of

10. Serenkov,P.S., Romanchic, V. M., & Koronyevich, E. M. (2004) The Concept
Robust Projecting of the Processes Within the Quality Management System. Standartizatsiia

i Sertifikatsiia. Novosti [Standardizing and Certification. News], 2, 64—-67 (in Russian).

11. Gu b arev, V. V. (1985) Algorithms of the Statistical Measurements. Moscow,

Energoatomizdat. 272 p. (in Russian).

122.Novitskiy,P. V. & Zorgraf, I. A. (1985) Estimated Accuracy of the Measurement

Results. Leningrad, Energoatomizdat. 248 p. (in Russian).

[Toctynuna 20.01.2015

YK 536.24

68

TEIIVIOBASA DO®@PEKTUBHOCTD
BUXPEBO HHTEHCU®UKAIIUU TEILIOOTJIAYA
I'A30BOI'O IIOTOKA
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BBINOJIHEHO YMCIEHHOE CPaBHEHHE TEIUIOBOH 3((EKTHBHOCTH IPOIOJIBHOIO TEUCHHS
0HO(A3HOTO MOTOKA BHYTPH TMAAKOH TPyOBI C MONEpeuHbIM 00TEKaHHEM IIAaXMATHBIX U KO-
PHIOPHBIX KPYTIIOTPYOHBIX MydKoB B HHTepBane Re = (3—500) - 10° npu oxmuakoBoii 3atpate
moraocTd No = idem Ha npokadky ra3oBoro (BO3AyIIHOrO) MoToka. KonnuecTBeHHO Tero-
BYI0 3()(hEKTHBHOCTD OLCHUBAIIM KO3(DOUIMEHTOM i = o/ 0ly, IPEACTABIISIOIIMM OTHOIICHHUE
K03 HUIHEHTa TEIIOOTIa4Yd HCCIeAyeMOii i-if moBepXHOCTH K 6a30Boil K-ii moBepxHOCTH,
NIPUHATON B KadyecTBe HTAIOHHOH. [IpexcTaBieHsl GopMyIsl Uit pacdyeTra ynelbHOW 3arpa-
TBI MOIIHOCTH Ny IpH HPOJOJFHOM M IONEPEeYHOM OOTEKaHWM TpyOYaTOd MOBEPXHOCTH.
Iokazan cmoco0 y4eTa MECTHBIX MOTEPh HaBJIEHMS MOTOKA NPU BBIYUCICHUM YIEIbHOU 3a-
TPAaThl MOIMHOCTH. JIJIs IOJIy4eHHsI COMOCTAaBUMBIX 3HAUEHHMI i C EJIbI0 HCKITIOUEHHUS BIIHS-
HUS TUTOIIAN TIOBEPXHOCTH TEIUIOOOMEHA Ha pe3ysIbTaT He0OXO0IUMO 3aTpaTy MOIIHOCTH BHI-
YHCIISATH 110 JEHCTBUTENILHON BETHIHHE IIOMAIH TOBEPXHOCTH.

VYuyer MECTHBIX NOTEPh JABJICHUS IIOTOKA HAa BXOJE M BBIXOAE U3 TPYObI CHIXKAET KO3(-
(HUIUEHT TerIoBoH 3 PEeKTHBHOCTH IPOROIBHOTO TeueHus Ha 33 %, u ¢ 3TuM (akToM HE0O-
XOIUMO CYHTATHCS TIPH BBHINOJHEHUH PAacdeTOB dHEpreTHdecKkoil s¢dexruBHoCTH. [lonepeu-
HOe O0TeKaHHe IIIAJKOTPYOHBIX My4KOB Oosiee 3((GEKTUBHO MO CPABHEHHUIO C MPOIOIBbHBIM
TEUEHHEeM BHYTPU TPyObl BO BCeM HMHTepBasne u3MeHeHus uncia Re. TemoBas sddexrus-
HOCTb IIAXMAaTHBIX my4KkoB 1pu Ny = idem wa 10—13 % Gosbine KOpuaopHBIX. B mepexoqHom
untepsane Re = (3—10) - 10° npu Ny = idem ko> HUIHEHT TEMIOOTIAYN MAXMATHOTO My4Ka
MU BHEIIHEM OOTEKaHMHU IPEBBIIAET TEIUIOOTAAUy MPHU TEUSHUH BO3JyXa BHYTPU TPYOBI
B 5-2,1 pasa, a mpu Re = 10° — B 1,6 paza.

