
36

ÓÄÊ 621.436

ÑÊÎÐÎÑÒÍÛÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ 
ÀÂÒÎÌÎÁÈËÜÍÎÃÎ ÄÈÇÅËß ÏÐÈ ÐÀÁÎÒÅ 

ÍÀ ÏÐÈÐÎÄÍÎÌ ÃÀÇÅ

ä.ò.í. Ëèõàíîâ Â.À., ê.ò.í. Ãðåáíåâ À.Â., ê.ò.í. Ñêðÿáèí Ì.Ë., ê.ò.í. Òîðîïîâ À.Å.
Âÿòñêàÿ ãîñóäàðñòâåííàÿ ñåëüñêîõîçÿéñòâåííàÿ àêàäåìèÿ, Êèðîâ, Ðîññèÿ

lv99@mail.ru

Â ñòàòüå ïðåäñòàâëåíû ãðàôèêè ñêîðîñòíûõ õàðàêòåðèñòèê äèçåëÿ Ä-245.7 ïðè ðàáîòå ïî ãàçî-
äèçåëüíîìó ïðîöåññó. Îäíèì èç ñïîñîáîâ ïîâûøåíèÿ ýôôåêòèâíîñòè àâòîìîáèëüíûõ ïåðåâîçîê 
â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ ïåðåâîä äâèãàòåëåé àâòîòðàíñïîðòíûõ ñðåäñòâ íà àëüòåðíàòèâíûå, 
áîëåå äåøåâûå âèäû òîïëèâà. Ñðåäè ðàçëè÷íûõ àëüòåðíàòèâíûõ òîïëèâ î÷åíü ïðèâëåêàòåëüíûì 
ÿâëÿåòñÿ ïðèðîäíûé ãàç. Åñëè ïåðåâîäèòü íà ïðèðîäíûé ãàç äèçåëüíûé äâèãàòåëü, òî ëó÷øèì 
ñïîñîáîì ïåðåâîäà áóäåò ðåàëèçàöèÿ ãàçîäèçåëüíîãî ïðîöåññà. Ñâåäåíèé â ëèòåðàòóðå ïî äàí-
íîìó âîïðîñó åùå íå äîñòàòî÷íî, ïîýòîìó èññëåäîâàíèÿ íà ïîäîáíóþ òåìó ÿâëÿþòñÿ àêòóàëüíûìè. 
Â Âÿòñêîé ãîñóäàðñòâåííîé ñåëüñêîõîçÿéñòâåííîé àêàäåìèè áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî 
ïåðåâîäó äèçåëÿ Ä-245.7 íà ãàçîäèçåëüíûé ïðîöåññ, îïðåäåëåíû ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ, 
õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ, ýôôåêòèâíûå ïîêàçàòåëè. Ðàáîòà ïî ãàçîäèçåëüíîìó ïðîöåññó 
ïðèâîäèò ê ïîâûøåíèþ çíà÷åíèé ïîêàçàòåëåé ïðîöåññà ñãîðàíèÿ è õàðàêòåðèñòèê òåïëîâûäåëå-
íèÿ â öèëèíäðå äèçåëÿ. Ïðè ýòîì íåñêîëüêî âîçðàñòàþò òåïëîâûå è ìåõàíè÷åñêèå íàãðóçêè. Â 
íà÷àëüíûå ïåðèîäû ñãîðàíèÿ â öèëèíäðå ïîâûøàåòñÿ ñêîðîñòü è âåëè÷èíà àêòèâíîãî òåïëîâûäå-
ëåíèÿ. Ýòî èçìåíåíèå ñâèäåòåëüñòâóåò î òîì, ÷òî ñãîðàíèå ïðîèñõîäèò ïî îáúåìíîìó ìåõàíèçìó. 
Íà ãàçîäèçåëüíîì ïðîöåññå ïî ñðàâíåíèþ ñ äèçåëüíûì ïðîöåññîì ïðîèñõîäèò ñíèæåíèå ÷àñîâî-
ãî ðàñõîäà âîçäóõà, óìåíüøàåòñÿ òåìïåðàòóðà îòðàáîòàâøèõ ãàçîâ, ñíèæàåòñÿ äàâëåíèå íàääóâà, 
íåñêîëüêî ïîíèæàåòñÿ ýôôåêòèâíûé ÊÏÄ, íî ïðè ýòîì ñíèæåíèÿ ìîùíîñòè è êðóòÿùåãî ìîìåíòà 
íå ïðîèñõîäèò. Íà îñíîâàíèè èññëåäîâàíèé ñäåëàíû ñëåäóþùèå âûâîäû: 1) ïðè ïåðåõîäå íà ãà-
çîäèçåëüíûé ïðîöåññ ïîâûøàåòñÿ äàâëåíèå, òåìïåðàòóðà â öèëèíäðå, ñêîðîñòü íàðàñòàíèÿ äàâ-
ëåíèÿ, íî ìàêñèìàëüíûå çíà÷åíèÿ ýòèõ ïàðàìåòðîâ íå ïðåâûøàþò ïðåäåëüíûõ äîïóñòèìûõ çíà-
÷åíèé äèçåëüíûõ äâèãàòåëåé; 2) íà ãàçîäèçåëüíîì ïðîöåññå ñãîðàíèå â öèëèíäðå ïðîèñõîäèò ïî 
îáúåìíîìó ìåõàíèçìó, áîëüøàÿ ÷àñòü òîïëèâà ñãîðàåò â ôàçå áûñòðîãî ãîðåíèÿ; 3) ìîùíîñòíûå 
ïàðàìåòðû äâèãàòåëÿ íà ãàçîäèçåëüíîì ïðîöåññå âî âñåì ñêîðîñòíîì äèàïàçîíå ïîëíîñòüþ ñî-
îòâåòñòâóþò äèçåëüíîìó ïðîöåññó; 4) ïðè ðàáîòå äèçåëÿ ïî âíåøíåé ñêîðîñòíîé õàðàêòåðèñòèêå 
íà ãàçîäèçåëüíîì ïðîöåññå ïî ñðàâíåíèþ ñ äèçåëüíûì ïðîöåññîì äîñòèãàåòñÿ ñíèæåíèå ðàñõîäà 
äèçåëüíîãî òîïëèâà ìèíèìóì íà 83 % çà ñ÷åò çàìåùåíèÿ åãî ïðèðîäíûì ãàçîì.

