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OTKPLITO W 3KCIIEPUMEHTaNbHO 060CHOBAHO HOBOE (U3NUeCKoe ABlEHUE —

CBOWCTBO ITIOTOKA CBUHI0BOT'O TEIIOHOCUTENA Peann30BbIBATbL IIPOLECC UNC-
TO T'a30BON KaBUTALUU U HEBO3MOXHOCTD ITPOllecca «TPALULMOHHOWY Tapo-
BOW KaBuTauuu. [IpepnoxeHa u KCIepPUMEHTaNbHO 000CHOBaHA TpeMs He-
3aBUCUMBIMU METOZAMU MOZEeb I'a30BOW KaBUTALUU B IIOTOKE CBUHLOBOTO
TEIIOHOCUTENA ITIPUMEHUTENLHO K YCI0BUAM PEaKTOPHOTO KOHTypa. Jloka-
3aHO, YTO TPAAULMOHHAA MTapoBas (ITapora3oBas) KaBUTaLUA B IIOTOKE CBUH-
1J0BOT'O TEIUIOHOCUTENA HEBO3MOXHA. JKCIIEPUMEHTAJILHO OTIPeZeNleHk YCIl0-
BUA BO3HUKHOBEHUA W OCHOBHbIE XapaKTEPUCTUKU Fa30BOW KaBUTAUUN. JKC-
ITIepUMEHTAJIbHO [J0Ka3aHO OTCYTCTBUE KABUTALUOHHOI'O 3PO3UOHHOT'0 U3HO-
ca paboyero Koneca LIMPKyIALMOHHOT0 Hacoca 3 cranu 08X18H10T ¢ okcua-
HbIM IIOKPHITUEM B CBUH1I0OBOM TEIJIOHOCUTEJE ITPU TeMmmeparype 470-500°C,
CKOPOCTW TOTOKa cBUHLA ~10 M/c, uncne 060poToB Hacoca Ao 1200 06/MuH.
PaboTa B pexume pa3BUTON ra30BOl KaBUTALUWU MPOLOJLKAETCA B TEUEHUE
~50-T1 yacos, n3 KOTOpLIX 17 YacoB — IpoBOLUpYIOLINE IUHAMUYECKUE UC-
MILITAHUA C UUKIUYECKUM Pa3BUTUEM KaBUTAUUW, CPLIBOM IIO[,A4W, TTOCHENy-
101UM BO30OHOBIEHMEM TIOAYUN U PA3BUTUEM KaBUTALUU C TIEPUOLOM LMK
3-5 ¢ (Bcero 6onee 15000 unknoB).

KnioueBble cnoBa: CBMHLOBbLIA TENAOHOCUTENb, MPUCTEHHbIA CNOW, OKCUAHbBIE MOKPbI-
TWSA, METOL 3KCNpecc-3aMOpaXKMBaHWA, HEPACTBOPEHHbIE MPUMECH, OTIOXEHUA NpUMe-
ceil, MUKPOTBEPLOCTb, LEPOXOBATOCTb.

Key words: lead coolant boundary layer, oxide coating, the method of rapid freezing,
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TEMTIODPU3NKA N TEMTTOTMAPABITNKA

BBEAEHME

Cneundunyeckne cBONCTBA CBUHLOBOrO TEMNOHOCUTENA WHHOBALMOHHbLIX peaKTo-
POB Ha ObICTPbIX HEUTPOHAX (HU3KOe AaBfeHMe HACbIUWEHHbIX NAPOB, 3HAYUTEbHOE
NOBEPXHOCTHOE HATAXEHWEe, BbICOKAA TemnepaTypa kuneHus — Gonee 1700°C, 3Hauu-
TeNbHasA NAOTHOCTb ~10 Kr/gM3 1 Ap.) U npefBapuTeNbHbIE IKCNEPUMEHTbI NO3BOJUIM
060CHOBaTb NpefnoNoXeHne 0 HEBO3MOXHOCTU BO3HUKHOBEHUA TPAAWULMOHHON na-
pOBOW KaBWUTaLMK B NOTOKe CBUHLOBOro TennoHocutena [1]. OTKpelITue HOBOTO, HEU3-
BECTHOr0 paHee, CBOMCTBA CBMHLOBOr0O TEMNOHOCUTENA — HEBO3MOXKHOCTb TPaguLm-
OHHOW NapoBOW KaBUTaLMU U BO3MOXHOCTb BO3HUKHOBEHUSA YMCTO ra3oBOM KaBUTa-
UMM — MMeeT BAXXHOE NMPAKTUYECKOE 3HAUYeHWe A1 CO3aHUA 0O0CHOBAHHbIX KOHCTPYK-
UMIA NPOTOYHBIX YACTeW FNaBHbIX LUPKYNALMOHHbIX HACOCOB PEAKTOPHbLIX KOHTYPOB W
APYIUX KOHCTPYKLUUA.

