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Boga mpu CBEpXKPUTHUYECKOM JABJICHHM HMMEET Psiji OCOOEHHOCTEH,
Kacalomuxcst ee Temnodusnueckux cBoicTB. Ilpu »TOM Hambonee pe3ko
M3MEHSETCSl TEIUIOEMKOCTh BOJBI, KOTOpas JOCTUTaeT MaKCMMyma IIpu
KPUTHUYECKON TemriepaType. B ycinoBusix, OJM3KUX K KPUTUUECKUM, POUCXOTUT
YCKOpPEHHE MMOTOKA BOJBI U3-32 YMEHBIIECHUS €€ INIOTHOCTH. Y CKOPEHHE MOTOKA
NPUBOJUT K YMEHBIICHUIO TypOYJIEHTHOCTH W YXYJIICHUIO TEIJI000MEHa.
OcoOEHHOCTBIO TEUYEHHUS BOJABI TPU CBEPXKPUTHUUYECKOM JIABIICHUU SIBIISIECTCS
pPa3BUTHE €CTECTBEHHOM KOHBEKIMH 3a CUET APXHMMENOBBIX CUJI B CBS3U C
Pa3HULIEN TTIOTHOCTEN B PA3JIMYHBIX CEYECHUSX IOTOKA.

Lens pa®oTel — WHCCIEIOBAaHUWE MPOLECCOB TUAPOAUHAMUKH H
TeII000MEHa B MIECTUTPAHHOU CEMUCTEPKHEBOW TEIUIOBBIJEISIONICH cOOpKe,
OXJIAXKIAEMOM BOJOW NPHU J0- U CBEPXKPUTUUYECKUX Napamerpax. YHClIeHHOe
MCCJIEIOBAHUE TPOILIECCOB THIPOJMHAMUKM M TEIIOOOMEHA IMPOBOJIMIIOCH Ha
ocHoBe RNG k—¢ monmenn TypOyJeHTHOCTH C HCIOJb30BAHHWEM YpaBHCHHIA
cocrosinus ¢popmyisiiuu  [F-97. B pesynbTaTte MOAENIMPOBAHUS TOTYYEHBI
TUAPOJAUHAMUYECKUE U TEIUIOBBIE XapaKTEPUCTUKA MOTOKA TEIUJIOHOCUTEIA B
cOopke.

YucneHHOEe MOJIETMPOBAHUE MPOLIECCOB THIPOJMHAMUKN U TEIJI000MEHa
IIPU TEUYEHUHU BOJABl CBEPXKPUTUUYECKHUX I1APAaMETPOB B TEIUIOBBIACIAIOLIEH
cOOpKE  TMO3BOJMJIO  ONPENEIUTh  YCJIOBUS ~ BO3HMKHOBEHMS  00JIACTH
YXYALIEHHOTO TemiooOMeHa. Pe3ynpTaThl pacyeToB CBUAETENBCTBYIOT O
CYLIECTBEHHOW TIIEPECTPOMKE CTPYKTYpbl IOTOKA TMPHU MEPEXOAE  OT
JOKPUTHYECKUX K CBEPXKPUTHYECKMM HapamerpaM TemioHocutens. Ilpu
JOCTMIKEHWH  TEMIIEPATYpbl  TEIUIOHOCUTENS  KPUTHYECKOTO  3HAYCHMS
KOA(QUIIMEHT TEIIO0TAAYM PE3KO CHIIKAETCS, BOSHUKACT 30HA YXYIIICHHOTO
TEIJI000MEHa, KOTOpPasi PacHpOCTPaHSIETCs OO0 BBIXOJA W3 TEIUIOBBIACISAIOIEH
cOOpKH.

[Ipoananu3upoBaHO BIUSHHE W3MEHEHHS PAcxo/a TEIUIOHOCHUTEINS Ha
YCJIOBUSI BOBHUKHOBEHHS M PA3BUTHUS PEXKUMOB YXYIIIIECHHOTO TEMIO0OOMEHA.

[TokazaHo, 4TO pEXUM YXYJIIEHHOTO TEIIO0OOMEHAa BO3HUKAET JIOKAIBHO
B LIEHTPAIbHBIX SYEHKax TETUIOBBIACIHSIONIEH COOpPKH MeXAy 000rpeBacMbIMU
CTEPKHSIMH MOCJI€ JTOCTHKEHHSI TEMIIEPATypbl TEIIOHOCUTENSI KPUTUYECKOTO
3HaueHud. B 3Tux syeiikax HaOMIOJAeTCs pe3KOe BO3PACTAHHE TEMIIEPATYphI
CTEHKM TEIUIOBBIACIAIOIIMX JJIEMEHTOB M €€ CHJIbHAs a3suMyTajbHas
HEPAaBHOMEPHOCTb.
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Water at supercritical pressure has a number of distinctive features, as far
as its thermophysical properties are concerned. The most abrupt change is
experienced by the water heat capacity, which may peak at a critical
temperature. Under nearly critical conditions, the flow of water is accelerated
due to the decrease in its density. Acceleration of the water flow leads to a
decrease in its turbulence and to an impairment of the heat transfer in it. A
distinctive feature of supercritical pressure water is the development of natural
convection in it due to buoyancy forces because of the difference in densities at
different points cross sections of flow.

The work seeks to investigation of the processes of hydrodynamics and
heat transfer in a hexagonal seven-rod fuel assembly cooled by water at sub- and
supercritical parameters.

Numerical investigation of the processes of hydrodynamics and heat
transfer was based on the RNG k—e turbulence model equations of state of the
IF-97
formulation were used. Hydrodynamic and thermal characteristics of the coolant
flow in the assembly have been obtained as a result of the modeling.

Numerical simulations of fluid flow and heat transfer in supercritical
water flow in the fuel rod bundle enabled determining conditions for the onset of
deteriorated heat transfer. The results reveal a substantial restructuring of the
fluid flow pattern due to the transition from subcritical to supercritical fluid.
When the coolant temperature reaches the value corresponding to critical heat
flux, the heat transfer coefficient decreases sharply, and a region of deteriorated
heat transfer area emerges, which extends up to the outlet of the fuel rod bundle.

The effect of the coolant flow rate on the conditions of occurrence and
development of degraded heat transfer modes is analyzed.

Regime of degraded heat transfer occurs locally in the central cells of the
fuel assembly between heated kernels after reaching the critical temperature of
coolant. In these cells sharp increase of temperature of walls of heat emitting
elements and a strong azimuthally non-uniformity of the heat transfer coefficient
were observed.



