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IHTEHCU®PIKAIIA TEIIVIOOBMIHY B /KAPOTPYBHOMY
BOJIOTPIMHOMY KOTJII MAJIOI MOTYKHOCTI

Ilpoananizosano Hanpamxu po3eUmMK)Y KOMENbHOI MexHIKu Mmanoi nomyoswcnocmi. Pozenanymo cyuacHi
cnocobu inmencu@ixayii. menioobMminy y 60002pitHux xomiaax manoi nomyoicnocmi. Ilpoananizoeano
pe3yabmamu excnepumenmis. OOIPYHMOBAHO MemMOOU MEeNN08020 PO3PAXYHKY 80002PIUHUX KOMII8 Manoi
NOMYIAHCHOCHII.

Knrouoei crosa: inmencugpixayis menioobminy, komen, koepiyieHm meniogiooaui.

BCTyl’l. ITocTaHoBKA 3aBAAaHHHA

Ananiz ocraHHIX myOmikauid Ta iHGopMalii, Po3MIIIEHOI Ha IHTEpHET-cailTaXx BUPOOHUKIB
BOJOTpIMHUX KOTIIB Manoi noTyxHocti (BKMII), no3BonuB 3poOUTH BHCHOBOK, IO Cy4acHa
KOTeJIbHA TEXHIKa Majoi 1 CepeHbOI TEIUIOBOI MOTYKHOCTEH PO3BUBAETHCS B TAKUX HANpPSIMKaX:
MIABUIIEHHS CHEPreTUIHOT €PEKTUBHOCTI NUISIXOM 3HUKEHHS TEIIOBUX BTPAT 1 HAMOLIBII TOBHOTO
BUKOPUCTAHHS EHEPreTUYHOI0 MOTEHIIaTy [aJIiBa; 3MEHIIEHHs radapuTiB KOTEJIBHOIO arperary 3a
paxyHOK 1HTeHCH(IKaIii MpoIeCy CHATIOBAHHS MAJMBA; IHTEHCU]IKAIT TEJIO0OOMIHY B TOMKOBIH
KaMepl 1 Ha NOBEpXHSAX HarpiBy; 3HMWXKeHHS TrasomnonioHux BukuIiB (CO, NOy, SOy), ski
3a0pyaHIOIOTH aTMOochepy; MABUIIICHHS HAIIITHOCTI pOOOTH KOTJIA.

IaTencudikarmiro TermmooOMiHYy B €Je€MEHTax KOTJa MOXHA MPOBOJUTH JBOMA IUISIXaMH:
YCTAHOBJICHHSI IHTEHCH(]IKATOPIB TEIUIOOOMIHY B TOHIl abo B KapoTpyOHOMY elneMeHTi. Sk
3a3HayeHo B pobOortax [1, 2], mepmmii cmocid BiJYyTHO BIUIMBAE SK HA TETUIOTEXHIYHI, Tak 1 Ha
exosoriuni pe3ynasTatu (KK] 3poctae Ha 1 — 3 %, Bukuau CO 3meHmrytotbes B S pasi, NOy B 2
pasu). Sk nmpaBuio, y HWJIIHAPUYHY TOINKY BCTAHOBIJIIOIOTH BTOPUHHI BUIIPOMIHIOBAYI, L0 CIIPUSE
KpamoMy TeTUIO0OMIHY B TOIIIIL, IO MPU3BOAUTH 0 MOKPAIIEHHS €KOJIOTTYHUX MOKa3HHKIB. [y
BKMII Ttakuii cnioci6 iHTeHcHUiKallii MPaKTUYHO HE BUKOPUCTOBYIOTh. OCKUIBKM PO3MIPU TOIKU
JOCUTh MaJi, €IMHUM CHocoOOM iHTeHcU(IKalil TEIIOOOMIHY € BCTaHOBJICHHS TYpOyJi3ylouux
BCTaBOK Y KapOTPYOHUI ITyUOK.

Ha cporoanimiHi BijoMi pi3Hi ciocodu iHTeHcudikalii Tena000MiHy B KOHBEKTUBHUX €J1€MEHTaxX
BOJIOTPIMHUX KOTJIIB: 3aCTOCYyBaHHsS NeppOpOBAaHUX IMOBEPXOHb, 0AraTromiapoBUX KOHBEKTHBHUX
MIOBEPXOHb, OPEOPEHHS, @ TAKOK BCTABOK PI3HOT KOHPIrypartii.

VY Bogorpiitaux kotiax ¢gipm Viessman (Himeuuuna), Baltur (ITanis) KOHBEKTHBHI HOBEpPXHi
BUKOHAH1 y BUIJIS/L ABOX CTAJEBUX TPYO, BCTABJICHUX OJIHA B OJIHY 1 CIIPECOBAaHUX TaKUM YMHOM,
o0 o000JI0HKa 30BHIIIHBOI TPyOM Mana rodpoBaHy (opmy I yTBOpIOBaja psJi 3aMKHYTHX
MOBITPSIHUX KaHAMIB [3].

