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Improving Compression and Throat Ratios of Combustion Chamber for Reduction
of Exhaust Emissions for a Swirl Chamber Type Diesel Engine
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ABSTRACT

A swirl chamber type diesel engine attachable to 18 kW agricultural tractors was improved to reduce exhaust emissions.
Compression ratio and throat area ratio of the combustion chamber were varied to determine optimum combustion conditions.

Tests were composed of full load and 8-mode emission tests. Compression ratio was fixed as 21,
Output power, torque, specific fuel consumption, exhaust gas temperature, and smoke level

volume was increased by 3.8%.

but the swirl chamber

were not considerably different for compression ratios of 21.5 (reference condition) and 21 (test condition), while NOx, HC, CO

and PM levels for the compression ratio of 21 were decreased by 11%,

46%, 28%, 11%, respectively, from those for the

compression ratio of 21.5. The tests were also conducted with a compression ratio of 22 and 4.3% increased chamber volume.
Output power, torque, exhaust gas temperature and smoke level were greater, while specific fuel consumption was less for the

compression ratio of 22 than those for the compression ratio of 21.5.

Increase of compression ratio decreased HC and CO

levels by 24%, 39%, but increased NOx and PM levels by 24%, 39%. Based on these results, a compression ratio of 21 was
selected as an optimum value. Then, full load tests with the selected compression ratio of 21 were carried out for different

throat ratios of 1.0%, 1.1%,

1.2%. Output power and torque were greatest and smoke was lowest when throat area ratio was

1.1%, which satisfied the target values of specific fuel consumption (less than 272 g/kWh) and exhaust gas temperature (less
than 550°C). Therefore, a throat area ratio of 1.1% was selected as an optimum value.
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Table 1. Specifications of the test engine.

Item Specification
Model Ell
Type Vertical 4-cycle liquid cooled diesel
Number of cylinders 3

Combustion chamber system Swirl chamber
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Intake system

Naturally aspirated

Total displacement, cc 1,175
Bore x stroke, mm 78 x 82
Rated power, kW 18
Rated speed, rpm 2800

Fuel injection pump Bosch PFR type

=
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Fig. 2. Geometry of a hot plug throat.

Table 3. Dimensions of a hot plug throat used in the ex—

periments.
Thraot area ratio A B C Throat area
(%) (m)  (mm)  (mm) (mm’)
1.0 11.5 493 R2 47.78
1.1 11.5 5.42 R2.3 52.74
Fig. 1. Geometry of a combustion chamber. 1.2 115 59 R2.6 57.52
Table 2. Dimensions of swirl chamber used in the experiments.
Compression ratio a Swirl chamber volume b Main chamber volume Swirl chamber volume ratio
(€) (mm) (mm’) (mm) (mm’) (9)
21 2.04 10,521 4.12 8,990 54%
21.5 1.26 10,139 4.12 8,990 53%
22 1.26 10,139 3.83 8,611 54%
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Table 5. Target criteria for engine improvement.

SFC Exhaust temperature ~ Rated power Torque rise NOx +HC CO PM
(g/kW-h) (T) (kW/rpm) (%) (g/kW-h) (g/kW-h) (g/kW-h)
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Fig. 3. Schematic diagram of the experimental measuring

apparatus.

Table 4. Comparison of parameter levels for base design and
test engines.

Specification of Specification of

Parameter base design test engine
Compression ratio 21.5 21, 21.5, 22
Throat area ratio 1.1% 1.0%, 1.1%, 1.2%
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Fig. 4. Effects of compression ratio on engine performance from the full load tests.
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Fig. 5. Effects of compression ratio on exhaust emissions from the 8—mode tests.
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