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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-1 CnocoGeH k Hay4HO-HCCIEA0BATEIbCKON NIEATEILHOCTH B c(hepe IHEPreTHIECKOTO
MalIUHOCTPOCHUS
W/JI-1 BeinonHseT TeopeTHYeckie U SKCIIepUMEHTaIbHbIE NCCIIEOBAHMS POLIECCOB,
MPOUCXOAIINX B 00BEKTaX MPO(HECCHOHATLHOU I TEIILHOCTH

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

dopma peanuzanuu: 3anura 3a1aHus
1. JlTabopaTopHas pabota 1. MoenupoBaHie CMEIIMBaHUs TEIJIOHOCUTENEH B TPOMHUKE
(JTaboparopnas pabota)
2. JJaboparopHas pabota 2. MoaenupoBaHie OTPHIBHBIX TeUeHUH B U dy3ope
(JTaboparopnas pabota)
3. JTabopatopHas padora 3. O6paboTKa 1 aHAIH3 PE3yIHbTATOB YHCICHHOTO MOJICTUPOBAHUS B
nporpamme CFD Post (JTaGopaTopHnas padota)
4. JIaboparopHas padota 4. MoaenupoBaHue TeueHus: B TypOuHHOI ctynenu (JlabopaTopHas
pabora)
5. JlabopaTtopHas pabota 5. MoaenupoBanue Te€UeHHUs B COIIJIOBOM PEIIETKE OCEBOM TYPOUHBI
(JIaGopaTopHnas pabora)

Popma peanuzamu: KommnerorepHoe 3aganue
1. Kontponbhas pabota. Pacuet Teuenus B npymepHoit nocranoBke (KontponsHas paborta)

dopma peanusanmu: [TuceMeHHas padota
1. Tect «MeTobI YUCIEHHOTO MOJICITUPOBAHHS B MH)KEHEPHBIX 3anauax» (TectupoBaHue)

BPC aucuunjainubl

2 cemectp
Beca kOHTpOJIBHBIX MeponpUsITHiL, Y0
Pasnen qucuuImInHb Mazexe KM- | KM- | KM- | KM- | KM- | KM- | KM-
Jel en M- 1 ) A A . : >

Cpox KM: 3 4 6 8 12 14 16

YuciaeHHoe MOACIINPOBAHUC (I)I/I3I/I‘-IGCKI/IX
MMpoNnCcCCOB B MHXKCHECPHBIX 3aadax

YuciaeHHoe MOACIINPOBAHUC (I)I/I3I/I‘-IGCKI/IX
MMpoNnCcCCOB B MHXKCHCPHBIX 3aadax

BrruucnurenbHas ruiporazoMHaMHKa.
OCHOBHBIE IOHSTHS U ONPEJCICHHUS.

BrerancnurensHas Tuapora3oanHaMHKa.
OCHOBHBIC IIOHATUS U ONPCACIICHUS.




MopaenupoBaHue BA3KHX )KUJIKOCTEH. Moaenun
TypOYJIECHTHOCTH

MopaenupoBaHue BA3KHX KUJIKOCTEH. Moaenu
TypOYJIECHTHOCTH

[Toct — 06paboTka pe3ynbTaToOB pacyera

[Toct — 06paboTka pe3ynbTaToOB pacyera

YucneHHOe MOJIETUPOBAaHNE
HECTAllMOHAPHBIX ra30JMHAMUYECKUX
SIBJICHUI B CTYTICHU OCEBOM TypOUHBI

YucneHHoe MOIeTUPOBaHUE
HECTAllMOHAPHBIX T'a30IMHAMUYECKUX
SIBJICHHH B CTYIIEHU OCEBOMN TypOMHBI

YuciieHHOE MOJICTTUPOBAHUE TPEXMEPHOTO
TEYCHUS B COTIOBOM pEIIeTKe TYPOUHBI

YuciieHHOE MOJICITUPOBAHUE TPEXMEPHOTO
TEYCHUS B COIIOBOM pEIIeTKE TYPOUHBI

Bec KM:

15

10

10

20

20

20

$O6m1as gacts/[1s1 MPOMEKYTOUHON arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETCHITHH pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE

[1K-1 N-1nk1 Boinonusier | 3Hath: JlaGoparopHas pabota 1. MonenupoBaHue CMEIIMBAaHUS TEIUIOHOCUTENEH B
TEOPETUYECKHE U | OCHOBHBIE dTaIlbl Tpoitnuke (JlabopaTopHas pabora)
JKCIIEPUMEHTAJIbHbIE HACTPONKHU, IPOBEICHUS Tect «MeToabl YUCIEHHOTO MOACITHUPOBAHHS B MH)KEHEPHBIX 3a/1a4ax»
UCCJICIOBAHMSI  TIPOIIECCOB, | YUCICHHOTO (TectupoBanue)
IPOUCXOIAMNX B OOBEKTaxX | razoJnHamMHueckoro pacyera | Jlaboparopnas pabota 2. MongenupoBaHHe OTPHIBHBIX TEUCHUN B
npodecCHOHATbHON W aHanu3a ero pesynaptatoB | auddysope (Jlaboparopuas padota)
JeATETbHOCTH Ha3HAYeHUE U 00JIaCTh JlaboparopHas pabota 3. O6paboTKa ¥ aHATU3 PE3yIHTATOB YHCICHHOTO

MIPUMEHUMOCTH OCHOBHBIX
CXEM pacyera 3a1a4
BBIYMCIIUTEIIBHOU
ra3oJIMHaMUKH

YMeTs:

MPOBOJUTH CTAIMOHAPHBIE U
HECTAal[MOHAPHBIE
ra3oJIMHaMUY€CKUE PacyeThl
0JTHO(a3HBIX BA3KUX
TEYEHUH B IBYMEPHOU U
TPEXMEPHOM ITOCTaHOBKE
KOPPEKTHO UCITOJIb30BaTh
MOJIeTH TYpOYIEHTHOCTH
MpY MPOBEICHUHU PACYETOB
HacTpauBaTh U MPOBOJIUTH
ra3oJIMHAMUYECKUHN pacyeT B
pelIeTKax U CTYIEHsIX
TypOOMAIIINH C YI4ETOM

MoaenupoBanus B mporpamme CFD Post (JlabopaTopHas padora)
JlaboparopHast pabota 4. MoenupoBaHue TeUeHUS B TYPOUHHOM CTyIICHH
(JTabopaTopnas pabora)

KonTponbhas padota. PacueT TeueHus B IByMepHON OCTaHOBKE
(KonTposbHas paboTta)

JlabopaTopHas pabota 5. MoaenupoBaHue TeUeHHUs B COTIIOBON PEIIeTKE
oceBoii TypOunsl (JJaboparopHas paboTta)




crerupuKy MoT00HBIX 33129
MPOBOJIUTH 00PaOOTKY
PE3yJIbTaTOB YHCIICHHOTO
ra30JJUHAMUYECKOTO pacyera
Y TIPEJICTABIISITh UX B
rpaguIecKoOM BUJIE




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. JlabopaTopnas pa6ora 1. Moae/1upoBaHue cMelIMBaHUS TeIJIOHOCUTe el B
TPOHHUKE

®opmbl peau3anum: 3anuTa 3aJaHUs

Tun koHTpoaBLHOr0 Meponpusitus: Jlabopatopnas padora

Bec konTposabHoro meponpusitust B bPC: 15

IIpoueaypa mnpoBefeHHsi KOHTPOJIbHOro MeponpusaTusi: CryneHT mnpenocrasiser ¢ain ¢
pe3yJbTaTaMH pacueTa, a Takke TpeOyeMble B 3aJjaHuU Tpaduueckue naHHble. Daiii OTKpbIBaeTCs B
nporpamme Ansys Fluent. IIpenogaBarens 3agaeT BOpocCkl, CBA3aHHbIE C IPOLIETYPOi IPOBEACHUS
pacyera. CTyJeHT JEMOHCTPUPYET CBOU 3HAHMS HEMOCPEACTBEHHO B IIPOrpaMMe.

KpaTkoe conep:kanue 3a1aHusi:

1. 1. TMoctaHOBKa 3agauu

L{enp mabopaTopHO¥ pabOTHI: H3yYUTh OCHOBHBIC ATAITBl HACTPOUKH, POBEICHUS U 00paOOTKH
razoaunamuyeckoro pacuera B CFD kone AnsysFluent,

3ananne Ha 1a00paTOPHYIO paboTy: MPOBECTH MOJCIUPOBAHHE MTPOIECCAa CMEIICHUS ABYX
TeIUIOHOCHUTENeH B TpoiiHuke. Pabouas cpena — Boja. Uepes aBa BXxoJja B TPOMHUK IOCTYIAET
KUAKOCTD C PA3IMYHBIMU CKOPOCTSIMHU M TeMIlepaTypaMu. Uepes3 eIlMHCTBEHHBIN BBIXO] cpea
10CJI€ CMEILIEHUS! BBIXOAUT U3 pacueTHON 00JIacTH.

