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a b s t r a c t

This experimental study examined a low-emission steam boiler in which the filtration combustion tech-
nology was employed. This new boiler concept is consisted of a reciprocal flow porous burner, in which a
combustion wave propagates along the reactor length. The boiler’s burner is filled up by an inert porous
material, which leads to a stable burning of ultra-lean fuel/air mixtures, operating below flammability lim-
its of conventional burners. In reciprocal filtration combustion, the reaction zone travels back and forth
along the length of the burner, maintaining a typical trapezoidal temperature distribution favorable to
the energy extraction. Embedding heat exchangers into the ends of the porous bed results in an alternative
low-emission high-efficiency boiler. The heat re-circulation inside the porous matrix and the low degree of
thermal non-equilibrium between the gas and the solid phases result in ultra-low levels of CO and NOx.
Over an equivalence ratio range from 0.20 to 1.0 and a gas flow velocity range from 0.2 to 0.6 m/s, burning
the technical methane, the developed prototype has reached efficiencies superior to 90% and NOx and CO
emission levels lower than 1.0 and 0.5 ppm, respectively.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Porous media combustion, known as filtration combustion, has
been employed in a wide range of engineering applications, e.g.
from industrial processes to the oxidation of waste gases to reduce
their negative impacts on the environment [15,20]. However,
applications for water heating systems and thermoelectric power
generation [10,17] suggest promising alternatives to exploit hydro-
carbon fuels, resulting extremely low consumption and emissions.

A number of research projects have developed strategies to ex-
tract energy from filtration combustion [2–6,8,14,21], showing
that the heat transfer process in the porous bed is highly efficient.
The use of a high-conductivity high-specific heat solid phase ex-
ploits porous combustion in surface combustor–heaters, in which
the porous matrix is capable of retaining the heat produced by
the reaction and transferring it to a cooler body (e.g., heat exchan-
ger). In an indirect way, this significantly enhances the efficiency of
the heat extraction from the combustion zone.

The combustion of premixed air–fuel mixtures in porous media
is an internally self-organized process of heat recuperation, which
differs significantly from homogeneous flames. This difference can
be attributed to two main factors: the large area of surface of the
porous media results in efficient heat transfer between the gas
and the solid; and the intense mixing of the gas flowing in the por-

ous media increases effective diffusion and heat transfer in the gas
phase [4,11,24].

Filtration combustion in boiler and heater burners significantly
extends its flammability limits to the region of ultra-low heat con-
tent mixtures with an excellent stability that is impossible in con-
ventional burners [7]. Strong interstitial heat transfer leads to low
degrees of thermal non-equilibrium between the gas and solid
phases, allowing the thermal wave to be coupled with the combus-
tion wave. This is characterized as the low-velocity regime, as de-
fined by Babkin [1]. Upstream wave propagation, countercurrent to
the gas flow, or the downstream propagation depends on the
equivalence ratio (U) and the gas flow velocity (vgf) employed in
the reaction. It defines respectively the subadiabatic and superad-
iabatic operation regimes [2,9,16].

The technique of utilizing filtration combustion with gas recip-
rocating flow has favored the development of simple reactor de-
signs that exploit a typical trapezoidal temperature profile
centralized in the burner, operating in the superadiabatic regime
for ultra-lean mixtures. Employing reciprocal flow filtration com-
bustion, two reaction zones travel away from each other, towards
the reactor ends, and this leads to an intense heat transfer in the
vicinity of heat exchangers. These features result in low character-
istic operation temperatures (less than 1600 K) that produce ultra-
low nitrogen oxides (NOx) and carbon monoxide (CO) emissions
[5,6].

Then, this research work aims to report a concluding experi-
mental investigation about a new porous burner boiler concept
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