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EXERGY BALANCE AND EFFICIENCY
OF THE ABSORPTIVE AND ADSORPTIVE PROCESSES
BY THE EXAMPLE OF DEAERATOR

0.0. Kapoacesuu, B.B. Yuuenin, A.C. I puyaenxo. Excepreruunmii 6anaunc i epexTHBHiCTH cOpOUiiiHMX i JecopOuiiiHuX npoie-
ciB Ha mpuKJaji AeaepaTopa. Po6oTa npucBsiueHa ouiHIi epEeKTUBHOCTI XiMIKO-TEXHOJIOTIYHUX MPOLIECIB HA OCHOBI €KCEPreTUYHOr0 Me-
TO/y aHAJi3y Ha IPUKIaAl mpoueciB B aeaepatopi. Mema: Mertor poGOTH € JEMOHCTpaLlis 0COOIMBOCTEH 3aCTOCYBaHHS EKCEPreTHYHOTO
METOJly aHali3y 10 COpOLiHUX i JecopOUiiHUX MpoLeciB Ha NpHKIa neaeparopa. Mamepianu i memoou: TlepeBarorw eKcepreTHYHOro
METO/ly € BpaXyBaHHsI He JIUILE KiTbKOCTI, aje i SKOCTi IIOTOKIB eHepropecypciB i 6araTOKOMIIOHEHTHHX MaTepialbHUX MOTOKIB, SKi Xapak-
TepHU3yIOTh CHEPreTHYHHN OanaHc Oyab-iKOi eHeproTeXHoNoriuHoi cucreMu. CKIaIHICTh €KCePreTUYHOro aHalidy amapaTiB 3 6araToKoM-
[OHEHTHUMH [OTOKAMH IOJISIFA€ B TOMY, [0 OCHOBHHUI TEXHIYHMH e(eKT MpoIecy MPOSBISETHCS ITOABIMHO: B OJHOMY BHIQJKy OCHOBHE
3aBJJaHHs — OTPUMATH IIOTIK YMCTOI BOJH, B IHIIOMY BHIIa/IKy — HOTIK KOHIIEHTpATy. sl THX HPOLECIB, 16 OCHOBHUM 3aBIaHHSIM € OTPH-
MaHHSI YUCTOI BOJH, CKCEPreTHYHHII e(pEeKT IPOSBISETHCS B 30UIBIICHHI eKCeprii bOro MOTOKY. Y MpOLecax, ¢ OCHOBHE 3aBIaHHS — 3Ty-
LICHHSI PO3YMHY, KOPUCHHIT e(eKT MoIsirae B 3poCcTaHHi eKceprii KoHUueHTpaTy. Pesyarsmamu: HaouHo i 4MCENBHO NPOITIOCTPOBAHO BEIIH-
YHUHU eKCePreTHYHHX MOTOKIB, Y TOMY YHCII i ekceprii copOuil i aecopOiii rasis, 10 XapakTepH3yIOTh XiMi4HI i TepMiuHi HEPEeTBOPEHHS B
neaepatopi. [Toka3zaHo HaI3BUYAHO HU3bKY €(EKTHUBHICTH MPOLECIB BUJAJICHHS KMCHIO B I€aepaTopi 3 TOUKH 30py NEePETBOPEHb eKCeprii i
MOSKIIMBICT BUSIBIICHHS LUISIXiB BJOCKOHAJICHHS [IPOLIECIB BUIAJICHHS Ia3iB HA OCHOBI €KCEpreTHYHOro MeToay. Po3paxyHoK MOTOKIB TepMi-
4HOT 1 (i3uKo-XiMiuHOI eKceprii 3acBimuye, 1o aeaepatop Ha 95 % eQeKTUBHUI SK TEIIIOOOMIHHUK 1 a0COTIOTHO Hee(EKTUBHUI K Macco-
obminnuk (0,071 %). Jlana MeToauka Ja€ MOXKIMBICTD OLIHIOBATH XiMiKO-TEXHOJIOTI4HI IIPOLIECH, B SIKHX BifOYBa€ThCs PO3MOALI KOMIIOHE-
HTIB i, OTXe, IPHIaTHA HE TLIBKHU TS Fa30BHUX CKJIAJOBHX, aJle i JUIs TBEpUX.

Kniouosi cnosa: TepMivdHa ekceprisi, eHepreTHYHHI OanaHc, Aeaeparlis, napuialbHUi THCK, eHEPropecypcu.

