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Abstract - The study investigated numerically the heat transfer and chemical reaction characteristics of a
methane-steam reforming by using a 3-dimensional computational fluid dynamics (CFD) code (Fluent ver.
16.1). The fuel temperature and its species mole fractions were estimated for various Reynolds number in the
reformer tube at different burner temperatures. The catalysts were modeled as the porous medium of nicrome
in the reformer tube. We considered radiation effect as well as conduction and convective heat transfer because
the methane-steam was reformed at very high temperature condition above 1000 K. For two different Reynolds
numbers of 49,000 and 88,000 and the burner temperatures were in the range from 1,100 K to 1,300 K. At a low
Reynolds number, the fuel temperature increased, leading to increase in hydrogen reforming. However, fuel
temperature and hydrogen reforming decreased because of higher convective heat transfer from relatively low
fuel temperature. Moreover, the hydrogen reforming also increased with burner temperature.
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Fig. 1. Schematic of unit reactor.
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Fig. 2. The boundary condition and geome-
tric representation.

Table 2. Boundary conditions

,3 @& Table 1.9 g3 2ol Y 3HATH14]. da diti il
ATolME 329 AU AHesa, 34 Bowdary | Condions Dok
Flg 29} Zt} E G HyE Eojes F Velocity inlet 9 m/s
A2 Qe g7 g5, of 57k neel § B e 00 K
(fuel)
Species HO:CHy=3:1
Table 1. Arrhenius values for calculation .
Velocity inlet 7 m/s
Reaction Er(J/kg:mol) A V4 Inlet Temperature 1300 K
£ (hot air) pe
SR 2.40%10° 6.8114x10% -7 Species Air = 1
DSR 6.413x107 2.195x10% 0 Outlet (fuel), | p o qure outlet 0 Pa
(hot air)
WGS 2.439x10° 1.145x10" -4 Tube wall Coupled
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Fig. 3. Tempearture distributions along the center
line with respect to fuel Reynolds number.

KIGAS Vol. 19, No. 5, October, 2015

HH-S-E3 A E2 H3lE JeliT gojlsx
o, 571 migke] 242}y oF 27%, 48%
S8t 24%9] 47t MEEY. F4 A vk
Fgt-go] A Wi 257t & o 8

& o et dout glolsz Uk o
W, %719} vigko] ztzt 45%, 82% W3-8l
a7k 1% AR B F A9 B 37k
FIT-EQ1 £57] WMARES-o] 71 A
ig. 58} 7+o] CO, Bt} CO7} § ol A4

e
[t
o

= o
q

Re - Component

88,000 - H,O -
----- 88,000 - CH, |
49,000 - H,0

0.2 000

o
000000,
L 000, ]
" 200000000
oof

0 3 6 9 12
y (m)
@
1 =
L Re - Component
L 88,000-H,
o -- = 88,000-CO
0.8+ i wun - 88,000 - COz -
- o 49,000-H,
- o 49,000-CO
| v 49,000 - CO,
0.6 -
s | ]
04 oo™
0.2 o
: uuuuuu accmﬂoo:oucw“wummacwwoi
[ e el
0 3 6 9 12
y (m)

Fig. 4. Predicted mole fraction with Reynolds num-
ber in the fuel along the center of the refor-
mer tube (a) reactants, (b) products.

- 72 -



AAB R dol5= ok WY Ro HE AfF

>lE

A RN

gt

Jlm

3

:

32. 12 J7| 20 OE RS 5

el HiS

. Fig. 6 #loli== 57} 88,0009) 7% ﬁ% ced

£%7} 1100 K, 1200 K ¥ 1300 K& W3}A A S o

o.s MAD AR L= BT E Jepith 1. 2]

9 257 WSS E, AR YR 225 Utk &

o6 3] 1300 Kol Al 7Hé_b+ H%%LOM 7tes e Ad 2

y T 1083 Kol & F7]9] %7} 1200 K, 1100
’ KQl A% Z+2 1033 1<, 983 Ko]t}.

o J8l3 3 Y] 2= mE APE ¥Hse

Fig. 73 &t} 12 37| 257 =S5 MEH

=T
v URe EEE B7] wR urg
[¢]

w o

FIIIII|IIII|IIII|

y (m)

N o] Wad 243
oIA7} o A Be ool a7t 14 ek mheh
Fig. 5. Mole fraction of the reformer tube, when

