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Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

Ââåäåíèå

Àíàëèç ðàçâèòèÿ äâèãàòåëåé äëÿ ñàìîëåòîâ
ðàçëè÷íîãî òèïà, â òîì ÷èñëå è îáëàäàþùèõ âû-
ñîêîé ìàíåâðåííîñòüþ, ïîêàçûâàåò, ÷òî âñå âåäó-
ùèå äâèãàòåëåñòðîèòåëüíûå ôèðìû ìèðîâîãî
óðîâíÿ, êàê îòå÷åñòâåííûå, òàê è çàðóáåæíûå ïî-
ñòîÿííî âåäóò èíòåíñèâíûå ðàçðàáîòêè ìîäèôè-
êàöèé ñâîèõ äâèãàòåëåé â íàïðàâëåíèè óëó÷øåíèÿ
èõ òÿãîâî-ýêîíîìè÷åñêèõ õàðàêòåðèñòèê, à òàêæå
ïîêàçàòåëåé ðåñóðñà è íàäåæíîñòè. Ñîçäàíèå òà-
êèõ ìîäèôèêàöèé ïðîäèêòîâàíî íåîáõîäèìîñòüþ
ïîääåðæèâàòü ýôôåêòèâíîñòü ñàìîëåòà íà ïðîòÿ-
æåíèè âñåãî ñðîêà ñëóæáû, êîòîðûé, êàê ïðàâè-
ëî, ïðåâûøàåò 25 ëåò è â òå÷åíèå êîòîðîãî åãî
âçëåòíàÿ ìàññà çíà÷èòåëüíî óâåëè÷èâàåòñÿ. Òàê,
ñàìîëåòû McDonnel Douglas F-15 «Eagle» è
General Dynamics F-16 «Fighting Falcon», èñïîëü-
çóþùèå ÒÐÄÄÔ Pratt & Whitney F100 ðàçëè÷íûõ
ìîäèôèêàöèé, ïîñòóïèâøèå â ýêñïëóàòàöèþ âî
âòîðîé ïîëîâèíå 70-õ ãîäîâ, çà ïåðâûå 15 ëåò
ýêñïëóàòàöèè çíà÷èòåëüíî (F-16 — äî 25%, F-15
— ïî÷òè â ïîëòîðà ðàçà) óâåëè÷èëè ñâîé âçëåòíûé
âåñ [1]. Äëÿ ñîõðàíåíèÿ è óâåëè÷åíèÿ òÿãîâîîðó-
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Ðàññìîòðåíà îäíà èç íàèáîëåå òèïîâûõ çàäà÷ ñîçäàíèÿ ìîäåðíèçèðîâàííûõ âàðèàíòîâ òóðáîðåàêòèâíûõ äâóõ-
êîíòóðíûõ äâèãàòåëåé ñ ôîðñàæíîé êàìåðîé (ÒÐÄÄÔ) íà îñíîâå áàçîâîãî ãàçîãåíåðàòîðà. Ïîëó÷åíû è ïðåäñòàâ-
ëåíû â ôîðìå íîìîãðàìì ðàñ÷åòíûå çàâèñèìîñòè âçëåòíîé òÿãè, óðîâíÿ òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé, ñòå-
ïåíè äâóõêîíòóðíîñòè, à òàêæå ñóììàðíîãî çíà÷åíèÿ ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â êîìïðåññîðàõ è ñòåïåíè
ïîâûøåíèÿ äàâëåíèÿ â êîìïðåññîðå âûñîêîãî äàâëåíèÿ (ÊÂÄ) îò ñòåïåíè ïîâûøåíèÿ ïîëíîãî äàâëåíèÿ è ðàñ-
õîäà âîçäóõà íîâîãî âåíòèëÿòîðà. Ïîëó÷åííûå çàâèñèìîñòè ïîçâîëÿþò îöåíèòü âîçìîæíûå õàðàêòåðèñòèêè ìî-
äåðíèçèðîâàííîãî äâèãàòåëÿ, ñîçäàâàåìîãî íà îñíîâå áàçîâîãî ãàçîãåíåðàòîðà. Ïðèìåíåíèå ïîëó÷åííûõ çàâè-
ñèìîñòåé ïðè àíàëèçå òåíäåíöèé ðàçâèòèÿ çàðóáåæíûõ äâèãàòåëåé ïîçâîëÿåò âûÿâèòü îøèáî÷íûå äàííûå èç áîëü-
øîãî íàáîðà èìåþùåéñÿ â îòêðûòîé ïå÷àòè ïðîòèâîðå÷èâîé èíôîðìàöèè.

Êëþ÷åâûå ñëîâà: ÒÐÄÄÔ, áàçîâûé ãàçîãåíåðàòîð, ìîäèôèêàöèÿ äâèãàòåëÿ, òÿãà äâèãàòåëÿ, ñòåïåíü ïîâûøå-
íèÿ äàâëåíèÿ â âåíòèëÿòîðå, ðàñõîä âîçäóõà, ñòåïåíü äâóõêîíòóðíîñòè.

æåííîñòè ñàìîëåòà â óñëîâèÿõ ñòàðòà è ïîëåòà íå-
îáõîäèìî ñîîòâåòñòâóþùåå óâåëè÷åíèå òÿãè äâè-
ãàòåëÿ êàê îñíîâíîå óñëîâèå ñîõðàíåíèÿ ìàíåâ-
ðåííîñòè è ñêîðîñòíûõ êà÷åñòâ.

Ñðåäè çàðóáåæíûõ äâèãàòåëåé ÷åòâåðòîãî ïî-
êîëåíèÿ ìîæíî âûäåëèòü, íàïðèìåð, ñåðèè ìîäè-
ôèêàöèé ÒÐÄÄÔ ôèðìû General Electric F404,
F110.

Ïðèìåíåíèå ïåðñïåêòèâíîãî âåíòèëÿòîðà
êàê îñíîâà ñîçäàíèÿ ìîäåðíèçèðîâàííîãî äâèãàòåëÿ

