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YAOCKOHAJIEHHA TEXHIYHUX PIINEHDb
TEIUIOY TUJIIBALIIAHOI'O YCTATKYBAHHSA KOTEJIEHD

HaBezneHo pe3ynbTaTd OCHIIKEHb MO0 3aCTOCYBAHHS B KOHAEHCAIIMHUX BOJOTPIHHUX TEIUIOYTHIII3aTOPAaX CHCTEM TIIHOOKOL
YTHITI3AIi] TETUIOTH BiJXiHUX ra3iB KOTEIBHUX yCTAaHOBOK IyYKiB opeOpeHnx OimMeTraneBux Tpyd IeBHOI KOHQIrypamii, a came: 3 iH-
TeHcudikaTopamu (TypOyIizaTopaMu) TEINIOOOMIHY BCEPEAMHI CTAICBHX TPYO Ta 3 30BHIIIHIM allfOMiHieBUM opeOpeHHsM. [Ipn
I[bOMY AWMOBI ra3l OMHBAIOTH OpeOpeHy ITOBEPXHIO, a PyX HArpiBaHOI BOIM 3MIHCHIOEThCS ycepenuHi TpyO. BukoprcraHHs Takux
TpyO Ja€ 3MOr'y IOCHIINTH TEIUIOOOMIH Ha BHYTPIIIHIA 9acTHHI TPy, 10 0COOJIMBO BaXKIIMBO JJIsI KOHACHCAIHHOT 30HU TEIUIOYTHIIi-
3aTopa, Jie BilOyBaeThCs IHTEHCH(IKAIliS TEII000MiHY, 1 3 O0KY IMMOBUX Ta3iB B pasi iX OXOJIOPKEHHS HIDKYE TEMIIEPAaTYpH TOUKH
pocy BOISHOI ImapH Ta 1 KoHaeHcanii. [y KoHgeH caliiiHol 30HN TpYOHOro ITy4yKa BU3HAYAIN PalliOHAIBHI T€OMETPHYHI ITapaMeTpr
cTajeBux TpyO 1 TypOyIizaTopiB MOTOKY Ha iXHilf BHYTPIIIHIN ITOBEPXHI 32 YMOBHU PiBHOCTI TEPMIUHUX OMHOPIB 3 OOKY AMMOBHX Ta3iB
1 Boau. 3a pe3ynbTaTaMy BUKOHAHHUX JOCIIKEHb BU3HAYEHO ONTUMAJIBHI CIIiBBiJHOIICHHS ITapaMeTpiB cTaneBoi Tpyou i TypOyimi3a-
TOPIiB MOTOKY, IO 3a0e3MedyioTh 3HaYHy IHTEHCH(IKAIil0 TeIIO0OMIHY 3a BIIHOCHO IOMIpPHOTO POCTY aepOAMHAMIYHOTO OIIOpY.
IMoka3zano, 10 3acTOCYBaHHS IIPOIIOHOBAHUX TPYO MOJIIMIITy€e TAKOX TEINIOOOMIH i IIUIIXOM YHOBLIBHEHHS IIPOIECY HAKUIIOYTBOPEH-
HS 32 PaxyHOK TypOy:i3amii NpUCTiHHOTO mapy HarpiBaHol Boau. Tak BiAHOCHE 3MEHIICHHS TOBIIWHH BiAKJIAAEHb JUIL TPYO 3 Typ-
OyIizaTopaMu ITOTOKY ITOPIBHSHO 3 INIAJAKAMHU TpyOaMu 3pOCTaE 3 4acoM 1 B ASSIKHX PEeKUMaX MEePEeBHIIYe 3HAYCHHS 2.

Kniouogi cnoea: BomorpiiiHi TEINIOYTHIII3aTOPH; TIIMOOKE OXOJOKEHHS BIAXIMHUX Ta3iB; iHTeHCH]IKaIlisl TeiooOMiHy; mapa-
MeTpH OpeOpeHHs TpyO; MiABUIIEHHS e()eKTUBHOCTI BUKOPUCTAHHS MTaJINBa.

