BecTHuk TIOMEHCKOI0 rocy1apcTBEHHOIO YHUBEPCHTETA.
10 ®Pusuko-maremaTnyeckoe moaenuposanue. Hedrs, ras, snepreruka. 2019. T. 5. Ne 3. C. 10-24

TENNOM®U3UKA U TEOPETUYHECKAA
TENMNOTEXHUKA

Banepwt Urnarbesnu T'YPOB!
Baapmmup Bragmmuposna KYPHOCOB?
Anexkcaaap Uropesnya JJIAHININH?
Esrenm Jlassiiosa CBEPIIJIOB*
Omurpuit Anekcangposiny CKUBUH®

VIIK 62-69

VICCJIEHOBAHME ITIOTPY2KHOTO HATPEBA BOIIbI

B OBECIIEYEHVE CO3JAHMSA OIIBITHO-ITIPOMBIILIEHHBIX
OBPA3IIOB BOTIOHATPEBATEJIFHBIX YCTPOVICTB

HOBOTO ITOKOJIEHMS

! TOKTOp TEXHUYECKHUX HAyK, HauanbHUK cektopa, [IUAM um. I1. U. bapanosa (1. Mocksa)
vigurov(@ciam.ru

KaHauaatr (bI/ISI/IKO-MaTeMaTI/I‘IeCKI/IX HayK,

reHepansHbIi qupexrop, OO0 «Komacy (. AmpeneBka)
kbb@komas.su

JIOKTOP TEXHUUYECKHUX HayK, 3aMECTUTENb T€HEPaTbHOTO TUPEKTOpa MO HayKe,
LUAM uwm. I1. U. bapanosa (1. Mocksa)
lanshin@ciam.ru

JIOKTOP TEXHUYECKHX HAyK, BEIYLLHIT HAyIHBIA COTPYIHHK,
HUAM nwm. I1. U. bapanosa (1. Mocksa)
sverdlov@rtc.ciam.ru

5 umxenep, [IUAM um. I1. U. Bapanosa (r. Mocksa)
sda@ciam.ru

Hurtuposanue: ['ypos B. U. MccnenoBanue morpykHOro HarpeBa Bojibl B 00eCIiedeHHe CO3-
JIaHUS OTIBITHO-TIPOMBIIUIEHHBIX 00pa3LoB BOJOHATPEBATENILHBIX YCTPONCTB HOBOTO MOKOJIE-
nus / B. U. T'ypos, B. B. Kyprocos, A. U. Jlannms, E. /. CBepmios, /1. A. Ckubus // BectHuk
TroMeHCKOro rocyapcTBEHHOro yHuBepcurera. OHU3nKo-MaTeMaTnueckoe MOACIUPOBAHME.
Hedts, ras, suepreruka. 2019. Tom 5. Ne 3. C. 10-24.

DOLI: 10.21684/2411-7978-2019-5-3-10-24

© ®IrAOY BO ToMeHCKHUI rOCyAapCTBEHHBIH YHUBEPCUTET



Hcceneoosanue nozpyscnozo nazpesa 00wl ... 11

AHHOTaANA

Packpsito nonstue xotios norpyxsoro Harpesa (KITH) Bozsl. [Ipeacrasnena ucropust ux
COBEPLICHCTBOBAHNS 10 BPEMEHH C HCIIOJIb30BaHHEM CCHIIOK HA OCHOBHBIE 3aIIaTEHTOBAHHBIE
TexHuueckue peuteHus. [Ipusenensl pesynsrarsl ucnsitanuii KITH pasnuunoro ucnonse-
HEst MOITHOCTEIO oT 50 10 100 kBT mpu paboTe Ha mpomaH-0yTaHOBOM Ta3e ¥ MPHPOTHOM
raze. [IpescraBiena oneHka MoJy4eHHbIX TEXHHUECKUX TT0Ka3aTesiell 1 0003Ha4eH ypOBEHb
KoHKypeHTHOH crocoonocTr KITH, a Takke BBIBICHBI TIEPCIIEKTHBEI MX BO3MOXKHOTO TIPH-
MeHeHus. Ha ocHoBaHMY NIpecTaBIeHHBIX MaTepHaioB 000CHOBAH BBIBOJ O CO3/IaHNUH KOTIIA
HOBOTO TIOKONIeHHS (0e3 MCT0Ib30BaHMS TEMIIO0OMEHHBIX allapaToB) ¢ BHICOKIM YPOBHEM
s dexrrBHOCTH (10 98%) M HU3KMMU MTOKA3aTEISAMU 110 BPEIHBIM BEIOPOCAM OKCHIOB a30Ta
U yIVIepoya.

KnroueBble ciioBa

Kol morpyxHoro HarpeBa BOJIBI, OI[EHKA PE3yIbTAaTOB MPOBEICHHBIX HCIBITAHNUH, T10-
Kazarenu 1o 3(QQGEKTHBHOCTH U JKOJIOTUH, KOHKYPEHTHAsI COCOOHOCTb, TEPCIIEKTHBBI
IPUMCHEHHS.

DOI: 10.21684/2411-7978-2019-5-3-10-24

BBenenue

B nHacTosiee BpeMs akTyaibHOU cTasa npobiemMa MIUPOKOH peain3aluu paccpe-
JOTOYEHHON PHEPreTUKH, B TOM YHUCIIE TeIUIodHepreTuku. B 90-x ronax npouuio-
ro cronetusi B AO «Temonpoekr» pa3paboTaH U cO3JaH BOAOTPEHHBIM KOTENT
norpyknaoro Harpesa Bojabl (KITH) mommuocthio 800 kBT miist o6orpesa momernieHuit
wiomaaeo oosee 5 000 M2, Pe3ynbrarhl TPEXTOJUYHON yCIENTHOW OMBITHO-TIPO-
MBIIIIeHHOH 3KkcIutyaTanuu ykazanHoro KITH 8 OOO «Komacy (mpaBonpeeMHUK
AO «TemnomnpoexTy) MoATBEepAIIA HaIeXKHOCTH ero paboTsr ¢ KII/, paasiM 97%,
IpU TeMIlepaType BbIXJIONHBIX ra3oB meHee 50 °C. Bmecrte ¢ Tem conepxkaHue
OKCHJIOB a30Ta M OKCHIOB YIJIEpOJa B BBIXJIOMHBIX ra3ax HaXOAMJIOCh HAa YPOBHE,
HE OTBEYAIOLIEM COBPEMEHHBIM JIOCTIKeHUsM [1]. JlocTtarouno ckaszark, 4TO B
paspaborkax LIMAM 3a mocnennue 15 et B pasnuyHBIX TEIUIOTCHEPATOPHBIX
yCTporcTBax JoCcTUrHyT ypoBeHb NO , paBubiii 5 ppm [2, 11]. Bzanmoneicraue
HUAM u OO0 «Komacy mo3BOIMIO TOOUTHCS BICOKUX PE3YJIbTaTOB MHTEIIICK-
TyaJIbHOM AEATEIbHOCTH, PEaJU30BaHHBIX B Pa3IMYHBIX HAaTYpHBIX oOpa3Lax u
MOJICJIbHBIX YCTaHOBKax [6, 7].

