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ABSTRACT 

An integrated workstation for the 
study of fluid and particle motion in a 
fluidized bed reactor, which will permit 
effective and safe drug removal within an 
extracorporeal system, was constructed. 
Our main objective was to identify and 
investigate those flow conditions which 
will yield high efficiencies of heparin 
removal and low levels of b lo od damage. 
This workstation, which can be used as a 
general purpose fluid and particle motion 
analyzer, enabled the invest iga tion of 
the complex dependence of the overall re­
actor performance on flow conditions at a 
micro-level. The workstation·s main fea­
tures incl ude real-time capture and anal­
ysis of video-information, a user-friend­
ly interface, graphics displaying various 
time-dependent flow parameters, and image 
processing features for selecting the 
area and image contrast f or visualiza­
tion. 

INTRODUCTION 

This workstation enables the visual­
ization and analysis of particle motion, 
at a micro-level. The input to the system 
is video information. In our research, 
the video information was obtained from 
laboratory experiments in a small ( 5cm. 
by 5cm.) fluidized bed reactor utilizing 
using O.lmm transparent blood subs titu tes 
and cross-linked agarose particles as mi­
crocarriers for immobilized heparinase 
and a continuous flow of transparent. 
Also human blood and t he same agarose 
par tioles with immobilized heparinase 
were used in in vitro e xperiments. Large 
polymer microspheres (144 um) and 19/L 
blue dextran solution were also applied 
�s the tracers in studying the liquid and 
particle flow pattern s. The reactor it­
self was positioned on a shaker which 
moved the reactor in an oscillatory man­
ner. The shaker speed as well as the 
rate of fluid flow into the reactor could 
be controlled. 

In testing the workstation and its 
image processing and graphics features, 
our goal was to put the system to test in 

allowing the system to graphically dis­
play particle motion changes given 
changes in various paramters. For exam­
ple, the workstation should be powerful 
enough to respond to sudden changes in 
reactor speed and to display the subse­
quent particle motion kinematics. 

METHODS 

The processing of the video informa­

tion proceeds al ong these steps: 1) The 
user specif ies a region of interest (ROI) 
in the image, 2) an image is grabb7 d and 
stored on a frame buffer, 3) the t�me of 
image capture is recorded, 4) within the 
ROI, pixel after pixel is processed 
through a filt eri ng algorthim, 5) valid 
pixels· locations ar e stored, 6) after 
the ent ire image has been processed, an 
averaging nl gori thim is performed, 7) t he 
locations and t imes are stored i n a fil e 
on disk, and 8) ste ps 2 thro ugh 7 are 
repe ate d for as many images as specified. 

In our research, the i mmo bili zed 
agarose particles are white and fairly 
transparent in a strong back-light. 
Therefore, it was easy to distinguish 
their locations. The viewed portion of 
the r eactor was roughly 5cm. by 5cm. and 
the image frame buffer·s dimensions were 
512 by 512 pixels. Each pixel therfore 
mapped to a particle of size O.1mm. This 

mappin g proved to be quite convenient 
since the size of a particle could be 

given in terms of whole pixels. 

The workstation also enables the user 
to speci�y the c harac ter is tic s of the 
pnrticles to be trncked or processed. 
These characteristics include the size of 
the particle and the color range in which 
t he particle appears. One can get an 
idea of the color range o f the particle 
by using t he workstation's sampling fea­
ture which gi ves a his to gram of the per­
cent of p ar tic les within different color 
ranges. Therefore, image ··noise can be 
easily disting�i5hed. 
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CONCLUSIONS 

As an example of the use of the work­

station, we consider the data from a 
video in which the reactor speed is sud­
denly increased, midway, during a t hirty 
second period. Specifically, the speed 
is increased from 100 rmp to 200 rmp. 
The flow rate into the reactor was kept 
constant at 100 cc/min. 

In Fig . 1, the average locations of 
the particles is illustrated. In Fig. 2, 
the average horizontal location of the 
particles with repsect to time is shown. 
In Fig. 3, the average vertical location 

of the particles with respect to time is 
shown. Fig. 4 shows the average dis-
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placement of the particles with respect 
to time. Finally, Fig. 5 shows the aver­
age velocity the with respect to time. 

The reactor, as mentioned before, os­
cillates in the horizontal direction. 
Fig. 2 reveals this fact. Fig. 3 shows 
that the particles also move in a verti­
cal fashion. This result is verified in 
viewing the original video tape. Figs. 4 
and 5, in particular, reveal the sudden 
change in reactor speed at approximately 
the 15 second mark. 

In this example, we have taken veloc­
ity and displacement measurements; howev­
er, other quanitites such as shear veloc­
ity can also be computed and easily visu­
alized. 
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