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Figure 3- 2. Diagram showing the dimensions of the semi-circular column of the bed.

60 O

Insert A

di

d0

D0

Di



23

Figure 3-3 Photograph of the fluidized bed with the two-camera set-up.
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Figure 3-4a, b. Schematic showing the low and high gap height between
the distributor plate and the draft-tube.
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face. Through the transparent glass sheet it was possible to observe the flow pattern of the

tablets. This enabled the use of a computer-based video imaging system to study the

particle dynamics and obtain velocity and voidage data. The bottom of the draft-tube is

angled at 600 from the horizontal as shown in Figure 3-2, insert ‘A’. This modification

reduces the flow of particles towards the spray nozzle and assists the particle movement

upward through the spray zone as shown in Figure 3-1 (the arrows indicate the direction

of particle motion). The draft-tube is anchored in the center of the column using two sets

of tension bars, springs and o-rings. The draft-tube is pressed against the front transparent

glass plate by the springs that seals the draft-tube with the front surface. The o-rings

facilitate the upward and downward movement of the draft-tube relative to the distributor

plate. The position of the draft-tube relative to the distributor plate can be used to control

solids flow from the annular region to the draft-tube region. The higher the position of the

draft-tube (bigger gap between the draft-tube and distributor plate) the greater the solids

flow, and hence the denser is the bed. Figure 3-4 a, b show the two gap heights

investigated and the relative position of the distributor plate and nozzle.

The flow diagram of the experimental system used in this work is shown in Figure

3-5 and the schematic diagram of the video imaging system is shown in Figure 3-6. Air is

supplied by a centrifugal blower and is regulated through valves before in enters the

plenum chamber located beneath the distributor plate. The airflow rate to the bed is

controlled using the valves up-stream of the bed. The airflow rate is inferred from the

pressure drop across a calibrated orifice plate upstream of the valves. Calibration details

of the orifice plate are given in Appendix I. During the experimental runs to obtain
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Figure 3-5. Flow diagram of the experimental setup
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Figure 3-6. Schematic diagram of the fluidized bed video imaging system
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velocity and voidage profiles, the spray nozzle though present was plugged and no air or

liquid was allowed to flow through it into the bed.

The particles studied were tablets, 8.05 mm diameter and 4.2 mm thick, with an

average volume 0.170 cm3 and an average weight of 0.205 grams. These placebo tablets,

made by compressing a mixture of Avicel® PH101 and Magnesium sterate and pan

coated with an aqueous solution of Hydroxy Propyl Methyl Cellulose (HPMC) and

Hydroxy Propyl Cellulose, were supplied by Merck & CO., Inc. Figure 3-7 shows a

picture of the tablets used in this study. The particle density was calculated using an

volume displacement method and was found to be 1.215 kg/m3 (see Appendix II for

details).

Figure 3-7. Photograph of the tablet used in the study.
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3-2 Design of Deflector

The work done by Cheng and Turton (1993) and Shelukar et al.(2000) has shown

that major cause of the variation in the amount of coating received can be attributed to the

variation in the coating-per-pass received by the particles in the spray zone. A major

factor for this variation is due to the sheltering effect caused by the particles near the

nozzle on particles farther from the spray source, Cheng (1993). This sheltering effect

can be reduced by guiding the particles away from the spray source, and this reduces the

variation in the coating-per-pass distribution. A more detailed explanation of this

phenomena is given in section 4-4. The desired characteristics of the deflector are: (1) to

prevent the particles entering the draft-tube from passing close to and directly over the

spray nozzle, (2) to give a uniform voidage pattern in the spray zone, (3) does not reduce

the particle flow into the draft-tube, and (4) and does not increase the attrition of the

tablets. Four different deflector designs were tried before the final optimum deflector was

designed.

Figure 3-8a and b show the first deflector design. Though this deflector was

effective in some ways (explained in section 4-2.1), it did not give any substantial

improvement in the coating consistency compared to the case without a deflector. The

particles still moved close to the spray zone and the desired effect of moving the particles

away from the spray nozzle was not obtained. This deflector was further modified by

adding a ring around the nozzle as shown in Figure 3-9 a and b. This ring was moved to

different positions along the slope of the deflector (Figures 3-10 and Figure 3-11) in an

attempt to optimize its effect in deflecting the particles away from the spray nozzle. The

use of these deflectors resulted in increased particle attrition. The ring on the deflectors
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caused a sudden change in the direction of flow and increased particle-particle and

particle draft-tube collision. However, since the coating runs were carried out over a

relatively short period, around 70 minutes, there was no significant attrition on the

tablets. However, with Modified deflector 2, where the ring was moved lower on the

slope, more attrition was observed. This was because the change in direction is more

sudden and this caused increased particle-particle collisions and collisions between the

particle and draft-tube.

From the data obtained and the observations made using deflector 1 and modified

deflectors 1, 2 and 3, a final deflector (optimum deflector) was designed which is shown

in the Figure 3-12 a, b, & c. This deflector was machined from a single piece of

Plexiglas® with higher angle of the slope and a smoother transition to the vertical portion

of the deflector.

Figure 3-8a. Schematic diagram of deflector 1. The arrows show the direction of
deflection of the tablets.

Figure 3-8b. Photograph of deflector 1 mounted on distributor plate
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Figure 3-9 b. Photograph of modified deflector 1.

Figure 3-9 a. Schematic diagram of modified deflector 1. The arrows show the direction of
deflection of the tablets.
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Figure 3-11. Schematic diagram of modified deflector 3. The arrows show the direction of
deflection of the tablets.

Figure 3-10. Schematic diagram of modified deflector 2. The arrows show the direction of
deflection of the tablets.
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Figure 3-12a. Schematic diagram of optimum deflector. The arrows show the direction of
deflection of the tablets.
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Figure 3-12b. Photograph of optimum deflector mounted on the distributor plate.

Figure 3-12c. Photograph of optimum deflector mounted on the distributor plate.
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3-3 Measurement Techniques and Equipment Used

Computer-based video imaging techniques were used with customized imaging

software to measure particle velocity and voidage profiles in the semi-circular fluidized

bed. The set-up consisted of two CCD cameras (Sony XC – 75 CE CCD, Sony Inc.,),

connected to two frame grabbers  (PX610 Precision Frame Grabber, Imagenation

Corporation, Beaverton, Oregon), which in-turn were connected to a computer (486DX,

33 MHZ, Keydata International Inc., S. Plainfield, NJ). The standard RS-170 interlaced

signal (30 frames/sec) from the cameras are captured by the frame grabbers and viewed

on the monitor of the computer with the help of custom software written in Microsoft

Visual Basic 6.0.

With the RS-170 interlaced video system, each frame or image is formed by two

fields, odd and even, taken 16.67 ms apart and spliced together. This usually has no

consequence except when the object being imaged is not stationary.  When the object

moves before the successive fields are captured by the camera and the fields are spliced

together to form a frame/image, we observe a phenomena called inter-line blurring.

Figure 3-13 shows the principle of interline blurring. This problem can be overcome by

two methods: (1) use very high-speed cameras with variable framing rates, or (2) increase

the area of focus or the field of view FOV (explained subsequently). In the first case, the

equipment cost is very high and the second solution results in a large number of particles

in the field of view, making the identification and matching of particles between fields

difficult.