B poGoti [4] 3a3Ha4aioTh, 110 BCTAHOBJIEHHS MNPOQUILOBAHUX IOBEPXOHb TEIUIOOOMIHY Y
BUIJISI/II KUTIBIIEBOT HAKATKHU 1 CKPYYEHUX CTPIYOK J03BOJISE€ 3HU3UTH TEMIIEPATypy BIIXIIHUX ra3iB
o 150 — 170 °C 1 migBummtu KKJ| xotna mo 92 — 93 % 3a He3HAYHOTro 30UIBIICHHS
METaJIOEMHOCTI.

3acTocyBaHHS TBUHTOBHX CKPYYEHHUX CTPIUOK B yTUii3aliifHux sxapoTpyoHux BK [5] no3Bomuno
3HM3UTH TEMIEeparypy BIIXiAHUX Ta3iB Ha 12 % 3a 30UIbIIEHHS ONOPY CHCTEMHU Ha
16 %. Cnig 3a3HauuTH, WO I JOCHIIPKEHHS MPOBOMWIMCS IMiJ 4ac TypOYJIEHTHOTO pPyXy
TEIUIOHOCIS.

VYcranoBieHHS 1HTEHCH(IKATOPIB Yy BUIIAI MyCTOTUIOrO 3pi3aHoro koHyca (puc. 1) [6]
nyBumuiao KK xotna 3 85% mo 89 — 93% (3anexxHo Bl mapaMerpiB IHTEHCH(IKATOpa).
Temmnepatypa BiaximHux rasiB 3meHmmuiaack B 1,33 — 2,32 pasu, a tuck 30utbmmBes B 1,1 — 3,96
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pasm.
Cnin 3a3HauMTH, WO L1 JOCHKEHHS IPOBOJIWINMCS B

77
Ffjﬂ KOTJaX 3 BUMYILEHOIO TATOIO MiJ Yyac TypOyJE€HTHOTO pyxy

il

IMMOBHX T'a3iB.

ABropu [7 — 9] nmpoBoaAMIN AOCTIKEHHSI €()EKTUBHOCTI

- KOMOIHOBaHMX IHTEHCHU(DIKATOPIB (CKpydeHa CTpiuka 13

f——f 4 2 4 4 J 31 3irHYTOK HAaBKOJIO HEl JPOTOBOI0 BCTAaBKOK) Yy KOTJIAX

Puc. 1. BeraBku y BuUrmsii notyxHictio 20 ta 200 xBT. ABTOp BKa3zye Ha 3HaYHUI

MYCTOTLIOrO 3pi3aHOro Koyca epeKT BiA BHUKOPUCTAHHS TaKWX IHTEHCU(]IKATOpIB 3a

paxyHOK INPOMEHEBOTO Terioo0MiHy. CHIBBIHOLIEHHS MDK TEIUIOBUM IIOTOKOM 3a PaxyHOK

BHUIIPOMIHIOBAHHS JI0 CYMapHOTO TEIUIOBOTO IMOTOKY B ra30TpyOHOMY €JeMEHTI B Jlama3oHi Re,
sxuil nopiBHioe 1600 — 2100 cknanae 15 — 24 %.

Ananiz poOIT mMmoka3aB, IO OCHOBHA YacTHHA JOCHIHKEHb IHTEHCHQIKAIlli TErio00MiHy
npoBesieHa Al TypOyJeHTHOTO Ta YacTKOBO MepexigHoro pexumy. Hespakarouum Ha Te, 110 Ha
CBOTOJIHI JIOCTDKEHHSIM €(QEKTUBHOCTI POOOTH KOTIIB 3 IHTEHCH()IKAIIEI TEIUIOOOMIHY B
JiTepaTypi IpUAUIEHA 3Ha4YHa yBara, ajie TCOPETUYHO 1 eKCIIEPUMEHTaIbHO OOIPYHTOBAHUX METO/IIB
po3paxynky BKMII 3 inTeHcU]iKOBaHUM TEMI00OMIHOM Y JIITEpaTypl HEMAE.

Mertoro ui€i po6oTHm € AOCTKEHHS IHTEHCHUBHOCTI TEIUIOOOMIHY B Ta30TpyOHOMY Iy4KY
BOJIOTPIHHOTO KOTJA 3 IHTEHCU(DIKAIIIEI0 TETUIOOOMIHY.

RN

Hocaimxenns inTencudikanii Teni000Miny B ra3oTpy0oHOMY My4KY KOTJIa

Jlia pociipkeHHs IHTeHCH(iKallii Ternaoo0MiHy B )kapoTpyoHoMy enemenTi BK noryxhicTio 32
kBT ctBOpeHo ekcnepumeHTanbHUN cteHn 3rigHo 3 JICTY 3948-2000 [10]. 3ampomoHOBaHO
opuriHanpHui crnocid iHTeHcudikanii Terioodominy [11]. OOmagHaHHS CTEHIY, METOIUKY
MPOBEICHHS TOCTIIB 1 TOKa3HUKU ra30aHalli3aTopa i yac BUMpoOyBaHb OMUcaHo B poOoTi [12].

