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WMayuenne sHeproahhekTMBHOCTU 1 SHEprocBepekeHNst NPOMbILLIEHHBIX
KOTenbHbIX arperaTos, B TOM 4MCfle NPUMEHSEMbIX Ha ropHonepepabdaTbiBaOLLMNX
npeanpuaTuax 3abarkanbCcKoro kpasi, ABSIETCA akTyanbHOW TEMOW NCCNeaoBaHus.
Llenb nccnepoBaHns — nayyeHme adhpeKkTMBHOCTM paboTbl NOBEPXHOCTEN Harpesa
KOTenbHbIX arperaTtoB. [locnenoBaTenbHO pellanvcb crnegyolme 3agadun: OLeHUTb
Tennonepenagbl Ha MOBEPXHOCTAX HarpeBa B KOHBEKTVMBHOW LUAxTe B 3aBUCMMOCTMU
OT CKOPOCTW AbIMOBbIX ra30B, X 0ObEMA; BbISBUTb 3aBUCMMOCTb TEMNOCbEMA MO-
BEPXHOCTEN Harpesa OT NapoBOM 1 aMnepHon Harpy3kn. OBbEKT nccnefoBaHUs — Ko-
TenbHbIN arperat Tuna BK3-210-140-10. MpeameT uccrnenoBaHus — XxapakTepUCTUKN
NMOBEPXHOCTEN Harpesa 1 uUx aspoanHammyeckoe conpotusnexHne. OnpegeneHsl oc-
HOBHbIE 3aa4u UCCNeaoBaHWs, U3ydYeHbl 3aBUCMOCTH TENNOCbEMA NOBEPXHOCTEN
Harpesa OT MapoOBOWN Harpysku, COMPOTUBMEHNS KOHBEKTMBHOW LUaxXTbl U aMmnepHon
Harpysku abiMococoB. MpuBeaeHbl pe3ynbTaThl SKCNEPUMEHTOB MO U3YHEHMWIO TEMNSO-
nepenaaos No NOBEPXHOCTAM Harpesa, Tennockéma OT HaYanbHON TemnepaTtypbl, am-
NMEepHON Harpy3ku TAroAyTbEBbIX MEXaHU3MOB, TEMNEPATYPHON AVHAMUKA YXOOSLLNX
rasoB U aspoANHaAMMUYECKOro CONMPOTUBIIEHNS 3a NOBEPXHOCTAMMW Harpesa npu pacxo-
nax neperpetoro napa ot 90 go 210 T/4. YcTaHoBneHa obpaTHO NponopumnoHarnbHas
3aBWCMMOCTb Tensornepenaga Ha NOBEPXHOCTAX Harpesa W pacxoda napa. [okasaHo
CHWXEHWE aMMepHOM Harpy3ku Ha ObIMOCOCH! M CKOPOCTM MOTOKa OTpaboTaBLUMX ra-
30B B KOHBEKTUBHOW LUaxTe Npu pasrpyske kotnoarperata. OnpegeneHo ymeHbLueHne
a3poavHaMUYECKOTO COMPOTUBINEHNE KOHBEKTMBHOW LUAXThl, SIBMSOWEECH WUTOroM
CHWXeHNst oObéMa ra3oB 1 ux ckopocTn. CaenaHbl BbIBOAbl 006 yBenuueHun adpdek-
TUBHOCTM TEMIOCHEMA MNOBEPXHOCTEN MPY YMEHbBLLEHUM CKOPOCTM ra30B B KOHBEKTUB-
HOW YacTu KoTna, KoTopasi HanpPsIMyto 3aBUCUT OT aMMNePHON 3arpy3kn AbIMOCOCOB, YTO
006YyCrnoBNEHO N3MEHEHNEM CKOPOCTY MMUTaTENbHON BOAb! U BO3dyxa B NMOBEPXHOCTSIX
HarpeBa He MpOMnopLMOHanibHO CKOPOCTW ra3oB, MPOXOASALUMX Yepe3 KOHBEKTUBHYHO
waxty. OnpefeneHo: YemM MeHbLLE CKOPOCTb YXOASALLMX ra3oB B KOHBEKTUBHON LUaxTe,
Tem Bonee adpdpekTnBHA TennooTaaya B Tonke 1 Boiwe KA.

