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Abstract - The heat distribution and internal flow from the efficiency of actual reformer and specification
variation, using the computer simulation and experiment about the steam methane reforming reaction which uses
the high temperature reformer. Reaction model from steam refoemer uses the steam response model developed
by Xu & Froment.As result we supposed the chemical react Steam Reforming(SR), Water Gas Shift((WGS),
and Direct Steam Reforming(DSR) from the inner high temperature reformer dominates the response has
dissimilar response. According to result of steam methane reforming reaction exam using high temperature
reformer, we figured out when Steam Carbon Ratio(SCR) increase, number of hydrogen yield increases but
methane decreases. When comparing and examining between design with one inlet and two inlet, result came
out one inlet design is more outstanding at thermal distribution and internal flow, hydrogen yield in one inlet
design than two inlet design.

Key words : Methane, Reforming, CFD

"To whom corresponding should be addressed.
Seoul National University of Technology, 172, Gongneung
2 Dong, Nowon-Gu, Seoul, Korea
Tel : 970-6620  E-mail : lhkim@snut.ac.kr



o5 Ag HESV|NA FT7]-H|

3 e selRe gl @gslel glom, A}

T Ao Erhssla, M| stoa w7

o] urlEl =73l whet e theksA| 1 91X

giiie] 47k AeE R glo} aztHelnlEol &

Jbel= ZAlolnt W sdda 9 azkeis da
5

>,

2

2
4
e
_0|L
M
=)
H
ol
- {i
o)
r2
29
e
s
2
v
X
=
=
o

o] Zrjea k. et

Sapl oA oA gle] fie Rops Sl

| el g ghalo] AEE s Ik ofeld weto
J'

EILJ fo

N

wreba] v Ee] oluX]le] ™ “Energy Carrier”2A]
o] i AlF, AH, 7F 2 ol& Soll gk 7=l
WS Ao #|(Clean Energy)2] ©]-8-5 &3} A
A, m7PEA Q1T AEHHQ1 AT Fagh on
Toktal & 4 it
ol wkEr 203000 AlAI R AHE
Foi-& bl 2% 11,5009 e
g T4 A} A7,
ek AR
Uk H=I AR
s A= oly|A|

it
>{\1
o B

o e
o

I
ot o
offl oX,
i
K
_i

o

f
i

Mo
O

R
o

Mo o1 v
E‘J'>E§§EFJ
L e
lmhmr&%
Hor‘x“x
i 2 5
B>
B

— Ol
fo

R

™

Al

ol

rlo

v

Q

=

l-'T'
T o

1% oH

Jo

AZo] Z7|XYS B E 2005 39 FAZAAY
S HAgh vf Qi) &5 Az 5, Fao
yxje] Al A%, 4%, WSk 9 o] 8 AlzHe]
g FFAQ ANt 9 FAE Bk Q1.
olo & A AYS B3 NE 54 4
SCR(Steam Carbon Ratio)*3},
2 T8 AgS dolra A8 2130 ANSYS
ARe] FLUENTE ARE-8te] sdgh 22719 RS A
o] A4S sto] AR AlEdeld Atele] o
2hs dolr y BAYE| Bl o Yot AlE# el
S ol gshe] theksl 27, S A3oR dolE 5§l

NARkEe] A% "l CFD AlEH oA 227

= hE7] Ao, 248 WA 7 HAe] e
MA71E AAEe] Btk

21 e W 9 AR

2 ATrellA A AT mEke 247 957
7Het 2701 DEE 2 A7) FAS YAk &3
=2
I2INEA7IE TRRIE] lolA AT ot
& st 3R 2] geometry S TIRFRISHA
A8} geometry TIAFQIS ANSYSAO A #)|-8-5F
+= Design modelerg AH8-3te] 3D= F&sIQIch 1
2]31, geometry?] surfaceol| HHS Fosto] A=
28 Aejgt 1 H, 3% geometryoll HF A
9121 meshE skl 48]A ==t A4S cell

+ I

o > R op@ iy oo e Y
o H
O, 1o
o

X,
=15
Y
_Olg?g ih3
rg_l_ll Oﬁ

i)
> 5

K

Ko

k

i

e

o

o

T

=)
jubad
2L

R
o
b
N
P
-
ox
ol
FIF
pocy

BN
iz}
—0|L
x
-
o,
]
4>

HT i

&

o,

(2

o

O

:?L_',

=

b

N

du

N

ot
=
o
r
>
e
1o
olN
N
i
)
2
to
X
i, rir
(0
il
N

modeler2 A3} slo] zkzh 2917t v] wj&Tte] A
A2 Agsta, 71 Rkgo] ] dojuls wHg
Wy wkSo] iy 3 e A 7kae] o]o]
Al = i E Ax wkgell ogk fiso] Wikl
A7 He NE7] Sl ARE o AdEA A
23813tk Fig. 2, Table 1 ¥ T]x}¢] AW = Az}
gEO.
3719} %

rlo
o

HgmEl g & AlEeelde %

Journal of Energy Engineering, Vol. 22, No. 2 (2013)



228 Az
H,
CH,
Fuel gas
(LPG + Air)

Fig. 1. Schematic diagram of High temperature reformer
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(a) Overall view of the real reformer
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(b) upper side view of the real reformer

