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Â ñîâðåìåííîì ìèðå ñèñòåìû êîíäèöèîíèðîâàíèÿ âîçäóõà (ÑÊÂ) ïîëó÷èëè ìàêñèìàëüíî øèðîêîå 
ðàñïðîñòðàíåíèå è ñòàëè îáûäåííîé ÷àñòüþ ïîâñåäíåâíîé æèçíè. Îäíàêî ââèäó ñëîæíîñòè êîí-
ñòðóêöèè ïðè ïðîåêòèðîâàíèè ÑÊÂ è ðàçâèòèÿ ñîâðåìåííûõ òåõíîëîãèé äî ñèõ ïîð îñòàåòñÿ ìíî-
ãî óçëîâ ñèñòåìû, äîïóñêàþùèõ ìîäåðíèçàöèþ è óëó÷øåíèÿ. Íàðÿäó ñ òàêèìè ïàðàìåòðàìè, êàê 
ýðãîíîìèêà è ìàññîãàáàðèòíûå õàðàêòåðèñòèêè, îãðîìíóþ ðîëü èãðàþò òàêèå ïàðàìåòðû ðàáîòû 
ÑÊÂ, êàê ýôôåêòèâíîñòü, íàäåæíîñòü, ðåñóðñ. Îñîáåííî àêòóàëüíûìè ñòàíîâÿòñÿ ýòè ïàðàìåòðû 
â óñëîâèÿõ ìèíèàòþðèçàöèè è ðàáîòû ïî çàìêíóòîìó öèêëó â ìîáèëüíûõ òðàíñïîðòíûõ ñðåäñòâàõ 
(àâòîìîáèëüíàÿ, àâèàöèîííàÿ è êîðàáåëüíàÿ òåõíèêà), ïîñêîëüêó ýôôåêòèâíîñòü, ìàññà è ðåñóðñ 
îêàçûâàþò ðåøàþùåå âîçäåéñòâèå íà èòîãîâóþ ñòîèìîñòü òåõíèêè è çàòðàòû ïî åå îáñëóæèâàíèþ 
è ýêñïëóàòàöèè. Îñíîâíûìè ïàðàìåòðàìè, êîòîðûå ðåãóëèðóåò ÑÊÂ, ÿâëÿþòñÿ òåìïåðàòóðà, ðàñ-
õîä è âëàæíîñòü ïîäàâàåìîãî âîçäóõà. Â ñòàòüå ðàññìàòðèâàþòñÿ è ñðàâíèâàþòñÿ ìåòîäû ïåðâè÷-
íîãî îõëàæäåíèÿ ãîðÿ÷åãî âîçäóõà, ïîäàâàåìîãî â ÑÊÂ âåðòîëåòà, ïðè îáîãðåâå êàáèíû â óñëîâèÿõ 
íèçêèõ òåìïåðàòóð. Çà÷àñòóþ ýòî ïðîèçâîäèòñÿ ñ èñïîëüçîâàíèåì âîçäóõî-âîçäóøíûõ òåïëîîá-
ìåííèêîâ (ÂÂÒ). Â ìàòåðèàëàõ ñòàòüè ïðåäëàãàåòñÿ ê ðàññìîòðåíèþ âàðèàíò çàìåíû îäíîãî èç 
òàêîâûõ íà òåïëîñìåñèòåëü ýæåêòîðíîãî òèïà, ïðèâîäèòñÿ îïèñàíèå è ñðàâíåíèå ñóùåñòâóþùèõ 
è ïðåäëàãàåìîãî âàðèàíòîâ ìîäåðíèçàöèè ñõåì ÑÊÂ è îöåíèâàåòñÿ ïðèåìëåìîñòü èõ ðåàëèçàöèè 
íà âåðòîëåòå. Òàêæå ïðîâåäåíà ñðàâíèòåëüíàÿ ðàáîòà ïî îöåíêå ïðåèìóùåñòâ è íåäîñòàòêîâ ïðè 
òàêîé çàìåíå. Ïðîâåäåíû ïåðâè÷íûå îöåíî÷íûå ðàñ÷åòû èçìåíåíèÿ ïàðàìåòðîâ ñèñòåìû â ñëó-
÷àå âíåäðåíèÿ çàìåíû íà âñåõ óñëîâíûõ ðåæèìàõ íàãðóçêè òèïîâîé ìîäåëè âåðòîëåòà. Ïðèâåäåíû 
îñîáåííîñòè ïðèìåíåíèÿ äàííîé çàìåíû è óêàçàíû äîïîëíèòåëüíûå íîâîââåäåíèÿ, íåîáõîäèìûå 
äëÿ åå ðåàëèçàöèè. Äëÿ âû÷èñëåíèé èñïîëüçîâàëñÿ ïðîãðàììíûé êîìïëåêñ ANSYS CFX, MathCAD, 
Solid Edge ST8. Â õîäå ðàáîòû áûëà âûÿâëåíà êîíñòðóêöèÿ è ìåòîä, îáåñïå÷èâàþùèå îïòèìàëüíûå 
ïàðàìåòðû è ìåòîä ðåàëèçàöèè ïðè âíåäðåíèè ýæåêòîðà â ñîñòàâ ÑÊÂ.
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àâèàöèîííûé òðàíñïîðò, ðàñõîä, ðåãóëèðîâàíèå òåìïåðàòóðû, òåðìè÷åñêèå íàïðÿæåíèÿ, ýôôåê-
òèâíîñòü, íàäåæíîñòü.

