






INTRODUC TIOiX 

Water-measuring devices used in closed conduit systems on Bureau of 
Reclamation irrigation projects have been propeller-. or differential-type 
meters. The Venturi meter has received general use in large capacity 
turnouts. Because of the limited discharge range of an individual meter 
(about 10 to 11, several Venturi meters o r  sizes a r e  necessary for each 
turnout. Magnetic flowmeters having a larger discharge measurement 
range (about 30 to 1) and essentially zero head loss  migM reduce the 
complexity of an installation but have not been used on Bureau projects. 

Delivery of water to the Westlznds Irrigation District from the' San Luis 
Canal requir<?s measurement over a large discharge range. The Fischer- 
Porter Company asked that their magnetic flowmeter system be considered 
in the specifications a s  an alternative installation to Venturi meters in the 
turnouts. With capacity for measurement of a wider discharge range, 
fewer magnetic meters would be 'required for a turnout. The magnetic 
meter might then become econ'omically competitive< Bureau designers 
being interested in the possible. uee of the meters Suggested making a 
study of the accuracy, capabildy;: discharge range, an&th$ reliability 
of the meter and electronic system. 

SUMMARY 

A 4-inch magnetic flowmeter manufactured by the Fischer-Porter Com- 
pany, Warminster, Pennsylvania, was investigated in the Hydraulics 
Laboratory. The purpose of the investigation was to determine the oper- 
ating characteristics, accuracy, and general performance of the meter. 

The meter primary, o r  measuring system, Fi,gure l A ,  was installed in 
a 4-inch standard pipe with gate.valves 15 diameters upstream and 15 diam 
eters  downstream, Figure 3A. Both of thesefvalves were used for dis- 
charge controls. For  subsequent tests, the upstream gate valve was in- 
stalled a t  the inlet to the meter, Figure 3B, to determine whether o r  not 
the velocity disturbance caused by the valve affected the meter accuracy. 
The meter secondary or  readout system, Figure 1B, included a converter 
o r  transducer, a single pen recorder and a digital counter o r  integrator. 
Actual discharges through the meter were measured with the permanent 
volumetric calibration facilities in the laboratory. 
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into three subranges of 22 to 220,-66 to 660 and 130 to 1."320 gpm. By sub- 
dividing the discharge range, better accuracies a re  claimed by the manu- 
facturer throughout the flow range of the meter. These subranges could 
be selected by a range selector sw%ch in theconverter. 

The manufacturer claimed a discharge measurement accuracy of plus or  
. minus 1 percent of the maximum discharge for 10 to 100 percent of the 

flow of each subrange. The meter met the specifications except for the 
smaller discharges of each range. At the minimum discharges (0 to 
10 percent) for each subrange the meter read from 1 to 2 percent'high. 
When the valve at the inlet to the meter was used to control the flow, 
the meter indicated dis-charge was a s  much a s  4 percent higher than 
actual discharge. An accuracy of plus or minus 1 percent of rate was 
obtained for about the upper 80 percent of each subrange. 

question as to  the reliability of the system under field conditions. 

LABORATORY TEST INSTALLATION 

the flow tube: 
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neoprene, and the electrodes, Figure 1A. The rated velocity range for 
the primary was 0.5 fps (feet per second) (0.15 m/s)  to 30 fps (9.14 m / s h  
The corresponding discharge range for this flow tube having an inside 
diameter of 3.917 inches (9.949 cm (centimeter)), would be 0.043 to 2.57 
cfs (cubic feet per second) (19.2 to 1,150 gpm) (12.1 to 70.2 11s). How- 
ever, the measured discharge range w a s  22 to l, 320 gpm. 

The secondary system of this meter included a "converter" for convert- 
ing the alternating-current voltage output of the primary to a propor- 
tional direct-current output, a single pen strip chart recorder operating 
from the converter output signal, and an electromechanical counter or  
integrator operating on a 24-volt direct-current pulsed signal from the 
converter, Figures 1 and 2. The converter or  main component of the 
secondary o r  readout system was equipped with a meter and scale read- 
ing in percent of maximum flow for the selected range, Figure 1, and a 
velocity range selector switch, Figure 2A. 

