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Effect of saddle-shaped fuel injection rate coupled with pilot injection on
the performance of ultra-high pressure common-rail diesel engine

ZHOU Lei, YANG Kun, LIU Zhenming, AN Shijie, OUYANG Guangyao
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; On the basis of introducing the working principle of ultra-high pressure common-rail system, the simulation model of ultra-high
pressure common-rail diesel engine of single cylinder was built by using GT-Power software, and the accuracy of this model was verified via
experiment, then the effects of different fuel injection rate, saddle-shaped fuel injection rate coupled with different pilot injection fuel mass and
different pilot injection advance angle on the power, economy, combustion and emission characteristics of ultra-high pressure common-rail diesel
engine were analyzed by this model. The results show that the variable fuel injection rate can be realized by adjusting the opening time of the
electric-controlled pressure amplifier solenoid valve and the injector solenoid valve in ultra-high pressure common-rail system. With the fuel
injection rate varying from rectangular to saddle-shaped, the cylinder pressure, temperature and NO, emissions of diesel engine decrease gradually,
while the soot emissions rise gradually. The saddle-shaped fuel injection rate can make the diesel engine acquire the maximum power ( torque) and
the lowest fuel consumption rate. The saddle-shaped fuel injection rate coupled with lesser pilot injection fuel mass can make the diesel engine
power, economy and combustion characteristics better, but it also leads to the rise of NO, emissions. The saddle-shaped fuel injection rate coupled
with larger pilot injection advance angle can improve the emission characteristics of diesel engine, but the effect is not obvious due to the limit of
pilot injection fuel mass.

Key words: ultra-high pressure; saddle-shaped fuel injection rate; pilot injection fuel mass; pilot injection advance angle
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Fig. 1 Overall structure of ultra-high pressure

common-rail system

HLPEHE T /1o R GER BRI, LR RS &

GE S T oy I 5 S5 A0 ] AR W ik 3 AW R 3 R S
PEVET, HE5 M s B AN 2 B, IR A 18 T 1
FE LRI e R L Rt LA AR . AR AR
PR AEFR S ST I, LA ORI (TR ) e i
P o R AL 0 T ) P = R ) 2t PRAIE
34 S T 2 A it ) s R 5 G S 9 2 8 3 -
A5 I WA R PRI . 7 8 S A
P IR RN TT I DR 16 2K 7 2 30,
AHEIIFL 8 ] P A 75 R S 5 R A 5 12, o AR
R THFL AL 1A , B30 6 2 1] 48 1 % 07 [ 1
By, 3 5 s g BRI TR SR i i B A2 v T
PR, HFRRE R DG , ok BRI 0 e ke
TEFEHALIR AT i) 5, [ e 2 s s VR T
B8 3% 2 ) B T 2 5 1) I2 3, e AR BT
GER Al

B

>IN

N\ L

HLTE 7]
s N\

NN

\§~

HEE
A ] // %

HEE

B

E e

s

CPREIRC iR
Fig.2  Structure of electric-controlled pressure amplifier
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common-rail diesel engine of single cylinder
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Tab.1 Main parameters of diesel engine
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Fig.6  Experimental equipment principle of

ultra-high pressure common-rail diesel engine
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Tab.2 Emission concentration comparison between

simulation value and experimental value
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Fig.8 Effect of fuel injection rate on diesel engine combustion and emission characteristics
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Tab.3  Effect of fuel injection rate on diesel engine

power and economy performance
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Tab. 4 Effect of pilot injection fuel mass on diesel engine

power and economy performance
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diesel engine power and economy performance
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