TEPMOOMHAMUKA TOTOKA



YpaBHeHMEe NepBoro 3akoHa TePMOANHaMUKN ANs NOTOKa



[pouecchl NpoTekaHnsa NoToka paboyero Tena yepes
TEeNNoTEXHNUYECKUA annapaT NPOUCXOAAT C KOHEYHbIMU U MHOTAa BeCcbMa
BbICOKMMM CKOPOCTSIMU. OTO NPOTUBOPEYUT YCIOBUIO 0OPaTUMOCTMH,
COrnacHoO KOTOPOMY MPOLIECCHI AOMKHbI NPOTEKaTb OECKOHEYHO MeANEHHO

B Teopun TepMoanHaMMKM NOTOKA NPOLIECCHI CYMUTAOTCH

NpoTeKarLWmMMn npn BECKOHEYHO Marion pa3HoCTU Temnepartyp, 6es
TPEHNS N TENSIOBLIX NOTEPb.



[MpeanonoXmm, 4To NOTOK paboyero Tena
NOCTynaeT B KaKon-nNnbo TennoTeXHNYeCKnm
annapat 4yepe3 BXOAHOW KaHasl C napameTpamu

P1:91:T1 n ckopocTbio W, Ha reoMeTprUYecKoil
BblcOTe H4 OT yCnoBHOIo ypoBHS oTcYyeTa.

B camom annapate pabo4yee Teno nomny4yaet

% A, OT BHELLHEro NCTOYHMKA TEMNOTY ( 1 COBEpLUAET
Y_ Hap BHelwHWM obbekToM paboTy /7, a 3aTem
NOKMAAET annapar Yepes BbIXOAHOW KaHan ¢ napameTpamMmu P2t Ty

CKOPOCTbO W2 Ha BbICOTE H, ot Toro xe YPOBHA OTCHETA.



B annapate npoTtekaeT obpaTtnuMbIn NpoLECC, MPU KOTOPOM BHYTPEHHSS

aHeprus pabouero Tena namensieTcs Ha BenuuuHy DU un coBepluaeTcs
paboTa nameHeHusi oobema /:

g=Du+l

370 BblpaXXeHne, OTHOCSLLIEECS K MPOLIECCY B MOTOKE, MOXHO
npeacTaBuTb B APYromM BUAE Ha OCHOBE CIieayoLUX COODpaxKeHNN.



PaboTa nameHeHusi obbema pacxooyeTcs B YeTbIpeX pasfinyHbIX

HanpaBneHUsIX:

» paboma npomarikueaHus I, 3aTpadnBaeTCcs Ha NPeodoneHne AeNCTBUS
BHELLUHUX CUJT;

» mexHu4yeckas paboma I, coBepliaeTcs Hag BHELLHUM OO BHEKTOM;

» /. 3aTpaunBaeTCcs Ha U3BMEHEHME BHELLHEN KMHETUYECKOMN SHEPTUM
NOTOKa;

» |.om 3aTpayYnMBaEeTCs Ha U3MEHEHNE BHELLUHEN NOTEHUMANbHOW 3HEPTUM
noToKa.

Takum obpasom d=Du+l, +lz +1 +1,



PaboTa noToka NpPoOTUB BHELLHMX CUM, T. €. paboTa NpoTankMBaHus

L, =p,S - psh=pJd,- pdy

roe f;n f, — nnowaan cevyeHuss BXOAHOro U BbIXOAHOIO KaHamnoB; Sq, Sy —
nepemMelleHne 1 Kr noToka B annapaTe, orpaHUYeHHOro cedeHussimm f; n fo.

