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Pedepar. B crarbe npuBeeHbl pe3ysbTaThl SKCIEPUMEHTAIBHBIX UCCIAECIOBAaHUN TUAPOJUHAMUKY TEIJIOHOCUTENS B AKTUB-
Hoii 30He peakropa PWR ¢ TBC-KBampar pa3HBIX KOHCTPYKUHMHA. DKCIIEPUMEHTANBHBIC HCCIEIOBAHUS THAPOIMHAMUKHI
3aKITIOYAINCh B M3YyYCHUH IOJEil CKOpOCTeil M Ipolecca MONMEPeYHOro MEePEeTeKaHUs TEIIOHOCUTENS MEXIY COCETHUMHU
TBC-KBazgpar pa3HbIX KOHCTPYKIHHA B OJXHOPOAHOW M CMEILIAHHOM aKTHBHBIX 30HaX Ha MAacCIUTaOHBIX HKCIEPUMEHTAIbHBIX
MOJENAX, BKIIOYAOMHKX B ce0st hparMeHTs! AByx cocennux TBC-KBagpar u 3a30p Mexay HUMHU. DKCIIEpUMEHTAIbHbIE MO-
JIeTM OTJIMYAIOTCS KOJIMYECTBOM YCTAaHOBJICHHBIX PELIETOK. JTO 00YCIOBIEHO TEM, YTO B OJHOPOJAHOI aKTHBHOH 30HE T'MI-
paBiuueckasi Harpyska 1o Beicore TBC umueHTHYHA, a B CMEUIAHHOW — HEpaBHOMEpHA M3-32 Pa3HOr0 KOJUYECTBA YCTaHOB-
JICHHBIX pelleToK. I'napoarHaMyKa TEINIOHOCUTENS U3ydanach Ha adpOJAUHAMUYECKOM UCCIIEI0BATEILCKOM CTEHAE € yU4ETOM
TEOPUH THIPOJMHAMUYECKOTO MOXOOHS C UCIIOIF30BAaHINEM THEBMOMETPHUYECKUX JATUYHKOB C HHANBHIYAIbHONH TapHPOBKOIL.
Ha ocHOBaHMY MOTyYEHHBIX AAHHBIX MOCTPOEHBI OIS JIOKAIBHBIX OCEBBIX U MOMEPEUHBIX CKOPOCTEH B PA3IMYHBIX CEUCHUIX
10 JUTMHE HCCIETYyEeMOr0 ydJacTKa KCIIEPUMEHTANBHBIX Mopeneil. V3ydeHsl Mmomns JOKaIbHBIX 0e3pa3sMEepHBIX IMONEPedHBIX
U aKCHAJbHBIX CKOPOCTEil MOTOKa B TB3JIBHBIX IMydkax M 3a3ope mMexxay TBC-Ksagpar aktuBHO# 30HBI peakropa PWR.
BrisiBiIeHBI OCOOEHHOCTH Mpoliecca IONEPeyHOro IHepeTeKaHus MoToka Mexay cocennumu TBC-KBangpar onHopomHo
U CMeIIaHHOH akTuBHOH 30H peakropa PWR. Pe3yibTaThl dKCHEpUMEHTANBHBIX HMCCIICAOBAaHUU INepefaHsl pa3padoTdu-
xy TBC-KBagpar AO «OKBEM A¢pukanToB» A JadbHEHIIETo MCIOIb30BAHMUS IPH 000CHOBAHMH KOHCTPYKIUH U PEXKH-
MOB PaOOTHI SIEPHON SHEPTreTUUECKOH YCTaHOBKH.

