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Àííîòàöèÿ. Ðàáîòà ïîñâÿùåíà ýêñïåðèìåíòàëüíîìó èññëåäîâàíèþ àäàïòèâíîé ìåõàíèçàöèè êðûëà
òðàíñïîðòíîãî ñàìîëåòà íà âçëåòíî-ïîñàäî÷íîì ðåæèìå. Èñïûòàíèÿ ìîäåëè ñàìîëåòà ïðîâåäåíû
â äîçâóêîâîé àýðîäèíàìè÷åñêîé òðóáå ïðè ñêîðîñòè ïîòîêà V = 40 ì/ñ, ñîîòâåòñòâóþùåé çíà÷åíèþ
÷èñëà Ðåéíîëüäñà Re = 0.89·106, íà ìåõàíè÷åñêèõ øåñòèêîìïîíåíòíûõ âåñàõ â äèàïàçîíå óãëîâ àòàêè
α = –6 ÷ 24° ïðè íóëåâîì óãëå ñêîëüæåíèÿ. Äàíî ñðàâíåíèå îñíîâíûõ àýðîäèíàìè÷åñêèõ õàðàêòå-
ðèñòèê ìîäåëè ñ ìåõàíèçèðîâàííûì êðûëîì ñ îòêëîíåíèåì è áåç îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà
(ÀÝ) äëÿ ðàçëè÷íûõ êîíôèãóðàöèè çàêðûëêîâ. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ÀÝ ñîâìåñòíî ñ îä-
íîùåëåâûì âûäâèæíûì çàêðûëêîì ïîçâîëÿåò ïîëó÷èòü âûñîêèå íåñóùèå õàðàêòåðèñòèêè, áëèçêèå
ê áîëåå ñëîæíîé äâóõùåëåâîé ìåõàíèçàöèè, ïðè ìåíüøåì ñîïðîòèâëåíèè. Îïèñàíû îñîáåííîñòè
îáòåêàíèÿ ìåõàíèçèðîâàííîãî êðûëà ïðè îòêëîíåíèè àäàïòèâíîãî ýëåìåíòà.
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Abstract

At the present stage of aviation development, the main way to the transport aircraft wing load-bearing
characteristics improving is application of high-lift devices of the leading and trailing edges of the wing. By
now, the high-lift devices of the trailing edge with the Fowler type single-slotted flap became widespread.
The endeavor to simplify the high-lift device structure at preserving its effectiveness led to the advent of
high-lift device of the wing trailing edge, in which the tilt flap and descending spoiler are being applied.
Equipping modern long-distance aircraft with bypass turbojets of high and ultra-high bypass ratio complicates
the high-lift device layout in the “low-wing monoplane” scheme. Ensuring the required minimum clearance
between the nacelle and runway surface leads to the distance reduction between the wing and the engine,
while the wing interaction and the high-lift device interaction with the jet exhaust leads to the drag increase
at the cruising flight and noise increase on the takeoff-landing mode.

The article presents the results of experimental study on the application effectiveness of adaptive high-
lift device employing the model of aircraft with high-wing monoplane, equipped with two solid propellant
engine nacelles of ultra-high bypass ratio.

Aircraft model tests were performed in a subsonic wind tunnel at a flow velocity of V = 40 m/s,
corresponding to the Reynolds number value of Re = 0.89·106, on mechanical six-component balance in

the range of angles of attack of α = –6 ÷ 24° at zero slip angle. The model tests were conducted for the

following options of the flap: Fδ = 30°, Fδ = 40° and Fδ = 30°/20°. The spoiler droop (adaptive element)

in the tests deflected by the angles SDδ = 0, 8, 12°, the relative height herewith of the gaps between the

wing and the flap was 2.5%, 1.2%, 0.6%, respectively.
The above said experimental studies revealed that the adaptive element application together with a single-

slot retractable flap allows obtaining high load-bearing characteristics close to more complex double-slotted
flaps at lower drag. The adaptive element deflection leads to a significant increase in load-bearing

characteristics by 25—45% in the area of takeoff and landing angles of attack α = 8·10°, and maximum wing
lift increase coefficient compared to configurations without deflected adaptive element. Disadvantage of

adaptive element application consists in critical angle of attack value decrease by Δα =2 ÷ 4°. However, the
lifting force coefficient changing herewith of large angles of attack goes smoothly. Geometric parameters
optimization of the adaptive element may reduce the above said negative impact.

