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Ââåäåíèå

Áåçîïàñíîñòü ïîëåòà ïàññàæèðñêèõ è òðàíñ-
ïîðòíûõ ñàìîëåòîâ â çíà÷èòåëüíîé ñòåïåíè çàâè-
ñèò îò ñêîðîñòè ïîëåòà íà ðåæèìå ïîñàäêè, êîòî-
ðàÿ îáóñëîâëåíà çíà÷åíèåì êîýôôèöèåíòà ìàêñè-
ìàëüíîé ïîäúåìíîé ñèëû Ñóa max êðûëà ïðè ïîñà-
äî÷íîì ïîëîæåíèè ïðåäêðûëêîâ è çàêðûëêîâ [1].
Îäíèì èç îñíîâíûõ íàïðàâëåíèé èññëåäîâàíèé
ïîâûøåíèÿ êîýôôèöèåíòà Ñóa max ñàìîëåòà ÿâëÿ-
þòñÿ ðàáîòû, ñâÿçàííûå ñ «çàòÿãèâàíèåì» íà áîë́ü-
øèå óãëû àòàêè îòðûâíîãî õàðàêòåðà îáòåêàíèÿ
êðûëà [2–9].

Ïðîâåäåííûå â ÖÀÃÈ âåñîâûå èñïûòàíèÿ
ìîäåëè ìàãèñòðàëüíîãî ñàìîëåòà ñîâðåìåííîé
ñõåìû ñ äâóìÿ áëèçêî ðàñïîëîæåííûìè ïîäêðû-
ëüåâûìè ìîòîãîíäîëàìè áîëüøîé ñòåïåíè äâóõ-
êîíòóðíîñòè ïðè ïîñàäî÷íîì ïîëîæåíèè ïðåä-
êðûëêîâ è çàêðûëêîâ ïîêàçàëè, ÷òî ìàêñèìóì
êîýôôèöèåíòà ïîäúåìíîé ñèëû Ñóa max = 2,9 äîñ-

òèãàåòñÿ ïðè óãëå àòàêè 
max

17,4
yaC     (ðèñ. 1).

Îäíîâðåìåííî ñ ýòèì èññëåäîâàíèÿ ïî âèçóàëè-
çàöèè îáòåêàíèÿ ìîäåëè êðûëà ñ ìîòîãîíäîëîé,
ïðîâåäåííûå ñ ïîìîùüþ ôëþîðåñöèðóþùèõ
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Ýêñïåðèìåíòàëüíî è ÷èñëåííî èçó÷àåòñÿ ïðåäëîæåííûé àâòîðàìè íîâûé ñïîñîá óïðàâëåíèÿ îáòåêàíèåì êðûëà
ñ îòêëîíåííûì ïðåäêðûëêîì, ñîñòîÿùèé â âûäóâå ñòðóé, ñîçäàâàåìûõ ïóòåì ïàññèâíîãî óïðàâëåíèÿ – ïåðåïóñ-
êà âîçäóõà ñ íèæíåé íà âåðõíþþ ïîâåðõíîñòü íîñîâîé ÷àñòè êðûëà. Äàííûé ñïîñîá ôîðìèðîâàíèÿ ñòðóéíûõ âèõ-
ðåãåíåðàòîðîâ ðåàëèçîâàí â àýðîäèíàìè÷åñêîì ýêñïåðèìåíòå íà ìîäåëè ñîâðåìåííîãî ìàãèñòðàëüíîãî ñàìîëåòà
ñ âûïóùåííîé ìåõàíèçàöèåé. Ïðîâåäåíû ðàñ÷åòíûå èññëåäîâàíèÿ âëèÿíèÿ ñòðóéíûõ âèõðåãåíåðàòîðîâ íà õàðàêòåð
îáòåêàíèÿ êðûëà âî âçëåòíî-ïîñàäî÷íîé êîíôèãóðàöèè. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ïàññèâíîãî óïðàâëåíèÿ äàåò
óâåëè÷åíèå êîýôôèöèåíòà ìàêñèìàëüíîé ïîäúåìíîé ñèëû êðûëà è ñàìîëåòà â öåëîì.

