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Ðàññìàòðèâàåòñÿ ïðÿìîëèíåéíîå äâèæåíèå ïîëîòíà, íàõîäÿùåãîñÿ ïîä
âîçäåéñòâèåì ïðîäîëüíîãî íàòÿæåíèÿ è ìîäåëèðóåìîãî òåðìîóïðóãîé íåðàç-
ðåçíîé ïàíåëüþ (áàëêîé), ïîääåðæèâàåìîé ñèñòåìîé çàêðåïëåííûõ øàðíèð-
íûõ îïîð, ðåàëèçóþùèõ óñëîâèÿ ïðîñòîãî îïèðàíèÿ â êîíöåâûõ òî÷êàõ ïðîëå-
òîâ ïàíåëè. Â ïðîöåññå ïðÿìîëèíåéíîãî äâèæåíèÿ ïàíåëü ñîâåðøàåò òåðìî-
óïðóãèå ïîïåðå÷íûå êîëåáàíèÿ. Ïîïåðå÷íûå ïåðåìåùåíèÿ îïðåäåëÿþò ëîêàëü-
íûå, êîðèîëèñîâû è öåíòðîáåæíûå óñêîðåíèÿ. Ïðåäïîëàãàåòñÿ, ÷òî òåïëîâîå
âîçäåéñòâèå íà ïàíåëü ïðèâîäèò ê ñòàöèîíàðíîìó òåìïåðàòóðíîìó ðàñïðåäå-
ëåíèþ ïî òîëùèíå ïàíåëè è ê ñîîòâåòñòâóþùèì òåìïåðàòóðíûì óñèëèÿì è
äåôîðìàöèÿì. Ñ÷èòàåòñÿ, ÷òî ïðîäîëüíîå äâèæåíèå è âîçíèêàþùèå ïîïåðå÷-
íûå êîëåáàíèÿ ïðîèñõîäÿò ïðè âçàèìîäåéñòâèè ïàíåëè ñ âíåøíåé ñðåäîé,
ìîäåëèðóåìîé èäåàëüíîé æèäêîñòüþ, äâèæóùåéñÿ ñ ïîñòîÿííîé ñêîðîñòüþ.
Ïðèìåíÿåòñÿ òî÷íîå èíòåãðî-äèôôåðåíöèàëüíîå âûðàæåíèå äëÿ ðåàêöèè äâè-
æóùåéñÿ ñ ôèêñèðîâàííîé ñêîðîñòüþ æèäêîñòè, ïîëó÷åííîå â ðàìêàõ òåîðèè
òîíêèõ àýðîäèíàìè÷åñêèõ ïðîôèëåé. Ïîëó÷åíî ïðèáëèæåííîå ñðåäíåå çíà÷å-
íèå, àïïðîêñèìèðóþùåå ðåàêöèþ æèäêîñòè äèôôåðåíöèàëüíûì âûðàæåíèåì
è ñâîäÿùåå èñõîäíîå èíòåãðî-äèôôåðåíöèàëüíîå óðàâíåíèå äèíàìèêè ïàíå-
ëè ê óïðîùåííîìó äèôôåðåíöèàëüíîìó óðàâíåíèþ. Îïèñûâàåìàÿ ìîäåëü ïðåä-
