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IHTEHCUBHICTb TEILIOIIEPEJABAHHS TA BILIUB
TOBIIUHU LIAPY 3ABPYJIHEHb HU3bKOTEMIIEPATYPHUX
IMOBEPXOHb HATPIBY IIPU CIAJIFOBAHHI BOJIOIAJIMBHUX
EMYJbBCIN Y KOTJIAX

Pestome. Ompumaro 3anedxcHocmi mosuyuHy ulapy 3a0pyOHeHb HA HUILKOMEeMNepamypHUux NOBEPXHAX
Hazpiey KOmiié npu cnanto8aHHi 800ONANUSHUX eMYNbCill 3 8600oemicmom 00 30%. 3 ypaxy8awHaM cycmuHu,
nopucmocmi t cmauy wapy 3a0pyOHeHb OMPUMAHO 3aNedCHOCMI Koepiyichma menionpogioHoCmi wapy
3a6pyOHenb ma Koegiyicnmis 3a6pyOHeHHs. 1l Menio8ol ehekmugHoCcmi Ha HULKOMEMNEPANYPHUX NOBEPXHSIX
Hazpigy KOmIi@ npu Cnano8aHHi 6O0ONANUGHUX eMYNbCIiU. AHANI3 OMPUMAHUX 3aNeNICHOCMEl NoKa3as, wo y
NOPIGHAHHI 3I CNANEHHAM Y KOMIAX CMAaHOApmMHO20 NANUEA, CNANEHH 6000NANUBHOT eMYIbCli 0036014€ 3HUBUMU
MOBWUHY wapy 3a0pyOHeHb, NIOsUWUMU KoepiyicHm menionpogioHoCmi uLapy, 8 pe3yibmami 4020 iCmomHo
BHUJICYEMBCA Koeqhiyienm 3a0pyOHeHH s ma 3p0Cmac KoepiyicHm menniogoi eqpekmugHocmi nogepxHi Hazpigy.

Kniouosi cnoea: xomen, 6o0onanueHa emynvCis, HUILKOMEMNEPAMYPHA NOGEPXHS  HaAZpisy,
3a6pyOHeHHsl, Menio6a eheKmueHicmb.

O. Akimov

HEAT-TRANSFER RATE AND INFLUENCE OF LAYER
THICKNESS OF CONTAMINATIONS OF LOW TEMPERATURE
HEAT SURFACES WHILE BURNING WATER FUEL EMULSIONS

IN BOILERS

Summary. While burning in boilers water fuel emulsions on the basis of fire-box fuel oil with 30%
content of water heat-transfer rate, is of great importance caused by the thickness of the layer of contaminations
on the low temperature heat surfaces and by physical and chemical processes, which take place in this layer of
contaminations, which consists of particles of ash and soots deposited on low temperature heat surfaces, and
from corrosion products of metallic low temperature heat surfaces. Aerodynamic resistance of low temperature
heat surfaces depends on the thickness of layer contamination, that influences substantially the periodicity of
their cleaning. While burning water fuel emulsions in boilers the phenomenon of «microexplosion» of emulsion
drops, which is accompanied by the improvement of spraying and decreasing of ash and soot sizes deposits in
the stream of smoke gases, takes place. Thus, particles of greater size, while be deposited at first on low
temperature heat surfaces and smaller ones will be taken away by gases inertially or locate between particles,
which deposited on low temperature heat surfaces. To study and estimate the heat transfer and testify the
decrease of contamination intensity of low temperature heat surfaces while burning water fuel emulsions with
content of water 30%, analytical researches were conducted taking into account the experimental data.
Dependences of the contamination layer thickness on the low temperature heat surfaces of boilers while burning
water fuel emulsions with contents of water 30%, taking into account the density, porosity and nature of
contaminations layer, where obtained: dependences of heat-conducting coefficients of the contaminations layer
and contamination coefficients and thermal efficiency of low temperature heat surfaces of boilers while burning
water fuel emulsions were analysed. The analysis of obtained dependences testified that in comparing with
burning in the boilers of conventional fuels, burning of water fuel emulsions allows to reduce the layer thickness
of contaminations, to raise the heat-conductivity coefficients of layer, which results in sufficient decrease of the
contamination coefficient and growth of thermal efficiency coefficient of heat surface.

Key words: boiler, water fuel emulsion, low temperature heat surface, contamination, thermal
efficiency.

