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AHHOTALUMA

BBeaeHwue. [Mpobnembl yTunusauum Tenna oTXOAALLEro rasa akTtyanbHbl Npy NPoM3BoACTBe. Tennosble BTOPUYHbIE 3HEpre-
TUYeCcKne pecypcbl — Hanbornee pacnpoCcTpaHeHHbIV BUA 9HEPreTUHecKX oTxoAoB. O MeKTNBHAA YTUNN3aLnsa TeNnoBbIX
BbIOPOCOB NMO3BONMUT YMEHbLUNTL pacxodbl Ha dHeproHocuTenu. 3gaHne neneLweyHon, B KOTOPOM NMPUMEHEHO TEXHUYECKOe
YCTPOMCTBO BOAOrperHoro kotna-ytunuaaropa (BKY), — pacnpocTtpaHeHHbI B Npon3BOACTBEHHOMO 30aHMS B BOCTOYHbIX
CTpaHax, B KOTOPOM ropsiyee BogocHabeHVe 1 OToMNeHne MOXET OCYLLECTBIATLCA 3a CHET UCMOMb30BaHUS YTUNU3NPO-
BaHHOro Tenna, otTxogsLiero npy pabote rpynn neven-tTaHaplpoB. Lienb nccnenosaHns — nsyyeHve npolecca KOHBEKTUB-
HOro HeCTaLMOHApHOro TeYeHWs NoToka Tenmna, npoTekatoLlero no Tpybe TennoobMeHHMKa TaHAbIPOB, U HA ero OCHoBe
pa3paboTka HECNOXHOW NO YCTPOWCTBY, ManorabapuTHON, NPOCTON B U3rOTOBIIEHWN, S3KOHOMWYHOW 1 Be3onacHon moaenm
BOJOHarpeBaTenbHOro YCTPOWCTBa ANA HYX4 HapOAHOro X035MCTBa.

MaTepuanbi u meToabl. B 0CHOBY MCCreqoBaHNs NONOXeHa KOMMNEKCHas METOAONOMMS U3yYeHns, aHanmaa n 0606LeHns
Tennodusnyecknx NpoLeccoB Ha 6aze KOHBEKTUBHOIO HECTaLMOHAPHOTO TEYEHUst MOTOoKa Tensa, npoTekatoLuero no Tpybe
TennoobMeHHVKa neven-TaHabIpoB.

Pe3ynbratbl. Hay4HO-TEXHUYECKUIN pe3ynbTaT, 3aKoyaoLWwnincs B NOBbILLIEHUM TennosBon addeKkTBHOCTN BKY, CKoHCTPY-
MPOBaHHOTO B 3AaHUM neneLueyHon, obecneymBaeTcs 3a cyeT adpdpekTa Harpesa, akkyMynsuMu u TENOOTAAYN BEPTU-
KarnbHbIX OpebpeHHbIX CTarnbHbIX HarpeBaTenbHbIX TEMNOEMKMX TpyD TennoobMeHHNKOB, NOMELLEHHBIX B LIMNTMHOPUYECKUIA
KOTen, NPy KOHBEKTVBHOM HarpeBe 1x OTBOASALLMM ra3oBblM TennoHocuTenem 6e3 Bo3Bparta Tenna B BOAOTPENHbIN KoTen.
BbiBoabl. PazpabotaH NpoekT 3gaHns NeneLleyHon ¢ Hay4YHO U NpaKkTUYecku 0GOCHOBAHHOWM CKOHCTpyuMpoBaHHou BKY
rpynnov TaHAbIpoB, NpeacTaBnsiowen coboit BepTUKanbHYO LIUMMHAPUYECKYIO €MKOCTb, 3amnofHEHHYI0 BOAOW, BHYTPM
KOTOPOM MOMELLieHbl OTBOASLLIME BepTuKalbHble TENNoobMeHHble TpyObl, NPOXOAsA Yepes HWX, Tenno, Bblaensemoe npu
bYHKLIMOHMPOBAHNM TaHAbIPOB-MEeYe B Npouecce Bbinevkn xneba-neneLukn Bo3ropaHnem ApoB, YrNs, NPUPOAHOro rasa
UnW anekTpoHarpeBaTenen, HarpeBaeT BOAY CEKLMI KOTNa, KoTopas Cry>XWUT A5 ropsyero BogocHabxeHns notpeburtenen
1 OTOMMEHUs MOMELLEHNI 3aaHusA. YCTaHOBMNEHO, YTO MeToA opebpeHus Tpyb paclumpsieT obnactb NPMMEHEHUs yCTPON-
CTBa, AOMOMHMTENBHO NOBLILAs KOIMMULMEHT TEMNOEMKOCTM 1 TennoobmeHa, 1 Npov3BOANTENBHOCTL 060PYAOBaHMS.

KIMKOYEBBIE CITOBA: BogorpeliHbi KOTen, yTunusaumsi, 3gaHue, opedperve Tpyb, BogocHabxeHve, oTonneHne, Tenno-
0OMEHHUK, KOHBEKLUSA
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ABSTRACT

Introduction. Problems of waste gas heat recovery are relevant in the course production activities. Secondary thermal ener-
gy resources are the most widely spread type of energy waste. Efficient recovery of waste heat will reduce energy costs.
The building of a cafeteria, that has a water-heating waste heat boiler (WHB) represents a widely spread type of industrial
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buildings in eastern countries, where hot water and heating can be provided by using heat waste recovered from groups
of tandoor furnaces. The purpose of the research is to study unsteady convective flows of heat passing through the pipe of
a tandoor heat exchanger and to develop a simple design of a small-sized, easy to manufacture, economical and safe model
of a water heating device for the needs of the national economy.

Materials and methods. The research is based on a comprehensive methodology employed to study, analyze and gene-
ralize thermophysical processes based on the study of convective unsteady heat flows in heat exchanger pipes of tandoor
furnaces.

Results. The research result represents higher thermal efficiency of the WHB installed in the building of a cafeteria due
to the heating, accumulation and heat transfer by vertical finned steel heat-exchanger pipes in the cylindrical boiler in
the course of convective heating by the outlet gas used as the heat carrier without returning heat to the water heating boiler.
Conclusions. The cafeteria building has scientifically and practically grounded design of a WHB tandoor group, which is
a vertical cylindrical tank filled with water, in which vertical outlet heat exchange pipes are placed. Heat, emitted during
the operation of tandoors, is used to bake flatbreads and bread by burning wood, coal, natural gas or electric heaters. This
heat heats boiler sections to supply hot water to consumers and heat the building premises. The method of finned pipes
extends the field of application of the device, increasing the coefficient of heat capacity and heat exchange, as well as
the capacity of equipment.

KEYWORDS: hot water boiler, recovery, building, finned pipes, water supply, heating, heat exchanger, convection
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BBEJEHUWE

TemroBrle BTOPUYHBIE YHEPTETHUECKUE pecyp-
CBI — HamnOoJIee pacpoOCTPaHEHHBIIH BU YHEPTETHIEC-
KHUX 0TX0HOB. OTHIM W3 BOMOXHBIX ITyTeH CHIDKCHHUS
PACXOIOB Ha SHEPTOHOCHUTEIHN SBISACTCS YTUIU3ANUS
TEIUIOBBIX BEIOPOCOB. Kpome Toro, U Ha MpOU3BONCTBE
aKTyaJIbHa po0JieMa YTHUIM3AI[UU TeIIa OTXOMSIIUX
rasoB.

Mopenb ycTpoiicTBa BOIOTPEUHOTO KOTJIa-yTUIIU-
3aropa (BKY) oTHOCHTCS K 005IaCTH CTPOUTENBCTBA,
TOpsIYero BOAOCHAOXKEHUs U TerutocHaokeHust. Cucre-
Ma YTHJIM3AIUU TEIUIa MCIIONb3YeTCs C IMEeNbI0 MTOHMU-
JKEHUS O MUHHMYMa PacXoJla SHEPTUHU JUIS TOPSIETO
BOJIOCHAO0KCHUS M OTOIICHHS 3AaHHUU ITyTEM HCIIONb-
3oBanus BKV.

3an0oKeHHBIN MOAX0]] YTHIIM3AIIUN TEeIUIOTHI MPO-
JIyKTOB CTOpaHus B mpeiaraemoii Mmofenu BKY nmeer
IIMPOKOE NMPUMEHEHHE ISl MOMOTHEHHS] TPOU3BOJ-
CTBEHHBIX M OBITOBBIX HYXX] B YHEPTHHU, MOXKET OBITH
HCIOTBH30BaH TAKKE MIPH IKCIUTyaTallMH TeIIOTeHepa-
TOPOB C TIOAOOHBIMU KOHCTPYKTHBHBIMH XapaKTEPHUC-
TUKaMU TPU TPOCKTHUPOBAHUY 3TaHUH Pa3TUYHOTO Ha-
3HAYCHHS.

BO MHOTHUX BOCTOYHBIX CTpaHaX C HAIlMOHAJb-
HBIMU TPaJUIIMOHHBIMU OCOOCHHOCTSAMH, TPAKTHKY-
€MBIMH B HACTOAIIEE BPEMs B MHPOBOI IIPaKTHKE, IPH
OOJBIION YMCICHHOCTH HACEIICHUS IMPUHSATO OpPTaHU-
30BEIBATh IIEHTPHI (JICTCIICYHEIC) 110 TPUTOTOBICHUIO
U BBITICUKe XJ1e0a, B KOTOPBIX U 00SCIICUCHUS HeTpe-
PBIBHOCTH TEXHOJIOTHYECKOTO Mpolecca COCPeioTour-
BaeTCs TPYIINa Neuei-TaHabIPOB, (YHKIIMOHUPYOIUX
OI[HOBpeMeHHO u perﬂHpHO B 3aBUCHUMOCTH OT IIO-
TpeOHOCTH HACEJICHUS B MIPOAYKTaX.

