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AHnomauisa — B PoOOTI 3aNMpPONOHOBAHO OJMH i3 BapiaHTIB
NiIBUILEHHS e(DEKTUBHOCTI BUKOPHUCTAHHS €HEPrii najnuBa npu poooTi
TBEPAONAJIMBHUX KOTJIB HIJISIXOM 3HU’KEHHSI BTPAT TEIJIOBOI eHepril
3MEHIICHHSIM TeMIlepaTypd AWMOBHX ra3iB Ha BHXOAI 3 TONKH 32
PAXyHOK BCTAHOBJICHHS [J0JAAaTKOBHMX IIOBEPXOHb HArpiBy, a came —
eKoHOMau3epa. Po3riisiHyT0  QJrOpuTM  PO3PaxXyHKY  BOASIHOIO
€KOHOMajii3epa Uil TBEPAONMAIMBHHMX KOTJIB 3 METOI0 NiIBHILCHHSA
ioro eneproedeKTUBHOCTI. 3aNPONOHOBAHO CXEeMY PO3TAIIYBAHHS
€KOHOMAai3epa MaJIol MOTYKHOCTI HA 0a3i BITYM3HIIHUX arperaris.

Knwuogi cnosa — ekoHOMaM3ep, KiJBKICTb TeIUIOTH, BTPATH
TeIJIOTH 3 JAUMOBHMH Tra3aMH, JI0JATKOBi IOBEepPXHi HArpiBaHHS,
TeIVI000MiH, KIJIBKICTH TPYO B ra3oxoi.

Ilocmanoska npobnemu. B 1aHWii Yac TMTaHHS EKOHOMIl
CHEPropecypciB € JOCUTh akTyalbHHMM. [[1s reHepamii TemiaoBoi eHeprii
HaWOUIBII YaCTO BUKOPUCTOBYIOTh KOTENbHI YCTAHOBKH, K1 MPAIIOIOTh Ha
npupogHoMy Ta3i. OCHOBHUM iX HEIOJIKOM € BHCOKa I[ilHA Ha Tas.
BukopuctanHs B SIKOCTI NaJiMBa POCIMHHHUX BIJIXOJIB HAOyBa€ Ba)KJIMBOTO
3HAUEHHS,  BpPaxOBYIOYM, 1[I0  HAmpHUKIaJ  TEIIOTa  3TOPSIHHS
COHSIIITHMKOBOTO JMyHMIMUHHS ckianae 18-22 MDx/kr (4285 ... 5200) kkai /
Kr. [1].

Ananiz ocmauuix 0ocniodcens. TBEpIONATMBHI KOTIM MPAKTUUHO
yHiBepcanbHl. LI KOTIM MOXYTh OyTH BCTAaHOBJEHI B MPOMMCIOBUX YU
aJMIHICTPATUBHUX OYIIBISX 1 CIY>KUTH IS JIOKAIBHOTO OMaJIIOBaHHsA, a00
JUI HarpiBy BOJW B CUCTEMi rapsdoro Bojgonocradanus[2,3]. Kiacuuna
KOTEJIbHS € CUCTEMOIO, B Ky BXOIUTH KOTEJ OINMATIOBAHHS 3 MAJLHUKOM 1
OynkepoM mnanuBa. Ilig yac poOOTHM B MalbHUK TMOJAETHCA TBEPAEC
IrpaHyJbOBAHE  MaJIMBO. [BEPAONAJIMBHUM  ONATIOBAJIBHUM  KOTEIN
XapaKTEPU3yEThCsl  MIHIMAIBHUMH  3aJUIIKaMUA 30,  3PYYHICTIO
0O0CITyroByBaHHS, €KOJIOTIUHICTIO, Qi€ € MOJKJIMBOCTI IiJIBUIICHHS 1X
eHepretuuHoi edexruBHocTi [3,4].
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Dopmynosannsn yineu cmammi. 3aBAAHHAM JaHOI CTaTTi €
po3poOKa  aJdropuTMy pO3paxyHKy BOJSHOTO E€KOHOMaiizepa  JUIs
TBEPJOMAJIMBHUX KOTJIIB 3 METOIO MIJABUILIECHHS 1X €HEproedeKTHBHOCTI.
3anponaHoBaHO CXEMY pPO3TAllyBaHHsS €KOHOMai3epa Majoi MOTYXKHOCTI
Ha 0a3l BITUM3HIHMX arperatiB 3 metoro miaBuinenHs KK/ kotia B uimomy