Îñíîâíàÿ òåíäåíöèÿ ðàçâèòèÿ ñåìåéñòâ
ÒÐÄÄÔ [2] ñâÿçàíà ñ èñïîëüçîâàíèåì íà áàçîâîì
ãàçîãåíåðàòîðå íîâûõ âåíòèëÿòîðîâ áîëüøåé ïðî-
èçâîäèòåëüíîñòè è íàïîðíîñòè, ñîçäàííûõ (îñî-
áåííî â ïîñëåäíåå âðåìÿ) ñ ïðèìåíåíèåì 3D-òåõ-
íîëîãèé äëÿ ñíèæåíèÿ ïîòåðü è ïîâûøåíèÿ çàïà-
ñà ãàçîäèíàìè÷åñêîé óñòîé÷èâîñòè ýëåìåíòîâ
òðàêòà ñæàòèÿ. Òàêîé ïîäõîä, êàê ïîêàçûâàåò
ïðàêòèêà, ìîæåò çíà÷èòåëüíî (äî ~ 20%) ïîâûñèòü
òÿãó ìîäåðíèçèðîâàííîãî äâèãàòåëÿ ñ îäíîâðå-
ìåííûì ñíèæåíèåì åãî óäåëüíîãî âåñà [3, 4].
×àùå âñåãî ïîäîáíîãî ðîäà ìîäåðíèçàöèÿ íåèç-
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áåæíî ñâÿçàíà ñ ïîâûøåíèåì óðîâíÿ òåìïåðàòó-
ðû ãàçà â öèêëå äëÿ âûðàáîòêè òóðáèíîé íèçêî-
ãî äàâëåíèÿ äîïîëíèòåëüíîé ìîùíîñòè áåç ñíè-
æåíèÿ (à ëó÷øå äàæå ñ ïîâûøåíèåì) äàâëåíèÿ íà
âûõîäå èç ãàçîãåíåðàòîðà, ÷òî äîñòèãàåòñÿ íîâû-
ìè òåõíîëîãèÿìè îõëàæäàåìûõ òóðáèí è äðóãèõ
ýëåìåíòîâ, ðàçðàáàòûâàåìûìè â ðàìêàõ ïðîãðàìì
íàó÷íî-òåõíè÷åñêîãî çàäåëà.

Óâåëè÷åíèå âçëåòíîé òÿãè ìîäåðíèçèðîâàííûõ
òàêèì îáðàçîì ÒÐÄÄÔ ñâÿçàíî ñ îäíîâðåìåííûì
ïîâûøåíèåì ðàñõîäà âîçäóõà ÷åðåç äâèãàòåëü è
óäåëüíîé òÿãè çà ñ÷åò ðîñòà ñòåïåíè ïîâûøåíèÿ
äàâëåíèÿ â âåíòèëÿòîðå. Íà ðèñ. 1 ïðåäñòàâëåíà
àíàëèòè÷åñêè ïîëó÷åííàÿ Ì.Ì. Öõîâðåáîâûì
çàâèñèìîñòü âçëåòíîé óäåëüíîé òÿãè ÒÐÄÄÔ îò

ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå *
âπ ,

ïîñòðîåííàÿ äëÿ ðàçëè÷íûõ óðîâíåé ïîòåðü ïîë-
íîãî äàâëåíèÿ â «çàâåíòèëÿòîðíîì» ïðîòî÷íîì

òðàêòå äâèãàòåëÿ Σσ  ïðè óñëîâèè îïòèìàëüíîãî

ñîîòíîøåíèÿ ïîëíûõ äàâëåíèé íà âõîäå â êàìå-

ðó ñìåøåíèÿ 
*
II
*
I

ð

ð
. Íà ïîëó÷åííûå ðàñ÷åòíûì ïó-

òåì ëèíèè íàíåñåíû ìàðêåðû, ñîîòâåòñòâóþùèå
çàðóáåæíûì ÒÐÄÄÔ ÷åòâåðòîãî è ïÿòîãî ïîêîëå-
íèÿ.

Èç àíàëèçà ïðåäñòàâëåííîãî ìàòåðèàëà ñëåäó-
åò, ÷òî àáñîëþòíîå áîëüøèíñòâî ìàðêåðîâ ðàñïî-
ëàãàåòñÿ âáëèçè ëèíèè, ñîîòâåòñòâóþùåé çíà÷å-

íèþ Σσ = 0,8 è õîðîøî îïèñûâàåìîé ñëåäóþùåé

çàâèñèìîñòüþ:

( ) ( )
0

3 2* * *
óä ô â â â1,4242 19,582 98,143 50,032.R π π π= - + -

Ïðåäñòàâëÿåò èíòåðåñ ïðîàíàëèçèðîâàòü îá-
ùèå òåíäåíöèè èçìåíåíèÿ îñíîâíûõ ïàðàìåòðîâ

Ðèñ. 1. Çàâèñèìîñòü âçëåòíîé óäåëüíîé òÿãè ÒÐÄÄÔ îò ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå
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è îöåíèòü ïîòåíöèàëüíûå âîçìîæíîñòè ïîâûøå-
íèÿ òÿãè çà ñ÷åò òàêîãî ðîäà ìîäåðíèçàöèè, èñ-
ïîëüçóÿ ïàðàìåòðè÷åñêóþ ìàòåìàòè÷åñêóþ ìîäåëü
äâèãàòåëÿ (ÏÌÌÄ).

Îöåíêà èçìåíåíèÿ ïàðàìåòðîâ
ìîäåðíèçèðîâàííûõ ÒÐÄÄÔ

Äëÿ ïðîâåäåíèÿ ðàñ÷åòíîé îöåíêè â êà÷åñòâå
îñíîâû èñïîëüçîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü
ÒÐÄÄÔ ïåðâîãî óðîâíÿ, îïèñàííàÿ â [5]. Â êà÷å-
ñòâå áàçîâîãî ðàññìàòðèâàåòñÿ äâóõâàëüíûé òóð-
áîðåàêòèâíûé äâóõêîíòóðíûé äâèãàòåëü ñ ôîð-
ñàæíîé êàìåðîé, îñíîâíûå ïàðàìåòðû êîòîðîãî
òèïè÷íû äëÿ ìíîãîðåæèìíîãî äâèãàòåëÿ ìàíåâ-
ðåííîãî ñàìîëåòà ÷åòâåðòîãî ïîêîëåíèÿ. Ñ÷èòà-
ëîñü, ÷òî ìîäåðíèçèðîâàííûé äâèãàòåëü ñîçäàåòñÿ
íà îñíîâå áàçîâîãî ãàçîãåíåðàòîðà ïóòåì ïîñòà-
íîâêè íîâîãî âåíòèëÿòîðà ñ çàäàííûìè çíà÷åíè-
ÿìè ðàñõîäà âîçäóõà Gâ è ñòåïåíè ïîâûøåíèÿ äàâ-

ëåíèÿ *
âπ . Ïðè ýòîì âåëè÷èíà ðàçìåðíîñòè ðàñ-

ñìàòðèâàåìîãî ãàçîãåíåðàòîðà (òî åñòü çíà÷åíèå
ïðèâåäåííîãî ðàñõîäà âîçäóõà íà âûõîäå èç ÊÂÄ)
ïðåäïîëàãàëàñü äîñòàòî÷íîé, ÷òîáû íå îêàçûâàòü
âëèÿíèÿ íà ïàðàìåòðû ýôôåêòèâíîñòè åãî ñîñòàâ-
íûõ óçëîâ.

