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Abstract

<7

A7),

Heat transfer rate is a very important factor for the performance of a steam reformer because a steam

reforming reaction is an endothermic reaction. Coaxial cylindrical reactor is the reactor design which can

improve the heat transfer rate. Temperature, fuel conversion and heat flux in the coaxial cylindrical steam

reformer are studied in this paper using numerical method under various operating conditions. Langmuir-

Hinshelwood model and pseudo-homogeneous model are incorporated for the catalytic surface reaction.

Dominant chemical reactions are assumed as a Steam Reforming (SR) reaction, a Water-Gas Shift (WGS)

reaction, and a Direct Steam Reforming (DSR) reaction. Although coaxial cylindrical steam reformer uses

33% less amount of catalyst than cylindrical steam reformer, its fuel conversion is increased 10 % more and

its temperature is also high as about 30 degree. There is no heat transfer limitation near the inlet area at

coaxial-type reactor. However, pressure drop of the coaxial cylindrical reactor is 10 times higher than that of

cylindrical reactor. Operating parameters of coaxial cylindrical steam reformer are the wall temperature, the

inlet temperature, and the Gas Hourly Space Velocity (GHSV). When the wall temperature is high, the

temperature and the fuel conversion are increased due to the high heat transfer rate. The fuel conversion rate is

increased with the high inlet temperature. However, temperature drop clearly occurs near the inlet area since

an endothermic reaction is active due to the high inlet temperature. When GHSV is increased, the fuel

conversion is decreased because of the heat transfer limitation and short residence time.
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2.1 X4 2H Al (Governing equations)
A AL AFR A, SEFHIA, oy A

o
HEA, gitEnEser FAHY A (1)~4)%
e

Continuity equation

0
P (pu;)=0 (1)

J

Momentum balance equation

%(Wj“i —Ty) = _2_)1: @
Energy balance equation
%(phuj+Fh,j)=uj§7lj+TU%+Se 3)
Species balance equation
(oY, + F ) =S, @

J
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o Ag AN Ewiek 7AYI wWEeE
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(Pseudo-homogeneous model)S  ©]-8-3Fa, Yt}
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Zri= 71 HEE FuEM A
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Smm 7HA] CRFSEA] Al E G B A e A=
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ARt FuiTe dekE SAY Ade
0.3 o]t

Ergun equation

P _ 150u(- ) u_LT5p-pu’ ()

x; X' Drop XDy

J

2.2 2tetdt8 28 (Chemical reaction model)
sehgkgol  dojubr]  ffEiA whEEo]  FHuf
Folel FAshl gHTES dol § et

=, Sl
GAE AAAR FZujHvkgo] WA RS EE
ZAA3l=  Rate-determining step ©]2al  7HA

B o]-3189-= 1 &)(Langmuir-hinshelwood model)S-
ARgste]  shbgES ALke 57 AE
el Al dojup= 88hh-g-2 10 7HA] o] Aol At
2 O~8)F 22 3 7HA FEekge] 7t T ek
FFS vHTa P & Uk

Steam reforming (SR) reaction
CH4 + HzO ~ CO+ 3H2’
A Hp05=2.06x10° kJ/kmol  (6)

Water-gas shift (WGS) reaction
CO+H,0 < CO,+H,
AH po8= -4.10x10* kJ/kmol ~ (7)

Direct steam reforming (DSR) reaction
CH; +2H,0 < CO, +4H,
A Hog=1.65x10° kJ/kmol  (8)

T%7] 74 (Steam reforming, SR) WH-g-2 H|&h
Eo] TyA Fihe diksdEsEs wEAY

rr =

s

AFY £37] 4719 A5 R ARl o

14 oA+ 711

o
ol

T4

Table 17 Parameters of intrinsic rate equations

Kinetic parameter, ki=k;><exp(-Ej/RT)

Reaction  kg[kmol/kg-h] Ei[kJ/kmol]
1 4.225%10"bar*’ 240100
2 1.955%10°bar™? 67130
3 1.020<10"bar*’ 243900
Equilibrium constants, K;

Reaction K
1 5.75%10"%exp(-11476/T) bar’
2 1.26X10%exp(4639/T)  bar’
3 7.24x10"exp(-21646/T) bar’

Adsorption constant, k;=k.;><exp(-A Hy/RT)

Species Ki[/bar] AH; [kJ/kmol]

CH, 6.65<10" -38280

Cco 823107 70650

H,0 1.7710° bar -88680

H, 6.12x107 -82900
WO RA FEurgoltt. 57 ME whgo=
TEold dxElE s oA 23 T
ojpkglEr Aol s wHEoYe wHEwmSS
Aoz o]Ro] 4247}~ 7 3H(Water-gas shift, WGS)
Hhg-olth 2E]al Aot oJARstEAaTE WA=
T & AzR2A AFFS7]IHE@Direct  steam

reforming, DSR) ®k-g-o] SQlvt. zhzte] 3}ahuk-g-of
g3k REEES Altsle] s 9 SERSLE oS53
T Ao sEshkeE ARk fsted Xu 9
Froment 7} AQbgh RElS AR&aim] A4S 2
O~(1)2F 29 Zela AR A4 2 A g
Table 1 ¥} 2t}

(% g Mo M2
ol

o,

Rate of SR reaction
_ ke (PCI-L,PHZO_B-}IZPCO/KA) )
P (4K oo+ Ky Py + Koy Py + Ky 0Py 0/ Py )

Ul

Rate of WGS reaction
_ﬁ (PCOPHZO _PH:PCQ /K,) (10)
P, (+KoPoo + Ky By +Keyy Py, K0P/ By )’

)

Rate of DSR reaction
ks (FenBro =i, Peo | Ks) (11)
B (+KoPro+ Ky Py + Koy Py + Ky 0Py o/ By )
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Fig.1 The computational domain of the steam
reformer, a cross section (a), a top section (b)
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GHSV = Total reactor flow rate (12)
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Table 2 Operating conditions

el == SCR  GHSV
Fig.3  800°C  500°C 3.0 3399
Fig.4  Changed 500°C 3.0 13000/
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Fig. 6 800°C 500°C 3.0 Changed
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— Cylindrical reactor
Coaxial cylindrical reactor
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Fig. 3 Temperature and fuel conversion of a cylindrical
steam reformer and a coaxial cylindrical steam
reformer
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Fig. 4 Temperature and fuel conversion (a), heat flux
from product gas (b) under various wall
temperatures
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Fig. 5 Temperature and fuel conversion (a), heat flux
from product gas (b) under various inlet

temperatures
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Fig. 6 Temperature and fuel conversion (a), heat flux
from product gas (b) under various GHSVs
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