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«HarpeB n HarpeBaTeJbHbIE YCTPOUCTBAY»
Ha TeMy: «Pac4€r u KOHCTpyHMpOBaHUE HArpeBATECIbHOTO YCTPOUCTBA

JUIs HarpeBa 3aroTOBOK IMOJI TOPSAYYIO IITAMIOBKY»



3AJIAHUE

Ha KOHTPOJBHYI paboTy mo aucuuniuae «HarpeB u HarpeBaTebHBIC

yCTpOMCTBA»

Ha TeMy: «Pacué€T u KOHCTpyUpOBaHHE HATPEBATEIbHOTO YCTPOMCTBA

|

3.
4.

HJIsL Harpc€Ba 3aroTOBOK IIOA TOPpAYYHO IITAMIIOBKY»

HNcxonHple naHHBIE

[IpousBoautenbHocTs neuun G = 120kr/q
3aroToBKa BUI - HNPOKAM
Matepuan - cmans 40

Huametrp - d = @50mm
Nnuua - | = 400mMm

Temneparypa narpesa mertanna t, = 1250°C

Tonnuso (BUJ) - IPUPOJHBIN ra3

XUMHUUYECKHUIN COCTaB TOIIJIUBA:

CH4 = 85%, C2H6: 1,1%; C3H8=0,8%; C4Hlo: 0,60/0;N2 = 12,5%
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BBenenue

Harpes metanna as ropsiueit o0pabOTKH JaBlIeHUEM TMPOU3BOAMUTCS B TI€YaX WIIH
IIPY MIOMOIIH CHEIHAIbHBIX 3JIEKTPOHATPEBATENbHBIX YCTPOUCTB.

B 3aBucHMMOCTH OT HWCTOYHHMKA HarpeBa HarpeBaTelIbHbIE IeYd JeNsITCS Ha
IUIaMEHHBIE W DJJIEKTpUYecKHe. B miaMeHHBIX medax Teruio Ajisi HarpeBa MeTtajiia
oOpa3yeTcs 3a CUET C)KUTaHUs TOIUIMBA, a B AJICKTPUUYECKUX — MPHU MPOXOKICHUH TOKA
Yepe3  HarpeBaTEIbHBIE  AJEMEHTBHI  CONPOTHUBICHUS.  DJIEKTPOHArpEeBaTEIbHBIE
YCTPOMCTBA OTJIMYAKOTCS OT SJIEKTPUYECKHUX IME€Yed TEeM, 4YTO OHHM CO3JAI0T TEIUIO
HEIOCPEACTBEHHO B CAMOM HAarpeBaeMOM 3aroTOBKE.

