
Korean J. Chem. Eng., 17(3), 273-279 (2000) 

The Characteristics of Particle Flow in the Overflow and Underflow 
Standpipe of Fluidized Beds 

Ji-Min Kim, Gui Young Han ~ and Chang Keun Yi* 

Department of  Chemical Engineering, Sungkymkwan Uifiversity, Suwon, Korea 
*Korea Institute of Energy Research, Taejon, Korea 

(Received 30 September 1999 �9 accepted 2 February 2000) 

Abstrac~Characteristics of particle flow in the standpipes of a 10 cm I.D. • 120 cm ttigh fluidized bed were in- 
vestigated. The standpipes used in this experiment were vertical overflow and vertical undefflow standpipes. Sand 
particles and polyethylene powders were employed as the bed materials. The effects of standpipe diameter, gas 
velocity and particle properties on the solid flow rate were determined. The experimental results showed that the 
flow behaviors of solids through the overflow and under tow stazldpipes are different with variations of operating 
conditions. For both standpipes, the mass flow rate of solids was strongly dependent on the standpipe diameter. For 
the overflow standpipe, the increase of gas velocity increased the solids flow rate. But for the undertow standpipe it 
decreased the solid flow rate. From the measured pressure drops, solid fl-acfions in the standpipes were deter- 
mined by the momenh~n balance. The obtained experimental data of solids mass flow rate were well correlated 
with the pertinent dimensionless groups for undertow as well as overflow standpipes. 
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INTRODUCTION 

Standpipes are used to convey particulate solids from a region 

at lower pressure to higher pressure with the help of gravity, 
and these devices are considered to be a vital lffkk to the cir- 
culating fluidized bed system [Ginestra et al., 1980]. A circulat- 

ing fluidized bed consists of a riser, cyclones and standpipe. The 
standpipes transfer solids fronl a point of  lower pressure to a 
point of higher pressure, provide a seal against undesirable gas 
flow in one direction, and regulate solids circulation. A stand- 
pipe can achieve these three capabilities only within a restricted 
range of  operating conditions. Failure to do so would lead to 
intemaption of  solid flow and plant shutdown [Rudolph et al., 
1991; Zhang, 1998]. Processes incorporating standpipes are often 
disrupted by sudden unexpected instabilities in their operation. 
Although standpipes have been used for many years, their de- 
sign is entirely based on ' M e s  of thumb' and actual operation 
experiences [Leung, 1977; Jones, 197 8], and the mechanism of 
their operation is poorly understoed. This is particularly unfortu- 
nate since standpipes are well known for developing instability in 
certain circumstances, causing a transition to a state with inade- 
quate pressure build-up in the pipe [Ginestra et al., 1980]. Two 
types of standpipes are widely used in fluidized bed processes: 
the overflow standpipe and the undertow standpipe. The pressure 
drop in a standpipe is balanced automatically and these charac- 
teristics are different between overflow and tmderflow standpipe 
[Grace et al., 1996; Rhodes, 1998]. 
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The objective of  this study is to examine the effect of  stand- 
pipe diametel, gas velocity and properties of employed parti- 
cles on the flow rate of solids from the upper fluldized bed to a 
lower fluldized bed and to propose a correlation of solid flow 
rate as a function of relevant operating variables for each type 
of standpipe. Solid fraction in the standpipe is also determined 

from the measurement of pressure drop in the pipe. 

