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JanHasi craThsi MOCBsIIeHa 0030py pe3yiabraroB, mnoaydeHHbix B AO OKB <«['TIPOIIPECC» c¢
y4eToM HapabDOTAHHOIO OLbITa B 00JIACTHM YHUCJIEHHONO MOJE/JIMPOBAHMU: TEIIOMACCOOOMEHa B Pa3JIMYHbBIX
obbekTax aromuoil sHepreruku. [lonwp3a or npumenenus CEFD-texnosoruit mpu npoekTupoBaHUM PEAKTOPHBIX
YCTAaHOBOK 3aKJIIOUAETCs B BO3MOXKHOCTM HA 0a3e OrpaHMYEHHOTO KOJIMTIECTBA HKCIEPUMEHTAJIbHBIX JAHHBIX
JeTaIbHO WCCIEI0BATH MPOIECCHl TEIJIOMACCOOOMEHA B YCTAHOBKE C IEJIHIO MOATBEPIKICHUS MJIM MOJIEPHU3AINN
KOHCTPYKTOPDCKHUX DPENIeHMiII Ha I[ePeIOBOM HAyYHO-TEXHUYECKOM ypoBHe. llpeacraBieH psj 3amad, s
pelIeHnst KOTOPHIX OBLIN HMCIIOIH30BAHBI COBDEMEHHBIE INCJIEHHBIE METOIbl BBIYHC/IUTENHHON THIPOIUHAMUKA C
MIPUMEHEHNEeM BBICOKOIIPON3BOIUTEIHHON BHIUHNCINTEILHOM TeXHNKN. [I0Ka3aHbl HOBBIE BOZMOYKHOCTH PACIETHOTO
MOJIEJINPOBAHUs [IPU WCIIOJIH30BAHUU COBPEMEHHBIX CyINEePKOMIIBIOTEPHBIX BbIYUC/IMTE/IbHBIX TEXHOJIOIUH, a
TaK>Ke COIyTCTBYIOUIVE BBITUC/IMTE/bHbIE CJIOKHOCTH M IPOOEMbl aHAIN3A Pe3yabTaToB. lIpuBeseHsl mpuMepsl
HCIIO/Ib30BAHNS PACCMATPUBAEMON TEXHOJIOTHH Il MOJEJINPOBAHUS IKCIEPUMEHTAIBHBIX CTEHIOB M HATYPHBIX
00BEKTOB IIPU PA3INIHBIX pexmMax padorel. [lokazana aBromarnaeckas 00pabOTKa Pe3y/IbTATOB, IO3BOIIONIA
MIPOBOIUTH aHAMU3 OOJIBIIUX 33724 Pa3MEPHOCTHIO 0 1 MIPJA. KOHTPOJILHBIX OGBEMOB 110 HMHTErPAJIbHBIM
rmapaMeTpaM, XapaKTepu3yIoIuM paboTy PeaKTOPHOM yCTAHOBKM, TAKMM KaK PACIpeIeseHre PACXOJ0B HA BXOZIE
U Ha BBIXOJE U3 aKTUBHOMN 30HbI, PACIIPEJIEJIEHHUE [I0J0IPEBOB B TEILIOBBLAEJAIONMUX COOPKAX aKTUBHOU 30HbI, U
.1,

Katoueevie cA06a: GMOMHGA IHEPZETNUKG,  BBIYUCAUTMEALHAA 2UIPOOUHAMUKG,  CYTLEPKOMNHLIOMEDHLE
METHOAO2UY, TENAOMACCOOOMEH.
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BBenenne

3a BpeMst pa3BUTHST ATOMHO OTPACIN OBLIN UCITOJIB30BAHBI PA3INIHBIE IKCIIEPUMEHTATHHBIE
¥ pPaCcYeTHbIe METO[bl W3yUYeHWs TEUYeHWS W TEIJI000MEHA TEeIJIOHOCUTENd B YCTAHOBKAX:
MacmTabHble W TOJHOMACIITAOHBIE HKCIEPUMEHTAJIBHBIE CTEHIBI, MTaHHBIE C JefCTBYIOIINX
6JIOKOB, pacdeThl € MOOMOIIBK) CHCTEMHBIX U AYEHKOBBIX KOZ0B. OAHAKO KaXKIbll u3
MPUBEIEHHBIX CIIOCOO0B WCC/IEIOBAHUS WMEET CBOM OCOOEHHOCTH, HANPUMEP MPU CO3JAHUU
MaCIITaOHbIX CTEHJIOB MPAKTUYCCKN HEBO3MOXKHO JOONTHCS COOTBETCTBHUS IO BCEM KPUTEPHUIM
1mo00usi, Y4eCTb BCE KOHCTPYKTMBHbBIE JETaiu PeajbHON YCTaHOBKM U CMOJEJIUPOBATH

HATYPHBIE TEIJIOTEXHUYIECKUe yCaoBus (masienne, remmeparypa). C Ipyroii CTOpOHBI JaHHBIE

*  Crarbs  pPEKOMEHIOBaHa K  MMyOJMKAMK  MPOrPAMMHBIM  KOMHUTETOM  HAy4YHON  KOHbepeHIwn

«Cynepkomubiorepubie guu B Poccun — 2017».
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¢ AeficTBYONUX OJIOKOB YKECTKO OTDAHMYEHB! MTPOEKTOM TI0 KOJUYECTBY U MECTOPACIIOI0KEHHIO
U3MEPUTENBHON ANapaTyphl.

