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Abstract. The purpose of the article is to assess energy efficiency of the expander generator applica-
tion in cogeneration systems. It demonstrates that the research works devoted to this subject do not
take into account the effect that gas parameters after the expander have on operating efficiency of the
main power generating equipment that leads to a distortion of the assessment of expander energy effi-
ciency. The energy efficiency is determined by specific fuel savings resulting from the use of a circuit
with an expander compared to the option of gas throttling. It shows that specific fuel saving is directly
proportional to the increment value of the total specific useful work of the utility company when using
expander generators. It was found that when using the expander at the cogeneration plant the total spe-
cific useful work increment is less than the specific work of the expander generator. It is shown that
the energy effect magnitude from the use of circuits with an expander at cogeneration boilers depends
on the ambient air temperature. For an expander at cogeneration boiler houses with gas piston internal
combustion engines at air temperatures below the optimum mixture temperature, the total increment of
the specific work is equal to the specific work of the expander, at higher temperatures, the increment
of the total specific work can be several times greater than the specific work of the expander. The pro-
spects of preheating gas before the expander at the considered utility companies were analyzed.
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Rezumat. Scopul acestui articol este de a evalua efectul energetic urmare a utilizarii agregatelor expandar-
generator in sistemele cu cogenerare a energiei, luand in considerare efectul racirii gazelor la iesirea din
expander. Efectul energetic este determinat de economiile specifice de combustibil datorate utilizarii unui
expander In comparatie cu optiunea de limitare a presiunii gazului (gas throttling) cu programare a produceri
energiei termice si energiei electrice. Economia de combustibil este direct proportionald cu cresterea sumara a
indicatorului specific de producere a energiei la utilizarea agregatelor expander-generator. S-a constatat, ca
valoarea indicatorului specific total al lucrului util al ciclului turbinei cu abur este mai micd in comparare cu
varianta utilizarii agregatului expander-generator din cauza efectului negativ de racire a gazelor la micsorarea
presiunii lor. La utilizeaza expanderului la alimentarea centralelor cu cogenerare cu motoare de gaze cu piston la
temperata aerului sub valoarea optima a amestecului pentru acest tip de motor, cresterea totala a lucrului util este
determinatd numai de functionarea expanderului. La temperaturi mai ridicate ale aerului, cresterea lucrului
specific util total depaseste de ori lucrul expanderului, datoritd efectului pozitiv de sciddere a temperaturii
amestecului de combustibil asupra eficientei motoarelor cu combustie interna. O eficienta relativa mai mare se
obtine prin utilizarea unitatilor de generare a expandoarelor in centralele termice cu cogenerare, comparativ cu
centralele termoelectrice. Exista perspective de aplicare a gazului preincilzit in amont-ul expanderului pentru
sporirea eficientei surselor de generare. Rezultatele obtinute indica la posibilitatea evaluarii utilizarii unitatilor de
expandar-generator la diferite centrale electrice dupa criteriul sporirii eficientei energetice.

Cuvinte-cheie: agregat expander-generator, centrala de cogenerare, economie specificd de combustibil.
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[TokazaHo, YTO MOCBSIIEHHBIE ATOW TEME MCCIIEI0BaHMs HE YUUTHIBAIOT BIMSHUS [IApaMETPOB I'a3a Ha BBIXOJE U3
Jeranjiepa Ha 3((GEKTUBHOCTh PabOTHl OCHOBHOTO IHEPIOINPOU3BOJAIIET0 000PYIOBAHUS WIIM PAacCMaTpUBAIOT
CXEMBI C IIPUMEHEHHEM AETaHJepa U MOAOTPEBa, YTO B 00OMX CIydasxX BEAET K MCKaKCHUIO OIEHKH SHEPreTH-
geckoro 3¢ dekra oT mpUMEHEHUs OeTaHaepa. JHepreTndeckuil 3dhdekt onpenensercs yIeTbHOH SKOHOMHEH
TOIUIMBA OT NMPHUMEHEHHS CXEMbI C JICTaHIEPOM II0 CPAaBHEHHIO C BapHAHTOM C JPOCCEIMPOBAHHMEM Tasa IpH
HEM3MEHHBIX Tpadukax BEIpaOOTKHM TEIIa U 3JEKTpUUecKoi »Heprun. IlokazaHo, 4ToO ynenbHas SKOHOMUS TOTI-
JMBa TMPSIMO TIPONOPIHOHATIBHA BEIMYNHE MPHUPALICHUS CyMMapHOH YAENbHOH IOJIE3HOH pabOThl SHEpreTnye-
CKOTO TIPEANPHATHS TP NMPUMEHEHUH AETaHAEP-TEeHEPaTOpHBIX arperatos. IIpu ananmmse 3¢ GeKTUBHOCTH MPH-
MEHEHHMsI JieTaH/iepa Ha TEIUIOAIEKTPOLIEHTPAIN BBISBICHO, YTO M3-32 HEOIArONPHUATHOTO BIMSIHUS OXJIXKACHHS
ra3a B JieTanziepe Ha 3(PEeKTUBHOCTh pabOoThl MapOTypOMHHOTO IUKJIA NpUpAIeHHE CyMMapHO# yJaenbHOH 1o-
JIE3HOW padOTHI MEHbILE YAEIBHONW PabOThI IeTaHiep-TeHepaTopHoro arperata. [1pu ucnons30BaHuM neTaHaepa
Ha KOT'€HEePalNOHHBIX KOTEIBHBIX C T'a30IOPIIHEBBIMH JBUIATENIIMU BHYTPEHHETO CTOPaHUs P TeMIlepaTypax
BO3JlyXa HWKE ONTUMAJIBHOW TEMIIEpaTyphl CMECH JUISl JAHHOTO THUIIA JBHraTeleil CyMMapHOe MpHpalieHie pa-
0OTHI ompesensieTcsi TOJNBKO padoToil nerannepa. [Ipu Oosiee BHICOKHMX TemIepaTypax BO3jayXa NpHpalieHHe
CYMMAapHOH yIIeNbHOI pabOTHI MOXKET B HECKOJIBKO pa3 MPEBBICUTH paboTy JeTaHAepa 3a CUET MOTOKHUTEIBHOTO
BIIMSTHHSL CHYDKCHUS TEMIIEPATYypPhl TOIIMBHON cMecH Ha 3G (QEKTUBHOCTh PaOOTHI IBUraTeNeii BHYTPEHHETO CTo-
paHus. BeIsBIIeHO, 4TO OOIBIIYI0 OTHOCUTEIBbHYIO 3()(hDeKTHBHOCTD AAaeT NPUMEHEHNUS IETaHAEP-TEHEPATOPHBIX
arperaTtoB Ha KOT€HEPAIMOHHBIX KOTEJIBHBIX 10 CPABHEHHIO C TEIUIONEKTPOLECHTPATIMHU U NPOAHATH3HUPOBAHEI
MEpPCTIEKTHBBI MPUMEHEHHUS TTOJIOTPEeBa Ta3a IMepen NeTaHAEepPOM Ha paccMaTpPHBACMbIX SHEPTETHYECKUX Ipel-
npustusax. Caenad BBIBOJ O BO3MOKHOCTH HCIIOJIB30BAHUSI OLCHKH SHEPTeTHIECKOro 3(h(eKTa OT MPUMEHCHHUS
ACTAaHACP-TCHCPATOPHBIX arp€raToB Ha PA3JIMYHBIX IHCPICTUYCCKUX MPEANPUATHAX IO BCIIMYUHE MPUPAICHUSA
CYMMapHOU yAeTbHOM MOJIE3HON paboTHI.

