Po3po0ka i nocaainkeHHs1 piBHOPO3BHHEHHUX TENVIOOOMiHHUX OBEPXOHb VISl pereHepaTopiB
Teniotu I'TY razorpancnoprHoi cucremMu YKpaiHu.

Pa3pa0orka u uccieq0BaHNe PABHOPA3BUTHIX TEINVIO0OMEHHBIX OBEPXHOCTEH 1S
perenepaTopoB TemjoTbl I'TY razorpancnoprHoii cucreMbl Y KPauHbI.
Development and research equalincreased heat transfer surfaces for gas turbine regenerators
of Ukrainian gas transport system.
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3. CyTb po3po0KH, OCHOBHI pe3yJIbTaTH:

(yxp.)

OmparboByBaHHS 1 aHAII3 iCHYIOYO1 1HGOpMAaIIii JO03BONMIA PO3POOUTH KOHCTPYKITIFO HOBOI
CTaJeBOi PIBHOPO3BMHEHOI TPYyOM TBHHTOMOAIOHOTO THUIy s BUKOPUCTaHHA B SIKOCTI
TEITI000MIHHOI TOBEPXHI MOBITpOHarpiBaviB-perenepatopiB ['TY raszomepekadyrounx arperaris,
AKI 3aCTOCOBYIOTbCS Ha KOMIIPECOPHHUX CTaHIISAX Ta30TPaHCHOPTHOI cucteMu Ykpainu. Taka
MOBEPXHS Mae JEKUIbKa CYTTEBUX IIE€peBar: BUTOTOBJICHHS HAa OCHOBI JEIIEBOI TEXHOJOTii —
pOJMKOBE OOKOUYBaHHS KPYIJIOi TpyOM 3 BUKOPHUCTaHHSM CHITY4OTO CEpPEelOBHILNA a00 PiIMHU JUIS
MPOTUTHCKY BCEPEAMHI TpyOHW. 3alpornOHOBAaHA TEXHOJIOTISI Ta OCHAIICHHS MJis NPOQiTIOBaHHS
IBUHTONOAIOHUX TpyO0 3 pPIBHOPO3BUHEHOIO IIOBEPXHEIO J03BOJISIE BHUTOTOBUTH Taki TpyoOu
TOBXHHOIO 10 6 M. IloBepxHi 3 Takux TpyO0 MarOTh MOKpAIIEHY TEIUIOBY €(EKTUBHICTH B
MOPIBHSHHI 3 TMOBEPXHSAMH 31 CTalieBUX TPYyO Kpyrioro mnpodimo. 3HIKEHHS METallOEMHOCTI
TeII000MiHHMKA 3 piBHOpo3BUHEeHUX TpyOo Ha 30..40% B MOpPIBHSAHHI 3 TEMJIOOOMIHHUKOM
BUTOTOBJICHHUM 13 TPaAMLIHHUX TIAJAKUX TPyO Kpyriaoro mpodins mpu OJHAKOBIM MOTYXKHOCTI
3aTpayeHol Ha TEpEeMIleHHs TEIUIOHOCIA BCepeArHI TPyO IOCITAaeThCS 3a PaXxyHOK BHCOKOTO
cTyneHs inTeHcuikauii TermmooOMiHy BcepeIuHi TpyOH Ta NUISIXOM PO3BUHEHHSI TOBEPXHI TPYOH.

[Ipu BuKOpUCTaHHI YMOBH MOCTIHHOT IIIJILHOCTI TEIJIOBOTO IMOTOKY HA TMOBEPXHI BCi€l TpyOHn
BUKOHAHI eKCINEPUMEHTalIbHI 1 YHCIOBI JOCHI/DKEHHS KOHBEKTUBHOTO TEIUIOOOMIHY i

aepOMHAMIYHOTO OTIOPY TBUHTOMOIIOHUX TPYO 3 KOediliEHTOM PO3BUHEHHS TTOBEPXHI Y=
1.15...1.44, kpokiB Mi BraguHaMu uu BucTynamu t = 8...50 MM, 3 BUCOTaMM BITaHH — BUCTYIIIB h
=3...7 MM, yucen PeitnHonpaca Re=  10000...60000. IlpoBeneHO  MOpPiBHSHHSA