B pesynbrare moaenupoBaHus HEOOXOAUMO:

1. ITocTpouts pacnpezneneHue CKOpoCcTel B CPETHEM CEUEHUU TPOMHMKA

2. [locTpouTh TUHUM TOKA CPEbl B IPOCTPAHCTBE TEUECHHUS, UCXOAIINE U3 000MX BXOJI0B B
TPOWMHUK U OKPALLEHHBIE IO TEMIIEPATYPE.

3. Onpenenutsb CpeiHIO TEMIIEPATypPy Cpebl Ha BBIXO/IE€ U3 TPOWHHUKA [TOCIIE CMEIIEHUs
TEIJIOHOCUTEIIEH.

2. Onucanue 00beKTA MCCJIEJ0OBAHNS, TPAHUYHBIX YCJIOBHIl U YCJI0BHIi IPOBOIUMOI0
pacdera

TpoltHuK npeacTaBiIsieT U3 ceds KaHal ¢ AByMs BXOJaMU U 0JHUM BbIxosioM.Ha pucynke
IIPEJICTaBJIEHBI €70 T€OMETPUUECKUE XapaAKTEPUCTUKN. KpacHBIMU CTpeIKaMu OTMEYEHbI
o0yacTu BX0/1a TEIUIOHOCUTENEH, a rosiy0ol — 30Ha BeIxosa. Ha pucyHke npeacraBieHa
pacyeTHas cxema B HCCIIeyeMOro KaHalla B pa3pes3e ¢ 0003HaYeHHeM Ha3BaHWH U THUIIOB
TPAHUYHBIX YCIOBHII.
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Hazpamme: inlet_2
Tun: Velocity-Inlet
- Hazearme: outlet
Tun: Pressure-Outlet
Hazearme:inlet_1
S Hazepanme: duct_wall
Y - QUCh Wan.
<« | Tan elocity-Inlet Tam: Wall

Figure 1 FeomeTpusa uccnegyemoro KaHana v rpaHUYHbIE YCI0BUA

dopma kaHaia onpezaensercs crerkoit duct wall, mvmeromeit Tun wall, Ha KoTopoi
peanu3yercs ycioBue npuiunanus. Yepes nosepxHocth ['Y inlet 1 um inlet 2 moctynaroT
TETUIOHOCHUTEIH C 3aJIaHHOW CKOPOCTRIO U TemrepaTypoid. Cpera BEIXOAWT Yepe3 TOBEPXHOCTh
outlet, Ha KOTOPOIi JaBlieHHE PabOYEro TEIO paBHO aTMOchepHOMY. MoIeTUpOBaHUE TPOBECTH
C mpuUMeHeHueM Mojienu TypOyneHTHocTr k-gRealizable, B kauecTBe mpucTeHOUHOM HyHKIMA
ucnonb3oBath Enhanced Wall Treatment. B Tabnuiie npuBeieHbl 3Ha4Y€HUS TPAHHYHBIX
yCIIOBUH, KOTOPbIE HEOOXOAUMO 337aTh KK IOMY BapUaHTY.

Ne BapnanTa inlet 1 inlet 2
Ckopoctb, M/c | Temnepatypa, oC | Cxopocthb, M/c | Temnepatypa, oC

1 0,5 10 4 80
2 0,6 15 3.9 75
3 0,7 20 3,8 70
4 0,8 25 3,7 65
5 0,9 30 3,6 60
6 1 35 3,5 55
7 11 40 3,4 50
8 12 45 3,3 45
9 13 50 3,2 40
10 14 55 3,1 35
11 15 60 3 30
12 1,6 65 2,9 25
13 17 70 2,8 20
14 1,8 75 2,7 15
15 1,9 80 2,6 10
16 2 85 2,5 5
17 2,1 90 2,4 5
18 2,2 95 2,3 10
19 2,3 90 2,2 15
20 2,4 85 2,1 20

KoHTpoJibHbIE BOIPOCHI/3a/1aHUSA:

3HaTh: Ha3HaueHHWe U 00’IacTh 1.B kakux cimydasx He0OX0IMMO UCIIONb30BaTh CXEMY
NPUMEHUMOCTH OCHOBHBIX CXEM Coupled, a B kakux Simple?




pacdue€Tra 3aJad BBIYMCITUTEIILHOM
ra3oJMHaMHUKH

2.Yem otnmuaercs First Order Upwind ot Second Order
Upwind?

YMeTh: IpOBOAUTH CTallMOHAPHBIE
u HECTallMOHAPHbIE
ra3oIMHaMUYecKue pacyeTsl
0onHOGA3HBIX BS3KUX TEUYCHUU B
JIBYMEPHOM u TpEeXMEpPHOU
IIOCTaHOBKE

1.

Kak Bo Fluent HasHauuTb cBOliCTBa MaTepunana?

2.I'ne Bo Fluent He0OX0 MO 3a/1aBaTh rPAaHUYHBIC
ycIoBUs?

3.Iloka3arhb, KaKk BU3yaJIM3UPOBATh pacIpeiesiCHue
rapamMeTpa Te€UeHHUsI B POU3BOJILHOM CEUCHUH.
4.Ilokazartp, kak Bo Fluent MO>xHO TIOJTYy4HTH
CPEeIHEUHTETPAIbHBIC XapAKTEPUCTUKU MMOTOKA Ha
MIPOM3BOJIBLHBIX TOBEPXHOCTSX.

Onucanue MKAJbI OICHUBAHUA:

Ouenxa: 5

Onucanue xapakmepucmuku 6blNOJIHeHUA 3HAHUA. BBICTABIIACTCS, C€CJIN PC3YJIbTAThl pacyeTa
KOPPEKTHBI, CTYACHT OTBETU]I MUHUMYM Ha 4 BOIIpOCa nu3 5.

Ouyenka: 4

Onucanue xapakmepucmuKkuy 6blNOJIHEHUs 3HAHUA: BBICTABIIACTCS, €CIIM Pe3yJIbTaThl pacuera
KOPPEKTHBI, CTYJIEHT OTBETUJI Ha 3 BoIpoca u3 5.

Ouyenxa: 3

Onucanue xapakmepucmuku 6blNOJHeHUA 3HAHUA. BBICTABIISACTCS, C€CJIN PC3YJIbTAaThl pacyecTa
KOPPCKTHBI, CTYACHT OTBCTUJI HA 2 BOIIpOCa u3 5.

KM-2. Tect «MeTobl YMCJIEHHOT0 MOIEJTUPOBAHNS B HHKEHEPHBIX 32/12a4aX>

®opmbl peasusanun: [lucemennas padbora

Tun KOHTPOILHOr0 MeponpuaTHa: TecTupoBaHue

Bec kouTposabHoro meponpusitusi B BPC: 5

IIponenypa npoBeaeHnsi KOHTPOJBLHOIO MepoONpuATHA: BpeMs BeinoaHeHus 15 MUHYT.

Kparkoe cogep:xanue 3aiaHus:
Tect coctout u3 10 Bonpocos.

KoHTpoJibHbIe BONIPOCHI/3aJaHUA:

3HAaTh: OCHOBHBIE JTallbl
HaCTPOWKH, [IPOBEICHUS
YHUCJIICHHOTO  Ta30JAMHAMHYECKOr0
pacuera U aHamsa ero
pe3ynbTaToOB

1.

1.

1.

KaKol 13 sTx NpoayKTOB MOXHO OTHECTU K «uymcTomy» CAE:

a)  Ansys Fluent

b)  Autodesk AutoCAD
¢) Dassault SolidWorks
2.

[ncKpeTusauma NpocTpaHCTBa paccunTbiBaemon obaactu aTo:

a) Pas0Ouenue obmacTu pacdera Ha DJIEMEHTAPHBIC
AJIEMEHTHI JUISL pacyeTa B KaX/I0M U3 HUX ypaBHEHUH
COXpaHCHHS.

b)  Pa3Ouenue obnactu st ynoOcTBa pacuera
OTIEIFHO TBEPIBIX TEJ, OTACITHHO TCUCHUH YKUKOCTH H
rasa.

c) Pasgenenue o0nacTu Ha OTJCIBHBIC YIACTKU
I'PAaHUYHBIX 30H — BXOJIa, BBIX0JIa, CTEHOK M TaK Jajee.




3.

Kakoi meTog, YncneHHoro pacyeta ypaBHeEHUN ra30g4MHaMUKK
npeMmyLLecTBEHHO UCNOJb3yeTcA B coBpemeHHbix CFD
nakertax:

a) Meroa KOHEUHBIX Pa3HOCTEH
b)  Meroa KOHEYHBIX 00HEMOB
C) Meroa KOHEUHBIX IIEMEHTOB
4.

B Kakom CQlydae B 3a4a4e AnAa ee peweHunA HeO6XO,CI,MMO
3a4aBaTb Ha4aJ/ibHble€ YC/IOBUA!

a) B ciyuae HecTalMOHApPHOTO pacyeTa

b) B mo6om ciydae

C) B ciyuyas HEBO3MOKHOCTH OTIPEIETUTh TPAHUYHbIE
YCJIOBUA

5.

