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AHHOTALIUA

BeepgeHue. [Ins otonneHus keapTup TpebyeTcs Tennosast MoLHOCTb He Gonee 1,0-2,5 kBT, anst nogrotosky ropsivert Bogpl
15-25 kBT. KOHBEKLMOHHbIE ra3oBble KOTIbl HE MOTyT 06ecneunTb apheKTUBHYI0 paboTy B Anana3oHe U3MeHeHWs NaBHON
mopynsauum B 20 pas. B pexxvme «oTonneHne» nx pabota NnepexoaunT B AUCKPETHYIO MOAYMSALMIO, CONPOBOXAAOLLYIOCS 3Ha-
YnTEnbHBIM NOBbLILLIEHMEM BbIOBPOCOB MapHMKOBbLIX FA30B U PE3KMM CHIDKEHWEM aHepreTudeckon acpdekTnsHocTu. Ons Te-
NNOCcHaBXeHUs Takux MOMELLEHN HYXXHbl TernoreHepartopsbl, paboratoLue B ABYX Ananas3oHax TenoBon MOLLHOCTHU.
Martepumansl n meToabl. Viccnegosanack pabota HACTEHHOTO KOHBEKLIMOHHOIO ra3oBoro KoTrna ¢ aTMocdepHON ropenkomn
C TPEXCEKLMOHHBIM KOMMEKTopoM, obecneunsatowum paboTy B pexunmMe «OTONfeHne» B AvManasoHe nnaBHON MOAynauun
2,4—-6 kBT 1 B pexume ropsiyero BogocHabxerus (MBC) ¢ moaynsiumen mowHoctn 15-24 kBT.

Pesynbrathl. [NonyyeHbl rpacduvky KM paboTbl KoTna B pexumax «otonneHve» n «F/BC» ans ycTaHOBUBLLNXCS PEXMMOB
paboTbl M B pexmmax AMCKPETHOW MOAYMALMN C MOCTOSIHHBIM YepeaoBaHNeM BKIYEHUs-BbIKMIoYeHns kotna. Onpeaene-
Hue rokasaTernen aHepreTnyeckon acpdeKTMBHOCTY NPOBOAMUIIOCH NPsiMbIM cnocobom ¢ hukcaumel pacxoga rasa, Tensno-
HoCcUTenNs, TemnepaTyp Ha BXOAE U BbIXOAE B KOTeN.

BbiBoabl. [TpyMeHeHVe TPaANLIMOHHBIX KOHBEKLMOHHBIX HACTEHHBIX ra3oBbIX KOTIIOB AN1A TENIOCHabXeHNs npy pa3mepax
nomeLleHnin o 60 M? NpUBOAUT k paboTe KOTNOB B PEXMME AUCKPETHOW MOAYNSLMMU TENMOBOWM MOLLHOCTM, KOTOpasi Conpo-
BOX/AAETCS 3HAYNTENMbHBIM CHUXEHNEM dHepreTnyeckon aeKTUBHOCTY CUCTEMbI TEMNOCHAOXEHNS U NOBbILLEHHBIMY Bbl-
H6pocamu NapHMKOBbIX ra3oB. Mcnonb3oBaHve nokasatenemn 3pdpeKkTMBHOCTN NPW YCTAHOBMBLLUXCSA pexumMax paboTbl KOT-
OB He COOTBETCTBYET pearnbHOMY pexumy paboTbl KOTNa B OTONUTENbHbIM NEPUOA U ABNAETCA 3HAYUTENBHO 3aBbILLIEHHbIM.
[MpumeHeHve ansi NTOKBapTUPHOIO TEMMOCHABXEHMS HACTEHHbIX KOHBEKLMOHHbLIX KOTMIOB C aTMOCHEPHON rOpenkon ¢ AByMsi
AvanasoHaMu NnaBHOW MOAYNSALMM TENMOBON MOLLHOCTY MO3BOMSET UCMONBb30BaTb UX C BbICOKON 3h(EKTUBHOCTBIO.

KIKOYEBBIE CITOBA: ra3oBbili HACTEHHBIN KOTEM, dHepreTudeckas apeKkTMBHOCTb, aTMOCdEpHas ropenka, Mogynauus,
NapHVKOBbLIE ra3bl, IKOMOrns

bnazodapHocmu. ABTop BrniarogapuT peLieH3eHTOB 3a 3amMeyaHusi, cnocobeTsyowne bonee rmyGokoMy pacKpbITUIO TEMbI
Hay4Hou paboThbl.
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ABSTRACT

Introduction. Apartment heating requires the thermal capacity of no more than 1.0-2.5 kW; hot water preparation needs
15-25 kW. Convection gas boilers cannot operate efficiently, if a change in the range of smooth modulation reaches 20 times.
Discrete modulation is triggered in the heating mode, which is also accompanied by a substantial increase in greenhouse
gas emissions and a sharp decline in energy efficiency. The heating of such premises requires heat generators operating
in the two ranges of thermal capacity.

Materials and methods. The author analyzes the operation of a wall-mounted convection gas boiler with an atmospheric
burner equipped with a three-section manifold that ensures a smooth modulation range of 2.4-6 kW, when the boiler is
in the heating mode, and the modulation range of 15-24 kW, when the boiler is in the hot water supply mode (HWS).
Results. The author made boiler efficiency diagrams for the heating and HWS modes during the steady boiler operation;
the author also made boiler diagrams for discrete modulation modes and the regular on-off switching of the boiler. A direct
method, that entailed the study of the flow rates of gas and heat conductor, as well as the boiler inlet and outlet temperatures,
was employed to find the energy efficiency values.
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Conclusions. The use of conventional wall-mounted gas convection boilers as a source of heating for the 60 m? premises entails
discrete capacity modulation, that causes a substantial reduction in the energy efficiency of a heating system and rises green-
house gas emissions. The application of efficiency indicators to different modes of operation of boilers does not convey the real
mode of operation of a boiler during the heating period, since it entails a substantial overestimation, while wall-mounted convection
boilers, having atmospheric burners with two ranges of smooth modulation, ensure highly efficient apartment heating.
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BBEJEHUE

KoMdopTHBIE yCITOBHS )KU3HU — OTHA U3 [IABHBIX
norpedHocTel uenoBeka. CHCTEMBbI OTOIUICHUS U MO~
TOTOBKH TOPSTYCH BOJBI SIBISIOTCS OCHOBHBIM HHCTPY-
MEHTOM, TIO3BOJISTIOIIAM CO3JaTh U MOACPKUBATH TEM-
epaTypHO-BIaXXHOCTHBIH, THTUCHUYCCKHHA PEKUMBI
B MECTaX HaXOXIEHUs JIfofel. 3a mocineaHee CTOIeTHE
3aMETHO BO3POCIIO BIMSIHUE Ha €CTECTBEHHYIO IPUPOI-
HYIO Cpe/ly TEXHOT€HHbIX (h)aKTOPOB U HEraTHBHBIE T10-
CJIC/ICTBUSI IAHHOTO BO3/1€HCTBUS ()OPMUPYIOT yTrPO3BI
U PUCKU JIaJIbHEUILIETo pa3BUTHS yesioBeuecTBa. YacThb
(haKkTOpOB, CBA3aHHEIX C 3TUM, KaCAFOTCS TOBHIIICHUS
COZIepIKaHMsI TTAPHUKOBBIX ra30B B aTMocdepe 3eMIIH.
Co3naHue UCKyCCTBEHHOW cpeibl OOMTaHus, TEMITBI PO-
CTa CKUTAHUS YITICBOAOPOIHOTO TOILUIHBA sl o0ecte-
YEeHUsI HEKOTOPBIX BO3POCIINX IIOTPEOHOCTEH YeIoBeKa
MIPUBOAST K 3HAYUTEIIEHOMY BBIOPOCY JIByOKHCH yTiIe-
pona u okucioB azora. bornee 65 % Bcero norpedieHus
SHEPIruy HACEICHNEM IPUXOTUTCS Ha oToIuieHue, 13 %
Ha ropsiuee BopocHaOxkeHue. COBOKYITHOE TOTpedIe-
HUE TOIUTMBHO-3HEpTeTHIecKuX pecypcoB (TOP) u ux

pacrpeseseHue mpeacTaBlieHo Ha puc. 1L
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Puc. 1. Pacnipenenenue sHepreTHUECKUX pecypcoB B IOTpe-

