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Abstract. The special features of the improvement of the gas turbine unit parameters by means of water injection in
the compressor flow passage have been described through the example of a gas turbine unit with a rated capacity of
25 MW. The authors analyzed positive and negative factors that accompany the process of water injection into the
compressor flow passage. On the basis of the performed analysis, it is concluded that the water supply to the inlet
device of the compressor (the «Inlet Spray Intercooling» technology), which is quite simple structurally and is cur-
rently implemented by many companies, has a number of major operational disadvantages that affect the compressor
operation negatively. Accordingly, the authors consider the feasibility of injecting cooling water into the intermediate
compressor stages through the example of the gas turbine engine UGT 25000 (the DN80 gas modification), which
is batch-produced by the Ukrainian company «Zorya» —«Mashproekt». The calculations results indicate that for the
accepted conditions of comparison, the greatest growth in the gas turbine unit effectiveness corresponds to the water
injection into the passage between the compressors of low and high pressures. First, it simplifies the structural imple-
mentation of the injection; second, it allows for the complete evaporation of the supplied moisture before it enters the
blade passages.

Key words: gas turbine unit; compressor; water injection; air cooling; variation of parameters; effectiveness.

Awnoranisi. [TpoananizoBaHo 0COOIMBOCTI OXOJIO/PKEHHSI KOMIIPECOPHOTO MOBITPsI Ta30TYPOIHHHUX arperariB MUISIXOM
YIIOPCKYBaHHsI BOJIH B X IIPOTOUHY YacTUHY. BcTaHOBIIEHO, 110 TIPOLIECH PYXY 1 BUIIAPOBYBAHHS BOAH, SIK1 Bi10YBaOTh-
sl B IIPOTOYHIN YaCTHHI KOMIIPECOpa, 1 BIAMOBIJHO BIUTMB BIIOPCKYBaHHSI MOXKYTh 3HAYHOIO MIPOIO BIJPI3HATHCS JUIS
pi3HMX ra30TypOiHHMX arperatiB. BUKOHaHO MOCHIKEHHS 3MiHH TapaMeTpiB ra3oTypOIHHOTO arperara MoTyKHICTIO
25 MBT, B siIKOMY JUIsl OXOJIOJKEHHS MOBITPSI B IIPOMIDXKHI CTYIIEHI KOMITpecopa 31iHCHIOBAJIOCS] BHOPCKYBaHHSI BOJIH.

KarouoBgi ci1oBa: ra3otypOiHHUIT arperar; KOMIIPECOp; YIIOPCKYBAHHS BOJIH; OXOJIO/KECHHSI ITOBITPS; 3MiHa rapame-
TpiB; KOE(DIIEHT KOPUCHOT Aii.

AHHoTanus. [IpoaHann3npoBaHbl 0COOCHHOCTH OXJIaXICHUS KOMIPECCOPHOTO BO3AyXa ra30TypOMHHBIX arperaToB
ITyTEM BIIPHICKA BOJBI B X MIPOTOYHYIO YacTh. ¥ CTAHOBJIEHO, YTO MPOUCXOASIINE B IIPOTOYHON 4acTH KOMIpeEccopa
MIPOIIECCHI ABMKECHUS U UCTIAPEHUS BOJBI M, COOTBETCTBEHHO, BO3JCHCTBHE BIPHICKA MOXKET B 3HAYMTEIHLHON Mepe
pas3nyuaThes IS Pa3HBIX Ta30TYpOMHHBIX arperaToB. BBINONHEHO Mccien0BaHNe U3MEHEHNS TApaMETPOB ra30Typ-
OMHHOTO arperaTa MOIIHOCTBIO 25 MBT, B KOTOPOM /ISl OXJIaKACHUSI BO3/yXa B IIPOMEKYTOYHBIE CTYIIEHN KOMITPEC-
COpa OCYIIECTBIISUICS BIIPHICK BOJBI.

KaoueBsie ciioBa: ra30TypOMHHBIN arperar; KOMIpEccop; BIPBICK BOJIbI; OXJIAXK/ICHHE BO3/lyXa; N3MEHEHHE rapame-
TPOB; KOA(PHUIUEHT MOJE3HOTO ICHCTBUSL.
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INOCTAHOBKA ITPOBJIEMH

OnHUM 3 HaNpsIMKIB YAOCKOHAJEHHsS ra3orypOiH-
nux arperariB (I'TA), sikuii 1HTEHCHBHO PO3pOOISETHCS
B OCTaHHI JECATHIITTS, € 130TepMipyBaHHS IPOIECY
CTHCHEHHS TIOBITPSI B KOMIIPECOPHINH YacCTHHI NUIIXOM
YIOPCKYBaHHS [0 HET OXOJIOKYI0UO01 BOJIH.

Ockinbku koprcHa po6ota ['TA BU3HaYa€THCS SIK Pi3-
HUIISL pOOOTH PO3LIMPEHHS Ta3y B TYpOiHi 1 poOOTH cTHC-
HEHHSI TIOBITPSI B KOMIIPECOPI, TO OXOJIOKESHHSI TIOBITPSI
B Ipolieci CTUCHEHHs OyJie MPHU3BOJUTH JIO 3MCHIICHHS
BUTpAT €Heprii Ha MPUBOJI KOMIIpEcopa i THM caMuM Oyfie
301TBITYBaTH KOPUCHY POOOTY i edexTrBHICTE [ TA.