TpaluLMOHHBIN BUJ 3JaHUS JIENEIIESYHON Mpen-
cTaBiseT co00if 00beMHOE Ha3eMHOE CTPOUTEIHHOE

COOpY>KEHHE, BKITFOYAIOIIEEe TIOMEIIEHHS TSI pa3Meliie-
HUS Neueii-TaHABIPOB, IPeAHA3HAUCHHBIX JUISI BBIEUYKH
XJie0a-JIeTIeIIKY.

Tanaslp — oObeMHAs TeYb UIS BBINIEYKH OJHO-
BPEMEHHO OOJIBIIIOrO KOJIMYECTBA JIeNeleK, padbora-
IOIIast HEMPEPHIBHO U BBIJIENAIONIAs TEIUIO OT BO3ropa-
HHS TBEPIOTO TOILINBA (YTONb, APOBA) HIIA IPUPOTHOTO
rasa, 3JIEKTPO’HEPTHH, BEIOPACKIBAEMOTO B atMochepy
yepes TeIuIora3oxoaubie TpyOsl. icTouHnKkamMu 3KOHO-
MHH 3HEPTOPECYPCOB CIIy’KUT HCIIOIb30BaHHUE TEIlIa
JBIMOBBIX I'a30B, TEIUIa TOPSIYUX NTOTOKOB OT TBEPIO-
rO TOIUIMBA, YIJIS U JIPOB, Ta3a, OTXOJAIMINX C MeYeH-
TaHJBIPOB OE3BO3BPATHO.

TanapIp HACTONBKO MHOTOTPAHEH, YTO B HEM OfIU-
HAaKOBO BKYCHO ITOJydYaeTcsl MmoJKapka Msca, peiOa,
OBOIIH, TPHOBI U 1a)KE BBINCUKA.

3naHue JerelmeyHoH siBisieTcs Hanbosee pacrpoc-
TPaHEHHBIM BHIOM IPOU3BOJCTBEHHOTO 3/1aHHUS, B KO-
TOPOM COCPEIOTAauMBACTCS TPYyIa IeYei-TaHIbIPOB
JUTS. BBITICYKH JICTIEIIEK, U MICTOYHUKOM BO30OHOBIISI-
eMBIX SHEPTreTHUYECKHX PEeCcypcoB, B KOTOPOM ropsaee
BOJIOCHA0)KEHHUE U OTOIUIEHHE MOTYT OCYIECTBISATHCS
3a CUeT MPUMEHEHHUs YTHIIN3UPOBAHHOTO TeMIa, YXO1s-
IIeTO B aTMocdepy depes TpyObl TeIia U OXJIaKICHHS
JBIMOBBIX Ta30B OT HEMIPEPBIBHON pabOThI TAHABIPOB.

D¢ dexTuBHOCTH TeruIa B 060opynoBannu BKY s
TPYII HCTOYHHKOB TEIUIOBBIACICHUS HOCTaTOYHO Be-
nuka. BogorpelHslil KoTel, yTHIM3UPYIOIIMHA Temo,
MpHUEMIIEM TaKXe U Ul TOYEUHBIX HCTOUHUKOB TEILIO-
BblAeneHus. [IpoayKT BeIXiiomna neyeii — ropsuuii KoH-
BEKTHUBHBIN Ta3, IPU PalMOHAIHHOM HCIIOJIb30BAHUU
KOTOPOTO TOCTUTaeTCsl TEXHUUECKUM U MPaKTUIeCKHH
pe3yibTar.

HccnenoBaHuio CTAlMOHAPHBIX JIAMHHAPHBIX
U TypOyJEHTHBIX PEKUMOB KOHBEKTUBHOTO TEUCHHUS
ra3oB B BEPTHKAJIBHOM KPYITIOM KaHale MPH JUHEHHO
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M3MEHSIONIEHCS TeMIepaType KOHBEKTUBHOIO ITOTOKa
W CTEHKH TOCBAIICHHI padoTs [1-4].

IIpunnunam pacuera, ONTUMAIBHOMY IPOEKTHPO-
BaHHIO U NPAaKTUUYECKOMY IIPUMEHEHUIO TEII000MEH-
HBIX aIaparoB ¢ PeOPUCTHIMI MOBEPXHOCTSIMH TTOCBSI-
IIEHBI aHAJUTHYECKHE 0030psl 1 MOHOTrpaduu. OauH
U3 CaMbIX UCCIIEIOBaHHBIX U HanOoee PUMEHIEMbIX
METOJIOB MOBBIIICHUS yPOBHS TEMI000OMEHa Ha MO-
BEPXHOCTAX — 9TO UIMEHHO PeOpUCTHIE MOBEPXHOCTH.
OHU HCTIONB3YIOTCS BO MHOTHX TEIIJIOO0XJTaXKIAOIIIX
YCTpOMCTBaxX: ammaparax BO3IYITHOTO OXJIaXKICHHUS,
CUCTEMAX OXJIAXAAIOLUX YCTPOUCTB, B MIACTUHYATO-
PEOPHUCTHIX U KOXKYXOTPYOUaThIX TEIJIOOOMEHHBIX all-
nmaparax. Pesynmsratom mccnenoBanuit [5—12] sBnsercs
petieHne nmpooaeMbl MOBBIICHNUS 3P (HEKTUBHOCTH 1 OT-
TUMM3AIIIH TIOBEPXHOCTH BHYTPEHHETO OpeOpeHHsL.

[TonesHoe ncmonp30BaHNEe BTOPHYHBIX 3HEPTETH-
4ECKUX PECYPCOB, K KOTOPOMY OTHOCHUTCSI 1 IPHMEHEHHE
TEIUIOTHl OTPa0OTAHHBIX TA30B, OJHO3HAYHO HPUBEIET
K 3HaYNTETHbHOI 9KOHOMHH TOIIIMBA MPH SKCILTyaTaI[n
CTaLlMOHAPHBIX SHEPreTUYECKUX yCTaHOBOK [13—18].

Bonpocsl KOHCTpyupoBaHus BOJOIPEUHBIX KOT-
JIOB, YTUIM3UPYIOUINX TEMJIO ABIMOBBIX Ta30B B TEX-
HOJIOTHUYECKHUX M1€4aX, pACCMAaTPUBAIOTCS B HEKOTOPBIX
Tpyaax. Pe3ynbpraTsl MccieqoBaHUM NpeaCTaBICHBI
B BUJI€ YCTAaHOBOK JJIsI TPOM3BOJICTBA SHEPTHU U OTIpe-
JIENAI0T TEHACHIIUH U MePCIEeKTUBHI AaTbHEUIIETO Mo-
HCKa B 001acTH UX MpoeKkTupoBanus [19-23].

B Hacrostmee Bpemst pa3pabareIBaeTCsl M peau-
3yeTcsl Ha MPaKTHKEe KOHBEKTOP Ha ABIMOXOJ 3aBOJOM
«ATJIAHT», npeaHa3sHa4eHHbIN J1s1 0TOOpa yXOIsIIe-
T0 B TpyOy TeIula M OXJIaKACHHS JBIMOBBIX T'a30B B BO-
JITHOM U apOBOM OTOIICHUH.

Hens uccnenoBanus — U3y4eHHE MpoLecca KOH-
BEKTHBHOTO HECTAI[MOHAPHOTO TEUCHHUS ITOTOKA TETLIa,
MPOTEKAOIIET0 0 TPYOe TeMI000MEHHHUKA TaH BIPOB,
U Ha €ro OCHOBE pa3paboTKa HECIOKHOW MO yCTpOii-
CTBY, MajmorabapuTHOH, IPOCTOH B M3TOTOBICHUH,
MOIIIHOM, SKOHOMUYHOM M 0e30macHON MOJAeIH BOJO-
HarpeBaTeIbHOTO yCTPOICTBRA I HyK] HAPOTHOTO XO-
351CTBA, MO3BOJIAIOIIEN COKPATUTh PACcXObl HA OTOILIE-
HHE ¥ ropsiuee BOJOCHAOKEeHNE 3JaHNi1 JIeTIeIIeYHbIX.

Lenps gocTturaercs npu HarpeBe BOABI Ha IBYX,
MaJIoi 1 OOJBIION, CEKIIUIX CKOHCTPYHPOBAHHOTO ITH-
JIUHPUYECKOrO KOTJIA IyTeM BEPTUKAIBHBIX Ta30X0/0B
pebepHbIX TPYO TEIUIONPUEMHHUKOB IIPH MPOXOXKACHUN
yepe3 HUX OTpabOTaHHOTO B IEYax I'a30BOTO TEMJa,
yaansieMoro B arMmocdepy KoHBekuuei. Koncrpykums
BOJIOIPEIHOTO KOTJIa, odecreunBaronas TenjaioooMeH,
COCTOHT M3 BEPTUKAIBHBIX TPYO € MPOJOIBEHO Paclono-
JKCHHBIMH peOpaMu Ha IIOBEPXHOCTSIX.