Optimization of the geometric parameters of the adaptive element can reduce this negative impact.
Keywords: adaptive wing high-lift devices, adaptive flap, adaptive element, adaptive spoiler
For citation: Pigusov E.A. Experimental study on wing adaptive high-lift devices of transport aircraft on

takeoff-landing mode. Aerospace MAI Journal, 2021, vol. 28, no. 4, pp. 39-47. DOI: 10.34759/vst-2021-1-
39-47

Ââåäåíèå

Îñíîâíûì ñïîñîáîì ïîâûøåíèÿ íåñóùèõ
õàðàêòåðèñòèê êðûëà òðàíñïîðòíîãî ñàìîëåòà íà
ñîâðåìåííîì ýòàïå ðàçâèòèÿ àâèàöèè ÿâëÿåòñÿ
èñïîëüçîâàíèå ùåëåâîé ìåõàíèçàöèè ïåðåäíåé è
çàäíåé êðîìîê êðûëà [1—3]. Ê íàñòîÿùåìó ìî-
ìåíòó øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èëà ìåõà-
íèçàöèÿ çàäíåé êðîìêè êðûëà ñ îäíîùåëåâûì
çàêðûëêîì òèïà Ôàóëåðà [4—6]. Ñòðåìëåíèå óï-
ðîùåíèÿ êîíñòðóêöèè ìåõàíèçàöèè êðûëà ïðè
ñîõðàíåíèè åå ýôôåêòèâíîñòè ïðèâåëî ê ïîÿâ-
ëåíèþ àäàïòèâíîé ìåõàíèçàöèè çàäíåé êðîìêè

êðûëà, â êîòîðîé ïðèìåíÿåòñÿ ïîâîðîòíûé çàê-
ðûëîê è îòêëîíÿþùèéñÿ âíèç ñïîéëåð. Ïî ñðàâ-
íåíèþ ñ êëàññè÷åñêèì âûäâèæåíèåì çàêðûëêà
îòêëîíåíèå àäàïòèâíîãî çàêðûëêà ñîâìåñòíî ñî
ñïîéëåðîì ïîçâîëÿåò ïîëó÷èòü ïðèðîñò êîýôôè-
öèåíòà ïîäúåìíîé ñèëû Cy íà ëèíåéíîì ó÷àñò-
êå çà ñ÷åò ïåðåðàñïðåäåëåíèÿ íàãðóçêè è óâåëè-
÷åíèÿ öèðêóëÿöèè ñêîðîñòè, íî è ïîâûøåíèÿ
ìàêñèìàëüíûõ çíà÷åíèé êîýôôèöèåíòà ïîäúåì-
íîé ñèëû Ñó màõ [7—9]. Êèíåìàòèêà çàêðûëêà
òèïà Ôàóëåðà ñ âûäâèæåíèåì ïî ðåëüñàì ïîçâî-
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ëÿåò äîñòè÷ü áîëüøåãî óâåëè÷åíèÿ ïëîùàäè êðû-
ëà, íî ïîâîðîòíûé àäàïòèâíûé çàêðûëîê îáåñ-
ïå÷èâàåò ìåíüøóþ ñëîæíîñòü ñèñòåìû è ìåíü-
øèé âåñ êîíñòðóêöèè [9]. Êðîìå òîãî, àäàïòèâ-
íàÿ ìåõàíèçàöèÿ çàäíåé êðîìêè êðûëà ìîæåò
èñïîëüçîâàòüñÿ äëÿ èçìåíåíèÿ êðèâèçíû ïðîôè-
ëèðîâêè êðûëà [9] äëÿ ñíèæåíèÿ íàãðóçîê íà ðàç-
ëè÷íûõ ôàçàõ êðåéñåðñêîãî ïîëåòà [10, 11].