 Ââåäåíèå
Ïðèìåíèòåëüíî ê íàçåìíûì òðàíñïîðòíûì 

ñðåäñòâàì (àâòîìîáèëÿì, òðàêòîðàì, ñåëüñêî-
õîçÿéñòâåííûì ìàøèíàì) ñèñòåìà êîíäèöèî-
íèðîâàíèÿ âîçäóõà (ÑÊÂ) äîñòàòî÷íî õîðîøî 
îòðàáîòàíà [1, 2]. Ñîâðåìåííûé àâèàöèîííûé 
òðàíñïîðò ëåòàåò íà âûñîòàõ, êëèìàòè÷åñêèå 
óñëîâèÿ êîòîðûõ çíà÷èòåëüíî îòëè÷àþòñÿ îò 
íàçåìíûõ. Â áîëüøèíñòâå ñëó÷àåâ (ïðè âûñîòå 
ïîëåòà áîëåå 4,5 êì íàä óðîâíåì ìîðÿ) òåì-
ïåðàòóðà, äàâëåíèå è ñîäåðæàíèå êèñëîðîäà 
â âîçäóõå íàõîäÿòñÿ íà óðîâíå, ïðè êîòîðîì 
÷åëîâå÷åñêèé îðãàíèçì íå ìîæåò äëèòåëüíî 
ñóùåñòâîâàòü è íîðìàëüíî ôóíêöèîíèðîâàòü 
áåç äîïîëíèòåëüíîãî çàùèòíîãî ñíàðÿæåíèÿ. 

Ïðè÷åì óñëîâèÿ çàáîðòíîé ñðåäû íàïðÿìóþ 
ñâÿçàíû ñ âûñîòîé îòíîñèòåëüíî óðîâíÿ ìîðÿ. 
Äëÿ ðåøåíèÿ äàííîé ïðîáëåìû è óïðîùåíèÿ 
ðàáîòû ÷åëîâåêà (çà ñ÷åò îòñóòñòâèÿ ñêîâûâàþ-
ùåãî çàùèòíîãî ñíàðÿæåíèÿ) â áîëüøèíñòâå ñî-
âðåìåííîé àâèàöèîííîé òåõíèêè ïðèìåíÿþòñÿ 
âíóòðåííÿÿ (ÑÊÂ) è ñèñòåìà àâòîìàòè÷åñêîãî 
ðåãóëèðîâàíèÿ äàâëåíèÿ (ÑÀÐÄ) íà áîðòó ñàìî-
ëåòà, ïðèçâàííûå ïîääåðæèâàòü íîðìàëüíûå óñ-
ëîâèÿ ìèêðîêëèìàòà íà áîðòó [3]. 

