CKBO3HOE aBTOMATMU3NPOBAHHOE
NPOEKTUPOBAHMNE ANEKTPOHHOW
annaparypsbl

Jlekuusi 15.
UHXXeHepHbIN aHanm3 MeToaoM KOHEYHbIX 3JfIEMEHTOB.
AHanus TennoBbIX PEXUMOB



AHanuns3 tennoBbIX pPpeXxnmvoB

1 AHanu3 ctaumoHapHoro TenfioobmeHa: pacyet

pa3HnUbl TEeEMepartyp AJ1id 0O4HOro Ui HECKOJTbKUX

3NeMeHTOB /1puU pasHos8ecuU (B CTaLuMOHAPHOM
COCTOSAHUMN).

AHanun3 TennoBbIX
pPEXNMOB

Mpyu NpoekTUPOBaAHNM INIEKTPUKU U INTIEKTPOHUKU MOXKHO:

= PaccunTaTb anekTprUYeckuin Harpes pasHbiX KOMMOHEHTOB.

= CMogenupoBaTh pagvaTopbl OXnaxaeHus.

= OnpenennTb HeOOXoANMbIE PACCTOSAHUSA MeXay KPUTUYECKUMWN AeTansiMu.
= OnpenennTb 00NacTn peumpKynsaUumn Bo3ayxa u Mecta neperpesa.

= [IporHo3npoBaThb TemnepaTypy, Npyv KOTOPOW KOMMOHEHT UMK NevaTHas nnara MoryT
neperpeBaTbCs U BbIXOOAUTb U3 CTPOS.

JononHutenbHble CLEeHapun UCNONIb30BaHUA TENSIOBOro aHanusa:

= EcTecTBeHHast UnNu NpuHyguTeribHas KOHBEKLMA OT NnepeaHeENn 1 3agHen NoBEPXHOCTEMN.
= [IpOBOAMMOCTb OT KpaeB neyaTHOW niaTbl 4O CTEHOK Kopnyca.

= [IpOBOAMMOCTb Yepes XXECTKNE UIN TMBKME KOHTaKTbl C APYrMMM NeYyaTHbIMU nnaTamu.
= [IpOoBOAMMOCTb MeXAy NeYaTHOW nNnaTom N MOHTaXXHOW paMon.

= [lpoBOAMMOCTb paganaTopa oxsiaXXaeHusl.



AHanu3 TennoBbIX PeXnmoB

AHanus TennoBbIX AHanum3 ctaumoHapHoro TennoobmeHa
PEXNMOB

1.63e+000 -
1.63e+003 -
1462e+000 -
1676+ 1000 -

1.61e+00C3

16104003

1.6e+003
1.5« 0003
1.5%9¢+003
1.50e+003
1.56e+003
157ei3

1.57e+003

(©)
(A)

= Harpy3ska TennoBblaefieHnst NPUMEHAETCHA K UCTOYHUKY
Tenna (A).

= Harpy3ska TenmnoBoro rnotoka npuMeHaeTcs K
NOBEPXHOCTAM, KOTOpPbI€ OTpaXatoT Tenmo OT UCTOYHUKA
Tenna (B).

= [1na paccesiHusA Tenna ot Mo4enu NpMMeHsaeTcs
Harpy3ka cBOOOAHOW KOHBEKLMM ANs BCEero pagmaropa
(C) c nomoLbto BbIbOpa BCEro anemMeHTa.

= B pesynbraTte 6yaeT nokasaH rpadovk pacnpeneneHus
TeMmnepaTypbl.

» Mukpocxemsbl (A) onpeaerneHbl Kak UCTOYHUK Tenna.
» K NOBEPXHOCTAM neYyaTHoM nnaTtbl NpUMeHeHa
Harpyska cBOOOJHON KOHBEKLMN.

= Pe3ynsratom aBndeTcs rpadpuk pacnpeneneHus
TemnepaTypbl Ha NevYaTHoM nnaTe C yKkadaHHbIMU
NOSTIOXXEHUSMU MUHUMANbHOIO U MakCUMarbHOro
3Ha4YeHUMN.