BbnazodapHocmb: Paboma ebironHeHa U nod2omosrieHa 8 pamkax peanusayuu eocydapcmeeHHo20 3adaHusi Mu-
HuUcmepcmea HayKu U ebicuie2o obpasogaHus (coenaweHue Ne 075-03-2023-028/1 om 05.10.2023 e., peeucmpauu-
OHHbIl Homep 8 EMMCY HUOKTP 10230222000-2-2.7.3), mema Ne 123102000012-2 KomnnekcHoe uccnedosaHue
aspoOuUHaMUYECKUX XxapakmepucmukK rniasmMeHHbIX CucCmeM mepMOXUMUYecKol nodeomoeKu monnusa.
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The study of energy efficiency and energy saving of industrial boiler units, in-
cluding those used at mining enterprises of the Transbaikal Territory, is an urgent sci-
entific task. The purpose of the work is to study the efficiency of the heating surfaces
of boiler units. The following tasks have been consistently solved: assessment of heat
transfer on heating surfaces in a convective shaft depending on the flue gas velocity,
their volume; identification of the dependence of heat removal of heating surfaces on
steam and ampere load. The object of the research is a boiler unit of the BKZ type-
210-140-10. The subject of the study is the characteristics of heating surfaces and
their aerodynamic resistance. The main tasks of the study are determined; the depen-
dences of the heat removal from heating surfaces on the steam load, the resistance
of the convective shaft and the ampere load of the smoke pumps are studied. The ex-
perimental results concerning the study of heat transitions on heating surfaces, heat
removal from the initial temperature, ampere load of draft mechanisms, temperature
dynamics of exhaust gases and aerodynamic drag behind heating surfaces at su-
perheated steam consumption from 90 to 210 tons/hour are presented. An inversely
proportional dependence of the heat transfer on the heating surfaces and the steam
flow is established. The reduction of the ampere load on the flue pumps and the ex-
haust gas flow rate in the convective shaft during unloading of the boiler unit is shown.
A decrease in the aerodynamic drag of the convective shaft is determined, which is
the result of a decrease in the volume of gases and their velocity. Conclusions are
drawn about an increase in the efficiency of heat removal of surfaces with a decrease
in the velocity of gases in the convective part of the boiler, which directly depends on
the ampere loading of the flue pumps, which is due to a change in the velocity of feed
water and air in the heating surfaces that is not proportional to the velocity of gases
passing through the convective shaft. It is determined that the lower the velocity of
the exhaust gases in the convective shaft, the more efficient the heat transfer in the
furnace and the higher the efficiency.

Acknowledgment: The work was completed and prepared within the framework of the implementation of
the state task of the Ministry of Science and Higher Education (Agreement No. 075-03-2023-028/1 dated
05.10.2023, registration number in the USISU R&D 10230222000-2-2.7.3), topic No. 123102000012-2 Com-
prehensive study of the aerodynamic characteristics of plasma thermochemical fuel preparation systems.

BeedeHue. WN3y4yeHne npobrnem 3Hepro-
3(pPEKTMBHOCTN N 3HEeprocbepexeHust He Te-
psieT CBOEN aKTyanbHOCTU U SIBASIETCS OAHUM
N3 NPUOPUTETHBLIX HaNpaBNEeHUA pa3BUTUSI NPO-
MbILLIIEHHOCTM U 3KOHOMUKW. B nonHoi mepe
3TO OTHOCUTCS K ropHonepepabaTbiBaloLLen oT-
pacnu, kotopas sBnsieTcs 6asnMcomM 3KoHOMUYe-
ckoro pa3BuTtusa 3abarikanbckoro kpas'. Moaxopn
K OTAENbHbIM peLLEHUSIM B TOPHOPYAHOWM oTpac-
nM “MeeT cneunduyecknii xapakTtep, oaHako
rmaBHbIM HanpaBneHWeM MOBbLILLEHUST 3Hepro-

' CnpaBka O COCTOSIHUM W MepCreKkTUBax MCronb3o-
BaHWSA MVHeparnbHO-CbipbeBol 6a3bl 3abankanbckoro kpas
Ha 15.03.2021 . / ®I'BY «BCElEW» B pamkax roc. 3aga-
Hns PefepanbHOrO areHTCTBa MO HEAPOMNONb30BaHWI0 OT
14.01.2021 Ne 049-00016-21-00. — 6 c.

acpbekTUBHOCTM OCTaétca paspaboTka aBTo-
HOMHbIX CUCTEM 3NEKTPO- U TEMMO3HEPrETUKU
[14], noBbllWeHUs WX HAOEXHOCTU, W3Yy4eHUs
MexaHu3amoB perynsauum [1; 6-8]. N3y4eHune B3a-
MMOCBSI3E PasfNYHbIX PEXUMHBIX NapameTpoB
KOTEmNbHbIX arperaToB, WX YCOBEPLUEHCTBOBA-
HVMEe, ONTUMU3aLMs, HECOMHEHHO, BHECYT CBOMW
BKkrag B obecneyeHne acpdpeKTUBHOIO PyHKLMO-
HMPOBaHUS TOPHOW OTPACIN HALLEro Kpasi.
AkmyanbHocmb. HegoctaTkoM MHOMMX 3KC-
NyaTUpYOLLMXCSA KOTEMNbHbBIX arperatoB sBMsET-
Cs1 HeQoCTaToOvHO adheKTMBHAA TennooTaaqa B
TOMKe, KoTopasi ObycraBnMBaeT BbICOKYD TEM-
neparypy yxoasumx raszoB (0o 250 °C) n H13KuI
KoadppumumMeHT nonesHoro aencteusa (go 87 %)
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[2; 3; 5; 9]. Onsa pelweHusa aton npobnembl He-
obxoaumo fanbHenwee udyyeHne MeTodoB WH-
TeHCMdVKaLMM TOMOYHOro TennoobmeHa ¢ yyé-
TOM MPOLECCOB aspOAMHAMUKW, pacrnpedeneHms
rpagueHToB Temneparyp, CKOPOCTeN U MOMHOTHI
NpOTEKaHNst OKUCIUTENbHbIX npoueccoB. OaHUM
13 nyTen NOBbILEHUS 3PEKTUBHOCTU UCMOMb-
30BaHWSA TOMMUBA B KOTEMbHbLIX YCTaHOBKaXx, W
COOTBETCTBEHHO YBENUYEHUs nx koaddurumneHTa
MONEe3HOro AenCTBUS, YMEHbLUEHNS KOnM4ecTBa
3arpsAsHALLMX razoobpasHbiX BbIOPOCOB, ABNS-
eTCsa MHTeHcndukaumus TennoodbmeHa 1 TennooT-
Aadu B TonoyHonm kamepe [11; 13; 15; 16].

