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Abstract: This is a numerical study on the curved channel type of hydrogen reformer using the commercial
code of fluid dynamics. We numerically compared the numerical model in a previous study model®” and the
modelling of a tube type curved channel. In the result of numerical analysis on 4 types of curved channel
reformers, the methanol conversion efficiency of type 1~4 were 45.0%, 45.3%, 45.6%, 45.6% respectively,
and there was hardly any difference by +0.6%. In light of flow characteristics, the rectangle type tube and
the type 2 with 45° turn showed most uniform flow characteristics and concentration distribution of methanol,
and the circular type tube and the type 3 with 90° turn had most un-uniform flow characteristics and
concentration distribution of methanol. We concluded that the design for curved channel reformer has to have
rectangle type tube with curve of almost 45° as in the type of curved pipe with 45° turn.
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Fig. 4 Reaction principle of Steam-Methanol reformer
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Table 1 The range of parametric study

Reaction LS . it Remark
pre-exponential factor
Reforming 1.0x10" ~1.0x10" 3.950x10"
Decomposition 1.0x10" ~1.0x10" 3.150x10"
WG-Shift 1.0x10" ~1.0x10"° | 2.500x10"
reaction

Table 2 Four types geometric parameters of curved
channel reformer

Diameter | Volume Spac.e

Tube type [m] [m] velocity

[hour'l]

Type 1 | Round | 1.0x107 1”2;3 94.266
0.886 1.273

Type 2 | Rectangular X107 X10° 94.266

Type 3 | Round | 1.0x107 11233 94.266
0.886 1.273

Type 4 | Rectangular X107 10° 94.266

Type 3
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Fig. 6 Mesh model of curved-channel in the
reformer
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Table 3 Four types geometric parameters of curved
channel reformer

Descriptions Value Unit
Porosity 0.35 -
Molar ratio of steam to
methanol 1.1 -
(SMR)
Inlet .
(Mass flow rate) 20 © I/min
Inlet temperature g
(Average) 120 C
Outlet
(Pressure outlet) 0 Pa
Wall temperature 220 T
Thermal conductivity of 1
catalyst 20 Wm K
Wall Non-slip

Thermodynamic NASA

Specific heat Polynomial Data

Lennard-Jones

parameters Mills A.26
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Table 4 Comparison of mole fraction of methanol
on each cutting plane

Position Class Min Max Difference
[mole] [mole] [mole]
Type 1 0.3932 0.4182 0.0249
Type 2 0.3930 0.4121 0.0191
z/db=4.5
Type 3 0.3806 0.4231 0.0424
Type 4 0.3822 0.4152 0.0329
Type 1 0.3383 0.3602 0.0218
Type 2 0.3386 0.3589 0.0202
z/db=8.5
Type 3 0.3248 0.3606 0.0358
Type 4 0.3265 0.3583 0.0318
Typel 0.2898 0.3099 0.0200
Type2 0.2897 0.3068 0.0170
z/db=12.5
Type 3 0.2757 0.3096 0.0339
Type 4 0.2771 0.3029 0.0258

0.50

0.45 @‘9{96
Z 040 1 &
° em@
o
© 0.35 A
s @65
5 0.30 A ‘}Q%o
2}
o 025 A &
z @
=y
S @
8 020 &
s B @
c Q
G 0.15 1 o
£ &
2 010 e A Type 1-round 45 deg
[ O  Type 2 - rectangular 45 deg
0.05 QG O  Type 3 -round 90 deg
o <& Type 4 - rectangular 90 deg
000 68—
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

zld,

Fig. 7 Comparison of methanol conversion efficiency
for four types in the curved channel reformer
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Fig. 9 Contour of mol fraction of methanol along
the axial direction in the curved channel
reformer
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Fig. 10 Contour of mole fraction of methanol on
cutting plane of z/db=4.5 along the radial
direction in the reactor
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Fig. 11 Contour of mole fraction of methanol on
cutting plane of z/db=8.5 along the radial
direction in the reactor
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direction in the reactor
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