BCTyH. HeyXI/IJ'II)He JAOPOKYaHHA ITaJIMBa Ha CBiTOBOMy TCJIbBHUX YCTAHOBOK 3Il€6iJ'II)HIOFO KOMIUICKTYIOTBCSA KOH-

PHHKY 1TOTpeOye BIPOBAPKCHHSI EHEPTOOMIaHIX TEXHOJIO-
rif #loro crokuBaHHsA. Y KOMYHaJIBHIH TEIUIOCHEPTeTHII,
sIKa XapaKTEePU3YEThCS 3HAYHUMH BUTpPATaMU IaJHBHO-
SHEpreTUYHNX PECypCiB, 3aOUIa/DKEHHS I1ajuBa peali-
3Y€ThCS HIISIXOM 3aCTOCYBAaHHS TEILIOYTHIII3AL[IMHUX CHC-
TEM 3 TJIMOOKHUM OXOJIOKCHHSM BiIXiJTHUX Ta3iB KOTEIb-
HUX ycTaHOBOK (Stepanova, 2016; Efimov et al., 2017; Fial-
ko et al., 2018; Jaber et al., 2016; Popova & Shempelev,
2016; Levy et al., 2008; Wei et al., 2017). IligpumieHHS
e(QEeKTUBHOCTI TEIUIOYTHIII3AIIHOIO YCTaTKYBaHHS IUX
CHCTEM € HAJ3BUYAWHO aKTyaJbHUM 3aBmaHHsM. OauH i3
HATPsIMiB BUPIMIICHHS I[HOT0 3aBJaHHS TIOJISTAE B YIOCKOHA-
JICHH1 KOHCTPYKI[IMHUX PIillIeHb IIbOT0 YCTATKYBaHHS.
TemmoyTummizariiiHi CUCTEMH Ta30CIIOXUBAaTBHUX KO-

IHpopmauis npo aBTopis:

JICHCaliHUMHU TeTUIOOOMIHHMKaMH (TEIJIOyTHII3aTOpamMHu),
B SIKMX peaJli3yeThCsl HArpiBaHHS BOJY IIIIXOM TJIMOOKOTO
OXOJIODKEHHS BIOXIIHUX IMMOBHX ra3iB KOTIiB. Terioo0-
MiHHI TIOBEpXHI TAKMX TEIUIOYTHJI3aTOPiB KOMIIOHYIOTHCS
3a3BUYail y BUTJISIL IyYKiB TPYO 31 30BHILIHIM ITOIIEPEYHUM
OpeOpEeHHsAM Ta IJIaJIKOI0 ToBepXHero BeepeauHi Tpyo (Do-
linskiy et al., 2014; Navrodskaya et al., 2017; Navrodska et
al., 2018; Fialko et al., 2018; Fialko et al., 2014). IIpu
LIOMY JIMIMOBI I'a3M OMHBAIOTH OpeOpeHy MOBEPXHIO, a PyX
HaTpiBaHOI BOJH 3iHCHIOETECS yeepenuHi TpyO. st edek-
TUBHOI POOOTH TEIUIOYTHIII3aTOpa 3HAYEHHsS ITapaMeTpiB
opeOpeHHs TpyO 1MoTpiOHO BUOMpATH 3 YMOBH PIBHOCTI Tep-
MIYHUX OMOpiB 3 OOKY TUMOBHX ra3iB i Bogu. Y 30HiI KOH-
JieHcanii TemoyTHilizaTopa Bi0yBa€eThCs iICTOTHA IHTEHCH-
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¢ikamis TernI000MiHy 3 ra30BOro 60Ky i B pasi 3aCTOCyBaH-
HS B HUX TPYO 3 OTHAKOBUMH NTapaMeTpaMH OpeOpeHHs IS
Bci€el Teru1ooOMiHHOI MOBEPXHI 3a3HaYeHa yMOBa PIiBHOCTI
OITOPiB MOPYIIYETHCS 1 JIIMITYIOUHM CTa€ TEIIO0OMIH 3 60-
Ky Bomu. [limBUIIEHHS €PEKTHBHOCTI TEIIOOOMIHY B KOH-
JICHCAIIMHIM 30HI TEIUIOYTHIII3aTOpa € OCHOBHHM 3aBJaH-
HSIM [IbOT'O JIOCJIi/PKEHHSL.

Mema Oocniodicenns TonATae 'y TEIUIOPI3UUHOMY
OOTpYHTYBaHHI BHKOPHUCTAaHHS B KOHJCHCALIWHWX TEIlIO-
yTuiti3aropax KOTJIB opeOpeHHX TpyO 3 iHTeHCHbiKamiero
TEIUI0O0OMiHY Ha BHYTPIIIHIM MOBEPXHI Ta BU3HAYEHHI OI-
TUMAaJIBHUX MapaMeTpiB iHTeHCH(]IKaTOPiB Ta OpeOpEHHS.