Â ïðîöåññå ïðîâåäåíèÿ ðàñ÷åòíûõ îöåíîê ñî-
õðàíåíèå áàçîâîãî ãàçîãåíåðàòîðà ìîäåëèðîâàëîñü
íåèçìåííîñòüþ õàðàêòåðèñòèêè è ãåîìåòðè÷åñêèõ
ðàçìåðîâ åãî óçëîâ (ÊÂÄ, êàìåðû ñãîðàíèÿ è òóð-
áèíû âûñîêîãî äàâëåíèÿ (ÒÂÄ)). Ïîëîæåíèå ðà-
áî÷åé òî÷êè íà õàðàêòåðèñòèêå ÊÂÄ îïðåäåëÿëîñü
èç óñëîâèÿ ñîõðàíåíèÿ íà èñõîäíîì óðîâíå åãî
ôèçè÷åñêîé ÷àñòîòû âðàùåíèÿ nê (èç ñîîáðàæå-
íèé îáåñïå÷åíèÿ ïðî÷íîñòè) è ïëîùàäè êðèòè÷åñ-
êîãî ñå÷åíèÿ ñîïëîâîãî àïïàðàòà ÒÂÄ. Çíà÷åíèå

òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé *
ãÒ  âûáèðàëîñü

èç óñëîâèÿ ïîääåðæàíèÿ íà îïòèìàëüíîì óðîâíå
ñîîòíîøåíèÿ ïîëíûõ äàâëåíèé íà âûõîäå èç êîí-

òóðîâ 
*
II
*
I

ð

ð
. Çíà÷åíèÿ ðàñõîäà âîçäóõà ÷åðåç äâèãà-

òåëü Gâ è ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòè-

ëÿòîðå *
âπ  çàäàâàëèñü ïàðàìåòðè÷åñêè ( *

âπ  — â äè-

àïàçîíå îò 0,8 äî 1,5, Gâ — îò 1 äî 1,3 îò èñõîä-
íîé âåëè÷èíû)*.

Â ðåçóëüòàòå ïðîâåäåííîãî ðàñ÷åòíîãî èññëå-
äîâàíèÿ â óñëîâèÿõ âçëåòà îïðåäåëÿëîñü îòíîñè-

òåëüíîå èçìåíåíèå ñëåäóþùèõ ïàðàìåòðîâ
ÒÐÄÄÔ:

— òÿãè äâèãàòåëÿ íà ðåæèìå ïîëíîãî ôîðñà-
æà Rô0;

— òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé *
ãÒ ;

— ïàðàìåòðà äâóõêîíòóðíîñòè (m+1);
— ñóììàðíîé ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ

*
êΣπ  â êîìïðåññîðàõ;

— ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ *
êâäπ  â ÊÂÄ.

Íà ðèñ. 2—6 â ôîðìå íîìîãðàìì ïîêàçàíî èç-
ìåíåíèå ïåðå÷èñëåííûõ îñíîâíûõ ïàðàìåòðîâ îò

ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå *
âπ  è

ðàñõîäà âîçäóõà íà âõîäå â âåíòèëÿòîð.
Òàê, ïðè èñïîëüçîâàíèè íà äâèãàòåëå ÷åòâåð-

òîãî ïîêîëåíèÿ íîâîãî âåíòèëÿòîðà ñ óâåëè÷åí-
íûì ~ íà 20% çíà÷åíèåì ñòåïåíè ïîâûøåíèÿ äàâ-
ëåíèÿ â âåíòèëÿòîðå, óñëîâíî ñîîòâåòñòâóþùèì
ïîêîëåíèþ 4+, ñ óâåëè÷åííûì ðàñõîäîì âîçäóõà
íà 10…15% (çà ñ÷åò ðîñòà ëîáîâîé ïðîèçâîäèòåëü-
íîñòè âåíòèëÿòîðà è/èëè åãî ãàáàðèòíîãî ðàçìå-
ðà), ìîæíî îæèäàòü óâåëè÷åíèÿ âçëåòíîé òÿãè
äâèãàòåëÿ íà 18…22%, ïðè ýòîì ðîñò òåìïåðàòó-
ðû ãàçà ïåðåä òóðáèíîé ñîñòàâèò îêîëî 150 Ê, ÷òî
ïîòðåáóåò ëèáî óñîâåðøåíñòâîâàíèÿ ñèñòåìû îõ-
ëàæäåíèÿ òóðáèíû, ëèáî ïðèìåíåíèÿ íîâûõ ìà-
òåðèàëîâ è òåðìîáàðüåðíûõ ïîêðûòèé íà íàèáî-
ëåå ãîðÿ÷èõ ýëåìåíòàõ äâèãàòåëÿ. Óâåëè÷åíèå ñóì-
ìàðíîé ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â êîìïðåñ-

ñîðàõ *
êΣπ  ïðè ïðèìåðíîì ñîõðàíåíèè ñòåïåíè

äâóõêîíòóðíîñòè äâèãàòåëÿ äîëæíî ïîâûñèòü åãî
òîïëèâíóþ ýêîíîìè÷íîñòü íà äîçâóêîâûõ êðåé-
ñåðñêèõ ðåæèìàõ.

Ñëåäóåò èìåòü â âèäó, ÷òî èçìåíåíèå ñòåïåíè
äâóõêîíòóðíîñòè m îïðåäåëÿåòñÿ êàê èçìåíåíè-
åì ïðèâåäåííîãî ðàñõîäà âîçäóõà íà âûõîäå èç
âåíòèëÿòîðà Gâ. ïð. âûõ, òàê è èçìåíåíèåì  ïðèâå-
äåííîãî ðàñõîäà âîçäóõà íà âõîäå â ÊÂÄ Gêâä ïð çà
ñ÷åò ñìåùåíèÿ ðàáî÷åé òî÷êè âäîëü ðàáî÷åé ëè-
íèè

â. ïð. âûõ

êâä ïð 

1.
G

m
G

= -

Ïîëó÷åííûå íîìîãðàììû (ðèñ. 2—6) ïîçâîëÿ-
þò îöåíèòü îæèäàåìûé óðîâåíü ïàðàìåòðîâ

* Óìåíüøåííûå ïî ñðàâíåíèþ ñ èñõîäíûì äâèãàòåëåì çíà÷åíèÿ ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå ðàññìàòðèâà-
þòñÿ ñ öåëüþ îöåíêè ïàðàìåòðîâ äâèãàòåëåé äëÿ òàêîãî ðîäà ìîäèôèêàöèé (íàïðèìåð, ÒÐÄÄÔ PW-1120 íà áàçå ãàçîãåíåðà-
òîðà F100-PW-100).
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Ðèñ. 2. Çàâèñèìîñòü îòíîñèòåëüíîãî èçìåíåíèÿ òÿãè Rô îò ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ è ðàñõîäà âîçäóõà
íà âõîäå â âåíòèëÿòîð

Ðèñ. 3. Çàâèñèìîñòü èçìåíåíèÿ òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé îò ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ è ðàñõîäà âîçäóõà
íà âõîäå â âåíòèëÿòîð
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Ðèñ. 4. Îòíîñèòåëüíîå èçìåíåíèå ïàðàìåòðà äâóõêîíòóðíîñòè ïðè èçìåíåíèè ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ
è ðàñõîäà âîçäóõà íà âõîäå â âåíòèëÿòîð

Ðèñ. 5. Çàâèñèìîñòü ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â ÊÂÄ îò ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ è ðàñõîäà âîçäóõà
íà âõîäå â âåíòèëÿòîð
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ÒÐÄÄÔ, ñîçäàâàåìûõ íà îñíîâå áàçîâîãî ãàçîãå-
íåðàòîðà, ïî èçâåñòíûì çíà÷åíèÿì ïàðàìåòðîâ
ïðåäïîëàãàåìîãî äëÿ èñïîëüçîâàíèÿ ïåðñïåêòèâ-
íîãî âåíòèëÿòîðà.

