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f l p o m e H K O  B„M.

TEPMOAHHAMMIECKHa AHAJIH3 TEIUIOMCnOJIb3yjailEa 
B03AyillH0a TPyBOXOJIOlUUlbHOii MAfllHHŁI

Pe arme. npHBOAHTCH aHajiHTHHecKHe 3aBncHMocTH a m  paeqeTa oK cepre- 
TaqecKax KI1Ą 3JieaeHT0B Tenxoacnoxbsyiomefl B03AymH0fl Tpy6oxoxoxHXbHoB 
«aiHHu (TTXM) ycTaHaBAHBaeTca cBH3b uezAy o6hhm cTeneHBD TepnoxaHa- 
uaqecKoro coBepmeHCTBa h qacTHuaa BHepreTaqecKana Kim. IIpexcTaBxeHbi 
saBHCHMocTw cTeneHH coBepmeHCTBa TTXM o t Kim Typ6ouexaHH3uoB, pa3H0c- 
Te8 Teunepabyp b  Tenxoo6neHHHKax h  BxarocoxepzaHHH B03Ayxa, pacmapae- 
uoro b  AeiaHAepe.

1. BCTyiUIEHHE

B nocAeAHee apena orpoMHoe BHaaaHHe yxexaeTCH Bonpocy co3xaHHH KOMrixeKC- 
hux CHCien TenxoxxaAOCHa6zeHHH npouHnxeHHtix npexnpaaTHB, Koiopue XBxa»Tca 
OAaoBpeneHHo noTpeSaTexaMH len jia  a xoxoAa aa pa3xaqHHx TennepaiypHHx ypoB- 
HHx. HeKOTopue TaKae caoTenu xapaKiepHH Tea, qTo oxxazxaenufl o nononbc x o -  
xoxaxbHcB MamHHbí, aTnoo$epHua B03Ayx nooaeAOBaTeabHO acnoAb3yeTca b HecKoxb- 
khx TexHOAorHqeoKHX npoijeccax a noAorpeBaeioa ao Tennepaiypu 6xh3koB k Ten- 
nepaType oapyzacmea cpexii.

JUa oxaazAeHaa ainooiJiepHoro B03Ayxa, b thkhx cxyqaax HapAAy o TpaxHiaiOH- 
Hboáa napoKonnpeccaoHHbMH MamaHana n ory i npniieHHTbca h TenxoHcnoxb3yDmae bo3- 
AymHhie Tpy6oxoxoAaxbHbie namaHU (TTXM) , C03xaBaeMne Ha ocHOBe aBaauaOHHHx r a -  
30Typ6aHHbix xB araiexeB  (atTU) , oTpaSoTaBmax xgiHHfl n o iop ecyp o . CxeMa Taaofi 
uamaHhi npaBeAeHa Ha p ac. 1 , a B03AymHbia xo ao ama bHuB hhkx co Bcena xapaicTep- 
HUMH ax h Hero noTepana Ha p ac. 2. BoahhoB nap c xaBxeHaen P = 0,7-1,2 Mlla 
p acsap aeica  Ha TypfiaHe Anm A° 0,3 - 0,4 Mlla, a b AaJibHefizeii HanpaBxaeTca 
xah TenxocHa6xeHHH TexHoxoraqecicHX npoueccoB. PaCoia paczapenan napa Ha Typ- 
6aHe Hcnojb3yeTca aah peaxa3auHH xoxoxaxbnoro nHKxa.

Kaa 06zea3B eciH 0, onpexexacinHM npaKiaqecKa Bcerxa HBxaeica TexHHKo-aico- 
HOMaqecKHfi KpaTepafi. SHepreiaqecKBe noxasaTexa Bcerxa 3aHHiiaDT ecxH He rxaB- 
Hoe, to Becbna cyzeciBeHHoe n e c io  b o6meM TexHHKO-sKOHOMaqecKOM Saxance.

B AaHHOfi c ia ib e  npaBoxaica TepMOAHHanaqecKafi aHaxa3 Tenxoacnoxb3yi>n«x TXM 
DP«Asa3HaqeHHHx a x h noxyqeHBH n o ioaa  oxxazxeHHoro B03Ayxa, c nexb» onpexe- 
xeHHa ofiiąefi TepnoAHHaiiaqecKoB 3<jx}>eKTHBH0CTH, pacnpexexeHHH SKcepreTHqecazi 
noTep no BaeiaemaM, a xaicxe yciaHOBxeHHH xapaKTepa bxbhhhh bthx noTepb aa 
06¡nyx¡ SlJXÍeKTaBHOCTb MaZHHH,
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P*c. 1» Cxeaa T e n j O H c n o j i b 3 y i ) ą e t i  B 0 3 , n y n H 0 8  T y p Ô o x o j i o x H J i b H o a  uaiiiu 
1  - TeiuoHcnoxb3yiM*Hfl Konnpecoop, 2 - Typ6o,jeTaBaepHn8 arperaï, 3,4 - k o h -