AHanu3 TennoBbIX peXxXuMoB. Tun aHanusa

r ~N
Twun aHanuza:
[I'luﬂenubln CTaTUYECKMI vJ
TIMHeRHBIN CTaTMYECKIMIA

MogansHbiit

[nHeitHan ycTonuMBoC TS
. CTawoHapHblit TennooBmeH + [HeiHan ctaka

CrauwoHapHbit TennoodmeH + [TMHeHaR yCToMYMBOC T

R o Ll TSI

[ PacyeT Bonbmx nepemeweHmi
Yucno moa: |4

Inanason yactoT: 0,000 u

MNposepka reomeTpn: | Bknounts

MNapameTpbl KomaHaHoit ctpoku NX Nastran:

3pameTpbl TENNOBOIN Harpy3Kku [ MapameTpbl NX Nastran... ]

MNapameTpbl pesynbTaTos
[¥] CosnaTs pesynbTaTsl TonbKo AnA NosepxHoc (BbicTpee)
[V] He oBpataTeisam BCe pesynbTathl Nocne peleHns (BoicTpee)

Mo yanam Mo anemeHTam

[V] Hanpaxetue

[7] Devopmama

[T]Cuna

["] 3Heprua aepopmaLym
Tennosoit NoToK

[¥] Nepemewermve

[7] NpunoxenHas Harpyska

[7] Cuna peakwm
Temnepatypa

MNpunoxeHHan TemnepaTypa

OocTynHble BUAbl aHANN30B:
3 CtaumoHapHbI TennoodbmeH

AHanu3 TEennoBbIX PEXNUMOB Tena, Koraa oHo
[IOCTUraeT TEMMNOBOro PaBHOBECHUS.

3 CtaumoHapHbI TENOOOMEH +
JInHenHaga ctatuka
A CtaumoHapHbI TENO0OOMEH +

JlnHenHasa yCcTonM4nMBOCTL
AHanna HanpsxxeHun, oedopmauunm mn
nepemMeLleHnin, BO3HMKatoLLmMe Npu Harpese.

EcTb ABa TMNa aHanusa ctauMoHapHOro
TennoobmeHa:

= [INHenHbIN — KOrga He y4YnTbLIBaKTCH
N3nyyYyeHne nnu
Temneparypo3aBnCMble CBOUCTBA U
rPaHNYHbIE YCITOBUSI.

= HennHenHbIN — KOrga y4nTbiBarOTCSA
N3nyyYyeHne nnu
Temneparypo3aBnCMble CBONCTBA U
rPaHNYHbIE YCITOBUSI.



OnpepeneHuve TENNOBbIX HArPy30K U OrpaHU4YeHnM

Q dukcupoBaHHas Temneparypa

C nomolubio koMmaHabl TeMnepaTypa MOXHO 3a4aTb HEMPEPbLIBHYIO PUKCUPOBaHHY TeMnepaTypy ans
BblOpaHHbIX arneMeHToB. MNpeanonaraeTcs, YTo MoAernb HAXOAUTCS B TENSTIOBOM PaBHOBECUM.

1 O6bmeH TennoBon aHepruemn
KomaHabl KoHBekuua n UsnyyeHue.

d TennoBaga MOLLHOCTb, TEMMOBbLIAENEHNE UNN TennoodbmeH
KomaHgbl TensnoBomn NOTOK (4115 rpaHen n noBepxHocTen) n TennoBblaeneHue (4ns Ten B cOopke).

Mpumep: KomaHaa TennoBoun noTok Unu TennoBblaeneHue no3BondaT paccunTatb
TEeNSI0BY0 3HEPIni0, KOTopas rnepenaeTcs, Hanpumep, Yepes
N30MALUMOHHYI0/TENTOPACcCENBAIOLLYIO CTEHKY KOHCTPYKUMK. YTOGLI
YMEHbLUNTL/YBENMNYNTL TENSTO0OMEH, MOXXHO ONpeaennuTb ONTUManNbHYI TOSLWNHY CTEHKN
N BbIGpaThb Ny4yLINi U30NALUMOHHBIN/MPOBOASLLNK MaTepurarn.

[Mpun ncnonb3oBaHUK HArpy3k1 TENJI0OBOro NOTOKa 1Ny TeNnoBblAeNeHnsa Heobxoanmo
onpeaennTb MexaHM3M pacCcesiHus Tenna, HanpuMep Harpy3ky KOHBEKUMUW NN Harpysky
Temnepartypbl.