Îñíàùåíèå ñîâðåìåííûõ ìàãèñòðàëüíûõ ñà-
ìîëåòîâ äâóõêîíòóðíûìè òóðáîðåàêòèâíûìè äâè-
ãàòåëÿìè (ÒÐÄÄ) áîëüøîé è ñâåðõáîëüøîé ñòå-
ïåíè äâóõêîíòóðíîñòè îñëîæíÿþò êîìïîíîâêó
ìåõàíèçàöèè êðûëà â ñõåìå «íèçêîïëàí». Îáåñ-
ïå÷åíèå òðåáóåìîãî ìèíèìàëüíîãî êëèðåíñà
ìåæäó ìîòîãîíäîëîé è ïîâåðõíîñòüþ ÂÏÏ ïðè-
âîäèò ê ñîêðàùåíèþ ðàññòîÿíèÿ ìåæäó êðûëîì
è äâèãàòåëåì, à âçàèìîäåéñòâèå êðûëà è ìåõàíè-
çàöèè ñ âûõëîïíîé ñòðóåé ïðèâîäèò ê óâåëè÷å-
íèþ ñîïðîòèâëåíèÿ íà êðåéñåðñêîì ðåæèìå ïî-
ëåòà è óâåëè÷åíèþ øóìà íà âçëåòíî-ïîñàäî÷íûõ
ðåæèìàõ [12, 13].

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû
ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ýôôåêòèâíî-
ñòè ïðèìåíåíèÿ àäàïòèâíîé ìåõàíèçàöèè êðû-
ëà íà ìîäåëè ñàìîëåòà ñ âûñîêîðàñïîëîæåííûì
êðûëîì, îñíàùåííûì äâóìÿ ìîòîãîíäîëàìè
ÒÐÄÄ ñâåðõáîëüøîé ñòåïåíè äâóõêîíòóðíîñòè.

Ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè ìîäåëè
è óñëîâèÿ ýêñïåðèìåíòà

Ìîäåëü ñàìîëåòà íîðìàëüíîé àýðîäèíàìè-
÷åñêîé ñõåìû èìååò êðûëî òðàïåöèåâèäíîé ôîð-

ìû â ïëàíå ñ óãëîì ñòðåëîâèäíîñòè 1/4χ = 25°, óä-

ëèíåíèåì λ = 8.5 è ñóæåíèåì η = 3. Ìîäåëü, óñ-
òàíîâëåííàÿ â ðàáî÷åé ÷àñòè ÀÄÒ Ò-102 ÖÀÃÈ,
ïîêàçàíà íà ðèñ. 1. Ìîäåëü èññëåäîâàëàñü áåç
õâîñòîâîãî îïåðåíèÿ.

Ìîäåëü îñíàùåíà ùåëåâîé ìåõàíèçàöèåé
êðûëà, âêëþ÷àþùåé: ïðåäêðûëêè ñ îòíîñèòåëü-
íîé õîðäîé 15%, çàêðûëêè òèïà Ôàóëåð ñ îòíî-
ñèòåëüíîé õîðäîé 32% è îòêëîíÿåìûé âíèç ñïîé-
ëåð (àäàïòèâíûé ýëåìåíò, ÀÝ) ñ îòíîñèòåëüíîé
õîðäîé 15% [14, 15]. Ïðåäêðûëêè îòêëîíÿëèñü íà

óãîë ïðδ = 20°. Â äàííîé ðàáîòå ðàññìîòðåíî äâà

âàðèàíòà çàêðûëêà: îäíîùåëåâîé è äâóõùåëåâîé.
Èñïûòàíèÿ ìîäåëè ïðîâåäåíû ïðè ñëåäóþùèõ