Îòäåëüíî èç ìíîãîîáðàçèÿ àâèàöèîííîé 
òåõíèêè ìîæíî âûäåëèòü âåðòîëåòû. Èç-çà íå-
áîëüøîé âûñîòû ïîëåòà ÑÀÐÄ íà íèõ ïðàêòè÷å-
ñêè íå ïðèìåíÿåòñÿ [4, 5], à ê ÑÊÂ ñòàëè ïðåäú-
ÿâëÿòüñÿ áîëåå æåñòêèå òðåáîâàíèÿ â ñâÿçè ñ 
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ðàçâèòèåì íîâûõ ïåðñïåêòèâíûõ òåõíîëîãèé 
ïî îñâîåíèþ òåððèòîðèé ñ ðåçêî âûðàæåííûì 
êëèìàòîì (ïóñòûííàÿ è àðêòè÷åñêàÿ ìåñòíîñòü) 
è ïðèìåíåíèåì ñïåöèàëüíîãî áîðòîâîãî îáî-
ðóäîâàíèÿ, òàêîãî êàê ìîðñêèå ñïàñàòåëüíûå 
êîìïëåêòû (ÌÑÊ). Â ýòèõ óñëîâèÿõ òðàäèöè-
îííûå îáîãðåâàòåëè è îõëàæäàþùèå êîíòóðû 
ñòàíîâÿòñÿ íåýôôåêòèâíûìè [6], è, êàê íèêîãäà, 
ñòàíîâèòñÿ àêòóàëüíûì âîïðîñ óñòàíîâêè ÑÊÂ, 
ñõîæåé ñ óñòàíàâëèâàåìîé íà ìîäåëè àâèàöè-
îííîé òåõíèêè, ïðåäíàçíà÷åííûå äëÿ áîëüøèõ 
âûñîò ïîëåòà, è òàêæå çíà÷èìûì ñòàíîâèòñÿ 
âîïðîñ ýôôåêòèâíîñòè îáîãðåâà.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ àíàëèç ðàáîòû 

òåïëîñìåñèòåëåé ýæåêòîðíîãî òèïà ïðè êîíäè-
öèîíèðîâàíèè âîçäóõà íà òðàíñïîðòå.

Îïèñàíèå ñèñòåìû
Â áîëüøèíñòâå ñëó÷àåâ ÑÊÂ ïðåäñòàâëÿ-

åò ñîáîé ñèñòåìó àâòîìàòè÷åñêîãî ðåãóëèðî-
âàíèÿ òåìïåðàòóðû íà áîðòó çà ñ÷åò ïîäà÷è â 
êàáèíó âîçäóõà, îòáèðàåìîãî îò êîìïðåññîðà 
äâèãàòåëåé. Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü, 
÷òî ïîñëå îòáîðà îò êîìïðåññîðà âîçäóõ èìååò 
ïàðàìåòðû, çíà÷èòåëüíî ïðåâûøàþùèå íîð-
ìàëüíûå óñëîâèÿ [7]. Äàâëåíèå òàêîãî âîçäóõà 
ìîæåò äîõîäèòü äî 3 ÌÏà, à òåìïåðàòóðà äî-
ñòèãàòü 600 °Ñ. Ïîýòîìó ïðèíöèï ðàáîòû ïî 
àâòîìàòè÷åñêîìó ðåãóëèðîâàíèþ ÑÊÂ ñâîäèò-
ñÿ ê ñíèæåíèþ/îãðàíè÷åíèþ äàâëåíèÿ äî ïðè-

åìëåìîãî óðîâíÿ, ðàçäåëåíèþ îòáèðàåìîãî 
âîçäóõà íà äâà ïîòîêà, îõëàæäåíèþ îäíîãî èç 
ïîòîêîâ äî íèçêèõ òåìïåðàòóð è ïîñëåäóþùå-
ìó ñìåøåíèþ äàííûõ ïîòîêîâ â îïðåäåëåííûõ 
ïðîïîðöèÿõ äî ïîëó÷åíèÿ òðåáóåìîãî òåìïå-
ðàòóðíîãî çíà÷åíèÿ [8].

Ïðèìåð ïîäîáíîé ñõåìû ïîòîêà âîçäóõà è 
àãðåãàòîâ, âõîäÿùèõ â ñîñòàâ ÑÊÂ ïðåäñòàâëåí 
íà ðèñ. 1 [9]. 

