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Äèçåëè âîçäóøíîãî îõëàæäåíèÿ èìåþò áîëåå íèçêèå, ÷åì äèçåëè ñ æèäêîñòíûì îõëàæäåíèåì, 
çíà÷åíèÿ ñðåäíåãî ýôôåêòèâíîãî äàâëåíèÿ. Ýòî îáóñëîâëåíî ìåíüøåé æåñòêîñòüþ êîðïóñíûõ äå-
òàëåé äèçåëåé ñ âîçäóøíûì îõëàæäåíèåì è ñëîæíîñòüþ ïîääåðæàíèÿ â äîïóñòèìûõ ïðåäåëàõ 
òåìïåðàòóð äåòàëåé èõ öèëèíäðîïîðøíåâîé ãðóïïû ïðè ïîâûøåíèè ìîùíîñòè. Íàèáîëåå òåïëî-
íàïðÿæåííûìè ýëåìåíòàìè â êîíñòðóêöèè äèçåëÿ âîçäóøíîãî îõëàæäåíèÿ ÿâëÿþòñÿ ãîëîâêè öè-
ëèíäðîâ. Ïðè ôîðñèðîâàíèè äèçåëÿ íàääóâîì âîçíèêàåò âîïðîñ î âîçìîæíûõ ïðåäåëàõ ïîâû-
øåíèÿ äàâëåíèÿ íàääóâà è òðåáóåìîé ãëóáèíå îõëàæäåíèÿ íàääóâî÷íîãî âîçäóõà, ïðè êîòîðûõ 
òåìïåðàòóðû ãîëîâîê öèëèíäðîâ íå ïðåâûøàþò äîïóñòèìûõ ïðåäåëîâ. Ïðîãíîçíûé ðàñ÷åò ïðè 
ðàçëè÷íûõ óðîâíÿõ ôîðñèðîâàíèÿ ïîëåé òåìïåðàòóð â ãîëîâêàõ öèëèíäðîâ ïóòåì ðåøåíèÿ óðàâíå-
íèÿ òåïëîïðîâîäíîñòè ÷èñëåííûìè ìåòîäàìè ñòàëêèâàåòñÿ ñ ïðîáëåìîé îïðåäåëåíèÿ ñ äîñòàòî÷-
íîé òî÷íîñòüþ ãðàíè÷íûõ óñëîâèé, â ïåðâóþ î÷åðåäü ñî ñòîðîíû îõëàæäàþùåãî âîçäóõà. 
Äëÿ äèçåëåé âîçäóøíîãî îõëàæäåíèÿ, íàõîäÿùèõñÿ èëè ïîäãîòàâëèâàåìûõ ê ïðîèçâîäñòâó, êàê 
ïðàâèëî, ïðîâîäÿò òåðìîìåòðèðîâàíèå ãîëîâîê öèëèíäðîâ, îïðåäåëÿÿ, â òîì ÷èñëå, çíà÷åíèÿ 
òåìïåðàòóð íà ïîâåðõíîñòè äíèùà ãîëîâêè â íàèáîëåå òåïëîíàïðÿæåííûõ çîíàõ. Ïðåäëîæåí ìå-
òîä îöåíêè èçìåíåíèÿ òåïëîâîãî ñîñòîÿíèÿ ãîëîâêè öèëèíäðà äèçåëÿ âîçäóøíîãî îõëàæäåíèÿ ïðè 
íàääóâå, îñíîâàííûé íà èñïîëüçîâàíèè äàííûõ èñïûòàíèé è òåðìîìåòðèðîâàíèÿ äèçåëÿ ñ èñ-
õîäíûì óðîâíåì ôîðñèðîâàíèÿ. Ìåòîä ïîçâîëÿåò óñòàíîâèòü âîçìîæíûå ïðåäåëû ôîðñèðîâàíèÿ 
ïðè ðàçëè÷íûõ ðåãóëèðîâêàõ äèçåëÿ. Ýôôåêòèâíîñòü ìåòîäà ïîäòâåðæäåíà ïðèìåðîì ðàñ÷åòà äëÿ 
òðàêòîðíîãî äèçåëÿ 8×ÂÍ15/16. Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòíîãî îïðåäåëåíèÿ çíà÷åíèé ìàêñè-
ìàëüíîé òåìïåðàòóðû äíèùà ãîëîâêè ñ ýêñïåðèìåíòàëüíûìè äàííûìè ñâèäåòåëüñòâóåò î òîì, ÷òî 
ýòè çíà÷åíèÿ ðàçëè÷àþòñÿ íå áîëåå ÷åì íà 1,8%. Ïðåäëàãàåìûé ìåòîä ïðàâèëüíî ïðîãíîçèðóåò 
èçìåíåíèå òåïëîâîãî ñîñòîÿíèÿ ãîëîâêè öèëèíäðîâ ïðè ôîðñèðîâàíèè äèçåëÿ âîçäóøíîãî îõëàæ-
äåíèÿ íàääóâîì è ìîæåò áûòü èñïîëüçîâàí â èíæåíåðíîé ïðàêòèêå äëÿ îöåíêè âîçìîæíûõ ïðåäå-
ëîâ ôîðñèðîâàíèÿ òàêèõ äèçåëåé, âûáîðà ðåãóëèðîâîê òîïëèâîïîäà÷è è ïàðàìåòðîâ îõëàäèòåëÿ 
íàääóâî÷íîãî âîçäóõà.

