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Ïðåäñòàâëåíû ðåçóëüòàòû ïðîåêòèðîâàíèÿ è èñïûòàíèÿ îñåâûõ ìèêðîíàñîñîâ äëÿ áèîòåõíè÷åñêîé ñèñòåìû
îðáèòàëüíîé ñòàíöèè. Ðàçðàáîòàí è àïðîáèðîâàí ýêñïåðèìåíòàëüíûé ñòåíä, ïîçâîëÿþùèé îïðåäåëÿòü íàïîðíî-
ðàñõîäíûå õàðàêòåðèñòèêè ìèêðîíàñîñîâ è ó÷èòûâàòü îñîáåííîñòè èñïûòàíèé îáúåêòîâ, ðàáîòàþùèõ ïðè ìàëûõ
ïîäà÷àõ è íàïîðàõ.

Êëþ÷åâûå ñëîâà: îñåâîé ìèêðîíàñîñ, íàïîðíî-ðàñõîäíàÿ õàðàêòåðèñòèêà, áèîòåõíè÷åñêàÿ ñèñòåìà, îðáèòàëü-
íàÿ ñòàíöèÿ.

Ââåäåíèå

Âî ìíîãèõ ñôåðàõ — îò ìåäèöèíû è áèîëîãèè
äî ìèêðîýëåêòðîíèêè è îñâîåíèÿ êîñìîñà — òðå-
áóåòñÿ ðåøàòü çàäà÷è ïî íàãíåòàíèþ ìèêðîîáúå-
ìîâ ðàçëè÷íûõ æèäêîñòåé, òàê êàê ýòî äàåò âîç-
ìîæíîñòü ðåàëèçîâàòü íîâûå ìåòîäû àíàëèçà, íà-
ïðèìåð âûïîëíÿòü èññëåäîâàíèå îòäåëüíûõ áèîëî-
ãè÷åñêèõ îáúåêòîâ (êëåòîê, áàêòåðèé), ïðîâîäèòü
ðàçíîîáðàçíûå àíàëèçû è òåñòû [1].

Ïðîâåäåíèå áèîëîãè÷åñêèõ îïûòîâ â êîñìîñå
ñëóæèò ðåøåíèþ òàêèõ ïðàêòè÷åñêèõ çàäà÷ êîñìî-
íàâòèêè, êàê îïðåäåëåíèå ñòåïåíè îïàñíîñòè îð-

áèòàëüíîãî ïîëåòà äëÿ æèâûõ ñóùåñòâ, îïðåäåëå-
íèå è ñîçäàíèå âîçìîæíîñòè âêëþ÷àòü ðàñòåíèÿ â
ñèñòåìó æèçíåîáåñïå÷åíèÿ: èñïîëüçîâàòü èõ â êîñ-
ìè÷åñêèõ ðåéñàõ â êà÷åñòâå ïîãëîòèòåëåé óãëåêèñ-
ëîãî ãàçà, ïîñòàâùèêîâ êèñëîðîäà è ïðîäóêòîâ
ïèòàíèÿ. Êðîìå òîãî, êîñìè÷åñêèå áèîýêñïåðè-
ìåíòû èìåþò ôóíäàìåíòàëüíîå íàó÷íîå çíà÷åíèå.
Îíè ïîìîãàþò âûÿâèòü âëèÿíèå ðàäèàöèè è íåâå-
ñîìîñòè íà ãåíåòè÷åñêèé êîä, íà «çàïèñü» íàñëåä-
ñòâåííûõ ïðèçíàêîâ, ïåðåäàâàåìûõ îò îäíîãî
æèâîãî îðãàíèçìà ê äðóãîìó [2].
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Ïðè ïðîâåäåíèè èññëåäîâàíèé íà îðáèòàëüíûõ
ñòàíöèÿõ áîëüøîå âíèìàíèå óäåëÿåòñÿ âûÿñíåíèþ
âëèÿíèÿ íåâåñîìîñòè íà êëåòêè, òàê êàê êëåòêè ëè-
øåíû âíóòðèîðãàííûõ, à íåðåäêî è âíóòðèòêàíå-
âûõ ñâÿçåé, ÷òî ïîçâîëÿåò ïåðåíåñòè ðåçóëüòàòû íà
äðóãèå îáúåêòû è ìîäåëè â ðàçëè÷íûõ îáëàñòÿõ
áèîëîãèè è ìåäèöèíû, íà èññëåäîâàíèå ïðîöåññîâ
â ôàðìàêîêèíåòèêå è ôàðìàêîäèíàìèêå in vitro,
èñêëþ÷àþùèå ýêñïåðèìåíòû íà æèâîòíûõ â êîñ-
ìîñå, è ðàñøèðèòü ñïåêòð èññëåäîâàíèé [3, 4].

