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Abstract—The concentration distribution in a catalytic packed bed with packing was studied. The resistance
to flow in the bed, packed with activated alumina particles to catalyze ethanol dehydration reaction, varied
by inserting screen-packing and different size particle section. It was found that the velocity- and concentra-
tion-profiles were non-uniform due to the variation of void fraction near the wall. The effect of inserting

the screen-packing in the bed enabled velocity- and concentration-profiles to be uniformly distributed over
the bed. The governing equations for momentum- and mass-transport in the fixed bed and the fixed bed
containing a screen-packing were numercasslly solved to demonstrate the effects of the void fraction and
the screen-packing inserted in the bed. Effluent ethanol concentrations, measured by ethanol detector tube,

were found to be varied with radial position in a manner consistent with the modeling equations.
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. Nitrogen cylinder 8. Reaction zone
Valve 9. Temperature controller
Rotameter 10. Gas trap

. Ethanol feed tank
. Electric furnace
. Flow straightener
. Preheating zone

11.
12.
13.

Gas chromatograph
Helium cylinder
Recorder

. 1. Schematic diagram of the micro-reactor experi-
mental apparatus.
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1. Nitrogen cylinder 8. Reaction zone
(carrier gas) 9. Thermometer
2. Rotameter 10. Temperature controller
3. Ethanol evaporator 11. Electric furnace
4. Water bath with 12. Pitot tube
temperature ~ontroller 13. Pitot tube holder & traverse
5. Pump 14. Septum
6. Flow straightener 15. Gas detector
7. Preheating zone

Fig. 2. Schematic diagram of the macro-reactor experi-
mental apparatus.
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Fig. 3. Study of catalytic activity at 309°C.
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Fig. 4. Comparison of computed and experimental radial
conversion profiles on the surface of the bed [uni-
form activated alumina packed bed (D,=4 mm,
L=10cm)].
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Fig. 5. Comparison of experimental radial concentration
profiles on the surface of the bed in the case of
APHC and APHA.

APAC=activated alumina packed bed with a high
resistance central core(annulus : D,=4 mm, cen-
ter : D,=2 mm)

APHA =activated alumina packed bed with a high
resistance annulus(annulus : D,=2 mm, center :
D,=4 mm)
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Fig. 6. Comparison of experimental radial concentration
profiles on the surface of the bed in the case of
UAA and ASP.
UAA=uniform activated alumina packed bed(D,
=4 mm, L=10cm)
ASP=annular screen packing packed in the center
of the bed(D,=4 mm, L=10cm)
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Fig. 7. Comparison of computed and experimental radial
conversion profiles on the surface of the acitvated
alumina packed bed containing an annular screen
packing(screen packing packed in the center of the
bed).
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NOMENCLATURE

a :R/L, aspect ratio [-]

B33 M30H X23 199241 4%

.

oh
oX,
2
£
-

D, :radial dispersion coefficient [L%/6]

D,  :Damkohler number [-]

D.  :axial dispersion coefficient [L?/0]

G, G', G/, G, : mass velocity vector, its magnitude and
components [M/L%0]

G, :average mass velocity [M/L%0]

G,' :average interstitial mass velocity [M/L?0]

L : length of column [L]

ny  :mass flux of A [M/L%]

P,  :radial mass Peclet number [-]

P. :axial mass Peclet number [-]

R : radius of column [L]

r :1'/R radius[-]

ra’ :rate of reaction [M/L%0]

ry/ :rate of reaction at feed condition [M/L%]

v,'v;’ :radial and axial components of superficial ve-
locity vectors [L/T]

va'  :mass fraction of A

y4  :mass fraction of A at feed condition

z :z'/L. bed height [-]

7 : axial coordinate

Greek Letters

€ : local porosity [-]

€, :average porosity [-]

p : dimensionless density

p’  :density of gas [M/L%]

pa’  :mass concentration of A [M/L3]

o/  :density of gas at feed condition [M/L?]

Subscripts
r : radial direction
z : axial direction
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