Pesynbrarer B obJsiacTH TIPUMEHEHUs] YUCAEHHOIO MOJIEJUPOBAHUA JJist HCCJIEJI0BAHUS
TEII0MaccooOMeHa, IOCTUTHYThIe 3a mocaegnue rogbl B OKbBb «I'MJIPOIIPECC», cBasambi
C TPUMEHEHHWEM U Pa3BUTHEM BBICOKOIPOU3BOIUTEIBHBIX CYNEPKOMIBIOTEPOB (KJIACTEPHBIX
cucreM). B cBa3m ¢ pPOCTOM KOMIIBIOTEPHBIX PECYPCOB 3a mocjefqaue 15 jer ogHuM u3
TJIABHBIX WHCTPYMEHTOB TI0 PACUYETHOMY U3YYEeHWIO TETIOMACCOOMeHa JJIst OTHOMA3ZHOTO TEUEHUST
crana BeruucantesnbHas rugpoguHamuka (CFD). TMoawsa or npumenenns CFD-rexwosormit
NP MPOEKTUPOBAHUK PEAKTOPHBIX ycraHoBok (PV) saksmodaercs B BO3MOXKHOCTH Ha Oase
OTPAHUYEHHOI'0 KOJWYECTBa 3IKCIIEPUMECHTAJIBHBIX MOAHHBIX JeTaJIbHO HCCICAOBATH IIPOIECCHI
TerI0MaccoOOMeHa B yCTAHOBKE C TIJIBI0 MTOMATBEPKACHUS NN MOJEPHU3AINN KOHCTPYKTOPCKUX
pelenuit Ha mepeoBoM HayIHO-TexHmYeckoM ypoBae. @akruuecku, CKFD-Moznens npejcrasiser
co00il BUPTYyaJIbHBIH AHAJIOI MOJAEJUPYEMOrO OObEKTa MCCIeA0BaHus  (IKCIEPUMEHTAIBHBII
CTEHJI, PEeaKTOp W T.JI.). Baxkno takxe ormerurh, uro mupumenenune CFD-texnosmormii ma
Jrane IJIAHUPOBAHUS 3SKCIEPUMEHTa M03BoJIsieT 06osiee 3(hDEKTHBHO NTPOBOIUTE (PUBHUECKOE
MozesupoBanue. OJHAKO CTOUT OTMETUTH, YTO BPEMEHHBIE 3aTPATHI HA MTOJIYyUYEHUE YUCIEHHOTO
pellieHust, CTOMMOCTb pacyeTa M HaJUYhe HOPMATUBHBIX OIPDAHUYEHUN HA IIPUMEHEHUE
BBIYUCJATETHHON TI'UJIPOJMHAMUKUA B aTOMHOW OTPAC/H, OTPAHUYUBAIOT WUCIIOJb30BaHUE
CFD-rexnosioruu jjis pacaeTHoro obocuosanus PY.

B Hacrosiee BpeMsi TulMyYHasg Pa3sMEPHOCTb CETOYHON MOJEIU JiJisi  OOJIBIIMHCTBA
PeakTOPHBIX 3aJad ATOMHONW dHepreTnKu cocTapiaser bomee 200 MJIH. PACUETHBIX sS9Y€eK, IS
peITeHns KOTOPBIX TpebyeTcs: MPOBEIEHNEe PACUETOB Ha CYMEPKOMITBIOTEPAX C KOJUIECTBOM SIIED
OT HECKOJIbBKUX COTCH 10 HCCKOJIbKUX ThICAY (yKaSaHbI OCHOBHBIE PECYPCBI, UCITOJIB3yEMbIC B OKB
«TMAPOIIPECC»). JIns MomenmpoBaHWsl TIPONECCOB T'MAPOJAMHAMUKA M TEILIOMACCOOOMEHA,
B OCHOBHOM, WCIIOJIb3YIOTCI K-€ W K-W MOAEIN TypOYJIEHTHOCTH, WHOT/A HCIOJB3YETCS
macmrabHo-aganTuBHas Moaeas (SAS), a B psje ciydaeB MOAEJUPOBAHHUE TPOBOJAMUTCH IIPU
oMoty Metosa kpyunbix suxpeii (LES).

B nammoit cratbe mpuBenmenbl HekoTophle pertennbie B OKB  «I'MIAPOITPECC»
pecypcoemMKue 3a7adu, TPeOYIONINe BhICOKONPOU3BOINTENBHON BBIUYUCIUTEIBHON TEXHUKHU, s
petnierust KoTopbix npumensiics CFD-rexnonorun.

B nmacrosiee Bpems B OKB «['MJIPOIIPECC» CFD-texnooruu OpuUMEHSIOTCS st
MTOATBEDPKJICHUS UMEROIINXCS TEXHUYIECKUX PEIIeHUH, U ONTUMU3AIUN 3JIEMEHTOB KOHCTPYKITHH.
DTO T03BOJISET 3HAYUTEIBHO COKPATUTH CPOKH [POBEJEHUS KOHCTPYKTOPCKUX PaboT, a TaKKe
BBISBUTH W YCTPAHUTH OIIUOKN MPOEKTUPOBAHWA HA PAHHUX CTauaX (Ha CTajuu pa3paboTKu
rexauueckoro mpoekta PVY). Hwurke mpepcraBiensl XxapakTepHBIE 3a/a9W MPOEKTUPOBAHUS 1
3aJdaun BBIYUCJANTEILHON TUAPOANHAMUKA T TeHﬂOO6MeHa.

B paszmene 1 mpescraBjieHbl 0COGEHHOCTH MOIEIUPOBAHUS TEIJIOMACCOOOMEHA B MyYKaX
83,1 1 TBC. B pazgesie 2 Ha mpuMmepe pacuera MaporeHeparopa MIPeiCTABICHO IIPHMEHEHUe
CFD B mommepkKy mnpoekTuposanusi obopymoBarust PY. Pasmen 3 mocegaimren ocobeHHOCTSIM
nosHOMacImTabaoro Mojeuposanus PY BBIP ¢ yuerom Bcex 0ocobeHHOCTEI TPOTOYHOTO TPAKTA.
B pasneme 4 mokaszanbl 0CODEHHOCTH IOCT-TIPOIECCHHTa W 00paboTKN 3a7ad PasMepHOCTHIO
TTOPSIKA MUJIIAAPIa KOHTPOJBHBIX 00bEMOB /s aHAMN3a WHTEIPAJTBHBIX PE3YIBTATOB pacyuera.
Paznen 5 mocsamnien ananuzy 3¢h@EeKTUBHOCTH paclapaIie/IuBAHUsT I MTPAKTUYIECKUX 3aJ1aM.

