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Â ðàáîòå ïðîâåäåíî èññëåäîâàíèå âëèÿíèÿ íà ðàáîòó ïåðèñòàëüòè÷åñêîãî íàñîñà ëèíåéíîãî òèïà 
ñâîéñòâ ìàòåðèàëà åãî óïðóãîé òðóáêè, àëãîðèòìà ñðàáàòûâàíèÿ âûæèìíûõ ýëåìåíòîâ, à òàêæå 
íàëè÷èÿ ó âõîäíîãî è âûõîäíîãî ñå÷åíèé íàñîñà íåðîâíîñòåé â âèäå ÷åðåäóþùèõñÿ êîíôóçîðîâ 
è âíåçàïíûõ ðàñøèðåíèé. Äëÿ èññëåäîâàíèÿ âëèÿíèÿ ïåðå÷èñëåííûõ ôàêòîðîâ áûëà ïðîâåäå-
íà ñåðèÿ ÷èñëåííûõ ýêñïåðèìåíòîâ ñ èñïîëüçîâàíèåì óíèâåðñàëüíîãî ïðîãðàììíîãî îáåñïå÷å-
íèÿ STAR-CCM+, â êîòîðîì ìîäåëèðîâàíèå ðàáîòû íàñîñà âûïîëíÿëîñü ñîâìåñòíûì ðàñ÷åòîì 
òå÷åíèÿ æèäêîñòè è óïðóãèõ äåôîðìàöèé åãî òðóáêè. Â ðåçóëüòàòå ïðîâåäåííûõ ÷èñëåííûõ ýêñ-
ïåðèìåíòîâ äëÿ ðÿäà çíà÷åíèé êîýôôèöèåíòà Ïóàññîíà áûëî óñòàíîâëåíî, ÷òî äëÿ ïîëó÷åíèÿ 
íàèáîëüøåé ýôôåêòèâíîñòè ìàòåðèàë òðóáêè íàñîñà íåîáõîäèìî ïîäáèðàòü ñ êàê ìîæíî ìåíü-
øèì êîýôôèöèåíòîì Ïóàññîíà. Èññëåäîâàíèå âîçìîæíûõ àëãîðèòìîâ ñðàáàòûâàíèÿ âûæèìíûõ 
ýëåìåíòîâ íàñîñà ïîêàçàëî, ÷òî äëÿ ïîëó÷åíèÿ íàèáîëüøåãî êîýôôèöèåíòà ïîëåçíîãî äåéñòâèÿ 
ðåæèì ðàáîòû íàñîñà ñëåäóåò âûáèðàòü â ñîîòâåòñòâèè ñ êîíñòðóêöèåé ïðèâîäà. Äëÿ ïðèâîäà, 
â êîòîðîì ýíåðãèÿ çàòðà÷èâàåòñÿ òîëüêî íà ïåðåìåùåíèå âûæèìíûõ ýëåìåíòîâ, ïðåäïî÷òèòåëåí 
ðåæèì, â êîòîðîì ïåðâûå âûæèìíûå ýëåìåíòû äîëüøå óäåðæèâàþò òðóáêó â ñæàòîì ñîñòîÿíèè, 
÷òî îáåñïå÷èâàåò áîëüøåå çíà÷åíèå ïîäà÷è. Äëÿ ïðèâîäà, â êîòîðîì ýíåðãèÿ òðàòèòñÿ íà ïîä-
äåðæàíèå òðóáêè â ñæàòîì ñîñòîÿíèè, ïðåäïî÷òèòåëåí ðåæèì, â êîòîðîì çàäåðæêà âîçâðàùåíèÿ 
âûæèìíîãî ýëåìåíòà â èñõîäíîå ñîñòîÿíèå ìèíèìàëüíà. Â ðåçóëüòàòå èçó÷åíèÿ âëèÿíèÿ ó÷àñòêîâ 
ñ íåðîâíîñòÿìè áûëî ïîëó÷åíî, ÷òî ïðèìåíåíèå âûñîòû è øàãà íåðîâíîñòåé, ïðè êîòîðûõ îò-
íîøåíèå ñîïðîòèâëåíèé ýòèõ ó÷àñòêîâ ïðè ïðÿìîì è îáðàòíîì òå÷åíèè îïòèìàëüíî, ïðèâîäèò 
ê óìåíüøåíèþ ïîäà÷è è äàâëåíèÿ íàñîñà.
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Ââåäåíèå 
Íàñîñû ïåðèñòàëüòè÷åñêîãî ïðèíöèïà äåé-

ñòâèÿ ÿâëÿþòñÿ îáúåìíûìè ãèäðàâëè÷åñêèìè 
ìàøèíàìè, ïðèìåíÿåìûìè äëÿ òðàíñïîðòè-
ðîâêè è äîçèðîâàíèÿ ñàìûõ ðàçíîîáðàçíûõ 
æèäêîñòåé. Îñíîâíûìè ýëåìåíòàìè òàêèõ íà-
ñîñîâ ÿâëÿþòñÿ óïðóãèé ðàáî÷èé îðãàí è âû-
æèìíûå ýëåìåíòû [1], êîòîðûå ïåðèîäè÷åñêè 
ñæèìàþò ðàáî÷èé îðãàí ïî òîìó èëè èíîìó àë-
ãîðèòìó. Â êà÷åñòâå óïðóãîãî ðàáî÷åãî îðãàíà, 
êàê ïðàâèëî, èñïîëüçóþò òðóáêó, èçãîòîâëåí-
íóþ èç ýëàñòè÷íûõ ìàòåðèàëîâ. Ðåæå â êîí-
ñòðóêöèè ïåðèñòàëüòè÷åñêîãî íàñîñà âìåñòî 
òðóáêè ïðèìåíÿþò ìåìáðàíû [2], ïðè÷åì âîç-
ìîæíà äàæå êîíñòðóêöèÿ âñåãî ñ îäíîé ìåì-
áðàíîé è îäíèì âûæèìíûì ýëåìåíòîì [3], ãäå 
ïîëîæèòåëüíàÿ ïîäà÷à îáåñïå÷èâàåòñÿ ñïåöè-

àëüíîé ôîðìîé ïðîòî÷íîé ÷àñòè. Ñëåäóåò çà-
ìåòèòü, ÷òî â îòëè÷èå îò ìåìáðàííîãî íàñîñà, 
â ïåðèñòàëüòè÷åñêîì íàñîñå ñ ìåìáðàíîé 
íå èñïîëüçóþòñÿ êëàïàíû.