MATEPHAJIBI U METO/IbI

CrnenyeT oXuIaTh 3HAYUTEILHON SKOHOMUH SHEP-
TOPECYPCOB M CPEICTB BBUy MHOTOYHCIICHHOTO pery-
nsipHOTO Hcnonb3oBanus BKY, koToperit obecreunBaet
CHIDKEHHE Pacxojia SHEPTUHU 3a CYET YTHIN3ALUHU TeTl-
J1a, OTXOJSIIETO B aTMOC(epy.
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ITo pe3ysabraram aHain3a OTEYECTBEHHBIX U 3apy-
OCXHBIX MCCIeNOBAaHUN CHOPMYITHUPOBAHEI (PAKTOPHL,
BIIMSIIOIINE HA KaYeCTBO TEIJIOOOMEHHBIX alapaToB:

* 3aBHCHMOCTb OT BHEUIHEH U BHYTPEHHEH KOH-
¢urypammm pedpa u ero Mecropacnoiaoxenus. Pedpo
(uKcupyeTcst Kak CHapy>KH, Tak 1 BHyTPEHHUM opeOpe-
HHUEM TpyO;

* KOHCTPYKIHA Hecymeil TpyOsl. Mcnonp3oBanne
opeOpeHHOH TpyOB! pa3HOW KOH(UTYpalnu, NpenmMy-
IIECTBEHHO KPYIVIOTO U DJUIMITUYECKOTO MPSIMOYTOJIb-
HOTO CCUCHHIA;

* METOJ COeIMHEHHS] KOHCTPYKTHBHBIX COCTaB-
JISIOLUX OpeOPEeHHOH TPyObl MEXITY CO0Oi;

* IUIOLIAJb MOBEPXHOCTH TEINIOOOMEHA,;

* creneHb 3P (PEKTUBHOCTH TEIIOOOMEHA;

* YCJIOBHS DKCIUTyaTalluH.

ITon pyKOBOACTBOM M TPH HETOCPEACTBEHHOM
yYacTUH aBTOPA CTAaThU pa3paboTaH MPOEKT 3/1aHMs Jie-
HEIIeYHO, 0 KOTOPOMY BO3BEACHO 3[]aHHUE JIeTenIey-
HOM M B HACTOSIIIEE BpeMs SKCILTyaTupyeTcs. B nenrpe
31aHust Ha OTMeTKe 4,2 M YCTaHOBJIEH CKOHCTPYHPOBaH-
HBII aBTOpoM crathb BKY, ¢ nenbio anpo6uposanus
9KOHOMHUYECKOTO 3(h(heKTa MOCIEAHEr0 MPON3BEACHBI
reriodusnyeckue uccnenosanus. Ha puc. 1, 2 npen-
CTaBJICHO 00BEMHO-TUIAHUPOBOYHOE PELICHUE 3/IaHMUs
JIETICIICYHOH ¢ BO3MOXHBIM PACIIOJIOKEHHEM 110 KPYyTY
TPYIIIBI TAHJIBIPOB HA IUIaHE B IIEHTPE 3/IaHMUS.

Temnopusnyeckre nporecchl, MPOTEKAIOIINE B Te-
IUIOBOH cpee TaHIBIPHOTO MPOCTPAHCTBA M B TEILIO-
0OMEHHBIX Tpy0ax ra3oXxo/10B B AKCILUTyaTallHOHHOM pe-
JKHMe, [IPU yTAJICHUU Ta30BOTO KOHBEKTHBHOTO ITOTOKA
TerIa B arMocdepy, U3ydJalich ITyTeM IPUMEHEHHNS Me-
TOZIa HATYPHBIX UCCIIEIOBAHMI C TIOMOIIBIO CIIETYIOIINX
COBPEMEHHBIX ITOPTATHBHBIX MPUOOPOB: TEIJIOBU3HOH-
Horo nH(ppakpacHoro Tepmomerpa FLIR TG165; mupo-
metpa GM1350; mudposoro repmomerpa EM 9020C;
TepMod3JIeKTprudeckoro aktuHomeTpa AT-50; anemo-
metpa AMTAST; tepmoanemomerpa DA-2M; cranno-
HapHOTO TEPMOMETPA, MPEAHA3HAYEHHOTO ISl CUUTHI-
BaHMS BBICOKHX TEMIIEPATyp; J1a00paTOPHOrO PTYTHOTO
tepmomeTpa [OCT 215-73; moaynpoBOAHUKOBOTO Tep-
Mometpa tuna ITII-M.

PE3YJIBTATBI HCCJIEJOBAHUS

C menpio MoTyYeHus: SHEPTUH OT BTOPUYHBIX YHEP-
TEeTHYECKUX PECYpPCOB CKOHCTPYHPOBaHA HECIIOKHAS
110 YCTPOIMCTBY €CTeCTBEHHAs 110 HAaTypaJIbHOM BEeIUUHU-
He MoJeinb yTuin3auuu temna — BKY B 3ganum nene-
MICYHOH C MOCIIeAYIOmEeH anpodanueii ero B peaJbHBIX
YCIIOBUSX DKCIUTyaTalluy AJIsl OMPEIENIeHUs TIpaKThyec-
KO TIPUTOJHOCTH ¥ MPUMEHUMOCTH JIJISI TOPSIETO BO-
JIOCHA0KEHHS U OTOILICHMS 3[JaHUI JIETIECIIEYHbIX.

IMocTaBnenHas 1eiap AOCTUTHYTA MPHU HArpeBe
BOJBI Ha JBYX, MAJIOH M OONBIION, CEKIUAX IMUIHH-
JIPUYECKOTO KOTIA IMyTeM BEPTHKAIBHBIX Pa300pHBIX
ra30Xo0I0B peOCPHBIX TPYO TEIIOMPUEMHHUKOB TIPH TIPO-
XOXKJICHUH Yepe3 HUX OTpaboTaHHOTO B Iedax Teria,
yaanseMoro B aTMoc(hepy KOHBEKIHEH.



Pa3zpabotka 3pPEKTHBHOrO BOAOrPENHOIO KOTAA-YTUAM3ATOPA

C. 86-103

| ]
P o g,
3
T gy | g % ¥ s PR S ¢ ) .
: i o F
i o PR e 2u
i o.lF © O O |
R i e ;
Q_ o 7 I , o mw | ow  we [ i
H H H g H i
@j__._._._l _gi}: - == =5 T ==f== - :: = !I_._._
i i il = 5 2 fus | i
! ?) | g HR | & s i i
: //,/’ il s an e SESEET | \\\\\ i
i 22 i @ o mj.=| BN i
i i il 2 ihF i
L m w — s, W
AT i RN | ] M, o o T
g vl oo Llow Ml oo BELe QI i El o
- | | ®
i i i g s i
o i i i
| i & i
g L= i ® !
3 i i i AR i
o | ! ! o 8 i
i ! i = i
e | ! R |
y L g
@— g e
| i
g ! j=
[ i
! i
i 3 i
®— —— . S I
: !
! 1
g ! i
N | 5 i
! L i
O—t— ——4
g
i 1
| i
! i
g : i
I 1
i O |
sl
8
@_ § o264 u_
s 1, e
T &
g
@_Q__ﬁ_ — g e
P’
[ A
oo | | - L il m || el
ol evav oo
|
i
|
|
4180 4030 8150 | 4350 4350 | 8150 4030 | |
470 470

6 @

JONNO

©

@

Puc. 2. [InannpoBo4HOE pEICHHE 3AaHNU JCTIEMIEYHON ¢ PACTIONIOKEHHEM B IIEHTPE TPYII IeUeii-TaHIBIPOB

89

(Gh) € ONSS] ZL'ION Jmsaveciae exnen



navnacl:g%:;esﬂzgmz Vol. 12.1ssue 3 (49)

A.N. lusicos

KoHcTpyKImst BOIOTrpeitHOro KoTia, 00ecieqnBaro-
I1ast TEII000MEH, COCTOHT U3 BEPTHKAJIBHBIX TPYO € TIpo-
JIONTBHO PACTIONOKCHHBIMH peOpaMy B TOBEPXHOCTSIX.

OpebOpennas Tpyda — CIIOKHAs KOHCTPYKIIHS,
Ka)XJIbIi 3JIEMEHT KOTOPOIl BHIMOIHAET 0c00yI0 (PyHK-
nuto. TermmooOMeHHBIE CBOWCTBA OpeOpPEeHHBIX TPyO
HE pa3 MOATBEPKIATHUCh MHOTOUHUCIEHHBIMH HCCIIE-
JIOBAaHUSIMU M UCHBITAaHUSMH, a TAKK€ MHOTOJICTHUM
OTIBITOM TIPUMEHEHHS MPH W3TOTOBICHHUH allapaToB
BO3/YIIHOTO OXJIAKICHUS.

D¢ dexTnBHOCTH TemmooOMeHa OpeOpeHHBIX TPYO
3aBHCHT OT BHEIIHETO SKBUBAJICHTHOTO JHAMETPa TPY-
Obl, TEMIEPaTypbl U YCIOBHS NOCTOSHCTBA TEIIOBO-
TO MOTOKa IO JUIMHE TPYOBI, 00ILIeH TUIomanu Terio-
oTHa4YM TPyOBI C YUETOM pa3Mepa U Imara pedep, ancen
Hyccensra, ['pacroda u [Tpanamis.

TpyOsl ra3oxonbl ciy)aT TEMJI000MEHHUKOM
0 TIPUHIIMAITY BO3AYX—Boza. [leun nenemednont QyHK-
LUOHUPYIOT OJHOBPEMEHHO LIEJIMKOM HIIM IPYIIaMH,
co3/1aBas HEMPEPBIBHOCTH TEXHOIOTHYECKOTO IpoIecca
B TEUCHHE CYTOK B CHCTEME yTHIHM3AIMH TEIlIa, 00y-
CJIOBJICHHOM MOTPEOHOCTHIO B IMPOIYKTaX.

Koncrpyknus u npunnun padotst BKY npexacras-
JIeHHI Ha puc. 3, a, b.

