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BBEJAEHUE

TexHuka HU3KUX TeMIepaTyp oOecriedyruBaeT UX MOJIydeHue, MoAAepKaHue U
ucnoias3oBanue. llomyueHue HU3KHX TEMIIEpaTyp MOXKHO OOECHeYuTh MpHu
WCIIOJIB30BaHUN COOTBETCTBYIOIIUX paOOYMX BEIIECTB C HU3KOW TeMImepaTypoi
KUIICHUS: XJ1a0Hbl, aMMuak, CO2, BO311yX, a30T, HEOH, BOJOPO/I, TN,

B HuM3KOTEMMEpaTypHBIX CHCTEMax OOMEH DHEPIHH C OKpYKalollel cpeioiu
oCyIIecTBIsIETCs B dopMe TerIoThl U paboThl. CienoBaTeNbHO Hallla 3ajava -
PacCMOTPEHUE TEPMOMEXAHUYECKOW CUCTEMBI.

JI1st TepMOMEXaHUYECKOU CUCTEMBI C IBYMS CTEIICHSIMU CBOOOBI MOTYT OBITh
MIPUHSATHI CIEAYIONME HE3ABUCUMBIE IEPEMEHHBIE:

p,v; T, s - He3aBUCHUMBIE IEPEMEHHBIC

OCHOBHSBIE ITPOLECCHI JIA ITOJYYEHNA HU3KUX TEMIIEPATYP

Jnst  OCyLIECTBIEHUST  MCKYCCTBEHHOI'O  OXJIAXKJEHUS  pPEANM3YIOT  pa3juvHble
TEPMOJMHAMUYECKHE IUKIIBL. JIFOOOH MUK BKITIOYAET HECKOJIBKO MIPOIIECCOB U, TIO KpallHEel Mepe,
OJIMH M3 HUX JIOJDKEH COMPOBOXKIATHCH A(P(HEKTOM MOHIKEHHUS TEeMIIepaTypbl B aanabdaTHBIX
ycnoBusx (pacmmpenue). [l opraHu3anny MyuKiia He0OXOAUMBI U TAKKE TTPOLIECCHI, KaK CKATHE,
nepeaayda TEIIoThl CKATUS B OKPYXKAIOLIYIO Cpeay, Mepeaayda TeIIoThl OT OXJIaXIaeMOro Tea K
paboueMy Telly LIMKJIA, pEKyIepalys X0J10/a.

MO>HO BBIJEIUTH HECKOJIBKO CIIOCOOOB MOyYEHHUsI HU3KUX TeMIepaTyp:

1. CnocoObl, OCHOBaHHbIE Ha UCIOJIb30BAHUU CBOMCTB paboYMX BEIIECTB B Ta3000pa3HOM
(>xuaxom) coctosinuu. [Ipu 3TOM paccMaTpUBarOTCs MPOLIECCHI:
« cxxatue (T = const; s = const );
* poccenupoBanue (1= const );
* paciupenue B aetanjaepe ( s = const );
¢ BBIXJIOII.

2. CrnocoObl 0XJ1aXI€HUS C UCIIOJIb30BaHUEM paboueli cpelibl B TBEPAOM COCTOSTHUU:
* agnabaTHOE pa3MarHU4MBaHUE;
* IeCOpPOIIMOHHOE OXJIaX/ICHHE;
* TEPMODJIEKTPUUECKOE OXJIaKICHHUE.

3. CnocoObl oxJ1ax/1eH!s, OCHOBaHHbIE HAa HCII0JIb30BaHUU CBOWMCTB n30TonoB 3He u 4He:
* pactBopenue 3He B 4He;
* aguabarHas kpuctamuzanusa 3He (3¢ dexr [Tomepanuyka);
* MexaHokasopuyeckuit apdext Kanuiel.