TennoBble Harpy3Ku

[pynna komaHg TennoBble
H .D_a -;e;/l.n;p-a;;p.a m Wsnyuerue
Tennosble HArpy3Ku i TRrioson cova Tennosble HArpy3Kku
Onga getanen (Bjxoasem ansa cbopok

TennoBbie HarpysKu

& 3
B g

TemnepaTtypa I}

Tennoseie Harpysku

B TennoBom aHanuse, TakoM Kak cTauuOHapHbLIN
TennoodMeH unun cBA3aHHbIVM TEMNSIOBOW aHaNus,
MO>XHO MUCMONb30BaThb CrieayroLwme Tunbl
Harpy3ok:

v/ TemnepaTtypHble Harpy3Kku

v/ Harpysku TennoBoro notoka

v’ Harpysku TennosbigeneHus

v/ Harpyskn koHBekuumn

v’ Harpyaku nanyyeHus

v’ TennoBble Harpy3ku, UCrnonb3yemMble Kak
orpaHnyeHuns




TemMnepaTypHble Harpy3Ku

] Mcnonb3ynte komaHay Harpy3ku Temnepary it , Korga:

= Hy>kKHO NPUMEHUTb pa3Hble TeMNepaTypPHbIE Harpy3Kku.

PebBpo/Yron

Touwea » Hy)XHO NPMMEHNTb Harpy3Kky TemnepaTypbl K BbIGpaHHbIM
06 CHMBON0E

- ' arnemMeHTaM usiu Ko BceMy Teny.

|  Moxasare mery » BpemMs 4OCTUXEHUS TennoBoro paBHOBECUS He ABMSAETCS

npeameToM aHalim3a.

B Mmogensax c6opok MOXHO Takxke
BblOpaTb Tena.

3Ha4yeHne TemnepaTypHOn
Harpy3ku He MOXeT ObITb
pacrnpeaeneHHbIM: ecnm
BbIOpaHO HECKOMbKO
9NEeMEHTOB, TO 3aaHHas
Temneparypa NpuMeHsIeTCs K
Ka)xgoMmy BblIbpaHHOMY
SNEMEHTY.

3Havenme: 20,000C




TemMnepaTypHble Harpy3Ku

B cTaumoHapHOM aHanunae TensioobMeHa MOXHO Takxke
ncnonb3oBaTtb KOMaH4y TemnepaTypa Tena 13 rpynnsl
Harpy3ku Ha Teno:

,DE TemnepaTtypa Tena

!_EQFE?_SE*;‘_E*B_TED?; v UT00ObI 3agaTb HavanbHy0 TeMnepaTypy A YCKOPEHUS
pac4yeTa B NX Nastran.
v’ Kak obs3atenbHyto Harpy3ky ans aHanusa ¢ y4eTom
n3ny4veHusa. 31o obecnevmBaerT, YTO A5 BCEX Y3MNOB U
aneMeHToB ByaeT Ha3Ha4yeHa TemnepaTypa rno yMosyaHuio,
AaXe eClnn K HAM He NpUMeHeHa Harpya3ka.

—

\. \ \ 3Hauenne: 20,000C




Harpysku TennoBoro noTtoka

[' & Tennosoit noTok

[ [paHb v

I'+1 OBwan Harpyska

IIFW Pasmep/llar cumsonos

2
;[ S Mokasate MeTky

ISnemeHT ||06maﬂ HPacnpe,qeneHHaﬂl
[Touka ||BT (BatT)|(BT |
IPebpo |IBT ||BTim |
lrpaHb “BT ”BT/M2 |
KoHCTpYKTMBHbIA 3nemeHT|(BT Br/m?

+ : Teryio BXoauT B AreMeHT MOoAeESIN.

— . Tenno BbIXoanT N3 aJfieMeHTa

| ;&"uenm.
il | 'PacnpeneneHue Harpy3kKu:

Bkn.: 3Ha4deHne Harpysku
pacnpenenaerca mexay
arieMeHTamum.

BbIkn: 3agaetca yaenobHoe
3Ha4yeHue NoToKa Ha eguHuLY
ONVHBI UNU Nnowaaw.

| KomaHga Harpy3kun TensioBowu noTox nossonser
paccynTaTb TENMNOBYIO 3HEPIUI0, NepenaBaeMyto Yepes
eanHMLy nnowaau (MoBepXHOCTb, KPUBYLO, pebpo, y3en
— NN TOYKY) U onpenenseT Harpy3Ky TennoBOM MOLLHOCTH,
fa)  beroaveons TennoBblgeneHnsa unm Tennoodbmexa.