Bkaan cnenuanucro HIUAM u OO0 «Komac» B co3nanue 00beKTOB
HHTEJJIEKTYaIbHOM cO0CTBeHHOCTH B HanpaBieHnu paspadorku KITH

ITocTanoBka 00bekTOB MHTEILIEKTYanbHON cobcTBeHHOCTH (OVIC) B BH/IE TAaTEHTOB
Ha U300peTeHNs U MOJIe3HbIC MOAEIH Ha OaJlaHC MPEANPUSTHS MOBBILIAET €ro Kallu-
TaJN3aIMI0, YMEHBILIACT HAIOroodnaraeMyro 6asy M CO31aeT OCHOBY HapalliBaHHs
MHHOBALMOHHOT'O MOTEHIMAJA, YTO TECHO CBSA3aHO C Pa3BUTUEM PbIHKA HHTEIUICKTY-
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QJIBHOTO KalruTaja. 3aMEeTHOTO NPOJBIKECHHUS B YKa3aHHOM HANpaBJICHUH JT0OUIUCH
JUHAMUYHO Pa3BHBAIOIIMECS HayKOEMKHe Mpeanpusitis Boponesxkckoro pernona (AO
«Typb6onacoc» u AO «BUJIM»). Tak, Hanpumep, nocranoBka Ha 6ananc AO «Typ-
0oHacoc» HOY-Xay JaBHO OCBOSHHOTO TEXHOJIOTHYECKOTO MPOLIecca MPUBEIa K MOBbI-
LICHHUIO TOI0BOTO A0X0/a B 1 MIIH py0. Ipu ydeTe Ha3HAYCHHBIX aMOPTU3ALMOHHBIX
HAYMCIICHUH B (PUKCUPOBAHHONM CTOMMOCTH MIPOLYKLUH [6].

[HonoxurenbHplil onbIT TpexieTHel skcrutyaTanuu KITH momuocteio 800 kBT
[1], monydyennsiit B OO0 «Komacy, moCiIy:Kuil OCHOBAHUEM JIJIsl CO3IaHUs CIIeLUaIH-
ctamu OO0 «Komacy», IUAM u Uucturyra mnactmace uM. I. C. [lerpoBa narenra
Ha n3o0pereHue [5], cxeMaTHYHO MPEACTaBICHHOE Ha puc. 1.
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Puc. 1. Cxema nemonctparopa KITH Fig. 1. Scheme of a cylindrical immersion
MUITHHIPUIECKoi hopmer: 1 — 0Oak; heater demonstrator: 1 — tank;
2 — nHuIle; 3 — Kpbllika; 4 — Kamepa 2 — bottom; 3 — cover;
CTOpaHUS; 5 — MaTpyOOK MOABOA 4 — combustion chamber;
KHUAKOCTH; 6 — maTpyOOK 0TBO/IA 5 — liquid supply branch pipe;
JKUJKOCTH; 7 — OTBEPCTUE OTBOAA 6 — liquid outlet pipe;
HOPOAYKTOB CTOPaHMs; 8 — MarucTpaib 7 — combustion products outlet opening;
roprouero rasa; 9, 11 — kpansl; 8 — fuel gas mains; 9, 11 — valves;
10 — BO3IyIIHAS MarkCTPab; 10 — air main; 12 — air collector;
12 — BO31yLIHBII KOJIIEKTOP; 13 — gas collector;
13 — ra3oBBIil KOJIEKTOD; 14 — burner; 15 — central cavity;
14 — ropenka; 15 — nenTpanbHas 16 — ring cavity;
HONOCTh; 16 — KomblLieBas MOIOCTD; 17 — splashing holes;
17 — pa30OpeI3ruBaroNe OTBEPCTHS; 18 — ignition holes

18 — PO3KUTOBBIE OTBEPCTUS

BectHuk TromeHCKOTro roCyJjapCTBEHHOI0 YHUBEpPCUTETA
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B xamepe cropanus (4) IpouCXOAUT CXKUT'AaHUE TOIUIMBO-BO3LYILIHON CMECH, 00-
pasymouieiics oT cMmemenus B ropeske (14) Bo3ayxa MOBBILICHHOTO JABJICHUS U3
maructpanu (10) u ronnusa u3 Maructpanu (8). [opsiane npoxykrsl cropanus (I1C)
1071 U30BITOYHBIM JAaBJICHUEM TPOHMU3BIBAIOT CJI0M BOBI B Oake (1), pasOuBarorcs Ha
ra30BbI€ My3bIPbKU, 00pa3yIOLIKE IPU BCIUIBITUH PA3BUTYIO MEXK(a3HYIO TIOBEPXHOCTh
teroodmena. [Ipu Henocpeacrsennom konrakte [IC ¢ Bomoii mporecchl Termnooo-
MEHa NPOTEKAIOT C 3aMETHBIM CHHMKCHHEM TEIUIOBBIX MOTEPh IO CPaBHEHHIO CO
CXeMaMH, B KOTOPBIX HCIOJIb30BaHbl OObIYHBIC TETTIO0OMEHHBIE anmnapaTsl. Brixiorn-
HBIC ra3bl NOCTYNAIOT B arMocepy depe3 orBepctue orBona (7) B kpeimke (3). B
pPa3BUTHE TEXHUYECKOIO PELICHUS MO [5] moyiyueH maTeHT [4], KOTOpbIi JAOMOIHU-
TEJBHO COIACPKUT MarucTpalib MOABOAA Ia3000pa3HOr0 BOAOPOJAa U CMECUTEIb €T0
C TOPIOYHMM Ta30M.

