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AHAINN3 XAPAKTEPUCTUK MPAMOIO LIMKIA TENJTOUCNOJb3YIOLLEN

KOMIMPECCOPHOW MALLUHbI C R744

Komnpeccopuas xonoounvhas mawuna ¢ npugooom om mypounsl ¢ eOuHbiM pabodum 6euecmeom
6X00UM 8 KIACCUDUKAYUOHHYIO SPYNIY MENIOUCROb3YIowux. Paseumue mawun cesizano ¢ uc-
noavsosanuem R744. Paccmompen npamoil yukin Mauiunsvl ¢ 08YMs CXEMHUMU PEULEHUAMU: NPOC-
moeim u pecenepamusHuim. Oyenuganue dHepeemuyecKko20 COBEpULEHCMBA NPUHAMNBIX peuileHul
NnpOBedeHO COBPEMEHHbIMU MEMOOAMU MEPMOOUHAMUYECKO20 AHAU3A, IHEPLEMUUECKUM U IKCep-
2emuyecKuM, Ymo obeneyuno peuieHue 60npoco8 IHeP2oCOepedCceHus.

Knroueevte cnosa: mennoucnonssyrouas KOMNPeCCOPHAs XOA0OUNbHAS MAWUHA —pe2eHepayis

menna — R7T44 — mepmoounamuyueckuti ananus — ekcepeemuieckas 3Q@GexmusHocms.

I. BCTYII

Vrumiszamniss BHCOKOIIOTEHIIHHOIO CKHUIHOIO TeIlIa
SHEePreTHYHNX YCTAHOBOK, BHKOPHCTAaHHS BTOPHHHHX
HU3BKOMOTEHIIITHNX [DKEpeN TeIla TEXHOJOTIYHHUX Mpo-
LIECiB NPOMHUCIOBUX MiJNPHEMCTB 200 MOHOBJIIOBAHMX
JOKEpeIl Terla — METO/IM €KOHOMIl eHepreTHYHUX pecyp-
ciB ruiaet. it XOJIOOUIBHOT Taiy3i rocrojaproBaHHs
OyIb-5IKO1 KpaiHU TIEPCTIEKTHBOIO € yIOCKOHAJIEHHS Tell-
JIOBUKOPHUCTAJIBHUX MAIMH LUISIXOM PO3MIMPEHHS MOXK-
JIMBOCTI yTHIII3alil OyIb-sIKOrO BUILy TeIUIa Y CYKYITHOCTI
3 HOBUMH CXEMHO-IIMKJIOBUMH PilICHHSIMHU.

3rigHo 3 KIaCH(IKAIEI0 XOJOMUIFHUX MAIlUH JI0
TETUIOBUKOPHUCTAJIBHUX BiHOCATH abcopOuiiiHi[l], exex-
TOpHI [2] Ta HapOKOMITPECOPHI B MPUBOAOM Bij TYpOiHH,
sKa TIpalloe Ha €UHIH poOOYid PEHOBHHI 3 XOJIOIMIIb-
HOI0 MannHoo [3].

KoxHa 3 MalllMH Mae CBOE KOJIO 3aCTOCYBaHHS Ta
poGoui pedoBuHH. AOCOPOIiiHI MamMHU BHUIYCKalOTh
MEPEeBaXHO BEJIMKOI MPOIYKTUBHOCTI 3 POOOYNMH pevo-
BHHAMH — OPOMICTOJITIEBUM Ta BOJOAaMiadHUM pPO3YHHA-
MH, €KEKTOPHI MAaIlMHU — MapOBOISIHI BEJIHUKOI MPOIYK-
TUBHOCTi, Majli — 3 HU3BKOKHIUITYUMH pPEYOBHHA-
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mu HFC-HCFC tumnis. KomnpecopHi Mammiay 3’ SBHITHCS
OCTaHHIMH B CBOEMY KJaci, mparroBanu 3 R12, R11, R22
peUOBMHAMH 3a TeMIlepaTyp mKepen Temia Bix 60 1o
250 °C, pobounx tuckiB Bix 10 10 25 Gap Ta Mamu cepe-
JHIO 200 BENWKY MPOAYKTHBHICTH. B MamuHi 00’ €aHAHO
OpsSIMHUA Ta 3BOPOTHHI TEPMOAMHAMIUHI KOHTYpPH 3arajib-
HUM KOHJIGHCATOPOM 1 arperatoM «TypOiHa-KomIpe-
cop» [4]. 3 mpoGiieM pPO3BUTKY MauX KOMIIPECOPHHUX
ManiiH O0yJ0 BUKOHAH BENTUKY KUTBKIiCTh JOCHIKEHb [5].

