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Ââåäåíèå
Îäíèì èç îñíîâíûõ íàïðàâëåíèé ïîâû-

øåíèÿ òåðìè÷åñêîãî ÊÏÄ ãàçîòóðáèííîãî 
äâèãàòåëÿ ÿâëÿåòñÿ ïîâûøåíèå òåìïåðàòóðû 
ãàçà ïåðåä òóðáèíîé. Ýòî ïîçâîëÿåò ñóùå-
ñòâåííî ñíèçèòü óäåëüíûé ðàñõîä òîïëèâà, âåñ 
è ðàçìåðû äâèãàòåëÿ. Îñíîâíûì ôàêòîðîì, 
îãðàíè÷èâàþùèì äàëüíåéøåå ïîâûøåíèå 
òåìïåðàòóðû ãàçà, ÿâëÿåòñÿ íåîáõîäèìîñòü îáå-
ñïå÷åíèÿ ðàáîòîñïîñîáíîñòè ðàáî÷èõ ëîïàòîê 
ÒÂÄ, à ñëåäîâàòåëüíî îáåñïå÷åíèå äîïóñòèìîé 
òåìïåðàòóðû ìàòåðèàëà ëîïàòêè. Ïîâûøåíèå 
ðàáîòîñïîñîáíîñòè ðàáî÷èõ ëîïàòîê â óñëîâèÿõ 
âûñîêèõ òåìïåðàòóð è ïðè âûñîêèõ íàãðóçêàõ 
îáåñïå÷èâàåòñÿ ïðèìåíåíèåì íîâûõ æàðî-
ñòîéêèõ è æàðîïðî÷íûõ ìàòåðèàëîâ, íîâûõ 
òåïëîçàùèòíûõ (êåðàìè÷åñêèõ) ïîêðûòèé, à 
òàêæå ñîçäàíèåì ðàáî÷èõ ëîïàòîê ñ âûñîêî-
ýôôåêòèâíûìè ñèñòåìàìè îõëàæäåíèÿ [1]. 

Äëÿ ñîâðåìåííûõ âûñîêîòåìïåðàòóðíûõ äâèãà-
òåëåé õàðàêòåðíî èñïîëüçîâàíèå ðàáî÷èõ ëîïàòîê ñ 
ìíîãîêàíàëüíîé ïåòëåâîé êîíâåêòèâíî-ïëåíî÷íîé 
ñèñòåìîé îõëàæäåíèÿ ñ ïðèìåíåíèåì òåïëîçà-
ùèòíûõ ïîêðûòèé è áîëüøèì êîëè÷åñòâîì ïåð-
ôîðàöèîííûõ îòâåðñòèé. Îäíàêî, â ïóáëèêàöèÿõ 
âñå ÷àùå ïîÿâëÿåòñÿ èíôîðìàöèÿ î ñîçäàíèè 
ïåðåäîâûìè çàðóáåæíûìè ôèðìàìè, òàêèìè êàê 
General Electric, Pratt&Whitney, RollsRoyce, ÖÈÀÌ 
è äðóãèå, ðàáî÷èõ ëîïàòîê ñ âíóòðèñòåíî÷íûìè 
(ïðîíèêàþùèìè) ñèñòåìàìè îõëàæäåíèÿ. 

