UNEC Journal of Engineering and Applied Sciences SECTION:
Vol. 3, No. 1, 2023, pp. 21-27 PHYSICS

Improving the efficiency of thermal power plants research methods
C.P. Mammadova?, A.P. Abdullayev®*, 1.V. Musazade?

! Azerbaijan State University of Oil and Industry, 20 Azadlig Ave., Baku AZ1010, Azerbaijan
2Azerbaijan Architecture and Construction University, 5 Ayna Sultanova st., Baku AZ1073
Azerbaijan
email: adilabdullayev1970@gmail.com

Abstract

The methods increasing the efficiency at stations operating at high parameters have
been studied and it has been determined that the technical and economic indicators at such
stations are higher. The temperature regime of the heating surface of the boiler operating at
high-temperature has been investigated and enthalpy at the boundary of the deteriorated
heating regime beginning has been determined.
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1. Introduction

In the energy system thermal power plants using fossil fuel dominate. Currently, the
thermal energetics creation of energy blocks operating with higher than critical (Po = 24 MPa,
to = 560 °C), super critical (Po = 31-32 MPa, to = 560-600 °C), ultra-supercritical (Po = 37-38
MPa, to = 700 °C) parameters of water is one of the urgent issues. One of the main ways to
increase the efficiency of a thermal power plant is to increase the initial parameters of steam.
In this case, the turbine power increases, the efficiency coefficient increases, the efficiency of
the station increases in a whole. Calculations show that if we compare the thermal efficiency
of a 300 MW unit operating at higher than critical parameters, as well as a unit operating at
the same capacity with a super critical parameter, 7% on specific fuel consumptionis saved
[1]. The 300 MW unit burns 70 tons of natural fuel per hour. If this unit works with super
critical parameters, then one block saves 4.9 tons of fuel per hour. If we take into account that
the station has at least 3-4 units, it means saving tons of fuel.

However, the transition to higher parameters requires the use of expensive heat-resistant
materials, which leads to an increase in the cost of power plants. If we use a monoblock with
a perspective power of 300 MW, then the main dimensions of the elements in the flow section
of the turbine's high-pressure cylinder and steam distribution system will change little and
will not require new technological processes and modernization. Therefore, it is possible to
raise the steam temperature up to 630 °C by using well-known brands of austenitic steels in
the pipes inside the boiler and in the high-temperature parts of the main steam line and
turbine. In this case, the coefficient of efficiencyis taken to be about 47% [2].

When power units operate with increased parameters, austenitic steels containing 99%
chromium-containing P91 and 11% chromium are used. So far, x20 steel is used in the
engineering industry. The sliding limit of these metals is shown in Figure 1. As it is seen, the
sliding limit of P92 steel is twice that of x20 [3].
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Figure 1. Sliding limit depending on the steel temperature

According to external sources, when passing from critical parameters (Po = 24.5 MPa, to
=538 °C, torg= 552 °C) to supercritical parameters, the capital costs of the blocks increase by
30%. However, stations operating with high starting parameters are more convenient.
Nevertheless, when passing to ultra-supercritical parameters, the parts of the equipment must
be made of better quality steels.

2. Experiments

The scheme of experimental device of the steam generator is given in Figure 2. The
liquid (working body) rotation and pressure in the system are created by a four plunger pump
(2). The pump has been provided pressure (1) and soothing container (5). The pressure of the
liquid in the system is regulated by needle valves (4, 6, 7, 20, 21 and 24). During the
experiment, a preliminary electric heating system (8) has been designed to warm the working
body to the required temperature (25-250 °C). Initial electric heating system before and after
is designed for the current divider (9). The studied liquid enters the suction tube of pump from
the pressure container of working body and heats up to the required temperature, the initial
electric heating system passes through three soothing containers (5) under pressure created by
the pump and enters the experimental tube (14). The primary electric heating system and the
experimental tube are heated by a low- voltage alternating current. For this, the scheme
provides two autotransformers (10) and two step-down transformers (11). There is a mixer
(13) at the entrance and exit of the experimental tube to measure the average temperature of
the liquid. The experimental tube consists of stainless steel 1X18H10T mark with different
diameters (d = 1-18 mm), different shapes and different lengths (L = 10-2000 mm). The
temperature of the liquid at the entrance and exit of the experimental tube and temperature of
the outer surface wall are measured by thermocouples made of chromel-alumel wires with a
diameter 0.2 mm. The thermocouple indicators are measured using a digital voltmeter type
B7-16A, automatically registering KSP-4 potentiometer, potentiometer PP-63 with + 0.05
precision limit and digital thermometers.

