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dananue

BbinosHuTh  pacuéT JaMHUHAPHOI'O TeYeHHs U TelooOMeHa Hec:KUMaeMoil HUAKOCTH,
oOTekaloleil rIaJKkylo IIOCKYI0 IJacTUHy. [118 JMHaMU4ecKoro MOrpaHuuHOIo CJI0s [MPOBeCcTH
aHa/u3 BJMAHUA THUIA TIPAHUYHOIO YCJAOBUA, CTABAIIErOCSA Ha yjaJeHud OT CTeHKU, Ha
nojyuyaeMoe  pelleHue.  BBIIOJHUTH  collOCTaB/leHHe  IOJYYeHHBIX  pe3y/bTaToB
€ aBTOMOJIeJIbHBIM ~ pellleHHeM ypaBHeHUii ImorpaHuuHoro cqaos (3ajada DBiasuyca). s
TeMIIepATyPHOI'0 IOIPAHUYHOrO CJIO0A IPOBECTU CONOCTABIEHUE ¢ aBTOMOJEJbHBIM pelleHreM
JUIsl pasHbIX 3HaveHuil yucaa Ilpanaris.

IlocTaHOBEKA BRIUMCIUTEIbHOM jdajgaun

Pacuérnas obaacth TpepcraBiger co6oil NPAMOYTOJbHLIN 60K, BIOJIbL HUMHEd CTEHRH
KOTOPOT'0 pacrojiofkeHa TJIacTUHA eIUHUYHON JIuHb; o6jacTh HaunHaercesa 3a 0,1 eauHuiy
10 HauaJda naacTunbl u umeet toaumny 0,25. Ha BXoanoit rpanunie crpaBa 3agaéres CROPOCTD
V=1 Baosb niacTuHbl, Ha BHIXOJHON ciaeBa — naBienne P=0 (Bce Bequvnnbl Ge3pasmepHbie).
dakTuvyeckn, B 3aJade PaAcCMATPUBAJIOCH OOTeKaHWe TOHKONH MJIACTHHL Oe3rpaHmIHBIM
HalpaBJeHHbIM BJ0JIb Heé MOTOKOM (BapuaHT (&) ¢ 3aJaHHBIM Ha BepxHeil KpOMKe JaBjeHueM
P=0) u mpoxompenne moToka uepes peméTry Takux miaactua ¢ marom 0,5 (Bapuant (6)
¢ 3aJJaHHBIM Ha BepxHeil KpoMke yeaoBueM cummerpun). ducao peiinoabaca Re = 1000.

Haa eayvyan (a) ObLIM cMOfeUPOBAHBI D ¢eRTH TernooOMeHa Npu 3aJaHHON TeMmIeparype
maatuasl T=1 (remmeparypa mnoroka Ha Bxoge T=0) maa asyx uucen Ilpangrasa: 0,71
(cooTBeTCTBYET BO3AYXY IIpH H. y.) 1 4,34 (Bosa npu 40°C).



AHanu3s pe3yjbTaToB
[Tona cropocteii nna AByX ciaydaeB u moJe AaBieHuii nug caydas (a) nsoOpaskennsl Ha puc. 1.
[TynkTupom Ha TOM e PUCYHKe TOKa3aHa TOJINMHA MOTPAHUYHOIO cjos 1o ¢opmytae Baasuyca
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Puc. 1. PacuérHas o0aacTb ¢ moaaMu ckopocteii 14 caydyaes (a, 6) U naBjieHusd aja caydas (a

L AR S |

¥y

1
|
¥ 1
!‘Fiw “' ¥ + ¥ ¥y

0.6
X-Ax1is

|
-0.005140 011as

Mo 04895
im: 40.005141

Puc. 2. Iloaa naBiaeHus u ckopoctu B cayuae (0)

B cayuae (a) naBienue majio OTRJIOHAETCA OT HYJA, TOCKOJLKY 3aJaHO Ha BepXHeil rpaHuie,
B caydae (6) magaer mo AJuHe KaHada (CHUTyalnus aHaloTHYHA PaccMOTpeHHO#l B padote 1).
[Tepen mniacTunoii moTok BOJAM3K €& ocu yaapfaeTcA O MeIJeHHO ABURYIIHecS MHepes HUM
NOrpaHuvyHbIe CJAOU, UYTO OOyCAABAMBAET JOKAJLHBIN POCT JaBlieHud, W ToOBopadnBaeT. B
JagbHeiineM JaBieHne y MIacTUHB HUke, 9eM Ha yIaJeHun oT Heé (9HepTrud AaBIAeHUA RUTKOCTH
B MTOTPAHUYHOM CJI0€ 3aTPAYNBAETCA Ha MPeooJeHne TpeHns); rpaukn AaBIeHusA 0 BHICOTe A
cevenus x=~0,7 obGjactu morasaHbl Ha puc.3. B mesom npoduium ckopoctu (puc.4) B 06oux
caydasx TO0XO0sH, XOTd B caydae (&) YacTh KUAKOCTH BBITECHAETCA MOTPAHUYHBIM CJI0EM 3a
BEPXHIO TPAHUILY U CKOPOCTU MOTOKA BHYTPH 00JACTH MAJAIT, TOT/a KAk B caydae (6) CKOPOCTh
B IIeHTpe CeYeHus pacTer.

