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Hageneno nani CFD anamizy 3akoHO-
MipHOCTEH Tedii B yMOBaxX 3MilIaHOT KOH-
BEKIIii B IIAJKUX TPyOaxX, OXOJIOKYBaHUX
BOJIOIO TIPH HAIKPUTUYHHUX THCKaxX. [Ipen-
CTaBlicHO pe3yabratu 3icraBicHHs CFD
repea0adeHb, MO BiMOBITAIOTh HASIBHOCTI
1 BIICYTHOCTI BpaxyBaHHS CHJI IJIABYYOCTI.
JocnimkeHo epeKkTH BIUIMBY JIaHUX CHII,
OB’ sI3aHi 3 3aTyXaHHAM TypOYICHTHOTO ITe-
peHocy, aedopMariiero pagiaabHuX Mpodi-
JIIB OCHOBOI IIBUJIKOCTI TOLIO.

https://doi.org/10.31472/ihe.3.2018.02

[Ipusenens! nannsie CFD ananu3za 3a-
KOHOMEPHOCTEH TEUCHHS B yCIOBUAX CMe-
[IAHHOW KOHBEKIIMHU B TIAJKUX TPyOax, ox-
JaKTaeMBIX BOIOH MPH CBEPXKPUTHICCKIX
napneHusx. [IpeactaBieHsl pe3yasTaTsl Co-
nocrasnenuss CFD nmpeackazanuii, cooTeT-
CTBYIOIINE HANMYUIO U OTCYTCTBHUIO ydeTa
cun miaBydectd. McciaenoBansl 3G (exTh
BJIMSIHUSL TAaHHBIX CHJI, CBS3aHHBIC C 3aTy-
XaHHEM TypOyJICHTHOTO TepeHoca, nedop-
Male paauajibHbIX NPOodUIeH 0CeBOi

The data of the CFD analysis of the
flow regularities under conditions of mixed
convection in bare tubes cooled by water
at supercritical pressures are given. The
results of comparison of CFD predictions,
corresponding to the presence and absence
of accounting for the buoyancy forces,
are presented. Effects of the influence of
these forces on the damping of turbulent
transport, deformation of radial profiles
of axial velocity, and the other are

CKOpPOCTHU U T.II.

bi67. 13, puc. 6.

investigated.

Kuarouosi ciioBa: HagkputnuHa Bojia, CFD mozentoBanHs, 3MilliaHa KOHBEKITiS.

D — BHyTpiwHi# giametp, M;

G — MacoBa HIBHKICTh, KI/(M*C);

g — IPUCKOPEHHS 36MHOTO TSDKIHHS, M/C;

L — HarpiBaHa IOBKUHA TPYOH, M;

P — tuck, Mlla;

¢ — TYCTHHA TEIUIOBOTO MOTOKY Ha CTiHII TpyOH, KBT/M?;
7 — pajiajibHa KOOPJIMHATA, M;

Ri* — uucno Piuapzacona, Ri* = ;

T — temneparypa, °C;
Tu — IHTEHCHUBHICTH TYpOYJIEHTHOCTI, %0;
V — ocboBa MIBHAKICTE, M/C;

X

J* — cepenHe 3HaYCHHS IIBUIKOCTI Y Tepepisi KaHaiy, M/cC;

Bcemyn

HesBakaioun Ha HasiBHI JOCSTHEHHS B Tajy3i aTOMHOT
eHepreTuku, Kpamii cydacHi Omoku BBEP-1000 3a6e3me-
4yl0Th CyTTeBO HMxk4i 3HadeHHs KK/ HeTTo y mopiBHSAHHI
3 IIEPEOBUMH TEIUIOBUMHU eJIeKTpocTaHuismMu. Lle 3HauHOI0
MIpOIO 3yMOBJICHO IiJBUIIECHHIM IOYaTKOBUX IapaMeTpiB
Mapy i OCBOEHHSM 00JacTi HAJKPUTUYHUX THUCKIB HA Tel-
JIOBHX EJIEKTPOCTaHIlisAX. B aToMHIl eHepreTuili ocTaHHIM
4acoOM TaKOX MPUAUISETHCS MIEBHA yBara aHajli3y MOXKJIMBO-
CTell mepexoay Ha HaJIKPUTHYHI apaMeTpH.

