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[IpennoxeHsl MeTOAUKA U aHANUTUYECKOe pelleHue CTallMOHAPHON 3afiaun
TEeIUI0IIPOBOAHOCTU i1l CUCTEMBI MHOT'O30HHBIX UUANHAPUYeckux ten. Ha nx
0CHOBE pa3paboTaH aITOPUTM W HamucaHa urxernepras ®OPTPAH-mporpam-
ma TT'PK pna pacuyera TeMIepaTypHOTO IONf, IJIOTHOCTW TEIUIOBOTO ITOTOKA
B TEIUIOBLIZENANEN COOPKE C MHOTO30HHBIMU KOJIblIEBHIMWU TB3JIaMW, TEM-
IepaTypsl Hauajla ITOBEPXHOCTHOTO KUIIEHUA Ha TB3J1AX, KPUTUIECKUX TTOTO-
KOB 1 COOTBETCTBYIOINX TEIJIOTEXHWYECKVX 3aIlacoB. B Temnosmigenaomen
cbopKe MpenyCMOTPEHbL 1BE CXEMBI IUPKYIALUN TEIUIOHOCUTENA: TIPAMOTOY-
Haa u cxema dunbpa. [IpoBepeHo cpaBHeHMe Pe3yaAbLTATOB pacueTra IO IIPO-
rpamme TI'PK c mporpammoii-ananoroM. IIokasaHo cornacue pesynabraToB pac-
yera U mpeumyulecTBa nporpaMmsl TTPK mo moTpeduTenbCKUM KayecTBaM.

KnioueBble cnoBa: TB3/, NAOTHOCTb TEMNOBOrO NOTOKA, TeMNepaTypa, KpU3nC Tenso-
oOMeHa, TemnepaTypa Hayana NoOBEPXHOCTHOTO KUMEHUSA, TENNOTEXHUYECKME 3anachl.
Key words: fuel element, thermal flux density, temperature, heat exchange crisis,
surface boiling onset temperature, thermotechnical margins.

Mpu NNaHMpOBAaHUW 3KCMEPUMEHTOB MO 06JyYeHUI0 06pa3LoB MAaTePUANOB, MaKe-
TOB U3[eNWii, PEaKTOPHbIX UCMbITAHWI TB3JIOB U MOJHOMACWTAOHbIX BblAenstowmx c6o-
POK BO3HMKAEeT NOTPe6HOCTb B NPOBEAEHNU BOMbLIOrO KOAMYECTBA BapUAHTHbIX pac-
YeTOB ANA NMpeABapuTENbHOro BbIGOpPA KOHCTPYKUUM 06y4aTeNbHOro YCTPOMCTBA,
onpeaeneHus TeMnepaTypHbIX pexumoB obnyyeHus. Mpu OANTENbHBIX UCMbITAHUAX
HeoOXOAMMO YYUTbIBATL BAMUSHWE HA TEMMNEpATypHble YCI0BUA 00/ydeHUs Takux hak-
TOPOB, KaK HaNM4Me OTIIOKEHUN HA TEMJOreHepUpYIoLWMX NOBEPXHOCTSAX, NOsBAEHUE
KOPPO3MOHHON nneHkW. Hanuumne 3asopa unu, Hao60poT, AUddY3NOHHOTO Clos Mex-
[y CEpPAEYHUKOM U 060JI0YKOW, KOTOPLIA MMEET OTINYHYIO OT HUX TEMJONPOBOAHOCTS,
TOXe AOMKHO YYMTHIBATLCA MPU pacyeTte. ITO onpefenset noTpe6HOCTb B UHXEHep-
HOl Mporpamme, KOTOopas pewana 6bl 3T 3ajayn U B TO e BpeMs obecneynBana Mu-
HMMaNbHbIE MOrPEWHOCTN B pe3yibTaTax pacyeTa, 00ycioBfaeHHble BbIOpaHHbIM MeTo-
[IOM pelleHns ypaBHEHMUI TenaonpoBOAHOCTH. lporpamMmma JoNMKHA TakxKe onpenensTth
TaKue BaXKHeWWMe Npu NpPOBEAEHUU UCTbITAHWI NapamMeTpbl Kak 3anmac 4o Hayana no-
BEPXHOCTHOTO KUMEHMsA TEMJIOHOCUTENA W 3anac [0 Kpu3uca TennoobmeHa. Vmewwm-
ecs B 00OLEeCTBEHHOM MOJIb30BaHUM NPOrpamMMbl TAKOTO Kiacca, OCHOBAHHbIE HA YMC-
NIEHHbIX W UTEPALMOHHBIX METOAAX pelleHUs CTaLWOHAPHON 3afayn TenaonpoBOAHOC-
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TW, KaK NPaBU/IO, PAaCCYUTLIBAKOT TBIJbI C YNCIOM (DU3MYECKUX 30H He Gonee AByX (cep-
[EYHUK 1 ABe 000/04KN N3 OAMHAKOBOrO MaTepuana), YTo HeLOCTAaTOYHO, HO He pac-
CYMTHIBAIOT TENAOTEXHUYECKME 3anachl.