Âìåñòå ñ òåì â ðÿäå ñëó÷àåâ ïðè ìîäåðíèçàöèè
ÒÐÄÄÔ áûâàåò íåîáõîäèìî ðåøèòü îáðàòíóþ çà-
äà÷ó — îïðåäåëèòü ïàðàìåòðû íîâîãî âåíòèëÿòî-
ðà, êîòîðûé ñëåäóåò óñòàíîâèòü íà èñõîäíûé áà-
çîâûé ãàçîãåíåðàòîð äëÿ ïîëó÷åíèÿ çàäàííîãî
çíà÷åíèÿ âçëåòíîé òÿãè ìîäåðíèçèðîâàííîãî äâè-
ãàòåëÿ, à òàêæå íåîáõîäèìîå äëÿ îáåñïå÷åíèÿ åãî
ðàáîòû óâåëè÷åíèå óðîâíÿ òåìïåðàòóðû ãàçà ïå-
ðåä òóðáèíîé.

Íà ðèñ. 7 ïîêàçàíà âçàèìîñâÿçü èçìåíåíèÿ
ïàðàìåòðîâ íîâîãî âåíòèëÿòîðà (ðàñõîäà âîçäóõà

âGΔ  è ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ *
âπ ), âçëåò-

íîé òÿãè ÒÐÄÄÔ ôRΔ  è òåìïåðàòóðû ãàçà ïåðåä

òóðáèíîé *
ãÒΔ . Òàê, èç àíàëèçà ïðåäñòàâëåííîé

íîìîãðàììû âèäíî, ÷òî äëÿ ïîâûøåíèÿ òÿãè íà
10% ïðè íåâîçìîæíîñòè óâåëè÷åíèÿ ðàñõîäà âîç-
äóõà ÷åðåç äâèãàòåëü (íàïðèìåð, âñëåäñòâèå îãðà-

íè÷åíèÿ ñî ñòîðîíû âîçäóõîçàáîðíèêà) ðîñò ñòå-
ïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå äîëæåí
ñîñòàâèòü ~ 30%, ïðè ýòîì íåîáõîäèìîå ïîâûøå-
íèå òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé — íå ìåíåå
120…130 Ê. Îäíàêî, åñëè ðåçåðâ ïî ïðîïóñêíîé
ñïîñîáíîñòè âîçäóõîçàáîðíèêà, êîòîðûé ìîæíî
èñïîëüçîâàòü, ñîñòàâèò õîòÿ áû 5%, àíàëîãè÷íîå
çíà÷åíèå Rô ìîæåò áûòü ïîëó÷åíî ïðè ñóùåñòâåí-
íî ìåíüøåì óâåëè÷åíèè íàïîðíîñòè âåíòèëÿòî-

ðà ( *
âΔπ ª 14%) è òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé

( *
ãÒΔ  íå áîëåå 85 Ê).

Ïðèìåíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ
äëÿ àíàëèçà ïàðàìåòðîâ çàðóáåæíûõ ÒÐÄÄÔ

Íà ïîñòðîåííûå ïî ðåçóëüòàòàì ïàðàìåòðè÷åñ-
êèõ ðàñ÷åòîâ çàâèñèìîñòè (ðèñ. 2—6) íàíåñåíû
òî÷êè, ñîîòâåòñòâóþùèå ïàðàìåòðàì ðÿäà çàðó-
áåæíûõ ÒÐÄÄÔ, îòíîñÿùèõñÿ ê ëèíåéêå äâèãà-
òåëåé ôèðìû General Electric íà áàçå F-404-GE-
400 (îáîçíà÷åíû êâàäðàòíûìè ìàðêåðàìè), à òàê-
æå ê íåêîòîðûì âàðèàíòàì ÒÐÄÄÔ íà áàçå F100-
PW-100/200 ôèðìû Pratt & Whitney (òðåóãîëüíûé

Ðèñ. 6. Çàâèñèìîñòü èçìåíåíèÿ ñóììàðíîé ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ îò ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ è ðàñõîäà
âîçäóõà íà âõîäå â âåíòèëÿòîð
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ìàðêåð) è F110 General Electric (êðóãëûå ìàðêå-
ðû)*.

Ðàñïîëîæåíèå òî÷åê íà ðèñ. 2 ïîêàçûâàåò
âïîëíå óäîâëåòâîðèòåëüíîå ñîâïàäåíèå èçâåñòíûõ
äàííûõ ÒÐÄÄÔ ïî îñíîâíîìó ïàðàìåòðó äâèãà-
òåëÿ — åãî âçëåòíîé òÿãå Rô0 — ñ ïîëó÷åííûìè ïî
ïðèáëèæåííîé îöåíêå, ÷òî ñâèäåòåëüñòâóåò î âîç-
ìîæíîñòè èñïîëüçîâàíèÿ ïîëó÷åííûõ çàâèñèìî-
ñòåé äëÿ îöåíêè òÿãîâûõ õàðàêòåðèñòèê ìîäåðíè-
çèðîâàííûõ äâèãàòåëåé, ñîçäàâàåìûõ íà îñíîâå
áàçîâîãî ãàçîãåíåðàòîðà.

Ïîëó÷åííûå ïî ïàðàìåòðè÷åñêîé îöåíêå çíà-
÷åíèÿ ïîâûøåíèÿ òåìïåðàòóðû ãàçà (ñì. ðèñ. 3),
íåîáõîäèìîãî äëÿ «óâÿçêè» áîëåå ìîùíîãî âåí-
òèëÿòîðà ñ èñõîäíûì ãàçîãåíåðàòîðîì, à òàêæå
çíà÷åíèå ïàðàìåòðà äâóõêîíòóðíîñòè m+1 (ñì.
ðèñ. 4) âïîëíå óäîâëåòâîðèòåëüíî ñîãëàñóþòñÿ ñ
èçâåñòíûìè äàííûìè äëÿ âñåé ëèíåéêè äâèãàòå-
ëåé ôèðìû íà áàçå F-404-GE-400.

Äëÿ äåìîíñòðàöèè âîçìîæíîñòåé èñïîëüçîâà-
íèÿ ïîëó÷åííûõ íîìîãðàìì (ñì. ðèñ. 2—6) ñ öå-
ëüþ àíàëèçà èìåþùåéñÿ â îòêðûòîé ïå÷àòè èí-

ôîðìàöèè ïî çàðóáåæíûì äâèãàòåëÿì ïðåäñòàâ-
ëÿåò èíòåðåñ áîëåå ïîäðîáíî ðàññìîòðåòü ëèíåéêó
äâèãàòåëåé ôèðìû General Electric, ñîçäàííûõ íà
áàçå ÒÐÄÄÔ F-404-GE-400 (ðèñ. 8).