ITo marenty [5] nzrotoBnen nemonctparop KITH nnnuaapuyeckoit popmsl Mori-
HocTbi0 50 KBT, npencraBieHHsli Ha puc. 2.

Puc. 2. ®oto gemonctparopa KITH Fig. 2. Photo of a cylindrical immersion
MUITHHIPUIECKON (hOopMBI heater demonstrator

Henocrarkom nemonctparopa KITH mo puc. 2, kak nokasanu ero npoOHbIE UC-
neiTaus B MHCTUTYTE II1acT™Mace, SIBISUIOCH OONBLIOE KOTMUECTBO ropeiok (90 7k3.),
PacToNOKEHHBIX MO IEpUMETpyY IunHApudeckoil emxoctu KITH. Oto mpuBoauiio k
CHIKEHUIO HasexxHocTH padoTel KITH. Baxkasim stanom cosepuienctsoBanust KITH
CTaJl MePeXo ¢ UMIMHAPUUIECKON (HOPMBI ¢ MHOKECTBOM T'OPEIIOK, PACTIONIOKEHHBIX
1o nepruepruu eMKOCTH BOJIbI, Ha MIPSAMOYTOIbHYIO POPMY € HCTIOJIB30BAHUEM OTHON
KaMepbl CTOpaHUsl C eTUHBIM COOpHBIM KosieKTopoM (2) (puc. 3). Haznauenue coop-
HOTO KOJUIEKTOpA 3aKJIFOYAETCS B PACIPEAEIICHUN TOpsSYUX NMPOLYKTOB CTOPaHHUsA
MEXY >KapOBBIMH TPyOKaMu (5) ¢ OTBEPCTUSMHU, TOTPY>KEHHBIMH I10]] TOBEPXHOCTh
Boasl Ha 200-300 MM. B TexHn4eckoM pelieHuH 1o nareHTy [3] 3akpersieH 0003Ha-
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YEHHBIN YCOBEPIIEHCTBOBaHHKIH criocoO padotel KITH u pa3paboran Gonee addek-
TUBHBIA BO3BpPAT BOJBI C €€ pazOphI3ruBanueM (pa3opei3ruBarens (4) Ha puc. 3).
370 c1ocoOCTBYET JaTbHEHILIEMY CHIKEHHUIO TeMIICpaTypbl BBIXJIOIHBIX TA30B HIKE
50 °C. C ucnonb30BaHHEM TEXHUYECKOTO PELIECHHsI 110 MTATEHTY [3 ] U3TOTOBIIEH IEMOH-
cTparop MomHOCTHIO 50 kBT mpsimoyronbsHOit hopmbl ¢ oHOM Kamepoii cropanust (1)
Y Pa3BUTOMN CHCTEMOH (COOPHBIN KOIIEKTOP (2) 1 TpyOKH (5)) pacipeieieH st TOPSTIIX
IIPOAYKTOB CropaHusi B 00beMe BOJbI, YTO CXEMaTHYHO MpecTaBieHo Ha puc. 3. [lpu
9TOM U3 KOJIIEKTOPA (2), pacIionoKeHHOTo HMXKE HOBEpXHOCTH BOJIb! B eMkocTH KIITH,
ropsiuue MPOAYKTHI CTOPaHMUs MOCTYMAIOT B XKapoBble TPyOkH (5), u3 kotopsix 1IC ¢
BBICOKOH CKOPOCTBIO TTOCTYIIAIOT B 30HY OapOoTaska. OCThIBIINE MPOAYKTHI CrOPAHHS
Ha BBIXOJIC IOTIOIHUTEIBHO OXJIaXKIAI0TCs BOAOH U3 pa3Opei3rusarens (4).

|
‘ e

205%

Puc. 3. Cxema KITH mpsimoyromsHO# Fig. 3. Rectangular immersion heater
¢dopmer: | — KaMepa cropaHus; scheme: 1 — combustion chamber;

2 — cOOPHBII KOJUIEKTOP; 2 — collector;

3 — marucTpaib Bo3Bpara BOJIBI; 3 — water return line;

4 — pa30pBI3rUBaTENb BO3BPATHOH BOIEI, 4 — return water sprinkler;

5 — ’apoBbIe TPYOKH C OTBEPCTHUIMHU; 5 — fire tubes with holes;

6 — maTpyOOK CIIMBa BOAEL, 6 — water drain nozzle;

7 — pacIIMPHUTEIHHEINA 0a40K; 7 — expansion tank;

8 — BOIOOTOOITHEIE PEIIEeTKH; 8 — water deflectors;

9 — KpblLIKa 9 — cover

JanbHeliiee yCoBEepIICHCTBOBaHNE TEXHUUECKOTO PELIeHHs 10 HaTeHTy [3] 3a-
perucTpupoBaHo B nateHre [9].

KiroueBbIM y3710M 11000T0 BOJOHATPEBATENBHOTO YCTPOMCTBA ABISIETCS TOPEIKa.
B OonpmmHCTBE CllyyaeB €e CTOMMOCTh COM3MEPHMa CO CTOMMOCTBIO METaJIOKOH-
CTPYKILIMH KOTJIa BMECTE CO CTOMMOCTBIO UCTIOIHUTEIBHBIX OPraHOB CHCTEMBI aBTO-
Marnueckoro ynpasienus (CAY). CoBMeCTHOE HCIONIB30BaHUE OIBITA OpraHU3aNN

BectHuk TromeHCKOTro roCyJjapCTBEHHOI0 YHUBEpPCUTETA
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HU3KO3MHCCHOHHOTO CKUTaHMS Ta3a B ra30TypOMHHBIX YCTAHOBKaX [2] M B TeIJIO-
TeHEePaTOPHBIX YCTPOMCTBAX PAa3IMYHOTO Ha3HaueHUs [7] co31aeT OCHOBY IS pas-
pabOTKU rOpEIoK BBHICOKOTO KayecTBa C 3aKPEIJICHUEM B 3allaTeHTOBAHHBIX TEXHU-
yecknx pemreHusx [8, 10, 11] uX KOHCTpYKIHHA M criocoOOB pabOTHI Ha pa3HBIX
TOIUIMBAaX U B Pa3HOOOPA3HBIX YCIOBHSIX IpUMEHEHUs. JlanbHel1Iee COBEpLICHCTBO-
Banue ropenok KITH B wactu cumkenns Bpeanbix Bbiopocos NO u CO mnanupyer-
csi Ha ocHOBe pazpaboTok LIUAM 1o co3nannio HU3KOIMHUCCHOHHBIX KAMEP CTOPaHHs
(HKC) mpowmsbltmeHHbIx ra30TypOuHHbIX ycraHoBok (I'TY). B pa3paboTaHHBIX B
HHUAM HKC ynanocek cuusuts Beiopockl NO 1 CO 10 ypoBHs MeHee 5 ppm, COOT-
BETCTBYIOIETO CAHUTAPHBIM HOpMaM JJisi pab0YnX MTOMELICHUH.

