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VERTIKAL O‘QLI SHAMOL TURBINALARINI MATEMATIK MODELLASHTIRISH
Sadullayev N.N., Muzaffarov F.F.
Buxoro muhandislik —texnologiya instituti, Buxoro, O ‘zbekiston

Annotatsiya: Ushbu maqolada O zbekiston Respublikasida elektr energiyva ehtiyojining
oshishi va bu ehtiyojni qoplaydigan shamol energetik qurilmalar hamda ularning samaradorligiga
ta’sir etuvchi ba’zi bir parametrlar hagida so‘z boradi. Bundan tashqari turbina parraklarini
tayyorlashda ishlatiladigan NACA 4412 aeridinamik sirti va taklif etilayotgan aerodinamik sirt
tahlil gilingan. Vertikal o ‘qli shamol energetik qurilmalarining samaradorligiga ta’sir ko ‘rsatuvchi
parametrlar o ‘rganilgan. Tadqiq qilinayotgan qurilmaning matematik modeli taklif etilgan.

Kalit so‘zlar: shamol tezligi, aerodinamik sirt, oqim, vertikal o ‘qli shamol turbinasi, shamol
turbinasi parragi, aerodinamika, optimal, ta’sir etuvchi kuchlar.

MATEMATHUHYECKOE MOAEJINPOBAHUE BEPTUKAJIBHBIX BETPO YCTAHOBOK
Canyaaaes H.H., My3addapos ©.D.
Byxapcxuil unorceneprno-mexnonoeunweckuii uncmumym, byxapa, Y3bexucman

Annomayun: B oanmoii cmamwee uznacaemcsi pocm nompebOHOCMU 8 IIEKMPOIHEPLUU 8
Pecnybnuxe  Vsbexucman u  6emposHepeemuueckux —ycmpoucmeax, HOKPblEAIWUX — dmy
NOMPeOHOCMb, A MAKH#Ce O HEeKOMOPbIX NApamempax, euuaowux Ha ux sggpexmusnocms. Kpome
moeo, ObLIU NPOAHATUUPOBAHA aspoourHamudeckas nogepxnocmv NACA 4412, ucnonv3yemas npu
U320MOGNEHUU  IONAMOK ~ MypOuHbl, U npeodnazaemas  a3pOOUHAMUYECKAs NOBEPXHOCHIb.
Hccnedosanvl napamempsi, ruaiowjue Ha 3QGeKkmusHocms empodIHepeemuyecKux YCmano8oK ¢
séepmuKanvbHoll ocvio. [lpednoscena mamemamuueckas Mooenb UCC1e0yemo20 YCmpoucmad.

Kniouesvie cnosa: cxopocmv empa, a’poOUHAMUYECKAs ~ NOGEPXHOCMb,  NOMOK,
BEPMUKANILHBIIL  6emMpoogu2amens, JONACMb  8emMpoosucamens, A3pPOOUHAMUKA, — ONMUMYM,
Oeticmeyrowjue Cubl.

MATHEMATICAL MODELING OF VERTICAL AXIS WIND TURBINES
Sadullaev N.N., Muzaffarov F.F.
Bukhara Engineering and Technology Institute, Bukhara, Uzbekistan

Abstract: This article talks about the increase in the need for electricity in the Republic of
Uzbekistan and the wind energy devices that cover this need, as well as some parameters that affect
their efficiency. In addition, the NACA 4412 aerodynamic surface used in the manufacture of
turbine blades and the proposed aerodynamic surface were analyzed. The parameters affecting the
efficiency of vertical axis wind energy devices are studied. A mathematical model of the device
under study is proposed.

Keywords: wind speed, aerodynamic surface, flow, vertical axis wind turbine, wind turbine
blade, aerodynamics, optimum, acting forces.