B cywecTBylolWwMUx METOAMKAX pacyeTa KaBUTALMOHHbIX U ApPYrux XxapakTepucTuk
HaCcOCOB WUCMOMb3YIOTCA MONYIMNUPUYECKMNE BblpaxeHnsa ¢ KoadduumeHTamu, onpe-
LeNeHHbIMU B pe3y/ibTaTe IKCNEPUMMEHTOB Ha BOAe. 3HauuTeNbHas pasHuua B Gusnyec-
KMx CBOWCTBAx BOAbl M CBMHLA [enaeT HefONyCTUMbIM WCNOMb30BaHUE CYLLECTBYIOLMUX
MEeTOAMK /1 NPOEKTUPOBAHMUA TNABHbIX LUPKYNALMOHHBIX HACOCOB PEAKTOPHbIX KOH-
TYPOB CO CBMHLOBbIM TENAOHOCUTENEM. 3Ta NOJNOXKEHWEe NOLTBEPIKAAETCA ONMbITOM CO-
30aHWA TNaBHbIX LWPKYIALMOHHBIX HAcocoB PY co CBMHeL-BUCMYTOBbIM TEMIOHOCKTE-
nem AMNJ npoekTta 705 n 705 K. Mocne pacyeta paboynx Konec no CywecTByOWUM
pacyeTHbIM METOAMKAM U YCNEWHOW NPOBEPKU UX KaBUTALMOHHbLIX XapaKTepUCTUK Ha
Bofie (C MCNoNb30BaHWEM NAKOKPACOYHbIX MOKPBLITUIA) NPM NOCNeAYIOWMX UCNbITAHUAX
3TUX NPOTOYHBIX YacTel B 3BTEKTUKE CBUHEL-BUCMYT npu Temnepatype 260-270°C
tuKcMpoBanoch NaBMHHOE paspylleHne paboymx Konec HacocoB C 06pa3oBaHMEM
CKBO3HbIX OTBEPCTMIA B Nlonatkax B TeyeHWe MepBbiX HECKONbKUX 4acoB. [pUUMHOI
pa3pyleHuns Obina He KaBuTauMsa (Kak npeanonaranocs), a apyroe cneunduyeckoe
CBOWCTBO TAXENbIX XWULKOMETANIMYECKUX TEMNOHOCUTENEN, 0OYCNOBNEHHOE HeCMauu-
BaHWEM UMK CTEHOK KaHanos.

Lenbio paboT, npoBogumbix B HWKEropofCKOM rOCYyAapCTBEHHOM TEXHWYECKOM
yHuepcutete um. P.E. Anekceea (HITY), sBnsetcs pa3paboTka Ha OCHOBAHUW Hayu-
HO-TEXHWYECKNX MCCNefoBaHUN METOAMKN pacyeTa LUPKYNALMOHHbBIX HACOCOB U pe-
KOMeHJaLMUA No UX ONTUMANbHBIM KOHCTPYKLMAM, YYUTHIBAKOLWMUX CNELUUKY CBUHLO-
BOrO TenjaoHocUTens.

MpepnoxeHo npu pacyeTax Hacoca BbIAeNATb OTAENbHO KaBUTALMOHHbIE XapaKkTe-
PUCTUKW TENJIOHOCUTENSA, TPACcChl NOABOAA TENIOHOCUTENA OT CBOOOJHOIO YpPOBHA K
HacoCy M XapaKTepuCTUKM camoro Hacoca. [locnegHue 3aBUCAT OT KOHCTPYKLMK Ha-
coca U, BepOATHO, JOMKHbI ONpeAenaTbCA IKCNepMMeHTaNbHO. XapaKTepUCTUKK Tpac-
Cbl MOABOAA MOTYT ObITb PacCUYUTaHbl LOCTATOYHO MPOCTO M TOYHO O MOMEHTA HacTyn-
NeHUsA ra3oBoil KaBuTauuu (ANs OAHOKOMMOHEHTHOrO NoToKa CBMHUA). B 3apaum wuc-
CnefoBaHMA BXOAWMNO 3KCNepUMeHTanbHoe onpefeneHune ycnoBMin BOSHUKHOBEHUA U
XapaKTepuCTUK ra3oBOi KaBUTaLMW B BbICOKOTEMMNEPATypHOM NOTOKe CBUHUA (470-
500°C) u paboTocnoco6HOCTW B cpefe CBUHLOBOrO TeMJOHOCUTeNs paboyero Koneca
Hacoca u3 ctanu 08X18H10T npu Temnepatype 470 — 500°C, CKOpOCTM NMOTOKA CBMHLA
B Hacoce fo 10 M/c n ynucne o6opoToB Hacoca Ao 1200 06/MUH, B TOM yucie U B Anu-
TENIbHOM peXXuMe ra3oBoN KaBUTaLMWU.

OMNMUCAHME 3KCNEPUMEHTAJIbHOIO CTEHAA

WccneposaHna npoBOAUAUCL HA LUPKYAALMOHHOM CTEHE C BbICOKOTEMNEPATYPHbIM
cBuHUOBbIM TennoHocutenem ®T-3 HITY (puc. 1). B cocTaB cTeHaa BXOAAT KOHTYP CBWH-
LLOBOrO TEMJIOHOCUTENA; CUCTEMA 3ALLUTHOTO rasa; cucTemMa oxnaxpaeHus obopynosa-
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Puc. 1. Cxema akcnepumeHTanbHoro credga ®T-3 ¢ ueHTpoGexHbIM Hacocom: 1 — 6ak NAaBuabHbLIA; 2 — HAacoc
KUAKOMETANNNYECKNIA; 3 — eMKOCTb CNIMBHAA; 4 — eMKOCTb HanopHas; 5 — ¢unbTp; 6 — naTpy6ok BCackiBaHUs;
7 — 6ayoK OTXKMUMHOM HAcoca; 8 — 3KeKTop; 9 — 6ayoK OTKMUMHOM BxoAa B 3KekTop; 10, 11 — 6Gauku
OTXUMHble 3kKeKTopa; 12 — 6a4YoK OTXKMUMHOMN BbIXOAA U3 3KeKTOpa; 13 — pacxofomepHas €MKOCTb;

