Torna 3a rox Oyzer:
Cron(es) = 76500 = 12 = 918000 py®.

Omnwupasice Ha JaHHBIE, KOTOPBIE OBUIN MOJMYYEHBI paHee, MOJKHO IMOACYUTATh HTOTOBYIO CTOH-

MOCTb peasli3allii CUCTEMbI OcBelleHus aBTogoporu bI'2C:
CZ =3+C, + CI‘OA(CB)J (6)
Cy = 8084892 + 383160 + 918000 = 9386052 py0.

S. PacyeTHasi HArpy3Ka Ha onopy

JLnst moaroToBKky OETOHHOM TJIOIIANKH, Ha KOTOPOi OyAyT yCTaHABIMBATHCS OMOPHI OCBEIIe-
HUS ClIelyeT pacCunuTaThb Maccy BCel CHCTEeMbl OCBelleHUs. [l 5Toro BBeneM cleAyrolue 3Haue-
HUS:

My =mg+m, + My, (7
rre My — cymMMapHasi Harpy3ka OMOpbl, KT, Mg — Macca CBETUJIbHMKA, KT, Mo — Macca OCHOBHOM
OTIOPBI, KT, Mgp — MACCA KPOHIUTENHA, KT

My = 12,8 + 110,285 + 22,304 = 145,389 kr.
Takum obpazom, st obecrnedeHus: OE30MACHOCTH BOAUTENICH U MEIeX0o0B ObLIH paspado-
TaHbI OCHOBHBIE TEXHIHUECKHE PEIIEHUs], COOTBETCTBYIOIINE 3aJaHHBIM TpeOoBaHusAM. B HacTosee
BpeMs1 padoTa 1Mo OCBEIIEHHIO aBTOAOPOTH HAXOIUTCS HA CTAANH Pa3paboOTKH.
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EFFECT OF REPLACEMENT OF CONDENSER TUBES
ON CHARACTERISTICS OF NPP WITH VVER-800 REACTOR

Khalifa!, K. V. Slyusarskiy?
Tomsk polytechnic university
ISHE, Butakov research center?, 5071'

Right now, energy is one of the essential elements, which are needed for social and economic
development [1]. In recent decades, populace development and financial advancement in numerous
nations have quickened the development of fossil fuel utilization [2]. As a result, there was a genuine
risk to the environment — worldwide warming [3]. Subsequently, in order to ensure the environment,
it is fundamental to optimize the vitality structure to be able to guarantee the possibility of getting
clean vitality and at the same time not have a negative effect on the financial development of nations,
their advancement and well-being [4]. In comparison with conventional carbon vitality, atomic vital-
ity is considered to be clean and relatively reasonable, conjointly plays an imperative part in lessening
emissions of hazardous substances into the environment, which mitigates the impacts of global warm-
ing [5].At the same time, it should be noted that at traditional nuclear power plants, condensers are
used to condensate steam to water. In the process of their operation, if a nuclear power plant is located
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in hot countries, it requires high heat transfer coefficient. The solution to this problem is the use of
materials which have high heat transfer properties or decreasing of the thickness of the tube or some
modification of its surface. Therefore the purpose of the work is to study the effect of replacement of
condenser tubes on characteristics of NPP with VVER-800 reactor.

Condenser of NPP is basically shell-and-tube heat exchanger with steam flowing into intertub-
ular space, while cooling water flows inside tube (figure 1). The condenser operation principle is
based on creating vacuum due to phase transition of steam and corresponding sharp decrease in its
volume. The heat rejection from condenser is realized using cooling water circulating through heat
exchange tubes. The major factors, affecting this process are initial temperature of cooling water
(which is determined majorly by climate and cooling water treatment system configuration), flow rate
of cooling water and underheating. While the first two are determined by cooling water treatment
system, the latter is determined purely by heat transfer surface area and intensity of heat transfer. The
major ways of enhancing condenser performance without significantly increasing its cost, include
promoting conductive heat transfer through heat exchange tubes and increasing convective heat trans-
fer from both sides of cooling water and steam. Both these methods were considered in current study.

