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= Model-aided Understanding of Combustion Waves in
Microgravity Smoldering Combustion
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Microgravity smoldering combustion

Smoldering combustion describes a flameless mode of burning with a low
temperature and flow rate in nearly zero-gravity (absence of natural
convection) environments such as spacecraft, narrow gaps between
materials, etc. It involves the emission of toxic gases. There are basically
two modes of propagation- upstream and downstream propagation.
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In upstream regime, the reaction front propagates opposite
to the oxygen supply. In the downstream regime, the
reaction front propagate in the same direction as the
oxidizer flow.

Distinct patterns of smolder waves in a narrow gap experiment. The
patterns are controlled by oxidizer velocity. Propagation is from bottom
to top and oxidizer supply from top (upstream propagation).

(a) Planar waves; (b)-{c) cellular pattern; (d) fingering pattern with tip-
splitting; (e) fingering pattern without tip-splitting.

The images are courtesy of Zik & Moses, 1999 [3]

Rekindling in combustion

A major fire safety issue in smoldering is the rekindling of smolder waves,
which refers to the reigniting of the solid fuel left behind by upstream
smolder propagation to initiate further burning of the fuel through a
downstream smolder propagation. The combustion scenario is more
dangerous in microgravity environments.

How can we understand rekindling in smoldering combustion?

Model-aided understanding

We investigate the rekindling phenomena in microgravity through a three-
component RD-system proposed in [1]. Our goal is to predict the
coexistence of upstream and downstream smolder waves from traveling
waves approach of our model.

e = Ledsu 4 oA Peug + 3y f(un, v, w) — alu — k),
oy = Aw + oPeve = [ (u, v,w),

wy = =Hp flu, o,uw),

)= Jrwesp(—t/u) izt o e, Huzet
f{u.l..r]_{u‘ e 'I‘“bh"'}_{tl. e e

The model is considered by suitable boundary and initial conditions

Traveling wave solutions

— z =T —ct
—cu' = Leu” + pAPeu’ + By f(u,v,w) — alu — i),
—egv' = v + gPev’ — yf(u,v,w),
—ew' = —Hyyf(u,v,w),

u: temperature, v: oxidizer, w: solid fuel

-0 <z <,

Existence of upstream & downstream traveling waves

close-up
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Phase diagram of smoldering combustion model in 1D. (No reflection)

Pe: Peclet number. vO: initial oxidizer concentration
@ Nocombustionwaves @ Upstream waves @ Upstream & Downstream waves
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Global structures of traveling wave solutions for fixed vO
(Left) upstream waves; (right) downstream waves. We us ourth
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waves are unstable. The existence of downstream
occurs or not.
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Starting with‘a’perturbed TW solution with a sl‘oi/v velocity, the 1D PDE simulations of our
model show (a) Propagation of wave profile of u (b) fading out of the profile of u.

We conclude that the slow TW serves as a separator between propagation and fading out
of combustion.

Numerical results of stream waves

Reflected lateral motion downstream spot

Reflected vertical motion traveling spot
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[1] E. R. Ijioma, H. Izuhara, M. Mimura, and T. Ogawa. Homogenization and fingering
instability of a microgravity smoldering combustion problem with radiative heat
transfer. Combustion and Flame, 162(10):4046 - 4062, 2015.

[2] A. Fasano, M. Mimura and M. Primicerio, Modeling a slow smoldering combustion
process, Math. Meth. Appl. Sci., 2009.

[3] 0. Zik and E. Moses, Fingering instability in combustion, The Amer. Phy. Soc., 1999
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The Research Poster was made by

Ekeoma Rowland ljioma (MIMS Post-doctoral fellow)
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