Â ñâÿçè ñ ýòèì ñîçäàíèå ðàáî÷èõ ëîïàòîê ñ 
âíóòðèñòåíî÷íîé ñèñòåìîé îõëàæäåíèÿ ÿâëÿåò-
ñÿ îäíîé èç àêòóàëüíûõ çàäà÷ íà ñåãîäíÿøíèé 
äåíü. Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû 
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Îõëàæäàåìûå ðàáî÷èå ëîïàòêè òóðáèíû ÿâëÿþòñÿ îäíèìè èç ñàìûõ ñëîæíûõ è âû-
ñîêîíàãðóæåííûõ äåòàëåé ãàçîòóðáèííîãî äâèãàòåëÿ. Ñîçäàíèå íîâûõ, ïåðñïåêòèâíûõ 
äâèãàòåëåé âî ìíîãîì çàâèñèò îò ñîçäàíèÿ íàäåæíûõ, ðàáîòîñïîñîáíûõ ðàáî÷èõ ëîïàòîê 
òóðáèíû. Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ïðîåêòèðîâàíèÿ îõëàæäàåìîé ðàáî-
÷åé ëîïàòêè ÒÂÄ ñ âíóòðèñòåíî÷íîé ñèñòåìîé îõëàæäåíèÿ. Èçëîæåíû îñíîâíûå òðåáî-
âàíèÿ è ìåòîäû èõ îáåñïå÷åíèÿ ïðè ðàçðàáîòêå äàííîé ëîïàòêè. Ïðèâåäåíû ðåçóëüòàòû 
òåïëîâîãî è ïðî÷íîñòíîãî ðàñ÷åòà. Âûïîëíåí ñðàâíèòåëüíûé àíàëèç îõëàæäàåìûõ ðàáî÷èõ 
ëîïàòîê ÒÂÄ ñ âíóòðèñòåíî÷íîé è ïåòëåâîé (ñåðèéíîé) ñèñòåìàìè îõëàæäåíèÿ.
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ðàçðàáîòêè è èçãîòîâëåíèÿ ðàáî÷åé ëîïàòêè 
ÒÂÄ ñ âíóòðèñòåíî÷íîé ñèñòåìîé îõëàæäåíèÿ, 
ðàçðàáîòàííîé íà ÃÏ «Èâ÷åíêî-Ïðîãðåññ».

1. Âûáîð ñõåìû îõëàæäåíèÿ ðàçðàáàòûâàå-
ìîé ðàáî÷åé ëîïàòêè

Â ñðàâíåíèè ñ ñåðèéíîé (áàçîâîé) ðàáî-
÷åé ëîïàòêîé ÒÂÄ, ðàçðàáàòûâàåìàÿ ëîïàòêà  
ñ âíóòðèñòåíî÷íîé ñèñòåìîé îõëàæäåíèÿ 
äîëæíà îáåñïå÷èòü âîçìîæíîñòü ïîâûøåíèÿ 
òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé èëè, ïðè òåõ 
æå ïàðàìåòðàõ ðàáîòû äâèãàòåëÿ, ïîâûñèòü 
ðåñóðñ ëîïàòêè. Â êà÷åñòâå îáúåêòà ñðàâíåíèÿ 
âûáðàíà ñåðèéíàÿ ðàáî÷àÿ ëîïàòêà ñ ïåòëåâîé 
êîíâåêòèâíî-ïëåíî÷íîé ñèñòåìîé îõëàæäåíèÿ, 
âíåøíèé âèä êîòîðîé ïðåäñòàâëåí íà ðèñ. 1.

Ðèñ. 1. Áàçîâàÿ ðàáî÷àÿ ëîïàòêà



Êîíñòðóêöèÿ è  ïðî÷íîñòü

– 160 – 

Îñíîâíûì îòëè÷èåì ëîïàòêè ñ âíóòðèñòå-
íî÷íîé ñèñòåìîé îõëàæäåíèÿ îò ëîïàòîê ñ 
ïåòëåâîé ñèñòåìîé îõëàæäåíèÿ ÿâëÿåòñÿ íà-
ëè÷èå â öåíòðàëüíîé ÷àñòè ëîïàòêè ñèñòåìû 
ðàäèàëüíûõ êàíàëîâ, îõëàæäàþùèé âîçäóõ 
â êîòîðûõ ïåðåìåùàåòñÿ èç êàíàëà â êàíàë 
ïîñðåäñòâîì îòâåðñòèé äëÿ ñòðóéíîãî íà-
òåêàíèÿ.