TaKTHue ienjioo6MeHHHKH

Phc. 2. Æ e a c T B H T e j b H L i ô  u a i c i  B 0 3 j ( y B H o a  x o j i c u H J i b B o a  l i a n H H u  a B y x c i y n e a q a T o r o
c i a i a a

1, 2 ... 6 - T O B K H  p e a x b H o r o  ĘHKJia, I', I",.. 6i 6" - t o b k h  H j e a x b a o r o  njiKJia

ilJia TepliOAHBaMHBecKoro a H a a H 3 a  b stom c x y q a e  HaHÔoxee y ^ o 6 a o  ncnojtb30BaTb 
T K c e p r e T H q e c K H a  MeToj, KOTopuB xapaKiepn3yeTCH n p o c i o T o ä ,  oÔbeKTHBBOCTbB n
HbBepcajtbHOCTŁK) h nojiyqM aapoKoe pacnpocTpaaeHHe b nocjte^Hee Bpeua [3, 4,

6j .
Upa aaajiH3e npea«e Bcero aeoexo^HBo ycTaBOBHTb cBH3b MexÆy 3KoepreTîiqec- 

KHua Kim sJieuôBïOB h ochobbumh noKa3aiej!auH, KOiopue oÔycjiOBjmBaBT noTepH 
axoeprHH, a TaKxe ycxaHOBHTb 3aBHCHMooxb Hex.sy o6hhm (cTeneubxt xepMOÆHaaMH-
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q e c K o r o  o o B e p a e B C T B a )  a  q a c T H t o á a  a K c e p r e T a n e c K a n a  Kim. XapaKiep T a K O ä  s a B H -  

CHMOCTH, K a K  B3BeoiBO, o n p e f l e a a e T c a  B3aaiiBuiJ bjibhebbm 3 K c e p r e T H a e c K H x  K i m  

a x e u e H T O B ,  a  T a x x e  n a p K y a a n a e i S  botokob s K c e p r a a  uexpy  s a e a e H T a i i H .

2. 3KCEPrETHHECKHa Kim IIAPOBOË TyPEHHbi

Typ6aaa aBaaeica o c h o b h u m  saeneHioa npa b o m o h b  Koioporo BHenHaa aaepraa 
3 a T p a < i H B a e i c s  p , x a  p e a u iB 3 a i{ H B  B 0 3 f l y n a o r o  x o j i o ^ a j t t H o r o  u a i u i a .

Kan noKasaao b  paôoie JJ_ 3Kcep- 
reiaaecKBft Kim TypöHBH, pa6oTa*>aett 
Ha b o¿h b o h n a p e ,  uoxeT 6 u t b  p a B e a  

BBytpeBBeMy ToabKO ' npa paôoie b k o b- 
ÄeHcauaoHHOM BapaaHTe. Ilpa p a ó o T e  

TypöBHu c npoTBBo^aBJieHaeu (pac. 3) 
3KoepreTaqeoK»a Kim BBjraeTca (JiyHK- 
aaeH KaK BByipeHsero Kim, h na- 
paiieTpoB napa Baxoxanero h3 Typöa- 
Bu. B 3TOM cayqae SKcepreiaqecKaa 
Kim uoxHO onpe^ejiBTL no ypaBBenar

Pac. 3. A^HaSaTanecKae npopeccu pac- 
■ h peBaa BOABHoro napa b lypSaae
1, 2'- o6paTam¿a nponeoo pacaapesaa 
c npoTaBOxasaeHaeu; 1 , 2 -  AeftciBa- 
TexbBHä npoueoo pacnapesaa c npoTBBO— 
ÆaBjieHHeu} l, 3' - oSpataiiua n po ne cc b 

KOHÄOBcauaoHHOö Typ6aHe

?T =¿Tp e. - e,' ( 1 )

axa, Toxe canoë

?Tp i - i Tcp(Sl - V ( 2 )

rue« ij , i2 . S1 , S2 , e2 - 3HTanbnaa, 3 ht pon an a oKcepraa b o a b b o i -o  napa 
*o a nocae pacaHpeHaa b  Typöase. T _ TennepaTypa OKpyxa»neft cpejn.

C yqëiox Toro, qio S2 “ si = a Aq = Hg (l-£ ) no ypasaeHae (2) npa-
aei bb a m

?Tp =
•Tp

?Tp
(1-?Tp] TCcp

(3)

r*e:
- BHyipeBHaa Kim TypÔHHH,

Hg - pacnoxaraenufl aAaaÔaTaqecKHa Teimonepena,n.