Cronb Huskux BeIOpocoB oxHoBpeMeHHO NO, 1 CO ynanock 10CTUYb JIake TPy
BeIcokux napienusix B HKC Gnaronapst pazpaboTke HOBBIX TEXHOJIOTHUECKUX M KOH-
CTPYKTHUBHBIX PEIICHUH. DTH PELIeHHs TIO3BOJIMIIN OTKa3aThesi oT ocHoBHOTO /1715t HKC
Mexanu3Ma oopasoBanust NO — TepMHUYECKOTO MEXaHH3Ma 3€/bI0BUYA U IEPEUTH B
00/1aCTh NaPaMETPOB, I7IE OCHOBHBIMM MeXaHu3MaMu o0pasosanus NO_ sasmsrorea N,O
" «promt» (XUMHYeCKHe MeXaHm3Mbl oOpasoBanmst NO Ha (poHTE TIAMEHH), IS
KOTOPBIX BpeMsl peObIBaHusl MpoAyKToB cropanus B HKC, B ommiunn oT MexaHn3ma
3enbI0oBHYA, SBISETCS Mallo3HAUUMBIM (pakTopom. Ilpu 3TOM, yBenmmuuBas pasmepsl
HKC u Bpems npeObiBaHus B HEH, MOXKHO CyIIECTBEHHO CHU3HMTh He ToabKo NO , HO
u CO. Otu pemenus u ObUTH peanzoBadbl B [IUAM B 1eMOHCTpaIMOHHBIX 00pa3iax
HKC I'TY, noka3aBiux npu UCObITAHUIX HA CTEH]IE BO3MOKHOCTb CYLIECTBEHHOI'O U
OJTHOBPEMEHHOIO CHMKEHHUSI OKCHJIOB a30Ta U OKCHIOB YIVIEpO/a 0 YPOBHS MEHee
5 ppm B IIUPOKOM AHANa30He W3MEHEHUS TEMITEPaTyPbl BHEIIHEH CpeIbl.

OueBuHO, YTO HApALIMBaHUE UHTEIUICKTYaJIbHOTO NOTCHLHAA IPEANPHUITUH,
odopmierroro B Bune ONC, co3maer JOMONMHATETHHBIE BO3MOXHOCTH KOMMEpPITHa-
JU3AIUH PE3YIBTAaTOB HAYYHO-HCCIISIOBATENBCKIX pA0OT U CYIIECTBEHHOTO PACIIIN-
penus peiaka nponaxu OUC, npexae Bcero B Poccun.

AHanm3 pe3yibTaToB HenbiTaHuil feMoHcTparopos KITH mpu paGore
Ha pa3JM4YHbIX BUIAX TONJIUBA

I'maBHO# ocobennoctrio KIIH siBisieTcst oTcyTcTBHE TEINIOOOMEHHOTO armapara ¢
HCKITIOYEHUEM TETUIONEPEAAIOUINX MOBEpXHOCTEH. Tenao00MeH MEKIY TOpSIUMH
IIPOLYKTaMH CTOPaHUs U BOLOH OCYILECTBISIETCS IyTeM 0apOoTaxa ra3oBbIX I1y3bl-
peii B o0beme Bozbl. bonblias Mexk(azoBasi IOBEpXHOCTh CIIOCOOCTBYET HOBBILICHHUIO
QD GEKTUBHOCTH TEINIOOOMEHa, a OTCYTCTBUE TEILIOTIEPENAIONINX MOBEPXHOCTEH
HCKIIIOYAET MPOOJIeMy OCaKICHMSI Ha HUX HAKUIK U HEOOXOIMMOCTh MPOBEACHUS
XMMHUYECKOW BOJOMOATOTOBKH. Mcnonb30Banne Harpesa Bojibl 0e3 MpUMEHEHHs Te-
IUIOOOMEHHBIX anmapaToB MOXET HAUTH IIUPOKOE IPUMEHEHHE, B YACTHOCTH, IPH
YTHIIM3ALWH T TOPSYMX BBIXJIOMHBIX [A30B HA3EMHBIX [a30TyPOMHHBIX YCTAHOBOK.
B Takux ciaydasx HOTOK ropsiuero ra3a HalpasJIsgeTcsl 0 IIOBEPXHOCTHBIH yPOBEHb
o0beMa BOJbl B EMKOCTH, [IOACOEIMHEHHON, HallpUMep, K OTOIUTEIbHOMN CUCTEME.
Konkpernsiit uatepec k komiam KITH mposBuiu crielnaIucTbl xKeIe3HOI0POXK-
HOTO TpaHcmopta. B coorBercTBHEe ¢ muchmMoM B [IUAM n3 HUMAC OAO «PXI»
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npeiokeHo ucnonb3oBaTh KIIH B paznuyHBIX TEXHOIOTMYECKUX Mpoleccax: OT
TPaJULMOHHOTO UCTIOIB30BAHUS 17151 000TPeBa Pa3IMUHBIX IIOMELICHUH 10 TEXHOJIO-
THid MBITBS )KEJIE3HOJOPO’KHOTO 000pynoBaHus. [Ipy 5TOM HCKIIOUeHHE XUMHUYECKOH
BOJIOOYHMCTKY IPUBOAUT K 3HAYUTEIBHOM SKOHOMIH (priHAHCOBBIX cpeacTB. I1o ouen-
ke cnenuanctoB HUMAC OAO «PX]» (kanz. TexH. Hayk A. H. JlaBbiioB u kaH].
TexH. HayK C. A. Ko3110B), 5KOHOMHSI KalMTaJbHBIX 3aTpar 3a CUET HUCKIIOYCHHS
XUMHUYECKOH BOJOOYMCTKH MOXKET COCTaBIATh A0 10% mpu CTpOUTENLCTBE BOIO-
rpeHoi KoTeapbHON MOUTHOCTBIO A0 850 KBT.