[lepcieKTUBHUM € BUKOPHCTAHHS YHOPCKYBAaHHS
Bosu B I'TA 1151 IPOMIKHOT'O OXOJIOJKEHHSI TOBITPSI MIK
OKpEMHMH YaCTHHAMHU KoMITpecopa. MexaHiuHa eHepris,
110 BUTPAYAETHCSI HA CTUCHEHHSI y APYTii YaCTHUHI KOMII-
pecopa, OyJe 3MEHIIYBaTHCS MPOMOPIIHHO 3HMKECHHS
a0COJIOTHOI TEMIIEpaTypH.

BupimieHHss TpakTHYHUX [UTaHb  30iTbIICHHS
MOTY)XHOCTI Ta C(EKTHUBHOCTI ICHYIOUHX KOHCTPYKIII
ra3oTypOIHHUX arperariB MPOCTOr0 TEPMOIUHAMIYHOTO
LUKJTY HITSIXOM I10/1a4i BOJW B IPOTOYHY YaCTHHY KOMII-
pecopa 00yMOBITIOE€ HEOOXIHICTh ICTALHOTO BUBYCHHS
BIUIMBY J1IaHOr0 MeToay Ha napametpu [ TA.

AHAJII3 OCTAHHIX
JIOCJIJUKEHD TA TMTYBJIKALII

PoGoty B 11b0My HampsiMi BeIyThCs B 6araTbox Kpai-
HaX, Y TOMY YHUCII 1 yKpaiHChKUMH BYCHUMU. B 0CTaHHIX
myOmiKamisix 3 Imi€i TeMaTHKH PO3TIIAIAI0ThCS THTAaHHS
po3poOku (i3mIHOI Ta MAaTEMaTHYHOI MOJICICH MPOIeCy
CTHUCHEHHSI TIPH BIIOPCKYBAaHHI BOJM Ha BXOJl B KOMIIpe-
cop [3], po3paxyHKy CSKCIUTyaTal[ifHUX XapaKTCPUCTHK
ra3oTypOIHHHUX JIBUTYHIB IIPH I10Ja4i BOAN B MPOTOYHY
yacTUHY KoMmmpecopa [6, 7], HaBOAATBCA pe3yIbTaTH
TEOPETHYHNX Ta EKCIIEPUMEHTAIBHUX JOCIHIIKEHb PO3-
MMAJICHHS BOIM, TIEPETPIiTOl BiIHOCHO TeMIIEpaTypu Ha-
cudeHHs [1, 4], aHami3yl0TbCs Pi3HI acleKTH BUKOPHUC-
TaHHSl JJAHOTO METOMY JUISl MiJBHIICHHS e(eKTHBHOCTI
KOHKPETHUX CEpIHHO BHTOTOBISIEMUX Ta30TYpOIHHUX
arperatis [2; 8—10].

OnHak, mpouec JOCIHiKeHHS 30Cepe/PKEHHH, ToJI0-
BHUM YHHOM, Ha TexHouorii «Inlet Spray Intercoolingy,
sSKa Tepemdadae YIOPCKyBaHHS BOAM Ha BXiZ 0
KomIpecopa. TeopeTudyHa Ta €KCIIepUMEHTalIbHA IIPO-
poOKa NnuTaHb, MOB’sA3aHUX 3 MOJABAHHIM BOJH JIO IIPO-
MDKHUX CTYIEHIB KOMIIpecopa, 0Ci TpHBA€E, a TOMY
MIPOLIEC JIOCHI/DKEHHSI He MOKHA BH3HATH MOBHHM 1 3a-
BEPIICHUM.
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META POBOTHU — nocmimkeHHsT 0COOIMBOCTENR
MIJIBUIICHHS TapaMeTpiB ra3oTypOiHHHX arperatiB 3a
PaxyHOK yITOPCKYBaHHs BOJIM B IPOTOYHY YaCTHHY KOMII-
pecopa Ha mpukiani I'TA HOMIHATBPHOIO MOTYXKHICTIO
25 MBH.

BUKJIAJL OCHOBHOI'O MATEPIAJTY

OXONOKEHHSI KOMIIPECOPHOTO TIOBITPSI IUIIXOM
YHOPCKYBaHHS BOJM B HOr0 MPOTOYHY YACTHHY KpIM
MO3UTHBHUX PE3yJbTaTIB (30UIBIICHHS KOPHCHOI TO-
tyxkHocti i KKJ[ ra3orypbiHHOTO arperara) CTBOpIOE
P TPY/JHOILIB TEXHOJIOTTYHOTO Ta EKCILUTyaTalliiHOro
Xapakrepy. Y 4HCli OCHOBHHX ITPOOJIeM, SIKi BHHUKAIOTh
TIpU OpraHi3allii JaHOTO MPOIeCy, MOYKHA HA3BaTH Ha-
CTYIIHI.