AJle BUKOPUCTaHHS TaKMX MAIUH CTaJ0 HEMOXKIIH-
BHM Y 3B’sI3KY 3 3a00pPOHOIO Ha BKa3aHi poOoUi peYOBHHH.
Bucoka eHepreTnuHa e(eKTHBHICTH KOMIIPECOPHUX TEH-
JIOBUKOPHUCTAJIBHUX MAIIUH TOCITY)XWIA CTUMYJIOM JUIs
MOJAJIBIIOTO JIOCTI/UKEHHS I[UIIXOM IOLIYKY Cy4YacHUX
poGounx pedoBUH [6] mis peamnizauii HaIKPHUTHYHOTO
nuKTy bpadiToHa Ta IUKIIB KOTEHepariii Terra i XoJo-
1y [7]. TepmoauHamiuHumit aHATI3 IUKITIB BUSBUB MPIOPH-
teT R744 ( miokcuay BYTJIEIO) y SKOCTI po6o4oi pedo-
BHHHU KOMITpecopHOi MamuHu. HaykoBo-TexHi9Ha iH(OP-
Mallis 1o/10 BUKOpUCTaHHS R744 B sikocTi po6ouoi peyo-
BHHHU B XOJIOAMIbHINA TEXHIIlI Ta EHEPTeTUIll TPHUCYTHS B
poboTax octaHHIX 15 pokiB.
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Poagin 1. XonoaunbHa TexHika
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Pucynok 1 — [Ipunyunosa cxema ma yuki KOMIPeCOPHOi Menio8UKOPUCMAIbHOT
xonoounvoi mawunu: I'H — eazosuii naepisau;, KM — komnpecop, IO — eazosuii
oxon00xcysayd; B — eunapnux; /[P — opocenv; T —mypbina; H — nacoc

PeasnizoBaHO eHepreTHHI JOKPUTHYHUIT Ta HaJKPH-
tuuHuit ukin Bpaiitona [8, 9]. Illupoko Bimomi kackaHi
XOJOAWIbHI MamuHU 3 R744 y BepxHROMY 200 HHUKHBO-
My kackanax [10], oqHoCcTyneHeBi MapOKOMIIPECOPHI Ma-
OIMHA 3 TpoIlecaMu y HamKpUTW4Hii o6macti [10] mus
KOHJHIIFOBaHHS MOBITps Ha TpaHcnopti [11]. TIpo mpak-
THYHY peamizamito R744 B TEIJIOBUKOPHUCTATHHHUX Ma-
mMHax abo CTBOPEHHS CXEMHO-IMKJIOBOIO PIILIEHHS IO-
nioHoi ManmHK iH(opmanii Hemae. CHCTeMH TpUreHepa-
il 3 KOMIIPECOPHUMH TEINIOBUKOPHCTAIbHUMH XOJIO -
JbHAMH MalllMHAMU Y BiJIKPUTIH TeXHIUHIH JliTeparypi He
PO3TISHYTI.

B po6ori [12, 13] BHKOHAaHO TEOpETHYHE JIOCITi-
JOKEHHS, B PE3yJbTaTi SKOTO 3alpoNOHOBAaHO CXEMHO-
IUKJIOBE PIMICHHS KOMIIPECOPHOI TEIUIOBHUKOPHCTAIBLHOT
xonoawiapHOT MammHu 3 R744 B sixocTi pobodoi pedo-
BuHH. TepMoauHaMidHMi aHaui3 i3 3amy4enHsM Ilepmioro
Ta Jlpyroro 3akoHiB (SHEPreTHYHHH Ta eKCepreTUYHHN
aHaJli3 JIiCHUX LUKJIB) JOBIB, IO CTBOPEHE HOBE CXEM-
HO-IIMKJIOBE PILIEHHS MOXKE MaTH NPAKTHYHY peaizaiito
H KOHKYPEHTOCIIPOMOYKHE 3 ICHYIOUMMH TEILIOBUKOPHC-
TQIPHUMHU MAllMHAMH, COPOLIMHUMH Ta €XKEKTOPHH-
mu [14].

