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TEMIEPATYPHBIE HAIIPAKEHUA U OIITUMAJIBHOE OTHOIIEHUE BHYTPEHHET O
M HAPYJKHOI'O PAJINY COB IUJIMHJPUYECKOM YACTH COCY/IOB TIABJIEHUSA
IMAPOI'EHEPUPYIOIIINX YCTAHOBOK

AHHOTAITHA Paccmompeno yciogue npoYHOCmu YuauHOpu4eckou yacmu cocy0oe oaenenus (6apabanos, KouLeKmopos,
N08ePXHOCMeENl HAZpesa U M.N.) NAPO2EHEPUPYIOWUX YCMAHOBOK, 8 KOMOPOM YUMEHbl HANPANCEHUS. OM 6HYMPEHHE20 Jdéie-
HUsl U memnepamypHvie Hanpsidcenus. Ilpeonodcena eeomempuieckas uHMeEPnpemayus paccCMOmMpeHHo20 YCl08UsL NPOYHO-
cmu, Komopas no3goJisiem onpeoeisims ONMUMAIbHOe ¢ MOYKU 3DeHUsl NPOYHOCMU COOMHOUIEHUEe MENCOY BHYMPEHHUM U
HAPYICHBIM PAOUYCAMU YUTUHOPUHECKO YACU COCYO08 OAGLeHUsL NAPOLEHEPUPYIOUUX YCIMAHOBOK.

Knrouesnle cnosa: napozenepamop, napogoi KOméi, cocyo OaeieHUsl, YWIUHOPUYECKAsL YACb, RPOYHOCHb.

A. YEFIMOV, Yu. ROMASHOV, V. KAVERTSEV

TEMPERATURE STRESSES AND OPTIMUM RATIO OF THE INNER AND OUTER
RADII OF THE CYLINDRICAL PARTS OF PRESSURE VESSELS OF STEAM
GENERATING SYSTEMS

ABSTRACT The strength condition of the cylindrical parts of pressure vessels (water drums, collectors, heating surfaces,
etc.) of steam-generating systems, which takes into account stresses due to the internal pressure and thermal stresses. Stress-
es due to internal pressure and temperature stresses are obtained using all-known results of the theory of elasticity for infi-
nite cylinders. It is assumed that the strength of the cylindrical parts of pressure vessels of steam-generating systems is lim-
ited due to the formation of the plastic deformation in one point at least. The theory of maximum shear stress is used to for-
mulate the strength condition. A geometric interpretation of the formulated strength condition is considered. The strength
conditions for cylindrical parts of pressure vessels is reduced to the inequality that under given structural material properties
restricts the possible values of the internal pressure and temperature drop across the wall thickness. The geometrical inter-
pretation of the strength condition proposed for the cylindrical parts of pressure vessels in the base of the graphical repre-
senting of the solution of the inequality, corresponded to the strength condition. Graphical solution of the pressure vessels
strength condition was presented on a coordinate plane the internal pressure — the temperature drop across the wall thick-
ness. It is shown that the allowable by the strength condition the values of the internal pressure and temperature drop across
the wall thickness in the coordinate plane occupies the limited area in the form of the right triangle. Proposed geometric
interpretation allows us to determine the optimum value of the relationship between the inner and outer radii for the strength

of cylindrical parts of pressure vessels of steam-generating systems.
Keywords: steam generator, steam boiler, pressure vessel, cylindrical part, strength

BBenenue

KoprycHble yacTu cocynoB aasieHus (6apa-
0aHOB, NMOBEPXHOCTEH HarpeBa) MaporeHepHUpPYIONIMX
YCTAHOBOK BBINOJHAIOT NPEMMYLIECTBEHHO B BHJIE
JUIMHHBIX TOJICTOCTEHHBIX KPYTOBBIX LIMIMHAPOB. Xa-
paKTepHbIE 1JIs NapOreHEPUPYIOLINX YCTAaHOBOK 3Ha-
YUTENLHBIE TEIUIOBBIE IMOTOKHM BBI3BIBAIOT BBICOKHE
TEMIIEpATYPY METajlla U €€ Iepenaj I10 TOJIIUHE
CTEHKH, YTO 3aMETHO OIPAaHWYMBAET MPOYHOCTH IH-
JIMHIPUYECKOW YacTU COCYIOB JaBJIECHHMS KaK H3-3a
CHIKEHUSI JIOIYCKAEMBIX HANPSUKEHUH KOHCTPYKIH-
OHHBIX CTaJI€dl C YBEIMYEHUEM MX TEMIIEPATYPHI, TaK
U BCJIEACTBHE TEMIIEPATYPHBIX HAIPSKEHHUH, BBI3bIBA-
€MBIX TPAIMEHTOM TEMIIEPATYPEIL.