(4)
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3. OKCEPrETHHECKHÄ Kim KOMIIPECCOPA, CB33AHH0r0 C BHEEHHM HCTOHHHKOM 3HEPrHH

3KoepreiK<tecKHB K i m  jcoxnpeccopa, oorjsaono o6o3Ha>ieH>iKM aa psa. 2 , m o x b o  

3asacasfc

„3 A B 2-1
= _ T T

(5)

rje A e 2_1 - npapaseHae sKcepraa > npoąeooe caaias.

C yaeioa loro, rio • = i - lcp - Tcp (s-ą.p ) ypaBseaae (5) nepepaaea > *■-

?K.
1 -

Ti l n Tf

y 2~r y I ‘
(6 )

T2_T1C  yRëiou loro, rio Bayipeaaajt K i m  Koanpeccopa paieH 9 = ■ . h a p i u K U
1 2“ 1bo im u n e  oooiioieua

K-l
TŹ PlłAPl K A p ,x l(1 + _ i )

K-l

(7)

Hocjie bscjiosbmx Bp«(0pa?OBauk HOjyRBM ypaBHesae A-i* pacsëia ascepreiaaec- 
Koro Kim aoiiapeccopa, saipeÓUBąero Bseaaœ» sieprau

3
*K. 1 -

u x ln- ?K
r A P 1 inr- J + [(3ri(l + T^] - 1  ]

/V1 + ^ J"*“ • J

-
k-i .r ap. lT  [x,(i + -pi)J ■

(8 )

W t
STj ■ p i  - cieneib e m u  » sepsott ciyneaa,

A p

K
rxxpaBXHRecKoe conpoiaueuo, 
soaasaioaa «jiiaiUH cxauatMoro rasa.

4. 3HEPrETHMECKHfl KIU KOMIIPECCOPA yTHJIK3HPyjCĘETO PABOiy JETAHUEPA

A** peajiHsapxH npopecca 3-4  (pac. 2) aaeaaaa paöoia ae 3aTpaRBBaeTca, a 
acDoabsyeica paöoia pacaapoaaa s geiaïm epe, aoiopaa aaaaeToa soÖorbui npo- 
xyaioa  spa soayReasB xoaoja. 3xcepr«TBRecicatt Kim sioro  soanpeccopa soaso sa- 
naoaib b saxe
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.  !i_____
2 e3 + X9 *?Mg*

T4-T3Ecxh yqecib qxo BayxpeBHHfl Kim xoanpeccopa pasea V  = Y r BByipeasaS K ®
T.-T, 2 4 35 6xexaaxepa »? « y  h npaaniiaa bo BaaaaBHe c o o t h o b o h h h
5 6

T5 P2
^  ' (VP0 + A P c

K - l

K / \2=i
/  \ » T' / \ K-1/P_ + A  P- n /  Ap \'/ 0 h — r 1 2 2 1 M ^ - p f )AP P, J

V1 1 ^\ 0/
3 V 1 y v 2/_

K-l
n

r*e: 3T = - £ .  x 2 -  J j .
o 1

I l o o j i e  p a x a  M a i e x a i H q e c x H X  n p e o ö p a 3 O B a H H 0  n o x y q a i i  y p a B a e B a e  x a s  p a c q ë r a  s x -  

c e p r e r a q e c x o r o  c o B e p a e a c i s a  x o a n p e e c o p a ,  y T H J H 3 H p y m e r o  p a ó o x y  p a c n H p e B H n  

B03xyxa B  AeTaH^epe

(TjłATj).

K-l
K

 r 31 - r y
;______________ [________________V ? x - p | ) |

K - l
K

Tl-31'? K
k-T * ?a-ÍKa(Tl - T2’ V M I

\ T. /

( 1 0 )

B g c e p r e x a g e c x a f l  K i m  b  n p o n e c c a x  l e n a o o C a e a a

B npopeccax oxxaxxeBHii cxaxoro B03xyxa b xenxooSMeHBHxax (npoaeccu 2-3, 
4-5) ero axceprxa yMeabaaercn h nepexaëxca xeuonpiiëMBHKy. Kax npaBHXo, xa- 
KHM TealOnpHëMHHKOM ÄBSHeTCX BO^a, PHpKyAHpyDąaja B  CHCieue OÖOpOTHOrO B0X0- 
OHaÖxeHKa, a apa b t o m ÓessosBpaxHO xepaexca sxcepran, oTHaaaeaaa ox paßoqe- 
ro xexa. Kax x3BecxB0, sxceprexaqecxae Kim xenxooSaeHHaxoB a xaxou cayqae 
paBHu Hyxn [l] , Asa yqëxa noxepb sxcepraa B03xyxa npa oxxaxxeHaa (BBeaaax 
noxepb B BBxxe) onpexexau sxceprexaqecxag Kim xenxoo6neBa nepsoB cxyneaa 
osearan:

e ,  i _ - i , - T  C S _ - S , )3 _ 3 1 op 3 1
? t  =  S *  -  i  - 1  - T  ( 5  - 5  ) '  ( 1 1 )ill 2 2 1 cp 2 1

o yqëioa xoro, qxo ^  “ S2 B3aeaeBHe sBiponaa b npoaeccax:

1 Tq
S3‘S1 “ S3_S2 = cpln (12)
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S2_S1 = S2_S2 = CP 10 T2 * (13)

i lo ,Ę C T a B j iH a  ( 1 2 )  h  ( l 3 )  B ( l l )  n o c a e  p a ^ a  n p o c i H x  n p e o ß p a s o B a H J t f t  a o a y ^ a a  

B H p a x e H a e  ą x h  s K c e p r e i H a e c a o r o  KHH n p o n e c c a  T e iL n o o Ö M e H a  n o c a e  1  c i y u e H H  c x a -  

IHÄ (2-3)

{AT«-T- ln Tl+A\ i k1 1

=
Tl.*l

K-l r A P i 
[ ^ d  + “ p ^ J  K - i +? k 1

î kJ v 1 + ^ 7 }]

ri j h (l + ^ ° ]  K - 1 • T1 ln

(14)

K-l
K

I I p o B o ^ a  a H a J i o r a a H u e  p a c c y x , ą e H n a ,  m o h h o  n o a y a a i i  B u p a a e h h s  ą j i e  s K o e p r e i H -  

a e c K o r o  K H H  T e n a o o 6 i a e a a  f l  c i y n e H H

AT2 * T1 ln

V V i ’

K - l

(15

(T . - ] *AT1-”K2-Tl-Vg 1"
-i*r„

5. 3KCEPrETHHECKMË MIA ^ETAHAEPA

A e i a s m e p  H e o ö x o ^ n u o  p a c c M a i p a B a T b  a a a  y c i p o ä c i B o ,  j c o i o p o e  n p e o 6 p a 3 y e i  

T e p M O M e x a H H a e c x y i )  s a c e p r n u  b  T e p u a q e c K y i o ,  C B H 3 a H H y r  c  o x n a x n e H H e u ,  h  a e x a -  

a a a e c K y » ,  c  n o a y q e H H e i i  p a f i o T u

3 e6+i5_i6 i6_il"Tcp(S6_Sl )+15_16 (T5-T1 U>" ^P(S6-S1 ) , . , 1
? g  5 -  1 - i . - T t s ^ s n ---------( t . - t , r -  t j s _ - s .  j ( 1 6 )a 5 5 1 cp 5 1 5 1 cp cp 5 6

H o a a r a a ,  « 0  S g  *  S & c  y a ë T O M  t o t o ,  a i o  o n p e j e a a e M  H 3 u e H e n e

a  h i  p o m a

S6"S1 ' S6 -S1 = CP ln T7 ( 1 7 )

T_
Sç-S^ = Sg -S^ = .cp In — ( 1 8 )
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üo^oiaBaHa (17) , (i8) a (16) nocae npeo6pa30saHHä noaynaeM ypasneHae aas  
BKOepreiHaeoKoro Kn# aeTaHÆepa

(T +AT )jl - O \l - (3T..X ) K lf
AT -  T ln  — î ----- S _ i £ â i£  - L — Z----------i l

3 1 , N
Vg  =  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r “ “ - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 9 >

AT - T ln   1 + ••-aT2_______
r Â P l  1 K-l

T j ^ . î T g i l  + - ^ ) J  K

PaoouaipHBaa o6nmä oKcepreTHHecKHÍÍ KÍI.H TTXM Kaa oTHoaeHae

i c r È  <2°>

r*e:
E  -  3 K c e p r H H  x o j i o . u a ,

B
A E  •-  p a 3 H 0 C T b a s o e p r a ä  n a p a ,  a o  h  n o c a e  p a o m a p e H a a  b  î y p Ô H H e ,

y c x a H O B H M  B 3 a H M 0 C B a 3 B  n a c T H u x  B K o e p r e i H i e o K H x  K I Î H  o  o ô ^ h m »

Ä a a  p a c o M a i p H B a e M o ä  T e n a o H c n o a b 3 y K > n e f t  TTXM c  p e r e H e p a m i e f i  p a S o i t i  a e T a n -  

Ą e p a ,  e s a s  b  M e x a y  o 6 m a u  h  a a c i H U M n  3 K c e p r e T H q e c K H M H  K i m  u a x e l  ô h t b  n p e a -  

C T a B a e H a  b  B a ^ e

?oc
? T p Vl-L.