BbIBO,ILI)I II0 CTaThe U3JIOZKCHBI B 3aKJIIOUYCHUH.
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1. MareMmaTudeckKoe MOJE/JUPOBAHNE TE€UYECHUS B IIyYKAX TBAJI
u TBC

C nenbio gaspreitnero noseimenus mompoctr PY ¢ BBOP (Bomo-sogsnoitl sneprernyaeckmii
PEaKToOp)  BHEJAPSIOTCS  PA3JMYHBIE  HOBblE  KOHCTPYKTHBHBIE — DEIIEHUS, HATIpUMeED,
uHTeHCHPUKATOPBI  Termnoobmena B Temmosbensaommx coopkax (TBC). Oum npusogar
VCJAOKHEHWIO CTPYKTYPHI MOTOKOB B aKTHUBHON 30HE M, CAEIOBATEIBLHO, MOBBIMIAIOT TPeOOBaHMST
K pacHeTaM JIOKAJIbHBIX ITapaMeTpPOB ITIOTOKA.

COBpeMeHHbIe BBIYUCJIUTEIbHBIE TEXHOJIOTUU TTO3BOJIAIOT MOJCJIUPOBATHL CTPYKTYPY IIOTOKA
B IIy4YKaX CTep}KHeﬁ C nepeMemnBaloImmruMmn yCTpOﬁCTBaMH C BbICOKMM YPDOBHEM JCTAJIU3AINN.
Opnako, mpumenenune CFD-xomoB K 3TOMY Kjaccy TeUeHWI BCe elie BeChbMa, OTPAHUYIEHHO
M3-33 CJOXKHOW CTPYKTYDPBI T€UEHUs] B JAUCTAHITMOHUDYIONIUX U ITEPEMEITHBAIONINX PEIIeTKH,
AHU30TPOTUH TYPOYJIEHTHOCTH B IIYYKaX TBIJ U DOJIBINON PA3MEPHOCTH 3a7ad.

B pamxax wmexnaynapomuoit paborer mo Bepudukarmun CFD-mopesneit n  paspaborke
pacuerabix Meroauk B 2011-2012 rr. OECD (oprammsarysi 9KOHOMHYECKOTO COTPYTHUYIECTBA
u passurtus) uposogmiaca Oemumapk OECD/NEA-MATiIS-H BENCHMARK [1]. Lensio
JIaHHON 3aja4u OBbLIO [OAPOOHOE MOJIEUPOBAHUE CTPYKTYPhl TYpPOYJIEHTHOIO HOTOKA IIOCTIE
nepemermBaomux yerpoticts ¢ npumenenneMm CFD-komos. Pesyabrarhi  MomesmpoBaHust
CpaBHUBAJINCH C IKCIIEPpUMEHTAJIbHBIMNT JaHHBIMHA JJIA HECKOJIBKUX CedeHuin II0CJIe
MEePEMEITUBAIONIEN  PEreTKn, MmoaydeHHbiMu  MeTogoMm LDV (rasepmast  jgommieposckas
AHEMOMETPHSI).

OkcrepumMenTaabHbiil  yuacTok creHga MATIS-H cocromr w3 myuka crepxkueit  5x5,
YCTAHOBJIEHHOTO B TOPU30HTAJLHOM TIOJIOXKCHWH, BHEITHWH IUAaMeTp CTEepxKHd cocrasjser 25,4
mM. Cerka pacuerTHOll 00/1aCTH, MOJyYEHHAs COeJUHEHMEM CeTOK s Bcex obJacreil BMecre,
cocrour w3 13 muH. y3si0B u 22,5 myiH. 37eMeHTOB. Jljas MOpe/mMpoBaHus HCIIOIb30BAJICS
nporpaMmMubiii Komiteke CEFX 14. @parMeHTsl ceTKu mpecTaBiaeHbl Ha puc. 1. Pe3ymaprars
0 MOJIETUPOBAHUIO TIYJIBCAIHN CKOPOCTH (MHTEHCHBHOCTH TYPOYJIEHTHOCTH) MPEICTABICHBI HA
puc. 2. CpaBHeHHE MOJYYEHHBIX YUCIEHHBIX PE3Y/IBTATOB C IKCIEPUMEHTAJTBLHBIMU JIAHHBIME
ITOKA3aJI0, UTO PE3YJIBTATHl MOIEJUPOBAHUS XOPOIIO COTJIACYIOTCS C SKCIIEPUMEHTOM.

Kouncrpykiuss TBC PY BB2P cocrour wuz cieayiommx dvacrteil: TOJOBKH, Oy4YKa N3
312 TB0B (TEMJIOBBIACIAIONINX 3JIEMEHTOB) W TBITOB (TEIJIOBBIACJSIONINX 3JE€MEHTOB C
yPaH-raJloIMHIeBbIM TOILTHBOM), XxBocroBuka. Kapkrac TBC cobpan u3 18 nHampapidiomnmx
KaHaJoB, 13 IUCTAaHITMOHUPYIONINX PENIETOK, MHCTPYMEHTATHHOTO KaHa/a W HUKHEN PEeNteTKH.
[Tpu sTom BBICOTA TBC Gostee 4,5 merpos, a mar mexay TBaamu (Taramu) 12,75 mm. Takuwm
obpa3oM, IpHU MOJAEJMPOBAHUH IIPOIeccoB TemnoMmaccoobmena 8 TBC, npu mocrpoenuu cerku
HEOOHXOMMO pa3peniarh MIJLJIMMETPOBBIE 3a30Pbl HA MACIITabde HECKOJIBKIX METPOB.