[o-nepure, Mae Miciie 3HaYHA BUTpATa BOJIH, SIKa M10O-
MEePEIHBO CIEIiaIbHUM YHHOM OYHIIECHA 1 TiAr0TOBJIe-
Ha. HeoOXxifmHa okpema cucTeMa MiIrOTOBKH Ta MOAadvi
BOJIX, 1110 3yMOBITIOE Ti/IBUIIICHHS CKIATHOCTI 1 BAPTOCTI
ra3oTypOiHHOI YCTAaHOBKH, a TAKOX MOSBY JTOJAaTKOBUX
BUTpAT Ha 11 eKCIuTyaTalito. 3 Ii€i IPUYMHN MOXKE BBa-
KATHUCA palliOHATBHIM BUKOPUCTAHHS JAHOTO KOHCTPYK-
THUBHOTO PIIICHHS HA JBUTYHAX, 10 BXOJAThH JI0 CKIIAIy
ra30TypOiHHUX YCTAaHOBOK 3 TCIUIOYTHIII3AI[ITHUMHU KOH-
TypamHu, 30KpeMa, SIK 3a3Ha4aeThesl B poooTi [2], Ha ycTa-
HOBKax mnpoekty «Bomomii» mianpuemcrsa J{IT HBKT
«3opsa» —«MalmpoeKT».

[o-mpyre, HasBHICTH Kpareib BOAU B IOTOL MO-
BITpST HEraTMBHO BiJOWBaeThCs Ha (yHKIIOHYBaHHI
KoMmTpecopa. 3 oxHOTo OOKY, Kparuli BOAN, CTHKAIOUNCH
3 JIONATKaMHu, BUKJIMKAIOTh IX IIOCTYIIOBE MEXaHIuHe
(«eposiiiHe») pyiiHyBaHHS. 3 IHIIOrO OOKY, HasBHICTbH
Kkpanens Boau B moroui moripmrye KKJI xommpecop-
HUX CTYNEHIB (BUTpaTH IOTY>KHOCTI Ha IEpEeMillleHHS
Kparmens BOIH, TalbMiBHA i Kpamnelb BOIU Ha poOodi
JIONIATKU TOIO). Takoxk psif AOCHIHUKIB (AMB., HATIPH-
KJaja, poOoty [6]) Big3HAa4yarOTh BUCOKY HMOBIPHICTB
mosiBH BiOpariii pododnx JOMaToK, IO OCOOIMBO He-
0e3nevHo Ul MEpLIMX CTYNEHIB KOMIIpecopa, Jomar-
KH SKAX MAroTh HAWOUTBIIY MOBXKWHY. B mizomy, mani
ABWINa 0araTo B YOMY aHAJOTIYHI SBHIIAM, IO BHHU-
KaloTh B MapoBUX TypOiHaX, SIKi MPalIOIOTh HA BOJIOTIH
mapi.

[To-TpeTe, 0XO0I0/PKEHHS ITOBITPSI B KOMIIPECOPI MpH-
3BOJIUTH JI0 TOTO, II0 B KaMepy 3TOPSHHS L€ MOBITPS
HAJXOIUTH BKE 3 MEHIIIOIO TeMIepaTyporo (TOOTO OiIbIT
XOJIONHUM), @ 3Ha4NTh, B KaMepy 3rOpsHHS HEOOXiTHO
moaBaTH OUTBITY KiTBKIiCTh TAJMBA IS HATPIBaHHS PO-
0604o0ro Tija 10 3a1aHOi BETUYNHU. 301TbIIEHHS BUTPATH
nanusa Bene o noripiienns KK/ razotyp0inHoro arpe-
rara, i 1e TOTipIIeHHI MO)Ke OyTH OLTBIINM, HIX TOJIII-
LICHHSI BiJl OXOJIOPKEHHS B KOMIIpecopi. 3 Li€l mpuinHu
3aCTOCYBaHHS OXOJIOJDKEHHS MOBITPSI B IPOMIXKHUX CTY-
MICHAX KOMIIPECOpa B IIIOMY HEOAHO3HAYHO BIUIMBA€E HA
KK/ razorypbinHoro arperara, To0to KKJ[ I'TA moxe
30UIBIIUTHCS, & MOXKE 1 3MECHIIIUTHCS.

3bIPHNK HAYKOBUX MPALIb HYK

ISSN 2311-3405

VY 3B’s3Ky 31 cOpMyITBOBAaHHMH MPOOIEMaMH BaK-
JIMBE 3HAYEHHS Mae€ BUPILICHHS IMTaHHS PO Micle
BBEJICHHSI OXOJIOJDKYIOUOI BOJIM B KOMIIPECOP 3 METOIO
JIOCSITHEHHSI MaKCUMAJIbHOTO MO3UTHBHOTO e(eKTy MpH
MiHIMQJIbHUX HETaTHBHUX HACIIIKAX.