IlocranoBka mpo6Jemu. [Ipu cnamoBaHHI B KOTJaX BOJOMAJIMBHUX €MYJIBbCIH Ha
OCHOBI TONKOBOTO Ma3yTy 3 yMmictoM Boau 10 30% BaXIUBUM € IHTEHCHUBHICTh
TETUTOTIepEeIaBaHHsI,  sIKa  3YMOBIIIOETHCS  TOBIIMHOIO  Imapy  3a0pyaHeHb  Ha
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HU3BKOTEMIIEpAaTypHUX MOBEPXHSAX HArpiBy Ta (I3UKO-XIMHUYHMMHU MpoIlecaMH, II0
MPOTIKAIOTh y I[LOMY INapi 3a0pyAHEHb. BiH CKIIaga€eThcsl 3 YaCTHHOK 30JIM Ta Caxi, IO
ocimaroth Ha HTIIH, a Takox 3 mpoaykTiB Kopo3ii MetasneBoi nosepxui HTTIH. Bix ToBuman
mapy 3a0pyaHEeHHS 3aIeKUTh aepoauHamivamii onip HTIIH, mo icTOTHUM YWHOM BILIHBA€E
Ha MEepiOANYHICTh MPOBEJCHHS 1X OUMIIeHb. YaCTHHKH 30JIM 1 caXi OCiJal0Th Ha OBEPXHIO 3
MMOTOKY JWMOBHX Ta3iB TMiJ Ji€l0 PI3HUX CHUX, y IMepIry dYepry aepoauHamivHux. [lpwm
cnamoBanHi BIIE B koTiax crocrepiraeTbesi sIBUIE «MiKpOBHOYXiB» KpaIUIMH €MYJIbCil, 110
CYMPOBOKYETHCS TIOKPAIICHHSIM PO3MUJIY Ta 3MEHIIICHHSIM PO3MipiB YaCTUHOK 30JIH 1 CaXi B
norori auMoBHX rasiB. Takum umnom, Ha HTIIH Oynyth Biakiagatucsi, B mepury d4epry,
YaCTHHKHU OUTBIIOTO po3Mipy, a JpiOHImi abo iHEpHiHHO BHHOCSATHCS 3 Ta3aMmH, abo XK
3aiiMaroTh Micre Mi yacTuHKamu, o ociam Ha HTIIH. Jlns BHBYEHHS Ta OIliHIOBaHHS
TeIUIONepeIlaBaHHs ¥ MIATBEP/UKCHHS 3HIDKEHHS iHTeHCHBHOCTI 3a0pymuenHs HTITH npwm
cnamoBanHi BIIE 3 BomoBmictomM 30% Oynu mnpoBeleHI aHATITHYHI JOCHIKEHHS 3
ypaxyBaHHSIM OTPUMAHUX €KCIEPUMEHTATbHUX JaHUX.

AHaJi3 ocTaHHIX Aocaizkenb i myoaikaniii. [Tutannsm 3a6pynnennss HTIIH kotinis
Ta BUBUCHHS (DI3MKO-XIMIYHHX SIBHII i TETUIOBUX XapaKTEPHCTHK MPOJAYKTIB KOpo3ii MeTary i
mapy 3abpynnens Ha HTTIH kotniB nmpucBsueni npani A.K. Baykosa [1], I'.B. TIpouenka [2],
B.III. Maraneera [3], A.®. I'aBpuioBa [4], a Takox [5]. IIpoTe mocimiKeHHS MTPOBOITHACS
IIpY CHAJIOBAaHHI B KOTJaX CTaHAAPTHOTO MaJMBA, 30KpeMa TONMKOBUX Ma3yTiB, YMICT BOJH B
SKUX CcKiangaB Omm3bko 2%. llutanusm cmamoBanHs B KoTiax BIIE Ha ocHOBI Ma3yTiB
NpUCBSIYeHO Hebarato mpaib, OJHAK Y HHUX BIJCYTHI KOHKPETHI KIJBbKICHI JaHi 3
inTeHcuBHOCTI TerutonepenaBands HTIIH # ToBmuau mapy Binkiaamxenbs Ha HTITH kotmi
npu cnamosanHi BITE.

Mera pocaimkenb. BusHaueHHS pO3paXyHKOBUX 3aJ€KHOCTEH TOBUIMHH IApY
3a0pyaHeHs, mo yrBoproerbess Ha HTIIH kotniB mpu cnamroBanui BIIE 3 ymictoMm Boam 10
30%. IlpoBeneHHS aHANITHYHUX JIOCHIPKCHb BIUIMBY TOBIIMHH INApy BiJIKIAJACHb Ha
IHTEeHCUBHICTh TEIUIOOOMIHY 3 YpaxyBaHHSM 0COOIMBOCTEN (hi3UKO-XIMIYHUX MPOLECIB.

PesyabTaTn nocaimkenb. Ha oCHOBI OoTpuMaHHX pe3ynbTaTiB €KCIIEpUMEHTATLHIX
nochimkenb kiHetwku 3abpymnenHs HTIIH [6] Bu3Hauaemo TOBIIMHY 3a0pyIHEHBH O 3a
PI3HHX YMOB i KiHETHKY iX 3MiHHM BIIPOJIOBX Yacy Jii MOTOKY JIAMOBHX Ta3iB, IO MICTATh
Mapy cipyaHoi KUCIIOTH 1 TBepJi YacTKH 301K 1 caxi. J[Js 1[boro HEOOXiIHO 3HATH peaTbHY
TYCTUHY IuX 3a0pyaHeHb (Tak 3BaHy HACHIIHY Macy) 3 YpaXyBaHHSIM T€OMETPUYHHX
napaMeTpiB CUCTEMHU TBEPIHMX YacCTOK, SIKi OCIIalOTh 3 MOTOKY AMMOBHX Ta3iB Ha MOBEPXHIO
MeTally, IO KOpoaye. BHacIimoK TMpPOXO/UKEHHS MpOIeciB KOpO3il HApPOCTaHHS IIapy
BIJIKJIaJIEHb CYNPOBOIKYETHCSI 3pOCTaHHAM Inapy cyibdaris. Lli 1Ba mporecu BH3HAYAIOThH
3pOCTaHHS mapy 3a0py/THCHb.