Êëþ÷åâûå ñëîâà: äâèãàòåëü âîçäóøíîãî îõëàæäåíèÿ; ôîðñèðîâàíèå; ãîëîâêà öèëèíäðîâ; òåïëî-
âîå ñîñòîÿíèå; ìåòîä îöåíêè.

Ââåäåíèå
Äèçåëè âîçäóøíîãî îõëàæäåíèÿ èìåþò, êàê 

ïðàâèëî, áîëåå íèçêèå çíà÷åíèÿ ñðåäíåãî ýôôåê-
òèâíîãî äàâëåíèÿ, ÷åì äèçåëè æèäêîñòíîãî îõ-
ëàæäåíèÿ òîé æå ðàçìåðíîñòè. Ýòî îáóñëîâëåíî, 
âî-ïåðâûõ, ìåíüøåé æåñòêîñòüþ êîðïóñíûõ äå-
òàëåé äèçåëåé ñ âîçäóøíûì îõëàæäåíèåì è, âî-
âòîðûõ, ñëîæíîñòüþ ïîääåðæàíèÿ â äîïóñòèìûõ 
ïðåäåëàõ òåìïåðàòóð äåòàëåé èõ öèëèíäðîïîðø-
íåâîé ãðóïïû ïðè ïîâûøåíèè ìîùíîñòè. 

Íàèáîëåå òåïëîíàïðÿæåííûìè ýëåìåíòàìè 
â êîíñòðóêöèè äèçåëÿ âîçäóøíîãî îõëàæäå-
íèÿ ÿâëÿþòñÿ, êàê ïîêàçûâàåò îïûò èñïûòàíèé 
è ýêñïëóàòàöèè äèçåëÿ 8×ÂÍ 15/16, ãîëîâêè 
öèëèíäðîâ. Â ãîëîâêå öèëèíäðîâ äâèãàòåëÿ 

