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RESEARCH OF THE SEDIMENT FORMATION INTENSITY
AT THE RUN-AROUND COOLING SYSTEMS EQUIPMENT
WITH WATER COOLING TOWERS

B.I'. Axpamecs. Jlocnip:keHHs: iHTEHCHBHOCTI yYTBOPeHHs BiIK/IaJeHb Ha 00JIaAHAHHI OGOPOTHHUX CHCTeM OXOJIOM:KEHHS 3
rpagupHaMH. [ 060pOTHHX CHCTEM OXOJIOMKEHHs HaWOLTbII HebGe3rneuHi 3a0pyAHEHHS TBEPAMMH MiHEPAJIbHUMH BiJKIaJCHHAMH, 110
YTBOPIOIOTBCS BHACIIZIOK KPUCTAITi3allii MaJIOPO3UMHHUX HEOPraHIYHUX COJNEH MPH MepeXofi LUPKYISIIHHOI BOAM B NMEPECHYCHUH CTaH.
Mema: Metoio poOOTH € TOCIiKSHHS IHTEHCHBHOCTI BiIKJIaIeHb KPHCTAJIIB BA)KKOPO3YHHHHX COJICH 3 NMEPECHICHOO IIUPKYILIIIHHOT Boau
Ha MOBEPXHSX HArpiBy BUITAPHOTO OXOJOKEHHS i KOHJCHCATOPiB B 0OOPOTHHX CHCTEMaX OXOJOMKEHHS EHepProyCTaHOBOK 3 IPaJHPHSIMH.
Mamepianu i memoou: MeTtonuka IPOBEICHUX NOCTIDKEHb MOJSraia y BUMIPIOBAHHI MAacH i BEJIHYMHU BaXKOPO3UHMHHUX KPUCTATIB B
LUUPKYJALIFHIA BOMI 1 TX BiKIaAeHb Ha TEIUIOOOMIHHIM MOBEpPXHI KOHIEHCATOpa 1 BUIIapHil MOBEepXHi rpaaupHi. BuxiaHna Bofa 1t excrie-
pumMenty Oyna BimiOpanma 3 p. Ctup. EkcrmepuMeHTanbHi TOCTIDKEHHsS NPOBOMMINCS Ha MacuTabHii Momeni OOOpOTHOI CHCTEMH
oxonokeHHs. [I7s1 BUBUCHHS XapaKTepy MpOIeciB B3aeMOJil YaCTHHOK TBepAol (a3u Mik co00I0 y BUXIAHIN 1 HUpKyIsANiiHii Boxi Oyno
BUKOPHCTaHO METOJ JUCIIEPCIHHOro aHali3y YacTHHOK IPyOOIHCIIEPCHOI (ha3h B ONTHIHO CKaHOBaHOMY Liapi Boau. Pesynsmamu: Ilpose-
JICHO CKCIIEPHMEHTAIbHE JOCIII/PKCHHS IHTCHCHUBHOCTI BiZIK/IaJIeHb KPUCTAJIB Ba)KKOPOSYNHHUX COJICH 3 MEPECHUCHOI0 LUPKYJIALIHOI BOAN
Ha MOBEPXHSX HArpiBy BUIIAPHOTO OXOJIOIXKEHHs i KOHJEHCATOpiB B 000OPOTHUX CHCTEMAaX OXOJIOJUKEHHS CHEProyCTaHOBOK 3 TPaJIMPHSIMHU.
BusHaueHo, o B Mipy OXOJIOKEHHS IIUPKYIISIIIHHOI BOAY IPH 11 CTIKaHHI B3JI0BXK OXOJIO/DKYIOUO] IIOBEPXHI 1 aepaii 3ycTpidHIM OTOKOM
IIApOTIOBITPSIHOT MacH BiOYBa€ThCs 301IBIICHHS COJIEBMICTY IIOTOKY 1 3pOCTaHHS MAacH KPHCTaJIiB KapOOHATHUX COJIEH, IO BUIUIIIINCS; B
KIHI[EBOMY MiJCYMKY I€ IPU3BOJHUTH 0 YTBOPEHHS MyXKHX Bi/KIIaJeHb HA HEOOIrpiBAHMX 3POLIYIOYMX MMOBEPXHSIX IPpaJupeHb. BuaineHHs
LIEHTPIB KpUCTaIIi3allil Ba)XKOPO3UMHHUX KapOOHATHHUX colieil IpH iX HarpiBaHHi B TEIUIOOOMIHHHX TPyOKaX KOHAEHCATOpa BiIOyBaeThCs 3a
paxyHOK TepMivHOI JucoLialii Jo0pe pO3YUHHHUX OiKapOOHATHHUX COJiel B BAKKOPO3YMHHI KapOOHATHI COJi 3 HACTYIHHUM BiAKITaJCHHAM X
Ha MMOBEPXHI TPYyOOK, 1[0 HATPiBAETHCSL.

