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JI00TAQYU TTPU KOHZIEHCAIMU TTapa U3 MAapoBO3AYIIHON cMecu Ha S-06pasHon
TEI1000MeHHON MOBEPXHOCTU CUCTEMLI CHWXEHUA aBapUMHOTO AABJIEHUA B
3alUTHO 060J109KEe OT OTHOCUTEJILHOW MacCOBOW KOHI|EHTPALUK BO3AYXa B
mape ot 0.27 1o 0.7 ¥ TOTHOCTW TEIJIOBOTO ITOTOKA Yepe3 TEI100OMEeHHY0
ITOBEPXHOCTb OT 3 10 22 KBT/M?. BhiMonHeH CpaBHWUTENbHbIN aHanu3 3KcIe-
PUMEHTAIbHBLIX 3HAaYeHUN TeIUI00TaYWN OT BEAUYUHLEL MAaCCOBOM KOHLEHTpa-
JUM BO34yXa B ITape C PaCYeTHLIMU COOTHOWeHUAMU. [IpefnoxeHsl pacyeT-
Hble 3aBUCUMOCTU JJIA oIpenenenus ko3gduiimerTa TemnooTaaumn mpu KoH-
LeHcalluu mapa W3 Mapora3oBOi CMecu Ha S-00pa3HoON TEII00OMEHHOM Io-
BEPXHOCTU CUCTEMBI ITACCUBHOTO OTBOJA TEILNA.

[Tonyuenst sKCIepUMeHTaIbHbIE 3aBUCUMOCTU 3HAUeHU K03bduunenTa Tem-

KnioueBble cnoBa: cuctema nacCMBHOrO OTBOAA Temna, TEMOMACCOOOMEH, KOHAEH-
cauus, HEKOHAEHCUPYIOLWMECSA ra3bl, IKCNEPUMEHTANbHASA YCTAHOBKA, 3aMblKalolwme Co-
OTHOWEHMS.

Key words: passive heat removal system, heat-mass exchange, condensation,
noncondensable gases, experimental facility, closure equation.

BBEAEHMUE

I heKTMBHOCTb pabOThl CUCTEMbI MACCMBHOFO O0TBOAA TeMaa M3 3alUTHOW 060104-
KW onpefensertcs npoueccamu TensoobMeHa Npu KOHAEHCALMW napa Ha TennoobMeH-
HOW NOBEPXHOCTU B MPUCYTCTBUU HEKOHAEHCUPYIOWMXCA ra30B, BbISENAIOWNXCA B NpoO-
Lecce aBapuu c notepen TeNNOHOCUTENS, U U3HAYANbHO COAEpXKalLerocs Bo3gyxa B
obbeme 3aWMUTHON 060M104KM. B cTaTbe M3N0XKEHbI pe3ynbTaTbl IKCNEPUMEHTANbHbIX
nccnefoBaHUil TeNA0OTAAYM NPU KOHAEHCAUMU napa M3 NapoBO3AYLWHON CMeCcU Ha
TennooOMeHHON NOBEPXHOCTU CUCTEMbI CHUXKEHUS aBapUNHOTO AaBNEHMA B 3aUUTHOM
0b60onoyke peakTopHoii yctaHoBku KJIT-40C.
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3a/laun 3KcnepuMeHTaNbHbIX UCCNeA0BaAHMIA:

® ycCnefoBaHue TENI0OTAAYM B 3aBUCUMOCTU OT KOHLEHTpALMM BO3AyXa B MOAenw
3aWUTHOW 060104KK;

® yccnefoBaHue TenaooTaauM B 3aBUCMMOCTM OT MAOTHOCTU TEMI0BOro NoToKa ye-
pe3 TennooOMeHHY NOBEPXHOCTb CUCTEMbI CHUXEHWUS aBAapUUHOTO [aBlEHUS;

® CpPaBHUTENbHbINA aHANU3 IKCNEPUMEHTANbHbIX JaHHbIX C pe3ynbTaTaMu pacyeTos
MO COOTHOWEHWUAM, NpeAnaraemMbiM Ais OLEHKM TennooTAAYM Npu KOHAEHCcAuuM napa
Ha Tenno0OMEeHHbIX MOBEPXHOCTAX B 3aLMTHON 000N0YKE M B MPUCYTCTBUM HEKOHAEH-
CUPYIOLWMXCS TA30B;

® pa3paboTKa W MOJyYeHUe 3aMblKaAlOWMX COOTHOLWEHMIA.