O6bekm uccredogaHUsi — KOTEMbHbIV
arperat Tuna bK3-210-140-10. [pedmem uc-
csiedog8aHUs1 — XapaKTEPUCTUKN NOBEPXHOCTEN
HarpeBa M WX aspoavHamMu4eckoe COMpoTMB-
nenve. lYenb uccnedoeaHusi — n3yyexHve ad-
heKTUBHOCTN paboTbl MOBEPXHOCTEN Harpesa
KOTenbHbIX arperaTtos. [1ns 4OCTUXKEeHMS NocTas-
NEeHHON Lenu pellanuchb crnegyowne 3adayqu:
oueHka TennonepenagoB Ha MOBEPXHOCTHAX Ha-
rpeBa B KOHBEKTMBHOMW LLAXTe B 3aBUCMMOCTM OT
CKOPOCTM AbIMOBbIX ra30B, X 0ObEMA; BbisiBIiE-
HMEe 3aBUCMMOCTM TennocbEéma MOBEPXHOCTEWN
Harpesa OT NApOBOW N aMMNEPHOW Harpy3Ku.

Memodonozuss u memodsl uccsedosa-
Husi. VIHOOPMALUMOHHbBIA aHanu3, NaTeHTHbIN
MOWCK, OLEHKa UMEIOLLMXCA Hay4YHbIX paspabo-
TOK B obnacTtu Tennocbéma noBepxHOCTeN Ha-
rpeea, MeTodbl OpraHn3aLnn TeOPEeTUYECKUX U
3KCMEePUMEHTAanNbHbLIX NCCNEfOBaHUN C UCMONb-
30BaHMeM nabopaTopHbIX METOAOB M3ydYeHus
3aBMCMMOCTEN TenrnocbEéMa MOBEPXHOCTEN Ha-
rpeBa OT NapOBOW Harpysku, COMNPOTUBIEHMUS
KOHBEKTMBHOW LUaXTbl M aMMnepHOW Harpysku
ObIMOCOCOB.

KoTtenbHbin arperat tuna BK3-210-140-
10 opgHobapabaHHbIN, BepTUKanbHO-BOAOT-

pyOHbIN, C €eCTECTBEHHOW LMPKynsaumen, raso-
NNOTHBLIN ¢ MeMBpaHHbIMKU naHenamu [4; 12].
HomuHanbHble XapakTepucTuKn: MNPOU3BOAM-
TenbHocTb 210 T/yac; pasneHue B GapabaHe
koTna 154 «krc/cm?; gaBneHue neperpeToro
napa 140 krc/cm?; Temnepatypa neperpeto-
ro napa 540 °C, temnepartypa nuTtaTenbHON
Boabl 230 °C [10].

3amepbl Npon3BOAUNNCH NPY pacxogax ne-
perpetoro napa 90, 120, 150, 180, 210 1/4. Mpwn
pasnuyHbIX Harpy3kax udyvanwu criegyrowue na-
pameTtpbl: 1) TemnepaTypa yxoasLmx rasos 3a
NOBEPXHOCTAMM HarpeBa (Ha BbIXOA4e U3 TOMKMK,
3a naponeperpeBaTenem, BOASHbIM 3KOHOMaw-
3epom (B3K), Bosgyxonogorpesatenem (B3IT)
nepBon 1 BTOPOW CTyneHen, 3a ckpybbepamn);
2) aspoaMHamMmyecKkoe COnpoTMBIEHWE 3a Mno-
BEPXHOCTSIMW Harpesa (naponeperpesaTtenem,
HWKHEW CTyneHblo BoO3gyxonoporpesartens —
nepeg n nocrne 30roynaBnuBaloLen yCTaHoB-
kown); 3) nonoxeHue WMBepoOB TAroO4yTbEBbIX
mexaHmamoB (TOM) n nx amnepHas 3arpyska’.

