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CpeIbl, COACPKHUT HEOOXOANMbIE OaTaHCOBbIE YpaBHEHUS U YpaBHEHHS TEIUIONEpe-
a4l C BO3MOXKHOCTBIO BBIOOpa pa3jM4HbIX METOJNUK pacuera. PeimieHus cucrem
yYpaBHEHUH CBOJIATCS pPa3IUYHBIMU UYHUCICHHBIMH METOAaMH, O0eCleYUBAIOIIMMHU
NpPUEMIIEMYIO TOYHOCTb pe3yibTaTa.

[IporpaMMHBI IPOJIYKT, peaTU3yIOUIUi MAaTEMaTHUYECKYIO MOJIENb, TTO3BOJISIET
NPOEKTUPOBATh YCTAHOBKM HA PA3IMUYHYIO0 MPOU3BOAUTEIBLHOCTh, MPOBOJAUTH MOBE-
POUYHBIE pacyeThl U MOAOMPATh ONTUMAIIbHYI0 KOHCTpyKHHio. [Ipunoxkenue Oyner
IIOJIE3HO MPOEKTHBIM OPraHU3ALUSAM SHEPTETUYECKON OTPaCIIH.
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K PACUYHETY TEMIIEPATYPHOI'O COCTOAHUA T'PA®OUTOBOI'O
SAMEJJIMTEJISA PEAKTOPA PBMK

B.O. Imutpues, U.I'. TkaueHko
TOMCKUI MMOJIMTEXHUYECKAN YHUBEPCUTET
OHUH, ATOC, rpynna 5012

OpauM U3 PakToOpoB, OMPEHCISIOMNUX HAJACKHOCTh U 0€30MaCHOCTh PabOTHI
ADC c BomorpauTOBEIMU pPEAKTOPaMHU, SIBISIETCS HAJACKHOCTh TPAUTOBOTO 3aMe/I-
nutens (KJI1aJKu), paCCUUTAHHOTO HAa BECh CPOK IKCILTyaTalluy PEAKTOopa.
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['paduroBas xnanka peakropa PBMK-1000 umeer dopmy nunusapa auameT-
poMm 11,8 M 1 BbICOTOM 7 M, COCTaBJIEHHOTO M3 2488 KOJIOHH. B OTBEpCTUSIX KOJIOHH
yCTaHOBIIEHBI TpyObl TexHoJornyeckux kananoB (TK) u kanano CY3. Temnnobiae-
Jsifo1e cOOpKH, PAcIONOKEHHbIE BHYTPH KAaHAJIOB, OXJIAXkIAIOTCSl BOJOW C TeMmIle-
patypoii 250...280 °C.

[Ipu pabote peakropa yacTh (5...6%) MOJHON TEIIOBOM MOUTHOCTH peakTopa
BbIICNIAECTCS B rpadute KIaakud. DTO Temno Takxke oTBoautca k Tpydam TK. Jlns
o0ecrnedeHus TEII0BOro KOHTaKTa ¢ OJ0KaMH Ha TPpyObl KaHAJIOB HA/IEThI pa3pe3HbIe
rpaduTtoBsie Kobla (puc. 1), a B 3a30pbl MexAy Tpydamu u OJI0KaMH MOJaeTCs Ipo-
TyBOUHBIN Ta3 (mratHbid cocTaB 10% azorta u 90% renus, o 00bEMY).

Puc. 1. Cxema yctanoBku TpyObl TK B rpadutoBoit kianke: 1 — rpaduToBsIit 0JI0K;
2 — HapyxHOe rpaduTOBOE KOJIBIIO (BTYJKA); 3, 5 — ra3oBbIe 3a30pbl; 4 - BHYTPEH-
Hee TpaduToBOE KOJBIIO (BTYJIKA);

Ri - Tepmudeckoe cOnpoTUBIEHUE; I - paanyc

KOHCTpyKTUBHBIE U CXEMHBIE PELIECHUS peaKkTOpHBIX ycTaHOBOK PBMK mno3Bo-
JIAIOT OCYIIECTBIISATh U3BMEHEHHUE COCTaBa MPOAYBOYHOTO raza [1].

TemmnepaTypHoe 1oJie B TpaUTOBOM KIIaJKe OMPEACNIICTCS B MEPBYIO ouepehb
MOIIIHOCTBIO peakTopa. Biuser Ha temnepaTypy rpaduta u cojepkanus azota X, B

a30THO-TEJIMEBOM cMecH (J1ajiee COCTaB MPOJAYBOYHOIO rasa).