Yem pelatesnb pressure based otamyaetcs ot density based:

a)  MeTomoM peleHust ypaBHEHUS COCTOSIHUS paboyeit
KUIKOCTU

b)  TlomxomoM K ONMMCAHUIO YPABHEHUS
HEPa3pbIBHOCTH

c) CnocoboM 3a1aHusi TPAaHUYHBIX YCIOBUI

6.

YKaxKuTe HeBepHOe YTBEPKAEHUE:

a)  Merox density based ahdexkTruBHO pemiaet 3a1auu
CO CBEPX3BYKOBBIMHU TECUCHHSIMHU

b) DOddexruBHOCT U ycTOIUMBOCTE MeTO1a density
based cuibHO 3aBHCHT OT uncia Kypanra

C)  Meron density based — Haubosnee
pacmnpoCTpaHeHHBIN TOAX0/] B PEIICHHH 33134
ra30IHHAMUKA

7.

Kakoi cxembl conpsrKeHWUsa ypaBHEHWU rasoanHaMUKK He
cywiecTsyer B pressure based pelatene:

a) SIMPLE
b) PISO

c) Coupled
d) LEAD
8.

KoaddunumneHTbl penakcaumm Heobxoaumol ana:

a) OOecneyeHUs1 YCTOMYMBOCTH YHUCICHHOTO METO/IA,
0COOCHHO B 00J1acTAX HaualbHBIX UTEpALii

b)  CHmwkeHus Harpy3Kd Ha IPOIIECCOP 3a CYET
pa3pexeHns MaTpULl ypaBHEHU N

c)  us ompeneneHus napameTpoB TypOyJIeHTHOCTH

9.

Kakoe YpaBHeHUE rasognHaMUKN He obAa3atenbHo AO/1XKHO
BXOA4UTb B CUCTEMY NMPU MOLENTNPOBAHUN TEHEHNA KNOKOCTU!

10




a)  HepaspsiBHOCTH

b)  CoxpaHeHus KOJIUYECTBA IBUKCHUS
c) CoxpaHeHHs SHEPTHH

10

1. KaKoW noaxon NexKuT B oCHOBe coBpemeHHbix CFD
pelwaTenei:

a) Mero KOHEUHBIX Pa3HOCTEH
b)  Meroa KOHEYHBIX 00HEMOB
C) Mero KOHEUHBIX JIECMEHTOB

Onucanune MKAJbI OICHUBAHUSA:

Ouenxa:. 5
Onucanue xapaxmepucmuxy 8blNOJIHEHUs 3HAHUA: BBICTABIISETCS, €CIU MPABUIHLHO BBIMOJIHEHO HE
MeHee 95% 3amaHui.

Ouyenka: 4
Onucanue xapakxmepucmuku 6blNOJIHeHUs] 3HAHUSL: BBICTABIISICTCS, €CIU MPABUIBLHO BBIIIOJHEHO HE
MeHee 85% 3amanuii.

Oyenka: 3
Onucanue xapaxmepucmuxy 6blNOJIHeHUs 3HAHUS: BBICTABIISETCS, €CIU MPABUIHLHO BBIOJIHEHO HE
MmeHee 70% 3amaHuil.

KM-3. JlabopatopHasi padota 2. MoaempoBaHue OTPbIBHBIX TeueHHUil B 1uddys3ope

®opMmbl peanu3anmu: 3alinTa 3a1aHus

Tun koHTpoILHOrO MeponpusTus: Jlaboparopnas padbora

Bec koutposabHoro meponpusitusi B BPC: 10

IIpouenypa npoBeneHusi KOHTPOJIbHOro Meponpusitusi: CTyaeHT mpeaocTaBiser (ain ¢
pe3yJibTaTaMH pacueTa, a Takke TpeOyeMble B 3aJjaHuU Tpaduueckue faHHble. Daii OTKpbIBaeTcs B
nporpamme Ansys Fluent. [IpenogaBarens 3a1aeT BOIpOCHl, CBA3aHHbIE C TPOLIEAYPON MTPOBEIEHUS
pacuera. CTyJEHT JIEMOHCTPUPYET CBOU 3HAHUS HEMOCPEACTBEHHO B IPOTrpaMMe.

Kparkoe conepxanue 3ajanus:

Henb: U3y4ynTh HACTPOUKHU U IIPOBEIECHUS pacyeTa BA3KUX IOTOKOB. BBIABUTE IpaHULIBI
MPUMEHUMOCTH Pa3INYHbIX MO TypOyIeHTHOCTH.

3agaya: He0OXOMMO MPOBECTH YUCIEHHOE MOEITUPOBaHNE TEUEHHsI BO3yXa B
HECUMMETPUYHOM IUIOCKOM U PYy30pe, KOTOPOE COMPOBOXKIAETCS OTPHIBOM IMTOIPAHUYHOTO
CJI0s C OAHOU M3 €r0 CTEHOK. PacyeT mpoBecTH ¢ UCIIOIB30BaHUEM JIBYX MOJEICH
TypOynenTHocTu: k- SST u k-¢ Realizable (c npuctenounoit ¢pynknueit Enhanced Wall
Treatment). CpaBHUTB pe3yabTaThl 000MX PACUETOB: BU3yaTU3UPOBATh JIUHUU TOKA B
muddy3ope, NOTYUUTh pacipeesieHne CKOPOCTe TeUeH sl B 33JaHHOM CEUEHUH KaHaJIa.
[TpoBepuTh KaueCTBO MOJATOTOBICHHOM CETKH JUId 00erX MoJieNelt ITyTeM CpaBHEHUS
pacnpezeneHus napaMerpa Y+ BJI0JIb HUXKHEHN cTeHku qud¢y3opa. B kauecTBe rpaHUYHOTO
YCIIOBHS Ha BXOJI€ B KaHaJ 3a/1aTh MPO(UIL CKOPOCTEN JJIsi pa3BUTOrO TypOyJIEHTHOTO
TedeHus B TpyOe. [Ipu 3Tom uncio PeliHonb/ca o CKOPOCTH B CpeIHEM CEUEHUH KaHajla umax
IPEJCTAaBICHO B TaOIUIIE:

Ne Bapuanra | Re (Umax)
10000
11000
12000
13000
14000

QPR IWIN(F
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6 15000
7 16000
8 17000
9 18000
10 19000
11 20000
12 21000
13 22000
14 23000
15 24000
16 25000
17 26000
18 27000
19 28000
20 29000

Teuenue B KaHaje MPOTEKAET MIPH OTHOCUTEIBHO MaJIbIX 3HAYCHUSX 4yKcia PeitHombaca,
BJIMSIHUE BSI3KMX CHJI B 00JIaCTH IMOTPAHUYHOTIO CJIOS IOCTAaTOYHO BeNMKO. B nanHoM padoTte
HEOOXOIUMO HCCIIEIOBATh YyBCTBUTEILHOCTh MOZENEH TypOyJIEHTHOCTH K MOJ0OHBIM
YCIIOBUSIM.

Onucanue 00beKTA UCCJIEI0BAHNS, TPAHMYHBIX YCJIOBHUI U YCJI0BHI POBOAUMOIO
pacuera:

['eomeTpus uccneayeMoro HeCUMMETpuYHOTO AuQdy30pa NpeacTaBlieHa Ha pUcyHKe. 3aj1aya
paccMmaTpuBaeTcs B IByMEpPHOM MTOCTaHOBKE. Ha prucyHKe mpejcTaBlieHa pacyeTHas cXxema
HAJIOKCHHbIE Ha Hee TUIbl TpaHUYHbIX ycloBuil (boundaryconditions). Ha aTom ke pucyHke
OTMEUEHO PACIIOIIOKECHUE BEPTUKATHLHOU JIMHUH, BJIOJIb KOTOPOU HEOOXOIUMO TOJIYIUTh
pacrmpezieieHue 0CEBbIX CKOpPOCTel (ropu3oHTaNIbHBIX). KoopanHaTel ee kpaiiHux Todek: X0 =
1585 mm; yO =20 mm; x1 = 1585 mm; y1 =-72,2941 mm.

