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[IpoBeneno anamiz e(peKTHMBHOCTI
3aCTOCYBAaHHS Psily TEIUIOBHX METOAIB
BI/IBCPHCHHS. KOH/ICHCATOyTBOPEH-
Hi y Ta30BiJBIIHUX TpaKTaxX KOTEIb-
HUX YCTaHOBOK 3 JMMOBHMH TpPyOaMu
pI3HOTO THITy TIPH BUKOPHUCTAHHI TeTl-
JOYTHITI3AIlIfHUX TEXHOJOTIH 3 TIubo-
KHM OXOJIODKEHHSIM BIIXIJHUX rasiB.

IIposenen ananu3 3pHekTHBHOCTH
MPUMCHCHUA PAda TCIJIOBBIX MCETOHOB
MPeJOTBpAIllEHHsT  KOHJICHCATO00pa-
30BaHUS B Ta300TBOSIIUX TpPaKTaxX
KOTEJIbHBIX YCTAHOBOK C JILIMOBBIMH
TpyOaMu pa3HOTo THIIA MPU KCHONB30-
BaHUM TCIUIOYTUIIM3ALMOHHBIX TEXHO-
JIOTHH ¢ TIIyOOKMM OXJIaXJICHHEM yXO-

The analysis of the effectiveness
of application of thermal methods for
prevention of condensate formation
in boiler exhaust gases ducts with dif-
ferent chimney types by using of a deep-
cooled of exhaust gases technology is
performed.

NISIIIUX Ta30B.

bi6x. 7, puc. 6.

Kuro4oBi cjioBa: ra3ocrnokuBasibHI KOTEJIbHI YCTAaHOBKH, TEIUIOYTHJII3AIliiiHI TEXHOJOTIi, 3armo0iranHs
KOHJ/ICHCATOYTBOPEHHIO; TETUIOBI METOIM 3aXUCTY Ta30B1JIBITHUX TPAKTIB.

{ — TeMIeparypa;

At — BenMYMHA TPUPOCTY TEMIIEPaTyphd TUMOBUX
ra3iB y TeII000MIHHUKY-IT1IIrpiBayi;

QO — TemIONpPOAYKTUBHICTD;

Y — dYacTka OailllacoBaHUX Ta3iB IMOB3 TEIUIOYTH-
Ji3zaTop;

A — Koe(iIieHT TEIIOMPOBITHOCTI.

CyuacHi BUMOTH J10 OCHOBHOTO Ta JOTIOMIKHOTO
oOalHaHHSI KOTEJIeHb KOMYHAJIbHOI TEeIJIOCHepre-
TUKH YKpaiHH TIOB’f3aHi, 3 OTHOTO OOKY, 3 TOTPeOOoI0
3a0Ia/PKEHHS] MaJMBHO-CHEPTETHUHUX PECYpCIB,
B TOMY YHUCII 1 HIIJISXOM BHUKOPUCTAaHHS €(EKTHB-
HUX TEIUIOYTUJII3aliiHUX TEXHOJIOTIH, a 3 JAPyroro
00Ky — 3 HEOOXITHICTIO MiIBUIIECHHS HAMIMHOCTI 1
JIOBFOBIYHOCTI 11OT0 00magHanda. OIHIEI0 3 HATaAThb-
HUX IIPOOJIEM MPH MiJIBUILIEHH] €Heproe()eKTUBHOCTI
TEMIOTCHEPYIOUHX yCTAHOBOK, K BIJIOMO, € 3MEH-
IICHHS TEPMiHY CIIy>KOM TUMOBHX pr6 yepe3 KOH-
JICHCATOYTBOPEHHSI Ha XHIN BHYTplﬂlHII/I MOBEPXHI.

EdekTuBHICTb 3aCTOCYBaHHS BIIOMHUX TEIJIOBUX
METOJIIB 3aXMCTy Ta30BIJIBIIHUX TPAKTIB BKa3aHUX
YCTaHOBOK IPH BHUKOPUCTAHHI TEIUIOYTHIII3alliHHUX
TEXHOJIOTIA 3 MTHUOOKMM OXOJIOMKEHHSAM BIIXiTHUX

Inpexcn:

K — KOTEJI;

H — HOMIHAIJT,

HC — HaBKOJIUIITHE CEPEIOBHUIIIE;
OB — MIOBEPXHSI;

p — poca.

