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Ïðèâîäèòñÿ îïèñàíèå îòëè÷èòåëüíûõ îñîáåííîñòåé ìàòåìàòè÷åñêîé ìîäåëè êðèîãåííîãî íàñîñà. Ðàññìîò-
ðåíà èìèòàöèÿ ìîäåëèðîâàíèÿ òóðáîíàñîñíîãî àãðåãàòà ñ ó÷åòîì ñîâìåñòíîé ðàáîòû ñ äðóãèìè àãðåãàòàìè êðè-
îãåííîé òîïëèâíîé ñèñòåìû. Èññëåäîâàíî âëèÿíèå óñëîâèé âûïîëíåíèÿ ïîëåòíîãî çàäàíèÿ ëåòàòåëüíîãî àïïà-
ðàòà íà ðàáîòó êðèîãåííîãî òóðáîíàñîñíîãî àãðåãàòà.

Êëþ÷åâûå ñëîâà: êðèîãåííûé íàñîñ, êðèîãåííàÿ òîïëèâíàÿ ñèñòåìà, íàñîñ íà ñæèæåííîì ïðèðîäíîì ãàçå,
àâèàöèîííûé äâèãàòåëü íà êðèîãåííîì òîïëèâå, àâèàöèîííûé òóðáîíàñîñíûé àãðåãàò.

Ââåäåíèå

Ïî ïðîãíîçàì ìåæäóíàðîäíîãî ýíåðãåòè÷åñêî-
ãî àãåíòñòâà, ñïðîñ íà ñæèæåííûé ïðèðîäíûé ãàç
(ÑÏÃ) ê 2040 ã. â Åâðîïåéñêîì ñîþçå óâåëè÷èò-
ñÿ â ÷åòûðå ðàçà è â äâà ðàçà — â Êèòàå [1] . ÑÏÃ
– ýêîëîãè÷íàÿ çàìåíà òðàäèöèîííîãî àâèàöèîí-
íîãî òîïëèâà, îñîáåííî ïðè èñïîëüçîâàíèè â ãó-
ñòîíàñåëåííûõ ðàéîíàõ.

Èñïîëüçîâàíèå àëüòåðíàòèâíîãî òîïëèâà ñòà-
íîâèòñÿ âñå áîëåå àêòóàëüíûì. Ïî ìíåíèþ ýêñ-
ïåðòîâ ìåæäóíàðîäíîãî ýíåðãåòè÷åñêîãî àãåíò-
ñòâà, íåñòàáèëüíîñòü íåôòÿíîãî ðûíêà çàñòàâëÿ-
åò èñêàòü è îñâàèâàòü íîâûå èñòî÷íèêè ýíåðãèè,
êðèîãåííûì òîïëèâàì ïðèíàäëåæèò ïðèîðèòåò
[1]. Êðîìå ýòîãî, óæåñòî÷åíèå ýêîëîãè÷åñêèõ òðå-
áîâàíèé ê ãðóçîïàññàæèðñêèì ñàìîëåòàì âûçûâà-
åò íåîáõîäèìîñòü îáðàùàòü âíèìàíèå íà àëüòåð-
íàòèâíûå âèäû òîïëèâà: ñæèæåííûé âîäîðîä,
ñæèæåííûé ïðèðîäíûé ãàç (ÑÏÃ), à òàêæå áèî-
òîïëèâà.

Êðèîãåííîå òîïëèâî èìååò ðÿä îñîáåííîñòåé
ïî ñðàâíåíèþ ñ àâèàöèîííûì êåðîñèíîì: áîëü-

øèé õëàäîðåñóðñ è ðàáîòîñïîñîáíîñòü äî åãî
ñæèãàíèÿ, à òàêæå áîë́üøóþ òåïëîòó ñãîðàíèÿ [2].