Êàê ñîîáùàåòñÿ â [13], ïðè ñîçäàíèè ýòîãî
äâèãàòåëÿ ñðàçó ïëàíèðîâàëàñü äàëüíåéøàÿ ðàçðà-
áîòêà ñåðèè ëèáî áîëåå ìîùíûõ ìîäèôèêàöèé,
ëèáî ìîäèôèêàöèé ñ óâåëè÷åííûì ðåñóðñîì;
èìåííî ïîýòîìó ñàì äâèãàòåëü èçíà÷àëüíî áûë
âûïîëíåí íåñêîëüêî «ïåðåðàçìåðåííûì» ïî âõîäó
(ëîáîâàÿ ïðîèçâîäèòåëüíîñòü GF — íå áîëåå
165 êã/ñ/ì2), âåðîÿòíî äëÿ òîãî, ÷òîáû äàëüíåé-
øèå åãî ìîäèôèêàöèè èìåëè áëèçêèå ãàáàðèòíûå
ðàçìåðû, ÷òî ïîçâîëèëî áû îáåñïå÷èòü èõ âçàè-
ìîçàìåíÿåìîñòü áåç èçìåíåíèÿ ðàçìåðîâ «ïîñà-
äî÷íîãî ìåñòà» ïîä äâèãàòåëü íà ëåòàòåëüíîì àï-
ïàðàòå.

Â òàáëèöå ïðèâåäåíû ïàðàìåòðû ðàññìàòðèâà-
åìûõ äâèãàòåëåé íà âçëåòíîì ðåæèìå, ïîëó÷åííûå
èç ðàçëè÷íûõ îòêðûòûõ èñòî÷íèêîâ (ññûëêè äà-
þòñÿ â êâàäðàòíûõ ñêîáêàõ ðÿäîì ñî çíà÷åíèåì
ïàðàìåòðà), à òàêæå — â êðóãëûõ ñêîáêàõ — çíà-

Ðèñ. 7. Âçàèìîñâÿçü èçìåíåíèÿ ðàñõîäà âîçäóõà âGΔ  è ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå *
âπ ,

âçëåòíîé òÿãè ôRΔ  è òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé *
ãÒΔ

* Èñïîëüçóåìàÿ èíôîðìàöèÿ ïî ïàðàìåòðàì îòìå÷åííûõ äâèãàòåëåé âçÿòà èç îòêðûòûõ èñòî÷íèêîâ [6-22].
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Ðèñ. 8. Ðàçâèòèå äâèãàòåëåé ñåìåéñòâà F404/414 ôèðìû General Electric

Ïàðàìåòðû ðàññìàòðèâàåìûõ äâèãàòåëåé íà âçëåòíîì ðåæèìå, ïîëó÷åííûå èç ðàçëè÷íûõ èñòî÷íèêîâ

Ïàðàìåòðû F404-GE-400 
F404-GE -402;  
F404-GE -102 

RM-12 IN20 F414-GE-400 

RÂÇЛ,Ô, ò 7,26 [7] 8,02 [21] 8,22 [7] 8,7[21] 9,98 [9] 

RÂÇЛ,Б/Ô, ò 4,85 [7] 5,41 [21] 5,51 [21]  6,7 [9] 

Гîä íà÷àëà 
ýêñïëóàòàöèè 

1979  1996  1998 

*
ê 0Σπ  25 [7] 

26 [21] 

(25,95) 
26 [22]…27 [7]  

(26,07) 
27[21]…28[7]  

(27,75) 
30 [9] 

(30,88) 

*
ã0Ò , Ê 1560 

~1600 [7]  
(1595) 

1700 [7] 

(1612) 

1660[22] 

(1655) 
1700…1750[22]  

(1770) 

m0 0,34 [7] 
0,3 [21] 

(0,3) 

0,28[16]…0,37[7]  
(0,38) 

0,28 [7] 

(0,35) 

0,4 [9] 

(0,355) 

Dâõ, ì 0,790 0,790 0,790 0,790 ~0,777 âåíò 

GÂ0, êã/ñ 64,2 [7] 66 [21] 68[16]…69[22] 70 [21] 77,1 [7] 

*
â0π  3,7 3,9 4,05 4,2…4,3 4,85 

Gâ. ïð. âûõ, êã/ñ 21,58 21,2 21,88 21,17 20,68 

ZÂ+ZÊ÷ ZÒÂÄ+ZÒÍÄ 3+7÷1+1 3+7÷1+1 3+7÷1+1 3+7÷1+1 3+7÷1+1 

γäâ0 0,137 0,129 0,128 0,1236 ~0,112 

Róä.Ô0, êã/(êã/ñ) 113 121,5 121 124 129.4 

Ñàìîëåò F/A-18 

F/A-18C/D; 

T-50/A-50 

(Êîðåÿ) 

Gripen 

(Шâåöèÿ) 

LCA 

(Èíäèÿ) 

F/A-18E/F 

Super Hornet 
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÷åíèÿ âçëåòíîé òÿãè Rô0, òåìïåðàòóðû ãàçà ïåðåä

òóðáèíîé *
ã0Ò , ñòåïåíè äâóõêîíòóðíîñòè m0 è ñóì-

ìàðíîå çíà÷åíèå ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â

êîìïðåññîðàõ *
ê 0Σπ , ïîëó÷åííûå ñ èñïîëüçîâàíè-

åì íîìîãðàìì (ðèñ. 2—6). Êðîìå òîãî, â òàáëèöå
ïðåäñòàâëåíû ïðèâåäåííûå çíà÷åíèÿ ðàñõîäà âîç-
äóõà íà âûõîäå èç âåíòèëÿòîðà Gâ. ïð. âûõ, õàðàêòå-
ðèçóþùèå ñòåïåíü äâóõêîíòóðíîñòè è ãàáàðèòíûå
ðàçìåðû «çàâåíòèëÿòîðíîé» ïðîòî÷íîé ÷àñòè äâè-
ãàòåëÿ.

 Èç òàáëèöû ñëåäóåò, ÷òî â ðåçóëüòàòå ïî÷òè
äâàäöàòèëåòíåé ìîäåðíèçàöèè èñõîäíîãî äâèãà-
òåëÿ F404-GE-400 óäàëîñü óâåëè÷èòü åãî òÿãó íà
~35% çà ñ÷åò ïîñòàíîâêè çíà÷èòåëüíî áîëåå ìîù-

íîãî ïî ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ ( *
âδπ = 30%)

è ïðîèçâîäèòåëüíîñòè ( âGδ = 20%) âåíòèëÿòîðà,

ñîîòâåòñòâóþùåãî ñëåäóþùåìó, ïÿòîìó, ïîêîëå-
íèþ äâèãàòåëåé, ïðè ïðàêòè÷åñêè íåèçìåííîé ãà-
çîãåíåðàòîðíîé ÷àñòè èñõîäíîãî äâèãàòåëÿ.