. Tpoune Hyxb! TOP, MiH T.Y.T.

OJIeHUH YelToBeKa

'TocynapcTBenHblil gokaa] «O COCTOSHUU 3HEprochepexe-
HHS U NOBBIIICHUH dHEpreTuydeckoit s¢dexrusHoctu B Poc-
cuiickoit ®enepaunn» // MUHUCTEPCTBO IKOHOMHYECKOTO
pasBurtus Poccuiickoit ®enepannu. M., 2020. URL: https:/
www.economy.gov.ru/material/file/c3901dba442{8e361d68b
c019d7ee83{/Energyefficiency2020.pdf

B crpanax EBpomneiickoro cotosa (EC) moms motpe-
OJICHUSI DHEPTUH B KUIIOM CEKTOpE B 00IIIeM dHEproda-
naHce 37aHui coctasiaeT 70 % Ha otomneHue u 14 %
Ha ropsiuee BonocHaOxenue ('BC) [1]. Bee nepenosbie
roCyJapcTBa yACIsFOT BHUMAaHNE TTOBBIIICHHUIO YHEPTO-
3¢ (HEeKTHBHOCTH 3[aHUI U CUCTEM TEIIOCHAOKECHHUS.
CHunxeHre BHIOPOCOB NMapHUKOBHIX I'a30B, COIPOBO-
JKJIAIOIIUX pabOoTy TEIUIOBBIX arperaroB CUCTEM TEILIO-
CHAOXXEHUsI, — TOCYAapCTBEHHAs 3a/1a4a, BHIIOIHEHHE
KOTOPO# KOHTPOJMPYETCS OpraHamu Biactu® > 4,

B teuenne nocnennux natHaanaru et B PO pas-
BHBAaeTCsl aBTOHOMHOE TEIIOCHAOKEHHE ISl MHOTO-
KBapTHUPHBIX MHOTO3TaXHBIX JOMOB (IIOKBapTHPHOE
TertocHadkeHne). OCHOBHBIM MCTOYHHKOM TEIIOBOH
SHEPrHY B HUX CIIy’KaT JBYXKOHTYpHbIC HACTCHHBIC Ta-
30BBI€ KOTJIBI, 00IIIee KOJMYECTBO KOTOPBIX COCTABIISIET
OKOJIO TpeX MIJIIHOHOB IITYK. BbiOopy cxeM paGoTsI
JAHHBIX CHCTEM OTOIUICHHMS, TEXHUKO-IKOHOMHUYECKOMY
1 KOJIOTMYECKOMY aHAJIN3Y yZIeJsieTCst 00JIbII0e BHUMA-
nue [2]. CpaBHeHUE BO3/ICHCTBUS Ha OKPYKAIOIIYIO Cpe-
Jly CHCTEM LIEHTPAIM30BaHHOTO U JCIICHTPAIN30BaHHOTO
TeIToCHAOKEHHS TIPEICTAaBICHO B padoTax [3-5].

[Tpu ucronp30BaHUK HACTEHHBIX Ta30BBIX KOTJIOB
JUIsl aBTOHOMHOTO TEIIOCHA0KEHUs ITOMEIICHUH, He-
3aBHCHMO OT pailOHOB pa3MEIICHHUsI 0OBEKTOB, BEIOOD
JIeaeTcs B N0Jb3y KOHAEHCAIIMOHHON TeXHUKH [6—12].

B myOnukanmsx [13—15] npeacraBieHsl CBeICHUS
O BIIMSTHUU pa3HbIX (PaKTOPOB Ha TOBBIIICHHE SHEPTo-
3¢ ($eKTUBHOCTH 3MaHUI W CHIDKEHHE BHIOPOCOB IMap-
HHUKOBBIX I'a30B ITPU MCIOJIB30BAaHUH TEIUIOTEHEPATOPOB
Ha OCHOBE TPaJMILUOHHBIX BUAOB ToIuMBa. Mccneno-
BaHUs NpoBeneHbl uid BenukoOpuranuu, Hopeerun

2 Directive 2010/31/EU of the European Parliament and
of the Council of 19 May 2010 on the Energy Performance
of Buildings. Strasbourg (France). URL: https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/?uri=celex%3A32010L003 1
3World energy balances 2020 edition. Database documenta-
tion. URL: https://iea.blob.core.windows.net/assets/4f3 14df4-
8c60-4e48-9136-bfea3d2b7fd5/WorldBAL 2020 Documen-
tation.pdf

400 sHeprocOepekeHHH U O TOBBIILICHUN SHEPTECTUYECKOM
9} (heKTHBHOCTH ¥ O BHECEHUH U3MEHEHHUH B OT/IEIIbHbIC 3aKO-
HonarenbHble akThl Poccuiickoit @enepanuu : denepanbHblil
3akoH oT 23.11.2009 Ne 261-®3. URL: https://fzakon.ru/laws/
federalnyy-zakon-ot-23.11.2009-n-261-fz/
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u I'epmanun. CoriacHO TpeACTaBIEHHBIM Marepraiam,
Hanbosee 3QPeKTUBHOI MEPO MOBHIIICHHUS YHEPTOI]-
(heKTUBHOCTH 3/ITaHUI C AaBTOHOMHOW CHCTEMOW TEILIO-
CHA0XXCHUS SBIIACTCS TTOBBIINICHUE TCILIOM30JISAIIH CTCH,
CHIDKaroIIee roioBoe noTpedenwne rasa Ha 10,5 % u ro-
JIOBOE IOTpedIeHne AMeKTporHepruu Ha 8 %. YcTaHOBKa
HOBOTO 3HEePro3h(heKTHBHOTO (KOHICHCAI[HOHHOTO) KO-
TEJIIFHOTO 00OPYAOBAHUS COKpAIaeT MoTpedIeHre Tasa
Ha 4,1 % u anexkrpod’neprun Ha 5,2 %. Y4uThIBas, 4TO
KJIUMaT B paCCMOTPEHHBIX CTpaHaxX BO MHOTOM COBIIa-
JIa€T C KIIMMAaToM OTAENbHBIX pailonoB P®, atu uccine-
JIOBaHUS ¢ OOJBIION Ol TOCTOBEPHOCTH MOXKHO TIPH-
MEHHUTH K Tepputoprn Poccun. Hanbonee 3¢ ekTuBHbIMH
croco0 yBenmdeHus 3HeprodPpPeKTUBHOCTH 3MaHUH —
KOMOWHAITHS TOTIOTHUTENbHON TETUTON30JISIIIH OTPaK-
JIAIOIUX KOHCTPYKIHMM U TPUMEHEHHUE COBPEMEHHOTO
KOTEIIBHOTO 000PYIOBaHMS.

