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METOAUKA U PE3YJIBTATBI DKCEPTETUYECKOI'O
AHAJIM3APA3/IMYHBIX CXEM DHEPI'OYCTAHOBOK HA BUOI'A3ZE

PaccMoTpeHBl NpUHIMITHATIBHBIE TEIUIOBBIE CXEMBI Pa3IMYHBIX OHOTa30BBIX HHEPrOYCTAHOBOK W
BBINOJIHEH AaHAIM3 IMEPCIEeKTUB HMX MCIOJib30BaHusA. [IpencraBieHa METONMKA 3KCEPreTHUECKOTro aHaln3a
Pa3IMYHBIX CXeM OMOTa30BBIX YCTAHOBOK, BHIIIOJIHEHO COMOCTABIICHHE MApaMeTPOB LUKJIOB PacCMaTPUBaEMbIX
YCTaHOBOK, MPUBEICH pacuyeT M aHalM3 OJKCePreTUYSCKUX XapaKTePUCTHK Ta30TypOMHHON YCTaHOBKH,
[apora3oBOH YCTAaHOBKM CO COPOCOM Ta30B B KOTENl M NApOra30BOH YCTAHOBKHM C BBICOKOTEMIICPATypPHBIM
NaporeHepaTopoM U MPOMEXKYTOYHBIM MIEPErPEBOM Iapa.

KnroueBble ciioBa: SKCEpreTHYECKUE XapaKTEPHCTHKH, Ta30TypOMHHAs YCTaHOBKA, [aporasoBas
YCTaHOBKAa CO COpOCOM Tra30B B IIapOreHepaTop; I[aporasoBas YCTaHOBKA C BBICOKOTEMIIEPATypPHBIM
MaporeHepaTopoM M MPOMEXKYTOYHBIM MEPErpeBOM I1apa.

BBenenmne.  buorazoBble = HEPrOyCTaHOBKH,  SIBISIOLIMECS  aJIbTEPHATUBOMN
TPAAUIIMOHHBIM AJIEKTPOCTAHIIUSIM, IIUPOKOTO PACIPOCTPAHECHUsS MOKA HE MOJYYHIH. DTO
OOBSCHSIETCS, BO-TIEPBBIX, TEM, UYTO MPH MCIOJb30BAaHUU IMPUPOJHOIO Tas3a, 3aTpaThl Ha
00CITy’)KUBaHUE TPAIUIMOHHBIX SHEPrOyCTAaHOBOK MHUHHMMAJbHBI, a NMpPHUMEHEHHE Ouorasa
CBSI3aHO C IUIOXO MPOTHO3MPYEMBIMHU 3aTparamMu Ha cOOp, TPaHCIOPTHUPOBKY, XpaHEHHUE H
MOJITOTOBKY CBIPhs. [[03TOMY MCTOIB30BaHUE OMOTOIUIMBA 3KOHOMHUYECKH LIETIECO00pa3HO B
MeCTaX, PacloIOKEHHbIX BOJU3M arpapHOro MPOUM3BOJACTBA, I/ie pa3BUTa MHEPPACTPYKTypa
cOopa W MOATOTOBKM OMOMACCHl K HCIOJB30BaHUIO B JHEproycraHoBkax [1]. Bo-BTopsix,
11E€JI€CO00PA3HOCTh HMCIOJIb30BaHUS AJIbTEPHATHBHOTO TOIJIMBA 3aBUCUT OT TEIJIOBOM
a¢dekTuBHOCTH dSHEproycraHoBKd. OIHUM W3 HAMpPaBJICHWN TOBBIIMICHUS TEIIOBOU
3¢ PeKTUBHOCTH OMOTA30BBIX TEXHOJOTHUHN SBJISICTCS MPUMEHEHHE TTApOra30BbIX YCTaHOBOK.

JKcepreTH4ecKui MeTOo/ aHaJM3a TeINJI0BbIX cxeM 0HMOra3oBbIX
IHEProycTaHoBOK. /[ aHanmm3a 3pPEeKTUBHOCTU PA3IUYHBIX TEIUIOBBIX CXEM OHOTra30BBIX
YCTAaHOBOK BOCITOJIb3yEeMCS IKCEPreTHUECKUM METOI0M [2].