B OKB «I'MJIPOITPECC» paspaborana mogens TBC, pasmeprocTbio 0KOJ0 1 MIp.
PaCHYCTHBIX AY9€CK. HpI/I 9TOM JIJId TTOJIy1YEeHU A CTa6I/IJ'[bHOFO YUCJIEHHOT'O PeIIeHnud NCIOJJIb3YyI0TCA
JIByXlapaMerpuieckue k-€ u k-w Mmojenn typbysienrHocru. [Ipumenenue 110/100Hb1X MO/Ies1€(T
MPUBOJAUT K TOMY, UTO B UHCJEHHOM PacCUyeTe TEeMIEpPATypa CTEHKU MOXKET OBITh HECKOJbKO
3aBBIIIEHA OTHOCATENBHO PEAJBHOrO 3HadeHusd. lIpuMeHeHme nByXmapaMeTpUUYecKuX Moeseit
TYpOYJIEHTHOCTHU TIO3BOJISIET TTPOBOUTE PACUETHI HA CETOYHBIX MOJIEJISAX ¢ COOTHOIIIEHUEM CTOPOH
no 1:10. Ilpumenenune mofesiell peHHOILACOBBIX HANpPsZKEHWH WM Mojeseil KPYIMHBIX BUXpeH
MTO3BOJIIET U3YUHUTH JEeTajibHee CTPYKTYPy IIOTOKa ¢ HajaudueM BTOpHYHBIX Teuenuit B TBC.
OJHaKO I OpPUMEHEHUs! JAHHBIX Mojeseil TpebyrTcs M30TPOIHBIE CETKU C COOTHOIIEHUEM

cropon byim3kuM 1:1, a Takke Hojiee JleTabHOE U3MEIBUEHNIE CETKHU, UTO IIPUBEJIET K YBEJTUIEHHITO
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a) BBIXOJIHOU KOJLIEKTOD 6) omopHas pererka

B) [epeMelnBaoIIasl Pererka
Puc. 1. OparMeHThl PacIeTHON CeTKH

KOJINYECTBA PACUYETHBIX sSUYEeK Ha HECKOJIBKO NOpHA/KOB. Tako#l I0jx0/ HIPUMEHSIETCS st
M3YUEHNUST TTPOTIECCOB TETIOMACCO0OMena B oTAeabHBIX d1eMmenTax TBC.

B OKB <«IMWIPOITPECC» momobHble pacyeTbl BBITOJHAIOTCI € TPUMEHEHUEM
CYTIEPKOMIBIOTEPHBIX — BBIUMCAUTENBHBIX —CHCTEM, OJHA ®W3 KOTOPbIX HacuuTbiBaer 40
BBIYMCJIUTEIBHBIX y370B. Ha Kaxkgom y3ne ycranossaeno 2 nporeccopa Intel Xeon E5-2698 v4
2.2 Tu u 128 M6 oneparusnoil nmamsaru. Obinee KOAMYECTBO BBIYUCIUTENbHBIX suep — 1600,
obree kosimaecTBO omeparusHoil namaru — 5 16. Xapakrepuoe Bpems cuera 5000 mreparmit
mvogesn TBC cocrasisier okoyio b cyrok. 3aHuMaembiii 00beM ONEPATUBHON HaMsITH — 3
T6. Cuegyer ormeruth, 4ro pacuernas cerka mogen TBC B obsactu JucTaHIMOHUPYFOITIX
PEITIETOK COCTOUT M3 MHOTOTPAHHBIX SUEEK C BBIIETEHUEM MTPU3MATHIECKUX CJI0EB BOJIU3M CTEHOK
pacderHoii obsiactu. B objsiacTu TBIJIBHOTO IMydKa, BAAJIH OT JUCTAHIIMOHUPYIOIINX DPENIeTOK,
pacueTHasi CeTKa COCTOUT W3 TMPUIMATHUECKUX CJIOEB, MOJYIEHHBIX METOIOM SKCTDY3HUH.

IIpumep onpenesieHns: TUAPABIUIECKOTO COMTPOTUB/ICHUS JUCTAHIIMOHUPYIOIINX PEIIETOK 110

quinae TBC B 6e3paszMepHbIX KOOpAUHATAX MIPEJICTABIEH HA PUC. 3.
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YiP

a) pacder 6) 9KCIepUMEHT
Puc. 2. Tloasa nynbcanmit mpoaoaspHON KOMIOHEHTBI CKOPOCTH B CEUEHUM 338, PeIreTKOM

0.2

CraTuueckoe JaBIcHUE
=
[e)Y

o

1000 2000 3000 4000 5000 600(
Jnvaa, Mmm

Puc. 3. l3menenue crarudeckoro nasienung no jyuie TBC (3HaveHwus mpuBeieHBl B

HOPMUPOBAHHOM BUJIE)

2. MaremaTudeckKkoe MOeJIMPOBaHUE IIPOIIECCOB
TerioMmaccooobmMeHa B obopymoBauuu PY

ITaporeneparop III'B-1000MKO, paspaborannbiii B8 pamkax npoekta BBIP-TOU, umeer
pedepeHTHYI0 KOHCTPYKIHUIO 10 oTHOMEHNu! K npoektam ADC-2006 u cepuiiHoit ycTaHOBKE
¢ peakropom BBIP-1000 3a wuckjoueHMEM CHCTEMBI OTBOJA Iapa U3 MapOreHEePaTOpa.
Otrnuare 3aK/II0YaETCA B KOJUYIECTBE MATPYOKOB MJisT OTBOJA Iapa, OJUH B PACCMATPUBAEMOM
I[II'B-1000MKO npotus nmecatu B pedepeHTHBIX MpoeKTax. JlanHoe KOHCTPYKTHUBHOE peIleHue
MPOAUKTOBAHO ocoberHocTsiMu KoMmmoHOBKu PVY. Cxema III' pedepenTHOll KOHCTPYKINM U

paspaboranroro [II'B-1000MKO npescrasiens: Ha puc. 4a u 46 coorBeTcTBeHHO [2—4].
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E@Pj/ :