HaykoBuii CyrmpoBiJl Takoro mepexoay TOB'S3aHHA 3
BHPIIICHHSM I[JIOTO PsiIy MPOOJIeM peakTopHOI Terurodi-
3uKkd. Tak, 3HAUHUM I1HTEpEeC CTAaHOBUTHb MOJCIIOBAHHS

X — OCbOBa KOOpAWHATAa, M;

AXx — IPOTSDKHICTB O IOBKHUHI KaHaIy 30HU 3 M-nogioHIM
npodisieM MBUIKOCTI, M;

p — TyCTHHA, KI/M?;

p,— TYCTHHA, IO Bi/INIOBia€ BXiHiH TEMIIEPATYpi PiIUHH,
Kr/m?;

p* — cepelHe 3HAUCHHS TYCTHHU PiIUHH y TIepepi3i KaHaly,
Kr/M>.

Hwukni ingexeu i ckopoueHHs:

6X — BX1HU;

pc — niceBmokpuTHYHUH (pseudocritical);

CFD — (Computational Fluid Dynamics) po3paxyHkoBa
TiapoAMHAMIKA.

Teyii 1 TemI000MiHy HaJKPUTUYHOI BOAU CTOCOBHO SICPHUX
ycTaHoBOK. llpu 1pbOMY HEpCIEKTHBHUM € KOMIT IOTEpHE
MPOTHO3YBAaHHSl XapaKTepUCTUK BKa3aHUX IPOLECIB Ha
ocHoBi CFD mocmimkens [1 - 12].

Mema pobdomu i nocmanoska 3a80amns 00caidHceHsb

Meta pobotu monsrae y AOCTi/DKEHHI HA OCHOBI
CFD wmogemroBaHHST 3aKOHOMIPHOCTEH BHCXigHOI Tedii
HAaJIKPUTUYHOI BOIM Yy BEPTHKAJIBHMX IIAJKUX TpyOax 3a
YMOB, KOJIM BHECOK TIPUPOITHOT KOHBEKIIIi € CyTTEBUM.

CraBuiioch 3aBmaHHs 3icTaBieHHs pesynbsrariB CFD
MOJICITIOBaHHS, OJIEP)KaHWX 3 BpaxyBaHHSAM 1 0e3 Bpaxy-
BaHHA apXiMeIOBHUX CHJI. B 3aBmaHHS poOOTH BXOIHIIO
TaKOXX BCTAHOBJIEHHs €(EeKTiB BILTUBY CHJ IUIaBydOCTi Ha
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3aKOHOMIPHOCTI Tedii HAIKPUTUIHOI BOIU MPH BapifOBaHHI
BEJTMYMHHU TYCTUHHU TEIUIOBOTO TIOTOKY ¢ Ha CTIiHIII TPYOH.
[Ipu mpoMy AOCHIKCHHIO, 30KpeMa, IMIJIATalid 0COOIr-
BOCTI Mii MaHWX CHJ Ha XapaKTePUCTHUKHA TYypOYICHTHOTO
MEepeHocy.

lomo ¢iznuHOi TTOCTAHOBKM 3amadi, sfKa pPO3TIsAIa-
€TBCSI, TO PO3B’sA3yBajach BiCECHMETpHWYHA 3ajada 3Mi-
maHoi KOHBEKIIil, IO BiAMOBiIae HASBHOCTI BHUMYIICHO-
TO 1 BUTBHOTO PYyXy HaIKpUTHYIHOI Bomau. ['impommHamidHa
crabimi3arlis Tedii Ha BXOmi B KaHaj 3abe3medyBanacs 3a
PaxyHOK BCTaHOBJICHHSI Tepe]] HUIM HEHArpiBaHol JiISTHKH
mowkuHOIO 1,2 M (puc.l). Ha Bxomi B TpyOy 3amaBanach
NOCTIHHA BEIMYMHA MAcOBOi mBUAKOCTI G, THCKy P, i
temneparypu 7, . Ha Buxoni 3 TpyOu npuiiMamuch M’sKi
rpaandHi yMOBHU. [lo MOBKHMHI HArpiBaHOi MUITHKH TPyOH
3aJaBalkcs MOCTIHHI 3HAYECHHSI TYCTUHH TETIOBOTO MOTOKY,
10 I ABOAUTECS 10 CTIHKM.