Temneparypa rpadura KJIaaKud SIBISETCS OJHUM W3 OCHOBHBIX IapaMeTpPOB,
auMuTHpYIOIKX padboty peaktopa PBMK. B npakTuke npuHSTO, 4TO HA BCEX PEKU-
Max pa0OThl peakTopa MakCUMajbHas TeMIieparypa rpadura He JOJIKHA MPEBBIIIATh
3Ha4YeHus1 moporooi Temreparypsl 750...800 °C [1, 2]. Kpome Toro, kojebaHus
CpenHel TeMreparypbl rpaduTa Kiaaku (3aMeJTUTeNs ) BEAyT K COOTBETCTBYIONTUM
M3MEHEHUSIM PEaKTUBHOCTH pPeakTopa, Tak kak anmapartsl Tuma PEBMK o6nanaroT cy-
IIIECTBEHHBIM 10 BETUYMHE MOJOKUTETHHBIM d(PPEKTOM PEaKTUBHOCTH MO TEMIIEepa-
Type 3amennurens [1].

CrnenoBaTenbHO, ONpeieNieHue TEMIIEPAaTyPHOTO COCTOSIHUS TpadUTOBOM KIaji-
ku peaktopa PBMK siBisiercst akryanbHOM 3a1a4ent.

[Tone Temrepatyp Kiaaaku BOAOTPadUTOBOrO PEAKTOpPa SABISETCS TPEXMEPHBIM.
[IporpamMmBbl YUCIEHHBIX PACYETOB JIBYXMEPHBIX U TPEXMEPHBIX TEMIEPATYPHBIX TO-
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JIeW OYEHb CI0KHBL. 1103TOMY MJIs1 OLIEHOYHBIX pACYETOB MAKCHUMAJIBHOU TEMIIEPATY-
pblI rpaduTa IPUXOJUTCS NPUOETaTh K PA3IUYHBIM YIPOILEHUSAM U TOIMYLICHUSIM.

B u3BecTHON METOAMKE pacyeTa MAaKCUMAJIBHOM TEMIIEPaTypbl 3aMeNINTENs
peakropa PEMK [3] TepMudeckue conmpoTHBICHHUSI BTYJIOK M Ta30BBIX 3a30pOB YIIO-
JOOJISIFOTCS SJIEKTPUUECKUM CONPOTHBIEHUSAM. COCTaBUB U YIIPOCTUB LIEMb 3THUX CO-
IPOTUBIICHUN, MOKHO OINPEIEIUTh 3HAYEHUE SKBHBAJIECHTHOI'O AJIEKTPUYECKOIO, a
3HAYUT, U TEPMHUUYECKOTO COIPOTUBIICHUS 3a30pa IpaUTOBBIA OJIOK — TpyOa TEXHO-
JIOTHUYECKOTo KaHaza (puc. 1).

Pe3ynbraTthl BapuaHTHBIX PAcdyeTOB TEMIIEPaTyphl OTIACIBHOTO TpaUTOBOTO
0JI0Ka 1O pacCMOTPEHHOM METOIMKE MPUBEACHBI Ha PUC. 2.
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Puc. 2. 3aBucUMOCTh MaKCUMaIbHOW TeMIIEpaTypbl rpauToBOrO 0JI0KA (B YTy
rpauTOBOro 0J10Ka) OT COCTaBa MPOIyBOYHOM cMecH 0e3 yueTa KOHTAKTHBIX Tep-
MUYECKHUX COMPOTUBICHUI

AHanu3 COEPKUMOTO pUC. 2 TIOKA3hIBAET, UYTO MaKCUMalbHas (YTJIOBas) TEM-
nepatypa rpaguToBOro 6;10Ka lyng HPH YBETHYCHHH CONCPXKAHMS a30Ta B IPO-

nyBouHoit cmecu oT 10 mo 100 % Bo3pactaer Ha 10...15 °C. Ot uudps cyiie-
CTBEHHO OTJIMYAIOTCA OT JKCIEPUMEHTAIBHBIX JaHHBIX, MPUBEICHHBIX B [2], rme
cpenHee 3HaYeHHE KOd(P(HUIIMEHTA BIUSHUS COCTaBa CMECH Ha TeMIlepaTypy rpadura
ouenuBaercs B quamasone 0,9...1,2 °C/%.

[TpyarHAME TaKOTO PACXOKIECHUS MOTYT SIBJISATHCS HEYYTCHHBIC TEPMHUUCCKUE
COTIPOTUBJICHUS B MECTaX KOHTaKTa IpapuTOBBIN OJIOK — HAPYKHOE KOJIBIIO, HAPYXK-
HOE KOJIbLIO-BHYTPEHHEE KOJIbIIO, BHYTpEeHHEE Koblo — Tpyda TK (puc. 1).

