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3AJIEJKHOCTI JJ1S1 TEIIOBUX PO3PAXYHKIB JKAPOTPYBHUX TYUYKIB
KOTJIIB MAJIOI IOTYKHOCTI

3ABUCUMOCTU ANS TENNOBbIX PACYETOB XXAPOTPYBHbIX MYYKOB KOTJIOB MAJIOW
MOLLHOCTH

DEPENDENCES FOR THERMAL CALCULATIONS OF FLUE TUBE BANKS OF SMALL
CAPACITY BOILERS

Po3rnsiHyTO BinoMi 3a5eXHOCTI 4151 TeryioBux PO3pPaxyHKiB XapoTpybHUX eleMeHTIB KOT/iB Ma-
J10i NOTYXHOCTI. [pOBeaAeHO rNOpPIBHSHHS Pe3y/bTaTtiB Ta 3iCTaB/IeHHS 3 HOPMAaTUBHUM METOLOM Te-
rJ10BOro po3paxyHky Kotsaoarperaris.

PaCCMOITI,DeHbI u3gecmHble 3agucumocmu 058 Mensosbix pac4yemos )Kapompy6Hb/x 3/IeMeHImoe8 Komiioe
masol mMowHocmu. HpoeeOeHo CpasHeHuUe pac4YemHbiX pelyribmamoe U corocmasseHue ¢ HopmamueHbIM
mMemodoM mersiogoeo pacyema Komjioazpeaamos.

Known dependences for thermal calculation of flue tube elements of small capacity boilers are con-
sidered. Comparison of calculation results and correlation with normative method of boiler units thermal
analysis is carried out.

Beryn

B 3B’s13Ky 3 moripueHHsM cTaHy 00JaJHAaHHS KOMYHaJbHHX TEIUIONOCTAadYalbHUX OpraHizallii, 3poc-
TaHHSM I[IH Ha TEIUIOBY €HEPTilo Ta 3arajibHOI0 rasu@ikaiiero Tepuropii YKpaiHd BUHUKA€E CYTTEBUH I10-
IIUT Ha Ta30Be KOTeJIbHE 00JanHanHs Manoi notyxHocTi (1o 100 kBT) st onaneHHs )KUTIOBUX Ta TPO-
MaJICBKUX OYIiBEIb.

IlepeBarkHa OUTBIIICTh BITYM3HSHUX Ta 3aKOPAOHHHUX BHUPOOHUKIB BHKOPHUCTOBYIOTH CTaJIeBi JKapo-
TpyOHI MOBEPXHi, KOJH, Ha BIAMIHY BiJl KOTJIIB BEJIUKOI IMMOTY>KHOCTI, AUMOBI Ta3u PyXaloThcs 1O TpyOax,
a BoJa y BEJIMKOMY 00’eMi oMuBa€ TpyOu 330BHI. Taka KOHCTPYKIISl MPOCTIIIA i YHEMOXIIUBIIOE 3aKHU-
[MaHHA BOJAU B KOTJII.

Ha >xanb, mBHAKHNA TeMI BUPOOHHIITBA ONATIOBATLHUX KOTIIIB BHUIIEpE/KA€ HAYKOBO-TEXHIUHE 3a0€3-
neyeHHs iX po3poOku. Ha nannii MOMEHT, HACKIUIBKM HaM BiIOMO, HEMA€ 3arajibHUX MPHUHLMIIB PO3POOKH
BOJOTPIMHUX KOTJIIB MaJIOl MOTYXHOCTI, & TAKOK PEKOMEHaLii I[0JJ0 IX TEIUIOBOro, aepo- Ta TiApoJgrHaMI-
YHOI'0 po3paxyHKy. ToMy aHalli3 BIZJOMHUX 3aJIC)KHOCTEH IS PO3PaxyHKY IPOILIECIB TEIIOOOMIHY B YKapo-
TpYOHHX €JIEeMEHTaX TAKHX KOTJIIB € aKTyaIbHHUM.

BcTynneHue

B cBA3M ¢ yxydweHMem coCTOsiHUS 0B60opyaoBaHWsi KOMMYHAnbHbIX TensocHabXatlwmx opraHmaa-
LI, NOBbILLIEHMEM LieH Ha TenmnoBy 3HEPTUI0 1 o6Leln rasuduvkaumnen TepputTopumn YkpanHbel nosiBns-
€TCA CyLeCTBEHHbIN CMPOC Ha ra3oBoe koTenbHoe obopydoBaHue manow mowHoctn (go 100 kBT) ans
OTOMIEHUS XNIbIX U OOLLECTBEHHbIX 34aHWUN.

MpenmyLecTBEHHOE OONBLUMHCTBO OTEYECTBEHHBLIX U 3apybeXXHbIX MPOM3BOAUTENEN UCMOMb3YIOT
CTanbHbIE XapoTpyOHbIE NOBEPXHOCTU, KOTAA, B OTNIMYME OT KOT/IOB GOMBLUONA MOLLHOCTU, AbIMOBLIE ra-
3bl ABMXKYTCS Mo Tpyb6am, a Boda B OonblioM o6beme OMbIBAeT TPYObl CHapyxu. Takasi KOHCTPYKLMSA
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bonee npocTasd 1 UCKn4YaeT BO3IMOXXHOCTb 3akKnUnaHunAa BOAbl B KOTHeE.

K coxaneHuio, BbICOKMA TeMn npon3BoAacTBa OTOMUTENbHbIX KOTIIOB oOnepeXxaeT Hay4yHO-
TexHunyeckoe obecneveHue mx pa3pa60TKM. Ha gaHHbIN MOMEHT, HAacKObKO HaM U3BECTHO, HET 0bLLmX
npnHUMNoB pa3pa60TKV| BOﬂOFpeVIHbIX KOTMIOB Mario MOLLHOCTU, a TaKkke peKOMeH,ﬂaU,VIVI no ux tenno-
BOMY, a3po- U r’mgpognHaMmn4eckomMy pacuyety. HOSTOMy aHann3 CywecTBYHOLNX 3aBvcumMocTen Ans
pacyeTa npoueccoB TennoobmeHa B )KapOpr6HbIX ANeMeHTax TaknxX KOTJ1I0B ABJIAETCA aKTyallbHbIM.

Intoduction

Due to worsening of the state of equipment of municipal heat supply companies, price growth
for thermal energy and general gasification of the territory of Ukraine, gas boiler equipment of
small capacity (up to 100 kW) for heating of housing and public buildings is in large demand.

