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LEFHF FAER TAE £ AIAEZ o] &3t F3A F21F FHRe +X &5 73z} finite ele-
ment method(FEM) & F##e nd4d ZH43igct o] EY AFAe 5 HFEAE 23t flux term
A4 H2)¥ 4 qlgde}l. Ml 7FAl Peclet ol i@t breakthrough FA1-& 33l siAsiet & Ax|slelon,
$#e] g}l 4] Dirichlet AAZzA-E ZAsie}l sidalo) HxLE odozich Danckwerts A 212 A7p g4t
gEoltjels AAo A Faksg oA §He & 5 e, Peclet =71 A& 759 sil2] Azl o §)Fell A
A o) Folt}, £ simulation 2= Danckwerts 74 4 2] 4| 7}A] Peclet <=ol] g} & A sl 9} 2 o 2] s}sic).

Abstract—The Finite Element Method (FEM) was formulated for numerical solution of a fixed-bed adsorp-
tion column using mixed coordinate system which consists of a cylindrical and spherical coordinates. The
mixed coordinate system is implemented by connecting of interfacial resistances between two coordinates.
The breakthrough curves for three Peclet numbers are simulated and then compared with an exact analytic
solution. The finite element solution obtained by adopting the Dirichlet boundary conditions as the inlet
gives larger disagreements with an exact analytic solution. The merit of the Danckwerts boundary condition
is that it prohibits the diffusion flux at the boundary even though the system is diffusion dominated. The
larger disagreements in solutions especially when the Peclet number is small might be caused by the diffusion
flux at the inlet. The simulation results agree good with analytical solutions for three different Peclet numbers,
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Fig. 1. Schematic configuration of fixed-bed fluid-solid
system.
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Fig. 2. A 12 node mesh to show the global matrix.
1, 2, and 3 are along cylindrical axes; 4, 7 and
10 for partical surfaces; 6, 9, and 12 for particle
centers
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Fig. 4. Breakthrough curves, boundary condition given by
(55).
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Fig. 5. Breakthrough cruves, g-type boundary condition at
x'=0.
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OCM solutions at Pe=1.93 and by boundary con-
dition Eq. (55).
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£33 FHXAZS 0] 431 Finite Element Methodell 2§t $x1%9] §A)-2A A s}4] 603

A dr5Ad AFejAIdeg pE vl IFFEAE
Aol ZHAME =]duc)

£ AFAE-S 1989-1990 1A 2 FA4%W3} 3 Uni-
versity of Houston, Chem. Eng. Dept.cll 4] H4kg 4
sk} ol 2 79 T35 <7212l Dr. H. A. Deans( # 4}
University of Wyoming 52.<7), 3}8-3-8}t3% ¥513}4] Dr.

: parameter defined by eq. (71)
: dimensionless radius of particle
: capacity
: phase domain
: boundary region
2 :Laplacian operator, eq. (5) and (13)

4™ 95D .3 o

D. Luss @47 A=, U o icup

N : cap

: parameter, defined in eq. (70
AFRI|E 8 p q. (70)

XX}
A :nodal point e . element
C  :concentration [mol/cm?] 1 - external fluid phase
D : diffusivity [em?/s] 2 : intraparticle phase
D :diffusivity tensor * : particle phase
d :nodal values of unknown variable
d :time derivative of unknown variables SHY X}
F : flux term f : fluid phase
g : type of boundary p : particle phase
h : type of boundary L : longitudinal direction
i :nodal point index 0 : initial or entrance condition
j :nodal point index
K : adsorption equilibrium constant [cm®/cm®] D28

: mass transfer coefficient [cm/s]
L : column length [cm] 1. Meyer, O. A. and Weber, T. W.: AIChE ], 13, 457
m : defined in Table 2 (1967).
N4  :interpolation function at node A 2. Lee, R.G. and Weber, T. W.: Can. | Chem. Eng,
ni,y :number of degree of freedom 47, 54(1969).
n; :number of element 3. Deans, H.A. and Lapidus, L.: AICKE ], 6, 656
n,, :number of nodal point (1960).
Pe  :Peclet number, defined in eq.(69) 4. McGurie, M. L. and Lapidus, L.: AIChE ], 11, 85
R : particle radius, cm or reaction term (1965).
r : radical position of particle [cm] 5. Froment, G.F.: Chem. Eng. Sci, 7, 29(1961).
T : time [s] 6. Froment, G.F.: Ind. End. Chem., 59, 18(1967).
t : time [s] 7. Leroy, J.J. and Froment, G.F.: Chem. Eng. Sci,
u : interstitial velocity [cm/s] 32, 853(1977).
W :weighting function 8. Kheshgi, H. S., Hagan, P. S, Reyes, S.C. and Pir-
X : dimensionless axial coordinate [z/L] kle, Jr. J.C.: AICRE ], 34, 1373(1988).
X’ : axial coordinate of fluid phase 9. McGreavy, C. and Cresswell, D.L.: Can. J. Chem.
: radial coordinate of column [cm] Eng, 47, 583(1969).
z : axial coordinate of column [cm] 10. Feick, J. and Ouon, D.: Can. J. Chem. Eng., 48, 205
(1970).

2|0 AEX} 11. Villadsen, J. V. and Stewart, W. E.: Chem. Eng. Sci.,
At :time step 22, 1483(1967).
x - diffusivity tensor, defined in eq. (63) 12. Stewart, W.E. and Villadsen, J. V.: AICKE ], 15,
v : unknown variable, defined in eq. (60) 28(1969).
€ : porosity of the bed 13. Finlayson, B. A.: Chem. Eng. Sci., 26, 1081(1971).
T : dimensionless time, defined in eq. (65) 14. Hansen, K. W.: Chem. Eng. Sci, 26, 1555(1971).
e - dimensionless coordinate, defined in eq. (65) 15. Young, L. C. and Finlayson, B. A.: Ind. Eng. Chem.
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