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Effects of Size on the Performance of Heat-Recirculating Swiss-roll Combustors
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ABSTRACT

Extinction limits and combustion temperatures in heat-recirculating excess enthalpy
reactors employing both gas-phase and catalytic reaction have been examined
previously, with and emphasis Reynolds number (Re) effects and possible application
to microscale combustion devices. However, Re is not the only parameter needed to
characterize reactor operation. In particular, the use of a fixed reactor size implies
that residence time and Re cannot be adjusted independently. To remedy this
situation, in this work geometrically similar reactors of different physical sizes were
tested with the aim of independently determining the effects of Re and Da. It is
found that the difference between catalytic and non-catalytic combustion limits
narrow as scale decreases. Moreover, to assess the importance of wall thermal
conductivity, reactors of varying wall thickness were studied. From these results the
effect of scale on microscale reactor performance and implications for practical
microcombustion devices are discussed.
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Table. 1 Material properties

Name Titanium-811
Base metal Ti
Al, V, Fe, Mo,
| Alloying metal |Sn, Zr, Mn, Ta,
1 Cr, Cu, Ni
Condition Solid
Appearance Gray metallic
Melting poing | 1560~ 1840 C

Full size reactor Half size reactor

48 cm

Inlet Exhaust

Inlet Exhaust o.5cm

Figure 1. Schematic diagrams of Swiss roll reactors.
Left: full-scale reactor; right: half-scale reactor.
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Figure 2. Fabricated configuration of the half scale
Swiss roll reactor
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Figure 3. Schematic of experimental apparatus
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Figure 4. Extinction limit map for catalytic and
gas-phase combustion in the full-scale and half-scale
titanium Swiss roll reactors with propane fuel (wall
thicknesses are 0.5 mm and 0.25 mm for the full-scale
and half-scale reactors, respectively.)
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Figure 5. Maximum temperature at the lean extinction
limits for gas-phase and ecatalytic combustion, for
full-scale and half-scale reactors.
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Figure 6. Temperature profiles over a range of mixture
compositions for gas-phase combustion at Re = 95 for
the half-scale reactor.
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Figure 8. Temperature profiles over 2 range of mixture
compositions for catalytic combustion at Re = 26 for
the half-scale reactor.
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