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Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿëàñü ñèñòåìà óòèëèçàöèè ñáðîñîâîé òåïëîòû äèçåëÿ ìèíè-ÒÝÖ, êîòîðàÿ ìîæåò 
áûòü èñïîëüçîâàíà â êà÷åñòâå ñòàöèîíàðíîãî îñíîâíîãî, ðåçåðâíîãî èëè äîïîëíèòåëüíîãî èñòî÷íèêà ýëåêòðè-
÷åñêîé è òåïëîâîé ýíåðãèè. Îáúåêòîì èññëåäîâàíèÿ ñëóæèëà ñèñòåìà óòèëèçàöèè ñáðîñîâîé òåïëîòû äèçåëÿ 
Ä 180 è ìèíè-ÒÝÖ íà áàçå äèçåëü-ãåíåðàòîðíîé óñòàíîâêè ÄÃÓ-100Ñ ïðîèçâîäñòâà ÎÀÎ «×ÒÇ». Öåëü ðà-
áîòû çàêëþ÷àëàñü â ýêñïåðèìåíòàëüíîé îöåíêå ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ñèñòåìû óòèëèçàöèè ñáðîñî-
âîé òåïëîòû äèçåëÿ. Â ñîñòàâ ñèñòåìû óòèëèçàöèè âõîäèëè: îðèãèíàëüíûé òåïëîîáìåííèê äëÿ óòèëèçàöèè 
ñáðîñîâîé òåïëîòû ñèñòåìû îõëàæäåíèÿ äèçåëÿ, ñáðîñîâîé òåïëîòû ñèñòåìû ñìàçêè, ñåðäöåâèíû êîòîðîãî 
âûïîëíåíû â îáùåì êîðïóñå, à òàêæå òåïëîîáìåííèê äëÿ óòèëèçàöèè ñáðîñîâîé òåïëîòû îòðàáîòàâøèõ ãàçîâ 
äèçåëÿ (êîòåë ïîäîãðåâàòåëÿ ÏÆÄ-600). Â ñòàòüå ïðèâåäåíû êîìïîíîâêà ìèíè-ÒÝÖ ñ ñèñòåìîé óòèëèçàöèè 
ñáðîñîâîé òåïëîòû, óñòðîéñòâî îðèãèíàëüíîãî òåïëîîáìåííèêà è ñõåìà ìèíè-ÒÝÖ ñ ñèñòåìîé óòèëèçàöèè 
ñáðîñîâîé òåïëîòû. Îïèñàí ïðèíöèï ðàáîòû ïðåäëîæåííîé ñèñòåìû. Ïî ñðàâíåíèþ ñ èçâåñòíûìè êîíñòðóê-
öèÿìè, â ïðåäëàãàåìîé êîãåíåðàöèîííîé ýíåðãåòè÷åñêîé óñòàíîâêå îòñóòñòâóåò íåîáõîäèìîñòü ðàçäåëüíîãî 
ðåãóëèðîâàíèÿ òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè è ñìàçî÷íîãî ìàñëà íà âõîäå â ïîðøíåâîé äâèãàòåëü âíó-
òðåííåãî ñãîðàíèÿ è íåîáõîäèìîñòü èñïîëüçîâàíèÿ äîïîëíèòåëüíîãî æèäêîñòíî-ìàñëÿíîãî òåïëîîáìåííèêà 
èëè îõëàäèòåëÿ ìàñëà ïðè ðàáîòå êîãåíåðàöèîííîé óñòàíîâêè áåç òåïëîâîé íàãðóçêè. Â ñîâîêóïíîñòè ýòî 
îáåñïå÷èëî óìåíüøåíèå ñëîæíîñòè, ìàòåðèàëîåìêîñòè è ãàáàðèòíûõ ðàçìåðîâ ñèñòåìû óòèëèçàöèè è êîãåíå-
ðàöèîííîé ýíåðãåòè÷åñêîé óñòàíîâêè â öåëîì. Àáñîëþòíûé ýêîíîìè÷åñêèé ýôôåêò îò èñïîëüçîâàíèÿ ñèñòåìû 
óòèëèçàöèè ñáðîñîâîé òåïëîòû ñîñòàâëÿåò 240…300 òûñ. ðóá. çà ìîòîðåñóðñ, óäåëüíûé – 22…28 ðóá./÷. Ñðîê 
îêóïàåìîñòè ñèñòåìû óòèëèçàöèè ñáðîñîâîé òåïëîòû – ìåíåå ãîäà. Ïîëó÷åííûå ðåçóëüòàòû óáåäèòåëüíî ñâè-
äåòåëüñòâóþò îá ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè ðåàëèçàöèè ïðåäëîæåííîé ñèñòåìû óòèëèçàöèè ñáðîñîâîé 
òåïëîòû äèçåëÿ Ä 180 ìèíè-ÒÝÖ íà áàçå ÄÃÓ-100Ñ. 
Êëþ÷åâûå ñëîâà: äèçåëü, ñáðîñîâàÿ òåïëîòà, ìàëàÿ ýíåðãåòèêà, êîãåíåðàöèîííàÿ ýíåðãåòè÷åñêàÿ óñòàíîâêà, 
îòðàáîòàâøèå ãàçû.

