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MOLENCTBUA ABYX(PA3HOTO ITOTOKA C BHELIHUMU ITOBEPXHOCTAMM, B YaCTHOCTH,
C myYKkoMm Tpy6 (Tpybuarkoi). [Ina pacyera mepernana faBneHus AByxbas-
HOTO ITOTOKA ITPU IOTIEPeYHOM 00TeKaHUW TPYOHOro myyka Obina paspabo-
TaHa JBYXCKOPOCTHAs MOJeNb TeueHUs IBYXdasHoro noroxa. Ilpu momoumu
3TOY MOZienu ObIIU TPOBEZIEHH! COTIOCTABUTE/IbHbIE PACYETH IIEPENAZiOB AaB-
JIeHUs Ha TPyOvaTKe C IIPUMEHEHUEM [IBYX Pas3iUYHLIX IMOAXO00B [Jls Omu-
CaHUs CWIOBOTO B3aUMOLENCTBUA MOTOKA C TPyOuaTKoil. IlonyyeHHbie pe-
3Y/IbTATHL PACYETOB ObIIU COTMIOCTABIIEHbI C OITLITHLIMU AAHHLIMU. Brimonten-
Hble pacyeThl TO3BOAUNU ONMPELeNUTb HauayylInii OAX0Z AJiA OMUCAHUA
CUJI0BOT'O B3aUMOJIENCTBUA NBYX()a3HOTo MOTOKA C TPYOUATKOMN, KOTOPHIA OC-
HOBaH Ha WCIION1b30BaHUU 3MIIUPUYECKON MHGOPMAIUW TI0 TUPABAUYECKO-
MY CONIPOTWBIEHUIO ABYX(A3HOrO MOTOKA.

BrimonHeHo cpaBHEHWE PAa3UYHbLIX [TOAX0N0B AA ONIUCAHUA CUI0BOT'O B3aun-

KnioueBble cnoBa: rugpaBnnyeckoe ConpotuBieHne o TpybuaTky, AByxdasHble Teye-
HUS, MaTeMaTUYecKoe MOAEeNMPOBaHUE, [IBYXCKOPOCTHAA MOAENb.

Key words: hydraulic drag with the tube bundle, two-phase flows, mathematical
simulation, two-velocity model.

BBEAEHME

[IByXCKOpPOCTHble, ABYXTeMnepaTypHble Mofenn Byxda3Hblx NOTOKOB B HacTosliee
BpeMs ABNAIOTCA OAHUM W3 OCHOBHBIX CPefCTB UCCNEA0BaHUN TMAPOAUHAMUKK U Ten-
noobMeHa B CNOXKHOM 3HepreTuyeckoM 060pyaoBaHUW. [LOCTOBEPHOCTb MOJyYaeMbIX
NpW 3TOM pe3ynbTaToB B CYLWECTBEHHOW CTENEHU OnpefenseTca KayecTBOM ONUCaHUA
Mexha3HOro B3aMMOAENCTBUA M TMLPABANYECKOTrO CUI0BOr0 B3aMMOLENCTBUSA KAXLOM
thasbl ¢ BHEWHMMU NOBEPXHOCTAMU (CTEHKWU KaHana, BHYTPEHHWE KOHCTPYKLMU, NYUYKHU
Tpy6 ¥ T.M.).

Mpu “CNonb30BaHUM ABYXCKOPOCTHBIX MOfeneil pa3paboTaHbl ABa OCHOBHbIX NOJ-
X04a AAA OMUCaHUA CUIOBOTO B3aUMOLENCTBUA KaXAoN (asbl C BHEWHUMU NMOBEPXHO-
cTaAMU. B nmepBoM M3 HUX, KOTOPbIN NMpeaoXeH CO3AaTeNAMMN PacyeTHbIX KOLJOB cemeli-
ctBa TRAC/TRACE [1], cuna ruppaBnmMyeckoro conpoTMBNEHUs Kaxaoi dasbl nonara-
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eTCA NPONOpLMOHaNbHON ee 0ObEMHON [0/, @ A/1f PacyeTa 3TON CUJbl UCMONb3YIOTCS
Koppensauuu, nonyyeHHole Ans ofHohasHbix cpef. Kakux-nn6o onbiTHbIX AAHHbIX MO
TMAPABANYECKOMY COMPOTUBEHUIO AN ABYX(A3HOro NOTOKA NMpU 3TOM HE UCMONb3Y-
eTca. lNpoBepKka KayecTBa TaKOro MOAEeNMPOBAHMUSA COMPOTUBIIEHMA OCYLLECTBASAETCA
NyTeEM COMOCTABNEHWUS C OMbITHBIMW LAHHBIMU PE3Y/IbTATOB PACYETOB MO ABYXCKOPOCT-
HOM mopenu.

