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E®EKTUBHICTH BITPOEHEPTETUYHOI YCTAHOBKH
3 AEPOAMHAMIYHUM MYJIbTUILTIKYBAHHSAM TI'-750
3A PE3YJBTATAMMU JOCJJIJHOI EKCILTYATAIII

Crpynkin I''M.

EFFICIENCY OF WIND POWER PLANT WITH AERODYNAMIC
MULTIPLICATION TG-750 ACCORDING TO THE RESULTS
OF EXPERIMENTAL OPERATION

Strunkin H.M.

YV cmammi exazano npo Heob6XiOHicmb NOKpawjeHHs.
ehekmusnocmi  nepemeopenHs — ewepeii  eimpy 6
enekmpuuny enepeiio. Hasoosimvcs sioomocmi npo me,
WO MEeXaHiyHUl MyTbMUNIiKamop 3aumac opyee micye
no ¢axmopy Henaodiuinocmi ceped  00OAIAOHAHHS
simpoenepeemuunoi ycmanogxku. Yepes neobxionicmo
peclameHmuux — pobom, 3aMiHy  MACMUIA, NO2AHI
eKONO2IUHI ma WYMOGI XAPaAKmMepucmuKu po3pooHuKu
wiykaiome anvmepHamueni eapianmu. Bkaszano, wo
MUXOXIOHI 2eHepamopu, He 36axcalodu HA GeIUKUL
00C8I0 excniyamayii, Maroms NO2AHI Macoeadbapumi
NOKA3HUKU. AnbmepHamueHuM ma NnepchneKmueHUM
DieHHAM €  3acmocysamns aepoouHamiuHo2o
Mmynomuniikyeants. Ilopienanns eimpoenepeemudHux
VCMAHOBOK 3 AepOOUHAMIYHUM MYIbIMUNIIKYBAHHAM 3

ycmanoskamu  Ha  6asi  mMuxoxioHozo — 2eHepamopa
do3eonAe  3pobumu  BUCHOBOK  npo  ix  Kpawi
Macoeabapumni  nokasuuxu. Hagedeno — icmopuuni
gioomocmi npo PO3pOOKY ma 6UBYECHHS

gimpoenepeemuyHUx YCMaHO8OK 3 AepOOUHAMIYHUM
MYTbMUNAIKYBAHHAM. Onucano
8impoenepeemuyHUx YCMaHo8OK 3 AepOOUHAMIYHUM
MYToMUNIIKY8AHHAM A OAHO NOSCHEHHS, SIK NPU YbOMY
6100Y8aEMbCSL  Y3200HCEHHST WBUOKOCMI  2eHepamopa.
Haeedeno  icmopuuyni  nomuiku npu  OYiHIOBAHHI
eheKmusHoOCmi  AepOOUHAMIYHO20 MYTbMUNAIKYBAHHS,
suxoosuu 3 kpumepiio bemya. Iloxazano, wo I'onybenko
M.C. ma tio2o nocniooguuxu 0oeeau, wo epexmuenicms
aepoOUHAMIYHO20 MYTbMUNTIKYBAHHS He 3A]1edHCUMb i0
nepeuHHoi  8impomypoOiHu, a BUSHAYAEMbCA Jule
napamempamyu  6mopunnoi eimpomypoinu. Kko npu
YbOMY pO3PAX08YEMbCsL AK GIOHOWIEHHS KOeqiyicHmy
NOMYHCHOCMI ~ 8MOPUHHOT
Koe@hiyicumy eanvmysanns. Ilpusedeno meopemuune
snauenust kk0 ycmanosku TI-750, saxy Tonybenko M.C.
ompumas Ha emani NPOeKmMy8auHsa. 3a ompUMaHUMU 8

