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Abstract - The aim of numerical study is the investigation of the solid and fluid temperatures in a reformer
tube and chemical reaction characteristics of different steam-carbon ratio. We considered conjugate heat trans-
fer contain radiation, convection and conductive heat transfers. This is because steam reforming reaction of hy-
drocarbon occurred high temperature conditions up to 800 K- 1000 K by using commercial computational fluid
dynamics (CFD) code (Fluent ver. 13.0). For numerical simulation, the Reynolds-Averaged Navier-Stokes,
momentum and energy equation were employed. In addition, inside of reformer tube is assumed as the porous
medium to consider the Nichrome-based catalyst. To analysis characteristics of tube temperature in chemical
reaction, we changed steam-methane ratio(SCR) from 1 to 6. As increased SCR, the higher tube temperature
and methane conversion were observed. It was obtained that the highest hydrogen production held in SCR of 5.

Key words : Computational fluid dynamics, Steam-methane reforming, Steam-Carbon Ratio, Conjugate
heat transfer

*Corresponding author:shlee89@cau.ac.kr
Copyright © 2016 by The Korean Institute of Gas

- 27 -



ek
HN
ot
oy
2

=

LM E
371 MNAL FA7r=e F5715
F7go|H[1-3], k-2 FA
oogt B2 AT = A FHE A
Y3l gslri AL HAA7FAE U8E
FEy glon[4, 5], E3 W
S AFEEEY] A AEHE W] FERk 9

T e ME]'
[5]. =3, 571 Nd= A== Foe T3 4

— TAT T o
A ASEAN FA2AF2 2 A8XA] ol H8
T AT T4 o R BE ASPE, A J1E
W FF7) A Fo] Bol A =T, 53] &5
7] MAAHL HYZ FY 29 E& o] 83t
G 93] FAE AT YHOEA g2
MAYHol Hlal] $=4 AYstefo] WAl AHA| o] -4

L
.

T
3FeH6-9].
FAE A 9 A538E FHEE JHE

ARRE] FA7A 1A F712 71537 Wil 4
Al BUE o] Br7bsstH, W %5 el Al
gho] Qith. 8|3 ek Wiwke] /HARES-S o
T2 ZHES FH oA 800 K-1000 K&] 29
ols) BAsty] wEl[10] A EA olZo] oJH) u}
2hA] FF71ek mere] ARk ATE 98] A4k
A) 3}l 4 (Computational Fluid Dynamics, CFD)-2
g A7 asith

A7 dde] MAT gAY 25 Ex
g e TBlFo] #E7] Weke] &3] (Steam-
Carbon ratio, SCR)ol| W& 4 /|- Wk o
23 A7 BATH11-13], s 45 AYakstr]
Ak AA @A ARSI e B 2]

o
&
5

o

CH, +H,0

_Ll

Heat
transfer

Hot air Reforming Hot air
reaction
vv

urnace Tube Furnace

i | |

CH; +H,0 +H, +CO + CO,

Fig. 1. Schematic of reformer tube.
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Table 1. Typical reaction and Arrhenius values of steam reforming

Arrhenius value
Reaction Reaction formula Elz;halply
(KJfmol) E;(J/kgmol) A B
Steam reforming reaction CH4+H,0>CO+3H, 206.1 2.40x10° 6.8114x10” 7
Water-gas shift reaction CO+H,0CO+H, -41.15 6.413x10 2.195%107 0
Direct steam reforming reaction CH,+2H,0>CO,+4H, 165.0 2.439x10° 1.145x10" -4
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Fig. 2. The geometry and computational domains.
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(a) steam, (b) methane, (c) hydrogen.

=3 35L& o E
FE U 25 R sehg 54

Methane conversion (%)

B aanar
w

3 4 B 6 7
S/C ratio
(a)

100

90

80

70

[ O -
S = & 2
T T T T T

Iy
>

ST

Mole fraction of hydrogen (%)

=
>

1 2 3 4 5 6 7

<

S/C ratio
()

Fig. 6. Results of reforming reaction with steam
carbon ratio (a) methane conversion, (b)
hydrogen.

Lot 9 52 u gshirgo] o & s uE
of, SCRe] Z71&4F F4 YA F7IskA Tt
SCRe] 6 W= 11.8 m A Hol|A o]u] ZE w|Ero]
HES-g7] w ol S A o] Hadhs ZO=E AL
s¥h

g
L Uerith, Wee] Asge thedt 2

Xﬂ] = 7777 * (7)
) Mn()

2

71A, Nul 27] WIEHe] £)eF0] 2, Nyt ¥
S F gl otk Wt Ashg-e vige] 2]

- 31 - =7}~ 8k 3] A 2207 #535 2016\ 102



73 - 7
Table 3. Mole fraction change rate (unit : %)
SCR HO CH, H» CO CO;

1 -26.8 -26.8 20.1 6.7 0

2 -28.5 -40.9 24.4 8.2 0

3 -34.8 -62.8 313 10.5 0

4 -36.8 -79.3 34.0 11.3 0

5 -37.7 -94.0 353 11.8 0

6 -34.1 -98.6 32.3 10.8 0
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