BTopoii noaxoa pa3sut paspaboTtunkamu kopoB cepum RELAP [2]. B Hem Henmocpep-
CTBEHHO MCMONb3YIOTCA KOPPENsuuu No r1uapaBianyeckoMy CONPOTUBIEHMIO AN ABYX-
(ha3HOro NOTOKa, NONYYeHHblE B pe3ynbTate 06pabOTKM OMbITHbIX AAHHBIX. Mpu 3TOM
ANs BbIYUCIEHUS COMPOTUBIEHNUS KaxAaoi a3bl, KOTopoe TpebyeTcs Npu NpUMEHeHUH
ABYXCKOPOCTHOW MOAENU cpefbl, MCNONb3YTCA Koppensuun ans ogHodasHoro noTo-
ka. OfAHaKo B oTanyme oT [1] NpoM3BOAMTCS CreunanbHas NepeHopMUpoBKa, obecne-
YMBaloLas PaBEHCTBO CYMMapHO pacyeTHOM CUAbl TMAPABAMYECKOrO CONPOTUBAEHUS
a3 1 cuabl rMLPaBANYECKOrO CONPOTUBAEHUS ABYX(A3HOro NOTOKA, ONpeneseHHON
no 3MNuUpUYecKoi koppensauun. Takum obpasom, B noaxoae [2] B ABYXCKOPOCTHYIO
MO[leNb 3aKnafiblBaeTCA IKCNepUMeHTaabHaA MHGOPMALMUA NO TMAPABINYECKOMY CO-
NPOTUBEHNIO ANs ABYX(A3HbIX MOTOKOB, YTO AB/AETCA €e NPEUMYLLECTBOM MO CpaBHe-
Huio ¢ [1].

B pabote [3] BbINONHEHO 3KCMEpPUMEHTaNbHOE UCCNe[0BaHUE UCTUHHOTO 00beM-
HOro NapocoAepKaHua U rMAPaBAMYECKOrO COMPOTUBAEHUS NMpKU NonepeyHom obTe-
KaHuW TpyOHOro nyyka AByX(a3HbIM BOLOBO3AYWHbLIM NOTOKOM. [puBeaeHHble B [3]
OMNbITHbIE [aHHbIE MO3BONAIT CAENATb CPABHUTENbHLIA aHANU3 BbILEOMUCAHHbBIX MOA-
XO[l0B AN ONMCAHUA TMAPABAMYECKOTO CONPOTUBIEHUS KaXAON (a3bl NPUMEHUTENb-
HO K TaKuM CUCTEMaM.

KPATKOE ONMUCAHME 3KCNEPUMEHTOB

B [3] akcnepuMeHTanbHO MCCNEAOBANUCH XapaKTEPUCTUKM aamnabaTuyeckoro Bo-
[0BO3/YLIHOMO NOTOKA NpPU NONEPEYHOM 0OTeKaHUM TPYOHOro Nyyka C KOPUAOPHbIM
pacnonoxeHuem Tpy6. TpyOHbIi My4yoK COCTOAN M3 NATM pagoB Tpy6 no wupuHe u 20-
TV psAoB Tpyb no BbiCOTe, AMaMeTp TpyOoK paBHsaACA 19 MM. IKCNepUMEHTbI NPOBOAM-
Auch B ananasoHax pasneHunit 101-180 klla; MaccoBbix pacxofHbIX MAapOCOAEpPKaHU-
ax 0-0,33; MaccoBbIX CKOPOCTEN BOAOBO3AYWHON cMecn 27-818 Kr/m2c. Pabouwii
YYaCTOK ObIN OCHALEH CMCTEMOW U3MEPEHUI, NO3BONAKOILE/A onpefenaTb nepenaj aas-
NEeHUs Ha TPyOHOM Myyke € ToYyHoCTblo +0,25% U pacnpefeneHne UCTUHHOTO 0ObeM-
HOro MapoCOAepPIKaHWs MO BbICOTE TPYOHOro MyyKa C TOYHOCTbIO +5% MpW Pa3NUYHbIX
BEJIMYMHAX MACCOBOrO PACXOLHOr0 NapocofepiKaHus Ha Bxoae B TPYOHbIKA nyyok. Oco-
60e BHUMaHWE B 3IKCNepUMEHTax OblN0 yaeNeHO UCKIOYEHNIO BAUAHUA KOHLEBbIX 3¢-
(heKTOoB Ha nosiyyaemble pesynbtathl. LMpoknMiA grana3oH M3MEHEHUA NapameTpos,
[LOCTAaTOYHO NpeAcTaBUTe/ibHble reoMeTpuyeckme XapakTepuCcTUKM Nyyka U Hanuyue
BbICOKOTOYHOW CUCTEMbl U3MEPEHUA [AlOT OCHOBAHWE MUCMOMb30BaTh MOJIYYEHHbIE 3KC-
nepuMeHTanbHble JaHHble AR NPOBEPKU Pa3iUYHbIX MaTeMaTUYeCKUX MOJenen, onu-
CblBalOWMX B3aMMoLeNCcTBME ABYX(A3HOrO NMOTOKA C TPYOHbBIM MyYKOM.