Knrouosi cnosa: nupkyisiiina Bofa, 000poTHa CHCTEMA OXOJIOMKCHHS, BIIKIIaACHHS.

V.G. Ahrameev. Research of the sediment formation intensity at the run-around cooling systems equipment with water cooling
towers. For circulating cooling systems, the solid mineral sediments formed as a result of crystallization of sparingly soluble inorganic salts
in the transition of circulating water in the supersaturated state are the most dangerous. Aim: The aim of this research is to study the intensity
of sediments of hardly soluble salts crystals on the surfaces of the heating of evaporative cooling equipment and condensers from super-
saturated circulating water in the circulating cooling systems of power plants with water cooling towers. Materials and Methods: The
methodology of the research was to study the mass and size of the hardly soluble crystals in circulation water and sediments on heat
exchange surfaces of the condenser and the evaporator surface of the water cooling tower. Source water for the experiment was selected from
Styr river. Experimental studies were carried out at the installation of a scale model of circulation cooling system. To study the nature of the
interaction of the solid phase particles with each other in the starting water and the circulating used the method of dispersion analysis of
coarse phase particles in the optically scanned water layer. Results: The study the intensity of sediments sparingly of soluble salt crystal on
the surfaces of the heating of evaporative cooling equipment and condensers from supersaturated circulating water in the circulating cooling
systems of power plants with water cooling towers were held. It has been determined that as the circulation water is cooling, with its runoff
along the cooling surface and aeration by counter-steam mass flow there are salinity increase and increase the weight of precipitated
carbonate salts crystals, which ultimately leads to the formation of loose sediments in the unheated watering surfaces of water cooling
towers. Allocation of crystallization centers of sparingly soluble carbonate salt when it is heated in the heat exchange condenser tubes is due
to the thermal dissociation of good soluble bicarbonate salts into sparingly soluble carbonate salts and then sediment at the heated tubes
surface.

Keywords: circulating water, circulating cooling system, sediments.

Introduction. For circulating cooling systems, the solid mineral sediments formed as a result of
crystallization of sparingly soluble inorganic salts in the transition of circulating water in the super-
saturated state are the most dangerous. However, a visual inspection of water cooling towers and
condensers in Ukrainian power plants shows significant sediments and drifts at the heat exchange
surfaces of cooled condensers as well as at the evaporator surfaces of water cooling towers.

Many authors paid attention to the study of the formation sediment process at the heat exchange
tubes. Most authors examined the sediments in once-through systems, exploring the water passing
through the heat exchanger once [1...5].
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Briangon [3] and Andritsos [6] considered mainly the dependence of kinetics and mechanisms of
sediments, depending on flow multiplicity of the heat exchange tubes surface, ribbing, and the
recycling of the circulating water. Also, Andritsos shows that during formation of sediments on rough
surfaces the turbulent transport of particles to the heat surface increases and thus decreases the
induction period of the process.

Kishnevsky and Chichenin [7] studied the sediments on heat exchange surfaces by using scale
inhibitors and without them.

Sediment formation is a complex process involving water supersaturating for salts with nu-
cleation, their transport to the heat exchange surface with the possible sediment. To date, there is no
reliable theory of thermodynamic prediction of carbonate salts sediments process on the heat exchange
surface. Therefore, most of the known studies based on observational criteria. They allow calculate the
probability of formation of sediment on heat exchange surfaces of condensers, but do not consider
other types of heat exchangers [8, 9].