Êëþ÷åâûå ñëîâà: óïðàâëåíèå îáòåêàíèåì êðûëà, ñòðóéíûå âèõðåãåíåðàòîðû, ðàñ÷åòíûå è ýêñïåðèìåíòàëüíûå
èññëåäîâàíèÿ àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê.

Ðèñ. 1. Çàâèñèìîñòü êîýôôèöèåíòà ïîäúåìíîé ñèëû Ñóa

îò óãëà àòàêè 
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ìèíè-øåëêîâèíîê, ïîêàçàëè, ÷òî ïðè îòêëîíåí-

íîì ïîëîæåíèè ïðåäêðûëêà ïðè 
maxyaC    íà

âåðõíåé ïîâåðõíîñòè êîðíåâîé ÷àñòè êðûëà ðàç-
âèâàåòñÿ îòðûâ ïîòîêà, ïðèâîäÿùèé ê óìåíüøå-
íèþ ïîäúåìíîé ñèëû (ðèñ. 2,à,á). Âîïðîñó àýðî-
äèíàìè÷åñêîãî ñîãëàñîâàíèÿ êðûëà ñ ìîòîãîíäî-
ëîé ïîñâÿùåíà ðàáîòà [10].

Äëÿ óâåëè÷åíèÿ êîýôôèöèåíòà ìàêñèìàëüíîé
ïîäúåìíîé ñèëû êðûëà ñàìîëåòà ïðè íåèçìåííîé
ãåîìåòðèè öåëåñîîáðàçíî èñïîëüçîâàòü êîíöåï-
öèþ óïðàâëåíèÿ òå÷åíèåì [11]. Äðóãèìè ñëîâàìè,
íåîáõîäèìî íàéòè ñïîñîá óïðàâëåíèÿ îáòåêàíè-
åì êðûëà, ïàññèâíîãî èëè àêòèâíîãî,ïîìîãàþùèé
ðåøèòü ïîñòàâëåííóþ çàäà÷ó, à èìåííî ñïîñîá
çàäåðæêè âîçíèêíîâåíèÿ è ðàçâèòèÿ îòðûâà ïî-
òîêà íà âåðõíåé ïîâåðõíîñòè êîðíåâîé ÷àñòè êðû-
ëà ïðè âûäâèíóòîì â ïîñàäî÷íîå ïîëîæåíèå ïðåä-
êðûëêå. Àíàëèç ðàçëè÷íûõ ñïîñîáîâ óïðàâëåíèÿ
îòðûâîì ïîòîêà ïðè äîçâóêîâûõ ñêîðîñòÿõ ïîêà-
çàë, ÷òî ïðèåìëåìûì äëÿ ïðàêòè÷åñêîãî ïðèìåíå-
íèÿ ìîæåò áûòü ðàçðàáîòàííûé è èññëåäîâàííûé
â ÍÈÎ-2 ÖÀÃÈ ñïîñîá, îñíîâàííûé íà ñîçäàíèè
âèõðåâûõ æãóòîâ (âèõðåãåíåðàòîðîâ) ïóòåì âûäó-
âà ñòðóé âîçäóõà èç îáòåêàåìîé ïîâåðõíîñòè.

Âîçìîæíîñòè èñïîëüçîâàíèÿ ðàçëè÷íûõ âèõ-
ðåãåíåðàòîðîâ â çàäà÷àõ ìåñòíîé àýðîäèíàìèêè
õîðîøî èçâåñòíû. Íàïðèìåð, íà îêîëîçâóêîâûõ
ñêîðîñòÿõ âîïðîñû èõ ïðèìåíåíèÿ äëÿ óïðàâëåíèÿ
òå÷åíèåì ñ öåëüþ îñëàáëåíèÿ ÿâëåíèÿ áàôòèíãà
îáñóæäàþòñÿ â ðàáîòå [12] è ìîíîãðàôèè [13].
Ïðîâåäåííûå â [12, 13] èññëåäîâàíèÿ ïîêàçàëè,
÷òî ñîçäàíèå âèõðåâûõ æãóòîâ ïóòåì âûäóâà ñòðóé
âîçäóõà èç îáòåêàåìîé ïîâåðõíîñòè ýôôåêòèâíî
ïðåïÿòñòâóåò âîçíèêíîâåíèþ è ðàçâèòèþ îòðûâà
ïîòîêà äàæå ïðè çíà÷èòåëüíûõ ïîëîæèòåëüíûõ
ãðàäèåíòàõ äàâëåíèÿ, èìåþùèõ ìåñòî ïðè âçàèìî-