PaboTa Ha nsmeHeHne BHELWHEN KUHETUYECKOMN SHEPrnn 1 Kr NOTOKa B
annaparte
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PaboTa Ha M3MeHEHMe NoTeHLMaNbHON SHEpPrim NOToKa B annapaTe
m - g(H 2" Hl)
Toraa ypaBHeHMe NepBOro 3akoHa TEPMOAMHAMYKM ATls NOTOKa
2 2
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q=Uy- U +(pxto- pdy) +l7 "'—2 +9g(H,- Hy)
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ConocTaBuB 3Ty hopMy 3anncu ypaBHEHMA NEPBOro 3aKoHa
TepMoAVUHaAMUKN 419 NOTOKa C Apyron ero popmomn

p
q=i,-iy- 6Jdp
P
2 2
] p
It +22M +g(Hy- Hy) =- OZJdp

nony4yaem 2 o1



B PJ —AnarpaMmme pacCMOTPEHHOrO NPoLEece
NHTEerpan npaBon YacTu 3TOro ypaBHEHUS
n3obpaxaetcsa nnowageto 7-2-3-4-1, koTopas,
Takum obpasom, npeacraBnaeT cobon YyacTb
paboTbl UI3AMEHEHUS1 0ObeMa paboyero Tena,
MNOSIE3HO UCMNOSb3YEMYIO HA COBEpPLLEHNE
TEXHUYECKON paboTbl U HA UBMEHEHNE BHELLHEN
9HEeprumn NOoToKa, a NOTOMY Ha3blBaeMyHo
—> pacriofniazaemol pabomou (ocTanbHasi 4acTb,

paBHaga paboTe npoTankmBaHus, NONe3Ho

NCMONb30BaHHOW ObITb HE MOXET).




TexHnyeckasa paboTta noToka



PaccmoTpum annapar, Ha3zHa4YeHNEM KOTOPOro SIBASIETCS COBEPLUEHNE
TEXHNYECKOWN paboThl.

[1BM>KeHMEe NnoToka paboyero Tena Yepes annapart ropusoHTanbHoe, T.e
ero BHELLHAA NoTeHunanbHasa aHeprust He N3MeHSIETCS.

Ha Bxoae B annapaTt 1 Ha BbIXO4E U3 HEr0 CKOPOCTU NOTOKA UMEIOT
KOHEYHbIE 3HAYEHUA, OQHAKO UMW MOXKHO NMpeHebpeub, cumtas wq = w, = C

Takasi nogeannsauyusi BNosiHe 4onyctumMma U Mcnosib3yeTcs npu
TeopeTn4eckoM aHanmse paboTbl TYypOUH 1 KOMNPECCOPOB.



YpaBHeHMe NepBoro 3akoHa TePMOANHAMUKN AN NOTOKa NpUHUMaeT
BUA,

q=ly- gty

P
P1 )

roe

OTO paBEHCTBO NOKa3bIBAET, YTO B JAHHOM CIlyyal
nnowanb 7-2-3-4-1, 3akroyeHHas Mexay nnHnen
npouecca B annapate 7-2 1 oCbo opanHar,
n3obpaxaet cobon TONLKO TEXHNYECKYIO paboTy
NOTOKa.




Ecnu OaerneHue 8 annapame roHuxaemcs (kak, Hanpumep, B TypbuHe), TO

P2
- 0Jdp>0
P1
NONOXUTENbHA. JTO 03HAYaEeT, YTO OHa COBEpPLUAETCS NOTOKOM Hafg
BHELLUHUM OO BEKTOM.

dp<0, cnepgoBaTtensHO, , T.€. TexHn4eckasa pabora

Ecnu OaerneHue 8 annapame riogbiwaemcs (kak, Hanpumep, B Komnpeccope), T

P2
- 0Jddp<O
P1
oTpuuaTtesibHa. 310 O3Ha4ae€eT, 4YTO OHa coBepLUaeTCA BHEWLHUM
asurartenem Haga NnoTOKOM.

dp>0, cnepgoBaTtensHO, , T.€. TexHn4eckas pabora



MoxeT ObITb 1 Takon crny4van, Korga gaBfieHne B anrnapaTte ocTaeTcs
HENU3MEHHbLIM. JTOT Crly4an UMeeT MEeCTO NMpu pacCMOTPEHUM NpoLecca
HarpeBaHUa NN oxnaxgeHust NoToka B TennoodbMeHHnKe. ECTecTBEHHO,
YTO NPU 3TOM TeXHN4YecKasi paboTa BoobLle He coBepLuaeTcs (M. Temy 1)
2 Idp=0 )
4TO 1 NOATBEPXAAET PABEHCTBO , UMmetoLee mecto npu dp = 0.



