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Effect of Piston Speed around Top Dead Center on Thermal Efficiency
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ABSTRACT

In a reciprocating internal combustion engine, the
Otto-cycle allows for maximum thermal efficiency with
a same compression ratio, which means complete
combustion in a moment at top dead center, which is
practically impossible. In view of this fact, it can be
considered that a slower transition of the piston speed
near top dead center would promote combustion during
that period. This, in turn, would increase the in-cylinder
pressure and degree of constant volume thereby
improving thermal efficiency. To prove this, an engine
in which the piston can be displaced moderately to
achieve ideal constant volume combustion was prepared
and experiments were carried out. As anticipated, while
the degree of constant volume increased, the thermal
efficiency did not improve due to increased heat loss.
Subsequently, further experiments were carried out using
a direct injection, stratified charge engine which allows
selective reduction of heat loss, and a high thermal
efficiency was attained.
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Fig. 1 Actual piston behavior against crank angle
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Fig. 2 Ideal constant volume combustion engine

goooooobbobbbboooooooouoooogo
doooooobooobooobobooooooooooooa
gooooooooobbbbbbbbooooooooo
dooooooooooobbobooooooooooooa
gooooooooobbbbbbbooooooooa
dooooooooooooooooooooooooo
ddd0oooOoooooooooooooooOon ideal
Constant Volume Combustiof] ICVC PP 0 00000

Table1DOOOOOOODOOODOOODOOODOOODOOODO
dobooooooboooobooooobooboooooa
goooooooobbbobbbuoboooooooooo
dodddoooooooooo

3l.2. |Icvcogoooa

O00oO0oogooo 3000r/mnDOd00000O0O 640g/h
goooobooooobo MBTUOUODDODOOOUODDOOO
000d0oO0oo0ooOoonodFrg. 3000000 PV OO
goooicvcooooobooooooobooooooo
dooooooo pVvOoOoOoooobooooooo

gopvoOoOOoooooooboboboobooboobo
Table2 00000000000 DODOOOOOOOO 150

Table 1 ICVC engine specifications
ltems Base engine ICVC engine
Engine type 4-stroke, air cooled, single cylinder
Bore x Stroke (mm) 52.4 x 57.8
Displacement (cm?) 124.6
Compression ratio 9.35:1 9.32:1
Connecting rod length (mm) 93.5

3000 r/min, Air-fuel ratio = 14.7, MBT, FC = 640 g/h

4T \ ICVC engine
g
s3r
()
5
2,1
ju Base engine
o
1}
0 E I
0 50 100 150
Cylinder volume (cm?®)
Fig. 3 P-V diagram comparison
Table 2 Test results of ICVC engine
3000 r/min, FC = 640 g/h, Air-fuel ratio = 14.7, 6ig = MBT
; Pmax Deg. of Pmi ISFC
Engine (MPa) CV. (kPa) | (g/kWh)
ICVC engine 4.64 0.97 846 243
Base engine 4.02 0.94 893 230

Deg. of C.V. : Degree of constant volume
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Fig. 5 Piston behavior of APC engine

Table 3 Specifications of APC engine

Engine type 4-stroke, water cooled

Bore x Stroke (mm) 59x71.3

Displacement (cm?®) 195

Compression ratio 11.5:1

Spark plug Twin plug

10.00 3000 r/min, nv = 34%, Air-fuel ratio = 14.7, MBT
©
a
2
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= APC engine
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@ 0.10} —
2 j—Q
g, Original engine

0.01 -

0 100 1000

Volume (cm?3)

Fig. 6 P-V diagram comparison between APC engine
and original engine

Table 4 Test results of APC engine

3000 r/min, nv = 34%, 6ig = MBT, Air-fuel ratio = 14.7

Exhaust gas Cooling water (out-in)
Enai Fuel consumption
ngines (g/h) Temperature Exhaust loss Temperature Heat loss
(K) (kW) (k) (kW)
APC engine 490 901 2.40 6.0 1.55
Original engine 494 920 2.47 4.8 1.24
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Fig. 7 Heat balance rate of test results
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Fig. 8 Heat loss and exhaust gas temperature
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Fig. 9 Heat loss and exhaust gas temperature
against ignition timing
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Fig. 10 Detailed figure near TDC including reverse
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