Harpyska TensoBou nNoTokK
NPUMEHSETCS K MOBEPXHOCTAM
N

% TOPMO3HOrO Ancka poTopa.

[na pacyeta paccesHusa
Tenna npUMEHSAETCs Harpys
KoHBeKLus KO BcemM
NOBEPXHOCTSM OMCKa pOTOpPa,
KpoMe NoBEPXHOCTEN C
3aJaHHOM Harpy3Kou
TennoBoun NoTokK.



Harpy3KV| TenmnoBbigerieHusA

| v ¥ Tennosuinenerwe | KomaHpga Harpy3ku TennoBbigene! p¥ no3sonsaeT
== onpeaennTb Harpy3ky TENNOBOM MOLLHOCTW, TENSOBbIAENEHMS
unun TennoobmMmeHa ans Bcero tena. 9Ta Harpyska 3agaet
; e CKOPOCTb, C KOTOPOW TEMNMNOBAas 3HePrus nepenaeTcs vYepes
1|  Pesvep/iar amsonos eanHnuy obbema (Tennio nnm KOMMNOHEHT). OBbIYHO 3TO TENNO
I. MoxasaTs eTky OOSTKHO NPOBOAUTLCA A0 rpaHuL, Tena v yaanaTtbeca nytem
- KOHBEKLIMM NI N3NyYeHIs.
oae COOPKU CcoOOepXNT ABa pa6oq|/|x Tena:. UICTOYHUK Ternna
(TpaH3UCTOP B LIEHTPE) 1 pagnaTop oxnaxageHus (Teno ¢
3HayeHue: BT (0bLwan Harpyaka) Nnbeespamu oxirrmnr o

Bt/m? (pacnpeneneHHas).
+ : TEMNNO BXOAMUT B AfIEMEHT MOLENM.
— : TENSI0 BbIXOOUT M3 3rieMeHTa
Monany,

th

PacnpeneneHuve Harpysku:
Bkn.: 3Ha4deHne Harpysku

pacrnpegenderca mMexny
anemMeHTamMm.

Bbikn: 3agaetcsa yoennHoe
3HadeHue noToKa Ha eauHULY
obbema.

(A) (B)

(C)
» Harpy3ska TennoBblgeneHusi NPUMEHSETCA K UCTOYHUKY
Tenna (A).
» Harpy3ska TennoBoro notoka NpuMeHSEeTCs K MOBEPXHOCTAM,
KOTOpble OTpaXarT TeNNo OT UCTOYHUKA Tenna (B).
» [1na paccesiHus Tenna oT MoAesniv NPUMEHSIETCA Harpy3ka
cB060QHOM KOHBEKLUKM N4 Bcero paguartopa (C) C nOMOLLbLO
Bbl6Opa KOHCTPYKTUBHOIO 3fIEMEHTA.



[' m KoHsexums

v

<]
o
[+1]
X
o

MoMeHATL HanpasneHne
UseT cumsona

Pasmep/Ilar cumsonos

33

[okazate MeTky

[

3HavYeHus:

= [111eHOYHbIN KOSPPULINEHT —
KO3 (PULMEHT KOHBEKTUBHOIO

TennoobmeHa (Bt/m2K).
HyJ'IeBbIe n oTpudatesibHble 3Ha4eHUA He

JOrMyCKarTCA.

= Temneparypa okpyxaroLeun cpeqbl
Mo YMOJM4aH1O UCMNOJ1Ib3YETCA 20°C. MoxHo
UCMOJNb30BaTb HYJ1b N OTPULATESIbHbIE 3HAYEHNS. R

Harpy3ku KoHBeKuuu

Harpy3ku KoHBeKLMu (¥ 3agalT 0OMeH TenI0BOU
9HEpPruen, Korga ras unuv XuaKocTb NepemMeLLatoTcst OT OgHON
NOBEPXHOCTU K APYron nnmn B oOKpyxatroLwlen cpeae ns-3a
pasHuubl Temnepartyp. Harpyska cBo60gHON KOHBEKLINN
NO3BOSISIET paccuUnTaTb TENNOOOMEH NP ECTECTBEHHON
KOHBEKL M.