0.0. Kardasevich, V.V. Chichenin, A.S. Hrytsayenko. Exergy balance and efficiency of the absorptive and adsorptive processes
by the example of deaerator. The work is devoted to assessing of the effectiveness of chemical-technological processes on the basis of
exergy analysis method by the example of the processes in the deaerator. Aim: The aim of the work is to demonstrate the features of the
application of exergy analysis method for sorption and desorption processes via example of the deaerator. Materials and Methods: The
advantage of the exergy method is in the accounting not only the quantity but also the quality of energy flows and multicomponent material
flows that characterize the energy balance of any power technology system that puts this method on the first place on their objectivity in
comparison with traditional methods of thermodynamic analysis. Complexity of the exergy analysis devices with multi-component flows,
where separation processes such as water solutions occur, is that the main technical effect of the process is shown in two ways: in one case,
the major problem is to obtain clean water flow, and in another case to obtain the concentrate flow. For those processes, where the main
objective is to obtain clean water, an exergy effect is manifested in the increase of the exergy flow. In processes where the main task is solu-
tion thickening the useful effect is in the growing of exergy concentrate. Results: The exergy flows value was illustrated numerically and
graphically including exergy gases sorption and desorption that characterizing the chemical and thermal transformations in the deaerator. It is
showing an extremely low efficiency of the processes of oxygen removing in the deaerator from the standpoint of transformation of exergy
and the ability to identify ways to improve the processes of gases removing based on exergy method. Calculations of heat and physic-
chemical exergy flows indicate that the deaerator is effective as a heat exchanger (95 %), and absolutely no effective as mass exchanger
(0.071 %). This technique makes it possible to evaluate the chemical-technological processes in which the components are separating and
therefore suitable not only for gas constituents but also for the solid.

Keywords: thermal exergy, energy balance, deaeration, partial pressure, power resources.

Introduction. The concept of “exergy” was introduced by Rant in 1953 and according to his
original formulation, exergy — it is part of the energy, which is equal to the maximum useful work
which can make a thermodynamic system in the transition from the initial state to a state of balance
with the environment. Exergy like energy, has the additive properties, which simplifies the calculation
of exergy of complex systems and processes. In contrast to energy an exergy is lost due to irreversible
processes [1]. This exergy property creates preconditions for the thermo economic analysis of process-
es and systems [2].
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Exergy balances of technical objects allow to evaluate correctly the effectiveness of the processes
occurring into them, to identify ways to improve these processes, making them visual, compelling,
with a more accurate representation of the real possibilities of the improvement in these conditions,
more precisely, taking into account the specific environmental conditions. In most other methods some
comparison operations used for these purposes (for example, changes in entropy of the system), in
relation to whom the studied object indicators are estimated. The results of such analysis depend on
the right choice of compare operations. Exergy analysis avoids the need for the selection of these
operations for existing facilities and for new (planned) to identify the possibility of their implementa-
tion in production by comparing the minimum required costs with available resources.

As evidenced by the publication [1...4], an exergy method of thermodynamic analysis is the
actual direction of research in the energy and heat engineering, and finds use in chemical engineering
and other fields.

The advantage of the exergy method is in the accounting not only the quantity but also the quality
of energy flows and multicomponent material flows that characterize the energy balance of any power
technology system that puts this method on the first place on their objectivity in comparison with
traditional methods of thermodynamic analysis.

Complexity of the exergy analysis devices with multi-component flows, where separation pro-
cesses such as water solutions occur, is that the main technical effect of the process is shown in two
ways: in one case, the major problem is to obtain clean water flow, and in another case to obtain the
concentrate flow [4...6]. For those processes, where the main objective is to obtain clean water, an
exergy effect is manifested in the increase of the exergy flow (for example, water preparation at the
heat and nuclear power plants, desalination) [5, 6]. In processes where the main task is solution thick-
ening the useful effect is in the growing of exergy concentrate (for example, concentration of liquid,
including radioactive solutions) [7].

Thus, the exergy balances and analysis of such processes require consideration of not only the
traditional in heat engineering concepts exergy as a workable part of reserves of the heat and work
energy [1], but physical and chemical component consideration also [2, 6]. This in its turn complicates
the calculations and compilation of balances, selection of criteria of effectiveness of separation pro-
cesses in general and the individual stages as well as parts of installations (stages)on which the com-
plex process is usually divided.

A similar situation occurs in devices where the gas impurities from water solutions is released
(deaeration) [8].

The aim of the work is to demonstrate the features of the application of exergy analysis method
for sorption and desorption processes via example of the deaerator.