Jlnst HarpeBa MeTaJuIoOB 1MoJ; 00pabOTKY JaBJICHHEM HauOOJIbIIIee pACHPOCTPAHECHHE
NOJIYYWJIA TJIAMEHHBIE Te4H, padOoTaloIIMe HAa TBEPIOM, >KHJIKOM WA ra3000pa3HOM
TOIUIMBE. B 3aBUCHMOCTH OT crioco0a 3arpy3KH 3aroTOBOK U XapaKTepa paclpeaesieHUs
TeMIiepaTyp B pabodyeM MpPOCTPAHCTBE OHU JIEIATCS HAa KaMepHbIE (IIEpUOAMYECKOTO
JEUCTBUSI) U METOJAUYECKUE (HEMPEPHIBHOTO JIEUCTBU). Pa3HOBUIHOCTHIO KaMEPHBIX
neyen SBISIOTCS HAarpeBaTelIbHbIE KOJIOLBI, HUCIOIb3YEMbIE JII OJHOBPEMEHHOIO
HarpeBa HECKOJIBKUX KPYIMHBIX CIHUTKOB, TMPEJHA3HAYEHHBIX [JI1 OO0pabOTKH Ha
O0XMMHBIX TPOKATHBIX CTaHax. [[7s mojorpeBa Bo3dyxa M Tra3000pa3HOro TOILIMBA
TEIJIOM OTXOJSIIMX Ta30B (MPOAYKTOB TOPEHHUsS) IUJIAMEHHBIE M€Y O0O0pYydyIOTCS
pereHepaTopaMu (1MOJ0OHO MApTEHOBCKHMM ITIeuaM) WM peKyrnepaTtopamu. B oTimume
OT pereHepaTopoB B pekynepartopax (0coObIXx TpyOax) MOTOKM OTXOMASIIMX Ta3oB H
HarpeBaeMoro BO3/yXa MPOXOIAT HEMPEPHIBHO U KaXbId MO CBOMM KaHallaMm. Yepes
CTEHKH ATUX KaHaJoB (TpyO) U ocyiecTBiseTcs TermiooOMeH. HemocTaTku miiaMeHHBIX
ne4yeii—o0e3yraepoKUBaHUE CTAJIM U BBICOKMM MOBEPXHOCTHBIA yrap metamia. [lpu
HEOOXOJAMMOCTA M30JSIMUM HArpeBaeMoro MeTaula OT BO3JACUCTBUS MNPOAYKTOB
TOpPEHUsl TOTUIMBAa BMECTO KAMEPHBIX MPUMEHSIIOT My(QeTbHbIE Meun. DICKTPUUECCKUE
MeYr COMPOTHUBJICHUS O0ECIEUNBAIOT BHICOKOE KAa4eCTBO HArpeBa M BO3MOXKHOCTH
TOYHOTO PEryJIMPOBaHUS TemmepaTypbl. OHM MPUMEHSIIOTCSI B OCHOBHOM JIJIi Harpena
CIUIaBOB IIBETHBIX METAJJIOB, WMEIOIIUX HEBBICOKYIO IO CpPaBHEHHIO CO CTajblo

TEeMIIepaTypy, Hadajaa oOpabOTKH JTaBIICHUEM.



1. Bp100p KOHCTPYKIIMM HATpeBATEIbHOM MeYH

Ha ocHOBE HMCXOIHBIX JAaHHBIX OCYIIECTBISIEM BBIOOp KOHCTPYKLMHU IIE€UH,
o0ecrnieunBaoIIeld HOpMalbHYI0 pabOTy OCHOBHOTO Ky3HEYHOro obopyaoBanus. llpu
ATOM, YYMUTBIBas XapakTep IpPOU3BOJCTBA, CIOCOO W3rOTOBJIECHUS IOKOBOK, BHJ
TOIUIMBA, CHOCOO OTBOJA JABIMOBBIX Ta30B, a TaKXke BUA U (OpPMy HarpeBacMbIX
3aroTOBOK.

KoHcTpynpyem kaMepHyIO Meub IIaMEHHOTO HarpeBa co CTAlMOHAPHBIM MOJ0M
JUISl HAarpeBa 3ar0TOBOK IO/ TOPSIYYIO IITAMIIOBKY, OTBOJIOM JBIMOBBIX I'a30B IOJI 30HT.

Ha ocHoBe 3TOTO MpHHUMaeM THNOBYIO ey n3 HHO-6.7.4/14.

2. PacuéT ropeHus TOIJinBa
Pacu€r ropenus TtommMBa CBOOUTCA K OIPEACIECHUIO TEIUIOTHI CrOPAHMS JTaHHOTO
TOIUIMBA; KOJMYECTBA BO3/AyXa, HEOOXOAMMOIO MJii TOPEHMS; KOJIMYECTBAa IPOAYKTOB
ropeHusi (JpIMOBBIX TIa30B); KaJOPUMETPUUYECKOW U JACHCTBUTEIBHOW TEMIEPATyphl B

pa6oqu IIPOCTPAHCTBC IICUH.