[Hap BigkIaIeHb € AUCIEPCHOIO CTPYKTYporo. BinkianeHHs MOXKHA pO3IIsfaTd sK
MOPOIIOK, OCOOIUBO TIpH TemmepaTrypax cTinku Buie TTP mapwm cipyanoi xuciaotw, sIKUH
CKJIaJIa€Thesl 3 0araThOX YacTOK Pi3HUX PO3MIpIB, IO OCUIH 3 HOTOKY AMMOBHX Ia3iB, a TAKOX
3 MMPOJIYKTIB KOPO3il MeTaTy OBEPXHi HArpiBy.

Sk BKa3zaHo B [7], OyAb-sKi IOPOIIKH XapaKTepU3yIOThCs MOPUCTICTIO, TOOTO 00’ €eMOM
MMOPOKHUH MiXK dacTkamu. CITiBBIIHOIICHHS TBEPAOi CKJIAJOBOI 1 TOPOXXHWUH B OJMHHII
00’eMy TakuX MarepialiB € MOKa3HUKOM MipH YIAKOBKH MOPOIIKY, XapaKTEPHUCTUKOIO CTaHy
JICTIEPCHOTO a00 TOPHCTOTO Tijia, SIKE YacTO € BU3HAYATBHHUM JUISI 3HAXOJDKCHHS pealbHOL
HIUIBHOCTI 1mapy 3a0pyHEeHb, a MOTIM iX TOBIIMHHU. Mipa yIaKOBKHU 3aJIe)KUTh BiJl CTaHy 1
PO3MipiB YaCTOK, 3 IKUX CKJIAJIAETHCS map 3a0pyTHEHb.

KoedimienT ymakoBku MoHO(pakiii cpepuuyHux dacTok ckiagae k,;=0,635 [8].
[ToposHicTe BiamoBigHO mMopiBHIOE 11;=0,365. Bin po3Mipy YacTHHOK dy IIi IMapamMeTpu He
3aJIe’KaTh, SKIIO PO3MIp MICTKOCTI, B SIKY 3aCHIIA€THCS MOPOIIOK, HE MeHIe, HiX y 10 pa3iB
oupme dy [8]. Lls yMoBa BUKOHYETHCS NPH YTBOPEHHI IMapy 3a0py/IHEHb Ha KOHBEKTHBHIM
MOBEPXHi HATPIBY MPHU CHATIOBAHHI CTaHIAPTHOTO MasyTy 3 BogoBMicToM W'=2%.
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KoeoimieHT ynmakoBKH 30UTBIIUTHCS, SKIIO B MPOMDKKAX MK YacTKaMU OCHOBHOL
(dpax1ii po3MiCTATHCSA YaCTKU JAPYroi MOHO(PaKIIii, SIKy Ha3WBAIOTh JOJATKOBOIO O IEPIIIOi.
[TomanpImM KpOKOM B YTBOPEHHI IApy BiJKIAJACHb MOXKHA PO3TIISAATH PO3MIIIICHHS TPEThOT
MOHO(]paKIIii Mi’k YacTKaMH IepIIoi i Apyroi MoHO(pakIIii.

YacTka kK0KHOT HAacTYmHOI (ppakiiii Mae OyTH BH3HAYCHOIO, iHAKIIE €(EKT 3alOBHEHHS
MOpoKHEeY Oyne HemoBHUM. Y [7] WpHUHSATO, IO KOXHA HACTyIHA J0JaTKOBa (pakxilis
3alOBHIOBATHME B MOPOIIKY TOPOXHUHY, IO 3aJHINUIACS, 3 OJTHUM 1 TUM K& KOe(illieHTOM
YIaKOBKH k,1=0,635.

PeanbHi mopomKy MaroTh HOJII,Z[I/ICHepCHI/II/I CKJIaJ], YacTO 3 HOPMAaJIbHUM DPO3MOJIIIIOM
YaCTOK 3a PO3MipaMM. IX yHmakoBKa BHUINA, Hi’K y MOHOAMCIIEPCHOIO IOPOIIKY. MeToauku
TOYHHX PO3PAxXyHKIB MipH YIMAaKOBKH IOJIIJJUCIIEPCHUX IMOPOIIKIB 3a BIJIOMHM PO3MOILIOM
YaCcTOK IOPOIIKY HeMae [7]. Byiu mpoBeieHi aHaTITHYHI JOCTIKEHHS [9] OPIBHSIHHS JaHUX
EKCIEPUMEHTAIBHUX  JIOCHI/DKeHb [7] HACUMHOI TYCTHMHHM TIOPOINKY 1 pe3yJbTaTiB
HaIliBeMITIpHIHUX PO3PaXyHKIB MipH YITAKOBKH TOT'O Y TOPOINKY 3 ypaxXyBaHHSIM 3iCTaBJICHHS
peasbHUX PO3MIpIB TBEPIMX YACTOK y BiikiaajgeHHsX mpu Bojosmicti BITE W' mo 30%.
Pesymbraten nmocniypkerp [9] mokazanm, MO HAcWIIHA TYCTHHA CyMimmeld 0e3 yIIiTbHEHHS
MPaKTHYHO HE 3aleKUTh Bif (pakmiiiHoro ckimany mnopomiky. llpu mnomiaucnepcHOMyY
XapakTepi PO3MOJIIY YaCTOK, sKi MaroTh ¢GopMy Kymi (po3MIIEHHS YacTOK MEHIIIOTO
JiaMeTpy MiX YacTKaMH OUIBLIMX JiaMeTpiB) MPH MOYATKOBIM KyOidHIN yImakoBIlI YacTOK i
YOTHUPHOX 3HAYCHHSX JiaMETpPIiB YaCTOK MaKCHMalbHE 3HAYCHHS IOPUCTOCTI MPH TOTHIHUX
nmopax ckiane K;=0,809, a 3a masBHocti meperopomok K;=0,737 [8]. ¥V pa3i imeanpHOrO
PO3MOJILTY YaCTOK Y YOTHPUBUMIPHIi# reKcaroHaabHIN PEnmiTIN TOCITAEThCS MeKa TTOPUCTOCTI
K;=0,812 [8].

