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Àííîòàöèÿ. Ïðîâåäåíî ÷èñëåííîå èññëåäîâàíèå âëèÿíèÿ èíòåðôåðåíöèè âîçäóøíîãî âèíòà è
ïðÿìîãî êðûëà ñâåðõáîëüøîãî óäëèíåíèÿ ñàìîëåòà íà ñîëíå÷íûõ áàòàðåÿõ íà øàðíèðíûå ìîìåí-

òû îòêëîíåííîé ìåõàíèçàöèè êðûëà ìåõδ = 15° è ìåõδ = 30° â 2D- è 3D-ïîñòàíîâêå çàäà÷è. Ðàñ÷åòû

ïðîâåäåíû ïðè ñêîðîñòÿõ ïîòîêà V = 25 è 50 ì/ñ è ÷èñëàõ Ðåéíîëüäñà Re = 0.17 è 0.35·106 ïî ïðî-
ãðàììå, îñíîâàííîé íà îñðåäíåííûõ ïî Ðåéíîëüäñó óðàâíåíèÿõ Íàâüå—Ñòîêñà.

×èñëåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî âëèÿíèå îáäóâà ïîòîêîì âîçäóõà îò âîçäóøíîãî âèíòà
íà øàðíèðíûé ìîìåíò îòêëîíåííîé ìåõàíèçàöèè êðûëà çàâèñèò îò ìíîãèõ ôàêòîðîâ, òàêèõ êàê äè-
àìåòð âîçäóøíîãî âèíòà è åãî êîíñòðóêòèâíûå îñîáåííîñòè, ÷àñòîòà âðàùåíèÿ, åãî ìåñòîïîëîæå-
íèå, à òàêæå îò óãëîâ îáäóâà è îòêëîíåíèÿ ìåõàíèçàöèè êðûëà.

Êëþ÷åâûå ñëîâà: òÿíóùèé âîçäóøíûé âèíò, øàðíèðíûå ìîìåíòû, ìåõàíèçàöèÿ êðûëà, êðûëî
ñâåðõáîëüøîãî óäëèíåíèÿ

Äëÿ öèòèðîâàíèÿ: Ïàâëåíêî Î.Â., Ðåñëàí Ì.Ã. Âëèÿíèå èíòåðôåðåíöèè âîçäóøíîãî âèíòà è êðûëà
ñâåðõáîëüøîãî óäëèíåíèÿ íà øàðíèðíûé ìîìåíò îòêëîíåííîé ìåõàíèçàöèè êðûëà // Âåñòíèê Ìîñ-
êîâñêîãî àâèàöèîííîãî èíñòèòóòà. 2022. Ò. 29. ¹ 3. Ñ. 17-28. DOI: 10.34759/vst-2022-3-17-28



Î.Â. Ïàâëåíêî, Ì.Ã. Ðåñëàí O.V. Pavlenko, M.G. Reslan

18Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

Original article

INFLUENCE OF INTERFERENCE OF THE AIRSCREW
AND THE HIGH-ASPECT-RATIO WING ON THE HINGE MOMENT DEFLECT

CONTROL SURFACES OF THE WING

Olga V. Pavlenko1   , Mustafa G. Reslan2

1Central Aerohydrodynamic Institute named after N.E. Zhukovsky (TsAGI),
Zhukovsky, Moscow Region, Russia
2Moscow Institute of Physics and Technology (MIPT),
Dolgoprudny, Moscow Region, Russia
1olga.v.pavlenko@yandex.ru
2reslan.mostafa97@gmail.com

Abstract

Airplanes powered by the Sun energy for the flight supporting and ensuring conventionally has a special
structure and a wing of a wide span, while their aerodynamic surface are covered with photovoltaic cells.
The wing of such flying vehicle consists of several sections to control its motion. Numerical study of the
effect of interference of the airscrew and the solar battery powered airplane’s straight wing with extra-large
aspect ratio on the hinge moments values of its deflected mechanization was performed. Computations were
run at flow rates of V = 25 and 50 m/s and Reynolds numbers of Re = 0.17 and 0.35 ·106 by the program
based on the Reynolds-averaged Navier-Stokes equations. The presented work considered two options of

mechanization equally deflected over all the wingspan, namely mechδ = 15° and mechδ = 30°, without airscrews

and with two-bladed airscrews placed on the wing tips and rotated symmetrically in the fuselage direction
with the rotation frequency of N = 15000 rpm.

