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Relations Among Discharge Energy, Equivalence Ratio and Turbulent Intensity
at a Constant Volume Combustion
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Abstract

We studied the effects on the ignitability of mixture, the combustion duration, and the
maximum combustion pressure, of various initial combustion factors such as temperature,
pressure, and each equivalence ratio in order to identify the combustion characteristics of lean
mixture and improve ignitability through the proper control of the ignition energy. It is concluded
that there is an optimum turbulent intensity that enables the combustion to have the best
ignitability and the shortest duration under each equivalent ratio, and the combustion duration is
only dependent upon the distribution and magnitude of discharge energy within the limit of

inflammability.
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. Air compressor
. Pressure gauge
. Surge tank

. Pressure gage
9. Vacuum pump
11. Comb, chamber
13. Pressure trans.
15. A/D converter
17. Fan

19. Timing pulley
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21. DC Motor controller
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. Check valve
. Thermo-couple
. Heater

8. Temp. controller
10. Fuel adapter
12. Ignition plug
14. Amplifier

16. Ignition device
18. Spindle unit
20. DC Motor
22. Computer
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Ignition energy

Ignition Breakdown Arc-glow Total Discharge Ignition
system energy(m]) | energy(m]) | energy(m]) | duration(ms) condition
; T,=373K
, 1. : : -
SIS(2.3 ms) 5 79 94 054 P,=0.69 MPa
T,=373K
40V 1. : : :
CDI(540 V) 2 153 16.5 020 P,=0.69 MPa
T,=373K
IS0 1. : : :
HIS(10 ms) 8 785 804 620 P,=0.69 MPa
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(a) Flame propagation at u'=0.0 m/s(A),u’'=3. 9 m/s(B)
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(b) Flame propagation from t=50 to 610 xs(A:uw'=0.0m/s, B:u'=39m/s)
Fig. 2 Schlieren photographs from high-speed movies at T,=373 K, P;=0.49 MPa
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Fig. 4 Unit volume changes as a function of time at
w'=0.0m/s, =39 m/s
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Fig. 5 Relations between ignitability equivalence
ratio and turbulence intensity at various igni-
tion systems
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Fig. 6 Relations between ignitability equivalence
ratio and turbulence intensity at various dis-
charge energy
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