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Uocoy Csonyn. YIOCKOHAJEHHS METOJUKH PO3PAXyHKY MPSIMOTOYHOIO
naporeneparopy st AEC manoi noryxHocrti. - KBamidikaiiiiHa HaykoBa mpaiisi Ha
MpaBax PyKoOITUCY.

Huceprariiss Ha 3700yTTS HAyKOBOIO CTYIEHS JokTopa ¢inocodii 3a
cremiaibHicTIO 143 - ATomHa eHepreTuka. — [lepxkaBHuil yHiBepcuteT «Ojecbka
nomrtexHika», MOH Ykpainu, Oneca, 2021.

Ha choroanimHiii J1eHb YacTKa eJeKTpoeHeprii, mo Bupoosserscss Ha AEC
VYxpainu 6inbmie 50 %. 3rigHo 3 EHepreTHuHOIO CTpaTeri€ro po3BUTKY YKpaiHU 10
2035 poky BupoOiTok enekrpoeHeprii Ha AEC mae cranosutu 48 %. BpaxoByrouu
BEJIMKUI 4Yac eKCIUTyaTallil JIF0YMX eHepro0soKiB, YKpaiHa Mae mpUMaTH pillleHHS
Mpo 3aMileHHs OJIOKIB, SIKI BUXOMSATh 3 €KCIUTyartallii, HOBUMHU. ChOTOJIHI dyXKe
BEJIMKE 3HAYEHHA Yy CBITI MNPUAUBIETbCS PO3BUTKY aTOMHHUX CTaHIIA Majoi
noTy>kHocTl (ACMII). YkpaiHa 31 CBOIM BEJIMKUM MAalIMHOOYIIBHUM IOTEHI1AJIOM
Mae 3aiHATH JOCTOWHE Micle cepel BUPOOHHMKIB HeoOxigHoro s ACMII
obnagHaHHs. OAHUM 3 OCHOBHUX €JIEMEHTIB peakTopHOi ycraHoBku (PVY) €
naporenepatop (I1I'), 0coOIMBOCTAM NMPOEKTYBaHHS SIKOTO 1 MPUJLISETHCS yBara B
11l poOOTI.

Y Beryni o0rpyHTOBaHO aKTyalbHICTh 1 BAKIIMBICTh pOOOTH, BU3HAYEHO METY,
3aBAAHHS JIOCHIJIKEHHS, BIAOOpakeHO 11 3B’S30K 3 JEp>KaBHUMHU Ta Tajly3€BUMH
nporpamMamMi, a TakKoX 3 HAyKOBO-IOCTIAHUMH pPOOOTaMH, IO BUKOHYBAJIUCh B
JlepxaBHOMY yHiBepcuteTi «Ojechbka MOJMITEXHIKa», BIIMIYEHO OCOOMCTUN BHECOK
3100yBava. Bu3HaueHO HayKOBY HOBU3HY Ta MPAKTUYHY 3HAYUMICTh POOOTH.

Y nepmomy po3aiii BUKOHaHO aHami3 cTaHy po3pooku ACMII, icHyrounx
KOHCTpYKIli maporeHepatopiB it ACMII. Tlokazana akTyadbHICTH TEMHU 3
po3pooku ACMII. B 0630pi MAI'ATE naBeneno 6ins 60 npoekTiB. BinbImicTs 3 HUX
PO3IIIsJIa€ PEaKTOPHU 3 BOJIOKO M1/l TUCKOM, SIK1 BMIIYIOTh [TapOreHepaTopu. 3 aHaIli3y
BUKOPUCTAaHUX KOHCTPYKIIH [1I" 3po0sieHO BUCHOBOK, 1110 HAHOUIBII NPUMHATHUM 32
iJI0F0 HU3Kor0 BiactuBocTed € I[N 3 KkoakcialbHUMHM 3MiMOBHKaMHU. Y SKOCTI