The flow-around patterns and pressure distribution are presented in dependence on the propelling screw
blow-off. The authors gave a comparison of the computational results in the 2D and 3D problem setting,
as well as airplane aerodynamic characteristics comparison of the without blow-off by the airscrews with
the experimental data.

Numerical studies reveal that the presence of airscrew effect on the hinge moment value of the
mechanization deflected depends on many factors, such as airscrew diameter and its design features, rotation
frequency, its location, as well as blow-off and deflection angles. With the blow-off by the propelling airscrew,
placed prior to the wing, local angles of attack on the wing and mechanization change, and the pressure at
the windward side in the area of the blow-off by the airscrew

The blow of pulling airscrew, which mounted in front of the wing, influence on change local angle of
attack wing and mechanization, decrees height of separate zone and increase pressure on windward side in
the area of blowing airscrew.

Analysis of computation of profile and wing revealed that hinge moments computating in the 2D problem
setting without blow-off may be employed for fast predicting the straight wing mechanization hinge moments
values.

Keywords: tractor airscrew, hinge moment, mechanization of the wing, extra-high aspect ratio wing
For citation: Pavlenko O.V., Reslan M.G. Influence of Interference of the Airscrew and the High-Aspect-

Ratio Wing on the Hinge Moment Deflect Control Surfaces of the Wing. Aerospace MAI Journal, 2022, vol.
29, no. 3, pp. 17-28. DOI: 10.34759/vst-2022-3-17-28
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Ââåäåíèå

Èñïîëüçîâàíèå ñîëíå÷íîé ýíåðãèè â àâèàöèè
íà÷àëîñü ñ ïîâûøåíèÿ êîýôôèöèåíòà ïîëåçíî-
ãî äåéñòâèÿ ôîòîýëåêòðè÷åñêèõ ïðåîáðàçîâàòå-
ëåé. Ñàìîëåòû, èñïîëüçóþùèå ñîëíå÷íóþ ýíåð-
ãèþ äëÿ ïîääåðæàíèÿ è îáåñïå÷åíèÿ ïîëåòà,
îáû÷íî èìåþò ñïåöèôè÷åñêóþ êîíñòðóêöèþ è
êðûëî áîëüøîãî ðàçìàõà, à èõ íåñóùèå ïîâåðõ-
íîñòè ïîêðûòû ôîòîýëåìåíòàìè [1–7]. Îñíîâíîé
çàäà÷åé ïðè ñîçäàíèè ïîäîáíûõ ëåòàòåëüíûõ
àïïàðàòîâ (ËÀ) ÿâëÿåòñÿ íàõîæäåíèå áàëàíñà
ìåæäó ïëîùàäüþ êðûëà, åãî ìàññîé è ïðî÷íîñ-
òüþ [8]. Äëÿ óïðàâëåíèÿ äâèæåíèåì òàêîãî ËÀ åãî
êðûëî èìååò íåñêîëüêî ñåêöèé îòêëîíÿåìîé
ìåõàíèçàöèè. Ñëåäóåò çàìåòèòü, ÷òî ÷åì áîëüøå
øàðíèðíûé ìîìåíò îðãàíîâ óïðàâëåíèÿ, òåì
áîëüøå ìîùíîñòü è ãàáàðèòû ñåðâîêîìïåíñàòî-
ðîâ [9, 10]. Øàðíèðíûé ìîìåíò îðãàíîâ óïðàâ-
ëåíèÿ çàâèñèò îò ìíîæåñòâà ôàêòîðîâ: ñêîðîñ-
òè è âûñîòû ïîëåòà, óãëîâ àòàêè è ñêîëüæåíèÿ,
óãëîâ îòêëîíåíèÿ ïîâåðõíîñòåé óïðàâëåíèÿ è èõ
èíòåðôåðåíöèè ñ ýëåìåíòàìè êîíñòðóêöèè [11].