Tasmamie: ouliet
T'nn: pressure-outlet

Hassamne: bottom_wall
Tun: wall

Figure 3 PacueTHas cxema uccneayemoro KaHana

[Tpoduns CKOPOCTH TSI TOJTHOCTHIO YCTOSIBIIETOCS TYPOYJIEHTHOTO TEUSHUS Ha BXOJIE B
pacueTHyr0 00nacTh (inlet) 3agaeTcst KICXOM U3 CIASAYIOMIETO SKCIEPUMEHTATHHO MOTYy4YEHHOTO
BBIPAKCHHUSI:

Unax — W 1 Vi Vi
= in(l B )+ 13

/e umax — MakCHMasbHasi CKOPOCTh Ha OCH KaHaja; Xy — SMIOUpUYECKU KoapduiuenT; h —
MIOJIOBMHA BBICOTHI BXOJTHOTO KaHalla; yi — TeKyIlas KoopAnHaTa (OTKJIaAbIBaeMasi OT CTEHKU
KaHaJia JI0 OCH); Ul — CKOPOCTh MOTOKA MPHU TEKYIISH KOOpAUHATE; U™ - TMHAMHYECKas
CKOPOCTB, OIpesiensiemMast Kak:

12
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u = |—

MakcumanbHas CKOPOCTb Ha OCH KaHaJIa OIMPCACIIICTCA 110 SMIIMPUICCKOMY YPABHCHHIO:
*

. 11,5u
Umpax = U |5751g|——— )+ 5,5
Vv
HCO6XO,I[I/IMO l'[OI[O6paTB CPCAHIOKO CKOPOCTD IIOTOKA TAKUM o6pa30M, YTOOBI YHCJIO

Pefinonbaca Reumax cooTBeTCTBOBANIO TaHHBIM M3 TaOmuIel. HeoOxommmo onpenennTh
pacripeielieHie CKOpOCTel IOTOKa B ITONIEPEYHOM CEYEHUH BXOHOIO KaHajla U UCIOJIb30BaTh
WX KaK TPAaHUYHBIC YCIIOBHUS HA BXOJIE B pacueTHyro cxeMy. [Ipumep npoduist ckopocTu
IPEJCTaBJIeH Ha PUCYHKE:

0 u/u max
00 02 04 06 08 1,0

Figure 4 Mpo¢dunb ckopocTh Typ6yNEHTHOro NOTOKa Ha BXOAe B KaHan.

KoHTpoJibHbIE BONIpOCHI/3aJaHUA:

3HaTh: Ha3HaueHHWe U 00’1acTh 1.Kakue moaenu TypOyIeHTHOCTH PEUMYILECTBEHHO
NPUMEHUMOCTH OCHOBHBIX CXEM MIPUMEHSIOTCS TIPH pacyeTe BI3KOU )KHUIKOCTH B
pacyera 3aJay BBIYHUCIUTEIBHOM TypOOMAaIIMHOCTPOESHUU?

ra30IMHAMHAKH

YMeTb: KOPPEKTHO HCIIOIb30BaTh 1.ITokaxxuTe, KaK MpH pacyeTe yCTAHOBUTH MOJIEIh
MOJIeIN  TypOyJEHTHOCTH  Tpu TypOynentHocTH k-¢ Realizable ¢ npucrenounoi
IIPOBEJICHUH pPacueTOB ¢ynkuueit Enhanced Wall Treatment.

2.JTokaxwuTe, KaK IpU pacyeTe yCTAHOBUTh MOJIEIb
TypOynenTHoctu k-o SST.

3.Kak MOXHO NpOBEPUTH KOPPEKTHOCTH PE3YJIbTATOB
MOJIETTMPOBAHUS BA3KOI0 IOIPAHUYHOIO CJIOS?
4.TlokaxuTe, Kakue 13 HEBSA30K, MCIONIb3yeMbIX Fluent,

13




OTBEYAIOT 32 KOHTPOJIb CXOJUMOCTH YPaBHEHUN MOJEIU
TypOysneHTHOCTH?

5.Ilokaxkute, Kak BU3yaJIU3UPOBATH OTPHIBHYIO 30HY B
MMOTOKE C MOMOIIBIO IMHUM TOKA.

Onucanne MKAJbI OIlCHUBAHUS

Ouyenxa: 5
Onucanue xapakmepucmuKkuy 6blNOJIHEHUs 3HAHUA: BBICTABIIAETCS, €CIIM Pe3yJIbTaThl pacuera
KOPPEKTHBI, CTYIEHT OTBETUII MUHUMYM Ha 4 Borpoca u3 5.

Ouyenka: 4
Onucanue xapaxmepucmuxu 8bINOJIHeHUs 3HAHUSL: BBICTABIISETCS, €CITU PE3YyIbTAaThl pacyera
KOPPEKTHBI, CTYJICHT OTBETHJI Ha 3 BOIpOca U3 5.

Oyenka: 3
Onucanue xapaxmepucmukuy 6bINOJIHEHUs. 3HAHUS: BBICTABIICTCS, €CIIM PE3yJIbTaThl pacueTra
KOPPEKTHBI, CTYJICHT OTBETHJI Ha 2 BOIpoca u3 5.

KM-4. JlabopaTopnasi padora 3. O0padoTka u aHAIU3 Pe3y/IbTATOB YHCJIEHHOI0
MoaeanpoBanus B nporpamme CFD Post

®opMmbl peanu3anmu: 3alinTa 3a1aHusL

Tun koHTpoILHOrO MeponpusTus: Jlaboparopnas padbora

Bec koutposabHoro meponpusitusi B BPC: 10

IIpoueaypa mnpoBefeHHss KOHTPOJIbHOro Meponpusitusi: CryneHT mnpenocraBisier ¢ain ¢
pe3ysbTaTaMH pacueTa, a Takke TpeOyeMble B 3aJjaHuU Ipaduueckue faHHble. Daii OTKpbIBaeTcs B
nporpamme Ansys Fluent. IlpenogaBarens 3agaeT BOPOCHL, CB3aHHBIE C TMPOIETYPOH IPOBEICHUS
pacuera. CTyJeHT JEMOHCTPUPYET CBOM 3HAHHsI HEIIOCPEICTBEHHO B ITPOrpaMMe.

Kparkoe cogepxxanue 3agaHusi:
[lenb: M3y4ynTh OCHOBHON (DYHKIIMOHAJ, IPEIOCTABIEMBIN TAKETOM 1OCT 00pabOTKH
CFDPost.
3agaua: HEOOXOUMO IPOBECTH YUCIEHHOE MOJIETUPOBAHHUE U aHAIN3 TEUEHUS BO3/1yXa B
LUKJIOHE. 3a]]a4a PelaeTcs B CTallMOHAPHOM ITOCTaHOBKE C UCIIOJIb30BAaHUEM MOJIETH
TypOynenTHoctu k-eRealizable (¢ mpucrenounoit pynkuueit EnhancedWallTreatment).
PesynbTarsl MmogenupoBanus oTKpeITh B iporpamme CFDPost u mposectu ux ananus. s
ATOr0 HEOOXOAMMO:
A). BuzyanusupoBarth JIMHAU TOKA, UCXOJIAIINE U3 MAaTPyOKOB MOIBOJIA
b). BuzyanusupoBaTh BEKTOPHBIE MOJISI CKOPOCTEH B TpEX MOMEPEUHBIX CEUYCHHSIX ITUKIIOHA.
B). IlonyuuTs pacnpeneneHye cTaTHYeCKOro JaBlIeHUs MOTOKA Ha IPOAO0JIbHOM CEUEHUN
LUKJIOHA.
I'). [TocTpouTk pacnpeneneHrne OTHOIICHUS JAaBJICHUN BIOJIb BHYTPEHHEN U BHEIIIHEH
00pa3yronmx IUKIOHA.
[TonokeHre IOCKOCTEH MONEePEeYHOro CEUEeHUs TPEICTABICHbI B ONMCAHUU BBIOIHEHUS
nabopaTopHOil paboThl. BennuuHa OTHOIIEHUS TaBIEHUHN OnpeenseTcs Mo Cleayoei

dbopmyre:

P P

E = = >
Posx 4. Lex
pBX p BX 2
Ne Ckopoctb Ha Bxoze, | Temmeparypa Ha Bxoae, | AOCONMIOTHOE JaBlicHHE 32
BapuaHTa M/c oC LHUKIOHOM, Klla
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1 5 50 80
2 10 55 90
3 15 60 40
4 20 65 70
5 25 70 50
6 30 75 45
7 35 80 85
8 40 85 55
9 45 90 95
10 40 95 100
11 35 100 40
12 30 95 60
13 25 90 65
14 20 85 85
15 15 80 95
16 10 75 55
17 5 70 75
18 10 65 45
19 15 80 100
20 20 90 65

Onucanme 00beKTa HCCJIeJ0BAHNUS, TPAHUYHBIX YCJIOBHIl U YCJI0BHIi IPOBOIMMOI0

pacuera:

Ha pucynke npezacrasieHa reoMeTpus UCCIEAYEMON MOAEIHN LIUKIOHA. TBepaoe Teo B

JaHHOM cJiy4ae Npe€acTaBiIsdA€T coboii O6’beM, 3aHMMAaEMBbII IIPOCTPAHCTBOM TEUYCHUA KUAKOCTH

(T.e. IITPUXOBKA COOTBETCTBYET 30HE TeueHUs1). [I0TOK BXOAUT B IIMKJIOH Yepe3 JBa
TaHTeHIMAJIbHO PACIOJI0KEHHBIX MaTpyoka. [IpocTpaHcTBO TPyOBI IIMKIIOHA ITPEICTABISAET

coboit muddy3op ¢ yriaom packpseitus § rpagycoB. Ha pucyHke nmpeacTaBieHbl INIOCKOCTH U UX

Ha3BaHUA, KOTOPBIC 6y,HYT HCIIOJIb30BATLCA IIPHU ITOCT O6pa6OTKC PE3YJIbTATOB pacucTa. Ha
PUCYHKC MMPECACTABJICHBI HA3BAHWA U TUIIbI 3aJaHHBIX B pacquHoﬁ obractu TpaHUYHBIX

YCIIOBUH.