TEIUI0ACPOAUHAMIYHUX XapaKTEPUCTUK IMOBEPXOHb 3 TBUHTOMOMIOHWUX TPyO 13 TMOBEPXHIMHU 31
3BHYAMHMX KPYTJIMX TpyO HaAWOUIBII MOIIMPEHUX B Taily3l pEeKyHepaTUBHHUX TEIJI0O0OMIHHUX
amapaTiB THUMNY ,ra3-ra3”’. Pe3ynbratu TMOPIBHSAHHSA TEIJIOAEPOJUHAMIYHUX XapaKTEPUCTHUK
MOBEPXOHb IOKa3aJd, 1[0 'BUHTONOAI0HA TpyOa 3 KPOKOM MiX BITaJMHAMH YU BUCTYIIAMU t=
12 MM, Ta BHCOTOIO BIIAJMHK YK BUCTYIY N =5 MM, € KOHKYPEHTOCIIPOMOKHOIO.

Briepmie oTpuMaHi y3arajibHIOIOUI PO3PaXyHKOBI 3aJI€KHOCTI JJIsi BUSHAYEHHSI KOE(IIEHTIB
TEIUIOBIAaYl 1 aepOJUHAMIYHOTO OIMOPY BCEPEAUHI TBUHTOMOMIOHUX TPYO, SIKi BpaxOBYIOTh BILUIHB
Ha IHTEHCUBHICTh TEIUIOOOMIHY 1 OMip T€OMETPHYHUX MapaMeTpiB TPYOH Ta PeKUMHHX (DaKTOpiB
MOTOKY.

Ha miacraBi OTpUMaHMX y3arajbHIOIOUHX 3aJEKHOCTEH po3poOJieHI HOBI I1H)KEHEpHi
METOAMKHA PO3paxyHKy KOEQIIIEHTIB TEIJIOBIAMaul Ta aepoAMHAMIYHOTO OMOpY BCEPEAMHI
PIBHOPO3BHMHEHUX TBUHTOMOMIOHMX TpyO. 3amporoHOBaHI NPAKTUYHI pEKOMEHAalii o0
ONTUMATBHUX T€OMETPUYHHX TMapaMeTPiB TEIIOOOMIHHUX MMOBEPXOHD JJII BUKOHAHHS 1H)KEHEPHUX
PO3paxyHKiB pEKyNepaTUBHUX TEMJIOOOMIHHHMX amapaTiB TUIy ,ra3-ra3” 3a po3po0JIeHOI0
TEXHOJIOTIEI0 BUTOTOBJICHHSI TAKUX TPYO.

(poc.)

[IpopaboTka ¥ aHAINU3 CYIIECTBYIOIIEH HHGOPMAIIMH TTO3BOJIMIN pa3padoTaTh KOHCTPYKIIHIO
HOBOH CTaJbHOW PaBHOPA3BUTOM TpyObl BUHTOOOpPA3HOTO THMNA JJISI MCIOJNB30BAHUS B KauyecTBE
TETTI00OMEHHOU MMOBEPXHOCTHU BO3YXOIOAOTpEBATENCH-PETEeHEPATOPOB Ity
ra3ornepeKayrBaronuX arperaTos, KOTOpBIE MPUMEHSIOTCS Ha