C uenbro anpobanuy Bo3MOKHOCTEH pa3nnuHbix BapuantoB KITH (c yuerom pe-
3yJIBTaTOB YIOMSHYTHIX IPOOHBIX UCIIBITAHUI AEMOHCTpaTopa (pHc. 2) MOIIHOCTBIO
50 kBT, npoBenennsix B Mucturyte mnacrmace uM. 1. C. Ilerposa) 8 OO0 «Komacy»
1o TexHuueckuM 3a1anuaM LIUAM n3roroBneHst: 1eMOHCTpaTop MOIIHOCTEIO 50 KBT
u onbITHBIN 0Opasen; KITH momuoctrio 100 kBT. [Ipu 3TOM ieMoHCTpaTop LMIMHIpH-
yeckoit (hopMel (puc. 2) ¢ OONBIIMM KOJIMYECTBOM IOPEIIOK 3aMEHEH Ha IEMOHCTPATOP
MorHocThi0 50 KBT npsimoyronbsHoi popmsl (puc. 3) ¢ onHoi ropenkoil. OH ucTbITal
Ha riponan-0ytanosoM rase (I1bI") u npupoanom raze (I1I), npruem ucnsrranus va [1I7
nposezeHb! npu HU3koM (1,5 kl1a) n30bITOYHOM aBICHUH. Y UUThIBAsi BAXKHOCTD ITO/I-
POOHOTO M3yUCHHUS CBOMCTB KOTJIa HOBOTO IIOKOJICHUSI, aBTOPBI CUUTAIOT 11e1ec0o00pas-
HBIM IIPEACTABUTH ACTATBHYIO HHPOPMALIHIO O HEKOTOPHIX 0COOCHHOCTSIX PE3YJIbTaToB
UCTBITAaHUM, TOIYYEHHBIX 3a ocyeanue asa roga Ha crengax HAAM u OO0 «Komacy,
pasubix BapuanToB KITH mpu ux pabote Ha pa3nMyHbIX peKUMax M BUIAX TOIUIUBAX.

B yactHOCTH, aHanmU3 pe3yabTaTOB HEMPEPHIBHBIX 72-4aCOBBIX MCIIBITAHUH Jie-
moHcTparopa KITH npsamoyronsnoii popmsl (puc. 3) momHocThio 50 kBT npu pabo-
te Ha [IBI" Ha ypoBHe MomuocTH 15 kBT nokasain (¢ ncnonb30BaHUEM MOKa3aHUH
razoananu3aropa TESTO-340 u cTeHI0BOW CUCTEMBI H3MEPEHHIA) CIIEAYIOIIEe:

— nemonctparop KITH mokasan ycroitunByro paboTy B Juana3oHe 3aJaHHbBIX
s CAY ycnoBuid UCTIBITAaHWNA: MaKCHUMaJbHO JIOMyCTHMas TemIeparypa B
emkoctu KITH ycranoBnena Ha yposue 58 °C, munnmaisaast — 48 °C. B
COOTBETCTBHH C TUM BpEeMEHHOH UK BKItodeHUH/BeIKTIoueHnid KITH co-
cTaBWI: paboTa — 8 MUHYT, T1ay3a B paboTe — 25 MUHYT;

— nocturnyThii KIIJI coxuranus tornusa pases 97,1%;

— TeMIIepaTypa BBIXJIONHBIX Ta30B cocTtasuna 59,4 °C;

— TI0Ka3arejiv BPEIHBIX BLIOPOCOB N0CTUIIM 3Ha4enui no NO = 50,4 ppm u
o CO =9 ppm npu kodpPunreHTe U30bITKa OKHCIUTENS, paBHBIM 2,0;

— BbIHOC BOJbI U3 emkocTu KITH B armocdepy cocraBun 1-1,3 i/4, uto 00y-
CJIOBJICHO HEYIOBJIETBOPHUTEIBHBIM (DYHKIIMOHUPOBAHHEM BOJIOOTOOMHBIX
pemietok (8) (puc. 3);

— IOCJIe UCHBITAaHUN B BOZE OOHAPYKCHO HAIWYHE CAXKH, YTO MOXKET OBbITh
CBSI3aHO C KPAaTKOBPEMEHHBIM HECAHKIIMOHHUPOBAHHBIM BBEIOPOCOM TOILIHBA
MIPH BKJIIOYCHHUHU TOPEJIKHU B paboTy TOCe May3bl;

— MocJie OKOHYAHUSI UCIIBITAaHUH TPOBEICHBI 3aMePhI TOKa3aTelisi KUCIOTHOCTH
Bozbl pH B pasHbIx MecTax ruzapasiandeckoro tpakra «KITH — ytunuszarop
TEeIUIa» ¢ YCTAaHOBJIEHUEM HaWMEHbIIero nokasarens pH, pasHoro 6,5.

BectHuk TromeHCKOTro roCyJjapCTBEHHOI0 YHUBEpPCUTETA



Hcceneoosanue nozpyscnozo nazpesa 00wl ... 17

IIpombiniennoe npumenenue KITH npennonaraer ero skcrutyaTanuio Ipeumy-
IECTBEHHO Ha npupoaHoM raze. IIposenenusie Ha [IBI" ncnbiTaHUsA ¢ aHAIM30M
BBISIBJICHHBIX HEJIOCTATKOB KOHCTPYKITUHU TTO3BOIIIIN C(HOPMYITHPOBATH TEXHUIECKOE
3a/IaHAe Ha M3TOTOBJICHHE onbITHOTO 0Opasma KITH momuocTteio 100 kBT mpu ero
pabote na III. C atoit nensto B LIMAM co3nan crenn 040 mist ucnisiranuii KITH
pa3HoIi MOIIHOCTH U €ro anpoOaIus MpoBeAeHa C HCITOb30BaHHEM TIPOBEPEHHOTO
npu pabdote Ha I1bI" nemoncrparopa KITH momtHocTteio 50 kBT. Cxema coznanHoro
crerna 040 npencrasieHa Ha puc. 4. ETo 0COOCHHOCTSIMH SBISFOTCS HAIMYHME Maru-
crpanu 1" Tompko Manoro uzosrrounoro aasnenus [ (mo 2 KIla) u 6ompmme Bo3-
MOYKHOCTH IO 00ECIICUCHUIO MIOMEIIIEHUS MOITHON MPUTOYHO-BBITSKHONW CUCTEMOM
BEHTHIIATOPOB IIPH OTIKEHHOW CHCTeMe OOHAapyKEHHsI BPETHBIX BEIOPOCOB.