Ha ocHOBi mpoBeJieHMX JOCHIKeHB 1 JiTeparypHux nanux [10] mpuitHsaTO, MO mpn
MPOBEJICHHI PO3paxXyHKIB TYCTHHHU BIJKJIAJCHb INMPH CIATIOBAHHI CTAaHIAPTHOTO MasyTy 3
W'=2%, KoiM YTBOPIOIOTHCS KPYITHI TBEPIi YaCTKH, Mipa yIIAKOBKH 3HAXOIUTHCS Ha piBHI
0,67, a npu cnamopanni BIIE 3 W=30%, koiu po3Mipd 4YacTOK iCTOTHHM YHHOM
3MEHIIYIOThCSI, Mipa YIaKOBKH MOCTYIOBO 301bHryeTbest 10 0,89. JIocTOBIpHICTh MPUIAHSITHX
JIONYIIICHh ~ OI[IHFOBAJIM 3@ OCTAaTOYHHUMH pe3yJbTaTaMd BHU3HAYeHHS KoedimieHTa
3a0pyIHEHHS €;, SKUH SBJIsIE COOOKO BIJHOINIEHHS TOBIIMHH IMApy 3a0pyJaHEHBb O; 1O iX
€KBIBAJIGHTHOTO KO€(]iIiEHTa TETUIONPOBITHOCTI Ags.

[IpoBeneHi pO3paxXyHKOBI JIOCHIKCHHS TYCTHHH 3a0pyJIHEHb PI3HOTO CKIAIy
3ajiexHo Big BogoBMicty BIIE W' 3 ypaxyBaHHsM iX HaCHIIHOI I'yCTHHH, IIpeCTaBiIeHi B [9],
JIAfOTh MOKITUBICTh BH3HAYATH CEPEHI 3HAYCHHsS TOBIIMHH IMapy 3a0pyIHEHb MPH BiIOMIi
Maci 3abpynHeHb. XapakTep OTPUMaHUX 3aJeKHOCTEH MOSICHIOEThCS 3POCTAHHSM Mipu
VIIAaKOBKH YacTOK Yy Iapi 31 301IBIIEHHSM BOJIOBMICTY CHAFOBAHOTO MAJIHBA.

[Tpu BU3HAYEHHI TOBUIMHU IIApy 3a0pYyTHEHB O; OYJIO MPUIHSTO IOMYINEHHS, 10 Maca
Cyns(aTiB € CYyIUIBHAM IIUTBHAM IMapoM 3 PeaIbHOIO T'yCTHHOO. [HIMa mMaca 3a0pyHEHb —
e TOPUCTUI Map BIJKIAJICHb 3 HACHITHOK TYCTHHOK. Take pIIlIeHHS TiJATBEPIKYEThCS
30BHIITHIM BHUTJISAOM Imapy 3abpynHeHb npu crmamoBanHi BIIE, mo cmocrepiraiocs mpu
MIPOBE/ICHH] €KCIIEpUMEHTIB.

3rilHO 3 pe3yJbTaTaMu, OTpUMaHUM B [9], 3pocTaHHS TOBIIUHU Iapy 3a0py/IHEHb
npu Temmeparypi crinku 110°C mokasye, mo npu mepexosi Ha cnamosanst BIIE 3 W=30%
3HAYeHHs TOBIMWHH IMapy 3a0pyAHeHb (MpU PO3paxyHKY 3a HACHITHOIO TYCTHHOIO INapy
BiJIKJIaJICHb) 301BIIYIOTECS B MOPIBHSHHI 3 TOBIIMHOIO IIapy, BU3HAUEHOIO 32 TEOPETUIHOIO
ryctuHor0. HeoOXiHO BiA3HAYMTH, IO PO3PaXyHKOBI 3HAYCHHS CEPETHLOI TOBIIWHU INAPY
3a0pynHeHb O; (IO CKIAJAEThes 3 MiAMIapiB Cylab(aTiB, BiAKIAJEHb 1 MPOAYKTIB KOpO3il
metary HTIIH) 3a HacUIHOIO TYCTHHOIO Ul DPEXHMY CIANIOBaHHS MasyTy 3 W=2%,
BiIMOBiMatOTh omyOmikoBanuM ganuM mpu t=1000 romun [11, 12], mo miaTBEpIKYyE
JIOCTOBIPHICTh OTPUMaHUX JaHuX npu cnamoBanHi BIIE i cTtammapTHOro mammBa, OCKITBKA
METOJIMKa OI[iHIOBaHHSI OJTHAKOBA.
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Ha misicTaBi oTpuMaHuX eKCIEpUMEHTAIBHUX JaHUX 3 IHTEHCUBHOCTI 3a0pyAHEHDb IIpU
pI3HUX 3HAYEHHSX TEMIIEpAaTyph CTIHKH I [13] 1 po3paxoBaHMX 3HAYEHHSX HACHITHOL
TYCTUHU Iapy 3a0pyIHEHb MIPH BIAMOBITHUX CTaHAX IIapiB, sIKI BPaXOBYIOTh 3MiHH KiJIBKOCTI
H,SO,4, mapy cynedariB 3 ypaXyBaHHSM BaJICHTHOCTI 3ajli3a i KOHIIEHTpAIlii KUCJIOTH Y
BiJIKJIQJICHHSIX, OTPUMAHO 3aJIeXKHICTh O3 BiJl for ipu T=1000 rogun (puc.1).