9KCNEPUMEHTAJIbHASAl YCTAHOBKA

JKcnepuMeHTaNbHble UCCNEA0BaHNS BbINONHEHbI Ha NOAHOMACWTAOHOM 3KCNepu-
MeHTaNbHOM CTeHAe, noapobHOe onucaHue KOToporo npusegeHo B [1, 2]. B ycnosusx
NPOBEAEHNS UCCNe0BAHMI TeNN00OMEHHAs NOBEPXHOCTb CUCTEMbI CHUMKEHUs aBapuit-
HOTO AaBNeHUs NoMellanach B MoAenb 3aluTHO 06004k, 06bemM Moaenu paseH 60 m3,
BbicoTa 8 M. TennoobMeHHas MOBEPXHOCTb MO reOMeTpUYECKUM pasmepam BbiGpaHa
aHaNorMyHON WTATHOMY TEMJ00OMEHHUKY CUCTEMbI CHUXEHWUS aBapMItHOTO [aBleHuUs
M COCTOMT U3 Habopa S-06pasHbix Tpyd AMameTpoMm
18%2 MM 1 gnuHoi 3540 mm (puc. 1). LWar mexpy 3mee-
BUKaMu coctasnsn 40 MM, naowagb Tenn00b6MeHHoi no-
BEPXHOCTU 42 M2, CBepxy M CHU3y TpybHas cucrtema Ten-
No06MEHHWKA 00beANHANACh KONNEKTOpaMM U3 MPAMBbIX
Tpy6 BHYyTpeHHUM AnameTpom 120 mm (puc. 1). Konnek-
TOpPbl TENN00OMEHHON NOBEPXHOCTU COELUHANUCH TPy6O-
npoBofiamu ¢ 6aKoM 3anaca Bofbl, 06pa3ys KOHTYP OXNax-
AEHUs.

B mogenu 3awmtHoi 060104KM CO3AaBANMUCL napameT-
pbl MApPOra3oBoii CPefbl, UMUTUPYIOLWME W MpPeBbIWalLMe
aBapuiiHble YCNOBUS B 3alUTHON 000N10YKe PEAKTOPHOI
yctaHoBku KJIT-40C npu aBapusax ¢ noTepei TenIoHOCK-
Tens. [laBneHne B ob6bemMe MOAenu 3alMUTHON 060104KM
yBenuMumBanocb ot atmocdepHoro fo 650 klla, Temnepa-

Puc. 1. Tennoo6meHHas Typa napora3oBoi cMmecu coctaBnana 115-135°C. OTHo-
MOBEPXHOCTL CUCTEMBI CUTE/IbHAs MAccoBas KOHLEHTpaLMA BO3/yxa B MOAeNu
CHUXeHUA aBapunHOro o

naBNeHns B 3alUTHON 3dWUTHOU 060/104KM U3MEHANAch B onana3oHe ot 0.27 oo
o6onouke: 1 — Habop 0.7 nNpu NAOTHOCTM TENJIOBOrO MOTOKA Yepes TennoobMeH-

S-06pasHbix Tpy6;

2 -
2 - KonnekTop HYI0 NOBEPXHOCTb OT 3 fo 22 KBT/M2. B KOHType oxnax

LEHUA OCyLLeCcTBAANACh eCTeCTBEHHAA LUMPKYNALMUA C pac-
X0[0M BOAbl Ao 9 Kr/c.

Cucrtemoi KOHTpONA TemmepaTypbl NPOBOAMNOCH U3MEpEeHMe TeMnepaTypHbIX No-
neit NapoBO3AyLWHONM CMECH MO BbICOTE TEMNOOOMEHHO NMOBEPXHOCTU U 06LEMY MOfe-
nu 3alnTHON obonoyku. Cuctema yHKLMOHUPOBaNa Ha OCHOBE YCTPOMCTB pacnpe-
feneHHoro co6opa faHHbix ADAM-5000E ¢ mopynsmu BBOfa curHanos Tepmonap ADAM-
5018SK. Obuiee konnyecTBo TepmonpeobpasoBaTenei, YCTAHOBNEHHbIX B MOJENMN 3a-
WMTHOI 060n04kM, cocTaBasano 90 WTyK, TepMonpeobpa3oBaTenn UMeNU UHANBUAYANb-
HYI0 rpajgyMpoBKY M norpewHocTb udmepeHuii £0.9°C. OTHocuTeNbHaAsA NOrpeLHoCTb
onpefeneHns pacxofa oxNaxpaloLlen BoAbl B KOHTYpe oxnamaeHus He npesbiwana 1%.
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UCKOMBbBIE COOTHOLUEHUA

Mpn 06paboTKe 3KCMEPUMEHTANbHBIX JAHHbIX OMPefensnoch CPefHee no BbiCOTe
TennooO6MeHHON MOBEPXHOCTU NapuuanbHOe AaBNEHWE BO3AyXa Napora3oBoi CMecH
KaK pa3HOCTb MeXAy OOWMM [aBNeHWEM B MOAENM 3aLLUTHOM 060N0YKM U AaBNeHUEM
HaCbILWEHHOro napa B cMecu Pyosy — Pso — Puac KMa. O6liee faBnenune B Mofenu 3awmr-
HOM 060/104KM OMpeaensnoch no nokasaHuam npeobpasosatens gasnexus. [laBnexue
HACbILEHHOro napa B CMecu Py, OMpeaensanoch no YCpeAHEHHON Temnepatype napo-
ra3oBoil cMecu B 06beMe 3alUTHOI 060M104YKK, NPUPABHUBAEMON TeMNEpaType Hachbl-
WeHWs Npu NapuuanbHOM JaBieHuW napa.

