J. Korean Soc. Combust. 22(1) (2017) 8-13

(sa=s)

CRa R OI%??} H| e/ A4

DOI: https://doi.org/10.15231/jksc.2017.22.1.008

ISSN 1226-0959
elSSN 2466-2089

Measurement of Ignition Delay Time of Methane/Oxygen
Mixtures by Using a Shock Tube

Hee Sun Han', YuanGang Wang*, Chul Jin Kim"™"

and Chae Hoon Sohn""

*Department of Mechanical Engineering, Sejong University, Korea
*’Department of Defence Science and Technology, Howon University, Korea

(Received 4 January 2017, Received in revised form 8 February 2017, Accepted 15 February 2017)

ABSTRACT

Ignition delay time of methane/oxygen mixture is measured experimentally with the shock tube in order to
obtain the data for high pressure conditions where gas turbines and internal combustion engines are operating.
The shock tube experiment is validated first over the temperature range of 1400-2000 K at 10 bar and with
the various equivalence ratios of 0.5, 1 and 2. The measured ignition delays are compared with the data
from the literatures. And then, experiments are conducted for non-explored conditions, i.e., at 40 bar and
with the equivalence ratio of 1.5. The present experimental data show a good agreement with the available
ones from the literatures and reasonable dependence on pressure and equivalence ratio. In addition, the effects
of the temperature and equivalence ratio on ignition delay time are analyzed.
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Table 1. Dimensions of the shock tube

Length [mm] Diameter [mm]
Driver 1450 66.9
Insert 50 66.9 - 64.7
Driven 5250 64.7
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. Shock wave generation and propagation processed
observed in the shock tube [25,26].
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Table 2. The zone number, its position, and notations
for pressure and temperature [26]

Area Position Pressure | Temperature
D | Driven section P1 T1
@ | Behind the incident shock P2 T2
@ | Behind the contact surface P3 T3
@ | Driver section P4 T4
(® | Behind the reflected shock P5 TS

Table 3. Experimental conditions adoptted in the present

study
Set Case P5 Driven gas [%)]
No. No. [bar] | CHs | O, | Diluent gas ®
1 1-2 1 4 95 0.5
2 3-7 10 2 4 94 1
3 8-9 4 4 92 2
4 10-14 40 3 4 93 1.5
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Fig. 3. Pressure and CH* radical signals.
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Fig. 4. Ignition delay times measured in this study(star
symbols) at @ = 0.5 for comparison with previous
experimental and numerical results [22,23].
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Fig. 5. Ignition delay times measured in this study(star
symbols) at @ = 1.0 for comparison with previous
experimental and numerical results [22,24].
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Fig. 6. Ignition delay times measured in this study(star

symbols) at ® = 2.0 for comparison with previous
experimental and numerical results [22].
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Fig. 7. Ignition delay time as a function of temperature
for several equivalence ratios at P = 10 bar.
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Fig. 8. Ignition delay times measured in this study(star
symbols) at ® = 1.5 for comparison with previous
experimental data provided by Merhubi et al.
[22](open symbols) at P = 40 bar.
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