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YAOCKOHAJIEHHA TEXHIYHHUX PIINEHDb
TEIUIOY TUIIBALIIMHOI'O YCTATKYBAHHSA KOTEJ/IEHD

HaBezneHo pe3ynbpTaTd HOCHIIKEHb MO0 3aCTOCYBAHHS B KOHAEHCAIIMHUX BOJOTPIHHHUX TEIUIOYTHIII3aTOPaX CHCTEM IITHOOKOI
YTHITI3AIi] TETUTOTH BiJXiTHUX ra3iB KOTEIBHHUX yCTaHOBOK IIyYKiB opeOpeHnx OimMeraneBux Tpyd MeBHOI KOHQIrypamii, a came: 3 iH-
TeHcudikaTopamu (TypOyIizaTopaMH) TEINIOOOMIHY BCEPEAMHI CTAIEBHX TPYO Ta 3 30BHIIIHIM allfOMiHieBUM opeOpeHHsM. [Ipn
I[bOMY AWMOBI ra3d OMHBAIOTH OpeOpeHy IMOBEPXHIO, a PyX HArpiBaHOI BOJM 3MIHCHIOETHCS ycepeauHi TpyO. Bukopucranus Takux
TpyO Ja€ 3MOr'y IOCHIINTH TEIUIOOOMIH Ha BHYTPIIIHIA 9acTHHI TPYO, 10 0COOJIMBO BaXKIIMBO JJIsI KOHACHCAiHHOT 30HU TEILIOYTHIIi-
3aTopa, Jie BiOyBaeThCs IHTEHCH(IKAIiS TEII000MiHY, 1 3 O0KY IUMOBHX Ta3iB B pasi iX OXOJIOMKECHHS HIDKYE TEMIIEPATypH TOUKH
pocy BOISIHOI ImapH Ta 1 KoHaeHcanii. [y KoHgeHcaliiiHol 30HM TpYOHOro ITy4Ka BU3HAYAIN PallioHAIBHI TEOMETPHYHI ITapaMeTpr
cTaneBux TpyO 1 TypOyIizaTopiB MOTOKY Ha iXHil BHYTPIIIHIN ITOBEPXHI 32 yMOBH PiBHOCTI TEPMIYHUX OMOPIB 3 OOKY AMMOBHX Ta3iB
1 Bou. 3a pe3ynbTaTaMy BUKOHAHHUX JOCIIKEHb BU3HAYEHO ONTUMAIIBHI CIIiBBiJHOIICHHS ITapaMeTpiB cTaneBoi Tpyou i TypOyimisa-
TOpPIiB MOTOKY, IO 3a0e3MneuyioTh 3Ha4YHy iHTEHCH(]IKaIliI0 TEII00OMIHY 3a BIIHOCHO HMOMIPHOTO POCTY aepOAMHAMIYHOTO OIOpY.
IMoka3zano, 10 3acTOCYBaHHS IIPOIIOHOBAHNX TPYO MOJIIIITYe TAKOX TEINIOOOMIH i IIISIXOM YIOBLUIBHEHHS IIPOIECY HAKUIIOYTBOPCH-
HS 32 PaxyHOK TypOy:i3arii IpUCTiHHOrO mIapy HarpiBaHoi Bogu. Tak BiHOCHE 3MEHIICHHS TOBIIMHH BiIKJIAJACHb VIS TPYO 3 TYp-
OyIizaTopaMu ITOTOKY ITOPIBHSHO 3 IIAJKUMHU TpyOaMu 3pOCTaE 3 9acoM 1 B ASSIKAX PEeKUMaX MEePEeBHIIYe 3HAYCHHS 2.

Kniouogi cnoea: BomorpiiiHi TEINIOYTHIII3aTOPH; TIIMOOKE OXOJOKEHHS BIAXIMHUX ra3iB; iHTeHcH]IKaIis TerurooOMiHy; mapa-
METpH OpeOpeHHs TpyO; MiABUIICHHS e()eKTUBHOCTI BUKOPUCTAHHS MTaJINBa.