âîçäóøíîãî îõëàæäåíèÿ ñëîæíî îáåñïå÷èòü 
ïîäâîä îõëàæäàþùåãî âîçäóõà â èõ íàèáîëåå 
òåïëîíàïðÿæåííûå çîíû, â ÷àñòíîñòè â çîíó 
ìåæêëàïàííîé ïåðåìû÷êè. Êðîìå òîãî, âî âíó-
òðåííèõ êàíàëàõ ãîëîâêè äëÿ îõëàæäàþùåãî 
âîçäóõà íåâîçìîæíî âñëåäñòâèå êîíñòðóêòèâ-
íûõ îãðàíè÷åíèé âûïîëíèòü ðàçâèòûå ïîâåðõ-
íîñòè òåïëîîòâîäà. Ìåíüøàÿ èíòåíñèâíîñòü 
òåïëîîòäà÷è â âîçäóõ ïî ñðàâíåíèþ ñ òåïëî-
îòäà÷åé â êàïåëüíóþ æèäêîñòü ïðèâîäÿò íå 
òîëüêî ê ðîñòó ñðåäíåé òåìïåðàòóðû ãîëîâêè 
â öåëîì, íî è ê óâåëè÷åíèþ èíòåðâàëà èçìåíå-
íèÿ òåìïåðàòóðû è òåìïåðàòóðíûõ ãðàäèåíòîâ 
â òåëå ãîëîâêè ïðè èçìåíåíèè ðåæèìà ðàáîòû 
äâèãàòåëÿ, à òàêæå ïðè åãî ôîðñèðîâàíèè. 
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Ïðè ôîðñèðîâàíèè äèçåëÿ íàääóâîì âîçíè-
êàåò âîïðîñ î âîçìîæíûõ ïðåäåëàõ ïîâûøåíèÿ 
äàâëåíèÿ íàääóâà è òðåáóåìîé ãëóáèíå îõëàæ-
äåíèÿ íàääóâî÷íîãî âîçäóõà, ïðè êîòîðûõ òåì-
ïåðàòóðû ãîëîâêè öèëèíäðîâ íå ïðåâûøàþò 
äîïóñòèìûõ ïðåäåëîâ [1]. Îòâåò íà ýòîò âîïðîñ 
ìîæíî ïîëó÷èòü íà îñíîâå ðàñ÷åòà òåìïåðà-
òóðíîãî ïîëÿ â ãîëîâêå öèëèíäðîâ ñ èñïîëü-
çîâàíèåì ñîîòâåòñòâóþùèõ ïàêåòîâ ïðèêëàä-
íûõ ïðîãðàìì, îäíàêî äëÿ îöåíêè âîçìîæíûõ 
ïðåäåëîâ ôîðñèðîâàíèÿ êîíêðåòíîé ìîäåëè 
äèçåëÿ íàäåæíîñòü ðåçóëüòàòîâ òàêèõ ðàñ÷åòîâ 
ìîæåò áûòü íåäîñòàòî÷íîé, òàê êàê â áîëüøèí-
ñòâå ñëó÷àåâ òðóäíî îïðåäåëèòü ñ òðåáóåìîé 
òî÷íîñòüþ ãðàíè÷íûå óñëîâèÿ. Â ñèëó ñêàçàí-
íîãî â ïðîèçâîäñòâåííûõ óñëîâèÿõ ÷àùå âñåãî 
ïðèõîäèòüñÿ ïðèáåãàòü ê òåðìîìåòðèðîâàíèþ. 

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 
ìåòîäà îöåíêè èçìåíåíèÿ òåïëîâîãî ñîñòîÿíèÿ 
ãîëîâêè öèëèíäðà äâèãàòåëÿ âîçäóøíîãî îõ-
ëàæäåíèÿ.

