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Cnucok anemMeHToOB

B nmanHOM pazzuere conepKuTCs CIUCOK (PU3MUECKUX MOZETICH U DIIEMEHTOB HHTepdeiica
FloEFD B mopsijike uX MOSBICHUS B 00y4aromux npumMepax. YToObl y3HATh, B KAKHX
MIpUMEpax NUCIIONIb3YeTCsl ONPEICIICHHBIN IIEMEHT, HEOOX0ANMO HAHUTH €TO B JIEBOM
cTonbue Tabiuupl. B cTpoke, COOTBETCTBYOLIEH JaHHOMY JIEMEHTY, TAKHE TPUMEPHI
OTMeYeHBI rastouKoil. Kak nmpaBuiio, nepBUYHOE MCIOIB30BaHIE KAKOTO-TIO0 3JIEMEHTA B
IIpUMeEpax CONMPOBOKAACTCS MOAPOOHBIM onncanneM. OOydaroimue npuMepbl
IIPE/ICTABIICHBI B CITHCKE I10]] COOTBETCTBYIOIINMH HOMepaMu. Bee nmpumeps! paszeneHst
Ha Tpu Kareropuu: ba3oBblil ypoBeHb, CpeHUl YPOBEHb U YPOBEHD ONBITHOTO
TIOJTb30BATEIISL.

L ITpumepor Bazoeozo ypoens nomozym Bam oénadems 0CHOGHbIMU NPUHYUNAMU
nocmpoenus cmpykmypul u unmeppetica FIoEFD.

Al - Teuenue Boasl B miapoBom kpane (Ball Valve Design)

A2 - Conpsi:kennblii Temiooomen (Conjugate Heat Transfer)

A3 - ITopuctsie cpensl (Porous Media)

B Ipumepwr Cpeonezo yposusa, npedcmasisiowue cooou Haubonee pacnpocmpanentvie

3a0ayu, nomo2ym Bam Hayuumucs peuiams paziuynble UHIICeHEPHble 3d0aYU ¢
nomowwio FIOEFD.

B1 - Onpenesnienne ruapasindeckux norepb (Determination of Hydraulic Loss)
B2 - Koadgpuument conporusienusi unaunapa (Cylinder Drag Coefficient)
B3 - KII L remiiooomennuka (Heat Exchanger Efficiency)

B4 - Onrtumusanus cerku (Mesh Optimization)

FIoEFD FEP12 OGyuatowme npumepbl FL-1



FL-2

Buvinonnue npumepvr Ypoeusa onvimnozo nonvsoeamens, Bvl nayuumecs npumeHsamo
paznuunsle snemernmol FIOEFD 055 pewienuss npakmuyeckux UH#CeHEePHbIX 3a0ay.
IIpedsapumenvro pexomendyemces blnoaHums npumepsi bazoeozo yposns.

C1 - IIpumenenne "EFD macmtadupoBanus' (Application of EFD Zooming)

C2 - Tekcruasnas mamuna (Textile Machine)

C3 - TeueHHe HEHBIOTOHOBCKOI JKUIKOCTH B KaHaJle ¢ MACCHBOM IIHJIMHIPUYECKUX
npensitcteuii (Non-Newtonian Flow in a Channel with Cylinders)

C4 - Paguanuonusblii Tenyioo6MeH (Radiative Heat Transfer)
CS5 - HenTpobexublii Hacoc (Rotating Impeller)
C6 - Kyaep npoueccopa (CPU Cooler)

C7 - MacaoyaoBurtenas apromoduis (Oil Catch Can)

IHpumepol modyns HVAC noseonsiiom o3uakoMumscsi ¢ UCHONb30GAHUEM
Odononuumenvuvix gozmodicnocmeil FIoOEFD, npednasnauenHbix 0714 peuleHus 3a0ay
HazpesaHusl, BEHMUIAYUU U KOHOUYUOHUPOBAHUA 8030YXA. DMA DYHKYUOHATLHOCHIb
docmynna monvko nonvzogamensim mooyns HVAC.

D1 - IN'iorennsiii npoxextop 150W (Halogen Floodlight 150W)
D2 - borbuuunas nanara (Hospital Room)

D3 - PacnpocTpaHeHnue 3arpsi3HeHuii B y1nuyHoMm kanboHe (Pollutant Dispersion in
the Street Canyon)

Ipumepor mooyneii Electronics Cooling u LED nosgonsiom o3Haxomumscsi ¢
ucnonvbsosanuem 0onoIHUmenbHwlx gozmosicnocmeti FIoEFD, npednasnayeHHbIX 0
MOOENUPOBAHUS PAZTUUHBIX DNEKMPOHHBIX KOMINOHEHMOS. DMa (YHKYUOHATbHOCHb
docmynna monvko nonvzoeamensim mooyneil Electronics Cooling u LED.

E1 - Daextponnbie koMnoHeHThI (Electronic components)

E2 - CBeroanoanoe ocsemenue (LED lighting)

Ipumepovt mooyna Advanced CFD no3601510m 03HAKOMUMbCSL C UCHONL30BAHUEM
oononnumenshvix 6ozmodicnocmett FIoOEFD, npeonasnauennsix 0Jis peutenust
ONpeOeneHHbIX UHIICEHEPHBIX 3a0al, MAKUX KAK opeHue 2a3000pasHulx cmecell. dma
DYHKYUOHATLHOCHL OOCMYNHA MONLKO nonb3ogamensim mooyns Advanced CFD.

F1 - I'openue B Tpy6e (Combustion in a Tube)



BaszoBbii CpepgHun YpoBeHb ONbITHOrO OononHuTenbHble
YpOBeHb YpPOBEHb nonb3oBaTtens Moaynu
A/A|/A/B|B/B/B|Cc/C|Cc|Cc|Cc|C|Cc|D|D|D|E|E|F
112 |3(1(2|3(4(1(2|3 (4|56 |7 (1]2(3 |12 |1
JBymepHOE TeueHue v
TpexmepHoe TeueHHne ViV VvV VIVIVIVIVIVIVVIVVVVV VY
Brewnsas 3anada v v v v v v
Buyrtpennss 3anada vViviv v vViviviv|v v v v v v
Cranuonaphas 3aj1a4a VIVIVIVIVI VI VI VI VIV VI VIV VVV vV Vv
Hecraunonapnas 3anaqa v v v
Kunkoctu v V|V Vv v
Ta3br Vi v v v iv|iv ViV V| Vi Vv vV Vv
HenbroTroHOBCKHE v
JKUAKOCTU
Toproune cmecu v
CmMecH TeKy4HXx cpef v v v
Pasnenennsle nOoTOKM v v
TEKy4HX CpeJ
(Takue Kak moymodIacTu
TCUCHUS )
TernnonpoBoJHOCTH B v v v v v v viv
TBEPABbIX TeIax
TonbKO TEMI0NPOBOAHOCTH v
B TBEPJBIX TeJIaxX
I'paBuranuonubie 3hHEKTHI v v v v|v

FIoEFD FEP12 OGyu4atowime npumepsbi FL-3



BazoBbin CpeaHun YpoBeHb ONbITHOro OdononHuTtenbHble
YPOBeHb YpOBeHb nonb3oBaTensi moaynu

A/A/AB|B|B|B|C|C|C|CcC|C|C|C|D|D|D|E|E|F
112|312 (3|4(1(2|3(4|5(6|7 (1|23 ]|12]1

Tonbko TaMUHapHOE v
TEUCHHE

TTopucteie cpenbt v v

PannanmonHbIi v v v
TEII000MeH

Tloecnowenue 6 v v
meepoom meie

Cnexmp usnyyenus v v
[IlepoxoBaToCTh v
JByxdasHble TeueHus v v

(HaNMMUMe YacTUIl WIIN
Karejb B IOTOKE)

IMmobanpHOE BpaleHue v
CHUCTEMBI KOOPAHHAT

JlokanbHble 00naCTH v
BpALLCHUS
Pacuernas obmacth v v v v v v v
Cummertpust V| v v v
ITapameTpsl ckopocTu v v
3aBUCUMOCTD v v
TepmonuHnaMudeckue v v v
napameTpsl
ITapameTpsl v v
TypOyJICHTHOCTH




BaszoBbii CpepgHun YpoBeHb ONbITHOrO OononHuTenbHble
YPOBEHb YPOBEHb nonb3oBaTensi moaynu

A/A/A/B|B/B/B|[C/C|C|C|CcC|C|CcD|D|D|E|E|F
1123|123 |4 2|3 |4|5|6|7 2|3 |1 |2

-
-
-

Konnentparuu v v
BEIIIECTB

ITapameTpsnl v
MaTepHajoB

Pacxon/ckopocth

Maccosuvlii pacxoo na | v v v v
6x00e

Obvemublil pacxod Ha v v v v v
6xo0e

Obvemublil pacxod Ha v v
evixo0e

Ckopocmb na 6xooe v Vv v

JlaBnenue

Cmamuueckoe v v v v Vv v
odasnenue

Jasnenue v v|iv|v v v v v
OKpyJrcaroueli cpedvl

CreHka

Peanvuas cmenka v Vi Vv

[TapaMeTpbl rpaHUYHBIX | v v v V| v V| v v
YCIIOBHH

IlepeneceHHble rpaHUYHbBIC v
yCIIOBUS

BenTtunstopst v v viv

Konrtaktabie V| Vv
CONPOTUBJICHUS

IlepdopupoBanHbie v|v
MTACTUHBI
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BazoBbin CpeaHun YpoBeHb ONbITHOro OdononHuTtenbHble
YPOBeHb YpOBeHb nonb3oBaTensi moaynu

A/A/AB|B|B|B|C|C|C|CcC|C|C|C|D|D|D|E|E|F
112|312 (3|4(1(2|3(4|5(6|7 (1|23 ]|12]1

ITomo6mactu TeueHms v v

HavanbsHabie yciaoBusa

Ilapamempoi v
cKopocmu

Rasucumocmo v

Ilapamempoi v
Mamepuanos

Marepuan v v v v v v v v

Ionynpospaunviii v v
mamepuan

Ilopucras cpena v v

HOBerHO CTHBIC TCIIOBBIC HCTOYHUKH

Mowmnocmo v v v
MenioebLOeIeHUS

OO0BEMHBIE TEIIOBBIE HCTOYHUKHI

Temnepamypa v v
Mowmnocmo v v v viv|v
mennogvloeneHs

HWcrounnku, 3aBUCSIINC v

OT LeNH
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BaszoBbii CpepgHun YpoBeHb ONbITHOrO OononHuTenbHble
YPOBEHb YPOBEHb nonb3oBarens moaynu

A/A/A/B|B/B/B|[C/C|C|C|CcC|C|CcD|D|D|E|E|F
1123|123 (4(1(2|3 (4|56 |7 (1]2 3|12 |1

Panmanmonnsie v v
HCTOYHUKHU

IToBepxHOCTH v v v
paguanoOHHOro
TernoooMeHa

2R monenu v

TenoBele TpyOKH v

IleuaTHbic TIIATHI v

CBETOANOIHEIE v
KOMIIOHEHTEI

[Tapamerpsl pacuera v
pacnpocTpaHeHus
npuMecu

Hcrounnkn Ha TIOBEPXHOCTH

Maccoswiii pacxoo v
Macrep npoekra u ViVIVIVI VIV VIV VIV VI VV VIV VVVWVV
HABHUTaTop
Hcnonp3oBanue mabioHa v
KrnonupoBanue npoexra v v i v| v viv v v v
OOmue HacTPOHKH v v
KonmpoBanue 31eMeHTOB v
POEKTa
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BazoBbin CpeaHun YpoBeHb ONbITHOro OdononHuTtenbHble
YPOBeHb YpOBeHb nonb3oBaTensi moaynu

A/A/AB|B|B|B|C|C|C|CcC|C|C|C|D|D|D|E|E|F
112|312 (3|4(1(2|3(4|5(6|7 (1|23 ]|12]1

I'moGanbHas nenb v v v viv| v v v v|iv
IToBepxHOCTHAS LiENIb ViV Vv Vv ViV ViV VIV VNV Vi V|V Vv
OObeMHas 1eITb v v v|iv v v v|iv
JlokanbHas 1enb v

Llenb-BIpaxkeHue v v v viv|Vv

ABTOMaTHYECKHE HACTPOHKU

Yposenv paspewenus v v ViV Vv v
Munumanvhoiil 3a30p | v| ¥ v ViV Vv Vv V| Vv v vV
Munumanvuas v V| v v v
MoaWuHa CMeHKU

Hactpoiika ceTku Bpy4yHYyIO

KoumponvHule v v v
niockocmu
Tpanuya v v v

meno/mexyuas cpeoa

Vakue kananwvi v v

Hactpoiikxa ceTku BpyuHyIO

Jlpobnenue siueex v v|iv|iv|iv

Vakue xananwvi V| v V| v
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BaszoBbii CpepgHun YpoBeHb ONbITHOrO OononHuTenbHble
YPOBEHb YPOBEHb nonb3oBaTensi moaynu

A/A/A/B|B/B/B|[C/C|C|C|CcC|C|CcD|D|D|E|E|F
1123|123 (4(1(2|3 (4|56 |7 (1]2 3|12 |1

3aBHUCHMOCTD v v v

Hactpoiika equnun v v
HU3MEpEHUs

3ajaHue 2IEMEHTOB V| Vv v v vV Vv V|V Vv Vv
M0JIb30BAaTEIIEM

IIpoepka reomerpun v v

TI'azonmHamuue ckuit v
KaJbKYJSTOP

[Tanenn MHCTPYMEHTOB v

DunpTp v

Ynpasnenue v|iv vViv| Vv v
KOMITOHEHTaMH

YcnoBus 3aBepliieHUs v v

YpoBeHb paspenieHus v viv v
3a/1a4uu

AJnlanTUpoOBaHUE CETKH K v
PCILICHHO

Pacuer koMpOPTHBIX v
napameTpoB

Cepust pacueToB v v v

FIoEFD FEP12 OGyu4atowime npumepsbi FL-9



BazoBbin CpeaHun YpoBeHb ONbITHOro OdononHuTtenbHble
YpPOBEHb YpOBeHb nonb3oBaTtens Moaynu
A/A/A/B|B/B|B|C|C|C|CcC|C|C|C|D|D|D|E|E|F
112|312 |3|4(1(2(3(4|5(6|7 (1|23 ]|1(2]1

Llens v

IIpenBapuTtenbHbIil v

MPOCMOTP

Kapruna B ceuenun v Vv v Vi V| V|V Vi V|V V|V

Kapruna Ha moBepxHOCTH | | ¥ v

W3onosepxHocTH v V| v

Tpaexropuu noToka v|v| v v v v

Pacuer nBmxeHHs yacTUI] v v

I'padpuk v

[ToBepxHOCTHBIE v v

napameTpsl

OOBeMHBIC TTapaMETPBI v

Llens AR ARARS v v v v

Hactpoiika cniucka v

napamMeTpoB

CBOIHBII OTYET O v

pe3yabrarax

BriHocku v

FL-10



BaszoBbii CpepgHun YpoBeHb ONbITHOrO OononHuTenbHble
YPOBEHb YPOBEHb nonb3oBaTensi moaynu

A/A/A/B|B/B/B|[C/C|C|C|CcC|C|CcD|D|D|E|E|F
1123|123 (4(1(2|3 (4|56 |7 (1]2 3|12 |1

IToka3ars/CKpBITH v V| v
TEOMETPHUIO MOJIEIH

IIpo3paunocts v v

IIpumenenue v
OCBEIICHUSA

Hcnonezosate CAD v
TEOMETPHIO

ITokazare ceTky v

FIoEFD FEP12 O6yuatowme npumepbl FL-11
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A

ba3oBbIiy ypoBeHb

Ba3oBblii ypoBeHb BKIIIOYACT IPUMEPHI, KOTOPBIE AEMOHCTPHPYIOT OCHOBHBIE IIPHHIIHIIBI
MOCTPOCHUS CTPYKTYphl i nHTepdeiica FIoEFD. HacTosTensHO pekoMeHIyeTCst
BBITIOJTHUT 3TU IIPUMEPHI B TIEPBYIO OUYEPEb.

Al - Teuenue Boasl B miapoBoM kpane (Ball Valve Design)
A2 - Conpsizkennblii Temiooomen (Conjugate Heat Transfer)

A3 - ITopuctsie cpennsl (Porous Media)

FIoEFD FEP12 OGyuatowme npumepbl A-1



Ba3oBbii ypOBEeHb:



A1

TeuyeHue BoAbI B LLAPOBOM KpaHe

B manHOM nprMepe paccMaTpHUBaeTCsl TCUCHHUE BOJBI B IIAPOBOM KpaHe JI0 H IocIe
BHECEHUS KOHCTPYKTHBHBIX U3MeHeHU. OCHOBHAs LieNb JaHHOM 3aJa4yl - 10Ka3aTh,
HACKOJIBKO TIPOCTO MOAEIHNPOBATH TEUECHHE KUAKOCTH ¢ Tomolnsio FIOEFD. Drot nmpumep
nemoHcTpupyet, uro FIoEFD siBnsiercst HAWTyYIIMM HHCTPYMEHTOM, TTO3BOJISIFOIIIM
MHKEHEpaM HCCIIeJOBaTh pa3InuHble BAPUAHThI KOHCTPYKIHUH.

OTKpbITUE MOaenu

1 Ckomnupyiite manky Al - Ball Valve u3 ycTraHOBOUHON AUPEKTOPUH
(<install_dir>\Examples\Tutorial Examples\) B cBOi0 pabouyr TUPEKTOPHIO U
ybemurecsk, uto ¢ (aitos cHAT aTpulyT "Tonbko A yreHus", T.k. FIoOEFD Gyner
COXpaHATh B HUX BXoAHbIe AaHHBIE. 3amyctute FIOEFD.

2 Kiukaute ®@ann > OTKpbITb. B mranoroBom oxkue
®ain OTKPbITb TIepeiiauTe K COOpKe
ball valve.asm, pacnojoxeHHOH B nanke Al - Ball
Valve u HaxxmMuTe KHONIKY OTKPbITh (FUTH TBaXKIBI
KITUKHUTE TI0 (aitmy coopku). Takxe Ber Mmoxkere
neperamuTh pain ball valve.asm B CBOOOAHYIO
obmacth okHa Creo Parametric (Creo Elements/Pro).

Tlpeocmasnennviil 30ecy WapoBol Kpan OmKpbleaemcs
U 3aKpbIBACMCsi NOBOPOMOM PYKOAMKU. Yeon
OMKPLIMUSL KPAHA 300aH 6 KAYeCmee CONPSICEHUS.

FIoEFD FEP12 OGyuatowme npumepbl A1-1



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

3 Tloacserute KpbIMIKM, KIMKHYB 110 komrnoHeHTam LID 1 u LID 2 B gepeBe moaenu
Creo Parametric (Creo Elements/Pro).

Cywecmeennvix usmenenuii mooenu 0 ucnoavsosanus 6 FIoEFD ne mpedyemcsi.
Tonvzoeamento HeOOXOOUMO NPOCMO 3AKPbING GHYMPEHHULL 00bEM ¢ NOMOWbIO Mell,
KOmopble Ha3bl8aomces Kppluwikamu. B 0annom npumepe onu 0ns yoobcmea coenarul
NOIYNPO3PAUHBIMU.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
HeoOX00UMO OmKpblmb cOOpKy ball valve.asm, pacnonodcennyio ¢ nanke Al - Ball
Valve\Ready To Run, u 3anycmums nHa pacuem HyJicHble NPOEKMbl.

CospnaHune npoekrta FIOEFD

1 B miaBHOM MeHIO KIIMKHUTE Flow e o 7]

Analysis > MpoekT > MacTep npoekTa. IF [ —

2 B orkpsiBiemcs okie Mactepa mpoekta | ¥ s xd

BBeAMTE MMsI HOBOTO mpoekTa FIOEFD:
Project 1.

S18 Companent Control
Fi
I Boundary Conditons Konurypaun: |Yenoniacar Texyuyn 2
{33 Fans
L7 R— Vv konmrupauwe [EALL_VALVE

& Porous Media
@ 10l Condiions

# Godls

FIoEFD cozoacm HO8blil npoeKm u

@ Local Iniial Meshes
£ B8 Resuks
COXpaHum éce OAHHbIE 8 HOBVIO NANKY. e
S iy
=0 Flow Trajectories )
s | [Toee | omens | coosecs
Kimknaure Oanee.
3 BLI6epI/ITe CI/ICTeMy EJIMHNAL] I/ISMGPCHI/ISI [Macrep npesiraE CrETEREEE R x|

CuieTeta SAHUL USHepeHI: 2

(mms aToro mpoekra Sl). [Toce
npoxoxaeHust Macrepa npoexra Bl
CMOJKETe B JTI000€ BpeMsI U3MECHUTH
3aJJaHHYIO CHCTEMY CIMHHUI] H3MEPECHN,
BeIOpaB Flow Analysis > EauHuLbI
n3mepeHus.

Cucrera [ Emrmmer [ Komermapusr |
€65 [omgs] Mpegorpegenerrioe LGS [omvgs)

FS (5] Mpegonpegenssree — FPS (ftdbs]

PS (ins] Mpegonpegenssre  IPS fibs]

NMM (mm-gs) NMpeacrpeaznesee N (mmas)

51 (mkgs) Mpeacnpeasneniisre Sl (kg-s)

ush Mpeaanpeasnerieie  USA

Enuros| Mecaruimeie suskis| 1 enuis |4
a

W pesynorarax | CH peia

Daenerie
Cropocts. ws a2
Macca kg 123
Onwa m 123
Termeparypa K 12
Pusimeckoeper s 123
HVAC

TeomeTpuieciiie

o, o, pacHage: = >

T | e

B FIoEFD ecmb Heckonbko
npeoonpeoeseHHbIX cucmem eounHuy
usmepenus. Bvl makowce modceme
€030ambs c6010 COOCMEEHHYIO U
NepeknoUaAmbCs MeXcoy HUMU.

Kmukaure Oanee.
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4 B xayecTBe THIA 337a9H 110 YMOMYAHUIO (e 2l
BEIOpaH TN BHYTpeHHss. [l neneit :
JIAHHOU 33124l He0OXOIUM UMEHHO
Takoi Tui. Ou3ndeckue MoaeIn
BKITIOYATh HE TpeOyeTcs.

[ Tun u. »)
 Bryperton ’7 [V ckosrs 0OnocTH G YCA0oHA Teers

© Brewwss I Mok moure EATpEHHEE MPOCTREHCTED.

T 3navenme.
Tenonposonsocts 5 =
TBepbx Tenax
Panuaumonis rennoosmen [
Hecraumonapriocrs. 8]
=]
=]

Tpasurauus

Bpauene

Buympennuii mun 3adayu o3nauaem, 4ymo
b6y0em uccredo8amvcs meyeHue 6Hympu
KaKou-mo KoHcmpykyuu. [pyeot mun
3a0ayu - BHEWHSA - O3HAYAem, 4mo e [ o | )
b6y0em uccredo8amscs meueHue s
cHapyscu oovekma. B duanoeosom oxkne
Tun 3adayu MOJICHO MAKICE UCKIIOYUMb NOJOCHU, KOMOPble He ABIAIOMC
cywecmeernvimu 011 ucciedosanusi meuenus. FIOEFD ne 6yoem yuumvieame makue

obracmu npu pacueme, u, c1e008amenbHO, Oy0em 3ampasusamscs MeHbule NAMAMU U
pecypcoes npoyeccopa.

omera | Copesca |

Tomumo pacuema meuenuit, 8 FloEFD maxoice npedycmompeHrvl 603MONCHOCMIU
peutenst credyiowux 3a0au:

memonpoeod:—tocmb 6 meepdbzx menax, 6Kava usiyienue Me.?lC()y
NOBEPXHOCMAMU,

®* HecmayuoHapHbvle 3adat¢u;

3a0auu ecmecmeeHHoOU KOHBEKYUU, 8 KOMOPbIX MOSYI YYUmbléamscs
2pasumayuoHHvle QP pexmo,

3a0a4u, 8 KOMOPbIX NPUCYIMCMBYIOM 8PAUAIOUWUECT KOMNOHEHNbL.
OpHako B JaHHOU 3a/1a4e BKJIFOUCHHE 3TUX OMIUN HE TpeOyeTcs.
Knuknaure Oanee.

5 B nepese Teky4yas cpepa packpoiite 2
rpymmy XXUAKOCTM U B KaUeCTBE TeKydeii T e e :
cpensl BeIOepuTe Water. UToObI 100aBHTH e e
snemeHT Water, Bbl Mo)xeTe 1Ba bl
KJIMKHYTb I10 HEMY HJIH, BEIOpAB €ro B

JiepeBe, HaxKaTh KHOIKY [l06aBuUTb.

RAC31E Fpegonpenensse
HenbioTonosckue

& KUAKOCTH

=l (=

Yranre |

(e |
Tum reverun TavaiiaproaingsSipeimios
Kapsr

<Hooan | Doree> | Omeews | Crposca
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

FIoEFD nosgonsem 6 00HOU 3a0aue npousgooums pacyen nomokda mekyuux cpeo
DA3MUYHBIX MUNOS, OOHAKO 8 MAKOM CIyude OHU OONAHCHbL OblMb OMOoeneHbl Opye om
opyea cmenkamu. [lepemewuganue mexkyyux cpeod 603MONCHO, MOILKO eCil OHU
npuHaonedx’cam K 0OHOMY muny.

B FIoEFD ecmb 6cmpoennas 6a3a OaHHbIX CO C8OUCBAMU PAZTUYHBIX HCUOKOCME,
20308 U Mamepuanos (Mamepuansl UCHOIL3YIOMCA 8 3a0AUAX CONPANCEHHO2O
mennoobmena). Bot maxaice modiceme cozoams ceoe cobcmeenHoe eeujecmeso. s
Kaoicootl 3a0adu mooicem Oblmbv 8b10PAHO 00 decsimu HCUOKOCMeEl U 2A308.

B FloEFD mooicem 6vimo 3a0an 1060t mun mevenus. TonbKko myp6ysneHmHoe,
Tosnbko namuHapHoe uiu JlamuHapHoe u myp6yneHmHoe. Eciu meuenue
NOIHOCMbBIO IAMUHAPHOE, MO YPAGHEHUSMU NEPEHOCA MYPOYVIEHMHOU IHEP2UL MONCHO
npenebpeus. B FloEFD maxoice npedycmomper paciem meueHuil COHCUMAEMbIX 23086 C
yuemom mManvix unu donvuux wucen Maxa. B daunnotl 3a0ave npuHumaromcs
Xapaxmepucmuxu medenus HcuoKocmu, 3a0anHbie N0 YMOTYAHUIO.

Kimmkaure Oanee.

6 He MCHSISI 3a,IIaHHI)Ie o yMOJ'I‘-IaHI/IIO [Macrep npoexra - Ycnosun na cTemax no ymonuanmo I 2xi
YCJIOBUS Ha CTEHKAX, KIUKHUTE [lanee.

Maparerp

0 micrometer

T k. onyus TensnonpoeodHocMb 8
meepobix mesax He Ovblid 8KIH0UEHA,
mennogoe yciosue HeooXxo0UMo
ONnpeoenums Ha 8cex CMeHKax MoOeiu,
KOHMAKmMupylowux ¢ mexyyei cpeooil.
Ymobwl 3a0ameb CmMeHKU NOIHOCHbIO
MenIoU30IUPOBAHHBIMU, CTIe0Yem YKA3amb
ycnosue Aduabamuveckasi cmeHka

[amns.] ®
<toomn | [ Doree> O | Crpasxa |

(UMEHHO OHO 8bIOPAHO NO YMOIUAHUIO).

Bui maxotce mosceme 3a0ams 3Hauenue uiepoxo8amocmu, Komopoe no YMOon4aHuio
OyOem npuUMeHsImbCsl KO 6cem CIeHKam MoOenu. 3HaueHue wepoxoeamocmu
onpedensemcs napamempom R..

Ymobul 3a0amv Ha KaKux-a1ubo CMeHKax Mooenu Opy20e menyiogoe yciosue uiu 0py2oe

3HAYeHUe Wepoxo8amocmil, 8 OaibHeluem MOAICHO Oy0en B0CNOIb3068AMbCS
epanuuHbim ycrosuem PeanbHas cTeHKa.
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7 He Mmeusas 3aJJaHHBIE 10 YMOTYaHUIO 20

o)

Toparerp ErTD
3ananue napameTpos. 3anaHbl NoAb30BaT ENEM
= TepmonuHamuveckue
napameTpn
Laenerve 101325 Pa
Temnepatupa 932K
MNapamerpos cropocTi
[ "

Ha smom waze Movrucro uzmenumso
3a0aHHbLE NO YMOTHUAHUIO 3HAYEHUsL f e
Oasenust, memMnepantypbl u CKOpoCHi. |
Yem Onudice smu 3Havenus 6yoym K
OKOHYAMENbHBLM Pe3YIbManmam pacuemd,
mem fvicmpee 3a8epuumcs pacyen.
Oonako, m.x. 8 9Mom ciyudae c8e0eHull 0

HavYaJIbHbIC yCJIOBUS, KIMKHUTC ﬂanee.

0mis

5EUCHMOCTE, )
e s e

NPeononazaemvix pe3yibmamax Hem, He
6y0em MeHAmMb 3HAUeHUs IMUX
napamempos.

8 3aHaHHLIi/‘I 110 YMOJIYaHUIO yPQBeHb 21X
paspeweHnsa N3MCHATH HE Tp€6yeTC$I.

"Hweenb PazpeweriA )

- Mursimansresi

V' 3aaTe MiHIMANLHLIR 3330

Fce

MurunaneHei sasop:

I~ Muraanaa ToS Crer
I 3aaTb MUHUMAABHYG TOALIHY CTeHKN

I c TOnMYHY,

MUHUMENEHEA TOAUWHE ETEHRIA,
—od| |
B gul
et
%&‘%‘: [~ Yy paspelleHie YsKis K308
ot
S

| ¥ Dmsyposans paspewsskie Tomk CTeHoK. S
| =

s | [Gaspurs | Omvews | Copeeca |

Yposenv paspewenus onpeoensem

mpedyemplil yposeHb mouHocmu pe3ynomamos. OH ne MoabKo KOHMPOAUpyem
paspeuterue ceomempui CemKoll, HO U Onpeodesien MHONCECMBO NAPAMEMPOs
pewienus, Hanpumep Kpumepuu cxooumocmu. Yem evliue Ypoeenv paspeuwienus, mem
bonee niomuoi 6yoem cemka u mem boiee cmpo2umu OyOym Kpumepuu cxooumMocmu.
Taxum obpazom, Yposens pazpewienus ycmanasnueaem coomaemcmeue mexncoy
MOYHOCMbIO Pe3yIbMamos U epemenem paciema. Eciu 6 mooenu npucymcmeyom
MeKUe dNeMEHMbl, 8ANCHO 3a0AMb 3HAUEHUSL MUHUMATLHO2O 3030PA U MUHUMALLHOL
MONWUIbLL CIeHKU. Dmo capanmupyem, ymo cemxa "ne nponycmum' smu menxue
anemenmul. B paccmampusaemoi MoOenu 6 Kayecmee MUHUMALbHO20 3d30pa 3a0aemcsi
3HAYEHUEe MUHUMATLHO20 NPOXOOHO20 CEYEHUSL.

[TocraBbTe ranouky B cTpoke 3apaTb MMHMMAanbHbIN 3a3op. B none MuHumanbHbI
3a3op BBeauTe 3HadyeHue 0 . 0093 m.

Knuknure 3aBepwmnThb.
FIoEFD co3nact HOBBIH MPOEKT ¢ NPUKPEIUICHHBIMU K HeMy JanHbiME FIOEFD.

Hepeso npoektos FIOEFD u nepeso ananusa FIOEFD 5, &

nosiBsitcst Ha BKiaake FIOEFD Analysis, Jlepeso Monenm i - [+
PAaCIIONIOKEHHOM Ha ITaHEIU HaBUIaTopa. \?—Bféﬁa?ififm Hacrporio

Knmknaure no Bkinaake FIOEFD Analysis u packpoiite
BCE TPYIIIIBI 3JIEMEHTOB jiepeBa aHamu3a FIOEFD.

FloEFD FEP12 OGyuatowime npumepbl A1-5



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

Kiukuaure %E, 9TOOBI CKPBITH iepeBo mpoektoB FIOEFD.

llepeso ananuza FIOEFD ucnonvsyemcs 015 nOCMAaHO8KU €5 project 1

3a0a4u MO4YHO MaK aHce, KaK depeeo Mmooenu UCHONIb3YEeMCsl E| B Bxoawsie AatHsIe

071 coz0anusi mooeneil. [lepeso ananusza FIoOEFD . [) Pacuernas ofnacts

R Eﬁ [PaHMHHEIE YCNOBMA
nonHocmuio Hacmpausaemoe, Bot modiceme 6 noboe spemsa B lem
6bl6p(1mb, Kakue ecpynnbsl d1eMenmos 0m06pa3umb 6 Egﬁ PesynbTaThl (He sarpyseti)
Oepese, a kakue ckpvims. Kax monvko Bel éxnmouaeme & Kaprirel 8 ceverimn

----- 'O KapTHHEI Ha NOBEPXHOCTH

HOBbLIL 21eMEHM, COOMBEMCMEYIOWAsl CKPbIMAsi 2PYnnd
omobpadicaemcs 6 oepege. J{o mex nop, noxa Bul ne
yoanume nocneonuil 21eMenm Mmoo mund, epynna - S
ocmanemcs uoumMow. N R —

= OBLEMHEIE NEPaMETPEI

...... & MsonosepxHocTy
TpaekTopkK NoToka

vy PACHETHI ABMHEHIA YACTHL

[Monynpo3padHblii Mapaienenure, MosSBUBLINICS B €5 Project 1
rpaduvecKoil YacTH OKHa, 0003HAYAET TPAHUIIBI E @ Broarels AskHbls
pacueTHoit o6nacTu. YToOBI CKPBITH €ro, MpaBoii R Tpmwmre yonory VSN
KHOIIKOW MBIIIN KIMKHHUTE 0 eMeHTy PacyeTHas B uemm
ki
0o6nacTb 1 13 KOHTEKCTHOTO MEHIO BBIOepHUTEe CKPbITh. B8 Pesymorare (e sarpyrere)

OnemenT PacyeTHas 06nacTb UCIIOIB3YETCs sl H3MEHEHUS pa3MepoB 00beMa, KOTOPBIN
paccmarpuBaeTcs B 3a/1a4e.

3apaHue NpaHUYHBbIX YyCNIOBUMA

A1-6

MpaHU4YHOE ycrnoBue HeoOXOAMMO 3a/1aBaTh Ha BXOJE TEKyUeH cpeIbl B MOJICTh U Ha
BEIXOJ/IC U3 Hee. B kauecTBe TpaHUYHOTO YCIIOBHS MOXKET OBITh 3a7]aHO TaBIICHHE,
MaCCOBBIN MITH OOBEMHBII PacXo/ # CKOPOCTb.

1 B mepere anammza FIoEFD npagoit ' Project 1
KHOTIKOI MBIIITN KIIMKHUTE IO JICMCHTY E B Broavs azmmei
i @ PacyeTHan ofinacTe
FpaHWYHbIe YCNOBUSA U M3 KOHTEKCTHOTO
MEHIO BeIOepuTE [Jo6aBUTbL rpaHU4HOe
ycroBue.

B pariiHee yonosma
F Llenu A0B3EHTE MPaHHYHDE YCNOBHE. ..




2 BribepruTe BHYTPEHHIOIO TIOBEPXHOCTh KPBIIIKU HA
Bxone (kommoneHt LID_1), kak moka3aHo Ha
pucynke. (UtoOs1 BEIOpATh BHYTPEHHIOKO
MIOBEPXHOCTH, yCTaHOBUTE QUIBTP 10 FeomeTpumn n
IIPaBOIl KHOIKOM MBI KIIUKAHTe O KOMIIOHEHTY
Lid_1, noka BHyTpeHHsIsI IOBEPXHOCTb KPBIIIKU HE

MOACBETUTCS, 3aTEM HAKMHUTC JICBYIO KHOIIKY MLIH.[I/I).

3 Haxwmure kHonKy Pacxop/ckopocts | B |1
BBIOEpUTE MaccoBbIi pacxon Ha Bxofe.

4 3apgaiite MaccoBbIN pacxog Mo HoOpManu K

NOBEPXHOCTU 11 PaBHBIM 0.5 kg/s.

5 Kiunkuure OK o . B nepere ananmuza FlIoEFD

TOSIBUTCS] HOBBIH 211eMeHT MaccoBblii pacxoa Ha Bxoje 1.

&) TpaHM4HOE ¥CNoBHE ﬂﬂ

}_".x IKoopnMHa’rHaq CHCTEMA, MPHEASAHH.
z

Bazoeaq ock: |>< 'l
& 8|~

5bIiH DACKO Ha BXOAE
O ket packon Ha BX04e
CropocTe Ha Broge
M accoBel packon Ha Beiioae
O ket PAcKO Ha BRIKOLE
CropocTe Ha BRIXOAE

m ID.5 kas ::II Fe

G.) IPaBHomeprln npoduiE ﬁl

[ TeueHMe C pasEMTEIM NPOEHAEH

E-Ef MparnuHble ycnosma
Eﬁ MaccoBbd pacxos Ha Bxoae 1

s FloEFD smo oznauaem, 4mo 6 COOmeemcmsyouee 0meepCmue Kaircoyio CeKyHOy
emexaem 0.5 Kunoepamma 600bl. B 5mom ouanoco8om okHe maxice MONCHO 3a0ambs
3aKpYMKy ROMOKA, HePAGHOMEPHLLIL NPOPUIL U HECTAYUOHAPHBLE CBOUCMEA NOOKA.
Hem neobxooumocmu 3a0anusi Macco8o2o pacxood Ha 6vixooe, m.K. OH pagen
MACCOBOMY pacxody Ha 6xooe (coxpanenue maccul). Ha svixode ciedyem 3adamo

Opyzoe ycnosue, Hanpumep, oasieHue.

FloEFD FEP12 OGyuatowime npumepbl



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

6 BriOepruTe BHYTPEHHIOIO TIOBEPXHOCTH KPBIILIKK HA
BeIxoze (komroreHT LID _2), kak mokazaHo Ha
pHCYHKE.

7 B nepese ananmsa FIoEFD kiukHHTE TTPpaBOit KHOITKOU

MBIIIHN 110 371eMeHTy [paHuYHbIe ycnoBus u u3
KOHTEKCTHOTO MEHIO BbIOepHTe [lo6aBUTL rpaHM4HOe

ycrnosue.
8 Haxwmure kHonky [laBneHue @ | 1 BBIOCpHTE 2]
-
CraTunueckoe naBneHue. @

9 3ajgaHHble IO yMONYaHUIO0 TepmoanHamMmyeckme
napameTpbl, MapameTpbl TypOyneHTHOCTH, El
MapameTpbl norpaHuyHoro cnosi u Onuun He TpeOyIOT

}l’.x IKoopnMHa’rHaq CHCTEMA, MPMEASAHH,
z

HU3MEHEHU.
Bazoeaq ock: I b 'l
2lle ~|

JaENEHHE OKPYKSIOWER COELEI

OE 3B NEHUE
MonHoe aasneHWe

W TeprogHHan: & NapamMeTpel

p [10135Pa = A

=
T [mR2K = A

- Bxoarsie AgHHble
H @ Pac4eTHan ofinacTe

10 Kimkunre OK % | B nepese ananuza FIoEFD

THOSIBUTCSI HOBEIN djieMeHT CTaTHueckoe gaBjeHue 1.

Eﬁ [ paHHYHBIE YCNOBHA
Eﬁ MarcoebiA pacxod Ha Bxode 1

Jns FIoEFD smo o3nauaem, umo u3 - T
COOMBEMCMBYIOUIe20 OMBEEPCIUSL MOOEIU NOMOK
sblmMeKaem 6 001ACb CIAMUYECK020 AMMOochepHo2o dasienus. B amom ouanozoeom
OKHe makaice Mo2ym Ovbimb 3a0aibl HeCMAYUOHAPHBLE CEOUCEA OAGLEHUSL.
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3apaHue UHxeHepHOM Lenu

1 B mepere ananuza FIoEFD mpaBoii KHOIKOH
MBIIIN KJIUKHHUTE 110 37eMeHTy Llenu u u3
KOHTEKCTHOTO MEHIO BbIOepuTe [lo6aBUTL
NOBEePXHOCTHbIE Lienu.

E|E‘,ﬁ [PaHHYHEIE YCNOBHA

Eﬁ MaccoBkli pacxod Ha Bxoae 1
Eﬁ CTaTHYecKoe AaBneHHe 1
Llenn

AoBaEHTE rNoBanEHEIE LENH. ..

A0BSEHTE NOKANEHEIE LLEMH. .,

"J'I:IEIEEIHTI:- MNOBEPXHOCTHBIE LENH...

AoBaEMTE DB BEMHEIE LENH. ..

2 Jlist Toro, 4ToOBI BEIOpATh )
i Toro, P 21

i - Bx04HBIE AaHHEIE
IIOBEPXHOCTHh, HA KOTOPOU E|

6yz[eT 3aJjaHa LEeJIb, @ PacyeTHan obnacTe

BEIOEPUTE AIIEMCHT
MaccoBblii pacxoa Ha

- MpatidHeie yonoewa

Eﬁ CTaTHHECKOE A3BNeHHe 1

? Lienm El

BXxo1¢e 1 - % PesyneTate! (He sarpymeHs:)
3 B rabnune MNapameTp

INapareTp [ Min [Cp|Max| =
TMOCTaBbTE I'aJIOUKY Cp B Craruseckoe nasnerue [ O

osie CTaTuyeckoe MNonHoe aaEneHue O o
nasneHue. IloctaBnennas

110 YMOJIYaHMIO rajodyKa Ucn. pnsa cxoA. o3HavaeT, 4To co3gaBaemas 1ellb 6yaeT
HCIOJIB30BATHCA IJIA KOHTPOJIA CXOAUMOCTH.

Ecau eanouxa ien. gna cxop. (Hcnonvzoeams 0Jist KOHMPOLs CXOOUMOCmU) He Oyoem
nocmasiena, yeiv He 6yoen oKa3bleaniv GIUSAHUS HA KPUMEPUU OCMAHOSKU pacyemd.
Taxue yenu Mo2ym UCnOIb306AMbCsL 8 KAYECHE8e NAPAMEMpPO8 KOHMPOISL. OHU CLYAHCAM
07151 nOyHeHUst OONOTHUMEbHOU UHPOPMAYUU O MOM, KAKUe NPOYECCbl RPOUCXO0SIN 6
uccuedyemMoi Mooeu, 1 npu JMomM He OKA3bI8AIOM GIIUSIHUSL HA Opyeue Pe3yibmamsl U
Ha obwee epemst pacuema.

=B ENH
4 Kmuxmure OK ¥ B nepese aHanmmsza FIoEFD = ? ;,‘ n
------- L, Cp CTaTHueckoe AaEneHkHe 1
nosiutcst HOBBIH anement I Cp CraTuueckoe ”
AasJjeHue 1.

Unoicenepnvie yenu - smo cnocod "oowvsacuums" FIoOEFD, umo Bel xomume nonyuums 8
pe3yivmame pacuemad, a maKdice 03MONCHOCHb YMEHbUUMb 8PeMsL NOTYYEHUs
OKOHYAMENbHOO pe3yibmama. 3a0asas Kakou-1ubo napamemp 8 Kkavecmee yeiu
npoexma, Bui "noxasvisaeme" FIOEFD, 0ns kakux napamempos 8axicHo 000umscsi
cxooumocmu (3mo napamempsl, 6blOpannble 8 Kayvecmae yeietl), a KaKue napamempbl
MOJICHO PACCHUMAMb ¢ MEHbULEl MOYHOCNBIO (Napamempbol, KOmopble 8 Kauecmee
yerneil He 8blOpanbvl). Llenu mocym Oblmbv 3a0aHbl 6HYMPU 8Cell pacuemHuoll oonacmu
(Iobanvrvie yenu), 6nympu gulopartoco obvema (ObvemHble yenu), Ha 6blOPAHHOU
nosepxrocmu ([losepxnocmuvie yenu) unu 6 3adannou mouke (JlokanoHole yeni).
bonee moeo, FIoEFD mooicem paccmampusams cpeoHee, MUHUMALbHOE Ul
MakcumanbHoe 3Havenue Kaxcoou yeau. Bot makoice modiceme cozoamu Lens-
8bIpadiceHue, NPpeocmasisiouyo coootl Gopmyny, 8 KOMOpPyr MO2Ym 6X00Umb
CO30aHHble Yenu U napamempvl 6XOOHbIX OGHHbIX (8 Kauecmee nepemMeHHbIX),

FloEFD FEP12 OGyuatowime npumepbl A1-9




Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

ceA3anHble MeANcOy cobOU OCHOBHBIMU Mamemamuyueckumu Gyukyusmu. Lleno-
BbIPAdICEHUE NO3GOIUM PACCUUMAMb 3HAYEHUEe UHMePeCylouje2o napamempa

(Hanpumep, nepenao 0asnenus) u COXpPaHums My UHOOPMAyUro 8 npoekme OJis
OaNbHele20 UCHOIb308AHUSL.

Knukuaute ®ann > CoxpaHuTb.

3anyck PacueTa

1 Kiukaure Flow Analysis > Pacuer >

[Sanycrmre [2]x]
nycTUTb. [ Semer e
3a yc I Cerka I= | Berre npea. pesymerarel M
¥ Pacuer _Ijawb"b
A & Hoswit s |
Onyus 3arpy3uTb pe3ynbraTthl yoice 8blOpaHa, L
m.e. NOCie OKOHYAHUS PACYemd pe3yiibmamsl
OyOym 3azpysiceHbl a8mMomMamu4ecKil. e
Menonesosate: m CPU ™ Zaxpems CAD
2 Haxwure kHONIKY 3anycTuUThb. anwpeammm pma—‘
¥ 3arpysus pesynerare _ Cepapesyeraree.. |

Ha cmanoapmuom I1IK npoyecc pacuema
3aimem MeHee MUHYMbL.

HabnropeHue 3a pacyeTom

Ha ()aHHOM PUCYHKE = solver: PROJECT1(BALL_YALYE.ASM) =lolx]
tafin Pacver Bra  Jofasute OwkHo  Cnpaska
npeocmasneno ruro AE@E] ]
0uano2060e OKHO -lojx| =lojx|
MapaveTp SHaveHHe Coferrne Urepauna Bpema
H(l6]lf0()eHuﬂ 3a Cramye R Pacuet T'EHEpaWLIA CoTRN HaYanats 15:15:05,
Staefikn B Texyei cpeae 1356 TEHEPALIA CETKN 33KOHHEHA HOPMETEH 151517,
pacuemom. Cnpasa, no P i ot 0 i,
TI0CNEAHAR MTEPALMA 33BEPLIHNACD 1518117
yMOﬂI{aHL”O, BbZBO()umCﬂ :sz:?f::;me BPENS HA MOCNEAHION HTEPALAID g?zgg 42
ViTepaund Ha 1 npoaysry 40
ungopmayus o écex P AT
cobbImusx,
npoUCXo0auux 6
npoyecce pacyema. N -
Crnesa 6v1600umcsi I _ :
T
mekywas uHgpopmayusi o
cemxke, a makoice 4 =
npeoynpesicoeHus [0 I
roTosa Pacuer [Mrepanu : 11 v

OMHOCUmMeNbHo pacuemad.

Ilpu pacueme Oanuoll 3a0auu nos6UMCS npedynpedcoerue o cledyuell ouuoKe:

“BosHuxHoserue 0opamnozo meyenus Ha epanuye’’. SHaueHue 0aHH020 cO0OU eHUs.
b6yO0em 0b6vsCHeHO nosoice.
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1 Ilocne TOT'0, KaK HAYHETCA pacucT U HpOﬁHeT HCCKOJIBKO I/ITepaI_[I/Iﬁ (BSI‘J'IHHI/ITe Ha

ctpoky Utepauum B okHe Tekywas nHgpopMauus), Ha ITAHEIA HHCTPYMCHTOB

Congepa HaxxMute KHONKY MpuoctaHoBuTh pacyer I |

B oaunom cryuae onyusa npuocmarnosxu pacuiema ucnonb3yemecs nomomy, Yymo npumep

npocCmot, pacuem npoxooum o4ensb ObiCmpo, U 8pemenl 01 Mmoo, Ymoobvl
UCNONBL306AMb UHCMPYMEHMbL OJisl HAOTIOOEHUsL 34 PACYEmOM, HeOOCMAMOUHO.
O06bI4HO pacyem MONCHO He NPUOCTNAHABTUGAND.

Ha nanenu unctpymentroB ConBepa kiinkHute BectaButhb rpaduk uenemn ﬁ .

TTostBuTCST MUanoroBoe okHO [JJo6aBUTL/YaanuTb uenu.

OUANO2080M OKHE CEEPXY
npeocmasier Cnucox
yenetl, CO30aHHbIX panee.
30ecv Bvt mooiceme
8udemv mexkyujee
3HaueHue u 2pagux
UBMEHEeHUs KadicOoU yeu
60 8peMeHlU, a MaKice

B crnicke Bbi6epute yenwm Beidepurte ML Cp [oanuu/vmaney uesw 20
i Buibepire
CraTnueckoe gaenenue 1 u knkante OK. — | =
Ormena
Crpaexa
Motasire soe | Haanre sce
Zaronoeck rpagHka [lens 1
B noseuswemca =loix|
T

Teryles sauerne | Mporpecc cxonumocTi
7 Pa ] 0P

KT

166729
152000
142000
146000
143000
190000
137000
134000
121000
128000
125000

121202

Win, M)

Viepaums

T E) ES ) B3 w
M

CXOOUMOCMb yeiu, 6blpadstCeHHyro 6 npoyenniax. 3nauenue cxooumocmu yeuu Aaeisaenca
npu6ﬂu3umeﬂbelM U Cco epemeHem, Kak npaesuio, yeeiudiueaencs.

Ha nanenu uncrpymenTos Consepa KJIMKHUTE

MpeaBapuTenbHbIA NPOCMOTP .
IlosiBuTCSs MuamoroBoe okHO HacTpomnku

npeaBapuTesNibHOro NPocMoTpa.

B sTroM auanoroBoM okHe U3 cucka Ums
nnockocTy Bbl MoxeTe BHIOPATh MIIOCKOCTb, @ dercompasreve iy

Ha KOTOPOii OyJeT MOCTPOCHO

HpEIBapHUTEIBHOC PACIIPE/ICICHIE KaKUX-TH00

FloEFD FEP12 OGyuatowime npumepbl

[~ 3ananHe NADCKOCTH
Orriera

Crpaska

x|
Bei6op | Hacrpoina | Ceoiorea kaprurcu | Orust | Dénacrs | o

i naockacmit:

Casur nnockocTi Om =]

- Bun omasipasna MinMar— - Bua orofipaeia
* Japuera

 ZananHeii min/max
@ sz

" BekTopa cropocTH
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

napaMeTpoB. [l JaHHON MOZAENH TaKOH MIOCKOCTBIO MOXKET CITY’KHUTb IIOCKOCTh
ASM_TOP. Bribepure ee u3 cnucka n Haxmute OK.

C nomowio Ilpedsapumenvrozo npocmompa modicHo aTES
cnedums 3a npoyeccom paciema 3adavu. Ima onyusi frre e - i
no3gonsiem onpeoenuntb, KOPPEeKNHO U 3a0aHbl
SPAaHUYHbLE YCA08USL, U Adce HA PAHHell cmaduu
pacuema cnpocHo3uposams pesyivmamvl. B camom
Hauane paciema pesyibmanvl MO2YH Pe3KO MEeHAMbCS
u svi2sL0ens 0060abHO cmpanno. OOHaKo 6
OanvHeluem MmaKkux pesKux usmeHeHuil oyoem
CMAHOBUMbCSL MEHbULE, U PE3VIbIMANbl YCMAHOBAMCS
Ha coweoutemcs: peuteruu. Omobpazums mexyujee
pacnpeoenenue Kakux-1ubo napamempos MO*ICHoO ¢
NOMOWbIO 3ATUBKU, UZOTUHUL UTU BEKIMOPOS
cKopocmu.

85815 Pa

6 YrolOnl MMPOAOJIKUTL PACYCT, CHOBA HAXKMUTE KHOIIKY

Mpuoctavoeuts N |,

7 Korna pacuet 3aBepmuTcs, KIUKHHTE Pan >
3aKkpbITb, YTOOBI 3aKPHITH OKHO HAOIONCHHS 32

Min=G5815 Pa Max=134021 Pa

pacueToM. Hrepauns = 15
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HacTtpouka lNpo3pavyHocTn mogenu

Ha manenu nactpymMenToB Bup kmukaute Fanepes
o6pasoB > bonblue 06pa3oB.

B nuanoroBom okHe PefakTop 06pa3oB yCTaHOBHTE /IS
[IPO3pavHOCTH 3HaueHue 80.

Ha Briragke Ba3oBbIf YCTAaHOBUTE IUIS TIPO3PAYHOCTH
3HaueHue 80.

Haxwmute kHonky OK.

B rpacduyeckoit o6macTv nin B iepeBe MOJICIN BEIICIATE
BCe KOMIIOHCHTHI IIIAPOBOTO KpaHa U B OKHE BbIGpaTh
HaXMuTe KHOIKY OK.

Ilepeo mem, kak npucmynums Kk 06pabomie
Pe3VIbmamos pacuema, Heooxooumo coeiamo
2eomempuio npo3PadHol. Imo HYHCHO 0151 MO20,
umoObl PACnoNodCeHUe NAOCKOCHEl CeYeHUs.
OMHOCUMENbHO 2eomempuil 0110 Oolee HA2AAOHbIM.

2 B Creo Parametric kauxnume Bng > OTobpaxeHue
mopgenu > Manepesi o6pa3oB > Bonblue 06pa3oB.

MpocmoTp KapTnH B ceyeHnn

= PepaxkTop 0bpasos 1l

x|

Mg | <ref_colort= - 2

Knidesne cnoso

Onucadue ‘

Knacc | Basoebl " Mopgknace | Het

— CBolicTBa

Llget

FIHTEHEHBHOCTE —C'— ‘EUUU |
Okppkaowee ——(r—— [s0.00 |
LIEeT noacEeTEH

Brieck —f——— 10|
MogceedneaTts —{)— |s000 |

OTpameHne —07 ?25 oo |
MpozpaYHocTe —C'— lgo00 |

|E\ | ommena |

KapTuHa B ceyeHMM mO3BOIISIET YBUACTH pacHpeaeieHHe BRIOPAaHHOTO MTapaMeTpa B
KaKoOW-1100 IUIocKocTH. PacnpeneneHne MOXeT ObITh IPEACTABICHO C HOMOLIBIO 3aJIMBKH,
M30JIUHUN, BEKTOPOB MM ITPOU3BOJIBHBIM COUYETAHNUEM NIEPEUHUCIICHHBIX BHIIIIE

BO3MOKHOCTEH (Hampumep, 3aIMBKHU U BEKTOPOB).

1 B nepese ananuza FIoOEFD npaBoii KHOIIKO# MbIIIn
KIMKHHTE TI0 2JIeMeHTy KapTuHbI B ce4eHumn u 13
KOHTEKCTHOTO MEHIO BbIOepuTe [l06aBUTh.

FloEFD FEP12 OGyuatowime npumepbl

I?:O}Itl

Project 1

E| @ BxoaHkle AaHHbIE

@ Pac4eTHan ofinacte

MopofinacTi TeuweHua
Efi Mparirsie yenosua

? Lenm

E| q PezyneTate (1.fd)

ﬁ$ CeTka

2 KapTiHe! B ceuetim

{} KapTi

é WzonosepxHocTH
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

A1-14

2 [lepeiigute Ha BkIaaky Creo Parametric (Creo

[E KapTuna B ceuenun B3

Elements/Pro) OlepeBe mogenu, kimkHuTe HacTponku

> OunbTpbl AepeBa. YOeIuTech, 4To MOCTaBIeHA @ El El El
rajgouka AnemMeHTbl, KiIukHUTe OK 1 B epeBe MoJelu

BeIOepuTe miockoctb ASM_TOP.

3 Kmukante OK o .

Brl yBuanTE KapTHHY pacrpeaesieHus JaBICHS,
CXOZIHYIO C TOH, YTO NPEJCTABIIEHA HA PUCYHKE.

Ymobwl ycmanogums onyui 0moopaiceHs.
namumpbl (UzMeHums wpugpm naiumpsl, o u
m.0.), KIUKHUmMe npasotl KHONKOU MbluLU NO
namumpe u u3 KOHMeKCmHO20 MeHIo gblbepume
MNpencTtaBnenue. Ymobwt usmeHums wpugm
nanumpsl, omxaioyume onyuio Ucnonb3osBatb

LWPKUAT NO YMONMYAHUIO U HadicMUume il
3amem 6 ouanozoéom oxue wpupmos
sblOepume nooxoosawull wpugm, e2o pazmep,
yeem u kauxnume OK. B duanocoéom oxme
PEOaKmupoBanus 6HeuHe20 6u0a NAIUmpsl
makaice knuknume OK.

Onyuu omodpadsceHus: 6bIHOCKU MONCHO

< [ASM_TOF
@ [

HH | Cema
AMET
= IﬂaﬁneHne j E_:]l

Mpeacraenexne ﬂ E
[ Tekct
I Men. wpudt no yronvarus @IAH@L k]
" Haseanue IEES HESEEHHA
™ Max yncno sHaueHM IAE’TDDE”‘MM
W Miena kapTiH I Mindtas kapTiHe:
— Pazrmep nanurpel
Bricora: 200
TanwuHa: IZD
~Pon
Lgsr: -
MpozpauHocTe: 1 - |
HacTpofiiu no YromaHuio |
™ MpurmeruTs ko Bcem
0K OTreHa Crpaexa |

ycmanosuntb makum aice 06pa30M, KAk u
Hacmpoﬁku BHeUHe20 8U0d naaiumpbul.



Ymoobvl uzmenums HeKomopwvie HACMPOUKU MO UU
UHOTL KAPMUHbBL, MOICHO OBOUHBIM WJETUKOM KIUKHY b
no naaumpe. B coomsemcmsyowem 0uano2o80m okme
MOICHO 8b16pamsb Opyeoll napamemp 0Jis OMoOPAdICeHus,
a makdice UsMEHUMb MAKCUMATbHOE U MUHUMATbHOE
3Hauenust napamempa. Jlyuwuii cnocod uzyuume
Kadcoyio u3 9mux 603MONHCHOCMel -
IKCnepuUMenmuposanue.

4 Tenepb BMECTO 3aJMBKH BbIOEpHTE BEKTOpa. UTOOKI 3TO

cacarh, HpaBOﬁ KHOITKOI MBIIIY KJINKHUTE I10 DJICMCHTY

KapTuHa B ce4eHuM 1 1 U3 KOHTEKCTHOT'O MEHIO
BbIOepUTE U3MEHUTD.

5 B rpynne lNokasaTb elle pa3 HAJKMUTE KHOIIKY 3anuBkKa
{E |, a 3atem BhIGepuTe BekTopa l"/;' .

Pazmep sexmopog u paccmosinue mencoy HUMU MOHCHO
3adamy 6 epynne Bekropa.

6 Kioukaute OK o .

Bl yBUAMTE KapTHHY pacipe/ielieHns, MoJg00Hy0 TOM, 4To
[I0Ka3aHa Ha PUCYHKE.

FloEFD FEP12 OGyuatowime npumepbl

W nowrpa TP

W HacTpoiiku

; IﬂaBnEHMe j
S e e
R I ]
(0] m— ) [T =

E & FK.apTHHEI B CEYEHHH

OMHETHTE M CKPEITE

[E KapTuna B cevenmm HE

w Brifiop

© &lo| =l

o [ASM_TOP
@ [*"-

L 4 3
= | Zanvexa

=
@) WsonmiHim

22 BexTopa

*2 [IITLILL] [o.007 m
Al [ITCLCLII [2.001 m

2 I Ckopocts j i:]l
=
[=|
I |
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

MpocmoTp KapTnH Ha noBepxHOCTHU

[IpaBoii KHOTIKOM MBIIIM KIMKHUTE 110 3JIeMeHTy KapTuHa
B cev4eHuun 1 1 U3 KOHTEKCTHOTO MEHIO BEIOepHUTE
CKpbITb.

: @ F.apTHHEI Ha NOBERXHOCTH

é MzonoeepxHOCTH

1 IlpaBoii KHOIIKOM MBIIIN KJIMKHUTE 110 3J1eMEHTY KapTUHbI Ha NOBEPXHOCTYU U U3
KOHTEKCTHOTO MEHIO BbIOepuTe [lo6aBUTb.

2 Bxirouute onuuio Mcnonb3oBaTbh BCe NOBEPXHOCTHU.
@

Taxue yce onyuu, kax u 015 Kapmun 6 ceuenuu,
oocmynnel u 0151 Kapmun na nosepxnocmu. Boi
Modiceme c8000OHO IKCNEPUMEHMUPOBANb C
PASTUYHIMU HACMPOUKAMU.

p Wenonesoeats BCE NOBEpXHOCTH
3 Kimknute OK. IonmyunBmmascs kapTuna pacripenerncHus | Rl
IPEACTaBICHA HA PUCYHKE.

30ecv npedcmasneno pacnpedenenue 0asieHus no 6cem NOBEPXHOCMAM KPAHd,
KOHMAKMupyiowum ¢ mexyuei cpedotl. /lns omobpasicenus pacnpeoeienus Kako2o-
aubo napamempa Bet makoice modiceme 6b16pameb 00HY U HECKONLKO OMOENbHbIX
nosepxrocmelti (HeoO3amMeNbHO NAOCKUX).

A1-16



MpocmoTp N3onoBepxHOCTEN

[IpaBoil KHONKOI MBI KIMKHUTE O 1eMeHTy KapTuHa Ha noBepxHocTu 1 1 u3
KOHTEKCTHOTO MEHIO BEIOepHTe CKPbITb.

1 IlpaBoii KHONKOM MBILIN KIMKHUATE 0 3JIeMEHTY M30NnOBEPXHOCTU U U3 KOHTEKCTHOTO
MeHI0 BeIOepuTe [Jo6aBUTH.

2 3agaHHOE [0 YMOIYaHUIO 3Ha4YeHue 1 U3MeHSITh He TPeOyeTCsl.

3 B rpynmne NpeacraBnenue Boidbepure CeTka @ u

xinkauTe OK o .
BBl yBUIWMTE N30MIOBEPXHOCTH, TIOTOOHEIE TEM, UTO
MOKa3aHbl HA PUCYHKE CIIPaBa.

H30noeepxnocmo - 5mo mpexmepHas NO8epXHOCHb,
coz0annas FIoEFD, edonb komopotl 3HaueHue
BLIOPAHHO20 NAPAMEMPA NOCHOSHHO.

4 [lpaBoii KHONKOM MBIIIN KJIMKHUTE T10 JIEMEHTY (x|
M3onoBepxHOCTU 1 U U3 KOHTEKCTHOTO MEHIO BBIOCPUTE

N3menuTb. [locTaBbTe ranouky 3HavyeHue 2 u B & [ Dasnere =l
COOTBETCTBYIOIICM I0JIC BBEAUTE KAKOC-THOO 3HAUCHHC, [
OTJIMYHOE OT 3Ha4YeHus 1.

5 Kmukanre OK o .

BbI yBUANTE H30M0BEPXHOCTH, MTOJJOOHBIE TEM, UTO
MTOKa3aHbl HA PUCYHKE HIXKE.

Ig I DNaenenue j E#:]

| |
& ——F =
[& Mmoo poze =
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

C nomowb1o U30N06EPXHOCHIU MOICHO MOUHO ONPEOeNUMb MPEXMepHYI0 001ACmb, 8
KOmOopoll 0aeienue, CKopocmy uiu opyeue napamempusl medeHus NpUHUMAom KaKue-

JUbO onpeoeseHHble 3HAUEeHUS.

MpocmoTp TpaekTopmin NOTOKA

A1-18

C nomomnipio »1eMenTa TpaeKTopMmM NOToKa MOXKHO OJIyYHTh TPEXMEPHOE N300pakeHHE
TeUeHHUs. DKCIIOPTHPOBaB NaHHbIe B Microsoft® Excel®, MOKHO yBHIIETh, KAK MEHSIOTCS
3HAUECHUS TAPaMETPOB BJOJIb KaXK/10W TPACKTOPHHU.

1

B kauecmee nogepxnocmu, Ha Komopou Haxo0sAmcsl
cmapmosgvle MOUKU, MOHCHO 8b1OPAMb N100YI0
NJIOCKYI0 NOBEPXHOCTG UAU ICKU3. B 0annom ciyyae
8b10PAHA BHYMPEHHAA NOBEPXHOCMb KPLIUWKU HA
svixooe. Tpaekmopuu nomoxa Ha2naoHo
O0eMOHCMPUPYIOM, YUMo HA 8bIX00e, NOMUMO
8bIMEKAIOW €20 NOMOKA, 0bpazyemcs oopamnoe
meueHue. menno smum o6vaAcHAemca nosasieHue

HpaBOﬁ KHOITKOI MBIIIH KJIUKHUTE 10 QJICMCHTY MSOHOBerHOCTM 1 N3 KOHTCKCTHOI'O

MEHIO BBIOCpUTE CKPbITh.

IIpaBoii KHONKOM MBIIIN KIIMKHUATE I10 IEMEHTY
TpaeKTopum NOTOKa U U3 KOHTEKCTHOI'O MEHIO

BbIOepuTe [lo6aBUTDL.

Iyt TOr0, 4TOOBI BHIOPATH
BHYTPEHHIOIO TOBEPXHOCTh
KPBIIIKA Ha BBIXOJIE
(xommonent LID 2), B
nepese anainza FIOEFD
KIIMKHUTE TI0 DJIEMEHTY

Crarnueckoe gaBjaenune 1.

3anarite KonunyectBo

Touek :+#| paBHBIM 16.

B rpynne Npepcrasnenune
u3 cnucka Nokasatb

a¥a
TPaeKkTopuMn Kak =%
BbIOepuTe Monocku.

Kimnkaure OK o . BuI

YBUANUTE TPACKTOPUH MTOTOKA, TIOOOHBIE TEM, UTO

MOKa3aHbl HA PUCYHKE.

: Project 1

@ Bx04HBIE AaHHEIE

@ Pac4eTHan ofinacTe

E‘,ﬁ TPaHHHHEIE YCNOBHA

Eﬁ MaccoBkli pacxod Ha Bxoae 1
CTaTHYeCcKoe AaBNEHHE 1

: e m MU Cp CTaTHYeCKOE A3BNEHHE

E% Pezynetatel (1.fd)

! ﬁEE [EHEpALKA CETEH

& HK.apTHHEI B CEYEHHH

& HKapTHHa B ceqeHnH 1

{) KAPTHHEI Ha NOBEPXHOCTH
: : @ FK.apTHHa Ha NoOBEpxHOCTH 1
é M30NOBERXHOCTH
: é MzonoeepxHOCTH 1
TpaeKTopuK NoToka
‘,':.,, PacHeThl ABHMEHHA YACTHL
A NoKaneHsIE NapaMeTpEl
@) MOBERXHOCTHEIE NApaMETRE
OB BEMHEIE NAPaMETPEI

npeoynpercoaroueco coooueHus 8 npoyecce

é M3DHDBEDXHDCTH
ZE TpaeKkTopuW NoToKa

W,
5 e TN
z NokaneHeIE NapaMeTpEl

| IE TpaekTopwi noToka HE ]

@ [NoBepxHoCT

[T B nnockocti

|;:._#|15

Lkl Leb]

E“u.um m

X ID.DDDS m j
I@ I NaeneHue j E_Na]l

2l =]
& [ [ 2




pacuema. FIOEFD coobwaem o mom, umo 3a0aHHbvle YCA08UsL AGIAOMCS
Henooxoo0suumu 01 OAHHOU 3a0ayu, U pe3yTbmamsl pacuemad mMocym Ovlmb
HemoyHvlMU. B makom cnyuae ciedyem usmenums 2eoMempuieckyio Mooens ous
VeenuueHus paciemuol 001acmu makum oopasom, Ymoosl Ha epanuye He 603HUKAIO
0bpamno2o meuenus (Hanpumep, YOIUHUMb 8bIXOOHOU NAMpPYOOK Uy 006asums
Odemainv, 8 KOMOPYIO NOMOK NONAOAEN! U3 bIXOOHO20 NampyoKa).

Mpocmotp MNpachukos

[IpaBoii KHONKOM MBIIIN KIMKHUTE T10 HIEMEHTY
TpaekTopun notoka 1 1 U3 KOHTEKCTHOI'O MEHIO
BbIOepUTE CKPbITb.

Ha rpaduke moxaxxem pacrpezeseHie CKOpoCTH 1
JaBiieHus B kpaHe. J{ist moctpoenus rpaduka ucnonbzyem
co3nanHbIi 3apanee acku3 Creo Parametric (Creo
Elements/Pro), cocTosiuii #3 HECKOIbKUX JIMHUM.

Dcku3 HeoOsI3aTeIIbHO TO/DKEH OBITH CO3/IaH 3apaHee, ero 7
MOYKHO IMOCTPOUTH U TIOCIIE OKOHYAHUS pacyeTa.
Bsmsaute Ha acku3 Sketchl B mepese momenu.
1 TlpaBoil KHONKOM MBIIIN KIUKHUTE IO IIEMEHTY

Mpadomkm 1 U3 KOHTEKCTHOTO MEHIO BBIOCPHTE

Ho6aButb.
2 B xauectse MNapameTpoB BriGepute CkOpOCTb 1 I Ipadmi BE

OasneHue. 13 nepeBa moxenu BeiOepute 3cku3 Sketch 1.
3 B kadectBe adciccenl Beioepute Ocb mogenu X. SL[SKETCHT

BriOpaHHBIC TI0 YMOTYaHUIO OMIIHH HE TPEOYIOT

U3MEHEHUM.

Fj_,x I Oce mMonenn X j

4 Kiukaure dkcnoptupoBaTth B Excel. Otkpoercs Excel,
1 CTCHEPHPYIOTCS KOJIOHKH C TAHHBIMH, a TAKKe rpaduKu =
+#| Bce

pacnpeaciacHus CKOpoCTH U AaBJICHUSA BAOJIb BLI6paHHOl"O ¥ Oasnenve

[J Nnemoct (Texydan cpena)
CrkopocTe

[] Cropocts (4

[[] Cropoes (1)

[[] Cropoets (@)

[[] Temneparypa (texysan cpena)
[T (nexapTosan CK)

1Y (nexapTosan CK)

[[1Z (nexapTosan CK)

71 Bk i naruau araanamwe=n CIO LI

Opyrue napameTpel... |

} Paspewenve

Mokasate |

SkcrnopmipoBate & Bxcel |

FloEFD FEP12 OGyuatowime npumepbl A1-19



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

acku3a. OuH U3 rpaKoB IpeICTaBIeH HIDKE. ISt TOro, 9TOOBI M3YYHUTh KaXkK bl
rpaduk, He0OXOIMMO MEPEKITIOUAThCSI MEX/y COOTBETCTBYIOIINMHU JUcTaMu Excel.

BALL_VALVE.ASM [PROJECT1]

A\

/ \ / 50KV 1@ M1 @ a2 @ s 1

Ocs mogenn X (m)

5 Knukaute OK ¥ |

I'paghuk noszsonsem ysuoems pacnpedenenue 106020 napamempa 6001b TUHUL ICKU3A.
Jlanuvie gvigooamces npamo ¢ Excel.

NMpocmoTp NoBepXHOCTHbLIX NapamMeTpoB

OnemenT MoBepXHOCTHLIE NapaMeTPbl HCIIONIB3YETCS ISl OTIPEACICHUs 3HAYCHUH
JIaBJICHUS, CHJI, TETIOBBIX TIOTOKOB, @ TAK)KE JIPYTHX ITEPEMEHHBIX Ha KaKOW-JIN00
MIOBEPXHOCTH, KOHTAKTHPYIOIIEH ¢ TeKyuel cpenoil. B paccmarpuBaemoii 3a1aue nHTEpec
IIPE/ICTABILIET MEpenas] CPEIHEr0 CTATHYECKOTO JaBJICHUS MEXIY BXOJIOM U BBIXOIOM
KpaHa.

1 [IpaBoii KHONKOW MBIILN KJIUKHUTE 110 YJIEMEHTY
MoBepxHOCTHbIe NapamMeTpbl U U3 KOHTEKCTHOTO MEHIO
BeIOepuTe [l06aBUTb.

< TMOBepXHOCTHEIE NapaMeT el

OfbEMHEIE T
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Jliist Toro, 4T00BI BEIOPATh BHYTPEHHIOIO IOBEPXHOCTh
KpbIIIKH Ha Bxoze (kommoHeHT LID 1), B nepese

anam3a FIoEFD kiuknute no snemenTy MaccoBblii () [Masepsrocre<T>LD_152
pacxon Ha Bxoze 1.

B rpymme MapameTpbi BeIOepuTE Bee.
Kncnire Mokasate.

Huxe IIpeacTaBiCHa Ta6J'II/IL[a JIOKAJIbHBIX IapaMEeTpPOB. ¥ neHue
MnoTHocTs (Tekyyan cpena)

Cropocte
Cropocte (%)
MoBepHHOCTHEIE NAPAMETPEI CropocTs (Y)
- CropocTs (Z)
4 {5 [ (x I Ckapo
EE E ¥ x [ Temnepatypa (texysan cpena)
TNokaneHeH NapareTp |MMHMMyM |MaKchyM |CDE,\’1HEE |Cpeﬂ.Hepacx0ﬂ.Hblﬁ Maccossii pacxon
Aaenenme [Pa] 135436 135612 135517 135517 [ LI
MnotHocTe [kafm™3] 997.56 997.56 997.56 997.56 }:‘.x Irnoﬁaanaq CHCTEMA KOORAHHAT
CropocTe [m)s] 1.619 1.619 1.619 1.619 =
CropocTe (%) [my's] 1.619 1.619 1.619 1.619 [Ipyrve napameTpel... |
CropocTe () [my's] o o o o
Crapocs (2) ] 0 0 0 0
Temnepatypa (Tekydad cpeaa) [K] 293,20 293.20 293.20 293,20 |
Mokasate
SkcrnopmipoBate & Bxcel |
| | o

Kax BUJIHO U3 Ta6HI/IHI)I, Cp€aAHEC 3HAYCHUEC CTATUUCCKOI'O JaBJICHUA Ha ITIOBEPXHOCTHU
Bxoza coctanisier nmpumepHo 135500 Pa. M3BecTHO, 4TO Ha BBIXOJE CTATHYECKOE
nasnenue cocraniger 101325 Pa (oHO 6BLT0 3a/1aHO B KaUECTBE TPAHUYHOTO YCIOBHU).
Takum 00pa3oM, nepernaj CpeiHero CTaTUYeCKOro JaBjieHus B KpaHe COCTABIISIET
oxorno 34000 Pa.

6 3akpoiiTe nuanoroBoe okHO [loBepXHOCTHbIE MapamMeTpbl.

MUccnepoBaHne BNnaHMA nameHeHUn kKomnoHeHta Creo Parametric
(Creo Elements/Pro) Ball

Hasnauenue oannoeo pasoena - nokazams, HAcKOJIbKO npocmo ¢ nomowvto FIOEFD

uccnedosams pasnudnvlie 6apuanmvl Koncmpykyuil. Koncmpykxmuenvle usmeneHus
Mo2ym Oblmb CamblMU PA3HLIMU. UBMEHEHUe 2eOMEeMPULECKUX pa3mepos, 00basienue
HOBbIX INEMEHMOB, HOBbIX KOMNOHEeHMOo8 6 cOopky u m.o. Taxum obpaszom, FIOEFD
N0360JI51eN UHICEHEePaM ObICMPO U C 1e2KOCbIO ONPeOeisimb, KAKUe KOHCIMPYKMUGHbLE
peutenst s810Mcs NEPCREeKMUSHbLIMU, A Kakue 8psio au 6yoym ycnewnvimu. C
NOMOWBIO OAHHO20 NPUMEPA NPOBEPUM, KAK CKPYaleHUue 08YX KPOMOK OMBEPCMUsL
BHYMPU WAPUKA MOJICEM NOBIUAMDb HA nepenad dasnenus ¢ kpaue. I1o pezynomamam
pacuema MoACHO O6yOoem cOenams 8b1800 0 MOM, CHOUM JiU BKAAObIBAMNb
00ONOIHUMENbHBLE CPEOCBA 8 NPOU3BOOCBO HOBLIX KOHCMPYKYULL UAPOBO2O KPAHA.

FloEFD FEP12 OGyuatowime npumepbl A1-21



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

KnoHupoBaHue lNpoekTa

1 Kunukuaute Flow Analysis > MpoekT > KnoHupoBatb

[E KnonupoBaTh npoekT EHE
npoekT.
B none UMs npoekTa BBeMTE Project 2. [Proizct 2

KoHdmrypaLys

B crcke KoHdmrypaums, B KotTopyto Heo6xoammo M

||=‘E| ICosD.aTb HOBYHO j
[06aBUTb NPOEKT [f@ BEIOepuTe Co3AaTh HOBYIO. o [BALLVALVE_FILLETED

4 B crniucke UMsa koHdurypauum Beeure 2 |BALL_VALVE 4|

BALL_VALVE_FILLETED.Knuknure OK.

o ™ KorwmposaTs pesynsTatsl
Temeps BeiOpanHBIA poekT FIOEFD nobaBieH B HOBYIO

KOH(HUTYpanuio ¢ U3MEHEHHOH reomerpueii. Her Ll Ll
HEOOXOAMMOCTH 3aHOBO 33/1aBaTh YCJIOBHUS Ha OTBEPCTHSX U
cO03/1aBaTh IICJIH, T.K. BCE BXO/IHBIC JaHHBIC OBLIN CKOITUPOBAHEL. | paHNYHBIC YCIIOBUS
MOYKHO U3MEHHTH, YAAJIUTh WIN 100aBUTh. Bce N3MEHEHNSI TeOMETPUH OTHOCSTCS TOJIBKO
K JaHHOH KOH(UTYpPAIHH, T.€. BCE MPEABIIYIINE PE3YIbTaThl OCTAIOTCS
JICHCTBUTEIIEHBIMH.

Co3aaHue HoBoro Jdk3emnnsapa B Tabnuue cemencraea

A1-22

4 H3meHHnTe MM HOBOM

1 B nepeBe Mozpenu KIMKHUTE MPaBOM KHOMKOW MbIlK 10 koMnoHeHTY BALL u u3
KOHTEKCTHOTO MEHI0 BbIOepuTe OTKpbITh. OTKpOETCSI HOBOE OKHO ¢ jeTainbio BALL.

2 Knukante MIHCTPYMEHTLI > O — =laix|
Ta6n“ua CeMeﬁcTBa Dafn  [PAEUTE  BITAEMTE  MHETPYMEHTE
& BaLl E| % Bl gmmﬁjﬁ ¥y 6o s B 0

3 B JANaJI0TOBOM OKHE Ta6n mua Tun  Muascewnnspa  OSweemun  HIKCONF... [Berasnme nos e axsesmna s ssipanro crooxy. |
CeMenCcTBa KIIMKHUATE BALL st !
BcTtaBUTb HOBLIN 3K3eMNNAp

B BbIGPaHHYH CTPOKY E'I‘ .

| ook | =] | omena

(8 o6rmin conesermam e
koHpurypamuu c BALL_INST o oo soroums e

Ha BALL_FILLETED. DT0 Bloe Y B L TR

=]

03Ha[{ae’r, qTO B HOBOﬁ Tun Mua sKieMnnapa  OGmee MMa NIKCONFI...
BALL ‘DE" prt 1

KOH(l)I/IrypaI.[I/II/I HrapukK 6YZ[6T ‘ BALL_FILLETED | fallprl INST

HUMETHb OTBEPCTUEC CO

CrpYIJICHHSAMU

5 Kiuknute OTKpbITh. [I0SBUTCS OKHO C HOBBIM DK3EMIUIIPOM IIApUKa

BALL_FILLETED.



NU3meHeHune NeomeTpumn moaenu

1 BrIOepuTE OCTPBIE KPOMKH M » == : s oy
CKPYTITHTE WX C PATHYCOM i e e s
0.9 mm.

=R )
T3

2 YtoOBI COXpAHUTH AETAIb
BALL c u3mMeHeHHOM
reoMeTpuen, KIMKHUTE
®daunn > CoxpaHUTb.

3 UroOBI 3aKpPBITH OKHO C
OK3eMILISIPOM
BALL_FILLETED,
KIuKHUTE Pann > 3akpbITb

OKHO.
4 OKHO C OCHOBHOI 8 Tatinaa censicran BALL B
KOH(bI/IpraL[I/ICI;'I apuKa Gain Mpasite  BerasuTh  MHETpyMeHTS
BALL Bce eriie OTKpbITO i LR R Rl el
K.HI/IKHI/ITC MHCprMeHTbI > Tun Mnn]meunmlpn‘ Obuwee uma HIKCONF... F':("
o BALL pall.pt 1 W
Taﬁnuua ceMencTBa u ‘ BALL_FILLETED ‘baHpr{_\NST 2 ¥ &

yOeanuTeCh, 94TO B TAOIHILY
cemelcTBa 100aBIeHa HOBas
koHpurypanus aertanu BALL co ckpyriieHHBIMU KpOMKaMu.

5 Kiukaute ®ann > 3aKpbITb OKHO, 9TOOHI 3aKPBITh OKHO ¢ netainbio BALL.

3ameHa Jk3emnnsapa B coopke

1 Bo Bce eue otkpsitoM okHe PROJECT?2 kiuknaure
®aiin > OTKpbITL U BbIOepuTe onuuo B ceccun G@'@ Ll

Oﬁumananm
Iil . (] B cecemm \ J
[ PaBoumit eton
2 Mow gorymenTel
1 Ortkpoiite coopky ball_valve.asm u BeiOepute |

Mo uenu | Mo eronsuy |

Eaz0sbii
PROJECT1
PROJECT2

Ba3zoBblii Dx3emusp.

2 Knuknure UHCTpymeHThI > Tabnuua cemencrea.

Srzemnnap | Basoseri

OTHRbIT OTmEHa

FIoEFD FEP12 O6yuatowme npumepbl A1-23



Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

A1-24

3 B nnanorosom okue Tabnuua ST
ceMeVICTBa KIIUKHUTE Palin  MPagMTe  BCTABMTE  MHETDYMEHTE
N06aBUTL/YAanUTb CTONGLbI  °E EEIER L ¥kl LR Yol |
Tun Hua scemnnapa  OSuee nua HIKCOHF... HIKPRO....
6 m+ BALL_WALVE ‘ ball_valve asm 1 - = =
Taonuubl ﬂ . FROJECT! PROJECTI 2
FROJECTZ PROJECT2 3
4 B mmanoroBoMm okHe O6BbeKTbl ceMencTBa B _lolxl

— OB bexTL!

rpynne [lo6aBMTb 06EKT TOCTAaBLTE FAJIOUKY
KoMMoHeHT 1 3aTeM B JiepeBe MOJIEIH BBIOEpUTE
neraas BALL.PRT.

5 Kiukuure OK. B Tabnuity cemeiictsa Oymet
nobaBiicH HOBBIH crosder; M45 BALL.

NIKCONFIGCOUNT
NIKPROJECTPATH
W45, BALL

B nosom cmonéye Bovi modiceme eviopams 05
kaoicoozo dxzemnaspa Y, N unu *. Ipu svibope N

= ‘
b6ydem deakmusuposan IK3emMnisap, a maxyice 6ce 3

— [loGaBuTL 06 bexT

— ounbTp

MapameTp

||
| KOMMOHEHT

8- o—
LO="]

gHecenHbie 6 He20 uzmenenus. Eciu Bol soibepume

* Pasmen
Y, Dxzemnusp 6yoem akmusuposan. Bvibop * C onavent
osHauaem, umo Dxzemniap 6yoem HaxoOumvcsl 6

*) JeTans DBLEAMHEHHAT) Crbino|Han Mogens ) Apyine

® KomnaHext ) Fpynna |
) Mapamety () TaBNHUE MACCHES

N (o] [swers |
mom cocmosHuu, Komopoe yKa3aHo 6 6epxneu
Auelike amo2o cmonbya.
6 B muanorosom okne Tabnuua ol

dafn  MpaeuTe  BrTaeuTe  VIHCTRYMEHTEI

cemencTtBa B crobdie M45

° N B B v%| 2o ©f g a
BALL BribepuTe A4eiiKy, Blous v Il e e e s
COOTBeTCTByIOIHyIO CTpOKe Twn Hun sicemnnapa  OGwee mma MNIKCONF...  HIKPROJ... B:fL
BALL_YALVE |ha|\_va\ve asm 1 Y
PROJECT2' PROJECT1 PROJECT1 2 =
PROJECTZ PROJECTZ 3 =
L
7 Kiukuure UHCTpyMmeHThI > 3ameHuTb Ucn. > YneH Tabnuubi x
cemeincTia u BeiOepute Jk3emiuisip BALL_FILLETED (8 fovess vt
KOTOPOM KPOMKH OTBEPCTHS IIAPHUKA SBISIOTCS CKPYTIICHHBIMH). o e
8 Kiukuunre OK.
| omena |




9 B guanorosom oxHe Tabnuua
ceMeWCcTBa BEIOCPUTE CTPOKY
PROJECT2 u KIIUKHATE
OTKpbITh. OTKPOETCS OKHO C
npoekroB PROJECT2, B
KOTOPOM OTBEPCTHE B IAPUKE
(merane BALL) Gyznet nmeTh
CKPYIJICHHBIC KPOMKH.

B Tabnvua cemeiictea :BALL_YALYE o [=] B3]

Dafin MpaEdTE  BLTAEUTE  VIHCTRYMEHTEI

B{BALL_vaLvE - &

dBRE HHMmo@E

Thn

Hua sizemnnapa  OBuiee mma HIKCONF... HIKPROJ...

BALL_VALVE

M5
BALL

ball_valve zsm 1 v

PROJECTT

PROJECTZ

PROJECTT 2 -
FPROJECTZ 3 BALL_FILLET..

Bce ycnoBust ObUH CKOITUPOBAHBI B HOBBIN MPOEKT, T0ATOMY BbI cpa3y morxkere
3amyCTUTh pacueT. YToObI 3ayCTUTh pacyeT MPOEKTa U MPOCMOTPETD MOJIYyYHBIIHECS
PE3YNBTAThl, BBIIOJIHUTE, MTOKAIIYyHCTa, OIIMCAHHYIO PAHEE MOCIIEN0BATENBHOCTD

IEUCTBUH.

UccnepnoBaHue BNusHNA nameHeHuin KoHctTpykuun B FIoEFD

B npeowioyugem npumepe 6v110 NOKA3aHO, KAK MONCHO CPABHUMb Pe3)IbmManmbl,
NOTyUeHHble NPU UCNONb308AHUL O8YX PAZTUYHBIX KOHCIMPYKyuil. Bam maxoice modicem
NOHAOOOUMBCSL PACCUUMANb NPOEKNT ¢ OOHOU U MO Jice 2eoMempuetl, HO npu
onpeoeneHHoM OUana3oHe 3HaYeHUll MAcco8o20 pacxo0a nomoxda. Januwlii pazoen
NOKa3bl8aen, Kax 1e2Ko i 6bICmpo nposecmiL Makoe napamempuieckoe UcCie008aHue.
B rauecmee npumepa 3a0adum Hogoe 3naueHue maccogoeo pacxoda nomoxa - 0.75

kg/s.

Axtusupyiite Project 1 B nepese npoektoB FIOEFD.

1 Co3paiite xonuto npoekra Project 1, BbInonHuB
nocnenoBarenbHo Flow Analysis > MNpoekT >

KnoHupoBaTb NpoeKT.

[E KnoxnwpoBaTL NpoeKT EHE
IProiect 3

2 JIpucBoiiTe HOBOMY MPOEKTy UMS Project 3 U

kiaukauTe OK.

3aHOBO 3a/1aBaTh YCJIOBHA Ha OTBEPCTUAX U CO3/1aBaTh LCJIH,

e [FALCVALVE

FIoEFD co3nact HOBBI# mpoekT. HeT HeoOxoaumocTu

[™ KonvposaTs pesynsTatsl

T.K. BCE BXOJIHbIE JJAHHbIE ObUIN CKOMTMPOBAHbL. [ paHUuHbIE v | X |

YCI0BHA MOXKXHO U3BMEHUTD, YIAJIUTh U ):[O6aBI/ITL HOBBIC.

Bce n3MeHeHns reoMeTpU OTHOCSITCS TOIBKO K TaHHOHM KOH(UTYpAIH, TO3TOMY BCE
HpeabIAYIINE PE3YIBTAThl OCTAKOTCS NEHCTBUTENIBHBIMU. VI3MEHUB MacCOBBINA Pacxoz
ITOTOKA Ha BXOJIE, MOYKHO Oy/IeT MPUCTYNUTH K pacyeTy.

FloEFD FEP12 OGyuatowime npumepbl
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Ba3oBbif ypoBeHb: A1 - TeueHue Boabl B LLapOBOM KpaHe

A1-26

[IpencraBeTe ceds MPOCKTHPOBIIMKOM MIapOBOT0O KpaHa. Kakoii BeiBox Bel Moriu OB
cIenaTh 0 pe3yabTaTaM IPOBEACHHBIX HccienoBanmii? Kakoe penrenue Bel Obr mpuHsN
B MTOJOOHOM CITydYae, KOTIIa BHECCHHE KOHCTPYKTHBHBIX U3MCHEHUI MOXKET OTIPaBIaTh
JTOTIOJTHUTEIIHHBIC PACcXO/IbI Ha MMPOU3BOJICTBO HOBBIX KOHCTPYKIHI? VHXEeHEepHI
MIPUHUMAFOT IOAOOHBIC pelIeHHs KaX bl 1eHb, U FIOEFD - TOT camblit HHCTpyMEHT,
KOTOpBIi moMoraeT UM B 3ToM. C momombio FIOEFD kaibrii mHKeHep, MMEFOIITHIA IeTI0 ¢
TEKy4YHUMH CPEeaMH U TEIUIOOOMEHOM, CMOXKET ITPOTECTUPOBATh CBOU HIICH, 3aTPaTHB Ha
9TO TOPA3/I0 MEHBIIIE OMBITHBIX 00Pa3I[0B ¥ COKPATHB IUKJIBI IIPOCKTUPOBAHHS.



A2

ConpsxeHHbIN TennoooMeH

DTOT MIPUMEP OIMUCHIBACT OCHOBHBIC 3TAllbl IOCTAHOBKU 331491 COIIPSKCHHOT'O
TermoooMena. OH MOXKeET OBITh HWHTCPCCCH I HOHLSOB&TeHGﬁ, 3aHUMaroImuxcsa
HUCCICAOBAHUEM TCUCHUA U TEeII000MeHa BHYTPH Pa3JIMYHBIX IJICKTPOHHBIX YCTpOi/‘ICTB.
O,Z[HaKO OCHOBHBIC ITPUHIUIIBI, PACCMOTPCHHBIC 31€Ch, MOT'YT IIPUMCHATHCSA BO BCEX
TCIIJIOBBIX 3aJa4yax. HpezmonaraeTCﬂ, qto Bor YK€ BBIIIOJHUJIN IIPHUMED Teuenue 600bl 6
wapoeom Kpare, T.K. B HEM HO,Z[pO6HO OIMKMCaHbl BCE OCHOBHBIC MMPUHIIUIIBI pa6OTH B
FIoEFD.