KOHCTpYKTHBHO HAWIIPOCTIIIe OpraHi3yBaTH BIIOP-
CKyBaHHS BOIM B IOTIK TIOBITPS Ha BXOJi B Ta30TypOiH-
HUI IBUTYH, TOOTO Mepei KOMIIPECOPOM HU3BKOTO THCKY
(rexnomoris «Inlet Spray Intercooling»). Take pimeHHs
€ TPAIUIIHHUM JUTS O1BIIOCTI KOMITAHIH, SIKi 3aiiMal0Th-
Csl JAHUMH JIOCTIJUKEHHSIMU.

[Ipote, y Takiif opranizamii moga4di BOAN € iCTOTHHI
Henomik. OCKUTBKN TeMIeparypa 1oaBaeMol BOAH MpH-
OJIM3HO JOPIBHIOE TeMIieparypi noBiTpst Ha Bxoai B [ TA,
TO HISIKOTO OXOJIOJKEHHSI MOBITPSI B MEPIIMX CTYMEHIX
KoMmIipecopa BifnOyBaTucst He Oyze. Y HacTyNHHX CTyTIe-
HSIX TeMIIepaTypa noBitps Oyne 30iablryBaTucs i eexT
BiJl yHOPCKYBaHH: BO/X Oy/le CTaBaTH BCE BIAUYTHIIIAM.
Haii6inpimii edexr Oye npu KUIiHHI BOJY B OTOLI TIO-
BITpsi. 32 paXyHOK IPUXOBAHOT TEIUIOTH TaPOYTBOPEHHS
BiJl TTOBITPS Ha KUMIHHA BOAM Oy/e BigOMpaTHCs 3HAYHA
KUTBKICTh TEIUIa i HOTO OXOJO/DKECHHS OynIe ICTOTHHM.
AJI€ 11e CTaHEThCsI TUIBKK B CEPEIHHI KOMIIPECOPHOT Yac-
TUHH.

Takox HEOOXiTHO BPaXxOBYBaTH CKIIQJHUI XapakTep
PYXy Kparenb BOJH B TMOTOI noBiTpsi. Ha kparii Bonu
TUIOTB:

— BIILIGHTPOBI CWJIH, SIKI BIJKUJAIOTH 1X HA KOPIYC
KoMmIipecopa (0ChOBHI KOMITPECOp 3 4aCTOTOK 00epTaH-
HS JCKUTbKa THUCSY OOCpPTIB y XBUIIMHY € JOCHTH e(eK-
THUBHMM BIJILICHTPOBHUM CEIapaTopoM Kpameib BOJH);

— {HepIiifHI CWJIM, BHUKIMKaHI 3MIHOIO HAMPIMKY
PYyXy MOTOKY 4epe3 KOMIIPECOpHi KaHau (KOH(Iryparis
KOMIIPECOPHHUX KaHAIIB Ma€ 0arato CIiIbHOTO 3 KOH(I-
Typami€lo KaHaJiB JKaTIO31fHUX MHIOBIOBIIOBAYIB, SKi
IIMPOKO 3aCTOCOBYIOTHCS B TEXHIIl [UTS BiUIUICHHS BiJ
rasiB KpYIHOAUCIIEPCHUX TBEPIUX YACTUHOK; 3ITKHEHHS
YaCTHHOK 31 CTIHKAMH KaHAJIB MPU3BOAUTH JO TaCiHHS
X MIBUIIKOCTI 1 moJiernrye e()eKT BIIJICHHS BiJl TOTOKY
TIOBITPS);

—edexT Koaryismii (Mpu KOHTAKTI Kpameslb BOAU
OJlHa 3 OJHOIO BOHM 3JIMIIAIOTHCS B KPYIHIMI, 1 OTXKE,
O1IbII BXKKI Kparuli, sIKi JIETIIe BUIAISIFOTHCS 3 TIOTOKY
MOBITPs; KOHTAKT KParielib BOAU 3 TOBEPXHEIO JIOMATOK
MIPU3BOJUTE JI0 1X HAJIWIAHHS HA JIOTIATKH 1 YTBOPEHHS
BOJISIHOT IUTIBKH, SIKa TAKOX CKHIAETHCS BiIIICHTPOBUMHU
CHJIAaMHU Ha KOPITyC KOMIIpECcopa).

3rifiHO 3 JIAaHWMH EKCIIEPUMEHTAIBHUX JIOCHIKEHb
[6], Bce mepeuncnene MpuBOAUTH A0 TOTO, IO BXKE Yepe3
JIBa CTYICHS CIIUIBHOTO PYXy OUIBIIICTh Kpameidb BOIU
BUSIBIISIETHCS BIZJOKPEMIICHOIO (BijICENIapoOBaHOIO) BiJ| HO-
TOKy moBitpsi. Hajmani Boja, BiIKMHYTa Ha BHYTPIIIHIO
MOBEPXHIO KOPITyca KOMIpecopa, Y BHUIIISI IUTIBKU BiJl-
HOCHO ITOBUTBHO TIEPEMIIIYETHCS 32 PyXOM MOBITpPs (TOO-
TO 710 Kamepu 3ropsiHHs ). [To3UTHBHUI eQeKT Bifl BUTIApO-
BYBaHHSI BOJIM B KIHIIEBOMY PaxyHKy Oyje JOCSATHYTHH,



OJTHAK TOYHUH PO3PaXyHOK IapaMeTpiB ra3oTypOiHHOTO
arperaTa B JaHOMY BHIIQ/IKy € JJOCHTb CKJIAQ/IHUM.