Ìåòîäû èññëåäîâàíèÿ 
è ðåçóëüòàòû
Íàìè ïðåäëàãàåòñÿ ìåòîä îöåíêè èçìåíå-

íèÿ òåïëîâîãî ñîñòîÿíèÿ ãîëîâêè öèëèíäðîâ 
äèçåëÿ âîçäóøíîãî îõëàæäåíèÿ, ïîçâîëÿþ-
ùèé îãðàíè÷èòüñÿ ýêñïåðèìåíòàëüíûì îïðå-
äåëåíèåì òåìïåðàòóð íà îãíåâîì äíèùå ãî-
ëîâêè öèëèíäðîâ òîëüêî íà èñõîäíîì óðîâíå 
ôîðñèðîâàíèÿ. Â îñíîâå ìåòîäà ëåæèò äîñòà-
òî÷íî î÷åâèäíîå óòâåðæäåíèå î òîì, ÷òî òåð-
ìè÷åñêèå ñîïðîòèâëåíèÿ òåïëîïðîâîäíîñòè 
ñîáñòâåííî ãîëîâêè öèëèíäðîâ è òåïëîîòäà÷è 
â îêðóæàþùóþ ñðåäó îñòàþòñÿ ïðè ôîðñèðî-
âàíèè äâèãàòåëÿ ïðàêòè÷åñêè íåèçìåííûìè. 
Òàêèì îáðàçîì, ïðè ôîðñèðîâàíèè òåìïåðà-
òóðíîå ïîëå â ãîëîâêå ìåíÿåòñÿ òîëüêî â ðå-
çóëüòàòå èçìåíåíèÿ òåïëîâîãî ïîòîêà â äíèùå 
ãîëîâêè è òåðìè÷åñêîãî ñîïðîòèâëåíèÿ òåïëî-
îòäà÷è íà ïîâåðõíîñòÿõ êàìåðû ñãîðàíèÿ. 

Òåïëîâîé ïîòîê, ïåðåäàâàåìûé îò ðàáî÷å-
ãî òåëà â öèëèíäðå ê îõëàæäàþùåìó âîçäóõó, 
ìîæíî âûðàçèòü ñëåäóþùèì îáðàçîì [2]:
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ãäå T – ñðåäíÿÿ çà ïåðèîä òåïëîîáìåíà òåìïå-
ðàòóðà ãàçà â êàìåðå ñãîðàíèÿ; 0T  – òåìïåðà-
òóðà îõëàæäàþùåãî âîçäóõà; ê  

– ñðåäíåå íà 
ðàñ÷åòíîì äèàïàçîíå èíäèêàòîðíîé äèàãðàì-
ìû çíà÷åíèå êîýôôèöèåíòà òåïëîîòäà÷è îò 

ãàçà â äíèùå ãîëîâêè öèëèíäðà; dF  – ïëîùàäü 
òåïëîâîñïðèíèìàþùåé ïîâåðõíîñòåé äíèùà 
ãîëîâêè öèëèíäðà; R – òåðìè÷åñêîå ñîïðî-
òèâëåíèå òåïëîïðîâîäíîñòè òåëà ãîëîâêè öè-
ëèíäðà; 0R – òåðìè÷åñêîå ñîïðîòèâëåíèå òå-
ïëîîòäà÷è îò ïîâåðõíîñòè ãîëîâêè öèëèíäðà â 
îõëàæäàþùèé âîçäóõ.