TomuHON# MOrPAHUIHOTO CJIOS [0 YUCJIEHHOMY PACUYETY MOMKHO CYMTATH BEJIUUUHY Ogy —
paccrosnue oT MJIACTHHDLL 10 TOUKHU, I'/ie cKopocTh coctasader 0,99 ckopoetu na rpanuiie 06JacT
(T. e. HA GECKOHEYHOCTH I OJUHOYHON MIACTHHBI U B IIeHTpe KaHaga A peméTkn). Pacaér mia
MATH cedeHuil nmpeacrasieH B Tadauie 1. Bupnm, 4To ToJmuHa cjIos MOJyYHJIach MeHbIIe, YeM

no ¢opmyJe Baasuyca, XxoTsa o01ii XapakTep eé pocTa COXpaHUJIC.



0fMHOYHERA
peweTKs

Puc. 3. I'padpuru gapienus npu x = 0,7

Puc. 4. Ilpopuau ckopocrteii B ABYX ceueHUAX

Taoaumal. PesyabraTsl pacdéToB IUHAMHUKN MTOTOKA B PABIUYHBIX CeYeHUAX

CROpOCTb TOJMIMHA MTOTPAHUYHOTO CJI05A HOB(l)(l)MllMeHT TPEeHUs C,
ceyeHme .
CIyUaM Ha BEPX.TP. 3 qjo p-s1e Sy MO UMCIL. no ¢-ae .
X V| . 10 Yuced. pacyéry
xly=025  bBaasguyca  pacuéry baasuyca

(a) 1,004 0,0309 0,084
0,1 0,050 0,066

(6) 1,018 0,0306 0,089

(a) 1,007 0,0461 0,058
0,2 0,071 0,047

(6) 1,033 0,0426 0,067

(a) 1,015 0,0779 0,035
0,5 0,112 0,030

(6) 1,122 0,0765 0,049

(a) 1,020 0,1010 0,028
0,75 0,137 0,024

(6) 1,156 0,0940 0,043

(a) 1,023 0,1210 0,024
0,95 0,154 0,022

(6) 1,174 0,1050 0,038

Beumn rakme mosydeHsl sHaUeHUSA KOA((UIMEHTa TpeHUA Ha creHke (puc. 5). OHU ToJdyYHINCDH
Bhile Teoperndecknx (popmysa Brasuyca ¢, = 0,664/Re,"?), ocoGenno na nadasbHOM ydacTke
CO CJORHBIM XaparTepoM Tedenus. IIpu sToM BapuaHT ¢ OJMHOYHON TIACTHHON Ha yAAJeHUH OT
Havyajga coméincsa ¢ Teopueil (IMoCTpoeHHONl A €BOOOJHOIO O6TEKAHUA IUIACTHHBI) € XOpoIIei
TOYHOCTHIO, & B BapuaHTe (6) TpeHHe Bblllle IpuMepHo B 1,5 pasa.

(a)

n300paikeHo Ha pHc.

s caydad ObLIM  TIPOMOJIEINPOBaHbl P PerThl TemnooomMena. TemmeparypHoe moJge
6 masa Bosayxa (Pr=0,71) u Boanl (Pr=4,34). TewmneparypHblii
NOTpaHUYHbI ca0ii MOseT ObITh orneHeH 1Mo obaactu 99% mnepenana Temnepatyp (T.e. rpapur

0199 — 910 m3osmuus T = 0,01).
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Puc. 5. KoahpuuueHT TpeHUs Ha NJIACTHHE
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Puc. 6. TemnepaTypHble 10Ji U TeNI0BOI MOTPAHUYHBII CJa0M

O‘IGBI/I,[[HO, qTo IIpu 60JIbIIeM YHCJIe HpaHI[TJIH (HOR&BBIB&IOHJ,BM cooTHOIleHne MeHy YpPOBHAMU
ROHBEKTUBHOI'O 1 KOHAYKTHUBHOI'O IIepeHOoCa TeHJI&) HOFp&HI/I‘IHbIﬁ cJaoi yToJiaeTcsa MelJieHHee.
TeOpeTI/I‘{GCROG COOTHOIIeHNEe MesRIy TOJIH.[HHOﬁ TeIJIOBOTO N IMHAMUYECROT'O MOTPaHUIHbIX CJI0EB
Ot = 0 g77/pros= {2000

Ogg 0,602, Pr= 4,34

Pesyabrarnl pacuéroB mnpuBesensl B Tabaune 2. TerioBoil morpaHuuHblil ca0i OBLT Takmke
OTHECEH K JUHAMUYI€CROMY TeOopeTnieCRoOMYy, pacCiuTaHHOMY IIO (t)OpMy.He BJI&BHYC&, mpu 9ToM
[HOJy4€eHo Jy4liee (00066HHO JJIA BOS,HYX&) coBIlajgeHue ¢ TeOpHeﬁ.