B nHopmartuBHBIX akTax P® OoTHOCHTENBHO THIIA
TeTIOTeHepaTopa sl aBTOHOMHBIX CHUCTEM TEIJo-
CHaOXXCHUS HET 3alpeTa Ha KOHBEKIHMOHHBIC HACTCH-
HBIE Ta30BbIe KOTIHI. J[0JS MCIONB30BaHUS KOTJIOB
JTAHHOTO THIA B «IMOKBAPTUPHOM TEILJIOCHAOKCHUUY
cocrapisieT 98 % [16]. B HacTosmiee Bpems u Ha Onn-
JKAMIITyI0 epcrekTHBy A0 10 neT, yauThiBasi, 9To CPoK
CITy’KOBI 3TUX KOTJIOB COCTABIISIET OKOJIO CEMH JIET, UX
nonst He cHu3utcs Hiwke 90 %. [Ipobrema ucnomas3o-
BaHHS KOHBEKIIMOHHBIX HACTCHHBIX KOTJIOB CBS3aHa
C TE€M, YTO OJUH KOTEJI MPUMEHSETCS] U AJig OTOILIe-
Hus, u g 'BC kBaptupsl. IloTpebnenue TemioBon
sHepruu s obecrnieuenuss [ BC B cooTBeTCTBUM C ca-
HUTApHBIMH HOpMaMmH TpeOyeT He MeHee 15 kB1/4.
A xom¢popTHBIi ypoBeHb norpedienus ' BC kBapTups
C IByMs TOYKaMH pa3dopa — HaJWU4Hs TeIUIOTeHepa-
TOpa C TEIJIOBOM MOIHOCTHIO HEe MecHee 24 kBT/4.
Pacxonbl TETIIOBOM MONTHOCTH JIJISl OTOIUICHHS Mallo-
MEpPHBIX KBapTUP B MHOTOSTa)KHBIX JIOMaX J1a)Ke B IKC-
TPEMAJIBHO XOJIO/IHBIE IEPUOBI OTOMUTENHLHOTO CE30Ha
He IpeBBImaT 2,5 kBT1/4, a cpeqHee 3HaYCHHE OTMe-
gaetcsa 10 1,3 kBt/4 [17]. Takum obpazom, auama3zoH
U3MEHEHUS TEMI0BONH MOIIHOCTH MPU UCTIONH30BAaHUU
OJIHOTO Teruioreneparopa st ororienus u ['BC noin-
JKeH cocTaBiATh Oonee 20 pa3. KoHBEeKITMOHHBIC Ha-
CTCHHBIC KOTJIBI C aTMOC(HEPHBIMH MHOTO(aKEeIbHBIMU
TOpEJIKaMHU UMEIOT THAIa30H HeTPEPHIBHON MOTYIISIIUH
He 6oinee 2,5 paza [18, 19]. KongeHcannoHHbIE HACTEH-
HBIC KOTJIBI 00JTa/Ial0T AUANAa30HOM YCTOWYMBOM IJIaB-
HO Moxynsanuu He Oonee 7 pa3. Hu KoHIeHCaIMOHHEIE
HACTCHHBIC KOTJIBI, HI KOHBEKIIMOHHBIE KOTIIBI HE CIIO-
coOHBI 00ecTeyuTh paboTy C IUIaBHON MOIynsuuen
MOIIHOCTH BO BCEM JHMAIa30HE TEIUIOBOW HATPY3KH
cucteMbl TerocHatkenus (orortenue + ['BC). Tlpu
paboTe B peKUME KOTOIUICHUE» UX paboTa MEPEeXOTUT
B PEIKUM JUCKPETHOW MOIYIALUN — ITOCTOSHHOTO Ye-
pEeIOBaHUS BKIIOUCHHS-BBIKIIIOUCHUS TOPEIKH KOTJIa
CO 3HAYUTEIHHBIMU BHIOPOCAMH MPOAYKTOB CTOPAHUS,
COOTBETCTBYIONIUX HEYCTAHOBUBIIMMCS pEKHMaM
paboTer. Heo0xonnMo HCKIIOUUTE PabOTy KOTiIa I
OTOIUICHUS TTOMEILICHUS B PEKUME JUCKPETHON MOJTY-
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e, [ aToro mpenaraeTcst co3qaTh HACTCHHBIH
ra3oBbIH KOTEJ, OCHAIIEHHBIH JBYXCTyNEeHYaToH ro-
PEIKOM.

Ilens uccnenoBaHuss — HU3yuEHHE IapaMEeTPOB
paboThl HACTEHHOTO Ta30BOT0 KOTJA JJIsI aBTOHOMHBIX
CHCTEM TEII0CHA0KEH!sSI MaJIOMEPHBIX KBapTHP C Ta-
30BOI TOpeNKoii, paboTaroIiel B 30HE MIaBHOW MOJY-
JIIUY, KaK AJ peKHMa OTOIUICHHS MOMEILEHUH, TaK
U 7151 TIOITOTOBKY TOPsTUeii BOMIBL.

MATEPHUAJIBI U METO/JbI

JlabopamopHnvie uccrnedosanus

OOBeKT M3y4eHUsT — ABYXKOHTYPHBIH JKcIie-
pUMEHTaNbHBIA HACTEHHBIN ra30oBbId KOTEA «Apie-
pust D24». Ucnonp3oBaHa ra3oBas arTMochepHast MHO-
rohakeabHAas TOPEIKa C OMUHHAIATHIO (HOPCYHKAMH.
Komnnextop ropesnku pazzesneH Ha TpH 30HbI. LleHTpaiib-
Hasi, cocTosmas ux Tpex GopcyHoK, 1Be — OOKOBEIE,
mo 4detbipe GopcyHkH ¢ Kaxmou ctoponsl (IlaTeHT
RU 203004). LlenTpanbHas 30Ha MpeqHa3HAYEHA IS
paboTHI KOTJIa B PEKHUME «OTOIUIEHHE)» C MaKCHMalb-
HOM TEIUIOBOM MOIIHOCTBIO 6 KBT/4 ¢ 30HO# nnHE-
HOU Momyisaiuu 2,4—6,0 kKBT/4, ocHaIl[eHA OTCIEHBIM
MaTpyOKOM Il MOJKITIOYCHHS] MarUCTPAIH Ta30BOTO
KJanana. /[Be G0KOBBIE 30HBI KOJUIEKTOPA TOPENIKHA HMe-
IOT OTZENBHBIC aTPYOKH MOIKITIOYCHNS Ta30BON Maru-
crpanu. [Ipu padore komia B pexxume «I'BCy» mpowc-
XOIUT OAHOBpEMeHHas paboTta Bcex (opcynok. [Tomada
ra3a IpOMU3BOIUTCA B KaXKYIO 4aCTh KOJUIEKTOPA Tope-
ku. Koten o6opynoBaH sKCIIepUMEHTATbHBIM Ta30BBIM
KJanaHOM C JOTOJIHUTEIbHBIM 3JE€KTPOMArHUTHBIM
KJIalaHOM I0J[a4YM Ta3a B OOKOBBIE YaCTH KOJIJIEKTOpa
ropenku. B pexume «I'BC» paborator Bce 11 dopey-
HOK TOpeNIKH. BHenauit Bua atMochepHOi ropeiku
TIPEICTaBJICH Ha pHC. 2.