Âåëè÷èíó òåïëîâîãî ïîòîêà WQ , ïåðåäàâà-
åìîãî îò ðàáî÷åãî òåëà â öèëèíäðå â îõëàæäà-
þùèé âîçäóõ, äëÿ èñõîäíîãî óðîâíÿ ôîðñèðî-
âàíèÿ íàõîäèì ïî ôîðìóëå Íüþòîíà-Ðèõìàíà, 
çàïèñàííîé äëÿ ïðîöåññà òåïëîîòäà÷è íà ïî-
âåðõíîñòè îãíåâîãî äíèùà ãîëîâêè. Ïðè ýòîì 
ñðåäíþþ òåìïåðàòóðó ãàçà T â öèëèíäðå îïðå-
äåëÿåì ïóòåì îáðàáîòêè ðåçóëüòàòîâ èíäèöè-
ðîâàíèÿ, à ñðåäíåå ïî ïîâåðõíîñòè îãíåâîãî 
äíèùà ãîëîâêè çíà÷åíèå òåìïåðàòóðû äãöT  
íàõîäèì êàê ñðåäíåâçâåøåííóþ âåëè÷èíó èç-
ìåðåííûõ íà óêàçàííîé ïîâåðõíîñòè òåìïåðà-
òóð. Ðàñ÷åò âåäåì, ñâÿçûâàÿ ñ êàæäîé òî÷êîé 
èçìåðåíèÿ ïëîùàäü íåêîòîðîãî ó÷àñòêà ïî-
âåðõíîñòè îãíåâîãî äíèùà ãîëîâêè. Çíà÷åíèå 
êîýôôèöèåíòà ê  êîíâåêòèâíîé òåïëîîòäà÷è 
âû÷èñëÿåì ïî ìîäèôèöèðîâàííîé ôîðìóëå 
Âîøíè [3]:
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ãäå p , T  – òåìïåðàòóðà è äàâëåíèå â öèëèí-
äðå; D  – äèàìåòð öèëèíäðà; 1C , B  – êîýô-
ôèöèåíòû, îïðåäåëÿåìûå ïàðàìåòðàìè âîç-
äóøíîãî çàðÿäà íà âïóñêå è ïàðàìåòðàìè 
öèëèíäðîïîðøíåâîé ãðóïïû; mc  – ñðåäíÿÿ 
ñêîðîñòü ïîðøíÿ. 

Âîçìîæíîñòü ïðèìåíåíèÿ ôîðìóëû Âîøíè 
(2) äëÿ äèçåëåé âîçäóøíîãî îõëàæäåíèÿ áîëü-
øîé ðàçìåðíîñòè áûëà ïðåäâàðèòåëüíî ïîä-
òâåðæäåíà ïðèìåíåíèåì åå äëÿ îïðåäåëåíèÿ 
ïîëíîãî òåïëîâûäåëåíèÿ ïî äàííûì èíäèöè-
ðîâàíèÿ. 

Çíàÿ íà èñõîäíîì óðîâíå ôîðñèðîâàíèÿ 
òåïëîâîé ïîòîê WQ , òåìïåðàòóðó T  ãàçîâ â 
öèëèíäðå è çíà÷åíèå êîýôôèöèåíòà ê  êîí-
âåêòèâíîé òåïëîîòäà÷è, èç ôîðìóëû (1) íà-
õîäèì ñóììó òåðìè÷åñêèõ ñîïðîòèâëåíèé 

0exR R R   . 
Äëÿ îöåíêè òåïëîâîãî ñîñòîÿíèÿ ãîëîâêè öè-

ëèíäðà íà íîâîì óðîâíå ôîðñèðîâàíèÿ íåîáõî-
äèìî çíàòü, êàêèå çíà÷åíèÿ ïðè ýòîì ïðèìóò T  
è ê . Ýòè çíà÷åíèÿ ìîãóò áûòü íàéäåíû ïóòåì 
ìîäåëèðîâàíèÿ ðàáî÷åãî öèêëà äâèãàòåëÿ. 

Äëÿ äâèãàòåëÿ 8×ÂÍ15/16, íà êîòîðîì ïðî-
âåðÿëàñü ýôôåêòèâíîñòü ðàññìàòðèâàåìîãî 
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ìåòîäà, ïàðàìåòðû ðàáî÷åãî òåëà â öèëèíäðå 
ïðè ðàçëè÷íûõ óðîâíÿõ íàääóâà ìîãóò áûòü 
ñ äîñòàòî÷íîé òî÷íîñòüþ íàéäåíû ñ ïîìî-
ùüþ ìàòåìàòè÷åñêîé ìîäåëè, ðàçðàáîòàííîé 
â ÂîëãÃÒÓ ïðîôåññîðîì À.Â. Âàñèëüåâûì 
[4, 5.] Ðàññ÷èòûâàÿ ñ ïîìîùüþ ìàòåìàòè÷åñêîé 
ìîäåëè íà íîâîì çàäàííîì óðîâíå ôîðñèðî-
âàíèÿ ïàðàìåòðû äâèãàòåëÿ è èíäèêàòîðíóþ 
äèàãðàììó, îïðåäåëÿåì çíà÷åíèå T , çàòåì íà 
îñíîâå ðàñ÷åòíîé èíäèêàòîðíîé äèàãðàììû 
âû÷èñëÿåì ïî ôîðìóëå Âîøíè ê è äàëåå ïî 
ôîðìóëå (1) íàõîäèì WQ . Èìåÿ äëÿ íîâîãî 
óðîâíÿ ôîðñèðîâàíèÿ ðàñ÷åòíûå çíà÷åíèÿ WQ , 