3MIHHHA XapakTep 3aJleKHOCTI 0; BIJl fo, 3YMOBJCHHUH pI3HAM CTaHOM IHapy
3a0pyIHEHb (BiJ CyXOTro 10 MOKPOTO 3 IPOMIKHOIO JUISHKOIO 3 MAPOKUCIOTHOO CYMIIIIIIO),
BKa3ye Ha HEOOXIJHICTh BH3HAYCHHS 3HAYEHb O; JUIA KOXKHOTO BIiJIIOBIIHOTO Jiala3oHy
3HaYeHb f,; 1 BUMAarae BIANOBIAHO NPOBEIEHHS PO3PaxXyHKIB MO 30HAX KOHBEKTHBHUX
MTOBEPXOHB 3aJIC)KHO BiJl 3HAYCHHS f¢r.

Jliis po3paxyHKiB IHTEHCUBHOCTI TeIlJIONepeaBaHHsl HE0OX1/ITHO BU3HAUYUTH BETUUUHY
CepeTHBOr0 3HAYeHHS KoedillieHTa 3a0pyAHECHb €;, SKHH BXOJWUTH Y PIBHSHHS KoedilieHTa
TEIUIONEepeIaBaHHs 1 BU3HAYAETHCS 3 YPaxXyBaHHSIM TEPMIUHOTO OMOpPY Mapy (8s/A.;), TOOTO
BiJIHOCHO TOBINWHHU IIapy 3a0pyTHEHBb O; JIO €KBIBAJICHTHOI TEIJIOMPOBITHOCTI APy As.
OTpumaHi eKcriepuMeHTaIbHI IHTEHCUBHOCTI 3a0py/JHEHb MPH PI3HUX TeMIlepaTypax CTIHKA
ter [13], 3a skuME po3paxoBaHi cepellHi 3HAYCHHS O; 1 MOOYJAOBaHI 3aJ€KHOCTI TOBIIUHU
mapy 3abpyaHEeHb 05 B fe; ipu W'=2% i W'=30% (puc.l), 1ar0Th MOXIHMBICTh BH3HAYUTH
3HaUeHHS KOe(iIieHTIB 3a0pyJHEHb €; NMPH PI3HUX TeMIlepaTrypax CTiHKH, SKIIO OyIyTh
BH3HAYeHI 3HAYECHHS TEIJIONPOBIIHOCTI 3a0pyIHEHb 3a IIUX K€ YMOB.

BpaxoByroun ckiagHy CTpyKTypy 1 OaraTOKOMIOHEHTHHH CKJaj 3a0pyJHEHb Ha
HTIIH, nns Bu3zHaueHHS 3HaueHb koedimieHTiB 3a0pyaHeHHs € KoHBekTuBHHX HTITH
MOTPiOHE 3HAXOJKCHHSI CKBIBAJICHTHUX KOC(IIIEHTIB TEILIOMPOBITHOCTI Ags IS KOXKHOT 30HA
TeMIIepaTyp CTIHKH, BiJl SIKUX 3aJI€KUTh PO3IOALT TeMIepaTyp MO TOBIIUHI 1Iapy.

[TpoBeneHi po3paxyHKOBI JOCITIPKEHHS TEIUTONPOBITHOCTI TSl TPHOX BUIAIKIB CTaHIB
3a0py/lHEHb Ha MOBEpPXHI HATpiBY 3 ypaxXyBaHHSIM NPUHHATOI (Pi3MUHOI MOJENi CTPYKTYpH
3a0pyIHEHB: ap BiJKJIQJCHh Ha IMapi OKCUIIB 1 cyibdariB cyxuil (IIpoCTip MK YacTKaMHu
3allOBHEHUH JMMOBHMMH Ta3aMH); INap BIIKJIaJ€Hb 3allOBHEHUH KOHIEHCATOM Cip4yaHOi
KHCIIOTH; IIIap BiJIKJIQJCHB 3 TIEPErPITUMH ITapaMu, TapOPiIMHHOK CYMIIIIIIO 1 KOHJIEHCATOM
cipuanoi kuciotu [14]. VYV pesynpTaTi NpOBENEHHX PO3PAXyHKOBUX JOCHiDKEHb [14]
OTPUMaHO 3HAYCHHS €KBIBAJICHTHOTO Koe(]illieHTa TeILIOMPOBIAHOCTI A3 3AJICIKHO BiJ[ for IS
TPHOX BapiaHTIB CTaHy MIApPY BiJKJIaJeHb MPH CHATOBAHHI CTaHAapTHOrO manuea 3 W'=2% i
BITE 3 W'=30% (puc.2).

