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Visualization on Combustion Characteristics of Common
Rail Diesel Engine at Different Injection Pressures

Yao Chunde Hu Jiangtao Yin Zenghui Geng Peilin
( State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract. In a constant volume combustion chamber combined with high pressure common rail system,
the ignition, combustion and soot formation characteristics of diesel were studied at different injection
pressures keeping injection pulse width or fuel injection volume constant. The change range of injection
pressure was 40 ~ 160 MPa, which was commonly used in high pressure common rail diesel engine under
middle and high loads. The experiments were conducted by using a high-speed photography technology
and a combustion pressure acquisition system. The soot formation characteristic was studied by natural
flame luminosity. Results show that, keeping injection pulse width or fuel injection volume the same, the
test results have the same change trend; with the increase of injection pressure, the flame luminosity
becomes weaker; the ignition region becomes larger; and the flame lift-off length becomes longer. In
addition, the combustion pressure rise rate would increase. Also, the moment that pressure begins to rise
and the moment that the maximum combustion pressure occurs are both advanced. At the same time, the
heat release rate reaches peak more quickly and the peak value increases gradually. Keeping the volume
of injected fuel unchanged, with the increase of injection pressure from 80 MPa to 160 MPa, the ignition
delay is shortened from 1.7 ms to 1.4 ms; the combustion duration is shortened from 6.9 ms to 4. 7 ms;
and the soot formation is reduced significantly. However, such trend is weakened with the increase of the
injection pressure.

Key words: high pressure common rail system; injection pressure; constant volume combustion

chamber; combustion duration; soot
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Tab.1 Test results of fuel injection volume under

different injection pressures with injection pulse

width of 2 ms
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Tab.2 Test results of fuel injection pulse width
under different injection pressures with

injection volume of 16 pL
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Tab.3 Constant volume combustion chamber

specifications and test condition
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Fig.2 Flame propagation at different injection pressures

T R
e R R A

S © k& o o
PR FF £ /ms

T3 M 3 /MPa
(a) 2.0 ms I ik 5%

5. 2
B

20f - - |10 g

1840 - . B
Rl U o ¢
E 16t ! %E
=l
4l °’ 2
B4y

%
12
5 g 4.7

W 7 FE /1/MPa
(b) 16 uLEEH &

Pl 3 WIS oy %o i A0 S0 AR 58 £ 5 00 14 2 )

Fig.3 Effect of injection pressure on ignition delay and combustion duration
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Fig.4 Effect of injection pressure on combustion pressure and heat release rate
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Fig.5 Effect of injection pressure on SINL and TINL

B SR S AR A AR 2 B
T4, AR R OK B R R B 2a,2b
40 MPa [EG AR AT LG B, il BE J5 10 M 52 3 B i

M 5S¢ .5d v LLE 3, 75 A [F] bk 98 T F0 AR [ 15
LN BE W0 R ) T, TINL 35 0 B2 s /b, X 2
H T e WS S s 7 0k e 1) 25 Ak R 2R R I o 4R o,
e RS S iy NI ) = 1 T o SN R
[ P95 2 SOB R ¥ AT IR A A B IR R AR X
WD X BE A R TR BE 58 4, SO X AR Bk A
4R AL, T i M8 AR R R D 2 mE T R ) A
40 MPa F} 5 % 80 MPa i}, #H [F] ik 58 T TINL 8 /b 1
70. 8% M AH [A] M5y 7 & TINL 2> 1 76. 1% , 415§
I 3 A 120 MPa Ft 5 2] 160 MPa i), £H [A] ik 9 T
TINL Ji 2> 7 42.5% , A [7] W5 3 & F TINL ik 2> 1
40.7% , n] LG B 24 W53 1 ) T 3 — e B e, X
D A B s

