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Research on Extended Expansion General-Purpose Engine
— Theoretical Analysis of Multiple Linkage System and Improvement of Thermal Efficiency —
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Research has been conducted on an extended
expansion engine, using a multiple linkage system to
increase the thermal efficiency of general-purpose
engines. A four-jointed linkage was used between the
connecting rod and the crank pin of a standard piston-
crank system. The end of the linkage rotates at half the
speed of the crankshaft, resulting in piston strokes
unequal length in each revolution. The length of the
expansion stroke is greater than that of the compression
stroke, thereby providing an extended expansion cycle
(Atkinson cycle).

Theoretical thermal efficiency and numerical
simulations were used to determine the increase in
thermal efficiency at a compression ratio of 8.5 and an
expansion ratio of 12.3. The results show that this
extended expansion increases indicated thermal
efficiency 4.0% against a conventional engine, from 27.3
to 31.3%. In addition, the new design displayed increases
of 2.0 and 2.7% in indicated thermal efficiency against
naturally aspirated Miller cycle engines with early valve
closure and late valve closure, respectively.

An air-cooled single-cylinder engine equipped with
this mechanism was constructed and its thermal
efficiency was compared in tests against a conventional
engine in the same power class. The results of these tests
matched the simulation results almost exactly, with the
new engine displaying 4.1% higher thermal efficiency
than in the conventional engine.
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Table 1 Engine specifications
Air-cooled 4 stroke
Engine type OHC single-cylinder
spark-ignition
Bore (mm) 64
Lrg?nki:sns?on 42.1
Stroke (mm) P -
Expansion and 63.3
exhaust )
Intake and 135
Displacement | compression
3 -
(cm3) | Expansion and 204
exhaust
Compression ratio 8.5
Expansion ratio 12.3
Fuel Gasoline
Air-fuel ratio 12,5
Gross Maximum power (KW/rpm) 3.4 /4000
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Fig. 1 Configuration of multi-link system
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Table 2 Comparison with conventional engine
specifications

Extended Conventional
expansion| TYPEA | TYPEB
Bore x stroke (mm) 6‘/%(;231 64x42.1 64x47
Compression ratio 8.5 8.5
Expansion ratio 12.3 8.5
Engine revolutions (rpm) 3060
Air fuel ratio 12.5
Supplied heat (J/cycle) 456
Combustion efficiency 0.725

Table 3 Calculated work and loss of each stroke

Extended Conventional

expansion| TYPE A | TYPE B
Work or loss | ntake -3.2 -3.9 -5.3
of each Compression | -31.4 -32.9 -31.8
stroke Expansion 178.5 163.3 162.4

(J/stroke) ["Exhaust 1 07 | -08

Heat loss from
cylinder wall (Jicycle) 91.3 | 821 | 849
Indicated efficiency (net) 31.3% | 27.6% | 27.3%
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Fig. 7 Calculated P-V diagrams
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Table 4 Comparison with Miller cycle engine
specifications

Extended Miller cycle

expansion | TYPEC | TYPED
Bore x stroke (mm) 6%(;231 64x63.3
Combustion chamber 1

8
volume (cm3)
Geometrical
compression 85 12.3
Expansion ratio 12.3 12.3
Intake valve close STD 51deg 78.5deg
learly closure late closure

Engine revolution (rpm) 3060
Air fuel ratio 12.5
Supplied heat (J/cycle) 456
Combustion efficiency 0.725

Table 5 Calculated work and loss of each stroke

Extended Miller cycle

expansion| TYPE C | TYPE D
Work or loss | Intake -3.2 -8.1 7.8
of each Compression | -31.4 -36.5 -37.9
stroke Expansion 1785 | 1792 | 17741

(J/stroke) ['Exhaust -1.1 -1.2 -1.2

Heat loss from
cylinder wall (J/cycle) 91.3 94.6 95.8
Indicated efficiency (net) 31.3% | 29.3% | 28.6%
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Fig. 10 Measured and calculated P-V diagrams

Table 6 Comparison of calculated and measured work

Calculated Measured
Work or loss Intake -3.2 -1.9
of each Compression -31.4 -32.7
stroke Expansion 178.5 179.0
(J/stroke) I"Exnaust 11 15
Indicated efficiency (net) 31.3% 31.2%

Table 7 Test engine specifications

Extended Baseline
expansion | Oftto cycle
Bore x stroke (mm) 6%(3%1 68x45
Compression ratio 8.5 8.5
Expansion ratio 12.3 '
e 24 25
Ignition timing (deg BTDC) (MBT on WOT)
Air fuel ratio 12.5
Gross maximum
power (kW/rpm) 3.2/3060
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