KuroueBble cj10Ba: sIepHBIA peakTop, akTuBHAS 30Ha, TBC-KBagpar, nepememmBaronias 1 JUCTaHIMOHUPYIOMIAs pEeIIeTKa,
CTaOMIIM3HPYIONIAst PEIIeTKa, THAPOANHAMUKA TETTIOHOCUTEINS, MONEPETHOE IePEeTeKaHne TOTOKa
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Coolant Hydrodynamics in the PWR Reactor Core
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Abstract. The paper presents the results of experimental studies of the hydrodynamics of the coolant in the core of the PWR
reactor with fuel assemblies “TVS-Kvadrat” of various designs. Experimental studies of hydrodynamics consisted in studying
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the velocity fields and the process of cross-flow of coolant between adjacent fuel assemblies “TVS-Kvadrat” of various
designs in homogeneous and mixed cores on large-scale experimental models, including fragments of two adjacent fuel as-
semblies “TVS-Kvadrat” and a gap between them. The test models differ in the number of installed grids, this is due to the
fact that in a homogeneous core the hydraulic load along the height of the fuel assemblies is identical, and in a mixed core the
hydraulic load is uneven due to the different number of installed grids. The hydrodynamics of the coolant has been studied
on an aerodynamic open-loop based on the theory of hydrodynamic similarity, using individually calibrated pneumometric
sensors. Based on the data obtained, the fields of local axial and transverse velocities in various sections along the length
of the studied section of the test models have been constructed. The fields of local dimensionless transverse and axial flow
velocities in the fuel bundles and the gap between the fuel assemblies “TVS-Kvadrat” of the PWR reactor core have been
studied. Peculiarities of the process of transverse flow between adjacent “TVS-Kvadrat” of a homogeneous and the mixed
core of the PWR reactor have been revealed. The results of experimental studies have been transferred to the developer
of “TVS-Kvadrat”, that is JSC “Experimental Design Bureau of Mechanical Engineering named after I. 1. Afrikantov”, for
further use in justifying the design and operating modes of a nuclear power plant.

Keywords: nuclear reactor, core, TVS-Kvadrat, mixing and spacer grid, stabilizing spacer grid, coolant hydrodynamics,
coolant cross flow
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(in Russian)
BBenenue

Hns peaktopoB PWR B AO «OKEM Adpukan-
TOB» pazpaboTana 6ecuexiioBas TBC-Ksanpar [1, 2],
B KOHCTPYKIUIO KOTOPOH MOMHUMO JTHCTAHIIMOHH-
pytouux pemietok ([IP) BkirodeHsl nepeMeninBa-
fomue auctaHuronupytomue pemerku (I1IJIP) u
crabunusupyomue pemetka (CP). I[pumenenue
JIAHHBIX PEIICTOK MO3BOJSIET MHTEHCH(PHUIIMPOBATH
MPOLIECCHl TEPEMEIINBAHUS TEIUIOHOCUTENS B aK-
TUBHOM 30HE W 00eCHeYyuTh HEOOXOOUMYIO KEecT-
kocTb KoHcTpykuuu. Ha ITJIP ycraHOBieHBI Typ-
OyIM3UPYIOIIHE JOMATKH B PETYISPHBIX SYelKax U
B oOmactu Hampasmsitoniero kanana (HK). B o6mna-
CTHU HaIpaBJISIIOLIETO KaHalla U3-3a MEHBIIETo Mpo-
XOJHOTO CEUCHHUs IUIomanb Jomatok Ha 14,6 %
MEHbIIE IJIOAAN JOMAaTOK B PETYJSIPHBIX SUeil-
Kax. Yron HakioHa Bcex nomnaTok Ha IIJIP mocro-
sHHBIA. CTaOWIM3upyroIas peleTka COCTOUT U3
B3aMMHO NEPINEHIUKYSPHBIX IUIACTHUH, PacCTOs-
HUE MEXIY KOTOPBIMH COOTBETCTBYET IIAry MeEx-
Iy TB3JIAMHU.