MaTtepiany TemIooOOMIHHMX TpyOook  TpaHcnopTHuUX SAEY BUKOpPHUCTOBYIOTHCS



TUTAHOBI CIUIaBU. Y SKOCTI MPOTOTUIY KOHCTPYKIIi BuOpaHo BeptukambHuii 1117 3
NeperpiBoM mapu, 10 BUKOPUCTOBYETHCA Y sIIEpHii eHepreTuuHii ycraHosil (SIEY)
KJIT-40C. IlpuBeneHo 3anpornoHoBaHy albTepHATUBHY KOHCTpyKito I1I, sika He Mae
HenoMikiB npamorounux [II' Ta 1o3BoJisie 31MCHIOBATH MPOAYBKY, SIKa CYTTEBO
CIPOIIye€ BOMHO-XIMIUHUI pekuM Ta ekcruryataitito I[1I'. TIpoBeneHo po3paxyHkoBe
CITIBCTaBJICHHsI PI3HUX cxeM mapoTypOiHHuX ycrtaHoBok (IITY), saxe mnoka3zaino
nigBuieHHs abcomoTHoro enekTpuuHoro KKJI 3 yckinaaHeHHsIM TEIIOBOT CXeMH 3a
paxyHOK BHKOPUCTAHHSI PET€HEPAaTHBHUX MIAITPiBayiB, MPOMIXKHOTO CemapaTropy Ta
neperpiBaua napu. [lokazaHo, 1mo KOXXHHUM 3axiJ OpuBoauTh a0 miaBuiieHHs KKJ|
npubnu3Ho Ha 1 %. BpaxoByroun, mo ans ACMII gyxke BaXIMBUM € KOMIAKTHICTb,
Maja BapTICTh, MAaHEBPEHICTh, MPOCTOTA Ta HAIWHICTh, MPUUHSITO AJIsI TOJATBIINX
PO3paxyHKIB BHUKOPUCTATH TEMIEpPATypy >KUBWIBbHOI Boau 65 °C, sxa moxe OyTu
OTpMMaHa TIPU BaKyyMHIM Jeaepalllii OCHOBHOIO KOHAEHCAaTy B JaepaTopi.
Po3risitHyTo  METOAMKY — TEXHIKO-€KOHOMIYHOTO — aHallidy Ta  ONTHMIi3allii
KOHCTpYKTUBHUX napameTtpiB [II'. CpopMysiboBaHO MeTy Ta 3a1adl AUCEPTALIMHOIO
TOCIIKEHHS.

Y  apyromy po3aiii  po3po0JeHO METOAUKY TEXHIKO-€KOHOMIYHOTO
pO3paxyHKy naporeseparopy. g ontumizaiiii 3a KpUTepieM MIHIMYMY NPUBEIECHUX
BUTpaT HEOOXITHO BU3HAUWTH BapTicth [II' Ta BuTpatH enekTpoeHeprii Ha
[UPKYJISIIIO TEMJIOHOCIA Ta poO0YOro Tijia yepe3 Hhoro. [ BUSHAYEHHS BapTOCTI
PO3p00JIEHO KOHCTPYKIIIHHUI po3paxyHOK I1I" 3 koakcialbHUMU 3Mi1€EBUKAMU, a CaMe
PO3MIpiB OCHOBHHUX MOTO eleMeHTIB: TeriooOMiHHNX TpyOok (TOT), mumiHapudHoi
YaCTUHM, KPHUIIKW, AHUIIA Ta naTpyOky kopmycy. Ilokazano, mo po3misiHyTa
KOHCTPYKIisI Ma€ MEBHI O0COOJMBOCTI, a caMe JJIi BU3HAYECHHS OCHOBHHUX PO3MIpPIB
Tpeba 3a7aBaTH M’ SITh MapaMeTpiB, 3aMICTh YOTUPHOX JUIS PEUITH TETUIOOOMIHHUX
anapariB: giamerp TOT, kpok posramyBanHs TOT y BepTUKaJIbHOMY Ta
TOPU30HTAJILHOMY HaIpsiMKaX, IMIBUAKICTh XKUBWIBbHOI Boau B TOT Ta mBHIKICTH
TEIJIOHOCISE Y MDKTpyOHOMY mpocTopi. OcTaHHIN MmapameTp BH3HAYa€ KUIBKICTh
PAIIB KOHIIEHTPUYHUX 3MI€BUKIB, sIKI CKJIaJa0Th IJIOUTY TEIIOOOMIHY.

