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Abstract This study numerically investigates the characteristics of chemical reactions and thermal deformation in a
steam reformer. These phenomena are significantly affected by the high-temperature burner gas and the process gas
conditions. Because the high temperature of the burner gas ranges from 800 to 1000 K, the reformer tubes undergo
substantial thermal deformation, eventually resulting in structural failure. Thus, it is necessary to understand the
characteristics of the reaction and thermal deformation under the operating conditions to evaluate the reformer tubes
for sustainable, stable operation. Extensive numerical simulations were carried out using commercial CFD code
(ANSYS FLUENT/MECHANICA Ver. 13.0) while considering three-dimensional turbulent flows and combined heat
transfer including conduction, convection, and radiation. Structural analysis considering conjugated heat transfer
between solid tubes and fluid flows was conducted using the Fluid-Solid Interaction (FSI) method. The results show
that when the injection temperature of the process gas and burner gas decreased, the hydrogen production rate
decreased significantly, and thermal deformation decreased by at least 15 to 20%.

Keywords : Chemical reaction, Computational Fluid Dynamics, Hydrogen, Steam reforming, Structure analysis,

Thermal deformation.
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Fig. 1. Steam reforming process
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Fig. 2. A schematic of computational domain.
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Table 1. Boundary conditions

Boundary Conditions Details
Vin = 9.346 nv/s
Inlet process gas Velocity inlet Tin = 800 K
Species = H,O:CHy
Vin = 7.85 m/s
Inlet burner Velocity inlet Ty = 1700 K
Species = Air
1
Outlet Pressure outlet 0 Pa
process gas
tlet
Outle Pressure outlet 0 Pa
burner
Tube wall Coupled Conjugated heat transfer
Table 2% 37] AW SJEH B3hiS 374
o} =x18)4 Al A3 kinetic Hlo]E S UERATH14].
ojuf Fart AAHE #5571 WANSH 57 AF
HAARESL FEvkSoln, £57] 7k dshhg2 U
gkg-oltt.

Table 2. Typical reaction and kinetic data of a steam

reforming

Reaction Reaction formula

wimy | angny | A 5

Steam reforming CH.+H,0-CO+3H,

2060 | 240610° | esixi0® | 7

‘Water-gas shift CO+H,0COx+H>

415 | 64130’ | 219500 [ o

Direct steam reforming CH4+2H,0-CO»+4H,
1650 | 2430x10° | ruas<a0® | 4
2.1.2 RRBHA

T Thzo oF) G e FEO ENy NS
Al B AedAE F8IE ANSYS Mechanical
V.13.0& AHEERLaL, freelid kel ds)as Falst
Ak FERIAAS g AARE, /\Pﬁi] Aol SHA
AE EFate] Adstsiom, oF 2605 A9 AAE
ARG AR U] FEE Q%ﬂi‘ ZWE| A
A7) @o] AF&5+= HP modified steelS AF&-315] .0
ALY} g JgS A= AREAL Table 3
of AEEof vk HAl AFEGNA S48 2% 27
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i
N



=

[<]

7] 7WE719] Hhg 9 @

=
=4

o nxs ZATIASL BHUYTtA LE o

9%

Table 3. Material property

Tube Catalyst
Material HP modified steel Nichrome
k (WmK) 332 21
C, (I/kgK) 213 530
p (kg/m’) 8050 8400
£ (10°°C) 19.3

Table 4. Case study

Case |Process gas temperature (K)| Burner gas temperature (K)

1 800 1700

700 1700

600 1700

800 1600
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Table 5. Mole fraction change rate (unit : %)
Case H,0 CH, H;
1 -62.8 -34.8 31.3
2 -32.8 -18.3 16.4
3 -15.6 -8.7 7.9
4 -40.0 -22.3 20.0
5 29.2 -16.3 14.6
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