Greater part of home and foreign producers use steel flue tube surfaces, wherein, unlike boil-
ers of large capacity, flue gases move in pipes, and water in large volume flows around pipes
from the outside. Such design is simpler and prevents water from boiling.

Unfortunately, the rapid rate of manufacturing of heating boilers passes ahead the scientific
and technical provision of their development. Now, as far as we know, there are no general prin-
ciples of development of hot-water boilers of small capacity and also recommendations on their
thermal, air- and hydrodynamic calculation. Therefore the analysis of existing dependences for
the calculation of heat exchange processes in flue tube elements of such boilers is actual.

Pe3ysabTaTu 10CHiIKEHDb

B naniit po0OTi poBeeHO 3iCTaBICHHS PE3yNbTaTiB PO3PaXyHKIB 3a 3aJICKHOCTSIMH HOPMATUBHOTO
metoay (HM) tenmoBoro po3paxyHky KOTHiB [1, 2] Ta KpuTepiaabHHX 3aJIe)KHOCTEH 32 IHTEHCHBHICTIO
TEIIOBiIadl JJIT YMOB pOoOOTH >KapOTPyOHHMX E€IIEMEHTIB BOJOTPIHHUX KOTIIB MOTyXHicTI0 10 100 kBT

[3—S5].
s po3paxyHKy TeroBianadi Big ra3is B HM 3amponoHoBaHO 3amexHicTs [ 1]
0,8
Ao [ Wody |
ay = 0,023 —&-| £ pr Mg ¢, (1)
dint Vg

1€ Ag, Vg, Pry — Ko€]ILIEHT TENIONPOBIJHOCTI, KIHEMATUYHOI B’A3KOCTI Ta KpuTepii IIpannTns mis ce-

penHBOi TeMIiepaTypH Ta3iB S_g., Bt/(M-K), M/c (k03 hMLIMEHT TENNONPOBOAHOCTA, KUHEMATNYECKOW BSI3-
KOCTW 1 KpuTepun NpaHatns npy cpegHen TemnepaType rasos g, B1/(m-K), M/c; thermal conductivity, kine-
matic viscosity and Prandtl number at average temperature of gases g, Wt/(m-K), mz/s); d;,; — BHYTPIIITHIH

JiaMeTp TpyOH, M (BHYTPeHHUIn auameTp Tpybebl, M; internal diameter of pipe, m); C;, C; — koedilieHTu 3a
HoMorpamoro 11 [1] (koacpdmumeHTsl no Homorpamme 11 [1]; coefficients by nomograph 11 [1]).

Crin 3ayBaxkutH, 110 B HM He BpaxoByeThcs BIIMIHHICTH MiXK JIAMIHADHUM Ta TYpOYJICHTHHM PYXOM
MOTOKY. {7151 yMOB JIaMiHApHOTO MO3/TOBKXKHLOTO OMHUBAHHS B TPyOi, SKi BiAMOBIAAIOTH PEATHPHIM YMOBaM
poOOTH KOTIIIB, MOXKYTh OyTH BUKOPHUCTaHI 3aJIEXKHOCTI [3, 4]

0,4

Ao [ wod, ,
o =14 8 glint it Prg0’33; )
dint Vg L
0,75 -0,25
Ao [ wodip )’ ’
oy = 0,037 —£-| —£2L | pp 043 Ru f 3)
d int Vg ] Hg

ne L — noexuHa TpyOu, M (anuHa Tpy6Gbl, M; length of pipe, m); Ly, [y — KoeilieHTH AUHAMIYHOT B’ A3KOCTI
JUIS TEMIIEpaTypyu CTIHKH £, Ta 3 o [Ma-c (koagphrLMEHTEI AMHaMUYeCcKo BA3KOCTM NPy TeMnepaType CTEHKM
tyn g , Ma-c; coefficients of dynamic viscosity at the temperature of wall ¢, and g , Pa-s).

TeMmrrepaTypa CTIHKY BU3HAUYCHA 3 YpaxXyBaHHSAM TEMIIEPATypP TEIUIOHOCITB, KOSQIIli€HTIB TEIIOBImadi
3 000X OOKiB Ta TEPMIYHOTO ONOPY CTIHKH.
[1ig yac mpoBeneHHs pO3paxyHKiB OyiM MPUHHSTI Taki MOYATKOBI JaHi, 110 HAOIMKEH] 10 yMOB po0o-

TH BOJIOTPIAHOTO KOTia NOTYXHICTIO 10 100 KBT: 8_g= 500 °C; dy = 0,03 M; we= 1,5 M/c; L = 0,4 ™, Te-
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MIeparypa rasiB Ha Buxozi 3 Tpyou 150 °C; temmepatypa Bogu Ha BXoni B MiXTpyOHHii mpocTip 60 °C,
Ha Buxoxi 80 °C; cxema pyXy TEIUIOHOCIiB — MPSMOTOK; KOe(IIlieHT TETUIOBIIIadi BiJl CTIHKH J0 BOIH O,
=500 Br/(M>-K). Pe3y1bTaTi po3paxyHKiB [oKa3aHi Ha puc. 1.
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Puc. 1. IopiBHsiHHs Koedili€HTIB TEIUIOBI Ayl Bij ra3iB 10 cTiHku Tpyou: 1 — 3a popmymnoro (1);
2-3a(2);3-3a(3)
Puc. 1. CpaBHeHune koadhp1LMEHTOB TennooTAaum OT ra3oB K CTeHke Tpybbl: 1 — no dopmyne (1);
2-no(2);3-no (3)
Fig. 1. Comparison of convective heat exchange coefficients from gases to the wall of pipe:
1 — by the formula (1); 2 — by (2); 3 — by (3)

ITopiBHSHHS pe3yNbTaTiB, OKA3ye, IO 3AIEKHICTD (2) mae BUIINI 3HAYCHHS KoedilieHTa TEIUIOBIIIaqi,
HDK Gopmyna (1) Ha BchoMy aianazoHi 3MiHH HapaMmeTpiB. Lle, B mepmry depry, MOKHA TIOSICHUTH Bpaxy-
BaHHSM JIAMIHAPHOCTI MOTOKY. HalOinbIi po3xokeHHs, o cKiIanarTh 10 70 %, CoCTepiratoThes s
MajuX JiaMeTpiB Ta JOBXKHH TPyD, a caMe B TaKUX YMOBax BiOYBA€ThCS TEIIOOOMIH B KOTJIAX Majoi
nmoTyxHoCTi. KpuBi, po3paxoani 3a (3), B 11iyioMy OJIM3bKi 10 3HaYEHB, po3paxoBannx 3a HM. ®opmas-
HO Taka 3aJeKHICTh MaKCUMaJbHO BiAIMOBiJa€ yMOBaM pOOOTH >KapOTPYOHHX €IEMEHTIB, OCKIIBKH PO3-
poOiieHa A7l yMOB MPOTHUJICKHOTO HANPSAMKY PyXy IMOTOKY Ta3iB i Jii BUTbHOI KOHBEKLil. Asne ii Hegoumi-
KOM € HEBPaxXyBaHHS BIUIUBY JOBXHHU TPYOH, IO € BaXKJIMBUM (HaKTOPOM.