IIpu skcmyatanuu peaktopoB PWR Bo3Mox-
Hbl CUTYyallUH, KOTJa B AKTUBHOM 30HE peakTopa
oHOBpeMeHHO OyayT ycraHoBieHsl TBC-KBampar
0e3 CTaOMITN3UPYIONTUX PEMIETOK U CO CTAOWIIN3H-
PYIOLIMMH pelIeTKaMHU. B 1aHHOM ciydae Mo BbI-
COTE aKTHUBHOW 30HBI OyIeT HepaBHOMEpHAs TH/I-
paBiIMuecKasl Harpy3Ka, 4ro B YCJIOBHUSIX IIPUMEHE-
Hus OecuexinoBeix TBC-KBampatr mnpuBemer
MepepaclpeesICHUI0 PACX0I0B MEXY COCETHUMHU
TBC ¥ BO3HHUKHOBEHMIO TIOMEPEYHBIX TEUEHUI
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TETIOHOCUTENS B MepuepuiiHbIX psAgax TBIJIOB H
3a30pe Mexay cOopkamu. Takum oOpa3zom, B cMe-
LIAHHOW aKTUBHOH 30HE (OPMUPOBAHHE MOJEH
MOMEPEYHBIX CKOPOCTeH OyneT MPOUCXOAHUThH IOA
BIHMSHUEM IBYX (DaKTOPOB — TYpOYIHM3HUPYIOMIMX
nomarok IIJ[P m HepaBHOMEpHON TruapaBiInye-
CKOM Harpys3kH IIO BBICOTE€ CMEIIAHHOW aKTHMBHOU
30HBI. OCOOCHHOCTH TEYEHHsI TEMJIOHOCUTENS B
CMELIaHHOW aKTHBHOH 30HE HEOOXOAWMO YUYHUTHI-
BaTh IIpU OOOCHOBAHUM PA3IMYHBIX PEKUMOB JKC-
IUTyaTallMd M OLEHKHU 3aIllacoB 10 KpH3HUcCa TEIJo-
oTnauu [3-7].

Onucanue IKCIEPUMEHTAIBLHOM MOeJ N
M METOANKH HCCIeT0BaHUMI

UccnenoBanne mpolecca MOMEPEYHOTO Mepe-
TEKaHUs TETUIOHOCUTENS B aKTHBHOHN 30HE PEaKTo-
pa PWR 3akmirodanock B U3y4eHHUHU paclpeleeHus
0e3pa3MepHBIX JOKAIbHBIX TONepeuHbIX Wyy/ Wepp
U akcuanbHBIX W,/Wepp ckopoctein (Wxy u W, —
3HAYEHWUS IOTIEPEYHBIX U aKCHAITBHBIX CKOPOCTEH B
TOYKE M3MEPEHUs] COOTBETCTBEHHO; Wcpp — Cpeln-
HepacxoaHas CKOPOCTh paboueii cpembl uepes DM)
B 00J1acTH 3a30pa U MEepUPEPUIHBIX PsAIaX TBIJIOB
TBC-Ksampar. be3pa3zmepHas CKOpOCThH OIpene-
JITach OTHOIIEHHEM CKOPOCTH pabodeil cpensl B
TOYKE W3MEpPEeHHS K CpeIHEepacXOJHOH CKOpPOCTH
B MOZENH. OKCIIEPUMEHTAJIbHBIE WCCIIEIOBaHUS
MIPOBOAMJINCH Ha a’pOJWHAMHYECKOM CTEHIE Ha
OCHOBE TEOpPHH THAPOJMHAMHYECKOTO TOI00uS,
COIJIACHO KOTOpOM mpoduib Oe3pa3MepHOi CKO-
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pocTH B 00J1aCTH aBTOMOJEIHHOTO TCUEHHsSI OCTa-
eTcs TocToaHHBIM [8]. O6GopyIoBaHKE CTEHA O3~
BOJIIET TPOBOAMTH HCCIENOBAaHHUS IIPU UHUCIAX
Peifinonbaca Re ~ 100000 B obnactu aBTOMOIEIb-
Horo TeyeHus. B paborax [9—11] paHee ObLIO IMO-
Ka3aHo, 4To Ha Mojeisix ¢gparmentoB TBC-KBagpar
00JacTh aBTOMOJICNBHOTO TEUEHHWS HauyMHACTCS
npu yncnax PeitHonsaca 55000-70000.

Jna uccnenoBaHus paclpeneieHus Ioneped-
HBIX M AaKCHAJbHBIX CKOPOCTEH OBUIM CO3IaHBI
MaciTaOHble 3KCIIEpUMEHTaIbHBIE MOJENN 00a-
CTH aKTUBHOM 30HBI peakTopa PWR, Brirouaromen
B cebsa ¢parmentsl nByx cocennux TBC-KBaapar
U 3a30p MEXIy HHUMH. TBOJIBHBIM IIy4OK Kax-
moit TBC coctouT m3 35 UMHUTATOpPOB TBIJIOB U
OJIHOTO MMHUTaTOpa HampasJsromero kaHana. Ilep-
Bas SKCIEPUMEHTAJbHAss MOZEIb IPEACTaBISICT
c000H TIaaKuil TBINBHBINA MyYOK, PACIONI0KEHHBIH
mexay P (puc. la), Bropas — (parMeHT OJHO-
pPOIHON AaKTHBHOM 30HBI C CUMMETPUYHO pacro-
noxenHsiMu [1IP u CP (puc. 1b), Tpetss — dpar-
MEHT CMEIIAHHOW aKTHBHOM 30HBI C HECHUMMET-
PUYHO PacHOIOKEHHBIMU pEIIeTKaMH, a UMEHHO,
B oxnoit u3 TBC orcyrctByet CP (puc. 1c¢).