ABYXCKOPOCTHASI MOAE/Ib TEHEHUA ABYX®A3HOIo NOTOKA
CKBO3b NMONEPE4YHbIX TPYBHbIU NY4YOK

I'Ipe,u,nonaraeTCﬂ, 4YTO BOCXOopAllee ,u,BquJa3Hoe Te4yeHue npu nonepevyHom 06TeKa-
HUM TpybHOro nyyka (Tpy64aTkM) ABNAETCA CTaLMOHAPHbLIM, OLHOMEPHLIM U afuaba-
TUYEeCKUM. B 3TOM cnyqae ypaBHeHMﬂ COXpaHeHusa VIMI'IyJ'Ibca nmMerT cne,qyloumﬁ BMpA:

dp

a‘lE:_a‘lplg-'-FZl_Fﬂl (1)
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dz
rae Z — KOOPAWHATa, HanpaBleHHAs BBEPX; p [ABNEHUE; Oy U Ol — 0ObeMHbIe AONU
XMUAKOW 1 ra30BoN (ha3 COOTBETCTBEHHO; P1 U P — MIOTHOCTM XULKOW M ra3oBoi das;
g — YCKOpeHue cunbl TaxXecTu; Fp1 — CUAa B3aUMOAENCTBUA XKUAKOCTU U ra3a; F3y 1 F3;
— CWUAbl TMAPABAUYECKOTrO COMPOTUBAEHUSA XUAKOW U ra3oBoi ¢as.
NcTuHHOe 06beMHoe MapocofepiKaHue BbIYUCNAETCA MO COOTHOWEHMUIO

(I‘_):—al2 . (3)
o, +0,
PaccmatpuBas TpyOHbI NYYOK KaK MOPUCTYIO Cpefly C 06beMHOMN aonei oz, KoMOu-
HUpyYA BblpaxeHns (1)-(3), MOXKHO MOAYYUTb YpaBHEHWE AN OnpefeneHns UCTUHHO-
ro 06beMHOro NapocoAepxaHus:

O(1=04) (P, =p,)g —| 1+ [Fyy +——F, —F,, =0. (4)
1-¢ 1-0

Cuna mexdasHoro B3auMoaencTeus F; B 06Wwem ciyyae sBnseTcs GyHKuuend pas-
HOCTM CKOpOCTEN XWAKOIW M ra3oBoii (a3, fuameTpa AUCNepcHbIX 06pa3oBaHuit (ny-
3bIpbKM, Kannu, cHapagbl), KoadduumneHTa CONPOTUBNEHUSA, 3aBUCALLErO OT pexuMma
TeyeHus Byx(da3Hoi cmecu.

Cunbl TMAPABAMYECKOTO COMPOTUBAEHUSA XUAKON W ra3oBoii ¢a3 o TPYOHbIKA nyyok
F31 1 F3, 3aBUCAT OT CKopocTeil (a3, reomeTpun TpyOHOro nyyka W Apyrux GakTopos.

3aaBas KOHKpETHble BblpaXXeHUs Ans Fpq, F3q, F32, MOXHO pewuTs ypaBHeHue (4) u
onpeAenuTb UCTUHHOE 0OBEMHOE MapocoaepKaHue .