KT C)KMKEHUS C OTHOKPATHBIM IPOCCEIMPOBAHUEM U MPEIBAPUTEIBHBIM
BHEIIHUM OXJIAXJICHUEM

2
——— T
2, 1
IIT 3 12| dT;
CTIO 3 Trrp 4 ¢
+qxu 1 gr dTZ
8" —— XV g
__ sl 77
5
a2l T T T :
5 f & 7
COo0 - J g
Fi ﬁ %
i
w Puc. 3.9

CIIO — crynens npeaBaputenbHOro oxiaxaeHus; [1T — renmooOMeHHUK
MPEIBAPUTEIIBHOTO OXJIaxKieHus; XM — xonoaunbsHas mamuHa; COO — cTyneHb
OKOHYATEJIBHOI'0 OXJIaKICHUS

OnHuM U3 cnoco0oB NOBbILEHHS 3()(PEKTUBHOCTH yCTaHOBKH, pabOTAIOLIEH MO UKLy C
JPOCCEINPOBAHUEM, SIBJISIETCS BBEJACHHUE BHEIIHETO IPEABAPUTEIBHOIO OXJIaXACHN. Takol LUK
OCHOBaH Ha CBOMCTBE peabHbIX I'a30B MOBBIIIATE U30TepMHUUECKUH 3 (eKT qpoccenrpoBanus ¢
MOHMKEHUEM Temreparypbl. Kpome Toro mnpeaBapuTelbHOE OXJIaXKICHHE O00ecreunBaeT
KOMIIEHCAILIMIO YaCTU MOTEPb qu T (e.

XonoauiapHas ~ MallgHa, C  IIOMOIIbIO  KOTOPOM  JOCTHIaercs  yBEIMUYEHUE
XOJIOZOIPOU3BOIUTEIBHOCTH 1MKJIA, TpeOyeT ONpeAeseHHOro pacxoja sHepruu. OmHako
JIOTIOJIHUTEIbHBIA ~ PACXOJl DHEPrMM HE3HAUUTEJIEH 110 CPaBHEHUI0 C  YBEIUYEHHUEM
XOJIOJOTIPOU3BOAUTEIBHOCTH LIUKIIA.

B crynenun mnpensaputensHoro oxiaxiaeHus (CIIO) cxateiii raz (mpsMol INOTOK)
oxjaxnaercs ¢ remneparypsl T, 1o Ts 3a cueT X010 1MIbHON MalIMHbI M YACTHYHO 32 CYET HarpeBa
obparHoro noroka B teriooOMeHHuKe IIT. TemnmooOMeHHHUK MpenBapUTEIbHOTO OXJIAXICHUSI
IIT no3BossieT yMEHBIIUTH TEIJIOBYIO HAIPY3KY XOJIOAWIBHOM MAIIUHBI.

Crynenp okoHuarenpHOro oxnaxaeHus (COQO) paboTaer Tak ke, Kak U B CIIydae MPOCTOro
pereHepaTMBHOIO LIMKJIA ¢ ApoccenupoBaHueM (puc. 3.8).

Pacuer npkna

KoadduimeHT CKUXKEHHST X MOXKHO OIPENSINTh M3 PACCMOTPEHHS SHEPTeTUYECKOTO
6ananca apoccensHoit crynenn (COO)
lI'is+qe=x-is+ (1 —X) - 1g',



OTKyJa xX=

Jliist onipeiesieHust IOTIOTHUTENBHBIX 3aTpaT YHEPTUH, CBSI3aHHBIX C pa0OTON XOIOAUIHHON
MalllUHBbI, HCOGXOI[I/IMO 3HATh (S5 XOJOOOIMMPONU3BOAUTCIIBHOCTD (I/I3 PACCMOTPCHUA
sHepreruyeckoro 6ananca CIIO)

Qv = (12 —14) — (1 = %) - (11" — 1s")

VY nenbHbI pacxo SHEPTUU Ha IIPOU3BOACTBO KUIKOCTH

_R.Tl'ln(pZ/p1>+ qXM
Ny ™ X E°X
rac € - XOHOHHHBHBIﬁ KOB(b(i)I/IHI/ICHT XOHOHHHBHOﬁ MalllnHbI

Iy

MO0>KXHO TIPUHSATH £€=0,45¢,=0,45"

Tepuogunamuueckuii KIT/] n=——=

[IpenBapuTenbHOE OXJIaXACHHUE MO3BOJIAET CYIIECTBEHHO YIYUIIUTh MOKa3aTeNln IUKIA C
JIPOCCEJINPOBAHUEM: TaKWE XapaKTEepPUCTUKU, KaKk X, € T)¢ YyBeIuuuBaroTcs B 2,5..3 pasa.
JlononHuTenpHbIC 3aTPAThl padOTHl HE3HAUUTENBHEI 10 CPABHEHUIO ¢ pabOTON KoMIIpeccopa.