Àâèàöèîííàÿ êðèîãåííàÿ òîïëèâíàÿ ñèñòåìà
çíà÷èòåëüíî îòëè÷àåòñÿ îò êðèîãåííîé òîïëèâíîé
ñèñòåìû, ïðèìåíÿåìîé â ðàêåòíûõ äâèãàòåëÿõ [3].
Îñíîâíîå îòëè÷èå — â ðàñõîäå òðåáóåìîãî òîïëè-
âà. Ðàñõîä òîïëèâà ðàêåòíîãî äâèãàòåëÿ ÐÄ-170 –
1760 êã/c, à ìîùíîñòü òóðáèíû äâèãàòåëÿ ~200000
ÊÂò, ÷òî ñîñòàâëÿåò 1/3 ìîùíîñòè Äíåïðîïåòðîâ-
ñêîé ãèäðîýëåêòðîñòàíöèè, ïîñòðîåííîé â 30-å
ãîäû XX âåêà [4]. Ðàñõîä òîïëèâà àâèàöèîííîãî
äâèãàòåëÿ òèïà ÏÑ-90 — îò 0,2 êã/ñ äî 1,7 êã/ñ [5],
ïîýòîìó òóðáîíàñîñíûé àãðåãàò àâèàöèîííîãî
äâèãàòåëÿ äîëæåí ðàáîòàòü â áîëüøîì äèàïàçîíå
ðàñõîäîâ. Â îòëè÷èå îò æèäêîñòíîãî ðàêåòíîãî
äâèãàòåëÿ (ÆÐÄ) äëÿ âîçäóøíî ðåàêòèâíîãî äâè-
ãàòåëÿ òðåáóåòñÿ òîïëèâî â ãàçîîáðàçíîì ñîñòîÿ-
íèè, ïîýòîìó â àâèàöèîííîé êðèîãåííîé òîïëèâ-
íîé ñèñòåìå ïðåäóñìîòðåí òåïëîîáìåííûé àïïà-
ðàò — ãàçèôèêàòîð, íàõîäÿùèéñÿ â ñîïëå äâèãà-
òåëÿ.
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Îñíîâíûå ýëåìåíòû êðèîãåííîé òîïëèâíîé
ñèñòåìû

Àâèàöèîííàÿ êðèîãåííàÿ òîïëèâíàÿ ñèñòåìà
(ÊÒÑ) ñîñòîèò èç ñëåäóþùèõ îñíîâíûõ ýëåìåí-
òîâ: êðèîãåííûé òîïëèâíûé áàê (ÊÒÁ), òóðáîíà-
ñîñíûé àãðåãàò, òåïëîîáìåííûé àïïàðàò (ãàçèôè-
êàòîð). Â ÊÒÁ óñòàíîâëåíû äâà ïîäêà÷èâàþùèõ
íàñîñà, ñòðóéíûé íàñîñ è ïðåäîõðàíèòåëüíûé
êëàïàí.

Ñõåìà àâèàöèîííîé ÊÒÑ ïîêàçàíà íà ðèñ. 1.

Îñíîâíûå êðèîãåííûå òîïëèâà: ÑÏÃ, êîòîðûé
ñîñòîèò â îñíîâíîì èç ìåòàíà; æèäêèé âîäîðîä è
æèäêèé ïðîïàí [6]. Â ñòàòüå ðàññìàòðèâàåòñÿ
ÑÏÃ.

Îäíîé èç îñíîâíûõ ïðîáëåì àâèàöèîííîé
êðèîãåííîé òîïëèâíîé ñèñòåìû ÿâëÿåòñÿ ñîçäà-
íèå êðèîãåííîãî íàñîñà. Êðèîãåííûå íàñîñû
øèðîêî ïðèìåíÿþòñÿ â ðàêåòîñòðîåíèè, îäíàêî
àäàïòàöèÿ ðàêåòíîãî ÒÍÀ ê óñëîâèÿì àâèàöèîí-
íîé ýêñïëóàòàöèè òðåáóåò äîïîëíèòåëüíîé òåîðå-
òè÷åñêîé è ïðàêòè÷åñêîé ïðîðàáîòêè.

Ïîäà÷à êðèîãåííîãî òîïëèâà îñóùåñòâëÿåòñÿ
øíåêîöåòðîáåæíûìè íàñîñàìè, êîòîðûå â ñîâî-
êóïíîñòè ñ èñòî÷íèêîì ïèòàíèÿ îáðàçóþò åäèíóþ
ñèñòåìó, íàçûâàåìóþ òóðáîíàñîñíûì àãðåãàòîì,
— «ñåðäöå» òîïëèâíîé ñèñòåìû.