CocraBHoit yacteio BKY sBrsieTcs nunmuHaprudec-
KU BOJOTpEHHBIN KOTeN /, yCTAaHOBJICHHBIN Ha He-
cymei momgocHoBe /6. OH TmpencTaBiseT coOoi mu-
JUHAPUYECKYIO CBAPHYIO €MKOCTh JHAMETPOM 2 M,
BBICOTOH 3 M, M30JIMPOBAHHYIO CHApYX{ YTETUISIONINM
cioeM 3 ¥ M3TOTOBJICHHYIO U3 HEPIKABEIOIIUX ITPOQH-
JUPOBAHHBIX JINCTOB MJIM CTAJIM TOJIIMHON HE MEHee
6 mm. BKY pasaenen BepTukanbHON yTEIICHHOM CTEH-
KOW M3 HEPKaBEIOMINX JINCTOB TONIIMHON 4 MM Ha eM-
KOCTH (OTCEKH) JJIsl TOPSYero BOJOCHAOXKEHHUS U OTO-
TUICHHSI.

B BomorpeiiHOM KOTi€, 3allOJJHEHHOM BOJOH,
JUISL TIOJyYeHHsI MakCuMasibHOro 3ddekra pasmerie-
HBI 110 KPYTY BEPTHUKAJIbHbIE IPOJOIBHO OpeOpeHHbIE
C IJIaCTHHAMH BHYTPHU (MOTYT OBITH JOTOJHUTEIHHO
U CHapyXH) ra300TBOAALIME TEINIOOOMEHHBIE TPY-
OBl quameTpoM 12 cM, B LIEJIOM COCTaBIISIONINE HE-
prKaBeloINe CTaJbHBIE HArPEeBaTEIbHBIE TEIUNIOEMKHE
Temioo0MeHHUKU. OpeOpeHHble TPYObl I'a30X0IbI
TEIJI00OMEHHUKA 5 TOJIIMUHON CTEHKU U pedep § MM
MpeIHAa3HAYECHBI A HHTeHCH(HKAUN TeII00OMeHa
3a cYeT TypOyJau3aluu BOCXOASAIIUX MOTOKOB, YIIyd-
maroriei 3gdexT TemronepeHoca Mo BceMy o0bemMy
KaHaja.

BKY coctouT U3 nByX CeKIHii, pa3esieH BepTH-
KaJIbHOM yTEIUIEHHOU Meperopoikoi 4 u3 HepkaBe-
IOMINX CTAIBHBIX JIMCTOB TOJNIINHON 4 MM Ha €MKOCTH:
MEHbIIIas 110 00bEMY CEKIUS AJIS TOPIYEero BOZOCHA0-
»KeHust 8 n OospIast 1o 00beMy It OTOTUICHHMS 9.

B otonmrensHbI ieproy cexmmu 8 1 9 paboraioT
CaMOCTOSTEINIBHO IS TOPSYEro BOIOCHAOKEHHS U OTO-
IUICHHS, @ B OCTAJILHOE BpeMsl OOBEIMHSIOTCS BOSANHO
4yepe3 Ce30HHBIN MepeXoaHrK 2, 1 Bech 00beM Oaka pa-
6oraer 1uist Topsiuero BogocHadxkenus. [Ipu atom mo-
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TpebisieMast MOIIHOCTH B TEIUIE M BOJIE MEXK/Y CEKIIUsI-
MH PETyIHPYETCsI IyTEM MEXCEKIIMOHHOTO TEPMOCTaTa
u ce3oHHOrO0 nepexonuuka. BKY co ctoponsl 06enx
CEKILIM oCHalleH JiecTHulel 7 1 ocmorpa. BKY oc-
HAaIlleH HapyXHO# necTHunei /(0 1 mogsemMa K TOpH-
30HTaJIBHON CTaIBHOM Mmomaake /1, odecreunBaromeit
JIOCTYII K CTaJIbHOM MJIaCTUHYATOM KpbIlKe /2, BBHION-
HsIFoIIeH (DYHKIMIO HACAIKH HaJ Ta300TBOIAIINIMU TPY-
6amu, mpeHa3HauCHHOH I perylnupOBaHHs CKOPOCTH
OTBOJISIIIETO TIOTOKA TEeIIa U3 TpyO B aTMocdepy myTeM
W3MEHEHNS MOJIOKEHHS BBEPX/BHU3 U JJIs1 OCMOTpPa CEK-
K 0aka M OYMCTKH Hajera Tpy0. bak-yrunuzarop oc-
HallleH yKa3aTeJIMU yPOBHS BOABI /3, mTynepamu /4
U maTpyokamu /5, IpeTHa3HaYeHHBIMH AJIS1 COSAMHE-
HUS TpyOOIPOBOJIa, BEHTUIIEH, EMKOCTEH U JIPYTHX Jie-
Tayel KoTia yTuin3anun teria. Bogozabop st BKY
OCYIIECTBIIAETCS Y€PE3 BOAOIPOBOIHYIO CETb.

YCTpoicTBO paboTaeT Mo MPHUHITUITY BO3MyX—Boa
yepe3 Ter1000MeHHbIE TPYOBI.

Ha ocHoBe n3yuenns Temnopu3ndecKnux Mporec-
coB B peansHoM BKY B 11e10M 1 B ra30X0HBIX TEIUIO-
00MEeHHBIX TpyDax npu (GyHKIMOHUPOBAHUH TaHABIPOB
JETIEIEYHOH HayYHO ¥ MPAKTHYECKH 0O0CHOBAHO TEX-
HUYECKOE€ pellleHne KOHCTPYKIIMH KOTJIa U COCTaBIe-
Ha KJIacCH(HKAILUs METOOB OpeOpeHus TpyO Teruio-
o6MeHHUKOB. KaXxabprii U3 MpUBEACHHBIX METOJOB
HHTCHCH(UKAIMK TEIJIOO0OMEHA B BHJAC U3MCHCHUS
KOHCTPYKIMHU TpyO TETUIOOOMEHHUKA Hali/IeT CBOE NPH-
MEHEHHE B ONPENICIICHHON OTPaciy KaK U TPYIII, TaK
Y TOYCYHBIX UCTOUHUKOB TEIUIOBBIICIICHUS (Ta0M. ).

[poananmm3upoBaB MeTOBI OPEOPEHHS TPYO TEILIo-
OOMEHHHKOB, OTMEYAETCsI CIEYIOIICE.

Haunbomnee nmepcrneKTUBHBIM CIIOCOOOM MHTEHCHU-
¢ukanuu TeruiooOMeHa SBIsIETCS BHYTpeHHEE oped-
peHne TpyO Temno00OMEHHHKOB, CIIOCOOCTBYIOIIEE
3aBUXPEHHUIO MOTOKA, BEAYIIETO K pa3pyIIeHUIO Iorpa-
HUYHOTO CJIOSI, YTO YMEHBIIAET TETJIOBOE COMPOTHUBIIE-
HHE U IOBBIIIAET CKOPOCTh TEIUIONepeaaqn. Takol noa-
XOJI TO3BOJISIET YBEIIMYUTh TOBEPXHOCTH TEIIOOOMEHA
CO CTOPOHBI TETIJIOHOCUTENS C MEHBIIIEH TEINIO0TAaYeH.
BHyTpeHHee opeOpeHue yBenn4nBaceT rnepefady Tera.

ITo cpaBHEeHHIO ¢ OOBIYHBIMU TpyOamMu TPYOBI
C BHYTPEHHHUM OpeOpeHreM 001aatoT 6osiee BEICOKMM
K03 pHUIMEeHTOM TeIIonepenadd, KOTOPEI B CBOIO
ouepeslb 3aBUCUT OT FEOMETPUYCCKOM (opMbl pedep
W paccTOSIHUSI MeX1y HUMH. BHyTpeHHee opebpenue
MOKET BBIIOJIHATHCS IPOAOIBHBIMH HITH CIINPATEHBIMA
peOpaMu pa3HO# BBICOTHI.

Pa30opHbIe TemI000MEHHUKH «TpyOa B TpyOe» To-
3BOJISFOT OCYIIECTBIIATH YUCTKY HAPYXKHBIX 1 BHYTPEHHHX
MOBEpXHOCTEW TPyOD, a Takke NPUMEHSITh OpeOpeHHbIE
BHYTpPEHHHE TPYObI. DTO J]aeT BO3MOKHOCTh 3HAYNUTEIILHO
YBEJIMYUTD KOJIMYECTBO NIEPEAABACMOTO TETLIA.

Jpyrum crnocoboM UHTEHCU(HKAIMN TEII000Me-
Ha SBISIETCS] HCIONB30BaHNe TPYOBl TETUIOOOMEHHHKA
C IIPOZIOIBHO-CIMPAIE00PAa3HO Pa3pe3HbIM U POIOIBEHO
panuanbHbIM opedpeHrneM, GUKCHPOBAaHHBIM CHApPYKH
1 U3HYTPH.
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00K; /6 — Hecylas NOIOCHOBA
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Kraccugukarys TpyO4yaThIX TEIII000MEHHHKOB U METOJOB IIPOJIOJIBHOTO OpeOpeHus

Monenu opeOpeHHBIX TPYO,
METO/IBI OpeOpeHHs

Mertox npoa0IEHOTO OpeOpeHust

IlonoxxutenbHbBIE U OTPULATEIIBHBIE CTOPOHBI
METoaa

TenmooOMEHHHK KECTKOM  KOH-
CTPYKIMH C TIPOJIONBHBIMU pedpa-
MH, (HUKCHPOBAHHBIMH H3HYTDH,
TJIaJKO-HaBUBHBIE, HU3KOpaH-
anpHble pedpa KpEemsTcs BIONb
MOBEPXHOCTH TpyOBI TEepIEHIN-
KyJISIPHO C TIOMOIIBIO KOHTAKTHOM
cBapku. BHemHuMit quaMeTp TpyOb!
120 MM, gmcino pebep 8, BBICOTa
pebep 30 Mmm

IIpocTtoTa B M3rOTOBICHWH M JETKOCTh B UHCT-
Ke BHEIIHEH, 3aTPyIHUTENFHOCTh YHUCTKH BHYT-
peHHEH TOBEPXHOCTH, BBICOKHHA KO3()dUIIEHT
TEIJIOBOCTIPUATHA ¥ OTHOCHUTENBHO MEHBIIAs
tertootaaya. Popma Takol MOBEPXHOCTU TEIUIO-
OOMEHHHUKa O0O0ECIIEUYNBAET BBICOKYIO TEIUIOBYIO
3¢ PEKTUBHOCTB.