Tomy Ha maHOMY eTari JOCHiIKEHb, IS PO3PaxyHKIB TEIJIOBIIAa4i BiJ ra3iB A0 CTIHKH jKapoTpPyOHO-
ro eJeMeHTa BOJOIPiHHOro KoTia notyxkHictio 10 100 kBT 3 npupoHUM pyXxoM ra3iB MOKHa PEeKOMEH-
JIyBaTH 3aJICKHICTD (2).

Jlis BUSIBIICHHS yMOB TEIUIOBIIa41 Bi/I CTIHKH BEPTUKAILHOTO )KapoTPyOHOTO elleMeHTa JI0 BOJIH CIIiJ
PO3TIISIHYTH OCOOJIMBOCTI MOOYAOBH BOJSHOTO KOHTYPY KOTia. Pyx BoAM B KOTJII CIPUYMHEHHHA PUPO-
HOIO Y¥ BUMYIICHOIO LUPKYJISILIEI0 B CUCTEMI OMAaNeHHs, 10 K01 BiH miaximodeHuil. Tomy cTBOproeThCs
PEKUM BUMYIIIEHOTO MO3/IOBKHHOTO OMUBAHHS TPYO. SIK TIOKa3yrOTh pO3paxyHKH, MIBHIKICTh BOJIH B Mi-
KTpyOHOMY mpoctopi He Oinmbma 0,01 M/c, TOMy pyX BOoAM HaOIMXKA€ThCS 10 BIIBHOKOHBEKTHBHOTO.
Kpim Toro, KoMIoHyBaHHS OiBIIOCTI KOTJIIB BUKOHAHO TAKUM YHHOM, III0 TIOTIK BOJIM Ha BXO/Ii B )Kapo-
TpyOHI MyYKH TEPICHIUKYISIPHANA OCSM TPYyO, TOMY BHHUKAE TMONIEPEYHE OMHUBAHHS BiAMOBITHIX KOPH-
JIOPHHX UM IIaXOBUX IMy4KiB. B poOOTi po3risiHyTO iIHTEHCHBHICTh TEIUIOBIadi y BUIIICHABEICHUX Bapi-
aHTax opraHizaiii TerIoo0MiHy.
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Jlns po3paxyHKY BUTPHOKOHBEKTHBHOI TEIUTOBiIadi OIS BEPTHUKAILHOI MMOBEPXHI BUKOPHUCTAHO 3a-
nexHocTi [4, 5]

0,25 0,25
Br(ty-t) L Pr (qu hr .

=0,75 =L 4
2% V2L PI‘W 7 ( )
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ay = 0,067 | <L “ L (PI‘L)O’43TL, (5)
L

Ie t;, t, — cepemHs TeMIriepatypa pinuau Ta cTinku, °C (cpegHsia Temnepatypa XUOKOCTU U CTeHKM, °C;
average temperature of the fluid and the wall, °C); By, vy, Pr;, Ay — Temiodhi3ndHi BIaCTUBOCTI BOAH IPU
TeMIiepaTypi ¢; (Tennogusnyeckue cBoicTBa BoAbl Npy Temnepatype t;; thermophysical properties of water at
the temperature t,); Pr,, — xputepiti [Ipanarns Bonu npu Temnepatypi ¢, (kputepui MpaHATns BoAbl Npu
Temnepartype t,; Prandtl number of water at the temperature t,,).

Jlns po3paxyHKy TEINIOBiAAadl B PEKUMI TIOTIEPETHOTO OMHUBAHHS IIaXOBUX ITyYKiB HABEJIEHO TaKi 3a-
nexHocri [1, 5]:

oy = 0,3--L ( Wy ex: J pri®cc,; (6)
dext \s
0,25
oy = 0,41-L ( W e J prl3 [ﬁ} EEis )
dot\ VI Pr,

ne C,, C, — xoedimientu 3 Homorpamu 8 [1] (koadduimentsl mo Homorpamme 8 [1]; coefficients by
nomograph 8 [1]); &, & — koedimient (koaddurrentsr; coefficients).

KoedimienTn &, g 3anekaTth BiJi KUTBKOCTI PAIIB Ta MIUTLHOCTI MyYKa.

Jlnst yMOB KOTITiB Majioi motyxkHocti npuitasato C; = 1, C, = 0,948, g, = 0,957, g; = 0,86.

Jl1s BU3HAYCHHS IIBUAKOCTI B MyYKy HOTO BHCOTY HPUHHATO PIBHOIO IOJOBHHI BUCOTH TPYOH, KPOK
TPYO (do + 12 MM).

Jlnst BUSIBNICHHS iHTEHCUBHOCTI TEIUIOBiI]adi B YMOBaX BUMYIIIEHOT'O MO3/J0BXHBOTO OMUBaHHS TPYyO
BHKOPHCTAHO 3aJIeKHOCTI [1, 4]

oy =0, 0232L. [ dmj pric,c,; (8)
ex VL
0,18
o = 0.35 2L 7LL deic P eic gﬁL(t ) Pr ﬂ tw -t 9)
? ’ deic Vo L V% ’ L tw B tL ,

ne d.. — CKBIBAJICHTHH JliaMeTp KaHay, 3alfHATOTO ®KapoTPyOHUM MYYKOM, M (3KBUBaNEHTHbIN ANaMeTP
KaHamna, 3aHsITOro XapoTpyOHbIM MyykoM, M; equivalent channel diameter, taken by shell-type bundle, m); C,
— momnpaBoyHUi KoeditieHT 3 HoMorpamu 13 [1] (nonpaBouyHblii KO3PULMEHT No Homorpamme 13 [1];
correction coefficient by the nomograph 13 [1]); Vo, Pry — Termodi3udHi BIACTUBOCTI BOIH MIPH TEMIIEPATYPi
to = 0,5(t,, + 1) (Tennoduanyeckme CBOICTBa Boapb! npu TemnepaTtype
ft, = 0,5(t, + f.); thermophysical properties of water at the temperature t, = 0,5(t,, + t,); ¢ — Temrieparypa Boau
Ha Bxoi B koTel, °C (TemnepaTtypa Bogbl Ha Bxoae B koTen, °C; temperature of the water at boiler intake, °C).