ïîëàãàåò ìàëîñòü ãèäðîòåðìîóïðóãèõ äåôîðìàöèé è ñîîòâåòñòâóåò ïðèáëèæå-
íèþ ïðèñîåäèíåííûõ ìàññ æèäêîñòè ïðè àïïðîêñèìàöèè òî÷íîãî âûðàæåíèÿ
äëÿ ãèäðîòåðìîóïðóãîé ðåàêöèè. Ýòî ïðèâîäèò ê ñóùåñòâåííûì óïðîùåíèÿì
ðàçâèâàåìîé ãèäðîòåðìîóïðóãîé ìîäåëè è äîïóñêàåò ýôôåêòèâíîå ïðèìåíå-
íèå àíàëèòè÷åñêèõ è ïîëóàíàëèòè÷åñêèõ ïîäõîäîâ äëÿ àíàëèçà äèíàìèêè è
óñòîé÷èâîñòè ðàññìàòðèâàåìîé ñèñòåìû. ×èñëåííàÿ ðåàëèçàöèÿ ãèäðîòåðìî-
óïðóãîé ìîäåëè, îïèñûâàþùåé íåñòàöèîíàðíîå ïîâåäåíèå ïàíåëè, äâèæóùåéñÿ
â ïîòîêå èäåàëüíîé æèäêîñòè, îñíîâûâàåòñÿ íà ïðèìåíåíèè ïîëóäèñêðåòíîé
ñõåìû ìåòîäà Ãàëåðêèíà. Çàäà÷à íåñòàöèîíàðíîé äèíàìèêè, îïèñûâàåìîé óðàâ-
íåíèåì â ÷àñòíûõ ïðîèçâîäíûõ, ñâåäåíà ê èíòåãðèðîâàíèþ ñèñòåìû äâóõ îáûê-
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íîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé. Ðàññìîòðåíà çàäà÷à ñòàòè÷åñêîé
íåóñòîé÷èâîñòè äâèæóùåéñÿ ïàíåëè â ïîòîêå èäåàëüíîé æèäêîñòè. Ââåäåíèå
âñïîìîãàòåëüíîé ïåðåìåííîé ïîçâîëÿåò ñôîðìóëèðîâàòü êðàåâóþ çàäà÷ó íà
ñîáñòâåííûå çíà÷åíèÿ, èç ðåøåíèÿ êîòîðîé â àíàëèòè÷åñêîé ôîðìå íàõîäÿòñÿ
êðèòè÷åñêèå çíà÷åíèÿ ïàðàìåòðîâ ñòàòè÷åñêîé íåóñòîé÷èâîñòè. Ýôôåêòèâ-
íîñòü îïèñàííîé ãèäðîòåðìîóïðóãîé ìîäåëè èëëþñòðèðóåòñÿ íà ïðèìåðàõ
ïîëóäèñêðåòíîãî àíàëèçà íåñòàöèîíàðíûõ êîëåáàíèé è àíàëèòè÷åñêîãî ðåøå-
íèÿ çàäà÷è ïîòåðè óñòîé÷èâîñòè ïðè êðèòè÷åñêèõ òåìïåðàòóðàõ è ñêîðîñòÿõ
äâèæåíèÿ ñèñòåìû.