OTpumaHi 3aJ€)KHOCTI TOKa3yloTh, IO 3HAYEHHsSI EKBIBAJCHTHOTO KoedillieHTa
TEIUIONPOBITHOCTI 3a0pYyTHEHD 3AJIC)KUTH BiJ YITAKOBKH 1 pO3MIpiB YaCcTOK Y Imapi, CKiaxy i
BJIACTUBOCTEH CepepoBHINA, IO 3alOBHIOE MOPOXKHWHU, HPU BIANOBITHUX TeMIleparypax
CTIHKH 1 HOPUCTOCTI. 31 301IBIIIEHHSIM BOJIOTOCTI BiJIKJIaIeHb TEIUIONPOBITHICTE 3POCTAE.

[Ipu cnamoBanui BIIE TtemionmpoBifHicTe mapy BHIEe y 3B’S3KYy 31 30UIbLICHHSIM
VIIAaKOBKH BiJIKJIQJICHb 1 3MEHITICHHSIM KOHIIEHTpAIii KHCIOTH (TP 3MEHIICHHI KOHIIEHTpPAIil
TEIUIONPOBIIHICTh KACIOTH 301IbIy€eThes [ 15]).

OTprMaHi 3aJeKHOCTI CepeHHOI TOBIMUHU 3a0pyJaHEHB O; BiJl Yacy BIUIMBY MOTOKY
JUMOBUX Tra3iB [9] 1 Big Temmeparypu CTiHKH (puc.l), a TakoX 3HaueHHs KoedilieHTa
€KBIBAJICHTHOI TEIUIONPOBITHOCTI A.; BiJ CTaHy 3a0pyJHEHB, SKi TaKOX 3aJie)KaTh BiJ
BEJIMYUHH f¢; (PHC.2), NAIOTh MOXKJIUBICTh MOOYA0BU 3aI€KHOCTEH Koe(illieHTiB 3a0py THEHHS
€; BT fop (puc.3). OTpuMaHi 3aJIe)KHOCTI TIOKa3yIOTh, IO IPU OJTHAKOBUX 3HAYCHHSX fcp IPH
cnamoBanni BITE 3 W'=30% 3HaueHHs KoeQillieHTIB 3a0pyIHEHHS € ICTOTHO HIKYE, HiXK
[IPY CHAIOBAHHI CTaHAapTHOro manuBa 3 W'=2%: B 30HI MOKpUX 3a0pyaHEHb — Y 5 pasiB; y
30H1 CyXuX 3a0py/aHeHb — y 6 pasiB.
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Pucynok 1. 3anexxHicTb TOBIINHA 3a0pyAHEHB O, Bill TEMIIEPATYpH CTIHKH NP CHIATFOBaHHI
ctangaptHoro Masyty (W'=2%) i BITE (W'=30%)

Figure 1. Dependence of thickness of contaminations d, from wall temperature at incineration of
standard fuel oil (W'=2%) and WFE (W'=30%)

PucyHok 2. 3anexHiCTb €KBiBaJIEHTHOI TEIUIONPOBIAHOCTI Wapy 3a0pyIHEHb A; Bill TeMIlepaTypu
CTIHKH NPH CHIAFOBaHHI cTaHaapTHoro Maszyty (W'=2%) i BITE (W'=30%)

Figure 2. Dependence of equivalent layer heat-conducting of contaminations A, from wall temperature
at incineration of standard fuel oil (W'=2%) and WFE (W'=30%)

Pucynok 3. 3anexHicTs KoedilieHTa 3a0pyIHEHD €, Bill TEMIEPATYPH CTIHKH MPU CTIAIIOBAHHI
ctanmaptHoro Masyty (W'=2%) i BITE (W'=30%)

Figure 3. Dependence of contaminations coefficient €, from wall temperature at incineration of
standard fuel oil (W'=2%) and WFE (W'=30%)

Vei  pocmipkenHs — mpomeciB  3a0pynHenns  HTIIH — npoBomwnucs  Ha
eKCIIEPUMEHTAIILHINA yCTAHOBIII TPH IBHJIKOCTI JUMOBHX Ta3iB y Iydykax TpyO-3pa3kiB
omu3pko 7 m/c. ToMy TpamisieTbess Haroja 3iCTaBUTH 3HAUEHHS € MPH Ii IIBUAKOCTI,
OTpHMaHi IIpH CIaIIOBaHHI HEOOBOAHEHOro pimkoro mamwBa 3 W'=2%, 3 HOpMAaTUBHHMH
manumu [16], mpenctaBieHuMHu Ha puc.4 (TOUYKaMu TOKa3aHi 3HAYeHHS €, OTpPHMaHi 3a
pe3yibTaTaMy eKCIIepIMEHTATbHO-PO3PaXyHKOBUX JTOCIIIKECHB ).