Hududda shamol yo‘nalishining tez-tez o‘zgarishi, iste’molchilarning cho‘l hududlarida
joylashganligi sababli (yozda haroratning +60°C, qishda -20°C bo‘lishi) turbina parraklari
shaklining o‘zgarishi, bu hududlarda changlanganlik miqdorining (normal 0,05 mg/m?) me’yoridan
ko‘pligi tufayli podshipnik qismlardagi mexanik isroflarning oshishi natijasida bunday
iste’molchilarni ShEQ orqali ta’minlashda muammolar kelib chigmogda. Bunday muammolar
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standart ShEQ larni samarali qo‘llash imkoniyatini bermaydi.Bundan tashqari kichik tezlikli shamol
oqimlarida turbinalarning qo‘zg‘ala olmaslik holatlari kuzatilmoqda.Shuning uchun turbinalarning
vaznini yengillashtirish dolzarb masala hisoblanadi. Bu omillar tufayli kichik quvvatli ShEQlarni
joriy etishni yetarli deb bo‘lmaydi. Shu sababli iglimiy sharoitlarga moslashtirilgan texnik
parametrlari yaxshilangan vertikal o°‘qli shamol turbinalarni tadqiq etish va yaratish dolzarb
ahamiyat kasb etmoqda.

Shamol turbinalarini aylanishiga majburlovchi momentlar quyidagi 1-rasmda o‘z aksini
topgan.

T, T(0)

{ S

I-rasm. Turbina qismining yuqoridan (frontal) ko ‘rinishi.

I(0-T,(t)=J6() (1)
Ta(t)- aerodinamik harakatlantiruvchi kuch funksiyasi, Tq(t)- qarshilik qiluvchi kuch
funksiyasi, J -turbinaning umumiy inersiya momenti, @ -turbina parragining burilgan burchagi.
Yugqoridagi (1) ifodada keltirilgan tenglikning natijasi katta bo‘lishi kerak. Buning uchun
aylantiruvchi moment Ta(t) o‘zining eng katta qiymatiga, Tq(t) esa o‘zining eng kichik qiymatiga
erishishi kerak. Bu holatda inersiya momenti o°‘zining maksimumiga erishadi, natijada turbina
proporsional miqdorda kinetik energiya sig‘imiga ega bo‘ladi. Turbinaga ta’sir qiluvchi kuch va
momentlarni quvvatdan boshlab tahlil qiladigan bo‘lsak u quyidagicha bo‘ladi.
Turbinada kechadigan mexanik va fizik jarayonlarni biz bevosita analitik tahlil qilish orqali
baholashimiz mumkin. Bizga ma’lumki shamol energetik qurilmasining quvvati quyidagicha: [1, 2]
P=%.p.A~V3~Cp (2)

Bunda: Shamol turbinasi tomonidan beriladigan mexanik quvvat (3) tenglik orqali aniqlanadi

[2].
P=w-T 3)
Lekin (2) tenglikda keltirilgan quvvat Betz koeffitsiyentiga nisbatan hisoblaniladi.Betzga

. 16 o o L . .
ko‘ra bu koeffitsiyent C, < >7 tenglikni qanoatlantirishi shart. Betz nazariyasi gorizontal o‘qli

shamol turbinasi misolida ishlab chiqilgan, [3,4] ga ko‘ra bu koeffitsiyentni vertikal o‘qli shamol
turbinasi uchun tadbiq etish hisoblashlarni aniqlikdan uzoqlashtirishi mumkin. Vertikal o‘qli
turbinalarning juda ko‘p turi mavjud, shu sababli bunday turbinalardagi bu koeffitsiyentni tajriba
natijalari asosida aniqlash maqgsadga muvofiq.[5] Bundan tashqari shamol energetik qurilmasining
umumiy quvvatiga turbinaning foydali ish koeffitsiyenti 7 ham ta’sir ko‘rsatadi.

PZ%-p-A-V3-CP-77 4)
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(2) va (4) tengliklarda keltirilgan A turbinaning yuzasi bo‘lib u (5) ifoda orqali
hisoblaniladi [6,7].