Äëÿ êóëüòèâèðîâàíèÿ è èññëåäîâàíèÿ êëåòîê
÷åëîâåêà â íàçåìíûõ óñëîâèÿõ øèðîêî èñïîëüçó-
þòñÿ áèîòåõíè÷åñêèå ñèñòåìû (ÁÒÑ), ïîçâîëÿþ-
ùèå ïîäàâàòü ê ÿ÷åéêàì, â êîòîðûõ ðàñïîëàãàþò-
ñÿ êëåòêè îðãàíîâ ÷åëîâåêà, ïèòàòåëüíóþ ñðåäó ïî
ìèêðîêàíàëàì ñ ðàçìåðàìè â ñå÷åíèè îò 10 äî 500
ìêì [5]. Ïðèìåíåíèå òàêèõ ÁÒÑ äëÿ ìåäèêî-áèî-
ëîãè÷åñêèõ èññëåäîâàíèé â óñëîâèÿõ êîñìè÷åñêîãî
ïîë¸òà ïîçâîëèò îòêàçàòüñÿ îò ïðîâåäåíèÿ ýêñïå-
ðèìåíòîâ íà êîñìîíàâòàõ è æèâîòíûõ.

Â óñëîâèÿõ êîñìè÷åñêîãî ïîë¸òà äëÿ òàêèõ èñ-
ñëåäîâàíèé ïðåäïîëàãàåòñÿ èñïîëüçîâàòü áèîòåõ-
íè÷åñêóþ ñèñòåìó äëÿ êóëüòèâèðîâàíèÿ êëåòîê
(ÁÒÑ ÊÊ), îñíîâíûì ýëåìåíòîì êîòîðîé ÿâëÿåò-
ñÿ ìèêðîíàñîñ. Îí äîëæåí óäîâëåòâîðÿòü ñëåäóþ-
ùèì òðåáîâàíèÿì:

— èìåòü ìèíèìàëüíûå ðàçìåðû: äèàìåòð íå
áîëåå 10 ìì è äëèíà íå áîëåå 50 ìì;

— îáåñïå÷èâàòü ïîäà÷ó æèäêîñòè âÿçêîñòüþ
1 ñÑò îò íóëÿ äî 0,1 ëèòðà â ìèíóòó;

— îáåñïå÷èâàòü íàïîð äî 1,2 Äæ/êã (óâåëè÷å-
íèå äàâëåíèÿ äî 1200 Ïà);

— ïðîòî÷íàÿ ÷àñòü íàñîñà íå äîëæíà èìåòü
íåðàáî÷èå íåàêòèâíûå îáúåìû æèäêîñòè.

Ðàçðàáîòàíî ìíîæåñòâî êîíñòðóêöèé íàñîñîâ
äëÿ ïîäà÷è ìèêðîîáúåìîâ æèäêîñòè, èõ ðàçäåëÿ-
þò íà äâà êëàññà: äèíàìè÷åñêèå è îáúåìíûå [6, 7].

Ê äèíàìè÷åñêèì îòíîñÿòñÿ ëîïàòî÷íûå (îñå-
âûå, äèàãîíàëüíûå, öåíòðîáåæíûå) íàñîñû è íà-
ñîñû òðåíèÿ (ñòðóéíûå è äèñêîâûå). Îñíîâíûìè
ïðåèìóùåñòâàìè íàñîñîâ äàííîãî òèïà ÿâëÿþòñÿ
ïðîñòîòà è íàäåæíîñòü ðàáîòû.