MaremaTiyHe MOJICTIOBAHHSI IIPOBOMIIOCS TP TAKHX
HEeBapiOBaHWX BUXITHUX IaHWX: BHYTPINIHIA AiamMeTp
Tpyou D = 0,01 M; moBkuHA HATrpiBaHOI MUISHKH TPyOH
L =4,0 M; iIHTCHCUBHICTB TYypOyJICHTHOCTI Ha BXOMi B TpYyOy
Tu,_=3 %.

Hwxde HaBOISITHCS pe3ylibTaTH PO3PaxyHKIB ISl 4O-
tuphox BapianTiB CFD monentoBanns. [lepruit 3 HUX Bin-
MOBiJTa€ TaKUM BHXIIHHM TapameTrpam: g = 239 kBt/m?;
G =496 xr/(m*-c); P_= 24,0 Mlla; T, = 323 °C; npyruii —

= 263 xBr/m?; G 496 xr/(m? c) P = 24,0 Mlla;
T = 323 °C; tperiii — g = 287 kBt/m?; G'= 494 Kr/(M?-c);
P =242 MIla; T, = 325 °C; uetsepruii —g =310 kB1/m*;
G =496 Kr/(M*-c); P =24,0 MIla; T, = 323 °C.

OCHOBHI 0COGIMBOCTI METOAUKH MOJE/IOBAHHS ¢biznu-
HOT cUTYaIlii, 1110 IOCIIDKYEThCS, HaBeaeHo B [13].
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Puc. 1. /lo nocmanosku 3adaui.

Pezynomamu oocnidicens ma ix ananiz

Hwxue naBomsatecs pesynsratm CFD mopemoBaHHS,
IO CTOCYIOTBhCSI HacamIiepes e€(eKTiB MpOsSBY MPHPOTHOI
KOHBEKIIi1, 3yMOBIIEHOI Ji€ro apximenoux cwi. Ha puc. 2
IpeACTaBIeHo Mpodini akcianbHoi mBUAKOCTI V 'y pai-
aJbHOMY HampsMKYy Ha Pi3HIH BiJICTaHi Bix BXOMYy B Harpi-
BaHy NUISHKY TpyOW TIpu pi3HUX BeawumHax ¢. lllomo
dbopmu mux mpodiyiB, KA MEBHOIO MIPOIO € IHIUKATOPOM
HAsSBHOCTI BUTBHOTO PYyXy TEIIOHOCIS, TO BOHA 3MIHIOETHCS
B3JIOBXK JOBXHHHA TpPyOW TakuM 4YrHOM. Ha mowarkoBiif i
BUXIIHIA AUISAHKAX TpyOW (Pi3HHX 3a TPOTSHKHICTIO IS
Pi3HMX 3HaYeHb TYCTHHHU TEIUIOBOTO TMOTOKY ¢, IO TIiBO-
IUTHCS IO CTIHKHW) AaHi Mpodimi SBISIOTE COOOI0 yCideHi
nmapaboy, BIACTHBI PEKUMY BUMYIICHOI T€Uil TEIIOHOCIS
B KaHajaX. 3 BiJyTaJIeHHsM BiJ TOYAaTKOBOI JUISTHKH TPYOH,
B ii meHTpanpHill YacTUHI mpodimi mBUAKOCTI aedopmy-
FOThCSI, HA HUX 3 SIBJISIETHCS M’ SIKUW JIOKAJIbBHUA MaKCUMYyM
moONM3y CTIHKH TPyOW, SIKHH pPO3MHBAETHCS B Mipy Ha-
ONmKeHHS 70 BUXIIHOTO Tepepidy kaHairy. TakuMm 9uHOM,
M-tioniOHMI TPodias MBHIKOCTI, XapaKTEpPHUHA TSI pe-
JKUMY 3MIIIaHOi KOHBEKIIil, IO BiAMOBiAa€ HASBHOCTI
BAMYIIIEHOTO 1 BUTBHOTO PYXy HaIKPUTHYHOI BOAM, CIIO-
CTepiraeThes JIMIIE HA TEBHIM MEHTPATbHIA 1O JTOBXKHUHI
TIUTSTHIT TPYOH.