BumesukiaseHe 103BoJsi€ 3p0OUTH BHCHOBOK ITPO
JOLThHICTH BBEACHHS OXOJOKYIOUOI BOJH B TIOTIK TTO-
BITpsI B MPOMDKHI CTyIeHI Kommpecopa. [Ipungomy Touka
BBEJICHHS 1 IMOJIaBa€EMa KUTBKICTh TIOBHHHI 3a0e3medyBa-
TH MPAKTHYHO MHTTEBE, SIKE HE MEPEBUILYE Yacy pyXy
Kparenb 4epe3 oJuH abo JiBa CTYIEHS, BUNIAPOBYBaHHS
BO/JIH, 1110 3yMOBHWJIO HEOOXIHICTh BUKOHAHHSI PO3paxyH-
KOBHMX pOOIT 3 ONTHUMI3alii JOCTIPKyBaHUX KOHCTPYK-
TUBHHX PILIEHb.

VY pomi 3paska a8 MOJENIOBaHHSA Oyna oOpaHa
CTPYKTYpHA CX€Ma Ta XapaKTEPUCTHUKU Ta30TypOiHHOTO
asuryHa UGT 25000 (moaudikanis JIH80), sikuit cepiii-
Ho Bumyckaetbes mignpuemctsoM I HBKI «3ops» —
«MammpoexT.

Ha mepmomy erarti gociipkeHb TPOBOIMIINCS PO3-
PaxXyHOK TEIUIOBOI CXeMH i rabapuTHuii po3paxyHok [ TA
IIPOCTOr0 TEPMOAUHAMIYHOTO IMKIY. [l 1€l MmeTn Bu-
KOpHCTOBYBaJlacs METOJHMKA PO3PaxyHKIB, BHUKJIAJCHA
B poboti [5]. Ilpm 3anmaHiii HOMiHANBHIA TOTYKHOCTI
25 MBT, mo4aTkoBiii TeMmnepaTypi ra3y nepea TypoiHoro
1520 K i mipi migBUIIEHHS THCKY B KOMIIpecopi 22 edek-
tuBHui KK/I rasotypbinHoro arperara ctanosus 0,369.

Ha npomy X erami A€TanbHOTO JAOCIHIIHKEHHS 3a3Ha-
J1a KOMIIPECOpHa YaCTHHA MABWUIYHA, SKa CKJIAQJAETHCS
3 JIeB’ATUCTYIHYACTOrO OCLOBOTO KOMITPECOpa HU3bKOTO
tucky (KHT) i meB’SITHCTYIiHYACTOrO OCHOBOTO KOMII-
pecopa Bucokoro Tucky (KBT). [Tapamerpu, Bu3zHaueHi
B XOJi MOCTYITIHYACTOr0 TEPMOTa30IMHAMIYHOTO PO3pa-
xynky KHT ta KBT, Oy BUKopucTaHi y posii BUXiJHHUX
JUIsl IOOY/I0BH TE€OMETPUYHOI MOJIENi KOMIIPECOpiB Ta
JIOCITJDKEHHS XapakTepy pyXy B HHX IOTOKY IOBITpS 3a
nonomoroto yHiBepcanbHoro CFD-makery Ansys CFX.

3a pesynbTaTaMH JOCHIPKCHHSI KOMIIPECOPHOI 4ac-
TUHH 1T00Y/I0BaHO Tpadik 3MIHM TeMIlepaTypu HOBITPs
10 CTYNEHSAX (BUKOPHCTaHI MapamMeTpu Ha CepeIHbOMY
niametpi) 1 BIAMIOBIMHUH oMy rpadik 3MiHH TeMIepaTy-
PH KUITIHHS BOJM IIPU JTAHOMY THCKY (TeMmmeparypa Ha-
cuaeHHs) (puc. 1).
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3 puc. 1 BuHO, O TeMIiepaTypa MOBITPsS B KOMII-
pecopi cTae OUTBIIOI0, HIXK TEMIIepaTypa KHUITiHHS BOJM,
TiTBKH TOYNHAI0YH 3 6-T0 cTyners KHT. Otxe, ams pos-
risigaemoro I'TA, BUXoas4n i3 3p0o0JIeHUX paHile mpH-
mymiens, naaui crynens KHT moxe po3rminroBaTucs sk
MOYAaTKOBMH JUIs TTI0/1a4i BOJU B KOMIIPECOP.