Îáúåìíûå íàñîñû ïðîùå ïîääàþòñÿ ìàñøòàáè-
ðîâàíèþ, íàèáîëåå ïåðñïåêòèâíû ìåìáðàííûå
íàñîñû [8]. Ê íåäîñòàòêàì îáúåìíûõ íàñîñîâ îò-
íîñÿòñÿ: íàëè÷èå ïðîòèâîòîêà, âåëè÷èíà êîòîðî-
ãî èçìåíÿåòñÿ ñ èçìåíåíèåì ðàñõîäà, íàëè÷èå íå-
ðàáî÷åãî îáúåìà, íåâîçìîæíîñòü ñîçäàòü âûñîêîå
äàâëåíèå íà âûõîäå èç íàñîñà [9—11].

Ñóùåñòâóþùèå ìåòîäèêè ïðîåêòèðîâàíèÿ îñå-
âûõ íàñîñîâ [12—14] íå ïîçâîëÿþò êîððåêòíî îï-
ðåäåëÿòü ãåîìåòðè÷åñêèå ïàðàìåòðû íàñîñà, ïðåä-
ñêàçàòü åãî íàïîðíî-ðàñõîäíûå õàðàêòåðèñòèêè,
òàê êàê ïðè óìåíüøåíèè ðàçìåðîâ íàñîñà ïî ñðàâ-
íåíèþ ñ ïîëíîðàçìåðíûìè íàñîñàìè óâåëè÷èâàþò-
ñÿ îòíîñèòåëüíûå ðàçìåðû çàçîðîâ, øåðîõîâàòîñ-
òè, ÷òî ñóùåñòâåííî èçìåíÿåò ïåðåðàñïðåäåëåíèå
ïîëåé ñêîðîñòåé è äîëè îáúåìíûõ óòå÷åê, äèñêî-
âûõ ïîòåðü è ïîòåðü íà òðåíèå. Ïðîåêòèðîâàíèå
ìèêðîíàñîñà ñ òàêèìè îñîáåííîñòÿìè òðåáóåò íî-
âûõ êîíñòðóêòèâíûõ è ïðîåêòíûõ ðåøåíèé.

Íàñòîÿùàÿ ñòàòüÿ ïîñâÿùåíà ðàçðàáîòêå îñå-
âîãî ìèêðîíàñîñà, èçãîòîâëåíèþ è ýêñïåðèìåí-
òàëüíîìó îïðåäåëåíèþ åãî äèíàìè÷åñêèõ õàðàêòå-
ðèñòèê.

Ñîñòàâ è êîíñòðóêöèÿ îñåâîãî ìèêðîíàñîñà

Íà îñíîâå îïûòà ïðîåêòèðîâàíèÿ ïîëíîðàç-
ìåðíûõ íàñîñîâ, ñ ó÷åòîì ñïåöèôèêè ðàáîòû íà-
ñîñà â ÁÒÑ ÊÊ, ðàçðàáîòàí îñåâîé ìèêðîíàñîñ
(ÌÍ), ðèñ. 1, êîòîðûé çàáèðàåò æèäêîñòü ÷åðåç
âõîäíîé ïàòðóáîê 1, çàêðåïëåííûé íà êîðïóñå 2
ÌÍ. Æèäêîñòü ïîñòóïàåò â ðàáî÷åå êîëåñî 3, êî-
òîðîå ïåðåäàåò ýíåðãèþ âðàùàòåëüíîãî äâèæåíèÿ
îò âàëà 4 â ýíåðãèþ ïîñòóïàòåëüíîãî äâèæåíèÿ