Mporpamma TIPK (TennormppaBnnyeckuii pacyet KaHana) peanusyet aHanuTuyec-
Koe pelleHue 3afjayu onpefeneHuns CTaLMOHAPHOro TeMnepaTypHOro nona u Tenso-
BbIX MOTOKOB B TEMJOBbIAeNstolei coopke (KacceTe), coCTosLed U3 NPOU3BOJILHOIO
KONMYeCTBa LUNUHAPUYECKUX TBINOB (TpY6) M, oxnaxpaeMmblx BOAAHLIM TeNIOHOCUTE-
nem (puc. 1).

Hapy»HbIli 610K

Tean (Tpy6a) Nel

TBan (Tpy6a) Ne2

Tean (Tpy6a) Ne3

Tean (Tpy6a) Ne M
(nocnesHwit 183 (Tpy6a)

Puc. 1. Cxema kaHana

Ha Bcex BHeWHWX rpaHuLax 18308 (Tpyb), KpoMe BHYTPEHHEN rpaHuLbl NOCIeAHero
TB3Na, 3a[4aOTCA YCNOBUA TpeTbero pofa. Ha BHYTPeHHeN rpaHuue nocnefHero TBana
no BbIGOpPY MOryT ObITb 3a4aHbl YCNOBUSA TPETHEFO MNU BTOPOrO POAA, €C/IU BHYTPEH-
HUA paguMyc TBINa He paBeH Hynto. Ecnn BHyTpeHHWIt papnyc paBeH Hynio (TBan (Tpy-
6a) npeacTtaBnset coboit CNNOWHON LUAMHAP 6e3 LEeHTPanbLHOro OTBEPCTUA), TO B
LeHTpe NoCNefHero TB3a NPOrpaMMOi CTaBUTCA YCNOBUE PABEHCTBA HY/O MAOTHOC-
TV TENOBOro MOTOKA B paguanbHOM HanpaeneHuu. MpefycMoTpeHHbIi BbIGOp rpaHuy-
HbIX YCNIOBUIA HA BHYTPEHHel rpaHuLe nociefHero TB3aa No3BoNseT NPOBOAUTL pac-
YeT CTEPXHEBbIX MHOFO30HHbLIX LUAUHAPUYECKUX TBIJIOB.

B MeXKacceTHOM NpoCTpaHCTBE MOXET HAaXOAMTbCA MO0 BOAA, NMGO TBEpAbIiA 3a-
MeanuTenb (HapyxHbiil 610k). Mepsbiil TB3N (TPyba) MOXKeT ABAATLCA KOpMycom pabo-
yero kaHana (Hymepauus TBaN0B (Tpyb) BedeTcs CHapyxu). B 3amepnutene (Hapyx-
HOM 6J10Ke) MOXET OblTb YYTEHO HaNMyMe IHEProBbifeNeHUs 3afaHUeM 3HAYEHUS NoT-
HOCTM TENNOBOr0 NMOTOKA C MOBEPXHOCTW HapyXHOro 670Kka B nepBbliil 3a30p.

MeToauka pacyeta TemMnepaTypHOro nons B TB3/e CTPOMTCA HA NPEANOOXEHUM,
4TO TONWMHA TB3NA (MAW [MAMETpP, eCNW TBI CMIOWHOM) 3HAYUTENbHO MEHbLUEe ero
ANWHBI. TB3IN MOXET COCTOATb U3 MPOWU3BOJLHOMO Yncna 30H N, ANs KaXaoh U3 KOTopbIx
3apatoTca pasmepbl, KOIDHULMEHT TENNONPOBOAHOCTY U YAENbHOE HEPrOBbILENEHNE.

PaccMoTpUM MHOTO30HHYI LUAWHAPUYECKYO 06nacTb (puc. 2)

Ha pucyHke npuHaTbH 0603HAYEHUS:

k — Homep 30HbI; k = 1,..., N;

gk = const, Ay = const — yaenbHOe 3HeproBbIAeNeHNe U TENONPOBOAHOCTL ANa k-
0¥ 30Hbl COOTBETCTBEHHO;

by_1, by — BHYTPEHHWUI 1 HAPYXKHbIA pafuychbl k-0 30Hbl COOTBETCTBEHHO;

Qs sur Qsk wap — NNOTHOCTb TENIOBOTO NOTOKA HAa BHYTPEHHEN W BHeIIHeN rpaHnuax
k-0 30HbI COOTBETCTBEHHO;