Fig. 2. Schematic drawing of real for steam reforming
model
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Table 1. Mesh constitution of real model
node elements
res model 8052 38307
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(a) Overall view of mesh
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(b) inlet and outlet part view of mesh
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(c) Detail information of mesh for the real reformer

Fig. 3. Mesh of real for steam reforming model



=) x4 ARSI et e AE
JHE Slate] AR A 2 THL S 9
o1 ol e

= Zo] Tasith 2 A ARgE mde] Az}
TS oF Fig. 39 A8 eI

2-2. A4

o dAoM= A8 CFD AXEQ]
FLUENT(Ver 12.1)E ARg-3to] 712710l diste] 4
IR THskaL oo digk A&, 55, oy
2 AR BE PAAE siMel oSGl Tl

Atedelol o) Aug e et ries)

O 1

Ho

5 HE A (momentum  equation)
8 —

——

E(pv)JrV s (pvv) (1
=—Vp+V e [M(VWr VUT>]+pg+ F
AL 2 (continuity equation)

8 -

7(ap)+v e (apv)=0 )
o[ x|""d 2l (energy equation)

8 -

S PE)V N e (w(pE+p)) 3)

=V o (k‘,,ffVT)JrSh

F57 2 (turbulence equation)

W 5ol AuA A o2 standard k-e FES
X833tk turbulence  kinetic  energy  k%}
turbulence dissipation rate e ©}2 transport
equations=5-H & = itk

2] 1o}
= + )
o (k) 52, (pku;)
5} e | ok
= L+ 2 G+ Gy pe— Yo+ S,
oz, [(M 5 ) 8:17]-] G+ G, — pe )
“)
aga

Adk-go] A% 4 CFD A&l 229
d 9
) + )
o (pe) 52, (peu;) (5)
-9 ut ) e
ox; o, | ox;

2
+ o (Gt G Gy = Cop ot S,

o] A Gk HITEE gradient® A%
turbulence kinetic energy®] YIS oJu|shH, Gb=
Hokoll 9%t turbulence kinetic energy®] WIS
AL YMS A Akge] tigk b el

WS HEA7IE 719E 2Rtk Cle, C2e
2]l C3e2 AFE0lH 8k}t Set= ZH7; k9 eoll
gk Wt Prandtl <+ S°|t} Sk¢} Se= AREAL €]
source o]},

2 4 1o kA

23, shheA

S-S S5 S5l B ATHE Xush
Fromentol] 2J3] 7fete $57]-vgk vks wAYS
& AHBE, Aokl g dAUEE olele] A7t
A Hhg-o] MA whe-& Auigttiar 7RSIt

Steam Reforming Reaction(SR)
CH4+H20 — CO+3H2 AH = 2.06e5(kJ/kmol)
(6)
Water-Gas Shift Reaction(WGS)
CO+H20 — CO2+H2 AH = -4.10e4(kJ/kmol)
(7)
Direct Steam Reforming Reaction(DSR)
CH4+2H20 — CO2+4H2 AH = 1.65e5(kJ/kmol)
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Table 2. Operating condition

Flow rate Temperature(‘C) Steam Carbon
(L/min) P Ratio
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Table 3. Initial conditions at inlets and outlets
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. . Combustor
Reformer inlet | Reformer outlet | Combustor inlet
outlet
Mass flow rate(kg/s) 0.00224564
Temperature(K) 573 573 803 1373
CH4 0.20 0 0.104 0
H20 0.80 0 0 0.119
CO 0 0 0 0
Species
(kgspecies/kgtotal) H2 0 0 0 0
CcO2 0 0 0 0.147
02 0 0 0.221 0
N2 - - - -
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Table 4. Specification and operation conditions of GC

Items TCD
Column Carboxen 1000
Description packed column, 1/8", 5ft
Injector temperature 220°C
Carrier gas Ar, 20ml/min
Oven temperature 160°C
Detector temperature 220°C

Table 5. Experiment methane reforming and condition of
biomass and Wood pellet with steam reforming

Experiment Condition

Sample Methane
P (99.95%)
Temp
. Reformer 1100
©
Flow Rate (L/min) 1
Experiment Time (min) 60
Steam Carbon Ration (Reformer) 0,1,2,3
Sampling Time (min) 10
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Bol7ks o Ak 9 SHEA e ARt
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A& AAERItE e d7] $5ke] Gas sampling
port ZH-E] AA7IA~E 105vie 238, HET]
E+ Gas Chromatography(Thermal Conductivity
Detector, TCD)E AF8-3191.2 H2, N2, CO, CH4,
CO2E #A3I3Itk Table. 40 GC2o 7k~ 4 %
A3} Table. 59 A9 238 HERAATH
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Table. 59 YERH A& ZAA AdS 3Ps}sct
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Fig. 7. Effect of Steam/Carbon Ratio(SCR) for flow rate
from methane reforming
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: diameter of mixing tank, m

: diffusion coefficient of liquified DME
and Propane, m’s

: total energy, J

: body force, N/m's

. gravitational acceleration, m7/s

: height of mixting tank, cm

. diffusion term

: pressure, Pa

. total entropy, j/k

: temperature, K

: mass fraction
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A
: volume fraction of the phase, m’
: density, kg/m3

: mass averaged velocity, m/s

: viscosity, kg/m-s

: turbulence kinetic energy
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€ : turbulence dissipation rate
m : mass flow rate, kg/s
oeh A}
p : secondary phase
q : primary phase
k : phase
i, j : species
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