! + 13. (i _ rß

3 3
ÎKj *?T1

K  •  V t
2 2 •Vg * V M g }

( 2 1 )

3 3 3 3 3 3
r a e : 1? ^ ,  ? K l ,  ? T l ,  V k 2 ■ V t 2 < V  g ”  s K c e p r e T H n e c K H e  KUH, c o o i B e i c i B e H H O  T y p -

6 h h h ,  K O M n p e c c o p a ,  n o i p e d a a i o ą e r o  b h b œ h x b o  B n e p r n » ,  n p o p e o c a  T e n a o o Ö M e H a  1  C T y

n e H H ,  K O M n p e c c o p a ,  y i K a a s a p y K ^ e r o  p a ö o i y  a e i a H a e p a . T e n j i o o ö M e H a  c T y n e H n , a e -

TaH^epa:

V m  V m q  “  “ e x a H H a e c K a e  K [ W  TypÔHHH a  aeTaHaepa, 
l g T  -  yueabHaa paöoxa aeiaHaepa,
eQ - y^eabHaa aKcepraa B03ayxa nocae aeTanaepa.

no n p H B e a e H H O ñ  M e T o a H K e  n p o B o a a a a c b  p a c n ë î u  o K o e p r e i a a e c i i a x  KIIJH 3 a e M e H -  

T O B  TTXM. P a c a ë i a M H  y c T a H O B a e H O ,  n o  H a a S o a b m e e  B a a a H a e  H a  B K c e p r e T a a e c K H e  

n o i e p a  b o  B c e x  s a e u e H i a x ,  K a K  a  c a e a o B a a o  o x a a a i b ,  0 K a 3 U B a i > T  B H y i p e H H a e  KÍ1H 

T y p 6 o M e x a H H 3 M O B .  H a n p z u e p ,  n p a  n c B b n a e H H H  KIIÄ o t  65% a °  85%, a K c e p r e i a n e c K H e  

Knu y B e a H H H B a i o T c a  b  3 a B a c a M 0 C T H  o t  o 6 a e 8  c T e n e H H  c x a T a a s

-  KOMnpeccopa, c a s 3 a H H o r o  c  BHemHHM h c t o h h h k o m  o H e p r a a ,  aa 10-16%}
- KOMnpeccopa, yTaaH3apyxąero paôoîy aeianaepa, na 16-20%}
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- jeiaHjepa Ha 12-20%j
-  n p o a e c c a  TenjioodMeHa nocie n e p B O ä  c i y n e r a  c x a t n a  Ha 10-14%.

Pa3HOCTH TeMnepaTyp ATj^ h Alg He OKa3HBauT npaKTHneoKoro bjihhhhä Ha
B K c e p r e i H H e o K H e  KIIJÍ n p o n e c c o B  c x a i H H  h b  H e 3 H a q H T e j i b H 0 f t  c i e n e H H  C K a 3 H B a i > T C H

H a  n o i e p a x  S K c e p r a a  n p «  o x s a x ^ e H H H  b  T e n x o o d M e H H H K a x .  H a n p n i i e p ,  n p a  n o B h n n e -

H H H  AT = AT 2  o i  0 40 15 C 3KcepreTH>ieoKHe Kim nponeccoB l e o n o o d M e H a  yBe-
4HHHBaBTCH Ha 2-5%. O^HaKO, OTHoneHHe upa 3toh B03paoTaeT b öojibmeft cíe

B
n e H H ,  H T o  y i i e H B n a e i  o d m a i t  o K c e p r e i H n e c K H f t  K O J I .

,¡lH$$epeHHHpyH ypaBHeime f2l) JierKO noKa3aTB, hto HsueHeHHe oKcepreTHnec- 
k h x Kim s^eueHTOB, nepe3 Koiopue npoxo^ai ho t o k pereHepyeMoft oKcepraH(k o m- 
npeccop FI ciyneHH cxaiHH, lenjioodMeHHHK n  CTyneHH, aeiaH.ąep') b Öoxbniefl 
CieneHH Bxaaei Ha odąHft OKcepreiHHecKHÍt Kim lo-eoib

 2 Á     « ¿ i   ( K )

M3 3 T o r o  cjie^yei mto n p H  n p o q n x  p a ß H u x  y c x o B H f l x ,  H e o Ó x o ^ H M O  M T p e M H T b C H  k 
n o B t o i e H H D  3 K c e p r e T H q e c K H X  KI1JX s J i e u e H T O B  q e p e 3  K O T o p u e  i p i p K y j i H p y e T  p e r e H e p H -  

p y e i i a n  b i p i K J i e  s K c e p r H H .