Ty-1, Tx — TemnepaTtypa Ha BHYTPeHHei U BHeWHeW rpaHuLax k-oil 30Hbl COOTBET-
CTBEHHO.
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® Tee ® T ®

Osk BH /3 Osk Hap tN

M
bo bs... by by... Tkt O
Puc. 2. Cxema 0G03HauYeHMit NapaMeTpoB CEYEHUS MHOFO30HHOTO LUJMHAPUYECKOrO TBINA

Hapy)XHasa noBepxHOCTb TB3NA OXNa)AaeTca TennoHOCUTeneMm, TemnepaTtypa KoTo-
poro ty, KO3(PUUNEHT TeNN00TAAYMN Oly.
YpaBHeHMe TENNONPOBOAHOCTM ANs k-0it 30HbI (0603HAYEHMA 0OLWeNpUHATLIE)

)+ 2t (r)=—3, k=1..N (1)
r Ay
M ero pelleHne
t A, ln—+T + b: - 2
k( ) bk 47\%( ) ( )
gt (=3 A
qsk( )_ ( ) 2 k r . (3)
[paHMYHOE YCNOBME Ha FPaHMLIAX MeX/y 30HaMW ANs MAOTHOCTM TEnnoBOro MNoTOKa.
qsk (bk) = st Hap = qsk+l (bk) = askﬂ BH® (4)

C yyeToM cooTHoweHun (3) U3 ycnoBusa (4) nmeem
qb A abe Ay,
kk__kAk:qkl Mg
2 b 2 b,
b; b b
A A, =T T T (@ 0) k=1N-1. (5)

2 2
N3 rpaHuyHOro ycnosus pns temnepartypbl

t.(b)=t,.(b) k=1..N-1
C y4YeTOM BblpaxeHus (2) noayyuum

o= Agtnei g Tt (b2 p?), k=1.N-1, (6)
bk+1 4}\'k+1
Mpocymmupyem paseHcTBo (6) no k ot 1 fo N-1 1 nocne HecnoxHelx npeobpaso-

BaHUI NonyyYum

A A

k+1"k+1

Tl _TN +§Ak+l = z i (blil _b2) (7)
k=1 /<+1

3anuiem ycnoBue Ha BHeELWHeN rpaHMu,e

vap _ b A
oy (Ty —ty) =Qy" = N2N _ko_N um
TN+LAN=tN+qu. (8)
WOy 20,

PaccMOTpuUM rpaHuyHble YCNOBUA HA BHYTPEHHEN rpaHuLe npu r = b.
Cnyuait A. [paHUYHbIe YCNOBUS TPETLETO PoAa.

ag(T,—t,) = Q% =—q,,(b) = AP0

by

nnn
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AA b
o —t _ ql 0 . (9)
by, 20,
Mockonbky To = t1(bo), TO C yyeToM cooTHOwWweHUs (2) U3 BbipaxkeHus (9) nonyyum
T-Aftnli =to—ql—b°—i(bf—b§). (10)
b, a,b, 20, 4\,
Cnoxwum (7) n (8) 1 BbIYTEM pPABEHCTBO (10)'
Al( nd, j+2A ln—— AN[Lnb—NJrﬂj:
bo by = bk—l by, oyby (11)
=t,—t, + Dby —°+EZN: Z& (b -b7,).
20, 20, 4o, “
Beepem 0603HaueHus:
ylzlnb—l+L; ykzlnb—k, k=2..N-1; yNzlnb—”+ My ;
by b, -1 by, oyb,
G0 . G (o G (12 _pe
=== +"(b; —-b,)—t,; =—(b,-b;,), k=2..N-1; 12
P, 2a, 47\‘1(1 o) or Px 47%(/( kl) (12)

Qb G 2 2
=2E 4+ L (b —by_,)+t,.
Py 2a, 4, ( v N—l) N

CooTHoweHune (11) nepenuwem B BmJ,e

ZYkA Zpk (13)

06patMcs K rpaHUYHbIM yCﬂOBVIﬂM (5) " npocyMMMpyeM nx no k ot 1 po p—1
2<p <Ny

p-1 1
MA —MA = Eb (qm—qk), p=2..N. (14)
lpencrtaBuM BblpaxeHue (14) B upe
x k- 1
A=—LA+— b2 9..—9;), k=2...N.
‘ 7\’k ' )Vk i=1 2 ( ' ) (15)

YMHOXMUM ypaBHeHme (15) Ha yk 7 npocyMMMpyeM nokor2poh

ZYkA =A Zyk_"‘z i 22 biz(qm_qf)- (16)
k 1=1
MoactaBuM cOOTHOLWEHME (16) B paBeHCTBo (13) n Hatpem Az

A={En -3 Gamaf

k=2 k71 k

AnropuTM peleHns 3afauun cnepyiowmil.

