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Pedepar. IIpencraBneHsl pe3ysbTaThl SKCIEPUMEHTAIBHBIX UCCIEIOBAHUN JIOKAIBHON TUIPOAU-
HaMHUKH U MacCOOOMEHa IOTOKA TEIUIOHOCHTENS 33 Pa3INYHBIMUA BapHaHTAMU KOHCTPYKIUH IH-
CTaHIMOHHUPYIOIIUX H IIEPEMEIINBAIOIINX PEIICTOK, pa3paboTaHHBIX ISl TOIIMBHBIX KAacCeT OTe-
YECTBEHHBIX U 3apYOEXHBIX SAEPHBIX peakTopoB. s MpoBeleHUs] UCCIEIOBAHUN U3TOTOBIECHBI
MOJIENH Clenyromux TomuBHbIX KacceT: TBCA nmist peakropos BBOP u BBOP, TBC-KBAIPAT
st peakropoB PWR u TBC peakropa KJIT-40C. Bee Mozmeny BEIIONHEHB! B IIOJTHOM T€OMETPH-
YEeCKOM MOoA00MM C HAaTYypHBIMH KacceTaMHu. VcciaemoBaHHs IPOBOIMIN ITyTEM MOJCIHPOBAHUS
TeueHUs! TEMJIOHOCUTENS B AKTUBHOM 30HE BO3/yXOM Ha a3poAMHAMHYECKOM cTenae. [t u3mepe-
HUS JIOKaJIbHBIX THAPOJMHAMHYECKUX XapaKTEPUCTUK IOTOKA TEMIOHOCUTENS UCIIONIb30BalHU CIIe-
[UaNbHbIe ITHCBMOMETPHYIECKHE JaTYHMKH, ITO3BOJIIIONINE H3MEPSTH ITOJIHBIN BEKTOp CKOPOCTH
B TOUYKE II0 TPEM €ro KOMIOHEHTaM. J[11 M3ydeHus MpomeccoB MacCOOOMEHa HCIIOIb30BaH Me-
TOJ IIPONIAHOBOTO Tpaccepa. IIpu MpoBeeHNH HCCIeJOBaHNH THAPOANHAMUKI MOTOKA U3MEpPSIIN
TIOTIEPEYHBIE CKOPOCTH MOTOKAa TEIUIOHOCHUTENS, PACXOAbl TETUIOHOCHUTENS MO siuelkaM MOAENu.
HccnenoBanue MacCOOOMEHHBIX NMPOLECCOB 3aKIIOYAIOCh B M3YyYEHHH PACIPEASNICHHs KOHIIEH-
TpaIyy Tpaccepa B IKCIIEPUMEHTANBHOI MOJIeNH, OTpeIeIeHHH JUINH 3aTyXaH!sI MacCOOOMEHHBIX
MIPOLIECCOB 3a MEPEMEIINBAIOIIIMH PEIIeTKaMHt, pacueTe KOIQQUIIMEHTOB MEKXBIIEHKOBOTO Mac-
coobmeHa. HakomenHast 6a3a JaHHBIX MO TE€UEHUIO TETIIOHOCUTENS B TEIUIOBBIAEIAIOMNX cOOp-
Kax ISl PEaKTOPOB PA3IMYHBIX THIIOB JIeTJIa B OCHOBY HH)KEHEPHOTO 0OOCHOBAHMUSI KOHCTPYKIIHUH
aKTHBHBIX 30H. PekoMeHanuu 1o BEIOOPY ONTHMANBHBIX BApHAHTOB KOHCTPYKIIUH ITePeMEIINBa-
IOMUX PEeIIeTOK yYUTHIBAIHCH KoHCTpykTopamn AO «OKBM AdprkanToB» Ipyu co3JaHUH BBO-
JIIMBIX B 9KCIUIyaTalllio TETUIOBBLICISAIONIMX COOpPOK. Pe3ympTaTsl HCcaemoBaHUN HCIONB3YIOTCS
st Bepudukanun CFD-k00B M mporpaMM JeTajJbHOTO IOSYEEYHOro pacyeTa aKTHBHBIX 30H
C 11eJIbI0 YMEHBIICHUS KOHCEpBaTU3Ma NIPH 000CHOBAHUHU TEIUIOTEXHUYECKON HAaJJeKHOCTH.
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Experimental Study of Local Hydrodynamics
and Mass Exchange Processes of Coolant in Fuel Assemblies
of Pressurized Water Reactors

S. M. Dmitriev”, A. A. Barinov?, A. N. Pronin?, V. D. Sorokin”, A. E. Khrobostov?

DNizhny Novgorod State Technical University named after R. E. Alekseev
(Nizhny Novgorod, Russian Federation)

Abstract. The results of experimental studies of local hydrodynamics and mass exchange of co-
olant flow behind spacer and mixing grids of different structural versions that were developed for
fuel assemblies of domestic and foreign nuclear reactors are presented in the article. In order to
carry out the study the models of the following fuel assemblies have been fabricated: FA for
VVER and VBER, FA-KVADRAT for PWR-reactor and FA for KLT-40C reactor. All the models
have been fabricated with a full geometrical similarity with full-scale fuel assemblies. The study
was carried out by simulating the flow of coolant in a core by air on an aerodynamic test rig.
In order to measure local hydrodynamic characteristics of coolant flow five-channel Pitot probes
were used that enable to measure the velocity vector in a point by its three components. The tracer-
propane method was used for studying mass transfer processes. Flow hydrodynamics was studied
by measuring cross-section velocities of coolant flow and coolant rates according to the model
cells. The investigation of mass exchange processes consisted of a study of concentration distri-
bution for tracer in experimental model, in determination of attenuation lengths of mass trans-
fer processes behind mixing grids, in calculating of inter-cellar mass exchange coefficient.
The database on coolant flow in fuel assemblies for different types of reactors had been accumu-
lated that formed the basis of the engineering substantiation of reactor cores designs. The recom-
mendations on choice of optimal versions of mixing grids have been taken into consideration
by implementers of the JSC “OKBM Afrikantov” when creating commissioned fuel assemblies.
The results of the study are used for verification of CFD-codes and CFD programs of detailed
cell-by-cell calculation of reactor cores in order to decrease conservatism for substantiation
of thermal-mechanical reliability.
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BBenenne