[lepen mnpoBeneHHSIM OCHOBHOI cepii EKCHEpPUMEHTIB 3 IHTEHCH(}IKalii TerIooOMIHy B
KapoTpyOHOMY TIydKy KOTia OyJo TMPOBENEHO YHWCIOBI PO3paxyHKH TEIUIOOOMIHY B
[IaIKOTPYOHOMY KaHami. Y mepmoMy HaOMMKEHHI HamMu OyJlo MNPUHUHATO, M0 TETUIOBHM
PO3paxyHOK TOIKH MPOBOJATH 3riqHO 3 HOpMaTuBHUM MeToioM (HM), a koedirienT Ternosingayl
3a (popmynoro MixeeBa AJis JaMIHAPHOTO PEKUMY.

0.4 0,25
Nu=1,4-(Re-d—L“”) pr*. ;i . (1)
rCﬂ’l

[TopiBHSIHHS pe3yabTaTIB LBOTO JOCIIAY 3 PO3paxyHKaMH MOKa3ald HEJOCTATHIO BIAMOBIIHICTD
HopMmatuBHOro merony (HM) rtemnoBux po3paxyHKIB KOTJIOarperaTiB ymMOBaM pOOOTH KOTIia.
Pe3ynbratu po3paxyHKy MOKa3alid, L0 pPO3paxyHKOBa TeMIlepaTypa Ha BHUXOJl 3 KOTJIA JyId
exkcriepuMenty 0e3 iHTeHcu(ikamii TerooOminy Ha 100 °C  Bumma, HDK OTpUMaHa
eKCIIEPUMEHTAJbHUM HUIIXOM. TOOTO peajibHa IHTEHCHUBHICTh TEIUIOOOMIHY BHILIA Bij
po3paxoBaHoi 3a HM, Tomy B mepmomy HaOIMmKeHHI HaMu OyJ0 3ampoOINOHOBAHO BBOJUTH
MOMpPaBKy Ha BU3HAYCHHS TEMIIEpATypd IUMOBHMX Ta3lB Ha BHUXOJl 3 TOMKH. A BIANMOBIIHI
pe3yNbTaTH NOCTKEHDb OImy0OJIikoBaHi B poooTi [12].

Cain 3a3Haunty, 1o HM temnoBoro po3paxyHky KoTiiB [13] MICTUTh peKOMEHaLIl 3 METOJUKU
PO3paxyHKy KOTJIIB BEIUKOI MOTYKHOCTI 3 XBOCTOBHMH IOBEPXHSMH, KOPOTKI BKa3IBKH IIIOJIO
MIPOEKTYBAaHHS TONKOBHUX MPUCTPOIB 1 MOBEPXOHb HArpiBy CTAL[IOHAPHUX KOTJIIB 1 HEOOXIAHY JUIs
IbOr0 J0BIAKOBY iH(opmamiio. OpHak METOJMKAa TEIUIOBOIO pO3paxyHKy KOTJIOarperaris,
HaBeJICHa B METOAl /Ui TEIUIOOOMIHY B TOMIl KOTJa, HE BPaxoBYe OCOOIMBOCTEH pOOOTH
koHcTpykuii BKMIIL.

Amnaniz poOit 3akopmoHHuHX aBTopiB [14, 15] 13 AOCHUDKEHHS TEIJIOTEXHIYHUX TMOKA3HHUKIB
KOTJiB MoTyxHIicTI0 50 kBT 1 1 MBT moka3zas, 1110 po30bKHICTh MDK PO3Pax0BaHOIO TEMIIEPATYPOIO
Ha BHUXO/I1 3 KOTJa 1 eKCIEPUMEHTAIbHOI0 cKiajae 10 25 %. Taky po30iKHICTh aBTOPH OB’ SI3yIOTh
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13 TUM, IO BIJOMI 3aJIEKHOCTI JUIS PO3paxXyHKy KOHBEKTHBHOTO TEIUIOOOMIHY HEIOCTATHHO
BpPaxOBYIOTh TEIUIOOOMIH Yy KOPOTKMX TpyOax, a caMe I0YaTKOBY JUISHKY TIUIpOJUHAMIYHOT
cTalu1i3alii HOTOKY.

ABropamu [8, 16] orpumano noxiOHiI pe3ynbTaTu. JOCHIPKEHHS MOKa3aiu, 10 PO3XOIKEHHS
MDK BUMIPSHHUMH 1 pO3paxOBaHUMU 32 BIJOMHMH 3aJIEKHOCTSIMU 3HaueHHs Kputepia Hyccenbra B
rmagkii Tpyoi ckmamatote 20 — 40 %. YV 3a3HadeHux poOoTax OOIPYHTOBAHO HEOOXITHICTH
ypaxyBaHHsI TIOYaTKOBOT AUISTHKH JIJIs1 KOPOTKUX TPYO.

