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Abstract : Recently, there are increasing numbers of study regarding hydrogen fuels but researches on desulfurization of diesel
are rare. In this study, we performed diesel desulfurization reactor design by computation fluid dynamics simulation. By
analyzing the change in flow and sulfur concentration at the outlet according to the changes in flow rate, reactor length, and
reactor diameter, we have found the minimum catalyst performance for the given flow rate condition and the relation between the
reactor performance and the reactor size and shape. We also studied the effects of permeability of the packed bed on the flow and
sulfur concentration distribution. The present work can be utilized to design a diesel desulfurization reactor for a fuel cell used in
ships. Furthermore, the present work also can be used to design low sulfur diesel supply in oil refineries and therefore contribute
to the development of clean petrochemical technology.

Keywords : Fuel cell, Desulfurization, Computational fluid dynamics (CFD), Reactor design, Clean petrochemistry
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Figure 1. Schematic diagram of overall desulfurization process for
fuel cell.
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Figure 2. Schematic of desulfurization reactor geometry and mesh
information (a) 2D geometry, (b) 2D mesh, (c) 3D repre-
sentation of velocity field.

g P22 weo] 4 Figure 2a)0] LrEhG uhe} o] %
QAE 249 G ~AHA ooz Mgt Figure
2b)oll A Ho) AL 2449 A% P27} el g,
Hk-2-7] 9] 31 7]= u]=t TDA research inc. AF2] €3} Hk-2-7]9]
F7]E[10] ZZ3}e] =90] 335.6 mm, A& 762 mm= A5}
Ao inletd} outlet2 A|E 254 mmo] WO 2 AASITH
2t ek vhE7] Wil AR Sl S54SR AlgelH,
o] = BEx= 100~300 um, FoF XS 200 umo]TH11].
weof A AR S 2Tk ohH HlolE o] Aldgt 3
Ao] ZhsstARt, FojulatA AA wEH A A kE St
Al B ot AaE 9 4 leag AEg AR
Aok Aol Fasiti12] & F& 9 vhe7] R oA =
A 2 247 5% 10° 1% 10°, 5% 10°, 1% 10%, 1 x 10°7] 2
A sto] shAa A3k 5 x 107 ol Aol e 2T &
ol et foju|gt Aute] WMBtE oA ot 5 x 10°7]9]
AR E Abg sl mUYe Aslgck

b oy

N

P
-
010 rE

00

Hd
1z
lo
I
k0
%
1
|E
bal
=
I3
M
>

7

N O\
N
1?3‘
2
>
N
fo
e
P
il
e A
oX
<
po)
Tlo
gt
ol
=
olo
N

rToqn

LAY gu, w8719 A% W o), 19
o)

=
7] Yol F4s Fujo) A7) 9 FEEolk o
% H

=]
=
A

3

#doop o
:)‘4_4_44
=
=
ot
by
T
=
-
oX
>
flo
Z
<
@.
2]
o
5
w2
o=
o
1
tlo
S~
>

U 2 doae o3d wdS S3ske §A1Y
HARE 4= Q1= Darcy's laws ©]-235F3 . Darcy's law
Navier-Stokes A4S 7|2 o2 s}o] oAl E9
of tgt ARozte ARHoR fEN oz tad
|, ol& o] Bk, A B FulEo] 15 Aok
AUrbe gAe) BEL SNT 1 Gt Aojn] g

o o o & fu

flo

7

qr &2 fob rf X ool 2 ol Hx

o m ol

CFD R 93& 53 ARAA§ t 02| FAF w37 vzl 231

Governing Equation for Darcy's Law

K
Volpu)=Q, , u= VP
On : Flow rate, u : Fluid velocity, z : Viscosity,
p : Density, K : Permeability, p : Pressure
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Governing Equation for Transport of Sulfur

V- (=DVeg)tu - V=R,

N,=—DVc¢;+ uc

D; : Diffusivity, ¢; : Sulfur concentration, R; : Reaction rate
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Figure 3. Effects of flow rate on velocity and sulfur concentration
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concentration contour in reactor.

