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Abstract. The experimental study of downdraft gasification was performed in this paper. The operation
which led to the formation of the second combustion front was pointed out. In this situation, both
combustion fronts will lose their intensity and finally be extinguished. The operation was unintentionally
stopped. It was revealed that the combustion front propagated upward in the reactor after starting the test.
While it was about to reach the air inlet nozzle, the second combustion front was detected by an abrupt
temperature rise of the thermocouple above the air supply nozzle. After the formation of the second
combustion front, both fronts started to lose their intensity which indicated by the decrease in temperature
corresponding with their locations. It was possible that the second combustion front would dilute the oxygen
concentration supplied to the first combustion front. The decreasing temperature of the first combustion
front reduced the heat transfer rate to the second combustion front. Finally, both combustion fronts were
extinguished. The operation was unintentionally stopped.
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1 Introduction

Solid fuel combustion is a highly complex process.
Beginning with the pyrolysis process, the fresh fuel
undergoes thermal decomposition which releases the
combustible gas and condensable heavy hydrocarbon.
Then, the released gas is reacted with air to produce
thermal energy. The continuous combustion process can
be sustained by utilizing a portion of the produced
thermal energy back to supply the pyrolysis process of
the remaining fresh fuel. After releasing all volatile gas,
the surface heterogeneous combustion is continued on
the left-over fixed carbon (char). Finally, the fixed-
carbon is then consumed leaving the non-combustible
ash as the residual.

Gasification is considered a more efficient means
of solid fuel combustion compared with direct
combustion. It has more capability to improve producer
gas heating value before reacting with air. In
gasification, the pyrolysis gas undergoes a shift reaction
within the reduction layer. The combustible CO was
increased by the consumption of non-combustible CO,.
Heavy hydrocarbons (tar) are also converted to lighter
gas molecules in the reduction layer. These resulted in
the increase of synthesis gas heating value.

The combustion front propagation in fixed bed
gasification was studied by many researchers [1] [2]. In
downdraft gasification, the propagation was explained
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by diffusion transport of heat from the reaction front and
the generated pyrolysis gas in counter direction with the
supply air. Therefore, the reaction front moves upward at
a finite speed. The speed of the moving front depends on
the rate of heat transfer from the combustion front and
the rate of combustible pyrolysis gases accumulation
above the combustion front. When the air-fuel mixture
and the temperature is falling within the flammability
range. The mixture will auto-ignite with the incoming
oxygen resulting in the combustion front moving
upward. The front propagation will never happen in a
downward direction for downdraft configuration because
there is no oxygen left below the front. The propagation
speed depends on many factors, for example, the fuel
type and size, air mass flow rate, the fuel moisture
composition [3].

The homogeneous combustion front of fixed bed
gasification is identical to the 1D gas-phase lamina flame
except that the reaction front occurs inside the pore
space of the stacked fuel bed. These reaction fronts are
very thin. It has a length in the order of 1 mm. The heat
transfer around the combustion front inside the fuel bed
is governed by radiation and convection of hot
combusted mixture to the fuel particle surface that makes
up the pore space. The heat conduction among stacked
fuel particles has little effect compared to other heat
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transfer modes due to the high contact conduction
resistance between stacked particles and the high thermal
resistance of the wooden biomass [4]. It was found that
the temperature profile along the height of the fuel bed
has a milder gradient and spreads over a longer distance
around the combustion front compared to the
conventional gas-fueled combustion front. The
temperature profile and heat transfer mechanism are
identical to the combustion in the inert porous media
which was illustrated by [5].

In this paper, the experimental study of downdraft
gasification has been performed. The operation which
led to the formation of the second combustion front was
pointed out. This allows operators to understand the
insight of the events.

2 Experimental procedure

A cylindrical shape Imbert type gasification reactor was
used in this test [6]. It is made of steel with an inner
diameter of 75 mm and 500 mm height as shown in
figure 1. The door was attached along with the height of
the reactor which allowed the operators to investigate the
fuel evolution in different layers after finishing the test
as shown in figure 2. The reactor was well insulated
during the test. The three inlet supply air nozzles were
installed at 230 mm from the bottom where the fuel grate
was located. Type-K thermocouples were installed to
measure temperature distribution along with the reactor
height. The supply air mass flow rate was measured by
an air rotameter. The reading temperature was recorded
by the MW-100 data logger. Testo 350 flue gas analyzer
was used to measure Oy, CO, and CO; gas composition.
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Fig. 1. Schematic diagram for downdraft gasification.