äåéñòâèè ñêà÷êà óïëîòíåíèÿ ñ ïîãðàíè÷íûì ñëîåì
íà îêîëîçâóêîâûõ ñêîðîñòÿõ. Òàêæå áûëî óñòàíîâ-
ëåíî, ÷òî ýôôåêòèâíî âîçäåéñòâóþùèå íà îáòåêà-
íèå âèõðåâûå æãóòû ìîãóò áûòü ñîçäàíû ïóòåì
ïàññèâíîãî óïðàâëåíèÿ – ïåðåïóñêà âîçäóõà èç çîí
òîðìîæåíèÿ ïîòîêà â çîíû ðàçðåæåíèÿ íà ïîâåð-
õíîñòè îáòåêàåìîãî òåëà.

Â íàñòîÿùåé ðàáîòå ïðîâåäåíû ýêñïåðèìåí-
òàëüíûå è ðàñ÷åòíûå èññëåäîâàíèÿ ýôôåêòèâíî-
ñòè óêàçàííîãî âûøå ñïîñîáà óïðàâëåíèÿ ñ öåëüþ
èçó÷åíèÿ âîçìîæíîñòè çàäåðæêè âîçíèêíîâåíèÿ
è ðàçâèòèÿ îòðûâà ïîòîêà íà âåðõíåé ïîâåðõíîñ-
òè êîðíåâîé ÷àñòè êðûëà ñàìîëåòà ïðè ìàëûõ
äîçâóêîâûõ ñêîðîñòÿõ íà ðåæèìàõ ïîñàäêè. Äëÿ
ñîçäàíèÿ âèõðåâûõ æãóòîâ íà íîñîâîì ó÷àñòêå
âåðõíåé ïîâåðõíîñòè îñíîâíîé ÷àñòè êðûëà, êî-
òîðûé îòêðûâàåòñÿ ïðè âûäâèæåíèè êîðíåâîé
ñåêöèè ïðåäêðûëêà, âûïîëíÿåòñÿ ðÿä íàêëîííûõ
(ïî ïîòîêó è âäîëü ðàçìàõà êðûëà) îòâåðñòèé,
÷åðåç êîòîðûå îñóùåñòâëÿåòñÿ âûäóâ âîçäóøíûõ
ñòðóé (ðèñ. 3).

Çàìåòèì, ÷òî êîíñòðóêòèâíî âûäóâ ñòðóé ìî-
æåò áûòü îðãàíèçîâàí íå òîëüêî ïóòåì ïåðåïóñêà
ñ íèæíåé ïîâåðõíîñòè îñíîâíîé ÷àñòè êðûëà
(ïàññèâíûé ñïîñîá óïðàâëåíèÿ), íî è ñ ïîìîùüþ
èìåþùåéñÿ íà áîðòó ñàìîëåòà äâèãàòåëüíîé ëèáî
ñïåöèàëüíîé óñòàíîâêè (àêòèâíûé ñïîñîá óïðàâ-
ëåíèÿ).

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïàññèâíîãî
ñïîñîáà óïðàâëåíèÿ îáòåêàíèåì êðûëà
ñ ïðåäêðûëêîì

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ íîâîãî ñïî-
ñîáà óïðàâëåíèÿ îáòåêàíèåì êðûëà ñî ñòðóéíûì
ïðåäêðûëêîì ïðîâîäèëèñü â ÀÄÒÃ-106, îáîðóäî-
âàííîé àýðîäèíàìè÷åñêèìè âåñàìè, íà ìîäåëè

Ðèñ. 2. Îáòåêàíèå âåðõíåé ïîâåðõíîñòè êðûëà: à — íà ðåæèìå 
max

;
yaC    á — íà ðåæèìå 

maxyaC  
à) á)
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ñîâðåìåííîãî ìàãèñòðàëüíîãî ñàìîëåòà ñ ìåõàíè-
çèðîâàííûì êðûëîì, èìåþùèì âûäâèæíûå ïðåä-
êðûëêè è çàêðûëêè, êîòîðûå áûëè îòêëîíåíû â
ñîîòâåòñòâèè ñ ïîñàäî÷íûì ðåæèìîì (ðèñ. 4).

