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ABSTRACT In this study, an efficient one-dimensional model was developed for predicting microchannel steam/methane reformers
with thin washcoat catalyst layers with a focus on low-pressure reforming conditions suitable for distributed hydrogen production
systems for fuel cell applications. The governing equations for steam/methane mixture gas flowing through the microchannel reformer
were derived considering the species conservation with reforming reactions and energy conservation with external convective heat
supply. The reaction rates for the developed model were simply determined through the catalyst effectiveness factor correlations
instead of performing complicated calculations for the steam/methane reforming process occurring inside the washcoat catalyst
layers. The accuracy of the developed was verified by comparing the results obtained herein with those obtained by the detailed
computational fluid dynamics calculation for the same microchannel reformer.

Key words Hydrogen production(4=4~A§ A1), Steam/Methane reforming(5>27]/M| &t 7} 2), Microchannel reformer(m}o] = 2 3}
g 7§21 7)), One-Dimensional model(1x} &), Washcoat catalyst layer(2}A]| ZE 21l 3), Effectiveness factor
correlation(Z 1|58 = AFH4])
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Nomenclature D;; : binary diffusivity of i —j species pair, m”/s

D, ¢ - effectiveness diffusivity in the catalyst layer, m’/s + Knudsen diffusivity of species 7, m'/s

2

D, ; : effective diffusivity in the flow channel, m’/s
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K, ; :equilibrium constant for reaction j

K : adsorption coefficient of species ¢

K, : viscous flow permeability, m’

k.  :effective thermal conductivity, W/m-K
k; : reaction rate constant for reaction j

M, : molecular mass of species ¢, kg/kmol
M, oy, : nominal methane diffusion rate, mol/s
N, : molar flow rate of species ¢, mol/s

D; : partial pressure of species ¢, bar

D, : total pressure, bar

R, : reaction rate of reaction j, mol/s

R, : universal gas constant, 8.314 kJ/kmol-K
R nominal reaction rate of reaction j, mol/s
r; : reaction rate of reaction j, kmol/kgc.-h

SC  :steam-to-carbon (S/C) ratio

S, : source for species ¢, mol/s
T : temperature, °C

[ : washcoat layer thickness, m
t,,  :substrate layer thickness, m

x, : mole fraction of species ¢

Greek letters

P apparent catalyst density, kgcm/m3

ch : methane conversion

e :porosity
: effective Thiele modulus for reaction j
¢; :modified Thiele modulus for reaction j
n; - effectiveness factor for reaction j

T :tortuosity

Superscirpt/Subscript

0 :inlet value
co : washcoat surface value

¢ :cell value
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Fig. 1. Schematics of an exemplary microchannel steam/
methane reformer considered in this study: (a) physical
domain and (b) its discretized calculation grid
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2 Aol gt mpola® AdY A7) E2A
EA)S Table 1014 A3t} Table 1914 AAE AT
FE ZujZ0] AR7| ZojUE ) =2 355 kge/m*S Xu
and Froment(1989)[w]4 27k ol ALEY} =
T ofg] A7AE" o) X85t gk %ﬂé}m} £=0.5,
=4, 028 A3t E3F Table 20]4)= nfo] A& A

49 MA719 Asde AlASH. s/Crl= A7 IA|
Table 1. Physical properties for the reformer
Parameters Values
Reformer dimensions
Reformer length, L 0.1m
Channel half height, H, 0,75 mm
Washcoat layer thickness, . 50 um
Substrate layer thickness, t 0.2 mm
Washcoat layer properties
Catalyst density, p,,, 2,355 kgeae/m’
Porosity, ¢ 0.5
Tortuosity, ™ 4
Mean pore diameter, d, . 25 nm
Viscous permeability, X, 1x107% m?
Effective thermal conductivity, k,;; 1 W/m-K
Substrate layer properties
Thermal conductivity, k,, ‘ 20 W/m-K

Table 2. Operating conditions for the reformer

Parameters ‘ Values
Reforming conditions
Inlet temperature, 7° 700°C
Inlet velocity, u’ 2 m/s
Operating pressure, p, 1 bar
Steam—to—carbon ratio, SC' 3.0

Inlet concentration, z¥ CH,4:0,25, Hp0:0,75

Heating conditions
Convection coefficient, h 100 W/mZ—K
Heating temperature, 7; .., 700°C
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Table 3. Summary of methane conversion ratio from parametric

studies of varying inlet velocity 4’ and convective
heat transfer coefficient h

Methane Conversion

Parameter
Variations CFD Results 1D Results
Inlet velocity ° variation
1m/s 95.8% 96.3%
2 m/s 84.92% 85.5%
4 m/s 62.4% 63.5%
8 m/s 42.4% 43.2%
Convective coefficient I variation
50 W/m’~K 70.8% 71.4%
100 W/m’-K 84.9% 85.5%
200 W/m*-K 91.1% 92.5%
400 W/m’—K 93.7% 94.7%
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