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Proposal and Validation of a New Flame Stability Diagram to Gas
Estimate Interchangeability

Chang-Eon Lee, Jong-Min Kim, Cheol-Hong Hwang and Jong-Hyun Kim

ABSTRACT

A flame stability diagram in a partially premixed flame is typically expressed using
the axis coordinates of heat input rate and equivalence ratio. These diagrams are
inadequate for identifying changes in combustion conditions and flame stability when a
reference fuel is substituted with other fuels under identical operating conditions. This
study proposes a new type of diagram and validates it experimentally. In this new
diagram, the axis coordinates are air flow rate and Wobbe fuel flow rate, defined as the
fuel flow rate multiplied by the square root of the relative density. The diagram was
validated in trials using various fuels, including CHj, CsHs, and LFG-CsHs mixed fuels,
in a domestic gas-range and an gas interchangeability test burner. The results of these
trials show that the new diagram can provide information useful for assessing gas
interchangeability of combustion conditions and flame stability when one fuel is
substituted with another under identical operating conditions.
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Table 1 Components and properties of the fuels used in this study

MFs(HV) | MFss(HV) | MFEss(WI) | MFss(WI)
LNG CHy CsHs (C3Hs (C3Hs (C3Hs (CsHg
30.0%) 36.4%) 50.0%) 57.8%)
CH, (%) 89.78 100.00 0.0 38.15 22.26 27.25 14.77
CoHs (%) 7.48 0.00 0.0 0.00 0.00 0.00 0.00
CsHg (%) 2.02 0.00 100.0 30.00 36.40 50.00 57.80
CiHio (%) 0.70 0.00 0.0 0.00 0.00 0.00 0.00
COx (%) 0.00 0.00 0.0 26.25 34.07 1875 22.61
No (%) 0.02 0.00 0.0 4.90 6.36 3.50 422
O, (%) 0.00 0.00 0.0 0.70 091 0.50 0.60
HV (kcal/Nm’) | 1052856 | 9618.84 | 23826.96 | 1079342 | 10821.47 | 14517.29 | 15192.68
4 061 0.56 1.53 113 1.27 1.24 1.36
WI (kcal/Nm®) | 13495.14 | 12898.90 | 1927267 | 1016948 | 9589.46 | 1302995 | 13036.64
(A/Fstor 10.36 9.56 23.89 10.79 10.79 1453 15.20
(A/WF)stor 13.24 12.82 19.33 10.17 9.56 13.04 13.04
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