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CpencrBamu makera ANSYS FLUENT B pamMKax CTaH[ApTHOW k-£-Mopenu

TYypOYNEHTHOCTU ITPOBEAEHO MOZIEINPOBAHNE 00TEKAHWUA BO3AYUIHLIM IT0-
TOKOM pPsAfia TUIIMYHLIX MPEMATCTBUN (TpexMepHbe Ky6 u monycdepa, a
TaKKe [LBYMepHbI X0AM), KOTOpble GOPMUPYIOT BO3MOXHBIN penbed 30HbL
pacmpocTpanenuns Bbibpocos A3C, a TakKe MPUMEPHO COOTBETCTBYIOT Te0-
METPUU 3[aHUN U COOPYKEHUN, HaXOANNXCA B 3TO 30He. [nsa obecre-
YeHUA CXOUMOCTU PE3Y/bTaTOB Ha PACYETHOI 0671aCTU 3alaeTcs HepaB-
HOMepHas MPOCTPAHCTBEHHAA CETKA, KOTOpas CryulaeTcs B6IU3U OBEPX-
HOCTU NPENATCTBUA U BHEWIHUX TpaHull. PazMepsl 1 MON0XeHUA TPemAT-
CTBUI MOAOUPANUCH 1 HAWIYYLIETO COBIAZEHUA C YCI0BUAMU OTYOIU-
KOBaHHBIX JKCIIEPUMEHTOB. Pe3ynbTaTsl MOfENUPOBAHUA BEIUYUHEL CKO-
POCTU W HapaBleHUA BO3AYLUIHOTO ITOTOKA B 1}€JI0M 0OHAPYKUBAWOT XO-
poliee COBMAfEHUE C JAHHLIMU IKCIIEPUMEHTOB B a9POAUHAMUYECKUX TPY-
6ax B 30HaX Mepef MPEmATCTBUEM, Haj, HUM, a TaK)Xe B eT0 a9POAUHAMMU-
yecKoi TeHU. [JocTOBEPHO BOCIIPOU3BOLATCA XapaKTepHble 30Hbl YCKOPEH-
HOT'0 TeYEHWUs, 3aBUXPEeHUN 1 06paTHOro TeyeHus. Pacxoxpenus Habmno-
LAIOTCA TOJIbKO B JIOKAJIbHLIX 0071aCTAX CUIbHOW TYPOYIEHTHOCTU B a3P0-
OMHAMWUYECKON TeHW MPEenATCTBUA BOAU3U IIOBEPXHOCTU 3eMIU. Bee 3T0
YKa3blBaeT Ha BO3MOXHOCTb IOJIHOLEHHOT'0 MOLENUPOBAHUA PACIIPOCTpPa-
HeHus Bb6pocoB A3C ¢ yueToM ocobeHHOCTel penbeda Muomanku KOHK-
PETHOW CTAHLUU U ee OCHOBHBLIX COOPYXEHUMN C 1le/lbl0 YTOUHEeHUA [,030-
BOW Harpy3Ku Ha IIepPCOHaJ U HaceneHue.

KnioueBble cnoBa: razoaspo3osnbHbie Bhibpochl A3C, MogenupoBaHue TypOyneHTHOM
anddy3nmn, ANSYS FLUENT.