Îòêðûâàþòñÿ êðàíû îòáîðà âîçäóõà (ÇÐÓ1 
è ÇÐÓ2) â òðàêò ÑÊÂ, ãäå ïðè ïîìîùè êðàíà-
îãðàíè÷èòåëÿ ðàñõîäà (ÇÐÓ3) è ðåëå äàâëå-
íèÿ (ÐÄ2 è ÐÄ3) êîíòðîëèðóåòñÿ îòáèðàåìûé 
ðàñõîä. Ïîñëå ýòîãî âûñîêîòåìïåðàòóðíûé 
âîçäóõ ïðîõîäèò ÷åðåç ïåðâè÷íûé ñòàëüíîé 
âîçäóõî-âîçäóøíûé òåïëîîáìåííèê (ÀÒ1), 
îõëàæäàÿñü äî ïðèåìëåìîãî çíà÷åíèÿ. Èíòåí-
ñèâíîñòü è ñòåïåíü îõëàæäåíèÿ îïðåäåëÿþò-
ñÿ ðàñõîäîì ïðîäóâî÷íîãî âîçäóõà, êîòîðûé â 
ñâîþ î÷åðåäü ðåãóëèðóåòñÿ èçìåíåíèåì ñòåïå-
íè ïîäñîñà â ýæåêòîð (ÝÆ1) [10], ïóòåì îòêðû-
òèÿ/çàêðûòèÿ çàñëîíêîé (ÇÐÓ5) òðàêòà ïîäñà-
ñûâàþùåãî âîçäóõà â ëèíèþ ýæåêòèðîâàíèÿ èç 
îáùåé ìàãèñòðàëè ïîäà÷è â ÑÊÂ. Ïîñëå âñåãî 
òåïëûé âîçäóõ ïîäàåòñÿ â êàáèíó ÷åðåç çàñëîí-
êó îáîãðåâà êàáèíû (ÇÐÓ4), îáäóâàÿ òåìïåðà-
òóðíûå äàò÷èêè ÄÒ4-ÄÒ6. Èñõîäÿ èç èõ ïîêà-
çàòåëåé àâòîìàòè÷åñêèìè áëîêàìè óïðàâëåíèÿ 
è ðåãóëèðîâàíèÿ (ÁÓÐ1 è ÁÓÐ2) îñóùåñòâëÿ-
åòñÿ èçìåíåíèå ïîëîæåíèÿ ïåðåêðûòèÿ ÇÐÓ4 
è ÇÐÓ5 äëÿ âûõîäà ÑÊÂ íà òðåáóåìûé ðåæèì 
îáîãðåâà [11].

Ðèñ. 1. Ñòàíäàðòíàÿ ñõåìà ÑÊÂ ñ àâòîìàòè÷åñêèì ðåãóëèðîâàíèåì
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Àëüòåðíàòèâíûé íåðåãóëèðóåìûé âàðèàíò
Òàêæå ñóùåñòâóåò ðàíåå øèðîêî ðàñïðî-

ñòðàíåííûé, à íûíå âñå ðåæå âñòðå÷àþùèéñÿ 
âàðèàíò îáîãðåâà êàáèíû â ðó÷íîì ðåæèìå ïî 
òàêòèëüíûì îùóùåíèÿì. Ñõåìà [12] åãî ïðèí-
öèïà ðàáîòû ïðåäñòàâëåíà íà ðèñ. 2. 

Ïðè ïîìîùè âêëþ÷àåìîãî ïî æåëàíèþ ýêè-
ïàæà íàïîðíîãî âåíòèëÿòîðà (ÝÂ) âîçäóõ öèð-
êóëèðóåò âíóòðè êàáèíû, ïðîäóâàÿñü ÷åðåç 
òåïëîîáìåííèê êåðîñèíîâîãî àâèàöèîííîãî 
îáîãðåâàòåëÿ (ÊÎ-50) è ïðîãðåâàÿñü çà ñ÷åò 
òåïëîîáìåíà ÷åðåç òîíêóþ ñòåíêó ñ òðàêòîì 
ñãîðàíèÿ òîïëèâà, ñæèãàåìîãî âíóòðè îáîãðå-
âàòåëÿ. Äàò÷èê òåìïåðàòóðû ÄÒ3 ïðèìåíÿåòñÿ 
ýêèïàæåì äëÿ îöåíêè òåìïåðàòóðû â êàáèíå è 
èçáåãàíèÿ ïåðåãðåâà òðàêòà ÊÎ-50 âûøå ïðå-
äåëüíî äîïóñòèìûõ òåìïåðàòóð.

Óñëîâíûå îáîçíà÷åíèÿ â ïðåäñòàâëåííûõ 
ñõåìàõ:

ÀÒ – âîçäóõî-âîçäóøíûé òåïëîîáìåííèê;
ÁÓÐ – áëîê óïðàâëåíèÿ ðàñõîäîì âîçäóõà;
ÁÓÒ – áëîê óïðàâëåíèÿ òåìïåðàòóðîé âîç-

äóõà;
Â – âåíòèëÿòîð îáäóâà äàò÷èêîâ;
ÄÂ – êîìïðåññîð äâèãàòåëÿ;
ÄÒ – äàò÷èê òåìïåðàòóðû;
ÊÎ – îáðàòíûé êëàïàí;