BCTyH. HeyXI/IJ'II)He JAOPOKYaHHA ITaJIMBa Ha CBiTOBOMy TCJIBHUX YCTAHOBOK 3I[€6iJ'II)HIOFO KOMIUICKTYIOTBCSI KOH-

PHHKY 1TOTpeOye BIPOBAPKECHHSI EHEPTOOMIaHIX TEXHOJIO-
rif #ioro crokxuBaHHsA. Y KOMYHaJIBHIH TEIUIOCHEPTeTHII,
sKa XapaKTEePU3YEThCS 3HAYHUMH BUTpPATaMU IaJHBHO-
CGHEPTCTUYHUX PECYPCiB, 3a0MAKCHHA TaliBa peai-
3Y€ThCS IIISIXOM 3aCTOCYBAaHHS TEILIOYTHIII3AL[IMHUX CHC-
TEM 3 TJIMOOKHAM OXOJIODKCHHSAM BiIXIiJHHX Ta3iB KOTEIh-
HUX yCcTaHOBOK (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(eKTUBHOCTI TEIUIOYTHJI3alifHOTO YCTAaTKyBaHHS IHX
CHCTEM € HAJ3BHYAWHO aKTyaJbHUM 3aBmaHHsM. OauH i3
HATIPSIMiB BHPIIIICHHS I[HOTO 3aBJaHHS TOJISTAE B YIOCKOHA-
JICHHI KOHCTPYKI[IMHUX PIllIeHb IIbOT0 YCTATKyBaHHSI.
TemmoyTumizariiiHi CUCTEMH Ta30CIOXUBAaTBHUX KO-

IHpopmauis npo asTopiBs:

JICHCAIlIHHIMH TeIIOOOMIHHUKaMH (TEIUIOYTHITI3aTOPaMu),
B SIKMX peaJli3yeThCsl HArpiBaHHS BOJY IIIIXOM TJIMOOKOTO
OXOJIODKEHHS BIOXIMHUX IAMOBHX ra3iB KOTIiB. Ternroo0-
MiHHI TIOBEpXHI TAKMX TEIUIOYTHUJI3aTOPiB KOMIIOHYIOTHCS
3a3BUYail y BUTJISAI IYYKiB TPYO 31 30BHILIHIM MOIIEPEYHUM
OpeOpEeHHsAM Ta TJIaJIKOI0 IoBepXHero BeepeauHi Tpyo (Do-
linskiy et al., 2014; Navrodskaya et al., 2017; Navrodska et
al., 2018; Fialko et al., 2018; Fialko et al., 2014). Ipu
IIOMY JMMOBI I'a3M OMHBAIOTH OpeOpeHy MTOBEPXHIO, a PyX
HarpiBaHoi BOJM 3/iHCHIOETbCS ycepeanHi Tpyo. st edex-
TUBHOI POOOTH TEIUIOYTHIII3aTOpa 3HAYEHHS ITapaMeTpiB
opeOpeHHs TpyO MoTpiOHO BUOMpATH 3 YMOBH PIBHOCTI Tep-
MIYHUX OMOpiB 3 OOKY TUMOBHX ra3iB i BOgu. Y 30HI KOH-
JIeHcallii TeIoyTHITi3aTopa BilOyBaeThesl ICTOTHA 1HTEHCH-
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¢ikamis TernIo000MiHy 3 ra30BoOro OOKY i B pasi 3acTOCyBaH-
HS B HUX TPYO 3 OIHAKOBUMH NapaMeTpaMH OpeOpEeHHS /IS
Bci€l TerIooOMiHHOI MOBEPXHI 3a3HaYeHAa yMOBa PiBHOCTI
OITOPiB MOPYIIYETHCS 1 JIIMITYIOUHM CTA€ TEIUIOOOMIH 3 060-
Ky Bomu. [limBUIIEHHS €PEKTUBHOCTI TEIUIOOOMIHY B KOH-
JICHCAIIMHIM 30HI TEIUIOYTHIII3aTOpa € OCHOBHHM 3aBJaH-
HSIM [IbOT'O JIOCJIi/PKEHHSI.

Mema Oocnidoicenns TonArae 'y TEIUIOPI3UUHOMY
OOTpYHTYBaHHI BHKOPHUCTAaHHS B KOHJCHCALIWHWX TeIIo-
yTuiti3aropax KOTJIIB opeOpeHHX TpyO 3 iHTeHCHbiKamiero
TEIUI000MiHY Ha BHYTPIIIHIHM MOBEPXHI Ta BU3HAYEHHI OI-
TUMaJIbHUX TapaMeTpiB iHTeHCH(]IKaTOPIiB Ta OpeOpEHHSI.

Marepiaa i meroau aociigxenHs. [[puHIunoBy cxe-
MY BOJIOI'PIHHOTO KOH/ICHCALIfHOTO TEIIOYTHIIi3aTopa Bij-
XIJIHUX Ta3iB KOTEIPHUX YCTAHOBOK 300pakeHO Ha pucC. 1.