The full velocity range, 0.5 to 30 fps (0.15 to 9.14 m / s )  was divided into 
three subranges which could be set on the converter depending on the dis- 
charge. The three subranges used were 0.5 to 5 fps (0.15 to 1.52 m/s), 
1.5 to 15 fps (. 45 to 4.57 m / s )  and 3 to 30 fps (0.91 to 9.14 m/s).  

The strip chart recorder had been specially furnished with a speed of 
2-518 inches per minute (6.57 cm/m) and a scale range from 0 to 1,200 
gpm (0 to 75.6 l/s), Figure 2B. The normal chart speed is seven-eighths 
inch per hour (2 cm/hr) and for this speed one chart roll wi l l  last about 
1 month. The electromechanical counter for totaling the flow in volume 
units (gpm o r  cfs) had a six-digit dial with a manual reset. The counter 
has a rnaxim~m speed of 25 impulses per second. Tlk manufacturers 
guaranteed accuracy was restricted to discharges corresponding to a 
range from 10 to 100 percent of maximum flow for th; selected velocity 
range. The accuracy for the complete magnetic floG,meter system was 
stated by the manufacturer as: (1) 3-fps maximum flow velocity o r  
above--plus o r  minus 1 percent of full scale of the selected range, (2) 
1-fps maximum flow velocity--plus or minus 2 percent of full scale of 
the selected range, (3) reproducibility--plus or minus one-half percent 
of selected f u l l  scale or  better. 

Meter Installation 

The 4-inch magnetic flowmeter was installed in the laboratory piping system 
Figure 3A. Standard 4-inch pipe with a gate valve 15 diameters upstream 
and 15 diameters downstream was used for the meter installation. The 
upstream valve was Later moved to a position at  the inlet of the flow tube 
of the meter primary, Figure 3B. Water could be pumped through the flow- 
meter and into a volumetric calibration tank. The calibration tank is a 
standard of discharge measurement used in the laboratory. 
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mercial meter installation. This wire was enclosed in 314-inch electrical 
conduit a s  outlined in the manufacturer's instructions. The 120-volt, 60- 
cycle, alternating-current power input to the meter w a s  enclosed as recom- 
mended by the manufacturer in a separate conduit. The converter, recorder, 
and digital counter were mounted on a wooden panel about 4 feet away from 
the flowmeter, Figure 3. 

Volumetric Calibration Tank :$ 

The laboratory calibration equipment includes two volumetric tanks of 678 
cubic feet (5,071.8 gallons) (19.2 cubic meters) and 88 cubic feet (658.3 
gallons) (2.53 cubic meters), a pneumatically operated swing spout for 
diverting the flow into o r  out of a tank, and an electronic timer, Figure 4. 
Volumes of both the large and small tanks have been determined for various 
water temperatures usin an independent pipette tank. The timer, measur- 
ing time to the nearest 1 7 100 second, is started and stopped automatically 
by motion of the swing spout. The motion of the swing spout is manually 
controlled when the volumetric tank level reaches a depth sufficient for a 
hook gage measurement. The tank volume and time a re  used to compute 
the average rate of flow. T G  small volumetric tank was used for discharges 
up to about 300 gpm (0.67 cfs) (18.9 l / s )  through the flowmeter: The large 
tank for discharges of 300 to 1,320 gpm. 

The electronic timer was  used also for timing the digital counter (volume 
totalizer of the magnetic meter). Signals from the converter to the digital 
counter were interrupted with a magnetic relay. The relay was activated 
b;y a manual switch at the calibration tank. Thus,.) by starting and stopping 
the digital counter in the same period a s  the timer, the volume of water in 

$he calibration tank could be compared to the volume totali.q+d by the meter. ,+' 
5' 

CALIBRATION PROCEDURE 

Converter Zeroing Procedure 

Before each days tests, water was passed through the flow tube for 10  to 
15 minutes near maximum flow to remove bubbles' or material that might 
have a2cumulated on the electrodes when the meter was not in use. The 
discharge was then stopped by closing the valves both upstream and down- 
stream of the meter to keep the pipe and meter tube full of wafer. ' The 
velocity range (the zero adjust range of themeter)  (A) Figure 2A, was set 
onthe converter. The zero button was depressed andthe,,indicator needle 
w a s  positioned by the zero (null) control screw (screwdri;l;er,hole above 

set button, Figure 133). The needle was positioned ~o~approximately 
cale within the zero band (30to 70 percent) to read:beiween 50 and 

percent. The indicator was checked periodically during the tests to 
insure that the needle was within the allowable zero ban&. 
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Discharge Measurements 

digital counter - w a s  started simultaneously withthe timer. When:the cali- 
bration tank was sufficiently full, the flow was diverted to the bypass. 
Again moving the swing spout automaticallly stopped th~5electric timer. 
The digital counter was switched off at the same time. The strip chart 
recorder was switched on at the beginning of each measurement to record 
the steadiness of the flow.:, 

ration curves for 
ing the total voluine 

lectronic timer. 