MNEeHoYHBI KOZPDULIEHT: 0.500- Br/m™2K
TemnepaTtypa okpyxaiowei cpeasi: 20,000C




TunoBble 3Ha4YeHUs KoahdpunumneHTa KOHBEKTUBHOIO
TensiooomMeHa ons eCTeCTBEHHOU KOHBEKLUUN

ZqKn“f:::Tb TunuyHblie 3Ha4YeHUA KO3 PUUKEeHTOR (eAnHNULbI)
MNpumeHeHune
(ceobopHan
KOHBEKLS) (BTU / hr-ft*F) (B1/m?K)
Obtem BHe
nepemMeLleHna
BO34yXa
Boagyx (0BbIuHO 0.1-05 05-25
CTEKNAHHOe
OKHO)
Boga [[MoTok & Tpy6e  |[0.5-20 20 - 100
KuakocTu
AKugrocTtn BHYTPM U 18-176 50 -100
cHapy*u TpyObl
a3kl npu
aTMoChepHOM
naBneHun
[aswl BHYTPU U 0.2-35 2-25
cHapyxu TpyObi
B
TennoobmMeHHuKe
B eanHe unu
Kunswan KOHTOsiHEpe 440 -6 200 2 500 - 3 500
Boaa
[MoTok & Tpy6e  |[880 - 17 600 |5 000 - 100 000
KoHgeHcauma
BOAAHOrO BepTtukansHele
napanpu1  |[nosepxHocTy 700 -2 000 4 000 - 11 300
aTmocdhepe




Harpysku nsny4yeHus

{' m Wsnyyerne J
5 Harpy3ku nanydeHu: ki 3aJaloT TennoobmeH B

nepaerpmineens > PE3YNIBTATE 3IEKTPOMArHUTHOIO M3MyYeHUs, UCMyCKaeMoro
NOBEPXHOCTbIO UNK Ternom. TennoobmMeH NPOUCXOANT, Koraa
“cnyckaemoe U3nyyeHne ctanknBaeTcs ¢ Apyron
NOBEPXHOCTbIO UM TENOM W NMOTMOLLAaeTCsl, OTpaXXaeTcst Unu
efaeTcs ApYromy anemMeHTy.

[ IpaHb

LiseT cumsona

Pasmep/LUar cumsonos

— £ <
;Hrijﬂ ’ i

=

MoKasaTb METKY

= =
T v

N3nyyeHne
B npoctpaHcTBe B 3amkHyTOM 06bEME
Harpy3|<a N3Nny4vYeHund, Kotopad Harpy3|<a N3NyvYeHund, Kotopasd
oripegendet obmeH N3nyvyeHmnem onpeaender obmeH N3rnyvYyeHmnem
MeXay rpaHbo Ui NnoBepPXHOCTbHO Mexay rpynn0|71 I'IOBerHOCTeIZ

N 6€CKOHEeYHbIM NPOCTPAHCTBOM
(yepHbIM Tenom)

N3ny4yeHune ucnyckatoT Tena ¢ TemnepaTtypon Bbille 0° KenbBuHa.
Harpy3ku nanyyeHuns pacnpeaensitotcsl paBHOMEPHO Mo BbIOpaHHOM reoMeTpun.



Harpysku nsny4yeHus

N3ny4yeHne B NPOCTPaHCTBE

[ SIS Koapipmument sepuors

v| I'!.,)OBe XHOC
afa€eT crnoco HOCTb MOBEPXHOCTW NnornoLiatb Unu

TemnepaTypa 0,000 C MCMyCcKaTb TEMNJ1I0BYHO SHEPINO OTHOCUTESIbHO YEPHOIO
St Tena. MoXHo ncnonb3oBaTtb 3Ha4eHust ot 0 go 1.
K°3¢¢“w;ige ;:5:;*::' , -1,0) Teno ¢ KoadULMEHTOM YepHOTbI 1 MOXET Nornowarb Unm
ncnyckatb 100% nsny4vyeHus.

Tun usnyyeHus: [Msnyqerme B NPOCTPaHCTBE

KoshdULMEHT NOrNoWEeHWs:

KoshdULMEHT M3Ny4eHUs: 5 -1,0) K03¢¢)MU‘M9HT
Yucno nycToT: 1 r&o rmo |_|+_| %ﬂ
B} afaetT CIIOCOOHOCTb NOBEPXHOCTWM norfowaTtb Tenj1oByrO
SrpReRsTE ARiTE roREReCT aHepruo. MoXHoO 1crnonb3oBaTh 3Ha4eHuUs oT 0 4o 1.
SKPaHWPOBATHCS APYTMMMA NOBEPXHOCT MM
KoachhpuumeHT

[ OK ][ OTMeHa ][ Cnpaeka ]

I/!.)SHX‘IEHVISI o

agaet ooso 3Heprun, nokngarLien noBepxHOoCTb N
aocTturatoemn ﬂ,pyFOI7I NOBEPXHOCTU UJTN NPOCTPAaHCTBA.
MoXxHO ncnonb3oBaTb 3Ha4eHus oT 0 4o 1.