îòêëîíåíèÿõ çâåíüåâ çàêðûëêîâ: çδ = 30° (ðèñ. 2,à),

çδ = 40° (ðèñ. 2,á) è çδ = 30°/20° (ñ îòêëîíåíèåì

âòîðîãî çâåíà, ðèñ. 2,â). Àäàïòèâíûé ýëåìåíò â

èñïûòàíèÿõ îòêëîíÿëñÿ íà óãëû àýδ = 0, 8, 12°,

ïðè ýòîì îòíîñèòåëüíàÿ âûñîòà ùåëåé ìåæäó
êðûëîì è çâåíüÿìè çàêðûëêà ñîñòàâëÿëà ñîîòâåò-
ñòâåííî 2.5%, 1.2%, 0.6%.

Èñïûòàíèÿ ìîäåëè ïðîâåäåíû ïðè ñêîðîñòè
ïîòîêà V = 40 ì/ñ, ñîîòâåòñòâóþùåé çíà÷åíèþ
÷èñëà Ðåéíîëüäñà Re = 0.89·106, âû÷èñëåííîãî ïî
ñðåäíåé àýðîäèíàìè÷åñêîé õîðäå (ÑÀÕ) êðûëà,
íà ìåõàíè÷åñêèõ øåñòèêîìïîíåíòíûõ âåñàõ â

äèàïàçîíå óãëîâ àòàêè α = –6 ÷ 24° ïðè íóëåâîì
óãëå ñêîëüæåíèÿ. Ïðè ðàñ÷åòå êîýôôèöèåíòîâ

Ðèñ. 1. Ìîäåëü ñàìîëåòà ñ àäàïòèâíîé ìåõàíèçàöèåé â ðàáî÷åé ÷àñòè ÀÄÒ
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ñèë àýðîäèíàìè÷åñêèå íàãðóçêè îòíåñåíû ê ñêî-
ðîñòíîìó íàïîðó è ïëîùàäè êðûëà, à ïðîäîëü-
íûé ìîìåíò Mz – äîïîëíèòåëüíî ê âåëè÷èíå ÑÀÕ
êðûëà. Êîýôôèöèåíòû ìîìåíòîâ âû÷èñëåíû
îòíîñèòåëüíî óñëîâíîãî öåíòðà ìàññ, ðàñïîëî-
æåííîãî íà îòíîñèòåëüíîì ðàññòîÿíèè

T T / 0.25Ax x b= =

âäîëü ÑÀÕ êðûëà è ïî âûñîòå 

T T / 0.173Ay y b= =

îò ñðåäíåé ãîðèçîíòàëè ôþçåëÿæà. Â ðåçóëüòàòû
èñïûòàíèé âíåñåíû ñòàíäàðòíûå ïîïðàâêè, ïðè-
íÿòûå â àýðîäèíàìè÷åñêîé òðóáå Ò-102. Ðåçóëü-
òàòû ýêñïåðèìåíòà ïðåäñòàâëåíû â ñêîðîñòíîé
ñèñòåìå êîîðäèíàò.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

Ñðàâíåíèå àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê
ðàññìàòðèâàåìîé ìåõàíèçàöèè êðûëà áåç îòêëî-
íåíèÿ àäàïòèâíîãî ýëåìåíòà ïðåäñòàâëåíî íà
ðèñ. 4. Äëÿ ñðàâíåíèÿ íà ðèñóíêå ïðèâåäåíû
àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ìîäåëè â

êðåéñåðñêîé êîíôèãóðàöèè áåç îòêëîíåíèÿ ýëå-
ìåíòîâ ìåõàíèçàöèè êðûëà (ñïëîøíàÿ ÷åðíàÿ
êðèâàÿ). Âèäíî, ÷òî êîýôôèöèåíòû ïîäúåìíîé
ñèëû è ìîìåíòà òàíãàæà îäíîçâåííûõ çàêðûëêîâ,

