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Kpasuenxo O. B. IligBuiieHHs NPOIyKTUBHOCTI TATOAYTTHOBUX TPAKTIB KOTJIIB
Ha OCHOBI YJOCKOHAJICHHS MOJEJeH aepoJrHamidyHuX cucteM. — Kpamidikamiiina
HAyKOBa Iparlsd Ha MpaBaxX PyKOMHCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTyIeHS JokTopa (imocodii 3a
criemianbHicTIO 144 — Tenoenepretuka. — OechbKUid HAIIOHATBHUN TOITEXHIYHUI
yuiBepcutreT MOH VYkpaina, Oneca, 2020.

Y ecmyni 0OTPYHTOBAHO aKTYaJbHICTh PO3POOKH MOJENICH aepoJUHAMIYHUX
cucteM (AC), METOMIB pO3paxyHKY 1 MOOYIOBH EHEPreTUYHUX XapPaKTEPUCTUK
CUCTEMHU Ta ii eJIEeMEHTIB, SIKI COPUAIOTH MPaBIWIBHOMY BiJOOPaKEHHIO MapaMmeTpiB
po6otu AC, po3p0oOKH MOJI€JI CUCTEMHOT OIIIHKM €(PEKTUBHOCTI MPH 3MiH1 TapaMeTpiB
Oy/Ib-SIKHX €JIEMEHTIB CHCTEMHU.

TenmoBa MOTYXHICTh KOTJIB B MEpioj €KCIUTyaTarlii JI0BOJI 4YacTO MEHIIE
PO3paxyHKOBHX TMAaCMOPTHUX 3HadeHb. Llg mpobiemMa Mae Ha3By «OOMEXEHHSI
MNOTY>KHOCTI» 1 MOB'I3aHa 3 HEAOCTaTHHOIO MpoaykTuBHICTIO rigpocuctem (I'C) 1
oco0nuBo yacto aepocucteM (AC), a came — IyTThOBUX a00 TATOBUX TPAKTIB KOTIIB.
[TigTBEpIKEHHSIM MAaCOBOT'0 XapaKTepy 0OMEXKEeHb OTY>KHOCTI € JaHl PSKUMHUX KapT
KoTiiB 1 MetoguuHi pexomeHaarii OPI'PEC no oOGrpyHTyBaHHIO HEJOCTaTHHHOTO
HABAaHTA)XCHHS EHEPreTUYHUX OO0'€KTiB, a TaKOXX pPEKOMEHJAIlil aernapTaMeHTy
enepretuku CIIIA «Improving Fan System Performance», B skux HEBiIMOBITHICTH
peanbpHux napameTpiB AC 3 MPOCKTHUMH MMOKa3HUKAMU MOSICHIOIOTH, SIK «CUCTEMHHM
eeKxT» 1 BUPIITYIOTh 3aMiHOK BEHTHJISITOPIB 400 TMMOCOCIB Ha OUIBIIT MOTYXHI.

Takum ymHOM, y BCTymi OOIPYHTOBAaHO  aKTyaJbHICTH  IpoOsieMHu
HEBIAMOBITHOCTI pEAIbHUX TOKa3HUKIB POOOTH TATOAYTTHOBUX TPaKTIB KOTIIB 3
MPOCKTHUMHU JIaHWUMH, 1110 TOBOPUTH TIPO JOIUIBHICTh TMEPEryisiny MOJEeH
MIpeICTaBJICHH MapaMeTpiB 1 XxapakTepucTuk AC 1 BIAMOBITHO METO/IIB iX PO3paxyHKY
Ha eTaIll MPOeKTYBaHHSI, a TAKOX B TIEP10] eKCILTyaTallii.

Y nepwomy pos3dini nuceprtauii BUKOHAHO aHali3 MOJENEH MNpeiCTaBICHHS
napaMeTpiB poOOTH IMHAMIYHUX CUCTEM 1 METO/11B BJIOCKOHAJICHHS Ta ONTUMI3aIlii Ha

etarni npoektyBanas AC, chopMmyaboBaHI MeTa AMCEPTAIIMHOI POOOTH 1 3aBIaHHS
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JTOCHIDKeHDb JUUISL MIJABUIIEHHS TMPOAYKTUBHOCTI TATOAYTTHOBUX TPAKTIB KOTIIB 3
OJTHOYACHUM 3HIDKCHHSIM TMUTOMHX BHUTpAT €HEprii Ha AyTTsS abo TATy, a TaKOX
PO3POOKH CHUCTEMHUX MOKA3HUKIB €(heKTUBHOCTI TUHAMIYHUX CHUCTEM B IIJIOMY Ta ii
€JIEMEHTIB Ha €TaIll MPOEKTYBaHHs, a TAKOX B MEP10J eKCILTyaTaLii.

B enepretmuHux KaTajorax 1 JOBIAHMKAaxX TIJPOCUCTEMH Ha3UBaIOTh
«HACOCHMMH YCTAaHOBKaMM», a aPOCUCTEMU — «BEHTUJIITOPHUMH yCTaHOBKaMuy. Lle
cBimuuth mpo Te, mo B I'C 1 AC BupaineHi HACOCH, BEHTHIATOPH, ITUMOCOCH,
KOMIIPECOpH (J1ajll Har"iTayi) siK TOJOBHI €JIEMEHTH CUCTEMHU. | 0JJIOBHOIO MOACIUIIO
npejcTaBiieHHs mapameTpiB AC ChOTO/IHI € CHEPTETUYHI XapaKTePUCTUKHU HarHITaviB,
Kl OTPUMYIOTh B pe3yibTaTl EKCIEPUMEHTAJIbHUX BUIPOOYyBaHb Ha CTEHIAX
BupoOHuKa. OcHoBHI mapametpu AC 1 I'C mpencrapise HamipHa XapakTepUCTHUKA
HarHITa4iB: 11 HacOCIB H,,., =  (Q); 11t BEHTHIISITOPIB 200 AMMOCOCIB Py 00y = f(Q),
KOTpP1 MOKHA BBa)KaTH MAaCIIOPTOM HarHITayiB.

