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Research on key influence parameters of low-temperature
starting process of diesel engine

ZHU Hairong, ZHANG Kailun, LIU Xiaoyang, LI Lin, XIAO Xu
(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract: In order to achieve better starting performance of diesel engine in extreme low-temperature environment, the
relevant parameters affecting the starting of diesel engine were researched. Through orthogonal simulation, the influence of
environmental factors (intake pressure, intake temperature), design parameters (compression ratio, combustor reentrant
ratio, nozzle diameter), control parameters (injection temperature, pilot injection quantity, start of main injection, main
injection duration, injection interval between pilot injection and main injection) on diesel engine starting process under low-
temperature conditions were studied. The key parameters affecting the starting process of diesel engine were extracted by range
analysis. Meanwhile the parameters matching of each factor were studied by taking the cylinder pressure, the cylinder
temperature and the instantaneous heat release rate as evaluation indexes. The results show that the environmental factors and

control parameters have a higher degree of influence on the starting process of diesel engine. Intake pressure, intake
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temperature, start of main injection and main injection duration are the key parameters affecting the starting of diesel engine
under low temperature conditions, and combination one is selected as the best parameter matching combination. The key
parameters influencing the low temperature starting process of diesel engine are obtained, which provides a theoretical basis for

improving the starting effect of diesel engine under low temperature.

Keywords: internal combustion engine engineering; diesel engine; low-temperature starting; ignition process; influence

parameters
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Fig. 3 Comparison of grid independence verification results
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Tab. 3 Factor-level table
A B C D E F G H I J
K BB/, BRI/ R4l Phbes O BEWEEAR/  WOMEE/  WimthiE/  EWURATM/ EWIRES/ E TR/
K MPa 45 0 mm K % ‘CA ‘CA ‘CA
1 248 0.6 15.0 0. 85 2.5 263 5 —6 12 15
2 258 0.7 16.0 0. 88 2.6 273 10 —10 16 20
3 273 1.0 17.5 0.91 2.7 283 15 —14 20 25
4 283 2.0 18.0 0. 94 2.8 343 20 —18 24 30
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chamber section
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Tab. 4 Orthogonal simulation calculation arrangement and calculation results

iy A/ B/ c D E/ F/ G/ H/ 1/ J/ Py R/ i PN W B i
K MPa mm K % CA CA CA MPa BE/K /(TN
1 248 0.6 15 0.85 25 263 5 —6 12 15 13. 46 1 396. 86 3927.82
2 248 0.6 16 0. 88 26 273 10 —10 16 20 14. 24 1388.94 912.05
3 248 0.6 17.5  0.91 27 283 15 —14 20 25 13.95 1347.59 919.71
4 248 0.6 18 0. 94 28 343 20 —18 24 30 14.52 1408.15 622.17
5 248 0.7 15 0. 85 26 273 15 —14 24 30 13.76 1 201.63 666. 45
6 248 0.7 16 0. 88 25 263 20 —18 20 25 17.68 1409. 99 853.57
7 248 0.7 17.5  0.91 28 343 5 —6 16 20 13.99 1221.68 565. 43
8 248 0.7 18 0. 94 27 283 10 —10 12 15 16.72 1371.62 706.43
9 258 1 15 0. 88 27 343 5 —10 20 30 17.90 1 109. 89 981. 37
10 258 1 16 0. 85 28 283 10 —6 24 25 15. 54 1003.25 261. 27
11 258 1 17.5  0.94 25 273 15 —18 12 20 24, 27 1283.63 2 356. 24
12 258 1 18 0.91 26 263 20 —14 16 15 22.36 1252.19 984. 91
13 258 2 15 0. 88 28 283 15 —18 16 15 43,04 1053.40 1171.17
14 258 2 16 0. 85 27 343 20 —14 12 20 45. 34 1068.51 1 680. 33
15 258 2 17.5  0.94 26 263 5 —10 24 25 39. 86 936. 52 278. 94
16 258 2 18 0.91 25 273 10 —6 20 30 38.70 934. 61 319.13
17 273 0.6 15 0.94 25 343 10 —14 16 25 13.77 1544, 22 973.50
18 273 0.6 16 0.91 26 283 5 —18 12 30 15. 26 1633.08 2 199. 60
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e A/ B/ c D E/ F/ G/ H/ 1/ I/ mWIEJ/ iR I i i
K MPa mm K % CA CA CA MPa /K R/ (J/CTA
19 273 0.6 17.5  0.88 27 273 20 —6 24 15 10. 92 1273.74 537.78
20 273 0.6 18 0. 85 28 263 15 —10 20 20 12. 34 1 340.55 786. 46
21 273 0.7 15 0. 94 26 283 20 —6 20 20 12. 14 1225.17 784.76
22 273 0.7 16 0.91 25 343 15 —10 24 15 12.90 1275.79 648. 04
23 273 0.7 17.5  0.88 28 263 10 —14 12 30 16.91 1518.04 979.91
24 273 0.7 18 0. 85 27 273 5 —18 16 25 17. 30 1529.23 958. 38
25 283 1 15 0.91 27 263 10 —18 24 20 18. 86 1252.07 668. 80
26 283 1 16 0.94 28 273 5 —14 20 15 18.91 1237.61 310.58
27 283 1 17.5  0.85 25 283 20 —10 16 30 20. 51 1298.06 393. 40
28 283 1 18 0. 88 26 343 15 —6 12 25 20. 57 1.306. 70 715.19
29 283 2 15 0.91 28 273 20 —10 12 25 38.95 1092.03 478.77
30 283 2 16 0.94 27 263 15 —6 16 30 35.79 1018.73 373. 86
31 283 2 17.5  0.85 26 343 10 —18 20 15 44,97 1147.54 359. 02
32 283 2 18 0. 88 25 283 5 —14 24 20 41.59 1078.87 307. 69
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Tab.5 Range analysis of cylinder pressure calculation results