3aMeTHOE MOBBIMICHHE TEMIOBOM YKOHOMUYHO-
CTH NapOreHEPUPYIOLINX YCTAHOBOK OCYILECTBIIAETCS
B IEPBYIO OYEPEb 3a CUET yBEIMYEHUS JABICHUS M
TEMIIEPATYphl BLIPAOATHIBAEMOIO IIapa, YTO Xapak-
TEPHO KaK IS MApoOBBIX KOTJIOB, TaK M JJIs HaporeHe-
paropoB ADC [1-5]. BO3MOXHOCTH YBETHUEHUS TEM-
nepaTypsl M IaBJICHHs BHIpAOATHIBAEMOIO Mapa orpa-
HMYEHBI, TJaBHBIM 00pa3oM, MPOYHOCTBIO COCYIOB
JaBJICHHs, M3-3a YEro IPOYHOCTU COCYIOB JABJIECHUS

HapOreHEPUPYIOIIMX YCTAHOBOK YIEIseTCsl OOMbIIoe
BHUManwue [6-9].

ean padoTsl

B HacTosmee BpeMsl NMpencTaBisieTCs, 4YTO B
MIEPCIIEKTUBHBIX MAapOBBIX KOTJIaX OyIeT IPOU3BO-
JIUTBCA Hap CYHNEPCBEPXKPUTUYECKHX MapaMETPOB C
BBICOKMM JaBieHHeM, mnpeBocxomsamuMm 24 MIla, u
BBICOKOIT Temmeparypoii, nocruratomeii 700-760 °C
[4]. B Takux KOTIax BIWSHHE TEMIEPATYPHBIX
HaIpPsDKEHUH Ha MPOYHOCTh LMJIMHIPUYECKOH YacTH
COCYZIOB JaBJICHHS HEOOXOAWMO YYHUTHIBATh MpHU
000CHOBaHMH TOJIIMHBI CTEHOK. [lenpio maHHOMN pa-
OOTHI SABJSIETCS ONpeNeIeHHEe ONTHUMAIBHOTO C TOYKHU
3peHHs IPOYHOCTH OTHOLIEHWsS BHYTPEHHErO0 U
Hapy>KHOTO PaJUuyCOB LMIMHAPUYECKOH YacThU cocy-
JIOB [ABJIEHNs MApOr€HEPUPYIOIUX YCTAHOBOK C yde-
TOM TEMIEpaTypHBIX HampspkeHui. [nd peamusanuu
c(hOpMyIHPOBAHHOW I TPEIIOIaracTcsi peleHne
3a1a4 0 (pOPMyITHUPOBKE YCIOBUSI IPOYHOCTH C YUETOM
TEMIIEPATYPHBIX HANpsIKEHUH U yCIOBUS ONTHUMAJIb-
HOCTHU C TOYKHU 3PEHUsS IPOYHOCTU OTHOLUEHUS BHYT-
PEHHET0 M HApYy>KHOIO PaguyCcoB LMJIMHIPUYECKOMN
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YacTH COCYJOB JaBJICHHUS NMapOr€HEPHUPYIOMIHNX YCTa-
HOBOK.

Pacuérnas cxeMa UMJIMHAPUYECKOH YaCTU COCY/10B
JABJICHUS MAPOTeHEPUPYIONINX YCTAHOBOK

[unueapuyeckyro 4acTb COCYHOB JaBICHHUS
MapOreHepUPYIOIUX YCTAHOBOK BBIOJIHSIOT B BHJE
TOJICTOCTEHHOT'O LIMJIMHApPA C HapyXHBIM PaJuycoM,
HaMHOTO MEHBIINM JJIHHBI oOpa3yromieil. B xagecTse
OCHOBHBIX BHEIIHHX BO3JCHCTBYIOIINX (aKTOPOB
paccMaTpuBacM BHYTpPEHHEe JaBlicHHE P paboueit

Cpelnbl M TEIJIOBBIE MOTOKH OT BEICOKOTEMIEPATYPHBIX
pabounx cpex. PaccMmaTpuBaeM NPOYHOCTH TOJBKO
LEHTPAJIBHOI YacTH COCYIOB JABIICHUS, HOCKOJBKY
UMCHHO B LCHTPAIBHON YacTH HWMEIOT MECTO
HauOOJIbIINE TEIUIOBBIE IOTOKH, a KOHIEBBIC YacTH
PacIoIOKeHbI B 30HE OTHOCHTEIILHO HEBBICOKHX TEM-
neparyp.