Ocnoena uacmuna. KoediieHT KOPHCHOI Mii TBEpAONAJIWBHOTO
KOTJIa, 1110 MPAIIOE Ha TeJIeTax JOCUTh BUCOKHUH 1 AopiBHIOE 80%. Ane € 1
BTpaTH TEIJIOBOI €HEprii: BTpaTH TEIUIOTH 3 JAMMOBHMMH Ta3aMu; XIMidHI
BTpaTH; MEXaHIYH1 BTPATH; BTPATH TEIUIOTH B HABKOJMIIHE CEPETOBUIIIE.
Haii6iblle 3Ha4eHHs MalOTh BTPATU TEILIOTH 3 AUMOBHMHM rasamu [5]. Ix
MO’KHa 3HMKYBaTH, 3MEHIIIYIOUM TEMIIEpaTypy IMMOBHX ra3iB Ha BUXOJI 3
TONKHU IUIIXOM YCTAaHOBKHM JOJATKOBUX IOBEPXOHb HArpiBy. 3a3BU4ail 1€
yCTaHOBKa - €KOoHoMai3epa. (Cxema YCTaHOBKM B JUMOXOJl KOTjia
CTaJIEBOTO BOJIIHOTO €KOHOMai3epa HaJlaHa Ha puc. 1.

; I

Puc. 1. Cxema ycTaHOBKH B JUMOXOJ1 KOTJIa CTAJIEBOTO BOJSIHOTO
€KOHOMamn3epa.

MeToro po3paxyHKy BOASHOTO €KOHOMai3epa € BH3HAYCHHS
HE0OX1IHO1 TerI00OMiIHHOI moBepxHi. Hukdue 3anpornoHoBaHU anropuTMm
poO3paxyHKy Ha npukianl kotia TD-450 TemnoBoo NpoayKTUBHICTIO Q, =
450, xBT.

JIns 1poro KoTJia BUKOPUCTOBYIOTh MAajuBO - TMEJIEeTH 3
COHSILIHUKOBOTO JymmnuHHg [6]. Ckiian nanuBa 3 COHSAIIHHUKOBOIO
ayumnunsast: C, = 42,3%, H, = 45,64%, S, = 0,3%, O, = 36,6%, N, =
0,47%, A, = 7,1%, W, = 7, 5%. Hwkua terutora 3ropstaas Q,” = 17 MJ[x /
kr. Bonorosmict mpu t = 10 °C npuiimaemo W = 75 r/kr. 3HadeHHs
Koe(dilieHTa HAAJUIIKY MOBITPSI B TOMIN O, IPUAMAEMO IS TIENET O, =
1,052 ...1,12.

EnTaneInis Boau Ha BXO0J1l B €KOHOMAaM3ep:
Nooou axio = ts - Co =40 X 4,186 = 168 kliw/kr, (1)

ne t, - Temmeparypa BOIM IEpel BOASHUM eKoHoMmaizepoMm, °C;
C,— rermoeMHicTh Boau, KJx/(kr*K).
Temmneparypa rasis nepej BOASHUM €KOHOMa3epoM: t , ..o = 200 °C.
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Entanmemis rasiB mepex  BOIIHUM eKoHoMaizepom (mo h-s
miarpami): N, .h9 = 1376 KJIK/KT.

