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N CNOB30BAHUE MAKETA FLOWVISION JIJII MOJAEJAPOBAHUSA PABOTHI YTUJIM3AIIMOHHOTO CTEHIA

HpaKTl/IKa yruiausauuu TBEPAOTOIIMBHBIX )lBMFaTeHCﬁ PaKeT, CHATBIX IO Pa3HbIM IMpHYXMHaAM C 60eBOF0
JeKypcTBa, TpeOyeT CO3[JaHusi COBPEMEHHBIX METOJMK ee MpoBeleHus. Ha atane yTwimszanuu HEoOXOAMMO
MCIOJIb30BaHUE CIELHUAIBLHOTO CTEH/AA, KOTOPbIN MO3BOJIUT YMEHBIIUTH TEMIIEPATYPy NPOAYKTOB CTOpaHUsl U CHU3UTD
KOJINYECTBO BEIOpOCOB B atMmocdepy. [1o3ToMy OZHMM M3 OCHOBHBIX 3JEMEHTOB yrwim3anuoHHoro creHna (YC)
SIBIISICTCS Ta30KUAKOCTHBIH MkekTop ([DKD). K mocTomHCcTBaM )KEKTOPOB MOXKHO OTHECTH MPOCTOTY KOHCTPYKIIHH,
KOMITAKTHOCTb, HE3HAYUTEIbHBII H3HOC, BO3MOXXHOCTH PabOTHI C 3aCOPEHHBIMH M arpecCUBHBIMHU cpemaMu. llpu
npoekTrpoBaHud [KD HeoOXoamMo 0OeCIedYnTh, BO-TIEPBBIX, CHIDKEHHE TEMIIEPATypHl NMPOAYKTOB CTOPAHHS 0
JOMyCTAMBIX 3HAYEHUI TEMIIEpaTypsl CTEHOK CTEH/Ja, a BO-BTOPBIX, WCKIIOYNTH BO3HUKHOBEHHE PEKUMOB
«3aHPaHUsD» IKEKTOPa, COMPOBOMKAAIOUINXCS OMACHBIM YBEIMYCHHEM [aBICHHS B CBOOOJHOM O0BEMe CTEHAA.
YcnoBHast cxema 3akpsiToro crenaa i yrwmsanun PATT npuBenena va puc. 1.

Puc. 1. PacuerHas cxema ra3zouIKOCTHOTO KEKTOpa

VYrunmm3anmonHslil cteHn, paspadortanneii HITK-2 OT'VIT «HUUIIM», cocTouT u3 8 CeKIuil MepeMEHHOTO
CEYeHMsI, ra30X0jia U cenaparopa. B yTUiIn3alMOHHOM CTEHJE OCYUIECTBISIIOTCS BCE MPOLIECCHL: OT MpPUEMa MPOJYKTOB
CropaHus 10 WX HEHUTpalu3alld, OCCJaHHs OKHCIOB METAJUIOB (TBEPIBIX COCAWHEHHI), cOopa B cemaparope
0oTpabOTaHHOTO HEWUTpaIM3aTopa, IMPOAYKTOB CrOpaHUs, HE BCTYNHBIIMX B PEaKIHIO, M YaCTHYHOTO BEIOpOca
MaporazoBoi cMecu B aTMocdepy.

I'aGapurhble pasmeps! creHga 100x36x27 M. ITo OKpy)XHOCTH M IEpUMETPY KaHala ra30xo/a PacHo0KEHbI
OTBEPCTHS MOJAaYd BOABL. [IpHHIMI AEHCTBHS KEKTOpa MOKa3aH Ha pUC. 2: NaBJICHHE ra30BOTO MOTOKA — BO3IyXa —
YBEJIMYUBAETCS O] AEUCTBUEM CTPYH APYroro 0ojiee BBICOKOHATIOPHOTO MOTOKA — CTPYH MPOAyKTOB cropanust PIITT.
IIpu sTOoM Ui Gojiee aKTHBHOTO OXJIQKACHHS IPOAYKTOB CrOPaHUsl M [AbHEWIIEro KOHACHCHPOBAHWS Mapa U
OCaXKJICHUSI TBEPABIX YaCTHIl Ha JHE ceraparopa B kamepy »KeKTopa nojaaercs Boaa (depes3 GopcyHkH).
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Puc. 2. YHpOH.IeHHaH CXeMa ra3oXuIKOCTHOI'O 2KEKTOpa