Êëþ÷åâûå ñëîâà: ãàçîäèçåëü, ïðèðîäíûé ãàç, àëüòåðíàòèâíîå òîïëèâî.
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Ââåäåíèå
Ñòîèìîñòü òîïëèâà ÿâëÿåòñÿ âåñîìîé ñòà-

òüåé ðàñõîäîâ ïðè ýêñïëóàòàöèè àâòîòðàíñïîð-
òà. Áîëüøèíñòâî ñîáñòâåííèêîâ àâòîìîáèëåé, 
ñòðåìÿñü ïîâûñèòü ýôôåêòèâíîñòü àâòîìî-
áèëüíûõ ïåðåâîçîê, çàäóìûâàþòñÿ î ïåðåâî-
äå àâòîìîáèëåé íà àëüòåðíàòèâíîå òîïëèâî. 
Îñîáîå ìåñòî ñðåäè âñåõ àëüòåðíàòèâíûõ 
òîïëèâ çàíèìàåò êîìïðèìèðîâàííûé ïðèðîä-
íûé ãàç. Åãî ïðåèìóùåñòâà – ýòî íèçêàÿ öåíà 
(ìåíåå 50 % ñòîèìîñòè áåíçèíà è äèçåëüíîãî 
òîïëèâà), äîñòàòî÷íàÿ ðàñïðîñòðàíåííîñòü, 
áîëüøèå çàïàñû íà ìåñòîðîæäåíèÿõ ñòðàíû [1]. 
Íåêîòîðûå ñëîæíîñòè âîçíèêàþò ñ çàïðàâêîé 
è õðàíåíèåì ïðèðîäíîãî ãàçà íà àâòîìîáèëå, 
íî ñ íèìè ìîæíî ìèðèòüñÿ.

Ñðåäè ãðóçîâîãî è ïàññàæèðñêîãî àâòîòðàí-
ñïîðòà íàèáîëåå ðàñïðîñòðàíåíû àâòîìîáèëè 
ñ äèçåëÿìè â êà÷åñòâå ñèëîâîé óñòàíîâêè. Åñëè 
ðàññìàòðèâàòü âîïðîñ ïåðåâîäà äèçåëÿ íà ïðè-
ðîäíûé ãàç, òî ìîæíî íàçâàòü äâà ñïîñîáà: ãà-
çîâûé äâèãàòåëü è ãàçîäèçåëü. Âàðèàíò ãàçîäè-
çåëü èìååò îïðåäåëåííûå ïðåèìóùåñòâà. Äëÿ 
åãî ðåàëèçàöèè íåò íåîáõîäèìîñòè ñóùåñòâåí-
íîãî èçìåíåíèÿ êîíñòðóêöèè äèçåëÿ, äîñòàòî÷-
íî òîëüêî óñòàíîâèòü äîïîëíèòåëüíîå îáîðó-
äîâàíèå. Äàííûé ñïîñîá ìîæíî ïðèìåíÿòü êàê 
äëÿ ïðîåêòèðóåìûõ äèçåëåé, òàê è äëÿ óæå íà-
õîäÿùèõñÿ â ýêñïëóàòàöèè [2].