îòêëîíåííûõ íà óãëû çδ = 30° è 40°, ïðàêòè÷åñ-

êè îäèíàêîâû (ðèñ. 4,à), íî ñîïðîòèâëåíèå çàê-

ðûëêà, îòêëîíåííîãî íà çδ = 40°, âûøå (ðèñ. 4,á),

÷òî ñâÿçàíî ñ âîçíèêíîâåíèåì íà åãî ïîâåðõíî-
ñòè îòðûâà ïîòîêà. Ñëåäóåò îòìåòèòü, ÷òî óðîâåíü
ñîïðîòèâëåíèÿ çàêðûëêà, îòêëîíåííîãî íà

çδ = 40°, è äâóõçâåííîãî çàêðûëêà ïðè óãëàõ îò-

êëîíåíèÿ çδ = 30/20° äîâîëüíî áëèçêè ïî çíà÷å-

íèþ (ðèñ. 4,á), ÷òî ñâèäåòåëüñòâóåò îá óëó÷øåíèè
îáòåêàíèÿ ìåõàíèçàöèè çà ñ÷åò íàëè÷èÿ ùåëè
ìåæäó çâåíüÿìè çàêðûëêà. Ìàêñèìàëüíûé êîýô-
ôèöèåíò ïîäúåìíîé ñèëû äëÿ óãëîâ îòêëîíåíèÿ

çδ = 30 è 40° ñîñòàâëÿåò Ñó màõ ≈ 2.2 ïðè êðèòè÷åñ-
êîì óãëå àòàêè êðα = 18°. Ìàêñèìàëüíûé êîýô-
ôèöèåíò ïîäúåìíîé ñèëû äëÿ äâóõçâåííîãî çàê-
ðûëêà çδ = 30/20° âûøå íà maxóÑΔ = 0.3 (ðèñ. 4,à).

Ðèñ. 2. Ìåõàíèçàöèÿ çàäíåé êðîìêè êðûëà: à – îäíîçâåííûé çàêðûëîê, çδ = 30°; á – îäíîçâåííûé çàêðûëîê,

çδ = 40°; â – äâóõçâåííûé çàêðûëîê, çδ = 30°/20°

Ðèñ. 3. Ïîëîæåíèå àäàïòèâíîãî ýëåìåíòà íà ïðèìåðå âàðèàíòà ñ îäíîçâåííûì çàêðûëêîì, çδ =30°
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Îòêëîíåíèå àäàïòèâíîãî ýëåìåíòà íà óãîë

àýδ = 8° íà ìîäåëè ñ çàêðûëêàìè, îòêëîíåííûìè
íà óãëû çδ = 30° è 40°, ïðèâîäèò ê ïîâûøåíèþ
êîýôôèöèåíòà ïîäú¸ìíîé ñèëû ïðè α = 0° íà

0óÑΔ = 0.38 è 0.25 ñîîòâåòñòâåííî, ò. å. ê óâåëè-
÷åíèþ ïðèðàùåíèÿ êîýôôèöèåíòà ïîäúåìíîé
ñèëû îò àäàïòèâíîãî ýëåìåíòà ïðèáëèçèòåëüíî íà
40—25% è ê ïîâûøåíèþ ìàêñèìàëüíîãî êîýô-
ôèöèåíòà ïîäú¸ìíîé ñèëû ìîäåëè íà

maxóÑΔ = 0.1 ÷ 0.2 (ðèñ. 5,à). Íà ìîäåëè ñ äâóõ-
çâåííûì çàêðûëêîì ïðè çδ = 30/20° è α = 0° êî-
ýôôèöèåíò ïîäú¸ìíîé ñèëû óâåëè÷èâàåòñÿ ïðè-
áëèçèòåëüíî íà 15%, à ìàêñèìàëüíûé êîýôôè-
öèåíò ïîäú¸ìíîé ñèëû — íà maxóÑΔ = 0.05. Ìàê-
ñèìàëüíûé êîýôôèöèåíò ïîäúåìíîé ñèëû ïðè
îòêëîíåíèè àäàïòèâíîãî ýëåìåíòà íà óãîë