ÊÐ – ðåãóëÿòîð èçáûòî÷íîãî äàâëåíèÿ;
ÐÄ – äàò÷èêè äàâëåíèÿ è ïåðåïàäà äàâëåíèÿ;
ÇÐÓ – çàïîðíî-ðåãóëèðóþùèå óñòðîéñòâà/

çàñëîíêè;
ÝÆ – ýæåêòîð ïîäñîñà âîçäóõà;
ÊÎ-50 – êåðîñèíîâûé îáîãðåâàòåëü (ñîñòîèò 

èç êàìåðû ñãîðàíèÿ – ÊÑ è êîíòóðà òåïëîîáìå-
íà – ÊÒ).

Àãðåãàòàìè ïåðâè÷íîãî èçìåíåíèÿ òåìïå-
ðàòóðû âîçäóõà â îáîèõ ðàññìîòðåííûõ ñëó-
÷àÿõ âûñòóïàþò âîçäóõî-âîçäóøíûå òåïëî-
îáìåííèêè (ÂÂÒ). Â ÂÂÒ ïðîèñõîäèò êîíòàêò 
ãîðÿ÷èõ è õîëîäíûõ ïîòîêîâ âîçäóõà ÷åðåç 
òåïëîïåðåäàþùóþ ñòåíêó. Ïðè ýòîì òåïëîîá-
ìåííèê èñïûòûâàåò èçíîñ âñëåäñòâèå öèêëè÷å-
ñêèõ òåìïåðàòóðíûõ íàãðóçîê. Ýòî ïðèâîäèò 
ê íåîáõîäèìîñòè èçãîòîâëåíèÿ ÂÂÒ èç áîëåå 
æàðîïðî÷íûõ ìàòåðèàëîâ, ÷òî â ñâîþ î÷åðåäü 
ïðèâîäèò ëèáî ê çíà÷èòåëüíîìó óâåëè÷åíèþ 
ìàññû [7], ëèáî óäîðîæàíèþ ñèñòåìû. Êðîìå 
òîãî, â îáîèõ âàðèàíòàõ äîâîëüíî íèçêàÿ ýíåð-
ãåòè÷åñêàÿ ýôôåêòèâíîñòü îáîãðåâà èç-çà 
ñáðîñà ÷àñòè ïîëåçíîãî òåïëà â îêðóæàþùóþ 
ñðåäó ïðè òåïëîîáìåíå. Ýòè îñîáåííîñòè 
áûëè ó÷òåíû â ïðåäëàãàåìîì ê ðàññìîòðåíèþ 
âàðèàíòå ñ çàìåíîé óçëà ÂÂÒ íà òåïëîñìåñè-
òåëüíûé ýæåêòîð ïðè ðàáîòå ÑÊÂ.

Ðèñ. 2. Ñõåìà îáîãðåâà â ÑÊÂ áåç àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ
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Ïðåäëàãàåìûé âàðèàíò
Ïðè èñïîëüçîâàíèè òðàäèöèîííîãî ïåð-

âè÷íîãî òåïëîîáìåííèêà âîçíèêàåò ðÿä íåäî-
ñòàòêîâ, êîòîðûå ìîæíî óñòðàíèòü çàìåíîé 
ìåõàíèçìà ïåðâè÷íîãî îõëàæäåíèÿ. Â êà÷åñòâå 
àëüòåðíàòèâíîãî âàðèàíòà äëÿ âûïîëíåíèÿ 
äàííîé ôóíêöèè ïðåäëàãàåòñÿ ïðèìåíåíèå òå-
ïëîñìåñèòåëüíîãî ýæåêòîðà [10], óñòàíîâëåí-
íîãî â òðàêò ïîäà÷è âîçäóõà îò êîìïðåññîðà 
â ÑÊÂ. Îõëàæäåíèå ïîäàâàåìîãî âîçäóõà â 
äàííîì ñëó÷àå áóäåò ïðîèñõîäèòü íå çà ñ÷åò 
òåïëîîáìåíà ÷åðåç ñòåíêó ìåæäó ñðåäàìè, à çà 
ñ÷åò ðàçáàâëåíèÿ ïîäàâàåìîãî ãîðÿ÷åãî âîçäó-
õà ïîäìåøèâàåìûì çàáîðòíûì. Ïðèíöèïèàëü-
íàÿ ñõåìà ðàáîòû äàííîãî òåõíè÷åñêîãî ðåøå-
íèÿ ïðåäñòàâëåíà íà ðèñ. 3. 