Ïðåäêðûëêè âûïîëíåíû ïî âñåìó ðàçìàõó
ìîäåëè êðûëà ñ ðàçðûâîì ïî ïèëîíó ìîòîãîíäî-
ëû; óãîë óñòàíîâêè ïðåäêðûëêà â êîðíåâûõ ñåê-

öèÿõ êðûëà ïð = 24°. Çàêðûëêè ñîñòîÿò èç äâóõ

ñåêöèé, óãîë îòêëîíåíèÿ êîòîðûõ 36°. Âåñîâûå èç-
ìåðåíèÿ àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ïðîâî-
äèëèñü ïðè ÷èñëå Ìàõà íàáåãàþùåãî ïîòîêà

Ì =0,15, ÷òî ïðè íàêà÷êå äàâëåíèÿ â ðàáî÷åé

÷àñòè òðóáû äî 5 àòà ñîîòâåòñòâóåò çíà÷åíèþ ÷èñëà
Ðåéíîëüñà Re = 3,1·106, ðàññ÷èòàííîìó ïî ñðåäíåé
àðèôìåòè÷åñêîé õîðäå. Óãîë àòàêè   èçìåíÿëñÿ
â äèàïàçîíå îò 4 äî 26°. Îáðàáîòàííûå ïî ñòàí-
äàðòíîé ìåòîäèêå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé âëèÿíèÿ ñòðóéíûõ âèõðåãåíåðàòî-
ðîâ, ñîçäàâàåìûõ ïóòåì ïàññèâíîãî ïåðåïóñêà âîç-
äóõà íà âåðõíåé ïîâåðõíîñòè â êîðíåâîé ÷àñòè
êðûëà, îòêðûâàåìîé ïðè âûäâèíóòîì ïîëîæåíèè
ïðåäêðûëêà (ñì. ðèñ. 3), ïðåäñòàâëåíû íà ðèñ. 5.

Ðèñ. 3. Ñõåìà îáòåêàíèÿ íîñîâîé ÷àñòè êðûëà 2 ñ âûäâèíóòûì ïðåäêðûëêîì 1; 3 – âèõðåâûå æãóòû; 4 – âîçäóø-
íûå ñòðóè; 5 – ïîâåðõíîñòü êðûëà, îòêðûâàåìàÿ ïðè âûäâèæåíèè ïðåäêðûëêà èç åãî ïîëîæåíèÿ 6 íà êðåéñåðñ-
êîì ðåæèìå ïîëåòà

Ðèñ. 4. Ìîäåëü ñàìîëåòà â ðàáî÷åé ÷àñòè ÀÄÒ Ò-106
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Èç ïðåäñòàâëåííîãî íà ðèñ. 5 ñðàâíåíèÿ âèä-
íî, ÷òî èñïîëüçîâàíèå ñòðóéíûõ âèõðåãåíåðàòîðîâ
â êîðíåâîé ÷àñòè êðûëà ïðè âûäâèíóòîì ïîëîæå-
íèè ïðåäêðûëêà, íà óãëàõ àòàêè  > 11° ïðèâîäèò
ê óâåëè÷åíèþ êîýôôèöèåíòà ìàêñèìàëüíîé

ïîäúåìíîé ñèëû ïðèìåðíî íà max 0,04.yaÑ 

×èñëåííîå èññëåäîâàíèå îáòåêàíèÿ
ìîäåëè ñàìîëåòà ñ âûäóâîì ñòðóé
íà âåðõíþþ ïîâåðõíîñòü êðûëà