Marepian i meroau aocJigxenHs. [IpuHuunoBy cxe-
MY BOJIOI'PIHHOTO KOH/ICHCALIIHHOTO TEIIOYTHIIi3aTopa Bij-
XIJIHUX Ta3iB KOTEIHHUX YCTaHOBOK 300pakeHO Ha puC. l.

[MoBepxHIO TEIIOOOMIHY TEIIOYTHIIi3aTOpa MOKHA YMOB-
HO PO3JIUIMTH Ha BI YaCTWHH. Y TeEpINii BimOyBaeThbCs
OXOJIOJDKEHHS TPOIYKTIB 3TOPSIHHS IO TEMIIEPATypH IXHBOI
TO4YKHM pocH. Llel mpouec xapakTepu3yeTbcs CyTO KOHBEK-
TuBHUM ("cyxum") TemnooOMiHOM, 0e3 3MiHM BOJIOTOBMiC-
Ty TOTOKY. Y Apyrii dactuHi TpyOHOro mydka BinOy-
BA€ETHCS TIUOIIE OXOJIOHKEHHS TUMOBHX ra3iB (Hmwk4de 60-
50 °C) 3 KOHAEHCALIEI0 BOSHOI APH, 110 MICTUTHCS B Tra-
3ax. KOHBEKTHBHHI TEIUIOOOMIH MPH IHOMY CYIPOBO-
JUKYeThCsl 1 MacooOMiHoM. Llei mporec Ha3BaHO TEMII000-
MIiHOM 3 KOHJCHCAIli€r (200 "MOKpUM" TEIUIOOOMIHOM).
3aBasSKA BUKOPUCTAHHIO TETIJIOTH KOHICHC AT TUMOBUX Ta-
31B JTOCATAETHCS MIABHUINCHHA Koe(ilieHTa KOPUCHOI il
kotna Ha 3-10 %.

Puc. 1. Cxema xoHIeHCAIHHOTO TEIUIOyTHIT3aTOpa: 1) TeIIooOMiHHUK; 2) GaliacHui ra3oxin; 3) OimeraneBa opedpeHa TpyOa; 4) KOH/ICH-

caro30ipHHK; 5) BUOYXOBHI KJTamaH; 6) OrJIsOBI BiKHA

KommnonyBaHHSI TEIIOOOMIHHOI TIOBEPXHI y BHIJISII
mydyka OiMeraneBux opeOpeHHx TpyO (craneBa ocHOBa M
afoMiHieBe OpeOpeHHs) 3 1HTEHCH(IKAII€I0 TEIUI00OMIHY
Ha BHYTPIIIHIA MoBepxHi X TpyO (puc. 2) nae 3Mory mo-
CHIIUTH TEIUIOOOMIH i, SIK HACHIZOK, iHTEHCH(IKYBaTH TPO-
1iec KOHJICHCATOYTBOPEHHSI B 30HI TITMOOKOTO OX OJIO/PKEHHS
JIMMOBHX Ta3iB. IIpy 11bOMy BaYKJIMBUM € 3aBIaHHS OIITHMi-
3arii mapameTpiB opedpeHoi TpyOH i TypOymizaTopis, sKi, K
BiZIOMO, NOTPiOHO BHOWpPATH 3 YMOBH PIBHOCTI TEPMIUHHX
OITOpPiB Ha BHYTPIIIHIH Ta 30BHIIIHIN TOBEPXHAX TPYOH.

Puc. 2. OpeGpena OimeraneBa Tpyba: 1) TpyOa 3 KUIBLIEBUMH TYyp-
Oymnizaropamy; 2) amtoMiHieBe OpeOpeHHsT; 3) 30BHIIIHS MOBEPXHS
TpyOu 6e3 opeOpeHHs; 4) BHYTpIIIHS ITOBEPXHSI TPyOH; 5) KiIbIIEBI
TypOyi3aropu

VY miif pobOTi MpOBENEHO PO3PAXYHKOBI JOCIIHKEHHS
110710 iIHTEHCUBHOCTI TEIUIONEPEIadi Ta 3MiHH T'iIpaBIivyHO-
rO ONOpY TEIUIOYTHIII3aTopa B pa3i 3acTOCYBaHHA B HOro