OO0nacte M3MEpEeHHsI BKIIOYACT pETyJISIPHBIC,
nepudepuitHpie sUCHKH W sSYeKH 00JacTH Ha-
IpaBysirolero kanaia. I[lonepeunoe ceueHue sKc-
MIEPUMEHTANBHBIX MOJENeH U 00JacTh MccieaoBa-
HHH TOKa3aHel Ha puc. 2. B mpememax kaxmoit
SYEHKHM aKcHanbHasi M IOIepedHas CKOPOCTU HU3-

Mepsuiuck B 80—100 Toukax, 4TO MO3BOJWIO IO-
CTPOUTH MTOIPOOHYIO KAPTHUHY TEUCHHUS.

Puc. 1. DxciepuMeHTaIbHBIE MOJICIIH:
1 — AMCTaHIMOHUPYIOIINE PEIIETKH, 2 — IepEeMELINBAIOLINe
IVICTAaHIMOHUPYIOIIHE PEIICTKH, 3 — CTAOMIH3HPYIOLIHE
peteTky, 4 — 00J1aCTh UCCIICAOBAHUIN

Fig. 1. Test models:
1 — spacer grids, 2 — mixing spacer grids,
3 — stabilizing grids, 4 — research area

Jia m3MepeHHs CKOPOCTH IMOTOKa HCIIONb30-
BaJICSl MATHKAHAJIBHBIH MTHEBMOMETPUYECKUH 30H]
C MHIWUBUAYaIbHON TApUPOBOYHON XapaKTEPHCTH-
ko# [12]. M3MepuTenbHbIN 30HI yCTaHABIMBAJICS
B aBTOMAaTU3HUPOBAaHHOE KOOPAMHATHOE YCTPOMi-
CTBO, IO3BOJISIONIEE MO3UIMOHUPOBATh CPENCTBO
n3MepeHus ¢ ToyHocThIo 0,05 MMm.
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Puc. 2. TlonepeyHoe ceueHHEe IKCIIEPUMEHTAITBHBIX MOZEIICH 1 00JIacTh UCCIICIOBAHHIA

Fig. 2. Cross section of test models and research area
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Pe3yabTaTthl nccieoBanni

Ha mepBom sTane ucciaenoBanuii Obuia n3ydeHa
KapTHHA TEYEeHHS B TJIAJKOM TBOJIBHOM ITydKe
TBC-KBanpar, pacmnonoXeHHOM MEXIYy JByMs
coceqaumu JIP (puc. 1a). Hanbonee nHTeHCHBHBIE
MOTIEpEYHbIe TECYSHUSI BOSHUKAIOT B MEXKTBAJILHBIX
3a30pax, BeJUYMHA Oe3pasMepHON MONEPEeYHOH
cKopocTd B HuX Jnexur B auamazoHe 0,05-0,08.
[lonepeunsie TeueHUs! Yepe3 BBIACICHHBIC 3a30PbI
MIPEeUMYIIECTBEHHO OOYCIIOBIEHBI Mepepacrpese-
JICHHEM aKCHaJbHOTO MOTOKa M3 3a30pa MEXIy
TBC B TBAIBHBIN ITyYOK. B perymspHbIX sdeikax u
siuetikax oomactu HK BenmmunHa momnepeyHol cKo-
poctr motoka maia u coctasiser 0,01-0,03 (puc. 3).
B nmepudepuiinbix sueiikax u 3azope mexny TBC
BEIMYMHA MTOTIEPEYHON CKOPOCTH MOTOKA COCTABH-
na 0,04-0,05.