[ns onucaHus cunosoro mexdasHoro B3aumoneincTeua (cuna fp1) 6yaem mcnonb-
30BaTb Mogenb Simovic a, Ocokoljica u Stefanovica [4], pa3paboTaHHyl Ha ocHoBe
aHann3a onbITHIX AaHHbIX [3]. B Heil paccMaTpuBaloTCA ABA PEXMMA TEYEHMSA: NYy3blpb-
KoBbIl (@ < 0,3) u BcneHeHHbli (@ > 0,3). Mpu onucaHm Ny3bipbKOBOro pexunma B [4]
MCMONb3YeTCs COOTHOWeHUe M3 [5] ¢ monpaBoyHbiM KoadduuneHTom 0,4. ABTopbl [4]
00BbACHUAN PU3MYECKYO NPUPOAY 3TOro Ko3dduumeHTa TeM, YTO Hanuuue TpyOUaTKM
NPUBOAUT K OTKIOHEHUIO Ny3blpell OT CPepUIecKoin GopMbl U K YBEIMYEHUIO UX KOA-
NeCUEHLNM, 4TO CHMKAET KOIPDUUMEHT conpoTuBneHus. [nsa BCNEHEHHOTO PeXuMa B
[4] npepnoxeHa HoBas KoppenAuus, KoTopas 6a3npyeTcs Ha KOPPensauuu, NpeasioxeH-
Hol pa3paboTunkamu kopa CATHARE [6].

Mpn aHanu3e 3kcnepumMeHTOB [3] AN ONMCAHWA TUAPABAUYECKOrO CONPOTUBAEHMA
AByx(da3Horo notoka o Tpy64atky B [4] Obln MCMONb30BAH MOAXOA, MPeAOKEHHblil
cospatensmu koga TRAC [1]: cuna ruppaBAMYECKOrO CONPOTUBNEHUS Kaxaoi dasbl
nonaraeTcs NponopLMOHaNbHOK ee 06beMHON [oNe, @ ANA pacyeTa 3TOW CUAbl UCMONb-
3yI0TCA KOppensuuu, noayyeHHsle ans ogHodasHbix cpef. ABTopbl [4] npumeHunu co-
OTHOLWIEHMWe A/ pacyeTa rMApaBAUYECKOro CONpOTUBAEHUSA OAHO(MA3HOro NOTOKa O
TpybuaTKy, npeanoxeHHoe B pabote [7]. B HacToswei paboTe HapsAy C 3TUM MOAXO-
[0M OblN UCNONb30BaH BhILIEONUCAHHbINA Noaxon pa3pabotynkos koma RELAP [2], npu
3TOM /1A pacyeTa rMAPaBAMYECKOro CONPOTUBNEHMA ofHO(A3HOro NOTOKA O TpybyaT-
Ky ObII0 MCNONb30BaHO TaKKe COOTHOLWeHKUe U3 [7], @ B Ka4yecTBe 3IMNUPUYECKON KOp-
pensuumn ans ruapaBaMYecKoro conpoTUBieHUs ABYx(Ha3HOro noToka 6bi1o BbIGPAHO
COOTHOLEHME, NONy4YeHHOe B [3] Ha ocHOBe 06pPabOTKM OMBITHBIX AaHHbIX [3] ¢ uc-
nonb3oBaHuem napametpa Jlokkapta-MapTuHennau. 3T0 COOTHOWEHWE BbIpaXaeT CBA3b
MeXnay OTHOLWEHWEM nepenaja AaBNeHWUs Ha TpyOuaTKe W3-3a TMAPABIMYECKOrO CONpo-
TUBNEHUA B fiByx(a3HoM noToke AP,, K nepenagy AaBneHus Ha TpybuaTke n3-3a rup-
paBNMYECKOro CONMPOTUBNEHUA B OAHOMA3HOM MOTOKE XUAKOCTU C TaKUM Xe yhenb-
HbIM MACCOBbIM pacxoom APq
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AP,
o =2 (5)
n napametpoMm JlokkapTa- MapTuHennu Y, KOTOpbIii onpepensieTca Kak
2 1-x " P2 || M4 ’
w12 ©)
X P \ Me

roe X — MaCccoBoe pacxofHoe napocopepxaHue; 1 — AUHAMUYECKaa BA3KOCTb BOAbI;
Wz — AMHaMKUYeCKaa BA3KOCTb BO3ayXa. ™! napameTpbl CBA3aHbl IMNUPUYECKUM COOT-
HOleHnem

o :1+£+i2. (7)
Xtt Xtt

[ns onucaHus NonyyeHHbIX ONbITHBIX AaHHbIX B [3] peKkoMeHAyeTCs UCMOAb30BaTh
cnepylolme 3Ha4eHUa IMNUPUYECKUX KOHCTaHT: m = 0,2 n C = 8 ana yaenbHoi macco-
BOi ckopocTu fByxda3Horo notoka G > 200 kr/m2c.