Practically in all previously published studies in the preparation of the material and salt balance
of circulating cooling systems, it was assumed that most of the sediments are crystallized at the heat
exchange tubes of condensers

In the works of Kishnevskiy [10] and Garrels [11] there is a studying method of water and
chemical mode of circulating cooling systems at the scale model, as well as the possible criterion of
sediment formation (Acaai) is offered, it is assumed that all the solid phase is deposited on the heat
exchange surface condencer.

Chichenin [12] proposed a method of the study of the intensity sediments at the coupons without
heating the coolant made from the materials typical for heat exchangers in which the heating of
coolant is present. At the same time overlooked the processes occurring in the water cooling tower.

In the literature and in the open press author does not found researches aimed at understanding
the mechanisms of calcium carbonate crystals sediments on the cooling surface of the water cooling
towers and the pipeline surfaces of the run-around cooling systems.

Drifts and sediments at the evaporator surface reduce the operation efficiency of the cooling
towers, and, moreover, with significant sediments threaten by major accidents related to the collapse
of the irrigation surface.

Thus, study the intensity of sediments at the evaporation part of the water cooling tower and the dis-
tribution ratio of sediments mass between the condenser surface and cooling tower surfaces is actually.

The aim of this research is to study the intensity of sediments of hardly soluble salts crystals on
the surfaces of the heating of evaporative cooling equipment and condensers from supersaturated
circulating water in the circulating cooling systems of power plants with water cooling towers.

To achieve the aim is needed solve the following problems:

— Improve the methodology of research of intensity of sparingly soluble salts sediments on the
surface of the cooling tower and evaporative heating surface of condenser.

— Improve the large scale stand of circulation cooling system.

— Carry out the experimental studies at the laboratory stand of large scale cooling system.

Materials and Methods. Formation of carbonate calcium CaCO; sediments in the cooling tower
and the condenser takes place in different thermal and hydraulic conditions:

—inacondenser — at heating of circulating water with the release of CaCO; on the heated surface;

—in a water cooling tower — during cooling water by increasing the salt content on unheat-
ed surface.

Formation of crystallization centers in the circulation water during evaporative cooling in water
tower occurs at the “liquid / water-steam mixture” interface.

Allocation of crystallization centers of sparingly soluble carbonate salts during heating of circu-
lating water in the heat exchange tubes of the condenser is due to the thermal decomposition of readily
soluble bicarbonate salts with the formation of dense and poorly soluble carbonate salts, and their sub-
sequent sediments onto the heated surface of the tubes.
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_ T Ny b In the process of circulating water cooling in
L s the cooling tower during its run-off along the cool-
: =t 1T ing surface and aeration with counter vapor flow
— 21 (saturation with CO, as result) flow salinity and

= mass of carbonate salts crystals are increasing. This
i = eventually leads to the formation of loose
T ] sediments in the unheated watering surfaces of

|, cooling towers.

T 2 o = 3 The methodology of the research was to study
[agae 12 : P the mass and size of sparingly soluble crystals in
11 R P g circulation water and sediments on heat exchange

[ “——7 | surfaces of the condenser and the evaporator sur-
T face of the water cooling tower. Experimental stud-

\ 10 " A . ies were carried out on a large-scale installation of
" 2 % (I 6 the run—argund cooli_ng_systems model (F_ig. _1). _
: g l Detailed description of the stand is given in
: 9 : E > = [7]. The design of water cooling tower and working
' nter . A
et cell is shown in [12].
Fig. 1. The model of run-around cooling system: The procedure of the experiment was as
1 —working cell (heat exchanger with external  follows. _
flow), 2 —flowmeter, 3 —ammeter, 4 —voltmeter, Previously prepared according the procedure

5 — laboratory transformer (LATR), 6 —indicator, ~described in [12], LAMSsh brass tubes installed in
7 —valve, 8 —water cooling tower, 9 —capacity, the working cell 1 (Fig. 1).

10 —pump, 11 — “crossed wheels” nozzle, Moreover, the flat elements (coupons) of

12 —coupons 70%10x2 mm size which are made from LAMsh

77-2-0.05 brass material added to the water cooling

tower. These elements are designed to compare the growth of sediments in the cooling tower and the

condenser on the same materials. Coupons were mounted in the water cooling tower directly under the

stream of circulating water dispersed by the nozzle, above the “crossed wheels” nozzle and parallel to

air flow.