BBEAEHME

PacnpocTpaHeHue razoaspo3obHbix BoiopocoB A3C onpepensercs, B nepeyio ove-
pefdb, HanpaBieHUeM U CKOPOCTbIO BeTpa. [lonepeyHoe No OTHOLWEHUIO K BETPY pacceu-
BaHMe BblOpacbiBaeMblX NPOAYKTOB CBA3aHO, MMaBHbIM 06PA30M, C CTECTBEHHbIMU (K-
TyauMsMn HanpasfeHus BeTpa, TYpOYNEeHTHbIM NepemMeLlMBaHNeM BO3AYLWHBIX Macc, 00yC-
NOBAEHHBIM COCTOAHWEM aTMochepbl (BOCXOAALLMMMY MOTOKAMMU NPOrpeToro BO3ayxa), ux
COOCTBEHHOII BA3KOCTbIO M TPEHWEM O MOACTUNAIOLLYI0 NOBEPXHOCTb. Mpu pacnpocTpa-
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HEHUW BbIOPOCA B YCNOBUAX CNOXHOrO pesibeda MecTHOCTH (XOJIMbl, OBparu 1 T.m.), a
TaKXXe NpW HaAU4YuK 3LaHUIA U COOPYXKEHWUN NOABAAETCA AONOAHUTENbHBIN UCTOYHUK TYp-
OyNEeHTHOCTH, BbI3BaHHbIA 0O6TEKAHMEM BO3AyXa 3TUX MPensTCTBUIA. B 3TOM ciyyae TpyAHO
0XXM[ATb, YTO KOHLEHTPALMUA PAANOAKTUBHBIX BELECTB B BO3AYXE MOXET ObITh afjeKBaT-
HO OLleHEHa Ha OCHOBAHMM NMPOCTbLIX FAYCCOBbLIX MofeNel, pekoMmeHaoBaHHbIx MATATI [1].

Cpenu pa3nuyHbX METOA0B UCCNef0BaHNS BO3AYIWHOTO NOTOKA B aTMocdepe, TakKux
KaK 3KCMepUMEHTbl B a3pOAMHAMUYECKUX TPYOaxX U HaTypHblE U3MEPEHUA HA MECTHOCTH,
WMPOKO UCMONb3YeTCs BbluMCUTENbHAA ruapoanHamuka (Bl [2 — 5], koTopas 3apeko-
MeH[0Bana cebs HaJEeXHbIM U IKOHOMUYECKM 3DDEKTUBHBIM CPEACTBOM MOLENMPOBAHUSA
3ajay TypOyNeHTHOro Te4eHmns, CnoCoOHbIM 0OHAPYKMBATh XapaKTepPHble 0COOEHHOCTH
TypOyNEeHTHOro 06TeKaHWA NPenaTCTBUA — a3POJUHAMUYECKUX TEHEN, 30H pa3pbiBa U
BUXPEBbIX JOPOXKEK [6].

B pabote cpencteamu naketa ANSYS FLUENT [7] npoBefeHo MofenvpoBaHue ob6Te-
KaHWUs BO3AYLWHbIM MOTOKOM PALA TUNWUYHBIX NPenATCTBUIA (TpexmepHble Ky6 [8], nony-
cdepa [9, 10], aBymepHbiii xonm [11, 12]), KoTopble HOPMUPYIOT BO3ZMOXHbI penbed
30Hbl pacnpocTpaHeHus BbIopocoB AJC, a TaKXKe NpUMepHO COOTBETCTBYIOT reOMeTpUm
3AaHWIA U COOPYIKEHUIA, HAXOAALMXCA B 3TOI 30He. PopMa u pa3mepbl NPenATCTBUI Gblau
BbIOPaHbl UCX0AA U3 UMEILMUXCA NYOAUKALMIA N0 IKCNepUMEHTAM B a3POANHAMUYECKUX
Tpybax [13 — 15], 4To NO3BONMNO CPABHUTbL Pe3yNbTaTbl YUCTIEHHOTO MOAENMPOBAHUSA C
LaHHbIMU, NONYYEHHBIMU B MPAMbIX U3MEPEHUAX, U TEM CaMbiM ONPESEeNUTL CTENEHb Ha-
AEXHOCTU UCNONb3yeMOil pacyeTHON Moaenu. PakTuyeckas uenb paboTbl — yoeanTbCs B
BO3MOXHOCTW afieKBaTHOTO MOJENMPOBAHUSA PACNPOCTPAHEHNS Fa30a3P030JIbHbIX BblO-
POCOB B YCNOBUAX CIOXHOTO penbeda, 4To no3sonset nposoanTs ana AIC, HaxoLAwmx-
CAl B COOTBETCTBYIOLWEN MECTHOCTH, pacyeThl peanbHon fedopMaLum nonei KOHLEHTpa-
LMKU PafMOHYKNML0B B MPUNOBEPXHOCTHOM CI0€ BO3AyXa.

