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promotes modernization and informational support of learning process in vocational training
colleges. Structure and examples of application of new equipment during the teaching of the
disciplines of engineering, technical, and natural direction, in particular, energy saving, is
described. Characteristics and advantages of the conception of electronic digital laboratories
using in learning experiment are considered.

VJIK 662.99
A.A. PEJIBKO, C.B. HABJ’IOBCKHPI, A . KOMITIAH

XapbKOBCKUI1 HAIMOHAJIBHBIM YHUBEPCUTET CTPOUTENIBCTBA U APXUTEKTYPHI

INOBBIINEHUE 2PPEKTUBHOCTU TEINVIOYTUJ/IM3ALINOHHBIX
QHEPI'ETHYECKHUX YCTAHOBOK

Hasoosmovcsa pesynomamu 00cniodxcenus HuzbKomemnepamyphux yukiié Peukiua.
Busnaueno 3mauenns enekmpuunoi nomyscHOCmi, wjo BUPOOIAEMBCA, 8 KOSEHEPAYUOHHOM
CUTIOBOMY KOHMYPI KOMENbHO20 azpezamy npu memnepamypi eupyuwiarouux 2azie 200-220°C.
Tloxazano, wo npu 6ukopucmawHi cymiuiel OpeaHiYHUX peyo8UuH NpU HAOKPUMUYHUX
napamempax Moiciuse supoOieHHs elekmpoenepeii 00Cmamuix 0as 3a0e3neyeHtst GACHUX
nompeb KomenbHOi YCMaHOBKU.

Knrwuoei cnoea: ymunizayis, HU3bKOMeMNEPAmMypHull Yuki, Ko2eHepayis, YUK
Penkina.

O PeKTUBHOCTh MPOMBIIUICHHBIX OTOMHUTEIbHBIX KOTEIBHBIX COCTaBJISET OKOMO 85-
86%, 4TO SBISETCS HENOCTATOYHBIM W NPUBOAMT K HEPALMOHAIBHOMY HCIOJIb30BaHUIO
TOIUIMBA — MMPUPOAHOrO rasza. Temmneparypa yxoasmux razoB cocrasiser 180-220°C. Ilotepu
TEIUIOTHI C YXOMSIIMMHU Ta3aMu SBJsIETCS Hanbosee CyIEeCTBEHHBIMUA M COCTABISIET OKOJIO 8-
9% 1O OTHOIIEHUIO K HU3IIEH TEeMIOTe CropaHus ra3a, a pHu pacyeTe TEeIoBoro OagaHca mo
BBICIIIEH TerioTe cropanus — 16-18%. Mcmonp30Banue TEIUIOTH YXOASIINX Ta30B BO3MOYKHO
JUISL TIOZIOTPeBa BO3lyXa, TOJAaBaeMOr0 Ha TOPEHHE, IMOJO0rpeBa OOpaTHOH CETeBOW BOIBI
cUCTeMBbI TeruiocHaOkeHus. [1o naHHBIM 9KOHOMHS TOTUIMBA MpU 3TOM cocTasisieT oT 0,95 1o
3,76%. bonee mepCHEeKTUBHBIM SIBISETCS HCIOJIB30BAHUE TEIUIOTHl YXOMSAIIUX Ta30B IS
MIPOU3BOJICTBA JJICKTPOIHEPTHH M B TIOCICAYIONIEM IS COOCTBEHHBIX HYKJ KOTEIBHBIX
YCTaHOBOK.

PacmipocTpaHeHre MONYYHIU TPOIECCHl MPEoOpa3oBaHUsT HHU3KO MOTEHIUATbHON
TEIUIOTHl B JJIEKTPOIHEPTHUIO C HCIIOJB30BAHUEM KOHJICHCAIMOHHBIX MApOBBIX TYpOWUH B
CUCTeMaxX  VTHWIW3AIMA TEIUIOTBI M  KOTEHEPAallMd  TIeOTePMAIBHOTO  TEIUIo- |
anekTpocHaOxeHus [1,2], peanusyemble UK PeHKHHA C Pa3IMYHBIMH JICTKOKHIISITAMHI

pa60qI/IMI/I BCIICCTBaAMU [2] B TCMIICPATYPHOM [IHAIIa30HC FCOTCpMaHLHOﬁ KHUAKOCTU OO0

200°C. B kayectBe pa0oyero TEIJIOHOCUTENs OMHAPHOM HHEPreTHUECKOW CTaHIIMU
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UCIIOJIB3YIOTCSI OPraHWYeCKUE TEIUIOHOCHTENHM, XJaJOHbl W pasnuuHble cmecu [1-3].
TepmoaunaMudeckas 3¢G(GEKTUBHOCTh Ipoliecca IMPeoOpa3oBaHUs HHEPIUU CYIIECTBEHHO
3aBUCUT OT BblOOpa pabouero BellecTBa M NapaMEeTPOB LUKJA YCTAaHOBKH, IOITOMY IOUCK
3¢ (eKTUBHOTO PabOUero BEMIeCTBA MPOIOIIKACTCS.