KIIJ mo 85 %

TennooOMEHHHUK KECTKOM  KOH-
CTPYKIMU THIIAa «TpyOa B TpyOe».
Hecymas mmagkas Tpyba ¢ BHYT-
peHHell cheMHOH TpyO4aToi Ha-
CaJIKOH ¥ IPOIOITBEHO (PUKCHPOBAH-
HBIMH H3HYTPH HU3KOPaJIHAIbHEI-
MH pebpamMu

IIpocToTa B M3rOTOBIEHHM U JETKOCTb B YUCTKE
BHEIIIHEH U BHYTpEHHEH MOBEPXHOCTH, BBICOKHMH
KO3(Q(QUIMEHT TETUIOBOCTIPUATHS U OTHOCHTEIHHO
MeHblIas Temioorgada. dopma Takod HOBEpX-
HOCTH TeIUI00OMEHHHKa 00eCHeYnBaeT BEICOKYIO
TEIIOBYIO AP (HEKTUBHOCTS.

KITJ no 85 %

Termo0OMEHHUK ~ KECTKOM  KOH-
CTPYKIMH TNIaJKO-HAaBUBHAS THIIA
«Tpyba B TpyOe» ¢ MPOMOIbHBI-
MH HH3KOpPaJHaIbHBIMH pedpamy,
(DMKCHPOBAaHHBIMU H3HYTPH BHEIII-
Hell TpyObl U BHYTpeHHell TpyOua-
Tolf CheMHOI Hacakoi

ITpocToTa B M3rOTOBICHWH M JIETKOCTh YHCTKU
BHEIIHEH U BHYTPEHHEH MOBEPXHOCTH, BBICOKUM
K03 HULIMEHT TETUIOBOCIIPUSTHS M OTHOCUTEIHEHO
MeHbIIas Terootnada. dopma Takoil moBepx-
HOCTH TEIUIOOOMEHHWKA 00ECIeYMBACT BBICOKYIO
TEIIOBY0 3 (HEKTUBHOCTS.

KIIJ o 85 %

Term1000MEeHHHK JKECTKOM  KOH-
CTPYKIMH C TPOAOIBbHBIMH, (HK-
CHPOBAHHBIMH CHApY)KH U HU3HYT-
PH [V1aIKO-HAaBUBHBIMU HU3KOPAIH-
aNbHBIMU TIPSIMOYTOJIBHBIMH  PE0-
pamu

CIIOXXHOCTb B M3TOTOBJICHUH M YHCTKE BHYTPEHHEH
U BHEIIHUX MOBEpXHOCTeH. Bricokuii ko3 duiim-
€HT TeIUIOBOCIPHATHUS U TemooTaadu. Popma ta-
KOH TIOBEPXHOCTH TEIIIO0OMEHHHKA 00eCTIeunBaeT
BBICOKYIO TEIJIOBYIO 3 (hEKTHBHOCTS.

KIIZ o 90 %

Terio0OMEHHUK  KECTKOM  KOH-
CTPYKLMU C TPONOJBHBIMU DaH-
QIBHBIMU BBIIABICHHBIMH OCTpPO-
KOHEYHBIMH pebpamu, (QUKCHpO-
BaHHBIMH CHApYyXHU U U3HYTPU

CIIOXXHOCTb B M3TOTOBJICHUH M YUCTKE BHYTPEHHEH
W BHEIIHUX MOBEpXHOCTeH. Bricokuii ko3hdurim-
€HT TEeIUIOBOCIPHATHUS U TemooTaadn. Popma ta-
KOH TIOBEPXHOCTH TEIIIO0OMEHHHUKA 00eCTIeunBaeT
BBICOKYIO TEIJIOBYIO 3 (hEeKTHBHOCTS.

KIIZ o 88 %

METEEOD O D

TemooOMEHHHK JKECTKOM  KOH-
CTPYKUMHU C NPOAOJIBHBIMH pPaju-
aJbHBIMU BBIJJABIEHHBIMU OCTPO-
KOHCYHBIMH BHYTPEHHHMH peO-
pamu, (UKCHPOBAHHBIMH B Tele
TpyOBI

CIIO)XHOCTh B M3TOTOBJIEHUH W YHCTKE BHYyTpEHHEH
W BHEIIHUX IOBepXHOCTell. Bricokmii kodddumm-
€HT TeIuIoBOCIpHATHS 1 Temootnadn. Gopma Ta-
KOI TIOBEPXHOCTH TEINIOOOMEHHHKA 00eCTIeInBaCT
BBEICOKYIO TEIUIOBYIO 3(EKTUBHOCTS.

KITJ no 88 %

\“f”x
0

S

C=

“%

TemmooOMEHHHUK KECTKOH  KOH-
CTPYKIMH THTA «Tpyba B TpyOe»
C TPONOIBHBIMH  paJUaIbHBIMU
BBIIABJICHHBIMH peOpamu, (HKCH-
POBaHHBIMU B TeJle BHEIIHEH Tpy-
Obl, ¥ CHeMHOW BHYTpEHHEH TpyO-
YaToi HacaJaKoOu

CnoXHOCTh B U3rOTOBIIEHUH, YUCTKE BHYTPEHHEN
W BHEITHHUX MMOBEpXHOCTeH. Bricokuii koadduru-
€HT TEIUIOBOCIIPUATHUS U TerutooTaaun. Popma ta-
KO TIOBEPXHOCTH TEITOOOMEHHUKA 00CCIIeUnBaCT
BBICOKYIO TEIUIOBYIO 3 (EKTUBHOCTb.

KITJ no 88 %
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IIpooonxcenue mabauywvl

Monemnu opeOpeHHBIX TPYO,
METO/bI OpeOpeHus

Mertozn IpoAoIBHOTO OpeOpeHNs

[onoxxuTenbHBIE M OTPHLIATENBHBIE CTOPOHBI
MeToaa

TennooOMEHHHK KECTKOH  KOH-
CTPYKIIMH THIA «Tpyba B TpyOe»
C IPOZIOTBHBIMI HU3KOPAIHAIbHbI-
MH peOpamu, BEIIETIEHHBIMH B CTe-
Hax TpyO

CIIO)XHOCTh B M3TOTOBJIEHUH M YHCTKE BHYyTpEeHHEH
W BHENIHUX IOBepXHOCTell. Bricokmii xoaddumm-
€HT TeIUIoBOCIpHATHS U Temtootnadn. Gopma Ta-
KOI TIOBEPXHOCTH TEIUIOOOMEHHHKA 00SCIIeINBACT
BBICOKYIO TEIUIOBYIO 3()EKTUBHOCTS.

KITJ no 88 %

TennooOMEHHHK KECTKOM  KOH-
CTPYKLUH C IPOOIBHBIM KPYIIBIM
OJHOPSAIHBIM BHYTPEHHUM CeTda-
THIM OpeOpeHueM

CHOXXHOCTh B U3TOTOBJICHUH, YHCTKE BHYTPECHHEH
MOBEPXHOCTH. BBICOKHIT KO3 UIIHEHT TemI0BOC-
npuATHS U TernooTnayn. dopma Takod MOBepX-
HOCTH TEIUTIOOOMEHHUKA OOCCIEYHBACT BBICOKYIO
TEIIOBY0 3 (HEKTUBHOCTS.

KIIJ o 90 %

TemooOMEHHHK JKECTKOM  KOH-
CTPYKIIUH C MIPOTOIBHBIM KPYTIBIM
NIBYXPSTHBIM BHYTPCHHUM CeTYa-
TBIM OpeOpeHneM

CII0XHOCTh B M3TOTOBJIEHHH, YNCTKE BHYTpEHHEH
MOBEPXHOCTH. BrICOKMiT K03 dUIIEeHT TemToBoC-
npustus U Temwioornadn. dopma TakoH TOBEpX-
HOCTH TeIUI00OMEHHHKa 00eCHeYnBaeT BEICOKYIO
TEIIOBYIO AP (HEKTUBHOCTE.

KITJ o 95 %

TemI1o0OMEHHUK JKECTKOM  KOH-
CTPYKIMH C TPOAOJIBHBIMU (K-
CHPOBAHHBIMU CHAPYXH  TJIaKO-
HABUBHBIMH  HU3KOPaIHaIbHBIMU
pebpamu

IIpocToTa B M3rOTOBJICHHUH M JIETKOCTH B YHUCTKE
BHYTPEHHEU IOBEPXHOCTU M 3aTPYAHUTEILHOCTH
B YMCTKE BHEIIHEH, BRICOKUI KO3 DHUIIMEHT TEIIO0-
OT/Ja4d ¥ OTHOCHTEJILHO MEHBIIICE TEIIOBOCTIPHS-
tre. Dopma Takoit MOBEPXHOCTH TEIJIOOOMEHHHIKA
obecreynBaeT 3HAYUTENBHYIO TEILIOBYIO 3(dek-
THUBHOCTb.