 Ïðîåêòèðîâàíèå àâèàöèîííîãî êðèîãåííîãî
ÒÍÀ óñëîæíÿåòñÿ âîçìîæíîñòüþ âîçíèêíîâåíèÿ
êàâèòàöèîííîãî ðåæèìà. Êîëè÷åñòâåííî îöåíèòü
ñòåïåíü ðàçâèòèÿ êàâèòàöèè è ïîëó÷èòü ïîëíîå
ïðåäñòàâëåíèå îá îñðåäíåííûõ çíà÷åíèÿõ ïîòîêà
ìîæíî ïî ÷èñëó êàâèòàöèé. ×èñëî êàâèòàöèé õà-
ðàêòåðèçóåò ñïîñîáíîñòü ãèäðàâëè÷åñêîé ìàøè-
íû ñîïðîòèâëÿòüñÿ êàâèòàöèè, ÷åì îíî ìåíüøå,
òåì áîëüøå äîïóñòèìîå ïàäåíèå äàâëåíèÿ äî íà-
÷àëà êàâèòàöèè.

Äëÿ øíåêîöåíòðîáåæíûõ íàñîñîâ ÷èñëî êàâè-
òàöèè [7]
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Îñîáåíîñòè ñõåì àâèàöèîííûõ ÒÍÀ

Â àâèàöèîííîé êðèîãåííîé òîïëèâíîé ñèñòå-
ìå âîçìîæíû äâå ñõåìû ÒÍÀ: îòêðûòàÿ ñõåìà è
çàêðûòàÿ. Îêðûòàÿ ñõåìà ïðåäóñìàòðèâàåò ïèòà-
íèå íàñîñà îò âíåøíåãî èñòî÷íèêà ýíåðãèè, íà-
ïðèìåð, îò ýëåêòðîäâèãàòåëÿ. Ïðèâîä íàñîñà â
çàêðûòîé ñõåìå îñóùåñòâëÿåòñÿ òóðáèíîé, ðàáî-
÷èì òåëîì ÿâëÿåòñÿ ïîäîãðåòîå â òåïëîîáìåííîì
àïïàðàòå êðèîãåííîå òîïëèâî. Çàêðûòàÿ ñõåìà
ýíåðãåòè÷åñêè áîëåå âûãîäíà, îäíàêî äëÿ íåå òðå-
áóåòñÿ îòëàæåííàÿ ñîâìåñòíàÿ ðàáîòà íàñîñà, òóð-
áèíû è òåïëîîáìåííîãî àïïàðàòà. Îòêðûòàÿ ñõåìà
ýíåðãåòè÷åñêè ìåíåå âûãîäíà, îäíàêî ïîçâîëÿåò
óïðîñòèòü ñèñòåìó ðåãóëèðîâàíèÿ ðàáîòû ÒÍÀ [8].

Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà âûáðà-
íà îòêðûòàÿ ñõåìà. Íà ðèñ. 2 ïîêàçàíà óñëîâíàÿ
ñõåìà îòêðûòîé è çàêðûòîé òîïëèâíîé ñèñòåìû

Â ÒÍÀ (ðèñ. 3, ïîç. 5) ñóùåñòâóþò äâà òèïà
ïîäâîäîâ íàñîñîâ: îñåâîé è ðàäèàëüíûé. Ê ðàäè-
àëüíîìó òèïó îòíîñÿòñÿ: ïîëóñïèðàëüíûå, ñïè-
ðàëüíûå, êîëüöåâûå. Èññëåäîâàíèÿ [9, 10] ïîêà-
çàëè, ÷òî âñå òðè ïàòðóáêà èìåþò áëèçêèå õàðàê-
òåðèñòèêè ïî íåðàâíîìåðíîñòè ïîòîêà è ïîòåðÿì.
Ê îñåâîìó òèïó ïîäâîäîâ îòíîñÿò: êîíè÷åñêèé è
êîëåíîîáðàçíûé. Ïîäâîäû íàñîñîâ âëèÿþò â îñ-

