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This technical report summarizes the research conducted and 

progress achieved during the period of April 1, 1996 to September 

30, 1996. 

Auxiliary subsystems tests of the circulating fluidized bed 

were conducted and included the characteristics of a regenerative 

blower, a gas distributor, and a cyclone, When the air flow rate 

increases, the pressure at the blower outlet is decreased. The 

air flow rate in the riser is a function of the pressure in the 

wind box, The cyclone pressure-drop and gas distributor pres- 

sure drop are functions of the primary air flow rate input. The 

higher gas pressure drop indicates primary air in the riser 

column with a uniform superficial velocity. 

The CFB primary test was conducted using glass beads as one 

of the CFB bed materials. Three typical tests with different 

sizes of glass were conducted. 

The pressure sensor data acquisition system was developed for 

the systematic instrumentation of flow measurements in the CFB 

system, Two types of sensors were used, a single pressure sen- 

sor, and a differential pressure sensor, respectively. The 

software used to control the analog/digital board was Paragon 

500. 

The CFB experimental studies for hydrodynamics will be 

continued with the improved data acquisition system. 
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SECTION 1 

Auxiliary Subsystems Tests 

1.1 The Characteristics of a Regenerative Blower 

The blower used for the circulating fluidized bed 113 is 

high pressure regenerative blower, model DR823 from EG&E Rotron 

Inc., with an external muffler, a filter, a three-phase, 220 

voltage driving motor, a 60 Hz frequency, and a 7.5 horsepower. 

The blower, made of cast aluminum, has maximum pressure of 250 

inches water and a maximum gas flow rate of 184 SCFM. The blower 

outlet is connected to the CFB wind box by 2 inches of PVC pipe. 

The primary gas flow rate is measured by a pitot probe which is 

set in the 2" PVC pipe. 

The pressure in the wind box is measured by a 10-foot 

manometer. The gas flow rate is adjusted by the bypass control- 

ling valve. When the bypass valve is fully closed, the blower 

works in its standard condition. The blower's standard condition 

is provided by the manufacturer. The starting conditions, which 

include the air flow rate of 5 m /min and 42 inches water pres- 

Under the 

is almost a 

sure, were tested by an experimental measurement. 

standard conditions, the generative blower pressure 

linear function of the air flow rate. 

The results are shown in Figure 1. When the a 

a 

r flow rate 

increases, the pressure at the blower outlet is decreased. The 

minimum air flow rate is 4 m /min which corresponds to the 

maximum pressure drop of 280 inches water. As a test case, the 

bypass valve was opened to adjust the pressure in the wind box 

and the air flow rate in the riser tube. 
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The pressure characteristics at the open bypass valve condi- 

tions are shown in Figure 2. The air flow rate in the riser is a 

function of the pressure in the wind box. When the pressure in 

the wind box increases, the air flow rate through the riser is 

increased. Since there are no solids in the circulating fluid- 

ized bed (CFB) riser, the pressure drop also can be used to esti- 

mate the gas distributor pressure drop. 

1.2 The Characteristics of Gas Distributor and Cyclone 

The gas distributor and cyclone, with design details, were 

introduced in the previous report [l]. The gas distributor was 

modified by inserting a piece of filter cloth into the gas dis- 

tributor plate to prevent solid particles from leaking into t h e  

wind box. The filter cloth caused a pressure drop increase for 

the gas distributor plate. 

In order to determine the hydrodynamic characteristics of 

the gas distributor and cyclone, two pressure taps were installed 

on both sides of the distributor. Two pressure taps were also 

installed on the inlet and outlet of the cyclone. A pressure tap 

was installed on the cyclone top to measure the chamber pressure. 

The pressure drop of the riser column was also measured from the 

bottom to the top. meas- 

ured by a mercury manometer in inch units. The riser pressure 

drops were measured by a water manometer in cm units. Those 

pressure drops are a function of the primary gas flow rate. The 

gas flow rate is measured by a designed pitot probe which was de- 

scribed in the previous report [l). 

The gas distributor pressure drop was 
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The probe was installed in the primary air supply from the 

high pressure blower with a high pressure and a raising tempera- 

ture. Therefore, it was necessary to correct the flow rate into 

a standard flow rate which is set at standard condttions: 1 

atmosphere pressure and 20 C temperature. The primary gas flow 

rate is controlled by adjusting the bypass and primary air inlet 

valves. 