°c

P h c ,  4 .  3 a B H C H M o c i H  c i e n e H H  i e p u o ^ H H a u H H e c k o r o  c o B e p m e H C T B a  TTXM o í  leune-
paiypn oxjiaxxeHHoro Boa^yxa

1, 2, 3 - npH KAU TypÖOMexaHH3MO* 85% HAT, = AT„ COOTBeTCTBeHHO O, 10,
O 1 2

20 C, 4, 5, 6 - npH Kim iypÖoiiexaHH3MOB 65% h  AT = AT COOTBeTCTBeHHO 0,
10, 20 °C
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Ho ypaBHSHHK) Ł21) paoc^HTuBajiHCb 3Kcepreiii<îeoKHe KIŁĘ Tenaoacno&bsjroHiHX 
TXM. Pe3yjibTaiu pacaëiOB npexcTaBaeHH Ha p ac. 4. KpHBse 1, 2, 3 othochtch k  

3HaHeHHHM BHyTpeHHHX KIIĘ paBHhtx 85% a pasHooiHM ïeMnepaTyp AT^ =AX, oooiBer- 
CTB6HH0 0, 10, 20°C, a KpHBHe 4, 5, 6 - k  BHyTpeHHHM KIŁĘ 75% npa Tex are 3Ha- 
HeHHHX ATJ = A T 2>

BHyipeHHHe KIIĘ iypÖ0MexaHH3M0B 0Ka3üBa»ï onpexejxajajee BxaaHBe na cieneHb 
coBep«eHCTBa, ocoSeHHo npa noayaeHHH HH3KOTeMnepaiypHoro xoao^a. Tan h o b h -  

lerae KHĘ lypfiOMexaHHSMOB aa 10% npa noayaeHHB Bosxyxa o TeMneparypog-10°C 
(ATj = AT2 = o°C) npHBO^HT k pociy coBep*eHCTBa Ha 3,5, a npn noayaeHHH b o s -  

Ayxa o Teiineparypoß - 70°C - Ha 7,5%, Kpone a t o r o  ohbbh^ho bxhhhho BHyTpeH
HHX KHĘ npa peryxnpoBaHHH TeMnepaTypH oxxax,ąeHM xoaoj(OtipoB3BOXHTejibHOCTH 
ocoöeHHO B oÖxaciH Öoaee BHCOKHX TeMnepasyp, HanpaMep, npa H3MeHeHaa reiáne- 
paiypn or -20°C xo -10°C oieneHb coBepaeHCTBa TTXM npa = 85% yueHbisaeTca 
Ha 2,2%, a npa H3MeHeHaa TeiinepaTypn o t  -70 xo -60°C Bcero Ha 1%.

CpaBHHTeXbHO He3HaHHTejíbH0 BHHHDT Ha CTeneHb COBepffieHCTBa pa3HOOTH TeM- 
nepatyp b TenjtooÖMeHHBix annapaîax. Tax, yBexaaeHae AT^ = A T 2 ot 0 äo 10°C 
yMeHbmaeT cieneHb coBepaeHCTBa Ha 0,5-1%.

IIpHHep pacnpe^eaeHHH noTepb no sxeueHiaM TTXM, npeAHa3HaaeHH08 j m  noay- 
tjeHHH B03ayxa o Teunepaiypoä - 58°C npH KIIĘ Typ6oMexaHH3MOB 85%, ATq=AT1 = 
=AT2=0; A P q = A P 1 = A P 2 = 100 m m  bo*. ot,, = Tcp = 298 K npexciaBaeH 
Ha aaarpaMMe c o t o k o b  axceprHH (pnc, 5),

U a K C H M a a b H O  n o T e p H ,  K a K  o a e B H ^ H O ,  n p o a c x o x a T  b x e i a H x e p e  18,2%, r x e  i e p -  

M O M e x a H H n e o K a a  O K c e p r H a  n p e o 6 p a 3 y e i o H  b  s K c e p r a i o  x o a o x a  (16,2%) h  M e x a F H -  

H e o K y »  p a ö o i y  ( £ 4 % ) ,  K O T o p a a  p e r e H e p a p y e i c a  b n a K j i e ,  y ^ e H b n a a  n p n  otom mois- 
H O C T b  B H e H H e r O  H C T O H H H K a .

Bee BtmieH3ao*eHHHe paccyxxeHHH npoBOXHxacb npn ycaoBaa, ht o B03^yx hbjuh- 
eiea HxeaxbHhM ra30M a He coxepxaT b o x h h h x napoB.