npUHYUn oii

simpomypoinu  do it

npoyeci 00cnioHol excniyamayii gimpoeHepeemuyHol
yemanosku  TI-750 Oanumu  nobydosano epagiku
3anedxcHocmett Koepiyicnma nomysHCHOCMi NepPeUHHOL
ma emopunnoi eimpomypoOinu ma ix Koeghiyicuma
2anbMY8AHHL. Pospaxosano 3anexcHicms
eghexmugHoCmi  AepPOOUHAMIYHO20 MYTLINUNIIKYGAHHS
60  WBUOKOXIOHOCMI ~ma  BUKOHAHO  NOPIGHAHMHS
OMpUMAHUX  pe3yIbmamis 3 meopemuiHuMU
sHauenHamuU. Peanvnutl KKO 6Us6U8Csa 0eujo HUMNCUUM 6i0
meopemuuHo20, WO HNOACHIOEMbCA  HAABHICMIO 8
YCManosyi, KpiM aepoOUHAMIYHUX Npoyecis, Cymo
MexaniuHux — mepms, siopayii mowjo. Edexmusnicmo
nepemeoplo8ants 8imMpo6ol eHepeii 6 eleKmpuyHy 6
VCMAHOBKAX 3 AEPOOUHAMIYHUM MYTbMUNIIKYBAHHAM
BUSIBTILEMBCS BUUYOIO, HIXC Y KIACUYHUX 8IMPOMYPOIHAX.
3pobreno eucnosku npo niomeepoICenHs meopemudHux
pe3ynvmamie pe3yibmamamu, OmMpUMaHumMu 6 npoyeci
odocnionoi excnayamayii TI-750 ma nepcnekmusHicmo
BUBUEHHSI A GNPOBAONCEHHS YCMAHOBOK NOOJIOHO20
muny.

Kniowuosi cnosa: eimpoenepeemuuna  ycmamoska,
aepoouHamiuHe MyIbMUnIiKy8anHs, KKO, KoepiyicHm
NOMYACHOCMI, KOeIyiEHm 2aibMyS8aAHHs.

Beryn. BitpoeHepreTuku miykaroTh crocoOu
MiABUIICHHS €()EKTUBHOCTI IEPETBOPEHHS BITPOBOT

eHeprii B CTIEKTPUIHY. Bigomo, 110
MYJBTHIUTIKATOpP 3aiiMae Japyre Micle IIicis
JomaTed 3a IOKa3HWKaMHM HEHaJidHOCTi. 3a

cratuctukoro [1], 24% BigMOB cepex mapky
HIMEIIPKUX BITPOCHEPTETHIHNX ycTaHOBOK (BEY)
TIpHIIaaa came Ha HECIPaBHOCTI
MyJbTUILTIKaTOpa. SIKIIO Jomatd 10 IhOTO
HEOOXIIHICTh MEPIOAUUHUX PErIAMEHTHHX POOOT,
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3aMiHy MacTWiia KOXHOTO POKY, MOTipIICHHS
€KOJIOTIYHIX XapaKTEePUCTHK dYepe3 HOoro BHTIK,
HeaOWsSKe  IIyMOBE  BUIIPOMIHIOBAHHS,  TO
HaMaragds  BIAMOBHUTHCS Bl  MEXaHIYHOIO
MYJIbTHIUTIKYBaHHS € OIIPaBIaHuM [2].