PaszpabomaHHocmb meMbl.  Y4éHble
3HepreTnyeckoro dakynsteta 3ablyY akTuBHO
3aHMMAlTCA M3YyYEeHUEM KOMIMIIEKCHOW Hayu-
HOW Mpobnembl pasBUTUS pernoHanbHON JHep-
reTukn nyTémM paspaboTkm B3aMMOCBSA3aHHbIX
MEeTOONYECKNX NMOOXOA0B, TEOPETUYECKUX N IKC-
nepuMeHTarnbHbIX UCCregoBaHWiA, NOCTPOEHWUS
MaTeMaTU4ecKkux Modernen, HanpasreHHbIX Ha
COBEPLLUEHCTBOBAHME TEXHOMOMMA TEMMOBON U
HeTpaauUuMOHHON 3HepreTukn [9; 15], ogHako
BOMNPOCHI MOBbILWEHNA 3DPEKTUBHOCTM TENNo-
CbéMa MNOBEPXHOCTEN KOTENbHbIX arperaTtoB B
3aBMCMMOCTM OT PEXMMHbBIX MapameTpoB n3yde-
Hbl HEAOCTaTOYHO.

Pe3ynbmamsbl uccrnedosaHusi. Pesynb-
TaTbl 3aMepoB TemnepaTypbl U paspseHus no
NOBEPXHOCTAM Harpesa npvBeAeHbl B Tabn. 1.

Tabnuua 1/ Table 1

TemnepaTypa u paspsikeHue no noBepxHocTsM HarpeBa / Temperature and vacuum on heating surfaces’

210 m/y/ 210 t/h | 180 m/uy /180 t/h | 150 m/4 /150 t/h | 120 m/4 /120 t/h | 90 m/4 / 90 t/h

S E TE TE TE TE

S S e E S e E

Sot Sot Sot Sot S ¢
lMoesepxHocmb 2a308020 S %E s g% s g,g g N s g’s
mpakma / Surface of the ¢ 8 5 G 8 5 ¢ 8 5 S 8 5 S8 5
gas path ACHEES ARAAE L S A RANE L AR ACE L ARACHE L5
o83 gL = o83 g8 = .83
X0Qw X0Qw XQw X0Qw XQw
230 230 B30 230 530

o o o a o g

85 85 85 85 85

Ha Bbixoge n3 Tonku / At
the exit of the furnace 1103 3 1063 3 965 3 930 3 899 3

" TennoBoii pacyéT KOTeNbHbIX arperatoB. HopmaTtueHbii MeTog / nog ped. H. B. KysHeuosa. — M.: QKOJIUT, 2011. —

296 c.
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OkoH4aHue mabn. 1/ End the table 1

210 m/y/ 210 t/h | 180 m/u /180 t/h | 150 m/4 /150 t/h | 120 m/4 /120 t/h | 90 m/4 / 90 t/h
185 S§% S§% S§% 35
MoeepxHocmb 22308020 g 'c.:, 5 g '§ 5 ¢ '§ 5 g § 5 g 1:;’ 5
mpakma / Surface of the o :,;-5‘,;; 0 :,;E‘.; 0 :,;-5‘5 o :,;E‘;,‘ o :3‘5
gas path LIS 2|10 esE 170 es32 | T°C ¢S5 TCI8ss
R g3 i g3 e
SOE SSE 89 E 3ok 8 E
agE agE agE agE agE
(] (") o (V) o
3a naponeperpesarernem,
24 m / Behind 473 15 461,5 13 445 12 427 12,8 428 1"
the superheater, 24 m
3a BOK 2 cTyneHb,
21m/Behindthe water | 1 »5| 57 | 4905 | 25 | 3985 | 24 381 | 24 | 383 | 21
economizer 2nd stage,
21m
3a B3I 2 cTtyneHb /
Behind the air heater 376,5 54 366,5 50 350,25 49 331,25 48 335 45
2nd stage, 21 m
3a BOK 1 cTyneHb,
13 m/Behind the water | ;g 78 26925 74 263 73 246 69 | 253 | 63
economizer 1st stage,
13 m
3a B3I 1 cTyneHb /
Behind the air heater 175 160 173,5 133 164,25 125 149 95 160 84
1st stage
3a ckpybbepamu / Behind | - gq 220 86 187 78 175 73 125 69 | 110
the scrubbers

Tabnuua 2 / Table 2

Tennonepenaabl no noBepxHocTsiM Harpesa / Heat differences across heating surfaces

CpabambieaHue memMmnepamyp

(°C) / Temperature triggering

i Hazpy3ska (m/4) / Load (t/h)
lMoeepxHocmb Haz2pesa / Heating surface
210 180 | 150 120 90
MaponeperpeBatenu / Superheaters 630,0 | 601,5 | 520,0 | 505,0 | 471,0
BOK 2 ctyneHb / Water economizer 2 stage 51,8 51,0 | 46,5 | 46,0 | 45,0
B3I 2 cTyneHb / Air heater 2 stage 44,8 44,0 | 48,3 | 49,8 | 48,0
BOK 1 ctyneHb / Water economizer 1 stage 1015 | 97,3 | 87,3 | 853 | 82,0
B3I 1 cTtyneHb / Air heater 1 stage 100,0 | 95,75 | 98,75 | 97,00 | 93,00

Tennonepenadbl No NMOBEPXHOCTAM Harpe-
Ba KOHBEKTMBHOW LLIAXTbl B 3aBUCMMOCTU OT TeM-
nepaTtypbl NpuBeAeHb! B Tabn. 2.

