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A TRANSIZNT ELECTROMAGNETIC FLOWMMETER

Paul J. Lefebvre
Bavsl Underwater Systems Center
Bewport, thode Island

ABSTRACT

T An electromagnetic flowmster was develaped to
msasure transient flows with a frequency response of
60 Hz. The epproach taken was to develop suitadble
electronics to replace the electronics of &
commercially available electromagnetic flowmster
normally used for stesdys$tate opsration. Use of the
commarcially availsble flowmeter body, which includes
the magnetic coils, core, and signal electrodes,
provided s relatively economical mesns of fabricating
the transient flowmeter. A tcpnsient flow calibretion
facility consisting of a freesfalling water column was
aleo designed and built. Results of the calidbrations
are presented and show that the flowmeter can
accurately msasure tcansient flows up to the maximm
obeserved acceleration of approxisstely 1 g.

WOMKNCLATURE il

i
Cross-sectlonal area \
Hagnetic flux deunsity
Heter diameter
Voltage genersted st electrodes
Hster calibration factor
Effective distance Detween opticsl pairs
Cross-sectional average fluid velocity
Weight
Fluid weight density
Standard deviation

Qv EC<SrRKNow >

INTRODUCTION

In the study of transient pipe flows, a need
exists for the sccurate msasursment of the mean
volumetric flow cate as & function of tims. To date,
very few flowmeters have Deen duilt that have the
capability to msasure transient flows. In sddition,
to the suthors’' Imowledge, thers are no commarcislly

This paper is decleced a work of the U.S. Government
and is not subject to copyright protection in the
United States.
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available flowmeters that can messure transient flow
rates with & substantial frequency cesponse.

A few special-purpose mesters have been developed
over the past 25 years that have had some transient
flow measurement capabilities. 1In 1950, Armold (1)
described an electromagnetic flowmeter for small flow
rates that cesponded to very short transients of 0.001
second in ducration. Since a circular cross section
pcoved unsatisfactory for the design, 2 small
rectangular cross section of 0.48 x 1.58 cm was
chosen. In 1960, Iwanicki and Fontaine (2) desccibed
sh electromagnetic flowmeter, which was slso designed
to respand to very short transients of low flow
vates. The mester, with & 1.2-ca diameter, could not
be operated for more than a few seconds due te
polarization of the flowing liquid at the signal
electrodes. In each of the references, it was showm
that the ssters responded to large flow transients.
Unfortunately, the facilities used to validate mater
performance could not provide information on the
accurscy of the flowmater output.

To fulfill the need for accurate transient flow
ssssurement during futuce sxperimental studies, the
Waval Underwater Systems Center (NUSC) developed the
transient flommeter discussed herein. This
slectromagnetic-type meter has the capability to
accurstely measure transient flows with a frequency
response to 60 Hz. The mater has s 5-ca diamster and
can be used for steady-state flows and transient flows
of either short or long duration. It also can operate . . ]
accurately over a 30:1 flow rate range. To evaluate
the flowmeter's accuracy., s transient calibration a“*
facility was designed by WUSC and the Worcester
Polytechnic Institute (WPl) and fabricated at WPI. 1

]

FLOWMETER DRSCRIPTION

Blectromagnetic technology wae chosen as the
basis for the transient flowmater becasuse of inhecent
fast cresponse to trangients and the genersl insensi- -
tivity of electromagnetic flowmeters to changes in
velocity profile.
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An 18N personal computer with a Data Translations
analog-to-digital data acquisition board was used to
detect the trigger pulses by sampling the analog
output of the electronics at a rate of 5000 M. At
that rate, the tims that the water surface passed each
of the optical sensor pairs was known to withia
20.0002 gecond.

The effective distance between optical sensor
paicrs wvas estadlished by draining the water at a very
slow rate and weighing the amount of water collected
between trigger pulses. The weight was converted into
an eoffective distance between optical sensor pairs
based on a3 constant 5-cm internal pipe diamster, as
show in Bq. (2)

L = W/(bs), £}

where » 13 the weight density of the water, A is the
cross-sectional ares based on a S-ca diaseter, and W
is the weight of the water between optical sensor
pairs. This method accounted for vaciations in
vertical distance betwaen optical sensor pairs and
also varistions in diamater along the pipe.