The pressure of the liquid is measured by the standard manometer (12) (P = 1-400 bar)
placed at the inlet and outlet of the experimental tube. Vibration of pressure is determined by
the oscillograph mounted on the experimental tube (19).
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Figure 2. The schematic description of experimental device of the steam generator with a high
pressure.

3. Results and discussion

Figure 3 shows the metals used in the blocks with supercritical and ultra-supercritical
parameters and the corresponding efficiency coefficients.
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Figure 3. Materials used in different steam parameters

The second way to increase the efficiency of thermal power plants is to use intermediate
heating. Stations operating with supercritical and ultra-supercritical parameters use double
intermediate heating. The aim is to reduce electricity generating expenses and prevent erosion
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in the final stages of the turbine's low-pressure cylinder.

Passing to ultra-supercritical starting steam parameters is currently relevant. For this,

the industry has a number of strategic goals:

1. Creating a new generation of high-performance power plants.

2. Improving environmentally friendly technologies in facilities.

3. Decommissioning of old equipment, their replacement with new promising equipment.
4. Reduction of specific fuel consumption.

5. Reduction of repair costs.

6. Reduction of harmful substances released into the environment.

As it is mentioned, with the increase of the initial steam parameters, the fuel
consumption at the station decreases, efficiency coefficient increases and the amount of
emitted harmful wastes (NOxCOx and greenhouse effect creating CO, gasses) decreases [2].
Figure 4 shows the dependence of CO> gas on the station's net efficiency. As it can be seen
from the graph, as the efficiency increases, the amount of CO, emitted into the atmosphere
decreases [2].
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Figure 4. Dependence of CO, emitted into the atmosphere on the net efficiency (1 - when coal burns,
2 - 3 - when coal burns with biomass, 4 - when natural gas burns)

Another way to increase the efficiency of the station is the regenerative heating of the
feed water entering the boiler. The ultrasonic supercritical power unit, which works by
increasing the initial parameters, has four high-pressure heaters and six low-pressure heaters
with a deaerator. Thus, it is possible to raise the temperature of the feed water from 270 °C to
310 °C. Figure 5 shows the principal heating scheme of the unit operating with ultra-
supercritical parameters of 1000 MW[6,7].

Thus, by passing to the increased steam parameters, it is possible to increase the efficiency of
the station up to 50%.

However, for the reliable operation of boilers in such installations, the temperature
regime and heating coefficient of the heating surfaces of the boiler must also be studied from
a practical and scientific point of view. Thus, at high temperatures, the heating process on the
surfaces may deteriorate, as a result of which the temperature of the metal rises sharply and
the heating surface of the unit collapses, causing an accident [1].

When designing and operating thermal power plants it is necessary to know in advance:
1. Under these conditions a "deteriorated” mode of heating is formed in the device.

2. In the "deteriorated" mode of heating, the temperature on the wall of the heating surface of
the unit reaches several degrees.
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Figure 5. Thermal scheme of power unit with ultra-supercritical steam parameters of 1000 MW

In many cases, at high liquid temperatures, the "improved” mode of heating in the heat
flux passes to the "deteriorated” mode of heating. This mode of heat transfer occurs in a
certain structure of the flow, which changes the hydrodynamic and thermal parameters
(pu, q, h, q/pu) and at the same time the thermal physical properties of the fluid.