Otnanka paboThl BHOBb CO37aBaEMbIX M MOJEPHU3AIMS CYIIECTBYIOIMX KOHCTPYKIKK Y C TpeOyeT npoBeaeHus
NpeBapuUTENbHBIX HcchenoBaHuid. Haubosee mocToBepHBIE pE3yJbTaThl MOTYT OBITh IOJYYEHBI B pPeE3yJbTare
MMPOBCACHUA HATYPHBIX OKCIICPUMEHTOB. OZ[HaKO HU3rOTOBJICHUEC U MO}II/I(I)I/IKaIlI/Il/I HaTypHOﬁ KOHCTPYKLHHU ABJIAIOTCA
Ype3BBIYAHO JIOPOTOCTOSIIMH, @ WCIIBITAHMSI CBSI3aHBI C IPOBEAEHHEM OIacHBIX pabot. [losToMy HamMm NPHHATO
peleHre o MPOBEICHUH BBIYMCIUTENILHOTO SKCIIEPUMEHTa 0 JaHHOH npobiieme.

Jiist pOBE/ICHUSI BBIYHUCIIUTEIBHOTO SKCIIEPUMEHTA UCIIOIb30BAINCH COBPEMEHHbBIC POrPAMMHbBIE KOMILIEKCHI,
npeiHa3HAYCHHbBIC ISl PEIICHHs 3324 MEXAHUKH KHUIKOCTH U ra3a. BhIYUCIUTENBHBIA SKCIICPUMEHT peai30BaH B
PernonamsHOM 1meHTpe TexHmdyeckod kommereHImm «AMD-III'TY» ©Ha 64-pa3psmHoM, 4-TIporieccoOpHOM
(OPTERONS48) ceprepe B omeparmonHoi cucreme Windows 2003 Server u 10-mpomeccopHoM Kiiactepe Ha Oase
nporieccopos Athlon64 (puc. 3).



Ne HanmvenoBanune obopynoBaHus
n/n

1. | 4-x mpoueccopuslit cepep K-Systems Patriot 740
Q22180/02x073N L02 DVD WF M100 AMD Opteron 848
816 O3y

2. | Knacrep u3 nsitu padounx cranuuii K-Systems Irbis Ca
63051/80A DVD FX5700 LAN (SiS755) WXP M18 AMD
Athlon 3000+ 512 M6 O3Y

Puc. 3. Kommerotepaoe obecrieuenue Lieatpa « AMD-TIT'TY»

HeobxoaumocTs nprMeHeHUs nakeTa NpukiagHoi nporpammsl FlowVision cBsi3aHa co CI0XKHOCTBIO TIOCTaHOBKH
JAHHOM ra30JMHAMHUYECKOH 3aa4u.

Hcnonp3oBanue mporpaMMHOTO KoMmIiulekca FlowVision mo3Bommino mpoBeCcTH TEpBBIA ATalm  pacdera:
JUHAMHUYECKUI aHaIn3 Mpolecca M MOCTPOCHUE KUHOTPAMMbl U3MEHEHHMS Ia30AMHAMUYECKUX MapaMeTpoB B KaHaie
KD 0e3 ruapoarHaMU4ecKOl cocTaBlsoIIei mpoiecca (6e3 yueTa noaadn Bojbl yepe3 popcyHku). Pa3Butre nakera,
no uH(pOpManMu Pa3padOTYMKOB, WAET B HANpPABICHWH y4eTa THUAPOJMHAMHUKH. 3ajada pelraercs B TPEXMEpHOH
MOCTaHOBKE, B pPaMKax MOJIENIM «IOJHOCTBIO CKMMaeMas >KHIKOCTh». MareMaTHdeckass MOJEIb BKIIOYaeT B cels
ypaBHenust HaBpe—CToKca, iepeHoca TypOyJIeHTHOH SHEPIUH AUCCHUINIALMU U dHepruu. KolmuecTBo siueek cocTaBisieT
6ouiee 120 000. [ToxydeHbl KHHOPAaMMbI U3MEHEHHSI TEMIIEPATYPHI U BEKTOPOB CKOPOCTH MTOTOKA.

Ha puc. 4 mpexacTtaBieHo BEKTOPHOE paclpelielieHHe CKOpOCTU IOTOKa B rasoxoie crenga. Ha puc. 5
IPE/ICTABICHO PACIPE/ICICHHE TEMIICPATYPBI IOTOKA B Ia30X0/E CTCH/A.