3 oy Ha yIOCKOHAJICHHS Ta IMIJABHUIICHHS CHEP-
TeTUYHOT €()eKTUBHOCTI 3aIPOINIOHOBAHOI TEILNIOBUKOPHC-
TAJIFHOI KOMIIPECOPHOI MaIIMHU METOI0 IOCIIKESHHS €
CHHTE3 Ta aHaJi3 CXEMHO-LIMKIOBHX pIlIEHb 3 PO3raiy-
KEHOI0 MOXJIMBICTIO yTHJIi3amii a00 BUKOPUCTaHHS CaMo-
CTIHHOTO JpKepena Temia 3 OyIb-SKHM TeMIepaTypHUM
MIOTEHIIAJIOM.

[limBuIeHHs] €HEePreTUYHOT €PEKTUBHOCTI ITUKIIO-
BOTO PIIIEHHS MOB’SA3aHO 3 pereHepariero Temia. B mps-
MOMY IIMKJiI BOHA CIIPHS€ 3MEHIIEHHIO KiIBKOCTI TeIla,
MIBEIECHOr0 BiJl 30BHIIIHBOIO BHCOKOIIOTEHIIHHOTO
JoKepena, abo CTBOPIOE 3amac Teruia JJisi 01aTKOBOI pea-
Ji3amii Horo B MUK, B 3BOPOTHOMY - TiABUIIEHHIO XOJIO-
JIOTIPOIYKTUBHOCTI MAIIMHM 1 €KCIUTyaTaIliiHOT Ha(iiHO-
CT1 KOMITpecopa.
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Po3B’s3aHHA 337124 3[1HCHIOETHCA 13 3aCTOCYBaHHIM
METO/IiB EHEPreTUYHOTO Ta eKCEPreTUIHOr0 aHaji3y KOH-
KPETHUX CXEMHO-IIMKJIOBHX PillICHb.

II. OCHOBHA YACTHUHA

OcHOBHI mapaMeTpu Ta XapaKTEPUCTUKH NPSIMOro
HUKJITY

[MpuHIMNOBY cXeMy Ta LUK TEIUIOBUKOPUCTAIBHOT
KOMIIPECOPHOT XOJIOAMIBHOI MalIMHU 300pakeHO Ha pH-
cyuky 1[12]. Cxemy 3a OpsSMHM IUKJIOM CKJIaJalOTh:
razosuii HarpiBau (I'H), typGina (T), razoBuii 0xosnomKy-
Bay (I'O) Ta Hacoc (H). R744 3a BuCOKHMM THCKOM P, Ha-
TpiBa€ThCA 30BHINIHIM BHCOKOIOTEHI[IHHUM J[KEPEIIOM
TeTIa 10 TeMIepatypu 1y, pO3IIHUPIOETHCS B TYpOiHi 10
CEepelHbOrO THCKY p;. OTpuMaHa poOOTa BUTPAYAETHCS B
kommpecopi 3BopotHoro mukiy (KM) ta Hacoci (H).

[Tapa HM3BKOTO THCKY po 3 BUmapHuka (B) crtucka-
eTbest B Komrpecopi (KM) mo cepemHpOTro THCKY p;.

JlBa TIOTOKHM HapH CepelHbOTO THCKY 3MIIYIOThCS,
OXOJIOJDKYIOTHCS IIUIIXOM BiJIBECHHS TEIUIa B HABKOJIH-
mHe cepenopuiie. ITicas 0X0nomKeHHS MOTOKH PO3MOi-
nstoThest. OnuH noctynae B Hacoc (H), a npyruit — B apo-
ceNpHUH BeHTHIh (/IB).

[porec oTpUMaHHs XOJIOJy peajli3yloThCsl B BUIIAp-
HUKY IIPH TEIDIO00MiHI 3 OXOJIOIKYBaHUM 00’ €EKTOM.