Midplane

Section 1

Section 2

15




Figure 5 FeomeTpua pacyeTHOM cXembl LIUKIOHA

Figure 6 BHyTpeHHAA YacTb LUKIOHA

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

YMeTh: MpPOBOIUTH  00pabOTKY 1.ITokaxxuTe, Kak COXpaHUTH I TocT 00padboTku B CFD
pe3yJIbTaToB YHCIICHHOTO Post nanHbIe 0 pacnpeesiCHHH JaBJICHUS TOJHOTO
ra3oJMHAMUYECKOTO pacdera W TOPMOKEHHUSL.

NPECTaBIATh UX B rpaduuecKoM 2.ITokaxkuTe, Kak BU3yaJIM3UPOBATH JINHUM TOKa,

BUJIC UCXOAAIIHE U3 000MX MOBOJOB BO3/IyXa.

3.IlokaxkuTe, Kak CO3/1aTh MPOJOJILHOE CPEIHEE CEUEHUE
MOJIETIU Y IOCTPOUTH HA HEM KOHTYP pacipeacIeHUs
CKOpOCTH.

4.TlokaxkuTe, KaK HOCTPOUTH IMPSIMYIO JIMHHIO B 00J1acTH
TEYEHUS U IOCTPOUTH BJOIH Hee rpapuk pacmpeneneHus
CTaTUYCCKOTO JaBJICHUS.

5.ITokaxwure, kak B CFD Post M0OkHO 100aBIATH
coOCTBEHHBIE MTEPEMEHHBIE TCUCHHUSI, PEICTABICHHBIE B
BH/JI€ BBIPAXKECHMUIA.

Onucanue MKAaJbl OEHUBAHMSA:

Oyenka: 5
Onucanue xapaxmepucmuxu 8bINOJIHeHUs 3HAHUSL: BBICTABIIICTCS, €CITH Pe3yIbTaThl pacueTa
KOPPEKTHBI, CTYIEHT OTBETUJI MUHUMYM Ha 4 Bormpoca u3 5.

Ouenka: 4
Onucanue xapaxmepucmuxu 6bINOJIHEeHUS 3HAHUA: BBICTABIIAETCS, €CIIN PE3YJIbTaThl pacyeTa
KOPPEKTHBI, CTYICHT OTBETHJI Ha 3 Bompoca u3 5.

Oyenka: 3

Onucanue xapakmepucmuku 6blNOJIHeHUA 3HAHUA. BBICTABIISACTCS, €CIIN PE3YJIbTAaThl pacycTa
KOPPCKTHBI, CTYACHT OTBCTUJI HA 2 BOIIpoca us3 5.

KM-5. JIabopaTopHasi paGora 4. MoaeanpoBanue Te4eHusl B TYPOMHHOM CTyIeHH

®opmbl peanu3anmu: 3alInTa 3a1aHUsI
Tun koHTpoLHOrO MeponpustTus: Jlaboparopnas pabora
Bec konTpoabHOro Meponpustusi B BPC: 20
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IIpoueaypa mnpoBeieHHs] KOHTPOJIbHOro MeponpusaTusi: CTyneHT mnpenocraBiser ¢ain ¢
pe3yJbTaTaMH pacyera, a Takke TpeOyemble B 3a7aHuu rpaguueckue qaHHblie. Maiiin OTKphIBaeTCs B
nporpamme Ansys Fluent. IlpenogaBarens 3agaeT BOPOCHL, CBA3aHHBIE C MPOLETYPON IPOBEICHUS
pacueta. CTyJEHT 1EMOHCTPUPYET CBOU 3HAHUS HEMOCPEACTBEHHO B MPOTrpamMMe.

Kpartkoe cogep:kanue 3aiaHuA:
Hean. 3yunts acnextsl npuMmeHeHus Mmoaenu SlidingMesh miis MoaenupoBaHus TCUEHUS B
CTYNEHSX TYpOOMAIINH, B KOTOPBIX MPUCYTCTBYIOT MOABHKHBIE U HEMOABIKHBIC JIEMEHTHI.
3agaua. [IpoBecTu yncieHHOE MOJICTUPOBAHUE B HECTAIIMOHAPHON MOCTAHOBKE TEUCHUS
MOTOKA Mapa B TYpOMHHOH cTyneHu. Mcnons3oBaTh MeTo noaBmwxkHOM ceTku (SlidingMesh). B
pe3ynbTaTe pacyeTa He0OX0IUMO:
1. TomyynTh aHUMALIHMIO U3MEHEHHS CTATUYECKOTO IaBJICHUS M CKOPOCTH MTOTOKA B CTYIICHH.
2. TlocTpouTh TPEyroJibHUKH CKOPOCTEN CTYIIEHU M0 OCPEAHEHHBIM MapaMeTpaM TeUeHUsI.
3. Homyuuts Tpaduk Mmynbcanuii JaBIeHUs Ha BXOJAHONH KPOMKE pabodeil TOMaTKH.
4. TlocTpouTh TEPMOAMHAMUYECKUHN MPOIIECC paCIIUPEHUS 1apa B CTeneHu B h-s nuarpamme.
3Ha4YeHUs PHTAIBIIAN ¥ SHTPOIIUHU B €T0 XaPAKTEPHBIX TOUKAX OMPEACTHUTH MO JABICHUIO U
TEeMIepaType NeperpeToro napa.
5. IMomy4yuTs BU3yadbHYIO KQpTUHY pACTIPEEICHUS OCPEIHEHHBIX 110 BPEMEHU a0COIIOTHOU 1
OTHOCHUTEIIHOI CKOpOCTEl B COIJIOBOM U paboueil pereTkax COOTBETCTBEHHOIO
Onucanue reoMeTpHH MCCJIeAyeMOro KaHala U TPAHUYHBIX YCJIOBHUI pacyera.
PaccmaTpuBaercs TeueHue B CTYIEHU apoBOi TypOuHbL. MoenupoBaHue MPOU3BOIUTCS B
JIByMEPHOI OCTaHOBKE Ha CpeaHeM auamerpe. Ha pucyHke mpeacraBieHa pa3BepTka
npodumeil coroBoii u paboueli pemeTok B cpeaHeM ceueHnn. Ha pucynke nzobpaxena
pacueTHas cxema, IpuMeHsieMast Uit MoenupoBanusi. O0macTs TeYeHUs pa3OuTa Ha JIBE 30HBI
— HemoABWXKHas (stator) u moaBrkHas (rotor). s oGecriedeHus: epUOIUYHOCTH KaXKaas 13
HUX OTpaHUYEHa MOBEPXHOCTSIMHU ¢ TUIIOM periodic (stator periodic u rotor periodic
COOTBETCTBEHHO). Mozenb moaBmwKHBIX ceTok (Sliding Mesh) TpeGyer, 4To0b! 1maru mno
NEPUOIMIHOCTH JJIsl 00enx obiacTeil TedeHns: ObUIA OJTMHAKOBEI, TOITOMY B PACYETHOM CXeMe
IOPUCYTCTBYET 3 paboune JOnaTKh, CyMMapHBIN MIar KOTOPBIX COOTBETCTBYET OJTHOMY ILIary
COILJIOBOM pemieTku. B pacueTHol cxeme moBepxHOCTU poduieil uMeroT tun creHku (wall),
IPU ATOM JUIsL cpeHel paboueil JonaTku (BbleNeHa MyHKTHPHBIM IPSIMOYTOJIbBHUKOM Ha
PHUCYHKE) BCE TIOBEPXHOCTH MPOQUIIS MpeICTaBIeHbl OTACTFHBIMU IPAHUIIAMA. 30HBI TCUCHUS
(rotor u stator) pa3aeneHsl MeXAy co00ll rpanunamu ¢ TunoM interface (rotor interface u
stator_interface COOTBETCTBEHHO), KOTOPbIE JIeXkKAT Ha OJTHOM MPSAMOI U Yepe3 HUX MPOUCXOIUT
B3aMMO/ICHCTBUE MEXKY 30HAMU TEUCHHS.
Jnist 3aganus pexxuMa TeueHHsI, He00X0IMMO Ha BXOJIHOW O00JIACTH 3a/1aTh 3HAYCHUS JaBIICHHSI
U TeMIIEpaTyphl MOJIHOTO TOPMOKEHHS, Ha BHIXOJHOM I'PAaHUYHOM YCJIOBUU — CTATUYECKOE
nasiieHue. Kpome Toro, Uit 30HBI TEYSHHS 1OtOT JOJDKHO OBITH OTPEIETICHO 3HAUCHHE
CKOpPOCTH JIBUKEHHS PACUETHOM CETKH (BEIMYMHA OKpYKHOU ckopocTu U Ha cpeiHeM
JraMeTpe crynenn). B tabmuiie npuBeeHpl 3HAUSHHS TPAaHUYHBIX YCIIOBHIA:

inlet outlet OxpyxHasi CKOPOCTb,
No M/C
- JlaBjieHME TIOJIHOTO TemmnepaTypa noaHOTo CraTuyeckoe J1aBJIeHHE,
topmoxeHnus, Mlla TopmoxeHnus, C MlIla
1 |11 200 0,8 150
2 | 12220 0,9 155
3 13230 1 160
4 |1 180 0,7 165
5 10,9190 0,6 170
6 |08 200 0,5 175
7 10,7230 0,4 180
8 |16 (240 1,3 185
9 | 15250 1,2 190