Materials and Methods. The widest application the exergy method found at cycle and basic
processes analysis at heat and nuclear power plants [1, 2, 6]. The following values are considered
during the exergy analysis:

— specific flow exergy of environmental weight, kJ/kg

2
e=(h=hy)~Ty(s =s0)++gz., (1)
— complete exergy of flow, kW
E=me,
— exergy of the heat flow, kW
T
E =0/ 1-—], 2
~of1-2] @

where 4, hy — enthalpies in this state and in the environment state, respectively, kJ/kg;
s, so — entropies in this state and in the state of the environment, respectively, kJ/(kg K);
w — flow rate, m/s;
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g — gravity acceleration, m/s’;

T, T, — temperatures in this state and in the environment state, respectively, K;

® —heat flow, kW;

m — environmental weight flow, kg/s;

z — height (position) above sea level, m.

As follows from these equations concept “environment” has high importance. The “environment”
means a certain unchanging “container” whose parameters are saved, regardless of any impact. In
power engineering the Earth's atmosphere with the pressure p, and temperature 7, is selected as a
“container” by default. In case physic and chemical transformations it is necessary to supplement the
concept of environment its parameters [1]. Regarding to the cleaning devices, including deaerator, it
may be an indication of the states in which the major contaminants are in environment and removed in
the device. In this paper, the condition of atmospheric oxygen (O,) is accepted as an additional envi-
ronment parameter. This is the main component that removed in the deaerator and characterized by the
molar concentration and the partial pressure of oxygen in the atmosphere. Under this approach for all
other flows the calculations were conducted on the equilibrium partial pressures corresponding to the
concentration of oxygen in the contacted medium (water). For the calculation of changes in the speci-
fic exergy of two separate flows in deaerators (gas environment and deaerated water) it has allowed to
use the specific work and its changes in a reversible transition component (oxygen) process into the
environment. Value determined in such a way (e,, J/kg) is called specific sorption exergy and specific
desorption exergy of gases:

e, =—RT,In2-, 3)
Poi
where 7y — environmental temperature, K;

p: — the balanced partial pressure, determined, for example, Henry's law on concentration of an
impurity in the water in a given state, bar;

poi — partial pressure under environmental conditions, bar.

Analyzing the expression (3), we can conclude that the positive exergy of residual oxygen takes
place when the oxygen partial pressure corresponding to a given concentration in water is less than the
oxygen partial pressure in the environment. However, possible states (especially steam-gas), when this
condition can’t be executed, which leads to causing a negative value of the specific exergy (3). Since a
negative value of exergy makes no physical sense, this contradiction can be resolved as follows: in
such states may get a work in a reversible process of oxygen transition from the state corresponding to
the environment, to the parameters of the given state. Thus, the expression module should be used to
calculate the exergy gases sorption and desorption (3). Note, that this argument is similar to how the
concept of exergy is used in the case of analysis of refrigeration processes that take place at temperatures
below ambient temperature, for which formal expression (2) may gives negative values [1, 2].

However, exergy of gas components in solution is characterized not only chemical-physical
component, but also the thermal component defined by equation (1). Thus, the total exergy of oxygen
in water is equal to the sum of:

e, =e +e,, 4)

where ¢, — heat component of exergy is determined from the equation (1), provided that the partial
pressure of the component in this state is equal to the partial pressure of the component in the envi-
ronment (p; = po;).

Note, that if you choose for the state of the environment the impurity concentration, for example,
in the ocean water that the most suitable for solids dissolved in water, the method of calculation
component of exergy sorption and desorption of gases will be another [9].

Often the equation (1) simplify, ignoring the last two terms because of their smallness, and is
written as:
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e=(h=hy)=Ty(s=s,). )

With respect to deaerator it is quite acceptable, but it should not be done for the individual steps of
the deaerator, due to the fact that the interacting flows are increased speed. Furthermore, the hydro-
dynamic interaction of steam and condensate flows typical not only for water, but also for gases
dissolved into water and steam. In particular, the gas emission from the water, accompanied by transfor-
mations of exergy of sorption and desorption of gases directly related to the hydrodynamic charac-
teristics of the interaction of flows, therefore their account could affect the understanding of exergy
transformation.

