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In article [Kochmarskii, 2018] in the analysis of the Iy stability index and the rate of the formation
of calcium carbonate D.,. from circulated water (CW) of the cooling systems of electric power
stations with cooling towers under changeable electric load Ne the direct dependence of dynamic
parameter ¢ on Ne has not been taken into account. In some cases this led to inadequate reflection
of I+«(Ne) and Dy.(Ne) dependences. This inadequacy has been taken into account and proper laws of
the expected value have been obtained. It was shown that the rate of the formation of calcium
carbonate D.. is proportional to the electric load of the electric power station, to the concentration
of Ca*" ions in feed water and to the fraction of the heat used which is dispersed by evaporation at
cooling towers, and it is inversely proportional to the water volume of circulated cooling system
(CCS) and the average efficiency (AE) of the station.

Key words: Calcium carbonate; circulated water; condensation power stations, electric load;
evaporation, rate of CaCOs formation, stability index.

Introduction

In a previous article [Kochmarskii, 2018] the actual task of calculating stability index Is(Ne) and
formation rate of CaCOj3 from waters of CCS of electric power stations (EPS), in particular such ones,
which are equipped with cooling towers, under conditions of changeable electric load were discussed.
However, in [Kochmarskii, 2018] in modeling this regime the dependence of dynamic parameter ¢
on electric load which led to the inadequate reflection of Is(Ne) and Dye(Ne) dependences have not
been taken into account.

In this article for modeling dependences Is(Ne) and Dye(Ne) we use basic formulas (3), (6), (7), (8a),
(9), (11) and (12), obtained in [Kochmarskii, 2018]. For a stable regime of CCS and the
established law of CaCOj; formation from CW, see (11) from [Kochmarskii, 2018], taking into
account the evident dependence @(Ne) which as it follows from (1) and is related to the expenditure
of CW and evaporation Gev(Ne),

o(Ne)= — 21 | (No)= ! T =
G; -G, (Ne). 1+Ne)-T; K- Cyeg., . G
D,.(Ne) = % = Cou '[1 - Ist(Ne)] = @(Ne)-K-C,o - Cycosnn
dt Tf 1+¢(Ne)-K- T; - Chicosoo 2)

Gr, Gev - correspondingly, the expenditure of water for feeding and evaporation, m/hour; Ccass —
molar concentration of solid CaCOs; that is formed from CW, g-mole/m®; Cucoso0, Ccao-
concentrations of bicarbonate and calcium ions in stationary CW and in feed water, (g-ions)/m’; K
- kinetic coefficient of the reaction of forming CaCOs under the interaction of Ca** and HCO;3" ions
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in the adopted in [Kochmarskii, 2018] model of the formation of calcium carbonate. K is determined
by a special procedure for water of acting or designed CCS. For non-stabilized by inhibitors waters K
= (1.5...4.4)-10*m>/(g-ions)-hour, for stabilized ones it may be three-four times less [Gayevskii,
2018]. It is shown in [Kochmarskii, 2018] that the direct dependence of water expenditure for
evaporation on electric load is given by the expressions

G, (Ne)=K_ -A(M)-Ne, A(n)= 3600-—(1 /m=D) , M= _Ne
ni Vi (3)

Kev - coefficient of evaporation is equal to the heat part formed in a turbine condenser which is
transferred in cooling towers by evaporation, this value depends on the temperature of CW and
surrounding conditions is changed [Laptiev, Vedgaieva, 2004] within boundaries of 0.30 < Key <
0.87; pw, rw - correspondingly, water density and specific heat of evaporation under temperature of
CW; Ne = XN; - total electric load of the station, MW; 1 - AE at the station; A(n) - quantity of
evaporated water, m> per IMW-hour of heat dispersed by cooling towers, A = (2.3..3.1)
m?/(MW -hour).

Coefficient of evaporation Key from (3) may be calculated on the basis of the mathematical model of
the cooling process in a cooling tower, or determined by a special procedure [Laptiev, Vedgaieva,
2004]. Other values in (3) are tabular, or belong to such ones which are measured by the control
regulation of the regime of stations operation.

Simulation
Using the expression (3) and @(Ne) from (1), after transforming (1) and (2) we get expected
dependences

Gf _Kev A(n) 'Ne
G, —K,, -A(M)-Ne+ V- K- Cpes

Dye(Ne) =G, - o Ii Ceao Cicoso
£ v’ (T])-NG%—V-K-CHCO%O.