Tak kak 3aMepbl NMPOV3BOAUIMCL Ha pas-
NIMYHON TENIIOBOW Harpyake, CpaBHEHUe Temnno-
nepenagoB HEKOPPEKTHO, MOCKOMbKY Temmnepa-

Typa rasoB Ha BbIXOAE W3 TOMKW pasnu4yHa, no-
3TOMY 4191 CPABHUTENBHOWM OLEHKU paccymTanm
npoueHT Tennocwvéma (rae 100 % — Temnepary-
pa Ha BbIXxoAde M3 TOMKW, a UCKOMbI NMPOLIEHT —
TemnepaTypa, normnoLiaemMas NoBEPXHOCTbIO Ha-
rpesa). Pesynetat npefcraeneH B Tabn. 3.

Tabnuuya 3/ Table 3

3HauyeHus TennockbEéma oT HayanbHou TemnepaTypsbl (%) / Heat removal values from initial temperature (%)

lNaponepezpesamenu / Superheaters 100 %
MaponeperpeBatenu / Superheaters 8,21 8,48 8,94 8,51 10,61
BOK 2 ctyneHb / Water economizer 2 stage 7,10 | 7,32 9,28 | 10,05 | 6,76
B3I 2 ctyneHb / Air heater 2 stage 16,11 | 16,17 | 16,78 | 16,88 | 17,07
B3K 1 ctyneHb / Water economizer 1 stage 15,87 | 15,92 | 18,99 | 19,21 | 19,35
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AmnepHas 3arpys3ka anektpoaBuratenen
TArogyTbeBbIX MexaHnamos (TAM) npuBegeHa B
Tabn. 4.

lpadukm 3aBMCMMOCTM Tenmocbeéma no-
BEPXHOCTEN Harpesa OT NapOBOW Harpys3ku n3o-
BpaxeHbl Ha puc. 1; CONPOTUBIIEHNSI KOHBEKTUB-
HOW LUaxTbl MU aMNepHOW Harpy3kn AbIMOCOCOB
(puc. 2); B3aumocBa3b Tennocbéma MoBEPXHO-
CTeW HarpeBa 1 aMnepHON Harpy3kun 4bIMOCOCOB
(puc. 3).

Kak BngHo un3 rpadpmka Ha pwuc. 1, Tennone-
penag Ha NOBEPXHOCTAX HarpeBa yBenuynBaeTcs
0bpaTHO MponopuUMoHansHO pacxody napa. MNpu
pa3rpyske KoTroarperata CHUXaeTcs amnepHas
Harpyska Ha AbIMOCOCHI, CregoBaTernbHO, CHU-
XKaeTcs CKOpOCTb MOTOKa OTpaboTaBLUMX ra3oB
B KOHBEKTMBHOW LiaxTe. [JaHHbI hakT oTpakeH
Ha puc. 2, 3. YMeHbLUEeHne aspoanHaMNYeCcKoro
CONPOTUBMEHNE KOHBEKTUBHOW LLAXThbl SBMSIETCH
NTOrOM CHWMXeHMs 0O6bEMa rasoB M UX CKOPOCTH.

Tabnuua 4/ Table 4

AmMnepHas 3arpy3ka TarogyTbeBbix MexaHu3MoB / Ampere loading of draft mechanisms

TAM / Draft mechanism AmnepHasi Hazpy3ka, A / Ampere loading
Oeimococ 1/ Smoke exhauster 1 40,5 39 37,5 37 36,5
Oytbesoi BeHTUNsTOp 1/ Blower fan 1 38,5 38 37 33 21

%
25
20 —— E
E
15
10 — ==
ﬁ:—'
—A
5
80 100 120 140 160 180 200 220
TOHH/4ac
—#—B3K 2 cTyneHb —&—B3[1 2 cTyneHb
—8—B3K 1 cTtyneHb —#—B3l1 1 ctyneHb
Puc. 1. 3aBUCMOCTb TeNNOCbEMa NOBEPXHOCTEN Harpesa OT NapoBOW Harpy3ku /
Fig. 1. Dependence of heat removal from heating surfaces on steam load
160%
1“0 L
120 b— 11— g
...... ...-..--
100 /———F— S
80 PSS
60
40A ‘ +7
& T i —*
20
80 100 120 140 160 180 200 220
ToHH/4ac

----- - ConpotuBnenue Kl  —a— AmnepHasn 3arpy3ka [1C

Puc. 2. ConpotusneHne KoHBekTuBHoO waxThl (KLU) n amnepHas Harpyska geimococos ([C) /
Fig. 2. Resistance of the convective shaft and ampere load of smoke exhausters
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asA
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pa— e el
35
%
20"} me=eammaeas Mo
15 T -------- re=ol
10
80 100 120 140 160 180 200 220
TOHH/4ac

--&--Tennocbem B3M 1

—&— AmnepHas 3arpyska [1C

Puc. 3. 3aB1MCMMOCTb TENNOCHEMA NOBEPXHOCTEN HAarpeBa 1 amnepHomn Harpy3ku gbimococos ([C) /
Fig. 3. Dependence of heat removal from heating surfaces and ampere load of smoke exhausters