17



10 11,4 | 260 11 195
11 (1,3 240 1 200
12 10,8 | 230 0,5 195
13 10,7 | 220 0,4 190
14 10,6 | 240 0,3 185
151 ]300 0,7 180
16 [ 1,1 310 0,8 175
17 11,2 | 320 0,9 170
18 11,3 | 230 1 165
19 11,4240 11 160
20115250 1.2 155

63,73

77 /%}’J///LV/&

6)

Figure 7 CTyneHb napoBoit Typ6uHbI (a) U XapaKTEepPUCTUKK CONIOBO M paboueil pelueToK Ha cpegHem ceueHun (6)

Figure 8 PacueTtHas cxema

KoHTpoJibHbIe BONIpOChI/3aJaHUA:

YMeTb: HacTpauBaTh U MPOBOJUTH
ra3oJUHaMHUYEeCKHil  pacyeTr B
pereTkax U CTYHEHSIX
TypOOMaIINH C Y4ETOM CHEIUPUKU
NOJOOHBIX 3a1a4

1.ITokaxxuTe, KaK HACTPOUTD 3aMKUCh AHUMAITUN
napameTpoB notoka B Ansys Fluent.

2.Yro Takoe intrface, kak OH HacTpauBaeTcs B Ansys
Fluent?

3.IlokaxuTte, Kak BOCIIPOU3BECTH 3aIIMCAHHYIO PaHEE
aHMMAaIIUIO N3MEHEeHHS mapaMeTpoB B Ansys Fluent.
4.Tlokaxwure, kak B Ansys Fluent HactpanBaetcs
MTOJIBMIKHAS 30HA STUEeK.

YMeTh: MNpOBOAWUTL CTALIMOHAPHBIC

1.PaCCKa)I(I/ITC, YTO TaKO€ THII FpaHI/I‘-IHOFO yCJIOBUA

" HECTAIMOHAPHBIE Periodic 1 mokaxuTe, Kak OH HaCTpauBaeTCs B Ansys
ra3oJMHAMHYCCKHUE pacyeTsl Fluent.

0oMHO(A3HBIX BS3KUX TEYCHUH B 2.ITokaxxuTe OCHOBHBIE ATaIlbl HACTPOUKHU
JIBYMEpHOM u TpEXMEPHOU HecTaloHapHoro pacueta B Ansys Fluent.
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MMOCTAHOBKE 3.IlokaxxuTe, Kak HACTPOUTH 3aIKCh B (pailyr mapaMeTpoB

HCECTAllMOHAPHOI'O pacycTa.

4TO OYJET NPOU3BOJIUTHCS HECTALIMOHAPHBIHN pacyer.

4 Tlokaxwute, rae B Ansys Fluent HeoOxoaumo oTmedarsp,

Onucanne MKAJbI OIleHUBaAHUS:

Ouyenxa: 5
Onucanue xapakmepucmuKkuy 6blNOJIHEHUs 3HAHUA: BBICTABIIAETCS, €CIIM Pe3yJIbTaThl pacuera
KOPPEKTHBI, CTY/IEHT OTBETUJI MUHMMYM Ha 4 Bompoca U3 5.

Ouyenka: 4
Onucanue xapaxmepucmuxu 8bINOJIHeHUs 3HAHUSL: BBICTABIISETCS, €CITU PE3YyIbTAaThl pacyera
KOPPEKTHBI, CTYJICHT OTBETHJI Ha 3 BOIpoca U3 5.

Oyenka: 3
Onucanue xapaxmepucmukuy 6bINOJIHEHUs. 3HAHUS: BBICTABIICTCS, €CIIM PE3yJIbTaThl pacueTra
KOPPEKTHBI, CTYJICHT OTBETHII Ha 2 BOIpoca u3 5.

KM-6. Kontpoabhas padora. Pacuer TeueHusi B IByMEepHOil IOCTAHOBKe

®opmbl peajusanuu: KomnsroTepHoe 3a1anue
Tun kouTpoabHOro Meponpusitusi: KonrpossHas padora
Bec konTposbHOro meponpustusi B BPC: 20

IIpouenypa npoBeaeHusi KOHTPOJILHOro Meponpusitusi: CTyJIeHT NMPEIOCTaBIsET Ha MPOBEPKY
daiin ¢ pe3yabTaTamMu pacdera, a Takxke TpeOyemble B 3alaHUM Tpaduueckue aanHeie. Pabora

COCTOUT U3 0JHOM 3a1aun. Bpemst 90 MunyT.

Kparkoe cogep:xkanue 3aiaHus:
Paccunrare AByMEpHOE T€UEHHE BOJBI B KAHAJIE C BHE3AIIHBIM paciuupeHueM. PacueTHas
cXema Ipe/icTaBlIeHa Ha pUCYHKe. PaccMOTpeTh /1Ba pekuMa TeueHus: IpU HadallbHOM

CKOPOCTH 2wm/cu 1l m/c. FpaHI/I‘IHLIe yciioBus 0T06pa)KeHBI B Ta6J'II/II_[e. C‘lI/ITaTB, YTO Ha CTCHKC

top_wall orcyrcTBYyeT Tpenue. B pesynbrare pacuera Kax10ro pexuma Heo0X0auMo
HOJYYHTh:

1. Kapruny pacnpenenenusi CkopocTei B KaHaie (COXpaHUTh B BUJIE PUCYHKA).

2. JIuHMM TOKa B OCHOBHOM IIOTOKE U B BUXPEBOil 001aCcTH (COXPAHUTh B BUJIE PUCYHKA).
3. Pacxon BojpI B KaHaie.

4. PacripenienieHue CKOPOCTH BOJIbI BJIOJIb OCH X Ha JIMHUU, N300pakeHHON Ha pucyHke. Ee
MI0JIO’KEHUE 33]JaHO OTHOCUTENIbHO MPOCTPAHCTBEHHBIX OCEH.

ry Pexum 1 | Pexxum 2

inlet CkopocTb, M/c 2 1
Temnepatypa nosHoro Topmoskenusi, K | 300 300

outlet | Cratuueckoe nasnenue, MIla 0,1 0,1

- TasBanme: top_wall {asBanue: outlet
Hazpanwe: inlet
wnn: wall ui: pressure-outlet

Tum: velocity-inlet

—

Haspanme: bottom wall 1
T wall
Haspanue: vertical wall Hasparme: bottom _wall 2
T wall Twn: wall

Figure 9 FeomeTpua pacuetHoi obnactu

line =

KoHnTpoJibHbIE BONIPOCHI/3a1aHUA:
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YMeTh: NpOBOJUTH CTAllMOHAPHBIE 1.CtyneHT nomy4un Bce TpeOyembIe B 3a/1a4e
u HECTallMOHAPHbIE pe3yiabTaThl pacyera.
ra3o/IMHaMUYecKue pacueTsl
0onHOGA3HBIX BS3KUX TEUYCHUU B
JIBYMEPHOM u TPEXMEpPHO
IIOCTaHOBKE

Onucanne MKAJbI OIleHUBaHUS:

Ouyenxa: 5
Onucanue xapakmepucmurxu 6bINOJIHEHUS 3HAHUSL: BBICTABIIACTCS, €CIIU Pe3yJIbTaThl pacyeTa
KOPPEKTHBI, pacCUMTaHbI 00a PeKUMa, MMOTYICHBI BCE TpeOyeMble JaHHBIC I KAKIOTO PEKUMA.

Ouenka: 4
Onucanue xapaxmepucmuxu 8bINOJIHeHUs 3HAHUS: BBICTABIICTCS, €CITU PE3YyIbTAaThl pacdyeTa
KOPPEKTHBI, paCCUMTaHbI 002 PEIKUMA, BBITOJIHEHBI 2 WK 3 TPeOYeMBbIX IMYHKTA.