the Reynolds number is 88,000, from 0 m

to 12 m for reformer tube inlet. 1r Burner Temperature - Component
L 1300K-H,0  «  1300K-CH, |
1150 L 120K-HO0 o  1200K-CH, |
] 1 0.8} LIOK-HO0 o 1,100 K - CH, -
1050
I s | |
[ 0.4} .
Z g5l
P. -
{o°00e000a0000NREARERREAREARA I Dgg?gﬂuurﬂnﬂ]n]n]uunuunnu
i 02f e
850 Burner temperature | i ool
J 130K | L
= 120K ] 0 P - L
3 o 1LI00K 0 3 6 9 12
7507 L L L L 1 L L n L 1 L L L 1 L L L | y (m)
0 3 6 9 12 @
Yy (m)
1
. .. . | Burner Temperature - Component
Fig. 6. Temperature distribution at center i P l;,SOOK-Hz 1
line with burner temperature. - - = 1200K-H,
0.8F 1,100 K - H, |
Table 3. The measurement of reactants and pro- -
ducts 0.6 ]
Re Rate of - I
C t I Out L ]
(GHSV) omponen n Change sk ]
HO 0.75 0.55 -26.7% i ]
CH, 0.25 0.13 -48.0% 3
88,000 02F
(2882 1) H, 0 0.24 24.0% L
CO, 0 0 0%
co 0 0.08 8% 00 -
HO 0.75 0.41 -45.3%
CH., 0.25 0.04 -82.0%
49,000 H 0 | o4l 41% ; ion wi
(1602 b 2 - 0 Fig. 7. Predicted mole fraction with burner tem-
€O 0 0 0% perature along the center line of the refor-
co 0 0.14 14% mer tube. (a) Reactant, (b) Hydrogen.

-3 - sk 7k 8 8] 2] Al197 #|5% 2015 10€



ek

oty

=
LN

A 1L F7) 5711300 KY o, 24 %9 =47}
WA= 11, 1200 K& 1100 K =, 22+ 17 %, 9 %5F
I ER2 A=

e
M e
it e rlo 34

wa ug o (I

o F
k)
M)
AU

4
t

fo rlo bt o
_Q{ l'ﬂ =2 r_ﬁl r['E

3719 QAP AL W) FL
ol AWB YTAN ETE D5 L5
bk Fhse) Hlolix 47t ¥ 24E, £
@) MRS B hae oo aFHE |
%ol o gold Wi £57} o sk a3 ¢
B2 57 Bess A e] 57} S5
S AR Fe] BTk RS & 5 A
@ 1& F79 LIt 37 B5F, ol o
A% RG] F7hete] ALE o] L=7t F
Thsha, i ANAFE FTe

o=
o H

¢

=

O a2 © oo
olN
N
S

A =

B ATE 20139 E AES3AL o] Adew
ol 2] 71 &4 7HA (KETEP) o] A& kol 53}
H AFYYTh(No. 20132010500060)

REFERENCES

[1] A. Demirbas, Biofuels sources, “Biofuels Policy,
Biofuel Economy and Global Biofuel Projec-
tions, Energy Conversion and Management. Ma-
nage., 49, 2106-2116 (2008).

[2] D. L. Hoang, S. H. Chan, and O. L. Ding, “Kine-
tic and Modelling Study of Methane Steam
Reforming over Sulfide Nickel Catalyst on a
Gamma Alumina Support”, Chemical Enginee-
ring Journal, 112, 1-11 (2005).

[3] H. S. Roh, D. K. Lee, K. Y. Koo, U. H. Jung,
and W. L. Yoon, “Natural gas Steam Refor-
ming for Hydrogen Production over Metal Mo-
nolite Catalyst with Efficient Heat-transfer”,
International Journal of Hydrogen Energy, 35,
1613-1619 (2010)

[4] B. T. Schadel, M. Duisberg, and O. Deutschmann,

KIGAS Vol. 19, No. 5, October, 2015 - 74 -

SOl - &% - A

o

“Steam Reforming of Methane, Ethane, Pro-
pane, Butane, and Natural Gas over a Rhodium-
based Catalyst”, Catalysis Today, 142, 42-51 (2009).

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

[6] A. Qi, S. Wang, C. Ni, and D. Wu, “Autother-
mal Reforming of Gasoline on Rh-based Mono-
lithic Catalysts”, International Journal of Hydro-
gen Energy, 32, 981-991 (2007).

[7]1 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,
2296-2304 (2010).

[8] M. Ertan Taskin, CFD simulation of transport
and reaction in cylindrical catalst particles,
WORCESTER POLYTECHNIC INSTITUTE (2007).

[9] ANSYS FLUENT Theory Guide: Version 13.0,
Ansys Inc., Canonsburg, (2010).

[10] D. Spalding, “Mixing and Chemical Reaction
in Steady Confined Turbulent Flames”, Sympo-
sium (International) on Combustion, 13, 649-657,
(1971).

[11] S. Ergun, “Fluid flow through packed colu-
mns”, Chemical engineering progress, 48, (1952).

[12] L Zidtkowska and D. Zidtkowski, “Fluid flow
inside packed beds”, Chemical Engineering and
Processing: Process Intensification, 23, 137-164,
(1988).

[13] Mayu KUROKI, Shinichi OOKAWARA, and
Kohei OGAWA, “A High-Fidelity CFD Model
of methane steam reforming in a packed bed
reactor”, Journal of Chemical Engineering of Japan,
42, 73-78, (2009).

[14] C-G. Choi, T.-Y. Chung, ]J.-H. Nam, and D.-H.
Shin, “A comparative study for steam-methane
reforming reaction analysis model”, Transac-
tions of the Korean Society of Mechanical Engineers
B, 497-503, (2008).

[15] G. D. Wehinger, E. Thomas, K. Matthias,
“Detailed Numerical Simulations of Catalytic
Fixed-bed reactors : Heterogeneous dry refor-
ming of Methane”, Chemical Engineering Science,
122, 197-209, (2015).



