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Abstract — We performed process and CFD simulations of a 100 kW fuel cell system. By process simulation, we
derived the input flow rate of each unit process and the recycle diesel flow rate. Through CFD simulation considering
the recycle diesel flow, more efficient operational condition was found. Using 6 desulfurize reactors, a TSA process for a
100 kW fuel cell system was successfully constructed. Heat interference between reactors was found to be negligible.
These results will contribute to increasing the efficiency of fuel cell system and the developed desulfurizing module

Process Simulation and Optimization of Fuel Cell System including CFD Modeling of Diesel

design will contribute to the clean petrochemical technology as well as fuel cell systems.
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Fig. 1. Process flow diagram of a 100 kW MCFC-based auxiliary power unit.
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Table 1. Chemical composition of diesel feed

Component Mole Fraction
Dibenzothiphene(DBT) 0.0029
Naphthalene 0.0009
2-Methyl naphthalene 0.0009
n-C16 0.3162
n-C12 0.4154
n-Cl4 0.0010
T-Decalin 0.1294
Tert-butyl benzene 0.1337
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Fig. 2. Schematic of TSA desulfurize process.
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Table 2. Process simulation result of a 100 kW MCFC system
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Table 3. Process condition of desulfurize system
Flow rate 36.8 kg/h
Time (h) 1 2 3 4 5 7 8 9 10 11 12
Reactor 1 0.19 031 0.46
Reactor 2 0.19 0.31 0.46 0.19 0.31 0.46
Reactor 3 0.19 0.31 0.46
Reactor 4 0.19 031 0.46
Reactor 5 0.19 0.31 0.46 0.19 0.31 0.46
Reactor 6 0.19 0.31 0.46
Regeneration process
Input process

Desulfurization process and sulfur concentration at exit (ppm)
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Nomenclature

: Effective specific heat
D : Diffusivity of sulfur

T,~T,,)L’
Gr; : Grashof number, Gr; = b~ Te)l

2

K : Permeability v
L : Height of reactor

N,  :Number of diluted sulfur

N,  :Number of residual sulfur

T : Temperature

T,, :External temperature

Pr : Prandtl number for air

Q,, :Flow rate of fluid in packed bed
Qr  :Heat transfer rate

R : Adsorption rate
: Desorption rate (Boiling rate)
Ra  :Rayleigh number, Ra = GrPr

cy : Concentration of diluted sulfur
c, : Concentration of residual sulfur
g : Gravitiational acceleration

h : Heat transfer coefficient

: Heat conductivity of insulator
ks :Effective heat conductivity
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2
m, : Sulfur remaining on the adsorbent at time [t]
m, :Sulfur present when adsorbent was saturated
p : Pressure

q;; - Inner heat flux

Qo - Heat loss flux

10.

11.

12.

13.

. Wan, Z., Zhu, M., Chen, S. and Sperling,

: Time

: Fluid velicity

: Coefficient of thermal expansion for air
: Viscosity of diesel

: Kinematic viscosity

: Density of diesel

References

. Eyring, V., Kohler, H. W., Van Aardenne, J. and Lauer, A.,

“Emissions from International Shipping: 1. The Last 50 Years}
J. Geophys. Res., 110, D17305(2005).

. Goldsworthy, Laurie., “Exhaust Emissions from Ship Engines-signif-

icance, Regulations, Control Technologies, Austl. & NZ Mar. LJ,
24, 21-30(2010).

. Ma, H., Steernberg, K., Riera-Palou, X. and Tait, N., “Well-to-

Wake Energy and Greenhouse gas Analysis of SOX Abatement
Options for the Marine Industry, Transportation Research Part
D: Transport and Environment, 17(4), 301-308(2012).

. Buhaug, @., Corbett, J.J., Endresen, @., Eyring, V., Faber, J.,

Hanayama, S., Lee, D.S., Lee, D., Lindstad, H., Markowska, A. Z.,
Mjelde, A., Nelissen, D., Nilsen, J., Palsson, C., Winebrake, J. J., Wu,
W. and Yoshida, K., “Second IMO GHG Study 2009, Interna-
tional Maritime Organization (IMO), London, UK(2009).

D., “Moving Beyond
Alternative Fuel Hype to Decarbonize Transportation) Nature,
530, 7590(2016).

. Ovruma, E. and Dimopoulosb, G, “A Validated Dynamic Model

of the First Marine Molten Carbonate Fuel Cell} Appl. Therm.
Eng, 35, 15-28(2012).

. Leo, T. J., Durango, J. A. and Navarro, E., “Exergy Analysis of

PEM Fuel Cells for Marine Applications, Energy, 35(2), 1164-
1171(2010).