Oyenka: 3
Onucanue xapakxmepucmuku 6bINOJHEHUsI 3HAHUsL: BBICTABIICTCS, €CJIN JIMOO0 Pe3yJIbTaThl pacyera
KOPPEKTHBI, pacCYMTaHbl 00a PEKUMA, BBITIOJIHEH 1 TpeOyeMblil MyHKT ISl KKI0T0 pexXuMa, TH00
pe3yJbTaThl pacuera KOPPEKTHBI, PACCYMTAH OJUH PEXKHUM (M 00a), BHITIOJIHEHBI BCE TPeOyeMbIe
MYHKT JJI OJTHOTO PEXKHMMa PEXKMMA.

KM-7. JlabopaTopHasi paGora 5. MoeimpoBaHue Te4eHUsl B COIIOBOM pelieTke
0CceBoil TYpOUHBI

®opMbl peanu3anmu: 3alinTa 3a1aHus

Tun koHTpoILHOrO MeponpusTus: Jlaboparopnas padbora

Bec koutposabHoro meponpusitusi B BPC: 20

IIpouenypa npoBeneHusi KOHTPOJIbHOro Meponpusitusi: CTyaeHT mpeaocTaBiser (ain ¢
pe3yJibTaTaMH pacueTa, a Takke TpeOyeMble B 3aJjaHuU Tpaduueckue faHHble. Dail OTKpbIBaeTcs B
nporpamme Ansys Fluent. [IpenogaBaTesns 3a1aeT BOIpOCkl, CBA3aHHbIE C TPOLEAYPON MTPOBEIECHUS
pacuera. CTyJEHT JIEMOHCTPUPYET CBOU 3HAHUS HEMOCPEACTBEHHO B IPOTrpaMMe.

Kpatkoe cogepxxanue 3agaHus:
Heasb. M3yunTh 0cOOEHHOCTH MOAETMPOBAHUS TEUCHUS U MIOCT-00pabOTKH pe3yIbTaToB B
HEMOJIBUYKHBIX 3JIEMEHTaX MPOTOYHBIX YacTeil TypOOMaIlnH.
3agaua. [IpoBecTu MoaenMpoBaHUE TEYEHMSI BO3/1yXa B KOJIBIIEBON PEIIETKE COMJIOBBIX
JIOTIaTOK C MaJIoOM OTHOCUTENbHOM BbicOTOW. Heo0xoqumo mpoBecTy MoIeTMpOBaHUE TEUEHUS
MOTOKA BO3/lyXa B pELIETKE ISl TpeX 3HaueHui Teopernyeckux yucen Maxa: 0,45; 0,65 u 0,85.
Jlns paccMaTpuBaeMbIX PeKUMOB MPUMEHUTH MoJieNb TypOyineHTHocTH k-€ Realizable co
cTaHapTHOU npucteHouHo ¢pyHnkuuedt Standard Wall Function. B pe3ynbrare uncieHHOro
MOJIETTUPOBAHUS TOTYUUTh:
1. Hns pexuma M1t = 0,45 nonyuuTs pacnpeseneHne AaBIeHNs MOTHOIO TOPMOKEHUS TOTOKA
B CPEJIHEM CEUEHUU PELIeTKU. Buzyanu3upoBaTh pacipeielieHne CTaTHUeCKOro JaBlIeHUs
MIOTOKA Ha TIOBEPXHOCTSX JIONATKU (BXOJHAas!, BBIXOAHAS! KPOMKH, CIIMHKA, KOPBITO).
OTto0pa3uTh pacnpeeneHue NoTepb KNHETHYECKON IHEPTHH MMOTOKA Ha INIOCKOCTH,
pacroI0KEHHON HA PacCTOSIHUM 32 MM OT BBIXOJHOW KPOMKH JIOIIATKH.
2. JIns BceX paccMaTpUBAEMBIX PEXKUMOB 110 M 1t ompeieiuTh pacipeieicHue moTephb
KMHETUYECKOW YHEPTUH MTOTOKA 3@ PELUIETKON Ha TNIOCKOCTH, PACIIONOKEHHON Ha paCCTOSHUU
32 MM OT BBIXOJJHOM KPOMKH B 7 MO BbICOTE ceUeHHSIX. CPaBHUTH MOJTYYECHHBIE PE3YJIbTATHI.
3. Jlnst Bcex paccMaTpuBaeMbIX pesKUMOB 1o M1t onpenenuts cpeiHenHTerpaibHble (110
pacxojy) MOTEpPH KHHETUYECKON IHEPTUHU MTOTOKA 32 PEIMIETKON Ha MIIOCKOCTH, PACIIOI0KEHHON
Ha pPacCTOSHHUU 32 MM OT BBIXOJHON KPOMKH.
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4. Jlns BceX pacCMAaTPUBAEMBIX PEKUMOB 10 M1t MOIyduTh pacrnpenencHiue CKOpOCTH B
CpEIHEM CEUEHUU JIONATKHU BOJIb IIara peeTku U B CEYEHUH, PacloIOKEHHOM B
NPUCTEHOYHOM 007acT pemerku. O0a cedeHus: pacnoI0kKeHbI Ha PACCTOSHUU 32 MM OT
BBIXOJHON KPOMKH.

5. CpaBHUTH pacnpeielieHue TaBICHUH 10 00BOIy IPOQHIIS Ha CPETHEM CEUECHUH JIOTIATKU
JUISL BCEX paccMaTpUBaEeMbIX PEKUMOB 1o M1t.

JlaBiieHHE IOJIHOTO TOPMOXKEHMS IIEPE PEILIETKOM /Il pacCMaTPUBAEMBbIX CIIy4aeB CUUTATh
MOCTOSIHHBIM, OHO cocTaBisieT 115 kIla. [loTepu kuHETHYECKON YHEPTrUN ONPENETAIOTCS 110
npuOIMKEHHON Gopmyre:

2 1 Po\ k

Gi = -1
l k_lMizt Poi

rze k - mokazatenp u303HTpons! (11 Bo3ayxa k = 1.4); p0 — naBineHue NoIHOro TOPMOKEHUS
nepes pemeTKon; poi — JaBJIeHre TIOJTHOTO TOPMOXKEHHSI B paccMaTpuBaeMoi Touke; M1t —
TeopeTu4ecKoe Yuciao Maxa B pacCMaTpuBaeMoOil TOUKE, OIIPENEIEMOe KaK:

2 | (Do) k
k—l D

IJIe pi — CTaTHYECKOE JIaBJICHHE TIOTOKA B PACCMaTPUBAEMOM TOUKE.

Onucanue reoMeTpHH MCCJIeAyeMOro KaHaIa U TPAHNYHBIX YCJIOBHUI pacyera. BHemHui
BUJI COTIOBOH PEIIETKH MPEICTaBIeH Ha pucyHKe. JlonaTka orpannyeHa 6aHIa>KHbIMU
JeHTaMu cBepxy U cHusy. KopueBoii auametp pemerku octasiser 1094 M, BeicoTa 27 mm; 100
JOMaTOK (POPMUPYIOT MEXKJIIOTIATOYHBIN KaHaJl, TEOMETPHS KOTOPOTO B Pa3BEPTKE HA CPEAHEM
JaMeTpe IpecTaBiIeHa Ha pUCYHKe. BHEIIHNI BUA pacyeTHOM cXeMBbI ITPEICTaBIeH Ha
pucyHke. MoienupoBaHue BeIeTCs A1l 00JIACTH TEYCHUS, BRIPE3aHHOW U3 KOJIBIIEBOTO
CEKTOpa U COOTBETCTBYIOLIAS LIAry PeeTKH. TO CYLIECTBEHHO YCKOPsIET Mpollece pacyera
(TT0 CpaBHEHUIO C MOJICTTMPOBAHNEM BCEU KOJIBIIEBOW PEUIETKH) €CITH MPEAOI0KUTD, YTO
TEYEHHUE B KAXKJIOM MEXIIONATOYHOM KaHalle pelIeTKH 0luHaKoBo. /i peanu3annu nogo6Horo
MI0/TX0/1a MCTIOJIB3YIOTCS CTIeIMAIbHBIC TPAHUYHBIE YCIIOBHS HA KPasX PaCUETHON CXEMBI:
periodic. OHu obecreunBarOT PaBEHCTBO MapaMETPOB MOTOKA Ha ATUX obnacTax. Cucrema
KOOpJIWHAT COPMEHTHPOBaHA KaK IMOKa3aHOo Ha puCyHKe. OCh Z COBMAIAET C OCEBBIM
HarpaBJIeHUEM TypOUHBI, X — C paJualbHbIM. PacronokeHne HIKHElH MOBEPXHOCTH (MMEIOLIEH
WIMHAPUYECKYI0 (POpMY) BBIPE3aHHOI'O CEKTOpa PAaCHoJIOkKeHa Ha paguyce 547 Mm
OTHOCHUTEJIBHO OCU TYpOUHBI (UTO COOTBETCTBYET KOPHEBOMY paanycy pemerkn). [lpu
IPOBEIEHUH MTOCT-00Pa0OTKU MOJOOHBIX PACYETHBIX CXEM, UMEIOIIUX MINHAPUIECKYIO
bopmy, yI0OHO TPOBOAMTE C MTOMOIIBIO MMIMHAPUIECKON CHCTEMbI KOOpAMHAT. Tak B
AnsysFluent sto: Radial Coordinate (paguanbnas koopaunata), Angular Coordinate (yrimosas
koopaunara), Axial Coordinate (oceBast koopauHarta). Ha pucyHke mpeacTaBieHa
MOBEPXHOCTHAS CETKa JIOMATKHU U HIKHEeH OaHJaKHOM JIEHTHI pacyeTHOM cxeMbl. [lonoxenue
TUTOCKOCTH JUTSl U3MEPEHUS TIOTEPh OTOOPAKEHO B OCEBON KOOPIUHATE OTHOCHUTEILHO BXOHOM
KPOMKH. {7151 mosTyueHus pacipeaesieHus oTeph 10 BBICOTE Ha ATON MOBEPXHOCTH
HEOOXOMMO 337aTh 7 CEYEeHUH, MOJI0KEHIE KOTOPHIX ONPENCISIETCS] paanaIbHON
KOOPJIMHATOM, KOTOpBIE MpecTaBieHbl B Tabnuue. Jlunus line_ 4 6yaer ucrnonb3oBaHa JUist
OTIpeNIeNIeHUs pacTpeie]ICHHs CKOPOCTH TIOTOKA BIOJb IIara PEIeTKH Ha CPETHEM CEUCHUH
(cM. myHKT 4 3a1aHus), TMHUsA line 7 — 1711 pacupeaeneHns CKOpOCTH B KOHIIEBOM 001acTH.