The test results show that the pressure and pressure drops 

increase as the primary air flow rate increases. Figure 3 

indicates the pressure drop in the riser column to be lower than 

0.6 cm water, and it can be ignored for our test case. The 

chamber pressure increased from 4 cm water to 8.2 cm water when 

the air flow rate changed from 0.049 mS/min to 0.171 m3/min. The 

chamber pressure can be used as a indication for the dust filter 

work conditions. When the dust filter fills up with dust, its 

pressure drop will increase. Empirically, the filter pressure 

drop should not be larger than 20 ern water. When the filter 

chamber pressure reaches this value, the filter bag should be 

cleaned. 

The cyclone pressure drop and gas distributor pressure drop 

are functions of primary air flow rate input, as shown in Figure 

4. The maximum pressure drop of the gas distributor is about 8 

inches mercury (3.93 psi) when the air flow rate is set at 0.17 m 

/min. The higher gas pressure drop indicates primary air in the 

riser column with a uniform superficial velocity. The maximum 

pressure drop from the cyclone is about 2.2 ern water which indi- 

cates the cyclone was designed successfully for the fine particle 

separation. 
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SECTION 2 

The Primary Test of the Bench-Scale CFB System 

2.0 Characteristics of Bed Materials 

The glass beads are selected as one of the CFB bed materials 

for primary system test. The glass beads particle properties 

are shown in Table 1. 

Table 1. Glass Bead Particle Properties 

Glass Bead No. I Bead 1 Bead 2 Bead 3 Bead 4 1 
Batch No. 90203 90604 42501 Mixture 

Size No. 304 710 812 50% Mix. 

ean Size(mm) 0.554 0.179 0.174 0.168 

Shape Factor 1 1 1 1 
I 

Particle Density(g/cc) 2.553 2.553 2.553 2.553 

IBulk Density (g/cc) 1.451 1.306 1.282 1.276 

Fixed Bed Void 0.431 0.488 0.497 0.5 
Fraction 

Minimum Fluidization 0.228 0.026 0.025 0.023 
Velocity(MFV) (m/s) [2] 
NFV** ( m / s )  133 0.323 0.066 0.058 0.063 

I Particle Terminal 
Velocity(m/s) [4] 4.284 1.250 1.206 1.153 

2.1 Test No.1 with Glass Bead 1 

The test conditions for this test are as follows: 

a) 25 lbs of bead 1 was put into the surge tank. 
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b) The bypass valve was fully closed. 

c) 

d) 

The primary input air valve was fully opened, 

The aeration air valve was adjusted to inject the circula- 

tion solid into the riser tube. 

There were no solids flowing through the riser tube. All of 

the solids injected into the riser settled at the bottom of the 

riser tube and formed a bubbling fluidized bed. 

desired result, 

This was not the 

2.2 Test No.2 with Glass Bead 2: 

The test conditions for this test are as follows: 

a) 25 lbs of bead 2 was inputted into the serge tank. 

b) The bypass valve was fully closed. 

c) The primary input air valve was fully opened. 

d) The aeration air valve was adjusted to inject the circula- 

tion solid into the riser tube. 

Solids flowed through the riser tube in a good fast fluid- 

ized bed regime. The 25 lbs of total solid input was not enough 

to maintain a stable running condition. The serge tank was 

empty, the L-valve solid leg was very short (about 5 inches) and 

it did not contain an adequate amount of beads. This was not the 

desired result. 

2.3 Test N0.3 with Glass Bead 4 

The test conditions for this test were the same as those for 

test No.2, however, an additional 25 lbs of the bead 3 was added 

to the system. The solid mixture (50 lbs) contained of 50% bead 

2 and 50% of bead 3. This mixture formed "bead 4 . "  
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a) 50 lbs of bead 4 (25 lbs of bead 3) was inputted into the 

surge tank. 

b) The bypass valve was fully closed, and the primary input 

air valve was fully opened, the primary air flow rate for 

for the riser tube was about 2 n?/sec which responded to the 

superficial velocity in the riser tube of 4.1 m/s. This 

was about 3.2 times that of the particles terminal velocity. 

c) Since the aeration air flow rate was too small for the flow 

rate meter measurement, the aeration air valve was adjusted 

to inject the circulation solid into the riser tube. 