[lopiBHSIHHS JaHWX MiJTBEP/KYE TOCTOBIPHICTH MPOBEIECHUX EKCHEPUMEHTAThHIX
JIOCITIIDKEHD TIPOIIECiB 3a0pyAHEHHS IIpU ClaltoBaHHi manuBa 3 W'=2%, OCKiJIbKH OTpHUMaHi
3HQUEHHS €; MPHU MIBUAKOCTI Ta3iB 7 M/C 3HAXOAATHCS B 30HI 3HAYECHb, PEKOMEHIOBAHUX Y
[16]. OTxe, cimiji BBaXaTHd JOCTOBIPHHMH 1 Pe3yJIbTaTH aAHAIOTIYHUX JIOCHIKCHb IIpH
cnamoBanni BITE 3 W'=30%, mpoBeleHUX Ha OHINA €KCIIEpMMEHTAIBHIA YCTaHOBI 3a
0JIHAKOBOIO METOJIMKOIO, TI0 SIKUX HEMAe€ JIAaHWX B HAYKOBIH 1 TeXHIUHIN JiTepaTypi. OTpumani
3HQUEHHS €; MiATBEP/KYIOTh JOCTOBIPHICTh MPUMHSITOT METOIUKU PO3PaXyHKY MOPUCTOCTI
mapy 3a0pyIHEHb, a TAKOXK HA0YTOI (POPMHU TBEPAUX YACTOK, IO MPUHHSATI B [14].
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Pucynok 4. 3anexHicTb koedilieHTa 3a0pyAHeHb Bij MBUAKOCTI ra3iB: HM — HopMaTHBHUIT MeTO.
[16]; TIE — 30Ha naponeperpiaua; DK — 30Ha ekoHOMaii3epa

Figure 4. Dependence of contaminations coefficienton from speed of gases: NM — normative method
[16]; PE — an area of superheater; DK — an area preheater

[Ipu omHAKOBIM TemImepaTypi CTIHKH 1 IMIBHJAKOCTI ra3iB Koe(illieHT 3a0pyTHEHHS &,
npu cnamoBaHHi BIIE wmenme B 3,4 pa3za B TNOpIBHSAHHI 3 PEXAMOM CIATIOBaHHS
craHjapTHoro majambBa mpud W=2%, 0 BiANOBIZHO IOBHHHO 30iIBIIATH BEJIUYHHY
KoedilieHTa TerjaonepeaaBaHHs k.

3HaiiieHi 3aJle)KHOCTI  Koe(imieHTiB 3a0pymHeHHsS & (puc.3 1 4), pO3rIsSHYTI
pekoMeHaIlii 3a BU3HAUCHHSIM KOe(]iIlieHTIB TEIUIOBiIaBaHHs 110 ra3oBiif CTOPOHI, JarOTh
MO’KJTUBICTh BU3HAYATH 3HAYCHHS KOe(illi€HTIB TeIUIonepeaBaHHs k.

3a  J0IOMOrol0  KOMII'IOTEPHOTO  MOJICTIOBaHHS  IPOBEIEHO  PO3PaxXyHKOBI
JOCTI/DKEHHST 1 MOOYI0BAaHO 3alIeXKHOCTI KOE(]IIIEHTIB Teruionepeaadi k BiJ TemIepaTypu
moBepxHi HarpiBy (puc.5). J[ns oTpumaHHS 3HA4YeHb KOE)IIIEHTIB TEIIOBOi e(peKTUBHOCTI
BH3HAYCHO 3HAYCHHS KoedillieHTa TeIutonepeaBaHHs k Ui YUCTOi TOBEPXHI HArpiBy i
MOBEPXHI HArpiBy 3 MapoM 3a0pyIHEHb.
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Pucynok 5. 3anexHicTs KoedilieHTa Teruonepeaayi k ynctoi (Jrinis 1) i 3a0pyaHeHOT MoBepxHi
HarpiBy BiJl TeMIIepaTypH CTiHKH f., IPH CHAJIFOBAaHHI cTaHmapTHoro nanusa (W=2%) (riHis 3) i
BIIE (W'=30%) (ninis 2)

Figure 5. Dependence of heat transfer coefficient k by clean (line 1) and muddy heating surface from
the wall temperature ¢.; at incineration of standard fuel (W'=2%) (line 3) and WFE (W'=30%) (line 2)

OTpuMaHi 3a OJHAKOBHUX YMOB PO3PaxXyHKOBI 3aJIKHOCTI KOCQIIIEHTIB TEIIOBOI
epexTuBHOCTI ( (BITHOIIEHHS KOEQIli€eHTIB TemonepenaBaHHs 3a0pyJHeHol 1 YHcTol
noBepxoHnb) [17, 18, 19] naBeneno Ha puc.6.
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OrpuMaHi 3aJIeKHOCTI OKa3yIOTh, 0 1pH ciamosanti BIIE 3 W' = 30 % 3nauenus
iHTeHcHBHOCTI TeronepenaBands Ha HTIIH Buime mpakTtudHOo B 2 pasu y MOpPIBHSHHI 31
CHAIOBAHHSAM CTaHIAPTHOTO majuBa 3 W'=2%.
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PucyHok 6. 3anexHicTb koedilieHTa TeruoBoi eeKTUBHOCTI { Bill TeMIepaTypu CTIiHKH 7., IPU
ClTalfoBaHHi cTaHgapTHoro maiusa (W'=2%) i BITE (W'=30%)

