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Annotatsiya. Jahonda energiya resurslarini  tejashda, ekologik muammolarni
bargarorlashtirish, elektr energiyasi uzluksizligi va ishonchliligini  oshirishda yashil
texnologiyalardan jumladan, gibrid vertikal o‘gli shamol energetik qurilmalardan foydalanish
yetakchi o ‘rinlardan birini egallamoqda. Kuchsiz shamol tezliklarida vertikal o ‘gli shamol energetik
qurilmalarning samaradorligini oshirish muhim ahamiyatga ega.

Shamol parraklarining magbul o‘lchamlarini loyihalashda Ansys Fluent tizimining CFD
modelidan foydalanish yaxshi samara berishi tahlillar asosida aniglangan. Gibrid Savonius va Darye
tipli shamol turbinasi Ansys Fluent tizimida 2D shaklda loyihalangan, modellashtirilgan va
0 ‘zgaruvchan shamol ogimlarida ishlash samaradorligi baholangan.

O zgaruvchan shamol ogimlarida gibrid Savonius va Darye shamol turbinasining
samaradorlik koeffitsiyenti ko ‘rsatkichlari keltirilgan. Parraklarning tez aylanuvchanlik
koeffitsiyenti 3 bo ‘lganda samaradorlik ko ‘rsatkichi maksimal 0,42 bo ‘lishi tadqiqg gilingan.

Vertikal o°‘gli shamol energetik qurilmalarining o ‘Zzgaruvchan shamol ogimlaridagi
samaradorligini va ishonchliligini oshirishda turbina parraklarining shakli, materiali va
aerodinamikasiga bog ‘ligligi aniglangan. Shamol parraklarining magbul o ‘lIchamlarini loyihalashda
Ansys Fluent tizimining CFD modelidan foydalanish yaxshi samara berishi tahlillar asosida
aniglangan. Gibrid Savonius va Darye tipli shamol turbinasi Ansys Fluent tizimida 2D shaklda
loyihalandi, modellashtirildi va o zgaruvchan shamol ogimlarida ishlash samaradorligi baholandi.
DU-06-W-200 aerodinamik profil, chegara shartlari va kirish ma’lumotlari ogim tezligi 10 m/s,
ishchi harorat 23 °C, ishchi bosim 1-10° Pa, havo ogimining zichligi 1,23 kg/m? aerodinamik sirt
vatar uzunligi 0,2 m, havo oqgimining dinamik yopishqoqligi 1,7894-107 kg/m-s, turbulent model
turlari SST k-w, k-epsilon (k-¢) va Reynolds soni 1,4-710° bo‘lgan holatda modellashtirilgan.
Parraklarning tez aylanuvchanlik koeffitsiyenti 2,5 ga teng bo‘lganda shamol energiyasidan
foydalanish koeffitsiyenti 0,4 bo ‘lishi tadqiqg gilingan.

Kalit so‘zlar: gibrid Savonius-Darye shamol turbinasi, shamol tezligi, shamol energiyasidan
foydalanish koeffitsiyenti, Ansys Fluent, CFD, modellashtirish, tez aylanuvchanlik koeffitsiyenti.
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Abstract. In the modern world, the use of green technologies, particularly hybrid vertical-axis
wind energy systems, occupies one of the leading positions in saving energy resources, stabilizing
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environmental issues, and increasing the reliability and continuity of power supply. Enhancing the

efficiency of vertical-axis wind energy systems under low wind speeds is of great importance.

Based on analysis, it has been determined that using the CFD model in the Ansys Fluent system
provides good results in designing the optimal dimensions of wind turbine blades. The hybrid
Savonius—Darrieus wind turbine was designed in a two-dimensional (2D) model in Ansys Fluent,
simulated, and its performance under variable wind flow conditions was evaluated.

The efficiency coefficient indicators of the hybrid Savonius—Darrieus wind turbine under
variable wind flow conditions are presented. It was found that when the blade tip speed ratio is 2,5,
the maximum power coefficient reaches 0.4.