14 — 6a4oK OTXHMMHOM ra3oBOro MaccooOMeHHWKa; 15 — ra3oBblil MaccoobMeHUK; 16 — GanjioH BOZOPOAHbIN;
17 — 6annoH aproHoBblii; 18 — KONNEKTOP BbLICOKOrO AaBneHus; 19 — KONNEKTOP HU3KOTO AaBNEHUA;

20 — KONNEKTOp BbICOKOTO faBneHUs 6ayKoB OTHKUMHbLIX IKEKTOpa; 21 — KONNEKTOp HWU3KOro fasfeHus 6aykos
OTXUMHbIX 3)KeKTopa; 22 — ra3oBblil KONNEKTOP MAacCOOOMEHHMKA rasoBoro; 23 — BaKyyMHbIil Hacoc;

24 — Komnpeccop; 25 — eMKOCTb ra3oBas akkymynupywowas; 26 — pacxofomep rasosblii; 27 — pacxofomep
ra3oBblil MaccoOOMEHHMKA ra3oBOro; 28 — MarHWUTHLIA pacxogomep; 29 — xonoAuNbHUK; 30 — NOBYWKA;

31 - yBnaxHutensb

HUSA; 3/1eKTPOIHepreTMyeckas CMCTeMa; KOMNbOTepU3MpoOBaHHas cuctema cbopa, 06-
paboTKW U NpefCcTaBieHns WHPOPMALIMKM; CUCTEMA YNPABNEHNS, PErYINPOBAHNSA U 3a-
KT,

OCHOBHble XapaKTepPUCTUKM CTeHAa: Macca CBMHUA — 2-103 Kr; nogaya Hacoca (cpep-
HAs) — fo 6-10% kr/4; Hanop Hacoca — Ao 5 Krc/cM?; gaBneHue B CUCTEME 3aLLUTHOTO
rasa — o 5 Krc/cm?; ra3 — aproH, BOfOpof, aproHoBOJOPOAHANA CMECh, renunii; pabo-
yaa TemnepaTtypa CBMHLOBOro TennoHocutens — no 550°C.

B cocTaB KOHTypa CBMHLOBOTO TEMAOHOCUTENS Hapafy C MOACUCTEMON 3amofiHe-
HUS, OYUCTKM W APEHUPOBAHMA CBMHLA U3 KOHTypa BXOAAT (cM. puc. 1) netau ans

® onpefesieHns KaBUTALMOHHBIX XapaKTePUCTUK HACOCA;

® onpejeneHuns XapakTepPUCTUK CONMOBOro (3XeKLMOHHOT0) yCTPOICTBa;

e obecneyeHns KOPpPO3MOHHON CTOMKOCTM NMPOTOYHOM YACTM HAcocCa WM OYUCTKM
TENNOHOCUTENA OT OKCUAOB (perynnpoBaHMUsA KayecTBa TEMNOHOCUTENS U €ro 0YMCT-
KW) C MCNONb30BaHMEM ra30BOr0 MacCOOOMeHHMKa.
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Tpy6onpoBoabl 1 060pyAOBaHUE KOHTYpA CBUHLOBOMO TEMNAOHOCUTENS BbINONHE-
Hbl U3 cTanu Tna 08X18H10T 1 MMeloT cnupanbHblil 3N€KTPO0OOrpeB U3 HUXPOMOBOM
NPOBONIOKM U TENNOU3ONALMIO.

METOAUKA NPOBEAEHUSA 3KCNEPUMEHTOB

OnpepeneHne KaBUTALMOHHBIX XapaKTEPUCTUK CBUHLOBOTO TEMJOHOCUTENA Mpw
yCNOBUAX, MOAENUPYIOLLNUX PEXUM paboTbl peakTopHbIx KOHTypoB (PY) Tuna BPECT,
BbINONHANOCH TPEMA HE3aBUCUMbIMU METOLAMM.

® [lepBblii MeTOf, 3aKNl04aeTCA B OnNpefeneHn MaKCMManbHOW BbICOTbI BCACblIBAHNA
H M3 1 KpUTUYECKOro gaBfieHus PKp B MOMEHT npeKpalleHnsa nojaym CBUHLA HACOCOM
U3 CNUBHOW (HWXHeN) eMKOCTU B HanopHyto (BEPXHIOK) BCNefCTBUE BO3HUKHOBEHUA
pa3BMTOIi ra3oBOi KaBMTaLMW B MPOTOYHOW YacTh Hacoca (puc. 2).
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Puc. 2. M3meHeHMe AaBneHUs B PasfAnYHbIX 3NIEMEHTaX BCACbiBaloOWEro TpybonpoBoaa LEHTPOGEXHOro Hacoca
NpW UCMBITAHUAX COFNACHO NEPBOMY MeTOAy: 1 — XMAKOMETanIu4yeckuit LeHTPOGEKHbIN LMPKYNALUOHHBIN
Hacoc; 2 — BcacblBawWMit NaTpy6oK Hacoca; 3 — eMKOCTb CAWBHAA; 4 — 3JEKTPoABMUraTeNb; 5 — eMKOCTb
HanopHas