JUMOBHUX Ta3iB CYTTEBO 3alIeKHUTh BIJI PEKUMIB
eKanIyaTaui'l' 1 KOHCprKuiﬁHHx ocoOnMBocTen
BIJIBIIHUX Ta30X0/1B Ta JTUMOBHX pr6 [1-3]. [Tpuuo-
My, 3aJICHKHO B/l yMOB €KCIUTyaTallil KOXKHa KOHCTPYK-
1is1 TPyOM Ma€ CBOI NepeBary Ta ciadKi CTOPOHHU.

B xomyHanbHIN TemyoeHepreTuil  YKpaiHH
3aCTOCOBYIOTBCSI JUMOBI TpPyOM 13 IIeIH, MeTa-
7y, MOHOJIITHOTO Ta 30ipHOTO 3amizoberony. s
3aro0iraHHs  KOpO3iMHOro  pyWHyBaHHS — uepe3
KOHJICHCATOYTBOPCHHS.  Ta  MOJOBKCHHSA  pecyp-
Cy Ta30BIIBITHUX TPAKTIB KOTEIBHHUX YCTaHOBOK
3 MIMOOKUM OXOJIOMKEHHSM BIIXiITHUX Ta3iB NpHU
MPOEKTYBaHHI CHUCTEM TEIUIOBOIO 3aXUCTy IHMX
TPakTiB HEOOXITHO BPAXOBYBaTH PEKUMHU OXOJIOA-
KEHHsI Ta KOHCTPYKIIHHI OCOOTMBOCTI JMMOBHX

TpYyoO.
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Metoro  maHoi  poOOTHM €  JOCIIJDKEHHS
e(eKTUBHOCTI 3aCTOCyBaHHS TMIPH BUKOPUCTAHHI
Cy4acHHUX TEIUIOY THITI3aLll HHIX TEXHOJIOT1H

TEIJIOBUX METOMAIB 3amoOiraHHs KOHJEHCATOYyT-
BOPEHHIO Y Ta30BIBIAHUX TpakTaX KOTEIEHb 3
JTUMOBHUMH TpyOaMu pi3HOTO THUITY.

[Ipy mpoBeaeHHI  MOCHIKEHb  PO3TIIsAIA-
mucs ONMM3BbKI 3a po3MipaMu MeETajeBi, IETISIHI
Ta 3a1i300€TOHHI JUMOBI TpyOM 3 pPI3HUMHU
KOHCTPYKIIIHHUMH ~ ocoOnuBoCTIMU  [4-6] 1ipH
IHIIUX pIBHUX yMoBax. Tumm numoBHX TpyO Ta

iXHI BIIMIHHOCT1 HaBeneHo Ha puc. 1. Ha puc. 1, n,
30KpeMa, 300pakeHO (parMeHT 3aji300€TOHHOI
TpyOu 13 meTaneBuM cTBOJIOM. OCTaHHIM YacoM B
VYkpaiHi Taki TpyOW 3HAXOMATh BCE OUIBIIE MOIIH-
penns. Ilpu npoMy, B oxHiil 3a1i300eTOHHIN 000-
JIOHIII MOXKE PO3MIIIYBAaTHCh OJIMH 1 OijIbIlIe MeTae-
BUX CTBOJIB.

[IpuHIMTIOBI CXeMHU KOTEIbHHMX YCTAaHOBOK i3
3aCTOCYBaHHSIM TEIUIOYTHIII3aIlll BIIXIAHUX Tra3iB 1
TEIJIOBUX METOIB 3aXHCTy Ta30BiJBIIHUX TPAKTIB
HaBeJICHO Ha puc. 2, 3.
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Puc. 1. ®pazmenmu oumosux mpyo:
a), 0) — 3ani300emonni 6e3 hymepysanns ma 3a 1020 HAAGHOCHI;
8) — uecnana; 2) — memaneea; 0) — 3ai300eMOHHA 3 MEMANE6UM CHBOTIOM;
1 —3anizooemon; 2 — yeana; 3 — memai; 4 — noGIMpPAHUIL RPOUIADOK.
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Puc. 2. Ilpunyunosa cxema KomenvHoi yCMAHOGKU i3 3ACHOCYBAHHAM MEMOOYy YACMKOB020
oannacysanna OUMoGUX 2a3ié 063 MenJI0ymuaizamop:
1 — komen; 2 — oumoea mpyoa; 3 — menaoymunizamop; 4 — 6i08iOHUIL 2a30X10; 5— pe2yni06anbHUll KI1aANnaH.
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Puc. 3. IIpunyunosi cxemu KomenvHoi yCMano8Ku i3 3aCMOCy8AHHAM Memooy RIOCYULY8aAHHA
OuUMOBUX 2a318 NICA MENIOYMUNIZAMOPA y 60002a3080MY (a) ado 2azozazoeomy (0 ) nidicpieauax:
1 — komen; 2 — oumosa mpyoa; 3 — menaoymunizamop; 4, 5 — 6000- ma 2azozpiini 2azonioicpieaui.