I (Ne) =

;(4)

()

As in [Kochmarskii, 2018] we use obtained here expressions (4) and (5) to analyze the operation of
EPS [Kochmarskii at al, 2014] in CCS of which partial softening of feed water, cooling towers and
also inhibitors of deposits are used. For calculations we adopt: Ne = (300...1200)MW; ¢oo=2.8...3.8;
V = (200...280)-10°m?; K = (1.1...4.4)-10*m>/(g-ions)-hour; Ccao = 0.7(g-ions)/m?, Crcozeo=7(g-
ions)/m>, A(m) = 2.63m*/MW-hour. Calculation results are shown below.

We see from fig. 1, with the increased parameter K (decreased dosage of CaCOs3 inhibitor), which
controls the rate of CaCOs formation, see curves 1...4, stability index of CW is reduced expectedly.
Such behavior of stability index is the same with the increased electric load Ne. That is, the operation
of EPS under the maximum load is accompanied by the maximum decreased stability of circulated
water. However, from fig. 2 we see that the stability of CW is increased with the growth of AE of the
station. Hence, the decreased stability of CW due to the growth of load of EPS is partially
compensated by its AE increase, see fig. 2.

Interesting is the dependence of I««(Gr) shown in fig. 3. The stability of CW increases with the
increased consumption of feed water.

This conclusion is not evident and it is to be considered while using the recirculation of the blow-
through which decreases the consumption of fresh water in CCS. That is, in using such an approach
it is necessary to consider the possible decreased stability of CW. The dependence Is(Kev) is shown
in fig. 4. We see that the operation of CCS under increased coefficient of evaporation leads to
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decreased stability index. Such regime is implemented under high temperatures of CW (in summer).
It is evident that the winter period of CCS operation contributes to the high stability index.
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Fig. 1. Dependence of stability index on electric  Fig. 2. Dependence of stability index on AE at
load. Curves 1..4 correspond to value of Ne = 800MW. Values of other parameters are
constant K = (1.1; 2.2; 3.3; 4.4)-10* m3/(g- the same as in fig.1.

ions)-hour. Value of other parameters:

n = 0.35; pw = 998kg/m>, 1, = 2.47MJ/kg; V =

2.4-10°m*; G¢= 3000m>/hour.
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Fig. 3. Dependence of stability index on Fig. 4. Dependence of stability index on

expenditure of replenished water. Ne = evaporation coefficient. Ne=800MW; n = 0.35;
800MW:; 1 = 0.35. Values of other parame-ters Gy = 2000m>/hour. Values of other parameters
are the same as in fig.1. are the same as in fig.1.

For example, by the data of fig. 4 we find that during the transition from winter operation regime to
summer one, the stability index of CW decreases from 1.6 to 3.0 times. This fact is to be taken into
account in planning the regime of stabilizing CW by inhibitors or in developing other measures of
optimization of CCS operation regimes.

Let us analyze the behavior of the formation rate of CaCO3; from CW under different operation
conditions of CCS. Calculations will be done by formula (5). Results are shown in fig. 5 and 6. From
fig. 5 we see that the growth of the capacity of a station from 300 to 1200MW with K=1.1.10"*m?/(g-
ions)-hour is accompanied by the increased rate of CaCO3 formation by 5 times, see curve 1 in fig.5,
with K = 2.2.10#m>/(g-ions)-hour - by 2.75 times, with K = 3.3.10*m>/(g-ions)-hour - by 2.4 times
and with K = 4.4.10"*m>/(g-ions)-hour by 2.2 times. That is, with great K the formation rate of CaCO3
becomes less sensitive to increased load of stations. The dependence Dve(1)) is also noticeable. From
fig. 6 we see that with the increased AE within the range of 0.3 ... 0.4 the rate of CaCO; formation
decreases by 1.6 times. Comparing these dependences in fig. 5 and 6 we see that to compensate for
the growth of the formation rate of calcium carbonate under the increased loading is impossible by
the growth of CE.

Dependences in fig.6 correlate with curves in fig. 3 and expressions (1) and (2) because the stability
growth of CW is always accompanied by the decreased rate of CaCOs3 formation.
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The decreased rate of CaCO3 formation with the AE growth, see fig. 6, is explained by the fact that
under the same capacity the growth of AE is accompanied by the expenditure of smaller quantity of
water for evaporation, and under the stable feeding of CCS its blow-through grows (Gt - Gev = Ge)
and, correspondingly, the concentration of Ca?" and HCOs™ ions capable to generate the deposition of
CaCOgs decreases, see fig. 7.
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Fig. 5. Dependence of the rate of CaCOs3 formation on electric power loading Ne. Curves 1...4
correspond to the value of constant K such as is in fig.1. Values of other parameters: 1 =0.35; pw=
998kg/m’; ry = 2.5MJ/kg; V=2.4-10°m>; Gr= 3000m>/hour.
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Fig. 6. Dependence of the rate of CaCOs; Fig. 7. Dependence of parameter ¢ on AE of
formation on AE. Ne = 800MBTt. Values of block, see (1) and (3). Values of other
other parameters are the same as in fig. 5. parameters are the same as in fig. 5.