2.1. OHpGI[GJIGHHG TCILIOTHI CTOPAHUA ra3oo6pa3H0r0 TOILJIMBa

OmnpexpensieM TEIIIOTY CropaHus ra3000pa3Horo Tormsa mo Gopmye [c.7, 3]:
Q) =127CO+108H,+358 CH+590C>H,+636 CoHg+913C3Hg+1158 C4Hyo+
+1465CsH1p+234H,S(x 1x/M),
rae CO, Hy, CoHy, ... , H2S — dieMeHTapHBIN COCTAaB TOIIMBA B MPOIICHTAX;

Q: = 358CH+ 636 CoHg+913 C3Hg +1158C1Hqp (KI[)K/MS),
Q; =358x85+ 636x1,1+913x0,8+1158x0,6= 32554,8 (xJIx/Mm°>).

2.2. OmpeneseHre TEOPETUIECKOTO KOJHUYECTBA BO3AyXa, HEOOXOAUMOTO ISl TOPEHUS
TOILJIMBA
OmnpenernsieM TEOPETUIECKOE KOJUUECTBO BO3yXa, HEOOXOAUMOTO JIJIsl TOPEHHUSI
ToruBa 1o opmyie [c. 12, 3]:
L,=0,26 10° Q7 -0,06 (m3),
rae L, — TeopeTnueckoe KOJMUECTBO BO3AyXa, HEOOXOIUMOTO JIJIsi TOPEHHSI TOTLINBA,;
L,,=0,26x10°x32554,8 — 0,06 = 8,4 (m3).



2.3. Onpenenenue AeMCTBUTENFHOTO KOJUYECTBA BO3TyXa, HEOOXOAUMOTO AJIs
TOpPEHHSI TOTUINBA
OmnpenensieM NeHCTBUTEIFHOE KOJMYECTBO BO3AyXa, HEOOXOIUMOTO ISl TOPEHUS
ToruBa 1o gopmyie [c. 28, 1]:
L() - OlaLm (MB),
rIe Oy — K03 PUIHeHT n30pITKa Bo3ayxa. [ [puHrMaeTcst mpy CKUTaHUHM ra3000pa3HOTO
TormBa «, =1,05....1,1; Ilpuaumaem a, =1,06;

La - I[CﬁCTBI/ITCJ'II)HOC KOJIMYCCTB BO3yXa, HCO6XOI[I/IMOFO AJIA TOPpCHUA TOIIJINBA,
L, =1,06x8,4 = 8,9 (M®).

2.4. OrmpeneneHre KOJIUYECTBA MPOTYKTOB TOPEHUS
OmnpenenseM KOJIMYECTBO MPOJTYKTOB ropenus mo popmyie [c. 13, 3]:
V. =0,272 103Q,+0,06+(c-1)L,
rae V. — KOJIU4eCcTBO MPOAYKTOB ropeHus (00bEM);
V., =0,272 103x32554,8+0,06+(1,06-1)x8,4 = 9,41 (m°).

2.5. OmnpeneneHre KaTOPUMETPUIECKON TeMITEpaTypbl TOPEHUS TOTLTHNBA
OmpenensieM KaJoOpUMETPHUYECKYIO TEMIIepaTypy TOpeHus Tormmsa mo ¢popmyne [c.13, 3]:

[ Qe+l
) CZVZ ’

rae 0, = Cyt, — Temno, BHOCUMOE ¢ MOAOrpeThiM TOMBOM (K Jx/M3);

0s? = Cgt,Ly — Termo, BHOCHMOE ¢ TOHOrpeThIM Bo3ayxoM (K [x/M1);

Cr — TeII0EMKOCTD IPOIYKTOB rOpeHus. [[puHIMaeTcs pu CKUTaHUK ra3000pa3HOTO
tommsa C, = 1,41 — 1,5 (xJIx/m3 -°K); ITpuanmaem C, = 1,45 (x [x/m3 °K);

C,, Cs — COOTBETCTBEHHO, TEIUIOEMKOCTh TOIUIMBA M BO3/yXa MPH TEMIIEpaType MOJI0TPEBa;
t,, L, — TEMIIEpaTypa moaorpeBa, COOTBETCTBEHHO, TOIUIMBA U BO3/IyXa;

t, - KaopuMeTpuUecKas TeMIeparypa ropeHus TOILUINBA;