Vs W] ST Y O F & e R
Figure 3(b)oll Al Zro] &7} dtet. shA|ut o A2 3 )35t
=9 = 759 Hgt) mel AP H o R HelA] ookt
Figure 3(b)o] Uepbd vie} Zho] f-5F3 2u) S7HA13H S <]
ETolA & SRS F% 2ol oF 36 Zfol7} Hout &
FZ 108 S7HAFHS wolli= 9u7keF 2fol7} with o] gl
Atz EFNA9 & 3HEY] s =7} Figure 3(c)oll YErd
Hpel o] Hh-g7] WiHel -5 Earol| JeFg ol A/
fEo g2 FhhEch

w

|'[I

1S7] 37| Hstol 02 SAEE 88| C
ig7] Tl A TP Fad ad
B uolth. utet T w719 A
W 4o Wske ssstel wg «
& shushsin AAE 109 ol
5] 108191 6% 107 m¥is 3 0L A3 w57

3.
o

2 olo

AN ML o

(a) 11
----- 177.8 mm = = 3556 mm —— 5334 mm 5334 mm == 889.0 mm
10 =
£ ... 9.59 ppm
o ~ é
g e 9.11 ppm
= ~._ 862 ppm
o -
B 8 ~ 8.13 ppm
s © = +|7.65 ppm
c
2 7
c
o <Inlet> <Outlet>
Y6
0 0.2 04 06 0.8 1

Position in Reactor (m)