Puc. 4. Pacnpe)leneHI/Ie CKOPOCTH IIOTOKA B ra3oxoz€ CTeHAa

Puc. 5. Pacnpe)leneHI/Ie TEMIICPATYPhI IOTOKA B I'a30X04€ CTCHAA

Jlyist mpenBapuTeNnbHOTrO (B CTaTHKe) MozaeaupoBanus npouecca B [2KD npumeHsuicss mporpaMMHbIH KOMILIEKC
FLUENT. AHanu3 npejacTaBICHHOHN BBIIIE PACUETHONW CXEMbI CTEH[JA, paHee MPOBEJCHHBIX HATYPHBIX UCHBITAHUN U
ocoOeHHOCTe (PYHKIMOHMPOBAaHHWS CTEHJOBOW YCTAHOBKM NO3BONMIM  copMynupoBare (U3MUECKYI0 U
MaTeMaTUYECKyH0 MOJAEIH Mpolecca:

dusnueckass MOIEID:

— KOHCTPYKIIHS TI0JIAraeTcsi TPEXMEPHOH;

—3aJ]aya pelraeTcs B CTallMOHAPHOH ITOCTaHOBKE;

— paboyee TeJIo MpecTaBisieT co00it HaeaIbHbIH CXKUMAEMBbIil ra3;

— CTEHKH KaHaJla — ra30-THPOHETIPOHNLIaeMasi, TETIIONPOBOIHAS TIOBEPXHOCTb.

MaremaTtuueckast MOJIENb:

— YPaBHEHHE COXPAHEHUS MACCHI Z—/t) +div(pW)=0;

— YpaBHEHUE COXPAHCHUS UMITYJIbCa %(pW)+ diV(pWW)+ divP=0;



— YpaBHEHHUE COXPaHEHUS YHEPTUU 2—pE + div(pE W)—i— div(pW) =0;
t

— YpaBHEHHUE COCTOSHHS UACANBHOTO CxkmmMaeMoro raza P = p(k—1)(E - w2/ 2);

— ypaBHEHHE IepeHoca TypOyICHTHOH BA3KOCTH

0, ~. 0, ~
—(pv)+—(pvu;)=
ot Ox; '
1|0 o7 o7\’
~, OV 1%
=G, +—| = (ut pP) b+ Cpp| - | |7,
5 | Ox; Ox Ox;
YucaeHHBIM METOOM SIBIISIETCS METOZ KOHEYHBIX 3JIeMEHTOB. PacueTHas oOmacTe pa3buBaeTcss HA KOHEYHOE
yucio nogodaacteid. OHU UMEIOT OOIIME y3JI0BBIE TOUYKU M B COBOKYITHOCTH anlpOKCUMHPYIOT hopmy obnacTtu (puc.
6). Koneuno-anementHas moniens [ K3 umeer 6oiiee 180 000 anemenToB 1 okoso 39 000 y3ioB.

Puc. 6. KoneuHo-31eMEHTHAsT MOAC/Ib CTEHIA

Jis  HaxOXIEHHUS»-H@paMeTpOB Ta30BOr0 IOTOKA HEOOXOJMMO peIUTh cucteMy Aud(depeHIraIbHbIX
YpaBHEHHUI, TOIIOJTHEHHY 00XOIMMBIMI HaYaJIbHBIMH U TPaHUYHBIMU YCIOBUSMH. | paHHYHbIE YCIOBHS 3a/1al0TCs
Ha BCEX MMOBEPXHOCTSIX pacdeTHOU obmactu (puc. 7). BeicokoHANIOpHAS CTPYS MPOXYKTOB CTOpPaHUS /, BRITCKAIOMIAS U3
PATT (3amarorcst TemrepaTrypa U MacCOBBIN CEKYHIHBIN pacxo] ra3a), noacaceiBaeT B [KD 4 Bo3ayx 2 3 aTMOoCc(eps
(temmepatypa 293 K, maBnenne 0,1 Mlla). Yepe3 dopcyHkr 3, UMEIOIIUE Pa3TUIHBIC THAMETPHI B KaXKJOW CEKIIUU
)KEKTOpa, OCYILIECTBIISICTCS MoJada BOABI (3aJarOTCSl TEMIEpaTypa M MacCOBBIH CEKyHIHBIM pacxoi BOIBI) Ul
OXJIQXKICHUSI BBICOKOTEMIICPATypHOTO MOTOKA MPOIYKTOB cropaus. [Ipomecc mepememmMBaHHs OCYLIECTBISACTCS 10
BCCH JUTMHE KaMephl, 3aTe€M Ta30KUIAKOCTHAsI CMECh Yepe3 ra3oxof J IOCTYIAeT B CemnapaTop CTeHAa (Ha BBIXOAE U3
YTHIH3AIMOHHOT'O CTEHa 00pa3yeTrcs mapora3oBast cMech, TeMmepatypa cmecu 293 K, nanenue 0,1 MIla). Martepuain