BenuuuHa nomnpaBky Ha MOYATKOBY AUISHKY, 3alIPOTIOHOBAHA PI3HUMH JIOCIITHUKAMHU, CYTTEBO
BIIPI3HAETHCS.

[TonpaBkoBuUil KOe(IIIEHT HA TOYATKOBY JUISHKY Ma€ BUTJISI

g =1+C/(L/d)" ()
g Hns BHU3HAYCHHS CEpEIHBOTO
3.2 | | 3HaueHHs kputepito Hyccenbra Nu
\ HEOOXIIHO PO3paxyHKOBE 3HaueHHs Nu,
s g =1+C/L/d)"

2.8 MIOMHOXXMTH Ha mnompaBky (2). Tax,
\ . srinio 3 maEmMu  [14]  Xaysen
74 . 3alpoIoHyBaB KoediuieHtu ¢ = 1, m =
’ <~ 2 2/3, I'pacc —c =23, m = 1; Mimic — c =
2.0 Y . g 3 A 2,4, m = 0,68. ABtropu [15] nursixom
N / T~/ 5 eKCTIEPUMEHTAIBHUAX JOCITIDKEHh KOTIIA
1.6 4— —S ) S Ha Oiomaci notyxHictio 50 kBt 3 L/d =
Y . . - / / / 19,1 orpumanu koedirienta ¢ = 5,7, m =

1’2 \ s ) e - i 0,6
T~ N Z— - VY BiTun3HaAHIN JiTepaTypi Cykomenom
0.8 T T T === —-IWd A C. g Ld < 15 mnompasxa
5 20 35 50 3aIpoIOHOBaHA y BUTJISAI

=1,38-(L/d) ™" . 3rigu 171, ax
Puc. 2. 3anexHicTh TOMPABKOBOro KoedillieHTa Bif g'l 38 ( /d) 3rizHo 3 [ 7]" 1o
cniBBigHOmenns L/d. 1 — C= 5,7, m=0,6; 2 — C= 2,4, m=0,68; 3 ~BIAIOMOCTCH IIpO yYMOBHM IIPOTIKAHH:A

— C=1, m=2/3; 4 — TabauyHi gaxi 111 B’ A3KICHO- [POLIECY HENOCTATHBO ISt OLIIHKH & />
rpaBiTaniiHoro pexxumy [17]; 5 — tabauyni gaHi s

Typ6yJ'IeHTHOFO peskimy [17] IIOMMpPaBKy MOJHa 3alucaTu y BHUIJIAOL

2
g=1+——. Tam ke  HaBeIeHO

BIJMOBIIHI TaOMULI JUIsi BU3HAUYEHHS HOMNPABKOBOTO KoedilieHTa i B’SI3KICHO-TPaBITALIHHOTO
pexumy 3a L/d < 50.
ABTOpamMM IPOBEJIEHO 4YMCIOBE JOCIDKEHHS BIUIMBY MapaMmerpa L/d Ha 3HadyeHHA ¢,

3ampOINIOHOBAaHE PI3HUMU JOCTITHUKAMHU (puc. 2).

Crin 3a3HauuTH, 10 y BITYM3HSAHIN JiTepaTypl 3HaYEHHS NONPABKOBUX KOE(DILIEHTIB 3HAUHO
HUXK4l, HDK IPOTOHYIOTh 3aKOPIOHHI aBTOPH.

VY pesynbrari excrnepuMmeHty (puc. 3) TemmepaTypa JUMOBHUX ra3iB Ha BUXOJl 3 KoTjia 0e3
iHTeHCcuiKamii TeriooOMiny ckimana 366 °C, iHmi gaHi Ha puc. 3 — po3paxyHkoBi. HaitOmmxue
pO3paxyHKOBE 3HaueHHA Temmeparypu Bigxigaumx raszie 392 °C, mo Ha 7 % Ouibiie
€KCIEPUMEHTAJIbHOTO 3HAYEHHS.