Â íàñòîÿùåå âðåìÿ àêòèâíîå ðàçâèòèå ðàñ÷åò-
íûõ ìåòîäîâ CFD è ñîçäàíèå áîëåå ñîâåðøåííûõ
ðàñ÷åòíûõ ïðîãðàìì, ó÷èòûâàþùèõ âÿçêîñòü
ïðèñòåíî÷íîãî ïîãðàíè÷íîãî ñëîÿ, ïîçâîëÿþò
äîñòàòî÷íî òî÷íî îïðåäåëÿòü øàðíèðíûå ìîìåí-
òû îòêëîíÿåìûõ ïîâåðõíîñòåé è ðåøàòü ìíîãèå
çàäà÷è êîíñòðóêöèè ËÀ íà ñòàäèè ïðîåêòèðîâà-
íèÿ [12–17].

Äàííîå ÷èñëåííîå èññëåäîâàíèå áûëî ïðîâå-
äåíî ñ öåëüþ èçó÷åíèÿ âëèÿíèÿ èíòåðôåðåíöèè
âîçäóøíîãî âèíòà è ïðÿìîãî êðûëà ñâåðõáîëüøî-
ãî óäëèíåíèÿ ñàìîëåòà íà ñîëíå÷íûõ áàòàðåÿõ íà
øàðíèðíûå ìîìåíòû åãî îòêëîíåííîé ìåõàíè-
çàöèè.

Ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè
ëåòàòåëüíîãî àïïàðàòà è óñëîâèÿ ðàñ÷åòà

Ñàìîëåò âûïîëíåí ïî êëàññè÷åñêîé ñõåìå ñî
ñâîáîäíîíåñóùèì âûñîêîðàñïîëîæåííûì ïðÿ-

ìûì êðûëîì ñ óäëèíåíèåì λ = 23.4, íà êîíöàõ
êîòîðîãî óñòàíîâëåíû ìîòîãîíäîëû äâèãàòåëåé.
Ôþçåëÿæ äàííîãî ËÀ — ñ êðóãëûì ïîïåðå÷íûì
ñå÷åíèåì è îäíîêèëåâûì õâîñòîâûì îïåðåíèåì,
ñòàáèëèçàòîð ðàçìåùåí íà ôþçåëÿæå. Îáùèé âèä
ñàìîëåòà ïðåäñòàâëåí íà ðèñ. 1 è â ñòàòüÿõ [18, 19].
Õîðäà ýëåðîíà ñîñòàâëÿåò 17% îò õîðäû êðûëà.
Â äàííîé ðàáîòå ðàññìîòðåíû äâà âàðèàíòà îò-

êëîíåíèÿ ìåõàíèçàöèè: çδ = 15° è çδ = 30°, îäè-

íàêîâîãî ïî âñåìó ðàçìàõó êðûëà (ðèñ. 2) áåç ÂÂ
è ñ ðàáîòàþùèìè äâóõëîïàñòíûìè âîçäóøíûìè

âèíòàìè, âðàùàþùèìèñÿ ñèììåòðè÷íî â íàïðàâ-
ëåíèè ôþçåëÿæà ñ ÷àñòîòîé N = 15000 îá/ìèí.

