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K o60CcHOBaHMIO BbIOOpa NPOMEXYTOYHOro AaBrieHUsA
B ABYXCTYNeHYaTbIX KOMMpeccopax

A.B. Kopsrun

OCHOBHBIM CITOCOOOM TIOBBIIICHUS] SKOHOMIYHOCTH pabOTHI KOMIIPECCOPOB SIBIISIETCS HCIIOIb30BaHIE MPOMEKYTOTHOTO OXJTKICHUS CXKHU-
MaeMoro rasa. [Ipn pacuere gaBieHus, IpU KOTOPOM OCYIIECTBISIETCS OXJIXKACHNE Ta3a, HCTIONb3yeTcs (GopMyIIa AT ONIpeIeIeHNS CPEIHETO
TeOMETPHIECKOTO 3HAYEHNsI BXOJAHOTO M BEIXOAHOTO faBieHuil. [Ipu ee BEIBOZIE TpeImonaranoch, 94To TEMIIEpaTyphl ra3a Ha BXOJE B EPBYIO U
BTOPYIO CTYTIEHH CKaTusl U BHyTpeHHue orHocutenbHble KITJ[ ctyneneii paBHbl. [IpuHATO, UTO MOTEpH AaBIEHUS B TEILIOOOMEHHUKE IIPEeHe-
OpeXuMo Mauibl. JJaHHbIE OITyIIEeHNs] BHOCSAT OMIMOKY U MOJIy4eHHOE 3HaUeHHe He SIBJIIeTCsl onTUMaibHbIM. [Tonyuena ¢popmysta, B koTopoid
9THUX JiomymieHunit Het. [Ipy paBeHCTBE TemIreparyp raza Ha BXOJie B IIEPBYIO U BTOPYIO CTyneHH Komrnpeccopa, ux KI1/1 u orcyTcTBHY oTeph
JIABJICHUS OHA IIPEBPAIAETCsl B 0OBIYHO UCIIONIB3YEMYIO.

[IpuBenens! pacueTsl A5 onpeneneHust BausaHus remneparyp razos u KIIJ[ ctyneneit cxarust Ha onTUMaNbHOE 3HAYEHHE TIPOMEKYTOYHOTO
nasnenus. B wactHocty, (mpu paBenctse KIIJl cTyneneii 1 OTCyTCTBHM IPOCCEINPOBAHIS MEXIY CTYNEHIMHU) OTIANYNE TEMIIEPATYP MEPen
cryneHsamu Ha 1 % (ms armocdepHoro Bo3ayxa okosto 3 °C) MeHseT ONTHMalIbHOE 3HaYCHHE POMEXKYTOUHOTO faBienus Ha k/[2(k— 1)] %.
st Bo3yxa k = 1,4 910 m3menenue cocrasisier ~1,75 %. Takoe xe n3meHenne Bei3biBaet ommune K11/ cryneneii Ha 1 %. BapsupoBanue
ko uImenTa apocceanpoBanys Ha 1 % NPUBOIUT K M3MEHEHHIO 3HAYEHMS ONTUMAIIBHOTO IIPOMEXKyTOUHOTO faBinenus Ha 0,5 %.
[IpoBeneHo cpaBHEHHUE PE3y/IBTATOB pacdeTa MPOMEXYTOUHOTO AABICHHS 110 MOJIyISeHHOH U mpuMensieMoit opmynam. Pacuers! ontrmans-
HOTO 3Ha4Y€HHMS MPOMEKYTOTHOTO JaBICHUS TIOKA3alIM pa3Indue B pe3ysbrarax 6onee gem Ha 7 %o.
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On Selecting the Intermediate Pressure in Two-stage Compressors
A.V. Koryagin

The main way to improve the performance of compressors is subjecting the compressed gas to intermediate cooling. In calculating the pressure
at which the gas is cooled, a formula for determining the geometric mean value of the inlet and outlet pressures is used. This formula was derived
subject to the assumption that the gas temperatures at the inlet to the first and second compression stages are equal, and so are the internal relative
efficiencies of the stages. It is also assumed that the pressure loss in the heat exchanger is negligibly small. However, these assumptions introduce
an error, and the obtained value is not optimal. A new formula free from these assumptions is derived. With the gas temperatures at the inlets to
the compressor first and second stages and their efficiencies being equal, and with the pressure loss being equal to zero, the new formula becomes
identical with the commonly used one.