Êëþ÷åâûå ñëîâà: ïðîäîëüíîå äâèæåíèå ìàòåðèàëà, ãèäðîòåðìîóïðóãîñòü,
ïîïåðå÷íûå êîëåáàíèÿ, ïðèñîåäèíåííûå ìàññû, ïîòåðÿ óñòîé÷èâîñòè.

Ââåäåíèå

Ïðîáëåìû, âîçíèêàþùèå â ïðîöåññå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äâèæó-
ùèõñÿ â ïîòîêå æèäêîñòè äåôîðìèðóåìûõ òåðìîóïðóãèõ ýëåìåíòîâ êîíñòðóêöèé
(ñòðóí, ïîëîòåí, áàëîê, ïàíåëåé, íåðàçðåçíûõ ïëàñòèí, äèñêîâ è äð.), ïðåäñòàâëÿþò
îïðåäåëåííûé òåîðåòè÷åñêèé è ïðèêëàäíîé èíòåðåñ. Òàêèå çàäà÷è ðàññìàòðèâàëèñü
â ðÿäå ïóáëèêàöèé (ñì., íàïðèìåð, ñòàòüè [1−5] è ìîíîãðàôèè [6, 7], â êîòîðûõ ñî-
äåðæèòñÿ øèðîêèé îáçîð íàó÷íîé ëèòåðàòóðû ïî óêàçàííîé ïðîáëåìàòèêå). Ïðè
ýòîì èññëåäîâàëèñü êàê ïðîöåññû íåóñòàíîâèâøèõñÿ êîëåáàíèé, òàê è çàäà÷è óïðó-
ãîé íåóñòîé÷èâîñòè â ñòàòè÷åñêîé è äèíàìè÷åñêîé ïîñòàíîâêàõ, òî åñòü çàäà÷è î
äèâåðãåíöèè è ôëàòòåðå. Èññëåäîâàíèå áèôóðêàöèè äâèæóùåãîñÿ â ïðîäîëüíîì
íàïðàâëåíèè è ñîâåðøàþùåãî ïîïåðå÷íûå ñòàòè÷åñêèå è äèíàìè÷åñêèå îòêëîíå-
íèÿ (êîëåáàíèÿ) óïðóãîãî ïîëîòíà ñ ó÷åòîì âîçäåéñòâèÿ íà ïîëîòíî öåíòðîáåæíûõ
è êîðèîëèñîâûõ ñèë, à òàêæå ëîêàëüíûõ íåñòàöèîíàðíûõ âîçäåéñòâèé è äåéñòâóþ-
ùèõ â ïëîñêîñòè ïîëîòíà ñòàöèîíàðíûõ íàòÿæåíèé ïðåäñòàâëåíî â ñòàòüÿõ [8−10].
Ó÷åòó âëèÿíèÿ âÿçêîóïðóãèõ ñâîéñòâ ïîëîòíà íà äèíàìè÷åñêèå õàðàêòåðèñòèêè
ïðîäîëüíî äâèæóùèõñÿ ïàíåëåé ïîñâÿùåíû ïóáëèêàöèè [11−13]. Èçó÷åíèå âîïðî-
ñîâ óñòîé÷èâîñòè óñêîðåííî äâèæóùèõñÿ âÿçêîóïðóãèõ áàëîê è ïëàñòèí ñ ó÷åòîì
ïåðåìåííîñòè ñèë íàòÿæåíèÿ îòðàæåíî â [14, 15]. Âçàèìîäåéñòâèå äâèæóùåãîñÿ
ìàòåðèàëà è îêðóæàþùåé ñðåäû îêàçûâàåò çíà÷èòåëüíîå âëèÿíèå íà äèíàìè÷åñêîå
ïîâåäåíèå ñèñòåìû. Îòìåòèì èññëåäîâàíèÿ êîëåáàíèé ïîëîòíà â âîçäóõå [16] è ïðî-
âåäåííûé ñòàòè÷åñêèé è äèíàìè÷åñêèé àíàëèç âçàèìîäåéñòâèÿ ïðîäîëüíî äâèæó-
ùåéñÿ ïëàñòèíû ñ ïîòîêîì äâèæóùåéñÿ àêñèàëüíî èäåàëüíîé æèäêîñòè [17]. Âî-
ïðîñû àíàëèçà è îïòèìèçàöèè, ñâÿçàííûå ñ âîçìîæíûì ðàçðóøåíèåì è ïîòåðåé
ñòàáèëüíîñòè äâèæóùåãîñÿ ïîëîòíà, ðàññìàòðèâàëèñü â [18]. Íàñòîÿùàÿ ñòàòüÿ ïî-
ñâÿùåíà èçó÷åíèþ ïðîäîëüíîãî äâèæåíèÿ òåðìîóïðóãîé íåðàçðåçíîé ïàíåëè, ñî-
âåðøàþùåé ìàëûå ïîïåðå÷íûå êîëåáàíèÿ â ïîòîêå èäåàëüíîé æèäêîñòè.