OTHOCHUTENbHAsf MAaccoBas KOHLEHTpaLMA BO3Ayxa ONpefensanach Yepes AaBieHue
n monekynapHyio maccy napa (Mpapa) ¥ Bo3fyxa (Mgoss) B 0ObEME MOAENU 3aLNTHOI

obonouku, W, = Foosn Moo
r Waospg .
(Psoau 'Maoan + PHac ' Mnapa)

JKcnepuUMeHTaNnbHbIM KO3IPhULMEHT TeNN0OTAAYM NPU KOHAEeHCaLuuU napa u3 na-
POBO3AYWWHOK CMeCK Ha TennooOMeHHOW NOBEPXHOCTU ONpPeAensncs MeToAoOM «Ten-
noobmeHHuKax». Mpu 3ToM KOIPDULUEHT TennooTaaumn B Tpy6ax HaXOAUNCA Yepe3 Kpu-
Tepuit Hyccenbta fns naMMHApHOro U TypOYNEHTHOrO PeXMWMOB TeYeHUs BOAbI C yye-
TOM KpuTepua [InHa, xapakTepusyiowero BAUAHNE KPUBU3HbBI S-06pa3HbIX KaHanoB Ha
notok BoApl [3]. MakcumanbHoe cpefHeKBaApaTUYHOE OTKJOHEHWE CyyaitHON norpeL-
HOCTU M3MepeHua KoddduumeHTa TeNI00TAAYN NPU KOHAEHCALWK napa U3 naposos-
AYWHOI CMecu Ha Tenn00O6MeHHOW MOBEPXHOCTU coCTaBnsano 15.4%.

CnepyeTt OTMETUTB, YTO CyLIECTBYET fBa OCHOBHbIX MOAXOAA B ONpeAeneHun Tenno-
OTAQYM NPU KOHAEHCALWM Napa M3 Maporas3oBoil CMecu Ha TennooOMeHHbIX NOBEpPX-
HocTsAX. [lepBbll NOAX0H OCHOBAH Ha MCMONb30BAHMU IMNUPUYECKUX COOTHOLEHUN,
NONyYEHHbIX 3KCMEPUMEHTANbHO HA Pa3NNYHbIX YCTAHOBKAX W CBA3bIBAKIWMX 00WWNii
KO3 ULMEHT TeNNOOTAAYM C NapameTpamiu Naporas3oBoil cMeck B 3alMUTHON 060/10Y-
ke (tabn. 1) [4-7].

Tabnuua 1
AMnNUpUYecKHe COOTHOLWEHUS ANA onpeAe/ieHus .
TenjsooTaauv Nnpm KOHAEeHCcCaLluM napa u3 napoBo3AylLLWLHOU CMeCH

06wuit koadduLmeHT Tennootaadm, Br/m>°C

-0.7
W,
0,=380 A (1)
1- M/503A
W -0.8
00=430] —22— (2)
1 - BO34

[*®[(3.7+0.29274-P,,) - (2438+4.6746-P,, ) logl,,,, |

o=
(tnrc _tc'r )0.25 (3)
[ — nvHeliHblit pa3mep, M; £ — HapyxHas TemnepaTtypa cTeHky, °C

00 =55.653-¢, % (P, -1000)" " (t,.. —t. )" “

€ — MONbHas KOHUEeHTpauus napa

Mpu BTOPOM noaxode (NONYIMNMPUYECKOM) NMpepnonaraeTcsa onucaHue TepMmuyec-
KUX COMPOTUBNEHUI Ha rpaHuLLe pa3fena Tennoo6MeHHas NMOBEpXHOCTb-NaporasoBas
CMECb C UCMONb30BAHWEM NNEHOYHOW TEOPUM U aHANOrMK NPOLLECCOB TENI0Maccoo6-
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meHa. KoadduumeHT Tennootaaun B 3TOM Ciydae onpefensieTcs AByMs TEPMUYECKUMU
COMPOTUBJIEHUAMU: CONPOTUBNEHMEM MNEHKW KOHAeHcaTa (1/a,,) M conpoTUBREHM-
eM NojiBoJa napa K NOBEPXHOCTU KOHAeHcauun — AuddY3NOHHBIM TEPMUYECKUM CO-
npotueneHnem (1/0lyug.croi), KOTOPOE COCTOUT U3 KOHBEKTUBHOW U KOHAEHCALMOHHOIA
yacteit (1/(Clgug.cnoit + Ouonn)) [7, 8]. 06was dopmyna nmeet sup

o 1 B 1
1 1 1 1
%xl'lﬂ + /x,qwd)‘cnoﬁ Ann + %(XKOHB + (X'KOHJZL)