A=2-R-h (5)

Shamol turbinasining ildamlik koeffitsiyenti A, quvvat koeffitsienti Cp bilan chambarchas

bog‘lig. (5) tenglamada ko‘rsatilganidek, ildamlik koeffitsiyenti parrak chekka nuqtasi tezligining
shamol tezligiga nisbati bilan aniglanadi [8].

o-R

VSh

Shamol turbinasi parragining harakatlanish sohasi turbinaning balandligi (/) va radiusi (R)
bilan xarakterlanadi. turbina radiusi ganchalik uzun bo‘lsa, hosil bo‘lgan moment shunchalik yuqori
bo‘ladi, lekin turbina radiusi uzun bo‘lganda, strukturaning barqarorligi past bo‘ladi. Turbina
balandligi (/) ning qiymati radius ( R ) ga nisbatan uzun bo‘lsa, hosil bo‘lgan moment past bo‘ladi
bu esa turbinaning aylanishlar sonini oshirishni talab qiladi. Tomonlar nisbati (aspect ratio)
quyidagicha:

A= (6)

AR:L; = h=2-AR-R (7
2-R
Qattiglik (o) shamol turbinalarining ishlashiga ta’sir ko‘rsatuvchi muhim kattalik. Qattiglik
turbina parraklarining umumiy sohasining ( N-c) shamol turbinasi aylana uzunligiga nisbati bilan
aniqlanadi [9, 10].
o - N-c )
2-m-R

Quyidagi rasmda turbina parragiga ta’sir qiluvchi kuchlar va tezlik vektorlarini tahlil qilamiz

hamda tenglamalarini ko‘rib chigamiz.

— Y
270

2-rasm. Shamol turbinasi parragiga ta’sir qiluvchi parametrlarning vektor kattaliklarda
ko ‘rinishi.
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Bunda ¥ -shamolning turbinagacha; V,

bur

-burchakli; V

nis

-nisbiy; V,, -umumiy; V,  -normal,

V.. -natijaviy tezliklar, F, -ko‘taruvchi, F, -tortuvchi kuchlar.
Burchakli tezlik quyidagicha aniqlanadi:

2r-n-R _7m-n-R

Vy=0-R= 9
’ 60 30 )
Bunda # -turbinaning aylanish tezligi, [ayl/min]
Natijaviy tezlik esa:

Voi=Vyp V. -sin@=w-R+V,, -cos@=A1-V, +V, -cos@=V, (1+cos@) (10)

Tadqiqot ishlarida keltirilishicha nisbiy tezlikning miqdori [84] V. =(V, +V,)/2 ga teng.
Bunda 7,-turbinadan (o‘tgan) keyingi shamol tezligi.

Turbina parragiga ta’sir giluvchi normal tezlik (11) tenglikda keltirilgan.

V.=V

nor nis

-sind (11)

Shamol turbinasiga ta’sir etuvchi umumiy tezlik quyidagicha:

Viw =V + V2 =V, 5in0) + (V. (A+c0s0) =V, N1+2-4-cos0+ 2 (12)

Shamolning kelish burchagi « esa (13) ifoda bilan aniqlaniladi:[5, 11, 12]

a3,V S, V. -sin@ 4 sin@
a=tan (2L)=tan (—2———)=tan | ———— (13)
4 V. (A+cos0) A+cost

nat

Turbinaning mexanik quvvatini hisoblashda tangensial kuch koeffitsiyenti C,, va normal
koeffitsiyent C, larni bilish talab etiladi, nularni aniqlash uchun esa C, , C, kabi koeffitsiyentlar
kerak bo‘ladi. Bu koeffitsiyentlar NACA aerodinamik sirtlarning maxsus dasturlari orqali
aniqlaniladi. Masalan NACA 4412 aerodinamik sirti uchun a =3"da C, , C,ning qiymatlari mos
ravishda 0.5279, 0.04426 ga teng, odatda C, , C, koeffitsiyentlar o‘rtacha 3 ga nisbatan beriladi.
Tangensial va normal koeffitsiyentlarni quyidagicha hisoblaymiz:

C,, =Cy -sina—C,-cosa (14)
C,=C, -sina+C, -cosa (15)
Tangensial kuch F_va normal kuch F, ni quyidagicha ifoda orqali hisoblaniladi:

n

1

F’tanZE.Ctan'p.Spar.Vufn (16)
F=2Cop Sy Vi, )