Ha erani npoextyBanns I'C 1 AC po3po0isieThesl XapakTepucTrka Mepexi. s
pPO3paxyHKy BHKOPHUCTOBYIOTH OIOpPH OOJaJHAHHS 3 TIAPaBIIYHUX JOBITHHUKIB.
Brpatu tucky AP y nonoMi>kHOMY OOJIafHaHHI PO3PaxOBYIOThTa MPEICTABISIIOTH y
BUIJISIII HAMIPHOI XapaKTePUCTUKU MepexXi Hyuepewa = f (Q) B mom nHamipHOi
XapaKTepUCTUKU HarHiTada 3 KaTtaioriB. [lepeTwH po3paxyHKOBOI XapaKTEPHCTUKH
MEpeKi Ta HaMpHOT XapaKTepUCTUKY HarHITa4a 3 KaTanory nae podody Touky P7, sika
€ OCHOBOIO BH3HAYCHHS BUTPATH HarHiTada, a TakoX BuUTpar eHeprii, KK/[ abo
e(deKTUBHOCTI HarHiTaua, aje He CUCTeMH B 1iyioMy. OnTumizaiis mapameTpiB poooTu
AC BUKOHYETHCA TUIBKM 3a BEIWYMHOI MakcuManbHuX KK/ HarHitada, 110
IPU3BOJIUTH 0 CYNIEPEYHOCTEH NP BUPILICHHI 3aBaHb CHEPTro30epe:KeHHSI.

[TpoBenenns pekoHCcTpyKIIii AC 3 METOI0 301IbIIICHHS TPOTYKTUBHOCTI (ITO1a41)
HaTHITa4iB 32 paXyHOK 3HW)KCHHS BTPAT THCKY B MEPEXKi 3 OJHOYACHUM 3MEHIIICHHSIM
MUTOMUX BUTpPAT €HEprii Mpu3BOAUTH 10 3HIKeHHs KK/] narnitada. Ilo3utuBHUI
pe3yNbTaT PEKOHCTPYKLII BXOAWUTh B MPOTHPIYYS 3 KpuTepiem ontumizauii — KK/[
Harxitaya. TakuMm 4MHOM y MEPIIOMY PO3JILII OOTPYHTOBAHO IIpoTUpiuus Mojeneit I'C

ta AC: XapakTepUCTUKHA HarHiTa4iB MalOTh CKIAJAHY MOJENb MpPeICTaBICHHS
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3 JIOBIIHMKIB TNPUMMAIOThCSA SK HEMUHydYe, Ui ontumizamii mnapamerpiB AC
BUKOPUCTOBYeTbCA TuUTbkn KKJ/[ HarHiTaua. Ha OCHOBI BHUSIBJICHHMX MpPOTUPIY
chopMypOBaHI MeTa 1 3aBJaHHS JOCHIKCHb.

Y opyeomy po30ini BUKOHAHUM aHATI3 IPUIUH OOMEKEHb MOTYKHOCTI KOTIIB
no AyTTIo abo TA31, BUKOHAHI JOCIIDKEHHS JOCTOBIPHOCTI ICHYIOUHMX METO[IIB
npejcTaBiIeHHs mapaMeTpiB riipo i AC Ha OCHOB1 BUKOPUCTAHHS TOKAa3HUKA «ITOBHUI
HaIip», pPo3pOOJICHO MPOIMO3HINI MO0 BIOCKOHAJCHHS MOJEII TPEICTABICHHS
nporieciB B AC.

s 3amanux nepetuHiB AC MOBHUN Hamip pPO3paxoBYIOTh, SIK CYMY TPhOX
CKJIaIOBUX €HEPreTUYHMX MapaMeTpiB piauH abo ra3iB B ¢popMi piBHIHHS bepHyi.
Jlnst mpencTaBieHHST HarHiTadiB BUKOPHCTOBYETHCS IOKAa3HUK — IIOBHUW HaIip
HarHiTa4yiB Hy,ry SIK PI3HUIT IOBHUX HATOPIB B MEpepisi, ¢ BCTAHOBICHUN MaHOMET]
— H; 1 Miclie yCTaHOBKM BakyymmeTpa — Hi. J{ns aHamizy mapameTpudHOi Mojenl
po3pobiieHa rpado-ananituuna H-mozenb npeacTaBiieHHs] TOKa3HUKA TOBHUM HAIIp

HarHiTa4iB (MEepIINi MyHKT HAYKOBOI HOBU3HU), IKa CXEMaTHUYHO MOKa3aHa Ha puc. 1.
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Pucynok 1 — H-Moenp HarniTaua Ha OCHOBI MOKa3HUKA MIOBHUN HATHUCK.

[IpencraBieHHss mapaMeTpiB HarHitTadya y Burisal H-moxeni 103BOHIIO
BUSIBUTH HACTYMHI HEBIAMOBITHOCTI. HeBumpaBmano yckiaJgHeHa METOIUKA
IIPE/ICTABIICHHS TapaMEeTPiB CHCTEM Ha OCHOBI PO3pPaxyHKy IapameTpa «IOBHHM
Harip». H-Mozaenp mokaszaia, mo npu po3paxyHKy TPhOX CKIIAJIOBUX TIOBHOTO HATIOPY
B 30HI pO3psKeHHA Pyi, AMHamiuHa ckiagosa Hy,, = kVi? BukopucToByeThCs 1Ba

pa3u, TaK K IIPpH BI/IKOPI/ICTaHHi INIOKa3HHWKa PO3PAIKCHHIA Pp BXXe € B MOKa3HUKAX
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BakyymmMmetpa Ps. Lle 103BosniI0 oOrpyHTYBATH MepeXij BiJl NapaMeTpa NOBHUMN HaMIp

HarHiTava /10 mhe30 moka3HukiB AC K pi3HHII MOKa3aHb MAHOMETpPA 1 BaKyyMMETpa.
PHaZH:PM_PB:PZ_(_Pl) (1)

Amnaniz H-mozmeni mpeactaBineHHs MmapaMmeTpiB HarHiTaua moka3aB OCOOJHMBY
pOJIb MOKA3HUKIB MAHOMETPA 1 BaKyyMMeTpa. TakuM YHHOM, MPEACTABICHHS €HEepTii
B AC yMOBHO MO’XHa PO3JUJIMTA Ha JIBl CKJIQJIOBI: MOKa3HUKH MHE30MPUOOPIB —
MaHOMETpPIB 1 BaKyyMMETpiB;, 1 JMHAMIYHA CKJAJ0Ba EHEPrii, fKa XapakTEepHU3ye
mpoIiecH Aii a0 TUHAMIKH.

Y  mpemwvomy po3odini oTpuMana TOJAJBIIUNA  PO3BUTOK  KOHIICIIIISA
IPEJICTAaBICHHS €HEprii, JJIsi 4YO0ro BUKOPHCTOBYIOTh JBI KOMIIOHEHTH EHEprii:
MOTeHIIA — [/, SIKUI € «IepUIONPUYNHOI0» €HEPTreTUYHUX MPOSBIB; 1 AUHAMIKA — /].
JloOyTOK JBOX KOMIIOHEHT BijloOpakae MOJielb po3paxyHKy notyxHocti N = 171 - /1.
O0'eqnyrounM (aKTOpOM TMpEeICTABICHHS 1 3ICTaBICHHS PI3HUX BHUIIB €HEPrii €

yHiBepcaibHa OJIMHULIA BUMIPY OTYX)HOCT1 — Batr.
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Pucynok 2 — I'padiune npeacTaBieHHs pO3paxyHKY MOTYKHOCTEH

(a — eneKTpUYHOT MOTY>KHOCTI, O — T1IpaBII4yHOI MOTY>KHOCTI).