OneprkaHi aHi CBiAYaTh, IO JIOKATI3AIIS IO JOBKHHI
TpyOH 30H 3 M-momiOHUM TpodisieM MIBHIKOCTI CyTTEBO
3aNIe)KUTh BiJl BETMYMHU TEIUIOBOTO MOTOKY ¢. Tak, xoop-
JIUHATH TIONIEPEYHUX Mepepi3iB KaHaly, M0 BiAIOBIIAOTH
MoYaTKy JaHol 30HW, JUIS BapiaHTIB po3paxyHKy |1 — 4
cTaHoBIATE: 2,24 M; 1,65 M; 1,23 m 1 1,01 m. ToGTO, unm
OinpIie 3HAYEHHS ¢, TUM BUIIE 33 MOTOKOM ITOYHHAETHCS
30Ha 3 M-mioniOHMM mipodinem mBuakocti. [1logo xoopau-
HaT Tiepepi3iB, B SKUX ISl 30HA 3aKiHUYETHCA, TO JUTS BKa-
3aHMX BapiaHTIB MOJIEIIOBaHHS BOHH JOPiBHIOWOTH 3,47 M;
3,38 m; 3,26 m; 1 3,15 m. Takum 9uHOM, i3 3pOCTaHHSIM
TEIUIOBOTO TOTOKY ¢ 30Ha HasBHOCTI M-momiGHOTO TIpo-
¢biTr0 3aKiHYY€EThCs OMMKYe 10 BX1HOTO TIepepi3y KaHaly.
OpHak, 3TiHO 3 HABEICHUMH JTaHUMH, BEJTHUHWHA ¢ OUTBII
CYTTEBO BIUIMBA€E Ha TOJIOXKEHHS TIOYATKy JaHOi 30HH, HIXK
Ha 11 3aKiHYEeHHSI.

3Beprac Ha cebe yBary TakoK TOW (DakT, IO TPOTSK-
HICTh AXx TIO JTOBXHHI KaHaNy 30HU 3 M-mIomiOHUM TIpodi-
JIEM TIOMITHO 3pocTae 3 MiIBUIIEHHSM TEIUIOBOTO TMOTOKY
q. Tak nns BapiaHTIiB po3paxyHKy 1 — 4, IO BiATIOBIZarOTH
PI3HUM 3HaYEHHSM ¢, [ MPOTSHKHICTH CTAaHOBHUTH 1,23 M;
1,73 m; 2,03 Mm12,14 m.

[lomo oKabHOTO MakcUMyMy Ha M-TioiOHOMY TIpO-
(i1l MBUAKOCTI, TO, SIK CBiMYaTh OAEp)KaHIi JaHi, BiH BH-
pakeHU# THUM sICKpaBimie, yuM Oinbmia BenwuwHa ¢q. [lpu
[IOMY JIJISl BCIX 3HAY€Hb ¢ MiCIle PO3TallyBaHHS JaHOTO
MaKCUMY 3MIHIOEThCS TI0 JIOBKHHI TpyOu. A came, Iei
MAaKCHMyM BHHHKA€ Ha JCAKOMY BIJAJIEHH] BiJ CTIHKH
pr61/1 JlaJi BHU3 IO TIOTOKY 3M1HIy€TLC$I Yy HamnpsMKy [0
CTIHKH 1 3HOBY BiIJAJIIE€THCS Bij HEl, PO3MHUBAOYUCH.
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Puc. 2. IlIpogini ocvoeoi weudxocmi 63006sic padiycy mpyou na piznii eiocmaui x
6i0 6xi0H020 nepepizy 0 eapianmis po3paxynxie 1 - 4.

