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We have completed calibration of two electromagnetic flowmeters as 
requested in your September 20, 1984 memorandum on the same subject. 

The velocity readings of the meters were checked in an open channel as 
shown in figure 1. The electromagnetic flowmeter readings were compared 
to an Otte flowmeter used in our laboratory. In the range from 2.5 to 
4. 5 ft/s, the electromagnetic: _ current meter readings averaged about 
4 percent higher than the Otte current meter readings (figs. 2 and 3). 
This is within an expected accuracy for this type of velocity measurement. 

Since the flowmeters will be used to measure discharge in relief wells, 
the velocity comparisons in an open channel are not directly applicable. 
A calibration was done in an 8-inch-diameter pipe in the pipe test stand 
in our laboratory. These relief wells are 8-inch-diameter pipes flowing 
ful 1. The electromagnetic flowrneters were mounted in the center of the 
pipe as shown on figure 4. 

With this setup, it was possible to test very low flows and compare the 
meter velocity readings to a volumetric calibration using our laboratory 
calibration tank. At higher discharges, our Venturi meters were used 
as the standard, since these meters have been calibrated volumetrically 
and check within one-half of one percent. 

Figures 5 and 6 show calibration curves for centerline velocity versus 
discharge in the 8-i nch-di ameter pipe. The curve marked 11 flowmeter" 
gives the electromagnetic meter results. The long sa~ple nnde on the 
flowrneters should be used to obtain accurate readings. The curve marked 
11 actua 111 shows the corriputed centerline velocity versus discharge in a 
circular ~ipe. The centerline velocity was computed with the following 
equation. 

v (centerline) = 1.43 (f)0.5 + 1 v (average) 

\'Jhere f is the Darcy-\-Jeisbach friction factor. The friction factor is 

1 Rouse, H. "Elementary Mechanics of Fluids," \·J iley and Sons, Oct. 1984, 
pp 198. 
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computed for each flow using the "Moody diagrarn, 11 which relates Reynolds 
number to friction factor. 

The calibration equations for the 2 meters over the full range (from 
figs. 5 and 6) are: 

Meter No. 1 - Q (ft3/s) = 0.2967 v (ft/s) + 0.0208 
Meter No. 2 - Q (ft3/s) = 0.2940 v (ft/s) + 0.0159 

where vis the meter reading. 

Figures 7 and 8 show the same curves plotted in figures 5 and 6 on a 
log-log scale. These figures demonstrate the differences between a uni­
form velocity distribution in a circular pipe (actual) versus thj 
electromagnetic flowmeter readings. For example, at Q = 0.04 ft /s 
(18 gal/min), the centerline velocity in an unobstructed circular pipe 
would be 0.15 ft/s. With the electromagnetic flowmeter installed, the 
center of the pipe is obstructed by the meter. The meter reading is 
0.078 ft/s. This is about one-half of the velocity that would be 
expected in an unobstructed pipe. 

CONCLUSIONS 

1. The electromagnetic flowmeters check within 4 percent of our 
laboratory Otte flowmeter in an open channel. 

2. The flowmeters cause a significant obstruction to the velocity 
distribution in the pipe, especially at low discharges. 

3. The calibration curves or equations given in this memorandum for the 
electromagnetic flowmeters can be used t~ obtain dicharges to within 
+ 5 percent at low flows (around 0.10 ft /s). The meter calibrations 
are accurate to within~ 1 percent at high flows (around 2.0 ft3/s). 
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