Ðèñ. 1. Ñîñòàâ ìèêðîíàñîñà
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æèäêîñòè. Èç ðàáî÷åãî êîëåñà æèäêîñòü ïîñòóïà-
åò íà ëîïàòêè 5 ñïðÿìëÿþùåãî àïïàðàòà (ÑÀ), â
êîòîðîì ïðîèñõîäèò ïðåîáðàçîâàíèå êèíåòè÷åñêîé
ýíåðãèè â ïîòåíöèàëüíóþ ýíåðãèþ äâèæåíèÿ æèä-
êîñòè. Â êîðïóñå ÑÀ 6 óñòàíîâëåíû ïîäøèïíèêè
ñêîëüæåíèÿ 7 è êà÷åíèÿ 8, êîòîðûå âîñïðèíèìà-
þò îñåâûå è ðàäèàëüíûå óñèëèÿ è ìîìåíòû, âîç-
íèêàþùèå ïðè ðàáîòå íàñîñà. Ëîïàòêè ÑÀ çàïðåñ-
ñîâàíû â êîðïóñ ÑÀ. Âàë ðàáî÷åãî êîëåñà 4 ñîåäè-
íåí ÷åðåç ïðîìåæóòî÷íóþ âòóëêó 10  ñ âàëîì 9, îò
êîòîðîãî ïåðåäàåòñÿ êðóòÿùèé ìîìåíò îò ýëåêòðî-
ìîòîðà, íàõîäÿùåãîñÿ â áëîêå óïðàâëåíèÿ. Âàë çà-
ùèùåí âûõîäíîé êàíþëåé 11, êîòîðàÿ çàêðåïëå-
íà íà êîðïóñå ÑÀ.

Áëîê óïðàâëåíèÿ ïîçâîëÿåò, çàäàâàÿ ÷àñòîòó è
âåëè÷èíó òîêà, ìåíÿòü ÷àñòîòó âðàùåíèÿ ýëåêòðî-
ìîòîðà è ðàáî÷åãî êîëåñà ÌÍ, òåì ñàìûì èçìåíÿòü
ïîäà÷ó è íàïîð íàñîñà.

Ê ÷èñëó îñíîâíûõ õàðàêòåðèñòèê ëþáûõ íàñî-
ñîâ (äèíàìè÷åñêèõ è îáúåìíûõ) ïðèíàäëåæèò çà-
âèñèìîñòü åãî íàïîðà Í îò ïîäà÷è Q ïðè ðàçíûõ
÷àñòîòàõ âðàùåíèÿ âàëà íàñîñà, ò.å . H = f (Q, n).
Ïîýòîìó äëÿ ðàñ÷åòà íàïîðíî-ðàñõîäíûõ õàðàêòå-
ðèñòèê ìèêðîíàñîñîâ òðåáóåòñÿ ýêñïåðèìåíòàëü-
íîå îïðåäåëåíèå âëèÿíèÿ íà åãî õàðàêòåðèñòèêè
ãåîìåòðè÷åñêèõ è ðåæèìíûõ ïàðàìåòðîâ.

Îïèñàíèå ýêñïåðèìåíòàëüíîé óñòàíîâêè

Îñíîâíûå òðóäíîñòè îïðåäåëåíèÿ íàïîðíî-
ðàñõîäíûõ õàðàêòåðèñòèê ìèêðîíàñîñîâ – ýòî èõ

ìàëûå ðàçìåðû, ñîèçìåðèìûå ñ ðàçìåðàìè äàò÷è-
êîâ.

