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DISCLAIMER 
 
This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights.  
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
 
 
 
 
 
 
 

ABSTRACT 
 
After significant difficulties, the Coal Flow Test Facility at Airflow Sciences is up and running.  
This has allowed shakedown testing to begin with our instrumentation package.  Preliminary 
results indicate that there are problems with the instrumentation and/or test rig.  Debugging has 
begun, but was not completed by the end of the reporting period.  Fortunately, the program has 
sufficient schedule slack that the recent difficulties are not expected to impact the overall 
program scope, cost, or schedule. 
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EXECUTIVE SUMMARY 
 
 
 
The project’s overall objective is to develop a commercially viable sensing system to infer the 
flow rate and fineness of pulverized coal flows using the dynamic signature from a pipe-mounted 
accelerometer.  The preliminary calibration data for this effort will be obtained using a Coal 
Flow Test Facility built and operated by our subcontractor, Airflow Sciences Corporation, in 
support of an EPRI program.  Airflow Sciences encountered significant difficulty getting the 
system up and running, with the final hurdles related to the system controls.  These problems 
were resolved in this reporting period, so that the facility is ready for testing. 
 
Shakedown testing with our instrumentation package began late in the reporting period.  
Preliminary analysis of the resulting data indicates that there are problems with the 
instrumentation and/or test rig.  Even with no flow passing through the test section, a power 
spectrum of the data shows strong frequency “lines”.  The data should be free of such behaviors, 
so the instrumentation must be recording behaviors that are unrelated to the flow.  This issue 
must be resolved before calibration data are collected.   
 
A preliminary effort to debug the problem through long-distance consultation between Foster-
Miller and Airflow Sciences personnel at the end of the reporting period did not discover the 
source of the problem.  Consequently, a Foster-Miller engineer will visit the test facility early in 
the next reporting period.  Assuming this effort is successful, preliminary testing and analysis 
should be completed in the next reporting period.  Because of slack in the program schedule, 
there should be no net effect on the program scope, cost, or schedule. 
 
 



EXPERIMENTAL 
 
The components of the instrumentation package are illustrated schematically in Figure 1.  An 
accelerometer mounted on the outside of the pipe senses the vibrations produced by the coal 
particles striking the pipe wall.  The resulting raw signal is amplified using a Kistler 
accelerometer amplifier, producing a higher- level signal.  This signal is then filtered to eliminate 
behaviors above 100 kHz to eliminate signal aliasing, and below 1 Hz to eliminate any DC 
offset.  The signal amplitude is also increased in the same component, a Krohn-Hite 
filter/amplifier module.  The resulting signal is then digitized and stored at 300 kHz using the 
data acquisition computer.  Each data file is nominally 30 seconds in duration (with some 
variation due to details of data buffering in the data acquisition process).  
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Figure 1.  Instrumentation schematic 
 
 
This package was installed at the Coal Flow Test Facility, located in an Airflow Sciences facility 
in Livonia, MI.  Several sample data files were collected to examine the behavior of the 
instrumentation: 
 

• A no-flow test, with power applied to the inverter-based variable speed power supply for 
the blower. 

• An air-only test with an air velocity of 80 fps (24.4 m/s).  
• Two coal-air tests with an air velocity of 80 fps (24.4 m/s), a coal flow of 7000 lbs/hr 

(0.882 kg/s), and two different accelerometer amplifier gains. 
 
The resulting data files were sent to Foster-Miller for analysis. 



RESULTS AND DISCUSSION 
 
 
With any new experimental setup, the first analysis should examine the simplest possible 
operating condition.  In the Coal Flow Test Facility, the flow through the test pipe can be shut off 
at will, permitting no-flow testing.  For a scoping analysis, a power spectrum discloses a lot of 
information in a very compact form.  It graphs the harmonic power (square of amplitude) of the 
data as a function of frequency for all frequencies up to the Nyquist frequency, which is one-half 
the sampling rate.  Figure 2 shows the power spectrum for the no-flow data collected by Airflow 
Sciences.  Ideally, this graph should show very low power at all frequencies, indicating a lack of 
signal.  In fact, however, strong frequency “lines” are visible in the data.  Although not obvious 
in the figure, these behaviors begin with a strong 60 Hz behavior, with quite a few harmonics 
persisting up to 1 kHz.  There are numerous additional lines, including a particularly sharp one in 
the neighborhood of 27 kHz, and clusters of lines on either side of 50 kHz.  These behaviors 
spell trouble, in that the instrumentation must be picking up externally imposed signals. 
 
 

 
Figure 2.  Power spectrum for no-flow data 

 
 
 
Figure 3 shows the power spectrum obtained in a case with air flow only (no coal flow).  This 
figure shows more harmonic power overall, but an even more powerful cascading set of 
frequency lines.  Since no coal is flowing through the system, yet the system is operating, there 
could be some vibration of the pipe.  However, one would not expect significant pipe vibration 
above the audible range (~20 kHz), so this cascade probably represents externally imposed noise.  



The fact that this noise is different in the no-flow and airflow cases implies that something in the 
test system operation affects the instrumentation differently in conditions with and without flow. 
 
 

 
Figure 3.  Power spectrum for air-only flow condition 

 
 
 
Figure 4 shows the power spectrum for the coal-air flow.  In this case, the overall harmonic 
power is higher across the board than in the air-only case, which presumably reflects the coal 
particle impingement on the pipe wall (which is the phenomenon the instrument is intended to 
detect).  There is still a cascade of sharp frequency lines, but in this case some of the lines are 
relatively weaker than in Figure 3.  This probably results simply from the higher “noise floor” 
caused by the coal particle impingement.  The net effect is still totally unacceptable:  calibration 
testing cannot proceed until these behaviors are essentially eliminated from the data. 
 



 
Figure 4.  Power spectrum for coal-air flow 

 
 
CONCLUSIONS 
 
The issues described in the preceding section must be resolved before calibration data can be 
collected.  In the final days of the reporting period, long-distance consultations were held 
between Foster-Miller and Airflow Sciences personnel in an attempt to resolve the 
instrumentation problems.  This effort was not met with success, so a Foster-Miller engineer will 
visit the Coal Flow Test Facility early in the next reporting period to perform hands-on 
debugging.  Assuming this visit is successful, it should be possible for preliminary calibration 
data to be collected and analyzed in the next reporting period.  In this event, the slack built into 
the program schedule will leave the program at a comfortable progress level, so that the overall 
program scope, cost, and schedule will remain unaffected. 
 