Êàê è â áàçîâîì âàðèàíòå, ïðè âêëþ÷åíèè 
ÑÊÂ ïðîèñõîäèò îòáîð âîçäóõà îò êîìïðåññî-
ðîâ äâèãàòåëåé ïðè îòêðûòèè êðàíîâ îòáîðà 
ÇÐÓ1 è ÇÐÓ2. Îòëè÷èå ñîñòîèò â äðóãîé íà-
ñòðîéêå ðåæèìà ðàáîòû ðåãóëÿòîðîâ èçáûòî÷-
íîãî äàâëåíèÿ ÊÐ1 è ÊÐ2. Ïðè ïîäà÷å â òðàêò 
ÑÊÂ áëîêîì óïðàâëåíèÿ ÁÓÐ1 ó÷èòûâàåòñÿ 
òåìïåðàòóðà ïîäàâàåìîãî âîçäóõà, çà ñ÷åò ñ÷è-
òûâàíèÿ ïàðàìåòðîâ ñ äàò÷èêîâ òåìïåðàòóðû 
ÄÒ1 è ÄÒ2. Áëîêîì ÁÓÐ2 ó÷èòûâàþòñÿ òåì-

ïåðàòóðíûå ïàðàìåòðû ñ äàò÷èêîâ ÄÒ4–ÄÒ6, 
óñòàíîâëåííûõ ïî ïåðèìåòðó êàáèíû. Ïî êîí-
òðîëüíîìó äàò÷èêó ÄÒ3 îòñëåæèâàþòñÿ êðèòè-
÷åñêèå òåìïåðàòóðû, è, â ñëó÷àå íåîáõîäèìî-
ñòè, ïðîèñõîäèò ïåðåêðûòèå òðàêòà ïîäà÷è ïðè 
ïîìîùè ÇÐÓ3 [12]. Îñíîâíîå ðåãóëèðîâàíèå 
òåìïåðàòóðû ïðîèñõîäèò çà ñ÷åò èçìåíåíèÿ 
ïðîïîðöèé ïîñòóïàþùåãî â ýæåêòîð (ÝÆ1) 
ãîðÿ÷åãî âîçäóõà èç òðàêòà îòáîðà è ïîäñàñû-
âàåìîãî èç êàáèíû õîëîäíîãî âîçäóõà, èõ ïåðå-
ìåøèâàíèå ñ âûðàâíèâàíèåì òåìïåðàòóðû è 
ïîäà÷à â ãðóçîâóþ êàáèíó ïðîãðåòîãî âîçäóõà 
äëÿ îáîãðåâà ïîñëåäíåé äî çàäàííîãî òåìïåðà-
òóðíîãî çíà÷åíèÿ â àâòîìàòè÷åñêîì ðåæèìå. 

Ðàñ÷åòíî-îöåíî÷íàÿ ÷àñòü. Çà îñíîâó 
äëÿ êîìïüþòåðíûõ ðàñ÷åòîâ áðàëèñü õàðàêòå-
ðèñòèêè îòáèðàåìîãî îò êîìïðåññîðà âîçäó-
õà íà ïðèìåðå äâèãàòåëÿ âåðòîëåòà Ìè-8. Ïî 
óñëîâèÿì ðàñ÷åòà ïðåäïîëàãàëîñü, ÷òî ïîòðå-
áèòåëè íà áîðòó ïîëó÷àþò âîçäóõ îò ÑÊÂ â 
îäèíàêîâîì êîëè÷åñòâå è ñ îäèíàêîâûìè ïàðà-
ìåòðàìè â îáîèõ âàðèàíòàõ. Ðàñ÷åò âûïîëíåí 
â ïðîãðàììå MathCAD [7]. Â èòîãå ïðè ñðàâíå-
íèè âñåõ îïèñàííûõ âûøå ñïîñîáîâ êîíäèöè-
îíèðîâàíèÿ áûë âûäåëåí ðÿä îòëè÷èé, ïðåä-
ñòàâëåííûõ â òàáë. 1.