KnaroueBble ciaoBa: kodpduuueHT TeruroBo 3(¢EKTHBHOCTH, HPOJOJIBFHOE TEUYCHHE
BHYTPH TpYOBbI, MONepeuHoe 00TeKaHHE IIaXMaTHBIX U KOPUAOPHBIX ITy4YKOB, 3aTPaThl MOIL-
HOCTH, 3Hepreruyeckas 3¢ GpeKTuBHOCTb.

Wn. 3. bubmuorp.: 11 nass.



THERMAL EFFECTIVENESS OF THE GAS FLOW
VORTICAL HEAT-RELEASE INTENSIFICATION
AT AXIAL AND TRANSVERSAL FLOWING-AROUND
THE ROUND-TUBULAR SURFACES

Part 1
KUNTYSH V. B.Y, SUKHOTSKIY A. B.Y, YATSEVICH A. V.2

YBelarus State Technological University,
2JSC “Minsk Plant of Automatic Lines named after P. M. Masherov”

The authors present a numerical comparison of the thermal effectiveness of the monopha-
sic-stream axial flowing inside a smooth pipe with transversal flow-around of staggered and
in-line tube banks in interval Re = (3—500) - 10° with equal power input Nq = idem for priming
gas (air) flow. Coefficient y; = aj/ay estimates the thermal effectiveness quantitatively and
represents the relation of heat-emission coefficients of surface i being examined to base-
surface k assumed standard. The paper offers estimation formulae for the specific power in-
put N, at axial and transverse flowing-around of the tubular surface and shows an accounting
technique for the stream-pressure local losses. To exclude the heat-exchange surface square
influence on the result and for obtaining the comparable values of v; it is indispensable to cal-
culate the power input by the effective value of the surface square.

While performing computations of the energy effectiveness it is necessary to recon with
the fact that accounting for the stream-pressure local losses at the tube entrance and exit
reduces the axial-stream thermal effectiveness coefficient by 33 %. Transverse flow-around
of the smooth tube banks is more efficient in comparison with the in-tube axial flow within
the entire interval of numeral Re changing. The staggered banks thermal effectiveness at
No = idem is by 10—13 % more than of the in-line ones. In transient interval Re = (3—10) - 10°
at Ng = idem the staggered-bank heat-emission coefficient with outside flow-around exceeds
the heat-emission with in-tube air flow by 5-2,1 times, and at Re = 10° - by 1,6 times.

Keywords: coefficient of thermal efficiency, in-tube axial flow, transversal flow-around
of staggered and in-line tube banks, power input, energy effectiveness.
Fig. 3. Ref.: 11 titles.

I'mankas xpyrias TpyOa LIMPOKO NPUMEHSETCA B KauecTBE IIOBEPXHOCTH
TEIUI000MEHa PeKyINepaTHUBHBIX alllapaToB IIPOMBIIIJICHHON TEMJIo- U aTOMHOMI
SHEPreTHKH, a TAK)KE B TEIJIOTEXHOJIOTMUECKUX YCTAaHOBKAX pa3iM4YHBIX OTpac-
Jie HapojaHoro xoasiiictBa. HapamiuBaHue arperaTHONW MOITHOCTH SHEPreTH-
YECKMX MAIIMH U TEXHOJOIMYECKHX YCTAaHOBOK COIPOBOXKIAETCSl YBEIMYCHU-
€M Ta0apuToB TermI000MeHHBIX anmapatoB (TA), METaII0eMKOCTbh KOTOPBIX CO-
CTaBISIET 3aMETHYI0 4YacTb MAacchl OCHOBHOro obOopynoBanus. Hampumep,
B HedTernepepadaThIBAIONINX W XHUMHUYECKUX MPOM3BOJICTBAX Macca TEIUIo00-
MEHHBIX anmapatoB ngocturaer 35—40 % oOmeil Macchl BCeX TEXHOJIOTHYe-
CKHUX alapaToB, B MApOTypOMHHBIX YCTAHOBKAX 3TO COOTHOILIEHHE KOJIeOseTcs
B uHTepBaie 45—55 %, a B XOJIOJWIBHBIX MallMHAX Pa3IM4YHBIX THUIIOB Macca
OCHOBHOM TEIJIOOOMEHHOM amnmapaTypbl cocTaBiisgeT 55—70 % ot o0meli Macchl
MaIlUHBI.

