NOTATION

= radius of sphere

= specific heat

= mass of sphere

mass of displaced fluid

Laplace transform parameter

rate of heat generation in the sphere
= time

temperature

initial temperature

sphere velocity

dimensionless velocity of sphere, V =
(Stokes velocity) ]

i

i

<EHNTOS IIoN

u/[B

Greek Letters

a = thermal diffusivity

B = density ratio parameter, 9p;/[2(p + p;/2)]

v = density and specific heat ratio parameter, y =
3(pser) / (pc)

6 = dimensionless temperature, 8 = (T — To)/To

A1, Mg, As = heat transfer parameters, Ay = ha/k;,

4nalpsc; ha 4nadpscs
g = A3 = —————
me kg me
v = kinematic viscosity

p = density
= dimensionless time, + = »t/a? (fluid flow problem)
and 7 = ag/a? (heat transfer problem)

3

Subscripts and Superscripts

f = outer flow quantities
~- = Laplace transformation
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Axial Dispersion of a Non-Newtonian Liquid in a Packed Bed

Fluid behavior in a packed bed may be closely ap-
proximated by the socalled dispersion model. The degree
of fluid mixing based on this model may be expressed in

terms of Peclet number defined as ud,/E. Recently a cor-
relation between Np, and Ng, for Newtonian fluid through
packed bed was obtained by Chung and Wen (2, 8) as

eNpe = 0.2 + 0.011 (Ng,) 048

The dispersion coefficients can be conveniently obtained
by a pulse-response technique. Hougen and Walsh (6)
presented an extensive discussion of theoretical and practi-
cal aspects for the analysis of pulse data. To obtain the
model parameters from the data of pulse testing, Johnson
(7) used: (1) frequency response analysis, (2) the
moment method analysis, and (3) the s-plane analysis.
Clements and Schnelle (4) discussed the normalized fre-
quency contents of various shapes of pulses. They showed
that sharp ti:ulses are needed to obtain high frequency
content in the signal. Justice (8) used pulse techniques
to study longitudinal dispersion in a packed bed with and
without mass transfer.

EXPERIMENT

A schematic diagram of the apparatus used is shown in Fig-
ure 1. Water and 0.1 and 0.35% aqueous solutions of Polyox
301 were fed from a reservoir to the bottom of a packed bed
filled with glass beads. The glass beads had diameters of 3/16
and 9/16 in. The tracer was the sodium salt of fluorescein
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(NagCooH1Os, di-sodium salt of 9-0-carboxyphenyl-6-hydroxy-
3-isoxanthene). The tracer transmitted light of wavelength in
the range of 5,000 to 8,000 A. A linear relationship exists
between the concentration and the intensity of light trans-
mitted by the tracer. Two sets of detecting apparatus (in-
cluding a phototube, a recorder and a high voltage power
supply) were mounted at the bottom and the top of the packed
section to detect the input and output concentration of the
tracer. Tracer was injected into the calming section very

“—PARTICLE FEEDING FUNNEL

PHOTO TUBE £ __ PLASTIC BELLOW
LIGHT SOURCE
= {1 T AIR PRESSURE
ouTPUT
PYREX
[-2~] coLumn
3-¢" FLOW METER
TO RECORDING PAGKED BED /__CR‘
SYSTEM COLUMN
PRESSURE|
REGULATOR] SOLUTION
] 1 RESERVOIR
[
. i 4*.
25 i’ '
CALMING -
SECTION ¥ TRAGER
SOLUTION INJECTING  SYRINGE
OUTLET
Fig. 1. Schematic diagram of the equipment for pulse response

technique on packed bed system.
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quickly to generate a sharp pulse. The flow index n and K of
power-law fluid were obtained from the measurcment of pros-
sure drop and flow rate in tubes.

DISCUSSION
A dispersion model may be represented by
aC a*C __oC

—=E —u— (1)
ot 022 0z

The boundary conditions of Equation (1) are (5)
—= 0C

(a) UC; = uCp=g+ — E—
0z g=0o+

acC
(b) — =0 atz=L forallt
0z

(¢) C=0att=0
Solving equation (1) and using the moment analysis pre-
sented by Aris (1) we get
Ad? 2E

(aw)? 4L
where ap = (first moment of output) — (first moment of
input)

§7 wcumar f 7 cna

SR §7 coar ) J 7 cunar

Ac? = (variance of output) — (variance of input)

= (o) — ()

f: £2C, () dt fow £C,(t)dt
_ — #02 — - - M2
I conar J.” cunar

From the experimental pulse data of input and output,
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CHUNG 8 WEN (3)
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Fig. 2. Correlation of longitudinal dispersion coefficients of non-
Newtonian (polyox) solution in packed beds in terms of Peclet

number.
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the dispersion coefficient E can be obtained. The behavior
of non-Newtonian fluid (polyoxy solution) used in this
work may be approximated by a power-law fluid and is
described by + = K(y)*

In a study of mechanism of liquid phase fluidization with
non-Newtonian solutions, Yu et al. (9) obtained the pres-
sure drop correlation, the minimum fluidization velocity,
and the bed expansion for power-law fluid through a
multiparticle system.

They employed a modified Reynolds number for power-
law fluid defined as

dpnu2——n
NRe:_IZ’S"—O"T (2)
3 1\"
K’=K( n +
4n

The Reynolds number of this study ranged from 7 to
800. Figure 2 shows the data obtained from this work and
the correlation line obtained by Chung and Wen (2, 3).
It is seen that for n greater than 0.81, no substantial dif-
ference exists between the ¢ * Np, of Newtonian and non-
Newtonian fluids in the packed bed based on the Reynolds
number defined according to Equation (2). Future in-
vestigation in the range of n less than 0.81 is suggested.

NOTATION

C = concentration, mole L—3

Ci = concentration of input, moles L3

C, = concentration of output, moles L3

d, = particle diameter, L

E = axial dispersion coefficient based on interstitial
velocity, L29~?

K = fluid consistency index, ML—14n—2

L = reactor length, L

n = flow behavior index, dimensionless

Npe = Peclet number, ﬁ:—‘, dimensionless

E

17 = interstitial velocity, L~?

u, = superficial velocity, L§~!

z = longitudinal direction, L

v = shear rate, 6~?

€ = voidage, dimensionless

t = time, @

T = sheer stress, MLO—2
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