The influence of various factors on the energy loss in the contact system and the methods to simplify a formula

and generalizations was obtained in this paper.

The research results can be applied to engineers who evaluate the losses of electric energy at the traction

substations of the electrified railways.
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IIpusedenipesyrvmamu nopienanns
mennoeoi eexmusnocmi naxemis
nA0CKO-06aNbHUX MPYO 3 BidoMUMU
danumu 0ns naxemie 3 mpyé xkpyenoi
i 3pyunooomiunoi opmu. IMoxaszani
nepeeazu nogepxons HA2PiGY 3 NAOCKO-
osanshux mpyo nad mpybamu kpyenoi
dopmu

Kniouosi cnosa: mpybéa, naocko-
osanvHuill, naxem, epexmusHicmo

IIpugedenvt pesyrvmamor cpasne-
HUs mennogou aPexmusnocmu naxe-
Mo6 NA0CK0-08aANbHBIX MPYO ¢ uzsecnt-
HbIMU OaHHbIMU 018 NAKEMO8 U3 mpyo
Kpyenoil u yooboobmexaemoi opmot.
Iloxazanvl npeumywecmea noeepxHo-
cmeill Hazpeea u3 NAOCKO-08aJIbHBIX
mpy6 nao mpyoéamu Kpy2noi popmot.

Kniouesvie cnosa: mpyoa, niocko-
osanvHblil, naxem, 3 pexmusnocmo

Beryn

Ha pawomy erani po3BUTKY eHepromMamunoly-
AyBaHHA, TEIJOCHEPreTUKU CYTb BAOCKOHAJIECHHA
Tpy6uacTux Tenao0OMiHHUX amapariB 3BOLUTHCS 0
361JIbIIEHHST KOMITAKTHOCTI i 3BHUKEHHSI MacH anaparis
6e3 iCTOTHUX, Z0AATKOBUX BUTPAT Ha iX BUPOOHUIIT-
Bo. OcHoBHa Maca TemI00OMIHHOTO yCTaTKyBaH-
HsI BUTOTOBJSIETHCS i3 TpaAuUifiHUX Taagkux Tpyo
Kpyrioro mnomnepedynoro mnepepisy. IIpore, taki Tpy-
61 3 TOYKHU 30py 30iJbLIEHHS TeIJI0aePOIUHAMIYHOI
edexkTuBHOCTI cebe BUUepnaiu.

Y npomnonoBaHifl CcTAaTTi HABOAATHCS PE3YJbTATH
HOPIBHSAHHS TelJoaepoJuHaMiuHOl edeKTUBHOCTI
naketis 3 TpyO IJ0CKO-oBajibHOro npodinio [1-4],
kpanenogi6buoro [3,4] i Tpy6 Kpyraoro momepevHoro

mepepidy [5, 6] (puc.1).
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Puc. 1 Mpodini Tpy6: a) kpyrawmi [5, 6]; 6) nnocko-
osanbHui [ 1-4]; B) kpannenogibuun [3, 4]

Iopisusinas epeKTUBHOCTI NAKETIB TPYO

B ocHOBi MeTonuKM OLiHKK TeIsoBOi eheKTUBHOCTI
pisnux TUIIiB IMMOBEPXOHbD JexKarhb BapiaHTHIi
TelJjoaepoauHaMidHi po3paxyHKu KOHKPETHOTO