B pospaxynkax mst d,,, = 0,025...0,065 m npuitasrto d,, = 0,05...0,085 m.

[1ix yac mpoBeACHHS PO3PaXyHKIB OyJIM MPUHHATI Taki MOYAaTKOBI JaHi, 10 HAOJMKEHI 10 YMOB PO0O-

TH BOJOTPIHHOTO KOTJA MOTYXHicTio 10 100 kBT: 8_g= 500 °C; d,., = 0,035 m; Burpara piguau G; =

3 . .
1,4 m/ron; L = 0,4 M, cepennst Temnepatypa Boau ¢, = 70 °C, HarpiB Bogu B kotii 20 °C; cxema pyxy
TEIUIOHOCITB — MPSIMOTOK; KOSGIIIEHT TEIIOBiAAa4l BiJ Tra3iB JO CTIHKHM B3ATHH 3 IOMEPEIHIX JAOCIHIi-
JDKEHB BiIMOBITHO /10 MOYaTKOBUX YMOB. Pe3ynbpTaTi po3paxyHKiB [OKa3aHi Ha puc. 2.
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Puc. 2. [TopiBHsAHHS KOe(]iLi€HTIB TEIUIOBIAAAY1 BiJ CTIHKH TpyOu 10 Boau: 1 —3a dopmynoro (4);
2-3a(5);3—-3a(6);4—3a(7);5-3a(8);6—3a(9)
Puc. 2. CpaBHeHMne KO3hDULMEHTOB TENNOOTAAUYM OT CTEHKMN TPYObI K BOAE:
1 — no copmyne (4); 2 —no (5); 3—no (6); 4 —no (7); 5—no (8); 6 —no (9)
Fig. 2. Comparison of convective heat exchange coefficients from the wall of the pipe to water:
1 — by the formula (4); 2 — by (5); 3 —by (6); 4 — by (7); 5— by (8); 6 — by (9)

Sk BuaHO 13 rpadikiB Ha puc. 2, popmyna (8), 3anpornonoBana B HM 1s1 M0370BKHEOTO OMHBaHHS
Jla€ 3aHWKEHI 3Ha4eHHs KoeQilieHTiB TemyoBianavi. Pe3ynpraTi, oTpuMaHi Ui BiIbHOKOHBEKTHUBHOI
TEIJIOBILIAYi Ta MOMEPEeYHOTO OMHMBAHHS LIaXOBOTO MyYKa, B HABEJACHUX Jiala3oHax 3MiHU MapaMeTpiB
posramoByiothca B obmacti 300...600 Br/(M>K). 3rifHo 3 po3paxyHKOM TEIUIOBifgaya Il OMHUBAHHS
KopuaopHoro myuka Ha 4...11 % Hipkde, HiX IS IIaX0BOTO MTydka B TOMY K Jiarma3oHi mapaMmeTpis. 3a-
TexHICTE (9) po3pobiieHa TSl BUNIAAKY CYMICHOI OJHOCIIPSIMOBAHOI Mii BUTPHOI KOHBEKINIT Ta ITO3I0BXK-
HBOTO OMHUBAHHA TPyO, TOMY OTpHMAaHi pe3yibTaTH HAMOINbLIl 1 HEPEeBUIIYIOThH CyMapHe 3HAUCHHS KOe-
(himieHTIB TEIUIOBiAMAYi A7 BUTBHOI Ta BUMYIIEHOI KOHBekIii. Kpim Toro, cmim 3a3HaumTH, IO
3alexHICTh (9) merio yckiaaHeHa 1 moTpe0ye BpaxyBaHHs TeMIIEpaTypH BOAM Ha BXOJ1 B KOTEIL.

BpaxoByloun BuIIeHaBeAeHE, Ha JTAHOMY €Tali IOCIIUKEHb Ui PO3paxyHKy 1HTEHCHBHOCTI TEIUIO-
BiJadi BiJl CTIHKM J0 BOJH B KapOTPYOHUX KOTJIaX MaJIoi MOTYKHOCTI MO>KHA PEKOMEHIYBaTH 3aJI€KHO-
cti (4) ta (9).

HapniiiHicTh Ta JOBroOBIYHICTh pOOOTH BOJOTPIHHOTO KOTIa Masioi TIOTYXKHOCTI B BEJIHMKIH Mipi BU3HA-
YaeThCsl TEMIIEPATYPOIO CTIHKHM >KapoBoi TpyOu 3 Ooky raziB. KpiMm Toro, 3HaueHHs Takoi TeMmepaTypu
BIUIMBA€ Ha IHTEHCHBHICTh BUIPOMIHEHHS BiJl ra3iB, a 3BiJICH, i Ha po3Mipu KoTia. J[1s po3paxyHKiB BU-
KOPHCTaHO TaKi 3aJeKHOCTI [ 1-3]

— g — At
t. =9 -1 -9 _ ; 10
Y oy g (ay +1ap +8,/0,) (10
fWZtL+ 1/(1,14‘1/(12 _i th+ 1/(114‘1/(12 _i At (11)

oy v oy )(1oy + 1oy +8,/h,,)
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1 1 At
¢ =tL+(s+—j-q:tL+[8+—J ; (12)
v Qo %) (1/(}1 +1/0“2 +6W/7\‘W)
t, = t; +At, (13)

JIe ¢ — TUTOMHNA TETUIOBHA TOTIK, Br/m* (yaenbHbIn Tennosoii notok, BT/m%; specific heat flux Wt/mz); Ow,
Aw — TOBILMHA Ta TEIUIONPOBIAHICTH CTIHKU TpyOH, M, BT/(M-K) (TonwwmHa n TennonpoBogHoCTb CTEHKM
Tpy6bl, M, BT/(M-K); thickness and thermal-conductivity of the wall of the pipe, m, Wt/(m-K)); € — xoedirfieHT
3a6pyauenHs nosepxHi, (M>-K)/BT (koodhduumeHT 3arpsisHeHns nosepxHocTy, (MZK)/BT; coefficient of
surface contamination (m?-K)/Wt); At — TEMIIEpaTypHUI Hamip, B JAHOMY BHUIAJIKy BU3HAUCHUI 3a cepei-
HBOApU(METHIHUM 3aKOHOM, °C (TemnepaTypHblii Hanop, B JaHHOM criyyae onpeaeneHHbIi o cpefHeapu-
dmeTnyeckomy 3akoHy, °C; temperature pressure, in this case determined by arithmetic mean law, °C); v —
KoehIIEHT TEIUIOBOI e€(EKTUBHOCTI MOBEPXHI (koadpdmumeHT Tensiosoi addekTmeHocTy; coefficient of
thermal efficiency of the surface); At — pi3nund temueparyp, °C (pasHuua Temnepatyp, °C; temperature
difference, °C).