àýδ = 8° íà ìîäåëè ñ çàêðûëêîì çδ = 30° âûøå,
÷åì ñ çàêðûëêîì çδ = 40°, íà maxóÑΔ = 0.1, îäíà-
êî äîñòèãàåòñÿ ïðè ìåíüøåì êðèòè÷åñêîì óãëå
àòàêè ( êðα = 15°). Ñîïðîòèâëåíèå ìîäåëè ñ çàê-
ðûëêîì çδ = 30/20° íåñêîëüêî íèæå, ÷åì ñ çàêðûë-
êîì çδ = 40°, ÷òî îáúÿñíÿåòñÿ óëó÷øåíèåì îáòå-
êàíèÿ çà ñ÷åò îïòèìèçàöèè âûñîòû ùåëè ìåæäó
çàêðûëêîì è àäàïòèâíûì ýëåìåíòîì (ðèñ. 5,á).

Îòêëîíåíèå àäàïòèâíîãî ýëåìåíòà íà óãîë

àýδ = 12° íà ìîäåëè ñ çàêðûëêîì çδ = 30° ïðèâî-

äèò ê ïîâûøåíèþ êîýôôèöèåíòà ïîäú¸ìíîé
ñèëû ïðè α = 0° íà 0óÑΔ = 0.1 (ðèñ. 6,à) è ê ñíè-
æåíèþ ìàêñèìàëüíîãî êîýôôèöèåíòà ïîäú¸ìíîé
ñèëû ìîäåëè maxóÑΔ = 0.05 ïî ñðàâíåíèþ ñ êîí-
ôèãóðàöèåé àäàïòèâíîãî ýëåìåíòà àýδ = 8° (ñì.
ðèñ. 5,à). Òàêèì îáðàçîì, äëÿ çàêðûëêà çδ = 30°
íàèáîëåå îïòèìàëüíûì èç ðàññìàòðèâàåìûõ ÿâ-
ëÿåòñÿ óãîë îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà

àýδ = 8°. Íà ìîäåëè ñ çàêðûëêîì çδ = 40° ïðè
α = 0° êîýôôèöèåíò ïîäú¸ìíîé ñèëû óâåëè÷èâà-
åòñÿ ïðèáëèçèòåëüíî íà 60% (ñì. ðèñ. 6,à), à ìàê-
ñèìàëüíûé êîýôôèöèåíò ïîäú¸ìíîé ñèëû — íà

maxóÑΔ = 0.2 ïî ñðàâíåíèþ ñ âàðèàíòîì áåç îò-
êëîíåíèÿ ÀÝ (ñì. ðèñ. 4,à). Ïðè ýòîì íà ëèíåé-
íîì ó÷àñòêå çàâèñèìîñòè Cy( α ) õàðàêòåðèñòèêè
êîýôôèöèåíòà ïîäúåìíîé ñèëû ïðàêòè÷åñêè ñî-
âïàäàþò ñ êîíôèãóðàöèåé ìîäåëè ñ çàêðûëêîì

çδ = 30/20°, à ìàêñèìàëüíûé êîýôôèöèåíò ïîäúåì-
íîé ñèëû íèæå íà maxóÑΔ = 0.1 (ñì. ðèñ. 6,à).
Ñëåäóåò îòìåòèòü, ÷òî ñîïðîòèâëåíèå ìîäåëè ñ
çàêðûëêîì çδ = 40° íèæå, ÷åì ñ çàêðûëêîì

çδ = 30/20°, ÷òî îáúÿñíÿåòñÿ îïòèìàëüíûì óãëîì
îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà è óëó÷øåíèåì
îáòåêàíèÿ íà ïîâåðõíîñòè çàêðûëêà (ñì. ðèñ. 6,á).