Results and Discussion. In carrying out the calculations of flows exergy in the deaerator is taken
into account that the exergy balance of flow processes may compose by placing data about the state of
flows just on the border of the selected balance circuit which is selected as the deaerator in general.
Schematically the deaerator flows are presented in Fig. 1. For simplicity deaerator heat exchange with
the environment neglected in the future.
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Fig. 1. The balance deaerator scheme: D!, D! m,, m,, —consumption of heating steam, flash steam, con-

; R J - d / i
densate and deaerated water, respectively, kg/s; m§ , mf, , mg , mg’" —oxygen consumption for previously

mentioned flows, respectively, kg/s; p', t', pl, t!, p., t., Pu, s, —pressure and temperature of previ-

ously mentioned flows, respectively, MPa, °C; C", C., C,, C,, —oxygen concentration of previously men-
tioned flows, ug/kg; ht, h!, h,, h,, —enthalpy in a given state and in the environment state, respectively,

kJ/kg e, el e., e, —total specific exergy of mentioned flows, kJ/kg; e, e/, e¢, e® —heat component

of specific exergy for previously mentioned flows, respectively, kJ/kg; e!, e/, e¢, e®™ —component of specific

exergy of sorption and desorption for previously mentioned flows, respectively, kJ/kg.

Below are the numerical calculations of deaerator exergy flows data with the following parameters:
— heating steam: p’ =0.7 MPa, ¢! =300 °C, h"=3059.5 kl/kg, D!=7.5 kg/sec, C!=10 ng/kg;
— flash steam: p’/ =0.6 MPa, ¢/ =158.8 °C, D/ =0.294 kg/sec;

— input condensate: p,=0.7 MPa, ¢.=130 °C, m_ =140 kg/sec, C.=200 pg/kg;

— output condensate (deaerated water): p,, =0.6 MPa, t,, =158 °C, m,,=147.2 kg/sec, C,, =10 pg/kg.

As the environmental parameters in the calculations are accepted py=0.1 MPa, 7,=293 K; partial
pressure of oxygen in the air p, ,=0.21 bar.

To calculate the specific chemical exergy of oxygen in the heating steam it was calculated the
volume fraction of oxygen in steam @, , assuming that the oxygen mass concentration in steam C},
known, 1.e.

V h
70, — C.vtp.vt , (6)

Po, =
Vi Po,
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and then the partial pressure of oxygen in the heating steam:
Po, = Ps9o, - (7

Calculation of specific exergy of sorption and desorption of oxygen in the condensate was held in
two stages:
— Firstly, it was calculated the balanced oxygen partial pressure p, corresponding to the

concentration in the condensate:
_ 22,4-C. - Pu0 * Po
M02 N OL02

(®)

Po,

where C. — oxygen concentration in the condensate, g/kg;
M, — oxygen molar mass, kg/mol;

o, — Oxygen absorption rate at the reference temperature.
Remark: Eq. (8) is a Henry's Law through the dimensionless absorption coefficient o, , which

facilitates its use in practical deaerators calculations in Power Engineering.

— Secondly, the value of the balanced oxygen partial pressure in the condensate is substituted in
the expression (3).

Calculation of the specific exergy of oxygen adsorption and desorption in the deaerated water and
flash steam carried out in a similar way.

To analyze and compare the results of all calculations they are summarized in Table 1.

All energy flows and exergy flows are calculated according to found specific flows and corre-
sponding environments consumptions. Flows of water, steam and oxygen were considered separately,
and the summary energy flows and flows of exergy are calculated according to additive rule. The
calculation results are summarized in Table 2.

Table 1
Specific exergy in deaerator
. Heating | Conden- Flash Deaerated

Specific exergy, ki/kg steam sate steam water
Specific heat exergy of water and steam, e, 923.5 70.63 778.4 107.3
The specific heat exergy of oxygen, e,‘?z 90.3 18.0 42.1 48.9
Specific exergy sorption and desorption of oxygen, efz 1170.8 377.6 357 494 4
Specific summary oxygen exergy, ezof 1261.1 395.6 399.1 5433

Table 2
Energetic and exergy flows of deaerator (H,, E;, MW)
Energetic and exergy flows, MW Heating Condensate | Flash steam Deacrated
steam water

Energy flow of water and steam 22.95 76.54 0.810 98.68
Energy flow of oxygen in the mix 24.30-10° | 3.93-10° | 4.56:110° | 4.80-10°
Summary energy flow 22.95 76.54 0.810 98.68
Exergy flow of water and steam 6.927 9.889 0.229 15.80
The flow of heat exergy of oxygen 6.77-10° | 0.504-10° | 1.12:10° 7.2:10°"
Exergy flow of sorption and desorption of oxygen 87.8:10° | 10.57-10° | 9.50-10° | 7.27:10"’
Summary exergy flow of oxygen 94.6:10° | 11.0810° | 10.62:10° | 7.99-10"
The total flow of exergy 6.927 9.889 0.229 15.802
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All the data of Table 2 and calculations is conveniently represented as a scheme energy and
exergy flows for the deaerator as a whole (Fig. 2). Due to the lack of comparability of the flow scale
(~MW for deaerator as a whole against ~W for oxygen exergy) there is impossible to show exergy
flow of oxygen in this figure. Therefore, the oxygen flow diagram in the deaerator is represented
separately in Fig. 3.