Solids flowed through the riser tube in a good fast fluidized 

bed regime. The solid circulation rate was a function of the 

aeration air valve opening. Figure 5 shows the solid recircula- 

tion rate with the change of the aeration valve opening. The 

solid circulation rate increases as the aeration valve increases. 

The average bed voidage (or bed density) is 0.884 which was 

determined by weighing the bed material when the primary air 

immediately closed. 
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3.1 Developm nt 

SECTION 3 

Data Acquisition System 

f Pressure Sensor D-ta Acqui iti tem 

A data acquisition system was developed to be used with the 

Honeywell pressure transducers, serial numbers 26PCBFA2G and 26 

PC3FAlD. Two types of sensors were used, a single pressure 

sensor, and a differential pressure sensor, respectively. Each 

is capable of an output voltage of 0 to + / -50  mV, which corre- 

sponds to a pressure of 0 to +/-5 psi. 

The linear operation of these devices was verified through 

tests, as detailed at the end of this report. Several attempts 

were made to build a differential amplifier circuit and to input 

the* signal at an analog-to-digital board, (Analog Devices Board 

Model RTI-800) [53 .  These attempts proved to be inadequate due 

to a lack of circuit response pressures of less than 0.01421.mV. 

We were attempting to amplify the signal 100 times and to input 

this signal into the single ended input of the A/D board. 

By altering the A/D board's configuration from a single end- 

ed input to a differential input, we eliminated the need for an 

external amplifier circuit. Based on specific jumper settings, 

such as a bi-polar range +/- 5 V, and a differential input, the 

analog-to-digital (A/D) board is capable of accepting voltages 

ranging from +/- 10 mV. The sensor's signal was directly input- 

ted into the corresponding channels of the A/D board. A s  an 

example, the output on channel 0 is comprised of two inputs from 

connector J2 and from pins 3 (input 0 hi) and 19 (input 0 lo). 
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Based on software controls, the A/D board can have an ampli- 

fication (gain) of 1, 10, 100, 500, 

The software used to control the A/D board is Paragon 500. 

163. This is a powerful program capable of controlling, monitor- 

ing, and reporting the status of various devices at either a 

local or a remote location. We are using this software in one of 

its simplest forms, Paragon 500 is used to set the gain on the 

A/D board channels, to collect the data, to record, and to dis- 

play the data. Control of the A/D board is accomplished through 

ttfunctionll blocks in the software. The A/D gain for each channel 

is specified through the A/D block. Data scanning rates are set 

through ttEXPR1t blocks. Data recording is set through the analog 

history or ltAHIST@@ block. 

Using this data acquisition system required calibrating 

the sensors through the A/D board, as displayed by the Paragon 

500 software. Sensor signals were inputted to the proper A/D 

inputs. The output, as shown by the Paragon 500 software, is 

used to determine several points. With no pressure applied (0 

Pressure), the sensor's output, as displayed, was averaged. 

This value then became the @@zero offsettt. A steady pressure was 

applied to the sensor as read with a manometer, The pressure 

readings from the manometer were compared with the average dis- 

played Paragon 500 values. A regression analysis provided a Y 

intercept and the slope of the relationship between the displayed 

valued and the pressure readings. These values were inputted 

into the expression function blocks with the following equation. 
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OUTPUT = (((Input Signal - Zero Offset) * (Slope) - Y Intercept) 

Because the function blocks are restricted in their data descrip- 

tions, the following expression is used. 

( ( (11-K2) *K1) -12) 

Although the expression looks quite different, it is the same. 

11 = Input Signal 

K2 = Zero Offset 

K1 = Slope 

I2 = Y Intercept 

The following circuit represents the data acquisition sys- 

tem. For detailed information on either the Analog Device RTI- 

800 A/D board or the Paragon 500 software refer to t h e  user's 

manual. 



SECTION 4 

Research Continuation 

The progress of this project has been on schedule, The 

arrangement and primary tests of the auxiliary subsystems for the 

CFB system were conducted for the system test, 

The pressure sensor data acquisition system was developed 

for the systematic instrumentation of the gas-particle flow 

measurements in the CFB system. The CFB hydrodynamics will be 

studied by the improved experimental techniques and computer 

simulation work. 
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