ê  è T , âû÷èñëÿåì ïî ôîðìóëå Íüþòîíà-Ðèõ-
ìàíà íîâîå çíà÷åíèå äãöT . Â ñîîòâåòñòâèè ñ 
ðàñïðåäåëåíèåì ïëîùàäè îãíåâîãî äíèùà ãî-
ëîâêè ïî çîíàì èçìåðåíèÿ òåìïåðàòóð îáðàò-
íûì ïåðåñ÷åòîì íàõîäèì ïðîãíîçíûå çíà÷åíèÿ 
â ýòèõ çîíàõ. 

Ýôôåêòèâíîñòü ïðåäëîæåííîãî ìåòîäà áûëà 
ïðîâåðåíà íà îñíîâå ðåçóëüòàòîâ èñïûòàíèé 
ôîðñèðîâàííîãî âàðèàíòà äèçåëÿ 8×ÂÍ15/16 ñ 
ðàçëè÷íûìè òèïàìè òóðáîêîìïðåññîðîâ: Í2Â 
«Holset», Ê-36, ÒÊÐ8,5Ñ-7 [6, 7]. Ïàðàìåòðû 
òóðáîêîìïðåññîðîâ ïðèâåäåíû â òàáë. 1. Èñ-
ïûòàíèÿ ïðîâîäèëèñü íà ìîòîðíîì ñòåíäå è 
çàêëþ÷àëèñü â îïðåäåëåíèè ýôôåêòèâíûõ ïî-
êàçàòåëåé äèçåëÿ è òåðìîìåòðèðîâàíèè ãîëîâêè 
öèëèíäðà íà ðåæèìå íîìèíàëüíîé ìîùíîñòè. 
Ðàñïîëîæåíèå òåðìîïàð íà äíèùå ãîëîâêè öè-
ëèíäðà ïðèâåäåíî íà ðèñ. 1. 

Ñóììàðíîå çíà÷åíèå òåðìè÷åñêèõ ñîïðî-
òèâëåíèé òåïëîïðîâîäíîñòè ãîëîâêè öèëèí-
äðîâ è òåïëîîòäà÷è îò íåå â îõëàæäàþùèé 
âîçäóõ áûëî íàéäåíî ïî äàííûì òåðìîìåòðè-
ðîâàíèÿ äèçåëÿ 8×ÂÍ15/16 ñ íîìèíàëüíîé 
ìîùíîñòüþ 270 êÂò, óêîìïëåêòîâàííîãî òóð-
áîêîìïðåññîðîì ÒÊÐ8,5Ñ-7. 

Äëÿ îöåíêè äîñòîâåðíîñòè ðàçðàáîòàííî-
ãî ìåòîäà ïðîãíîçíûå çíà÷åíèÿ òåìïåðàòóð 
äíèùà ãîëîâêè áûëè îïðåäåëåíû ïî èçëîæåí-

íîìó âûøå ñïîñîáó äëÿ äâèãàòåëÿ, óêîìïëåê-
òîâàííîãî ðàçëè÷íûìè òóðáîêîìïðåññîðàìè. 
Ïðè ýòîì ðàñ÷åòû ïî ìàòåìàòè÷åñêîé ìîäåëè 
âûïîëíÿëèñü äëÿ êàæäîãî òèïà òóðáîêîìïðåñ-
ñîðà â îòäåëüíîñòè ñ ó÷åòîì îñîáåííîñòåé èõ 
ðàñõîäíî-íàïîðíûõ õàðàêòåðèñòèê. 