It has been identified that the efficiency and reliability of vertical-axis wind energy systems
under variable wind flow conditions depend on the shape, material, and aerodynamics of the turbine
blades. The analysis showed that using the CFD model in the Ansys Fluent system for designing
optimal blade dimensions gives good results. The hybrid Savonius—Darrieus wind turbine was
designed, simulated, and evaluated in a two-dimensional setup in Ansys Fluent under variable wind
speeds. The aerodynamic profile DU-06-W-200 was used for modeling with the following boundary
conditions and input parameters: airflow velocity 10 m/s, operating temperature 23 °C, operating
pressure 1-10° Pa, air density 1.23 kg/m? aerodynamic chord length 0.2 m, air dynamic viscosity
1.7894-107 kg/m-s. The turbulence models SST k- and k- were applied, and the Reynolds number
was 1.4-10° When the blade tip speed ratio was equal to 2,5, the wind energy utilization coefficient
reached 0.4.

Keywords: hybrid Savonius-Darrieus wind turbine, wind speed, wind energy utilization
coefficient, Ansys Fluent, CFD, modeling, tip speed ratio.
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Annomauyun. B cospemenHOM Mupe UCNONb308AHUE 3eNIEHbIX MEXHON02UU, 8 YACMHOCMU
CUOPUOHBIX BEMPOIHEPSEMUUECKUX YCMAHOBOK C BEPMUKATILHOU OCbIO 8PAULeHUSL, 3AHUMAEN 00HO U3
8e0YWUX MeC 8 IKOHOMUU IHEPeMmuUYecKUx pecypcos, CmaduIu3ayuu Ko102U4ecKux npoonem,
nosvlueHuu HaoéxcHocmu u becnepebotinocmu 3nexmpocHadxcenus. Ilogviuenue s¢hghexmusnocmu
8eMpPOYCMAHOBOK C BEPMUKAILHOU OCbIO NPU CAAOBIX CKOPOCHAX 8eMpa UMeen 8aicHoe 3HaYeHuUe.

Ha ocnose ananuza yemanosneno, umo npumernenue CFD-moodenu cucmemwvr Ansys Fluent
daém xopouwiue pe3ynbmamvl NPU NPOEeKmMuUpoBaAHUY ONMUMATLHLIX PAZMeEPO8 I0nacmeti 6empogoll
mypounel. Tubpuonas eempoeas mypouna muna Cagonuyca—/lapve Ovlia cnpoeKmuposana 6
osymepnotl mooenu (2D) 6 cucmeme Ansys Fluent, cumoodenuposana u oyenena eé sgpghexmusrnocmo
npu nepemeHHbIX NOMOoKax 6empa.

Ilpusedenvr noxasamenu xosgpguyuenma s¢hghexkmusnocmu 2ubpuOHOU 6empoBol MmypouHsl
Casonuyca—/lapve npu nepemenHvIX NOMOKAX 6empd. YcmaHoeneno, 4mo npu Kodgguyuenme
Ovlcmpomel  6pawjenus jonacmet, pPAasHOM 2.5, MAKCUMANbHBIU KOIDdUuyueHm ucnoib3oeanus
aHepeuu éempa cocmagnsem 0,4.

Onpeodeneno, umo 3ppexmusHocms U HAOEHCHOCMb pPAOOMbL  BEMPOIHEPLEMUUECKUX
VCMAHOBOK C 6EPMUKANLHOU OCbI0 NpU NEPEeMEeHHbIX NOMOKAX 6empa 3A6UCAm Om opmbl,
mMamepuaia u aspoouHamuxu Jnonacmeti mypounvl. Ha ocHnoee ananusa ycmanoeieno, umo
ucnonvzosanue CFD-mooenu cucmemor Ansys Fluent npu npoexmuposanuu onmumanvuwix pazmepos
nonacmeti 0aém xopowue pesyiomamol. [ ubpuonas eemposas mypouna muna Cagonuyca—/apve

