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Abstract - A preliminary experimental study of new concept air hybrid engine, which stores compressed air
in the tank during braking and re-use it to propel vehicle during crusing or acceleration, was carried out in this
study. A single cylinder engine was modified to realize the concept of air hybrid engine. Independent variable
valve lift system was adopted in one of the exhaust valves to store the compressed air into the air tank during
compression period. An air injector module was installed in the place of spark plug, and the stored compressed
air was supplied during the expansion period to realize air motoring mode. For air compression mode, the tank
with volume of 30 liter could be charged up to more than 13 bar. By utilizing this stored compressed air,
motoring work of 0.41 bar of IMEP(Indicated mean effective pressure) at maximum can be generated at the
800rpm conditions, which is higher than the case of normal idle condition by 1.1 bar of IMEP.

Key words : air hybrid engine, compressed air, air compression mode, air motoring mode, variable valve
lift, variable valve timing
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Table 1. Specifications of air hybrid engine

Item Specifications
displacement volume(cc) 499
bore X stroke (mm) 86 x 86
compression ratio 105

4 valves DOHC
Non- CVVT with max lift 9.0mm
Non- CVVT with max lift 8.2mm
CVVT(40CA deg) + CVVL(5mm)

valve train system
intake valves (2EA)
exhaust valve(1EA)

air-storage valve(1EA)
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Fig. 1.

Experimental setup of air hybrid en-
gine.
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Fig. 2. Operating principle of air-storage valve.

12 I \ \

10 Exhaust @ Intake Compressmn Expanswn
T OB bt —
£
E gt i\ valve
g Valve lift
S 4l y Smm |

Valve lift
2.5 mm
2 b
-180 0 180 360 540

Crank angle [ ATDC deg]

Fig. 3. Intake, exhaust and air storage valve tim-
ings.
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Fig. 4. Cylinder and air storage valve port
pressure histories during normal and air
compression mode.
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Fig. 5. Modification of check valve layout.
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Fig. 6. Comparisons of air tank pressure history

with check valve layout (800rpm, WOT).

Table 2. Air tank pressures after 800 cycle run-
ning with the variation of air storage
valve lift and timing (800rpm, throttle
position=0/12/100%, unit=bar)

Timing B 20CA 40CA
Lift ase advance advance
0% 5.8 5.7 42
3mm 12% 8.2 8.1 58
100% 11.1 11.0 7.9
0% 5.1 5.4 59
4mm 12% 7.7 8.2 8.3
100% 10.6 11.1 112
0% 5.1 5.0 5.4
5mm 12% 7.4 8.6 8.2
100% 104 10.7 112
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Table 3. Air tank pressures after 800 cycle run-
ning with the variation of air storage
valve timing and lift (1500rpm, WOT,

unit=bar)
Timing B 20CA 40CA
Lift ase advance advance
4mm 12.2 12.3 12.5
Smm 11.7 12.2 124
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Fig. 7. IMEP histories with cycle at air compre-
ssion mode with engine speed and throttle

positions
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Fig. 8. Comparisons air tank pressure history with
engine speed and throttle positions at air
compression mode.
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Fig. 10. Comparisons of IMEP with air injec-
tion timing and air tank pressure at the
engine speed of 800 rpm and WOT.
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Fig. 11. Comparisons of IMEP and air tank pre-
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800 rpm and WOT.
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