MakcumyMmbl Oe3pa3MepHON aKCHAIBHOU CKO-
pocTH HaONIONAIOTCA B LEHTpax PperyJspHBIX
sueeKk U cocTaBmsitoT 1,2. HaumMeHbpliue 3Haue-
HUsI Oe3pa3MepHON aKCHAIbHOW CKOPOCTH IO JJTU-
HE O3KCIIEPUMEHTAIBHOIO Y4YacTKa HaOI0JaluCh
B MEXXTBIJIBHBIX 3a30pax u coctaisaior 0,80—0,85.
IIpu yaanenuu ot JIP MpOMCXOANUT BBIPaBHHUBAaHUE
aKCHANBHBIX CKOpPOCTEH IO CEYEHHIO TBAJIBHOTO
My4Ka, KOTOpoe OOYyCJIOBJIECHO IONEPEYHbIM Iie-
pETeKaHWEM TEIUIOHOCHUTENSI MEXAy SYehKaMH,
OTIMYAIOLIUMUCS TUIOMAAbI0 IPOXOJHOIO ceue-
Hus. [Ipu M3MEHEHMH OTHOCHUTENIbHOW KOOpIHUHA-
Tol L/d, (L —paccTosiHHE OT PEUIeTKH 10 CeUeHHS

W3MEPEHUS; d; — THAPABINIECKUi quameTp) ot 3,1
no 12,5 B perynspHbIX sdeilkax MpOUCXO-
IUT CHIDKEHHE AaKCHAIbHOW CKOPOCTHM B LEHTpE
Ha 10-15 % (puc. 4).

Taxum 06pa3oM, rHAPOAMHAMUYECKAs! KapTHHA
JIBM)KEHUS TIOTOKAa B TJIAJAKOM ITy4YKe TB3JIOB Ipe-
HMYLIECTBEHHO OOYCJIOBJIEHa IIPOLIECCOM IIepe-
pacrnpeneneHusl 4acTH IMOTOKa W3 3a30pa MEXAy
TBC-KBazpar B camu cOOpKH, a TaK)Ke T€OMETpPH-
YECKUMH OCOOEHHOCTSIMH TBIJIHHOTO ITyUKa.

Ha cnenyromem stane ucciaenoBaHM H3yda-
Jlach THUAPOJIMHAMUKA B OJHOPOJHON aKTUBHOU
30H€ C CHMMETPHUYHO pacmnoioxkeHHeiMu [1J[P
u CP (puc. 1b).

Puc. 3. Tlonepeynas cCKOpOCTb OTOKA
B [JIaJJKOM TBAJIbHOM ITy4Ke

Fig. 3. Transverse flow velocity
in a fuel bundle
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Puc. 4. AkcnanpHas CKOPOCTh OTOKA B akTUBHOM 30He ¢ TBC-KBaapar:
a — IPH OTHOCHUTEJBbHOM KoopauHate L/d. = 3,5;b— 12,5

Fig. 4. Axial flow velocity in the core with fuel assembly “TVS-Kvadrat™:
a — at relative coordinate L/d,. =3.5; b —12.5
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DopMHUpOBaHUE TONEPEYHBIX TEUEHHUH INPOUC-
XOJUT TOJ[ NIEHCTBHEM CMECHUTENBHBIX JIOIMATOK
II/IP. B TBampbHOM myuke BenmuuuHa Oe3pazMep-
HOHl momepe4yHol ckopoctu usMmensiercs ot 0,25
mo 0,60, a B obnacTu 3a30pa JISKHUT B JUANa30HE
0,1-0,3 (puc. 5). MakcuMyMBbI TIOTIEPEIHON CKOPO-
CTH B TBAJIBHOM ITyuYKe JIOKAIM30BaHbl HEMOCpPE.-
ctBeHHO 3a [1/IP B 00jacTsIX peryssapHBIX sUeeK,
3aHATBIX Jeduiekropamu. [lo Mepe ymaneHws ot
[IIP nonepeunsie ckopoctu yowiBatoT. [Ipu n3me-
HEHUH OTHOCHTENIbHOW KoopauHatel L/d. ot 1,8
o 3,3 Ge3pasMepHas MmomepeyHasi CKOPOCTh CHU-
s)kaetcs ¢ 0,6 mo 0,45. Ilpu ymanenuu ot I1JIP npo-
UCXOOUT CMEILIECHHE MAaKCHMyMOB Oe3pa3mep-
HOM TOTNEPEYHOM CKOPOCTHU W3 IIEHTPOB SUYEEK B
HalpaBJIeHUH 3a30pOB Mexny TBanamu. Ha pac-
cTossHUU L/d. ~ 5,1 B TBIBHOM IydYKe U 3a30pe
Mexay TBC-KBagpar mo HampaBieHHIO OpHEHTa-
UM JIONAaTOK (OPMHUPYIOTCS yCTOWYHBBIC MaKpo-
TEYCHHUs, KOTOpble HHTCHCU(UIMPYIOT TPOIECC
nepeMelBaHns MoToka Mexy cocenHumu TBC.
BenmuunHa OTHOCHTENBHBIX IONEPEYHBIX CKOPO-
CTeld B MakpoTeueHMsX Ha ydactke L/d. ot 5,1
1o 12,7 camxkaercs ¢ 0,3-0,5 mo 0,15-0,35.