OO0o3HauuM I, U I, BHyTPEHHUH U Hapy>KHbIH
paguyc LMIMHAPUYCCKON YacTH COCYIOB AaBIICHUS.
[ockonpKy HapyXHBIA paguyc [, 3HAYHTEIHBHO

MEHBIIIe JIIUHBI 00pasylolleil, paccMaTpuBaeM IIH-
JUHIPUYECKYIO YacTh COCYJOB IAaBJICHHS B paMKax
THO0TE3 TUIOCKO# 3amaum tepmoymnpyroctu [10, 11].
TemmeparypHoe ¥ HAMpPSKEHHOE COCTOSHUE IUIIUH-
JIPUYECKOI YacTH COCY/IOB JABJICHHS PACCMATPUBAEM
B NOJSPHBIX KoopamHatax I, KLErE€r, m (,

0£qE£ 2p. IlpuHumaeM, 4yTO BHYTpEHHEE NaBJICHHUE
paboueii cpeipl pABHOMEPHO paclpenesieHO B TOYKaX
BHYTPEHHEH MOBEPXHOCTH LIMJIMHIPUYECKON YacTH, U
YTO TEIUIOBBIE TOTOKH IMOPOXIAIOT B IMIMHAPHYE-
CKOW YacTH OCECHMMETPUYHOE IIOJIe TEMIIepaTyphl
[10, 11]:

)=, (- TR,

rre T, T, u T, — Temneparypa B IIPOU3BOJIBHON TOY-

rErf£l, (8]

Ke, B TOYKaX Ha BHYTPCHHEH M HapyXHOH OOKOBOI
MIOBEPXHOCTH LWIWHAPHYECKOW wuactw; I =r/r, -

OTHOCHTECJIbHAS paJralibHass KOOpJAUHATA, rl = rl/rz .

Hns mons temnepatypsl (1) ¢ momolnpo pe-
3ynbTaTtoB Tepmoynpyroctu [10, 11] momywaem oce-
CUMMETPHYHBIC HANPSOKEHHS B LIMITHHIPUUECKON Ya-
CTH COCY/IOB JIaBJICHHUS, BKIIIOYAIOIINE HAMPSDKEHUS OT
BHYTPEHHETO JaBJICHUS U TEMIEpaTypHbIC HaIpsKe-
HUS
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rae s,
HampspkeHus; &, E u n — xoaddunuent remnepa-
TYPHOTO PaCUIMPEHHMs, MOIYJb YIPYTOCTH U KO3 du-
uuenT [Tyaccona matepuaia, KOTOpbIE IPEICTaBICHBI
CBOMMH 3HAUCHHSIMH, YCPEJIHEHHBIMH B HHTEpBale
[Tlsz] TEMIIEPATYPHI.
[TpyHUMAaeM, 4TO MPOYHOCTH LMITHHAPUICCKOH
YacTH COCYIOB JaBJICHUsS OrpaHHYeHa 00pa3oBaHUEM
IIACTHYECKOH JedopMannu XoTs Obl B OZHOW TOYKE;
UCTIONB3yeM TEOPHI0 MAaKCHMAIIBHBIX KacaTeJIbHBIX
Hanpspkenuit [11], koTopast IPUBOIUT K HEPABCHCTBY:
21:max £ St 1:max = (Sl - S3)/2 ) (3)

rae tmax — MAKCHMAJIbHOE€ KaCaTCIIbHOC HAPSIKCHHUC,

s, -
s; =max(s,,sy,s,) n s3 =min(s,,s,,s, ) - Mak-

CUMaJIbHOC U MUHUMAJIbBHOC TJIABHBIC HAIIPSYKCHUA.