AHAJIU3 ONbITHbIX AAHHbLIX NO FTMAPABJ/IMYECKOMY
COMNMPOTUBJIEHUIO ABYX®A3HOIO NMOTOKA O TPYBYATKY
C nNnomMmollbio ABYXCKOPOCTHOU MOAENH

Ha pucyHke 1 nokasaHbl pe3ynbTaTbl pacyeTa nepenajoB AABAEHUA Ha TpybuaTke
ANA 3KkcnepumeHTa [3] npu yAenbHoi MaccoBol cKOpocT ABYX(a3HOro noToka
- 503 kr/m2c.

N3 pucyHka 1 cnepyeTt, YTo onucaHuWe ruapaBaMyYecKoro CONpoTUBAEHUA O Tpy6-
yaTKy no meToauke [2] paeT pesynbTathl, 6onee 6M3KME K OMBITHBIM [AAHHbLIM, YEM MpPK
MCnonb30BaHMM MeToauku [1].

Bbinn BbINONHEHbI pacyeThl nepenaga AaBAeHWit Ha TpybyaTke Ans BCeX KCMepu-
MEHTaNbHLIX PeXumMoB [3] B fMana3oHe yAefbHbIX MacCOBbIX CKOPOCTEN ABYX(ha3HOro
noToka 262-818 kr/m?c. Mepa pacxoXAeHWs PacyYeTHbIX U OMbITHbIX JAHHbIX onpepae-
NANacb C NOMOLWbIO BbIYMCAEHUA KOIPDULMEHTA CTOXACTUYECKON annpoKcUMauuu
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Puc. 1. 3aBucumocTb nepenaja fasfeHns Ha Tpy6yaTKe OT MAacCOBOrO PacXOAHOro MapocofepiKaHus
(G = 503 kr/m2c): 1 — Mmogenb MexdasHoro TpeHus [4], conpoTusaeHne Kaxaoi Gasbl o Tpy6yaTky B
cootseTcTBUU C [1], B pacyeTe MCMONb3YeTCs KOPpPenauus AnA pacyera COMPOTUBAEHWUA OfHOGMA3HOro NoToKa

0 TpybuaTky [7]; 2 — mogenb MexdasHoro TpeHus [4], conpoTuBaeHue Kaxpoi tasbl o TpybuaTky B
COOTBETCTBUM C [2], KOppensuus Ans pacyera CONPOTUBAEHUS OAHOGMA3HOro notoka o Tpy6uatky [7]
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(SAR) [8]. OcobeHHOCTb 3TOr0 MeToAa COCTOMUT B TOM, YTO OH NO3BOJAET B paMKax
€AMHOr0 NOAXOAA BbIMOMHATL aNMPOKCUMALUID MHOXKECTB BXOAHBIX M BbIXOAHBIX AaH-
HbIX NPOW3BO/IbHON KOHMUTYPALUN U BLIYUCAATE MEPY COOTBETCTBMA MEXAY MOJyYeH-
HbIMW annpoKcUMaLMAMKU. PacyeTHble 3HaYeHUs NepenajoB AABNEHUS, BbIYUCIEHHbIE C
MCnoNb30BaHMEM Mopenu MexdasHoro TpeHus [4] v nopxopa [1] mns Mogenuposa-
HUA TMAPABAMYECKOrO COMPOTUBNEHNUS O TPyOUaTKy, COrNAcyloTCA C IKCNEPUMEHTOM C
kKoadpuumeHtom SAR = 0,34. PacueTHble 3HayeHUA nepenafoB AaBIEHUSA, BbIYUCIEH-
Hble C MCNoNb30BaHWEM Moaenu mexdasHoro TpeHus [4] v noaxopa [2] ans mopenu-
POBaHMA rMAPaBANYECKOrO COMPOTUBIEHNUS O TPYOUYATKy MOLENM, COrNacytTca C IKC-
nepumeHToM nyyiwe (ko3dduumeHt SAR = 0,49).