® BTopoit MeTop, 3aKNo4YaeTcs B CO3AAHUM pPa3pexeHus B CUCTeMe rasa Hap cBo6oj-
HbIM YPOBHEM TenjoHocuTeNns (BaKyyMUpOBAHWUSA ra3oBOro o6bema) B KOHType npu
paboTe Hacoca No Tpacce HamopHbIN NaTpy6GOK Hacoca-HanopHas (BEpXHAS) eMKOCTb-
Tpyba c BeHTUNeM Bl-cimBHas (HUKHAA) €MKOCTb-BCACHIBAKOLWMI NaTpybOK Hacoca-
NPOTOYHAsA YaCTb HAacoca-HanopHbll NaTpybok Hacoca. HacTynneHue ra3oBoit KaBu-
TauuKU UKCUPOBANOCH MO YMEHbLIEHWIO MAaCCOBOW MOJAYM TEMNOHOCUTENS HACOCOM U
Harpy3Ku 371eKTpoABUraTens Hacoca B 3aBUCMMOCTU OT abCONOTHOrO AaBieHus (pas-
pexeHus) Ha Bxode B Hacoc. [lna obecneyeHus NpOBEAEHUA UCMbITAHWI NpU MEHb-
UeM pa3pexeHWn B ra3oBOW CUCTEME KOHTYpa W, COOTBETCTBEHHO, MPU MEHbLUEN Be-
NIMYMHE NOJCOCa BO3Myxa Yepes CalbHUMKOBOE YNIOTHEHME BPalLaloLLErocs Baaa Haco-
ca nepep HayanOM UCMbITAHUA YCTAHABAMBANOCL M MOLAEPKMBANOCH MOHUKEHHOE
[laBNeHNE HA BXOflE€ B HACOC NMYTEM CHUXEHUA YPOBHSA CBUHLA B CIMBHOW (HUXKHEN)
eMKOCTM U BcacblBawleM natpybke Hacoca. B pesynbrate 3TUX McnbiTaHUin onpegens-
N0Cb KPUTUYECKOE AaBJeHMe Ha BXOME B HACOC, MpWM KOTOPOM BO3HWKAna passutas
rasoBas KaBuTaLus.

e TpeTuit MeTO 3aK/YaICA B ONPefeseHNU XapaKTePUCTUKM ra30BON KaBUTALUMU
— KPUTUYECKOTO AABNEHWUS B CYXKEHHOM 4acTW COMIOBOro YCTPOWCTBA, COOTBETCTBY!IO-
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llero pe3komy BO3pacTaHuio U cTabunusauun nepenaja [aBJeHUs Ha COMNOBOM yCT-
POWCTBE, CYLLECTBEHHOMY YBEMYEHUIO ero TMAPABINYECKOrO0 CONPOTUBIIEHUS.

® CylWHOCTb PeryinpoBaHus OKUCAUTENbHOTO MOTEHLMANA CBUHLOBOMO TEMNNOHO-
CUTeNs U, COOTBETCTBEHHO, OPMUPOBAHUA U LOPOPMUPOBAHMA 3ALUUTHBIX OKCULHbIX
NOKPLITUIA HA MOBEPXHOCTAX MPOTOYHOI YacTW Hacoca 3akfyanach B OpraHu3ayuu
CTPY/ CBUHLA, NajalolWwmx Ha ero cBOOOAHYI0 MOBEPXHOCTb B 0O6beMe pabouyeil kame-
pbl, COLEPXALLE OKUCIUTENbHYIO UM BOCCTAHOBUTENbHYIO Ta3oBylo cmech. Mpu nape-
HUW CTpYN TennoHOCUTeNs B ero 00beM 3axBaTblBAOTCSA ra3oBble My3bipbKM WMPOKOrO
AvanasoHa pa3MepoB OT AoJieit MUKPOMETPOB A0 MUANMMETPOB. bonee KpynHble ny3bi-
pu (HECKONbKO MUANMMETPOB) arioMepupytoT, BCM/IbIBAKOT HA CBOOOAHYIO NOBEPXHOCTb
CBMHUQ, rae cenapupytotcs. Menkue ny3bipy 3axBaTbiBAlOTCA MOTOKOM CBUHLA, U Npw
AanbHellWweM ABUXEHUM NO KOHTYpY ras3oBas (rasonaposas) dasa (okucnutenbHas mam
BOCCTAHOBUTENbHAA) XMMUYECKN B3aUMOJENCTBYET C TEMNOHOCUTENEM, C MPUMECAMMY,
COLEPXKAWMMUCA B HEM, U U3MEHSAIOT OKUCIUTENbHBIA NOTEHLUMAN CBMHLOBOrO Teno-
HocuTens. Mpu «BcTpeye» ¢ TBepon a3oil OKCMA0B CBMHLA B NOTOKE UM B NPUCTEH-
HOM 06nacTn BocCTaHOBUTENbHAA (BOJOPOAOCOAEPIKALLAsA) ra30Bas UM naporasoBas
CMecb B3aMMOAENCTBYeT C 06pa3oBaHMeM MapoB BOAbl U «YUCTOTO» TEMNOHOCUTENS.
KoHTponb 3a Xxo[0M npouecca ocCylWecTBAAETCA LAaTYNKAMU TEPMOLUHAMUYECKON aK-
TUBHOCTU Kuciopopa B cBuHUe noctaBku MTHL, PO-03N.

OBCYXAEHME PE3YJ/IbTATOB

Ha nepsom 3Tane ucnbiTaHW onpefeneHbl MakCMManbHas BbICOTA BCACbiBAHMA
CBMHLOBOrO TennoHocutens Hym3* (puc. 3), KOCBEHHO XapaKTepu3yLWas ero 0CHOB-
HYIO XapaKTepPUCTUKY — KPUTUYECKYIO BENIMYMHY [aBAeHUA ra30BON KaBUTaLUU, U Xa-
paKTep M3MEHEeHWs Harpy3Ku 31eKTpPoABUraTens Hacoca B MOMEHT BO3HWKHOBEHUS
KaBuTauum (puc. 4), a TaKxKe Apyrue xapakTepuCTUKU ra3oBOi KaBUTaLuKM B CBUHLO-
BOM TennaoHocutene npu temnepatype 450-500°C n HanMumu yactTuy, npumecen B ero
noToke (BNWUSHWE [ABNEHUA B KOHType W Ap.).