×èñëåííûå ðàñ÷åòû ïðîâîäèëèñü ñ öåëüþ ñðàâ-
íåíèÿ ñ ýêñïåðèìåíòîì è ðàñøèðåíèÿ äèàïàçîíà
èññëåäóåìûõ ïàðàìåòðîâ [14—18]. Èñïîëüçîâàëñÿ
èçâåñòíûé ïàêåò ïðîãðàìì ANSYS CFX, îñíîâàí-
íûé íà ÷èñëåííîì ðåøåíèè îñðåäíåííûõ ïî Ðåé-
íîëüäñó óðàâíåíèé Íàâüå–Ñòîêñà äëÿ ñæèìàåìîãî
ñîâåðøåííîãî ãàçà ñ äâóõïàðàìåòðè÷åñêîé SST
ìîäåëüþ òóðáóëåíòíîñòè. Òå÷åíèå ñ÷èòàëîñü òóð-
áóëåíòíûì íà÷èíàÿ ñ ïåðåäíåé êðîìêè. Ïîâåðõ-
íîñòü ìîäåëè ïðåäïîëàãàëàñü àäèàáàòè÷åñêîé;
çàâèñèìîñòü âÿçêîñòè îò òåìïåðàòóðû îïðåäåëÿ-
ëàñü ïî çàêîíó Ñàçåðëåíäà ñ êîíñòàíòîé
Ñ = 110,4 Ê.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ îáòåêàíèÿ êîìïî-
íîâêè ìàãèñòðàëüíîãî ñàìîëåòà (êðûëî+ôþçåëÿæ
+ìîòîãîíäîëà áîëüøîé ñòåïåíè äâóõêîíòóðíîñòè)
èñïîëüçîâàëàñü ìíîãîáëî÷íàÿ ñòðóêòóðèðîâàííàÿ
ñåòêà, ëþáåçíî ïðåäîñòàâëåííàÿ îäíèì èç àâòîðîâ
ðàáîòû [19], ñîñòîÿùàÿ èç 40 ìëí ýëåìåíòîâ.
Âûäóâ ñòðóé îñóùåñòâëÿëñÿ èç 19 ùåëåé ïðÿìîó-
ãîëüíîé ôîðìû, äëÿ ÷åãî â èñõîäíóþ ðàñ÷åòíóþ
ñåòêó áûë äîáàâëåí áëîê, ïðèìûêàþùèé ê íîñî-
âîé ÷àñòè êðûëà è ðàçäåëåííûé â ñîîòâåòñòâèè ñ
ïîëîæåíèåì ùåëåé äëÿ âûäóâà (ðèñ. 6). Â ðåçóëü-
òàòå òàêîãî ïåðåñòðîåíèÿ áëî÷íîé ñòðóêòóðû êî-
ëè÷åñòâî óçëîâ ðàñ÷åòíîé ñåòêè, èñïîëüçîâàííîå
äëÿ ìîäåëèðîâàíèÿ îáòåêàíèÿ ñî ñòðóÿìè, âîçðîñ-
ëî ïðèìåðíî äî 68 ìëí óçëîâ.

Ïðè ôîðìèðîâàíèè ðàñ÷åòíîé ñåòêè â îáëàñ-
òè ïîãðàíè÷íîãî ñëîÿ âûñîòà ïåðâîé ÿ÷åéêè ñåò-
êè âáëèçè ïîâåðõíîñòè êðûëà âûáèðàëàñü òàêîé,
÷òîáû ïðè ÷èñëåííîì ìîäåëèðîâàíèè àäåêâàòíî
îïèñûâàëîñü òå÷åíèå â âÿçêîì ïîäñëîå òóðáóëåí-
òíîãî ïîãðàíè÷íîãî ñëîÿ. Â ñëó÷àå èñïîëüçîâàíèÿ
ìîäåëè òóðáóëåíòíîñòè SST íåîáõîäèìî, ÷òîáû
âåëè÷èíà ïàðàìåòðà y+ â ïåðâîé ÿ÷åéêå íå ïðå-
âûøàëà çíà÷åíèÿ 5 [20]; âî âñåõ ïðîâåäåííûõ â
íàñòîÿùåé ðàáîòå ðàñ÷åòàõ äàííûé ïàðàìåòð íå
ïðåâûøàë çíà÷åíèÿ 2.