Îñíîâíûå ñîîòíîøåíèÿ

Ðàññìàòðèâàåòñÿ ïðÿìîëèíåéíîå äâèæåíèå ïîëîòíà, íàõîäÿùåãîñÿ ïîä âîçäåéñò-
âèåì ïðîäîëüíîãî íàòÿæåíèÿ è ìîäåëèðóåìîãî òåðìîóïðóãîé íåðàçðåçíîé ïàíåëüþ
(áàëêîé), ïîääåðæèâàåìîé ñèñòåìîé çàêðåïëåííûõ øàðíèðíûõ îïîð, ðåàëèçóþùèõ
óñëîâèÿ ïðîñòîãî îïèðàíèÿ â êîíöåâûõ òî÷êàõ ïðîëåòîâ ïàíåëè. Â ïðîöåññå ïðÿìî-
ëèíåéíîãî äâèæåíèÿ ïàíåëü ñîâåðøàåò òåðìîóïðóãèå ïîïåðå÷íûå êîëåáàíèÿ. Ïðåä-
ïîëàãàåòñÿ, ÷òî òåïëîâîå âîçäåéñòâèå íà ïàíåëü ïðèâîäèò ê ñòàöèîíàðíîìó òåìïå-
ðàòóðíîìó ðàñïðåäåëåíèþ ïî òîëùèíå ïàíåëè è ñîîòâåòñòâóþùèì òåìïåðàòóðíûì
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óñèëèÿì è äåôîðìàöèÿì. Ñ÷èòàåòñÿ, ÷òî ïðîäîëüíîå äâèæåíèå è âîçíèêàþùèå ïî-
ïåðå÷íûå êîëåáàíèÿ ïðîèñõîäÿò ïðè âçàèìîäåéñòâèè ïàíåëè ñ âíåøíåé ñðåäîé, ìî-
äåëèðóåìîé èäåàëüíîé æèäêîñòüþ, êîòîðàÿ äâèæåòñÿ ñ ïîñòîÿííîé ñêîðîñòüþ.

Óðàâíåíèå ïîïåðå÷íûõ êîëåáàíèé äâèæóùåéñÿ â ïîòîêå èäåàëüíîé æèäêîñòè è
íàõîäÿùåéñÿ ïîä âîçäåéñòâèåì ïðîäîëüíîãî íàòÿæåíèÿ óïðóãîé íåðàçðåçíîé ïàíå-
ëè äëÿ îäíîãî ïðîëåòà (ïðåäïîëàãàåòñÿ øàðíèðíîå îïèðàíèå â òî÷êàõ x = ±l ) çàïè-
ñûâàåòñÿ â ýéëåðîâûõ êîîðäèíàòàõ â âèäå [7]:
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ãäå m − ìàññà íà åäèíèöó ïëîùàäè ïàíåëè, V0 − ñêîðîñòü ïàíåëè â ïðîäîëüíîì
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íèé, è âíåøíèõ âîçäåéñòâèé g = g(x, t), ïðèêëàäûâàåìûõ ê ïàíåëè â ïîïåðå÷íîì
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ÿìè [19]:
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ãäå ρf − ïëîòíîñòü æèäêîñòè.
Ó÷èòûâàÿ äåëüòàîáðàçíîå ïîâåäåíèå ôóíêöèè N(ξ, x) ïðè ξ → x è åå ïðèáëè-

æåííîå ñðåäíåå çíà÷åíèå
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àïïðîêñèìèðóåì ðåàêöèþ æèäêîñòè äèôôåðåíöèàëüíûì âûðàæåíèåì:
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ãäå ma − ïðèñîåäèíåííàÿ ìàññà æèäêîñòè.
Ââåäåì âûðàæåíèå g′(x′, t ′) = g(lx′, τt ′)l /T äëÿ áåçðàçìåðíîé âíåøíåé íàãðóçêè

è áåçðàçìåðíûõ ïîïåðå÷íûõ äåôîðìàöèé w′ = w/l (øòðèõè äàëåå îïóñêàåì) è èñ-
ïîëüçóåì ñëåäóþùèå áåçðàçìåðíûå êîýôôèöèåíòû:
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äëÿ óäîáíîãî áåçðàçìåðíîãî ïðåäñòàâëåíèÿ ðàçâèâàåìîé ãèäðîòåðìîóïðóãîé ìîäå-
ëè. Ñ ó÷åòîì ïðèâåäåííûõ ñîîòíîøåíèé è ââåäåííûõ êîýôôèöèåíòîâ óðàâíåíèå
(1) è ñîîòâåòñòâóþùèå áåçðàçìåðíûå ãðàíè÷íûå è íà÷àëüíûå óñëîâèÿ çàïèñûâàþò-
ñÿ â âèäå:
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Çäåñü g1 è g2 − áåçðàçìåðíûå ôóíêöèè, çàäàííûå ïðè −1 ≤ x ≤ 1.