YUCNIEHHAAI MOAE/Ib U PACYETHAS OBJIACTb

B kauyecTBe pacyeTHON MOLENMN NCNONb3YIOTCA OCPpeaHeHHble No PeiiHonbacy ypaBHe-
Hus Haebe-Ctokca (RANS) B pamkax cTaHpapTHOM k-e-Mmopenu TypbyneHTHOCTH [16, 17].
MocneHAs WHUPOKO M yCNewHo NpUMeHseTCs AN 3afay pacnpocTpaHeHUs npumecen B
atmocepe [18, 19]. KntoueBbiMu napameTpamu MoJeNmn ABAAIOTCA KUHETUYECKAA IHep-
rns TypOYNEHTHOCTU K U CKOPOCTb AUCCUMNALLUM IHEPTUM TYPOYNEHTHOCTH €, KOTOPbIE B
paboTe 3a[at0TCA Yepes CKOPOCTb TPEHUS U” B BUAE
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rae C, = 0.09 6e3pa3mepHas IMNMpUYECKas KOHCTaHTa; ¥ — BEPTUKabHaA KOOPAMHaTa.

PacueTHas 0bnacTb onpeAenseTcs TMNOM pacCMaTPUBAEMOTO NPENATCTBUSA.
MpensTtcTeue B popMe fBYMEPHOTO xonMa (puc. 1) napameTpuyeckn 3aaaetcs B BUAE
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Eem (@ -E)
roe X — KOOpAWHaTa BAONb HAaNpaBNeHWs BETPa; ¥ — BEPTUKANbHAA KOOPAMHATA.
Pa3mep nofowsbl X0NMa paBeH 2a. Bxopawmii B popmynsl (1), (2) napametp & us-
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MeHseTcs B npegenax |&| < a. Benuunna m onpepensercs yepes cpefHUi YKNOH X0nMa
n=H/a kak m=n+ (n?+ 1)/2. B pacyetax BbicoTa xonMa H NpuHUMAETCs paBHOIl
0,117 m, a yron cpegHero yknoHa — 26°.

4

AT

-40H -a 0 a 40H

Puc. 1. Cxema pacyeTHoi 061acTv A5 NPenaTCTBUS B BUAE ABYMEPHOTO X0NMa

3apaun 06TeKaHWU: TPEXMEPHbIX MPENATCTBUI B BUAE nonycdepsl 1 Ky6a paccmoTpe-
Hbl Ha MPAMOYTONbHBIX 06M1ACTAX, Pa3Mepbl KOTOPbIX U MONOXEHUA NPENATCTBUIA OTHO-

CUTEeNIbHO NNIOCKOCTU BXOAa NMOKa3aHbl B Tabn. 1.
. Tabnuua 1
Pasmepbl U NONNOMEeHUA NPenaTCTBMM B eMHMLIaX BbICOTbI NPENnATCTBUA H

Ngwrarons | DRI, | TRt | Tontm | Frmor e
Xonm 13,7 80 - 40
Monycdepa 76 26,4 76 44
Kyb 2 10 7 35

[ns obecneyeHuns CXOAMMOCTM pe3ybTaToB HAa PacyYeTHOI 061acTh 3aaaeTcs Hepas-
HOMEpHas NPOCTPAHCTBEHHAA CETKA, KOTOPas CrylaeTcs B6NM3M NOBEPXHOCTU NpensT-
CTBUS W BHEWHMX rpaHuL,. Ha pucyHKe 2 npuBefeH NpuMep TaKoii rekcasipuyeckom ceTku
AN KyGUYeckoro npensTCTBUs.