Ðàñ÷åòíûå ïàðàìåòðû òå÷åíèÿ âûáèðàëèñü â
ñîîòâåòñòâèè ñ óñëîâèÿìè îáòåêàíèÿ ìîäåëè â
ÀÄÒ ïðè êðèòè÷åñêîì óãëå àòàêè = 17°: ñêîðîñòü

íàáåãàþùåãî ïîòîêà V = 50 ì/ñ ( Ì = 0,15), ÷èñëî

Re = 3·106. Ñêîðîñòü èñòå÷åíèÿ ñòðóé, âûäóâàåìûõ
èç ùåëåé, ðàñïîëîæåííûõ â êîðíåâîé ÷àñòè êðû-
ëà, V = 50 ì/ñ. Ñòðóè âûäóâàëèñü ïîä óãëîì 30° ê
íàïðàâëåíèþ íàáåãàþùåãî ïîòîêà è ïîä óãëîì 22°
â íàïðàâëåíèè ðàçìàõà êðûëà (ðèñ. 7). Êîìïîíåí-
òû âåêòîðà ñêîðîñòè âûäóâà: Vx = 40 ì/ñ,
Vy = 25 ì/c è Vz = –15 ì/c.

Ðèñ. 5. Ñðàâíåíèå çàâèñèìîñòè êîýôôèöèåíòà ïîäúåì-
íîé ñèëû îò óãëà àòàêè äëÿ èñõîäíîé è ìîäèôèöèðîâàí-
íîé ìîäåëè

Ðèñ. 6. Áëî÷íàÿ ñòðóêòóðà ðàñ÷åòíîé îáëàñòè äëÿ ìîäå-
ëèðîâàíèÿ âûäóâà ñòðóé
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Íà ðèñ. 8 äëÿ ïðèìåðà ïîêàçàíà ïîëó÷åííàÿ â
îäíîì èç ðàñ÷åòîâ ôîðìà ëèíèé òîêà, èñõîäÿùèõ
èç ìåñò ðàñïîëîæåíèÿ ùåëè äëÿ âûäóâà ñòðóé.
Âèäíî, ÷òî ñòðóÿ, âçàèìîäåéñòâóÿ ñ âíåøíèì ïî-
òîêîì, èìååò òåíäåíöèþ ê ñâîðà÷èâàíèþ. Íàèáî-
ëåå çàìåòåí ýòîò ýôôåêò â êîðíåâûõ ñå÷åíèÿõ
êðûëà. Âçàèìîäåéñòâóÿ ñ âíåøíèì ïîòîêîì, ñòðóÿ
îñëàáëÿåò ïîïåðå÷íîå (âòîðè÷íîå) òå÷åíèå âäîëü
ðàçìàõà êðûëà, òåì ñàìûì áëàãîïðèÿòíî âëèÿÿ íà
àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè êðûëà è ñàìî-
ëåòà â öåëîì. Àíàëèç ïîëîæåíèÿ ïðåäåëüíûõ ëè-
íèé òîêà òàêæå ïîêàçûâàåò, ÷òî íà óãëå àòàêè
 = 17° â êîðíåâîé ÷àñòè êðûëà íàáëþäàåòñÿ îò-
ðûâ ïîòîêà, êîòîðûé ïðè óïðàâëåíèè îáòåêàíè-
åì ñ ïîìîùüþ âûäóâà ñòðóé ïðàêòè÷åñêè èñ÷åçà-
åò. Â ðàñ÷åòàõ, êàê è â ýêñïåðèìåíòå, íàáëþäàåò-
ñÿ óâåëè÷åíèå çíà÷åíèÿ êîýôôèöèåíòà ìàêñè-

Ðèñ. 7. Íàïðàâëåíèå âåêòîðà ñêîðîñòè âûäóâà ñòðóé: à — ïî íàïðàâëåíèþ íàáåãàþùåãî ïîòîêà; á — â íàïðàâëå-
íèè ðàçìàõà êðûëà

à) á)

Ðèñ. 8. Êàðòèíà ëèíèé òîêà â êîðíåâîé ÷àñòè êðûëà ïðè âûäóâå ñòðóé íà âåðõíþþ ïîâåðõíîñòü

ìàëüíîé ïîäúåìíîé ñèëû çà ñ÷åò âûäóâà ñòðóé.
Ïðè îáòåêàíèè íà êðèòè÷åñêîì óãëå àòàêè = 17°