EiSlE!S

a) III'B-1000MKII PY ADC-2006 6) III'B-1000MKO PY BB2P-TOU
Puc. 4. Cxema I1I' ASC

C 1esbio ompejiesienusi cremeHu mepdopaluy U napaMeTpoB OTBEPCTHH B MAapOMPUEMHBIX
meipuareix guctax (IIIJJT) I, obecnednBaromux CHUKEHNE HEPABHOMEDPHOCTH IOJIS CKOPOCTH
mapa B MapOBOM MPOCTPAHCTBE MEXKIy HOTPYKHbIME AbipdarsivMu juctamu (I1J1J1) w ITIT/1JT
0 TIPUEMJIEMOTO YPOBHS, OBLT BBIOJHEH KOMILIEKC ONTUMU3AIMOHHBIX pacderon [ITIIJI
naporeneparopa [II'B-1000MKO c npumenernem CFD. B pamkax pator o onrumusaruu TTTTIT
6bL1a paspaboraHa KOMIIbIOTEpHAas MOJe/Ib HapoBoro obbema naporereparopa 11T'B-1000MKO
¢ wucnoab3zoannem nporpammubix Komiuiekcop STAR-CCM+ u STAR-CD |5, 6], koropas
IPeayCMaTPUBACT BO3MOXKHOCTEL W3MeHeHus crenenu nepdoparuu, Toarmuab jguctos ITITIJT u
pacipeesieHnsi TApOBO HAPY3KM Ha BXOJEe B MapoBoii obbem. OOIasi pa3sMepHOCTb MOEH
npesbimaer 200 MJIH, PACUETHBIX STYEEK.

B pesysbrare pacueTHBIX WcCIeAOBaHWE (puc. 5) ObLIA TPOBEJEHA  ONTUMU3AIMS
xoucrpyknuu [TITIJI TII'B-1000MKO ¢ npumenennem CFD MeTom0B 1 Janbl peKOMEHIAIUN 110
cremeHu nepdopaliuu u napaMmerpam orsepctuii B guctax TITTJT.

IMpueedeHHas ckopocme IMpueedeHHsili nepenad daeneHus
00 0.2 04 0.6 0,8 1.0 0.0 0,2 0.4 0.6 0.8 1.0

a) 6)
Puc. 5. Pacnpenesnenune Mo/ysist BEKTOpa CKOpoOCcTH mapa (a) u gasjieHus mnapa (6) B mapoBoM
obneme TIT

Xapakrepuoe Bpems cdera 5000 wrepaumii mogenu naposoro obobema III'B-1000MKO
COCTaBJIsIET OKOJO 1 CyTOK (HA BBIYMCIUTENIBHON cucTeMe, HacumThiBatoreit 1600 snep).
3aunMaemblit obbem oneparusnaoit namatu — 0,5 T6. Ciaemyer orMeTuTh, YTO pacdyeTHasd CETKA
mMozesin taposoro obbema [II'B-1000MKO B obaactu HIITJI cocTouT 3 reKCasapuIecKux siueek
C BBIJIEJIEHUEM TIPU3MATUUYECKUX CJI0EB BOJIM3M CTEHOK pacuerHoil obsactu. B obsactu maposoro

obbema ma u nox II1I/IJI, pacyeTHas ceTka COCTOUT U3 MHOIOIPAHHBIX SUEeK.
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IIpencraBientoe pacdeTHOe HCCAETOBAHUE TIO3BOJIUJIO YCOBEPIIEHCTBOBATH KOHCTPYKITUIO
TaPONPUEMHOTO YCTPOUCTBA J0 HAYaJIa CelmapalroOHHBIX HCIBITAHUN ITaporeHeparopa Ha 6Joxe
ADC. Temeps HeT HEOOXOIUMOCTH HITOTOBIEHWST OOJBINIOTO KOJHIECTBA TEePMOPUPOBAHHBIX
JINCTOB pa3/IMdHOi crerenn nepdopaliuu, uxX MOHTaxka, mojabopa u 1.7. Ilo cyru, Takoit moaxos

MPUBOJUT K 3HAYUTETBHOMY COKPAIEHUIO 00beMa U BPEMEHHU IIYCKOHAJIAOUHBIX PAbOT.

3. MaremaTundeckoe MOAEeJINPOBAHUE ITPOIECCOB
Tensiomaccoooomena B PY BB9P

Teuenne TEMIOHOCUTENST B PEAKTOPE COMPOBOXKIACTCS HAJUIHEM TPEXMEPHBIX SIBJICHUIA,
KOTOpbIE HE MOUYT OBITH B IOJHOH Mepe YYTEHbI [pPU OMOIIMHM OJHOMEPHBIX HHYKEHEDHBIX
TMOJIXOIOB K YHCIeHHOMY MomenupoBannio. OQcobemnmoctsamu obopymoanna ADC amisercs
CJO0YXKHAA TEOMETPUsI IPOTOYHOrO TPaKTa, HOPHU STOM JHUHEHHbIE pa3Mepbl OTJINYAIOTCS Ha
HECKOJIBKO TOpstakoB. Ob6munit Bu peakTopHO# ycranoBku npoekta ADC-2006 moxosenns 3-+
¢ peakropom BBIP-1200 npencrasien ua puc. 6.

B kauecrBe mnepsoouepennoit sagaum  nopgepxkku mnpoekros PY BBIP  onpegeneno
moTHOMACIITAabHOE MOIETUPOBAHNE TTPOIECCOB CMEIEHUsT TeIJIOHOCUTENd B BEPXHEN 1 HUKHEH
KaMepax peakTopa u mporieccoB temnonepesadn B TBC, akTuBHOI 30He W peakToOpe B IEI0M.
Pesysbrar mpoBeseHHBIX PACUETHBIX WCCAEMIOBAHWI IMOKA3LIBAET HEOOXOIMMOCTH YUeTa BCEX

9JIEMEHTOB KOHCTPYKIIMK BCJIEJCTBUE MX BIMSIHUS HA [IPOIECC Teriomaccoobmena |7, 8.

I "
(58 i*#.