CTEHKH KaMepsl — CTalb, Temmeparypa crenku 293 K, A, =16.27 Br/mK.
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Puc. 7. IlocTaHOBKa IpaHUYHBIX YCIOBUH

B pesynbTrare 4nCI€HHOrO HCCIIEI0BaHHs MPOIEcca IKEKIUH, ONPEEIICHb] CIEAYIOINE XapaKTePUCTUKU: OIS
CKOpOCTEH, JaBJIEHH, TEMIIEpaTyp B KaHaJe ra30Xxofa CTeH/a.

CraThueckue JaBICHUS MKEKTUPYIOIIErO U MKEKTUPYEMOro Ia30B Ha BXOJAE B KaMepy CMEIIEHHs OJUHAKOBBI
(puc. 8). Ilpu cmelieHMM ra3oB M WX JBM)KCHHM BIOJb IMJIMHAPHYECKOM YacTH KaMepbl KEKTOpa CTaTHYEcKOoe
nmaBieHue mi3MeHsiercs B mpenenax ot 0,1027 MIla mo 0,1162 MIla. Takum o0pa3oMm, Mpu BBIPAaBHHBAHWUH IIOJIS
CKOPOCTEH B CMECHUTEIIBHOM KaMepe MIPOUCXOMUT BO3PACTAHUE CTATHYECKOTO JIaBJICHHS; BO BXOJHOM CEUCHHUH KaMephl
HaOMroaeTcsl pe3Koe ITOHMKEHHE CTaTWYeCKOro [NaBJICHHWsS, a 10 Mepe NPOXOXKICHHS CMEChI0 KaHaja ra3oxoja
CTaTHUYECKOE JABIICHUE BO3PACTAET.
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| Swaep Surlace: Contours of Siatic Pressura

Puc. 8. Pactipenenenue craTudeckux AaBICHUI [0 CEUCHHIO CTEHAA

ITomHoe maBnenme cmecu Toxke u3aMeHsercs ot 0,1734 MIla mo 0,1161 MIla (puc. 9). BOmu3u BXOIHBIX
MTYyHepoB (TaMm, TAE CTPysS BOABI CTAJIKHBAaeTCS C IIOTOKOM TIPOAYKTOB CrOpaHWs) HAOMIOAIOTCSA O00JacTH
MIOBBIIICHHOTO TIOJIHOTO JAaBJICHUSL.

Sy Burtace: Contouss of Tetal Prassurm Seeay Surtaca: Comours of Total Prassurs

Puc. 9. Pacnipenenenuie noaHbIX JaBICHUHN 110 CEUSHHUIO CTEHAA

3unayenne temmepatypsl (puc. 10) m3mensercs ot 293 K (Temmeparypa mogadn BOABI U 3KEKTHPYEMOTO Tra3a —
Bo3ayxa) 1o 2200 K (TemmnepaTypa ncTedeHus IPOAYKTOB CTOPAHUS B KaHAJ ra30X0/1a CTEHAA). 3a CYeT MoJa4y BOJIBI U
)KEKTHPYEMOT'0 IOTOKAa BBICOKOTEMIIEPATYPHBIN INOTOK IPOIYKTOB CrOPaHMS OTKHUMAETCA OT CTEHOK ra3oxoja u
TepsieT SHEepruio. 3HaYCHUE TEMIIePaTyphl 3HAYMTENILHO YMEHBIIACTCS U B MECTE BXoja B ynHUTKy jaocrturaer 440 K.
Temneparypa Ha Bbixone u3 crenaa coctaBmia 293 K. [lomada Boxbl M 9)KEKTHPYEMOro MHOTOKa (BO3IyX) TaKke
MIpe0TBpaIaeT eperpeB CTEHOK KaHalla ra30Xxo/a. TeMIieparypa CTeHOK OCTaeTcsl B IpeJiesiax JIOMyCTHMBIX 3HAUEHUH
TemnepaTypsl creHok — 293-311 K.