Ïðè ïðîåêòèðîâàíèè ñèñòåìû îõëàæäåíèÿ 
âíóòðèñòåíî÷íîé ëîïàòêè ñóùåñòâîâàë ðÿä 
îãðàíè÷åíèé, êîòîðûå íåîáõîäèìî áûëî âû-
äåðæàòü:

– ñèñòåìà îõëàæäåíèÿ ñïðîåêòèðîâàííîé 
ëîïàòêè äîëæíà áûòü ðåàëèçîâàíà áåç èçìå-
íåíèÿ íàðóæíîé ãåîìåòðèè áàçîâîé ðàáî÷åé 
ëîïàòêè;

– ðàñõîä âîçäóõà, èäóùåãî íà îõëàæäåíèÿ 
ëîïàòîê, íå äîëæåí áûòü áîëüøå, ÷åì â ñåðèé-
íûõ ëîïàòêàõ;

– ìàññà ñïðîåêòèðîâàííîé ëîïàòêè íå äîëæ-
íà áûòü áîëüøå, ÷åì áàçîâîé ëîïàòêè;

– ñïðîåêòèðîâàííàÿ ðàáî÷àÿ ëîïàòêà äîëæ-
íà áûòü èçãîòîâëåíà íà èìåþùåìñÿ îáîðóäîâà-
íèè ÃÏ «Èâ÷åíêî-Ïðîãðåññ».

Ïåðåä íà÷àëîì ïðîåêòèðîâàíèÿ âûïîëíåí 
àíàëèç ñóùåñòâóþùèõ ïóáëèêàöèé, êîòîðûé 
ïîêàçûâàåò, ÷òî íàèáîëåå ðàñïðîñòðàíåííîé 
ñðåäè ðàáî÷èõ ëîïàòîê ñ ïðîíèêàþùèì îõëàæ-
äåíèåì, ÿâëÿåòñÿ ñõåìà ñ îäíèì áîëüøèì âíó-
òðåííèì êàíàëîì, ñîåäèíåííûì ÷åðåç îòâåð-
ñòèÿ ñòðóéíîãî íàòåêàíèÿ ñ ìàëûìè êàíàëàìè 
íà êîðûòå è ñïèíêå ëîïàòêè.

Â ðàáîòå [2] îïèñàíà ñõåìà îõëàæäåíèÿ ëî-
ïàòêè ñ âíóòðèñòåíî÷íûì îõëàæäåíèåì, ïðåä-
ëîæåííàÿ Äýéëè. Ñå÷åíèå ïåðà ýòîé ëîïàòêè 
ïðåäñòàâëåíî íà ðèñ 2.

Ðèñ. 2. Ñå÷åíèå ðàáî÷åé ëîïàòêè,  ïðåäëîæåííîé 
â ðàáîòå Äýéëè

Â ðàáîòå [3] îïèñàíà ñõåìà îõëàæäåíèÿ 
ëîïàòêè ñ ïðîíèêàþùèì îõëàæäåíèåì ñïðî-
åêòèðîâàííîé â ÖÈÀÌ. Ñå÷åíèå ïåðà ëîïàò-
êè, ðàçðàáîòàí íîé â ÖÈÀÌ, ïðåäñòàâëåíî íà 
ðèñ. 3.

Ðèñ. 3. Ñå÷åíèå ðàáî÷åé ëîïàòêè,  ðàçðàáîòàííîé â 
ÖÈÀÌ

Ïîñëå àíàëèçà ñóùåñòâóþùèõ ïóáëèêàöèé 
è ó÷èòûâàÿ òðåáîâàíèÿ ê ðàçðàáîòêå è ïðî-
èçâîäñòâó, ñïðîåêòèðîâàíà ðàáî÷àÿ ëîïàòêà ñ 
íàèáîëåå ýôôåêòèâíîé ñèñòåìîé îõëàæäåíèÿ, 
íå èìåþùåé àíàëîãîâ. Ñõåìà ñïðîåêòèðîâàí-
íîé ëîïàòêè ïðåäñòàâëåíà íà ðèñ. 4. 