KOHJICHCALiHI} 30HI MPONOHOBAaHMX TPYO 3 Pi3HUMU Iapa-
MeTpaMu TypOymizaTopis. JlociiukeHHs 6a3yBannch Ha €K-
CHEepPUMEHTAIBHHUX JaHUX CTOCOBHO TEIUIOOOMIHY Ta Tiipo-
JUHAMIKA TIPU TIIXOOKOMY OXOJIOJKCHHI BiJIXiTHWX Ta3iB
KOoTenbHUX ycTaHOBOK (Navrodska et al., 2018) i B Tpy0Oax 3
KiypeBUMH TypOymizaropamu motoky (Kalinin et al,
1990). Po3paxyHK# BUKOHYBAJIH [UISl PEIEHUX YMOB PO0OO-
TH TEIUIOYTHJI3alifHOTO YCTAaTKyBaHHS B KOHJEHCALIHO-
MY PEKUMi, TOOTO Yy IPaKTUYHOMY [Jiana3oHi 3MiHH OCHOB-
HUX ITapaMeTpiB BiJIXiAHUX Ta3iB 1 BOIH.

Pesyabratn pocaimxeHHs. XapakTepHi pe3yiabTaTH
BHKOHAHMX JIOCJIIPKEHb HaBEICHO Ha pHcC. 3, 4.

Puc. 3. [luroma TerroBa NOTYXHICTh TEIUIOYTHIII3aTOPA 3AJICKHO
Bijl TapaMeTpiB TypOyITi3aTopiB Ta TEMIEPaTypH HarpiBaHOI BOU:
1) D/D =0,983; t,/D = 0,496; 2) 0,966;0,498; 3) 0,943; 0,497,

4) 0,922; 0,523, 5) 0,875; 0,496; 6) 0,912; 0,992; 7) 0,946; 0,998;
8) 0,944; 1,987; 9) 0,942; 3,989; 10) riamka Tpyda
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Puc. 4. I'ippaBniunmii onip TEIUIOYTHIIi3aTOpa 3aJISKHO BiX Mapa-
MeTpiB TypOymizaTopiB Ta TeMneparypu HarpiBanoi Boxu: 1) D,/D
=0,983; /D = 0,496; 2) 0,966;0,498; 3) 0,943; 0,497; 4) 0,922;
0,523;5) 0,875, 0,496; 6) 0,912; 0,992; 7) 0,946; 0,998; 8) 0,944;
1,987; 9) 0,942; 3,989; 10) rinaaka tpyba

Bapro 3a3HaunTH, MmO OKpiM iHTEHCH]iKalii Term1000-
MIHY ycepeauHi MIPOIIOHOBaHOi opeOpeHoi TpyOH, YIoBiIb-
HIOETBCS TPOLIEC HAKHUIIOYTBOPEHHS LUIIXOM TypOysizamii
MIPUCTIHHOTO Iapy HarpiBaHoi Bogu (Gomon et al., 1990).
IIs oOcTaBMHA TakOXX NMPUBOAWTH IO 3POCTAHHS TEIIOBOL
eQEeKTUBHOCTI TEIJIOOOMIHHOI IOBEpXHi 3 BHYTPILIHIMH
TypOyJii3aTopamMy MOTOKY B Tpy0Oax 3aBIsIKM 3MEHILICHHIO
TOBIIMHY BiJKJIaJCHh O Y 3ICTaBIICHHI 3 BiJMOBITHUMHU
rmaakuMu  TpyOamu (puc. 5). PesynpratH  mociimKeHHS
CBi4aTh, IO BiTHOCHE O 3MEHIIEHHS Ui TpYO 3 TypOymi-
3aTOpaMH MOTOKY O,/O,; 3POCTAE 3 YACOM 1 MOXKE IEPEBU-
LIyBaTH 3HAYECHHS 2.

Puc. 5. /lunamika TOBIIMHY BiAKIIACHb y TIIAJKHUX TpyOax O, Ta B
TpyOax 3 TypOyiizaTopamu IoToKy O,,: 1) rianka Tpyoa; 2) Tpyda 3
KUIBLIEBIMH TypOYyJTi3aTopaMu

OTXe, PO3PaXyHKOBI IOCIIIPKECHHS IIOAO MOPiBHIHHS
OCHOBHHX IMOKa3HHUKIB KOHJEHCALIHHNAX TEIUIOYTUIIi3aTOPiB
i3 TmagKuMu TpyOamu 1 TpyOaMu 3 KiIbIEBUMH TypOyIiza-
TOpaMy TOTOKY Ha BHYTPIIUHIM IHOBEpXHi IOKa3ajo, 10
3aCTOCYBaHHS IIPOIOHOBAHOI KOHCTPYKIIi TpyOH Mae icToT-
Hi IlepeBard 3a BiZHOCHO HEBEJIMKOTO POCTY 3arajlbHOTO
TiIpaBIIiYHOTO OTIOPY.