Knioueevie cnosa: neranyiep-reHepaTopHbI arperat, KOreHepalMoOHHas KOTellbHasl, yJielibHas YKOHOMHUSI TOII-
JiiBa.

Beenenue JaHHBIX pa0doT mo mpumeHeHuto [I'A sBusercs

B HacCTosIIee BpeMs CYLIECTBEHHYIO JOJII0 B OTCYTCTBUC KPUTEPU:A, OIPCACIIAIOUICTO BJIMAHUC
TOITMBHO-3HEpreTHueckoM Oamance Poccmii-  MCmOib30Banust cobcrBenHo JI'A na cymmap-
ckoif desiepaluu U Pa3BUTEIX CTPAH COCTaBjser ~ HYIO BBIDAOOTKY BJICKTPOJHEPIUH, TaK KaK pac-
NPUPOHBIA Ta3. OaHMM W3 Hambonee >pdek-  CMATpUBaeTCs SPHEKTHBHOCTH OT KOMOWHHPO-
THBHBIX CNOCOOOB HCHONB30BAHUA MpHpoAHOro  BaHHOTO mpumenenus JI'A u mojorpesarerncii
TOIIMBA SABJsAETC KOMOMHMPOBAHHOE mHpou3- — Iasa. B oToM ciydyae y4unThIBaeTCsS CyMMapHBbIi
BOJICTBO TEIUIa M JNEKTpHueckoil sHeprum. Ilo- 9P EKT HCIONB30BAHHOMN B JE€TaH/CPE OTCHLIN-

BhIeHHe  S(P(EKTUBHOCTH  HCMONb30BaHMs  AJIBHON SHEPrUU JABICHHS NPHPOJHOTO rasa u
SHEPTMM NPUPOHOTO Ta3a HA SHepreTmueckux  (PU3MYECKOH TEIUIOTHI BHYTPEHHHMX 3HEprope-

NPENPUATUSX ¢ KOMOMHMUPOBAHHOM BBIpaGOT-  CYPCOB, IIEPEaBacMON ra3y Ipu MOLOIPEBe, YTO
KO Temnma M HIeKTPOPHEPTHH IT03BONSET CHH-  IPHBOIMT K 3aBBILICHHUIO S(QekTa OT npuMeHe-
3UTh BENMYMHY MOTpeOiseMoro Tommuea mpu  HIL Aerannepa. Jlis ananusa npuMenenus JINA
COXpAHEHHH HEM3MEHHBIMU TPaQHKOB BEIpaGoT- ~ HEOOXOIMMO OLCHUTH SHEProd(PeKTHBHOCTD OT
KU TeIUIa U BIEKTPOSHEPTUH. HCIIOJIL30BAaHUSI COOCTBEHHO AceTaHacpa, 4YTO
OnHUM W3 pelieHuid JaHHOW MpoOJieMbl siB- ~ BO3MOXHO TOJIBKO TIPU CPABHCHHUU NPYT C APY-
JIAETCSl MCIOJIB30BAHUE IEPE] TOIIMBOCKUTA0- rom cxem ¢ JII'A u npoccenuposanuem 6e3 Ipu-
mpM 000pyIOBaHUEM JeTaHIep-TeHEPaTOpHbIX ~ MCHCHHS MOJOTPEBa rasa.
arperatoB (/II'A), MO3BOJISIONIEE OCYIIECTBIIATH B paborax, paccMaTpuBaIOIIMX HCIIOIB30BA-
BBIPAGOTKY 3JIEKTPOSHEPrHH 3a cueT ucronmbzo-  HUE JITA Ge3 npenBapuTensHOro mogorpesa ra-

BaHUS TOTCHIMAIBHON JHEPruu H30BITOYHOTO 3a, OTCYTCTBYET METOAHKA OLCHKH 3HCPIreTUYC-
nasnenuss [1-10]. Acmektam wucHonb30BaHHMs ~— CKOTrO 3(Q¢eKTa, yauThIBAIOLIasi BIMSHUC Tapa-

JITA Ha NPOMBINIICHHBIX NPEANPUATHAX T0- ~ METPOB rasa mocie jAeTaHiepa Ha d(gexrus-
CBAIIEH psjl paboT 3apyOeKHBIX M OTEUecTBEH- ~ HOCTb OCHOBHOIO SHEPIONPOM3BOISIIEIO 000-
HbIX yueHbiX [11-18]. OTmeueHo, uto npumene-  PyAOoBaHHs. AHanu3 npumeneHus 1A nomkeH
HHE TIOJIOTPEBA ra3a nepeja ACTAaHAEpPOM M03BO-  OCYIICCTBIIATHCH € YYE€TOM KOMIUICKCHOIO MOA-
ST yBEIMYUTH YAEIbHYIO IMOJE3Hyl0 paboTy — XOJa, TO €CTh yYMTBIBATH HE TOJBKO BBIPAOOTKY
JITA 1 TIOBBICHTHL TeMmmepaTypy rasa mocne jge-  oHeprud B JII'A, HO M BIHMSHHE CHWKCHUS TCM-

tangepa [16-18]. B cumy sroro GompmmmcTBo — Neparypsl raza mocne JIIA wa sueprooddek-
paboT paccMaTpUBAET BapUAHT C UCIOJIb30BaHKe  THBHOCTH B PACIIOIOXXCHHOM IIOCIE ACTaHACpa
TIPEIBAPUTENILHOTO TOJI0rPEBa Ta3a KaKk OCHOB-  JHEPreTHYeCKOM 000pyHOBaHMH.