Ðèñ. 3. Ïðèíöèïèàëüíàÿ ñõåìà ïðåäëàãàåìîãî âàðèàíòà àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ
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Ïðåäâàðèòåëüíûå âûâîäû
Ïðè ïåðâè÷íîé îöåíêå ïðåäëàãàåìîãî âà-

ðèàíòà ðåàëèçàöèè ÑÊÂ ìîæíî âûäåëèòü ðÿä 
ïðåèìóùåñòâ:

– ñíèæåíèå ìàññû óçëà ÑÊÂ, ò.ê. ñìåñèòåëü-
íàÿ êàìåðà ýæåêòîðà ïðè àíàëîãè÷íûõ õàðàêòå-
ðèñòèêàõ èìååò ìåíüøóþ ïëîùàäü ïîâåðõíî-
ñòè, ÷åì ðàçâåòâëåííàÿ ïîâåðõíîñòü êîíòàêòà 
ïëàñòèí÷àòî-ðåáðèñòîãî òåïëîîáìåííèêà;

– ñíèæåíèå îáùåé ìàññû ñèñòåìû, çà ñ÷åò 
ìåíüøåãî ÷èñëà àãðåãàòîâ ÑÊÂ, è ñîïîñòàâèìàÿ 
ìàññà ñ âàðèàíòîì îáîãðåâà â ðó÷íîì ðåæèìå, 
ïðè ñîõðàíåíèè âîçìîæíîñòè àâòîìàòè÷åñêîãî 
ðåãóëèðîâàíèå â îòëè÷èè îò ïîñëåäíåãî;

– ñíèæåíèå âëèÿíèÿ òåìïåðàòóðíîãî èçíîñà, 
çà ñ÷åò ìåíüøåãî ïåðåïàäà òåìïåðàòóð â ýæåê-
òîðå ïðè ñìåøåíèè ïîòîêîâ, ÷åì íà ãðàíèöàõ 
òåïëîïåðåäàþùåé ñòåíêè òåïëîîáìåííèêà;

– óìåíüøåíèå êîëè÷åñòâà îòáèðàåìîãî îò 
êîìïðåññîðà äâèãàòåëåé âîçäóõà äëÿ îáåñïå÷å-
íèÿ ðàáîòû ÑÊÂ, è, êàê ñëåäñòâèå, ïîâûøåíèå 
ñòàáèëüíîñòè åãî ðàáîòû íà âñåõ ðåæèìàõ;

– ñíèæåíèå ïåðåðàñõîäà òîïëèâà íà îáîãðåâ 
èç-çà óâåëè÷åíèÿ ýôôåêòèâíîñòè ïåðåäà÷è òå-
ïëîâîé ýíåðãèè ïðè ñìåøåíèè ïîòîêîâ â ýæåê-
òîðå â îòëè÷èå îò òåïëîïåðåäà÷è ÷åðåç òîíêóþ 
ñòåíêó òåïëîîáìåííèêà.

Â êà÷åñòâå ãëàâíîãî íåäîñòàòêà ìîæíî îò-
ìåòèòü ñëîæíîñòü ïîääåðæàíèÿ ïðàâèëüíîãî 
ðåæèìà ñìåøåíèÿ ïîòîêîâ â ýæåêòîðå, ïðè-
âîäÿùàÿ ê íåîáõîäèìîñòè ðàçðàáîòêè äîïîë-
íèòåëüíûõ àëãîðèòìîâ ðåãóëèðîâàíèÿ ðàñõî-
äà ïîäàâàåìîãî è ïîäìåøèâàåìîãî â ýæåêòîð 
ïîòîêîâ âîçäóõà. Íî äàííàÿ ïðîáëåìà ìîæåò 
áûòü íèâåëèðîâàíà áîëåå òîíêîé íàñòðîéêîé 
ðàáî÷åãî ðåæèìà ðåãóëÿòîðîâ èçáûòî÷íîãî 
äàâëåíèÿ è âíåäðåíèåì ñïåöèàëüíîãî ÏÎ â 
áëîêè óïðàâëåíèÿ è àâòîìàòè÷åñêîãî ðåãóëè-
ðîâàíèÿ [5].