Tperiii po3aiy1 npuU3HAYEHUN TEIJIOBOMY PO3pPaxyHKy MaporeHeparopy 3

BU3HAYEHHS IO TeriooOMiHy. [IpoaHnanizoBaHi pi3Hi (popmysn s BUSHAYEHHS



Koe(ilieHTIB  TEIUIOBiAAAa4l NpU  TONEpeYHOMY  OOTIKaHHI  TEIJIOHOCIEM
TOPU30HTAIBHUX 3MIEBHKIB Ta MPU MPOTIKaHHI POOOYOro Tijla B TEMJIOOOMIHHHX
TpyOKax Ha IT’ATH JUISHKAaX TEIUIOOOMiHY: MpH HarpiBl 0oAHOGA3HOI BOIHU, MPH
IIOBEPXOBOMY KHWITiHHI, MPU 00’€MHOMY Ta TOTIPIIEHOMY KHUIIIHHI Ta MpHU Meperpini
napu. BubOpano ¢opMmynu, ski Jal0Th HAaOMIKEHUH 1O MAIMCHOCTI pe3yJibTart.
[IpoBeneHo BapiaHTHI pO3paxXyHKH JJii BU3HAYEHHA  BIUIMBY  OCHOBHHUX
KOHCTPYKTHUBHHUX MapaMeTpiB Ha IJIOILY TEMIO0OMIHY MaporeHepaTopy.

Y uyerBepTOMY PO3AiJdi PO3pOOIEHO METOAMKY TIAPABIIYHOTO PO3PAXYHKY
TeIJIO0OMIHHOT TOBEpPXHI Ta AUISTHOK JO Ta MICHsS IMOBEepxHI Terwiooominy y IIT.
[IpoBeneHo BapiaHTHI pO3PAaxXyHKH [JJs BU3HAYCHHSI BIUIUBY KOHCTPYKTHUBHUX
napameTpiB Ha T1paBIIYHAN OMip MaporeHepaTopy.

Y m’aTomy po3miii JOCHIPKEHO YMOBH, SIKI 3a0€3Me4yrOTh TiIpaBiIivuHy
CTIMKICTh pOOOTH MPSAMOTOYHOIO Maporeneparopy. IIpoBeneno ananiz MmaTeMaTU4HOI
MOJIENI, SIKA MOSICHIOE BUHUKHEHHS T1APaBIiyHOI HECTIMKOCTI B KaHali 3 ABO(a3HUM
pobounM TisIoM. 3po0ieHo (i3uyHE MOSCHEHHS! BUKOPUCTAHHS IPOCEIBHOT 1Iaiion Ha
BXITHIA JUISHIN I8 3amoOliraHHs BWHHUKHEHHS HecTiMkocTi. IlokaszaHo, 1o
JI0JIATKOBHI Omip MOke OyTH 3a0e3neUeHH TEBHUMU PO3MipaMu KUBUIILHOT TPYOKH,
dKa TIABOAUTH BOAY 10 TEIIOOOMIHHOI TpyOku. B pesynbTaTi aHamizy yMOBH
JTOCSTHEHHS TIAPaBIIYHOI CTIAKOCTI BHUSBJICHO HEJIOCTAaTHIO BHU3HAYEHICTH i€l
HEPIBHOCTI. 3ampoIrOHOBAaHO BHU3HAYATH JOJATKOBHM OMIp dYepe3 BpaxyBaHHS
MOJIUBOTO BIIXWJICHHS PO3MIPIB TEIJIOOOMIHHUX TpYyO, AKI Cepell PO3IVIAHYTHUX
napameTpiB, HAMOUTbIIE BIUIMBAIOTH HA pOo3paxyHKoBHi rigpasmiunuii onip TOT.

Y mocromMy po3aiji NpoBEeACHO OMNTUMI3AII0 OCHOBHUX KOHCTPYKTHUBHHX
napametpiB npsmotouHoro III'. ITpu pospaxynky Baptocti III' Oyno BpaxoBaHO
BuTpatu Ha 3BaproBanHsa TOT. Lle m03BONMMIM BU3HAYWUTH ONTHUMAIBTHHUI JiaMeTp
TOT 3a MIHIMyMOM NOpPHUBEIEHUX BUTpAT, SAKUU JOpiBHIOE 18 mMm. OnrtumanbHa
IBHJIKICTH XUBWIbHOI Boau Ha BxoAi B TOT mopiBaioe 0.71 m/c. BusnaueHo, 1o
TOBIIMHA KiJIBIIEBOTO 3a30py MK KOPITYCOM Ta IMAXTOIO IS MPOXOAY TETUIOHOCIS
BU3HAYAETHCS 3 YMOBU MIHIMYMY TIJPaBIIYHOIO OMOPY MpPH BUXOJI TEIUIOHOCIS 3

natpyOKy 1 Moxe Bu3Ha4atucs 3 Bupasy hks/Inarp=0.17.