Ïðèìåíåíèå ìåòîäà Ãàëåðêèíà äëÿ àíàëèçà äèíàìèêè ñèñòåìû

Äëÿ ÷èñëåííîé ðåàëèçàöèè ãèäðîòåðìîóïðóãîé ìîäåëè, îïèñûâàþùåé íåñòà-
öèîíàðíîå ïîâåäåíèå ïàíåëè, äâèæóùåéñÿ â ïîòîêå èäåàëüíîé æèäêîñòè, ïðèìå-
íèì ìåòîä Ãàëåðêèíà. Ïåðåìåùåíèå w ïðåäñòàâèì â âèäå ðÿäà Ãàëåðêèíà
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ãäå ÷åðåç Ψn(x) îáîçíà÷åíû ôóíêöèè ôîðìû
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óäîâëåòâîðÿþùèå ãðàíè÷íûì óñëîâèÿì ðàññìàòðèâàåìîé ìîäåëè. Äàëåå ñîãëàñíî
ìåòîäó Ãàëåðêèíà ñ ïîìîùüþ óìíîæåíèÿ óðàâíåíèÿ (7) íà ôóíêöèè ôîðìû Ψj(x) è
ïîñëåäóþùåãî èíòåãðèðîâàíèÿ ïî îáëàñòè {x ∈ (−1, 1)} âûâîäèòñÿ ñëàáàÿ ôîðìà
óðàâíåíèÿ (7). Ïîäñòàíîâêà â ïîëó÷àþùååñÿ óðàâíåíèå ðÿäà Ãàëåðêèíà (8) ïðèâî-
äèò ê ñèñòåìå îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé:
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Â ýòèõ ôîðìóëàõ δjn − äåëüòà Êðîíåêåðà. Çàäàíèå ôóíêöèé g(x, t), g1(x), g2(x),
âõîäÿùèõ â ðàññìàòðèâàåìóþ ãèäðîòåðìîóïðóãóþ ìîäåëü, è ôóíêöèé ôîðìû Ψn(x)
íåïîñðåäñòâåííî ïðèâîäèò ê îïðåäåëåíèþ ôóíêöèé è íà÷àëüíûõ ïàðàìåòðîâ, ôè-
ãóðèðóþùèõ â ïîëóäèñêðåòíîé ñõåìå ìåòîäà Ãàëåðêèíà:
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Ïîëàãàÿ g1(x) = g2(x) = 0 (−1 ≤ x ≤ 1) è g(x, t) = 1 ((x, t) ∈ Ω) è ïðèìåíÿÿ ìåòîä
Ãàëåðêèíà ñ äâóìÿ ôóíêöèÿìè ôîðìû, ïðèõîäèì ê ñèñòåìå îáûêíîâåííûõ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé:
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ñ ñîîòâåòñòâóþùèìè íóëåâûìè íà÷àëüíûìè óñëîâèÿìè è ñèëîâûìè ôàêòîðàìè
G1(t) = 4/π, G2(t) = −2/π. Êîýôôèöèåíòû K11, K12, K21, K22 è K0 âûðàæàþòñÿ ÷åðåç
îñíîâíûå ïàðàìåòðû ìîäåëè, à ôóíêöèè f1(t), f2(t) íàõîäÿòñÿ ñ ïðèìåíåíèåì ÷èñ-
ëåííîãî èíòåãðèðîâàíèÿ ñèñòåìû îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé,
íàïðèìåð, ïî ìåòîäó Ðóíãå − Êóòòû. Ïðè ýòîì êîëåáàòåëüíûé ïðîöåññ îïèñûâàåòñÿ
ñëåäóþùèì âûðàæåíèåì:
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Èññëåäîâàíèå ñòàòè÷åñêîé íåóñòîé÷èâîñòè ïàíåëè