Ïðè ïåðåâîäå äèçåëÿ íà ãàçîäèçåëüíûé ïðî-
öåññ ïðèðîäíûé ãàç (ÏÃ) ïîäàåòñÿ âî âïóñêíîé 
òðóáîïðîâîä ÷åðåç ãàçîâûé ñìåñèòåëü (ðèñ. 1). 
Êîëè÷åñòâî ÏÃ, ïîñòóïàþùåãî â ñìåñèòåëü, 
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ðåãóëèðóåòñÿ ãàçîâîé çàñëîíêîé, óñòàíîâëåí-
íîé íà èäóùåì ê ñìåñèòåëþ òðóáîïðîâîäå. 
Ïîïàâ â öèëèíäðû, ãàç âîñïëàìåíÿåòñÿ îò çà-
ïàëüíîé ïîðöèè äèçåëüíîãî òîïëèâà (ÄÒ), âïðû-
ñêèâàåìîé øòàòíîé òîïëèâíîé ñèñòåìîé. Ïóñê è 
ïðîãðåâ äèçåëÿ îñóùåñòâëÿåòñÿ íà ÄÒ áåç ïîäà÷è 
ÏÃ. Ïîñëå ïðîãðåâà ïîäàåòñÿ ÏÃ, à çàïàëüíàÿ 
äîçà ÄÒ óìåíüøàåòñÿ äî ìèíèìàëüíîãî ïðåäåëà, 
ïîêà îòñóòñòâóåò íåóñòîé÷èâàÿ ðàáîòà äèçåëÿ ñ 
ïðîïóñêàìè âîñïëàìåíåíèÿ [3, 4].

Öåëü è îáúåêò èññëåäîâàíèÿ
Ê íàñòîÿùåìó âðåìåíè óæå ïðîâåäåí äî-

ñòàòî÷íî áîëüøîé îáúåì èññëåäîâàíèé ïî 
ïðèìåíåíèþ ïðèðîäíîãî ãàçà â äèçåëÿõ [5]. 

Âñå æå îñòàþòñÿ åùå ìàëî èçó÷åíû ãàçîäè-
çåëè ìàëîé ðàçìåðíîñòè, îñíàùåííûå òóð-
áîíàääóâîì è ïðîìåæóòî÷íûì îõëàæäåíèåì 
íàääóâî÷íîãî âîçäóõà. Â èçâåñòíûõ ðàáîòàõ 
÷àñòî âñòðå÷àåòñÿ òî, ÷òî èññëåäîâàíà òîëüêî 
ñàìà âîçìîæíîñòü ïðèìåíåíèÿ ÏÃ â äèçåëÿõ, 
ïðè ýòîì íå çàòðàãèâàåòñÿ âëèÿíèå ÏÃ íà ïî-
êàçàòåëè ïðîöåññà ñãîðàíèÿ è õàðàêòåðèñòèêè 
òåïëîâûäåëåíèÿ.

Â ñâÿçè ñ ýòèì îáúåêòîì èññëåäîâàíèé ïî 
ïåðåâîäó íà ïðèðîäíûé ãàç íàìè áûë âûáðàí 
äèçåëü ðàçìåðíîñòè 4×Í 11,0/12,5 ìàðêè Ä-245.7. 
Àêòóàëüíîñòü âûáîðà äàííîãî äèçåëÿ îáîñíîâà-
íà øèðîêèì åãî ðàñïðîñòðàíåíèåì íà àâòîòðàí-
ñïîðòå (àâòîìîáèëè ÃÀÇ, àâòîáóñû ÏÀÇ).

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Èññëåäîâàíèÿ ïðîâîäèëèñü íà êàôåäðå òå-

ïëîâûõ äâèãàòåëåé, àâòîìîáèëåé è òðàêòîðîâ 
Âÿòñêîé ÃÑÕÀ â ðàìêàõ îáùåé òåìû «Óëó÷-
øåíèå ýêñïëóàòàöèîííûõ ïîêàçàòåëåé äèçåëåé 
ïóòåì ïðèìåíåíèÿ àëüòåðíàòèâíûõ âèäîâ òî-
ïëèâà» [6].

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà (ðèñ. 2) 
âêëþ÷àëà â ñåáÿ ýëåêòðîòîðìîçíîé ñòåíä 
SAK-N670, ðàñõîäîìåðû òîïëèâà, âîçäóõà, ñè-
ñòåìó àíàëèçà îòðàáîòàâøèõ ãàçîâ. Ñíÿòèå 
èíäèêàòîðíûõ äèàãðàìì ðàáî÷åãî ïðîöåññà 
îñóùåñòâëÿëîñü ïðèáîðîì ÌÀÈ-5À, îñíàùåí-
íûì ýëåêòðîèñêðîâûì ñàìîïèñöåì (ðèñ. 3à) è 
äàò÷èêîì äàâëåíèÿ, óñòàíîâëåííûì íà ãîëîâêå 
áëîêà öèëèíäðîâ äèçåëÿ (ðèñ. 3á) [4]. 

Ðèñ. 1. Ñõåìà ïîäà÷è ïðèðîäíîãî ãàçà â ãàçîäèçåëü 
ñ òóðáîíàääóâîì è ïðîìåæóòî÷íûì îõëàæäåíèåì

Ðèñ. 2. Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
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Ðåçóëüòàòû è îáñóæäåíèå
Â ðåçóëüòàòå èññëåäîâàíèé áûëè ïðîâåäå-

íû ñòåíäîâûå èñïûòàíèÿ ñî ñíÿòèåì âíåøíèõ 
ñêîðîñòíûõ õàðàêòåðèñòèê. Ïðè ýòîì îïðåäå-
ëÿëèñü ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ, õàðàê-
òåðèñòèêè òåïëîâûäåëåíèÿ, ýôôåêòèâíûå ïî-
êàçàòåëè äèçåëÿ. 

Ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ
Íà ðèñ. 4 ïðåäñòàâëåíû ñîâìåùåííûå ãðà-

ôèêè ïîêàçàòåëåé ïðîöåññà ñãîðàíèÿ äèçåëÿ 
Ä-245.7 äëÿ äèçåëüíîãî è ãàçîäèçåëüíîãî ïðî-
öåññîâ. Ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ îïðåäå-
ëÿëèñü ïðè îáðàáîòêå èíäèêàòîðíûõ äèàãðàìì 
ïî ìåòîäèêå ÖÍÈÄÈ.

Èç àíàëèçà ýòèõ ãðàôèêîâ ñëåäóåò, ÷òî çíà-
÷åíèÿ âñåõ ïðåäñòàâëåííûõ ïîêàçàòåëåé ãà-
çîäèçåëüíîãî ïðîöåññà ðàñïîëàãàþòñÿ âûøå 
äèçåëüíîãî ïðîöåññà äëÿ âñåãî ñêîðîñòíîãî 
äèàïàçîíà ðàáîòû. Íàïðèìåð, íà ìàëîé ÷àñòî-
òå âðàùåíèÿ êîëåí÷àòîãî âàëà (n = 1400 ìèí-1) 
ïðè ïåðåõîäå ñ äèçåëüíîãî íà ãàçîäèçåëüíûé 
ïðîöåññ ìàêñèìàëüíàÿ òåìïåðàòóðà ãàçîâ T

max
 

âîçðàñòàåò ñî çíà÷åíèÿ 1730 Ê äî 2150 Ê (íà 24 
%). Íà áîëüøåé ÷àñòîòå (n = 2400 ìèí-1 – íî-
ìèíàëüíûé ñêîðîñòíîé ðåæèì) ìàêñèìàëüíàÿ 
òåìïåðàòóðà ãàçîâ âîçðàñòàåò îò 2020 Ê äî 
2350 Ê (íà 16%). Ìàêñèìàëüíîå äàâëåíèå ñãî-
ðàíèÿ p

z max
 ïðè ïåðåõîäå íà ãàçîäèçåëüíûé ïðî-

öåññ ïðè n = 1400 ìèí-1 ïîâûøàåòñÿ ñ 12,9 ÌÏà 
äî 14,0 ÌÏà (íà 9 %), à ïðè n = 2400 ìèí-1 ïî-
âûøàåòñÿ ñ 13,8 ÌÏà äî 14,6 ÌÏà (íà 6 %). 
Ñòåïåíü ïîâûøåíèÿ äàâëåíèÿ ïðè ïåðåõîäå 
íà ãàçîäèçåëüíûé ïðîöåññ ïðè n = 1400 ìèí-1 
âîçðàñòàåò ñî çíà÷åíèÿ 1,92 äî 2,26, ïðè 

n = 2400 ìèí-1 âîçðàñòàåò ñî çíà÷åíèÿ 1,60 
äî 1,85. Âåëè÷èíà ìàêñèìàëüíîé ñêîðîñòè íà-
ðàñòàíèÿ äàâëåíèÿ â öèëèíäðå (dp/d)

max
 íà ãà-

çîäèçåëüíîì ïðîöåññå ïî ñðàâíåíèþ ñ äèçåëü-
íûì ïðîöåññîì ïðè n = 1400 ìèí-1 ïîâûøàåòñÿ 
ñî çíà÷åíèÿ 0,90 ÌÏà/ãðàäóñ ïîâîðîòà êîëåí-
÷àòîãî âàëà (ï.ê.â.) äî 1,01 ÌÏà/ãðàäóñ ï.ê.â., 
à ïðè n = 2400 ìèí-1 ïîâûøàåòñÿ ñ 0,78 ÌÏà/
ãðàäóñ ï.ê.â. äî 0,93 ÌÏà/ãðàäóñ ï.ê.â. Ïåðèîä 
çàäåðæêè âîñïëàìåíåíèÿ 

i
 ïðè ïåðåõîäå 

à)                                                                  á)
Ðèñ. 3. Îáîðóäîâàíèå äëÿ ñíÿòèÿ èíäèêàòîðíûõ äèàãðàìì

Ðèñ. 4. Ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ äèçåëÿ Ä-245.7 
â çàâèñèìîñòè îò ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà: 

—— – äèçåëüíûé ïðîöåññ; – – – – ãàçîäèçåëüíûé 
ïðîöåññ
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íà ãàçîäèçåëüíûé ïðîöåññ èçìåíÿåòñÿ íåçíà-
÷èòåëüíî. Òàê, ïðè n = 1400 ìèí-1 ïðîèñõîäèò 
ïîâûøåíèå ïåðèîäà çàäåðæêè âîñïëàìåíå-
íèÿ ñ 2,0 ãðàäóñîâ ï.ê.â. äî 2,5 ãðàäóñîâ ï.ê.â., 
ïðè n = 2400 ìèí-1 ïðîèñõîäèò ïîâûøåíèå 
ñ 9,0 ãðàäóñîâ ï.ê.â. äî 9,5 ãðàäóñîâ ï.ê.â. 