DKceprus TEeIJIOTHl OMpeeNseTcs HaubobIlIel yaenIbHON paboToM, KOTOPYIO MOXKHO
MOJTYYUTh M3 PACIOaraeMoro yAeIbHOTO0 KOJIHMYECTBA TEIUIOTHI ¢, paBHA YJIEIbHON padoTe
obparumoro nukia Kapao

Iy =gy (1)

T
rae ny, =1 —70 — tepmuueckuid KITJI unkna KapHo; g — yaenpHas pacnonaraeMasi Temiora,

kJlx/kr; T, — Temmeparypsl TeIulonpueMHHKa (okpyxatomeil cpensl), K; 7 — 3amanHas

TeMnepaTtypa TeriooTaaTyrka, K.
[Ipu 3TOM yaenpHas 3Kceprus TeIUIOThI 3aJaHHOr0 oTeHuHana 1’

Ty

T 2)

ex=gq|1-
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DKceprus MoToka pabodyero Tema ompeaeseTcss MaKCUMaIbHOM IMOJIe3HON paboToi,
KOTOPYI0O MOXXHO TMOJNIyYUTh TMPU OOpaTUMOM Tiepexoje pabodero Tela B COCTOSHUE
TEPMOJIMHAMHUYECKOTO PABHOBECHS C OKpY»Katolel cpenoit ( pg, 1)

ex=i—iy—Ty(s—50)=lop + Aex, (3)

rne lyor =i—iy — yAenbHas pabora nmortoka, kJx/kr; Aex =T (s —so) — 1oTeps yAeIbHON

9KCEPruu pabouero Tejia B MOToKe, KJK/KT.
[Mockonbky paboTa MmoToka

Olyor =—di =—vdp, 4)
TO YJENbHYIO PaboTy yA00HO OIPENEIHTE I10 i—S AUATPAMME
2
Inor =Aij_gq =1 —iy = —J.Vdp 5 (5)
1

rae ij —i, — pa3HOCTb YAENbHBIX SHTAIBIMHA pabodero Tesia Mpu paclIMpeHUU B TypOHHE C
IPOU3BOJICTBOM YAEIbHONU PaOOTHI MOTOKA Iy , KJDK/KT.

JI7is MCTOYHMKA TEIUIOTHl — MPOAYKTOB CrOpaHUs, U3MEHSIOIINX CBOIO TEMIIEpaTypy
MIpH IBM>KEHHUH 110 Ta30X0/1aM MaporeHepaTopa, CrpaBeyIuBoO

ex =1pAS, (6)
BBIX
rae AS = j o9 _ YMEHBILICHUE YJEIHHOW HTPOIMUHU Ta3a MpH OTJaye TEIJIOThl paboueMy
BX T
teny (Boxe), kK/x/(kr-K).
Okceprernuecknil KII/] nukna onpenensercs OTHOLIEHHUEM IIOJIE3HO HCIOJIb3yEeMOU
sKceprun Aex; KO BCeH H3PaCXONOBAHHOH AeXp,c

Aexy, ' 7

Ny =
Aexpac

[IpuMeHUTENTPHO K  SHEProycTaHOBKaM  IOJIE3HO  HCHOJIb3yeMas — 3KCeprus
NPEBPAIAETCS B JCHCTBUTENbHYIO pabOTy LMKIA [, C y4ETOM €ro HeoOpaTUMOCTH, a

U3pACXO0JI0BaHHAs JKCEPrHsl SIBISETCS PA3HOCTBIO MOABEICHHON JKCEpPruM ex; B LUKIE U
OTBEJIEHHOM ex)

- fun ®)

n .
H ex|) —exy

IIo pa3HOCTM YHNENBHBIX D3KCEPrUA WM YACIBHBIX JHTAIBIHMK B HAYAJIbHOW H
KOHEYHOM  TOYKax  IMpolecca, MOXKHO  ONpENeNuTh  TeIIoByl0  3((eKTHBHOCTH
COOTBETCTBYIOIIE  OMOra3oBoi 3HEpProycraHoBkU. OmpenenuM NOJE3HYK  paboTy
M309HTPOITHOTO pacHIupeHus pabovero Tejia B ra30Boi TypOuHe
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ZTF =e€px —Egpx =11 — 12, )

TAC €px, €ppx — YACIBHBIC OKCEPIUU pa60qer0 TCJa B IIOTOKC HAa BXOAC U BBIXOJC, KZ[)I(/KF

i 1 JIvHUM paBHBIX 3HAYEHUHN PKCEPTrUH B
i—s JuarpamMme TnpsMble M B 00JacTu
HACBILIEHHOTO Tapa COBHAAAIOT C JIMHUSAMU
T = const (P = const). Jlunus,
cooTBeTcTBYIOMmas ex = 0 KacaeTcsi u300apbl
weit cPEAZ! Fy B Touke okpyxaromeit cpeast 0. OTpesok