lonoBHUMYM He3aNeKHUMH TTapaMeTpaMu LHUKITY €:
TeMmreparypa rpirodoro jkepena 7,, TeMmmepaTrypa Ha-
BKOJIMIIHBOTO cepefioBuIla T,,, TEMIEpaTypa OXOJIOMKY-
BaHOTO 00’€kTa T),\,;, BACOKHH p, Ta CEPENHIN p; THCKU. 3
Teopil TEIIIOBUKOPHUCTABHIX MAIIWH BiIOMO,IO0 3 TPHOX
JOKEepen Teryla MOXYTh OyTH He3ale)KHHMH TiJTbKU JIBa,
TPETiil 3aBK/IN 3aIeKUTh Bix HUX [6]. Sk mpaBmiio, B X0-
JIOMMIIBHUX MallnHax Hezanexuumu ¢ T, ta T, xapax-
TEPUCTUKH TPIlOYOT0 JDKEpENa OTPUMYIOTh 32 YMOBH pea-
Jnizamii KopucHoro edexTy (BUpoOHMIITBA X00oay). Hesa-
nexHicTe Ty, Ta T, Ma€e TeBHI 0OMexKeHHs, 00yMOBIIEHI
peaJbHUMH  CHOXKMBauyaMH XOJIOJY Ta HAaBKOJMIIHIM ce-
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pelnoBuiieM, B SKOMY Oyne eKCIUTyaTyBaTHUCS Mallu-
Ha. J{J1s rpitovoro mkepena OOMEXKEHHIO IiJUISTAE JIUILIE
MiHIMalbHa JOIMYCTHMa TeMIleparypa I KOHKPETHOi
YMOBH pPOOOTH MAIIWHHU, SKi BHU3HAYEHI MOMEPETHIMH
TeMIeparyp.

OOMEeXCHHSI TOPKA€TBCS 1 CEPEeAHBOTO THCKY, BiH
Mae OyTH BHINM 3a KpuTHaHUN 115t R744. Bucokuii THCK
BHU3HAYAETHCSI HASBHICTIO TypOiH Ta HACOCIB BiAIOBiTHOL
MOTYXHOCTI Ta p0OOYOT0 THCKY.

BpaxoByroun KOpHCHI TEHJEHLIT BUKOPUCTaHHS pe-
reHepauii Tera B €HepronepeTBOpIOBAILHUX CHCTEMAX,
BBEJEMO B MPSAMHI UK MPOIEC pereHepartii Terma Mix
IOTOKOM CEPEeIHBOTO THUCKY POO0Y0i PEYOBHUHH ITiCIA
TypOiHM Ta IOTOKOM BHCOKOTO THCKY Mepea Ta30BUM
HarpiBaueM Ta MpoaHATI3yeMO MOXKIIHMBICTH HOTro peari-
3amii 3 OMALY TOJIOBHUX ITapaMeTpiB MaIluHHU (pHCY-
HOK 2). PosrisiHeMo TeMIiepaTypHi 0OMEKEeHHsT Ha BHKO-
PHCTaHHS pereHeparii Temia (PUCYHOK 2).

Pucynok 2 — Cxema mMawiuny ma yuki 3 pe2eHepamueHum menio0OMiHHUKOM 8 NPAMOMY KOHMYPI.

Perenepanist Temia MOXXIIMBA JIMIIE MPU HAasBHOCTI
pizauni temnepatyp AT = (T, — T) Mk moTokamu po-
00401 pe4OBHHH Ha BHUXO[i 3 Hacoca 15 Ta MICIA PO3IIH-
peHss B TypOini 773a ymosu AT > 077 > Ts. [Ipu Hu3b-
KUX TeMIIepaTypax IpIrouoro Jpkepesa TeMeparypa rasy
micnst TypOiHn (Touka 6%) He 3a0e3nedye MPakTHUHOT
peaizaiiii perenepaiii. 3a BUCOKHX TEMIIEpaTyp IPil0Y0-
O JDKepena OOMeXeHHs BIICYTHI.

TepmoanHaMiuHUIA aHANI3 3a JOMOMOTOIO JiarpaMu
T-S (pucyHOK 3) HAOYHO EMOHCTPYE BILUIMB pereHepartii
TeIIa B MPSMOMY LMKJI HA XapaKTEPUCTUKU CKIIAJTHOTO
LUKy TETIOBUKOPHUCTAIbHOI MamuHK. KibKicTh Temia,
MABENEHOTO BiJ 30BHINIHHOIO BHCOKOIIOTEHIIIHHOTO
JDKEpena B ra30BOMY HarpiBadi, 3MEHIIEHO Ha BEJINYNHY
Ad,,, BIAMOBITHO 3MEHIYETHCS 3arajibHE TEIUIOBE HABaH-
TaxeHHs1 AQ,, IpU MOCTIHHIA XOJIOAONPOIYKTHBHOCTI B
BHIIAPHUKY (.