Tao6auma?2. TennoBoil morpaHudHbIA CI10i MPU 06TEKAHUH OJMHOYHOM TJ1ACTUHBI
TOJIIMHA OTPAHUUHOTO CJHOS COOTHOIIIeHNE TeII0Boi MoToK Nu
ceyeHme Pr
TeIJIOBO AMHAMWY. JMHAMUY. qHCJI.
X 8rg9/B9g  Orgyl/C Teop.

T0 g9 €99 Teop. & pacu.
0,71 0,05561 1,78 1,10 29,62 41,35

0,1 0,0309 0,050
4,34 0,0276 0,89 0,55 54,15 56,42
0,71 0,0771 1,67 1,09 20,94 29,25

0,2 0,0461 0,071
4,34 0,0391 0,85 0,55 38,29 40,05
0,71 0,1229 1,568 1,10 13,25 18,22

0,5 0,0779 0,112
4,34 0,0628 0,81 0,56 24,22 24,97
0,71 0,1509 1,49 1,10 10,82 14,68

0,75 0,1010 0,137
4,34 0,0775 0,77 0,57 19,77 20,11
0,71 0,1714 1,42 1,11 9,61 13,15

0,95 0,1210 0,154
4,34 0,0886 0,73 0,58 17,57 18,02

Tarse Obl1 paccunTan 6e3pasMepHbINl yAeJbHLIN TeII0BOil MOTOK dYepes MAACTHHY (T. €. YHCJIO0
Hycceabra Nu, BblumcienHoe Mo [JjuHe IJIACTHHBI, PUC. 7) U CPaBHEH ¢ KPUTEPUATLHOI

(popmy.i0ii
Nu= (L/x)0,332Pr°*Re? .

400 —

0o

— Pr=0,71 — Pr=4,34 -- TeopusA
Puc. 7. TennoBoii norok ot miaacTunsl (okanbHoe yneao Hycceanra no L)

BriBoant

B xXojie pa60TbI OBLIO nuccesaeoBbaHo JaMUHapHOE TedeHue BOJIM3Y IIJIOCKOI IJIACTUHBI U CKBO3b
peméTRy I[JIaCTHUH, TEIJIOBble N TUHAMWYeCKue MorpaHnvHbie CJOU. SHaUYNTeJIbHbIe pacxosmaeHns
MEeM LY pvaéTHOﬁ TOJIH.LPIHOﬁ JAHAMUYECROIr'o IHorpaHnIHoro cJaos un Teopﬂeﬁ MOJKHO 00BACHUTD



HPUHIMNHAILHON TpUOMKEHHOCTBIO (opmy.abl Baasuyca: npu eé BbIBoJe NpUHUMaeTcs, 4TO

oV,
ay’

Ipm BXOo[e Ha IJaCTUHY N MOHOTOHHO H3MEHSETCsS 110 Y. BﬂeﬁCTBHTeﬂbHOCTH nmpu BXoae

=0 (,[LOHYCTI/IMO TOJIbKO IPHU AOCTATOYHO TOHKOM CJIOG), 4qTo Hqu)I/IJIb CROPOCTHU paBHOMepeH

MPOMCXOAUT BHITECHeHNE OMMEHUX K MJIACTHHE CJA0EB FHUAKOCTH, TAR YTO TPOQPIIL HA HAYATLHOM
ydacTke He MOHOTOHEH (CM. puc. 4) W MOTPaAaHWYHBIN caoii 3aMeTHo cikar. Tem Gosee cHATHIM OH
noJyvaeTcs y IJAACTHHLI B PeMIéTKe, e Aake TPH HYJAeBOH TONMHE TJIACTHH TOTOK CTECHEH
NOTPAHUYHBIMU  CJI0AMH. B To jke Bpems Biaudnue »TuX H(PPERTOB HA TemaooOMeH He Tak
BHAUUTEJbHO, W TEIIOBOIl TMOTPAHUYHBIN CJ0H 6GoJee TOYHO TMOJJIePKIBAET TeopeTHIecKue
coorHomenus Toamunbl (1,09 mia Bosayxa u 0,602 171 Bofb) ¢ TOMMUHON JUHAMUYIECKOTO CJI04,
Hafigennoit mo gopmyae Baasuyca (em. Tada. 2). Roodduipent Tpenns u TemngaoBoit moTok (puc. 5
1 7 COOTBETCTBEHHO) M3-3a HCKAaMeHUil TpH BXOJe MOJydaloTcs O0JbIIe TeopeTHUYeCKUX MU
MaJIBIX 2 U jlajee TpuGIMKA0TCA K TeOPUH; P 9TOM TPeHUe Bhillle Ha peléTke u3-3a 6oJblieil

HepPaBHOMEPHOCTH HPOPUIL CKOPOCTH CHATOTO HOTOKA.



