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Studies on Surface and Gas Reactions in a Catalytically Stabilized

Combustor

Yong-Seog Seo, Sang-Phil Yu, Nam-Jo Jeong, Seung-Jae Lee, Kwang-Sup Song and Sung-Kyu Kang

ABSTRACT

A numerical investigation of a catalytically stabilized thermal (CST) combustor was
conducted for a multi~channel catalyst bed, and both the catalyst bed and thermal
combustor were simultaneously modeled. The numerical model handled the coupling of
the surface and gas reaction in the catalyst bed as well as the gas reaction in the
thermal combustor. The behavior of the catalyst bed was investigated at a variety of
operating conditions, and location of the flame in the CST combustor was investigated
via an analysis of the distribution of CO concentration. Through parametric analyses of
the flame position, it was possible to derive a criterion to determine whether the flame
is present in the catalyst bed or the thermal combustor for a given inlet condition. The
results showed that the maximum inlel temperature at which the flame is located in the
thermal combustor increased with increasing inlet velocity.

Key Words @ Surface Reaction, Gas Reaction, Catalytically Stabilized Combustor,
Numerical Simulation.
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Catalyst Thermal (b)
Red Combustor

Fig. 1. Schematic of a CST combustor using
(a) monolithic ceramic honeycomb and ({b)
corrugated metal honeycomb. The CST
combustor is composed of a catalyst bed,
placed upstream, and a thermal combustor,
placed downstream.
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Fig. 2.

(a) Computational
numerical

domain for the
simulation of a CST combustor
with an axisymmetric two-dimensional system
and (b) its grid system.
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Fig. 3. Temperature profiles at each inlet velocity. For this calculation, the inlet temperature

and methane/air volume ratio were set at 450 oC and 3.08 %, respectively.

(a) wall

temperature at the catalytic surface and (b) mixture temperature at the channet center.
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Fig. 4. Predicted mass fraction of methane
at the channel center for various inlet
velocities. Inlet conditions for the calculation
were set at the same as those in Fig. 3.
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Fig. 7. Predicted mass fraction of methane at (a) the channel center and (b) the catalytic
surface for various inlet temperatures. Inlet conditions for the calculation were set at the same

as those in Fig. 6.
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Fig. 8. Temperature profiles at each fuel/air ratio. For this calculation, the inlet velocity and
inlet temperature were set at 200 mfs and 450 °C, respectively. (a) wall temperature at the
catalytic surface and (b) mixture temperature at the channe! center.
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Fig. 9. Predicted mass fraction of methane
surface for various inlet temperatures. Inlet
same as those in Fig. 8.
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in fuelair ratio.



273 _KOSCO SYMPOSIUM =33 295

Fig. 11. CO distributions in the catalyst bed
and thermal combustor at an inlet
temperature of (a) 400 °C, (b) 450 °C and

{c) 500 °C. Other inlet conditions for this
calculation were set at the same as those of
Fig. 10.
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calculation were set at the same as those in
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Fig. 13. CO profiles in the catalyst bed and
thermal combustor for various inlet velocities.
Other inlet conditions for this calculation
were set at 450 °C in inlet temperature and
3.08 % in fuel/air ratio.
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Fig. 14. CO profiles in the catalyst bed and
thermal combustor for various fuel/air ratios.
Other inlet conditions for this calculation were
set at 20.0 m/s in inlet velocity and 450 °C in
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Ay pre-exponential factor mm Eq. (7).
related with reaction order

A pre-exponential factor in Eqg. (12),
kmol/m®s

C molar concentration, kmol/m’

Dy diffusion coefficient of species i, m*/s

Dim diffusion coefficient of species | in
the mixture, m”/s

Das bulk diffusion coefficient, m%/s

Doy effective diffusion coefficient, m™/s

Dy Knudsen diffusion coefficient, m%/s

E internal energy, J/kg

E, activation energy in Eq. (7), J/kmol

e e

activation energy in Eq. (12), J/kmol
gravitational force, m/s”

enthalpy, J/kg

diffusion flux of species i, kg/m’s
thermal conductivity, W/mK

rate constant based on catalyst
surface area, kg/m’s

thickness of washcoat, m

mass fraction of species {

unit vector normal to catalyst surface
pressure, Pas

universal gas constant, 8.314 J/molK
gas reaction rate, kg/m’s

surface reaction rate, kg/m’s
temperature, K

i-directional velocity, m/s

molecular weight of species |,
kg/kmol

mole fraction of species [

Thiele modulus

effectiveness factor

viscosity, P

density. kg/m’

stress tensor

Kronecker symbol
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