EXPERIMENTAL 

The experimental test facility used in this study is shown in 
Fig. 1. The test section consisted of upper and lower fluidized 
beds and a stazldpipe was located between the fluidized beds. 
The fluidized bed was made of  acrylic column with inside dia- 
meter of 10 cm and height of 60 cm each The gas distributor was 
porous plate and four pressure taps were mounted at the bottom, 
top and between the distributors of the test section as shown in 
Fig. 1. Pressure taps were connected to the pressure b-ansducers 
and the measured pressure drop data were stored in a PC through 
the data acquisition unit every 2 seconds. The distributor located 
between the upper and lower fluidized bed was designed to ac- 
commodate the different dimensions of standpipes. The fluldiz- 
ing gas was provided fi-om a blower to the bolIom of the lower 
bed and the gas leaving the lower bed was bypassed to the dis- 
tributor of  the upper bed. Two different dimensions of overflow 
and talderflow standpipes were employed. The diameters of the 
undertow standpipe (d,p) were 1.14 cm, and 2.53 cm, respectively, 
and the length was 10 cm. The diameters of the overflow stand- 
pipe were 1.14 cm, and 2.53 cm and the length below the distri- 
butor of the upper bed was 40 cm so that the standpipe outlet was 
immersed into the static height of the lower bed and the height 
of standpipe inlet was 5 cm above the disbibutor of  the upper 
bed. Fig. 1 (a) shows the experimental set-up of the overflow stand- 
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Fig. 2. The solid flow rate as a function of time in the overflow 
standpipe. 

(a) overflow standpipe (b) underflow standpipe 

Fig. 1. Schematic diagram of standpipe experimental test set-up. 

Table 1. Physical properties of employed parlides 

Properties\Particle Sand Sand PE 

Mean diameter (gra) 280 147 366 
Bulk density (kg/ra 3) 1850 1877 400 
Particle density (kg/In 3) 2650 2780 800 
Minimum fluidized velocity (Cln/sec) 7.20 2.08 2.54 

pipe systera and Fig. 1 (b) shows tile experimental set-up of the un- 
derflow standpipe system. The experimental data were obtained 
at abnospheric pressure and room temperature. Tile experimental 
procedure was as follows. The inlet of the standpipe was blocked 
by rubber cock, the bed material was charged about 50% by 
bed volume, and air was inboduced to tile lower fluidized bed. 
When the upper fluidized bed reached steady state, the rubber 
cock was removed and the particles began to flow down to the 
lower bed through the standpipe. The solid mass flow rate trans- 
ported through the standpipe was determined by measuring the 
increase of static head of the lower bed or decrease of static head 
of  the upper bed. The calibration curve for pressure drop and 
solid mass flow rate was prepared from the preliminary test of 
the measured pressure drop and tile weight of tile solid particles. 
The bed materials were 147 micron, 280 micron sand particles 
and tile 366 micron polyethylene powders. Tile physical proper- 
ties of tile employed particles are shown in Table 1. 

RESULTS A N D  DISCUSSION 

May, 2000 

1. Overflow Standpipe 
Little research work has been carried out on the characteris- 

tics of  overflow standpipes. In general, the exit of the overflow 
standpipe is immersed in the lower bed of particles; the solids 
in the overflow standpipe are transported as the packed bed 
mode [Geldart, 1986]. Even in the underflow standpipe config- 
uration, with the control of valve opening the solid flow in the 
standpipe is b-ansported as a packed bed mode [Leung, 1997, 
1978; Zhaug et al., 1998]. From visual observation, it was found 
that the flow regime of gas-solid suspension flow in the stand- 
pipe was packed bed raode. 

The time series of pressure drop for the standpipe diameter 
of 2.53 cm with sand particle at different gas velocities is shown 
in Fig. 2. As shown in Fig. 2, the slope of pressure drop, which 
is corresponding to the solid mass flow rate from the upper to 
tile lower bed, is almost linear at three different gas velocities. 
This means that the solid mass flow rate is independent of  the 
static bed height. 

The effect of gas velocity on tile solid mass flow rate is 
shown in Fig. 3 for three different types of particles and two 
different dianleters of standpipe. As can be seen in Fig. 3, at tile 
lower gas velocity region (UJU.y<3.0), the increase of gas veloc- 
ity increased the solid mass flow rate. This may be due to the 
fact that at tile lower gas velocity condition, the increase of  gas 
velocity increased the fluidization quality so the fluidization re- 
gime of the upper bed became smooth, bubbling fluidization. 
But at the higher gas velocity region (UjU j>3.0), the increase 
of gas velocity increase the UFWard gas velocity in the standpipe 
and the flow regime of upper bed became slugging fluidiza- 
tion; thus the downward flow of solid decreased. From Fig. 3, 
it was also found that for the sand particles the effect of particle 
size was insignificant and tile diameter of tile standpipe affected 
tile solid flow rate significantly. 
2. Underflow Standpipe 

Geldart [1986] suggested that for tile operation of  an ~lcler- 
flow standpipe, it is desirable to install the valve at the end of 
tile standpipe to control tile mass flow rate of particles and pres- 



The Characteristics of Particle Flow in the Overflow and Underflow Standpipe of Fluidized Beds 275 

Fig. 4. The  solid f low rate as a function of  t ime in the under- 
flow standpipe. 