Tax Kax TOIUIMBO M BO3IyX HE IOJOTPEBAOTCH, TO (,%+0,#= 0

325548

- —2386,79%
k145941



2.6 OmnpeneneHue NeHCTBUTENBHON TeMIIEpaTyphl
OmpenernsieM NeHCTBUTEIBHYIO TEMIIEPATYpy B IIeUH onpenenseTcs no popmyne [c. 34, 1]:
t, =t
TJe 77 — MUPOMETPUYCCKUH KOIPPHUIIUCHT, 3aBUCAIINN OT KOHCTPYKIIUH U peKUMa pabOThI
neun. [Tpuaumaem 1 = 0,65...0,8 [c.35, 1];
t, — AelicTBUTENbHAS TEMIIEpaTypa B NCUH;
t, = 0,65x2386,7 = 1551,3°C.
[Tocne mpoBeneHus: pacu€ToB MPOBEPSETCS, OOECIIEUMBACT JIM JTAHHOE TOTLTUBO

HarpeBa 3aroTOBOK JI0 33JJaHHOW TeMrepaTypbl. i 3TOTo TOJHKHO BBIIOIHSATCS yCIOBHE:

t,—t, >100°C

1551,3-1250=301,3C
301,3>100°C
YcioBHe BBIMOIHAETCS, CIEI0BATEIbHO, TAHHOE TOIUIMBO 00ECIIeunBaeT HarpeB

3aroTOBOK JI0 33JJaHHOM TeMIepaTyphl.

Jlnst pacyéTa neun NPMHUMAEM TeMIIEpaTypy pabodero MpocTpaHcTBa neun papHoii 1350°C.

3. PacuéT npoo/LKUTEIbHOCTH HATPeBa MeTa/LIa
Bce HarpeBaemble 3arOTOBKM MOYKHO YCJIOBHO Pa3J€auTh Ha JABE IPYIIbI — KTOHKUE» U
«MaccuBHbIe» Tena. K TOHKMM Tenam OTHOCATCS 3arOTOBKHM, Y KOTOPBIX KpuTepui buo
MenblIie 0,25, a K MAaCCUBHBIM — 3arOTOBKHM Y KOTOPBIX KpuTepuit buo 6onbiie 0,5. O6nactsb
3HaueHui kputepus buo ot 0,25 no 0,5 — nepexoanas (3Ta 0071aCTh OTHOCUTCA K «TOHKHM)»

Telam).

3.1. Omnpenenenue kputepus bro

Omnpenensiem kputepuit buo o dpopmyse [c. 49, 2]:

BI — aﬂ;{KS
rae S — paauyc 3aroToBKH (Rs,r), 000rpeBaeMoii ¢ 00enx cTopoH (M);
A — K03 UIMEHT TEIJIOMPOBOIHOCTH MaTepHaa mpu temmneparype Harpesa (Bt/mMK);
a, + - KOdhDUIHEHT Teronepeayn, U3MEHSETCS B IMUPOKUX npezenax. [Ilpu narpese B

KaMEpHBIX Teyax onpenensercs no popmyse [c. 50, 2]:



3
a,,, :0,1(12 "O ] +(11...17) (Bm/m*K)
a = 0,1(135(”273)3 +(12) =439,5(Bm/v?-K)
J+K
- 480,557%025 ~ 0,392
0,392< 0,5

3aroToBKa OTHOCHUTCS K «TOHKHM» TEJIaM.

3.2. HpOIIOJDKHTCJII)HOCTL HarpcBa «TOHKHX» 3arOTOBOK OIIPCACIIACTCA I10 (bOpMYHe:

VpC In tn _tM (q),
a t —t°

2" 1tk

K2
rae p = 780073;
M

C — cpenHss TEINIOEMKOCTh METasuia Npu TemnepaTtype Harpesa 1250°C.

K/{orc
[Tpunumaem C=0,649 m :

F,, — 2GdexTrBHAs TEIMIOBOCIIPHHUMAIOIIAS TOBEPXHOCTH;
t" — HauanpbHas Temreparypa meramia, 20°C;

t' — xoneunas remneparypa metamna, 1250°C.