JlefiCTBEHHBIM HampaBJICHUEM CHIDKCHHUS Macchl U rabaputoB TA sBisercs
WHTEeHCU(UKaNKUs TermiooOMeHa. B mocienHue qBa AecsTuieTus yaensercs 3Ha-
YUTEJIbHOE BHHMAaHME HCCIEAOBAaHMUIO cloco0a BUXPEBOH HHTEHCH(HKALUH
TEII000MeHa Ta30BbIX (BO3MIYNIHBIX) MOTOKOB. 3JieCh BMECTO HpPHUMCHEHHUS
KJIACCMUECKHUX MEXaHW4YecKuX TypOynuzatopoB [1] B BHIE HCKYCCTBEHHOH IMpe-
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JEeTbHOM M JTUCKPETHOH IIEepOXOBAaTOCTH HA TEIJIOOTAAIOUICH IMOBEPXHOCTH
peTapiepoB, IIHEKOB, 3aBUXPHUTENICH Il BO3JCHCTBUS Ha MOTPAaHUYHBIA CION
C LEJIBI0 ero TypOynu3aluy U OOHOBJICHHS NPUMEHSIOTCS HAHOCHMBIE Ha II0-
BEPXHOCTHb yIIIyONeHus: pasnuuHoi ¢Gopmbl (IMIMHAPUYECKHE U KOHHUYECKHUE
BBIEMKH, TOITyCepHUUECKUE JTYHKH, MEIKHE U KPYIHbIE cepruecKkre BHIEMKH,
IIMIITHYECKUE BBIEMKH U T. 1.), KOTOpPBIE SBIISIOTCS T'€HEPAaTOPaMU BUXPEH
B MPHUCTEHHOM CJIO€ JBMXKYLIETOCS MPUHYIUTEIBHOIO MOTOKA. DTO OTPake€HO
B OOJIBIIIOM KOJTMYECTBE MyOIHKAIMi MO JaHHOMY crioco0y MHTEHCH(UKAIWH,
M3 KOTOPBIX CIEIyeT OTMETUTh paboThl [2—4] ¢ 00CTOSATENEHOW B HUX OHOIHO-
rpadueil IepuoANYECKUX U3JaHNH.