OflHaKO H3BeCTH0, HTO aTMOC$epHH8 B03^yx, KOTOptlä HBjaeTCH XOaOAHBbHUM 
areHTOM b pacoMaipHBaeMoä TTXM, Boerxa coxepxai onpexeaëHHoe KoaaaecTBO b o- 
£k h h x napoB.

BaaxHociHhie xapaKiepacTHKH B 0 3 ^ y x a  b Tex npe^eaax, KOTopue b o 3 m o x h h  b 

b o 3xyfliHLíx xoaoxHabHux MamHHax, KaK n o K a3 H B a jo i T e o p e i a a e c K a e  h  oKcnepaueH- 
TaabHH3 Hocxe^OBaHHa  [2,5], He 0 K a3H B a»T  npaKTaaecKa Öoabnoro b j ih h h h h  Ha 3 -  

HepreTHnecKHe noKa3aTexH nponeccoB b  saeaeHiax MaaiHHhi, ecaa npn s to m  He 
npOHCXoxai $a30Bue npeBpanema c boæhhhm napoM. B TTXM, $a30Bbie npeBpaąeHHH 
noHTH B c e r a a  n p o H c x o a a T  b f l e i a H a e p a x ,  h t o  h p h b o x h t  k  noBhaBeHHB K O H enH og t b m -  

nepaiyphi h cHHxeHHœ K a n e c iB a  reHepnpyBmero xoaoxa, BeaHHHHa BHemHeg paCom 
npn 3T0M octaëTca TaKaa xe KaK h npa "oyxOM" pacmHpeHHH (BHyTpeHHHg KIIĘ &e- 
TaH^epa npaKTanecKH He H3MeHaeTca).

BKcepreiaaecKHä KIIĘ ¿jeTaB^epa npa paoœapeHBH BaaxHoro B03xyxa onpexeaaei- 
ea H3 caeayBHero BhrpaxeHaa
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100 %

Biccepraa BjaxHoro Bosxyia aoxex 6 m b  noxcnaxana upa noaoaa ypaBHeHag npa- 
■exeHHHX ■ paöoxe [6], Pacqëm noxa3UBaxir, axo aiccepreiaaecxa# KIIÆ xeiaHxe- 
pa, pacsapíiBnero BxaxHh# Bosxyx, c yaëxoa bo3moxhux H3aeHeHaä Bxarocoxepxa- 
hhä yaeabaaexca acero aa 1-1,51®. B to xe spaaa npa pacaapeaaa Bxaxaoro bos- 
xyxa 3HâHHTexBB0 yBexaiasaexca l g / e ^  qxo BtiSHBaex yaeHbaeHae oCiąero siccep- 
rexaaecxoro KIH xoxoxaxbHOft aaaaau, ca. ypasHeaae Í21} . Ha pac. 6 npex- 
cxaBxeau 3aBacaaocxa cxeneBB coBepaeacxBa ascepreiaaecaoro KOJ, TTXM ox hb3- 
aeä xeanepaxypa npa paOoxe Ha cyxoa (l) a sxaxBoa B03xyxe (2, 3) . Sasaca- 
aocTb 2 pacaHiaaa x*a ycxoBaS, aorxa AT^ = AT^ = 0°C a x*a 3 ATj ■ AT2=5°C.
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P a c .  6 .  B a a a H a e  B a a r o c o a e p i a H a «  p a c m a p a e M o r o  B 0 3 , n y x a  H a  c T e n e H b  c o B e p n e H -
C T B a  T T X M

1  -  A * «  o y x o r o  B 0 3 , n y x a ,  2 ,  3  -  a a «  B j i a x H o r o  B 0 3 a y x a  c o o T B e T C T B e H H O  n p a

A T 1 = A T 2 = ° ° c H 5 °c

O q e B H a H o ,  « T o  B X H H H H S  B a a z H o c T H  H a  c T e n e H b  o o B e p m e H C T B a  c H H x a e T c a  n p H  

n o a y n e H H H  H H 3 K O t e M n e p a T y p H o r o  x o a o a a .  T a i s ,  H a n p a M e p :  n p a  n o a y a e H a a  x o a o . u a  o  

T e u n e p a T y p o ä  - 1 0 ° C ,  n o B u n e H a e  H a a a a b H o r o  B a a r o c o a e p x a H H «  o t  X =  0  i c p .  1g
A O  X  >  0  x p .  2  ?  0 6  H 3 n e H « e i o «  H a  2 , 5 % ,  b  t o  B p e u a  x a x  n p H  n o a y a e H a a

x o a o a a  t 0  =  - 7 0 ° C  o t o  h 3 H 6 h @ h h 6  c o o i a B a a e i  1 , 4 % .  3 t o  o 6 y e a o B « e H O  y u e H b m e -  

H H61I H a n a a b H o r o  B a a r o c o a e p x a H H «  n p a  h o b h u ic h h h  e i e n e H H  o x a i H « .  C y u e o i B e H H O  

0 K a 3 h iB a e T C «  H a  c i e n e H a  c o B e p m e H C T B a  x p .  2 ,  3  u p a  p a c m a p e H a a  B a a x H o r o  b o 3 -  

a y x a  p a 3 H 0 C T b  T e u n e p a i y p  o c o ö e H H O  b  o ß a a c i a  " B H c o x o i e M n e p a i y p H o r o "  x o a o a a .  