PucyHok 3 imocTpye pe3ynsTaTH poO3B’s3Ky 3ajadi,
IO PO3MIISAAETHCS, 3 BpaxyBaHHSIM i Oe3 BpaxyBaHHS Iii
apxiMeZOBUX CHJ. 3a BIICYTHOCTI LIOTO BpaxyBaHHS IPO-
(bini MBUAKOCTI €, K BiJOMO, MOHOTOHHUMHU. SIKIIO % Oe-
PYTBCSI 10 yBaru CUIIM IUIaBYy4YOCTi, TO, SIK BKE 3a3Ha4aI0Cs,
JaHi mpoQisi 3a1MIIal0THCsI MOHOTOHHUMH Ha TOYaTKOBIH
HarpiBaHiil nimsaHui Tpyou. [Ipudomy OesnmocepeaHbo mo-
O3y BXoy B TpyOy mpodii, 1110 BiAMOBIAa0Th HASIBHOCTI
1 BIICYTHOCTI CHJI IJIABy4YOCTi, MPAaKTHYHO CITiBIAJAIOTh.
ToOto TyT BIIIMB cuil IUIaBydocTi Ha (opmyBaHHs Tpodi-
JiB MIBUJKOCTI € HEXTOBHO ManuM. Jlami BHHU3 1O MOTOKY
Mae Mmicue AisHKa TpyOH, Ha sKii mpodiiai MIBHAKOCTI,
OZIepKaHi 3 BpaxyBaHHSIM CHJI IUIaBY4YOCTi, 3aIMIIAI0YHCh
MOHOTOHHUMH, JE1I0 1e(OPMYIOTbCS Y MOPIBHIHHI 3 IPO-
(binsimMu, 10 BiAMOBIIAIOTH BiJICYTHOCTI BpaXyBaHHS JTaHUX
cui. A came y 3icTaBlIeHHI 3 OCTaHHIMH Npo(diJi CTaOTh
OUIBII 3aIlIOBHEHUMH, TOOTO TOOJM3Y CTIHKMA HIBHJIKICTH
JICIIO ITiIBUIILY€EThCS, & B sIIPi Tedii — 3HWKyeThes. [Ipu mo-
JanblIoMy pyci piguHu 1i npodini HaOyBaoTh M-nonioHOT
(hopmu, 1 KibKiCHI pO301’>KHOCTI 3HAYCHb IMIBUJIKOCTI JUIS

CUTyallill 3 BpaxyBaHHsAM 1 0e3 BpaXyBaHHs apXiMeIOBUX
CHJI y LiJIoMy 3pocTaroTh. [lanmi JoKaJdbHI EKCTpEeMyMH
HIBUJKOCTI PO3MHBAIOTHCS, MPOQiNi CTalOTh MOHOTOHHH-
MU 1 IPaKTHYHO CMiBNaAal0Th 3 MPOQIISIMHU MBUAKOCTI, IO
Bi/IMIOBIAAI0Th BiICYyTHOCTI BpaxyBaHHs cuJ rpasitamii. Ta-
KAM YMHOM, 3TiHO 3 OJep)KaHUMH JaHUMH B YMOBaX, SIKi
PO3IISIAIOTHCS, Ma€ Miclle JIOKaJbHUHN MO TOBXHHI TPyOH
MPOSIB TOMITHOTO BIUIMBY CHJIM TSDKIHHS Ha KapTHHY Tedii
HaJKPUTUYIHOI BOIH.

Onucanuii edext nokamizamii BILIMBY CHJI TSDKIHHS KO-
PETIOEThCS. IEBHUM YHHOM 3 XapaKTepOoM 3MiHH 110 JTOBKHHI

1P \ep

8x

(r)

Sk BuaHO 3 puc. 4, 3aNIeKHICTh Ri* = f{x) Mae ekcTpe-
MaJIbHUN XapakTep 3 SCKPaBO BHPAKEHUM MAKCHMYMOM Y
LHEHTPAJIBHIN TI0 JIOBKHUHI JUISHIN TPYOU. 30UIbIICHHS YHC-
na PiyapyicoHa, sk BiJIOMO, CBIIYMTh PO MOCUIJICHHSI BILIU-
BY CHWJI IUIaBy4OCTi Ha TEIUIOTiAPABIiYHI XapaKTEPUCTHKU

TpyOH JIOKaJabpHOTO uncia Pigapacona: Ri* =

14
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Puc. 3. IIpoghini ocvosoi weuoxocmi 63006ric padiycy mpyou na piznii eiocmani
610 6xionozo nepepizy 3 ypaxysaunam (ninii 1, 3) i 6e3 ypaxysanus (ninii 2, 4) cun naagyvocmi
ons eapianmie po3paxyukie 1 (ninii 1, 2) ma 4 (ninii 3, 4).

notoky. ToOTO HaBeleHAa KapTWHA TOBENIHKU 4YHcia Ri*
CBIAYUTH MO Te, IO BIUIUB JAaHUX CHJI IO TOBXHHI KaHATY
3pOcCTae, A0CATaE MAKCUMYMY 1 IOTIM CHAJIaE.