Puc. 6. O6mmit Buj peakToproil ycranoBku mpoekta ADC-2006

Pacuerer ¢  momompro  CFD  mosBosisttor  moAyumTh  PAL TEILIOTHAPABINIECKUX

mapaMeTpoB, XapakTepu3yommx paboTy pPeakTopa, TaKWX KaK PachpereeHne PacXoioB
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IO TEIJIOBBIIEISONIUM cOOpKaM Ha BXOJe W Ha BBIXOJE W3 aKTUBHOW 30HBI, DACIpE/IETEeHUE
ITOJIOT'PEBOB B TEILIOBBIJIEISIONUK cOOPKAaX aKTUBHON 30HBI, KOI(DMUIMEHTH THIPABITIECKOTO
CONIPOTUBJIEHUS 3JIEMEHTOB MPOTOYHOIO TpakTa peakTopa u T.J. llpoBemeno mMojgenupoBaHue
CTAIIMOHAPHBIX ~ TEIUIOTHIPABINYECKUX IIPOIECCOB U CpPaBHEHUE C SKCIEPUMEHTAJIbHBIMU
JIAHHBIMHY.

B pesysnbrare paboror cozgana CFD momens nporounoit wactu peakropa BBIP-1200,
TTO3BOJIAONIAS  OMPEIETIATh TPEXMEPHBIE PACHpEIeeHs MapaMeTPOB TEIJIOHOCUTEIST TPH
CTAIMOHAPHBIX peRuMax paboThl peakTopHoit ycranoBku. Ob6mas cbopka CFD wmomenm wu
pacyerbl BbIIOAHEHBI ¢ ucnoiab3oBanneMm koga STAR-CCM+. Pasmeprocrh cerounoil mMopenn
coctaBmuaa opsigka 700 MUIIHOHOB sSTUeeK.

XapakTteproe Bpems cuera 5000 urepaimii mojenu peakropa BBIP-1200 cocrasisger okoio
4 cyrok (Ha BbramcauTenbHON cucreme, nacumthiBaromeir 1600 saep). Banumaembiii 06bem
oneparuHoit namsaru — 2 T6. Ciegyer orMeruTb, 4TO pacdeTHasi CETKA MOJEIU PEaKTopa
BB2P-1200 B obsacTu omop B HUXKHE KaMepe CMEIIeHU U B 0DJACTH aKTUBHOM 30HBI COCTOUT
U3 TEKCAdIPUIECKUX sgueeK. B 06/1acTu BXOJHBIX U BBIXOJHBIX MATPYOKOB, OMYCKHOTO YYacTKa U
cOOPHOI KaMEPBI PEAKTOPA, PACUETHAS CETKA COCTOUT U3 MHOTOTPAHHBIX SUEEK.

Ha puc. 7 npueneHno pacupejesieHre pacxoi0B depe3 TeIIOBbIIeSIoNe CO0PKU Ha BXO/1€
B aKTUBHYIO 30HY, OTHECEHHbIe K CpeJlHeMYy pacxoay. OTK/IOHEHHWE PaCUeTHBIX PAaCXOI0B OT

9KCIIEpUMEHTAJIbHBIX JaHHbIX, He IpeBbimaeT 8%.

1.1
- 1.08
- 1.06
- 1.04

= 1.02

0.98

0.96

0.94

Puc. 7. OrHocuresbhoe ocpeguentnoe no onopaMm TBC pacupegenenue MaccoBoro pacxoga Ha,

BXOJl¢ B aKTUBHYIO 30HY
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4. Oo6paborka n anaan3 pe3yiabraToB CFD mopmesneit 60abImoii
pa3MepHOCTH

Ocobennocthio co3gasaeMmbix CFD mogeneil aBisgercs CIOKHAsA T€OMETPHUS U TOIMOJOTUAS
pacueTHO# 06aCTH, M KAK CJIEJACTBHE OOJbIIAasg Pa3sMEPHOCTH CETOTHON Mojenn (mopsaKa
MUJLIHAD/A KOHTPOJBHBIX 00bEMOB), 9TO MPUBOANUT K GobIIOMy pasMepy haiioB ¢ pacaeTHo
MOJIESIBIO U Pe3ysbTaraMu pacaeroB (corHu rurabaiir). Takmm obGpazom, o6paTHON CTOPOHO
yBesimuenust pasmeproctr u cioxuoctu CFD-Mozeneit spiserca Bo3pacTaHue CA0KHOCTH UX
00PabOTKY ¢ TEBIO TOCTEAYIOIIEr0 MPEICTABICHUS U AHAIN3a PE3YIBTATOB.

OsruM 13 ¢criocoboB pernennst 0003HAYEHHON TPOOIEMbI SIBJISETCs] YMEHBIIIEHUE PA3MEPHOCTH
pacueTHON MOJEIW B paMKax CO3JaHusd WH(MOPMAIMOHHBIX PEIPEe3eHTAIIMOHHBIX HOMATBHBIX
MoOziesieit, Ha KOTOPBIX MPOBOJUTCS WHTEIPAIbHOE OCDETHEHHE. DTHU MOJETU CO3JAITCA Ha
6aze CFD-pacuera u, cienoBarTenbHO, 00J3IAI0T TAKOW JKE CTEIEHBIO JOCTOBEPHOCTH 10
HHTErPAJbHBIM ITapaMerpaM (pacrpe/ieieHne DPACXOoB, TEepenajbl ABJICHUs, IOJ0TPEBBI
u 7ap.). BeremcrBue yMeHbBIIEHHST pPa3MEPHOCTH DA3MEPHOCTH HOMAJBHON MOIENH  TI0
cpapaenuto ¢ ucxoynuoit CKFD-Monesbio, penpeseHTannonHast MOJIE b He 0TOOPaKAET JOKAJIBHBIX
pacipejiesieHnil XapaKTepUCTHK TI0TOKA, YTO, OJHAKO HECYIIECTBEHHO ITPU aHAJIU3€ IIPOIECCOB B
pamMkax paboThl BCell yCTAHOBKM.