KoadduumeHT Tennootaaym npu naeHOYHONW KOHAEHCALMKU napa onpefensercs no
ypaBHeHuAM Hyccenbta gns KOHAEHCALMM YACTOrO napa Npu NaMUHAPHOM U TypOy-
JIEHTHOM pEeXMMax TeYeHUA KOHAEHCATHOW MAEHKU C MOMPAaBKaMuU HA NEPEMEHHOCTb
(hM3MYeCKMX CBOWCTB M BOJIHOBOM xapaKTep TedeHus nneHku [3]. KOHBEKTMBHas 4YacTb
XapaKTepu3yeT eCTeCTBEHHYI0 KOHBEKLMIO Napa K NOBEPXHOCTU KOHAEHCALMW U onpe-
pensetca 3asucumoctbto Nu = f(GrPr), rae Gr — uncno pacroda u Pr — yucno MpaHa-
8 [9, 10]. KoHAeHCcauMOHHas YacTb XapaKTepu3yeT NOABOA TEM/A 3a CYET KOHAeHCa-
UMM napa v onpeaenseTcs no aHaaoruu MpoLeccoB TenaoMaccoobMeHa C onpeaene-
Huem auddy3snoHHoro yncna Hyccensta (Nuy) u ypasHeHusm puddysnn. MpuHnmaet-
€A, YTO Nap NOCTynaeT K NOBEPXHOCTU KOHAEHcauuu 3a cyeT anddy3um, U NOBEpXHOCTb
NEHKN ABNAETCA HenpoHuuaemoit ans Bodayxa [11]. KoacdduumeHT Tennootaaumn oy

Jo'T
(tI'II'C _trp.paa,u,)
Kr/m2.c; r — Tennota napoo6pa3oBanus, IK/Kr; trppasy — TEMNEpPATYpa Ha NOBEPXHOC-
TW KOHfieHcaTHoW nneHku, °C). MaccoBblil NOTOK napa, noctynawwuin yepes anddysu-
OHHbIW CNOV K NOBEPXHOCTM KOHAeHcauuu, onpegensioT no ¢gopmyne CredaHa [12].
06o6uwwatouiee coOTHOWeEHWE ANs onpefenerns Ko3hduumneHTa TeNI00TAAYN NPU KOH-
AEHCALMK mapa Ha rpaHuue pasfena naeHka-napoBo3fyWwHas cMech B Anhdy3MoHHOM
cNoe UMeeT BUA

, Br/m2.0C, (5)

HaXOAAT NO COOTHOWEHUID O, = , Br/(m? °C) (j, — MaccoBblii NOTOK napa,

(xKOHH — N%Dlé(ﬂo '1000)'r 1 -ln ’Dsoan,rp.paan , BT/(M2 OC), (6)
n(t +273) (tnrc _trp.pasn) BO37,NrC
rae Poosg.rp.pasa M Peosp.nrc — NapuuanbHoe fasjieHne BO3/lyXa Ha NOBEPXHOCTU MIEHKM
KOHAeHcaTa 1 B o6beMe naporas3oBoit cmecw, klla; R, — razoBas nocTosHHas Ans napa,
Dx/kr-K; D — koadduumnent guddysuu. Ons cmecu nap-so3ayx

D=0.24-10" i(—tmc +273
273

P
r — Tennota napoo6pasoBaHus, [x/kr.
CooTHoweHwue (5) MOXET ObITb NPefCTaBAeHO C YYETOM IMNUPUYECKUX NOMPaBOK
No pesynbTaTaM 3KCMEepPUMEHTaNbHbLIX AaHHbIX. Hanpumep, B paboTe [8] npeanaraercs
COOTHOLWEHWE AN ONpPEeAeNeHns TENIOOTAAYM HA CTEHKAX NloKanusyouero o6bema

0.5 3.2

. 1- tnrc+tr a3 2

Oy cn, = 0.007- r-k | = -0.0355(—( psn) / j , Br/(m2°C) (7)
(P, /100) " & 100

r

nrc

1.75
j , M2/c; Pq — naBneHue B HOpManbHbIX ycnosusx, kMa;

t t 0,33
roe k=min 1(%()”} — NONPaBOYHbIA KOIPDULNEHT; € — MOAbHAA KOHLEHT-

pauuna Bo3ayxa.
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PE3YJ/IbTATbl 3KCNMEPUMEHTAJIbHbIX UCCNEAOBAHUH

