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Annomayun. Ha ocnose ycmanoeieHHbIX KOppenayul Onsi mpyd Kpyeno2o cedeHusi U MOOUDUYUpOSaHHbIX
OJIA NYYKO8  MEeNnNo8blOeNAIWUX — CIMEPICHel ¢ NONPAGOYHbIMU — KOI(DDuyueHmamu npoeeoeH  aHAIu3
MennocuOpaBIUYecKUx XapaKmepucmux axmusHou 30Hel peakmopa BBOP-1200 npu nopmanvuom pedswcume
axcnayamayuu. CHayana npogeden aHaIu3 2eoMempuu MONIUSHbIX CIMEPIHCHEN, MACCOB020 PpACX00d U CKOPOCHU
menioHocumens 8 MmeniogbloeAUUX COOPKAX, NIOMHOCMU MENL08020 NOMOKA 8 Hauboee 2opsayell 4acmu
AKMUBHOU 30Hbl, 3amem Menio2UOPaAsIUiecKull AHAIU3 XapaKmepucmux menIoHOCUmMens, Makux KaxK SHmanbnus,
memnepamypa u 3anac 00 napamempos nacviujenus. Imnupuieckue kopperayuu Cybomuna Oviiu UCNONb308AHbI
6 pacueme yucia Hyccenvma u xonsexmuenozo koapguyuenma menioomoauu 07 YCManoGAeHUsL MEMNEPAmyp
obonouxu cmepocneil u monausa. Kpumuueckuii mennoeoii nomox (KTII) paccuuman c¢ ucnonvzosanuem
amnupuueckux ¢opmyn I'uoponpecca u Jlesumana-Jlanymana 015 nyuKog cmepoicHell 8 OUANA30HE PE’CUMHBIX
napamempos menjioHocumens, nooxoosauwux ois peakmopa BBOP-1200. Hcnonvzyemoe mepmoounamuueckoe
KAyecmeo OCHOBAHO HA OYEHOUHBIX NApaMempax mepmMoOUHAMUYEeCKO20 PABHO8eCUs Ol COOMBEMCMEYOUUX
0aseHUll MEenTOHOCUMENs C UCRONb308anuem maonuysl 600ano2o napa |APWS Excel. Dvnupuueckue gpopmynwl
ona pacuema KTII noxasanu xopouiee coomseemcmsue, 8 CPASHEHUU C CYWeCm8yIouumu IKCHePUMEHMANbHLIMU

U mabAUYHLIMU OAHHLIMU.

Introduction. The number of empirical CHF correlations has increased over the past 50 years with more
than 100 correlations for only sub-cooled water flow in tubes [1]. This cumbersome complexity of CHF
phenomenon led to the collation of experimental data points for ranges of thermal and hydraulic parameters to
develop a lookup table for CHF phenomena [2, 3]. For the VVER rod bundle, the CHF value obtained from Bobkov
table is multiplied by four factors to be applicable to VVER reactor [4].

Research methods. We modeled the thermal-hydraulics analysis of VVER-1200 using the initial design
parameters and calculated the thermal-physical parameters of the coolant and the geometrical and thermal

parameters of the fuel elements. The Subbotin Nusselt correlation [5] was used to determine the Nusselt number
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and hence the heat transfer coefficient of the coolant. Then we employed the OKB Gidropress [5] and
Levitan-Lantsman [6] correlations to predict the critical heat flux considering that they are well established
correlations for triangular lattice with relevant correction factors and application ranges for a VVER reactor. The
OKB Gidropress CHF empirical correlation is developed with a standard deviation of about 13.1 %, while the
Levitan-Lantsman correlation has a standard deviation of about £15 %.

Thermal-Hydraulics Analysis. The Design of thermal-hydraulic calculation of a pressurized water reactor
(VVER-1200) was carried out with the computed and given geometrical and thermal parameters of the fuel pellet,
cladding and the entire core in Tables 1 and 2, and the thermal parameters of the coolant were computed with the
aid of Magnus Holmgren’s IAPWS Excel Steam Table.

The heat flux density q, (z) for each value of the coordinates Z

Qg (2)- 7 dgag - Ho = (2) - Hg (1)
= OKB Gidropress Critical heat flux correlation,
agy =0.795- (1~ x)n - (pw)m (1-0.0185- p) @)

m=0311-(1-x)-0127;
n=0.105-p-05=0.105-16.2-0.5=1.201
= | evitan-Lantsman Critical heat flux correlation

2 (po) 1.2/[0.25( p-98)/98 |-
. _l103-78[ P P | (ee) eL5X
der (8mm,(pa)), p, x) =[10.3 7'8(98] +1.6(98] (1000 j e 3)
29.4 < p<196; 750 < ( pw) <5000
0.5
8
qer (dclad (po), p, x) = qgr (8mm,(pa>), D, x) . 4)
clad

where pis coolant pressure, MPa; X is relative enthalpy of the coolant; (pW) is mass velocity, kg/(m?-s);

d d is the outer diameter of the fuel cladding, mm

cla
= Departure from Nucleate Boiling Ratio (DNBR)

Oer (Z)
af (Z)

Analysis of Result. The result of our calculation for the selected thermal hydraulic parameters is presented

DNBR(z) = (5)

as distribution graphs in Fig. 1 (a-d), respectively. In the analysis, the computed equilibrium quality distribution
depicts a typical highly subcooled flow, with an inlet subcooled of about 50 °C and an outlet subcooled of about
19 °C. the inlet outlet equilibrium qualities are -0.36 and -0.163. This clearly shows that no onset of significant
void (OSV) took place within the reactor core under normal operation.

The OKB Gidropress correlation predicted the minimum departure from nucleate boiling ratio (MDNBR)
to be 4.69, +13.1 % of 4.69 amounts to 4.03 and 5.35. The Levitan-Lantsman correlation predicted the minimum
departure from nucleate boiling ratio (MDNBR) to be 3.51. =15 % of 3.51 amounts to 2.98 and 4.03. The results
of the CHF showed that the Levitan-Lantsman correlation predicts CHF and MDNBR fairly better with an
estimated value of about 2.98 which is quite comparable to the values found in literature for instance the works of
Mozafari M. A., Faghihi F [7].
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Fuel Rod Height vs Temperature
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Fig. 1. Coolant equilibrium quality axial distribution (a); Coolant, outer and inner cladding temperature
distribution (b); Fuel outer surface and centerline temperature distribution (c); Heat flux, OKB,
Levitan CHF and DNBR distribution

Conclusion. In conclusion, a thermal hydraulic design calculation was performed for VVVER-1200 reactor
under normal operating condition. The selected thermal parameters that were analyzed did not deviate from
established values applicable within the range of VVVER-1200 reactor.
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