Â êðóïíîãàáàðèòíûõ ïåðèñòàëüòè÷åñêèõ íà-
ñîñàõ ñ òðóáêîé âíóòðåííåãî äèàìåòðà îò 10 
äî 125 ìì, ðàññ÷èòàííûõ íà ïîäà÷è âïëîòü 
äî 80 ì3/÷, â êà÷åñòâå âûæèìíûõ ýëåìåíòîâ 
èñïîëüçóþò ðîëèêè (òàêèå íàñîñû ìîãóò ðà-
áîòàòü ñ äàâëåíèåì äî 1,2 ÌÏà) èëè áàøìàêè 
(äàâëåíèå äî 1,6 ÌÏà). Òàêèå íàñîñû íàøëè 
ïðèìåíåíèå â õèìè÷åñêîé ïðîìûøëåííî-
ñòè äëÿ ïåðåêà÷êè êèñëîò è äðóãèõ àãðåññèâ-
íûõ æèäêîñòåé, â ïèùåâîé ïðîìûøëåííîñòè 
äëÿ òðàíñïîðòèðîâêè ïðîäóêòîâ è äîçèðîâà-
íèÿ ñïåöèé, â êàíàëèçàöèîííîì îáîðóäîâàíèè 
äëÿ îòâîäà ñòî÷íûõ âîä è äð.
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Ìàëîãàáàðèòíûå ïåðèñòàëüòè÷åñêèå íàñîñû 
ñ òðóáêîé âíóòðåííåãî äèàìåòðà îò 0,15 äî 
10 ìì, ðàññ÷èòàííûå íà ïîäà÷è îò 0,3 äî 
2000 ìêë/ìèí è íà ðàáî÷åå äàâëåíèå äî 0,2 ÌÏà, 
èñïîëüçóþò â ìåäèöèíå äëÿ ïåðåëèâàíèÿ êðîâè 
è äîçèðîâêè ëåêàðñòâ, â ñòðóéíûõ ïðèíòåðàõ 
äëÿ òðàíñïîðòèðîâêè ÷åðíèë, â êîìïüþòåðíîì 
îáîðóäîâàíèè äëÿ îõëàæäåíèÿ èíòåãðàëüíûõ 
ñõåì. Òàêèå ìèíèàòþðíûå ïåðèñòàëüòè÷åñêèå 
íàñîñû ïðèìåíÿþò òàêæå è â äðóãèõ îáëàñòÿõ, 
ãäå òðåáóåòñÿ ñòåðèëüíîñòü, ãåðìåòè÷íîñòü, 
êîìïàêòíîñòü è òî÷íîñòü ïîäà÷è. Â íèõ â êà÷å-
ñòâå âûæèìíûõ ýëåìåíòîâ ìîãóò èñïîëüçîâàòü 
íå òîëüêî ðîëèêè, íî è òîëêàòåëè, ïðèâîäèìûå 
â äâèæåíèå ýëåêòðîìàãíèòàìè èëè ìèíèàòþð-
íûì äâèãàòåëåì ñ ýêñöåíòðèêîì, ïüåçîýëåê-
òðè÷åñêèå êðèñòàëëû. Ïî ñðàâíåíèþ ñ äðóãèìè 
ãåðìåòè÷íûìè ãèäðàâëè÷åñêèìè ìàøèíàìè, 
ïåðèñòàëüòè÷åñêèå íàñîñû èìåþò ãîðàçäî áîëåå 
ïðîñòóþ êîíñòðóêöèþ, ó íèõ îòñóòñòâóþò äâè-
æóùèåñÿ äåòàëè â ïðîòî÷íîé ÷àñòè. Êðîìå 
òîãî, ìíîãèå òâåðäîòåëüíûå ìîäåëè äåòàëåé, 
íåîáõîäèìûõ äëÿ ñáîðêè ìèíèàòþðíîãî ïåðè-
ñòàëüòè÷åñêîãî íàñîñà, íàõîäÿòñÿ â ñâîáîäíîì 
äîñòóïå è ìîãóò áûòü ïðèìåíåíû äëÿ èçãîòîâ-
ëåíèÿ íàñîñà ñ èñïîëüçîâàíèåì 3D-ïðèíòåðà [4], 
÷òî äåëàåò òàêèå íàñîñû çíà÷èòåëüíî äåøåâëå 
äðóãèõ àíàëîãè÷íûõ ãèäðàâëè÷åñêèõ ìàøèí. 
Êàê ïîêàçûâàþò ïðîâåäåííûå â ðàáîòå [5] èñ-
ñëåäîâàíèÿ, ìèíèàòþðíûé ïåðèñòàëüòè÷åñêèé 
íàñîñ ëèíåéíîãî òèïà ïîâðåæäàåò â ïåðåêà÷è-
âàåìîé ñðåäå ìåíüøåå êîëè÷åñòâî ïðîòåèíîâ, 
÷åì ðàññ÷èòàííûå íà òó æå ïîäà÷ó (îêîëî 10 ìë/
ìèí) ïåðèñòàëüòè÷åñêèé íàñîñ ñ u-îáðàçíî ðàñ-
ïîëîæåííîé òðóáêîé è ïîðøíåâîé íàñîñ.

Íåäîñòàòêîì ïåðèñòàëüòè÷åñêèõ íàñî-
ñîâ ÿâëÿåòñÿ íèçêèé êîýôôèöèåíò ïîëåçíîãî 
äåéñòâèÿ. Åñëè äëÿ êðóïíîãàáàðèòíûõ ïåðè-
ñòàëüòè÷åñêèõ íàñîñîâ îí äîñòèãàåò 0,45 [6], 
òî ó ìèíèàòþðíûõ íàñîñîâ ñ u-îáðàçíî ðàñïî-
ëîæåííîé òðóáêîé è ðîëèêàìè îí, êàê ïðàâèëî, 
íå ïðåâûøàåò 3·10–3 [7]. Î÷åâèäíî, ÷òî ó íàñîñà 
ñ ëèíåéíî ðàñïîëîæåííîé òðóáêîé êïä áóäåò 
åùå ìåíüøå. 

Â íàñòîÿùåé ðàáîòå öåëüþ èññëåäîâàíèÿ ÿâ-
ëÿåòñÿ èçó÷åíèå âëèÿíèÿ ðàçíîîáðàçíûõ ôàê-
òîðîâ íà ýôôåêòèâíîñòü ðàáîòû ìèíèàòþðíîãî 
ïåðèñòàëüòè÷åñêîãî íàñîñà ñ ëèíåéíî ðàñïîëî-
æåííîé òðóáêîé è òðåìÿ âûæèìíûìè ýëåìåí-
òàìè, â êà÷åñòâå êîòîðûõ èñïîëüçóþòñÿ òîëêà-
òåëè, ñæèìàþùèå òðóáêó íàñîñà â ïîïåðå÷íîì 
íàïðàâëåíèè.