KOMIIPECCOPHBIX CTAaHIUAX I'a30TPAHCIIOPTHOM CUCTEMBbl YKpauHbl. Takas IOBEPXHOCTb WMEET
HCCKOJIBKO CYHICCTBCHHBIX IPUEMYIICCTB: HM3TOTOBJICHHUC Ha OCHOBEC ,HCHICBOﬁ TEXHOJIOTUU —
POJMKOBOE OOKOYMBAHMUE KPYIJIOW TPYObI ¢ UCIOIB30BAHUEM ChITyYed Cpeabl MU JKUAKOCTH JUIS
MPOTHAABJICHUST BHYTpU TpyObl. IIpemnoskeHHass TEXHOJOTHS W OCHACTKa Uil TpoduiIu3ariu
BUHTOOOpa3HBIX TPYO € PABHOPA3BUTOM IMOBEPXHOCTHIO IO3BOJIIET M3TOTOBUTH TaKue TPYOBI
JuTHOU 10 6 M. TToBepXHOCTH M3 TaKUX TPYO MMEIOT YIYUIICHHYIO TEIJIOBYIO d(PPEKTUBHOCTH 1O
CPaBHEHHIO C MOBEPXHOCTSAMHU M3 CTAIBHUX TPYO Kpyriioro npodmis. CHUKEHHE METAIIOEMKOCTH
TEII000MEHHUKAa U3 paBHOpa3BUThIX TpyO Ha 30...40% mo cpaBHEHHIO C TEMIOOOMEHHUKOM,
M3TOTOBJICHHBIM U3 TPAJUIMOHHBIX TJaJKUX TPyO Kpyryioro npoduis, HpU OIMHAKOBOU
MOIITHOCTH, 3aTpaurBacMON Ha MepeMelieHrue TeIIOHOCUTEINS BHYTPU TPYO, TOCTUTAECTCS 3a CUET
BBICOKOM CTENEHH MHTEHCH(PHKAIUY TEIUIO0OOMEHA BHYTPH TPYOBI U IyTEM Pa3BUTHUS MOBEPXHOCTU
TpyOBI.

HpI/I HCIIOJIb30BAHUU YCJIIOBHUA MOCTOSIHHOM IIOTHOCTU TEILIOBOTO IIOTOKA Ha MMOBCPXHOCTU
Bceit pr6BI BBIITOJTHCHBI 3KCIICPUMCHTAJIIBHBIC W YHWCJICHHBIC HWCCICAOBAHUA KOHBCKTHBHOI'O
TEINIO0OMEHa M a’pOJAWHAMHMYECKOTO COMPOTHBICHHUS BUHTOOOpa3HBIX TPYO ¢ Ko3(h(uIeHTOM
paszButus nopepxHoctu y = 1.15...1.44, maroB Mexay BraguHaMu WK BeIcTyrmamu t = 8...50 Mm,
C BHCOTaMH BNaJuH-BbIcTynoB h =3...7 MM, uncen Peitnonpaca  Re=10000...60000. [TpoBeneHo
CpaBHEHHE TEIUIOAYPOIMHAMHYECKUX XapaKTEPUCTHUK IMOBEPXHOCTEH W3 BHHTOOOPA3HBIX TPYO C
MOBEPXHOCTSAMU U3 OOBIYHBIX KpyrMX TpyO, Hamboyiee pacHpoCTpaHEHHBIX B  OTPaCid
peKyIlepaTUBHUX TEIUIOOOMEHHBIX  ammaparoB TUma ,ra3-ra3”. Pe3ymprarel cpaBHEHUS
TEIUI0adPOAMHAMUYECKHUX XapaKTEPUCTUK MOBEPXHOCTEH IMOKa3zaiH, 4TO BUHTOOOpasHas Tpyba c
[IIaroM MEKy BITaJMHAMHU WM BBICTyImamu t = 12 MM, U BBICOTOM BIaJAWHBI WM BBICTyIA h =5 MM,
SBIISIOTHCSI KOHKYPEHTHOCTIOCOOHOM.

BnepBrie momydeHbl  0000IIaroniue  pacyeTHBIE 3aBUCHMOCTH  JUIsl  OMpeIeeHUs
KOA(Q(PHUIHUEHTOB TEIUIOOTAAYH M a’3POJAMHAMHYECKOTO COMPOTUBICHHUS BHYTPU BHHTOOOPA3HBIX
TpyO, KOTOpBIE YYUTHIBAIOT BIMSHHE HAa HWHTCHCUBHOCTh TEIIOOOMEHAa W COMPOTHBIICHUE
reOMETPHUECKUX MAapaMeTPOB TPYObI H PEKUMHHX (PaKTOPOB MOTOKA.

