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Residence Time Distributions of Liquid phase Flow and
Mass Transfers in the Trickle Bed Reactor
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Abstract

The residence time distribution of liquid flow in a 4. 0cm diameter column packed with porous
Al,04 spheres of 0. 37cm diameter were measured with pulse “injections of a tracer under
cocurrent trickling flow conditions, ‘

The mean residence time of liquid flow and liquid hold - up calculated by the transient curve
of tracer were unaffected by gas flow rates under experimental ranges of liquid flow rates
from 2.4 to 4.5(kg/m sec) and gas flow rates from 0 to 0. 13(kynfsec). v

The axial dispersion coefficient of liquid stream and apparent diffusivity of tracer in a micro-
pore of solid particle were estimated from the response curve of tracer. The calculated Peclet
No. were increased in ranges of 68 -to 82 with a increasing of liquid mass velocity, and the
external effective contacting efficiency between liquid and solid which . can be expressed, by
(D,-)app/D,- varied in ranges of 0.54 to (.68 depending on. the liquid flow rates, ’

The gas to liquid (water ) volumetric mass transfer coefficient were determined from
desorption experiments with oxygen at 25° and 1 atm, The measured mass transfer coeffi-

cients were increased with tiquid flow rates and the effect of gas flow rates .on the ' mass
transfer coefficient was insignificant,
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Fig. 1. Experimental apparatus,

Table. 1. Physical properties of packing
materials and Dimensions of

Dislributor Electrode packing column ,
Liquid input )
v Diameter of Column 4 cm
Gas inpli(’_,;__. _% Length of Packing Bed 50 cm
i Lo e 5
Pt wire g=08 mm
Al,O
Packi terial 273
acking Materials (sphere type)
' Diameter of Packing
i 0.3
= coluzgnmc:‘l‘a. — Particle Tem
Internal porosity of
Particle 0. 45
Bed porosity of
Fig. 2. Distributor and electrode. Particle 0. 39
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Table. 2. Liquid hold -up and mean residence time of liquid flow.
Liquid -flow rate Gas flow rate
A/ min liter / min Hp H, Hr w tmH Tme
(kg /ot sec) (kg /mt sec)
195 0.111 0. 153 0. 428
0. 392 43.0 45.8
(2.58) ~ 0,108 |~ 0.152 [~ 0.426
6.1 ~ 1.5
245 0.121 0.163 0. 439
0. 418 35.0 37. 8
(3.25) ~0.120 ;~0.160 0. 436
(0. 093 ~ 0.122)
290 0. 127 0.171 0. 450
0. 438 30. 4 33.5
(3.85) ~ 0,125 [~0.170 |~ 0. 448 )
355 0.138 0,181 0. 460
, 0.459 | 25.4 27,5
(4. 45) ~0, 134 [~0.179 [~0. 458
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Nomenclature

an, bn : Cofficent of Fourier Series

C(x, t) : Concentration of tracer in li-
quid bulk phase

Ci(r, tJ

Cad(t)

CL exp (t)
CIL, expct)

D
D.

D;
Hr

He
Hp

ki

(ka)lg

: Gas to

: Radius of

: Extrenal

: Concentration of tracer in

a micro-pore of saolid particle

: Concetration of tracer ado-

rbed on solid particle (mole
/g of solid)

: Concentration of tracer me-

asured at point T

: Concentration of tracer me-

asured at point II

: Molecular diffusivity (msec)
* Axial dispersion coefficient

(m “sec)

: Effective diffusivity of tr-

acer in solid particle (m.”
sec)
‘Total liquid hold up(-)

: External liquid hold up(-)
: Dynamic liquid hold up(-)
: Gas mass velocity(kg m’'sec)
: Liquid mass velocity ( kg /' m

sec)

: Liquid to solid mass trans-

fer cofficient ( m  sec)
liquid volumetric

mass transfer cofficient
(sec™®)

: Length between two measu-

ring points of tracer con-
centration (m)

: Mean residence time of

liquid stream (sec)

: Mean residence time of

liquid stream (sec)

: Volume of packing bed(m)
: Volume flow rate of

liquid
phase (nf /sec)

: Bed height of packing

column (m )
particle (m)

liquid Saturation

(=



U : Superficial liquid velocity
(em /' sec)

U : Interstitial liquid velocity (=
U,/ we d(em/ sec)

L’ : Liquid mass velocity( & /em sec)

Npe : Peclet number(=0t/D,)

(Didapp : Apparent effective diffusivity

of tracer in solid particle
(estimated from the model in
this paper) (m /sec)

C? : Oxygen concentration of input

liquid stream

Cie : Oxygen concentration of

output liquid stream

€ : Bed porosity of particle (—)

€ : Internal porosity of particle

-

Op : Density of particle

o : Density of liquid

B : Adsorption equilibruim cof fici-

ent(nt,kg)

y27 : Viscocity of liquid

)u; : Non - central first moment

o? : Varience(central second mom-

ent)
&2 n & ®
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