Â òàáë. 2 ïðèâåäåíû ýêñïåðèìåíòàëüíûå è 
ðàñ÷åòíûå çíà÷åíèÿ ýôôåêòèâíîé ìîùíîñòè 

eN , ïîäà÷è âîçäóõà è åãî ïàðàìåòðîâ ïîñëå 
òóðáîêîìïðåññîðà, êîýôôèöèåíòà èçáûòêà 
âîçäóõà, ñðåäíåé è ìàêñèìàëüíîé òåìïåðàòóð 
äíèùà ãîëîâêè. Ìàêñèìàëüíàÿ òåìïåðàòóðà íà 
äíèùå ãîëîâêè, ñîãëàñíî ðåçóëüòàòàì òåðìî-
ìåòðèðîâàíèÿ, íàáëþäàåòñÿ â òî÷êå 3 (ðèñ. 1). 
Äëÿ êàæäîãî òèïà òóðáîêîìïðåññîðà â òàáë. 2 
â âåðõíåé ñòðîêå ïðèâåäåíû ýêñïåðèìåíòàëü-
íûå äàííûå, à â íèæíåé – ðàñ÷åòíûå. Çíà÷å-
íèÿ ìàêñèìàëüíûõ òåìïåðàòóð äíèùà ãîëîâêè 
öèëèíäðîâ, íàéäåííûå ýêñïåðèìåíòàëüíî è 
ðàñ÷åòíûì ïóòåì äëÿ âàðèàíòîâ ñ ðàçëè÷íû-

Ðèñ. 1. Ñõåìà ðàñïîëîæåíèÿ òåðìîïàð ñî ñòîðîíû 
äíèùà ãîëîâêè öèëèíäðà: 1 – t

1
; 2 – t

2
, 3 – t

3
; 

4 – âûïóñêíîé êàíàë; 5 – âïóñêíîé êàíàë

Òàáëèöà 1

Ñòåïåíü ñîãëàñîâàííîñòè òóðáîêîìïðåññîðîâ è äâèãàòåëÿ 8×ÂÍ15/16

Ïàðàìåòð
Òóðáîêîìïðåññîð

Í2Â Ê-36 ÒÊÐ8,5Ñ-7


ê

2,01 1,91 1,93

G
â, 

êã/ñ 0,266 0,262 0,257


ê

0,71 0,80 0,68


êìàõ

0,75 0,80 0,69
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ìè òóðáîêîìïðåññîðàìè, íàíåñåíû íà ãðàôèê 
(ðèñ. 2). 

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòíîãî îïðåäå-
ëåíèÿ çíà÷åíèé ìàêñèìàëüíîé òåìïåðàòóðû 
äíèùà ãîëîâêè ñ ýêñïåðèìåíòàëüíûìè äàííû-
ìè ñâèäåòåëüñòâóåò îá èõ õîðîøåì ñîîòâåò-
ñòâèè. Ðàçáðîñ ðàñ÷åòíûõ è ýêñïåðèìåíòàëü-
íûõ çíà÷åíèé íå ïðåâûøàåò 1,8 %. Ïðè ýòîì 
ðàñ÷åò ïðàâèëüíî îòðàæàåò íàáëþäàåìóþ â 
ýêñïåðèìåíòàõ çàâèñèìîñòü ìàêñèìàëüíîé 
òåìïåðàòóðû äíèùà ãîëîâêè îò ïàðàìåòðîâ 
òóðáîêîìïðåññîðîâ. Â ÷àñòíîñòè, ìîæíî ñäå-
ëàòü âûâîä î òîì, ÷òî ïðè ôîðñèðîâàíèè äî 
îäíîé è òîé æå ìîùíîñòè òóðáîêîìïðåññîðà-
ìè ñ ðàçëè÷íûìè ðàñõîäíûìè õàðàêòåðèñòèêà-
ìè, ìàêñèìàëüíàÿ òåìïåðàòóðà äíèùà ãîëîâêè 
ìîæåò áûòü ðàçëè÷íîé. 

