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Simulation on NH3/CH4/CH30H Porous Media Combustion
LI Liang, ZHANG Ruifang, ZHANG Yang, ZHANG Hai
(State Key Laboratory for Thermal Science and Power Engineering (Tsinghua University), Department of Energy

and Power Engineering, Tsinghua University, Beijing)

ABSTRACT: As a carbon-free fuel, ammonia (NH3) is
considered as an alternative fuel for thermal power generation to
reduce carbon emission. Previous experimental studies showed
that porous media combustion, a technology that has been
proved to be effective to enhance the combustion intensity and
stability for low caloric fuels, can be applied to NH3 co-firing
with more reactive fuel. However, the modelling study with
careful consideration of heat transfer and chemical reaction is
lacked. Based on the characteristic of high thermal conductivity
of porous media, a one-dimensional model was established to
simulate the combustion characteristics of NH3 blended with
methane (CHs4) and methanol (CH3OH) in porous media. The
results showed that the porous media had different effects on the
two co-fired fuels. For CH4/NHs fuel, the porous media
significantly increased the burning rate and reduce the NH3
residue in the fuel-rich condition. For CH3OH/NH3 fuel,
however, the effect of increasing burning rate and reducing NH3
residue was insignificant. For both co-fired fuels, the porous
media combustion increased NOx emission in a similar extent,
while using air stage combustion significantly reduced NOx

emission.

KEY WORDS : Porous media; Ammonia combustion;

Numerical simulation; Burning rate; NOx emission
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As a carbon-free fuel, ammonia is considered as an
alternative fuel for thermal power generation to reduce
carbon emissions. Porous media combustion is proved as
a technology that can improve the burning rate and
stability for low caloric fuels. Previous experimental
results also showed that it can improve the combustion
intensity and stability for ammonia co-firing with more
reactive fuel, but the modelling study with careful
consideration of heat transfer and chemical kinetics is
lacked.

Based on the characteristic of high thermal conductivity of
porous media, a one-dimensional model was established to
simulate the combustion characteristics of NH3 blended with

methane (CHs) and methanol (CH3;OH) in porous media. In

order to improve the accuracy of the gas-phase chemical
reaction calculation, the model used the volumetric
averaging simplification method to simplify the gas-solid
two-phase heat exchange process from three-dimension
into one dimension. The gas-solid two-phase heat
exchange process was divided into solid thermal
conduction, gas-solid convection, solid radiation, gas-
solid radiation and wall radiation heat dissipation,
calculated based on appropriate physical models and
parameters. This proposed model was able to predict the
the
performance for a variety of fuels burning in porous media.

combustion states and evaluate combustion

The schematic diagram is shown in Fig. 1.

Fig. 1 Computational model systems for combustion in porous media

The combustion characteristics of NH; blended with
CH4 and CH30H were calculated by the model. The
results showed that the porous media had different effects
on the two co-fired fuels. For CH4+/NH; fuel, the porous
media significantly increased the burning rate and reduce
the NH; residue in the fuel-rich condition. For
CH;3;0H/NH; fuel, the effect of increasing burning rate and

S3

reducing NHj3 residue was insignificant. For both kinds of
mixed fuels, the porous media combustion increased NOx
emission in a similar extent, while using air stage
combustion significantly reduced NOx emission.