Ha ocHoBaHme mosry4eHHBIX 0000MIAIOMNX 3aBUCUMOCTEN pa3paboTaHbl HOBbIC HHKCHEPHBIE
MCTOAHKU pacucTa KOZ-)(b(I)I/II_[I/IGHTOB TCINIOOTAAYN U a3pOAMHAMUYCCKOTIO COIIPOTHUBJICHUSA BHYTPU
PaBHOPa3BUTHIX  BUHTOOOpazHbIX  TpyO. IlpemnmokeHHBbIE  MpPaKTHYECKUE  PEKOMEHIAIUU
OTHOCHUTCIIBHO OINTUMAJIbHUX T'COMCTPUUCCKHUX MapaMCTpPOB TCHHOGMCHHBIX HOBGpXHOCTGﬁ JJIA
BBITIOJITHCHUSI MH)KCHEPHBIX PACUETOB PEKYNEepaTUBHHX TEIUIOOOMEHHBIX ammapaTroB TUma ''ras-
ra3" 1o pa3paboTaHHOM TEXHOJIOTUHN U3TOTOBJICHUS TaKuX TPYO.

(aHrJ1.)

Study and analysis of existing information enabled the development of the construction of a
new steel tube equal developed helical type for use as aheat transfer surface air heaters-
regenerators for gas compressor units, which are used in compressor stations Ukrainian gas
transport system. This surface has several advantages: production with cheaper technology — roller
burnishing of circular tube with granular material or liquid for making backpressure inside the tube.
The proposed technology and equipment for profiling helical tubes with equal developed
surface allows producing such tubes up to 6 m. The surfaces of these tubes have improved thermal
efficiency as compared with the surfaces of round profile steel tubes. Reduction of metal for heat
exchanger with equal developed tubesis 30... 40% compared to the heat exchanger out of
traditional smooth tubes with round profile, atthe same power consumption by moving the
coolant inside the tubes is achieved by a high degree of heat transfer inside the tube and through the
development of the inner surface.

When using the conditions of constant heat flux density on the surface of all tubes are made of
experimental and numerical studies of convective heat transfer and aerodynamic drag coefficient of
helical tubes with a surface of y = 1.15...1.44, steps between the recesses or projections t = 8...50
mm, with heights of recesses- projections h =3...7 mm, the Reynolds number Re=10000... 60000.
A comparison of heat-aerodynamic characteristics surface with helical tubes to the surfaces of the
conventional round tubes, the most common in the industry recuperative heat exchanges types of



"gas-gas". Results of the analysis comparing heat-aerodynamic  characteristics of such
surfaces have shown that the helical tube with a step between the recesses or projections t = 12 mm,
and height of the recesses or projections h =5 mm is competitive.

First obtained generalizing calculation dependencies for the coefficients of heat transfer
and aerodynamic resistance inside helical tubes, which account for the effect on the heat transfer
rate and resistance the geometric parameters of the tube and secure the flow factors.

Based on these correlations, new engineering method for calculating heat transfer coefficients
and drag inside the helical pipe ravnorazvityh. The proposed practical recommendations for optimal
geometrical parameters teplobmennyh surfaces for engineering calculations of recuperative heat
exchangers types of "gas-gas" technology developed for the manufacture of such tubes.
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1. TlarenT Ha KopHucHY Mozenb Ne52537. dopMyBaHHsS TBUHTOBUX KaHABOK Ha TPyOUaCTHX
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2. Tlatent Ha kopucHy wmonaenb Ne 63068. Crnoci6 BH3HAYEHHS JIOKaJIbHOI CTPYKTYpH
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bron.Nel8.

3. Ilarent Ha xopucHy Moxenb Ne60663. Crnoci® (opMyBaHHS TBUHTOBUX KaHAaBOK Ha
TpyO4acTUX TOHKOCTIHHMX 3aroTOBKaX PpOJIMKOBUM OOKOYYBAHHSM 3 BHKOPUCTAHHIM
BHYTpitHboro npotutrcky/ Makoseii B. O., bopoiii 1O. I1., Kiicko A. B., [Tponenko I1.
1O. -25.06.2011.

4. 3agBka Ha marteHT Ha KopucHy Mozaenab U201108293. Termooominna Tpyda / [Tucbmennuit
€.M., Pynenko O.I, Himuk O.I1., Tepex O.M, bapanrok O.B.

5. [lopiBHSIHHS 3i CBITOBUMM aHAJIOTaMHU.