[IposiB BIUIMBY CHJI IUIaBY4YOCTi B YMOBaXx, 1[0 PO3IIIs-
JAIOTHCS, TOB'SI3aHKI 3HAYHOIO MipOI0 3 IBOMA TAKUMH (ak-
TOpaMu: Mo-Teple, 3 BEIUIMHOIO Pi3HUI T'YCTHHH PiIWHH
B PI3HHUX TOYKAX IMOTIEPEUHOTO TIepepi3y MOTOKY i, HO-ApyTe,
3 HOTO TEPMIYHUM MPUCKOPCHHSIM.

lono mepmioro gakropy, TO came eKcTpeMajbHa Be-
JIMYMHA BKA3aHOT Pi3HMIII I'YCTHHH, IO € XapaKTEPHOIO ISt
HAJKPUTUYHOI BOJM, BU3HAYA€E TE, MIO CHJIM IJIaBydOCTI
MaroTh Ha0arato CyTTEBIIIMI BIUIMB Ha TEIUIOTiApaBIivHI
napamMeTpu TMOTOKY IpH HAJKPUTHYHUX THCKaxX, HIK Y

0,030

0,025 -

0,020 -

R*

0,015 1

0,010 A
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0,000 0 . ) 3 P I[OKpI/I.TI/IHHiI\/'I o0nacri. . . '
Binpium 3HaueHHSIM PI3HULI TYCTUHH PIIUHH Y TO-
X, M MepevyHOMY Iepepi3i MOTOKY BiJIIOBIfAE, SK BiAOMO, OUTBII
Puc. 4. Po3nooin uucna Piuapocona 630086 CYTTEBUH NposiB apXimenoBux cuil. OneprkaHi AaHi CBiguaTh
Hazpieanoi 006xcunu mpyou ona eapianmie 1po Te, IO JUIsl BCIX BapiaHTiB pO3paxyHKiB Pi3HUIS I'yCTH-
po3paxynxis 1 - 4. HU Ap Ha Bici TpyOu 1 moOnu3y ii CTIHKM 3MIHIOETHCS TIO
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Puc. 5. Po3nooin zycmunu 600u 63006s4c oci i cminku mpyou 01 eapianmis po3paxynkie 1 ma 4.
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Puc. 6. Po3nooin kinemuunoi enepii mypoyienmuocmi 30062c padiycy mpyou na pizHux eiocmamnax
6i0 6xi0H020 nepepizy x 3 ypaxyeanuam (ninii 1, 3) i 6e3 ypaxyeannsa (ninii 2, 4) cun nnagyuocmi
onsa eapianmie pospaxyuxie 1 (ninii 1, 2) ma 4 (ninii 3, 4).

JOBKHMHI TAKUM YMHOM. Ha mmouaTkoBiif HarpiBaHiil JUISTHITI  Pi3HMIN TYCTHHH PiIWHA Ap BIAIOBiIae ONMUCaHIA BHUIIE
TpyOM BOHa 3pOCTa€, MOCATAE MAKCHMYMY 1 Ha BUXIAHIH  KapTUHI IPOSBY BIUIMBY apXiMEIOBHX CHIIL.
TiISHII TpyOn 3MeHmyetbes (puc. 5). ToOTo moBemiHKa Jpyruii 3 BKa3aHUX (PaKTOpiB — TEPMITHE MPUCKOPECH-
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HSl TIOTOKY, HABIAKW TIOB'SI3aHUI 3 TIPUTHIYCHHSIM PO3BHUTKY
MIPUPOTHOI KOHBEKIIii. J{iiiCHO, 3T1THO 3 OIepKAaHUMH TaHU-
MH TIPH PyCl PIOMHY 0 BUXITHOTO Tepepily KaHay BOHA
TIOMITHO TIPUCKOPIOETHCS (THM OLIbITie, YUM O1UIbIIE 3Ha-
YEHHS TEIUIOBOTO TIOTOKY ¢), 3aBaXKAIOUH [Tii apXiMeIOBUX
CHJI, TakK M0 MOOIN3Y JAHOTO Mepepi3y 1X BIUIMB MPAKTHIHO
3HHUKAE.