The article presents calculations on determining the effects the gas temperatures and compression stage efficiencies have on the intermediate
pressure optimal value. In particular (with the efficiencies of the stages being equal and provided that there is no throttling between them), the
difference of temperatures upstream the stages equal to 1% (around 3 °C for atmospheric air) causes the intermediate pressure optimal value to
alter by #{2(k — 1)] %. For air at k = 1.4 this change makes around 1.75 %. The same change causes the efficiencies of the stages to differ by 1 %.
Changing the throttling ratio by 1% causes the intermediate pressure optimal value to vary by 0.5%.

A comparison between the results from intermediate pressure calculations carried out using the new formula and commonly applied one has
shown that the obtained intermediate pressure optimal values differ from each other by more than 7%.
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[ToBbIlIeHHE DKOHOMHUYHOCTH PabOThl HACOCHOTO M
KOMITPECCOPHOTO O00OPYIOBAHHS SIBIISETCS OIHUM M3 ITy-
TeH CHWDKCHHUSI SHEPronoTpeOsIeHNs peArpusiTHid. B cBs-
31 C 3TUM IIOCTOSIHHO IPOBOASATCS PaOOTHI 10 COBEPIICH-
CTBOBAHHUIO KOHCTPYKIUH OOOPYIOBaHUS M PEKUMOB €TO
pabortsr [1, 2].

OcHOBHOM cI0c00 TOBBIMICHUS YKOHOMUIHOCTH Pabo-
TBl KOMIIPECCOPOB — HMCIOJIb30BaHHE MPOMEKYTOYHOTO
OXJIAXKICHHUA CoKuMaeMoro raza. OOBIYHO Ui Ompeaere-
HUSI JIaBJICHNUS, IPU KOTOPOM OXJIaXK/1aeTcsl Ta3, UCIIONb3Y-

etcst popmyna [3]:
Pupon =N P1P2> (1

A€ P, P> P, — AABICHUE Ta3a MEKJY CTYNCHIMH CKa-
THSI, HA BXOZIE M BBIXOJIE KOMIIPECCOpA.

[Ipennonaraercs, 4To TeMmmeparypsl ra3a Ha BXOJE B
MIEPBYIO W BTOPYIO CTYIIEHU C)KAaTHsI PaBHBI, KAK PAaBHBI U
BHyTpeHHHE oTHOcuTenbHble KI1J] ctynenei. Kpome Toro,
MOTEPU JABJCHUS B TEIUIOOOMEHHHUKE MPEHEOPEIKUMO
MaJibl. JIaHHBIE JOMYIIEHHS BHOCAT OMIMOKY M IOJTy4YeH-
HOE 3HaU€HHE HE SIBJISICTCS ONTUMAJIbHBIM.

[Momyuum Gopmyy Uit ONpPEAeIeHHs ONTUMAIbHOTO
MIPOME)KYTOYHOTO JIaBJICHUs 0€3 3THX MPEAIOI0KEHNH.

VYrenbHas paboTa cKaThs IBYXCTYEHYATOTO KOMITPEC-
copa paBHa [4]:
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me T, T, pov —— TEMIIEPATypa ra3a Ha BXOJE B MEPBYIO U
BTOPYIO CTYIIEHH KOMIIpeccopa; k, R — Ioka3areib aaua-
0aThl M yAeTbHAS Ta30Bast MOCTOSIHHAS; ¢ — K02 duitmert
JPOCCETMPOBAHHS Ta3a B TEIIOOOMEHHHMKE; 1), 1), — BHY-
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Opu I'=T_ .n =n,uc= 1 dopmyna (2) npeobpa-
3yercs B (1).

