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Abslraet-An a:dal dispersion of gas in a circulating fluidized bed was investigatedin a fluidized bed of 4.0 cm I.D. 
mid 279 an hi height. The axial diversion coeffident of gas was detetlnined by the stimulus-response method of trace 
gas of CO2. The employed patlides were 0.069 mm and 0.147 mm silica-sand. The i~esults showed that axial disperfion 
coefficients were increased with gas velocity and solid circulation rates as will as stlq0enfion density. The experimen- 
tally determined axial dispersion coeffidents in fills study were in the range of 1.0-3.5 m2/s. 
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I N T R O D U C T I O N  

The circulating fluidized beds (CFB) have found wide applica- 
tion as catalytic and non-catalytic reactoi~ in the chemical process 
indusWy. The performance of a CFB reactor is influenced by the 
mixing of gas and pmticles [Cho et al., 2000]. Therefore an ade- 
quate underst~lding of the mixing behavior is inlpottant and file 
knowledge on the mixing characteristics is also useful for valida- 
tion of computer simulation of  CTB risers [Stemeus et al., 2000; 
Kim et al,, 2001]. Cankutt md Yemsahni [1978] sw~gested that back- 
mixing of gas was negligible compared with the convective flow 
in risem However, Brcreton et al. [1988] have showl that the CFB 
as a whole exhibits a considerable amount of backmixing in the 
gas phase. Recently, it was pointed out fllat the contradiction is due 
to the existence of different flow" patterns ~side the CFB, such as 
perfect mixing in the dense region and plug flow in the dilute region. 
Experilnental remlts showed that a significalt amount ofbackmix- 
hag and radial dispersion r near the wall ['Patience and Cha- 
ouk, 1993; Gayan et al., 1997; Nanknng md KJm, 1999; St~neous 
et aL, 2000]. Li andWu [1991] have shown that the extent of  axial 
gas dispersion depends on average voidage, which is ~fluenced 
by the gas velocity mid solid circulation rate. These scattered and 
contradictory tx~mlts might be due not only to the difficulties of  the 
expe~nental measurement~ but also to the different exper~nental 
units aid opetming conditions used. Thus it is clear'with these limited 
datathat the s~lificance of~ial  dispersion of  gas in aCFB as whole 
is still in question. 

In this present investigation the axial dispersion of gas hi a cir- 
culating fluidized bed was canied out to measm~ the value of  axial 
dispersion coefficient (Do) mid its v~iation with the operating con- 
ditions. 

EXPERIMENT 

A schematic diagram of the e~perimental apparatus employed 
in this gudy is illum-oted in Fig. 1. The riser ~was made of  a 0.04 in 
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Fig. 1. Svhelnalic diagram of ciroflafing fluidized bed experimm- 
tal faciUty. 
1. Compi~essor 
2. Flow meter 
3. Blower 
4. Riser 
5. Cyclone 
6. Measuring column 
7. Butterfly valve 
8. Reservoir 

9. Check valve 
10. Pressure tap 
11. Aspirator 
12. Mass spectrometer 
13. Pressure transducer 
14. Scopemeter 
15. Computer 
16. Carbon-dioxide reservior 
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I.D. • m high acrylic column. Two pressure taps were mounted 
at the bottom and at the top of  riser in order to measure the pres- 
sure drops in the risen Pressure trmsducers were connected to pros- 
sane taps to convert the pressure drop data into eleclrical signals. 
The m~sured signals of pressure drop ill the liser were stored throngh 
the data acquisition system. The measaa~d pressure drop datawere 
used to detemline the suspension density of the riser. The enlrahled 
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solid particles in the riser were separated fi-om the gas by cyclone 
connected at the top of the riser and fed back to the bottom of the 
riser ti~-ough bubbling bed type particle reservoit: The particle feed 
rate to the riser was controlled by adjusting the opening of the gate 
valve and regulating the flow of fluJdiT~tion air to the particle reser- 
voir The solid cit-culation rate (G,) was measured by tempormJly 
closing the butterfly valve located above the pamcle reservoir and 
throng the accumulation of a packed bed of solids along the return 
colunm. The solid cit-culation rates were measured between 20-180 
kg/m 2 s in the preliminary experiment_ The s~tspension density (solid 
concentration in the circulating fluidized bed), which depencls on 
the particle density, gas velocity and solid circulation rates, was de- 
termined fi-om the measurement of pressure &op g:adient and it was 
found to be in the range of 30-250 kg/m 3. The bed mate1"iaI was 
silica sand with the average particle diameter (dp) of 0.069 mm and 
0.146 nm:. Physical properties of employed particles are shown in 
Table 1. The expe:~ne::laI ranges of superficial gas velocities (Ue) 
were 1.99 m/s, 2.65 m/s, and 3.32 m/s for smaller partlcles and LT= 
3.32m/s, 398m/s and 4.64 m/s for larger particles respectively. 
D~trmg the experiment, C Q  was employed as the tracer and the 
trace gas was introduced ti~-ough the injection probe at the bottom 
of the bed. The concentration of the tracer was measured at the top 
of the bed through a sampling probe and mass speclroscope gave 
the voltage conesponding to C Q  concentration of the sampled gas. 

In order to unifon:aly distribute the trace gas it:Co the bed, the in- 
jecfion probe that was made of brass of 5.0 mm I1) was horizon- 
tally mm:e:~ed 0.25 m above the distributor and ten pin holes were 
dnlled on the upper surface of the probe to make sure the upward 

Table 1. Physical properties of emlfloyed sand particle 

Particle dp (gm) Ob (kg/m3) O, (kg/m 3) U~j(cm/sec) U, (m/s)  

Sand 1 69 1,590 2,800 0.72 30.84 
Sand 2 147 1,880 2,780 2.08 106.49 

d/ Surface Median Diameter 

flow of tracer. 