Ha npyromy erarmi JociipkeHb po3riisaainacs 3MiHa
rapameTpiB BUXIHOTO Ia30TypOIHHOrO arperara IMpH
BIIOPCKYBaHHI BOJM B IMPOMIDKHI CTyIEHI KOMIIPECOPIB.
BurkoHaHO TeIUIOBUII PO3paxyHOK JIEKUIBKOX BapiaHTIB
I'TA, B KOXXHOMY 3 SIKMX II0J1a4a BOJM 3JiHCHIOBaJIa-
csl B TIPOTOYHY YacCTHUHY Iepeji KOHKPETHUM CTYIEHEM
Komripecopa. J{ist Komrpecopa HU3BKOTO THCKY Lie Oyiiu
ChOMHI — JICB’ATUH CTYIICHI, JUII KOMIIPEcopa BUCOKOTO
TUCKY — MEPIIHNH — BOCBMUII CTYIEHI.

[MuTaHHS KOHCTPYKTUBHOTO BUKOHAHHS ITiJIBECHHS
BOJIM B MPOMDKHI CTyINEHI KOMIIpecopa B JaHiii po0o-
Ti HE PO3MISIIANKCS, X04a Ha IJCTaBi JOCTIKEHB [6]
BiJIOMO, IO [Ieé MOYKHA peai3yBaTH JBOMa CIIOCOOaMHU:
Kpi3b OTBOPW B JIOMATKaX HANpsIMHOTO arapaTy Iore-
PEIHBOTO CTYIICHS 1 Kpi3b OTBOPU B KOPIYCi KOMITpe-
copa. B 00ox Bumamkax TifBEACHHS BOAW B IMOTIK TO-
BITps 3MIHCHIOETHCS 1O BXOAY HOTO B OCIIIKyBaHUI
CTYIEHB.

JUis MiHIMI3aIi] WKiJTMBOTO BIUTUBY BOIH Ha PoOO-
Ty KOMITpecopa B MPOESKTOBAaHUX Ta30TypOIiHHUX arpera-
Tax mependavanocs CTBOPUTH YMOBH JUIsl «IIPAKTHYHO
MUTTEBOTO» KHUITIHHS YIIOPCKYBaHUX Kpamneib. [lo Takux
YMOB MOYKHa BiJTHECTH 3MEHIICHHS JWCIIEPCHOCTI PO3-
MUTIOBAaHUX Kparielib 1 MiTPUMaHHsI BUCOKOT'O TeMIiepa-
TYpPHOT'O HANOPY Mi’K KOMIIPECOPHUM IOBITPSIM 1 BOJIOIO.

3MEHILeHHS PO3MIpiB YaCTHHOK BOJIH, K1 I10JIAI0Th-
cs1 B IPOTOYHY YaCTHHY KOMIIPEcopa, Py HEe3MIHHIH BH-
Tpari BeJie A0 30UTBIICHHS IO IIOBEPXHI TEIIO00OMIHY
Ta 3MEHILICHHS 4acy BHIIapOBYBaHH:. ExcriepuMeHTab-
Hi JIOCHI/PKEHHS, 110 MPOBOAMINCS PI3HUMH aBTOPaMH
[6; 10], cBimyaTh Tpo Te, MO MIHIMATBHUIA CEPEIHBO-
MacoBHH JliaMeTp pO3NWIIOBAHUX Kparlellb Ui 1CHYIO-
YUX KOHCTPYKIIH IHKEKIIHHUX MPUCTPOIB 3HAXOAUTHCS
B Mexkax 20...30 Mxm.
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Puc. 1. 3mina TemnepaTypu nositps (/) i TeMIepaTypy KAIIHHS BOJY IPH JaHOMY THUCKY (2) IO CTYIICHSIX KOMIIPECOPiB HU3bKO-

ro (@) 1 BUCOKOTO (6) TUCKIB
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3 METOI MiATPUMAaHHS BHCOKOTO TEMIIEPAaTypHOTO
Haropy nepeadaydayiocs, 0 y BCIX PO3MIISTHYTHX Bapi-
antax ['TA B KiHIII ITPOIIECY BUIIAPOBYBAHHS BOJH TEM-
Tneparypa OXOJOKEHOTO KOMIIPeCOpHOro mnositps 7,
MIEePEBHIIYE TEMIIEPATYPy HACHYEHHS HE MEHIIE, HI)K Ha
5 K. Buxozstuu 3 1[bOT0 IPUMYIIEHHS, 3 BUKOPUCTAHHAM
PIBHSHHS TEIUIOBOIO OaaHCy BiTHOCHA BUTpaTa MojaBa-
€MOI BOJI MOJKe OyTH OlliHeHa 32 (hOPMYJIO0
GW _ Cpx(Tx _Txx)

o
" GKI hxx - hw

ne G, — Burpara Boa, kr/c; G _ — BUTpara HoBiTps
y Bxigaomy nepepizi KHT, kr/c; ¢, — CepeiHs Maco-
Ba TEIJIOEMHICTh TOBITPS B IIPOLECI OXOJOKEHHS,
k/k/(xr - K); T, — Temmeparypa MOBITpsi MEpPEN 0XO-
nomkennam, K; A — eHTasbIlis MogaBacMoi BOJH,
k/Ix/kr (npu temneparypi 288 K i Tucky 2,2 Mlla cra-
HOBUTE 65,09 kJK/KT); A, — eHTambMis BOAAHOI TIapy
npu Temmneparypi I, i JaHOMy THCKY B CTymeHi, kJDk/ kr.