. Aicher, T, Lenz, B., Gschnell, F., Groos, U., Federici, F., Caprile,

L. and Parodi, L., “Fuel Processors for Fuel Cell APU Applica-
tions; J. Power Sources, 154(2), 503-508(2006).

. 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).

Lin, L., Zhang, Y., Zhang, H. and Lu, F., “Adsorption and Solvent
Desorption Behavior of lon-Exchanged Modified Y Zeolites for
Sulfur Removal and for Fuel Cell Applications; J. Colloid Inter-
Sace Sci., 360(2), 753-759(2011).

Kwon, S. G, Liu, J. and Im, D. J., “Diesel Desulfurization Reactor
Design for Fuel Cell by Computational Fluid Dynamics.” Clean
Technol., 21(4), 229-234(2015).

Choi, C. Y., Kwon, S. G, Liu, J. and Im, D. J., “Numerical Sim-
ulation of Catalyst Regeneration Process for Desulfurization
Reactor] Clean Technol., 23(2), 140-117(2017).

Ho, H. P, Kim, W. H., Lee, S. Y., Son, H. R, Kim, N. H., Kim,



14.

15.

16.

17.

18.

19.

A ErS)

E]EE.‘O

F9137g ] CFD RS
J. K., Park, J. Y. and Woo, H. C., “Adsorptive Desulfurization of
Diesel for Fuel Cell Applications: A Screening Test, Clean Tech-
nol., 20(1), 88-94(2014).

Hodges, S. C. and Johnson, G. C., “Kinetics of Sulfate Adsorption
and Desorption by Cecil Soil Using Miscible Displacement;’
Soil. Sci. Soc. Am. J., 51(2), 323-331(1987).

Choi, C. Y. and Im, D. J., “Designing Desulfurization Reactor by
Numerical Modeling including Desulfurization, Regeneration Pro-
cesses, and Adsorption Rate Estimation)’ Korean Chem. Eng.
Res., 55(6), 874-880(2017).

Permatasari, A., Fasahati, P., Ryu, J. H. and Liu, J. J., “Design
and Analysis of a Diesel Processing Unit for a Molten Carbonate
Fuel Cell for Auxiliary Power Unit Applications,’ Korean J. Chem.
Eng., 33(12), 3381-3387(2016).

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).

Lin, L., Zhang, Y., Zhang, H. and Lu, F., “Adsorption and Solvent
Desorption Behavior of lon-Exchanged Modified Y Zeolites for
Sulfur Removal and for Fuel Cell Applications.’ J. Colloid Inter-
face Sci., 360(2), 753-759(2011).

Jurriaan, B., Erick, V., Sander, M. and Ruud, B., “Steam Reforming
of Commercial Ultra-low Sulphur Diesel}’ J. Power Sour., 196,
5928(2011).

20.

21.

22.

23.

24.

25.
26.

27.

F90A 2 A43t 429
Specchia, C. S., Antonini, M., Saracco, G and Specchia, V., “Diesel
Fuel Processor for PEM Fuel Cells: Two Possible Alternatives
(ATR versus SR), J. Power Sour., 154, 379-385(2006).
Lindstro, B., Karlssonb, J. A. J., Ekdungea, P., De verdierb, L.,
Haggendalb, B., Dawodyb, J., Nilssonc, M. and Petterssonc, L.
J., “Diesel Fuel Reformer for Automotive Fuel Cell Applications;
Int. J. Hydrogen Energy, 34(8), 3367-3381(2009).

Olgun, E. H. and Ozdogan, S., “Simulation Study of a Proton
Exchange Membrane (PEM) Fuel Cell System with Autothermal
Reforming]’ Energy, 31(10), 1490-1500(2006).

Ahmed, S., Kumar, R. and Krumpelt, M., “Fuel Processing for
Fuel Cell Power Systems, Fuel Cells Bulletin, 2(12), 4-7(1999).
Olgun, E. H. and Ozdogan, S., “Reforming Options for Hydrogen
Production from Fossil Fuels for PEM Fuel Cells) J. Power Sour.,
154(1), 67-73(2006).
http://www.jmprotech.com/htc-johnson-matthey.

Ko, D., Kim, M., Moon, 1. and Choi, D. K., “Analysis of Purge
Gas Temperature in Cyclic TSA Process; Chem. Eng. Sci., 57(1),
179-195(2002).

Lei, M., Valliéres, C., Grévillot, G. and Latifi, M. A., “Thermal
Swing Adsorption Process for Carbon Dioxide Capture and
Recovery: Modeling, Simulation, Parameters Estimability, and
Identification) Ind. Eng. Chem. Res., 52(22), 7526-7533(2013).

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018