Äëÿ âñåõ èññëåäóåìûõ êîíôèãóðàöèé ïðè
îòêëîíåíèè àäàïòèâíîãî ýëåìåíòà íàáëþäàåòñÿ

Ðèñ. 4. Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ìåõàíèçàöèè êðûëà áåç îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà:
à – çàâèñèìîñòè êîýôôèöèåíòîâ ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà îò óãëà àòàêè; á – ïîëÿðû
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Ðèñ. 5. Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ìåõàíèçàöèè êðûëà ïðè îòêëîíåíèè àäàïòèâíîãî ýëåìåíòà íà óãîë

àýδ = 8°: à – çàâèñèìîñòè êîýôôèöèåíòîâ ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà îò óãëà àòàêè; á – ïîëÿðû

Ðèñ. 6. Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè ìåõàíèçàöèè êðûëà ïðè îòêëîíåíèè àäàïòèâíîãî ýëåìåíòà íà óãîë

àýδ = 12°: à – çàâèñèìîñòè êîýôôèöèåíòîâ ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà îò óãëà àòàêè; á – ïîëÿðû
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ñíèæåíèå êðèòè÷åñêîãî óãëà àòàêè ïðèáëèçèòåëü-

íî íà êðΔα = 2 ÷ 4°, ÷òî îáúÿñíÿåòñÿ âîçíèêíî-

âåíèåì îòðûâà ïîòîêà íà ïîâåðõíîñòè êðûëà â
ìåñòå åå èçëîìà ïðè îòêëîíåíèè ÀÝ, âûçâàííî-
ãî ìàëûì ðàäèóñîì íîñêà àäàïòèâíîãî ýëåìåí-
òà. Ñíèæåíèå äàííîãî íåãàòèâíîãî ýôôåêòà âîç-
ìîæíî çà ñ÷åò îïòèìèçàöèè ãåîìåòðè÷åñêèõ ïà-
ðàìåòðîâ àäàïòèâíîãî ýëåìåíòà èëè ïðèìåíåíèÿ
àêòèâíîãî óïðàâëåíèÿ ïîòîêîì ïóòåì òàíãåíöè-
àëüíîãî âûäóâà ñòðóè âîçäóõà èç ùåëåâîãî ñîïëà
íà ïîâåðõíîñòü àäàïòèâíîãî ýëåìåíòà [16, 17]. Â
ðàáîòàõ [18—20] äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè,
â òîì ÷èñëå àäàïòèâíîé ìåõàíèçàöèè, ïðåäëîæå-
íî àêòèâíîå óïðàâëåíèå îáòåêàíèåì ñ ïðèìåíå-
íèåì ñòðóéíûõ âèõðåãåíåðàòîðîâ.

Ñðàâíåíèå àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê
ìîäåëè ñ çàêðûëêîì, îòêëîíåííûì íà óãîë

çδ = 40°, ïðè àýδ = 0 è 12° (îïòèìàëüíûé óãîë)

ïðåäñòàâëåíî íà ðèñ. 7. Òàì æå ïðåäñòàâëåíû
õàðàêòåðèñòèêè äâóõçâåííîãî çàêðûëêà ñ íåîò-
êëîí¸ííûì àäàïòèâíûì ýëåìåíòîì (÷åðíàÿ êðè-
âàÿ). Âèäíî, ÷òî îòêëîíåíèå àäàïòèâíîãî ýëåìåí-
òà ïðèâîäèò ê ñóùåñòâåííîìó ïîâûøåíèþ íåñó-
ùèõ õàðàêòåðèñòèê íà 25—45% â îáëàñòè âçëåò-