HaykoBe 3HaueHHs AucepTaIliiHOI pOOOTHU IMOJIATAE Y TOMY, IIO:
- YIOCKOHAJ€HO METOAWKY BH3HAUEHHS yMOBHM  TIOPaBIIYHOI  CTIMKOCTI
IPsIMOTOYHOTO TapOT€HEepaTopy 3a paXyHOK YTOUYHEHHS HEPIBHOCTI, sSIKa BHU3HAYAE

HEOOX1THUI J0JIaTKOBUH OIIp, KKK Mae OyTH Mepe/1 TEII000MIHHOIO TPYyOKOO:
Apy > D? - (B —v3AC).

[lokazano, mo mpu Ap, = D? - (B - \/W) [I0JIy4aeTCsd MUHUMAaJIbHOE
3HAYEHHUE JIONOJIHUTEIBHOTO CONPOTUBIIEHUSA, IPU KOTOPOM HMMEET MECTO
NPAKTUYECKA TOPU3OHTAIBHBIM Yy4YacTOK Ha THUIPABIMYECKOM XapaKTepUCTHKE
APc=f(D), BHyTpu KOTOPOTO pacxo] MOXXET MpuoOpeTaTh MHOKECTBO 3HAUCHUH, a
3HaUUT, OyJeT HUMEThb MECTO THUApPABIMYECKas HEYCTOMYMBOCTb. Y CJIOBHE
JOCTUKEHHS] YCTOWYMBOCTH JJOJKHO OBITh 3aIIMCaHO B BUJIE!

Apy > D? - (B —V3AQ).

- 3amnporoHOBaHO JJIsi YTOYHEHHS HEPIBHOCTI BpaxOBYBaTH MOKJIUBI 3MIHU
napameTpiB, SKi BIUIMBAIOTh Ha TIAPaBIIYHY HECTIHKICTb, a caM€ BpaxOBYBaTH
eKCIUTyaTal[ifHui J11ala30H 3MIHU TapaMeTpiB TEIUIOHOCIIB Ta JOMYCTUMI 3MIHH
KOHCTPYKTUBHUX I[apaMeTpiB MpPU BUTOTOBJEHHI TEMJIOOOMIHHOI IOBEPXHI.
BusnaueHo, 1110 Ha 3MiHY J0JJaTKOBOTO T1JPaBIidyHOTO OMOPY MNEPEBAKHO BIUIMBAIOTH
KOHCTPYKTHBHI MMapaMeTpu, a caMe€ JiaMeTp Ta TOBIIMHA CTIHKA TETIOOOMiIHHOI
TpyOKH, 3MIHY SKUX 1 Tpeba BpaxOBYBAaTH AJII BU3HAUEHHS T1JIPaBIIYHOI CTIMKOCTI.
JUis 3aJaHHBIX HCXOJHBIX JI@HHBIX OBUIO TMOJIy4EHO YCJIOBHUE JIOCTHXKEHUS
TUPABIMYECKOU YCTOMYUBOCTH:

Apy = 1.4-D? - (B —V3AC)
- Ilpu BuU3HAYeHH! T1APABIIYHOI XapAaKTEPUCTUKHU 3MIMOBHKA MaporeHeparopa B
JmiTepaTypl BpaxoBYeThcs Juine omip TepTs. [IpoBeaenuit anami3 mokasas, IO
BEJIMYMHA HIBEJIIPHOrO OMNOPY Ta OMNOPY NPUCKOPEHHSA CTaHOBUTH A0 13% Bin
3arajibHOr0 OMopy 1 II€I0 BEIUYMHOIO HE MOXKHA HeXTyBaTu. OOIIK MX CKIAJOBUX
MPU3BOJUTH JI0 3HWKEHHS JIOAATKOBOTO OIOPY, HEOOXITHOTO i 3a0e3MeUeHHS
TipaBIigyHOI CTIMKOCTI, a OTXKe, 3H)KEHHS BUTPAT Ha MPUBIJ] HAcOCa.
- BU3HAYEHO BIUIMB KOHCTPYKTUBHHX TapaMeTpiB Ha MPUBEICHI BUTPATH, fAKI €