Ha BTOpOM 3Tane ucnbiTaHWit 06HAPYKEHO, YTO NPU YMEHbLIEHUU AABNEHUS BO BXOA-
HOM maTpybKe Hacoca M HACTyNJeHWM ra30BOM KaBMTALMW NOAAYa HAcoca He npekpa-
waetcs (Hacoc He «cpbiBaeT»). B pexume KaBuTauun yMeHblIAETCA MAccoBas nojava
CBWHLA HAcoCoOM, ero Hamop W, COOTBETCTBEHHO, Harpy3ka Ha 3neKTpoasurartene
(puc. 5), ofHaKO OHAa 3aMeTHO MpeBbIWAET HArpy3Ky X0J0CTOr0 X04a C BpalleHuem
koneca B ra3oBom obbeme. OnpefeneHa BeNMYMHA KPUTUYECKOTO [aBNeHUs npouecca
pasBUTUA ra3oBOil KaBUTaLWMK.

Ha TpeTbem 3Tane ucnbiTaHWit onpefeneHsl ycnoBus (pacxop CBUHLOBOTO Temnjo-
HOCUTENsA, CPeAHAA CKOPOCTb MOTOKA W [aBNEHWE B CYXXEHHOW 4YacTW conna) BO3HMK-
HOBEHWS M pa3BMTUA ra3oBOW KaBMTaLuW npu Temnepatype 450-500°C (puc. 6), co-
NpOBOXAAOLWeNCA pe3KuM BO3pacTaHUeM rMApPaBINYECKOro CONPOTUBAEHUS COMAOBOMO
yCTpoiicTBa. He3aBMCMMO OT 3TUX UCMBITAHWUI 0OHAPYKEHO, YTO IKEKLUA rasa u3 ra-
30BOi CUCTEMbl KOHTYpa MOTOKOM CBMHLA C NOCTYNNEHUEM ra3a B CYXEHHYIO 4acTb
conna ¢ ero pacxoom Ao ~10% 0ObeMH. NPAaKTUYECKMU HE NPUBOAUT K CYLLECTBEHHOMY
YBENNYEHUIO TMAPABANYECKOTO CONPOTUBIEHMA COMIIOBOrO YCTPOCTBA (MPM Npoymnx
PaBHbIX YCNOBUAX).

OnpepeneHHble TpeMs HE3aBUCUMbIMU CMOCOOAMU KAaBUTALMOHHbLIE XapaKTEPUCTU-
KW CBMHLLOBOrO TENJIOHOCUTENs GNM3KM ApYr Apyry.
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Puc. 3. 3aBMCMMOCTb MAKCMManbHOI BbICOTbI BCACbiBaHUA H "3 0T yucna o60pOTOB Hacoca Mpu pasAnyHbIX
[aBNeHuAX B rasoBoil cucteme: a) 6e3 u3bLITOYHOro AasneHus rasa B cucteme Pr= 0,0 krc/cm?(ara);

6) n36bITOYHOE faBneHus rasa B cucreme Pr= 0,3 krc/cm?(ata); B) u36bITOYHOE JaBieHMe rasa B CUCTEME rasa
P.= 0,5 krc/cm?(ata)
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Otkayka cBMHLA
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Puc. 4. 3aMeHeHne Harpy3ku 3neKTpoABUraTens Hacoca BO BPEMEHU NMPU UCMLITAHUAX MO NMEPBOMY METOAY:
a) 6e3 n3bbLITOYHOrO faBneHus; 6) ¢ U3GLITOYHLIM faBneHneM B KOHType 0,1 aTM; B) C U3BLITOYHLIM AABNEHUEM
B KOHType 0,3 aTM; 1) C U36bITOYHbIM AaBneHnemM B KOHType 0,5 aTM
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Puc. 5. 3aBUCUMOCTb Harpy3ku Ha 3NeKTpOABUTaTeNe OT LABJEHUA HA BXOfe B paboyee Koneco

a) P, krc/cm? (aTa)
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Puc. 6. pachk 3aBUCMMOCTM CPEAHEro AaBfieHUs B MOTOKe CBUHLOBOrO TennoHocutens (a) u cpepHei
ckopocTu notoka (6) no anuHe conna npu G; = 0,55 M3/c, G, = 0,5 M3/c, G3 = 0,43 M3/c

3AK/NIOYEHHUE

1. OTKpbITO M 3KCNEepUMeHTaNbHO 060CHOBAHO HOBOE (U3NYECKOe BNEHUE —
HeM3BecTHOe paHee CBOWCTBO CBWMHLOBOrO TE€NJOHOCUTENS — HEBO3MOXHOCTb BO3HMK-
HOBEHUSA TPafMLMOHHOW NapoBoi (napora3oBoil) kaBuTauuu B ycnosusax PY. Cneym-
(hMyecknm CBOMCTBOM CBUHLOBOrO TEMJIOHOCUTENA ABAAETCA HaNMuyMe B €ro noToke
MUKPOOOBLEMOB rasa (ra3onapoBoii cMecu), KOTOpble B NPOTOYHbIX KaHanax LUH u
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APYrUX 3/1eMEHTOB PEaKTOPHOro KOHTypa B 061acTAX C MOHUXEHHbIM JaBfeHUeM 06-
pasyiloT OABYXKOMMOHEHTHbIN NOTOK TenJOHOCUTeNb-ras.