mnpeaci TCKYUYCCTU MaTepurala,

YciaoBue MPOYHOCTH lll/l.]'ll/[HZ[pl/l‘leCROﬁ qacTu
COCY/10B J1aBJICHUSA

Ananmu3 HanpspkeHuit (2) TOKa3bIBaeT, dTO
MaKCHMaJbHOE 3HAYeHHe BenM4uHbI (3) MakcHMalib-
HOTO KacaTeJbHOTO HANpPSHKCHUS HMEET MECTO Ha
BHYTPCHHEM pajguyce I = I, [IWINHIPUISCKON YaCTH
cocyna ngasieHus. C y4eToM 3TOro OOCTOSTENbCTBA,
HanpspkeHuit (2) u HepaBeHcTBa (3) TS HIHHIPHYC-
CKOM YacTH COCYIOB JaBJCHHS IIOCIE HECIOXKHBIX
npeoOpa3oBaHuii  HONYYHM  YCIOBHE IPOYHOCTH,
OrpaHHYMBAIONICe BHYTPCHHEE NAaBICHHE P W BEJH-

yuny DT =T, -T, mepemama temmepaTypbl IO TOJ-

IIUHE CTCHKU.

D DT
o) DT (1)
_ sp _2(t-n)s;
Prax (1) = Kr,) DT o 1)—m: (4)

2 1 2
7 k(rl): + 7"
1-r; Inr, 1-r;
B ycnosun (4) Pruy(r)
BEJIMYMHA BHYTPEHHETO JABJICHHUS, BBIICPKUBACMOIO
[MIMHAPUYECKO Y4acThi0 COCYAA JABJICHHUS B OJHO-
poanoM, orBeuatomiem DT =0, moje temmepaTypsi.
Bemuuuna DT, (rl) B ycnoBuu (4) — 3TO Makcu-

rue k(r1) =

— 3TO MaKCHUMaJIbHasA

MajbHBI{ IIepenaj TEeMIEPAaTypbl IO TOJIIUHE, BBI-
JIep>KUBAEMBIN LIMIMHAPUYECKON 4acThiO cocyna AaB-
JICHUs IIPU TMIIOTCTHYECKOM YCJIOBHMM, YTO BHYTPEH-
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Hee mapineHne P=0. Jlnd ompeneneHus 3aBHCHMO-
CTEH Py (rl) u DT, (rl) TpeOyroTCs 3HaYeHHUS Tpe-

Jella  TEKydecTH, KO3 (HUIMEHTa TEeMIIEPaTypHOIro
pacumpeHus, MOIYJIsl YOPYrocTH, Kod(duuneHTa
IlyaccoHa KOHCTPYKIHMOHHOM CTaiM, KOTOpBIE HE0O-
XOJMMO BBIOpaTh B COOTBETCTBHE C PACUCTHOW TeM-
nepaTypoi CTEHKH.

I'eomerpuueckas uHTepHpeTauus yciosus (4)
COCTOMT B CIEIYIOUIEM: MHOXECTBO JOMYCKaeMBbIX
YCIOBHEM NPOYHOCTH (4) BEIMYMH BHYTPEHHETO JaB-
nenust P u nepenaga DT Temmneparypsl mo TomimiuHe

JUISL IMIMHAPUYIECKOH 4acTU COCYAOB JABJICHHUS C 3a-
JAaHHBIMM CBONCTBAMH MaTepHana M COOTHOIICHHEM
', BHYTPEHHETO M HapyKHOTO pPaauyca, 3aHUMAroT

3aIITPUXOBAHHYIO 00JIAaCTh, OKA3aHHYIO Ha puc. 1.

OnruMajibHOe OTHOIIEHHEe BHYTPEHHEro
U HAPY’KHOT'0 PaANyCOB HUJIHHAPUYECKOI YacTH
€OCY/I0B IaBJICHUS

B xadectBe kpurepusi BbIOOpa COOTHOIIEHHS
', BHYTPEHHEIO M Hapy>KHOI'O PaJlyCcoOB LUIUHIPH-

YEeCKOM YacTh COCYIOB HABJICHHUS HCIOJB3YEM YCJIO-
BHE MaKCHMyMa IUIOLIA/IN 3alITPUXOBAHHOH Ha puc. 1
¢burypsi, KOTOpOE ¢ y4eToM cooTHomIeHu# (4) mpuse-
JeT K YCJIOBHIO MakCHMyMa (GYHKIHH OJHOM mepe-
MEHHOMU

1

i 9

Oynukiwys (5) AeHCTBUTENFHO KMEET MAKCUMYM
(puc. 2), KOTOpBIi MOXHO HAWTH W3  YCIOBHS
dK/dr; =0 ¢ momompio n3BecTHBIX [12] uncneHHBIX