TennooOMiHHI TOBEpXHI, IO MPOMOHYIOTHCS, HE MAalOTh aHAJOTIB y CBITI, Tak K B iX
KOHCTPYKIIISIX 3alpONOHOBAHO OJHOYAcHEe 30LIBIICHHS SK 30BHINIHBOI, TaKk 1 BHYTPIIIHBOI
TEITI000OMIHHUX TTOBEPXOHB B 1.15-1.44 pasu. Taki TpyOM MarOTh HEBEIUKI KPOKA MIXK BIAJUHAMHU
YM BUCTyNaMu 1 301UJIbIIEHI BUCOTH BMNAJMH 4YM BUCTYHIB (5-7 MM). 3a paXyHOK IHX (haKTOpiB
BHUHHKAE MOKJIMBICTh 3HU3UTH METAJ0€MHICTHL TemnooOMminnka Ha 30...40% Big mMacu 3araiabHOI
TEIUIO0OMIHHOT MMOBEPXHi Ta 30UIBIINTH HOr0 KOMIIAKTHICTb.

6. ExonomiuHa mpuBad/MBicTh pPO3pOOKH 1Jisi MPOCYBAHHSI HA PHHOK, BNPOBA/KEHHS Ta
peaJiizanii, 10Ka3HUKHU, BAPTiCTh.

CtBoOpeHi B pe3ynbTaTi poOOTH HOBI KOHKYPEHTHOCIPOMOXKHI METOIMKH PO3PAaXyHKYy Ta
MIPOEKTYBAaHHS IOBEPXOHb HArpiBy HOBOTO IOKOJIIHHS, BPAXOBYIOUM IIUPOKUI MOMUT HA HHUX Y
CBITi, MOXYTh OyTH JOCTaTHHO JIKBIAHMUM  TOBapoM. Po3poOiieHi METOAMKH Ta TEXHOJOTii
BUTOTOBJICHHSI PIBHOPO3BHMHEHHUX TBHUHTOIOMIOHMX TpPYO SBISIOTHCS MOPIBHSHO [CIIEBUMH, a
3HAYUTH 1 JOCTYITHUMH. 3aIIPOIIOHOBAHI THUITM PIBHOPO3BUHEHUX TBHHTOIOAIOHUX TPYO JTO3BOJIATH
MiBUIIATA KOMITAKTHICT 1 3HU3UTH METAIIOEMHICTh TEII000MiHHOTO ycraTkyBaHHs Ha 30...40%,
0 CYNPOBOKYETHCS MIABUIICHHSAM HAIIAHOCTI 1 TOKpAIIEHHAM iX eKCIUTyaTal[iiHuX
XapakTepucTuk. Pe3ymbraTH, sgki OyayTh  BIOPOBaDKEHI B TMPAKTUKY, 3a0e3medaTh iCTOTHE
IIJIBUIIICHHS] €KOHOMIYHOCTI, HAMIMHOCTI 1 JOBTOTPHBAIOCTI (DYHKIIIOHYBaHHsS OaraThOX THIIIB
TEIUIOCHEPTeTUYHUX MAIlMH 1 YCTAaHOBOK, CKOPOUEHHS TEPMiHIB IX MPOEKTYBaHHS 1 MOAEpHi3allii.
ExonoMiunuii edekT Bij BIPOBAHKEHHSI HOBUX TEMJIOOOMIHHUKIB TOJISITAE B 3aMiHI 3aKOPJIOHHUX
CHCTEM aHAJIOTIYHOTO KJIaCy BITUYM3HSHUMH, TIOBHOMY BUKIIIOYCHHI 3aTpaT Ha IMIOPT 1 3MEHIICHHI
TEPMiHY OKYIHOCTi. BapTicTh OZHOTO TOTOHHOTO METPY IMIIOPTHUX TEIUIOOOMIHHUX
IBUHTONOAIOHUX TpPyO 3 aHAJIOTIYHUMM TEXHIYHMMH MapaMmeTpamu, Hanpukiaa, Pocis (dipma
Kodymco) ckmamae Big 135 mo 150 rpH., a oduikyBaHa BapTICTh OIHOIO IIOTOHHOTO METPY
po3pobiieHoi Tpyou ckmangae 1o 120 rpH.

7. lloTenuiiini kopucryBaui (raay3si, MiHicTepcTBa, BiToMcTBa, NiANPUEMCTBA, OpraHizaiii).