Ïîâûøåíèå äàâëåíèÿ, òåìïåðàòóðû ãàçîâ 
â öèëèíäðå íà ãàçîäèçåëüíîì ïðîöåññå îáúÿñ-
íÿåòñÿ áîëåå áûñòðûì ãîðåíèåì ïðèðîäíîãî 
ãàçà, ò.å. ïðåâàëèðóåò îáúåìíûé ìåõàíèçì âîñ-
ïëàìåíåíèÿ. Òàêîå èçìåíåíèå ïîêàçàòåëåé ïðî-
öåññà ñãîðàíèÿ, êîíå÷íî, íåëüçÿ íàçâàòü áëàãî-
ïðèÿòíûì ñ òî÷êè çðåíèÿ íàäåæíîñòè ðàáîòû 
äèçåëÿ. Íî â òî æå âðåìÿ ïîâûøåíèå çíà÷åíèé 
ïàðàìåòðîâ íå òàê óæ è âåëèêî. Íàïðèìåð, 
åñëè âçÿòü ìàêñèìàëüíîå çàôèêñèðîâàííîå 
çíà÷åíèå òåìïåðàòóðû â öèëèíäðå â 2350 Ê, 
òî, íàïðèìåð, ó áåíçèíîâûõ äâèãàòåëåé òåìïå-
ðàòóðà â öèëèíäðå äîñòèãàåò ãîðàçäî áîëüøèõ 
çíà÷åíèé. Âåëè÷èíà ìàêñèìàëüíîé ñêîðîñòè 
íàðàñòàíèÿ äàâëåíèÿ ãàçîâ â öèëèíäðå íå ïðå-
âûøàåò èëè, ïî êðàéíåé ìåðå, ñîïîñòàâèìà ñî 
çíà÷åíèåì â 1,0 ÌÏà/ãðàäóñ ï.ê.â., óñòàíîâëåí-
íûì â êà÷åñòâå äîïóñòèìîãî çàâîäîì-èçãîòîâè-
òåëåì äàííîãî äèçåëÿ.

Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ
Íà ðèñ. 5 ïðåäñòàâëåíû õàðàêòåðèñòèêè 

òåïëîâûäåëåíèÿ äèçåëüíîãî è ãàçîäèçåëüíîãî 
ïðîöåññîâ. Çäåñü îáîçíà÷åíû: 

Tmax
– óãîë ïîâî-

ðîòà êîëåí÷àòîãî âàëà ïîñëå âåðõíåé ìåðòâîé 
òî÷êè, ñîîòâåòñòâóþùèé äîñòèæåíèþ â öèëèí-
äðå ìàêñèìàëüíîé òåìïåðàòóðû, ãðàäóñ ï.ê.â.; 
χ

i Ðz max 
– àêòèâíîå âûäåëåíèå òåïëîòû, ñîîò-

âåòñòâóþùåå ìîìåíòó äîñòèæåíèÿ â öèëèíäðå 
ìàêñèìàëüíîãî äàâëåíèÿ ñãîðàíèÿ; χ

i Tmax
 – àê-

òèâíîå âûäåëåíèå òåïëîòû, ñîîòâåòñòâóþùåå 
ìîìåíòó äîñòèæåíèÿ ìàêñèìàëüíîé òåìïåðàòó-
ðû; (dχ/d)

max  
– ìàêñèìàëüíàÿ ñêîðîñòü îòíîñè-

òåëüíîãî òåïëîâûäåëåíèÿ.
Êàê âèäíî íà ðèñóíêå, ãðàôèêè ãàçîäèçåëü-

íîãî ïðîöåññà ðàñïîëàãàþòñÿ âûøå äèçåëü-
íîãî. Âåëè÷èíà óãëà 

T max
 ïðè n = 1400 ìèí-1 

ïðè ïåðåõîäå ñ äèçåëüíîãî ïðîöåññà íà ãàçî-
äèçåëüíûé ïîâûøàåòñÿ ñ 1,0 ãðàäóñà ï.ê.â. 
äî 1,5 ãðàäóñà ï.ê.â. Ïðè n = 2400 ìèí-1 ïîâûøå-
íèå 

T max
 ñóùåñòâåííåå – ñ 8,0 ãðàäóñà ï.ê.â. äî 

10,5 ãðàäóñà ï.ê.â. Âåëè÷èíà 
i Pz max

 ïðè ïåðåõî-
äå íà ãàçîäèçåëüíûé ïðîöåññ ïðè n = 1400 ìèí-1 
âîçðàñòàåò ñî çíà÷åíèÿ 0,49 äî çíà÷åíèÿ 
0,55 îòíîñèòåëüíûõ åäèíèö, ïðè n = 2400 ìèí-1 
âîçðàñòàåò ñ 0,63 äî 0,71 îòíîñèòåëüíûõ 
åäèíèö. Âåëè÷èíà 

i Tmax 
ïðè ïåðåõîäå ñ äè-

çåëüíîãî íà ãàçîäèçåëüíûé ïðîöåññ ïðè 
n = 1400 ìèí-1 ïîâûøàåòñÿ ñ 0,6 äî 0,61 îòíî-
ñèòåëüíûõ åäèíèö, ïðè n = 2400 ìèí-1 ïîâûøà-
åòñÿ ñ 0,7 äî 0,8 îòíîñèòåëüíûõ åäèíèö. Âåëè-
÷èíà (d/d)

max
 ïðè ïåðåõîäå íà ãàçîäèçåëüíûé 

ïðîöåññ ïðè n = 1400 ìèí-1 ïîâûøàåòñÿ ñ 0,128 
äî 0,152 îòíîñèòåëüíûõ åäèíèö íà ãðàäóñ, ïðè 
n = 2400 ìèí-1 ïîâûøàåòñÿ ñ 0,150 äî 0,155 îò-
íîñèòåëüíûõ åäèíèö íà ãðàäóñ. 