VYHiBepcalibHa OJUHUIISI BUMIPY MOTYXHOCTI — BaTT nis pi3HUX BUAIB €HEprii
no3poJise po3paxoByBaTu KKJ| — «edekTuBHICT, TpaHchoOpMalii» .., abo
NEPETBOPEHHA PI3HUX BUJIIB eHeprii. Takum ynHOM, yH1(iKaIis OJUHHUIIL TOTYXHOCTI

pPI3HUX BHJIB €HEprii J03BOJMIa CPOPMYITIOBATH MOKA3HUK €()EKTUBHOCTI poOOTH
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HarHiTa4yiB y BiZHOCHIN popmi 0 < 77,40, < 1 SIK TOKA3HUK BIAHOIICHHS MOTY>KHOCTEH:
a’ponoTyKHOCTI Nyepo 10 enekTpuyHoi N, 3aBasku nokasHuky KK/[ HarHitadiB y
BigHOCHIM Qopmi nipu npoekTyBaHHi ['C 1 AC BUKOHYIOTh ONTHMI3AIIEI0 TIIBKU 3a
MakcuMasbHUM 3HadeHHSM KK/ HarHitadis.

[cHyIOTH MeTOAM PO3paxyHKy CHiBBIJHOIIEHb JIWHAMIKM 1 IOTEHILIATy 3
BUKOPHUCTAHHAM Koe(ilieHTa MponopuiiHocTi - omip R. MoHa 3ampornoHyBatu
METOJ/IMKY PO3PaXyHKY «€(DEKTUBHICTh AMHAMIYHUX MPOIECIBY Py, SK CITIBBITHOIICHD
nuHamiky /[ 1 moteHmiany /1, 3a ymMoBH yHidikalii OJWHUIL BUMIPIOBaHHSI 000X
komnoneHT. B I'C Hacoc 3 noreniianom H [M] bopmye nuHamiuHy ckiagaoBy Ho,, [M].

B AC noBHuii Hamip HarHiTadiB Py [MM] hopmye nuHaMigHy CKIagao0BY Ny, [MM].
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Pucynok 3 — Mogenb npenctaBieHHs epEeKTUBHOCTI JUHAMIYHUX MPOILIECIB.

VYHidikamis OAMHUIL BUMIPIOBAHHS KOMIIOHEHT TMOTEHINANy Ta JUHAMIKH
J03BOTIIIO (POPMYITFOBATH 3aBJIaHHS PO3POOKH MOKa3HUKA e(DEKTUBHICTh JUHAMIYHUX
MPOLECIB @y, Y BIAHOCHIH PopMi 0 < @y, < 1 (Ipyruit MyHKT HAYKOBOi HOBU3HN).

qDaquﬂ/H:hauH/Hzl/(]-i‘R) (2)

CrinbHEe BUKOPUCTAaHHS KOE(DIIIEHTIB «E(PEKTUBHOCTI TpaHCHOPMAIUD» a0
pI3HHX BHIB €HEprii B HarHiTadl i «eGeKTHBHICTh TUHAMIYHUX TIPOIECIBY» @y, B
aepOCUCTEMHU JTO3BOJUTH PO3PAXOBYBATU «CUCTEMHY €(PEKTUBHICTHY» TATOTYTThOBHX
TPAKTIB Efuyem (TPETIN MyHKT HAYKOBOI HOBU3HH).

Efcucm = Mazn * Poun (3)



Tabmumg 1. Monens po3paxyHKy CUCTEMHOI €(peKTUBHOCTI

Enepris £ = Pob6ota A [[I)x] = Tlotryxnuicte N=A4/t [BT]

Tpanchopmariis eHeprii JlnHamivH1 poriecu
[TotyxHnicte N = P-D [BT] D=P
Enexmpuuna enepeis
N, =U-I [BT] I=U/R=¢,U
Qe =1UR=1/U
l'iopasniuna enepeis
N .iop = Hg - 0Q [BT] QV= @5 2gHS = 2gHS/ (1+R)
Mmp = N zigp/Non = 0,85 @-iop= 1/(1+R) = QV / 2gHS = 0,2

P03paxyHKu cuUcCmemHol €¢€Kml/t6HOCWll' eHepecemudHux npouecie AC
Hewem = Nmp * Qeiop = 0s85 0:2 = 0’17

Po3po6ka noka3Hnka epeKTUBHICTh JUHAMIYHHUX MPOLECIB (O, MOKE KOPEKTO
XapakTepU3yBaTH 3aXOAW WIOJ0 3HMKEHHS OINOpPIB B AMHAMIYHUX CHCTEMax, IO
JO3BOJIUTH 30UIBIIUTH MPOAYKTUBHICTH CUCTEM 3 OJHOYACHUM 3HI)KEHHSIM BUTpAT
e”eprii. Taki 3axoau MOXyTh OyTH aJIbTEPHATHBOIO 1CHYIOYOi KOHLEMIT 3aMiHU
00J1aTHaHHS Ha OUIBII OTYKHE.

Y uemeepmomy po30ini BUKOHAHO aHami3 BiIMiHHOCTeH mporeciB B AC Bifg
rigpocucteM. Ha ocHOB1 ocobauBocTei po3pobiieHa nbezomoaensb AC, sika OyayeThes
PO3pPaxyHKOBUM IUISIXOM JIJIsl TPHOX 1 OUIbIIE JIJISTHOK CUCTEMHU.