2 2
V=”2 1= 340,05 4 4 _ 0 000785
2 2
F, =adl+27% 31450,05%0,4+2x 32242005 _ g 9667,
. 0,000785.7800-0,649,  1350-20 _ o0

n
0,0667-439,5 1350-1300



4. OnpenesieHne OCHOBHBIX Pa3MepoB padoyero MpoCcTPaAHCTBA MeYH
4.1. OnpezneneHuie KOJIWYECTBA 3aTOTOBOK, OJJHOBPEMEHHO HAaXOAALINXCS B €YU
OmnpenensieM KOJIMYECTBO 3aroTOBOK, OJHOBPEMEHHO HAaXOMSAIIMXCS B TIEYH B
3aBUCUMOCTH OT YaCOBOW MPOM3BOIUTENBHOCTH TE€YM M IPOJOKUTENILHOCTH HarpeBa

3aroToBOK 1o (opmyite [c.146, 2]:

Gt
n=—,
g
rac G — 4aCoBasd MMPOU3BOIAUTCIIBHOCTD IICYUH;
g — MacCcCa 3aroTOBKH.
g =pV (1)

V =0,000785(x%).
g = 0,000785x7800 = 6,12(xr)

120%0,35
n="—"———-

=6,861mT
6,12

[Tpunumaem N = 7 (wir).

4.2. CocraBneHHe ICKH3a PACIOI0KEHHUS 3aTOTOBOK Ha MOy MEeYH OTpeIeIeHHE IIara
YKJIAJIKU 3aTOTOBOK
OmnpenensieM mar yKJIaJKH 3arOTOBOK 110 Gopmyire:
Sw = d; + Ky,
rae Ky — koaduiment, npuHuMaeMbiii paBHbIM 0,50,
S =50+0,5%50= 75 (Mm)

Bn

00

ln
400

75 _‘50__ w

- -—
—

Puc. 1 Dcku3 pacnosioxkeHus 3aroTOBOK Ha MOJE e



4.3. Onpenenenre MUPUHBI U JUTAHBI T0J1a TICYH
OmnpenenseM MIUPYUHY | JUIMHY MO 1me4u mo popmyiam [c.246, 1]:

Buoo= (N-1)S,,+ 200 (Mmm);

L.0o=11+(2100...200) (Mm),
rie |; — nmuHa 3aroToBKH (MPH KOPOTKUX 3arotoBkax | = I,,.m)
M — KOJTMYECTBO 3aTOTOBOK, YJIOKCHHBIX B OJTHY JIJTUHY.

l; =400 (Mm)
Bioo = (6 — 1)x75+200=575mm. [Ipuaumaem B,,0=0,575 (M)
L0 =400+200= 600 mm. [Ipunumaem L,,,=0,60 (m)
Fr00=Buoo XLn00=0,575%0,60=0,345 (m?)

4.4. OnpeneneHue BICOTHI paboyeil KaMepbl IeUH

OmnpenensieM BBICOTY pabodelt kamepbl reun 1o hopmyiie [c. 246, 1]:
F-F

K c

H”:2(B +L,,) (),

noo noo

riae F, — BHyTpeHHsIsl IOBEpXHOCTH Kilaaku. OnpenensieM o Gpopmyiie:

F
F =—2 (w2
. a)(M)’

F.p — 2P pexTuBHAsA YacTh TEIIOBOCIPUHUMAIOIIAS [IOBEPXHOCTh MaTEpHUAIa;

® — K03 PHUIMEHT, 3aBUCAIINI OT OTHOIIEHUS TIOBEPXHOCTH HArPeBAEMOT0 METaljia K
Kiajake, npuauMaercs o = 0,25... 0,3 [c. 143, 1];

F. — mnomans cBoga. Onpenensiercs mo hopmyiie:
F.=1,1F,0 (M?);
F.=0,0667x6/ 0,3 = 1,334 (m?),
F.=1,1x0,34=0,379 (m?),
~1,334-0,379

H = —0,406
n - 2(0,575+0,6) ()
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