KopucryBauamu pe3ynpTaTiB poOOTH MOXYTh OYTH MpPOEKTHI Oprasizamii i IpOMHCIIOBI
MIIMPUEMCTBA, IO PO3POOJISAIOTH HOBI Ta YJOCKOHATIOIOTH ICHYIOUl KOMITAKTHI TEIUIOOOMiHHI
amapartu. IMOBipHi 3aMOBHUKH Pe3yJbTaTiB pOOOTH:

— rajy3i: XiMiuHe MarmuHOOyAyBaHHS, TETUIOEHEPTEeTHKA, HadTonepepooKa;
— mnianpueMcTBa: YkpHadToras, Minenepronanua 3AT “Ilpomrazamapat” (M. Kuis), BAT
»2Daken” (m. @acris), BHIIII Tpancras;

8. CTaH roToBHOCTi PO3poOKH.

CporosiHi CTBOpeHa HayKOBO-TEXHOJIOTIYHA 0a3a /sl pO3pOOKH MEPCIEKTUBHUX €(PEKTUBHUX
peKyIepaTUBHUX MOBITpOHArpiBadiB-pereHeparopi 1y ['TY razorpaHcnopTHOI cucteMu YKpainw,
ajie sl BUTOTOBJIEHHS NMPO(iTbOBAaHUX TPYO 3 PIBHOPO3BHHEHOIO MOBEPXHEI0 'BHHTOMOIIOHOTO
TUITY HEOOXITHO PO3pOOUTH 1 BUTOTOBHTH NPOMHUCIIOBY JIIHIIO JJIsi BUPOOHHIITBA TaKHX TPYO
JOBXHUHOIO Oibiie 6 M. CTaH TOTOBHOCTI pO3pOOKHM y BUTIISII 1a00paTOPHOTO 3pa3Ky.

9. IcHyoui pe3yJbTaTH BIPOBAIKEHHS:

PesynpTaT Ta BUCHOBKHM pOOOTH BUKOPUCTAHI MPH po3poOIi Ta MPOEKTyBaHHI KOHCTPYKIIii
TEIUIOOOMIHHOI ~ TOBEPXHI Yy  BUIVISIAI  PIBHOPO3BHHEHUX  TIBUHTOMOMIOHMX — TpyO st
noBiTpoHarpiBada-pererneparopa ['TY (I'TK-10).

[Tonepenni TemoaepoaMHaMIUHI PO3pPaXyHKH pereHeparopa 3 pPIBHOPO3BUHEHUX TPYO
I'BUHTONOAIOHOTO THITY MOKa3aJld, [0 BUKOPUCTAHHS TaKuX TPYO 3aMicTh TIaIKUX TPYO KpYTioro
nepepi3y, JJA03BOJISIE TMIABUIIUTH KOMITAKTHICTh 1 3HU3UTH METAJIOEMHICTh TETUIOOOMIHHOTO
ycratkyBaHHs Ha 30...40 %.
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daxc: (044) 406-80-87. e-mail: teram57 @meta.ua

11. Ilepeaik myOaikaniii 3a MmaTepiajJaMu J0CTi/IKeHb 32 NePioJ BUKOHAHHS:

—omy0JIikoBaHi cTarTi:

1. Tlucemennsii E.H. Tennoaspoaunamudeckas 3(hPeKTUBHOCTh TPyOUaThIX MOBEPXHOCTEH
Harpesa pereneparopoB ['TY/ [Tucemennsriii E.H., Tepex A.M., Cemensiko A.B., bapantok
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2. Makoseii B.O. IlpodinroBanHst rBuHTONOAIOHMX TpyO oOKkouyBaHHsM/ Maxkoseit B.O.,
bopomiit F0.I1., Kiicko A.B., IIponenko II. FO // Bichuk KuiBcbkoro momiTexH. iH-Ta.
MamunoOyayBanus. — 2010. — Ne60. — C. 55-60.

3. Makogeit B.O. HanpspkeHHO-1e)OpMUPOPOBAHHOE COCTOSTHUE BUHTOIIOJOOHBIX TPYO MpH
npopmwmposanun/ Maxkoseir B.O., bopomiit HO.I1., Ilpomenko I1.FHD. // BectHuk
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