3a mouarkosi nami B3TO: 9,= 500 °C; f, = 70 °C; oy = ISBU(MK); op = 500 Br/(vK);

o, = 2,5 mm; A, = 50 Bt/(M:K); 3rigHo 3 pekoMeHaamissMu [2], B pa3i CHaJOBaHHS MPHUPOIHOIO rasy Oe-
petbes € = 0,0015 (M>-K)/Br; 3rigso 3 [1] 115 cnamoBaHHs mpHpOIHOro rasy oeperses = 0,85, a At =
25 °C. Pe3ynbTaTil po3paxyHKiB IOKa3aHi Ha puc. 3.
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Puc. 3. ITopiBHSIHHS po3paxyHKOBHX TEMIIEPATYp CTIHKH jkapoBoi TpyOH 3 60Ky rasis:
1 —3a popmymoro (10),2 —3a (11), 3 —3a (12), 4 —3a (13)
Puc. 3. CpaBHeHMe pacyeTHbIX TeMNepaTyp CTEHKMN XapoBOW TPyObl CO CTOPOHbI ra3os:
1 — no copmyne (10), 2 -no (11), 3—no (12), 4 —no (13)
Fig. 3. Comparison of calculated temperatures of flue tube wall from the side of gases
1 — by the formula (10), 2 — by (11), 3 — by (12), 4 — by (13)

KoedinienT TemnoBoi eeKTUBHOCTI BpaxoBye MOTIpIICHHS XapaKTEPUCTHK Iy4Ka B 3B s3KY 3 3a0py-
JHEHHSIM, HEpIBHOMIPDHUM OMHBAHHSIM MOBEPXHi TOIIO. SIK BUAHO 3 rpadikiB, po3paxyHOK 3a Y Ja€ 3a-

36 BicHuk BiHHMLbKOTO NoniTexHiYHoro iHcTuTyTy, 2006, Ne 2



EHEPIETUKA TA ENEKTPOTEXHIKA

BHIIIEHY TEMIIEPATypy CTIHKH TPyOH, IO MPU3BOIUTH O 3MEHIIICHHS TEIDIOB1 AUl BUTIPOMIHIOBAHHSM i
BHHHUKHEHHS TIOBEPXHEBOTO KHUITIHHS BOAM, YOTO HE BiOYBA€THCA Ha MPAKTHIN. [HII 3aJIe)KHOCTI Mal0Th
Onmu3bKi pe3ynbTaTH, ane 3ajexHicTs (13) He Moke OyTH peKOMEHIOBaHa, OCKIJIbKM BOHA HE JJO3BOJISIE
BPaxOBYBATH BILIMB iHTECHCHBHOCT] TEIUIOOOMiHY.

Pe3ynbTaTbl UCCNeaoBaHUMN

B naHHoM paboTe npoBegeHO conocTaBrneHve pesynbTaToB pacyeToB NoO 3aBUCUMOCTSAM HOPMaTMB-
Horo meTtoga (HM) tennosoro pacuyeta koTnos [1, 2] u kpuTEepranbHbIX 3aBUCMMOCTEN NO UHTEHCUBHO-
CTU TENNOooTAauM AN YCNoBUiA paboTbl KapoTpyOHbIX 31eMEHTOB BOAOrPENHbIX KOTIIOB MOLLHOCTbIO 4O
100 kBT [3-5].

[nsa pacuyeTa TennooTaaym oT razos B HM npegnoxeHa 3aBucMmocTb (1).

Cnepgyet 3ameTuTb, YTo B HM He yuuTbIBaeTcs OTNMYME MeXAy NammHapHbIM KU TypOyneHTHbIM
OBWXEHVEeM noToka. [ins ycrnoBuin nammMHapHOro nNpofosibHOrO OMbIBaHWSA B Tpybe, KOTopble oTBeYaloT
pearnbHbIM YCroBMAM paboThbl KOTNOB, MOTYT ObITb MCNOMNb30BaHbl 3aBUCUMOCTU (2) 1 (3).

TemnepaTypa CTEHKM onpedeneHa ¢ ydeTom TemnepaTyp TensioHocutenen, KoapduuneHTos Ten-
nootaayn ¢ o6enx CTOPoH U TEPMUYECKOTO CONPOTUBIIEHNS CTEHKN.

Bo Bpems npoBefeHns pacyeToB BbinNn NPUHATHLI CriegyoLme HadanbHble AaHHble, MPUBNMKEHHbIE K

ycrnosusiMm paboTbl BOAOrperHoro kotna mowHocTeio go 100 kBT: 8g= 500 °C; d,; = 0,03 wm;

wy = 1,5 m/c; L = 0,4 M, Temnepatypa rasos Ha Bbixofe u3 Tpybel 150 °C; Temnepatypa Bofbl Ha Bxode
B MexTpybHOoe npocTpaHcTBo 60 °C, Ha Bbixoge 80 °C; cxeMa OBWKEHUS TeNnoHocMTenen — nNpsiMoToKk;
k03h(PULIMEHT TENMOOTAAYN OT CTEHKM K Boge a, = 500 BT/(M*K).

PesynbTaThl pac4yeToB npeAcTaBrieHbl Ha puc. 1.