1. C nomouwpbto cootHoweHuit (5) unn (15) Haxopum Ay, k = 2,..., N.

2. Onpepensem TemnepaTypbl BHYTPEHHEWH W HapyXHOW NOBEPXHOCTEN TB3Na C No-
Molybto cooTHoweHmit (8) u (9). Ecnn N > 2, To TemnepaTypbl Ha rpaHULAax BHYTPU TBaNa
HaxoJATCA C MOMOLbi0 COOTHOWeHMA (6).

3. Pacnpepenenune Temnepatypbl BHYTPU 30HbI k onpefensercs C NOMOLWbIO COOT-
HoweHusa (2);
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4. Haxopatca nAOTHOCTM NMOTOKOB HA BHYTPEHHEN W BHEWHeW rpaHuuax Teana:
BH __ Hap __
Q; =—0, (T, —ty) n @y = o, (T, ).
Ecnu N > 2, T0O n1OTHOCTM MOTOKOB Ha rpaHuLax BHYTPU TB3/Ja HAX0AATCA C NOMO-

b A
weio cootHowenus Q' = qkz" —Xkb—k,k =1,..,N-1
k

5. PacnpefeneHne NNOTHOCTU NOTOKA BHYTPU 30Hbl k HAXOAMUTCA C NOMOLbIO COOT-
HoweHMA (3).

Cnyuait b. PaccmoTpum rpaHudyHoe ycnosue npu r = by, korga by = 0 u Q5 =0.

N3 cooTHoweHua (3) cnepyer, uto A, = 0, Torga u3 dopmynsl (15)

1 k—11 )
A== b (q.,-q), k=2..N.
A T2

ANropuT™ panbHemnwero peweHnsa CnepyioLuii.
1. TemnepaTypa HapyXHOW NOBEPXHOCTU TB3JA HAXOAUTCA C MOMOLbIO COOTHOLIE-
Husa (8). Ha BHyTpeHHel 1 Ha rpaHuuax BHYTpU TBaNa — ¢ nomouyblo (7):

A ln b;-l +T, +4qu(bk2 —B2) k=2, N

k k
Tk71: q
T +—b2, rpek=1.
T,

2. PacnpepeneHune Temnepartypbl BHYTPU 30H ONpefenseTca C NOMOLbI0 COOTHOLUe-
Hua (2):

r Gy ;12 2
Aln—+T, +—=—(b, —r°), k=2,....N

t(r)= ‘ ‘

L+ (b2 -r?), rpek=1.
4.,
3. MNOTHOCTb TENNIOBOTO MOTOKA HA rPaHMLAX HAXOAWUTCA M3 COOTHoWeHus (3):

o _ab_, A

sk 5 kEfk—Z,.,N,
Giby AL, ecnim A =0
2

0

mak=1 Q=

ql—bo, ecm A, =0.
2

4, Pacnpe,u,eneHme NNOTHOCTU TENJIOBOTro NOTOKa

A
. (r)=%— ka, k=2 .. N:

4 _ li, ecnn A, #0
mak=1q,0n=12 '
aqr

Y ecnn A, =0.
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A — BH __
Cnyyait B. Paccmotpum rpaHuyHoe ycnosue npu r = by = 0 BToporo poga Q) =Q,,.
N3 cooTHoweHnus (3) ana r = by cnepyet

A — ql_bg__ Osobo

o, A
W B COOTBETCTBMU C BblpaxkeHuem (15)
A —hA +ik§:lb2(q =)
k 7\4/( 1 7\4/( o 2 i 7+1 i)*

NyTb peweHuns TaKoii e, Kak gna cnyyas b.

AnropuTm pacyeta CTPOUTCA Ha MOCAe[OBATENbHOM aHANUTUYECKOM onpefeneHuu
TeMnepaTypHOro nois W NAOTHOCTU TEMNOBOro NOTOKA B KAaX[OM CEYEHUM KaHana no
BbICOTE M MOCNeAylolWeM pacyete nojorpesa TENNOHOCUTENA Ha chefylollem ware no
BbicoTe (CM. puc. 3).

B Kaxpoi pacyeTHOi TOYKe HA MOBEPXHOCTW TBINOB MPOBOAUTCA pacyeT Temnepa-
TYpbl Hayana KUMeHUa TenJoHOCUTENA No ABYM KOppenauuam.