IcTropuuno, Moaeni npeacTabieHHs mpoueciB B AC po3BUBAIUCS 332 aHAJIOTIEIO
3 po3pOOJICHUMU paHillle MOJAEIIMHU TiapocucTeM. OHAK, BaXXJIMBOIO OCOOJIUBICTIO
I'C € Te, mo o0naHaHHA PO3TAIIOBYETHCSA B 30HI TUCKY, a 30HA PO3PSAIKECHHS, Yepe3
HeOe3NeKy BUHMKHEHHS KaBiTallli, Ma€ MIHIMaJIbHOI KUIbKICTh oOmagHaHHsI. Y AC
HeMae TpoOJjieMu KaBiTallii, ToMy OOJaJHAHHS MOXE PO3TaIlllOBYBATHCS SK B 30HI
TUCKY, TakK 1 po3psaxeHHs. KpiM cucteM 3 BEeHTUISITOpaMHU, Je PO3BUHEHA 30Ha TUCKY,
IIMPOKO BUKOPHUCTOBYIOTHCSI CHUCTEMH 3 JHMOCOCaMH, B SKHUX OOJaJHAHHSA
pO3TAIlIOBYIOTh Yy 30H1 po3pskeHHd. Ha pucynky 4 mnokaszaHi €HEpreThyHi

XapaKTEePUCTHKHU aumococa JIH-26.
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Pucynok 4 — EnepreTruHi XxapakTepucTUKH 1umMococa J(H-26

Humococ Jlu-26 BukopuctoByeThesi npu temmepatypi 200 ° C. OxHnak, iforo
MO>KHa BUKOPUCTOBYBATH B SKOCTI BeHTHJIsiTopa Iipu Temrepatypi 20 © C. BukoHnaHo
aHaji3, SKUH MoKazaB BIIMIHHICTh PEKOMEHI0BAaHOI 30HH PoOOTH IIPH BUKOPHUCTAHHI
PI3HUX TMOKa3HUKIB e(eKTHUBHOCTI. Tak ONTUMalIbHOIO 30HOI0 POOOTH MpH
BUKOpHUCTaHHI Toka3zHuka KKJ/[ € piama3zon poOouux touok PTy - PT, - PTs.
Bukopucranns koedinienra nmuromux Butpar eHeprii Ky = N / Q mokasye, mo 30Ha
mpagiie Touyku MakcumanbHoro KKJ/[ HarHiTaya (30UIbIIEHHS TMOMAa4l) € OLIbII
Kpainoro: Kys Ma€ HaWKpallli MOKa3HUKH CITIBBIAHOIIECHHS BUTpAT eHeprii Ner 10
mojavi (Q HarHiTaya.

Tabnug 2. AHani3 NoKa3HUKIB poOOTH HarHiTaya JlH-26

ITo3nau Pt Pt Pt P14
Q THC.MY/T 145 255 335 380
N kBT 170 315 345 343
Dserm — 0,74 0,82 0,74 0,64
Kn kBt/™M® 1,22 1,24 1,04 0,9
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Bigminnocti po6otu AC Big I'C, siku 1oBeicHO Ha pUCYHOKY 1 3a JI0ITOMOT0I0
rpadgiuaoi  H-monmeni mo3Bomwimm  chopMyBaTH  KOHIICTIIIFO HOBOI  MOJENI
MpeJICTaBJICHHs TlapaMeTpiB poOoTu aepocucteM. llo-mepie, HEOOXiAHO BHUKOHATH
nepexij BiJl KOMIUIEKCHOTO MapaMeTpa «IIOBHUIM HATHUCK» JI0 MMOKA3HUKIB, PO3PAXyHOK
SKAX TIOBHHEH BIIOOpakaTh 1 MaKCHUMaJIbHO 30IraTUCS 3 TIOKa3aHHSIMHU
nbe3onpudopis. s npukiany BUOEpEeMO pO3paxyHOK IMOKa3aHb MPHIIAJIB B JIBOX
XapaKTepHUX NEpeTHHAX: MOKa3aHHA BaKyyMMETpiB P1 = Pp B 30HI pO3pIIKEHHS 1
MaHOMETpPiB P2 = Pr B 30H1 TUCKY. JIJIs1 TOPIBHSIHHOCTI PO3PaXxyHKOBUX IMapaMeTpPiB B
CHUCTEMI 3 IOKa3aHHSIMHM MPUJIAJIIB pO3p0OIIeHa PO3PaXyHKOBO - rpadiuna «P-Moaenny

ysiBieHHs napameTpiB AC (PucyHok 5) (4eTBepTuii MyHKT HayKOBOi HOBU3HH).

AP

vacuum md fOJ‘ pressure
- -
B ¢

major ~P

| SN

Pucynok 5 — P-monens — nbe3omoiens napametpiB AC

JluHamiyHa CKJaJoBa €HEprii K € CKJIQJ0BOI0 YACTHHOIO IOKa3aHHS
BakyymmeTpa. Tomy, ii MOKHa He TMOKa3zyBaTH B mbe3orpadiunoi mogmeni. [lpu
HEOOX1THOCTI, TUHAMIYHY CKJIaJJOBY €HEpTrii MOXHa MMOKa3yBaTH B rpadiyHiil Moaeni
TITBKH B 30H1 PO3PSIKEHHS, € 1151 CKIIagoBa GOPMYEThCS 1 IPUCYTHIN B TIOKa3aHHI
BakyymMeTpa. lle Hisik He 3MIHUTH Tpadik MbE30 XAPAKTEPUCTUKH PO3PIIHKEHHS.
JlunamiuHa CKJIaJjoBa €HEPrii SIK € CKJIAJOBOI0 YACTHMHOIO MOKa3aHHS BaKyyMMETpa.
Tomy, 11 MOXHa He TOKa3yBaTh B mbe3orpadiunoi momeni. [Ipu HeoOXigHOCTI,

JTMHAMIYHY CKJIQJIOBY €HEprii Mo>kKHa MoKa3yBaTH B TpadiuHiid MOAEINI TIIBKH B 30HI
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PO3PSKEHHS, Jie 1 ckiagoBa GOpMY€EThCS 1 IPUCYTHIN B MOKa3aHHI BaKyyMMeETpa.
Lle HisiK HE 3MIHUTH TpadiK MbE30 XapaKTEPUCTUKH PO3PIIHKEHHS.

B poGotri po3pobieHa MeToAMKa pPO3paxyHKY TMbE30 IapaMeTpiB IS
BUKOPHUCTaHHA B «P-mMozeni» 3 MpOrHO3yBaHHSM BHMIPIOBAHMX IMOKAa3HHUKIB MHE30
napaMeTpiB - MAaHOMETPIB 1 BakyyMMeTpiB. [Ipu oMy rbe3oMoens GyHKI[IOHATBHO
(3a poAOM 3aBjaHb) 1 MapaMeTPUYHO (30HA PO3PIIHKEHHS 1 30HA THCKY) JOIIIBHO
po3aiTuTH Ha Tpu AUAHKY: 0 - 1 - ninstHKa po3psskenHs; 1 - 2 - quisiHka HarHiTaya; 2

- 3 - AuIstHKA TUCKY. Pe3ynbrat po3paxyHky nbezoMoeni AC nokazaHa Ha puc. 6.
p = ———— Erosten=ko’ & o o e e
il =

B

il — "y
— Framaanr

A MpacueT
i PR P
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Pucynok 6 — I1be30 mozaens AC 3 Bentunatropom BJIH-15