C menpl0 BBIICHCHHS HCTOYHHMKA PACXOXKICHUS PACUYCTHBIX M IKCIECPHUMCH-
TaJbHBIX JTAHHBIX 10 TEMITepaType rpaduTa OIMMCaHHAs BBIIIC METOAMKA ObLTa yTOY-
HEHa TIOCPEJICTBOM BKJIIOUEHUS JOTOTHUTEIBHBIX KOHTAKTHBIX TEPMUYECKHUX COIPO-
TUBIICHUN. JIJ1s1 pacueTa MOCIeTHUX UCIOIB30BAIOCh KPUTEPUATHHOE YPaBHEHHE W3
pabotsi [4]
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[Io yTouyHEHHOIl MeTOAMKE ObUIM MPOBEAEHBI PacdeThbl TEMIIEPATYpPbl OTAEIIb-

HOTO TrpauTOBOTO OJ0KAa MPU BaphbHUPOBAHUHM COCTaBa MPOAYBOUHON CMECH U BEIH-
YUHBI KOHTAaKTHOTO JaBJIeHUs. Pe3ynpTaThl pacueTa npencTaBieHbl Ha pUc. 3.
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Puc. 3. 3aBucuMOCTh MaKCUMaIBHOM TeMIIepaTyphl rpaduTOBOTO 0JI0KA (B YTy
rpaduToBOro 6;10Ka) OT COCTaBa MPOAYBOYHON CMECH MPHU Pa3HbIX 3HAYCHHSIX KOH-
TaKTHOTO JIaBJICHUS

AHanu3 rpadukoB Ha puC. 3 TOKA3bIBAET, YTO KOHTAKTHBIE TEPMUUYECKUE CO-
npoTuByieHus cymectBeHHo (B 1,05...1,2 pasza) yBenuuuBamT TemiiepaTypy rpadu-
TOBOTO 3amemurens. [Ipu 3ToM Takke CyIIeCTBEHHO BO3pAcTaeT CTENEHb BIWSHUS
coJiep KaHMs a30Ta B CMECH Ha YPOBEHb TeMIiepaTyp OJoKa.

3aKIIFOueHUE

bein pa3paboTaH yTOYHEHHBIA aJIrOPUTM M COCTaBJIEHAa NporpaMma pacyeTa
TeMIEPaTypHOTO COCTOSIHUS TpaduToBoro 3amennutens peakropa PBMK, yuuteiBa-
IOIass TEPMUYECKUE COMPOTHBIICHUS B MECTaX KOHTaKTa JJIEMEHTOB T'pa(UTOBOU
kimanku U TK.

Hcrnonp3oBaHne JaHHOW TTPOTPaMMbI TTO3BOJISET CYIIICCTBEHHO IMOBBICUTH TOY-

HOCTh WHXEHEPHOUW METOJIUKHN pacueTa TeMIepaTrypsl rpaduTOBOTO 3aMEIJIUTENS pe-
aktopa PBMK.
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1. Introduction:

As the demand for electric power is increasing as well as the issues related to
climate change, there's a need to develop new sustainable environmentally friendly
energy systems. Research activities are currently underway worldwide to develop
Generation 1V nuclear reactor concepts with the objective of improving thermal effi-
ciency and increasing economic competitiveness of (NPPs) compared to modern
thermal power plants. There is a great interest in many countries in the research and
development (R&D) and conceptual design of SCWRs (one of the six reactor tech-
nologies selected for research and development under the Generation IV program).
The supercritical water cooled reactor (SCWR) uses supercritical water as
the working fluid. SCWRs resemble light water reactors (LWRs) but operate above
the thermodynamic critical point of water (374C, 22.1MPa), with a direct once-
through cycle like a supercritical boiler. This helps improve the thermal efficien-
cies (i.e., about 45% vs. about 33% efficiency for current LWRs) and a simplified re-
actor system (i.e., the need for a pressurizer, steam generators, steam separators, and
dryers is eliminated), and is hence expected to help improve its economic competi-
tiveness as the main mission of the SCWR is generation of low-cost electricity. [1][2]

2.Supercritical operation and general considerations:

The feedwater is pressurized to a pressure beyond its critical pressure. The
change in the thermo-physical properties of water at critical and supercritical pres-
sures is dramatic, but continuous (As shown in Fig-2). [3] . Such heating can be made
to be closer to the heat source temperature than a subcritical cycle with the same
steam temperature that shows an abrupt change in temperature within the two phase
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