[MozcTaBuB B (2) MONYyYEHHOE ONTUMAIBHOE 3HAUCHUE
MPOMEIKYTOYHOTO JaBJICHUS (3), MOIyYUM, 4TO MUHIUMAITh-
Has yjenbHas paboTa CKaThs BBITIISIUT KaK:
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OrneHnM BINSHHUE pa3IMduil TeMIlepaTyp rasa mepeq
crynersimu  ckarus, KIIJI ctyneneii, a Takxke Kod(hdu-
IIMEHTa JPOCCEIMPOBaHKs Ha BEJINYMHY ONTHMAaJIbHOTO
3HAYEHUS MpOMEXyTouHoro nasneHus. U3 (3) cuemyer,
YTO ONTHMAJIBHOE 3HAYCHUE MPOMEKYTOUHOTO JABICHHS
3aBUCHT He OT aOCOJIIOTHBIX 3HAYCHUH TEMIIepaTyp Iepesn
CTYNEHSIMH CKaTHsl, a OT UX OTHOIICHUS, ITO Kacaercsl
KIIJ crynenei coxarust.

3armmreM (3) B BUze:
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1€ p, — 3HAYEHUE MPOMENKYTOYHOTO JABJIEHHUS, Oy UECH-
Hoe 1o (1); p — OTHOIIEHWE 3HAYECHUI NABJICHUH, MOIY-
geHHBIX 10 (1) m (3); T = TUPOM/TI, 1 =1,/M, — OTHOIIEHHE
TeMIIeparyp Ha Bxoze B crynenu cxkarus u KIIJI cryneneii.

[Mponuddepenuuposas p 1o T u 1, ONpeIennM, Kak
BT oTianuus temmneparyp u KIIJ[ Ha ontumanbHoe
3HAYCHUE MTPOMEKYTOYHOTO JIABICHUS
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W3 popmyisr (4) BunHO, uto npu paserctse KII/] cry-
HEHEeH ¥ OTCYTCTBHH JPOCCETMPOBAHMSA MEXIY CTYICHS-
MH, OTIIHYHME TEeMIepaTyp nepes cryneHsamu Ha 1 % (s
aTMoc(epHOro Bo3ayxa okoio 3 °C) MeHSeT ONTHMalb-
HOE 3HaYeHHEe POMEXKYTOUHOTO JaBieHust Ha k/2(k — 1) %.
Jns Bo3nyxa (k = 1,4) 5TO W3MEHEHHE COCTaBIAET OKO-
10 1,75 %. AHanoruuynoe M3MeHEHUE BBI3BIBAET OTIUYUE
KIIJ cryneneit va 1 %.

W3menenne koaddunpenta npoccenupoanust Ha 1 %
MEHSET 3HAYCHHE ONITUMAJIBHOTO TPOMEIKYTOYHOTO IaBiie-
uust Ha 0,5 %.

CpaBHHUM BEIMYHMHBI ONTUMAIBHOTO 3HAYCHHS MTPOME-
KYTOYHOTO JTaBiieHus npu ux pacuere mo (1) u (3) u ore-
HHM BEJIUYHHY U3MCHEHHUS YACIBHOM pabOThI CIKATHS.
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Iycts T, =293 K; TrlpoM =303K;¢c=0,98,1n,=1n,=0.8;
k=1,4; R =288 Jlx/(xr-K), a koMmmpeccop MOBBIIIAET aB-
nenne ¢ 0,098 no 0,8 MIla. Torga onTuMallbHOE 3HAUCHUE
MPOMEXKYTOYHOTO JaBJICHUsI, paccuntanHoe mo (1) Oyaer
pasHo 0,28 MIla, a ompenenennoe no (3) — 0,30 MIa,
T. €. Oonbiie Ha 7 %.

Ionyuyennas Gpopmysia MO3BOJSICT TOUHEE OMPEACIATH
ONITUMAJIFHBIC 3HAYCHUS TPOMEKYTOYHOTO JaBICHUS MPH
MIPOCKTUPOBAHUU KOMITPECCOPOB.

PaGora BbImonHEeHa TpH THOAACpKKe MuHHCTEpPCT-
Ba oOpa3zoBaHuMs W Hayku P® 1o TOCYyZapCTBEHHO-
My 33JIaHHI0 B paMKax KOHKYPCHOTO OTOOpa HayYHBIX
IIPOEKTOB, BBIMOIHSACMbIX HAYYHBIMH KOJUICKTHBAMH HC-
CJIeIOBATENbCKUX IIEHTPOB U HAyUHBIX JJabopaTtopuii oOpa-
30BaTeIbHBIX OPTaHU3AIIIH BBICIIIETO 00pa30BaHu (3asiBKa
Ne 13.3233.2017/114).
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