[Nonmapnstoree OOMBIIMHCTBO ITyOIWKAIWN MOCBSIIIEHO BUXPEBON MHTEHCH-
¢uKaMy TEMIOOTHAYM IUIOCKHX ITOBEPXHOCTEH IIENEBBIX NPSIMBIX KaHAJIOB,
KOTOpBIEC XapaKTepHBI JJIs MIacTUHYATBHIX TA, HMEIOINX MEeHbLIee MPUMEHEHUE
[0 CPAaBHEHUIO C TPYOUATHIMH B PA3IUYHBIX OTPACISIX HPOMBILUIEHHOCTH U TEX-
HUKHA. BMecTe ¢ TeM HM3BECTHBI eIWHUYHBIE PaboTHI [5, 6] MO HCCIeTOBaHHIO
TEIUTOTH/IPABITUUECKUX XaPAKTEPUCTUK HUIMHAPHYECKHX TPYO C IOBEPXHOCTHIO
13 cQepruecKUX JYHOK, PEaTH3YIOIIUX CIOCO0 BUXPEBOM HWHTCHCHU(HUKAIINU.
OnHako B mMyOMUKAIMAX OTCYTCTBYET JOCTAaTO4HAs MH(pOpMAaUus MO IreOMEeTpH-
YeCKHM IapamMeTpaM yriayOleHHuiH, KoTopasi IO3BoJIMIA Obl BEIYMCIUT YBEITHYe-
HHUE TEIUIOOTAAIOMIEH TUIOMAAN MOBEPXHOCTH NMPHUMEHEHHEM HHTEHCH(UKATO-
POB, a HE OrpaHMYMBATHCS KOHCTaTallMe O €€ He3HAUYUTEeIbHOM H3MEHEHUH
Y UCTIOJIb30BAaHUN TEXHUUYECKH HEOTPE IeIEHHBIX MOHSATHI THUITA «MEJIKUE, KPYII-
HBIE JTYHKW». DTO MO3BONMWIO OBl OOBEKTHBHO BBIABUTH TEIIO(HU3NIECKYIO CTO-
poHy Takoro cmoco0a HHTeHcH(UKanuu, paznenuB 3¢dexkr mo yBemuue-
HUIO TEIUIOOTIA4YM Ha JBE COCTABIIAIOIIME: OT HapallMBaHMs TEIUIOOTIArOLICH
MOBEPXHOCTH M BCIEJCTBUE BO3JEHCTBUS 00pa30BaHHBIX BHXPEBBIX CTPYKTYP
yrinybieHusMu. B nurepaType OTCYTCTBYIOT KOJMYECTBEHHBIE OLIEHKU d(pdex-
TUBHOCTH BHMXPEBOM MHTEHCH(UKAIMU TEIUIOOTHA4Yd IO €JUHOM METOIUKE
B COMOCTABUMBIX YCIIOBUSX TEIUIOBOHM, MPUMEHEHHOW Ui KPYIJIoW TpyOBl mpu
pasHbIX HaNpaBICHUSIX TeUeHHs MOToka. Takas TpyOa siBisiercst ©a30BOH aus
3HAYNTEIFHOU TPYIIITEI peKyTepaTHBHBIX TA.

[Ipu sKCHEpUMEHTATFHOM HCCICJOBAHUH TOMEPEYHO OOTEKAEMBIX ITYYKOB
a’poMHaMHU4YecKoe (THAPABIMUECKOE) CONPOTHUBIEHUE BKIIOYAET MECTHBIE CO-
IIPOTHUBJIEHUS BXOJIa ITOTOKA B IIyYOK M BBIXOAA M3 Hero. B ¢gopmynax mis pac-
4YeTa CONPOTUBIICHUS MPOAOIBEHO 00TEKaeMbIX TPYO HET MECTHBIX COTPOTHUBIIE-
HUM BXOAa M BBIXOJAa, KOTOpPHIE YYHUTBIBAIOTCS OTHENBHO uepe3 Kodhdu-
LUEHT MECTHBIX CONPOTHUBICHUHA M CYMMHUPYIOTCSI C COIPOTHBICHHEM TPYOBI.
[TosTOMY MpH conocTaBieHUN TEIIOBOH 3P PEKTHBHOCTH MOMEPEYHOTO 00TEKa-
HUS My4yKa ¢ 3((EKTUBHOCTHIO TPYOB! B MPOJOIBHOM MOTOKE HEOOXOIUMO IO-
CIIETHIOI0 PACCUHUTHIBATH C YIETOM MECTHBIX CONPOTHBICHHUH.

C ydeToM H3JI0)KEHHOTO IIeNTb MCCIIEJJOBAHWN aBTOPOB CTAaThU COCTOsIAa B
CIICAYIOIIEM:

® BBINIOJHUTH CPAaBHEHHUE TEIIOBOH 3((EKTUBHOCTU INMagKOW TpyOBI B MpO-
JOJBHOM TOTOKE C Y4€TOM MECTHBIX CONPOTUBICHUH U 0€3 HUX B IIHPOKOM HH-
TepBaie Re, oxBaThIBalOIIeM PEKUMBI IKCIUTyaTallMd TIaJKOTPYOHBIX ra3o-
ra3oBbeIX TA;

® TIPOBECTH CpPaBHEHHUE TEIIOBOH 3()()EKTUBHOCTH IIaXMAaTHBIX U KOPUIOP-
HBIX IYYKOB U3 INIAAKUX TPyO B MOMEPEYHOM IOTOKE MEXIy co00i u 3¢ dek-
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TUBHOCTBIO TPOAOJIBHO OOTEKaeMOW TpyOBl, SBISIOMIMXCS 0a30d (3TaJOHOM)
JUIs. BBIYHMCIICHUS! KOJMMYECTBEHHBIX 3HAUeHUH kKoadduuuenrta 3¢pdexkruBHOCTH
BHXPEBOTO CIIOC00a MHTCHCU(PUKAIINA TETUIOOTIAYH.