95



INNOVATSION TEXNOLOGIYALAR 2026-yil 3(63)-s0n ISSN 2181-4732
INNOVATIVE TECHNOLOGIES 2026 volume 63, number 3 i i
WHHOBAIMOHHLIE TEXHOJIOT M Tom 63 Ne 3, 2026 E-ISSN 2181-4015

bvlia cnpoekmuposana, cmooenuposana u oyenena 6 cucmeme ANSys Fluent s osymepnoii
nocmaroeke npu nepemeHHblx CKopocmsix eempa. ,HJZ}Z M00€JZMPO6CZHM}1 UCnoib306aH
aspoounamuyeckuii npoguro DU-06-W-200 ¢ unauanvnvimu napamempamu: cKopocmv HOMOKA
10 m/c, pabouas memnepamypa 23 °C, pabouee oasnenue 1-10° Ila, nnomnocms o30yxa 1,23 xe/m?,
OuUHaA XOpObl a’poouHamuyeckol nosepxwocmu 0,2 M, OuHaMUYecKas 6:13KOCMb B6030yXd
1,7894-107 ke/m-c. B kauecmee mypoynenmuvix mooenei npumensiucy SST K-w u K-&, npu uucne
Petinonvoca 1,4-10% Ilpu rosgpgpuyuenme 6vicmpomul 8pawjenus, pasHom 2,5, xkospduyuenm
UCNOJIb306AHUA DHEp2UU 6empa cOCmAaesuil 0, 4.

Knroueevie cnoea: cubpuonas eempoeas mypouna Casonuyca—/lapve, ckopocms eempa,
Koappuyuenm ucnonvzosanus snepeuu sempa, Ansys Fluent, CFD, mooeruposanue, kosgpgpuyuenm
ObICMPOmMbL BPAUEHUSL.

Kirish

Jahonda energetika xavfsizligi, ekologik muammolarni barqgarorlashtirish va tabiiy yoqilg‘i
manbalarini tejashda gayta tiklanadigan energiya manbalari jumladan, shamol energiyasidan
foydalanish yetakchi o‘rinlardan birini egallamogda. O‘zgaruvchan iglim sharoitlarida shamol
energetik qurilmalarining samaradorligini oshirish va ulardan foydalanishni rivojlantirish bo‘yicha
ko‘plab davlatlarda strategiyalar gabul gilingan. Hozirgi kunda shamol energetik qurilmalarini ishlab
chigish va amaliyotga joriy etish bo‘yicha Xitoy, Hindiston va Yevropa davlatlari yetakchilik
gilmogda. Xitoy davlati yiliga 82 GW quvvatga ega bo‘lgan quruglikdagi shamol energetik
qurilmalarini ishlab chigarish bo‘yicha yetakchilik gilmogda. Yevropa davlatlari dunyodagi ikkinchi
yiliga 21,6 GW, undan keyin AQSh (13,6 GW), Hindiston (11,5 GW) va lotin Amerikasi (6,2 GW)
yirik shamol elektr stansiyalarini ishlab chigarmogda [1]. 2023-yilning birinchi yarmida 2022-yilga
nisbatan 38 foizga ko‘p yangi shamol energetik qurilmalari o‘rnatildi, 2022-yil iyunidan 2023-yil
iyungacha 100 GW qo‘shildi va 976 GW vyillik o‘sish surati 11,4 % ga yetdi [2].

2030-yilgacha Oc‘zbekiston Respublikasining “yashil” iqtisodiyotga o°‘tishiga qaratilgan
islohotlar samaradorligini oshirish bo‘yicha chora-tadbirlar ishlab chigilgan. Bunda gayta tiklanuvchi
energiya manbalarining ishlab chigarish quvvatini 15 GWga oshirish va ularning ulushini elektr
energiyasini ishlab chigarish umumiy hajmining 30 foizidan ko‘prog‘iga yetkazish bo‘yicha amaliy
ishlar bajarilmoqda [3]. O‘zbekistonning iglim sharoitlariga moslashtirilgan gayta tiklanuvchi
energiya manbalarini ishlab chigish va samaradorligini oshirish bo‘yicha ilmiy tadgigotlar olib
borilmoqda [4, 5, 6, 7, 8].

Shamol energetik qurilmalarining o‘zgaruvchan shamol tezliklarida samaradorligini oshirishda
konstruksiyasini takomillashtirish asosan uning parraklari aerodinamikasini tadgiq gilish muhim
hisoblanadi. Shu sababli, ushbu magolada shamol energetik qurilmalarida qo‘llaniladigan turli
shakldagi aerodinamik sirtlarni yaratish va tadqiq gilish bo‘yicha olib borilgan ilmiy ishlar tahlil
qgilindi.