—
o

~
-
N

~~~~~ 254 mm =762 mm

127.0 mm == 177.8 mm == 228.6 mm

10— 9.89 ppm
9.11 ppm

= 7.77 ppm

6.04 ppm

Concentration (ppm)

4 ‘ ©-13.93 ppm

<Inlet> <Outlet>

0 01 0.2 03 04 0.5

Position in Reactor (m)
Sulfur
(c) Concentration
[254 mm|[76.2 mm | 127.0 mm |[177.8 mm ][ 2286 mm | g ppm

9.0

72

Figure 4. Effects on concentration distribution according to reactor
length and diameter (a) Length, (b) Diameter, (c) Concen-
tration contour according to reactor diameter change.



Wil A& 9 Zolg W3lA|7|H &
ciss e A g
HA 95719 ZdolE 177.8 mmol 4] 889 mm7}A] BIS}A|
He o & & 3RMEY 5 WSHE sl sttt Figure
4(a)oll A Yebd vpe} o] &9 3 3HE s dol7t
7kl kel A& Albe] AgH o R FIHgFO R EolA
o] & REY vt AFH o s FrAache Eelstort 4
0|7} 177.8 mm F7} & wf, ZFoA & =] == oF
0.5 ppm 7} 712 4TS & 5 Utk §ES7|9] Ao
S7h= BES71Y) ot Ay Etavte] HES S W
A AL Td] AT AlZro]l F7Fehe A gle g ofg
3 A7l et Aoz sjAs 4 itk
H-3-7] Aolo] wstet th= A whg-7] 259 F7h= Figure
4(b)ell Lebdll vke} Zro] z]Fo] F7hgtel whet vhg-7] 9] A
S 9719 o E & FE SAE] A E w7t ke
et YAzt Hskste] f-5o FE7E v 2A Wskel
o} E7ol4 9] & 3ol HEnt oby et AAA] 3 3t
e FEEE AL BRG] YellA A HEeHS Figure
4(c)oll Aol Zro] gl 4= Ut 1h-8-7] 9] Z]Eo] 76.2 mmoj|
A| 228.6 mm= 3uf F7F A9, Wg-7]9] Ful= 9w 7t
ghth o] AL 71% o] 335.6 mmollA 9uf F7}EE o]
3,200.4 mm2] ¥H-5-7|9} S 3 FFES FEE v
St Z47F 3,93 ppm, 1.3 ppmo|t}. &, 228.6 mm | &2] ¥k
7] ZFo)A & shgEo] =9l 3.93 ppme °F 2,286 mm
Zol8] ¥kg7] EtolA 9 & s ot A2 groe s ut
7 H dol|g77F Fulg7tiet £ e o 22 &
& BoS #RIE 4= Ut o] gt A= Figure 4(c)ol Al
L}EWJ ukel o] §hg-7]9] Qtet wkg-719) A& 2ozt ¢
TaIE F7HA, BT UH AAR EFo] WA A ¢kl
9371 HFollA s50] A7A] g F&, & di=Eo] 4A
AR §Hg7] oo T4 antE YR l7] g o ® ad
Z 7k A AR M
AA A YAl A =
< gt 27hE0 YAt

skl Bw BT W

ool

34. £1HE0 T2 $HS7| LR RS U 55 #a}
Uhe7] Aol AL NN E hE WeRE W] Y
sol FHE Zoje] 7] P FFBo| Yok ANHOEZ FA
2o 37)7} wistell Hlwl §E w3 skl Hek 4
29 2717k AAA =W U Apole] F7ro] wobA w37

Wi5o] F=Eol AAA =Hw YA} 27]7F ZopAH o]ef wE
2 F=E0] ZopAA ") dutzow FAE Wi &
Zho] Wolx A =W F=Eo] AXA Hed ol dF=
Darcy's Lawol| A= E3}-&(permeability)o|2}= FE& A3}
of LpehiIth S34g-8 Qe 7], wep, B2 Aol ujet
A 2950 Qdape] av]sh FAES] YRS shte| shehu]
€15 ojelstol R GOl mheb & AElE FoHe

& WspA7o] 9] el §53 T SekE o] vl

CFD w3 & 5 At & t)ao] S2haa whg7] xpel 233

Velocity
X 104 m/s

2.5
20
15
1.0
0.5
0

High Permeability

Sulfur
(b) Concentration
ppm
9.86

Low Permeability

8.97

8.07

7117

6.27

5.38

448

Low Permeability — High Permeability

Figure 5. Effects of permeability on (a) velocity, (b) sulfur concen-
tration distribution.

Figure 59| Lrebid vhol o] Eakgol Axe| uhet o
Sjstut e 59 Mhs 2 Holq gont
o Lo wsbh Bt SE v

2 W el W) Fakgo] Aael e f50] &
2 YRR 2Y0RA B FAES Mol w74k
BR8]0 74 Hiol BlEze] BB S 4 Ak ol
t 4o BEE U8 445 A YT 5 g
o2 Eabgo] Ao uet f50] F4lo] WFH ol et
U Eaolch o] 2 E BEF WHS7IE APl AAE w AME:
Hi o] Rakg ARIb e9 A dSSEA
23 2290 FAT 5 Yock veb Suio) 25 st
Wl ETE ARE SRt o] U Ao U] A
2 o Z3tn PAAsks O Bage s
4. 22



234 HA7)&, A21A A43, 20159 129

F Whe7le] tiE o Al 4RE BEE 7% d78
Sastlc. ) UAele] 2a X Tt fu, W
719 A7), 2ol FAE G Fujo] Fakgo] Agkel o)
A pobe. §9F Wate] e vheY] YRel 95 2 % 5}