KPUTEPIEM TEXHIKO-€KOHOMIYHOI ONTHUMI3allii;



- YJIOCKOHAQJIEHO METOJMKY TIAPaBIIYHOTO PO3PAXYyHKY 3a pPaxXyHOK TOTO, WIO
BHU3HAUEHHS HIBEJNIPHOI CKJIQJ0BOI TIPaBIIYHOTO OMOPY Ta CKIAJA0BOI MPUCKOPEHHS
MO>K€ BH3HAUATHUCS JJISl BClE€ TIOBEPXHI HArpiBy, a CKJIaJ0Ba TEPTS Ma€ BU3HAYATHUCSA
JUISL TPHOX JIISTHOK TETIO0OOMIHY OKPEMO;

- BU3HAYCHO, IO JIOCHIDKYBAaHUN THIT TIOBEPXHI HArpiBYy: KOAKCialdbHI MATIHAPUYHI
3MIEBUKH, Ma€ OCOOJIMBICTh IPU KOHCTPYKTUBHOMY PO3PaxyHKY, siKa MOJSATAE B TOMY,
0 HE3aJIGKHUMH TlapaMeTpaMH €: BHYTPIIIHIA JiaMeTp TeIJI00OMIHHUX TPyOOK
(3Mi€BHKIB), KPOK Y TOPHU30HTAILHOMY Ta BEPTUKAIHHOMY HAMPSMKaX, IBHIKOCTI
TEIJIOHOCISE Ta poOOYOro Tija Yy TEIJIOOOMIHHUX TpPyOKax Ta y MUKTpyOHOMY
mpoctopi. B iHmMmMX THmax TerIooOMiHHOI TMOBEpPXHI OJHA 31 IMIBHIKOCTEH
BU3HAYAETHCS PO3PAXYHKOM 1 HE € HE3JIEKHOIO;

- YZIOCKOHAJIGHO PO3pPaxyHOK BapTOCTI MaporeHepaTopa, sSIKHil BpaxoBye€ BUTPATH Ha
BUTOTOBJICHHS HE TUIBKM IIOJBOEHHSM I[IHW BUKOPUCTaHMX MaTepiamB (3a
MPAKTUYHUM JIOCBIJIOM BUTOTOBJICHHS Ha €HEProMAIIMHOOYIBHOMY BUPOOHUIITBI),
aje J0JaTKOBO BpaxOBY€ BUTpPATU Ha 3BapPIOBAHHS TEIUIOOOMIHHOI MOBEPXHI 3

TPYOHOIO JOLIKOIO Ta 3 JKUBUJIBHUMH TPYOKaMHU.

IIpakTuyHa UOiHHICTH JUCEpTalli BU3HAYAETHCA THUM, IO PO3poOJieHA
yIOCKOHAJIEHa  METOJuKa MoOKe OyTM  3acTOCOBaHa MpU  INPOEKTYBaHHI
naporeHeparopiB aiisgs ACMII ve Tinbku ans YKpainu, a i 71 OCTaBKU 3a KOPJIOH.
Po3po0iieHnii KOMIJIEKC MpOrpaM MOXE 3aMIHUTH JOPOT1 3aKOPAOHHI KOMIT FOTEpPHI
KOZH.

PesynbpTaT nauceprailii  BOIPOBAIKEHO TMPU BUKOHAHHI JIEPKOIOJKETHOI
HayKoBO-JoCHiAHOT poboTu Nel24-42 «IligBunieHHsT e)EKTUBHOCTI, HAIIMHOCTI Ta
Oesmekn poOOTH, B TOMY 4YHCJl pajiamiiiHOi, OCHOBHOTO Ta JIOIOMIXKHOTO
obnagHanHss AEC» Ne JI/P 0116U004924 3a 2016-2020 poxu Ta y HaBYaJIbHHMA
nporiec kaheapu AEC JlepkaBHoro yHiBepcuTeTy «OechKa MOTITEXHIKAY, PO III0 €
BIJIMOBITHUH aKT.