íî-ïîñàäî÷íûõ óãëîâ àòàêè êðα = 8 ÷ 10° ïî ñðàâ-

íåíèþ ñ êîíôèãóðàöèÿìè áåç îòêëîíåííîãî

àäàïòèâíîãî ýëåìåíòà (ðèñ. 7,à). Ïðè ýòîì ïðè-
ðàùåíèå êîýôôèöèåíòà ïîäúåìíîé ñèëû çà ñ÷åò
îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà ñîïðîâîæäà-
åòñÿ ñðàâíèòåëüíî íåáîëüøèì óâåëè÷åíèåì ìî-
ìåíòà òàíãàæà íà ïèêèðîâàíèå, âåëè÷èíû êîòî-
ðîãî áëèçêè ê ñîîòâåòñòâóþùèì çíà÷åíèÿì ìî-
ìåíòà äëÿ äâóõùåëåâîãî çàêðûëêà ñ íåîòêëîíåí-
íûì ÀÝ. Ýòîò ôàêòîð ÿâëÿåòñÿ áëàãîïðèÿòíûì
äëÿ ïðîäîëüíîé áàëàíñèðîâêè ñàìîëåòà. Îòêëî-
íåíèå àäàïòèâíîãî ýëåìåíòà íà îïòèìàëüíûé
óãîë (èç ðàññìàòðèâàåìûõ â ðàáîòå) òàêæå ïðè-
âîäèò ê ñíèæåíèþ ñîïðîòèâëåíèÿ (ðèñ. 7,á).

Âûâîäû

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ýôôåêòèâ-
íîñòè ïðèìåíåíèÿ àäàïòèâíîé ìåõàíèçàöèè êðû-
ëà íà ìîäåëè ñàìîëåòà ñ âûñîêîðàñïîëîæåííûì
êðûëîì, îñíàùåííûì äâóìÿ ìîòîãîíäîëàìè
ÒÐÄÄ, ïîêàçàëè, ÷òî èñïîëüçîâàíèå àäàïòèâíî-
ãî ýëåìåíòà ñîâìåñòíî ñ îäíîùåëåâûì âûäâèæ-
íûì çàêðûëêîì ïîçâîëÿåò ïîëó÷èòü âûñîêèå
íåñóùèå õàðàêòåðèñòèêè, áëèçêèå ê áîëåå ñëîæ-
íîé äâóõùåëåâîé ìåõàíèçàöèè, ïðè ìåíüøåì
ñîïðîòèâëåíèè. Îòêëîíåíèå àäàïòèâíîãî ýëåìåí-
òà ïðèâîäèò ê ñóùåñòâåííîìó ïîâûøåíèþ íåñó-
ùèõ õàðàêòåðèñòèê íà 25—45% â îáëàñòè âçëåò-

íî-ïîñàäî÷íûõ óãëîâ àòàêè êðα = 8 ÷ 10° è ïîâû-

Ðèñ. 7. Âëèÿíèå îòêëîíåíèÿ àäàïòèâíîãî ýëåìåíòà íà îïòèìàëüíûé óãîë íà àýðîäèíàìè÷åñêèå õàðàêòåðèñòè-
êè ñ çàêðûëêîì çδ = 40°: à – çàâèñèìîñòè êîýôôèöèåíòîâ ïîäúåìíîé ñèëû è ìîìåíòà òàíãàæà îò óãëà àòàêè;
á – ïîëÿðû
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øåíèþ ìàêñèìàëüíîãî êîýôôèöèåíòà ïîäúåìíîé
ñèëû êðûëà ïî ñðàâíåíèþ ñ êîíôèãóðàöèÿìè áåç
îòêëîíåííîãî àäàïòèâíîãî ýëåìåíòà. Íåäîñòàò-
êîì ïðèìåíåíèÿ àäàïòèâíîãî ýëåìåíòà ÿâëÿåò-
ñÿ ñíèæåíèå âåëè÷èíû êðèòè÷åñêîãî óãëà àòàêè

íà êðΔα = 2 ÷ 4°, îäíàêî ïðè ýòîì èçìåíåíèå êî-

ýôôèöèåíòà ïîäúåìíîé ñèëû áîëüøèõ óãëîâ àòà-
êè ïðîèñõîäèò ïëàâíî. Îïòèìèçàöèÿ ãåîìåòðè-
÷åñêèõ ïàðàìåòðîâ ÀÝ ìîæåò ñíèçèòü óêàçàííîå
íåãàòèâíîå âëèÿíèå.
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