TemI00OMIHHOTO amapaTy — eKoHOMaiizepa-yTusisaropa,




SKUH BCTAHOBJIEHUH ITiCJISI BOJOTPIMTHOTO KOTJIa i IpU3Ha-
YeHM i /1151 oTIepe/IHbOTo MiIIrPiBy 3BOPOTHHOT MepesKeBOi
BOJM HU3bKOIOTEHIINHOI TEIJIOTOI0 BiIXiHUX Ta3iB.
OcHOBHI TeXHIYHI XapaKTepUCTUKN eKoHOoMalizepa TIpu-
MalOThCS OJIHAKOBUMM [IJIsT BCIX HMIECTH HMOPIBHIOBAHMX
MIaXOBUX MAKETiB 3 TPHOX TUIB podiiis Tpy6 (tabi. 1) i
MalOTh HACTYIIHI 3HAUEHHSI: TEIJIOBa MOTYKHiCTh Q=1350
kBT, cepenniii sorapudmiunmnii TemneparypHuil Hauip
At = 75°C; Temmeparypa BiaxiiHux rasis Ha sxomai 185°C,
na Buxoji 123.5°C; remneparypa Boau Ha Bxogi 70°C, Ha
Buxozi — 79.7°C; Butpara Boau i razis Bignosiano 120 t/rox
i 25,4 m3/c; dponrtanbuuii nepepis TenaooOMiHHUKA: IIH-
puna razoxony a = 1.2 M, Bucora b=2.7m.

[poseneni 8 HTYY <«KIII» excriepiMenTa b JIOCTITKEHHST

Pospaxynku mpoBeseHi 1y JBOX BUIAJKiB: IIpu
(ikcoBanomy dpontasbHoMy TEpeTHUHI KaHaJay Ha
BXOJIi Ta3iB B TeNJI0OOMIHHUK a = const, b = const i npu
(ikcoBaHOMY aepoAMHaMIiUHOMY OIOPi eKoHOMaiizepa
AP = const (11p1 0/{HAKOBIill NOTYKHOCTI HA TIepeKavYyBaH-
Hs IUMOBMX Ta3iB yepes eKoHomaiizep) (tab.2).

Ha pwuc.2 npuseneni pesynbTaTH MOPiBHAHHS IMO-
BEepXOHb y BuUrsii 3ajiexuocti o=f(AP). Sk BumpHo
3 TpadikiB, xoedilicHTH TemsoBifAadi MpU GhikCOBAHUX
3HAYEHHAX aepoJUHAMIYHOrO onopy y naxkery Ne6 3 1o-
cko-oBasbHuX TpyO [1,2] Buine ua 10-40% Hix y naxkeris 3
kpyraux Tpy6 Nel-3 i makeTis 3 TpyO HEKPYTJIOTO TIepepisy
Ne 4,53 [3,4].

TEIVIOOOMIHY 1 AEpPOIMHAMIMHOIO OMOpY MIAXOBUX TAKETB IO [ \ . ‘
cKo-OBa/IbHUX TPyO [1,2] m03Bo/M BUOpATH MAKeT 3 KpaluMu Br/K)
TerioaepoIMHaMidHIMy XapakTeprc T Kamu (akeT Ne6, Tabir.1). s
100
Tabnuus 1 =
[eoMeTpUuHi XapaKTepUCTHKHK TPyD i nakeTis 50200 200 500 ey
N IIpodinb Tpy6 d | d | d, 2 Hy, S5 . .. . .
nmaxkera MM d, o d d Puc. 2. MNopisHsHHSA Ten10Boi eheKTUBHOCTI NaKeTiB
- Tpy6: 1 — naker Ne1; 2 — naket Ne2; 3 — naket
1 pﬁgﬂm;’[{g} 38 | - - 10 | 0119 | 2.80 | 1.25 Ne3; 4 — naket Ned; 5 — naket Ne5; 6 — naket Neb
u . MHH (Tabn.2)
2 pI/IE.yLa [5] 28 - - 1.0 | 0.088 | 2.80 | 1.25
Kpyrmii [IpoTe, Take mpocTe i HAOUHE TOPIBHAHHSI
3 puc.i,a [5] 5 - - | 1.0 [ 0.047 | 280 | 1.27 | nakeriB Tpy6 He BPaxoBY€ psJ BakKJIUBUX
A NOKa3HUKIB, TAKUX SIK 3arajibHa JOBKHUHA TPYO
4 puc.1,6 [3.4] - |31.0|1085| 35 | 0252 | 248 | 371 | ekonomaiizepa L, KoMmakTHicTb mosepxHi II,
KpamenoxiGmit Mmaca TpyO ekoHomaiizepa M, o6’em, sikuii 3a-
5 prc.Lp [3, 4] - 3101085 35 | 0244 | 215 | 291 | fimatoTh TpyOM eKoHOMalizepa V, WiAbHICTH Te-
e — [JIOBOTO MOTOKY OJAUHUIL JOBXUHU TPYO eKo-
6 ooy | - 130 510 | 34| 0119 | 280 | 370 | womaiisepa q, -

