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Influence of Injection Pressure on the Performance of

Electronically Controlled Marine Medium Speed Diesel Engine
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Abstract: The simulation model of electronically controlled fuel injection system was established by using
AMESim software based on the electronically-controlled modification of marine type 4190 diesel engine, then
the orthogonal test design method was employed to simulate for matching the fuel injection system parameters
based on the simulation by taking the fuel injection characteristics as the optimization objective. Finally, the op-
timized results were introduced into the model for the diesel engine cylinder ombustion by coupling AMESim
and AVL_ FIRE software to complete the comprehensive analysis of the influence of different injection pres-
sures on the performance of the diesel engine. The simulation results show that the injection pressure is
125 MPa when the diameter of orifice, cam velocity, diameter of plunger and length of high pressure fuel pipe is
respectively 0. 22 mm, 0. 46 mm/(°), 14 mm and 1000 mm. Results also show that the diameter of orifice, cam
velocity, diameter of plunger and length of high pressure fuel pipe will be respectively 0.22 mm, 0.46 mm/( °),
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14 mm and 1000 mm when the injection pressure is 105 MPa. It reveals that increase in fuel injection pressure
can improve the combustion of the diesel engine and bring about decrements in fuel consumption rate about
14.3% but increments in NO_ emissions about 50% and 11% . It suggests that the economy and power of the
diesel engine should be taken into account for the optimization of emission control.

Keywords: electronically-controlled marine diesel engine; fuel injection system; injection pressure; orthog-

onal experimental design; fuel oil consumption rate; NO, emissions
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Fig.1 The schematic show of an electronic control fuel injection system
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Fig.2 Simulation model of injection system of an electronic control assembly pump
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Fig.3 Comparison of results from simulations and experiments
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Tab.1 Levels of factors
A WAL I (1) e R (B) FEAE PR () R K (D)

Factors Diameter of orifice/mm  Cam velocity/ (mm + (°) - ) Diameter of plunger/mm Length of fuel pipe/mm

1 0.22 0.40 12.5 800

2 0.26 0.43 13.0 900

3 0.30 0.46 14.0 1000

BRI B r R 2R (T IO S | 503 2 B, MR 2 TTUATR I, IEACIREF S 3
FUFS 5 B2 AL A DR LAWK . 3 3 BRSSP ITARSRARI], I WETHhFE ) (050 o
SRRSO FEIERA AR | WL RS . PRI,

R2 EXHEBRHARRITELER

Tab.2 The arrangement for orthogonal design and results from calculation

J?% uﬁ}LE’T}_ Diameter &I%ﬂgfﬁfg Cam *E%E’Ti Diameter (E%KTE Length "%‘%”*E“(Hﬂﬁjj
Number of orifice/ mm velocity/ (mm « (°) D) of plunger/ mm of fuel pipe/mm Injection pressure/ MPa
1 0.22 0.40 12.5 800 70.5
2 0.22 0.43 13.0 900 85.2
3 0.22 0.46 14.0 1000 125.0
4 0.26 0.40 13.0 1000 74.5
5 0.26 0.43 14.0 800 105.0
6 0.26 0.46 12.5 900 73.5
7 0.30 0.40 14.0 900 90.5
8 0.30 0.43 12.5 1000 60.0
9 0.30 0.46 13.0 800 88.5
®3 BERKEINXB SRR E M

K 4 MIEZIER S 3 FF-5 5 %)
VALl A AR LRl IE 4t S BN E

Tab.3 The effect of level of various factors on the test results

2753 Results A B C D

4 FalLIE H, WSO N B K, 93.5 76.5 76.0 88.0
LU L e e o K, 84.3 83.4 82.7 80.5
jj{‘wj"%uﬁgjz’ IEJHT*@H(%HH‘%F K, 79.6 97.6 106.8 86.5
WM V-2 R I AR BE, R %2 variance 42.0 63.3 90.0 25.0

g WORLEE, PRIl DRRE G
AL T AP T AR

TE: ko ky o kg AR BTES BIOX R BF- B
Notes: k. k, and k; are the average values of injection pressure at the same level

for each column
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Fig.4 The curves of injection pressure and injection rate in correspondence with the optimized parameter combination

http : /xuebaobangong. jmu. edu. cn/zkb



48 - FFRR A (HARBERRD 524 %

2 WEHE 138 5 i A A SR A0 HE AR I BE Y 52 i
2.1 HEEBEWEL

4190 BISEMALI) EESEAHE . BUE
P 1000 r/min; il 42 190 mm, W FE N
210 mm; JEAEHH 14:1; SELECH 4, &
TETIFRN 220 kW, A5 SRR % i ep
VA T AEAE T S A B AVL_FIRE () ESE
B, FIH] ESE M T H A iR b 25 Wi
PESIRG, 185 S SEIMPLRALE 2 O A% K],

PR % F Spray BELH AT Gener-
al gas phase reactions £, Species transport
P 5 s ; i i A A Turbulence inter-
action model specification FR ARl R A R R
F WAVE #8128 B AR % ] Multi-compo-
nent 158U ;YT All BE A AL Ry Walljetl A1
BETH % FAABE ALy Han-reits-model #5451
D5 EAE 5 SR E PG T2t Lb an &l 6 fis
Bwra ReF, ol U705,

e AMESim 5 ELBALAS H  ms R ith
2 G AH] FIRE HOlEsR A, LB B | | | |
RS A R, ARG R i IR 30 350 370 390 410 430
AR AT I A DS o A SO G i1l 5% #A) Crankshaft angle//(°)
WIS ER AF5 3 RS 5 X R A s 6 HESRBERIL
WES (125 MPa, 105 MPa) S5JEHLAYME Fig.6 Comparison of the results from simulation and experiment
WL (79 MPa) #EATXRFEG, WFFEmE H )% SEAILME RE 0 52 M LA
2.2 BUBENMRERER RN

L7 SR AN RIS He %t A RS- 24 e o s i i 4R 15 16D 8 A N S sh D R AR A ka3 8T, B
K7 AT LA, T ARG - 34 s g Bt Wit T ) 3 T S 1, BT R (AR O AR o B meh
JE 77HH 79 MPa #2553 125 MPa, {1 N5 & 7 H 10. 0 MPa T3 11. 02 MPa, Z974& 1 10.2%

Bl 5 #KEEE W& % 4 F H E
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Fig.9 Effect of fuel injection pressure on the ratio of fuel air equivalent
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Fig.11 The effect of injection pressure Fig.12 The effect of injection pressure
on the mass fraction of NO emission on the mean temperature within the cylinder
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Fig.13 The effect of injection pressure on temperature field
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