OTKpbITUE MOaenu

1 Cromnupyiite nanky A2 - Conjugate Heat Transfer B cBoro pabouyto TUpEeKTOPHIO U
ybemurecsk, uto ¢ (aitioB cHAT aTpulyT "Toabko At yrenus", T.k. FIoOEFD Gyner
COXpaHATh B HUX BXoaHbIe AaHHbIE. 3amyctute FIOEFD. Kinukaure ®Pain >
OTKpbITb.

LA B nuanoroBoM okHe OTKPbITh ¢hain mepeiiaure Kk coopke
enclosure assembly.asm, pacnojokeHHOH B nanke A2 - Conjugate Heat
Transfer u k1ukaUTEe OTKPLITD.

Boi moosrceme nponycmums cozoanue npoekma u 3anycmums Ha pacyen 20mosbili
npoexm FIOEFD, co30annbiil 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
HeobXx00uMo omkpuimb cOOpKY enclosure assembly.asm, PACHOLONCEHHYIO 8
nanxe A2 - Conjugate Heat Transfer\Ready To Run, u 3anycmumov npoekm Ha
pacuem.

FIoEFD FEP12 OGyuatowme npumepbl A2-1



Ba3oBbiit ypoBeHb: A2 - ConpsXXeHHbI Tennoo6MeH

BxopHow BeHTUnNATOP

Pagnatop

[MevyaTHble NnaTbl

Mwukpocxembl

MNpoueccop

KonpeHcaTtopsl

MartepuHckasn nnata
Bnok nutanHus

NMoarotoBka mopenu

A2-2

B nono6GHO#T Mozenn MOKeT OBITh TOBOJIBHO MHOTO KOMITOHEHTOB M COOPOYHBIX Y3JIOB,
KOTOPBIE HE SBJISIOTCS CYIIECTBEHHBIMH ISl peIIeHNs 3a1a4r. [1o3ToMy /10 co3naHus
IIPOEKTA PEKOMEH/IyeTCs IPOBEPUTD, €CTh JIM B MOJICIIN TaKUEe KOMITOHEHTHI, KOTOpPBIE
MOTYT OBITh UCKITIOUCHBI U3 PACCMOTPEHHS. DTO TIO3BOIHUT COKOHOMUTH PECYPCHI
KOMIIBIOTEpA U COKPATUTH 00IIIee BpeMsl pacueTa 3aaadu. PaccmarpruBaeMast Mozienb
BKJIIOYAET B ceOs CIIeAyrome KOMIIOHCHTBI: KOPITYC, MAaTepUHCKYIO IUIaTy, IBE MeYaTHbIC
IUTIaThl MEHBIIETO pa3Mepa, KOH/ICHCATOPHI, OJIOK MUTAHUS, paJriaTop, MUKPOCXEMBI,
BEHTUIISATOP, KOPITYC BEHTWIATOPA, OOJNTHI M KPBIIIKU. BBl MOXKETe ITOICBETUTH 3TH
KOMITOHEHTBI, BBIZIEINB UX B Jepese crienuukanuii Creo Parametric (Creo
Elements/Pro). BeHTHIATOp MMEET JOBOJIBHO CIOXKHYIO TE€OMETPHIO, H3-32 YETO
MIEPECTPOCHHE MOJICIIN MOXKET 3aHUMaTh OOJIBIIIOE KOJMYECTBO BpeMeHH. T.K. OH
HAXOJUTCsI BHE KOPILyCa, TO €r0 MOYKHO HCKIIIOUUTh U3 PACCMOTPEHUS, JUIsl TOTO
HEOOXOANMO JICaKTHBUPOBATH 3TOT KOMIIOHEHT. B 1aHHOM npuMepe BeHTHISITOp OyneT
MOZIEIIMPOBATHCS TIPH ITOMOIIH 3a/IaHKs TPAHMYHOTO YCIIoBHs BenTnastop Ha
BHYTPEHHEH IMOBEPXHOCTH KPBIIIKH BXOJHOTO OTBEPCTHSI KOpITyca.



1 B nepeBe Mozenu BEIOEpHUTE BEHTHIISITOP (COOPOUHBI y3ern
FAN-412) u Maccus 4 u3 SCREW.

2 TlIpaBoii KHOITKOW MBITIX KJIUKHHUTE 10 TFOOOMY U3
BBIJICJICHHBIX 3JIEMEHTOB U M3 KOHTEKCTHOT'O MEHIO
BeIOepuTe MopaBuTk. [li1st moaTBepkaeHust KaukanTe OK.
[Tocie neakTHBAIMN BEHTHISITOPA U OOJITOB, C TIOMOIIBIO
KOTOPBIX OH 3aKPEIUICH, B KOPITyCE OCTAIOTCSI OTKPBITHIMH
IATh OTBEpCTHH. IX He0OXOAMMO 3aKPHITh KPBIIKAMH, T.K.
MIPE/ICTOUT PEIINTH BHYTPCHHIOKO 3a/1ady.

[CJ MLET _LID.PRT
+-[22] MACCWE 2 ws OUTLET_LID.PRT
+- L] AFAN-412. 450
+-[22] MACCWE 4 ms SCREW.PRT

MpeacTaeneH1e

WOAnWTE
Mpynna
MogaenTE
MpaguTE %

Jlns coxpareHust BpeMEeHH OATOTOBKU MOJIETH KPBIMIKH OBLIM 3apaHee CO3AaHbl U
BKJIFOUEHBI B MOJiesTb. Bam TpeOyeTcst mums BRICBETHTH UX. [lokanyiicta, mpoBepsTe,
TIO3BOJISIFOT JIM HACTPOHKH DUIIBTPOB JiepeBa 0TOOPa3nTh JCaKTHBUPOBAHHBIE

KOMIIOHCHTEI B A€PEBE MOICIIN.

3 B zmepese Mozeny BEIOEpHUTE KPBIIIKY Ha BXOZE
(xommoneHT INLET_LID) 1 snemMeHTH MaccHBa
Maccus 5 u3 SCREWHOLE_LID.

4 TIpaBoiif KHOIKOW MBIIIH KIMKHUTE TI0 JII000MY U3
BBIOpaHHBIX JIEMEHTOB U BhIOEpUTE BoccTaHOBUTD.

Temeps MoxHO puCTYUTH K padote ¢ FIOEFD.

Co3paHune npoekta FIOEFD

=

3

[) MACCHE 1 W SMALL_CHIP.PRT

[] “INLET _LID.PRT

[2) MACCHE 2 ws OUTLET_LID.PRT

[T] "Fan-412.85M

[2] "MACCWE 4 w3 SCREW.PRT

[2) "MACCHE 5 M SCREWHOLE_LID.PRT

MpeacTaenaHwe »
WOAnWTE
Mpynna
BoccTaHoEWTE

1 Kiuknaure Flow Analysis > MpoekT > MacTtep npoekTa.

2 B orkpoiBuieMcs okHe MacTtep npoekta — CEEm=mRImTEm
BBeiuTe M3 HoBoro npoekra FIOEFD: e
Inlet Fan. %;mm
Knukuure Oanee. B oo e
Tenepb HEOGXOAMMO CO3/IATh HOBYIO 8 e
CUCTEMY E€AVHMI] U3MEPEHUS U éd
MIPUCBOUTS il HanboJsee MOAXOISIIEe IS Rk i
JIAHHOTO TIPOEKTA HA3BAHHUE - i gm
OnektpoHuka CLUA. oy

=5 Flow Trajectories

[z1x]

Mpoekt

Wi rpaexra: et Fan

Kowourspasn | Menonsosers Teryuo k2
o cororrypau: [ENCLOSURE_ASSEMBLY

<Hom | [Core> | omens | Copasea

FloEFD FEP12 OGyuatowime npumepbl
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Ba3oBbii ypoBeHb: A2 - ConpsiXXeHHbIN TennoooMeH

3 U3 cnucka Cuctema eguHULL M3MepeHus 21x
Be1Oepute cuctemy USA. J[ist Toro,
4YTOOBI 100aBUTH HOBYIO CHCTEMY SIUHHI]
n3MepeHns B IHxeHepHyro 0a3y TaHHBIX,
MIOCTaBbTE rayouky Cosgatb HOBYHO U B
COOTBETCTBYIOLIEM I10JI€ BBEAUTE UMS
OntexkTpoHMKa CIIA.

(CucTena el VaMepsHIT )

Cucrera e [ Komermspuz |
CGS (emg-s) Mpegonpeaenere CGS [omvg:s)

FPS (itb-s] Mpeacrpeasnesee  FPS (i)

IPS (inbys) Mpegonpensnese  IPS fibs)

KM (i) Mpegorpeneneree N (mg:s)

51 frkars) Mpegonpensnesbe Sl (mko-s)

Usé Mpegonpensnesioe  USA

¥ Cosnare nosye M [3 nexrpomuka CUIA

Napaverp

oenerie bf/in"2 000014503
Cropocrs ] 32608399
Macea b 123 220482248
Dora it 123 32808399
Tenmneparypa ° 12 45967
Pusimeckoeepe S 123

FIoEFD nosgonsem pabomamu ¢
npeoonpeoenenHbiMU CUCTeMAMU eOUHUY
usMepeHust, 0OHAKO 8 HEKOMOPBIX CYUASAX
yenecoobpasHo co30amsv cOOCMEEHHYIO.
Kax npeoonpedenennvle, max u 3a0anHvle ROIb308AMENEM CUCTEMbL €OUHUY,
usmepenust xpansmes ¢ IHxxeHepHom 6a3e aaHHbIX. Cosz0ams HeoOX00UMYI0
cucmemy eduruy modicHo ¢ UHxxeHepHon 6a3e AaHHbIX w1y ¢ MacTepe npoekTa.

HVAC
|  Feomerpmece
Cumes, worerro pachonet Ele

<Hosan | [ flanee> Orvers Crpasias_|

B oepese MapameTp npedcmasienvl eOunuybl UsMeperus paziuiHbix Hapamempos,
coomeemcmeyioujue 8blOpaHHol cucmeme eounuy. /s paccmampusaemou 3a0adu
npedonpedenentble eOUHUYbL UBMEPEHUsL OONLUUHCMEA NAPAMEMPOS AGIAIOMC A
nooxoodsuumu, nanpumep, ft/s (¢/c) ors ckopocmu u CEFM (kyouueckue ¢hymot 6
Munymy) 0nst 06vemHo2o pacxoda. OOHAKO eOUHUYbL UBMEPEHUSI HEKOMOPbIX
napamempos 6ce-maku Heooxooumo usmerums. Tax, 0us Onunbl 6Mecmo hymos
y0obHee 6b1Opamv O10UMbL, M.K. 2OMEMPULECKUE PAZMEPbL PACCMAMPUBAEMOT
Mmooenu mo2ym 6vims HeOONbUUUMU.

4  JIBOWHBIM IIETYKOM KITMKHUTE B sTUCIKE 21
- CUCTEMa ERUHIL HIMEDEHI »
EpuHuua, cooTBeTCTBYIOLIEH ITapaMeTpy S TEammra
AnuHa, 1 u3 crmcka Beibepute Inch,
Sl [mkg-s) MNpeaonpeaenersie. Sl [mkg-s)
SA MNpeaonpeaenersie usa

¥ Cosparerosya  Miom [Anestoarra CIA

Ennaia | Necamnwre snain| 1 [«
llzeacH vereperin | pesymererar | enuin,
Tneeran
J— b2 12345 0.0001
Crapocrs s 123 32808
Macea [ 123 2204
- Dws B RE] 32808
Tewnzparyps Hieler 2
Puineckae epera | Decimeler =
AL ertineler
Feomerpuieckiie Hlimelet
ES Micromeler
Dekameter 22
Hektomeler
Haoan | [ilometer I
o Y —
Foot
Hand
Link
Yard =

A2-4



5 3arem B nepese MapameTp packpoiite 20

CHETSMS SAUHUL HBMEPEHUS )
rpymnmy Tennora. Frer [Feragm]

CGS [cmgs) TMpeaonpegeneHHoie CGS [cmg-s)

FPS (ft-b-s) MpeaonpegeneHHoie FPS (ft4b-s]

IPS fin-lbrs) MpegonpeaenetHeie. IPS (inbrs)
B kauecTBe eqUHUL U3MEPEHHUS AT Wb Do e

Sl [mkgs] TMpeaonpegenentoie Sl (mkg-s)

~ ~ usa. Mpeaonpegenentbie usa

napameTpoB CyMMapHbI TennoBomn

NMOTOK U MOLLHOCTb, TennoBow NoTokK u P e,
KoadhdpmumeHT Tennooraaum Beidbepure S fz;z:zz‘?;;:‘“\:ndm
coorBeTcTBeHHO Watt, Watt/meter2, 1 e— J

Eurius

[isboree vortepera
B

i, womeNTS), packons!

CynmapHeri Tennoeoit - Bluzh 123 kbl
3aa4u € 3JICKTPOHHBIMU KOMIIOHCHTAMU | -

Watt/meter2/Kelvin. Jlns pemenust ) e o ot
L/ \ Tennosodi norax fWim3 =] 123 q
Tennoseue nerme Brufh#™3) 1234 0.0965 |+
YI0OHO HCITOIB30BaTh UIMEHHO 3TH ' | [ | s
€MHULIBI U3MEPEHUS.

Knuknaure Oanee.

6 B xauecTBe Tua 3a1a4u BbIOEpHTE 21
= s %)
BHyTpeH Hss. B rpyIire dusnvyeckue  Bruperian L ——
o BHewHan I VicknsumTe BHUTHEHHER MOCTREHCTED
Mogaenu BKIoynTe TennonpoBoAHOCTb ‘ T
3Haverue
= TennonposogHocTs B

B TBepAbIX Tenax, 3aTeM KIHNKHHUTE
DOanee.

TBepIEIX Tenax
TonekaTentonpoBaaHoCT: &
TeSpnLI Tena

Paguaumonsii Tennoobmen

Hecraumonaprocre

Tpasurauus

Bpauenye

oooo o

Dnexmponnvle KoMnoHeHmsl npu pabome
svidensaom menio. B dannoil 3a0aue
BAJICHO NPOCTIEOUNMb, KAK MENTO
0meooUmcs uepes paouamop u opyeue

Basoeanoow: [x ¥ Sasycumocre, | ()
T || [ | e

NeMEeHmMbL U 3amemM NePeHOCUMCsL
nomokom 8030yxa. Ilosmomy onyus
TennonpoBoAHOCTb B TBepAbIX Tenax 0053ameibHo O0NINCHA OblMb GKIIOYEHA.

7 PaCKpoﬁTe rpyniy a3bl 1 gBaKIbI L
. eron cpean [z 1 T
KIIMKHUTE 110 DJIEMCHTY Air. 3amaHHbBIC IO Frre : |

Bl Mpegonpenenerrie

YMOJIYaHHIO XapaKTePUCTUKN TeHeHUs E 533 L
N3MEHSATH HE TPeOyeTCsL. Semdoits Moy
Ethane MNpeorpeeneree

Ethancl Mpegorpeneerrie

Ethylene MpenorpegeneHsie Ll TETE
Kiukaure OJanee e e
’ Tery-1e cpeabi NpossTa | BiGpatiible Mo yrortianio Y

) i

TENEHMA | SHauerie
Tun Teverun NaapHoe
Teuenme ¢ Gonsume
ancnom Maxa u

<Hooen | [ flanee> Orers

Copasia_|

FloEFD FEP12 OGyuatowime npumepbl A2-5
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A2-6

Mamepuansi, 3a0annsie 6 Mactepe

8 PaCKpOﬁTC TpyIIy A"oys u BBI6€pI/ITe 2]

e | ERE =] Hose )

Mpeonpenenesioe

= Aloys

| Solder [AuBB%/Ge
12%)

Steel Stainless 321, 151 TOro, 4T00BI
3a/]1aTh STOT MaTepHas B KA4€CTBE
MaTtepuana no ymMonyaHuio.

MpegonpeneneHkeieibloys
Solder (Pb 80%/5n
0] MpenonpenensHeie\loys

| Solder 5n63%/Pb

%) Ipenonpeneneneblos
Solder (5n 96.5%/4g
35%)

Mpegonpenenerreieiloys

Steel Electical
Resistance] Mpegonpenenenreie\dloys
Steel Mid)

NPOEKTa, 10 YMOTUAHUI NPUMEHAIOMCA
KO 8CemM KOMROHEHMAM 6 NPOeKme
FIoEFD. Ymobwl 3a0ams Opyeoti

Glasses and inerals
IC Packages

=

L e ey »

mamepuain 0t 0OHO20 UNU HeCKOIbKUX o = lm = ; |
< Haszan Hanee > OtreHa Cnpaska

KOMROHEHNO08, NOCJLe CO30AHUSL NPOEKMA
MOJICHO Oy0em 80CNONb3068aMbCs
anemernmom Matepuan.
Kimknaure Oanee.
B kauectBe TennoBoro ycrnoBusi Ha ; e

BHELUHeN CTeHKe Mo yMOM4aHuio e —
BeIOEepUTE KoadhdhmumneHT Tennooraaum n?“‘m”“”en B

u 3ajaiite 3HaueHue Koadpdpumumernra

TennooTAaum paBHbIM 5.5 W/m"2/K, a {}

i1 TemnepaTypbl BHELWWHEN TeKy4Yen

cpepnbl BBEAUTE 3HAUCHUE 50 °F.
3ajianHOe 3HaueHne KodhpHUIneHTa
TEIJIO0TIaul aBTOMATHYECKH
peoOpaszyeTcsi B COOTBETCTBUU C
CUCTEMOW €AMHHULL U3MEPEHUS
(Onexrponnka CIIA).

Wepoxosaroct 0 microinch

3ABHCHMOCTb. )
e || [ | [ |

B ouanozoseom oxne MacTep npoekrta - YCIOBUA Ha CTEHKax Mo yMON4aHuio

3a0al0mcest yenosus Ha cmenkax mooenu. Ecnu 3a0aua 6HympenHsis, u 6KI04eHd Onyus
TennonpoBoAHOCTL B TBEPAbIX Tenax, napamemp Tenmnoeoe ycnosue Ha
8HewHel CMeHKe M0 YMOJIYaHUIO N036075em MOOeIUPO8amy Menio0oMer Melcoy
BHEWHUMU CTNEeHKaMU Mooenu u oxpyacaiowell cpedou. Ilpeononacaemcs, umo
paccmampusaemulii CUCHEMHBII 610K HAXOOUMCSL 8 NOMeUeHUU NPU memnepamype
6030yxa 50°F. Bcneocmeue KOH8eKyUU 8 NoMeujeHuu menio omeooumcs yepes
BHeWH e CINEeHKU KOPNYCd, Yo CHOCOOCMBYEN €20 OXILANCOEHUIO.

Kmukaure Oanee.

3HaueHne HAaYalIbHOW TeMIepaTyphl ABIIETCS HanboJiee BasKHBIM JUIS
HECTALMOHAPHBIX PACUYETOB, T.K. TO3BOJISIET ONPE/ICIUTD BPEMsi, HEOOXOTUMOe ISt
JOCTIDKEHUS TOYHOTO 3HAUCHUS TEMIIEpaTyphsl. B cTamoHapHbIX 3a/1a4ax 3HaYCHUE
Ha4yaJIbHOM TeMIeparypbl CIIeAYeT 3a1aBaTh OJMM3KUM K MPEATIOIaraeMoMy
OKOHYATEIbHOMY PEIICHHIO, T.K. 3TO IT03BOJIUT YCKOPUTH CXOAUMOCTh pacuera. B
paccMarpruBacMoM IpUMepe HavalbHYI0 TEMIIEPaTypy BO3/LyXa U HEpIKaBEIOICH
craim 3axaauM paBHoi S0°F (310 Temmeparypa Bo3ayxa B IIOMEIICHAH, B KOTOPOM
HAXOJUTCS CUCTEMHBIH OJIOK).



10 3agaiite HauanbHYI0 TemnepaTypy
Tekyuel cpensl 1 HayanbHyo
TemnepaTypy TBepAoro tena (B rpyIme
MapameTpbl MaTepuanoB) paBHBIMHI
50°F.

Knukuaure Oanee.

11 3aganHblil 0 yMoyaHUo YPOBEHb
paspeLleHns 1 aBTOMaTHYECKU
paccuntanabie MUHMMaNbHBLIN 3a30p U
MuHMManbHas TosWWHA CTEHKN He
TpeOyIOT H3MCHCHHIA.

FIoEFD onpeoensiem MUHUMAIbHbLU 3430D

U MUHUMATLHYIO MOIUWUHY CHIEHKU,
UCX0051 U3 2e0MEeMPUHECKUX PAZMEPOS
Mooenu, pacuemHou 0o1acmu, a maxaice
Pasmepos nosepxHocmell, Ha KOMopbix

e

MapaveTp Taraerve
3ananue napamerpos Janamei noboBaTeneM
- Tepmommameckue
napameTpLl
Napererpes Noonerwe, Tenmeparypa
Doorere 146953473 Ibin"2
Tenneparypa k
5 Napamerpet cropocTh
. Mapaverp: Cropocte,
Cropocte B HanpsnenalX D fts
CropocTs B HanpasneraaY D fis
CropocTe pHanpasnerZ 0 fts
TNapamerpos TypbynermrocT
) Napamerput marepuance
Hauansras Tenneparypa 0°F
Toepnoro Tena

e
<Hosan | [ Baree> | Omewa | Copasea |
Mactep npoercra - Yposens paspeueriin 2]
Y »
1 2 3 4 g 6 7 8
™ 3aname MAHIMATHLI 33500
o i
Musrea st 2ac0p:
i Tonua
™ 3aame MAHMAASHYO TONLIHY CTEHKH
I | Cersars tuivansHyio TonHY Crekil © EbEpaFHeIM pasveps mazea
Moia A TONLHS CTerkLE
I~ YNy paspeLUeHIE YSKitK KaHanos
[V OTnUSUPOBaTE PaSPELLISHHE TOHKLH CTEHOK )
<Hosm | [Baspusre | Omwews | oo |

3ao0aromesi yeaogus u yeau. Imoduvl yoeoumncsa ¢ mom, umo meiaKue d1emMeHmvl Mooeu
06y0ym paspeuieHvl, nocie 3a0aHus YCao8ull u yeieti 00 Ha4yaia paciema ciedyem euje

pas npoeepums 3mu 3HA4YeHUsL.

Knuxuaute 3aBepwnth. FIOEFD co3nact HOBBIH MPOEKT € MPUKPEIUICHHBIMU K HEMY

nanueiMu FIOEFD.

[epeiinure Ha Briaaky FIOEFD Analysis. [lyst atoro kiaukaute FIOEFD F: |

DA ==

Knukaure

&, uro0s! ckpbITh AepeBo npoekToB FIOEFD.

Ilepeso ananuza FloEFD ucnonv3yemcst 01 NOCMAHO8KU 3a0a4u mak dce, Kak 0epeso
MoOenu UChonb3yemcs 0Jisk CO30aHUs Mooenell.

J1g Toro, 9TOOBI CKPBITH MOTYNIPO3PAYHbIi apajuIeIenune],
0003HAYAOIINIT TPAHUIIBI PACUCTHOMN 00JIACTH, TPABON KHOTIKOM
MBIIIHN KIUKHUTE M0 JIEMEHTY PacyeTHas obnacTtb 1 13

KOHTEKCTHOTO MEHIO BbIOepUTe CKpbITb.

FloEFD FEP12 OGyuatowime npumepbl

E| @ BxoaHEIE AaHHEIS

@ MaTtep  MEMEHWTE...
Eﬁ paH1

A2-7
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3apaHue BeHTunAatopa

A2-8

4 B cnucke BeHTUnATOp U3 rpymniibl

OJHUM U3 TUIIOB T'PAaHUYHBIX YCIOBUH, OMPENEISIIOIINX TeYECHHE. sIBIsieTcs: BenTuarop.
BeHnTHIsITOP MOKHO 337]aBaTh HA TIOBEPXHOCTSX, HA KOTOPBIX HE OIPEICICHBI
I'panuunbie ycaoBus 1 TermioBple HCTOUHHKH. Ha OTBEpCTHIX MOMIEITH, 3aKPBITHIX
KpbIIIKaMH, 3agaeTcs BxonHoii nin BrixonHoil BenTuisitop. Ha noBepxHocTsX,
HAXOISIIIIUXCS BHYTPHU 00JaCTH TEUCHUS, co3nacTcsi BHyTpeHHHI BEHTHIISTOP.
BeHTmisTop paccMarpuBaeTcs Kak HIealbHOE yCTPOUCTBO, CO3/IA0IIee TTOTOK C
OTIpeNIeIICHHBIM OOBEMHBIM I MACCOBBIM PAacX0JOM. 3HaYCHUE PacXo/a 3aBUCUT OT
Pa3HUIIBI TABJICHUI HA BXOJE U BBIXOJEC.

Ecmu Bel uccnemyere Moens, B KOTOPOU YCTaHOBIICH BEHTHISITOP, HEOOXOIUMO 3HATH €TO
XapaKTepUCTUKU. B maHHOI 3aaue HCIOIB3yeTCsl OMUH U3 MIPEAOIPEICTICHHBIX
BEHTUJISITOPOB, Haxoasmuxcs B UH:keHepHoii 6a3ze nanubix. Eciiu Bel He MoxkeTe
BEIOpaTh w3 MHKEeHEpHOH 0a3bl JaHHBIX MOIXOASAIINA BEHTHIISATOP, BB MOkeTe co3math
CBOW COOCTBEHHBII B COOTBETCTBHU C TEXHUYCCKUMHU TPEOOBAHUIMHU.

1 Knuknaute Flow Analysis > lo6aButb > BeHTunstop. [losBurcs aunanioroBoe OKHO
BeHTunsartop.

2 Bribepure BHYTPEHHIOIO IOBEPXHOCTh B
KPBIIIKH Ha BXOJIE (KOMIIOHEHT
INLET LID), xak moka3aHo Ha S L T T

— Eb\xonnou EBHEWHHH BEHTHARTOR
pucynke. (UTo0OsI BEIOpATh Brayrperut pesmunarop
BHYTPCHHIOIO ITOBEPXHOCTb, ¥ Beropaano & sermunTpa
ycTaHoBuTe GmiIsTp o FeomeTpum u () [Mosepsmocre<T 05-INLET_LID-T07
IIPaBOM KHOIIKOW MBIIIYU KIMKAUTe 110
xomnorenty INLET_LID, noka hd
BHYTPEHHSSI IOBEPXHOCTb KPBIIIKYU HE 5 [onpatnaman cucTen, npneRaatas
IOACBETHUTCS, 3aTEM HAKMHUTE JIEBYIO Basasan ocs: [ = =)

KHOTIKY MBIIIIHN).

Papst 405F a|
Fapst 405FH

Papst 112MHHVaro Pro g
Papst 4114NHH

Papst 4114MHH* ario Fro

Papst 4118MHH

Papst 4118MHH ario Pra

Papst 12 FH

3 B rpynme Tun BeiOepute BxoaHow
BHELUHUI BEHTUNATOP.

MpenonpeneneHHble / Axial / Papst

BeIOepuTe Papst 412. L Pz =l
Fapst 412 [MpenorpenenentbishduishPaps! T |
5 IlpoBepsre, 4TO 3HaYeHUE [laBNeHuA CosaMom .. |
Opr)KaIOu.leﬁ cpeab! Rf-:l_:' B rpyime RS [14.6959473 bisin"2 = ﬁl
TepMogmMHaMmuyeckue napameTpbl T kg 3 &
COOTBETCTBYET aTMOC(HEpHOMY
JaBJICHUIO.



v
6 B kadectBe CucTeMbl KOOpAUHAT }z—prpI/IMI/ITC KoopauHaTHyto cuctemy,
NpUBA3aHHYI0 K MOBEPXHOCTHU, a B KauecTBe baszoBon ocum - X.

KoopauHaTHas cuctema, NpuBs3aHHas K NOBEPXHOCTU a68moMamuyeckil cCo30aemcs
6 Yyenmpe NI0CKOU NOBEPXHOCU, BbLOPAHHOU OJisl 300AHUS 2PAHUYHO20 YCIOGUSL WU
senmunsimopa. B amotul cucmemul koopounam ocb X HANpasiena no HOPMAl K
sblOpannoil nosepxrocmu. KoopanHaTHas cuctemMa, NpUBsi3aHHasA K NOBEPXHOCTU
co30aemcst moibKo mo2od, K020d 8bloupaemcs 0OHAa NAOCKASI NOBEPXHOCHb.

Ef MpariiHee yenosma
=] [:I: BEHTHRATOPE!

7 Kmxnure OK % B nepese ananmsa FIOEFD
MOSIBUTCS HOBas Ipynna BeHTHIATOPBI C 2JIEMEHTOM 13 Bxoanoi erewnmi eennaTop 1
BxogHoW BHewHu BeHTUnsATop 1. B Lem

B oepese ananuza FIoEFD Bwi mooceme < -
o o : NyCTHTE. ..
pedakmuposams dnemenm Bxoonoii enewnuii 5 5, Aeromamwesos nepecrpociuie

MepecTpoeHue
CKPbITb rNofantHyK CCTEMY KOOPAMHAT
KnoHWpoBaTE NPOeKT...

eenmunamop 1 unu cozoamov HoBbI
geHmuasmop. dma epynna ocmaemcs GUOUMOU
00 mex nop, Noka u3 Hee e 6yoem yoanen

0 o B YAanuTb NpoekT
nocnedHul snemenm. Bol maxoice mosceme T T R DT
coenamov max, ymoobwvl epynna éce2oa Ovlid Mokasate Basosyio ceTiy

o LigeT GazoB0il CETKM. ..

docmynna u3 oepesa. /[ 3moeo 6 depese npasoil
KHONKOU MblUUU KIUKHUNE NO UMEHU NPOEKmd U
U3 KOHMEKCMHO20 MeHIo 6bibepume HacTponTb AepeBo aHanu3a.

Cosnats wabnoH. ..

HacTpoute aep

Kpvluxu na gvixode Haxo0amces nood GHeUHUM ammMochepubim 0agienuem, no3Momy
nogvluieHue 0asiens 6ciedcmaue pabomvl GeHMUIAMOPA PAGHO NAOEHUIO 0ABTEHUSL 8
INLEKMPOHHOM YCMpPOoLcmee.

3apaHue NpaHNYHbIX yCNOBUN

I'parnuHOE yCiIOBHME HEOOXOAMMO 3a7aBaTh Ha BXOJE TIOTOKA B MOJIEh M HA BBIXOJE U3
HEEC, KPOME TEX OTBepCTHﬁ, Ha KOTOPBIX 3a/laH BEHTUIIATOP. B kauectBe TrpaHUYHOIO
yCIIOBUS MOKET ObITh 3a1aH0 [laBneHue, MaccoBbi pacxon, O6beMHbIN Pacxoa WiH
CkopocTb. C moMoIIsio Auanorororo okHa I'panuyHoe yeaoBue Brl Takxke MoxeTe
3a/1aTh CIEAYIOLUE YCIOBUS:

* HpeanbHasi CTEHKA - JUISI TOTO, YTOOBI ONPENIETUTh CTEHKN Kak anquadaTuieckue u
CBOOOHBIE OT TPEHUS;

* PeanpHas cTeHKA - JJIg 3aJaHus HIEPOXOBATOCTH CTCHOK W/WIn TEMIICPATYPhI
/Ui KOS(I)(i)I/II_II/ICHTa TCILUIOOTAA4YM Ha BLI6paHHLIX MOBEPXHOCTAX MOJCIIH;

* BuHemrHsis cTeHKa - U TOTO, YTOOBI 33]]aTh TEIJIOBOC YCIIOBHE Ha BHEIIHUX
CTCHKAX MOJICIU (TO YCIOBHE MOXKHO CO3/IaTh, €CIIH 3a]ja4a BHYTPCHHSS U
BKITIOUCHA onnys TenompoBoIHOCTHh B TBEPABIX Telax).

FloEFD FEP12 OGyuatowime npumepbl A2-9
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A2-10

1 B mepere ananmza FIoEFD npaBoii kHOITKOH
MBIIIN KINKHUTE 10 3JIeMEHTy MpaHu4Hble
YCIOBMUS 1 3 KOHTEKCTHOTO MEHIO BBIOEpHTE
Ho6aBuUTb rpaHN4HOE ycrioBMe.

Bribepure BHyTpeHHHE
MOBEPXHOCTHU KPBIIIEK Ha
BBIXOJIE, KaK IOKa3aHo Ha
PHUCYHKE.

Haxxmute JaBneHne |® | u
BBIOCpHUTE [laBneHue
OKpYyXXawLien cpeabl.

Venosue Jlasnenue

oKpYIHCcaIoweli cpeovl
npeocmasisem cooou
cmamuyeckoe 0asieHue 6
8blMEKAIOWeM NOmoKe Ui
nonnoe dasnenue 60
smexarouem nomoxe.

He n3mensiite 3agaHABIC 11O
YMOJTYAHUIO
TepmopgnHamuyeckue

napameTpbl, MapameTpbl TypOyneHTHoOCcTU, MapamMeTpbl NOrPaHUYHOrO Cros U

Onuumn.

Kmnkaure OK \é’ . B nepese ananuza FIOEFD mnosiBUTCst HOBBIH 351eMeHT [laBrieHue

oKpyXxarwowen cpeabl 1.

- Bxoarsie AgHHble

@ MaTepmrane!

| [paHMuHOE YCNOBMEe ﬂﬂ

() [Moeeprriocre<50>OUTLET_LID-104
MosepuHocTe<B0:>OUTLET_LID-108
MosepuHocTe<B0:>OUTLET_LID-109

hid

él'.x II'noﬁaanaq CHCTEME KODPLHHAT
Bazoeaq ock: m
&][© ~|

JlaEneHue okpyaniLe cpens!
CraTiyeckoe NaBNEHHE
MonHoe aasneHWe

w  TepronmH pEl

R;; I‘I 4.6953473 bf/in"2 _I: ﬁl

T [E0F a5

™ Noreruman gagnsrua

@ PacqeTHaA obnacTe

B pariinee yonosma




3aagaHue TennoBbIX UCTOYHUKOB

B kauectBe KomnoHeHTa gns
3ajaHusa 00bLEeMHOro

TEnnoBOro UCTOYHMKA D, B
JiepeBe MOJIeJN BhIOepHUTe
mporueccop (KOMIIOHEHT
MAIN_CHIP).

B rpynne MNapametp
BEIOepuTe MOLWHOCTL

A
TennoBblaeneHus | 0 |

B none MowwHocTb
TennoBblgeneHus Q

BBCAUTE 3HAYCHHUC 5 W.

Kimnkaute OK o .

B nepese anamiza FIoEFD, npasx/p! (depes nmaysy) KIMKHUTE 110 .84
sneMenTy O MowHoCTb TennoBbiAeneHns 1 1 epeuMenyire

€ro B [Ipoueccop.

Knuknure Flow Analysis > [Jlo6aBuTb > O6beMHbIN TENNTOBOW UCTOYHMUK.

() ENCLOSURE.FRT
[CJ MOTHERBOARD, PRT

21|

" D6 BEMHBIR TENNOBOH HE

{J pce.pRT
0 pcsprT [ J [MAIN_CHIF7E

+- (2] MACCHE 3 ms CAPACITOR PRT
() POWER_SUPRLY,PRT
= | CHIP.PRT
[CJ HEAT_SIRK.PRT
+-[22] MACCHE 1 ms SMALL_CHIP,PRT

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: lﬁ
o8 48] "ol
|

Q v

TennoekIe HCTOYHHKH

ObvemHble meniogvle UCHOYHUKU NO360IAI0M 3A0A8aAMb MOUWHOCb MENI08bl0eleHUs
(nanpumep, 6 Bm (Watts)), yoenvryto mouwHocms 06beMHO20 MeNniosblOeNeHUs
(nanpumep, 6 Bm (Watts) na ob6vem) unu nocmosnuyro memnepamypy 8 ooveme. Taxoice
ModicHo 3a0amb [losepxnocmubvle Meniosvle UCOYHUKU 8 Nepecyueme Ha Mmenioeol
nomok (nanpumep, ¢ Bm (Watts)) unu niomuocms menniogozo nomoxa (nanpumep, 6

Bm (Watts) na niowaoo).

B nepese ananusza FIOEFD nipaBoii KHOMKOW MBI KJIMKHUTE 110 SJIEMEHTY

TennoBble UCTOYHMKM U 3 KOHTEKCTHOTO MEHIO BbIOepuTe [l06aBUTbL 06 beMHbIN

TEennoBON UCTOUYHUK.

B nepese mMozienu BeiOepuTe BCe
TpH KOHJIeHCaTOpa (KOMITIOHEHTBI
CAPACITOR) u3 maccuBa
Maccus 3 uz3 CAPACITOR.

B xauectBe MapameTpa
BeIOepuTe Temnepatypy |_Tl]j| B

nonie Temnepatypa T BBEIUTE
3naueHue 100 °F.

10 Kimkaute OK o .

FloEFD FEP12 OGyuatowime npumepbl

(7] EMCLOSURE.PRT
(] MOTHEREOARD.FRT

" D6 BEMHBIR TENNOBOH HE

[ PCB.PRT
[ PCB.PRT CAPACITOR-43
=[] MACCME 3 ws CAPACITOR.FRT CAPACITOR-121
CAPACITOR-122

TOR.PRT
(7] POMWIER _SURFLY PRT
(1 MAIN_CHIP.PRT
() HEAT _SINK.PRT

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: Iﬁ
28] 98]
|

T I‘IDD“F

A2-11



Ba3oBbii ypoBeHb: A2 - ConpsiXXeHHbIN TennoooMeH

11 JIBaxxner (depes may3y) KIMKHHATE 110 HOBOMY aiieMeHTy OU Temnepatypa 1 u
MEPEUMEHYHITE €ro B KOHIEHCATOPEL.

12 BrImmosnHss OMUCaHHBIN BBIIIE MOPSIOK ICHCTBHIA, 3aJaliTe CICAYIONIHEe 00bEMHBIC

TCILIOBBIC HCTOYHUKH

* Ha BCEX MHUKpPOCXeMax
MeYaTHBIX TIaT
(KOMIIOHEHTBI
SMALL_CHIP) 3anaiite
00BEMHBIN TETTOBON
HUCTOYHUK C CyMMapHOH
MOIITHOCTBIO
TEIUIOBBIACTICHNS, PaBHOU
4 W;

* Ha Groke nuTaHus
(KOMITOHEHT
POWER_SUPPLY)
3aaite 00bEMHBIN
TEIIOBOI UCTOYHHK C
temmeparypoit 120 °F.

13 OOBbeMHBIN TEIIOBOI

HCTOYHHUK, SaﬂaHHHﬁ Ha MHUKpPOCXEMax, HCpCHMCHyﬁTC B
MMKpPOCXEMH, TEIIOBOI UCTOYHHUK Ha OJIOKE IMUTaHUs - B Biiox

IIMTAaHUA.

Knukanre ®ann > CoxpaHuTb.

+- (2] MACCME 3 ms CAPACITOR.FRT

(] POMWER _SURFLY PRT

(1 MAIN_CHIP.PRT

() HEAT _SINK.PRT
=[] MACCME 1 1s SMALL_CHIR.PRT
()AL CHIPPRT
W 1sHaLL CHIFPRT
m L_CHIP.PRT
W 1sHaLL CHIFPRT
=
=
=

L_CHIP.PRT
LL_CHIF.PRT
L_CHIP.PRT

ShaLL_CHIP.PRT
71 INLET LID.PRT

(7] EMCLOSURE.PRT
(] MOTHEREOARD.FRT
[ PCERRT
[ PCERRT
+- (2] MACCME 3 ms CAPACITOR.PRT
PPLY PRT

[0 MAIN_CHIF.PRT
() HEAT _SINK.PRT

+- (2] MACCME 1 1s SMALL_CHIP.PRT
(] MLET _LID.FRT

2]

" D6 BEMHBIR TENNOBOH HE

[ [SMALL_CHIPE8 =
SMALL_CHIP-34
SMALL_CHIP-95
SMALL_CHIP-95
SMALL_CHIP-37
SMALL_CHIP-38 |

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: I b 'l
lof 9| Ta|

Q |4w jﬁl

" D6 BEMHBIR TENNOBOH HE

[ J [POWwER_SUPPLY-70

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: I b 'l

W [lapametp
8 98]
T [izF = ﬁ'

59

TennoekIe HCTOYHHKH

z MNpoueccop
z KoHaeHCaTOpEI

z MuKkpoCxemsl
------- Bnok nHTaHkA

Cos3pgaHue MartepuanoB B UHxeHepHOM 6a3e AaHHbIX

A2-12

IlegarHbIe MIATHI M3TOTABIMBAIOTCA M3 MHOT'OCIIOHMHBIX MarepuajioB, B KOTOPBIX TOHKHEC
CJIO MCTAJITIMYCCKOIro MPOBOAHNKA YEPCAYIOTCA CO CIIOAMU ,Z[PIC)HGKTpPI‘ICCKOfI
3HOKCH,Z[HOI>1 cMoJIbl. CBOMCTBA TAKUX MHOTI'OCJIOMHBIX MaTepuajioB MOTYT MCHATHCS B
3aBUCHUMOCTHU OT HAIIPABJICHUA - BAOJb WIH MONCPEK CIIOCB, T.€. TAKME MAaTCpUaIbl MOTYT
OBITH AHU30TPOIHBIMU. HH)KeHepHaH ba3a JaHHBIX BKIIOYAaC€T HCCKOJIBKO
IpeaonpeaACICHHBIX MATCPUATIOB UIA MEYATHBIX IJIAT C aHHSOTpOHHOﬁ

TCILUTOIIPOBOAHOCTBIO.




B Z[aHHOﬁ 3aa4¢ aHU30TPOIHAsA TCIJIOMPOBOAHOCTD IMPAKTUYCCKU HC BJIMACT HA O6H.[yIO
3(1)(1)€KTI/IBHOCTL OXJTAXKJICHU . HOSTOMy JJIsd TOTO, Y4TOOBI HAy4YUTbHCA Z[O6aBJ'IHTL HOBBIC
Marepuajibl B I/IH)KCHepHyIO 633y JaHHBIX, CO3aaIUM HOBBII Marepuail 1t IeYaTHOU
IJ1aThl, TEIIOIIPOBOAHOCTD KOTOPOI'O ABIACTCA O,HPIHaKOBOfI BO BCCX HAIIPABJICHUSAX.

1 Kuiukaute Flow Analysis > UHCTpymeHTbI > UHXeHepHasi 6a3a JaHHbIX.

2 B [epeBe 6a3bl AaHHbIX BeIOepuTe BewecTBa /
Martepuan / 3agaHbl Nnonb3oBaTenem.

m 2R ropeau
& BedmunaTopel

. B, Bewscrea
3 Ha naHenu HHCTPYMEHTOB KJIMKHUTE HOBBbIN 3neMeHT

[ Faskl
D - ¢4 [opiodme crecu
' B Huakoctu
ITosiBuTCst He3anonHeHHas Tadnuna CeoncTea E-88 Marepran

aneMeHTa. Jl1s1 TOro, 4To0BI 3a1aTh KaKOe-JI100 #F NMpegonpenznerioi

3HA4YCHUC, JBAXK/Ibl KIMKHHUTC B COOTBCTCTByIOH.[Cﬁ

3anaHk! nos
1 Gl-fh HeHewmoHosckue muakocTH
STYerKe. -4 Map

-8 PeansHeie rassl

- CoHmasmbIe KuakoeTH
-4 Topoaa

L oa

4 3apaiiTe CBOICTBAa MaTepuaa, Kak MoKa3aHo HIDKE:

UmMA = [leuaTHasa niata,

KOMMeHTapMVI = J/I30TPOIHEI MaTepMal,
MnoTtHocTb = 1120 kg/m*3,

YpenbHas TennoeMKocTb = 1400 J/ (kg*K),
Tvn npoBoauMoOCTU = Isotropic
TennonpoBOAHOCTb = 10 W/ (m*K),
Temnepatypa nnaBneHusa = 390 K.

CeoicTED | 3raverme

Hra MevarHan nnara

FK.orar4eHT apiu W=oTponHE  MaTepuan

MnoTHOCTE 1120 kg/m™3

YaeneHan TENoeMKOCTE 1400 )/ kg*k) |_|
TN NPOEOGHMOCTH WaorponHan

TennonpoEaaHOCTE 0% mek) |_|
3 NEKTPONPOBOIHOCTE Nz nexTpur

PaguaumroHHee CEORCTES O

TemMnepaTypa NNaENEHHA

330K

I[J'IH MOIACINPOBAHNA TCIIIOBBIX CBOMCTB HEKOTOPBIX APYTUX DJICKTPOHHBIX
KOMITOHCHTOB H606XO,I[I/IMO C03J1aTh CIIC OAWH Marcpural.

5 TIlepeiigure Ha BKJIAAKY DrieMeHTbl U Ha IAHEIU UHCTPYMEHTOB KIUKHUTE HOBbIN

ANeMeHT m

6 3amaiiTe cBoiicTBa MaTepHaia Il YUIIOB!

UMsa = Habop KOMIOHEHTOB,
KomMeHTapum = HaGop KOMIIOHEHTOE,
MnoTtHoCcTb = 2000 kg/m"3,

YpenbHas TennoeMKocTb = 120 J/ (kg*K),
Tvn npoBoauMOCTU = Isotropic

FloEFD FEP12 OGyuatowime npumepbl A2-13



Ba3oBbii ypoBeHb: A2 - ConpsiXXeHHbIN TennoooMeH

TennonpoBOAHOCTb = 0.4 W/ (m*K),
TemnepaTtypa nnaBneHus = 390 K.

CeoicTED | Brauerme

Wran Hatiop koranoHeHToE

K.oraraeHT apu Hatiop komnoHeHT o]

MnoTHaCTE 2000 kgdm™3

YaenkHan TennoemMKoCTE 12004 kgK) |_|
TN NPOEOAWMOCTH WaorponHan

TennonpoEoIHOCTE 0.4 k) |_|
3 NEKTPONPOBOOHOCTE Nz nexTpur

FaguaunoHHElE CEORCTES O

Terneparypa NASENEHHA 390 K

7 Kimuxaute COXpaHUTL E

8 Kimkuure ®ann > Bbixog, 1 TOr0, YTOObI BEIATH U3 0a3bl JaHHBIX.

3aoasams ceoticmea mamepuana Bet modiceme 6 110001 cucmeme eOunuY UsMepeHusl,
07151 9MO20 NOCIIE YUCTOB020 3HAYEHUSL HEOOXOOUMO 68ECHU OUHULY USMEDPEHUSL.
FloEFD asmomamuyecku npeobpaszyem 66e0eHHOE 3HaAYeHUe 6 COOMEENICMBUU C
cucmemoti SI. Bol maroice moogiceme 3a0a6amv CEOUCMEA MAMEPUALA, 3ABUCIUUE OM
memnepamypul. /[ns smoeo ciedyem nepeimu na 6k1aoky Tabnuubl u rpadpuku.

3apaHue MaTtepuanos

OnemeHt MaTepuan ucronb3yeTcs JUls 3aJaHus ONPEIeTICHHOr0 MaTepraa Jyisi Kakoro-
00 KOMITOHEHTa COOPKH.

1 B nepese ananuza FIOEFD xinkHHUTE ITPpaBoii KHOIIKOW MBIIIH O 3JIEMEHTY
MaTepumanbl 1 13 KOHTEKCTHOTO MEHIO BbIOepuTe [lo6aBUTL MaTepuan.

2 B nepese Monenu BIOEpUTE
MaTepHUHCKYIO IJIaTy

(KOMTIOHEHT [ ) [MOTHEREOARD-40
=[] MACCME 3 ms CAPACITOR.FRT PCE-43

MOTHERBOARD) u 0o6e 3 CAPACITOR FRT PLE-45

neyaTHble nnaThbl [ CAPACITOR.PRT

(xommonentsl PCBPCB). {8 ChpACITOR PRT

[7] POWER_SLPPLY PRT

(] MAIN_CHIP PRT w  arepuans

3 B cmoucke MaTtepuan

[T HEAT_SINK.FRT [ MpegonpegeneHHes
packpoiite rpymiy 3agaHbl =[] MACCHE 1 s SMALL_CHIP.PRT | | - 3aname) nonesosarensm
[Z0 SMALL_CHIP.PRT Hafiop komnoHeHToE
nonb3oBaTerieM u BBIGCPI/ITe [ SMALL_CHIP PRT
MeuyaTHas nnara. [ SMALL_CHIP.PRT

[0 SMALL_CHIP.PRT
[0 SMALL_CHIP.PRT

4 Kimxuaute OK o [ SMALL_CHIP.PRT
. [ SMALL_CHIP.PRT
BrimonHsis Takoii ke MmopsioK (7 SMALL_CHIP.PRT

o o o [0 INLET _LID.PRT
JCUCTBUH, 3aJaUTC MaTCpraJibl MeyatHan nnata [3agaHe! I'IDJ'IbSDBaTEJ'IEM]j

JJIA ApYTrUX KOMIIOHECHTOB Coza. Mz, .. |

MOACIIN:

A2-14



e g mporeccopa (kommorneHT Main Chip) u Bcex MukpocxeM (koMrmoHeHTH! Small
Chips) 3amaiite Mmarepran Habop KOMMNOHEHTOB (OH HAXOAWTCS B rpymie 3aAaHbl
nonb3oBaTenem);

* pamuarop (komnoneHT Heat Sink) BemmonseH u3 amromunus (MpegonpeneneHHblie
| Metals / Aluminum);

* kpbiuky (komnoneHT INLET LID u Bce kpbImiku B MaccuBax Maccus 2 u3
OUTLET_LID u Maccus 5 u3 SCREWHOLE _LID) BrINOTHEHB! U3 H30IITOpa
(MpeponpenenexHblie / Glasses and Minerals / Insulator).

YroOBI BHIOpATh KaKO#-THOO KOMITOHEHT, BBIACIUTE €TI0 B IEPEBE MOICIHU WU B
rpadudeckoit oomactu Creo Parametric (Creo Elements/Pro).

5 3MeHHUTe UM KaKI0TO MaTepuaja TaK, KaK MOKa3aHo SR
HUDKE:
I -

Upnel - Ha®op KOMIIOHEHTOB,

MaTepHank
@ N - NewaTHaa nnata
@ Yurel - Habop KoMIOHEHT OB

I[leuaTHas njara,

@ PaaHaTop - ANHOMMHMEA

PamyaTop - AJIOMMHMIA,

Kprmky - M3034TOP.

Knuknure ®ann > CoxpaHuTb.

3apaHue UHXxXeHepHbIX Leneun

3apaHue O0beMHbIX Leneun

1 B nepee ananuza FIoEFD xnukHUTE IpaBoit
KHOTIKOM MBIIIHX 110 5teMeHTy Llenu u u3

Lienm
AoBaEHTE rNoBanEHEIE LENH. ..
A0BSEHTE NOKANEHEIE LLEMH. .,

;EPE

KOHTEKCTHOTO MEHIO BbIOepuTe [lo6aBUTL

0OBbeMHble uenu.

2 B nepese ananmsa
FloEFD BriOepute
SIIEMEHT
MuxkpocxeMbl.
BynyT BeIOpaHsI BCe
KOMITOHEHTBI,
OTHOCSIIUECS K
TETIOBOMY
UCTOYHUKY
MukpocxeMbl.

3 B rabaune
MapameTtp
TMOCTaBbTE I'aJIOUKY
Max B nosie
Temnepartypa
(TBeppoe Teno).

[—j@ BxoaHEIE AaHHEIS

: @ Pac4eTHan ofinacTe

= @ MaTepHank

! @ N - NewaTHaa nnata

@ ikl - Habop KoMIoHEHTOE
@ PaaHaTop - ANHOMMHMEA

: @ KpeiwkHr - Mzonatop
E| Ef MpariiHee yonosma

! [ Eﬁ JEBNEHHE OKPYHAHOWER Cpedel 1
E| [:I: BEHTHRATOPE!

o [:I: Ex0AHOA BHEWHMA BEHTHNATOR 1

TENNOBLIE HCTOHHHKH
? MNpoueccop

KoHaeHCaTOpEI

P

Bnok nHTaHkA

-

Lienm

FloEFD FEP12 OGyuatowime npumepbl

A0BEEHTE NOBEPXHOCTHBIE LEMH. ..
JA0B3EHTE DBBEMHEIE LLEMH. ..

L DB LeMHbIE LenM

[ ) [SMALL_CHIP-g8 |
SMALL_CHIP-94
SMALL_CHIP-35 =l

I_ Cosare Web 409 Ka#40ro KorMIoHEHTS

INapareTp [ Min [ Cp[Max [Cp [
CTaTMUECKoE A3ENEHUE OO d
NonHoe asgneHue O ofd g
Dunarueckoe gasnenve [ [ O [
Temneparypa [rekyuaacpeaz [ [ [0 [
Cpeanee sHauenue Temnepar (1 [ 1 [
Fatiouan Terneparypa O oo O
Konmeecteo mmael, owywan (1 O O O
MacTHoCTE O od d
Macca B offbeme O
CropocTe O oo O
CropocTs [ O oo O
CropocTs (7] O oo O
CropocTe [Z) O o0 O
Temneparypa [Teepaoe Tena) [ O
Meperpes ebiwe Temneparym [ [ ]
A2-15
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4 TlocraBieHHas 110 YMOJIYaHHIO I'aJIOYKa WUcn. ansa cxon. O3HA4YacT, 4TO Cco3aaBacMas
O CJIb 6y,I[CT HCIOJb30BATHCA AJIA KOHTPOJIA CXOAUMOCTH.

5 Kimukaute OK. B nepeBe ananmza FIoEFD mosiButcst HOBEI snemerT OL} Max

Temnepatypa (TBepaoe Teno) 1.

6 IlepenMeHnyiiTe 9TOT 371€MEHT B
Oll Makc TemnepaTypa Mukpocxem. Bbl
TAK)KE MOYKETE U3MEHUTH UMsI DJIEMEHTA B
JTMAJIOrOBOM OKHE CBOMCTBA 311IeMEHTa,
KJIMKHYB IIPaBOM KHOIIKOM MBIIIY 110 HEMY U
BbIOpaB M3 KOHTEKCTHOTO MeHIO CBOMCTBA.

7 TlpaBoi KHONKON MBILIN KIMKHUTE [0 SJIEMEHTY

EeMNepaTypa (TEepace Teno) 1
oy
?Q PesyneTaTEl MzMEHHTE. .\
JEakTHEHPOEATE

¥AANKTE. ..

KOMHMPOBATE B MPOEKT...

CBOACTEA INEMEHTA

Wraa:

21|

IDLl Makd Terneparypa [Teepaoe Ten

[ Deaktuerposats

Llenu 1 u3 KOHTEKCTHOTO MEHIO BEIOepuTE [J06aBUTb 06 beMHbIe Lenu.

8 B JACPEBC aHAJIN3a [—j@ Ex0AHEIE AaHHEIS

21|

¥ DA BEMHBIE LLenW

FIOEFD mdepire | Psemonosrm
E| @ MaTeprant
SJICMCHT W 1N - Neathan nnata () [MAIN_CHIP-76
Hpoueccop. @ el - Hafiop KOMNOHEHTOE
o ponarcp- Armeu
9 B Ta6HI/IHe @ KpbiwkH - MzonaTop ST | | | | | |
MaparteTp Min | Cp|kax | Cp|Hc
I PaHHHHBIE YENOEMA
MapameTp FEf Asenerve oxpyxarowed cpeas 1 CTaTHyecKae AAENEHHE oo O
MOCTAaBBTE TaJIOUKy * Bermansrope NonHoe asgneHue O o-d d
el . . Dumaraeckoe gasnenve [ 1 O [
Max B 1osie o) [13 Bxoanoii sHewri enmnaTop 1 Tenneparypa frexysancpeaz (1 1 O [
TeMnepaTypa E‘ / TEnnoBEIS HCTEHHHIH Cpeanee sHaverwe Ternepar [ [ [ [
J IMpo Fatiouan Terneparypa O oo o
(TBePFloe Teno)- z KoHaeHCaTopE! KomuuecTeo noaed, owyw amn O oo »d
MHKkpoCxEms! MAoTHoCTE O oo O
10 Kimmkaute OK. _______ z LT —— IE:dac:c:a B Offbeme = DDD =
o o KOpPOCTE Ld
11 Ilepenmenyiite = F e Crapacs (<) O oo 0
o CropocTs (7] O oo o
HOBBI 311eMeHT OL Crapocts ) o oo o
Max TeMnepaTypa Temneparypa [teepace Teno] [ O
Meperpes ebiwe Temneparym [ [ ]

(TBeppoe Teno) 18

Ol Maxc TewmnepatTypa lIpoueccopa.

KnukauTe B 11000M MecTte rpaguyeckoil 001acTH, 4TOObl OYUCTUTH BhIJEIICHHUE.

A2-16




3apaHue NoBepXHOCTHLIX Lenen

1 TIpaBoil KHOMKOMU MBIl KJIUKHUTE N0 oieMeHTy Llenn  .@ uen
U 13 KOHTEKCTHOTO MeHIO BblOepuTe [lo6aBUTL AoBEBHTE FRoBANbHbIE USTH. .

A0BSEHTE NOKANEHEIE LEMH. .

NOoBepPXHOCTHbIEe Uenun.

,ﬂ,oﬁaBMTb oﬁ'bemele LEMH. . k
AoBEEHTE LENE-ELIPAKEHHE, .,
¥AanMTE BCe

2 DBrIOepUTE DIEMEHT  H- Bxoanois asise 2] x|

BxoaHoii BHeIIHUA
BeHTHJIsITOP 1 /17151
TOT'0, YTOOBI

o s recrs
E| @ MaTeprant —

() [Moeeprroct< 1055 INLET_LID-101

@ N - NewaTHaa nnata
@ ikl - Habop KoMIoHEHTOE

@ PaaHaTop - ANHOMMHMEA

BBIICIINTE P e @ KpeiwkHr - Mzonatop El
TOBEPXHOCTH, HA Eﬁ [PaHKMHHEIE YCNOBHA
o SnlCynati
E| [:I_, BEHTHHF!TDDbI MapameTp [ Min [Cp|Mz[Cp[Men |«
3aaHa ILiCJib. ] Cratiyeckoe gasneHie [ [mjm|
NonHoe asgneHue O oOod
3 B Tabmure — Ounatmeckoe gasness (1 [ O O
napaMeTP KoHaeHcaTope! MaarHocre o gon
Maccoesi packog O
IIOCTABETE TAJIOYKY :"pre"b' OffbemHbii packan O
NOK AHTaHHA CropocTe O Ooono
Cp B I10JI€ E| ? Lienm CropocTs [ O Oood
CrtaTtunyeckoe Cropocts [Y] O ogg |
CropocTe [Z) O Ooono
AaBneHwue. Tennoeoil noTok, O od
Tennoeoi noTok, () O 0o
4 TlocraBieHHas Tennoeoi norok, (7] O 0o LI
— . a

rajouka Ucn. gnsa
cXopA. 03HAYaeT, 4TO

II'ILl Bron <Mapaterps |

1elnb Oyner

HCITIONIE30BATHCS JIJIS ﬂl <_“>| ﬁl ﬁl
KOHTPOJISI

CXOIUMOCTH.

Obpamume snumanue na napamempol X(Y, Z) - komnonenma cunvt u X(Y, Z) -
KOMNoHeHma momenma. J{jisk ROGePXHOCMHBIX Yelleti N0 MAKUM NaApaMempam MONHCHO
sviopamv Cucmemy KOOpOUHam, 8 KOMopou 3mu yeau 6y0ym paccuumvléamvpCsl.

5 B HwkHel yactu auanoroBoro okHa IloBepxHocTHBIE men HaxMuTe Bxop |<-l> | ,a
3aTeM yaainuTe <Homeps> U3 mois MMs wabnoHa.

6 Kmukaute OK. B nepese nosisurcs riens I Bxox Cp CraTtuuyeckoe naBjieHue.

Knukuure B mo6oMm Mecte rpaduyueckoil 061acTi, 9T00bI OYHNCTUTH BBIICICHNUE.

FloEFD FEP12 OGyuatowime npumepbl A2-17
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7 TIlpaBoit KHOIIKOM

MBIIIN KJIUKHHUTE MO
anemeHTy Llenu n
13 KOHTEKCTHOTO
MEHIO BBIOCPHUTE
Oo6aButb
NoBepPXHOCTHbLIE
uenu.

Knukuure no
AIIEMEHTY
JlaBjieHue

OKpYy KA e
cpenanl 1175 TOTO,
YTOOBI BBIJCIUTE
MOBEPXHOCTH, Ha
KOTOPBIX OyneT
3aj1aHa 1ICeITb.

B ratmuue
MapameTp
MOCTaBbTE rajlouKy
HaIpOTUB

[:j @ BxoaHEIE AaHHEIS

@ Pac4eTHan ofinacTe

@ MaTepHank

@ MN - Ne4aTtHaA nnata

@ ikl - Habop KoMIoHEHTOE

@ PaaHaTop - ANHOMMHMEA
@ KpeiwkHr - Mzonatop
E‘,ﬁ [PaHHYHEIE YCNOBHA

=il aEneHie okpysaowed cpeak 1
[:I: BEHTHRATOREI

[:I: B0AHOA BHEWHHA BEHTHRATOR 1

- ‘}0 TENNOBLIE HCTOHHHKH

? MNpoueccop
KoHaeHCaTOpEI

MHEpoCEemel

Bnok nHTaHkA

OBEPXKHOCTHBIE LLENK | _?Ill

MosepsHocTe<B0:>OUTLET_LID-104
MosepuHocTe<B0:>OUTLET_LID-108
MosepuHocTe<B0:>OUTLET_LID-109

|

I_ Coznare Wenk ANA Kasaok NOEEPRHOCTH

INapareTp |M|n |Ep|Me|Ep||r'1c:n.|A
Crammueckoe aaenenve [ [ O] [
NonHoe asgneHue O oOod
Ourarimeckos gasnes [ [ [ [
MacTHoCTE O Oodgd
Maccoesi packog
O fberHEI packon O
CropocTe O Ooono
CropocTs [ O Ooono
CropocTs (7] O Ooono -
Cropocte [Z) O Ooon;
Tennoeoil noTok, O o
Tennoeoi noTok, () O 0o
Tennoeoi norok, (7] O 0o LI
— . ra

II'ILl Bewon <Maparerp:

<*|>| <|+>| <><>| <#>|

MaccoBoro pacxopa.

10 ITocraBnenHas ramouka Mcn. ansa cxop. o3Hav4aeT, 4To Ieb OyIeT NCIIONIb30BaThCs
JUTSE KOHTPOJISL CXOIUMOCTH.

11 B HuwxHelt yactu auanorooro okHa IloBepxHocTHbIE e Haxmute Boixon |<I+> | ,a

3aTeM yAajluTe <Homep> U3 1oyt Ums wabnoHa.

12 Kimuxaute OK o . B nepese nosisutcs neins I Beixox Maccosblii Pacxoa.

3apaHue MobanbHbIX Lenewn

A2-18

1 [lpaBoii KHOIKOM MBIIIY KIMKHUTE IO 31eMeHTy Llenn ¢ -
U 13 KOHTEKCTHOTO MEHIO BeIOepHTe [lo6aBUTL
rnob6anbHble yenu.

A0BEEMTE NOKANEHEIE WEMM, .. k
A0BEEMTE NOBEPXHOCTHEIE LEMH. ..,
AoBaEMTE DB BEMHEIE LENH. ..
A0B3EHTE UENE-BRIPHEHHE, .,

¥AaNMTE BCE




2 B rabnuie MapameTp nocraBbTe Tajgodky Cp B

06ancHbIE LENW ﬂﬂ
noJjie CtaTnyeckoe aaBrneHue u TeMnepaTypa :
(Tekyuas cpepa). [locrasnennas ramouka Ucn. Mapamerp [Min [ Co| Max] Ce[Ma =
CTaTieckoe AaENeHHE O O o
AndA cxoA. 03HaydyacT, 4YTo LCJIb 6yz[eT MonHos assnerke O oo .o
HCIIOJIB30BaThCS 71 KOHTPOJISI CXOAUMOCTH. Nurareckoe naenene [ O [0 [
Temneparypa [Tekyyan cpeaa) [ O g
CpeaHee sHavenqe Temnepary [ 1 O [
CropocTe O oo g
CropocTs [ O oo g
CropocTs (7] O oo g
CropocTe [Z) O oo g
Yucno Maxa O o0 d —
TypByneHTHan BAZKOCTE O OO g
Tennoeoi noTok O od
Tennoeoi noTok, () O 0o
Tennoeoi norok, (7] O 0o
Tennoeoi noTok, [£ O 0o LI
_— — ra

II'Ll <Maparmerp:

<><>| <#>|

3 VYmanure <Homeps> u3 noist Umsa wabnoHa u BB Lemm

? U Cp CTaTHYeckoe A3ENEHHE

? 'L, Cp TemnepaTypa (Tekydad cpeaa)
ﬂ MU, Bxoa Cp CTaTHHECKO: A3ENEHHE
ﬂ ML, Berxoa Maccosed pacxos,

% Ol Makc Temnepatypa Mukpocxen
% QL Makc Temnepatypa MNpoueccopa

xinukHuTe OK. B nepese mosssarcs nenu 'L Cp
Craruueckoe nasienue u I'll Cp Temnepatypa
(Texyyas cpepa). B nanHOM npumepe UHKEHEpPHbIE
LIEJH 32/1at0TCS JUISI OTIPEISIICHUS] MAaKCUMAIIbHOM
TeMITepaTypbl KOMIIOHEHTOB, BBIICTISIONINX TEILIO,
MOBBILIIEHUS TEMIIEPATYPBI BO3IyXa, IEpernaja JaBJICHUS B 2JIEKTPOHHOM YCTPOWCTBE U
MacCOBOTO Pacxo/ia BO3AyXa.

Knuknure ®ann > CoxpaHuTb.

Teneps HEOOXOANMO TIPOBEPUTH HACTPOWKHU pa3pelIeHHs] TEOMETPUH, KOTOpbIE ObLIN
OTIpE/IeTICHBl aBTOMATHYECKH.

N3meHeHMne HacTpoekK Pa3peu1eva reomeTpumn

1 Kiukaure Flow Analysis > HayanbHas

[E—

2
ceTka.
po2 8 ¢ 8 & 7 o | Cem]

IV 3anate MHUMANEHEI 33500

2 B Creo Parametric knuxnume Flow Analysis
> Cetka > HayanbHas ceTka.

[ CemaaTs MirvManeHsI 3332R G BEIGParEIM BaSHERoM MaazA

MutbiansHeii sazop:

- 01 =
2 TlocraBbre ranouky 3agatb MUHUManbHbIA - 4
™ 38087 MUHUMANSHYI TONUMHY CTeHKN
3a3op : = Comzams
MUHHMENEHEA TOAWHHE CT eHKM,
g
ru ~ TOHKHK CTEHOK.
LCopoc v i = ne ceTky
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3 3apaiite MMHMManbHbIA 3a30p PaBHEIM 0.1 in 0.1

(paccTostHEE MEXTy pedpaMu pagraTopa).

3nauenue MUHUMATLHOZ0 3A30pPA U MUHUMATLHOU

MOMUUNBL CMEHKU He0OX0OUMO 3a0a8amb, Ko2od 6

MOOEIU UMEIOMCSL MENKUE dIleMeHmbl. Imo

eaparmupyem, 4mo cemka maxue 3nemMeHmol "He

nponycmum". 3nauenue MUHUMATbHOU MOTUUHDL

CMeHKU HeoOX00UMO 3a0asamsv MOabKO 6 ciyuae, ec

¢ 0beux cmopoH (6HewiHell U 6HYMpPeHHell) MAKo20 NeMeHmda MOOeIyu UMEerMmCcsl
Aueliku mexyuell cpedvl. B 0annom ciyuae 3a0aua enympennsis, 8 npocmpancmee
CHApYyJicu KOPNyca Adetiky meKyyeil cpeobl OMCYmMCmeyon, i pAHuybl Mexicoy
BHYMPEHHUM MeYeHUeM U OKPYACAIOUUM NPOCIPAHCINEOM 8Ce20d PA3PEUaAromcs
KoppexkmHo. [losmomy 6 paccmampusaemon 3a0aue MOJHCHO He YUUMblams CeHKU
cmanvHozo Kopnyca. 3adanue Munumanvro2o 3azopa u MuHUManbHOU MOAUUHDI
CHIeHKU 1036051em Ad0anmuposanms CemKky K 0COOeHHOCHAM MOOenu U,
C1e008AMENbHO, NOYUUMb MOYHbLE pe3yibmambl peutenus 3a0auu. OOHaKo
HACMpOUKAa MUHUMATIbHOO 3A30pa A61Aemcs Ooniee MOWHbIM cpedcmeom. Imo
ceszano ¢ mem, umo cemxa FIOEFD cmpoumcs makum o0pazom, umo 3a0anHblll
VYposenv paspewenus onpedensem MuHUMAaIbHOE KOTULECMEO AYEeK, NPUX0OAULeecs
HA MUHUMATIBHBLI 3A30p. DMO YUCIo PABHO WU OOIbULE YUCIA AYEeK, NPUXOOSUUXCS
HA MUHUMATIbHYI0 MOAWUHY cmenku. [losmomy dadice eciu 6 obnacmu meyeHus
ecmv MOHKOCIMEHHbLe JTIeMEHNbl, Helm HeoOX00UMOCmU 3a0a8ams MUHUMALbHYHO
MONWUHY CIMEHKU, M.K. 310 3HayYeHue Oyoem Oonbuie Uil PAGHO MUHUMATbHOM)
3a30py. 3adanue MUHUMATLHOU MOTWUHBL CHEHKU He0OX00UMO 6 Ciyude, eCii HYHCHO
paspeutums CIMeHKU, MOTWUHA KOMOPbIX MeHble MUHUMATbHO20 3A30Pd.

Kinnkaute OK.

3anyck PacyeTa

A2-20

B npoyecce pacuema MOMCHO 3aMemuntv, 4nmo

1 Kiukuaure Flow Analysis > Pacuyet> Sanycrnrs 1
3anycTuTe. | Cerve I Bt e, pessrerie (e |
¥ Pacuer s
2 KiukHute 3anycTuThb. P —
€ Mperoms
Ha cranmaptaom TTK pacuet qauHO#M 3a1a4n B
3aliMeT HECKOJIbKO MUHYT. Veromseears i ] U T Swgumecid

MocTpoeHHe PesybTaTOR N0 OKOHYEHHH PacieTa
’]7 3arpysHTs pesynbTaTs! CepiA peaynstatos

OJ151 CXOOUMOCIU PA3HBIX Yeell mpedyemcs pas-

Hoe gpems. [10amomy, ucnonv3ys 6 kauecmee Kpumepuesd cCXooUMOoCmiL me Uiy uHvle
yenu, MONCHO ROTYUUNMb He0OX00UMYI0 uHopmayuro 6 kpamyavuue cpoxku. Hanpu-
mep, eciu 8am HeOOX0OUMO NOTYHUNMb MONbKO 3HAYEHUe MeMNepantypbl KOpnycd,
FIoEFD npedocmasum smom pe3ynbmam 20pazoo dvicmpee, 4em couoymcs ece
oCcmanvHoie yenu.



Mpocmotp Llenen

1 B rpynne Pe3ynbraTbl KIMKHUTE IPaBOX KHOMKOW MBILIN
I10 37eMeHTY Llenu 1 n3 KOHTEKCTHOTO MEHIO BBIOEpUTE
Ho6aButb.

: E padkick
ﬂ;‘ Lienm

W

o T AHMALHK
2 B muanoroBom okHe Llenu BeiOepure Bee. e, 2] %]
3 Kmukuure OK.
T I Bee uenu j

Otkpoertcs Tabauna Excel ¢ pesyasraramu meneii. Ha
TIEPBOM JIMCTEC HAXOAATCA 3HAYCHUA BCEX pACCUNTAHHBIX
Lenei.

Bce

Tl Cp Cratuyeckoe gaBneH1e
Tl Cp Temnepatypa [Texyyan cpeaal
MU Bxon Cp Cratkyeckoe gasneHu1e
MU Beixog Maccosei packog,

Ol Makc Termneparypa Mukpocker
Ol Make Temneparypa MNpoueccopa

ENCLOSURE ASSEMBLY.ASMIINLET FAN]

Wms wen EavHuua 3navenme CpefaHee MuHumansHoe |MakcumansbHoe
n3mMepeHus 3HavyeHue 3HauyeHue 3HauveHue

'Ll Cp Ctamueckoe AaBrexve [Ibf/in?2] 14,69677107 14,69677231 14,69677092 14,69677308
ML} Bxog Cp Cramueckoe gasnenue | [Ibfin®2] 14,69653289 14,69653726 14,69653289 14,69653939
'Ll Cp Temnepatypa (Tekyyasi cpega)| [°F] 61,37009916 61,30920925 61,18051182] 61,40785695
ML} Bbixog MaccoBbliit pacxof, [Ib/s] -0,007193183| -0,007190625, -0,007193183] -0,007189949,
OL| Makc Temnepatypa Mukpocxem | [°F] 89,24271231 89,14410831 88,65386757| 89,445698
OL| Makc Temnepatypa lNpoueccopa | [°F] 88,33986905 88,34641545 88,31882243| 88,36898683

MaxkcuManbHas TeMIlepaTypa mporueccopa coctaBisieT okoso 88 °F, a MakcumanpHas
TeMmIeparypa MUKpocxeM - okoio 89 °F.

Hnouxamop cxooumocmu yenu 61semcs KauecmeeHHOU U KOIUYeCmeeH ol
xapaxmepucmukot npoyecca cxooumocmu yeau. Koeoa FIOEFD svinonnsem ananu3s
CX0OUMOCTU Yeau, 8bIMUCTAEMCS PA3MaX AMNAUMYObl KOAeOaHULl YCPEOHEeHHO20
3HAYEHUs!, KOMOPbLL ONPEOeiLemcs KAk PA3HOCHb MeHCOY MAKCUMATbHBIM U
MUHUMATIbHbIM 3HAYEHUSMU YelU, YCPeOHeHHOU Ha unmepeane anausza. Mnmepean
AHANU3A OMCUUMBIBAEHICS. OM MeEKYWell Umepayull K Ha4ay paciema. Imom pasmax
AMPIUMYObL CPABHUBAETNCSL C PAZMAXOM AMIIUMYObL KOACOAHULL KpUmMepus.
CX0OUMOCTU Yeau, KOMOpbill 3a0aemcst NOJb308AMeNeM Wil A6MOMAMUYECKU
onpeoensemes FIOEFD kak 0onst pazmaxa amniumyosl KOJIebanuil (husuieckozo
napamempa yenu no éceli paciemuou oonacmu. Unouxamop cxooumocmu yeau
ompasicaem OMHOWEHUEe PA3MAXA AMAAUNYObl KOACOAHUL KPUMepust CX0OUMOCU
yenu K 0eticmeumenbHOMy pasmaxy amniumyovl Koieoanuil yeau Ha cem unmepeaie
ananuza (xo2oa oetcmeumenbHulll pazmax amMnIumyobl KoaeOanutl yeau Cmanogumcs
MEHLUUM UL PAGHBIM PA3MAXY AMIIUNYObL KOACOAHUL KPUMEPUsL CXOOUMOCIU Yell,
UHOUKAMOP CXOOUMOCHU Yeau 3amensiemcst ciosom "docmuenymo”). Ecau
OelicmeumenvbHblil pazmax amMniumyosl Koieoanull yeau nepuooutecku UsmMeHsemcs
(konebnemcs), mo 3sHayeHue Ha UHOUKAMope cxooumMocmuy maxaxce konebnemces. bonee
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moceo, 3Ha4eHue Ha uH()uKamope CXOOUMOCINU MOJNCEN 3AMEHHO YMeHbuiamsvcs
OMHROCUMENIbHO )oice ()ocmueuymoeo YPOBHA. Pacuem mooicem 3aeepuumscil 6

CLEOVIOWUX CYUASX:

* 3a0annoe MaxcumanbHoe KOIuuecmeo npooysox OuLi0 8bINOIHEHO,

*  Kpumepuu cxo0uMocmu Obliu YOO8LeMEOPEHbl, 00 MO20, KAK ObLIO GbINOIHEHO 8Ce

3A0aHHOe KONUYECNEO umepauuﬁ.

I1o ceoemy ycmompenuio Bot makoice modiceme vi6pams Opyaue yCiosus 3a6epuieHus

pacuema.

Jlns Gonee IeTaIbHOTO aHAIM3a PE3Y/IbTaTOB BOCIIOIb3yEMCs IIOCTIIPOLIECCOPHBIMU
nHctpymentamu FIOEFD. Jlyummii crioco0 BU3yanau3aiuu TeUeHHs BHYTPHU KopIiyca -

IIOCTPOEHUE TPAEKTOPUH TIIOTOKA.

HacTtpowka lNpo3pavyHocTn mogenum

A2-22

Ha nanenu unctpymentos Bupg xiukaure Manepes
obpa3soB > Bonblie o6pa3oB.

B nuanoroBom okHe PepakTop 06pa3oB ycTaHOBUTE 11
mpo3padHocTH 3HaueHue §0.

Haxxmurte kHonky OK.

B rpaduueckoii 001aCTH WU B IEPEBE MOJICIIH BBIICIUTE
BCE KOMIIOHEHTBI COOPKH U B OKHEe BbIGpaTh Ha)xmuTe
kHOnKy OK.

Ileped mem, kax npucmynums Kk 06pabomie
Pe3VIbMamos pacuema, Heoobxo0umo coenamy
2eomMempuro npo3pasHou. Imo HylHCHO OJi Mo2o, 4modwvl
pacnonodicenue nioCKOCmell ceyenust OmHOCUMENbHO
eceomempuil 6110 Ooee Ha2NAOHBIM.

Z# B Creo Parametric kauxnume Bug > OTobpaxeHue
mogenu > MNanepes o6pa3oB > Bonblie o6pa3oB.

[E PepakTOp 06pasos L 5'

VimA [<rer_cotart=-2 \

Kniouesoe cnoso

OnucaHue [

Bazomsni | Kapra |

Knacc | Easoebl '|

— CpolicTBa

Mogknace | Het

Liget
VIHTEHEHBHOCTE
Orpyanes
LigeT noaceeTku
Eneck
MoaceedMeaTs
OTpaeHue

MpozpadHocTs

= (3000 |

{— [s000 |
———— [s0.00 |
—f—— 4000 |
——f—— [s000 |
—f—[2500 |
————f— (3000 |

g | i

o]

| DOTMEHA |




MpocmoTp TpaekTopun NoToKa

1 TlIpaBoil KHONKOM MBIIIN KIUKHUTE IO IIEMEHTY ..£5 TpaexTopm noToka
s,
TpaekTopuyM NOTOKA 1 U3 KOHTEKCTHOTO MEHIO BEIOEpHTE s Pafmm

- _
Jlob6aBuTh.

2 KnukauTe 1o 2neMeHTy BxogHoii BHenuii BeHTHasTop 1 as Toro, 9To0s! BEIOPATh
BHYTPEHHIOIO ITOBEPXHOCTh KPBIIKH Ha BXoze (komrnoHeHT INLET LID).

3 3apaiite KonnuectBo Touek :+#| PaBHBIM 200. = 21>

4 B rpynne MNpeactaBneHue u3 cnucka MNokasatb

ate Ty —
TpaeKkTopum Kak-&: BbiOepuTe Monocku. oEepxHocTE< 105> INLET LID-101
5 Vbenutech, uTo BeIOpaHa omniusi Packpacutb no

napameTpy |‘%D| Y B KauecTBe MapaMmeTpa BeIOepuTe

[T B nnockocti

CKOpOCTh. |:,_# [2m0 =
00787401575 in =
Ecnu eviopana onyus Packpacutb nNo napameTpy E“ =

|_ 2, |, MO MPAGKMopuY NOMOKA PACKPAUUBAIOMCSL 6 5% [Monosro B
COOMBEMCcmeUl co 3Ha4eHuem GblOpanHo20 ¢ [0.0275550551 in =
napamempa. Eciu Bol eéviopanu LiBet |%o , Mo gce I&' | Exopocre =l H

mpaexmopuu nomoxka 6yoym umems YCmaHo81eHHbIl
Bamu ysem.

6 Kmukante OK 4 . B nepese ananusza FIOEFD nosiBUTCSt HOBBIIT 27IeMEHT
TpaexTopuu noroka 1.
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A2-24

HOJ'Iy‘II/IBH.II/ICCSI TPACKTOPHHU TOTOKA NPCACTABICHBI Ha PUCYHKE HUIKE.

13.506
12.006
10,505
9.004
7804
6.003
4502
3.001
1.401
i
CropocTe [fifs]

TpaekTopuu noToka 1

OOparure BHUMaHHUE, YTO BJOJIb MEYATHOH MJIATHI, PACIIOIOKEHHOHN PSIIOM CO CTEHKOH
koprryca (komroHeHT PCB) nmpoxonsT JIuIIb HECKOIBKO TPAeKTOPHH ITOTOKA. DTO
03HA4aeT, YTO MUKPOCXEMBI, PACIIONOKEHHBIE HA ATOM MEYaTHOM IIaTe, HEJO0CTaTOUHO
oxnaxkaatoTcst. Kpome Toro, romy0oii IBET TpaeKTOPHH NOTOKa O3HAYAET HU3KYIO
CKOPOCTb TE€UEHHs BOJIM3U JaHHOH 11aThl (KomroHeHT PCB).

[IpaBoii KHOIKOM MBIIIN KIMKHUTE T10 HIEMEHTY BB pesynsrare
TpaekTopuy notoka 1 1 13 KOHTEKCTHOTO MEHIO BHIOCPHUTE HEE Tenepaun ceTin
CKpbITb.

% KapTHHE B CEHerkK

< KapTHHE! Ha NoBEpXHOCTH
& MzonoespiHocTk

£5: TpaeKTopwi NoToKa

JpHK NoToka 1

PaccmoTpum pacripesieneHne CKopocTH 6oiiee moapoOHo.

.
v PACH MISMEHMTE. ..

= -

DYHCTHTE H CKPBITE



MpocmoTp KapTnH B ceyeHnn

: & HK.apTHHEI B CEYEHHH

{} K 1

1 IIpaBoil KHOMNKOM MBIIIY KIMKHUTE MO 3JIeMEHTY KapTuHbl B
CeYeHWM 1 U3 KOHTEKCTHOTO MEeHI0 BbiOepuTe J100aBUTh.

iy M3ONOBEQXHOCTH

2 B kadecTBe IJIOCKOCTH CEUEHUS BBIOEPUTE TUNIOCKOCTh

ASM_FRONT.
3 B rpynme 3anuBka B KauecTBe ITapamMeTpa BEIOepuTe E————
CKopocCTb, 3areM HaxkmuTe KoppektupoBaTb

MUHUMYM U MaKCUMyM . B xauectBe Munumyma I6 El@lﬁl

1 MaKcHMyMa 3a/1aliTe COOTBETCTBEHHO 0 M 10 ft/s. |Ud I"‘\S'*"-F"GHT
[To manuTpe ¢ TakKUM MakCUMyMOM 1 MHHUMYMOM (0 ] e | L=
OyaeT MpoIIe ONpefeUTh ISHCTBUTEIBPHOC 3HAUCHUC ey
napamerpa.
4 Veranosute KonnyecTso ypoBHei E# paBHbIM 30. &) vsorum
27 | Bexropa
5 Kmukaure OK % B nepese anannsa FIoEFD _@'n.....m
nossurcs sneMeHT Kapruna B ceuenun 1. ﬁI R
= ICKopOCTb j IE_:]

£ [ions jﬁlél
£, [ofs jﬁlél

BT a0 A
flwrpowm

10.000
9.2
G462
7.692
6.823
6154
5385
4618
3846
3077
2308
1.538
0769
1}

CKOpocTh [ftis]

KapTuHa & CRUBHUM 1° 3aNHEKS

Ter[epL PaCCMOTPUM PACHPCACIICHUC TEMIICPATYPhI BO34yXa.
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A2-26

1 IlpaBoii KHONKON MBIIIY KIUKHUTE 110 37eMeHTy KapTuHa -3 KapTHHsi & cederim

B ce4eHUU 1 1 U3 KOHTEKCTHOTO MEHIO BBIOCPHTE
N3meHunTb.

2 Vcranosute 3HaueHue Cmewenuna Hi pasubiv -0.3
in.

3 B kadectBe MapameTpa BMecTo CKOPOCTU BHIOCPUTE
Temnepatypa (Teky4yas cpena).

4 B xauectBe MuHumyma u Makcumyma 3ajaiite
COOTBETCTBEHHO 50 M 120 F.

5 B rpynne Mokasatk beiGepute Bektopa | 74 |.

6 Ybeautech, uyTO B pacKpeIBILICHcs rpymnne BekTopa B
kauecTse MapameTpa BeiOpana CKOPOCTb, 1 HAKMUTE

KoppekTupoBaTb MUHUMYM Y MaKCUMyM | E:] |

7 VYcranoBute MakcumyMm paBHbIM 1 ft/s.

3aoasas 3nauenuss MuHUMyMa u Makcumyma, Beor
Modiceme usMeHsms ONUHY 6eKmopos. Bexmopa,
COOMEEMCmayouUe 3SHAUEHUK CKOPOCMU, KOMopoe
bonvute unu pasno Maxcumanoromy, O6yoym umems
oounarosyr onury. Tom dice camviil npuHyun
Cnpaseonus u 0isi 6eKMopos, COOMEEMCMEYIOUUX
SHAUEHUIO CKOPOCMU, KOMOPOe MeHbULe UL PAGHO
Munumansrnomy. 3uauenue 1 ft/s 6vino ycmanosieno
071 moeo, umobdvl 0ModPazUmMb 001ACMU ¢ HUSKOU
CKOPOCTbIO.

[E Kaptuha B ceuenmn HE
© =lzlEl

ASM_RIGHT
@ [M-

b [ foi =

3aTe
| 2
I 5. Janmexa

=
@) WsonmiHim

22 BexTopa

(= | TMiaran Toka
ﬁ | Cema

!__—_‘ ITEMnepaT,rpa (Teyuan cpeaa) j I E:]
E‘
E<

[120°F jﬁlél
EXG = ﬁlél
] m— | E) |
£|3anomunb

W BexTopa

»2 [ Cropocm |6l
B s 3 £| &
£, [ors jﬁlél
%2 [Ty e |

8 VYcraHoBuTe 3HaucHHE PaccTOAHUA MEXIy BEKTOpaMU \‘lﬁg paBubiM 0.18 in.



9 Kiukaute OK.

120.00
114.62
109.23
103.85
9B.46
93.08
8769
823
76.92
71.54
GE.15
6077
55.38
5000

Temneparypa (Tekyuan cpena) [°F)

KapTuHa & CRUBHUM 1: 3aNHBK:

IIpaBoil KHONKOH MBI KIMKHUTE IO A1eMeHTy KapTuHa B ceveHun 1 1 u3
KOHTEKCTHOTO MEHIO BEIOepHuTe CKpbITh. Teneps paccMOTpHUM paciipeeseHue
TeMIeparyp M0 MOBEPXHOCTH TBEP/BIX TEIL.

MpocmoTp KapTnH Ha noBepXHOCTU

1 IIpaBoil KHOMKOM MBI KIIMKHUTE MO AIEMEHTY KapTuHbl Ha
NOBEPXHOCTM 1 M3 KOHTEKCTHOTO MEHIO BbIOepHTE [lo6aBUTh.

# F.apTHHEI Ha NOEERXHOCTH

AoBaBHTE. ..
R nL L —

2 B JCPEBC aHaJIn3a, B2 Bxoanbie AaHHe [7]x]
ylIepKuBast HaXaTou [} Pacuethan ofinacts
= @ MaTepHank
knasuiny Ctrl, Beroepure R T ——
anemeHThl Paguarop -
Amomunnii 1 Yune - ;
@ KpeiwkHr - MzonaTop @: gmgtt—gmggg LI
Haﬁop KOMIIOHCHTOB. - Ff Mpanmunsie yonosna =

------- FEfi Asenetme oxpysarowedi cpe,

SMALL, CHIP-88
SMALL_CHIP-34
SMALL_CHIP-35

3 B rpynne 3anuBka B
Ka4deCcTBE mapameTpa
BbIOepuTe TemnepaTtypa
(TBeppoe Teno).

: BeHTHAATOPEI

[:I: Bx0AHOR BHELWHHA BEHTHRAT!
TENNOELIE HCTOUHHEH

{ Mpoueccop
{ KoHaeHCaTOpEI

4 B xauectBe MMHMMyMa U 4 e
Makcumyma 3anaiite '
COOTBETCTBEHHO 50 U
120 F.

= |Temnepawpa {reepace teno) x| IE

Knukuure OK.

< [roF =
BriGepure 610K MUTAHMS E IED = —' _I ﬁl
(xommoneHt Power E = ﬁl ﬁl
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Supply) u korneHcaropsl (3meMeHTH Capacitor), moBTopuB miaru 1 u 2, 3aTeM
ximkHuTe OK.

7 Ha nanenu unctpymenToB U3obpaxkeHune mogenu BuiGepure Kapkac J &

b
YTOOBI YBUACTH TOJBKO KOHTYPbI MOACIHN.

120.00
112.22
104.44
96.67
g9.84
2111
7333
B5.96
57.78
A0.00
Temnepatypa iTekydan cpeda) [°F]

KapTMHa Ha NOBERXHOCTH 1. 3aNHBKa

Bl MOXeETE MPOJOIKUTE aHATM3UPOBATH PE3YIBTATHI C TIOMOIIBIO IPYTHX
MTOCTIIPOIIECCOPHBIX HHCTPYMEHTOB, KOTOPhIC OBLIM PACCMOTPEHBI PaHEE B IPUMEPE
Teuenue 600vl 6 waposom kpane. FIOEFD npenocTapisieT 60MBIIOE KOJINISCTBO
HHCTPYMEHTOB JIJIsl OBICTPOTO U KAYECTBEHHOT'O MCCIICI0BAHMS KOHCTPYKIIHIA.
KonudecTBeHHBIE PE3yNbTaThl, TAKME KAK MaKCUMallbHasl TEMIIEpaTypa KOMIIOHEHTOB,
repenaj AaBJICHUs B DJIEKTPOHHOM YCTPONCTBE M MOBBIIIEHUE TEMIIEPaTyphl BO3yXa
TTO3BOJISTIOT OTNPEICNIUTh, SIBISACTCS JIU JaHHAS! KOHCTPYKIUS TPUTOJHON s
ucronb30Banusl. KauecTBeHHbIC pe3ybTaThl, TAKUE KaK XapaKTep TEUCHHUs BO3AyXa U
XapakTep TEIUIOMPOBOIHOCTH, TO3BOJISIOT BEISIBUTD IPOOIEMHbBIC 00JaCTH M HEIOCTATKU
HCCJICAYeMOI KOHCTPYKIHH ISl TOTO, YTOOBI B TaJbHEUIIIEM €€ MOXKHO OBLIO
ONTUMH3UPOBATH.