Ðèñ. 4. Ñïðîåêòèðîâàííàÿ ðàáî÷àÿ ëîïàòêà

Ñèñòåìà îõëàæäåíèÿ ðàáî÷åé ëîïàòêè 
(ðèñ. 4)  ôîðìèðóåòñÿ ïÿòüþ âíóòðåííèìè ïî-
ëîñòÿìè 1,  2,  3,  4,  5,  íå èìåþùèõ ìåæäó ñîáîé 
âçàèìíîãî ñîîáùåíèÿ è ðàçäåë¸ííûìè ìåæäó 
ñîáîé ïîïåðå÷íûìè ð¸áðàìè 6,  7,  8,  9.  Êàæäàÿ 
èç âíóòðåííèõ ïîëîñòåé 1,  2,  3,  4,  5  ñîñòîèò 
èç êàíàëîâ,  ñîåäèí¸ííûõ ìåæäó ñîáîé ïåðå-
ìû÷êàìè.

Ïîâûøåííàÿ èíòåíñèâíîñòü îõëàæäåíèÿ 
îáåñïå÷èâàåòñÿ çà ñ÷åò óâåëè÷åííîé ïëîùàäè 
âíóòðåííèõ êàíàëîâ,  ó÷àñòâóþùèõ â òåïëî-
îáìåíå. 

Îáåñïå÷åíèå îïòèìàëüíîãî îõëàæäåíèÿ ðàç-
íûõ ó÷àñòêîâ ëîïàòêè êîíâåêòèâíûì è çàãðàäè-
òåëüíûì îõëàæäåíèåì äîñòèãàåòñÿ òåì,  ÷òî âñå 
ãðóïïû ïîëîñòåé íå ñîåäèíåíû íè ìåæäó ñî-
áîé,  íè ñ äðóãèìè ïîëîñòÿìè ëîïàòêè è ðàñõîä 
îõëàäèòåëÿ ÷åðåç êàæäóþ ãðóïïó êàíàëîâ ìîæåò 
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ðåãóëèðîâàòüñÿ äðîññåëåì. Äðîññåëü óñòàíîâëåí 
íà âõîäå îõëàäèòåëÿ â êàæäóþ âíóòðåííþþ 
ïîëîñòü [4].

Òàêæå îäíîé èç çàäà÷ ïðè ïðîåêòèðîâàíèè 
áûëî ñîõðàíåíèå íàïðÿæåíèé îò äåéñòâèÿ 
öåíòðîáåæíûõ ñèë. Äëÿ îáåñïå÷åíèÿ âûñîêîé 
òî÷íîñòè ðàñ÷åòîâ ìàññû, ïëîùàäè è äðóãèõ 
ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ïðîåêòèðîâàíèå 
ðàáî÷åé ëîïàòêè âûïîëíÿëîñü ñ ïîìîùüþ ñè-
ñòåìû òð¸õìåðíîãî ìî äåëèðîâàíèÿ Unigraphics. 
Òâåðäîòåëüíàÿ ìîäåëü ëîïàòêè è ñòåðæíÿ ïðè-
âåäåíû íà ðèñ. 5.

Ðèñ. 5. Òâåðäîòåëüíàÿ ìîäåëü ñïðîåêòèðîâàííîé ëîïàòêè 
è ñòåðæíÿ

2. Òåïëîâûå è ïðî÷íîñòíûå ðàñ÷åòû ðàáî÷åé 
ëîïàòêè

Ïðèìåíåíèå ñèñòåìû òð¸õìåðíîãî ìîäåëè-
ðîâàíèÿ ïîçâîëèëî îïòèìèçèðîâàòü ãåîìåòðè-
÷åñêèå ðàçìåðû îõëàæäàþùèõ êàíàëîâ ñ òî÷êè 
çðåíèÿ ìàññîâûõ õàðàêòåðèñòèê ëîïàòêè. Ìàññà 
ëîïàòîê â ðàñ÷åòíûõ  ñå÷åíèÿõ ïðèâåäåíà â 
òàáëèöå 1. 