Àíàëèç ëèòåðàòóðíûõ èñòî÷íèêîâ [15—18], ïî-
ñâÿùåííûõ èññëåäîâàíèþ ìåòîäîâ òå÷åíèÿ æèäêî-
ñòè â ìèêðîêàíàëàõ è ìèêðîíàñîñàõ, ïîêàçàë, ÷òî
âñå îíè èñïîëüçóþò ñàìûå ñîâðåìåííûå ïðèáîð-
íîå îáîðóäîâàíèå è ìåòîäû, â òîì ÷èñëå ìåòîäû
òðàññåðíîé âèçóàëèçàöèè ïîòîêîâ (PIV – Partical
Image Velocimetry) è ëàçåðíîãî äîïëåðîâñêîãî èç-
ìåðèòåëÿ ñêîðîñòè [19], êîòîðûå òðåáóþò ñóùå-
ñòâåííûõ ìàòåðèàëüíûõ çàòðàò, íî íå îáúÿñíÿþò
çàêîíîìåðíîñòåé òå÷åíèÿ æèäêîñòè è åå ïîâåäåíèå
â çàâèñèìîñòè îò èçìåíåíèÿ ðåæèìîâ òå÷åíèÿ.
Îäíèì èç îñíîâíûõ ïðåèìóùåñòâ ïåðå÷èñëåííûõ
ìåòîäîâ ÿâëÿåòñÿ îòñóòñòâèå âîçìóùàþùåãî âëè-
ÿíèÿ íà ïîòîê æèäêîñòè. Îíè ïîçâîëÿþò îïðåäå-
ëèòü ýïþðó ðàñïðåäåëåíèÿ ñêîðîñòè æèäêîñòè ïî
ñå÷åíèþ êàíàëà îäíàêî òðåáóþò çàïîëíåíèÿ ìèê-
ðîêîíòóðà òðàññèðóþùèìè ÷àñòèöàìè, êîòîðûå
ìîãóò íàðóøàòü ðàáîòó ìèêðîíàñîñà.

Ïîýòîìó ñðåäè ðåøàåìûõ çäåñü çàäà÷ áûëè ðàç-
ðàáîòêà ñòåíäà è îïðåäåëåíèå ðàñõîäíî-íàïîðíîé
õàðàêòåðèñòèêè ìèêðîíàñîñà.

Äëÿ îïðåäåëåíèÿ õàðàêòåðèñòèê ìèêðîíàñîñîâ
ñïðîåêòèðîâàí è èçãîòîâëåí ñòåíä (ðèñ. 2). Ìèê-
ðîíàñîñ 1 ïðè ïîìîùè òðóáîê 7 ïîäêëþ÷àåòñÿ ê
áëîêó óïðàâëåíèÿ 6. Íà âõîäå è âûõîäå ê íàñîñó
ïîäêëþ÷àþòñÿ äàò÷èêè äàâëåíèÿ 2, ïîêàçàíèÿ êî-
òîðûõ ðåãèñòðèðóåòñÿ íà îñöèëîãðàôå 10. Îñöèë-
ëîãðàô 8 èìååò âîçìîæíîñòü ñíèìàòü äàííûå îä-
íîâðåìåííî ñ äâóõ äàò÷èêîâ è çàïèñûâàòü çàâèñè-

Ðèñ. 2. Ñõåìà ýêñïåðèìåíòàëüíîãî ñòåíäà: 1 – ìèêðîíàñîñ; 2 – äàò÷èêè äàâëåíèÿ; 3 – ðåçåðâóàð äëÿ ïîäà÷è
æèäêîñòè; 4 – ðåçåðâóàð äëÿ îòâîäà æèäêîñòè; 5 – âåñû; 6 – áëîê óïðàâëåíèÿ; 7 – ãèáêèé âàë; 8 – îñöèëëîãðàô;
9 – äðîññåëü
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ìîñòü ïîêàçàíèé îò âðåìåíè. Íàñîñ çàáèðàåò æèä-
êîñòü èç ðåçåðâóàðà 3 è ïîäàåò åå â ðåçåðâóàð 4,
íàõîäÿùèéñÿ íà âåñàõ 5. Óðîâåíü âîäû â ðåçåðâó-
àðàõ ïîääåðæèâàëñÿ ïîñòîÿííûì. Íàïîðíî-ðàñõîä-
íûå õàðàêòåðèñòèêè ìèêðîíàñîñà ìîäåëèðóþòñÿ
èçìåíåíèåì ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ íà
âûõîäå íàñîñà çà ñ÷åò èçìåíåíèÿ ïðîõîäíîãî ñå-
÷åíèÿ äðîññåëÿ 9.