Fig. 3. The  effect of gas velocity  on the solid f low rate in the 
overf low standpipe. 

sure balance in the loop. Some research work was carried out on 
the characteristics of an underflow standpipe with a valve at the 
exit of file stmldpipes [Jones et al., 1978; Leung, 1977, Knowlton 
et al., 1978; Ozawa et al., 1991; Picciolti, 1995]. In contrast to 
the above expelimental coiffigm-ations, m tiffs study tile charac- 
teristics of  an underflow standpipe without valves was investi- 
gated to maintain the fluidized bed flow of solids in the stand- 
pipe. The significant difference of flow regime of the gas-solid 
suspension flow in the underflow standpipe without valve was 
observed. From visual observation, it was found that the flow 
of suspension in the standpipe was lean-phase flow due to larger 
amounts of  gas flowing into the standpipe exit where there is 
no flow restriction devices such as valve or orifice. 

The time series of the pressure drop for the standpipe diame- 
ter of  2.53 cm with sand particles at different gas velocity is 
shown m Fig. 4. As m tile ca~se of overflow standpipe, the slope 
of  the pressure drop is almost linear for the different gas veloc- 
ity. Therefore, the bed height is not an important operating con- 
dition for underflow standpipe operatioi1 

The effect of gas velocity onthe solid mass flow rate is shown 
m Fig. 5. Unlike tile overflow standpipe, tile increase of  gas 

Fig. 5. The  effect of  gas velocity  on the solid f low rate in the 
underf low standpipe. 

velocity decrease of  the solid flow rate for three different types 
of employed particles. Zhang et al. [1998] also reported that the 
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solid mass flow rate in the standpipe was decreased with in- 
creased gas velocity. This may be clue to the fact that the leg of 
the overflow standpipe was immersed in the lower section of the 
packed or fluidized bed so that gas flow rate from the lower bed 
to the standpipe was smaller than that of the tmderflow struM- 
pipe. Since gas flow rate to the undertow standpipe was larger, 
drag force acting on the downwaM particles became greater; thus 
the flow rate of downward solids significantly decreased in spite 
of  smooth flnidization in the upper fluidized bed. It was also 
found that unlike the overflow configuration, m the taMerflow 
standpipe the effect of particle size on the solid mass flow rate 
was significant. It may be guessed that drag force acting on the 
particle is proportional to particle diameter; thus the net down- 
ward velocity of solid particle decreased with increasing particle 
size at the same operating conditions. 
3. Proposed Correlation for Standpipes 

Based on the experimental data, the following correlations for 
solid mass flow rate m the overflow and taMerflow standpipe 

Fig. 6. Comparison of experimental data with calculated val- 
ues in the overflow standpipe. 

were obtained. 

a) correlation for solid mass flow in the overflow standpipe 

W= [kg/hr] 0.9155(ujuj"3~ (d~ [cm])='v (p~[g/cm~]) '~ 

for UjU,,/<4.5 

b) correlation for solid mass flow in the undertow standpipe 

W~ [kg/hr] 10.2778(UJU ,s) ..... 

(d~p [r . . . . .  (p~ [g/oln 3 ]) . . . . .  ( N ~ p )  . . . . .  

