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Summary. The results of the development of the main stages of complex
methods for studying the efficiency of heat recovery systems based on the exergy
approach are presented. The choice of multiplicative criteria for evaluating the
efficiency of heat recovery systems is included as a stage common to all
methodologies. Criteria for evaluating the efficiency of systems that are highly
sensitive to changes in the regime and design parameters of heat recovery systems
and can serve as target optimization functions are proposed. The main stages of
complex methods based on the exergy approach for heat recovery systems of
various types have been developed. Methods are considered in which the methods
of exergy analysis, statistical methods of planning an experiment, structurally
variant methods and methods based on the calculation of exergy dissipators are
used.

Key words: heat recovery systems; complex methods; exergy approach;

exergy dissipators.

Introduction. The problem of development and implementation of
efficient energy-saving technologies for the utilization of heat from power plants
is currently relevant for the country's energy sector. The solution to this problem
1s connected with the need for systematic research from the standpoint of modern
methodological approaches.

Statement of the problem. The effectiveness of research into the
efficiency of power plants is significantly increased when using the exergy
approach, which is increasingly used in the world [1-9]. This is due to the fact that
the exergy characteristics are quite sensitive to changes in the design and
operating parameters of power plants and can be used as a measure of their
thermodynamic efficiency. A reasonable choice of methodology for each specific
case allows, when developing the design of heat recovery systems, to use
parameters that are as close as possible to optimal ones, which, in turn, increases

the efficiency of the systems.
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The purpose of the work 1s to develop the main stages of complex
methods for studying the systems for utilizing the heat of waste gases from power
plants based on the exergy approach. To achieve the goal, you must complete the
following tasks:

- to determine the criteria for evaluating the efficiency of heat recovery
systems based on the exergy approach;

- to develop the main stages of complex methods based on the exergy
approach for heat recovery systems that include several elements, or for individual
elements of the heat recovery system;

- to develop the main stages of complex methods for complex heat
recovery systems, including a large number of structural elements.

Materials and research methods. To analyze the efficiency and optimize
heat recovery systems, the main stages of complex methods based on the exergy
approach have been developed. The methods considered in the work include
statistical methods of experiment planning, balance methods of exergy analysis,
and methods based on the calculation of exergy dissipators.

Research results. The choice of multiplicative criteria for evaluating the
efficiency of heat recovery systems is included as a necessary stage common to
all complex methods. Thermal-exergy and exergy-technological efficiency
criteria are proposed, which are highly sensitive to changes in the regime and
design parameters of systems. This is due to the fact that the criteria include
exergy, thermal and technological characteristics. Further, the developed main
stages of complex methods are outlined. For heat recovery systems consisting of
several elements, or for individual elements of the heat recovery system, the main
steps of the methodology are as follows:

- drawing up with the help of balance methods of exergy analysis of a
system of exergy, thermal and material balance equations;

- determination of the exergy characteristics from the system of balance

equations included in the criteria for evaluating the effectiveness and calculation
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of the corresponding criteria;

- obtaining with the help of statistical methods of planning the
experiment of the functional dependencies of the efficiency criteria on the
optimization parameters;

- determination of optimal values of optimization parameters.

For complex heat recovery systems that include a large number of elements,
it is not possible to establish the functional dependencies of the optimization target
functions on the optimization parameters. In these cases, it is expedient to develop
complex methods for such systems based on a combination of exergy, structurally
variant methods, methods of multilevel optimization, the theory of linear systems,
and thermodynamics of irreversible processes. The paper considers two complex
methods that are most often used to analyze the efficiency of heat recovery
systems.

1. The main stages of a comprehensive methodology based on the
principles of exergy analysis and the structural-variant method:

- development of a block diagram of the installation, consisting of a
number of discrete elements of a simple structure, interconnected by exergy
flows;

- carrying out thermal and exergy calculations to identify elements, the
change in exergy losses in which most significantly affects the exergy losses of
the installation as a whole;

- optimization of these elements using exergy balance methods and
statistical methods of experiment planning

2. The main stages of a complex methodology that combines exergy
methods with methods based on the calculation of exergy dissipators:

- development of a mathematical model of the processes under study,
which includes the exergy and entropy balance equations, the continuity equation,
the phase motion equations, the energy equation, the enthalpy balance equations

and the Gibbs equation;
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- obtaining formulas for calculating exergy dissipators and calculating
dissipators associated with non-equilibrium heat transfer between heat carriers
and dissipators associated with the movement of heat carriers.

As an example, the results of the calculation of exergy dissipators in the air
heater of the heat recovery system of the boiler plant are given for various values
of the heat output N of the air heater (Table 1).

Table 1
The results of calculations of exergy dissipators in the air heater of the heat

recovery system of the boiler plant

N, kBt 71,5 59,1 46,3 35,4 52,9 39,5 23,8
Dy, xBr 4,96 3,80 2,69 1,86 2,85 1,88 0,91
D>, kBt 7,66 5,61 4,05 2,70 4,17 2,66 1,26
Ds, kBt 0,88 0,61 0,38 0,23 0,49 0,28 0,11
Dy, xBt 0,52 0,37 0,24 0,15 0,49 0,31 0,13
Ds, xBr 0,28 0,20 0,14 0,09 0,30 0,20 0,08

Here D1, D; are exergy dissipators that determine heat transfer from flue
gases and water; Ds is the exergy dissipator associated with thermal conductivity;
Dy, Ds are exergy dissipators associated with the movement of coolants.

The results obtained can be used to calculate exergy losses in heat recovery
systems and their individual elements in the development of optimal heat recovery
schemes.

Conclusions.

1. Complex multiplicative criteria for evaluating the efficiency of heat
recovery systems based on the exergy approach are determined: heat-exergy and
exergy-technological criteria.

2. The main stages of complex methods based on the exergy approach for
heat recovery systems that include several elements, or for individual elements of
the heat recovery system, have been developed;

3. The main stages of complex methods for complex heat recovery

systems, including a large number of structural elements, have been developed.
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