Tollowing esch calidration cun, post-processing
software scanned the rav data file snd created a file
of the time at which each optical sensor pair was
triggered. Velocity, based on a S-ca diameter, was
subsequently calculated from the time and effective
distance values detween optical psirs.

During a calibration, the analog output from ths
transient flowmeter was sampled simultaneously with
the facility electronics at the 5000-Hz sampling
rate. Since the output of the flowmeter was updated
at a cate of 60 Hz, post-processing software scanned
the caw data file and established the time cocrespond-
ing to the updated flowmeter output to within
£0.0002 second. Tor each of these update times, the
corresponding cslibration velocity was calculated from
the cslibration velocity versus time dats file by
linearly interpolating between adjacent points. A
comparison of the calibration velocity and the
flowmeter velocity was then made.

RESULTS

Prior to conducting any of the transient
calibrations, a steady-state calidration of the mater
was conducted st the Alden Research Laborstory's
Plowmster Calibration Pacility, Holden, MA. This
calibration was performed dy using the gravisetrie
method and is considered accurate to $0.25%. The
calibration was conducted over a velocity range of
0.15 to 9.1 a/sec in the 5-ca diameter flowmeter. The
corresponding Reynolds nuaber range was 7100 to
375,000.

The steady-state calibration curve is shown in
Pig. 3. The curve is presented as percent ecrror from
sctusl velocity when flowmeter velocity is calculated
with a constant meter factor (K). As shown, accuracy
(linearity) was within 21.7% over the complete flow
range and within t0.5% over the 40,000 to 13735,000
Reynolds number range, which is a substantial portion
of the total range.

Twelve transient calidbration runs were conducted.
Sven though esch run was initlated by msnually opening
the velve et the Dottom of the facility, the velocity
vertsus time cucrve was fairly consistent detween runs.
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Pig. 3. Steady-State Calibration Curve

Results for a representative run are shown in the
flow vate versus time curve of Fig. 4. The run lasted
approximstely 1 second. FProm 0.0 to approximately 0.4
second, the flow experienced an almost constant
acceleration of approximately 1 g, reaching a velocity
of 5 m/sec. Beyond 0.4 second, the free sucrface of
the water column experienced considerable instability
precluding any sccurats measurements. Ths flowmeter,
however, appesrs to have followed the water colummn
velocity throughout the transient. All further
discussions are limited to the 0.0-second to 0.4-
second range of each run, which corresponds to the
first 24 data points from the flowmster.
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Pig. 4. Typical Transisnt Calidration Curve

Results for all 12 of the calibration runs ace
presented in tadle 1. Mean error betwsen the
calibration facility and flowmeter msasured flow rates
and standard deviation are presented separately for
each run and also for the total of all data points.
As shown, the absolute value of the mean error ranged
from 0.946 to 1.170, while the standard deviation
canged from 1.78 to 3.33. The mean error for all the
dats points was -0.041 with s standard deviation of
2.57. Using the resulits from the total of all data
points, the expected difference (t2e or 95% level)
between facility flowmeter measuremsnts is 325.7%.




(220 or 95% level) between facility flowmeter
asasucrensats is 13.2%.

Table 1. Calibration Susmary

F

1 1.370 2.5%
2 =0.946 2.56
3 -0.740 2.54
4 0.27¢ 2.67
H ~-0.575% 2.47
[ 0.77¢ 2.62
’ -0.53¢ 1.78
] 0.378 2.88
9 0.352 1.88
10 0.807 3.3
11 -1.318 2.36
12 -1.191 2.88
@veraze for all runs; -0.04) 2.57

Inspection of the transient calidration cucves
(similar to Pig. 4) for each run showed that the
flowmeter cutput exhidited s smooth transition
throughout the transient; however, the msasured values
from the facility fluctuated about the flowmster curve
within spproximately ¢5%. It is believed that the
accuracy of the facility is epproximately t5%, while
the flowamster accurscy during a transient cun is
approximately equal to the steady-state accuracy
stated previously.

coucLus108S

An electromagnetic flowmeter has been developed
that can sccurately mesasure transient flow cates up to
at least 1-g accelerstion (maximum tested) with &
frequency response to 60 Ms. A calibestion facility
using s free-falling column of water has been showm to
be & viable mssns of evaluating transient flowmeter
performence up to 1 §.
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