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Abstract

In the presented article, it was proved that the lifting force of an infinitely extendable wing is equal
to the product of gas (liquid) density, speed, circulation the length of the wing section. It is shown that the
direction of influence of the lifting force is obtained by turning the direction of the velocity of the flow by
90 degrees against the direction of circulation. With the help of Zhukovsky's theorem, it was shown that
the connection between the circulation and the aerodynamic parameters of the wing is established.
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Jukovski teoremindan istifads edarak dovriyysalonmanin tapilmasi

M.Q. isgandarov, MLI. Niisratzado
Azorbaycan Milli Aviasiya Akademiyasi (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)

Xiilasa

Toqdim olunan moaqaleds sonsuz uzadilmali qanadin qaldirict qiivvesi qazin (mayenin) sixligi,
stirati, dovriyyslonmoasi vo ganad kosiyinin uzunlugunun hasilina borabor oldugu isbat olunmusdur.
Qaldiric1 qiivvenin tesir istigamoti, axinimn siiret istiqgamatini dovriyyolonmo istiqamotinin oksino 90°
dondsrmoakls alindig1 gostarilib. Jukovskiy teoreminin kémayi ilo dovriyyslonms ilo ganadin aerodinamik
parametrlori arasinda slage yaradildigi gostorilmisdir.

Acar sozlor: par, siirat dovriyyolonmosi, par kesiyi, burulgan nozsriyyssi, qanadin qolayi, qaldirici
qiivva, vintin radiusu.

Haxosxkaenue uMpRyJasigum 1no reopeme KyKoBckoro

M.I'. Uckengepos, M.W. Hycpar3ane

Aszepbatiosicanckaa Hayuonanvhas axademus asuayuu (Mapoaxauckuii np., 30, baky, AZ1045,
Asepbaiiosican)

AHHOTALUSA

B npencrapiieHHON cTaThe HOKa3aHO, YTO MOABEMHAs CUJIa OSCKOHEYHO PACHIMPSEMOro KpblLia
paBHA TMPOU3BENICHUIO IUIOTHOCTU Ta3a (BKUAKOCTH), IMUPKYISIUA CKOPOCTH W JIJIUHBI CEKIIMH KpPbhUIA.
[TokazaHo, 4TO HampaBlICHWE BO3JCHCTBUS MOIBEMHOW CHIIBI 3aBHCHT OT TIOBOPOTa HAIPABJICHUS
cKopocTH moToka Ha 90 TpagycoB MPOTHUB HAMpaBIeHUS MUPKYILITHA. C TOMOIIBI0 TeopeMbl JKyKOBCKOTO
MOKa3aHO, YTO CYILIECTBYET CBS3b MEXK]Yy LIUPKYJSLUEN U a3pOIUHAMUYECKUMHU IMapaMeTpaMu Kpbuia.

KuroueBsble cioBa:  omacTh, HUPKYJSIMS CKOPOCTH, TEUEHUE JIOMACTH, BUXPEBAsl TEOPHs, YUIMHEHUE
KpbUIa, IOJABEMHAS CUJIA, PAUYC BUHTA.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2024, cild 16, M2 2, s. 19-23
M.G. Isgondarov, M 1. Niisratzado

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, Ne 2, pp. 19-23
M.G. Isgandarov, M.I. Nusratzade

Giris

Porlo ganad arasindaki analogiya,
qanadin burulgan noazariyyasindo  (induktiv
miiqavimat nazariyyasi) ugurla istifads olunan
porin burulganlar sistemi ilo ovoz edilmasi
metodundan istifads etmoyas osas verir. Har iki
nozariyyanin - ham par nozariyyasinin, hom do
ganad nazariyyasinin osasini malum oldugu
kimi, Jukovskinin toklif etdiyi "birlogdirilmis"
burulgan ideyasi togkil edir. Ona goro do
Jukovski  teoreminin  osas  miiddealarini
gostormak lazimdir [1].

Isin magsadi

Sonsuz qolayli qanadin uzunlugu vahide
borabar olan kasiyini nozardon kegirok. Qanad
hoyacanlanmamis, V. siiratine malik olan va x
oxu boyunca yoOnolmis, ideal-sixilmayan qaz
axininda yerlasir. Qanadin otrafindaki nozarot
sothini qanadin vatorindon bdyiik radiusa
malik sonsuz uzun silindr soklinds tosavviir
edok. Bu silindrin vahid uzunlugunu nozordsn
kegirok. Xaricdon R radiuslu silindrlo vo
daxildon ganadla mohdudlasan qazin hacmins
agagidaki qiivvolor tosir edir:

- qazin nazarat sathindon axmasi zamani
horokot miqdarinin  doyismosi naticasindo
yaranan qiivva - Nj;

- silindrin sothino tesir edon tozyiq
qiivvasi - Np;

- ganadin reaksiya qlivvasi - N.

Nazari modellasdirma

Sistem tarazligdadir. Ona gora do, biitiin
qiivvalarin istanilon ox iizarina proyeksiyalari
comi sifira barabor olmalidir.