[licnst xumiHHA BOAM pOOOYE TiO, SKE PYXA€ThCS
Jalli o TPaKTy ra3oTypOiHHOTO arperaTa, sIBIs€ cOO0I0
CyMIIll BUXiJTHOTO Ta3y (MOBITPsi a00 MPOJYKTIB 3rOpPsH-
Hs1) 1 BoasHOI mapu. Lle 3yMOBMIIO HEOOXiHICTh yTOY-
HEHHsI TeTUTO(I3MYHUX BIACTHBOCTEH PoOOYOTO Tima —
TEIIOEMHOCTI, Ta30BOi CTAJIOT 1 ITOKa3HNUKA 130€HTPOTIH.

Tax, Hanpukiaz, mpy nojadyi BOIM B MPOMIXHI CTY-
meri KHT gepe3 npyry 9acTuHy 1boro Komrpecopa 0yae
TIPOXOJIUTH CYMIII TIOBITPS 1 BOJSTHOT Mapu, B sIKiii Maco-
Ba YacTKa BOASHOI Mapu CKiIaje:

GW _ GW/GKI _ (X‘W

m,, = = = ,
Gz Gu2/Ga 0z

b

ne G_, — BUTpaTa TOBiTps Yepe3 npyry dactuny KHT,
kr/c; o, = 1+ o, — KoedilieHT BUTpaTH poOOYOro Tija
yepe3 apyry yactuny KHT.

OTxe, MacoBa YacTKa IMOBITPS B il CyMIMIi CTaHO-
BUTH:

mn=lfmw.
n,
0,39
0,381 [
0,37 f=—f——F——F—= r"-lr-".> b bk . 1
0,36
0,35
0.34 \k
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Puc. 2. 3anexwnicts epextuBroro KK/ razorypbinHoro arpe-
raTa BiJl HOMepa KOMIPECOPHOTO CTYIEHS, Y SIKMH MOJA€ThCS
BOJa (JIPYyTHil eTam JOCIiKeHb)
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[300apHa TemIoemMHICTE poOodoro Tima AnsS Ipyroi
yactuan KHT:

C

iz~ ,C +mc

n pnl wowWi

nec,, — TEIIOEMHICTB MOBITPS; €, — TEILIOEMHICTE BO-
JSTHOT Tapy (BU3HAYAETHCS 32 TAOJIMISIMU, JHB., HAIIPH-
knan, [5, c. 297)).
lazoBa crama poGoOYOro TiNa ISl APYrOi YaCTHHU
KHA:
Rnlz = man + mew’

ne R =287,1 lx/(xr-K) — ra3osa crana mosirps; R —
razoBa cTajla BOJASHOI mapu (y po3paxyHKy MpUHAMaemMo
piBHOIO 461,9 JI/(kr - K)).

YTouHeHe 3HAYEHHS IIOKa3HWKA 130€HTPONHU IS
TIpOoIIeCy MiBUIIEHHS TUCKY y apyTii gacturi KHT:

Cpul2

Kyjp=—"—"7-—
"2 Com2 — Ruiz

AHaNOTYHUM YMHOM YTOYHIOIOTHCSl 3HAQUEHHS Tell-
0(pi3MYHUX BIACTUBOCTEH CyMillli BUXiTHOTO poOOYOTr0
Tija i BOASHOI MapH IS 1HIIMX YaCTHUH Ta30TypOiHHOTO
arperara.

Ha puc. 2 1 3 nmpezacrasiieHi 3a1eKHOCTI €(heKTHBHOTO
KKJI Ta moTy>KHOCTI ra30TypOiHHOTO arperaTa Bifl MiCIIs
1ojia4ui BOAM B MPOTOYHY YacTHHY Kommpecopa. IlItpu-
XOBOIO JIHI€I0 TIOKa3aHo napamerpu (Binnosigno, KK/
i moTyxHicTe) Buxiguoro ' TA.

3 pUCYHKIB BHIHO, IO OOWIBI 3aJIe)KHOCTI MAIOTh
ontuMyM. 11 TOTY>KHOCTI BiH BiJIIIOBiJa€ 1moaavi BOIU
B 14-if kommnpecopHHii CcTymiHb (TOOTO mepen 6-M CTy-
MIeHEM KOMIIpecopa BUCOKOro THCKY). IIpupict moryx-
HOCTI B IbOMY BHUMAJIKy CTaHOBUTH 24,4%. OnTuMansHe
3HaveHHs K edexruBHoro KK/ nocaraerses mpu nopadi
BOJH B 9-1f CTYyIiHB KOMIpPEcopa HU3HKOTO THCKY, IO eK-
BIB&JICHTHO I10/1a4i BOJIU B IEPEXITHUK MIXK KOMIIPECOpa-
mu. Edexrupanii KK/ 30inbmryerses npu mpomy 3 0,369
1o 0,389, To6T0 Ha 5,4%.