KitouoBi ciioBa: MpsSMOTOYHHMM MaporeHepaTrop, TEIUIOBUM, TiApaBIIIYHUH,

TEXHIKO-€KOHOMIYHHI pO3paxyHKH, pO3paxyHOK Ha MIIHICTb, T1ApaBiivyHa CTIHKICTh
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ABSTRACT

Zhou Xiaolong. Improvement of the methodology for calculating a once-
through steam generator for low-power NPP. - Manuscript copyright.

Thesis for the degree of Doctor of Philosophy (PhD) in Specialty 143 - Nuclear
Energy. — Odessa Polytechnic State University, Ministry of Education and Science of
Ukraine, Odessa, 2021.

Today, the share of electricity generated at Ukrainian nuclear power plants
(NPPs) is about 50%. According to the Energy Development Strategy of Ukraine
until 2035, electricity generation at NPPs should be 48%. Given the long service life
of existing power units, Ukraine must decide to replace obsolete units with new ones.
Today, great importance in the world is given to the development of low-capacity
NPPs. Ukraine, with its great machine-building potential, must take a worthy place
among the producers of the equipment needed for low-power NPPs. One of the main
elements of the reactor unit (RU) is a steam generator (SG), the design features of
which are given attention in this work.

In the Introduction substantiates the relevance and importance of the work,

defines the purpose, objectives of the study, scientific novelty and practical



significance of the results, reflects its relationship with state and industry programs,
as well as research work performed at the Odessa Polytechnic State University, the
personal contribution of the applicant is noted. The scientific novelty and practical
significance of the work are determined.

In the first section, the analysis of a condition of development of low-power
NPPs, existing designs of steam generators for low-capacity NPPs is executed. The
relevance of the topic for the development of low-capacity NPPs is shown. The IAEA
review lists about 60 projects. Most of them consider pressurized water reactors that
accommodate SGs. From the analysis of the used SG constructions it is concluded
that the most acceptable in a number of properties are SGs with coaxial coils.
Titanium alloys are used as a material of heat exchange tubes of transport NPPs. A
vertical SG with superheated steam used in the KLT-40S NPP was chosen as a
prototype of the structure. The proposed alternative design of SG, which does not
have the disadvantages of direct-flow SG, and allows for purging, which significantly
simplifies the water-chemical regime and operation of SG. The -calculated
comparison of different schemes of steam turbine units was carried out, which
showed the increase of absolute electric efficiency with the complication of the
thermal scheme due to the use of regenerative heaters, intermediate separator and
steam superheater. It is shown that each measure leads to an increase in efficiency by
about 1%. This reduces the power of the turbine. Given that compactness, low cost,
maneuverability, simplicity and reliability are very important for low-power NPPs, it
Is accepted to use the feed water temperature of 65 <€ for further calculations, which
can be obtained by vacuum deaeration of the main condensate in the deaerator. The
method of technical and economic analysis and optimization of SG design parameters
is considered. The purpose and tasks of the dissertation research are formulated.

In the second section, the technique of technical and economic calculation of
the SG is developed. To optimize the criterion of minimum reduced costs, it is
necessary to determine the cost of SG and the cost of circulation of the coolant and
the working fluid through it. To determine the cost, a structural calculation of SG
with coaxial coils was developed, namely the size of its main elements: heat

exchange tubes (HET), cylindrical part, cover, bottom and casing. It is considered



that the considered design has certain features, namely for definition of the basic
sizes it is necessary to set five parameters, instead of four for other heat exchangers:
diameter HET, step of arrangement HET in vertical and horizontal directions, speed
of feed water in HET and speed of coolant in intertube space. The last parameter
determines the number of concentric coils that make up the heat transfer area.

The third section is dedicated to the thermal calculation of the steam
generator to determine the area of heat transfer. VVarious formulas for determining the
heat transfer coefficients in the transverse flow of horizontal coils and in the flow of
the working fluid in the heat exchanger tubes in five areas of heat exchange: when
heating single-phase water, surface water, volumetric and degraded boiling and
overheating. Formulas that give an approximate result are selected. Variant
calculations were performed to determine the influence of the main design
parameters on the heat transfer area of the SG.

In the fourth section, the technique of hydraulic calculation of a heat
exchange surface and sites before and after a surface of heat exchange in SG is
developed. Variant calculations were performed to determine the influence of design
parameters on the hydraulic resistance of the steam generator.