Wwms muann line_ 1 | line 2 | line_3 | line 4 | line 5| line_6 | line_7

Pamuanenas xoopnunata, mm | 547,5 | 552,0 | 556,3 | 560,5 | 564,8 | 569,0 | 573,5
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Figure 10 BHeWHMIA BUZ, CONNOBOI peLleTKu (a) U reoMeTpUYecKme XapaKTepPUCTUKU MeXKI0NaTOUYHOro KaHana Ha cpegHem

pnamertpe (6)

BxogHan obnacts
Tvn: pressure-inlet

cKopocTedt

Nonatka 7=
Tan: wall

HumHAR 6anaamHan nenta

Tun: wall a)

KoHTpoJibHbIC BONIPOCHI/3aJaHUA:

MAoCKOCTS MIMepeHus
noTeps M pacnpeaenenus

BbixogHan obnacts

/ T™n: pressure-outlet

BepxHan banaakHan newra
Tun: wall

» Nepuognyeckue rpaHmnubl

Tun: periodic

6)

Figure 12 MonoeHue aneMeHTOB 4N1A u3MmepeHus (a) U 3agaHue NMHUI U3MepeHUsa NoTepb No BbicoTe sionaTku (6)

YMeTh: HacTpauBaTh W TPOBOJUTH
ra3olMHaMUYeCKU  pacdyer B
perreTkax i CTYTICHSX
TypOOMAIIINH C YYETOM CHEIUPUKU
IMOAOOHBIX 3a71a4

1.ITokaxure, kak B Ansys Fluent HacTpouts
MEePUOINYECKHE 30HbI B TPEXMEPHON PacyeTHON cxeme
TYpOMHHOU PEIISTKH.

2.ITokaxwure, kak B Ansys Fluent MoxHO crpynnupoBath
I'V no ux tTuny a1st yno0cTBa MX HACTPOUKH.
3.ITokaxuTe, kak B Ansys Fluent paboTats ¢ 3a1auamu, B
KOTOPBIX HECKOJIBKO 30H SIUYEEK.

4.TTokaxxuTe, Kak MOXKHO UCIIOJIB30BAaTh KOOPANHATHI
Axial, Radial m Angular m1s onpenesieHus mapamMeTpoB
MIOTOKA B pelIeTKe (Ha MpuMepe MOCTPOSHUS
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pacrpeiesieHus aBJeHus 1Mo 00BO Ty MpoduIs UK
IIOTEPH 32 PELIETKOM WU MOCTPOEHUSI KOHTYPa CKOPOCTH
3a pemIeTKOmn).

5.Ilokaxkure, KaKk HaCTpaMBaTh CXEMBbI pacyeTa B
3aBUCHUMOCTH OT PeIIaeMoi 3a/1au U 0COOEHHOCTEH
HMMEIOIUXCSl BBIYMCIUTENIBHBIX MOIIIHOCTEM.

Onucanne MKAJbI OIleHUBaHUS:

Ouyenxa: 5
Onucanue xapakmepucmuky 6blNOJIHEHUsl 3HAHUA: BBICTABIIAETCS, €CIIN Pe3yJIbTaThl pacuyera
KOPPEKTHBI, CTYIEHT OTBETUJI MUHUMYM Ha 4 Borpoca u3 5.

Ouenka: 4
Onucanue xapaxmepucmuxu 8bINOJIHeHUs 3HAHUS: BBICTABIICTCS, €CITU PE3YyIbTAaThl pacdyeTa
KOPPEKTHBI, CTYJICHT OTBETHJI Ha 3 BOIpoca U3 5.

Oyenka: 3
Onucanue xapakxmepucmukuy 6bINOJIHEHUs 3HAHUsL: BBICTABIICTCS, €CIIM PE3yJIbTaThl pacyeTra
KOPPEKTHBI, CTYJICHT OTBETHII Ha 2 BOIpoca u3 5.
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
2 cemecTp

@DopMa NPOMEeKYTOUHOM aTTecTalMM: 3a4ET C OLEHKOU

IIpouenypa npoBenenust

3aueT 0 COBOKYITHOCTHU PE3YyJIbTAaTOB TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH.

L Ilepeuenv Komnemenyuil/uHOUKAMOpPO8 u KOHMPOAbHBIX 60NPOCOB NPOBGEPKU PE3YTbHAN 08
0CBOCHUA OUCUUNTUHDL

1. Komnerenuust/ Unaukarop: MJ1-1nk-1 BeimoaHseT TeopeTnyeckne u SKCIIEpUMEHTAIbHBIC
UCCIIEIOBAaHMS ITPOIIECCOB, MPOUCXOAAIINX B 00bEKTaX MPOPECCUOHATEHON IeATEIIbHOCTH

Bonpocel, 3a1anns
1.ITo cOBOKYITHOCTH pe3yJbTAaTOB TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH.

Matepuanbl /151 IPOBEPKH OCTATOYHbIX 3HAHUM
1.3amanus hopMupyrOTCS cydaitHbIM 00pa3oM u3 0a3bl 3a1aHuii. B TecTupoBaHuEe BKIIOUCHBI
TEOPETUUECKHE BOIIPOCHI, MIPEAIOoIararoiye 1100 BEIOOp 0JTHOTO BEPHOTO OTBETA U3
MPEIUIOKEHHBIX, THOO HECKOJIBKHUX BEPHBIX OTBETOB U3 MPE/IOKEHHBIX BAPUAHTOB, U 3aJIaHUS
CBOOOIHOTO M3I0KEHUS U(1ITK) HEOOIIBIIINE BHIYUCIUTENbHbIE 331a4u Ha ocHoBe KM

II. Onucanue wkanvl oueHueanus

Oyenka: 5
Onucanue xapaxmepucmuxu 8bINOJIHEHUs 3HAHUA: BBICTABIISIETCS 110 COBOKYITHOCTH PE3YJIbTATOB
TEKYIIEeT0 KOHTPOJIS YCIIEBaEMOCTH B COOTBETCTBUU ¢ [lonokeHnem o 6amibHO-peUTUHTOBON
cucreme it cryaeatoB HUY «M3BNy.

Oyenka: 4
Onucanue xapaxmepucmuxu 8blNOJIHEHUs 3HAHUS: BBICTABIISIETCS 110 COBOKYITHOCTH PE3YJIbTATOB
TEKYIIEeT0 KOHTPOJIS YCIIEBaEMOCTH B COOTBETCTBUU ¢ [lonokeHueM o 6amibHO-peUTUHTOBOM
cucreme it cryaeatoB HUY «M3BNy.

Oyenka: 3
Onucanue xapaxmepucmuxu 8blNOJIHEHUs 3HAHUS: BBICTABIISETCS 110 COBOKYITHOCTH PE3YJIbTATOB
TEKYIIEeT0 KOHTPOJIS YCIIEBaEMOCTH B COOTBETCTBUU ¢ [lonokeHnem o 6amibHO-peUTUHTOBOM
cucreme st cryaeatoB HUY «M3BWNy.

II1. IIpaguna évicmaesnenus umo2o680i OUeHKU no Kypcy

Onenka omnpenensercs IO COBOKYIMHOCTH pPE3YJBTaTOB TEKYIEro KOHTPOJSA YCIIEBAEMOCTH B
cootBeTcTBUH ¢ [lonoxeHneM o 6auIbHO-PEeUTHHTOBOM crcteMe uid cTyaeHToB HIUY «MOW».
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