Biitiin quvvalori y oxuna
proyeksiyalayaq:
Y+Y,+Y,=0 1)
Vo ya

Y +Y, =Y, )

Burada,
gostordiyi tosir qiivvasidir, yani oks isars ilo
havanin qanada gostordiyi tosir qiivvasidir.
Demali bu qiivvo miisbat isarali galdirict
qivvadir, yani

—Y, qlivvesi, ganadin havaya

Yo=Y +Y, 3)

Indi isa nozarat sothinin ds elementino

baxaq (Sokil). Bu elementdon, dt zaman

fasilosindo  dm = pVrds -1 hava Kkiitlosi

kegir. 'Y oxu boyunca harokot miqgdarinin
artimi asagidaki kimi olacaq [2] :

V,dm = pViV,ds 4

Ya

¥ X

Sokil — Par kasiyins tasir edan qlivvalor
Figure — Forces on the cross section of blade

Biitiin sathdon kegon hava kiitlosi:
Jy Vydm = [ pVVyds (5)
ifadasi ilo tapilacagq.
Impulslar teoremina asason [3] :
Y == J; pValyds (6)
Tozyiqlor forgindon alinan qiivvasinin
proyeksiyasi
Y, == [, (@ —po)singdp  (7)
ifadasi ilo tapilacaqdir.
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(6) vo (7) ifadalorini (2) ifadasinds yerina
yazsadq,

— [T pVaVyds — [7(p — pe)singdep =Y, (8)
Bernulli tonliyindon alariq ki,
1] V2

P—Poo=p7(1—g (9)

(9) ifadasini (8)-ds yerins yazsaq,

723 va, .
Yo == [y pValyds =52 [((1 = H)singdy (10)

V2=V 4+ V) = V3 + 2V v + v +v) = V3 + 2Ve 1
Vi = Vicosp + Vysing = Vy,cos¢ + vycosp + vy sing

Qanad axina hayacanlanma gatirir vo ds
elementinds oxlar {izrs siiratlori Vy = V,, + vy,
V, = v, kimi togdim etmok olar, burada vy vo
vy qanadin tosiri nozoro alinmagla hava
axminin siratidir, yoni induktiv siiratlordir.
Nozarot sathinin radiusu kifayst godor boyiik
oldugundan, ganadin yaratdigi hayacanlanma,
vy Vo v, induktiv siiratlor, V,, siirati ilo
miiqayisods kigikdir. Onda,

(11)

V2 vo Vy, ifadalari iiciin alinan komiyyatlori (10) ifadasinds yerine yazsaq vo ikinci doracali kigik
komiyyatlari nazars almasaqg, har bir toplanan tigiin asagidakilari alariq:

- fos pVrV,ds = — f;pvy[Voocosgo + vycos@ + vy singlds ~ —pV, fos vy cosds

PV

Vi, .
2 Jo (L= )singde =

PV

Jya-

2 12
Vw+5;/°°vx)sin¢d¢ ( )

Onda, Y, qaldirici qlivvasi ti¢iin (10) diisturu asagidaki formani alacaq:

Y, = —pVe fos vycospds + pVy, fOS vy singds = pVe (vysing — vycosp)ds  (13)

Riyaziyyatdan radiusu R olan kontura gors siirat dovriyyalonmasini (sirkulyasiyani) tapagq.
I'= | Vs (14)

burada V;-i asanligla sokildon almaq olar.

Vs = Vysing — V,,cosp = Vi, sing + vysing — v,,cos@ (15)

Onda dovriyyslonma {igilin ifads agagidaki ifadoni alariq:

N

= jg(Voosimp + vysing — v, cos@ )ds =

0

=V, gﬁ; sinpds + gﬁf(vxsingo — vycos@)ds (16)

Noazars alsaq ki,

ds = Rdo, 9505 singds = R fozn singpdg =0

oldugunu alariq.
Sonda alariq ki,

r= gﬁos(vxsin(p — vycos@)ds (17)

(16) voa (17) diisturlariin miiqayisasi Jukovskinin yekun diisturunu verir.
Y, = pV.T
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Natica

Todgigat naticasinds aragdirilmigdir ki,
Sonsuz uzadilmali ganadin galdirict qlivvasi
gazin (mayenin) sixligi, stiroti, dovriyyalon-
moasi vo ganad kasiyinin uzunlugunun hasilina
borabardir (Jukovskiy teoremi). Homginin
galdirict qiivvanin tasir istigamati, axinin siirot
istigamatini  dovriyyalonmo istigamatinin
oksina  90° déndormoklo alinir. Jukovskiy

teoremi iso dovriyyslonms ilo gqanadmn (parin)
aerodinamik parametrlori arasinda olage
yaradir.

Maragqlar miinaqisasi

Miolliflor bu mogalods arasdirilmasi
tolob olunan maraqlar miinaqisasinin olmadi-
gin1 geyd edirlor.
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