Farhan L. Rashid boshchiligidagi bir guruh olimlar CFD usullaridan foydalangan holda turli
xil NACA 2412 profil geometriyalari atrofida havo ogimi ta’sirining aerodinamik tadgigot
o‘tkazilgan. limiy tadgigotning asosiy yo‘nalishi CFD model bilan bog‘liq o°zgartirilgan NACA 2412
profili atrofidagi havo oqimini tahlil qilish uchun samarali muhandislik protseduralari
takomillashtirilgan. Simulyatsiya boshgaruvchi tenglamalarni (uzluksizlik, Reynolds o°‘rtacha
Navier-Stokes va energiya tenglamasi) Reynolds soni 1-10° da Fluent tahlilidan foydalangan holda
2-D formatida yechish orqgali amalga oshirilgan. Tagdim etilgan natijalarga ko‘ra, ko‘tarilish va tortish
kuchlari to‘xtash joyiga yetguncha hujum burchagi ortib borishi bilan mos ravishda ortishi kuzatilgan.
Optimal hujum burchagi 4° ekanligi aniglangan [9].

Sher Afghan Khan turli xil turbulentlik modellarining NACA0018 profili aerodinamikasining
CFD bashoratlariga ta’sirini solishtirish bo‘yicha ilmiy tadqgigot olib borgan. Ushbu ish turli xil
turbulentlik modellaridan foydalangan holda NACA 0018 profilining aerodinamik ishlashining
ragamli tahlilini tagdim etgan. Ushbu ragamli tadgigot uchun Ansys Fluent Computational Fluid
Dynamics (CFD) modelidan foydalanilgan. NACA 0018 profilining mavjud eksperimental
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ma'lumotlari ragamli natijalarni taqgoslash uchun ishlatilgan va mos ravishda ko‘tarish, tortish va
bosim koeffitsiyentlaridagi farglari baholangan. Aerodinamik koeffitsiyentlar va sirt bosimi
o‘lchovlari Re = 0,8-10° dan Re = 0,3-10° oralig‘ida va hujum burchaklari (0° dan 18° gacha) uchun
gayd etilgan. SST k-omega modeli hujumning past burchaklari uchun eng yaxshi ko‘tarish

koeffitsiyenti prognozlarini taqdim etgan [10].

Brian Steenwijk va Pablo Druetta tomonidan 2D NACA 0012 profili atrofidagi havo ogimi
hujumning turli burchaklaridagi RANS SST turbulent ogim modeli yordamida simulyatsiya gilingan
va eksperimental ma’lumotlar bilan tagqoslangan. Modifikatsiya gilingan aerodinamik profil standart
NACA 0012 bilan solishtirganda yuqgori CL va Cp giymatlarini ko‘rsatgan. Taklif etilayotgan
aerodinamik profil samaradorligi yuqoriligini inobatga olib vertikal o‘qli shamol energetik
qurilmalarida foydalanish mumkin [11].

Nasser Shelil DTU-LN221 aerodinamik profilining Ansys Fluent tizimida 2D simulyatsiya
modeli yaratilgan va tahlil gilingan. ANSYS Fluent yetti xil turbulentlik modellari bilan taklif
etilayotgan aerodinamik profil simulyatsiya qgilinib solishtirilgan. Turli xil turbulentlik modellari
bo‘lgan aerodinamik profil uchun simulyatsiya natijalari bir xil ish sharoitida amalga oshirilgan
shamol tunnelining eksperimental ma’lumotlari bilan tagqgoslangan. Shamol tunnelining
eksperimental ma’lumotlari bilan, aynigsa, -5° dan +10° gacha bo‘lgan hujum burchagi bilan
hisoblash suyuglik dinamikasi (CFD) prognoz gilingan aerodinamik kuch koeffitsiyentlari o‘rtasida
samaradorligi yuqoriligi aniglangan [12].

Hozirgi kunda o°‘zgaruvchan shamol ogimlariga moslashtirilgan vertikal o‘qli shamol
turbinalarini loyihalash, shamol turbinasi parraklarining aerodinamik jarayonlarini tadqiq qilish,
modellashtirish va optimal parametrlarini aniglash bo‘yicha tadgiqotlar o‘tkazish muhim ahamiyatga
ega.

