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ABSTRACT

A relation between the particle size and excess air flow rate for packed bed combustion of
biomass has been the objective of this research project. Particles of square cubes of
different dimensions and different air flow rates have been used in a 40cmx40cmx80cm
combustion chamber to determine the above mentioned relation. The combustion rate has
been determined by measuring the rate of combustion of the packed bed. A probe was
utilized to measure the flue gas temperature at the exit. A mathematical model is

developed relating these parameters.
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INTRODUCTION

The most conventional method
converting the chemical energy of
biomass into thermal energy is packed
bed combustion. Although there are two
main types of packed bed combustion,
namely; grate furnaces and underfeed
stokers, in our study we have used a grate
furnace, since it is most suitable for small
scale batch combustion. Here, fairly large
particles of solid remaining at rest are
combusted and air is supplied from
beneath. Packed bed combustion is
simple to operate and minimum fuel
preparation is required.

METHODOLOGY

e A proximate analysis was done prior
to combustion to determine the
properties of the wood that is being
used. This allowed the determination
of moisture content, volatile matter
content, ash content, and fixed-

carbon content of wood.

e The combustion of the wood
particles was done in batches and
required readings were taken at
regular time intervals.

e The parameters measured were rate
of combustion, temperature of the
flue gas and the composition of flue
gas for combustion of a particular
wood particle at a particular air flow
rate.

e The measuring of the parameters
was done as follows.

Rate of combustion — The furnace was
suspended from a digital weight scale.
With 4 rings attached to each side plate
of the furnace was hooked and chains
were used to suspend the furnace from
the digital weight scale. A pulley was
attached to the weight scale to hoist and
descend the furnace.
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The weight of the furnace was size
measured at regular time
intervals and the rate of

combustion was determined by
the readings.
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RESULTS AND DISCUSSION

By conducting the experiments for above /
combinations of particle sizes and air

flow rates following steady state
combustion rates and flue gas exit
temperatures were obtained. Surface

plots generated using MATLAB, for
these parameters are as below.
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Here, steady state combustion rates were
determined by considering the trend line
of the linear sections of each weight loss
curve obtained by experiment and flue
gas temperature is the average
temperature observed during 20-30
minutes upon combustion initiation in
each run.

These surface plots indicate a qualitative
relationship for these parameters against
the manipulated variables.

CONCLUSION

Steady state combustion rates achieved
for each particle size increase with the
increase of air flow rates but the rate of
this combustion rate increment, shows an
increase at first and then decreases
beyond a particular optimum air flow
rate. Flue gas exit temperatures indicates
a trend of increasing values followed by
a decrease with increase of air flow rates
for each particle size. Maximum
temperature of flue gas observed for each
particle size is experienced at an air flow
rate lesser than the level at which greatest
combustion rate occurs.

REFERENCES

Mahmoudi, A. H., Hoffmann, F., Peters,
B., & Besseron, X. (2016).

Numerical study of the influence of
particle size and packing on
pyrolysis products using
XDEM. International
Communications in Heat and Mass
Transfer,71, 20-34.

Porteiro, J., Patifo, D., Moran, J.,, &
Granada, E. (2010). Study of a
Fixed-Bed Biomass Combustor:
Influential Parameters on Ignition
Front Propagation Using
Parametric Analysis. Energy &
Fuels,24(7), 3890-3897.
d0i:10.1021/ef100422y

Hallet W. (n.d.). Packed Bed
Combustion: An Overview. Retrieved
from
by.genie.uottawa.ca/~hallett/cicsO5plena
ry.pdf.

Yang, Y.B,C.R, A.K,V.N, &J.S.
(2006). Fuel size effect on
pinewood combustion in a packed
bed. Fuel and Energy
Abstracts,47(3), 187.
d0i:10.1016/s0140-
6701(06)81251-8

Yang, Y., Sharifi, V., & Swithenbank, J.
(2004). Effect of air flow rate and fuel
moisture on the burning behaviours of
biomass and simulated municipal solid
wastes in packed beds. Fuel, 83(11-12),
1553-1562. doi:
10.1016/j.fuel.2004.01.016

61