Ìåòîäèêà èññëåäîâàíèÿ
Äëÿ èññëåäîâàíèÿ âëèÿíèÿ ðàçëè÷íûõ ôàê-

òîðîâ íà ýôôåêòèâíîñòü ðàáîòû ïåðèñòàëüòè-
÷åñêîãî íàñîñà ëèíåéíîãî òèïà áûë èñïîëüçî-
âàí óíèâåðñàëüíûé ïðîãðàììíûé êîìïëåêñ 
STAR-CCM+, â êîòîðîì óðàâíåíèÿ Íàâüå-
Ñòîêñà è óðàâíåíèå íåðàçðûâíîñòè ðåøàþòñÿ 
ñ èñïîëüçîâàíèåì ìåòîäà êîíòðîëüíîãî îáúåìà 
[8]. Äëÿ ìîäåëèðîâàíèÿ ðàáîòû íàñîñà èñïîëü-
çîâàëñÿ ñîâìåñòíûé ðàñ÷åò ëàìèíàðíîãî íå-
ñòàöèîíàðíîãî òå÷åíèÿ æèäêîñòè è óïðóãèõ 
äåôîðìàöèé òðóáêè. Â êà÷åñòâå ïåðåêà÷èâàå-
ìîé æèäêîñòè áûëî âçÿòî ìåäèöèíñêîå ìàñëî 
ñ ïëîòíîñòüþ 855 êã/ì3 è äèíàìè÷åñêîé âÿçêî-
ñòüþ 88 ìÏà·ñ. 

Èñïîëüçóåìàÿ ìîäåëü íàñîñà ïîêàçàíà 
íà ðèñ. 1. Âûæèìíûå ýëåìåíòû íàñîñà ïî î÷å-
ðåäè ñæèìàþò óïðóãèé ðàáî÷èé ýëåìåíò 
íàñîñà – òðóáêó ñ âíóòðåííèì äèàìåòðîì 
3 ìì. Äëÿ ìîäåëèðîâàíèÿ äåéñòâèÿ âûæèì-
íûõ ýëåìåíòîâ â ìîäåëè áûëè çàäàíû îáëàñòè, 
íà êîòîðûå äåéñòâóåò ñæèìàþùàÿ òðóáêó ñèëà, 
çàäàâàåìàÿ êàê ôóíêöèÿ îò âðåìåíè. Äëÿ ìî-
äåëèðîâàíèÿ ðàçëè÷íîé ïîëåçíîé íàãðóçêè, 
íà êîòîðóþ ðàáîòàåò íàñîñ, â êîíöå òðóáêè áûë 
ïîñòðîåí äîïîëíèòåëüíûé ó÷àñòîê ìåíüøåãî 
äèàìåòðà. Èçìåíåíèå äëèíû ýòîãî ó÷àñòêà, 
òàêèì îáðàçîì, ìåíÿåò ñîïðîòèâëåíèå òðóáî-
ïðîâîäà íàãíåòàíèÿ.

Âî âðåìÿ ñæàòèÿ ïåðåêà÷èâàåìàÿ æèäêîñòü 
÷àñòè÷íî âûòàëêèâàåòñÿ ê âõîäíîìó ñå÷åíèþ 
íàñîñà, à ÷àñòè÷íî – ê âûõîäíîìó ñå÷åíèþ. 
Àíàëîãè÷íî âî âðåìÿ âîçâðàùåíèÿ âûæèìíî-
ãî ýëåìåíòà â èñõîäíîå ïîëîæåíèå ïðîèñõîäèò 
âñàñûâàíèÿ æèäêîñòè èç òðóáîïðîâîäà íàãíå-

Ðèñ. 1. Èñïîëüçóåìàÿ äëÿ èññëåäîâàíèÿ ìîäåëü íàñîñà

Fig. 1. Pump model used for research
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òàíèÿ è èç òðóáîïðîâîäà âñàñûâàíèÿ. Äëÿ íàè-
áîëåå ýôôåêòèâíîé ðàáîòû íàñîñà íåîáõîäèìî, 
÷òîáû âî âðåìÿ ñæàòèÿ êàê ìîæíî áîëüøàÿ äîëÿ 
âûòåñíÿåìîãî îáúåìà æèäêîñòè òåêëà ê âûõîä-
íîìó ñå÷åíèþ òðóáîïðîâîäà. Âî âðåìÿ âîçâðà-
ùåíèÿ âûæèìíûõ ýëåìåíòîâ â èñõîäíîå ïîëî-
æåíèå, íàïðîòèâ, íåîáõîäèìî, ÷òîáû êàê ìîæíî 
áîëüøèé îáúåì æèäêîñòè âñàñûâàëñÿ îò âõîä-
íîãî ñå÷åíèÿ íàñîñà. Âåëè÷èíû âñàñûâàåìûõ 
è âûòåñíÿåìûõ îáúåìîâ æèäêîñòè, î÷åâèäíî, 
áóäóò çàâèñåòü îò ãèäðàâëè÷åñêèõ ñîïðîòèâëå-
íèé ó÷àñòêîâ òðóáêè íàñîñà ïî áîêàì îáëàñòåé 
åå ñæàòèÿ. Íàïðèìåð, ïîñëå ñæàòèÿ òðóáêè 
ïåðâûì âûæèìíûì ýëåìåíòîì âòîðîé âûæèì-
íîé ýëåìåíò âûòåñíèò ïî íàïðàâëåíèþ ê âû-
õîäíîìó ñå÷åíèþ áîëüøèé îáúåì æèäêîñòè, òàê 
êàê òðóáêà áóäåò ïåðåêðûòà ïåðâûì âûæèìíûì 
ýëåìåíòîì. Ñæàòûé ïåðâûì âûæèìíûì ýëåìåí-
òîì ó÷àñòîê òðóáêè áóäåò ïðè ýòîì èìåòü íå-
êîòîðûé çàçîð, ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå 
êîòîðîãî áóäåò çàâèñåòü îò åãî ôîðìû. Ôîðìà 
çàçîðà, â ñâîþ î÷åðåäü, áóäåò çàâèñåòü îò ìàòå-
ðèàëà óïðóãîãî ðàáî÷åãî îðãàíà íàñîñà.

Äðóãèì ôàêòîðîì, âëèÿþùèì íà ðàáîòó 
íàñîñà, ÿâëÿåòñÿ àëãîðèòì ñðàáàòûâàíèÿ âû-

æèìíûõ ýëåìåíòîâ. Íàïðèìåð, âî âðåìÿ 
ñæàòèÿ òðóáêè òðåòüèì âûæèìíûì ýëåìåíòîì, 
ïåðâûé âûæèìíîé ìîæåò óæå íàõîäèòüñÿ â èñ-
õîäíîì ïîëîæåíèè, à ìîæåò âñå åùå äåðæàòü 
òðóáêó ñæàòîé. Îò ýòîãî áóäåò çàâèñåòü ñîïðî-
òèâëåíèå ó÷àñòêà òðóáêè ïåðåä ñæèìàåìûì 
ó÷àñòêîì, à òàêæå âðåìÿ öèêëà ðàáîòû íàñîñà. 
Äëÿ èçó÷åíèÿ âëèÿíèÿ àëãîðèòìà ñðàáàòûâà-
íèÿ âûæèìíûõ ýëåìåíòîâ íà ðàáîòó íàñîñà 
áûëà ïðîâåäåíà ñåðèÿ ÷èñëåííûõ ýêñïåðèìåí-
òîâ. Èçìåíåíèå çíà÷åíèÿ ñèëû, ñ êîòîðîé âû-
æèìíîé ýëåìåíò ñæèìàåò òðóáêó, îò âðåìåíè 
ïîêàçàíî íà ðèñ. 2.