Bunda S -parrakning shamol bilan ta’sirlashuvchi yuqori sirtining yuzasi, (3-rasm),

par

tadqiqot ishlarida bu miqdor taxminan S, =c-/ ga teng deb keltirilgan, bunda ¢ -parrak uzunligi,
lekin c¢- /& -shamol bilan ta’sirlashuvchi real yuzaga teng emas, shamol bilan ta’sirlashuvchi haqiqiy
yuzani topishimiz uchun yuqori sirt egriligi uzunligini parrak balandligiga ko‘paytirish kerak
bo‘ladi: ya'ni S, =c'-h, bunda c' -yuqori sirt yoyining uzunligi, % -parrak uzunligi. A

kuching katta bo‘lishiga olib keladi.

Tangensial kuchni oshirish turbina momenti miqdorini oshishiga sabab bo‘ladi, shuning uchun
turbina parraklarining shamol bilan ta’sirlashuvchi yuzasini oshirish samara beradi.

miqdorining katta bo‘lishi (16) ifodaga muvofiq F;

tan
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3-rasm.NACA 4412 aerodinamik sirtining qismlari.

4-rasm.NACA 4412 aerodinamik sirtining egriliklar bilan to ‘ldirilgan yuzasi.

4-rasmdagi parrakning yuqori sirti standartdagi NACA 4412 aerodinamik sirtga nisbatan
kattaroq, bu shaklning yuzasi shamol oqimiga samarali ishlovchi maxsus egriliklar bilan
to‘ldirilgan.Bu egriliklar birinchidan yuzaning oshishiga, ikkinchidan oqim ilashuvining
yaxshilanishiga olib keladi.

Yugqoridagi tahlillarni davom ettirgan holda o‘rtacha tangensial kuchning qiymati £, ga va

turbina parragining burilish burchagi # ning qiymatiga quyidagicha bog‘liq [13]:

2z
— [P @0 (18)

0

F

ta.o'r

(18) ifodani yoyish orqali biz umumlashtirilgan quyidagi tenglikka ega bo‘lamiz

_4-p~cl-h-Vufn~R

o i 1(0,63662-C, +6,12087-C,)  (19)

Bu yerda c¢'-maxsus egriliklar bilan to‘ldirilgan NACA 4412 aerodinamik sirtining tashqi
sirti. ¢' -ning qiymati to‘g‘ri burchakka to‘ldirish orqali aniqlaniladi. Hisoblashlarga ko‘ra NACA
4412 aerodinamik sirtning tashqi sirti uzunligi 0,1 m bo‘lsa, taklif etilayotgan sirtning uzunligi

0,109 m ga teng bo‘ladi.
Olingan ifodalarni umumlashtirib Matlab dasturiga kiritish orqali quyidagi model ko‘rinishini

olamiz.
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S5-rasm. Matlab amaliy paketida qurilgan shamol energetik qurilmasi modeli.

Matlab dasturida quvvatni hisoblashdagi miqdorlar sifatida turbinaning haqiqiy o‘lchamlari
kiritilgan, masalan ¢ =30 sm, h=2 m, R =0,7 m kabi miqdorlar uchun hisoblanilgan.

Yugqorida keltirilgan ifodalar ma’lum bir holatlarda ya’ni shamolning kelish burchagi o ga
bog‘liq. Bunda (14 va 15) ifodalarda keltirilgan C, va C, ko‘tarish va tortish koeffitsiyentlari o ga

muvofiq o‘zgaradi. Bu koeffitsiyentlarni NACA4412 aerodinamik sirt uchun Xfoil va Ansys
dasturlari yordamida aniqlash mumkin. Qolaversa Airfoils tools bazasi orqali shamolning kelish
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burchagi o , moment koeffitsiyenti C,,va C, ,C, ning qiymatlarini orasidagi grafik bog‘ligliklarni
olishimiz mumkin. Bu grafiklar yordamida shamol oqimining turli kelish burchaklari uchun C, va
C, , C, larning koeffitsiyentini aniqlaymiz va bu grafiklardan Reynolds soni miqdori C, ga to‘g‘ri,
C, ga esa teskari proporsional ekanligi haqida xulosa chiqaramiz .
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7 c-rasm. C, /C,vaa orasidagi bog ‘liglik. 7 d-rasm. C,vaa orasidagi bog ‘liqlik.