Temmepatypa ra3iB micis BOASHOTO €KOHOMaii3epa OOMEKYEThCS
HeOe3MeKo Kopo3ii MeTtany. Y 3B'SI3Ky 3 LUM, TeMIepaTypa BIAXITHUX
ra3iB MOBMHHA BUOWPATHUCS BUINE TEMIIEPATypH TOYKHA POCH JMMOBHX ra3iB
Ha 15-20 °C. Buxoasuu 3 AaHOi YMOBH 1 pEKOMEH/ALIN 1010 PO3PAXYHKY
TEMIIEpaTypu TOYKA POCH TUMOBHUX Ta3iB, HaBEJACHUX B [7], 3HAUCHHS
JOTTYCTUMOI TEMITepaTypy OXOJIOKEHHS JUMOBHUX Ta3iB mpuitmMaemo: t 2
euxio = 135 °C.

EHTanbIis ra3iB micist BOJIHOTO eKoHOMaii3epa (o h-S miarpami):
h 2 éxio = 923 xJIx/kr.

KinbkicTh TEIIOTH, SIKYy MOKHA OTPUMATH BiJl 1 KI' TUMOBOTO Tazy
B eKOHOMaii3epi Oye:

Q ex 2az — h 2az 6xio — h cas euxio = 1376 - 923 = 453 x/Ix/kr, (2)

ne Q ex 2a3 ~ KUTBKICTb TEIJIOTH, KJ[JK/KT.

[IpupiBHIOIOYM  KUIBKICTh  TEIJIOTH, BIAJIaHy  MNPOAYKTaMHU
3TOPSIHHS, TEIUIOTI CHIPUUHATOI BOJOK Y BOJSHOMY €KOHOMai3epi,
BU3HAYAEMO CHTAJIBITIIO BOJM, ITICJIS BOJSTHOTO €KOHOMa3epa, MpUHMar0dIu
K.K.Jl eKoHOMaii3epa 0,9:

QeK =m - (q exon 2az * 77) =453x0,9 =408 x/Ix. (3)
Bu3HaunMo TeMIiepaTypy BOAM Ha BUXOJ EKOHOMai3epa

h 600U 6UXi0 — h 800U 6Xi0 + Q ex X Bp/ Dnei (4)

ne B, = Burparm manmsa, xr/c; D,, = BUTpaTH Boau, Kr/c

N soou suxio = 168 + 408 -0,07 /1,04 = 195 kJIx / c,
3BIIKA
t 6 6UXI0 — h 800U 6Xi0 /Ce . (5)
Po3paxyHok MoBepxHI eKOHOMaN3epa

[1o1a moBepxHi TEIIOOOMIHY €KOHOMai3epa 3HalHeMO IUISIXOM
CHIJIBHOTO PILIEHHS PIBHSHHS TEIJIOBOTO OallaHCy 1 Teruionepeaayl

F _ QEK ’ Bp
ex k . At ! (6)
ne F..- TMJI01a moBepxHi TETII00OMiIHY eKOHOMan3epa, M,

k - xoedimient Termmonepenaui, Br/( M K),
At - cepennbonorapudmiuna Temmeparypa, K.
KoedirmienT remmonepenayi BU3HAYAETHCA 32 3aJIEKHICTIO:
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O — TOBIIMHA CTIHKH TPyOU eKOHOMai3epa, M;

A — koe(illieHT TeMmIonpoBinHOCTI TPYOH , Bl;(;
M-

.. . . Bm
0! , — KOe(ILIEHT TEIIOBIAIa4l 3 00Ky BOIH, ———
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Po3paxyHkoBy TemIiiepaTypy B €KOHOMaif3epi At , BUZHAUMMO, SIK
cepeHboIorapuMiuHy
At - At
AL 8
in Ats (8)
At

ne At;—O1nbiia pizHuus temneparyp, °C;
At,, — MeHIa pi3Hulg temiepartyp, °C.

At

BuzHaunmo 0BxkUHY TpyOH miameTpom 50 mm.