LIMKJIBI C IPOCCEJIMPOBAHUEM U PACILIMPEHUEM PABOUYETO
BELLIECTBA B JIETAHJIEPE

[Ipu MOCTOSIHHOM JaBIEHUH OOpPATHOTO MOTOKA P; C POCTOM JABJICHHS P, YBEIMYUBACTCS
XOJIOAOTPOU3BOIUTEIHFHOCTh JI€TaHIepa. B CBOI0O ouepenp MOBBIIIEHHE PaboYero JAaBiCHUS B
UKIe TpeOyeT COOTBETCTBEHHO TIOBBIIICHHUS TEMIIEpaTyphl IMOTOKA, TMOCTYMAIOMIEro Ha
pacmmpenne B aetaniep. Ha mpakTuke mmmpoko pacpoCTpaHEH XOJIOIUIBHBIA UK BHICOKOTO
JMaBJICHHUS C pacIIMpeHHEeM B JeTaHepe uYacTu pabodero raza 0e3 ero MpeaBapUTEIBHOTO
oxnaxaeHus (mukna [elimanga, puc. 3.15).

Ha puc.3.15 B omnnune ot cxems! puc.3.14 orcyrctByeT TermiooOMeHHUK T1 1 mapameTpsl
To4eK 3 1 9 COBIaarOT COOTBETCTBEHHO C MmapaMerpamu Touek 2 u 1'. PaGodee naBieHue B UKIie
nosbimaercs 1o 20 Mlla.
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s cxem puc.3.14 u 3.15 cnocoOsI oydeHus X010/1a UISHTUYHBI, TOATOMY ypaBHEHUS

HHEPreTHUECKOro OanaHca OJMHAKOBHI.
PaccmarpuBaemsblii Ha puc.3.14 MK pacrosnaraeT XoJI0J0IPOU3BOIUTEIILHOCTHIO, PABHOM

M30TEPMUYECKOMY  Apoccelb-3p(GeKTy Ha  HCXOJHOM  TEMIIEPaTypHOM  ypOBHE |
XOJIOJIONPOU3BOAUTEILHOCTH I€TaHepa

Qxu = diT0+q;[: (ilfiz)‘i‘D '(i3*i4)
OTta XOJOOOMPOU3BOAUTCIIBHOCTD PACXOAYCTCA :
- Ha KOMIICHCAIIUuko HOTepB XOJIOI[OHpOH?»BOIII/ITCJIBHOCTI/I, CBA3AaHHBIX C BBIBOAOM XHUJIKOT'O
IMpOAYKTa (HOHGSHaﬂ CoCTaBAOmasa X0JI0JOIIPOU3BOJUTCIIBHOCTU I_II/IKJ'Ia)
qr=x (1 —1ir)
- Ha KOMIICHCAIIUIO XOJIOAOIIOTCPb, CBA3AHHBIX C HenopeKynepauHeﬁ
G=(1-x) - (hi—1")
- Ha KOMIICHCAIIUIO TCIIJIOIIPUTOKA U3 Oprxca}omeﬁ Cpeabl (c
Qe = qrt qu T Qe

(hi—1)+D (-14) =x-(Lh—-L)+(1-x) - (L-1")+q

L e iy
_(11 _12)+D (13 14) q.
OTKyJa xX= —
i, =i,

YV enbHbI PacXo/] YHEPIUH Ha CHKUKEHUE

I _R'T1'ln(p2/p1)
= : > TAe
My " X
R —ra3zoBas nocrosinHas;
Nus — m30TepMuueckuii KITJ] koMmmpeccopa; moka3pBaeT OTKIOHEHHE PAOOTHI pealbHOTO

mponecca CxxaTtuda OT U30TCPMHUICCKOTI'O
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[Ipumepsl pacuera KypcoBOi pabOThI