The subject of the investigation was the waste heat recovery system of a small-scale heat electropower station that 
can be used as stationary and primary, reserve or additional source of electrical and thermal energy. The object of the 
investigation was the waste heat recovery system of the diesel engine D 180 and the small-scale heat electropower 
station on the basis of the diesel generator plant DGU-100C produced by JSC «ChTZ». The aim of the investigation 
was an experimental estimation of the efficient use of the diesel engine’s waste heat recovery system. The recovery 
system was consisted of an original heat exchanger for the recovery of the waste heat of the diesel engine’s cooling 
system, the waste heat of the lubricating system, the centers of which is made in a common housing, and the heat 
exchanger for the recovery of the exhaust gases waste heat from the diesel engine (pre-heater boiler PZD-600). The 
article presents the small-scale heat electropower station’s arrangement with the waste heat recovery system, the 
original heat exchanger arrangement and a scheme of the small-scale heat electropower station with the waste heat 
recovery system. The principle of operation of the proposed system is described. In comparison with the known 
constructions, in the proposed cogeneration power plant there is no need to separately regulate the temperature of 
the cooling liquid and the lubricating oil at the inlet to the piston internal combustion engine and the necessity to 
use an additional liquid-oil heat exchanger or oil cooler in the operation of the cogeneration plant without thermal 
load. Collectively, it was ensured a reduction of the complexity, material consumption and overall dimensions of the 
recovery system and the cogeneration power plant in general. The absolute economic effect from the using of the 
waste heat recovery system is 240…300 thousand rubles for the engine life, specific – 22…28 rubles/h. The payback 
period of the waste heat recovery system is less than a year. The obtained results convincingly indicate the economic 
feasibility of implementing the proposed system of waste heat recovery of the diesel engine D 180 of a small-scale 
heat electropower station based on the DGU-100S.
Keywords: diesel engine, waste heat, distributed generation, cogeneration power plant, exhaust gases.
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 Ââåäåíèå
Ìàëàÿ ýíåðãåòèêà Ðîññèè îáåñïå÷èâàåò 

óñëîâèÿ æèçíè è äåÿòåëüíîñòè áîëåå 20 ìëí 
ãðàæäàí, à òàêæå ìíîãèå âèäû äîáûâàþùåé 
ïðîìûøëåííîñòè íà 70 % åå òåððèòîðèè [1, 2]. 
Îñíîâîé ìàëîé ýëåêòðîýíåðãåòèêè ÿâëÿþòñÿ 
îêîëî 50000 ýíåðãîóñòàíîâîê íà áàçå äâèãàòå-
ëåé âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ), èç êîòîðûõ 
îêîëî 47000 – äèçåëüíûå. Ñóììàðíàÿ ìîù-
íîñòü ýòèõ óñòàíîâîê ñîñòàâëÿåò 17 ìëí êÂò, 
à âûðàáîòêà ýëåêòðîýíåðãèè – îêîëî 50 ìëðä 
êÂò·÷ â ãîä. Ðàñõîä òîïëèâà ýòèìè ýíåðãîóñòà-
íîâêàìè ñîñòàâëÿåò îêîëî 6 ìëí ò ó.ò. [3, 4] 

