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HaBomsiThest maHi JOCIHIIOKEHb Te-
IJIOBUX Ta aepOIWHAMIYHHX MOKA3HHKIB
HaHeIbHUX YTHIII3aTOPIB TEIJIOTH
BIIXiTHUX Ta3iB CKIOBapHUX mecuci. Bu-
KOHAaHO aHaJi3 TeIUIONPOIyKTUBHOCTI,
koedilieHTa Temonepenadi, TOBUIMHU
BIAKJIAQJCHh MHIY 1 aepOIUHAMIYHOTO
OMOpy TAaKeTiB MaHesel, a TAKOXK BHU3HA-
YEHO pallioOHaJbHI TEPMIHU TX OUHIICHHS.
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[IpuBoasiTCS MaHHBIE HCCIEI0BA-HUN
TEIUIOBBIX M adpOJMHAMUYECKUX TOKa3a-
TeJel MaHeIbHBIX TEIUIOyTHIH3aTOPOB OT-
XOISIINX Ta30B CTEKIOBAapEHHBIX IICYeH.
BrimonHeHn aHanu3 TEMJIONPOU3BOAUTENb-
HOCTH, KO3(pQUIHEHTa TeIUIONepeIadH,
TOJIIUHBI OTIIOKCHUH BT M a3pOAHHA-
MHUYECKOTO COMPOTHUBIICHUS TTAKETOB IaHe-
JIeH, a TakKe OINpPEeIICHBl PallHOHAIBHBIC

The data of studies of thermal and
aerodynamic parameters of panel heat
exchangers of exhaust gases of glass
furnaces are given. The analysis of
heating capacity, heat transfer coefficient,
thickness of dust deposits and aerodynamic
resistance of panel packets was carried
out, as well as the rational terms of their
cleaning were determined.

CPOKH UX OYHCTKH.

bi6mn. 13, tabmn. 2, puc. 5

KurouoBi ciioBa: yTwmizalis TEIUIOTH, CKIIOBAapHi TIedi, BiIXiAHI ra3u, TPyOH 3 MEMOpaHaMH.

G — BUTpaTa BOIH, KI/C;

H — 3HaueHHs TSIrM TMMOBOT TpyOH;

K — xoeditient teronepenadi, Br/(m2°C);
| — NOBXMHA TEIIIOOOMIHHUX TPYO, M;

P — tuck Boau, xlla;

O — TennonpoLyKTUBHICTb, KBT;

¢t — TeMneparypa Boxu, °C;

V. — ONTHMajlbHa INBUJIKICTh OYMCHOTO areHTy
(moBiTps), M/c;

AP — aeponunaMiuauii omip, I1a;

0 . — TOBIIMHA LIAPY BiAKIAAEHb, MM;

BigKII

T — yac, gooa;

Bcmyn

CyuacHi ra30CnoXMBaIbHI MPOMHUCIIOBI Te4i Pi3HOTO
MPU3HAYCHHS XapaKTePH3YIOThCsl BiTHOCHO BHCOKHM TEM-
NepaTrypHUM TOTEHIIaJoOM Ta30BUX BHKHIIB. J[liamazoH
3MIHH TEMIeparypy [HUX BHUKHJIB CTAaHOBHTH 3a3BHYai
150...500 °C [1, 2] B 3a/IeKHOCTI BiJ TEXHOJOTIYHOTO
TNy Teved (TUIaBWIIbHI, BUTIAIOBANIBHI, XJ110OTEKapChKi
TOIIO) Ta BU/Ly BUKHIIB (BIJIXIHI Ta3d YU OXOJIOKYBaIbHE
noBitpsi). OKpiM BHCOKOT TeMIIEpaTypH, BKa3aHi ra30Bi BU-
KU XapaKTepU3YIOThCs 3allMIICHICTIO Pi3HOTO PiBHS (Bix
50 mo 300 mr/m3, a B iesKuX cUTyarisax i sumie) [3].

JlJisi KOpUCHOTO BUKOpHUCTaHHs (yTHIi3amii) CKHIHOT
TEIUIOTH TPOMHUCIIOBHX TI€4el 3aCTOCOBYIOTHCSI TEIIO-
yTWII3aTOPH PI3HUX THIIIB Ta Tpu3HaueHHs. [laposi
KOTJIU-YTHJII3aTOPH BCTAHOBJIIOIOTHCS 3a3BUYail 3a Meva-

Vs — koeiIlieHT 3a0pyHCHHSI.
BepxHi innexcu:
€KC — EKCIIEpUMEHTAJIbHUIA;

pO3 — pPO3paxyHKOBUU.