Â êà÷åñòâå äðóãîãî ïðèìåíåíèÿ ãèäðîòåðìîóïðóãîé ìîäåëè ðàññìîòðèì çàäà÷ó
ñòàòè÷åñêîé íåóñòîé÷èâîñòè äâèæóùåéñÿ ïàíåëè â ïîòîêå èäåàëüíîé æèäêîñòè. Ïðè
ñòàòè÷åñêîì àíàëèçå óñòîé÷èâîñòè â óðàâíåíèè (7) ïîëàãàåòñÿ 0// 222 =∂∂∂=∂∂ txwtw
è g(x, t) = 0. Íà îñíîâàíèè ãèäðîòåðìîóïðóãîé ìîäåëè â ýòîì ñëó÷àå áóäåì èìåòü
îäíîðîäíîå îáûêíîâåííîå äèôôåðåíöèàëüíîå óðàâíåíèå äëÿ ôóíêöèè ïðîãèáîâ
w = w(x):
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Ââåäåì íîâóþ ïåðåìåííóþ ψ(x) = d 2w/dx2 è ñôîðìóëèðóåì êðàåâóþ çàäà÷ó íà
ñîáñòâåííûå çíà÷åíèÿ, â êîòîðîé ñîáñòâåííîå çíà÷åíèå îáîçíà÷åíî ÷åðåç λ:
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ñëåäóåò, ÷òî ìèíèìàëüíîå çíà÷åíèå λ ñîîòâåòñòâóåò j = 1 è, çíà÷èò, λmin = π2/4. Òà-
êèì îáðàçîì, íà îñíîâàíèè ìèíèìàëüíîé âåëè÷èíû ñîáñòâåííîãî çíà÷åíèÿ è âûðà-
æåíèÿ (9) äëÿ λ ïðèõîäèì ê îñíîâíîìó âûðàæåíèþ äëÿ êðèòè÷åñêèõ ïàðàìåòðîâ
ñòàòè÷åñêîé íåóñòîé÷èâîñòè
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ïðåäñòàâëåííîìó ñ èñïîëüçîâàíèåì ðàçìåðíûõ âåëè÷èí. Êàê ñëåäóåò èç (10) è âû-
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Íåêîòîðûå çàìå÷àíèÿ è âûâîäû

Â íàñòîÿùåé ñòàòüå èçó÷åíèå äâèæåíèÿ òåðìîóïðóãîé íåðàçðåçíîé ïàíåëè â
ïîòîêå èäåàëüíîé æèäêîñòè îãðàíè÷èâàåòñÿ ïðèìåðîì èññëåäîâàíèÿ ñòàòè÷åñêîé
íåóñòîé÷èâîñòè (äèâåðãåíöèè), âîçíèêàþùåé ïðè êðèòè÷åñêîé òåìïåðàòóðå è ñêî-
ðîñòè äâèæåíèÿ.

Áîëåå îáùèì ïîäõîäîì ê èññëåäîâàíèþ óñòîé÷èâîñòè ëèíåéíûõ ñèñòåì ÿâëÿåò-
ñÿ áèôóðêàöèîííûé ïîäõîä, âêëþ÷àþùèé â ñåáÿ, â ÷àñòíîñòè, ñòàòè÷åñêèé è äèíà-
ìè÷åñêèé ìåòîäû. Òàê, ïðè èññëåäîâàíèè äèíàìè÷åñêîé óñòîé÷èâîñòè â ðàìêàõ
ðàçâèâàåìîé ìîäåëè è ñäåëàííûõ ïðåäïîëîæåíèé ïîëàãàåòñÿ w(x, t) = Ψn(x)exp {snt},
ãäå sn − õàðàêòåðèñòè÷åñêèå ïîêàçàòåëè. Ïðè ýòîì îïðåäåëÿþùåå íåñòàöèîíàðíîå
óðàâíåíèå ñâîäèòñÿ ê àëãåáðàè÷åñêîìó óðàâíåíèþ îòíîñèòåëüíî ïîêàçàòåëÿ ýêñïî-
íåíòû, îïðåäåëÿþùåìó êðèòè÷åñêèå ïàðàìåòðû äèíàìè÷åñêîé íåóñòîé÷èâîñòè
(ôëàòòåðà). Íàèìåíüøåå çíà÷åíèå ñêîðîñòè ïàíåëè, ïðè êîòîðîé îäèí èç ïîêàçàòå-
ëåé sn ïåðåõîäèò íà ïðàâóþ ïîëóïëîñêîñòü, îñòàâàÿñü ïðè ýòîì êîìïëåêñíûì, ÿâëÿåò-
ñÿ êðèòè÷åñêîé ñêîðîñòüþ ôëàòòåðà. Àíàëîãè÷íî îïðåäåëÿåòñÿ êðèòè÷åñêàÿ òåìïå-
ðàòóðà ôëàòòåðà.