RESULTS AND DISCUSSION 

1. RTD Curves 
The experimentally obtained RTD curves for sand particles of 

0.067 mm and 0.147 mm for different solid circulation rates (G,) 
when the tracer was injected 0.25 m above the di~:butor and de- 
tected 2.27 m above the distributor are shown in Fig. 2. Fron: the 
experimental results of Fig. 2, it can be q~alita~ively said that at the 
lower solid circulation rate, the gas flows showed close to the plug 
flow. This me~ls that at the t:ag, her solid circulation rates, due to 
the downward movement of solid particles near the wail, the gas 
flows deviated fiom the plug flow. Thus these RTD data conf~::aed 
the known facts that solid circulation rates increase gas mixing m a 
fluidized bed. This may result fi-om the fact tint solid mixing closely 
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Fig. 2. RTD cm'ves with solid circulation rate tt~ing 147 ~m silica 
sand. 
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related to gas mixing and solid mixing cause gas mixing in the rise1; 
thus increasing residence time of tracer gas. 
2. Effect of Solid Circulation Rates and Suspension Density 
on Axial Dispersion Coefficient 

The effect of solid circulahon rates on the Peclet n ~ b e r  is given 
in Fig. 3 at the different gas velocity for 0.067 ilUl~ and 0.147 mm 
sand paltlcles, respectively. As can be seen in the figures, Peclet 
number decreased with the solid ch-culation rate but increased with 
gas velocity for the range of conditioils s~'iied Th~s trend was main- 
ly due to the fact that Peclet number increased with gas velocity as 
the definition of Peclet number and decreased with gas 0m-~Ience 
by solid circulation rate. As shown in Fig. 3, the Peclet number with 
smaller sand garticles was larger t i m  that with larger sand parti- 
cles at a gas velocity of 3.32 m/s and same solid circulation rate. 
This means that gas tLtrbulence was increased with partlcle size. 

Another iml~ii~lt parameter in undei~t~-iing the flow pattern 

of circulating fluidized bed flow is the suspeilsion density. It gives 
information of bed average solid fi-action and can be used to predict 
the heat and mass transfer coefficients. As mentioned before, sus- 
peilsion density depends sh-ongly on the solid circulation rate, gas 
velocity, particle density and particle size. Fig. 4 shows the effect 
of suspension density on the axial dispersion coefficient for the sand 
particles of O.069mm and 0.147 mm, respectively. From Fig. 4, it 
is clear tilat axial dispei'sion coefficient increased with suspension 
density at the given gas velocity. Since at the higher sust:ension den- 
sity, the number of particles per ~mit volume increased and the solid 
flux to the downwad near the wall increased due to the ct~acter- 
istics of dilute Ul~vad core flow and dense downwad aimulus flow 
in the circulating fluidized bed. Thus, this dowiIward movement of 
particle cluster retained the Ul~vard flow of gas, and the residence 
time of gas m the circulating fluidized bed near the wail became 
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Fig. 4. Axial dispersion coefficient with suspension density. 
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longer; tim caused the rode dis~-ibution of residence thne of gas in 
the bed. The axial dispersion coefficient of gas also depended on 
the gas velocity according to the equation dez-ived fiona the axial 
dispersion model. As shown the Fig. 4, axial dispersion coefficient 
increased with gas velocity at the given suspension density. Li and 
Wehxstein [1989] reported that the axial dispersion coefficient in- 
creased with gas velocity at constant ratio. 

The experh-nentally obtained axial dispersion coet~dents in tim 
study as shown in Fig. 4 were the result of the coupled effect of gas 
velocity and suspension density. In order to get the suspension den- 
sity effect only on the axial dispersion coefficient, the obtained axial 
dispersion coefficients were nomaalized by dividing the axial dis- 
pez~ion coetScients to gas velocity. Fig. 5 shows the effect of sus- 
pension density on the D JUg. Since the gas velocity effect on the 
axial dispersion coefficient was eliminated by n'~oducmg the nor- 
realized coefficient, it was expected that the scattered data points 
would fail into one line in-espective of gas velocity. As can be seen 
in Fig. 5, the measured D~AJo values showed the linear dependence 
on the suspension density regardless of operating gas velocity. As 
shown in Fig. 5, the measured D JUg values were in the range of 
0.4-0.85 in the covered operating conditions. 

Bai et el. [1992] reported that axial gas mixing in a CFB riser 
differs substantially from that in simple plug flow. From the analy- 
sis of RTD curves of experimental data, the results of this study con- 
f~med that the axial dispersion of gas was coixsidemble and should 
not be neglected especially at the higher solid circulahon rates and 
gas velocity. 

C O N C L U S I O N  

An experimental inveshgation of RTD characteristics and axial 
dispersion coefficient was performed in a circulating fluldized bed 
with different operathg conditions. In a ch-culating fluldized bed, 
mean residence time and vasiance were increased with solid chcu- 
lation rate, but decreased with gas velocity. Axial dispersion coeffi- 
cient was increased with gas velocity and solid circulation rate. The 
expez-imentaUy detemained axial dispersion coefficients were in the 
range of 1.0-3.5 mVs. From the analysis of RTD curves of experi- 
mental data, itwas found that axial dispersion of gas was consider- 
able and should not be neglectecl, especially at higher solid circula- 
fionrates and gas velocity. 

N O M E N C L A T U R E  

C(t) : concentration of tracer gas [voltage] 

D~ : axiaI dispersion coefficient [m2/sec] 
dp : particle diameter [mm] 
G, : solid circulation rate [kg/m 2- sec] 
Pe : Peclet number [-] 
U o : fluldizing gas veIocity [m/sec] 

Greek Letter 
p,~, : suspension density [kg/m 3] 
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