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Figure 1: Two (a) and three-dimensional (b) view of Swiss-roll micro combustion chamber with relating
dimensions. Wall thickness is 0.4 mm everywhere.
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Figure 2: Diagram of solver validation within microtube's dimensions (a) and grid study (b)
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Figure 3: Contours of OH mass fraction variations with inlet velocity at ¢ = 0.6 and k =12W /m. K. Contours are plotted
on the plane located at height of 1.3 mm (middle plane of the micro combustion chamber).
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Figure 4: Diagrams of temperature variations along the inlet and outlet paths at ¢ = 0.6 and k =12W/m.K.
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Figure 5- Contours of the OH species mass fraction variations with equivalence ratio at inlet velocity of 9m/s and wall
thermal conductivity of 12W /m. K. Contours are plotted on the plane located at height of 1.3 mm (middle plane of the micro
combustion chamber).
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Figure 6: Diagrams of temperature variations along the inlet and outlet paths with equivalence ratio at U;,,;,, = 9 m/s and
k=12W/m.K.
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Figure 7: Contours of the OH species mass fraction variations and diagrams of temperature variations along
the inlet and outlet paths with wall thermal conductivity at U;,;o, = 9m/sand ¢ = 0.6
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Figure 8: Diagram of changes in average temperature (a), uniformity index and deviation (b), total efficiency (c), and ratio of
heat release rate and thermal radiation (d) with inlet velocity at ¢ = 0.6 and k =12W/m.K
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Figure 9- Diagram of changes in average temperature (a), uniformity index and deviation (b), total efficiency (c), and ratio of
heat release rate and thermal radiation (d) equivalence ratio at U;,;., = 9 m/s and k =12W/m.K
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Figure 10: Variations of average outer wall temperature, index of uniformity (a), deviation, and total efficiency (b) with
wall thermal conductivity at U;,;,, = 9m/s and ¢ = 0.6
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Thermal Performance Analysis of a Swiss-roll Micro Combustion
Chamber for Micro Thermophotovoltaic Applications
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In the present study, the combustion of hydrogen-air premixed mixture in a circular cross-section Swiss-roll
micro combustion chamber, designed as a heat source for micro thermophotovoltaic systems, has been
investigated. The governing equations were solved using a three-dimensional steady state CFD method,
considering detailed chemical kinetics and conjugate heat transfer. The parameters examined in this study
include the average inlet velocity, equivalence ratio, and wall thermal conductivity. The thermal performance
of the combustion chamber was evaluated by calculating the temperature of the inlet and outlet paths, wall
temperature uniformity index, and efficiency. Results indicated that increasing the average inlet velocity leads
to a deviation from the optimal heat exchange between the inlet and outlet paths and affects the wall
temperature distribution. Although the average temperature of the outer wall increases with inlet velocity, the
temperature distribution becomes more non-uniform. This increase in the non-uniformity reduces efficiency
with higher inlet velocities. The study on the effect of the equivalence ratio showed that increasing it
optimizes heat exchange between the inlet and outlet paths and enhances system efficiency. The impact of
increasing the wall thermal conductivity up to 12W/m.K was analyzed, showing a positive influence on all
parameters related to the thermal performance of the combustion chamber and efficiency. The maximum total
efficiency was calculated to be 10.18%, demonstrating that Swiss-roll micro combustion chambers can
compete with other micro combustor geometries for use in micro thermophotovoltaic systems.

Keywords: Combustion, Hydrogen, Swiss-roll micro combustor, Micro thermophotovoltaic, Efficiency
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