[Tonepeunsie moToKu Mexay cocegnumu TBC
(OpMHPYIOTCSL COTJIACHO CXEME PAaCIOJIOKEHHS
nomnatok. [lonmepeyHoe meperexkaHue MOTOKa TIPO-
UCXOIUT HE (POHTANBHO Yepe3 COCEJHUE 3a30PbI
MeXTy TBAJIaMH, a B IIIAXMaTHOM TOPSJIKE, ITOCIe-
JOBaTeNbHO yepe3 oAuH 3a30p (puc. 5). Benmuunna
Oe3pa3MepHO TIOMEePEYHOH CKOPOCTH TIOTOKA B
MakpoTedyeHusx mMexnay cocennumu TBC-Kagpar

nexuT B quanaszone 0,15-0,30.
WXY/WCP

0,60
0,55
0,50
0.45
0,40
0,35

110,30
0.25
0,20
0,15
0,10
0,05
0

Puc. 5. Tlonepeunblie MOTOKU U BUXPEBLIE CTPYKTYPbI
B OJIHOPOJIHOM aKTUBHOM 30HE
Ha paccrostann L/d, = 1,8 ot I1AP

Fig. 5. Cross flows and vortex structures
in a homogeneous core at a distance L/d, = 1.8
from the mixing and spacer grid
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B perynspHbIX siueiikax 3a JIomaTKamH 00pa3y-
€TCsl Tlapa JMaroHaJbHO PaCIIONIOKCHHBIX BHXPEH.
Ha paccrosaun L/d. = 3,3 ot I[P mpoucxomut
CIVSIHUE JBYX MAaJBIX BUXPEH B OIWH OOJIBIION,
pacrnojoxeHHbli B 1ueHtpe. OOpa3oBaBIIHiCS
BHXpPb B3aMIMOJCHCTBYET C TOMEPEYHBIMA MAaKpO-
TEYCHUSIMH, U3MEHIS X CTPYKTYPY, U IOCTENIEHHO
pacceuBaeTcs, IpU ITOM TEPEMENIascCh B TOIe-
peuHoM ceyeHuM siueek. PaccesHue Buxpeit
HaOmoaeTcs Ha pacctossauu L/d. = 7,6 ot [1/1P.

B cMemanno# akTuBHOM 30HE (pHC. 1c) m3-3a
pa3IUYHOrO0 KOJUYECTBA PEIIETOK B COCEIHUX
TBC-KBagpaT BO3HUKAaeT HEPAaBHOMEPHOE IIOJIE
aKCHaJbHOM CKOPOCTH MOTOKA. JIOKaJlbHBIE Mak-
CUMYMBI JIeKaT B 00JACTSIX MOMEPEYHOTO CEUCHUS
siYeeK, 3aHATHIX JIeIICKTOPAMHU.