Íàêîíåö, íà ïîäà÷ó ìîãóò îêàçàòü âëèÿ-
íèå ó÷àñòêè òðóáêè ñî ñïåöèàëüíî ñîçäàííû-
ìè íåðîâíîñòÿìè. Â ðàáîòå [9] áûëî ïîêàçàíî, 
÷òî íåðîâíîñòè â ôîðìå ÷åðåäóþùèõñÿ êîíôó-
çîðîâ è âíåçàïíûõ ðàñøèðåíèé èìåþò ðàçíîå 
ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå â çàâèñèìîñòè 
îò íàïðàâëåíèÿ òå÷åíèÿ, ïîýòîìó ïîäáîð îïòè-
ìàëüíîãî ñî÷åòàíèÿ âûñîòû è øàãà íåðîâíîñòåé 
ìîæåò ïîâûñèòü ýôôåêòèâíîñòü ýêñïëóàòàöèè 
íàñîñà. Äëÿ îïðåäåëåíèÿ ýòîãî ñî÷åòàíèÿ ÷èñ-
ëåííûå ýêñïåðèìåíòû ïðîâîäèëèñü äëÿ ñåòî÷-
íîé ìîäåëè, ïîêàçàííîé íà ðèñ. 3.

Ðèñ. 2. Èçó÷àåìûå àëãîðèòìû ñðàáàòûâàíèÿ âûæèìíûõ ýëåìåíòîâ íàñîñà: 
1 – ïåðâûé âûæèìíîé ýëåìåíò, 2 – âòîðîé âûæèìíîé ýëåìåíò, 3 – òðåòèé âûæèìíîé ýëåìåíò

Fig. 2. The studied algorithms for the actuation of release elements of the pump: 
1 – first release element, 2 – second release element, 3 – third release element
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Ðèñ. 3. Ìîäåëü äëÿ îïðåäåëåíèÿ ýêâèâàëåíòíîé 
äëèíû ó÷àñòêà ñ íåðîâíîñòÿìè

Fig. 3. Model for determining the equivalent length 
of the irregular section

Ó÷àñòîê ñ íåðîâíîñòÿìè èìååò äëèíó 3 ñì. 
Ñêîðîñòü íà âõîäå çàäàâàëàñü ïîñòîÿííîé 
ïî ñå÷åíèþ, ïîýòîìó, ÷òîáû ó÷åñòü íà÷àëüíûé 
ó÷àñòîê ëàìèíàðíîãî òå÷åíèÿ, ïî áîêàì áûëè 
ïîñòðîåíû äîïîëíèòåëüíûå èíòåðâàëû áåç íå-
ðîâíîñòåé ïî 4 ñì êàæäûé. ×èñëåííûå ýêñïå-
ðèìåíòû ïðîâîäèëèñü äëÿ îáîèõ íàïðàâëåíèé 
òå÷åíèÿ æèäêîñòè ñî ñêîðîñòüþ 7 ì/ñ, ïîñëå 
÷åãî ýêâèâàëåíòíàÿ äëèíà ó÷àñòêà ñ íåðîâíî-
ñòÿìè âû÷èñëÿëàñü ïî âûðàæåíèþ

2

,
32

pdl
v




ý

ãäå v – ñêîðîñòü òå÷åíèÿ, ì/ñ; Δp – ïîòåðè äàâ-
ëåíèÿ íà ó÷àñòêå ñ íåðîâíîñòÿìè, Ïà; μ – äèíà-
ìè÷åñêàÿ âÿçêîñòü, Ïà·ñ; d – âíóòðåííèé äèà-
ìåòð, ìì.

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Òàê êàê ïðè ðàáîòå íàñîñà èìåþò ìåñòî 

òîëüêî óïðóãèå äåôîðìàöèè òðóáêè, äëÿ çà-
äàíèÿ ìàòåðèàëà òðóáêè íàñîñà íåîáõîäèìû 
òîëüêî ìîäóëü Þíãà è êîýôôèöèåíò Ïóàññî-
íà. Ïîñêîëüêó îò ìîäóëÿ Þíãà çàâèñèò òîëüêî 
âåëè÷èíà ñèëû, íåîáõîäèìîé äëÿ ñæàòèÿ 
òðóáêè, òî ÷èñëåííûå ýêñïåðèìåíòû ïðîâîäè-
ëèñü òîëüêî äëÿ ðÿäà çíà÷åíèé êîýôôèöèåíòà 
Ïóàññîíà. Â êà÷åñòâå àëãîðèòìà ñðàáàòûâà-
íèÿ âûæèìíûõ ýëåìåíòîâ áûë âûáðàí ïåðâûé 
ðåæèì ðàáîòû íàñîñà, íî ñ äëèòåëüíîñòüþ 
öèêëà 0,1 ñ. Ïîëó÷åííûé ãðàôèê çàâèñèìîñòè 
ïîëåçíîé ìîùíîñòè íàñîñà îò êîýôôèöèåíòà 
Ïóàññîíà èçîáðàæåí íà ðèñ. 4. Èç ïîëó÷åííûõ 
ðåçóëüòàòîâ âèäíî, ÷òî ñ óâåëè÷åíèåì êîýôôè-
öèåíòà Ïóàññîíà ðàçâèâàåìàÿ íàñîñîì ìîù-
íîñòü óìåíüøàåòñÿ, ïîýòîìó ìîæíî ïðèéòè 
ê âûâîäó, ÷òî äëÿ íàèáîëåå ýôôåêòèâíîé 
ðàáîòû íàñîñà ìàòåðèàë òðóáêè íåîáõîäèìî 
ïîäáèðàòü ñ êàê ìîæíî ìåíüøèì çíà÷åíèåì 
ýòîãî êîýôôèöèåíòà.