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà êðèîãåííîé òîïëèâíîé ñèñòåìû: ÐÎ – ðàñõîäíûé îòñåê; ÏÍ – ïîäêà÷èâàþùèé
øíåêîöåíòðîáåæíûé íàñîñ; ÑÍ – ñòðóéíûé íàñîñ; ÊÐ — êðàí-ðåãóëÿòîð; ÒÍÀ – òóðáîíàñîñíûé àãðåãàò; ÏÊ –
ïðåäîõðàíèòåëüíûé êëàïàí; ÒÀ – òåïëîîáìåííûé àïïàðàò (ãàçèôèêàòîð)
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íîâíîì íà ìàññó, ðàçìåðû è àíòèêàâèòàöèîííûå
êà÷åñòâà [7, 10]. Ðàäèàëüíûå ïîäâîäû øèðîêî
èñïîëüçóþòñÿ â ðàêåòíî-êîñìè÷åñêèõ ÒÍÀ. Â
êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûë âûáðàí ÒÍÀ
ñ ðàäèàëüíûì ïîäâîäîì æèäêîñòè.

Ìàòåìàòè÷åñêàÿ ìîäåëü ÒÍÀ

Äëÿ ïðîâåäåíèÿ ðàñ÷åòíî-òåîðåòè÷åñêîãî èñ-
ñëåäîâàíèÿ áûëà ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ
ìîäåëü ÒÍÀ, âêëþ÷àþùàÿ â ñåáÿ äâà ðåæèìà:
ðàñ÷åòíûé è íåðàñ÷åòíûé. Ðàñ÷åòíûé ðåæèì, áëîê-
ñõåìà êîòîðîãî ïðåäñòàâëåíà íà ðèñ. 4, òðåáóåòñÿ

Ðèñ. 2. Îòêðûòàÿ è çàêðûòàÿ ñèñòåìà ïèòàíèÿ ÒÍÀ: 1 — ïðèâîä ÒÍÀ (ýëåêòðîäâèãàòåëü); 2 — òåïëîîáìåííûé
àïïàðàò (ãàçèôèêàòîð); 3 — âåíòèëÿòîð; 4 — êîìïðåññîð íèçêîãî äàâëåíèÿ; 5 — êîìïðåññîð âûñîêîãî äàâëåíèÿ;
6 — êàìåðà ñãîðàíèÿ; 7 — òóðáèíà; 8 — ïðèâîä ÒÍÀ (âîçäóøíàÿ òóðáèíà)

Ðèñ. 3. Óñëîâíàÿ ñõåìà øíåêîöåíòðîáåæíîãî íàñîñà: 1 — êîðïóñ; 2 — öåíòðîáåæíîå êîëåñî; 3 — øíåêîâûé ïðåä-
íàñîñ; 4 — ñïèðàëüíûé ñáîðíèê; 5 — ïîäâîä íàñîñà; 6 — êîíè÷åñêèé äèôôóçîð
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äëÿ îïðåäåëåíèÿ: ãåîìåòðè÷åñêèõ ðàçìåðîâ, ìàñ-
ñû íàñîñà, ÊÏÄ è ãèäðàâëè÷åñêèõ ïîòåðü [11—13].
Èñõîäíûå äàííûå äëÿ ðàñ÷åòà: ìàññîâûé ðàñõîä,
äàâëåíèå íà âõîäå è âûõîäå èç íàñîñà, êàâèòàöè-
îííûé ðåçåðâ è òåïëîôèçè÷åñêèå ñâîéñòâà æèä-
êîñòè (ïëîòíîñòü, êèíåìàòè÷åñêàÿ âÿçêîñòü, äàâ-
ëåíèå íàñûùåííûõ ïàðîâ è ò.ï.). Âåðèôèêàöèÿ
ìàòåìàòè÷åñêîé ìîäåëè ðàñ÷åòíîãî ðåæèìà îñó-
ùåñòâëåíà ïî äàííûì ðàáîòû [14], â êîòîðîé ðàñ-
ñìàòðèâàåòñÿ èñïîëüçîâàíèå ÒÍÀ íà æèäêîì âî-
äîðîäå è ïðåäñòàâëåíû åãî ïàðàìåòðû. Èñõîäíûå
äàííûå èç ðàáîòû áûëè âçÿòû çà èñõîäíûå äàí-
íûå îïèñûâàåìîé ìàòåìàòè÷åñêîé ìîäåëè. Ðå-
çóëüòàò ðàñ÷åòà ïðåäñòàâëåí â òàáë. 1.