KITJ o 75 %

TennooOMEHHHK KECTKOH  KOH-
CTPYKLUU C IPOAOJILHBIMU BbIIaB-
JICHHBIMHU paJiuajbHBIMK pedpamu,
(hMKCUPOBAHHBIMH CHAPYKU

IIpocToTa B M3rOTOBICHUH U JIETKOCTH B YHCTKE
BHYTPEHHEU IIOBEPXHOCTH, 3aTPYIAHUTEIHLHOCTh
B YKMCTKE BHEIIHEH MOBEPXHOCTH, BHICOKHMI KO-
(UIUEHT TEIUIOOTAAYM U OTHOCHUTEIILHO MEHbIIIEe
rerioBocnpusitie. MopMa Takod MMOBEPXHOCTH
TEINIOOOMEHHUKA O00ECTIeYNBACT 3HAYMTEIBHYIO
TEIIOBYIO 2P (HEKTUBHOCTE.

KIIJ no 75 %

Tenno0OMEHHHK KECTKOM  KOH-
CTPYKLIUHU C IIWJIOBHIHBIMU IIPO-
JOJTBHBIMH  HU3KOPaJHaJbHBIMU
pebpamu, (UKCHPOBAHHBIMHU CHa-

pyxu

IIpocToTa B M3rOTOBJIEHUH M JIETKOCTh B YHMCTKE
BHYTPEHHEH IIOBEPXHOCTH, 3aTPYIAHUTEIHLHOCTh
B YMCTKE BHEIIHEH MOBEPXHOCTH, BHICOKHI KO-
(ULUEHT TEIUIOOTAAYHM U OTHOCHUTENILHO MEHbIIIEE
temoBocnpusaTre. MopMa Takod MMOBEPXHOCTH
TEINIOOOMCHHUKA O00ECTIEYNBACT 3HAYMTEIBHYIO
TEIJIOBYO 3P (HEKTUBHOCTE.

KIIJ o 75 %

TenmnooOMEHHHK JKECTKOM  KOH-
CTPYKIMU THIIAa «TpyOa B TpyOe».
Hecymas rmankas tpy6a ¢ Hapyx-
HOH CheMHOH TpyO4aToi Haca KoM
U TPOROIBHO (DUKCHPOBAHHBIMHU
CHapy>XH HU3KOpaIHalbHBIMU Peo-
paMu

IIpocToTa B M3rOTOBIEHUM U JETKOCTb B YUCTKE
BHEIIIHEH U BHYTPEHHEH NOBEPXHOCTEH, BBICOKHM
K03 QUIHMEHT TEIUIOO0TAAYH, OTHOCUTENEHO MEHB-
mee TermuoBocnpuarie. Popma Takoi IOBEPXHOC-
TH TEIUI00OMEHHHUKA 00eCIIeunBacT 3HAUUTEIIBHYIO
TEIIOBYIO AP (HEKTUBHOCTS.

KIIA no 75 %
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Oxonuanue mabauywl

Monenu opeOpeHHBIX TPYO,

Mertozn npononbHOro opedpeHust
METO/BI OpeOpeHHs

ITonoxuTenbHbIC U OTPULATCIIbHBIC CTOPOHBI
MeToaa

Term1000MEHHHK JKECTKOM  KOH-
CTPYKLIMH C KOPBITOOOPa3HBIMU
HHU3KOPAIUAIBHBIMU  TIPOJIONBHbI-
MH OOpe3HbIMU pebpamu, (HKCH-

CpenHsisi CIOXKHOCTh B M3TOTOBJICHHH, JIETKOCTh
B YHCTKE BHYTPEHHEH IOBEPXHOCTH, 3aTpyn-
HUTEIBHOCTh B YHCTKE BHEIIHEH MOBEPXHOCTH,
BBICOKHH KOA()(UIHEHT TEII00TAa4d U OTHOCH-

POBAHHBIMU CHAPYKH

TEIbHO MeHblee TemioBocnpustie. dopma Tta-
KOW MOBEPXHOCTH TEIJI00OMEHHHKa o0ecreynBa-
€T 3HAYUTEJIbHYIO TEIUIOBYIO 3G ()EKTHBHOCTS.
KIIJ o 78 %

S3AKJIIOYEHHUE U OBCYXIAEHUE

Ha ocHOBe MpOBENEHHBIX HMCCIEIOBAHHUIl BBI-
SIBJIEHBI IIPEUMYILECTBAa CKOHCTpyupoBaHHoro BKY
10 CPAaBHEHUIO C CYIIECTBYIOIUMH YCTPOUCTBAMHU.

CdopmynupoBa IKOHOMHYECKUH 3P PEKT OT Ipu-
MeHennss BKY B peanbHOM cTpouTenbcTBE, KOTOPBIN
COCTOMUT B!

* MCIOJb30BAaHUU BTOPUYHBIX DHEPrOPECYpCOB
JUTS TIOJTYYEHUSI IOTIOJIHUTENLHON SHEPTUH;

* HKOHOMHH TEIJIOBOM SHEPTHH IS TOPSUETO
BOJIOCHAO)KEHUS U OTOIICHUS 3[JaHUI1 U COOPYKEHHIA;

* HKONOTHIECKOM (P hekTe IpoOIeMbl «TeTUToBas
0€3011acHOCTh B UI3MEHEHUH KIIMMAaTay.

OHepretudeckas 3PQGEeKTUBHOCTD SABISETCS Of-
HOW M3 NPUYHUH 11e7IecO00pa3HOCTH HHTCHCU(DUKAIINN
TPyO4YaTOro TEII000MEeHa, B 3TOH CBsI3U CHOPMYIUPO-
BaHBI OCHOBHBIE CITOCOOBI KOHCTPYHPOBAHUS TEILIO-
0OMEHHBIX TPYO, K KOTOPBIM CJIETyeT OTHECTH:

* YBENWYCHHE IUIOMAAN MTOBEPXHOCTEH TEILIO-
oOMeHa ImyTeM opeOpeHHs;

* KOHCTPYHPOBaHHUE CIOXKHBIX (OPM MOBEPXHOC-
TeH, CIOCOOHBIX TYpOYIU3UPOBATh MPOXOASIINHA BO3-
JIYUIHBINA MOTOK;

* CHIDKEHHE Beca M pa3Mepa;

* KOPPUTHMPOBAaHHBIE a3pOJUHAMHUYECKHE COMPO-
THUBJICHNUS;

* KOHCTpPYHpOBaHHE BHYTPEHHEH 4acTH TpyO /s
PETYIUPOBAHMS CKOPOCTH TOTOKA C L[ENbI0 ero TypOy-
JIM3aLUH U TTOBBIMICHHUS TEIIOBOCTIPHATHS.

YcTaHOBJIEHO, YTO METOJIBI OpeOpeHus TpyO pac-
MHPSAIOT 0071acTh MPUMEHEHHS! YCTPOMCTBA, JOTOIN-
HUTEIBHO yBeNN4MBas ko3(pduuueHT TermnoeMkocTn
U TeII000MeHa, MOBBIMIAIOT MPOU3BOJUTEIBHOCTD
ycTpoicTBa 1o 1,5 pas.

IIpoananu3upoBaB CyIIECTBYIOLINE METOBI Oped-
PEeHHS TETITOOOMEHHBIX TPYO, pACCMOTPEB MX TOIOXKH-
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Term1000MEeHHHK JKECTKOM  KOH-

CII0)XHOCTD B HU3TOTOBJICHHUH, JICTKOCTH B YHCTKEC

CTPYKIIMM C HHU3KOpAJHANbHBIM | BHYTPEHHEH MOBEPXHOCTH, 3aTPyAHUTEIHHOCTD
MPOAOIBHO-CITUPAIIBHO Pa3pe3HbIM | B YHCTKE BHELIHEH MOBEPXHOCTH, BHICOKUH KO-
opebpeHueM, (pUKCHPOBaHHBIM | (UIMEHT TEIUIOOTIAYH U OTHOCHUTEIIEHO MEHbIIEE
CHapyXu tennoBocnpusitue. dopmMa TakoW NOBEPXHOCTH

TEII000OMEHHUKA 00€CTIeYnBaET BEICOKYIO TETIO-
BYI0 3 (EKTHBHOCTE.
KI1JI no 78 %

TEJIbHBIE U OTPULATENIbHBIE XapaKTEPUCTUKH, MOKHO
c/eath BBIBOJ O TOM, YTO AJIsi OBITOBBIX LIEJEH OHU
npoctatroyHo 3¢ dextuBHbl. [Ipu 3TOM MakcUMalb-
HBIH TeruioBoi 3¢ ¢GeKT oTMedaeTcss mpu opeOpeHun
TPYOBI M3HYTPH U CHAPYXH MPOIOIBHBIMH pedpamu,
TIPOAOJIBHO-CIIMPAIBHO Pa3pe3HbIM OpeOpEeHNeM U BHYT-
PEHHHM IIPOAOJIBHBIM KPYIJIBIM CETYaThIM OPEOpEHHUEM.