I'openka ocHaleHa B IIEHTPaJIbHON YacTH ABYMs
AIIEKTPOIAMH TTOPKUTA U AIEKTPOIOM MOHU3AINH Ta3a.
st oprannzaimu GopMupoBaHUs TOprOYeii cMecH rasa
B 3aKpBITON KaMepe CTOPAaHUS M MPUHYAUTEIHHOTO JbI-
MOYJIaJIeHHs] B BEpXHEH YacTH KaMepbl CrOpaHus ycTa-
HOBJICH BEHTHJISITOP C AIEKTPOMOTOPOM aCHHXPOHHO-
IO THUIA C HOCTOSIHHOW CKOPOCTBIO BpallleHUsl poTopa

Puc. 2. JIsyxanana3oHnasi arMocepHast ropesika ¢ TPeXCek-
LIHOHHBIM KOJIIIEKTOPOM HACTEHHOTO ra30BOTO KOTJIa
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MouHocThIo 35 Br. [Tonaua Bo3myxa aist paboThl KOTiIa
B PEXHME «OTOIUICHHE», TpeOyIomIast MEHBIIETO pac-
xona, yeM B pexume «I'BCy», ocyiecTBasieTcs 3a cueT
YCTaHOBKH B IIETb NTUTAHUS BEHTHJISATOPA JOTOIHH-
TEJIBHOTO peje U KOHAEHCATopa, 00eCIeUnBaOLINX
HEO0OXOAMMYIO ITOHM)KEHHYIO CKOPOCTh BpameHus. Hc-
MIBITaHUS] PabOTHI KOTIa MPOBOAMIKNCH Ha HayYHO-HC-
CJIe/IOBATENICKOM cTeH e 3aBoja «Apaepus» (Ilatent
RU 205883). Ha puc. 3 nokazans! ¢potorpadun Kameps
CTOpaHuUs KOTJIa ¢ pabOTAIONIMMH FOPEIKAMH B PEXKUME
«otoruteHne» u «I'BCy» mpu MakcHMalIbHBIX U MUHH-
MAaJIBHBIX JIABJICHHSX Ta3a MEPE TOPEIKOM.

PE3VYJIBTATHBI HCCIEJOBAHUA

Omnpenenenue K03(GGUIUSHTOB MOJE3HOTO JeH-
CTBHSI BBITIOJIHSUIOCH NTPSIMBIM METOJIOM C M3MEPEHHEM
pacxoioB rOPIOYEro rasa, pacxoJ0B TEIJIOHOCUTEIS
B KOHTYpE€ LMPKYJISINHN, TEMIIEpaTyp Ha BXOAE U BBI-
xoJie B koTell. Mi3MepeHus! MpOBOAMINCE IO TPHU pasa.
Ha rpadukax pe3ynsraToB UCTIBITAaHUH MTPEICTABICHBI
CpeIHUE 3HAYCHUSI.

I'paduxn m3menenns KI1/1 mo oTHOImIEHHIO K HU3-
1Iel TEeMIOTBOPHOI CIIOCOOHOCTH TOIUIMBA VIS yCTa-
HOBHBIIHXCSl PEKMMOB PabOTHl KOTJIAa MPHUBEACHBI
Ha puc. 4.

Puc. 3. PaGora HacTeHHOTO KOTJIa C BYyXIMANa30HHOH aTMOc(epHOi ropeKoi B pexxuMax «oTorreHue» u «I' BC» npu mak-

CHUMAJIBHBIX U MUHUMAJIBHBIX 3HAYCHUAX TABJICHUA ra3a nepen FOpeJ'[KOﬁ
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3AKJIIOYEHHUE U OBCYXIAEHHUE

OcHoBHas npoGiieMa NPUMEHEHHUS] HACTCHHBIX Ta-
30BBIX KOTJIOB JIJISl TIOKBAPTUPHOTO TEIUIOCHAOKESHUS
3aKJII0YAeTCsl B UCIIOJIB30BAHUH OHOTO TEIIOBOTO Ie-
HEpaTropa Kak [Jisd OTOIJICHHS ITOMCUICHUSA, TaK U IOAT0-
TOBKH ropstaeii Bonpl. B cBs13u ¢ pasuuueit B 20-25 pas
HE0OXOIMMOH TETTOBOH MOIITHOCTH ISl 00CCIICUCHHS
JAHHBIX TIPOLIECCOB TPAJUIIMOHHBIE U KOHACHCAIIMOH-
HbIC HACTCHHBIC KOTJIBI HECIOCOOHBI paboTaTh B pe-
JKUME OTOIUICHHS B JHAIla30HE MJIABHOW MOXYIISAIHH
MOIIHOCTH. DTO 0COOCHHO SIPKO BBIPAXKAETCS JUIS KBAp-
TUp TIomaaso 40—50 M2, 111 MaTOMEPHBIX KBApTHP
B MHOT'O3Ta>XHbIX AO0OMax.