0 0,75 15 225 im

Puc. 2. TpexmepHaﬂ rekcaspgpuyecKkasa pacyeTHasa CeTKa nons Ky6VI'ieCKOI'0 npenaTtcTena

3aKOH M3MeHeHUs BXOHOM CKOpPOCTH BETpPa C BbICOTOM U(y) ONA pa3HbIX NpenaT-
CTBWIA 3apaBanca no-pasHoMmy ansa obecneyeHus CPaBHUMOCTU C 3KCNEPUMEHTAJIbHbI-
MW NaHHbIMWU.
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[na nonycdepsl npodunb CKOPOCTM BETPA HA BXOAE ONpefensnca cteneHHon dyHK-
LMei, aHanornYHom ucnonb3yemon B [15]:

n
i=[¥j : ()
u, \H
rae n =0,135, a Uy COOTBETCTBYET CKOPOCTM BETPa Ha BbICOTe npenaTcTausa H.

[ins nByxMepHOro xonMa, cnepys pekomeHpaunam pabotsl [20], ncnonb3osaH nora-
pudmMmuyecknin npoduab CKOPOCTH, KOTOPbIA GNU30K K 0OHAPYKMBAEMOMY NPU IKCIEPH-
MEeHTax B a3pOMHAMUYECKUX TPyOax:

u(y)="L]n| LYo |, (4)
K o
rae u” — CKOpOCTb TPEHUS; Yo — BbICOTA WEPOX0OBATOCTM B M; K — nocTosHHas KapmaHa,
3HayeHMe KOTOpOil NpMHUManock paBHbiM 0,41. Mpu 3TOM 3HauYeHMe CKOpPOCTH cBOGOS-
Horo notoka Up =4 M/C [OCTMranocb Ha BepxHeil NJIOCKOCTU pacyeTHon obnacTu.

[ins pacyetoB 06TeKaHUs Kyba CKOPOCTb BETPA HA BXOAE MPUHUMANACh NOCTOAHHOW

c BbicoTo, T.€. u(y) = Uy, rae Up=0,6 m/c.

PE3YJIbTATbl U OBCYAEHMUE

DaKTUYeCKUMM pe3yabTaTaMu paboTbl ABUAUCH PAacyeThl BEMYMHBI CKOPOCTM U Ha-
npaBieHus BeTpa B6NM3M NPenaTCTBUN Pa3nMyHON GOpPMbl B CPABHEHWUM C IKCNEPUMEH-
TaNbHbIMU IAHHLIMW B a3pofiMHamMmnyeckux Tpybax [13 — 15]. Ha pucyHkax 3 — 5 B kaye-
CTBE UANIOCTPALUM NpUBeLEHbl BEpTUKANbHbIE NpodnanN NPOAOAbHOrO (BLONbL OCH X)
KOMMOHEHTA CKOPOCTM NOTOKA nepef npenATcTBMEM, HAJ M 338 HAUM Ha OCU CUMMETpUK
npenatcTBus (y = 0) ANA X-KOOPAMHAT, yKa3aHHbIX B Tabn. 2. PacyéTHas cCKOpoCTb Ha
onpeaeneHHoit BbicoTe u(y) NpuBefeHa K BeIWYMHE CKOPOCTM BXOJHOro notoka Uo.

Hayano ocu x coBnagaeT € LLeHTPOM NpenATCTBUA.
. Tabnuua 2
KoopauHaTtbl onpepeneHua npodpunen CKOPOCTU NOTOKA
nepep, Haj U 3a NPeNATCTBUEM B €AUHHULIAX BbICOTbI npensaTcTBua H