The 250 g of rice husk was filled in the reactor
which corresponded to the 450 mm height of the fuel
bed. The feedstock property is shown in table 1. Air was
introduced to the reactor at the desired flow rate by three
nozzles. The flow rate was regulated by a ball valve to
satisfy each of the test conditions in table 2. Then, the
portable butane burner was put in the ignite port. The
reading T was monitored until the reading T, raised to
100 C. After that, the ignition port was closed. The
temperature and gas composition were started recorded

for every 2 minutes interval until the test was finished.
Finally, the recorded data were interpreted as a series of
events.

Table 1. Proximate and Ultimate Analyses of Rice Husk.
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Fig. 2. Configuration of the packed bed reactor used for
downdraft gasification.

Table 2. Experimental condition.

Air flow rate (I/min)

Air mass flux (kg/m>-h)

15 255
20 340
30 680

3 Result and discussion

For all cases, the measured temperature showed that the
combustion front propagated upward to the top of the
reactor as the peak temperature continually moved
upward during the test. This was in agreement with other
research papers on downdraft front propagation [1] [7]
[8]. The increasing peak temperature along the testing
period (Fig 4a, 4b, and 4c) reflected the increase in
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combustion intensity. For air mass flux 340 and 680
kg/m?-h, the CO was increased with the increasing time
but the CO, was decreased along with the increasing
time (Fig 3b and 3c). This could be explained by the
intensification of the shift reaction that occurred just
below the combustion front. The evidence of the shift
reaction was pronounced in the case with the higher air
mass flux because the higher combustion gas
temperature boosted the shift reaction and tars cracking
below the reaction front. There were researchers who
mention the direct relation between peak combustion
temperature at the reaction front and CO concentration in
producer gas [8] [9].

For all cases of the input air mass flux, when the
combustion front was about to reach the supply air
nozzle location, the second combustion front was formed
above the air supply nozzle (Ts location). The forming of
the second combustion front could be detected by the
raising of the measured T as shown in the figure 4a, 4b,
and 4c. This could be described by many possible
incidents that led to the presence of oxygen, combustible
gas (pyrolysis gas) and temperature that allowed the
ignition to be taking place at that location. The first
incident that led to the presence of oxygen above the air
supply nozzle is the high dispersion of the flow inside
the cavity of the porous media [10]. The flow inside
porous media is identical to the flow inside the pore
space of the stacked fuel bed. Air was injected into the
reactor by the supply nozzle. The high dispersion flow
allows the inlet air to transport over a wide area of the
inlet location. Some portion of the inlet air is transported
to the area above the inlet nozzle resulting in a high
concentration of oxygen. The second and third incidents
that led to the presence of the combustible gas (pyrolysis
gas) and high temperature above the air inlet nozzle is
the diffusion transport of pyrolysis gas and heat energy
that produced from the first combustion front. Which at
that time, propagated to the location just below the inlet
air nozzle. The second reaction front is the updraft
configuration since it consumes oxygen that disperses
upward from the air nozzle.

After the ignition of the second combustion front,
both fronts started to lose their intensity which indicated
by the decreasing in temperature corresponding with
their locations. It was possible that the second
combustion front released non-combustible gas and
consumed some portion of the supplied oxygen. Which
results in the dilution of the oxygen that flowed down to
supply the first combustion front. The falling
temperature of the first combustion front resulted in
decreased heat transfer rate to the second combustion
front. Therefore, the second combustion front was
extinguished without enough heat supply. Finally, both
combustion fronts were extinguished. The operation was
unintentionally stopped.
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Fig. 3. Gas composition at the different time.
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Fig. 4. Temperature profile inside the reactor at the different
time.

After the flame extinguished, the reactor was left
until it cooled down to a temperature below 50 °C. The
attached door was opened to investigate the fuel
evolution in different layers as shown in tablrure 5. The
black char residual above the air inlet nozzle proved that
the pyrolysis combustion has occurred by consuming the
dispersed air above the air nozzle.
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Fig. 5. Residual investigation by opening the attached door.

4 Conclusion

The experimental study of downdraft gasification was
performed in this paper. The operation which led to the
formation of the second combustion front was pointed
out. In this situation, both combustion fronts will lose
their intensity and finally be extinguished. Air was
injected by nozzles at the throat area of the stacked fuel
bed. In the beginning, the combustion front was ignited
underneath the reactor. After that, the combustion front
propagated upward in the reactor during the test. While it
was about to reach the air inlet nozzle, the second
combustion front was detected by an abrupt temperature
rise of the thermocouple above the air supply nozzle.
After the formation of the second combustion front, both
fronts started to lose their intensity indicated by the
decrease in temperature corresponding with their
locations. It was possible that the second combustion
front would dilute the oxygen concentration supplied to
the first combustion front. The decreasing temperature of
the first combustion front reduced the heat transfer rate
to the second combustion front. Finally, both combustion
fronts were extinguished. The operation was
unintentionally stopped.
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