['onoBHOIO mepeBarol0 MbE30MOJEIM € MOKJIUBICTh aHajizyBaTh 30Ir
pPO3paxyHKOBUX IMapaMeTpiB 3 pealbHUMHU CBUIYCHHSIMU TIPUJIAJiB B MeEpioj
eKCIUTyaTallll 1 KOPEKTHOTO MPEACTaBICHHS Pe3y/bTaTiB BIOCKOHAIEHHS MPOTOYHHUX
YaCTMH 3 METOI0 3HWKEHHS BTPAT TUCKY B Mepexi 24P, SK JOMOMIXHOTO
YCTaTKyBaHHS 1 HOro OKpEeMHX €JIEMEHTIB, TaK 1 HarHiTaya. [lopiBHAHHS MOKa3HUKIB
po3paxyHKoBo - rpadiunoi «P-moneni» AC 3 mapamerpamu «H-mogmeni» mokaszaio
NOpIBHAHHICTG Mojened. ['padiune mnpexacraBmenHss P-moxeni mokasye, 1o
PO3paxyHKOBHUM IIJISXOM PO3PaXOBYEThCS IMOJI€ MOTEHINANIB Y BUIJISI/II TOKA3HUKIB B

XApaKTCPHUX IICPCTHHAX CUCTCMU.
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Jlns peanizaiii P-mojeni nponoHyeThcsi OCHOBHUM 3aBJaHHSAM MPOCKTYBaHHS
AC BBaXaTH pO3PaxyHOK TOTEHIaTiB B TIEPETUHAX, JI€ BCTAaHOBIIOIOTHCS
BUMIpIOBaJIbHI Mpuiiagud. ToOTO, XapaKTEPUCTUKY MEPEKl MPOMOHYETHCS PO3ILITUTH
Ha KUJIbKa 4acTuH. i mpeAcTaBieHoro npukiany OyaeMo po3paxoByBatu 1 Oy yBaTu
JIB1 JUJISTHKA: 30HA PO3PSIKEHHS 1 30HA THUCKY.

[Tbe30xapakTepucTHKa AUISHKA po3psmkenHs Pp = f (Q) Big moyatky cucteM
(Touxa 0) 10 MicIIsl yCTaHOBKU BaKyyMMeTpa (Touka 1) CKIaiaeThes 3 IBOX CKIaI0BUX.
Po3paxoByroTbcst BTpaTu TUCKY 24 Po.1 Ha yyactky 0 — 1. JInsl mepeTuHy yCTaHOBKH
BaKyyMMeTpa HEOOX1IHO po3paxyBaTH JUHAMIYHY KOMIIOHEHTY 3a (popMyJIo0.

Pp=P1=ZAP0-1+1<V2=f(Q) (4)

To6to, Ha ainsHI O - 1 HOTEHITaa CUCTEMHU BUTPAYa€ThCs HA TI0/10JIaHHSI OTIOPIB
MPOTOYHUX YACTHH B Mpolieci pyXy rasiB 1 opMyBaHHS TWHAMIYHOI CKJIAJOBOI.
[Ibe30xapakTepucTuKa AUISHKA TUCKY Pm = f((Q) OyayeTbcsl HA OCHOBI PO3PAXyHKY
TIIBKU BTpaT TUCKY 24 P;.3 Ha IIASHIN Bl MICISl yCTaHOBKUA MaHOMeTpa (Touka 2) 10

KIHIIS cUCTeMHU (Touka 3).

Pnpe,q

VY Harsitayax reHepyeThCs MOTEHIIIall, TPaHUYHE 3HAYeHHS SIKOTO P

MO>KHa
pOo3paxyBaTH M0 JAiaMeTpy pododoro kosieca J» 1 HOro mBUAKOCTI 0OEpTaHHS N.
Pener = kufj, = k(D;n)? ()
«P-Mozenp» Mae MpencTaBiIsSTH aepOCUCTEMH CTPYKTYPHO 1 HapaMeTpUuecKu
BiJl movatky (Touka () mo Touku croxuBaHHA (Touka 3). [loTeHIian BUuTpadaeThcs Ha
MOJOJIAaHHS OIMOPIB MPOTOYHUX YACTUH B MpOLECl PyXy pIIMH 1 rasiB. 3aBojam
BUPOOHMKAaM JOLIIBHO MPEICTaBISATH MapaMeTpu poOOTH HArHiTadyiB HE TUIBKU
€HEPreTHYHUMU XapaKTePUCTUKaMU TUCKY, OTyx)HOCTi, KK/I 111, ane B nepury uepry
JaBaTH BEJIMYMHU ONOPIB MPOTOYHOI YACTUHU HArHITa4yiB, PO3PaxOBaHHUX 3a
BEJIMYMHOIO JIMHAMIYHOI CKJIaJ0BOi B Tepepi3i YCTaHOBKM BaKyyMMeTpa, MAJis
PO3paxyHKy IIb€30 XapaKTEPUCTUKU AUISTHKMA HarHiTaya.
B nepion ekcrmyaranii P-Monens 103BoJsie KOPUTYBAaTH MbE30 MapaMeTpH Ha

BCIX JUISTHKaX CHUCTEMH, YTOUHEHHS OIOpY ISl MepepaxyHKy MmapameTpiB poOOTH

HarHiTaudiB 1 AC B LiiJioMy B poleci ekcruryaranii. MatemaTuuHa Mo/iesib pO3paxyHKy
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napameTpiB AC 3 ypaxyBa"HsIM GYHKIIT popMyBaHHS NEPIIONPUYUHU - TPAHUYHOTO
NOTEHLIay B HarHiTadi i GyHKU1i (popMyBaHHS TUHAMIYHUX POLECIB ISl BUALICHUX
3-X JUISHOK, MPEeCTaBIeHa CUCTEMOIO PIBHSHbD.

PBEHT = prpat — RBeHTQ2
0 € PT{ TT —4p, = R,0? (6)
TP— App = R,Q?

V¥ maremaruuynoi «P-mozeni» mapamerpiB AC Brepiiie po3paxoBYIOTbCA TPU
bE30 XApaKTePUCTUKHU AJi1 TPhOX IUITHOK. OJHAK, ISl MOXJIMBOCTI BH3HAUYEHHS
nogavi Q B cucTtemi JOIIIBHO 30€perTd METOAUKY PO3paxyHKy pobouoi Touku PT.
Jiist moOynoBu pobouoi Touku [1be30 xapakrepuctuka 30uu pospsmkeHas Pp = f (Q),
siKa Mo0y/I0BaHa B 30HI1 PO3PSIKECHHS, AyOITIOETHCS B 30HI MO3UTHUBHUX THUCKIB (IO
abcomoTHiit Bemmuunil Ppl ) Brime xapakrepuctuku minsakn trcky Pr = f (Q).