BigmoBa Big MymbTHILTIKATOpa MOXKINBA ab0
NP BUKOPHUCTaHHI TUXOXIJHHX T€HEPATOpiB, ILO
OB’ sI3aHO 3 CYTTEBIM 301IBLICHHSIM
MacorabaputHux mokasHukie BEY [3], abo 3a
JOTIOMOTOF0 3aMiHH MeXaHI4HOTO
MYJBTHILUTIKYBaHHS aepoanHamivHuM (AJIM) [4].
TwuxoxigHi TeHepaTOpU BUKOPUCTOBYIOTECS TOCUTH
JaBHO. IX eKcIUTyaTallil HAKONMMYMIA BETHKHii
nocBia. Ane, sK mmokasaHo B [5], Maca reHeparopa
noTy>kHicTio 750 kBT 111 po6oTH 6e3mocepeiHno 3
BITPOKOJIECOM CTaHOBHTH 15 TOH, B TO# dHac, sK
Maca TpagULiHHOTO CHHXPOHHOTO TeHepaTopa
ckimamae 5,2 TOHM, WIO pa3oM 3 Barolo
MyJbTHIUTIKATOpA 8 TOH CyMapHO Ja€ IesSKUit
Burpait (13,2 mportu 15). BEY 3 AJIM TI'-750, sixy
OyJi0 BBEIEHO y NOCTIIHY eKCIuTyaTamito ¢ipMoro
«Konkopm» Ha momironi y M. JHinmpo mama macy
CUHXpOHHUX TeHepatopiB 10,65 ToH. Ilomambiie
3HM)KEHHSI MacH T€HEPaTOpiB MOXKIUBO LUISIXOM
3aCTOCYBaHHS ACHHXPOHHUX TeHepaTopiB.
Pospaxynku, mpoBencHi B [6], OIIHIOIOTE Macy
enekTpoobnagHanHs nepcnektuBHoi BEY B 6,2
TOHH, TOOTO HaMiTHJAaci MOJabIIa MEPCIEKTHBA
10 3HIKEHHA MacHu enekTpoobnagnandas BEY 3
AIIM.

Ha Tepuropii Ykpainu Bnepiue B icropii Oymno
SIK  3alpoONOHOBAaHO, TaK 1  peaji30BaHO
IHHOBAIIHHAN THI BITPOCHEPTETUIHOI YCTAHOBKH 3
aepOAMHAMIYHUM MYJIETUILTIKYBaHHSIM.

BukopucTtoByroun teopeTuuHi po3pooku A.Tl.
Yoimuesa, H.B. Kpacoscbkuit [7, 8] crBOpUB
nepury B cBiTi ycraHoBky 3 AJIM. Bona
BUKOPHCTOBYBaJa MaJIeHbK1 BITPOTYpOiHH,
po3TaIioBadi Ha JIOMATAX BEIUKOi TypOiHM, s
Y3TOKECHHS obepTaHHs BITPOTYpOiHU 3
remeparopoM. Ha xamp, ToroyacHuél piBeHb
TEXHOJIOTIH HE JTO3BOJISIB BUTOTOBISTH JOCTATHBHO
MIITHI JIOTIATi, TOMY ij1es HamoBro 3adynacs. OxpimMm

Kimpkox maTteHTiB y Himewunni Ta CILIA,
TexHonoris  AJIM He 3Halinuia IIMPOKOTO
3aCTOCYBaHHSI.

Ipore, y 2002 pori komanaa M.C. IN'onyOenka
3 ¢ipmu «Konkopn» ([uinpo) 3amareHTyBaina,
CIIPOEKTYBaJla Ta MOOyIyBana MOCHTIITHUNA 3pa3ok
BEY 3 AJIM TI'-750 noryxHictio 750 kBt [9].

Binroni po3mnoyanucs TEOPETUYHI
JOCHTIDKEHHSI ~ BITPOCHEPIeTUYHUX  yCTAaHOBOK
1poro tumy. CbOrofHi OLIBINICTE AOCHTIIKCHb BCE
me npoBodsThes B Ykpaini: M.C. Tomybenko
po3pobuB OinbIn TOTYXHI yctaHoBkH [10]; B.D.

Mupropon [11] ta J.I. AnekcieBchkuit [12]
3aroyaTKyBald  Ta  PO3BUHYJIM  CTBOPEHHS
matematuuaux wMogener BEY 3 AIIM; 1L
AHnpienko [13] 3ampornoHyBaB HOBUH MiIXin 10
KEpYBaHHS IOTYXHICTIO TaKUX YCTAaHOBOK 3a
JIOIIOMOTOI0  TIEPETBOPIOBAYIB YacTOTH; a aBTOP
(mocunarounch ~ Ha  TomepedHi  MyOuiKarii)
nmociimkye moseAinky BEY 3 AJIM B aBTOHOMHUX
pexumax [14-16]. 3 iHmmMxX Kpaid BapTO BiI3HAYUTH
pobotu komangum Morgan L. (I'masro, Benuka
Bpuranisi) moao 3acTocyBaHHA aepoIMHAMIYHOTO
MYJIBTHIUTIKYBaHHS B oduIopHiii eHeprerumi [17,
18].