Ha puc. 4 HaBenmeHo pe3yabTaTd pO3paxyHKO-
BUX JOCIIKEHb 1100 €(peKTUBHOCTI 3aCTOCYBaHHS
JUTSL 3aXMCTY BKa3aHUX JUMOBHUX TPyO MeTo/iB Oaii-
MacyBaHHs Ta MIACYIIYBaHHS BIIXIAHHUX Ta3iB IpU
PI3HMX 3HAYEHHSX HABAHTAKCHHS KOTJA TPOTITOM
Nepiofy OMaJICHHS, SKi BiNMOBITAIOThH Jiama3oHy
3MIHM TEMIIEpaTypu HABKOJMIIHBOTO CEPEOBHINA
¢ =-20+10°C 3rizHO 3 TEMIOBMM rpadikoM KOTENbHI.
IIpu poMy pO3MISHYTO Taki YMOBH POOOTH KOTe-
JIeHb, 3a AKUX Tpu ¢  Omusbkid g0 0 °C, xomu Te-
IJI0BE HABAaHTAXXCHHS KOTIIB 3a3BMYail CTAHOBUTH
50 % B HOMIHAJIBHOTO, B110YBa€THCS TIEPEBEACHHS
BIJIMIOBITHOTO YMCJIA KOTJIIB Y HOMIHAJIBHUM PEXUM
Ipy 3MEHIIEHHI 3arajbHOi KITBKOCTI KOTJIIB. IIO
MPAaIOOTh.

SIK BUJHO 3 HaBEJIEHUX JaHWX, HAWOULIBII He-
0e3MeYHUM I BCIX PO3MISHYTUX TUMOBHX TPYO 3
TOYKH 30py YTBOPEHHS B HUX KOHJICHCATY € OCIHHBO-
BecHsiHUM nepion. [lpu npomy HaiiBHILI, HEOOX1IHI

JUIs  BIJBEpPHEHHS KOHJIEHCAaTOyTBOPEHHS, pIBHI
OaifrracyBaHHS  Ta MiAIrpiBaHHS Af TMMOBHX Ta3iB
BiAnoOBinaTh Temneparypi ¢ = 10 °C. Pesynbraru
JOCITIJKeHb TMOKa3yl0Th, 30KpeMa, 110 Yy pa3l BUKO-
pUCTaHHS 3aimi300eToHHOT 3 (yTepyBaHHIM (pHC.
4, 0), nernsiHOi (puc. 4, 6) Ta 3ali300€TOHHOI 3 Me-
TaJIEBUM CTBOJIOM (puC. 4, 0) TUMOBHUX TPyO 3acTo-
CYBaHHS PO3IISHYTHX TEIUIOBUX METOMIB 3a0e3-
neyye HeOOXIAHUN TETIOBOJIOTICHUHN PEXHUM y IHX
TpyOax MPOTIrOM YCHOTO OMATIOBAIBHOTO TEPiOLy
Opu PI3HUX YacTKax OailmacyBaHHS ) Ta PIBHIX
migirpiBanHs Af muMoBHX Ta3iB. Tak, HampwKiIan,
JUI LIETISIHOT Ta 3aj1i300€TOHHOI 3 (yTepyBaHHAM
JUMOBHUX TpyO MakcuMalbHa YacTKa OaifrmacyBaHHs
JTUMOBHUX ra3iB He nepeBuiye 30 %, a HalOUIbIINIA
piBEeHb MiAIrpiBaHHS Ta3iB CTAHOBHUTH NPHOIM3HO
20 °C. Illo crocyeThcs 3ami300€TOHHOI JUMOBOI
TpyOU 3 METaJIEBUM CTBOJIOM, TO Pe3yJbTaTH JOCIHi-
JIKEHB TETJIOBOJIOTICHOTO PEXHUMY B YCTI 1i€1 TpyOH
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CBIYaTh MPO BIICYTHICTh MOTPEOU y 3aCTOCYBaHHI
TEIJIOBUX METOJIB 3amoOiraHHs KOHJIEHCATOyTBO-
PEHHIO TIPY HU3BKHUX TEMIIEPaTypax HABKOJIHUIIHBO-