st mocTHKEHHUs TIOCTAaBJICHHOW 1IeTM MCIIOJIb30BaHa M3BECTHAs METOIUKA
B. M. Anrydnbesa [7] ans cpaBHEHHs] KOHBEKTHBHBIX IMOBEPXHOCTEH MO TeIJIo-
BoHi adpexTuBHOCTH. COTIIaCHO ATOW TEOPHH B JIOTApU(YMHICSCKUX KOOPIUHATAX
o = f(No) mocTpoens! kpuBbie 3)(HEKTUBHOCTH COMOCTABISIEMBIX TOBEPXHOCTEH,
a TEIUIOBOE (3HEPIeTUUECKOE) COBEPIIEHCTBO OLIEHEHO IIPU OJJMHAKOBON 3aTpaTe
momroctH Ny = idem, Br/M’, Ha TpPOKauKy TEMIOHOCHTENS KOI(QHIHEHTOM
TeIUI0BOH 3¢ (PEeKTUBHOCTH

O

Vi=—m, 1)
o

TIe o4, O — KOX(PGHUIMEHT TEIIOOTAauH i-if u K-ii (IpHUHATON 3a STallOH WM
6a3y) MOBEPXHOCTH TerTooTaaqH, Br/(M*K).

@opmyna s BeraucieHuss Ny Mo IIIOMIaay MOBEPXHOCTH TIIAIKON TPYyOBI
(Tmyuka Tpy0) 3aBHCHUT OT XapakTepa TeueHHUs moToka. Bemmamasr Ng ompemene-
HBI IO clieayromuM popmynam [7]:

® IPH MPOJOIHHOM TEUCHUHW MOTOKA BHYTPH TJIATKON TPYOBI (KaHaia) WIIH
BHEITHEM ITPOJIOTHLHOM O0TEKAHUY TPYOBI

N, =0,125¢pw?*; )

® [P MIPOJIOIHFHOM TEUEHHH TIOTOKA C YYETOM MECTHBIX BXOJHBIX M BBIXOJ-
HBIX COMPOTUBJICHUHN

X X 3.
N, =0,125|  + £ 4 ZBEX fhp2°: 3
0 VT @)

® IIpY TPOJIOJILHOM TEUCHHH MOTOKA C Y4eTOM (DaKTUYECKOW IIIONIAaU I10-
BEPXHOCTH TPYyOBI, NI3MEHEHHOW HAHECEHHWEM YTIyOJIeHUH, MIepOXOBAaTOCTH H
WHBIX MEXaHUYECKHX Jle(hOpMaIlHii

N, = 01255 pwe; (4)
¢

® TIpH TTOTIEPEYHOM BHEITHEM O0TEKaHWU MTOTOKA IIIaAKOTPYyOHOTO ITydKa
N, =0,319(o; —1)Eugpw?, (5)