AHainiz oTpuMaHuX pe3yNbTaTiB MOKa3aB (puc. 3), 110 BUKOPUCTAHHS MONPABOK 3aKOPIOHHUX
aBTOpIB Jla€ HE3HayHI PO30DKHOCTI B PO3PAaxOBaHMX 1 BUMIPSIHHUX BeJIMYMHAX TEMIIEpaTypu
BIIXiqHUX Ta3iB. lle MokHA MOSICHUTH THM, IO TOTTPABKOBI KOe(IIiEHTH OyJI0 BUBEJICHO B YMOBAX,
ONMU3bKUX 710 poOOTH KOTIIA.
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Puc. 3. 3icTaBneHHs eKCIIEPUMEHTAILHUX Ta PO3PAXOBAaHUX 3HAYEHb TEMIIEPATyPH BiAXIAHUX ra3iB:
1 — 3a hopmyoro (1) 3 koedirienTamu B momnpasiii (2) ¢ = 2,4, m = 0,68; 2 — ekcliepUMeHTaIbHI
nmani; 3 —3a (1) 3¢ =5,7, m=0,6; 4 — 3a hopmyJI0t0, 3aPOIIOHOBAHOIO ABTOPAMH Ha OCHOBI
excriepuMenTy (3); 5 — 3a dopmyioro (1) 6e3 ypaxyBaHHs MOMPaBKU

2,4

Nu=0,062-Re*™ - Pro®.| 1+ —"——
(L/d)"

3)

Sk mokazanu pe3yibTaTH, YpaxyBaHHS TIONpaBKH, KOJMU OepyThb 1O yBard IHTEHCHUBHICTb
TEIJI00OMIHY Ha TIOYATKOBIN JUISHII TiAPOIUHAMIYHOT cTadLTI3aIll TOTOKY, TO3BOJISIE OUTHII TOYHO
BHU3HAYaTU TEMIEpaTypy ras3iB Ha BUXOAl 3 KoTjia. Lle mocuTh BaxJIMBO Ha eTarll MPOEKTYBAHHS
TEIJIOTeHEPYBAILHOIO 00J1aIHAHHS MaJIol MOTY>KHOCTI, OCKUIbKH HENPaBUIbHUM BUOIp 3aJI€KHOCTI
JUI pO3paxyHKy TeriooOMiHYy MpH3Bele A0 30UIbILIEHHS METaJO0EMHOCTI KoTia abo koten Oyze
CIPOEKTOBAHO Ha MEHIIY, HDK HEOOX1IHO, OTYKHICTb.

3 METOI0 BUSBIEHHS BIUIMBY IHTEHCU(QIKAlii TEmIooOMIHY Ha OCHOBHI TEIJIOTEXHIYHI
MOKa3HUKHU KOTJa HaMU MPOBEACHO YMCIOBI JOCHIKEHHS. Y SIKOCTI IHTEHCU(IKATOPIB MPUIHATI
70 yBard IUIACTHHA, CKPYYE€HA CTpiuKa Ta 3IrHyTa IUIACTUHA, YCTAHOBJIEHI HA BCIO JIOBXKHUHY
xKapoTpyoHoro mydka (puc. 4). Po3amipu KoTia, TEIjaoTa 3ropaHHs MajyuBa MPUNHATI TaKl XK, K 1 B
eKCIEPUMEHTAJIbHUX AOCIKEHHIX [12]. 3MIHHUM mapamMeTpoM € KOeQIlieHT HaUIUIIKY MOBITPS.
Butpara manuBa B po3paxyHKax 3aJMIIA€TbCs cTanow B,=3,8 M’/ros . Pe3ynpTaTd 4HCIOBHX
€KCIIEPUMEHTIB MIPE/ICTaBJICH] Ha puC. 5.

[InactuHa 3HMKYE TeMIlepaTypy BIIXiIHUX rasiB Ha 25 — 43 %, 30uibmytoun npu mpomy KKJ|
Kotina Ha 6,52 — 15,7%, a 1me, y CBOIO 4Yepry, NpH3BOJUTH 1O 3POCTAHHS IMOTYKHOCTI KOTJa.
Haiikpami noka3Hukyd e(eKTUBHOCTI CHOCTEpIraroTh [UIsl 3ITHYTOI IUIACTUHHU. 3a 3HIKEHHS
TeMrepaTrypu Ha BuxoAl 3 koTia Ha 43,75 — 53,68 % KK]I 3poctae Ha 7,9 — 24,5%. Takuii edexr
JOCATAETHCS 32 PaXyHOK BUIIPOMIHIOBAHHSI B/l BCTABOK JI0 CTIHKU TPYOU.

[TokpallleHHs TeIIOTEXHIUHUX OKA3HUKIB KOTJIA B1I0YBa€ThCSl HAa (POHI 3pOCTaHHS BTPAT THUCKY
B Ta30TPYOHOMY ITyuKy. AJie 3a paXyHOK CaMOTSTH JUMOBOI TpyOU aepoAMHAMIYHI TPOIIECH B KOTJI1
HE IOoTipimaThes. Y KOTJaxX 3 HaJUTyBOM 3pOCTE MOTYKHICTh JUMOCOCA.
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a) 0) B)

b d

Puc. 4. IaTeHCU(]IKATOPU TEIIOOOMIHY: a)
wiactuHa b = 42 mMMm; 0) ckpydeHa cTpiuka s/d
= 4,2; B) 3ir"yra miactuHa b = 20 mm; s = 30
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Puc. 5. 3anexHicts Temneparypu Biaxinaux rasis (a) ra KKJ koria (0) Bix koedimieHTa HaUTUIIKY TOBITPs. 1 —
[JIIKOTPYOHUH KOTel, 2 — KOTed 13 IUIACTHHOIO, 3 — KOTEN 13 CKPYYEHOIO CTPIUKOI0, 4 — KOTEI 13 3irHyTOI0
IUIACTHHOIO