Ðèñ. 4. Çàâèñèìñîòü ðàçâèâàåìîé íàñîñîì ìîùíîñòè 
îò êîýôôèöèåíòà Ïóàññîíà

Fig. 4. Dependence of the power developed 
by the pump on Poisson’s ratio

Ïîëó÷åííûå õàðàêòåðèñòèêè íàñîñà â çà-
âèñèìîñòè îò ðåæèìà ðàáîòû íàñîñà ïîêàçà-
íû íà ðèñ. 5 äëÿ âðåìåíè öèêëà 0,4 ñ. Ñîãëàñ-
íî ïîëó÷åííûì ðåçóëüòàòàì, âòîðîé è òðåòèé 
ðåæèìû îáåñïå÷èâàþò ïîëåçíóþ ìîù-
íîñòü íà 41 % áîëüøå, ÷åì ÷åòâåðòûé ðåæèì 
è íà 133 % áîëüøå, ÷åì ïåðâûé. Áîëüøèå çíà÷å-
íèÿ ïîëåçíîé ìîùíîñòè äëÿ âòîðîãî è òðåòüåãî 
ðåæèìîâ ìîæíî îáúÿñíèòü òåì, ÷òî âî âðåìÿ 
ñæàòèÿ òðåòüèì âûæèìíûì ýëåìåíòîì òðóáêà 
ñæàòà ïåðâûìè äâóìÿ âûæèìíûìè ýëåìåíòà-
ìè (â îòëè÷èå îò äâóõ äðóãèõ ðåæèìîâ, â êî-
òîðûõ â ýòîò èíòåðâàë âðåìåíè òðóáêà ñæàòà 
òîëüêî âòîðûì âûæèìíûì ýëåìåíòîì). Ýòî 

Ðèñ. 5. Âëèÿíèå ðåæèìà ðàáîòû íàñîñà 
íà ìîùíîñòíóþ õàðàêòåðèñòèêó, 

âðåìÿ öèêëà tö = 0,4 ñ: 
1 – ïåðâûé ðåæèì; 2 – âòîðîé ðåæèì; 3 – òðåòèé 

ðåæèì; 4 – ÷åòâåðòûé ðåæèì

Fig. 5. Influence of the pump operation mode 
on the power characteristic, cycle time t

ö
 = 0,4 sec: 

1 – first mode; 2 – second mode; 3 – third mode; 
4 – fourth mode
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óâåëè÷èâàåò ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå 
òðóáîïðîâîäà ïåðåä ñæèìàåìûì ó÷àñòêîì è, 
òåì ñàìûì, óâåëè÷èâàåò äîëþ îáúåìà æèäêî-
ñòè, âûòåñíÿåìîãî íåïîñðåäñòâåííî â íàïðàâ-
ëåíèè âûõîäíîãî ñå÷åíèÿ íàñîñà.

Ñîãëàñíî ãðàôèêàì íà ðèñ. 2 â êàæäîì àë-
ãîðèòìå ñðàáàòûâàíèÿ âûæèìíûõ ýëåìåíòîâ 
â êîíöå öèêëà åñòü íåêîòîðûé ïðîìåæóòîê 
âðåìåíè, êîãäà íè îäèí èç âûæèìíûõ ýëåìåí-
òîâ íå äâèãàåòñÿ. Åñëè â êàæäîì ðåæèìå ñî-
êðàòèòü ýòîò âðåìåííîé ïðîìåæóòîê äî ìèíè-
ìóìà (îñòàâèâ âðåìÿ ñðàáàòûâàíèÿ âûæèìíûõ 
ýëåìåíòîâ íåèçìåííûì), òî çà ñ÷åò ñîêðàùå-
íèÿ äëèòåëüíîñòè öèêëà îñðåäíåííûå ïî âðå-
ìåíè ïîäà÷à íàñîñà è ñîçäàâàåìîå èì äàâëåíèå, 
âåðîÿòíî, óâåëè÷àòñÿ.

Íà ðèñ. 6 ïîêàçàíû ãðàôèêè ñî âðåìå-
íåì öèêëà t

ö
 = 0,33 ñ äëÿ ïåðâîãî è âòîðî-

ãî ðåæèìîâ, t
ö
 = 0,36 ñ äëÿ òðåòüåãî ðåæèìà 

è t
ö
 = 0,27 ñ äëÿ ÷åòâåðòîãî ðåæèìà. Ïîñëå 

óìåíüøåíèÿ äëèòåëüíîñòè öèêëà çà ñ÷åò èí-
òåðâàëà âðåìåíè, êîãäà íåò äâèæåíèÿ âû-
æèìíûõ ýëåìåíòîâ, ìàêñèìàëüíàÿ ïîëåçíàÿ 
ìîùíîñòü ñîîòâåòñòâóåò ÷åòâåðòîìó ðåæèìó 
ðàáîòû. Íî òåïåðü âûæèìíûå ýëåìåíòû 
äîëæíû ñðàáàòûâàòü ÷àùå, ïîýòîìó è çàòðàòû 
ýíåðãèè íà ñæàòèå òðóáêè óâåëè÷àòñÿ.

Äëÿ îöåíêè çàòðà÷èâàåìîé ýíåðãèè âîñ-
ïîëüçóåìñÿ ñëåäóþùèìè ðàññóæäåíèÿìè. Çà-

òðà÷èâàåìóþ íà ñæàòèå òðóáêè âûæèìíûì 
ýëåìåíòîì ðàáîòó ìîæíî îïðåäåëèòü ïî âûðà-
æåíèþ

max

0

( ) ,
F

A s F dF ç

ãäå F – ïðèëàãàåìàÿ ê âûæèìíîìó ýëåìåíòó 
ñèëà, Í; F

max
 – çíà÷åíèå ïðèëàãàåìîé ê âû-

æèìíîìó ýëåìåíòó ñèëû, ïðè êîòîðîé òðóáêà 
ïîëíîñòüþ ñæàòà, Í; s – ïîëîæåíèå âûæèìíî-
ãî ýëåìåíòà ïî îòíîøåíèþ ê åãî èçíà÷àëüíîìó 
ïîëîæåíèþ, ì. 

Èç ïðîâåäåííûõ ÷èñëåííûõ ýêñïåðèìåíòîâ 
áûëî ïîëó÷åíî, ÷òî A

ç
 = 0,0722F

max
d. Òîãäà, 

ñ ó÷åòîì òîãî, ÷òî âûæèìíûõ ýëåìåíòîâ òðè 
è êàæäûé äâèæåòñÿ âî âðåìÿ ðàáîòû íàñîñà 
îäèí ðàç â îäíîì íàïðàâëåíèè è îäèí ðàç â îá-
ðàòíîì, çàòðà÷èâàåìàÿ íà ñæàòèå òðóáêè ìîù-
íîñòü N

ç
 = 0,4332F

max
d/t

ö
. Â êà÷åñòâå ïðèìåðà 

âîçüìåì F
max

 = 12 Í.
Ïîëó÷åííûå ãðàôèêè êïä íàñîñà (áåç ó÷åòà 

ïîòåðü ýíåðãèè â ïðèâîäå) ïîêàçàíû íà ðèñ. 7. 
Èç-çà äîïîëíèòåëüíûõ çàòðàò ýíåðãèè, ñâÿ-
çàííûõ ñ áîëåå ÷àñòûì ñðàáàòûâàíèåì âû-
æèìíûõ ýëåìåíòîâ, ïðåèìóùåñòâî ÷åòâåðòî-
ãî ðåæèìà èñ÷åçàåò è íàèáîëåå ýôôåêòèâíàÿ 
ðàáîòà íàñîñà äîñòèãàåòñÿ ñî âòîðûì ðåæèìîì 
ðàáîòû. Çàìåòèì, ÷òî ýòî ñïðàâåäëèâî òîëüêî 
â òîì ñëó÷àå, åñëè â ïðèâîäå íàñîñà ïðîèñ-