rae € — ko3 pUuIueHT ruapaBIMYecKoro COMPOTHBICHUS TPYOBI; Yux, Ypux — KO-
3¢ (HUIMEHT MECTHOTO COTIPOTUBJICHHS TPU BXOJIE U BBIXOJE U3 TPYOBI COOTBET-
cTBeHHO; L — mmmHa TpyOsI, M; d — BHYTpeHHU# auametp TpyOsl (3KBHBAJIECHT-
HBII TWaMeTp KaHaja) WX HapyKHBIA JUaMETp TPYOBI MPH TOMEePEeIHOM 00Te-
KaHUH ee moTokom, M; ¢ = F/F,, — ko3pQUIUEeHT yBelUueHHS IUIOMAIN
IOBEPXHOCTH TPyObl; F — (akTrdeckass IUIOMALb MOBEPXHOCTH TPYOBI, M
F.: — TO *&e riaakoii TpyObI quameTpoM d, Mm% Eug = Eulz — uucno Diinepa, oT-
HECEHHOE K OJHOMY TIONEPEYHOMY psAy Iydka IO HANpPaBICHHUIO ITOTOKA;
Z — 9KCJI0 TOTIEPEYHBIX PSIIOB TPYO B mydke; 61 = Si/d — OTHOCHTENBHBIN MOTIe-
peuHbIif mar Tpy6 B Mydke; p — MIOTHOCTh IOTOKA, KI/M°; W — CKOPOCTb TIOTOKA
B TpyO€ WJIH B C)KaTOM CCUCHHH ITy4Ka, M/C.
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IMpu Berumcnenun o, C, EUp wcCmonp3oBaHbl ypaBHEHHS MOAOOMS s
KOHKPETHOTO peKuMa TeueHHs. Jluamerpbl TpyO NpH CpaBHEHWH TPUHSTHI
oauHakoBeIMU d = 20 MM. Pu3HUECKUE MAPAMETPhI TETIOHOCUTENS A, V, P TIPH-
HAMald Tpu cpeanei Temmeparype moroka 50 °C u gasiaenuu 0,1 Mlla,
31ech A — KO3 GUIMESHT TEIUIONPOBOAHOCTH TerioHocurens, Br/(m-K); v — ko-
3¢ GHUIIEHT KHHEMATHIECKON BS3KOCTH TEIIOHOCHTEIIS, M2/C.

Ha mpezacraBneHHbix puc. 1-3 npu ycaoBHBIX 00O03HAYEHHUSIX (CHMBOJIAX)
yKa3aHbl YHCJICHHBIC 3HAYCHUS unciia PeitHombaca Re, 1 KOTOPBIX BBIYHCITE-
HBI KO3 OHUITUEHT TEIUIOOTIAYH O M 3aTpaTa MOITHOCTH No.

a, BT/(MZAK)
1000 Re = 200000
¥ 100000
100
—o0—1
—e—2
'®- 10000 !
10597 Re = 3000
8 H—HHH—

o] T -
10t 10° 100 10> 10° 10 10° Ny, Br/m®

Puc. 1. BiiusiHMe MECTHBIX IIOTEPb JABJICHUS IIOTOKA Ha TEIUIOBYIO 3()(EKTHBHOCTD TPYObI
C BHYTPCHHHUM IIPOJIOJIGHBIM TeUSHUEM: | — riajkas Tpyoa;
2 — TpyDa ¢ y4eTOM MECTHBIX ITOTEpPh JaBICHHS

a, Br/(M*K)
T TTTI T 1T
Re = 500000
100 u
60000
] %
’L A
e 100000
6000 JikZgjll
10 L
il B 1
.
4T 10000 Ca 3
10+« Re = 3000
EF e i i

;
I
100 10° 100 10 10° 10* 10° N, Br/m?

Puc. 2. CpaBHeHne TeruroBoi 3(h)()eKTUBHOCTH BHEITHETO ITONICPEYHOTO ¥ BHYTPEHHETO
TIPOJIOIBHOTO TEUEHHS MOTOKA: 1 — rtajikas TpyOa ¢ y9eTOM MECTHBIX IIOTEPh JaBICHUS;
2 — maxXMaTHBIHN ITy4O0K; 3 — KOPHIOPHBIHA IIy4OK (TJIaKie TPYOBI)

TemnoBas s3¢dexkruBHoCcTs TMaakoi Tpyosr (L/d = 50) mpu mpomomsHOM
TEYEHHUH BO3/yXa C YUYETOM BXOIHBIX M BBIXOJHBIX CONMPOTHBIECHHH (Yu = 1,0;
Yesx = 0,5) B cpeanem Ha 33 % Hwke (puc. 1) 1aHHO#M XapaKTEpUCTHKHU Oe3 yue-
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Ta 31T0ro daxropa B muTepBane Re = (3-500) - 10°. CrenoBaTenbHO, MOIHOCTH
Ha MPOKAYKy Tra30BOTO TEIUIOHOCHTeNls motpedyercs B 1,33 pasa Oombmie u
HEOOXOIMMO TPUHUMATh BO BHHMaHHE BIMSHHE 3TOro (akTopa IpU CpaBHU-
TEJBHOM COTIOCTABJICHUH SHEPreTHUeCKO 3(PEeKTHBHOCTU MOBEPXHOCTEH Tell-
JI000MEHa, YTO paHee OTMEYAIOCh Ha KadeCcTBEHHOM ypoBHE B [7]. [lomydennoe
3HaveHue i = 1,33 xopoIio corjacyercsi ¢ BApUAHTHBIMU pacueTaMy KOXKYXO-
TpyOHOTO Ta30-Ta30BOro TEIUIOOOMEHHHUKA [8], B KOTOPOM MOJY4€HO OTHOIE-
HUE MOIIHOCTEH Ha TPOKAYKy TEIUIOHOCUTeNsl 0e3 ydera MpUEeMHO-BBIBO/I-
HBIX YCTpoOicTB, paBHOoe 1,83, a ¢ ydyerom 3tux ycrporicts — 1,40. 3HauurT,
vi~1,83/1,4=131.