BucHoBku

[IpoaHani3oBaHO HaNpPSIMKA PO3BUTKY KOTENBHOI TEXHIKM Majioi MOTYXHOCTL. Po3risHyro
Cy4acHl crocodu iHTeHcudikalii TernaooOMIHY y BOJOTPIMHHMX KOTiax Majoi moryxHocTi. Ha
OCHOB1 BJIaCHUX JIOCHIIPKEHb Ta aHajiidy poOIT 3aKOpPIOHHUX aBTOPIB 3alpONOHOBAHO
pO3paxoByBaTH TEIJIOOOMIH y TJIaJKOTPYOHMX KaHajgaX BOJOTPIMHHUX KOTJIB 3 YypaXyBaHHSAM
MOMPaBKH HAa IHTEHCUBHICTh TETUIOOOMIHY Ha IMOYATKOBIA AUISHIN TiAPOAMHAMIYHOI cTadumizarii
noToky. HallajgekBaTHIIIMM MONPABKOBUM KOE(DILIEHTOM, Ha Hally AyMKY, € KOE(QILIEHT,
3anponioHoBaHuit Muwicom. [lokazaHo, 110 BUKOPHUCTaHHS IUIACTUH Pi3HOT KOH(Irypauii CyTTEBO
MOKpalllye TeIUIOTEXHIYHI MOKa3HUKU KoTia. [lnacTuHa 3HmKye TemnepaTypy BUIXIHUX Ta3iB Ha 25
— 43 %, 36inpmrytoun nipu oMy KK/ xotna na 6,52 — 15,7 %, a 11e, y cBOO uepry, Npu3BOIUTH
710 3pOCTaHHS NOTYKHOCTI KoTia. Haiikpaiii noka3Huku e(peKTUBHOCTI CIOCTEPIratoTh Uil 3IrHyTO1
MJIACTUHU. 3a 3HWKEHHS TeMIIepaTypu Ha Buxoji 3 kotia Ha 43,75 — 53,68 % KK/ 3pocrae na 7,9
— 24,5 %. Takoro edexTy 10CAraroTh 32 PaXyHOK BUIIPOMIHIOBaHHS Bl BCTABOK JI0 CTIHKH TPYOH.
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R. E. Boychuk

HEAT EXCHANGE INTENSIFICATION IN SMALL CAPACITY GAS-TUBE
HOT-WATER BOILER

Modern trends in development of small capacity boiling equipment are considered. New ways of heat
exchange intensification in small-capacity hot-water boiler are investigated. The results of the experiments
are analyzed. Methods of small capacity hot-water boilers heat calculation are substantiated.

Key words: heat exchange intensification, boiler, coefficient of convective heat exchange.

Introduction. Problem set-up

Analysis of recent publications and information at the Internet sites of small capacity hot-water
manufactures allows to make a conclusion that modern boiler equipment of small and medium heat
capacity is developing in the following directions: increase of energy efficiency by means of
reducing thermal losses and complete usage of energy potential of the fuel; reduction of boiler unit
dimensions at the expense of intensification of fuel burning process; heat exchange intensification
in the furnace and on heating surface; reduction of gaseous emissions (CO, NOy, SOy), polluting
the atmosphere; increase of boiler operation reliability.

Intensification of heat exchange in boiler elements can be performed in two ways: installing heat
exchange intensifiers in the furnace or in the heat-pipe element. As it was noted in [1, 2], the first
method gives appreciable results, both regarding heat engineering indices and ecological
parameters(efficiency factor increases 1 — 3 %, CO emissions reduce 5 times, NOy, — 2 times).

As a rule, secondary emitters are installed in cylindrical furnace, this improves heat exchange in
the furnace and ecological indices. For small capacity hot-water boilers such method of
intensification practically is not used. As the dimensions of the furnace are rather small, the only
way to intensify heat exchange is installation of twisted inserts in gas-tube bundle. Nowadays
various means of heat exchange intensification in convective elements of hot-water boilers are
known: application of perforated surfaces, multilayered convective surfaces, ribbing and inserts of
different configuration.

In hot-water boilers, manufactured by Viessamn (Germany), Baltur (Italy)convective surfaces
are manufactured in the form of two steel tubes, fitted into one another and pressed in such a way
that the shell of the external tube has corrugated form and creates a number of closed air canals [3].

It is noted in [4], that mounting of formed heat exchange surfaces in the form of ring forming
and twisted strips allows to decrease the temperature of waste gases to 150 — 170 °C and increase
the efficiency factor to 92 — 93 % at slight increase of the amount of metal.