PeaysnbpraTn  TemygoaepoAMHAMIYHUX PO3PaXyHKIB
eKoHOMaiizepa st Tpbox Tumie Tpyd (puc.l) i mectu
MOPiBHIOBAHMX BapiaHTiB IMaxoBuX IakeriB (Tabu.1.)
npuBeeHi B Tabr.2.

ITpuBeneni B Tabanli 2 TenIoaepoauHaAMIUHi
poO3paxyHKHU eKoHOMali3epa 3 TpyO pidHOTO TO-
[ePEeYHOro nepepisy, AKi B3ATi B AKOCTi T€NA00OMIHHUX
MOBEPXOHb CBi4aTh MPO Te, IO HAWOIIbII BUTITHUMU
TpybaMu € TPyOU NI0CKO-0BaabHOro npodiao [1,2] (a-
ket Ne6). BymoBax AP =var MacaKpyriux Tpy0b moBepxHi
exonomaiizepa Ne3 (ta6m1.2) cknamae 1735 kr,

Tabnuua 2 saiiManuii o6'em nosepxni — 2.2 M3, B Toii e

XapaKTeprUCTUKHK NOPIBHIOBAHMX LLIAXOBKX NakeTie TPYO uac, ix posxuna naiibinpma (2722 m) si Beix

POBTASHYTUX THUTIHB TPpyO yHACTITOK MEHIIO]

No o AP I M \Y 1 [JIOIIi TMOBePXHi TpyOUM Ha OAUH MOTOHHUI

naxera | Br/M*K 9 Ma M KT N 2, 3 Wcrow. | weTp, 1o npuBee 0 30POKYIAHHA BUTOTOB-

kBr/M M/ JIeHHs eKoHOMalizepa. AepofuHAMIYHUI OTip

a=1.2m = const , b = 2.7 M = const; AP = var BCiX TaKeTiB Kpyraux tpyld Aocsirae 3HaYeHb

1 1129 | 0877 | 959 | 1544 | 2723 [ 81| 230 | [56] | 850-1000 Ila, mo Bene o 36inbuenns Butpar

2 1305 | 0.750 | 1022 | 1814 | 2310 | 5.2 | 316 | [56] TMOTYXHOCTI Ha IEPEMIMEHHA TUMOBUX rasib

3 163.0 | 0571 | 852 | 2722 | 1735 | 22| 589 | [56] | "CP¢3 Ternoobminnnit amapatr. Ilpuseseni s

4 779 | 1287 | 382 | 1053 | 4000 | 96| 285 | [3.4] | "A07Mu 2 POSpAXyHKOBi jami chixdaTh mpo

Te, U0 aepoAMHAMIYHUU Omip makeriB TpyO

5 83.1 1.342 225 | 1010 | 3760 | 6.2 40.6 [3,4] HeKpyr10i hopMH B 2-2.5 pasu MEHTIHIT 0mopy

6 128.5 0996 | 280 | 1361 | 2400 | 3.2 51.1 [1,2] aKeTiB 3 KPyIJIUX TPyO.

a, b = var AP = const = 852 Ila [lna HaoyHOCTi i Kpamoro Bi3yaJbHOTO

1 109.0 | 0.844 | 852 | 1606 | 2830 | 84 | 23.0 [5,6] aHaJi3y MOPIBHIOBaHi TEXHIKO-eKOHOMiUHi Xa-

2 124.0 0.718 | 852 | 1887 | 2400 | 55| 316 [5,6] pakrepuctuku (o, q,, AP, M, L, V, II) nna

3 163.0 0.571 852 | 2722 | 1735 | 2.2 58.9 [5,6] IIeCTH MIaXOBUX TaKeTiB TpyO mpeacTaBieHi
4 94.6 | 1.550 | 852 | 875 | 3358 | 8.0 | 285 | [34] | TrpadiuHOy BHTIAAI HOMOTPaM Ha puc.3.

