
• Results and Discussion

• Conclusion
o Having a similar trend as EICO2, the CCE was essentially 100% for the unassisted case (MFR=0)

and remained at this value up to MFR=0.74.
o Steam addition was to monotonically reduce the flame luminosity (flames turned redder) and

EIBC by orders of magnitude.
o By increasing the MFR, the count mean diameter of produced BC particles was decreased and,

likewise, the mass mean diameter. Similarly, increasing the MFR remarkably reduced the
number concentration and mass concentration of BC, which agreed with the data collected from
the gravimetric analysis using PTFE filters.

o The EINOx dropped when steam was added, as it acted like a heat sink, consistent with the thermal
NOx mechanism.

• Abstract
Flaring: Burning waste or unwanted flammable gases in an atmospheric diffusion flame in the oil 

and gas industry.
Assisted flare: Introducing a separate assisting fluid, such as air or steam, near the base of the flame.

This study aims to investigate the effects of low flow rates of assisting fluid, i.e. steam, on the 
suppression of emissions, such as black carbon, oxides of nitrogen, and carbon dioxide.

• Methodology
o Co-flow turbulent diffusion flame

o Fuel: Propane (20 SLPM = 36.6 g/min with purity of 99.5% and LHV of 84.9 MJ/m3)

o Assisting fluid: Steam (ranging from 0 to 27 g/min and superheated)

o Equations for carbon conversion efficiency (CCE) and emission indices (EI) [1]:

𝐶𝐶𝐶𝐶𝐶𝐶[%] = CO2
mass of carbon in fuel stream

× 100 𝐶𝐶𝐸𝐸𝑗𝑗 = �̇�𝑚𝑗𝑗,produced
�̇�𝑚FG

Where, 𝐶𝐶𝐸𝐸𝑗𝑗 is grams of species j emitted per kilogram of fuel supplied.

o Equation for the effective density of black carbon particles [2] to relate the number distribution
to mass distribution:

ρeff = 510
kg
m3

𝑑𝑑m
100 nm

−0.52

Where, 𝑑𝑑m is the particle mobility diameter.
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o Completeness of combustion in flares
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