MNpenatcTeue Mepen Hap 3a
Xonm -0,5 0 05
Monycdepa =117 0 117
Ky6 -15 0 15

MNepen npenAaTcTBMEM Ha PACCTOAHUAX OT HEr0 NOPAAKA BbICOTHI CAMOr0 NPEenATCTBUA
MCKaXKeHWe NOTOKa He3HauuTenbHo (puc. 3). OTKNOHeHMe NpuUBeLEHHON CKOPOCTU OT eAu-
HULbl CBA3AHO C BIMAHUEM BEPXHEN U HUKHEN TpaHuLL pacyeTHoi obnactu. [ins kyba rpa-
HUYHbIE YCNIOBUA HAa 06enx NIOCKOCTAX 3aal0T HYNEBYK CKOPOCTb (YCIIOBUE KCTEHAY).
Mpu 3TOM BbICOTA pacCcMaTpPUBAEMOi 061aCTH TONBKO B iBA pa3a NpeBbILAET BbICOTY Npe-
nATcTBMA. [InA Hero, Tem He MeHee, TOPMOXKEHMe NOTOKA B 30He y < H 3ameTHO — pac-
npefeneHne paccuUTaHHbIX U U3MEPEHHBIX CKOPOCTE aCMMMETPUYHO OTHOCUTENLHO Ce-
peauHbl y = H. MNpu pacyetax 06TeKaHWA XonMa u nonychepbl Ha BEpXHeN rpaHuLie 3aaaHsi
YCNOBUS CUMMETPUH, B CUITY YEro TOpMOXKeHMe Ha Hell oTcyTcTByeT. [ina nonycdepsl pacye-
Tbl M IKCMEPUMEHTBI Y CaMoit 3eMnu 06HApYXMBaloT cnaboe obpatHoe TeyeHue u(y) < O,
BbI3BAHHOE 3aBUXPEHNEM B HUKHEN YaCTV NPEnATCTBMUA. B Llenom coBnageHmne pacyeTHbIX U
3KCNepUMeHTaNbHbIX AAHHBIX MOXHO CYMTATb BMOHE YAOBAETBOPUTENbHBIM.

Mpotunan NpoAoAbHOro KOMNOHEHTA CKOPOCTM BETPA, NOJTyYeHHbIE HEMOCPeCTBEHHO Hag,
LLeHTPOM NPenATCTBUS, NPUBEAEHbI HA pUC. 4. OHM TaKXKe LEMOHCTPUPYIOT XOpoLuee corna-
CWe pacyeToB U 3KCnepumeHTOB. Kpome Toro, Ha BepxHeil rpaHu HauMmeHee 06TEKAeMOoro
npenaTcTeusa (Kyba) U pacyeTsbl, M IKCNEPUMEHTbI NOKA3bIBAIOT 3HAYUTENBHYIO 30HY 3aBMX-
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peHuii M 06paTHOro TeyeHus. Bhilwe e 3Toi 30HbI HAGTIO[AETCSA YCKOPEHHOE TeYeHMe.
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Puc. 3. BepTukanbHble Npoduau NpofoabHOrO KOMNOHEHTA CKOPOCTU NOTOKA Nepefj NpenATCTBUAMU: CIOWHAN ANHUSA
— pacyeT; poMGUKM — 3KCNepuUMeHTanbHble faHHble [13 — 15]
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Puc. 4. BepTukanbHble npoduan npofonsHOro KOMMNOHEHTA CKOPOCTU MOTOKA Haf MPEnsATCTBUAMU: CMIOWHAN NUHUSA —
pacyeT; poMOUKM — 3KCNepUMeHTaNbHbIe faHHble [13 — 15]