YpoBeHb pa3BUTHSA COBPEMEHHOI'O PEAKTOPOCTPOECHHUS B 3HAUUTEIILHONH Mepe
3aBUCUT OT W3Y4YCHMS THUAPOJMHAMHUKH U TEIJIOMaccOOOMEHa TEIJIOHOCUTENS
B akTUBHOH 30He (A3) simepHoro peakTopa. Heo0XoauMocTh 3HaHUS MPOLIECCOB
TEINIOMAacCOOOMEHA U TMIAPOIMHAMUKU ONpeNesieTcs TeM, YTO SACpHbIE peak-
TOPBI MPENCTABISAIOT COOOH BHICOKOIHEPIOHANPSIKEHHBIE allapaTthl, B KOTOPBIX
JAaHHBIE MTPOLECCHI MPOSBIIAIOTCS B BeChbMa cI0XHOH Gopme. C 0fHON CTOPOHBI,
NPUHITHE CYLIECTBEHHBIX 3aIIacOB IO MapaMeTpaM TEeIIOHOCUTENS] OrpaHUyu-
BaeT Kak MOIIHOCTh, Tak U KIIJ] saepHO-?HEPreTHYeCKOil YCTAHOBKH B LIEJIOM,
4YTO Heleslecoo0pa3Ho C KOHOMHYECKOW TOYKM 3peHusi. C Apyrod CTOPOHBI,
NPEBBILIEHNE JOKAJIbHBIX NAPaMETPOB TEIUIOHOCUTENS (TEIUIOBOTO MOTOKA, TEMIIE-
PaTypsl, SHTAIBNUK) B A3 CBEpX IOIMYCTUMBIX MPEAEIOB MOXKET IPUBECTH K BBIXO-
Jly peaKkTopa U3 CTPOsi, YTO HEJIOIMYCTUMO C TOUKH 3peHus Oe3omacHocTH [1].
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[IporpamMMmsbl pa3BUTHS AaTOMHOM SHEPreTUKU BEAYLIUX CTpaH MHpa MPearo-
JIararoT UCIIOJIb30BAHUE PEAKTOPOB C BOJOM IO/ JABICHHEM B KAU€CTBE OCHOBBI
KOMMEPUYECKOTO MapKa SAepHBIX YCTAHOBOK. PeakTopsl JaHHOTO THITa paboTaroT
B COCTaBe CTAIlMOHAPHBIX M TPAHCIOPTHBIX PEAKTOPHBIX ycTaHOBOK (PY), mme-
0T OTPOMHYIO CYMMapHYH0 HapaOOTKy W ONBIT YCHEIHOW 3KCIUTyaTaIiH.
CoOBpEeMEHHBIC MPOEKTHI TAKHX PEaKTOPOB COYCTAIOT OTPAa0OTaHHBIE, CTABIIUC
TPaJIUIIMOHHBIMY, TEXHHUYECKUE DPEIICHHUS ¢ MHHOBAIIMOHHBIMU DPa3pabOTKaMHU.
B nocnennue roael PY ¢ Bogoil noa JaBieHUEM MEPEBOASTCS HA MOBBILLICHHBIE
YPOBHU MOIIHOCTH TPU OJHOBPEMEHHBIX 3arpy3KaxX C YMEHBIICHHON YTEUYKOM
HEUTPOHOB M 0OJiee MPOAODKUTEIILHBIM TOIUIMBHBIM IIUKJIOM. 3aJ1auy MOBBIIIE-
HUS MOIIHOCTH CTAHOBSTCS aKTyaJIbHBIMH M TpPEOYIOT YIYYIIEHUS TeIuIo-
THIPAaBIMYECKUX XapaKTEepUCTUK caMuX TeroBbinemsonmx coopok (TBC).
[NoBwimeHre MomHOCTH A3 MOKET 00CCIICYMBATHCS TyTEM COBEPIIICHCTBOBAHHMS
KOHCTPYKUUHU AUCTAHLHMOHUPYIOIIUX YCTPOMCTB. YIIyUILIEHUE TEIIOTUAPABIIU-
yeckux xapaktepuctuk TBC MoxeT ObITh JOCTHIHYTO KaK pa3MelleHUEeM Ha
JTUCTAHITMOHHpYIONMUX pemerkax (/IP) ompemeneHHOro KoaudecTBa KOHCTPYK-
THUBHBIX DJIEMEHTOB (MHTEHCU(PUKATOPOB TEIIOCheMa), TaK W HCIIOIb30BaHUEM
CIIEITHaIbHO M3TOTOBICHHBIX mepeMerntuBatomux pemerok (IIP). B mocinexnem
ciydae QyHKIMHM JUCTAHIIMOHUPOBAHUS HAa HUX MOT'YT M HE BO3JIaraThCsl.

CoBpeMeHHasi MPo0J1eMATHKA COBEPIIEHCTBOBAHM S
TEIJIOBBIIEISIOIUX COOPOK

BaxsbpIMu 3amadyaMu aTOMHOUM »HepreTuku P® ABISAIOTCS: MNOBBILIEHUE
MOIIHOCTH U HaAexHOCTH padortatomux ADC, co3ganue NepBoi B MUpE IJIaBy-
geit ADC, BBIXOJ Ha 3alaIHbIN PRIHOK SIAEPHOTO TOIDIMBA | Ap. [IpuBHOCS 3HA-
YUTENBHBIA BKJIAM B TOCTIKEHHUE TTocTaBlIeHHbIX menieit, B OAO «OKBM Adpu-
kaHtoBy (PO, r. Hwkuuit HoBropon) Beimomnustotcs paspadbotku TBC mis peak-
TOPOB Pa3NUYHBIX THIOB. [IpoBeneHsl OOIMHMpHBIE WHXKEHEPHBIE W3BICKAHUS
B oTHouieHnn TBC peakTopoB ¢ BOOM MO JaBJICHUEM OTEUECTBEHHBIX U 3apy-
OEXKHBIX MPOEKTOB, PE3yJbTaTOM KOTOPBIX CTAall0 CO3AaHUE OMBITHBIX U MPO-
MBIIIICHHBIX O00pPa3loB TOIUIMBHBIX KacceT. K TakuM KacceTam OTHOCSTCS:
TBCA nns peaktopoB BBOP u BBOP, TBC KJIT-40C g nmnaBydei aTOMHOM
cranun, TBC-KBAJIPAT nmnst 3apyGexxubix peaktopoB tuna PWR. Tlepeunc-
JICHHBIE TOTUTUBHBIC COOPKH MMEIOT MPUHIMITHAIHHBIE KOHCTPYKTUBHBIE OTIIH-
gt oT Apyrux tunoB TBC aHalorHMYHOro Ha3HAu€HHs, YTO MO3BOJIAET MONTY-
4yarh OoJiee BBICOKHME DKCIUTyaTallMOHHBIE MOKA3aTeNd, B TOM YHCJE OOJBIIYIO
MOIIHOCTh A3 MpU COXPAHEHUHM YPOBHS TEIUIOTEXHUYECKOM HaaekHOCTH. Tak,
B TBCA npuMeHEH CHJIOBOHN yrOJIKOBBIM KapKac, MUHUMH3UPYIOIIUN nedopMa-
LMY Iy4YKa TBIJIOB B Mpoliecce dKcIuryaTanuu [2]. g monydeHus: BICOKON WH-
TEHCHBHOCTH TEIJIOOOMEHa B JaHHOM KacceTe MPEJIOKEHO MCIIOJIb30BaTh /1B
KOHCTPYKTHUBHO Pa3IMYHBIX THUIIA PEIIETOK — «3aKpyTKa BOKPYT TB3JIa» U «IIO-
psmHAas iporonkay (puc. 1).