Harpysku nsny4yeHus

VI3ITy9eAne B 3aMRKAYTOM

obbeMe
opmern e e = ycno

Tun usnyyeHns: [Vlsnyqeuue B 3aMKHyTOM ofbeme

I'!%CTOT
[aeT YMCro NyCTOT UNKN 3aMKHYTbIX 00beMoB. JTO

Tennepatypa | o] HeobX0AMMO, AaXKe eCri UCMONb3yeTcs TONMbKO OHa
B A e ‘ nyctoTa. [loBepXHOCTU B KaXXO0W NycToTe NOMHOCTHIO
Kosdduuen veproTsi 1,000 He3aBUCKUMbI OT Apyrux nyctoT. OHK He oTOpackIBaloT TEHb
NOBEPXHOCTH.

N HE SKPaHUNPYIOT NMHblE NOBEPXHOCTU, KPOME KaK B NX

Kos3hdULWEHT NornNoweHna; \ 1,000 | (0-1,0)

KosdduLmeHT msnyderns: | 1,000 | (0-1,0)

YMCNo NycToT: 1

[ 3kparmposaTe apyrie nosepxHOCTM
["] 3kpanmposaTbCa APYritMiM MOBEPXHOCT MM

ok || omea |[ copesca |

Hucno nycmom Hucno nycmom
=1 =2
3HayeHust JOMKHbI ObITb LienbiMu Yncrnamu. o ymonyaHumio (MMHUMYM) ncnonb3syetca 1.



Harpysku nsny4yeHus

VI3ITy9eAne B 3aMRKAYTOM
obbeme AKpaHupoBaThb Apyrue

7 7 z Rl
n — XHOCTM
b b st 1 e = ’g r'(oor,qa CTaHOBIEH, 3aA4aeT, YTO MOBEPXHOCTb MOXET
e —————— = oT6pachkiBaTh TeHb Ha ApYrue MoBEPXHOCTA. 370
WMCKITI04aEeT MoMNyYeHVe TeMnnoBoi aHepruv Apyrumu
TemnepaTypa 0
T 0,000 C NOBEPXHOCTSIMU (MO3BOSIET YCKOPUTD BbIYMUCIEHWE

Il'f\f\l+\f+\lﬁl IHANALITA 1AW lf\l{Mﬂ)
KosdhduLmeHT YepHoTEI

1,000
NOBEPXHOCTK:

KosdhdMLeHT nornoweHns: 1,000 Lns 3eneHo2o obbeKkma
KoahdULWEHT M3NYYEHUA: 1,000 yemaHosiieH riapamemp
SkpaHuposamb dpyaue
MR YT - rnosepxHocmu.

["] 3kpanuposaTe apyrue nosepxHocTH

["] 3kpaHmpoBaThCA ApyriMM NOBEPXHOCT AMM

[ OK ] [ OTMeHa ] [ Cnpaeka ]

SKpaHUpoBaTbLCA APYrMMHU

NOBEPXHOCTAM

Korga yctaHoBreH, 3agaer, 4To
NOBEPXHOCTb MOXET 3aCMNOHATLCA

Lns yembipex HympeHHUX

CMEHOK yCmaHo8/1eH
ApYyrMMu noBepxHocTsiMu. TennoBsas napamemp
3HEeprus He norrowaeTcs BblopaHHON SkpaHupoeambcsi py2umu
NMOBEPXHOCTbLIO (MO3BONSET YCKOPUTb rnoeepxHoCmMsimMu.

BblYMCrEeHNE KO3(pPULMeHTa N3nyveHuns).