ITo mepe ymanmenust ot IIJIP wmalGmromaercs
CMEIIICHHE JIOKATHHBIX TTUKOB B HAIPABJICHUH 3a-
30pOB MEX]y TB3JIaMH U TIOCTETICHHOE BBIPABHU-
BaHWE TOJSl aKCHAIBHON CKOPOCTH IO CEUYEHHUIO
syeeK. JIOKalbHbIE MHUHMMYMBI AKCHAJIBHOU CKO-
POCTH PACIIONIOKEHBI B 00JAcTH 3a30pa MEKAY
TBC u y noBepxHocTH TB3J0B. Benmmunna Oe3pas-
MEpPHOU aKCHaJIbHOW CKOPOCTHU B JIOKAJIbHBIX MH-
HUMyMax Jexut B auamazone 0,55-0,75. B TBab-
HOoM myuke ¢ CP Ge3pa3smepHbIe akCHAIBHBIE CKO-
poctu Ha pacctosanu L/d. ~ 1,86 oT pemreTku
nexar B auamnazone 0,8-1,1, a 8 TBC 6e3 CP
B nuanazone 0,90-1,25 (puc. 6). Ha paccros-
Huu L/d. ~ 10,2 npodune Oe3pa3mMepHOll akcualib-
HOH CKOpOCTH BBIpaBHHBaeTcs. Hamboyee WHTEH-
CHUBHO TIPOIIECC BBIPABHHUBAHMS AKCHAIBHON CKO-
POCTH TIO CEYEHHUIO TBAJNBHOTO My4Ka MPOTEKAeT B
00J1acTsX, COOTBETCTBYIOIINX TPASKTOPHSAM 00pa-
30BABIINXCS MOTIEPEYHBIX MAKPOTCUCHUH.

3a miactunamu CP oOpasyrorcs sSpKo BbIpa-
JKCHHBIC JIOKAJIBHBIE MUHUMYMBI ~aKCHAJTbHOU
CKOpPOCTH TIOTOKA, KOTOpas MPUHUMAET 3Hade-
Hus 0,5-0,8 (puc. 7). B obmactsax sdeek, He 3aHs-
ThIX TuractuHamu CP, BemmuumHa Oe3pa3MepHOi
akcuanbHO ckopocTtH coctasiser 0,7-1,0. B co-
cenaeit TBC 6e3 CP akxcuambHasi CKOpPOCTH BO
BCEM IONEPESYHOM CEUCHUU HUCCIIEyeMOol 001acTu
cocraBiser 1,0-1,2. Ha paccrosauu L/d, = 2,5
or CP nHaOmromaercsi Hayano mpoliecca BbIPAaBHU-
BaHUS TIOJISI AKCHABHOM CKOPOCTH, a €€ BeJTMYnHa
nexut B nuama3one 0,90-1,05.

UccnenoBanus rupoIMHAMHUKU B OJJHOPOTHON
U CMEIIaHHOM aKTHBHBIX 30HaX mokasanu, yto CP
HE OKa3bIBAIOT CYIISCTBCHHOTO BIIMSHUSA Ha (op-
MHUPOBaHUE IONEPEYHBIX TEUYCHUH M BUXPEBBIX
CTPYKTYp 3a cMeCcUTENbHbIMU Jionatkamu [1J[P.
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Puc. 6. Pactipenenenne akCHaabHOW CKOPOCTH IIOTOKA B CMEIIAaHHOW aKTUBHOW 30HE:
a — IpH OTHOCUTENBbHOM Koopaunate L/d. = 1,8; b — 10,2

Fig. 6. Distribution of axial flow velocity in the mixed core:
a — at relative coordinate L/d,. =1.8; b —10.2
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Puc. 7. Ilone akcuanbHOM CKOPOCTH B CMEIIAHHOW aKTUBHOM 30HE

Fig. 7. Axial velocity field in a mixed core

[TonepeuHbie MOTOKU U BUXPEBBIE CTPYKTYPHI,
a TaKXXe IJIUHBI UX 3aTyXaHUs U PacCesHUs 3a JIo-
markamu [1/IP onvHAKOBBI AJ1S CMEIIAaHHOW U OJI-
HOPOJHOW aKTHBHBIX 30H.

BbIBO/IbIL

UccnenoBanusi TUAPOAMHAMUKA TEIUIOHOCHUTE-
7. B OJHOPOAHOW M CMEIIAHHON aKTHBHBIX 30HAX
peaktopoB PWR ¢ TBC-KBagpat mo3Bonmin 3a-
KJIIOUUTH CIACAYIOIIEE:

1.B rmagkom mydke TB3JOB (popMHpOBaHUE
MOTIEPEYHBIX TEUeHUH OOYCIIOBIEHO IPOIECCOM
nepepacnpeesieHns YacTu MOTOKa U3 3a30pa MEX-
ny TBC-KBagpat B camu cOOpKkw, a TakKe TeOMeT-
PUYECKHMH OCOOEHHOCTSIMH TBAJIBHOTO ITydKa.
B nepudepuiinbix sueiikax u 3azopax mexay TBC
BEJIMYMHA OTHOCUTEJIBHOM IMONEpPEYHON CKOPOCTU
coctasisger 0,04-0,05, a MakcumalibHasi Tonepey-
Has CKOPOCTh BO3HUKAET B MEKTBIJBHBIX 3a30pax
u coctaBiier 0,05-0,08.