Tadgiqotning magsadi gibrid Savonius-Darye shamol turbinasini Ansys Fluent tizimida
modellashtirish va o‘zgaruvchan shamol ogimlarida ishlash samaradorligini aniglashdan iborat.

Materiallar va uslublar

Gibrid Savonius va Darye tipli shamol turbinasini Ansys Fluent tizimida CFD
modellashtirishda quyidagi aerodinamik parametrlar muhim hisoblanadi. k-epsilon (k-g) va SST k-
turbulent modellar [16, 17, 18, 19]. Ushbu turbulentlik modellari turbulent ogim sharoitlari uchun
o‘rtacha oqim xususiyatlarini simulyatsiya gilish uchun hisoblash gaz va suyugliklar dinamikasida
(CFD) go‘llaniladigan eng keng targalgan modellardan biridir. Keltirilgan modellardan aerodinamik
profillarning shamol ogimi o°zgarishiga bog‘liglik modellarini Ansys Fluent tizimida olish mumkin.

k-epsilon (k-g) turbulent model.
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Savonius va Darye shamol turbinalarining umumiy shamol energiyasidan foydalanish
koeffitsiyenti quyidagi matematik ifoda orgali aniglanadi [20]:
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et oL 2028 vl 5 urber
Cp = (Cppy *+ Cp(s)) = % =1Cp, 3)

2P A1V

=2 (4)

bunda: Cppy — Darye shamol turbinasining shamol energiyasidan foydalanish koeffitsiyenti; Cps) —
Savonius shamol turbinasining shamol energiyasidan foydalanish koeffitsiyenti; P, va Ps — Darye
va Savonius shamol turbinalarining mexanik quvvatlari; V,, — shamol oqimi tezligi; p — havo
ogimining zichligi; A; — shamol turbinasi ko‘ndalang kesim yuzasi; A — parraklarning tez
aylanuvchanlik koeffitsiyenti; C,, — shamol turbinasining moment koeffitsiyenti; R — shamol

turbinasining radiusi; w — shamol turbinasining aylanma burchak tezligi.

1-jadvalda DU-06-W-200 aerodinamik profil geometrik o‘lchamlarining ma’lumotlari
keltirilgan. Ushbu ma’lumotlar X va Y o°qi bo‘yicha jami 201 ta nugta olingan. Jadvalning o‘ng
tomonida Ansys Fluent tizimi uchun kodlangan DU-06-W-200 aerodinamik sirtning o‘zgartirilgan

ma’lumotlar fayli keltirilgan.
1-jadval. DU-06-W-200 aerodinamik sirt geometrik o‘lchamlarining ma’lumotlari

DU-06-W-200 aerodinamik sirtning DU-06-W-200 aerodinamik sirtning o‘zgartirilgan
haqigiy ma’lumotlar fayli ma’lumotlar fayli
X Y Guruh  Nugtalar X Y z
1,00300 | 0,00000 ragami - ragami
1,00003 0,00033 1 1 1,00300 0,00000 O
0.99507 0,00099 — 1 2 1,00003 0,00033 O
1 3 0,99507 0,00099 O
0.98874 0.00179 1 4 0,98874 0,00179 O
0.08084 1 5 098084 000282 0
0,97135 0,00413 1 6 097135 0,00413 0

Chegaraviy shartlarni aniglash har ganday hisoblash suyugliklar va gaz dinamikasi
muammosining muhim gismidir. O‘rganilgan aerodinamik profil modeli ustidagi turbulent ogimni
hujum burchagi o‘zgaruvchanligini nazarda tutadi. Simulyatsiyani o‘tkazish uchun muammoning
chegara shartlari va ba’zi bir dastlabki ma’lumotlar olinadi va ular 2-jadvalda keltirilgan.