Hwuxni ingexcn:

B — BOJIQ;
I — rasmu;
I — [aHei;
Tp — TpyOHu.

MH 3 TEMIIEpPaTypoOI0 Ta BUTPATOIO BiIXiIHWUX Ta3iB MOHA
600...700 °C Ta 15 Tuc. m*/ron BiamosigHo [4, 5]. OnHak,
Ha 0araTthoX MiAMPHEMCTBAX, 10 eKCIUTYaTyIOTh IIi Tedi, €
MOTpeOr B Tapsviil BOJII HA TEXHOJIOTIIO Ta TETUIONOCTadaH-
Hs1 (OIajJeHHs, BEHTWIALII0, MOOYTOBE rapsiie BOJIOMOCTA-
YaHHS TOIIO). Y THIIi3allisi Ta30BUX BHKHJIIB MPOMHUCIOBUX
redeii Moryia 6 3HAYHOIO MipOIO KOMITIEHCYBATH BKa3aHi I0-
Tpeon.

Crhix 3a3HauuTH, IO BHUKOPHCTAHHS BOJOIPIHHOIO
YCTaTKyBaHHS JUIS yTHIII3allii TETUIOTH Ta30BUX BHKHIIB
MIPOMUCIIOBHX IT€YeH MPaKTUKYEThCS AaBHO [6-8]. s miei
METH 3aCTOCOBYBAJICh YaByHHI TerTo(iKaliifHi eKoHOMaii-
3epu BTHU, 6104Hi cranesi ekonomaiizepu bBEC, inmmi pizai
PO3pOOKH BOAOTPIHHUX TEIIOYTHIII3aTOPiB, 30KpeMa i po3-
poOku [HCcTHTYTY TexHiuHOI Teruodiznkn HAH VYkpainu.
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Tax s yTwromizarii TeIIOTH BIAXITHUX Ta3iB CKIOBAPHUX

IeYe yCIINTHO BHKOPHUCTOBYIOTHCS —TETUIOYTHITI3aTOPH

BoporpiitHi MoxynbHI TBM manensHOTO THITY [9-15].
Mema pobomu i nocmano8Kka 3a60anb 00Cai0NcCeHb

Meta po6OTH mTOdSATaE 'y OTPUMaHHI EKCIIepUMEH-
TaTbHUAX NaHUX IIMONO TEIUIOOOMIHY Ta aepOomWHaAMIKH B
yMOBaxX YTHWJIi3allii TEIUIOTH 3alICHWX BiIXITHUX Tra3iB
MIPOMHUCITIOBUX TICUeH TIIPU BHUKOPHCTAHHI BOMOTPIHHUX
TEIIOYTHJII3aTOPiB 3 TaKeTaMHU TaHeJIel, YTBOPEHHX TpyOa-
MH 3 MeMOpaHaMHu.

OCHOBHI 3aBIaHHS TOCITIHPKEHHS TTOJSATAIH:

- Y BU3HAUEHHI Ta aHaTi31 B MPOIIeCi eKCIuTyaTallii BKa-
3aHUX TEIUIOyTHIi3aTtopiB (Tumy TBM) y 3ammieHnx raso-
BHIX TIOTOKaX OCHOBHHX €KCIUTyaTaIlIHIX TTOKa3HUKIB iXHIX
TTOBEPXOHD TEIUTOOOMIHY, TAKUX SK: TEIUIOMPOAYKTHBHICTE,
Koe(iIlieHT TerIonepeaadi, TOBIIMHA Iapy BiTKIAICHBb
Ty, a8POAMHAMIYHHM OTIip TOIIIO;

-YBCTaHOBJICHHI HAOCHOBIaHAJII3y TETLIONPOAYKTUBHOCTI
TEIUIOY THITI3aTOPIB PaioHATBHAX TEPMIHIB X OUHITICHHS Bif
BIJIKJIQICHb TEXHOJIOT1YHOTO TIHITY.

Memoouxa nposedeHHs 00Cai0HCeHb.

JlocmimkeHHsT BUKOHYBAJUCh HAa CKCIIEPUMEHTAIBHIHN
ycTaHoBIl (puc. 1), po3MimieHiii 3a CKJIOBApHOIO ITYYIO,

Ta B TIPOIIEC] MyCKO-BUITPOOYBaIBHUX POOIT ITPH BBEACHHI 10
eKCIUTyararlii TermioyTestizaropie TBM Ha pisHUX CKIIOPOOHHUX
mignpueMcTBax. JIo ekcriepuMeHTaNbHOT YCTaHOBKH BXOIUTh
BOIOTPIHHMI TETUIOYTHITI3aTOp, IO CKIIANAETHCS 13 TBOX Ha-
CTHH: TPyOHOI, CKOMITOHOBAHOI 3 YaBYHHUX OpeOpeHHX TpPyoO,
1 MaHeNsHO1, HaOpaHoi 3 MaHeNeH, YTBOPEHUX TPYOaMH 3 MEM-
Opanamu (puc. 2).

