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A Study on Noise Reduction-Combustion Systems of

Direct Injection Diesel Engines

Kohsaku KaNDA and Kazufumi UDA

Abstract

Since the oil crisis in 1973, the world-wide trend toward energy saving has prevaild and the
application of diesel engines has been expanding because of its high fuel economy. The shares of
direct injection diesel engines with their low fuel comsumption are increasing also in the field of

high speed diesel engines.

However, the noise in the direct injection diesel engine is unavoidable because of its rapid
combustion property, therfore an early development of noise reduction technology is strongly

desired.

Then, for theoretical examination of noise reduction by controlling combustion only, the
authors used a cycle simulation program, it’s already developed by KANDAY, introducing J.
Wiebe’s transcendental function for the heat release mode during diffusion combustion. And for
the introduction of Wiebe’s formula, we used a numerical calculation method to determine the
parameter “a” and “m” from measured heat release rate of engine.

In this paper, theoretical examination of ideal low noise combustion system and test result of
the effect of some improvement in the shape of combustion chamber, compression ratio, the
number of injection nozzle hole and injection timing of naturally aspirated direct injection diesel

engine are reported.
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Fig.1. Propagation function of combustion.
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Fig.2. Heat release rate diagram.
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Fig. 3. Heat release rate and gas pressure diagram.
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Fig. 4. Flow chart of combustion cycle simulation.
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Fig. 5. Experimental device.

Table 1. Engine specification.

Type

4 cycle, water cooled,
Naturally aspirated diesel engine

Cylinder arrangement
Bore X Stroke
Combustion system
Compression ratio
Rated output
Dimensions (LXW XH)
Firing order

Dry weight

Pue X Piston speed
Original specification

4L

$135 X150 mm

Direct injection

158:1

110 kW (150 PS) /2200 rpm

1554 X 1056 X 1097 mm

1-3-4-2

1000 kg

0.701 MPa (7.15 kgf/cm?®) X11 m/s

Combustion chamber : Toroidal type
(Cavity diameter: ¢90 mm)

Number of injection nozzle hole: 5 holes
Injection timing: 24° BTDC
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Fig. 6. Configuration of combustion chamber.
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change of injection timing.
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rise in case of peak position ((Xair)m=0.
28) in heat release rate.
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Table 2. Precision of combustion cycle simulation.

Item Dimension Measurement Calculation Error (%)
Plas MPa 8.15 8.27 15
(dP/d6)max MPa/deg 0.84 0.87 3.6
P MPa 1.01 1.01 0.0
b; g/kW « h 158 154 2.5
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Table 3. Improvement of combustion systems.

Countermeasure
Aim Approach Practice
Original Modification

Control of Shortening of the Ingection
initial period of ignition timing 24" BTDC 20 BTDC
combustion lag retard

Increase of

compression 15.8 17.0

ratio

Reduction of num- Small number % bl 4 hinles

ber ignition points

of nozzle hole

Promotion of

Controlling of

Improvement of Toroidal type Re-entrant type

diffusion movement and combustion Cavity diameter : Cavity diameter :
combustion diffusion of spray chamber #90.0 mm $84.6 mm
by means of wall
of combustion
chamber
= @ Modification RTDI170 4 holes
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Fig. 15. Change of exhaust gas density due to the QE‘ 26 24 22 20 18

change of injection timing.
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Fig. 16. Results of performance test.
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Fig.17. Comparison with thermodynamic properties of
original and modification combustion systems.
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Fig. 18. Change of C.P.L. due to improvement of combustion systems.
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Fig.19. Change of C.P.L. due to improvement of combustion systems (Expanded view).
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