Bbieo0bl. Takum 06pa3oM, yCTaHOBMEHO,
YTO NPY YMEHbLUEHNM CKOPOCTU ra3oB B KOHBEK-
TMBHOW YacTu KOTNa, KoTopas HanpsiMyto 3aBu-
CUT OT aMMNepPHON 3arpy3kn ObIMOCOCOB, 3hdek-
TMBHOCTb TENNIOChEMa NOBEPXHOCTEN YBENUYM-
BaeTCs, Tak Kak U3MEeHeHMe CKOPOCTU NuTaTernb-

HOWM BOAbI M BO34yXa B MOBEPXHOCTSIX HarpeBsa
N3MEHSIOTCH HEe MNPOMOpPLMOHAIIbHO CKOPOCTU
rasoB, NMPOXOAALLMX Yepe3 KOHBEKTUBHYHO LUaX-
Ty. [lokasaHo, YeM MeHbLLE CKOPOCTb YXOASLMNX
ra3oB B KOHBEKTMBHOM LlaxTe, bornee addek-
TMBHa TennooTaada B Tonke v Bbiwe K.

Cnucok numepamypsi

1. ApxunoB M. A., KOpkoB [I. A. TpexMepHOe YMCNEHHOE MOAENMPOBaHNE adPOAMHAMMKM TOMOYHOrO
ob6beMa KoTna B M30TEPMUYECKNX YCITOBUSIX // DnekTpuyeckme ctaHumm. 1999. Ne 11. C. 17-20.

2. bytakos U. H. KoadhdunumneHT nonesHoro 4encTems TENIOCUITOBOI YCTAHOBKM U 3HEprocuctemsl // N3-
BeCTMs TOMCKOro nonmtexHuyeckoro yHmeepcuteta. 1948. Ne 2. C. 3-45.

3. BarHep A. A. TloBblleHNE HAOEXHOCTU, 3KOHOMUYHOCTUN U IKOMNOrMYecKkon ahpekTUBHOCTU paboThbl
kotna BK3-210-1409 npu nepeBofde Ha CTyneH4yaToe CXuraHuwe KysHeukoro yrnsi B U-obpasHom dakene //
OnekTtpuyeckne ctaHumm. 2004. Ne 5. C. 17-21.

4. TymepoB W. P, 3aiHynnuH P. P. OcobeHHOCTU paboTbl NPsIMOTOYHBLIX MApPOBbLIX KOTMOB U KOTMIOB C
€CTeCTBEHHOW LmpKynsaumen // Teopusi n npakTuka coBpemeHHon Hayku. 2017. Ne 4. C. 289-292.

5. Epwosa W.T., Epwos M. A., Mopy4unkoB [1. B. SHeprocbeperatoLme CUCTEMbI HA HETPAOULMNOHHbBIX
UCTOYHMKAX 3HEPrun AN NPOMBILMNEHHBIX U MHPACTPYKTYPHbIX 06beKTOB: MoHorpadms. Yebokcapsbl: Yy-
BaLUCKWI roc. neg. yH-T um. . A. Akoenesa, 2016. 170 c.

6. NanteB A.T., Hukonaes H. A., M. M. bawapos M. M. MeToabl MHTEHCUPMKaLMM N MOLENMPOBAHNSA
TennomMmaccoobMeHHbIX NpoLeccoB: MoHorpadus. M.: TennotexHuk, 2011. 335 c.

7. MoHakoBa T. . AHanua cxembl UCNonb3oBaHWst COpocHoM TennoTel TOC MeTogom cpaBHEHUsI NOTEPb
akceprum // TennosHepretuka. 1984. Ne 9. C. 35-37.

8. Hospgpenko I. B., Kepusnwsunu A. P. MeTtoaunka onpegeneHnsa KOHCTPYKTUBHO-KOMMOHOBOYHbIX Napa-
MeTpoB 060pyaoBaHUs naponapoBoro aHeprobroka // Hay4Hbin BeCcTHMK HoBOCMBMPCKOro rocyaapCTBEHHOro
TexHu4yeckoro yHusepcuteta. 2009. Ne 1. C. 107-116.

9. CepegkuH A. A., BatyxtuH C. I, BatyxtuH A. I. Mpobnembl 3HeproadPeKTUBHOCTM TEMNOCHAXKEHNSs
B 3abalikanbckom Kpae: MoHorpadms. Yuta: 3ably, 2021. 288 c.

10. Tpembosnsa B. UN., ®uHrep E. [1., ABgeeBa A. A. TennoTeXHUYECKME UCTbITAHUSA KOTEMbHbLIX YCTaHO-
BOK. M.: OHeproatomumagart, 1991. 416 c.

11. PanpywuH P. P, Madgypo A. M. KoadhduumeHT TennoBor acpdeKkTMBHOCTM 3kpaHoB // Teopusa u
npakTuka coBpemeHHon Hayku. 2017. Ne 2. C. 571-574.

12. domuH M. [. PekoHcTpykuus kotna BK3-210-140 Bnagnmumpckon TOL-2. ViBaHOBO: MBaHOBCKUIA roc.
3Hepr. yH-T, 2020. 107 c.