Figure 6. Dependence of thermal efficiency coefficient £ from the wall temperature ¢, at incineration of
standard fuel (W'=2%) and WFE (W'=30%)

OTxe, TIpH OJIHAKOBIM IIBUIAKOCTI Ta3iB e(EKTHBHICTh TEILIONEpPETaBaHHS IIpU
cnamoBanHi BIIE Buna, mo npu ogHakoBii TEIUIOBiH MOTYKHOCTI MPU3BEE 10 3MEHIICHHS
MMOBEPXHI HArpiBy, a 3HA4YWTh 4YHCIa pPsIiB TpyOo (MO Xoay Tras3iB) 1 BeJIWYHUHU
aepoJIMHaAMIYHOTO OTIOpY.

Pesynbraté po3paxyHKiB BenwdnH O, mpu Temmeparypi crinku 100...110°C (B o6nacti
«KHCJIOTHOTO MiKYy»), HaBEJIeHO Ha puc.l, MOKa3yIoTh, 1110 31 3pocTaHHAIM yMicTy Boau y BITE
10 30% yHaCIiIOK 3MEHITICHHSI KOHIIEHTpaIlil B ra30BOMY IOTOIlI TBEPJIUX YACTHHOK (OJHIN
31 ckiIagoBUX 3a0pyaHeHHs) B 3 pasu [13], 3HMKEHHS MIBUAKOCTI KOpo3il B 3,5 pasa, sika
BH3HAYAE TOBIIHMHY IIapy cyiab(aTiB [14], Mae Miciie 3MEHINICHHS TOBIIUHU 3a0pyTHeHHS (TI0
HacWINHIA TycTHHI) Maibke B 4 pasu. lleit edext ¢opmMyeTbcss TakoX IiJ] YIUIMBOM
aKyCTUYHUX XBWJIb, TOCTIfHO T'eHEpOBaHUX 3aBASKH «MikpoBuOyxam» kpamnenb BIIE, mo
3a0e3neuye mocTiHe (3a Bu3Ha4YeHHSIM B [14]) «cmabke» oummmenns HTIIH i 36imemmye
nepioj MiXk MPOBEACHHSIMH YHUIIEHb ITOBEPXOHB HArpiBy KOTIIB, sKi npamtoroTh Ha BIIE.

BucHoBkn. /[l oTpuMaHHS pO3paxyHKOBUX 3aJIEXKHOCTEH TOBIIWHHU IHapy
3a0py/iHEHb OTPHMAHO JIaHi1 3 ypaxyBaHHSM T'ycTuHU Imapy 3abpyanenHs Ha HTIIH kotnis
npu cnamoBarHi BIIE 3 ymictoMm Bogu 10 30%. IIpoBeieHi aHATITHYHI JTOCIIKCHHSI BIUTHBY
TOBILIUHM IIApy BiJIKJIaJI€Hb HA IHTEHCUBHICTh TEINIOOOMIHY 3 YpaxXyBaHHSM (i3UKO-XIMIYHUX
MPOIIeCiB, MO BiIOYBAIOTHCSA y IMApi BiIKJIaJCHb JAIM MOXIIMBICTH OTPHUMATH 3aJICKHOCTI
€KBIBAJICHTHOTO0 KoeQillieHTa TeIIONPOBITHOCTI Imapy Ta KoedillieHTa 3a0pyJHEHHS
MOBepXHi. 3a pe3yjabTaTaMH IUX JIOCHIDKCHb OTPHMAaHO 3HAYeHHS Koe(illieHTiB
tertonepenaBandst HTTIH, a takox koedirieHTiB Tem1oBoi epeKTUBHOCTI MOBEPXOHb, SIKi
MTOKa3aJid 301IbIIEHHS IHTCHCUBHOCTI TEIUIONepeIaBaHHs Ipu criamoBanHi BIIE mpaktuaHo
y 2 pa3u y NOpiBHSHHI 31 CHAJEHHSIM CTaHAapTHOro mnainuBa. OTpUMaHI IUIAHYETHCS
BAKOPHCTOBYBATH TPU TEIUIOBHX po3paxyHkax koTiiB Ha BIIE, a Takox st KopuryBaHHS
rpadikiB YMIIEHHS KOTJIB 32 TEIIOBOIO €eKTUBHICTIO Ta aepoanHamMiyHuM onopom HTTIH.

Conclusions. Calculation dependences of contaminations layer thickness taking into
account the density of contamination layer on boilers low-temperature heat surfaces (LTHS)
while burning water-fuel emulsion (WFE) with content of water to 30% have been obtained.
Analytical researches of the layer thickness deposits influence on the intensity of heat
exchange, taking into account physical and chemical processes, which take place in the layer
of deposits, have been carried out which enabled to get dependences of equivalent heat-
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conducting coefficient of the layer, and contaminations coefficient of surface. According to
these researches the values of heat transfer coefficients of LTHS and coefficients of thermal
efficiency of surfaces were obtained, which testified the increase of the heat-transfer rate
while burning WFE in 2 times compared with those of burning conventional fuel. These data
is to be used in thermal calculations of boilers on WFE, and to correct schedules of boilers
cleaning according to the thermal efficiency and aerodynamic resistance of LTHS.
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