®opmyna bepranca-PoseHay npegHa3HayeHa A1 BOAbl C PACTBOPEHHBIM B HEll BO3-
OYXOM M BO3[YXOM C HacCbIWEHHbIM NapoM, KOTOpPas XapakTepu3yeT TemnepaTtypy Ha-
PYXKHOI NMOBEPXHOCTW TB3NA K MOMEHTY 00pa3oBaHUs Ha Hell nepBbix ny3bipeit [1]:

PO,0234

Q 207
I, =T, +O,555-{—1,053 i } ,
rae Q — NNOTHOCTL TENJIOBOrO NOTOKA, KBT/M2; P — pasneHue, 6ap; T; — Temnepartypa
HacblWweHua TennoHocutens, °C:
T.=99,278+0,09617-P +27,7567 -In(P)++2,5346-In* (P) +0,2065 - Ln*(P).
®opmyna Popcrepa-lpeiia faeT MeHee KOHCEPBATUBHYIO OLEHKY TemMnepaTypbl
NOBEPXHOCTW TB3/1a K MOMEHTY CTabunu3auuu nOBEPXHOCTHOrO NapoBbiaenexus [2]:
T,=T,+2041-Q°%. p7%
KoaddununeHT 3anaca go Hayana moBepXHOCTHOrO KUMEHUA TennoHOCUTena onpe-
AenseTcs no 3aBUCUMMOCTU
K = (Tb _TW)

(Tcl _Tw)
roe T, — Temnepatypa TennoHocutens, °C; T, — Temnepartypa HapyHoW cTeHKu TBana, °C.
Kputuueckoe 3HayeHne NNOTHOCTM TENOBOro MOTOKA ONpefenaercs no KoHcep-

BaTMBHOIW Koppensuun Mupuwaka [3]:

Q, =1510-(1+0,1198-W)-(1+0,00914-AT,,, )-(1+0,19-P),

rae Q. — KpUTUYECKAs MAOTHOCTb TEMNOBOro noToka, KBT/m2; W — ckopocTb TenioHo-
cutens, m/c; AT,y — HelOrpeB TENIOHOCUTENS A0 TEMNEPATYPbl HACBIWEHUS HA BbIXOLE
3 3a3o0pa, °C; P — maBneHue, 6ap.

3anac go kpusuca TennoobmMeHa paccuuTbiBaeTcs no dopmyne

k =%
Kp 0 4
cl

rae Qg — NNOTHOCTb TENJIOBOTO MOTOKA C MOBEPXHOCTW TB3aNa, KBT/M2,

Gopmynbl Ans onpeneneHus runpaBaAUYECcKUX NapaMeTPoOB U KPUTEPUANIbHLIX 3aBU-
cUMOCTel 06WenpuUHATLI U B3ATbI U3 [4, 5].

PaccmoTpeHHbIt anroputm Obin peanusosaH B nporpamme TIPK, HanucaHHOI Ha
A3bike Fortran. Mpu pacyete cucTema no BbiCOTe pa3buBaeTcs Ha paBHbIE MHTEpBabI,
KONMYeCcTBO KOTOPbIX 3a[aeTcs Nosib30BaTenem.
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YreHue n nepeuyHas obpaboTtka
UCXOAHBIX AAHHBIX

3apava c
paspenuTensHon
Tpy6Goi

HeT na

A

PaccmoTpeHue nepsoro uHTepBana no B3aTue nepsoro UTepaLMoHHOro
BblcoTe. B3ATne B kKayecTBe Temne-patypsl npuénuKeHns Temneparypsl Boabl
BO/ibl HAa BXO/le B MHTEpBaN Temnepartypsbl 33 pasgenuTensHoit Tpybon

BOAibl HA BXOfe B 3a30p

<

A 4

v Pacuet Temnepatypbl CNOEB 1 TENNOBbIX
PacueT Temnepatypbl CIOEB U TENNOBbIX NOTOKOB BO BCEX TB3J1aX U MEXTB3JIbHbIX
NOTOKOB BO BCEX TB3/1aX U MEXTBINbHbIX 3a30pax no BbICOTe A0 Pa3fenuTeNbHoM
3a30pax B pacCMaTpMBaEMOM BbICOTHOM TDy6b| (no anroputmy ans cayyas
MHTepeane. B 3asucumocTu ot Buga 6e3 pa3penuTensHol Tpybbl)
rpaHWUYHbIX YCNOBUIA pacyeT BeeTcA no l
anroputmy A, b unn B

NOTOKOB TEMMEPaTypbl CI0EB U TEMNOBbIX
NOTOKOB BO BCEX TB3MIAX U MEKTB3/IbHbIX
3a30pax nocne pasfenuTensHoi TpyGsl

l Pacuet Ha ocHoBe NONYYEHHbIX TEMJIOBbLIX

BbICOTHbIE C/IOU
paccMoTpeHs

Temnepatypbl
COBMajaloT C Npeano-
NOXeHNeM utepalmm

Pacuet TemnepaTypbl BOfbl Ha BXOAE B
CNeflyioWnii BbICOTHBIN MHTEpBaN B
MEXTB3JIbHbIX 3a30pax. Mepexop Kk pac-
CMOTPEHMIO CNefytoLLero MHTepBana