Çàäà÷åé íåðàñ÷åòíîãî ðåæèìà, áëîê ñõåìà
êîòîðîãî ïîêàçàíà íà ðèñ. 5, ÿâëÿåòñÿ îïðåäåëå-
íèå ïîëíîãî ÊÏÄ íàñîñà, îïðåäåëåíèå äàâëåíèÿ
íà âûõîäå èç íàñîñà, îáåñïå÷èâàþùåå áåñêàâèòà-
öèîííóþ ðàáîòó àãðåãàòà è ïîñòðîåíèå õàðàêòå-
ðèñòèêè íàñîñà.

Èñõîäíûìè äàííûìè ÿâëÿþòñÿ: çíà÷åíèÿ ïà-
ðàìåòðîâ, ïîëó÷åííûå â ðàñ÷åòíîì ðåæèìå, à òàê-
æå òåïëîôèçè÷åñêèå ñâîéñòâà æèäêîñòè (ïëîò-
íîñòü, êèíåìàòè÷åñêàÿ âÿçêîñòü, äàâëåíèå íàñû-
ùåííûõ ïàðîâ). Åñëè æå êàâèòàöèîííûé çàïàñ
íàñîñà ìåíüøå, ÷åì äîïóñòèìûé êàâèòàíöèîííûé
çàïàñ, ìàòåìàòè÷åñêàÿ ìîäåëü îòìå÷àåò ýòè ãåî-

Ðèñ. 4. Áëîê-ñõåìà ìàòåìàòè÷åñêîé ìîäåëè ðàñ÷åòíîãî ðåæèìà

Òàáëèöà 1

Âåðèôèêàöèÿ ìàòåìàòè÷åñêîé ìîäåëè ðàñ÷åòíîãî ðåæèìà ÒÍÀ

 Äàííûå [14] Ðåçóëüòàò ðàñ÷åòà Ïîãðåøíîñòü, % 

Óãëîâàÿ ñêîðîñòü, îá/ìèí 123000 127000 3 

Ìîùíîñòü, êÂò 1741 1820 4 

ÊÏÄ 0.67 0.64 3 
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ìåòðè÷åñêèå ðàçìåðû êàê íåâåðíûå, «âûõîäèò» èç
ðàñ÷åòà è òðåáóåò äðóãèõ èñõîäíûõ äàííûõ.

Çàäà÷à èññëåäîâàíèÿ

Çàäà÷à èññëåäîâàíèÿ çàêëþ÷àåòñÿ â èçó÷åíèè
âëèÿíèÿ íà ïàðàìåòðû ÒÍÀ óñëîâèé âûïîëíåíèÿ
ïîëåòíîãî çàäàíèÿ êðèîïëàíà.

Ìàòåìàòè÷åñêèå ìîäåëè ÒÍÀ ðàáîòàþò ñîâìå-
ñòíî ñ ìàòåìàòè÷åñêîé ìîäåëüþ êðèîãåííîãî òîï-
ëèâíîãî áàêà (ÊÒÁ), ðàññìîòðåííîãî â [15]. Óñ-
ëîâíàÿ ñõåìà ðàáîòû ìàòåìàòè÷åñêèõ ìîäåëåé
ïîêàçàíà íà ðèñ. 6.