Ïðè ïðîåêòèðîâàíèè,  ñ öåëüþ áîëåå òî÷-
íîãî àíàëèçà èçìåíåíèÿ òåïëîíàïðÿæåííîãî 
ñîñòîÿíèÿ ðàçðàáàòûâàåìîé ðàáî÷åé ëîïàòêè 
ñ  âíóòðèñòåíî÷íûì îõëàæäåíèåì,  ðåçóëüòàòû 
òåïëîâûõ è ïðî÷íîñòíûõ ðàñ÷åòîâ ñðàâíèâàëèñü 
ñ  ðàñ÷å òàìè áàçîâîé ëîïàòêè.

Âûïîëíåíû òåïëîâûå è ïðî÷íîñòíûå ðàñ-
÷åòû ðàçðàáîòàííîé ðàáî÷åé ëîïàòêè. Ñðàâíè-
òåëüíûå ðåçóëüòàòû ðàñ÷åòîâ ñïðîåêòèðîâàííîé 
è áàçîâîé ðàáî÷èõ ëîïàòîê ïðåäñòàâëåíû â 
òàáëèöå 1.

Òàáëèöà 1. Ñðàâíèòåëüíûå ðåçóëüòàòû ðàñ-
÷åòîâ

Ëîïàòêà Ñå÷åíèå Ìàññà,  
ãð Òñð,  îÑ

Ñåðèéíàÿ
ñðåäíåå 10,73 953
êîðíåâîå 24,69 911

Íàä 1 çóáîì 65,27 652

Ñ ïðîíèêàþ-
ùèì îõëàæäå-

íèåì

ñðåäíåå 11,73 924 (-29)
êîðíåâîå 26,35 831 (-80)

Íàä 1 çóáîì 67,61 652   (0)

Êàê âèäíî èç ðåçóëüòàòîâ ðàñ÷åòîâ,  çà ñ÷åò 
ïðèìåíåíèÿ íîâîé ñèñòåìû îõëàæäåíèÿ,  â 
ñðåäíåì è êîðíåâîì ñå÷åíèÿõ ïåðà óäàëîñü 
ñíèçèòü ñðåäíþþ òåìïåðàòóðó íà 29 îÑ  è 
80 îÑ ñîîòâåòñòâåííî. Â ðåçóëüòàòå ñíèæåíèÿ 
òåìïåðàòóðû çàïàñû ïðî÷íîñòè â ñðåäíåì è 
êîðíåâîì ñå÷åíèÿõ ïîâûñèëèñü íà 7% è 24% 
ñîîòâåòñòâåííî.

Òåìïåðàòóðíîå ñîñòîÿíèå íàä ïåðâûì çóáîì 
çàìêîâîãî ñîåäèíåíèÿ íå èçìåíèëîñü,  íî çà 
ñ÷åò óâåëè÷åíèÿ ïëîùàäè ñå÷åíèÿ óäàëîñü ïî-
âûñèòü çàïàñ ïðî÷íîñòè íà 5,8%.

Òåïëîâîå è íàïðÿæåííîå ñîñòîÿíèå ñðåäíåãî 
ñå÷åíèÿ áàçîâîé è ñïðîåêòèðîâàííîé ëîïàòîê 
ïðè âåäåíû íà ðèñ.6.

 à  á 
Ðèñ. 6. Òåïëîâîå (à)  è íàïðÿæåííîå (á)  ñîñòîÿíèå 

ñðåäíåãî ñå÷åíèÿ áàçîâîé è ñïðîåêòèðîâàííîé ëîïàòîê

Ïðèìåíåíèå ìîäåðíèçèðîâàííîé ñèñòåìû 
îõëàæäåíèÿ ïîçâîëèò ïîâûñèòü ðåñóðñ ðàáî÷åé 
ëîïàòêè ñ  6000 ÷ äî 20000 ÷.