Ha puc. 4 mpencraBieHBl 9acTOTH BO3SHUKHOBE-
HUSI TOTPEOHOCTH TEILIOBOM SHEPTUU I KOMIICH-
calli¥ TeIJIOBBIX MOTeph Ha oTomieHue u ['BC nns
JBYXKOMHATHON KBapTHUPbl MHOTO3TA)XHOTO IOMa
B Cankr-IleTepOypre u quana3oHOB IUTABHOW MOAYJIS-
UM SKCTIEPUMEHTAILHOTO HACTEHHOTO Ta30BOT0 KOTIa
C IBYXIHMANa30HHON aTMOC(EpPHOH TOPENIKOI ¢ IBYMS
(hopcyHKamu 1715 pabOTHI B peXKIME «oToTuIeHuey. [Ipn
paboTe B pekHMe «OTOIUICHHE» KOTIBI C OJHOIUANA-
30HHOM TOpPENIKON MEPEXOAST B MPOIECC MOCTOSHHOIO
BKJTFOUEHUS-BBIKIIOUCHUS (AUCKPETHONH MOIYIISIIHH).
[Tockonbky 00BEM TEIUIOHOCUTENS TAKIMX aBTOHOMHBIX
CHCTEM OTOIUIEHHsI COCTABIISIET OKOJIO 25 J1, BpeMs IoJ-
HOTO 000pOTa TEIJIOHOCUTEINS OYIEeT MPH CTAaHAAPTHBIX
OUPKYIAIAOHHBIX HacOCaX OKOJO JBYX MHHYT. 3a 3TO
BpeMs paJNaTophl OTOILICHUS HE MOTYT MEpenaTh Te-
IUIOBYIO SHEPTHIO0 OTAITUBAEMOMY ITOMEIICHHIO, TI0TO-
My 9TO O0JaZaroT TETUIOBOW MHepUHeH, 3SHAYUTEIHHO
npeBblaoneil ykazanioe Bpems [20]. YV koHBeKIU-
OHHBIX HACTCHHBIX KOTJIOB C aTMOC(hEpPHOU ropeKon
MHUHHAMAaJIbHAg MOIMHOCTHL — He MeHee 9 kB1/4. DTo-
TO JJOCTAaTOYHO, YTOOBI HATPETh TEIUIOHOCUTENb BHIIIIC
YCTAQHOBJIEHHOTO Ha BCEX HACTEHHBIX KOTJIaX BEPXHETO
ropora TemIepaTypbl HaIOPHOH MarucTpaiu nepBUY-
HOTO TerooOMenHnKa, pasHoro 80 °C. OcTaHOBKa pa-
OOTBI KOTJIA IPOU30HAET BHE 3aBUCHMOCTH OT TEMIIE-
patypsl Bo31yxa B IIOMEIIEHHUH 110 IPUYNHE IIEPErpeBa
TEIJIOHOCHUTENS B TeII00OMeHHUKe koTia. Crucrema
MIEPEXONT B PEIKUM OCTOSHHOTO BKITFOUCHHS—BBIKITIO-
YEHUS—TAKTOBAHUS. AJTOPUTMBI BCEX BBIMYCKAaEMbIX
B HACTOAIIEEe BPeMsI HACTEHHBIX KOTJIOB UMEIOT BpeMs
BBIOETAa BEHTHIISATOpA — BpeMs paboThl O6e3 pexnmMa
TOpEHHs. DTOT IIEPUOJT BPEMEHH COCTABIISIET, B 3aBHUCH-
MOCTH OT TOPTOBOM MapKu KoTia, oT 35 10 60 cekyH .
[Ipu 3TOM XOJOAHEIN aTMOC(hEpHBII BO3LyX 001yBaeT
OCHOBHOM TEIJI000MEHHHUK ra30BOT0 KOTIA, IPUHYIH-
TeJIbHO OXJaxkaas ero. IloTepu TeroBoil 3HEpruu pu
KaXJoM IuKie — okono 65 Bt. Eciam ucnonp3oBats
KOHBEKITMOHHBIA HACTEHHBIA Ta30BBIA KOTET C 3aKpPhI-
TOW KaMepoil CropaHus, TO KOJIUIESCTBO ITUKJIOB TaKTO-
BaHUs cocTaBut A0 10—15 pa3 B gac. [loTepu TemnoBoii
SHEpPruu MOryT cocTaBisATh 900 kB1/4, ipu TOM, 9TO Te-
IUIONIOTEPH Yepe3 OrpaXkIaroIIie KOHCTPYKIIMU KBapTH-
Pbl U CUCTEMY BCHTUJIALUN B 3TOT NEPHUOJ OTOIMUTEIIb-
HOTO ce30Ha cocTaBisaroT MeHee 1000 Br/4. [TpunHIun
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paboTHl TEIUIOBOTO arperara B peXHMe AMCKPETHOM
MOZYJISILIAN, TIPUMEHAEMOH U peKUMa «OTOIUICHHE
C LEJIbIO TOKBAPTHPHOTO TEIUIOCHAOKEH S, KpaiHe He-
s¢dexrusen u Mmoxet umeth KI1/[ menee 50 %.

Ha pwuc. 4 moka3aHbl AMana3oHbl H3MEHEHHS Tpe-
OyeMoii TeII0BOM MOIITHOCTH TSl PEKUMOB OTOTUICHUS
u I'BC, ecnu ucnonb3oBaTh TpaJAulMOHHBIN HACTEHHBIN
ra30BBIA KOTEI ¢ MAKCUMAJIBHON MOIIHOCTBIO 24 KBT
U aTMOC(EPHYIO TOPENKY ¢ OJHUM IHaNa30HOM IUIaB-
HOM MOIyNsAIuHU TernoBoi MomuocTu (rpadux KIII ).

B pacuerax sneprernueckoit apdhexTuBHOCTH CH-
CTEM ITOKBAPTHUPHOT'O TEIUIOCHAOKEHHS, BBINOJIHEHHBIX
Ha 0a3e CyLIECTBYIOMIMX HACTCHHBIX KOTJIOB, MPHUMeE-
HeHHe KO3 (UIIMEHTOB MOJE3HOTO JIEHCTBUS, OIpe-
JCJIEHHBIX IS YCTAaHOBHUBIIMXCS PEKUMOB pabOTHI,
yKa3aHHBIX B TEXHUYECKOM JJOKYMEHTAIMU ITPOM3BOIHU-
TeJNel KOTJIOB, IPUBOJUT K 3HAYUTEIIFHO 3aBBIIICHHBIM
pe3ynabsraram.

KoHzeHcanoHHble KOTIIBI UIMEIOT K03 (UIIMEeHT
MOAYJISILMY MOIIHOCTH, PaBHBIN 7. DTO MO3BOJIAET pa-
00TaTh ¢ TEIIOBOW HAarpy3koit ot 3,5 kB1/4 mis kot-
JIOB C MaKCHMaJIbHOW MOIIHOCTBIO 25 KBT/4. OnHako
9Ta MUHHMMAaJIbHAS! MOITHOCTh B TPU pa3a MpPEBbIIIAcT
TEMJIOBBIE MOTEPH AL CPEAHEH TeMIepaTyphl OTO-
HNUTENBHOTO MepuoJia IPUMEHUTENIBHO K KBapTHPaM
¢ wommaaeto 40-50 M2 HMcnons3oBanue Tpyook Ben-
TypHu C TPAaBUTALMOHHBIM KJIAIAHOM JUISI CMECH BO3-
JyXa ¢ TOPIOYUM T'a30M IO3BOJISIET YBEITUYUTH JUara-
30H MOIYJISALUH KOHJCHCAIIMOHHBIX KOTJIOB J1o 10 pas,
HO JaHHBIH KjamaH He oOecredyuBaeT cTaOMIbHOE
o0Opa3oBaHME Ta30BO3AYIIHOW CMECH IIPH MUHUMAIIb-
HBIX 3HAUCHHSAX MOLIHOCTU. B MOMEHT kaxoro mycka
KOHJICHCAIITMOHHOTO HACTEHHOTO KOTJa €CTh HMEPHON
BPEMEHH TPOJIOJIKUTEIBHOCTBIO 10 MUHYTHI, KOTrJa
3Ha4YeHHs BHIOPOCOB IMapHUKOBBIX Ta30B B 2—3 pasa
MIPEBBIIIAIOT UX 3HAYCHHS B YCTAHOBHUBIIEMCSI PEKIME
pabotbl koia. [IpuMeHeHe KOHAEHCAMOHHBIX KOTJIOB
JUISL PeXKUMOB PabOTHI ¢ OCTOSTHHBIMU BKJTIOUEHHUSMHU-
BBIKJIFOUEHHUSIMU TOPEIKN KpaiiHe BPEIHBI KaK C TOUKH
3peHUs HaJeKXHOCTHU paboOThl KOTJIA, TaK M €ro JHEp-
reTnyeckoi 3pPeKTHBHOCTH, U BEITUYNHBI BHIOPOCOB
MIAPHUKOBBIX T'a30B. KOHBEKIIMOHHBIE W KOHACHCAIH-
OHHBIE HACTEHHBIE I'a30BbI€ KOTJIbI IPOCKTUPYIOTCS IS
paboTHI B 30HE CTAOMIBHON M MEAJICHHO U3MEHSIOMICH-
Csl TEIJIOBOM Harpy3Kku. Pabora B pexxume TUCKPETHON
MOJYJIALIUN MOIIHOCTH HE COOTBETCTBYET HA3HAYCHUIO
KOTJIOB, CONIPOBOX/IA€TCS TOBBIIIEHHBIM BBEIOPOCOM
MIAPHUKOBBIX Ta30B M HU3KUM 3HAUCHUEM SHEpreTHde-
cKoi 3(h(heKTUBHOCTH.