JlocTiKeHHST BAKOHYBAIMCH 3 BUKOPHCTAHHSM CY4acHOT
BHUMIPIOBaJILHOT TEXHIKH 3a aTECTOBAHUMH METOIUKAMH CITY>KO
METPOJIOTIIHOTO HAJIArOLKEHHS CKJIOPOOHHX IIiIIPHUEMCTB,
3a YJaCTIO SKHX 1 3MIHCHIOBAJIMICH EKCIIEpUMEHTH. B mporieci
JOCTIKEHb BHU3HAYAINCH TEIUIONPOMYKTUBHICTE, CEpEeIHi
3HAUCHHs KOC(DIII€HTIB TEIIOOOMIHY Ta aepoAMHAMIUYHOTO
OTIOpy TIAKETiB TaHeJIeH B yMOBAaX YTHIII3aIlil TETUIOTH 3alld-
JICHUX Ta3iB CKJIOBAPHMUX Tieuei. BWBYEHHIO Mmimisaraiga Ta-
KOX JTHAMiKa YTBOPEHHS IIapy BiIKIaJICHb TEXHOJOTIIHOTO
ATy Ha TIOBEPXHI IMaHENei 3 Ta30BOro OOKy Ta KoedirieHTa
3a0pymHEHHS TTOBEpXHi. 3a MAHUMH TEIUIONPOMYKTHBHOCTI
TEIUTOYTHITI3aTOPIB BU3HAYABCS paIliOHAIBHAN TIepion Horo
eKCIUTyarTallii MK OYMIIECHHAMH POOOYNX TTOBEPXOHb. BHKO-
HYBaJIFCh TaKOX 3ICTABICHHS OTPUMAHUX ITapaMeTpiB 3a eK-
CIIEpUMEHTATLHUMU JIAHUMH Ta iXHIMH PO3PaxXyHKOBUMH 3Ha-
YeHHSIMHM, a TAKOXK 32 JaHUMH 1HIIUX JOCIIIHUKIB.
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Puc. 1. Cxema excnepumenmanvhoi ycmano8Ku 3a CK106aPHOI0 RIUYIO:

1 — sumpamomip; 2 — nosopomnuii wuoep; 3 — sucysnuit wubep; G, P, t — eumpama, muck ma memnepamypa

600u; AP — aepoounamiunuii onip; t — memnepamypa 2asie; H — 3nauenns msazu oumosoi mpyou
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Pe3ynomamu 0ocniocenv ma ix ananis.

XapakTepHi TeIyIoBI 1 TEXHIYHI XapaKTepHCTH-
KM TEIJIOYTHIIi3aTopa EKCIIEPUMEHTAIBHOI YCTaHOBKH,
OTpHMaHi ITpU BUKOHAHHI JIOCITiI’KeHb, BKa3aHi B Ta0. 1.

Ha puc. 3.1a HaBeneHO pe3ynbTaTd BU3HAYCHHS
koediuienta tertonepenayi Kn B maHenbHi 4acTHHI eK-
CIEPUMEHTAIBHOTO TeruioyTwiizatopa. [lonani Ha naHomy
PHUCYHKY Tpadiki UTIOCTPYIOTh 3MiHY B 4aci eKCIepHUMEH-
TanpHUX (KpuBa 1) Ta po3paxyHKOBHX (KpuBa 2) 3HAYCHb
KoedirieHTa K 1y KOHKPETHHX YMOB BUKOHAHHS JOCIIIIB
BIJIMOBITHO /IO PEKUMY POOOTH €KCIIepHMEHTAIbHOI yCTa-
HOBKH. SIK BUJTHO 3 HaBEJICHUX JaHUX, HA [T0YATKy IIPOBEICH-
HS TOCTIAIB (TIPH YUCTiM TETUIOOOMIHHIM TTOBEpXHi) eKCITe-
pPUMEHTAJILHE Ta pO3paxyHKoBe 3HaueHHsI KIT CIiBIaiaoTh.
B mporeci 3anuiieHHs 3 Ta30BOr0 OOKY MOBEPXHI HaHE ek
eKCIIepUMEHTAaJIbHI 3HaU€HHsI 3MEHIIIYIOThCSI TIPUOIN3HO Ha
30 % 1 crabinizyroThes npotsirom 15...18 mi0.