Ïðè÷èíà ïîâûøåíèÿ çíà÷åíèé õàðàêòåðè-
ñòèê òåïëîâûäåëåíèÿ ãàçîäèçåëüíîãî ïðîöåññà 
ïî ñðàâíåíèþ ñ äèçåëüíûì, êàê è ïðè ðàññìî-
òðåíèè ïîêàçàòåëåé ïðîöåññà ñãîðàíèÿ, òàêæå 
ñâÿçàíà ñ ïðîòåêàíèåì ñãîðàíèÿ â öèëèíäðå ïî 
îáúåìíîìó ìåõàíèçìó. Áîëüøàÿ ÷àñòü òîïëèâà 
ðàñõîäóåòñÿ â íà÷àëüíûå ôàçû ñãîðàíèÿ, äî äî-
ñòèæåíèÿ â öèëèíäðå ìàêñèìàëüíîãî äàâëåíèÿ 
è òåìïåðàòóðû.

Ýôôåêòèâíûå ïîêàçàòåëè
Íà ðèñ. 6 ïðåäñòàâëåíû ãðàôèêè ýôôåêòèâ-

íûõ ïîêàçàòåëåé äèçåëüíîãî è ãàçîäèçåëüíîãî 
ïðîöåññîâ. Ïðîàíàëèçèðóåì ãðàôèêè.

Ìîùíîñòíûå ïîêàçàòåëè äèçåëÿ ïðè ïåðå-
õîäå ñ äèçåëüíîãî íà ãàçîäèçåëüíûé ïðîöåññ 
ïîëíîñòüþ ñîõðàíÿþòñÿ, ò.ê. ãðàôèêè êðóòÿ-
ùåãî ìîìåíòà Ì

ê
 è ýôôåêòèâíîé ìîùíîñòè 

Ðèñ. 5. Õàðàêòåðèñòèêè òåïëîâûäåëåíèÿ 
äèçåëÿ Ä-245.7:

 —— – äèçåëüíûé ïðîöåññ; 
– – – – ãàçîäèçåëüíûé ïðîöåññ
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N
e
 äëÿ ýòèõ äâóõ ïðîöåññîâ ñîâïàäàþò. Âåëè-

÷èíà Ì
ê
 ïðè n = 1400 ìèí-1 ðàâíà 381 Í·ì, ïðè 

n = 1700 ìèí-1 óâåëè÷èâàåòñÿ äî 390 Í·ì, çàòåì 
ïðè n = 2400 ìèí-1 óìåíüøàåòñÿ äî 358 Í·ì. Âå-
ëè÷èíà N

e
 ïðè n = 1400 ìèí-1 ñîñòàâëÿåò 55 êÂò, 

ïðè n = 2400 ìèí-1 óâåëè÷èâàåòñÿ äî 90 êÂò. 
×àñîâîé ñóììàðíûé ðàñõîä ÏÃ è çàïàëüíî-

ãî ÄÒ G
Ò  íà ãàçîäèçåëüíîì ïðîöåññå ìåíüøå 

÷àñîâîãî ðàñõîäà ÄÒ G
Ò
 äèçåëüíîãî ïðîöåññà 

íà âñåì ñêîðîñòíîì äèàïàçîíå ðàáîòû. Òàê, 
÷àñîâîé ðàñõîä òîïëèâà ïðè ïåðåõîäå íà ãàçî-
äèçåëüíûé ïðîöåññ ïðè n = 1400 ìèí-1 ñíèæà-
åòñÿ ñ 11,8 êã/÷ äî 11,0 êã/÷, ïðè n = 2400 ìèí-1 
ñíèæàåòñÿ ñ 21 êã/÷ äî 18,8 êã/÷. Ðàñõîä çà-
ïàëüíîãî ÄÒ G

Ò çàï
 íà ãàçîäèçåëüíîì ïðîöåñ-

ñå ïðè n = 1400 ìèí-1 ñîñòàâëÿåò 1,6 êã/÷, ïðè 
n = 2400 ìèí-1 ñîñòàâëÿåò 3,6 êã/÷, ò.å. ïðèìåðíî 
14…17 % îò ðàñõîäà ÄÒ íà äèçåëüíîì ïðîöåññå. 
Òàêèì îáðàçîì, ñíèæåíèå ðàñõîäà äèçåëüíîãî 
òîïëèâà ñîñòàâëÿåò ìèíèìóì 83%. Âåëè÷èíà 
óäåëüíîãî ðàñõîäà g

e  íà ãàçîäèçåëüíîì ïðî-
öåññå íèæå g

e
 äèçåëüíîãî ïðîöåññà. Òàê, óäåëü-

íûé ðàñõîä ïðè ïåðåõîäå íà ãàçîäèçåëüíûé 
ïðîöåññ ïðè n = 1400 ìèí-1 ñíèæàåòñÿ ñ 209 ã/
(êÂò·÷) äî 200 ã/(êÂò·÷), ïðè n = 2400 ìèí-1 ñíè-