IIpennoxeHHOE pelIeHne HAaCTEHHOTO KOHBEK-
IHOHHOTO Ta30BOTO KOTJIa ¢ aTMOC(EPHON TOPEIKOH
C AByMsI IMana30HaMU IUTaBHOM MOAYISAIMH OTAEIBHO
JUISL peXKHMa «OTOIICHNE» U TIOATOTOBKH rOpsiuei BOJIBI
3HAYNUTENHHO IMOBBIIMIAET IMOKA3aTEIN SKOJIOTHIHOCTH
u sHepreTuueckor dppexTuBHocTr. [openka padora-
€T B YCTaHOBHBILEMCS PEKUME IIIIaBHOH MOIYIISIIIUN
MPAaKTUYECKU BECh OTONMUTENbHBIN nepuon. Konuue-
cTBO (popcyHOK MHOTO(AKEIBbHOH arMoc(hepHOil ro-
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C aTMOC(HEPHOH rOPEAKOH ABOMHOM MOAYASILIMM

peJIKH, IpeAHa3HAYeHHBIX U1l pabOoThl KOTJIA B PEXKH-
M€ OTOIICHHS NP NOKBAPTHPHOM TEILIIOCHAOKEHUH,
OTIpeieNsieTCs pa3MepoM IuToa i KBapTupsl. Mccme-
JIOBaHHBIN BapuaHT ¢ TpeMs (QOPCYHKaMHU B peKHME
ororutenus U 11 ¢popcynkamu st pexxuma 'BC npu-
MEHHM [Tl KBapTUp miommaapio 60—70 m2 s mano-
MEpHBIX KBAPTHUP MOKHO HCII0JIb30BaTh TOPETIKH C IBY-
Ms1 (POPCYHKAMHU C LIEJIBIO PEXKUMA «OTOIUICHHE.
JlaHHOe pellleHHe ¢ TOUKHU 3pEHUs dHepreTuye-
CKOH 3 eKTUBHOCTH JTy4lle TPUMEHEHHs KOHIEHCa-
LMOHHBIX KOTJIOB JUIS TOKBAPTHPHOTO TETIIOCHAOKEHMS
0 HECKOJIBKMM npuuyuHaMm. OHa U3 HUX — Tpaau-
LIMOHHOE HUCIONb30BaHHEe B PoccuM OTOMUTENBHBIX
mpubopoB panuaropHoro tuna. B BennkoOpuranun
KOH/JICHCAI[MOHHBIE KOTJIBI MIPUMEHSIOTCS TAKKE MPH
paauaTOpHBIX OTONHUTENBHBIX Npubopax. [loHmkenue
TeMIIepaTypsl B 00OpaTHOI MarucTpail KOHTypa OTO-
TUIEHUS! IOCTUTAeTCsl YBEIMYCHNEM B JIBa pa3a pa3Mme-
poB paanaropa. Temnooraada paanaTopoB OTOIUICHUS
IpH HU3KUX 3HAUCHHSIX TEMIIEPaTyphbl TTOBEPXHOCTH
cekIiuii ciabas v 3pPeKT IPUMCHEHUS KOHICHCAIIMOH-
HBIX KOTJIOB, [0 CPAaBHEHUIO C KOHBEKIIHOHHBIMH KOT-
namH, He npeBsimaet 2—4 %. B To e BpeMs u camu
KOH/ICHCAIIMOHHBIE KOTJIbI, U UX 0OCITy>)KUBAHUE, U I10-
BBIIICHHBIE Pa3Mepbl OTOMUTEIBHBIX MPHOOPOB — 3TO
JOTIOTHUTENbHbIE (DMHAHCOBBIE 3aTpaThl. B ciydae
MIPUMEHEHNS KOHICHCAIIMOHHBIX KOTJIOB JUIS TIOKBAp-
THUPHOT'O TEIJIOCHAOKEHUS! TaHHBIN 3 PEKT ele MeHb-

€, MOCKOJbKY O3THU KOTJIBI HE IMPEHA3HAYCHBbI 1JIs Ma-
JICHBKUX TIOMEIICHHH.

Ha ocHOBaHMY pe3ynbTaToOB UCCIEAOBAHMUS MOKHO
CZENaTh CJICIYIOINE BHIBOMBL:

¢ NPUMCHCHHUE TPaJUIIUOHHBIX KOHBCKIMOHHBIX
HACTEHHBIX, KaK M KOHJICHCAIIHOHHBIX I'a30BbIX KOTJIOB,
IUTS TIOKBAaPTHPHOTO TEIUIOCHAOXKEHUS IPH pa3Mepax
KBapTup 10 60 M?> IPUBOAUT K paboTe KOTIIOB B PEIKUME
JMCKPETHOW MOIYJISILIMK TETUIOBOW MOILITHOCTH, KOTOPast
COIIPOBOXK/IAETCS 3HAYUTEIBHBIM CHIDKEHHEM SHepre-
THYIECKOH AP PEKTUBHOCTH CUCTEMBI TETIOCHAOKCHNS;

* peXUM pabOThI C TUCKPETHON MOTyIAueil Ten-
JIOBOW MOIIIHOCTH COIIPOBOX/IA€TCS IOBBIIIEHHBIMU
BBIOPOCAMH MTAPHUKOBBIX Ta30B;

* IIpHU pacyeTe YHEepPreTUdecKor 3P ¢PeKTUBHO-
CTHU CHCTEM OTOIUIEHUSA IIPUMEHEHUE NEKIapUPYEMBIX
MIPOU3BOIUTENISMHU KOTJIOB KO3()(DUIIMEHTOB MTOJIE3HOTO
JEeWCTBUS IPUBOIUT K 3HAYMTEIHHO 3aBBIIICHHBIM pe-
3yIabTaTaM, MOCKOJIBKY B PEKHUME AUCKPETHONH MOIy-
JIAOUKW MOIODHOCTH JAaHHBIC ITOKA3aTCJIM 3HAYUTCIBHO
HYKE;

* WCIOJIb30BaHUE I MOKBAPTHPHOTO TEILIO-
cHa0)KEeHMsI HACTEHHBIX KOHBEKIIMOHHBIX KOTJIOB C aT-
MOC(hEpHOM ropenkoi ¢ ABYMsI AHara30HaAMH TUIaBHOM
MOAYJISIIMY MOIIHOCTH HO3BOJISIET TPUMEHSTh UX C BbI-
CcOKO# 3()(hEeKTUBHOCTHIO, MTOCKOIBKY OONBITYIO 9acTh
BPEMEHH JaHHBIE TOPENKH pabOTAIOT B 30HE IUIABHOU
MOIYJISAIUN TEIJIOBOM MOIIIHOCTH.
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INTRODUCTION

A comfortable living environment is a basic hu-
man need. Heating and hot water systems are the main
tool used to set and maintain the indoor temperature,
humidity and hygienic conditions in places of the physi-
cal location of people. Over the past century, the influ-
ence of man-made factors on the natural environment
has greatly increased and its negative consequences
are the threats and risks to the further development
of mankind. Some of these factors involve an increase
in the amount of greenhouse gases in the Earth’s atmos-
phere. The creation of artificial habitat, higher hydro-
carbon fuel combustion, needed to meet some growing
human needs, cause substantial emissions of carbon
dioxide and nitrogen oxides. More than 65 % of all en-
ergy is consumed by heating, and 13 % is consumed
by hot water supply systems. The total consumption
of fuel and energy resources (FER) and its breakdown
are shown in Fig. 1.

