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Influence of Injection Strategy on Combustion and Emissions

of Multi-point Injection Natural Gas Engine
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Abstract: In order to improve the flame propagation velocity and combustion efficiency of large
cylinder diameter marine multi-point jet rarefied combustion natural gas engine under medium and
low load, and then optimize engine combustion and emissions, the influences of injection direction
and position, injection pressure and injection time on engine combustion and emission are studied
by bench test and simulation. The results show that the air injection direction perpendicular to
the incoming air can enhance the disturbance effect, the air injection position far from the valve
can increase the distance of the gas injection flow in the inlet, increase the uniformity of the
mixing of the intake, thick mixture is distributed near the spark plug, and the combustion and
emission are obviously improved. When the injection pressure is 736. 63 kPa, the injection kinetic
energy can be increased to improve turbulence intensity in cylinder and the mixing uniformity of
the intake air. At the same time, it can adapt to the large-scale mixing in the cylinder, and the

combustion and emission are better. With the delay of the injection timing, the mixture in the
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cylinder formed obvious stratification phenomenon during ignition, and the mixture concentration

gradually decreases from top to bottom. The thick mixture near the spark plug is conducive to the

development of the fire core, the flame propagation speed is accelerated, and the combustion

efficiency of the gas is improved. It provides a theoretical basis for realizing efficient clean

combustion of marine natural gas engine with large cylinder diameter.

Keywords: natural gas engine; multi-point injection; injection strategies; concentration field of

mixture; nozzle; combustion efficiency
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Table 1 Engine technical parameters

RS K

L2 /mm 129

177 /mm 165

JE 45 L 10:1

ORI I 2.4

BoE i/ (r e min™ ) 1 500

IR/ kW 218
HEATITIE O X L i i A e f BE %/ () 366,203
HESTTIFIR A XS oL A A 2 /i B0/ (°) 134,364
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Fig. 1 Schematic diagram of engine test bench
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Table 2 The composition of natural gas
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CH, 81.32
C, H, 3.77
Cs Hg 0.02
C,Hy, 0.01
CO, 4. 83
CcO 2.75
H, 7.31
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Fig. 2 Schematic diagram of injection direction and position
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Table 3 Test parameters of various working conditions

it/ Yo dEEIREA FKIERT/ ()
10 1.25 35
20 1. 28 36
30 1.29 38
40 1.29 39
50 1.26 41

1.3 AHBEESW

S0 2 B0 AN W B 32 B0 [ A 1R 25 0k TR B
M o A5 45 T FEASCRS A6 B AL 38 3 L3 38 £ A9 2 A L SO 3
R RE AN SE I8 . A T R UE D 2K L BIF 5% b 4 )
M T A AR 2 At . TERA T F RS T4E 1
min J5 38 BUHEBCECHE T 43 B 8% be ok AR 1 T 4
P R AR M I 140 LR IR . 78 58 Wik 2 T T
DL TAE S AL SR A3 BT A AR R 78 T — U o iy
PEATACHE , DU UE D 2 i R PE . A2k T
LT S BT DN S HUE B B P E . KRS
AN RN B HILAS B 5 B A 45, B SE IR A5 R 1
BT e E, R4 WEMESHYREES
AufsE BN o M R B R BE R] AR SCHRAS Y
AR B,

A4 BN EAMG R

Table 4 Uncertainty of each measurement parameter
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Fig. 3 Effect of injection direction and position on cylinder

pressure
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Fig. 5 Effect of injection direction and position

on engine emissions
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Fig. 6 Effect of injection pressure on cylinder pressure
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Fig. 7 Effect of injection pressure on engine emissions

3 RIRR LSNPSR RS 5 5
3.1 FEEIPNE

SR AR A5 2 Kk sh AL = dE A A A B st
X5 A CONVERGE, 3t Xt JLAaf 2 R X 3 32F 17 %l
DA RGN KA SE IR A VHERER 4. A 8
i,

Y
Z(,')L'X
K8 i EisER

Fig. 8 Schematic diagram of simulation domain
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Fig. 9 Gas mass flow curve
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Fig. 11 Effect of injection timing on cylinder pressure
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Fig. 12 Effect of injection timing on combustion parameters
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Fig. 14 Combustion process in cylinder
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