3. Èçãîòîâëåíèå ðàáî÷èõ ëîïàòîê

Èçãîòîâëåíèå ðàáî÷èõ   ëîïàòîê ñ ïîäîáíûìè 
ñõåìàìè îõëàæäåíèÿ òðåáóåò ïðèìåíåíèÿ íîâûõ 
òåõíîëîãèé è íîâîãî îáîðóäîâàíèÿ.

Íà ðèñ. 7 ïðèâåäåí ñòåðæåíü ëîïàòêè ñ  âíó-
òðèñòåíî÷íûì îõëàæäåíèåì. 
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Íà ðèñ. 8 ïðèâåäåíà èçãîòîâëåííàÿ ðàáî÷àÿ 
ëîïàòêà ñ âíóòðèñòåíî÷íûì îõëàæäåíèåì.

Ïîñëå îòðàáîòêè òåõíîëîãèè èçãîòîâëåíèÿ 
ëîïàòîê ñ  âíóòðèñòåíî÷íûì îõëàæäåíèåì,  íà 
ÃÏ «Èâ÷åíêî-Ïðîãðåññ» èçãîòîâëåí êîìïëåêò ðà-
áî÷èõ   ëîïàòîê ñ âíóòðèñòåíî÷íûì îõëàæäåíèåì 
(ðèñ. 9).

Ðèñ. 7. Ñòåðæåíü ðàáî÷åé ëîïàòêè 
ñ âíóòðèñòåíî÷íûì îõëàæäåíèåì

Ðèñ. 8. Ðàáî÷àÿ ëîïàòêà ñ âíóòðèñòåíî÷íûì 
îõëàæäåíèåì

Ðèñ. 9. Êîëåñî ÒÂÄ,  óêîìïëåêòîâàííîå ðàáî÷èìè 
ëîïàòêàìè ñ âíóòðèñòåíî÷íûì îõëàæäåíèåì

Çàêëþ÷åíèå

Â ðåçóëüòàòå ïðîâåäåííîé ðàáîòû ðàçðà-
áîòàíà êîíñòðóêöèÿ ðàáî÷åé ëîïàòêè ÒÂÄ ñ 
âíóòðèñòåíî÷íîé ñèñòåìîé îõëàæäåíèÿ è âû-
ïóùåíà êîíñòðóêòîðñêàÿ äîêóìåíòàöèÿ äëÿ åå 
èçãîòîâëåíèÿ.

 Íà ðàçðàáîòàííóþ ðàáî÷óþ ëîïàòêó ÒÂÄ 
ïîëó÷åíû ñëåäóþùèå ïàòåíòû:

– Óêðàèíñêèé ïàòåíò “Îõîëîäæóâàíà ðîáî÷à 
ëîïàòêà òóðáiíè” ¹ UA 62233 U,  25.08.2011.

– Ïàòåíò ÐÔ  íà ïîëåçíóþ ìîäåëü 
¹ RU 117505 U1,  27.07.2012..

Íà äàííûé ìîìåíò âåäóòñÿ ðàáîòû ïî äàëü-
íåéøåìó èññëåäîâàíèþ è ìîäåðíèçàöèè ëîïà-
òîê ñ  âíóòðèñòåíî÷íûì îõëàæäåíèåì.
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Ð.Þ. Øàêàëî, Þ.Â. ßêóøåâ, Ñ.Á. Ðiçíèê, Ñ.Á.Áîðèñ, Ð.Ï. Ïðèäîðîæíèé. Ðîçðîáêà 
îõîëîäæóâàëüíî¿ ðîáî÷î¿ ëîïàòêè ÒÂÒ ç ïðîíèêàþ÷îþ ñèñòåìîþ îõîëîäæåííÿ