×èñëåííûå èññëåäîâàíèÿ ïðîâåäåíû ïî ïðî-
ãðàììå ANSYS FLUENT, îñíîâàííîé íà ðåøå-
íèè îñðåäíåííûõ ïî Ðåéíîëüäñó óðàâíåíèé Íà-
âüå—Ñòîêñà, íà ñòðóêòóðèðîâàííîé ðàñ÷åòíîé
ñåòêå (îêîëî 20 ìëí ÿ÷ååê) ñ k— ε -realizable ìî-
äåëüþ òóðáóëåíòíîñòè, ñ óëó÷øåííûì ìîäåëèðî-
âàíèåì ïàðàìåòðîâ òóðáóëåíòíîñòè âáëèçè ñòåí-
êè è ñ ó÷åòîì âëèÿíèÿ ãðàäèåíòà äàâëåíèÿ. Â
ïðèñòåíî÷íîé îáëàñòè èñïîëüçîâàëàñü îäíîïàðà-
ìåòðè÷åñêàÿ ìîäåëü òóðáóëåíòíîñòè, àäàïòèðî-
âàííàÿ ê òå÷åíèÿì ñ ìàëûìè ÷èñëàìè Ðåéíîëü-
äñà. ×òîáû îäíîâðåìåííî ðàññ÷èòàòü ïîñòóïà-
òåëüíîå äâèæåíèå ôþçåëÿæà è âðàùåíèå ÂÂ,
áûëè çàäàíû äâå ðàñ÷åòíûå çîíû: îäíà ñ ïîñòó-
ïàòåëüíûì äâèæåíèåì ïîòîêà âîçäóõà, êîòîðûé
íàáåãàåò íà èññëåäóåìóþ ìîäåëü cî ñêîðîñòüþ

V∝ , à äðóãàÿ — ñ âðàùàòåëüíûì äâèæåíèåì âîç-

äóõà, ìîäåëèðóþùèì âðàùåíèå âîçäóøíîãî âèí-
òà [21, 22]. Îáùèé âèä ðàñ÷åòíîé ñåòêè â çîíå óñ-
òàíîâêè ÂÂ ïðåäñòàâëåí â ðàáîòå [18].

Ðàñ÷åò ëåòàòåëüíîãî àïïàðàòà ïðîâåäåí â äè-
àïàçîíå óãëîâ àòàêè -5° ≤ δ ≤ 15° ïðè ñêîðîñòè
íàáåãàþùåãî ïîòîêà V∝ = 25 è 50 ì/ñ è ÷èñëàõ
Ðåéíîëüäñà Re = 0.17 è 0.35·106, âû÷èñëåííûõ îò-
íîñèòåëüíî ñðåäíåé àýðîäèíàìè÷åñêîé õîðäû
êðûëà.

Ðåçóëüòàòû ðàñ÷åòà ëåòàòåëüíîãî àïïàðàòà

ñ âûïóùåííîé ìåõàíèçàöèåé íà óãîë ìåõδ = 15°

ïðè ñêîðîñòè íàáåãàþùåãî ïîòîêà V∝ = 50 ì/c

Âëèÿíèå îáäóâà ïîòîêîì âîçäóõà îò âîçäóø-
íîãî âèíòà íà çàâèñèìîñòè àýðîäèíàìè÷åñêèõ õà-
ðàêòåðèñòèê ËÀ îò óãëà àòàêè ïðåäñòàâëåíû íà
ðèñ. 3. Ðåçóëüòàòû ðàñ÷åòà õîðîøî ñîãëàñóþòñÿ
ñ ýêñïåðèìåíòàëüíûìè äàííûìè áåç îáäóâà ïî-
òîêîì âîçäóõà îò ÂÂ, ïîëó÷åííûìè íà ìîäåëè ËÀ
â àýðîäèíàìè÷åñêîé òðóáå (ÀÄÒ) Ò-102 ÖÀÃÈ
[22, 23]. Ñîãëàñíî ðåçóëüòàòàì ðàñ÷åòà óñòàíîâ-
êà âîçäóøíûõ âèíòîâ íà êîíöå êðûëà ïðèâîäèò
ê íåêîòîðîìó ïàäåíèþ ïîäúåìíîé ñèëû, óâåëè-
÷åíèþ ìîìåíòà òàíãàæà íà êàáðèðîâàíèå
(ðèñ. 3,à) è ðîñòó àýðîäèíàìè÷åñêîãî ñîïðîòèâ-
ëåíèÿ (ðèñ. 3,á) âî âñåì ðàñ÷åòíîì äèàïàçîíå óã-
ëîâ àòàêè. Òàêîé ýôôåêò îò îáäóâà ñâÿçàí ñ äàí-
íûì ðàñïîëîæåíèåì âîçäóøíûõ âèíòîâ îòíîñè-
òåëüíî êðûëà, à òàêæå ñ âëèÿíèåì çàêðó÷åííîãî
ïîòîêà âîçäóõà íà åãî ïîâåðõíîñòü, óâåëè÷åíèåì
ñêîñà ïîòîêà è óìåíüøåíèåì ìåñòíîãî óãëà àòà-
êè â ðàéîíå ÂÂ.