2. OnpepeneHbl ycnoBuA BO3HUKHOBEHUS U XapaKTepUCTUKM ra3oBON KaBuUTaLuu
B MPOTOYHbIX YACTAX LMUPKYNALUMOHHbBIX HACOCOB, NepeKaynBaloLWMX BbICOKOTEMNEpA-
TYPHbI CBUHLOBbLIN TennoHocuTenb. HesaBucumbiMM cnocobamm [oKa3aHo, YTo raso-
Baf KaBMTALMsA NpU TemnepaType CBMHLOBOro TennoHocutena 450-550°C HaunHaeT-
Csl NpU NOKaNbHOM 3HaYeHUU abCcoNTHOro faeneHus B notoke 0,4-0,2 krc/cm? (aTa)
W UHTEHCMBHO pa3suBaeTcs npu 0,0-0,2 krc/cm? (ata). Bo3mMoxHO BO3HUMKHOBEHME
OTPULATENbHbIX PA3PbIBHBIX HaNpsXeHWn. MOMEHT Havana HacTynieHWsa ra3oBoOi Ka-
BUTALMM 3aBUCUT OT COLEPXKaHUA AUCMEPCHbIX YacTUL NpUMecei, ux obpasoBaHuii u
ra3oBblX My3blpbKOB B MOTOKE CBMHLLOBOrO TemiioHocutensa. Bo3HnkHoOBeHMe 1 pa3Bu-
TUe ra3oBOW KaBuUTaLUM M HOPMUPOBAHME ABYXKOMMOHEHTHOrO NMOTOKA B NIOMNACTHOM
Hacoce NMPUBOAUT K CHUXEHUIO ero Hanopa (B YCNOBMAX 3KCMEPUMEHTOB NPUMEPHO
A0 80% OT MCxofHOro), nogayun (B YCIOBUAX IKCMEPUMEHTOB npumepHo A0 80% oT
WCXOAHOW) U, COOTBETCTBEHHO, MOWHOCTM 3N1eKTpoABUraTens (B YCIOBUAX 3KCNepu-
MeHTOB 10 ~ 50-60% OT UCXO[HOI) BCeacTBUE OONbWMUX AUCCUNATUBHBIX NMOTEPD B
LBYXKOMMNOHEHTHOM NOTOKE MO CPaBHEHMWIO C O4HOKOMMNOHEHTHBIM.

Mpu coxpaHeHun B Tpacce Ha Hamope Hacoca MCXOAHOTO NPOTMBOAABNEHUS HACOC
npekpalwaer nofayvy nepekaymBaemon cpepbl. [Ipn COOTBETCTBYIOWEM YMEHbLIEHUH
NpOTMBOAABNEHUSA NoAaYya BO30OHOBAAETCA C YMEHbLWEHHbIM pacxoaoM. «CpbiBa» Ha-
coca ¢ paboToi Koneca Hacoca B rasoBoii (Napora3oBoil) cpefe, Kak B BOAAHOM Haco-
ce, He NpoUCXOAMUT, MOLWHOCTb ero NpuBOAA He YMEHbLWAEeTCA A0 MOLHOCTM NOTEepb,
Kak B BOAAHOM Hacoce.

3. JKCMepuMeHTaNnbHO YCTAHOBJIEHO, YTO MpK paboTe HAcoca B pexume ra3oBoi
KaBMTaLMKU B TEYEHWE HECKONbKMX [eCATKOB YAaCOB OTCYTCTBYIOT CAeAbl 3PO3UOHHOI0
M3HOCA Ha NOBEPXHOCTAX MPOTOYHbLIX KaHAN0B HAcoca U3 ayCTeHUTHON XPOMOHMKene-
Boi ctanu tuna 08X18H10T npu TemnepaType nepekayMBaemoro cemHua 450 — 500°C
M HaNMYMK HA HUX 3apaHee CPOPMUPOBAHHbLIX NO CNeLUanbHOW TEXHONOTU OKCUAHbIX
3alMTHBIX NOKPbITUIA.

4. [lpepnoxeHo npu pacyete MPOTOYHOW YaCTM NONACTHOrO Hacoca OTAENbHO
BbleNATb KaBUTALWUOHHbIE XapaKTEPUCTUKN CBUHLOBOIO TEMIOHOCUTENSA, KAaBUTALMOH-
Hble CBOWCTBA KOHKPETHOW KOHCTPYKLMM CaMOro Hacoca (Mau ero Tuna) U xapakre-
PUCTUKN TPacChl BCACbIBAKOLWENH TMHUM HAcOCa. JKCNEPUMEHTaNbHO OnpefeneHHas Be-
NMYMHA MAKCMMaNbHOM BbICOTHI BCacbiBaHMA H; coctaBnseT He meHee 1000 mm (pns
ycnosuii TUH PY tuna BPECT). 3kcnepumeHTanbHO onpefeneHHas BeNUYMHA KpUTUyec-
KOro AaBfneHus pa3BuTON ra3oBOi KaBMUTaLMKM NPU Tex Xe YyCNOBUAX COCTaBAAET OKOO
200 MM cTONGa CBMHLA U MeHee, BNJIOTb O OTPULATENbHbIX BENUYUH AaBNeHUs (ycu-
NN pacTAXEeHWA, pa3pbiBa B NOTOKeE).