ðàñ÷åòíîå ïðèðàùåíèå max 0,02.yaÑ 

Âûâîäû

Ïðîâåäåíû ýêñïåðèìåíòàëüíûå è ðàñ÷åòíûå
èññëåäîâàíèÿ âîçìîæíîñòè óâåëè÷åíèÿ êîýôôè-
öèåíòà ìàêñèìàëüíîé ïîäúåìíîé ñèëû êðûëà
ñîâðåìåííîãî ìàãèñòðàëüíîãî ñàìîëåòà ñ âûïó-
ùåííîé ìåõàíèçàöèåé. Ïðåäëîæåíà ìîäèôèêàöèÿ
íîñîâîãî ó÷àñòêà êîðíåâîé ÷àñòè êðûëà â îáëàñ-
òè ïðåäêðûëêà, çàêëþ÷àþùàÿñÿ â îðãàíèçàöèè
ïàññèâíîãî ëèáî àêòèâíîãî âûäóâà ñòðóé âîçäóõà
ïåðåä çîíîé âîçíèêíîâåíèÿ îòðûâà ïîòîêà â êîð-
íåâîé ÷àñòè êðûëà. Ïðîâåäåííûå èññëåäîâàíèÿ
ïàññèâíîãî ñïîñîáà ñîçäàíèÿ ñòðóé ïóòåì ïåðå-
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ïóñêà âîçäóõà ñ íèæíåé íà âåðõíþþ ïîâåðõíîñòü

êðûëà ïðè ÷èñëàõ Re = 3,2·106 è Ì = 0,15 ïîêà-

çàëè âîçìîæíîñòü óâåëè÷åíèÿ êîýôôèöèåíòà ìàê-

ñèìàëüíîé ïîäúåìíîé ñèëû maxyaÑ  ïðèìåðíî íà

0.04.
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Abstract

To increase maximum lifting force coefficient of
the aircraft wing with fixed geometry, it is reasonable
to use the flow control concept. For this purpose, the
new way of flow control about a wing with deflected
slat, suggested by authors, is being studied
experimentally and numerically. A number of slanting
holes (along the flow and longwise a wingspan),
through which the air jets are blown-out, is made to
create vortex cores at the nose section of the upper
surface of the wing’s main part, which opens while the
slat root section moving-out. The pilot experimental
studies of the new method of the wing with slat flow-
around at the take-off and landing modes were
performed on a model of a modern long-range aircraft
with mechanized wing with moving-out slats and flaps.

The slats are made along the wingspan with a gap
along the motor-nacelle pylon. The aircraft model
testing while the landing state of the high-lift device
with jet-type vortex generators and without them were
performed with ADT T-106 TsAGI, equipped with
aerodynamic scales. Slats and flaps were in landing

state; with corresponding deviation angles of  sl = 24°

and fl = 36°. Weight measurements of aerodynamic

characteristics were performed at the Mach number

of the incident flow Ì = 0.15. It corresponds to the

Reynolds number value of Re = 3.1·106 at the pressure
pumping up to 5 atm in the working section of the
tube. The angle of attack was being changed from 4
to 26°.

Numerical simulations of jet-type vortex
generators impact on the wing flow-around pattern in
a take-off and landing configuration were performed.
Numerical calculations were performed to compare
the experiment and the expanded range of the studied
parameters. The well-known ANSYS CFX software
based on the numerical solution of averaged Navier–
-Stokes equations for the compressible perfect gas with
two-parameter SST turbulence model was used. The

JET-TYPE VORTEX GENERATORS IMPACT ON TAKE-OFF
AND LANDING CHARACTERISTICS OF A WING WITH SLATS
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flow was considered turbulent starting from leading
edge. The surface of the model was assumed adiabatic;
the viscosity-temperature relation was determined by
Sutherland’s law with the constant C = 110.4 K. The
number of computational nodes used for the flow-
around modelling with streams increased
approximately up to 68 million.

The performed studies of passive technique for
streams forming by the air blow-by from low the wing
underside to its upside at the numbers of Re = 3.2·106

and Ì = 0.15 revealed the possibility of the

maximum lifting force coefficient increase.

Keywords: flow-around control, jet-type vortex
generators, numerical and experimental studies of
aerodynamic characteristics.
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