Application of helical twisted bands in waste recovery gas-pipe hot-water boilers [5], allowed to
decrease the temperature of fuel gases by 12%, at increasing of system resistance by 16%. It should
be noted, that the research was performed at turbulent motion of heat- transfer agent.

Mounting of intensifiers in the form of hollow, truncated cone (Fig. 1) [6], increased the
efficiency factor of the boiler from 85%up to 89 — 93% (depending on the parameters of the
intensifiers).

Temperature of flue gases decreased 1.33-2.35 times, and the pressure increased 1.1 — 3.96
times. It should be noted that these investigations were carried out on forced-drought boilers at
turbulent motion of flue gases.

Authors [7 — 9] performed the research of the efficiency of the combined intensifiers (twisted
band with wire insert, bend around it) in 20 and 200kW boilers. Author shows the considerable
effect , obtained as a result of usage of such intensifiers at the expense of radiant heat transfer.
Relation between heat flaw at the expense of radiation to total heat flow in gas-pipe element in the
range Re equals 1600 — 2100 is 15 — 24 %.
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The analysis of the research, performed showed that greater part of research, dealing with the
——— ;  Intensification of heat exchange has been carried out for

T turbulent and partially transient mode. In spite of the fact

Fﬂﬁ‘ F’/jﬂ that nowadays much attention is paid in literature to study

1 B B B of boilers operation efficiency with heat exchange

IZQ;:J LtE::z:l intensification, there is no theoretically ad experimentally

T substantiated methods of small- capacity, hot-water
P R R .

boilers (SCHWB) calculation with intensified heat
exchange, described in literature.

The aim of the given paper is study of heat exchange
intensity in gas-turbine bank of hot-water boiler with intensification of heat exchange.

Fig. 1 Insert in the form of hollow
truncated cone

Study of heat-exchange intensification in gas-turbine bank of the boiler

For the study of heat exchange intensification in high-temperature pipe element of 32 kW hot-
water boiler the experimental stand was created according to State Norm (ACTY) 3948-2000 [10].
Original method of heat exchange intensification is proposed [11]. Equipment of the stand,
technique of investigations and indexes of gas analyzer during tests are described in the paper [12].
Prior the performing basic series of experiments aimed at intensification of heat exchange in high-
temperature pipe bank of the boiler numerical calculations of heat exchange in smooth tube canal
were performed. In the first approximation we assumed that heat calculation of the furnace was to
be carried out according to Normative method (NM), and coefficient of convective heat transfer —
by Mikheev formula for laminar mode.

0.4 0.25

. ' Pr

Nu=1.4. (Re- d]ij Prg0'33.(P_gj (1)
rwl.

Comparison of the results of the given experiment with calculations showed insufficient
correspondence of Normative method (NM) of thermal calculations of boiler units to operating
conditions of the boiler. The results of calculations showed that calculated temperature at the outlet
of the boiler for the experiment without heat exchange intensification, is 100 °C higher than the
temperature, obtained experimentally. Hence, real intensity of heat exchange is higher than the
intensity, calculated by NM.

That is why, in the first approximation we suggested to apply flue gases temperature
determination correction at the outlet of the furnace. Corresponding results of the research are
published in [12].

It should be noted that NM of thermal calculation of boilers [13] contains recommendations
regarding the technique of calculation of large capacity boilers with tail surfaces, brief instructions
on the design of furnaces and heating surfaces of stationary boilers and necessary reference
information. However, the technique of thermal calculation of boiler-units given in the method for
heat exchange in the furnace of the boiler, does not take into account the peculiarities of small
capacity hot-water boilers construction.

Analysis of the publications of the foreign authors [14, 15] regarding the study of heat
engineering indices of 300 kW and 1 MW boilers showed that the discrepancy between calculated
temperature at the outlet of the boiler and experimental temperature is up to 25%. Such discrepancy
authors connect with the fact that known dependencies for calculation of convective heat exchange
do not sufficiently take into account heat exchange in short pipes, namely, initial section of
hydrodynamic stabilization of the flow.

Authors [8, 16] have obtained similar results. The investigation showed, that difference between
measured and calculated according to known dependences values of Nusselt number in smooth pipe
are 20 — 40%. In the given research the necessity of initial section account for short pipes is
substantiated. The value of the correction at initial section, suggested by different researches differs
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greatly.

Correction coefficient at initial section has the form

g, =1+C/(L/d)" @)

For determination of average value of Nusselt number, it is necessary to multiply the calculated
value of NMu by correction (2). According to [14] Khausen suggested the coefficients ¢ = 1, m =
2/3,Grassc=23, m=1;Mils—c=2,4, m=0,68.
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F1g. 2. Dependence ot correction coetticient on the relation L/d.
1—-C=5,7, m=0,6;2 - C=2,4, m=0,68;3 - C=1,m=2/3;4 -
table data for viscous gravitation mode [17]; 5 — table data for
turbulent mode [17].