Jna mepenoca gamabix ¢ CFD-momeneit Ha penpeseHTAIMOHHBIE TaKKe TPeOYIOTCS
BBICOKOIIPOU3BOJUTEC/ILHBIE BHIYNCJICHUSA JJ19d OCPEAHEHNA PE3YJIbTATOB MHOTOMUJIIMOHHBIX CETOK,
LITO6I)I TIOJIYyYUTh MHTETPAJIbHBIC 3HAYCHUA OCHOBHBLIX BEJIWYNH B O6’beMaX n 110 T'paHdM HOJ0B
pernpeseHTanMoOHHON Momean. IIpu 3TOM CTOMT OTMETUTH, 9TO TPOMEAYPA MEPEUHTEPIOIATINN
JaHHBIX C CCTKU Ha CETKY CTaHAAPTHBIMU CPEACTBAMUA CFD KOOOB MJIN HE BO3MOXKHa WJIN MOXKET
IPUBOAUTH K SHAYUTC/JIbHBIM YHCJICHHBIM ITOTPEITHOCTAM HO,H&.HBHOI';I MOOEJIN.

IIpu pazpaborke pernpeseHTannOHHBIX MOIe/ el HEOOX0IUMO TIIATEIbHO BLIOMPATH CETOUHYIO
TOTOJIOTUIO, TAK KaK JaHHAsS MONEIb UCIHOJb3yercs orTnenbro or CFD-momenn m BMecTe ¢ Tem
JIOJKHA aJ€KBATHO TTPEICTABJISATE IPOTOYHBIN TPAKT U BCe HEOOXOAMMbIE TEILJIOTHIPABINIECKUE
XapPaKTEPUCTUKU PEAJBHOr0 obbekTa. B ToxKe BpeMs I YMEHbBIIEHUS KOJUYECTBA OMepariuit
MHTETPUPOBAHUS PA3MEPHOCTH PENPE3EHTAIIMOHHBIX MOJIEIell He CeyeT 3aBhIlaTh.

Ocnopannas Ha pesynaprarax CFD pacuera penpeseHTannoHHasi MOJETb [103BOJISET
NPEJICTABIATD TEIIOMaccoOMeH B pacCMaTpUBAEMOil pacdeTHOW o0JacTH, HAIPUMED B IEPBOM
xoutrype PV. Ilomumo Bcero mojobhble MOJIEeIU IIO3BOJISIOT HAIVISIHO BU3YaJIU3UPOBATDH
pacUdeTHbI€ [daHHbIC, TOJYYEHHbIC TIPpU WNCHOJB30BaHUN PA3JIUYIHLIX TEILJIOTUIPABIANICCKUX
CUCTEMHBIX KOAOB, a TaKXKe€ Ka4YeCTBEHHO W KOJUYCCTBEHHO COMMOCTABJIATL APYT C APYTroM
PacYeThl, Oy IE€HHBIE C TIOMOIIBIO PA3TUIHBIX PACIETHBIX IaT(HOPM.

ITpumep pazpaborkn momobHOM pernpeseHTAMOHHON Mogesu mis PY BBIP npurenen na
puc. 8. B nannoM ciryuae pasMepHoOCTh pacaerHoit cerku i CFD-Monenn cocraBuma npuMepHo
700 MWLIHOHOB sIU€EK, a Pa3MEPHOCTH Jjis PENpPEe3eHTANMOHHON MOJIEJN COCTABUIA OKOJIO

25 ThICAY d49eeK.

5. Omnenka 3¢ dekTuBHOCTH paciapaJiieJIMBaHUS
P MOJEJIMPOBAHUM TIPOIECCOB TEIJIOMAacCOOOMeHa

B zakntouenme crarbu mpuBeeH Tect 3¢ HEeKTUBHOCTH paciapasieuanus koaa StarCCM+
11.06 ma 3agaue pa3zMepHOCThIO 1 MTH. sueek. PacueTs! MpOBOAUINCH HA y3/1aX BHIYUCIATETLHBIX

cucreM, nocTpoennbix Ha npomeccopax Intel Xeon E5-2670 2.6 T'u (8 sinep) m ma mporeccopax
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0.7857

0.7143
0.6429
0.5714
-0.5000
[ .‘»0.4286
0.3571

0.2857

a) 6)

Puc. 8. CFD pacuer (none nasnenus): a) - CFD mogens; 6) - penpeseHTannoHHas MOIETb

Intel Xeon E5-2698 v4 2.2 T (20 sgep). Kaxapiii ysen macuuThiBaeT 2 mpomeccopa.
KonmuecTBo KOHTPOMBLHBIX 06HEMOB, TPUXOAIINXCA Ha, OFHO BHIYUCIATENBHOE AP0 MPEBBITIAET
25000 (mpousBoguTens KOMa 3agBasier, uTo (MHEKTUBHOCTH pacnapaeMBaHus B BepPCUU
StarCCM+ 11.06 coxpangercsas Bmiaotk g0 Harpy3ku 10000 KOHTPOJBHBIX OOBLEMOB HA
BhIUMCAUTENBHOE A1p0). Ha puc. 9 mpusemenn 3aBucumoctn Ko3(hDMUIMEHT YCKOPEHUS OT
KOJIMYECTBA, AJIED JUIsA JABYX CUCTEM, M CPABHEHHME WX C JIMHEHHBIM POCTOM IIPOU3BOJIUTEIHHOCTH.

Ilo pe3yjJabTaTaM TECTUPOBaHWA MOXKHO CAEJATh CJICAYIOIee 3aKJII09CHNEC:

21,0 7

—_
o
=]

—
—_
=]

e

Kosduipenr yckopenust

\§1

—0—2x Intel Xeon CPU E5-26702,6"y (8 aaep)
—0—2x Intel Xeon CPU E5-2698 v4 2,2y (20 agep)
——MHEeNHbIV poCcT
1,0 | | | |

0 ) 10 15 20 25 30 35 40

Konnuaectso saep

Puc. 9. 9dderTuBHocTs pacrnapasuienuanus Koga StarCCM+ 11.06
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1. He JyIs BCEX 3aJ1a¥ BBIYUC/IUTENIHHON THAPOJUHAMUKH BO3MOXKHO TOJYYUTH HUI€ATBHYIO
(muneitHy10) 3 PEKTUBHOCT pacmapasiieTHBaHNs;