Thus, the deterioration of heat exchange at high critical parameters of water can be
considered as a hydrodynamic problem, which depends on the structure of the flood at
different values of g, h, pu, q/pu. From this, it can be concluded that the deterioration of heat
transfer can be determined from the equation of temperature and velocity. The influence of
other factors on the structure of the flow and the intensity of heat transfer is indirectly taken
into account in the above parameters.

With this approach, the velocity equation Uay" and the temperature Ta" are determined

at the same time.
U U

a/pwAtcy N Wyr

U;v : Tat; = (1)

Where

Wy, = q/p,, - At - C,, — is the speed brought.
At = (t, — t,); C, = (hy, — h))/t,, —t; - is the average heat capacity.

(1) can be expressed as a dimensionless quantity that characterizes the structure of a
flood.

Kl = Pw Wbr/pu (2)

In engineering reports, the onset of a deteriorating regime can be determined by the
enthalpy of the flow and the value of g/pu.

Therefore, experiments with water have been carried out in a straight vertical pipe on
the experimental rig at different mass velocities at pressures above the critical. The
experimental device is mainly used to screen the drum, straight forward and utility boilers of
thermal power plants, to eliminate faults in ceiling heating pipes, water economizer, air
heaters, to increase, economic efficiency of steam boilers when operating with sliding initial
parameters, to reduce the amount of conventional fuel on 1kW/h. It is designed to conduct
research to reduce the amount of waste. The test tube is made of stainless steel of different
diameters (d;,,; = 1 + 18mm), shapes, lengths (I.,,, = 10 = 2000 mm). The test tube is heated
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by a low-voltage alternating current. Modern devices are used to make measurements.
Extensive information is provided about the experimental facility, the procedure and analysis
of the experiments [7].

The results of experiments on heat transfer have been analyzed and the dependence
K; = f(K;) has been established.

Where K, is a dimensionless quantity that characterizes the intensity of heat transfer.

K, = : )

- pulhy,

1. When h,, > h; then Ah,, = (h,, — h;)
2. When h; > h,, then Ah,, = (h; — h,,)

From the dependence K; = f(K,) shown in Figure 6, it can be seen that the vertical
line indicates the normal mode of heating, and the horizontal line indicates the mode of
deterioration. The point of intersection of the lines K2°%"4 indicates the beginning of the
degraded mode of heating. An empirical equation has been obtained to determine K2°und,

1. When h; < 0,8h,,
o qx1073
Kbound — (0 0032 —0,0019 )exp [(1 21— 0,556 ) —pu ] (4)
2. When h; > 0,8h,,
Kbound — 18 89— qx10~

[1 52 x;z_3)2 (222 - ‘”‘;—2_3) (2 78‘”‘12 . 1)] — 2515 (5)
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Figure 6. Dependence of K; = f (K2) on the movement of water in a vertical pipe
1-P/P=1,02, pu=430 kg/(m%); 2-P/Ps=1,1, pu=449 kg/(mZc);
3-P/Ps=1,1, pu=595 kg/(m?c); 4 - P/P=1,2, pu=493 kg/(mZc).

After calculating the temperature K2°“"4- it is possible to determine the beginning of
the degraded heating mode.
1. When h; < h,,

1073/p
hfound = h’ - q);{goundu (6)
2. When h; > h,,
3
hbound - h’ + qulgoun/cfu (7)
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4. Conclusion

Increasing the initial parameters of steam in thermal power plants with supercritical,

ultra-supercritical parameters, using double intermediate heating, raising the number of
regenerative heaters, increases the efficiency to 50% and saves fuel. Due to the use of
precious metals at these stations, capital costs increase by up to 30%, but this is paid for in 3-4
years. Since the boiler operates at high temperatures, the temperature regime of the heating
surface has been studied and the enthalpy has been determined at the boundary where the
deterioration mode of the heating coefficient began.
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