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Abstract - In order to estimate the combustion characteristics and the gas interchangeability for natural gas with
various compositions per each production area, equivalent gas are using to replace natural gas. It is known
that an equivalent gas has the same the heating value, the compression factor, the relative density, CO emission
and the burning velocity as the original natural gas. However, it is not reported that the flame shape and thermal
efficiency and NOx emission by real gas appliance. In this study, equivalent gas was examined the validation
to replace natural gas. The CO emission the burning velocity and the flame temperature were reconfirmed, and
the flame shape, the NOx emission and the thermal efficiency were numerically and experimentally investigated.
As results, there was not a large difference between natural gas and equivalent gas. This result demonstrated
that there was no problem using equivalent gas to replace natural gas.
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Table 1. Equivalence factors for hydrocarbons
Equivalent gas
Gas
Methane(CH4) | Propane(C3HS)
Methane(CH4) 1.0 0.0
Ethane(C2H6) 0.5 0.5
Propane(C3HS8) 0.0 1.0
Butane(C4H10) -0.5 1.5
Pentane(C5H12) -1.0 2.0
Hexane(C6H14) -1.5 2.5
Heptane(C7H16) -2.0 3.0
Octane(C8H18) -2.5 3.5
propene(C3H6) 0.0 1.0
Butene(C4HS) -0.5 1.5
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Fig. 1. Substitute equivalent gas(methane+propane) for hydrocarbon(ethan)
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Table. 2. Comparison of composition and gas properties between natural gas and the equivalent gas

Natural gas Equivalent gas
AG SG YG AG SG YG
CH4(%) 87.06 92.26 93.49 90.76 94.24 95.92
C2H6(%) 8.40 4.87 5.08 - - -
C3H8(%) 348 1.87 1.16 9.18 5.51 4.03
iC4H10(%) 0.42 0.37 0.08 - - -
nC4H10(%) 0.54 0.42 0.11 - - -
iC5H12(%) 0.02 0.01 0.01 - - -
nC5H12(%) 0.01 - 0.01 - - -
N2(%) 0.07 0.20 0.06 0.06 0.25 0.06
SUM(%) 100 100 100 100 100 100
Wil(kcal/m3) 13488.2 13174.0 13091.1 13488.2 13174.0 13091.1
HHV(kcal/m3) 10835.3 10295.0 10096.4 10831.6 10287.1 10093.4
RD 0.64533 0.61069 0.59481 0.64480 0.61055 0.59446
anilyzer

Regulator

Gas range

(a) Experiment for performance of natural gas

Gas mixer

Fuel (CsHq)

Fuel (N3)

(b) Experiment for performance of equivalent gas

Fig. 2. Schematic diagram of experimental apparatus
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