BecmHuk 3a6bl'y. 2023. T. 29, Ne 4 Hedpononb3oeaHue, 20pHble HayKu



7

13. WenbirvH B. J1., MowkapuH A. B., Mankos E. C. Tennosas adeKTMBHOCTb NCMOMNb30BaHNS yXOAsA-
LMX ra3oB KOTMa-yTunmusatopa npu CxuraHuvM JononHuTensHoro tonnvea // BecTHuk ViBaHoBCKoro rocypap-
CTBEHHOrO 3HepreTnyeckoro yHnsepcuteta. 2012. Ne 4. C. 8—12.

14. Wknapckun A. 3., CkambuH A. H., XumeHec Kappusoca M. SHeproaddekTMBHOCTb B MUHEpPanb-
HO-CbipbeBOM komnnekce // 3anucku FopHoro nHctutyTa. 2023. Ne 261. C. 323-324.

15. Batukhtin A., Batukhtina I., Baranovskaya M., Batukhtin S., Kobylkin M. Obtaining a solution of a
differential equations system for determining the heat networks retention // International journal of mechanical
engineering and technology. 2018. Vol. 9, no. 7. P. 1300-1320.

16. Mills A. F., Chung D. K. Heat transfer across turbulent falling films // Int. J. Heat Mass Transfer. 1973.
Vol. 16, no. 4. P. 694.

References

1. Arkhipov M. A., Yurkov D. A. Three-dimensional numerical modeling of the aerodynamics of the boiler
combustion chamber under isothermal conditions. Electric Stations, no.11, pp. 17-20, 1999. (In Rus.).

2. Butakov I. N. Efficiency of thermal power plant and energy system. Proceedings of Tomsk Polytechnic
University, no. 2, pp. 3—45, 1948. (In Rus.).

3. Vagner A. A. Increasing the reliability, efficiency and environmental efficiency of the BKZ-210-140F
boiler when switching to stepwise combustion of Kuznetsk coal in a U-shaped torch. Electric station, no. 5,
pp. 17-21, 2004. (In Rus.).

4. Gumerov I. R., Zainullin R. R. Features of the operation of once-through steam boilers and boilers
with natural circulation. Theory and practice of modern science, no. 4, pp. 289-292, 2017. (In Rus.).

5. Ershoval. G., Ershov M. A., Poruchikov D. V. Energy-saving systems based on non-traditional energy
sources for industrial and infrastructure facilities: monograph. Cheboksary: Chuvash State Pedagogical
University Publ., 2016. (In Rus.).

6. Laptev A. G., Nikolaev N. A., M. M. Basharov M. M. Methods of intensification and modeling of heat
and mass transfer processes: monograph. Moscow: Teplotechnik, 2011. (In Rus.).

7. Monakova T. I. Analysis of the scheme for using waste heat from thermal power plants using the
method of comparing exergy losses. Thermal power engineering, no. 9, pp. 35-37, 1984. (In Rus.).

8. Nozdrenko G. V., Kvrivishvili A. R. Methodology for determining the design and layout parameters of
steam power unit equipment. Scientific Bulletin of the Novosibirsk State Technical University, no. 1, pp. 107—
116, 2009. (In Rus.).

9. Seredkin A. A., Batukhtin S. G., Batukhtin A. G. Problems of energy efficiency of heat supply in the
Transbaikal Territory: monograph. Chita: Transbaikal State University, 2021. (In Rus.).

10. Trembovlya V.., Finger E.D., Avdeeva A.A. Thermal testing of boiler installations. Moscow:
Energoatomizdat, 1991. (In Rus.).

11. Fairushin R. R., Gafurov A. M. Thermal efficiency coefficient of screens. Theory and practice of
modern science, no. 2, pp. 571-574, 2017. (In Rus.).

12. Fomin M. D. Reconstruction of the boiler BKZ-210-140 at the Vladimir CHPP-2. Ivanovo: Ivanovo
State Energy University, 2020. (In Rus.).

13. Shelygin B. L., Moshkarin A. V., Malkov E. S. Thermal efficiency of using exhaust gases from a waste
heat boiler when burning additional fuel. Bulletin of Ivanovo State Energy University, no. 4, pp. 8-12, 2012. (In
Rus.).

14. Shklyarsky Ya. E., Skamin A. N., Jimenez Carrizoza M. Energy efficiency in the mineral resource
complex. Notes of the Mining Institute, no. 261, pp. 323-324, 2023. (In Rus,).

15. Batukhtin A., Batukhtina I., Baranovskaya M., Batukhtin S., Kobylkin M. Obtaining a solution of a
differential equations system for determining the heat networks retention. International journal of mechanical
engineering and technology, vol. 9, no. 7, pp. 1300-1320, 2018. (In Eng.).

16. Mills A. F., Chung D. K. Heat transfer across turbulent falling films. Int. J. Heat Mass Transfer, vol. 16,
no. 4, pp. 694, 1973. (In Eng.).