Â ýíåðãåòè÷åñêîì áàëàíñå äèçåëåé, ÷àùå 
âñåãî ÿâëÿþùèõñÿ ïåðâè÷íûìè äâèãàòåëÿìè 
ýíåðãîóñòàíîâîê ìàëîé ìîùíîñòè, ñóùåñòâåí-
íîå ìåñòî çàíèìàþò «ñáðîñîâûå» ïîòåðè òå-
ïëîòû, âûäåëèâøåéñÿ ïðè ñãîðàíèè òîïëèâà â 
öèëèíäðàõ, ÷åðåç ñìàçî÷íóþ ñèñòåìó, ñèñòåìó 
îõëàæäåíèÿ è ñ îòðàáîòàâøèìè ãàçàìè, êîòî-
ðûå, â çàâèñèìîñòè îò ðåæèìà ðàáîòû óñòà-
íîâêè, ñîñòàâëÿþò îò 55 äî 100 % îò ýíåðãèè, 
ââîäèìîé ñ òîïëèâîì [5, 6]. Ñêàçàííîå ñâè-
äåòåëüñòâóåò î òîì, ÷òî ÷ðåçâû÷àéíî âàæíî, 
÷òîáû áûëà îðãàíèçîâàíà óòèëèçàöèÿ ñáðîñî-
âîé òåïëîòû ïåðâè÷íûìè äâèãàòåëÿìè ñðåäñòâ 
ìàëîé ýíåðãåòèêè. Ýòîò ïóòü ÿâëÿåòñÿ îäíèì 
èç ðåøåíèé çàäà÷è ïîâûøåíèÿ ýôôåêòèâíîñòè 
ýíåðãåòè÷åñêèõ óñòàíîâîê [7, 8, 9]. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ, ðåçóëüòàòû êîòîðî-

ãî ïðèâåäåíû â íàñòîÿùåé ñòàòüå, ÿâëÿëàñü 
îöåíêà ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ñèñòåìû 
óòèëèçàöèè ñáðîñîâîé òåïëîòû (ÑÓÑÒ) äèçåëÿ 
ìèíè-ÒÝÖ, êîòîðàÿ ìîæåò áûòü èñïîëüçîâàíà 
â êà÷åñòâå ñòàöèîíàðíîãî îñíîâíîãî, ðåçåðâíî-
ãî èëè äîïîëíèòåëüíîãî èñòî÷íèêà ýëåêòðè÷å-
ñêîé è òåïëîâîé ýíåðãèè. 

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Èññëåäîâàíèÿ ïðîâîäèëèñü ýêñïåðèìåí-

òàëüíûì ìåòîäîì. Îáúåêòîì èññëåäîâàíèÿ 
ÿâëÿëàñü ÑÓÑÒ äèçåëÿ 4×Í15,0/20,5 (Ä 180) è 
ìèíè-ÒÝÖ íà áàçå äèçåëü-ãåíåðàòîðíîé óñòà-
íîâêè ÄÃÓ-100Ñ [10]. 

Íà ðèñ. 1 ïîêàçàíà êîìïîíîâêà ìèíè-ÒÝÖ ñ 
ÑÓÑÒ, íà ðèñ. 2 – òåïëîîáìåííèê ÑÓÑÒ, à íà 
ðèñ. 3 – ñõåìà ìèíè-ÒÝÖ ñ ñèñòåìîé óòèëèçà-
öèè ñáðîñîâîé òåïëîòû. 