[Ipumenenne nonoOHbIX nHTEHCHPHUKaTOpoB B TBCA mo3BossieT BrIpaBHU-
BaTh TeMIepaTypy (PHTaJBMIHIO) KaK MO CEYEHWIO, TaK W IO BHICOTE COOpPKH,
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a TaKkKe MOBBICUTH 3alachl 10 KpH3Kca TEIUIOOTHAYH. B CBSI3M C 3TUM CTaHo-
BUTCS. BO3MOXXHBIM YBEJIWYEHUE TEIUIOBONH MOIIHOCTU aKTHBHOM 30HBI. OmbIT
[0 CO3JAaHUI0 TEPEMEIIMBAIOIINX PEIIETOK ObUI NPUMEHEH M B KOHCTPYKLUH
kacceTel TBC-KBAJIPAT, nmnst koTopoii pa3paOOTaHbl CBOM THITBI MEpEeMeEII-
BaOINX W KOMOWHWPOBAHHBIX mepeMemuBaomux JP (puc. 2). Co3maHHbIE
TBC panHOro THIa He YCTYNArOT IO CBOMM XapaKTepHCTHUKaM 3apyOeKHBIM
aHaJIoTaM.

Puc. 1. dparmenTs! nepememmparomux pemerok st TBCA: a — nepememuparomias pemerka
¢ nedIeKTOpOM THIIA «3aKPYTKa BOKPYT TBIIa»; b — TO ke ¢ AedIeKTOpOM «IIopsiIHas TPOrOHKa

Fig. 1. Mixing grids fragments for FA: a — a mixing grid with a deflector of the “swirl around
the fuel element” type; b — with a deflector of the “run row by row” type

Puc. 2. Monens KOMOMHUPOBAaHHON TT€pEMEIINBAIOIICH
nmucranuuonupymomei pemerka TBC-KBAJIPAT

Fig. 2. A model of the FA-KVADRAT combined mixing spacer grid

OcobenHoctsiMu 4exiioBoit kacceTsl peakropa KJIT-40C sBnstroTcs 3ameHa
TPaJULIMOHHBIX HAIPABISIOUINX KaHAJIOB OPTaHOB PErYJINPOBaHMS Ha LIEHTPaJlb-
HBIN IIECTUTPAHHBIN BEITECHUTENb U IPUMEHEHHE ImacTuHaaroi /[P (puc. 3).
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Puc. 3. Tennossiaensronme cOOPKH IS peakTopHBIX ycranoBok KJIT-40C:
a — nonepeynoe ceueHne TBC; b — mosic AMCTaHUMOHUPYIOLIEH peneTKu

Fig. 3. Fuel assemblies for the KLT-40C reactor unit:
a — cross section of the FA; b — the spacer grid belt

BBI6paHHa$I KOHCTPYKIUA obecrieunBaeT BBICOKYIO KECTKOCTb, JKCILTyaTa-
IMUOHHYI HAJIC)KHOCTb KAaCCEThI U €€ COOTBCTCTBUC BCEM Tpe60BaHI/I$IM, npeab-
ABJISIEMBIM K COBPEMECHHOMY SIICPHOMY TOIUIMBY.

BKCHepI/IMeHTa.]IbHOQ 000CHOBaHHE TEeNJIOTrHAPABIUKHA
AKTUBHBIX 30H

O6ocHOBaHKE TETNIOTEXHUUECKOW HAAEKHOCTH A3 SAEPHBIX PEakTOPOB BO
MHOTOM 0a3upyeTcsl Ha TEIIOTHAPABINYECKOM pacyere [3], 4TO B CBOIO ode-
peap TpebyeT 60mbIIoi HPOPMATHBHOCTH M BBICOKOH JOCTOBEPHOCTH HCIIOINb-
3yeMbIX IapaMeTpoOB M 3HAYCHUH JTOKAJbHBIX XapaKTEPUCTHK. Takum oOpas3om,
Ha/EXKHBIM TEIUIOrUAPABINIECKUN pacueT TpeOyeT NpOBeIeHNs 3HAYUTEIHHOTO
00BbeMa SKCHEPUMEHTAIBHBIX MCCIEJOBAHUM M Pa3BUTHs HOBBIX METOMIOB pac-
4eTa JIOKAIbHBIX THAPOAMHAMHYECKHX U MacCOOOMEHHBIX XapaKTEPUCTHK OTO-
ka B TBC. OueHka BIHSHUS TEPEMEIIUBAIONINX YCTPOWCTB HAa KPUTHYECKIHE
TEIUIOBBIE TIOTOKH, ONPEACIIOIINE YPOBEHb TEIUIOTEXHHYECKOM HAJEXKHOCTH,
BO3MOKHA TOJIBKO Ha TEIUIO(PHU3MUYECKUX CTEHAAX MPH HATYPHBIX YCIOBUSX Te-
yeHus TerutoHocutens. OqHako nzydenue ruaponuHamuk TBC u A3 B memom
1es1ecoo0pa3Ho MPOBOJIUTH HA MAcCIITAOHBIX U TIOJTHOPa3MEPHBIX MOJIENSAX Kac-
CeT W aKTHBHBIX 30H Ha a3p0- U THAPOJMHAMHYECKUX CTEH/IaX.

[y OLIeHKU BIMSHUS HA MMOTOK TETJIOHOCUTENS Pa3IMYHBIX THIIOB PEIICTOK,
yCTaHABIIMBAEMBIX B BBILICYIOMSIHYTBIE PeakTophl, B 0a30BO jaboparopun pe-
aKTOPHOH THIPOAWHAMUKH HIKETOPOJCKOr0 TOCYIapCTBEHHOTO TEXHUYECKOTO
yauBepcuter umenu P. E. AnekceeBa (HI'TY) co3man skcnepuMeHTalbHBINA
CTEHJI, MPEACTABJISIIOIINNA COO0H a’pOJAMHAMUYECKHN KOHTYp, Yepe3 KOTOPBIH
MIPOKAYMBACTCS BO3YX (puc. 4).
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Puc. 4. Dxciepumentanbhblil creHq HI'TY: 1 — ra3oBsiii 6aiuion; 2 — penykrop;
3 — 6a30BbIi GJIOK KOMMYTAIMU/U3MEpeHNs; 4 — MOIYJIBHBII ra30aHAIN3aTOD;
5 — npeoOpazoBaTenu qaBieHHs; 6 — perysTOp pacxoa raza; 7 — 0TOOpPHBIN 30HT;
8 — craTudeckue oTOOpBL; 9 — yCTPOWCTBO BBOAA Tpaccepa B SUCHKY IKCIIEPUMEHTAIBHON MOJISIH;
10 — sxcniepuMeHTaIbHAS MOZEIb; 11 — yCOKOUTENBHBIH y9acToK; 12 — pecuBepHast eMKOCTb;
13 — BeHTHJIATOP BBICOKOTO AaBieHus; 14 — npeobpaszoBaresp 4acTotsl; 15 — DBM