9
LR
\ I /lodbod bosdyxa
7 l_/& ] "\ Bicokozo dabneHus
\ bokc yrpabienus
nodaq 1

Puc. 4. llpuHuunuanpHas cxema
crerna 040: 1 — BojOTrpeiHbIiA KOTET;

Fig. 4. Circuit diagram of the stand 040:
1 — hot-water boiler;

2 — 3aMOpHBIA BEHTHIIb [IUPKYIAIMOHHOTO
Hacoca; 3 — HUPKYIAIMOHHBIN Hacoc;

4 — CUETUYHUK PacXoJia BOJIBI;

5 — 3anopHbIi KinamnaH; 6 — Garapes

13 JIECSTH BOCBMHUCEKIIHOHHBIX
panuaropoB MC-140-500; 7 — Bxon
ra30MpoBoia HU3KOTO JIaBJICHUS;

8 — ra3oBbIi BeHTWIb; 9 — aBapuiiHbIN
kianas; 10 — manomerp; 11 — cuerunk
pacxona rasza; 12 — rasoBas 3acJoHKa,
13 — orceuHoi#t knanax; 14 — garymk
TEMIIepaTypbl BOIbI B KOTIE;

15 — nar4uk 1aBIeHUS BO3IYIIHOTO
MOTOKa; 16 — BO3AYIIHBII BEHTHUIIATOP
HaJIyBa TOPENIKN

2 — shut-off valve of circulation pump;
3 — circulation pump;

4 — water flow meter;

5 — shut-off valve;

6 — battery of ten eight-section radiators
MS-140-500;

7 — inlet of low pressure gas pipeline;
8 — gas valve; 9 — emergency valve;
10 — pressure gauge;

11 — gas flow meter;

12 — gas flap; 13 — shutoff valve;

14 — water temperature sensor

in the boiler;

15 — air flow pressure sensor;

16 — burner air blower
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K KITH mpupomnsrii a3 ot I'PI1 momBomuics yepes3 ruOKuil pe3nHOBBINA IILTAHT.
Takum 00pa3zom, cTeHa MOKHO pa3nenuTh Ha Tpu ydactka: [ PII, KIIH u xonTYyp
YTHIU3AUH Teria. i 0TBO/Ia BRIXJIONMHBIX Ta30B MCIIOIB30BAIACh TPUTOYHO-BBI-
TSOKHASE BEHTUIIAIMS cTeH 1a. CTeH 1 OCHAIIeH 1aTYMKaMi 3ara30BaHHOCTH MTOMEIIIe-
HUS METaHOM M OKCHIAMHM yIJIEpO/a, CUCTEMaMH MOJ[BOAA U OTBOAA BOJIbI, a TAKKe
CHCTEMOM M0/IBO/Ia cxaroro Bo3ayxa aasinenueM ao 0,4 MIla. M3mepurenbHas ar-
mapaTtypa CTeH/Ia COCTOsUIa M3 CUETUMKa pacxoja rasa, pacnoioxkenHoro Ha ['PII,
naturka temneparypsl Boasl B KITH, pacxongomepa Boabl uepes KOHTYp yTHIM3ALHUU
TeIuTa, U3MEpUTEIs mokasatenss pH BOABI M TETIIOBU30pa IS ONPEISIICHHUS TeMIIe-
partypsl y310B KITH 1 koHTypa yTHUIM3aluu TEMIO0THI.

AnpoOanus cTeHaa MpoBouiIach mocie MoHTaxa aeMmoncTparopa KITH, moa-
KJIFOUEHUS K KOHTYPY YTHJIN3aLMHU TEJIa U 3aII0JHEHUS CUCTEMBI BOZIOM U3 BOJIOIIPO-
Bosia. Bo Bpems mpoOHOTo mycKa MOATBEPIKIEHO CTaOWIBHO Majoe M30BITOYHOE
nmasienne rasa (1,5 xI1a) B maructpamm monsona [117, ato He mo3Bommo ropenke KITH
paboTaTh Ha MMOIHYIO MOIITHOCTh M JOCTHYb YCTOWYHBOTO TOPEHUS 0€3 IPOCCeTnpo-
BaHMI BO3YIITHOTO BEHTHWIIATOpA HAJTyBa ropenku. [ [poBeieHb! Takke By X4acoBbIe
ucnbitanus KITH, nenbio KOTOphIX SBIsIach anpodanus CpeacTB U3MEPEHUS U 13-
MepeHHE MapaMeTpoB MPU PadOTE CUCTEMBI «KOTEJI — KOHTYP YTHIIM3AIMU Teria
JUTSL OTIpE/ICTICHHS TEXHUYECKUX MTOKa3aTesIeil CHCTEMBI M TPOBEACHUS UX aHAIH3A.

[Ipu ucripITaHNM TPOU3BOAMIIUCH H3MEPEHHUS:

— pacxopaa mpUPOIHOTO ra3a;

— pacxopa BOJIBI;

— TteMneparypsl nosepxHocteil emkoctr KITH u koHTYypa yTunuszanuu temia;

— KHUCIIOTHOTO TToKa3arens pH BozbI;

— TeMIIa HarpeBa BOJIBI 10 BPEMEHH;

— HU30BITOYHOTO JIABIICHHS BO3/yXa, OCTYAIOIIETO B TOPEIIKY.

[lo pesynpraTam U3MEpEHHI YCTaHOBIIEHO CIIETYOIIEE:

— cyMMapHOe BpeMmsi paboThl COCTaBMIIO 2 Yaca;

— Harpes BOJBI B THAPABINIESCKOM KOHTYPE COCTaBMII 3a 1-i wac pabotsr 18 °C

(c 16 °C o 34 °C);

— HarpeB BOJIbI 32 2-ii yac pabotel He npeBbicwi 2 °C (¢ 34 °C g0 36 °C);

— pacxopx ra3za 3a 1-ii gac pabotsl npu temneparype 7 = 286 K u naBienun
P =101,5 xITa npubmusmics k 0,86 kr/m?;

— pacxox Bojbl coctaBui 0,16 kr/c;

— TII0Ka3aTesu KUCIOTHOCTH Bobl pH mocie npoBeaeHns UCIBITaHUM JOCTHUT-
T YPOBHsI, paBHOTO 6,57-6,7, MIpaKTHYECKH MPH OTOOPE U3 PasHbIX MECT
cucreMsbl: BOim3u nHuma emkocty KITH, BOmM3u moBepxHOCTH 00BEMa BOIBI
B KIIH, u3 cpeanero paguaropa KoHTypa yruiauzauuu teria. [lokasarens pH
BOJIOIIPOBOHOMN BOJZIBI COCTABIISLI Ha TO Bpems 7,0;

— CyMMapHasi Macca BOJABI CUCTEMbI «KOT€J — KOHTYp YTHJIM3AILUH Teria»

paBHa 198 xr;
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— Ppa3HULA TEMIIEpaTyp MEXAY BXOIHOH M BBIXOAHOW MarucTpaisiMu HE Ipe-
BeIcmia 6 °C;

— wu30bTounHoe mapnenue [T 3a BpeMst MCHIBITAHWNA OCTAaBalOCh HA YPOBHE
1,5 klla;

— TeMIepaTypa BhIXJIOMHBIX ra30B He mpesbicuia 50 °C.