PacnpepneneHue ckopocTeil 3a NpenaTcTBUEM U, 0COOEHHO, B €ro a3poAnHaAMUYECKOil
TeHU (pUC. 5) XapaKTepu3yeTcs 3aMedNeHUeM U 3aKpyYMBaHWEM NOTOKA B 0OPATHOM Ha-
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nNpaBieHUn — TeM BONbLIMM, YEM MeHee 06TeKaeMbiM OKasbiBaeTcs npenstcrene. Hanbo-
nee CUNbHO faHHbI 3 deKT nposenseTcs ans ky6a. B uenom B 30He 06paTHOro NoToka
MOJeNMpOoBaHMe AAEeT 3aBblleHNe CKOPOCTH N0 CPABHEHMIO C IKCNepuMeHTOM. Makcu-
MajibHble Pa3ninymns B abCOMIOTHBIX BENMYMHAX CKOPOCTU HABIOAAIOTCS B 30HE HAUOBONb-
Wwei TypOYNEHTHOCTM Cpa3y 3a NPensTCTBUEM HEMOCPEACTBEHHO Y NOBEPXHOCTU 3EMAN.
Takas nepeoLeHKa, CKopee BCero, 0bycnoBneHa gonyleHnem 06 30TpONHOI BA3KOCTH
B YMCNOBOI MOLENN, KOTOPOE He ABAAETCS TOUYHbLIM, 0COGEHHO BOAN3M 3eMHOII NOBEpX-
HOCTH, Ti€ UHTEHCUBHOCTb TYPOYIEHTHOCTU 3HAYUTENIbHO U3MEHSETCS B MPOCTPAHCTBE.
K coxaneHuio, UCnonb3oBaHHbIE HAMKU UCTOYHUKM [13 — 15] He copepaT CBefeHMil 0
HeonpeeneHHOCTAX IKCNePUMEHTANIbHbIX LAHHbIX.
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Puc. 5. BeptukanbHbele npothuny npofonsLHOro KOMNOHEHTa CKOPOCTU NOTOKA 33 NPensTCTBUSMU: CNNOWHAS NNHUA —
pacyeT; poMOUKM — SKCNepUMeHTaNbHbIe faHHble [13 — 15]

xIH
Puc .6. Mone ckopocTeit noToka npu o6TeKaHUU KyGUYECKOro npensaTCTBus
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KauectBeHHble 0COOEHHOCTH 0OTEKAHMA NOTOKOM KYOUYECKOro NPensTCTBUA XOPOLLO
BUAHbI HA pUC. 6, rhe NpuBefeHO pacnpefeneHnemM BEKTOPOB CKOPOCTU NoToKa. BepTu-
KaNbHble TMHUK Ha 3TOM PUCYHKE COOTBETCTBYIOT X-KOOPAMHATAM, B KOTOPbIX PAaCCUUThI-
BaNUCb NPOGUIN CKOPOCTH ANs Kyba, NoKasaHHble Ha puc. 3 — 5.

Ky6, uMmutupyowmii 3aanus u coopyxeHus camoit A3C, aBnsetca Hanbonee CIOXKHbIM
Ans 06TeKaHus npenaTcTBMeM. MpOTAXKEHHOCTb 30HbI TYPOYNEHTHOCTU C NOJBETPEHHOIA
CTOPOHbI (CM. puC. 6) ABNAETCA MAKCUMANbHOM NO CPABHEHMIO C XOJIMOM U MONYyLWapK-
eM. B otanumne ot nocnepgHux, ans Kyba xapakTepHo Take 06pa3oBaHue TypOyIeHTHOIA
30HbI C OTPbIBAHMEM NOTOKA HAJ, BEPXHEN MIOCKOCTbIO KPbILLW, @ TaKXKe BAOb BEPTUKANb-
HbIX OOKOBBIX MIOCKOCTe, rae 06pa3yeTcs napa BCTPEUYHO BPaLLaloLXCA BUXPEN B r0-
pu3oHTanbHOM nnockocTu. OTPbIB NOTOKA HAYMHAETCA Nepef CTPOEHMEM W Janee pa3Bu-
BaeTCs C ero poHTOBOI BEPXHel rpaHn 1 Ha BOKOBbLIX CTEHKaxX. B cuny 3Tux ocobeH-
HOCTel JaHHasA 3ajaya NpeacTaBAseT 0CoObIi MHTepeC AN TECTUPOBAHUA COBPEMEHHbIX
PaCUeTHbIX aITOPUTMOB BbIYUCIAUTENLHON TMAPOLUHAMUKMA.