Ho#t BapuanT mpumenenus JII'A. Hemoctarkom
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Jnsa maporypbunHoro nukna TOL| npumene-
aue JII'A BiedeT 3a coO00W YMEHBINICHUE YIEThb-
HOW TOJIe3HOH paboT MapoTypOMHHOTO IHKIA, B
TO BpeMs KaKk yMEHBIICHHE TeMIepaTypbl Taza
mepeq JBUTATEISIMH BHYTPEHHETO CTOpaHUS
(IIBC) B KOreHEepanuOHHBIX KOTEILHBIX B MIEPH-
Ol BBICOKMX TEMIIEpaTyp HapyKHOTO BO3IyXa
NOBBIMIAeT KO3()(UIMEHT TONEe3HOro AeHCTBUS
JIBC 1o BBIpabOTKE AICKTPOIHEPTHH.

Takum o6pa3zoM, B HacTosIIee BpeMs B pado-
Tax 3apyOe)KHBIX M pOccUilckuX yueHbix [1-18],
MOCBSIIIEHHBIX TEMaTHUKE TNPUMEHEHHS CXEeM C
JAT'A 6e3 mojorpeBa Ha 3HEPrETUYCCKUX TIPE-
MPHUATHSAX, OTCYTCTBYET OIIEHKAa BIHSHUS Tapa-
METpPOB Trasa Iociie neTaHaepa Ha 3(PQexTus-
HOCTh Pa0OTBl OCHOBHOTO 3HEPrOIPOU3BOISIIIC-
ro 000pYIOBaHMUs, YTO HE TIO3BOJSET TOYHO OIIE-
HUTh KOMIUICKCHBIH 3HEPTeTHYCCKHUU dPPEKT OT
npumernenus [II'A. Llenpro 7aHHO# CTAaThU SIBIIA-
eTCs OIlEHKa dHepreTudeckoro 3ddexra ot mpu-
MeHeHust JII'A Ha 3HEepreTU4ecKux MpeanpusITu-
X ¢ KOMOMHUPOBAHHBIM IMTPOU3BOACTBOM TeEILIA
Y 3JICKTPOIHEPTUH.

METOJIHUKA OHEHKH
SHEPITETUYECKOM Y®PEKTUBHOCTH
NPUMEHEHUSA
JETAHIEP-TEHEPATOPHBIX
AT'PEI'ATOB

Jns ouenku Biustaus [AI'A Ha 3HEproaddex-
THUBHOCTb TIPEINPHATHA CXeMa C IPHUMEHEHHEM
JieTaHjepa CPaBHUBAETCS C TPAJWIMOHHBIM Ba-
PHAHTOM HCIOJIBb30BaHUS YHEPTHU rasa, IpH KO-
TOPOM TIOCTYMAIOIIUA Ha TpPEINpHATHE Tra3
JIpOCCeNUpyeTcss Tepesl  TOIUTMBOCKUTAIOIINM
000pyIOBaHUEM.

Jlnst cXeMBblI ¢ IPOCCETNPOBaHUEM CyMMapHas
ANEKTpHYECKass MOIIHOCTh paBHA MOIHOCTH OC-
HOBHOT'O SHEPTONPOU3BOISIIETO 000PYIOBAHHUS:

_ thrtl.
NZ - Nm.eq. (1)
N N thrtl.
rne 5 meq — CYMMAapHas DIIEKTPUYECKasd

MOIIHOCTb ¥ MOIITHOCTb OCHOBHOT'O 00OPYIOBaHUs
JUIsl BapHiaHTa ¢ ApOcceNTMpoBaHueM, Br.
CymmapHas yzenbHas mose3Has paborta s
JaHHOM CXEeMbl paBHa Y/AEJIbHOM MoJie3HON pabo-
T€ OCHOBHOT'O 00OPY/IOBaHUS ¥ HAXOIUTCA KaK:

thrtl. N P
m.eq. —
Gthrtl.

— cyMMapHas ynaejbHas MoJe3-

I;hrtl. — I

(2)

hrtl. thrtl.
| I
z

rae v Imeeq.

Hasi paboTa U y/iesibHas 1ojie3Has pabora OCHOB-
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HOT'O 000pYIOBAaHUSI COOTBETCTBEHHO JJISI BapH-
auta ¢ jpoccenupoBanneM, JUk/HM?, Gy, —

pacxon raza A CXEMbl C JPOCCEINPOBANEM,
HM/C.

Hns cxembl ¢ IA cymmapHasi 3JeKTpUue-
CKasi MOIIHOCTh CKJIAaAbIBAE€TCS M3 MOILIHOCTH
OCHOBHOTO 000pymoBanus u MomHocta JAI'A:

ex.gen. __ ex.gen.
N): - Nm.eq. + Nex.gen. (3)

N ex.gen. N ex.gen.
rac > ) meq — CYMMapHas 3JIE€KTpH4e-

CKasl MOIIHOCTHh U MOIIIHOCTH OCHOBHOI'O 060py-
J0BaHUsA COOTBCTCTBEHHO [JIsI BapuaHTa C HC-

nons3oannem JAT'A, Br; N, . — omekrpude-

ckas mouHocTh [A'A, BT.