Lenpto Hacrosimieil paboThl sBIsieTCs MOBBIIICHHE 3()()EKTUBHOCTH KOTEIBHBIX
arperaToB IyTeM YTHJIM3ALMM TEIUIOThl YXOIAIIMX Ta30B I BEIPAOOTKH 3IIEKTpO’Hepruu. B
paboTe NpUBEACHBI TEIUIOBAas CXeMa KOTEJIbHOI'O arperara ¢ YTHJIM3aLMOHHBIM CHJIOBBIM
KOHTYPOM M pE3yJIbTaThl YHCIEHHOTO HCCIIEI0BAaHUS LMKIOB YCTAaHOBKU MpeoOpa3oBaHUs
TEIUIOTHI YXOASIIMX ra30B KOTEJIBHOI0O arperara B 3J€KTPOIHEPTHIO.

B Hactosmiei pabote uccienoBanuck okoso 50 pabounx BemecTB M ux cmeceid. Ha
BbIOOp pabouero BellecTBa LUKJIA BIMSIOT pPAa3JMYHble HapaMeTpbl M OHM JOJKHBI
XapaKTepU30BaThCSA: HU3KOM TemrepaTypoil HopMaiabHOro kumneHus (Hwke 350K), 6omabiioi
TEIUIOTOM UCHapeHusi, BICOKOW IIOTHOCTBIO, (POpMOM MpaBoil MOrpaHUYHON KpUBOM (JINHUU
HACBHIILIEHHOI'O Iapa) B JuarpaMMe Temieparypa — SHTponus (T.K. OHa OrpaHUYMBAET
3HAYEeHUE [apaMeTpoB IMapa IIOCJIe paclIMpeHus ero B TypOMHE) U HpPHUEMIIEMbIMU

SKCILTYaTalMOHHBIMU Ka4Y€CTBaAMMU.

I, ®Jb/xr

Puc 1. /Imarpamma «jaaBjieHue - FHTAJbIHS MPoLecca yTUIU3ALMY JJIsl H300yTaHA B
nukJje Penkuna (1-2 — c;kaTtue B Hacoce; 2-3 — HArpeB U HcNapeHue; 3-4 — pacmpenne

B TypOuHe; 4-1 — oxJ1a:k1eHie U KOHeHCcAlus mapa)
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Ha BeiOOp pabouero BemiecTBa HAKJIAIBIBAIOT OTPAHHYCHUS, CBS3aHHBIE C
9KOJIOTUYECKUMHU M TEXHOJIOTUYECKUMHU HOpPMaMH, a TaKke TpeOoBaHUSIMH Oe301acHOCTH. B
ATHX YCIIOBHSIX, IIPU BBIOOPE pabodvero BEIIECTBA, YAOBJICTBOPSIONIETO BCEM TPEOOBaHUSIM,
MPUHUMACTCS KOMIIPOMHCCHOE pelieHue. B pacderax MPHUHITO OrpaHUYCHHUE — TIPOIECCHI
paciipenus napa B Typoune (3-4) 3aBepmiarorcst B oxHoda3Hoi odmactu (puc. 1)

Cxema KOFCHepaHHOHHOﬁ YCTaHOBKHU IIOKa3aHa Ha pHUcC. 2.

MpoaykTbl
cropaHus 2

ras /

Bosayx B abiMoByto
TpyBy

ATMOCEPHbIN
Boaayx

Puc.2 Cxema KOTeJIbHOI0 arperara ¢ Tenji0yTHIN3AIHOHHONH KOTeHepPallHOHHOM
IHEProycTaHoBKoii (1 — KoTes, 2 — IKOHOMAli3ep, 3 — yTHIN3ATOP-UCHAPHUTEIb,

4 — TypOuMHAa, 5 — YJIeKTpOreHeparop, 6 — KOHAEeHcATOP, 7 — HACOC).