Huckyciiine nutaHHs e(peKTUBHOCTI METOIIB
AJIM Tteopernuno Bupimms I'oyoenko M.C. [19].
IIpakTHYHOTO MIATBEPIKCHHS HOTO pPO3paxyHKIB
JOCBOTOJICHHSI OMyOJiKOBaHO HE OyJO: Ha >Kalb,
lomybenko M.C. mimoB y 3acBiTH, HE BCTHIIIHU
OTIPAITIOBATH HAKOTMICHUA EMITIpUIHUHN MaTepiall.

Mertowo pobGotu € aHani3 eQeKTUBHOCTI
NEePEeTBOPEHHS BITPOBOI €Heprii B EIEKTPUYHY B
BiTpoeHepreTHuHii  ycranoBmi — TI-750  Tta
MepeBipKka OTPUMAHHUX PaHIIIE TCOPETUIHHX 3aca.

Buxian OCHOBHOI'0 Marepiaay
aocaimkenHs. BitporypOina 3 aepoanHamiyHUM
MYJbTUIUIIKYBAaHHAM CKJIQJA€TbCd 3 BEIMKOIO
BiTpoBOrO poropa 1 (mepBuHHa BiTpoTypOiHa). Ha
HOro Jomatsx poO3TalloOBaHi TOHAONU 2, B SKHX
3HaXOAAThCS TeHeparopu (muB. puc. 1). Jlo oceit
reHepaTopiB MPUKPITUICHI HEBEIHKI, ajie IMBUAKICH]
BTOPHHHI BiTpoTypOiHu 3.

Puc. 1. Cxema BitpoTyp0inu 3 AIM
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OcHoBHa BIiTpOTYpOiHA HE MAa€ BIIACHOTO
reHeparopa, a ii Bich 3akpimieHa Ha omnopi 4. Ko
BiTep (MEPBUHHUU BITPOBHMA ITIOTIK) BIUIMBAE Ha
nepBUHHY TypOiHy, BOHa mounHae obepratucs. Lle
oOepTaHHsl CTBOPIOE JUIS TOHJOIU 3 BTOPHHHOIO
BITPOTYpOiHOIO  BTOPWMHHHI  BITPOBUH  TIOTIK.
[IBuAKICTE BOrO BTOPUHHOTO TMOTOKY 3aJICKUThH
BiJ paniyca (Rz), Ha sikoMy TOHIIOTIa 3aKpilieHa Ha
JIoTIaTi OCHOBHOT TYpOiHH.

Hanpukman, skmo ocHOBHa BiTpoTypOiHa
o0epTaeThCs 31 LIBUAKICTIO 16 00epTiB HA XBUIMHY
(1,68 pan/c), a pagiyc Rz cranoButh 13 MeTpiB, TO
BTOPUHHHI BITpOBHii 1OTIK Oyae 1,68 pan/c X 13 M
= 21 m/c. 3aBAgKH LOMY BTOPHHHA BiTpOTYpOiHa
MOKe OyTH HEBEIINKOIO, ajie IIPH IbOMY 00epTaThCs
nyxe mBuako — 400-600 o0epTiB Ha XBUIIMHY a00
Oimpre. Taka IIBUAKICTE OOEpPTaHHS JTO3BOJISE
BIJIMOBUTHCS BiJl BHUKOPUCTaHHA MEXaHIYHOTO
MyJIbTHILTIKATOpa (peIyKTOpa).

Otxe, xoua BiTpoTypOiHa 3 AIIM cknaznimia
3a 3BHYAliHYy, BOHA JIO3BOJIAE 30UIBIIUTH 00EpTH
reHepaTopiB 0e3 MEeXaHIYHOro MYJIbTUILTIKATOpA.
Lle#i MeToxa 30LIBIICHHS INBHIKOCTI OOCpTaHHS U
Ha3UBA€ETHCS aepoIMHAMIYHUM
MYJIBTHILTIKYBaHHSIM [4].