Fig. 4. The NSTU experimental test rig: 1 — gas cylinder; 2 — reducer;

3 — basic switching/measurement unit; 4 — modular gas analyzer; 5 — pressure transmitters;
6 — gas flow rate controller; 7 — selective probe; 8 — static selections; 9 — input of a tracer into
a cell experimental model; 10 — experimental model; 11 — flow stabilization area;

12 — receiving reservoir; 13 — high-pressure fan; 14 — frequency converter; 15 — computer

UccnenoBanust JOKAJIBHBIX XapaKTEPUCTHUK MEXbIYEEYHOTO MaccooOMeHa
MOTOKa B AKCIEpUMEHTaNbHBIX Moaeisix (OM) TBC npoBoaunu MeToaoM Tpac-
cepa. [IpuHiun 3akmoyancsi B TOM, YTO MOTOK BO3AyXa IOCPEICTBOM paauallb-
HOT'O BEHTHJISITOPA BBICOKOTO JABJICHUS MOCTyNal B PECHBEPHYIO €EMKOCTb, JIBU-
rajcs 4epe3 pacxoJOMEpPHOE YCTPOUCTBO U YCIOKOUTEIbHBIN yJacTOK, a 3aTeM,
npoias gepes DM, BeiOpackiBasics B atmMochepy. ['a3-Tpaccep momasancs uepes
BITYCKHOI 30H] (pHUC. 5a) B XapaKTEepHYIO SYEHKY Iy4Ka TBAJIOB B HAauaje Hcclie-
JyeMOI'0 Yy4acTKa M TaKKe BhIOpachIBaJICS B aTMOc(epy BMECTE C Ia30BO3AYLI-
HOW cMmechio. [Ipn momomu kammmsipoB win TpyOku [luTo, mMcmonp3yemoil B
KauyecTBe OTOOPHOrO 30HJA U JIMHUU TPAHCIIOPTUPOBKH MPOOBI Trasa, 3a Uccie-
JyEMBIM TI0SICOM IMEPEMEINBAIONICH PELIeTKH MPOU3BOIMIN 3aMep KOHIEHTpa-
IIUU Tpaccepa 1o JIHe U cedeHuio OM (puc. 5).
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Puc. 5. OcHacTKa JUIs IPOBEJCHHS SKCIIEPIMEHTOB 10 MACCOOOMEHY:
a — BIyCKHbIC Hacaku; b — 0TOOpHbIe KanmnutsIpsl; C — TpyOKa [Tuto

Fig. 5. Equipment for carrying out experiments on mass exchange:
a — intake nozzles; b — selecting capillaries; ¢ — Pitot tube

Uzmepenne noneit ckopoctd B DM MpOU3BOIUIN MPU TOMOILIN THEBMOMET-
pUYECKOTO TSTHKAaHAJTBHOTO 30HAA. JlaHHBIM 30HIOM (pHC. 6) M3MepsIIN IOJ-
HBI BEKTOP CKOPOCTH B TOYKE MO TPEM €ro0 KOMIIOHEHTaM ITyTeM H3MEpPeHHs
JIABJICHUH B OTBEPCTUSAX UyBCTBUTEIBHON TOJOBKU 30HAA M MOCIEYIOUIETO Te-
pecdeTa 1o OnpeieICHHOMY alTOpUTMY.

a

[Ipuemubie oTBepCTHA

Puc. 6. IlneBMoMeTpHudecKuil 30HA (UyBCTBUTENbHAS YacTh):
a — BHEIUHHUI BHJ TOJOBKHM 30HAA; D — cxeMa n3MepeHnst KOMIOHEHT CKOPOCTH

Fig. 6. Pneumometric probe (its sensitive part):
a — exterior view probe head; b — measurement diagram of the velocity component

CoOoTBeTCTBHE HCCIICAYEMBIX TPOIECCOB HATYPHBIM OCHOBAaHO Ha TEOPUH
THAPOJMHAMUYECKOTO TOA00MS, COTJIACHO KOTOPOH MOZEIbHBIE HMPOLECCHI I0-
JNOOHBI HATYPHBIM IPH YCIOBUH COOJIOACHUS ONPEeNIONINX KPUTEPUEB TTOAO0-
Ons. 1t TypOyNneHTHBIX TeYeHHH B OTPAaHWYEHHBIX 3aTECHEHHBIX KaHamax (Ka-
kuM U sBisietcs teueHue B TBC PWR) onpexpensiromuM KpuTepreM sIBISIET-
csa yucno PeitHonbaca. IlpoBeneHne sKCIEpUMEHTANBHBIX HCCIEIOBAHUN MPH
gyrciax Re, cooTBeTcTByIOmMX pekuMmy TedeHHs B mTatHeIX TBC peakropa,
JOCTaTOYHO 3aTPYAHUTENBHO, TaK Kak yucia Re BeIMKH M TOCTUTalOT MOpsiI-
ka 500000. OxHaKO B COOTBETCTBUU C TEOpUEH M0100Ms B 30HE aBTOMO/IEIBHO-
ro Tedenust Gpopma Ge3pasMepHbIX Mojieit CKOpocTH W, /W OCTaeTCs HpaKTH4e-

CKM HEW3MEHHOW Ha TPOTSDKEHHUHM Bcei 30HBI aBToMozenbHocTd [4]. Takum
00pa3oM, HCCIIeIOBaHMUs, POBEJICHHBIE B 30HE aBTOMOJICIILHOCTH TEYEHHUSI, IO~
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3BOJIAIOT B JalbHEHIIEM TEepPEeCUUTHIBATH PE3YyIbTaThl Ha YCJIOBUS TCUCHHS B
HaTypHBIX cOopkax. Ha aspommHammdeckoMm cTeHzme ObUTH TakKe OMpeIesIeHBI
koa¢dumentsl ruppasianaeckoro conpotuBieHust (KI'C) Bcex mccnmemyembx
pemetok. CootBetcTBue KI'C pemeTok B MOAETBHOM SKCIIEPUMEHTE HATYPHBIM
3HAYEHHUSIM, a TaKkKe MPOBENEHHE SKCIIEPHMEHTOB HA BBHIMOJIHEHHE OallaHca
pacxolioB cpell MOATBEP)KAAIOT MPEJCTAaBUTEIBHOCTh MOMYYaeMBIX JaHHBIX.
[NorpemHocT U3MepeHUsl KOHIEHTPALMH ra3a-Tpaccepa He mpesbimanu 1,5 %,
mojiavya raza obecreuynBaiach peAykTopoMm ¢ oTkioneHusMu 0,5 % maccoBoro
pacxona. V3amepenue naBieHHi B KaHajlaX MHEBMOMETPUYECKHX 30HAOB OCY-
HIECTBIISUIA TIPH MTOMOIIK TpeoOpaszoBarenell n30BITOYHOTO JIABIEHUsS C Mpefe-
JIOM J0IycKaeMoi ocHOBHOM morpemHocTd 0,25 %, NOrpeHocTs MOIyYaeMbIX
MPOEKIKH CKopocTH He mpebimiana 7,0 % ee abCOMOTHOrO 3HAYCHHMS.