]

\ A 4
| ®uHanbHas Bblfaya

Puc. 3. bnok-cxema pabotel nporpammsl TIPK

B nporpamme npefycMOTpeHbl ABe CXEMbl LUPKYAALUM TENJTOHOCUTENS:

® NpPAMOTOYHASA, KOrAa TENJOHOCUTENb, OMbIBAIOWMIA TB3/I, LMPKYAUPYET BO BCeX 3a-
30pax B OJHOM HamnpaBfeHUU U UMeeT OAUHAKOBYIO BXOAHYI TEMMEPATYPY;

e Dunbaa, Korga B OLHOM HanpaBNeHUW TEMNOHOCUTENb LUPKYIMPYET TONbKO B Ya-
CTW HapYXHbIX 3a30pOB C OfLHOW BXOAHON TeMnepaTypoi, a BO BHYTPEHHUX 3a30pax
ABUXETCSA B NPOTUBOMONOXHOM HANpaBieHUU C ApYroil BXOAHOI TeMnepaTypoi. B atom
Cnyyae 3ajaeTcs MeCTONosOXeHWe TBaNa (Tpybbl) — pasgenutens noToka.

Heo6xoanMo 0TMETUTB, YTO ec/iu nepBas Tpyba ABAAETCA KOpPNYCOM KaHana (a He
TB3JIOM), TO BXOAHAA TeMnepaTtypa TenjaoHOCUTENA B NepBOM 3a30pe 3a[aeTcs OTAeNb-
HO M MOXeT OT/IMYATbCA OT TAaKOBOW ANA OCTajbHbIX 3a30pOB. Takum o6Gpas3oM, B npo-
rpaMme NpeaycMOTPEHO, YTO OXNAXKAEHWE KNALKM 3aMeANnUTeNs B OTIUYME OT TB3JIOB
MOJET OCyLLeCTBAATLCA BOAOW LPYroro KOHTypa.

B 3apaue 6e3 pa3penutenbHoil TpyObl CHayana paccymTLIBAOTCA TENA0BbIE MOTOKU C
NOBEPXHOCTW TB3NOB B NEPBOM MHTepBane (BX0f TEMNOHOCUTENA B KacceTy), Ha UX OC-
HOBE HAxXo0AWUTCA TeMNepaTypa BOAbl U U3 Hee — TEM0BbIE MOTOKWM BO BTOPOM BbICOT-
HOM WHTepBane W Tak janee.
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Tabnuua 1
UcxopaHble paHHbIE Ana pacuyeTa
NNg/n Napametp 3HayeHune
1 MouwHocTts TBC, MBT 3,2
2 Maccosas CKOpoCTb TennoHocuTens, Kr/(m” c) 7636,3
3 Temnepartypa Ha Bxoge, °C 40
TonuwuHa, Mm
- CcepAeyvHuKa 0,94
4 - 060M104KM 0,53
- TB3NA 2,0
- 3a3opa 2,5
TennonpoBopHocTb, BT/(M rpag.)
5 - cepaeyvHuKa 91,2
- 060/104KM 170

3agaya ¢ pasfenuTenbHoit Tpyboil pelwaeTcs MeTogOM MOCNef0BaTeNbHbIX UTEpa-
uuii. 3apaeTca HavyanbHoe pacnpefeneHne TeMNepaTypbl TENIOHOCUTENSA MO BbICOTE 3a
pasgenuTenbHoi Tpyboi (HauyanbHas utepauus). Ha ero ocHoBe BblYMCAAIOTCSA TENNo-
Bbl€ MOTOKM C MOBEPXHOCTU TB3/IOB [0 pPa3AeNuUTeNbHOi Tpybbl U TeMnepaTypa BOAbl
Ha NOBOpPOTE pa3fenuTenbHOM TpyObl. Micnonb3ys TemnepaTypy BoAbl Ha pa3BopoTeE Kak
HOBYIO TEMMepaTypy Ha BXofe TB3JIOB, BLIYUCAAIOTCA TENA0OBbIE NOTOKM W pacnpepene-
HWe TemnepaTypbl BOAbI MO BLICOTE B 3a30pax Mexay TB3namu. CpaBHMBAETCA MOJyYeH-
HOe HOBOe pacnpefjefeHune TeMnepaTypbl TEMIOHOCUTENA NO BbICOTE C Mpeanonarae-
MbIM pacnpefiefneHueM B Hayane wara utepauuu. Ecnu oTknoHeHue He npeBbilwaeT 3a-
[AHHOTO 3HAYeHUs MOrpewWHOCTU, TO NONYYEHHbIE 3HAYEHUS OOBABNAIOTCA KOHEYHbIM
pelleHMeM, UHaYe UTepaLus NPOJOMKAETCHA, NOKa He byaeT AOCTUIHYTO cornacue.