Î.Â. Ïàâëåíêî, Ì.Ã. Ðåñëàí O.V. Pavlenko, M.G. Reslan

20Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

Ðèñ. 1. Îáùèé âèä ìîäåëè ëåòàòåëüíîãî àïïàðàòà: à – â ýêñïåðèìåíòå â àýðîäèíàìè÷åñêîé òðóáå Ò-102 ÖÀÃÈ;
á – â ðàñ÷åòå

à)

â)

á)
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Íåîäíîðîäíûé çàêðó÷åííûé ïîòîê âîçäóõà îò
âèíòà óâåëè÷èâàåò ðàçðåæåíèå êàê íà âåðõíåé,
òàê è íà íèæíåé ïîâåðõíîñòè êðûëà (ðèñ. 4, 5),
âñëåäñòâèå ÷åãî ëîêàëüíî â ðàéîíå îáäóâà ñíè-
æàþòñÿ åãî íåñóùèå ñâîéñòâà.

Çàâèñèìîñòè êîýôôèöèåíòà øàðíèðíûõ ìî-
ìåíòîâ ìåõàíèçàöèè êðûëà îò óãëà àòàêè ïîêà-
çàíû íà ðèñ. 6. Áåç îáäóâà îò âèíòîâ ïðàêòè÷åñ-
êè âñå ýëåìåíòû ìåõàíèçàöèè êðûëà èìåþò áëèç-
êèå çíà÷åíèÿ øàðíèðíûõ ìîìåíòîâ (ðèñ. 6,à).

Ðèñ. 2. Ñå÷åíèÿ êðûëà: à – çδ = 15°; á – çδ = 30°

à)

á)

Ðèñ. 3. Ðàñ÷åòíûå è ýêñïåðèìåíòàëüíûå çàâèñèìîñòè àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ ËÀ îò óãëà àòàêè,

ìåõδ = 15°, V∝ = 50 ì/c: à – ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà; á – àýðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ

à)

á)

Ðèñ. 4. Ðàñïðåäåëåíèå êîýôôèöèåíòà äàâëåíèÿ íà ïîâåðõíîñòè ëåâîé êîíñîëè êðûëà: V∝ = 50 ì/c, α = 10°
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Ðèñ. 5. Ðàñïðåäåëåíèå êîýôôèöèåíòà äàâëåíèÿ â ñðåäíåì ñå÷åíèè ýëåðîíà 2: V∝ = 50 ì/c, α = 10°

Ðèñ. 6. Çàâèñèìîñòè êîýôôèöèåíòîâ øàðíèðíûõ ìîìåíòîâ ìåõàíèçàöèè êðûëà îò óãëà àòàêè, ìåõδ = 15°,
V = 50 ì/ñ: à – áåç îáäóâà; á – ñ îáäóâîì îò ÂÂ

à)

á)
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Ïðè îáäóâå äèàïàçîí çíà÷åíèé øàðíèðíûõ ìî-
ìåíòîâ ìåõàíèçàöèè êðûëà, îòêëîíåííîé íà

ìåõδ = 15°, ðàñøèðÿåòñÿ. Øàðíèðíûå ìîìåíòû
âíåøíåãî ýëåðîíà, êîòîðûé íàõîäèòñÿ íåïîñðåä-
ñòâåííî çà ÂÂ, ñðàâíèòåëüíî íåâåëèêè. Ýòî ÿâ-
ëÿåòñÿ ñëåäñòâèåì îòêëîíåíèÿ ìåõàíèçàöèè íà
íåáîëüøîé óãîë è ðàçðåæåíèÿ íà íàâåòðåííîé
ïîâåðõíîñòè ñòîðîíû ýëåðîíà, ñîçäàâàåìîãî çàê-
ðó÷åííîé ñòðóåé íåîäíîðîäíîãî ïîòîêà âîçäóõà
îò âèíòà.