Îõîëîäæóâàí³ ðîáî÷³ ëîïàòêè òóðá³íè º îäíèìè ç íàéñêëàäí³øèõ òà íàéíàâàíòàæåí³øèõ 
äåòàëåé ãàçîòóðá³ííîãî äâèãóíà. Ñòâîðåííÿ íîâèõ, ïåðñïåêòèâíèõ äâèãóí³â áàãàòî â ÷îìó 
çàëåæèòü â³ä ñòâîðåííÿ íàä³éíèõ, ïðàöåçäàòíèõ ðîáî÷èõ ëîïàòîê òóðá³íè. Â äàí³é ðîáîò³ 
ïðèâåäåíî ðåçóëüòàòè ïðîåêòóâàííÿ îõîëîäæóâàíî¿ ðîáî÷î¿ ëîïàòêè ÒÂÒ ç ïðîíèêàþ÷îþ 
ñèñòåìîþ îõîëîäæåííÿ. Âèêëàäåí³ îñíîâí³ âèìîãè òà ìåòîäè ¿õ âèð³øåííÿ ïðè ðîçðîáö³ 
äàíî¿ ëîïàòêè. Íàâåäåíî ðåçóëüòàòè òåïëîâîãî ðîçðàõóíêó òà ðîçðàõóíêó íà ì³öí³ñòü. 
Âèêîíàíî ïîð³âíÿëüíèé àíàë³ç îõîëîäæóâàíèõ ëîïàòîê ÒÂÒ ç ïðîíèêàþ÷îþ òà ïåòëüîâîþ 
(ñåð³éíîþ) ñèñòåìàìè îõîëîäæåííÿ. 

Êëþ÷îâ³ ñëîâà: ðîáî÷à ëîïàòêà, ñèñòåìà îõîëîäæåííÿ, ïðîíèêàþ÷å îõîëîäæåííÿ.

R.Yu. Shakal, Yu.V. Yakushev, S.B. Reznik, S.B. Boris, R.P. Pridorozhnyy. Development 
of cooled tube shoulder with inservice cooling system

Cooled turbine blades are one of the most complex and highly loaded parts of a gas turbine 
engine. The creation of new, perspective engines largely depends on the creation of reliable, 
efficient working blades of the turbine. In this paper, we present the results of the design of a 
cooled working bladder with an intra-wall cooling system. The main requirements and methods 
of their provision in the development of this blade are stated. The results of thermal and strength 
calculations are presented. A comparative analysis of the cooled working blades of a turbojet 
with intra-wall and loop (serial) cooling systems is performed.

One of main routes of raise of thermal efficiency of the gas-turbine engine is gas temperature 
rise in front of the turbine. It allows to reduce essentially a specific fuel rate, weight and 
propeller sizes. A major factor limiting the further temperature rise of gas, necessity of security 
of functionability of rotor blades HPT, and consequently security of admissible temperature 
material vanes is. Raise of functionability of rotor blades in the conditions of heats and at high 
loads is ensured with application new temperature-resistant and the high-temperature materials, 
new thermal-protective (ceramic) covers, and also creation of rotor blades with highly effective 
integral cooling systems.

For modern high-temperature propellers use of rotor blades with a multichannel recirculation 
is convective-film integral cooling system with application of thermal-protective covers and a great 
many of punched holes is characteristic. However, in publications even more often there is an 
information on creation by forward foreign corporations, such as General Electric, Pratt&Whitney, 
RollsRoyce and others, rotor blades with intra-wall cooling systems. In this connection creation 
of rotor blades with intra-wall cooling system is one of actual problems for today.

In the given activity results of working out and manufacture of rotor HPT blade intra-wall 
cooling system developed on SE “Ivchenko-Progress” are presented.

As a result of the conducted activity the construction of rotor HPT blade with intra-wall cooling 
system is developed and the designer documentation for its manufacture is manufactured.

Key words: working blade, cooling system, intra-wall cooling.
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