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Abstract — This paper is to compare the carbon-balanced and liner air-fuel ratio determination methods for
alternative fuels. In the previous work, expansion of Eltinge chart, unburned hydrocarbon compensation,
comparison of the results from various methods were discussed. It has been also concluded that Eltinge method
might be regarded as the most general equation of AFR determination among the existing ones. In the recent
years, however, increasing demand for the environmental preservation, including global warming-up protection,
and energy conservation lead to introduce the alternative fuel to the internal combustion engine. Therefore,
the exact calculations of AFR for these fuels are needed. Especially, for the fuel that contains oxygen, all AFR
calculation equations except Eltinge have to be re-formulated. In this paper, the AFR for alternative fuel were
calculated by re-formulated carbon balance, accuracy of which was already confirmed, and linear equations,
which are newly proposed by statistical method for each fuel. The results show that AFRs based on carbon
balance have a little more error compared with gasoline, however, the accuracy is enough for this formula
to apply to various fuel. The proposed linear equation also have excellent accuracy below A=1.2.

Key words : expansion of Eltinge chart, unburned hydrocarbon compensation, Air-Fuel Ratio
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Table 1. Comparison of Eltinge and carbon balanced AFR
for methanol (Sx=0.005)

Eq. | THC AFc AFr(\) Dev.(%)
5.76 5.80 (0.9) -0.69
2000 6.51 6.47 (1.0) 0.15
Eq. 11.05 11.00 (1.7) 0.45
(1 5.76 5.80 (0.9) -0.69
4000 6.51 6.47 (1.0) 0.15
11.06 11.00 (1.7) 0.54
572 5.80 (0.9) -1.38
2000 6.47 6.47 (1.0) 0
Eq. 10.98 11.00 (1.7) -0.18
@) 5.68 5.80 (0.9) -2.07
4000 6.43 6.47 (1.0) -0.62
10.92 11.00 (1.7) -0.72
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Table 2. Comparison of Eltinge and carbon balanced AFR
for natural gas & LPG (Sx=0.002, THC=2000 ppmc)

Eq. Fuel AFc AFa(M) Dev.(%)
15.79 15.40 (0.9) 253
NG 17.30 17.08 (1.0) 1.28
Eq. 29.22 29.00 (1.7) 0.75
M 14.12 14.00 (0.9) 0.86
LPG 15.55 15.52 (1.0) 0.19
’726.43 26.40 (1.7) 0.11
15.74 15.40 (0.9) 221
NG 17.25 17.08 (1.0) 1.00
Eq. 29.12 29.00 (1.7) 0.41
(2) 14.08 14.00 (0.9) 0.57
LPG 15.51 15.52 (1.0) -0.07
26.36 2640 (1.7) -0.15
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Table. 3. Comparison of Eltinge and Linear AFR for
Methanol, CNG & LPG(THC=2000 ppmc)

Fuel AFy AFu(\) Dev.(%)
5.81 5.80 (0.9) 0.17
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14.00 14.00 (0.9) 0
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(8x=0.002) 18.01 18.00(1.16) 0.06
23.09 26.40 (1.7) 12.5
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