To control the sediments on the evaporator of the water cooling tower from the nozzle layer were
selected and marked 12 elements, connected by a fishing-line.

In operation, the experiment was interrupted after 40 and 100 hours for extraction of nozzle
control elements and coupons. Extracted from the installation control elements were placed in a drying
oven until dry, then the check weighing held. Detailed sample processing method described in [12].

Control of deposits on the tubes, coupons and cross-disks conducted as weight gain. For elements
made of LAMsh, it takes into account the effect of minor corrosion. Kinetics of growth of sediments
was investigated in the condenser tubes, coupons and nozzles in a cooling tower.

Characteristics and composition of the source water taken from river Styr the following:
pH=7.4, evaporation rate K.,=1, water alkalinity A,=1mgEq/dm® water hardness
H,, = 1.9 mgEq/dm?; [CI'T = 0.7 mgEq/dm?, [SO,*] = 0.95 mgEq/dm®.

In the pilot study the evaporation rate of the circulating water was maintained at 2, and pH = 8.

Every 12 hours there was sampled for the study of physical and chemical composition of water
and the amount of sediments on the controlled areas of the experimental installation at given water
velocity and air flow. Humidity, temperature of atmosphere air and air at the outlet of the cooling tow-
er controlled using psychometric analysis.

To study the nature of the interaction processes between the particles of the solid phase in source
and circulating water we used the analysis-of-variance method for coarse phase particles in optically
scanned water layer, described in detail in [13].

Results. The obtained experimental data for determining the mass of sediment on the coupons,
tubes and crossed disks are shown in Tables 1 and 2.
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Table 1 Table 2
Characteristics of the heat exchange surfaces Mass of sediment on heat exchange surfaces
Data Nozzle Tubes | Coupons Time. hour Sediments mass, ¢
Quantity, pcs 350 8 3 ’ Nozzles | Tubes | Coupons
Area S, m’ 0.4613 | 0.02512 0.0039 40 3.32136 | 0.7536 | 0.000288
100 41517 1.1304 0.00036
200 6.9195 1.5072 0.00048
J,
g/m2:h| ™ Visual inspection shows that the sediments in the
0.7 water cooling towers are loose; moreover, the adhesion
0.65 between the sediments and the heat exchange surfaces is
06 flimsy.
0.052 1 _Dependences of the intensity of sediments on the
0 4'5 1l /— heating surfac_es pf the conde_nser, nozzles and control
04 o8 coupons considering the density of carbonate salts are
035 shown in Fig. 2.
03 T~ The intensity of sediments on the heated heat
0.25 exchanger surface of the condenser tubes was
02| & /i 0.75 mg/(m*h) after 40 hours after the start of the
0.15 \T—‘ experiment, and 0.30 mg/(m?*h) — after 200 hours. The
01 L intensity of sediments on the unheated surface in the
0.05 3 water cooling tower for LAMsh brass coupons was 0.30

0 .
20 40 60 80 100120 140 160 180 r,n and 0.10 mg/(m™h), respectively. _
Thus, the intensity of sediment in the condenser is

Fig. 2. Dependence of the intensity of sedi- gjfferent from the intensity in the water cooling tower in

ment on the heat exchange surfaces of Water e than two times, provided that they are made of the
cooling towers and condenser: 1 —LAMsh same material (LAMsh).

brass tube, 2 —LAMsh brass coupons, The intensity of sediments on the unheated surface

3 —polyethylene nozzles in the water cooling tower on the polyethylene nozzles

was 0.170 mg/(m?h) at the beginning of the experiment,

and 0.07 mg/(m?h) at the end. This is a few less than for LAMsh brass coupons, but the difference is

not so significant.

Conclusions. The conducted research lead to the conclusion that the processes of formation of
carbonate salt sediments in the water cooling tower and in the condenser determined by the heat-
hydraulic conditions.

The obtained experimental data indicate that the intensity of sediments on the heat exchanger
surface of the condenser tubes is more than two times higher than on the control coupons of irrigated
surface of the water cooling towers made of LAMsh brass. Furthermore, it is shown that the intensity
of sediments on unheated surface of LAMsh brass coupons is higher than on the polyethylene nozzles
by 30...40 %.

