
NOTATION 

a = radius of sphere 
c = specific heat 
m = mass of sphere 
mf = mass of displaced fluid 
p = Laplace transform parameter 
Q = rate of heat generation in the sphere 
t = time 
T = temperature 
To = initial temperature 
u = sphere velocity 
V = dimensionless velocity of sphere, V = u / [ p  

(Stokes velocity) 3 
Greek Letters 

O( = thermal diffusivity 
p 
y 

= density ratio parameter, 9 p f / [ 2 ( p  + p f / 2 ) ]  
= density and specific heat ratio parameter, y = 

3 ( P f C f ) / ( P C )  - 
0 = dimensionless temperature, 0 = (T  - To)/To 

XI, he, h3 = heat transfer parameters, XI = lia/k,, 
4ra3pfcf ha ha3Pfcf 

mc kf 7l lC 
, A 3  = - --- 2 -  

Y ’ = kinematic viscosity 
p = density 
T = dimensionless time, T = vt/a2 (fluid flow problem) 

and T = cuft/a2 (heat transfer problem) 

Subscripts and Superscripts 

f = outer flow quantities 
-- = Laplace transformation 
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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%dP/E: Recently a cor- 
relation between Npe and N R ~  for Newtonian fluid through 
packed bed was obtained by Chung and Wen (2 ,  3 )  as 

ENpe = 0.2 f 0.011 ( N R e ) 0 ’ 4 8  

The dispersion coefficients can be conveniently obtained 
by a pulse-response technique. Hougen and Walsh ( 5 )  
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 ulses are needed to obtain high frequency 
content in tfle 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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( Na&0Hlo05, 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 phototuhe, 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 v-PARTICLE FEEDING FUNNEL 

PLASTIC BELLOW 

SOLUTION 

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 I I  and K of 
power-law Huitl were obtained from the inwsiiwiiwnt of  prcs- 
stire drop and How rate in tubes. 

2 0  

DISCUSSION 

A dispersion model may be represented by 

ac - a w  - ac 
at a22 az 

ll- (1) -=EE- 

The boundary conditions of Equation (1) are ( 5 )  

I I 1 I 1  

ac 
az 

(b)  - = 0  at z =  L fora l l t  

(c) C = O  at t = O  

Solving equation ( 1 )  and using the moment analysis pre- 
sented by Aris (1) we get 

A f  ?,E - --- 
(&I2 a. 

where & = (first moment of output) - (first moment of 
input) 

s," tCo(t)dt s," tC,(t)dt 
JOm ~ o ( t ) d t  s," Ci(t)dt 

- - - P o  - Pi = 

A& = (variance of output) - (variance of input) 

= (d) - (d) 

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

number. 

dp,in. n, - K, Ib.m/(ft.)(sec.) e, - 
V 9/16 1.0 0.00066 0.5 
m 3/16 1.0 0.00066 0.4 water 

9/16 0.5 
0 3/16 0.9 0.002 0.4 0.1 % Polyox solution 

0.35% Polyox solution 0 9/16 0.81 0.01 5 0.5 
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the dispersion coefficient can be obtained. The behavior 
of non-Xewtonian fluid (polyoxy solution) used in this 
work may be approximated by a power-law fluid and is 
described by 7 = K (+) n. 

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 

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 c * Npe 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 
Cf 

E 

K 
L 
n 

NIV 

= concentration, mole L-3 

= concentration of input, moles L-3 
= concentration of output, moles L-3  
= particle diameter, L 
= axial dispersion coefficient based on interstitial 

velocity, L2B-1 
= fluid consistency index, ML-18"-2 
= reactor length, L 
= flow behavior index, dimensionless 

= Peclet number, :, dimensionless 

= interstitial velocity, L8-' 
= superficial velocity, LO-' 
= longitudinal direction, L 
= shear rate, 0-l 
= voidage, dimensionless 
= time, 0 
= sheer stress, M L P 2  
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