3a paxyHOK TakWX 3MiH 3pocTae KoedimieHT meper-
Boperns COP nukiy:

COP=0,/(0,, -AQ,,)

OIIHOqaCHO, SMCHITYETHCA TEIIJIOBE HABAHTAXKCHHA

Ha Ta30BHH OXOJIOKYBa4 Ha BENHUYHHY AQp, IO COPHUSE
€KOHOMI] MaTepiabHUX PecypcCiB, OB’ S3aHUX 3 EKCILTya-
Talli€l0 TETUIOHOCIS B IIbOMY arapari.
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Pucynok 3 — Tepmoounamiynuii ananiz npamoe Yyukiy
3a donomoeoio diazpamu T-S
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AJITOPUTM  BH3HAYEHHS! XapaKTEPHCTHK Ta TpOBe-
JAeHHS eKCePreTHYHOro aHaJi3y NpsaMoro MUKIy.

O1iHIOBaHHA EKCepreTHYHOI e(PEeKTHBHOCTI XOJIO-
IUIBHOT MaIlMHU 3OICHIOETHCS 3a JOIIOMOTOK MaTreMa-
THaHOI Mozelni. Mozens, sSIKy po3po0JieHO Ta arpoOOBaHO
B poboti [XapkiB 2014] mis cxXeMH Ha pPHCYH-
Ky 1 OTpiOHO YIOCKOHANWTH, IIJISIXOM BBEICHHS B CXe-
MHO-I[MKJIOBE PIIICHHS TOJATKOBHUX TPOIICCIB 1 €ICMEHTIB
3TiHO 10 PUCYHKIB 1, 3.

Jonatok g0 MaTeMaTn4HOi MOZE BU3HAYCHHS Xa-
PaKTEPUCTHK Ta EHEPIreTUYHOTO aHaIl3Y:

Enepreruunmuii 6ananc PT0O,:

by —hy=h, —hy

IIuToMe TemiaoBe HaBAHTAXXKCHHS HA ra30BHM Harpi—
Bay:

A, =hs =y, xorc ke

[IuToMe TermoBe HaBaHTa)KCHHS Ha Ta30BHM 0XOJI0-
JOKYBad MpsAMOro nuKiIry:

e =h, ~h il e

Excepreruunuii 6ananc rerrooominauka PTO;:

E,ZZ.PTOZ/G

5 10E

> 1IP.PTO,
-

11.PTO,

Y

EH.PTOZ =E; - E91 KkBm
EHP.PTOZ =E, —E;, kBm
E =E E xBm

J1.PTO, 1n.pr0, — =np.p1O,!

Mg.pro, = EHP.PTO2 / EH.PTOZ

IIpuxknan npoBeaeHHs1 aHATIZY

AHani3 npoBeJeHO /sl CXEMHO-IMKJIOBUX PillIeHb,
Ha/JaHUX Ha pucyHKax 1, 3.

Buxingni napameTpu:
— MakCHMaJlbHa TemIepaTypa pobouoi pedoBHHHU B Ta3o-
Bomy Harpisaui 7, = 90...700°C;
—THCK po0o4Yoi pevyoBHHH B
4i p,, = pe= 100...300 6ap
— THCK B ra30BOMY OXOJIOJKYBaui p3 = 75 6ap
— MiHIMaJbHa TeMIlepaTypa B T'a30BOMY OXOJIOIKYyBaui
T3=30°C;

ra3oBoMy HarpiBa-

— TeMIIepaTypa KuriHHs B Bunapuuky 7o = 5°C;

— KKJ] typ6inu n, =0,85, Hacoca 77, =0,9, KOMIIpeco-
pa ., =08: KKJ] enexkrpoJBUTryHa Ny =0,95, CTIEKT-
poreHeparopa p . =0,95;

— XOJIONOTIPORYKTUBHICTE Q) = [00kBm.
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PesynbraTi po3paxyHKiB HajilaHO B rpadiuHii popmi
Ha pucyHkax 4.1-4.17.
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0)

Pucynoxk 4.1 — 3anescnicme koegiyicnma nepemsoperHs
COP ¢i0 mucky (p,,) Ma MAKCUManbHoi memnepamypu

(t.,) 6 2azoeomy nazpieaui:

a — be3 peeenepayii, 6 — 3 pecenepayicio.

Ha mizcTaBi po3paxyHKiB OTpPUMYEMO BUCHOBKH [0 3a/1a-
i,

II1I. BUCHOBKH

BukopucranHs pereHeparii Teria B IpsMOMY LUK
PTO, crpuse minBuiieHHIO KoedilmieHTa TepeTBOPECHHS
COP uukny MamuHu Oiiblie HDK y ABa pasu (PHCYHOK
4.1) Ta 3MeHIIIye TEeIJIOBE HABAHTa)XKEHHS HA ra30BHH Ha-
rpiBau 10 2,5 pa3 (pucyHok 4.2);

PTO, ne BrMBae Ha: MacoBy BUTpaTy pobOodoi pe-
YOBHHHU B TIPSAMOMY LHUKJII (pUCYHOK 4.3), MOTYXHICTBH
TypOiEn (pucyHok 4.4), TOTyXHICTH Hacoca (pucy-
HOK 4.5).