Â ñòàòüå ïðåäëîæåíà íîâàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äâèæåíèÿ óïðóãîé ïàíåëè,
âçàèìîäåéñòâóþùåé ñ òåìïåðàòóðíûì ïîëåì è ïîòîêîì èäåàëüíîé æèäêîñòè. Ìî-
äåëü îñíîâàíà íà ó÷åòå òåðìîäåôîðìàöèé â ïëîñêîñòè ïàíåëè è ñâåäåíèè ðåàêöèè
ïîòîêà ê âîçäåéñòâèþ íà ïàíåëü ïðèñîåäèíåííûõ ìàññ æèäêîñòè. Ýòî ïðèâîäèò ê
çíà÷èòåëüíûì óïðîùåíèÿì àíàëèçà äâèæåíèÿ è óñòîé÷èâîñòè ïàíåëè. Ýôôåêòèâ-
íîñòü îïèñàííîé ãèäðîòåðìîóïðóãîé ìîäåëè ïðîèëëþñòðèðîâàíà íà ïðèìåðàõ ïîëó-
äèñêðåòíîãî àíàëèçà íåñòàöèîíàðíûõ êîëåáàíèé è àíàëèòè÷åñêîãî ðåøåíèÿ çàäà÷è
ïîòåðè óñòîé÷èâîñòè ïðè êðèòè÷åñêèõ òåìïåðàòóðàõ è ñêîðîñòÿõ äâèæåíèÿ ïàíåëè.
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STABILITY INVESTIGATION OF PANEL AXIAL MOVEMENT TAKING
INTO ACCOUNT HYDROTHERMOELASTIC INTERACTION

Banichuk N.V.1,2, Ivanova S.Yu.1

1A. Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, Russian Federation

2Moscow Institute of Physics and Technology, Moscow, Russian Federation

An axial movement of a web under axial tension is considered. The web is modelled by a
thermoelastic continuous panel (beam), which is supported by a system of fixed rollers realizing
the simply supported conditions at the ends of panel spans. In the process of axial movement the
panel provides transverse thermoelastic vibrations, which are described by applications of Eulerian
coordinates. Arising transverse vibrations define the local accelerations, the Coriolis accelerations
and the centripetal accelerations. It is supposed that the thermal loading on the panel leads to a
stationary temperature distribution on the panel thickness and to corresponding temperature stresses
and strains. It is treated that the axial movement and arising transverse vibrations are realized with
interaction of panel and external medium modelled by an ideal fluid moving with a constant velocity.
The exact integrodifferetial expression received from the theory of thin aerodynamic profiles is
applied for the reaction of a fluid moving with a fixed velocity. The approximate middle value
approximating the fluid reaction by a differential expression is defined. It makes possible to reduce
the integrodifferential equation of panel dynamics to the simplified differential equation. The
described model supposes that the hydrothermoelastic deformations are small and it corresponds
to approximation of added mass of fluid used for hydrothermoelastic reaction. This leads to essential
simplifications of the developing hydrothermoelastic model and it makes possible the application
of analytical and semi-analytical approaches for the analysis of dynamics and stability of the
considered system. For convenience the non-dimensional variables and defining parameters are
introduced. The numerical realization of the hydrothermoelastic model describing the non-stationary
behavior of a panel moving in the ideal fluid flow is based on the application of semi-discrete
scheme of Galerkin's method. With the help of two shape functions the problem of non-stationary
dynamics describing by the partial differential equation is reduced to integration of the system of
two ordinary differential equations. As another application of the hydrothermoelastic model it is
considered the problem of static instability of a moving panel in a flow of ideal fluid. The introduction
of the auxiliary variable makes possible to formulate the boundary eigenvalue problem and to find
the critical values of static instability parameters in the analytic form. Thus, the effectiveness of the
described hydrothermoelastic model is illustrated by the examples of semi-discrete analysis of
non-stationary vibrations and the analytic solution of the stability loss problem under the critical
temperatures and velocities of system movement.

Keywords: axial movement of material, hydrothermoelasticity, transverse vibrations, added masses,
loss of stability.