Çàêëþ÷åíèå
Òàêèì îáðàçîì, ïðåäëàãàåìûé ìåòîä ïðà-

âèëüíî ïðîãíîçèðóåò èçìåíåíèå òåïëîâîãî ñî-
ñòîÿíèÿ ãîëîâêè öèëèíäðîâ ïðè ôîðñèðîâàíèè 
äèçåëÿ âîçäóøíîãî îõëàæäåíèÿ íàääóâîì è 
ìîæåò áûòü èñïîëüçîâàí â èíæåíåðíîé ïðàê-
òèêå äëÿ îöåíêè âîçìîæíûõ ïðåäåëîâ ôîðñè-
ðîâàíèÿ òàêèõ äèçåëåé, âûáîðà ðåãóëèðîâîê 

òîïëèâîïîäà÷è è ïàðàìåòðîâ îõëàäèòåëÿ íàä-
äóâî÷íîãî âîçäóõà. 
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ÒÊÐ n, ìèí-1 N
e
, êÂò G

â
, êã/÷ p

ê
, ÌÏà Ò

ê
, °Ñ  Ò

äãö
, °Ñ Ò

max
, °Ñ

Í2Â 1700
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METHOD FOR ASSESSING THE CHANGES OF THE THERMAL STATE 
OF CYLINDER HEAD OF ENGINE WITH AIR-COOLING WHEN BOOSTING

Dr.Eng. A.V. Vasilyev, Ph.D. A.M. Lartsev, Dr. Eng. E.A. Fedyanov
Volgograd State Technical University

tig@vstu.ru

The diesel engines with air-cooling have lower than engines with liquid cooling values of the average 
effective pressure. This happens because of lower stiffness of body parts of air-cooled diesel engines 
and the difficulty of maintaining within acceptable limits the temperature of the parts of the cylinder 
group when increasing power. Most heat-stressed elements of the design of the air-cooled diesel are 
cylinders heads. When boosting diesel with supercharge the question arises about possible limits of 
increasing boost pressure and the required depth of the charge of air cooling, where the cylinder head 
temperatures do not exceed the permissible limits. Predictive calculation at various levels of boosting the 
temperature fields in the cylinders heads by solving the heat equation through numerical methods faces 
the problem of determining with sufficient accuracy of the boundary conditions, primarily from the side 
of the cooling air.
For air-cooled diesel engines ready or prepared for production is typically conducted the thermometering 
of cylinders heads defining, inter alia, the temperature value at the head surface at the bottom in most 
heat-stressed zones. A method for estimating changes in the thermal state of the head cylinder of engine 
with air-cooling when boosting, based on using data of testing and thermometering of diesel with initial 
level of boosting, is proposed. The method allows to set the limits of the possible boosting at various 
adjustments of diesel. The effectiveness of the method is confirmed by an example calculation for tractor 
diesel 8ChVN15/16. Comparison of the results of calculation of the maximum temperature value of 
cylinder head bottom with experimental data indicates that the values differ by no more than 1.8%. The 
proposed method correctly predicts the change of the thermal state of the cylinder head when boosting 
diesel with air-cooling by supercharge and can be used in engineering practice to assess the possible 
limits of boosting such diesels, choosing adjustments of fuel handling and parameters of coolant of 
charging air.

Keywords: air-cooled engine, boosting, cylinder head, thermal state, estimation method.