geol B A Wk wAste] ZToA o) & shatEel
5 WS Avjioan 27040l ¥ ke /% 5
(1 ppm)E W3] SI% T EY A5 o=tk vt
710) Zoje} A &o| Mafe] uhE Qe 27 Abwmgreh
ukg7]0] Zlo] Wsfol] nhE AR MEH ol Zs, HFA
719] 371 5 o|BASR 10| o Zuli Ao Rgksis
A7 BT A% uhg7]9] A5 Weke olo] vy
o Bk sl whey] Aol QRS nHth 53 &
Aol AZE W A B Aol7t A4 AT B E
of5o] ¥he7] FA4lTH WS vue] 9% Aol7} glovk, X
2 Aol7} 248 W87 wuizte] §5o 2ol Ao
olefdt §E Kol g7 U WS G nH =

o4 F BeE swe] 2 YL v FHE FF &

il
o =
3
kS
M
-
<
o
1o
oldh

wo] Erbge Wi 5] vt

shate wmo] et QRS vFom 5 A PRl A
Sujo] Eabgol] npe maE weA] Lesof ¢ o 4 9l

ek,

£ AT Anayy Oaels F2 9 e A a
2AXG A 9|40 o8 4 glon, /|E drd

|

Ao 2718 EHA O FaA70 BES 27 £ 4 9)
2 7oz e Ea, $F $2 9g 52 22 v
stozn & w34 &ZKThermal Swing Adsorption) 7] &2

2]
[13] B&sto] A& oz FA-AYS WEshe A
28 Z2AL T o]§E Zlojth offjl A= A Al
o] A2 =i el sk, 241, A7, Ad, AR T 4k
oo T W AlAl LR b dzekel AAAA LA
A 9 FEY satetE Sl HF AES Ve g =k AA
A= T +UF dA ° 2 Ao R S4E THssH
o Aot

o] =S AAT/SALRY AUz AAYo|HALA
TAE 9] Al whof =3 & QL 0w (IHA] H 5 N0000990)
T A A9 o R Q5L THIA 2 NRF-2015
RIDIA3A01019112).

10.

11.

12.

13

References

Kim, M. W., “Analysis on the Technology R&D of the Fuel
Cell Systems for Power Generation in Ships,” J. Korean Soc.
Mar. Eng., 31(8), 924-931 (2007).

Park S. K. et al., “A Study on Performance of Solid Oxide
Fuel Cell System for Ship Applications,” J. Korean Soc. Mar.
Eng., 35(5), 582-589 (2011).

Nam, J. G., “A Study of NOx Performance for Cu-chabazite
SCR Catalysts by Sulfur Poisoning and Desulfation,” J. Korean
Soc. Mar. Eng., 37(8), 855-861 (2013).

Seo, Y. T. et al., “Performance and Operational Characteristics
of Natural Gas Fuel Processor for 1kW Class PEMFCs,” J.
Korean Soc. New and Renewable Energy, pp. 17-20 (2006).
Shi, W., Y. et al., “The Influence of Hydrogen Sulfide on
Proton Exchange Membrane Fuel Cell Anodes,” J. Power
Sources, 164(1), 272-277 (2007).

Meng, X. et al.,, “Combustion Study of Partially Gasified
Willow and DDGS Chars Using TG Analysis and COMSOL
Modeling,” Biomass Bioenerg., 39, 356-369 (2012).

Lee, Y. J. et al., “The Adsorption of CODS with a Modified
- Activated Carbon for Ultra-Cleanup of Coal Gas,” Clean
Technol., 13(4), 266-273 (2007).

Cammi, A. et al., “A Multi-physics Modelling Approach to
the Dynamics of Molten Salt Reactors,” Ann. Nucl. Energy,
38(6), 1356-1372 (2011).

Jung, J., and Gamwo, 1. K., “Multiphase CFD-based Models
for Chemical Looping Combustion Process: Fuel Reactor Mo-
deling,” Powder Technol., 183(3), 401-409 (2008).
Alprekin, G. et al., “Desulfurization of Logistic Fuels for Fuel
Cell Apus,” TDA RESEARCH INC WHEAT RIDGE CO
(2008).

Ho, H. P. et al. “Adsorptive Desulfurization of Diesel for Fuel
Cell Applications: A Screening Test,” Clean Technol., 20(1),
88-94 (2014).

Shin, D. W., and Kim, L. H., “A Comparison with CFD Si-
mulation and Experiment for Steam-methane Reforming Re-
action in Double Pipe Continuous Reactor,” J. Energy Eng.,
22(2) (2013).

Lei, M. et al. “Thermal Swing Adsorption Process for Carbon
Dioxide Capture and Recovery: Modeling, Simulation, Para-
meters Estimability, and Identification,” Ind. Eng. Chem. Res.,
52(22), 7526-7533 (2013).