ro cepepopuma (¢, < -3 °C) i MiHIMasIbHiI HEOOXIIH1
3Ha4YeHHs OalracyBaHHS Ta MIAIrpIBaHHS Ta3iB Y
ociHHBbO-BecHstHMI niepiof (y < 3 %, At <5 °C).
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Puc. 4. 3anescnicmo memnepamypu 6Hympiuinboi n06epxui t 6 ycmi Oumosux mpyo i mouxku
pocu t, 6i0 memnepamypu HA6KOIUWIHBEO20 CepedoOsUa t, npu 3acmocyeanm | Memooy niocyuLyeanns
ma 6aunacysaun}l OUMOBUX 2a3i6 ONA PIZHUX 3HAYEHD senuuunU npupocmy At ixuvoi memnepamypu

Y 2azoniodizpieaui ado yacmox 0aiinacy8anHa 2a3ie y 063 MEenIoymunizamop:
a) — 3aniz00emonna mpyoa oe3z pymepysanns; 6) — 3anizooemonna mpyoa 3 pymepysannam;
8) — yeznana mpyoa; 2) —memanesa mpyoa; 0) — mpyoa 3 Memanesum CmeoioM;
I-t;2-y=10%; 3 - =30 %; 4— =50 %; 5—A4t=10 °C; 6 —At =30 °C; 7-At =40 °C; 8 — x = 0 %;
9—x=20%; 10-At=0°C; 11 —At=20°C; 13—y =15 %; 14 —At=5 °C.

OTtpumaHi pe3ynpTaTd CBIqYaTh TaKOX (pHC.
4 a, 1), WO MNPOTIrOM pO3IISIHYTOrO TEMIIepa-
TYPHOTO IHTEpBaly TEIJIOBOJOTICHUI pPEXUM Y
3ani300eToHHUX 0e3 (yTepyBaHHS Ta MeETaJIeBUX
IUMOBUX TpyOax € HailOuIbIl CHPHUATIANBUM IS
KOHJICHCATOYTBOPCHHsSI Ha BHYTPIIIHINA IMOBEPXHI
mumoBux TpyO. Tak, 30kpema, y 3ami300€TOHHIN
TpyO1 6e3 q)yTepyBaHHsI TUISL Bi,Z[BepHeHHSI BUIIA/ICH-
HSl BOJIOTH Y ra30131)1131/1H0My TPaKTi HEOOXiIHUI
MaKCHUMaJIbHUHA pPiBEHb nlmrplBaHH;[ At mTUMOBHX
ra3iB Micisl TEIUIOYTUIII3aTOpa MOXKE IEPEBUIIY-

Batu 40 °C, a 1 BiANOBIAHOT QyTepoBaHOI TpyOU
At = 23 °C. Illlo cTocyeTbcst MeTaneBoi TpyOu, TO
Oe3neuyHui pexxuM il eKCIuTyaralii J0CATa€eThes
JUIIEe TpPU BHUCOKMX HABAaHTAXXECHHAX  KOTIA
(Q/Q, > 70 %), WO BIANOBIIAIOT HU3BKAM TEM-
nepaTypaM — HaBKOJUIIHBOTO —cepeloBUIna. Ta-
KM YUHOM, JJis1 3a0€3ME€YEHHs] MPOTATOM YChOI'O
OIAJTIOBAJILHOTO MEPIOoAy HOPMATUBHOIO PEXUMY
eKcIuTyaTanii 3a1i300eToHHO1 0e3 (yTepyBaHHS Ta
METaJeBOi JUMOBUX TPYO HEOOXITHUM € 3aCTOCY-
BaHHS TOJATKOBUX 3aXO0/11B 1010 BiIBEPHEHHS BUIIA-
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JICHHS BOJIOTH B [IUX TpyOax. Takum 3axX00M MOKe
OyTH TEIUTI0130JIA111s1 BKa3aHUX TUMOBHX TPYO.