Kak oTmeyanoch Bbile, Npu pacyeTe nepenaja fasfneHus AByXxda3HOro NoToka uc-
nosb30Banacb IMNUPUYECKAsA KOppensaLua Ans pacyera ruapaBauyeckoro cConpoTus-
neHus ogHodasHoro notoka o TpybuaTky [7], KoTopas, Kak nokasanu pacyeTsl, C no-
rpelwHoCcTbio NpumepHo 30—-40% BOCNPOU3BOAUT OMbITHbIE JaHHble [3] no nepenagy
AaBneHMs ofHO(hA3HOro NOTOKA XWUAKOCTU. ITO 0OCTOATENLCTBO 3aTPYAHAET CpaBHe-
Hue noaxonoB [1] u [2] ans MofenMpoBaHUs rMApPaBANYECKOTO CONPOTUBNEHUA O TPYO-
yaTKy gBYXda3Horo notoka. Mo3tomy Ans NpeofoNeHns 3Toi TPYAHOCTU OblIU UCMONb-
30BaHbl 3KCMEPUMEHTa/IbHble BENMYMHbLI Nepenaja AaBNeHWUs Npu Te4eHUU OfHO(A3HON
XUIKOCTW, npuBefeHHble B [3] npu conoctasnenun nogxofos [1] u [2]. Ha pucyHke 2
noKasaHbl pe3ynbTaTbl pacyeTa nepenajoB AaBNeHUs Ha TpybyaTKe ANA IKCNEpPUMEH-
T0B [3], paccyutaHHble Nogo6HbIM cnocobom. Micnonb3oBaHue B pacyetax BeNMYUMHbI
3KCMEPUMEHTANILHOTO Nepenaja AaBNeHWUs NpU TeYeHUU OAHOMA3HON KUOKOCTU MpU-
BOLAMT K V/YYLWEHUIO COTNACUA C IKCMEPUMEHTOM Ans 060MX NMOAXOLO0B MO CPABHEHUIO
C npeablAyWwmMM cnocobom, 4To BUAHO M3 COMOCTAaBNEHUS pUc. 1 1 2. IKCNepUMeHTanb-
Hble pe3y/ibTaTbl COrMACylOTCA C PAaCYETHbIMM pe3yibTaTaMu, BbIYMCAEHHBIMU B COOT-
BeTCTBUM € nogxonoM [1], ¢ koadduumeHtom SAR = 0,49, ¢ pacyeTHbIMK pe3ynbTaTa-
MU, BbIYUCIEHHBIMU B COOTBETCTBUM C mopaxonom [2], ¢ koapduumeHtom SAR = 0,85,
yTO BecbMa GAM3KO K nNpeaenbHoMy 3HadeHuio SAR = 1.
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Puc. 2. 3aBucumocTb nepenapa AaBneHus Ha TpybyaTke OT MacCoBOro pacxofHOro napocojepxanusa (G= 503
Kr/M2c): 1 — Modenb MexdasHoro TpeHus [4], conpoTusneHne Kaxaoi hasbl 0 TpybyaTKy B COOTBETCTBUM C
[1], B pacyeTe UCnoONb3yeTCA IKCNEPUMEHTaNbHbI Nepenaj AaBneHns OfHO(A3HO! KUAKOCTU; 2 — MoJeNb
mexdasHoro TpeHus [4], conpoTusnerune kaxaoi dassl 0 TpybuaTKy B cooTBeTCTBMM C [2], B pacuete
NCNONb3YeTCA IKCMNEPUMEHTaNbHbI Nepenaj AaBneHus oAHO(DA3HON XUAKOCTH
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3AKNIOYEHHUE

Mpn noMowWwM ABYXCKOPOCTHOI MOLEeNN Obinu NpoBeAeHbl COMOCTaBUTENIbHbIE pac-
YeTbl NMepenajoB AaBNeHUs Ha TpybyaTKe C NPUMEHEHWEM [IBYX Pa3M4YHbIX NOLXOAOB
0N ONUCaHUA CMNOBOrO B3aUMOJENCTBMA NOTOKA C TpyOYaTKOW. BbiMONHEHHbI aHa-
NU3 NO3BOJAET CAeNaTb BbIBOL O TOM, YTO UCMONb30BaHME noaxofa [2], oCHOBaHHOMO
Ha MCNONb30BAHMM IMNUPUYECKOH MHDOPMALMM NO FMAPaBIUYECKOMY CONPOTUBAE-
HUIO OBYX(A3HOr0 NOTOKA, ANA YUCNEHHOrO0 MOLEAMPOBAHUA TENNOrUAPABANYECKUX
NpPoLECCOB B ropM30HTaNbHbIX naporeHepatopax A3C ¢ BBIP ¢ nomouwblo pacyeTHbix
KofloB ABNsfeTcs 6onee NPeAnoYTUTENbHbIM.