Ðèñ. 7. ÊÏÄ íàñîñà áåç ó÷åòà ïîòåðü â åãî ïðèâîäå: 
1 – ïåðâûé ðåæèì, t

ö
 = 0,33 ñ; 2 – âòîðîé ðåæèì, 

t
ö
 = 0,33 ñ; 3 – òðåòèé ðåæèì, t

ö
 = 0,36 ñ; 

4 – ÷åòâåðòûé ðåæèì t
ö
 = 0,27 ñ

Fig. 7. Pump efficiency without taking 
into account losses in its drive: 

1 – first mode, t
ö
 = 0,33 sec; 2 – second mode, 

t
ö
 = 0,33 sec; 3 – third mode, t

ö
 = 0,36 sec; 

4 – fourth mode, t
ö
 = 0,27 sec

Ðèñ. 6. Âëèÿíèå ðåæèìà ðàáîòû íàñîñà 
íà ìîùíîñòíóþ õàðàêòåðèñòèêó, âðåìÿ öèêëà: 

1 – ïåðâûé ðåæèì; t
ö
 = 0,33 ñ; 2 – âòîðîé ðåæèì, 

t
ö
 = 0,33 ñ; 3 – òðåòèé ðåæèì, t

ö
 = 0,36 ñ; 

4 – ÷åòâåðòûé ðåæèì t
ö
 = 0,27 ñ

Fig. 6. Influence of the pump operation mode 
on the power characteristic, cycle time: 

1 – first mode, t
ö
 = 0,33 sec; 2 – second mode, 

t
ö
 = 0,33 sec; 3 – third mode, t

ö
 = 0,36 sec; 

4 – fourth mode, t
ö
 = 0,27 sec
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õîäÿò çàòðàòû ýíåðãèè òîëüêî â òå èíòåðâàëû 
âðåìåíè, êîãäà âûæèìíûå ýëåìåíòû äâèãàþò-
ñÿ, íàïðèìåð, åñëè â êà÷åñòâå âûæèìíûõ ýëå-
ìåíòîâ èñïîëüçóþòñÿ ýêñöåíòðèêè èëè òîëêà-
òåëè ñ êðèâîøèïíî-øàòóííûì ìåõàíèçìîì [5]. 
Â ñëó÷àå ïðèìåíåíèÿ äðóãîãî ïðèâîäà (ïüåçî-
ýëåìåíòû èëè ýëåêòðîìàãíèòû) ýíåðãèÿ áóäåò 
òðàòèòüñÿ íà ïîääåðæàíèå òðóáêè â ñæàòîì ñî-
ñòîÿíèè. 

Äëÿ îöåíêè ïîëíîãî ÊÏÄ íàñîñà ñ òàêèì 
òèïîì ïðèâîäà âîçüìåì äàííûå ýêñïåðèìåíòîâ 
èç ðàáîòû [10], ãäå âî âðåìÿ ñæàòèÿ è âî âðåìÿ 
ïîääåðæàíèÿ òðóáêè â ñæàòîì ñîñòîÿíèè çà-
òðà÷èâàåìàÿ ìîùíîñòü ñîñòàâëÿåò îêîëî 
15,5 Âò. Ïîëó÷èâøèåñÿ ãðàôèêè èçîáðàæåíû 
íà ðèñ. 8, ãäå íàèáîëüøèé ÊÏÄ ñîîòâåòñòâó-
åò ÷åòâåðòîìó ðåæèìó ðàáîòû. Òàêîé ðåçóëü-
òàò ìîæíî îáúÿñíèòü òåì, ÷òî ïî ñðàâíåíèþ 
ñî âòîðûì è òðåòüèì ðåæèìàìè ó ÷åòâåðòîãî 
ðåæèìà ìåíüøèå èíòåðâàëû âðåìåíè, êîãäà 
âûæèìíûå ýëåìåíòû äåðæàò òðóáêó ñæàòîé. 
Ìîæíî ñäåëàòü âûâîä, ÷òî äëÿ íàèáîëåå ýô-
ôåêòèâíîé ðàáîòû ïåðèñòàëüòè÷åñêîãî íàñîñà 
ðåæèì ðàáîòû ñëåäóåò âûáèðàòü â çàâèñèìîñòè 
îò êîíñòðóêöèè åãî ïðèâîäà.

Ðèñ. 8. Ïîëíûé êïä íàñîñà ñ ïðèâîäîì 
èç òîëêàòåëåé è ýëåêòðîìàãíèòîâ: 

1 – ïåðâûé ðåæèì, t
ö
 = 0,33 ñ; 2 – âòîðîé ðåæèì, 

t
ö
 = 0,33 ñ; 3 – òðåòèé ðåæèì, t

ö
 = 0,36 ñ; 

4 – ÷åòâåðòûé ðåæèì t
ö
 = 0,27 ñ

Fig. 8. Full efficiency of pump driven by pushers 
and electromagnets: 

1 – first mode, t
ö
 = 0,33 sec; 2 – second mode, 

t
ö
 = 0,33 sec; 3 – third mode, t

ö
 = 0,36 sec; 

4 – fourth mode, t
ö
 = 0,27 sec

Ðàññìîòðèì äàëåå ðåçóëüòàòû ÷èñëåííûõ 
ýêñïåðèìåíòîâ äëÿ ìîäåëè òðóáêè ñ íåðîâíî-
ñòÿìè â ôîðìå êîíôóçîðîâ è âíåçàïíûõ ðàñøè-
ðåíèé. Ïîñêîëüêó ãèäðàâëè÷åñêîå ñîïðîòèâ-
ëåíèå òàêèõ ó÷àñòêîâ çàâèñèò îò íàïðàâëåíèÿ 

òå÷åíèÿ, òî íàãëÿäíåé áóäåò ïðåäñòàâèòü ðå-
çóëüòàòû â âèäå îòíîøåíèÿ ýêâèâàëåíòíîé 
äëèíû ó÷àñòêà ñ íåðîâíîñòÿìè ïðè îáðàòíîì 
òå÷åíèè l

ý äèô
, êîãäà íåðîâíîñòè ïðåäñòàâëÿþò 

ñîáîé äèôôóçîðû è âíåçàïíûå ñóæåíèÿ, ê ýê-
âèâàëåíòíîé äëèíå ïðè ïðÿìîì òå÷åíèè l

ý êîíô
 

(ðèñ. 9).
Ïî ïîëó÷åííûì çàâèñèìîñòÿì âèäíî, 

÷òî â èçó÷åííîì äèàïàçîíå çíà÷åíèé ýòî îòíî-
øåíèå âîçðàñòàåò ñ óâåëè÷åíèåì Δ/d (ãäå Δ – 
âûñîòà âûñòóïîâ è ãëóáèíà âïàäèí íåðîâíî-
ñòåé), ïðè÷åì ïðèáëèæàåòñÿ ê ìàêñèìàëüíîìó 
çíà÷åíèþ ïðè Δ/d = 0,167. Ñ óìåíüøåíèåì îò-
íîñèòåëüíîãî øàãà íåðîâíîñòåé h/d îòíîøåíèå 
l
ý äèô