Ïðè ýòîì ñ ðîñòîì ñòåïåíè ïîâûøåíèÿ äàâ-
ëåíèÿ â âåíòèëÿòîðå âîçðîñëà è òåìïåðàòóðà âîç-
äóõà íà âõîäå â ÊÂÄ (íà ~8…9%), ÷òî ïðè èìåþ-
ùèõñÿ ïðî÷íîñòíûõ îãðàíè÷åíèÿõ íà ÷àñòîòó âðà-
ùåíèÿ ðîòîðà âûñîêîãî äàâëåíèÿ íåèçáåæíî ïðè-
âåëî ê ñíèæåíèþ ïîëîæåíèÿ òî÷êè íà õàðàêòåðè-

ñòèêå ÊÂÄ âäîëü ðàáî÷åé ëèíèè âíèç ( ðïnδ ª –4%).

Ýòî îáñòîÿòåëüñòâî, â ñâîþ î÷åðåäü, ïðèâåëî ê
ñíèæåíèþ çíà÷åíèÿ ïðèâåäåííîãî ðàñõîäà âîçäóõà
íà âõîäå â ÊÂÄ, íåêîòîðîìó ðîñòó ñòåïåíè äâóõ-
êîíòóðíîñòè (äî 0,36…0,38) è äîïîëíèòåëüíîìó
óâåëè÷åíèþ óðîâíÿ òåìïåðàòóðû ãàçà ïåðåä òóð-
áèíîé. Ñóììàðíî äëÿ ðàññìîòðåííîãî ñëó÷àÿ
ïîâûøåíèå óðîâíÿ òåìïåðàòóðû ãàçà ïåðåä òóðáè-
íîé ñîñòàâèëî íå ìåíåå 150 Ê, ÷òî, áåçóñëîâíî,
ïîòðåáîâàëî êîððåêöèè ñèñòåìû îõëàæäåíèÿ òóð-
áèíû è/èëè ÷àñòè÷íîé çàìåíû ìàòåðèàëîâ íàèáî-
ëåå ãîðÿ÷èõ åå ÷àñòåé.

Â ñâÿçè ñ íåçíà÷èòåëüíîñòüþ èçìåíåíèÿ îò
ìîäèôèêàöèè ê ìîäèôèêàöèè âåëè÷èíû ïðèâå-
äåííîãî ðàñõîäà âîçäóõà íà âûõîäå èç âåíòèëÿòîðà
Gâ. ïð. âûõ (ðîñò ñîñòàâëÿë íå áîëåå 1,5%) áûëà âîç-
ìîæíîñòü ñîõðàíèòü áåç ñóùåñòâåííûõ èçìåíåíèé
ðàçìåðû «çàâåíòèëÿòîðíîãî» ïðîòî÷íîãî òðàêòà
(êàíàë íàðóæíîãî êîíòóðà, êàìåðó ñìåøåíèÿ,
ôîðñàæíóþ êàìåðó, îñíîâíûå ñå÷åíèÿ ðåàêòèâíî-

ãî ñîïëà). Ýòî îáñòîÿòåëüñòâî íàðÿäó ñ íåêîòîðîé
ïðåäâàðèòåëüíîé «ïåðåðàçìåðåííîñòüþ» ïî âõî-
äó èñõîäíîãî äâèãàòåëÿ F404-GE-400 ïîçâîëèëî
èñïîëüçîâàòü ýòè ìîäèôèêàöèè áåç ñóùåñòâåííîãî
èçìåíåíèÿ ðàçìåðîâ äâèãàòåëüíîãî îòñåêà íà ëå-
òàòåëüíîì àïïàðàòå.

Íà ïðèìåðå òàáëèöû, ñîñòàâëåííîé ïî äàííûì
îòêðûòûõ èñòî÷íèêîâ, âèäíî, ÷òî öåëûé ðÿä çíà-
÷åíèé ïàðàìåòðîâ äâèãàòåëÿ èìååò äîñòàòî÷íî
çàìåòíûé ðàçáðîñ, ÷òî ñâèäåòåëüñòâóåò îá îïðå-
äåëåííûõ íåòî÷íîñòÿõ â òåõ èëè èíûõ èñïîëüçó-
åìûõ ìàòåðèàëàõ. Òàê, â êà÷åñòâå çíà÷åíèÿ ñòåïå-
íè äâóõêîíòóðíîñòè íà âçëåòíîì ðåæèìå äëÿ äâè-
ãàòåëÿ RM-12 óêàçûâàåòñÿ äîñòàòî÷íî áîëüøîé
äèàïàçîí çíà÷åíèé îò m0 = 0,28 (íàïðèìåð, [16])
äî m0 = 0,37 [7], ïðè÷åì ìåíüøåå çíà÷åíèå óïîìè-
íàåòñÿ ÷àùå.

Ïðèìåíåíèå ïðåäñòàâëåííîé íà ðèñ. 4 íîìîã-
ðàììû ïîêàçûâàåò, ÷òî ñòåïåíü äâóõêîíòóðíîñòè
ýòîãî äâèãàòåëÿ (â ïðåäïîëîæåíèè î íåèçìåííî-
ñòè õàðàêòåðèñòèêè ÊÂÄ) äîëæíà áûòü íà óðîâ-
íå 0,38. Îòìå÷åííîå â [16] çíà÷åíèå m0 = 0,28 îä-
íîâðåìåííî ñ ðàñõîäîì âîçäóõà ÷åðåç äâèãàòåëü
Gâ = 68 êã/ñ ïðåäïîëàãàëî áû çíà÷åíèå ñòåïåíè

ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå *
âπ  íå ìåíåå

4,4. Ýòî ñîîòâåòñòâîâàëî áû ñóììàðíîìó çíà÷å-

íèþ ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ íå ìåíåå *
êΣπ =

= 30 è ïðèìåðíî íà 7% áîëüøåìó çíà÷åíèþ òÿãè
äâèãàòåëÿ, ÷åì ïðèâåäåííîå â òîì æå èñòî÷íèêå.
Ñ äðóãîé ñòîðîíû, ïðè áîëåå ðåàëüíîì çíà÷åíèè
ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå

*
âπ = 3,9 äëÿ îáåñïå÷åíèÿ ñòåïåíè äâóõêîíòóðíî-

ñòè m0 = 0,28 ñóììàðíûé ðàñõîä âîçäóõà äîëæåí
áûòü ìåíåå Gâ = 63 êã/ñ, ÷òî ñîîòâåòñòâóåò ðåêîð-
äíîìó äëÿ òîãî âðåìåíè çíà÷åíèþ óäåëüíîé òÿãè
Róäô0 = 130 êã/(êã/ñ) è — ñîãëàñíî ðèñ. 1 — ïîë-
íîìó îòñóòñòâèþ ïîòåðü â ïðîòî÷íîì òðàêòå äâè-

ãàòåëÿ Σσ = 1.