CpaBHeHne pesynbTaToB MoKa3biBaeT, YTO 3aBUCUMOCTb (2) AaeT Gonee BbICOKME 3HAYEHUS, YEM
dopmyna (1) Ha BceM Amana3oHe U3MeHeHVs napameTpoB. ITO, B NEPBYIO o4Yepedb, MOXHO OOBACHUTL
y4yeTOM NaMuHapHOCTM noToka. Hanbonblune pacxoxgeHus, coctasnsitowme go 70 %, HabnogatoTes
npv ManbIX guameTpax v AnuHax Tpyd, a MMeHHO B TakuX YCNOBUAX NPOUCXOAMT TennoobMeH B KoTnax
mManov mowHocTu. Kpueble, paccuntaHHble no (3) B LenomM 6nmnsku K 3Ha4eHusM, paccymtaHHbIM no HM.
dopmanbHO Takast 3aBUCUMOCTb MakCMMarnbHO OTBeYaeT YyCnoBusiM paboTbl XXapoTPYOHUX 3NEMEHTOB,
NnockonbKy paspaboTaHa Ans YCNOBWUIA MPOTMBOMOSIOXKHOIO HanpaBneHUs ABWKEHWS NOToKa rasoB U
AencTema cBo60AHON KOHBEKUMM. HO ee HeAOCTaTKOM ABNSAETCA HE YYMTbIBAHME BIUSAHUSA ANWHbI TPY-
Obl, YTO ABMAETCA BaXKHbIM (HAKTOPOM.

lMoatomy Ha gaHHOM 3Tane uccriefoBaHW ANS pacvyeToB TEMMOOTAAaYM OT ra3oB K CTEHKE KapoT-
pyGHOro anemeHTa BOAOrperiHoro Kotna molHocTbio Ao 100 kBT ¢ npupoaHbiM ABMXKEHMEM ra30B MOX-
HO pekoMeHJoBaTb 3aBUCUMOCTb (2).

[ns BbISABMNEHWA YCNOBMI TENNOOTAAYM OT CTEHKU BEPTUKAIbHOIO XapoTpybHOro anemeHTa Kk Boge
cnegyeT paccMoTpeTb 0COGEHHOCTU YCTPOMCTBA BOOSAHOrO KOHTypa koTna. [BukeHue BoObl B KOTME
BbI3BAHO NPUPOAHON UMK BbIHYXOEHHOW LMPKYNAUnen B CUCTEME OTOMNNEHNS, K KOTOPOW OH MOAKITHOYEH.
lMoaTomy co3gaeTcs pexum BbIHY>XOAEHHOrO NPOAONLHOIO OMbiBaHWUst Tpy6. Kak nokasbiBatoT pacyeTsl,
CKOpOCTb BOAbI B MeXTPYBHOM npocTpaHcTBe He 6onee 0,01 m/c, NoaTOMy ABWXEHWE BOAbLI Npubnmka-
eTca K cBOOOAHOKOHBEKTMBHOMY. KpoMe TOro, KOMMOHOBKa OOMbLUMHCTBA KOTMOB BbIMOMIHEHA TakUM
06pa3om, 4YTO MOTOK BOAbI HA BXOAE B XKapoTpyOHbIe Ny4YKku NepneHanKynapeH ocam Tpyo, No3aToMy BO3-
HWKaEeT MonepevyHoe OMbiBaHME COOTBETCTBYHLLMX KOPWAOPHbLIX UNW LWaxmMaTHbIX nydykoB. B pabote
paccMOTpeHa MHTEHCUBHOCTb TEMNOOTAAuu B BbILENPUBEAEHHbIX BapuaHTax opraHv3auuu Tennoob-
MeHa.

[ns cBOGOAHOKOHBEKTVBHOM TEMNMOOTAAYMN BO3NE BEPTUKANBHOW NOBEPXHOCTU UCMOMNb30BaHbl 3aBU-
cumocTm (4) n (5).

[ns pacyeTa TennooTAayy B peXUME MOMNEPEYHOro OMbIBAHUSA LUAXMaTHbIX MYYKOB NPUBELEHbI 3a-
BucumocTn (6) u (7).

KoathduumeHThl g, € 3aBUCAT OT KONMYeCTBa PSAA0B U NIOTHOCTU My4dKa.

[nsa ycnoeuin koTnoB mManow mowgHoctu npuHaTo Cs =1, C, = 0,948, ¢, = 0,957, ¢; = 0,86.

[ns onpeaeneHns CKOPOCTM B My4YKe ero BbiCOTa MPUHSITA PaBHOM MOMOBUHE BbICOThLI TPyObI, war
TPYO (dext + 12 MM).

[ns BbISABNEHNA MHTEHCMBHOCTU TEMNNOOTAAYMN B YCIOBUAX BbIHYXXAEHHOro NpoAofibHOr0 OMbIBaHUSA
Tpy6 ncnonb3oBaHbl 3aBucumocTy (8) u (9).

B pacuetax ansa d., = 0,025...0,065 m npuHsaTo d,, = 0,05...0,085 m.

Bo Bpems npoBefeHns pacyeToB ObinNn NPUHATHLI Criegyrolme HayanbHble AaHHble, MPUBNMKEHHbIE K
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ycrnoBusiMm paboTbl BOAOrPENHOro Kotna mowHocTbo go 100 kBT: g= 500 °C; dgy = 0,035 m; pacxog

xungkoctn G, = 14 Ms/qac; L = 0,4 m; cpegHaa Temnepatypa Bogbl t;, = 70 °C; HarpeB Bofbl B KOTNeE
20 °C; cxema ABWKEHUsI TEMMOHOCUTENEN — NPAMOTOK; KOI(MUULMEHT TENNOOTAAYM OT ra3oB K CTEHKE
NPVHAT U3 NpeabiayLwmnx NCcrneaoBaHnini COOTBETCTBEHHO HaYanbHbIM YCIOBUSAM.

PesynbTaThl pacyeToB NpeacTaBreHbl Ha puyc. 2.

Kak B1agHo 13 rpacmkoB Ha puc. 2, dopmyna (8), npeagnoxeHHas 8 HM ans npogonbHOro oMbiBaHus,
0aeT 3aHMKEeHHble 3HavYeHus KoadpmumeHToB TennooTaayvn. PesynbTaTthl, NONy4YeHHble Ansg cBob6ogHo-
KOHBEKTMBHOW TEMM0o0TAa4YM U NONEPEYHOro OMbIBAHUS LLAXMaTHOMO Mnyyka, B NPUBEOEHHbIX Ananaso-
HaX U3MEHeHUsl NapameTpoB pacnonaratoTcsi B o6nactu 300...600 B1/(M*K). CornacHo pacyetam, Ter-
nooTAaya npy OMbIBAHUN KOPUAOPHOro ny4dka Ha 4...11 % Hwke, YemM Ans WaxmaTHOro nyyka B TOM Xe
OunanasoHe napameTpoB. 3aBMcMMocTb (9) pa3paboTaHa aonsa criyyas COBMECTHOrO O HOHaNpPaBeHHOro
nencrems cBOOOAHON KOHBEKLMW M MPOLONbHOrO OMbIBaHUSA TPyO, MOSTOMY MOSyYeHHble pes3yrnbTaThl
HanbornbluMe M NPEeBLILAT CyMMapHOe 3HadeHue KO3hdUUMEHTOB TennooThaun ans csobogHom um
BbIHY)XXAEeHHON KoHBekuun. Kpome Toro, cnegyeTt oTMETUThL, YTO 3aBUCMMOCTb (9) HECKONBKO YCINOXHEHA
W HYXXOaeTcs B ydeTe TemnepaTypbl BOAbl HA BXOAE B KOTen.