TennoTa g B 6anaHce 3Heprum NoToka UrpaeT CyLLECTBEHHYIO POSib
NUWb B TEX Crnyyasax, korga TennoobmMeH Mexay NoTOKOM U OKpyKatoLen
cpenoun opraHmayeTcs cneunanbHO (KaK, HanpumMep, Npn oxnaxageHn CTEHOK
Komnpeccopa npoTouHon Bogon). laeanunanpys paboTty annapara,
NPOMNCXOASLLNIA B HEM MPOLIECC MOXHO cuuTaTb aanabaTtHeiM. Toraa
YpaBHEHNE MOTOKA NPUHNMAET BU



Taknm obpasom, npu agnabaTtHOM paclUMPEHNN NOTOKa TEXHUYECKas
paboTa coBepLlaeTCs UM UCKITIOUYNTENBHO 3a CYET CHMKEHUS SHTaNbNNn n
nnowanb gpurypbl 7-2-3-4-1 B aTOM criydae, Oyayym paBHOWM TEXHUYECKOM
paboTe NoToKa, OAHOBPEMEHHO paBHA N PA3HOCTU SHTANLMNUN j1—i,
KoTopasa obo3HavyaeTcs 6ykBon h, N Ha3bIBaeTCs pacriosiazaemMbiM
merisioriabeHuUemM.

CMbICIT 3TOro Ha3BaHNA COCTOUT B TOM, YTO Benu4YnHa h, COOTBETCTBYE
TOMY MaKCUMYMy TEXHUYECKOM paboThbl, KOTOPbIA MOXET ObITb NONy4eH
N1Wb B MaeanbHOM annapare, a pakTuyeckn ns-3a Hem3beXxHbIX NoTepb,
CBSA3aHHbLIX C HEOOPATUMOCTLIO NPOLIeCcca, HUKOrAa He OCTUraeTCs.



3noxeHHOe BbISABNAET POSib 3HTaNbNUN NOTOKA B COBEPLLUEHUN UM
TEXHNYECKOWN paboTbl U HArnaaHoO UINMICTPUPYET ee PU3NYECKNIA CMbICTT.

[1o aHanorMm ¢ MexaHMKoOM ee MOXXHO NPeacTaBUTb Kak
TEepMOANHAMUYECKMI MOTEHUMaN NoToka, yoblfib KOTOPOro B 0bpatumom
agnabaTHOM npouecce pacluMpeHNa COOTBETCTBYET TEXHMYECKON paboTe,
COBEpPLUAEMOWN 3TUM NMOTOKOM.



[lpoccenupoBaHne rasos 1 rnapos



Ecnu Ha nyTn ABMXXEHUA MNMOTOKa ra3a nujin napa

- Je 5n = WIMeeTCs MeCTHOe CONpOTUBIIeHMe, T. €. peskoe
—» >N —»%  cyXeHue NPOXOJHOrO CEYEHUS (Hanpumep,

' 7, Ill ¥, avadoparma ¢ HeGomMbLUMM OTBEPCTUEM B LieHTpe), TO B

MECTE CY)XEHUS1 CKOPOCTb Pe3Ko BO3pacTaeT, a
naBrieHne noHmxaetcs. Mpu nocneayoLLem
MOHUXXEHMUM CKOPOCTU U3-3a 3aBUXPEHNIA JABIEHN
Dy P, , BOCCTaHaBNMBAETCS HE MOMHOCTLIO, Kak MNOKA3aHC

> 1a rpacbuke. Mepenag paenenus Op = p1- P
Tem bonblue, Yem MeHbLue oTHoweHue £,/ f;.