F

Lel( =—— ! (9)
7-D,,

ne L., - 1oBxuHa TpyOu eKOHOMaii3epa, M;
D,,, - ilaMeTp TpyOH, MM.

Busznaunmo uucio TpyO B ra3oxo/i kotia aiamerpom 0,2 metpa:

nex = ! (10)

1e N,, - 9MCIIo TpyO B ra30Xxo0/1i KOTa;
Dex — giameTp ra3oxojly KOTja, MM.
BuzHauumo KiabKicTh TPYO B pAY:

n —_ DZX
pao Dm ! (11)
D,, + 21”
Buznaunmo KiabKICTh PSIIB
Z nZX
= , 12
n. (12)

7€ Z - KUTbKICTh psAIB TpyO eKOHOMaii3epa B Ta30X0/l1 KOTJIa.
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[Ipn BuKOpucTaHHI oOpeOpeHux TpyO radapuTh eKOHOMan3epa

MOJXHA 3MCHIIINTH.

Pe3ynbpTaTi po3paxyHKiB IMOBEPXHI TEIIOOOMIHY €KOHOMaM3epa Ta
HOro KOHCTPYKTUBHHX IMapaMeTpiB IPEACTaBICHI B TaOJHIII.

Tabmumst 1 — Pesynbraté po3paxyHKIB MOBEPXHI TEIIOOOMIHY
eKOHOMai3epa Ta HOro KOHCTPYKTHBHUX MapaMeTpiB

Benuuunan , po3MipHICTh [To3nauenns | Pesynbratn
KibKicTh TEIIOTH B IUMOBUX rasax, kJIx Q ok oa3 453
KinpKicTh TEmI0TH B eKOHOMa3epi, KJx Qex 408
I1011a HOBEPXHi TEILIO0OMIHY eKOHOMai3epa, M2 Fox 13,6
Jliametp TpyOH ekoHOMAi3epa, MM D,y 50
JloBxuHa TpyOM eKOHOMaii3epa, M Lex 86,6
Yucno Tpy0d B ra30X01i KOTJA, IIT Ny 173
Kinekicts TpyO B psiay, T Npao 7
KinbKicTb psiB z 24
'aGaputHi  po3Mipu  pPEKyNEepaTUBHOTO TEMJI000MIHHUKA-
yTHIII3aTOpa  CTajJCBOTO BOJSHOTO CKOHOMai3epa JUisl YCTAaHOBKU B

JTMMOXO/11 TBEPAOMAIMBHOTO KOTJIA MIPECTABIICH] HA PUCYHKY 2.
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Puc. 2. TabGapurhi

po3Mipu
YCTaHOBKHU B TMMOXO/I1 TBEPAOIMATUBHOTO KOTJIA.

BOASAHOTIO

€KOHOMam3epa

I

[Ipu ycTaHOBI pEeKyNepaTUBHOTO TEIIOOOMIHHHMKA-YTHIII3aTOpa -
CTaJICBOI'0 BOJSHOIO €KOHOMai3epa B JUMOXO/II TBEPIONAIMBHOIO KOTJIA
TD-450, wioro k.k.n maBumuThcsa Ha 4 ... 8%, 110 1aCTh €KOHOMIIO B
nepepaxyHky Ha nanuBo 100 ... 150 xr nemrer Ha 1koTeln B 1€Hb.

Bucnosku. 1. CyyacHi TBepJONMaJWMBHI KOTJIM, IO MPAIIOIOTh Ha
nenerax Jaocuth JgockoHanm. Koedimient kopucHoi mii mopiBHoe 80%.
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HaiiGinpIni BTpaTH TEMIOTH 3 JMMOBHMM Ia3aMM. IX MOKHA 3HHMKYBATH,
3MEHIIIYIOUM TeMIEpaTypy AMMOBHUX Ta3iB MICIs BUXOY 3 TONKH, HUIIXOM
YCTAaHOBKU JOJATKOBUX IIOBEPXOHb HArpiBy. 3a3BUYail II€ yCTaHOBKa
EKOHOMam3epa.