Cnepyet oTMETUTb, YTO MeTOAMKA 00pabOTKM OMbITHLIX AAHHBIX C UCMOAb30BAHUEM
napametpa JlokkapTa-MapTUHENNN He MMeeT HUKAKUX NPeuMyLlecTB Nepes Apyrumu
IMNUPUYECKMM MeToaMKamu pacyeta [9]. Mo3Tomy npu pacyeTax TennoruapaBinKu
ropu3oHTanbHbix naporeHepatopos A3C ¢ BB3P (P = 4-7 Mla) ¢ nomowbio KOAOB,
OCHOBaHHbIX Ha [IBYXCKOPOCTHOI MOLENu NapoBOAAHON Cpepbl, CneayeT UCnosib30BaTh
cneynanbHo pa3paboTaHHble ANs 3TUX YCNOBMiA Ha 0CHOBe 0000LWeHUs ONbITHBIX AaH-
HbIX IMNUPUYECKUE KOPPENALMUM MO TULPABANYECKOMY CONPOTUBNEHUIO ABYX(HA3HOMO
notoka [10].

Pa6oTta BbinonHeHa B pamkax peanusauuu ®PegepanbHoit LeneBon NporpamMmbl
«HayuyHble U HayyHO-neparoruyeckue Kaapbl UHHOBALMOHHOW Poccum» Ha 2009-
2013 rr. no lNockoHTpaktam N2M491 ot 13.05.2010 1 N2M1091 ot 31.05.2010 u npu
thmHaHcupoBaHum Poccuitckum doHaoM yHAaMEHTanbHbIX McCnefoBaHuii (Npoek-
Tl PO®U N210-08-00373-a, npoekt PO®U N211-08-00410-a).
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The liquid metal coolants including lead containing metallic melts are used in a number of nuclear
reactors at present. The impurities being contained in the coolant, primarily oxygen impurity, exert
an important effect on its quality. Knowledge of the true values of the thermodynamic activity (TDA)
of oxygen in different parts of the circuit enables this quantity to be held in a proper range. This is
necessary to prevent slag formation and oxide phase crystallization in the “cold” parts of the circuit
and preserve the protective oxide coating on the inner surfaces of structural materials in the “hot”
sites. To do this, the OASCR calibration rig capable of reproducing the different modes of oxygen
activityin liquid lead is constructed and tested. The OASCR calibration rig is entered in the State List.
In SSC RF IPPE the 0AA-1 analyzer is developed as well, to measure the oxygen activity in liquid lead
and lead-bhismuth. The analyzer makes it possible to take continuous remote measurements of the
thermodynamic activity of oxygen in molten lead. In 2011 the OAA-1 analyzers were successfully
tested using the OASCR test rig.

VAK 621.039.51

Optimization of Isotopic Composition Identification by Program Code MGAU using Statistical Methods
V.I. Boyko, M.E. Silaev, Y.V. Nedbaylo; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012.
— 6 pages, 2 illustrations. — References, 8 titles.

This paperincludes statistical analysis of isotopic composition results that were got with program
MGAU. Multivariate analysis was chosen as suitable statistical method. In accordance with results of
analysis the recommendations were made for using of this program code in combination with Low
Energy Germanium Detector. These recommendations give opportunity to optimize of measurement
process of uranium isotopic composition.

VIK 621.039.51

IRT Research Reactor Burnup Calculation for the Analysis of Conversion to Low Enrichment Uranium
Fuel\S.V. Ivakhin, A.I. Radaev, G.V. Tikhomirov, M.V. Shchurovskaya; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2012. - 10 pages, 5 tables, 4 illustrations. — References, 8 titles.

Neutronic characteristics of IRT-3M fuel assembly with dioxide high enrichment uranium (HEU)
fuel and uranium-molybdenum low enrichment uranium (LEU) fuel are considered. Results of
calculation of irradiated fuel isotope composition are presented. Test problems for IRT cells with HEU
and LEU fuel calculated by MCU and MCNP codes are proposed.