3 5

(1) AR g itk Bk 58 & FAR [) Mg 3 1, B 8 i
F 3T 5, S A6 R e R A R P X L A

] i A2 AL e

(2) I 5 250K e 5L 01 o T 40 15 55 ] WAL 7 12
WESE A B, BB I Fs g Th 8, KO ) 5 2 T U8
A KT FR BT R R, K i R R S e i AR
FIR e 18 22 109 149 320 W 4 k., AR (] 5 9y A 461, 224 Mg
WM J7 AN 80 MPa Ft & | 160 MPa B, #if #4 1
1.7 ms 4558 %) 1.4 ms, RSl 6.9 ms 45 45 3]
4.7 ms , {H 33X b 45 5 1) i 302 B 08 55 o

(3) MR BE ) R AR R GESL IR LA T
R B8 I5 g, W 5 B B8 W ik IR ) T, T 0 T
[HE S NN B W= U S Y R
IR F) IR 220 X B R, 0T R R e T B A AR R e T A
2 o AR BRI, B T PRk B W, HLOA AR R
WA I 2% 7 1

(4) HeT BRLIGENSE & B, BT [ ) T
TR B AR S 3 T AR, AR T Ay B 22
HE F7 M 80 MPa 7+ 75 51 160 MPa B , TINL Jgi 4 T
79. 5% , B MR A AR 22 40 4 1, SINL B PR ik 31 e
B2 2wyl I ) O o B — o BT, 0 R AR e A A
J AR FH 0558

& £ x Wt

1 Flynn P F, Durett R P, Hunter G L, et al. Diesel combustion: an integrated view combining laser diagnostics, chemical kinetics,
and empirical validation[ C]. SAE Paper 1999 —01 — 0509, 1999.
2 Cheolwoong P, Sanghoon K, Choongsik B. Effects of multiple injections in a HSDI diesel engine equipped with common rail

injection system[ C]. SAE Paper 2004 —01 — 0127, 2004.

30 XU, ST, M A TR 2 ko g g A X B R AL D RE

24(5): 386 -393.