We see that the growth of AE within the range of 30 ... 40% is accompanied by the decreased
concentrations of ions by =1.6 times.

Hence, in analyzing conditions of CCS operation and in calculating the rate of the formation of
deposits it is necessary to consider changes in operation regimes of CCS due to the change of stations
load which is accompanied by the change of evaporation of CW in cooling towers. This means that
adequate mathematical model of CCS operation must consider the value of electric load and water
regime of stations operation.

Summary

1. Basic parameters reflecting dependences Is(Ne) and Dey(Ne) are water consumption for CCS
feeding, AE of station n and its electric load Ne. Besides, Is(Ne) and Dey(Ne) parameters
depend on the quality of CW and coefficient K that characterizes the rate of CaCO3 formation.

2. With increased electric load of the station the stability index of CW decreases and the rate of
CaCOs; formation grows. On the contrary, with the growth of AE - the stability of CW grows
and the rate of CaCO3 formation and the level of salts concentration reduce.

3. With decreased coefficient of evaporation Key (CCS operation under decreased temperatures),
stability index of CW grows, correspondingly, the rate of CaCOs3 formation reduce.
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4. The proposed here methods of calculating Is(Ne) and Dev(Ne) allow us to make a quantitative
forecast of CW stability in designing power stations on the basis of data about the quality of
water at the local source of feeding and to substantiate the selection of optimum measures
concerning the minimization of the rate of CaCOj; formation.

5. For the reliable forecast of CW, stability for new stations it is necessary to have experimental
studies concerning the determination of coefficient K in water that models CW of designed
CCS.

6. Expressions (1) - (5) may be the basis for the technical and economic optimization of the
process of minimizing deposits under the changeable CCS operation regimes, as well as for
developing adequate mathematical models of automating the process of deposits control under
such conditions.
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3AYBAXKEHHSA 10 CTATTI «BUAIJIEHHSA TBEPJOI'O CaCOs3 3 BOJ OBOPOTHHUX
CHUCTEM OXOJIOJUKEHHSI EJTEKTPOCTAHIIIA B YMOBAX 3MIHHOI'O
EJJEKTPUYHOI'O HABAHTAKEHHS» [Water and water purification technologies.
Scientific and technical news. T. 23, Ne 2 (2018), pp. 12-21. DOI:
https://doi.org/10.20535/2218-93002322018144957]

B. 3. Koumapcbkuii
HamionansHuii yHIBEpCHUTET BOAHOTO TOCIIOIAPCTBA 1 TPUPOIOKOPUCTYBAHHS,
Di3UKO-TEXHOJIOTIYHA JTabopaTopisi BOIHUX cucteM. PiBHe, Ykpaina
e-mail: v.z.kochmarskii@nuwm.edu.ua

B [Kochmarskii, 2018] npu ananizi inoexcy cmabinvnocmi Ly ma wieuoxocmi 8udinenHs kapooHamy
kanvyiio Dye 3 06opomnoi 600u (OB) cucmem 0X010024CeHHs eeKmpOCMAanyil 3 epaoupHamu npu
3MIHHOMY eNeKmpUuyHoOMy HaganmadxcenHi Ne He 0V10 8paxo8aHo A6HOI 3aNeHCHOCMI OUHAMIYHO20
napamempa ¢ 6i0 Ne. Lle npuszseno 0o Headexgamnoeo 8idobpadxcenns 3anedcHocmell Iy(Ne) ma
Dye(Ne).