[Hani puc. 3.26 imocTpyIoTh TOPiBHAHHS KOe(ilieHTiB
Temionepeaayi B TpyOHI Ta maHeNbHIH 4YacTHHAX
TEIUIOyTUIIi3aTopa. PesynsraTn AOCHiKEHb CBigYaTh Mpo
repeBary (3a BEIMYMHOI0 Koe(illieHTa Terutonepeiadi) mna-
HEJBhHUX ITaKeTiB HaJl My4KkamMu opedpeHux Tpyo. OTpumani
JaHl TOKa3yITh TAaKOX, IO B yMOBaxX (IIPH MPOXOKEHHI

v

3aniuni razu

v

Harpisana Boxa

3aIMJICHOTO IIOTOKY IMMOBHUX I'a3iB CIIOYATKy B AHEJbHIN a
MOTIM B TPYOHIH YacTHHAX) TEMITH 3aIUIICHHS PO3TITHYTHX
TEII00OMIHHHX MTOBEPXOHB € OIM3bKHMHU.

BukoHaHO Takok BH3HaueHHs KoedilieHTa 3a0py-
HeHHs V TaHeNnbHOI MOBEpPXHI HArpiBaHHS, SKHH BU3HA-
YyaBcsl SIK BiJHOLICHHS KoeQilieHTIB Teruionepenadi mpu
3anmuieHid 1 YMCTii moBepXHi HarpiBaHHs. BigmosimHi
JIaH1 TI0/I0 TIAKETiB MaHeJeH, OTPUMaHI MPH JTOCIIHKSHHSIX
Ha CKCIIEPUMEHTAJbHIA yCTaHOBLI B YMOBaxX 3allMICHOCTI
razoBoro motoky 200...300 mr/m®, HaBezieHO Ha puc. 3.2
(rpadix 1). Ha mpomMy pHICYHKY JUIS TIOPIBHSHHS ITOJaHO
TaKOXK Pe3yJIbTaTH BU3HAUYCHHS KOCQIIli€HTIB 3a0pymIHEH-
HA (Tpadik 2) Mg medeil BUpOOHHUIITBA MEIUIHOTO CKJIa,
ne piBens 3ammreHocti 300...1000 mr/v®. T'padikm 3, 4
UTFOCTPYIOTh IMHAMIKY 3alIHJICHOCTI IOBEPXOHb HArPiBaHHs
ycepeauHi TpyO ra30TpyOHUX TEIIOYTHIII3aTOPiB.

Pesynbrati  MOpIBHSUIBHOTO — aHamizy KoegilieHTiB
Vs cBiguare, 10 3a piBHEM 3a0pyAHEHOCTI MOBEpXHi
TEII000MiHy ra30TpyOHHX TEMJIOYTHIII3aTOPiB € TipIIUMH
MOPIBHSIHO 3 maHenbHUMH. llpu mpomy, y pasi 3actocy-
BaHHS TypOyii3aTopiB TOTOKYy B TpyOax Tra3oTpyOHHUX
TETUIOYTHITI3aTOPiB CTYIiHb 3aMUIICHOCTI poO0U0i MOBEpXHi
3pOCTaE.

MemGpann

Puc. 2. Ilakem naneneit, ymeopenux mpyoamu 3 memopanamu

Tab6m. 1. OcHOBHI XapaKTEpUCTUKH TEIIOYTHIIi3aTopa eKCIIEPUMEHTAIbHOT YCTaHOBKH

HaiimeHnyBaHHs TOKa3HMKA, HaiimenyBaHHs [TOKa3HUKA,

PO3MIpPHICTb SuasicHis PO3MIpHICTH Suasicnis
TemmonponyktuBHiCTh, MBT 0,33...0,53 3anuIeHiCTh JUMOBUX ra3iB, MI/M> 200...240
Temmeparypa Bomu, °C: KoedimieHT HamHAIITKY TOBITPS B Ta3ax 2,2...2,7
Ha BXO.l 70 AeponmuHamiunuii omip, [1a 130...160
Ha BUXOIIL 85...93 INppasniynawmii omip, klla 100
Temrieparypa numoBuX Tasis, °C: Burpara qumoBux rasis, Kr/c 3,8...45
Ha BXOAl 240...360 Burpara Bomu, kr/c 5.4
Ha BUXOJI1 200...300 ITroma moBepXHi HarpiBaHHS, M 120
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Puc. 3.1. Jlunamixa excnepumenmanvrozo K (1) ma pospaxynkoeozo K ' (2) koegiyicnmie

menjionepedayi naxkemy nanenei 6000mpyonozo menioymunizamopa (a) ma ekcnepumenmanvrux K ¢

