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Abstract—The stimulus-response experiments of non-adsorbing gas were carried out in a packed column
of large-pore particles in the region of 1<Re<130. The axial dispersion coefficient and the intraparticle diffusion
coefficient were estimated by the curve-fitting in time domain. The apparent intraparticle diffusion coefficient
of large-pore particle was decreased significantly in the region of high flow rates, due to the intraparticle
forced-convection effect. The intraparticle mass transfer of the large-pore particle is controlled by the diffusion

effect in low flow rates, however in high flow rates by the forced-convection effect.
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Fig. 1. Schematic diagram of experimental apparatus.

1. N; bomb 8. Wheatstone bridge
2. He bomb 9. Recorder

3. Flow meter 10. Data acquisition

4. Gas sampler 11. Computer

5. Column 12. Pressure transducer
6. Reference column 13. Foam flow meter

7. Relay switch
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Table 1. Properties of particle[7] and column

Particle:
particle density; 1,050 kg/m?
porosity; 0.747
pore diameter range; 290-10,000 A
macropore(>2,900 R) =48%
micropore( <2,900 &) =52%
average pore diameter; 3.640 R
particle diameter; 0.320 cm
Column:
length of test section; 30.6 cm
diameter; 1.71 cm
void fraction; 0.504
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Fig. 2. Plot of column pressure vs. velocity.
(solid; best fit by 5th-order polynomial: dashed;
best fit by 2nd-order polynomial).
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Fig. 3. Comparison of experimental and calculated re-
sponses at Re=105,
[line; experimental: points; calculated(D,.=12.8 X
1074 m?/s, D,=1.59X 10"* m%*s, RMSE=0.0171) ].
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Fig. 5. Plot of Pe vs. Re.
(curves; Ref. #12).
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Fig. 6. Plot of apparent tortuosity factor vs. Re.
(solid line; best fit by exponential function: dashed
line; limiting value at Re=0).
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ag, 2, by : coefficients in Fourier series [mol/m?]
C  :tracer concentration in the interparticle space
[mol/m?]

C.  :tracer concentration in the pore space [mol/m®]
» :axial dispersion coefficient [m?%s]

: intraparticle diffusivity [m?/s]

= :molecular diffusivity [m?/s]

F(s) : transfer function defined by eq. (8)
: particle diameter {m]

: mass transfer coefficient [m/sec]

: length of test column [m]

n :constant defined by eq. (25)

Pe :Peclet number [g,d,v/D,.]

q :parameter defined by eq. (10) [1/s]
R :radius of a particle [m]

r  :radial distance variable in a particle [m]
Re :Reynolds number [e;d,pv/ul

: Laplace transform variable [1/s]

: Schmidt number [p/Dyp,]

: Sherwood number [kd,/D,.]

: half period of Fourier series [s]

: time [s]

: interstitial gas velocity [m/s]

: axial distance variable [m]
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a  :constant defined by eq. (25)
B :constant defined by eq. (25)
g :bed void fraction

g  :particle void fraction
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u  :gas viscosity [kg/(m)(s)]

wi  :first absolute moment [s]

p, :gas density [kg/m’]

og :parameter defined by eq. (9)
T :intraparticle tortuosity factor
¢, :parameter defined by eq. (11)

AHX}

: coefficient in Fourier series for calculated re-
sponse curve

: coefficient in Fourier series for experimental
response curve

SHEX}

I : data at x=0

I :data at x=L

calc :data calculated

exp :data experimentally measured
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