Exceprerndna egeKTHBHICT, MAIIMHM 3 BUKOPHC-
Ta"asM PTO, 30inpiunacs Ha 4% Ta Mae MakCHMallbHE
3HaueHHsa 16,4% 3a tuckom 300 6ap Ta MakCUMaibHOIO
temneparyporo 700 °C po6ouoi peyoBHHH B ra30BOMY
HarpiBadi (pucyHok 4.7);
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Bidnocua decmpeswin encepriv FIO;

MakcuMaIana meRnepanypa & Jarnsouy sasplaai, °C

Pucynok 4.17 — 3anedxcricme 8i0HOCHOI OecmpyKyii eKce-

peii 6 PTO; (Vopmoz) 6i0 mucky (p,,) ma maxcumanoHoi

memnepamypu (t, ) 6 2azo6omy Hazpieauyi.

3acrocyBaHHa P70, He BIUIMBAa€ Ha CKCEPreTUUHY
e(pexTuBHICTh TypOiHM (pucyHOK 4.9) Ta Hacoca (pucy-
HOK 4.8), 30111bIIIy€e eKcepreTuiHy e(heKTUBHICTD ra30BOTO
HarpiBaua Ha 5-12% (pucynok 4.10), ra3oBoro oxosno-
oKyBaya B jiamasoni temmeparyp 400...700 °C o
42...53% (pucyHok 4.11);

Buxopucranas PTO; 3MeHIIIye NECTPYKINIO eKcep-
ril B MammHi BTpUYi, Ta I MaKCUMajbHE 3HAYCHHS CIIO-
crepiraetbes 3a TuckoMm 100 6ap Ta MaKCUMAaIbHOIO TEM-
neparyporo B razoomy Harpisaui 400 °C (pucyHok 4.12);

PTO, mae BmiuB Ha: TypOiHY — IOJS JECTPyKLii
eKceprii 3MeHIMIach B [Ba pa3u (pucyHok 4.13), Hacoc —
JIOJIL IECTPYKINi ekceprii He 3MiHmIacs (pucyHok 4.14);
ra3oBHi HarpiBau — BIJIHOCHA AECTPYKLIsI eKceprii 3MeH-
nmiack Ha 5..12% (pucynox 4.15) ta raszoBuil oxouo-
JOKyBad — BIZIHOCHA JIECTPYKIisl eKceprii 3MeHIIUIach 10
13% 3 82% (pucyHok 4.16)

3acTocyBaHHS pereHepaiii TEIUIOTH B IIPSIMOMY
ks PTO, TO3UTHBHO BIUIMBA€E Ha €HEPIETHUHY Ta EKCe-
preTuuHy e(eKTHBHICTH MAITUHH.
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ANALYSIS OF THE DIRECT CYCLE WITHIN HEAT-USING COMPRESSION MACHINE

WITH R744

Compression refrigeration machine driven by turbine (working fluid is the same as for refrigeration ma-
chine) is classified as heat-using compression refrigeration machine. The scientific development of the
heat-using compression refrigeration machines associates with introducing R744 (carbon dioxide) as the
working fluid. It leads to an expand in the opportunities of these machines through (a) utilization of heat
with different temperature levels, (b) development of new schematics and corresponding thermodynamic
cycles, (c) contribution to the energy saving, and (d) contribution to the ecological problems associated
with refrigeration. A heat-using compression refrigeration machine consists of two thermodynamic cy-
cles: direct (for generation of work) and inverse (for generation of cold). Efficiency of each cycle depends
on the schematic. In this paper, the two possibilities for the direct cycle have been evaluated: simple and
with heat regeneration. The energetic and exergetic methods of thermodynamic analysis have been ap-
plied. It is shown that the thermodynamic effectiveness (exergetic efficiency) depends on the combination
of schematic and operation parameters within the gas heater, and the magnitude is the function of the
temperature level of utilized heat. Results obtained from the exergetic analysis showed the irreversibili-
ties within each system component and identified the components that have highest priority to be im-
proved in order to contribute to the energy saving problem.

Keywords: Heat-using compression refrigeration machine; Heat regeneration; R744; Thermodynamic

analysis; Exergetic efficiency.
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