Îäíàêî â ñâÿçè ñ îòìå÷àåìûì âî ìíîãèõ èñ-
òî÷íèêàõ (íàïðèìåð, â [7]) âûñîêèì çàïàñîì ãà-
çîäèíàìè÷åñêîé óñòîé÷èâîñòè ÊÂÄ èñõîäíîãî
äâèãàòåëÿ F404-GE-400 âïîëíå âîçìîæíî, ÷òî ïðè
ñîçäàíèè íà åãî îñíîâå ìîäåðíèçèðîâàííîãî âà-
ðèàíòà RM12 áûëè èçìåíåíû óãëû óñòàíîâêè íà-
ïðàâëÿþùèõ àïïàðàòîâ êîìïðåññîðà âûñîêîãî

* Ñëåäóåò èìåòü â âèäó, ÷òî çíà÷åíèÿ ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ â âåíòèëÿòîðå è òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé ÷àùå

âñåãî â îòêðûòûõ èñòî÷íèêàõ îòñóòñòâóþò. Â ýòîì ñëó÷àå *
â0π  ìîæíî îïðåäåëèòü ïî çíà÷åíèþ óäåëüíîé òÿãè äâèãàòåëÿ, íà-

ïðèìåð, èñïîëüçóÿ çàâèñèìîñòü íà ðèñ. 1, à çíà÷åíèå *
ãÒ  îïðåäåëèòü èñõîäÿ èç ïðåäâàðèòåëüíîé óâÿçêè äâèãàòåëÿ ëèáî

ýêñïåðòíî.
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äàâëåíèÿ, ÷òî ïîçâîëèëî íåñêîëüêî óâåëè÷èòü
ðàñõîä ÷åðåç ãàçîãåíåðàòîð (ïî îöåíêå, íå áîëåå
÷åì íà 3…4%) áåç äîïîëíèòåëüíîé ðàñêðóòêè ðî-
òîðîâ äâèãàòåëÿ. Ýòî îáñòîÿòåëüñòâî ìîãëî áû
ïðèâåñòè ê íåêîòîðîìó óìåíüøåíèþ çíà÷åíèÿ
ñòåïåíè äâóõêîíòóðíîñòè äî m0`=`0,33…0,34, îä-
íàêî òåìïåðàòóðà ãàçà ïåðåä òóðáèíîé áûëà áû íà
~40…50`Ê âûøå.

Âûâîäû

Îñíîâíàÿ òåíäåíöèÿ ðàçâèòèÿ ñåìåéñòâ
ÒÐÄÄÔ, â ïåðâóþ î÷åðåäü, ñ öåëüþ ïîâûøåíèÿ
åãî òÿãîâûõ õàðàêòåðèñòèê ñâÿçàíà ñ èñïîëüçîâà-
íèåì íà áàçîâîì ãàçîãåíåðàòîðå ïåðñïåêòèâíûõ
âåíòèëÿòîðíûõ ìîäóëåé áîëüøåé ïðîèçâîäèòåëü-
íîñòè è íàïîðíîñòè. Â ñâÿçè ñ ýòèì ïðåäñòàâëÿ-
åò çíà÷èòåëüíûé èíòåðåñ îöåíêà îæèäàåìûõ õà-
ðàêòåðèñòèê ýòèõ äâèãàòåëåé íà ñàìûõ ðàííèõ
ñòàäèÿõ åãî ðàññìîòðåíèÿ.

Ïîëó÷åííûå â ôîðìå íîìîãðàìì ðàñ÷åòíûå
çàâèñèìîñòè âçëåòíîé òÿãè, óðîâíÿ òåìïåðàòóðû
ãàçà ïåðåä òóðáèíîé, ñòåïåíè äâóõêîíòóðíîñòè, à
òàêæå ñóììàðíîãî çíà÷åíèÿ ñòåïåíè ïîâûøåíèÿ
äàâëåíèÿ â êîìïðåññîðàõ è ñòåïåíè ïîâûøåíèÿ
äàâëåíèÿ â ÊÂÄ îò ïàðàìåòðîâ íîâîãî âåíòèëÿ-
òîðà ïîçâîëÿþò, ñ îäíîé ñòîðîíû, ïðåäâàðèòåëüíî
îöåíèòü âîçìîæíûå õàðàêòåðèñòèêè ìîäåðíèçè-
ðîâàííîãî äâèãàòåëÿ, ñîçäàâàåìîãî íà îñíîâå áà-
çîâîãî ãàçîãåíåðàòîðà, à ñ äðóãîé, ïðè àíàëèçå
òåíäåíöèé ðàçâèòèÿ çàðóáåæíûõ äâèãàòåëåé âû-
ÿâèòü îøèáî÷íûå äàííûå èç áîëüøîãî íàáîðà
èìåþùåéñÿ â îòêðûòîé ïå÷àòè ïðîòèâîðå÷èâîé
èíôîðìàöèè.

Àâòîðû áëàãîäàðÿò ê.ò.í. Ñ.Ì. Êàëåíñêîãî
è ê.ò.í. À.Ñ. Äðûãèíà çà ðÿä öåííûõ ñîâåòîâ

è ðåêîìåíäàöèé, âûñêàçàííûõ
ïðè ïîäãîòîâêå ñòàòüè.
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Abstract

Analysis of development of engines for any type
of aircraft, including those with high maneuverability,
reveals that all engine-building enterprises of a world
level both domestic and foreign permanently perform
intensive development of their engines modifications
directed to improving their thrust and economic
characteristics, as well as service life and reliability.
The exigency for such modifications development is
dictated by the necessity to support the aircraft
efficiency during its life span. The main tendency for
the BTAC family development is associated with
employing on the basic gas generator new fans of
higher productivity and pressure rate. As practice
shows, such an approach may allow drastic thrust
increase (more than 20%) of the upgraded engine with
concurrent reduction of its specific weight. To perform
evaluation, a bypass turbofan with afterburning
chamber, which basic parameters are typical to
multimode engine of a fourth generation
maneuverable aircraft. It was believed that the
upgraded engine was developed based on the basic gas
generator by installing a new fan with the specified

values of air consumption Ga and pressure ratio *
aπ .

The dependencies of the takeoff thrust, gas
temperature level in front of the turbine, bypass ratio,
as well as total value of pressure ratio in compressors
and HPC on the new fan parameters were obtained
by the results generalization of parametric
computational studies. They allowed evaluate probable
characteristics of the upgraded engine, being
developed based on basic gas generator and a fan of

ESTIMATED AND ANALYTICAL STUDY OF THE POSSIBILITY
TO DEVELOP A BYPASS TURBOPROP WITH AFTERBURNING CHAMBER

BASED ON BASELINE GAS GENERATOR

Ezrokhi Yu.A.*, Morzeeva T.A.