Harpysku usnydenwus. Npumep

O

-144
134
-123
-113
-103
93.4
83.4
73.3
63.3
83.3
43.2
33.2
23.2

K ynpoLueHHON Mogenu nevn npMMeHeHbl criegyrouime Harpy3km. bokoBUHBI
yaaneHbl, YTobbl Nyylle BUOETb BHYTPEHHIOK 0bnacTb.
 Harpyska TemnepaTtypa Tena 3agaet temneparypy no yMmondaHuio.
 Harpyska TensioBou NOTOK 3a4aHa A9 NpaBon CTEHKU NeYu,
npeacTaBnsloWen NCTOYHUK Tenna.
A Harpyska U3ny4yeHne B 3aMKHYTOM obbeMe 3aaHa anst BHyTPEHHUX CTEHOK,
NpeacTaBnsloWmMX HarpeTblie CTEHKN NeYn.
1 BTopas Harpy3ka U3ny4yeHune B 3aMKHYTOM 06beMe 3aaHa And obbekta B
cepeaviHe neyun, KOTOpbIN NPeacTaBsET pa3orpeBaemMblin OOBLEKT U UCMyCKaeT
cobCcTBEHHOE TENsO.



TennoBble Harpy3kKkuy, ncnonb3yemMbie KaK orpaHn4eHus

KomaHab! B rpynne TensioBble HAarpy3ku MOXHO MCMNOSb30BaTh Kak TeMNsoBbIe
orpaHnyveHust 4ns TenoBoro aHanmaa. TennoBble orpaHndYeHns 3agatoT
NOCTOSAHHYO TeMnepaTtypy 419 reoMmeTpum nnn ysnos. Harpysku TemnepaTypa,
KoHBekuusi, TennoBoun NoTok 1 TennoBbiaeneHmne MOXXHO UCMNONb30BaTb Kak
TENMNOBbLIE OrpaHNYEeHna AN nepeaadun Tenna Yyepes Moaerb 1 Ansi paccesiHus
Tenna.

[Mpumep: B cTaumoHapHOM aHanunae TennoobmMeHa,
Korga TensoBasg Harpyska npuMeHsaeTcsa K OqHOMY
ANeMeHTY (pebpy, TOUKe, MOBEPXHOCTN,
KOMMOHEHTY), pesynbsTaTbl NoKa3biBatoT
NPOBOOMMOCTb TENSa B AeTanu 40 JOCTUXKEHUS
TensI0BOro paBHOBECUS.

YTo6bI NOKasaTb pasHuLy TemnepaTtyp B AeTanu, .
MOXHO MPUMEHUTb BTOPYIO Harpy3Ky
Temnepatypa Kak TennoBoe orpaHMyYeHne, 3aas
ApYyroe 3Ha4yeHne Temnepartypbl Ans

NMPOTUBOIMNOJIOXKHOIO 3JIEMEHTA.
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Onpep,eneHMe MeXaHn3mMa pacCceAdAHUA Tenna

[ns cTauMoHapHOro TeNSI0BOro aHanmM3a ¢ UICTOMHUKOM Tenna HY>KHO onpeaenTb MexaHu3m
paccesHus Tenna. YtoObl yooBNeTBOpUTbL 3TOMY TpeboBaHM0, MOXXHO caenaTth crneayoLlee:
v [pyMeHnTbL TeMnepaTypHYH Harpy3Ky Ha NPOTUBOMONOXHbLIX KOHLIAX aHanmM3npyemMom
reomeTpuun Ans 3agaHua nepenaga remneparyp.
v’ /lcnonb3oBaTb Harpy3kKy KOHBEKL MM Ha OOHOM KOHLIe ANS paccesiHus Tenna oT TennoBou

Harpy3kn Ha gpyrom KoHuUe.

|an MEHEHHbIEe TENJIOBbLIE HArPpy3Ku ||Pe3yanaTb|

TemnepartypHan Harpy3ka=100°C Ha negoit  ||Bce Teno umeet temnepatypy 100°C. Nepenaga Temnepatyp HeT.
TPaHu.

TemnepartypHan Harpy3ka=100°C Ha nesoit  ||Pacnpegenenue TeMnepaTtypsl No Teny.
rpaHu.

TemnepartypHas Harpy3ka=35°C Ha npaeo#
rPaHu.




Onpep,eneHMe MeXaHn3mMa pacCceAdAHUA Tenna

Tennoewigenexue=1BT Ha nesoil rpaxHu. Temnepatypsl yeenuumeaTcA Des orpaHuyeHna, Tak kak Obin onpegeneH UCTOYHWUK TeNna, HO He Bbina
3aqaHa CMeLieHHaA TENNOBaA Harpy3ka Ha NPaBoW rPaHu.

