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COMPARATIVE ANALYSIS OF COMPLEX METHODS OF STADY
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Summary. The paper presents the results of a study of the efficiency of a heat

recovery included in the recovery system of exhaust gas heat of a heat engine of a

cogeneration unit. The studies were carried out using complex methods based on

the following methods: a method using dissipative functions and a balance method

of exergy analysis. The results of the calculation of dissipative functions, exergy
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losses and exergy criteria performed within the framework of the indicated methods

for each of the eight heat recovery unit modules are presented. The analysis allows
us to identify the heat recovery modules that need optimization or structural
development. Particular attention is paid to a comparative analysis of the selected
methods and consideration of the advantages and disadvantages of their use in
various cases. It is noted that the methodology based on the integrated balance
method of exergy analysis can be considered effective due to the small number of
initial parameters necessary for calculation, as well as the simplicity of calculation
and analytical methods to obtain exergy characteristics. The advantage of a
technique that uses the concept of dissipative functions can be considered that it
allows us to separate the exergy losses in the heat recovery associated with
nonequilibrium heat transfer and the movement of coolants.

Key words: heat recovery unit, exergy loss, complex technique, exergy

efficiency.

Aunomayus. B pabome npusodsmcs pezyibmamvl  UCCIE00BAHUS
appexmusnocmuy  MenioymuIU3amopa, 6x00Auwe20 6 Cucmemy Ymuiuzayuu
Meniomsl  OMX00AWUX 2308 MENI08020  08ucamens KO2eHepayuoHHO
yemarnosku. Hccinedosanusi npogedeHvl ¢ NOMOWbIO KOMNIEKCHbIX Memooux, 8
OCHOBE KOMOpbLIX Jledcam — Ccledyiouue Memoovl. Memoo, UCHONb3YIOUWUL
ouccunamusHvle @QYHKYul, OAIAHCOBLIL Memo0 IKCepeemuuecKkoeo aHaIu3d.
Ilpusooamcs pezyromamol paciema OUCCUNAMUBHBIX QYHKYUL, IKCepeemUuiecKux
nomepsv U dKcepeemuyeckux Kpumepues, 6blNOJHEHHble 8 PAMKAX YKA3AHHbIX
MemoOuUK OJisl KarCcO020 U3 80CbMu Mooyaeti menjoymunuzamopa. Ilpogedennwiii
aHanu3 no380JAem 6vloeiums MOOYIU MEeNI0YMUIUIAMOopad, HYHCOarwuecs 8
onmumuzayuyu J1ub60 6 KOHCmpykmueHou oopabomke. (Ocoboe 6HUMAHUE
yoensemcs CpasHuUmenIbHOMY AHANU3Y BbIOPAHHBIX MEMOOUK U PACCMOMPEHUIO
npeumywecmse u He0OCMAamKo8 UxX UCHONb308AHUS 6 PA3IUYHBIX CHYUASX.
Ommeyaemcs, ymo MemooOuxy, OCHOBAHHYIO HA UHMEZPANbHOM OANaHCOBOM

Mmemooe dKcepeemudeckoeo aHaausza, MOJIICHO CcHumdamo Sde)ek'mUBHOZZ 6 cuiuy
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HE3HAYUMENbHO20 KOIUYEeCmBd UCXOOHBIX napamempaos, HeobXo00uMblx 05
pacuema, a maKoice npocmomosl paAcH4emHO-AHAIUMUYECKUX Memooos 0
NOJY4YEeHRUsl JIKcepeemudecKux Xxapakmepucmuk. ﬂOCﬂ’lOMHCWlGOM M@I’I’ZOOZ/{KM,
MCI’ZOJleyIOLL;QZZ noHsmue OUCCUNAMUBHbBLE d)yHKLﬂ/lu, MOIJCHO cHumamsv mo, 4mo
OHA noszeojisiem pa3deﬂumb IKCcepeemudecKkue nomepu 6 nienjioymuiusamope,
C65304HHble C HEPABHOBECHBIM MenioooMeHOM U 08uUdICeHUeM MeNnIoOHOCUmeell.
Kniouesvie cnosa: menjaoymujiauzamop, nomepu IKcepecuu, KOMNIEeKCHAaA

MemoouKa, sKkcepeemuyeckas 3QhHeKmueHocme.

Introduction. Given the limited primary energy resources in Ukraine, the
problem of increasing the efficiency of power plants, including heat recovery
systems, are becoming increasingly important. A detailed analysis of the efficiency
of the elements of the heat recovery system using complex methods based on the
methods of exergy analysis allows us to identify individual modules of elements
that need optimization or structural refinement. Their further improvement
increases the efficiency of the heat recovery system.