YunTbiBas BbILLEU3NOXEHHOE, HA AAHHOM 3Tane uccrneaoBaHWi M pacyeTa MHTEHCUBHOCTU Ter-
NOOTAauN OT CTEHKU K BOAE B KaAPOTPYOHLIX KOTNax Manon MOLLHOCTM MOXHO peKOMEHAOBaTb 3aBUCK-
mMocTu (4) n (9).

HagexxHocTb 1 JoNroBe4YHOCTL paboTbl BOAOrPENHOrO KOTNa Masnon MOWHOCTU B O0OMbLUIOK CTENEHM
onpegensieTcsi TeMnepaTypoi CTEHKM apoBOK TPyObl CO CTOPOHbI ra3oB. Kpome Toro, 3HadeHne Takom
TemnepaTtypbl BAUSET HA UHTEHCMBHOCTb MU3MNyYeHWA OT ra3oB, a OTCloAda, U Ha pasmepbl kotna. [Ans
pacyeTa ucnonb3oBaHbl 3aBucumocTu (10), (11), (12) n (13).

B kauecTBe HayarbHbIX JaHHbIX NPUHATO: 3 g= 500°C; t, =70°C; ay = 15 BT/(M2~K); oy = 500 BT/(M2~K);

dy = 2,5 Mm; A, = 50 BT/(M-K), cornacHo pekomeHgauui [2], npy CxuraHum NnpMpoaHOro rasa npuvHuUMma-
etcs € = 0,0015 (M*K)/BT; cornacHo [1] ANS CXWraHUs NPUPOAHOrO rasa MpUHUMAETCH vy = 0,85, a
At = 25 °C. Pe3ynbTaTbl pacyeToB NpeAcTaBneHbl Ha puc. 3.

KoahdumumeHT TennoBon ap@PeKTUBHOCTU yUnTbIBAET yXyALEHNE XapakTepucTuK Nnydka B CBA3N C
3arpsi3HeHneM, HepaBHOMEPHbBIM OMbIBaHUEM MOBEPXHOCTM U TOMY nogobHoe. Kak BUAHO 13 rpadukos,
pacyeT Mo y AaeT 3aBbllLEHHY0 TemnepaTypy CTEHKM TPYObl, YTO NPUBOAUT K YMEHbLUEHWNIO TeNnooTaa-
YN N3NYyYEHNEM U BO3HMKHOBEHWUIO MOBEPXHOCTHOIO KUMEHUS BOAbl, YEro He NpouUCXOAMUT Ha NpakTuKe.
Opyrvue 3aBucMMOCTM gatoT Gnuskue pesynbTatbl, HO 3aBUCUMOCTb (13) He MoXeT OblTb pekoMeHOoBa-
Ha, NOCKOIbKY OHa He NO3BOMSeT YyYNTbIBaTh BAUSHNE UHTEHCUBHOCTM TEMNoobmeHa.

Results of research

The given paper contains the comparison of the results of calculations by dependences of nor-
mative method (NM) of thermal calculation of boilers [1, 2] and criterial dependences by intensity of
convective heat exchange of shell-type elements of — water boilers rated for 100 kWt [3—5].

For calculation of convective heat exchange from gases the dependence (1) is suggested in NM.

It should be noted that the difference between turbulent and laminar motion of the flow is not
taken into account in NM. For the terms of the longitudinal laminar flowing in a pipe, which corre-
spond to the real conditions of boilers operation, dependences (2) and (3) can be applied.

The temperature of the wall is determined taking into account the temperatures of heat-transfer
agents, coefficients of conductive heat exchange on both sides and thermal resistance of the wall.

During conducting of calculations the following initial data were taken, close to the terms of

operation of-water boiler rated for 100 kWt: g= 500 °C; djy = 0.03m; wy = 1.5m/s; L = 0.4 m,

temperature of gases at the exit from the pipe — 150 °C; temperature of water at the entry into
the inter-pipe space 60 °C, at the output 80 °C; scheme of motion of heat-transfer agents — par-
allel flow; coefficient of convective heat exchange from the wall to the water a, = 500 Wt/(m?K).
The results of calculations are shown in Fig. 1.

Comparison of the results shows that the dependence (2) gives higher values than formula (1)
in the whole range of parameters change. This can be explained by laminarity of the flow. Great-
est divergences, up to 70 %, are observed at small diameters and lengths of pipes, however heat
exchange in the boilers of small power takes place in such conditions. Curves, computed by (3)
on the whole are close to the values computed by NM. Formally such dependence maximally
meets the conditions of shell-type elements operation, as it has been developed for the conditions
of opposite direction of gas flow and free convection. But its drawback is that the influence of pipe
length, which is an important factor is not taken into account.
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Therefore on this stage of research for the calculations of convective heat exchange from
gases to the wall of shell-type element of water boiler rated for 100 kW with natural gas flow de-
pendence (2) can be suggested.

To reveal the conditions of convective heat exchange from the wall of vertical shell-type ele-
ment to water we should consider the peculiarities of design of water boiler contour. The motion
of water in the boiler is caused either by natural or forced circulation in heating system to which it
is connected. That is why the mode of forced longitudinal flow of pipes is created. As calculations
show the speed of water in the interpipe space is not greater than 0.01m/sec, therefore motion of
water approaches free convection. Besides, arrangement of most boilers is performed so that
flow of water at the input of shell-type bundles is perpendicular to the axes of pipes, therefore
transversal flow of corresponding corridor or chess board bundles emerges. Intensity of convec-
tive heat exchange in above-mentioned versions of heat exchange arrangement is considered in
the paper.

For free convective heat exchange near vertical surface dependences (4) and (5) are used.

For calculation of convective heat exchange in the mode of transversal flow of chessboard
bundles dependences (6) and (7) are suggested.