Pe3yabTaThl HcciieqoBannii Teyenusi B Moaessix kacceTol TBCA

HccnenoBanus nOKanmpHBIX XapakTepucTuk mnoroka B TBCA mpoBoaumu
Ha Pa3IUYHBIX CTEP)KHEBBIX AKCIEPUMEHTAIBHBIX MOIEISX, MPEICTABISIOMINX
coboif MacmTaOHBIC KOMHMHM (ParMEHTOB aKTHUBHOW 30HBI M CETrMEHTOB Kac-
cet (puc. 7) [5-8]. 57-1 1 94-5 cTepixkHEBBIE MOACTH UMHTUPYIOT 007acTh A3 Ha
cteike coceqaux TBC peaktopoB BBOP m BBOP, uro maeT BO3MOXKHOCTH HC-
CJIEIOBAHUSI MEKKACCETHBIX B3aUMOJCHCTBUII B IOTOKE.

090000
0000000

9900000 O
sesesey 90

Puc. 7. DxcnepumenTtansHbie Moenu TBCA
Fig. 7. FA experimental model

B xoxe uccnenoBanmii ONpeaesiii ONTUMAIBHYO KOHPUTYPAIUI0 YCTaHOB-
ku 1P Tuna «mopsiHas IporoHKa» M «3akpyTka BOKpyr TBaiay. [lo pesynbra-
TaM KOMILUTEKCHBIX UCCIICIOBAHUM ClIeTIaHbl CISAYIOIIKE BEIBOIBIL:

© DKCIIEPUMEHTAIBHO OIMpPEACICHBI PACXOABI YEPE3 XapaKTEPHbBIC SYCHKH MO-
JIeIH;

e HajIMume Je(ICKTOPOB MPUBOJUT K BOSHUKHOBEHUIO HAIPABICHHOI'O KOH-
BEKTHBHOTO JIBM)KCHHUS MOTOKA TI0 HAMIPABJICHUIO OTTH0a COOTBETCTBYIOIIMX Jie-
(IIeKTOpOB U, KaK CIEJCTBUE, K MOSBICHUIO TIONEPEYHBIX, TIOCTEIIEHHO 3aTyXa-
FOIIIUX COCTAaBJISIONINX CKOPOCTH;

e UI3BMCHECHHUE KOHICHTPAIIMK Tpaccepa B sSUeiKax MOKa3hIBAaeT, YTO HE BECh
MOTOK TETUIOHOCHUTENSl JBIDKETCS TI0 HANPABICHHUIO PACIIONOKCHUS JEQIICKTO-
poB. HacTps Tpaccepa mepefaeTcs B COCEAHHE SUEHKU 3a CUET TypOYJIEHTHOTO
MaccooOMEeHa, UMEIOIIETO 3HAYUTEIBHO OOMbIIyI0 BenuunHy 3a [IP BciencTue
JIOTIOJTHUTENBHOU TypOyIH3aIliK TOTOKA;
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e OTIPE/ICTICHBI JUTHHBI 3aTyXaHUH BO3MYIIICHHUI MacCOOOMEHHBIX MPOIECCOB
3a I1P (I/d = 14-16, d — rugpaBiIMyecKuii AUAMETP MOJICITH ),

e IPH TIOCIIENOBATEIBHON IIOCTAHOBKE IBYX IEPEMENIMBAIOIINX PELIETOK
THTIA «TTOPSTHAS TTPOTOHKA» MPOUCXOTUT O0Jiee PAaBHOMEPHOE pacmpe/eicHue
KOHIICHTPAI[MH Tpaccepa B MOMEPEUHOM CEUCHHH SKCIEPUMEHTATLHON MOACTH
1o cpaBHeHu1o ¢ oaHoi [1P Tuna «mopsimHas nmporoukay» wiu 1P Tuna «3akpyt-
Ka BOKPYT TBIJIay.

Pe3yabTaThl Hccie10BaHMIT TeYeHHS
B Mojeiasix kaccetbl TBC-KBAJIPAT

UccnenoBanus B o6ocHoBanue koHCTpykuuii TorumBa TBC-KBAJIPAT mns
3apybexubix PWR npoBoauin Ha 49-cTepkHEBOH Mojeau (puc. 8a) ¢ yCTaHOB-
neHHpIMH umutaTopaMu HK M miacTHHYATBIX JUCTAaHLIMOHUPYIOIIUX pellie-
tok (ITJP) [8, 9]. Beibop onTuManbHO# KOHCTpYKuMH ykazaHHbIX [I/IP ocy-
IIECTBILUIM TPH PA3IMYHBIX BapHaHTaX THUMA AEQIICKTOpa W yrjia €ro OTIHU-
6a (puc. 8b).

b
e ———— e
0000000 Tun 725 Tum 925 Tun 7730
(XX TXY I
....Q..
.__—‘__‘_'—_———u-
3 Add |‘u||m|n|u‘|||m| \lll‘ll‘ T |u\u|\u|uu|;1|‘l,nlllnul‘l
Omel 2 3 4 5 6 7 8 9 10 11 12 13

Puc. 8. DxcuiepumenransHas mogens TBC-KBAJIPAT: a — oOmuii BUI BRIX0/1a MOJICIIH;
b — uccnenosanubie TUIBI 1e(IIEKTOPOB IIACTHHYATHIX JUCTAHITHOHUPYIOUIAX PEIIETOK

Fig. 8. FA-KVADRAT experimental model: a — general view of the output of the model;
b — examined types of plate spacer grid deflectors

15 KONM4eCTBEHHONW M KaueCTBEHHOW OLIEHKU 3aKOHOMEPHOCTEN TEYEHUS U
BiusHus [1/IP Ha MOTOK TEIJIOHOCHTENS CTPOMIIM IPpapUKU U3MEHEHHUS OTHOCH-
TEJIBHBIX CKOPOCTEH MOTOKA 1O JUTMHE MOJIENH, Tpad)Kh U KapTOrpaMMBbl pac-
npeaeneHus rasa-rpaccepa. [lo pesynpTaTam UcCCIeIOBaHUN YCTAHOBJICHO Clie-
JTyroIee:

