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Dwindling energy resources and strong demand for better power sources as compared
to conventional batteries have sparked research interest in micro power generation. The
invention of state-of-the-art electronic devices requires more energy capacity, shorter
charging period and light in weight, characteristics of which batteries lack. Meso and micro
combustors can be considered as the most important component in micro power generation.
However, stabilizing flame inside a micro combustor poses a great challenge to researchers.
This difficulty is mainly related to the substantial heat loss ratio to the heat input due to the
large surface area to volume ratio. Thus, it is essential to fully understand the underlying
factors that affect the flame stabilization in meso and micro-scale combustors.

This research focuses mainly on determining factors that affect the flame stabilization
in meso-scale cylindrical tube combustors with stainless steel wire mesh. There are three
main stages involved in this research. At the first stage, the effect of pre-heating of the
unburned gas on the flame stabilization is examined. For this purpose, experiments were
perﬁ;rmed. Cylindrical quartz tubes with inner diameter of 3.5 mm and 0.7 mm thick were
used as the combustor. The lengths of unburned gas (L.) and burned gas region (L) were set
to be one of the experimental variables. A part of the tube was heated by an external source
to simulate the heat recirculation from the burned gas to the unburned gas. The flame
stabilization limits were obtained and the wall temperature at the unburned gas area was also

measured using a thermography camera. Flame stabilization limits in this case is defined as



limits in which the flame stabilizes near the wire mesh of the tube combustor. Beyond these
limits, two phenomena exist, namely blowout and extinction. Blowout occurs when the flame
propagates towards the tube end with an increase of the cross-sectional flow velocity (U).
Meanwhile, extinction is a condition where the flame ceases to exist with the decrease of U.

In the second stage of the research, the effect of combustor wall thermal conductivity
(k) on the flame stabilization limits was numerically and experimentally examined. An
axisymmetric two-dimensional (2-D) steady-state numerical simulation of propane-air
combustion in meso-scale cylindrical tube combustors with concentric rings was performed.
In the numerical model, the inner diameter of the tube is set to 3.5 mm and the wall thickness
is specified to 0.7 mm. The concentric rings are placed between the unburned and burned
gas region. These rings act as a flame holder where a stable flame can be easily established.
The wall thermal conductivity in the unburned (4.) and burned gas region (%) is varied from
1 W/m/K to 1000 W/m/K. Meanwhile, experiments with tube combustors that are made of

different materials were also performed.

The third stage of research involves the investigation of the effect of exhaust gas
recirculation on the flame stabilization. Combustors made of different materials were
experimentally inserted into a quartz glass tube and the flame stabilization limits were
established. A three-dimensional (3-D) numerical model was developed to investigate vital
factors that might affect the experimental results. The 3-D model can accommodate heat
transfer between the combustor inner wall and the wire mesh. Example of these factors are
the temperature of wire mesh, combustor inner wall and unburned gas. The effective role of
wire mesh in enbancing flame blowout limits was also demonstrated by using the developed
numerical model. The results from experiments and numerical simulations are utilized to
propose a combustor that can be used for both gaseous and liquid fuels. The main conclusions

are as follow:
1. The blowout limits of a meso-scale cylindrical quartz tube combustor in both lean
and rich regions can be enhanced by increasing the ambient air temperature.
However, there is no significant change of extinction limits.

2. The length of unburned gas region Ly plays a significant role in improving the
flame stabilization limits. Shorter length of L, results in a better flame
stabilization limits while the length of burned gas region Ls has no notable effect
on these limits.

3. The use of higher wall thermal conductivity (k) in the burned gas region improves
the blowout limits. However, the utilization of materials with wall thermal



conductivity higher than 400 W/m/K has no positive effect on the flame
stabilization limits.

When the wall thermal conductivity in the burned gas region is elevated, the inner
wall temperature near the concentric rings in the 2-D simulation or the wire mesh
temperature in the 3-D simulation are also increased. Consequently, the local
burning velocity at the flame attachment region is also escalated.

The use of higher wall thermal conductivity in the unburned gas region leads to
the reduction of blowout limits. This reduction is due to the decrease of the inner
wall temperature in the area just before the rings in the 2-D simulation or the wire
mesh temperature in the 3-D simulation .

The stainless steel wire mesh has a significant role in enhancing the flame
blowout limits. However, at a relatively low flow velocities, the close position
between the flame and wire mesh causes numerous heat losses to the ambient that
eventually causes the flame to extinct.

The experimental results show that the utilization of heat recirculation from the
exhaust gas can only significantly enhance the flame stabilization limits of quartz
tube combustor. No notable improvement on the limits is seen for the brass tube
combustor, in which the heat recirculation through the tube combustor wall and

the wire mesh plays more important role in the flame stabilization.
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