×èñëåííûå èññëåäîâàíèÿ âëèÿíèÿ îáäóâà
îò âèíòà íà îòêëîíåííóþ ìåõàíèçàöèþ êðûëà
ëåòàòåëüíîãî àïïàðàòà ìåõδ = 30° â 2D- è
3D-ïîñòàíîâêå çàäà÷è ïðè ñêîðîñòè
íàáåãàþùåãî ïîòîêà V• = 25 ì/c

×èñëåííûå èññëåäîâàíèÿ âëèÿíèÿ îáäóâà îò
âèíòà áûëè ïðîâåäåíû íà ïðîôèëå è êðûëå ñ ìî-
òîãîíäîëàìè íà êîíöàõ ïðè îòêëîíåííîé
ìåõàíèçàöèè íà óãîë ìåõδ = 30°. Îáäóâ
2D-ïðîôèëÿ êðûëà áûë çàäàí â ñîîòâåò-
ñòâèè ñ ìåòîäèêîé ðàáîòû [24]. Â êà÷åñòâå
îñíîâíîãî ïàðàìåòðà, õàðàêòåðèçóþùåãî
âëèÿíèå îáäóâà íà îáòåêàíèå ïðîôèëÿ, ïðè-
íÿò êîýôôèöèåíò íàãðóçêè íà âèíò (àêòèâ-

íûé äèñê) / ,B T q F•=  ãäå 2 / 4F Dπ=  –

ïëîùàäü äèñêà âèíòà äèàìåòðîì D = 0.22 ì,

Ò – òÿãà âèíòà, q•  — ñêîðîñòíîé íàïîð íà-

áåãàþùåãî ïîòîêà. Ðàñ÷åòû âûïîëíåíû ïðè
çíà÷åíèÿõ B = 0.5. Â ïëîñêîñòè àêòèâíûõ
äèñêîâ çàäàâàëàñü ïîñòîÿííàÿ ñêîðîñòü òå-

÷åíèÿ, îïðåäåëÿåìàÿ ñîãëàñíî òåîðèè èäåàëüíîãî
âèíòà ïî ôîðìóëå

25
(1 1 ) (1 1 0.5) 28.032,

2 2

V
V B•= + + = + + =

ãäå V• = 25 ì/ñ – ñêîðîñòü âíåøíåãî íåâîçìó-
ùåííîãî ïîòîêà.

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòîâ àýðîäèíàìè-
÷åñêèõ õàðàêòåðèñòèê ïðåäñòàâëåíî íà ðèñ. 7.
Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ïðîôèëÿ è
ïðÿìîãî êðûëà áåç îáäóâà èìåþò áëèçêèå çíà-
÷åíèÿ, îñîáåííî â äèàïàçîíå äîêðèòè÷åñêèõ óã-
ëîâ àòàêè. Ïðè ýòîì â ðàñ÷åòå ïðîôèëÿ ìàêñè-
ìàëüíûé êîýôôèöèåíò ïîäúåìíîé ñèëû, à òàêæå

ïðîèçâîäíàÿ yCα  íåñêîëüêî âûøå, ÷åì ó êðûëà

(ðèñ. 7,à), à êîýôôèöèåíò àýðîäèíàìè÷åñêîãî ñî-
ïðîòèâëåíèÿ ìåíüøå (ðèñ. 7,á). Íî ðåçóëüòàòû ðàñ-

Ðèñ. 7 Ðàñ÷åòíûå è ýêñïåðèìåíòàëüíûå çàâèñèìîñòè àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ ËÀ îò óãëà àòàêè,

ìåõδ = 30°, V• = 25 ì/c: à – ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà; á – àýðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ

à)

á)
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÷åòà 2D ñ îáäóâîì ïðîôèëÿ ïîòîêîì âîçäóõà îò
àêòèâíîãî äèñêà â ñðàâíåíèè ñ 3D-äàííûìè
àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê êðûëà, îáäóâà-
åìîãî ïîòîêîì âîçäóõà îò äâóõëîïàñòíîãî âîç-
äóøíîãî âèíòà òàêîãî æå äèàìåòðà, ñóùåñòâåí-
íî ðàçëè÷àþòñÿ.