The total volume of flow in gallons indicated by the meter was the product 
of the digital counter reading and a pulse factoy?corresponding to the veloc- 
ity setting on the converter. The pulse factqr for each velocity setting was 
supplied by'the manufacturer a s  follows: 5 Tps velocity setting, pulse 
factor = 0.183; 15 fps velocity setting, pulse factor = 0. 550; 30 fps velocit 
setting, pulse factor = 1.100; The volume in gallons computed. from the 
totalizer compared satisfactorily to that measured in the calibration tank. 

flow for each 

about 4 months. 

of, the converter 
d series of measur 



For Series 3 the valve downstream of the meter was fully opened-andflow 
was controlled using the gate valve located 15 diameters upstream of the 
meter. The discharges were measured to determine whether or  not the 
flow from a partially opened valve affectedlthe meter accuracy. Thirty-. 
five discharges were measured in coverin2 the three velocity subranges. 

The upstream valve was installed at the inlet of the meter tq control the 
flow for Series 4, Figure 3B. Thirty-three discharges were measured 
in theseries.  About 2 months after th6 initial series, four discharges : 

were -measured in the 130 to 1,320 se  four measurements 
were made to check the converter factory repair. The measure- 
ments showed that the converter h repaired and the'flowmeter was 
again indicating 
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Accuracy of the suring discharge was computed 
in two forms: a s  a p and a s  a percent of the maxi- 
mum discharge for t 

Accuracy (rate of (Qm - x 100 in percent 

Accuracy (maxi x 100 in percent 

QV = volumetric tank measured 'discharge 

. . 
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under no-flow conditions a re  70 percent, and 30 percent according to the 
limit lines on the converter meter. The converter was adjusted to a 30 
percent reading and test discharges were measured at the lower and upper 
ends of each velocity subrange, i..e., 22 and 220 gpm of the 22 to 220 gpm 
range. The same test discharges were then me.asured for 70 percentmeter 
reading on the converter. Twenty-eight measu~ements were made.in Series 
2 with the upstream .~ , valve fully open. 

Qm(max) =maximum meter indicated discharge for converter 
: 

reading of 100 percent (220, 660, and 1,'320 gpm) 

of plus or minus 1 percent of rate 
on than one warranted to plus or  
ample: 



Error  at full scale--220x 0.01 = t - 2.2 gpm 

Rate of 10 percent of full scale 220 x 0.1 = 22 gpm 

Error  at  rate.22 x 0.01 = + - 0.22 gpm o r  1 percent 

Percent of full scale ' 1  I\ 
Error  at  full scale 220 x 0.01 = 2.2 gpm 

Rate at  10 percent of full scale 220 x 0.1 = 22 gpm 

Error  at  rate (possible) 2.2122 x 100 = + 10 percent 

Test Series 1 '. 
. .; , . 

~ i & e  5 shows the accuracy 6f the meter for measuring discharge in 
an installation where the meter was essentially unaffected by flow dis- 
turbances. The graphs show the accuracy of the meter in terms of the 
percent of the rate of now within the range and the accuracy in percent 
of the maximum discharge of the range. The meter qcuraCy w a s  
within plus o r  minus 1 percent of full 'sr;ale;::or each of the three sub- 
ranges. The meter accuracy was plus o r  minus 1 percent of ra te  

; except for the lower end (20 percent of range or less)  of each of the 
velocity ranges. In practical use the meter need not be operated at 
the low end of a velocity range except for the 0.5 to 5 fps range because 
the ranges overlap. .& 
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Test Series 2 

~ i s c h a r ~ e s  were measured for the upper and lower end of each yiiocity 
range'for the converter zero settings of 30 and 70 perceat, Fi@re 6. 
The meteraccuracy is impaired when the converter is operated near 
the 1imits.of the allowable zero band. At the low end of the 0.5 to 5 fps 
velocity range the meter reads a s  much a s  .9.5 percent high for a 30 per- 
cent zerosetting and 1.5 percent high for the 70 percent zero setting, 
Figure 6A. For  the 1.5 to 15 fps and 3 to 30 -fps velocity range the meter 
reads'about 2.5 percent high at  the low end of the velocity range' for a 
30 percentzero setting and about 1 perce r the 70 percent zero 
setting. 