Torma cymmapHas ynenbHas moJyie3Hasi pabo-
Ta cxeMm ¢ JI['A Oynmer ckimanbIBaThCs U3 yIETb-
HOW TIONIE3HOW PabOTHl OCHOBHOTO 000OpyZOBa-
HUS U yAenbHo# paboter ATA:

ex.gen.
I;x.gen, _ I:qxégen. T _ I\Im.eq. 4 Nex.gen. (4)
eq. ex.gen. G G
ex.gen. ex.gen.
ex.gen. ex.gen.
rae 159, 100" — cymmapnas ynenbHas mo-

Jie3Has paboTa W yjaelbHas mojie3Has padoTa oc-
HOBHOT'O 000PY/IOBAHUS TSI BApHAHTA C UCIIOJb-

sopanneM JT'A, /v’ | yAeNbHas

exgen.

nosesHas padora A, /M3 Gex,gen. — pac-

xoj1 rasa juisi cxemsl ¢ JITA, v.m%/c.

st mapotypOunnbix TOLl sHepreTrueckuit
sddexr or mpumenenus JI'A MoxeT 3aKimo-
YaTbcd Kak B MPHUPAIIEHUH MOIIHOCTH MPH OJAU-
HAaKOBBIX pacxojax Tras3a Uil CpPaBHHBAaEMBIX
CXEM, TaK U B 3KOHOMHH TOIUIMBA IIPH HEU3MEH-
HBIX Tpadukax BbIpaOOTKM TeIUIa M BJIEKTpUYe-
CKOM MomHocTH. i1 KOTe€HEeparMoOHHBIX KO-
TEJIbHBIX C TAa30IMOPIIHEBHIMU JABUTATENIIMU
BHYTPEHHEro cropanusi (mo cytu, MuHU-TIL)
aKTyaJIbHBIM SIBIISIETCS 3KOHOMHA TOIUIMBA TPHU
HEM3MEHHBIX TpaduKax BEIPaOOTKH Temia |
IEKTPOIHEPTUH.

B nanpHelimem paccMOTpUM 3HEPreTUUECKUI
abdext ot mpumenenus J'A kak 3KOHOMUIO
TOIJIMBA NIPY HEM3MEHHBIX IpadiKax BEIPaOOTKH
UIEKTPUUECKON MOIIHOCTH U TETJIOBOM 3HEPTUH.

JJs cxembl ¢ OCTOSIHHOM CyMMapHOM 3JeK-
TPUYECKON MOIIHOCTBIO JHEPreTHUECKU -
¢ext ot npumenenusa HAI'A 3akimodaercs B 9KO-
HOMHWH TOTIJIBA, KOTOPOE HAXOJUTCS KaK:
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thrtl.
— NE
ex.gen.

ex.gen.
N z

Ithrtl. - Iex.gen.
p p)

AG = Gthrtl. -G (5)

C yuerom (2) u (4), ypaBuenue (5) npumer
BU]I:
Al

thrtl. Iex,gen,
z

AG =G (6)

e Alg =1, -1 —
nmoJsie3HoH paboThl cxemsl ¢ JII'A 1o cpaBHEHHUIO
C BApMaHTOM C JpocceaupoBaHHeM, JI/H.MC,

YunurteiBas Beipakenue (6), yaenpHas 3KOHO-
MUS TOTLTMBA (3KOHOMHMSI TOTUIMBA, OTHECEHHAS K
pacxoay TOIUIMBA TPU TPUMEHEHHH CXEMBI C
JPOCCEeNMPOBaHNEM), OYIEeT OMpEeneNsThCS II0

dbopmyme:

MpupaleHue yaeabHoi

AG
G

Al

- | exgen.
p)

Ag = (7)

thrtl.

Tak kak cymMMapHas yjenbHas IOJie3Has pa-
6ora npu npumenenuu JI'A MeHseTcs He Oonee
yeM Ha 10%, MOXKHO B TIEpBOM TMPHOJINKEHUH
MIPUHATH YAETHHBINA dHEepreTndeckuit 3pdexr ot
UCIIOJIb30BAHUS JIeTaH/Iepa MpsSMO IPOMOPIHO-
HaJbHBIM BEJIMYMHE IPHUPALICHUS CYMMapHOU
yIIENBbHOM MOJIe3HOH paboTHI.

INPUMEHEHHME
JAETAHAEP-TEHEPATOPHBIX
AT'PETATOB HA T3I{

PaccmoTpuM  3(QeKTHUBHOCTE TPUMEHEHUS
JAI'A Ha sHepreTHyecKux MPeanpHUATHsIX C KOM-
OMHUPOBaHHBIM IPOM3BOJACTBOM TEIUIA U BJICK-
Tpudeckoil sueprun. Ilpu cogepxanumn MeraHa B
MIPUPOTHOM Ta3e cBbIlIe 98% MOKHO MPUHUMATh
IIpY pacyeTax IPUPOAHBIN ra3 Kak 4YMCTBIA Me-
TaH. AHaJIN3 3KCIIEPUMEHTAIBHBIX PadoT MO ma-
pamMeTpaM COCTOSIHHSI YTJIEBOAOPOIOB ITO3BOJISIET
cienaTh BBIBOJ O JOMYCTUMOCTH pacuera mapa-
METPOB COCTOSIHMSI METaHa IO 3aBHCHUMOCTSIM
IU1s uaeanbHoro rasza [19-20]. Pacuer pacmmpe-
HUs rasa B JieTaHjepe OylaeM BecTH 1o ¢Gopmy-
JIaM JI71s1 HI€aNbHOTO Ta3a, IPU 3TOM IPUPOTHBIN
ra3 OyaeM paccMarpuBaTh Kak MeTaH. Temmepa-
Typa MOCTYMAIONIer0 Ha MPEATIPUSITHE Ta3a MpH-
HUMAaeTCs PaBHOM TeMIepaType Hapy>KHOTO BO3-
oyxa.

VY nenbHas nonesnas padora J{I'A paBHa:
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“Nex. " Tem. (8)

rae c; —m300apHasi 00bEMHasT TETUIOEMKOCTh Ia3a,
Jox/(av>K); T, — Temmepatypa MOCTYIAIOIIEro B
P

netanzep raza, K; By, P, — nasnenns rasa va Bxo-

A€ B JACTAHACP U BBIXOJAC M3 HEIO COOTBCTCTBCHHO,

IMa; K —nokasarerns anuaGatsy; 7], , 7z — BHYT-

PEHHUIl OTHOCHUTENBHBIM K.ILJ. JAETaHjAepa H
anekTpoMexanmdeckuii k.ar.a. JI'A  cooTBert-
CTBEHHO.