Äëÿ ðàñ÷åòà èñïîëüçîâàíû äàííûå èç ìàòåìà-
òè÷åñêîé ìîäåëè êðèîãåííîãî òîïëèâíîãî áàêà è

Ðèñ. 5. Áëîê-ñõåìà ìàòåìàòè÷åñêîé ìîäåëè íåðàñ÷åòíîãî ðåæèìà

ìàòåìàòè÷åñêîé ìîäåëè òåïëîôèçè÷åñêèõ ñâîéñòâ
êðèîãåííûõ æèäêîñòåé [20, 21]. Ðàñ÷åò âûïîëíÿ-
åòñÿ ïî âñåìó öèêëó ïîëåòà êðèîïëàíà.

Öèêë ïîëåòà ñîñòîèò èç ñëåäóþùèõ ó÷àñòêîâ:
Ó÷àñòîê À: íàáîð âûñîòû äî 10 êì – â òå÷å-

íèè 20 ìèí, ìàññîâûé ðàñõîä æèäêîãî òîïëèâà
0,80 êã/ñ.

Ó÷àñòîê B: êðåéñåðñêèé ïîëåò íà âûñîòå 10 êì
– â òå÷åíèå 6 ÷, ìàññîâûé ðàñõîä æèäêîãî òîïëèâà
0,53 êã/ñ.

Ó÷àñòîê C: ñíèæåíèå – â òå÷åíèå 20 ìèí,
ìàññîâûé ðàñõîä æèäêîãî òîïëèâà 0,2 êã/ñ.

Çàâèñèìîñòü âûñîòû ïîëåòà îò âðåìåíè ïîêà-
çàíà íà ðèñ. 7.

Ðàñõîäíî-íàïîðíàÿ õàðàêòåðèñòèêà ÒÍÀ ïðè-
âåäåíà íà ðèñ. 8. Íàïîð íàñîñà îáðàòíî ïðîïîð-
öèîíàëåí ðàñõîäó òîïëèâà.

Ìîùíîñòü, ïîòðåáëÿåìàÿ ÒÍÀ (ðèñ. 9), çàâè-
ñèò îò ìàññîâîãî ðàñõîäà òîïëèâà, ïîýòîìó ìàê-
ñèìàëüíàÿ ìîùíîñòü íà ó÷àñòêå À, ìèíèìàëüíàÿ
— íà ó÷àñòêå C.

Äàâëåíèå, îáåñïå÷èâàþùåå áåñêàâèòàöèîííóþ
ðàáîòó ÒÍÀ, ïîêàçàíî íà ðèñ. 10. Äàâëåíèå âîç-
ðàñòàåò ïî öèêëó ïîëåòà èç-çà ïîâûøåíèÿ äàâëå-
íèÿ â êðèîãåííîì òîïëèâíîì áàêå.

Ðèñ. 6. Óñëîâíàÿ ñõåìà ðàáîòû ìàòåìàòè÷åñêèõ ìîäå-
ëåé ÒÍÀ
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Â öåëÿõ áåçîïàñíîé ýêñïëóàòàöèè ÊÒÁ íà íåì
óñòàíîâëåí ïðåäîõðàíèòåëüíûé êëàïàí, ñðàáàòû-
âàþùèé ïðè ïîâûøåíèè äàâëåíèÿ âûøå äîïóñòè-
ìîãî äëÿ ïðåäîòâðàùåíèÿ åãî ðàçðóøåíèÿ. Ñðà-
áàòûâàíèå êëàïàíà âëèÿåò íà äàâëåíèå íà âûõî-
äå èç ÒÍÀ (çîíà À íà ðèñ. 10).

Îñðåäíåííûå ïàðàìåòðû ÒÍÀ ïî öèêëó ïîëåòà
ïðåäñòàâëåíû â òàáë. 2.