2-jadval. Chegara shartlari va kirish ma’lumotlari

Parametrlar Qiymatlar
Tahlil turi Barqgaror holat
Aerodinamik sirt turi (Darye) DU-06-W-200
Oqim tezligi 10 m/s
Ishchi harorat 23°C
Ishchi bosim 1-10° Pa
Havo ogimining zichligi 1.23 kg/m?®
Aerodinamik sirt vatar uzunligi L=0,2m
Havo ogimining dinamik yopishqoqligi n=1.7894-10" kg/m-s
Turbulent model turlari SST k-, k-epsilon (k-g)
Reynold soni Re=1.05-10°
Turbulent ogim Re>5-10°

1-rasmda shamol turbinasining umumiy (a) va B-B girgim (b) ko‘rinishi keltirilgan. Vertikal
o‘qli shamol energetik qurilmasi (r) radiusli yarim aylana shaklidagi shamol parraklari (1) orasidagi
masofa (d) va radiusi (R) bo‘lgan Savonius shamol turbinasi (2) parraklaridan (3) (h) masofada
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joylashtirilgan, Darye shamol turbinasining (4) aylana urinmasiga metall profillar (5) orgali optimal
(B) burchak ostida DU-06-W-200 tipli shamol parraklari (6) o‘rnatilgan, asosiy val (7) bir uchi metall
ramada (8) joylashtirilgan podshipnikda (9) o‘rnatilgan ikkinchi uchi stator (chulg‘amlar) (10) va
rotorlardan (doimiy magnitlar) (11) iborat elektr generatorga (12) flans (13) orqali bog‘langan, stator
(10) biriktirilgan metall truba (14) elektr generatorga (12) podshipniklar (15) orqali o‘rnatilgan,
metall trubaga (14) biriktirilgan flans (16) metall ramaga (8) joylashtirilgan, quyosh fotoelektr
panellari (17), gibrid kontroller (18) akkumulyator batareyalari (19) va invertor (20) qurilmalari
o‘rnatilgan elektr shit (21), o‘zgarmas va uch fazali o‘zgaruvchan tok kabellari (22,23) metall ramada
(8) joylashtirilgan.

B-B qirgim

1 23 14 13 15 10
v o

b)
1-rasm. Shamol turbinasining umumiy (a) va B-B girgim (b) ko‘rinishi.

Taklif etilayotgan vertikal o‘qli shamol energetik qurilmasi o‘zgaruvchan shamol oqimlarida
ishlash samaradorligi yuqori bo‘lib, asosan markazlashgan energiya ta’minotidan uzoqda joylashgan
avtonom iste’molchilar uchun mo‘ljallangan.

Natijalar

2-rasmda gibrid Savonius va Darye shamol turbinasining Ansys Fluent tizimida geometrik
loyihalash va shamol ogimining tezligi 10 m/s bo‘lgandagi modellashtirish natijalari keltirilgan.
2-rasm (a) da shamol turbinasining ikki o‘lchamli geometrik domeni keltirilgan. Bunda shamol
turbinasining diametri 0,6 m deb gabul gilingan. 2-rasm (b) da shamol turbinasining simulyatsiya
gilishda meshdan (to‘r) foydalanildi. Mesh haqigiy modelni (turbinaning 2D shakli) juda ko‘p kichik
elementlarga (katakchalarga) bo‘lib chigadi. Har bir katakchada tenglama (Navier—Stokes va
energiya) yechiladi. To‘rdagi elementlar soni 58400 ni tashkil gildi. 2-rasm (c) da shamol turbinasiga
ta’sir giluvchi shamol ogimi bosimining ko‘rsatkichlari keltirilgan. Bosim maksimal 82 Pa gacha
ko‘tarilishi aniglandi. 2-rasm (d) va (k) da shamol turbinasi parraklariga ta’sir giluvchi shamol ogimi
tezligining ko‘rsatkichlari keltirilgan. Bunda parraklarga ta’sir giluvchi shamol ogimi tezliklari 2 dan
15 m/s bo‘lishi aniglandi. 2-rasm (h) da o‘zgaruvchan shamol ogimlarida gibrid Savonius va Darye
shamol turbinasining samaradorlik koeffitsiyenti ko‘rsatkichlari keltirilgan. Parraklarning tez

99



INNOVATSION TEXNOLOGIYALAR 2026-yil 3(63)-s0n ISSN 2181-4732
INNOVATIVE TECHNOLOGIES 2026 volume 63, number 3 : i
MHHOBAIIMOHHEIE TEXHOJIOT K Tom 63 Ne 3, 2026 E-ISSN 2181-4015

aylanuvchanlik koeffitsiyenti 2,5 bo‘lganda samaradorlik ko‘rsatkichi maksimal 0,4 bo‘lishi tadqiq
gilindi.