H a n p H M e p ,  y B e a H a e H a e  A T J  = a t 2  o í  O j o  5  r p a j j .  n p a  n o x y a e H a a  x o a o j j a  o  i e M -  

n e p a i y p o f i  - 1 0 ° C  y M e H b m a e i  c i e n e H b  c o B e p n e H C T B a  H a  2 , 5 % ,  a  n p a  - 7 0 ° C  B c e r o  

H a  0 , 5 % .  3 t o  O B a a e T e a b C T B y e i  o  t o m ,  h t o  n p a  r e H e p a p o B a H a a  " B u e o K O i e u n e p a T y p -  

H o r o "  x o a o a a  a o x x H a  B u ß a p a i b c a  T e n a o o Ö u e H H a a  a n n a p a i y p a ,  n o 3 B o « H K > ą a a  o 6 e c -  

n e a a T b  M H H H M a a b H o e  3 H a a e H a e  A T ^  =  A T 2  a  o n p e a e a f l i o ą H M  a o a x e H  6 n T b  S H e p r e -  

T a a e c K H ä  x p a i e p a f l .  B  o ö a a c i a  h h 3 k h x  l e M n e p a T y p  p a s H O C T a  T e u n e p a T y p  H e  c x a -  

3 H B a e T c a  b  3 H a a a T e « b H 0 ¡ í  c i e n e B H  a a  T e p M O A B H a u H a e c x o f t  o t E ^ e K T H B H o c iH ,  < i t o  n o -  

3 B a j i a e T  y M e H b m a T b  r a d a p a T u  T e n a o o d M e H H H x  a n n a p a i O B  6 e 3  c y n e c T B e H H u x  n e p e -  

p a o x o f lO B  s H e p r a a .

C a e ^ y e T  o m e n i Ł ,  h t o  n p a B e a e H H u ä  B u n e  a H a a a 3  o o o i B e T C T B y e T  y c a o B a » ,  x o -  

r a a  a x o e p r a «  b o a h ,  H a r p e B a e x o f t  b  T e n x o o d u e H H a x a x  n o a e 3 H O  H e  a e n o j i b 3 y e T C H ,  

H e c M O T p «  H a  t o ,  h t o  T e u n e p a i y p a  b o a h  n p a  3 t o m  M O x e T  n o c T a r a i b  9 0 - 9 5 ° C .  B n o x -  

H e  e c i e c T B e H H O ,  h t o  n p a  a c n o x b s o B a H a a  H a r p e T o ä  b o a n  j m  p e x e ö  o T o n x e H a a  x a -  

6 o  b  T e x H O J i o r a a e o K a x  n p o p e o o a x ,  o d i q a i i  o x c e p r e T a a e c x a f i  K i m  « o x e T  6 u t b  c y n e o -
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TBeHHO noBHneH. OnHaKO, B xaKHX cjiywaax HeoöxojiKMO paccuaTpHBaib yxe ae xo- 
jiOAKüLHy» MäfflKHy, a AByxueJieBy» ycTaHOBtcy npon3BO,iHąyB Hapa^y o xojioäom h 
lenjio.
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ANALIZA TERMODYNAMICZNA URZĄDZENIA DO OCHŁADZANIA POWIETRZA

S t r e s z c z e n i e

Przedstawiono zależności analityczne dla określenia sprawności egzer- 
getycznej poszczególnych elenentów urzędzenia do ochładzania powietrza. 
Ustalono związek między sprawnościę ogólnę i sprawnościami częstkowymi. 
Przedstawiono zależność stopnia doskonałości urzędzenia od sprawności ma
szyn, różnicy temperatur w wymiennikach ciepła oraz wilgotności powietrza.

THERMODYNAMIC ANALYSIS OF THE AIR-COOLER

S u m m a r y

Analytical dependencies for defining power efficiency of each particu
lar element of the air-cooling-device have been given. A relationship be
tween the total and partial efficiencies are found. The degree of per
fection of the machine versus its efficiency, temperature difference in 
heat exchanger and air humidity are analysed.