6

Bxin
e
BOJIH

[MoBepxHIO TEMIOOOMIHY TEIIOYTHIII3aTOpa MOKHA YMOB-
HO PO3JIUIMTH Ha MBI YaCTWHH. Y TeEpINii BimOyBaeThbCs
OXOJIOJKEHHS TIPOIYKTIB 3TOPSIHHS IO TEMIECPATyPH IXHBOI
TO4YKH pocH. Llel npomec 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 KOHAEHCAIIEI0 BOSHOI MAPH, 110 MICTUTHCS B ra-
3ax. KOHBEKTHBHHI TEIUIOOOMIH MPH IHOMY CYIPOBO-
JDKyeThesl i MacooOminoM. leit mporec Ha3BaHO TEIIOO00-
MIiHOM 3 KOHJCHCAIli€r (200 "MOKpHM" TEIUIOOOMIHOM).
3aBIsSKA BUKOPUCTAHHIO TETIOTH KOHICHC A TUMOBUX Ta-
3iB JTOCATAETHCS MIABHUINCHHA Koe(ilieHTa KOPUCHOI il
kotna Ha 3-10 %.

Puc. 1. Cxema xoHIeHCANIHHOTO TETUIOYTIIT3aTOpa: 1) TeII00OMIHHUK; 2) GalimacHui razoxin; 3) OimeraneBa opedpeHa TpyOa; 4) KOH/ICH-

caro30ipHHK; 5) BUOYXOBHI KJIamaH; 6) OrJIsOBI BiKHA

KoMnoHyBaHHSI TEIJIOOOMIHHOI TOBEpXHI y BHUIIISAI
mydyka OiMeraneBux opeOpeHHx TpyO (craneBa ocHOBa M
afoMiHieBe OpeOpeHHs) 3 1HTEHCH(IKAII€I0 TEIUI00OMIHY
Ha BHYTPIIIHIA MoBepxHi 1MX TpyO (puc. 2) nae 3Mory mno-
CHJINTH TEIIOOOMIH i, SIK HACHiZIOK, iHTEHCH(IKyBaTH TPO-
1iec KOHJICHCATOYTBOPEHHSI B 30HI TITMOOKOTO OX OJIO/PKEHHS
JMMOBHX Ta3iB. IIpu 11bOMy Ba)KJIMBUM € 3aBIAHHS OITHMi-
3arii mapameTpiB opedpeHoi TpyOu i TypOymizaTopiB, sKi, K
BiZIOMO, NOTPiOHO BHOMpPATH 3 YMOBH PIBHOCTI TEPMiUHHX
OIOpPiB Ha BHYTPIIIHIH Ta 30BHILIHIN MOBEPXHAX TPYOH.
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Puc. 2. OpeGpena OimeraneBa Tpyba: 1) TpyOa 3 KUIBLIEBUMH TYyp-
Oymizaropamy; 2) amoMiHieBe OpeOpeHHS; 3) 30BHIITHS MOBEPXHS
TpyOu 6e3 opeOpeHHs; 4) BHYTpIIIHS ITOBEPXHS TPyOH; 5) KiIbIIEBI
TypOyi3aropu

VY miif pobOTI MpOBENEHO PO3PAXYHKOBI JOCIIHKEHHS
110710 iIHTEHCUBHOCTI TEIUIONEPEAayi Ta 3MiHH TiIpaBIivyHO-
rO ONOpY TEIUIOYTHIII3aTopa B pa3i 3acTOCYBaHHA B HOro

KOHJICHCaliiHi}{ 30HI MPONOHOBAaHMX TPYO 3 Pi3HUMU Iapa-
MeTpaMu TypOymizaTopis. JlociikeHHs 6a3yBannch Ha €K-
CHEePUMEHTAIBHHUX JTaHUX CTOCOBHO TEIUIOOOMIHY Ta Tifpo-
MUHAMIKHA TIPU TIHOOKOMY OXOJOIPKEHHI BiAXIIHUX Tra3iB
KOoTenbHUX ycTaHOBOK (Navrodska et al., 2018) i B Tpy0ax 3
KipueBUMH TypOymizaropamu motoky (Kalinin et al,
1990). Po3zpaxyHK# BUKOHYBAJIH [UIsl PEUIEHUX YMOB PO0OO-
TH TEIUIOYTHJI3alifHOTO YCTAaTKyBaHHS B KOHJEHCAIIHO-
MY PEKUMi, TOOTO Yy IPaKTUYHOMY Jiala3oHi 3MiHH OCHOB-
HUX TTapaMeTpiB BiIXiAHUX ra3iB i BOIH.