Íàïîð íàñîñà H îïðåäåëÿëñÿ ïî ðàçíîñòè ïî-
êàçàíèé äàò÷èêîâ äàâëåíèé íà âûõîäå ðâûõ è âõî-
äå ðâõ íàñîñà:

Í = (ðâûõ – ðâõ)/ ρ g, ì,            (1)

ãäå ρ  – ïëîòíîñòü ïåðåêà÷èâàåìîé æèäêîñòè.

Äàâëåíèÿ íà âõîäå è âûõîäå èçìåðÿëèñü àíàëî-
ãîâûìè äàò÷èêàìè äàâëåíèÿ (òàáë. 1). Íàïðÿæåíèå
íà âûõîäå äàò÷èêîâ ìåíÿåòñÿ ìãíîâåííî ïðè èç-
ìåíåíèè äàâëåíèÿ.

Ìèêðîïîäà÷à íàñîñà îïðåäåëÿëàñü âåñîâûì
ìåòîäîì ñ ïîìîùüþ ëàáîðàòîðíûõ âåñîâ OHAUS
EX 224 (Ohaus Corp. USA) 5. Ìåòîä àïðîáèðîâàí
ðàíåå è ïðåäñòàâëåí â ðàáîòå [20]. Èçìåðåíèÿ ïðî-
âîäèëèñü äëÿ äåñÿòè ðàçëè÷íûõ ñòåïåíåé ïîäæà-
òèÿ äðîññåëÿ 9. Õàðàêòåðèñòèêè âåñîâ ïðèâåäåíû
â òàáë. 2.

Äëÿ ïðîâåäåíèÿ ãèäðîäèíàìè÷åñêèõ èñïûòà-
íèé èçãîòîâëåí ìèêðîíàñîñ, îñíîâíûå ðàçìåðû
êîòîðîãî ïîêàçàíû íà ðèñ. 3.

Ðåçóëüòàòû ãèäðîäèíàìè÷åñêèõ èñïûòàíèé

Íà ðèñ. 4 ïðèâåäåí ãðàôèê èçìåíåíèÿ íàïîð-
íî-ðàñõîäíîé õàðàêòåðèñòèêè ìèêðîíàñîñà êàê
çàâèñèìîñòü îòíîñèòåëüíîãî íàïîðà ϕ :

ϕ = Í/n2

(ãäå H – íàïîð íàñîñà, îïðåäåëÿåìûé ïî ôîðìó-
ëå (1); n – ÷àñòîòà âðàùåíèÿ ðàáî÷åãî êîëåñà ìèê-

ðîíàñîñà) îò îòíîñèòåëüíîé ïîäà÷è δ :

δ = Q/n,

ãäå Q – ìàññîâàÿ ïîäà÷à ìèêðîíàñîñà.
Èçìåðåíèÿ ïîâòîðÿëèñü äëÿ ÷àñòîò âðàùåíèÿ

âàëà ðàáî÷åãî êîëåñà îò 2000 äî 20 000 îá / ìèí.
Êàê âèäíî èç ðèñ. 4, íàïîðíî-ðàñõîäíàÿ õàðàê-

òåðèñòèêà ìèêðîíàñîñà ïðåäñòàâëÿåò ñîáîé ïàäà-
þùóþ çàâèñèìîñòü, õàðàêòåðíóþ äëÿ ïîëíîðàçìåð-
íûõ îñåâûõ íàñîñîâ. Îäíàêî íàáëþäàåòñÿ ðàññëî-
åíèå äèíàìè÷åñêèõ õàðàêòåðèñòèê äëÿ ðàçëè÷íûõ
÷àñòîò âðàùåíèÿ ðàáî÷åãî êîëåñà. Òàê, äëÿ äèàïà-
çîíà n1 > 8000 îá/ ìèí íàïîðíî-ðàñõîäíàÿ õàðàê-
òåðèñòèêà èäåò âûøå, ÷åì äëÿ n2 < 8000 îá/ ìèí.

Âûâîäû

Ñïðîåêòèðîâàí è èçãîòîâëåí ýêñïåðèìåíòàëü-
íûé ñòåíä äëÿ îïðåäåëåíèÿ íàïîðíî-ðàñõîäíûõ
õàðàêòåðèñòèê ìèêðîíàñîñîâ, ðàáîòàþùèõ ïðè
ìàëûõ ïîäà÷àõ è íàïîðàõ.