€1

5o

arcePt 1o W30PHTPOIIE MEXIy TOYKOH,
& OHpCI[GJ'ISIIOI.HGfI COCTOsIHHMEC Bf€IICCTBA, H
Puc. 1 — Dkceprus Ha i—s nuarpaMMe BOASIHOTO Hapa: JUHHUEN 01(19}’7i<211()1-1-lel\/'I cpeabl MPEACTABIIACT
€| — 9KCeprusi TOYKH / OTHOCUTEIBHO HyJIEBOTO COOON HKCEPrui0 OTHOCUTEIBHO HYJIEBOIO
COCTOSHMA cocrosiHu (puc. 1).
VY aenbHas paboTa H309HTPOITHOTO PACIIUPEHHS ra3a B Ta30BOM TypOMHE

Lyr = cp.rAtTr ) (10)
rIe
1
At =T I_T ; (11)
T —
k

Cp.r — YACTBHAsS TEIIIOEMKOCTB pabodero Tena, kILx/(kr-K); 7} — TemmepaTypa rasa Ha Bxoze

B TypOuny, K; m,. — crenenp paciiupenus rasa B TypouHe; k. — Ko3ppHUUUEHT aguadaThl

rasa.
VnesnbHast paboTa H309HTPOITHOTO CKATUS BO3/yXa B BO3/LYIIIHOM KOMIIPECCOPE
le = cp.BAtBK > (12)
rie
ky —1
Aty =Ty me —2—=11; (13)

B

Cp.p — YAC/BHAS TEIUIOGMKOCTh pabodero Tena (Bosayxa), kIbx/(kr-K); Ty — temmeparypa

BO3JyXa Ha BXOJE€ B BO3AYWIHBIM Kommpeccop, K; m, — cremeHp cxatus Bo3ayxa B
BO3/YIIHOM KoMIpeccope; k, — ko3duuumeHt aguadarsl Bo3ayxa.
VY nenpHas paboTa H309HTPOITHOTO CXKATHUS BOJIBI B TUTATEIILHOM HACOCE

L, =ApAV (14)

rae Ap — pa3HOCTh AaBieHui B Hacoce, klla; AV — ynenpHbI 00bEM MHUTATEIIBHOW BOBI,
I01aBACMBIii THTATEIbHBIM HACOCOM B [TAPOTCHEPATOP, M /KT.

JKcepreTudyecKkmne XapaKTepUuCTUKHU Pa3IMYHBIX cxeMm 0MorazoBbIX
IHEProycTaHoBOK. licmonb3ysi mpuBENEHHBIC BBHINIE pacueTHbIe (HOPMYJIBI, OINpEeaAeTUM
skcepretudeckue KIIJ[ s pazaudHbIx cXeM OMOra3oBBIX SHEProyCTaHOBOK (puc. 2—4). Jlns
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ydeTa MOTeph SKCEprWd Ha TpeHHe paboyero Teiaa B 3JIEMEHTaX YCTAHOBKH, Oylem
ucnonb3oBath aauadbarueie KIIJl. PeanmbHble mporecchl pacIIUpeHUs] M CHKATHS B IHKIIE
OTKJIOHSIIOTCSI OT M303HTPOIN ¢ yBeNndeHrneM dHTpormu Ha AS. Jlns ananmuza 3gpekTuBHOCTH
TEIUIOBBIX CXEM  IIOCPEACTBOM  JKCEPreTUYECKOr0 METOJa OrPAHHYUM  CUCTEMY,
BKJTIOYAIOIIYIO0 3JIEMEHTHI, KOTOPbIe BHIPAOATHIBAIOT JINOO MOTPEOISIOT SJIEKTPUUECKYIO WIIH
MEXAHUYECKYIO SHEPIHI0, KOHTPOJIBHON MOBEPXHOCTBIO JJI y4eTa BXOASIINUX U BBIXOASIINUX
IIOTOKOB 3KCEPI'UH, IIEPECEKAIOIINX YKA3aHHYIO IOBEPXHOCTb.