3Hauensb Koehiyicnma menyonepeoayi 6 mpyonii (3), nanenvhiil (4) uacmunax menaoymunizamopa ma

3azanvHozo (5) 6 ekcnepumeHmanvHii ycmanosui (0)
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Puc. 3.2. /lunamika koeghivicuma 3a0pyonenns s pi3Hux no8epxoHs menaooominy:

1 — naneni ¢ menaoymunizamopi eKCnepumenmaibHoi yCmanoeKu;

2 — naneni 6 menioymunizamopi menaoymunizayitHoi ycmano8Ku neyi 6UPOOHUYMEA MEOUUHO20 CKIA;

3 — mpyobu 3 Kinbyesumu mypoynizamopamu; 4 — 21a0ki mpyou

Hani npo xoediuienTn 3a0pynHeHHs TpyO Al ra-
30TpyOHHMX  TEIUIOYTWIIi3aTOpiB  NpPH  3aCTOCYBaHHI
TEIUIOOOMIHHHMX TOBEPXOHb 3 TJIAaIKUX Tpyo 1 TpyO 3
KITBIIEBUMHU  TypOyJli3aTopaM ITOTOKY Ha BHYTPINIHIN
TTOBEPXHi TPyO oTpruMaHi 3 iteparypH [8]. Ciix 3a3HaunTH,
1o gaxi moxo ¥ TpyOHHUX MTOBEPXOHD TETUIOOOMIHY CTOCY-
FOTBCSI TOCITIJDKEHB 3 YTHIII3aIlll TeIUIOTH BiIXiTHHUX Tra3iB
revell BUPOOHHUIITBA KPUIITAIO, JIe PIBEHb 3allUJICHOCTI
Bignosigae 400...1000 mr/m>.

BukoHaHO 1OCIIIKEHHS IOJI0 TUHAMIKY 3a0pyIHIOBa-
HOCTI ITOBEPXH1 HarpiBaHHs TEMJIOYTHIi3aTOPiB 1O3BOJIMIN
OIIHUTH TETUIOBY €(h)eKTUBHICTh ITMX ITOBEPXOHb Ta BU3HA-
YUTH PalliOHATLHUI TEPMiH OYHIICHHS TETIOOOMIHHHX I10-
BEPXOHb 3JIEXKHO BiJl PIBHS 3aIMICHOCTI MMOTOKY JUMOBHUX
rasis.

s medelt BUPOOHUIITBA CKIISTHOI Tapu pPEKOMEHJIO-
BaHMW Tepiof poOOTH TEIIOYTHIII3aTOpa MK OYMIICHHS-
mu craHoButh 10...14 ni6. IIpu BUpPOOHHIITBI METUYHO-
TO CKJIa BIJIPI30K Yacy MiX OUYHUIICHHSMH IPOIOHYETHCS
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y posMmipi 6...8 mi6. Ilpm BHKOpHCTaHHI Ta30TPyOHHX
TEIUIOYTUITI3aTOPiB TOUIIBHUN Tepiof MiXK BUAAICHHSIMH
MMAJIOBUX BIIKJI/IEHb CKOPOUy€EThCs 110 1,5...2 mil.

Ha puc. 3.3a HaBeneHO JaHi, IO XapaKTEPU3YIOTh
e(EeKTHBHICTh OUMINEHHS BOIOTPYOHOrO TAHEIBHOTO
TerioyTwiizatopa. OuHIIEHHS 3I1MCHIOBAJIOCH CTHCHE-
HUM 1oBiTpsiM TrckoM 0,5 MIla. Sk imocTpyroTh HaBeaeHi
Ha puc. 3.3a pe3yNbTaTH, IICIs IPOBEICHHS OYHINCH-
HSl TeIuioBa €(EeKTHBHICTh TEIUIOYyTHUIi3aTopa MpPaKTHYHO
BIJTHOBJIIOETHCS A0 I0YaTKOBOTO 3HAYECHHSI.