Jlirepatypa

1. VccrnenoBanue IUCIIEPCHOTO COCTaBa M XapaKTEPUCTHUK TBEPHO(a3HBIX YaCTHUIl B ILHUPKYISLUOHHOM
Bozie 00opoTHBIX cucteM oxnaxzaeHus / A.b. I'ynsenko, E.B. Kummnesckuii, O.M. MaiuHOBCKUH,
B.®. Oukos // IIp. Oxec. nonitexH. yu-ty. — 2010. — Bum. 1(33)-2(34). — C. 70-75.

2. Kutinesckuid, B.A. [IpenoTepamieHne KOppo3uu MapoBEIX Kalopu(epoB W WX KOHACHCATOIMPOBOJOB /
B.A. Kumnesckuii, A.Il. Boposckuii, b.H. Illykaiino // Ilp. Onec. momitexs. yu-ty. — 2005. —
Bum. 2(24). — C. 90-95.

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING



60

ISSN 2076-2429 (print)

IMpaui Oxecbkoro noiTexHiYHOro yHiBepeutety, 2016. Burm. 2(49) ISSN 2223-3814 (online)

10.

11.

12.

13.

. Heenpos, A.B. CpaBHuTEnbHBIA aHAMN3 (U3MUSCKUX METOJOB OOpPAaOOTKH BOABI VIS YMEHBIICHUS

HakunieoOpasoBanus / A.B. Hesenpos, I'.B. Ymaxkos // Temmosneprernka. — 2003. — Ne 11. — C. 62—
64.

. Calcium carbonate deposit formation under isothermal conditions / N. Andritsos, M. Kontopoulou,

A.J. Karabelas, P.G. Koutsoukos // The Canadian Journal of Chemical Engineering. — 1996. — Vol. 74,
Issue 6. — PP. 911-919.

. Kazi, S.N. Fouling and fouling mitigation on heated metal surfaces / S.N. Kazi, G.G. Duffy, X.D. Chen //

Desalination. — 2012. — Vol. 288. — PP. 126-134.

. Andritsos, N. Morphology and structure of CaCOj; scale layers formed under isothermal flow conditions /

N. Andritsos, A.J. Karabelas, P.G. Koutsoukos // Langmuir. — 1997. — Vol. 13, Issue 10. —
PP. 2873-2879.

. Briangon, S. Modelling of crystalline layer growth using kinetic data obtained from suspension crystal-

lization / S. Briangon, D. Colson, J.P. Klein // Chemical Engineering Journal. — 1998. — Vol. 70,
Issue 1. — PP. 55-64.

. Kostoglou, M. Comprehensive modeling of precipitation and fouling in turbulent pipe flow /

M. Kostoglou, A.J. Karabelas // Industrial & Engineering Chemistry Research. — 1998. — Vol. 37,
Issue 4. — PP. 1536-1550.

. Karabelas, A.J. Scale formation in tubular heat exchangers — research priorities / A.J. Karabelas //

International Journal of Thermal Sciences. — 2002. — Vol. 41, Issue 7. — PP. 682-692.

Kumnesckuii, B.A. MccenoBanue npoieccoB KapOOHATHBIX OTJIOKEHUH Ha TEINIOOOMEHHBIX MOBEpPX-
HocTsiX KoHneHcaTtopoB / B.A. KumneBckuii, B.B. Unyenun // Boctouno-EBponeiickuii sxypHas nepe-
J0BbIX TexHoyoruid. — 2014, — Ne 3/8 (69). — C. 52-58.

Garrels, R.M. Solutions, minerals, and equilibria / R.M. Garrels, C.L. Christ. — Boston: Jones and
Bartlett, 1990. — 450 p.