2. BBIYUCIUTEIBLHOE SIPO Mporieccopa HOoBOro mokosenns Intel Xeon E5-2698 v4 2.2 't Ha
25% GBIcTpee 110 cpaBHEHUIO ¢ saapoM mnporeccopa Intel Xeon E5-2670 2.6 I'i;

3. y3es1 mocTpoeHHbIH Ha ABYX mporieccopax Intel Xeon E5-2698 v4 2.2 (40 simep) npumepHO
B /iBa pa3a ObIcTpee 10 CPAaBHEHWIO C y3JI0M, HOCTPOEHHBIM Ha JBYX Ipoieccopax Intel Xeon
E5-2670 2.6 T'ip (16 siep);

4. me cmoTpsa Ha 60sbIyI0 I(POEKTUBHOCTL W CKOPOCTH CUETa, AJd y3J1a, TOCTPOEHHOTO
Ha nByx nponeccopax Intel Xeon E5-2698 v4 2.2T'n (40 smep), pocT IPOU3BOAUTENTLHOCTH PE3KO
zameigerca na kougectse aaep 20—-30 u npakTuyecku 0TCyTCTBYET Ha KomdecTse saep 30—40.

O,ZLHOBpeMeHHO C pOCTOM IIPOU3BOJUTE/TIBHOCTHU HOBBIX BBIYUCJ/JIHUTEIBHBIX CUCTEM Tpe6yeTc5{
¥ VIY9IIeHHEe aJICOPUTMOB PaclapasiieIuBaHus, 9To 1m03BoauT Hosee 3PpdekTuBHO, OHLICTPO U

JIETTIEBO MOJEJINPOBATH OOBEKTHI ATOMHON OTPACIIH.

3akJro4eHne

Ilpu pemennnm HOBBIX 33agad U pa3paboTKe MOPOEKTOB, g KOTOPLIX eIle He
HaKOIJIEHBI ~ JKCIEPUMEHTAJIbHbIE JIAHHBIE U IPOMBINLIEHHO-IKCILIYATAIIMOHHBIN  OIIBIT,
IPUMEHEHNE CYNEePKOMMIBIOTEPHBIX BBIYMCJICHUNA MOXKET OKa3aThCd Pa3yMHOU aJbTEPHATHUBON
9KCIIEPUMEHTATBHOMY HU3YYEHWIO THUAPOJUHAMUYECKUX MPOIECCOB U TErIoMacCooOMeHa B
obopynosanuu PY. Yucnennoe MojenupoBaHHE II03BOJIGET TOJYYUTH PeE3yJbTar He 110
nporecTBun  Bpemenu cosganus ADC u oTdenpHOrO 00OpPYAOBAaHWS, a eIle Ha, CTaj uu
TeXHUYCCKOTO IIPOEKTa. HpI/I 9TOM TIIOTPEITHOCTH, KOTOPbIC HNMEIT MECTO IIPpHU YHCJICHHOM
MOAECJIMPOBAHWN, CpaBHUMBI C IIOTPEITHOCTBIO IKCIIEPpUMEHTAJIbHBIX I/ICCJ’[G,ZLOB&HI/Iﬁ n
IMIUPUAICCKUX KOPpPeaanuii.

D PeKTUBHOCTL pacTapasieTUBaHus Ha PeAJbHBIX 3aJadaxX CYIIEeCTBEHHO OTIUIAeTCS
OT JIMHEHHOTO pOCTa IPOU3BOAUTENBHOCTH. llepen mpoBemeHneM cepuy pacdeToB HEOOXOIUMO
POBEPATL OBICTPOAEHCTBHE IIPUMEHSIEMOTO KOJAa HA HMCHOJB3YEMON CyHIepKOMILIOTEPHON
YCTAHOBKE C II€JIbI0 OINPEJIEIEHUs] KOJUUECTBA UCIIOIB3YEMBIX Sep Ha KAaXKJIOM BBIYUCIUTETHEHOM
y3Je.

Ilpumenenre CynepKOMIIBIOTEPHBIX TEXHOJIOTHI i TPOBeJIeHds Ppa3HOMacITabHOTO
MOJIE/IMPOBAHUA TEUCHUs TEIUIOHOCUTETA B O0ODPYJOBAHUH DEAKTOPHON YCTAHOBKH (peakTop,
MAPOTEHEPATOPBI, CUCTEMBI TIEPBOTO M BTOPOTO KOHTYPOB) TO3BOJSIET CYJUTh O MEPCIIEKTHBE
ucnonb3zoBannsg CFD-komoB B aroMHOll  3HEPreTWke KakK I[IOBCEJIHEBHOI'O  PaCUYETHOTO
WHCTPYMEHTA, COKPAITAIIEr0 JIUTEJBHOCThH W CTOMMOCTH PaboOT MO KOHCTPYHUPOBAHWIO

000pYyIOBAHNS PEAKTOPHON YCTAHOBKH, & TAKIKE TMOBBITIAIONIEr0 KA9eCTBO WX BHITTOJTHEHUSI.
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This paper presents a review of the results obtained in OKB «GIDROPRESS» taking into account the
experience gained in the field of numerical modeling of heat and mass transfer in various nuclear power facilities.
The benefits of using CFD technology in the NPP design is the ability, based on a limited number of experimental
data, to study in detail the heat and mass transfer processes in the facilities in order to confirm or improve design
solutions at the advanced scientific and technical level. A number of problems are presented, for solution of which
the modern numerical methods of computational hydrodynamics with high-performance computer technology were
used. New possibilities of computational modeling with the use of modern supercomputer computing technologies,
as well as accompanying computational complexity and difficulties of analysis of results are shown. Examples of
use of the considered technology for modeling experimental rigs and full-scale objects under different operating
conditions are given. The automatic post-processing of the results is shown. The procedure allows to analyze large
problems with mesh size up to 1 billion control volumes by integral parameters, such as mass flow distribution at
the core inlet and outlet, distribution of coolant heat-up over the core fuel assemblies, etc.

Keywords: nuclear energy, computational fluid dynamics, supercomputer technologies, heat transfer.
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