Problem statement and research method. A fairly widespread use of
exergy research methods in world practice is due to the fact that complex methods
based on them allow not only to determine exergy losses in power plants, but also
to establish the causes and areas of their localization [1-6]. The objective of this
study is to analyze the exergy efficiency of individual modules of the heat recovery
unit included in the system of exhaust gas heat of the heat engine of a cogeneration
unit. This heat recovery system is designed to heat water of heating systems. The
studies were carried out using the discrete-modular principle and complex
techniques, which are based on the methods of dissipative functions and exergy
balances.

Research results and their analysis. In the framework of the first
technique, the local differential exergy equation was used. Based on this equation,

for each of the eight heat recovery modules, dissipative functions were obtained
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that determine the exergy losses in the processes of heat transfer from flue gases to
the wall D1, from the wall to water D», in the processes of heat conduction Ds; the
exergy losses associated with the motion of the coolants D, and the total dissipative
function D. In the framework of the second technique, using the balance method of
exergy analysis, the exergy losses E, the exergy criteria € and & (table 1). The heat-
exergy criterion € determines the loss of exergy power in the heat recovery unit per
heat power unit. Exergo-technological criterion & includes the mass of the module.
As can be seen from the table, the main exergy losses in all modules of the heat
recovery are associated with losses due to heat transfer from flue gases to the wall.
The corresponding dissipative functions make up, on average, 92% of the total
dissipative functions. A logical decrease in exergy losses and the heat-exergy
criterion of efficiency € during the transition from the first to the eighth module of
the heat recovery is associated with a decrease in the thermodynamic irreversibility
of processes, which is determined by the finite temperature difference AT during

heat transfer between the heat coolants.

Table 1
The results of the calculation of exergy characteristics
Flue gas module number
Parameter | | 2 3 4 5 6 7 8

D1, kW 39,40 38,60 | 42,90 | 39,80 36,21 | 32,52 | 28,89 | 25,50
D>, kW 2,53 2,14 2,17 | 2,15 1,86 1,65 1,45 1,25
D3, kW 0,37 0,35 0,39 0,36 0,32 0,28 0,24 | 0,21
D4, kW 0,30 0,28 0,30 0,28 0,22 0,20 |0,18 0,17

D, kW 42,60 41,37 | 45,76 | 42,59 38,61 | 34,65 | 30,76 |27,13
AT, K 355.3 334,1 | 311,0 | 288,1 | 266,1 | 245,2 | 225,5 | 207,1
E, kW 41,8 40,2 46,0 43,0 39,3 35,2 | 30,6 | 273
€ 0,417 0,404 | 0,408 | 0,410 | 0,385 | 0,371 | 0,350 | 0,340

k, kg/ kW 0,416 0,346 | 0,354 | 0,358 | 0,376 | 0,391 | 0,400 | 0,424

However, the indicated exergy characteristics for the third and fourth
modules of the heat recovery are slightly higher than the dependence on AT of the

exergy characteristics suggests. This fact indicates the thermodynamic
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imperfection of these modules. An increase in the exergo-technological efficiency
criterion & for the first, seventh, and eighth modules indicates their structural
imperfection. Thus, the assessment of the exergy efficiency of individual heat
recovery unit modules using the indicated methods makes it possible to identify the
modules that need optimization or structural development. The discrepancy
between the values of the total exergy losses D and E calculated in the framework
of the methods used is insignificant and averages 1.6%. This suggests that both
methods can be used in various heat recovery schemes. A technique based on the
integrated balance method of exergy analysis can be considered effective due to
the small number of initial parameters needed for calculation, and the simplicity of
calculation and analytical methods to obtain exergy characteristics. However,
having certain advantages, this technique does not allow to separate the causes of
the loss of exergy in individual elements or in individual modules of elements of a
heat recovery system. An advantage of the technique that uses the concept of
dissipative functions is that it allows one to separate the exergy losses in the
individual modules of the heat recovery associated with nonequilibrium heat
transfer between the heat transfer medium and the wall, heat conductivity and the
movement of heat transfer media. However, when implementing this method, a
larger number of initial parameters are used that are necessary for the calculation.
Conclusions

1. Using complex methods based on the methods of dissipative functions and
exergy balances, the exergy characteristics for individual modules of the heat
recovery included in the heat recovery system of exhaust gas of the
cogeneration unit heat engine have been calculated.

2. The analysis of exergy characteristics using the indicated methods made it
possible to isolate the heat recovery modules that need optimization or
structural development.

3. A comparative analysis of the methods used is carried out and their

advantages and disadvantages are determined.
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