YTunuzanus TEIIoThl YXOJMIIMX Ta30B Mociae Koriaa 1 u skoHoMmaiizepa 2
OCYIIECTBIIICTCA B YTWJIM3AIMOHHOM wucnaputene 3. Ilapsl TemyoHOCHTENsI MOAAIOTCS B
TypOHuHY 4, T/ie paclIUpsIOTCS BBINOJIHAS paOOTy, IPUBOAS BO BpalllEHUE 3JIEKTPOreHepaTop
5. [lanee mapsl KOHIEHCUPYIOTCS B KOHJIEHCATOpe 6 M HacocoM 7 CHOBA MOJAIOTCS B CHCTEMY
YTWIM3AlMU TEIUIOTHl (pereHepaTUBHBIA TEINIOOOMEHHUK, HCHapuTesb). TemnoBas cxema
COJIEP)KUT JIBa YTWIM3AIMOHHBIX TEMJOOOMEHHMKA, pACIOJIOKEHHbIE J0 U TOocie
sKkoHOMai3epa. Ilpu  HeoOXomuMoOCTH  yBeNIMYEHHUS  BBIPAaOOTKH  DJIEKTPOIHEPTUU
UCTIONB3YIOTCSl 00a TermI000MEHHMKA, MPU CHUXKEHUH HArpy3KH — OIHMH TeMJI00OMEHHUK,
BTOPOI — KaK UCIIapUTEIIb.

Tepmonunamuyeckass 3(PQPEKTUBHOCTh IUKJIOB OMpenensercs KodPpPUIHeHTOM

npeoOpazoBanus (COP) u kordureHTOM yTHIN3alUK TETIOTHI.
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KoadduuneHT TeriomexaHnyeckoro mpeoOpa3oBaHus TEIUIOTHI ONPEIeseTCs:

cop=te b (1)

23

rae L, , Lo _ paboTa aguabaTHYECcCKOro cxxatus (pacimmpenus) B Hacoce 1-2 (Typoune 3-4) B

00paTUMOM Tpoliecce:

L, =my (P, —R), (2)
L34 = mTo (is "i4)’ (3)
rae M — maccoBblil pacxon paGodero BemecTsa; U, P .l — 0ObeM, naBjieHHe U SHTAIBINS B

Q

T .
Y3JIOBBIX TOUKAaX IUKIA; °— TEMIIEpaTypa OKPYKarWEN Cpelbl; <23 — KOJMYECTBO TEIUIOTHI,

HIOJIBEJICHHOE B MCIIApUTENIE B M300apHOM IIPOIIECCE:
Qe =m(i; —1,). (4)
Koadduuuent yrunmmzanmm ternotsl nukia ORC ompenenseM Kak OTHOIICHHE
HeﬁCTBHTeHBHOﬁ SHCK’I'pI/I‘IeCI(Oﬁ MOIIIHOCTHU CTaHIOHUHN K MaKCUMaJILHOM TeOpeTH‘IeCKOﬁ
MOIIIHOCTH, KOTOPYIO MOXHO MOJIyUYUTh IIPU PacIIMPEHUHN [1apa B TypOUHE:

W

i, -1 -8, | ©)

HccnenoBannuch NOKPUTHYECKHE M CBEPXKPUTHYECKHE LUKIIBL, OJHOCTYNEHYAThIE U
KaCKaJIHbI€ SHEPIeTUYECKUE YCTAHOBKH.

Pacuersl moka3pIBarOT, 4YTO Ha MOJYYEHHE MAKCUMAJIBHOMN JIEKTPUUYECKON MOIIHOCTH
BIUSIOT 3HAUEHUE JIaBJICHHUS U TeMIlepaTypbl Mapa pabodero BellecTBa Iepesn TypOHHOM,
pacxoq paboyero BeIIeCTBA, 3HAYEHHE MHUHHMMAJIbHOIO TEMIIEPaTypHOro Hamopa B
ucrapurese u KoHjaeHcatope (AtMHUH), TeMIepaTypa okpyskatouiei cpeasl (Ato.c.). Bausaue
MUHUMAaJIBHOTO TEMIEPAaTypHOro Mepenaaa Hanbosee CylecTBeHHO. Tak, Mpu yMEHbIIEHUN
Atmun ot (10-15K) no (3-5K) BeIpaboTKa 37€KTpOIHEPruu B IUKJE yBenuyuBaeTcs Ha 20-
25%. YBenuueHue MOILTHOCTH TypOMHBI HaOMOaeTcss mpu yBenudeHuu BHyTpeHHero KIIJ]
TypOunsl u Hacoca. Tak, ysenuuenue KIIJ Typ6unst ot 0,70-0,85 mpuBOAMT K YBEJINYECHUIO
KIIJ ycranoBku ot 12,2 no 14,7%. Habmromaercst yBenmdenue momuoctd Ha 20-25% mpu
CE30HHOM CHMXEHHMH TeMIepaTyphbl aTMOCPEPHOTO BO3AYyXa U TEMIEPATYPbl KOHJIEHCAIIH.