æàåòñÿ ñ 227 ã/(êÂò·÷) äî 208 ã/(êÂò·÷). Ñíèæå-
íèå ÷àñîâîãî è óäåëüíîãî ðàñõîäà òîïëèâà íà 
ãàçîäèçåëüíîì ïðîöåññå îáúÿñíÿåòñÿ òåì, ÷òî 
ÏÃ èìååò áîëüøóþ òåïëîòâîðíóþ ñïîñîáíîñòü 
åäèíèöû ìàññû, ÷åì ÄÒ, à íå òåì, ÷òî ðàáî÷èé 
ïðîöåññ â öèëèíäðå íà÷èíàåò ïðîòåêàòü áîëåå 
ýôôåêòèâíî. Îá ýòîì ñâèäåòåëüñòâóåò íåêîòî-
ðîå ñíèæåíèå çíà÷åíèÿ ýôôåêòèâíîãî ÊÏÄ 

å
. 

Òàê, ïðè n = 1400 ìèí-1 çíà÷åíèå 
å
 ïðè ïåðåõî-

äå íà ãàçîäèçåëüíûé ïðîöåññ ñíèæàåòñÿ ñ 0,410 
äî 0,385, ïðè n = 2400 ìèí-1 ñíèæàåòñÿ ñ 0,380 
äî 0,363.

Âñëåäñòâèå çàìåùåíèÿ ÷àñòè âîçäóõà íà 
âïóñêå ïðèðîäíûì ãàçîì ïðè ïåðåõîäå íà ãàçî-
äèçåëüíûé ïðîöåññ ïðîèñõîäèò ñíèæåíèå ÷à-
ñîâîãî ðàñõîäà âîçäóõà G

Â
. Ïðè n = 1400 ìèí-1 

âåëè÷èíà G
Â
 ñíèæàåòñÿ ñ 300 êã/÷ äî 228 êã/÷, 

ïðè n = 2400 ìèí-1 ñíèæàåòñÿ ñ 591 êã/÷ äî 
533 êã/÷. Ñíèæåíèå âåëè÷èíû G

Â 
ïðèâîäèò ê èç-

ìåíåíèþ êîýôôèöèåíòà íàïîëíåíèÿ 
v
 è êîýô-

ôèöèåíòà èçáûòêà âîçäóõà. Òàê, ïðè ïåðåõîäå 
íà ãàçîäèçåëüíûé ïðîöåññ ïðè n = 1400 ìèí-1 
çíà÷åíèå 

v
 ñíèæàåòñÿ ñ 0,920 äî 0,820, ïðè 

n = 2400 ìèí-1 – ñ 0,938 äî 0,909. Çíà÷åíèå 
ïðè n = 1400 ìèí-1 ñíèæàåòñÿ ñ 1,75 äî 1,16, ïðè 
n = 2400 ìèí-1 – ñ 2,0 äî 1,69. 

Ïðè ïåðåõîäå íà ãàçîäèçåëüíûé ïðîöåññ 
óìåíüøàåòñÿ òåìïåðàòóðà îòðàáîòàâøèõ 
ãàçîâ t

ã
. Òàê, ïðè n = 1400 ìèí-1 çíà÷åíèå t

ã
 

(ïîñëå òóðáèíû òóðáîêîìïðåññîðà) ñíèæàåò-
ñÿ ñ 375 ºÑ äî 335 ºÑ, ïðè n = 2400 ìèí-1 – ñ 
430 ºÑ äî 367 ºÑ. Ñíèæåíèå òåìïåðàòóðû îò-
ðàáîòàâøèõ ãàçîâ ïðèâîäèò ê óìåíüøåíèþ äàâ-
ëåíèÿ è ñêîðîñòè â âûïóñêíîì òðóáîïðîâîäå, 
ïîýòîìó äàâëåíèå Ð

Ê
 è òåìïåðàòóðà âîçäóõà 

t
Í
 íà âûõîäå èç òóðáîêîìïðåññîðà ñíèæàþòñÿ. 

Ïðè n = 1400 ìèí-1 çíà÷åíèå Ð
Ê
 ñíèæàåòñÿ ñ 

0,147 ÌÏà äî 0,130 ÌÏà, ïðè n = 2400 ìèí-1 – 
ñ 0,178 ÌÏà äî 0,172 ÌÏà. Ïðè n = 1400 ìèí-1 
òåìïåðàòóðà t

Í
 ñíèæàåòñÿ ñ 84 ºÑ äî 76 ºÑ, 

ïðè n = 2400 ìèí-1 – ñ 121 ºÑ äî 119 ºÑ. Çíà-
÷åíèÿ òåìïåðàòóðû íà âûõîäå èç îõëàäèòåëÿ 
t
îõë

 äëÿ äèçåëüíîãî è ãàçîäèçåëüíîãî ïðîöåñ-
ñîâ ñîâïàäàþò. Ïðè n = 1400 ìèí-1 çíà÷åíèå t

îõë
 

äëÿ îáîèõ ïðîöåññîâ ñîñòàâëÿåò 45 ºÑ, à ïðè 
n = 2400 ìèí-1 – 68 ºÑ.