7 e-rasm. C, va o orasidagibog ‘liglik.

7 rasmga fiklaridagi ko‘k rangli xarakteristika Reynolds soni R, =0,5-10°, sariq rangli
xarakteristika esa R, =10° ga teng qiymatlar uchun olingan. Bu grafiklarning shakli noodatiy

ekanligining sababi parrak harakatlanishi jarayonida o‘zining stereonometrik pozitsiyasini doimiy
o‘zgartiradi, unga ta’sir qiluvchi oqim burchagi uzluksiz o‘zgaradi, natijada ko‘tarish va tortish
koffitsiyentlarining giymatlari keskin o‘zgaradi, shuning uchun xarakteristikalar yuqoridagi kabi
ko‘rinishga keladi [14]. Agar e’tibor berib garalsa NACA 4412 uchun R, =0,5-10° va R, =10°

larga bog‘liq bo‘lgan xarakteristikalarni nisbatan bir-biriga parallel deyish mumkin. 7 ab,c
rasmlardan Reynolds sonining ko‘tarish koeffitsiyentiga to‘g‘ri, d,e rasmlardan esa tortish va
moment koeffitsiyentlariga teskari proporsional ekanligi ayon bo‘ladi.
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Annomauun: B pabome kpamko npoananuzuposanvl Memoosvl, CImumyaupylowue pazgumue
KVIbIMYPHBIX PACMEHU 8 3aKPbIMOM 2cpYHme, a Makice u3yuyeH CHeKmp HU3KOIHepeemuieckoco
C8emMoB020 U3JNYUeHUs, KOMOpbwlil yuacmeyem 6 pe2yiayuu mopghocenesa pacmernuti. H3yueno
BIUSIHUE DA3IUYHBIX 001acmell cnekmpa (JHceamoeo, OPaHHCe8020, 3eleH020, CUHe20, KPACHO20,
eCcmecmeenH020 C8ema) Ha pocm MOJ00bIX CANHCEHYEe8 TUMOHA 8 8o3pacme 1 200a. Dkcnepumenmol
nposoounucy 6 meyenue 47 OHell 6 domawHux ycioeusx. Peszynemamer noxaszviearom, umo 0.
cesanyes TUMOHA, OCBEUJCHHBIX HCEIMbIM U KPACHbIM CHeKmpoM ceema, pocm npumepho Ha 22,2%
8blUle NO CPABHEHUIO ¢ KOHMPOTbHLIM 00pasyom. B danvHetiuem 6 kayecmee UCMOYHUKA IHePUU 8
menuye NIAHUPYemcs UCHOIb308aMb ABMOHOMHYIO (DOMOINEKMPULECKVIO YCMAHOBKY CHeYUaIbHO
o cmanyuu «Jlumonnoe Oepesoy, NpedyCMOMPEHO UCNONb30BAHUE CEEMOOUOOHBIX JIAMN C
PA3HbIM CHEKMPOM.

Kniwueevie cnosa: Cnexmp, conneunas paouayus, Mmopghomempuyeckue noxazamenu,
CIUMYTIAYUSL TUMOHO8, (homocunmes, OUHA BOJIHbL, UHIMEHCUBHOCTIb.
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Abstract: The paper briefly analyzes the methods that stimulate the development of cultivated
plants in the closed ground, and also studied the spectrum of low-energy light radiation, which is
involved in the regulation of plant morphogenesis. Has been studied the influence of various
spectral regions (yellow, orange, green, blue, red, natural light) on the growth of young lemon
seedlings aged 1 year. The experiments were carried out for 47 days at home. The results show that
for lemon seedlings illuminated by the yellow and red light spectrum, the growth is ~22.2% higher
compared to the control sample. In the future, as an energy source in the greenhouse, it was
planned to use an autonomous photovoltaic installation specifically for the lemon tree station, the
use of LED lamps with a different spectrum is provided.

Keywords: Spectrum, solar radiation, morphometric indicators, stimulation of lemons,
photosynthesis, wavelength, intensity.
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