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Abstract — In this study, we performed numerical simulation of the adsorptive desulfurization reactor for a 100 kW
fuel cell. Using experimental results and the adsorption kinetics theory, the adsorption rate of sulfur in diesel was estimated and
verified by numerical analysis. By analyzing the performance of desulfurization according to reactor size, the optimal
reactor size was determined. By maximizing processed diesel amount, optimal diesel flow rate was determined. Regenera-
tion process was also confirmed for the obtained optimal reactor size. The present work will be utilized to design a die-
sel desulfurization reactor for a fuel cell used in a ship by further process modeling and economic analysis.
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Fig. 1. Schematic of the designed desulfurization reactor (a) Desul-
furization reactor and enlarged view of wall structure (b)
Sulfur concentration distribution and mesh distribution.
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Table 1. Estimation of reaction rate according to processed diesel volume

3 T AE- GEkgT] A 877
@ [
eactor name casel case2 case3
Reactor size
Width x2 Width x2
Length x2 Length x2
Number of reactor
for 100 kw McFC | TS0 EA 20 EA 3EA
(b)y €5
S
= 4 — casel 0.36 kg/h
o 3
E - case2 8x0.36 kg/h
S 2
o
)
21 -- case3 64x0.36 kg/h
o
©o
0 5 10 15 20
Time (h)
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Fig. 6. Time dependent analysis for adsorbent regeneration (a) Resid-
ual sulfur distribution for case3 reactor (b) Regeneration ratio
change according to reactor size.
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Nomenclature

Cpep : Effective specific heat
D : Diffusivity of sulfur 3
gB(T.v_Text)L

2
v

Gr;  : Grashof number, Gr; =
K : Permeability

L Height of reactor

N,  :Number of diluted sulfur
N, : Number of residual sulfur
T : Temperature
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ext

: External temperature

: Prandtl number for air

: Flow rate

: Heat transfer rate

: Adsorption rate

: Rayleigh number, Ra = GrPr

: Concentration of diluted sulfur

: Concentration of residual sulfur

: Gravitiational acceleration

: Heat transfer coefficient

: Heat conductivity of insulator

: Effective heat conductivity

: Sulfur remaining on the adsorbent at time t
: Sulfur present when adsorbent was saturated
: Pressure

: Inner heat flux

: Heat loss flux

: Time

: Fluid velicity

: Coefficient of thermal expansion for air
: Viscosity of diesel

: Kinematic viscosity

: Density of diesel
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