Cwi T1aByd0CTI MOXYTh, SIK BilIOMO, CYTTEBO BILIH-
BaTH Ha IHTCHCHBHICTH TYpOYICHTHOTO TIEpEeHOCY. A came,
ITiJT BIUTMBOM IIMX CHJI BiOyBa€ThCsI TIEBHE 3aTyXaHHS Typ-
OyJIEHTHOTO TIEPEHOCY, 110 3HAYHOIO MipOIO BH3HAUYAE Pi3HI
edexTH, 1MoB’s13aHi 3 MOTIPIICHHSIM TEIUIOBiAIadi. 30Kpema,
TSI CHJT TIIABYYOCTI 3YMOBITIOE 3HWKCHHS PiBHS KIHETHU-
HOI eHeprii TypOyJIeHTHOCTI.

Pucynok 6 imoctpye nmpodini KiIHETHUHOT eHeprii Typ-
OyJIEHTHOCTI, Oflep’KaHi 3 BpaxXyBaHHSIM 1 03 BpaxXyBaHHS
CHJI IJIABYYOCTI. SIK BUIJIMBAE 3 HABEICHHUX JIAHHUX, 3HAYCH-
HS KIHETHYHOI €Heprii TypOyJIeHTHOCTI ¥ pa3i BpaxyBaHHS
CHJI TUTaBYYOCTI BHUSBISETHCS B IUIOMY HIDKIUM, HIXK 32
BIJICYTHOCTI JTaHOTO BpaxXyBaHH:S. 3BepTae Ha cebe yBary
TaKOXK TOU (hakT, M0 XapakTep MpodisiB KIHETHYHOI CHEp-
rii TypOyneHTHOCTI [UIsi JBOX IIOPIBHIOBAHHWX CHUTYaIlii
MOXKE CYTTEBO BiApi3HATHCA. A came, mpodiii KiHeTHIHOT
eHeprii € MOHOTOHHMMH 3a BiJICYTHOCTI BpaxXyBaHHS CHII
aBydocti. [llogo cuTyarii, Ko Take BpaxyBaHHS Mae
Micie, To nmaHi mpodiri Ha MEeHTpalbHINA MO MOBKHHI [Ti-
JSHII TpyOW CTalOTh HEMOHOTOHHHUMH 3 JIOKAJIILHUM MiHi-
MyMOM TIOONU3y CTiHKH TpyOH. Po3ramryBaHHS BKazaHUX
MIiHIMyMiB KiHETHYHOI €Heprii BiAMOBigae po3TallyBaHHIO
JIOKAJIbHUX MakKCUMyMiB Ha mpodimsax mBuakocti. [Ipu
OMY PO301KHOCTI B 3HaYEHHSAX KiHETHYHOI €Heprii Typ-
OyJIEHTHOCTI, O/Iep’)KaHuX 3 BpaxyBaHHIM i 0e3 BpaxyBaHHS
CWJI TIJIABYYOCTi, B OOJIACTI JaHWX MIHIMyMIB € HaiOiIb-
mumMu. ToO6To came moOmm3y CTiHKH TpyOW, Je TpOosB
BILUIMBY CHJI IUIaBYYOCTI HAaWOIIBII SICKPAaBO BUPAKEHHH,
CIIOCTEPITa€ThCsl MaKCHUMallbHE TMPHUTHIYEHHS TYpOyJIeHT-
HOTO TEPEHOCY.

Bucnoexu

1. Ha ocuoBi CFD mopenroBaHHS BHUKOHAHO aHai3
JIBOBUMIPHOI KapTHHU Tedil HaJKPUTHUYHOI BOIU B BEPTH-
KaJbHUX TIAAKHX TpyOax 3a yMOBHM peajizauii pexumiB
3MIIIaHOI KOHBEKIii. BUsSBIEHO poib BIIBHOIO PyXy Tel-
JIOHOCIST y (OPMYBaHHI CTPYKTYPH IOTOKY IIUISIXOM 3ic-
TaBJICHHsI YMCJIOBUX PO3B’SI3KIB, 1110 BIJIOBIJAIOTh HasB-
HOCTI 1 BIICYTHOCTI BpaXyBaHHS CHJI TJIaBY4OCTi.