Pesyabratn pocaimkeHHs. XapakTepHI pe3yJIbTaTH
BHKOHAHMX JOCJIi/PKEHb HaBEAEHO Ha puc. 3, 4.
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Puc. 3. [lutoma TerIoBa NOTYXHICTh TEIUIOYTHIII3aTOPA 3AJIEKHO
BijI TapaMeTpiB TypOyITi3aTopiB Ta TEMIEPaTypH HarpiBaHOI BOAU:
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'igpaBniunmii onip TEIUIOYTHIII3aTOpa 3aJISKHO BiX Mapa-
MeTpiB TypOyiizaTopiB Ta TeMeparypu 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) riaaka tpyba

Bapro 3a3HaunTH, MmO OKpiM iHTEHCH]iKamii Term1000-
MiHY ycepeauHi MIPOIIOHOBaHOi opeOpeHoi TpyOH, YIoBiIb-
HIOETHCS TPOLIEC HAKHUIIOYTBOPEHHS LUIIXOM TypOyii3amii
MIPUCTIHHOTO Iapy HarpiBanoi Bogu (Gomon et al., 1990).
IIs oOcTaBMHA TakOXX NMPUBOAWTH IO 3POCTAHHS TETIOBOL
eQEeKTUBHOCTI TEIJIOOOMIHHOI ITOBEpXHI 3 BHYTPILIHIMH
TypOysi3aTopaMy MOTOKY B Tpy0ax 3aBsIKM 3MEHILICHHIO
TOBIIMHY BiNKJIaJCHh O Y 3ICTaBIICHHI 3 BiAMOBIIHUMHU
rmaakuMu  Tpybamu (puc. 5). Pesynbrat mociimKeHHS
CBi4aTh, 0 BiTHOCHE O 3MEHIIEHHS Ui TpYO 3 TypOymi-
3aTOpaMH MOTOKY O,/0,; 3POCTAE 3 YACOM 1 MOXKE IECPEBU-
LIyBaTH 3HAYECHHS 2.
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Puc. 5. /lunamika TOBIIMHY BiAKIACHb y TIIAJKHX TpyOax O, Ta B
TpyOax 3 TypOyiizaTopamu MoToKy O,.: 1) rianka tpyoa; 2) Tpyda 3
KUTBLIEBUMH TypOYyJIi3aTopaMu

OTXe, pO3paXyHKOBI IOCIHIIPKEHHS IIOAO IMOPiBHIHHS
OCHOBHUX IOKa3HHUKIB KOHJECHCALIHHNX TEIUIOYTUIIi3aTOPiB
i3 TagkuMu TpyOamu 1 TpyOaMu 3 KUIbIIEBUMH TypOyIiza-
TOpaMy TOTOKY HA BHYTPIIIHIH IOBEpXHI IMMOKa3ajo, II0
3aCTOCYBaHHS IIPONIOHOBAHOI KOHCTPYKIIi TpyOH Mae icToT-
Hi IlepeBard 3a BiHOCHO HEBEJIHMKOTO POCTY 3aralbHOTO
TiIPaBIIIYHOTO OTIOPY.

BucnoBkmu:

1. Bukonano aHami3 e(peKTHBHOCTI 3aCTOCYBaHHS IIPO-
MIOHOBaHMX OiMeTasieBHX opeOpeHux Tpyd 3 TypOyiizaropa-
MU TIOTOKY Ha BHYTPIIIHIN MOBEpXHI Ui iHTEHCHQiKamii
TEIUI000MiHY B KOHJICHCALIHHIHM 30HI BOXOTpiHOTO TeIIo-
yTHITi3aTopa KOTEIbHUX YCTaHOBOK.

2. Bu3HadyeHo onTHUMaibHI CIIiBBIIHOMICHHS [TapaMeTpiB
Tpyou 1  TypOymizaropiB  motoky (D,/D =0,946;
t,/D =0,998), mo 3a0be3neuyoTh iCTOTHY iHTCHCHQIKAIIIO
TEII0O00MiHY 32 BIZJHOCHO MOMIPHOTO POCTY TiApaBIidHOTO

OIopy B KOHJEHCALiHIA 30HI TPyOHOTO ITydKa TEIIOyTH-
JizaTopa.

3. Ilokazano, mo 3acTocyBaHHS TypOysi3aTopiB Ha
BHYTpILIHII MOBEpXHI OpeOpeHnx Tpyd 3abe3nedye yro-
BIJIHEHHS NPOIIECY HAKUIIOYTBOPEHHSI 3aBISIKH TYpOyImiza-
i1 IPUCTIHHOTO [Iapy HAarpiBaHoi BOIH.

4. TIpoBeeHO 3icTaBIICHHS JUHAMIKA TOBIIWMHHU BiJKIIa-
JIeHb TEIUIOYTWIII3aTopa, SIKMHA KOMIIOHYEThCS TpyOamu 3
TypOymizaropamMu moToky Ta 0e3 Hux. Lli 3icraBieHHS -
TBEpAMIN €(EeKTHBHICTh 3aCTOCYBAaHHS HPOIOHOBAHHUX
opeOpeHux TpyoO.
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N. M. Fialko, G. O. Gnedash, R. O. Navrodska, S. I. Shevchuk, G. O. Sbrodova
Institute of Engineering Thermophysics of National Academy of Sciences of Ukraine, Kyiv, Ukraine

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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