Ha pucyHke 2 npuBefeHa 3aBUCUMOCTb KO3 PULMEHTa TeNI00TAAYN CO CTOPOHbI
NapoBO3AYLIHOW CMecK OT OTHOCWUTENbHOW MAcCOBOW KOHLEHTpauuu BO3Ayxa B Mofe-
N1 3aWnTHON 060104KK. TpU NOBbIWEHHON KOHLUEHTPauuK Bo3ayXa Waos, = 0.7 KO30-
dbuumeHT TennooTaauu cootserctayet 500 B1/(M2°C). C ymeHblEHWEM KOHLEHTpPALUM
BO3[lyxa TepMUYecKoe CONpoTUBNeHWEe napora3oBoro Auddy3MoHHOro cnosa 3a cyet
YMEeHbLIEHNS ero TONWMHbI CHuMxaeTca. KonnyecTBo napa, KOHTaKTUpyOWero ¢ Temio-
06MEHHOW NMOBEPXHOCTbIO, BO3pacTaeT. TepMMYecKoe CONPOTUBIEHUE KOHAEHCATHOM
MNEHKU 3a CYET HaNWYUA TOPU3OHTANbHbBIX YYACTKOB M NMOBEPXHOCTU C MaNbiM pagny-
coM ruba Tpyb oKa3biBAaeT He3HAYMUTENbHOE BAUAHME HA TEMNOOOMEH M AOCTyN napa K
NOBEPXHOCTW KOHAeHcauuu. Tak, npu 3HaYeHUU OTHOCUTENbHOWM MACCOBOW KOHLEHT-
pauuu Bo3ayxa B MOAENN 3aWMTHON 060104KM Wyosy = 0.27 KOIDPULMEHT TennooTaa-
yn cootsetcTyeT 1500 B1/(m2 °C).

MpoBefeH CpaBHUTENbHbIW aHANW3 3KCMEPUMEHTaNbHbIX JaHHbIX C pe3ynbTaTtamu
pacyeToB no cooTHoweHuam (1)-(7) B 3aBUCMMOCTU OT OTHOCUTENBHON MacCOBOM
KOHUeHTpauun Bo3gyxa (puc. 3). B pacyeTHbIX COOTHOLWEHUAX NPUHUMANKUCL NapameT-
pbl, COOTBETCTBYIOIWME U3MEPAEMbIM 3HAYEHWUAM AaBAEHUA, TeMnepaTypbl Napora3oBon
CMecu, OTHOCMTENIbHOW MAacCOBOW M MONbHOIM KOHLEHTPAaLMKU BO3AyXa B MOJENN 3aluT-
HOl 060MI0YKM B YCNIOBUAX IKCMEPUMEHTA.

Kak BugHO M3 pucyHka, pacyet no cootHoweHuam (1)-(3) u (5), (7) nokasbiBaet
3aHUXeHMe pacyeTHbIX KO3(DULUEHTOB TENN00TAAYM OTHOCUTENLHO 3IKCNEPUMEHTANb-
HbIX To4eK. Hanpumep, ans cootHoweHuin (1) u (2) ymeHblieHMe pacyeTHbIX OT 3KCne-
pUMeHTaNbHbIX 3HAYEHUIT TennooThayn coctasnser 1.5-2 pasa, a 1A COOTHOWeHMI (3)
n (5), (7), rpaduyeckme 3aBUCUMOCTN KOTOPbIX NPAKTUYECKWU MOAHOCTbIO COBNAfaloT
Apyr c npyrom, otanyune coctasnsaet 20-30%. BoluncneHune TennooTaaym no aMnupu-
YeCKOMy COOTHOWeHUo (4) onpenenseTca NPaKTUYECKW NNMHENHON XapaKTepUCTUKON,
KoTopas B CPeAHEM JeXWUT Bbllle 3KCnepuMeHTanbHbix Toyek Ha 10%, HO nepecekaet
WX NPU TPaHNYHBIX KOHUeHTpaumnax Bo3ayxa (Weesy = 0.27 1 0.7).