3a pesynbTaraMH NPOBEACHUX IOCIiIKEHb BH3HAYa-
JIacsi CepeaHs TOBIIMHA BiAKIANCHb y MAHETbHIN JacTHHI
TETJIOY THJTi3aTOPa EKCIIEPUMEHTAIBHOT YCTAaHOBKH B TIEPioA
MIXK OUMIICHHAMU. Bifmnosifaxi nani HaBeneHo Ha puc. 3.30.
Sk BUAHO 3 PUCYHKY, IIAp BigKJIaJeHb 30UIBIIYETHCS B
Mpoleci eKCIuTyaraltii 10 MaKCUMaJIbHOTO 3HAUYEHHS OJI13b-
KOTO 70 6 MM.

s yMOB poOOTH B CEpEHOBHILI 3alWICHUX Tra3iB

CKJIIOBApHHUX TII€4ed  EKCIIEPUMEHTaJIbHO  BCTAHOBJICHI
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ONTUMAJIBHI IBUIKOCTI OYMCHOTO areHTy (nositps) V,  3a-
JISKHO BiJl IOBKUHU [ TETUIOOOMIHHHMX TPYyO B Aiama3oHi ii
3Mind Big 1 g0 2,5 M. Otpumani gani oOpoOieHi y BUIVIsAL
3aJIeKHOCTI

0.5

Vo =351,
Y po0OTi BHUKOHAHO TAaKOXK JOCIHI/DKEHHS CTO-
COBHO aeponuHaMIKn MaHEJIbHUX BOZIOTPYOHMX

TeTIOYTHITI3aTOpiB. Y TaOJ. 2 HaBeIEHO MaHi MO0 3MIiHU
y 4aci aepoJUHaMiYHOTO OMOPY ITAKeTiB IMaHeNel 1 pe3ylib-
TaTH JOCTIKeHb JUHAMIKH aepOAMHAMIYHOIO OIOpY B ra-
30TPYOHHUX TETIOYTHIII3aTOpax MPH BUKOPHCTAHHI ITIaJKUX
TpyO 1 TpyO 3 TypOysizaTopamu MOTOKY Ha IX BHYTPIIIHIH
TTOBEPXHI.

AHaui3 HaBeJleHNX y Tabi. 2 pe3ynbTaTiB CBIIYUTH, 10
NaHeNbHI TOBEpXHI HArpiBaHHs XapaKTEpU3YIOThCS MEH-
IIMM PIBHEM 3MiHHM ONOpPY HaBiTh 32 OMM3BKUX BEIMYHH

fIOFO 3aHHJ'IeHOCTi.
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Puc. 3.3. Tunamika 6i0HocHOi menaionpo0yKmueHocmi ¢ naAHeabHo20 6000mpyoHo20 menaoymuiizamopa (a)

ma moswgunu &,

, wapy 6i0K1a0ens Ha nosepxHi naneneil ¢ nPoyeci eKCnyamayii mixe ouuiennam(0)

Tabn. 2. 3MiHM Yy Yaci aepoAMHAMIYHOTO OMIOPY ITOBEPXOHb HArPiBaHHS BOIOTPYOHHX Ta ra30TpyOHMX TEIUIOYTUIII3aTOPIB

AeporHaAMIYHUI OITip eKCIIEpUMEHTAILHUX TIOBEPXOHb HarpiBaHHs, [1a
TTaHe7i MaHeN TeTUIOy THITi3alinHOT .
Yac, roquaa . . TPYyOH 3 KUTBIIEBUMHU .
CKCIICPUMCHTAJIbHO1 YCTAaHOBKH 1€Y1 BI/IpO6HI/ILITBa . IT1aAK1 pr6I/I
TypOynizaTopamu
YCTaHOBKHU MEAUYHOI'O CKJIa
0 40 20 185 90
75 45 30 327 255
150 55 42 437 320
225 55 44 500 360
300 55 45 570 375
325 55 45 645 375
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Bucnoexu.

BukoHaHO KOMITIIEKC eKCTIEPUMEHTATBHUX A0 CIiKEHb
IIOJI0 BCTAHOBJIEHHS 3aKOHOMIPDHOCTI 3MIHM Yy daci
koe(iIieHTIB TerTonepeaadi i aepoIMHAMITHOTO OTIOPY BO-
JIOTPYOHHX MeMOpaHHHX TEeIJIOYTHIII3aTOPIB TMaHEeIbHOTO
TUITYy 32 YMOB DI3HOTO piBHS 3alMJIEHOCTI AUMOBHUX Ta3iB.
IIpu npomy:

1. OtrpumaHO pe3ynbTaTH, IO CBiAYaTh PO BHUCO-
Ky TEIUIOBY €(QEeKTHBHOCTI TEIJIOOOMIHHHMX MOBEPXOHB i3
MaKeTiB MaHeJel, YTBOPEHUX TpyOamu 3 MeMOpaHamH,
mpu iX 3aCTOCYBaHHI B TEIUIO-YTHIII3aTopax 3almUICHUX
BIJIX1IHUX ra3iB CKJIOBAPHUX TICUYCH.

2. JocmimkeHo  OUHAMIKY  CepemHiX  3HA4YeHb
KOeiIlieHTIB TEeTUIoNepeiadi, TOBIIMHN IIapy BiIKIaIeHb
ATy 1 aepoJMHAMIYHOTO OIOpPY BKa3aHHWX IAKeTiB ITaHe-
JIEH.