Flash steam energy _TT

vi I Flash steam exergy
e , e
. r / }l' i Deaerated water
g & / T exer.
55 Steam exergy e gy
I
-~
B 2
[}
_ % Condensate g Exergy loss
o exergy 5
— s 3
7}
g e
— -g g
- 9 5
[
_ [a)
) J F

Fig. 2. Scheme of energy and exergy flows in the deaerator

At the input for summary energy flow is obtained H;,=99.49 MW.

At the input for summary exergy flow received E;,=16.82 MW.

Similarly the summary energy flows at the output have been found H,,=99.49 MW, which
confirms the acceptance of the conditions of the absence of heat exchange of deaerator with the envi-
ronment, and summary flow of exergy at output £,,~16.03 MW.

Data on the energy flows at the input and output of the deaerator allowed us to calculate the loss
of exergy in the deaerator as a whole:

AE=E,—E,, =0.79 MW.

For the example above the oxygen flow exergy at input and output were calculated additionally,
accounting for, respectively, £ =11.17 W and E® =11.42 W, and oxygen energy gain in the

m out

deaerator were found:
AE® = E2

% _E>=025W.

Analysis of the data presented in tables and in Fig. 2 and 3, as well as additional data about flows
of energy and exergy at the input and output from deaerator, leads to the conclusion that the value of
exergy flows which characterizing of transformation of dissolved oxygen in all flows (heating steam,
flash steam, condensate and deaerated water) is negligible compared to the heat component of the
flows exergy, and especially with the energy flow value. Therefore, we can assert that the main
purpose of the deaerator associated with the release of oxygen, for heat deaeration is achieved at great
energy and exergy consumptions, conversion of which is directed mainly on heat transfer and effective
in generally. Therefore, from this standpoint deaerator serves as an effective heater and that its func-
tion is very successful, but the technological function of the deaerator to remove oxygen is far from
perfect. For example, in work [10], the authors examined the dimensionless characteristics of exergy

transformations in deaerator that can be used as exergy efficiency.
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Fig. 3. Exergy flows of oxygen sorption and desorption in the deaerator

In particular, the flow diagram in Fig. 3 shows that one of the obvious ways to improve processes
in the deaerator is associated with recycling, rational use of power resources of flash steam that is
typically implemented at the heat and nuclear power plants.

Conclusions. According to the results of the study the following can be concluded:

— exergy analysis of processes taking place in the deaerator has shown high efficiency of de-
aerator as a heat exchanger and a low efficiency as a mass exchanger;

— heat exergy in deaerators flows by several orders higher than exergy flows of sorption and
desorption of gases, which makes them completely incompatible;

—as the value of the transformed energy of oxygen in the deaerator is small, so even very small
hydrodynamic perturbations can affect on the effectiveness of deaeration, that can explain the
appearance of new deaeration systems with the use of centrifugal and other effects;

— considered method allows evaluating the physical and technological processes in which the
components are separating and therefore this method suitable not only for the gas components, but
also to solids solutions;

— exergy method of any physic and technological process and energy system allows optimizing
it by the variation structure of parameters in order to minimize capital and operating costs at the
appropriate resource and technological limits to ensure the protection of the environment.

JlitepaTypa

1. Ilapryr, S. Okceprus / 4. lapryr, P. Ilerena; mep. ¢ mon.: FO.U. Barypuna, J1.®. CTpKIKOBCKOTO;
mox pen. B.M. Bpoasackoro. — M.: Dreprus, 1968. — 279 c.

2. Ahern, J.E. The exergy method of energy systems analysis / J.E. Ahern. — New York: Wiley, 1980. — 295 p.

3. Rant, Z. Exergie, ein neues Wort fiir ,,technische Arbeitsfiahigkeit / Z. Rant // Forschung auf dem Ge-
biete des Ingenieurwesens. — 1956. — Vol. 22. — PP. 36 — 37.