e A B C D E F G H I J
ky 14.79 13.56 21. 49 22. 90 22. 86 22.16 22.28 20. 14 23. 94 22.91
k, 30. 88 15.18 21. 96 22. 86 22.90 22.13 22.46 21.68 22.63 22. 85
kb, 13.94 19. 87 23.17 21. 87 22.10 22. 34 22.08 23.63 22.07 22.20
k, 30. 02 41.03 23.01 22.00 21.78 23. 00 22. 80 24,49 20. 99 21.67

W 2% 16.93 27.47 1. 69 1.03 1.12 0.86 0.73 4.35 2.94 1.24
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Tab. 6 Influence weight coefficient of each parameter on cylinder pressure

iS5 A B C D E F G H I J
W R 0.616 1. 000 0.061 0.038 0.041 0.031 0.026 0.158 0.107 0. 045

AT EARN AN IR 0 RS R

Tab. 7 Parameters combination plan with cylinder pressure as evaluation index

A4 B3 C4 D2 E1l F3 G2 H3 12 J2
283 K 1 MPa 18 0. 88 2.5 mm 283 K 10% —14 'CA 16 ‘CA 20 CA
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Tab. 8 Range analysis of cylinder temperature calculation results

S8 A B C D E F G H I J

k| 1 .343. 31 1 416. 64 1 234. 41 1 248. 20 1277.75 1265.62 1267.97 1172.59 1333. 81 1251.09
k, 1 080. 25 1 344.14 1 254.49 1267.45 1261.47 1242.68 1270.04 1 226.68 1 288.31 1232.43
ks 1417.48 1217.93 1253.35 1251.13 1 246.42 1251.38 1228.50 1 281.08 1219.12 1271.19
k, 1178.95 1 041. 28 1277.74 1253.21 1234.34 1 260. 31 1 253.48 1 339. 64 1178.75 1265.27

&S 337.23 375.37 43.33 19. 24 43. 41 22.94 41.53 167. 04 155. 06 38.76
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Tab. 9 Influence weight coefficient of each parameter on cylinder temperature

IS A B C D E F G H I J
Y 0.898 1. 000 0.115 0.051 0.116 0.061 0.111 0. 445 0.413 0.103

A 10 AL RRE AN IRARE 0 AR A E TR

Tab. 10 Parameters combination plan with cylinder temperature as evaluation index

A4 B3 C3 D3 E3 F3 G4 H?2 I3 J1
283 K 1 MPa 17.5 0.91 2.7 mm 283 K 20% —10 CA 20 CA 15 CA
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Tab. 11 Range analysis of instantaneousheat release rate calculation results

R % A B & D E F G H I J
ky 1 146.70 1 359. 89 1 206. 58 1129.14 1222.42 1106.78 1191.23 935. 66 1 630. 54 1080.72
k, 1004.17 770.37 904. 91 807. 34 862.62 817.42 647.51 648.18 791.59 1007.72
kg 983.55 833.97 798. 80 848.05 853.33 843. 00 954. 64 852. 89 664.33 679.92
k, 450.91 621.11 675.05 800. 81 646.97 818.13 791.96 1 148.62 498. 89 816. 99
W% 695.79 738.77 531. 54 328.33 575.45 289. 36 543.71 500. 44 1 131.64 400. 80

A 2 5 Wi e R A 2 80, B T W R 30 0 A S L I B OGRS Wi ACER R B 1, ) 45 28O0 PEA 48
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Tab. 12 Influence weight coefficient of each parameter on instantaneousheat release rate

55 A B & D E F G H I J
AE R EL 0.615 0.653 0.470 0.290 0.509 0. 256 0. 480 0.442 1. 000 0.354

K13 CABEREACH R A IR I AT R 0 A R A R

Tab. 13 Parameters combination plan with instantaneousheat release rate as evaluation index

A4 B4 C4 D4 E4 F2 G2 H?2 14 J3
273 K 1 MPa 16 0.88 2.6 mm 283 K 15% —6 CA 20 CA 30 CA
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Fig. 5 Comparison diagram of cylinder parameters of three combination plans
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Fig. 6 Distribution diagram of mixture in TDC cylinder with three combination plans
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