[TOHWXKEHME OaBneHns ra3a unu napa npv NPOXoXaeHnn ero Yyepes
Kakoe-nimbo MecTHOe COMPOTUBIIEHNE Ha3blBaeTCs OpoccesiuposaHUem.

[Tpouecc gpoccennpoBaHus naet 6e3 TensioobMeHa C oKpyXXatoLlen
cpenoun U He CONPOBOXOAETCS NPOM3BOACTBOM TEXHUYECKOU paboThl,
NO3TOMY aHaNMTUYECKOEe BblpaXXEHME NepPBOro 3akoHa TEPMOANHAMWUKKL A1
FOPU30OHTanNbLHOro NOToKa NPUHMMaeT BuUA

Unn



3mMeHeHne CKOpOCTM Npu APOCCENMPOBAHNN MOXET BObiTb BECbMA
3Ha4YNTENbHbLIM, HO JaXe NPU O4YeHb DOSbLLUNX CKOPOCTAX KMHETUYECKas
9Hepruns nNoTokKa CTosb HECYLLLECTBEHHA NO CPABHEHMUIO C €ro SHTanbNnen,
YTO BTOPbLIMU CriaraeMbiM1 MOXHO NMpeHebpeyb. Torga nonyvyaem

I =15

m.e. npu dpoccesniuposaHuU 2asa usu rnapa e20 3Hmarsibrus npakmu4yecku
He U3MeHsemcs.



Mpu gpoccenvpoBaHuM naeanbHoro rasa, ans kotoporo | = cpT
npuyem c, = const, nony4yaem

Cp :

T.€. TeMnepartypa uaeanbHOro rasa npu ApoccennpoBaHnn He N3MEHSIETCS



Ecnn B Ts—guarpamme To4dka 1 cooTBeTCcTBYET
AT P p, COCTOSHMIO MAEanbHOro rasa 10 APOCCENnpOBaHUS,
TO TOYKa 2, COOTBETCTBYHOLAA COCTOAHUIO €ro MocC/T
OpOCCenUpPoBaHuns, NEXNT C HEN Ha OOHOM
ropu3oHTanu u pacnonaraeTtcs npasee (NOCKOSbKY
nsobapa p, HaxoguTcA npasee U3obapsl pP1).

§

[ papuKk NokasbIBaET, YTO APOCCENMPOBaAHNE UaeanbHOro rasa
COMPOBOXOAeTCHA POCTOM ero SHTPOMNUN, HECMOTPSA Ha TO, YTO npouecc
naet 6e3 TennioobMeHa ¢ oKpyXXarLmn cpegon. 3To 04EBUOHO, MOCKOSbK'
9TOT NPOoLECC ABNSAETCA HEOOPATUMbIM.



OHTpONUA ABNSETCA PYHKLMEN COCTOAHUSA N, crieqoBaTenbHo, ee
N3MEHEHMe He 3aBUCUT OT NYTU, NO KOTOPOMY ras NnepexoamnT U3 COCTOSHMN:
1 B COCTOSiHME 2. DTO O3HAYaeT, YTO OHO ByOeT TakuMm e, Kak npu
obpaTtumMom n3oTepmMmyeckom npouecce 7-2, T. €. MOXeET ObITb onpeaeneHx
no goopmyrne

S, - sl:-RIn&:Rlnﬂ

Py P2



[[OpM30HTanbHy NpsAMyto 7-2 MOXHO paccmaTpuBart
KaK NIMHMIO npouecca 4pOoCcCenMpoBaHns NnLLb
YCJTOBHO, NMOCKOSbLKY B NpuHUune rpadgonyeckomy
n3obpaxkeHnto nogaarTcd Nywb obpaTuMble
npouecchl N akTUYeCKn NnHna 1-2 n3obpaxaeTt He
apoccennpoBaHue, a obpaTtumoe N3oTepMmmnyeckoe
paclwupeHue rasa.