NcxopHble faHHble Aas NporpamMMbl 3afalTCs B TEKCTOBOM BUAE B (aiiie UCXOLHBIX
[aHHbIX, NO3BONAIOLLEM PacyUTbIBATb NPOU3BOILHOE KONMYECTBO TBINOB. B Kaxaom TB3-
ne 3a[aeTcs KONMYECTBO CI0EB MaTepuana € pasfUyHOI TEMONPOBOAHOCTbIO U Ten-
nosbifeneHnem B obbeme. Ewe B haiine 3agalTcs BXxoAHas TemnepaTtypa U CKOpPOCTb
TENJOHOCUTENA B 33a30PaxX MEXAY TB3/aMU, TpaHUYHble YCNOBUA HA MOBEPXHOCTU Ha-
PYXXHOW CTEHKW CUCTEMbl U BHYTPEHHEN CTeHKe mocnefHero TBana (Tpybbl), a Takxe
HanMuMe M nonoxeHue (€CAM ecTb) pasfenuTenbHoit TpyObl, Nocae KOTOPOK Hanpas-
NEHNe ABUKEHUA TEMNNOHOCUTENS MEHAETCA HA MPOTUBOMOJOKHOE.
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Puc. 4. PacnpepeneHune makcMmanbHO TemnepaTypbl CepfevyHMKa No BblCOTe TB3Na
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Tabnuua 2
CpaBHMTeNbHbIe XapakTepucTukKu nporpamvm TFPK u ASTRA
NNe/n XapaKkTepuctuka TrPK ASTRA
Cnoco6 pelweHus cucTeMbl ypaBHeHUi . ,
1 AHanuTnyecknii NTepaunoHHbIi
TENN0NPOBOAHOCTH
2
2 | Yucno du3mMyeckux 30H B TBINE MpounssonbHoe
(cepaeyHuk, 06onoyka)
3
3 | Y4cno pacyeTHbIX 30H B TBINE MpounssonbHoe
(ceppeyHuK, iBe 060104KH)
Mpoun3sonbHoe
4 | MakcumanbHoe 4ncno TB3NoB MpoussonbHoe (HeobxoanMo n3MeHaTL

TEKCT Nporpammbl)

Bo3MOXHOCTb pacyeTa MHOr030HHOTO
5 ecTb HeT
CTEpXHeBOro T8aNa

Pacyet Temnepatypbl Hayana NOBEPXHOCTHOrO
KUNEeHWA 1 3anaca Ao Hayana KuneHus

PacyeT KpUTMYECKOII NNOTHOCTU TENOBOTO NOTOKA

W 3anac fo Kpusuca TennoobmeHa

eCTb HeT

eCTb HeT

B kauyecTBe aHanora nporpammbl Ans cpaBHeHus BbiopaH kog ASTRA [5], KoTopblit
peanu3yeT UTEPALMOHHbLIA METOA NpU pacyeTe TennoBbiaensatowen cOOPKU C Tpexcoii-
HBIMWU LUAUHAPUYECKUMU TBINAMU U CXOLHOW CXEMbl LUPKYNALUN TENTOHOCUTENS.

B Tabnuue 1 npefcTaBieHbl UCXOAHbIE AaHHbIE, @ HA PUC. 4 — CPAaBHUTENbHbIE pe-
3yNbTaThbl pacyeTa WeCTUTPYOHOI TennoBbigensiouein c6opkn peaktopa MUP.M1.

M3 npepctaBieHHbIX JaHHbIX CNEAYeT, 4TO MPU 33a4aHUM NOTPeWHOCTN UTEPALMOH-
Horo peweHua B nporpamme ASTRA meHbwe 0,05°C pe3ynbTaThl pacyeTa no ABYM Npo-
rpammam cosnagatot. B Tabnuue 2 npuBeaeHbl CpaBHUTENbHbIE NOTPeOUTENbCKME Xa-
PAKTEPUCTUKM MPOrpamm, KOTOPbIE NMOKA3bIBAOT ONpefesieHHble AOCTOMHCTBA NPOrpam-
mbl TTPK: HeorpaHuyeHHoe yncio dhu3nyecknx 30H AaeT BO3ZMOXHOCTb PacCUUTbIBATH
MHOTOC/NIOMHbIE TB3/Ibl U MULWEHM, YYUTbIBATL NPU pacyeTe Hanuume anddy3noHHOTO
CNOs MeXay CepAeyHMKOM U 000/04YKOI, OKUCHON MNEHKMU, OTNOXEHWUIA HA NOBEPXHO-
CTU TB3/I0B W T.[A., BbILENAA UX B OTAENbHbIE PACYETHbIE 30HbI, @ TaKXKe NPOBOAUTHL pac-
YeT CTepXXHeBbIX TB3INOB.