[Ipu pemenuu 3aga4 NpUHATO (€CU HE YKa3aHO UHOE):
* UCXOJAHBIN TEMIIEpaTypHbINl ypOBEHb (TeMueparypa okpyxatomei cpenbl) T,=T¢=300K;
e naBieHue obpatHoro nmoroka P=0,1 Mlla;
e compotusieHus norokam AP, = AP,= 0;
o wusorepmuueckui KIIJ[ kommpeccopa s = 0,65;
e 3HaYCHHE YHUBEPCAJIbHOM ra3oBoii moctossuHo R=8,314 Jx/(Monb-K);
® MOJICKYJISIpHAs Macca: a3ota — 28 r/Moiib, Bo3myxa — 29 r/mMoib, BOAOpoa — 2 T/MOJIb.

BAPUAHT 1 (mpumep)

Onpenenutb K03 HUIUEHT CKIKEHUS, yISTbHBIN PACX0]1 SHEPTUHU U TEPMOIMHA-MUICCKHHA
KITI 11 1uukina ¢ [OpeaBApUTENIbHBIM — OXJIQKICHHEM  XOJIOAWIBHOM  MAIIMHOM U
npoccenupoBarreM (puc.3.9) mpH CIeIYIOIMUX UCXOIHBIX JaHHBIX: pabodee naBneHue P,=20
MIla, Temneparypa npenaputenbHoro oxiaxaenus T4=230K, nenopexynepamust AT, =AT,=5K,
TEIUIONPUTOK U3 OKpY>Karomien cpeasl (=5 k/x/kr. Kpuoarent — azor.

Ta6HI/II.[a mapaMCTpPoOB PACYCTHBIX TOYCK

Ne Toukn P, Mlla T, K 1, kJ[K/Kr s, KJIx/(xr-K)
1 0.1 300 311,2 6.844
1' 0.1 295 306,0
2 20,0 300 279,3
4 20,0 230 181,1
8 0.1 225 233,1
f 0.1 77 -121,9 2.835
KoadduimeHT cxxmxenus, Kr/Kr
‘= (is' B i4) ~dc

18'_1f

x=1{233.1-181.1 —5}/(233,1 +121,9)=0,134
Y,Z[CJ'IBHaH XOJIOAOIIPOU3BOAUTCIIbHOCTD XOHOﬂHHBHOﬁ MalllMHBbI, KI[)K/KF

Qoo = (12 1) — (1 %) - (i — i)
Gou = (279.3 — 181.1) — (1 — 0,134) - (306.0 — 233.1) = 35,07

XonoaubHbIH KO (GUITMEHT XONIOAMIEHON MamuHbI, JIk/JIx
£=0,45 T4/ (To—Ts)=0,45-230/(300-230)= 1,48

Y nensHbIN pacxoa dHepruu, M Jx/kr



1= {8,314:300:In(20/0,1)}/(0,65-0,134-28-10%) + 35,07/(1,48-0,134-10°)= 5,42+0,18 = 5,60

Tepmonuuamuueckuit KITJ{

— lmin: Tl(sl_sf)_(il_if)
ne= {300 - (6.844 —2.835)— (311.2 + 121.9) } / (5,60 - 10%) = 0,137

BAPUAHT 2 (npumep)

Onpenenutb KOOPHUIUEHT CXKIKEHUS, YACTbHBIM PacXo/l SHEPTUH U TEPMOTUHAMUYECKHIMA
KIIJ mmkia cpeaHero OaBJEHUS C pPACHIMPEHHEM Tas3a B JIETaHIEPe U JPOCCETHPOBAHUEM
(puc.3.15) npu crneayronux UCXOIHBIX JaHHBIX: padouee paBnenue P,=8,0 Mlla, remneparypa Ha
Bxone B aeranaep T3;=230K, momnst merannepuHoro moroka D=0,6 kr/kr, mzosntpomsbit KIIJ]
neranaepa Ms=0,78, Henopekynepamnuss AT =8K, Temmonputok u3 okpyxatomen cpeasl (~6,0
k/x/kr, conporuBierue oopatHomy notoky AP;=0,025 MIla (conpoTuBieHre NpIMOMY OTOKY
HEe y4HUTHIBaTh). Pabodee Teno — a3or.