a, Br/(M*K)
[TRe = 700000
1000 1290900, 241450000
200000 1 Ea
100000 iA2gser 1200000
6000(1/ 74 il
o000 TR 100000
1004 6000 tlLe Tl AT
3000 i
PG —e—1
- 10000 —o—2]
—A—3
3000
10
i

100 10° 100 102 10° 10 10° N, Br/im?

Puc. 3. Kpussle TernoBoit 3¢ eKTHBHOCTH MIAXMATHOTO INIAJKOTPYOHOTO ITydKa
B JIO- ¥ 3aKPUTHYECKOM PEKHMAaX ITONIEPEIHOTO TEUECHHS M TEUCHHS BHYTPH TJIaJKOH TPyObI
o maHHbeM: 1 — puc. 2; 2, 3 — coorBercTBeHHO 110 [10] 1 [11]

Jist pacyera K03 HUIUEHTOB TEIUIOOTAAYH U 3aTPAT MOITHOCTH MOTIEPEYHO
00TEeKaeMBIX MIAXMATHBIX M KOPUAOPHBIX TIaJKOTPYOHBIX NECATHPATHBIX ITyd-
KOB C OTHOCHTENbHBIMU G; = 1,25d u mpojonbHeiM 6, = 1,08d maramu ra3oBbM
noTokoM B uHTepBane Re = (6-60) - 10° ncrons3oBans popmyner BTU [9], koTo-
pBIe TPUMEHSIOTCS JUIS TEII0adpOAMHAMUYECKHX PAacueTOB IMOBEPXHOCTEH
HarpeBa KOTEIbHBIX arperaroB. Kpussie TemioBoit addextusaoctr o = f(Ng) Ha
puc. 2 yKa3pIBalOT Ha SHEPTETHUYECKOE MPEUMYIIECTBO IMOIEPEYHOTO 00TeKa-
HUSl KPYTJIOTPYOHBIX TIOBEPXHOCTEH B CPAaBHEHUU C MPOJIOJIEHBIM BHYTPEHHHUM.
Oc00eHHO PHEPTreTUIECKU BBHITOTHO IIPUMECHECHHE TTOTIEPEYHOTO TEUCHHS B 00J1a-
T Hu3KEX 3HadeHuil Re < 10*. Hanpumep, B naTepeae Re = (6-10) - 10* mpn
No = idem ko3¢ ¢unueHT TemnoBoi 3H(HEeKTHBHOCTH MAXMATHOTO MyYKa HaXo-
TUTCSl B AMana3zoHe W, = 2,78—1,48 Mo OTHOLIEHHIO K MPOAOILHOMY TEUEHHIO
noroka. TeruioBast 3pPEKTUBHOCTh MAXMATHBIX ITyYKOB OOJBIIEC KOPUIOPHBIX
Ha 10—13 %, yTo He mpoTUBOpeuUuT JaHHBIM [7]. Cka3aHHOE XOPOIIO COrjacy-
€TCsl C pe3yibTaTaMu, IPUBEICHHBIMU Ha puc. 3. BUIHO, 4TO B MepexoIHOM 00-
nactu Re = (3—10) - 10" npoxonsHOro Teuenus rertonocutens mpu Ny = idem
KO3 (UITUCHTHI TEIIOOTIA4YH TJIaKOTPYOHOTO MIAXMATHOT'O MydYKa ¢ ToIeped-
HbIM OOTEKaHMEM TIPEBHINAIOT B 5—2,1 pa3a WHTEHCHBHOCTH TEILIOOTIAYH
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BHYTpH TpyObl. OiHaKo ¢ pocToM 3aTpat MoirHocTu No (yBenuueHue Re) xpu-
BbIE TEIUIOBOH 3(P(PEKTUBHOCTH MOMEPEUHOTO M MPOJOIBHOTO TeUeHus (puc. 2, 3)