CymectByer  Oonbmoe  uuciao  kpurepueB  sdpdextuBHoctu  ORC.  Ilpum
IIPOEKTUPOBAHUM DHEPreTUYECKUX YCTAHOBOK IBITAIOTCS  ONPEAEIUTH ONTHUMAJIbHbBIE
napaMeTpsl MpU JOCTHKEHUHU KOMIIPOMUCCA MEXAY TPeMsl KPUTEPUSMU — YHEPreTHUECKUM,

9KOHOMHUYCCKHUM H 3KOJIOTHYCCKHM.
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B kauectBe kputepusi 3(pQPEKTUBHOCTH pabodero BelIiecTBA B HACTOsIIEH pabore
IPUHUMAIU BbIPAOATHIBAEMYIO MOLTHOCTh TYpOUHBI U KO3()PULMEHT yTHIIN3alUN TEIJIOTh B
nuKie, T.K. KoddduuueHt Teromexanuueckoro mnpeodpazoBanuss COP  u3Mmensiercs
HE3HAYUTEIFHO B TemmeparypHoMm amamazone (220°C/15°C — umcmaputenb-KOHACHCATOP) U
cocrasiuset 0,12-0,15 npakTruuecku Uit BCeX UCCIEAYEMBIX pabOUUX BEILECTB.

O¢dexTuBHOCT, pabodero BeLIECTBA OINpelesseT TakKe I0 3HAYCHUIO IIOJIHOH
9KCEpruM MOTOKA Mepes TypOuHOM.

MakcuManbHyI0 yICIbHYI0O TEOPETHYECKYI0 MOIIHOCTh MM JKCEPreTHYECKYIO
MOITHOCTH ONPEAEIISUIN COrTIaCHO YPAaBHEHUS:

e:i(PvT)_io(Po'TO)_TO[S PT _So Po’To :|l (6)

P, T

rac I , S — OHTAJIBIINA U SHTPOIIUA pa60qero BCHICCTBA IIPHU 3HAYCHUU nepen Typ6PIHOI>i;

l , So_ IIPY 3HAUEHUU MapaMeTPOB aTMOCHEPHOrO BO3TyXa.
[lonHas skceprus onpenensercs Kak
E=m-e, (7)
Tabnuma 1. 3HavyeHue MoJHOMH padoTOCOCOOHOCTH (IKCEPIHHU MOTOKOB) padounx

BelllecTB nepeja TypOuHoii B unkie Penknna (remneparypa napa - 200°C)

Pabouee BemecTBO M xr/c t3/t4,°C P3/P4 xIla € xJlx/xkr | E.xBt
R600a/R 1418 6,8 % B 1803 12350
R600a/R 1418 7.7 1;% o 183,7 14145
R600a/R 1415 18,6 %5 e 173,9 3238,9
R717/R170 3.4 % o 542,2 1821,8
R600a/R161 7,5 1;9777 T 211,3 1584,7
R600&/R161 17,2 110% o 215,0 3702,3
R600a/n-rexcan 5,24 % o 176,6 924,9

R600a/m-rexcan 18,9 % o 152,1 2885,8
R717 2,9 o i 643,5 1882,2
n300yTan/u3oneHTax | 6,7 % % 185,6 1247.6
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[Tpu cHWXEeHUH TeMepaTyphl mapa padbodero BemecTa nepex TypouHoOM MpOUCXOIuT
yMeHbIIIeHHe 3Hepruu motoka. Tak, mist cMecu R600a/R161 B CBEpXKPUTHUYECKOM ITHKIIE
sKceprusi noroka ymensninaercs ot 3702,3 kBt npu t;=200°C no 3nauenuss E=2659,2 kBt
p t,;=150°C, T.e. Ha 28%. B mokputndeckom nukiie ¢ padbounm BemectBoM R600a/R1418
JKCEprusi COOTBETCTBEHHO yMeHbuIaeTcs oT 3HaueHus 1414,5 kBt nmpu tner=200 °C no
3HayeHusa E=881,2 kBt nipu tncr=140 °C, T.e. Ha 37%.