¢ DKCIIEPUMEHTAIBHO YCTAHOBJICHO PACIPEACICHUE PACXOJ0B MO XapakKTep-
HbIM stueiikam TBC, B ToM uuciie B 001acTH HANPaBJISIOMINX KAaHAJIOB;

e onpenesieabl KI'C T1JIP pasnuuHol KoHGUIypauuu, oneHeHa 3(deKkTHs-
HOCTb MepEeMEIINBaHUS TETUIOHOCUTENA MPU ycTaHOBKe AaHHBIX [1J[P;

¢ YCTAaHOBJICHO, YTO HAWIYYIIUMH (C TOYKU 3PEHUS COOTHOIICHUS HHTCH-
CHUBHOCTHU TICPEMEIIMBAHUS U THIPABINICCKOTO COIPOTHBIICHUS) SBISIOTCS JIe-
(dbnextops! THIA 925;

e HaNTM4Ke Ae(IIEKTOPOB MPUBOIUT K BOZHUKHOBCHHIO HAIIPABIICHHOTO J[BU-
JKEHUS MOTOKA (CO CKOPOCTHIO, He TpeBbimaroriei 30 % pacxoaHok);



C. M. Jmumpues, A. A. bapunos, A. H. Ilponun, B. [{. Copokun, A. E. Xpob6ocmos
600 DKCNEPUMEHTAIBHBIE HCCIIEN0BAHMS JIOKAILHON THAPOIMHAMUKY U MACCOOOMEHA. ..

e 3aTyXaHHE€ MacCOOOMEHHBIX MPOIECCOB TPOUCXOOUT Ha PAaCCTOSHUIX
25-27d, 3a ITJIP;

e 3 pekTUBHBIA KOIDPHUIUEHT MEKbIUCHKOBOIO MaccooOMeHa IpH yCTa-
HoBKe BbIOpanHO# [1/IP B 5 pa3 Gombie, 4eM B IIIaKOM ITy4Ke TBAII.

Pe3yabTarhl necie10BaHUi TeUeHUs!
B MOJeJIsIX TemnoBbiaeasommux coopox KJIT-40C

Heo6xoanmMocTs MpoBeAeHNs JeTAIBHBIX TEIUIOTHIPABINYECKIX PacyeTOB B
ob0ocHoBaHue TeruioTexHndeckor Hanesxknoct TBC ms PY KJIT-40C obycio-
BWJIA TIOCTAaHOBKY psJa AKCIEPUMEHTAJbHBIX HCCIENOBAHUN T'MIPOJMHAMU-
ku U MmaccooOmeHa [10-12]. DKcnepuMeEHTH TPOBOAMIA C HCIOJIB30BAaHUEM
18- u 84-crepxxueBbix Moneneit TBC KIIT-40C (puc. 9). Beneacrsue cnoxHoi
reomerpun wractuHdatoi /1P, 8 TBC npucyrctBytoT 14 paznudgHbIX TIO 3aTec-
HEHHIO IPOXOJHOI0 CEUECHHUS THUIIOB SYEEK, YTO CO3JAET CYIIECTBEHHYIO HEpaB-
HOMEPHOCTb PACXOJI0B U KO (PHUIIMEHTOB MEXBIYEHKOBOIO MaccooOMeHa.

Puc. 9. Monenu temnossigensiomux coopox KJIT-40C
Fig. 9. FA KLT-40C experimental models

Jiis monmy4eHus: NOMHOM MHGOpMAIMK O TPEXMEPHOM TEUEHHH ITOTOKa HC-
CJIEZIOBAaHMS IPOBOIWIM B TPEX XapaKTEpHBIX 00JacTsAX: CTaHZApTHOH (mpe-
MMYIICCTBEHHAs! YacTh sSUeeK) 00JacTh BBITECHUTENSI W mepudepuiiHoii obia-
ctu (puc. 10). B pe3ynbpraTte 00pabOTKH 3KCIIEPUMEHTANBHBIX JAaHHBIX BBISBIIC-
HBI CJIEAYIOIINE OCOOCHHOCTH TE€UEHHS TETJIOHOCUTEIIS:

* B0 Beex sueiikax TBC peaktopa KJIT-40C moTok TEmIOHOCUTENS HOCUT

0CeBOI XapakTep. 3HaUCHHs OTHOCHUTENbHBIX HonepeuHsix ckopocreit (W, /W),
(W, /W) ne npesbimarot 5 %;

e B CTaHJAPTHBIX sSUCiikax 0OJACTH BBEITECHHUTEIN, TAe IuracTuHbl JIP pac-
NoJjararoTcs B BUJE «TPEyrojibHHUKa», pacxoi Temionocurens Ha 10 % 6oinb-
me, 4em uepe3 suelku, rae ruiactuhbl J[P pacmnonararoTcsi B BHJIE «3BE3-
ey (puc. 11);

e B CTAaHJAPTHBIX fA4eiKax mepudepuitHol obnacTu yepes SYEHKH, TAe IUIa-
ctuabl /[P pacmomararoTcst B BHIE «TPEYyTrOJbHHKA», PAaCXOf TEIIOHOCHUTEIS
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Ha 20 % Oomnblie, yem depe3 sUeiku, rae riacTunel JIP pacmonaraiotcst B Buze
«3BE31IBD;

e yepe3 sSYCHKU 00J1acCTH BBITCCHHTEIS W nepudepuitHoil o0gacTu pacxon
teroHocutens Ha (30-50) % meHsblue, yem uepe3 cTanaaprtHble sueiiku TBC
peaktopa KJIT-40C.

O6nacte

BEITCCHHTEIA

Tlepudepuiinaga
obnacTe

Puc. 10. Uccaenyemble 00nacTu MOAEIH

Fig. 10. Model areas under investigation

Puc. 11. CraHgapTHBIC SYCHKH TETLIOBBIICISIOIUX COOPOK:
a — THII 3aTECHCHUSI «3Be3/[a»; D — THI 3aTeCHEeHHsT «TPEeyrONbHUK»

Fig. 11. Standard cells of fuel assemblies:
a —the “star” type of compressing; b — the “delta” of compressing