UHopmayusi 06 aemopax

BamyxmuH AHOpeli [eHHaObesuY, O-p TEXH. HayK, OOLEHT Kadenpbl aHepreTukn, 3abankanbckuii rocy-
[apcTBeHHbIV YHMBepcuTeT, . Yuta, Poccus; batuhtina_ir@mail.ru; http://orcid.org/0000-0002-3798-3675. O6-
NacTb Hay4YHbIX UHTEPECOB: COBEPLLUEHCTBOBAHUE TEXHOMOMMIA TEMMOBON U HETPAANLMOHHON 3HEPreTUKN OIS
NoBbILLEHNS1 3PPEKTUBHOCTN CUCTEM LIEHTPANIN30BaHHOIO TEMOCHAOXEHMS.

BamyxmuH Cepeeli [eHHadbesuY, KaHA. TEXH. HayK, AOLEHT kadeapbl aHepreTuky, 3abankanbckuii ro-
CyOapCTBEHHBIN YHUBeEpcUTET, I. Ynta, Poccus; batihtin1@mail.ru; http://orcid.org/0000-0001-8876-7764. O6-
NacTb Hay4YHbIX UHTEPECOB: pa3paboTka MeToa0B ONTUMM3aLIMM pexXMMoB Ha TOL.

Skybosuy AnekcaHOp Meopesuy, MaructpaHT rpynnbl TOCM-22, 3abarikanbCKkuii rocy4apCTBEHHBIN YHU-
BepcuTeT, I. YnTa, Poccus; alexander_yakubovich75@mail.ru. O6nactb Hay4HbIX UHTEPECOB: CUCTEMbI Te-
nnocHabxeHus, Ncnonb3ytoLLme BO30OHOBMSAEMbIE UCTOYHUKN SHEPTUN.

Subsoil Use, Mining Sciences Transbaikal State University Journal. 2023. Vol. 29. No. 4



72

Ky3Heyosa Hadexda CepzeesHa, kaHf. buon. Hayk, AoueHT kadenpbl xumun, 3abarikanbckun rocygap-
CTBEHHbI YHMBepcUTeT, I. Yuta, Poccus; kuznetsovans@zabgu.ru; http://orcid.org/0000-0003-0615-8928.
Obnactb Hay4HbIX NHTEPEeCOB: CO3aHne n nccnegosaHune CBOWCTB KOMMO3NUNOHHbIX MaTepuanos.

Information about authors

Batukhtin Andrey G., doctor of technical sciences, associate professor, Energy department, Transbaikal
State University, Chita, Russia; batuhtina_ir@mail.ru; http://orcid.org/0000-0002-3798-3675. Research
interests: improvement of thermal and non-traditional energy technologies to increase the efficiency of district
heating systems.

Batukhtin Sergey G., candidate of technical sciences, associate professor, Energy department, Transbaikal
State University, Chita, Russia; batihtin1@mail.ru; http://orcid.org/0000-0001-8876-7764. Research interests:
development of methods for optimizing modes at thermal power plants.

Yakubovich Alexander I., master degree student, TESm-22 group, Transbaikal State University, Chita,
Russia; alexander_yakubovich75@mail.ru. Research interests: heat supply systems using renewable energy
sources.

Kuznetsova Nadezhda S., candidate of biological sciences, associate professor, Chemistry department,
Transbaikal State University, Chita, Russia. Research interests: creation and research of properties of
composite materials.

Bknad aemopoe e cmamsio

A. T. BaTyxTuH — pa3paboTka MeTo40MorNMN UCCNeAoBaHWs, MnaHa cTaTbi, YNCHEHHbIE SKCMEPUMEHTDI.
C. I. BaTyxTWH — YMCIEeHHble UCCrieqoBaHuUs, aHanm3 pesynbTaTos.

A. N. Aky6oBud — cGop MaTepuanos, HanMcaHne Tekcta craTbu.

H. C. KysHeLoBa — aHanu3 nuTeparypbl, nogdop 6ubnuorpadum, peaakTupoBaHne TekcTa.

The authors’ contribution to the article

A. G. Batukhtin — development of research methodology, outline of the article, numerical experiments.
S. G. Batukhtin — numerical studies, analysis of results.

A. |. Yakubovich — collecting materials, writing the text of the article.

N. S. Kuznetsova — literature analysis, selection of bibliography, text editing.

Ans yumupoeaHusi

BatyxtnH A. T, BatyxtuH C. I, Axy6oBuy A. U., KysHeuosa H. C. AHanu3 acpdhekTBHOCTU TEMMOCHE-
Ma noBepxHocTen Harpesa // BecTHuk 3abankanbckoro rocygapcTBeHHOro yHuepcuteta. 2023. T. 29, Ne 4.
C. 65-72. DOI: 10.21209/2227-9245-2023-29-4-65-72.

For citation

Batukhtin A.G, Batukhtin S. G., Yakubovich A. |., Kuznetsova N. S. Analysis of the heat removal efficiency
of heating surfaces // Transbaikal State University Journal. 2023. Vol. 29, no. 4. P. 65-72. DOI: 10.21209/2227-
9245-2023-29-4-65-72.

BecmHuk 3a6bl'y. 2023. T. 29, Ne 4 Hedpononb3oeaHue, 20pHble HayKu