/l
ý êîíô

 óâåëè÷èâàåòñÿ, íî ïðè Δ/d = 0,167 
îòëè÷èÿ çíà÷åíèé l

ý äèô
/l

ý êîíô
 äëÿ øàãîâ 

h/d = 0,0833, h/d = 0,167 è h/d = 0,25 ïðåíåáðå-
æèìî ìàëû. Ïîýòîìó äëÿ ÷èñëåííûõ ýêñïåðè-
ìåíòîâ ñ ñîâìåñòíûì ðàñ÷åòîì òå÷åíèÿ æèä-
êîñòè è äåôîðìàöèè òðóáêè â íàñîñå ñ ó÷åòîì 
íåðîâíîñòåé äî è ïîñëå ñæèìàåìûõ ó÷àñòêîâ 
áûë âûáðàí îòíîñèòåëüíûé øàã íåðîâíîñòåé 
h/d = 0,25 è îòíîñèòåëüíàÿ âûñîòà íåðîâíîñòåé 
Δ/d = 0,167. 

Ðèñ. 9. Èçìåíåíèå îòíîøåíèÿ ýêâèâàëåíòíûõ 
äëèí lý äèô/lý êîíô ó÷àñòêà òðóáêè ñ íåðîâíîñòÿìè 

â çàâèñèìîñòè îò îòíîñèòåëüíîé âûñîòû íåðîâíîñòåé 
äëÿ ñëåäóþùèõ èõ øàãîâ h/d: 

1 – 0,0833; 2 – 0,167; 3 – 0,25; 4 – 0,333; 5 – 0,417

Fig. 9. Change in the ratio of equivalent lengths 
l
ý
 
äèô

/l
ý êîíô

 of a tube section with irregularities 
depending on the relative height of irregularities 

for their next pitches h/d: 
1 – 0,0833; 2 – 0,167; 3 – 0,25; 

4 – 0,333; 5 – 0,417

Â ðåçóëüòàòå ðàñ÷åòà áûëè ïîëó÷åíû íà-
ïîðíûå õàðàêòåðèñòèêè äëÿ íàñîñà, òðóáêà 
êîòîðîãî èìååò íåðîâíîñòè ñ âûáðàííûìè ïà-
ðàìåòðàìè, è äëÿ ñðàâíåíèÿ äëÿ òðóáêè, ó êî-
òîðîé íåðîâíîñòè îòñóòñòâóþò. Êðîìå òîãî, 
áûëè òàêæå ðàññ÷èòàíû íàïîðíûå õàðàêòåðè-
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ñòèêè ñ èñïîëüçîâàíèåì êâàçèñòàöèîíàðíîé 
ìîäåëè, îïèñàííîé â ðàáîòå [9], â òîì ÷èñëå 
è äëÿ íåðîâíîñòåé, ðàñïîëîæåííûõ íàîáîðîò, 
êîãäà äëÿ ïðÿìîãî íàïðàâëåíèÿ òå÷åíèÿ íåðîâ-
íîñòè èìåþò âèä äèôôóçîðîâ è âíåçàïíûõ ñó-
æåíèé. Âñå ïîëó÷åííûå ãðàôèêè èçîáðàæåíû 
íà ðèñ. 10.

Ðèñ. 10. Íàïîðíûå õàðàêòåðèñòèêè: 
1 – ÷èñëåííûé ðàñ÷åò äëÿ òðóáêè áåç íåðîâíîñòåé; 
2 – ÷èñëåííûé ðàñ÷åò äëÿ òðóáêè ñ íåðîâíîñòÿìè; 

3 – ðàñ÷åò ïî êâàçèñòàöèîíàðíîé ìîäåëè äëÿ òðóáêè 
áåç íåðîâíîñòåé; 4 – ðàñ÷åò ïî êâàçèñòàöèîíàðíîé 

ìîäåëè äëÿ òðóáêè ñ íåðîâíîñòÿìè; 5 – ðàñ÷åò 
ïî êâàçèñòàöèîíàðíîé ìîäåëè äëÿ òðóáêè 

ñ íåðîâíîñòÿìè, ðàñïîëîæåííûìè íàîáîðîò

Fig. 10. Pressure characteristics: 
1 – numerical calculation for a tube without 

irregularities; 2 – numerical calculation 
for a tube with irregularities; 3 – calculation 

using a quasi-stationary model for a tube without 
irregularities; 4 – calculation using a quasi-

stationary model for a tube with irregularities; 
5 – calculation by a quasi-stationary model 

for a tube with irregularities located vice versa

Ðåçóëüòàòû ðàñ÷åòîâ ïî êâàçèñòàöèîíàðíîé 
ìîäåëè è ÷èñëåííûõ ýêñïåðèìåíòîâ ïîêàçûâàþò, 
÷òî õàðàêòåðèñòèêà äëÿ òðóáêè ñ íåðîâíîñòÿ-
ìè ëåæèò íèæå, ÷åì õàðàêòåðèñòèêà äëÿ òðóáêè 
áåç íèõ. Êðîìå òîãî, äëÿ ðàñ÷åòîâ ñ èñïîëüçîâà-
íèåì êâàçèñòàöèîíàðíîé ìîäåëè â ñëó÷àå òðóáêè, 
ó êîòîðîé íåðîâíîñòè ðàñïîëîæåíû íàîáîðîò, 
õàðàêòåðèñòèêà ïîëó÷èëàñü íèæå, ÷åì äëÿ ðàñ-
ïîëîæåíèÿ íåðîâíîñòåé, êàê íà ðèñ. 3. Â ÷èñëåí-
íûõ ýêñïåðèìåíòàõ ýòà ðàçíèöà ïðåíåáðåæèìî 
ìàëà. Òàêîå îòëè÷èå, âåðîÿòíî, âûçâàíî òåì, 
÷òî äëÿ ïîëó÷åíèÿ óðàâíåíèé ýêâèâàëåíòíûõ 
äëèí áûëî èñïîëüçîâàíî ÷èñëåííîå ìîäåëèðîâà-
íèå ñòàöèîíàðíîãî òå÷åíèÿ. 

Ñðàâíèì ïîëå ñêîðîñòåé íà ðèñ. 11, ïîëó-
÷åííîå â ÷èñëåííîì ìîäåëèðîâàíèè ñòàöèî-

íàðíîãî òå÷åíèÿ íà ó÷àñòêå ñ íåðîâíîñòÿìè, 
ñ ïîëåì ñêîðîñòåé íà ðèñ. 12, ïîëó÷åííîì 
â ñîâìåñòíîì ÷èñëåííîì ìîäåëèðîâàíèè äå-
ôîðìàöèè òðóáêè è òå÷åíèÿ (óêàçàííûå ÷èñëà 
Ðåéíîëüäñà ñîîòâåòñòâóþò ñðåäíåé ñêîðîñòè 
â âûõîäíîì ñå÷åíèè íàñîñà).