BbIBO/IbI

1. B pe3ynbTrare SKCIEpUMEHTAIBHBIX paOOT BBISBICHBI OCHOBHBIE 3aKOHO-
MEpPHOCTH TE€UCHHUS B TOIUTUBHBIX COOPKAxX pa3nuYHbIX KOHCTpYKIMA. Ha ocHOBe
WCCIIEIOBAaHUH MAcCCOOOMEHHBIX XapaKTEPUCTHK CO3/1aH PACUECTHBIH alIrOpPHUTM,
3aJI0’)KEHHBIA B nporpaMMy g OBM. JlaHHas mporpaMMa Mo3BOJSIET OLIEHU-
BaTh paclpelesieHus KOHLUEHTPALUH, HCIIOIb3ys 3KCIIEPUMEHTAIbHO MOJIYy4EH-
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HBIE TIOJIS1 CKOPOCTEH. AHaANM3 pe3yibTaToB paboThl MPOrpaMMBbl MOKa3all, 4To
MpeJIeNbHbIE OTKJIOHEHHS DPACUETHBIX KOHIEHTPALUH OT 3KCIEPUMEHTAIbHBIX
cocrapisieT He Oornee 10 %. Pe3ynprarhl pacyeToB ObUIM MCTIOIB30BAHBI IS BHI-
qUCIeHU KO QHUIIMEHTOB MaccOOOMEHa MEXKIYy OIpEICICHHBIMH sSYeHKaMu
Mozenu TerutoBeLaessomux coopok KJIT-40C, a Takxke 3dpdextuBHOTO KO3D-
¢unmrenTa nepeMeIMBaHus nepemMennBaommx pemerok 1t TBCA peakropos
BBOP-300, ucnionb3yeMbIX MpH MHKEHEPHBIX pacueTax aKTUBHOM 30HBI B Kaue-
CTBE 3aMBIKAIOIINX COOTHOILIEHUH.

2. HakoruieHHast 0a3a JaHHBIX [0 TEYCHUIO TEIUIOHOCHUTEIISI B TETIJIOBBIICIIS-
IOLIMX cOOpKax AJIsl peaKTOPOB Pa3IMYHbBIX TUIIOB JIETJIa B OCHOBY MHXEHEPHOTO
000CHOBaHUS KOHCTPYKINHM aKTHBHOW 30HBL. PekomeHnmammu 1mo BbIOOPY ONTH-
MaJIbHBIX BapHUaHTOB MEPEMEIINBAIONINX PEIIETOK YYUTHIBAINCH KOHCTPYKTO-
pamu OAO «OKBM AdprkaHTOB» NpH CO3JaHUN BBOJUMBIX B 3KCILTyaTaLlUIO
TEIUIOBBIICIAIONINX COOPOK. Pe3ymbraTel HccCiieqoBaHUN HCIONB3YIOTCS JUIS
Bepupukanuun CFD-kom0B U mporpamMM J€TajJbHOTO HMOSYEEYHOTO pacuera ak-
TUBHBIX 30H C LI€JIbI0 YMEHBLICHUS! KOHCEpBaTU3Ma NMPH OOOCHOBAHMM TEILIO-
TEXHUYECKOU HaZIe)KHOCTI/I*.

JINTEPATYPA

1. K Bompocy 0 MeTofomoruy 000CHOBAHHS TEIIOTEXHMYECKON HaJISKHOCTH aKTUBHBIX 30H BO-
JITHBIX dHepreTrndeckux peaktopos / C. M. Imutpues [u ap.] / Tpynst Hmxeropoackoro ro-
CYAapCTBEHHOTO TeXHHYEeCKOro yHuBepcuteTa umenu P. E. Anekceesa. 2014. Ne 2. C. 98-108.

2. OcnoBHoe o6opymoBanne ADC ¢ KOPIYCHBIMH pEaKTOpaMH Ha TEIUIOBBIX HeiTpoHax /
C. M. Imutpues [u ap.]. M.: Mammnoctpoenue, 2013. 415 c.

3. Kyxos, A. B. MexkanansHblit 00MeH B TBC OBICTPBIX PeaKTOPOB: TEOPETUUECKUE OCHOBBI U
¢usuka mporecca / A. B. XKykos, A. I1. Copokun, H. M. Matroxun. M.: DHeproatoMusaar,
1989. 130 c.

4. T'yxmaH, A. A. Beenenne B Teopuro mojaodus. 2-¢ u3a. mepepad. u jgom. / A. A. ['yxmaH.
M.: Bercmr. mik., 1973. 296 c.

5. Bopoaun, C. C. Oco0eHHOCTH THIPOAMHAMUKH TEIUIOHOCUTENS B albTepHATUBHBIX TBC peax-
topoB BBOP-1000 mpu wucnons3zoBanuu mnepememmBatonmx peuerok / C. C. Bopoaus,
C. M. JImurpues // U3Bectus By30B. Snepuast suepreruka. 2006. Ne 4. C. 70-76.

6. DkcriepuMeHTaNIbHbIC UCCICAOBAHMS THAPOJUHAMUYECKUX U MaCCOOOMEHHBIX XapaKTEPHCTHK
nortoka rertoHocutessi B TBCA BBOP / C. M. Imurpues [u ap.] // Aromuas sueprust. 2012,
T. 113, Ne 5. C. 252-257.

7. UccrenoBaHnsi MacCOOOMEHHBIX XapaKTePUCTUK U () (HEKTUBHOCTH IEPEMEIINBAIOIINX Pellle-
Tok TBCA-AJIb®A peakropor BBOP / C. C. bopoaun [u ap.] // Tpynst [latoii Poc. Hair.
KoH(. 10 Termrooomeny: B 8 T. M.: M3mar. mom MOU, 2010. T. 1. C. 177-180.

8. OcoOGCHHOCTH JIOKATBHOW MMIPOANHAMUKH U Maccoobmena teruionocuteas B TBC peakTopos
BBOP u PWR ¢ nepememuarorumu pernerkamu / C. C. bopoaus [u ap.] // Temnsiossie npo-
neccsl B Texauke. 2013. T. 5, Ne 3. C. 98-107.

9. PacueTHO-3KCIIEpUMEHTAIBHBIE MCCIIEAOBAHMS JIOKAIBEHOI T'HMIPOIMHAMHKHA M MaccooOMeHa
nmoroka tertonocurens B TBC-KBAJIPAT peaktopoB PWR ¢ mepeMemmBaronmMu penier-
kamu / C. M. imutpues [u ap.] // Temnosnepreruka. 2014. Ne 8. C. 20-27.

10. DkcrnepuMeHTaIBHBIE HCCIEIOBaHUS JIOKAJBHOTO MaccooOMeHa M 3¢ (eKTHBHOCTH IiepeMe-
LIMBAHUS TEIJIOHOCUTENS AUCTaHUHOHUpYyroumMu peuierkamu B TBC peakropa KJIT-40C /
A. B. Bapennos [u ap.] // Tpyast Hmkeropoackoro rocyaapcTBEHHOTO TEXHHYECKOTO YHH-
Bepcutera nmenn P. E. Anekceesa. 2012. Ne 1. C. 107-113.

* Pabora BBIIOJHEHA IIPHU Moiepkke MuHucTepcTBa 00pa3zoBanus U Hayku PD B pamkax no-
roBopa ot 3 nexadpst 2014 r. Ne 02.G25.31.0124 (B cooTBeTcTBHH C IocTaHOBICHUEM [IpaBuTens-
ctBa Poccuiickoit @enepaunu ot 9 anpens 2010 r. Ne 218).


http://elibrary.ru/item.asp?id=9456632
http://elibrary.ru/item.asp?id=9456632

S. M. Dmitriev, 4. A. Barinov, 4. N. Pronin, V. D. Sorokin, 4. E. Khrobostov
Experimental Study of Local Hydrodynamics and Mass Exchange Processes of Coolant... 603

11.