BbIBOAbI

CpaBHeHMe pe3ynbTaToB MOAEINPOBAHUA 00TEKAHMA BETPOM TUNMYHbLIX HEOAHOPOA-
HoCcTel penbeda C NPAMbIMU IKCNEPUMEHTAMMU B a3POAMHAMUYECKUX TpyOax no3BonseT
3aK/04UTb, YTO Mogenn Ha ocHoBe RANS-ypaBHeHM, HECMOTPSA HA YMEPEHHbIE BblYKC-
nWTeNbHble 3aTpaThl, 0T B LieIOM YA0BAETBOPUTENIbHOE COBNAAEHME C IKCMEPUMEHTOM.
NcknioyeHnem ABNAIOTCA NOKaNbHble 061aCTU CUABHOW TYPOYNEHTHOCTU B @3pOAMHAMM-
YeCKOW TEHW NPENATCTBUA BOIM3N NOBEPXHOCTU 3€MU, A TAKKE HEMOCPEACTBEHHO Hap,
FOPMU30HTANbHBIMU KpbILWAMK 30aHUNA.

MpvBeseHHOe cpaBHeHWe AaeT OCHOBAHWe CYMTaTb, YTO MOAENMPOBaHME pacnpocT-
paHeHus ra3oaspo3osbHbix BbI6pocos AIC B yC0BUAX HEOLHOPOAHOIO penbeda u Ha-
ANYnA 30aHNNA M coopyXKeHuin Ha ocHoBe RANS-ypaBHeHunin cpegcTBamu naketa ANSYS
FLUENT cnoco6Ho aaBaTb afeKBaTHble pe3ynbTaThl 4S8 pacyeTa A030BbIX HArpy3oK nep-
COHana v NOKajbHO NPOXMBAKLEr0 HACeNEHNS.
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USING COMPUTATIONAL FLUID DYNAMICS TOOLS
TO CALCULATE THE DIFFUSION OF GAS AND AEROSOL
EMISSIONS IN CONDITIONS OF A COMPLEX TERRAIN

Mehdi M., Panin M.P.
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31 Kashirskoe Hwy, 115409 Moscow, Russia

ABSTRACT

ANSYS FLUENT tools were used as part of a standard turbulence (k-¢€)-model to
simulate the air flow around a number of typical obstructions (a 3D cube, a 3D
hemisphere, and a 2D hill) which form a potential terrain in the NPP emission spread
area and roughly correspond to the geometry of the buildings and structures within
this area. For reproducibility, a non-uniform spatial grid is plotted in the
computational region which condenses near the obstruction surface and the outer
boundaries. The dimensions and the positions of the obstructions were chosen such
that to ensure their best possible coincidence with the conditions of the published
experiments. The result of modeling the velocity and direction of the air flow as the
whole shows a good agreement with the data from the wind tunnel experiments in
the areas in front of and over the obstruction, as well as in its aerodynamic shadow.
Typical accelerated flow, vortex, and reverse flow areas are reproduced reliably. There
are variances observed only in the local heavy turbulence regions in the obstruction’s
aerodynamic shadow near the ground surface. All this indicates that it is possible to
model in full scale the spread of the NPP emissions taking into account the features
of the plant site terrain and the major onsite structures to determine more accurately
the personnel and public exposure dose.

Key words: NPP gas and aerosol emissions, turbulent diffusion modeling, ANSYS
FLUENT.

REFERENCES
1. Safety Series No. 50-SG-S3. IAEA Safety Guides. Vienna. IAEA, 1980.
2. Leeloossy A.,Lagzil., Kovacs A., MeszarosR., Areview of numerical models to predict
the atmospheric dispersion of radionuclides. Journal of Environmental Radioactivity.
2018,1n0.182,pp.20-33.
3.Yoshihide T., Akashi M., Ryuichiro Y., Hiroto K., Tsuyoshi N., Masaru Yoshikawa T.
AIJ guidelines for practical applications of CFD to pedestrian wind environment
around buildings. Journal of Wind Engineering and Industrial Aerodynamics. 2008,
no.96,pp.1749-1761.
4. Gorle C., Beeck J.V., Rambaud P., Tendeloo G.V. CFD modelling of small particle
dispersion: Theinfluence of the turbulence kinetic energyin the atmosphericboundary
layer. Atmospheric Environment. 2009, no. 43,pp.673-681.
5.AiZ.T.,Mak C.M. CFD simulation of flow and dispersion around an isolated building:
Effect ofinhomogeneous ABL and near-wall treatment. Atmospheric Environment. 2013,
no.77,pp.568-578.
6. Stupin A.B., Overko V.S. Influence of the form of a relief on distributions of
emissions in an atmosphere. DonNTU, 2006. Available at: http://ea.donntu.org/
handle/123456789/6268 (accessed Jul 04,2020) (in Russian).

