
 

 

47 

Энергетика и электротехника

DOI: 10.18721/JEST.25105 

УДК 621.43 

В.А. Лиханов, О.П. Лопатин, А.Н. Козлов 

Вятская государственная сельскохозяйственная академия, г. Киров, Россия  

МОДЕЛИРОВАНИЕ САЖЕОБРАЗОВАНИЯ В ЦИЛИНДРЕ ДИЗЕЛЯ 

 –    ,     ; -

      .  -

          -

   .       -

            -

         ,   

  ,   , ,   -

 ,         . -

 -    2  10,5/12,0    -

,     ,     -

    .     -

        . 

в  ва: , , ,  , . 

С а  ва :  

В.А. , . . , А. . К .      // 

-   .    . 2019. . 25. № 1. 

. 47–59. DOI: 10.18721/JEST.25105. 

V.A. Likhanov, O.P. Lopatin, A.N. Kozlov 

Vyatka state agricultural academy, Kirov, Russia 

MODELING SOOT FORMATION IN CYLINDER  

OF DIESEL ENGINE 

Soot is the main component of the solid particles contained in exhaust gases of diesel engines, which is 

formed from the products of thermal decomposition of hydrocarbon fuel. A mathematical model for pre-

dicting the fluidity of exhaust gases of diesel engines at different load and speed modes of operation is pro-

posed. The current content of the gas mixture components in the reaction zone, depending on the angle of 

rotation of the crankshaft, was obtained by numerical simulation. Such indicators of soot content in the cyl-

inder volume as the minimum average diameter of the particles, the maximum soot mass, the angle of the 

maximum soot content, the total mass of soot particles in the cylinder and the total soot release were deter-

mined. Laboratory and bench studies of diesel 2F 10.5/12.0 have been carried out, determining indicator 

pressure,  indicator temperature of the gases in the cylinder, heat release rate and indicators of toxicity and 

smoke exhaust gases. The results of simulation of smokiness of the diesel exhaust gases are confirmed by ex-

perimental measurements in different operating modes. 
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. 1.      2 10,5/12,0     

       ( КВ) 

Fig. 1. Indicator pressure in the diesel cylinder 2F 10.5/12.0 at nominal mode depending  

on the angle of rotation of the crankshaft (RCS) 
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Fig. 2. An integral characteristic of active (1) and complete (2) heat dissipation (а)  

and differential characteristics of heat generation in the cylinder of a diesel engine ( ) 
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Fig. 3. Fuel jet model: 1 – diffusion flame; 2 – liquid fuel; 

3 – fuel vapors with droplets [9] 
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Fig. 4. Determining the temperature of the process of soot 
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The mechanism of soot formation in diesel engines when working on diesel fuel [8] 

 

 
 lgA B E 

  в в ва
1 ( 14 30)  →2 3 6+3,5 2 4+ 4 14 0 272

2  ( 14 30)  →( 14 30)  14 0  272 

3  (C6H4CH3CH3)А → 6 5 3+0,5 2 2+0,5 2 13,5 0  255 

4  3 6→ 2 4+0,5 2 2+0,5 2 13 0  304 

5  2 4→ 2 2+ 2 11,5 0  265 

6  4 → 0,5 2 4+ 2 13,5 0  398 

7  6 5 3→ 0,5 2 4+0,5 2+ 6 5 13,5 0  362 

8  6 5→ 6 3+ 2 13,5 0  190 

а  а а  а  а ва  а
9  2 2→ 2 +   13,5 0  473 

10  2 2+ 2 2→ 4 3+   13 0  190 

11  2 2+  → 2 + 2 14,18 0  79,6 

12  2  + +  → 2 2+   16,86 0,573  -81,5 
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 lgA B E 

13  2 2+ 2  → 4 2+   13,6 0  0 

48   + +  → 2+   16,99 –0,6  0 

14  4 3→ 4 2+   11,07 0  190 

15  4 2+  → 4 +  +   17,54 0  335 

16  4  + 2 2→ 6 3 11,81 0  27,2 

17  6 3→ 6 2+   13,5 0  190 

18  4  + 2 2→ 6 2+   13,6 0  0 

19  6 2+  → 6 +  +   16,7 0  335 

20  6  + 2 2→ 8 3 11,81 0  27,2 

21  8 3→ 8 2+   13,5 0  190 

22  6  + 2 2→ 8 2+   12,78 0  27,2 

23  8 2+  → 8 +  +   16,7 0  335 

24  8  + 2 2→ 10 3 11,81 0  27,2 

25  10 3→ 10 2+   13,5 0  190 

26  8  + 2 2→ 10 2+   12,78 0  27,2 

27  10 2+  → 10 +  +   16,7 0  335 

О а ва  а
28  10 2 + 2  → 12 2+   12 0  0 

29  10  + 2 2 → 12 2+   12,78 0  27,2 

 а  а в  а
30  12 2 + 2 2 → 12 2+ 2+ 2 13,2 0  131 

31  12 2 + 2  → 12 2+ + 2 11,56 0,5  0 

32  12 2 + 4 2 → 12 2+ 2+2 2 11,41 0,5  0 

33  12 2 + 4  → 12 2+ +2 2 11,41 0,5  0 

34  12 2 + 6 2 → 12 2+ 2+3 2 11,33 0,5  0 

35  12 2 + 6  → 12 2+ +3 2 11,33 0,5  0 

36  12 2 + 8 2 → 12 2+ 2+4 2 11,27 0,5  0 

37  12 2 + 8  → 12 2+ +4 2 11,27 0,5  0 

38  12 2 + 10 2 → 12 2+ 2+5 2 11,22 0,5  0 

39  12 2 + 10  → 12 2+ +5 2 11,22 0,5  0 

 а  а а а  а
40  12 2 + 12 2 → 12 2+ 2+6 2 11,19 0,5  0 

а  а  а
52  12 2 + 12 2 → 12 2 12,92 0,5  0 

О   а а  а  а
41  ( 12 2+0,5 2)+ 2→ 2+ 12 2 3,463 0  0 

42  ( 12 2+0,5 2)+ 0,5 2→ + 12 2 3,463 0  0 

43  ( 12 2+0,5 2)+ 2→ 2 + 12 2 3,463 0  0 

44  ( 12 2+0,5 2)+ 2 → + 2 + 12 2 3,463 0  0 

О  в в  а  ав в
45  2 2 + 2 → 2 + 2 9,221 1  163,2 

49  2  + 2 → 2 2+ 2 – –  –

46  2+0,5 2→ 2   14,56 0  28,7 
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50  2 → 2+ 0,5 2 – –  –

47  +0,5 2→ 2 10,212 –  118,4 

51  2 → +0,5 2 – –  –

53  + 2 → 2+ 2 13,5 0  0 

54  2 + 2 → + 2   – –  –

55  4 + 2 → 2 +2 2 13,5 0  0 

56  2 +2 2 → 4 + 2 – –  –

57  4 + 4 → 2 2+3 2 13,5 0  0 

58  2 2+3 2 → 4 + 4 – –  –
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Fig. 5. Composition of gases in the burn-up zone of soot particles 
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Fig. 7. Indicators of soot content in the diesel cylinder depending on the angle of the RCS 
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