5. CneunduyHoit 0COBEHHOCTbIO CBMHLOBOrO TEMIOHOCUTENSA B yCNOBUAX PY sB-
NAETCA HeCMaymBaHWe UM OKCUAMPOBAHHbLIX CTEHOK KOHCTPYKLMW KOHTypa. Ha nosep-
XHOCTW TEMJIOHOCUTENS, KOHTAKTUPYIOLWErO CO CTEHKOI, 06pa3yeTcs BHEWHUI COiA,
obnajaowmit xapakTepHbIMM NOBEPXHOCTHBIMU CBOICTBaMU. Ha NoBEpXHOCTM 3TOrO
CNnos U B6NU3M HEr0 MOTYT HAXOAUTHLCA AUCMEPCHbIE YAaCTULbI MPUMECEN WU UX KOHTNO-
mepaTtbl, MponuTaHHble TenaoHocutenem. lpu NOKaNbHOM MOHMXEHUU OaBAEHUA B
NPUCTEHHON 06M1aCTU BCNeLCTBMUE NOKANbHOW TMAPOANHAMUKM MOTOKA W (MnKn) ApYrux
NPUYMH BO3MOXKEH KOTXOA» IOKANbHOIO Y4aCTKa XUAKOro MeTanna oT TBEPAOro me-
Tanna cteHku. Mpu ganbHeiiwem nepemeleHnn B obnactb 6onee BbICOKOTO JaBNEHUS B
NOTOKe MOXeT (GopMUPOBaATHCA NPOdUAb NOKaAbHbIX CKOPOCTEN CO 3HAYMTENbHbIMU
HOpPMaNbHbIMU K CTEHKAM CKopocCTAMU. [1pn yCKOPEHHOM ABMXKEHWUMU TaKUX Y4aCTKOB
NOTOKa Noj UX BO3AENCTBMEM MOXeT NPOUCXOAUTb IPO3MOHHOE paspylleHne noBepx-
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HOCTW cTeHOK KaHana. lMpoektanTtsl FLH PY AMJI npoektos 705 u 705 K cuutanu 3to
ABNeHne KaBuTaumeir. OgHaKO NPUYMHBI BOZHUKHOBEHWUSA TaKOro ABIEHUA Apyrue, me-
XaHW3M npouecca — APYroit U onTUManbHble MeTOAbl 6OPLOBI C HUM TaKXKe Apyrue.
lMpexpae BCero 3To M3MEHEHWEe reoMeTpuKU NPOTOYHON YaCTH, UCKNIOYEHNE KOTPbIBa»
NOTOKa OT CTEHKW, a eCAK 3TO HEeBO3MOXHO, TO (hOpMUpOBaHMe Npoduas CKOPOCTU Ha
NOKanbHbIX Y4aCTKax «BO3BpaTa» NoOTOKA K CTEHKE C MUHUMaNbHbIMU 3HAYEHUAMMU CO-
CTaBAAIOWMX CKOPOCTEN, HOPMANbHLIX K CTEHKE KaHana.

Pa6oTta nposoaunace B pamkax ®LIN «AaepHble 3HepProTexHoNOrMu HOBOro no-
KoneHua Ha nepuop 2010-2015 rr. n Ha nepcnekTusy ao 2020 r.», a TakKe B pam-
Kax chepepanbHoM Leneson nporpammbl «HayuHble U HayyHO-neparormyeckne Kap-
pbl MHHOBaUUOHHOW Poccum» Ha 2009-2013 rr.
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VIK 621.039.586

Innovative Ultrasonic Technology to Improve the Life of NPP Equipment at its Manufacturing\A.L Trofimov,
S.I. Minin , M.A. Trofimov, Y.A. Kirillov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. -
7 pages, 11 illustrations. — References, 2 titles.

Provides a theoretical and experimental justification for the effects of ultrasound on the welds during
welding equipment of nuclear power plants. As a result of exposure to ultrasound metal structure welding
seam is fine-grained and homogeneous, excludes internal voltage in metal, is removal of residual stresses in in
parajoint zone. This leads to a significant increase in strength characteristics and resource equipment of
nuclear power stations. Impact of ultrasound technology are in the process of welding and surfacing.

VIK 621.039.586: 531.78.781

To Definition of the Tension of Metal Elements of the Power Equipment of the Nuclear Power Plants Acoustic
Method\V.V. Hudasko, A.L Trofimov, S.A. Kurkin, V.G. Malynkin; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) —
Obninsk, 2012. - 10 pages, 3 tables, 2 illustrations. — References, 18 titles.

In work the new acoustic method of definition of a tension of metal of elements of the equipment of the
nuclear power plant is presented: based on effect akyctoynpyroctu; I consider-shchy deformation of
microplatforms and micropieces; using more exact, than sushchest-vuet a method of definition of modules of
the third order. This method allows to raise accuracy of measurement of a tension of metal of elements of the
equipment of the atomic power.

VIK 621.039.58: 519.23/25

A Method for Detecting Failure Data Flow Heterogeneity of Nuclear Power Plant Equipment in Failure Flow\
V.A. Chepurko, S.V. Chepurko; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 9 pages, 5 tables,
2 illustrations. — References, 14 titles.

Describes the methodology that allows to evaluate the non-homogeneity parameter flow of failures of NPP
equipment. Along with the point estimate of the reliability index, an algorithm of constructing its interval
estimate allows you to check the statistical significance of hypotheses about the parameter. Algorithm is
described in detail the decision criterion with a prescribed level of significance. Analyzed a number of test
cases. To detect heterogeneity, processed real data on failures of recharge and boron control NPP VVER-1000
5 unit Novovoronezh.