Tabwuia mapaMeTpoB PACYSTHBIX TOYEK

Ne Toukn P, MIla T, K 1, kJ[>K/KT s, kJx/(xr-K)
1 0.1 300 311.2 6.844
I' 0.1 292 302.9
2 8.0 300 295.6
3 8.0 230 210.2
4 0.125 94.6 95.6
4s 0,125 79.2 63.3
f 0.125 79.2 -117.9 2.885

3HaueHue SHTAIBIINY IT0TOKA 3a JIeTaHAepOoM, K/[x/Kr

KoadduruenT cxmkenus, Kr/kr

(il'_i2)+D(i3_i4)_CIC

X:

i -

Ly

= 15— (i3 —iss) - Ms = (2102 — 63.3) - 0,78 = 95,6

x=1{(302.9-295.6)+0,6-(2102-95.6) —61}/(302.9+117.9)=0,167

VY AenbHBIM pacxo1 SHEPTUH Ha MOJIy4YeHUe KUIKOCTH, M x/Kr



UHJ,

Mus X
le= {8,314 - 300 - In(8,0/0,1) } / (0,65 - 0,167 - 28 -10°) = 3,61
Tepmonuuamuueckuit KITJ{

Lw _ Talsy=sg) =i, =i
I, I

n=

f f

ne= {300 (6.844 —2.885) - (311.2+117.9) } /(3,61 - 10*) = 0,210
BapuanTel 3a1anuii (HOMep MO KYPHAJLY MOCeIeHu i)

Bce neyka3zanHble JaHHBIE MOYKHO OpaTh U3 MPUMEPOB PELICHHUS

Ne gapuanTa | Pi, MIla P, MIla D, kr/kr | m; APy, Tun 3axa4u ATy, K
Mlla
1 0,1 6 0,7 0,75 0 BAPUAHT 1 5
2 0,1 7 0,7 0,75 | 0,025 | BAPHUAHT 2 5
3 0,1 8 0,7 0,75 0 BAPUAHT 1 5
4 0,1 9 0,7 0,75 | 0,025 | BAPHUAHT 2 5
5 0,1 6 0,75 0,75 0 BAPUAHT 1 5
6 0,1 7 0,75 0,75 | 0,025 | BAPHUAHT 2 5
7 0,1 8 0,75 0,75 0 BAPUAHT 1 5
8 0,1 9 0,75 0,75 | 0,025 | BAPHUAHT 2 5
9 0,1 6 0,75 0,75 0 BAPUAHT 1 6
10 0,1 7 0,75 0,75 | 0,025 | BAPUAHT 2 6
11 0,1 8 0,75 0,7 0 BAPUAHT 1 6
12 0,1 9 0,75 0,7 | 0,025 | BAPHUAHT 2 6
13 0,1 6 0,75 0,7 0 BAPUAHT 1 6
14 0,1 7 0,75 0,7 | 0,025 | BAPUAHT?2 6
15 0,1 8 0,65 0,7 0 BAPUAHT 1 6
16 0,1 9 0,65 0,7 | 0,025 | BAPHUAHT 2 6
17 0,1 6 0,65 0,7 0 BAPUAHT 1 7
18 0,1 7 0,65 0,7 | 0,050 | BAPUAHT 2 7
19 0,1 8 0,65 0,7 0 BAPUAHT 1 7
20 0,1 9 0,65 0,65 | 0,050 | BAPHUAHT 2 7
21 0,1 6 0,65 0,65 0 BAPUAHT 1 7
22 0,1 7 0,65 0,65 | 0,050 | BAPHUAHT 2 7
23 0,1 8 0,65 0,65 0 BAPUAHT 1 7
24 0,1 9 0,55 0,65 | 0,050 | BAPHMAHT 2 8
25 0,1 6 0,55 0,65 0 BAPUAHT 1 8
26 0,1 7 0,55 0,65 | 0,050 | BAPHUAHT 2 8
27 0,1 8 0,55 0,65 0 BAPUAHT 1 8




28 0,1 0,55 | 0,65 | 0,050 | BAPHAHT 2
29 0,1 0,55 065 0 BAPUAHT 1
30 0,1 0,55 | 0,65 | 0,050 | BAPHAHT2




	Введение