o, Br/m?°C
A9
1600 = \\\+15%
O \\
Al
L
\\
1200 \0 E
— Ay
\\ @) .
-15% . e
. 0N

\\\ %\
800 N 2
%
" L
\‘x\%mo\
N

~
-~

400 =

1 1 1 1
0,2 0,4 0,6 0,8
Waoan

Puc. 2. 3aBucumoctb KoadduuMeHTa TeNNOOTAAYN NPU KOHAEHCALMU Napa M3 NapoBO3AYWHON cMecu OT
OTHOCUTENbHOW MACCOBOM KOHLEHTpaLuM BO3A4yXa B MOAENM 3alWWUTHON 060704YKM
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Puc. 3. CpaBHUTENbHbIA rpaduK 3aBUCUMOCTU IKCMEPUMEHTANbHBIX M PACYETHbIX 3HAYEHWII TennooTAaYM oT
OTHOCUTENbHOW MAacCcOBOW KOHUeHTpauuu Bo3fyxa: 1 — 4, 5, 6 u 5, 7 — pacyeTHble 3aBUCUMOCTU, HyMepaLus
KOTOPbIX COOTBETCTBYET HyMepaLuu pacyeTHbIX COOTHOWEHUI B TEKCTe; 8 — 3KCNEpUMeHTaNbHble TOYKM

Pe3ynbTaTbl CpaBHEHWA NOKa3blBAOT NPEUMYILECTBO UCMONb30BAHWUA MOAYIMNUPH-
YeCKOM MeToAO0NOrMKU pacyeta TENAOOTAAYN NPU KOHAEHCALUW napa B NPUCYTCTBUM
BO3[lyXa C onpefesneHneM Tennootaayn no cootHoweHusm (5), (6). MonyyeHHas rpa-
thnyeckan 3aBUCMMOCTb [OCTAaTOYHO XOPOLIO OMMUCHIBAET IKCNEPUMEHTaNbHble TOYKN B
uccnefyemom AuanasoHe OTHOCUTENbHOW MAacCoBOW KOHUeHTpauuu Bo3dpyxa. Cnepyer
OTMETUTb, YTO IMNUPUYECKUM NapaMeTpoM B COOTHOWeEHUMU (6) aBnaetca andaoysu-
OHHOe uyucno Hyccenbta, ANA onpefeneHns KOTOPOro MCMoNb3yKTCA 3aBUCUMOCTH
KOHBEKTUBHOrO Tennoo6MeHa, B KOTOpbIX Yucno lMpaHATNA 3ameHseTcs Ha yucno MpaH-

\%
atna g dysnonroe Pr, =E. Tak, B ananasoHe 103<GrPr<1-108 gns paccmatpuae-

MOW TennoobMeHHO noBepxHoCTU Auddy3noHHoe ynucno HyccenbTa onpepensercs
no BbipaxeHuto Nuy = 0.54(GrPr,)0-25.

Ha pucyHKe 4 npepctaBfieHbl 3KCMEPUMEHTaNbHbIE 3aBUCUMOCTU KO3 PULMeHTa
TENN0O0TAAYM NPU KOHLEHCALMM Mapa U3 NapoBO3AYLWHON CMecK OT MAOTHOCTM Teno-
BOr0 MOTOKA Yepe3 Tenjao00OMeHHY MOBEPXHOCTb. 3aBUCUMOCTU UMEIT NUHENHYI0
BO3PaCTAIOLLYI0 XapaKTEPUCTUKY ANA KAXAOro AMana3oHa OTHOCUTENbHOW MaCCOBOIA
KOHLIEHTpaLMK BO3[lyXa, COOTBETCTBEHHO, YeM GONblUE NAOTHOCTb TEMJOBOrO NMOTOKA,
TeM Bble Ko3dduumeHT Tennootaaun. NHteHcudbukauus TennoobmMeHa ¢ yBeNNYeHu-
€M MIOTHOCTM TENJ0BOro NOTOKa 0OBLACHAETCA YBEIMYEHWEM MACCOBOro MOTOKA napa
K MOBEPXHOCTU KOoHAeHcauuun. OAMHAKOBLIN Yron HakNOHA KPUBbLIX MNO3BOAMA annpoK-
CMMWUPOBATb 3KCNEPUMEHTANIbHbIE JAHHbIE U NONYYUTb IMNUPUYECKYIO 3aBUCUMOCTb,
cBA3bIBatOLLYI0 06K KOIPDULUMEHT TENNOOTAAYM NPU KOHAEHCALMM Napa CO CTOPO-
Hbl MAPOBO3AYLIHON CMECU C OTHOCMTENbHOW MAacCOBOM KOHLEHTpaLuuei Bo3gyxa u
NAOTHOCTbIO TEMJIOBOrO NOTOKA. AHANOTMYHbLIN NOLAXOA onpejeneHus KoapduumneHTta
TENN00TAAYMN Yepe3 KOHLEHTPALUI HEKOHLEHCUPYIOWMXCA ra30B U NAOTHOCTb TEMo-
BOrO NMOTOKA Npefiaraetca ANsA OLEHKM cpefHero Ko3dduuueHTa TENNOOTAAYM NPK
KoHAEeHcauuu napa Ha TpybyaTKe maporeHepatopa B MpucyTCTBMM Bogopoaa [13].
0600LeHHOe COOTHOLIEHME UMEeT BUf
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3AKNIOYEHHUE

MonyyeHbl 3KCMEPUMEHTANbHbIE 3aBUCUMOCTU 3HAYeHU KoahduumeHTa TennooT-
Aaun Npu KOHAEHCcauuu napa M3 napoBO3AYLWHON CMECU Ha TennooOMEHHON NOBepX-
HOCTM CUCTEMbI CHUXEHUS aBapUNHOTO AaBNeHMs OT OTHOCUTENbHOW MACCOBOW KOH-
LEeHTpaLMKu BO3Ayxa U NIOTHOCTM TENJOBOr0O MOTOKaA.