Ðàññ÷èòàíà íàïîðíî-ðàñõîäíàÿ õàðàêòåðèñòè-
êà ñïðîåêòèðîâàííîãî ìèêðîíàñîñà, ïîçâîëÿþùàÿ
îöåíèòü âëèÿíèå ìèêðîðàçìåðîâ ìèêðîíàñîñà íà
ýôôåêòèâíîñòü åãî ðàáîòû.
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Abstract

While conducting research at the space stations,
great attention is paid to revealing the weightlessness
effect on the cells, which allows the results transferring
to the other objects and models in various areas of
biology and medicine. For such studies performing, the
authors suggest to apply a biotechnical system for cell
culture (BTS CC) in conditions of spaceflight, which
main element is a micropump, meeting the following
requirements:

- to possess minimum size: diameter of not more
than 10 mm, and length of not more than 50 mm,

- to ensure a liquid supply with viscosity of 1 cSt
from zero to 0.1 liters per minute,

- to ensure pressure of up to 3 J/kg.
The existing techniques for axial pumps design do

not allow correctly determine the micropump
geometric size and its pressure-flow characteristic,
since with a pump size reduction compared to the full-
size pump, relative size of gaps and roughness increase,
which changes significantly redistribution of the
velocities fields and volume leakages, as well as disk
and friction losses. A micropump designing with such
specifics requires new structural and designing
concepts.

EXPERIMENTAL PRESSURE-FLOW CHARACTERISTICS DETERMINING
OF MICROPUMPS FOR ORBITAL STATION BIOTECHNICAL SYSTEM

Boyarskii G.G.*, Sorokin A.E.**, Khaustov A.I.***

Moscow Aviation Institute (National Research University),
MAI, 4, Volokolamskoe shosse, Moscow, 125993, Russia

* e-mail: glebboyarsky@gmail.com
** å-mail: sorokin@mai.ru

*** å-mail: khaustov.alex@mail.ru

Based on the full-size pump designing experience
and with account for the BTS CC pump operation
specifics, a new micropump of 6.5 mm diameter and
45 mm length was developed. Its control block allow
changing rotation speed and the electric motor and
impeller of the micropump by setting the current
frequency and value, varying hereby the pump delivery
and pressure.

Any pump characteristic is its head dependence H
on delivery Q at various rotation frequencies of the
pump shaft, i.e. H = f (Q, n). Thus, to determine the
micropump pressure-flow characteristics, experimental
studies are necessary to examine the effect of geometric
size and mode parameters on its characteristics.

The main difficulties in the pressure-flow
characteristics determining of micro-pumps, i.e. the
dependence of the pump head on its supply and shaft
speed, is their small size, commensurable with the
sensors size.

Analysis of publications related to the study of fluid
micro-flows in micro-pumps revealed that they use
tracers were employed for this purpose, which
introduction disrupts the micro-pump operation. Thus,
to determine micro –pumps characteristics, a test
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bench was designed and manufactured. It includes non-
inertial micro-sensors (for the pressure drop-head
registration and measurement). The flow rate was
measured by weight, with account for the liquid
evaporability. The micropump pressure-flow
characteristics are modeled by changing hydraulic
resistance at the pump outlet by varying the flow
section of the throttle. The measurements were
repeated for different speeds of the impeller shaft from
2000 to 20,000 rpm.

The results of the tests revealed that the micropump
pressure-flow characteristic represent a falling
dependence typical for the full-sized axial pumps.
However, stratification of dynamic characteristics is
being observed at various impeller rotation frequencies.
Thus, for the range of n1 > 8000 rpm the pressure-flow
characteristic goes higher, than for n2 < 8000 rpm. The
obtained pressure-flow characteristic of the developed
micro-pump allows estimating the effect of the
micropump micro-sizes on its efficiency.

Keywords: axial micropump, pressure-flow
characteristic, biotechnical system, orbital station.
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