B nmaniit poOoTi HaBeoEHO pe3yabTaTH AOCIII-
KEHb W00 e(QEeKTUBHOCTI BUKOPHCTAHHS IS
BiIBEPHEHHSI BWIIAJICHHS KOHJICHCATy B Ta30Bij-
BIIHUX TPAKTaX TEIUIOYTHII3alIHHUX YCTaHOBOK 3
METaJeBUMHU Ta 32113006 TOHHUMHU TUMOBUMHU TPyOa-
MU 0e3 GyTepyBaHHS KOMIUIEKCY TEIUIOBUX METOIIB
3axucTy X TpakTiB. [lpu mpomy posmisganocs
CYMIiCHE 3aCTOCYBaHHSI 13 30BHIITHBOO TETLIO130JI111-
€10 AMMOBOI TPyOM METOIB 4YacTKOBOIO Oaiiracy-
BaHHs BIAXIIHUX BiI KOTJIA AUMOBHUX Ta3iB ITOB3
TeIUIoyTUIII3aliiiHe 00JaiHaHH a00 MiACYIIyBaHHS
UX Ta3iB Michsd iXHBOI Terutoytwmizarii. s 3a-
3HAUEHUX YMOB JOCHIKyBajacs e(eKTUBHICTh
BUKOPUCTAHHS ISl TEIUIOBOJAIIT TpyO pi3HHX
MarepiaiiB, siKi BIAPI3HSUIUCS CBOIMU 130JISIIIHHUMHU
BrnactuBoctamu (mwiuta PAROC Fire Slab 90
AluCoat, A 0,065 Bt/(M‘K) Ta mumru (pymo-
HU) MiHepanoBaTHi Tepmomaid Texizon 75, A =
= 0,037 Br/(m°K)) [7].

OTtpumani pe3yJbTaTu CBIYaTh, 10
PO3PaxXyHKOBI TIOKa3HUKH TETUIOBOJIOTICHOTO pe-
KUMY B YCTI PO3IIIHYTHX AMMOBHUX TPYyO € mye
Onm3pkuMU. MakcumanbHa YacTka OaiiracyBaHHS

JTUMOBHX Ta3iB y JUIsl 3amoOiraHHs KOHJIEHCATOYT-
BOPEHHIO 3MIHIOEThCS B Mexkax 4...8 %. [Ipu upomy
MEHIIIe 3HAUYEHHS ) BIAMOBIAE MaTepiany 3 HaAKpa-
IIUMU 130J1IHHIUME BitacTuBocTsIMU (A = 0,037 Bt/
(M- K)) Toni sk y pa31 eKCIUTyaTallii BKa3aHux Tpyo
0e3 130A1ii HaBITH TPH YACTKAX 63,I/IHaCYBaHH$I
x> 50 % B neskux pexxuMax poOOTH Ma€e MICIE KOH-
JICHCATOYTBOPCHHS Ha IXHIM BHYTPIIIHIN TOBEPXHI.

[Ilo crocyeTbes €(hEKTUBHOCTI 3aCTOCYBAHHS
METONy MiJCYUIyBaHHS AWMOBHUX Ta3iB AJsl Tell-
JI0130JIbOBAHUX JIUMOBHUX TPyO, TO JIlaHI BUKOHAHUX
JOCITIJKeHDb TIOKa3aJId, IO s BiI[BepHeHHSI KOH-
JICHCATOYTBOPCHHS Y pr6ax 3 TeII0i30JIS1Ii€10
HiAirpiBaHHs AMMOBHX Tra3iB HEOOXiJHE JuIe npu
TEeMIIepaTypax HaBKOJIMIIHBOIO CEPEOBHINA, SKI
nepeuinyioTs 0 °C, 1 mpu BITHOCHO HEBEIUKUX PiB-
HSX MPUPOCTY Temreparypu nux rasis (Az < 14 °C).