MpoBeaeH CPaBHUTENbHbIA aHANN3 IKCNEPUMEHTANbHBIX 3HAYEHNI KO3 DULMUEHTOB
TENN0O0TAAYM C PACYETHBIMU 3HAYeHUAMU. MoKasaHbl KOHCepPBATU3M OONbLWMHCTBA pac-
CMaTpUBAEMbIX PACYETHbIX 3HAYEHMII TEMNOOTAAYM OTHOCUTENLHO IKCMEPUMEHTANbHbIX
W NpeanoyTeHne ANs UCMOMb30BAHWUA MOAYIMNUPUYECKO METOL0N0MMM pacyeTa Ten-
N0oTAauM ¢ onpepenedmem ancddy3noHHOro yucna Hyccenbta no 3aBUCUMOCTAM KOH-
BEKTUBHOro TennoobmeHa.

Pa6oTa BbINnoNHeHA Npu YacTuyHou nopaepxkke PO®U, npoekr 08-08-01024.
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gas processing, chemicalindustry, transport, nuclear power engineering, defense industry) is to detect
leaks of combustible gases in the early stages. The system allowing one to detect small concentrations
of combustible gases in air is capable of detecting an accident situation at an early stage. In the
event of timely taken actions, such diagnostics can help prevent the accident situation or confine it
in the early stages of its development.

Currently the systems based on capsular solid-electrolyte sensors are under development in the
SSC RF-IPPE, which are capable of meeting these requirements.

The sensors monitor the oxygen content in gas including combustible impurities as well and
provide the opportunity to make early detection of small concentrations of such impurities.

V1K 621.039.7

SHS-Immobilization of High-Level Waste of An-Tc Fraction into Ceramic-Metal Matrix Materials\ E.E. Konovalov,
T.0. Mishevets, S.V. Yudintsev, B.S. Nikonov, Yu.D. Boltoev, S.S. Shulepov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. — 6 pages, 2 tables, 4 illustrations. — References, 8 titles.

The study has been performed into metallothermic processes of ceramic-metal (cermets) matrices
synthesis for immobilization of Nd, Sm and Re simulating actinides (An) and *Tc of high-level waste
(HLW) produced in the mode of self-propagating high-temperature synthesis. These matrices include
mineral-like formations having the structure of garnet and pyrochlore fixing neodumium and samarium
and alloys fixing rhenium. They are designed for long-term isolation of HLW from the environment.

YK 621.039.7

Immobilization of Uranium Wastes into Glass-Crystal Matrix Using the Self-Propagating High Temperature
Synthesis\E.E. Konovalov, T.0. Mishevets, S.V. Yudintsev, B.S. Nikonov, Yu.D. Boltoev; Editorial board of journal
«Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2011. — 5 pages, 1 table, 3 illustrations. — References, 5 titles.

The study has been performed into the immobilization of uranium waste into glass-crystal matrix
material using the self-propagating high-temperature synthesis (SHS). Waste reprocessing involved
the use of sorbent based on heat-treated silica gel enriched with uranium from liquid waste. The
structure of synthesized matrix materials has been investigated by X-ray fluorescence analysis and
scanning electron microscopy.

VIK 631.438: 621.41

The Influence of Physico-Chemical Properties of Soils on the Bioavailability of °Co\LV. Kochetkov,V.S. Anisimov,
LA. Krikunov, M.V. Eremin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 8 pages,
3 tables. — References, 6 titles.

Therole of physico-chemical parameters of soils in the accumulation of ©Co by plants (barley) was
defined. A method for scoring the buffering capacity of soils as for ®°Co contamination was proposed.
It s based on dependence between the main physico-chemical soil properties and accumulation of
the radionuclide in plants (barley). Soils are ranked according to the buffering capacity with respect
to ®Co.

VAK 621.039.586

Studies of Shutdown BN Reactor Cooling-Down Modes \E.Yu. Anishev, V.S. Gorbunov, S.M. Dmitriev, S.L. Osipov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 6 pages, 5 illustrations. — References, 5 titles.
Emergency cooling modes of shutdown reactorand conditions for coolant natural circulation
developmentare considered.