Ha erani mpoekrtyBanns TI-750 I'omyGenko
M.C. teoperuuno oOrpyHTyBaB [19], mo 3araisHa
e(EeKTHBHICTb BITPOCHEPreTUYHOI YCTAHOBKH 3
AJIIM craHOBUTH HE J00YTOK KOe(]Iili€HTIB
MTOTY>KHOCTI TIEPBUHHOI Ta BTOPUHHOI BITPOTYpOiH,
SIK BBXKaIocs padiie (Tooto He 0,593x0,593=0,35,
BIIMOBITHO JIO TEOPETHYHOTO 3HAYCHHS KPHUTEPII0
berma, um 0,48x0,48=0,23 — BIANOBIZHO 0O
EKCICPUMEHTAILHOTO ~ OOMEKEHHST  KPHUTEPIiIo
Berna), a BimHOIIEHHS KOEQiLi€EHTY MOTY>KHOCTI
BTOPUHHOI BiTpoTypOiHu C,, 10 Koediuienty ii

raaeMyBaHHsa C,, .

p2
n= . (1)
Cp

[TizHimre i pe3ynbratu oTpumas i Morgan L.
[17]. Anamizytoun (1), MO’)KHa TOMITHTH, IO KKI
BEY 3 AJIM 3anexuTrh JUIIEC Bi IapameTpiB
BTOPUHHOI BITPOTYpOiHH, Ta MOKe OyTH CYTTEBO
BHUIIIE 32 MEXY, SIKy BCTaHOBIIOE Kputepiii berna
TUTSL TpaIUIliiHuX BiTpoTypOin [20, 21].

lomybenxko M.C. mna TI-750 ma erami
MPOEKTYBAaHHS OTPUMAaB MaKCHMAJbHE TEOPETHYHE
3HadeHHA KK BEY 7 =0,82 mpu mBHAKOX1THOCTI

BTOPHHHOI BITpOTYpOiHM Z, ~ 4 [19].

Bumiproannst C,, Ta C,, B mporeci

JOCHITHOI eKCIUTyaTamii MpuBeAeHO Ha rpadiky
(Puc. 2).

z2

Puc. 2. I'padix sanexuocti C,, ta C,, Big

LIBUAKOXITHOCTI BTOPUHHOI BITPOTYpOiHH

3a dopmymnoro (1) MoXHa po3paxyBaTd Ta
noOynyBaTu rpadik 3anaekHocti Kka TI-750 Bin
MIBUIKOX1THOCTI BTOPUHHOI BiTpoTypOiHu (Puc. 3).

KKL,
0,8
0,6
0,4
0,2

z2

Puc. 3. I'padik 3amexnocti kka TI'-750 Bixg
MIBUAKOXITHOCTI BTOPUHHOI BITPOTYpOiHH

3HaueHHs PEaTbHOTO KKJ TPOXH HIKYE 3a
TeopeTudHuil 1 npu Z, ~4 csrae 0,78, mo Buine,
HDK 3HaueHHd g Kiacuyaux BEY. Binminuicts
pEaNbHOTO 3HAYCHHS Bijl 3HAYEHHS, OTPUMAHOTO
teopetnuno (0,78 3amicte 0,82) mMOSICHIOETHCS
BINTMBOM Ha KKJ IHIIUX, HEAaepOJIMHAMIYHUX,
(akTopiB — TepTsAM Bici reHepaTopa, BiOpauiamu,
BTPATH Ha 3BYKOBE BIIPOMiHIOBAHHS TOIIO.

