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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.

Table 1. Boundary conditions

Boundary Conditions Details
Vin = 9.346 m/s
Inlet process gas Velocity inlet Tin = 800 K
Species = H,O:CH,
Vin = 7.85 m/s
Inlet burner Velocity inlet T = 1700 K
Species = Air
Outlet Pressure outlet 0 Pa
process gas
Outlet Pressure outlet 0 Pa
burner
Tube wall Coupled Conjugated heat transfer
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Table 2. Typical reaction and kinetic data of a steam

reforming
Reaction Reaction formula
oy | ongmor | A s
Steam reforming CH4+H,0—~CO+3H,
206.1 | 2.40x10° 6.811x10% | -7
‘Water-gas shift CO+H,O0—~CO,+H,
-41.15 | 6.413x10’ 2.195x10° | 0
Direct steam reforming CH4+2H,0-COx+4H,
1650 | 2.439¢10° 1.145x10* | 4
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Table 4. Case study
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Fig. 3. Temperature distribution along the tube

center(tube 10). (a) Case 1, Case 2, Case
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Table 5. Mole fraction change rate (unit : %)
Case HO CH, H;
1 -62.8 -34.8 313
2 -32.8 -18.3 16.4
3 -15.6 -8.7 7.9
4 -40.0 223 20.0
5 292 -16.3 14.6

130

a8 h

&

1300

1200

1100

1000

900

800

Tube temperature (K)

700

;

P
Tl

600 12

4 6 . 8 10
Distance from inlet (m)
Fig. 5. Tube surface temperature distributions

N Fre] Ay
Y ST7HA] 227F Asetr] wiel
B} 9004 T gol A
FH Y47 -0.3 m), 2223l manifold<}
AA(13.5 m)ell A 1278 2315 4
o] 0 mm = YEepdTh

Aoz YepH Fig. 79 2t
12.3 mol|A dgo] 7 wol WAght), o] 21

BoA g BByt wZEv 7pd we 33l

4
il

=

o5



7] A7) Rk 9 AWy B4l W= 3A7RRS MUk 250 4k
WAEE] wiiEel e Eh Ik 257 100 K€F 200  oF Wuyrbae] 4 REe wE gEnkg 9 duly 5
Kuhbg A5 Z247F A 10.5%, 20%2] E¥do]l A& osiglon, 282 the 2k 347k~ 9 Y
sk, MuZks 25271 100 K, 200 K 9HA 92 U7k 9] 25F sehbgo] 93-S nAY, FH
TE ZH7F A 8.4%, 15%°] @¥do] gty &7 R 257 st ke S0 ghAdth 34
o] &%= Case 29 Case 494 1123 K, 1030 K & 7}29} Wy 7}29] &7 242) 200 K 7HAsd 44
7 K zpe]7b AYSEAL, Case 33} Case 5904 1045 K, A2 2o oF 4w Ha of 2ulf gtk o] FEvt
1054 K 22 9 K #o|2 A2 2zfo|7} MAsiAnt 39l +57] MANSe] vt ¥ =545 ¢ g o
AolAl el Aozt wol WAEy] wiitel, AWEE & Fske] B WS opylahy] witolrt mdh ¥
o] zto|7} Wol WAghr}, 7h2ob 7kl £ 250 whet FH ¢ue] on
7} Wigtelt}, [FH ej¥e] 2o wtep Gu o] wAyE)
o, F47te} Wzt 227t 247} 200 K A4as
actormmtonmmy O THEF FEO] AwFo] Hf 20% H A 15% A eh
= weba], FA7Eo HUZbae] F9) LE7F STk
' 20 e} 4 Aol SIS, FHe Wy B S
15 7ket7] o]l A Y SRm gAvkas Hue] 2R
Lo sl oFgitt.
0.5
0
References

Om 0.075m

Fig. 6. Thermal deformation distribution. (a) Case 1, (b)
Case 2, (c) Case 3, (d) Case 4, (e) Case 5

2.5 Furnace

15 AL

0.5

Thermal deformation (mm)

o N 6 81012
Distance from inlet (m)

Fig. 7. Thermal deformation for the outer tube wall

i
e
ut
ofN
N
=
iy
N
lo
ofd
o
3
[

131

[1] H. S. Roh, D. K. Lee, K. Y. Koo, U. H. Jung, and W.
L. Yoon, “Natural gas Steam Reforming for Hydrogen
Production over Metal Monolite Catalyst with Efficient
Heat-transfer”, International Journal of Hydrogen
Energy, 35, pp. 1613-1619, 2010.

DOI: http://dx.doi.org/10.1016/].ijhydene.2009.12.051

A. Demirbas, Biofuels sources, “Biofuels Policy, Biofuel
Economy and Global Biofuel Projections, Energy
Conversion and Management. Manage, 49, pp.
2106-2116, 2008.

(2]

[3] L. Basini, K. Aasberg-Petersen, A. Guarinoni, and M.
Ostberg, “Catalytic Partial Oxidation of Natural Gas at
Evlevated Pressure and Low Residence Time”, Catalysis
Today, 64, pp. 21-30, 2001.