DKceprus MoToKoB padounx BemecTB — cmeceit R600a/R161, R600a/R1418, R600a/n-
reKCaH B CBEPXKPUTHUYECKHX HMKIaX mpu Temneparype 197°C cocraBmser 3702,3-2885,8

kBT, uT0 0OecnieunBaeT BbIpabOTKY AnekTpuueckoid MomHocT 1619,7-1789,3 kBT (Tabn.2).

Tabmuua 2
Pabouee BemecTBo Ai , KJK/KT W, kBt
R600a/R141B 85 581,7
R600a/R1418* 96,1 1789,3
R600a/R161 88,7 665,6
R600a/R161* 99,5 1713,1
R600a/ H-rexcan 95,3 499,3
R600a/ u-rexcau* 85,4 1619,7
R717/R170 132,1 643,3
R600a/R601 100,2 673

[Tpumeuanue: * -CBepXKpUTHUECKUH PEKUM

PacueTsl moOKa3bpIBalOT, 4YTO BbIpaOaThIBaéMbli B TypOWMHE YAEIbHBIA TEMJIOBOM

nepenaj B CBEpXKPUTUUYECKOM IUKJIE Bhilie Ha 12,5-15%. Ilonydensl 3HaueHus Al IUISL H-
MeHTaHoBOTO IukIa okoso 80-100 k/[x/kr pu Temneparype nepen Typounoi 200°C.
Uucnenasle pe3ynbTaThl TMOKA3bIBAIOT TMEPCHEKTUBHOCTh MPUMEHEHHS B KaueCTBE
pabounx BemiecTB cMmeceld opranmdeckux BemecTB (R600a/R161, R600a/R1418, R600a/H-
TeKCaH W Jp.) B CBEPXKPUTHUECKUX IUKIaX PeHKMHA B SHEPreTHYEeCKHX YCTaHOBKAX MPHU
YTHJIM3AIAN TETJIOTH TIPOIYKTOB CTOPaHUsS B KOTEIBHBIX arperatax, KOTOpPbIe CYIIECTBEHHO
npeBocxomaT (B 1,5-2,5 pasza) mapoBoassHOW 1WKII. Vcmoib3oBaHWE YTHIM3AIIMOHHBIX
DHEPreTHUECKUX YCTAHOBOK MOXET OOECHEeYUTh BBIPAOOTKY JIIEKTPUUYECKOW MOITHOCTH,

JOCTaTOYHOM IS COOCTBEHHBIX HYX] HpOMLIIlIJ'ICHHOﬁ WM OTONHUTENbHON KOTEIbHOM.
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[HoBbilmienne  IPPEKTUBHOCTH  TEILVIOYTHIM3AMUOHHBIX JHEPreTHYeCKUX
YCTaHOBOK

Penpxo A.A., IlaBnosckuii C.B. Komman A.H.

XapbkoscKuli HAYUOHATBbHBIN YHUBEPCUMEN CIPOUMETbCEA U APXUMEKMY Dbl

[IpuBonsATCsS pe3ynbTaTbl HCCIENOBaHMS HU3KOTEMIIEPATYPHBIX LUKIOB PeHkMHa.
OnpeneneHo 3HAUEHHUE BbIPAOATHIBAEMOW AJIEKTPUYECKOM MOILHOCTH B KOI'€HEPALMOHHOM
CHWJIOBOM KOHTYpE KOTEJIBHOIO arperata Ipu Temieparype yxoxamux rasos 200-220°C.
[Toxa3zaHo, YTO MpPU UCIIOJIB30BAHUM CMECEN OpPraHMYECKUX BEILECTB MPU CBEPXKPUTHUECKUX
napameTrpax BO3MOXHA BbIpa0OTKa 3JIEKTPOIHEPIMU JIOCTATOYHBIX Ui OOecredyeHus
COOCTBEHHBIX HYXJ KOTEIbHON YCTaHOBKHU.

KiroueBble cjioBa: yrunusanus, HU3KOTEMIIEPATYpPHBIA IIMKJI, KOI€Hepauus, LHKII
PenknHa.

Increase effectivness of heatutilization power installation
Redko A., Pavlovskiy S., Kompan A.
Kharkiv National University of Construction and Architecture

The results of investigation of the Rankines low temperature cycles are given. A
value of produced electrical power in cogeneration power circuit of the boiler unit for the
flue-gases temperature 200-220°C was defined . It is shown that with the use of mixtures of
organic substances in the supercritical parameters it is possible to develop the electric power
sufficient for own needs of the boiler plant.

Keywords: recycling, low-temperature cycle, cogeneration, cycles, of the Rankines.
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