Ðèñ. 11. Ïîëå ñêîðîñòåé â îáëàñòè íåðîâíîñòåé 
ïðè ìîäåëèðîâàíèè ñòàöèîíàðíîãî òå÷åíèÿ 

äëÿ îïðåäåëåíèÿ ýêâèâàëåíòíîé äëèíû ó÷àñòêîâ 
ñ íåðîâíîñòÿìè

Fig. 11. Velocity field in the zone of irregularities 
when modeling a steady flow to determine 

the equivalent length of the zones with irregularities

Ðèñ. 12. Ïîëå ñêîðîñòåé â îáëàñòè íåðîâíîñòåé 
ïðè ñîâìåñòíîì ðàñ÷åòå íåñòàöèîíàðíîãî òå÷åíèÿ 

è äåôîðìàöèè òðóáêè

Fig. 12 Velocity field in the zone of irregularities 
in the joint calculation of unsteady flow 

and tube deformation

Êàê âèäíî èç ñðàâíåíèÿ ïîëåé ñêîðîñòåé, 
òå÷åíèå æèäêîñòè ìåæäó âûñòóïàìè íåðîâ-
íîñòåé äëÿ ñòàöèîíàðíîãî òå÷åíèÿ îòëè÷àåò-
ñÿ îò ñëó÷àÿ íåñòàöèîíàðíîãî òå÷åíèÿ, ÷òî, 
ïî-âèäèìîìó, è âûçûâàåò îòëè÷èå ðåçóëüòàòîâ 
ðàñ÷åòîâ ïî êâàçèñòàöèîíàðíîé ìîäåëè è ÷èñ-
ëåííûõ ýêñïåðèìåíòîâ.

Âûâîäû
Ïðîâåäåííûå ïðè ïîìîùè ÷èñëåííûõ ýêñïå-

ðèìåíòîâ èññëåäîâàíèÿ ïîêàçàëè, ÷òî äëÿ íàè-
áîëåå ýôôåêòèâíîé ðàáîòû ïåðèñòàëüòè÷åñêî-
ãî íàñîñà ëèíåéíîãî òèïà åãî òðóáêà äîëæíà 
áûòü èçãîòîâëåíà èç ìàòåðèàëà ñ ìèíèìàëüíî 
âîçìîæíûì çíà÷åíèåì êîýôôèöèåíòà Ïóàññî-
íà. Ñðàâíåíèå ðàçëè÷íûõ àëãîðèòìîâ ñðàáàòû-
âàíèÿ âûæèìíûõ ýëåìåíòîâ íàñîñà ïîêàçàëî, 
÷òî âðåìÿ èõ ñðàáàòûâàíèÿ ñëåäóåò âûáèðàòü 
â çàâèñèìîñòè îò óñòðîéñòâà ïðèâîäà íàñîñà. 
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Äëÿ òàêîãî ïðèâîäà, êàê ýêñöåíòðèêè èëè òîë-
êàòåëè ñ êðèâîøèïíî-øàòóííûì ìåõàíèçìîì, 
íàèáîëåå ýíåðãîýôôåêòèâíûì ÿâëÿåòñÿ ðåæèì 
ðàáîòû, ïðè êîòîðîì â èíòåðâàë âðåìåíè äâè-
æåíèÿ òðåòüåãî âûæèìíîãî ýëåìåíòà ïåðâûå 
äâà äåðæàò òðóáêó ñæàòîé. Åñëè æå â ïðèâî-
äå ýíåðãèÿ òðàòèòñÿ íà ïîääåðæàíèå òðóáêè 
â ñæàòîì ñîñòîÿíèè, òî ðåêîìåíäóåòñÿ ïðè-
ìåíÿòü àëãîðèòì ñðàáàòûâàíèÿ âûæèìíûõ 
ýëåìåíòîâ, ïðè êîòîðîì ïåðâûé âûæèìíîé 
ýëåìåíò íà÷èíàåò âîçâðàùàòüñÿ â èñõîäíîå 
ïîëîæåíèå, êàê òîëüêî âòîðîé âûæèìíîé ýëå-
ìåíò çàêàí÷èâàåò ñæèìàòü òðóáêó. Â îáîèõ 
ñëó÷àÿõ âðåìÿ ìåæäó êîíöîì îäíîãî öèêëà 
ðàáîòû íàñîñà è íà÷àëîì ñëåäóþùåãî ñëåäóåò 
äåëàòü ìèíèìàëüíûì. Ðàñ÷åòû òå÷åíèÿ ÷åðåç 
òðóáêó ñ íåðîâíîñòÿìè, ãèäðàâëè÷åñêîå ñîïðî-
òèâëåíèå êîòîðûõ ïðè îáðàòíîì òîêå áîëüøå, 
÷åì ïðè òå÷åíèè ïî íàïðàâëåíèþ ê âûõîäíîìó 
ïàòðóáêó íàñîñà, ïîêàçàëè, ÷òî èõ ïðèìåíå-
íèå ñíèæàåò ïîäà÷ó è äàâëåíèå íàñîñà, ïîýòî-
ìó òàêèå íåðîâíîñòè âíóòðåííåé ïîâåðõíîñòè 
òðóáêè íå ìîãóò áûòü èñïîëüçîâàíû äëÿ ïîâû-
øåíèÿ ýôôåêòèâíîñòè ðàáîòû íàñîñà.
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IMPROVING THE OPERATIONAL EFFICIENCY 
OF THE LINEAR TYPE PERISTALTIC PUMP

A.I. Grishin
Moscow Polytechnic University, Moscow, Russia

foxmccloud@rambler.ru

The paper investigates the effect on the linear peristaltic pump operation of the properties of the mate-
rial of its elastic tube, the algorithm of actuation of the release elements, as well as the presence of ir-
regularities in the inlet and outlet sections of the pump in the form of alternating confusers and sudden 
expansions. To study the influence of these factors, a series of numerical experiments was carried out 
using the universal software STAR-CCM +, where the pump operation was simulated by a joint calculation 
of the fluid flow and elastic deformations of its tube. As a result of numerical experiments for a num-
ber of values of Poisson's ratio, it was found that the material of the pump tube must be selected with 
the lowest possible Poisson's ratio in order to obtain the highest efficiency. The study of possible algo-
rithms for the actuation of the release elements of the pump showed that in order to obtain the maximum 
efficiency, the pump operation mode should be selected in accordance with the drive design. The drive, 
where energy is expended only on the movement of the release elements, requires the mode with the 
first release elements to hold the tube in a compressed state longer, which provides a higher feed value. 
For the drive, where energy is spent on maintaining the tube in a compressed state, the preferred mode 
is the one with the delay in the return of the release element to its original state is minimal. As a result 
of studying the influence of sections with irregularities, it was found that the use of the height and pitch 
of irregularities, when the ratio of the resistances of these sections in the forward and reverse flow is 
optimal, leads to a decrease in the flow and pressure of pump.
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