Ìèíè-ÒÝÖ ñ ÑÓÑÒ ðàáîòàåò ñëåäóþùèì 
îáðàçîì. Ïîðøíåâîé äâèãàòåëü âíóòðåííåãî 

Ðèñ. 1. Êîìïîíîâêà ìèíè-ÒÝÖ ñ ñèñòåìîé 
óòèëèçàöèè ñáðîñîâîé òåïëîòû: 

1 – ïîðøíåâîé äâèãàòåëü âíóòðåííåãî ñãîðàíèÿ; 
2 – øêàô óïðàâëåíèÿ; 3 – ãåíåðàòîð; 

4 – òåïëîîáìåííèê îòðàáîòàâøèõ ãàçîâ; 5 – ðàìà; 
6 – òåïëîîáìåííèê îõëàæäàþùåé æèäêîñòè 

è ñìàçî÷íîãî ìàñëà; 7 – àêêóìóëÿòîðíûå áàòàðåè

Ðèñ. 2. Òåïëîîáìåííèê 6 (ñì. ðèñ. 1): 
1 – ïàòðóáêè âíóòðåííåãî êîíòóðà; 2 – êðûøêà; 
3 – ñåðäöåâèíà êîíòóðà ñèñòåìû îõëàæäåíèÿ; 

4 – ñåðäöåâèíà êîíòóðà ñèñòåìû ñìàçêè; 5 – ïàòðóáêè
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ñãîðàíèÿ 1 âðàùàåò âàë ãåíåðàòîðà 2, êîòîðûé 
âûðàáàòûâàåò ýëåêòðè÷åñêóþ ýíåðãèþ, ïåðåäà-
âàåìóþ ïîòðåáèòåëþ. 

Îõëàæäàþùàÿ æèäêîñòü ïðîêà÷èâàåòñÿ íà-
ñîñîì 11 ÷åðåç ñèñòåìó îõëàæäåíèÿ äâèãàòå-
ëÿ è âíóòðåííèé êîíòóð ñèñòåìû óòèëèçàöèè. 
Åñëè òåìïåðàòóðà îõëàæäàþùåé æèäêîñòè 
íèæå, ÷åì óñòàíîâëåííàÿ ðåãóëèðîâêàìè òåð-
ìîñòàòà 4 (íàïðèìåð, ñðàçó ïîñëå çàïóñêà äâè-
ãàòåëÿ), òî îíà íàïðàâëÿåòñÿ èç òåðìîñòàòà 4 
â òðîéíèê 13 è ðóáàøêó îõëàæäåíèÿ äâèãàòå-
ëÿ 1. Åñëè òåìïåðàòóðà îõëàæäàþùåé æèäêî-
ñòè âûøå, ÷åì óñòàíîâëåííàÿ ðåãóëèðîâêàìè 
òåðìîñòàòà 4, íî íèæå, ÷åì óñòàíîâëåííàÿ 
ðåãóëèðîâêàìè òåðìîñòàòà 3, òî îíà íàïðàâ-
ëÿåòñÿ èç òåðìîñòàòà 3 ÷åðåç ñåðäöåâèíó 5 òå-
ïëîîáìåííèêà 6 ñèñòåìû óòèëèçàöèè è äàëåå 
÷åðåç òðîéíèêè 12 è 13 â ðóáàøêó îõëàæäåíèÿ 
äâèãàòåëÿ 1.

Åñëè òåìïåðàòóðà îõëàæäàþùåé æèäêîñòè 
âûøå, ÷åì óñòàíîâëåííàÿ ðåãóëèðîâêàìè òåð-
ìîñòàòà 3 (íàïðèìåð, ïðè îòñóòñòâèè òåïëîâîé 
íàãðóçêè), òî îíà íàïðàâëÿåòñÿ èç òåðìîñòàòà 3 
â ðàäèàòîð 10 è äàëåå ÷åðåç òðîéíèêè 12 è 13 â 
ðóáàøêó îõëàæäåíèÿ äâèãàòåëÿ 1. 