PesyabTarhl pacyera JIKCEPreTHYECKHUX XAPAKTEPUCTUKPA3IUYHBIX CXeM
0Mora3oBbIX JHEProyCTAHOBOK. B kauecTBe nmpuMepa BBIIIOJHUM pacueT dKCEpreTUYecKoro
KITJ s tpex uukioB (puc. 2—4) OHUOra3oBBIX JHEProycTaHoBOK. [lapamerpsl mmkia
razotypounHoii ycraHoBku (I'TY) must paccMarpuBaeMBIX TEMJIOBBIX CXEM MPUHSATHI

OJIMHAKOBBIMU (TabII. 1).
P:_, = const
?} = const
iy 1

Puc. 2 — Cxema 1 LUK 1a30TypOUHHOM yCTaHOBKH:
K — kommpeccop; KC — kamepa cropanust; TI' — TypOuHa ra3oBasi; i — 3JCKTpOreHEpaTop

o}
nr P, = const

T
KC ) %?} = const
2' |_ iy 1

= const

2
=

5= const

Puc. 3 — Cxema IIT'Y co cOpocom ra3oB B maporeHepaTop:
K — kommpeccop; KC — xamepa cropanusi; TI' — TypOuna rasosas; TII — typOuna mapoBas;
TII — nuratenbHblil Hacoc; Kowpg — konaencatop; III' — maporenepaTtop; i1 — 3JIEKTpOreHepaTop

118 ISSN 2078-774X. Bicnux HTY «XI1I». 2014. Ne 13(1056)



EHEPTETUYHI TA TEIVIOTEXHIYHI TIPOLJECH H YCTATKYBAHHA

! PT = const

Ty = const

P2 =const
) / 75 = const
2 2
'

|

e

Puc. 4 — Cxema u rtuki [1I'Y ¢ BeicokoHamopHBIM Taporereparopom (BIT) n mpoMexyTOYHBIM meperpeBoM
nmapa: K — xommpeccop; KC — kamepa cropanus; TI — TypOuna razosas; [I1I1 — mapomeperpeBaTels;
3D — sKoHOMaM3ep; i — 3nekTporeneparop; U — ucmapurens naporeHeparopa; TII — TypOuHa maposas;
Konpn — kongencarop; TII — nurarenbHbIA HAcOC

Tabmuma 1
IMapameTper ['TY
No touku mukna I'TY (puc. 2) t,°C P, 6ap i, kxJ[x/xr
1 1000 6,1 1250
2 588 1,02 807
4 20 1,0 21
5 251 6,12 254

Ikceprerudecknii KILJI pns I'TY. [l yuera noteps TpeHUs IPH CKaTUU paboyero
Tena B kommpeccope (puc. 2) aguabarasiii KIIJ] xommnpeccopa npunar n, = 0,85; rasosoii

TypOuHsl — N =0,9.
Cornacto ypaBHenuto (8) skceprernyeckuit KITA I'TY
— ZH.Z[ lTFnTF _lK/nK — (il _i2)_(i5 _i4) (15)

Nul = _ = S 5
ex]) —exy q n—15

TAC ], iy, Ig, 5 — DHTAJIBIHA IPOLYKTOB CTOPAHMSA U BO31yXa B COOTBETCTBYIOIIUX TOYKAX

uukna I'TY, kJx/Kr.
3HAYCHHUs SHTANBINH ) ¥ iy (TAON. 1) ONpeensrOTCs paCUCTHBIM My TeM (i =t ) 10

3alaHHOM Temmeparype f; U f4 W TEIUIOEMKOCTH NPOAYKTOB CropaHus M Bo3ayxa [3],
COOTBETCTBEHHO, a 3HAYEHUs SHTANBIUN iy U i5 — 1o dopmynam (10), (12) c yuerom n, u
nTF *
OxonuatenpHo Wi ' TY
_ (1250-807)— (254 - 21)
Mat 1250 - 254
Ikceprerudeckuit KII/{ nuis maporasosoii ycranosku nukiaa (III'Y) co copocom
ra3os B naporedeparop. /s naposoii Typ6unsl I[II'Y (puc. 3) aguabarusiii KIIJ n, =0,9;

=0,21.

TEMIIEpaTypa ra3oB Ha BbIXOA€ M3 maporeHeparopa t3 = 150 °C; ynaenbHas TEIIOEMKOCTb

raza, nocrymatomero us I'T III'V B maporeneparop ¢, = 1,19 k/k/(kr'K) [3] mpu
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temneparype tp =588 °C. IlocTpoenne mapoBOro LHUKIA BBIIIOJIHEHO €
UCIIOJIb30BaHUEM i—S AMArpaMMbl BOJSHOIO apa.
Tabnuua 2
ITapametpsr IIT'Y
Ne rouku nukna II'Y (puc. 3) t,°C P, 6ap i, KJIK/KT
1 550 10 3600
2 33 0,05 2510
3 33 0,05 138
4 36 10,1 170

C yderoMm TOro, 4TO JJisi HarpeBa | Kr BOJbI HEOOXOJMUMO 3aTPATUTh TEIUIOTY /M KT
rasa, U3 TeIIOBOTO OaaHca ImaporeHeparopa