The fifth section examines the conditions that ensure the hydraulic stability of
the direct-flow steam generator. The analysis of the mathematical model which
explains emergence of hydraulic instability in the channel with two-phase work by a
body is carried out. A physical explanation of the use of a throttle washer at the inlet
to prevent instability. It is shown that additional resistance can be provided by certain
dimensions of the supply tube that supplies water to the heat exchange tube. As a
result of the analysis of the condition for achieving hydraulic stability, insufficient
certainty of this inequality was revealed. It is proposed to determine the additional
resistance by taking into account the possible deviation of the dimensions of heat
exchange pipes, which among the considered parameters have the greatest impact on
the calculated hydraulic resistance of HET.

In the sixth section, the optimization of the main design parameters of a once-
through steam generator (OTSG) is carried out. When calculating the cost of the SG,

the costs of welding the heat exchange tube were taken into account. This made it



possible to determine the optimal diameter of the heat exchange tube at a minimum
of the reduced costs, equal to 18 mm. The optimal feed water velocity at the inlet to
the heat exchange tube is 0.71 m / s. It has been determined that the thickness of the
annular gap between the casing and the shaft for the passage of the coolant is
determined from the condition of the minimum hydraulic resistance when the coolant

leaves the casing and can be determined by the expression hg//1c=0.17.

The scientific significance of the dissertation is that:

- the method of determining the condition of hydraulic stability of a OTSG by
improving the roughness, which determines the required additional resistance to be in
front of the heat exchanger tube:

Ap,, >D? - (B —V3AC),

It is shown that at 4p,, = D? - (B — v3AC) , the minimum value of additional
resistance is obtained, at which there is an almost horizontal section on the hydraulic
characteristic 4P,=f(D), inside which the flow rate can acquire many values, which
means that there will be hydraulic instability. The condition for achieving stability
should be written in the form:

Ap,, > D? - (B —V/3AC);

- To clarify the inequality, it is proposed to take into account possible changes in
parameters that affect hydraulic instability, namely to take into account the operating
range of changes in coolant parameters and allowable changes in design parameters
in the manufacture of heat exchange surface. It is determined that the change of
additional hydraulic resistance is mainly influenced by design parameters, namely the
diameter and wall thickness of the heat exchanger tube, the change of which must be
taken into account to determine the hydraulic stability. For the given initial data the
condition of achievement of hydraulic stability was received:

Ap,, = 14 -D? - (B —v/3AC);
- When determining the hydraulic characteristics of the coil of the steam generator in
the literature takes into account only the resistance to friction. The analysis showed
that the value of leveling resistance and acceleration resistance is up to 13% of the

total resistance and this value can not be neglected. Accounting for these components



leads to a reduction in the additional resistance required to ensure hydraulic stability,
and therefore reduce the cost of the pump drive;

- the influence of constructive parameters on the resulted expenses which are a
criterion of technical and economic optimization is defined;

- the method of hydraulic calculation has been improved due to the fact that the
determination of the leveling component of the hydraulic resistance and the
component of the acceleration resistance can be determined for the entire heating
surface, and the frictional resistance component should be determined separately for
three heat exchange sections;

- it was determined that the investigated type of heating surface: coaxial cylindrical
coils, has a feature in the design calculation, which consists in the fact that the
independent parameters are: the inner diameter of the heat exchange tubes (coils), the
step in the horizontal and vertical directions, the speed of the coolant and the working
fluid in the heat exchange tubes and in the annular space. In other types of heat
exchange surface, one of the speeds is determined by calculation and is not
independent;

- the calculation of the cost of the steam generator has been improved, which takes
into account the manufacturing costs not only by doubling the price of the materials
used (according to the practical experience of manufacturing in the power
engineering industry), but additionally takes into account the costs of welding a heat

exchange surface with a tube plate and with feed tubes.

The practical value of the dissertation is determined by the fact that the
developed advanced technique can be used in the design of steam generators for
ASMP not only for Ukraine but also for delivery abroad. The developed set of
programs can replace expensive foreign computer codes.

The results of the dissertation were implemented during the economic contract
research work Nel24-42 «dmproving the efficiency, reliability and safety of work,
including radiation, main and auxiliary equipment of NPPs» Ne D/R 0116U004924
for 2016-2020 and in the educational process of the Department of NPPs Odessa

Polytechnic State University, about which there is a relevant act.
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