Fig. 1 Schematic diagram of Condenser

The initial data used for the calculation are presented in table 1.

The brief literature review revealed, that there are four major steel types, which could be used
for tubes of condenser: stainless steel, titanium alloy, cupronickel and aluminum. The most effective
method of improving convective heat transfer in conditions of condensing steam is to modify tube
surface. However, modification methods for different materials are also different. Review of scien-
tific literature revealed following methods and corresponding enhancing effects for all abovemen-
tioned tube types - table 2.

Table 1. Initial data for basic mode of NPP operation

Name Symbol Value
Exhaust steam flow per condenser Gi, kg/s 34304
Condenser pressure pc, MPa 0,0055
Number of tube-side passes for cooling water z 2
Coolant temperature at the inlet to the condenser twl, °C 20
Coolant temperature at the outlet to the condenser twz, °C 29,2
Speed of the cooling water in the tubes of the condenser Wy, m's 2,2
Inner diameter of condenser tube d:n, Mm 27

The required thickness of tubes of different material was calculated using following equation:
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here p — pressure of cooling water in tubes (was chosen to be equal to 5 bar), MPa; d — diameter of
tube (was chosen as standard value equal to 16 mm), mm; [o] — creep strength of chosen tube mate-

rial, MPa.

The overall heat transfer coefficient was calculated as:

k=|—+
g

s, 117t
e

here a; /a, — convective heat transfer coefficient from cooling water to tube/from tube to steam,
W/(m? °C); A — conductivity of tube material, W/(m °C).

Table 2. Surface modification methods and enhancing effect for all tube materials

Stainless steal Titanium alloy Cupronickel alloy Aluminum
Initiated chemi- Self-assembled
Coating method Sandblasting cal vapor deposi- monolayers (SAM) Etching
tion (ICVD) Y
Heat transfer coefficient HTC enhanced by HTC increased It{iTm(e:stl(():;ecaossgeii‘ HTC enhanced
[\) Q1 [\)
enhancement 44 % [6] 4-8 times [6] nickel tubes [6] by 25 % [6]
Coating method Sandblasting
HTC enhanced by
Heat transfer enhancement 102 % [6]
Coating method Etching
HTC enhanced by
Heat transfer enhancement 15 % [6]
The subcooling of steam then was calculated as:
S5t — Aty
t= 3,6k 1
eXp(cp mdc> -

here c,, —heat capacity of water, kJ/(kg °C); m —cooling ratio (was assumed tobe 55); d. — condenser
specific heat load, kg/(m?s).

Thus the saturation temperature in condenser at all studied modes was determined as:

tée = tyy + 6t,

here t,, — temperature of cooling water on the outlet of condenser, °C.

Then the saturation pressure p was determined for this temperature using steam tables.

Additional power of the turbine due to decreasing pressure was calculated as:

ANaqq = Gey - (he —hl)
here h¢' /h_ — enthalpy of steam on the outlet of turbine in basic/new mode of condenser, kJ/kg.
Obtained calculation results for different tube materials and modification methods are presented

in table 3.

Table 3. Results of enhancing heat transfer coefficient on pressure and additional electric power of NPP

Stainless steal Titanium alloy Cupronickel alloy Aluminium
p, kPa Nyga, kKW p, kPa Nyga, kW p, kPa Nyga kW p, kPa Nyga kW
5,23 549,22 4,70 1284,76 4,61 1590,67 4,98 346,82
5,07 896,69 4,62 1485,39
5,38 235,75

It could be seen, that the lowest pressure of steam — 4,61 kPa — in condenser obtained for
cupronickel alloy modified by self-assembled monolayer. Still, application of copper at NPP is
undesirable due to scaling formation, so the next best option — titanium alloy modified by initiated
chemical vapor deposition could be recommended. While the cost of this solution is unclear,
additional 1,6 MW of power will generate approximately at least 12,8 million rubles annually, which
will likely cover all corresponding costs.
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OCOBEHHOCTU YOANEHUA XUNAKOCTUN N3 CKBAXWH MXT
BBOAJOHOCHbBIX MANACTAX