PeSyJIbTaTLI OLIEHKH TEXHHYEeCKHX MOKa3aTejieil CHCTeMbI H HX aHAJIN3

1. Ilpu BeIcIICH Temutote cropanus 11, pasroit 55 MJIx/KT, pacrioaraemast Te-
wioBast morHocTh 17 mepen ropenkoit (mpu oobemHoM pacxome 0,86 M3/
¢ mioTHOCThIO 0,67 Kr/M°) 3a 1-i wac paboTel cocraBmseT 8,8 KBT.

2. TenmoBast MoLIHOCTE, NepefanHad 198 kr Boxbl npu ee Harpese Ha 18 °C 3a
1 gac, cocraBisier 4,1 kBt. [Ipaktudecku ToT *e pesynsrar (4,0 kBt) momy-
JaeTCsl ¢ UCIOJB30BaHNEM B pacueTe pacxona Boawl, paBHoro 0,16 kr/c, mpu
HarpeBe ee Ha 6 °C mpu MPOXOXKACHUH Yepe3 KOHTYP YTHIIH3AIUH TeTlIa.

3. B Bojie nociie ucnibiTaHui 0OHApYKEHa caxa, OJIHAKO Ha TIIaJIKUX MeTaJlIHJe-
CKUX MoBepxHOCTsAX eMkocTH KITH, oMpIBaeMbIX BO/IOH, CIIEIOB CaKu HE 00-
Hapy’XeHO. TO MOXXHO OOBSICHUTH CBOMCTBOM THAPOPOOHOCTH Caki: OHA HE
3aKpETUIIeTCs Ha MOKPOH TTIa KON METAIITNIEeCKON ITOBEPXHOCTH B TeM Oolree
Ha TJIQJIKOH TIACTMACCOBOM MOBEPXHOCTH, UYTO MOATBEPAIIIOCH COCTOSHUEM
BXOJIHBIX U BbIXOAHBIX MaFHCTpaHCﬁ KOHTYpa yTUJIN3alluu TCIJIa MOCJIC OKOH-
YyaHwust KCTIbITaHu. [1on0KUTETIBHBIM (DAKTOPOM HATHYUS CAXKH B BOJE MOXKHO
CUMTATh TAPAHTHUIO UCKIIOUYEHUSI 0TOOPa BOJBI U3 CHCTEMBI TEIUIOCHAOKECHHUS
JUTSE OBITOBOTO TIPUMEHEHUS.

4. ComocraBieHIeM HTOTOBBIX PE3YJIFTATOB M0 M. | 1 2 moTydann MUHIMaIbHOE
3HayeHue kodpunuenta (K) ucrnonpzoBanus pacnonaraemoro teria (8,8 kBr)
B KITH, paBraoe 45%. B nefictBurensaocty 3Hauenue kosddunmenta (K) moxer
ObITh BhILIE 45%, HO HEBO3MOXHO JI0CTOBEPHO OLIEHUTH ITOJTHOTY CrOpaHusl MO~
ctynusuiero B ropenky I IIpu atom manoe nasnenue I1I" He no3BossieT ropsi-
YeMy rasy «IIpoOUTH» TOJIIY BOIbl HA BCKO PACCUUTAHHYIO BBICOTY €MKOCTH
nemonctparopa KITH: mporpeB Bozb! IponcxXoauT He BO BceM ee o0beme. Oue-
BHJIHO, YEM BBIIIE JOCTUTaeMas TeMIlepaTypa B KOHType yTHIIU3alluu, TeM
OobllIe TerIa OT PaJAnaToOPOB MOCTYIAET BOBHE, M IIPH MOCTOSIHHOM TEILIIOBOM
nozaBoze ot kotna (4,1 kBT) npu remneparype, paBHoii 36 °C, HacTynaeT Terio-
BOE PaBHOBECHE B CHCTEME «KOTEJ — KOHTYP YTHIM3ALHUU TEIIay.

CoBMecCTHBIH aHaIN3 pe3yNIbTaTOB 72-4aCOBBIX HEMPEPHIBHBIX UCTIHITAHUI IEMOH-
ctparopa KITH npu padore Ha [1BI" u Ha [1I" koTMueCTBEHHO MOATBEPKIACT 3aBUCH-
MocTh 3¢ pexruBHoctr KITH ot naBnenus raza B HonBoAsIIMX MarucTpaiix. Tak, npu
pabouem 3HaueHnu nasieHus 1161, conaMepruMoM ¢ BRICOTOH CTOI0a BOIBI B EMKOCTH
neMmoHcTparopa kotia, d3pdexrnBHocts KITH cocrasmsina 97,1%, a mpu nasnernn [1I
paBaoM 1,5 xIla BMecto Tpebyemoro 2,5-3,0 klla, a3¢hheKTUBHOCTH MCTIOTH30BAHIS
MI" B nemoncrparope KITH npu pabote Ha crenne 040 cansunacs 10 45%.
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Ko Bcemy npouemy, BaxXHBIM (DaKTOPOM TOJIyYCHHSI HU3KOTO 3HAYCHHUS yKa3aH-
Horo ko3¢ dunmenTa (K) sBisercs cyry0o HepacdeTHBIN PeXUM PabOTHI TOPEITKH.

5. JlocTmwkenne penensHoi TeMieparypsl B 36 °C B KOHTYpe YTHIU3AIAN TETl-
Jia 3a 2-i1 yac pabotsl gemoncTparopa KITH M0okHO 00BACHUTH HACTYILICHHEM
Oananca MeXIy TOBOJUMBIM TEIIOM K pajnuaropam U OTBOJMMBIM TEILIOM
0T HUX B noMmetieHue cresaa 040.