4. AmepxaHoB, P.A. DKkcerposKoOHOMHUYECKasi ONITHMHU3AIIMS TEINIOHACOCHBIX cucteM / P.A. AmepxaHoB //
OHeprocoepexenue u Bogonoaroroska. — 2003. — Ne 2. — C. 65 — 67.

5. Exergy analysis and design optimization for aerospace vehicles and systems / ed. by J.A. Camberos,
D.J. Moorhouse. — Reston: American Institute of Aeronautics and Astronautics, 2011. — 632 p.

6. Kotas, T.J. The exergy method of thermal plant analysis / T.J. Kotas. — London; Boston: Butterworths,
1985. —296 p.

7. Li, M. Exergy transfer analysis of convection heat transfer / M. Li, H. Chen // Heat Transfer—Asian
Research. — 2007. — Vol. 36, Issue 2. — PP. 66 — 73.

8. Tepmoguaamuka, sHepretudeckas 3¢dexruBHOCTs U dKonorus / B.C. benoycos, I'.Il. SIcHuKOB,
A.B. Octpogsckas u 1p.; mox pen. ['.I1. AcauxoBa. — ExarepunOypr: [Homurpaduct, 1999. — 204 c.

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING



48

ISSN 2076-2429 (print)

[pani Oxecpkoro mosiTexHiYHOro yHiBepcuteTy, 2016. Bur. 1(48) ISSN 2223-3814 (online)

9.

Kouapos, P.I'. Teoperuueckue ocHoBbl oOpatHoro ocmoca / P.I.Kouapos. — M: PXTY
uMm. JI.U. MenneneeBa, 2007. — 143 c.

10. Kapnacesnu, O.A. Dkcepreruyeckuii 6ananc u 3pPeKTHBHOCTh XMMUKO-TEXHOJIOTHYECKUX TPOLIECCOB
Ha rpumepe pacuera neasparopa / O.A. Kapnacesuu, A.C. I'punaenko // IlepciektuBr MaiilOyTHHOTO Ta
peaii ChbOroJICHHSI B TEXHOJIOTiAX BOJOIIATOTOBKH: MaTep. MiXKHApOJ. HayK.-IpakT. koH., 18-19 mmuc-
tonazna 2015 p., Kuis, Ykpaina. — K.: «Ilentp yuboBoi niteparypm», 2015. — C. 90—92.

References

1. Szargut, J., & Petela, R. (1965). Egzergia. Warszawa: Wydawnictwo Naukowo-Techniczne.

2. Ahern, J.E. (1980). The Exergy Method of Energy Systems Analysis. New York: Wiley.

3. Rant, Z. (1956). Exergie, ein neues Wort fiir ,,technische Arbeitsfahigkeit”. Forschung auf dem Gebiete
des Ingenieurwesens, 22, 36—37.

4. Amerkhanov, R.A. (2003). Exergoeconomic optimization of heat pumping systems. Energysaving and
Watertreatment, 2, 65 — 67.

5. Camberos, J.A., & Moorhouse, D.J. (Eds.). (2011). Exergy Analysis and Design Optimization for Aero-
space Vehicles and Systems. Reston: American Institute of Aeronautics and Astronautics.

6. Kotas, T.J. (1985). The Exergy Method of Thermal Plant Analysis. London; Boston: Butterworths.

7. Li, M., & Chen, H. (2007). Exergy transfer analysis of convection heat transfer. Heat Transfer—Asian
Research, 36(2), 66 — 73. DOI:10.1002/htj.20146

8. Belousov, V.S., Yasnikov, G.P., Ostrovskaya, A.V., Evplanov, A.L., & Pavlyuk, E.Yu. (1999). Thermo-
dynamics, Energy Efficiency, and Ecology. Y ekaterinburg: Poligrafist.

9. Kocharov, R.G. (2007). Theoretical Principles of Reverse Osmosis. Moscow: Dmitry Mendeleev
University of Chemical Technology of Russia.

10. Kardasevich, O.A., Hrytsayenko, A.S. (2015). Exergy balance and efficiency of the chemical technolo-

gy processes via example of deaerator. In Proceedings of International Scientific and Practical
Conference on Future Prospects and Today’s Realities of Water Treatment Technologies (pp. 90-92).
Kyiv: Centr Uchbovoj Literatury.

Received January 19, 2016
Accepted March 21, 2016

EHEPT'ETHKA. TEIIJIOTEXHIKA. EJIEKTPOTEXHIKA