VYcranosneno, uro KIIJl BomorpeitHoro xoria
3aBUCHUT OT PETYJSPHOCTH pabOThI TaHJABIPOB Jele-
[IEYHON M COCTOSHHA TETUIO0OMEHHBIX TpyO. VHTEeH-
cuukanus TEIIoBoro 3P¢eKra Mpu 3TOM 3aBUCHT
OT CKOPOCTH JIBHXKEHHSI KOHBEKTHBHOT'O I'a30BOTO Te-
MIJIOHOCHUTENSI B TEMJIOOOMEHHBIX TpyOax M CTENEeHU
ee TypOynu3anuu, KOTopasi perylupyercs co3JaHHeM
IIEpPOXOBAaTOCTH BHYTPEHHEH CTEHKH TpyO MeTonaMu
opeOpeHUs U MepeCcTaHOBKOW CTalbHOW CMOTPOBOM
KPBIIIKA MOKPBITHS 110 OTHOIICHHUIO K BEpPXHEH Tpa-
HU TpyO Ta30X0/0B BBIIIE/HIKE. DKOHOMUS TETIIIOBOU
SHEPrHH ITyTEM CHW)KEHHMS ITOTEPH TEIUIa Ha BBIXOJE Te-
ooOMeHHbIX TpyO nocturaet 40 % npu padore nevyen
C PErylupyeMoi KpbIIIKOH-HACAIKOM.

OmnpeneneH HayYHO-TEXHUYIECKUH Pe3yabTaT, 3a-
KIToJaromuiics B nmosimeHnn dddexrusroctn BKY,
obecmeunBaromieiics 3a caet 3pdexra HarpeBa, aKKy-
MYJISILUHN U TEIUIOOTAAa49N BEPTUKAIBHBIX OpeOpeHHBIX
CTaJIbHBIX HAIPEBATEIBHBIX TEINIOEMKHUX TPYO TEII000-
MCHHHKA, TIOMCHICHHBIX B I_II/IHI/IHI[pI/I‘IeCKI/Iﬁ KOTEJI IpU
KOHBEKTHBHOM HarpeBe MX OTBOAAIINM I'a30BBIM TETLIO-
HOcHTeNleM 0e3 BO3Bpara TeIla B BOIOTPEHHBIN KOTEIL.

BrisBinena QyHKIUS TEXHUYECKOTO YyCTpPOHCTBa
BKY B cucreMe yTuinzamnuu Temia OTXOASIIHUX ra30B,
cOOp MOTOKa Terula TOpsvero raza M akKyMYyJsus
9HEPIUu B OTCEKax Oaka JJisl MOCIEAYIOIEro UCIOb-
30BaHUs TTOTPEOUTETIEM.
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INTRODUCTION

Secondary thermal energy resources are the most
common type of energy waste. One of possible ways
to reduce energy costs is the recovery of thermal emis-
sions. In addition, the problem of heat recovery from
waste gases is also relevant for production facilities.

The boiler waste heat recovery unit (WHB) model
can be attributed to the field of construction, hot water
supply and heating. The heat recovery system is used to
minimize energy consumption of hot water and heating
of buildings by using the WHB.

The combustion product heat recovery approach,
implemented in the proposed WHB model, has a wide
range of applications. It is used in the operation of heat
generators with similar design characteristics and in
the design of buildings of various purposes.

In many eastern countries it is customary to orga-
nize centres for the preparation and baking of bread
(flatbread), where the continuity of the baking process
is ensured by a group of tandoor ovens, that may ope-
rate simultaneously.

A traditional cafeteria building is a large super-
structure, which includes premises for tandoor ovens
designed for baking flatbread.

Tandoor is a large oven for baking a large num-
ber of flatbreads at a time; they operate continuously
and emit heat due to the combustion of solid fuel (coal,
wood) or natural gas; electricity is released into the at-
mosphere through heat pipes. Heat can be saved by
using flue gas, as well as the heat emitted by solid fuels,
coal and wood, gas.

Tandoor ovens are so versatile that it is used to
make equally delicious meat, fish, vegetables, mush-
rooms and even pastry.

The tandoor building is the most common type
of production building that has a group of tandoor
ovens for baking flatbread, and it can serve as a source
of renewable energy resources: hot water and heating
can be provided by using recycled heat that escapes
into the atmosphere through heat pipes and cooling flue
gases from the continuous operation of tandoor ovens.

Heat efficiency in WHB equipment for groups
of heat sources is quite high. A hot water boiler utilizing
heat is also acceptable for point heat sources. The pro-
duct of the furnace exhaust is hot convective gas, with
the rational use of which the technical and practical re-
sult is achieved.

Steady-state laminar and turbulent modes of con-
vective gas flows in a vertical circular channel at linear-
ly changing temperature of convective flows and walls
are studied in [1-4].
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Computation principles, optimal design and practi-
cal application of heat exchangers with finned surfaces
are addressed in analytical reviews and monographs.
Finned surface is one of the most studied and widely used
methods of boosting heat exchange in many heat-cooling
devices: air coolers, cooling device systems, plate and
finned-pipe heat exchangers. The research result [5—12]
is a solution to the problem of increasing the efficiency
and optimization of internal finned surfaces.

The use of secondary energy resources, which in-
cludes the use of waste heat, will unambiguously lead
to significant fuel savings during the operation of power
plants [13-18].

Issues of design of hot-water boilers, consuming
flue gas heat in furnaces are considered in some works.
Results of researches are presented in the form of ener-
gy recovery units; they determine trends and prospects
for further search in the field of their design [19-23].

The ATLANT plant is developing a chimney con-
vector, designed for consuming heat passing through
the chimney so that it could be used in water and steam
heating.

The aim of the research is to study unsteady con-
vective flows of heat in the pipes of a tandoor heat ex-
changer and develop a simple, small-sized, powerful,
economic and safe model of a water heating device for
the needs of the national economy to reduce the costs
of heating and hot water supply to tandoor buildings.

The objective is achieved by heating water in two
small and large sections of the designed cylindrical
boiler by means of vertical gas ducts made of finned
pipes of heat receivers. The heat exchange hot-water
boiler consists of vertical pipes with longitudinally ar-
ranged ribs.

MATERIALS AND METHODS

Significant savings of energy resources and funds
should be expected due to the numerous regular use
of WHB, which ensures lower energy consumption due
to the recovery of waste heat emitted into the atmos-
phere.

Factors, affecting the quality of heat exchangers,
are formulated on the basis of the results of analysis
of domestic and foreign studies:

* reliance on the external and internal configura-
tion of the fin; its location. The rib is fixed both outside
and inside the finned pipes;

* design of the bearing pipe. The use of finned
pipes, having different configurations, mainly, round
and elliptical rectangular cross-sections;
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+ the method of connecting structural components
of the finned pipe;

* the heat exchange surface area;

* the extent of heat exchange efficiency;

* operating conditions.

The design of the tandoor building was deve-
loped under the supervision and with the involve-
ment of the author. The building is currently in opera-
tion. The WHB, designed by the author, is installed
in the centre of the building at the elevation of 4.2 m.
Thermophysical studies were performed to test the eco-
nomic effect of the WHB. Figures 1, 2 show the space-
planning solution of the building with a possible loca-
tion of a group of tandoor ovens.

Thermophysical processes in the thermal environ-
ment of the tandoor space and in heat-exchange pipes
of gas ducts were studied by applying the method
of field studies using the following modern portable
instruments: FLIR TG165 thermal infrared thermo-
meter; GM1350 pyrometer; EM 9020C digital ther-
mometer; AT-50 thermoelectric actinometer; AMTAST
anemometer; EA-2M thermal anemometer; stationary
thermometer designed for reading high temperatures;
GOST 215-73 laboratory mercury thermometer; ETP-M
type semiconductor thermometer.

RESEARCH RESULTS

A simple natural size model of heat recovery was
designed with the purpose of obtaining energy from
secondary energy resources. It was further tested in real
operating conditions to determine the practical suitabi-
lity and applicability for hot water supply and heating
of buildings.

The objective was achieved when water was
heated in two, small and large, sections of a cylindrical
boiler by vertical collapsible gas ducts of finned pipes
of heat receivers.

The design of the hot-water boiler, which ensures
heat exchange, consists of vertical pipes with longitudi-
nally arranged ribs on the surfaces.

A ribbed pipe is a complex structure, each ele-
ment of which performs a specific function. The heat
exchange properties of such pipes have been repea-
tedly confirmed by numerous studies and tests, as well
as many years of experience in the manufacture of air
coolers.

The efficiency of heat exchange depends on the ex-
ternal diameter of the pipe, the temperature and the con-
stancy of heat flows along the pipe length, the total area
of heat transfer in the pipe, taking into account the size
and spacing of ribs, Nusselt, Grashof and Prandtl num-
bers.

Pipe gas ducts serve as a heat exchanger that ope-
rates according to the air-water principle. Tandoor
ovens operate simultaneously or in groups, ensuring
a continuous process throughout the day in the heat re-
covery system due to the demand for the products.
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The design and operating principle of the WHB is
shown in Fig. 3, a, b.

The WHB has cylindrical water heating boiler /,
mounted on support base /6. It represents a cylindrical
welded vessel 2 m in diameter, 3 m high; it is insula-
ted by insulation layer 3 and made of profiled stainless
sheets or steel with thickness not less than 6 mm. WHB
is divided by a vertical insulated wall made of 4 mm
thick stainless steel sheets into tanks (compartments)
for hot water supply and heating.

Gas discharging heat exchange pipes, 12 cm in di-
ameter are placed in a circle inside the water-filled hot-
water boiler. The pipes are vertical longitudinally finned
with plates to maximize their efficiency. Ribbed pipes
of gas ducts in heat exchanger 5, with the wall thick-
ness and fins of 8§ mm, are designed to intensify heat
exchange by agitating upward flows, improving the ef-
fect of heat transfer throughout the volume of the duct.