A2-28



A3

nOpI/ICTbIe cpeabl

B manHOM nprMepe paccMaTpHUBaeTCsi aBTOMOOMIIBHBIN KaTaIUTHYSCKUH HEHTpaIn3aTop
BBIXJIOITHBIX ra30B. KaranuTuueckuil HeHTpamu3aTop npecTaBisieT coOo0i 1Ba MOPHUCTHIX
TeJla, KOTOPBIE CIIY)KaT KaTall3aTopaMHy JUIs TpeoOpa3oBaHms TOKCHYHOM OKHUCH yTIIepoaa
B IMOKCHU] yriiepona. [Ipyu mpoeKTHpOBaHNH KaTaIUTHUECKOTO HEHTpaIn3aTopa
0TpadOTaBIINX TA30B HH)KCHEPHI CTAJIKUBAIOTCS CO CICAYIOIIECH IMpobIeMoii: He0OX0aANMO
YMEHBIIHUTH THIPABINIECKOE COPOTHUBIICHUE HEHTPAIN3aTOPa, YBEIHMIHUB MIPU 3TOM
IUTOIIA b TOBEPXHOCTH KOHTAKTA BBIXJIOMHBIX Ta30B M HEWTpann3aTopa, T.e. ero JUINHA 1
IUTONIA (b BHYTPEHHEH MMOBEPXHOCTH JOJDKHBI OBITH KaK MOXKHO Oobiie. Yem
paBHOMEpHEE PACTIPEICIISIFOTCS BEIXJIONTHBIC I'a3bl 110 HONEPEIHOMY CCUCHUIO
HelTpanuzaropa, TeM oH padotocrocodnee. B FIOEFD ams monenupoBanust
KaTaJUTHYECKOTO HEHTpaIn3aTopa UCIONb3yIOTCS TOPHUCTHIE cpeabl. B oObeme,
3aHMMAeMOM HEHTPaIN3aTOpPOM, 3a/1a€TCsl pacIipe/ie]IEHHOE CONIPOTUBIICHNE, YTO
TI03BOJISIET M30€XKaTh TPYIOEMKOTO TOCTPOCHHUS TICUCTOH CTPYKTYpBI HeWTpannu3aTopa. B
nmaaHoM nipumepe FIoEFD unccnenyercsi, Kak TUIT TPOHUIIAEMOCTH (M30TPOITHAS UITH
OJJHOHATIPABJICHHAs) TIOPUCTON CPEIbl KATATMTUIECKOTO HEUTpAIN3aTopa BIUSET Ha
pacIpezielieHle MacCOBOTO PACX0/1a BBIXJIOIHBIX T'a30B MO TONEPEYHOMY CEUECHHIO
HelTpannzaropa. MccienoBanue OyneT MpoOBOIUTEHCS € TIOMOIIBIO TPACKTOPHUH MOTOKA,
KOTOpBIE PAaBHOMEPHO PACTIPEEIISIFOTCS HA BXOJIE B MOJICIIb. TakKe /ISl OLICHKH

3¢ dekTHBHOCTH HEHTpaIM3aTopa BaXKHO ONPECIUTh, KK JI0JT0 Ta3bl HAXOAATCS B
HelTpannzarope. i1t 5TOro TpaeKTOPHUH MOTOKA MOXKHO PACKPACHUTH 110 TTapaMeTpy
CKOPOCTb ITOTOKA.

FIoEFD FEP12 OGyuatowme npumepbl A3-1



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

OTKpbITUE MOAenu

1 Ckomupyiite nanky A3 - Porous Media B Bbixog,

CBOIO pabovyI0 TUPEKTOPHIO U yOeuTech, MoprcTsie
4TO ¢ (hafIIOB CHAT aTpHOyT "TOJIBKO AJIS KaTanuaaTopbl
yreHus", T.K. FIOEFD Gyner coxpaHsaTh B HUX
BxonHbIe naHHbe. 3amyctute FIOEFD.
Kiukanre ®ann > OTKpbITb.

B nuanoroBom okHe OTKpbITL hann
nepeiigure kK cOopke catalyst.asm,
pacnonoxeHHoi B manke A3 - Porous Media
Y HOKMHTE KHOTIKY OTKPbITb (M JIBaXKIbI
KJIUKHHUTE 110 (aiiny cOopkw).

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti

npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
HEoOX00UMO OMKpPbIMb COOPKY catalyst .asm, pacnonodxcennyio ¢ nanke A3 - Porous
Media\Ready To Run, u 3anycmums nHa pacuem mydicHvle NPoexmol.

Cos3aaHue npoekta FIoOEFD

A3-2

1 Kiukuaute Flow Analysis > MpoekT > MacTep npoekTa.

B muamoroBom okHe MacTep npoekra bacrep mocrr_inoccs (71
BBE/IUTE UMsI IPOEKTa: Isotropic. B & P
criucke KoHdomrypaums, B koTopyto . e ’—
Heo6xoAMMo [06aBUTb NPOEKT BEIOpaH Bl )
sneMeHT Mcnonb3oBaTh TeKyLLYyHo. ad N e —
o & e
BreceHus m3MeHeHMI He TpeOyeTCs. é‘:
R Goals
Macmep npoexma nomooicem Bam 5 ;‘h
NnouLa2060 3a0amb OCHOBHbLE CEOLCNEA U §
=5 Flow Trajectores 5

xapakmepucmuKku npoekmad. Ha ecex
T || [ | s

amanax, Kpome 08yx (mam, e
onpeoensiomecs mekyuue cpeovl U
mamepuan no YMOIYaHuio), ecme HeKomopwvle npedonpedenentule 3Havenus. Bul
Modiceme NPUHAMb SMU HACMPOUKU, HU4e20 He MeHssA u Hadicas [lanee, wiu usmenums
3HAUeHUs no ceoemy yemompenuio. Takumu npedonpedeieHHbiMU HACMPOUKaMU
ABNAIOMCA:

cucmema eduruy usmepenus — SI,

mun 3a0auu — 6HympeHHsis, QusuiecKux mooenell He 8bl0paHo,

VC08USL HA CIMEHKAX — a0uadbamuieckas CmeHKa

Hauanvusle yciogus — oagienue - 1 atm, memnepamypa - 293.2 K.

VpOGeHb paspeutenus — ypogeHs 3,

H3zmenenus 3a0aHHbIX NO YMOIHAHUIO HACMPOEK He mpebyemcsl. Bee, umo neobxooumo



- gblOpams 6030yx (Air) 6 kauecmee mekyueli cpedvl. Mcnonvsyem nanens
Hasuzamopa 011 mozo, umo6sl uzoexrcamy npoxXoNHCOeHUs: 6CeX wa2os i NOLYUUMb

bvicmpulil docmyn K HysjcHbim cmpanuyam Macmepa npoekma.

CripaBa Ha)KMHTE Ha CTPENKy 2.

Ha aHean HaBMraTop e T
KIuKkHUTE TeKyvas cpena. IF e —

Kormverrapuar
%
=B Input

a

8 Conganent Contrl
Fluid Subdomains

. & Karopyo

¥ Boundary Condtions e Menosssosars Teruuo ]
[3 Fans
6} vt sorcss o e PR

@ il Concltons
R Gods
@ Local Initial Meshes
2 B Resuks
HE Mesh
X cutPhts
&> sufaceplots
& Iswsufaces
=8 Flow Trajectories

<Hesan | [ Danes> Omeena | Copases |

o e s
nsmeperis

e —

(O Tervon coena &

B Yoroona m cronax
)] Hauanvse yenosin
[ —

[ E—

4 Ortkpoiite nanky lassl, 21

. T | | e «
BbIOEpUTE Air 1 HAKMUTE e s |
s

Acetone. MpegonpeaenerHee
KHOTIKY [lo6aBuUThb. et Messromareree 1l

Argon MpeaonpeasneqHsie

Butane Mpeacnpeaenerksie

Carbon dioxide: NpeaonpeaeneHHse.

Chiorine Mpenonpenenerite.

Ethane MpegonpeaenerHee

Ethanal MpegonpeaenenHsie

Ethylere Tpenorpenenswese o Josenrs B vomosnana cremax

: | s || [ e oo

=
At Fas1]

TEUEHU | SHaNEHE. (o]
Tun Tevenun Navtiraphoe J
Teuerue c Gonbuu
ancrom Maxa o =

<Hasn | [ Danes> Orvens | Crosexa |

P
R v

e

R —

7 cusepuane

5 T.x. MeHATb ApyTUe CBONWCTBA
He TpedyeTcs, Mactep npoekTa MOXXHO 3aKpbITh. Ha manenn
Haguraropa knukHuTe 3aBepwnThb.

Haosicamo knonky 3asepuwums Bt modiceme 6 nioboit momenm. Ho eciu
Bui nonsimaemecs smo coenams, He 3a0a8 0bsizamenbHble C8OUCEA
(maxue kak mexyuue cpedvi npoekma), Macmep npoexma ne
3aKpOemcs, a Cmpanuyd, Ha Komopou HeoOXo0UMo 3a0amv C80UCMEBO,
6ydem nomeuena 80CKIUYamenbHbiM 3HaKom .

FIoEFD cpa3sy ke co31acT HOBBIH MPOCKT C MPHUKPEIUICHHBIMI TaHHBIMH
FIoEFD.

KoncarypaLpns nposkTa
e
Fo—

B recrancrons

HEE yooners proreusrn

] s

Jiist TOrO, YTOOBI CKPBITH MOMYTIPO3PAYHBIH MapaJlIeIeue, 0003HAYAIOIINA TPaHNIIbI
pacueTHO# obmacTy, B nepese aHanu3a FIOEFD mpaBoii KHOIIKO# MBIIITN KIWNKHUTE 10
aneMeHTy PacyeTHasi o6nacTb U U3 KOHTEKCTHOTO MEHIO BhIOepHUTEe CKPbITb.

FloEFD FEP12 OGyuatowime npumepbl

A3-3



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

3apaHue NpaHUYHbIX yCNOBUN

A3-4

5

[lns FIoEFD smo osnauaem, umo 6 coomseemcmayoujee

B nepese ananmza FIOEFD npaBoif KHOIIKOM MBI (- Bxoarsie asHreis
KIHKHHTE 110 57eMeHTy FpaHUyHble ycrnoBusa nu3z Ll Pacseman ofacts

Bl MpatktdHeie yenoewa
A0B3EHTE MPaHHYHDE YCNOBHE. ..

KOHTEKCTHOTO MeHI0 BbIOepuTe [lobaBUTh
rpaHu4Hoe ycrnosue.

Bri6epure BHYTPEHHIOIO TIOBEPXHOCTh KPBIIIKN
Ha BXOJI€, KaK II0OKa3aHO Ha PUCYHKE.

Haxxmure Pacxog/CkopocTb { B | U BeIOEpHTE 21|
—

() [Mosepsrocte<17>LID_INLET-46

CKkopocTb Ha Bxopge.
3anaiiTe 3HaueHre CKOPOCTU MO HOpManu K

nosepxHoctM V' 1OBepXHOCTH paBHBIM 10 m/s. El

}l’.x IKoopnMHa’rHaq CHCTEMA, MPHEASAHH.
z

Kmukaure OK & . BasoBan ook |>< 'l
A —

B i
omeepcmue 8030yx emekaem co ckopocmwio 10 m/s. I_ @l —l

M accoBel packon Ha BRoae -~
OffbemHEIi PAcKon Ha BX04E
CKOpOCTE Ha B 2

=

Yucno Masa Ha erone

M accoBel packon Ha Beiioae
OffbemHEIR PACKO Ha BEIKOLE
CrOpOCTE Ha BRIXOAE

W [lapameTphl TE4EHHA

S
v I‘IDm.-"s ﬁ o

[ TeueHMe C pasEMTEIM NPOEHAEH

6 BriOepuTe BHyTPEHHIOIO TOBEPXHOCTh

KPBIIIKY HA BBIXO/IE, KaK TIOKa3aHO Ha
pHUCYHKE.

IIpaBoii KHOMKOM MBIIIN KIMKHUTE 110
aneMeHTy MpaHUYHble yCcrnoBus u u3
KOHTEKCTHOTO MeHI0 BblOepuTe [lo6aBUTh
rpaHu4Hoe ycrnosue.




8 Haxwvure asnenue £ | n BblOepuTe CTaTUYeckoe HE
—

OaBrneHue.
() [Moseprnocte<21>LID_OUTLET-47

9 He usmeHsiTe 3a1aHHbIE 110 YMOJIYaHUIO

TepmoguHamunyeckne napametpsl, NMapameTpbi EI
TypOyneHTHOCTH, [TapameTpbl NOrpaHUYHOro cnos u It
O|1|_w|y|_ é_’x I OOPAWMHATHAA CUCTEMA, NPHUEASaHH.

Bazoeaq ock: m
10 Kumikrure OK | v w0 |
£][6 ~|

T 3B NEHME OKDYASIOWER CREnE!

Hna FIoEFD smo o3nauaem, umo u3 Craneckoe aasnenie
COOMBEMCmMEYIoe20 0Mmeepcimus Mooenu nomox
sblmexaem 6 001acmb CIMAMuYeckKo20 ammocgepHo2o
0a61eHUs.

MonHoe gaeneHue

w  TeproguHar

TenepL HCO6XOZ[I/IMO 3a4aTb MMOPUCTHIC CPEbI. I[J'If[ HaydaJia B

. N p [10135Fs = &
HuxenepHoii 6a3e JTaHHBIX HCOOXOIUMO CO3JaTh HOBBIH
T [32K = &

OJIEMCHT HOpHCTOﬁ CpCabl U yKa3aTb €ro CBOICTBa
(HOpI/ICTOCTB, THUII IPOHUIIAEMOCTH U T.,H.), a 3aTeM 3a/1aTb
9TOT 2JICMCHT HAa COOTBETCTBYIOIINX KOMIIOHCHTAX MOACIIH.

Co3gaHue U3oTponHoOM NnopucTon cpeabl B 6a3e AaHHbIX

HyxHpIit MaTepuan yxe ecth B VlHkeHepHOU 0a3e JaHHBIX B manke [IpenonpeaencHHbIE.
BbI MOXkeTe He co31aBaTh HOBYIO ITOPHCTYIO CPEY, @ BIIOCIEICTBUH, KoTa Oynere
Ha3Ha4aTh MaTepHal KOMIIOHEHTY, TIPOCTO BBHIOPATh MpPeIONpeAeICHHbIH MaTepra
"Isotropic".

1 Kiukaute Flow Analysis > UHCTpymeHTbI > UHXeHepHasi 6a3a JaHHbIX.

2 B [epeBe 6a3bl AaHHbIX BeiOepuTe Mopucrtble [ —
cpeanbl / EJ-{Q 2R mogenu
3apaHbl Nonb3oBaTenem. -5 Bermnsropl

b
i<, Bewectea

-4 Topona

-1 EAnHMLE MaMepeia

E
E

3 Ha nanenu uHCTpYMEHTOB KJIMKHUTE HOBBbIN E

E

[]a K.oHT aKTHBIE TENNOBRIE CONPOTHENEHWA

E

E

E

E

E

3NemMeHT E [TostBUTCS He3amoHeHHas TabuIa
CBolicTBa anemMeHTa. /{151 Toro, 4ToObI 3a71aTh
KaKOC-HI/I6O 3HAUCHUC, ABAXK/bI KIIMKHUTC B
COOTBETCTBYIOIIEH sSUeiike.

719 KOHTaKTHEIE 3 NEKTRMYECKME CONPOTHENEHMA
]-- MepdoprpOEAHHEIE NNACTHHE
]--. MeyaTHeE NnaTel
>
01,4 NoseprHocTH paIKAUMOHHOrD TennoofMeHa
] Q Mone30BaTENECKHE NAPAMETPE BUZYANUIELMA

4 [lpucsoiiTe HOBOM MOPUCTOM cpee UMs
V3oTpOnHaA.

m-is hpumecu
5 B none KOMMeHTapuu Ha)KMHUTE KHOTKY .| 1

BBCIUTC HeO6XO}II/IMBIe KOMMCHTAapHu. Ilone KOMMeHTapVIVI HC ABJIACTCA
00s13aTeNbHBIM JUJIs 3aI10JTHCHUS.

FloEFD FEP12 OGyuatowime npumepbl A3-5



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

A3-6

6 3naueHue MNopucTocTn 3a1aiiTe paBHBIM O . 5.

B oannom cryuae nopucmocme - smo s3¢pghexmusnas nopucmocms cpeosl, Komopas

onpeoensemcs Kak OmHouleHue oobema, KOmopbwlil 3aHUMAaiom nopul, K 0ouemy
0bvemy nopucmoti cpeodvt. Ilopucmocms onpedensiem cKopocniv NOMOKA 8 KAHAIAX
nopucmoti cpedel. CKopocmb 2a308, 8 c8010 ouepedb, onpeoensien, Kaxk 0020
BbIXTIONHbIE 2a3bl Hax00smcs 6 Heumpanusamope. CiedoeamensHo, 5Mom napamemp
enusAem Ha 3hPHeKmusHOCb HempaIu3amopd.

7 B xadectBe Tuna npoHuuaeMocTy BeiOepuTe M3oTponHas.

Chnauana paccmompum nopucmyio cpedy, NpOHUYaAemMocmy KOmopou A611encs

H3omponnoii, m.e. He 3a8ucum om HAnpagieHus. 8 cpede. 3amem paccmompum
opyeotl éapuanm - cpedy ¢ OOHOHANPABIEHHOU NPOHUYAEMOCMbIO, M.e. CPedy,
NPOHUYAEMYIO MOTLKO 8 0OHOM HANPAGIEHUU.

B kauectBe PopMbl 3aaHUsA conpoTUBIEHUs BeibepuTe Mepenan AaBneHus,
pacxoa, pa3mepbl.

Jlns 3a0anus conpomusnenus 6vi10 evlopano Nepenan pgaBneHUs, pacxoa,

pasmepbl, m.e. conpomusnenue cpedst 6vino 3adano kax k = APxS /(m <L)
(usmepsiemoe 6 s ). 30ecw S, L - nrowaos nonepeunoeo ceuenust u OnuHa
uccnedyemo2o obpasya nopucmoil cpedsl, m - MACCOBbLL PACX00 GbIXIONHBIX 24306 6
sadannom nanpaenenuu, AP - nepenad oasnenus mMeicoy npomueonoioNCHoIMU
cmoponamu 0opasya 6 3a0aHHOM HANPAsiLeHul. [l OaHHO20 NPOeKma npumem
nepenao oaenenus AP = 20 Pa npu maccoéom pacxooe m = 0.01 kg/s (AP = 0 Pa npu

m=0 kg/s), niowaowv 3a0adoum pasnoit S = 0.01 m?, a onuny - L = 0.1m. Takum

obpazom, k = 200 s 3uasn niowadb nonepeurnoeo cevenus S u onumy L
Helumpanuzamopa, 000A61EeHHO20 8 MOOETb, A MAKICE MACCOBbLIL PACXOO0 BbIXTONHBIX
20308 M 4epe3 He2o, MONCHO PACCHUMAmb NPUMEPHOe 3HAUeHUe Nomepsb 0a8IeHUs HAa
netimpanuzamope kax AP = k>xm xL/S.

B kauecTBe 2l
n DN MaMeHHTE BMA  EAHHHUB HIMEPESHHA  CNPaEKa
epenaga - 5
penan MTIELEL EST FYL LY MDY TR LSS
OaBrneHus
Tepeso Gasel aarHbi Sneverre CooieTasanerenma | Tasmue urpagui |
OTHOCUTEJIbHO T 2 vonen T T ]
& Bermunrope! Hria MzaTponan l
6 e g Korarermapin
pacxopa BEIOCPUTE ey o T
M o & o B Tin MpoHMuGEMOCTH Waorponkan
accoBbIn pacxon. = L —— e e saninn i, e
by lepenan A38ABHHR THOCHTEALHO PACHAA [Oweroit pacron e
H 15 Kormaxrrbie s nexTpuseckue compoTuBnerma Towma ot pomn
QXMHUTE KHOIIKY T eeiae——" Mrousas e —
B nevarisie nnaru IEna 308 2T KAMEROBOYHY EASKACTE. o
o Dan [0 nnoTHOGTS m]
..., YTOOBI TIEPEHTH P | e
B Mopicrere cpest
Ha BKJIAJKy W Meomorpenonersie
g FaacHsl nankaosaTenEM
Tabnuubl u 12 Moo
rpachukn.



10 B Tabnue CBoMCTBa 331aliTe THHEHHYTO
3aBHCHUMOCTB TIeperraa JaBICHHsI OT MaCCOBOTO
pacxona, Kak IMoKa3aHo Ha PUCYHKE.

Anementel | CEofCTEa 3nemMeHTa | A8AMUEI M TPAdHKK

D.ﬂHDHaHDaBﬂEHHaﬂ

CeofcTEA:

11 Bepuurech Ha Bkaaky CBOMCTBa anemeHTa.

Mepenan A3ENEHMA OTHOCHTENEHO PACKOLA j
12 3apaiite OnuHy paBHO# 0.1 m u Mnowapb Y — TFepenen paenertin |
paBHOM 0.01 m?, Oka/s 0Pa :
0.01 ks 20Fa
Mepenan aBNEHMA OTHOCHTENEHD PACKOLE Maccoesi packog |J
LivHa 01m
Mnowais 0.0 m"2
Wenonezoeate KaﬂHﬁDDBDHHHD BASKOCTE D
Wenonezoeate KaﬂHﬁDDBDHHHD MNACTHOCTE D
TEI'I.FIDI'IDDBDD.HDCTb NOPUCTOrD Kapkaca D

13 Knukuure Coxpavuts [5.
14 Knukaute ®ann > Bbixog 17151 TOro, YTOOBI BEIMTH U3 0a3bl JaHHBIX.

TCHCPB MNPpUMEHNUM CO3AaHHYIO MMOPUCTYIO CPEAY K KOMIIOHCHTAM, KOTOPBIC 3aMCHIOT
MOPUCTHBIC TCJIa B MOACIIN.

OOparure BHUMaHHE, YTO TOPHUCTYIO CPELY MOXKHO ITPUMEHHUTDH TOJIBKO K TOMY
KOMITOHEHTY, KOTOpBIi He oOpadarsiBacTcst FIOEFD kak TBepmoe teno. [To ymordanuio
BCE KOMIIOHEHTHI B COOpKe 00padaThIBalOTCs Kak TBepbIe Tena. J{ist Toro, 4To0s!
OTIPEICTNTh KAaKOH-TM00 KOMIOHEHT HE KaK TBEPJ0€ TEJI0, HEOOXOMMO OTKIIIOUUTH €T0 B
JINAJIOrOBOM OKHE YnpaBrneHue komnoHeHTamu. Korna Brl 3anaere kakue-mbo Tena Kak
MIOPHCTEHIE, T.€. IPUMEHSICTE K HUM yciioBue Mopucras cpefa, OHN OTKIIIOYAIOTCS
ABTOMAaTHYECKH, U JIeNIaTh 3TO BPYUYHYIO HE MPUXOIUTCA.

3apaHue MNMopucton cpeabl

1 Kiuknaute Flow Analysis > [lo6aButb > NMopucTtas cpepa.

2 B nepese moxenu BeIOepuTe 00a
MOHOJIUTA (KOMIIOHEHT
MONOLITH).

3 Packpoiite criucok 3agaHbl
nonb3oBaTeniem u BEIOEpHUTE
U3otponHas. Eciu Bel He ctanu

[0 CATALYST_HOUSING. PRT
0 HONOLITH.PRT
W0 HONOLITH.PRT

[ ) [MONDLITH-42
[0 LID_INLET.PRT MONOLITH-43
[ LID_OUTLET.PRT

p (TR AYHTE, KOMIGHEHTES

- MNpeaonpenensHHse

C03/1aBaThb HOBYO ITIOPUCTYIO - 3anaHe! NOABS0EETENSM

cpety, BIOEpUTE MaTepHal

Isotropic u3 crircka

Hpeﬂonpeﬂeﬂeﬂﬂlﬂe. I WaoTponHan [3agaHel nonesoeaTenst] j

Coza./Mam. ... |

4 Kinukaute OK o .

Yro0bl paccuUTaTh MEepernaj MOJIHOTO JaBICHUS MEXKIY BXOIOM U BBIXOJOM MOJIEITH,
He00X0IUMO 3a/1aTh 1Be MoBEePXHOCTHbIE Lenu, a Ha UX OCHOBE - Llenb-BbipaxeHue.

FloEFD FEP12 OGyuatowime npumepbl A3-7



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

3apaHue MNoBepXHOCTHLIX Leneun

1 [IpaBoii KHONKOW MBIIX KJIUKHUTE 110 JIEMEHTY E-% Mopretsie cpeast

% MoprcTas cpeaa 1
Lienm

Llenu 1 13 KOHTEKCTHOTO MEHIO BbIOepuTe Jl00aBUTH
TMOBEPXHOCTHBIE LEJIH.

AoBaEHTE rNoBanEHEIE LENH. ..
A0BEEMTE NOKANEHEIE WEH

AoBaEMTE DB BEMHEIE LENH. .. k

-[#5 EBxoaHblg AaHHEIE

0 Pacuerran obnacts 21|
B3I Mpasvraeie ycnosnn

Eﬁ CTATHHECKOR AENEHHE 1 @ MNoeepsHocTe<17>LID_INLET-46

2 Jlns TOTO, 4TOOBI BBIACIUTE
BHYTPCHHIOIO ITOBEPXHOCTH
KPBIIIKA Ha BXOJC, HA
Bkiajake FIoEFD ¢ nepeBom
aHaJM3a BBIOCPUTE IICMEHT
Cxopoctb Ha Bxoze 1.

CKOpOCTE Ha Bxoae 1
E| % MopHCTEIE CRe AR
- % MoprcTas cpeaa 1 7
? Lenw |
oy e

3 B tabmnuie Mapametp

[NapareTp |Mir|Ep|Max|Epn|Hn|A
MOCTAaBBTE TaJOUKy CP B Crarwueckoe gasr [ [ O[]
n Moo paeneHue [ O o
oJie 1ionHoe aaBrieHue. Ounarmeckos gz (1 O O O]
. Yucno Maxa o o
4 He cHumaiite rajlouKy Ucn. Tuptynermhaaeaz (1 1 O[]
Typtynerreiima [ ] [ [
A CX ., HTOOBI 3T b
AnA cxon., 00bI 5Ta HEx Macwras rypsynen (1 [ [ [
HCIIOJIB30BaJlaCh AJId Wrrercwerocte T [ [ O] ]
InepruaTyptynen [ ] [0 [
KOHTPOJIA CXOAUMOCTH. Ouccrnawaarep (1 01 O |1
o Terneparypa nop 1 [ ]
5 B HuxHel yactu Tennosoit norox [ [ ]
JIMAJIOrOBOr0 OKHA OKHA Tennosan mowror O
n _ — =

IloBepXHOCTHBIE LEJIH

HAXKMUTE onn |<.p{> | II'ILl Bron kNapamerps <Homep:

o o] ] o
6 Kiukuanre OK o

MOSABUTCS HOBasA 1eJb [II] Bxon Cp I[lojlHoe marBjieHue 1.

7 1IpaBoii KHONIKOM MBIIIM KIMKHUTE I10 271€MEHTY Llenu 1 13 KOHTEKCTHOrO MEHIO
BbIOEpUTE [J06aBUTHL NOBEPXHOCTHbIE LIESN.
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8 JIS TOTO, YTOOBI BEIIECINUTh =y
ﬂ i " S ﬁﬂ:ble ﬂaHHbleﬁ MoBEpHHOCTHEIE LEAH 2=l
BHYTPCHHIOIO IIOBEPXHOCTH '3CHETHAA 0fnacTs

£ Mmarine yoroons
KpPBIIIKW Ha BRIXOAEC, HA

CTaTHYe ASENEHHE 1 @ MNoeepsHocTe<21>LID_OUTLET-47
Bkiaake FIoEFD ¢ nepeBom

Eﬁ CKOpOCTE Ha BxoAe 1
aHaJIu3a BLI6epI/ITC JJICMCHT

E| % MopHCTEIE CRe AR
[ % MoprcTas cpeaa 1
Crarunueckoe gaBjaeHne 1. ¥ Uem EI

9 A o o e

B Ta6HI/II-I€ napaMeTP Eﬂ---% PesyneTaThl (He sarpysetb)

MapameTp [ Min| Cp[Max|Cp M|«
MOCTABbTC I'aJIOYKY Cp B Craruseckoe nass [ (R~
Nannoe gaenerve (] FICT O &
none NMonHoe AaBnexve. T ——— R T I T

o Yucno Maxa Oo0o0 0
10 He cuumaiite ranouxky MUcen. T — o B BT N
Ons cxop., YToObl ATa LEIb Tupgynermrenima L 1 0 0 &
Macurat Typeyne (1 1 O [
UCIIOJIB30BaJIaCh aJist Wrrenowenocte e [ [ [ [ &
KOHTPOJIS CXOIMMOCTH. Snepruaupduner [ L] L1 L) @
Nuccunaumazner [ [ O [ &
11 B mukzei yactu Temepanypanop [ L1 L. M
Tennosoit notox [ [ ] ¥

JAUaJI0roBOI0 OKHa OKHa Tennoean MoWHo O ELI
. I

IloBepXHOCTHBIE LIEJIH

II'ILl Bewon <Mapametp: <Homep:

<*|>| <|+>| <><>| <#>|

TIOSIBUTCS HOBAs LCHb IIII Beixon Cp IlosHoe JaejsieHme 1.

Haxmute Bbixoa |E|

12 Kimkaure OK o

3apaHue Llenun-BbipaxeHus

Henb-nblpame}me - 9TO LEJIb, KOTOpas 3aJa€TCA B BUIEC AHAJINTHICCKOU (I)yHKLII/II/I
CYyHIE€CTBYIOIINX meei W/WIn mapaMeTpoB YCHOBHI}‘I BXOIHBIX JaHHBIX. TaKy}o OCJIb, KaK U
OCTaJIbHBIE, MOXKHO OTCJIC)KHUBATH B IPOLECCE pacyue€Ta, a TaKKE BBIBOAWUTH €€ 3HAYCHUE B
BUJIC PE3YIBTATOB. B kauecTBe TICPEMEHHBIX MOYXHO HCIIOJIE30BATh CO3JaHHBIC €I, B
TOM YHCJIC U LEJIN-BbIPAKCHUA (KPOMC TE€X, YTO 3aBUCAT OT APYTUX ueneﬁ—BHpameHHﬁ), a
TaK)XE€ BXOAHBIC TaHHBIC ITPOCKTA (O6H.[I/I€ Ha4YaJIbHBIC NI BHEIIHUE YCJIOBUSA, TPAHUYIHBIC
YCJI0BMA, BEHTUJIATOPHI, TEIUIOBBIE NCTOYHUKHU, JIOKAJIbHBIC HAYaJIbHBIC YCJ'IOBI/ISI). B
ONPEACICHNUN LCTTN-BBIPAKCHUA BEI Takke MOXKETe MCIIOIb30BaTh KOHCTAHTHI.

Eﬂ Lgnu

AoBaEHTE rNoBanEHEIE LENH. ..
E A0BEEMTE NOKANEHEIE WEMM, ..

1 TlpaBoil KHONKOM MBIIIN KIUKHUTE IO IIEMEHTY
Llenu 1 n3 KOHTEKCTHOTO MEHIO BBIOEpUTE

HOGaBVITb uenb-BblipaxeHue. % Pezy)  AOOSEMTE MOBEQXHOCTHEIE LEMM. ..

AoBaEMTE DB BEMHEIE LENH. ..

2 B nepese ananusa FIoEFD BeiGepure 1ienb .
II1I Bxox Cp IMosanoe gapienue 1. Ona nostBUTCS B T — |
noje BbipaxeHue.

FloEFD FEP12 OGyuatowime npumepbl A3-9



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

3 Ha xanbKynsTope HaXXKMHUTE KHOIIKY T 21X
nn Bopanenue:
MI/IHyC - 1MLl Bon, Cp Noaroe gasnere 1)L Boroa Cp Nonros Aasreye 11 =] | Backspace
4 B nepese ananmu3za FIoEFD Bribepute e |
=
uens I Boixoa Cp Ilosnoe
naBienne 1 I s |
' I e =
1 2 3 - . sin
s onpedenenus Lenu-evipasicenus Bot Ill ZII :II le - :
I
MOdICeme UCNOIb306aMmb yenu (6Kuouas
v
panee coz0annvle Llenu-gvipadicenus), [Raorecv n wrparcrve |
¥ Menonssosars uens Ana KOHTROAA CXOAVMOCTH
6x00mble Oanmble u koncmanmol. Ecnue e — :
BbIPAdICEHUU KAKUe-TUb0 huzuyeckue

napamempul (hanpumep, OIUHA,

naowads u m.o.) AIAIOMC KOHCMAHMAMU, Cledyem Yoeoumucs, Ymo OHU 3a0at0mcsl
6 motul cucmeme eOunuy, Komopas obwvlia sviopana oas npoekma. FIOEFD ne umeem
npeocmagienust 0 PU3UYECKOM 3HAYeHUU KOHCmanm, komopule Bul ucnonvzyeme,
nosmomy pazmeprnocms Llenu-gvipasicenus HeoOXo0uUMo 3a0asamv 6PYYHYIO.

5 VYb6emurech, uTo U3 crnrcka PasmepHOCTb BeiOpaHo [laBrneHue u HanpsbkeHue.

6 Kimknute OK. B nepese nosisutcs HoBas 11eb Llenb-Bbipaxkenue 1.

3anyck PacueTa

1 Kiukuaure Flow Analysis > Pacuer > e (2]
3anyCTMTb ¥/ Cerea = Besre: np=a. pesynerare) e
[ Pacuer J_EEEnD
2 Kiukaute 3anyctuthb. S o
€ Mpogonmime
[Tocne Toro, kak pacueT 3aBepILIUTCS, 3aKPOHTE
| |
JINAJIOrOBOE OKHO HAOJIONCHHMS 32 PACUCTOM. s 1 s

TIOCTROEHIE PESALTATR D BKOH4GHIM PACHETS
"F 3arpysiTs pesynbTaTe! Cepun peaynsTaroe.

MpocmoTp Lenen

1 B rpynne Pe3ynbraTbl KIMKHUTE IPAaBO KHOIIKOM MBI 110
aneMeHTy Llenu 1 u3 KOHTEKCTHOTO MeHI0 BhiOepuTe [J06aBUTD.

2 B aumanmoroBoM okHe Lienu BeiOepute

Leab-prpasente 1.

3 Kiukuure OK. T |Bee uens =
? Bce

1ML, Bxog Cp MNontHoe gaeneHue 1

1ML, Bemwag Cp MonHoe gasnenue 1

Otkpoercs Tabmuma Excel ¢ pesynasraramu meneit. Ha
TIEPBOM JICTE HAXOIUTCs TAOIMIA OKOHYATEIIBHBIX
3HAYCHUN LIENU.

[lepenan nonHoro AaBieHus cocrapisieT npuMepHo 123 Pa.
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CATALYST.ASM [ISOTROPIC]

EavHuua CpepaHee MuHumansHoe |MakcumansHoe |[porpecc
WUmsa uenn 3Ha4yeHue o,
n3MepeHus 3Ha4yeHue 3HaYeHue 3HaveHue cxoaumocTy [%]
Llenb-BbipaxeHue 1 [Pa] 123,2906883 125,845 123,291 131,028 100

Jlanee HEOOXOIMMO ITOCTPOUTH TPAEKTOPUH ITOTOKA, CTAPTOBBIE TOUKH KOTOPBIX
PaBHOMEPHO pacIIpeIesICHBI IO TOBEPXHOCTH BX0oza. C MX IMOMOIIBIO MOKHO OyzieT
YBHJICTh HEPABHOMEPHOCTD PACIIPEIEIICHUSI MACCOBOTO PACcX0/a MOTOKA I'a30B I10
MIOTIEPEYHOMY CEUCHHUIO HeHTpanu3aropa.

MpocmoTp TpaekTopum noToka

1 IlpaBoii kKHOIIKOM
KJIMKHUTE IO 3JIEMEHTY
TpaeKTopuu NOTOKa U U3
KOHTEKCTHOT'O MEHIO
BBIOEpUTE [J0GaBUTD.

2 ]Iyt TOTO, YTOOBI
BBIJICITUTh BHYTPEHHIOO
MOBEPXHOCTH KPBIIIKU Ha
BXOJIC, Ha BKJIAJIKE
FIoEFD ¢ nepeBom
aHas3a BeioepuTe
aneMeHT CropocTh Ha
Bxoje 1.

3 VYG6emutech, 4TO B TPyIHIIE
MpencraBneHue
BbIOpaHa OIS
Packpacutb no

E-[ BxoaHele AaHHeie

: @ Pac4eTHan ofinacTe

E1-Ef MpatidHeie yonoema

: : Eﬁ CTaTHHECKOe A3BNeHHe 1

CKOpOCTE Ha Bxoae 1
E| % MopHCTEIE CRe ARl

------- % MopHcTan cpeaa 1

E# Lienw

m MU, Bxoa Cp MonHoe aasneqye 1
m MU, Beixoa Cp MNonHoe gagnequie 1

F: Lene-ebipaskerie 1
E---ga PesyneTatel (1.fld)

------ 8 KapTHHE B Ceustim
----- <P KapThHb! Ha nosepxHoCTH
------ & MzonoeepxHocTH

: TpaeKTopuW NoToKa

W,
e PacqeTel ABM#EHHA HacTHL
------ A NokaneHeIE NapaMeTpeEl

- @) MOBERXHOCTHEIE NApaMETREI
- OB BEMHEIE NApaMETPEI

[T B nnockocti

|;:._# [20
Elp.uosm

Lkl Lb]

& ITpgﬁKM j
N ID.DD‘I m :II

I@ I Cropocte j IE
2 -1
E‘ IDm.-"s —';i:lﬁl

napameTpy |‘?‘.D , B KadecTBe mapaMeTpa BeioepuTe CKOPOCThb.

4 Kmukuure KoppekTMpoBaTh MUHUMYM/MaKCUMYM M KONTMHYECTBO YPOBHen [# U
3aj1aiiTe 3HadeHue Makcumyma paBHbIM 12 m/s.

5 Kmukanre OK 4 .

=]

FloEFD FEP12 OGyuatowime npumepbl

Bribepute Bun CKpbIThIe HMHVIVIJ & é & |E .
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Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

Bl yBuaMTE KapTHHY, TIOI0OHYIO TOH, YTO IPECTABICHA HA PUCYHKE.

12
108
9.6
8.4
7.2
G
4.8
36
2.4
1.2

0
CrEopocTe [mis]

Teneps BBITOIHAM pacdeT IIPOEKTa, B KOTOPOM ITPOHUIIAEMOCTh ITOPHCTOM Cpebl OyneT
OJHOHANPaBJICHHOU. 3aTeM CpaBHUM d(PPEKTUBHOCTH HEHTPAIN3ATOPOB C
OJJHOHANPaBJICHHON W U30TPOITHOM MPOHNUIIAEMOCTBIO.

KnoHunpoBaHue npoekTa

1 Kmuxuaurte Flow Analysis > MpoekT > KnoHMpoBaTh [ msm—m— HE
npoexT.
IUnidirectionaI

2 B mone Umsa npoekTta BBeauTe Unidirectional.
3 Kukante OK.

w  KoHdWrypauia

[F= I Menonesosats Texkyuyio j
1= |EATALYST

w  Onuam

[™ KonvposaTs pesynsTatsl

x|
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Co3paHue OgHOHanpaBrneHHOW NOpPUCTON cpeAbl B 6a3e AaHHbIX

Taxkolt marepuain yxe cyuiectByeT B UH:keHepHOIi 6a3e JaHHBIX B MANKe
IIpenonpenesiennbie. Bel MOXeTe ITPOITyCTUTH 3TOT IIAT, ¥ BIOCIEACTBHH, KOT/a OyneTe
Ha3Ha4aTh MaTepHal KOMIIOHEHTY, IIPOCTO BHIOPATh MpPEIONPEACICHHbIN MaTepra
"Unidirectional".

1

9

Knukuure Flow Analysis > UHCcTpyMeHTbI> [ ————
WHxeHepHasn 6a3a AaHHbIX. -4} 2R ronenu
. -4 Bermiaaropel
B nepese UHXKeHepHON 6a3bl 4aHHbIX BEIOCPUTE | @ ke Bewecrss
MopucTbie cpeabl / 3apaHbl Nonib3oBaTeneMm. = Topons
[]--M EaWHHLE! H3MEPEHKHA
Ha Britajxe QnemeHTbl BEIOCPUTE DIICMECHT &-§@ KormakThbie Tennossie conpotuenenys
+.
[]_@ K.oHT akTHEE INEKTPHYECKHE CONPOTHENEHMA
M3°Tp°|'|Haﬂ. []-- MepdopHpOBaHHEIE NASCTHHE
_ []--. MeyaTHeE naaTe!
KIII/IKHI/ITG KOI'IVIpOBaTb . []--D:G MOBEPXHOCTH PAMALMOHHONO TENADDGMEHS
[]Q MonezoeaTensckue NapamMeTpel BU3Y4anu3auk|
% =T MNopueTeie cpeak
Kiukuure BeraButb . B ciiucke nosiButcst s Npenonpeaenertioie
HoBbIii aemenT Komust Isotropic (1). £ Ll
2% Tpumecu

Bribepure 3meMeHT iPviwenepiaa oA . G

afin VameHATe BMA EAMHMUSIIGMEpeHA  Crpa

Konus Isotropic (1) u Jmu >

HGeE Y v as a0k e |x £ R &
NEepeUAnTE HaA 5 e
A neverrl | Totimuei v rpan |
Y {#} 2R vonem Coocroo [ Sraere ]
BKJIaJKy CBOWCTBa B somms
-k, Bewectea Komerrapuu |
AneMeHTa. @ ropcae Nopyoroots 08
B Enurtue uariepern Tun nporkuaerocTy OaroHanpasnerHan
POPIE 330EHUA COTPOTHENEHUS Mepena asener4A, packon. pasmepe!
H o @ Kormaxtisie renmossie conporyesenien Mepenag A3BSHAS OTHOCHTENLHD PACKOAS Maccose i packog J.|
CPECHUMEHYHUTE 3TOT LR ——————— T e
[E Nepapopuposarreie nnacTume: Tnoiieas, 001 w2
JJICMCHT B B Nevarmsie nnaret [E—— e——r— 5]
b M naTHoeTs jal
B, MonssosaTenscie napamETpbl BHayaMSaLM TenaonposagHoCT e NOpHCTOro Kapkaca i}

OnHOHamNpaBJIeHHAA.

% Mopuerere cpeast
W Mpeponpenenshieie

W3zmenute Tun e
NMPOHMLIAeMOCTH Ha
OpgHoHanpaBneHHas.

COXpaHI/ITC HU3MCHCHHA U BLIfIZ[HTC u3 HH)KCHCpHOfI 0a3bl JaHHBIX.

TCHCPB CO3J1aHHYIO MOPUCTYIO CpeAYy MOXKHO IMMIPUMEHUTH K MOHOJIUTAM.

FloEFD FEP12 OGyuatowime npumepbl A3-13




Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

3apaHue MNMopucton cpeabl C ogHOHaNpaBiIeHHON MPOHULLAEMOCTbLIO

1 [IpaBoii KHOIKOI MBIILIK KJIMKHUTE 1O 3eMeHTy [MopucTas cpeaa 1 u u3
KOHTEKCTHOTO MEHIO BbIOepuTe M3MEHUTD.

2 Ecnu Bel npomycTuiii co3nanrie HOBOH IOPUCTOH Cpefibl, BRIOEpUTE MaTepral
Unidirectional u3 criucka IlpegonpenesneHnsle.

3 U3 criucka HanpaBneHue BeiGepute ock Z [1obanpHOIM
CHCTEMbI KOOP/IHHAT.

opUCTan cpeaa 2=l

[ [MONDUTH-42
(3 [{na nopucmoti cpedvl ¢ 00HOHANDAGTEHHOLE MONDLITH-43

NPOHUYAEMOCTBIO HEOOX0OUMO 3A0Amb HANPAGIeHUe [¥ OTHAIGUTE KoMMGHEHTE]

nporuyaemocmu Kak oco 6bl6paHHOﬁ cucmemaul

Koopounam (8 oanHom cayuae ocv Z [iobanvrot MpeorpeneneHHbie

E SanaHkl NONE30BATENSM
cucmemvl KOOPOUHAN). oo

AHOHANpasAeHHaA

4 Kiaukaute OK.

T.x. ocTanbHbIE YCIOBHS U LIEIH OCTAIOTCS TEMU K€, MOKHO | Daroranpasnenias [3ananes nonesosa ¥ |

cpasy e 3aIyCTHTh Pacyer. __Cosa o |

2 II'noﬁaanaq CHCTEMS KOOPAWHAT

Hanpasnevve: | |

CpaBHeHWe HEeUTpPanuM3aTopoB C U3OTPOMNHOU U OQHOHaNpaBrieHHOMU
NPOHMLAEMOCTbIO

A3-14

ITo okoHUaHWU pacyeTa co3maiite 1enb, BeiOpaB Llejb-Bbipakenuel.

CATALYST.ASM [UNIDIRECTIONAL]

EavHuua CpepgHee MuHumansHoe [MakcumansHoe |Mporpecc
WUms uenu 3HauyeHue 0,
n3MepeHUs 3HaYyeHue 3HavyeHue 3Ha4yeHue cxoaumocTy [%]
efb-BblpaXKeHne a ,217485: 417 ,217 ,405
11IP 119,2174858 121,41 119,21 126,40 100




OTO6paBI/IT€ TPACKTOPHUHU IIOTOKA, KaK 3TO OBLIIO OIKCAHO BHIIIIC.

12
108
9.6
8.4
7.2
G
4.8
36
2.4
1.2

0
CrEopocTe [mis]

CpaBHI/IB TPACKTOPHHU NOTOKA, IMTPOXOAAIINE YCPE3 MOPUCTHIC TEJIa C PISOTpOHHOﬁ n
OHHOHaHpaBHCHHOﬁ OPOHUIIAEMOCTBIO, MOXKHO CACIATh CJICAYIOIIHNE BbIBOADBI:

*  Bxopsmmii MOTOK sIBJISICTCS HEPABHOMEPHBIM, T.K. BXOJHOE OTBEPCTHE BBIXJIOMHOM
TpyOBI PACIIONIOKEHO HECUMMETPHYHO 10 OTHOIICHHUIO K TOW €€ JacTu, Ie
YCTAQHOBJICH KaTaJIUTHYCCKUH HeHTpanu3arop. B cuiry HepaBHOMEpHOCTH
BXOJISIIIIETO ITOTOKA ITOTOK BHYTPH IIEPBOTO ITOPHCTOTO TeJla TAKXKE SBISICTCS
HEPaBHOMEPHBIM;

e Tum npoHUIIAEMOCTH HEUTpaau3aropa (H30TPOITHASI MIIH OJHOHAIIPABIICHHAS)
BJIMACT HEC3HAUYUTCIBHO HaA BXOZ[HIJ_[I/II\/'I TIIOTOK U 3aMETHEEC HAa IOTOK BHYTPHU
HelTpanuzaropa (0coOeHHO MEePBOro MOPUCTOTO Tena). B 00oux ciyyasx moTok
BBIXJIOIHBIX T'a30B MOCTYIIACT B IIEPBOE MOPHCTOEC TEIIO OJIMKE K CTCHKE,
HaxOJs1Ieicsl HAaIPOTHUB BXOJHOTO OTBepcTUs. B cityyae ¢ u30TponHoi
MIPOHUIIAEMOCTHIO TIOTOK OoJiee MPUOIMKEH K Hel, 4eM B ciIydae ¢
OJIHOHATIPABJICHHON MPOHUIIAEMOCTBIO.

* B HauanbHON 9acTH MEPBOTO MOPUCTOTO Tela (OKOJIO OJHON TPETH AJTUHBI TeJa)
MOTOK OoJiee HepaBHOMEPEH B CiIydae, KOTa MPOHUIIAeMOCTh TIOPUCTOTO Tea
H30TPOITHA;

* B mepBomM cityuae BeiaecTBHE H30TPOITHOM IIPOHUIIAEMOCTH OCHOBHOM ITOTOK ra3a B
HelTpanuzarope pacmmpsercs. Bo Bropom ciryyae ogHOHANpasiIeHHAs
MIPOHMIIAEMOCTH MPEISITCTBYET pacIIMpeHuto notoka. [loatomy B ciydae
M30TPOIHON POHUIIAEMOCTH B OCTAJIBHON YacTH MEPBOTO MOPHCTOrO Tena (J1Be
TPETH €ro JJIMHBI) TOTOK PABHOMEPHEE, YEM B €r0 Ha4aIbHON JacTH.

* T.x. paccTosHHE MEXTy TOPUCTHIMU TeJIaMH JJOBOJIFHO MaJlo, B 00bEeME MEXKTy
HUMH [TOTOK T'a30B HE YCIIEBAET CTAaTh paBHOMEPHEE. XOTs B CiIydae
OJHOHAINPABICHHOI MPOHUIIAEMOCTH U3MEHEHHUS B TOM HAIPABICHUHN CTAaHOBATCS
3aMeTHBI. Takum 00pa3oM, Ha BXOZE BO BTOPOE IIOPUCTOE TEJIO0 TOTOK TaKXkKe
ABJIsIeTCA HepaBHOMEpHBIM. Kak BHIHO, HEpaBHOMEPHOCTH IIOTOKA BO BTOPOM
MIOPHCTOM TeJIe OCTaeTCs HEM3MEHHOM.

FloEFD FEP12 OGyuatowime npumepbl A3-15



Bas3oBbin ypoBeHb: A3 - lMopucTblie cpeabl

A3-16

Tenepb paccMOTPHM CKOPOCTH ITOTOKA BHYTPH HeHTpanu3aropa. Ee HecloXHO OLeHHTb,
T.K. TPACKTOPUH MTOTOKA OKPAILICHBI 10 3TOMY I1apaMeTpy B COOTBETCTBUH C BEIOPaHHOM
nasuTpoi. it Toro, 4ToObI MOXKHO OBIIIO TIPOU3BECTH CPAaBHEHHE PE3YIIBTATOB,
MIOJTYYEHHBIX B IBYX CIIydasix (KOTJa IMPOHUIAEMOCTb IOPUCTBIX TEI SIBISIETCS
M30TPOIHON ¥ OHOHAINPABICHHON ), HAa TAJUTPE HEOOXOIMMO 331aTh OJJMHAKOBBIHA
JIIarna3oH 3HaYCHUH CKOPOCTU. DTO CBSI3aHO C TE€M, YTO MAaKCHMaJIbHOE 3HAUCHNE,
OTIpEIETISIIONIEe ANANa3oH, B ABYX CIIydasix 110 YMOJIYAHHIO SABISETCS pa3indHbiM. Kak
BH/IHO, CKOPOCTH MOTOKA KaK B IIEPBOM, TaK ¥ BO BTOPOM BapHaHTE SIBIISIOTCS
MIPAaKTHYECKH OANHAKOBBIMU. TakuM 00pa3oM, BpeMsl HaXOXK/ICHHS BBIXJIOIHBIX Ia30B B
HEHTpanamu3aTope SBISIETCS OJJMHAKOBBIM B 000X CITydasix.

WTak, MOKHO clienaTh BBIBOJI, YTO HEUTPAIN3ATOP C U30TPOITHOM MPOHHUIIAEMOCTBIO
s¢deKkTHBHEE HEHTpaIN3aToOpa ¢ OAHOHANPABICHHOMN ITPOHUIIAEMOCTHIO (TIPH
OJJMTHAKOBOM COITPOTUBIICHNH). DTO OOBSCHSICTCS TEM, UTO ITOTOK B HEM SIBIIIETCS Ooiiee
paBHOMepHBIM. OJTHaKO, HECMOTPS HA TO, YTO OBLIO 33JJaHO OAMHAKOBOE CONPOTUBIICHNE
HEHTPaIM3aToOpOB, B CIIydae UCIIOIb30BAHNS HEHTPAIN3aTOpa C OJHOHATIPABICHHON
IIPOHUIIAEMOCTBIO, IOTEPH TIOJTHOTO AaBiIeHMs Ha 3% HIKe. DTO OOBSCHACTCS TEM, UTO B
JIBYX CIIy4asiX CTEIICHb HEPAaBHOMEPHOCTH ITOTOKA KaK BHYTPH ITOPUCTHIX TEJ, TAK U 33 UX
TIPE/ICNIaMH SIBJISICTCS Pa3HOM.



B

CpeaHun ypoBeHb

Cpennuii ypoBeHb BKIIIOYAET IPUMEPHI, KOTOPBIE JEMOHCTPHUPYIOT, KaK ¢ IOMOLIBIO
FloEFD M0XxHO pelraTs HHXEHEpHBIC 3a7a4i. B KadecTBe IpUMEpOB MMPEICTaBICHEI
Hanbosee pacpoCTPaHEHHBIC 3aJa4H.

B1 - Onpenesienue rugpaBianyeckux norepsb (Determination of Hydraulic Loss)
B2 - Koappuuuent conporupienusi uuaunapa (Cylinder Drag Coefficient)
B3 - KII L remiiooomennuka (Heat Exchanger Efficiency)

B4 - Onrumusanus cerku (Mesh Optimization)

FIoEFD FEP12 OGyuatowme npumepbl B-1



CpenHWn ypoBeHb:
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B1

OnpepeneHne ruapaBnMyecKnX NnoTepb

FPI,I[paBJ'IH‘IeCKI/IG IoTepu B pr6OHpOBO,I[HBIX crucTeMax 0OBIYHO pa3acisiroT Ha ABE
COCTaBJIAIOIIUC!

* JIMHCIHBIE OTEPH, BOSHUKAIOLIHME BCIICICTBIE TPSHHS BIOJb MPSIMOITHMHEHHBIX
OTPE3KOB TPYO;

* MECTHBIC TOTEPH, BOZHUKAIOIINE B PE3yIbTAaTe MECTHBIX CONPOTUBICHHUN (OTBOIOB,
TPONHHKOB, Pa3NUYHBIX BEHTUICH, KPAaHOB, 3aBIDKEK U T.1.).

[TonHbIe THAPABINYECKHE TIOTEPH MPEICTABIIIIOT COO0N CyMMY JIMHEHHBIX M MECTHBIX
notepb. [loTepu Ha TpeHKE ONPEEISOTCS ¢ TIOMOIIBIO (POPMYJI, TIOJyYEHHBIX B
pe3ynbTaTe TEOPETUUSCKUX MM TIPAKTHUECKUX HccienoBaHuil. OnpeaeneHne MEeCTHBIX
HOTEpb sABNIAETCA OOoJIee CIIOKHOMN 3a/1a4ei, T.K. U1 3TOTO JOCTYIHBI TOJIBKO
9KCTIEpUMEHTaNbHbIE AaHHbIe. CyIiecTByeT O0ibIIoe pa3sHOOOpa3ue KOHGUTypannit
TPYOOIIPOBOAHBIX CUCTEM, CJICAOBATEIBHO, PA3IHUYHBI TPUIMHBI BOSHUKHOBEHUS
MECTHBIX cOonpoTHBIeHUH. CTPYKTypa ITOTOKa TaKXKe MOXKET ObITh JOBOJIBHO CIOXKHOIA.
[TosTOMy MpUMEHEHHE SKCIIEPUMEHTANIBHBIX JaHHBIX orpaHudeHo. FIoOEFD npearaer
MHOW TOAXO/ K PEIICHHUIO MTOO0HBIX 33]a4 U TO3BOJIET C BEICOKOH TOYHOCTHIO
OTIPENIeNUTh MOTEPH JaBICHHS MIPAKTUIESCKH Ha JIF0OOOM ydacTKe TPyOOIpOBOIHON
CHCTEMBI.

OTKpbITHE MOoaenu

Crommpyiite manky B1 - Hydraulic Loss B cBoro pabouyro TUPEKTOPUIO U yOSTUTECH,
910 ¢ (aitioB cHAT aTpuOyT "TombKo st uTeHus", T.K. FIoEFD Oyner coxpaHsATh B HUX
BxonHbIe naHuble. 3amyctute FIOEFD.

Knukuaure ®@ann > OTKpbITb. B 1uanoroBom okHe OTKpbITh chann nepeiuTe K Moieau
valve.asm, pacnionoxenHol B nanke B1 - Hydraulic Loss, u kiukuure OTKpbITb.

FIoEFD FEP12 OGyuatowme npumepbl B1-1



CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

B muamoroBoM okHe BbiGpaTh 3Kk3eMnnsAp BeIOepUTe 40 DEGREES SHORT VALVE U
KIUKHUTE OTKPbITh.

Bt mooiceme nponycmums cozoanue npoekma u 3anyCmumy Ha pacyem 2omoesblil
npoexm FIoEFD, co30annulii 6 coomeemcmeuu ¢ smum npumepom. /lns smoeo Bam
HeoOX00UMO OMKpbimb Modeas valve.asm, pacnonosicennyio 6 nanke B1 -

Hydraulic Loss\Ready To Run, u 3anycmums na pacuem nysicnvie npoexmul.

OnucaHune mogenu

B1-2

JlaHHast MozeIh MPEACTaBIsIeT COOOH MapoBOi KpaH,
KOTOPBIN OTKPBIBAETCS M 3aKPHIBACTCS TIOBOPOTOM
PYKOSITKH.

HOTepI/I JAABJICHU B IIAPOBOM KPAHC 3aBUCAT OT
iomaan MUHUMaJIbHOI'O IMPOXOAHOTO CCYCHUS.
HpOXOI[HOC CCUYCHHUC, B CBOIO OYCPC/ib, 3aBUCUT OT
yIJia IOBOPOTA KpaHa, a TAK¥KE OT €ro
TCOMCTPUICCKUX pa3MEPOB, a UMCHHO OT
COOTHOHICHUA AUAMETPOB HIapUKa U pr6LII

D
0= arcsin [2 M}
pipe

CHayasia He0OXOIMMO PacCUUTATh BENNYMHY TOJIHBIX TOTEPh JIABICHHUS, T.€. PA3HOCTh
MEXy JaBJICHUEM Ha BXOJI€ B MECTHOE I'MIPABIMYCCKOE COIPOTUBIICHHE (IIapOBOI KpaH
B JJAHHOM CJIy4yae) U JIaBICHHEM Ha 3HAYUTEIBHOM PACCTOSIHUU OT BBIXOJA U3 HETO, I
ITOTOK CHOBA CTAHOBUTCSI HEBO3MYILEHHBIM. 3aTeM, JJIs TOTO, YTOOBI OIIPEACITUTH TOIBKO
MECTHBIE ITOTEPH JIABICHNUS, HEOOXOANMO U3 BEJIMUMHBI H3MEPEHHBIX MOJHBIX OTEPh
BBIYECTh BEJIMUMHY IIOTEPh JABICHUSI HA TPEHHUE.

B nanHOM citydae paccynTaeM IMOTEpPH JaBICHUS B IIAPOBOM KpaHE IPH YIJIE ero
noBopora, paBuoM 40°, Takas 3aa4a ABISETCS TUIIMYHONW BHYTpeHHEl 3anaueii FIOEFD.

Brympennumu siensiiomest medenusi 6Hympu mpyo, paziuyHblX eMKOCmell, CUCTEM
OmMonieHus, 6eHMUIAYUY U KOHOuyuonuposarus eosoyxa (HVAC) u m.o. [lomox
nocmynaem 6 MoOelb U bIXOOUN U3 Hee Yepe3 OmeepCmusl.

Juist pelieHnst BHyTPEHHEH 3a/1a4kl BCE OTBEPCTHSI MOJIEIIH HEOOXOANMO 3aKPhITh
KPBIIIKaMH, 4TOObI BHYTPEHHEE [TPOCTPAHCTBO MOJICIH ObLIO 3aMKHYTO. Ha BXomax u
BBIXO/IaX CJIEAYeT 3a/1aTh COOTBETCTBYIOIINE TPAHNYHbIE ycIoBHA. KpbImkn
MIPE/ICTABIIIOT COOOM JOTIOTHUTENLHBIE JIEMEHTBI, C TIOMOIIBIO KOTOPBIX MOYKHO 3aKPBITh
oTBepcTHA. B maHHOM mprMepe KPBIIKH U1 yIoOCTBa CACTIaHbI MTOTYNPO3PaIHBIMH.



VY6enurech, 4TO MOJEIb IOJTHOCTBIO 3aMKHYTa. JlIs1 3T0ro0 F——
BeinosiHuTE Flow Analysis > UHcTpymeHThI > [poBepka
reomeTpun. 3aTeM, JJIs TOTO, YTOOBI OIIPEEITUTH 00BEMBI
TBEPAOro TCJia U TCKy‘ICfI CpCabl, HAIKMUTC KHOIIKY
MpoBepuTs. Ecitn 00beM Tekyuei cpesl paBeH HYIIIO,
3HA4YUT MOACJIb HC 3dMKHYTA.

v nposeprre W | b B =YX
PesyneTamsl |
Cratyc: YCNEWHD. Owwbok & reomeTpii He HaRasHD

Tun sagaun: BrytperHans

Ofbem npoTouHoit ofinaca: 0.00301467 m™3
O6vem Teepooro Tena: 0.0226838 m™3

o
[™ Cosmam TeepaoTensHylo reoMeTpuio

Uro0bI BU3yaIn3upoBaTh 00bEM, 3aHUMAaeMBbIii TeKy4en
[ Cosmats reoMeTpuio NpOTOYHOrO TPaKTE

cpenoil, HaxMuTe KHOIIKY [oka3aTb 06beM TeKyyen

cpeabl. [ |

Mokazat ofbem Tekydei cpeas! |
3aKpOI>iTC JAUaJI0IroBOC€ OKHO I'IpOBepKa reomMmeTpun.
x|

Onyus Ilposepka 2eomempuu nossosnsem
paccuumams 00vbeMbl, 3aHUMAeMble MEePObIMIL MeLaMU U meKyyell cpedoll,
npogepumb MOOelb Ha HAUYUE BO3MONCHLIX NpoOIeM (m.e. HeOONY CIMUMbBLX
KOHMAKMo8) u omobpaszumse obiacmu mekyuetl cpedvl U meepooco meid 8 8uoe
omoenbHbix Mooerell.

Teneps MOXXHO HpHUCTYIIATh K co3nanuio npoekra FIoEFD.

Cos3paHue npoekta FIoEFD

1 Kuuknure Flow Analysis > Mpoekt> MacTtep npoekra. MacTtep nNpoeKkTa MoMOXeT
Bawm 1o maram coznate HOBBIH TipoekT FIOEFD.

2 B aguanoroBoM okHe MMsi npoekTa

~ . »

(- |
1o p 7
8 Companent onral

KommerTapi: ’—
Fluid Subdomains

] Boundery Conditons Kowourgpaus | Venonssosars reruo <
[ Fans
€5 st souces W oravrypauss [40_DEGAEES_SHORT_VALVE

G Porous Media
@ il Conditons

# coas

@ Local Intial Meshes
2 B Resuts

BBEJIUTE UMsI HOBOT'O IIPOEKTA:
Project 1.

%
ERCR

[} computatons Domain

Kaxaprii npoekt FIOEFD cBsizan ¢
9K3EMILIIPOM. BBl MOKETE MOCTABUTH
MPOEKT Ha TEKYILIEM SK3EMIUIAPE WM Ha
HOBOM 3K3€MILIAPE, OCHOBAHHOM Ha

HE Mesh
TEKYIICM. § St
& Tsosurfaces
Kouknure Oanee. |- -

<Hem | s> | omwens | Copsera |
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CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

B1-4

3 B puanorosom okHe Cuctema eguHuL,

uamepeHusi Ber MoxeTe BBIOpATh
HY)KHYIO CHCTEMY CAMHUI] H3MEPCHUS,
KoTOpasi OyJIeT UCTIONIB30BATHCS KaK IS
BXOJHBIX, TAK U I BBIXOAHBIX JAHHBIX
(pe3ynbTaroB).

B manHOM mIpoeKTe yI00HO UCTIONB30BaTh
3aJITaHHYIO 110 YMOTYaHHIO
MexnayHaponHyto cucremy eansun Sl.

Kimknaure Oanee.

B nuanorosom okHe Tun 3agauu
HEOOXOIMUMO BBIOPATh THII 3a1a4YH:
BHyTpeHHAA unu BHewHaAsA.

Juist Toro, 4ToObI MpeHedpeyb
BHYTPEHHUMH 3aMKHYTHIMH 00JIaCTSIMHU,
KOTOpBIE HE 3a/ICHICTBOBAHbI B IaHHOU
BHYTPCHHEH 3a/1aue, caeyeT BeIOparh
UckntounTtb nonoctu 6e3 ycrnoBumn
TeyeHus.

Ba3soBas ocb rnobanbHON cucTeMbI
koopauHat (X, Y mwiu Z) HCroib3yeTcs
JUTS TOTO, YTOOBI TAHHBIE MOYKHO OBLIIO

CucTena v vaepeHsT

[ Eranen
MpegonpeasnekHbie.
MpegonpeasnerHbie.
MpegonpeasnehHbie.

Cucrems
€68 (cmg-s)
FPS fitlhs)
IPS finbs]
NriM (v g:5)

[ Kovverrapws |
066 (emos)
P (i)
1P i)
N (<)

srunete snan s | 1 eavraia [+

Eavu| lecs
a peaynrarar | OV pasea

Naparerp

Daenerie
Cropocts.
Macca
O
Tewmepatipa
Pusinieckos Epehi
AL

TeomeTpuieciue

i, momse, pachage:

<Hasan | [ Daree> oners | Cooeea |

~Tun u

& Brumpeniin ¥ HeoMATS NoAOETH e Yenoet Teserun

 Brewnan I VoK niciinTe BHUTREHHES NROCTRAHCTED

PHGHNECKIE MOE T naserne
TennonposoanocTs & o
Tepani Tenax

PanuaumonHuA Tennootmen

(m}
Hecrauuonaprocrs (]
O
[=]

Tpasurauus

Bpauenue

Basosarioos: [x v

|| [ | [

201
&)

Sepncvce., | ()

3a1aTh B BUE TaOMUIl Wik (GopMyIT B IUTHHAPHUYCCKON CHCTEME KOOPAWHAT C

yKaSaHHOﬁ OCBIO BpalllCHU .

B kauecTBe THIA 3aJa4u BI:I6epI/IT€ BHyTpeHHﬂﬂ ", HC MCHSIA APYTUX HACTPOCK,

KJIMKHUTE Janee.

Texyueil cpefioil B JTaHHOM IIPOEKTe
SIBIIIETCSL BOJA, [I09TOMY U3 IPYIIIbI
Xupkoctu BEIOEpHTE.

B Nn:xenepHoii 6a3e TaHHBIX XPAHAMCS

6CE603MOIICHbIE CNPABOYHbLE oanmvie u
mexHu4ecKue xapakmepucmuku.

*  XapaAKmMepucmuKu paziuyHblx 2a308,
JlcuoKocmeti, Mamepuaos,
nogepxnocmeti paouayuoOHHO20
menioobmena, ROpucmuvlx cped u m.o.

eryian coeaa

MMpenonpeneneqHsle
Ethanol Mpenorpene nerHbie
Ethylene Mpenorpene nerHsie
Methane Mpeaonpenenereie
Methanol Npsponpenenerreie
Nitrogen MMpenonpeeneHHble
- Owpgen MMpenonpenenenHsie
Propane. Mpenorpene nerHbie
R123 Mpenorpene nerHsie
R134a MNpeaonpeaenereie
Npesorpenenerteie

o] JosaEum
| snm

“ister DKumkocm)

Tun Teuermn
Kaswrauns

Narapros uTypSyRerTHOS

e ]

|

[Eavrinie < Hoeew. |
Ethane

Kpuesvle 6eHMuIAimopoe (BLZBMCMMOC‘mu 00BEeMHO20 UL MACCOBO20 pacxoda om

nepenaoa dasnenusi). Konuuecmeo npedcmasienuvix npomuliuieHHbIX

BEHMUIIMOpPO6 0060JIbHO B€EJIUKO,

* cucmembvl eOUHUY UMEPEHUs U M.O.



*  Bul moowceme sbibpamv npedonpedeieHnbvle 1eMernbl ULl co30ams c80U cOOCMEEHHbLE
(6ewecmea, eOuHuybl U3MEPeHUsl, KPUBLLE GEHMUNSMOPOE, d MAKIICe NOLb308AMENbCKUE
napamempui 0711 OMoOPANCEHUs).

Knouknure Oanee.

6 B I[aHHOﬁ 3ajia4e HET HEOGXOI[I/IMOCTI/I [Macrep npoexcra - Ycnosus ta crencax no ymonuanuio j 2|

Maparerp

PacCUUTHIBATH TEMIONPOBOJHOCTh B e s s
TBEpJIBIX TeJIaX, U COOTBETCTBYIOIIAs s ——
onuus He OblIa BKJII0YeHa. [TosToMy

TEIJIOBOE YCIIOBHE, 33/1aBAEMOE B
JINAJIOrOBOM OKHE YCNOBUSA Ha CTeHKax
Mo YMOMYaHMIo, OyJICT OTHOCHTBLCS KO
BCEM CTEHKAM MOJIENIH, KOHTAKTHPYHOILMM
C TeKyuel cpenoi.

Sasyoimvocrs. | 03)
B JAAHHOM IMPOCKTE KOPPCKTHBIM ABJIACTCA ctaom | [Bame> | omea | cpeeca |

ycnoBue AguabaTuyeckasi CTeHka,
3aJ]aHHOE 110 YMOJYAHUIO M 03HAYAOIIEE, YTO BCE CTCHKU MOJICIH SIBIISIFOTCSI
TETUIOU30IUPOBAHHBIMH.

Knouknure Oanee.

7 B nuanoroBom okHe HavyanbHble ycrnoBus £
HE00XOIUMO 3a/1aTh HaYaJIbHbIC 3HAYCHHSI i
napameTpoB TeueHus. Eciau BHYTpeHHSISI
3a/1a4a sIBJISIETCS CTAllMOHAPHOM, TO 7N Do o o
HpeaNoYTHTEIbHEE 3a1aBaTh 3HAUCHNS, s = ot
OJIM3KHE MPEAIOIaracMbIM, JTO MO3BOJIUT ‘
YMEHBIIHUTH BPEeMs1, HEOOXOAUMOE ISt
JIOCTH)KEHUSI CXOJUMOCTH.

Napamerp. [ Inavere
Jananue napamerpon ey ——
Tepmonunarmecrue
= napamerpes
Deonerve 101325 Pa

Tevneparipa 232K
“| |2 Napamerpui cropocru

Cropocte & HampaeseiX.  Omis

G| o)
<Hova | [ Haree> Omena | Copaexa |

Ipu pewenuu cmayuonapuvix 3a0au
FIoEFD gvinonnsem umepayuu 0o mex nop, noka peuierue He cotoemcs. Pewenue
HeCmayuoHapHelx 3a0ay mpedyem po6HO CMONbLKO PuUULECKO20 8PeMEHU, CKOIbKO
ObL110 300aHO.

JIyist TaHHOTO MpOEKTa He Oy/ieM MEHATH 3aJaHHbIe 0 YMOJIYAHUIO 3HAYCHUSL.

Knuknaure Oanee.

FIoEFD FEP12 O6yuatowme npumepbl B1-5




CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

8 B mumamoroBoM okHe YpOBeHb pa3pelueHusi 2

o »)

BEI MOxkeTe M3MEHUTH HaCTpOﬁKH CCTKH. p (T T T

— E—
Takum 00pa3oM MOXXHO MOBJUSTH Ha =
W 3aname MaHuManeHeii 33300
TOYHOCTB PELICHHS, A TAKXKE Ha TpeOyeMble T ———
MurraneHeIH 3a30p:
JUTSL pacyeTa pecypehl KOMITbIOTepa [oerm =
(TIpotieccopHOE BpeMs U ITAMSITh). e —
roce
[o yMoT4aHHIO yPOBEHB pa3pelleHus 3a1aH s "

paBHbIM 3. He Oynem ero MeHsTb.

oo

Y
‘4“1 [V OminU31pOBaTE PaSPEWEHHE TOHKHK CTEHOK )

<Hasm | [Sepums | Onesa Crpaska

ITocraBbTe ranouky 3apartb
MWHUMarnbHbIW 3a30p U B 11ojie MMHUManNbHbIN
3a30p BBEAUTE 3HAUYECHHE 0.04 m.

FIoEFD onpedensiem MUHUMAIbHbILL 3A30D U
MUHUMATLHYIO MONWUHY CIMEHKU, UCX005 U3
2eomMempuiecKux pasmepos Mooeiu, paciemHou
obnacmu, a makdce pasmepos nogepxHocmell, Ha
Komopwix 3adaromes ycaosus u yeau. Oonaxo
9Mo2o moodicem bblms HEOOCMAMOUHO OJiA
paspeutenHus y3Kux 3a30p08 U MoHKUX CmeHoK. B
MAKUX CAYHASIX HEODX0OUMO BPYYHYIO 3A0amb
Munumansnulii 3a30p u MunumansHyo monyuny
CMeHKU.

YpoBeHb paspelieHus uepes HACMpOUKU CEemKU
U YCOGUsL OKOHYAHUS pACUema Gausem Ha
MOYHOCHb NONYUAeMbIX pe3ynbmamos. Yem aviute
Yposenwv paspewenus, mem noopobuee cemra u mem bonee cmpocumu AGAAIOMCS
Kpumepuu cxooumocmu. Ilpu smom mpebyemcs 6onvute pecypcos Komnvlomepa
(npoyeccopnozo epemeru u namsmi,).

Pa3pemenne reomeTpuu (3adannoe ¢ NOMOWBIO MUHUMATLHOO 3A30PA U
MUHUMATILHOU MONWUHBL CIEHKU) onpedensien, HACKOIbKO NOOPOOHO 2eoMempuyecKue
anieMenmul Mooenu Oyoym paspeuienvl paciemuoll CemKou.

Knukuure 3aBepwmnThb.

B oepese ananuza FIOEFD 6ce 6xoomnvie dannble u pe3yismamel npedcmasieHsl 6
Y000HOI hopme. Bor maxoice mosceme ucnonvzosams oepego ananusza FIOEFD o
UBMeHeHus Uy yoaneHus Kakux-muoo snemenmos FIOEFD.

Cpagy e nocie co3iaHus IPoeKTa B Tpa)uuecKoM OKHE MOSIBIISCTCS MOITYTIPO3pauHbIi
TapaJuIesenures, 0003HaYatoIINi TPAHUIIBI PACYECTHON 00IACTH.

B1-6



PacuyeTHas obnacTb npedcmasisem coboll
napanienenuneod, OXeamuléaruull 001aACHb, BHYmMpu
KOMOpOoU NPOBOOAMCs pacuemyl meueHus u
meniooomMeHa.

Crentyromum marom siBisieTcs 3aganne I'paHnyHbIX
ycaoBHMii. ['paHUYHbIE YCIOBUS HEOOXOTUMBI IS
yKa3zaHHs TapaMeTPOB TEUCHUS Ha BXO/IaX M BBIX0O/aX (BO
BHYTpCHHEH 3a/1aue) WM Ha MOBEPXHOCTAX MOJIENH (BO
BHEIITHEH 3a7a4e).

3apaHune NpaHNYHbIX yCNOBUN

1 Knuxnaure Flow Analysis > lo6aBuTb > paHnM4yHOe
ycrnosue.

2 BpiOepuTe BHYTPCHHIOK IIOBEPXHOCTH KPBILIKK HA
Bxone (kommoHeHT inlet lid).

Brigenennrie TIOBEPXHOCTH MOSABATCSA B I10JIE
nOBerHOCTM AnA 3agaHuA rpaHMYHOro ycnoBus

.

3 U3 cmmucka Tun rpaHMYHOrO YCNOBUSA BEIOEpUTE
CkopocTb Ha Bxofe.

4 Haxmute CKOPOCTb NO HOPMasnv K NOBEPXHOCTHU V u
3ajaiiTe ee 3HaUCHUE PaBHBIM 1 m/s (BBEAUTE TOIBKO
SHAYCHUE, CAMHUIIA UBMEPCHUS ITOABUTCA
ABTOMATHYCCKN).

5 l3MeHeHns Ipyrux napamMeTpoB HE TpeOyeTcs.

Knnkaute OK o .

DTO0 03HAYAECT, YTO BOJIa OCTYIACT B KPaH CO CKOPOCTHIO 1.0
m/s.

FloEFD FEP12 OGyuatowime npumepbl

& [paHMuHOE YCNOBMe ﬂll

@ MosepsHocTe< 836> 405-39

kd

}l’.x IKoopnMHa’rHaq CHCTEMA, MPMEASAHH,
z

Bazoeaq ock: |>< Vl
[e 8~

Maccoesil packon Ha Bxoae
OffeerHEIR pacod Ha BXone

CKOPOCTE Ha BX04E
MaccoBsii packon Ha BeKOLE
OffeerHEIN packol Ha BEIXOLE
CropocTe Ha Belkone

v I‘Im.-"s ::II o

[ TeueHMe C pasEMTEIM NpOEHAE




CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

B1-8

1 BriOepuTe BHYTPEHHIOI NOBEPXHOCTh
KPBIIIKA Ha BeIXone (koMmoHeHT outlet lid).

2 Knukuute Flow Analysis > lo6aButb >
paHnyHoe ycnoswue. [losBuTcs ananorosoe
okHO I'panu4HoOe ycioBue. BoiieneHnas
TIOBEPXHOCTH Oy/IeT HAXOJUTHCS B TIOJIC
MoBepxHOCTY ANA 3aAaHWUA TPAHUYHOTO

ycnoBus @

Iepeo nauanom pacuema FIoOEFD nposepum,
KOPPEKMHO N 3a0aHbl 2PAHUUHBIE YCTIOBUA.
Jonoicen cobniodamvcst 6anianc Macco8o2o pacxood: NOAHbIIU MACCOB8bIU PACX00 HA
6x00€ 00JdHCceH OblMb PABEH NOIHOMY MACCOBOMY PACX00y Ha gbixode. Eciu smo
mpebosanue He BbINOTHAEMCSl, 3HAYUM SPAHUYHbIE YCI06USL 3A0AHbL HEGEPHO, U 8
maxom cayuae paciem ne Haunemes. Obpamume HUMAaHUe, YMO MACCOBbIU PACXO0
PACCUUMDBIBACINCSL 68 3ABUCUMOCHIU OM 3A0AHHBIX 3HAYEHUL CKOPOCTNU UIU 00BEMHO20
pacxooa. [lisi mozo, umobwvl owmubOK 6 3a0aHUU SPAHUYHBIX YCL0BULL HE 603HUKAILO,
pekomendyemcesi xomsi Obl Ha 00HOM omeepcmuu 3a0amb yciosue Jlasnenus. Tozoa
MAcco8blll pacxo0 HA IMOoM OMEEPCIuY ONPeOeIuncs asMOMAmMuU4ecKu max, 4moovl
BbINONHANCSA 3AKOH COXPAHEHUS MACCHL.

@) 20

3 Kiukaute JJ,aBneHue ! n B kauecTBe Tuna
rpaHuyHoro ycnoBus Beioepute CTaTtuyeckoe () [TopeprrmocrecB71> 405 33
AaBneHue.

4 3navyenuss CTaTUyeckoro gaBreHUs P (101325 Pa), w |

T }_".x IKoopnMHa’rHaq CHCTEMA, NPHEASEHH.
Temnepatypbl (293.2 K) n apyrux napameTpoB He ; E—
a30BaA OCb! i

TpeOyIOT N3MEHEHHH.

5 Kimkaure OK 4 . i“ﬁil

T 5B NEHME OKDYASIOWER CREnE!

[SENEHHE
MonHoe gaeneHUe

DTO O3HAYAET, YTO JABJIEHHE TIOTOKA BOJBI HA BBIXOJE U3
[IapOBOTO KpaHa COCTaBIseT | atm.

W TeproarHar

NEparETpEL

p [1013%Ps =5

=
T [ = p




I'mppasnnyeckne MoTepy ONPENEISIIOTCS CIEAYIOIM 00pa3oM:

- pV:/2

rae AP - pa3sHOCTb IOJHBIX AABICHUH MEX/y BXOAOM U BBIXOJOM, O - INIOTHOCTb CPEJB,
a V' - ckopocTh TedeHus. CKOpOCTh TeUEHUsI M3BECTHA (€€ 3Ha4eHHe ObIII0 3a1aHO PaBHBIM
1 m/s), TUIOTHOCTH BOIBI TIpH 3aaHHON TemmepaTtype 293.2 K cocraBmset 998.1934
kg/m®. Hen3BeCTHBIM 0CTAETCS TOIBKO 3HAYCHHE TIONHOTO JABICHHS HA BXOJIE H BBIXOJIE.

Camblii TpocTOi 1 OBICTPHIH CIIOCO0 ONPEAEINUTH ITH ITAPAMETPHI - 3a/1aTh
COOTBETCTBYIOIIYIO PACUCTHYIO IIETb.

3apaHue MNoBepXHOCTHLIX Leneun

epeBe aHanuza Flo MPaBOM KHOIIKOM MBIIIIH B Uemm
1 B nep FIoEFD mp &
KJIMKHUTE 110 3JIEMEHTHI Llenun 1 13 KOHTEKCTHOIO MEHIO BB VB AP W o
A0BAEMTE NOKANEHEIE LENH. ..
BbIOEpUTE [1J06aBUTH NOBEPXHOCTHbIE LIENN. A T e e Ui,
AoBaEMTE DB BEMHEIE LENH. ..
2 BriOepute BHYTPCHHUC TOBEPXHOCTH KPBIIICK HA EC— 7))
BXOJIe 1 BbIxoe (koMmoHeHTH inlet 1id u outlet 1id). w EBuisop
Jst atoro, ynepxuast kinasuiry CTRL, Beinenure Ny e B 0
OBEPRHOCTES > -
COOTBETCTBYIOIIME TPAaHUYHBIE YCIOBUSA B JIEPEBE
a"anusa FIoEFD. - |
3 I_IJ'[H TOro, 4TOOBI CO31aTh LICJIN Ha Ka)KIIOI\/’I [V Comnams Uenb 409 Kawaoi NOBEpEHOCTH
[OBEPXHOCTH B OTIEIbHOCTH, IOCTABBTE Faj0uKy
Co3aaThb uernb Ha KaXaou NOBEPXHOCTHU. MapanieTp Ign | Enl%axlénllzcrb
Cratuyeckoe gasneH
4 B tabmure MapameTp moctaBeTe ranodky Cp B moie EDHHDB AsBnEHAE g g g
HHAMHWYECKOE 036N 0d
MonHoe aaBrieHue. Temneparypa frexys: (1 [ [0 [
o Yucno Maxa oo o —
5 He canmaiite ranouxy Mcn. ansa cxopd., 9To0bI 3Ta Typfynermhaneaare (1 1 1 [
Typtynerred macw [ [ [0 [
LeJIb MCIIOJIb30BaJIach ISl KOHTPOJISI CXOAUMOCTH. Meserat rapbimorn T 17101 1
WrreHcweHocTe Typs [ ] O [
3 i \
6 Kmxinre OK ¥ B nepese anamnsa FIOEFD Moo ::Z;:E CEEE
nosBsitcst aa aneMenta I Cp Iosnoe Tennoeaiinoror [ ([ [
TEnnnEaA MOWHOCTE O
Hasaenue 1 u I Cp [osHoe JaBiienue 2. S O S
| ra

Teneps npoexr FIOEFD rotoB k pacuery. FIoOEFD
3aBEpIINT PacyeT, KOIjla CPeJHAE 3HAUCHHUsI TIOJTHOTO JaBJICHHS Ha BXOJ/IC M BBIXOZIC
LIAPOBOTO KPaHa CTAaHYT yCTAHOBHBUIMMHCS.

FloEFD FEP12 OGyuatowime npumepbl B1-9



CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

3anyck Ha Pacyet

HaGnoageHue 3a pacyeTom

1 Kunukuaute Flow Analysis > Pacuet> 3anyctutb. [losBUTCS 11anoroBoe OKHO

3anyctuthb.

2 ]lys Toro, 9ToOBI HAYaTh
pacuert, HKMHTE
KHOIIKY 3anycTuUTb.

FloEFD aBTOMaTHuecKu
CTCHEPUPYET PACUCTHYIO
ceTky. Bes pacuerHas
obmacth OyzeT pa3dura Ha
4acTH, KOTOPBIC B
JanbHeimeM OyyT
MOJPA3ICIATHCS Ha
stueiiku. Eciy BO3HUKHET
HEOOXOTUMOCTD, TYCHKH
OyayT IpOOUTHCS U Jajee
1utst 6os1ee TOAPOOHOTO
pa3pelICHUs TCOMETPUN
Mozenu. Bel Moxere
HAOJIIOIATh 3a 3TUM

[F: Mesh Generation: 40_DEGREES_SHORT_VALVE(VALVE.ASM)
Oain PacueT Bua  AofaBMTe  OkHo Chpaska

=lolx|

ru>cAE@m i 2]

i Tewywan undoptaLn
NapaneTp SHaueHie

=101x|

CobeThe

Mrepawin

=10ix|

Bpers

CTaTyc...

Saediin & Tery-ei (peas
HatTHYHEIE AYERKM
MpougccopHos spena
OCTaBWESCA BPeMA pacieTa

Saxeat ceThn
1822

2552
0:0:2

Ferepauna ceTi Hauanace

I

HeT npeaynpesaeii

L1

18:39:05,

Cofemus T eryw an HHpo)

roToso

IIpoOIECCOM B JUAaJIOTOBOM OKHE Fenepauml CETKH.

B1-10

Bes madopmarus o xome
pacuera goctynHa B OkHe
HabnoaeHus 3a
pacuyeToMm. Bel MmoxkeTe
OTCIIC)KMBATh N3MCHCHUS
LeJIeH, a TakKe
[IPOCMAaTPUBATh
[peiBapUTEIbHbIE
pe3yabTarhl.

Ha mmxHe#t nanenn okHa
Tekywasn nHdopmauuma
BBIBOSITCS COOOIIECHNUS?
MpeayIpexaatome 00
OIINOKAX, KOTOPBIE MOTYT
[IPUBECTU K HEBEPHBIM
pesyabraraM. B xone
pacuera JaHHOM 3a7a4u

mosiBIsieTcs coodmeHne “Bo3HnkHOBeHne 00paTHOrO TedeHHs: HAa rpaHune”’. OHO

[F: solver: 40 degrees - short valve(valve.prt)

dafin Pacyer Bna JofiaenTe ke Crpaska

=1oix]

G IR

i Texyman nndopmauss
MapaveTp SHaueHHe Cofibihe

=lox|

ViTepaura

=lalx|

Epenn

Cramye

it & Texyuel cpeas
UacTHueIE Aueficn
viTepaumn

Mpoayes

VITepauni Ha 1 npoayeky
MpoueccopHoE Epers
OCTABWERCA ERENA PACHETa

MInCne AHAR WTE AR Sanepubnace 17:41:31
Mpousccopros epena Ha nocnear. . 00:00:00

T EHepaLIA CETIM HaUaNATD

PacdeT Hauat

=

BosHkHOBEHHE DOPATHOrD Teue. . | [aHN-HOE YCNoBMe | CTaTHHEC. ..

T eHEpaLNR CETKN 33KOHUSHa HOP
MoAroTOBKS ASHHeT: A1 PacieTa

17:37:49,
17:41:05,
174114,
174n21,

Cotuma @ Teruwsn oo
||

FoToso

Pacust

repaum : 24

npeaynpexKaacT, 4YTo Ha TOM OTBEPCTHH, I1C OBLIO 3aaHO I'PAHUYHOC YCJIOBUC JaBJICHU,



IIOMHMMO BBITEKAIOIIETo [T0TOKa, 00pasyeTcs odpaTrHoe TeueHue. B nanHoii 3amaue
oOpaTHOE TeueHNEe IIPOHUKACT U BO BXOJIIHUH, M B BBIXOAAIINH moToku. Korma
oOpazyeTcs 0OpaTHOE TEUCHHE, TOYHOCTH MOTyYaeMbIX Pe3yJIbTaToB CHIDKaeTcs. bonee
TOTO, B HEKOTOPBIX CIIy4asX CXOAMMOCTb IeJield MOJKeT ObITh BOOOIIE HE JOCTUTHYTA (T.€.
3HAYCHHUE LEJIM HE CTAHET yCTAaHOBUBIIMMCS). B mro0om ciydae, Korna Ha rpaHuLe
BO3HMKAET 00paTHOE TEUCHNE, TOUHOCTH PE3yJIbTaTOB rapaHTUPOBATh Helb3s. Ecnn
MIPEYNIPEXICHUE HE UCUE3aCeT, CIIeyeT OCTAHOBHUTH pacueT. 3aTeM HeoOX0IUMO
YBEJIMYUTH JUIMHY TPYObI Ha BBIXOJIE MIAPOBOTO KpaHa TaK, YTOOBI HAa TPAHUIIE HE
BO3HMKAJIO 00paTHOTO TeueHus. Takxke 11e1ecoo0pa3Ho yBEINIHUTh [UIMHY TPyObl Ha
BXOJIC IIAPOBOTO KpaHa. T.K. 3TO MO3BOJIHUT U30ekKaTh PacpOCTPAHCHHUS BO3MYIIICHHS
MIOTOKA OT TPETSATCTBUS KO BXOJY.

T.k. mpexympexaaroiiee cCoOOIICHNE TPOAOIDKACT CYIIECTBOBATh, KIMKHUTE dann>
3aKpbITb I TOTO, YTOOBI OCTAHOBUTH pacyeT BeIANTe 13 OKHA HabnaeHus 3a
pacuyeTom.

BBl MOXKeTE TIPOCTO YBETUYUTH [UTHHY TPYO, MOIXOASNINX K KpaHy U OTXOMISIINX OT HETO,
M3MEHUB paccTosiHus cmelenus wiockocreir DTM3 u DTM4 Ha Bxone u BbIXOz€
COOTBETCTBCHHO. TaKke MOJKHO CKJIOHHPOBATH IIPOCKT B IPEABAPUTEIIEHO CO3IaHHBIH
sxzemusip 40_DEGREES _LONG_VALVE.

KnoHupoBaHue lNpoekTa

1 Kiuxnaure Flow Analysis > MpoekT > KnoHnpoBatb
npoexr.

2 B none Uma npoekTa BBeauTe Project 2. |Proiect 4

Ki )
B cniucke KoHdhurypaumsi, B KoTopyto Heo6xoammo

||=® IBblﬁpaTb j
A06aBuTb NpoekT [ BhIOEpHUTE BLIOpPaTH. @ [ bos
[ VALVE
4 B crniucke KoHdomrypauum E BEIOEpHTE E4D_DEGREES-SH0RT_VALVE
40_DEGREES_LONG_VALVE
40 DEGREES LONG_VALVE. [ 00_DEGREES_LONG. VALVE
Knukaure OK. =
6 IlosBaTCs OBa MpeAyNPEKIAIOIINX COOOIICHHS I~ KonvposaTs pesynTamsi
F1oEFD o ToM, uT0 MOJeiIb Oblia u3MeHeHa. B v | X |

KaXXJIO0M U3 HUX HaAXXMUTC .Ela.

Hossrit mpoekt FIoOEFD, cooTBeTcTBYOMIIIIA

OxzeMisipy40_ DEGREES_LONG_VALVE, numeer Takue ske HaCTpOHKHU, KaK U
npenpiaymmii 40_DEGREES_SHORT_VALVE, nostomy Brl cpasy ke moxeTte
MIPUCTYTUTH K PAcUETYy.

FloEFD FEP12 OGyuatowime npumepbl B1-11



CpenHun ypoBeHb: B1 - OnpegeneHne rugpaBnmyeckux notepb

B nepese anaimsa FIOEFD npaBoii KHONIKON MBIIIIH 25 project 2 |

KJIMKHHUTE TIO €r0 MMEHU E---QWl
v ABTOMaTHHECKOE NeflcTpoeHHe

40_DEGREES_LONG_VALVE u u3 KOHTEKCTHOTO e ——

MEHIO BEIOepHTE 3anyCcTUTb. 3aTeM, 9TOOBI HAYaTh CHPbITE FOBENEHYIO CHCTEMY KOOPAVHAT
KnoHWpoBaTE NPOeKT...

pacuer, HOKMHUTE KHOIIKY 3anyCcTUTb. :

CozpaTte wabnoH. ..
¥AanuTh NpoeKkT
[Tocne 3aBepienust pacuera 3akpoiite OKHO OTKPBITE AHPEKTOPMIO MPOEKTE
HabnogeHust 3a pac4yeToMm. T B BT

LigeT GazoB0il CETKM. ..
HacTpouTe Aepeso aHanusa. ..

Teneps ucciiemyem oOpaTHOE TeUCHHE, 0OHAPYKEHHOE
FIoEFD B nponiecce pacuera, a TakyKe pacCUMTaeM IOTEPH TIOJHOTO AABJICHHS B KpaHe.

NMpocmoTp KapTnH B ceyeHumn

B1-12

1 TlpaBoii KHONKOM MBIIIM KIMKHUTE 10 2€MEHTY KapTUHbI 5.8 pesynerare (2.fid)
B CEYEHWUU U U3 KOHTEKCTHOTO MEHIO BBIOEpUTE i Cemca
& KaDTHHbI B CEMEHMH
Do6aButb. [losButcs quamoroBoe okHo KaptuHa B

: {) KapT

ceYyeHunm. [

KapTuHa B ceueHUn nosgonsem omoopazums Ha RAOCKOCMU PACHPeOeleHue KaKo2o-
aubo napamempa. B kawecmee niockocmu omoopadcenusi MOJICHO UCNONb308ANb
NIOCKOCMU ULU NIOCKUE NOBEPXHOCIIU MOOENU (C OONOIHUMETLHBIM CMEWEHUEM, eCllU
Heobxooumo). Pacnpedenenue 3navenuil napamempos modicem Oblms NPeoCcmasieHo 8
BUOE 3ANUBKU, USONUHULL, GEKMOPOG WL UX COYemanuem (Hanpumep, 6eKmopos nogepx
3aUEKU,).



2 KUIMKHHUTE MO BKJIAJKE JIEPEBO MOJCITN
u Beibepure ASM_TOP. Ota
IUIOCKOCTB MOSIBUTCSI B IOJIE
BblaenuTte nNnockocTb UMK NIOCKYHO

Ha B CEYEHNH HE

ASM_RIGHT ¥ Kap

k TOP| w Brifop

£F A5M_FRONT

A ASM_DEF_C5'vS |® El El El
40LPRT ® IASM_TDF‘

Lo mp BCTAEMTE 3AECE

NoBepPXHOCTb G2 bi [ [im =

3 B nmanorosom oxHe KapTuHa B w7 Timems
CEeYeHUM B JIONOJTHEHNE K 3anuBke = Zawea
!,l ] ( A ] @) WsonuHim
L—- | BeIOCpHTE BekTopa L" |

77 Bexropa

4 B xauecTBe 0TOOpa’kacMoro napamerpa
B TpymIe 3anuBka BeIOepuTe

Cea
CkopocTb (X). = |
5 B rpynne Bektopa 3HaueHue T
= ICKopOCTb [v4] j i:]l
PaccTtosiHue \’% SaﬂaﬁTC PaBHBIM él'.x II'noﬁaanaq CHCTEMS KOOPAWHAT

0.012 m, a Paamep cTpenok il - 0.02
m.

w Bextopa

6 B nuanoroBom okHe KapTuHa B

A ICKopOCTb j i:]l
ceyeHum KMkHUTE OK 4 . B nepese %2 [MIITLICLL [Foizm =
aHaJIn3a FIOEFD IIOSIBUTCS HOBBIU TTH m]l TITIT] ||]] ID_U2 ™ ::II

aneMeHT KapTuHa B cevyeHun 1.

YTo0ObI paCCMOTPETH TOIYUUBIIYIOCS KAPTHHY, HEOOXOIUMO CIIEIaTh MOJICIIb
nonynpo3padnoil. s atoro knukuute Flow Analysis > PesynbraTtel > lNokasaTtb >
FeomeTtpusa.

1 B nepese anammza FIoEFD npaBoii KHOITKOW MBIIN KITHKHATE

1o 3nemMeHTy PacyeTHas obnacTb U U3 KOHTEKCTHOTO MEHIO P—'ﬁ ;Dﬁa”””' LEHECHT
i Cra
BbIOepUTEe CKPbITb.

Ffi Crathueckoe aacheHe

CTE

Bbl yBHAMTE KapTHHY pacnpeeseHNs: CKOPOCTH U BEKTOPa
CKOPOCTH.

I[J'ISI J'Iy‘l]l[eﬁ BHU3yaJin3alluu 06paTHOl"O TEUCHHUS MOKHO U3MEHUThL MaCIITa0:

FloEFD FEP12 OGyuatowime npumepbl B1-13



CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

1 B nepese ananmmuza FIoEFD mpaBoit KHOIKO MBITIIN B33 Kaprvme o covemmn

KJIMKHHTE 10 weMeHTy KapTuHa B cevyeHun 1 u 3
KOHTEKCTHOTO MEHIO BEIOepHUTE U3MEHUTB.

KapThHa B cedeHmk 1

Mokasats
FNOHHPOBATE
¥ aannTe. ..

MpOMrpBIBaTE
AHAMALHA, ..

COXPaHNTE Kak, ..

KOnMpoEaTE B NPOSKT. .,
CBOFCTES. ..

2 B rpynne Bektopa Haxxmure KoppektupoBatb 2 x|
MWHUMYM U MaKCMMyM@I u 1t MuHumyma E,
3aj7]aiiTe 3HAaYCHHE 2 m/S.

(b IASM_TDP
Ipu usmenenuu snavenus Munumyma mensemcs e

ouanason Onun 6ekmopos. Takum oopazom MoNCHO
omoobpazums 8eKmopa, OIUHA KOMOPLIX MeHblULe
NnepeoHayaIbHO 3a0anto2o 3navenus Munumyma. Imo
no3601um Gonee NOOPOOHO GU3YAIUSUPOEAMb OONACMU C 22 [Cropocre = E

HU3ZKOU CKOPOCMDBIO. o [eammEEns 2 %:l "‘Il
E, [Ams = ;:| ,o:|
*2 ML [0ozm

3 Kiuknaute OK 4 , 4TOOBI COXPaHUTh U3MECHEHHUS 1

=

v I
BBIMTH U3 THAJIIOTOBOTO OKHA KapTuHa B cevyeHum. -
Kapruna B ceueHnu cpasy xe 0OHOBUTCSL. =

Al [IIICTETTI [P0 m

T R R e e e
Ay AR e e

UroObl BU3yaIu3upoBaTh 00pAaTHOE TeUEHHE, X-KOMIIOHEHTY CKOPOCTH HEOOXOMMO
0TOOpa3uTh Ha JBYXIBETHOW nanutpe. JJis IBETOB cieyer 3a1aTh 3Ha4YCHHS,
CHMMETPHYHBIC OTHOCUTENIFHO HYJIS.

1 B reomerpudeckoil 00macTi JBaKAbI KIIMKHUTE 10 MAIUTpe. B Takxke MoxeTe
KJIMKHYTH 110 Helf TpaBoi KIIaBUIIEH MBI U U3 KOHTEKCTHOTO MEHIO BEIOpATh
N3meHunTsb.

B1-14



2 B rpynne HacTpo#kuy ¢ OMOIIEIO TTOJI3YHKa yCTAaHOBUTE 2|

KonunyecTtBo ypoBHe# E# paBHbIM 3.
L
3 B none Makcumym £ BBemmTe 1.

4 B none MuHnmym E< BBEIUTE - 1.

5 Kiukanre OK 4 .

W HacTpoiiku

; I CropocTe [#] j

é_".x II'noﬁaanaq CHOTEME KOOPAMHAT

S — )

2 | ER—-
[ - |

Teneps pacrpenenenue napamerpa Ckopoctb (X) Moka3aHo B KPACHO-CUHEH MaJIUTpE.
KpacHblil IBET 03HaYaeT MMOJIOKUTEIbHBIC 3HAUCHNSI CKOPOCTH, CHHUH- OTpHIaTEIIbHbIC.

Takum 06pa30M, 00J1aCTH CUHETO IIBE€TAa - 5TO 30HA O6paTHOl"O T

CUCHMUA.

Tenepsb 0TOOpa3UM pacrpeieieHNue MOITHOTO TaBICHHS B KPaHe.

FloEFD FEP12 OGyuatowime npumepbl
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CpenHun ypoBeHb: B1 - OnpegeneHune rugpaBnMyeckux notepb

HacTtpounka Cnucka napameTtpoB

[TonmHOE MaBIECHUE MO YMOTYAHHIO HE BKIIFOYCHO B CIFICOK ITAPaMETPOB, TOCTYITHBIX JIJIs
otoOpakeHus. UToOBI cienaTh KakoW-In00 mapaMeTp TOCTYITHBIM WIIA HEAO CTYITHBIM IS
0TOOpaKeHHS, CIIEIyET BOCIIOIB30BaThCs ommueii HacTpouTb cnucok napameTpos.

1 Ha manurpe KIMKHHUTE B [OJIE C UMEHEM OTOOpaKaeMOro
mapameTpa M U3 CIHcKa Beioepute [lo6aBUTL napameTp.

1.000

-1.000

CropocTe [#] = ”z Xl

N aeneHue

Terneparypa

MnoTHoCTE

Cropocte

CropocTe [#]

Cropocte [Y)

Cropocte [£]

Terneparypa [Tekyyan cpeaa)
JEEMHPEHHOCTE

JofaeuTe naparerp...

2 B OTKDHIBIIEMCS HATOTOBOM OKHE 20
Hacho“Tb CMnUCcoK napaMeTPOB Wra |Enunuua MaMepeHMﬂ”pynna |
e = I nasran
paCKpOI/ITe prl‘[l‘[y Harpy3K“ u NaeneHie Pa T nasHaA
MacTHocTE kgm™3 [nasHaA
IIOCTaBETE Taj0uKy MonHoe paBnexue. il o [onssien
Cropocts [¥) més [ nasHaA
3 Kiukuute OK, 4TOOBI COXpaHHUTh Crapacts V] ms Fnashan
Cropoct [£] m's [ nasHan
U3MCHCHMUS. Temnepatypa K [ nasHaa
TernepaTypa [Tekyyad cpeaal K [nasHaA
4 B TreOMCTPUICCKOU obJractu JABaXX bl EL] leomerpun

7 CropocTb W pacxon
KIIMKHUTEC IO NAJIUTPEC. B OTKPBIBHICMCHA =& Harpysku
[ Thermadynamic Pressure Pa Harpysiu

JANaJIOrOBOM OKHEC B Ka4YC€CTBC I[TapaMeTpa [] Ourareck.oe gasneHie Pz Harpyzu
BLI6€pI/ITe nonHoe AaBneHMe [[] ¥apakTepHoe aaeneH1e F' Harpysku

CeoACTBa Cpeabl
Tennora
TyplyneHTHOCTL
3apano noabsoBaTenem

] JMpyrue

(1] I OTrieHa Cnpaera

B1-16



5 B rpynne HacTpoWKu ¢ MOMOIIBIO ION3yHKa YCTAHOBHUTE 2] x|

3Hauenue Konnuectea ypoBHei E# pasHbM 30. LS
] II'IonHoenaBnEHMe j
! |11B?44.491 F = R W~
6 Kiuknute OK o , YTOOBI COXPAaHUTh U3MCHCHUS U E . Llél
BBINTH M3 IUAJ0roBOro okHa ManuTpa. N EEIETIT | %Cl sél
B [ =

Kapruna o6HOBHTCS, 11 BBI yBUANTE pacnpeiesieHie MOTHOTO JaBICHHS B 3aJaHHOM
IUTOCKOCTH KpaHa.

I/ITaK, KapTuHa TCUCHUA B KPAHC ObL1a HCCJICa0BaHa. Tenepb C IIOMOIIIBIO uenef/'l
HCO6XOI[I/IMO OIIPEACINTD 3HAUYCHMS TOJTHOT'O JaBJICHUA HA BXOAC U BbIXOAC, U
CJICAOBATCIIbHO, pACCUUTATh TUAPABINYCCKUC ITOTCPU.

MpocmoTp Llenen

THocmnpoyeccopnsiii anemenm Llenn nozgeonaem uzyuumso, Kax sHaveHue yeau
MeHsocs 6 npoyecce pacuema. FIOEFD evi6o0um oannvle o yenu 6 0okymenm Excel,
KOMOpblil cO30aemcsi agmomMamudecku. JJanuvle 0 Kajcoou yeiu Omoopaxicaiomest Ha
omaoenvHom aucme. Yemanosusuiuecs 3navenus yenu evlgooamcs na aucm CBOIHBII
oTYerT.

1 B nepese ananuza FIoEFD B rpynme Pe3ynbraThl npaBoit
KHOTIKOW MBIIIN KJIMKHUTE 110 eMeHTy Llenu u u3
KOHTEKCTHOTO MEHIO BhIOepuTe [lo6aBuTh. [losBuTcs
auanorosoe okHo Uensb.

2 Bribepure Bcee.

3 Kaukante OK o . byner coznan nokyment Excel

Meanl. N
¥ Cp NonHos nasneHus 2

FIoEFD FEP12 O6yuatowme npumepbl B1-17



CpenHun ypoBeHb: B1 - OnpegeneHne rugpaBnmyeckux notepb

C TOMOIIBIO 3TOI0 JOKYMEHTA MOXKHO UCCIICA0BATh, KaK 3HAYCHHNE LICJIN MCHSJIOCH B

mnmponecce pacyuera. Ha mucte CBOZleIi;I OTYEeT MPEACTABJICHBI 3HAYCHUSA ITOJTHOTO
JaBJICHUA.

VALVE.ASM[40 DEGREES LONG VALVE]

EavHuua CpepHee MwuHumanbHoe (MakcumanbHoe (Mp WU Tb B
Wms uenu 3HauyeHue

u3me peHus 3HavYeHue 3HaveHue 3HauYeHue W [%] n
ML Cp MonHoe AaBnenune | [Pa] 115177,1813 115186,177 115172,0662 115203,3627 100{fa
ML Cp MonHoe AaBnenue 3 [Pa] 101841,635 101842,1902 101841,635 101844,0757 100{fa

3HaueHHe TUAPABINYCCKUX TOTEPb MOXKHO ObLIIO OBI paccuuTaTrb C NOMOIIBIO ]_[eJ'II/I-
BbIpaKCHHA, 3a/1aB B KAYCCTBC BbIPAKCHUSA PAa3HOCTb MCKAY AABJICHUCM Ha BXOAC U

BbIXoze. Ho u1st Toro, 9T00BI MPOAeMOHCTPHUPOBATH MIHPOKKE BO3MOKHOCTH FIOEFD,

paccuuTacM ruApaBIndCCKUC NOTEPU APYTUM CII0CO0OOM - ¢ IIOMOIIBIO
ra30JMHaAMHUYCCKOIo KaanynﬂTopa.

KanbKynaTop codepoicum pasznuunsie 2uopoouHamuiecKkue (popmyisl, Komopule
Mo2ym 6blmb UCNONIB306AHbL 8 UHMCEHEePHBIX pacuemax. Kanvkynamop aensemcs

VOOOHBIM UHCIPYMEHMOM 0151 RPUOIUZUMETbHOU OYEHKU Pe3VIbImamos, a makaice O

pacuema pasiudHblx 6AHCHbIX XAPAKMEPUCMUK U XAPAKMEPHBbIX 6ETUUUH. Bce

pacuemol 6 Kanvkynamope no ymonuanuro npoeoosmcs 6 Mescoynapoonoi cucmeme

eounuy SI. Bce 86edenHble 3HaueHus npeoopasyomcs 8 COOmMEemcmeuu ¢ Smot
cucmemotl eOunuy. EOunuybl usmepenus, 3a0annble no1b306amenem 6 npoeKme
FIoEFD, ¢ Kanvkynsimope He 0eticmgyon.

Pa6ota ¢ KanbKkynsatopom

B1-18

1 Kunukuaute Flow Analysis > UHcTpymeHTbI > KanbkynaTop.

2 B tabnune Kanbkynsitopa npaBoil KHOIKOHN MBITIH | Pesymerar |

KJIUKHHUTE B stuciike A1 ¥ U3 KOHTEKCTHOTO MEHIO BBIOCPHUTE
HoBas copmyna. [losiBurcst nuanoroBoe okHo HoBasi

AoBAEHTE CTPOKY

cbopMyna . ¥ AANMTE CTROKY

3 B nepese Bbibepute nmsi HoBon hopmyrnbl pacKkpoiite
rpynny [laBneHue n Temneparypa 1 rocraBbTe rajiouky lMorepmu nonHoro

AaBneHus.

4 Knukaute OK. B Tabmnue Kanbkynsatopa nosisiarcs
3IEMEHTHI, HEOOXOMMBIE TSl PAcUeTa MOTEPH TIOIHOTO o
TaBJICHUS. Dl Feopasvepmr rapvr =

[ razoauHatueckan yHkuMA

B cron6ue Pesyabrar (cronber A) HaXOAUTCS Ha3BAHUE s o

dopmyisl, B cnenyromux cronbuax (B, C u T.1.) - 31€MeHTEI S "

Mlorep MonHoro aze e
DI Korcranrel

Maccasbii n ofben e packon,
Pacuer

[ Comasentoe Tesenme

(dbopmyiiel (IEpeMEHHBIC M KOHCTaHThI). Bel MOXXeTe BBECTU
3HAUEHMSI 3TUX AJIEMEHTOB B COOTBETCTBYIOIIME TUEHKH B

cucteme enuHuI] SI UM CKOMMpoBaTh WX U3 TaOIHIIBI i T Termmmuncnnauereue ponieren _;ﬁ'

-

Heuneii, moctpoennoii B Excel. Bussepins ece

" B
™ Noxasare sasucumocte

0K | Smeere | Copama |

1 3anaﬁTe 3HA4YCHHs, KaK IMTOKa3aHO HUXKC:




MnorHocTh = 998.1934 (mmotHOCTH BOAKI mpu Temrieparype 293.2 K),
Ckopocts = 1.

Untitled - Fa3oMHaMMUECKWH KANBKYNATOP

Dain  MzmeHkTe  Bra  OT4eT  EAMHMUE! M3MEpeHWA  Cnpaeka

DSH & BRBA SN § 5 7

Hma [ Pesynbrar [ [ [ [ |
A | B | [ | D | E |
Morepu noavoro n n n n

MnoTHocTe CropocTe

998.1934 ko/m™3 1 m/s

lcenulonopolicesenha AABAESHHA B Touke 1 B TOuKE 2

2 Orxkpoiite qokymeHt Excel Hemm1 u ckonupyiire 3HadeHue tenu I Cp IMoaHoe
Jasaenue 1 B 6ydep oOMeHa.

3 Ilepexmounrecs B Kanbkynsitop, KiMkHUTE B ssueliky B2 u Haxkmure Ctrl+V, utoOb
BCTAaBUTbH CKOIIMPOBAHHOE 3HAUECHUE.

4 Bepuuntech B Excel, ckormpyiite 3HaveHune uenu I Cp [Honnoe JaBaenne 2.
[epexntounteck B Kaabkyasitop, KiukHute B situeliky C2 u naxmute Ctrl+V.
Knukaute B mo0yro mycTyro stueiiky. B staeitke Pe3yabraT cpasy ke mosBUTCS
3naueHue [loreps MoJHOTO KaBJIEHHUS.

Morepu noavoro n n n n
AABAESHHA B Touke 1 B TOuKE 2
26,71936 115177,2 Pa 101841,6 Pa 9931934 ka/m™3 1 m/s

MNoTepu noAHoOro AaBAEHKA MaoTHOCTE Cropoctb

Knukuure ®ann > CoxpaHUTb.

B nuanoroBom okHe CoxpaHWUTb Kak repeiauTe B Nanky, B KOTOPO HaXOnUTCs
HCTIONB3yeMasi B 3TOM IpUMEpe MOJISITb IIApOBOT0O KpaHa, BBeaUTE UM (paiina
ball valve u KIukHUTEe COXpaHUTb.

7 Kuuknute ®ann > Bbixoa, uToObI BeINTH 13 KajabkyasTopa.

UYroObl paccuuTaTh BEIMUMHY MECTHBIX ITOTEPh, HEOOXOAMMO M3 MOIYYSHHOTO 3HAUCHHUS
ITOTEPb MOJTHOTO AABJICHUS BBIUECTH TOTEPU HA TPEHUE B MPSIMOM TpyOe TaKoH ke JIINHBI
u nuamerpa. [y 3Toro HeoO6X0MMO MPOBECTH TAKKE JK€ PacueThl B MOJCIIHU IIAPOBOTO
Kpana rpu yrie ero nosopora 0°. HyskHast KOHQUTYpalust yiKe CyLIECTBYET -

00 DEGREES LONG_VALVE.

VYenosus B ax3emmuipax 40 DEGREES LONG VALVE u

00 DEGREES_LONG_VALVE 10/KkHbI OBITh OWHAKOBBI, TIO3TOMY HEOOXOAMMO
MIPOCTO CKOMMPOBATh yke cymecTBytomuii mpoekt FIoOEFD B sx3eMruzsap
00_DEGREES_LONG_VALVE.

FloEFD FEP12 OGyuatowime npumepbl B1-19



CpenHun ypoBeHb: B1 - OnpegeneHne rugpaBnmyeckux notepb

CKJIOHUPYHTE TEKYLIHH IPOEKT B SIK3EMILISP

00 DEGREES_LONG_VALVE.

Korza yron moBopora KpaHa paBeH HYIIIO,
OCYIIECTBIIIETCSI MPOCTO uepe3 npsimyto TpyOy. [ToaTomy
HET HeoOXoMMMOCTH enarb MMHUManbHbIN 3a30p
MECHBIIIE 3HaYEHHsI, ONPE/ICIICHHOTO aBTOMAaTHYECKN
(Mcxomst U3 TEOMETPUYECKUX Pa3MEpOB ITOBEPXHOCTEH
MOJIEJIH, HA KOTOPBIX 3a/IaHbl TPAaHUYHBIC YCIIOBHS).
OOparure BHUMaHHUE, YTO 3a/JaHAE MCHBIIECTO 3HAUCHNUS

[E KnonupoBaTh npoekT

W ma npoexTta

IF'roiec:t 3
TCUYCHHUEC BOAbI

w  KoHdurypauma

o [ - |
@ Bce
[] VALVE

[[] 40_DEGREES_SHORT_VALVE
[] 40_DEGREES_LONG_VALVE
00_DEGREES_LONG_VALVE

3a30pa IIPUBEIET K HOCTPOEHHIO Golee IOAPOOHOM CeTKH,

H, CJICA0BATCIbHO, AJId pacucTa HOTp€6y€TCH OoJblie

[™ KonvposaTs pesynsTatsl

IIPOLIECCOPHOTO BPEMEHH U NMaMsATH. YTOOBI pemnTh

3amady Hanbosee 3P PEKTUBHBIM CIIOCOOOM,

]| x|

PEKOMCHAYETCA 3a4aThb OITUMAJIbHBIC HaCTpOﬁKH.

MU3meHeHMe HacTpoek Pa3pelleHns reomeTpumn

B1-20

VY6enurecs B ToM, uTo aktuBHa koH(purypanus 00 DEGREES LONG VALVE.

1 Knukuaute Flow Analysis>
HauvanbHas ceTka.

Z B Creo Parametric xnuknume Flow
Analysis > Cetka > HauanbHas
ceTKa.

2 C(CHumMmuTe rajgouky 3agaTtb
MWHUMarbHbIW 3a30p.

3 Kimknaure OK.

Knukuute Flow Analysis> Pacuet>

3anyctutb. /i Toro, 4ToObl HAUaTh
pacdert, HOKMHUTE KHOTIKY 3anyCcTUThb.

Hauansnan cerka

ABTOMATVMECKME HACTPOMKM |

2=

- Ypoers

Drveria
Crpasxa

™ 3anate Mmamancreit sazop

™ Cengars tHUMan5HEIN 58500 ¢ BEBRaHHEIM EaMERon MOZEM)

E|

MlibaanEHE Sa30p

Tona
™ 2anar MHHUMANGHYG TONWHY CTEHKH
T ComaTi AU T ETEHY C bI5R I FEMERoN Moneny

MUHUMAAEHAA TOMWMH CTEHEM

3

™ Yoysunire paspewerse ysius kananos ¥ DTUMUSHPOBATS PAGPEWEHHE TOHKUH CTEHDK

Copoe [V seromanieckie nactpolis | Mokasats Gasoeye cetky

[Tocse okonuanus pacuera co3naiire Lleasn. bynet co3nan HoBbII JokymeHT Excel
Henn2. Iepeiinure B Excel, 3atem BbiOepuTe 00¢ stuciiku B cT0s101Ic 3HAYEHUe U

ckomupyiire ux B Oydep oOMeHa.

EovHuua
M3MepeHus

WUmsa yenu

CpepHee MuHumanbHoe
3HauYeHue 3HauyeHue

3HauyeHue

ML Cp MonHoe [asnexue 1| [Pa]

102028,2609| 102039,6075 102024,2042

ML Cp MonHoe [aenexue 2 | [Pa]

10182

Cut

[328,9696 101827,9773

Paste ! ‘

Tenepb MOXHO pacCYUTATh MOTEPU MOITHOTO AABICHUS B IPAMOHN TpyOe.

1 Kiukaure Flow Analysis > UHcTpymeHTbI > KanbkynaTop.




2 B menio KanbkynaTtopa kiukaute ®ann > OTkpbITh. [lepelinute B nanky, kyaa Bel
paHee yxe coxpaHsum (aiisn KanbKyIaTopa Uisl TOTO IpUMepa, U BEIOepHTe 3TOT (aii
ball valve.fwe. Kinukaute OTKpbITb.

3 KumkHuTe B siueiiky B4 1 Ha maHenn HHCTPYMEHTOB KaJIbKYJIATOpa HAKMUTE KHOIIKY
@, 9TOOBI BCTaBHUTH JaHHBIC U3 Oydepa.
4 CoxpaHHTe CYIIECTBYOIEE 3HAYCHHE TIOTEPh ITOJHOTO JaBICHHS: KIMKHUTE B SIUCIKY

A2, Ha)xMHUTE KHONIKY B3|, 3aTeM KIIMKHUTE B SiUeiKy A7 U HAKMUTE KHONKY [ .

5 I_IBa)K)II)I KIIMKHHUTC B e T (T MoTepu noaHoro MNonxoe paeneHue
o AABAESHHA B Touke 1
sueiiky Uma7 u BBeauTe 26,71936 15177.2 Pa
40 T B.
0 panyco 102028,3
101829,4
40 rpagycoe 26,71936
6 IlpaBoii KHOMKOW MBIILIN KIUKHUTE B AYEHKE  ffi P n a S
B Tnuke 1 iR TRUKR 2
Ioanoe naBaenue B Touke 1 u us T — 1934 kg/m™3
KOHTEKCTHOTO MEHIO BbiOepuTe [lo6aBuThL Sl Gy
] AoBAEHTE CTPOKY
cBAa3sb. [losBuTcs yKa3areib @ . ¥ AGMHTb CTPOKY

MAORT M3 MH¥EHERHON Ba3k] AaHHEN, ..
FacHeT

0HOE AABAEHH
Touke 1

7 Kiwmkaute B stuciike B4. Teneps 3HaYCHUE MTOTHOTO JABJICHUS OyIeT
HM3BJICKAThCS U3 suciiku B4.

8 IIpaBoii KHONKOM MbIIIM KIUKHUTE B Aueiike IloHoe naBiaeHue B
TOYKe 2 U U3 KOHTEKCTHOTO MEHIO BhIOepuTe [l06aBUTL CBA3b.

102028,3

@ 101829,4

9 KimkHute B stuciike B5. Teneps 3HaYCHUE ITOTHOTO JABJICHUS OyIeT
M3BICKaThCs U3 ssueiiku BS. Cpasy ke OyayT paccuuTaHbl IOTCPU
TIOJTHOTO JIaBJICHUSI.

MNMonHoe nasneHue
B Touke 1=B4
102028,3 pa

102028,3
101829,4

Terneps MOXKHO ONPENENUTH MECTHBIE TIOTEPH B IIIAPOBOM KpaHe IpH yrie moBopora 40°.

MNoTtepu nonHoro paenenuss | MoTepu nonHoro gaBneHus MecTHble noTepu
(40 rpapycoB) (0 rpapycoB) haBneHus

26,72 0,40 26,32
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B2

KoadhdmumeHT conpotmBneHns umnmHapa

NMocTaHoBKa 3agaumn

FIoEFD mno3BonsieT rccinenoBaTh Nponecchl 00TEKaHMsI PA3IHYHbIX TEJ M ONPEACIATh
CHJIBI, BO3HHUKAIOIIME BCJICIICTBHAE B3aNMOICHCTBHS TEIl C IOTOKOM (TIOABEMHYIO CHILY H
CHITy CONPOTHBIICHUS). B KauecTBe npumepa paccMOTpUM 00TEKaHHUE IMIIMHIPA
PaBHOMEPHBIM ITOTOKOM U OTIPEJEIIMM €T0 THIPABINYECKUI KOIPPUITHEHT
comnporusneHus. OCh BpallleHHs HUJIMHAPA HallpaBiieHa MepIeHANKYISIPHO MOTOKY.

Pacuersl npoBoasTCs npu pa3nuyHbx ynciax PeitnHonbaca: 1, 1000 u 105). Jnst uncna

pUD
U

PeiiHomb Ica CripaBeBa cieayronas popmyna: Re= , e D - nmametp

nuiuHapa, U - CKOpoCTh IIOTOKA, P - INIOTHOCTD, £ - JUHAMUUYECKAs] BA3KOCTD.

KoadduipieHT cormpoTuBIeH s HUIMHIPA ONPEIEIISETCs CIeYIONM 00pa3oM:

Fp
CD: —
L
-pU DL
2
rae Fp - cuna conporusinenys, D nuamerp nunusapa, L - anmuna nununapa. Lens

JTAHHOTO MOZICIIMPOBAHUS - ONPENIENUTh KOA()(OUIIMEHT CONPOTHBICHUS IMIHH/PA C
nomornbio FIOEFD u cpaBHHTSH IOTydeHHOE 3HaYCHUE C SKCTIEPUMEHTAIBHBIM [1].

FIoEFD FEP12 OGyuatowme npumepbl B2-1



CpenHun ypoBeHb: B2 - KoadhdpmumeHT conpoTtuBnenus uunmigpa

OTKp biTue Moaenu

Crommupyiite nanky B2 - Drag Coefficient B cBoro pabouyio aupekTopuio u yoeanuTecs,
410 ¢ (paiyioB cHAT aTtpulyT "ToNbKo s ureHus", T.K. FIOEFD OyneT coxpaHsaTh B HUX
Bxonuble naHHbie. 3anyctute FIoOEFD. Kimkante ®ann > OTKpbITb. B quamoroBoM okHe
OTKkpbITL nepeiianre k coopke cylinder_001m.asm, pacronoxxenHoi B nanke B2 - Drag
Coefficient\cylinder 0.01m, u x1ukHUTE OTKPbLITH.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeemcemeuu ¢ smum npumepom. s smoeo Bam
Heobxooumo omkpuims coopky cylinder 001m.asm, pacnonodicennyio 6 nanke B2 -
Drag Coefficient\cylinder 0.01m\Ready To Run, unu coopky cylinder Im.asm,
pacnonodcennyio ¢ nanke B2 - Drag Coefficient\cylinder 1m\Ready To Run, u
3anycmumo Ha pacyem HyJ*CHble NPOeKmbi.

PaccmarpuBaemasi B JaHHOM ITpUMepe 3ajada sBisieTcst BHelHeit 3anadeii FIoEFD.

Buewmnssn 3a0aua - smo 3a0aua obmexanus Kakux-iubo mesn (Camonemos,
asmomobuet, 30anutl u m.0). B maxux 3a0auax epanuyamu pacuemmoil oonacmu
ABNAIOMCA BHEWHUE SPAHUYbL - NIOCKOCMU PACYEMHOU CeMKU, NAPAleNbHble
KOOPOUHAMHBIM NIOCKOCIAM U NOAHOCMbIO Jledcaujue 6 001acmu mekyyell cpeoul.
Buewnue epanuyst mozym nepecexamo cmenku mooenu. FIoOEFD noszsonsiem makaice
pewams 3a0aqi, 8 KOMOPLIX OOHOBPEMEHHO NPUCYMCMBYem KaK Heullee, Max u
sHympennee meuenue (Hanpumep, oomexanue 30aHus. NOMOKOM 6030VXd U
6030yX000MeH 6HYmMpu He2o). B smom ciyuae ciedyem 3adasame Brewnuii mun
meyenus.

Cravana HeoOxoanmo co3zars npoekT FIoEFD.
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Co3spaHune npoekta FIOEFD

1 Kuuknaure Flow Analysis > lMpoekTt > MacTtep npoekra. MacTtep npoekra moMOXeT
Bawm nomraroBo co3nars HoBEI poekT FIOEFD. B mepBoM cirydae npumeM 4uciio
Pelinonpaca paBHbIMI.

2 B auanorosoM okHe Mms npoekTa acrep e ocrra
BBEJUTE UMsI HOBOTO MpoekTa: Re 1.

Mpoekt

Wiia npoexa: e 1]

%

-8
) Computational Domain
B Component Cortral
Fhid Subdomains

Kimukuaure Oanee.

Kowourspausn | cnonssosams Teryugo -

IR Boundsry Condtions
1% Fans
E/ Hestsoarces Wrs orsavrspaue [EYLINDER_001M

G Porous Media
@ Initial Conditions
Goak
@ Local Initial Meshes
=08 Resuks

s

Q it

{» surface Ploks.
& tsosurfaces
B Fow Trajectories

T ||| [ | |

3 B nmanorosom okHe Cuctema eavHuL 2
M3MepeHUs1 HeoOXOIUMO BBIOPATh
CHUCTEMY CAMHUII, KOTOpast Oyaer
HCIIOJIb30BaThCS KaK ISl BXOIHBIX, TaK U
JUTSL BEIXOIHBIX JTAHHBIX (PE3yJIETaToB).

CUcTeNMS SaHHHL HaMEpSHIS: o)

Cucrena [ Envane [ Kovermapmn |
68 emgs] Mpeacrpeaenenree S [cang-)
FPS (ftlb-s) Mpeaonpeaenersie FPS [ftb-s)
IPS fin-lb-s) Mpeaonpeaenersie IPS (inlb-s)
MMM (m-g-5) NKM (mm-g-s)
S| mkg Sl (m kg

B nanHOM npoekTe yAo6HO HCIONb30BaTh % o T el e

3a/IaHHYIO M0 YMOJYaHHIO 1 & ga
Dawwa

MesxnyHapoaHyto cucteMy enuHun Sl. Toneperss

Puieckoe spetn

Knuknaure Oanee. | e 2 o
<toom | [doree> | omvens | copoera |
4 B nuanoroBoM okee Tun 3agaduu 1
[ b )
BbIOeprTe BHewHsAA. Takke 371eCh MOKHO B || Wi
& Brewnaa T~ Mekmoume sHyrperHes npocTpaHCTes:
yKasarh GU3MYECKHE MOJENHU, KOTOPhIE =

S Exm

Tennonposoanocrs & fa]
Toepas Tenat
Paauaumormsih Tennoatmen

Oy/lyT BKJIIOUEHBI B ITPOEKT. B 1anHOM
cityyae (hPU3MUECKHE MOJICITH 33/1aBaTh He
oymeM.

HecrauuonapHocrs
Tpasurauus
Bpauenue

O
(m}
(m}
1

Ymoobwl npenebpeus omoenbHbIMU P— o
3AMKHYMbIMU 00IACMAMU 6HYMPU Mend, s || [ m| Ces ) [Ea]
cnedyem exaouums onyuio Uckuouumeo
enympennee npocmpancmeo. OOHAKO 8 paccMampusaeMom Yuiunope maxue
obnacmu omcymcmsyrom. Bazosas oce 2nodansnoii cucmemot koopounam (X, Y uiu
Z) ucnonv3yemcsi 0isi mo2o, 4moodwvl OAHHbIE MONCHO DBLIO 3a0ambs 6 ude maodauy uiu
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CpenHun ypoBeHb: B2 - KoadhdpmumeHT conpoTtuBnenus uunmigpa

B2-4

@opmyn 8 yunuHOpu1ecKoll cucmeme KOOPOUHAM C YKA3AHHOU OCbIO 8PAUY EHUSL.

Ipu uucne Petinonvoca Re < 40 obmexanue yunuHopa A671s1emcs CmayuoHApHbIM, Npu

Re > 40 - necmayuonaprvim. B paccmampusaemom ciyyae npu Re=1 3adaua
cuumaemcs cmayuoOHapHoll.

Kimknaure Oanee.

B maHHOM 3a1aue UCCIIENYETCS TEICHHE 2%
o e (TR T | toson | @
BOJIbI, TO3TOMY B Ka4e€CTBE TEKy4el Emu [
cpenbl U3 criucka XXnakocTu BeIOepUTe . E‘Zf:‘?;‘ EEEEZEZZZ:::Z
Water. o e
R123 MNpeaonpeaeeHbe.
- R134a TN peaonpeneenele
Toemoposereise o) fogmm

Knukuure Janee. \ I [

“ater Kumkocr )

TESEHUA | SHavenke
Tun Touerus Nanwapsioe U THpOYEATHOE
Kaourauns

<Hooen | [ Mlanee> Omens | Crpeexa |

TCH JIOBOE yc J'IOBI/IC, 3a7aBaEMo€E B [Macrep npoexra - Vcnosva wa crenias no ymonuanyo 20|

[ 5

[ 3raverme

JIMAJIOTOBOM OKHE YCNOBMWSA Ha CTeHKaxX T —
Mo yMOMuaHMIo, Oy/leT OTHOCUTBCS KO — —
BCEM CTEHKAM MOJIE/IH, KOHTAKTUPYIOLIUM

¢ TeKyuel cpeaou.

B manHOM mIpOoekTe OyeM HUCTIONB30BaTh
3aJIlaHHOE 110 YMOJTYaHHIO YCIIOBHE
Apnunabatnyeckas cteHka. OHO O3HAYaCT,
YTO BCE CTCHKH MOJCIIH SIBIISIOTCS —
TEIJIOU30JIMPOBAHHBIMU. 3HAUCHUE e | o | e
LLlepoxoBaTOCTW CTCHOK 110 YMOTYaHHIO

paBHoO 0, T.e. CTEHKA CYMTACTCS IIAJKOW. DTO 3HAYCHUE MCHSATH HE TpeOyeTcs.

Kimukaure Oanee.

B necmayuonapnvix Brnewnux 3adauax (6 paccmampugaemom npumepe npu Re= 1000

u Re=10° ') 6 duanoeosom oxne Hauanvnole u enewtnue yciosus Heobxooumo 3a0amao
napamempbol HeO3MYWeHH020 nomoxa. Taxum obpazom 6yoym onpedeneHvl
HayanbHwle yeaosusi 6nympu Pacuemnotl obracmu u yciosus na epanuyax Pacuemmnoii
obracmu. Buewnumu ycrosusimu si8is10mcest mepmoOuHAMudecKkie napamempol
(cmamuueckoe 0agieHue u memMnepamypa), CKOpoCmy U RApAMenpbl
mypoyIeHmHoCmu.

B oannom npoexme ucnonv3zyem mepmoounamuiecKue napamempyl, 3a0anHbie no
ymonuanuio (Oasnenue 101325 Pa u memnepamypa 293,2 K). Heobxooumo moabko
3a0amo CKOPOCHb 6X0051Uje20 NOMOKA (6 OaHHOM cyyuae X-KOMNOHEeHmY)
coomeemcmeuu ¢ uuciom Peiinonvoca:




Y106bI 3a1aTh CKOPOCTh MOTOKA B 3TOM 213

ciIy4ae, HCOOXOMMMO OTKPBITh JHAIOTOBOC
OKHO 3aBUCUMOCTb.

7 Kimkuwure B mmose CKopocTb B
HanpaBneHun X. Knonka 3aBUCMMOCTb
CTaHEeT aKTHBHOM.

8 Haxmure kKHONIKYy 3aBUCUMOCTb.
IlosiBUTCST TUAIOrOBOE OKHO
3aBUCUMOCTD.

Mapaviers

Taraenie ] @

3ananue napametpos
= Tepmoaunammeckue
napamerp
Dsererve
Temneparupa
Napamerpyi cropocT

CropocTs B Hanpasner
Cropocts & HanpaBseHi Z
Mapamerput TypBynermaocTi

<toom | [doree> | omvens | copoera |

‘3anae: nosk sosaTenem

101325 Pa
232K

F /s Po——————
Omis
Omis

Sasmcimocts.. | ()

B ouanozoeom okne 3aBUCUMOCTb OaHHbIe MONCHO 3a0A8AMb PATUYHBIMU
cnocobamu: 6 guoe KOHCManm, Gopmyn uiu QyHKyuii om X, ¥, z, 6, @, paouyca r u
epemeH t (MobKo 0/ HeCMAYUOHAPHBIX 3a0ay). Paduycom v saersemces paccmosinue
om kaxoti-mubo mouxu 0o bazoeoit ocu, evidOpantoll 6 coomeemcmsuu ¢ cucmemou
xoopouram (6 MacTepe npoekTa u 6 duanoeoeom oxHe OBLME HACTPOWKU 5710
Inobansnas cucmema Kkoopounam). 0 u ¢ —noIAPHLIL U AZUMYMATLHBII Vbl
cpepuueckotl cucmemul koopouram. Takum obpazom, ¢ nomowpro Koopounamr, 6, u @
O0aHHbBIe MOJICHO 3A0aBaMb KAK 8 YUTUHOPUUECKOU, MAK U 8 CheputecKkoll CUCmemax.

9 U3 cniucka Tun 3aBucuMocTH BeiOepuTe 3agaHue hopmMyron.

10 B nosie ®opmyna BBeAUTE BBIPAKEHUE 1JIS1 CKOPOCTH MMOTOKA 21X

IIPU OTIpeJEeNIeHHOM uncie PeliHonbaca:
1*(0.0010115/0.01/998.19). 31€ecCh:

1 — aucno Peitnonpaca (Re)

0.0010115 (Pa*s) - nTuHaMu4ecKas BA3KOCTD (L) IpH
3a/1aHHo# Temrieparype 293.2 K

0.01 (m) - nnametp unmuapa (D)

998.19 (kg/m®)- I0THOCTB BOMBI (0) PH 3a1aHHOI
Temneparype 293.2 K

11 Kmuxuaure OK. Bel BepHeTeCh B THATIOTOBOE OKHO
HavanbHble 1 BHelLHMe ycrnoBus.

B GonpmImHCTBE CIIy4aeB CI0KHO racrep moscra—raiamwie yeroms S 21

Tun sasvcuMooTH

[3anarwe woprgncii |

Bopryra

IW"[D 0010115/0.01/338.13)

Backspace DQuactrs

P T ] D

) |ess|  w | phi

tan z | theta

/| exwp| log

TUTER | Orena Cnpaexa

3apaHee OLCHUTh MHTCHCHBHOCTh
TypOylIeHTHOCTH TedeHus. [ToaTomy
PEKOMEHIYETCSI HCIIOT30BaTh
mapaMeTphl TypOyJICHTHOCTH, 3aaHHBIC
10 YMOJTYaHUIO. /1)1 BHEITHUX 33139
WHTCHCUBHOCTB TYPOYJICHTHOCTH TIO
yMoJyaHuio 3a1ana pasHoi 0.1%, nis
BHYTpeHHUX - 2%. Kak npasuio, 3tu
3HAYCHHS SIBIIIOTCS MOIXOIAIIMMH. B
JTAHHOM IIPOCKTE MMPUMEM 3HAYCHUC

Mapavern

[Emave e

3ananue napamerpon
Tepronunaruecr e

7 napawerpu
Desnerve
Temnepatupa

Napamerpui ckopoeTu
Cropocrs & HanpaoneriaX.
Cropocrs & Hanpaoneria Y
Cropocrs & HanpaoneriiZ

) Napamerput TypGynenTHoCTH

Napaverpes

v MHTEHCUBHOCTS TUPOUnEHTHOCTU
- MacuraSTypbunermiocty

<tssm | [ Maree> | omews | oo |

e —"

101325 Pa
232K

< BasucimaacTe >
0mis
0mis

VrrencuerocTs W acura
TUpOWEHTHOGTH

0%

00001 m

Fasuonvocte... | ()

0.1%.

FloEFD FEP12 OGyuatowime npumepbl
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CpenHun ypoBeHb: B2 - KoachduumeHT conpotuBnennsa umnuHgpa

12 B nuanoroBoM okHe YpoBeHb

Kimknaure Oanee.

pa3spelueHuns 3a1aiTe ypoBEHb 7.
MUHUMaTBHBIN 3230p U MUHAMAaJIbHAS

™ 3anate MaHAManLHLIA 33308

TOJIIIUHA CTEHKH, OIIPEAEIICHHbIE e i
MurraneHeit 3as0p:

aBTOMATUYECKU, U3MEHSATD He TpedyeTcs. | g
Knukante 3aBepwmnTh. Tenepb NpoekT Pty —

™| Cesisario MUHMMEEHUFS ORI (CTEHKH © BilBRaH oM PasMEpoy Mages
CO3/1aH ¥ CTCHEPUPOBaHA TPEXMEpHas o oo
PacuerHas 06nacTb. | | E

<Hooen | [Booepurs | Ovens | Cnposxa

3apaHue 2D moaenupoBaHus

YT0ObI yMEHBIIUTH MPOLIECCOPHOE BPEMS i HCOOXOMUMYIO ISl pacyeTa MaMsITh, PEIIUM
JIBYXMEpHYIO 3a1a4y (0e3 yuera TpexMepHbIX 3(h(HeKToB).

B2-6

B nepese ananmsa FIoOEFD packpoiite rpymnmy BxoaHble gaHHble.

IIpaBoii KHONKOM MBIIIN KIIMKHUATE I10 JIEMEHTY
PacyeTHasn obnacTb 1 U3 KOHTEKCTHOTO MEHIO
BbIOepuTe U3MEHUTB.

B rpynne Tun Haxxmute kHonky 2D | ﬁ | U BbIOEpHUTE
m10ckocTh XY NNOCKOCTb (T.K. OCh IIIHHIPA - Z).
B rpynne Pasmepbi n ycnosus i rpanui PacuetHoit

obnactu Z min @2 u Z max @2 ABTOMAaTHUYCCKH OyIIeT
3aj1aHo ycioBre CummeTpus.

I'panuust Z min ﬂz u Z max ﬁz YCTaHABIIMBAKOTCS
ABTOMATHYECKU B 3aBUCUMOCTH OT Pa3MepPOB MOJIEIH.

Taknm oOpazoM, [umHa UIMHAPa L, Heobxoanmast st
pacdera koadduirenta conporusienus (Cp), paBHa L =
Z max-Z min = 0.002 m.

B 6onvwuncmee ciyuaes, 015 mozo, umobwl ucciedo8ams

obmekanue meia u onpeodenumy, Kak Ha SMom npoyecc
BIUSIOM KOHCTNPYKIMUBHBLE USMEHEHUSL, DEKOMEHOYEmcsl
ucnonvzosams Pacuemuyto oonacms, ceenepupogannyo
FIoEFD asmomamuuecku. OOHAKO 6 OAHHOM Cydae

303 Broavsie AsHHbIE

Eﬁ IpaHHqHEl  MEMEHHTE...
? Lienm

@lao

Iﬁ 20

3 nnockocTe

7 ¥Z nnockocTe

7 WZ nnockocTe

&, [T0sEm

&, [00%n == =
@, [0.0355m == =
&, [00%m == =
@, [pooTm = |a =
&, [000Tm = |a =

Chpoc |

pesyibmamot, hoaydennvle ¢ nowowwio FIOEFD, 6yoym cpasHueamocst ¢ mounvblmu
9KcnepumenmanbHulMu Oannvimu. I panuyst Pacuemmnoit odnacmu pacnonoxiceHul
OIUZKO K YUTUHOPY, U3-30 Ye20 MO2YN BOZHUKAMb 603MYUJEHUSl 6X00Ue20 NOMOKA.
Omo moacem nosuuams Ha nonyuaemvie pezyivmamaol. [losmomy epanuyvl paciemnou



obnacmu HeoOX00UMO YCMAHOB8UMb HA DONlee OMOAIEHHOM PACCMOSHUU OM YUTUHOPA.
Veenuuenue pazmepos Pacuemnoii oonacmu nosgoium cHu3ums mpebyemvie 0is
pacuema pecypcyl Komnvionepa.

Y rpanun PacueTHO# 001aCTH TaK, Kak IIOKa3aHO Ha

PUCYHKE CIIpaBa. ; Dbl W YCAOEKA
2 &, [ 7 HE ]
6 Kaukaure OK . &, [015m HdE =]
T.K. BXOAAIIMI IOTOK HaIpapjeH BIoab ocu X, kodpduiuent &, [015m = =N
CONPOTUBJICHUS LIWINHAPA PACCUUTHIBACTCS, UCXOS U3 X- &, [015m = =0
KOMITOHCHTBI CHJIBI COIIPOTHUBIICHUSI. =l
p (@, [000 m =@ =]
X-KOMIIOHEHTA CHJIBI COITPOTHUBIICHHS MOKET OBITh &, [000Tm ==
paccyrTaHa ¢ MoMOIIbI0 cooTBeTCcTRYOMICH 1enu FIoOEFD. B Copos |

JTaHHOM TIpuMepe B kadyecTse [V100a1bHO 1eJIu HeoOX0 MO

3anath mapameTp Cuia (X). DTo rapaHTUPYET, UTO pacueT He 3aBEPUIUTCS 10 TEX Mop,
oKa He OyJeT JOCTUTHYTA MOJIHAs CXOAUMOCTS 11eiiH 1o napametpy Cuira (X) Bo Beei
pacdeTHOM 00macTH.

3aagaHue MobanbHOM Uenu

1 Kuiuknaute Flow Analysis > lo6aBuTb > MobanbHble Lienn.

2 B Creo Parametric kauxnume Flow Analysis > Jo6aeumse > Ljenu > Nmo6anbHble

uenu.
2 B rabnuie MapameTp nocTaBbTe TajJ04YKy HAIIPOTHUB 2]
napamerpa Cuna (X).
e MaparteTp |Min |ED|MaH|EDEﬂ.Ht|HC|:|
3 He cammaiite ramouky Mcn. gns cxopd., 9To0kI ATa [eNb e R EI R
HCTIOJTB30BAIACH ISl KOHTPOJIS CXOAUMOCTH. Typbyrerm 1 O O O
Macwrasm (1 [ 1 [
Mrrercwen (1 O O [
Ipu svibope x, y, z-komnonenm cunvl (unu momeHma) Bol  |avepriary 0 0 0 O
~ Auecwnawe (1 O O O
Mmoxceme svlopams Koopounammuyro cucmemy,v 6 KOMOpotl | heews - - =
6y0ym paccuumeisamucsi smu yenu. B dannoii 3adaue Tennosas r O
VOOOHO UCNONB306AMb 3A0AHHYIO NO YMOTUAHUIO ES;:" o g
Tobanvuyio cucmemy KOOpOUHam. Cuna [x)
Cuna 1] O
Cuna [Z] O
MareHT [+] O
MareHt [1] O
MareHt [Z] ] -

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

4 KuxunreOK ¥ B nepese ananusa FIOEFD nosisutcs E;ﬁ E:”We v
anement 'L Cuna (X) 1. LR T Cana () 1

FloEFD FEP12 OGyuatowime npumepbl B2-7



CpenHun ypoBeHb: B2 - KoachduumeHT conpotuBnennsa umnuHgpa

3apaHue Llenun-BbipaxeHus

Korma pacuer 3aBepmutcs, Ber cMokeTe BpyUHYIO pacCuuTaTh KOAQPHUIUEHT
COTIPOTHUBIICHUSI ITWHAPA UCXOSI U3 TTOTYICHHOTO 3HAYCHUS CIUIBL. Ecim xke Ber
3amaaute Llens-Bhipakenne, 5To 3Ha4YcHUE OyaeT aBToMaTHuecku paccautano FIOEFD.

1 Kiuxkaure Flow Analysis > [lo6aButhb > 2l
uen b-B bl pa)KeH “ e B{FE?::;] THI0.002(1*0.0070115)°2)(2"998.19°0.01] ;I Backspace
Duvierims,
2 B Creo Parametric kauxnume Flow o
Analysis > Jo6aeums > Yenu > Lenb- 7| o| 5| | (]| w
SblpaxeHue. I e O =5
1 2 3 - sin
2 B nepese ananusa FIOEFD BeiGepure j j j j —DI ‘_|

mens 'l Cua (X) 1. OHa MosgBUTCS B
nosie BoipaxeHue.

[V HonoeaosaTs Uesis 005 KOHTRONS GROAUMOCTI

3 BseanTe ocTanbHbIC WICHBI BRIPAKEHHUS, K] _omes |t
WCTIOJNB3YS KHOTIKH KaJIbKYJISITOpa WIIN
KJIaBHATYpY:

{r Cmma (X) 1}/(0.002*%(1*0.0010115)"2)*(2%¥998.19*0.01).
4 3 criucka Pa3amepHocTb BriOepuTe BespasmepHbin u kinkHuTe OK. B nepese
ananusa FIoEFD nosiButcs aiemenT Llenb-BblpaxeHue 1.

5 Ilepeumenyiite Llenb-BbipaxeHue 1 B KosdduumMeHT CONPOTUBIIEHNA.

UT0OBI CPaBHUTH PE3YNBTATHL, TOTydeHHbIe ¢ Tomonibio FIOEFD, ¢ skciepuMeHTanbpHOM
KpuBo# [1], Takke mpoBeAeM pacueTsl pu yuciax PeitHonbaca 10° u 10°. Jlnst pacuera
npu uucne Pelinonpaca 10° OyzeT ucronp30BaThes Ta jxke Monenb cylinder 001m.asm,
YTO U JJIs Opeablayiero pacuera npu Re = 1. Jlnst pacuera npu uncine PeitHonbaca 10°
OyzeT ucronbp30BaThest Moelnb cylinder _1m.asm.

KnoHupoBaHue lNpoekTa

1 B nepese ananu3za FIoOEFD mipaBoit KHOIIKOW MBIIITH <& Re 1

KIIMKHUTEC 110 KOPHCBOMY DJICMCHTY Re 1 uu3 E|| BITEN e

v ABTOMETHHECKOE NEPECTPOEHWE
KOHTCKCTHOI'O MCHIO BBI6epI/ITe Knoxu poBaTb MepecTpoeHie
NPOEKT. CrpbiTh rnofanbHyro CACTEMY KOOPAMHET

KNOHWPOBATE NPOEKT...

2 B none Uma npoekTta BBeanTE Rel1000. Co3naTe walneH... s
¥AanuTh NpoeKkT
OTKPLITh AMPEKTOPHIO NPOEKTA
MokasaTe Hasosyio ceTKy
LigeT GazoB0il CETKM. ..
HacTpouTL Aepeso aHanusa...

B2-8



3 Kumkaute OK. Bynet co3nan HoBbIi ipoekT FIOEFD ¢
MIPUKPEIUICHHBIMU K HeMy nanHbIMH FIoOEFD. v Vs npoeka

T.k. HOBBII nTpoekT siBisiercst konueil FIoEFD mpoexra Re |Re 1000

1, HeOOXOAMMO M3MEHHUTH TOJHEKO 3HAUCHUE CKOPOCTH
TCUCHHS B COOTBETCTBHUU B ¢ umciioM Perinonnaca 1000. F® | Menonesosams rerywye =l
UtoObI N3MEHUTH JaHHBIC, OTpe/iciicHHBIe B MacTepe = |CYLINDER_DOTM

npoekTa, BOCIONb3yiTech AraioroBbiM okHom O6wmre AT

HacTpowku. Hactpoiiku EanHnL namepenns u YposeHb I Konuposams pesymeTarei
paspelueHus He TPeOYIOT U3MCHCHHUH. v | X |

B oxne Obujue HacmpoluKu npedcmasnensl mekywue Hacmpouxu npoekma. 30ecs
But mooiceme enecmu usmenenus 6 coomsememsuu ¢ mpeboganuamu npoexma. Taxum
006pA30M MONCHO MEHAMb HACMPOUKY, 3a0antblie 6 Macmepe npoekma, uiu npoexm,
cozoannwiil ¢ nomowwio WabnoHa FIOEFD.

MN3meHeHMe HacTpoek npoekTa

1 Kiukaure Flow Analysis > O6wue HacTponku. [losiBuTcs quanoroBoe okHO O6wme
HaCTPOMKM.

2 B Creo Parametric kauxnume Flow Analysis > lpoekm > O6wjue HacmpoduKu.

2 Kak yxe ObLIO CKa3aHO paHee, PH 2l
- Tun 3aaaum Yl ThIBATE SaMKHYTbIE IOAOCTH
Re > 40 obrexanie wamimpa e |
SIBIIETCSA HECTALMOHAPHBIM. & Bpparn I~ Ueknoams sampesses npcerpancrza e
R

ITosToMy B poeKTe HEOOXOAUMO Fece o T \ &

TennonposoaHocTb B [m] YCADEWA HA CTEHKAX
BKJIFOYHTH OILIUIO Ieommirem

HAUMOHHBIA TENNooGMeEH Haansnee 1 eHewHve
Hecr aumonaproctL yenoeua

HectaunoHapHoOCTb. T paswrauns

3 B HaBuratope KiIuKHUTE 110
BKJaJKe HayanbHble n BHellHue

ycrnosus.

Basceanct [% % Fasusumoce

K| Mowoewrs | Ooena | Crpasea |

FloEFD FEP12 OGyuatowime npumepbl B2-9



CpenHun ypoBeHb: B2 - KoadhdpmumeHT conpoTtuBnenus uunmigpa

4 Knukuure B noje CkopocTb B 2
HanpaBneHnn X 1 HaXXMUTE = I \
anaHHe Jananel @ P
KHOIIKY 3aBMCUMOCTb. B o -
|aEneHIe 101325 Pa
TueMnepa’rypa 2922K Teersacpens
@ YCNOBKA Ha CTEMKE:
= CropoeTs  Hanpssneni 2 e T,
5 MapameTpr: TypByneHTHOCTH
38BHEHMOCTb.
[ ok | fpewem Omvera | Crpassa |
5 B mone ®opmyna seesute hopmyiy 21
~ Tun saBucHMOCTA.
C HOBBIM 4HcJIOM PeliHonbaca: [Sasaree scprit =
1e3*(0.0010115/0.01/998.19) . Bopuna
|1&3‘[EI 0010115/0.01/338.15)
6 Kimkaute OK, 94TOOBI BEpHYTHCS B THAIOTOBOE OKHO O6Lme [
HaCTPOMKM. aRENREENRE
o 45|68 | 1| eos y | phi
7 Kiukuaute OK, 4TOOBI COXpaHUTh U3MEHEHHSI U BBIMTH U3 e el 2 s
JIUAJIOrOBOT0 OKHA O6LMe HaCTPONKN. o ] Cofemfes] :]

oK | Omea Crpacka

NU3meHeHune Lenu-BbipaxeHue

1 B rpynne Llenu xiIukHUTE NpaBoil KHONKOM MbIHK 110 2neMeHTy KoadhcbmumeHnt
COMPOTUBIIEHUS B U3 KOHTEKCTHOTO MEHIO BbIOepuTe U3MEHUTD.

2 B none BbipaxeHue BBeIUTE BhIPAXKEHUE C HOBBIM YuciioM PeliHonbca:
{r Cmma (X) 1}/(0.002*%(0.0010115*107%3)7"2)*(2*998.19*0.01) .

3 B kauectBe Pa3amepHocTu BeiOepuTe BespaszmepHbIi.

4 Kimkuaute OK, 4TOOBI COXpaHUTh H3MEHEHUS U BBIHTH U3 TUaIoroBoro okHa Llesn-
BBIPAKEHUeE.

B2-10



UToOBI MPOBECTH UCCIICIOBAHUE MPH YKciaX PeifHombaca 103u 10° , He00X0 MO
YBEJIUYHTH KaK CKOPOCTh, TaK H TEOMETPUICCKIE Pa3Mephl MOJICIH (T.€. THaMETp
muHApa). JJoOuThest Bo3pactaHus yrcia PeiiHOIbACa TOTBKO 32 CUET YBEIHICHUS
CKOPOCTH CIIOKHO, T.K. TOT/Ia TIPHJICTCS YBEIUYUTh €€ 3HAYCHHE BO MHOTO pa3. [liis Toro,
9TOOBI IIPOBECTH UCCIICIOBAHUE ITPH Re=10° , HCOOXOIIMO YBEIMYUTH IUAMETP IIMHAPA
o 1 m.

Ecim HeoOxoauMo co31atTh MOAOOHBIH MTPOSKT IS OJJHOM H TOH K& MOJICIH,
MIPEIIIOYTUTEIbHEE MCIIONB30BaTh KIIOHHUPOBAHKE MPOeKTa. J{JIs TOro, 4To0bI 001IIHe
HACTPOWKH ITPOEKTa MPUMEHHUTH K JPYTOH MOJICITH, CIISIYET BOCIIONb30BaThCs LlaGnoHom
FloEFD.

Lla6noH exitouaem 6 cebs 0cHo8HbIE HACMPOUKU NPOEKMd, KOmopble MO2ym
CYIHCUMb OCHOBOLL 0151 HOB020 NpoeKkma. Imo mun 3adaqu, guzuieckue mooenu,
meKyuue cpeobl, Mamepuabl, HauaIbHule U GHelHIe Napamempbl meveHus, meniosoe
Yycosue Ha CmeHKe, Ypo8eHb paspelieHus, d maxaice cucmema eOuHuy usmepeHusl.
Obpamume enumanue, ymo FpaHUYHbIE ycrioBus, BeHTunaTopsl, HauyanbHbie
ycnoswus, Llenu u opyeue anemenmot, docmynuvie uz menio Flow Analysis >
No6aBuTb, 6 wabnone ne xpanamcs. Ilo ymonuanuio docmynen moavko uabiom
Internal Water, o Bvl maxoice moogiceme co30ams c60u coocmeenHble uabioHbl.

Co3paHue LLabnoHa

1 Kiuxuaure Flow Analysis > Mpoekrt > Co3gatb 21|
wabnoH. ITossuTcs auamoropoe okHo Co3aaTth T
LWabnoH.

2 B none AMa wabnoHa BBeAuTe ConpoTHBIIeHUE
LUMIIMHIOPA.

3 KimkauTe CoxpaHuUTb. ByneT co3aaH HOBBIM MIA0TOH Hwsusds

Conporveesie waniapa
FloEFD. '
CoxpaniTe | OThena Crpaska

Bce wabnonwt coxpansiromes 6 eude gaitnos Swp 6
oupexmopuu <install_dir>/Template. Boi mooiceme ¢ 1eckocmuio modiceme
NPUMEHUMb WAOTOH K T10ObIM panee cO30aHHbIM MOOETSM.

4 CoxpaHUTe MOJEIb.

Teneps Ha ocHOBe nrabiona ConpoTHBIeHHE HUIHHIPA HECOOXOMUMO CO3IaTh HOBBIi
MPOCKT.

FloEFD FEP12 OGyuatowime npumepbl B2-11




CpenHun ypoBeHb: B2 - KoachduumeHT conpotuBnennsa umnuHgpa

CospnaHue lNpoekra Ha ocHoBe LWabroHa

B2-12

Otkpoiite ¢aiin cylinder_1m.asm, pacrionoxxeHHbIH B ranke cylinder 1m.

1 Knukuaute Flow Analysis > MpoekT > HoBbIi. IE HoBuiii npoexr BE

TlosiButcs nuanoroBoe okHo HoBbIM FIOEFD npoekT.

2 B none Uma koHdurypaumm BBeuTe Re 1eb. [ReTed

w  KoHgurypauis

3 U3 Cnucka wabnoHoB BeiOepute CONnpoTHBIIeHHE
HHJIMHIPA.

4 Kiaukaute OK.

= I Menonesosats Texkyuyio j
1= |EYLINDEF|_1M

w  |llafinoH

HoBBbIii IPOEKT COAEPIKUT TAKKE JKE HACTPOUKH, KaK 2] [Conporvenerme winnzpa =l
npoekT Re 1000, mocTtaBieHHBIN B MOJIETH Ll Ll
cylinder_001m. [Ipyrumu sSBISIIOTCS TOJIBKO
PaspelueHune reometpum u pazmepsl PacueTHom
obnacTu, kotopslit paccunthiBaroTcs FIOEFD, ncxoas u3 reoMeTpu4ecKix pasMepoB
MOJIEJIH.

OO0paruTte BHIMaHUE, YTO HAcTpoliku 2D MogenupoBaHus u MMo6anbHas uenb
coxpaHmuck. [ToaTromy Bbl MOXeTe H3MEHNTH 3TH HACTPONUKHU B COOTBETCTBHU C HOBOH
TeOMETpPHEH MOJICITH.

1 Kiukuaute Flow Analysis > PacueTHas obnacTtb u 2]
M3MEHHUTE pa3Mephl pacueTHOM 001acTH, KaK MOKa3aHO
HA PHUCYHKE. @l D

. . 20
2 B Creo Parametric kiuxnume Flow Analysis > lpoekm IT
% %Y nnocKocTe
> PacyemHasi obnacme.

7 ¥Z nnockocTe

7 WZ nnockocTe

2 Kiukante OK 4 .

&, [ EIE
), [5n 3@ =
@, [15n EIE
7, [n 3@ =
@, [ =@ =]
69, [T =@ =]

Chpoc |

3 Ortkpoiite 1uanorosoe okHO O6LWMe HACTPOMKM, KIIMKHUTE 10 BKIIagke HavanbHbie
M BHeLUHUWe YCNOoBMUSA, 3aTeM KJIMKHUTE B 1ojic CKOPOCTb B HanpaBneHuu X u
Ha)XMHTE KHOIIKY 3aBUCUMOCTb.




4 l3menute BBIPAKCHUC I X-KOMIIOHEHTBI CKOpPOCTH, KaK x|

Tuin 3aBucUocTA

MOKA3aHO HUXKeE: [satave sopmurc =
Fopryna;

le5* ( 0. 0010115/1/998 N 19) ° I]EED’[DHDDTDHE/DDVHHETH]
Knukante OK, 4TOOBI BEpHYTHCS B AMAIOTOBOE OKHO O0mmne _kpece | Qurenm |
HaCTpOﬁKH. 7|a|s | (] sn £ I

41 5|8 - IR » phi
[To ymomuanuto FIoOEFD ycranapiuBaet maciitad Wz = | [
TypOyIeHTHOCTH paBHBIM 1% OT pazmepoB Moaenu (B o)) JElf | ollesll=| | o

JIaHHOM CiTy4ae nuameTpa muinaapa). T.k. mpoekt Re 1e5
OBLI CO3/1aH Ha OCHOBE 11A0JI0HA, MacIITad TypOYJIEHTHOCTH

COOTBETCTBYET IIIMHAPY MeHbIero auamerpa (d = 0.01m). C | s | e
st mogenu cylinder _1m 370 3HaueHHE HEOOXOAUMO
HNU3MCHUTD.

5 B nwmanorosom oxne O6wme 20}
HaCTPOMKM PacKpOwTe rpymimy e —rr—
MapameTpbl TypGyneHTHOCTU. B 5 pabpa e o 1
none Maciuta6 Typ6yneHTHOCTH animﬁ.‘ﬁ”m mer T:““”“E“E
BBE/IMTE 3HAUEHHE 0. 01. . EEEEZ 33:W I

6 Kiuknute OK. e e s -

7 Cosnaiite Ieb-BbIpaeHue 11s e

k03 (HUIIHEHTA CONPOTUBICHUS
LUIAHAPA, KaK OBLIO OIHCaHO
paHee. B none BeipaskeHue BBenure

crenyouyo Gopmyiy: e
{TLI Cuma (X) 1}/(0.2*(0.00101 0k | Npwsene Ovena | Copaeea |

15%1075) %2) * (2*¥998.19*1) .
B kagectBe PasmepHocTu BeiOepuTe BespasmepHbIN.

Kiukuure OK. Ilepeumenyiite Lleab-Bbipakenue 1 B Kosdduunent
COINPOTUBJIIEHMA.

Teneps Bbl MOkeTe paccunTaTh MPOCSKTHI, IOCTABICHHBIC B IBYX Pa3lHYHBIX
KOH(HUTYpanusx.

FloEFD FEP12 OGyuatowime npumepbl B2-13




CpenHun ypoBeHb: B2 - KoadhdpmumeHT conpoTtuBnenus uunmigpa

3anyck Cepuun pacyeTtoB

FloEFD mo3BossieT aBTOMaTHYECKH PACCYUTATh CEPUI0 IPOCKTOB, OTKPBITHIX B TKYIICH
CceccHH.

1 Kiukuaute Flow Analysis > Pacuet > Cepus pacyeToB.

2 IlocraBbTe TaJlOuKy F Cepm pcreron 5
PacueT B nose Mipoeirel [Cerea | Pacter|Hosen | Sapars oo = pacveton | angemime e | Aeno,
4 ooz rocee NN ETITr =
Bce NPOEeKTbI. Takum 3 = EY;‘NEE;(QWDMER . . )
o1 R S
obpasom, PacueT Gyzer ) o
BLI6paH I[Hﬂ BceX ; Re 1000 [ CYLINDER_O01M | 3ror komnsoTep

npoekToB (Re 1,

Re 1000, Re 1e5).
Taxoxe B mone

Bce npoekTbl
MOCTAaBbTE TAIOUKY
3aKpbITb OKHO
HabnaeHus 3a
pacuetom. Korma
MOCTaBJICHA rajlouKa
3akpbITb OKHO HabNAEHUSA 3a pacyeTomM, rmociie okoHYaHus pacdera FloEFD
ABTOMAaTHUYECKH 3aKpbiBaeT OKHO HabnoaeHUs 3a pacyeToMm.

4 »

MakeumanbHoe KOMHECTBo OHOBPEEHHbIK PacHETos: |1 A LCepun pesyneTaros,

3 Kiukuute 3anyctuTb.

NMonyyeHue Pe3ynkraTtoB

B2-14

[Tocne Toro, kak Bce pacdeTsl 3aBepiuarcs, aktuBupyiire npoekt Re 1000 B nepese
npoektoB FIoEFD. Urto6s! monyunts 3Hauenue Ko uuuenra conporupienus,
coznaiite Leas:

1 Kiukuaure Flow Analysis > Pe3ynbraTtbl > 3arpy3nTb\Bbirpy3nTtb pe3ynbraThbl.

2 B auanoroBoM okHe 3arpy3vTb pe3ynbkTaThl, HC H3MCHS BBIOPAHHBIH 110 YMOITYaHHIO
¢aiin (2.f1d), kukaETe OTKPBITH.

3 B nmepese ananmusa FIoEFD B rpynmne Pesynbrarthl [Fiens TR
KJIMKHUTE MPaBOX KHOMKOM MBILIH 110 37eMeHTy Llenun u
U3 KOHTEKCTHOTO MeHI0 BriOepHTe [lo6aBuTh. [1osABUTCS 7 [Boeusm =l

JAUAJI0TOBOC OKHO Ll,en b.

'L Cuina [ 1

4 BLIGepI/ITC Bce. [w] K.om doepmumeHT conpoTueneHua

5 Knuxaute OK 4 . Byaer coznan noxkyment Excel
Meaul. IepeliquTe B 9TOT AOKYMEHT, YTOOBI OTYUUTH HYKHOE 3HAYCHHUE.
AxtuBupyiTe nmpoekt Re 1 u 3arpy3ute pe3ynbTaThbl




CYLINDER 001M.ASM [RE1000]

Vms uenn EovHuua 3naveHme CpepHee MuHumansHoe |MakcumanbHoe
“3MepeHus 3Ha4YeHue 3HaYeHue 3HaYeHune
'Ll Cuna (X) 1 [N] 0,000107777 0,000108178 9,66652E-05 0,00011814
KoadpdmumeHT conpomwenenus | [ ] 1,051498224 1,055410694 0,943086584 1,15260227
Umst Lesm EovHuya 3naveHue CpegHee MuHumanbHoe |MakcumanbHoe
U3MepeHus 3HayYeHue 3Ha4YeHue 3HauYeHune

'Ll Cvna (X) 1 [N] 1,17543E-09 1,20537E-09 1,10834E-09 2,16893E-09
KoadmumeHT conpotmenenus | [ ] 11,46775487 11,75983582 10,81316853 21,16057241

6 Ilepeximountecs B Mojienb cylinder 1m, aktuBupyiite nmpoext Re 1eS5 , 3arpysure
Pe3ynbTaThl U BBIBEANTE 3HAYCHUS BCEX LIEJICH.

CYLINDER 1M.ASM [RE1ES]

EovHuua CpepgHee MuHumanbHoe |MakcumanbHoe
Uma uenun 3HayeHue

M3MepeHus 3HaYeHue 3HayYeHue 3HavyeHune
'y Cuna (X) 1 [N] 0,802145756 0,758909684 0,684053148 0,834139189
KoadpdmupmeHT conpotvenenus | [ ] 0,782590787 0,740408737 0,667377079 0,813804273

JIyist cpaBHEHUSI PE3yJIbTAaTOB, MOTyUYeHHBIX ¢ oMol FIOEFD, ¢ skcriepruMeHTaIbHON
KPHUBOH, MPeANOYTUTEbHEE BEIONPATh CPeHUE 3HAUYCHHUS KO3 PUIHeHTa
conpotuBieHus. Kak B cTallmoHapHOM, Tak M B HECTALIMOHAPHOM 3a/1aue 11 CPEeTHUX
3HAUCHHUH [1eJIM MEHEE 3aMETHBI OTKJIOHCHHS.

FloEFD FEP12 OGyuatowime npumepbl
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CpenHun ypoBeHb: B2 - KoadhdpmumeHT conpoTtuBnenus uunmigpa

P€3y.]'IBTaTBI CpaBHCHUA MMPEACTABJICHBI HA PUCYHKC HUKC.
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1 Roland L. Panton, “Incompressible flow” Second edition. John Wiley & sons Inc.,
1995
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B3

KMA rennoobmeHHUKa

NMocTaHoBKa 3agaumn

C momomrsio FIOEFD M0kHO MccnenoBaTh TEYCHUE U TEIDIONEPEIady B Pa3IMIHBIX
MH)KCHEPHBIX KOHCTPYKIUAX. MHOKECTBO MOCTIPOIECCOPHBIX 31eMeHTOB FIoEFD
TIO3BOJISIOT MOAPOOHO N3YYHUTh KAPTHHY PACIIPECICHUS Pa3IMIHbIX TapaMeTPOB BHYTPH
KOHCTpYKIHHU. Takum 00pa3oM, MOXKHO IOJYyIHTh IIPEICTABICHHUE O TOM, KaKHE ITPOIIECCh
MIPOTEKAIOT B armapare. Mcxons U3 3Toro, MH)XEHEpP-MPOESKTHPOBIINK MOXKET OIPE/ICITHUTh,
KaKkUM 00pa3oM KOHCTPYKIIUIO MOXXHO ONITUMU3HPOBATb.

B kauecTBe npumMepa paccMoTpuM, Kak ¢ momomisio FIoEFD MoxkHO paccautarh
IIPOM3BOUTEIILHOCTD IPOTUBOTOYHOTO TEINIOOOMEHHHKA. Mepoii TPON3BOIUTEIBHOCTH
ABIsIeTCs 3P PEKTUBHOCTH TEINIOOOMEHA MEXIY TOPSIUM M XOJIOJHBIM
TeroHocuTessiMy, T.e. KIT/l TennooOMeHHNKa. DTO 3HaYEHHUE ONpeIesieTcs
CIIETYIOLIM 00pa3oM:

.0
0,

3HCCB Q - TCIUIONIPOU3BOAUTCIBHOCTD alllliapara, T.€. KOJIM4€CTBO TCIJIOThI, IEPCAaHHOC
OT TOPAYETO TCIIJIOHOCUTEIIA K XOJIOHOMY, an - IpeaciibHasd

TCIUIOMPONU3BOAUTEIBHOCTD, T.€. MAKCUMAJIbHO BO3MOXXHOC KOJIMYECTBO TCIJIOTHI,
KOTOPOE€ MOXKET OBITh NEPEAAHO OT ropA4YEro TCINIOHOCUTEIA K XOJIOJHOMY. Hpeaeanaﬂ
TCIUIOMPOU3BOAUTEIBHOCTE JOCTUTACTCA B ClIydac, Korjia TeMIi€parypa O4Horo mu3
TCIJIOHOCUTEICH M3MEHSICTCS Ha BCJIMYNHY, paBHYIO MaKCUMaJIbHO BO3MOXKHOM Pa3HOCTH

TeMIeparyp. MakcumaibHasi pa3HOCTb TEMIIEPATYP PACCUUTBIBACTCS KAK Pa3HOCTh
i . inlet _ Tinlet
TEMIIEPATYP FOPAYETO U XOJOJHOTO TEIUIOHOCUTENeH Ha Bxone: (T}l — Tinel) | Takum

o6pazom, KIT/I npoTHBOTOYHOTO TEII00OMEHHHKA PaBEH:

FIoEFD FEP12 OGyuatowme npumepbl B3-1



CpenHun ypoBeHb: B3 - KM TennoobmeHHMKa

T;’[ﬂ/et _ Tgut/et

= % - €CJIM PACXOJI TOPSIUETO TETIOHOCUTENSI MEHBIIIE pacXo/ia XOJIOAHOTO
Tinlet _ Tinle
hot cold

TCIIJIOHOCUTCIIA,
Tout/et o Tinlet
_ _cold cold

inler winler €CJIM pacxod ropss4ero TCIIOHOCUTEIISA GosblIe pacxoaa XO0JI0aHOTO
Tinlet _Tinle
hot cold

TEIIOHO CUTETIS.
ITox pacxomom moapa3yMeBaeTCsi MPOU3BEICHHE MACCOBOTO PACX0/a Ha YACTbHYIO

TemioeMkocTs: C=Mc [2]

TeMnepaTprI TEIUIOHOCHUTEIICH Ha BXOoAax AOJIKHBI OBITH 3aJaHbl, 4 Ha BBIXOJaX UX
MOXHO pacCUnTAaTh.

[Momumo KIT/I, He0OX0MMMO TaKKe ONPEEIUTh CPEAHIOI TEMIIEPATYPy CTEHKH
BHYTpEHHEH TpyOb! TermiooOMeHHNKa. [oydeHHOe 3HaYeHIEe MOXKET OBITh HCIOJIB30BAHO
B JaJbHEHIIEM JUTs IPOBEACHHS IPOYHOCTHOTO ¥ YCTAIIOCTHOTO aHAJIH3A.

OTKpbITME MOAgenu

B3-2

Crommupyiite nanky B3 - Heat Exchanger B cBoto pabouyto TupeKTopHio U yoequTecs,
910 ¢ (haiitoB CHAT aTpuOyT "ToNbKo st uteHus", T.K. FIOEFD Oyzner coxpaHATh B HUX
BXonHbIe naHHbIe. 3amyctute FIOEFD.

Kiukaute ®ainn > OTKpbITh. B 1ranoroBom okHe OTKpbITL (haiin neperanre K cOopke
heat_exchanger.asm, pacnonoxxennoil B nanke B3 - Heat Exchanger, u xiukHuTe
OTKpbITb (FJIH JBaXKIBI KIIUKHUTE 110 (paiiry cOOpKn).

Bt mooiceme nponycmums cozoanue npoekma u 3anycmums Ha pacyem 2omoesblil
npoexm FIoEFD, co3dannulii 6 coomeemcmeuu ¢ smum npumepom. /s smoeo Bam
Heobxooumo omkpweims coopky heat_exchanger.asm, pacnonoocennyro 6 nanke B3 -
Heat Exchanger\Ready To Run, u 3anycmumo npoexm na pacuem.



l XonopgHas Boga = 0.02 kg/s

Taxon = 293.2 K

lopsivast Boga

!

[opsauuni Bo3gyx = 10 m/s

Taxoq = 600 K

Co3spaHune npoekta FIOEFD

Bosgyx

T

Cranb

1 Knuxnaure Flow Analysis > MpoekT >
MacTep npoekra.

2 B kadectBe MMeHM nNpoeKTa BBEINUTE
Level 3.Pacuer 6yz[eT MIPOBOIUTHCS C
YpoBHeM pa3pemnieHHs 3, T03TOMY OBLIO
3a[laHO COOTBETCTBRYyfoIIee nMs ‘Level 3.

Knukuaure Oanee.

3 B mguanorosom oxHe Cuctema eguHuL,
M3MepeHUs HeoOXO0IMMO BEIOPATh
CHCTEMY €AMHUI], KoTopast Oyaer
HCTIONB30BaThCs KaK JJIsl BXOIHBIX, TaK U
JUTS BBIXOZIHBIX JTAHHBIX (pe3ynbTaroB). B
JTAHHOM TIPOEKTE YI0OHO UCIIOIb30BaTh
3aJaHHYIO 110 YMOTYaHHIO
MexnyHapoaHyto cuctemy enunuil Sl.

Knuknaure Oanee.

FloEFD FEP12 OGyuatowime npumepbl

Macrep npoexra - Wus npoexra

I Daa
%
08 mpu

) computational Damain
O Component Contrel
@ Fhid subdomains
R Boundery Condtions
[I3 Fans
B e souces
G Porous Media
@ Initial Conditions
B coals
@ Local Intial Meshes
=-88 Resuts
ech
Q cutpits
> Surface Ploks
& Tsosurfaces
=5 Flow Trajectories

[z1x]

e

Level 3

Wi rpoexra:

Kowourgpauss | enonssosams Teruo -
Vi Korourypauw: [HEAT_EXCHANGER

R I e |
[MacTep npoeicra - Cucena ey vatepern i 2l
CHETEME BAUHML USMEPEHUA: )
Cucrena [Enme [ Kowerrapmn |
CG8 [omgs) Tpeacpeacnerre 0BG fomg-s)
FPS (ftlb-s) Mpeaonpeaenentsie FPS (ftb-s]
IPS fin-lb-s) Mpegonpeaenshrse. IPS (inb-s)
Hbib (om--5) Mpeacrpegenerre  NMM )
5l (mkgs) Mpegonpenenshrsie. &l (mkg-s)
54 Mpegonpeaenehrse.

Napaerp

Naenerme %

Cropocts i

Macca kg 123 i

Dawna m 123 i

Ternepatypa K 12 0

i P ;

i

s

i1, MOMEHTS, acHORs| = >
T || [ | e
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CpenHuit ypoBeHb: B3 - KM tennoo6meHHuKa

4 B JIMAJIOrOBOM OKHE Tun 3apaym B e A e

Tabnune Pusnyeckme Moaenm oCTaBLTe
ranouky TennonpoBoAHOCTL B TBEpAbIX
Tenax.

Ilo ymonuanuio ¢ FIoOEFD
paccmampusaencs, menionepeoayd
MONbKO 3a cuem KoHeekyuu. Brouenue
onyuy TennonpoBoAHOCTbL B TBEPAbIX
Tenax noszeossiem pewanms 3a0a4u
CONPAICEHHO20 MeNI000Mena, m.e.

2l

u

©)

© Brewrsn

Tin
& Bryrperin ¥ Mernorws nonoei Sea yonooki Teserm
= Mcrniouio erurpesHee ApoCTaHCrEn

P yEcie voae
= TennonposontiocTs &

TonkKo TenonposogHoCT: &
TeSpaLK TEnSH

PaguaunoHHLIA TenaootmMen

Hecrauuonaprocre.

Tpasurauus

Bpauenue

EE— )
<Hoon | [ Raree> Orvena | Crpoera |

paccmampueanms KOH8EKYUI 8 COBOKYNHOCU ¢ MENIONPOBOOHOCbBIO 8 MEEPObIX
menax. B oanwnou 3a0aue 6ydem uccied08amvbcs menionepeoaya mMexicoy mekyuumu
cpedamu uepe3 CmeHKU MOOenU, d Maxdice menioooMeH 6Hympu mei.

Kinukunre OJanee.

5 B mpoekTe UCIOIb3yIOTCS IBE TEKy4ne

cpenbl - BoJa U Bo3ayX. Packpoiite
rpymy XXuakoctu u nobasste Water B
crucok TeKyume cpeabl npoekTa. Takum
ke 00pa3oM 100aBbTE B CIUCOK Air u3
rpymiel Masbl. Yoeaurech B TOM, 4TO B
KauecTBe Tuna no ymonyaHuio BEIOpaHBI
XupgkocTtu.

Kmukaure Oanee.

Tin u )
’7 % Bryrpenas ’V ¥ Mexmoume nonocmia es yonossi TeueHs

 Brewnan I Wiekniowime erurpeniee npocTparcres

Pavrieckie Moge

g TenonposoaocTs
Tonexo renonposoaHocTs &
ToepaL Tens

Paguauuonmih Tensoobmen

Hectaunonaprocrs

Tpasutauus

Bpauenue

Basoeamocs: [ <] Gaspoumocre. | (%
<Hooen | [ Mlanee> Omens | Cnpeexa |

6 Tak xak B oxHe Tun 3agauu OblIa

BKJTIOUEHA OTIHA TennonpoBoAHOCTb B TBEPAbIX Terax, TO Ha CICAYIOLIeM Iare
MOSBJISIETCS TUAIOTOBOE OKHO MaTepuan no ymonyaHuio. Matepuansl, 3a1aBacMbIe B
STOM JHMAJIOTOBOM OKHE, IT0 YMOTYAHHIO IPUMEHSIOTCSA KO BCEM KOMIIOHEHTaM MOJICITH.
UroObl 3a1aTh IPyroil Marepuat [yisi OJHOTO WIIM HECKOJIbKUX KOMIIOHEHTOB, ITOCIIe
CO3/IaHUsI IPOEKTa MOYKHO OyZeT BOCIOJIb30BaThCs AieMeHToM MaTtepuan.

Ecmm u3 cimucka MaTepuanoa Br1 He i A b

MOJKETE BBIOPATh MTOIXOISIIIIA, BeI
MOKETE CO3/1aTh CBOM COOCTBCHHBII
Marepuai. s 3Toro HeoOXOAUMO HaXKaTh
Ha KHONKY HoBbIW 1 c0o31aTh HOBBIN
37eMeHT B UHXXeHepHOW Ga3e AaHHbIX..

BHyTpeHH: 1 BHEIIHSAS TPYObI
TEIJI000MEHHHKA BBITIOJTHEHBI M3
HepkaBeromieH cranu. [Toatomy BeIOepuUTE
Marepuai Steel Stainless 321 u3 rpynist

 Brewran I= Wiekniowrs erispenies mpoctpancTen

T u >
’7 % Bryrpenrsa ’7 ¥ Mok posre nonocTi fes yonoswii Teseis

Puicyrieckiie Mogens
g TenonposoaHocT,

e —
ToepRLH TenN

PaguauuonHu Tensoobmen

HecrauuonapnosTs.

Tpasurauus

Bpamenue

f— = |0
<Hasen | [ Dlanee> Omera | Copasca_|

Alloys. [1o ymomuanuto 3TOT MaTepuall
MPUMEHSETCA KO BCeM KOMIOHEHTAM MOJCIIH.

B3-4



Knouknure Oanee.

B nuaioroBoM okHe YcrnoBue Ha CTEHKe
no yMorn4aHuio B KauecTse TennoBoro
YCNoBUs Ha CTEHKE MO YMOS4YaHu1Io

BeIOepuTe KoadpdhmumeHT Tennooraaum.

Dmo ycaosue nossonsiem 3adamo

menjionepeoayy om 6HeUHUX CIMeHoK
Mooenu Kk mekyueti cpede, Komopas

HAXo0Uumcsl CHapy#cu Mooenu U 8 npoexKme

He yKasvieaemcs. B kauecmee ycnogus
MOJICHO 3A0amb XapaKmepuyio
memnepamypy mexyueu cpeovl u
Koa(ppuyuenm menioomoauu.

[Macrep npoexra - ¥cnova a crerikas no yronuanuo

Y

Maparerp [ Bravenie |
Tennosoe yoaoowe Ha oHeumeR
= crene no ymomano

Koogamert rennooraad

Keodpuuen rennoomaas

TennepsTypa Brewrei Texy-ei cpens
Wepososatocte.

0 micrometer

SaBHTHMOCTE,

|

= )

ErEr |

2

)

>

3anaiite 3HaucHue KoadbdpmuumeHTa Tennooraaum paBHbIM 5 W/m2/K.

[IIepoxoBaTOCTh CTEHOK MO yMoOTUaHHIO paBHa (. DTo 3HaUCHHUE U3MEHSTH HE

TpeOyeTCsL.
Kouknure Oanee.

B nuanoroBom okHe HavyanbHble
YyCNoBMS B rpyIie
TepMmoauHamuyeckme napamMeTpbl
3a7aiTe 3HaueHue [laBneHmsa 2 atm.
FloEFD aBromarudecku npeodpasyer
BBEJCHHOC 3HAUCHHE B COOTBETCTBUH C
BBIOPAHHOM CHCTEMOM €IMHHII
HU3MEpeHUsl.

He meHnss 3HaueHus Apyrux napameTpos,
kiaukHuTe Janee.

B nuanorosoM okHe YpoBeHb
paspelueHus 3aJaHHbII 110 YMOITYaHUIO
YpOBEHb 3, a TaK)Ke MUHUMAJIBHBIH 3230p
1 MUHMMaJIbHAs TOJIIMHA CTCHKH
N3MEHCHHUH HE TPEOYIOT.

Knuknure 3aBepwunThb.

FIoEFD FEP12 O6yuatowme npumepbl

21

5
Maparerp. [ Bnaverme | ()
Jananue napamerpon EESTepre—
L ——,
7 napamerpet
Naonervie 2am
Temneparyps 282K
“| |2 Napamerpe cropocru
Ceopocrs 6 ranpasnensX 0 mis
Ceopocrs o renpasnenmt  Dmés
Cropocrs o renpanenmZ  Dmés
Tlapamerpes Typ6ynenTHoCTH
NapameTpe: marepuanos
Fasvooere. | 2
<Hosen | [ Danee> Omera | Copasca |
Macrep npoexra - Yposene paspemerin I |
4 e
{ 1 4 5 4 5 6 7 8
I 3anaTe MUHIMATLHLI 33300
1™ Corsare tivans e 230 Ee/EpaHn pasrepon HegEnn
Mutaaneriit 3200p:
I 3a0aTo MUHIMANHYO ToALLUAY CTeHKI
™| Cessare
BUMANEHGH TONAS CTeH
I YNy paspeLUEHUe YSKItK K aHaNDE
| ¥ Ominusuposare paspewene Tomkx ceror. )
<Hosen | [Bopepus | Ormveris Copasia_|




CpenHun ypoBeHb: B3 - KM TennoobmeHHMKa

[Mocne okonvanus padoTel ¢ MacTepom NpoekTa HeOOXOAMMO 3aBEPIIUTH CO3AaHHIE
npoekra. CHayama HeoOX0ANMO 3a/1aTh YCIIOBUE CUMMETPHUH: B IAHHOM CIIy4ae MOXKHO
paccMarpuBarh TOJIBKO TOJIOBUHY MOJIEIH, T.€. OHA SBJISIETCS CHMMETPUYHON. JTO HE
SIBIISIETCSI 00sI3aTENILHBIM, OTHAKO PEKOMEHIYETCSI CAETaTh ISl TOTO, YTOObI YMCHBIINTh
IIPOLIECCOPHOE BPEMsI U TPeOyeMyIo JJIsl pacueTa 3a1aqu MaMsTh.

3apaHue YcnoBus cCUMMeTpUn

1 B mepese anammza FIoEFD packpoiite rpynny BxogHble AaHHbIe.

2 [lpaBoi KHONKOM MBILIM KIMKHUTE M0 21eMeHTy PacyeTHasa obnactb U u3
KOHTEKCTHOTO MEHIO BbIOeprTe M3MEHUTD.

3 B rpynne Pasmepsl n ycnosusa Ha rpannne X max 20|
BbIGepHTE ycoBue CummeTpus (4] u B mone wis X
max &, seeaure 0. I_ o

0|0

Ymoobwl uzmeHums pacuemmyio oo1acms 6pYUHyIO, 8

AEPbI M YCAOEMA

oepese ananusa FIOEFD svibepume snemenm 8, [om =@ =
. =i
PacueTHas o6nacTb, KiuKkHume 6 2paghuueckoll = e H[E =
obnacmu u NOMAHUME 8 HYHCHOEe NONONHCeHUe

. &, [0:240360103 m == =l

CMpenKuU, pacnoyiodceHHble Ha Kaxcooll epanu v
. = [E ~
Kapkacnozo napaiienenunedd. B nosensiowuxcs (i, |-0120360025 2B =
BLIHOCKAX 88e0uUme MouHble KOOPOUHAMDbI. (@, 031221103 m == =l
&, [0.361221103 m == =l

Chpoc |

4 Kiaukaute OK o .
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3aaaHue MNMopgobnacTu TeyeHus

B Macrepe mpoekTa B okHe TeKy4yas cpega no ymonyaHuio B kadectse Tuna no
yMon4aHuio ObUTH BEIOpaHE JKWAKOCTM, a B KAU4ECTBE TEKy4el cpebl, BbiGpaHHOM no
ymonuaHuto - Boga (Water). OHako TopsYiM TEITUIOHOCHTEIEM B TEIDIOOOMCHHUKE
sIBISICTCST BO3AyX. [loaToMy BO BHyTpeHHeH TpyOe HeoOxoaumo 3aaathk Air. DTo MOXKHO
clenath ¢ momoulsio sneMeHTa Mopgobnactb Teky4yen cpeabl. B kauecTBe Tuna Texkyuen
Cpelbl B 3TOW 00JIacTH ClieayeT BRIOpaTh a3, B kauecTBe TeKyuel cpesl - Air. 3amaqnm
CIeyIOIIre HadalbHbIC YCIOBUS: HadyalbHas TeMieparypa Bo3ayxa 600 K, ckopocts
TeueHus - 10 m/s.

1 Kiukuaute Flow Analysis > [1o06aButb > MNogo6nactb TeyeHus.

2 BpibepuTe BHYTPEHHIOIO TOBEPXHOCTh (aHIa (KOMIOHEHT
FLANGE 1), xoHTaKkTupyomuyo ¢ Bo3ryxoMm. Co3naBaemas
1o100J1aCTh TEUEHHs Cpasy e 0ToOpa3uTcs B rpagpuyeckoi
00macTH B BUE TeJa, OKPALICHHOTO B TOIy0Oil IIBET.

Ymoobwl 6Hympu obracmu ¢ 00HOU meKyuell cpedotl (600a)
3a0amv 0bracme ¢ Opyeoil mexyuell cpedoil (6030yx),
HeoOX00UMOo 8blOpamb NOGEPXHOCMb, KOMOPAs 0bmeKaemcsi
8mMopotl mexyuetl cpedotl (6030yx).3a0annas maxkum oopazom
nooobnacme meuerusi Oyoem npumeHena Ko éceti oonacmu,
3aNOTHEeHHOU 8MOpPot meKyuell cpedoll (6030yx). Busyanuzayus nodobracmu meyeHus
6 epauueckoll obnacmu NO360AEM NPOBEPUINb, NPAGUILHO Tl BbIOPAHA
NOBEPXHOCTIb.

FloEFD FEP12 OGyuatowime npumepbl B3-7
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"
2| x
3 3azannylo 110 ymonuaHuio CucteMy KoopavHaT -;z"x n = AT £1.x|

Ba3oByto ocb U3MEHTH HEe TpedyeTcs.

() [MosepsrocTe<ET>FLANGE 150
4 3 criucka Tun Teky4ew cpeabl Beioepute Masbl /
PeanbHble raswbl / Map. T.k. B Mactepe npoekra B

KadyeCTBE OMHOM M3 Telcy'mx cpea nmpoeKTa OBLT 3aJlaH él’.x Il'noﬁaanaﬂ CMCTEMA KOORAWHET

BO31yX (Air), To OH OyieT onpenesieH KaKk TeKyJast R
cpena moxo0NacTH TCUCHHUSL.

Tun Tekyesi cpeakl:

FIoEFD noseonsiem 6vibpamo mun mexyyeti cpeobl U/ [Fas:/ Peansr rasei / Nap =l

UnU meKyuyio cpedy 01 0anHOU no0obIacmu medeHus
6 epynne TeKky4as cpepa, a maxoice 3a0ans
napamempbol medeHus 8 COOMEEmcmeullL ¢ 6blOPAHHbIM
munom mexyyeu cpeobi.

5 B rpymme NapameTpbl TeueHus B mosic CKOpocTb B _ Sotemre. |
v v n-EFI.EI'-'IEfTFII:-I TEMEHWA
HanpaBneHuu Z *Z BBeIUTE 3HAYEHHE - 10. W “"Ml
Vy ID m's ﬁ o
FIoEFD noseonsiem 3a0asams Ha4aibHble NApamMempbl -
T/ =
meyenust, HauaibHble MepMOOUHAMUYECKUEe Vy Joms S| E
K [=|
napamempol, a MaKdice HA4AlbHbLE NAPAMEMPbL Vg [10mss e 23
myp6yﬂeHmH00mu. Omu Hacmpoﬁku NpUMeHAIOMcs K ¥ TEprOIMHaMMYECKIE NApatET Dkl
€030a6aemotl no00OIACU MEYSHUSL. F P-Pl T-Pl
. p [ioi3z5ra =1
6 B rpynne TepmoanHamuyeckne napameTpbl 3a1aiTe | -
T [600K =1

3HaYcHUsI CTaTuyeckoro gaBneHusi P u

TemnepaTypbl T paBubiME 1 atm u 600 K coorBerctBenHO. FIOEFD
ABTOMATHYCCKU TPE0OPas3yeT UX B COOTBETCTBUHU C BEIOPAHHOW CHCTEMOM CIMHHII
H3MEPCHUSL.

OTH yCII0BUsI 331aBaTh HE 00513aTENIbHO, T.K. TAPaMETPhl BXOJSIIETO II0TOKA TOPSYETo
BO3/yXa OyIyT 3aJaHbl B BUJIE TPAaHUYHBIX yCI0BUH. OHAKO yTOYHEHNE HadaIbHBIX
apaMETPOB MO3BOJIHUT YCKOPUTH CXOAUMOCTD PacyeTa 3a/1auu.

7 Kmukante OK o . B nepeBe ananu3za nosiButcs aneMeHT Mogobnactb TeveHus 1.




8 [lis Goublieli HAIISIAHOCTH SlieMeHT MogobnacTb BB Bome asie
TeueHunsl MoxkHO nieperMeHoBats. [IpaBoil [ arvernan ofinacre
KHOTIKO¥ MBIIITH KIIMKHUTE TI0 YJICMCHTY
Mopo6nacTb TeyeHMA1 1 U3 KOHTEKCTHOTO MEHIO
BbIOepuTe CBoMcTBa. B mone UmsA BBeauTe

MoAoBnacTH TeYeHHa

a MoAofnacTe TeYeHHA 1
zMEHHTE. ..
JEakTHEHPOEATE
¥AANKTE. ..

Topsauuit Bo3nyx U KIUKHUTE OK. -0 Pesynorar  Mokazate
Bet makoice modceme 08adicowi (uepes naysy) Konuposars B npoem.@. |
KJIUKHYMb NO 2IEeMEHMY U NEPEeUMEH08AMb €20 2| x|

npsamo 6 depese ananusa FIOEFD.

st Iropqqun BO3AYR

3apaHue NpaHNYHbIX yCNOBUN

1 B mepese ananmza FIoEFD mpaBoit KHOITKOH MBIIIN KIHUKHATE IO AJIEMEHTY
MpaHUYHbIe YyCNoBWA 1 13 KOHTEKCTHOTO MEHIO BEIOepHTe [lo6aBUTL rpaHU4Hoe
ycnoBwue. [losiBuTcs quanorosoe okHO MpaHM4HOe ycrnoBue.

2 Beibepure komnoHeHT WATER_INLET_LID. [E Ipasmnoe ycnosne BE

BriesieHHBIN KOMIIOHEHT ITOSIBUTCS B IOJIE

MoBepxHOCTN ANA 3a4aHUA rPaHNMYHOIO YCIOBUSA (D [WATER_INLET_LID-63

o
e e

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

v
3 3agannble Mo yMomyanuio CuctemMy kKoopauHaT -fz"x

u ba3oByto ocb U3MEHATH HEe TpeOyeTcs. Basoeas oce | X
w Tun
Kozoa Bul coz0aeme nosoe epanuynoe yciosue, 6 | B ®| ,,,.,,l
p adn'tquKOlZ O6ﬂacmu NoA6IAEMCs 6bIHOCKA, 6 Maccoesii pacxos Ha Exooe
KOMOpot omobpaicaemcsi umst co30a6aemo20 OB uemreIA packon Ha sxons
CropocTe Ha Exoge
ycaoeus u 3aaaHHble no YMOJIYAHUNO 3HAYEeHUA Maccosblit pacxoa Ha Bbxoas
Y, 6 0 OB bemMHBIR pacxod Ha Bem00s
napamempos. Ymobuvl omxpuims OUAI02080€ OKHO COpOCTS Ha Bb0OAE
ObICIPO2O PEOAKMUPOBAHUSL, O8ANCObL KIUKHUTIE NO
6blHOCKE. W [lapameTphl TEYEHWA
3 [& o] b
4 Kiukuaure B oje MaccoBbii pacxon no HopManu o [T
m |2 a/'z

K MOBEPXHOCTHU ny BBEJIUTE 3HAYCHUE 0.01 kg/ @ |PasHOMepHE npoH:

s. JleficTBuTenbHBIN MaccoBbli pacxon paseH 0.02 I Teuerms ¢ MOMHLIM paSSATSIM MDODHnE
kg/s. 3agaem 1/2 atoro 3HaueHus, T.K. OTBEPCTHE

pas3eNeHo IOCKOCTBI0 CUMMETPUH TOTI0JIaM.

5 Kimkuute OK o . B nepeBe ananuza nosBUTCs HOBBIN 351eMeHT MaccoBblii pacxos
Ha Bxoje 1.

DTO rpaHUYHOE YCIOBHE 03HAYACT, YTO BOJIA IIOCTYIACT B TEIIIOOOMEHHUK C MaCCOBBIM
pacxonom 0.02 kg/s npu Temneparype 293.2 K.

FloEFD FEP12 OGyuatowime npumepbl B3-9
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B3-10

6 Ilepenmenyiite sneMeHT MaccoBblil pacxoa Ha & E‘f] T
BxoJe 1 B MaccoBrll pacxon Ha Bxode - T =

zMEHHTE. ..
JEakTHEHPOEATE
¥AANKTE. ..
CEPBITE

XoJogHas BoOIa.

I[anee H€O6XOZ[I/IMO 3a71aTh YCJIOBHE I[aBJIeHPIe
Oprmammeifl Cpeabl Ha OTBEPCTUH, U3 KOTOPOTO
BBIXOAMUT BOJA. KonMpoBaTE B MPOEKT. . |

7 B nepese ananusa FIoOEFD npaBoii kHOTIKON

MBIIIN KINKHUTE 10 3JIeMEHTy MpaHuy4Hble

Wraa: i N
YCIOBMUS! 1 U3 KOHTEKCTHOTO MEHIO BhIOEpHUTE [Maccoses packon va stons - Konoas
Ho6aBuUTb rpaHU4HOE ycrioBue.

8 Bribepure xomnmoneHT WATER OUTLET LID. T — BB
BrieneHHbIM KOMIIOHEHT MOSIBUTCS B CITUCKE
MoBepxHOCTY ANA 3aAaHWUA TPAHUYHOTO () [WATER_DUTLET_LID68

!
ycnoBsusi @ i

kd

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

9 Knukuaure JaBneHuwe |@| ¥ U3 cnucka Tun

rpaHn4yHoro ycnosusa BI)I6epI/ITe OaBneHue basosan oce: IX 'l

OKpyXatoliieit cpeab.
10 Ilo ymonuanuto [laBneHue okpyxatroLlen cpeabl il@ Zl

E-r: Iaenetve ok Al el cpegsl

=P paBHo 202650 Pa, T.X. 3TO 3HaUCHHE OBLTO Cramuecios aasnetie

Monvoe paEneHne

3ajaHo B MacTtepe npoekTa Ha mare HayanbHble

ycnoBusi. Temnepatypa T 1o YMOJIYAHHMIO 3a/1aHa
paBHoit 293.2 K. 3HaueHust 3TUX U APYTUX

- TE|:IMI:IDJ-IHE!I'*“-IHEI::I‘:I'IE napameTpbl

napaMeTpoB U3MECHATH HE Tpe6yeTC$I. R*= [202650 Fa
=P

T [2E2K =i
11 Knukaute OK o . B nepese anammza FIoEFD ! =

nosiBUTCS dneMeHT [laBiieHue okpy:kawomiei cpenasl 1.

12 [lepeumenyiite anemeHT JlaBJienue =3 R} TpatitHsie yenosua
Opr)KalOIIIeﬁ cpeubl 1 B JIaBneHme HI, E‘,ﬁ MacCoBbIA pacxod Ha BX0AE — XON0AHAA B0AS
Eﬁ JEBNEHHE OKPYHAHOWER CpedEl — MOpAYan B04a
oKpyXampmey cpenw - l'opsdas Boza.

; ? Lienm

Tenepsr HE0OXOAMMO 3a/1aTh TPAHMYHOE YCIOBUE Ha OTBEPCTUH, B KOTOPOE MOCTYMAET
TOpSIYUiA BO3IYX.

13 B nepese ananuza FIOEFD npaBoii KHOIKO# MBIIIN KIIMKHUTE MO 3JIEMEHTY
FpaH1YHbIe yCnoBuUs 1 13 KOHTEKCTHOTO MEHIO BhIOepuTe [l06aBUTb rpaHMYHOe
ycrnoBue.




14 Brioepute komnonenT AIR_INLET_LID. T T — ]

BriaeaeHHBIN KOMIIOHEHT ITOSIBUTCS B CITHCKE

MoBepxHOCTM ANA 3a4aHUs FPaHUYHOIO YCIOBUSA () [AIRNLET (D54
=

@. 3aaHHbIC 110 yMOIYaHH0 Cuctemy

. T |
KoopAauHaTt }z_’?‘ " Ea3OBle OCb U3MCHSTH HE éf.x II'noﬁaanaq CHETEME KODPAMHAT
Tpe6yeTCﬂ' Bazosan ock: I X

15 B rpynne Tun BeiGepure ycnosue CKOPOCTb Ha
BXopge. I? @l Zl

16 Kiukaute B nojie CKOPOCTb NO HOpManu K

Maccossit pacxon Ha Exoae
DB beMHEIN pacxoA Ha Ex00e

CKOpOCTL Ha BXOOE

NnOoBepPXHOCTU v 1 BBEOUTE 3HAUECHHUE 10 Ywcno Maa Ha exope
Maccoeeii pacxoa Ha Bebogs

(enuHUIIBI H3MEpEeHuUs OyTyT NOCTABICHBI S ——————

ABTOMATHYCCKN). Cropocts Ha sexons

W [lapameTpel TEYEHUA
17 Packpoiite rpynny TepmoamHammyeckme _
napameTpbl. 3Ha4YCHUE TEMIIEPaTypPhI 110 IE ﬁl ﬁl

v I‘Idm.-"s

[T TeueHe C NONHEIM PASEMTEIM NpoMNEM

YMOTYaHHIO PABHO 3HAYCHUIO, 3aJaHHOMY B
Ka4eCTBE Ha4aJIbHOM TEMIIEPaTypbl BO3yXa B
JuanoroBoM okHe Mogob6nacTb TeYeHUA. DTH 3HaUCHUS HE TPeOyIOT H3MEHEHHI.

18 Knuxuanure OK 4 . B nepese ananuza FIoOEFD nosiButcst HOBbIi 2ieMeHT CKOPOCTH
Ha Bxofe 1.

DTO rpaHUYHOE YCIIOBHE 03HAYAECT, UTO BO3AYX IMOCTYIIAET BO BHYTPEHHIOO TPYOy
TEII00OMEHHHKA cO CKopocThio 10 m/s mipu Temmeparype 600 K.

19 Ilepeumenyiite anemeHT CKOpPOCTh HA BXoe 1 B Ffj rpabumess yenoena

CKOpOCTb Ha BXOIe - POpF[HI/HZ BOBOYX Eﬁ MaccoBkIM pacxoa Ha BXoAe — XONDAHAA BOAS
’ E‘,ﬁ JAaENEHHE DKPYHAHIWER Cpeabl — TOpAYaA B0AA

Eﬁ CKOPOCTE Ha BX0A8 — TOPAYMI BO3AYY

Jlanee HeoOxomuMo 3a1aTh yciaoBue JlaBjieHue
OKPpYsKalolleil cpeabl HA OTBEPCTUHU, U3 KOTOPOTO BBIXOJUT BO3IYX.

20 B nepese ananusza FIOEFD nipaBoii KHOMKOW MBIIIHM KJIMKHUTE TI0 3JIEMEHTY
FpaHUYHbIe yCcnoBus 1 13 KOHTEKCTHOTO MEHIO BbIOepuTe [J06aBUTb rpaHMyYHOe
ycnoBwue. [losiBurcst quanororoe okHO MpaHU4HOe ycrnoBue.

FloEFD FEP12 OGyuatowime npumepbl B3-11



CpenHun ypoBeHb: B3 - KM TennoobmeHHMKa

21 Bribepure xomnoneHT AIR_ OUTLET_LID.

W Bribop

BLI,I[CH@HHBIﬁ KOMITIOHCHT ITIOABHUTCSA B CIITMCKE
@ AR_OUTLET_LID-BO

nOBerHOCTM AnA 3agaHua rpaHUYHOro ycrioBus
@ -
' hid
}l’.x II'noﬁaanaq CHCTEME KODPLHHAT

22 Knukuute JaBneHuwe |@| M U3 criicka Tun
Bazosan ock: IX 'l

rpaHU4yHoro yCHOBml BLIGepI/ITe ﬂaBHEHMe
~
Opr)KaPOU.leM cpeabl.
elle ~|

23 Ybeautech, uTo 3HaUcHHS [laBrneHust oKpy»KaroLen

[aenerve okpyxaiwei cpegsl

= Crammueckoe aasneHue

R T
cpeabl =P u Temnepatypbl paBHBI Monkoe Aasnerie
cootBeTcTBeHHO 101325 Pa m 600 K. 3naueHus
JPYTUX TApaMETPOB TaKXKe HE TPEOYIOT H3MEHCHHIA.

b TEFITV‘I:ID.I'IHEMI'I napameTpbl
Knukaure OK % | -

R’ [101325 Pa = f

T [B00K 2 A

= E‘,ﬁ [PaHHYHEIE YCNOBHA

Eﬁ MaccoBkIF pacxos Ha Bx04e — XON0AHAA BOAS
E‘ﬁ JSENEHHE DKPY#AHOIWLEN cpeabl — MOpAYan BoAa
Eﬁ CKOPOCTE Ha BX0AE — MOPAYMA BO3AYY

i ? Lienm

24 Tlepenmenyiite aneMeHT JaBiaenue
okpy:kawuiei cpeanl 1 B Jarnenne
oKpyXawmel cpemnsl — Bos3myx.

B manHOM TIpOEKTE BKITFOUCHA OTIIIUS
TenJIoNpoBOAHOCTH B TBEPABIX TeJIax.
[TosToMy HE0OXOMMMO Ha3HAYHUTH MAaTEPUAT KOMIIOHCHTaM MOJEIH, a TAKXKE 3a1aTh UX

HavyaJbHYIO0 TEMIIEpaTypy.

3apaHue MaTtepuanos

B3-12

Ilo YMOJIYaHHUIO BCC TBEPABIC TCJIa B 9TOM IIPOCKTEC CYUTAIOTCA BBINIOJJHCHHBIMU U3
HeprKaBerIel ctanmu (3ToT MaTepuan Obll BeIOpaH B MacTepe npoekTta). B Tom uncie u
KPBIIIKHU, KOTOPBIC 3aKPBIBAIOT OTBEPCTHA. OI[HaKO B TaKOM CJIy4ac€ OHHU 6yIIyT BJIMATH HaA
TEIUIOTIEPpEaAYy BHYTPU TCHHOO6MCHHI/IKa. OTKJ'IIO'-II/ITI) KPBIIIKU B TUAJIOTOBOM OKHE
YnpaBneHne KOMNOHEHTaMM HeNb3s. DTO CBA3aHO C TEM, UTO Ha UX MOBEPXHOCTIX
3aaHbl TPAHUYHBIC YCJIOBUA, YTO BO3MOXXHO TOJIBKO Ha IMMOBEPXHOCTAX TBEPAOIo TCaA,
KOHTaKTHPYIOUNX C TeKy4el cpenoif. OHaKo B KaueCTBE MaTepHaja KPhIIIEK MOKHO
3a4aTb I/ISOHHI.IHOHHI)Iﬁ Marepuaj, UCKIIIOYMB TEM CaMbIM HUX BJIWAHUEC HA TCILUIOIICPEAATY.



1 TlpaBoil KHONKOM MBIIIH
KIIMKHUTE TI0 3JIEMEHTY
MaTepuanbl 1 13 KOHTEKCTHOTO
MeHIo BeIOepuTe [lo6aBUTb
maTepwuan.

B lepeBe Momenu BeIOEpHUTE BCE
JieTain, 0003HavaIoIHe
KpblKy. Ha3Banus atux
KOMITOHEHTOB ITOSIBSITCSI B CITUCKE
KomnoHeHTbI Ans 3apaHus

maTepuna o .

B rpynne Matepuanbi
pacKpoiTe CIIucoK
IIpenonpenenenubie U u3
rpynnsl Glasses & Minerals
BeIOepuTe Insulator.

Marepuaa.

-[J TUBE.FRT

-] EXTERMNAL_PIFE.PRT
- FLANGE_1.FPRT

- FLANGE_2.PRT

= ml:F_OUTLET _LID.PRT

D AlR_IMLET_LID-54
AIR_OUTLET_LID-EO

WATER_INLET_LID-G3
WATER_OUTLET_LID-B6

AlR_INLET_LID.FRT

TER_INLET_LID.FRT
ER_OUTLET_LID.PRT

W Marepuans

- Alloys

uilding Materialz
Cerarmics

=) Glasses and Minerals
Diarnond

Glazs

Glass Lid Seal

Flexiglazs
Quartz glass

|

I Inzulator [MpegonpegenerHeetGlasses and hj

Coza./Mam. ... |

Koukanre OK «? . Tenepb KPBIIIKHU CYUTAKOTCS BBIMTOJHCHHBIMU U3 U30JANUOHHOTO

Tennonposoonocms mamepuana Insulator pasna nynio, nosmomy menionepeoaua

yepe3 KpblUKU OMCYmcmeyenm.

5 Tlepeumenyiite snemeHT Insulator Martepuai 1 B VizonaTops.

3agaHue Ob6bemMHoOM Lenu

1 B mepeBe ananmsza
FloEFD mpaBoit
KHOITKOM MBIIIIH
KITUKHUTE TI0 DJICMCHTY

6LemHbie Leny

[ ) [TUBE-#2

2%

Napamerp

[Min [Cp Max =

Llenu 1 13 KOHTEKCTHOTO
MHIO BBIOCpHTE

Nosnos AaBneHe

Crariueckoe Aasnerue

THaEMAIBCKOE AABABHUE

[m]
O
O

Ho6aBuTb 06 beMHbIe
uenw.

B nepese moznenu
BbIOEpHTE TPYOY
(xommoneHt Tube).

B tab6nuue MapameTp
[IOCTaBbTe rajouky Cp B
none Temnepatypa

Tenneparypa [rexysan cpens [
Cpeanee sHaveHus Ternepar []
Patiouan TennepaTypa [m]
Konmuecteo noaei, owywat [
MacTHoCT

Macca B ofimeme

Temnepatypa (Teepace Tena) []
Neperpes seiwe Terneparypl [
Maccosas konuermpauns &ir | []
Maccosas konuermpauns e [

1 1 o o o o |

IoooEoooooooog
Lo

[OU Co T rputied

<> <y

(TBeppoe Teno). He cHumaiite ranouky Ucn. ans cxoA., 9To0bI 3Ta IETTh
HCTIOJTB30BAIACH ISl KOHTPOJIS CXOAUMOCTH.

FloEFD FEP12 OGyuatowime npumepbl
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4 B nome Uma wabnoHa BBegute Ol Cp T TpyOEL

5 Kimknaure OK o .

3anyck PacyeTa

1 Kiukuaure Flow Analysis > Pacuet > 3anyctutb. [1osBUTCS 11anoroBoe OKHO
3anycTuThb.

2 Haxmure KHOIIKY 3anyCTUThb.

[Tocne oxoH49aHus pacueTa Bbl MokeTe MONMYy4NTh paCCYNTAaHHOE 3HAUYCHUE TEMIIEPATyPhI
C TOMOIIIBIO MOCTIPOIIECCOPHOTO deMeHTa Llemn.

MpocmoTp Llenen

YrtoObl MOMYYUTh OBICTPBIH JOCTYI K HANOOJIEE YaCTO UCIIONb3YEMbIM 3JIEMEHTAM
FloEFD, nomumo aepesa ananusza FIOEFD, Bbl MojkeTe HCIIONIB30BaTh TaHEIH
WHCTPYMEHTOB. VX y00HO MCIIONIB30BaTh ISl OTOOPaKEHHs PE3yJIbTaTOB.

1 Ha nanenu uHcTpymMeHTOB KMKHUTE Co3aaTh Lenb i . [TOABUTCS IMATOTOBOE OKHO
Lenb.

2 Bribepure 1enu npoekTa (B JaHHOM ClTydae Leib Fuew 2]
oma).

? U Cp T Tpytel
3 Kimkuute OK 4 . byner co3nan noxyment Excel

Ienul.

Ha mucre CBOAHBIN 0THYET IPUBEACHO CpeTHEE 3HAYCHHUE TEMIIEPATyPhl TPYObI
TEII000MEHHHUKA.

HEAT EXCHANGER.ASM[LEVEL3]

Yvst uenm Epmnnua 3uavene CpepgHee MunumansHoe |MakcumanbHoe |Mporpecc Wcnonb3oBatb B
U3MepeHusi 3HayeHue 3HaYeHuve 3HaYeHue cxopmmoctu [%] |cxoaumocTn
OL| Cp T py6bi [K] 344,504625 343,93285 343,1591445| 344,5243078 100[da

B3-14



MpocmoTp KapTuH B ceueHun

1 Knuxaure KapTuHa k ceyeHum & . [osIBUTCS MATIOTOBOE OKHO KapTuHa k

ceYvyeHuu.

2 B JlepeBe mozenu BeIOepuTe SM_RIG
£F ASM_TOP
miockocte ASM_RIGHT. 77 ASHL_FRONT
2 4SM_DEF_CSYS
[ TUEE.FRT
[T EXTERMAL_PIFE.FRT
[ FLANGE_1 . FRT
[ FLANGE_2.FRT
[ AIR_IMLET_LID.PRT

3 B guanmoroBom okHe KapTuHa
B CEYEHUU B JIONIOJIHCHHE K

=
3anuBke |_='| BbIOEpUTE

|. ;‘/; |
Bektopa 7!,
& BCTaEHTE 348Ck

4 B rpynne 3anvMBKa B KauyecTBe

i
MNapameTpa “* BBIOEpUTE
Temnepatypy.
5 C moMomIsIo MON3yHKa

ycraHoBute Konnuectso
ypPOBHeW paBHbIM 255.

6 B rpynne BekTopa Haxxmute
KoppekTupoBaTb MUHUMYM 1

MaKcu MyMlE_:]| u 11

4
Makcumyma E 3ajaiTe
3HAYCHHE CKOPOCTH, PABHOE
0.004 m/s.

(0] AIR_OUTLET _LID.PRT
(O] WATER_IMLET _LID.PRT
(O] WATER_OUTLET_LID.PRT

[E KapTnha B ceuennmn B3
© 2|28l
E@ IASM_HIGHT
— |} 3
IE Zanvexa

=
@) WsonmiHim

ﬁ Cetka
= 8
TN m—] | P23 3

[ 2
= I Temnepatypa

E‘ ID.DD4 mi's

3 4 4

E‘ ID mi's

7 Kuuknaute OK U4 . Co3nmanHast KapTHHA B CEUEHUU CKPBITAa TE€OMETPUEH MOICTH.

8 Uro0BI CKPBITH MOJIENb, KIHKHUTE [eoMeTpus |@ .

FloEFD FEP12 OGyuatowime npumepbl
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CpeaHun ypoBeHb: B3 - KN rennoobmMeHHuKa

600
668.32
53864
A07 96
477.28
446.6
415492
386.24
35456
323.88
2932
Temnepatyna (K]

HAPTHHA B CEUBHWK 1: ZANHEKE

U3meHeHne [JuanaszoHa oToGpaxeHus napameTpa

1 Ha nanurpe KIMKHUTE 10 MAKCUMAJILHOMY e coo0n [OOK (|
3HAYCHHUIO M B COOTBETCTBYIOIIEM IT0JIC BBEIUTEC g;ggg
3HayeHUe 300 K. 52020
505.60
IZ 482.00
2 Knuknute ¥, KapTiHa B ceueHUH 0OHOBUTCS B 458.40
434.80
COOTBETCTBUH C 3aJaHHBIM JIAAIA30HOM 411.20
TeMIeparyp. 30400

340,40
316.80

an 293.20

29937
208,64
297 86
207.28
2966
295,92
20524
294 56
20388
2932
Temnepatypa (K]

Temneparypa [K]

KapTuHa & cedenmn 1: sanveka

I/Iccne,uyeM Pa3BUTHUC TCUCHUS B TEII00OMEHHHKE.

B nepese ananmza FlIoEFD npaBoii KHOITKOW MBITIH KJIMKHATE 110 31eMeHTy KapTuHa B
ceyeHuu 1 1 U3 KOHTEKCTHOTO MEHIO BbIOepuTe CKpbITh.

3 Yto0bI moKa3aTh MOJIEIb, KIIMKHITE FeoMeTpus |@ . 3aTeM Ha IaHeIu HHCTPYMEHTOB

N3obpaxeHne mogenu KiukHuTe HeBMANMMBIE NMHUM OoTOGpaxaroTcs é & ’E .

BynyTt oToOpaxeHbl KOHTYpBI Mojieni. HeBuANMbIE MMHUM OTOGpaxarTcA

B3-16



OTo6paxeHune TpaekTopun NOToKa

Yrto0bI YBUACTL KapTHHY TCUCHUSA BOABI B TCHJ’IOO6M€HHI/IK6, H606XOI[I/IMO MOCTPOUTH

TpaekTOpUH NOTOKA.

1 Knuxaure TpaekTopum notoka =2:

NnoTOKa.

2 B gnepese ananusa
FloEFD BbiOepuTe
sjeMeHT MaccoBbIii
pacxoja Ha BXojie —
XoJioqHas Boja.

Byner Bblaenena
BHYTPEHHSIA
TIOBEPXHOCTH KPBIINIKH
OTBEPCTUS, B KOTOPOE
MIOCTYIIAET BOAA
(KOMITOHEHT

WATER_INLET_LID).

Ha »T0li noBepxHOCTH
OyZyT HAXOJUTHCSI
CTapTOBBIE TOUKU
TPAeKTOPUH MOTOKA.

==

£55 Level 3
-3 Broarsie AsHHsE
[ PacueTHan ofinacte
MoAoBNaCTH TeHEHHA
[y Mopa-wmii sozayx
E @ MaTepHans!
5 % VI0nATOpL
Eﬁ T paHHHHbIE YENOBHA
[ & il 1accoseii pacxon Ha Bxoa

1AHAaA B0AA

m CKOPOCTE Ha BX0A8 — FopAsHi Bo3aYX
- Asenenve oxpykaiowet cpeas - Bosayx
E| ? Lenm

% OU Cp T Tpyfsl

= ‘an PesynbTaTh (1.fd)

Cetxa

m AaBNEHHE OKPY#aHWEH cpeabl — Mopadan Boaa q'# |2U

. [losiBUTCS MranoroBoe OkHO TpaeKkTopun

B3

| [ TpaekTopun notoka

(A

_IIUDZm

ﬁ I TpyGkn

=
5 [0008m =
IEIOmpnmb JI—
o— )
o c— |

2 e |-

B
3 B rpynne lNpeacraBneHue u3 cnrcka PackpacuTb no napameTpy |.°_'°.| BEIOEpHUTE

CKOpOCTb.

4 Haxwmute KoppektupoBatb MMHUMYM / MaKCMMYM M KONTMYECTBO ypoaueﬁlt_le.|

=

4
3ajaiiTe 171 CKOpoCcTH 3HauYeHue Makcumyma E paBHBIM 0.004 m/s.

5 Kiuknure OK 4 . Bbl yBUAMTE OIyYUBLIMECS TPAEKTOPUU IIOTOKA.

FloEFD FEP12 OGyuatowime npumepbl
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CpeaHun ypoBeHb: B3 - KN rennoobmMeHHuKa

Ilo YMOJTYaHHUIO TPACKTOPHUHU IMTOTOKA OKpAIICHbI B COOTBETCTBHUHU CO 3HAYCHUAMU

By
napameTpa, BEIOpaHHOTO U3 ciHcka PackpacuTb no napameprto_%J. B nanHOM ciryuae
L[BET TPACKTOPHI ITOTOKA COOTBETCTBYET 3HAYECHHUSIM CKOPOCTH. UTOOBI 3a/1aTh /IS

. . . B
TPAEKTOPHUIl MOTOKa KaKOW-TO ONpeAeIeHHBIH IBET, CIIeAyeT HaxaTh LiBeT L°_°°J " BEIOpaTh
HY>KHBIH.

0.004

0.0036
0.0032
0.002a
0.00z24
0.0o0z

0.0016
0.omz
0.000g
0.o004

0
CEOPOCTE [Mis]

T.k. pacrpezneneHne TeMIieparypbl B TEINIOOOMEHHUKE MPEICTABISIET OONBIINI HHTEpEC,
packpacuM TPaeKTOPHH IIOTOKA 10 3TOMY IapaMeTpy.

1 Ha nanutpe KIMKHUTE B M0JI€ C HA3BAHUEM TEKYILErO 4 08-0%
0TOOpaKAEMOT0 MapaMeTpa 1 U3 CIHCKa BRIOCPUTE g:ggg
Temnepartypa. 31e-02

2.8e-03
@ 2.5e-03

2 Kiuknute E. Tpaekropuu moToka cpasy xe 2.3e-03

1.8e-03

OOHOBSITCSI. 1.5e-03

Bce TpaekTopuu noToka OKpalleHbl B CHHUHN LIBET, T.K. ;%egi

.de-

JIHAIa3oH TeMIIepaTypbl BOJAbI MEHBIIIE O0IIET0O B.26-04

(Imo6anbnoro) guanaszona (293 — 600). UTo6bl HOMyduTh a0t

Oosiee neTabHY0 HHGOPMAIIUIO O PACIPEACICHUN

IEKopoc:'rb 'l@ Xl

TEMIICPATYpPbI BOJbI, HGOGXO}II/IMO BPYUYHYIO UBMCHUTH
JiMaria3oH 3TOro nmapamMeTpa.

Maccosan koHUEHTpaLMA Air —
M accoean koHWEHTpaWMA Water

OffeerHan KOHLEHTPALMA Al

OffberHan KOHLEHTRALKA W ater
Temneparypa [Tekyyan cpena) 4

B3-18



600
669.32
530.64
507.96
477.28
446 .6
415.82
385.24
354.56
323.88

2832
Temnepatypa [K]

OTO6paSI/IM pactupeaciI€HUEe TEMIIEPATYPhl BOABI B AUAITa30HE MEXKTY BXOA0OM H

BBIX0OA0M.
300
28932
29864
297.96
29728
2966
28582
289524
294,56
283.88
2832

Temnepatypa [k]

MuHuMasbHas Temreparypa Boabl omuska 293 K. C noMolipio siaeMeHTa
[ToBepXHOCTHBIEC TapaMETPBI MO’KHO MOITYYHUTh 3HAYCHUS TEMIIepaTyp BO3AyXa M BOJBI HA
BBIXOJIaX M3 TEIUIOOOMEHHUKA. DTH 3HaYCeHUsI HYKHbI 115t pacuera KITJ]
TEIUI00OMEHHHKA, a TAKOKE JUTS TOTO, YTOOBI OIPEACTUTh TOAXOAAIININ THarna3oH
3HAUYEHUH TeMIepaTypsl s 0TOOpakeHHS TPACKTOPHH MOTOKA.

Tlocmnpoyeccopnuiii onemenm I1oBepXHOCTHBIE MAPAMETPBI 110360/14€Mm
0mMobpaAzUmMb MUHUMATIbHOE, MAKCUMATbHOE, CPeOHee Ul UHMeZPAbHOe 3HAYeHUs
napamempa, paccuumannvie na 3a0anHol nogepxrnocmu. Bece napamempul densimes na
06e kamezopuu: Jlokanvuvie u Mnmezpanvhuie. /s 1I0KATbHBIX RAPaAmMempos
(Oasnenus, memnepanypbl, CKOpOCmu u m.o.) paccuumbvl8aromcs, MakCUMAaibHoe,
MUHUMATIbHOE U CpeOHee 3HAYEHUs.

FloEFD FEP12 OGyuatowime npumepbl B3-19



CpenHun ypoBeHb: B3 - KM TennoobmeHHMKa

MpocmoTp NMoBepXHOCTHLIX NapaMeTpPoB

B3-20

1

Knnkanure NMNoBepXHOCTHbIE NapameTpbl @5 . IlosiBUTCS [UanoroBoe OKHO

MNoBepXxHOCTHLIE NapameTpbl.

B nepese ananmsa
FloEFD BriOepure
anemMeHT JlaBiienue
OKpY:Kawouieil cpeabl -
Topsiuast Bona. byzner
BBIJICTICHA BHYTPEHHSIS
MOBEPXHOCTH KPBIIIKH
OTBEpCTHSI, Yepe3
KOTOPOE BBIXOJMT BOJIA
(KOMITOHEHT
WATER_OUTLET_LI
D).

YToOBI 3HAUCHHUS
mapaMeTpoB OBLITH
paccyuTaHbl BO BCeil
MOJIETH, T.€. C YIeTOM
ycnoust CHMMeTpHH,

£5: Level3
£ B Bxoarsis s

- MoacBnacTa T

MaTepHank

E @ MzonATop
[=}- ] Tparkdnee yenosna
¥ Maccoseii packaa Ha Ex0as — KonoaHas BoA

¥ Crapocte

Uen4

- B Pesynstare (1.fd)
- ﬁ CeTka

it @ PacueTHaA ofinacTe

EHEHHA

=

Ha E:

= % OU Cp T TpyBel

L] Aaeneme oxpysatowed peael - Bozayx

043

L. MoBEpPXHOCTHBIE NAPaMET Pbl n

C[) [WATER_OUTLET_LID-66

il
&
¥ PaccmompeTs Boi Monens

Bee =

MnomHocTs {Texyyan cpena) j
CropocTs

Cropocts (X}

Cropocts {Y)

CropocTs (Z)

eMnepaTypa (Tekyyan cpena)

| TemnepaTypa (TBepace Tena) j

AR e e e

}‘.x Irnuﬁanbnaﬂ CMCTEMA KOOPLHHAT
=

Opyrue NapameTpb

Mokasams
SkcnopmpoeaTe & Excel

MOCTaBBTE Ta0YKy PaccMoTpeTb BClo Mogenb. DT0 0COOCHHO BaKHO MPHU pacueTe
MacCOBOTO M 0GBEMHOTO PACXOJIOB.

B rpynnie NapameTpsbl BeiOepuTe Bee.

Knukante MokasaTk. PaccunTanHble 3HaYCHUS TapaMeTpoB OyayT OTOOpaXKeHbI Ha
MaHeJIH B HIOKHEH yacTh 3kpaHa. CieBa 0TOOpaxkaroTcs JIOKaIbHbIE TApaMETPHl,

CIIpaBa - UHTCIrpaJibHbIC.

OO6parnTe BHUMaHHE Ha JOKAJIbHbBIC TapaMETPHI.

TNoKaneHEIA NapaMeTp |MMHmmym |MaKcnmym |CpeﬂHee |CpeﬂHepachﬂHb|ﬁ Mnow &AL NOEEpXHOCTH [Mm™2] |
Aaenenme [Pa) 202650 202650 202650 202650 0.0039
MnoTHocTe [kgfm™3] 991,53 007,53 005,7 Q05,5 0.0039
CropocTe [mys] Z.1e-004 3.9e-003 Z.6e-003 3.1e-003 0.0039
CropocTe (%) [mis] -1.5e-004 2. 1e-004 -2,4e-006 -2,4e-005 0,003
CropocTe () [mys] 1.9e-004 3.9e-003 Z.6e-003 3.1e-003 0.0039
CropocTe (2) [myis] -1.9e-004 1.5e-004 6.7e-006 2.1e-005 0.0039
Yucno Maxa [ ] i} i} i} i} 0.0039
TeMnepaTypa (Tekyuan cpeaal [K] | 294.4 313.5 299.8 0.0039

CpenHepacxoHOe 3HAYCHHUE TEMIIEPATYPhI BOJIbI Ha BBIXOJIE COCTABIISIET MPUMEPHO
300 K.

Tenepb HEOOXOUMO OIPENETUTH TEMIIEPATyPy BO3IyXa Ha BBIXOJE.




7 KiuKHUTE 0 AJIEMEHTY
JaBienue
OKpY:KalolIei cpelbl -
Bo3zayx. byner

=B Broansie AaHsie
| PacuetHan cnacte

NoACGNACTH TEHeHH
T opAHMi B03AYX
@ MaTepHans

@ MzonATope!

[E MoeepxHocTHBIE NApaMeT pol [ 7] %]

() [&R_OUTLET_LID6D

i

[V PaccmotpeTs soo Mosens

BbIJCJICHA ITIOBECPXHOCTDb [ r——
KpBH.HKI/I OTBepCTI/IH Eﬁ [MaccoBbId packod Ha BXOAE — XONOAHSA B0AS
’ Eﬂ A EENEHHE ORPYHEHIWER cpeakl — M0pAYan BoAa
qepe3 KOTOpOC BBIXOAUT Ef] Cropocte Ha exoae - Fopaumi Bosayx Bee
Oaenerme

BO31YX (KOMIIOHEHT

MnomocTe (Tekydyan cpeaa)

AIR_OUTLET_LID). g ouceTrpyen “Coocn
- - ) -8 PesynsTath (1.d) ¥l CropocTs (O
[ =3 CicopocTs (V)
8 Bum3y Ha maHemn oG e  Cropoors )
KIMKHUTE OGHOBUTL Do
emMnepaTypa (TBepaoe Tena)
(L b = e T
"? . {L“.x Irnoﬁanbnaﬂ CHETEME KOODAMHET
___Lorvenpawers.__|
9 O6paTI/IT€ BHUMAaHHEC Ha =
JIOKAJIbHBIC TApaMETPBhI,
Mokasate I
PACIIOJIOKCHHBIC HA
3kcnopTMposaTe B Bxcel I
ITaHCJIH CJICBA.
TNoKaneHEIA NapareTp FAHHFMY M MaKcHHyH CpeaHes CpeAHepackoAHel | Mnowaae nogepxHocTH [m™2] |
Aaenenve [Pa] 101325 101325 101325 101325 0,0039
MnoTHocTe [kgfm™3] 0.6 0.7 0.6 0.6 0.0039
CropocTe [m)s] 8.1 10.2 9.8 9.8 0.0039
CropocTe (%) [my's] -9,5e-002 0.1 -2,1e-002 -2,0e-002 0.0039
CropocTe (Y [my's] -8, 7e-002 0.1 -2, 6e-004 -2, 6e-004 0.0039
CropocTe (23 [my's] -10.2 -8.1 -9.8 -9.8 0.0039
Yucno Maxa[ ] 0.0z 0.0z 0.0z 0.0z 0,0039
Temnepatypa (Tekydad cpeaa) K] 521.1 600.0 585.5 586.0 0.0039

CpeanHepacxoqHOE 3HAYCHHUE TEMIIEPATYPhl BO3yXa Ha BbIXoje cocTaBisieT 586 K.

10 CnpaBa Ha aHeIU 0TOOPAXKAIOTCS 3HAYCHHSI HHTETPAIbHBIX ITapaMeTpoB. MaccoBblit
pacxon Bo3ayxa paBeH 0.046 kg/s. DTo 3HaYEHUE PACCYUTAHO C YIETOM YCIOBHS
CummeTpuu, T.K. OblIa BKIIIOUEHa oniyst PaccMoTpeTh BCIO MOeb.

VIHTErpankHeli napaMeTp

|3Hau3Hme |X-KbmnoHEHTa|Y-KbmnoHEHTa |Z-K5MI'IDHEHTa||-|J'IU.LLla.ﬂb NOEEpxHOCTH [m™2]

Maccosei pacxos [kafs) -0.046

CfbemHe pacxoa [m3)s] -0.0764

Mnowask NoEepxHOCTH [m™2] 0.0075 0 i}
MoTokK NOAHOM 3HTanknkH [W] -27495.7

MokasaTens 0AHOPOAHOCTH NoToka [ ] 1.9552330

Mnowagk cHaYMESESMOR NOBEPXHOCTH, HEMEpEHHAA & CAD [m~2] 0.0079
Mnowage TeepAoro Tena, MaMepeHHan & CAD [m™2]

0,007

11 Knuknnre OK ¢ , UTOOBI 3aKPBITH IUATIOTOBOE OKHO.

FloEFD FEP12 OGyuatowime npumepbl

0.0075

0.0075
0.0075
0.0075
0.0078
0.0075
0.0079
0.0079
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CpenHun ypoBeHb: B3 - KM TennoobmeHHMKa

Pacyet KN TennoobmMeHHUKa

B3-22

Temepp HeoOxomumo paccuutath KI1J] TermmoodmMenHuka. [ 3T0ro cHavaia HyKHO
OTIPEICTINTD, PACXOJ KaKOH TeKydel cpesibl (BOJBI MIIM BO3AYXa) SIBISICTCS HAUMEHBIIIM.

Pacxon paccunthiBaetcs kak C=#1C . B 1aHHOM nprMepe MacCOBBIN PACXOJl BOBI
cocrasisiet 0.02 kg/s, Bozayxa - 0.046 kg/s. YnenapHas TEIIIOEMKOCTh BOJIBI IIPH
temmneparype 300 K mpuMepHo B 1T pa3 Oosblie yIeabHON TeIIOEMKOCTH BO3IyXa MpU
temmneparype 586 K. Takum 0O6pazom, pacxoja Bo3ayxa MeHbIIe pacxoaa Bojbl. CormacHo
[2], KIT/I TernnooOMEHHHKA PAaCCUYUTHIBACTCS CIECTYIOIIUM 00pa3oM:

inlet outlet

— Thor — Thor
inlet inlet ’
Thot - Tcold

rne T}t - temmeparypa Bosmyxa Ha Bxome, 7Y/’ temmeparypa Bo3myxa Ha

BEIXOTE, a 1 /70¢/ - TemmepaTypa BozBI Ha BXOJIE.

W3BecTHO, uTO TeMIieparypa Bo3ayxa Ha Bxoae coctasisieT 600 K, a remneparypa Bobl
Ha Bxoze - 293.2 K. 3HaucHHs TeMIiepaTyp BOIBI ¥ BO3IyXa Ha BBIXO/IC OBLIH PACCUUTAHEL.
Taxum o0Opazom, moaygaem, uto KITJ[ TermmooOMeHHIKa paBeH:

_ Tt =Tpat _ 600 — 586
Tjnlet _Tinter 600 —293,2

hot

= 0,045

Wrak, BBIIONHSS ATOT HipuMep, Bbl Moru yoeauthes, uto FIOEFD siBisiercst MOLHBIM
WHCTPYMEHTOM JUISl pacyeTa KOHCTPYKIHUI TeII000MEHHHUKOB.

2 ].P. Holman. “Heat Transfer” Eighth edition.



B4

OnTMMn3aumsa ceTku

B nanHOM ipumepe nemoHcTpupyercs, kKak B FIOEFD M0xHO BpydHYIO U3MCHSTH
HACTPOMKH pacueTHON ceTKH. B OOJbIIMHCTBE 3a/1a4 JOCTaTOYHO HCIIONB30BATh CETKY,
CreHEpPHPOBAHHYIO B COOTBETCTBUH C aBTOMAaTHYECKUMH HacTpoiikamu. OJJHAKO, eCin B
MOJIEJH TIPUCYTCTBYIOT MEJIKHE TEOMETPUUCCKUE IIEMEHTBI, MOXKET 00pa30BaThCs
00ITBIIIOE KOJIMUYECTBO STUEEK, [UIS YETO PECYPCOB KOMITBIOTEPAa MOXKET OBITh
HEJI0CTaTO4HO. B Takux ciydasx peKoMeHIyeTCsl BpyUHYI0 H3MEHUTh HACTPOHKH
PacUYeTHOM CETKH ¢ MOMOIIBI0 cooTBeTcTBYomuX omiuit FIoEFD. Takum o6pa3zom
MOKHO JOOUTHCS TMTOAPOOHOTO pa3pelIeH s MEIIKUX JIEMEHTOB MOJICTH U H30eXkKaTh
YPEe3MEPHOTO JIPOOIICHHS OCTAIBHBIX 00IacTel.

B kauectBe npumepa paccmorpuM BeiTsizkHOI miKkad ¢ 3xexTopom (Ejector in Exhaust
Hood). OcHOBHBIE LIEIM JAHHOTO MOJEIUPOBAHUS:

¢ YCTAaHOBHUTH ONITUMAJIBHOE COOTHOIIECHUE MEXIY 3alaBa€MbIM MUHHNMAJIbHBIM
3430pOM U XapaAKTEPHBIM Pa3MEpPOM MOACIIN 34 CUCT U3BMEHCHUS HACTPOCK
Ha4YaJIbHOM CETKH.

® Pa3pCiiuTb MEJIKHUEC JIEMCHTHI 3a CYET 3alaHUA HACTPOCK JIOKaJIbHOU CETKH.

FIoEFD FEP12 OGyuatowme npumepbl B4-1



CpenHun ypoBeHb: B4 - OnTumnsaums cetkm

NMocTtaHoBKa 3agaum

Moiens BBITSDKHOTO IKada ¢ 3KeKTOpOM IT0Ka3aHa Ha pucyHKe Hibke. OOpaTtuTe
BHUMaHHeE, YTO JUaMETP OTBEPCTHS JKeKTopa rmpumepHo B 1000 pa3 MeHbIe
XapaKTepHOT'o pa3Mepa MOAEIH, KOTOPBIH ONPEACNISIETCS UCXOSI U3 Ta0APUTHBIX
pa3MepoB pacueTHOH 00IacTH.

BbITspkka

LA
¥
OTBepcTie
Meperopoakum 4 / .
N
Fo
xekTop \

OTBepcTVE ANs nogayun xnopa

@ 0.0044 fi

B4-2



OTKpbITUE MOAaenu

Crommupyiite nanky B4 — Mesh Optimization B cBoro pabouyro TUPEKTOPHIO U
yoeautecsk, 4To ¢ (aiinoB cHAT aTpuOyT "Tonmbko mis uyreHus", T.K. FIoEFD Oyner
COXpaHATh B HUX BXomHbIe qanHbIe. OTkpoiite cOopky Ejector_in_Exhaust Hood.asm.

But moswceme nponycmums co3oanue npoekma u 3anycmums Ha pacyem 20moebiil

npoexm FIOEFD, co30annbiii 6 coomeemcmeuu ¢ smum npumepom. s smozo Bam
neobxooumo omxpvims coopky Ejector_in_Exhaust Hood.asm, pacnonoscennyio 6
nanke B4 — Mesh Optimization\Ready To Run, u 3anycmums na pacuem uyosicnvie

npoexkmol.

Co3paHune npoekta FIOEFD

Co3zaaiiTe MPOEKT ¢ MOMOIIBI0 MacTepa MpoeKTa, Kak MOKa3aHo HIKE:

Wwmsa npoekra

Ejector Analysis

Kouduryparms

Hcnonvzosams mexkyuyo

Cucrema enuHUI] H3MEPEHUS

USA

Twun 3agaun

Buympennss; Hckniouums nonocmu 6e3 ycioguii
meyeHus.

Ddusnyeckue MoaeIn

Fpaeumauuﬂ; no yMoa4anuro (Y KOMnoHnenma. -
32.1850394 fi/s"2)

Texyuas cpena o yMOJI4aHHUIO

Air, Chlorine

YcaoBus Ha CTEHKaX I10
YMOITYaHHIO

Aouabamuueckas cmenka, eraokue CmeHKu no
ymonuaruro (wepoxosamocms pasta ()

HauanpHele ycioBus

HavanpHble KOHIIGHTpaIUK ra3oB: Air — 1,
Chlorine - 0

YpoBeHb pazpenieHus

Yposenv paspewenus 3aoauu - 3;

Paspewenue ceomempuu no yMondanuio:
asmomamuyecKie MUHUMALbHbLI 3A30D U
MUHUMATIbHAS, MOTWUHA CIEHKU, Opyaue ONYuu no
VMOTUAHUIO

Tpu sxarouenuu onyuu I'pasumanyus neodxooumo yuumvléams, 4mo
2uopocmamuuecrkoe 0asieHie paccuumpleaencs 6 COOMeEemcmeull ¢ 2100ANbHOl

cUCmemoul KOopouHam:
P

euopocmam.

= p(g"x + g,*y+ g.%2), 20e p —xapaxmephas nromnocme, g; -

KOMNOHEHMbl BEKIMOPA SPASUMAYUOHHO20 YCKOPEHUSL U X, Y, Z - KOOPOUHAMbL 6
21100abHOLL cucmeme KOOpOUHan.
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3apaHue NpaHUYHbIX yCNOBUN

B4-4

CHagana H€06XOZ[I/IMO 3a4aTb 'PaHUYHBIC YCIIOBHS, T.K. OHU BJIUAIOT HA aBTOMAaTUYCCKUC
HaCTpOﬁKH Ha4YaJIbHOM CETKU: MHHUMAJIbHBIN 3a30p ONMpEACIACTC UCXOAA U3
XapaKTCPHbIX pasMecpPoOB HOBerHOCTCﬁ, Ha KOTOPBIX 3a1ar0TCA 'PAHUYHBIC YCIIOBHA.

FIoEFD onpedensiem MUHUMATbHBIL 3a30P MAK’CE UCXOO0S U3 PAZMEPO8
nosepxHocmetl, Ha KOMOPLIX 3a0AIOMC UCTNOYHUKY, 8eHMUAMOpPbl U yeau. Iloasmomy
6ce YCllo8Us peKoMeHOYyemcs 3a0agams 00 Hayand pedakmuposanis HAcmpoex Cemxu

IIBa MEPBLIX 'PAHUYHBIX YCJIOBUA 3a/:[a171Te Ha BXOAC U BBIXOAC BBITAXKHOIO mKa(ba.

I'pannunoe Jaenenue oxkpyscarowieil cpeovt

yCJ10BUE Ha Kpvuurxa, xomopas 3axpvieaem
BXOze omeepcmue 6 Kopnyce (yoeoumecsw,
4mo 8vl0eNeHa GHYMPEHHSIS.
NOBEPXHOCTb KPbIUUKLL)

/aenenue 01<p2v.ucalomeﬁ cpeovt
14.6959 Ibf/in*, eaz — Air

Temnepamypa 68.09 °F
I'panuunoe O0BeMHBIN pacxoa Ha BbIXo/e
ycjioBue Ha Kpvuuxa, xomopas 3axpvieaem
BBbIXOZIC BLIMAIICKY (YOeoumecs, umo
6bLOCNIeHA GHYMPEHHSSL NOGEPXHOCIIb
KpblUKLU)

Oobvemmuwiit pacxoo 1000 ft3/min

Otkpoiite auanorosoe okHo HayanbHas cetka (xinkHute Flow Analysis > HayanbHas
ceTKa) ¥ BKIIOYUTE OMLHUIO 3a/1aTh MUHUMAJIBLHBIN 3a30p. OOpartuTe BHUMaHNE, YTO
MUHHMAJIbHBIN 3a30D, ONpe/IeIeHHbINH aBToMaTinyecku, cocrasiseT 0.5 ft, uro paBHO
IIMPUHE OTBEPCTHUS Ha BeIxone. Kiukuute OTMeHa, 4To0BI 3aKPHITh 3TO THATIOTOBOE
OKHO.

Z Umobel omkpeims duanozosoe okno HadanbHas cemka ¢ Creo Parametric, knuknume
Flow Analysis > Cemka > Ha4anbHasi cemka.




B kadecTBe clienyromero rpaHuiyHoro yCaoBHs 3a1a MM 00beMHbIIH pacxoa Xjiopa
(Chlorine), mocrymaromniero B orBepcTre »kekropa (komrnoneHt Ejector).

I'pannunoe OovemHblil pacxoo Ha exooe
ycJa0BHE Ha Kpvruxa, saxpuiearowan omeepcmue
BXOJ€ 6 90iceKmope, uepe3 Komopoe

nodaemcs xaop (yoeoumecw, 4mo
8bIOPAHA 6EPXHSISL NOBEPXHOCTID
KPbIUWIKUY)

Oobvemnwiit pacxoo 0.14 ft3/min

Konuenmpayuu éewgecme: Chlorine
—1; Air—0

Ecmu Be nocMoTpuTe Ha 3HaUEHHE MUHIMAIBHOTO 3a30pa (kinkHuTe Flow Analysis >
HauanbHas ceTka > 3a1aTh MUHMMAJIbHBIN 3a30D), Bbl yBUaNTE, 9TO TEIEph OHO
cocrapmser 0.00446 ft, 9To mpuMepHO paBHO AUAMETPY OTBEPCTHUS B RKEKTOPE.

3adanue MuHuManIbHO2O 3a30pa 8UACTN HA PACYEMHYIO CEMK) CLeOYIOUUM 00PA30M:
HA MUHUMANBHBLL 3A30D OO0IHCHO NPUXOOUNBCA ONpedesleHHOe KOTUYECMB0 AYeeK.
Ymobwr smo ycnosue evinonnsiiocs, FIOEFD ycmanasiusaem coomeemcmesyoujue
napamempbi, onpeoengioujue CemKy: Yucio aieex 0a3080t cemKu, yposeHsb
paspeuieHus cemkou MeIKux 0cobeHHocmell Mooenu, paspeulerHue Y3KUx KaHaios u
m.0. Obpamume enuMaHue, Ymo dMu NApamempsbl NPUMEHIOMCI KO 6Cell paciemHuoul
obnacmu, m.e. KO 8cem dNeMeHMAM ¢ COOMBEMCMBYIOUUMU 2eOMeMPULECKUMU
Xapaxmepucmuxkamu.

T.K. MUHMMaJIBHBIH 3230p OKA3bIBACT BIHMSHUE HAa CETKY BHYTPH BCEH pacueTHOM 001acTH,
TO OOJIBIIIOE pA3INYKe B pasMepax Bcel MOIEIH U MUHUMAIILHOTO 3a30pa IPUBEAET K
MIOCTPOCHUIO CETKH ¢ OOJIBIINM KOJIMUYECTBOM stueek. [1onpoOHo Oyaer pasperieHa Best
MOJIEIb, a HE TOJILKO MEJKHE 3y1eMeHTHI. T.e. OyneT 00pazoBaHO O0JbIIOE KOTHYECTBO
MEJIKUX SI9eeK B TeX 00JacTsX, I 3TO He SBIsETCS HeoOXOMUMbIM. B pesynbrare
TpeOOBaHMS MAMITH MOTYT IIPEBLICUTH JOCTYIHBIC pecypchl KoMmbioTepa. bosee Toro,
€CIIM COOTHOLICHHE MEXy pasMepaMy MOJICITH 1 MUHIUMAJIBHBIM 3230POM IPEBBIIIACT
1000, FIoEFD He cMOXkeT KOPPEKTHO pa3pemIuTh TaKyr0 MOJCIb CETKOM,
CreHEepHPOBAHHON B COOTBETCTBHH C aBTOMAaTHYECKUMH HACTPOUKAMH.

DKpaHBI 3KEKTOPa SIBIISIFOTCS MOPUCTHIMU TesaMu. [ToaToMy Heobxoanmo co3nark
MIOPHCTYIO CPEy M 3a/1aTh €€ B KaYeCTBE MaTepHaja BEpXHETO 1 OOKOBOTO AKPAHOB.
OpHako HYKHBII MaTepHal yxe cymectByeT B mkeHepHol 0ase maHHBIX. [loaTOMY BEI
MO)KETE HE CO3/1aBaTh HOBYIO ITOPHUCTYIO CPEAY, a IIPH 33/IaHUN COOTBETCTBYIOIIETO
ycioBust BEIOpath MaTepuain "Screen Material" B rpymme [IpemonpeneneHabie
WmxenepHoii 6236l TaHHBIX.

FloEFD FEP12 OGyuatowime npumepbl B4-5



CpenHun ypoBeHb: B4 - OnTumnsaums cetkm

[opucras
cpena

Mamepuan sxpana:
Ilopucmocmy: 0.5,

Tun nporuyaemocmu:

FnemeHTel  CEOHCTES 3 NEMEHTa |

CeoficTEo | 3raverme
HSOmpO}’ZH(lﬂ, Wraa Screen Material
3asucumocms om Karaermapus

MopucTocTe 0s
CKopocmu. TN NPOHULEEMOCTI WaorponHan
A= 0 0 7 kg/m4’ :‘opma EH80GHWA CONPOTHENEHWA gauﬁ;ulfuroflb OT CKOPOCTH

— %, 3 .07 kadm

B = 3e-008 kg/(s*m’). E 3e-008 ka/(s'm"3)

EE sl e
KoMmnoHeHTBI: i

[] SCREEM_BASE.PRT
ImYSI0E SCREEN PRT
1 TOP_RING.PRT

=M
{21 STRUT.FRT
(] STRUT.FRT
[ STRUT.PRT
{21 STRUT.FRT

[ J [EJECTOR-40/5IDE_SCREEN-48
EJECTOR-40/TOP_SCREEMN-54

Bepxnuuu skpan
TOP SCREEN

bokosoii sxpan
SIDE SCREEN

| Orraioiire kommoHeqTE!

=l NpegonpeneneqHee
sotropic

Screen Material
Unidirectional
SanaHe! NONLSOEATENEM

I Screen Material [[peaonpeaenertee] j

UToOBI yBUIETh MPEUMYIIECCTBA UCTIONB30BaHM JTOKATBHOM CETKH U OMIUI IpoOieHus,
HEoOXOAMMO CHavalla CreHepHPOBATh PACUETHYIO CETKY C aBTOMATHYECKHMU
HacTpoiikaMu. Yucnio siueek aBroMarndeckoil cetku npessicut 1000000, n mamsatu
KOMITBIOTEpa MOXKET OBITH HEOCTATOYHO IS 3aBEPIICHHS MIPOIlecca TeHEepaIliy CEeTKH (B
9TOM CIIydae IOSIBUTCSI COOTBETCTBYIOILEE MPETyIPExkIatoliee COOOIIEHHUE).

3apgaHvne MMHMManbLHOro 3asopa

B4-6

B I[aHHOﬁ MOJECJIU MOXXHO YCJIOBHO BBIICJIUTH ABE YaCTU, KOTOPBIC CYIICCTBECHHO
Pa3IHYAIOTCS 10 pa3Mepy:

* KOpIycC, BHYyTpHU KOTOPOI'O HAXOAATCA TOHKUE CTCHKH, HO HET MCJIKHUX 3JICMCHTOB,

* 001acTh IKCKTOPA, BKIIIOYAOITYIO MHOKECTBO MCJIIKHUX I'COMETPUICCKUX
JJICMCHTOB.

Jliist Goree moapoOHOTO paspemnieHus 00JIacTH MKEKTOpa TpeOyeTest ceTka ¢ MEHBIINM
pa3MepoM siueeK, 4eM JUlsl pa3pemnieHus Oombiei yactn Moaenu. OqHako HeoOX0IMMO
YUUTHIBATH, YTO 00JIACTH MKEKTOPA SIBISIETCS YaCThIO Beell pacueTHOM obnacth. [Toatomy
HACTPOMKH CEeTKM HEOOXOIMMO N3MEHUTh TAKMM 00pa3oM, YTOObI OHU NTPUMEHSIINCH
TOJIBKO K 3TOW YacTH MOJIEIIH.

3HaueHne MUHUMAJILHOTO 3330pa, KOTOPOE aBTOMAaTHYECKHU OTPEEISICTCS] HCXOJIS U3
pa3MepoB BEPXHETO U OOKOBOTO 3KpaHOB (koMmoHeHTH Top Scereen u Side Screen), maio,
YTO MOXKET IPUBECTH K YPE3MEPHOMY PA3OMECHUIO CETKH.

UT0OKI OIpeNennuTh MOIXOoIIee 3HAYCHNE MUHIMAITFHOTO 3230pa, HEOOXOIIMO YIeCTh
clenyomiee:

¢ 3aJ1aHHBIC TPAHUYHBIC YCIOBUS;




* KaHaJbl, CBA3BIBAIOIINE BHYTPCHHUH 00BEM 3KEKTOPa C OCTAIBHON 00JIACTHIO
BHYTpH KOpPITyCa;

* y3KHE IPOXO/IHBIC CEUCHMS MEXy IIEPETOPOAKAMHI BHYTPH KOpITyca.

BHuMaTenpHO U3Y4HB MOJIENb, MOKHO CJIEJIAaTh BBIBOJI,
YTO MHHUMAJIBHBIM 3a30POM SIBIISIETCS 3230 MEXKILY
CpeIHel ¥ BepXHEH meperopoakamMu Kopiyca. YToos
n30exaTh Ype3MEPHOTO pa3OUCHNUS CETKH, TAKOE Ke
3HAYeHHE HEOOXOANMO 3a/1aTh Ui MUHUMaJIbHON
TOJIIMHBI CTEHKH.

1 Kiuxnaure Flow Analysis > HayanbHas ceTtka.

2 B Creo Parametric knuknume Flow Analysis >
Cemka > HavasibHasi cemka.

2 C noMomipio craijiepa yCTaHOBUTE 3HAUCHUE
YpaBHeHus pa3pelueHns paBHbIM 5.

3 TIlocraBsbre rajiouky 3agatb MUHMMarbHbIA 3a30p U
B nojic MMHUManbHbIN 3a30p BBEIUTE 3HAUCHUC
0.067 ft.

4 [locraBbTe ranouky 3agaTb MMHMMarbHYHO
TONWMHY CTEHKU 1 B TToJie MMHMManbHas TonwmHa

CTEeHKM BBEIMTE 3HaYeHUE 0.067 ft.
e 0.067 ft

5 Kiukunre OK.
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B4-8

YrtoObI 3allyCTUTb I'CHCPAINIO CETKH, BBINIOJHUTE CICAYIONIYIO TOCICAOBATCIIbBHOCTb

IEUCTBUI:
1 Kunukuaute Flow Analysis > 3anyctutb

2 CuumuTe ranouky PacuerT, yToObI Oblia
BBITIOJIHEHA TOJIBKO FeHEepaIlns CETKH.

3 Knuxaute 3anyctuThb.

[Tocne okOHYaHUS TeHEepaluu CETKH 0TOOpa3uTe ee
Ha KapTuHe B ce4eHuM B IIIOCKOCTH

ASM RIGHT. [l 3T0T0 B TMAJIOTOBOM OKHE
KapTuHa B ceyeHUn HEOOXOIMMO BKIIIOUUTh
onuuto Cetka B rpymnre Nokasatk.

Sanycrurs HER
i Fangerims |
| Cerica I= | Borme npea. pesynerare!
I Pacser Jakpers
& Hossi) Crpaska
€ Mpogosms
H W mamATA
SaneTire Ha [ 7o comnerrep 2
HemonesosaTe e i ™ 3axpsms CAD

|

TloCTROEHIIS pesynETATOR M0 OKOMYSH pacteTa
W 3arpysiTe pesynstare: CepuA peaynLTaros.




HOJ’Iy‘II/IBIHaFICH B PE3YyJIbTATC CCTKA UMECT 3HAYUTCIIbHO MCHBIIEC AYCCK, YEM Ta, YTO ObL1a
CIrCHEpUPOBaHa € aBTOMAaTUYCCKU OMTPEACIICHHbIMU MuHIMAJbHBIM 3a30poOM u
MuHHMAJIbHOM TOJIHIHHOﬁ CTECHKH. 0611166 YHUCJIO STUCCK TCIIEPb COCTABIIACT HPUMCPHO

200 000.
il il B
— o
i
I J._
r'f_
i
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i
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|
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I H 1+ ::EE
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HacTtpoiika ceTku BpyUuHyto

B4-10

Hcnonp3oBaHne ceTKH OoJiee BEICOKOTO YPOBHS ITO3BOJIMIIO 3HAYUTEIILHO COKPATUTh
YHCIIO SYEEK U MPU 3TOM OoJiee OAPOOHO pa3peInTh 00IacTH ¢ MEIKUMHI
TeOMETPHUUCCKUMU r1eMeHTaMU. OIHaKO B HEKOTOPBIX 0OJIACTSAX HAJIMYUE MOAPOOHOM
CETKH HE OIPaB/IaHo, T.K. 3/IeCh He HaOI0aeTCsl PE3KOro M3MEHEHHsI TapaMeTpOB
TEUCHHS, T.C. TIOJISl TCUCHHUH B ATHX OOJIACTIX HE OKA3bIBAIOT CYIECTBEHHOTO BIHMSHUS Ha
pemenue. Yueno sueek MOXKHO COKPATHUTb, €CITH OTKIIIOYNTH aBTOMaTHUCCKHE HACTPOHKH
CETKH U 33]]aTh UX BPYUYHYIO0. JTO ITO3BOJINT OCBOOOANTH MaMSITh KOMIIbIOTEPA,
HEOOXOANMYIO JUTS TIOPOOHOTO pa3pemeHus 00JIacTH BKEKTOpa.

Knukuurte Flow Analysis npoekT > [NepecTpoeHue.

1 Kiukaure Flow Analysis > HayanbHas cetka. CHuUMUTE rajnouky ABTomatuyeckue
HaCTPOWKMU, OTKITFOYHNB TAKUM 00pa30M aBTOMAaTHYCCKUE HACTPONKH CETKH.
HacTtpoiiku, 3amaBaeMbie B THAIOTOBOM OKHEe HavyanbHas ceTka, OmpeelsitoT
0a30ByI0 ¥ HAYAIFHYIO CETKY BHYTPH PAaCUCTHOH 00JIACTH, 32 UCKITFOYCHHUEM 00JIaCTeH,
B KOTOPBIX 33JaHbI HACTPOWKH JIOKAIEHOW HAYalIbHON CETKH.

Z Umobwvl omkpweims ouanozosoe oxrno HayansHasi cemka ¢ Creo Parametric, kiuknume
Flow Analysis > Cemka > HayanbHasi cemka.

Pacuem nawunaemcs ¢ nocmpoenus Hauanvnou cemxu. Hauanvnas cemka cmpoumcs
Ha ocnose bazoeoit cemku nymem opobnenus aueex 6 COOMEEeMCmauU ¢ 3a0aHHbIMU
nacmpotikamu. bazosas cemka cmpoumcs 3a cuem pazouenus paciemnoii 0o1acmu Ha
yacmu ¢ NOMOWbIO NAPANIENbHBIX NAOCKOCHEU, OPIMO2OHANbHBIX 0cAM 1106anbHOl
cucmemvl koopounam. Eciu exuiouena onyus adanmayuu cemxu K peuleHuio, 6
npoyecce pacuema Mo2ym npoucxoounms 0OnoIHumenbhvle OpodIeHUs HAYANTbHOU
CemKu.

ITo ymorganuio napamerpsl HauanbHol cetku yeranapnuBawores FIOEFD B
COOTBETCTBUHU C paHee 3aIaHHbIMU aBTOMaTUUYE€CKUMHU HACTPONKAaMHU, BKITIOUAst
MuHumanbHbIN 3a30p U MMHMManNbLHYO TOMNWWHY CTEHKW.

1 Ilepeiinure Ha BKIaIKy Y3kue Hasamuian cerra K
Basonan cemca | Mpannua teno/reyian cpena | Hpobnewie seer.  Yerse kanans |
KaHanbl ¥ yCTaHOBHTE YPOBEHb - 5 _
.qpoﬁneva CeTKU B y3KV|X THOUATI ONLYIC APOBNEHIIR CETKH B YSIKVX KaHanaX -Umw |
KaHanax paBHBIM 1. DTO MO3BOIHUT sepsrme wem mesrsestizere era: [0 | o
YMCHBIINTh YACIO SYCCK B KaHATax | oo - L

MEK/1y TIePEropoKaMH 1 CTCHKON
Kopryca (KOMIIOHEHT Box).

™ 32375 MUHUMENBHYID LWMPMHY Y3KVI KaHANOB.

I HUAME AHAS UMPHHE YBkI KAHANDE: ot i‘

Yposens Opoonenun cemku @ yzkux " FEieete wpaysoxiar

KaHanax onpeoeisien HaumeHbvuull B = P
pasmep sueex 8 NPOMoUHbLX

ceueHusx Mooeu 8 COOMEEeMCmeuu

¢ pasmepom siueek 6az080Ll CemKu. i | s s [~ Moo o o

Te., ecnu Yposenuv 0poodnenusn



cemKu 6 y3Kux Kananax o6o3nauums kaxk N = 0...9, mo pazmep siueex, nomyuarnuuxcs
6 pesynomame OpoOIeHUs, 6 2N pas (8 kasxcoom Hanpasienuu 1 106a1bHOU cucmembl

KOOpOuHam unu 6 sV paz 6 obveme) MeHbvule pazmepa suelku Oa3080u cemxu.
CHoBa 3arycTiTe reHepaluio ceTky (0e3 AaibHelIero pacyera).

[TosyunBinasics B pe3yasTaTe CeTKa I0Ka3aHa HIbke. YHCIIo siueek B Hell cocTaBiIseT
mpumepao 80 000.
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anMeHeHMe onuuun JlokanbHasa Ha4YanbHasa ceTka

Oo6mnacTh PKCKTOPA pa3peuicHa J0CTATOYHO HOZ[p06HO, OJHAKO Ha IMMOBEPXHOCTU
OTBEPCTUS, HEPE3 KOTOPOC MOCTYNACT XJIOP, CETKA JOJIKHA OBITH CIe 0oJiee MIOTHOM. DTO
BaXXHO IJIA1 KOPPEKTHOI'O y4eTa 3aIJaHHOTO0 'PAHUYHOT'O YCJIOBUS. B stom ClIy4yac
H606XO,HI/IMO BOCITIOJIB30BAaThCA onuneﬁ JlokaabHasi HaYaJbHasl ceTKA.

Ota oy MO3BOJSCT 3a/1aBaTh HACTPOMKHU CETKHU VISl JIOKaJIbHBIX MOJ00NacTell B
pacueTHO# obOmactu. TakuM 00pazom, B 3TUX 00JIACTAX MOKHO OoJee ToIpoOHO
pa3peLIuTh FEOMETPUIO MOJICIIH H/WITH 0COOCHHOCTH TedeHus. JIokanpHas 001acTh MOXKET
OBITh 331aHa KAKAUM-JIHOO KOMITOHCHTOM MOJEIHX (€CII OH OTHOCHUTCS K 00JIacTH TeKy4ei
cpelbl, ero HeoOXOIMMO OTKIIFOUUTE B IMAIOTOBOM OKHE YHpaBJjieHHe KOMIIOHEHTAMH ),
a TaKoKe ¢ MOMOIIBIO TIOBEPXHOCTEH, KPOMOK HJIM BepLIMH Mozenu. Hactpoiiku
JIOKaIbHON Ha4YaJbHOM CEeTKU MPUMEHSIOTCS KO BCEM sSTYCiiKaM, KOTOPBIE MePeCEeKarTCs
9TUMH KOMIIOHEHTaMH, IIOBEPXHOCTIAMH, KPOMKAMH, & TAK)KE BHYTPH KOTOPBIX HAXOIATCS
YKa3aHHbIC BEPIINHEL

1 Kiukuaure Flow Analysis > lobaButb >
INokanbHasa HavyanbHas ceTka.

2 B Creo Parametric knuxnume Flow Analysis >
Cemeka > JlokanbHasi Ha4aJibHasi cemka.

2 Bribepure NOBEpPXHOCTh OTBEPCTHS B 3XKEKTOPE,
yepe3 KOTOPOe MOCTYIAET XJI0p, UJIU B IEPEBE
npoekra FIOEFD BbienuTe rpaHiuHOE yCIOBUE
O6BbeMHbIM pacxoa Ha Bxoge 1.

3 CHumurte rajgouky ABTomaTuyeckue
HachOﬁKVI u nepeﬁz[HTe Ha BKJ'[aIIKy Basosan cenca | Mpanna Teno/Texyuan cpega  LpoBnerie mscerc |ymma,.b‘|
T
Opo6neHue siyeek. | o
VpoBeHb poGnEHUA BOEX AUEEK: G B
Crpasra
4 TlocraBbre ragouxy [ipooutb Bce I B e e e e
o o . —
SIYerKn U C HOMOH.U)IO Cﬂaﬂﬂepa U poBeHb ApOBAEHHA AHEEk B TERYHEH GREtE: W
YCTaHOBHTC YPOBeHb p‘poﬁneH nsa ™| flpatire oo socysibre A
_
Bcex ﬂqeeK paBHL]M 7. U poEeHt gROGNeHis Boel YECTHIHE , SHeet: [ S
I= OpoSime ece sueiisi & Te=pnomTene
_
5 Kmmknute OK. e e SR
CHoBa 3aITyCTHTE TEeHEPAIUI0 CETKU.

Copoc I~ Asromanseckus nactpoisy | [1oka3aTs 6asa6y ceTky
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3a,Z[aHHO€ yciaoBue o0ecreurIo Z[pO6J'I€HI/Ie BCEX siUeeK BOIU3H IMMOBEPXHOCTU OTBEPCTUA
IKCKTOPA 10 MAKCUMAJIbHOTO YPOBHA. Pe3ym>TaT JIOKaJIbHOI'O ,HpO6J'IeHI/IH CCTKH ITIOKa3aH
HIWXKC.

Jlo 3amanus TOKaIbHON HAYaIbHOM CETKH ITocie 3amanys JTOKaJbHOM HAYaJIbHOM CETKH

3apaHue KOHTPOSbHbIX MNITOCKOCTEN

I'enepupyemas pacueTHasi ceTka BO MHOTOM 3aBUCHT OT 06a30Boii ceTku. IToaTomy mms
MTOJIyYCHHUS ONITUMAIIBHON CETKH HEOOXOIMMO, YTOObI 0a30Bast ceTka Oblia
COOTBETCTBYIOLLEH.

BrI MokeTe ynpaBnsaTh 0a30BOIl CETKOH pa3IHMYHBIMHU CIIOCOOAMH:

*  H3MEHSTH YHCIIO STueeK 0a30BOM CeTKHU BAOibL oceil X, Y u Z.

¢ CAaBUTaTh CyHICCTBYIOIIUE KOHTPOJIBHBIC INIOCKOCTU 0a30BOI CETKH WU Z[O6aBJ'IHTB
HOBBIC.

* YBEJIMYMBATh WIM YMEHBIIATh SYSHKN 0a30BOM CETKH B JOKAIBHBIX 00JaCTAX C
[IOMOIIbIO U3MEHEHUSI PACCTOSIHUSA MEXKTy KOHTPOJIBHBIMU IIJIOCKOCTSAMU.

Ed Hacmpotiku 10KanbHoU cemku He 8IUsom Ha 0a308Y10 CEmKY, HO 6ce YPOBHU
OpobaeHUs YCIMAHABIUBAIOMCS OTMHOCUMENbHO AUeeK 6a30601 CemK.

MOXHO 3aMEeTHTb, 9TO paccMaTpHUBaeMast IOBEPXHOCTh MKEKTOpa pa30ouTa Ha TUCHKH
HECUMMETPHYHO. DTO MOXKET MOBIHUATH HAa KOPPEKTHOCTh y4YeTa 3aJJaHHOTO TPAaHUYIHOTO
ycnoBus. YToObI rpaHUIa MEXIY SUeHKaMU IPOXOANTIA Yepe3 IICHTP JaHHOI
MIOBEPXHOCTHU, HEOOXOANMO CO3/1aTh JIONOIHUTEIbHYI0 KOHTPOIBHYIO TNIOCKOCTb.

1 Ha nanenu unctpymeHToB U3o6paxeHne mogenu Haxmute kHonky Kapkac. [1pu

TAaKOM PEIKUME MPOLIC BLI6I/IpaTB MCJIKUEC TCOMETPHUICCKUE IJICMCHTBI.

Z B Creo Parametric knuxnume Modenb u na nanenu uncmpymenmos Omo6paxeHue
modenu xkauxkuume Cmusb nokasa > Kapkac.

1 B nuanoroBom okHe HavyanbHas ceTka nepeiiiure Ha BKIaAKy basoBas ceTka.

2 Haxwmute kHonKy [lo6aBuTb. [losiBUTCS MuanoroBoe okHO Co3paTb KOHTPOSbHbIE
MSIOCKOCTM.

FloEFD FEP12 OGyuatowime npumepbl B4-13
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3 U3 criucka Pexxum co3pgaHus BeiOepute NpuBA3aTh K 0GHEKTY.
4 B rpynmne MapannensHo Beidepure XY.

5 TIpubnu3bTe H300pakeHUE B 00IACTh OTBEPCTHUS B
MKeKTope. B rpaduyeckoit 00macT BEIOCPUTE OIHY U3
BEPUIMH KPOMKHU MMOBECPXHOCTH 3TOI'0 OTBEPCTHUA, HA
KOTOPOH 3a/1aHO TpaHUYHOE ycnoBue. KoHTponpHas
IUIOCKOCTH OyZIEeT MPOXOANUTH Yepe3 CePeIHy KPOMKH
napayjieIbHO TOH MIoCKocTH B [T106anpHOM cucteme
KOOpAMHAT, KOTOpast ObLIa BEIOpaHa B rpyIiiie
MapannenbHo.

Y6enutech, 9TO 3HAUCHUE CMEIICHHS BAOJIb OCH Z, ’%
KOTOPOE TIOSIBIJIOCH B cIHCKe KOHTpOnbHbIe

nnockocTtu, pasuo 0.703125 ft. Eciu 910 He Tak, To Bbl HeBepHO BBIOpasu
TeOMETPUUYECKHM 2JIEMEHT. B TakoM cilydae IpaBoi KHOIIKOW MBIIIU KJIMKHUTE B
cniricke KoHTponbHbIe NNOCKOCTU 1 U3 KOHTEKCTHOTO MEHIO BEIOepuTE YAanuThb Bee,
3aTeM MONBITANTECh BBIOPATh HYKHYIO IIOBEPXHOCTH CHOBA.

6 Kimkaute OK. B Tabiuiie KoHTponbHble MHTepBanbl MOSBUTCS KOHTPOJIbHAS
IUIOCKOCTD Z.2.

o moeo, kak 3anycmums npoekm Ha pacuem, Boi modiceme omobpazume 6a308yio
cemky. Ymobwr amo coename, 6 ouanozosom okne Hauanvnaa cemka xnuxnume
Hoxazamo 6azoeyro cemky unu knuknume Flow Analysis > Ilpoexm > I[loxkazamb
0azoey1o cemxy.

7 Kiukanre OK, YTOOBI COXPAaHUTb U3BMCHCHHUA U BBIMTH U3 JAHUAJIOTOBOI'O OKHa
HavyanbHas ceTtka.

Teneps HEOOXOANMO CTEHEPUPOBATH HAYAIBHYIO CETKY, YTOOBI IPOBEPUTH, OBLIH JIN
pa3peIeHbl TOHKHE CTEHKH U JIPyTHe TeOMETPHIECKHE JJIEMEHTHI.

1 Kiukuaute Flow Analysis > Pacuet > 3anyctuth. EIEm (1]
2 (CuumMmuTe rasiouky Pacuet, 4uToObl Oblia BHIMTOJHEHA ﬁéﬂﬂ (Sl gtz %
TOJIBKO T€HEpPALUs CETKH. - [ Eomo |
3 CHumMmuTe rajgouxky 3arpy3autb pesynsrarbl. [t e —
4 Haxmure KHOIIKY 3anycTUTb. e || W Smmes
I
Teneps paccCMOTPUM MOTYYHBIIYIOCA B PE3YIBTaTe % T e

HavyaJbHYIO0 pacueTHYIo ceTKy. CHavana HacCTpoOuM
ormuto FIoEFD mo oToOpaskeHHI0 pe3ylIbTaToB Ha UCIOIh30BAHIE CETOYHON TCOMETPUHI
BMECTO T'€OMETPHU MOJIEIIHL.

[To ymomyanuto FIoEFD otoOpaxaet pe3yabTaThl B COOTBETCTBHH C TEOMETPHEH MOJICIIH.
B 3aBucHMOCTH OT TOTO, HACKOJIEKO TIOIPOOHO MOJIENh ObLIA pa3peleHa pacueTHOH
CETKOM, IeHCTBUTEIIbHAS TEOMETPHS MOJIEITH MOXKET OTIIMYATHCS OT T€OMETPUH,

UCIIONB30BAaHHOM B pacuere. [ 0ToOpaXkeHus NeHCTBUTEIILHOM Te€OMETPHH MOJIEITH
cyuectByet onuus McnonbsoBatb CAD reomeTpuio.



1 Kuiukaute Flow Analysis > UHCTPYMEHTbI > oo

0|-| uuu Taparietp [ Sraveruie =
O6mue onuud
Wpnar Hial
2 Ha BKJIaJIKE F|°EFD On UMM B rpyrme Oﬁume - [IWpeKTOpYS 409 BpEMERHDi reoMeTDIA C:\DOCUME™\mkiushko®
ana Gazc CAD te and Settings
Onuuu TocTaBbTe Tanouky MokasaTb ceTky. PR AT S 523 kit i—
Menonsa0eath NpoeccopHoe Bpers (no ymoman 4
Pacnonoens okHa za pacserom [mi Mo L
3 B rpymmne Onuumu npocMoTpa CHUMHUTE Ao ot aats serons
ONUMH CHCTEMBI EAMHULL H3MEPEHUs!
rajouky Ucnonb3osatbs CAD reometpuio < 101 Onuse
OnuuM npocMoTpa
(no yMOﬂan n |,0) . K 5bIBATE B AWHERMAE (70 Yo MEHMIG)
MHTEpno nUpOBaT PESYALTATE! (N0 YMamaHMin)
Mononssosare CAD reomermido [no ywmomanun) [
4 K.HI/IKHI/ITC O K Boerna orkmosate CAD reomMeTpro s pewmia |
- CKPBIBATE FBOMETRHIO NP OTOGREXEHHA PESUIETE
| - Crwne croenor. Nurua |

3arem 3arpys3ute (ailsl ¢ HayaIbHOW pacueTHOU
CETKOI1: MpaBoil KHOITKOH KJIMKHUTE 10 HKOHKE Pe3ynbraThl 1 BEIOepuTe 3arpy3uTb
pe3ynbraThl, 3aTeM BeiOepuTe (aiin 1.ept u kimkHUTE OTKPbITL. OOpaTHTEe BHUMAaHUE,
9TO 00IIIee YHCIIO S9eeK cocTaBiseT mpumepHo 75 000.

(0 Pesynomamot pacuema, 6 mom orrroenpeaymramy i3
Look in: |_ﬂ j - & E@- CeoicTea Gavense

M aina 1.opt

yucne, MeKywds pacuemnas cemka,
coxpansiromes 8 ¢aiinvl fld.
Hauanvnas cemka coxpansemes
omoenvHo 6 ¢aiinax .cpt. Bce smu
haiinvl Xxpanamcs 6 nanke npoekma.
Hms nanku yemanasnueaemcs
FIoEFD, u ezo ne cnedyem memsimo.

Tuneaa | CPT
Urepauua [0
Puzeckoe.. I

Rustiru 77
Auetruore.. 41082
Auetuere.. 281
Uacmaee .. 31811
WpperyaapH.. 0

i ] 2104

X ma [f] 2104

¥ i (] 6.760e-004
i [f] 3399

Z min [ft] 1331

2 ma[f] 133
Bryrpernan Ml

Co3pnaiiTe KapTHHY B CEYEHHH Ha Fonme: [iom I = dle |
mnockoctd ASM_RIGHT. Brirouure S o]

ommuio MleHepauus cetku. Co3paiite

BTOPYIO KAPTUHY B CEUCHHUH. B KauecTBe MOBEPXHOCTH BEIOEPHTE MOBEPXHOCTH HKEKTOPA,
gyepe3 KOTOPYIo HOCTYIAeT XJIOp, U 3aJaiiTe 3HaueHne CMeLeHUs OT 3TOH TTOBEPXHOCTH
paBHbIM -0.00015 ft. OcTanbHBIC HACTPOHKH OCTABBTE TAKMMH e, KaK B IEPBOM CIIyYac.

‘

TCHCPB Bo BHUAUTEC, YTO ObL1a CIrCHCpUPOBaHa CCTKA, CUMMETpHUYIHAA OTHOCUTCIIBHO
HEHTPA MOBEPXHOCTU OTBEPCTUS B KEKTOPC.

FloEFD FEP12 OGyuatowime npumepbl B4-15
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B4-16

3aaHHBIC HACTPOMKH CETKH IMO3BOJIMIN JTOOUTHCS MTOAPOOHOTO pa3peIIeHNs] TeOMETPUHN
wKekropa. OIHAKO, TOMUMO MEIIKUX TeOMETPUIECKUX AIIEMEHTOB, HEOOXOIHMO
YUUTHIBATh TAKKE 0COOCHHOCTH TOTOKA. B anHO# 3a1a4e Xj10p mocTynaer Bo
BHYTPEHHEE IIPOCTPAHCTBO 3KEKTOpa TOHKOI cTpyeil. [losTomy obnacTs BHYTpH
PKEKTOpA JTOJDKHA OBITH TaKkoKe TINATEJIBFHO pa3perieHa. YToOsl obecneunTs
JIOTIOJTHUTEJBHOE IPOOIIEHHNE CETKU B 3TOH 00JacTH U H30eKaTh IPU 3TOM YPE3MEPHOTO
pa3OueHns siueek B Ipyrux 00JIaCTAX MOAEIH, HEOOXOIMMO BOCIIONB30BATHCS OMIIUEH
JlokanbHast HauanbHast ceTka. /1l 3ajaHus JTOKJIbHOH Ha4alIbHOM CEeTKM OB
CHENNAILHO CO3JaH KOMITOHEHT, OKPY>KarOIIHi 001aCTh 3KEKTOpa.

Briceerute nonasnenusiii komnoneHT LOCAL_MESH. B npexynpexnatouniem
coobmennn FIoEFD ximkauTEe 3aKkpbiTh. O0paTnTe BHUIMAaHUE, YTO TPAHUIIBI ITOTO
KOMITOHCHTA HaXOSTCS Ha HEOOJBIIIOM PacCTOSTHUH OT TPaHHMII 3KeKkTopa. Takoe
PACIIOJIOXKCHUE TOTIOTHUTEIIHHOTO KOMITOHEHTA SBJISCTCS HEOOXOIMMBIM, T.K. JIOKaJThHEIC
HACTPOWKH MPUMEHSFOTCS TOJNBKO K TEM SUCHKaM, IIEHTP KOTOPBIX JICKUT BHYTPH
BBEIOPAHHOTO RIICMEHTA MOJICIIH.

[Mocne akruBrupoBanus komnoneHTa LOCAL_MESH nosBisieTcs coo0meHue,
TIPEIyTIPEXKIAIOIIee O TOM, YTO TIOBEPXHOCTb, HAa KOTOPOIi 3a7aH0 ycinoBrue OObeMHBIN
pacxojl Ha BXOJIE, HE JISKUT Ha TPaHUIIC MEK/Ly TEJIOM U 00IacThio TeKyuei cpenbl. J1a
omrOKa ncye3aeT Iociie OTKIIOYCHHUS COOTBETCTBYIOIIETO KOMIIOHEHTA B JIHATIOTOBOM
OKHE YHnpaBJjieHHe KOMIIOHEeHTaMH, (T.€. TOT KOMIIOHEHT OyJIeT OTHOCHTBCS K 001aCTH
TEKy4eH cpelibl).

Knuknure Flow Analysis > YnpaBneHnue
KOMMOHEHTaMM U OTKJIIOUYUTE KOMIIOHEHT
LOCAL_MESH-48. Knuknute OK.

[E Ynpasnenue KOMNOHEHTaMH 21

[T] EJECTOR-40

BrimonunTe nepectpoenne npoekTa ¢ nomoupsio Flow
(5 LOCAL_MESH-48

Analysis npoekT > lNepecTpoeHue.

OEE

Buvl maxoaice moorceme omxniouams KOMNOHEHNbl
npsamo 6 okHe JlokanbHaA HayanbHas ceTka. /(s _l" _|X

9Mo2o Ha éx1adke OBRACTb HEOOX00UMO KIOUUMb onyuio OTKIHOYUTb
KOMMOHEHTbI.

TenepL H€06XOZ[I/IMO 3a1aTb HaCTpOﬁKH JIOKaJILHOM CETKH B 001acTH 9¥KCKTOpA.



1 BriOepuTe KOMIIOHEHT

Hauanewan ceTxa

3027 ceTa | Tpanwua Teno/Texyvan cpeaa nerwe miee Yaue kaan |
LOCAL_MESH. oo s s Lt
- ¥ BKniounTs 0MLo ApOBNEHNA CETHHM B YSKITK KaHaNaX |
- Otmena
2 Knuknure Flow Analysis > P —— | o
Ho6aBuTb > JlokanbHas Jormers e o )
HavyanbHas ceTka. ‘ ‘
™ 33naTs MAHMMANEHYHO WADIHY YSKIX KaHANOE
/ B Creo Paramel‘ric KAUKHUmMe FIOW i1 L HEIAHE 3564 K B 1 ,21172’
Analysis > Cemka > JlokanbHasi Ca
e T L A S
Ha4yasibHasi cemka. BT B e P 4
3 CauMmuTe rajgoduky ABTomaTmyeckme
HaCTPOWKM U NIEPEIIUTE HA BKIAJKY
y3K“e KaHanbl. Céipoc [~ ABTOMSTUMECKME HACTPOMKM I~ Morasars asosyo cerky
4 3apgaiite XapaKkTepHoe YMCHo A4eek
nonepek y3Koro kaHana paBHbIM 15.
5 C noMoIbko MoJIByHKa yCTAHOBUTE YPOBEHb APOGNEHUA CETKU B Y3KUX KaHanax
paBHBIM 3.
6 Kimkuure OK.

LD Om nacmpoek, 3a0asaemvlx Ha 8K1a0Ke Y3Kue KAHAIbL, 3a8Ucum OpodieHue cemKku 8

NPOMOUHBIX ceueHusx moodenu. XapakTepHoe YACINo siueek Nonepek y3koro kaHana
onpeodensiem, CKOIbKO AYeeK HAUAIbHOU CemKU (8KII0UAs YaCmuyHble sueliku) 6ydem
VCMAHOBIEHO NONEPeK NPOMOUHBIX CeYeHU MOOeNU 6 HANPABIeHUU N0 HOPMATU K
nOGePXHOCMU pazdena meepovix mei ¢ mexyuel cpedoil. Yucno aueexk nonepex y3Ko2o
KAHARA OOMAHCHO ObIMb OIUZKO WU PAGHO SMOMY 3HAueHur. Auetiku 6 smom
HanpasieHuu OyOym opodumscs 00 mex nop, noka 3a0arHoe yciogue He 6ydem
BbINOTHEHO.

HCpCCTpOﬁTC IPOCKT U CHOBA 3aITyCTUTC I'CHEPALINIO CCTKU.

UYUtoOBI CKpBITH MO, KIIMKHUTE Flow Analysis PesynisraTthl > MokasaTb >
FeomeTpus, 3aTeM B JIepeBe MOIIEIH BBIOCpUTE EJECTOR.ASM 1 LOCAL_ MESH.PRT,
KIUKHUTE TPaBOi KHOIIKOW MBIIIH U M3 KOHTEKCTHOTO MEHIO BHIOEpHUTE CKPbITh.

FloEFD FEP12 OGyuatowime npumepbl
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Ha pucyHke Hmke rokazaHa okoHUaresbHas ceTka. [locie Bcex M3MEeHEeHNH, BHECCHHBIX B
HaCTPOMKH CETKH, YHCIIO0 siueek cocTaBuiio okoso 100 000. Dto Ha mops 0K MEHbILIE
YHCIIa SIeeK CeTKH C aBTOMAaTHYeCKUMH HaCTpOWKaMH. B repBoHaganbHOM ceTke
KOJIM4ecTBO siueek npesbimano 1 000 000.
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C

YPOBEH b ONbITHOIO NOosfib3oBaTenA

YpoBeHb ONBITHOTO MOJIb30BATEISI BKIIIOYACT IPHMEPBI, KOTOPBIE IEMOHCTPHPYIOT, KaKk
MOKHO HCIIOJIBb30BaTh pasinyuHblie aeMeHTsl FIOEFD amst penienust mpakTHIecKux
WHKEHEPHBIX 3a71a4. [IpeaBapuTeabHO PEeKOMEHIYETCs BEITOIHNUTH IpuMepsl basoBoro
YPOBHSI.

C1 - llpumenenne "EFD macuradupoanus" (Application of EFD Zooming)
C2 - TexctunbHasg mammuHa (Textile Machine)

C3 - TeueHHe HEHBIOTOHOBCKOI KUIKOCTH B KaHaJle ¢ MACCHBOM IIMJIMHIPUYECKUX
npensitctBuii (Non-Newtonian Flow in a Channel with Cylinders)

C4 - Paaguanuonnbiii Teruioodmen (Radiative Heat Transfer)
CS5 - HenTpobexubrii Hacoc (Rotating Impeller)
C6 - Kyaep npoueccopa (CPU Cooler)

C7 - MacJaoyaosureb aromoounis (Oil Catch Can)

FIoEFD FEP12 OGyuatowme npumepbl C1



YPOBeHb ONbITHOrO Nonb3oBaTens:



C1

lNMpumeHenune "EFD macwtabmnpoBsaHmsa™

NMocTaHoBKa 3agaumn

B nanHoif 3amaye nemoHcTpupyrorcs BosMokHocTH FIOEFD o ncnonp3oBanuio "EFD
MacmtabupoBaHus". B kauecTBe mprMepa paccMaTpuBaeTCs CICIYIOIIas 3a/1a4a.
Heob6xonumo momo0paTh ONTHMATHHYO KOHCTPYKITHIO PaIraTopa IMPoLeccopa, YIuThIBas
HAJIMYHE B CHCTEMHOM OJIOKE APYTHX 3JICKTPOHHBIX KOMIIOHCHTOB.

Ha pucynke Hike nokazaHa TpexMepHasi MOZIEb KOPITyca C 3JeKTPOHHBIMU
KOMITOHEHTaMH, BKJIFOYAsi ONITUMU3UPYEMBII paauaTop npoueccopa. Benrunsartop,
YCTAHOBJICHHBIN Ha BXOJIE, 1OIa€T BO3/AYyX CKBO3b KOPITYC K OTBEPCTHUSIM Ha BBIXOJE JJIS
OXJTaXKICHUSI JICKTPOHHBIX KOMIOHEHTOB (Ha KOTOPBIX HAXOASTCS TCIUIOBBIC HCTOUHUKH).
[Ipoueccop pazmelieH Ha MaTEPUHCKOH MJ1aTe, BBIIOJIHEHHON U3 AUANeKTpuKa. Jlis
JIy4lIero OXJa)KAEHUs Mpolieccopa Ha ero NPOTUBOIOI0AKHONW MOBEPXHOCTH YCTAHOBIECH
paauarop, KOTOPbIN OXJIaXkIaeTCsl MOTOKOM BO3/1yXa, CO3JaBA€MbIM BEHTUIISITOPOM.
Papwnatop MeyaTHas nnara

BxogHow BeHTUNSATOP

Mpoueccop

KoHpeHcatopsbl
Bnok nutaxHusa

MaTtepuHckas nnata

FloEFD FEP12 O6yu4atowume npumMepsi C1-1



YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

C1-2

OCHOBHOM 1EIIbIO JAHHOTO MOJICIIMPOBAHUS SIBIISCTCS OIPE/ICIICHUE TEMIIEPATyPhl
IIpoIeccopa IMpH UCTIONB30BaHUH JIBYX Pa3IMYHBIX KOHCTPYKIMH paanaropa (ocTajIbHbIe
YCIIOBHS OCTAIOTCS IPEKHUMU). B pesynprare Oynet nomydena pasHuia B OXJIaxJaronien
CHOCOOHOCTH paccMaTpruBacMbIX (JOPM PaauaToOpOB.

Ne 1 %ﬁ
Ne 2

KoHcTtpykuun pagmnatopa (Ne 1 n Ne 2)

Moyenb cucTeMHOro 0110Ka ObliIa MpeIBapUTENbHO YIPOIICHA, T.€. BCE KOMIIOHEHTHI,
KpoMe paauaropa mporeccopa, ObLUTH 3a7aHbl 0€3 yueTa MEJIKUX JIeTaneid. ITo CBA3aHO C
TEM, 4TO OHHM HE OKa3bIBAIOT BIMSHHS Ha TEMIIEpaTypy MPOLEeccopa, KOTopas sIBISIeTCsI
Helnplo pacuera. KoHCTpyKInu pajguaropa, HampoTUB, OTIIMYAOTCSL OOJIBLINM
KOJIMYECTBOM TOHKHX pebep (Tonmmmuoit 0,1") 1 TOHKMX KaHAJIOB MEXIy HUMH (IIHPHUHA
3a3opa pasna 0,1").

B FIoEFD cy1iecTByIOT [1Ba MOAX0/a K PEIICHUIO TaHHOM 3a/1auu.

[TepBrlil 1 6onee SIBHBIH MPSIMOIL ITyTh 3aKIII0YACTCS B CICAYIOIIEM: PAaCCUUTHIBACTCS BCE
TEUEHHE BHYTPH KOPITyca; AJIS MOCTPOCHUS OAPOOHOH pacCUeTHON CETKU B Y3KHUX
KaHaJIax ¥ Ha TOHKUX pedpax paauaTopa K Kax 10 ero KOHCTPYKLUHU IPUMEHSIETCS OIIIHS
NokanbHas HavYanbHasA ceTka. BkitoueHa onius TennonpoBoAHOCTL B TBEPAbIX
Tenax.

Bropoii myTts ("EFD macmrabupoBanue" ¢ ucnonas3oBanueM NepeHeceHHOro
rPaHMYHOro YCroBusA) BKIIIOUAET B ceOs JBa dTamna:

1 pacder Bcero TeYEHUS BHYTPU CHCTEMHOTO 0JIOKA C HU3KUM YPOBHEM Pa3pelICHHs
PacyeTHOM CETKH, MEJIKHE YAaCTH paguaropa oCTaroTcs 6e3 JOMOITHUTEIBHOTO
paspernieHns (MOJeNIb paguaTopa yIpoIleHa | MPeACcTaBiIeHa B popme
napasuenenunena). Onius TennonpoBOAHOCTL B TBepAbIX TeNax OTKIIOUCHA;

2 pacuer TeYeHUs Yepe3 pearbHbIl panuarop. PacueTHas o6nacTb yMeHbIIEHa 10
HEOOJBIINX Pa3MEpOB BOKPYT MPOLIECCOPa C PAANATOPOM; B Ka9€CTBE IPAaHUYHBIX
YCIIOBHH HUCTIONB3YIOTCS PE3YJIBTAThI IEPBOTO ITAIa pacdeTa (IIPUMEHSETCS OIIHS
MepeHeceHHOe rpaHMYHOE YCnoBuWe); IS Pa3pelIeHus Y3KUX KaHAaJIOB M TOHKHX
pebep panmaropa 3a1aHa opoOHast pacueTHas CeTKa; Onuus TennonpoBoAHOCTb B
TBepAbIX Tenax BKIIOYCHA.

[lepBeIii 3Tan pacyera BBITOIHICTCS OJUH Pa3, U €T0 Pe3yJIbTaThl UCIIONB3YIOTCS IS
BTOPOTO 3TaIrla, IPOBOJUMOTO JUTS KayKA0H KOHCTPYKIIMU paguarTopa.



Moaxon "EFD macwTtabupoBaHua™ K pelleHUIo 3aaayum

Haunewm co BToporo cnocoba penrenust nannoit 3agaun ("EFD macmrabupoBanue"), B
KOTOPOM IpuMeHsieTcst oniys NepeHeceHHoe rpaHUYHOe ycroBue. 3aTteM Juis
IIPOBEPKH NPaBMILHOCTH TOJYYEHHBIX PE3YJIbTAaTOB, PEIINM 33/a4y MEPBBIM CIIOCOOOM ¢
IIpUMEHEHHEM onun JlokanbHas HaYanbHas ceTka.

MepBbin 3Tan "EFD macwtabupoBaHua"

Tak kax nepssrii atan "EFD macmrabupoBanust” npeaHazHadeH Juis pacdeTa TeUeHUs
BHYTPH CHCTEMHOTO 0JI0Ka, B 3TOM Cllydae HET HEOOXOJMMOCTH PacCUUTHIBATh TCUCHHUE
BHYTpH paauaropa. [TosTomy B cOopke Mozen peOepHBbIe JIEMEHTHI pauaTopa
JI€aKTUBHPOBAHBL, 1 BMECTO PEaJIbHOr0 paJuaTopa MpeacTaBieHa YIPOIIEeHHas MOJEIb B
(dbopme nmapasuienenunena

YnpolleHHast Mofernb paguartopa Ha nepsom atane "EFD macwtabvpoBaHus”.

VYnpolieHre MoAen U UCIOIb30BAHUE JIOKAJIBHON Ha4aabHOH CETKU MO3BOJISAET
paccuuTarh TeUeHHE BHYTPH CUCTEMHOT0 OJI0Ka ¢ 00Jiee HU3KUM yPOBHEM pa3pelieHus (B
JTaHHOM ciIydae 4), a TakKke He MEHATh aBTOMAaTH4ECKH 3aJaHHbIC 3HAUCHHS
MUHHMAaJIbHOTO 3230pa U MUHUMAJILHOM TOJIIUHBI CTEHKH. KpoMe Toro, Ha 3TOM JTane
HET HeOOXOIMMOCTH PAaCCUNTHIBATH TEIIONPOBOJHOCTD B TBEPABIX TeNaX, T.K.
TeMIIepaTypa Ipoleccopa 37eck He onpeaensercs. UToObI CMOeIMpoBaTh HarpeB IIOTOKa
BO3J[yXa B CUCTEMHOM OJIOKE, 3a/1alNM [TOBEPXHOCTHBIC TEIIOBBIC HCTOUHHUKH C
OJIMHAKOBOI MOIITHOCTHIO TeruioBbIieneHnst (SW) Ha MOBEpXHOCTSIX Mpoleccopa u
panuaropa (IpeacTaBICHHOrO B (hopMe MapauIesIeuIe/1a), a Takke MUKPOCXeM (B 3a1ade
OHH TOXE HarpeBaroTcs). DTO HE SBISETCS 0053aTENbHBIM, HO OTKIIIOUCHNE
TEIUIONPOBOIHOCTU B TBEP/BIX TEJIAX HA ITOM JTAlle€ COKOHOMHUT PECYpPChl KOMIIbIoTepa. B
pesynbTare Ha pelieHue 3aa4u MoTpeOdyeTcst ropas3io MEHBIIE TaMsITH U IPOLECCOPHOTO
BpPEMEHU.
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

MpoekT ans nepBoro atana "EFD macwTrabupoBaHuna™

OTKprTVIe Moaenu

Crommmpyiite nanky C1 - EFD Zooming B cBOI0 pabouyro TUPEKTOPHIO U YOSIUTECh, YTO
¢ daitnoB cHAT aTpulyT "ToaBKO MTst uTeHus", T.K. FIOEFD Oynet coxpaHsaTh B HUX
BXOAHBIE naHHbIe.OTKpoiiTe cOopky enclosure assembly.asm. B nuanoroBom okue
Bei6pats 3x3emmasp Beidepute sx3emmiip ZOOM_GLOBAL L4. O6parute
BHUMaHHME, uTo mpopesu B paauatope (komrnoneHT HEATSINK NO1_SC.PRT)
JIeaKTUBHPOBAHBI, TIOATOMY OH BBIINIAIUT KaK Mapasie/ICIHIIe.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
HeobxX00uUMo omKpwvims coopky enclosure_assembly.asm, pacnonoxcennyio ¢ nanke C1
- EFD Zooming\Ready To Run, u 3anycmums na paciem HyiCHble NPOEKMbl.

CospaHue npoekrta FIOEFD

Hcnonb3ys Mactep npoekra, Co31aiiTe HOBBII IPOEKT, KaK II0Ka3aHO HUXKE:

Wwms mpoekra Zoom — Global — L4

Wms xoHpUryparmu GLOBAL

Cucrema eAMHULL U3MEPEHHS USA

Tun 3agauun Buympennss,; Uckmouums nonocmu 6e3 yciosuti
meueHust

dusnyeckre MoJeIH Qu3zuueckux mooenetl He 8b1OPAHO

Texyuas cpefa 1o yMOJIYaHHUIO Air

VYeaoBust Ha CTEHKaxX 110 Aouabamuueckas cmenxa (Wepoxoeamocms no

YMOJTYaHUIO ymonuanuro pagua )

HavanbHble ycnoBus Yenosus no ymonuanuio

VYpoBeHb pa3pereHus Ypogenw paspewenus - 4, opyeue onyuu no
YMONUAnUIo

c1-4



B JAAHHOM ITPOCKTC OCTABJISICM aBTOMAaTUYCCKYI0 HAYaJIbHYIO CETKY U paCUCTHYIO 0071aCcTh
10 YMOJIYaHUIO.

3nauenue YpoeHsi pa3peweHusi, 3a0annoe T
Ha coomeemcmeyoweti 6kiaoke 6 Macmepe s
npoexma, onpeoensiem 06a napamempa, d A EE——— _:
uMeHHO: YPO8eHb paspeweHusl
(Oocmynuwlil u3 OUan0206020 OKHA T
HayanbHasi cemka) u YpoeeHb 17:1
paspeuweHusi 3a0a4u (0oCmynHulil u3 T
0uanoz206020 oxkrna ONYUU ynpaeneHusi ey s st ot
pacyemom). YpoeeHs paspelieHus, 4
YCMAHOBNEHHDITL 6 OAHHOM CILYUAEC 6 st 7 Amaseo e e
nonodicenue 4 ¢ coomeemcmeuil co oo | serovennesce vacrpoiu [ Dokasars Gasosyo cerxy

3Hauenuem, 3a0annbim 6 Macmepe npoekma, éiusem moabKo Ha HAYATLHYIO CeMKY.
YpoeeHb pa3peweHusi 3adayu siusem Ha OpobieHue cemKu 6 npoyecce paciema u
Ha ycnosusi okoHuanus pacyema. B ouanoeoeom oxne Hauanvnas cemka modicno
usmenums maxoice onyuu Paspewenusn ceomempuu, erusowue Ha HA4aAILHYIO CEMKY,
a NPUMEHUMENbHO K JIOKATbHBIM 00IACMAM MU ONYUU MO2YH ObIMb
CKOPPEKMUpoBanbvl 6 ouano206om oxue Jlokanvnas nawansnas cemka.

3apaHne Cuctembl eQUHUL U3MepPeHUs

[Tocne npoxoxaennst Macrepa IpoeKTa CKOPPEKTHPYEM CUCTEMY €IMHUL] H3MEPECHUSL.

1 Kiukaure Flow Analysis > EauHuubI 21
CueTera eauHIL UsMepeHs:
MU3MepeHus. = L L
KomraeHTapis Ugimwwa JarpysHe.
Mo S Seemmnzas | oo
Z B Creo Parametric knuxnume Flow Analysis 755, v | e |
> [lpoekm > EQuHUYbI U3MepPeHUs]. - tena b= o —
Temnepatypa F 12 453
“Puzieckoe Bpems s 123 1
2 Jlns mapametpa Anuna 3axaiite Inch, a qis < g
napaMmerpa CymMapHbI TeNJIOBOM NMOTOK U T e um
mowHocTb - Watt. Tomcterome s oo B 128 50
K c I ::GEQZEE:L::ZHAMEDEMEW It/ F gg: | gm_alll
TMKHUTE COXPaHUTD. : :
4 B mmanoroBoM okHe CoxpaHuUTb B 6ase 2x
AaHHbIX packpoiiTe rpynny EamHuubl nusmepeHus u Iﬁj:;:j;jj T e
BEIOEpUTE IeMeHT 3aaHbl Nonb3oBaTenem. B

|| Emrue womeperis
1 3anarii nonssoeaTenert

5 IlpucBoiiTe HOBOM CUCTEME €IMHUL U3MEPEHUS UM
OJIEKTPOHMKA.

6 Kiuxuaute OK, 4TOOBI BEpHYTHCS B THAJIOTOBOE OKHO
Cucrtema eguH1L U3MEpPeHUs.

7 Kiukaute OK.
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

3apaHue NpaHUYHBbIX YyCIIOBUMA

Ha Bxoze 3apaaum ycnoBrue BxonHOM BHEIIHUI BEHTUIIATOP, a HA TPEX BBIXOAAX -
JlaBiienue okpyskarorieii cpenpl. Jlist 6osiee AeTaabHOT0 00BSICHSHUS 3aIaHHsT ATUX

ycnoBuil Bl MokeTe 00paTuThes K mpuMepy ConpsikeHHbIN TennoooMeH.

I'pannunoe
yCIIOBHE Ha
BXOJIC

Bxoomnoii enewinuii
6EHMUIAMOP:
IIpedonpederennvie\Fan
Curves\| PAPST\ DC-Axial\
Series 400\ 405\ 405 ¢
HACMPOUKAMU no
YMONUanUIo (6HeuHee
Oasnenue 14.6959 lbf/m
memnepamypa 68.09 °F),
3a0aemcsi na Kpbluike Ha
6x00¢e (KOMNoHeHm
INLET LID);

B I'I_penonpenenennble

- Fan Curves

B- Papst
- AC-Awial
- DC-Asial

- Series 255N
Series 400

I'pannunoe
yCIIOBHE Ha
BBIXOJIE

/aenenue okpycarowieii
cpeowl:
Tepmoounamuyecxue
napamvempuoi no
YMONYaHUIO (6HeuiHee
Oasnenue 14.6959 lbf/m
memnepamypa 68.09 °F),
3a0aemcs Ha KpblKax Ha

8bIX00€ (KOMNOHEHMbL
OUTLET LIDs).

CraTiyeckoe NaBNEHHE
MonHoe aasneHWe

E*: |14 6353473 |bffin™2 : ﬁl

T [EEDSF

_| Fo

3apaHue TennoBbIX ICTOYHUKOB

I[J'ISI TOro, 4TOOBI CMOJCIMPOBATH HAI'PEB IOTOKA BO3yXa B CUCTEMHOM 6J'IOKC, 3aJacM

MMOBEPXHOCTHBIC TCIJIOBBIC UCTOYHUKH C OI[PIHaKOBOfI MOIIHOCTBIO TCIIJIOBBIACIICHUA

(5W) Ha MOBEpXHOCTSX MpoIleccopa, paguaropa (YIpomeHHoH (opMbl) 1 MEKpocxeM. [1o

TEX MOP, MOKa B IIPOCKTEC HC pACCMATPUBACTCA TCIIOMPOBOAHOCTD B TBEPAbIX TCJIaAX,

MTOBEPXHOCTHBIH TEIJIOBOW MCTOUYHHK MPUMEHSETCS TOJIBKO K TIOBEPXHOCTSIM,
KOHTAaKTUPYIOIINM € TeKy4del cpesiou.

1 Kimkaute Flow Analysis > [lo6aBuTb > [T0BEpPXHOCTHbLIN TENSIOBOW UCTOYHUK.

2 B nmepeBe MoneiM BRIOCPUTE paguaTtop U Mporeccop (KOMITIOHEHTHI
HEATSINK NO1_SC u MAIN_CHIP).




BriOpaHHBIC KOMIIOHCHTHI MTOSIBATCS B CITUCKE
MoBepxHoOCTEN AN 3agaHUs MOBEPXHOCTHOIO

TEnsI0BOro UCTOYHUKA Eﬁ
3 B rpynne MNapameTp BBeIuTE 3HaUEHUE
MowHocTu Tennoebigenedus () , pasaoe 5 W.

3aoannoe na mennosom ucCmoynuUKe 3HA4YeHUue
(Tennosass mowHOCMY) pacnpeoensiemcst Mexicoy

BbIOPAHHBIMU NOBEPXHOCIISIMU NPONOPYUOHATILHO
UX NAOWAOSIM.

4 Kimukaute OK o .

BrinonHss TOT e nopsiioK NeUCTBUM, co3iaiTe

TEIJIOBOM UCTOYHUK MOIIHOCTBIO 5 W Ha OBEPXHOCTSIX

MHUKPOCXEM, KOHTAaKTUPYIOLIUX C TEKy4ell cpeno.

3apaHue Llenen

[ NMosepxnocTrbii Tennosoi ncrownnk il B3
w Brifop

() [MAIN_CHIP-7E
HEATSINK_NO1_5C-83

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazosan ock: I X j

W [lapametp

a [sw = A

w  Onuam

I_ Cos0aTh aCCOUMATMEHBIE LIENK

Ha BXOAC€ U BBIXOEC 3aﬂaﬁTe MOBCPXHOCTHBIC LICJIU 10 MAaCCOBOMY Lenu

pacxony.

------ h MU, Maccoeer pacxoa 1
------ ﬂ MU, MaccoBel pacxoa 2

3amyctute pacder. [locae Toro kak pacyer 3aBepuurcs, Bel
MOXXETE IIPUCTYIIHTH KO BTOpOMY 3Tarry, 4To0sl iepeiitu k "EFD macmrabupoBaHuio”.

COXpaHI/ITC MOICIIb.

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

Btopo# atan "EFD macwTtabupoBaHua"

Iennro Broporo stana "EFD macmTabupoBaHus' SBISAETCS pacyeT TeMIepaTypsl
nporeccopa. TeueHue yepes paguaTop pacCUUTHIBACTCSA B YMEHBILIEHHON pacueTHOMN
00acTi BOKPYT MpoIieccopa ¢ paauaTopoM. B kauecTBe rpaHUYHBIX YCIOBUN
HCIIOJIb3YIOTCS PE3YJIBTaThl [IEPBOIO dTala pacyera, IJs 4ero IPUMEHSETCs OILUs
MepeHeceHHOe rpaHMyHoe ycnoBue. Tak Kak Ha JTaHHOM 3Tale pacyeTHast 001acTh
CYIIECTBEHHO YMCHBIICHA, TO JaXKC IMPHU YCIOBUHN BKJIFOYEHHOU OIIINH
TemmonpoBOIHOCTD B TBEP/BIX TEJIaX B Y3KUX KaHajJaX W Ha TOHKUX pedpax paauatopa
MOJKET OBITh IMOCTpOCHA HOI[pO6Ha${ pacucTHasd CETKa C JONYCTUMBIM YUCJIOM AYECK.

OTKpbiTME Mogenu

MpoekT ansa BToporo 3atana "EFD macwrabupoBaHusa"

Axrtusupyiite koHpurypamnmto (3x3emmwrip )SINK 1 ZOOM

CospaHue npoekrta FIOEFD

Hcnonb3ys Mactep npoekra, Co31aiiTe HOBBII IPOEKT, KaK II0Ka3aHO HUXKE:

Wmsa npoekra

Zoom — Sink 1 — L4

Wwms xoHpUryparmm SINK 1 ZOOM
Cucrema euHUI] H3MEPEHUS Onexmponuxa
Tun 3agauun Buympennss

duznueckue MOOCIN

Brarouena mennonposoonocme 6 meepovix menax

Texyuas cpena 1o yMOJI4aHHUIO

Air

Marepuai 1o yMoIT4aHHIO

Metals/Aluminum

YcaoBusS Ha CTEHKaX IO
YMOTYaHUIO

Aouabamuueckas cmenxa (uepoxosamocms no
ymonuanuto pasua ()

HauanpHeie ycinoBus

Hauanvnvle yciosust no ymonuanuio (8
YACMHOCMU, HAYATIbHAS INEMAEPAMYpPa Meepoo2o
mena 68.09 F)

YpoBeHb pazpenieHus

Yposenwv paspewenus - 4;

Munumanvnoui 3a30p = 0.1 in, MunumanvHas
MONUWUHA CMEHKU A8MOMAMUYecKas, opyaue
OnYUYU NO YMOTUAHUIO.




B manHOM cityyae ucnonb3yeTcst aBToMaTHuecKasi HauajabHas CeTKa, YPOBeHb
pa3spelueHns yCTAaHOBIICH B ITOJIOKEHHE 4, HO B OTJIMYHE OT IIEPBOT'O ATAIA PacueTa Juls
MOAPOOHOT0 pa3peIICHUs IEMEHTOB painaTopa BPYyYHYIO 33JjaH MUHIUMAJIBHBIH 3a30p
0.1

Jlanee HEOOXOAMMO YMEHBIIUTE PACUCTHYIO 00JacTh, YTOOBI BRIMTOTHUTE "EFD
MacmrabupoBaHue".

Hactponka PacueTHon obnactu

[Ipu ymenbleHnn pacueTHol obmactu 1 neneit "EFD macmrabupoBanus HeoOXoanmo
Y4ecTh, 4TO Pe3ybTaThl, IOy4YCHHbIC Ha TIEPBOM dTalle pacyeTa, OyyT HCIIOIb30BaThCs B
KadeCcTBE TPAHUYHBIX YCIOBHUH 111 HOBOM oOnacTh. I1oaTOMYy, 4TOOBI Ha BTOPOM 3Tare
MTOJYYHTh JOCTOBEPHBIC PE3YIBTAThI, HEOOXOIMMO 3aaTh TPAHUIIBI PACUETHOH 001aCcTH
(OrpaHUYUTH ee TIOCKOCTAMH, MapaJUIeIbHBIMU INIOCKOCTIM X, Y U Z T100anbHOM
CHCTEMBI KOOPIMHAT) TaK, YTOOBI OHH YIOBJICTBOPSUIN CICTYIOIIUM YCIOBHSIM:

1 B3ATHIC U3 IIEPBOIo dTalla pacyeTa nmapaMeTpbl TCUCHUA 1 TBEPAOI'O TCJIa HA OTUX
TrpaHruIax JOJIKHbI OBITh MAKCHUMAaJIbHO OOHOPOAHBIMU;

2 TpaHUIIbl HE TOJDKHBI JICKATh CJIMIIKOM OJIM3KO K HHTCPCCYIOLIEMY HAC 06’LCKTy, T.C.
mnmponeccopy € paauatopoM, T.K. Ha IEPBOM 3TAIlC pacuCTa MCJIKHUEC ACTAIN paaguaTropa
He ObLIH Pa3pCUICHBbI. Pacuernas o0nactb JOJI2KHa OBITH JOCTAaTO4YHO 0OJIBIION JUISL
TOrO, 4TOOBI HCKIIIOYUTE BIUSHUE 00JIee CIA0KHBIX SJICMECHTOB paauaropa,

3 TIEPEHCCCHHBIC NN 3aJaHHBIC T'PAHUYHBIC YCJIOBUA JOJIKHBI COOTBETCTBOBATH
MOCTAaHOBKE 33/1auu (HaIpUMep, €CII B pacCMaTpUBaeMOil 3ajiaue MaTepuHCKasl Iiara
BBINOJIHEHA U3 TEIIONPOBOIHOTO MaTepHaa, Helb3s UCKIII0YaTh €€ U3 TPaHUIL
pacyeTHoi 005acTH, T.K. 3TO TPUBEIET K HEMPaBUIBHOMY pacueTy 3Ha4CHUsI
TEIJIOBOTO MOTOKA OT MPOLIECCOpPa Yepe3 MaTePUHCKYIO ILIATY ).

B 3TOM npoekTe 3a1ar0TCs CIeLy0IIUE TPAHULIBI PACUETHON 00JIaCTH, YIOBIETBOPSIOLINE
IepednciIeHHbIM BhIme TpeboBanmsM. Kiukuute Flow Analysis > PacuyeTHas o6nactb u
HM3MEHHUTE pa3Mepbl pacyeTHOM 00IacTH Tak, KaK MOKa3aHO HIDKE:

* Xpax = 0.7 in (ycnoBus, 3aaHHbIC Ha 3TOU IpaHULE ¢ OONACTBIO TEKy4el Cpesl,
ABIISIIOTCS IEPEHECEHHBIMH U3 PE3yIBTAaTOB IIEPBOTO dTAla PacyeTa; TaKHe ke
ycIoBus, Kak Ha X ;;, = -2.95 in, aBTOMaTH4ECKH TCHEPUPYIOTCS Ha BepXHeil
TpaHUIIEe, JIeXKAIICH BHYTPH aJTFOMUHUEBON CTEHKH KOPITyCa; yCIOBHUS,
cooTBeTcTBYIomue Z ;= -1.1 in, aBTOMaTH4ECKH TeHEPUPYIOTCS Ha HIDKHEH
TpaHuIe, JeKaIIel BHYTPH MaTepPUHCKOH MJIaThI),

* Xpmin = -2.95 in (T2 TpaHUIA TOJHOCTHIO JIOKUT BHYTPU OOKOBOW CTEHKH KOpITyca,
BBITIOJIHEHHOM U3 aJIFOMHHUS, OJHAKO 3TO HE BIUSET HAa TEMIIEpaTypy Ipoleccopa,
T.K. OH OT/ZEJIEH OT KOpITyca TeMIOU30IUPYIOLEH MaTePUHCKON IIIaTOH U
MPOCIONKON BO3yXa; B KAYECTBE IPAHUYHOIO YCIIOBHS 3[1€Ch AaBTOMATUYECKH
3anaercs Temneparypa 68.09 °F, koTopas BbICTYNaeT B Kaue€CTBE HauaIbHOIO
YCIIOBHS JUISl BCEX TBEPIBIX TEN),

* Yoax =410, Y, = -1 in (31ech ycrnoBus 3aatoTcs TaK ke, Kak U Ha X, = 0.7 in,
a TaKoKe, KaK Ha rpaHulle, Jexallel BHyTpU allOMUHHEBOH CTEHKU KopITyca),

FloEFD FEP12 OGyuatowime npumepbl C1-9



YpoBeHb onbiTHOro nonb3oBatens: C1 - pumeHeHue "EFD macwrabuposanusa"

Zmax = 1.2 in (3Ta rpaHula NOJHOCTBIO JISKUT BHYTPU BEpXHEH aqlOMHHHEBOI
CTEHKH KOpIIyca, MOTOMY 37IeCh aBTOMATHUECKU T€HEPUPYETCS TAKOE XKe yCIOBUE,

Kak Ha Xmin = -2.95 in),

® Zmin=-1.1 in (3Ta rpaHUIIa TOIHOCTHIO JEKHUT BHYTPH TEIUIOM30JIUPYIOICH
MaTEepPHHCKON IIAThI, OTOMY 37€Ch aBTOMATHYECKU T€HEPUPYETCS YCIOBHE

ananadaTudecKas CTCHKA).

2 Umobwl nacmpoums pacuemnyio oonacmo 6 Creo Parametric, knuxnume Flow

Analysis > [lpoekm > PacyemHasi obnacmes.

YMeHbLUEHHasi pacyeTHasi obnacTb.

3apaHue lNepeHeceHHbIX rPaHUYHbIX YCITIOBUN

C1-10

1 Kiukuaute Flow Analysis > [lo6aButb >

MepeHeceHHOE rpaHNYHOE YCrOBME.

B crucok MNpaHuubl ans 3agaHus
nepeHOCUMOro rpaHU4HOro ycrnoBus
nobaBwTre crenyromue MpaHuubl
pacyeTHon obnactu: Xmax, Ymax u
Ymin. /i1 Toro, 4To0bI 10OABUTH
TPaHUILY B CIIUCOK, BEIOCPUTE €€ U
KIMKHATE J06aBUTb WK JBAXK bl
KIIMKHUTE 110 BEIOPaHHOU TPaHUIIE.

Knukunre OJanee.

Ha Ware 2 xiukauTe O630p 17151 BHIOOPA
npoekTa FIOEFD, pe3ysbrarsl KOTOPOro
OyIyT UCIIOIH30BAHBI B KAYECTBE
TPaHUYHBIX YCIOBHH JJIS IPOEKTa

Zoom — Sink 1 — L4 project.

Boi moowceme ev16pams npoexm nobot

3a2PYAHCEHHOU MOOenU U Haumu Gaiii ¢
pesynomamu (.fld).

Lar 1 - Boibop rpaniy 21|

BiiiaphTe (PaHHb A1 SaREHHA NIEPEHOCHMH TPaHM-H: YCT0BHIL

Cpaniiel pacHeTHON 06AGETI. [ DaHM4S A S3AGHH NEREHOEHIMEID FGHHNHANG YEADEHA

 min
2 max
2 rin
Lo

<oz [ mets | | Cancal Help

Ullar 2 - BeiGOp PESyNLTATOB NS NEPEHOCA [21x]

BoiBepie FEFD nposk uni ®an ¢ pesynsTaTam (*fld) AR SaR5HAR NEPEHOCHMOTD FpaHIHOrD
yenosus

& RoEFD nposscr
¢ Paitn c pesynsTaTamn (*fid)

BuiBpart FOEFD mposk i aiin © pesynbratami (*fd):

ENCLOSURE_ASSEMBLY ASM@Zoom - Glebal - L4 [GLOBAL] odsen |
Help <Back Ned> | cancel |




5 B nmamoroBoM okHe Bbl6op npoekTa BbiOepute mpoekT Zoom — Global — L4 u
kinkauTe OK.

Kimuknaure Oanee.

Ha LWare 3 B xauecTBe Tuna rpaHu4HoOro 20
ycnoBus Beioepute BHeluHee. B T

Brewnee epanuunoe ycnogue cocmoum u3
3A0AHHBIX (83AMBIX U3 NPEOLLOYULE20
pacuema) napamempos meyeHust Ha

TN rRAHMHHOT D YCN0EH:

CTaTMECK 08 A28 NEHAZ

2paHuye ¢ mequeu" cpe@oﬁ, maxkum Mlanwas asenerie

0bpazom oHu 6yOym 61usAms Ha pacyem
NPUMEPHO MAK dice, KAK GHeWHUe YCI06Us
60 GHewHell 3a0aye.

<Back [ Fnsh | Cancel Help

8 Kiuknute 3aBepwnTb.

3apgaHue TennoBbIX UICTOYHUKOB

Ha nponeccope 3anatite
OOBEMHBIH TEMIOBOI
HWCTOYHHK C MOIIIHOCTBIO
TerIoBbIAeaCHUS SW.

[ [MaIN_CHIF-7E

}l‘. II'nnﬁam:Ha;l CHETEME KOOPAMHAT
£t

BasoBan ook | = =
Q W =[]
3apaHune Martepuanos
a) [Iponeccop (komnonear MAIN_CHIP) () EncLosuRE PRI 2]
- (71 MOTHERBOARD.PRT
BBIMOJIHEH U3 KPEMHHUS 3 pea.prt v Butop
. 1 MaIN _CHIP-7E
(Ilpenonpenenennsie/Semiconductors/ e CAPACITOR P J
111 . (7] PCWER_SUPPLY.PRT
Silicon); s
[0 HEATSINK_NO1_RC PRT

+ [ﬂ MACCKE 1 13 SMALL_CHIF PRT
[ INLET_LICWPRT

w Marepuans

Glasses and Minerals d
IC Packages

Laminates

Metals

- Marrisatropic

+1- Polymers

7 Semiconductors

o Giallum Arserid

- -

- Silion Carbide =

I Silicon [Hpenonpenenennble\ﬁemicondj
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

b) MarepuHcKast riara 1 KopIyc G x|
(xomnonentst MOTHERBOARD u i@ P
ENCLOSURE) BbITIOTHEHBI U3 H30JISTOpa i E,;iiiﬁ;m CAPACITOR PRT T, :
(Ilpenonpenenenupie/Glasses & St

Minerals/Insulator); I HEATSINK_NOL R PRT

IEI MACCHE 1 Wz SMALL_CHIP.PRT
3 INLET LD.PAT
Alloys ;I
- Building Materials
- Ceramics
Glasses and Minerals
i Diamand
- Glass
Glass Lid Seal

C) OCTaJbHbIE KOMIIOHEHTHI (Harpumep,
paauaTop) U3rOTOBICHBI U3 aTFOMUHUS
(aluminum).

[0 -

- Plexiglass
“ Quartz glass =l

I Inzulator [MpeaonpeaeneHieeyGlasses j

3apaHue Llenen

C1-12

3amaiite OObeMHBIC LIETH 110 MAKCUMAIILHOM U CpeaHE B L

Temmeparype npoueccopa (Main Chip) u pagnaropa (Heat Ha oLl cp Temneparypa npoueccopa
Sll’lk) % Ol Make TeMnepaTypa Npoueccopa
: % Ol Cp TemnepaTypa paanaTopa

3amycTuTe pacyer.

[Tonmy4yeHHbIE pe3yabTaThl MPEICTABICHBI B TAOIHIAX U HA PHUCYHKAX HIKE. DTH
pe3yIbTaThl COOTBETCTBYIOT PEILICHUIO 3a/1a41 C UCIIOIb30BaHUEM pajguaTopa
KkoHCTpyKIuH Nel.

Ecnu Be1 o6paTuTe BHIMaHHE HA PaCUETHYIO CETKY, BbI yBUANTE, UTO B HEH MMeeTcs Mo
JIBE STYCHKU MOTIEPeK Ka)KA0ro KaHajla pajuaropa 1 Mo JIBe sYelKU Ha Kax10€e ero pedpo.

Certka B obnactu paguaropa Nel Ha paccTostHUE Y=-().3" OT IJIOCKOCTH CCUEHHUSL.

MuHumanbHbIl 3a30p 1 MuHuManbHasi mosiWUHa CMEHKU 61UsI0M HA OOUH U MO
Jice napamemp, a UMEHHO, Ha XapakmepHulil pasmep sauetxu. s moeo, umoovi
HAUMeHbUAs U3 08YX AUeeK NPUXooUIacs Ha 3adantvit MuHuManbHbIl 3a30p,
FIoEFD no ymonuanuio eenepupyem 6a3oeyio cemxy. Qucio sueex, npuxoosujeecs Ha
MuHumanbHbIl 3a30p, HENUHELHO 3a8UcUn 0on YPO8HS pa3peweHUs U He MOdjcent
bbimb menvuue 08yx. B ceoto ouepeos, yciosue MUuHUMaIbHOU MOWUHbI CMEHKU
npusodum k momy, umo FIOEFD eenepupyem maxyio 6a3o8yio cemky, koeoa Ha
3a0annyro MUuHUManbHyr0 MOMWUHY CMEHKU, He3a8UCUMO OM YKA3AHHO20 YPOBHS



paspeuieHus, npuxooumcs 08e AueliKu (3mo2o Koruiecmeda 00CmanmoyHo OJis
paspeuwierus cmenku). Bom nouemy, ecru MuHuManbHas monujuHa cmeHKU pasHa
wiu 6onvuie MuHUManbHO20 3a30pa, 3a0AHHOE 3HAYEHUE YPOGHS PA3PEULEHUS He
6UsIem HA NOTYUAIOWYVIOCS 6 Pe3Yabmame CemKy.

MepekntovyeHune KoHcurypauum Paguatopa

[IpoBepuM, Kak Ha pe3yIbTaThl pacdeTa BIUACT HCIOIb30BAaHUE PAJHAaTOPa KOHCTPYKIUH
Ne2. Jlnist 5TOTO MEHsIeM UCIIONb3yeMYI0 KOH(UTypalHio panaropa Ha KoH(GUrypammio
Ne2, mpu 3TOM BCe ocTanbHBIE HACTPOiKH BToporo stana "EFD macmrabupoBanus” B
npoekte FIOEFD ocrapisieM HEH3MEHHBIMU.

Camblit ipocToil myTh Ui co3anus Takoro xe npoekra FIOEFD B HoBoii koHdurypannu

MOJIEJH - CKJIOHHPOBATh CYIIECTBYIOIIUI MPOEKT B HOBYIO KOH(MUTYPAIIHIO.

KnoHnpoBaHue npoekTa B CyLLecTBYOLWY KOHdUrypaumro

1 Kiuxnaure Flow Analysis > MpoekT >

[E KnoxnmpoBaThL NpoeKT EHE
KnoHwposaTi npoexT.
2 B none Uma npoekTa BBeauTe Zoom - Sink 2 - [2oom -Sink 2 -L4
1.4 . w  KoHPMrypaLwma
Beif v
3 B cmucke KoHdurypaums, B KoTopyio FO | Bopore j
[] GLOBAL -
Heo6xo0aANMOo A06aBUTb NPOEKT |k BHIOEpHUTE [ SINK_1_LOCALMESH
Bbi6 [] SINK_2_LOCALMESH
bloOpaThb. [ SINK_1_Z00M
SINK_2_Z00M
4 B crucke Kondmrypaumm [E BriGepute -

SINK 2 ZOOM.
- - ™ KorwmposaTs pesynsTatsl
Kmukaure OK. ITocne Toro, kak Bel HasxkmeTe OK. | |
b 2 V x

TIOSIBSITCS JIBA COOOIIEHHS C BOTIPOCAMH O
BOCCTaHOBJICHUH PACUETHOM 00JIacTH U O
nepecTpoeHny pacueTHoii cetkn. Haxkmure HeT, uro0s! He nepecTpaunsath, win Aa,
YTOOBI IIEPECTPOUTH CETKY.

[TomyueHHbIE pe3yNbTaThl IPEICTABICHB! B TAONNIAX U HA PUCYHKAX B KOHIIE IAHHOTO
npumepa. BuHo, 9T0 BClieCTBHE HCIIOIB30BAHHS APYTON KOHCTPYKIMH pagraTopa
TeMIleparypa npoueccopa CHU3MIach nmouTd Ha 15 °F. DTo BbI3BaHO TEM, UTO BO3pOCIIa
oA s pedep paaraTopa U yBEJIMUWIACh HMHTCHCUBHOCTD TEUCHUS B Y3KHX KaHalIax
Mexay pedpamu (B paguaTope KOHCTPYKIMK Nel OKOJIO ITOJIOBHHBI KaHAJIOB ObLIN
3aI0JIHEHBI 30HAMH C 0OPATHBIM TEUCHHUEM).

FloEFD FEP12 OGyuatowime npumepbl C1-13



YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

MpsiMmon noaxoA K peLieHUIo 3aaaum

Jyist Toro, 9YTOOBI IPOBEPUTH, HACKOJIBKO J0CTOBEPHBIMH SIBIISIFOTCS PE3YJIbTATHI,
nony4eHHbIe ¢ momotbio "EFD macmrabupoBaHus", pemmM Ty Ke 3a/1ady ¢
npuMeHeHneM onyu JlokanbHasa HavyanbHas ceTka. UToObI HCTIOIb30BaTh ATy OMIINIO, B
cOOpKy MozenH 100aBIIsieM HOBBIH ANIEMEHT - MapaiIesIeuIe, OKpYKaroIii
MIPOLECCOP, U I€aKTUBUPYEM €T0 B JTUAJIOTOBOM OKHE YpaBneHne KOMNoHeHTaMu. OTOT
00BbeM npecTaBiIsieT co00i 00acTh TeKy4ei Cpeibl, B KOTOPO MOKHO 3a/1aTh OTIIMYHBIC
OT Bcell pacyeTHOI 00/1acTH HACTPOMKH CETKH, HCIIONIB3Ys ONIUIO JlokanbHas
HayanbHas ceTka.

KOthMrypame C OOMNOMHUTENbHBIM 3NEMEHTOM AN 3aAaHus JIokanbHOW HavyanbHOW CETKM.

MpoekT FIOEFD ansa npsamoro peweHus 3agaym (paguatop Ne1)

UToOBI B JAHHOM CITydae CO3/1aTh MIPOCKT, KIOHUpYeM MpoekT Zoom - Sink 1 - L4 B
cymectByromyo koHpurypanuio SINK 1 LOCALMESH, HO B OTIHYHE OT
TIPE/BIIYIIEro KJIOHNPOBAHUS, BOCCTAHABINBAEM PAcUETHYIO 00JIaCTh /10 HCXOJHBIX
pa3MepoB, Tak, YTOOBI OHA OXBATHIBAJIA BCIO MOJIEIb.

AxTuBupyiite npoekr Zoom - Sink 1 - L4.
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Ortkpoiite 1uanoroBoe OKHO KNOHMPOBaTh MPOEKT, B [ ——— BE

nosic UMa npoekTta BBeauTe LocalMesh - Sink 1 -

N2. B crnucke KoHdmrypauus, B koTopyto [Focabesh - Sink 1 - N2
Heo6xoaAMMOo A06aBUTb NPOEKT @ BeIOEpHUTE o
Bbi6path. B crincke KoHdurypaumm I8 BeiGepuTe bo [Botoar |
SINK_1_LOCALMESH B kadecTBe KOHQUTYpaluy, | @ [ GlosaL 5|
B k0TOpYy10 FIOEFD CKIOHUpYET NPOEKT. v SINK_1_LOCALMESH
[] SINK_2_LOCALMESH
Knuknute OK, a 3aTeM B 000UX OSBUBLINXCS g g::i—;—;ggm
coo01IeHnsIX KIuKHuTe Oa. — g

w  Onwm

[™ KonvposaTs pesynsTatsl

3apaHune NpaHUYHbIX YCIIOBUIA

CHavasa yJlaluTe OCTaBIIEECs IEPEHECEHHOE £ Mepenecensibie rparbie yoTosHs
[~ MepeHeceHHOe rpaHHYHOE YCnoBHe 1
I'paHUYH BHUC. S 5TOIo B BC KIIMKHUT i i
pa . oe YCJ'I(‘)’ e. Jlns sToro ACPEBE Kt © ‘}0 TEnnoEkIe HCTOHHAKA | M3MEHHTE. ..
IIpaBOM KHOIIKOW MBIIIN HA JICMCHTEC I'IepeHeceHHoe LB ol MownocTe Ter ASEKTHEMPOBATE
rpaHU4YHOE YCNOBUE U 13 KOHTEKCTHOTO MCHIO EFE U VB e

H b ol cp T CKpbITE
BbIOCpUTE YOAnNuUThb. . ~Ha oucpTemnepary

3areM ¢ TOMOIIBI0 HHCTpYMeHTa KonupoBaTh 3j1eMeHThI CKOMTUPYHTE TPaHUYHBIC
yCI0BUS, 3alaHHbIe B TIpoekTe Zoom - Global - L4.

1 AxtuBupyiite npoekt Zoom- Global - L4.

2 Knuknure Flow Analysis > UHCTpyMeHTbI > eEp TR ST HE
KonupoBatb 31eMeHTBI. OTKPOETCS THATOTOBOE
okHO KonmupoBarts 3j1eMeHTHI.

[poEkTEL B KOTOPEIS HYKHO KONMPOBATE:

Zaom - Global - L4 [ GLOBAL | ]
3 VaepxwuBas Haxaroii knasuity Ctrl, B B nepese LocalMesh - Sink 1 - N2 [ SINK_1LOCE

Zaom - Sink 1 - L4 [SINK_1_200M ] [
anayim3a FIOEFD BriOepuTe rpaHUYHBIC YCIOBHS Zaam- Sink 2- LA [SINK_2 Z00M ] [
DaBneHue okpyxatrowen cpeabl 1 1 BxogHon

BHeLWHUI BeHTUnATop 1. BeIOpaHHbIE 271€MEHTHI

TOSIBSITCS B CITHCKE DIIeMEHTbI ANA KONMUPOBAHUA. S ) P T
Bi=onHoM BHELWHWE BeHTUAATOR 1
4 B cnucke MNpoekTbl, B KOTOpbIe HY)XXHO KONUPOBaTb Dapnerie okpykaiow e cpets! 1
BeiOepuTe LocalMesh - Sink 1 - N2.
Kmukaure OK.

ak I OrreHa Crpaeka

AxrtuBupyire npoekt LocalMesh - Sink 1 - N2.
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

3apgaHue TennoBbIX UICTOYHUKOB

K yxe cymecTByromnemy
00bEMHOMY TETIJIOBOMY

SMaLL_CHIP-88 -
HCTOYHHUKY C MOLIHOCTBO & :I

ShMaLL_CHIF-95
TeIIoBbIACIeHUS SW, gm:&:g::ggg
3aJlaHHOMY Ha Ipoleccope, SMALL_CHIP 38 E
1100aBbTE 0OOBEMHBIN TEIIOBON i [Trosencren cucrevarecpmar

Bazosan oce: | # ‘I

HCTOYHUK TaKOH Ke MOIIHOCTH
Ha BCECX MHUKPOCXECMaAx.

[ 98] Yol
Q Fv )

3apaHue MartepuanoB

T.K. MaTepuasbl ObUTH YHACICIOBAHBI U3 MPEABLAYIIETO MPOCKTa, HET HEOOXOAUMOCTH
CO3/1aBaTh UX 3aHOBO, OJHAKO K Marepualy Silicon MaTepuan 1 Hy>KHO OTHECTH €llie U
MHKpOCXEMBI, a K Mmarepuaity Insulator MaTepuan 1 - KpbIIIIK1 Ha BXOJJHOM M BBIXOZAHBIX
OTBEPCTUSX:

a) nporeccop (kommoHeHT MAIN CHIP) 1 MUKpOCXeMBI BBIITOTHEHBI U3 KPEMHHUS
(silicon);

b) MaTepuHCKas IIaTa, KOpIyc, KPBIIIKA Ha XO/E¢ M BBIXO/IE (KOMITIOHEHTHI
MOTHERBOARD, ENCLOSURE, INLET_LID u OUTLET_LIDs) BbINOJHEHbI U3
uzoistopa (insulator);

¢) 0o0e mevarHbie MmIaThl (KOMIOHEHTH PCB) BBIMONIHEHBI 3 CO3MaHHOTO MOIh30BaTEIEM
Mmarepuasa [leyaTHasi miiara, KOTopslid ObUT 00aBIIEH B MHXKEHEPHYIO 0a3y TaHHBIX B
npumepe A2 - ConpsizkeHHblii Tensioo0meH.

d) ocranbHbIe YacTH BBHINOJIHEHBI U3 amtoMuHMs (aluminum).

3apgaHue Llenen

V3MeHeHne CKIIOHMPOBAHHBIX OOBEMHBIX LIEJICH 10 MAKCUMAIbHON M CpetHer
TEMIIepaType MpoIeccopa 1 paauaropa He TpedyeTcs.

HacTtponka YpoBHSA pa3pelieHuns

Jl1s1 u3MEeHEeHUs1 aBTOMaTUYECKUX HACTPOEK HayallbHOU ceTkU KinukHute Flow Analysis >
HavyanbHas ceTka.

2 Jlna usmenenus asmomamuueckux nacmpoex navanvhou cemku ¢ Creo Parametric
xauxnume Flow Analysis > Cemka > Ha4anbHasi cemka.

C1-16



VYcranoBute YpoBeHb pa3spelueHus B nonoxenue 3. [pu eopac 21
BKJIFOUEHHOU TETIONPOBOJHOCTH B TBEPJBIX TeJIax 3aJaHUE Fr e

YETBEPTOrO YPOBHS pa3pelIeHHs] COBMECTHO C HACTPOMKaMu (® B e
JIOKAaJIbHOHM CETKH MPHUBEICT K 00pa30BaHUIO OOJIBIIIOTO YHCIIa
SIYEEK, B PE3YJIbTATE YET0 BO3PACTET MPOLIECCOPHOE BPEMSI
pacueTta 3aga4n. [ TOro, 9YTOOBI YMEHBIIIUTH MTPOIIECCOPHOE
BpeMsi, CHIDKacM YpoBeHb pa3spelueHus o 3. OOparute
BHHMaHUE, 4TO YPOBEeHb pa3speLleHunst 3afaym oCcTalICsd TaKuM, KaKiUM OH ObLJI 3aJaH B
Macrepe mpoekTa, T.c. paBHbIM 4. UTOOBI yOenuthcs B 3ToM, KinkHuTe Flow Analysis >
Onuuu ynpaBrneHusi pacyeToM, a 3ateM Copoc. [ Toro, YT00BI 3aKPBITH AUATOTOBOC
okHO Copoc, ximkauTe OTMEHa.

HD%!EEH;: sagau
3
]

Omena | Copeera|

Knuknure Flow Analysis > lNMpoekTt > lMepecTpoeHue.

3apaHune HacTpoek JlokanbHOW HavyaribHOW CeTKU

Jlns Toro, 9T00BI MPUMEHHUTH HACTPOHKU TE
o o o 085 | Mparaaa Teno/rercyvan cpena | Lposnere mieex | Ve kanans |

JIOKAJIbHOHN HAa4aJIbHOM CEeTKU K KaKOH-116o ) = P———

061acTH, HEOOXOIMMO 1aKTUBHPOBATh ' —

COOTBETCTBYIOIINHN ATOM 00JIACTH KOMIIOHEHT B
JIMAJIOTOBOM OKHE YnpaBneHue
KOMMOHEeHTamMM.

1 Knuxnaure Flow Analysis > [lo6aButb >
NokanbHasa HayanbHas ceTka.

¥ Omcmouns KovmorerTs

Z# B Creo Parametric knuxnume Flow Analysis
> Cemka > JlokanbHasi Ha4asibHasi cemka.

[~ Aeromanieck e HacTPoiKI

B nepese monenu Beioepute kommoHeHT LocalMesh.

[TocraBpre ranouky OTKNOYUTL | 21x]
Onacrs | M | Boobnesme e
KOMMOHEHTbI. ]

Omwena |

4 CHuMHTe Ta0OuKy ABTOMaTU4Yeckue P ——— e
HacCTPOMKM. Yo =

¥ Bonowims onuie apoBnennA e B YSK Kaanax

T 32787 MAHAMETEHYIO LIADKY YSKIDKEHATOB

5 IlepeiinuTe Ha BKIaAKy Y3Kue KaHanb! 1 C—
3a/aliTe XapakTepHoe 4ucrio siueek e
nonepek y3Koro KaHana paBHBIM 2, a —
YpoBeHb Apo6neHusi CeTku B y3KUX
KaHanax paBHbIM 4.

I AsTomaryecrue HasTpoikH

LD Tepmun Y3Kue KaHanbl ssisiemcs
00U enPUHAMBIM U UCTONL3YEeMCS 0TIl ONPeOeNeHUs NPOMOYHBIX CeUeHuUll,
NOCMPOEHHbIX NO HOPMAIU K NOBEPXHOCTIU PA30ela MEepoblX mei ¢ meKyuell cpeooll.
Ipoyedypa Opobnenus cemxu 6yoem npuMeHsmsbCsi K KAHCOOMY NPOMOYHOMY
CeuenUr, Haxo0saueMycs 6 pacuemuoil oonacmu, eciu Bol ne ycmarnosume 015
FIoEFD ycnogue ne Opobums npomounsle ceueHusi OnpedeieHHo20 pasmepa (3mo
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"

3a0aemces ¢ nomowpro onyuii 3adamb MUHUMAaIbHYIO WUPUHY Y3KUX KaHasnoe u
3adamb MakcumarnbHy0 WUPUHY Y3KUX KaHanoe). XapakmepHoe YucJio siyeek
rnornepek y3Kko20 KaHana (06o3Hauum e2o kak Nc) u YpoeeHb OpobneHusi cemku e
Y3KuX KaHanax (obosnauum e2o kak L) enusiom Ha cemKy 8 y3Kux KaHauax
cnedyrouum obpazom: 6a3oeas cemka 8 Y3Kux KaHaiax oyoem opooumscs max,
umobwvl obecneuums yucio sueek Nc nonepex y3Kk02o Kamand, Ho 00 mex nop, HoKa
noxyuaiowuecs @ pesyibmame sauelxu 6yoym yooeiemeopsame snaveruio L. [pyeumu
cnosamu, Kakum ovl Hu 06110 3a0anHoe 3Havenue Nc, Aueliki 8 Y3KOM KAHAle He MO2ym

6oime 6 8° pas 2L 6 kaxncoom HanpaeieHuu 2100aIbHOU CUCTEMbl KOOPOUHAM,)
MeHnbue, yem Aueiuku 6azo8ou cemrku. Imo Heobxoo0umo 0 mo2o, ymobwvl uzbexcamso
HeANCenamenbHo20 OPOONeHUsl CEMKU 6 CAUUKOM Y3KUX KAHALAX, M.K. 10 MOICEm
npusecmu K 00pa308aHUIO YPE3BbIYALIHO OONbULO2O YUCILA SUEEK.

6 Kiukante OK.

B nanHoM ciydae st TOTO, 9TOOBI 00ECTIeUnTh 2 SYSHKHU TIONEepeK y3KOro KaHaa,
yBennurBaeM YpPoBeHb APOGNeHUsA ceTKM B Y3KUX KaHanax o 4.

OTH HACTPOUKH MPUMEHSIOTCS KaK Ui TIEPBOM, TaK U AJIs1 BTOPOH KOHCTPYKIUI
paauaropa.

MpoekT FIOEFD ansa npsamoro peweHus 3agaym (paguatop Ne2)

C1-18

Cxuionnpyiite akTuBHBIN poekT LocalMesh — Sink 1 [ eeme =Ix]|

— N2 cymiecTByrollyio KOHQUIypaLuio

(ax3emmzip)SINK 2 LOCALMESH. ITpucsoiite |Lacalesh - Sink 2- N2

HoBoMy npoekty uMms LocalMesh - Sink 2 - N2.IIpu

KJIOHUPOBAHHUH MOJITBEPIUTE COOOIIIEHUE O e [Bubpam =]

IIEPECTPOCHUHN CETKHU. 2 [0 GLoBAL |
[ SINK_1_LOCALMESH

3amycTuTe Ha pacdeT 00a POEKTa, UCIIOIb3Ysl OIIUIO Vi SINK_2_LOCALMESH

Cepus pacueTos. g glﬁﬁﬁggﬂ J

w  Onwm

[™ KonvposaTs pesynsTatsl

]| x|




PesynbraTtbl

Hioke mpezcTaBieHo cpaBHEHUE PE3yNbTaTOB, NOIYyUYSHHBIX IPU PELICHUH 33a91 IBYMS
crocobamu. Kak BuIHO, pe3ynbrarsl pemieHus ¢ moMoinsio "EFD macmrabupoBasus”
XOPOIIO COMIACYIOTCS C pe3y/bTaTaMH, TOJYyYEHHBIMU B pacueTe ¢ HaCTPOHKaMu
JIOKAJIbHO! CETKH.

Panumartop Nel Panumarop Ne2
Zoom - LocalMesh - |Zoom - LocalMesh -
SinkNol - SinkNol - SinkNo2 - SinkNo2 -
[Tapamerp L4 N2 L4 N2

tyaxes °F 110,6 114,5 96,8 99,4
IMMponeccop |t,, °F 110,3 114,2 96,6 99,2
tyaxes °F 110,6 114,5 96,7 99,4
Panmartop |[t.,, °F 110,2 114 96,4 99
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YpoBeHb onbiTHOro nonb3oBatens: C1 - pumeHeHue "EFD macwrabuposanusa"

Cnoco6 ¢ ucnonb3osaHuem "EFD Cnoco6 ¢ ucnonb3oBaHUeM
maclwtabupoBaHusa” JlokanbHoOM ceTku

Temnepatypa [°F]

PacnpeneneHne Temnepartypbl B obnactu pagmatopa Ne1 B ceveHun Y=2.719" (MnockocTb
ASM_TOP): cnocob ¢ ucnonb3osaHnem "EFD macwtabupoaHue” (cneea) u cnocob c
ncnonb3oBaHveMm JlokanbHON ceTkn (cnpasa).

110
106
102
93
94
90
86
82
78
74
70
Temnepatypa [°F]

PacnpeneneHne TemnepaTtypbl B obnactu pagmatopa Ne1 B cevernun Z= -0.32" (lMnockocTb
ASM_FRONT): cnocob6 ¢ ucnonb3osaHunem "EFD maclitabupoBaHue" (cneea) u cnocob c
ncrnonb3oBaHnem JlokanbHom ceTku (cnpasa).

PacnpeneneHune Temnepatypbl B obnacTtu paguatopa Ne1s ceveHumn X=-1.53" (IMnockocTtb
ASM_RIGHT): cnocob ¢ ucnons3osaHvem "EFD maclutabuposaHue" (cnesa) u cnocob ¢
ncrnonb3oBaHnem JlokanbHom ceTku (cnpasa).

Temnepatypa [°F]
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Cnoco6 ¢ ucnonb3oBaHuem "EFD Cnoco6 ¢ ucnonb3oBaHueM
maclwtabupoBaHusa” JlokanbHoOWM ceTku

110
106
102
93
94
90
86
82
78
74
70
Temnepatypa [°F]

PacnpeneneHue TemnepaTtypbl B obnacTtu paguatopa Ne1 B cevenumn Y=2.719" (MnockocTb
ASM_TOP): crnocob ¢ ncnons3oaHnem "EFD macwtabrupoBaHue” (crnesa) 1 cnocob c
ncnonb3oBaHuem JlokanbHo ceTku (cnpasa).

110
106
102
93
94
90
86
82
78
74
70
Temnepatypa [°F]

PacnpeneneHue Temnepatypbl B obrnacTtu paguatopa Ne1 B ceveHumn Z= -0.32" (IMnockocTb
ASM_FRONT): cnoco6 ¢ ucnonb3oaHuem "EFD macwtabupoaHue” (cneea) u cnocob c
ncnonb3oBaHnem JlokanbHoW ceTku (cnpasa).

110
106
102
93
94
90
86
82
78
74
70
Temnepatypa [°F]

Pacnpenenenve Temnepatypbl B obnactu paguatopa Ne1s cevennn X=-1.53" (lMnockocTtb
ASM_RIGHT): cnoco6 ¢ ncnons3oBanvem "EFD macwtabupoBaHue” (cnesa) n cnocob ¢
ncnonb3oBaHnem JlokanbHOW ceTku (cnpasa).
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YpoBeHb onbITHOro nonb3oBartens: C1 - NpumeHeHue "EFD macwTtabupoBaHua"
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C2

TekcTUnbHaa MmawmHa

NMocTaHoBKa 3agaumn

B nanHOM npumepe MozenHpyeTcs paboTa TEKCTHIIFHON ManHbl. KOHCTPpYKIHMS MaliHbI
YIpOIIEHa U IPEICTABISAET cOO0H 3aMKHYTBIH MOJBINA IMIMHIP, B KOTOPOM HaXOIUTCS
LWTMHPUYECKUHA CTAaTOpP C y3KHM BXOJHBIM ITaTpyOKOM (CM. puc. HIKe). B KopIryc Takke
BXOUT YCTPOHCTBO B BHJIE TOHKOCTEHHOTO KOHYyCa /Ul HAMaThIBAaHHSI BOJIOKHA, KOTOPOE
BpaIIaeTCs ¢ OYCHb BBICOKOH CKOPOCTHIO. [I0TOK BO3/yXa 00TEKaeT Bpalaroniicst KOHyC,
3aKpy4MBAETCsI BCIEACTBIE BOSHUKAIONINX KacaTeIbHBIX HANPSDKEHUH U OopMupyeT
NIPaBUJILHOE HAMAaThIBAaHNE BOJIOKHA, ITOCIIE YETO TIOCTYIMAEeT B BEIXOJHOI arpyOoK,
HaXOJIIUICS B BEpXHEH 4acTH KopIryca.

FIoEFD FEP12 O6yuatowume npumepsill C21



YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa

Bbixopg

P = 96325 Pa Kopnyc

Bpaluatouasics cteHka
~—_

|~ ©=130000 RPM

MaccoBbIi pacxog Ha
Bxoae 0.0002026 kg/s

BuyTpenHnuii tuameTp noaoro WIMHAPA COCTaBiIsIeT 32 mm, BHYTPEHHSs BbIcoTa - 20 mm.
Boszayx ¢ maccoBeiM pacxomoMm 0.0002026 kg/s mocTymaet Bo BXOIHOW MAaTpyOOK
nquaMerpoM | mm. TonmmuHa CTeHKH KOHyca paBHa 1 mm, a ero KpoMka Ha 3 mm OTCTOHUT
oT HIKHeH yacT nunuHapa. Konyc Bpamaercs co ckopoctsio 130000 RPM. Cratugeckoe
JaBJIE€HUE Ha BBIXOJE cocTaBisieT 96325 Pa.

FloEFD monenupyet moTok Bo3ayxa 0e3 yueTa 4acTHI[ BOJIOKHA, TaK KaK UX BIMSHHUE Ha
TEUCHHE IpeHeOpeknMo Maino. st Toro, 4ToObI UCCIenoBaTh TO, KaK TCUCHHE
BO3JICHCTBYET Ha BOJIOKHA, B TIOTOK BO3/lyXa BBOJSTCS MEJIKHE YaCTHIIBI ITOJIUCTHPOIIA (C
MIOMOIIIBIO TTOCTITPOIIECCOPHOTO JIeMeHTa TpaekTopumn noTtoka). B kauecTBe Ha49aIbHOTO
pUOIMKEHHS 3aJaeTCsl TAHTCHIMAJIbHAsE CKOPOCTh IOTOKA BO3ayXa, paBHas 40 m/s, 3To
MIO3BOJISIET YBEIMYUTH CKOPOCTH CXOJMMOCTH U YMEHBIIUTH MPOIECCOPHOE BPEMS
pacdera 3amadu.

C2-2



OTKpbITUE MOAaenu

Crommmpyiite manky C2 - Textile Machine B cBoro pabouyro TUpeKTOpHIO U yOSTUTECh,
910 ¢ (haitioB cHAT arpuOyT "TombKo ais uyreHus", T.K. FIOEFD Oyzner coxpaHsATh B HUX
BXozHbIe 1aHHbIe. OTKpoiiTe cOopky textile_machine.asm.

But moswceme nponycmums co3oanue npoekma u 3anycmums Ha pacyem 20moebiil
npoexm FIOEFD, co30annbiii 6 coomeemcmeuu ¢ smum npumepom. s smozo Bam
Heobx00uMo omxpuims coOopky textile_machine.asm, pacnonoosicennyio 6 nanxe C2 -
Textile Machine\Ready To Run, u 3anycmumo Ha pacuem HYJlCHble NPOEKMbL.

CospaHue npoekta FIOEFD

Hcnone3ys Macrep poeKTa, CO31aiiTe HOBBII IIPOEKT, KaK IOKa3aHO HUXKE!

Nwmsa npoekra

130000rpm

Kouduryparms

Hcnonvzosams mexkyuyro

Cucrema enuHUI] H3MEPEHUS

Sl; ons napamempa OnvHa viOepume mm
(Millimeter), 0112 napamempa Angular Velocity
svioepume RPM (Rotations Per Minute), a 011
napamempa Mass Flow Rate 6 cpynne
Loads&Motion swi6epume kg/h (Kilogram/
hour)

Tun 3agaun

BHyTpeHHAA,
WckniounTtb nonoctu 6e3 ycrnoBum Te4eHns

dmnyeckue MOJCIN

Qusuyeckux mooesnell He 8blOPAHO

Texyuas cpena o yMOJI4aHHUIO

Air

VenoBus HA CTEHKAX 110
YMOJI4YaHUIO

Aouabamuueckas cmenka (uepoxoeamocio no
ymonuaruro pasta ()

Hauanpabie YycCioBus

Yenosus no ymondyaruro

YpoBeHb pazpenieHus

YpoOBeHb pa3peLleHus - 4;
MuyHMManbHbIN 3a30p = 1 mm, dpyeue onyuu no
YMOIYAHUIO

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa

3aaaHue rpaHUYHbIX YCIOBUMA

3aZ[aI7[T€ T'paHUYHBbIC YCIIOBHS HAa BXOAC U BBIXOAC, KaK MMOKA3aHO HUKEC:

I'panmunoe | Maccoewtii pacxoo na éxode =
ycaosue Ha | 0.73 kg\h:

BXone Maccoswiil pacxoo 0.73 kg/h
nO HOpMAIU K 6HYmpeHHell
NOBEPXHOCTIUL CMAMOpPa
(xomnonenm STATOR),

I'pannunoe | Crarmyeckoe JaBJIeHHE HA
ycioBue Ha | BbIxXoae = 96325 Pa:

BbIXOzE Cmamuueckoe dasnenue
96325 Pa na enewnel
NOBEPXHOCU KOPNYyca
(xomnonenm HOUSING)
(Opyeue napamempoi no
VMOTYAHUIO).

3apaHue BpallaloWnNXecsa CTeHOK

C2-4

B FloEFD moxHO IBYMS crioco0amMu CMOJICIHPOBATh BIMSHUE BPAIIAIOIINXCS YacTeH 1
KOMITOHCHTOB Ha TCUCHHE. BB MOXKeTe 3a1aTh BPALIAfOIIyIOCS CUCTEMY KOOPAMHAT ISt
BBIOPAaHHOM 00JIaCTH BpaICHUs, HCIIONB3Ys AlleMeHT O6nacTb BpalleHUsi. DT O3BOIHUT
CMOJICITUPOBATH BPAIIICHUE HIEMCHTOB CJIOKHOW T€OMETPHH, TAKUX KaK BEHTHIISTOPEI,
HACOCHBIC KOJIeca, KPBUTFIATKY U T.1. B JaHHOM mpuMepe BpaIlaroNIHics KOMIIOHCHT
HUMEEeT JOBOJIBHO MPOCTYIO TEOMETPHIO: BCe TOBEPXHOCTH POTOPA TEKCTHIHHOIN MAIIWHBI
MIPEJCTABIIOT COOOW OBEPXHOCTH BPAIICHUS - KOHYC M IWIHHAP. [t Takux
KOMITOHEHTOB 00Jiee MOIXOASAIINM SIBISICTCS TPAaHHYHOE YCIIoBUe MoaBUKHAA CTeHKa,
KOTOPOE B OONBIIMHCTBE CIIy4aeB MO3BOJICT IMOMYYUTh OOJIee TOUHBIC PE3yIbTaThI.



1 B mepeBe ananmsza

[= Ipanmunoe ycnosne [ 2] %]
w Buifop

FloEFD xiukHHUTE v Baop ]
[paBoOi KHOIKOM () [RaTaA-o0
Al
MBIILIHU [0 AIEMEHTY il
MpaHUuHbIe R
5 Irnﬂﬂaanaq CHETEME KOOPAHHET

ycrnoBus U U3 b,

Basosan ock: | X -
KOHTEKCTHOI'O MCHIO o El

wn
BbIOepuTe lo6aBUTL __| 8|

E| @~

rpaHu4Hoe
ycno BUe. WaoeansHan cTerka

2 Bribepure CTeHkKa,
3aremM PeanbHas

P Mapametps Ha cresce

CTeHKa.
W [pixylLanc CTEHKE
3 B ﬂepeBe MOACIn A Irnoﬁanbnaﬂ CHCTEME KOODAHHET
BBIOEPUTE POTOP Oes: [¥ =
(KOMITOHEHT X, [omis =l
ROTOR). 2 [130000 RPH] =]

4 TlocraBbTe rajouky B rpymnme [JBuxXyLiasacsa CTeHKa.

B kauectBe Ocwm BpameHus Beioepure Y.

6 3anaiiTe 3HaYeHUE YINOBOW CKOPOCTU &"}" , paBHoe 130000 RPM.

7 Kiuxunre OK L4 M U3MEHUTE UM daeMeHTa PeajibHast crenka 1 Ha Bpamamomasgcs
cTeHka = 130 000 rpm.

3apaHue HavanbHbIX ycrnoBum

Jliist Toro, 9YTOOBI YBETMUUTH CKOPOCTH CXOAUMOCTH, 3a1a/IMM Ha4aJbHOC YCIIOBHE -
TaHTeHIMAIBHYIO CKOPOCTh IIOTOKA BO3/IyXa B Kopityce, paBHyto 40 m/s. [ 3ananus
0051acTé TeueHNe BOCIIONB3YEMCS BCIIOMOTaTeIbHBIMU KOMITOHEHTaMHU
INITIAL_VELOCITY_1 u INITIAL_VELOCITY_2.

1 Kiuxnaure Flow Analysis > lo6aBuTb > HayanbHoe ycnoBue.

FloEFD FEP12 OGyuatowime npumepbl C2-5



YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa

C2-6

11 Kinukuaute OK.

B JACPEBC MOACIIN BBI6CpI/ITC KOMITIOHCHTBI

INITIAL_VELOCITY_1uINITIAL_VELOCITY_ 2.

Bxirounre onmmro OTKnoYnTb KomnoHeHTbl. FloEFD
OyZeT TpaKTOBaTh 3TH KOMIIOHCHTHI, KaK 00JIaCTh
TEKy4eil cpenbl.

N3 cnincka BasoBas ocb BeiOepuTe Y.

B rpynme MapameTpbl Te4eHWUsA HAPOTHB TApaMeTpa
CkopocTb B HanpaBneHMn X HAKMHUTE KHOTIKY

3aBnUCcUMOCTb| A . TTOSIBUTCS IHATIOT0BOE OKHO

G [INTIALVELOCITY_1-62
INITIAL_VELOCITY 265

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: I Ay Vl

p OTEAOYMTE KOMIOHEHTE

W [lapareTpel TENEHWA

4

3aBMCUMOCTD. Vi [0mis =[5
O/ = op
U3 criucka Tun 3aBUCMMOCTM BEIOEpHTE 3agaHne Vy Jomrs ||
o =
copmynoii. Vy [imis =
B none ®opmyna BBeuTE BhIpaXKEHUE AJIs1 CKOPOCTH B 21x
A Thin 53BHCHMOTTH

HarpaBlieHuu X: 40*cos (phi). [satavr scpmyron =
1 A Popryas

3nech phi - monsapHEIA yroa ¢ (Ha pUCYHKE HIKE TIOKA3aHO, e

KaK OH OTIPENICISICTCS). i | e

z

9 Kiukaure B mosie CKOpocTb B HanpaBneHun Z.

7 a9 +f (|sh| w| ¢

4056 | ) eos| w|opn

1123 "] tan z | theta

0k | Ome Crpacka

8 Kimknute OK. Brl BepHeTech B 1uanorosoe okHo HayanbHoe ycnosue.

10 HaxxmunTe kHONKY 3aBMCUMOCTL U BBEINTE 21X
BBIPAYKEHUE ISl CKOPOCTU B HAIPABICHUU Z: Thn SaBUHCHMOCTH:
-40*sin (phl) ) |3auaHMe POpRYN j
P oprayna;

|-407siniphil

12 B rpynne TepMmoanHamuyeckue napameTpbl 3a1aiiTe

3HaueHue [laBneHus P , paBHoe 99800 Pa.

13 Kiukaute OK “? .

14 JIBaxnbl (uepes may3y) KIMKHATE [0 HOBOMY 3JIEMEHTY
HauyanbHoe ycnoBue 1 1 nepeuMeHyHTe ero B CKOpoCTh

W TeprogmHands

v vo| 0

NEparETpEL

P [5300Ps = p
T [mR2K = p
= 40 m\s.



3apaHue Lenen

Tk. BpaHlaIOHlHﬁCSI KOHYC 3aKpY4YHBACT IMOTOK BO34YyX4d, Ba’KHO y6C,I[I/ITBCH B TOM, 4TO
pacueT 3aBEPIINTCA TOrAa, KOrga 3Ha4CHUEC CKOPOCTH COﬁ,Z[CTCH. I[J'ISI 9TOT'0 B KQYCCTBC
r100anbHON nejau CJeayeT 3a4arb CPpEAHIOK0 CKOPOCTD IOTOKA BO3AyXa. KpOMe TOTO, B
Ka4CCTBEC NMOBCPXHOCTHBIX meJei 3aJaJUM CTaTHYCCKOC JaBJICHHUEC HA BXO/J€C U MAacCCOBBIN
pacxoa Ha BbIXOAC, KOTOPBIC MOCITYKAT AOTIOJTHUTCIBbHBIMA KPUTCPUAMU CXOAUMOCTHU
pacuera

3apaiite cieayoue Heu:

TWUN LUENN 3HAYEHUE LIENN NOBEPXHOCTb/KOMMOHEHT

I'mobanphas nems | CpenHsist CKOPOCTh

IToBepxHoCTHAS MaccoBblii pacxon IToBepxHOCTH BBIXON1A

Lenb (4TOOBI BEIOpATH MOBEPXHOCTD BBIXO/IA,
BBIOEpUTE IPAaHIUYHOE YCIOBUE
Crartuyeckoe paBneHue 1)

TToBepxHOCTHAs Cpennee craTueckoe TToBepxHOCTH BXOJa

1eJb JaBJICHUE (4T0OBI BBIOPATh TTOBEPXHOCTH BXO/IA,
BBIOEpUTE IPAaHUYHOE YCIOBHE
MaccoBblit pacxog 1)

O6wemHas 11eTb Cpennsist CKOpoCTh INITIAL VELOCITY 1
(BBIOECPHTE ATOT KOMIIOHEHT B IEpPEBE
MOJICITN)

O6wemHas 11eTb Cpennsist CKOpOCTh INITTIAL VELOCITY 2
(BBIOCPHTE ATOT KOMIIOHEHT B JIEpPCBE
MOJICITH)

3amycTHTe pacyer.

FloEFD FEP12 OGyuatowime npumepbl C2-7



YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa

PesynbraTtbl (TNagkne cTeHKM)

C2-8

Ha pucyHkax HMXKe IPECTaBICHBI MOJI CKOPOCTEH (CKOPOCTH TOTOKA M Y-KOMITOHEHTHI
ckopoctH) B ceueHnn Z = 0 (mockocth XY). BumHO, 94T0 MakCManbHAs CKOPOCTh
MIOTOKA TOCTHTaeTCsl BOJIM3H BXOIOTO IaTpyOKa M BONM3M BHYTPEHHEH MOBEPXHOCTH
HIDKHEH KPOMKH BpAILAIoNIErocs: KOHyca.

CkopocTb B ceveHun Z = 0, nnockocTtb XY (.

0
CropocTe [ [mis]

CropocTe [mis]

CKOpOCTb noToKa Y-KOMMOHeHTa CKOPOCTHK NOTOKa

CxopocCTh BAOJIb OCH Y B 0011acTH, OJIM3K0i K BHYTPEHHUM U BHEITHUM TTOBEPXHOCTIM
BpaI[AIOIIErocs KOHyca, HalpaBlieHa K HIUKHEH JacTH IUTHHApa. B 3a30pe Mexmy
BpAI[AIOMINMCS KOHYCOM M HIDKHEH 4acThIO IIIIMHAPA 3Ta KOMIIOHEHTa CKOPOCTH
MIPAKTUYECKH PaBHA HYIIO, @ B OKPECTHOCTH OOKOBBIX CTCHOK ITHJIMH/IPA MOJIOKUTEIIbHA
(T.e. HampaBieHa BBEPX). BeencTBrue Manbix 3HaueHUH Y-KOMIIOHEHTBI CKOPOCTH, MEJIKHE
YaCTHIIbI, IEPEHOCUMBIE TIOTOKOM BO3/yXa B 00J1aCTh MEX/y HI)KHEH KPOMKOW KOHYyca U
HIDKHEH 4acThIO MWIMHAPA, HE MOTYT €€ MOKUHYTh. A 9aCTHIIBI OOJIBIIETO pa3Mepa,
TOTIA/IAIOIIHUE B 3TY 00J1aCTh, OTPAXKAIOTCS OT HIKHEW CTEHKH IIMIMHApa (KoTopasi B
JTAHHOM TIPHMeEpE SABISIETCS HICANbHOM, T.e. paCCMaTPUBACTCA MOJTHOE OTPAXKEHHE), U
BO3BpAIIAOTCA 00PAaTHO B 001aCTh BBICOKHX CKOPOCTEH. 3aTeM OHH MEPEHOCITCS
ITOTOKOM BO37TyXa BJI0JIb OOKOBBIX CTCHOK LIMJIMHAPA K €T0 BEPXHEH 4acTH, I/Ie OCTAIOTCS B
0051aCTH 3aBUXPEHUSI.



OToGpaxeHune TpaekTopuin notoka n TpaekTopmn ABUXKEHUSA YacTuUL,

1 B mepese ananmza FIoOEFD kiIMKHUTE MPaBOil KHOKOM MBIIITH 10 AJIEMEHTY
TpaekTopuM NOTOKa 1 U3 KOHTEKCTHOTO MEHIO BhIOepHTe [lo6aBUTh.

2 B nepese ananusza FIOEFDBeIOepHTE rpaHUYHOE
ycnosue (MaccoBblii pacxon Ha Bxojae = (.73 kg\h),
YTOOBI BBIICTUTH COOTBETCTBYIOIIYIO TOBEPXHOCTb.

3 3apaiite KonnuectBo Touek :+#|, paBHOE 10.

4 B rpynne MNpeactaBneHue u3 cnucka MNokasatb
TpaeKkTopum Kak & BbIOEpHTE JIMHUM CO CTpenkamm,

a u3 cricka Packpacutb no napameTtpy |‘?lo| BEIOEpUTE
CKOpOCTb.

5 B rpynme OrpaHu4eHusi BEIOepuTe HampaBieHue BHU3
no NoToky = yBennubTe 3HaueHne MakcumanbHoM

ANUHbI =10 15 m.

EDOnyus Makcumanvhas Onuna ocpanuyuéaem OJuHy
Mpaexmoputl 3a0aHHbIM 3Hauenuem. 30ecs d9mo
3Havenue ObLIO Y8enUeHo O Moo, Ymoosl aydule
NOKA3amb 3a6UXPEHHOCTb.

6 Kmuxunre OK , 4TOOBI 0TOOPa3UThH
TPAEKTOPUH MOTOKA.

7 UroObI 3a1aTh AWANa30H OTOOPAKECHUS
mapameTpa, B MaJIUTPE BEIOCPUTE
MaKCHUMaJbHOE 3HAaYCHHUE U B
COOTBETCTBYIOIIEM I10JI€ BBEIUTE
3Ha4YeHUE 70 m/s.

CropocTe [mis]

Jiist Toro, 4T00BI 0TOOPA3UTH TPACKTOPHH
JIBIDKCHUS YaCTHII, HEOOXOIMMO 331aTh

[E TpaekTopun noToka H

w [Craproecie T

NER MosepirocTo< 16

[T B nnockocti

|;.._#|1n

Lkl Lkl

Ell‘l mm

& I NiHrK co cTpEKaMU j
» ID.3 mm ﬁ
I@ I CropocTe j E#:]

]

2 .
S0 m— g

L

W OrpaHyyeHHa

o |

- [15000 mm

Lkl Lk]

éj IBBDD 3

IV Wcnonbaosars CAD reomeTpui

HavaJIbHBIE CBOMCTBA YAaCTHII (TEMIIEpaTypy, CKOPOCTh U INAMET]), MaTeprai YacTHIL 1

YCJIOBHE HA CTCHKAX (HOFJ'IOH.IGHI/IG HIn OTpa)KCHI/IC).

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa

1 B nepeBe aHann3a npaBoi KHOIIKOM MBIIIN KJIMKHHUTE 110 3JIEMEHTy PacyeThbl
ABWXEHWA YacTUL, 1 U3 KOHTEKCTHOTO MEHIO BeIOepuTe MacTep npoekra.

2 He MeHsd IMEHH cOo31aBacMoro Pacuera JBHMIKCHUA 4aCTHUIL, KIMKHUTC ﬂanee > |

3 B nepese aHann3a BEIOSPUTE IPAHUYHOE YCIOBUE (x|
(Maccosbrii pacxon Ha Bxoge = (.73 kg\h), aTo0s1 w Craprosbie Towu
BBIJICIUTH MOBEPXHOCTH BXO/4, OTKy/a OyIyT MOCTYNAaTh
YaCTHLIBL.

4 3anaiite KonnyecTtBo Touek |:+#|, paBHOE 5.

5 B rpymnmne CBoWcTBa YacTuy, 3aJaiiTe 3HaYCHHUE

Ounametpa @, paBHOE 0.005 mm H B KA4eCTBE

Matepuana *= (B cricke pSIOM C 3TOI MKOHKOM :

BEIOepuTe MaTtepuan) 3anaiite Polystyrene o =

(NpeponpeneneHHble, Polymers). 35 [Marepman =]
- NylonEG -]

L. Omuocumenshas ckopocms u memnepamypa 4acmuy no Ez:ﬂ:{'z:s [TNE;TEP;:?alate[

YMONHAHUIO NPUHUMAIOM HYJle6oe 3Ha4eHue, m.e. paghbl Polstyrene
COOMBEMCMBYIOWUM NAPAMEMPAM 6X00HO20 NOMOKA. a Polystyrene [no fil) | _’lll
He mensem smu nacmpotiku. 3nauenue mMacco8ozo
PACXo0a makiHce MO*CHO He USMEHAMb, M.K. OHO
ucnonb3yemcs monvko OJisl OYeHKU UHMEeHCUBHOCTNU
9pO3UU UTU HATUNAHUS, KOMOpble 30eCh He

yuumbslearomcsi.

I Polystyrene [I'IpenonpenenEHHble\Polynj

Coza./Mam. ... |

Knukuure Qanee _* |.

B kadecTBe YcnoBus Ha cTeHke no ymMonyaHuro 2 x]
BbIOepuTe OTpaxeHue.

JBasknpl KIMKHATE Oanee _* |

Ha Bxianke MpeacTtaBneHne nNo yMonyaHuio u3

| MpganeHoe oTpaseHue

o %a
crnrcka MokasaTb TPaekTopuK Kak &% BeIOEpHUTE s Drpaxermie
INvHuK co cTpenkamu. e [l
10 B rpynne OrpaHn4eHus yBeIUubTe 3HAUCHHE g |l

MakcumanbHOU AnNUHbI |H| 0 15 m.

11 Knukaute OK o .B nepeBe ananuza nosBisieTcst HOBbIH 25ieMeHT Pacuer qBH:KeHUst
yactun 1 ¢ nomanementom (Ppakums 1).

12 [1paBoii KHOMKOM MBIIIH KITUKHUTE MO 3JeMeHTY ®Ppakuus 1 1 13 KOHTEKCTHOTO
MeHIo BeIOepuTe KnoHupoBartsk. bByner coznan snement @paxuus 2. J[1g sToro
9JIEMEHTA U3MEHUTE pa3Mep YacTUll, yBEJINYUB UX [inameTp 10 0.015 mm.

C2-10



13 IlpaBoil KHONKOM MBIIIN KIMKHUTE 10 35ieMeHTy Pacuer nBu:kenust yactun 1 u u3
KOHTEKCTHOTO MeHI0 BbIOepuTe Pacyer.

14 Jlns1 Toro, 9T0OB OTOOPA3UTh TPACKTOPUH JBIKCHIS YaCTHUII, KITUKHUTE TPaBOMA
KHOTIKO¥ MBIIIIH IO IIEMEHTY ®Ppakums 1 1 u3 KOHTEKCTHOTO MEHIO BBIOCPUTE
Moka3aTtb.

15 Tlocne Toro, kak Brl 3akoHUMTE UCCIIEA0BAaTh TPAEKTOPUU YacTul U3 ®Ppakumm 1,
CKPOMTE 3TOT AIEMEHT U 0TOOpa3uTe TPACKTOPHH YaCTHUI 13 Dpakuum 2.

MOAe.ﬂMpOBaHMe epoxoBaTbiX BpalaroWmnxcsa CTeHOK

B npenpiayniem pacuere BHEIIHNE U BHYTPEHHUE IOBEPXHOCTH BPALIAIOIIErOCs KOHyca
ObUIH 3aJaHbl KaK ITIaaKuc. Yr1o0OnI HCCICA0BATh TO, KaK BIMACT HA TCUCHUC
IEPOXOBATOCTh CTCHOK KOHYCA, BBITIOJHUM €II€ OAWH PACUCT, IIPHU 3TOM 3aJ1a/IUM JJIA
BHEIIHUX U BHYTPEHHHUX MOBEPXHOCTEH KOHYyCa MIEPOXOBATOCTh, paBHYyIo 500 um, a
TPAaHUYHBIC YCJIOBUA OCTABUM ITPECKHUMU.

Co3maiiTe HOBBIHM MPOEKT, CKIIOHUPOBAB TEKYIIUN TPOCKT B

[E KnoxnwpoBaTL NpoeKT EHE
TeKyIyt KoHpurypamuio. [IprcBoiite emy umst
130000rpm - rough wall. |13UUUUrpm ~rough wall

w  KoHgurypauis

[Fa I Wcnonesoeats Texywyo j
1= ITEXTILE_MAEHINE

w  Onuam

[™ KonvposaTs pesynsTatsl

3apaHue LepoxoBaToCTU CTEHOK

1 TlpaBoil KHONKOM MBIIIN KIUKHUTE IO IIEMEHTY

W [lapameTpel Ha CTEHKE

Bpawarowasca creHka = 130 000 rpm u u3 &l =

KOHTCKCTHOI'O MCHIO BLI6epI/ITe U3MeHUTb.

o | T 2K

2 B rpynne MNapameTpbl Ha cTeHKe KIMKHUTE 3aAaTh IE (560 icomet

LIePOXOBaTOCTL CTeHkM (R |.

3 BsenuTe 3HauCHHE MIEPOXOBATOCTH, PABHOE 500 micrometers.
4 Kimukaute OK.

3amycTHTe pacyuer.

FloEFD FEP12 OGyuatowime npumepbl C2-11



YpoBeHb onbITHOro nonb3oBartens: C2 - TekcTUNbHaA MalnHa

PesynbraThl (LepoxoBaTbie CTEHKU)

Ha pucyHkax HIKe ITOKa3aHBbI ITOJISI CKOPOCTEH (CKOPOCTH MOTOKA U Y-KOMIOHEHTHI
CKOPOCTH) B PA3JIMYHBIX ceueHMsIX. Kak BUIHO, Y-KOMIIOHEHTA CKOPOCTH MPAKTHIECKU HE
HM3MEHUIIACh M0 CPABHEHUIO C MIPEBIIYIUM PACUETOM, T.€. TPACKTOPUU JIBUKEHUS YaCTHIL
ocTanuch npexxHuMu. OqHako ysenndeHnue mepoxosaroctu ¢ 0 1o 500 pm mpuseno k
BO3PACTaHHIO TAHTE€HIIMAIbHON CKOPOCTHU 3aBUXPEHNUS TTOTOKA.

CkopocTb B cedeHun Z = 0, nnockoctb XY (wepoxoBaTtocTb = 500 pm)

[ L I - =

CropocTe [mis] CropocTe [¥][mis]

CKOpOCTb noToKa Y-KOMMOHEHTa CKOpPOCTM NoToKa

CkopocTb B cedeHun Y = 2 mm, nnockocTb ZX

70
63
el
44
42
35
28
21
14

70
63
56
49
42
35
28
21
14
7 7

0 0

CropocTe [mis] CropocTe [mis]

LepoxoBaTocTb = 0 um LwepoxoBaTtocTb = 500 um
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TpaekTopun noToka

70 70
63 63
el el
49 49
42 42
35 35
28 28
21 21
14 14

7

0
CropocTe [mis]

0
CEopocTe [mig]

Mapgkas cTeHka LLlepoxoBaTas cTeHka

TpaekTopun ABMXEHNS YacTuy guamMmeTpom 5 um

70 70
63 63
el el
49 49
42 42
35 35
28 28
21 21
14 14

7

0
CEopocTe [mig]

0
CEopocTe [mig]

Mapgkas cTeHka LLlepoxoBaTas cTeHka

TpaekTopun ABMXEHUS YacTul, gmameTpom 15 um

70 70
63 53
56 55
49 49
42 42
38 35
28 23
21 21
14 14

7

0
CropocTe [mis]

7

0
CropocTe [mis]

[Mmapgkas cTeHka LLlepoxoBaTas cTeHka

FIoEFD FEP12 O6yuatowme npumepbl C2-13



YpoBeHb ONbITHOrO nonb3oBartens: C2 - TekcTUNbHaA MalinHa
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C3

TeyeHne HeHbIOTOHOBCKOW XXNAOKOCTU B KaHarne ¢
MacCMBOM LUUJTUHOPUYHECKUNX npensaTCTBUN

NMocTaHoBKa 3agaumn

PaccMoTpuM TpexMepHOe TeueHHEe HEHbIOTOHOBCKOH KHIKOCTH B KaHAJIEe C
LMJTMHPUYECKUMH TIPEIITCTBUAMU. KaHan nMeer npsiMoyrossHoe cedeHne. BHyTpu
HaXOJSITCS CEMb KPYTOBBIX IIMIMHAPOB, PACHOIOKEHHBIX aCHMMETPHUYHO OTHOCHTEIILHO
cpenHeli niaockoctu kaHana [1]. B kauecTBe HEHBIOTOHOBCKOM JKUAKOCTH paccMOTpUM 3%
BOJIHBIH pacTBOP KcaHTaHOBO%I cMoutel [1]. Bsi3kocTh pacTBOpa OMMCHIBACTCS CIEAYIONIEeH
3aBHCHMOCTBIO: 7] = K- ( Y ) , e K =20 Paxs" - kosduunent
MIPOTIOPIIMOHANBHOCTH, 1 = (.2 - TIOKa3aTeib CTeNeHH. T.K. pacTBOP BOJHBIH, TO IpyTrHe
€ro cBoicTBa (MIIOTHOCTH M T.1.) IPHHUMAIOTCS PAaBHBIMH COOTBETCTBYIOIIMM CBOMCTBaM
BOJIBI.

OcHoBHas 1eJIb 3a/1a4M - BBIYUCIUTL OTCPU IMOJHOTO AAaBJICHNA B KaHAJIC. I[J'ISI TOro,
4TOOBI OIIPEACIINTD, KaK Ha 9Ty BCJIMYUHY BIHACT ,HO6EIBJ'ICHI/I€ B BOAYy KCaHTaHOBOI
CMOJIbI, paCCYNTACM TAKIKC TCUCHHUEC BOABI C TEM KE 00BEMHBIM pacxoaom.

Pacuetst FIoEFD BBIIONHSIOTCS PH CIACAYIOMINX YCIOBUSX: TPOQHIH CKOPOCTH
KHUJKOCTH Ha BXOJIC SBJISIETCSI PABHOMEPHBIM, 00BEMHBII PacXojl )KUAKOCTH COCTABIISICT
50 cm3/s, CTaTHYECKOE JIaBJIEHUE Ha BBIXOJE - 1 atm. PacueTHOH 1eJIbI0 SIBIIsIETCS
TUAPABINYECKOE COPOTHBRIICHUE KaHaa, T.¢. Iepemas [OJIHOro AaBleHus AP, Mex1y
BXOJIOM M BBIXOJIOM.

_ (1250 33.75

|
8.75

O]
N

© o o © &4 g

61.75

875

326
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YpoBeHb OnbITHOro nonb3oBartens: C3 - TeyeHMe HEHbIOTOHOBCKOM XUAKOCTU B KaHarne ¢ MacCCUBOM

OTKpbITUE MOAenu

Crommpyiite manky C3 - Non-Newtonian Flow B cBoro pabouyro JUPEKTOPHIO U
ybeaurecs, 4To ¢ (hairoB cHAT aTpuOyT "Tombko 1yt uyTeHus", T.K. FIoEFD Gyzner
COXpaHATh B HUX BXOAHBIE 1aHHbIe. OTKpoiiTe cOopky array_of cylinders.asm.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
Heobx00uMo omxpuims coopky array _of cylinders.asm, pacnonoscennyio 6 nanke C3
- Non-Newtonian Flow\Ready To Run, u 3anycmumo na pacuem HyJiIcHbie npoeKmabi.

3agaHue HeHbLIOTOHOBCKOW XUAKOCTU

C3-2

1 Kiukaure Flow Analysis > UHcTpyMmeHTbI > UHxeHepHasa 6a3a AaHHbIX.

2 B [lepeBe 6a3bl gaHHbIX B rpymne BewectBa Boibepure HeHbl0TOHOBCKME
XNAKOCTU, 3afaHbl NONb3oBaTenem.

3 Ha naHenu nHCTPpYMEHTOB KJIMKHUTE HOBBIN anemeHT [ . TosiBuTcst HOBast TaGuIHLA
CBolicTBa aneMeHTa. /{1 Toro, 4ToObI 33J1aTh 3HAYCHUE KAKOT0-JIM0O0 CBOMCTBA,
JBXbI KJIMKHUTE B COOTBETCTBYIOIIYIO STUCHKY.

4 3ajaiiTe CBOICTBA BEILECTBA TaK, KAK IIOKA3aHO B TAOJIMIIC HIKE:

Nwms XGum

IlnoTHOCTH 1000 kg/m”3
VhenpHas TEIII0EMKOCTh 4000 J/ (kg*K)
TermonpoBOAHOCTH 0.6 W/ (m*K)
Bsskocts CTerneHHas MOIeJb
KoadduimeHT mponopruoHaibHOCTH 20 Pa*sn
[Tokazarenp cTereHn 0.2

CoxpaHuTe U3MEHEHUS U BbIianuTe n3 MHkenepHoi 0a3bl JaHHBIX.




Co3aaHue npoekra

Hcnonb3yss Mactep npoekTa, co3aiiTe HOBbII IMPOEKT, KaK MOKa3aHO HUXKE:

Wwms npoekra

XGS

Kouduryparus

Hcnonvzosamsb mexyuyio

Cucrema CAWHUL] U3MEPCHUL

CGS c usmenenusmu: Pa (Pascal) dis
napamempa [JaBneHve n HanpsxeHue

Tun 3agaun

BHyTpeHHAS;
UckniounTb nonoctu 6e3 ycrnoBun
TeyeHus

Ddusnyeckue MoaeIn

Quzuueckux mooenell He 8bl0pano (no
VMOTYAHUIO)

Texyuas cpena 1o yMOJI4aHUIO

XGum (HeHbIOTOHOBCKME KNAKOCTH),

Tun meuenus. Tonvko namunaproe (no
VMOMUAHUIO)

VenoBus HA CTEHKAX I10 YMOJIYaHUIO

Aouabamuueckas cmenka, 21aoKue
CMEHKU N0 MOTYAHUIO, YCILO8UE
NPOCKAIb3bIBAHUS O YMOIHUAHUIO

Hauanpabie ycioBus

Yenosus no ymondyaruro

VYpoBeHb pa3peneHus

Yposenv paspewenus no ymonuanuio - 3;

MuHMManbHbLIA 3a30p=0.25 cm,
opyaue onyuu no YMOIYAHUIO

3apaHue NpaHUYHBLIX YyCNOBUMA

3az[a1“4Te TpaHUYHBIC YCJIOBUSA TAK, KaK ITOKa3aHO HHUKEC:

I'panuunoe | O6vemusiil pacxoo na éxooe 1:

yci10BHC Obvemublii pacxod 50 em’/s no [j
Ha BX0JIe HOPMAAU K NO8EPXHOCMU, NOKA3AHHO

Ha pUcyHKe; memnepamypa no
ymonuanuto (20.05 °C);

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb OnbITHOro nonb3oBartens: C3 - TeyeHMe HEHbIOTOHOBCKOM XUAKOCTU B KaHarne ¢ MacCCUBOM

I'pannunoe | Cmamuueckoe oaénenue 1:

yclioBue Cmamuyeckoe dagienue no yMOonuanuio
Ha BBIXOAC | (101325 Pa) na nogepxnocmu,
NOKA3AHHOU HA PUCYHKE;

3apaHue Lenen

Ha Bxoze u BbIXOJI€ B KaueCTBE 21
TIOBEPXHOCTHBIX LieNeH 3a1aiiTe CPeAHEe (it e iiismom T =T
rnosfiHoe AaBrieHue. i
=l

[epemnax moxHOTO ):(aBneIV{I/I;I MEXIY FEE O
BXOJIOM M BBIXOJOM 3aJIafiTe KaK I€JIb- FlEE =
BRIPRKEHHC. RN Y Y N

1] E / e an
3anyctute pacueT. Korga pacuer By EE

“ BasmeprocTs:

3aBEPILUTCS, BOCIIOIB3YHTECh [Frem— =

HOCTHpOL{GCCOpHLIM IEMEHTOM uen“ IS ¥ Menonezosare uek AnA KOHTROAA CHORMMECTH
TOro, YTOOBI OIIPCACIINTL Ieperan
JAABJICHUA MCIKAY BXOAOM U BbIXOAOM KaHalia.

ARRAY OF CYLINDERS.ASM [XGS]

a CpepHee nbHoe Mporpecc
WA uenn 3HavYeHue n [%]
ML Cp MonHoe aasnenve 1 | [Pal 105652,2964| 105652,217| 105649,8632] 105655,001 100)
MLl Cp Mon+oe gaenenue 2 | [Pal 101329,319] 101329,3176 101329,3116 101329,3199 100]
lNepenag nasnexns Pal 4322,977406 4322,899403 4320,548595 4325,681399 100)

Kak BUAHO, MOTEPHU MMOJHOTO AAaBJICHHUS B KaHAJIC COCTABJIAIOT IPUMCPHO 4 kPa.
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CpaBHeHue TeyeHNss HeHbLIOTOHOBCKOM XUAKOCTU U TeyeHns Boabl

TCHCPB PACCMOTPUM TCUCHUC BOABI B KaHAJIC IIPH TCX JKC YCIIOBUAX,
T.C. IIPU TAKOM K€ 3HAUCHUU 00BEMHOT0 pacxoaa.

Cozpnaiite HOBBI DK3EMILIAP, CKIOHUPOBAB TEKYIIHI
MIPOEKT, IPUCBOWTE €il UMsI Water

[E KnonmpoBaThb npoexT ﬂm

IWater

=

[Fa I Wcnonesoeats Texywyo
= IAHHAY_DF_EYLINDEHS

w  Onuam

[™ KonvposaTs pesynsTatsl

x|

U3meHeHue HacTtpoek npoekra

1 Kiuknaure Flow Analysis > O6wume 20

1 erysan cpena [ Eavrmue [«]  Hoewi
H acho M K" N Methane MNpenonpeneneqHsie _I =
Methanal MNpeacnpeaeneHsie B Tun sanaqm
- Mitrogen MNpeaonpeaenenHee ‘
. ~ Oxpgen Mpeaonpeaenenee Ol Tewraa coesn
Z B Creo Parametric kauknume Flow " Fropme (R e
. R123 MpeAonpeaEnenHsE v
Analysis > MpoekTt > O6wWwme G Mpsonpssersiie R
R22 NMpenonpenenentoe
RC31E Mpenonpegesentse HeaneHLle yonosia

HaCTPOWru.

= HenboToHosckue
XHAKOCTH
[ —

| _ Aofismm

2 B Haswuratope kinkHuTe Tekyyas
cpepa.

[ Terywe cpeasi npoerra_| Boibpankbie no ymonarim | Ypaaae

Waler [ Kviakocr |

JameduTs.

3 B Tabnune Teky4uue cpeabl
npoekTa BeioepuTe XGum u
Ha)XKMHTE KHONKY YAanuThb.

HapaKTepuCTia TeveA | Snavetie
luneserua:

KasuTauun

0K I MpHMEHHTE:

Otriena Crpaera

4 B rpymme XXugkocTu BeIOCpUTE

Bopa u Ha)XMHTE KHOIIKY
Ho6aButb.

5 B tabnuie Xapakrepuctvuka Te4eHuUs usmMeHuTe Tun TedeHus Ha JlammMHapHoe m
TypOyneHTHOeE.

6 Kioukuaure OK.

3amyctute pacueT. [lo OKOHYaHMM pacyeTa ¢ MOMOIIBIO TTOCTIPOIECCOPHOTO IEMEHTA
Lenwu co3naiite Llenb, nocrasus ranouxky Bee.

ARRAY OF CYLINDERS.ASM [WATER]

Wnst uenn EguHuua 3navenue CpepgHee MuHumansHoe MakcumansHoe Mporpecc .,
n3mMepeHus 3HayYeHne cxoaumocTu [%]
ML Cp Mon+oe pasnexve 1 | [Pa 101404,1827 101403,8876 101408,3704, 101404,3257| 100
ML Cp MNonxoe aasnexve 2 | [Pa 101329,9385 101329,9622 101329,9138 101330,0171 100
Mepenan aaenexus Pa 74,24418023 73,92542066 73,36800469] 74,37034857 100
FloEFD FEP12 OGyuatowime npumepbl C3-5



YpoBeHb onbITHOro nonb3oBaTtensA: C3 - TeyeHNe HEHbIOTOHOBCKOW XUAKOCTU B KaHarne ¢ MaccuBom

Pe3ynbTarsl MoKa3bIBalOT, YTO B JAHHOM CIIy4ae MOTEPH MOTHOIO JaBIEHHS COCTABISIOT
npumMepHo 70 Pa, uto B 60-70 pa3 Huke, 4eM npu TeueHud 3% BOAHOIO pacTBOpa
KCAHTAaHOBOH CMOJIBL. DTO OOBSCHSIETCS TEM, YTO IPH COOTBETCTBYIOIIMX CKOPOCTSIX
nedopmannii BAI3KOCTh BOJBI TOPA3/I0 HIDKE BA3KOCTH PACTBOPA CMOJIBL.

PacnpepeneHne ckopocTen pactBopa KcaHTaHOBOM CMorbl (BBepXY) 1 Bogbl B npegenax ot 0 go 30 cm/s.
1 Georgiou G, Momani S., Crochet M.J., and Walters K. Newtonian and Non-Newtonian

Flow in a Channel Obstructed by an Antisymmetric Array of Cylinders. Journal of
Non-Newtonian Fluid Mechanics, v.40 (1991), p.p. 231-260.
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C4

PaguaumoHHbIN TennooomeH

NMocTaHoBKa 3agaumn

Paccmorpum mapuk guamerpom 0.075 m, KOTOPBIM MOCTOSHHO HarpeBaeTCsl TEIIOBBIM
HCTOYHUKOM MOIIHOCTBIO 2 kW. C 01HOH CTOPOHBI HIAPHK OKPY)KEH KOHIIEHTPHUUECKUM
pedrexTopoM B Bue moiaycepbl, BHYTPSHHUH TuaMeTp KoTopoi coctasisieT 0.256 m, ¢
JIPYTOH - CTEKIISTHHBIM IOy C(epHUCCKIM KOPITYCOM TAKOTO K€ BHYTPEHHETO JHaMeTpa.
Ha paccrosnun 1 m ot mapuka Ha 0HOH OCH ¢ pepIeKTOPOM HaXOANUTCS KPYTIIBIH SKpaH
nuaMerpoM 3 m. lllapuk u3imydaer 3HEpPIUIo B OKpYKaIoIIee MPOCTPAHCTBO, U 3TO
N3JTyYCHHE TONAAAeT Ha peIekTop, a TaKkKe Ha HKpaH, IPOXOAs Yepe3 CTEKIISTHHBIN
Kopiryc. Bce KOMITOHEHTBI, 32 HCKITIOUCHNEM CTEKISTHHOTO KOPITyCa, BBITTOTHEHBI U3
HeprkaBeronel craiay. [IoBepXHOCTb mapuka 1 MOBEPXHOCTh SKpaHa, oOpalieHHas K
LIAPUKY, SIBISIFOTCS] aDCOIIOTHO YepHBIMHU. [IpOoTHBOMIONIOKHAS CTOPOHA SKpaHa HUYETO HE
N3JTydaer.

Lens qaHHOTO MOJICITUPOBAHMS - OIIPEICIUTE BIMSAHUE PEIIEKTOpa ¥ eT0 paIialliOHHbBIX
CBOMCTB Ha TeMIIepaTypy LIapHuKa U KpaHa. /|y pemeHns 3a1a4u pacCMOTPUM TpH
CITyvast:

* Cryuyaii 1: BHyTpeHHSI TOBEPXHOCTD pedieKkTopa sBIseTcst aOCOMOTHO 6eoii;
* Cuyuyaii 2: Bce mOBepXHOCTH peduiekTopa abCOIOTHO YEPHBIMH;
e Cuayuaii 3: pehiekTop OTCYTCTBYET.

CrannoHapHas 33/1a4a penraeTcst Ipu BKIIOYSHHON onnuy TennonpoBoAHOCTL B
TBepAbIx Tenax. Kpome Toro, mpuHUMaeM, 4TO HHTEHCHBHOCTh KOHBEKTHBHOTO
TETI000MeHa HUYTOKHO MaJia (Kak B pa3peKeHHOM BO3/LyXe), M BKJIIOUYAEM OIIIHIO
Tonbko TennonpoBoAHOCTL B TBEPAbIX Tenax. Ecim 3Ta onuus BKIIOYeHa, HET
HEOOXOANMOCTH 33/1aBaTh TEKYUYIO Cpely Ul IIPOEKTa, T.€. 3a]a4a pemaercs 0e3 yuera
MOTOKa TeKy4el cpenbl. Takum 00pa3zom, poLeccopHOE BpeMs pacyeTa 3a/1adu
YMEHBIIACTCS, @ TEIIIO0OMEH MEXIy TElIaMH OTPAaHUIMBACTCS TOJIBKO U3ITyUCHHUEM.
Hauanenyto Temneparypy Teia npuHumaeM paBHoit 293.2 K.

PaccmoTpum penrenue kaxaoro cirydas ¢ momomnrsio FIoEFD.

FIoEFD FEP1206yuatowme npumepbl C41



YpoBeHb onbITHOro nonb3oBartens: C4 - PaanaumMoHHbIN TennooomeH

OTKprTVIe mMoaenu

C4-2

Crommupyiite nanky C4 - Radiative Heat Transfer B cBoto pabouyto TUpEKTOPHIO U
ybenurecs, 4to ¢ (aitnos cHAT arpulyT "Tonbko st uyreHus”, T.k. FIoEFD Gyner
COXpaHATh B HUX BXOAHBIE naHHbIe. OTKpoiiTe cOopky heated_ball_assembly.asm

L Bet mooiceme nponycmums co30anue npoekma u 3anyCmumy Ha pacyem 20moablil
npoexm FIoEFD, cozdannwiil 6 coomeemcmeuu ¢ smum npumepom. /s omoeo Bam
Heobxo0umo omxpwims coopky heated ball assembly.asm, pacnonoosicennyio ¢ nanke
C4 - Radiative Heat Transfer\Ready To Run, u 3anycmums na pacuem HyxcHvle
npoexmul..

CTeKnsiHHbIA kQpnyc

Pednektop

HarpeTtbin wapun

HarpeTbii wapuk ¢ penekTopom 1 3KkpaHoM.



Cnyyan 1: BHyTpeHHA1 noBepXHOCTb pednekTopa abcontoTHO Genas

Cos3paHue npoekrta FIoEFD

Hcnone3ys Macrep npoeKTa, CO31aiiTe HOBBII IIPOEKT, KaK [IOKa3aHO HUXKE!

Nwmsa npoekra

Case 1

Kouduryparus Hcnonvzoeames mekywyio
Cucrema equHAILL Sl
Tun 3agaun BHelwHAA

dmnyeckue MOJCIN

TennonpoBogHOCTb B TBEpAbIX Tenax,

Tonbko TennoNpPoBOAHOCTb B TBepAbIX Tenax,
PagvauvoHHbIN TennoobmeH, U3nyyeHue
OKpYyKalLien cpebli:

TemnepaTypa okpyxarwLen cpeabl = 293 .2 K;

Marepuai 1o yMoIT4aHHIO

Alloys/Steel Stainless 321

YcaoBus Ha CTEHKaX I10
YMOTYaHUIO

Uznyyarwwme cBoMCTBa NOBEPXHOCTEN MO
ymonyaHuto: Non-radiating surface;

HavansHble 1 BHENTHHE
yCIOBUSA

HauanbHasi TeMnepaTtypa TBepgoro Tena =293.2 K

VYpoBeHb pa3peneHus

Yposenw paspewenus 3a0auu - 3;
MuHuManbHas TonWMHA CTEHKM = 0.007 m;
opyeaue onyuu no YMOIUaHuio.

Hactponka PacueTHon obnactu

3amaiiTe pa3Mepbl pacueTHOM 001acTH Tak, Kak MOKa3aHO HUKE:

Xmax=14m

Y max=1.6 m Zmax=1.6m

X min=-0.2 m

Y min=-1.6 m Zmin=-1.6 m

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb ONbITHOrO nonb3oBartens: C4 - PaaMaunoHHbIN TennoobmMeH

PepaktnpoBaHue HacTpoek HayanbHon ceTku

Knukuaure Flow Analysis > HauanbHas ceTka.
CHUMUTE TaJI0uKy ABTOMaTUYECKU
HaCTPOMKM, NepeliuTe Ha BKiIaaky MpaHuua
Teno/TeKy4yas cpefa 1 U3MeHUTE YPOBEHb
pa3peLleHnst CEeTKOM KPUBU3HbI
noBepxHocTy B nonoxeHue 5. Kimmkaure OK.

2 Jlna mozo, umobwl usmenums HaAcmpouKu

Hauanvnou cemxu ¢ Creo Parametric,

Basonan cema  [parnua Teno/reryuan cpen | Hpoinerne micex | Y karar |

xauxnume Flow Analysis > Cemka >
HayanbHasi cemka.

3apaHue MoBepxHoCcTel pagMaLuMOHHOro TensoobmeHa

IIJ'[S[ TOrO, 4TOOBI 3a4aTh MOBCPXHOCTU paJUalIUOHHOTO TCHJ’IOO6MCHa, BBIIIOJIHUTEC
CIIEYIOIIYIO TIOCJIEI0OBATEIbHOCTD I€UCTBUI:

1

Ca-4

Knukuute Flow Analysis > [lobaButb >

Yocnonts paspeserus cemeon e [E—
ocobertocTen Mogen
o ¥ oo Orvera
Yposer paspetLery cexoi KpuBSHs! | crosere |
KowTepi paspetueryn cemeol kvl RS =
MoBEpXHOCTH: ! =
Yponers paspetersis ceToR sscTyno |
nosepo0H S
Kpmenyi paspetieHys cToA B=icTince [po0175m =
roepHoc -
¥ Onmamss,
Cép rn
[ NosepxnocTs pagwausontoro Tennoobmena [
W Brifiop

MoBepxHOCTb paanaLMOHHOro TennoobmeHa.

B rpynne Tun u3 cnucka NpeaonpeneneHHHbIX
MTOBEPXHOCTEH PagHalliOHHOTO TEII000MEHA
BeIOepuTe Blackbody wall.

B nepese monenu BeIOepUTE MIAPHK (KOMIOHEHT
HEATED SPHERE). 3arem, ynepkKuBast HaKaTon
knasunry CTRL, BeiGepuTe HOBEPXHOCTH 3KpaHa
(xommoreHT SCREEN), 00paIeHHyo K mapuKy
(xommonenT HEATED SPHERE).

Knukaure OK % . Ilepeumenyiite
MNoBepxHOCTbL paanaUMOHHOro TennoobmeHa 1 B
ADCOJIIOTHO YEpHEIE CTEHKIM.

(] [HEATED_SPHERE-42

7 NoseprHocTe< TE>SCREEN-47

Ilili

=1 NpegonpegeneHHee

- Absorbent wal

- Mon-radiating suwiface
Real Sultaces
Yty

e hibebody wall

I Blackbody wall [MpenonpensneqHsie] j

Cozp /Mam

Jlig Toro, 94T00BI OYMCTUTH BBLACICHNE, KIUKHUTE B JIIOOOM MecTe TpaduuecKoit

obiacTu.

Knukuute Flow Analysis > [lo6aButhb > loBepxHOCTb pagnaLMoOHHOro

Tennoo6meHa.

Bri6epure BHyTpeHHIOI TOBepXHOCTH peduiektopa (kommoreHT REFLECTOR).




7 B rpynne Tun u3 cnucka NpeponpepeneHHHbIX
MMOBEPXHOCTEH paHaliOHHOTO TEIUI00OMEHA
BeIOepuTe Whitebody wall.

8 Kimkxunure OK o . UsMmeHnuTe nMs co3maHHoON

MOBEPXHOCTH paJHalliOHHOIO Ter1oo0MeHa Ha
AbcoJioTHO 6Oejias CTeHKa.

F # MNoBEpPXHOCTL PaAHALMOHHOMD TEl 2l

@

|

MNoeeprHocTe<E1>REFLECTOR-39

w* Tun

a1

pEdonpenEneHHEE

Absorbent wal
- Blackbody wall
- Mon-radiating suiface

- Real Sulfaces

- Symmetry

E W hitebody wall

‘whitebody wall [MpenonpeaenenHse] j

3apaHue Ten u MaTtepuanoB, Npo3payvHbIX ANA U3Ny4YeHUA

JI7st CTeKIISTHHOTO KopItyca 3aaaiite marepuan Glass u
OTIPENICIIUTE €TO KaK TeJIO MPO3PavyHOe IS U3ITyUCHHS.

1 Kuiuknaure Flow Analysis > [lo6aBuTb > MaTtepuan.

2 B ngepeBe Mofelii BEIOGPUTE CTEKIISIHHBIA KOPITYC
(xommoHeHT GLASS).

3 B rpynne Matepuansi B cniucke lNpeponpeneneHHble
n3 rpynns! Glasses and Minerals Bribepute Glass.

4 B rpynne MNpo3payHocTb AnA U3ny4yeHns KINKHUTE

Mpo3payHbin |,ﬂ_| , 3aTeM BbIOepuTe Tonbko Tennosoe

usny4veHue.

Mamepuan mosicHo 3a0amb Kaxk npo3payHslil MoabKo 05

COJIHEYHO020 U3NIYYeHUsl uiu mojibKo 0151 Menioeo2o

[ [GLasS 5T

W Marepuans

- NpegonpeneneHHeeE -

- Glaszes and Minerals
- Diamnond

- [Glags Lid Seal
- Insulator
- Plexiglazs ;I

I Glass [MpegonpegenetHeetGlasses antj

UBTYYEHUs. OM 6CeX OCMANbHBIX UCHOYHUKOS, BKIIoYas Hazpembie mena. T.K. 6 danHom
npoexkme Hem UCMOYHUKOS COTHEYHO20 USNYYEHUs, MO 0 MO20, Ymobbl 3a0amb
Mamepuan NOTHOCMbIO NPO3PAUHBIM OJiA USLYHUEHUsl, 00CMAmOo4HO 6blopams Tonvko

menJioéoe usjiyuernue.

5 Kumknure OK. Teneps FIOEFD Oyner TpakroBarh 3TOT MaTepHal U BCE Tela, KOTOPbhIe
U3 HETO C/ENaHbl, KaK MOJIHOCTHIO IIPO3padHble s TEIIIOBOTO U3IIyYCHUSI.

FloEFD FEP12 OGyuatowime npumepbl

C4-5



YpoBeHb ONbITHOrO nonb3oBartens: C4 - PaaMaunoHHbIN TennoobmMeH

3apaHue TennoBoro UcTovyHuka u Llenen

Ha nosepxnoctu mapuka 3aznaiire [loBepxHOCTHbIM TENNOBON MCTOYHUK C MOLIHOCTBEO
terutoBblaeneHns 2 kW:

1 Kmxunte Flow Analysis > lo6asute >
MoBepXHOCTHbLIN TENSIOBOM UCTOUYHMUK.

2 B JACPEBC MOACIIN BBI6CpI/ITC mapuK (KOMHOHCHT @ I3RS
HEATED SPHERE). &
3 Bri0epure MowHOCTL TennoBbigeneHus UB L
p w A }l’.x II'noﬁaanaq CHCTEME KODPLHHAT
COOTBETCTBYIOLICM I10JIC BBEAUTC 3HAYCHUC,

pasitoe 2000 W.
Q [@00w =[]

3amaiiTe HOBEPXHOCTHBIE MM IT0 MAaKCUMAJIbHOM, SB e

CpelHEN 1 MUHUMAJIbHOW TEMIIEPATYPE ITOBEPXHOCTH

mrapuka (komnoHeHT HEATED SPHERE), a Taxoke

a0COJIOTHO YEPHOH MOBEPXHOCTH IKpaHa (KOMIOHEHT

SCREEN).

Kpowme toro, 3anaiiTe 00beMHYIO IIENb TI0 CpeTHER

TeMmIeparype mapuka (KOMIOHEHT

HEATED SPHERE). (B xauecTBe mapameTpa BO BCEX CIydasx cleIyeT BRIOMpaTh

Temnepatypa (TBepgoe Teno). /[ Toro, 4To0bI OBLIO MPOIIE OTCIEKUBATD 1[ETH B

mpoIiecce pacuera, Bpl MoJKeTe epeMMEeHOBATh UX TaK, Kak MOKAa3aHO Ha PUCYHKE.

m ML Makc TemnepaTypa WapHEa
m MU Cp TeMnepaTypa WapHka
m ML, MrH TeMnepaTypa WapHEa
m ML Makc TemnepaTypa 3kpaHa
m MU Cp TemnepaTypa 3kpaHa
m ML, MiH TeMnepaTypa 3kpaHa
% Ol Cp TeMnepaTypa WapHka

CoxpaHHUTE MOZIEND U 3aIlyCTUTE Pacuer.

Ecnu Bel 0OpatuTe BHIMaHUE Ha CXOAUMOCTH Tieield, Bel yBUaNTE, 4TO B Hauaje pacyeTa
TeMIieparypa Iapuka IpUHUMAET BBICOKOE 3HaYCHUE. DTO OOBSICHIETCS CIEAYIOIIM:
TEIJI0, BBIICTSIEMOE TOBEPXHOCTHBIM TETLIOBBIM MCTOYHHKOM MOIIHOCTHI0 2000 W, He
MOJKET OBITh OTBEICHO 32 CUET M3TyUCHHMs], T.K. HauaIbHasi TEMIIEpaTypa IapuKa

(293.2 K) sBnsieTcst AJist TOTO CIWIIKOM HU3KOH.

C4-6



Cnyyan 2: NoBepxHocTU pechriekTopa abCOMOTHO YepHble

B JAAHHOM CJIy4ac BHYTPCHHSASA U BCE OCTAJIbHBIC
MOBCPXHOCTHU pe(bneKTopa SIBJISIFOTCSI a0COIOTHO YCPHBIMHU.

Co3znaiite HOBbIM npoekT Case 2, CKIIOHUPOBAB TEKYLIHI

npoekt Case 1.

[E KnonmpoBaTb NpoexT 21

W ma npoexTta

IEase 2

w  KoHdurypauma

[F@ I Wcnonesoeats Texywyo

=

= IHEATED_BALL_ASSEMBLY

w  Onwm

[™ KonvposaTs pesynsTatsl

] x|

Pe.D,aKTVIpOBaHVIe HOBerHOCTeVI paanaudMoOHHOro Tennoo6meHa

1 Vnanute ycnoBue AOCOJIOTHO feJiasi CTEHKA.

2 [IpaBoii KHONKON MBILIU KIMKHUTE 110 3JIEMEHTY
ABGCOMIOTHO YepHble CTEHKM U 13 KOHTEKCTHOTO
MeHIO BeIOepHTE MU3MEHUTB.

3 B nmepese mozenu BeiOepute peduieKkTop
(xommoHeHT REFLECTOR). DTOT KOMIOHEHT
OyzeT 100aBJIeH B CIIUCOK.

4 Kinukaute OK 'f?

3apaHue Llenen

3anaiiTe JONMOIHNUTENbHBIC TTOBEPXHOCTHBIE 1IN [0 MAaKCUMAIbHOH, CpeaHel ’
MUHHMAaJIBHOH TeMIepaType BHyTpEeHHEH U BHEITHEH OBEPXHOCTEH pediekTopa
(xommonenT REFLECTOR).

FloEFD FEP12 OGyuatowime npumepbl

[ NMosepxnoct b pagwaumontoro Tennoobuena [El

(] [REFLECTOR-33
HEATED_SPHERE 42

@: MoseprHocTse 785 SCREEN-47

i

w Tun

= NpegonpenensHHse

- Absorbent wal
lackbody wall
on-radiating suface
- Fieal Surfaces
- Gymmetry
- whitehady wall

I Blackbody wall [MpeaonpeaenenHeie]

Coza./Mam

C4-7



YpoBeHb ONbITHOrO nonb3oBartens: C4 - PaaMaunoHHbIN TennoobmMeH

3apaHue HavanbHOro ycnoBusa B Tene

C nomorieto 31eMeHTa HauansHoe ycnoBue 3a1anTe 2]x]
HavyaJlbHYI0 TeMIIepaTypy HarpeToro mapuka paBHou
1000 K. [§h [HEATED_SPHERE-Z

CoxpaHuTe MOJIETb.

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazoeaq ock: I b Vl

W [lapameTpbl MaTepMancs

T [To0ok jﬁ'

Cnyuan 3: Pedonektop oTrcyTcTByeT

B omimmume ot nepBrIx 1ByX ciaydaeB (mpoextsl Case 1 u Case 2), B TpeTbeM ciIydae
pedIIeKTOp OTCYTCTBYET.

Coznaiite HOBBIN poexT Case 3, ckiIOHHPOBaB Tekymuii mpoekt Case 2.

1 U3menure ycrnoBre AGCOTIOTHO YepHbIe CTEHKH: B Tpymie BbiGop ynanute u3
CITMCKa BCE TIOBEPXHOCTH, MpuHaAnexkammue peduexropy (kommnoneHT Reflector).
Yrto0Obl yaaIuTh MOBEPXHOCTH/KOMIIOHEHT U3 CIIUCKa 3aAaHue NoBepXHOCTeN
paAvauMoHHOro Tennoo6MeHa, BhIOEPUTE HY)KHYIO ITOBEPXHOCTH/KOMIOHEHT U
Ha)XMHUTE YOAnUTb.

2 Y,I[aJ'II/ITC MOBEPXHOCTHBIC LICJIN, OTHOCAIUCCA K E? Lenm
ML Makc TemnepaTypa WapHEa
CPIICKTOPY. m
p (b py m MU Cp TeMnepaTypa WapHka

m ML, MrH TeMnepaTypa WapHEa
m ML Makc TemnepaTypa 3kpaHa
m MU Cp TemnepaTypa 3kpaHa
m ML, MiH TeMnepaTypa 3kpaHa
% Ol Cp TeMnepaTypa WapHka

3 JleaxtuBupyiite pediaekTop (KOMIOHEHT
REFLECTOR) B 1uanorosom okHe YnpaBrneHue
KOMMOHEHTaMM.

3amycTuTe pacueT BTOPOro U TPEThEro MPOSKTOB,
ucnoinb3ysi Cepuio pacyeTos.

C4-8



PesynbraThl

B nepBom cityuae (npoext Case 1) TemMneparypa HOBEpXHOCTH HMIApHKa, 0OpAIIEHHON K
pedrexTopy, BbIIIE TEMIIEPATypPhl TOBEPXHOCTH, OOpAIICHHOH K 9KpaHy (CM. PUC. HIXKE).
DTO CBA3aHO C TEM, YTO PE(IICKTOP MOIHOCTHIO OTPAKACT TEIUIO, MOIYYCHHOE OT IIapHKa.
[TosToMy 1 TeMnepaTypa 3KpaHa B TOM CJIy4ae BBILIE, YEM B IBYX JIPYTHUX.

Bo Bropom ciyuae (mpoekt Case 2) H3IydeHHe, HCXOIIee OT IaphKa, HarpeBaeT
pedrexTop, ¥ ero BHENIHss IIOBEPXHOCTh U3ITydaeT TEIUIO BO BHELIHIO cpery. Uem
MEHBIIIE TeIUIa H3JIyqaeT pedIeKTop, TeM HIDKE TeMIleparypa MapuKa, XOTs H3ITydeHHne
pacIpocTpaHseTcst TOYHO Tak ke, Kak 1 B IIepBoM ciaydae. Ha skpan ot peduexropa
TaK)Ke MMOCTYMAET MEHBIIE TEIIA, TOITOMY TEMIIEpPATypa SKpPaHa B JaHHOM CIydae HUKE,
4eM B IEPBOM.

B tpetbem ciryqae (mpoekt Case 3) pedieKTop 0TCYyTCTBYET, M 00paTHO TEIUIO IIapUKy HE
nepeoTpakaercs. B 1aHHOM ciiydae TemIeparypa MiapHKa HUXKe, 4EM BO BTOPOM Cllydae,
1 110 OOJIBIIEH YacTH pacipe/iesnieHa paBHOMEpHO (HepaBHoMepHOCTh MeHee 1 K). T.k. mpn
OTCYTCTBUH peIiekTopa TEIIo Ha SKpaH MOCTYIaeT TOJIBKO OT IIAPHUKA, TO B TAHHOM
Cllydae TeMIepaTypa 3KpaHa sBIsEeTCS HauMEHbIIEH.

e@e00

Temnepatypa (Teepaoe Teno) [K]

122000
1218.46
121682
121538
121385
121231
121077
1208.23
1207 69
120614
1204 62
1203.08
1201.54
120000

PacnpeneneHne TemnepaTtypbl B cedeHun wapuka (nnockocts ASM_FRONT) B cniyyasx CASE 1 (cnesa),
CASE 2
(B ueHTpe) n CASE 3 (cnpagsa) B npegenax ot 1200 go 1220 K

34000
336,38
33277
32915
32554
32182
e
314 69
311.08
307 46
30385
300,23
296 62
29300

Temneparypa (Teepgoe Teno) [K]

PacnpeneneHne TemnepaTtypbl N0 NOBepXHOCTH akpaHa B criydasx CASE 1 (cnesa), CASE 2 (B ueHTpe) u
CASE 3 (cnpaBa) B npegenax ot 295 go 340 K.

FIoEFD FEP12 O6yuatowme npumepbl C4-9



YpoBeHb ONbITHOrO nonb3oBartens: C4 - PaaMaunoHHbIN TennoobmMeH

C4-10

ITapamerp Cuyuai 1 Cunyuaii 2 | Cayyan 3
MakcuManbHas 1251,56 1231,28 122293
Temnepatypa mapuka, K CpenHnss 1228,66 1211,29 1204,06
MuHnumalbHas 1210,7 1199,37 1194,32
MakcumMmanbHas 340,85 322,18 311,91
Temnepatypa skpana, K Cpenuss 317,82 308,97 303,59
MuHnManbpHas 307,64 303,18 299,85




C5

LleHTpoOeXHbIN Hacoc

NMocTaHoBKa 3agaumn

PaccMoTpuM TeueHHe BO3/IyXa B IEHTPOOEKHOM HacOCe, OCHOBHBIM 3JIEMEHTOM KOTOPOTO
SBIISIETCs pabouee Koyeco, HacaKeHHOe Ha BaJ (CM. puc. Hike). Ha pabouem komece
MMEETCSI CeMb JIOTIACTEH MMOCTOSHHON TOJIIUHEI, TIEPEHNC U 3aTHIE KPOMKH KOTOPBIX
MMEIOT KIMHOBHIHYIO (hopMmy. JlomacTi Biucansl BO BHYTPEHHIOIO M BHEILIHIOKO
OKPYKHOCTHU, paJiuyChl KOTOPbIX cOCTaBs0T 120 mm u 240 mm. J{ns kax 01 ionactu
YoM MEXKy PajnycoM pabouero Koueca U KacaTellbHOU K Hell Ha BXojie paBeH 65°, a Ha
BeIxoJie - 70°. PaGouee Koseco Bpamaercs ¢ yrosoit ckopoctbio 2000 rpm. ITotok
BO3/[yXa Yepe3 BXOAHOU MaTpyOoK paiycoM 92 mm 1ocTynaeT B B HalpaBICHUH OCH
BpAIICHUs], 3aKPyYMBACTCS TIEPIICHIUKYIIIPHO OCEBOMY HAIPABICHUIO M 3aCachIBACTCS
pabounm konecoM. Ha BbIxone n3 pabodero kojeca MOTOK BO3/lyXa IIOTAIACT B
HETIOJBIDKHBINA paananbHbIil quddysop.

OOBEMHBII pacxof BO3AyXa Ha BXoze B Hacoc coctapiser 0.3 m3/s (mpodwie ckopocTr
PaBHOMEPHBIH, BEKTOpa CKOPOCTH TTapaUIeIbHBI OCH BPAIICHUS ), CTATHIECKOE TaBICHUC
Ha BBIXOZE - 1 atm.

€2 =2000 rpm

CraTuyeckoe [aBrieHvie Ha Bbixoae

O6beMHbIN pacxon Ha Bxoae

LleHTpoOeXHBII HACOC ¢ PAOOYMM KOJIECOM.

FIoEFD FEP12 O6yuatowume npumepsill C51



YpoBeHb OnbITHOro nonb3oBartens: C5 - LleHTpo6eXHbI Hacoc

OTKpbITUE MOAenu

Crommupyiite nanky C5 - Rotating Impeller B cBoto pabouyto mupexropuro. OTkpoiite

cOOpKy pump.asm.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
HeoOX00UMO OMKPLIMb COOPKY pump.asm, pacnonodicennyio 6 nanxke C5 - Rotating
Impeller\Ready To Run, u 3anycmumo npoekm Ha pacuem.

Cospnanune npoekrta FIOEFD

Hcnonb3ys Mactep npoekra, Co31aiiTe HOBBII IPOEKT, KaK II0Ka3aHO HUXKE:

Wmsa npoekra

Impeller Efficiency

Kouduryparust

Hcnonvzosams mekyuyro

Cucrema CAWHUIL] UBMEPCHUL

SI

Tun 3agaun

BHyTpeHHsA; Uckniounts nonoctu 6e3 ycnoeum
TeueHUs

dusnyeckre MoaeIn

BpawueHue:

Tun: Tno6anbHoOe BpallueHue,

Ocb epawenus: Z oco TMobanbHON cUCTEMbI
KoopAWHaT,

YrnoBasi CKOPoCTb = 2000 RPM (209.43951
rad/s)

Tekyuast cpeza Mo yMOJTYaHUIO

Air

Yca0oBUsS Ha CTEHKaX IO
YMOITYaHHIO

AnunabaTuyeckas CTe€HKa, INIaJKHE CTEHKH 110
YMOITYaHHIO

HauanpHele ycinoBus

VYcioBus 0 yMOIYaHUIO

VYpoBeHb pazpereHus

Yemanosume YpoBeHb paspelueHust 6
nojodcenue 4;

MuHUManbHBIN 3a30p = 0.04 m,
MuHMManbHasA TOMWMHA CTEHKU = 0.01 m,
opyeue onyuu no yMOI4AHUIO

C5-2




3apaHue NpaHNYHbIX yCNOBUK

3az[al“4Te TpaHUYHBIC YCJIOBUSA HA BXOAC U BbBIXOAC, KaK ITOKA3aHO B Ta6J'II/II_[C HUXKC!

Tun O0beMHBIN pacxoa Ha i oo oeyenomes T

BXOIE
Nma O0beMHBIH pacxoa Ha ]

Bxoze 1 < ':67 —_—
IToBepxHOCTH BHYTPEHHSIS

MOBEPXHOCTH KPBIIIKHA Ha

BXOZIC (KOMITOHEHT o e

INLET _LID) et El

[ & el
ITapameTpsr: Qrs T H A
. P e —

OOBLeMHbIM pacxod No Hopmanu K P —
noBepxHOcTM 0.3 m”"3/s, Bua npoduis e

PaBHOMepHbIN NpoduIb, BKIIOUYEHA OIS
B HenoaBMXHOM cucTeMe KoopauHaT

Ecnu sxniouena onyus Bo epawaroweiica cucmeme koopournam, mo
npeononazaemcsl, Ymo 3a0anHas ckopocms (uucio Maxa) pasna ckopocmu (wuciy
Maxa) 6o epawaroweiics cucmeme KOOPOUHAM.:

V =V, =V, —oxr

specified r

20€ Vpocifed - 3a0anHoe snavenue ckopocmu, V, - snavenue ckopocmu 60
spawaiowetica cucmeme Koopounam, V. - 3Havenue ckopocmu 8 HenoOSUNCHOU
cucmeme KoOpounam, ¥ - paccmosiHue 00 0CU 6PAueHUsl, @ - Y2I08dsl CKOPOCHb
spaujarouyeiics cucmemvl kKoopounam. Eciau maneenyuanbhas cocmagnsowas
CKOPOCMU NEPREHOUKVIAPHA HOPMATU K NOBEPXHOCIU (HAnpumep, K020a HOPMAlb K
NOBEPXHOCMU COBNAOAEN C OCbIO BPAUYEeHUS), MO ee 3HAYeHUe He 6IUAen HA 3HAYeHUe
MAcco8020 (00beMH020) pacxood, m.e. 3HAYeHUe MACCO8020 U 00bEMHO20 PACX00d,
3a0anHoe 80 8pawjaruelics cucmeme KOOpouHam, 6yoem maxKum dice, KaK u 8
HENnoOBUIICHOLL cucmeme KOOpOUHam.

FloEFD FEP12 OGyuatowime npumepbl C5-3



YpoBeHb OnbITHOro nonb3oBartens: C5 - LleHTpo6eXHbIN Hacoc

C5-4

Tun JlaBaenue
OKpY:Kalolei cpeabl 2]
Nms JlaBieHue (EE

i ?
oKpy#karouieii cpeant 1 flm
[ToBepxHOCTH BHYTPCHHSISI
=([® ~|

MTOBEPXHOCTb KPBIIIKU Ha
BBIX0/I€ (KOMIIOHEHT
OUTLET_LID)

apnerie o i cpe
Crariteckoe gasneHie
Nanrae azenerie

TepmMoAMHaMMYecKne napameTpbi: ' [T —
3nauenus o ymouanuio (101325 Pan LR
293.2 K) B HEITOABIKHON CHCTEME

koopauHaT (omius MoTreHunan gaBneHus
BBIKJTIOUCHA)

Ecnu But evibpanu epawjarowyiocs cucmemy Koopouram, Bel modiceme exnrouums
onyuro Ilomenyuan dasnenusn. B smom cnyuae cmamuueckoe dasneHie 6yoem
CUUMAMbCA PAGHBIM OABIEHUI) 80 BPAUAIOWEIICS CUCTIEME KOOPOUHAM U MOdICen
ObIMb PACCUUMAHO CEOVIOWUM 0OPA3OM.:

1 2 2
Rvpeuﬁed = 1)1 = abs Epa) r
30ect Pypecifieq - 3a0annoe snauenue oagnenus, P, - oasnenue 60 epawjaroweics
cucmeme koopouram, P, - 3Hauenus 0asneHus 6 HeNOOBUJICHOIL CuCeMe
KOOpOUHam, p - NI0MHOCHb cpedbl, ¥ - paccmosHue 00 ocu épaujerus. Kozoa onyus
Hlomenyuan oasnenusn omxnoUena, 3a0aHHOe CIMamuieckoe 0asaeHue cCHumaemcs

PAaABHbIM 0A6JIeHUI0 8 HENOOBUIICHOLL CUCTNEME Koop()uHam.

Ecmu Brr BLI6I/IpaeT€ Bpallaronyrocsa CUCTEMY KOOPAWHAT U HE 3a1aCTC Kakue-Iuoo
CTCHKU KaK HCTIOABUIKHBIC, TO CHUTACTCA, YTO BCA MOJACJIb BpallacTcsd € Ba,Z[aHHOﬁ
yl“J'IOBOfI CKOPOCTBIO. I[J'ISI TOro, 4TOOBI caciiaTb CTCHKHM HCIIOJABHU)KHBIMHA, HA HUX
H606XOZ[I/IMO 3a4aTb 'paHUYIHOC YCJIOBUEC CTaTOp. 3a;[aH1/Ie TAKOI'0 'PaHUYHOTO yCJIOBHUA
PAaBHO3HAYHO 3aJaHHUIO HyJ'IeBOﬁ CKOPOCTH CTCHOK B HeHO,I[BPDKHOfI CHUCTEME KOOpAHHAT.
O6paTI/ITC BHHMAHUC, YTO [IOBEPXHOCTL CTATOPA NOJIKHA OBITh CUMMCTPHUYHA
OTHOCHUTCJIBHO OCH BpAILICHUA.




3apaHue HenoaBuXHbIX CTEHOK
Ha COOTBETCTBYIOIIMX CTCHKaX Hacoca 3aJaauM yCJIIOBHUE CTaTOp.

1 B mepeBe monenu BeiOepute kopiryc Hacoca (kommoreHT COVER).

2 Knuknure Flow Analysis > [lo6aBuTb > paHu4Hoe = rpamwance yonoswe A |
yenoswe,
R ) [covER-39
3 Kimuknaure CTeHka |”*”|, BBIOPAHHBIN TI0 YMOJTYAHUIO &
) !
TUI ycloBUsl PeanbHas cTeHKa U3MEHSTH He El

TpeOyeTcs.

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

4 Bxirounte onmuio Ctarop. el
& 8

Pean-Han cTeHKE o
WoeansHan cTerka

5 Kmknnte OK % u MEepEeUMEHYITE CO3aHHOE

yCIOBHUEC PeanbHasa CreHka 1B CrTeHKM cTaTopa.

[V Cratop

CBepneHus K pacyety KI[ pabo4ero koneca

Wmxenepam, paboTalOIINM ¢ HACOCHBIM 000pyI0BaHueM, He00xoauMo 3Hath ero KIT/I.
KII[ (1) paccMaTpuBaeMOro HacOCa MOXET OBITh PACCUUTAHO CIICAYIOMUM 00pa3oM
(FM.White "Fluid Mechanics", 3rd edition, 1994):

B)utlet - Enlet ) : Q|
Q-M

o

rae P;,j,, - 3HaYEHUE CTAaTHYECKOTO JIABICHNS Ha BXOJE Hacoca, P, ., - CPEIHEPACXOTHOE
3HAYCHHUE JaBJICHUs Ha BBIXoe pabouero koneca (Pa), O - 00beMHbIIT pacxos Bo3ayxa
(m3/s), Q - yroBas ckopocTh BpaieHus pabouero koseca (rad/s), M - KpyTsiuuii MOMEHT
pabouero koneca (N'm). [lnst Toro, 4toOs! paccuurars P, ., , B TOM MECTE, TJI€ TOTOK
BBIXOJUT U3 pabodero Koieca, ObUT pa3MeIleH BCIOMOTATEIbHBII KOMIIOHEHT
MEASURE, mpezcrapisiromnii co00i TOHKOE KOJBIIO.

Komnonesr MEASURE nosmkeH OBITh ICaKTHBHPOBAH B
JTMAJIOTOBOM OKHE YNpaBjieHHe KOMIIOHEHTaMH, T.K. OH
HCTOJB3YETCs TONBKO JUIS pacdeTa JaBICHUS
(cooTBeTCTBYIOIIAs TIeTTh OyICeT 3ajaHa Ha BHYTPECHHEH
noepxHoctr komnoHeHTa MEASURE).

]

- [) COVER-39

] IMPELLER-40
7 MEASURE-41
] INLET_LID-42
] OUTLET_LID-43

REORE

1 Knuxnaure Flow Analysis > YnpaBneHue
KOMMOHEHTaMMm. I

[«
X i

2 B Creo Parametric kauknume Flow Analysis >
YnpaeneHue KkOMnoHeHmMamu.

FloEFD FEP12 OGyuatowime npumepbl C5-5



YpoBeHb OnbITHOro nonb3oBartens: C5 - LleHTpo6eXHbI Hacoc

2 Orxirounte nemedT MEASURE.

3 KimkauTte OK, 4TOOBI 3aKpPHITH AUAJIOTOBOE OKHO.

3apaHue Llenen npoekra

Tenepb HCO6XOZ[I/IMO 3a4aThb MOBEPXHOCTHBIC LCJIN Ha BXOJAC U BBIXOJC HAcOCa. B kauectBe
napameTpa uenec006pa3H0 BBI6paTL MAacCCOBBIN pacxoa, 5TO MO3BOJIUT KOHTPOJIUPOBATH
MAacCCOBBIN 6anch, KOTOpLIfI MOXKCT CIIYXKHUTb JONOJIHUTCIIbHBIM KPUTCPHUEM CXOAUMOCTU

pacuera.
TAN LENU MNAPAMETP LIENU MOBEPXHOCTb
[ToBepxHocTHass | MaccoBslil pacxon BHYTpeHHSIs IOBEPXHOCTh KPBILIKA Ha
1eNb Bxone (komnoneHT INLET_LID)
[ToBepxHocTHass | MaccoBslil pacxon BHYTpeHHSIsI IOBEPXHOCTh KPBILIKA Ha
1eJNb Beixozie (kommoreHT OUTLET_LID)

3arem 3amaiite menu, Heooxonumeie st pacueta KITJI pabodero koseca:

TWN LUENK MNAPAMETP LIENU NMOBEPXHOCTb
IToBepxnocTHass | Cpennee Cratuueckoe BHyTpeHHsIs1 IOBEPXHOCTb KPBILIKU HA
Leib JlaBJICHUE Bxozie (komnonent) INLET LID
IToBepxHocTHas | CpemHepacxomgHoe Buyrpennsisa
LeJlb CraTHyeckoe J1aBleHHe MTOBEPXHOCTH KOJIbIIA / )
Ha BBIX0JIe pabouero 4 !
Kojeca (KOMITOHCHT Lo PLE
MEASURE) & =
IToBepxHocTHass | MomeHT (Z) Bce noBepxHOCTH KOHTaKTa pado4ero
1enb KOJIeca ¢ BO3YXOM (CM. HIDKE).
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1 B o0macTi reoMeTpHH MM B ICPEBE MOJCIHU BBIOCPUTE
pabouee koneco (kommoreHT IMPELLER)..

2 Knukuute Flow Analysis > lo6aBuTb >
MoBepxHOCTHbIe Lenu. BEIOpaHHBII KOMITOHEHT
nosiBUTCS B crucke NMoBepxHocTu ona 3agaHms
NOBEPXHOCTHOW Lienu.

[E MosepxnocTHbiE Lenn HE

() [MPELLER-40
i
|

IMapametp |Min|Cp|Max|Cp|la'1c:|;|
Macwras wypeyme (1 1 [0 [0

Whrenomerocs 1 (1 O O O
Ineprua ypeyne 1 1 O ([
Ducommawnsne 1 O O O
Tennosoit notox | 1 O] ]
Cwna gaeneHnA O
Cuna gaenenua O
Cuna gaenenua O
Cuna gaenenua (i O
MomenT (%) O
MomenT (Y) O
MomenT (Z)
HCpeHMeHyP’ITe CO31aHHBIC IICJIN, KaK ITOKa3aHO HUKC!:
E# Lenm

------ ﬂ ML, MaccoBsl pacxo Ha Bx0ae

------ ﬁ ML, MaccoBeii pacxod Ha BelX0AE

------ ﬂ MU Cp CTaT, AGENEHHE Ha BEX0AE

------ ﬂ ML CpeaHepacy: CTAT,A3BNEHME Ha BelxoAe pab.koneca

------ ﬂ MoMEHT paf.koneca

W B 3axmoueHue 3anaire Llenu-Beipaxenus:
UmMA LENK BbIPAXXEHUE PA3MEPHOCTb

Bxome} - {Illl CpenHepacx

Iepenan nasnenus | {III CP CraTudeckoe nasieHue Ha | JlaBleHHE U

Pacxonl MO HOPMalM K
nosepxHocTm:3.000e-
001}/209.44/{MomeHT
pab.xoJseca}

pacxon Ha Bxone 1:00BbeMHBI

HarpsHKeHUe
CraTuueckoe HaBJleHMe Ha BHIXOIE
pab.xoJsecal
KI1JT {lepenan masnenus}*{O6BemuEm bespasmepHbrii

Jlist Toro, 4TOOBI JOOABUTH B BRIPAXKEHHE 3HAYCHNE 00BEMHOTO pacxoja Ha BXOJe, B
JiepeBe aHalin3a BhIIETUTe rpannyHoe ycioBue O0beMHbBIIi pacxoa Ha Bxoje 1, a 3arem
B Cnincke napameTpoB BeiOepuTe O0beMHBbIN pacxoj Mo HOPMAJIM K MOBEPXHOCTH.

- MomenT pat koneca
R Mepenaa assnerna
?: KA

---% PezynbTaTel

COXpaHI/ITC MOZICJIb U 3aIlyCTUTC PACHUCT.

FloEFD FEP12 OGyuatowime npumepbl
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YpoBeHb onbITHOro nonb3oBatens: C5 - LieHTpo6exHbIn Hacoc

PesynbraThl

Ha prcyHKkax HUXKe MOKa3aHbl BEKTOPA CKOPOCTH U PACIpe/ieiieHHe CTATUIECKOTO
JaBiieHus B Hacoce. UToObl 0TOOPa3UTh BEKTOPA CKOPOCTH BO BPAIIAIOIICHCS CHCTEME
KOOpJ/IMHAT, B inaioroBoM okHe KapTuHa B ceueHumn Ha BkJake BekTopa B kavyecTse
napameTpa BeiOepuTe CKOPOCTb BO Bpalialolleiic cuctemMme KOOpAUHAT.

BekTopa ckopocTu MoToka B MIIOCKOCTU NPOXOAHOro ceveHnst paboyero koneca Bo BpaLlatoLencs (cnesa)
HenoABWXKHON (cnpaBa) cuctemax koopamHat (nnockoctb ceveHns ASM_FRONT, cmewenune Z =-0.02 m
paccTosHue mexagy ctpenkamu = 0.02 m, pasmep ctpenok = 0.03 m).

101300.00
101200.00
101100.00
101000.00
100900.00
100800.00
100700.00
100600.00
100500.00
100400.00
100300.00
HOaeneHue [Fa]

PacnpepeneHune ctatnyeckoro fasneHus B NNOCKOCTU NPOXOAHOTO CeYEHUs pa60qero
Koneca.
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DaeneHune [Fa)

101200
101110
101020
100930
100840
100750
100660
100470
100480
1003490
100300

PacnpepeneHvne gaeneHus no NnoBepxHOCTN paboyero koneca.

KIIJI paccmarpuBaemoro pabodero kojeca coctasiseT mpumepHo 0.75.

EonHuuya CpepaHee MuHumanbHoe MakcumanbHoe
Ums uenu 3HayeHue

n3mMepeHus 3Ha4YeHue 3Ha4YeHue 3HavyeHue
Kna [1] 0,75704682 0,757049362 0,756981666 0,757112269

FloEFD FEP12 OGyuatowime npumepbl
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C6

Kynep npoueccopa

NMocTaHoBKa 3agaumn

B nannoii 3amage Mmonenupyercst padoTa Kynepa npoueccopa. OH COCTOUT U3 CIEAYIONINX
KOMITOHEHTOB: METHOHM CEpALICBUHBI, alFOMUHHEBOTO pajuaropa ¢ 62 pedpamu u
BEHTWIISATOPA ¢ 8 storacTsamu. IIporieccop ycTaHOBNIEH B ClIEUaIbHOE THE3/0 Ha
neyartHoii riare. Teruto, BeIEIsIEMOE MIPOIIECCOPOM, OTBOIUTCS Yepe3 MEAHYIO
CEpALICBUHY Ha PaJuaTop, a 3aTeM CHUMAETCsI IOTOKOM BO3/yXa, KOTOPBINA 0Opasyercs ¢
MIOMOIIIBIO BEHTHIISTOPA.

PaccmoTpum pemienune 3amaqu ¢
nomo1sio FIoEFD. B nanaom
CITyYae ONTHMAaTbHBIM SBISCTCS
HCIIOIH30BaHKE JTOKAJIbHBIX
obmacteit BpameHus. YToOb
YOPOCTHTH TOCTAHOBKY 3aJ1auH,
HCKJTFOYHM U3 PACCMOTPCHUS
CJIOW TEIIONPOBOJHON MACThI
MEXIy MPOIIECCOPOM U
kynepoM. Taxxe mpeHeOpexeM
TEIUIOTPOBOTHOCTHIO TIEYaTHON
IUTaTHl ¥ THE3/1a, B KOTOPOE
YCTaHOBIICH MPOIECCOP.

BeHTunatop
-

p Pagwnatop
MepgHasa cepaueBuHa

Mpoueccop

KonuuectBennoi
XapaKTepUCTUKOH

P PEKTHBHOCTH KyJepa
SIBISIETCSI €TI0 MHTETPATIBHOC
TETJIOBOE CONPOTHBIICHUE,
KOTOPOE OIPEAEISICTCS
CIIE/TYIOLIIM 00pa3oM:

Wepa = (Te—TL) /Py, tae T -

Kynep mponieccopa (B[ ¢ pa3sHECEHHBIMHU YaCTAMN).

FIoEFD FEP12 O6yuatowume npumepsill C6-1



YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

TeMIepaTypa Kopiryca npoueccopa, T, - Temneparypa okpyskaromero sozayxa, Pp - TDP

(thermal design power) - TeIIOBask MOIIHOCTD, BBIICIICMAst IPOIIECCOPOM.

OTKpbITME MOAgenu

Crommupyiite nanky C6 - CPU Cooler B cBoto padouyto nmupexropuro. OTkpoiire cOopky

CPU_COOLER.ASM.

L Bet mooiceme nponycmums co30anue npoekma u 3anyCmumy Ha pacyem 2omoesblil
npoexm FIoEFD, co3dannulii 6 coomeemcmeuu ¢ smum npumepom. /s smoeo Bam

neooxooumo omkpuims coopky CPU_COOLER.ASM, pacnonosicennyro 6 nanke C6 -

CPU Cooler\Ready To Run, u 3anycmums na pacuem mysicnvle npoexmeol.

Cos3aaHue npoekta FIoOEFD

C6-2

Ucnone3ys Mactep npoekTa, co31aiiTe HOBbII MPOEKT, KaK NOKa3aHO HUXKE:

Wwmsinpoexra CPU Cooler at 4400 RPM
Kouduryparus Hcnonvzosamo mexyuyio
Cucrema eAMHULL U3MEPEHHS Sl

Tun 3agaun BHewwHaA;

UcknounTb nonoctu 6e3 yCrioBUN TeYEHUS,
UcknounTb BHYyTPEHHee NPOCTPaHCTBO

duznueckue MOJIEIU

TennonpoBoAHOCTL B TBEPAbLIX Tenax;
BpawueHue:
Tun: NokanbHas obnacTb(TK) BpalleHnsA

Texyuas cpena o yMOJI4aHHUIO

lMasbl / Air

Marepuai 1o yMoT4aHHIO

Glasses and Minerals / Insulator

Yca0BUsS Ha CTEHKaX IO
YMOITYaHHIO

Taokue cmenku no Yymoauanuro

HauanbHble ycioBUs U BHELIHUE
yCIOBUsA

TepMmoguHamuyeckme napameTpbl.

Temnepatypa = 38°C;

MapameTpbl MaTepuanoB:

HayanbHas TemnepaTtypa TBepgoro Tena = 38°C;
opyaue yciosus no YMOonyaHuo

VYpoBeHb pazpereHus

Yemarnosume yposens paspewenus 6 nonooicerue 5;
Munumanonwiti 3a3op = 0.001 m,
opyaue onyuu no YMOIYAHUIO




Hactponka PacueTHon obnactu

3amaiiTe pa3Mepbl pacueTHOM 001acTH Tak, Kak MOKa3aHO HUIKE:

X max =0.095 m Y max=0.1123 m Z max =0.095 m

X min =-0.095 m Y min = 0.0005 m Z min=-0.095 m

3apaHue O6nacTu BpaweHus

OnemeHT O6nacTb BpaleHUst IPUMEHSACTCS JUIS pacdeTa TEUCHUS BO BPALIAIOIINXCS
KOMITIOHCHTaX MOACIN (BCHTI/IJ'ISITOan, HACOCHBIX KOJICCAaX, pa3IMYHbIX CMCIINBAIOIINX
YCTpOWCTBaxX M T.A.), KOTJIa HEBO3MO)KHO HCIIONB30BaHME TI00aIHHOI Bpalaronencs
CHCTEMbI KOOPJIMHAT, T.€. B CICAYIONINX CIy4asx:

* B MOJCIH, TOMUMO BPAIIAFOIINXCS KOMITOHCHTOB, IIPUCYTCTBYIOT HETIOIBUKHEIC
Tena,

¢ B MOJECJIIA HaXOAATCA HECKOJIBKO KOMITOHEHTOB, BPAITAIOIIUXCS OTHOCUTEIIBHO
Pa3HbIX oceit w/unn Bpalarmuxcsd ¢ pasHbIMA CKOPOCTAMU,

* IIOBEPXHOCTH pa3lieia TBEPABbIX TEN € TEKyUel Cpefoi HE SIBIISIETCS CUMMETPUUHOM
OTHOCHTEIIBHO OCH BpaIeHHs KaKOr0-THO0 KOMIIOHEHTA.

Kaxxapiii Bpamaromuicss KOMIOHEHT J0JKEH OBITh OKPY)KEH 0CECUMMETPUIHON
001acThIO BpAIIeHHUs, CHCTEMa KOOPMHAT KOTOPOH BpaIIaeTCss COBMECTHO C 3TUM
KOMITOHEHTOM.

B kagecTBe 00macTu BpalieHus 3a1aeTcsl JOTOJIHUTEIbHBIA KOMIIOHEHT MOJICIIH,
YIIOBJIETBOPSIOIINHN CICTYIOINUM TPEOOBAHHSIM:

® OTOT KOMIIOHCHT OOJIXKCH OBITh 3aMKHYTBIM,
¢ OH JOJIXKCH OBITH CUMMETPUYCH OTHOCUTCIIBHO OCH BpalllCHUA,

¢ TpaHUIBI OTOr0 KOMIIOHCHTA C obnacTaMu TeKy‘leﬁ Cpeabl 1 obnacTsIMu TBEpAOTO
TCJ1a TaK¥XKC JJOJPKHBI OBITH OCCCUMMCTPUYIHBI.

Pewenus, nonyuennvie 6 obnacmu epaujenust u 6 HeNOOBUNCHBIX 0OIACTIAX MeKyUell
cpeobl, OONCHBL DLIMb CORNACOBANBI HA epanuye dmux oonacmett. I1osmomy na smux
2PAHUYAX 3HAYCHUSI NAPAMEMPOE MEUECHUsL AGMOMAMUYECKU NePEeHOCIMC U3
CMENCHBIX HeNOOBUIICHBIX 0Daacmell meKyuell cpedbl KaK SpanuyHble YCl08Usl.
I'panuyvt obracmu epawjenus pasousaromcst Ha KOAbYa pagHol MOIUUHBL, U
nepenecenHbvle napamempsl Mmederust YCPpeoHsIlomcsi N0 OKPYHCHOCTU KANHCO020 U3
Koney.

* KOMITOHCHTbBI, UCTIOJIB3YIOIHUECA UIA 3aJaHNUA Pa3HbIX obOacreit BpaliCHusA, HC
JOJKHBI IIEPECCKATHCA.
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YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

C6-4

3anaiiTe 00IacTh BpallleHHs, KaK TIOKa3aHO HIDKE!
1 Kunuknaute Flow Analysis > lo6aBuTb > O6nacTtb BpaleHus.

2 B pepese mozenu Beioepute obnacts BpamnieHus (komnoneHT ROTATION_REGION).

OO6paruTe BHUMaHME, YTO B Tosie¢ OTKIIOYUTH KOMIIOHEHTHI Yike MOCTaBIeHa
rajiouka. T.e. 00nacTpb BpallleHNs1 aBTOMAaTHYECKH ONPEACISIeTCs Kak 00J1acTh TeKy4ei
Cpeibl.

Komnonenm, npeonasznauennwiii 015 3a0anusi O6macmu epauwjeHust, 0oJicer Ovims

menom epawenus. Ocu epaujenusi - e20 COOCMBEHNAs U 0Cb BPAUAIOULE20Cs MeNd -
oondicHbl cosnadamnv. Obpamume HUMaHUe, YIMO IMON KOMIOHEHIN OMKIOYEH 6
ouano2o6om oxkHe YnpaesneHue KOMIOHeHmMamu. Yoeoumecs, umo e2o epaHuybl He
COBNAOAIOM C SPAHUYAMU OKPYICAIOWUX €20 Meil, M.K. UHaue sma oonacme ne byoem
paspeutena cemkoil. Tem He menee, 59mu KOMNOHEHMbL MO2Y T NePEecekamoesi, HO Mmo2oa
OHU QONIICHBL OBIMb CUMMEMPUUHBL OMHOCUMENbHO ocu epawenust. Obnacmo
8paweHust O0INCHA OblMb PACNONONCEHA MAK, YIMOObL MeNCOY ee SPanuyell u
BHEWHUMU KDOMKAMU IONACMEN 8eHMUNAMOPA ObLI HEKOMOPbILL 3a30p. IMo
Heobx00uMo 0Jisk mo2o, Ymobbl c8eCmu K MUHUMYMY GIUSHUE TOKATbHBIX
HeOCeCUMMEMPUUHBIX BO3MYUWEHUL, M.K. medeHue Ha Spanuye 0onacmu epauenus
O0JIIICHO ObIMb CUMMEMPUYHO OMHOCUMENLHO ocu epaujenus. T1o smoii sce npuyune,
mam, 20e 6O3MONCHO, 2PAHUYbL 0ONACTU BPAWEHUS TIYYULEe PACHOLONCUMb HYMPU
opyeux mein, a He 8 y3kux kananax. Ilpu cozoanuu ghopmul obnacmu epauyenus
HeobX00uMo yuumuléams npednoiazaemoe HanpasieHue mevenus Ha ee cpanuye.
Credyem svlopams makyto gpopmy ooracmu 6paujerus, Ymodvl HANPAGIEeHUE MEYCHUSL
ObLIO MAKCUMATLHO NEPNEHOUKVIAPHO epanuye obnacmu epawjenus. Ha pucynke
HUDICe NOKA3AHO, KAK 8 OAHHOM npumepe gopma obracmu epawjenust ovlia
NPUOIUICEHA K PEAbHOU 2eoMempul KViepa npoyeccopa (Kpachvlm 0003HaAUeHbl
epanuybl 0OIACMU BPAWYEHIUSL).



L <

3a3opbl HE06X0AVMbI
ONsi TOro, YTobbI
TeyeHune Ha rpaHuLe
obnacTu BpaLLeHns
6bino
0CECUMMETPUYHBIM

IpaHuubl

/]

Z

L1

. /A - 1

BpaLLatoLerocst
pervoHa pasmeLueHbl

™~ BHYTpU TBEPAbIX Ter,

a He B Y3KWUX kKaHanax
MeXAay BEHTUNSTOPOM
1 KpenexHbIMu
ckobamun. ITo
no3BonsieT
YMEHbLUNTb
BEPOATHOCTb
[OOMOMHUTENbHOTO
pasbueHns ceTkm un
CHW3UTb HEraTMBHOE
BNUsIHWE
HEoCeCMMMETPUYHOTO
TEYEHUS B Y3KMX
KaHanax

Koeoa Buvl cozoaeme obracms epawyenus, 8

2

L

3pech rpaHnLa obnacTyi BpalleHWsi pacrnonioxeHa BHYTpY TBEPAOro Tena Ans
TOro, 4Tobbl N36EXKaTh PACYETOB 3aKPYYEHHOTO NMOTOKA BHYTPU 3aMKHYTOW
NonocTH, KOTOPbIE MOTYT NMPUBECTU K HEBEPHLIM pesynsratam

1]
B rpynne Mapametp 3aaaiite 3HaueHue YrnoBom CKOpPoCTH 53},

epaguueckoil obracmu omoopPaNCaiomcs 3eieHvle
cmpenku, 00o3Havarwue 0Cb BPAeHus: U
NONOACUMENbHOE HANPABIEHUE CKOPOCMU 8PALY EHUSL.
Ecnu neobxooumo 3a0ams epawenue 8 Hanpasienuu,
NPOMUBONONIONCHOM HANPAGILEHUIO CIMPENKU, Cledyem
86eCmuU OMPUYAMENbHOE 3HAYEHUE Y2080 CKOPOCHIU.

Knukaure OK.

FloEFD FEP12 OGyuatowime npumepbl

paBHoe -4400 RPM.

C6-5



YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

Ecnu Bel cozaeTre o6nacTh BpaleHUs U HE 3a/1aeTe KaKUEe-TH00 CTEHKH Kak
HETIOJBIKHBIE, TO MIPEAIIONAraeTcs, YTO BCE CTCHKH, HaXO/SAIINECs BHYTPH 001acTH
BpAIICHUS, BPAIIAIOTCS C 33 1aHHOH yITIOBOH CKOPOCTHI0. UTOOBI ONpeenuTh OTACTbHbIC
CTEHKH KaK HETIOJBIDKHbIE, Ha HUX HEOOXOIMMO 3a]1aTh rpaHu4IHOE yciaoBue Cratop.
3aJaHne TaKOro TPAHUYHOTO YCIIOBHS PABHO3HAYHO 33IaHUIO HYJICBOH CKOPOCTH CTCHOK B
HETIOJBIDKHO crcTeMe koopanHatr. O0parure BHUMaHKE, YTO TOBEPXHOCTh CTaTopa (N
YaCTh ITOBEPXHOCTH, PACIIOJIOKEHHAsI BHYTPH 00JIaCTH BpaIlleHHUs, B ClIydae, KOrjia 3Ta
MIOBEPXHOCTH IIEPECEKaeT IPaHuIly 00JIaCTH BPAIICHNUS ) OJDKHA OBITH CHMMETPHUYHA
OTHOCHUTEJBHO OCH BPAILCHHUSI.

3apaHue HenoaBMXHBLIX CTEHOK

VYenosue Crarop cienyer 3a1aTh Ha ONPEAEICHHBIX CTEHKaX KPEIIeHUs! BEHTWIATOpa U
KpernexXHbIX cko0. UToObI ObLI0 ynoOHEee BBIOUPATH ATH MOBEPXHOCTH, CKPOUTE
BeHTHIIATOP (KomroHeHT FAN) n o6nacTs BpanieHus (KOMIIOHEHT
ROTATING_REGION).

1 Kiuknaute Flow Analysis > lo6aButb > NpaHn4Hoe ycrnoBue.

2 B rpynmne Tun BeiGepute CTeHKa |’”'”| BriOpanHBIii 0
-

YMOJIYAHHUIO TUII ycI0BUsI PeanbHasa cTeHKa U3MEHsATh
(] [Moeeprriocte<54>ATTACH_CLIP-43
He TpeOyeTcs. Brimounte omnmuto CraTop. | Meeepsrocrec 1519 ATTATH_CLIP-43
'@.l

| FAN_ATTACH-49
3 B nepese Mozenu BEIGEPUTE KPETUIEHNE BEHTUIIATOPA | R e o] [ s

(xommionerT FAN_ATTACH). v

}l’.x II'noﬁaanaq CHCTEME KODPLHHAT
z

Bazosan ock: m
» gl

PeansHan cTeHk:
WoeansHan cTerka Eeaa

[V Cratop

4 VYnepxwusas Haxaroil xasunry CTRL, BeiOepure ase
BHYTpEHHHE LMINHIPUICCKHE TOBEPXHOCTHU H JBE
BEPXHHE TTOBEPXHOCTH KPETICKHBIX CKOO (KOMITOHEHT
ATTACH_CLIP), kak 1moka3aHo Ha PUCYHKE.

5 Kimknaure OK.
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3apaHue MatepuanoB

3az[a1“4Te MaTepuaibl, Kak IOKa3aHO HUKC:

a) nporeccop (kommoneHT CPU) u paguarop (komnonerTr HEAT SINK) BeImoHeHBI 13
amromuaus ([Ipenonpenencunpie/Metals/Aluminum);

b) cepauesnna (kommoreHT COPPER_CORE) BrIIONTHEHA U3 MeIn
(ITpenonpeneneunsie/Metals/Copper);

¢) IpyTUe YacTH BBITONHEHHI U3 u3oisatTopa ([Ipemonpenenenurie/Glasses and
Minerals/Insulator).

3apaHue TennoBbIX UICTOYHUKOB

Ha mponeccope (kommonertT CPU) 3anaiiTe 00beMHBIN TEIIOBOW HCTOYHHIK C
MOILHOCTBIO TEIUIOBbIAEIeHUs 75 W.

3apaHue HacTpoek HayanbHOM ceTKu

Jlytst Toro, 9TOOBI TOOUTHCS JTYUIIEro Pa3pelieHus! CI0KHOM TeOMETPUN BEHTHIIATOPA U
panuaropa, co3a M IIECTh JOTIOJHUTEIBHBIX KOHTPOJIBHBIX IIocKocTel. Ha
MHTEpBAJIaX MEK/1y STUMH KOHTPOJIBHBIMH IUIOCKOCTSIMH 33/1aIMM COOTBETCTBYIOIINE
3HaueHus Pasbera ceTku. brarogapst 3ToMy ceTka rmosy4uTcst 6osiee IOTHOH B
LCHTPAJIbHON YacTH, TaM, TJIe TCOMETPHsI CIIOXKHAs, U Oojee rpy0oii BOIM3H IpaHul
pacdeTHOH obnacTy.

1 Kuiukaure Flow Analysis > HayanbHas ceTka.

2 B Creo Parametric kauxnume Flow Analysis > Cemka > HayanbHasi cemka.

2 CuHumuTte ranouxky ABToMaTmyeckue HaCTPOMKM.

3 Haxwmure kHonky COpoc 1 B I0sIBUBILLIEMCSI OKHE ABTOMaTU4YeCcKasa HavyarnbHas
ceTka iukHuTEe OK.

4 Ha Bxianke BasoBas ceTka B 20
Basoean cerka | Mpanvua tenoirexyian cpeaa | Lponerue e | Uske ranans |
rpyare KOHTpOJ'IbH bleé NHTepBasbl s o
BeIOepuTe Max Ha mHTepBaie X1 b e o C— oo
niau Min Ha uHTepBasie X2 1 .. | ||
HaKMHTE KHOINKY YAanuThb. —— B |
- KoMTponsrbie viTepeans!
5 Ha)KMI/ITC KHOHKY nosaBMTb' hiin [Max [Hiono rieex|Pastir ool Roaeums. |
[0 [00%m 0m 1
om 00%5m u] 13 1 |
0.0005m 00352107629 m [ 5 1
|v2_ |00352107629m 0.0692273105m [ 1 Yo |
00692273105 m_0.1123m O © 1.23870435)
[Z1_[00%m [ O
Om 0.0%5m =] iE 1

Cépac I~ fetomatuseckue nactporkd | Mokasars Gasoeyo cerky
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YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

6 VYoemuTech, 4TO B qUAOTOBOM OKHe Co3paTh 2l
KOHTpPOJIbHbIE NJTIOCKOCTU 13 criicka Pexxum cospgaHms lzm“ 5
BEIOpaHO YKa3aTb Ha 3KpaHe, a B TpyIIe —

NapannensHo BrIGpano YZ. KimkHuTe B M0oGOM MecTe [F XY o il

TeOMETPUUECKOH 00NacTH 1 Juis X BBEIUTE 3HAUCHHE -
0.05. Kiiukaute OK, 9TOOBI BEpHYTHCS B OKHO
HavanbHas ceTka.

7 Cozpaiire erie oHY MIOCKOCTh co 3HaueHueM X = 0.05,
BBIIIOJIHUB TY 7K€ MMOCIIEJ0BATEIbHOCTD AEHCTBHIMA. w [3%m e E—
0K | Mpwers | Orewa | Copeera |

Io ymonuanuro FIOEFD coz0aem wiecms niockocmeti Ha
2PAnUYax pacuemno 06nacmu U HeCKOIbKO NIOCKocmetl 6Hympu Hee. /[is yenei
O0aHHOI 3a0auu HeOOX0OUMO UBMEHUMb HADOP NIOCKOCmell, YOaIUE NIOCKOCIU
BHYMPU pacuemHou obaracmu u 006asue HoGble.

8 Kimknute B sueiike Pa36er ceTku nntepsaia X1 u BBequTe 3HaueHue 2. TakuM xe
oOpasom 3ajaiite 3HaueHus | u -2 Ha uHTEpBanax X2 u X3.

Pasber ceTKu - 9mo coomHouleHue pamepos S4etKu CemKu Ha 3a0aHHOM UHmepadaile.
Pasmepul siuetiku 6y0ym nocmenenno MeHsmscsi 600/1b 8blOPAHHO20 HANPABILCHUS,
mak, umobwvl COOMHOULEHUE MENCOY NEPEOU U NOCLEOHELL IHEUKAMU IMO20 UHMEPEALd
6bL10 OIU3KO (HO He 00s3amenbHO PasHo) 3a0annomy 3nayeHulo Pasbera ceTku.
Ompuyamenvivie 3nayenuss Paz6éera ceTKU coomeenmcmeayiom yeeiudeHulo pasmepa
sA4eeK 8 00pamHoM nopsioxe.

9 VYnanute Bce BHyTPCHHHE

21
KOHTPOIIbHBIE TIIOCKOCTH, ia::::: :;mz | parmia renoirexsyian cpena | fposneruie sueer | Yarwe kaname |
HEPIEHIUKYISPHBIE 0CH Y, U R o ||
J100aBBTC HOBBIC B CCUCHUAX Y [-— =
Y=0.042muY =0.047 m. Ha P — 3
nnrepBanax Y1, Y2 u Y3 3aznaiite T
cuenyolye 3HaueHus Pas6era Mgg:s ‘:ﬂ;ﬂ}: ‘é“m"eig'%mj P:S:H :
cetkm: 1.5, 1u-1.4 T — F———
COOTBETCTBEHHO. 303355 _ﬂuﬁ%”m § é 1 l

10 Vianute Bce BHyTPEHHUE e e
KOHTPOJIbHBIE MIIOCKOCTH,

HePIEHANKYIIAPHbIE OCU Z U

J100aBLETC HOBBIE B CEUCHHUSIX = et T Uil
Z=-005muZ=0.05m. Ha

unrepBasiax Z1, Z2 u Z3 3ajaiite cieayouue 3HaueHust Pasbera cetkm: 2, 1 u -2,
COOTBETCTBEHHO.

11 [Iposepsre, paBHo 11 Yncno siveek no X, Y u Z 26, 12 u 26 coorBeTcTBeHHO. ECcnu
3HAYCHUS JIPyTHe, TOXKAIYHCTa, HCTIPABBTE X BPYUHYIO.
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12 Tlepeiinure Ha BKIaaky MpaHuua

Teno/Teky4as cpefa U yCTaHOBHTE
YpoBeHb pa3peLlueHusi CeTKOn
MeInKnx oco6eHHoCTelr Mmoaenu B
nojoxeHue 3, YpoBeHb
paspelueHusi CeTKOW BbICTYNOB
NOBEepPXHOCTMU B II0JIOKEHHE 2, a
s Kputepus paspelueHus
CETKOM BbICTYNOB NOBEPXHOCTU
3anaiite 3Hadyenue 0.001 m, npyrue
OMNIMH HE MEHIUTE. DTO
HEOOXOAUMO MIJI TOTO, YTOOBI
M30eKaTh U3JIHITHETO APOOICHHUS
CETKH Ha KpOMKax pebdep
paauaropa.

13 Ilepeiinure Ha BKIanky Y3kue

KaHanbl 1 33/1aiiTe XapakrepHoe
Yyucro siYeek nonepek y3koro
KaHana paBHbIM 4, a YpOoBeHb
ApO6reHnst CETKN B Y3KNX
KaHanax yCTaHOBHUTE B TIOJIOKCHHE
1, Ipyrue onuuu He MEHsUTE. DTO
MIPEOTBPATHUT U3JTHITHHIC
IpOOJICHNE CETKU B Y3KHUX KaHaJIax
MEXIy peOpaMu paguaTropa.