B Oaniu pobomi ys memounicmv 6paxoana i OMpUMAaHi KOPEeKMHi 3aKOHU NOBEOIHKU [HOEeKCy
cmabinonocmi Iy ma weuokocmi eudinenns kapoonamy kanvyito Dye. [loxazano, wo weuokicms
suodinenHs kapbonamy xanvyis Dye nponopyitina enekmpuyHomy HA8AHMANCEHHIO el1eKMPOCManyiiy
KoHyenmpayii ionie Ca’* V 800I NIOMHCUBNEHHS MA YACYI BIONPAYbOBAHO20 MeNd, U0 PO3CIIOEMbCS
BUNAPOBYBAHHAM HA 2PAOUPHAX; ODEPHEHO NPONOPYIUHA 600HOMY 00 €My 0OOPOMHUX CUCTeM
0x0100cenHss ma cepeonvomy KK/ cmanyii.
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Inoexc cmabinonocmi OB 3 pocmom enekmpuuno2o HABAHMANCEHHS 3MEHULYEMbCA, npome, 3i
s0invwennam KK/ cmanyii  cmabinonicme OB 3pocmae.  Yucenvne moodenoéanus — 07is
KOHOeHcayiunoi  enekmpocmanyii 3 enekmpuynum  Haganmasicenusam  (300...1200)MBm,
Cnopa0dHceHoi epadupnamuy, nokasano, wo picm cmabirenocmi OB 3aedsku pocmy KKJ[ ne
KOMNEHCY€E U020 3MeHUleHHs BHACTIOOK 30inbulents HaganmascenHs cmanyii. Ilpu pobomi cmanyii
8 YMOBAX NIOBUYEHO20 BUNAPOBYBANHS (TiMHil ce30H) cmabinbHicmsy OB 3nudcyemucsa. Iliosuwenns
nooaui 800U NIONCUBNIEHHS NpU cmaiux pedxcumax sunapogyeanus ma eudinenns CaCO3 cnpuse
30inbuennto cmadinonocmi OB (3a805Ku 3MEHUEHHIO KOeiyicHmMY KOHYEeHMPYBAHHs COlell).
Ompumani mym eupasu ly(Ne) ma Dy.(Ne) do3z6onsatoms pospaxysamu HeoOXiOHi 003u iH2i0Iimopie
8I0KNIA0eHb ma po3pobumu npoyedypu 01 00csaeHelHs 3a0anoi cmabinbnocmi OB. Bonu 6yoyme
KOPUCHUMU NPU NPOEKMYBAHHT HOBUX CMAHYIU OJisl NOKPAWEHHS KIIbKICHO20 NPO2HO3Y CIAODiIbHOCI
OB na niocmasi 0anux npo AKicmb 600U Micye6o20 dxcepena xcusnenns. Ix moscna sacmocosysamu
npu 00IPYHMYBAHHI BUOOPY ONMUMATLHUX 3AX00i8 w000 Minimizayii weuoxkocmi eudinenns CaCQOs
8 yM08ax 3MiHHO20 HasaumadiceHus. Bupasu I(Ne) ma Dye(Ne) 6yoyme kopucnumu npu po3pooyi
mammooenei agmomamusayii npoyecy KOHmpoo HA0 BIOKIAOEHHIMU.

Knrouosi cnoesa: sunaposysanus; xapoonam kanvyiio; iHOeKc cmaditbHOcmi, 000pomHa 800d;
WBUOKICMb UOLNIEHHS, eleKMPUYHEe HABAHMANCEHHSL.

3AMEYAHHUE K CTATBE «BBIIEJIEHUU TBEPAOI'O CaCO3 U3 BOJL OBOPOTHbBIX
CHUCTEM OXJIAXKJIEHUSI DJIJEKTPOCTAHIIMH B YCJIOBUSX NEPEMEHHOM
SJIEKTPUYECKOM HAI'PY3KHW» [Water and water purification technologies. Scientific
and technical news. T.23, Ne 2 (2018), pp. 12-21. DOI: https://doi.org/10.20535/2218-
93002322018144957]
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B [Kochmarskii, 2018] npu ananuze unoexca cmadbunvrocmu Ly u ckopocmu vloeneHus kapbonama
kanoyust Dye ¢ 0bopomuou 600vt (OB) cucmem oxaaxcoenust 1eKmpocmanyuti ¢ epacupHiImu npu
nepemenHou 21eKkmpudeckoll Hazpyske Ne s6H0 He Oblia yumeHa 3a8ucumocms napamempa ¢ om Ne.
Omo npueeno 8 HEeKOMopwvIX CIYYaAsX K HeadekgamHomy omoopadxcenuro 3asucumocmeti Iy(Ne) u
Dye(Ne).

30ecy sma 3asucumocms yumeHa u NOJIY4EeHbl KOPPEKMHble KOIUYECTNBEHHbIE 3aKOHbI N08EOeHUs
uckomvix eenuyun. Ilokasamo, umo cxopocmv @vloeneHuss kapoonama Kanvyus Dye(Ne)
NPONOPYUOHATILHA INeKMPUYECKOll Hazpy3Ke d1eKmpocmanyuu, Konyenmpayuu uonosé Ca’t 6 s0de
ROONUMKU U YACMU OMPAOOMAHHOU MEenI0Mmbl, pACCeU8AeMOU UCNAPEHUEM 8 2PAOUPHAX, 0OPAMHO
NPONOPYUOHATLHA BOOHOMY 00beMY 000POMHOU cucmemsl oxXaadxcoenus u cpeonemy KIIJ/[ cmanyuu.
Knwoueevie cnosa: ucnapenue;, xapoonam Kaibyus;, uHOEKC CMAOUIbHOCMU, 000pOmMHAsA 8004,
ckopocmsb gvroenenuss CaCO3; anekmpuyeckas Hazpy3Ka.
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