Âûâîäû

1. Â ñâÿçè ñ òåì, ÷òî àâèàöèîííûå êðèîãåííûå
òîïëèâíûå ñèñòåìû ìíîãîðåæèìíûå, îöåíèâàòü
ðàáîòó ÒÍÀ è âûáèðàòü ïàðàìåòðû, îáåñïå÷èâà-
þùèå èõ íàäåæíîå ôóíêöèîíèðîâàíèå, òðåáóåò-

Ðèñ. 7. Çàâèñèìîñòü âûñîòû ïîëåòà îò âðåìåíè

Ðèñ. 8. Çàâèñèìîñòü íàïîðà íàñîñà îò ðàñõîäà òîïëèâà

Ðèñ. 9. Ïîòðåáíàÿ ìîùíîñòü ÒÍÀ ïî öèêëó ïîëåòà
Ðèñ. 10. Äàâëåíèå íà âûõîäå èç íàñîñà ïî öèêëó
ïîëåòà ËÀ
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ñÿ âî âñåõ âîçìîæíûõ ðåæèìàõ ðàáîòû òîïëèâíîé
ñèñòåìû, ó÷èòûâàÿ èçìåíåíèå ñâîéñòâ òîïëèâà
ïðè íàãðåâå â òîïëèâíîì áàêå.

2. Ìàêñèìàëüíàÿ ìîùíîñòü íàñîñà, òðåáóåìàÿ
íà âçëåòíîì ðåæèìå, 19,5 êÂò ïðè ðàñõîäå òîïëèâà
0,80êã/c; ñðåäíÿÿ ìîùíîñòü íà êðåéñåðñêîì ïî-
ëåòå 12,6 êÂò ïðè ðàñõîäå òîïëèâà 0,53 êã/c.

3. Ìàêñèìàëüíîå äàâëåíèå íà âûõîäå èç ÒÍÀ,
îáåñïå÷èâàþùåå áåñêàâèòàöèîííóþ ðàáîòó, 78
àòì.
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Abstract

According to the forecasts of the International
Energy Agency, by the year 2040 the demand for
liquefied natural gas (LNG) in the European Union
will increase four times and twice in China. The LNG
can become a greener substitute for oil and coal in the
fast-growing urban areas of the developing world.

The Soviet Union was the first in the world to test
a liquid hydrogen airplane in 1988, and in 1989 began
equipment testing and research into the cryo-aircraft
possibilities with the LNG utilization. Subsequently,
several LNG-powered aircraft projects were
developed, but they could not be realized for objective
reasons.

One of the main problems of creating aviation
cryogenic fuel system is the development of aviation
cryogenic turbo-pump unit (TPU) capable of
operating in the range of fuel consumption larger than
the TPU for the space-rocket technology.

The article presents simulation of the aircraft turbo
pump unit modelling, with account for the joint
operation with the other units of the cryogenic fuel
system.

Two TPU structures are possible in the aviation
cryogenic system: the so-called “open scheme” and
closed scheme. In the close scheme the pump driving
is realized by the turbine, which working body is a
cryogenic fuel warmed in the heat exchange unit. The
pump driving in the open scheme is brought about
from the external power source, i.e. electric motor.
The closed scheme is more energy efficient, though

STUDYING PARAMETERS OF AIRCRAFT CRYOGENIC TURBO-PUMP UNIT
BY THE AIRCRAFT FLIGHT CYCLE

Aslanov A.R.*, Raznoschikov V.V.**, Stol’nikov A.M.***

Central Institute of Aviation Motors named after P.I. Baranov (CIAM),
2, Aviamotornaya str., Moscow, 111116, Russia

* e-mail: asvar.aslanov96@mail.ru
** e-mail: raznoschikov@ciam.ru

*** e-mail: R8314459848@gmail.com

it requires joint operation of the fuel system aggregates.
The open scheme was selected as the object of
research.

A mathematical model of the TPU, which has two
modes of operation, has been developed for
conducting computational and theoretical studies. The
rated mode allows defining the TPU geometrical sizes.
The non-rated mode allows defining the TPU basic
parameters and plotting consumption-head-flow
characteristic based on geometrical sizes, mass fuel
consumption and input pressure. It should be noted
that the TPU mathematical model operates in
aggregate with mathematical model of the cryogenic
fuel tank.

As the result of the calculation, the required power,
pressure at the TPU outlet, as well as the flow and
pressure characteristics of the pump are being
determined by the aircraft flight cycle.

Keywords: cryogenic pump, cryogenic fuel system,
liquefied natural gas pump, cryogenic fuel aircraft
engine, aircraft turbo-pump unit.
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