HEMNpepBIBHO cOMIKaroTes, HO mpu poctxernn Re > 130000 [10], a mo apyrum
naHHbpM — ipu Re > 200000 [11] KOHBEKTUBHBIN TEIJIOOOMEH B My4KaxX CyIle-
CTBEHHO WHTeHcH(uuupyercs. TaHTeHC yria HaKJIOHAa KPWUBOM TEMJIOOTIAYH
PE3KO BO3pacTaeT, CTPEeMSCh K €AMHUIIE, a YKciIo EU Ui my4dykoB JOXOIUT 0
HEKOTOPOr0 TOCTOSHHOTO 3HaueHus EU = const m ocraeTcsi HEM3MEHHBIM,
HecMOTpsl Ha yBenudeHne Re. Pexxum TedeHus JOCTHTraeT aBTOMOAEIHHOCTH.
TedeHne MOTOKa B MOTPAHWYHOM CJIO€ Ha MOBEPXHOCTH M3 CMEIIAHHOTO Tepe-
XOAMT B Mpeodnajaromie TypOylieHTHOe. YKa3aHHbIE SIBICHUS U3MEHSIOT Xapak-
Tep kpuBoi o = f(No) mpu momepeyHoM 0OTEeKaHWU, KOTOpasi HAYMHACT OTKIIO-
HATBCS OOJiee KPyTO OT KPUBOW MPOJOJIBHOTO TEUEHHS, OCTAaBasCh BBIIIE €e.
B 3akputHueckoM pexume oOTekanus, koraa Re > (130-200) - 10°, xoaddumm-
€HT TeTTIOBOM 3¢ ()EKTUBHOCTH IMIaXMAaTHOTO My4Ka \J,, paBeH 1,49 u 1,53 coot-
BercTBenHo 11 Re ~ 500 - 10° u 700 - 10° ucxons us kpuBoit o = f(Np), mocT-
pOCHHOUW TO OO0OOIEHHBIM ypaBHEHUSM moao0us [11], koTopele sKcmepu-
MEHTAIIbHO 0GOCHOBAHEI 10 eIMHOM MeTouKe B MHTepBane Re = (3-700) - 10°.
BenmuuHbl W, BBIUMCIEHHBIE MO KPUBOH 3()(HEKTUBHOCTU JUIS LIAXMAaTHOTO

mydka cornacHo [10], B cpeaaem Ha 25—30 % wmensmre. Takum oOpazom, more-
pevHOE O0TEKaHHE MMAaKeTOB U3 KPYIIIbIX TPYyO 3 PeKkTHBHEE B CPaBHEHHH C TIPO-
JOJIbHBIM BO BCEM WHTEpBaje 3Ha4YcHHsS Re, BcTpedaromerocs B MPOMBIILICH-
HeIX TA 00mero Ha3HAYEHMSL.

BbIB O bl

1. INonepeunoe obTexkanue ogHO(MA3HBIM OTOKOM TJIAIKUX TPYO CHCTEMBI
«IY4OK» BO BCEM MHTEpBaJic M3MEHEHHUS unciia PeliHonbaca, BKIIIOYas U 3aKpu-
3UCHBIA PEXKUM TEUCHHUS MOTOKA, OTIMYaeTCs O60j1ee BEICOKOW TEIUIOBOM 3 dek-
THUBHOCTBIO B CPAaBHEHHH C TIPOAOJIEHBIM JABHKEHHEM.

2. TemuoBast 3((GEKTHBHOCTH IIAXMATHOTO PACIOJIOKECHUS TIIAJKUX TPYO
B My4Ke MpeBbIIaeT 3)(HEKTUBHOCTh KOPUIOPHOTO MPHU OJMHAKOBBIX 3aTpaTax
MOIITHOCTH Ha MPOKAYKy MOTOKA.
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