A.l'. Tengumypagos, C.A. Aranbies
MeXAYyHapoaHbIA YHUBEPCUTET HE(PTU U rasa

Kak n3BecTHO, Hanbonee 060CHOBaHHbLIM TEXHUYECKNM pewleHnem [2] 4na HMUBeNMpoBaHUA ce-
30HHOW HepaBHOMEPHOCTU NOTPebNeHUsA MPUPOAHOro rasa, ABNAETCSA CTPOUTENLCTBO U 3KCMyaTa-
uMs nogseMHblx xpanunmw, (MX).

[na oueHKU HepaBHOMEPHOCTW rasonoTpebneHnsa B TypKMeHUCTaHe U HEO6XOANUMbIX pe3epB-
HbIX 06BEMOB, 6bIIM NPOaHaNM3NpPOBaHbl NOKasaTeNn Ao6bluM N NOTPebNeHNsA rasa B TeUeHME NATU
net. KoahhuumeHT HepaBHOMEPHOCTU 06LLLEero NoTpebeHNs NPUPOSHOro rasa no TypKMeHUCTaHy,
C Y4eTOM 3KcnopTa, MeHseTcs B npegenax 0,82-1,3. Camas 6onblian pasHuua KoaduumeHTa He-
pPaBHOMEPHOCTM MO MecsuaMm MPUXOAUTCS Ha CUCTEMY XXUANLLHO-KOMMYHaNbHOr0 X035/ACTBa, T. K.
06beM rasza, MCNONMb3yembliA 4N OTOMNJEHMA GOMOB U LPYTUX COOPY>XEHWI, B COOTBETCTBUU C Ce30-
HOM MeHsieTC B LUMPOKUX Npefenax. Mepuogamn KoadhpULMeHT HepaBHOMEPHOCTU NOTpebneHns
rasa B XXUINLHO-KOMMYHabHOM X03ACTBE, B OTNYME OT APYTMX CMCTEM ra3onoTpebneHns, meHs-
etca B npegenax 0,4-1,9.

MpaKTnyeckn BO BCeX CTpaHax, 60raTbiX NPUPOAHbIM rasom, umetotcsa MXI. OHKU cTposiTCS B
BbIpabOTaHHbIX HE(PTAHbLIX U Fa30BbIX MECTOPOXEHUAX, NCKYCCTBEHHO CO3JjaHHbIX CONAHbIX MeLle-
pax, NPUPOLHbLIX MONOCTAX M MeLlepax, B BOLOHOCHbLIX MaacTax u B NycToTax, obpa3oBaHHbIX Ten-
NOBbIMU METOfaMMn B YCIOBUSIX BEYHOW MepP3N0ThI.

Llenb Hawen paboTbl - 060CHOBATb NpenMyllecTBa cTpoutenbctea MXI B TYypKMEHUCTaHe B
BOJOHOCHbIX CTPYKTypax W COpMynmMpoBaTb HEKOTOPble OCOBEHHOCTM 3KCnayaTalum CKBaXKWH
Mnxr.

AsTopamun [1] uccnegoBancs Bonpoc co3faHus MXI B CONsiHbIX NOAOCTAX TYpKMeHUCTaHa.
OfHaKo 3fecb, B MePBYI 0Yepelb, BCTaéT HeOoOXOLMMOCTb pPeLUeHUs 3KONOTMYECKUX npobnem,
CBSI3aHHbIX C UCNOMb30BaHWEM CONMK, KOTOpaa byaeT fo6biBaTbCA ANA CO34aHMA CONSHOM MONOCTH.

OC06EHHOCTLIO Fa30BbiX MECTOPOXAEHUA TypKMeHMCTaHa SIBASeTCA 3aneraHume Ha rnyouHe
okono 3000 m [3]. Mo onbITy co3gaHua MXI B BbipaboTaHHbIX MNiacTax, ryéuHa ux 3aneraHus
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