!'State Report “On the state of energy saving and increas-
ing energy efficiency in the Russian Federation”. Minis-
try of Economic Development of the Russian Federation.
Moscow, 2020. URL: https://www.economy.gov.ru/mate-
rial/file/c3901dba442f8¢361d68bc019d7ee83f/Energyef-
ficiency2020.pdf
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. Heating
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Total consumption of heat
and energy resources,
million tons of standard fuel

Fig. 1. Breakdown of natural resources consumed by humans

Heating is responsible for 70 % and hot water sup-
ply (HWS) — for 14 % of the total energy consumed
by the residential sector of the European Union (EU)
constituent states [1]. All developed economies pay at-
tention to improving the energy efficiency of buildings
and heating systems. A reduction in greenhouse gas
emissions, accompanying the operation of thermal
units of heating systems, is a task of federal impor-



A wall-mounted gas convection boiler with an atmospheric
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burner operating in the double modulation mode

tance, and its accomplishment is controlled by the au-
thorities> >+

The independent heating of apartment blocks
(apartment heating) has been developing in the Russian
Federation over the past fifteen years. For this purpose,
the thermal energy of double-circuit wall-mounted gas
boilers is used, and their total number is about three
million items. Much attention is driven to the choice
of their modes of operation, feasibility and environmen-
tal analyses [2]. The environmental impact of central-
ized and decentralized heating systems is compared in
several works [3-5].

When wall-mounted gas boilers are used to heat
independent premises, regardless of their location,
a condensing technology is preferable [6—12].

Publications [13—15] analyze the influence of vari-
ous factors on the energy efficiency of buildings and
greenhouse gas emissions that accompany the opera-
tion of heat generators consuming traditional fuels.
Respective studies were conducted in the UK, Norway
and Germany. They have proven that wall insulation,
reducing annual gas consumption by 10.5 % and an-
nual electricity consumption by 8 %, is the best energy
efficiency booster for buildings, having independent
heating systems. The installation of new energy ef-
ficient (condensing) boilers reduces gas consumption
by 4.1 % and electricity consumption by 5.2 %. Given
that the climate in these countries is largely the same as
the climate in some regions of the Russian Federation,
these studies can be applied to the territory of Russia
with a high degree of reliability. The most effective way
to increase the energy efficiency of buildings is the sup-
plementary insulation of building envelopes coupled
with the use of advanced boilers.

The regulatory acts of the Russian Federa-
tion, listing the types of authorized heat generators
of independent heating systems, do not prohibit the use
of wall-mounted gas boilers. The share of these boilers
in “apartment-wide heating” is 98 % [16]. Given that
the service life of these boilers is about 7 years, their
share will not fall below 90 % in the coming decade.
The problem of wall-mounted convection boilers is
that one boiler is used as a source of heating and hot
water supply to an apartment. Pursuant to the sanitary
standards, the amount of thermal energy, consumed

2 Directive 2010/31/EU of the European Parliament and
of the Council of 19 May 2010 on the Energy Performance
of Buildings. Strasbourg (France). URL: https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/?uri=celex%3A32010L003 1
3World energy balances 2020 edition. Database documenta-
tion. URL: https://iea.blob.core.windows.net/assets/4f3 14df4-
8c60-4e48-9f36-bfea3d2b7fd5/WorldBAL 2020 Documen-
tation.pdf

4On Energy Saving and energy efficiency and on amendments
to certain legislative acts of the Russian Federation : Federal
Law of 23.11.2009 No 261-FZ. URL: https://fzakon.ru/laws/
federalnyy-zakon-ot-23.11.2009-n-261-fz/

by the HWS, equals to, at least, 15 kW. The com-
fortable amount of hot water consumed in an apart-
ment with two hot water consumption points requires
a heat generator with the thermal capacity of, at least,
24 kW. The thermal power, needed to heat small apart-
ments in multi-storey buildings even during extreme-
ly cold periods of a heating season, does not exceed
2.5 kW, and its average value is up to 1.3 kW [17].
Hence, the heat capacity range should be multipliable
by twenty, if one heat generator is used as a source
of heating and HWS. Wall-mounted convection boil-
ers, equipped with atmospheric multi-flame burners,
have a range of continuous modulation that can go up
2.5 —fold [18, 19]. Condensing wall-mounted boilers
have a range of steady smooth modulation in which
the initial value may go up seven-fold. No condens-
ing and convection boilers can ensure smooth modu-
lation for the entire heat load range (heating + HWS).
When operating in the heating mode, boilers switch
to discrete modulation that triggers the on/off swit-
ching of the boiler burner, accompanied by substan-
tial emissions of combustion products due to the un-
steady mode of operation. It is necessary to prevent
the operation of the boiler for indoor space heating
in the discrete modulation mode. A wall-mounted gas
boiler, equipped with a two-stage burner, should be
designed for this purpose.

The objective of the research is to study the pa-
rameters of a wall-mounted gas boiler used as part
of an independent heating system designated for small
apartments. These boilers have gas burners, operating in
the smooth modulation zone; they are used as a source
of indoor heating and hot water supply.

MATERIALS AND METHODS

Laboratory research

The object of the study is Arderia D24, an ex-
perimental double-circuit wall-mounted gas boiler,
that has an atmospheric multi-flame burner with
eleven nozzles. The manifold of the burner is divided
into three zones. The central zone has three nozzles,
each of the two side zones has four nozzles (Pat-
ent RU 203004). The central zone is designed t.run
the boiler in the heating mode with the maximum
thermal capacity of 6 kW/h and a 2.4—6.0 kW/h linear
modulation zone. It has a separate nozzle that serves
as a connection to the gas valve main. The two side
zones of the burner manifold have gas line connec-
tion nozzles. When the boiler is in the HWS mode, all
nozzles operate simultaneously. Gas is fed to each part
of the burner manifold. The boiler is equipped with an
experimental gas valve that has an additional solenoid
valve feeding gas to the sides of the burner manifold.
When the boiler is in the HWS mode, all eleven burner
nozzles are in operation. The external view of the at-
mospheric burner is shown in Fig. 2.

The burner is equipped with two ignition electrodes
and a gas ionization electrode. A fan with an asynchro-
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nous type electric motor, operating at the constant rotor
speed of 35 W, is installed to make a combustible gas
mixture in a closed combustion chamber and evacuate
smoke from the upper part of the combustion cham-
ber. The amount of air, needed for the boiler to oper-
ate in the heating mode, is smaller than that needed for
the HWS mode. The air is fed through an additional re-
lay and a condenser into the fan supply circuit to ensure
a lower rotation speed. The boiler was tested at the test
bench of Arderia plant (Patent RU 205883). Fig. 3
shows the photos of the boiler combustion chamber
with burners operating in the heating and HWS modes
at maximum and minimum gas pressure values in front
of the burner.