Coefficients g, ¢ depend on the number of rows and density of the bundle. In case of boilers
of small power C; = 1, C, = 0.948, ¢, = 0.957, ¢; = 0.86. To determine the speed in the bundle its
height is assumed to be equal half of tube height, step of tubes being (dsxy + 12 mm). To reveal
the intensity of convective heat exchange in conditions of forced longitudinal flow of tubes de-
pendences (8) and (9) are applied.

In calculations for d,,; = 0.025...0.065 m d. is assumed to be equal 0.05...0.085 m. While per-
forming calculations the following initial data corresponding to operating conditions of water boiler

rated for 100kW were taken: %: 500 °C; de = 0.035m; fluid consumption G, = 1.4 m/h;

L =0.4 m; average temperature of water f, = 70 °C; heating of water in the boiler — 20 °C;
scheme of heat transfer agents motion — parallel flow; coefficient of convective heat exchange
from gases to the wall is taken from previous research in accordance with initial conditions.

The results of calculations are shown in Fig. 2. As it is seen from the graph in Fig. 2, formula
(8) suggested in NM for longitudinal flow, gives underestimated values of convective heat ex-
change coefficients.

The results obtained for free convection heat emission and transversal flow of chessboard
bundle, in the given regions of parameters change are found within the range of
300...600 Wt/(m%K). In accordance with the calculations, convective heat exchange at flow of
corridor bundle is 4...11 % lower than for chessboard bundle in the same range of parameters.
Dependence (9) is elaborated for the case of common unidirectional action of free convection and
longitudinal flow of tubes, that is why the results obtained are the greatest and exceed the total
value of convective heat exchange coefficients for free and forced convection.

Besides, it must be noted that dependence (9) is rather complicated and temperature of water
at the input of boiler must be taken into consideration.

Taking into consideration the above-mentioned, at the present state of research for calculation
of convective heat exchange intensity from the wall to water in shell type boilers of small power
dependences (4) and (9) can be recommended.

Reliability and longevity of water boiler of small capacity is determined by the temperature of
flue tube wall on the side of gases. Besides, the value of such temperature influences the inten-
sity of gas emission, and as a result, influences the dimensions of the boiler. Dependences (10),
(11), (12) and (13) were applied for calculation, As initial data the following values were taken:

Q= 500 °C; t, = 70 °C; oy = 15 WH(m*K); o, = 500 Wt/(m?K); &,, = 2.5 mm; A,, = 50 Wt/(m*K) in

accordance with recommendations [2], in case of burning natural gas it is assumed that
£ =0.0015 (m? K)/Wt; according to [1] for burning of natural gas it is assumed that y = 0.85 and
At = 25 °C. The results of calculations are presented in Fig. 3.

Coefficient of thermal efficiency takes in to account degradation of bundle characteristics due
to contamination, non uniform flow of the surface etc. As it is seen on the graph, calculation by Y
gives overrated temperature of tube wall, that leads to reduction of convective heat exchange by
radiation and emergence of surface water boiling, that does not occur in practice. Other depend-
ences give similar results but dependence (13) can not be recommended, since it does not allow
to take in to consideration the intensity of convective heat exchange.
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BucnoBku

AmHai3 3aIeKHOCTEH AJid TCIUIOBOTO PO3PAaXyHKY KOTJ'IOaI‘peI‘aTiB IMOoKa3aB, IO BUKOPUCTAHHSA (bOp—

MYJI HaBEJICHUX B HOPMATHBHOMY METOJIi HE JIO3BOJISE aJICKBATHO OIHCATH TEIUIOBI MPOIECH B KapOTPy-
OHUX eJleMeHTaX BOJOTPIHHUX KOTIiB MOTYXHicTio 10 100 kBT.

s ToyHimoro BpaxyBaHHs OCOOJMBOCTEH poOOTH TaKMX KOTJIB HEOOXiAHO MPOBOAWTH TONATKOBI

JIOCITIDKEHHS, ajle Ha JaHOMY e€Talll JUIs BU3HAYCHHS IHTCHCHMBHOCTI TEIUIOBiAAadi 3 OOKy Ta3iB MOXHa
PEKOMEHIYBAaTH 3aJICKHICTE (2), IHTCHCUBHOCTI TEIUIOBIAAYi BiJl CTIHKH JO BOAM — 3aJICKHOCTI (4) i
(9), a n1st po3paxyHKy TeMIIEpaTypH CTiHKH 3 00Ky rasiB — 3anexsocti (10) ta (12).

40

BbiBOAbI

AHanus 3aBMCMMOCTEW TENfIoBOro pacyeTa KoTroarperaToB rnokasarn, YTo MCnonb3oBaHue opmyn
npvBeaeHHbIX B HOPMaTUBHOM MeToAe He NO3BOMsieT aJeKkBaTHO onucaTtb TEMNMoBble NPOLECcChl B Xa-
pPOTPYBHLIX 3NemMeHTax BOLOrpenHbIX KOTNoB MowHocTbio go 100 kBT.

Ons 6onee To4HOro yyeta ocobeHHocTeln paboTbl TakMX KOTIOB HEOOXOOMMO MPOBOAWTL AOMOMHU-
TenbHble CCNeaoBaHUs, HO Ha AaHHOM aTane Ansi onpeaeneHns MHTEHCUBHOCTM TEMNOOoTAaum CO CTOPO-
Hbl ra30B MOXHO pekOMeHA0BaTb 3aBUCUMOCTb (2), UHTEHCMBHOCTU TENNOOTAauM OT CTEHKU K Bode — 3a-
BucumocTu (4) u (9), a 4nda pacyeTa TemnepaTypbl CTEHKN CO CTOPOHbI ra3oB — 3aBucmumocTtu (10) u (12).

Conclusions

The analysis of thermal calculation dependences of boiler units has shown that the application of
formulas suggested in normative method does not allow to describe adequately thermal processes
taking place in shell-type elements of water boiler rated for 100 kW.

For more exact account of operation characteristics of such boilers additional investigations are to be
carried out but at present stage of research for determination of convective heat exchange intensity on
the side of gases the dependence (2) can be recommended for determination of convective heat
exchange intensity from the wall to water dependences (4) and (9) should be used, and for calculation of
the temperature of the wall on the side of gases dependences (10) and (12) must be applied.
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3azaeuykass TambsiHa IOpbeeHa — cmydeHm MHcmumyma cmpoumesibcmea, merniodHep2emuKu U 2as3o-
cHabXeHus.
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