not lost their significance even now [1-9].

Object of study boiler block of medium pressure of CHPP-1 of OJSC Maripol Metallurgical 
Combine named after Ilyich, which includes 4 boilers CKTI-75 / 39F-2-4 and 2 boilers TP-150-2. All 
boilers operate on a common steam collector of 32 atm, at the temperature of 420 a mixture 
of blast furnace gas and natural gas in the ratio of 0.7-0.9 volume particles. The characteristics of the 
blast furnace gas are not constant: the elemental composition, humidity and dustiness of the blast 
furnace gas changes significantly.

Specific operating conditions of medium pressure boilers in CHPP-1 in addition to the above 
are:

- work of boilers No. 7-10 on individual chimneys, and two TP-150-2 - on a common pipe;
- presence in the thermal scheme of the CHPP-1 bypass turbine of the P-12 pressure and in 

parallel the included backup high-speed reduction and cooling installations between the steam lines 
of the hot steam 100 atm and 32 atm;

- on the boilers of CKTI -75 / 39F-2-4 and TP-150-2 the same direct-flow flat-burner burners 
(two) are installed, despite the fact that the productivity and volume of furnaces differ significantly.
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Boiler No. 10 is being reconstructed by replacing all surfaces of heating, cladding, appliances 
and automation. This allows to determine the nature of the change in the operational characteristics 
of the boiler as contamination and wear of the heating surfaces.

Fig. 1 Change in boiler load during the day

Figure 1 shows the performance changes of each boiler. Characteristic of the CKTI and TP 
boilers is the general pattern of shifting during the day associated with shift work. The total 
productivity change interval of all boilers is 30 t/h, ie. it is the average life within which load 
redistribution between boilers is possible. 

The determination of the fraction of the convective component was carried out using a non-
stationary heat meter. The diagram of the non-stationary thermometer is shown in Figure 2. The non-
stationary thermometer consists of a housing (3) in which a sensitive element (SE) (5) representing a 
1H18N9T steel cylinder is pressed. A CA (Chromel-Alumel) thermocouple is inserted into the 
sensing element. The holder (1) is welded to the housing by which the thermometer is placed in the 
boiler furnace. The heat meter is made according to the design and recommendations given in [10].

Fig. 2 Scheme of non-stationary heat meter.

1 holder; 2 thermocouple outputs; 3 hull; 4 insulating filler; 5 sensitive element.
The heat meter was injected into the furnace through the inspection hatches so that the end 

surface of the thermometer with SE was in the same plane with the screen tubes. Convective 
component was determined in relation to the heat fluxes falling on the sensing element with the mirror 
and blackened surfaces. Blackening of the surface of the SE was carried out with a mixture of soot 
and glue BF. Such a surface has a degree of blackness of 0.97-0.98. The polished surface of THE 
made of H18N9T steel has a blackness of 0.08-0.09.
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The absolute value of the heat flux density was determined according to the theory of non-
stationary regular heating of the SE by measuring the time interval during which the temperature of 
the SE increased fr
an error of 0.5oC, time with a stopwatch.

The regular mode of change of temperature in time is linear in an arbitrary point WH for two 
moments of time. For SE with a degree of blackness of the surface close to 1: 

1 2(ln ln )
r c

rc

c V
F

, (1)

where the coefficient of heat transfer by radiation and convection, respectively; 1, 2

temperature SE at the end and at the beginning of heating; time of heating SE; coefficient 
of unevenness of the temperature field S ; , , F , V density, heat capacity, heat exchange area, 
and volume of SE material; r and k indices relating to heat exchange by radiation and convection. 

For SE with a degree of blackness of the surface close to zero:

1 2(ln ln )
c

c

c V
F

(2)

Preliminary calculations showed that at c 0.25 rk, the ratio of the coefficients of irregularity 
of the temperature fields is SE equal c 0.94 rk.

Accordingly, with the same temperature range of heating SE, we obtain: 
r c c rc

c rc c

(3)

a)                                          b)                                       c)

Figure 3 Schemes of measurements of heat flows on boilers:
a) P 150 ; b) 

Or the fraction of the convective component in the total heat flux:

1 1c rcr r

rc rc r rc

q
q

(4)

In this case, it is necessary to consider the coefficient of transition from the washing of the flat 
surface (SE thermometer) to the washing of the cylindrical surface (screen tube). According to [10] 
this coefficient is about 0.7.

Finally, the calculation of the proportion of the convective component was performed by the 
formula:
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q

(5)

Figure 3 shows the points of measurement of local heat fluxes in the furnace of boilers CKTI-
75 and TP-150.

For the mathematical model developed, it was important not the absolute value of the heat 
flow in the furnace, but the proportion of the convective component, since it was necessary to confirm 
the validity of the method of calculation of complex heat transfer in the furnace when combining a 
mixture of natural and blast furnace gases.

As expected, the maximum level of incident streams is fixed at the burner level. As the fuel 
burns, the level of heat flows decreases. As the heat fraction of the blast furnace gas increases, the 
absolute value of the local incident fluxes decreases. The average share of the convective component 
is at the level of 15-20%.

Conclusions
The developed mathematical model for the considered boilers of medium pressure allows to 

perform calculations of all parameters of heat carriers, technical and economic performance of boilers 
in the whole range of operating modes. According to the developed method, the proportion of 
convective component in the furnace was measured, which averaged 20-25%.

Tests of boilers TP-150 and CKTI-75/39F-2-4 were carried out on the main operational modes, 
which allowed to determine the coefficients of efficiency and pollution of convective heating 
surfaces. Their values were 1.2 1.5 times lower than recommended by regulatory methods. On the 
basis of the obtained experimental coefficients of efficiency and pollution of the heating surfaces, the 
mathematical model was adapted to real conditions. Features of heat exchange in the furnace were 
taken into account by a special method developed for calculations in the flat-torch combustion of the 
blast-natural mixture. Analysis of the results of the calculation and tests showed sufficient 
convergence in most parameters. This allows you to calculate the performance of boilers in all 
operating modes.
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