Fig. 2. Dual-range atmospheric burner with a three-section
manifold of a wall-mounted gas boiler

Fig. 3. Operation of a wall-mounted boiler with a dual range atmospheric burner in the heating and HWS modes at maximum

and minimum values of gas pressure in front of the burner

RESULTS OF RESEARCH

Efficiency coefficients were found using a direct
method of measuring the combustible gas consumption
rate, heat conductor flow rates in the circulation loop,
and temperatures at the boiler inlet and outlet. Each
measurement was taken three times. Graphs of the test
results show the average values.

Diagrams showing a change in the efficiency fac-
tor in relation to the bottom calorific value of the fuel
in steady modes of the boiler operation are shown
in Fig. 4.

CONCLUSION AND DISCUSSION

The main problem of using wall-mounted gas boi-
lers in apartment heating is the application of one heat

58

generator for indoor space heating and hot water prepa-
ration. Due to the difference in the thermal capacity re-
quired for these purposes, that is equal to 20-25 times,
traditional and condensing wall-mounted boilers can-
not operate in the heating mode in the range of smooth
power modulation. This is particularly true for apart-
ments with an area of 40-50 m? and small apartments
in multi-storey buildings.

Fig. 4 shows the frequency of cases of the need for
heat energy designated to compensate for the heat loss-
es in the process of heating of and hot water supply to
a one-bedroom apartment in a multi-storey building in
St. Petersburg and smooth modulation ranges of an ex-
perimental wall-mounted gas boiler with a dual-range
atmospheric burner that has two nozzles designated
for operation in the heating mode. When in the heat-
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Fig. 4. Heat load and efficiency of a wall-mounted gas boiler with a dual-range atmospheric burner: # is the heat load frequen-
cy; the red line shows the heating mode, the blue line shows the HWS mode; EF is the efficiency factor; EF, is the HWS mode;

EF, is the heating mode

ing mode, boilers that have single-range burners switch
to discrete modulation. Since the amount of heat con-
ductor in such independent heating systems is about
25 1, the turnaround time of the heat conductor will
be about two minutes if standard pumps are used. Du-
ring this time radiators cannot transfer thermal energy
to the heated room, because their thermal inertia ex-
ceeds this time period by far [20]. The minimum ca-
pacity of wall-mounted convection boilers with atmos-
pheric burners is, at least, 9 kW/h. This is enough for
the temperature of the heat conductor to exceed the up-
per threshold temperature limit of the pressure main
of the primary heat exchanger, set for 80 °C. The boiler
will stop operating regardless of the indoor temperature
due to the overheated heat conductor in the boiler heat
exchanger. The system switches to a permanent on-off-
contact mode. The algorithms of all currently manufac-
tured wall-mounted boilers have a fan overrun down
time, or the time of operation without a combustion
mode. Depending on the boiler brand, this time period
varies from 35 to 60 s. In this case, cold atmosphere
air blows at the main heat exchanger of the gas boiler
to force cool it. The heat energy loss during each cycle
is about 65 W. If a wall-mounted convection gas boiler
with a closed combustion chamber is used, the num-
ber of combustion cycles will be up to 10-15 per hour.
The heat energy loss can be 900 kW/h, while the heat
loss through the building envelope of an apartment and
the ventilation system during this period of the heating
season is below 1,000 W/h. The discrete modulation
mode, used to heat an apartment, is extremely ineffi-
cient and its efficiency can be below 50 %.

Fig. 4 shows the ranges of variation in the required
heat capacity required for heating and HWS modes, if
a conventional wall-mounted gas boiler with a maxi-
mum capacity of 24 kW and an atmospheric burner with
one range of smooth modulation (graph EF ) is used.

The use of efficiency factors determined for steady
operating modes, specified in the technical documen-

tation issued by the boiler manufacturer, leads to sig-
nificantly overestimated results according to the energy
efficiency analysis of apartment heating systems, that
have wall-mounted boilers.

Condensing boilers have a capacity modulation
factor equal to seven which ensures their operation un-
der the heat load of 3.5 kW/h for boilers whose maxi-
mum capacity is 25 kW/h. However, this minimum
capacity is three times higher than the heat loss at
the average temperature of the heating period in rela-
tion to apartments with an area of 40-50 m?. The use
of Venturi tubes with a gravity valve for mixing air with
combustible gas expands the modulation range of con-
densing boilers 10 — fold, although it cannot ensure
the stable formation of gas-air mixture at the minimum
capacity. Each actuation of a wall-mounted condensing
boiler is followed by a period of time up to one minute,
when greenhouse gas emissions are 2—3 times higher
than those in the steady mode of operation. A perma-
nent on-off mode of condensing boiler burners is ex-
tremely harmful in terms of the boiler reliability, energy
efficiency, and greenhouse gas emissions. Convection
and condensing wall-mounted gas boilers are designed
to operate in areas of stable and slowly changing heat
loads, while their operation in the mode of discrete
power modulation fails to meet the functional purpose
of boilers and is accompanied by higher greenhouse gas
emissions and low energy efficiency.

The proposed solution entails two ranges
of smooth modulation: one for the heating mode, and
the other for hot water preparation. Hence, it can sub-
stantially improve the environmental performance and
energy efficiency. The burner operates in a steady mode
of smooth modulation during the entire heating period.
The number of nozzles in the multi-flame atmospheric
burner, designed for the boiler operation in the heating
mode, is determined by the apartment area. The studied
design option, that has three nozzles for the heating
mode and eleven nozzles for the HWS mode, is appli-
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cable in apartments with the floor area of 60—70 m?. In
small apartments, burners with two nozzles can be used
in the heating mode.

As for the energy efficiency, this solution is better
than the use of condensing boilers for apartment heating
for several reasons. One of them is the traditional use
of radiator-type heaters in Russia. In the UK, condensing
boilers are also used in combination with radiator hea-
ters. A lower temperature in the return line of the heat-
ing circuit is achieved by doubling the size of the radia-
tor. The thermal capacity of heating radiators at the low
surface temperature of the sections is small and the ef-
fect of condensing boilers, if compared with convection
boilers, does not exceed 2—4 %. However, condensing
boilers, their maintenance, and the large size of heating
devices mean higher expenses. This effect is even less
pronounced in the case of application of condensing boi-
lers for independent apartment heating, since these boil-
ers are not designed for small rooms.

Given the results of the study, the following con-
clusions can be made:

« if the floor area of an apartment is up to 60 m?,
the use of conventional wall-mounted convection boi-
lers and condensing gas boilers for apartment heating
triggers the discrete modulation mode of boilers, which
is accompanied by a substantial reduction in the energy
efficiency of the heating system;

+ a discrete modulation mode involves higher
greenhouse gas emissions;

* the use of declared efficiency coefficients leads
to the overestimated results of energy efficiency calcu-
lations, since these figures are much lower in the dis-
crete modulation mode;

* the use of wall-mounted convection boilers with
atmospheric burners, having two ranges of modula-
tion, are highly efficient in independent apartment hea-
ting, because most of the time these burners operate in
the zone of smooth modulation.
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