METOZOB peIIeHHs anredpandyeckux ypaBHeHHUil. B
pe3ynbTaTe, HE3aBUCHMMO OT CBOMCTB MaTepuala U
TEMIIEPATYPhI CTCHKH OIITUMAJIBHOC OTHOLICHHC
BHYTPEHHETO U Hapy>KHOTO pPajuyCoOB LUJIMHIApUYEC-
CKOM 9acTH COCYHOB JAaBIECHHUS

ro" @ 0,28922. (6)

OO0cyxknenne pe3yJbTaToB

OtHomenne (6) BHYTpPEHHEr0O W HapYKHOTO
PaJnyCcoOB OTBEYACT 3HAYUTEIHHOW TONIINHE CTECHKH
[MJIAHIPHAYCCKON YaCTH COCYJIOB JABICHUS U HE 3a-
BHCHT OT BHYTPCHHETO JaBJICHUS U TEMIIEPATypHOTO
pexXnMa, TOora Kak BHEIIHHE BO3ICHUCTBYIOIIHE (ak-
TOPBI COCYJIOB JABJICHUSI MTapOTCHEPHPYIOMIMX yCTa-
HOBOK OTBEYAIOT OKHUIAEMBIM TEXHHYECKUM XapakTe-
PHCTHKaM, YCIOBHSAM W pEKHMaM 3KCIUTyaTalldH.
Venosue (4) mo3BOISIET peaan30BaTh HHOW MOAXOM K
BBIOOPY ONTHUMAIIBHON BEIWYMHBI OTHOIICHHS BHYT-
PEHHEr0 U HAPY)KHOTO PAINyCOB LIIMHAPUYECKON
YacTH COCY/IOB JaBICHUS. DTOT HOIXOX MOXKET COCTO-
STh B ONPEICICHUH BEIMYUHBL I, KOTOpask MAKCHMH-

3UpYyeT AOIyCKAaeMbIil YCIOBHEM IIPOYHOCTH Iepera
DT rtemmepaTyphl MO TOJIIMHE CTEHKH, IPH 33JaH-

HOM BHYTPEHHEM JaBJICHUU [ U Pacu€THOU TeMmIepa-

Type T MeTaima, YTO IUIAaHHPYETCSl PAcCMOTPETh B
JTATbHEHIIINX HCCIIEI0BAHUIX.

pA

Prmax (pl)

v

AT

ATmax (pl )

Puc. 1 — I'eomempuueckas unmepnpemayus
VCI0BUSL NPOUHOCMU

K(p,) 04

0,2

Op o 0.5 1 P

Puc. 2 — Onpedenenue onmumanoro2o
OMHOWENUSI GHYMPEHHE20 U HAPYHCHO20 PAOUYCO8
€OCy008 0agneHus

BoiBoabI

C nOMOIIBI0 HM3BECTHOIO PELICHHS IUIOCKON
3a[a4d TEPMOYIPYTOCTH U KPUTEPHUs MaKCUMAIbHOIO
KacaTeIbHOTI'O HANPSKEHUS C YU€TOM TeMIEpaTypHBIX
HAMpsDKEHUH MCCIEeN0BaHa MPOYHOCTh HUIHHIpUYE-
CKOHl 4acTH COCYJIOB AaBICHHS MapOreHEPHUPYIOLINX
ycTaHoBOK. Iloka3zaHoO, UTO 3aBUCUMOCTb MEXIY MakK-
CUMAaJIbHbIM BHYTPEHHUM JaBICHUEM U MaKCHUMallb-
HBbIM [IE€PENATOM TEMIIEPATyphl MO TOJILIUHE CTEHKH,
JIOIIyCKaeMbIMHU YCJIOBUEM IPOYHOCTH, SIBIISIETCA JIU-
HEUHOMW; ¢ yBEJIMYEHUEM BHYTPEHHErO JABJICHUS Be-
JMYMHA JOIIyCKaeMOIo Iepernana TeMIEpaTyphl IO
TOJIIIMHE CTEHKH YyMeHbIIaeTcs. Haubonpmmas o006-
JIaCTh BO3MOKHBIX COCTOSHMM IUJINHIPHYECKON Ya-
CTH COCYJIOB JaBJIEHHUS, KOTOpPBIE YIOBIETBOPSIOT
YCIIOBHIO IPOYHOCTH, HE3aBUCHMO OT CBOWCTB KOH-
CTPYKLMOHHOM CTalli M TeMIIepaTypbl CTEHKH oOec-
ne4yuBaeTcs npu oTHouwreHHH (6) BHYTpeHHEro H
Hapy»KHOI'O PaJinyCoB.
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