VY n'atoMmy po3aiiai mokasaHUW MPUKIIAJl BUKOHAHHS PeKOHCTPYKINi kotiaa TII-
50 Kpuopizekoi TEC, ska 3abesneunsia BUPIIIEHHS 3a/Jadl 3HIATTS OOMEKEHb
HOTY>XHOCTI 10 Ts131 eHepro6ioky 300MBT 3a paxyHOK KOpUTyBaHHS aepOJuHAMIKU
BXIJTHUX JUISHOK eneKTpodinbTpiB. Bukopuctanus P-moneni 103BOJIUIO CUCTEMHO
oOrpyHTyBaTH 30UIbLIEHHS MNPOAyKTHUBHOCTI jaumococa JlO-31,5 wa 14% 3
OJIHOYaCHUM 3HIKEHHSIM BUTpaT eHeprii Ha npuBig Ha 9%. OpHak, pe3ynbTatu
PEKOHCTPYKIIi MOKa3aiu, 10 OTpUMaHl pe3yipTaTu npusenu A0 3HkeHHs KK]|
numococa. [Ipotupiuus 3umkenns KK/ numococa BupiiieHo 3aBIKH BUKOPUCTAHHIO
Koe(illieHTa «CUCTEMHOTO aHali3y epekTuBHOCTI» AC.

Jo pexoHcTpykiii  Efcuems = Muaont * @ouns =0,8 - 0,2=0,16

[Ticas pexoucTpykitii Efcuem 2 = Muaon2 + @ounz = 0,78 - 0,24 = 0,19

Ha npuknani 3MiHu mapameTpiB poOOTH TATOBOTO TPakTy eHeproOsoxky 300
MBT micis BAOCKOHAJIEHHS MPOTOYHUX YAaCTUH BXIJHOI AUISHKH €JIEKTPOPUILTPY
NOKa3aHa KOpEJSIisl MO3UTUBHUX pE3yJbTaTiB PEKOHCTPYKLII 3 pe3yibTaTaMu
CHUCTEMHOT0 aHamiizy 3MiHu eextuBHOCTI AC.

KuarouoBi cjioBa: oOMEXeHHS MOTYXHOCTI KOTJIB, MOJENI aepOCUCTEM,

BEHTHJISITOP, TUMOCOC, OITIp, BTPATH TUCKY, €(heKTUBHICTb.
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ABSTRACT

Kravchenko Oleg. Improving the productivity of draft-blowing ducts of boilers
based on the improvement of the models of the aerosystems. — Qualifying scientific
work on the rights of the manuscript.

Thesis for the PhD degree in specialty 144 — Heat power engineering. — Odessa
National Polytechnic University of Ministry of Education and Science of Ukraine,
Odessa, 2020.

The introduction substantiates the urgency of solving the problem of developing
models of aerosystems, methods of calculation and construction of energy
characteristics of the system and its elements, which contribute to the correct display
of the parameters of the aerodynamic systems with a clear delineation of supercharger
parameters and individual sections of the network (parameters of any others elements
of the system).

The thermal capacity of most boilers (KVGM, PTVM, TP, etc.) during operation
Is significantly less than was calculated or specified when marking the passport values.
This problem is called "power limitations” and is associated with insufficient
performance of the hydraulic systems (HS) and especially the aerosystems (AS) - draft
or traction ducts of boilers. Proof of the mass nature of power limitations are the data
of the regime maps of boilers, where on the basis of tests the real parameters of
operation of the boilers and their separate systems are specified. More than 30 years
ago, ORGRES methodological recommendations were developed to substantiate the
lower load of the energy facilities. The problem of power capacity limitations also
exists in the United States, where the US Department of Energy's recommendations

"Improving Fan System Performance: a sourcebook for industry" or "Improving the
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performance of fan systems" have been developed, in which the problem of this effect
IS solved by replacing fans or smoke extractors.

Thus, in the introduction substantiates the urgency of the problem of
inconsistency between the actual performance of the draft ducts of the boilers with the
design data, which indicates the advisability of revising the models for representing the
parameters and the characteristics of aerosystems and, accordingly, the methods for
calculating them at the design stage, as well as during the operation period.

In the first section of the thesis, the analysis of the models for representing the
operating parameters of the dynamic systems and the methods of improvement and
optimization at the design stage of the draft-blowing ducts is carried out and also
efficiency indicators of dynamic systems as a whole and its elements at the design
stage, as well as during operation.

In the energy catalogs and reference books, hydraulic systems are called
"pumping units”, and aerosystems are called "fan units". These indicates that pumps,
fans, smoke exhausters, compressors (hereinafter blowers) are singled out in the hydro
and aero systems as the main (major) element of the system. The allocation of blowers
in dynamic systems as the main element and the assignment of technological
equipment to auxiliary equipment can be considered one of their methodological
simplifications, leading to a discrepancy between real energy objects and design
models.

The main model for representing the parameters of aerospace systems today is
the energy characteristics of superchargers. The characteristics of fans and smoke
exhausters are obtained as a result of experimental tests at the manufacturer's stands,
which are published in various forms in the catalogs and are a parametric passport of
the blowers. The main energy parameters are the pressure characteristics of the blower:
for pumps Hrn = f(Q); for fans or smoke exhausters Py tan = f(Q).

At the design stage of the aerosystems, an additional characteristic of the
pressure losses of the network of technological equipment is developed, which is
considered auxiliary. Using the resistances of the equipment from the hydraulic

manuals, the pressure loss AP is calculated in auxiliary equipment, but represented as
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a pressure characteristic of the network Hye = f(Q) in the field of graph representation
of the pressure characteristics of the blower from the catalogs of its manufacturer. The
intersection of the design characteristic of the network and the pressure characteristic
of the supercharger from the catalog gives the operating point, which is the basis for
determining the flow of the supercharger, as well as the energy consumption for its
drive, efficiency of the supercharger, but not the system as a whole. The optimization
of the operating parameters of the nuclear power plant is performed only by the value
of the maximum values of the efficiency of the supercharger, and not the system itself,
which leads to paradoxical contradictions in solving the problems of energy saving in
the draft-blowing ducts. Reconstruction of the AS in order to increase the productivity
(supply) of the blowers by reducing the pressure losses in the network with a
simultaneous decrease in the specific energy consumption leads to a decrease in the
efficiency of the blower. The positive result of the reconstruction contradicts the
optimization criterion due to a decrease in the efficiency of the supercharger.

Thus, in the first section, a number of the AS design contradictions are
highlighted: the energy characteristics of the superchargers are obtained as a result of
the tests, they have a complex model for representing the parameters and during the
operation period difficult to revise or optimize them. Data of the hydraulic resistances
of equipment from reference books are taken in the design as inevitable. On the basis
of the revealed contradictions, the goal and objectives of the research were formulated.