Authors [15] having performed
experimental research of the 50 kW bio
mass fired boiler with L/d = 19,1
obtained the coefficients ¢ = 5,7, m = 0,6.
In our literature A. S. Sukhomel for L/d <
15 suggested the correction in the form
g, =138-(L/d)*". According to [17],
if the information, regarding the
conditions of the process is not sufficient
for evaluation of g, the correction can be

2

g =l+—-.

L/d
Corresponding tables for determination
of correction coefficient for viscous
gravitation mode at L/d < 50 are
presented. Authors performed numerical
study of parameter L/d impact on the

value of ¢g,, suggested by different

authors (Fig. 2).
It should be noted that in our literature

written in the form

the values of correction coefficients are considerably lower, than the value suggested by foreign

authors.

As a result of the experiment (Fig. 3) the temperature of flue gases at the outlet of the boiler
without heat exchange intensification was 366 °C, other data in Fig. 3 are calculated data. The
closest calculated value of flue gases temperature is 392 °C, it is 7% greater than the experimental

value.

Analysis of the results obtained showed (Fig. 3), that usage of the corrections of foreign authors
gives minor discrepancy in calculated and measured values of flue gases temperature. This can be
explained by the fact that correction coefficients were introduced in conditions close to boiler

operation.
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Fig. 3. Comparison ot experimental and calculated values ot tlue gases temperature: 1 — by the
formula (1) with the coefficients in the correction (2) ¢ = 2,4, m = 0,68; 2 — experimental data; 3 — by
(1) with ¢ = 5,7, m = 0,6; 4 — by the formula, suggested by the authors on the basis of the experiment

(3); 5 — by the formula (1) without taking into account the correction.

Nu =0,062-Re”*®- Pro*. {1 + ﬁ} (3)

As the results showed, taking into account the correction, that takes into consideration heat
exchange intensity at the initial section of hydro dynamic stabilization of the flow, allows to
determine more accurately temperature of gases at the outlet of the boiler. It is rather important at
the design stage of small capacity heat generating equipment, since wrong choice of the
dependency for heat exchange calculation will lead to increase of boiler metal content or the boiler
will be designed for smaller that necessary, capacity.

In order to reveal the impact of heat exchange intensification on basic engineering indices of the
boiler, we performed numerical studies. As intensifiers plate, twisted tape and bent plate, installed
at the whole length of heat-pipe bundle (Fig. 4) were taken into account. Dimensions f the boiler,
heat of combustion are taken as in experimental research [12]. Variable parameter is excess air
coefficient. Fuel expenditures in calculations remain constant B.=3.8 m’/hr. The results of
numerical experiments are shown in Fig. 5.

The plate reduces the temperature of flue gases by 25 — 43%, increasing efficiency factors of the
boiler by 6.52 — 15.7%, this, in its turn, leads to increase of boiler capacity.

The best indices of efficiency were observed for bent plate. In case of temperature decrease at
the outlet of the boiler by 43.75 — 53.68 %, the efficiency factor increases by 7.9 — 24.5%. Such an
effect is achieved by means of radiation from inserts to the wall of the pipe. Improvement of heat
engineering indices of the boiler takes place on the background of pressure losses increase in gas
pipe bundle. But at the expense of smoke chimney effect aerodynamic processes in the boiler do not
worsen. In pressure — fired boiler the capacity of smoke exhauster will increase.
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Fig.4. Heat exchange intensifiers : a) plate b =
42 mm; b) — twisted tape s/d = 4,2; c¢) bent plate
b=20 mm; s =30 mm;
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Fig. 5. Dependence of flue gases temperature (a) and efficiency factor of the boiler (b) on the excess air

coefficient. 1 — smooth pipe boiler, 2 — boiler with the place, 3 — boiler with twisted tape, 4 — boiler with bent

plate.

CONCLUSIONS

Directions of small capacity boiler equipment development have been analyzed. Modern
methods of heat exchange intensification in hot-water boiler of small capacity have been
considered. Proceeding from own research of the authors and analysis of foreign authors research it
1s suggested to calculate heat exchange in smooth pipe channels of hot water boilers, taking into
account heat exchange intensity correction at the initial section of hydro dynamic stabilization of
the flow.

In our opinion, the most adequate correction coefficient is the coefficient proposed by Mills. It is
shown that the usage of plates of different configuration improves considerably heat engineering
indices of the boiler. The plate reduces the temperature of flue gases by 25 — 43%, at the same time
increasing the efficiency factor of the boiler by 6.52 — 15.7 %, and this, in its turn, leads to boiler
capacity increase. The best efficiency indices are observed for the bent plate. At the decrease of the
temperature at the outlet of the boiler 43.75 — 53.68 %, the efficiency increase by 7.9 — 24.5%. Such
an effect is achieved at the expense of radiation from- inserts to the wall of the pipe.
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