0.5
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2-rasm. Shamol turbinasini Ansys Fluent tizimida modellashtirish natijalari.

Ishlab chigilgan kompyuter modeli (CFD) eng yaqgin analog qurilmalar bilan samaradorlik
ko‘rsatkichlari Cp(A) validatsiya gilindi. Tekshiruv modellashtirish tezlik koeffitsiyenti A ning 0,5 dan
4 gacha bo‘lgan oraligda 0,25 gadam bilan turli giymatlarida bajarildi. Ushbu diapazon F. Ghafoorian
[21] va M. Moreno [22] ishlariga o‘xshash tarzda tanlandi. A ning tagqoslanadigan diapazonidan
foydalanish quvvat koeffitsiyenti Cp ning o‘zgarish xarakterini obyektiv solishtirish va modelni sifat
jihatidan validatsiya gilish imkonini berdi. CFD modellashtirish natijasida Cp = f(A) bog‘liglik grafigi
qurildi. Ushbu bog‘liglik gibrid shamol turbinasining turli aylanish rejimlarida ogimning kinetik
energiyasini mexanik energiyaga aylantirish samaradorligini aks ettiradi. 3-rasmda gibrid shamol
turbinalarining optimallashtirilgan konfiguratsiyasi (A = 2,5; a.= 5°; = 60°; h = 0,02) uchun olingan
Cp(M) bog‘ligligi hamda F. Ghafoorian va M. Moreno ishlarida keltirilgan, gibrid shamol turbinalari
uchun sonli model natijalari taggoslangan. Har uchala egri chizig ham xarakterli bog‘liglikni
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namoyish etadi, tezlik koeffitsiyenti ortishi bilan Cp giymati oshadi. A = 2,0-2,5 oralig‘ida maksimal
giymatga erishadi va undan so‘ng samaradorlik pasayadi.
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3-rasm. Tezlik koeffisiyentining quvvat koeffisiyentiga bog¢liglik grafigi
(validatsiya natijalari)

—A—F. Ghafoorian ©— M. Moreno &— Taklif etilgan qurilma

Ishlab chigilgan gibrid shamol turbinasi quvvat samaradorligi F. Ghafoorian taklif gilgan gibrid
shamol turbinasidan 15 % va M. Moreno taklif gilgan gibrid shamol turbinasidan 11 % yuqori
ekanligi asoslandi. Shu bilan birga, egri chizigning umumiy xatti-harakati adabiyotlarda keltirilgan
ma’lumotlarga mos keladi, bu esa bajarilgan CFD modellashtirish natijalarining fizik jihatdan
asoslanganligini ko‘rsatadi.

Xulosa

Vertikal o‘gli shamol energetik qurilmalarining o°‘zgaruvchan shamol ogimlaridagi
samaradorligini va ishonchliligini oshirishda turbina parraklarining shakli, materiali va
aerodinamikasiga bog‘ligligi o‘rganildi. Shamol parraklarining magbul o‘lchamlarini loyihalashda
Ansys Fluent tizimining CFD modelidan foydalanish yaxshi samara berishi tahlillar asosida
aniglandi. Gibrid Savonius va Darye tipli shamol turbinasi Ansys Fluent tizimida 2D shaklda
loyihalandi, modellashtirildi va o‘zgaruvchan shamol ogimlarida ishlash samaradorligi baholandi.
DU-06-W-200 aerodinamik profil, chegara shartlari va kirish ma’lumotlari ogim tezligi 10 m/s, ishchi
harorat 23 °C, ishchi bosim 1-10° Pa, havo ogimining zichligi 1,23 kg/m?®, aerodinamik sirt vatar
uzunligi 0,2 m, havo ogimining dinamik yopishqogqligi 1,7894-10° kg/m-s, turbulent model turlari
SST k-, k-epsilon (k-€) va Reynolds soni 1,4-10° bo‘lgan holatda modellashtirildi. O‘zgaruvchan
shamol ogimlarida gibrid Savonius va Darye shamol turbinasining samaradorlik koeffitsiyenti
ko‘rsatkichlari keltirilgan. Parraklarning tez aylanuvchanlik koeffitsiyenti 2,5 bo‘lganda
samaradorlik ko‘rsatkichi maksimal 0,4 bo‘lishi tadgiq gilindi.
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