HccnenoBanne CKOPOCTH KOPPO3MH M HAKOIUICHWS OTJIOXKEHWH IPU YNapHBaHWM LUPKYJSIIMOHHON
BOJBI B TabopaTopHbIX ycrnopusax / B.B. Undenun, B.A. Kumaesckuit, A.C. I'puntacako u ap. /  Bo-
crouHo-EBporeiickuii KypHan mepemoBbix TexHonorumit. — 2015. — Ne 5/8 (77). — C. 14-20.
DOI:10.15587/1729-4061.2015.51205

Kuminesckuii, B.A. MeTozrka pacyera BOJHO-XHMHYCCKOTO PEXUMa KOMILICKCHONH 00OpOTHOM cHcTe-
MBI OxJakAeHus ¢ perupkynsuuerd / B.A. Kumnesckuit, B.B. Unuenun, W.J{. Ulynsk // Bocrouno-
EBporeiickuii sxypHan nmepenoBsix Texnonoruid. — 2013. — Ne 6/8 (66). — C. 10-14.

References

1.

Guliayenko, A.B., Kishnevsky, E.V., Maleenovsky, O.M., & Ochkov, V.F. (2010). Research of disper-
sion composition and characteristics of solid-phase particles in circulation water of the circulating
systems of cooling. Odes ’kyi Politechnichnyi Universytet. Pratsi, 1-2, 70-75.

. Kishnevsky, V.A., Borovsky, O.P., & Shukaylo, B.N. (2005). Prevention of corrosion in steam air

heaters and their condensate pipes. Odes kyi Politechnichnyi Universytet. Pratsi, 2, 90-95.

. Nevedrov, A.\V., & Ushakov, G.V. (2003). A comparative analysis of physical methods for water

treatment to reduce scale formation. Thermal Engineering, 50(11), 944-947.

. Andritsos, N., Kontopoulou, M., Karabelas, A.J., & Koutsoukos, P.G. (1996). Calcium carbonate

deposit formation under isothermal conditions. The Canadian Journal of Chemical Engineering, 74(6),
911-919. DOI:10.1002/cjce.5450740614

. Kazi, S.N., Duffy, G.G., & Chen, X.D. (2012). Fouling and fouling mitigation on heated metal surfaces.

Desalination, 288, 126-134. DOI:10.1016/j.desal.2011.12.022

. Andritsos, N., Karabelas, A.J., & Koutsoukos, P.G. (1997). Morphology and structure of CaCO; scale

layers formed under isothermal flow conditions. Langmuir, 13(10), 2873-2879.
DOI:10.1021/1a960960s

. Briangon, S., Colson, D., & Klein, J.P. (1998). Modelling of crystalline layer growth using kinetic data

obtained from suspension crystallization. Chemical Engineering Journal, 70(1), 55-64.
DOI:10.1016/S1385-8947(98)00080-1

. Kostoglou, M., & Karabelas, A.J. (1998). Comprehensive modeling of precipitation and fouling in

turbulent pipe flow. Industrial & Engineering Chemistry Research, 37(4), 1536-1550. DOI:
10.1021/ie970559g

EHEPTETUKA. TEINIOTEXHIKA. EJIEKTPOTEXHIKA



ISSN 2076-2429 (print) 61

ISSN 2223-3814 (online)

Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 2(49), 2016

9.

10.

11.
12.

13.

Karabelas, A.J. (2002). Scale formation in tubular heat exchangers — research priorities. International
Journal of Thermal Sciences, 41(7), 682—692. DOI:10.1016/S1290-0729(02)01363-7

Kishnevsky, V., & Chichenin, V. (2014). Study of carbonate deposits on heat exchange surfaces of
condensers. Eastern-European Journal of Enterprise Technologies, 3(8), 52-58.

Garrels, R.M., & Christ, C.L. (1990). Solutions, Minerals, and Equilibria. Boston: Jones and Bartlett.
Chichenin, V., Kishnevskiy, V., Hrytsaienko, A., Ahrameev, V., & Shuliak, l. (2015). Study of
corrosion rate and accumulation of deposits under circulating water concentration in bench experiments.
Eastern-European Journal of Enterprise Technologies, 5(8), 14-20. DOI:10.15587/1729-
4061.2015.51205

Kishnevskiy, V., Chichenin, V., & Shulyak, I. (2013). Method of calculation of water chemistry of the
integrated circulation cooling system with recirculation. Eastern-European Journal of Enterprise
Technologies, 6(8), 10-14.

Received June 10, 2016
Accepted July 22, 2016

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING



