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PACUET TYPEUMHHOM CTYIIEHU 110 3A30PAM KAK PEIIIEHUE
OBPATHBIX ADPOJJUHAMMNYECKHUX 3AJIAY B CBOBOJHBIX
KOJIBIIEBBIX KAHAJIAX

[IpencraBneHsl pe3ynbTaThl CPaBHEHWS pacyeTOB CTYNEHHM OCEBOM TypOWHBI C JIaHHBIMH €€
9KCIIEPUMECHTANIBHBIX ~HCCIICOBAHUM. PacueTsl BBIMOJHEHBI € IIOMOINBIO HOBOTO METOJa pacdera
OCECHMMETPHUYHOTO TEUCHHS B CBOOOJHBIX KOJBIEBBIX KaHanax. KoIbIeBOW KaHal paccMaTpHBAETCS Kak
Yyeperyomupecss yJacTKH JBYX THIIOB: CBOOOJHBIC YYacTKH M YYaCTKH, 3arpOMOKACHHBIE HEKOTOPBIMHU
yCTpoicTBaMH, CIOCOOHBIMU U3MEHATH YTJIBI 3aKPYTKHU MOTOKA. [lomydeHo xopolee COBIaJeHNE PACUETHBIX U
AKCIEPUMEHTANBHBIX 3HAUEHUI TapaMeTPOB MOTOKA.

KaroueBble cji0Ba: MpOTOYHAs 9aCTh, MEKBEHIIOBBIN 3a30p, 00OpaTHas 3afada, IMHUA TOKa, TypOUHHAs
CTYIIEHb.

BBenenue

OfHUMH W3 BaXHBIX DSJEMEHTOB OCEBBIX TypOOMalMH ABJISIOTCS auddy3opHbie
YCTPOMCTBA BBHIXJIOMHBIX W MEpPexXoaHbIX mNaTpyOkoB. IloBeimieHne s¢ddekTuBHOCTH 3THX
JIEMEHTOB B  OOJBIIMHCTBE  CIy4yaeB IMPOU3BOAUTCA IYTEM SKCIEPUMEHTAIbHBIX
WCCJICIOBAaHUA WJIM HCIIOJIb30BAHUS PACUETHBIX WCCIEAOBAHUN YHCICHHBIMU METOJaMU
(CFD-tiporpamMmbl). DKCIIEpUMEHTAIbHBIC HCCICIOBAHUS TPEOYIOT 3HAYMTEIBHBIX 3aTpaT
CpEICTB W BpeMeHH, a B cBow odepeab CFD mporpamMmbl TpeOyIOT 00s3aTeNbHON
BepuduKanuu ¢ (QU3HYECKUM OKCIIEPUMEHTOM. OTO YCIOXKHSET pEHICHHe MPOoOIeMbl
yIy4IIEHUs a’pOAMHAMHYECKUX XapakTepUCTUK Iu(QPY30pHBIX YCTPOMCTB, pabOTaIONIMX
COBMECTHO CO CTymneHsMU TypOuHbl. [loaTomMy mpezacTaBisieTcsi akTyalbHbIM HCHOJIb30BaHUE
00paTHBIX A’POJUHAMHYECKUX 3a/1a4, KOTOPBIC IMO3BOJISIOT IMONydYaTh KAYECTBEHHO HOBBIE
KOHCTPYKTHBHBIE PELICHHUS 32 pa3yMHOE BpeMsl.

IlocTanoBka 3a1a4M Hcc/ieJOBAHUA

PazpabGortannsiii aBTopamu metona [1, 2] mo3BoMsET, KaK pacCUUTHIBATH TEUYCHHE B
KaHajaX C W3BECTHOM TreomeTpuei (mpsmas 3amada), TaKk U MPOSKTUPOBATH KaHAIBI O]
3aJJaHHbIEe adpoJMHaAMHUUecKHe yciaoBus (oOpatHas 3anaya). Ho Bceraa ocraeTcst akTyalbHbIM
BOMPOC BBIOOpa a’POAMHAMHUYECKUX YCIOBHM, JUISI KOTOPHIX HEOOXOIWMO CIPOEKTHPOBATH
T Qy30pHOE YCTPOWCTBO, a HMMEHHO: 3TO BBIOOpP MapaMeTpoB sjapa IOTOKAa BHYTPH
muddy3opa v BIOOP MapaMeTpoB MOTOKA BO BXOAHOM cedeHuu nuddyzopa. s Toro 4rods
3aJaTh TapaMmeTpsl MOTOKa Ha Bxoae B Aud@y3op HEOOXOAMMO 3HATH HapaMeTphl 3a
MocleHe CTyNneHblo OTceka (UMIUHApA) TYpOUHBI, TUOO 3a HAMPABISIONIMM armapaToM,
KOTOPBII MOXET ycTaHaBnuBaThca mepen audp¢y3opoM. UToObl pemmTs 3Ty 3aaady, ObLT
pa3paboTaH MeTo AJsl ONpeAesieHUs] MapaMeTPOB OCECUMMETPUYHOTO MOTOKA B KOJIBIIEBOM
KaHayie, BHYTPU KOTOPOTO PACIOI0KEHbl YCTPOUCTBA, CIIOCOOHBIE M3MEHATH YIJIbl 3aKPYTKU
notoka [3]. Jyig momydeHus] JOCTOBEPHBIX XapaKTEPUCTHK MOTOKa Ha BXxoxae B auddysop
HEOOXOIMMO TIPOBECTH TECTHPOBAHWE METOJA W CPaBHHUTH JaHHBIC PacueTOB C JIAHHBIMU
AKCIIEPUMEHTATIBHBIX HUCCIIETOBAHUM.

OO0BLeKT ncciaexoBaHus

B kauecTBe 0OBEKTa HCCIEOBaHHS BBIOpaHA CTYNEHb OCEBOW TypOWHBI, KOTOpas
Obuta ucnbeiTana Ha kKadeape typoumHoctpoenus HTY «XIIW». [laHHble 3KCIEpUMEHTOB
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JT100€3HO MPEIOCTaBICHbI KaHAUIATOM TEXHUYECKUX HayK, AoueHToM ['pedHeBpiM B.K.
['eomeTprueckre XapakTepUCTUKH CTYNEeHW NpuBeAeHbl HAa puc. 1. CrynmeHb numeer
MWIMHAPUYECKHE pabodne U COTUIOBBIC JIOMTATKH.

-1 A o [MonmHble mapamMeTpsl Ha BXOJAEC B CTYIICHb:
iy - i * 5 * 3
8 . 2y ) Fy =800 kr/m~, vy =0,91 m”/kr.  Pacxon
| | BO3/yXa uepes crynens G = 2,69 kr/c.
= Metoa pelieHHs1 a3pPOAUHAMHYECKOMN
=]
e 3a1a4m

JleTabHO 3TOT METOJI ONKCaH B paboTe
[3]. Ilomaraercsi, 4YTO KOJBLEBOM KaHaJI
COCTOMT M3 4YEPEIyIOIIMXCS YYacCTKOB JIBYX
TUTIOB: CBOOOJHBIX YyYacTKOB U YYacTKOB,

3arpOMOKIEHHBIX HEKOTOPBIMH
I R [N AN YCTPOMCTBaAMH, CHOCOOHBIMU HM3MEHSTH YIJIbI

W [ ] o 3aKpYTKHA [IOTOKA. Pacuér TEYEHUS

2] o

= = NIPOU3BOAUTCS B TOPLIEBOM CEUECHUU

e

cBoOOmHOrO ywactka. Pabouee Teno —
CKHMaeMoe M HEBS3KOe, a TEYCHUEe —
yCTaHOBHBIILICECS, anuabaTu4eckoe,

Puc. 1 —I'eomeTpudeckne XapaKTepUCTHKU CTYTIEHU

OCECHMMETPHYHOE U OE30TPHIBHOE.

Jnst ommcaHusl TeueHHs pabodvero Tela HCIOJIb30BATUCH CIEAYIONINE ypaBHEHHUS,
3alKMCaHHbIC B IIMJIMHAPHYECKOH CHCTEME KOOpIWHAT: l) ypaBHEHHE COXpaHEHHs SHEPTHU
BJOJb JIMHUM TOKA; 2)yYpaBHEHHWE W303HTPONMMUHOTO TpolLecca BJIOJIb JHMHUU TOKa;
3) ypaBHEHHE HEPa3pBIBHOCTH; 4) NPOEKUUS YPaBHEHHS KOJMYECTBA [JBIDKCHHMS Ha
panuanbHOE HAmNpaBiCHUE; S5) MPOEKIMsS YypaBHEHHMS KOJIMYECTBAa JABIDKEHHS Ha OCEBOE
HarpasJICHUE.

BBenena QyHkuus TOKa, M cHUCTeMa M3 ISATH YpaBHEHHWH CBEJIEHA K CHCTEME JIBYX
ypaBHeHMi [3], k nuddepeHIaIbHOMy YpaBHEHMIO M aHAJIMTHYECKOMY. 3ajada pacuera
TEYEHUS B BHIOPDAHHOM CEUEHHHM CBOOOJHOTO YYacTKa KOJBIIEBOTO KaHala — 3ajaa4a
HEJTMHEHHOTO IPOTPaMMHUPOBAHUs, HE3aBHCHUMBIMH TEPEMEHHBIMH KOTOPOW BBICTYHAIOT
HEHM3BECTHBIC BEIIECTBEHHBIE KOA(OUIMEHTH (PYHKIUHU TOKa, a IeseBas QyHKIUS — cymMMma
KBaJIpaToOB HEBSI30K I10 PACXO.LY, ONPEACISIEMBIX U3 YPAaBHEHHS COXPAHEHHS YHEPTHH.

Pe3yabTaThl pacyeTa mapaMeTpoB MOTOKA 32 COMJIOBBIM aNNapaToM CTYNeHH

JInst onpeneneHusi mapaMeTpoB pabodero Teia (BO3Iyxa) 3a COIUIOBBIM aIapaToM
(ceu. [ Ha puc. 1) ObUIM 3a1aHbBI: TIOJHBIC JaBJICHUE U YJIETbHBIN 00bEM Ha BXOJIE B CTYTICHD,
pacxox pabodero Tema, MoKas3arelb anualdaThl, a TAKKe paclpeesieHHe 10 BBICOTE CeYeHus [

yIila IOTOKa O] U KBajpaTa Kod(hGHULUUEHTa CKOPOCTH COILIOBOM peIIeTKH (p2 (puc. 2). Otn
JaHHBIE OBUIH B3ATHl HA OCHOBE PE3YJIbTaTOB SKCIICPUMEHTAIBHBIX HCCICIOBAHUH.

o (pz
17 0,95
15 | e AL 0,75
13 . ‘ - ‘ 0,55
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Puc. 2 — DkcrieprMeHTaNbHBIE PaCTIPEeNIeHNs yIila TIOTOKa oLy d
¥ KBaJ[paTa Kod(QHIMEHTa CKOPOCTH (” 6 MO BEICOTE CeueHH s |
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B pesynbrarte mpoBeeHHOTO pacdera B CEYeHUH [ OBLIM TOIYYEHBI paclpeaeIcHuUs
pacxojia, CTaTUYECKOTO JIaBJICHUS, CKOPOCTH U €€ COCTaBJISIOIINX IO BBICOTE PEIIETKH.
CpaBHEHHE pacCUETHBIX M DKCHEPUMEHTAIBHBIX IAHHBIX TOKAa3aHO Ha pHC. 3, TIe
NPEeJICTaBIICHBI PACTIpEICICHHUs CTATUYECKOTO JaBIeHHUS P U IByX COCTaBJISIOIIUX CKOPOCTH
Ci. u Ciy Broab ceyeHus / (CKOPOCTU OTHECEHBI K ckopocTH C), 5KBHBAJICHTHOM Nepenany
HA CTYIEHB).
P, 450 Xopoliiee COBMaIeHUE MOTYUEHO

Kr 350 ,—l’! I cTaTHYeckKoro pgaBineHus.  Jlus
2 o

M- 250 pacnpeaeneHuii COCTaBIISIOIIMX
150 - CKOpOCTEH  HAWOOJBIINE  Pa3IHYHS

50 ‘ ‘ ‘ MMEIOT  MECTO B  KOPHEBBIX W

_ 165 185 205 225 245 nepudepuiiHBIX 30HAX. JTO MOKHO

Ci: 0:27 1 OOBSICHATh BIUSHUEM Ha XapakTep

0,23 1 TEYCHUS KOHIIEBBIX SIBIICHHIA,

0,19 1 CBSI3aHHBIX C BTOPHYHBIMU TCUCHUSMH B

0,15 ‘ ‘ ‘ ‘ JTHX 30HaX.

165 185 205 225 245 Pe3syabrarsl pacyera

Cn napaMeTpoB MNOTOKa B KaHajle 3a
0,9 - pado4umM KoJiecoM

0,8 Jns  ompeneneHuss mapaMeTpoOB

0,7 MoToKa 3a paboumm Kojecom (ced. 2,

0,6 ‘ ‘ ‘ ‘ puc. 1) HUCXOAHBIE TaHHBIC OTIMYAIUCH

165 185 205 225 245 OT pacuera 3a COIUIOBBIM amIaparom,

R,MM TaK KaK HM3BECTHO AIKCIEPUMEHTAIBHOE

Puc. 3 — Pacripenesnenust mapaMeTpoB MOTOKa pacrpe/ieicHUe TOJNHOrO NABIECHMS 3a

3a COIINIOBBIM amrapaTrom:

pabounm  kojecom. Jlms  pacyera
—m— JKCIICpUMEHT; pacuet

3a/laBajliCh pacxoj] pabouero Tena,
nokKas3arenab aauadaTel, a B CEYEHHMU 2 — pacHpeiesieHHs IO BBICOTE yIya MOTOKa [, M

%
pacnpeneneHue yAeapbHOro oObeMa M IOJAHOro JaBieHus P . Ha puc. 4 nokxasaHsl

*
pacrpeaciiCHus yria rmoToka BZ H IIOJHOI'O JaBJICHUA PZ , [IOJTYYCHHBIC S9KCIICPUMCHTAJIbHO.

B2 Pz*, Kr/M?
40 300
30 / 200
20 ,.__._n/""/ 100

10 M 0

165 185 205 225 245 165 185 205 225 245
R, MM R, Mmm
a o
Puc. 4 — DxcniepuMeHTaNBHBIC pacipeaeieHus yria B, a
¥ TIOJTHOTO JIaBNeHNs P, 6 IO BBICOTE 33 PAGOUMM KONECOM

Kak u mpu pacuere ceyeHus / 3a COIUIOBBIM aIllapaToM, B CEUYEHUM 2 3a pabouuM
KOJIECOM IIOJIyY€Hbl DPACIpPENENIEHUs] PacXxoja, CTaTUYECKOrO MaBJICHHs, CKOPOCTH M €€
COCTaBJISAIOLIMUX 110 BBICOTE PELIETKH.

Ha puc. 5 mpenacraBineHsl paclpelneneHusi CTaTHYECKOro NaBieHust P, M IByX

coctapmsitonux ckopoctu C2; u Cpy, BOONL paauyca. M3 pucyHKOB BHUAHO, YTO pacyeT B
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szﬂ5 CEYEHMH 2 JaeT XOpOIIEe COBIAJICHUE
X 405 /y‘f pacyYeTHBIX 5 AKCIICPUMEHTAJIbHBIX
2

JTAHHBIX B smpe II0OTOKA. OTJII/I‘-II/ISI B

M
95
] / KOPHEBOH 30HE W TmepudepuiiHON 30HE
LR pe—

75 | | OOBSICHSIOTCS ~ BIMSHHEM  BTOPHYHBIX
165 185 205 295 045 TequI/H/lI3 ¥ nieprudepuitHON POTEUKH.
.. 0.37 BIBOJIBI
027 | CpaBueHust pe3yJIbTaToB
0'17 Y pPacYeTHOr0 HWCCICIOBAHUS  TYpPOHHHOI
0' 07 CTYIIEHH C  JaHHBIMH  (PU3UYECKOTO

OKCIICPUMCHTA MMOATBCPKAAIOT, UTO HOBBIM
MCTOJ pCHICHUSA adPOJUHAMHUYCCKUX 3a1a4

165 185 205 225 245

Ca 03 1 CBOOOMHBIX  KOJIBIEBBIX KAHAJIOB
0.2 MI03BOJIIET C TMPUEMIIEMOM TOYHOCTHIO
0,17 ONPENENATh PACIPEeICHUs apaMeTPOB
0 MOTOKA MO pajdycy 3a pemeTKamMu
-0,1 CTymeHed  TypOWHBI, YTO  MO3BOJIUT

165 185 205 225 245 PaCCUMTHIBATE u HPOEKTUPOBATh

R, mm MHOTOCTYIIEHYaThleé OTCEKH TypOMH, a
Puc. 5 — Pacnpenenenus napaMeTpoB MOTOKA

38 paBOYHM KOTIECOM: TaK)K€ MHCIIOJIb30BAaTh JIAHHBIE PACcUeTOB
—m— SKCIIEPHMEHT; pacuer JUIsl TIPEABAPUTEIBHOIO MPOEKTUPOBAHMS
BBIXOJHBIX TU(P(Y30pHBIX YCTPOUCTB.
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