WHB consists of two sections, divided by vertical
insulated partition 4 into tanks by 4 mm thick stainless
steel sheets: a smaller section is for hot water (8) and
a larger section is for heating (9).

During the heating period, sections § and 9 operate
independently for hot water supply and heating, and
when the heating is off, they are combined by seasonal
adapter 2 and the whole volume of the tank is used to
supply hot water. At the same time, power consumption
is regulated by an inter-section thermostat and a sea-
sonal adapter. WHB is equipped with inspection ladder
7 accessible from both sections. WHB is equipped with
external ladder /0 to ensure access to horizontal steel
platform /7 and steel plate cover /2 serving as a noz-
zle over the gas discharge pipes, designed to regulate
the rate of heat discharge from the pipes to the atmos-
phere by changing the up/down position, to inspect
the tank section, and to remove the sediments. The heat
recovery tank is equipped with water level indicators
13, fittings /4 and nozzles /5 designed for connecting
piping, valves, tanks and other parts of the heat reco-
very boiler.

The device works according to the air-water prin-
ciple through the heat-exchange pipes.

Having studied the thermal-physical processes in
the real WHB as a whole and in the gas-exchange pipes
during the operation of a tandoor oven, the author theo-
retically and practically substantiated the boiler design
solution and classified methods of pipe finning. Each
of the proposed methods of heat exchange intensification
will find its application in a particular industry.

The most efficient way to intensify heat exchange
is the internal finning of pipes of heat exchangers,
which agitates the flow, destroys the boundary layer,
h reduces thermal resistance, and increases the rate
of heat transfer. This approach increases the heat
transfer surface on the coolant side that demonstrates
less intensive heat transfer. Internal fins increase heat
transfer.
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Fig. 3. Construction of the water-heating waste heat boiler: / — cylindrical water-heating boiler; 2 — seasonal adapter;
3 — insulation; 4 — insulated partition; 5 — gas pipes; 6 — fins; 7 — ladders; 8, 9 — boiler sections; /0 — external ladder;
11 — platform; /2 — inspection lid; /3 — levels; /4 — connectors; /5 — branch pipe; /6 — supporting sub-base
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Classification of pipe heat exchangers and methods of longitudinal finning

Models of finned pipes,

finning methods

Longitudinal finning method

Positive and negative aspects of the method

A rigid structure heat exchanger
with longitudinal ribs fixed from
the inside; smoothly wound, low-
radial ribs are fixed along the pipe
surface perpendicularly by means of
contact welding. The external dia-
meter of the pipe is 120 mm, number
of ribs — 8, height of ribs — 30 mm

Easy to manufacture and easy to clean the exter-
nal surfaces, difficult to clean the inner surface,
high heat absorption coefficient and relatively
lower heat transfer. The shape of this heat ex-
changer surface provides high thermal efficiency.
Efficiency up to 85 %

Rigid structure pipe-in-pipe heat ex-
changer. A smooth bearing pipe with
a removable internal pipe nozzle
longitudinally fixed from the inside
by low radial ribs

Easy to manufacture and easy to clean outer and
inner surfaces, high heat absorption coefficient
and relatively low heat transfer. The shape of this
heat exchanger surface ensures high thermal ef-
ficiency.

Efficiency up to 85 %

Rigid structure smooth pipe-in-pipe
heat exchanger with longitudinal
low-radial fins, fixed from the inside
of the outer pipe and the inner tubu-
lar removable nozzle

Easy to manufacture and easy to clean outer and
inner surfaces, high heat absorption coefficient
and relatively low heat transfer. The shape of this
heat exchanger surface ensures high thermal ef-
ficiency.

Efficiency up to 85 %

D
%t

Rigid structure heat exchanger with
longitudinal, externally and internal-
ly fixed smoothly wound low radial
rectangular ribs

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 90 %

£

This rigid structure heat exchanger
has longitudinal radially extruded
pointed ribs, fixed from outside and
inside

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 88 %

by

This rigid structure heat exchanger
has longitudinal radially extruded
pointed inner fins fixed in the body
of the pipe

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 88 %
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This rigid structure pipe-in-pipe de-
sign heat exchanger has fins fixed in
the outer pipe body and a removable
inner pipe element

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 88 %
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Continuation of the Table

Models of finned pipes,
finning methods

Longitudinal finning method

Positive and negative aspects of the method

This rigid pipe-in-pipe design of
a heat exchanger has longitudi-
nal low radial ribs protruded into
the pipe walls

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 88 %

This rigid structure heat exchanger
has longitudinal circular single-row
internal mesh fins

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 90 %

This rigid structure heat exchanger
has longitudinal circular double-row
internal mesh fins

Inner and outer surfaces are difficult to manufac-
ture and clean. High coefficient of heat absorption
and heat dissipation. The shape of this heat ex-
changer surface ensures high thermal efficiency.
Efficiency up to 95 %

This rigid structure heat exchanger
has longitudinally fixed low-radial
fins fixed from the outside

Its inside surface is easy to manufacture and clean
and its outside surface is difficult to clean, this
unit has a high heat transfer coefficient and rela-
tively low heat absorption. The shape of this heat
exchanger surface ensures significant thermal ef-
ficiency.

Efficiency up to 75 %

This rigid structure heat exchanger
has longitudinal extruded radial ribs
fixed on the outside

Its inside surface is easy to manufacture and clean
and its outside surface is difficult to clean, this
unit has a high heat transfer coefficient and rela-
tively low heat absorption. The shape of this heat
exchanger surface ensures significant thermal ef-
ficiency.

Efficiency up to 75 %

This rigid structure heat exchanger
has longitudinal low radial ribs fixed
on the outside

It has easy to manufacture and easy to clean inside
surfaces, difficult to clean outside surface, a high
heat transfer coefficient and relatively low heat
absorption. The shape of this heat exchanger sur-
face ensures significant thermal efficiency.
Efficiency up to 75 %

This is a rigid structure pipe-in-pipe
heat exchanger. It has a load-bearing
smooth pipe with a removable pipe
nozzle and low radial ribs fixed lon-
gitudinally on the outside

It has easy to manufacture and easy to clean exter-
nal and internal surfaces, a high heat transfer coef-
ficient, relatively low heat absorption. The shape
of this heat exchanger surface ensures significant
thermal efficiency.

Efficiency up to 75 %

This rigid structure heat exchanger
with tub-like, low-radial longitudi-
nal ribs, fixed on the outside

This structure features medium complexity in
manufacturing and easily cleaned inner surface,
a high heat transfer coefficient and relatively low
heat absorption. The shape of this heat exchanger
surface ensures significant thermal efficiency.
Efficiency up to 78 %
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End of the Table

Models of finned pipes,
finning methods

Longitudinal finning method

Positive and negative aspects of the method

fins, fixed on the outside

Compared to conventional pipes, pipes with inter-
nal fins have a higher heat transfer coefficient, which
in turn depends on the geometric shape of the fins and
the distance between them. Internal fins can represent
longitudinal or spiral ribs of different heights.

Collapsible pipe-in-pipe heat exchangers allow for
the cleaning of the outer and inner surfaces of pipes,
as well as the use of finned inner pipes to significantly
increase the amount of transferred heat.

Another way to intensify heat transfer is to use
a pipe heat exchanger with longitudinally-cut and lon-
gitudinally-radial fins, fixed on the outside and inside.

CONCLUSION AND DISCUSSION

The advantages of the designed WHB are identi-
fied in comparison with the existing devices.

The economic effect of WHB application in real
construction is formulated:

* using secondary energy resources to obtain ad-
ditional energy;

+ saving thermal energy needed for hot water sup-
ply and heating of buildings and constructions;

* the ecological effect of the problem of “thermal
security in climate change”.

Energy efficiency is one of the reasons for
the intensification of tubular heat exchange; in this
regard, the main ways of designing heat exchange pipes
should include:

* increasing the area of heat exchange surfaces by
means of ribbing;

* designing complex shapes of surfaces, capable
of agitating air streams;

* low weight and size;

This rigid structure heat exchanger
has low radial longitudinally-cut

It has difficult to manufacture, easy to clean in-
ner surface; difficult to clean outer surface; a high
heat transfer coefficient and relatively low heat
absorption. The shape of this heat exchanger sur-
face ensures high thermal efficiency.

Efficiency up to 78 %

+ improved aerodynamic resistance;

* designing the inner part of pipes that can regu-
late the flow velocity to agitate inner flows and increase
heat absorption.

The author has found that pipe finning methods
expand the scope of application of this device, increase
the coefficient of heat capacity and heat exchange, as
well as the productivity of the device up to 1.5 times.

Having analyzed the current methods of pipe
finning and their positive and negative characteristics,
we can conclude that they are quite effective for domes-
tic purposes. The maximum thermal effect is observed
when the pipe is finned by longitudinal ribs from inside
and outside, if it has longitudinally spiral cut fins and
internal longitudinal circular mesh fins.

The efficiency of water heating boilers depends
on the regularity of operation of tandoor ovens and
the state of the heat exchange pipes. In this case, the in-
tensification of the thermal effect depends on the velo-
city of the convective gas coolant in the heat exchange
pipes and the degree of its agitation, which is regulated
by the roughness of the inner wall of the pipes. 40 %
of heat energy can be saved by reducing heat loss at
the outlet of the heat-exchange pipes during the opera-
tion of ovens having adjustable covers.

The theoretical and practical result consists in in-
creasing the efficiency of WHB due to the heating, heat
accumulation and transfer by vertical finned steel heat
exchanger heating pipes, placed in a cylindrical boiler.

The function of WHB in the waste gas heat reco-
very system is collection of hot gas heat, accumulation
of energy in the tank compartments, and its subsequent
use by a consumer.
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