VIK 532.526.4: 621.039.534
Validation of the Volume Flow Rate Measurements of RBMK Technological Channels Obtained with the «Shadr-32M»
Flowmeter\E.F. Avdeev, V.I. Belozerov, A.Ya. Ustyuzhanin, V.V. Maximovsky, N.D. Rasenkov, N.E. Yushenko;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 6 pages, 1 table, 2 illustrations. — References,
6 titles.

The experimental data are processed for a set of «Shadr-32M» flowmeters used at Kursk NPP. The data are
obtained for different coolant temperatures. The work is done to obtain a correlation between the measured
flow rate and the actual one.

VAK 621.039.53
Optimization of the Welding Process Equipment and Piping Plant by Modeling of Welded Joints\A.L Trofimov,
S.I. Minin, M.A. Trofimov, D.A. Egorov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 5 pages,
6 illustrations. — References, 1 title.

Presented by the simulation of the thermal cycle of welding process on the example program SYSWELD.
Modelling to optimize the welding process, including taking into account the effects of ultrasound, which will
increase the strength properties of welded joints of NPP equipment.

VAK 621.039.534

Experimental Study of the Origin and Characteristics of Gas Flow in Cavitation Lead Coolant Innovative Nuclear Fast
Reactor\A.V. Beznosov, P.A. Bokov, A.V. Lvov, 0.0. Novozhilova, E.G. Novinsky, V.V. Lemekhov; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2012. — 10 pages, 6 illustrations. — References, 1 title.

163



2012 « Ne2 « ApepHana sHepretunka * M3secTua By3os

Open and experimentally justified a new physical phenomenon - a property of the flow of coolant lead —
the process of implementing a purely gaseous cavitation process and the impossibility of ‘traditional” vapor
cavitation. Proposed and experimentally substantiated by three independent methods of model cavitation in
the flow of gas coolant lead to the conditions of the reactor circuit. It is proved that the traditional steam
(steam and gas), cavitation in the flow of coolant can not lead. The experimentally determined conditions for
the appearance and characteristics of gas cavitation. Experimentally proved the absence of cavitation erosion
wear of the impeller pump made of steel with an oxide-coated in lead coolant temperature 470-500°C, flow
rate of lead approx. 10 m/s, the pump speed to 1200 rpm. When operating in a developed cavitation gas
approx. 50 hours including 17 hours in provoking dynamic tests with the cyclical development of cavitation
breakdown of filing, followed by the resumption of feeding, and development of cavitation cycle with a period
of 3-5 seconds (a total of more than 15000 cycles).

YAK 621.039.5: 536.24.08

Subchannel Thermohydraulic Calculations for Fuel Subassembly of Reactor Core on Supercritical Water|
K.V. Kartashov, G.P. Bogoslovskaia; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 7 pages, 2 tables,
8illustrations. - References, 5 titles.

Results of thermohydraulic calculations with subchannel codes SUP and MIF-SKD are presented in the
paper. Code SUP allows the thermohydraulic parameters of the part of reactor core to be estimated. Input
neutron-physical parameters are calculated with code ACADEM. Code MIF-SKD gives us possibility to predict
local thermohydraulic parameters in separate fuel subassembly. The code has been verified on the data gained
in experiments on water in round tube and on freon in pin bundle.

Thermohydraulic parameters of the part of reactor core and fuel subassembly of VVER-SKD by the power
1700 MW for different coolant flows within reactor core (one- and double-thread) are presented here.

VYAK 621.039.548

Random Hydrodynamic Loads and the Vibration of Fuel Elements in the Turbulent Coolant Flow in WWER Fuel
Assembly\V.V. Perevezentsev; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 10 pages,
8illustrations. — References, 8 titles.

Annotation on the basis of the multimeterings of pressure fluctuations on the perimeter of the fuel
elements beam of the of full-scale mock-up fuel assembly WWER-440 of the second generation are obtained
the realizations of the random hydrodynamic loads, which cause the vibrations of beam. It is established that
in the region of initial hydrodynamic section near the lower supporting lattice. essential influence on the
random hydrodynamic loads render the hydrodynamic conditions for shaping of the structure of flow at the
entrance. Choke washers create the vortex structure of flow with the high levels of pulsating energy, which
leads to the high intensities of vibrations in the initial hydrodynamic section. In the region of steady flow the
levels of random hydrodynamic loads are reduced and to a lesser degree they depend on hydrodynamic
entrance conditions. The generalizing empirical dependence of vibration movements on the random hydrodynamic
loads are obtained. Two characteristic regions of the influence of random hydrodynamic loads on the vibration
movements are discovered. With the values of random hydrodynamic loads of more than 80 N/m is observed a
considerable increase in the intensity of vibrations, which is explained by the slippage of fuel element in the cell
of the spacing lattice.

VYIK 621.039.548

Examination of Heat Transfer in Ceramic Fuel Elements at Variable Thermal Loadings\V.V. Popov, V.N. Rumyantsev,
LS. Kurina, M.V. Mikheev; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 10 pages, 1 table, 8 illustrations.
- References, 18 titles.

The technique of measurement, under laboratory conditions, of contact pressure and heat conductance
from UO2 fuel pellets to fuel cladding at power variation is described. As has been shown, from the moment as
a certain level of power is achieved, fuel sleeves go on cracking, so the radial gap between their fragments and
cladding is being reduced up to the mechanical contact of sleeve fragments to cladding, and the contact
pressure increases with the growth of level and amount of power variation cycles. The results of the analysis
of computational models for heat transfer from fuel to cladding are also presented and discussed.

164