The comparisons of the proposed correlation with the exper- 
imental data for overflow and undefflow are shown in Fig. 6 
and Fig. 7, respectively. As expected, the solid flow rate was 
strongly dependent on the standpipe diameter, gas velocity and 
particle density. The effect of particle size was insignificant for 
the overflow standpipe. 
4. Estimation of Void Fraction and Solid Velocity in Stand- 
pipes 

The solid fraction in the standpipe is essential information to 
understanding the solid flow behavior in the standpipe. Hinze 
proposed a solid mixture momerOam equation for the prediction 
of solid fraction and pressure drop in the flow of gas-solid mix- 
ture as shown m Eq. (1) [Davidson et al., 1985]. 

do= dP_ 4"c dU~ ~.=~+ .-w_p (1-s)g+U (1 (1) dz dz d~p ~ ~ -e)P~--~ -=0 

In case of the overflow standpipe, because its exit is mmm:-sed 
in the lower flnidized bed, the flow pattern of solids is transition 
packed bed flow or packed bed flow. Therefore, the vertical nor- 
real stress in the solid cannot be ignored. For a Coulombic solid 
the wall shear stress % can be estimated by 

% fo~ (2) 

(1 +sin6) 
o'=o=(1-sin6) (3) 

The coefficient of fliction between solid and wall surface 
was determined as follows [Leva, 1959]. 

Fig. 7. Comparison of experimental data with calculated val- 
ues in the underflow standpipe. 

100 
f = - -  (4) 

N~..p 

Where, N~p=dpG/~ (N~p<20). ~z was calculated with the 
proposed equation of  Ginestra et al. [1980] as shown in Eq. (5). 

w .( t 1 
o= 2p=(1-e~y)\l-e 1--s~ (5) 

By assuming that the vertical normal stress in the solid is 
constant m the z direction and applying Eqs. (2), (3), (5) into 
Eq. (1) to lead to Eq. (6). 

APp~ 2fW 2 (. 1 
= d=pp=(1 a,,s)kl 

w .( 1 
2 p=(1 -e~j) \ l -e  

Where, 8=600 

1 " ~  
1 -e,J(1 sinS) z 

1 w ~ 
! F~ /-p~(1-s)gz+ =0 (6) 

The relation between pressure drop of bed and standpipe was ob- 
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Eq. (10) for the solid fi'action in the undertow standpipe. 

Fig. 8. The void fraction in the overflow standpipe for different 
gas velocity. 

tained from the following equation [Geldart, 1986]. 

The solid fraction in the overflow standpipe was determined by 
Eq. (6) and file effect of  operating variables on tile solid frac- 
tion is shown in Fig. 8. 

Since tile flow pattem is the fluidizing state in the ta:derflow 
standpipe, the normal stress in the solid can be neglected. In a 
fluldized flow, % and f can be calculated from Eqs. (8) and (9) 
[Levenspiel et al., 1991]. 

f W  ~ 
%-20~(1-e) (8) 

0.05 
f= (9) 

U~ 

Applying Eq. (8) and (9) into Eq. (1) and integrating Eq. (1) gives 

2 fW ~ W ~ AP~pd z -  p (1-e)gz+ =0 (10) 
p~(1-e)d~p ~ O~(1-e) 

The calculated solid fractions in the tmderflow standpipe are 
determined from Eq. (10) as shown in Fig. 9 at different oper- 
ating conditions. As shown in Fig. 8 and Fig. 9, the void frac- 
tion in the undertow and overflow standpipe was estimated to 
be in the range of 0.8-0.9 and 0.45-0.55, respectively. Knowlton, 
et al. [1978] estimated the void fraction in the ta:derflow stand- 
pipe with a valve at the exit of a 3 inch diameter standpipe to 
maintain the flow of 260 gm sand particle in the range of 0.16- 
0.7 Us gas velocity as packed bed mode and fota:d that the void 
fraction was in the range of 0.35-0.43 by using the Ergun equ- 
ation as in Eq. (11). Since solid flow in the standpipe was packed 
bed mode, Knowlton's prediction can be compared with the ex- 
perimental data of the overflow standpipe in this study. In this 
case, tile difference of void fi-acfion was about 0.1 and this dif- 
ference may come from the uncertainty in applying the Ur value 
for Ergun equation. Leung [1977] also estimated the void fi-ac- 
tion in the indnstrial standpipes of 20 and 32 inch diameter. The 
employed particle was 80 gm alumina catalyst and the solid flow 
was tile packed bed mode. Leung found fi-om tile pressure bal- 
ance equations that the void fi-actions were in the range of 0.41 - 
0.48 and these determined void fractions were in good agreement 
with file expel-ime,:tal data of the overflow standpipe ii1 this study. 