In the second section, the analysis of the reasons for the limitations of the power
of the boilers by blowing or draft is carried out, the reliability of the existing methods
for representing the parameters of hydro and aero systems based on the use of the "full
pressure" indicator is carried out, proposals for improving the model of representing
processes in the AS are developed.

For given sections of the aerosystem, the total head is calculated as the sum of
the three components of the energy parameters of liquids or gases in the form of the
Bernoulli equation. To represent the blowers, the indicator is used - the total head of
the blowers Hs,, as the difference of the total heads in the section where the pressure

gauge is installed - H, and the place where the vacuum gauge is installed - H;. To
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analyze the parametric model, a graph-analytical H-model has been developed for
representing the indicator of the total pressure of the superchargers (the first point of
scientific novelty), which is schematically shown in Fig. 1.

The H-model revealed the following contradictions. Complicated methodology
for representing system parameters based on the calculation of the "full head"
parameter. The H-model showed that when calculating the three components of the
total head in the vacuum zone Py 1, the dynamic component hay, = kV32 is used twice,
since when using the vacuum indicator, the Pv is already in the reading of the vacuum
gauge. This made it possible to substantiate the transition from the parameter full
pressure of the supercharger to the piezo indicator of the AS as the difference between
the readings of the pressure gauge and the vacuum gauge.

R At
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Figure 1 — H-model of a supercharger based on the total head indicator.

The H-model revealed the following contradictions. Complicated methodology
for representing system parameters based on the calculation of the "full head"
parameter. The H-model showed that when calculating the three components of the
total head in the vacuum zone Py 1, the dynamic component hay, = kV32 is used twice,
since when using the vacuum indicator, the Pv is already in the reading of the vacuum
gauge. This made it possible to substantiate the transition from the parameter full
pressure of the supercharger to the piezo indicator of the AS as the difference between
the readings of the pressure gauge and the vacuum gauge.

Pian = Pp— Py, = P,— (- P1) (1)
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Analysis of the H-model of the representation of the parameters of the AS
showed the special role of the indicators of the manometer and vacuum gauge. Thus,
the representation of energy in the aerosystem is conventionally divided into two
components: indicators of piezodevices - manometers and vacuum gauges and the
dynamic component of energy, which characterizes the processes of action or
dynamics.

In the third section, the concept of energy representation was further developed,
for which two components of energy representation are used: potential - P, which is
the "'root cause" of energy manifestations; and dynamics - D.

The product of two components reflects the model for calculating the power N
= P « D. The unifying factor for representing and comparing different types of energy

is the universal unit for measuring power - Watt.

o 10 A~ 10
a b

Figure 2 — Power calculation model: a - electrical power; b - hydraulic power.

The universal unit of measurement of power - Watt for different types of energy
allows you to calculate the efficiency - "efficiency of transformation™ #jcparg OF
conversion of different types of energy. So unification of power units of different types
of energy made it possible to formulate an indicator of the efficiency of the operation
of blowers in relative form 0 < 77¢harg < 1 @s an indicator of the ratio of power: air power
Naero t0 electric Nei. Due to the efficiency index of the blowers in relative form, the
design of the HS and AS is performed with optimization only for the maximum value

of the blower efficiency.
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There are methods for calculating the ratios of dynamics and potential using the
proportionality coefficient - resistance R. It is possible to propose a method for
calculating the "efficiency of dynamic processes" ¢y, as ratios of the dynamics of D
and the potential P, provided that the units of measurement of both components are
unified. In HS, a pump with a potential H [m] forms a dynamic component hgy, [mm].
In the AS, the full head of the blowers Py — [dePa] = [MMm] forms the dynamic
component hgy, [mm].
The unification of the units of measurement of the components of potential and
dynamics will make it possible to formulate the task of developing an indicator of the
effectiveness of dynamic processes @gyn in relative form 0 < ggyn < 1 (the second point

of scientific novelty).

A
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Figure 3 — Model of the efficiency of dynamic processes.

Sharing coefficients of "transformation efficiency" #charg different types of
energy in the supercharger and "efficiency of dynamic processes" ¢uyn in the aerospace
system will allow calculating the "system efficiency" of draft tracts Efs (third point
of scientific novelty).

Efsyst = 7charg * @ayn 3)

The development of an indicator of the efficiency of dynamic processesggyn can
correctly characterize measures to reduce resistance in dynamic systems, which will
increase the performance of systems while reducing energy costs. Such measures can
be an alternative to the existing concept of replacing equipment with more powerful

ones.
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Table 1.Model for the development of systemic efficiency

Energy E = Work 4 [J] = PowerN=4/t [W]

Energy transformation Dynamic processes
Power N=P-D [W] D=P
Electric energy
N,, =U -1 [W] I=U/R=¢@yU
Qel = 1/R=1/U
Hydraulic energy
N nyaro = Hg - 2Q W1 | | QV= @m0 2gHS = 2gHS/ (1+R)
7tr = N hydro /Net = 0,85 Onyaro= 1/(1+R) = QV/2gHS = 0,2

Calculations of system efficiency of AS processes
Nsyst = Thr * (Pnydro = 0,85-0,2=0,17

In the fourth section, an analysis of the differences between processes in
aerospace systems and hydraulic systems is carried out. Based on the features, a piezo
model of the aerosystem has been developed, which is constructed by calculation for
three or more sections of the system.

Historically, models for representing processes in aero systems have evolved by
analogy with previously developed models of the hydraulic systems. However, an
important feature of the HS is that the equipment is located in the pressure zone, and
the vacuum zone, due to the danger of the cavitation, has a minimum amount of
equipment.

There is no cavitation problem in the AS, so the equipment can be located both
in the pressure and vacuum zones. In addition to systems with fans, where the pressure
zone is developed, systems with smoke exhausters are widely used, in which the
equipment is located in the vacuum zone. Figure 4 shows the energy characteristics of
the Dn-26 smoke exhauster.

The analysis showed that the Dn smoke exhauster is used at a temperature
200°C. However, it can be used as a fan at temperatures 20°C. An analysis was
performed that showed the difference in the recommended work area when using
different performance indicators. So the optimal area of work when using the efficiency
indicator is the range of operating points OP; — OP, — OPs.
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Figure 4 — Energy characteristics of the DN-26 smoke exhauster.

Using the coefficient of unit energy consumption ky = N/ Q shows that the zone
to the right of the point of maximum efficiency of the supercharger (increase in flow)
Is more preferable: kns has the best indicators of the ratio of energy consumption Ne to

the supply Q of the supercharger.