Ocobennocteio mpuMenenus JII'A wa TOI]
SIBIISIETCS BIMSIHHE TIPOIIECCa PACIIUPEHUs ra3a B
netanaepe Ha 3pQekTHBHOCTh pabOTHI MAPOTYp-
OMHHOTO NHWKJA, 3aKJIOYaonieecss B CHIKCHUU
(hM3UYECKON TEIUIOTHl TOIUIMBAa HAa BXOJE B KO-
TeJ.

VnenbHas none3zHas paboTa mapoTypOUHHOTO
KA

Ist.turb.: Q st turb. (9)

rae | — yIenbHas moje3Has paboTa muKia

st.turb

TV, Jx/mm®, Q — Hu3WmAs TEMIOTa CrOpaHus
npupoHoro rasa, JLK/H.M? 7 4, — a0COIMoT-

HBIH DIEKTPUYECKUH K.IL.J. TMapoTypOMHHOTO
LUKIIA.

IIpu ucnonb30BaHNY A€TaHAEpa MpUpalieHne
YIENbHOW MOJe3HOH padoTel mapoTypOWHHOTO
LUKIIa OyIeT HaXOAUThCS 1O hopMyIie:

_exgen
AIst.turb. -

E.M.

(10)

I sturb.

CyMMapHOe mpHpalleHHe yIeJbHOW IoJe3-
HOU paboThl OyIeT HaXOOUTHCS Kak:

1— st urb. (11)
Mem

sturb. Iex.gen. :

[Ipupamienne cyMMapHO# yneibHONH padoThl IPU
npumenenun JI'A wva TOLl O6yzer Huxe ynenb-
HOU ToJyie3HON palboTHI AeTaHJepa U3-3a OTPHLA-
TEJIBHOTO BJIMSHHS OXJIaXKIACHUS ra3a Ha 3 dek-
THBHOCTh pabOTBl MApOTypOMHHOTO  ITHKJIA.

Onpenenum yneinbHy0 SKOHOMHIO TOIIIIMBA OT
npumenenus JII'’A ma TOLl. Pacgers mpoBoan-
JUCh [Js1 BEJWYMHBI BXOTHOTO a0COJIOTHOTO
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JIaBJICHUs Ta3a 7 0ap, AaBJICHHE ra3a Ha BBIXOJE
W3 JeTaHjaepa MPUHATO paBHBEIM 1,2 Gap. Bemu-
YMHA BHYTPCHHETO OTHOCHUTEILHOTO K.ILJ Jie-
TaHjaepa mnpuHATa paBHoW 75% [21], 3HaueHme
anexTpoMexanndeckoro k... JIA - 95% [21],
3HAYCHHE K.IL.J. MapoTypounHoro mwukima - 0,3
[16].

Ha pucynke | mpeacraBieHa 3aBUCHMOCTD
YIAENbHOW DKOHOMHUHU TOILIMBA OT TEMITEPATYPhI
Hapy>KHOTo Bo3ayxa npu npumeHeHuu JAI'A nHa
TOLI.

0,015 -
0,012 -
— 0,009 -
0,006 -
0,003 -

0
LAY T T T T T T T T 1

-30-25-20-15-10 -5 0 SXIO 15 20 25 30 35 40 45

X — TemmepaTypa Hapy>kHOTo Bo3zayxa, C; Y —
yJelbHas SKOHOMHUs TOIUIUBa, H.M%/H.M°,

Puc.1. 3aBucHMOCTD BeJTHYMHBI YAeIbHOH IKOHO-
MHHU TOILIMBA OT TEMIIEPATYPbI HAPYKHOI'0 BO3/Y-
xa npu npumenennu JATCA na TOIL.!

IIpuBeneHHBIE BBILIE PacyeThl MOKa3bIBAIOT,
YTO yJelbHasi S3KOHOMHUS TOILUIMBA C POCTOM TEM-
nepatypsl Bo3ayxa OyneT yBenu4yuBaTbca 3a
CYET TIOBBIIICHUS BEIUYMHBI YACTHHOH paboThI

JITA.

INPUMEHEHHE
JAETAHAEP-TEHEPATOPHBIX
AT'PEI'ATOB HA
KOI'EHEPAIIMOHHBIX KOTEJIBHbBIX

B macTosimee BpeMsi Ipu CTPOUTEIBCTBE KO-
TEJBHBIX TPUOPUTETOM O00IaAI0T KOTeHEpallu-
OHHBIE KOTEJIbHEIE, OT-
JIMYAIOIMIMECS OT YHCTO
OTOIUTEILHBIX BO3-
MOKHOCTBIO BBIPaOOTKH KaK TEIUIa, TaK U JJeK-
Tpo3HEpruu. B OCHOBHOM Ha TaKUX KOTEIHHBIX
HCIIOJIB3YIOTCS JUISI BEIPAOOTKU 3JIEKTPOIHEPTHH
IBUratenu BHyTpeHHero cropanus (IBC) [22-
23].