12.

DKCIIepUMEHTAIbHbIE HCCIEA0BAHUS JOKAIBHBIX THIPOIMHAMUYECKIX XapaKTEPHUCTUK TOTOKA
B TEIIOBBIJENAIOMNX COOpKaxX PEaKTOPHON YCTAHOBKHM IUIABYYEH aTOMHOM 3JEKTPOCTaHINH /
A. B. Bapenuos [u ap.] // Tpyast Hmxeropoackoro rocyaapcTBEHHOTO TEXHUYECKOTO YHH-
Bepcutera umeHu P. E. Anexceea. 2012. Ne 3. C. 118-125.

DKCIIepUMEHTAJIbHbIE U PACYETHBIE MCCIIENOBAHUS I'MAPOJMHAMHUKE M MaccOOOMEHa MOTOKa
temionocutens B mMoaenu TBC peakropa KJIT-40C / A. B. Bapenuos [u ap.] // Hayuso-
TexHnueckuil BecTHUK [ToBosmkbps. 2013. Ne 3. C. 114-119.

Mocrynuna 12.04.2016  INoamucana B neyats 10.06.2016  Ony6nukoBana omnaiin 29.11.2016

10.

11.

12.

REFERENCES

. Dmitriev S. M., Barinov A. A., Borodina V. E., Khrobostov A. E. (2014) Towards the Methodology

of Thermotechnical Reliability of Active Zones of Water Power Reactors. Trudy Nizhegorodskogo
Gosudarstvennogo Tekhnicheskogo Universiteta Imeni R. E. Alekseeva [Proceedings of the Nizhny
Novgorod State Technical University n. a. R. E. Alekseev], (2), 98-108 (in Russian).

. Dmitriev S. M., Zverev D. L., Bykh O. A,, Panov lu. K., Sorokin N. M. (2013) Basic Equip-

ment of a Shell-Type Thermal Neutron Reactor Nuclear Power Plant. Moscow, Mashino-
stroyeniye. 415 (in Russian).

. Zhukov A. V., Sorokin A. P., Matyukhin N. M. (1989) Interchannel Exchange in Fuel Assem-

blies of Fast Reactors: Theoretical Fundamentals and the Physics. Moscow, Energoatomizdat.
130 (in Russian).

. Gukhman A. A. (1973) Introduction into the Theory of Similarity. 2™ ed. Moscow, Vysshaya

Shkola. 296 (in Russian).

. Borodin S. S., Dmitriev S. M. (2006) Specific Features of Hydrodynamics of the Coolant in

Alternative Fuel Assemblies of the VVVER-1000 Reactors by Using of Mixing Grids. Izvestia
Vysshikh Uchebnykh Zawedeniy. Yadernaya Energetika [Nuclear Power Production. Procee-
dings of Higher Educational Institutions], (4), 70-76 (in Russian).

. Dmitriev S. M., Borodin S. S., Legchanov M. A., Solntsev D. N., Sorokin V. D., Khrobos-

tov A. E. (2012) Experimental Studies of Hydrodynamic and Mass-Transfer Properties
of Coolant Flow in VVVER Fuel Assemblies TVSA. Atomic Energy, 113 (5), 252-257. DOI: 10.
1007/s10512-013-9638-6.

. Borodin S. S., Dmitriev S. M., Legchanov M. A., Novikova O. lu., Solntsev D. N., Khrobos-

tov A. E. (2010) Study of the Mass Transfer Characteristics and Efficiency of Mixing Grids of
FA-ALFA of VVER Reactors. Trudy Piatoi Ros. Nats. Konf. po Teploobmenu. T. 1 [Procee-
dings of the Fifth Russian National Conference on Heat Exchange. Vol. 1]. Moscow, Publi-
shing House MEI, 177-180 (in Russian).

. Borodin S. S., Dmitriev S. M., Legchanov M. A., Solntsev D. N., Sorokin V. D., Khrobos-

tov A. E. (2013) Specific Features of Local Hydrodynamics and Mass Exchange Processes of
Coolant in Fuel Assemblies of VVER and PWR Reactors with Mixing Grids. Teplovye
Protsessy v Tekhnike [Thermal Processes in Engineering], 5 (3), 98-107 (in Russian).

. Dmitriev S. M., Khrobostov A. E., Varentsov A. V., Dobrov A. A., Doronkov D. V., Soro-

kin V. D., Samoilov O. B. (2014) Combined Numerical and Experimental Investigations of
Local Hydrodynamics and Coolant Flow Mass Transfer in Kvadrat-Type Fuel Assemblies of
PWR Reactors with Mixing Grids. Teploenergetika [Thermal Engineering], 61 (8), 558-565.
DOI: 10.1134/50040363614080050.

Varentsov A. V., Doronkov D. V., Kupricheva E. S., Solntsev D. N., Sorokin V. D. (2012)
Investigation of Local Mass Transfer and Efficiency of Spacer Grids of Fuel Assembly of
Reactors KLT-40C. Trudy Nizhegorodskogo Gosudarstvennogo Tekhnicheskogo Universiteta
Imeni R. E. Alekseeva [Proceedings of the Nizhny Novgorod State Technical University
n. a. R. E. Alekseev], (1), 107-113 (in Russian).

Varentsov A. V., Ziablitsev D. V., Solntsev D. N., Pronin A. N., Morozkin O. N. (2012)
Experimental Study of Local Hydrodynamic Characteristics of the Flow in Fuel Assemblies of
the Reactor Installation of Floating Nuclear Power Plant. Trudy Nizhegorodskogo Gosudar-
stvennogo Tekhnicheskogo Universiteta Imeni R. E. Alekseeva [Proceedings of the Nizhny
Novgorod State Technical University n. a. R. E. Alekseev], (3), 118-125 (in Russian).
Varentsov A. V., Dmitriev S. M., Dobrov A. A., Solntsev D. N., Khrobostov A. E. (2013) Experi-
mental and Numerical Researches of Hydrodynamics and Mass Transfer of Coolant Flow in Expe-
rimental Model of KLT-40C Reactor Fuel Assembly. Nauchno-Tekhnicheskiy Vestnik Povolzhya
[Scientific and Technical VVolga Region Bulletin], (3), 114-119 (in Russian).

Received: 12 April 2016 Accepted: 10 June 2016 Published online: 29 November 2016


http://en.nntu.ru/
http://en.nntu.ru/
http://journal.iate.obninsk.ru/?language=en
http://journal.iate.obninsk.ru/?language=en