Ñìàçî÷íîå ìàñëî ïðîêà÷èâàåòñÿ íàñîñîì ñè-
ñòåìû ñìàçêè äâèãàòåëÿ 1 ÷åðåç ñåðäöåâèíó 7 
òåïëîîáìåííèêà 6 ñèñòåìû óòèëèçàöèè ñáðî-
ñîâîé òåïëîòû. Áëàãîäàðÿ òîìó, ÷òî ñåðäöåâè-
íû 5 è 7 ðàçìåùåíû â îáùåì êîðïóñå, ÷åðåç 
êîòîðûé ïðîòåêàåò âîäà âíåøíåãî êîíòóðà ñè-
ñòåìû óòèëèçàöèè, òåìïåðàòóðà ñìàçî÷íîãî 
ìàñëà ïîääåðæèâàåòñÿ áëèçêîé ê òåìïåðàòóðå 
îõëàæäàþùåé æèäêîñòè, è íåò íåîáõîäèìîñòè 
â óñòðîéñòâàõ äëÿ åå äîïîëíèòåëüíîãî ðåãóëè-
ðîâàíèÿ.

Âîäà âíåøíåãî êîíòóðà ñèñòåìû óòèëèçà-
öèè ñáðîñîâîé òåïëîòû, ïîñòóïàþùàÿ îò ïî-
òðåáèòåëÿ òåïëîâîé ýíåðãèè, ïðîõîäèò ÷åðåç 
òåïëîîáìåííèê 6, íàãðåâàÿñü îò òåïëà, ïåðå-
äàâàåìîãî îò îõëàæäàþùåé æèäêîñòè – ÷åðåç 
ñåðäöåâèíó 5 è îò ñìàçî÷íîãî ìàñëà ÷åðåç 
ñåðäöåâèíó 7. Äàëåå âîäà ïðîõîäèò ÷åðåç òå-
ïëîîáìåííèê 8 è íàãðåâàåòñÿ îò òåïëà îòðàáî-
òàâøèõ ãàçîâ, ïîñëå ÷åãî ïîñòóïàåò ê ïîòðåáè-
òåëþ òåïëîâîé ýíåðãèè.

Ðåçóëüòàòû èñïûòàíèé (ïðîâåäåííûõ â ñî-
îòâåòñòâèè ñ òðåáîâàíèÿìè [11]) ïðèâåäåíû â 
òàáë. 1.

Ìèíèìàëüíûé ðàñõîä âîäû ÷åðåç âòîðîé 
êîíòóð ÑÓÑÒ, èç óñëîâèÿ íåïðåâûøåíèÿ òåì-
ïåðàòóðû âîäû íà âûõîäå 105 °Ñ, ñîñòàâëÿåò 
4000 êã/÷ (÷òî ìîæåò áûòü îáåñïå÷åíî ïðèìå-
íåíèåì òðóá äèàìåòðîì íå ìåíåå 2½’’). 

Ñåðèéíàÿ ñèñòåìà òåðìîñòàòèðîâàíèÿ 
äèçåëÿ Ä 180 îáåñïå÷èâàåò àâòîìàòè÷åñêîå 
ïîääåðæàíèå òåìïåðàòóðû ìàñëà è îõëàæ-
äàþùåé æèäêîñòè â äîïóñòèìûõ ïðåäåëàõ. 

Ðèñ. 3. Ñõåìà ìèíè-ÒÝÖ ñ ñèñòåìîé óòèëèçàöèè 
ñáðîñîâîé òåïëîòû: 

1 – ïîðøíåâîé äâèãàòåëü âíóòðåííåãî ñãîðàíèÿ; 
2 – ãåíåðàòîð; 3, 4 – òåðìîñòàòû; 5, 7 – ñåðäöåâèíû 

òåïëîîáìåííèêà 6; 6, 8 – òåïëîîáìåííèêè; 
9 – ãàçîâàÿ òóðáèíà; 10 – ðàäèàòîð; 