IIpu paccMoTpenuu 3PpGHEKTUBHOCTH HUCIIONb-
3oBaHus J{I'A Ha KOreHepalMOHHBIX KOTEIbHBIX
¢ JIBC npunuMaercsi, YTO BECh MOCTYNAIONINI B
KOTEJBHYIO Ta3 CHaJdaia MPOXOIUT Yepe3 JeTaH-
zep, a 3ateM nocrynaet B JIBC.
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XapakTepHO OCOOEHHOCTBIO paboThl Ta-
3omopmHeBEIX  JIBC  sBisSETCS 3aBHCHUMOCTD
K.ILJ. OT TeMIIepaTypbl TOIUTMBHOW CMECH Ha
BXoJie B ABuratens. [Ipu TemnepaTypax Bo3zayxa
MEHBIIIE MHUHUMAIIBHO JIOIyCTHMOH TpedyeTcs
MIpeIBapUTEIHHBIN MTOIOTPEB CMECH MIIM €€ KOM-
MIOHEHTOB 70 TpeOyeMoil MHHUMAalIbHON TemIie-
paTypbl, KOTOPBIM OCYIIECTBISIETC BHYTPEHHHU-
MU 3HEpPTropecypcaMu KOTEIHHOH, YTO ITO3BOJIIET
HE YYMTHIBATh TEIDIO Ha ITOJOTPEB ra3a MmpH pac-
yere sHeprermyeckoro 3¢pdekra. B amamazone
TEMIIEPATyp CMECH OT MHHUMAJIBHO JOMTYCTUMON
JIo onTUMallbHOU BennunHa K.I1.J. JIBC ocTaeTcs
NpUOTU3UTENBHO TOCTOSIHHOM. [Ipu Temnepary-
pax cMecH OT ONTUMAIBHOM MO0 MaKCHUMaJbHO
norryctumoit k... JIBC ymeHbImaercs ¢ poctoM
TEeMIIEpaTypbl CMECH. DKCIUTyaTalusi JABUraTels
IIpA TEMIIEPAType CMECH BBIIIE MaKCHMAaJIbHO
JIOITYCTAMOM 3ampernieHa MPOU3BOAUTENEM, II0-
3TOMy nJs oOecnedeHus: (YyHKIIMOHUPOBAHUS
JABUTaTCJId B AaHHOM TEMIICPATYPHOM JUAIla30HC
B OONBIIMHCTBE CIy4aeB MpeayCMaTpUBAETCs
OXJIKJCHHUE TOIDIMBHONW CMECH B ITapOKOMITpEC-
CHOHHOMW XOJIOAWIBHOW MaiiuHe. B 3ToMm cityyae
NpY OLIEHKe dHeprerudeckoro 3ddekra Heodxo-
IUMO YYUATHIBATH 3aTpPaThl AIIEKTPOSHEPTHH Ha
OXJIJKJICHUE TOIIMBHOM CMECH.

TemnepaTypa TOIUIMBHON CMECH IJIsi BapUaH-
Ta C JPOCCENIMPOBaHHWEM paBHA TeMIlepaTrype
HapY>KHOTO BO3/IyXa:

tthl’t'. — t

mix.

(12)

air
et
JUISL CXEMBI C APOCCEIMPOBAHUEM U TeMIepaTypa
Hapy>KHOTO BO3JlyXa COOTBETCTBEHHO, °C.
TemMmnepaTypa TOIUTMBHON CMECH IJIL CXEMBI C
ucnojnr3oBanueM JII'A HaxoauTcs 1o Gpopmyie:

rae t — TeMIepaTypsl TOIIMBHOM CMECH

air

'tgas +Vair * Pair * Cq

ir tair

tex.gen. _ pgas ) Cgas

- - (13)
mix.
Pgas Cgas +Vair * Pair * Cair

rae pgas y pair —IUIOTHOCTH ra3a U BO3ayxa COOT-

BETCTBEHHO, KI/M°; ¢ —yZIeNbHBIE Macco-

gas’cair
Bble TEIJIOEMKOCTH Ta3a M BO3yXa COOTBET-
crBenno, JUk/(xr'K); %™ t

mix 1 Lgas — TEMIIEPATYPA
TOIUIMBHOM cMecH Juid BapuanTa ¢ JII'A u temrie-
parypa raza mocne JAI'A, °C; V,, —ynenbHsli

00beM Bo3ayxa Juisl cxuranus 1 .M mpupoHo-
ro rasa, H.M>/H.M°.
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Pa3Huna temneparyp TOIUIMBHOM CMECH IS
BapHaHTOB C JpoccenupoBanueM u JI'A Haxo-
JIUTCS. U3 3aBUCUMOCTHU:

_ ¢thrtl  pexgen.
_tmix. tmix. -

At

mix.

Iex.gen. pgas ’ Cgas (14)

= ; . —
Cp Mem. Pgas Cgas +Vair " Pair * Cair

VYnenvbHass monesnas pabora JIBC Oymer
HaXOAMUTHCA 1O (hopMyIie:

Iint.comb.eng. = Q ’ nint.comb.eng. (tmix) (15)

THC Tintcombeng. — 2PextuBrbiil k.1.a. IBC mo

BBIPA0OTKE AJIEKTPOIHEPTHUH.
[Ipu P AL, ] W3MEHEHHE

tair < tmix’ mix
yAeNbHBIX ToJie3HbX padotr JBC mis cxem c
JIETaHJIEPOM M JPOCCETUPOBAHUEM OIPEAETSIeT-
cs o hopmye:
Al Q.
ex.gen.

: (nint.com b.eng. (t mix.

int.comb.eng.

thrtl.
mix

(16)
)_ Uint.comb.eng. (t ))

B ocranbHBIX ciydasx OpUpalleHHe YIeIbHOU
nosie3Hoi padotel IBC paBHO HyIIIO.

y):[eJ'IBHBIe 3aTpaTrbl  DJICKTPOOHCPIUU  Ha

OXJIXKJIEHUE CMECH B IapOKOMIIPECCHOHHOI

XOJIOJIUJIBHOW MAIlIMHE PaBHBI:

1

cool

(pair '\Tair Gy T pgas ' Cgas) ' (tmix. ‘tm) (17)

cool.

rac I YACHIBHBIC 3aTpaThbl 3JICKTPOOHEPTHUU

cool.
Ha OXJaXJeHHe TOINMBHON cmecH, JIx/H.M3
X — Temneparypa Hapys;Horo Bo3ayxa, "C; Y —
yZAeNbHas SKOHOMHS TOIUINBA, H.M>/H.M°,

Puc.2. 3aBHCHMOCTD BeJIHYHHBI YAEILHOI 3KOHO-
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max
tmix -

E.,o| — XOJOMWIbHBIH KO3 PUIIHEHT;

cool.
MaKCHMAaJIbHO JOMYyCTHMAas TeMIeparypa ToIl-
JMBHOU cMmecH, °C.

Mput,, >t " pasHuma
SJIEKTPOIHEPIrUM HA OXJIAXKICHHE TOILIMBHOM
cmecn it cxem ¢ JITA u apoccennpoBaHueM
omnpeenseTcs mno popmyiie:

) - Icool. (t rixi.xg.en' )

B ocTranmpHBIX ciydasx pasHMIA yIENbHBIX 3a-
TpaT JJIEKTPOIHEPTHMM Ha OXJAXKICHHE CMECH
paBHa HYJIIO.

