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A Study on Noise Reduction-Combustion Method of
High Speed Direct Injection Diesel Engines

Nobuaki KaMEI, Kousaku KANDA and Noritaka NAKAJIMA

Abstract

Since the oil crisis in 1973, the world-wide trend toward energy saving has prevailed 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 consumption are also increasing 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. Therefore 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, already developed by Kanda', introducing 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
parameters “a” and “m” from measured heat release rate of engine.

In this paper the theoretical examination of ideal low noise combustion method and the test
result for the effect of some improvement in the compression ratio and injection timing of high

speed 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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/Input Load and Injection timing /

[READ Engine specification|

SUBROUTINE HOKAN

CALL HOKAN[

Program for calculating

Calculate each Parameter
of variable Loads and Injection timings

of variable Loads and Injection timings
Constant value
Polytropic index
Parameter of Wiebe s function:a,m
etc.

SUBROUTINE CYCLE

—|CYCLE SIMULATION PROGRAM

CALL CYCLEL
|

Calculate gas pressure P and temperature T
in compression stroke

in combustion stroke

T
Calculate gas pressure P and temperature T
in expansion stroke

ralcu!ate gas pressure P and temperature T

E;Tculate rate of pressure rise dP/df

[
Calculate maximum gas pressure P.,. and
maximum rate of pressure rise (dP/df)nax

E;1culate indicated mean effective pressure Pm‘}

I
ICalculate indicated horse power B;

[

ICa]culate indicated specific fuel consumption b»

1

Output of following data
Maximum gas pressure Pna.x
Maximum rate of pressure rise (dP/df)...
Indicated mean effective pressure P,
Indicated specific fuel consumption b,

Fig. 4. Flow chart of combustion cycle simulation.
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Table1l. Engine specification
Type 4cycle,water cooled
Turbo charged diesel engine
with intercooler
Cylinder arrangement 6L
BorexStroke $113x115mm
Combustion system Direct injection
Compression ratio 16.5:1

169kW(230PS§)/2700rpm
1262x810x878mm

1-5-3-6-2-4

585kg

1.086MPa(11.08kgf/cm’) x10m/s
Injection timing:11'BTDC

Rated output
Dimensions(LxWxH)
Firing order

Dry weight

Pa.XPiston speed
Original specification
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Table 2. Precision of combustion cycle simulation
(load 5/8, Injection timing 11°BTDC)

Item Dimension|Measurement |Calculation|Error (%)
Maximum gas pressure

P MP a 9.131 9. 327 2.
Indicated mean effective pressure

B MP a 0. 946 0.910) 4.8

Indicated specific fuel consumption
g/kW-h 169. 9| 163. 0| 4,1

Maximum rate of pressure rise
(dp/de)_ WPa/deg 0.321 0.310) 3.4
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