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Mixture Formation and Ignition in a Direct Injection
Natural Gas Engine

by

Yuichi GOTO

Abstract

A natural gas direct injection test engine, equipped with a newly developed natural gas

injector, was designed and the influence of injection timing and spark timing on indicated mean
pressure and exhaust emissions was investigated. The following results were obtained:
(1) The location of the spark plug relative to the injection nozzle location and the piston cavity
wall needs to be optimized to achieve a wide range of stable ignition and operating conditions; (2)
Impingement of the gas jet against the cavity wall and a high injection pressure are two key factors
to control ignition and combustion of the gas jet; (3) In terms of mixture preparation around the
spark plug, early injection is preferable at low load conditions, and late injection at high load
conditions; and (4) When excess air ratio A is 1.06 and 1.4, THC concentration was about 1000ppm and
NOx concentration exceeds 1000ppm. When A is 2 and 2.3, THC concentration was high but NOx concentration
was below 100ppm.
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Fig. 1 Schematic of the gas injector developed
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Fig.2 Relation of flow rate, Qinj, versus

injection duration, Tinj, at an injection

pressure of 15 MPa.
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Fig.3 Combustion chamber geometry of

Type-A piston
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Fig.4 Combustion chamber geometry of
Type-B piston
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Fig.5b ¢ Contour in natural gas jet
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Table 1 Single cylinder engine specification

Bore x Stroke (mm) 108 x 115
Displacement Volume 1053 cc
Compression ratio 12

Chamber type Direct Injection

Intake valve . .
timinig(0/) 21° (BTDC) /49° (ABDC)
Exhaust valve . s

timing (0/S) 56° (BBDC)/14° (ATDC)

Cool ing method Water cooling

Nozzle Ixp1.0mm / 6% ¢0.41 mm

Swirl Ratio 2.2
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Fig. 6 Effect of injection pressure on indi-

cated pressure and heat release rate
in the case of Type-B piston
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nozzle and Type—B piston
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Fig. 8 Effect of injection timing on COV[Pmi] at
various excess air ratios in the case of single
hole nozzle and Type-A piston
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Fig.9 Exhaust emission versus excess air ratio
in the case of .single hole nozzle and Type-A
piston (Inj. timing: —-50,ATDC)
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Fig. 10 Effect of injection timimg on COV[Pmax]
at various excess air ratios in the case of
Type-A piston
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Fig.12 Stable combustion domains for Type-A
and Type-B piston

@inj (° ATDC ) |m-130 m-90 O-50 @-30
100000

10000
1000 |
100 |

10

THC (ppm)

1
1.06 1.4 2 2.8

Fig. 13 Effect of excess air ratio on THC
emission with injection timing 6 inj as a
parameter in the case of Type-B piston
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Fig. 14 Effect of excess air ratio on NOx

emission with injection timing 0 inj as a
parameter in the case of Type-B piston
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Table 2 Thermal efficiency at various A in the
case of Type-B piston

Indicated Brake Brake Thermal®
Air Excess Thermal Thermal Efficiency %
Ratio E... Efficiency % Efficiency % (Diesel Fuel)
1.1 35.3 30.2 34
1.4 34.8 26.9
1.85 36.6 26.7 -
2.03 26.4 21 19

Ne=1000 rpm, * the brake thermal efficiency at the almost
same torque as Narural Gas
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