BucnoBku:

1. BukonaHo aHaii3 e()eKTHBHOCTI 3aCTOCYBaHHS TIPO-
MIOHOBaHMX OiMeTasieBHX opeOpeHux Tpyd 3 TypOyiizaropa-
MU TIOTOKY Ha BHYTPILIHINA MOBEpXHI Ui iHTEHCHQiKamii
TEIUI000MiHY B KOHJICHCAIIHHIHM 30HI BOJOTpiHOrO TeIuIo-
yTHIIi3aTopa KOTEIbHUX YCTaHOBOK.

2. Bu3HadyeHo onTHMaibHI CIiBBIIHONICHHS [TapaMeTpiB
Tpyou 1  TypOymizaropiB  motoky (D,/D =0,946;
t,/D =0,998), mo 3a0e3meuyoTh iCTOTHY iHTCHCHQIKAIIIO
TEII000MiHY 32 BIJJHOCHO IMOMIpPHOTO POCTY TiAPaBIi4HOTO

OIopy B KOHJEHCALifHIA 30HI TPYOHOTO ITydKa TEIJIOyTH-
JizaTopa.

3. Ilokazano, mo 3acTtocyBaHHS TypOysi3aTopiB Ha
BHYTPILIHIN MOBEpXHI OpeOpeHHx TpyO 3abe3nedye yro-
BIJIHEHHS! MPOIIECY HAKUIIOYTBOPEHHS 3aBASKH TypOyIiza-
i1 IPUCTIHHOTO [Iapy HAarpiBaHOi BOIH.

4. TIpoBeeHO 3icTaBICHHS TUHAMIKH TOBIIWMHHU BiJKIIa-
JICHb TEIUIOYTHIII3AaTOpa, SIKUH KOMIIOHYEThCS TpyOamu 3
TypOymi3aTropaMu MOTOKY Ta 0e3 Hux. Lli 3icTaBieHHS mia-
TBEpAWIM €(EeKTHBHICTb 3aCTOCYBAaHHS HPOITOHOBAHHUX
opeOpeHux TpyoO.
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IMPROVEMENT OF ENGINEERING SOLUTIONS OF BOILER HEAT RECOVERY EQUIPMENT

The results of studies on the effectiveness of the use in heat-recovery technologies for gas-fired heating boilers of advanced
condensation heat-recovery exchangers of the exhaust-gases of boilers are presented. The proposed heat-recovery exchangers are
designed for heating water in heating systems, chemical water-purification systems and other needs by cooling exhaust-gases, in
some operating modes below the dew point of water vapour, contained in gases. The heat exchange surface of recovery-exchangers is
composed of bundles of finned bimetallic pipes (steel base and aluminium fins) with structural features, namely: with intensification
of heat transfer on the inner surface of these pipes. In this case, exhaust-gases blow round the fin surface, and the movement of water,
which is heated, is carried out inside the pipes. Such a constructive solution makes it possible to enhance heat transfer inside the pipe
and, as a result, to intensify the process of condensate formation in the deep cooling zone of exhaust-gases (condensation part of the
heat-recovery exchanger). For this zone, the rational geometric parameters of the pipes and flow turbulators on the inner surface were
determined from the condition that the thermal resistance from the exhaust-gas and water in the condensation zone of the heat-
recovery exchanger is equal. The studies were carried out using experimental data on heat transfer and hydrodynamics during deep
cooling of the exhaust-gases of boiler plants and in pipes with ring flow turbulators for typical modes of heat-recovery equipment of
boiler plants. Based on the results of the studies, the optimal ratios of the parameters of the steel base of the pipe and the flow
turbulators are determined, which provide a significant intensification of heat transfer with a relatively moderate increase in
aerodynamic resistance in the condensation part of the tube bundle of the heat-recovery exchanger. It is shown that the use of the
proposed pipes improves heat transfer by slowing down the process of scale formation due to turbulization of the near-wall layer of
heated water. The data on the thickness of deposits on the inner surfaces of the pipes of the heat-recovery exchanger, which is
composed of pipes with and without flow turbulators, are compared. It is shown that the relative decrease in the thickness of deposits
for pipes with flow turbulators increases with time and can exceed 2.

Keywords: water heat-recovery exchangers; deep exhaust-gas cooling; heat transfer intensification; pipe finning parameters;
increase fuel efficiency.
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