DOL: http://dx.doi.org/10.1016/S0920-5861(00)00504-6

A. Qi, S. Wang, C. Ni, and D. Wu, “Autothermal
Reforming of Gasoline on Rh-based Monolithic
Catalysts”, International Journal of Hydrogen Energy,
32, pp. 981-991, 2007.

DOLI: http://dx.doi.org/10.1016/].ijhydene.2006.06.072

H. Arbag, S. Yasyerli, N. Yasyerli, and C. Dogu,
“Activity and Stability Enhancement of Ni-MCM-41
Catalysts by Rh Incorporation for Hydrogen from Dry
Reforming of Methane”, International journal of
Hydrogen Energy, 35, pp. 2296-2304, 2010.

DOLI: http://dx.doi.org/10.1016/].ijhydene.2009.12.109

[4]

(5]

[6] J. A. Liu, “Kinetics, Catalysis and Mechanism of
Methane Steam Reforming”, WPI Chemical Engineering

Department, 2006.

M .H. Shariat, A. h. Faraji, A. Ashafriahy, M. M.
Alipour, “In Advanced Creep Failure of H.P. Modified

[7]



B Ael7 )83 =] 2178 A9Z, 2016

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Reformer Tubes in an Ammonia Plant”, The Journal of
Corrosion Science and Engineering, 6, pp. 1-20, 2003.

L. Lao et al, “CFD Modeling and Control of a Steam
Methane Reforming Reactor”, Chemical Engineering
Science, 148, pp. 78-92, 2016.

DOI: http://dx.doi.org/10.1016/j.ces.2016.03.038

M. Nikodemus, “Identifying Favorable Catalyst Design
Features in Methane Steam Reforming Using
Computational ~ Fluid  Dynamics”, = WORCESTER
POLYTECHNIC INSTITUTE, 2013.

G. Dixon, M. Nijemeisland, “CFD as a Design Tool for
Fixed-Bed Reactors”, Industrial &  Engineering
Chemistry Research, 40, pp. 5246-5254, 2001.

DOI: http://dx.doi.org/10.1021/ie001035a

M. N. Pedernera, J. Pina, D. O. Borio, and V. Bucala,
“Use of a Heterogenecous Two-dimensional Model to
Improve the Primary Steam Reformer Performance”,
Chemical Engineering Journal, 94, pp. 29-40, 2003.
DOL: http://dx.doi.org/10.1016/S1385-8947(03)00004-4

M. Ni, “2D Heat and Mass Transfer Modeling of
Methane Steam Reforming for Hydrogen Production in a
Compact  Reformer”,  Energy  Conversion  and
Management, 65, pp. 155-163, 2013.

DOI: http://dx.doi.org/10.1016/j.enconman.2012.07.017

J. Lee, J. H. Han et al, “Characteristics of Heat Transfer
and Chemical Reaction of Methane-Steam Reforming in
a Porous Catalytic Medium”, Journal of Mechanical
Science and Technology, 30, pp. 473-481, 2016.
DOI: http://dx.doi.org/10.1007/s12206-015-1252-1

C. G. Choi, T. Y. Chung, J. H. Nam and D. H. Shin,
“A Comparative Study for Steam-Methane Reforming
Reaction Analysis Model.”, Transactional of the Korean
Society of Mechanical Engineers B, 32, pp. 497-503,
2008.

DOI: http://dx.doi.org/10.3795/KSME-B.2008.32.7.497

[15] ANSYS Mechanical, “ANSYS Mechanical APDL
Theory Reference; Version 13.0.”, ANSYS Inc,
Canonsburg, 2013.

gt &= 3](Jun Hee Han) 742l

020159 24 : Gt 3ekEst
3} A4

2015 3¢ ~ @A : TS5t
AAN . AR el skt A

A

132

21 A £-(Ji Yoon Kim) (439
o 1980 29 : FWIHS FEY

s} oAl
o 1984 24 :

3 5T T
e 1996 2¢ : FNiYEgn F&F
Stah & shabat
e 20054 79 ~ 2008 79 : &
TPQPAEAL A
e 2008 79 ~ AA . At 7 AT AT
<¥iitok
AUA, ebd, F488
©] A 3](Jung Hee Lee) [43]9]

©1992¢d 24 .
I} FEA}
©1994yd 24 .
7 FEA AL
©1999 24 .
3 FEpakaL
©20091d 99 ~ 20161 1€ : A%
E}%ﬁw CFD A7AlE] dAtus
2016 2¥ ~ A : MuljAZTAEATL HIZTUNE

271EAE AdA F%

©] 4 &(Seong Hyuk Lee) (439

© 1995 24 .
T} zalzd/\].

01999 29 . FdUEgw 7|A F
st} FPEkAL

2001 39 ~ 2003 29 : M&
gt v} 3 A

20139 59 ~ @A gt
7| AE 8w

A=}
<TAldte

o 5 5 T
ArgA g, add 2 dEd)