5 1249 | 2030 | 852 | 667 | 2490 | 41| 406 | [34] [Ipn  piBHEX aepoAMHAMIYHIX ONOpax

6 1778 | 1397 | 852 | 970 | 1710 | 23| 514 | [12] | (AP = const) makeris Tpyl maiibinbm

BUTiAHIIUMU TpybGaMu € TpyOU MJIOCKO-



oBanbHOro npodinio (maker Ne6, taba. 1). Illaxosuii
MaKeT 3 X TPy Ma€ MPaKTUYHO PiBHY Macy 3 TpybaMu
Kpyraoro mmepepidy nakery Ne3 npu 3arajbHiil 10BXKUHI
nmoBepxHi Mmaiixke B 3 pasum Menmoi. TemmooOminmi
noBepxHi 3 Tpy6 Hekpyraoro mepepisdy [3,4] (makerwn
Ne4,5) MaoTh IPKU ZOCUTH HU3BKOMY aePOAMHAMITHOMY
OII0pi BeJIMKY Macy i 3aiiMaHuii 06’eM yepes cBOi 3HauYHi
reoMeTpuuHi po3mipu Tpy6 (tabi.l).
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Puc. 3 KpuTepii ehekTMBHOCTI opeBpeHux NOBEPXOHb:
a) AP=var; 6) AP= 852 Na = const; 1-3 — naketn Ne1-3
[5]; 4,5 — Ne4, 5[3,4]; 6 — Ne6 [1,2] (rabn.1,2)

Abstract

BucHoBKH

IIpoBeneni BapiaHTHi TemJyoaepoAMHAMIUHI PO3-
paxyHKM BOJSIHOTO eKOHOMaiizepa /Jd IIeCTH ITaKeTiB
3 Tpy6 pizHOro 1mpodigio Nmokasaau JOCTaTHHO BHUCOKI
TEIJI0aepoJAMHAMIYHI i Maco-rabapuTHi XapaKTePUCTUKH
MOBEPXOHb 3 MI0CKO-0BaIbHUX TPYO [1,2].

OcHOBHOIO 1epeBaroio Tpyd HEKPYTIOTO MOTEPETHOTO
nepepisy B MOPiBHAHHI 3 TpyOamMu Kpyrjaoro npodiaio € ix
HU3bKUU aepouHAMIYHUI OIIp.

IIpomoB:keHHS TemaoaepoAMHAMIYHAX JTOCTIIKEHD
Moxke OyTH TEePCHeKTHBHUM B IJIAHI BUBYEHHS BILJIUBY
Ha {HTEHCUBHICTH TENJIOOOMIHY i 3MiHY aepOXMHAMIYHOTO
omopy reometpii mpodimio (cmiBBigmomenus d,/d,)
[JIOCKO-0BAJIbHOI TPy 0.
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The article represents the results of comparison of the heating- aerodynamical effectiveness of bundles with
[lat-oval, teardrop and circular profiles of tubes. The methodology of thermal effectiveness estimation of different
types of surfaces is based on the variant heating-aerodynamical calculations of specific heat exchange apparatus
— economizer-utilizer, fixed next to the boiler and assigned to preheat return heating-system water by low-potential
heat of exhaust gases. Conducted variant heating-aerodynamical calculations of water economizer for six bundles
of tubes of different profiles showed relatively high heating-aerodynamical mass-overall characteristics of the
surfaces of flat-oval tubes. It was determined that the main advantage of non-circular cross-section tubes in
comparison with circular profile tubes is their low aerodynamic resistance. The results of this work can serve as a
basis for further research connected with the dimensional optimization of tubes of given profile for different heat

exchange equipment
Keywords: tube, flat-oval, bundle, effectiveness