Ha puc. 4 mpencraBneHa 3alneXHICTh BiTHOCHOI BH-
TPaTH OXOJOJKYIOUOl BOAM O, Bill Micus ii BBEIEHHS
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Puc. 3. 3anexHicTh MOTYXHOCTI ra30TypOiHHOTO arperara
BiJl HOMepa KOMIIPECOPHOT0 CTYIICHSI, Y KUl T0a€ThCsl BOJA
(mpyrHii eTar 1OCIiIKEeHb)



B MIPOTOYHY YAaCTHHY KOMMpecopa. 301IbIICHHS TeMIIe-
paTypHOro Hamopy MiX IOBITPSIM 1 BOJIOIO, siKe BinOy-
BAETHCS 32 PyXOM TOTOKY, OHO3HAYHO MPU3BOJHUTH JI0
3pOCTaHHsI KUTBKOCTI BOJIM, SIKY MOYKHA BUIIAPyBaTH MPH
MPUHHATHX MPUIYIIEHHsX. B abcomoTHOMY BHpakeHHI
3MiHa BuTpatH Boau G Bix Micus ii BBeseHHs 300paxe-
Ha Ha puc. 5.

Sk BuUmIIMBae 3 HaBeleHHUX rpadikiB, JUis BapiaHTy
I'TA 3 makcuManbHUM 3HaueHHsM edektuBHOro KK/
(ToOTO TIpH MOJaYl BOAM B MEPEXiJHUK MK KOMIIPECO-
pamn) 301IbIIEHHS TTOTY>KHOCTI CTaHOBHTH 16,3%, mpu
BiIHOCHi} BUTpaTi BOAM Ha oxojomkenHs o, = 0,0232.
AbcontoTHa BUTpata Boau npu ubomy G = 1,87 kr/c.

Ha tpetpoMy ertami gociimkeHb BUKOHYBAJIOCS TIPO-
eKTyBaHHS ra3oTypOiHHOTO arperara 3 OXOJOKCHHSIM
KOMITPECOPHOTO TIOBITPS Ha 3aJjaHy MOTYXKHICTh 25 MBT.

Jns mpoeKTyBaHHS BHKOPHCTOBYBAjacs METOIM-
Ka pO3paxyHKy, paHillle 3aCTOCOBaHA Ha JPYroMy eTari
JOCIIJ[’KCHb, 3 HEOOXIJTHOK KOPEKII€I0 BiIIOBITHO JIO
mocrtaBieHoi 3amadi. [ToOymnoBana 3a pe3ynpTaTaMu po3-
paxyHKy 3anexHictb edexruBroro KK/ I'TA Bin micis
BBE/ICHHS BOJAM B NIPOTOUHY YACTHHY KOMIIpECOpa HaBe-
JieHa Ha puc. 6.

Sk 1 B momepenHOMY BHIIAJKY, HaHOUTBITY edek-
TUBHICTh Ta30TypOIHHOTO arperara 3abe3redye BapiaHT
3 [T0Ta9ei0 BOJH B MEPEXiTHUK MiXK KoMIpecopamu. [Ipu
BITHOCHII BUTpATi BOJAM HA OXOJOKCHHS a, = 0,0232
i abcomroTnii ii Butpari G, = 1,58 xr/c edexTnBHMH
KK I'TA cranoButs 0,397.

BUCHOBKMHN. 1. OXxonomKeHHS KOMIIPECOPHOTO
MOBITPSI IIUISIXOM YIOPCKYBAHHSI BOJM B IPOMIDKHI CTYy-
neHi € e(h)eKTUBHUM CIIOCOOOM IMiBHILCHHS apaMeTPiB
ra3oTypOiHHMX arperaris.

2. Hns naHoi CTPYKTYpHOI CXEMH Ta TOTYXKHOCTI
ra3oTypOiHHOrOo arperara HaiOutemmii npupict KK
3a0e3medye BBEICHHS BOAM B TMEPEXiTHUK MK KOMII-
pecopaMy HM3BKOTO 1 BUCOKOTO THCKIB, 1110, TIO-TIEpIIIE,
CHpOIIye KOHCTPYKTHBHE BHKOHAHHS BBEJCHHS, a MO-
Jpyre, JO3BOJISIE MAaKCUMaIbHO TTOBHO BHIIAPyBaTH II0-
JaBaeMi Kparuti BOAM IIepe]l BXOOM B JIOIIATKOBI KaHAIIH.
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Puc. 4. 3anexHicTh BiJHOCHOI BUTPATH OXOJIOMKYIOUOi BOAN
BiJl HOMEpa KOMITPECOPHOTO CTYIICHS, Y KU BOHA MOJAETHCS
(mpyruii etam gOCIiIKEHb)
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Puc. 5. 3anexHicTh BUTPATH BOJU HA OXOJIOKEHHS BiJl HOMe-
pa KOMIIPECOPHOTO CTYIICHS, Y KUl BOHA MOAAETHCS (APYrHil
€Tar JIOCTiKCHB)
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Puc. 6. 3anexuicts epextuBHoro KKJI razorypbinHoro arpe-
rara BiJi HOMepa KOMIIPECOPHOTO CTYIEHS, Y SIKHH MOAa€ThCSI
BOJIa (TPETiii eTam 10CiHKEHb)
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