14 Kinukaute OK.

FloEFD FEP12 OGyuatowime npumepbl

HauanbHan ceTka HE
Basosas cemca [Pavua Teno/exyian cpeaa | [posnenme sueex | Yaine karars |
! oK |
Viposerts paspeteriA coTkal Menkas }
ocobertocTei Mogen '
Orvera
VipoBers paspewerHA CoTkol KoHEWSHs! | Crpana_|
noseprocTH ’
KT P2 SRELIERHA CETROM KEHEH SHE!
roEERHEET
VpoBeHs PaspeLIEHA CETKOM BbICTYNOD
nosepHoCT
KpuTEpWit paspetleHR CeTKOM BolcTYros
nosepHocT
¥ OnmAMISMpOBATS PaSPelIEHAE TOHKIX CTEHOK.
Chpoc [ Bemomamuecke nactpoiky | Mokasars Gasoeye ceTky
HauanbHan ceTka HE
Basosas cemca | Mpavuia Teno/meyian cpeaa | Lpobnene sueex Yerne karans |
W BrnounTs onuwro apoBnemHis CeTu B YK KaHaNE:
Orvena |
'XapaKTERHOR WICio A4EEIC IOMEREK YSKOrD KaHA: =
= = * o Crpaska
YpoBeHs APOGTEHIA CETH B YKV KaHaTaX —_
I~ 33RATs MAHMMENSHYIO WHPVHY YSKID: K3HANOE
IMVHUMansHas WHPHHE YBKMH KaHanDs: 0m j’
I~ 33naTs MaKEAMENEHYID LAPMHY Y3KVE KHANDS
AR EHMENEHER WAPMHE YSKWE KEHAADE! Om ﬂ
Chpoc [ Bemomamuecke nactpoiky | Mokasars Gasoeye ceTky




YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

3apaHue Llenen npoekra

3ajaiiTe MOBEPXHOCTHBIC LIEJIN 110 MAKCUMAaJIbHOW TeMIIepaType KopIryca mpoieccopa u
10 MacCOBOMY PAcXo/y IIOTOKa, BXOJSILETO B 00IACTh BPAIlCHNS M BBIXOSIIETO U3 HEe.
YrtoOb! BEIOpATh HY)KHBIC TOBEPXHOCTH, CKPOHTE HEKOTOPhIE KOMIIOHEHTHI, €CIIN

HE0O0XOIUMO.

TWUN LUENN NAPAMETP LEJIN

NMOBEPXHOCTb

[TosepxnoctHast | Max Temneparypa
1eNb (TBepmoe Temo)

Bepxusist
MIOBEPXHOCTh
KopIryca
nporeccopa. UtoOsr
3a1aTh ATy LElb,
HEOOXOIUMO CKPHITH
paauarop
(KOMITOHECHT
HEAT_SINK) n
MEJIHYIO CepALCBHHY (KOMIOHEHT
COPPER _CORE)

[ToBepxHocTHAs
LeJlb

MaccoBblii pacxos

BepxHsist 1 60koBast
TIOBEPXHOCTHU
001acTH BpameHus
(KOMITOHEHT
Rotation Region).

IToBepxHOCTHas
Lenb

MaccoBblii pacxof

Hwxuss
MOBEPXHOCTh
obnacTu
BpaIICHAS
(KOMITOHECHT
Rotation Region).
UToOBI 33T OTY
11€J1b, HEOOXOIUMO
CKPBITh [TCUYATHYIO
wiaty (komroneHT PCB).

({I11] MaccoBbrii
pacxon 1}+{TIL]
MaccoBblii pacxos
2})/{I11l MaccoBsIit
pacxon 1}

Llens-
BBIP@KECHUE

JlucOasianc MaccoBOTO pacxoja MEeXIY
BXOJIOM U BBIXOJOM. 3HaK "+" mmocraBieH
IIOTOMY, YTO 3HAKH MAaCCOBBIX PACXOIOB Ha
BXOJIC M BBIXOJIC IIPOTHUBOITOJIOKHEI.

B kauectBe PazamepHocTu BEIOepUTE
Be3pa3mMepHbIA.
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Jlyist Toro, 9TOOBI paccUnTAaTh TETIIIOBOE CONPOTHUBICHHE Kyliepa, HEOOX0ANMO 3HATh
TEMIIepaTypy B LIEHTpE KopItyca rporeccopa. YToOs! MOIyIUTh TOYHOE 3HAYEHHE 3TOTO
rapameTpa, OTAEIBHO 33/1a11M JloKanbHyo Lenb.

1 Kuuknure Flow Analysis > [1o06aBuTbL > JlokanbHble 2ix]
uenu. v Touw
o] 1
2 B Creo Parametric kauxnume Flow Analysis > x [om 5|
Ho6asums > Llenu > JlokanbHable yenu. ¥ [LO0SETSm =
z |Dm I
—
Kmuknute KoopauHaTth! Touky | ¥z . |- ey
_ ECRm [ Yl [ Ziw

3amaiite cieayromue KoopauHaTel Touku: X = 0 m, . LOEEE
Y =0.009675m,Z=0m.

4 Kymkuure flo6asutb Touky |+ |. B ra6mime Napamerp e R
TMOCTaBbTEC I'aJIOUKY 3HauyeHune HaIIpoOTUB IMapaMeTpa €
MNapareTp [ Inaverme Wi |
Temnepartypa (TBepaoe Teno). T r———
Cpeaves sHaueHWe Temnepar [
KHHKHHTe 0 K Pafiouan Ternepatypa O
. Konwsecteo noned, owywao. [
#R, ML, Ternepatypa (Teepaos Teno) 1 Hucnn Masa g
TypEYAEHTHEA BAZKOCTE O
ﬂ ML, Max TemnepaTypa (Teepace Teno) 1 TupGuneHTHEN macurat sper [
m ML, Maccossii pacxog, 1 tacumad TypfyneHTHoCTI O
HTEHCHEHOCTE TypByneHTHOE [ ]
m ML, MaccoBbIA pacxon 2 FHepriA TYpiyneHTHOCTH ]
Juccunauma sHeprin Typbyne [
F{: LI,EJ'Ib'BbIDaH{EHME 1 T etnepatupa [Teepaos Tena)
MNeperpes ekiwe TeMnspaTyp:
taccoBan KoHUEHTPaUKA At
COXpaHI/ITC MOZICJIb U 3aIlyCTUTC PACUCT. OEErHEA KOHUEHTREWHA Ai
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YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa

PesynbraTtbl

Jliist Toro, 9TOOBI MOTYYHTH 3HAYCHUE TEMIIEpaTyphl B LIEHTPE KOpITyca mpoleccopa,
BOCTIOJNIB3YHTECH MOCTHPOLIECCOPHBIM AnieMeHToM Llenb. Terneps MOXHO paccuuTaTh
TEIMIOBOE CONPOTHBIIEHHE Kysepa npoueccopa: W, = (T —T,)/Pp = (330-311.15)/75
=0.25 °C/W. [Ipyroii BaKHOU XapaKTEPUCTHKON KyJepa SIBISICTCS CKOPOCTh IMOTOKA HAJT
MTOBEPXHOCTHIO ITEYaTHOH IIIaThl. BekTopa cKOpOCTH IOTOKA M pachpeieliCHHe
TeMIepaTyphl IoKa3aHbl HIKe (paccMarpuBaroTcs iockoctd ASM_FRONT u
ASM_RIGHT).

3300
32841
326.2
3243
322.4
3205
3186
36T
3148
31248
3110

Temnepatypa [K]

KapTuHa B cedeHMK 1 3anMeka

TemnepaTypHoe nose u BekTpa ckocpoctu (nrnockocte ASM_FRONT, cMeLLeHuUst HET, paccTosiHe  Mexay
Bektopamu = 0.003 m, paamep ctpenok = 0.015 m).

3300
3281
326.2
3243
3224
3205
3186
3167
3148
3129
311.0
Temnepatypa [K]

KapTuHa B ceYeHuK 1: 3anueka
KapTuHa B CEYEHWM 20 3amueka

TemnepaTypHoe none u BekTpa ckocpocTu (nnockoctb ASM_RIGHT, cmeLleHns HeT, paccTosiHue  mexay
Bektopamu = 0.003 m, paamep ctpenok = 0.015 m).
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100
4.2
a4
T
6.4
6.2
5.4
46
KR
a1
23
14
(IR}
0

CropocTe [mis]

KapTuHa B cedeHHK 1 3anueka

Pacnpenenenue ckopoctu (nnockocts ASM_FRONT, cmeLleHuns HeT).

100
4.2
a4
T
6.4
6.2
5.4
46
KR
a1
23
14
(IR}
0

CropocTe [mis]

KapTuHa B ceYeHWK 1: 3anueka
KapTHHa B CEYEHWK 2 3anMEka

Pacnpegenexue ckopoctu (nnockoctb ASM_RIGHT, cmelleHuns HeT).
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YpoBeHb onbITHOro nonb3oBartens: C6 - Kynep npoueccopa
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C7

MacnoynoButenb aBTOMOOUIS

NMocTaHoBKa 3agaumn

B mannOM npuMepe paccMarpuBaercsi paboTa MacIOyJIOBUTENS aBTOMOOMIIS,
IIpeIHa3HaYE€HHOTO JUIS OT/ICJICHHS YaCTUI] MOTOPHOTO MacJla, IOMABIINX B IIOTOK
BO31yxa. KoseHuaThlii Bas Mpy BpAIlCHUH TTOTPYXKAETCS B KapTep ABUTATEISI U
IepeMeIIMBaeT Macllo, HaxoAs1Ieecs: B HeM. B pesynbrare yacTHIIBI Macia MOMNaIaioT B
MIOTOK BO3yXa. BMecTe ¢ MOTOKOM BO3/1yXa YacTHIbl MACIIa Yepe3 CUCTEMY BEHTHILSIIINT
KapTepa MOT'YT IIOIIacTh BO BITyCKHOW KOJUICKTOP JABUTaTeis. MacioyJ0BUTEb
3aJIep’)KUBACT ATU YACTHIIBI, BCIICACTBHE YETO YCTPAHIETCSI BO3MOXKHOCTD UX TTOTIAIaHHs B
JIBUTATellb, U, COOTBETCTBEHHO, MX CTOPAHUS U ITOSIBIICHUS JbIMA B BBIXJIOTIC.

KOHCprKHI/IH paccMaTpuBacMoOro MacjaOyJIOBUTCIIA
MpeacTaBjicHa Ha PUCYHKE CIIpaBa. YacTtHilel Macjia BMECTE C /—\

MIOTOKOM BO3/IyXa IOTIaAal0T B HETO Yepe3 BXOJHOH marpyOoK.
[eperoponka ycTaHOBICHA TAKUM 00pa3oM, YTO OOJIbIIAs UX

4acTh NMomnajaet Ha Hee. Korja npoucxoauT coynapeHue, @
YacTHIA Macila MPUINIACT K ePErOpOIKE U CTEKAET BHU3.
OpHaKO HEKOTOPbIE YaCTHIBI MAJIOTO pa3Mepa, B CHITy CBOCH
MaJIOH MHEPIIMOHHOCTH MOTYT M30eXaTh COylapeHHs 1 BBINTH
13 MacJIOYJIOBUTEIIS Yepe3 BBIXOIHOM narpyOokK.

Lexb JaHHOTO MOJETHPOBAHUS - YCTAaHOBUTH, HACKOIBKO
XOPOIIIO MAaCIIOYIOBUTEIh 3aICPKUBACT YACTHIIBI CIICIYOIIHX
pazmepos: 8, 13 u 18 um. J{ons yacTull, BEIXOASIIUX U3

MAacCJIOYJIOBUTES € TOTOKOM BO3yXad, pAaCCYUTBIBACTCS \\://

CJIEYIOIINM 06p330M2 P = moutlet/minlet > TIE My Mg yiiet

- MaccoBBIE PACXO/Ibl YACTHUI] HA BXOJIE U BBIXOJIC COOTBETCTBEHHO. 3HAYEHUE m
npuHuMaeTcs paBHbIM 0.5% OT MaccoBOro pacxozia BO3IyXa.

inlet

[IpenmonaraeM, 9To YaCTHIIBL, B CHITYy CBOETO Majioro pasmepa u Macchl (~10-13 kg), He
OKa3bIBAIOT BIMSHHS Ha MOTOK BOo3ayXa. [loaToOMy BO3EHCTBHEM CKOIUICHUS YaCTHIL
Macja BHYTPHY MaclIOyJIOBUTEISI Ha MOTOK BO3AyXa TaKkKe IpeHeOperaem.
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YpoBeHb onbITHOro nonb3oBartens: C7 - MacnoynosuTtenb aBTomo6uns

OTKpbITUE MOAenu

Crommupyiite nanky C7 - Oil Catch Can B cBoto pabouyto aupekroputo. OTkpoiiTe
coopky OIL_CATCH_CAN.

Bui moswceme nponycmume cozoanue npoekma u 3anycmume Ha paciem 20mosbiti
npoexm FIoEFD, cozdannulii 6 coomeéemcmeuu ¢ smum npumepom. s smoeo Bam
neobxooumo omkpoims coopky OIL CATCH_CAN.asm, pacnonoosicennyto 6 nanke C7
- Oil Catch Can\Ready To Run, u 3anycmums npoekm Ha pacyem.

Cospnanune npoekrta FIOEFD

Hcnons3yst MacTep mpoeKTa, co3aiTe HOBBIM MPOEKT, Kak MOKAa3aHO HIDKE!

Wmsa npoekra

Oil particles

Kouduryparust Hcnonvzosamv mexywuyio
Cucrema eAMHULL U3MEPEHHS Sl

Tun 3agaun BHyTpeHHAA

Texyuas cpena 1o yMOJIYaHHUIO Fasel / Air

VYcnoBus Ha CTEHKAX 1O
YMOIYaHUIO

Aouabamuueckas cmenka (uepoxo8amocms no
ymonuanuto pasma ()

Hauanpabie yciaoBus

Yenosus no YMOIYAHUIO

YpoBeHb paspeuieHus

Yposenv paspewenus no ymonuanuto pasen 3;
opyaue onyuu no YMoaIuaHur

3apaHune NpaHUYHbIX yCNOBUN

3aZ[aI7[T€ T'paHUYHBbIC YCIIOBHA HAa BXOAC U BBIXOAC, KaK MMOKA3aHO B Ta6J'II/I]_I€ HIWXKC!

Tun O0beMHBII pacxoa HA BXo/e
Nms O0beMHBII pacxoa BO31yXa
Ha BXoje
IToBepxHOCTH BHYTPEHHSIS ITOBEPXHOCTH

KpBIIIKH Ha BXO/I€
(xommonent INLET_LID)
[TapameTpsr:
O6BbeMHbIN pacxop MO HoOpManu K
NOBEPXHOCTU
100 1/min (0.00167 m”*3/s)
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Tun CraTruueckoe JaBJIeHHE

Nmsa CraTruyeckoe JaBJIEHUE HA
BBLIX0/1€
IToBepxHOCTH BHYTPEHHSIS IOBEPXHOCTH

KPBIIIKK Ha BBIXOJIE
(xommonenTr OUTLET LID)

TepMoauHamuyeckve napameTpbi:
3nauenus no ymomuanuio (101325 Pa u 293,2 K)

3apaHue Llenen npoekra

1 B [depeBe aHanu3a BbIOEpUTE IPAHUYHOE YCIOBHE
O0BbeMHBIN pacxo BO3yXa Ha BXoJIe.

Knukuure Flow Analysis > [lo6aBuTb > NoBepXHOCTHbIE Lienu.

B rpymme MapameTp BeiOepute Cp CTaTUyeckoe AaBneHue.

4 Knuxaure OK 4 . OTa mespb OyaeT sIBIATHCS MPOMEKYTOUHOH JUIsl pacdeTa Iepernaia
JIaBJICHUS B MacJIOyJIOBHUTEIIE.

5 Kiukaute Flow Analysis > lo6aButh > Llenb-BbipaxeHue.

2 B Creo Parametric knuxknume Flow Analysis > Jo6aeums > Llenu > Lens-
ebIpa)keHue.

6 B OepeBe aHanu3sa BeiOepuTe co3nannyio 1einb ML Cp Ctatuyeckoe
pasnenue 1.0Ha nosiBUTCS B 1oJie BbipaxkeHue.

nn

Ha KaJIBKYJSITOPC HAXKMUTC KHOIIKY

B OepeBe aHanu3a BEIOEpHTE 2
Bripanehie:
rpaHHque YCHOBHe gﬂ#ﬂz: Ea{»&;e}lﬁueugfsnemeH-{ETarwecmeuasnenMe nasewoasCramweckoe  ~| | Backspace
Crarunueckoe JaBJICHHE HA BBIX0I€E. Dwicrire
[El

9 B cnucke Cnucke napameTpoB
BbIOEpUTE CTaTUyeckoe AaBneHue.

s T
10 B kxauecTBe Pa3amepHOCTU BEIOEpHTE R D N e N e
OasneHune n HanpsiKeHWe. [0 [T i
11 Knukuure OK. e =

¥ Menonezosare uek AnA KOHTROAA CHORMMECTH

12 [lepenmenyiiTe CO31aHHYIO 11E€JIb-

oK | Oitraena Crpaska
BeIpakeHue B [lepenan naBieHus.
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YpoBeHb onbITHOro nonb3oBartens: C7 - MacnoynosuTtenb aBTomo6uns

13 Knukuaute Flow Analysis > lo6aButb > MMo6anbHble Lenu.

2 B Creo Parametric knuknume Flow Analysis > Jo6agums > Llenu > Mo6asnbHbIe
yenu.

14 B cnucke MapameTp Boioepute MoMeHT (Y) 1 kinkauTe OK ‘f

ApanTupoBaHue CeTKU B nNpoLecce pacyeTta

YpoBeHb pa3pelueHus ObLT 3a1aH PABHBIM 3, HO 3TOr0 3HAYCHUS HEJOCTATOUHO IS
TOYHOTO Pa3pelieHust 001acTel, B KOTOPBIX IPUCYTCTBYIOT BBICOKUE TPAAMEHTI CKOPOCTH
1 3aBUXPEHHOCTH MOTOKA. Takoe 3HaueHUE YPOBHSA pa3peLleHuUsi TAaKKe MOXKET PUBECTH
K HENPaBWJIBHOMY OTIPEIEICHUI0 TPAeKTOpUil yacThIl. [loaToMy 11t TOTO, YTOOBI
YIAy4dlInuTh Ka4€CTBO PCUICHUSA B TaKUX 06JIaCT$[X, CJICAYCT MPONU3BECTH alalITUPOBAHUC
CETKH B IIPOIIECCe pacyeTa.

1 Kiukuaute Flow Analysis > Onuuu ynpaBneHusi pac4yeTom.

Z# B Creo Parametric knuxnume Flow Analysis > lpoekm > Onyuu ynpaeJsieHusi

pacyemom.
2 Tlepeiinute Ha BKIagKy ApanTtauus 2
CceTKu Samepueve ARSTTHA cekl | Corpanerie | napameTpel |
. Taparern I Favervie il oK |
AT AUMA CETKH ypoeeHe = 1 p—
3 W3 coucka HaAIpOTUB I1apameTpa M3k CHMBEHO 0MYCTHMOE HHED £ 10400000 D—I

=) Crpatenn anammaud ootk TafiniaR SMarmauin ceTkm [

[ T —— Mponyeru

-~ Wrrepsan penskcau Aetopem (12

5 Ta6mi4a aqsrmaum oot KAUKNITE AAA PEASKTHDOBAHIA,

ApanTtaums ceTku BrIOEpUTE YPOBEHb
=1.

4 Y0enutech, 9TO B KauecTBe CTpaTernu
apanTauMm ceTKu BeiOpaHa
Tabnu4yHasa aganTauusa CeTKU.

5 Ilepen Tem, Kak OTPEIAKTHPOBATH
TaOIUILy aJanTaIii CeTKH, PaCKPOUTe
rpymry CTpaTterus agantauum ceTku u yoemurech, 4To B KadecTBe EauHuy

C8poc

usmepeHus BrIOpanbl MpoayBKK. 3aTeM HAKMUTE KHOIKY -.| B nose Tabnuua
aganTaumi CEeTKWU.

6 B nosBuBmieMcs okHe KIMKHUTE [Jo06aBUTb CTPOKY. i
[MosiBuTCS TIycTast CTpoka :
OTmera
7 BaenuTte B 3Ty CTPOKY 3HaueHHE 2. ITO O3HAYALT, YTO -
JpoOJIeHUE CETKH B MPOLIECCE pacyeTa MPOU30iIeT, Korna
YHCIIO MPOTYBOK JOCTHTHET 2.
o LoGaeims erpox:
8 Kmmkuunte OK. Ilepeiinure Ha BKIaAKy 3aBepLueHUe. ot |
Ynanre crooky(km)

9 VYbeautech, 4TO B TpyIIe YCNOBUA 3aBepLUEHUSA
BKJIIOUeHO MyUHMManbHoe uncno agantaumi cetku. s
9TOro MapaMeTpa 3aJaiTe 3HaueHue 1.

EauHiUEl HeMepeHHa Mpoayexm

10 Brixmtounte MakcMmanbHoe Yncro npoayBoOK.

C7-4




11 Kiunkaure OK.

CoxpaHnTe MOZIENb M 3aIyCTUTE pacueT. B mporecce pacuera Bol MoxkeTe BUIETH NOJIS
ckopocteil B riockoctd ASM_FRONT wunu B Apyroii miioCKOCTH, a TAKKE OTCIIEKUBATD,
Kak JIpoOJICHHs CETKN YIy4IIaloT OKOHYATeIbHOE PEIICHHUE 3a/1a49H.

3apaHue Martepuana MoTtopHoe macno

1 Kiukaure Flow Analysis > UHCTpymeHTbI > UHXeHepHasi 6a3a JaHHbIX.

2 B [epeBe 6a3bl AaHHbIX packpoiite rpynny BewecTtsa > XXuakoctn > 3agaHbl
nonb3oBaTenem.

3 Ha nanenu MHCTPYMEHTOB KJIMKHUTE HOBbIA anemMeHT [1|. MosBures
He3aroJHeHHas Tabnuna CBonMcTBa anemMeHTa. /1 Toro, 4To0bl 3a1aTh 3HAUCHNE
KaKoT0-JINOO CBONCTBA, IBAXK/IbI KIIMKHUTE B COOTBETCTBYIOIIYIO SUCHKY.

4 3apaiiTe CBOWCTBA MaTepuaia Tak, Kak MOKa3aHo B TAOIHIIC HUXKE:

Nms MoTOpHOEe MacJo
IImorHOCTH 900 kg/m"3
JluHamu4deckas BSI3KOCTb 0.01 Pa*s
VnenbHas TEMIOEMKOCTh 1900 J/ (kg*K)
TennonpoBOHOCTh 0.2 W/ (m*K)
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YpoBeHb onbITHOro nonb3oBartens: C7 - MacnoynosuTtenb aBTomo6uns

PacueT aBMXeHus yacTtuy macna

1 B nepese aHann3a npaBoi KHOIIKOM MBIIIN KJIIMKHHUTE 110 3JIEMEHTy PacyeThbl
ABWXEHWA YacTuL, 1 U3 KOHTEKCTHOTO MEHIO BeIOepuTe MacTep npoekra.

He menss HMCHHU, KIIMKHUTEC ﬂanee » |

BI)I6epI/ITe TPaHUYHOC YCJIOBUE 2] x|
O0BLeMHBIH pacxoa Bo31yxa Ha BXo/J1e, Tak, 4TOOBI

COOTBETCTBYIOIIAsl TOBEPXHOCTD MOSBUIIACH B
rpymnie CtapToBble TOUYKM.

p CoofiweHme

W CTapToBbie TOYKH

4 3amaiite KonnuectBo Touek [2# | parbv 200.

5 B rpynmne CBowcTBa yacTtuy 3a1aiite Qnametp
YacTHUI[ paBHBIM 8e-06 m M B KadecTBe BewlecTBa

BbIOepuTE co3nanHOe MoTopHoe macno I:*_# |20 =
(BewecTBa / XXugkoctu / 3agaHbl Ell”-Dm m =
nonb3oBaTenem).

6 B none MaccoBbiit pacxof BBEIUTE 3HaueHUEe 1e- 2 [Be-006 m =

05 kg/s. 3HadueHHUE 33JaeTCsl TAKUM TIOTOMY, UTO 55 | Kuaxoerw =l

MaCCOBBIN PAacXOj YaCTHUI] HA BXOAE ObUT IPUHAT Al
paBHbIM 0.5% OT MaccoBOro pacxona BO3ayXa.
=- S_aﬂ.aHbl NONEZ0BATENEM

3aoasaemoe Konuuecmeo mouek oznauaem ~
Kojiuuecmeo mpaeKmopuzZ yacmuy, UCnojib3yemboblx IMoTopHoe racno [3anaHe! NonbsoBaTEnsm) j
071 nocmpoenus. Yem eviute 5mo 3Hayerue, mem Cosa. M. .. |
bonee MouHy0 UHGOPMAYUIO MONCHO OYOem
NOMYUUMb O BO3MOJICHBIX MPAEKIMOPUSAX OBUNCEHUSL th [Te00Bka/s =

yacmuy. B pesynbmame modcHo nonyuums bonee
NnOOPOOHYIO KAPMUHY pAChpeOeleHust Yacmuy 8 paccmampugaemoil 0onacmu u, npu
HeobxooumMocmu, ¢ 6o1bULell MOYHOCIBIO PACCYUMANb UX MACCOBbIU PACXOO.

Knukuure Oanee _* |.

B rpynmne ®usnyeckue moaenu BeioepuTe 2]
MpaButauma. Kioukaure OJanee b |

[T Hanunarue
™ 3pozua
¥ TpaguTauma

K@.’{ ID mis"2
K@r I-S.S‘I mis"2
(@5 ID mis"2

Bkl k] k)
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9 VYbemurech, 4TO B IUAJIOTOBOM OKHE YCrOBMe Ha 2] x|
CTeHKe Mo ymonyaHuto Beiopano Mpununaxue. —

Knuxuure fanee | ® |,

LD B Pacueme dguxeHusl Yacmuy, cywecmayem mpu il WaeansHos arpaerie
MUNna yciosuil, KOmopwvle Mo2yn Ovblmb OnpeoeneHvl 'il Drpanerie
Ha cmenke: WpeanbHoe oTpaxeHue, NpununaHue
u OTpaxeHue. [lepsvie d6a muna o3na4aon, MRS WETEE.
COOMBEMCMBEHHO, NOIHOCMbIO YNPY2oe U Heynpyeoe
cmonkHogenus. B mpemvem ciyuae neobxooumo 3adame ko3¢ guyuermol
60CCMAHOBTIEHUSL, KOMOPbLE ONPEOETSAION COOMHOUWEHUE MAHSEHYUATLHOU CKOPOCTU U
CKOPOCU NO HOPMANU K CIEHKe 00 U NOCe CIMONKHOBEHUS.

10 B rpynne MNpeacrasneHne no ymonyaHuio us crnucka Nokasatb TpaekTopum Kak

= BeIOEepHTE JIUHUM.

11 Kimukaure OK 4 . B OlepeBe aHanu3a osBUTCS HOBBII
anemeHT Pacuer ABukeHus yacTull 1 ¢ moganeMeHToM
Ppakumsa 1.

nhr YCNOBWA Ha CTEHKAX
=+ MPAKLHK H3CTHL,
- DpaKuKA 1

12 KnmkHHUTE MPaBOi KHOIKOM MBIIIH 10 DJIEMEHTY o SpaKuA 2
®pakuus 1 1 U3 KOHTEKCTHOTO MEHIO BBIOEpUTE
KnonupoBatb. TaxuMm sxe 06pazom co3naiire anemMeHTs! @pakuus 2 1 @pakuus

3. Jlnsa ®pakumm 2 1 Ppakumm 3 3anaiite 3HaUeHHE [uaMeTpa 4acTUIl PaBHBIM 1.3e-

05 mu 1.8e-05 m COOTBETCTBEHHO.

Lo e DPEKUHA 3

13 KnukHuUTE TpaBOi KHOMKOW MBIIIH TI0 3JieMeHTy PacueT aBmxeHus yactuy 1 u u3
KOHTEKCTHOTO MEHIO BbIOepuTe Pacyer.
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YpoBeHb onbITHOro nonb3oBartens: C7 - MacnoynoButenb aBToMo6uns

PesynbraThl

C7-8

YrtoObI 0TOOPA3UTH TPACKTOPHH JABM)KEHHS YACTHUI] OTIPECICHHON (ppakunu, mpaBoi
KHOIIKOH MBI KIIMKHUTE [0 COOTBETCTBYIOIIEMY AIIEMEHTY dPpakumua u u3
KOHTEKCTHOTO MeHIO BbIOepuTe MokasaTk. Ha pucyHKkax HMKe MOKa3aHbl TPACKTOPUU
JIBIDKCHUS YacTHII, pacKpalleHHbIE 110 apaMeTpy CKopocTb.

nuamerp §um quametrpl3pum nuamerpl8um

C TOMOIIBIO MOCTIIPOLECCOPHOIO SJICMCHTA nOBerHOCTHbIe napamMmeTpbl MOXXHO
paccuuTarb, CKOJIBKO YaCTUL KAXKAOTO pa3sMepa BBIXOAUT U3 MACIIOYJIOBUTECIIA UE€PE3
BBIXOI[HOﬁ Hany6OK. ITO 3HAYCHHE MOXKHO OLICHUTH € MOMOLIBIO UHTEI'PAJIIBHOTO
napameTpa Yucno yactuuy Ha MOBCPXHOCTHU BbIXOA.

3Has 3TH 3HaA4YCHUA, MOKHO OLICHUTDH AOJIIO HaCTHI Macja, 3aACPKaHHbIX
MacCJ0YJIOBUTCIICM:

e s yactul Auamerpom 18um - ato 100%,
* s yactul AuamerpoM 13um - 97%,

* IS 9acTUIl AuamMeTpom Spm - oxosio 90%.



D

Mpumepsb! ana moayna HVAC

[Ipumepsl moayass HVAC neMOHCTpHUPYIOT UCIIOIb30BAHUE TOTOIHUTEIbHBIX
BO3MOXXHOCTEH M 3JIEMEHTOB 3TOI0 MOAYJISI LISl PEIICHHMS 3a/1a4 HarpeBaHUs, BEHTHILSIIAT
1 KOHJMIIMOHUPOBAHUS BO3/LyXa. DTa (YyHKIMOHAIBEHOCTD JJOCTYITHA TOIBKO IS
nons3oBareneit moayns HVAC.

D1 - lN'asiorennsiii nposxkextop 150W (Halogen Floodlight 150W)
D2 - boabuuunas nanara (Hospital Room)

D3 - PacnpocTpaHenue 3arpsi3HeHui B y1nuHoMm kanboHe (Pollutant Dispersion in
the Street Canyon)

FIoEFD FEP12 OGyuatowme npumepbl D-1



Mpumepsl ansa moayns HVAC:
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D1

"anoreHHbIU npoxekTtop 150W

" Ama 603m0xcHOCHIL 00CMYRHA NMOABKO nOAb308amenam mooynas HVAC.
\o-"J

NMocTaHoBKa 3agaun

DT0T npUMep AeMoHCTpHpyeT BoaMokHOCTH FIOEFD 1o MozenupoBaHuio
KOHBEKTHUBHOTO U PAJHAIMOHHOTO TEIJI000MEHA ¢ YIETOM IOIIOIICHHS N3TyICHUS B
MOJIYITPO3PAYHBIX TeJaX, a TAKXKE C y4E€TOM CIIEKTPaJIbHOIO COCTaBa U3ly4eHus. B
IIPUMEPE ONUCHIBAETCA CO3JaHKeE NIPOEKTA, 3aJaHKHE NOIVIOIIAIONINX CBOMCTB MaTEPUAIIOB
HOJIyIPO3PAaYHbIX TE€J, 3alaHUE YCIOBUM U3JIyYEeHHUs U PACUETHBIX LIEJICH.

B 3aaue paccmaTpuBaeTCs rajOreHHbIN MPOKEKTOP B AIFOMHUHUEBOM KOPITYCe, KOTOPBIi
COCTOHUT U3 CIIEAYIOINX KOMIIOHCHTOB: [IEPEIHETO KBAapIIEBOIO CTEKIIA, CHIIMKOHOBOH
MPOKJIA/IKU, aJTFIOMUHAEBOTO BHYTPEHHETO OTpaXkaTesl, KEPaMUIECKOTO JIAMITIOBOTO
MaTpOHA M JTMHEHHOH raloreHHOH JIaMIbl MOIIHOCTEIO0 [50W.

JluneitHas rajoreHHas Jamra COCTOUT U3 KOJObI, BHITOJTHEHHON U3 KBApIIEBOTO CTEKJIA,
BOJIb()PaMOBOI HUTH, MOJIUOICHOBBIX TOKOBBOJIOB U KEPAMHUECKHX TIPEIOXPAHUTEICH.
Jlammia 3amoTHeHa aproHOM IOj JaBieHueM 2 atm u npu temreparype 293.2 K.

PaccMoTpuM paboTy MpoKEKTOpa B MOMEIICHUHN TIPU CIETYIOIMNUX YCIOBHSIX: KOMHATHAS
temrieparypa (~20 °C), npuHyIUTEIHHOE OXJIKICHHE OTCYTCTBYET.
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HVAC Module: D1 - F'anoreHHbIn npoxekTop 150W

KommnoneHTs! MPOKEKTOpAa U rajJOreHHOM JIaMIIbI IIOKa3aHbl Ha PUCYHKAX HUIKE.

TokoBBOAbI

MpenoxpaHutenu

JlamnoBsbI NaTpoH

[NepepHee cTekno

OTtpaxaTtenb

MNpoknagka

I[anee B Ta6J'II/ILIC Br1 moxkeTe BUACTHb TUIIUYHBIC 3HAUCHUSA MAKCUMAJIbHO JOITY CTUMBIX
pa60q1/1x TEMIICPATypP HECKOTOPLIX U3 3TUX KOMIIOHCHTOB. HGHL JAAaHHOT'O MOACINPOBAHUS -
y6€I[I/ITBC$[ B TOM, 4TO KOJ10a JIaMITBI 1 nepeaHee CTCKIIO HE IEPETPEBAIOTCA.

Kommnonent MakcuMaabHO 10IMycTUMAsI TeMIleparypa
ToxoBBOABI 350 °C
CTeKIJI0 KOJOBI 900 °C
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OTKpbITUE MOAaenu

Crommupyiite nanky D1 - Halogen Floodlight B cBoto pabouyto mupexroputo. OTkpoiite
coopky Floodlight.asm. Brioepure 0a30ByI0 KOHPHUTYpaIIHIO.

But moswceme nponycmums co3oanue npoekma u 3anycmume Ha pacyem 20moebiil
npoexma FloEFD, coz0annblil 6 coomsememauu ¢ smum npumepom. s smozo Bam
neobxooumo omxpvims coopky Floodlight.asm, pacnonoocennyio 6 nanke DI -
Halogen Floodlight\Ready To Run, u 3anycmums npoexm na paciem.

Co3paHune npoekta FIOEFD

Hcnone3ys Macrep npoeKTa, CO31aiiTe HOBBII IIPOEKT, KaK [IOKa3aHO HUXKE!

Wwmsa npoekra

Floodlight

Kouduryparus Hcnonvzoeames mexywyio
Cucrema eMHAL U3MEPEHHUS SI
Tun 3agaun BHelwHAA

dusznueckue MoJIeIu

TennonpoBOAHOCTb B TBepAbIX Tenax,
PagnaunoHHbIN TennooomeH:
U3nyyeHue okpyxarwLien cpeabi:
TemnepaTypa okpyxawwen cpeibl 293 .2 K;
MornoweHne B TBEpPOOM Tene;
CnekTp: KonuuectBo AnanasoHoOB 2,
LUnpuHa gnanasoHa 1 2500 nm;

MpaBuTauuA: Y KOMMNOHeHTa -9.81 m/s”2

Texyuas cpena 1o yMOJI4aHHUIO

Fa3bl / Air (Bbl6paHHbIe N0 YMOMYaHuio)

Fasbl / Argon (cnumume eanouxy BolopaHHble No
yMonyaHuio)

Marepuai 1o yMoIT4aHHIO

Metals / Aluminum

VenoBus HA CTEHKAX I10
YMOJI4YaHUIO

PaguauuoHHble CBOMCTBa NOBepXHOCTeN No
ymon4aHuio: MpepgonpepeneHHble / Real
Surfaces / Aluminum, commercial sheet

Llepoxosamocms no ymonuanuio pasua ()

HauanpHele yciioBus

Yenosus no ymondanuro

YpoBeHb pa3penieHus

Yposenw paspewenus 3adauu - 4

FloEFD FEP12 OGyuatowime npumepbl
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HVAC Module: D1 - F'anoreHHbIn npoxekTop 150W

B smom npubope ucnonvzyemcs monsko 00UH NOAYRPO3PAUHBLL MAMEPUAT - KBAPYEBOE
cmekno. E2o noenowatowue ceoticmsea 3a0aromcesi 8 3a6UCUMOCHIU OM OJUHbL OTHbL C
VUEmoM pe3Ko2o UMEeHeHUs: SIMUX c8oucma npu onure 8oansl 2500 nm.
Yavmpaguonemosoe uznyuenue eonvghpamosoti numu npu 2900K neznavumensho.
Takum obpazom, 08yXOUANA30HHBIIL CHEKMP ¢ WUPUHOU ouanazona 6 2500 nm
n0360715€em 0080IbHO MOYHO MOOETUPOBATNG NOTOWEHUE UTYYEHUS 8 CINEKISAHHBIX
KOMROHEHMAx 1aMNbl.

Hactpownka BennunHbl PacyeTHomn obnactu

3amaiiTe BeNMMUMHY pacueTHOW 001acTH, Kak MOKa3aHO HUKE:

Xmax=0.15m Y max=0.2 m Zmax=0.15m

Xmin=0m Y min=-0.12 m Zmin=-0.15m

3anaiite ycnosue CummeTpus E s X min @!

3apaHue NogobnacTu TeyeHns

["ajoreHHBIC TaMIIBI HATTOJTHSFOTCS HHEPTHBIM T'a30M ¢ J0OABICHHEM HEOOIBIIOTO
KOJIMYECTBA rasorena (oma mwu 6poma). Micxoms u3 meneil TaHHOTO MOJCITUPOBAHUS,
Mpe/rmoiaraeM, 4To JIaMITa HallOJTHEHA TOJBKO HHEPTHBIM ra3oM. ['a3 B raioreHHoi Jamiie
HAXOIHTCS ITOJT JaBJICHHEM, B HECKOJIBKO Pa3 IMPEBBIMIAOIINM aTMochepHoe. [ 3aqanus
rasa, 3aMoJHSFOIIETO JIAMITY, H €r0 TABICHUS HEOOXOIUMO BOCIIONIE30BATHCS AIEMEHTOM
Mopo6nacTb TeveHus.

1 Kiukuaute Flow Analysis > lo6aButb > lNogo6nactb Te4eHus.

2 Bribepure BHYTPEHHIOIO [IIHHIPUICCKYIO
MOBEPXHOCTD JIAMITBI (KOMITOHEHT
LAMP.ASM\LAMP BULB).
[Too6nacTs TeueHNs, KOTOPYIO BB
cobupaeTech Co31aTh, Cpasy Ke Sl
otobOpaxkaercst B rpaduueckoit 00macTu B
BHJIE TEJIa, OKPALICHHOTO B TOIy0O0H IIBET.

3 VYbemutecsk, uTo B rpymie Tekyyas cpeaa
u3 crcka Tun Teky4yen cpeabl BEIOPaHO
[a3bi/PeanbHbie rasbi/lap. B crincke
TEKY4HX CPeJl CHUIMUTE TaJIOuKy
Air (Fasbl), 4T00OBI BEIOPAHHBIM OCTAJICS TOIBKO Argon.

4 B rpynne TepmoanHamuyeckue napameTpsbl 33/1aiiTe 3HaueHue [laBneHus P s
paBHOC 2 atm.

5 Kimknaure OK ¢
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3apaHue TennoBbIX YCIIOBUMA U YCNOBUW U3Ny4YeHUA

B FloEFD ecth HECKOIBKO CIIOCOOOB 3aMaHKs TEIUIOBOI0 UCTOYHMKA. [[momans
MTOBEPXHOCTH IFTHHIPHYCCKON MPSIMOIMHEHHON HUTH MOXKET CYIIECTBEHHO OTINYAThCS
OT JEHCTBUTENBbHON MJI0IaAu MOBEpXHOCTH criupaiu. Eciu Bel coznaere TennoBoit
HCTOYHUK M 33/Ia€TE €r0 MOITHOCTb, 3Ta pa3HUIIA JOJDKHA YIHTHIBATHC. UTOOBI H30eKaTh
pa3IHYmMii MEXy JCHCTBUTEIBHBIM U 33JaHHBIM PaJHallMOHHBIM TEII000MEHOM, BEI
MOXKETE:

a) Cco3/JaTh TEIJIOBOM UCTOYHUK U 33J1aTh €r0 TEMIIEpaTypy,
b) 3areM coznaTh paaualMOHHbINA UCTOYHHUK U 33]1aTh €r0 MOIIHOCTb.

Jlist Toro, 4ToOBI 3TO CAENaTh, co3qacM O6bEMHbIN TENMOBOW UCTOYHUK U 33aCM €ro
Temriieparypy, paBHyto 2900K. KoHBeKTHUBHBIN TEMIOBOM MOTOK ONPEAESETCs KaK
MoBepxHOCTHasA Uenb, a MOIIHOCTh PaAiMaLIMOHHOroO MCTOYHUKA OTIpe/IeIIsIeTCS KakK
paszHocTh Mexy 150 Watt 1 BeTMuMHOM KOHBEKTUBHOT'O TEIIOBOTO MOTOKA. M HakoHell,
U3 pacdeTa JIOJHKHO OBITh HCKITIOUCHO U3TYYCHUE HUTH KaK TOPSYETO Tella, TOITOMY
ITOBEPXHOCTh HUTH CIIEAYET 3a7aTh CO CBOICTBAMH, COOTBETCTBYIOIIMMHU aOCOIFOTHO
OeoMy Tey.

3amaiiTe 00beMHBIN TTOBEPXHOCTHBIM UCTOYHHK, KaK MOKAa3aHO B TAOIUIIE HUXKE:

Tun

O6bEeMHbIN TeNsIOBOW NUCTOYHUK

Nmsa

2900 K

Kommonentel | Huth

(LAMP.ASM\LAMP_WIRE)

[Tapamerp:
Temnepartypa 2900 K

Heticmeumensnyio memnepamypy HUMu MONCHO OYEHUMb, UCXOO5L U3 ee YBEMOBOU
memnepamypol. Tunuunvle 3Havenus YGEMoBOL MEMnePaAnypbl HUMU YKA3bl8AIOMCS
npouzgooumenem aamn. s memnepamypul numu oxono 3000 K yeemosas
memnepamypa eonv@pama na 2-3 % npesvluiaem 3KUBALEHMHYIO el
OelicmeumenvbHyIo memnepamypy.

3anaiite 1enu, HeoOXOMUMBIE ISl pacyeTa MOIIHOCTH KOHBEKTHBHOI'O TEILIOOOMEHA!

FloEFD FEP12 OGyuatowime npumepbl D1-5



HVAC Module: D1 - ManoreHHbIn npoxektop 150W

TUN LENU NAPAMETP LIENU NOBEPXHOCTb
IToBepxHocTHas | TemnsoBast MOIIHOCTD [ToBepxHOCTH HUTH (KOMITOHEHT
Leb LAMP.ASM\LAMP_WIRE),

PaCioI0KCHHBIC BHYTPpU paC‘lCTHOfI

Beibepure HUTH (KOMIOHEHT
LAMP.ASM\LAMP_WIRE) B nepese

3apaHue PagnaLMoHHOro UCTOYHMKA

YrtoObI 3a1aTb paI[I/IaI_[I/IOHHHﬁ HUCTOYHUK, BBIIIOJHUTE CICAYIOIINC Z[eﬁCTBPIHI

1 Kiukuaure Flow Analysis > [lobaButb >

PaanaumoHHbIN UCTOYHMUK.

2 B nmepeBe Momenu BRIOCPUTE HUTD

(xommonenT LAMP.ASM\LAMP_WIRE). Bce
MOBEPXHOCTH HUTH BbIOpaHbI Kak MoBepxHocTn Ans

3agaHus paanaLMoHHOro MCTOHHMKaEﬁ.
3 B rpynne Tun BeiGepure Anddcpy3moHHbI I%J

T
4 B rpynne MowHocTb BeiOepuTe MowHoCcTb u

3aTeM KIMKHUTE 3aBUCUMOCTb .

D1-6
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5 B cnucke Tun 3aBucumocTy BeiOepruTe 3agaHue hopmynoi. 2]

v v THN SEBUCHMOCTH.
B nosie ®opmyna BBeauTe HOPMYITY IS TOTHON TEIIIOBON [rasmesmuns B
o Popmyna
MOIIIHOCTH, U3JTy4aeMOl HCTOUHHKOM. [1Jist TOrO, 4TOOBI e
00aBUTH 1IETTh B (hOpMYITY, BRIOCPHTE IE)Tb B CIIUCKE 3aBUCUT | (s

OT Lenu U KIMKHUTE Lefb Ha TaHelu BBOAA. [1omyquBieecst (sl | (lwl 1 .
BBIPKEHUE JTOJKHO OBITh CIEIYIOIINM: afsfe] || o [e
150/2-{Mll TeruioBas MOmMHOCTL 1} gl A = e =

0. |E /| emp| log uene

3BEMCMT o Uen

ObvemHbILL MENI0B0U UCTNOYHUK UCNONb3YEeMCsl OJisl 3A0aAHUsL
menua, 6bl0eIsIeMO20 HUMbIO U NEPedauyecocs 3a cuem
koneexyuu. Ymobul 3a0ameo OCMALLHYI0 MENI0BYIO G| Gezo f[G=a ]
MOUWHOCTb, NEPeOaIOUYIOCs ULYUEHUEeM, HEODX0OUMO BbI4eCTb PACCUUMAHHYIO
BEIUUUNY KOHBEKMUBHO20 MENTI08020 NOMOKA 00bEMHO20 UCHIOYHUKA U3 NOTHOT
MEeNnio80i MOWHOCMU.

[Nt Tensomas mowuroere 1 |

6 Kuuknute OK, 4TOOBI BEpHYTHCS B AMATIOTOBOE OKHO PaAnaumMoHHbIA UCTOYHUK.
7 B rpynne Cnektp BeiOepute CnekTp abcomnoTHO
YyepHoro Tena u 1151 TemnepaTtypbl aGCONMIOTHO | Cnexrp abconerio veprorotena 7|

. 1. [2300% =g
YepHOro Tena 3ajaiTe 3HaYeHnEe 2900 K Ta | =

8 Kiukaute OK ‘é?

Hogwiit anement Aud¢ysuonnniii Pannanuonnplii ucrounuk 1 nossinsercs B [lepeBe
aHanusa.

3apaHue lNoBepxHoOCTeN pagualMoOHHOro TenooomMmeHa

UtoO0kI 3a1aTh TOBEPXHOCTH PaJUAIIIOHHOTO TEILTIOOOMEHA, BEITIOIHUTE CICAYIOIIHE
IEUCTBUSA:

1 Kuuknure Flow Analysis > [lo6asuTe >

MloBepxocTs paaaMoHHoro
TennoobmeHa. () [LeMP-B2/LAMP_WIRE-33
2 B rpynne Tvn st OBEPXHOCTEH i

PaaANAIOHHOIO TEIIO00MEeHa PAaCKpOHTe

T
crincok MpeponpepeneHHble U BeIOEpUTe
Whitebody wall.

- NpegonpeneneHHeeE
- &bzorbent wall
- Blackbody wall
- Moreradiating surface
- Real Surfaces
- Symmetry
o Whitebody wall
3anaHe NoNe30EATENEM

3 B nepese ananusa FIOEFD Breibepute
aneMeHT JAuddy3uonnplii Pagmanmnonnslii
HCTOYHHUK 1.

4 Kukuure OK % . IlepeumenyiiTe HOBBII
aneMeHT [oBepXHOCTb paAnaLMoHHOro

I Whitebody wall [Mpeacnpeaenetyee] j

Cosa./Msm. ... |

FloEFD FEP12 OGyuatowime npumepbl D1-7
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D1-8

TennoobmeHa 1 B [loeepxHOCTE pamMalMOHHOTO TemnjoobMeHa - HuTh.
KimmkauTte B mr000M MecTe rpaudecKoii 00JacTH, YTOObI OUUCTHUTH BBIICIICHHE.

5 Kiuknute Flow Analysis > [lo6aBuThb > [loBepXHOCTb pagnaLMoHHOro
TennooobmeHa.

B rpynmne Tun Haxxmure kHonky Co3a./M3m. ...(Coznars/VI3MeHNTD).

B NHxeHepHoW 6a3e AaHHbIX packpoiiTe rpynny NoBepxHOCTM paavaLMOHHOro
Tennoob6meHa > 3agaHbl Nofb3oBaTerieM, CO3IaiTe HOBBIM 2JICMEHT U H3MCHHUTE €r0
Nmsa Ha AmmovyHmt midoBa HHEI.

8 BaﬂaﬁTe napaMeTphbl IOBEPXHOCTHU TAK, KaK ITOKA3aHO HUIKC:

CeoRcTED | 3HaNEHKE

Wraa A MHORAMHHE W WP OESHHEIH

K. okt AEHT 3Pk

TN NOBEPXHOCTH PALHALMOHHOr O TENA00EMEHS Crenka

CTensHe SepkanbHOCT I na
=] CreneHe 4epHOTE! 3anaHue gnA TENNOEOMD W COAHEYHOMD MEY4EHHA
; CTeneHe YepHOTE 01

Koo fpMUMEHT NOrA0W EHMA COAHEYHOrD Many4eHWa | 0.1

9 CoxpaHHTE CO3IaHHYIO TOBEPXHOCTh PAIHAIMOHHOTO TEIJIO0OOMEHA U BBIMINTE U3
WHxeHepHOM 6a3bl JaHHbIX.

10 B rpymme Tun [uist TOBEpXHOCTEH painalliOHHOTO TEILI00OMEHA PAaCKPOITE CIIHCOK
3apaHbl Nonb3oBaTeneM U BEIOCPUTE ASoMMHMI I OB & HHBIA.

11 BriGepuTe BHyTpEHHUE TOBEPXHOCTH
oTpaxareist (KOMIIOHEHT
REFLECTOR), pactionoxeHHBIE (IO
KpaifHell Mepe, YaCTUYHO) BHYTPH
padeTHoIt obnacTu.

¥ Y NoBepXHOCTE pagHaLMOHHOrO TEMAOO ﬂﬂ
i

@ MosepuHocTe<173>REFLECTOR-44
MosepuHocTe<175:REFLECTOR-44
MosepuHocTe<176:REFLECTOR-44
MNosepuHocTe<177>REFLECTOR-44

T

- MNpeaonpenensHHse
E 30aHEl NONEZ0EATENEM

12 Kinukaute OK o . I3MeHuTe nMst HOBOM MMOBEPXHOCTH paIualliOHHOTO

TeHHOO6MeHa Ha [[OBEPXHOCTL paIMalMOHHOTO TelJjioobMeHa - OTpaxaTeb.



3apaHue MatepuanoB

ﬂJ’IH HEMPO3PAYHBIX KOMIIOHCHTOB SaﬂaﬁTC [Q(18%1091185(§ MaTepﬂaJILIZ

Huth (KOMIIOHEHT
LAMP.ASM\LAMP_WIRE)

MpeponpeneneHHbie\Metals\Tungsten

JiepeBe)

TokoBBOJ (KOMIIOHEHT
LAMPASM\LAMP PINCH, niepBsiii B

MpeponpeneneHHbie\Molybdenum

JiepeBe)

IIpenoxpanureib (KOMIIOHEHT
LAMP.ASM\LAMP_BASE, niepBslii B

Hatpon (xomnonenr HOLDER)

MpeponpeaeneHHble\Ceramics\Alumina (96%)

Hpokaanka (komnoneHt SEAL)

MpenonpeneneHHbie\Glasses and
Minerals\Glass Lid Seal

3apaHue Mpo3payHOCTM Ten U MaTepuanos

J1uist KonOBI M TIepeTHeTo cTekIIa 3a1aite Marepuan Quartz glass u onpenenure 5T
KOMITOHEHTHI KaK TOJIyITPO3PAYHbIC ISl N3ITyYCHHS.

1
2

Kimkuaurte Flow Analysis > [lo6aBuTb > Matepuan

B nepeBe Mozenu BIOEpUTE CTEKIIO M KOJIOY
(xommoHeHTH GLASS 1
LAMP.ASM\LAMP BULB).

B rpynne MaTtepuanbl packpoiite ciucox
MNpepnonpepeneHHble 1 BeibepuTe Quartz Glass B
rpynne Glasses and Minerals.

B rpymme Mpo3payHocTb AnsA nsnyyeHus

BeIOEpUTE Mornowarowmin |ﬂ|

Toznowarowee meno a611emcsa NOTYNPO3PAYHBIM.

Omo o3navaem, umo oHO NO2LOWAEm MENL0B0e
uzyuenue sHympu ceoe2o 0ovema. Ima onyus
00CMYNHA, MOALKO eCllU 8 UHICEHEPHOU Daze OaHHbIX
0J1s1 Mamepuana 3a0an Kod@ouyuenm no2ioueHus,
a 6 Macmepe npoekma uiu O6wjux Hacmpoukax
sxmouena onyus MoamoujeHue 8 meepdom merne.

N
3uauenus KoagpgpuyueHma noanouieHust IH* u

lMoka3zamens npenomneHusi *I\* 3a0ambl 8
UHOICEHePHOTl baze OaHHbIX, a 30eCh NPUGeOeHsl Ois
CnpasKu.

FloEFD FEP12 OGyuatowime npumepbl

[ [GLasS 55

LaMP-B2/LAMP_BULE-43

W Marepuans

- Building Materials ;I
-- Ceramics

E| Glasses and Minerals

Diarnond

Glass

Glass Lid Seal

Inzulatar

Flexiglazs

Quartz glass

C Packages LI

Guartz glass [MpegonpegeneHibetGlasses ancj

Coza./Mam. ... |

w [ PO3PAYHOCTE ANA U3NY4EHHA

E| | | HenpozpayHeii

> Narnowaouwi

EH* Jla1Ha BoaHE! hm |‘I.-"mm |
< 2500 0.000284821
> 2500 0.496588

-o|\ |1.45

E| E MpozpaqHe
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5 Knuxnute OK % Teneps FIOEFD Oyner TpaktoBaTh 5TOT MaTepHal 1 BCe Tea, s

KOTOPBIX OH 3aJaH, KaK IMMOJYIIPO3paHbIC JJId TCIUIOBOTO U3JIyYCHUS.

3apaHue Llenen

Ha BHemHel moBepXHOCTH CTEKIa (KOMIIOHEHT
GLASS) 3anaiiTe MOBEpXHOCTHBIC LIEJIH IO
MaKCUMaJIbHOU U cpeaHei Temmneparype.Kpome
TOTO, 337]aliTe OOBEMHBIE LIENHN JUIS CTEKIIA, KOJIOBI
1 TokoBBona (komMnoHeHTE GLASS,
LAMP.ASM\LAMP_BULB u
LAMP.ASM\LAMP_PINCH, niepBsiii B gepeBe)
10 MAKCUMAaJIbHOHI U CPEeAHEN TeMIepaType

=

Lienm

m MU Tennosaa MoWHOCTE 1

m MU, Cp TeMnepaTypa NepeAHera cTekna (BHew. )
m ML, Makc TeMnepaTypa NepeAHEro cTekna (BHew., )
% O Cp TemnepaTypa NepeAHeEro CTEKNS

% Ol Makc TemnepaTypa NepeiHero CTEKNa

% 0L Cp Temnepatypa konbel

% O Make TemnepaTypa konbel

% Ol Cp TemnepaTypa TOKOEE0AA

% Ol Makc TemnepaTypa TOKOBE0AA

(cnemyet BbIOpaTs Temnepatypa (TBepAoe Terno) B KadecTBe apaMmeTpa 1enn). Bol
MOXKETE TIEPEeHMEHOBATh UX TaK, KaK IMOKA3aHO Ha PUCYHKE, JUIs TOT0, YTOOBI OBLIO IpoIie

OTCJIC)KMBATH UX B IMIPOLECCC pacyeTa.

HacTtponka JlokanbHOW HayanbHON CEeTKN

D1-10

JList mydiero pa3pemeHts oy po3padHbIX TeJl M TOHKOW HUTH L[eJIecO00pa3HO
HACTPOUTH pacdyeTHyIo ceTKy. Haubonee moaxoasuuii myTh JIs 3TOTO - 33/1aHKE
NokanbHoW Ha4anbHOW CeTKM, KOTOpast MO3BOJIHT ITOIYYHTh OOJIee TOUHOE PEIICHHE B
9THX CHEUU(PHUIESCKAX 00IacTsIX U N30€XKaTh Ype3MEpHOH I'YCTOTHI CETKU B IPYTHX

o0acTsIx.

1 B nepese Monenu BEIOCpUTE HATH U KOJIOY TaJIOTEHHOM JIaMIThl (KOMITOHEHTHI
LAMP.ASM\LAMP_WIRE, LAMP.ASM\LAMP_BULB).

2 Knukuute Flow Analysis > [lo6aBuTb > JlokanbHasi Ha4anbHas ceTka.

2 B Creo Parametric kiuxnume Flow Analysis, Cemka, JlokansHasi Ha4anbHasi

cemka.

3 CHumure rajgouxy ABTomaTmyeckue HacTpownku. [lepeiinure Ha BKIaaKy

Opo6neHue siyeek.

4 Bribepute [Jpo6UTL BCe A4eKkU B TBEPAOM Tere U YCTaHOBUTE YPOBEHb
ApobneHus Bcex Aveek B TBEPAOM Terle B MOJIOKECHHE 5.

Knukaute OK, 94TOOBI COXpaHUTh HACTPONUKHU JIOKAIBHONW HAaYaIbHON CETKH.

6 Co3spnaiite apyryro JlokanbHy Ha4yanbHY CETKY IS IEPEHETr0 CTEKIIA (KOMIOHEHT
GLASS). ITocne Toro, Kak CHUMHTE TaT0uKy ABTOMaTM4YecKue HaCTPOMKM,
neperiauTe Ha BKIaAKy JIpobiaenne siueek, BeioepuTe Jpo6uUTh BCe A4k B
TBEPAOM Tene 1 yCTaHOBUTE YpOBeHb Apo6neHns Bcex sveek B TBEpAOM Tere B

TOJIOJKEHHUE 3.



HacTtpoiika Onumn ynpaBneHus pacyeTom

1 Kiukaute Flow Analysis > Onuum ynpaBneHus pacyeTom.

2 B Creo Parametric kauxnume Flow Analysis, lTpoexkm,Onyuu ynpaeneHusi

pac4yemom.

2 [lepeiiguTe Ha BKIAAKY

[ononHuTenbHble NapaMmeTpbl.

3 VYbeautech, yTO B IpyIIe

PagnaunoHHbIN TennooomeH st
YpoBHSA AUCKpeTU3aLuuu BEIOPaHO 3.

ITO 3HAYCHHE COOTBETCTBYCT

3a/laHHBIM YCJIOBUSIM U B Cllydae
KOMITAKTHBIX UCTOYHUKOB U3IIyUEHUS
[I03BOJISIET IIOJIYUYUTh IPUEMIIEMYIO

TOYHOCTH PCHICHUA.

ONLYA YNpaBAEHHA PACHETOH 2l
Sasepusrii | Anermawn e | Compaerie  fononanenshsie napameps |
e [Braerme | Ok |
CobmaT noraoHos cpeHes psn (LHA) B
v
CHMTaTo KOMPOPTHEIS NEpaETp!
o B
Saaposrd e Orineveno o=
) Pagaunorssii Tennoatien | tema |
B ——— 3

CoofuHTE. KOraa PACUET SaKOHUMTCA [m]

Cépoc,

Yposenwv ouckpemuszayuu ynpasisem pasouenuem 6ceii pacuemnoii obnacmu Ha

pasHvie menecHvle yeuvl Ui Hanpaesienus. Yem gvluie yposensb OUcCKpemusayuu, mem
8bllle MOYHOCHb, HO 0I5l pacuema mpeodyemcs O0abue nPoYeCcCcoOPHO20 BPEMEHU U

pecypcos namamu.

4 Kimukaute OK.

COXpaHI/ITC MOZICJIb U 3aIlyCTUTC PACUCT.

PesynbkraTthl

B cooTBeTcTBHH € ONyYEHHBIMH PE3YyJIbTaTaMU MOYKHO CKa3aTh, YTO MEpeHee CTEKIIO U Kojida
JaMIIbl paboTaloT MPH JOMyCTUMBIX TeMIIepaTypax.

EnvHnua CpefaHee MuHumanesHoe |M nbHoe [Mporpecc
WUmsa uenu 3HauyeHue

u3MepeHus 3HauYeHue 3Ha4YeHue a m [%]
ML Tennosasi MOLHOCTb 1 W] 8,452981993(  8,457321278 8,452630893 8,468013632 100
ML Cp Temnepatypa nepefjHero cTekna (BHeLu.) K 406,9207831  405,9210302 404,5090822 406,9207831 100
ML Makc Temnepatypa nepeaHero ctekna (BHew.) | [K 447,7389048  446,1168752, 443,7679985 447,7389048 100
OL| Cp Temnepatypa nepegHero crekna K 408,4118527 407,4064091 405,9832431 408,4118527 100
OL| Makc Temnepatypa nepegHero ctekna K 450,5026033 448,8672748 446,5126887 450,5026033 100
OL| Cp Temnepatypa konbbl K 711,9991158 711,2355085 710,1377058 711,9991158 100
OL| Makc Temnepartypa konbbl K 909,362173 908,7665526 907,8839731 909,362173 100
OL| Cp Temnepatypa TokoBBOAA K 496,2168727 495,7868545 494,6775118 496,6216646 100
OL| Makc TemnepaTypa TokoBBOAA K 520,884922|  520,3716383 519,4545268 521,1030745 100

FloEFD FEP12 OGyuatowime npumepbl D1-11
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400.00

To0.00
832.56 550,32
TES.11 61364
697.67 577 .96
63022 537.28
562.78 496.60
495.33 455.92
427.89 41524
36044 37456

33388
2583.00 353 20

TemnepaTypa (Teepioe Teno) [K] Temneparypa [K]

PacnpeneneHue Temnepatypbl Mo NOBEPXHOCTU Pacnpenenenue Temneparypbl B NI0CKOCTH
cTekna B agnanasoHe ot 293 go 900 K. cvMmmMeTpun B AnanasoHe ot 293 go 700 K.
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D2

BonbHMYHaA nanara

(-u‘ Hekxomopuie 21emenmut 0GHH020 RPUMEPa 0OCHYRHbL IOIBKO NOIb306AMENAM MOOY/A
¥\ HVAC.

NMocTaHoBKa 3agaumn

JlaHHBII TpUMeEp IeMOHCTPUPYeET, Kak ¢ nomolibio FIOEFD MoXHO oLeHUTh
s¢dexkTuBHOCTL paboThI cucTeMbl BeHTHIsIIMY oMmetenus. B FIoOEFD npenycmorpena
BO3MO)KHOCTB pacdeTa KOM(POPTHBIX TapaMeTPOB, C TIOMOIIIBIO KOTOPBIX MOXHO
OTIpeNIeNUTh Ka9eCTBO BO3AyXa M KOM(OPTHOCTh MUKPOKINMATa B ITOMEIIeHuH. B
[IpUMepe NOKa3aHo, KaK CO34aTh IPOEKT, T.€. 3a[1aTh TEIIJIOBbIC MICTOUHUKH, TPAaHUYHbIE
YCIIOBHS M PaCUeTHBIC [IENH, a TAKXKE KaK MOJTYIUTh 3HAYCHUS KOM(POPTHBIX MapaMeTpoB.

B nanHoii 3aaue paccMaTpuBaeTcs OOJIbHUYHAS Taara, B KOTOPOU HAXOAATCS
MEIUIIMHCKUN PaOOTHHUK U HAlMeHT (OH JIGKHUT Ha KPOBATH). JIaMIIbI, MEAUITHCKOE
00opynoBaHNE U TEIEBU30P, KOTOPBIE HAXOIATCS B IOMEIIECHUH, SBISIFOTCS TETJIOBBIMU
HCTOYHUKAMH. [IalieHT u MeIUIMHCKUI paOOTHUK TaKKe BBIACIAIOT TEIUIO.
VlcTouHMKOM 3arpsA3HEHUS BO3AyXa SIBISAETCS JbIXaHNWe OOJIBHOTO MalueHTa. B
paccMaTpuBacMOM MTOMEIIEHUH MTPEAYCMOTPEHA CUCTEeMa BEHTUIISIIUI, KOTOpast
BKJIFOYAET B ce0sl MOTONIOYHBIN HU(PPY30p, BHITSIKKH B IIOTOJKE U B CTEHE YOOPHOH.

Heo0xonnmo onpenesuTb, HACKOIbKO 3 (GEKTHBHO CHCTEMa BEHTHIISILIMY yAAJISIeT
3arps3HAIONINE BEIIeCTBA U3 BO3AyXa. Takke HEOOXOIMMO BBIICHUTD, KOM(DOPTHO 1
JIIOOAM HaXOJAWUTHCA B OTOM IMOMEIICHUU NIPH 3aJIaHHBIX YCIIOBHUAX.

FIoEFD FEP12 OGyuatowme npumepbl D21



HVAC Module: D2 - BonbHU4Hasa nanata

MO,Z[CJ'IL OOJILHMYHOM IaJIaThl MpeaAcTaBjcHa HAa pPUCYHKC HUKC.

PelueTka BEHTUNALMOHHOIO OTBEPCTIG Beitsikka
B y6opHom

[MoTonoyHble
namnbl

OTBepcTue
Ons nogayv
CBEXEro
BO3ayxa

MeguunHckmin
paboTHMK

MeguumHckoe
obopynoBaHue

MauneHT Teneswusop

YrtoObl onpenenuTh, HaCKOIBKO A(P(HEKTHBHO BEHTWISIIMOHHAS CUCTEMa YalsieT
3arps3HSIONINE BEIIECTB U3 BO3/LyXa, HEOOXOIMMO 3HATh CIIEAYIOIINE TapaMeTphbl:
D¢ pexrnBHOCTD ynanenus 3arpssuenuil (CRE) n JlokanbHbI noka3aress KauecTBa
Bo3ayxa (LAQI).

YToObI OIIEHUTH, KOM(POPTHO JI HAXOIUTHCS JIOASM B TOMEILICHUH ITPU 3a/IlaHHBIX
YCIIOBHUSIX, HY)KHO PacCUUTaTh clienyromue napamerpsl: [Tokazarens
Bo3nyxopactpeaenenus (ADPI), Manexe kompopraoct no ®aunrepy (PMV)
[TporHo3upyembli MPOLEHT HEAOBOIBHBIX KadecTBOM cpeabl (PPD).

KoHdurypauusa mogenu

Cronmpyiite nanky D2 - Hospital Room B cBoto padouyro qupektoputo. OTKpoiite
coopky hospital room.asm.

Bt mooiceme nponycmums cozoanue npoekma u 3anycmums Ha pacyem 2omoesblil
npoexm FIoEFD, co3dannulii 6 coomeemcmeuu ¢ smum npumepom. /[nsa smoeo Bam
Heobx00umo omkpuims coopky hospital_room.asm, pacnonooicennyio 6 nanke D2 -
Hospital Room\Ready To Run, u 3anycmumb na pacuem Hy’iCHble NPOEKMbl.

D2-2



Co3aaHue npoekra

HUcnonb3yss Mactep npoekTa, co3iaiiTe HOBbII MPOEKT, KaK U3JI0KEHO HUXKE:

WM npoexra

Hospital room

Kouduryparus

Hcnonvzosamsb mexyuyyio

Cucrema CAWHUL] U3BMEPCHUS

S|, enUHUIBI H3MEPEHUS I TapaMeTpa
Temnepatypa: °C (Celsius)

Tun 3agaun

Buympennss
WckniounTtb nonoctu 6e3 ycrnoBum Te4eHns

dusznueckue MoJIeIu

FpaBuTauusi: Y KOMNOHeHTa -9.81 m/s”2

Tekyuast cpeza Mo yMOIT4aHUIO

lasbi / Air
a3kl / BbigbixaeMbl BO3AyX (3a0an
nonvsosamenem)

Knuxnume HoBbIW u 6 Hnoicenepnoii 6aze oanuvix
co30aiime HOBbIIL AIEMEHM C UMEHeM BbiIbiX aeMbii
Boznyx. [ omoeo ckonupyiime
npedonpeodenenuwlil snemenm Air, docmynHulil uz
epynnol Bemecra\l'azpi\lIpenonpenesienuble, 6
epynny BemecrBa\l'azp1\3agansl
M0JIb30BaTeJIeM

VenoBus HA CTEHKAX I10
YMOJI4YaHUIO

Ilo ymonuanuro

Hauanbabie yciioBus

TepmoguHamuyeckme napameTpbl.
TemnepaTtypa 19.5°C

KoHueHTpauun:
MaccoBas KoHUeHTpauus Air - 1

MaccoBasi KOHLeHTpaLuu1s BbiAbIXaeMoro
Bo3ayxa - 0

YpoBeHb pazpenieHus

Yposenw paspewenus no ymonuanuio - 3

FloEFD FEP12 OGyuatowime npumepbl
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HVAC Module: D2 - BonbHU4Hasa nanata

FpaHMqule ycnoBus

3ana171Te TpaHUYHbIC YCIIOBUS IJIA MOTOKA HAa BXOAC U BBIXOAC, KaK IMTOKa3aHO B Ta6J'II/ILIC

HWXKC!

Tun O0beMHBII pacxoa HA BXo/e

Nms O0bemHbIii pacxoa Ha Bxofe 1

[ToBepxHOCTH | BHYTPEHHSS IIOBEPXHOCTH
OTBEPCTHS JUIS TIOIaYH CBEIKETO
BO3/lyXa, KOTOpast HAXOAUTCS B
komHare (komnoHeHT ROOM) Hafg
CTOJIOM C METUIIMHCKUM
obopynoBaHuEeM

Ilonaua cBexero Bo3ayxa

ITapameTtpsr:

OOBbeMHbIM pacxod NO HOPMarnu K NOBEPXHOCTHU
4.8 m*3/min

Tun O0beMHBII pacxo] HA BbIX0/e

Nms O0bemHbIi pacxoa Ha BbIxojae 1

IloBepXHOCTH | BHYTPEHHsISI IOBEPXHOCTh
BBITSDKKH, KOTOpasl pacloyIOKeHa y
OKHa MOMEIIEHUS (KOMIIOHEHT

ROOM)

BriTskka Bo3yxa
ITapamerpsr:

OOBbeMHbIM pacxod No HOpPMarnu K NOBEPXHOCTHU
2.6 m*3/min
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Tun JaBieHue okpy:karoumeii cpeabl

Nwmst JaBienue okpy:xarouei cpeani 1

[ToBepXHOCTH | BHYTpPEHHsIS IIOBEPXHOCTb
BEHTHISILHOHHOTO OTBEPCTHS B
koMHare (komrmoneHT ROOM)

BriTskKa Bo3iyxa 4epe3 BEHTUISALUOHHOE
OTBEpCTHE B YOOPHOI

TepmoauHamuyeckue napameTpbi:

3naveHus mo ymomdanmnto (101325 Pau 19.5°C)

Tun O0beMHBIN pacxoa Ha BXoJe

Nms O0BbeMHBIN pacxoa Ha BXoje 2

IToBepXxHOCTH | HMOBEPXHOCTH PTA MALEHTA
(xommnoneHT PATIENT)

JIpIxaHue marueHTa

[Tapamerpsr:

O6BLeMHbIN pacxon No HopMasiv K MOBepPXHOCTU
12 1/min

KoHueHTpauuu BewecTB:

MaccoBasi KoHUeHTpauus gozdyxa (Air) - 0
MaccoBas KOHLUeHTpauus BbigbiXxaemMoro
Bo3ayxa - 1

3agaHue TennoBbIX UCTOYHUKOB

B OonbHUYHOI TTanaTe NPUCYTCTBYIOT CIEIYIONINE TEINIOBbIC HCTOUHUKH: TIOTOJIOUHBIE
JIAMITBI, TEJICBU30pP ¥ MEIUIIMHCKOE 000pynoBaHie. Heo0X0auMo y4uThIBaTh, 4TO
MalMeHT ¥ MEIUIMHCKUN paOOTHHK TakKe SIBISIOTCS UCTOYHUKAaMU Teruia. KommuecTBo
TeJa, BBLICIIIEMOI0 YEJI0BEKOM, 3aBUCUT OT BUJA €TI0 AESATEIbHOCTH. Jleskaniuii nanuuexT
BBIJICJISIET MEHBIIIE TeIlIa, YeM MEIUITMHCKUN paOOTHHK, Ubsgd paboTa CBI3aHa C
(u3rYeCcKOl aKTUBHOCTHIO M KOHIICHTpAIMEeil BHUMAHHSI.

T.x. B 1aHHOM 3a1a4e HE pacCMaTpUBAETCs TEIUIONPOBOJHOCTD B TBEPABIX TEJIAX,
MOMOIHOCTH MOBECPXHOCTHBIX TCIIJIOBBIX UCTOYHUKOB CUHUTACTCA MOCTOSSHHOM.

Knukaure Flow Analysis > [lo6aBuTb > [0BepXHOCTHbLIN UCTOYHUK.

1 B nepese mozenu Boidoepute namuenta (kommnonenT PATIENT.ASM). Dtor
KOMIIOHEHT MOABUTCS B nojiec MoBepxHOCTH ANs 3aaaHUsi NOBEPXHOCTHOIO

FloEFD FEP12 OGyuatowime npumepbl D2-5



HVAC Module: D2 - BonbHU4Hasa nanata

D2-6

TennoBoro UCTOYHMKa @ .

2 B xauectBe NapameTpa 3a1aiiTe TennoByr MOWHOCTL 81 W.

3 Kuukaute OK 4 .
Ilepeumenyiite co3aHHbIN TEIIOBOW HCTOUHUK B [TaLmeHT.

TakuM >xe 0Opa3oM 3a1aiiTe MOBEPXHOCTHBIN TEIJIOBOH HCTOUHUK MOIITHOCTBIO 144 W Ha
BCEX MOBEPXHOCTAX MeaAnIMHCKOro paborHuka (komnoHeHT CAREGIVER.ASM).

IlepenmenyiiTe co3qaHHBIN TEIUIOBOM HCTOYHUK B Men . paBoTHUK.

Jlpyrue uCTOYHUKY TeTia MPEeCTaBICHBI HE OT/ICIbHBIMU KOMIIOHEHTAMH, a C IOMOIIBIO
Pa3IMYHBIX BRITATMBAHUH 1 BBIPE30B B KOMHaTe (KoMIOHeHT Room). 3amaiiTe TerioBsie
HCTOYHUKH, KaK IIOKa3aHO B TAOJIHIIE HUKE:

Tun IloBepXHOCTHBII TeN10BOI
HMCTOYHUK
Nmst IHoTo/104HbIE JTAMIIBI T
IToBepxHOCTH 00¢ BHYTPEHHHE
MTOBEPXHOCTH DJIEMEHTOB,
0003HAYAFOIINX JIAMITHI B
KOMHAare (KOMITOHEHT
ROOM)
[TapameTpsr:
TennoBas MOWHOCTb 120 W
Tun IloBepXHOCTHBII TENJI0BOI
HCTOYHUK — TT——
Nmst Tesesusop T
IToBepxHocTH BCE BHYTPEHHUE
MTOBEPXHOCTH DJIEMEHTA,
0003HAYAOIIETO TEICBU30P é
B KOMHaTe (KOMIOHEHT
ROOM)
ITapameTpsr:
TennoBas MOWHOCTb 50 W




Tun IloBepXHOCTHBIH TENJIOBOM
HCTOYHMK

Nmsa Meauuunckoe
obopynoBaHue

[oBepxHOCTH BCE BHYTPEHHHE
MMOBEPXHOCTHU JIEMEHTOB,
0003HaYaI0IHNX
MEIUITHHCKOE 000pYIOBaHHE
B KOMHATE (KOMIIOHEHT

ROOM)

ITapamerpsr:
TennoBasi MOWHOCTbL 50 W

3apaHue Onumn ynpaBneHns pacyeTom

[To ymomrganuto, pacueT koMmpopTHEIX TapameTpoB B FIOEFD oTkiroueH, T.K. 3T0
MI03BOJISIET 3aTPAYMBATh MEHBIIIE TIPOLIECCOPHOTO BPEMEHH U pecypcoB naMsith. [lomnmo
KOoM(OPTHBIX TapamMeTpoB, ¢ momoinsio FIOEFD moxHO paccuntats JlokampHOE cpenHee
Bpemst (LMA) u JlokanbpHbIl nHACKC n3MeHeHUs Bo3nyxa (LACI):

* LMA - 310 cpennee BpeMs, 3a KOTOPOE TIOTOK ITPOXOJHUT OT OTBEPCTHS BXOJA 110
KaKOH-TM00 pacyeTHOI TOUKH C y4ETOM U KOHBEKILINH, U AN Py3UH.

* LACI (JlokanpHBII HHACKC H3MEHEHUS BO3AYyXa) - 9TO OTHOIICHHUE BEIUIHHEI,
00paTHO# KpaTHOCTH Bo3ayxooomena V/Q, (V - 00bem nomereHust, O - 00beMHbII
pacxoj TeKyuei cpelibl, OCTYIAMIIEH B 3TO MOMEIICHHUE), KO BpeMEHH 7 (cpeHee
BpEMsi, 32 KOTOPOE IMOTOK MPOXOAUT OT OTBEPCTHUS BXOJA 70 PACYECTHOM TOUKH) C
YYETOM KaK KOHBEKIIMH, TaK U aupy3uu.

Pacuer kompopTHBIX TapamMeTpoB, a Takke LMA n LACI MOXeT ObITh BKJIFOYCH B
JINAJIOrOBOM OKHe Onuuu ynpaBneHusi pacyeToMm.

1 Kiukuaute Flow Analysis > Onuuu ynpaBneHus pac4yeTom.

Z# B Creo Parametric knuxnume Flow Analysis > [poekm > Onyuu ynpaeseHusi
pacyemom.
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2 Ilepeiinure Ha BKJIAAKY |
nOnOnHMTeanb|e napaMeprll EaBEDme’:MEI Agarmauvs cerku | Cospaneriie Hn‘nawwenwble napariETpEl | | -
E'lwafpr'\DKaﬂDbHDE cpenHee eper (LA Othaeia
3 BxirouuTte onuu Cunrtatb Curars g g o |

CoofiluHTe, KOrAa PACUET SaKoHUHTCA

nokanbHoe cpegHee Bpems (LMA) u
CuutaTb KOM(OPTHbIE NapameTpbl.

Brniouenue onyuu CHuTaTh
JIoKaJbHoe cpeaHee Bpemsi (LMA)
nozgonsiem paccuumams LMA,
bespasmeprnoe LMA u LACL

Cépoc

4 Kimkuaute OK.

3apaHue Llenen

3ajaiite cnefyromye rodanbHble UeI: Cp 58 uem

CpeHHﬂﬂ paanauuoHHasi Temnepartypa, : Pt 'l Cp CpeaHAn paAHALMOHHEA TeMNepaTypa 1

Cp Pa6ouas Temnepatypa, Cp ckopocTb 1 :; Fﬁ EE zii;::j"”epawpal

Cp ObbeMHasa KOHUeHTpauusa i Pt 'L, Cp OBBEMHAA KOHULEHTPALMA Brlabiaemeii Bosayx 1

BbigbixaeMblil BO3AyX.

CpeaHioo paHalMoHHYI0 TeMuepatypy u Padouyio Temneparypy Bu: modiceme
UCNONB306AMb 6 KAYecmee yeli MoabKo NOCie MOo20, KAK KII0YUme paciem
KOMpPOpmMHbIX napamempos 6 ouanocosom okxHe QMMM yIPaBJIeHHs] PACYETOM.

MN3meHeHMe HacTpoek HayanbHOM ceTKun

1 Kiukuaute Flow Analysis > HauyanbHas ceTka.

2 B Creo Parametric knuxnume Flow Analysis > Cemka > HayanbHasi cemka.

2 [locraBere ranouky 3agatb MMHMManbHbIN 3a30p.
FloEFD omnpeaenut MMHUManbHbIN 3a30p paBHBIM [ITHPUHE
MOBEPXHOCTHU, 0003Havaroiei por manueHra (0.012 m).
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3 TIlocraBsre rasiouky 3apgatb 2zl
MUHUManbHYIO TOMWUHY CTEHKM. e o |
3nauenne MuHUManbHoOM O
TOMLMHBI CTEHKU, 33JaHHOE I e | e |
FloEFD, Majo. DTo MOKET pm—

MPUBECTHU K YPE3MEPHOMY I T S—
IPOOJICHUIO CETKH, U IS pacyera, lﬁmzip B

COOTBETCTBEHHO, MOTPeOyeTcst Ee—

Sommoe xomriecrao ngbsL.
YT00BI ATOTO M30€XKaTh, 3aJ1alTe e ——

MUHUManLHYO TOMWMHY CTEHKM e =

paBHOﬁ MVIHMMaJ'I bHOMy 3a3°py, I~ Ynywuwrs paspewenite yskux karanos [V DmimisuposaTs paspeLIEiE TOHKMK CTEHOK
T.€. 0.012 m. Cépoc ¥ fetomammecnue nactporiy | Mokasars dasosyo cerey

4 Kiumkaure OK, 9TOOBI COXPaHUTH
HACTPOMKH HAYaIbHON CETKH U BBIMTH M3 ATOTO TUAJIOTOBOTO OKHA.

HacTtpouka JlokanbHOW HayaribHON CeTKMU

Jnst mogpoGHOTO paspemieHus cioxuol reomerpun komnoHeHTOB CAREGIVER u
PATIENT, a Taxke TOYHOTO yuyeTa TeIia, BhIAECISIEMOro C UX OBEPXHOCTEH, caenyer
3a1aTh JlokanbHy0 Ha4yanbHYH CeTKy.

1 Kiuuknaure Flow Analysis > [lo6aBuTb > JlokanbHasa HayanbHas ceTka.

2 B Creo Parametric kauxnume Flow Analysis > Cemka > JlokanbHasi Ha4anbHasi
cemka.

B nepese monenu BeiOepuTe KoMnoHeHTh CAREGIVER.ASM 1 PATIENT.ASM.

CHumuTe rasiouky ABTomMaTuyeckne Hactpomku. [lepeligure Ha Bkiaaky MpaHuua
Terno/Tekyvas cpeaa.

4 VYcraHoBuTe YPOBeHb pa3peLueHUs CeTKOM MeNKkux ocobeHHocTen moaenu
paBHBIM 4.

5 Ilepeiinute Ha BkiIaaky [ipobneHue a4veek. [loctaBere ranouxy [lpobutb BCe
AYENKN B TeKy4Yeln cpepe 1 yCTaHOBUTE YPOBEHb APO6NeHNs fiueeK y TeKyven
cpeae paBHBIM 2.

6 KimkanTte OK, 4TOOBI COXpaHUTH HACTPOUKH JIOKAITEHOW CETKH.

3anycrtute pacueT. B mpouecce pacuera Bol MoxeTe 3aMeTuth, uto 1eas Cp O6bemHas
KOHLIeHTpauusA BbiabixaeMblii BO3AYX CXOIUTCS MEIJIEHHEE OCTalbHbIX. XKars, moka
pelIeHne MOJTHOCTBIO COMeTCsl, HeoOs3aTeIbHO. MOYKHO OCTaHOBUTH PAacueT paHbIIe,
HarpuMmep, Korna Oy/eT TOCTUTHYTa CXOIUMOCTb JPYTHX IieJel. DTO MO3BOIUT COKPATUTh
IIPOLIECCOPHOE BPEMSL.
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PesynbraTtbl

MpocmoTtp KomcopTHbIX napameTpoB

Pacuer KoM()OPTHBIX ApaMETPOB MO3BOJIIET ONPEIEIUTh HHTEHCUBHOCTD PAOOTBHI
BEHTHJIAINH B IOMEIEHHH. TakuM 00pa3oM, MOJKHO OLIEHUTH KaueCTBO BO3/yXa B 3TOM
moMeIeHu . Takke MOKHO BBISCHUTH, KOM(OPTHA JIM TeMIepaTypa BO3ayxa s Jonei,
KUBYIIUX WINA PabOTArOIINX MIPU AAHHBIX yCI0BHUAX. [IpocMOTpeTs momydeHHbIe
3HaYeHHUs1 KOM(OPTHBIX TAPAMETPOB TO3BOJISIIOT MHCTPYMEHTBI 00pabOTKH Pe3yJIbTaToB.

ONEHUTD, HACKOIBKO IPPEKTUBHO CUCTEMa BEHTHIISILIMY YAAJSIET 3arpsi3HEHHBIH BO3IYX,
MOKHO C IIOMOUIBIO CJIEAYIOIIUX JIByX IIapaMeTPOB:

* D¢ dexTuBHOCTH Yiasnenus 3arpsizHenuii (CRE). O1oT mapameTp o3HauaeT
3¢ eKTHBHOCTH pabOThI CUCTEMbI BEHTHIISILIUK 0 YIAJICHUIO 3arps3HEHHOTO
BO3/lyXa U3 BCEro paccCMaTpUBAEMOro NpocTpaHcTBa. s uneanbHOU CUCTEMbI
CRE = 1. 3naueHus BbIlIe WIK HIDKE | 03HAUAIOT COOTBETCTBEHHO BBICOKYIO HITH
HU3KYH0 () GEKTHBHOCTH PaOOThI CUCTEMbI BEHTHIISIIHH.

* JlokaJbHbIi NMoka3arelib kayecTBa Bo3ayxa (LAQI). Otot napameTp o3HauaeT
3¢ PEeKTUBHOCTH pabOTHI CHCTEMBI BEHTHIISINH 10 YIAJICHHIO 3aTrPSI3HEHHOTO
BO3/yXa M3 ONPEIEICHHON TOYKH IPOCTPAHCTBA.

CHCHyIOH.[I/IC napaMeTphl MO3BOJIAIOT OIIPEACIINTL, HACKOJIBKO KOM(bOpTHOfI ABJIACTCA
TeMIeparypa Ajisd J'IIOZ[GI\/‘I, HaxoAsmKuXCs B 3TOM BEHTUWIMPYCMOM IMOMCIICHUU

e Cpennss paauanuonHas temmneparypa (MRT) - ognopoanas remmneparypa
BOOOPa)kKaeMOro YEPHOTO TEJIa, OTAAIONIETO B OKPYKAIOIIYIO CPEy CTOJIBKO JKe
TEIUIOTHI 32 CYET PAANAIIMOHHOIO U3ITyUCHHUS, CKOJIBKO HEKUH yCIOBHBIN
T10JIb30BATEIb.

* PaGouasi reMneparypa - 0JJHOpPO/IHAsI TEMIIEpPaTypa BOOOPa)KaeMOro YepHOro Tea,
OT/IAIOILIETO B OKPYKAOLIYIO CPEY CTOJIBKO JK€ TEIJIOTHI 32 CUET PaJAUalliOHHOTO
N3JIY4YCHUA U KOHBCKIIUH, CKOJIBKO HEKHH yCHOBHLIﬁ II0JIB30BATCJIb.

* OueHOYHasi TEMIIEPATYPa - 3TO PA3HOCTh MEXKy TEMIICPATypPOi B TOUKE
paccMmarpuBaeMoi 30HBI U TEMIIEpaTypoit okpyskatoiieit cpensl. "Oyenounasn”
O3HAYaeT, YTO TEMIIEpaTypa B TOUKE OIIPEACIISIETCS Ha OCHOBE OLIYIIECHHUH YelIoBeKa
(omrymeHus Temia Wiv Xoo/Ja B KaKOH-JIM00 4acTH Tena), CBA3aHHBIX C
IIOABUXKXHOCTBIO U TeMnepaTypoix'I BO3ayXa, IpH yCJIOBHUH, YTO BJIAXKHOCTb U
panuaoOHHOE H3TyYCHHE TIOCTOSHHBI.

* Tloka3zarennb Bo3ayxopacnpeneaeHusi (ADPI) - 5To npoLeHT Touek B MOMEIIEHUH,
B KOTOPBIX CKOPOCTH Bo3ayxa MeHbIne 0.35 m/s, a olleHOYHast TeMreparypa
Haxonutes B npenenax ot -1.7 °C no 1.1 °C.

HO6pamume enumanue, umo 6 kauecmee Obvemuwvix napamempos OyeHounast
memnepamypa uiu ADPI paccuumuleaiomest 8 3a0annom obwveme. Bo écex Opyeux
CYUASIX PACCMAMPUBAENCSL BCSL PACYEMHASL 0OIACMb.
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¢ HNnupexc komdoptHocTu o ®anrepy (PMYV) - 370 nokaszaresnb OLEHKU
MHUKPOKIUMaTa OOJBIIION TPYIIION JIFoel 1o 7-0aibHOM IIKajie, OCHOBAaHHOM Ha
TEIJIOBOM OaJlaHce Tea desioBeKa. TeroBoii 6anaHc JOCTHraeTcst Torna, Koraa
TEIUIO, TPOU3BOIUMOE YETOBEKOM, CTAHOBHUTCS PAaBHBIM TEIUIOBBIM IIOTEPSM B
OKPYKaIOIIyI0 CPezy.

AOBOSLHO HeWTpanbHasi | AOBOMbLHO
xonogHo npoxnagHo | nNpoxnagHo | oueHka Tenno Tenno *Kapko
-3 -2 -1 0 +1 +2 +3

¢ IlporHo3upyemMblii IPOLEHT HeJ0BOJIbHBIX KauecTBOM cpenbl (PPD) -
T0Ka3aTeNb TEIUIOBOTO ANCKOM(OPTA HITH HEYIOBICTBOPEHHOCTH JIIONIEH, KOTOPBII
BBIPAYKAETCsI B IIPOIICHTHOM OTHOIICHHH JIFOZIEH, KOTOPBIM NP JaHHBIX YCIOBHSX
CJIUIIKOM XOJIO/THO HJTH CJIUIIKOM YKapKo.

Mony4yeHune 3HavyeHus CRE

Paccunrannoe 3HaueHue DpdexkruBHocTn yaanenus 3arpssaennii (CRE) Bol moxkere
YBUJETH B CBOJTHOM OTUETE O pe3yJbTarax.

B nepese ananu3a KIMKHUTE MPAaBOX KHOIIKOM MBIIIH 2|
110 UKOHKE Pe3ynbraTtbl U 13 KOHTEKCTHOTO MEHIO ena Agga =l
BbIOepuTe CBOAHBLIN OTYET. E:pu.'iiﬁm:: Her
Bl
3nauenne CRE BolabixaemMblii BO31yX HAXOIUTCS oo i e 26 16t 