AP 150~t(1 a)~U, 1.75p:(1-~)U~ 
(11) 

H~p (qbc~)2a ~ (qbc~)a 

Since the void fraction was calculated the solid velocity in the 
stm:dpipe can be calculated froln file continuity equation as shova: 
inEq. (12). 

W A(1-e)p~U~ (12) 

Tile theoretically calculated solid velocities in the overflow and 
undertow standpipe are shown in Fig. 10 and Fig. 11. As shown 
in Fig. 10, the solid velocity in the overflow standpipe was in the 

Fig. 9. The void fraction in the underflow standpipe for differ- 
ent gas velocity. 

Fig. 10. Solid velocity in the overflow standpipe for different 
gas velocity. 
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Fig. 11. Solid velocity in the undertow standpipe for different 
gas velocity. 

d; : average particle size [cm] 
d,p : diameter of  standpipe [cm] 
f : coefficient of friction between solid and wall surface [-] 
Gg : gas flux [kg/m2.s] 
g : gravity acceleration [ra/s 2] 
H,p : length of standpipe [cm] 
L : length of fluidized reactor [cm] 
NR~p : particle Reynolds number [-] 
AP, : total pressure drop in the fluidized bed [N/m 2] 
AP,; : pressure drop in the standpipe [~/ln l] 
Ug : superficial gas velocity [m/s] 
U,,y : superficial gas velocity at minimum fluidizing condition 

[m/s] 
U, : gas-solid relative velocity [m/s] 
U, : actual solid velocity [ra/s] 
W : solid flux [kg/m2.s] 
W, : solid mass flow rate [kg/s] 
z : axial coordinate in the standpipe [-] 

range of 0.05-0.15 m/s, and solid velocity was increased with gas 
velocity. Rhodes [1998] obtained the solid velocity in the over- 
flow standpipe of about 0.08 ra/sec in the commercial fluidized 
bed system. Therefore, the prediction of void fraction and solid 
velocity in this study seems to be reasonable. Picciotti [1995] sug- 
gested that the solid velocity be kept as low as possible and re- 
commended that the optimurn value of solids velocity in the stand- 
pipe would be 0.15 ra/s based on die considerations of  erosion, 
solid surface characteristics, fmes production and flux instability. 

C O N C L U S I O N S  

An experimental investigation of the characteristics of over- 
flow and undertow standpipes was made with different stand- 
pipe configuration in the two fluidized bed system. From visual 
obselxalioll, it was found that the gas-solid suspension in the 
standpipe was packed bed flow for the overflow standpipe and 
dilute fluidized bed for the undertow standpipe. 

In the overflow standpipe, solid mass flow rate increased 
with gas velocity at the lower velocity region and decreased with 
gas velocity at the higher gas velocity region. However, in the 
undertow standpipe, solid mass flow rate decreased with gas 
velocity and the effect of particle size on the solid mass flow 
rate was significant. 

From the theoretical calculations based on the measured pres- 
sure drop, it was found that the void fraction in the undertow 
and overflow standpipe was found to be in the range of  0.8-0.9 
and 0.45-0.55, respectively. 
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N O M E N C L A T U R E  

A : area of standpipe [ra2] 

Greek Letters 

8 
E 

Ps 
(J. 

(Jr 
% 

q~ 

: internal angle of friction [degree] 
: void fraction [-] 

void fraction in a bed at minimum fluidizing condition 
[-] 
density of particle [kg/m 3] 
average vertical normal stress in the solid [kg/ra.s 2] 

: normal stress on pipe wall [kg/m.s 2] 
: shear stress [kg/ra.s 2] 
:viscosity of  gas [kg/m.s] 
: sphericity of particle [-] 
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