11 – æèäêîñòíûé íàñîñ; 12, 13 – òðîéíèêè

Òàáëèöà 1

Õàðàêòåðèñòèêà ñèñòåìû óòèëèçàöèè ñáðîñîâîé òåïëîòû äèçåëÿ Ä180

Ïàðàìåòðû
Ýëåêòðè÷åñêàÿ ìîùíîñòü, % îò íîìèíàëüíîé

0 25 50 75 100

Òåìïåðàòóðà âîäû íà âûõîäå èç ÑÓÑÒ, îÑ 74,1 76,5 79,2 82,1 85,0

Êîëè÷åñòâî òåïëîòû, ñíèìàåìîå ÑÓÑÒ, êÂò 36,1 45,8 60,9 76,7 95,9

Ñóììàðíàÿ ïîëåçíàÿ ìîùíîñòü ìèíè-ÒÝÖ 
(òåïëîâàÿ + ýëåêòðè÷åñêàÿ), êÂò 36,1 70,6 112 153 195

ÊÏÄ ÑÓÑÒ, % 62,9 57,8 57,0 53,6 50,3

ÊÏÄ ÑÓÑÒ è äèçåëÿ, % 69,9 72,1 73,7 71,9 69,5

ÊÏÄ ìèíè-ÒÝÖ, % 62,9 66,6 69,0 67,8 66,0
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Àáñîëþòíûé ýêîíîìè÷åñêèé ýôôåêò îò èñ-
ïîëüçîâàíèÿ ÑÓÑÒ – 240…300 òûñ. ðóá. çà 
ìîòîðåñóðñ, óäåëüíûé – 22…28 ðóá./÷. Ñðîê 
îêóïàåìîñòè ÑÓÑÒ – ìåíåå ãîäà. Ïîëó÷àåìî-
ãî íà íîìèíàëüíîì ðåæèìå òåïëà äîñòàòî÷íî 
äëÿ îòîïëåíèÿ 4-ýòàæíîãî çäàíèÿ ïëîùàäüþ 
çàñòðîéêè 1616 ì. 

Ïî ñðàâíåíèþ ñ èçâåñòíûìè êîíñòðóêöèÿ-
ìè, â ïðåäëàãàåìîé êîãåíåðàöèîííîé ýíåðãåòè-
÷åñêîé óñòàíîâêå îòñóòñòâóåò íåîáõîäèìîñòü 
ðàçäåëüíîãî ðåãóëèðîâàíèÿ òåìïåðàòóðû îõ-
ëàæäàþùåé æèäêîñòè è ñìàçî÷íîãî ìàñëà 
íà âõîäå â ïîðøíåâîé ÄÂÑ è íåîáõîäèìîñòü 
èñïîëüçîâàíèÿ äîïîëíèòåëüíîãî æèäêîñòíî-
ìàñëÿíîãî òåïëîîáìåííèêà èëè îõëàäèòåëÿ 
ìàñëà ïðè ðàáîòå êîãåíåðàöèîííîé óñòàíîâêè 
áåç òåïëîâîé íàãðóçêè. Â ñîâîêóïíîñòè ýòî 
âëå÷åò óìåíüøåíèå ñëîæíîñòè, ìàòåðèàëîеì-
êîñòè è ãàáàðèòíûõ ðàçìåðîâ ñèñòåìû óòèëè-
çàöèè è êîãåíåðàöèîííîé ýíåðãåòè÷åñêîé óñòà-
íîâêè â öåëîì.

Çàêëþ÷åíèå
Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ 

ïîäòâåðäèëè ýôôåêòèâíîñòü ïðåäëàãàåìîãî 
òåõíè÷åñêîãî ðåøåíèÿ è óáåäèòåëüíî ñâèäå-
òåëüñòâóþò îá ýêîíîìè÷åñêîé öåëåñîîáðàçíî-
ñòè ðåàëèçàöèè ñèñòåìû óòèëèçàöèè ñáðîñî-
âîé òåïëîòû äèçåëÿ Ä 180 ìèíè-ÒÝÖ íà áàçå 
ÄÃÓ-100Ñ.
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