S el (16)
Gy Iy —iy
rne G, u G, — COOTBETCTBEHHO pacxojpl raza B ra30TypOMHHOM IIMKJIE M BOIBI B
napotrypourHoM nukie 1Y,
C yuerom ¢opmysl (16)
m_&_ iy —ig _ 3600-170

B =0,6 / .
G Cpr (ty—13) 119-(588-150) KT Ta3a/Kr BOJIbI

Cornacno dopmyne (8) sxcepreruueckuii KITJ[ [TI'Y

— lll-ll — m(lTrnTr _lK /T]K)+ (lTnnTn _lnH/nnH)
€x] —€exy q
_ mi =iy) = (s —ig )]+ G = o)~ (igy ~ i) (17)

m (iy —is) '

N2

rne lyy — yAenbHas paboTa M303HTPOMHOIO PacHIMpPEeHUs napa B mapoBod TypOuHe, kJ[x/Kr;
Iy — yaenbHas paboTa W309HTPOIHOTO CXKATHs KOHJEHCATa B MUTATEIIBHOM Hacoce, KJK/KT;
Nms — KITJI nurarensHoro Hacoca.

Ilocne moaCTaHOBKM 3HAYEHHWH MACCHI ra3a 7 M DHTAIBIMM B COOTBETCTBYHOLIUX
toukax mukia [I'Y (tabn. 1 u 2) oskcepreruueckuit KIIJ[ TII'Y co cOpocom razoB B
naporeHepaTop

_6,6-[(1250-807)— (254 —21)]+(3600-2510)— (170 -138)
N2 6,6-(1250—254)

=0,37.

Ikcepreruyeckuii KIIJI maporazoBoro mmkija ¢ mpomMesKyTOYHbBIM IeperpeBoM
napa u BbICOKOHanopHeIM naporeneparopom (III'Y ¢ BII). [loctpoenne napoBoro nukia
[IT'Y BII (puc. 4) BBINIOJIHEHO C UCTIOIB30BAHUEM i—S TUArPAMMBI BOJISTHOTO Tapa MpU TE€X Ke
napametpax mukia ['TY (tabmn. 1).

N3 TtemnoBoro OamaHca TemIoOOMEHHHMKa, BKJIIOYAIOUIETO JKOHOMaW3ep U
naporneperpesarenu (puc. 4), MOXHO ONpPENEIUTh Maccy rasa m', He0OX0AUMYIO JIJIsl HarpeBa
1 Kr BOJBI
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(iS'_i4’)+(il'_i6’)+(id_ic). (18)
(i -13)
[Tocie moaCTaHOBKY 3HAYEHUI YHTAJIBIIMN B COOTBETCTBYIOIIMX TOUKax mukia [II'Y ¢
BII (ta6m. 3) B hopmymy (18)
e (1531-170)+ (3480 — 2592) + (3600 — 2880)
(807 —165)

m' =

= 4,6 Kr ra3a/Kr BOIBL.

CornacuHo dopmyne (8) sxcepreruueckuii KITJ[ II'Y ¢ BIT

byp X1 m'{( —ip)+ (is —ig)]+ iy =i )+ (ig — i)~ (i —i3'). (19)

e —er, g m'{(iy —is)+ (i —is')]
Tabmmma 3
IMapametps! III'Y ¢ BII
Ne rouxu nuxna [I'Y ¢ BII (puc. 4) t, °C P, 6ap i, KJDR/KT
1 550 140 3480
c 220 10,1 2880
d 550 10 3600
2 33 0,05 2510
3 33 0,05 138
4 36 141 170
5 335 140,5 1531
6’ 335 140,5 2592

[ToncraBmnsist 3HadeHUss m W i JUIsI COOTBETCTBYIOIIMX Touek (Tadis. 1-3), momyunm
KITJ IT'Y ¢ BIT

4,6-[(1250-807)+ (254 —21)]+ (3480 - 2880)+ (3600 — 2510)— (170 —138)

- =0,47.
T3 4,6-[(1250-254)+(2592-1531)] ’

BeiBoabl. Kak BuAHO, U3 MpHUBEIEHHBIX BBINIE pacuyeToB LUK Omorazosoit III'Y ¢
IIPOMEXKYTOYHBIM IIEPErPEBOM I1apa U MCIOJIb30BaHUEM BBICOKOHAIIOPHOTO MaporeHepaTopa
(puc. 4) sBisercs Hanbosee IPPEKTUBHBIM 110 IKCEPreTHUECKUM TTOKA3aTeINsM.
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