7. ANSYS Fluent Theory Guide, ANSYS Inc., 275 Technology Drive Canonsburg, PA 15317,
November2013.

8.YuY., Kwok K.C.S., Liu X.P., Zhang Y. Air pollutant dispersion around high-rise

104



M3sectmnma eyszos * AgepHaa sHepreTuka * Nedes 2020

buildings under different angles of wind incidence. Journal of Wind Engineering and
Industrial Aerodynamics. 2017,n0.167,pp51-61.

9.ZhengingL.,ShuyangC.,Heping L., TakeshiI. Large-Eddy Simulations of the Flow over
anlIsolated Three-Dimensional Hill. Boundary-Layer Meteorology. 2019, no. 170(3), pp.
415-441,

10. Takeshil., KazukiH., Susumu 0. A wind tunnel study of turbulent flow over a three-
dimensional steep hill. Journal of Wind Engineering and Industrial Aerodynamics. 1999,
no. 83, pp. 95-107.

11. Ferreira A.D., Silva M.C.G., Viegas D.X., Lopes A.M.G. Wind tunnel simulation of the
flow around two dimensional hills. Journal of Wind Engineering and Industrial
Aerodynamics. 1991, no. 38, pp. 109-122.

12.KimH.G.,Lee C.M.,Lim H.C.,Kyong N.H. An experimental and numerical study on the
flow over two dimensional hills. Journal of Wind Engineering and Industrial
Aerodynamics. 1997,no. 66, pp. 7-33.

13. Trombetti F., Martano P., Tampieri F. Data Sets for Studies of Flow and Dispersion in
Complex Terrain: The «kRUSHIL» Wind Tunnel Experiment (Flow Data). Technical Report
No. 4, FISBAT-RT-1991/1.

14, MartinuzziR., Tropea C. The flow around surface-mounted, prismatic obstaclesina
fully developed channel flow. Journal of Fluids Engineering. 1993,no. 115, pp.85-92.

15. Tavakol M.M., Yaghoubi M., Masoudi Motlagh M. Air flow aerodynamic on a
wall-mounted hemisphere for various turbulent boundary layers. Experimental
Thermal and Fluid Science. 2010, no. 34, pp. 538-553.

16.JureticF.,Hrvoje H., Computational modeling of the neutrally stratified atmospheric
boundary layer flow using the standard k-¢ turbulence model. Journal of Wind
Engineering and Industrial Aerodynamics. 2013, no. 115, pp. 112-120.

17. Richards P.J., Norris S.E. Appropriate boundary conditions for computational wind
engineering models revisited. Journal of Wind Engineering and Industrial
Aerodynamics.2011,n0. 99, pp. 257-266.

18.XingJ.,LiuZ.Y.,HuangP.,Feng C.G.,ZhouY.,Zhang, D.P.,Wang F. Experimental and
numerical study of the dispersion of carbon dioxide plume. Journal of Hazardous
Materials. 2013, n0. 256, pp. 40-48.

19. Kisha M., Jelemensky L. CFD Dispersion Modelling for Emergency Preparedness.
Journal of Loss Prevention in the Process Industries. 2009, no. 22 (1), pp. 97-104.

20.RichardsP.J.,HoxeyR. P. Appropriate boundary conditions for computational wind
engineering models using the k-e¢ model. Journal of Wind Engineering and Industrial
Aerodynamics.1993,no. 46, pp. 145-153.

Authors

Panin Mikhail Petrovich, Associate Professor, Cand. Sci. (Phys.-Math.)

E-mail: mppanin@mephi.ru

Mehdi Menaouer, PHD student

E-mail: mehdiyahial@hotmail.fr

105