Çàâèñèìîñòè êîýôôèöèåíòà øàðíèðíîãî
ìîìåíòà îò óãëà àòàêè â 2D- è 3D-ðàñ÷åòàõ áåç
îáäóâà îò ÂÂ òàêæå ïîêàçûâàþò áëèçêèå çíà÷å-
íèÿ (ðèñ. 8,à). Ýòî äîêàçûâàåò âîçìîæíîñòü èñ-
ïîëüçîâàíèÿ äâóìåðíîãî ðàñ÷åòà äëÿ áûñòðîãî
îïðåäåëåíèÿ øàðíèðíûõ ìîìåíòîâ ìåõàíèçàöèè
ïðÿìîãî êðûëà íà ñòàäèè ïðîåêòèðîâàíèÿ [25].
Ïðè ýòîì 2D-ðàñ÷åò ïîçâîëÿåò ñäåëàòü êàê êà÷å-
ñòâåííóþ, òàê è áëèçêóþ ê 3D êîëè÷åñòâåííóþ
îöåíêó øàðíèðíûõ ìîìåíòîâ, à òàêæå ñóùåñòâåí-
íî ýêîíîìèò âðåìÿ è êîìïüþòåðíûå ðåñóðñû.

Íî, ÷òîáû ïîëó÷èòü êîððåêòíûå çíà÷åíèÿ
øàðíèðíûõ ìîìåíòîâ ìåõàíèçàöèè êðûëà ñ îá-
äóâîì îò ÂÂ, íóæíî èñïîëüçîâàòü òîëüêî òðåõ-
ìåðíûé ðàñ÷åò (ðèñ. 8,á). Íà ðèñóíêå âèäíî, ÷òî

â äèàïàçîíå óãëîâ àòàêè -5° ≤ α < 5° îñîáåí-
íî ñèëüíî âëèÿíèå îáäóâà íà øàðíèðíûé
ìîìåíò âíåøíåãî ýëåðîíà, îòêëîíåííîãî íà

óãîë ýδ = 30° è ðàñïîëîæåííîãî çà âèíòîì.

Òàêîé ýôôåêò íàáëþäàåòñÿ âñëåäñòâèå òîãî,
÷òî äèàìåòð âèíòà ñîèçìåðèì ñ ðàçìàõîì
âíåøíåãî ýëåðîíà è ÂÂ êîíñòðóêòèâíî ðàñ-
ïîëîæåí ïî âûñîòå íà óðîâíå íîñîâîé ÷àñ-
òè êðûëà (ñì. ðèñ. 1,à). Ïîýòîìó â äèàïàçîíå

óãëîâ àòàêè îò -5° äî 5° çàêðó÷åííûé ïîòîê îò
âîçäóøíîãî âèíòà èíòåíñèâíî îáäóâàåò îòêëî-
íåííûé âíåøíèé ýëåðîí. Ïðè òàêîì îáäóâå ïðî-
èñõîäèò âçàèìîäåéñòâèå ïîòîêà îò ÂÂ ñ âíåøíèì
íåâîçìóùåííûì ïîòîêîì V•  è èçìåíÿþòñÿ ìå-
ñòíûå óãëû àòàêè êðûëà, óìåíüøàåòñÿ âûñîòà
îòðûâíîé çîíû çà âíåøíèì ýëåðîíîì (ðèñ. 9) è
óâåëè÷èâàåòñÿ äàâëåíèå íà åãî íàâåòðåííîé ñòî-
ðîíå (ðèñ. 10,à), âñëåäñòâèå ÷åãî âîçðàñòàåò åãî
øàðíèðíûé ìîìåíò. Ïðè óâåëè÷åíèè óãëà àòàêè
âíåøíèé ýëåðîí âûõîäèò èç çîíû îáäóâà ïîòî-
êîì âîçäóõà îò âîçäóøíîãî âèíòà. Òåïåðü ïîòîê
îò íåãî âîçäåéñòâóåò â îñíîâíîì óæå òîëüêî íà
íîñîâóþ è âåðõíþþ ÷àñòè êðûëà (ðèñ. 9,á), ýòî
ïðèâîäèò ê ðàñïðåäåëåíèþ äàâëåíèÿ íà ýòîì
ýëåðîíå, ïîäîáíîìó òàêîâîìó áåç îáäóâà ïîòîêîì
âîçäóõà îò ÂÂ (ðèñ. 10,á), à òàêæå ê òîìó, ÷òî
çíà÷åíèå øàðíèðíîãî ìîìåíòà ñòàíîâèòñÿ áëèç-
êèì ê åãî çíà÷åíèþ äëÿ îñòàëüíûõ óñòðîéñòâ
ìåõàíèçàöèè êðûëà.