VAK 621.311.25.004.7
Creation and Application of Multidimensional Information Models of NPP Unit for Decommissioning
B.K. Bylkin, V.L. Tikhonovsky, D.V.Chuyko; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) -
Obninsk, 2012. — 11 pages, 3 illustrations. — References, 10 titles.

Basic principles of the imitational modeling application for the nuclear power plant
decommissioning planning have been described.

VIK 532.546

The comparison of Two Approaches for Calculation of the Force Interaction of the Two-Phase Flow with
Tube Bundle\V.G. Asmolov, V.N. Blinkov, V.I. Melikhov, 0.1. Melikhov, A.A. Nerovnov,Y.V. Parfenov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 6 pages, 2 illustrations. — References,
10 titles.

The comparison of the two different approaches for simulation of the force interaction of the two-
phase flow with the external surfaces is presented in the paper. The two-velocity two-phase flow
model was developed for calculation of the two-phase pressure drop for the cross flow across tube
bundle. The pressure drops across tube bundle were calculated with this model using two different
approaches for simulation of the two-phase flow drag with the tube bundle. The calculated results
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were compared with the experimental ones. The best approach for simulation of the two-phase flow
drag with the tube bundle based on the empirical two-phase flow hydraulic resistance correlations
was identified.

VAK 621.039.51

Experimental Determination of Power-Release in the Lead and Uranium Samples Irradiated by High-
Energy Protons\A.A. Goverdovskiy, B.V. Kebadze, D.M. Kovalev, R.R. Chernov; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2012. - 8 pages, 3 tables, 9 illustrations. — References, 2 titles.

The paper describes the development , laboratory tests, and accelerator experiments of a

measurement procedure of power-release in lead and uraniun samples. The measurement procedure
involved provides a reliable measurement of temterature of the sample at its rate of the change of
0,1 K per minute. The power-release data received in the lead and uranium sample are very important
for tackling the problems of optimization of heat-removal from the irradiated target sample. The
results obtained contributes to the development of ADS.

VAK 621.039.5
Hydrodynamics and Heat Transfer in Reactor Installation «MASTER» \S.L. Dorohovich, Yu.A. Kazanskiy,
A.A. Kazantsev, S.V. Kovalchuk, A.V. Levchenko, V. A. Levchenko, Yu.S. Yurev; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2012. — 13 pages, 2 tables, 10 illustrations. — References, 6 titles.
The paper is concerned with results of calculation investigations of heat and hydrodynamic
processes in reactorinstallation «MASTER». Designing and testing calculations using CFD-code «KANAL»
were performed.

VAK 621.039.58: 536.423

Verification of TECH-M and KORSAR/GP Computer Codes on the Basis of Experimental Results Obtained
on Large-scale Test Facility GE2M-PG\A.V. Morozov, 0.V. Remizov, D.S. Kalyakin, V.I. Asyunin, V.I.
Schekoldin, S.I. Zaitsev, M.0. Zakutaev; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012.
— 11 pages, 1 table, 8 illustrations. — References, 8 titles.

The paper presents the results of calculations of the experiments conducted at the GE2M-PG test
facility in SSC RF-IPPE. These experiments simulate the operation of steam generator during the
cooling of the core of the “NPP-2006" VVER reactor by the joint action of passive safety systems HA-
2 and PHRS in case of accidents with loss of primary coolant. The purpose of the work was to conduct
a post test calculations and verification of computer codes TECH-M and KORSAR/GP in terms of modeling
of heat transfer processes in a steam generator model at low heat fluxes in the presence of
noncondensable gases, and without them. As a result of verification it is possible to conclude about
the ability of computer codes to reproduce the phenomenon of non-condensable gases distribution,
accumulation and their effects on heat transfer in a steam generator tube bundle.

VAK 621.039.534

Calculation of Heat Transfer at the Seven Heated Rod Assembly upon Supercritical Fluid Parameters
LA. Chusov, A.S. Shelegov, V.I. Slobodchuk, V.F. Ukraintsev; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2012. - 8 pages, 9 illustrations. — References, 6 titles.

The results of calculation analysis of experiments on thermal hydraulic of the seven fuel pin assembly
under supercritical coolant parameters are presented. Calculations were done in accordance with
experimental condition and results of SSC RF IPPE on modeling coolant freon-12. Comparison between
experimental and calculation results was carried out. Possible ways of improvement of calculation
technique were discussed.

181