I A B X P A AN HE B S [T, N BR B2 4T, 2006,



513 WA A W ) X v L B S b LA e 2 e Y T AR AL T 5 361

12

13

14

15

17

18

19

20

Liu Bin, Su Wanhua, Wang Hui, et al. Characteristics and energy distribution modulated multi-pulse injection modes based diesel
HCCI combustion and their effects on engine thermal efficiency and emissions[ J]. Transactions of CSICE, 2006,24 (5) :386 -
393. (in Chinese)
TR TTAE. 2R W 2 U S A A E T HE O S [ R [T ] A PILAA 4 ,2010,28(5) 1358 - 392.
Yu Yang, Su Wanhua. Numerical of the effects on the emissions of compound combustion using multiple flexible injections[ J].
Transactions of CSICE, 2010,28(5) :358 —392. (in Chinese)
Avinash K A, Dhananjay K S, Atul D, et al. Effect of fuel injection timing and pressure on combustion, emissions and
performance characteristics of a single cylinder diesel engine[ J]. Fuel, 2013,111.374 —383.
fff 5 BEAR L B, AF L TS W R LA S il HLRA b ik B Y S e A RO TS LT ] I AR OR AR AR AR R, 2010,40(5)
1193 - 1198.
Xie Fangxi, Hong Wei, Duan Wei, et al. Numerical analysis about effect of close post-injection on combustion process of common-
rail diesel engine[ J]. Journal of Jilin University: Engineering and Technology Edition, 2010,40(5) :1193 —1198. (in Chinese)
W7 B, TR, XUSEG , 5 ISR T g ok 49K 3 W 5 M TR B AR P RS2 R [T ] 3 MO 2 2 4l 1027 A, 2013,43(6) 1 1504 -
1509.
Xie Fangxi, Yu Zeyang, Liu Sinan, et al. Effects of injection pressure on fuel spray and air-fuel mixing process of diesel engine
[J]. Journal of Jilin University: Engineering and Technology Edition, 2013 ,43(6) :1504 - 1509. (in Chinese)
Junheng L., Anren Y, Chunde Y. Effects of diesel injection pressure on the performance and emissions of a HD common-rail diesel
engine fueled with diesel/methanol dual fuel[ J]. Fuel, 2015,140:192 -200.
WA AN VP DUR S5 — R T S0 T A OB B8 A A e ik ke B (0. rh B LA AR ,2012,23(3) 1278 - 281.
Yao Chunde, Dai Qian, Xu Hanjun, et al. An experimental system of constant volume combustion bomb for dual-fuel of diesel
methanol[ J]. China Mechanical Engineering, 2012,23(3) :278 —281. (in Chinese)
WA AEE I DUR S5 ST B R/ 28 U TR U P IR ORUR B R [T ] B Bl 2 5 0K, 2012, 18(3) 193 -
198.
Yao Chunde, Dai Qian, Xu Hanjun, et al. Ignition and combustion characteristics of diesel spray in premixed methanol/air
mixture with high temperature[ J]. Journal of Combustion Science and Technology, 2012,18(3) :193 - 198. (in Chinese)
VFDUR, BB 18, 4 )1, 45 S TE S I IR L P K AR BE R R [T AL A% 41 ,2010,28(3) :207 - 213.
Xu Hanjun, Yao Chunde, Yang Guangfeng, et al. Ignition and combustion of diesel spray in premixed ethanol mixture with high
temperature[ J]. Transactions of CSICE, 2010,28(3) :207 —213. (in Chinese)
oL VL. T A SE I AL S P R Ll R AR R O R BRI IR S [ D] R KRR AR 2014,
Wei Lijiang. Experimental research on realizing high proportion of methanol substitution and high efficiency and clean combustion
on the heavy-duty diesel engine[ D]. Tianjin: Tianjin University, 2014. (in Chinese)
Pickett L M, Siebers D L. Soot in diesel fuel jets: effects of ambient temperature, ambient density, and injection pressure[ J].
Combustion and Flame, 2004 ,138(1 -2) :114 - 135.
Liu Haifeng, Lee Chiafon, Huo Ming, et al. Comparison of ethanol and butanol as additives in soybean biodiesel using a constant
volume combustion chamber[ J]. Energy and Fuels, 2011,25(4) 1837 — 1846.
e B 5% R R A 45 AR S ZE A K AR B R IR DR ST [T ] WAPL A2 ,2012,33(5) 241 - 45.
He Xu, Zheng Liang, Zhao Luming, et al. Experimental research on spray, ignition and combustion characteristics of biodiesel
blend[ J]. Chinese Internal Combustion Engine Engineering, 2012 ,33(5) :41 —45. (in Chinese)
FAHAR. AP G EN E BRI D ] A HIE  p E R E AR R, 2013,
Wang Shidong. Study of fire and smoke detection method in video[ D]. Hefei: University of Science and Technology of China,
2013. (in Chinese)
KM 52 A N AR IR AR DS A 1F T 2 i Sl 1 55 AR PR R PE S BG AT 5T [ D] BRI AR h BHE 2%, 2014,
Deng Peng. Experimental research on ethanol-diesel spray and combustion under low temperature combustion conditions in a
constant volume combustion bomb[ D]. Wuhan: Huazhong University of Science and Technology, 2014. (in Chinese)
Wu Han, Karthik N, Zhou Nan, et al. Impacts of acetone on the spray combustion of acetone-butanol-ethanol ( ABE ) —diesel
blends under low ambient temperature[ J]. Fuel, 2014,142.109 - 116.
FAZ XA, 22 0T 45 SR BT 5 2 o S St LM RE s ma AL [0 ] AR P B 2 41,2009 ,30 (12) 12153 - 2156.
Tian Jing, Liu Zhongchang, Li Yong, et al. Influence law of fuel injection parameters on performance of a common rail diesel
engine[ J]. Journal of Engineering Thermophysics, 2009,30(12) ;2153 -2156. (in Chinese)
BN LA T GE . WSS RO S ML B S R R [ ] N RRAILAA 4R ,2012,30(1) 122 - 28.
Li Xiaoping, Jiang Beiping, Xie Fangxi, et al. Effects of injection parameters on combustion and emissions of diesel engine[ J].

Transactions of CSICE, 2012,30(1) :22 —28. (in Chinese)



