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Summary. The paper presents the results of a comparative analysis of the
exergy efficiency of heat recovery systems for various purposes for boiler plants.
To study the exergy efficiency of heat recovery systems, a complex methodology
was used based on exergy analysis methods and the application of efficiency
assessment criteria. Heat recovery systems for various purposes are presented
in the form of block diagrams with identification of exergy flows of coolants.
Criteria for assessing exergy efficiency were selected, on the basis of which a
comparative analysis of the exergy efficiency of heat recovery systems was
carried out. Recommendations have been developed for the use of heat recovery
systems for various purposes, taking into account the specifics of their
application.

Key words: exergy efficiency, heat recovery systems, exergy losses, boiler

plants.

Introduction. Environmental problems and rising fuel costs determine
increased interest in the research and implementation of effective heat recovery
technologies. The decision on the advisability of implementing a particular
recycling scheme should be based on comprehensive research, requiring the use
of exergy analysis methods along with modern classical thermodynamic
methods. Complex techniques based on the exergy approach make it possible to
outline ways to reduce exergy losses in heat recovery systems and thus increase
their exergy efficiency. In Ukraine, there is a fairly high potential for the
introduction of highly efficient heat recovery technologies, which determines the
importance and relevance of research conducted in this area.

Statement of the problem and research method. Methods based on the
exergy approach, which are used to study the efficiency of power plants for
various purposes, are currently quite common in the world [1-4]. Works [5-10]
are devoted to the study of heat recovery systems of power plants using complex

techniques that combine exergy analysis methods with other modern research
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methods: structural-variant methods, methods of thermal conductivity theory,
multi-level optimization and others. Ensuring highly efficient operation of heat
recovery systems for various purposes determines the relevance of relevant
research and the need to expand it. In this work, heat recovery systems for
various purposes of a gas-consuming boiler plant with a heating capacity of 2
MW were investigated. For the research, a complex methodology was used,
combining structural-variant methods of exergy analysis and criterion-based
methods for assessing the exergy efficiency of heat recovery systems.

The goal of the work is to increase the exergy efficiency of heat recovery
systems for various purposes.

To achieve the goal, the following tasks must be completed:

- based on the structural-variant method of exergy analysis, develop
structural diagrams of heat recovery systems for various purposes with
identification of exergy flows between coolants;

- select criteria for assessing the exergy efficiency of heat recovery
systems, calculate their values and conduct a comparative analysis of exergy
efficiency for heat recovery systems for various purposes;

- develop recommendations for the use of heat recovery systems for
various purposes, taking into account the specifics of their application.

Research results. Three variants of heat recovery systems were
considered: a heat recovery system designed to heat heating network water, a
combined heat recovery system designed to heat heating network water and
heating and humidifying blow air, and a combined heat recovery system
designed to heat water and blow air. In the first variant, the main element of the
system is a condensation-type surface water-heating heat exchanger. In the
second variant, a contact-surface water heater, a contact air heater and a water
heater are used in the heat recovery scheme. The main elements of the third
variant heat recovery system are water-heating and air-heating heat exchangers.

Structural diagrams of heat recovery systems for various purposes have been
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developed with identification of exergy flows of coolants between individual
discrete elements of a simple structure (Fig. 1-3). As part of the complex
methodology used to study the exergy efficiency of heat recovery systems,
criteria for assessing exergy efficiency were selected. This is a thermal exergy
efficiency criterion that determines the exergy loss per unit of heat output € =
Ey/Q, as well as the exergy efficiency nex. The results of calculating the energy

characteristics are presented in Table 1.
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Fig.1. Block diagram of a boiler plant with a heat recovery system for heating heating
water: 1 — burner device; 2 — boiler; 3 — water heater; 4 — smoke exhauster; 5 — heat

consumer; 6 — fan; 6-8 — pumps; E1 — E4 — flue gases; ES — E10 — water
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Fig. 2. Block diagram of a combined heat recovery system for heating and humidifying
blown air:1 — air heater; 2 — contact heater and air humidifier; 3 — air preheater; 4 —
water preheater; S — water heater; 6 — gas heater; 7 — water collector; 8 — pump; E1 — E4

—air; ES — E11 — water; E12 — E14 — flue gases
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Fig. 3. Block diagram of a combined heat recovery system for heating water and blown
air: 1 — boiler; 2.3 — water-heating and air-heating heat exchangers: 4— gas heater; 5 —
smoke exhauster; 6 — fan; 7.8 — pumps; E1 — E4 — flue gases; ES, E6, E9 — E11 — water;
E7, E8 — air
Table 1

Criteria for assessing the energy efficiency of heat recovery systems for

various purposes

Purpose of the heat recovery system € Nex 9y

Heating of heating water 0,563 24,7

Heating of heating water and heating and humidification of | 0,221 32,5
blow air

Heating of water and blast air 0,154 37,8

For combined heat recovery systems, in which the number of consumers of
recovered heat increases, namely, the recovered heat is used not only for heating
water, but also for heating and humidifying the blown air, the value of the
thermal exergetic efficiency criterion decreases, and the exergy efficiency
criterion increases. The greatest exergy losses occur in the hot water heat
exchanger, smoke exhauster and pumping system, the smallest - in the air-
heating heat exchanger and gas heater. A rational way to reduce overall exergy
losses in a heat recovery system is to reduce them in the pumping system and
piping system. Such a solution can be provided by aggregating heat recovery
systems. Thus, increasing the number of consumers of recovered heat in a heat
recovery system and using rational ways to reduce overall exergy losses

increases the efficiency of heat recovery systems for various purposes. Such
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conclusions correlate with the results of a study of the energy efficiency of all
heat recovery systems: the thermal efficiency of a boiler installation when using
combined heat recovery systems with deep heat recovery increases, on average,
by 5%, the coefficient of fuel heat utilization - by 7%. In addition, such heat
recovery systems are characterized by increased environmental safety. The
choice of the optimal scheme for using recycled heat is determined along with
the listed indicators of increasing efficiency, also the need for a certain type of
coolant, the cost of fuel, the possibility of using effective heating surfaces, etc.
Conclusions.

1. Based on the structural-variant method of exergy analysis, structural
diagrams of heat recovery systems for various purposes have been developed.
Exergy flows between coolants have been identified.

2. Criteria for assessing exergy efficiency for heat recovery systems
were selected, their values were calculated and a comparative analysis of the
exergy efficiency of heat recovery systems for various purposes was carried out.

3. The analysis of heat recovery systems for various purposes was

performed, taking into account the peculiarities of their application.
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