2. BcranoBneHo edekT lokami3alii BIUTUBY apxime-
JOBUX CUJI Y ICHTPaJIbHIN 10 AOBKUHI AUIsHI Tpyou. [Ipu
HBOMY:

a) BUKOHAaHO aHali3 ocoOmuBocTeil Aedopmamii paii-
IBbHUX TPOQIITiB 0CHOBOT MBUAKOCTI MO JOBXKUHI KaHaTy
1 TIOKa3aHo, 30KpeMa, 1[0 30Ha 3 M-mojiOHUM Tpodinem
LIBUKOCTI, XapaKTePHUM IJISl PEXKUMY 3MIIIaHOT KOHBEKIIiT,
Ma€ MiCIIe JIUIIE B LICHTPAJIBHIN 110 JIOBKHUHI 30Hi;

0) BCTaHOBIIEHO 3aKOHOMIPHOCTI BIUIMBY T'yCTHHH Tell-

JIOBOTO TIOTOKY ¢ Ha CTIiHIII TPpyOHW Ha KOOPAMHATH TTOYATKY
1 KiHI 30H 3 M-momioHMM mpodinem mBuaKocTi. [Toka-
3aHO, 10 YUM OWUTBINIE 3HAYCHHS ¢, THM BHIIIE 32 TIOTOKOM
MTOYNHAETRLCS 1 3aKIHUYETHCS TaHA 30HA 1 TUM OLIBIIOIO € ii
TIPOTSKHICTB;

B) TIOKAa3aHO HASBHICTH IEBHOI KOPEIAIii ITOBEHIHKA
pagianbHEX TPO(dITIB 0CHOBOI MBHIKOCTI 31 3MIiHOIO IO
TMOBKHMHI KaHATY JIOKaJILHOTO uncia PigapacoHa.

3. BukoHaHO aHami3 BIUIMBY CHJI IDIABYYOCTI Ha
IHTEHCHUBHICTh TypOyJaeHTHOTO mepeHocy. [lokazaHo, mo
TTi]T BIUTABOM IIUX CHUT BiIOYBA€THCS HOTO MPUTHIYCHHS.
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SPECIFICS OF THE FLOW OF SUPERCRITICAL
WATER UNDER CONDITIONS OF MIXED
CONVECTION

Fialko N.M'., Nosovskyi V.A.%, Sherenkovskyi Ju.V.,
Meranova N.O.!, Sharaevskyi I.G.%, Pioro I.L.}

!Institute of Engineering Thermophysics, National
Academy of Sciences of Ukraine, 2a, Zhelyabova str., Kyiv,
03680, Ukraine

2 Institute of Nuclear Safety Problems, National Academy
of Sciences of Ukraine, 12, Lysogorskaya str., Kyiv, 03028,
Ukraine

? Faculty of Energy Systems and Nuclear Science
University of Ontario Institute of Technology 2000
Simcoe Str. N., Oshawa ON L1K 7K4 Canada

https://doi.org/10.31472/ihe.3.2018.02

A study of the specifics of supercritical water flow under
conditions of mixed convection was made on the basis of
CFD modeling. The results of comparison of the numerical
solutions obtained in the presence and absence of the
buoyancy forces are given. It is shown that the influence of
Archimedean forces on the flow structure is localized in the
central region of tube length. The data of computer modeling
of supercritical water flow pattern with the variation of heat
flux q on the tube wall are obtained. The dependence of the
localization of mixed convection zone from the value of q is
established. The change of the local Richardson number in
the context of the effect of the localization of buoyancy forces
action is analyzed. For the conditions under consideration,
the dependence of turbulent transfer intensity on the effect
of Archimedean forces is investigated. It is shown that this
action causes oppression of turbulent transport, which is
most significantly manifested near the wall of the tube.

Reference 13, figure 6.
Keywords: supercritical water, CFD simulation, mixed
convection.
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