2. Y crarTi 3ampoONOHOBAaHO AaJTOPUTM PO3PAXyHKY BOJISHOTO
eKOHOMai3epa 3 BHU3HAUEHHSM HEOOXIJHOT TEmIOOOMIHHOI TOBEpPXHI Ta
IHIIMX TTapaMeTpiB.

3. IIponoHOBaHy METOAMKY PO3PAXyHKY MOKHA BUKOPUCTOBYBATHU
TUTst TiAOOPY eKOHOMak3epa TBEPIOTTAIMBHOTO KOTJIA 3 METOTO T BUIICHHS
fioro eneproeeKTUBHOCTI.

4. YcTaHOBKa €KOHOMai3epa B AUMOXO/I1 TBEPAONAIMBHOTO KOTJa
MIJBUINITE HOro edekTuBHICTH Ha 4 ... 8%, IO JacTh EKOHOMIIO B
nepepaxyHky Ha nanuBo 100 ... 150 xr nemier Ha 1koTen B 1€Hb.
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IMOBBIIIEHUE DPPEKTUBHOCTHU
TBEPJOTOIIJIMBHbLIX KOTJIOB

Crpyuaes H. .

Annomayusa —B padore mNpelIOKeH OAUH W3 BAPHUAHTOB
NOBbIIIEHUs] IPPEeKTUBHOCTH MCNOJIH30BAHUS JHEPrUM TOIJIMBA NPH
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paboTe TBEPAOTOIJIMBHBIX KOTJOB - NyTeM CHUHXKEHHS TMOTepb
TEeNJIOBOW IHEPruM yMeHbIIeHHMEM TeMIepaTyphbl IbIMOBBIX Ta30B Ha
BbIXO/I€ U3 TONKH 32 CYeT YCTAHOBKH JONOJHUTEILHBIX OBEPXHOCTE
HArpeBa a MMEHHO - JKOHOMaiizepa. PaccMoTpeH ajaropuTm pacuera
BO/JSIHOTO JKOHOMAaiizepa /Uil TBEPAOTOIJIMBHBLIX KOTJIOB € IEJbI0
MOBBIIIEHUSs €ro YIHeProdQpeKTUBHOCTH.

INCREAS THE ENERGY EFFICIENCY
OF SOLID FUEL BOILERS

N. Struchaev
Summary

In activity the algorithm for calculating the water economizer
for solid fuel boilers is considered in order to increase its energy
efficiency. The scheme of arrangement of low-power economizer on the
basis of domestic aggregates is planned. Modern solid fuel boilers
working on pellets are quite perfect. Their efficiency is 80%. The
greatest loss of heat - with flue gases. They can be reduced by reducing
the temperature of the flue gases after leaving the furnace, by
installing additional heating surfaces. This is usually the installation -
economizer. The article proposes an algorithm for calculating a water
economizer with the definition of the required heat exchange surface
and other parameters. Calculations are made for the boiler using as
fuel - sunflower husk pellets. Equating the amount of heat given off by
the combustion products to the quantity of heat perceived by water in
the water economizer, we determine the enthalpy of water, after the
water economizer, adopting the economizer efficiency of 0.9.

The heat exchange surface area of the economizer will be found
by jointly solving the heat balance and heat transfer equation.
Estimated temperature in the economizer, we define as the average
logarithmic. The temperature of the gases after the water economizer
is limited by the danger of metal corrosion. In this regard, the flue gas
temperature should be selected above the dew point temperature of
flue gases by 15-20 ° C. Based on this condition and recommendations
for calculating the temperature of the dew point of flue gases, the value
of permissible cooling temperature of flue gases is 135 ° C.

The proposed method of calculation can be used to select an
economizer for a solid fuel boiler in order to increase its energy
efficiency.

Installing an economizer in the chimney of a solid fuel boiler
increase its efficiency by 4 ... 8%. Fuel economy will be 100 ... 150 kg of
pellets per boiler per day.