VAK 621.039.58
Experimental Investigations of Heat Transfer for the Case with Steam Condensing from the Steam-Air Mixture
on the Heat-Exchange Surface of the Containment Emergency Pressure Reduction SystemA.M. Bakhmetyev,
M.A. Bolshukhin, A.M. Hizbullin, M.A. Kamnev; Editorial board of journal «Izvestia visshikh uchebnikh zavedenty.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. -
8 pages, 1 table. — References, 13 titles.

Presented are experimentalinvestigation results for heat transfer for a case with steam condensing
from a steam-air mixture on an S-shaped heat-exchange surface of the containment emergency pressure
reduction system. The investigations were conducted in the air mass concentration range of 0.270.7
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in the containment model; steam-water mixture pressure of atmospheric pressure 650 kPa; and heat
flux density of 322 KW/m?. Given are comparative analysis results for obtained experimental and
calculated heat transfer values; closing correlations are proposed.

VK 532.526.4:621.039.534

Investigation of Supercritical Parameters Water Flow Problem by the ANSYS-CFX and Star-CD Codes\I.A. Chusov,
A.S. Shelegov, V.I. Slobodchuk, V. Ukraintsev, A.N. Yarkin; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk,
2011. - 8 pages, 1 table, 13 illustrations. — References, 8 titles.

Results of analysis of evaluations made by codes ANSYS-CFX and STAR-CD for water flow with
supercritical parameters with experimental data of the State Research Center «Institute of Physics
and Power Engineering» are presented. Evaluations were carried out with the use of five model of
turbulence. Itis shown that calculation results are in satisfactory accordance with experimental data.
The problem of forming the M-type profile of velocity is considered separately.

V1K 621.039.54

Increase of Burn-up and Proliferation Protection of Light Water Reactors Fuel at Combined Introduction of
#1Pg and #’Np into its Composition\G.G. Kulikov, E.G. Kulikov, E.F. Kryuchkov, A.N. Shmelev; Editorial board
of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools.
Nuclear Power Engineering) — Obninsk, 2011. - 13 pages, 12 illustrations. — References, 13 titles.

It is founded the use of nuclides #'Pa and ?’Np in fuel composition of light water reactors as
burnable absorbers, which allow us to reduce initial reactivity excess, increase essentially fuel lifetime
and reach ultra high fuel burn-up as well strengthen proliferation protection of fuel.

Introduce of 2’Np into fuel composition would allow decreasing requirements of #*Pa content
which is difficult of access in considerable amounts. While #’Np is in spent fuel of nuclear power
plants and at present time is not used and is a problem in respect to its storage and processing. So it
is expedient to review ways of its involving into nuclear fuel cycle.

V1K 621.039.543.4

Introduction of Reprocessed Uranium into Fuel Composition of Light-Water Reactors as a Protective Measure
Against Proliferation\A.Yu. Smirov, V.A. Apse, V.D. Borisevich, G.A. Sulaberidze, A.N. Shmelev, A.A. Dudnikov,
E.A. Ivanov, V.A. Nevinitsa, N.N. Ponomarev-Stepnoi; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk,
2011. - 11 pages, 2 tables, 3 illustrations. — References, 15 titles.

The paper presents a physical principle for development of advanced LWR fuel with inherent
resistance to unauthorized usage and proliferation of uranium-based nuclear materials. Key point of
the principle consists in the use of reprocessed uranium extracted from spent fuel in fabrication of
fresh fuel assemblies for export deliveries. Introduction of reprocessed uranium into fresh uranium
fuel compositions can complicate substantially any diversions of nuclear materials from fuel assemblies
thanks to the presence of uranium isotope 232U in reprocessed uranium. Any attempts of uranium re-
enrichment up to the weapon-grade level will fail because of rapid increase of 232U content and its
high-energy gamma-radiation. This technical measure, in combination with restricted accessibility of
isotope separation technologies concentrated in the International nuclear technology centers and
unification of requirements to dose rates of ionizing radiation from fresh fuel assemblies, can reduce
significantly the proliferation risk related to export deliveries of low-enriched uranium fuel.

V1K 621.039.52.034.3

Studies of Electromagnetic Suspension of Turbomacine’s Rotor for Nuclear Power Plant with High Temperature
Reactor and Gas-Turbine Cycle\N.G. Kodochigov, S.M. Dmitriev, I.V. Drumov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. - 9 pages, 1 table, 6 illustrations. — References, 14 titles.

Prospects of applying of a direct gas-turbine cycle for nuclear power plants with high-temperature
gas-cooled reactors are analyzed in this paper. Here are described the basic characteristics and
requirements of a design, which provide a high level k.n.g of such type of reactors with direct gas-
turbine cycle and its advantage in comparison with similar designs with steam-turbine installations.
Data about development of the technology in the countries, which design and maintain high-
temperature gas-cooled reactors, are cited.
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