Ha puc. 5, ax npuxnan, Ui po3NIAHYTHUX IM-
MOBHUX TPYO 3 TEILIOI30JIAIIEI0 HABEACHO pPE3YIIb-
TaTW PO3PaxyHKiB TEMIEparyp f Ta ¢ y caMuid
HeOe3NeuHnii Temnepatypuui mepion (npu ¢ =
=10 °C) npu 3acToCyBaHHI pi3HUX TUIIIB 30BHIIIHBOT
TEIUIO30JIAIIT X TPyO Ta METOMy MiJACYITyBaHHS

JIMMOBHX T'a3iB.
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Puc. 5. 3anescnicms memnepamypu enympiuinboi nosepxuit,

30 40 Af,°C

6 ycmi memaneeoi (2, 3) ma

3anizooemonnoi (4, 5) oumoeux mpyé6 i mouxku pocu t_ 6io éenruuunu nidcymysahmﬂ At npu memnepamypi
HABKONUWINBO20 cepedosunga t = 10 °C 3 pisHuMU MUnamu Menaoi3onauii:
I-t;2,4-2= 0065Bm/(MK), 3,5-2=0,037.

OCHOBHI ~ pe3ynpTaTH  JOCHIAXKEHb  LIOM0
e(EeKTUBHOCTI  3aCTOCYBaHHA pPsAy  TEMJIOBUX
METOJIB  BiJIBEpHEHHS KOH/EHCATOYTBOPEHHS Y

ra30BiIBITHIX TPAaKTaX KOTEIBHHX YCTAHOBOK IPH
BUKOPHUCTAHHI TEIJIOYTHITI3alliHHUX TEXHOJIOT1H 3Be-
JICHO Ha cXeMi, 300pakeHii Ha puc. 6.
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Heob Xi,I[HI-I M O1 B lI[B €PHEHHA KOHIEHCATOYTBOPEeHHA.

Puc. 6. Epekmugnicmo 3acmocysanns meniogux mMemooie 0.1 6i08epHeHHA KOHOCHCAMOYymeopeHH
6 OUMOBUX mpPYDdaAX Pi3HO20 MUNY.

Bucnoexu

1. TlpoBeneHo HOCHIIKEHHS! TEIMJIOBOJIOTICHUX
peXUMIB EKCIUTyaTallii 3a1i300€TOHHUX, IETISTHUX
Ta METaJEBUX AMNMOBHUX TPYO0 KOMYHQJIBHHUX KO-
TEJIEHb IPH 3aCTOCYBaHHI Cy4aCHUX TEeIIOYTHIIi-
3aIIfHMX TEXHOJIOTIH 3 TEIJIOBUMH METOIaMHU
3aXUCTY Ta30BLABIAHUX TpakTiB. OOrpyHTOBaHO
BUKOPHUCTAHHS JUIsl 3amo0iraHHs KOHAEHCATOYT-
BOPEHHIO B JAMMOBHUX TPyOax pi3HOTO THUITy TaKHX
METO/IIB SIK OailmacyBaHHS YaCTUHU JUMOBHX Tra3iB
MOB3 TEIUIOYTHIII3aTOp, MiJICYIIyBaHHS LUX Ta3iB y
ra30MiairpiBadi 1 30BHINIHS TETUIO130JIA11isI TPYO.

2. BukoHaHO TOpPIBHSJIBHUN aHalll3 OCHOBHHUX
XapaKTepUCTHK, M0 3a0e3MeuyroTh BiJABEPHEHHS
BUMIQJICHHS KOHJAEHCATy B YCTI JAUMOBHX TpyO 3
PI3HUMM KOHCTPYKLIMHUMH OCOOIMBOCTSAMHU, Ta
BHU3HAYEHO O€3MeuHl YMOBU poOOTH X TpyO mpu
ITMOOKOMY OXOJIOJKEHHI BIIX1JHUX JUMOBHX Ta3iB.
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The effectiveness of a number of thermal methods
for condensate formation preventing in municipal
boilers exhaust gases ducts by using modern
technologies with deep-cooled exhaust gases was
analysed. The techniques such as partial bypass
of a boiler exhaust gases through a heat recovery
unit, drying up of refrigerated after heat recovery
unit gases in gas-heaters and external insulation of
the chimney were considered. The comparison of
the main characteristics of thermal and humidity
condition in the estuary of brick, concrete and metal
chimneys and identification of necessary condi-
tions for regulatory regimes ensuring of these
chimneys was executed.
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