6. M3mepennsie nocine ucneitanuii neMmonctparopa KITH 3nauenus nokazarens
kucaotHocTtr pH Boner (6,57-6,7) npubmmxatotes k yposaio (7,0), xapakTe-
pH3YyIOIIeMy HEHTPaTbHBIH yPOBEHb KHCIOTHOCTH BOJBI, YTO MO3BOJISIET CUH-
Tarb 0E3BPEHBIM €€ BO3/ICHCTBHE Ha DIIEMEHTBI CUCTEMBI «KOTEJ — KOHTYP
YTHIIU3AIMH TEIUIay. Takoi BBIBOJ MOATBEPKIACTCS U pe3yibTarami [ 1] 6omnee
YeM TPEeXJIETHEH SKCITyaTally KOTJIa aHAJIOTHYHON KOHCTPYKILIMH, pa3zpado-
tanHoro OO0 «Komacy, mpu 0TCyTCTBUU KUCIIOTHON KOPPO3UU Ha 3JIEMEHTaX
cucteMm ororuieHus. [Ipu stom kucnortHas cpena BHyTpu KITH nonyctuma, T. K.
KOTEJI BBITIOJTHEH M3 HEP)KaBeIOIIeH cTali. YMECTHO JJOOABUTH, YTO C IOBBI-
HIEHUEM TEMITEPaTyphbl HArPEeBaeMOH BOJIBI OHA CTAHOBUTCS MEHEE KUCIIOTHOM.

[IpencraBneHHbIN aHAIN3 CBUIETEILCTBYET O TOM, YTO OCHOBHBIM HaIpaBlICHH-

€M COBEpIICHCTBOBaHUS BO3MOXKHOCTEH cTeHa 040 siBnsieTcst OBBILICHUE H30BITOY-
Horo naenenws [1I. C 3To# menpro pa3paboTaHBl KOMIUIEKCHBIE MEPOIIPHUSTHS 10
TTOBHIICHAUIO YKa3aHHOTO maBieHus no 3-3,5 xlla u amsa mposepku Ha crerae 040
ycraHoBJieH onbITHbIN 00pasen; KITH momHocthio 100 kBT (puc. 5), H3roToBIeHHBIH
B OO0 «Komacy ¢ peanuzanueil TEXHHUECKOTO PEIICHUS 0 MaTeHTy [4].

Puc. 5. ®oto onbiTHOTrO 00pasita KITH Fig. 5. Photo of a 100 kW immersion
MotHocThI0 100 kBT heater prototype
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Ha ¢oro (puc. 5) npencrapnen onbITHBIN 00paszen KITH. bonbimast eMkocTs 1u-
JUHAPUYECKON (OPMBI, YCTAHOBJICHHAS HA eMKOCTHU KOTJIa IPSIMOYTOJIbHOM (hOpMBI,
ABJISIETCS] CUCTEMON KOHJICHCALIMH BOJSIHBIX I1APOB U3 OTXOMSIINX BBIXJIOIHBIX TA30B
1o TexHuueckomy petieHuto [4]. Ee appexTnBHOCTS MOATBEpXkKIEHA pe3ynbTaTaMu
npuemo-crarouHbix uensitanui (IICH): Temneparypa BEIXIOMHBIX Fa30B CYIIECTBEH-
HO HMJKE TEMIIepaTypbl BOJbI B EMKOCTH KOTJIA (JOCTUTHYTasl pa3HUIA TEMIIEPATYp
npubmmkaercs k 10 °C).

[Tepen ormipaBkoii B [INAM Ha mpon3BoOACTBEHHOW 0a3e U3TOTOBUTEIS TIPOBEIE-
Hbl UcnibiTanus ykazanaHoro KITH npu padore na I1I. Hexkotopsie pesynsratst [ICHU
npeacTaBieHb! B Tadaue 1.

Tabnuya 1 Table 1

Pe3ysibTarbl NpHEeMO-€1aTOYHBIX Acceptance tests results

ucnbitannii KITH of an immersion heater

o t
NO., ppm CO, ppm (ko3 duuueHT | (TeMmeparypa KILL %
x U30bITKA BBIXJIOMHBIX
BO3/1yXa) ra3oB), °C
27,0 25,7 3,50 71,8 94,8
19,8 57,4 3,65 65,8 95,5
20,8 64,6 3,95 69,2 94,6
229 68,9 3,00 60,9 96,4
28,7 80,4 2,53 64,6 96,6
26,4 29,4 3,41 67,6 95,2
242 27,1 3,43 67,5 95,1
28,4 28,3 3,24 73,5 94,6
52,0 36,7 1,96 — 97,9
3ak/oueHne

[omy4eHHbIe pe3yNbTaThl COOTBETCTBYIOT BEICOKMM TPEOOBAHMSM K EPCIIEKTUBHBIM
KOTJIaM, a HAy4YHO-TEXHUYECKUI YpOBEHb MPOBEIEHHON paOOTh! O3BOJISIET OTHECTH
onbITHBIN 00pa3ser; KITH k uznenusM kinacca BoJoHArpeBareIbHBIX IPUOOPOB HOBO-
IO IOKOJIEHUS € YJIyYIIEHHBIMU TEXHUYECKHUMH XapaKTEPUCTUKAMHU U COOTBETCTBY-
IOLIUMHU HOPME 3KOJIOrMYECKUMU NTOKa3aTessiMy. [InaHupyeTcst IpooJKUTh Ucciie-
nosanus KITH npu paboTe Ha MpUPOAHOM rase C IeTbI0 OLIEHKH er0 TEXHUYECKUX
noKasaTeJiell B IMPOKOM JAHana30He H3MEHEHUS peKUMOB padoThl 1 gaBienus [11.
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Abstract

This article explains the concept of immersion water heaters and presents their improvement
history with references to the main patented technical solutions. The authors provide the test
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results of various designs of immersion heaters (with capacity of 50 to 100 kW) when working
on propane-butane gas and natural gas. The study estimates the received technical parameters
and the level of competitive ability of the immersion heaters, which allow speaking about
their application prospects.

Based on the presented materials, the authors speak for creating a new generation boiler
(without the heat exchangers) with a higher level of efficiency (up to 98%) and low indices
of harmful emissions of nitrogen and carbon oxides.
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