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NUMERICAL STUDY OF STREAM REFORMER AND PRECONVERTER FOR MCFC
Do-Hyun Byun® and Chang-Hyun Sohn™

In this paper, various operating parameters of stream reforming process from methane in stream reformer and
preconverter for MCFC is studied by numerical method. Commercial code is used to simulated the porous catalyst
with user subroutine to model three dominant chemical reactions which are Stream Reforming(SR), Water-Gas
Shift(WGS), and Direct Stram Reforming(DSR). The hydrogen production is tested with different wall temperature
and different reactor shapes. The calculated results of the concentration of hydrogen in stream reformer are very
well consistent with experimental results. This numerical study gives the design reactor wall temperature condition
and size of reactor to satisfy the required fuel conversion.

Key Words : Preconverter(Z2]71HE]), Stream Reforming Reaction(<=57] 712 8, Fuel Cell(¢1831%]),
Hydrogen Production(=2~ A§4h), Catalyst Surface Reaction(Zmf] EH HHg)
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Steam Reforming(SR) reaction

CH, + H,O— CO+3H, ,
A Hiygq) = 2.06 % 10° k.J/ kmol @]

Water-Gas Shift(WGS) reaction

CH+ H,O— CO,+ H, ;
A Hgggy =— 410 % 10" k.J/kmol ©)

Direct Steam Reforming(DSR) reaction

CH, +2H,0— CO, +4H,

A Hpgg) = 1.65 < 10 kJ/ kmol Q)
2.2 StetEtS g

Ad7)e) e Sulwne) sehubgol A e
S5 ARSI 71ASll @Rl 214d$-=(langmuir-hinshelwood)

Rds o] g3t sehke-&S ALRIHE. 5] /HE7
el sehike-& Xu & Froment[6]7F A& 41 (2), (3), (4)<]
Al 74A) Bbekuk-g-at Table 10 L}E} 7b g8} ykg-2]of A 9]
HESE-S AMRSEIGITE Table 10 E3Y PE 7F AEo] Bt
S YERH, A= Table 2004 & 1 qgrs Hepdtt
4%7] WA (steam reforming, SR) WH$-2 WkS-A (2)Z H
i AR Eo] WhEate] $Ael dAlstEAE THEo
g0 2M FEvgoltt £57] /Hd whe-E Sl

i
oo 2 2 & F

m [oajm = rir ot -

AAEFE A= T B3} wlsale] 449} o] AkalEkA
o, o]Ao] F=Al7}~ A%k (water-gas shift, WGS)
2 WA (3o yepdt dgel Eo] wHgale] ?La
ol = g wAYSS AF $371 AE (direct
steam reforming, DSR) Wg-olt] 3}&hik3-2] (42 viehic),
o714 AHE 3ehikgolx ] dddold, o] FoE Wk
of Za% duAr FAVES uls = i
o 2Jair A7)E dvAR BIuks-S 3

stel WhgES Ao 2= B 7} 58 249

rm mlm

oo olo

=9 F =

R

R
Az_ﬂ
o
o
|17

!

Table 1 Reaction rate equations

DEN=1+K P +Ky P +Kg PCH4+K P /P
_ N (PCHAPHZO B PHZPCO / Kel)
R DEN ?
2 (PCOPHZO - PHZPCOZ /Kez)

2Py, DEN?

k3 (PCH,,P: Pl-t Pco2 /Ke3)
o = pss DEN?

HZ

Porous media(Catalyst)

Product
Gas
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Gas

L

Fig. 1 Computational domain of steam reformer
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Table 2 Parameter of intrinsic rate equations[6]

Kinetic parameter, kj =k xexp(~E; /RT)

Reaction k;[kmol /kg - h] E ;[kg /kmol ]
1 4.225x10"bar® 240100
2 1.955x10°bar *° 67130
3 1.020 x10"bar °* 243900
Equilibrium constants, K
Reaction K,
1 5.75x10" exp(-11476/T) bar?
2 1.26 x10 2 exp( 4639 /T) bar®
3 Ky - Ko,
Adsorption constant, K; = K, xexp(—AH, / RT)
Species K, [/bar] AH,[kJ /kmol]
CH, 6.65x107* -13280
co 8.23x10°° -70650
H,0 177x1CGbar 88680
H, 6.12x10°° -82900
Table 3 Boundary Conditions
Reformer inlet =0 T=T, Cc=¢C,

_ oT/ _ oC
Reformer outlet r=171 o =0 % =0

a%r =0

Symmetric condition =0 Mo =0
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Fig. 6 Temperature and fuel conversion with various L/Ds
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Fig. 9 Contour of temperature (a) and H; (b)
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Fig. 13 Fuel conversion at the outlet various L/Ds
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