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

* e-mail: yaezrokhi@ciam.ru

higher pressure rate and productivity. Representation
of the obtained dependencies in the form of
nomograms allow elucidate the most probable data
while analyzing information available in the open press
on parameters and characteristics of foreign engines,
discarding erroneous values.

The results obtained in article allow also solving
the problem often occurring while the engine
modernization, i.e. define parameters of the new fan,
which should be installed on the original basic gas
generator to obtain a preset value of takeoff thrust of
the upgraded engine, as well as temperature level
increase at the turbine inlet necessary for its operation
ensuring.

It was demonstrated in particular that for the thrust
increase by 10% under impossibility to increase air
consumption through the engine (for example due to
the restriction from the air intake side) the pressure
rate growth in the fan should be about 30%. The
required temperature rise herewith should be no less
than 120–130 K. However, if the throughput margin
of the air intake, which can be employed, will be at
least 5%, the similar engine thrust value can be
obtained at significantly lower fan pressure ratio (of
about 14%) and gas turbine inlet temperature (of no
more than 85 K).

The capabilities of the obtained nomograms
allowing revealing a set of data discrepancies on
engines available in publicly-accessible information are
demonstrated on the example of the afterburning
turbofan parameters and characteristics analysis of
General Electric engines family, developed on the
basis of the F-404-GE-400 core.

22. Younossi O., Arena M.V., Moore R.M., Lorell M., Mason J.,
Graser J.C. Military Jet Engine Acquisition. Technology
Basis and Cost-Estimating Methodology. — Rand
Project Air Force, 2002. — 176 p.



163Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹1

Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

Keywords: bypass turboprop with afterburning
chamber (BTAC), baseline gas generator, engine
modification, engine thrust, fan pressure ratio, air
consumption, bypass ratio.

References

1. Koff B.L. F100-PW-229 Higher Thrust in Same Frame
Size. Journal of Engineering for Gas Turbines and Power,
1989, vol. 111, no. 2, pp. 187-192. DOI: 10.1115/
1.3240235

2. Tskhovrebov M.M. Mashinostroenie. Entsiklopediya.
T. IV-21. Samolety i vertolety. Kn.3. Aviatsionnye
dvigateli (Mechanical engineering. Encyclopedia. Vol.
IV-21. Planes and helicopters. Book 3. Aircraft engine),
Moscow, Mashinostroenie, 2010, pp. 192-200.

3. Ezrokhi Yu.A., Kalenskii S.M., Kizeev I.S. Double-
flow turboprop with afterburner weight indices
estimation at the initial stage of its design. Aerospace
MAI Journal, 2017, vol. 24, no. 1, pp. 26-37.

4. Skibin V.A., Solonin V.I., Palkin V.A. Raboty
vedushchikh aviastroitel’nykh kompanii v obespechenie
sozdaniya perspektivnykh aviatsionnykh dvigatelei
<analiticheskii obzor> (Works of leading aircraft
companies on ensuring development of advanced
aircraft engines <analytical review>), Moscow, TsIAM,
2010, 676 p.

5. Ezrokhi Yu.A. Mashinostroenie. Entsiklopediya. T. IV-21.
Samolety i vertolety. Kn.3. Aviatsionnye dvigateli
(Mechanical engineering. Encyclopedia. Vol. IV-21.
Planes and helicopters. Book 3. Aircraft engine),
Moscow, Mashinostroenie, 2010, pp. 341-353.

6.  Shustov I.G. Aviatsionnye dvigateli (Aircraft engines),
Moscow, Aerosfera, 2007, 319 p.

7. Sorkin L.I. (ed.). Inostrannye aviatsionnye dvigateli <po
dannym inostrannoi pechati> (Foreign aircraft engines
<according to foreign press>). 11th ed. Moscow,
TsIAM, 1987, 320 p.

8. Chikina K.N. Dopolnenie k spravochniku “Inostrannye
aviatsionnye dvigateli” vypuska 1992 (Supplement to the
Handbook “Foreign aircraft engines” extract 1992),
Moscow, TsIAM, 1997, 127 p.

9. Sorkin L.I. (ed.). Inostrannye aviatsionnye dvigateli <Po
dannym inostrannoi pechati> (Foreign aircraft engines
<according to foreign press>), 13th ed. Moscow,
Aviamir, 2000, 534 p.

10. Skibin V.A., Solonin V.I. (ed.). Inostrannye avitsionnye
dvigateli (Foreign aircraft engines), Moscow, Aviamir,
2005, 592 p.

11. Klimenko L.A. et al. Inostrannye aviatsionnye dvigateli
i gazoturbinnye ustanovki <po materialam zarubezhnykh
publikatsii> (Foreign aircraft engines and gas turbine
plants <based on foreign publications>. Moscow,
TsIAM, 2010, issue 15,  413 p.

12. FRAeS P.J. IHS Jane’s All the World’s Aircraft:
Development & Production 2012-2013. Coulsdon,
United Kingdom, IHS, 2012, 1032 p.

13. F404 Turbofan Engines. GE Aviation. URL: https://
www.geaviation.com/military/engines/f404-engine

14. Bolin G.W., Field J., Kevin J.B., et al. F414 today and
growth potential for 21st century fighter mission
challenges. Symposium on Air Breathing Engines, 1999.
ISABE 99-7113.

15. Daub W.J. F404/RM12 – a key step in the F404 growth
plans. AIAA/SAE/ASME 21st Joint Propulsion Conference
(8-10 July 1985, Monterey, California). AIAA-85-1461.
DOI: 10.2514/6.1985-1461

16. The RM12 Turbofan Engine. Volvo Flygmotor AB. 1985.
17. Hosking E., Kenny D.P., McCormick R.I., Moustapha

S.H., Sampath P., Smailys A.A. The PW100 Engine:
20 Years of Gas Turbine Technology Evolution.  RTO
AVT Symposium on “Design Principles and Methods for
Aircraft Gas Turbine Engines” (11-15 May 1998,
Toulouse, France), pp. 4-5.

18. World Power Systems Briefing. Aero Gas Turbines. Teal
Group Corporation. 2015, 1042 p. URL: https://
shop.tealgroup.com/products/world-power-systems-
briefing-aero-gas-turbines

19. Wadia A.R., James F.D. F110-GE-129 EFE –
Enhanced Power Through Low Risk Derivative
Technology. ASME Turbo Expo 2000: Power for Land,
Sea, and Air (8-11 May 2000, Munich, Germany). DOI:
10.1115/2000-GT-0578

20. Kandebo S.W. GE Developing Longer-Life F110.
Aviation Week and Space Technology, 1996, pp. 42-43.

21. Roux E. Turbofan and Turbojet Engines. Database
Handbook. France, Elodie ROUX, 2007, 594 p.

22. Younossi O., Arena M.V., Moore R.M., Lorell M.,
Mason J., Graser J.C. Military Jet Engine Acquisition.
Technology Basis and Cost-Estimating Methodology.
Rand Project Air Force, 2002, 176 p.