2. B ogHOpOaHOW aKTHBHOHM 30HE CTa0HIIM3H-
pyIOLIUE pEUIETKH HE OKAa3blBAIOT BIUSHUS Ha
(hopMUpOBaHUE MOMEPEUHBIX IMOTOKOB 3a IepeMe-
IIMBAIOIIMMH JUCTAHIIMOHUPYIOUIUMH  pelIeTKa-

[ Hayka
wTexHuka. T. 22, Ne 4 (2023)

mu. llomepeuHble TedeHUs, BO3HUKAKOIIWE TIPU
O00TEKaHWH CTAOMIM3UPYIOUINX PEIICTOK, HUBEIH-
pytotcs Bo3zaeiictBueM nomatok I[I/IP Ha moTok
TETIOHOCHUTE.

3. IIpomiecc oOpa3oBaHHs MOIMEPEYHBIX ITOTO-
koB Mexay coceganmu TBC-KBaapar mportekaer
3a CUeT MaKpOTCUYCHHM, BO3HHUKAIOIIUX 3a Iepe-
MEIIMBAIOIIMMHI TACTAHIIMOHUPYIOMUMHU peIIeT-
KaMH M OPUEHTUPOBAHHBIX COTJIACHO PACIIOIOXKE-
HUIO CMECHUTENBHBIX JIOMATOK. Benmnumaa otHOCH-
TENBFHOM MOMEPEYHON CKOPOCTU B MaKPOTECUCHUSIX
cocrasiser 0,15-0,30.

4. B cMmemaHHON aKTUBHOW 30HE CTAOWIIM3H-
pYIOIe PelieTKH BIUSIOT Ha (OPMHUpPOBAHHE I10-
Tl aKCHAJbHBIX CKOpocTeil. OO0TeKaHHE MOTOKOM
CTAaOMIM3UPYIOMIUX  PEIIETOK  XapaKTepHu3yeTcs
HEOAHOPOIHOCTBHIO aKCHAJIBHOW CKOPOCTH, KOTO-
past BEIpakaeTcs B MOSBICHUHU 30H C O0Jiee HU3KOH
AKCHAJIbHOM CKOPOCTHIO 32 IJIACTHHAMH PEIICTKH.
OTHOcuTeNnbHAsT aKcHaJdbHasi CKOPOCTh B JTaHHBIX
obnactsx nexuT B auanasone 0,5-0,8. Ilpu yna-
JICHUHM OT CTaOWIM3HPYIOIIUX PEIISTOK HAOI0a-
€TCsl HHTEHCUBHBIN TIpOIlecC BHIPaBHUBAHUS aKCH-
QIBHBIX CKOPOCTEH MEXIy BCEMH TUIAMH SYCCK

331

Science and Technique. V. 22, No 4 (2023



Dnepzemuxa

u Ha paccrosauu L/d, = 2,5 ot CP ee 3HaueHHs
coctapisarot 0,90-1,05.

[lomydeHHbIEe pe3ynbTaThl MOTYT OBITH MCIIONb-

30BaHBl i1 00OCHOBAaHUS KOHCTPYKIIMU M PEXH-
MOB pa0OTHl aKTUBHON 30HBI peakTopa PWR ¢
TBC-KBampart, a Taxke Bepudukanun CFD-komxoB

)44

nporpaMm ACTAJIBHOIO IMOAYCCYHOI'0 pacucTa

AKTHUBHBIX 30H AACPHBIX PCAKTOPOB.

ro

PaboTa BbiMoNMHeHa B paMKax rocyAapCTBEHHO-
3agaHus B cdepe HayyHoi AesdTenbHoCcTU (Tema

Ne FSWE-2021-0008).
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