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Motivation

A redox cycle involving iron as a fuel is a promising strategy for storing and transporting energy from renewable sources. During the oxidation of micron sized iron particles,
the metal and its oxides stays mostly solid or liquid, while heterogeneous combustion on the particles occurs. The flame propagation through an iron-air suspension behaves
therefore differently compared to common solid fuel types. Within this work we conduct carrier-phase Direct Numerical Simulations (CP-DNS) of propagating flames through
initially homogeneously distributed iron particles, and suggest a way to evaluate the flame velocity based on particle quantities.
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CP-DNS approach Simulation setup
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m Particle feedback on fluid phase is implemented through non-uniform FFT Initial fluid p_?rameters 2
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Iron particles [3] D20 = = .
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plateaus, radiation losses Flul m Initially homogeneously distributed |
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Planar flame propagation Calculating a heterogeneous flame front velocity
= 0.2 ms = 5.0 ms = 12.0 ms .
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times, shifting the box center by Lgox/Nshitt = L/(NeoxNshit) @along each direction
m At t = 0.2ms, the particle heating is complete, leaving behind a slice of hot
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Fig.3: Mean fluid and particle properties at t = 7.8 ms (¢1) / t = 8.2ms ({2) over xz-component. Even though the initial heating experimenta| work [4] =
differs, the resulting flame fronts look similar. Only the upper part x3 > 0 of the domain is shown. _ . o
m Calculation will be used for =0+
m Fluid quantities are averaged to obtain 1D profiles of temperature, oxygen m Larger domains . > t[mls(; 1
concentration, and velocity across the flame front, as shown in Fig. 3. - Flatme .prf[)piglatlon thIEI?'ngh homogeneous S Noow =8 —— Npo— 12
m Variations in initial heating do not lead to significant deviations at later times. \ isotropic turbulence (HIT) J
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ow can an iron particle flame velocity be calculated Conclusion
when both the particle and gas phase are moving? | |
m We present a setup with a planar iron = We propose a procedure to calculate
particle combustion front the flame propagation based on
m The shape of the initial heating does particle quantities
not influence combustion at later m First results show flame velocities
times, as long as the flame comparable but larger than other
\_ ) < propagation is initiated works y
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