3AK/NIOYEHHUE

MpepnoxeHa METOAMKA M NONYYEHO aHANUTUYECKOE pelleHne CUCTEMbl YPaBHEHUI
TENAONPOBOAHOCTM AN MHOTO30HHOIO KOJbLEBOro TB3na. Metoguka peann3oBaHa B
Buge nporpammbl TTPK. Mporpamma HanucaHHas Ha s3bike POPTPAH, no3sonser pac-
CYMTHIBATL MONIe TeMnepaTyp B MHOFO30HHOM LUJWHAPUYECKOM TB3Ne U cbopke, co-
CTOAWEN M3 KOHUEHTPUYECKUX MHOFO30HHbIX LUAUHAPUYECKUX TBINOB. [peaycmoTpe-
Hbl 1B CXEMbl LMPKyNauMK TennoHocutens B TBC: npsamoToyHas u cxema ®unbpaa. Mpo-
BOJATCSA OLiEHKM 3anacoB [0 Hayana NoBEPXHOCTHOrO KUMEeHMs M Kpusuca Tennoobme-
Ha.

Jiutepartypa
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Moctynuna B pepakuymnio 16.08.2012
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fresnoite and perovskite, chemical durability of produced glasses was very high level, since
equilibrium leach rate of Eu was 3-107° g/m?day and of U was 4-10"° g/m?day.

VOK 546.212:541.12.012.3+534-14

Use of Generation of Acoustic Vibrations in Chemical Reaction and Properties of the Bubble Medium in Liquid to
Reveal through Defects in Claddings of Slugs with Sodium \ Titarenko N.N., Dvornikov P.A., Kovtun S.N., Polionov
V.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages, 5 illustrations. — References, 23 titles.

An opportunity to use the acoustic emission method to control micro-defects in the equipment
is considered. In particular, for the first time it is shown experimentally that while sodium is interacting
with water, the acoustic emission parameters are determined by the size of the interacting area for
reacting components of the reaction. It is assumed that the major source of acoustic emission in the
reaction of sodium interacting with water is generation of acoustic vibrations caused by phase
transitions of sodium hydroxide. The obtained data make it possible to design a high-efficient
system to control through defects in claddings of slugs with sodium.

V1K 621.039.534

The Investigation of the Acoustic Level Limit Switch of Coolant in the Integrated Stand of the KV-2 \ V.I. Melnikov,
V.V Ivanov, Yu.A. Kiselev, A.A. Kiselev, K.M. Miriasov; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013.
5 pages, 3 illustrations. — References, 4 titles.

The results of the level switch based on 24 point acoustic probes which monitored process into
the testing integrated unit KV-2 three-year operation was generalized. It has been estimated that
the developed level switch worked satisfactorily. They make possible monitoring the thermohydraulic
processes associated with vapor phase formation died to the increase of liquid level and steam
condensation into reactor.

VYK 004.42.001.5
Coolant Forecasting of Nuclear Reactors \ Malovik K.N., Nikishin V.V.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obnibsk, 2013. 6 pages, 7 illustrations. — References, 15 titles.

The article considers analytic forecasting of coolant and its limit condition. Shown experimental
data of physical modeling of volumetric steam content via improvement of machine vision system.
Proposed using theory of dynamic trends for coolant forecasting of nuclear reactor.

VK 621.039.517

Technique and Software to Calculate Temperature Field in the System of Layered Cylindrical Fuel Elements \ Starkov
V.A., Marikhin N.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 9 pages, 2 tables, 4 illustrations. —
References, 5 titles.

A technique has been proposed and thermal conductivity problem has been solved analytically for the
system of layered cylindrical fuel elements. Based on the results, an algorithm and FORTRAN software for the
thermo—hydraulic calculation of a channel (THCC) have been developed to calculate the temperature field
and thermal flux density in a fuel assembly with layered cylindrical fuel elements. The software also provides
the calculation of the surface boiling onset temperatures on the fuel elements, critical fluxes and corresponding
thermotechnical margins. Two coolant circulation schemes are provided for a fuel assembly: straight flow
and Field tube. The results of the THCC calculations were compared with the analogous ones. A correlation
between the calculation results is shown as well as the advantages of the THCC software performance.

YIK 519.6:621.039.5
The Overimplicit Scheme of Incomplete Factorization Method for Solving the Three—-dimensional Diference Equations
of Elliptic Type \ N.M. Troyanova, V.P. Ginkin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages,
1 tables, 4 illustrations. — References, 8 titles.

The over—implicit scheme of the incomplete factorization method (IFM) is proposed for solving the
systems of linear algebraic equations that approximate the equations for neutron transport in the multigroup
diffusion approximation, and the variant of combined IFM schemes is proposed, in which the peripheral
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