Âûâîäû
Íà îñíîâàíèè ïðåäñòàâëåííûõ ñêîðîñò-

íûõ õàðàêòåðèñòèê ìîæíî ñäåëàòü ñëåäóþùèå 
âûâîäû:

• ïðè ïåðåõîäå íà ãàçîäèçåëüíûé ïðîöåññ 
ïîêàçàòåëè ïðîöåññà ñãîðàíèÿ è õàðàê-

Ðèñ.6. Ýôôåêòèâíûå ïîêàçàòåëè äèçåëÿ Ä-245.7: 
—— – äèçåëüíûé ïðîöåññ;

 – – – – ãàçîäèçåëüíûé ïðîöåññ



Ñêîðîñòíûå õàðàêòåðèñòèêè àâòîìîáèëüíîãî äèçåëÿ ïðè ðàáîòå íà ïðèðîäíîì ãàçå

41Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 4(34), 2017

òåðèñòèêè òåïëîâûäåëåíèÿ èçìåíÿþòñÿ, 
ïîâûøàþòñÿ äàâëåíèå, òåìïåðàòóðà â öè-
ëèíäðå, ñêîðîñòü íàðàñòàíèÿ äàâëåíèÿ, 
íî ìàêñèìàëüíûå çíà÷åíèÿ ýòèõ ïàðàìå-
òðîâ íå ïðåâûøàþò ïðåäåëüíûõ äîïóñòè-
ìûõ çíà÷åíèé äèçåëüíûõ äâèãàòåëåé;

• íà ãàçîäèçåëüíîì ïðîöåññå ñãîðàíèå â 
öèëèíäðå ïðîèñõîäèò ïî îáúåìíîìó ìå-
õàíèçìó, áîëüøàÿ ÷àñòü òîïëèâà ñãîðàåò 
â ôàçå áûñòðîãî ãîðåíèÿ;

• ìîùíîñòíûå ïàðàìåòðû äâèãàòåëÿ íà ãà-
çîäèçåëüíîì ïðîöåññå âî âñåì ñêîðîñò-
íîì äèàïàçîíå ïîëíîñòüþ ñîîòâåòñòâóþò 
äèçåëüíîìó ïðîöåññó;

• ïðè ðàáîòå äèçåëÿ ïî âíåøíåé ñêîðîñò-
íîé õàðàêòåðèñòèêå íà ãàçîäèçåëüíîì 
ïðîöåññå ïî ñðàâíåíèþ ñ äèçåëüíûì ïðî-
öåññîì äîñòèãàåòñÿ ñíèæåíèå ðàñõîäà 
äèçåëüíîãî òîïëèâà ìèíèìóì íà 83 % çà 
ñ÷åò çàìåùåíèÿ åãî ïðèðîäíûì ãàçîì.
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SPEED CHARACTERISTICS OF AUTOMOBILE DIESEL ENGINE OPERATING 
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The article presents the graphs of the D-245.7 diesel engine’s high-speed characteristics during gas-
diesel operation. One of the ways to improve the efficiency of road transport is now to convert vehicle 
engines into alternative, cheaper fuels. Among various alternative fuels, natural gas is very attractive. If 
the diesel engine is to be converted to natural gas, then the implementation of the gas-diesel process 
will be the best method of transfer. There is not enough information in the literature on this issue, so 
research on this topic is relevant. In the Vyatka State Agricultural Academy research was carried out on 
the transfer of diesel D-245.7 to the gas-diesel process, the parameters of the combustion process, heat 
release characteristics, and effective indicators were determined. Work on the gas-diesel process leads 
to increase in the values of the parameters of the combustion process and the characteristics of heat 
release in the cylinder of the diesel engine. At the same time, thermal and mechanical loads increase 
slightly. In the initial periods of combustion in the cylinder, the speed and the value of the active heat 
release increase. This change indicates that combustion takes place by a three-dimensional mechanism. 
On the gas-diesel process, as compared to the diesel process, the hourly air consumption decreases, 
the temperature of the exhaust gases decreases, the boost pressure decreases, the effective efficiency 
decreases slightly, but the power and torque do not decrease. On the basis of the research, the following 
conclusions are drawn: 1) during the transition to the gas-diesel process, the pressure, the temperature 
in the cylinder, the rate of pressure increase rises, but the maximum values of these parameters do 
not exceed the permissible limits of diesel engines; 2) in the gas-diesel process, combustion in the 
cylinder occurs by a volumetric mechanism, most of the fuel burns in the rapid combustion phase; 3) 
the engine power parameters at the gas-diesel process in the entire speed range fully correspond to the 
diesel process; 4) when the diesel engine operates on an external high-speed characteristic on a gas-
diesel process compared to a diesel process, a reduction of diesel fuel consumption by at least 83 % is 
achieved by replacing it with natural gas.

Keywords: gas diesel, natural gas, alternative fuel.