Çàêëþ÷åíèå
Ïî èòîãàì ñðàâíèòåëüíûõ ðàñ÷åòîâ ìîæíî 

ñäåëàòü âûâîä, ÷òî ïðèìåíåíèå òåïëîñìåñè-
òåëåé ÿâëÿåòñÿ ïåðñïåêòèâíûì íàïðàâëåíèåì 
â ðàçâèòèè ÑÊÂ àâèàöèîííîé òåõíèêè. Ñðåäè 
ãëàâíûõ ïðåèìóùåñòâ, âûÿâëåííûõ óæå â ïåð-
âè÷íûõ ðàñ÷åòàõ, ìîæíî âûäåëèòü óìåíüøå-
íèå ìàññîãîáàðèòíûõ õàðàêòåðèñòèê ÑÊÂ è 
ìåíüøåå ïàäåíèå äàâëåíèÿ â òðàêòå äâèãàòåëÿ 
ïðè îòáîðå. Â ïåðñïåêòèâå äàííîå ðåøåíèå 
ñïîñîáíî ïîâûñèòü òåðìî- è èçíîñîñòîéêîñòü 
íà ó÷àñòêàõ ïîâûøåííûõ òåðìè÷åñêèõ íàïðÿ-
æåíèé è ñíèçèòü îáùèå ýíåðãåòè÷åñêèå ïîòåðè 
ÑÊÂ. Íî äëÿ ïîäòâåðæäåíèÿ äàííûõ ïðå-
èìóùåñòâ íåîáõîäèìî ïðîäîëæåíèå ðàáîòû â 
äàííîì íàïðàâëåíèè, èçãîòîâëåíèå ïðîòîòèïà 
ýæåêòîðà ïîä çàäàííûå ðàñõîäû âîçäóõà è ïðî-
âåäåíèå ñòåíäîâûõ èñïûòàíèé ÑÊÂ ñ ïðåäëàãà-
åìîé ìîäèôèêàöèåé.
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Òàáëèöà 1

Îñíîâíûå îòëè÷èÿ ìåæäó âàðèàíòàìè

Îñîáåííîñòè ÑÊÂ 
ïðè ðåàëèçàöèè 

Âàðèàíòû ðåàëèçàöèè ÑÊÂ

Ñòàíäàðòíûé ñ ÂÂÒ
Îáîãðåâ â ðó÷íîì 
ðåæèìå ñ ÊÎ-50

Ïðåäëàãàåìûé
âàðèàíò ñ ýæåêòîðîì

Ìàññà ñèñòåìû â ñáîðå, êã 25…30 15 18…20
Ðàñõîä âîçäóõà îòáèðàåìîãî 

îò êîìïðåññîðà, êã/÷
800…1200 îòñóòñòâóåò 150…250

Ìàêñèìàëüíûå òåìïåðàòóðíûå 
ïåðåïàäû óçëà, Ñ 350 500 250…270

Äîïîëíèòåëüíûé ðàñõîä òîïëèâà 
íà îáîãðåâ, êã/÷

30…50 40…60 10…20
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EJECTOR-TYPE HEAT EXCHANGERS IN THE AIR CONDITIONING IN TRANSPORT
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In the modern world, the air conditioning systems have become the most widespread application and 
have become an everyday part of everyday life. However, due to the complexity of the construction dur-
ing the designing of the air conditioning systems and the development of modern technologies, there 
are still many system’s assemblies that can be upgraded and improved. Along with such parameters as 
ergonomics and weight and size characteristics, a significant role is played by such parameters of the 
operation of the air conditioning systems as efficiency, reliability, resource. These parameters are par-
ticularly relevant in the context of miniaturization and work on a closed cycle in mobile transport vehicles 
(automotive, aircraft and ship equipment), since efficiency, mass and resource exert a determinative 
influence on the total cost of vehicles and the costs of its maintenance and operation. The main pa-
rameters that regulate the air conditioning systems are the temperature, flow rate and humidity of the 
supplied air. The article studies and compares the methods of primary cooling of hot air supplied to the 
helicopter's air conditioning systems, when the cabin is heated at low temperatures. Often this is done 
using air-to-air heat exchangers. In the materials of the article, it is proposed to consider the option of 
replacing one of such heat exchanger with an ejector-type heat exchanger, a description and compari-
son of the existing and proposed options for the modernization of the air conditioning system’s schemes, 
and estimate the acceptability of their implementation on the helicopter. Also, a comparative work was 
conducted to estimate the advantages and disadvantages of such a replacement. The primary estimated 
calculations of the change in the system’s parameters were implemented in the case of introduction of a 
replacement in all conventional load modes of a typical helicopter model. Specific features of the appli-
cation of this replacement are given and additional innovations which are necessary for its implementa-
tion are pointed out. For calculations, the software complex ANSYS CFX, MathCAD, Solid Edge ST8 was 
used. In the course of the work, a construction and a method were revealed that provided the optimal 
parameters and method of implementation for the introduction of the ejector into the composition of the 
air conditioning system.

Keywords: air-to-air heat exchanger, heat mixer, ejector, air conditioning system, service life, aircraft 
transport, consumption, temperature control, thermal stresses, efficiency, reliability.