PelueHue He MoxeT ObiTe HalaeHo; oTobpaxaeTcA coobujeHue o6 owmnbke.

TennoebigeneHue=1BT Ha neeoil rpaHu. Pacnpegenenue Temnepatypel No Teny.

Harpyaka KOHBEKUWUM Ha NPABON TPaHMU.




Oon penerieHne TennoBbiX KOHTAKTOB

[na cOopok 1 getanen ¢ MHOXXECTBOM Ten HY>XHO onpeaennTb TENMNoBbIe
KOHTaKTbl C MOMOLLLIO crieayroLwmnx komaHa. TennoobmeH Yyepes NpoBOAHMK MOXHO
3agaTb C NOMOLLbI KOHTaKTa Tuna Ckneuka:

¥
1 KomaHaa E U
ABTOMaTU4YE€CKMU

 KomaHpa BpyuHyto

CTauymoHapHbIX TENSI0BOW aHann3 ans mogenu cbopkm MOXXHO BbINONHUTL 0e3
ornpeneneHns KoHTakToB B cbopke. B aToM criydae Bce Harpysku, Kpome
N3Ny4YeHusi, He nepeaaroT TENSIoO Mexay Tenamun. PesynesraTel TAKoro aHanmsa
ByayT oTnMyaTbCs OT pe3ynbraToB aHanmaa c y4eTOM KOHTaKTOB.

L1
fail

AHanus na3ny4yeHns B 3amMKHyTOM obbeme ans Mmoaenun cOopkm He TpebyeT
onpeaeneHnst KOHTaKkToB B COOpKe.



CBoucTtBa MaTepuanoB AnA TeNA0OBOro aHanusa

Tabauua MaTepuance

MaTtepuan |

MaTtepuan: Heauaad v

Hactpoiiku: [Caoﬂcma maTtepuana v

Ceoncteo 3Ha4yeHne
lMnoTHoOCTE 8940,000 kr/m”3
—Ko3¢. Tenn. paclumpenna  0,0000180 7

-~
< TennonpoeogHocTe 391,000 Br/m-C
\

\prennoemxonb 385,000 dx/kr-

Meaynb ynpyrocti
Yucno lNMyaccona
Mpeaen Tekyuectn

Mpeaen npoyHocTy

OTHOCUTENBHOE YANWHEH...

117210869,000 kla
0,310

275790,280 «klMa
310264,065 klMa

0,000
[1nst TennoBoro aHanunaa HY>XHO

onpeaenuTb AOMONHUTESNbHbIE CBOUCTBA
mMaTtepuana B Tabnuue matepmnanos. K HUM
OTHOCATCHA TeNJIONPOBOAHOCTb,
KO3(pPULMEHT TennoBoro pacmpeHuns
N yaenbHasa TenfoeMKoCTb.



CBoucTBa maTtepunanos

,?'— -
IC1.par ATpubyTer ,

lNpeasapuTensHbIil npocMoTp | Donontmrenshbie ampubysi
Obwwe I HokymeHt I Cramcuka I EqHmup Iﬂpoeo('r IC‘IBT)'C AOKYMEHTa

EmHnubl anuHbl

VYrnoBeble eaMHULbI

EmHnus: :] ToyHoCTb: 0.1 m—

JononHuTtensHble E4MHMALE

AnA TennoBoro aHarninaa

TennoBas Harpyska n CBOMCTBa Mmatepuana
NCNONb3YIT eAVNHULIbI U3MEPEHUS,
3afaHHble Ha BKnagke [lononHuUTernbHbIE
eAVHULbI B ANarioroBoM okHe ATpUOyThblI
AOKYMeHTa.

EqHuues! nnowaam
Wms: 3HaueHne TouxocT =
Eanrnuer: Tourocts: |0.1 MnoTHocTs Kkr/m™3 0.123
Ofvem M3 0.123 =
Macca Kr 0.123
Ckansp 0123
[ Bonomurenre easanzs I Kos®. Tenn. pacumpen... /C 0.1234567
TennonposoaHoCTs Br/mC 0.123
VYpenecHan Tennoemko...  x/kr-C 0.123
Hanpaxerue klMa 0.123
INHenHaa NnoTHoCT® Kr/m 0.123 >
< |F m —— [ »