IIpupamenre cyMMapHOW YZACIBHOM IOJIE3-
HOI paboThl 1O BEIPAOOTKE DJIEKTPOIHEPTHH
paBHO:

YACIbHBIX  3aTpar

_ thrtl.
AIcool. - Icool. (t

mix.

(18)

+ Al + Al

AIZ = Iex.gen. (19)

int.comb.eng. cool.

rme Al pazHHIIA BEJHYWH YIETHHBIX

intcomb.eng. ~
nonesusix pabor JABC, [x/nm®, Al

1[a yAETbHBIX 3aTpaT JIEKTPOIHEPTHUH Ha OXJia-
JIeHUe TOIUIUBHOMN cMecH, Jx/H.M3.

OnpenenyM yAENbHYIO KOHOMHIO TOIUIMBA
oT npuMmeHenus: JII'A Ha KOr€HEpalMOHHBIX KO-
TedbHBIX C razomnopmHeBbiMu JIBC. Bennuuna
BXOZHOTO a0COJIIOTHOIO [ABJICHUs ra3a MpHHU-
MaeM 7 Oap, JaBjleHHE ra3a Ha BBIXOJAE U3 Je-
TaHjepa NpUHATO paBHBIM 1,2 Gap. Benmnuuna
BHYTPEHHETO0 OTHOCHUTEIBHOTO K.IL.J| JeTaHiepa
NpuHATa paBHOM 75%, 3HAUYEHHUE JIIEKTpOMEXa-
Hudeckoro k.a.g. A — 95%. 3nadyeHus K.I1.1.
JBC momydyeHsl Ha OCHOBE aHalW3a JaHHBIX
skciutyatanuu asurarenst Caterpillar G3516 Ha
KoreHepannoHHoH kotenbHOH (OO0 «OxoMom»
r.Jluneux). Jns TtemmepaTyp TOIUTMBHOW CMeCH
oT -30°C (MHHMMaJbHO JOMYyCTHUMas TeMIepa-
Typa) mo +25°C (onTumainbHas TeMIlepaTypa)
3Hauenne K.1.4. JBC cocraBiasier 39%. Ilpu
Temrepatypax cmecu ot +25°C go +35°C (Mak-
CHUMaJIbHO JOIyCTHMasl TeMIepaTypa) MpOHCXO-
IuT auHeitHoe ymenbuieHue K.a.a. JIBC no 37%.
BenuurHa X0J0MUIBHOTO KO3(QUIIMEHTA Mapo-
KOMIIPECCUOHHBIX XOJIOMWIBHBIX MAIIUH paBHA
2,8.

Ha pucyHke 2 mpuBeneH rpauk 3aBUCHMO-
CTH yAETBHOW 3KOHOMHH TOIUIMBAa OT TeMIepa-
Typbl HApy>KHOTO BO3/lyXa IpU NPUMEHEHHUU
HAI'A Ha xoreHepammoHHON KoTenpHOU ¢ /IBC.

cool.— Pa3HH-

MHHM TOIUIMBA OT TEMIIEPATyPbl HAPYKHOI'0 BO3/Y-
xa npu npuMmeHeHun JII'A Ha KoreHepaunoHHOI
KoTeabHoii ¢ IBC.!
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Pe3ynbrathl pacuera mokasblBalOT, YTO 3aBH-
CHUMOCTh 3HepreTuueckoro sdpdexkra ot Temrie-
paTypbl HApY>KHOTO BO3yXa MOXHO pa3OWTh Ha
4 ycnoBHBIE 00NACTH, OTPaHUYCHHBIC 3HAUCHHS-
MU TEMIIEpaTyp HAPY>KHOT'O BO31yXa.

B nepBoit o0mactu TemmepaTypa Hapy>KHOTO
BO3JyXa MEHbBIIE ONTHUMAIbHOW TeMIepaTypbl
cMecu. B 3TOoM ciywae mapamerpsl rasa mocie
neTannepa He BIUAAOT Ha K.1.1. JIBC, moatomy
yAENIbHAsT HSKOHOMHS TOIUIMBA ONPEICISIETCS
TOJIbKO BEMYMHOW yJENBbHON MOJIE3HOW PabOThI
ATA.

Bropast 061acTe HaxomuTCs B AHMAma3oHe OT
ONTHMAIbHONH /0 MAaKCHUMaJbHO JIOMYyCTHUMOM
Temreparypsl cMecu. B aToil obnactu yaenbHas
SKOHOMMUS TOIUIMBA 3aBUCHUT OT M3MEHEHUS 3HA-
4yeHuil pabotel razonopiuHeBbix JIBC ans cpas-
HUBAEMBIX CXEM, BBHI3BAHHOTO CHM)KEHHEM TEM-
nepaTypbl CMECH BCIICACTBUE OXJIAXKICHUA ra3a B
nerangepe. C pocToM TeMIepaTypbl BO3AyXa
yZAenIbHasi SKOHOMUS TOILIMBA CYIIIECTBEHHO YBe-
JTUYMBAETCs, TaK KaK pa3HUIA yIeTbHBIX padoT
ABC nmns cxem ¢ JAI'A u ppoccenupoBaHUEM
MOJKET B HECKOJIBKO pa3 MPEBOCXOAUTH paboTy
JeTtannaepa. MakcuMaabHOE 3HaU€HUE SKOHOMHUU
TOIUIMBA JIOCTUTAETCS MPU TEMIEPATYpE BO31Y-
Xa, PABHOW MAKCUMAaJIbHO JIOIIyCTHUMOM TeMIlepa-
Type CMECH.

B Tpetbeii obmacTu TemmnepaTypa Hapy>KHOTO
BO3[yXa OONbIIE MaKCHMAaJIbHO JOIYCTHMOI
TEMIIEpaTyphl CMecH. YenbHasi SKOHOMUS TOII-
JIUBA B 3TOH 0OJIACTH ONPEIeINIeTCs] BEIMINHAMUA
yaenbHOU mone3Hod pabotel JI'A, pasHumen
yaenbHeIx pabot JIBC u 3arparamu 3JeKTpo-
SHEPTUM Ha OXJIAKJEHHE TOIUIMBHOM cMecu s
cxem ¢ JA'A u gpoccenupoBaHueM. Y aenbHas
SKOHOMMUS TOIUIMBA MIPU
pocre TeMIepaTypsl
Hapy>KHOTO  BO34yxa
YMEHBIIIAETCS, YTO OOBSICHAETCS IMTOCTOSHCTBOM
BENTUYUHBI yeabHo paboTel [IBC mist cxeMsl ¢
JIPOCCENIMPOBAHUEM W CHIKEHHEM BEIMYMHBI
yaenbHOU monie3Hoi padbotsl JIBC st cxemsl ¢
ATA.