3. HaocHOBI 1aHWX III0/10 3MiHH TETLTOTPOTYKTHUBHOCTI
TETUIOYTWIII3aTOPiB  BU3HAYEHO  TPHUBATICTh  IHKIIB
31 ICHEHHS OYHIICHHSI MEMOPaHHHX TIOBEPXOHB HArPiBaHHS
BiJI THUJIOBUX BIJIKJIQJICHB: JIJISl TICYCH BUPOOHUIITBA CKIISTHOT
Tapu 1ei nepioj ckias 10...14, a s nieded BUTLIABICHHS
MEINYHOrO CcKia - 5...7 mio.
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RESULTS OF EXPERIMENTAL STUDIES OF THE
HEAT ENGINEERING CHARACTERISTICS OF
INDUSTRIAL FURNACE WATER-HEATING HEAT
RECOVERY UNITS

Fialko N.M., Prokopov V.G., Navrodska R.O.,
Shevchuk S.1., Stepanova A.l.

Institute of Engineering Thermophysics, National Academy
of Sciences of Ukraine, 2a, Marii Kapnist str., Kyiv, 03680,
Ukraine

https:doi.org//10.31472/ttpe.1.2022.10

The results of a complex of experimental studies of
thermal and aerodynamic indicators of water-heating heat-
recovery exchangers of dusty exhaust gases from glass-
making furnaces are presented. The studies were carried
out on an experimental installation located behind a glass-
melting furnace, and in the process of start-up operations
during the introduction into operation of modular-type
water-heating heat exchangers (HWM) developed by IET
NAS of Ukraine at various glass-producing enterprises.
The studies were carried out using modern measuring
equipment according to certified methods of the services of
metrological adjustment of glass-making enterprises, with
the participation of which the experiments were carried out.
In the process of research, the heating capacity, average
values of the heat transfer coefficients and aerodynamic
resistance of heat exchange surfaces, which are assembled
from of panel packages formed by pipes with membranes,
under conditions of heat-recovery of dusty furnace gases,
were determined. The dynamics of the formation of a layer
of deposits of technological dust on the surface of the panels
on the gas side and the contamination coefficient of surface
were also subject to research. According to the data on the
heat-recovery exchanger heating capacity, the rational period
of its operation between cleaning the working surfaces was
determined. The experimental parameters obtained were
also compared with their calculated values, as well as with
the data of other researchers. According to the results of the
studies, it is shown that TVM heat exchangers when used in
conditions of dusty furnace gases are characterized by high
thermal efficiency due to the layout of the heat exchange
surface from the packets of panels formed by pipes with
membranes, and the possibility of cleaning these surfaces
from deposits of technological dust with practical restoration
of the initial indicators. Based on the data obtained, the
duration of the cycles for cleaning membrane heating
surfaces from dust deposits was determined: for furnaces
for the production of glass packaging, this period was 10-14
days, and for furnaces for melting medical glass - 5-7 days.

References 13, tables 2, figure 5.

Key words: heat recovery, glass furnaces, exhaust gases,
membrane pipes.

1. Burokova A. V., Rachmanov Y.A. K voprosu rekuperatsii
teploty gazov pechey termoobrabotki metallich-eskikh
izdeliy [On the question of gas heat recovery heat treatment
furnaces metal products]. Scientific journal NRU ITMO
Series "Economics and Environmental Management". 2014.
No 1. (in Rus.)

2. Abd Alkarem Y. M. A new review in glass furnaces
energy saving field by pairing between recuperative and
regenerative systems. International Journal of Advanced
Research and Development. 2018. No 3. P. 17-20.

3. Fialko, N. M., Prokopov, V. G., Navrodska R. A.,
Shevchuk S. I., Sliusar A. F. Issledovanie sostava dymovykh
gazov steklovarennykh pechey [Research of the composition
of exhaust gases of glassmelting furnaces]. International
Scientific Journal “Internauka”. 2021. No 6. https://doi.
org/10.25313/2520-2057-2021-6-7297 (in Rus.)

4. Tebenkov B.P. Rekuperatory promyshlennykh pechey
[Recuperators of industrial furnaces]. Moscow: Metallurgy,
1975. 295 p. (in Rus.)

5. lliashenko LS., Popov O.P, Smuliansky 1.B., Gutsiev A.F.
Ekspluatatsii ~ kotlov-utilizatorov  za  steklovaren-nymi
pechami [Operation of recovery boilers behind glass
furnaces]. Glass and ceramics. 1986. No 1. P. 4-5. (in Rus.)

