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Abstract

A constant-volume combustion chamber is developed to measure the burnt gas temperature over
the wide ranges of equivalence ratio from 1.5 to 2.7 and pressure from 0.1 to 6 MPa by two-color
method. The combustion temperature is also calculated by the conventional two-region model. The
premixed fuel rich propane-oxygen-inert gas mixtures under high pressures are simultaneously
ignited by eight spark plugs located on the circumference of combustion chamber with 45 degree
intervals. The eight converging flames compress the end gases to high pressures. The transmissiv-
ity in the chamber center during the final stage of combustion at the highest pressure is measured
by in situ laser extinction method. Comparisons are made with the combustion temperatures
between two-color method and two-region model. It is found that the burnt gas temperature mea-
sured by two-color method is higher than that calculated by two-region model because of being the
negative temperature gradient on the calculation and the temperature distribution of light path-
length on the measurement, and the burnt gas temperature for the turbulent combustion is higher
than that of the laminar combustion under the same conditions because the heat loss for turbulent
combustion is lower due to the shorter combustion period.
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perature versus optical detector intensity
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Table 1 Compositions and adiabatic flame temperature estimates(T,q) of propane-oxygen-inert gas pre-

mixtures
Equivalence { C3Hg (o2 No+Ar Ar %ponstant Volume(K) Constant Pressure(K) ]
Ratio | MX MX MX | Ny+Ar | P=1MPa | P;=0.1MPa | Pi=1MPa | P,—0.1 MPa
0045 | 0151 | 0804 ' 0.00L 2142 2137 1766 1766
L5 0041 | 0138 | 0821 | 0.00L 2031 2028 1674 1674
17 0052 | 0152 | 0796 | 0.00L 2031 2028 1672 1672
1.8 0057 | 0159 | 0.784 | 0.00L 2031 2028 1670 1670
Lo 0.074 | 0194 | 0732 | 0.00L 2193 2182 1804 1804 |
0.064 | 0.168 | 0768 | 0.00L 2030 2026 1668 1668
0.084 | 0192 | 0724 | 0.00L 1983 1977 1625 1625
0084 | 0192 | 0724 | 050L 2189 2176 1744 1744
22 0.084 | 0192 | 0724 | 050T 2189 2176 1744 1744
0.084 | 0192 | 0724 . 1.00L 2397 2343 1893 1890
0088 | 0191 | 0721  0.00L 1875 1874 1539 1539
0.088 | 0.191 0721 | 050L 2066 2062 1639 1639
23 0.088 | 0191 | 0721 | 050T 2066 2062 1639 1639
0088 . 0191 | 0721 . 1.00L 2321 2300 1775 1774
* 0095 | 0190 | 0716 | 0.00L 1738 1738 1430 1430 |
0135 | 0270 0596 | 0.00L 2050 2046 1668 1668
25 0135 | 0270 . 059 | 050L 2198 2187 1754 1754
0135 | 0270 0596 | 1.00L 2373 2345 1855 1854
* 0102 | 0188 | 0710 | 0.00L 1568 1568 1293 1293
** 0188 | 0348 | 0464 | 0.00L 2041 2037 1652 1652
2.7 0188 | 0348 | 0464 | 082L 2210 2201 1749 1749
0.188 | 0348 | 0464 | 1.00L 2252 2241 1773 1772

MX = C3Hg+0:+Nz+Ar, L = Laminar, T = Turbulent, P; = Initial Pressure
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Fig. 4 Typical data of emissions, emitted + trans-
mitted light, pressure P, and burnt gas tem-
perature Tpe as a function of time. Condi-
tions : laminar combustion, 8 points igni-
tion, equivalence ratio 2.2 and initial pres-
sure P; = 0.81 MPa
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Fig. 5 Comparisons between burnt gas tem-pera-
tures measured by two-color method and
calculated by two-region model for chang-
ing Ar/(N2+Ar) ratio to pressure P* at
equivalence ratio 2.2
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tures measured by two-color method and
calculated by two-region model for chang-
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