S rtaca Corte of st Tompunns || Bty Rt Cormurs o Bt Tompueion

Puc. 10. Pacipenenenue moss reMnepaTyp o CE4eHHIO CTEHAa

XapakTep CMEIICHUs MOTOKOB B OCHOBHOM YYacTKE Ia30XoJlla CTeHAA ONpelelisieT CKOPOCTh Ta30KUAKOCTHOU
cMecH. B mmpokoM jauanasoHe HavalbHBIX [ApaMeTpoOB I'a30B OHA OCTAaeTCs MEHbBIIE CKOPOCTH 3ByKa (puc.ll).
CkopocTh OAa4M MpOAYKTOB cropanus pasHa 508 m/c. [To Mepe ynaneHust OT BXOZHOTO CEYEHHs Ta30X0a CKOPOCTh
noroka ymenbiiaercs 10 80 m/c. C yBeJIMYSHUEM PACCTOSIHUSI OT BXOJIHOTO CEUEHHsI CKOPOCTh IMOTOKA CHIKaeTcs 10 50
m/c. Ha BBIXOJIE u3 YTUIIM3aLHOHHOTO CTeHIa CKOPOCTb nagaer 10
6 m/c.

s Burlace Contours of Vascesty bagnause || B Birtace: Comtaurs of Vatccsy Uagasuse

Puc. 11. Pacpenenenue ckopocTeld 0 CEYEHUIO CTCHIA

BBuny Hanuuus MONEPEYHBIX M ITYJIbCAIMOHHBIX KOMIIOHEHTOB CKOPOCTH, CBOMCTBEHHBIX TypOyJIEHTHOMY
JIBIDKEHUIO, TIOTOKH BHEAPSIFOTCS JIPYT B Jpyra, 00pa3ys IMOCTENEHHO YIIUPSIOIIYIOCs 30Hy CMEIICHHS — TOTPaHHYHBINA
cioil cTpyn. BHe mOrpaHMYHOrO ClOoS B Ha4yalbHOM YYacTKE Tra30XoJa HMEIOTCS HEBO3MYIIEHHBIC MOTOKH
PKEKTUPYEMOTO U KEKTHPYIOLIEro IMOTOKOB. HO NMpH CTONKHOBEHHH IOTOKOB Ta30B CO CTPYSMH BOJIBI, KOTOpBIC
MOAAIOTCS B EPIICHANKYIIAPHOM K OTOKaM IPOIAYKTOB CrOpPaHHs HAIPaBICHUH, IPOUCXOMUT TYpOYJIU3aLus TCUCHUS
¢ oOpa3zoBaHHEM BUXpEH B MecTaX IepecedeHns MOTOKOB (puc. 12).



Sweap Surface: Velocity Vectors Colored By Valocity Maanituds

Puc. 12. Pacnipenienienre BeKTopa CKOPOCTH MO CEYEHHIO CTEHIa

BeraucnuTensHOoe MOAENHPOBAaHHE MPOLECCOB B KaHale razoxona crenja ansd yrwnmsanuu PIATT mokasano
Ka4eCTBEHHOE COBIAJCHHE IMOIYYEHHBIX PE3yJbTaTOB C JAHHBIMH HATypHOrO dKcrepuMmeHTa. IlomydeHbl 3HaueHUs
MAaCCOBBIX CEKyHIHBIX PacX0J0B, MAaCCOBOE COOTHOLIEHHE BOJBI U ra3a B razoxoie crenia. IIporpaMMHBIN KOMILIEKC
MO3BOJSAET BBIBOJUTH B KAaueCTBE pE3YyIbTATOB: IIOJNA 4YHMced Maxa, IUIOTHOCTH, JABIEHHH, TEMIIEpPAaTyp U
XapaKTEePUCTUKU CBOMCTB pabodero rena.

Takum 00pa3oM, INpeJCTaBICHHbIE PE3yJIbTaThl W HAapaOOTaHHAs METOJAWKA NPOBEACHHS BBIYHCIMTEIBLHOTO
SKCIIEPUMEHTA JAIOT BO3MOXKHOCTb IIOBBICUTH TOYHOCTb IIPOIHO3MPOBAHMS IIpPOLECCa MKEKLUM, pacyeTra IoJeH
TeMIepaTyp M JaBJICHMH B Tra30xoJe, MCCIEIOBaTh 00JacTH TOBBIIICHHBIX 3HA4YEHHUI CKOpOCTeH IOTOKa U
BO3MOXKHOCTb BOSHUKHOBEHUS PEKUMOB 3aIIMPaHUS I'a30X01a CTCHA.