Takox Oyno OTPUMAHO XapakTepUCTUKU C

ta C,, NEpBUHHOI BITPOTYpOiHM, 5IKI HABEAEHO Ha
Puc. 4.
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Puc. 4. I'padix sanexuocti C, ta C, Big

MIBUAKOXIHOCTI BTOPHHHOI BITPOTYpOiHH

Sk MokHa OaunTH, TIEpBHHHA BITPOTYypOiHA
Mae  MaKCUMaJbHE  3HAauYCHHS  KoedilieHTa
MOTY)XKHOCTI  ONMU3bKO TCOPETHYHOT 3HAYCHHS
kputepis berna st peanpHUX BiTpoTypOiH — 0,44.

BucnoBku.  Pospaxynkm  edekTuBHOCTI
BITPOCHEPTETHUYHOI YCTAHOBKH 3 a€pOJIMHAMIYHUM
MynbpTHILTIKYBaHHSIM TI-750 3a pesymbpraTamu
JOCIIITHOT ~ eKCIUTyaTallii O3BONIIA OTPUMAaTH
3HaueHHs 0,78, MO0 € OIM3BKUM JI0 TEOPSTUIHOTO
3gaueHHs  0,82.  BigmiaHicTs  pe3ynbTaTtiB
MOSICHIOETBCSL BIUIMBOM MeXaHidHMX (bakropiB. B
IIJIOMYy, MOYKHA BBa)KaTH TEOPETUYHE TBEPKCHHS
npo BusHaueHicTh Kk BEY 3 A/IM napamerpamu
JIATIIE BTOPUHHOI BITPOTYPOIHU MiATBEPIKECHUM
EKCIIEPUMEHTAIIEHO. Bucoxke 3HAYCHHS
epextuBHocti BEY 3 AJIM BignocHo BEY
KJIACHYHOI CXEMHU JO3BOJISIE BUCIOBUTH TE3y IPO
MEPCTIEKTHBHICTH TIOJATBIIIOTO BUBYCHHS
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Strunkin H.M. Efficiency of wind power plant
with aerodynamic multiplication tg-750 according to
the results of experimental operation

The article indicates the need to improve the
efficiency of converting wind energy into electrical
energy. Information is provided that the mechanical
multiplier ranks second in terms of unreliability among
the equipment of a wind power plant. Due to the need for
routine  maintenance,  oil  replacement,  poor
environmental and noise characteristics, developers are
looking for alternative options. It is indicated that low-
speed  generators, despite  extensive  operating
experience, have poor weight-and-dimensions. An
alternative and promising solution is the use of
aerodynamic multiplication. A comparison of wind
power plants with aerodynamic multiplication with
plants based on a low-speed generator allows us to
conclude that they have better weight-and-dimensions.

Historical information is provided on the development
and study of wind power plants with aerodynamic
multiplication. The principle of operation of wind power
plants with aerodynamic multiplication is described and
an explanation is given of how the generator speed is
matched. Historical errors in assessing the efficiency of
aerodynamic multiplication based on the Betz criterion
are presented. It is shown that Golubenko M.S. and his

followers proved that the efficiency of aerodynamic

multiplication does not depend on the primary wind
turbine, but is determined only by the parameters of the
secondary wind turbine. The efficiency is calculated as
the ratio of the power coefficient of the secondary wind
turbine to its braking coefficient. The theoretical value of
the efficiency of the TG-750 plant, which Golubenko M.S.
obtained at the design stage, is given. According to the
data obtained during the experimental operation of the
TG-750 wind power plant, graphs of the dependences of
the power coefficient of the primary and secondary wind
turbines and their braking coefficients are constructed.
The dependence of the efficiency of aerodynamic
multiplication on speed was calculated and the results
obtained were compared with theoretical values. The
real efficiency turned out to be somewhat lower than the
theoretical one, which is explained by the presence in the
installation, in addition to aerodynamic processes, of
purely mechanical ones - friction, vibration, etc. The
efficiency of converting wind energy into electricity in
installations with aerodynamic multiplication is higher
than in classical wind turbines. Conclusions were drawn
about the confirmation of the theoretical results by the
results obtained in the process of experimental operation
of the TG-750 and the prospects for studying and
implementing installations of this type.

Key words: wind power plant, aerodynamic
multiplication, efficiency, power factor, braking factor.
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