PaBHbLIM 06pa3oM Henb3sl paccMaTpuBaTthb pearbHbIM Npouecc
OPOCCENMPOBAHUA U KaK M303HTamNbMUMHLIN, T. €. NpoTeKaoWwmn npu

j=const.



Jlerko BngeTb, YTO 3TK ABa npouecca, n3odbpaxxarLmecs O4HON U TOWU Xe
NMHUEN, HO B MPUHLINME COBEPLLUEHHO PA3fNYHBbI:

V Py 2; B U30TEPMUYECKOM npouecce nnowanb 1-2-3-4-1,
nexatuas nog niMHMen npouecca, npeacrasndeT
cob0M BHELLHIOK TENMOTY, 3a CHET KOTOPOW U
coBepLiaeTcs paboTa paclumpeHuns rasa;

B NpoLiecce ApoccenMpoBaHnsa aTa nnoLaab
npeacTaBnaeT cobol BHYTPEHHIO TeNnmnoTy, nony4aemMyto rasom 3a cuyet
NnpeBpaLLeHUs B TEMMOBYIO SHEPruio paboTbl paclUMPEHUS, MONTHOCTbLIO
3aTpayMBaemMoi Ha BUxpeobpasoBaHue.



MpoLiecc ApoccennpoBaHnst BOASHOroO napa.

Ai B,oD, Py P 3 rpadomka BnaHo, 4to BJ'IaU>KHbII7I nap B
/ ¢, 00MacTn yMepeHHbIx AaBneHuii (Touka 1) npyu
-~ t2 [POCCENUPOBAHUM NOACYLLUMBAETCH, CyXOu

< HAaCbILEHHbIN nap (Toyka 2) neperpeBaeTcs, a
neperpeTbin (To4ka 3) yBenuumMBaeT CBOM
neperpes.

Yo

TemnepaTtypHbIn 3dEKT ApocCennMpoBaHns
neperpeToro napa Ha Ap 6ap gaet NoHWXKeHNe TeMmneparypbl
Dt » (0,3, 3)Dp °C.



B o6nactn BbICOKMX AaBneHun, 6rIM3Kunx |
KPUTUYECKOMY, neperpeToin nap (To4vka 1
CHa4varmna nepexoamuT B CyXOoWu
HaCbILLEHHbIN (TOYKa 2), 3aTem
YBNa)XHAETCS, 3aTEM CHOBa
NOACYLUMBAETCH, CTAHOBACH CYXUM
HacbIWEHHbIM (ToYka 3), U, HaKoHeL,
BHOBb CTAHOBWUTCS neperpeTbiM (Touka 4)

Kunawas sBoga (Touka 5) npu
OpoccennpoBaHnMmM YaCcTUYHO UcnapseTcs
N NepexognT B CMeCb BObl C HACbILLEHHbLIM MapoM (Toyka 6).




C NOMOLLbIO is—anarpaMmMbl MOXHO NOKa3aTb,
. YTO APOCCENMPOBaHME COMPSKEHO C NoTepeil
#1 pacnonaraemon pa6oTbi.

Ecnun 0o apoccenvpoBaHns nap UMen AaBreHue

Py (Touka 1), To pacrnonaraemoe TennonageHne
ObIno paBHO h',, NOcne ApoccenupoBaHud, Kkoraa er

S AaBMeHMe CHM3MMOCk A0 Pf (Touka 2),
pacnonaraemoe TensnonageHue crano pasHbIM h',.

A T.K. TO4Ka 4 pacrnonaraeTcs Bbllle TOYKN 3, O4EBUOHO, YTO h§<h§.