B uerBepToii 0o0sacTH TemrmepaTypa CMeCH
st cxembl ¢ JII'A Oyzmer Gomblile MakCHMalb-
HOW Temmeparypsl cMecu, nostoMy JBC s
000MX CpaBHHUBAaEMBIX BapUaHTOB OyaeT pado-
TaTh ¢ MUHUMAJIBHBIM K.II.J. YJI€lbHasg 3KOHO-
MUl TOIUTMBA B IaHHOW OOJIACTH ONpeNeNnseTcs B
OCHOBHOM 3HAaueHHEM pabOThl JeTaHjiepa U B
MEHBIIEH CTENEHU BEJIMYUHOM pa3sHUIIbl YyJIeJb-
HBIX 3aTpaT 3JEKTPOIHEPTMH HA OXJIaXICHUE
TOTUTUBHOM CMECH Ui BapHMaHTOB C APOCCEIH-
poBaHueM u npumenenuem JI'A.
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3akuouenne

PesynbpraTel ananuza npumeHenus JII'A Ha
SHEPreTHYECKUX TMPENNPHUATHSAX ITOKa3bIBaIOT,
YTO yJeNbHas DKOHOMHUS TOIUIMBA B MEPBOM
MPHOIKEHUN OTpEIeNsaeTcs] BeTMINHOW MPH-
palieHusi CyMMapHOW yAeThHOHN ITOJIe3HOM pabo-
THI.

IIpu ucnons3oBanun JAI'A Ha TOL] BbIsABIE-
HO, YTO MNpHUpalICHUE CYMMapHOU yAEIbHOU IO-
ne3Hoi paborel Oymer MeHbine paboter A,
TaK Kak OXJaXIEHHE ra3a B JeTaHIepe OTpHIla-
TETHLHO CKa3bIBacTCs Ha 3(PGEKTHBHOCTH Tapo-
TypbuHHOTO nHKia. [IpoBeeHHbIN aHAN3 TI03-
BOJIAET CJENIaTh BBIBOJ O JKENATEIbHOCTH MpPH-
MEHEHHsI TPEeJBapUTENIbHOTO TIOJOTpeBa rasa
nepen JAI'A wa TOLI, 94TO MO3BONHUT YBEIHYUTH
YACTbHYI0 paboTy MapoTypOMHHOIO IUKIA II0
CPaBHEHHIO CO CXEMOW C NMpUMEHEHHEM JeTaH-
nepa 0e3 mojorpesa, a Tak)Ke MOBBICUTH 3HAYe-
HUe yaensHoi padots I A.

IIpu ucnonb3oBanuu JAI'A Ha KoreHepaiu-
OHHBIX KOTENBHBIX TMPH TEeMIIEpaTypax BO3IyXa
HIDKE ONTHMAIBHON TEeMIepaTyphl CMECH MpH-
palieHne CyMMapHOW yIenbHOW paboThl paBHO
yaensHOU padote JAA. B atoMm ciyuae MOXHO
PEKOMEHIOBATh IPUMEHEHUE MIPEIBAPUTEIHLHOTO
MOJOTpeBa ra3a A yBeJIUueHHUs paOdoThl JeTaH-
nepa. [Ipu Oonee BBHICOKHX TeMIeparypax BO3-
lyXa TpUpalleHHe CYMMapHOM YIENbHOW MO-
JIE3HOUW pabOTHI MOKET B HECKOJBKO pa3 MpPEeBhI-
CUTh yHenbHylo pabory cobctBenHo A 3a
cuer yBenumueHus paborel [ABC BcieactBue
OXJIAKJICHHSI Ta3a W CHIKEHHS TeMIIepaTyphl
TOIUIMBHOM cMmecdu. B jaHHOM TemmepaTypHOM
Jarna3oHe MPUMEHEHHE MOJJOTPEeBa MOXKET OBITh
SHEPreTHYECKU HEIlellecoo0pa3Ho, TaK KaKk CHH-
JKaeT TOJIe3HOe BIUSHHUE OT OXJIAXKICHUS ra3a B
neranaepe Ha padory IBC.

Takum 00pa3zoM, OOJBIITYI0 OTHOCHTENBHYIO
3¢ (EeKTUBHOCTh JaeT TPUMEHEHHE [eTaHJep-
TeHEPATOPHBIX arperaToB Ha KOTEHEPAIMOHHBIX
KOTEJIbHBIX 110 CPABHEHUIO C TEIJIO3JIEKTPOICH-
TpalIIMHU, YTO OOBACHIETCSA CIEMUPUKON BIHS-
HUSl TeMmIepaTypsl ra3a Ha 3(pQexkTHBHOCTh pa-
0OTBI SHEPTOMPOU3BOIAIIETO 000PY/IOBAHUSL.

Ouenky s¢dekruBHocTr npuMenenus A
M0 BEJIMYMHE IMPHUPALICHUS CYMMapHOH yJIelb-
HOU TIOJIE3HOM pabOThl MOXKHO TPUMEHSITH IS
ofpeJieNieH sl 3HepreTundeckoro 3ddekra ot wmc-
nonb3oBaHusl JII'’A Ha paznuyHBIX SHEpreTuye-
CKUX MPEANPHUITUSIX.

APPENDIX 1 (IIPUJIOKEHHE 1)

Fig.1. Dependence of the specific fuel economy value
on the ambient air temperature when using the Ex-
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pander Generator at the cogeneration plant. (X — am-
bient air temperature, °C; Y — specific fuel economy,
n.m3/n.md).

Fig.2. Dependence of the specific fuel economy value
on the ambient air temperature when using the Ex-
pander Generator at the cogeneration plant with the
internal combustion engine. (X — ambient air tempera-
ture,”C; Y — specific fuel economy, n.m?/ n.md).
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