6. Pioro L.S. Ekonomiia topliva v proizvodstve stekla
[Saving fuel in glass production]. Kyiv: Naukova dumka,
1981. 139 p. (in Rus.)

7. Gomon VI, Aronov 1Z, Ratushniak A1, Navrodskaya R.A.
Gazotrubnyy utilizator teploty otkhodiashchikh gazov promy-
shlennykhpechey [ Gastube heat exchanger of industrial furnaces
waste gases]. [IpompimutenHas suepretuka [Industrial energy].
1990. No 6. P. 31-34. (in Rus.)

8. Gomon VI, Ratushniak A.l, Chernetskiy V.T,
Khripun A.F. Utilizatsiia teploty zapylennykh otkhodiash-
chikh gazov steklovarennykh pechey [Recovery of heat of
dusty exhaust gases of glassmaking furnaces]. Glass and
ceramics. 1989. No 4. P. 3 — 5. (in Rus.)

9. Fialko N., Stepanova A., Navrodskaya R. Effektivnost
teploutilizatorov steklovarennykh pechey v uslovi-iakh
zapylennosti poverkhnostey nagreva [Efficiency heat
exchanger glass furnaces in dusty conditions of heating
surfaces. Energetics and automation. 2016. No 3, P. 28-35.
(in Rus.)

10. Fialko N. M., Prokopov V. G., Navrodska R. O.,
Shevchuk S. 1., Presich G.O. Osoblyvosti zastosuvannia
teploutylizatsiynykh tekhnologiy dlia gazospozhyvalnykh
sklovarnykh pechey [Some features of the heat recovery
technologies application for gas-fired glass furnaces].
Scientific Bulletin of UNFU. 2021. No 31(4). P. 109-113.
https://doi.org/10.36930/40310418 (in Ukr.).

90

Tennogbisuka ma mennoeHepaemuka, 2022, m. 44, Ne1



BUKOPUCTAHHA TA CIMNAJTFOBAHHA MAJIMBA, TEMJIOEHEPIETUYHI YCTAHOBKW, EKOJIONNA

11. Fialko N. M., Navrodskaya R.A., Sarioglo A.G.,
Sliusar M. A. Effektivnye teploutylizatsionnye tekhnologii dlia
steklovarennykh pechey [Efficient heat recovery technologies
for glass furnaces]. Promyshlennaya teplotekhnika [Industrial
Heat Engineering]. 2010. Vol. 32, No 6. P. 84-90. (in Rus.)

12. Fialko N.M., Sherenkovsky Ju.V. Stepanova A.L,
Navrodska R.A., Shevchuk S.1., Novakovskiy M.A. Effektiv-
nost system utilizatsii teploty otkhodiashchikh gazov
steklovarennykh pechey [Efficiency of heat recovery systems
for waste gases of glassmaking furnaces]. Promyshlennaya
teplotekhnika [Industrial Heat Engineering]. 2009. Vol. 31,
No 4. P. 78-85. (in Rus.)

13. Fialko N.M., Sherenkovsky Ju.V., Stepanova A.1,
Navrodska R.A., Sarioglo A.G., Shevchuk S.I. Effek-tivnost
teploutilizatorov razlichnogo tipa dlia steklovarennykh
pechey [The Efficiency of Glass Furnnaces Heat Utilizers of
Different Types]. DHeproTexHOIOTHH U pecypcocOepexe-
nue [Energy technology and resource conservation]. 2010.
No 5. P. 32-39. (in Rus.)

14. Fialko N.M., Stepanova A.l, Navrodska R.O.,
Shevchuk S.I. Lokalizatsiia eksergetychnykh vtrat v
utylizatori teploty vidkhidnykh gaziv gazospozhyvalnykh
teplovykh ustanovok [Localization of exergy losses in the
exhaust gases heat-recovery exchanger of gasfired heat
plants]. Energetics and automation. 2020. No 3, P. 5-17.
DOI: http://dx.doi.org/10.31548/energiya2020.03.005 (in
Ukr.).

15. Fialko N.M., Stepanova A.l, Navrodska R.O.,
Shevchuk S.I. Porivnialnyy analiz eksergetychnoy efektyv-
nosti teploutylizatsiynykh system riznogo pryznachennia
[Comparative analysis of exergy efficiency of heat recovery
systems of various purpose]. Energetics and automation.
2020. No 1, P. 38-50. http://dx.doi.org/10.31548/
energiya2020.01.038 (in Ukr.).

Ompumano 24.11.2021
Received 24.11.2021

Tennogizuka ma mennoeHepaemuka, 2022, m. 44, Ne1

91