Table 2 — Analysis of performance indicators of the blower Dn-26

Designation | OP; OP, OP; OP,4
Q th.m3/h 145 255 335 380
N KWt 170 315 345 343
Ttan - 0,74 0,82 0,74 0,64
Ky kWt /M3 1,22 1,24 1,04 0,9

The developed graphical H-model (Figure 1) with the presentation of the
parameters in the form of a computational complex, the full pressure is today used both
for hydraulic systems and for aero systems. To determine the real performance of the
system, the concept of constructing the operating point of the OP is used due to the
intersection of two characteristics: the pressure characteristic of the blower from the
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catalog and the calculated characteristic of the network, built on the basis of calculating
the pressure losses. The massive nature of the restrictions on the power of boilers by
blowing or draft indicates that the H-model does not provide the main design task - the
determination of the given flow - the performance of aero systems during operation.

The revealed differences in the operation of the AS made it possible to form the
concept of a new model for representing the parameters of the operation of aero
systems. First, it is necessary to make a transition from the complex parameter "full
head" to indicators, the calculation of which should reflect and coincide as much as
possible with the indications of piezo devices. For example, let us choose the
calculation of gauge readings in two typical sections: readings of P; vacuum gauge in
the vacuum zone and P, manometer in the pressure zone. For the comparability of the
calculated parameters in the system with the readings of the guages, a computational -
graphic "P-model” of the representation of the parameters of the AS has been

developed (Figure 5) (fourth point of scientific novelty).

vacuum ni ({fﬂ r pressure
b‘*‘ P“
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Figure 5 — P-model - piezo-model of AS parameters
The dynamic component of energy is a constituent part of the vacuum gauge
reading. Therefore, it may not be shown in the piezo graphic model. If necessary, the
dynamic energy component can be shown in the graphical model only in the vacuum
zone, where this component is formed and is present in the vacuum gauge reading. This

will not change the piezo vacuum curve in any way.
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The paper developed a method for calculating piezo parameters for use in the
"P-model" with predicting the measured readings of piezo parameters - manometers
and vacuum gauges. In this case, the piezo model is functionally (by the nature of the
tasks) and parametrically (vacuum zone and pressure zone) divided into three sections:
0 - 1 - section of vacuum; 1 - 2 - section of the supercharger; 2 - 3 - pressure section.
The main advantage of the piezo model is the ability to analyze the coincidence of the
calculated parameters with the real readings of the devices during the operation period
and the correct presentation of the results of improving the flow paths in order to reduce
pressure losses in the network. 24Pn both auxiliary equipment and its individual
elements, and a blower. The results of calculating the piezo model of the aero system
are shown in Figure 6.

Fi———t——f—n&e‘aiﬂi:—k'ﬂi—l——i———t

Figure 6 — Piezo model of the aero system with the VVdn-15 fan

Comparison of the indicators of the computational - graphic "P-model" of the
AS with the parameters of the "H-model" showed the comparability of the models. The
graphical representation of the P-model shows that the potential field is calculated by
calculation in the form of indicators in the characteristic sections of the system.

For the implementation of the P-model, it is proposed that the main task of
designing an AU is to consider the calculation of potentials in the sections where the
measuring devices are installed. That is, it is proposed to divide the network
characteristics into several parts. For the presented example, we will calculate and build

two sections: a vacuum zone and a pressure zone.
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Piezo characteristic of the vacuum section P,= f(Q) from the beginning of the
systems (point 0) to the place where the vacuum gauge is installed (point 1) consists of
two components. Pressure losses are calculated XAPg.; in the section O - 1. For the
section of the vacuum gauge installation, it is necessary to calculate the dynamic
component by the formula.

Py = P1 = 3APyy + kV2 =f(Q) (4)

That is, in section 0 - 1, the potential of the system is spent on overcoming the
resistances of the flow paths in the process of gas movement and the formation of a
dynamic component. The piezo characteristic of the pressure section Py, = f (Q) is
constructed on the basis of calculating only the pressure losses ZAP,.3 in the section
from the place of installation of the pressure gauge (point 2) to the end of the system
(point 3). A potential is generated in the blowers, the limiting value of which Pé@t’; can
be calculated from the diameter of the impeller D, and its rotation speed n.

Pt = kuj, = k(D,n)?

()

The "P-model" should represent the aero system structurally and parametrically
from the origin (point 0) to the point of consumption (point 3). The potential is spent
on overcoming the resistances of the flow paths during the movement of liquids and
gases. It is advisable for manufacturers to present the parameters of the operation of
the blowers not only by the energy characteristics of pressure, power, efficiency, etc.,
but first of all to give the values of the resistances of the flow path of the blowers,
calculated by the value of the dynamic component in the section of the vacuum gauge
installation, to calculate the piezo characteristics of the blower section.

During the operation period, the P-model allows you to correct the piezo
parameters in all sections of the system, to refine the resistance to recalculate the
operating parameters of the blowers and the AU as a whole during operation. The
mathematical model for calculating the parameters of the AS taking into account the

function of forming the root cause - the limit potential in the supercharger and the
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function of forming dynamic processes in the selected 3 sections, is represented by a
system of equations:
Pfan = Pél;rsl - RfanQZ
Q € BEP{ PP —4p, = R,Q? (6)
DP—Ap, = R,02

In the mathematical "P-model” of the AC parameters, three piezo characteristics
for three sections are calculated for the first time. However, in order to be able to
determine the flow rate Q in the system, it is advisable to keep the methodology for
calculating the operating point OP. To build a working point, the piezo characteristic
of the vacuum zone P, = f(Q), which is built in the vacuum zone, is duplicated in the
zone of positive pressures (in absolute value) above the characteristic of the pressure
section Pp = f (Q). The fifth section shows an example of the reconstruction of the TP-
50 boiler of the Kryviy Rig thermoelectric power station, which ensured the solution
of the problem of removing the power constraints in terms of thrust of a 300 MW power
unit by adjusting the aerodynamics of the inlet sections of the electrostatic
precipitators. The use of the P-model made it possible to systematically substantiate
the increase in the productivity of the DO-31.5 smoke exhauster by 14 % while
reducing drive energy costs by 9%. However, the results of the reconstruction showed
that the results obtained led to a decrease in the efficiency of the exhauster. The
contradiction in reducing the efficiency of the smoke exhauster was resolved through
the use of the coefficient of "system analysis of efficiency" of aerospace systems.

Before reconstruction Efqet1 = 77charg1 *+ @ayn1 = 0,8 - 0,2 = 0,16

After reconstruction Efsyst2 = charg.2 -+ @ayn2 = 0,78 - 0,24 = 0,19

Using the example of the change in the operating parameters of the traction path
of a 300 MW power unit after the improvement of the flow paths of the inlet section
of the electrostatic precipitator, the correlation of the positive results of the
reconstruction with the results of the system analysis of the change in the efficiency of
the aero system is shown.

Keywords: boiler capacity limitations; models of aero systems, fan, smoke

exhauster, resistance; pressure loss, efficiency.
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