Ðèñ. 8. Çàâèñèìîñòè êîýôôèöèåíòà øàðíèðíîãî ìîìåíòà îò óãëà àòàêè ìåõδ = 30°, V = 25 ì/ñ: à – áåç îáäóâà;

á – ñ îáäóâîì îò ÂÂ

à)

á)
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Âûâîäû

×èñëåííûå èññëåäîâàíèÿ âëèÿíèÿ èíòåðôå-
ðåíöèè âîçäóøíîãî âèíòà è ïðÿìîãî êðûëà
ñâåðõáîëüøîãî óäëèíåíèÿ ñàìîëåòà íà ñîëíå÷íûõ
áàòàðåÿõ íà øàðíèðíûå ìîìåíòû åãî îòêëîíåí-
íîé ìåõàíèçàöèè ïîêàçàëè:

— çàâèñèìîñòü îò êîíñòðóêòèâíûõ îñîáåííî-
ñòåé âîçäóøíîãî âèíòà, åãî äèàìåòðà, ÷àñòîòû
âðàùåíèÿ, ìåñòîïîëîæåíèÿ, à òàêæå óãëîâ îáäó-
âà; âëèÿíèå îáäóâà ïîòîêîì âîçäóõà îò âèíòà óâå-
ëè÷èâàåòñÿ ïðè óâåëè÷åíèè óãëà îòêëîíåíèÿ ìå-
õàíèçàöèè êðûëà;

Ðèñ. 9. Âåêòîðû ñêîðîñòè â ñå÷åíèè ïî ñåðåäèíå âíåøíåãî ýëåðîíà, çδ = 30°, V = 25 ì/ñ: à – α = -2°; á – α = 5°

Ðèñ. 10. Ðàñïðåäåëåíèå êîýôôèöèåíòà äàâëåíèÿ â ñðåäíåì ñå÷åíèè âíåøíåãî ýëåðîíà, çδ = 30°, V• = 25 ì/c:

à – α = -2°; á – α = 5°

à) á)
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— ïðè îáäóâå ïîòîêîì âîçäóõà îò òÿíóùåãî
ÂÂ, óñòàíîâëåííîãî ïåðåä êðûëîì, èçìåíÿþòñÿ
ìåñòíûå óãëû àòàêè íà êðûëå è åãî ìåõàíèçàöèè,
óìåíüøàåòñÿ âûñîòà îòðûâíîé çîíû è óâåëè÷è-
âàåòñÿ äàâëåíèå íà íàâåòðåííîé ñòîðîíå â îáëà-
ñòè îáäóâà.

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòíûõ èññëåäîâà-
íèé ïðîôèëÿ è êðûëà ïîêàçàëè, ÷òî ðàñ÷åò øàð-
íèðíûõ ìîìåíòîâ â 2D-ïîñòàíîâêå çàäà÷è áåç
îáäóâà ìîæíî èñïîëüçîâàòü äëÿ áûñòðîãî ïðîãíî-
çèðîâàíèÿ øàðíèðíûõ ìîìåíòîâ ìåõàíèçàöèè
ïðÿìîãî êðûëà.
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