Figure 6B shows the effect of the zero,set meter accuracy exp 
a s  percent of maximum discharge for the v y range. The accura 
the meter was plus o r  minus 1;percent of maximum flow or, better bot 
ceither t.?.:~. 30 and 70 percent zero setting of the. converter. The test s 



showed that meter accuracy in the lower discharge range is effected more 
by a zero shift than in the middle and upper ranges. A shift in zero toward 
the lower end of the zero band (30 percent) impairs the accuracy more than 

. a shift toward the higher end of the zero band. 

Test Series 3 

The accuracy of the meter with a flow control 15 diameters upstream of 
the meter was not significantly different from that with the downstream 
flow control, Figure 7. The graphs show the accuracy of the meter in 
terms of the percent of rate of flow within the range and the accuracy in 
percent of the maximum discharge of the range. The velocity disturbance 
caused by a gate valve 15 diameters upstream does not appreciably affect 
the meter accuracy. The meter accuracy i s  about plus o r  minus 1 percent 
o r  better of rate except at  the lower end of each velocity range. 

Test Series 4 

The electrodes'of the meter were 15.6 inches (39.7 cm) downstream of 
the center of the leaf when the valve was installed at the inlet to the 
meter. Figure 3B. The relatively poor accuracy of the meter, Fig- 
ure 8, for this installation was caused by the valve disturbance of the 
velocity distribution. When the valve was fully opened, the leaf did not 
obstruct the flow and the accuracy approached that obtained for down- 
stream valve control. For  the valve ful!y open (1,320-gpm flow) the 
meter indicated a discharge of 0.4 percknt larger than the volumetric 
tank, Figure 8C. Using the downstream valve for control, the volu- 
metric tank and meter measured the same discharge, Figure 5C. 

e r  appears to be a function of the valve leaf 
steadily increasing or  decreasing function of 
tain valve openings the electrodes may be in a 

gion of higher velocity than &'average velocity. The result would 
the meter indicating a higher than actual discharge. The accuracy 

easurements, Figure 8, show that a meter installation with a par- 
ediately upstream is not desirable. 

the seconda~y o r  readout system as  outlined 
ructions was followed for each of the series. 

zero shift was minimal for Series 1, 2, and 3 .  During the latter 
of Series 4, the zero shift became excessive. The indicator needle 
e converter drifted outside of the allowable zero band. Different 

roing procedures were followed a s  outlined by manufacturer's repre- 
ntatives but it was not always possible to  zero the system. The con- 
r t e r  was sent to the factory for service and was returned with addi- 

instructions for zeroing the system. 

i' 





CONCLUSIOXS 

each discharge range. At the minimum discharge for each range the 
meter indicates from 1 to 2 percent higher than actual discharge. 

cent o r  more. 

4. During the zeroing procedure the indicator needle on the converter 
should be set in the center of the zero band or  at a reading of about 

in a field installation. 
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A. Laboratory i.olumetric cxlibralim~ tank. 



,,,. . ,: FIGURE 5 
. E V O l T  "10-114 

A. SERIES NO. 1 

VELOCITY RANGE 
0.5 T 0 S . F P S  

122 TO 220 GPF)  

L I 
0 0.8 0.2 0 . 3  0.4 0.5 

DISCHARGE I C F S I  

8. SERIES NO. I 

VELOCITY RANGE 
1.5 TO I 5  FPS 

166 T011660 GPMl 





A. SERIES I0.3 
VELOCIN RANGE 
0.5 TO 5 F P S  

6. SERIES N 0 . 3  
VELOCITY RANGE 

C. SERIES M0.3  

VELOCITY RANGE 
3 TO 30 F P S  



C. SERIES N 0 . 4  
VELOCITY RANGE 

3 TO 3 0 F P 9  
1130 TO 1320 GPM) 

L VALVE AT INLET TO METER 

FIGURE 8 
"FPDIT  *.D-,I 

A. SERIES N0.4  
VELOCITY RANGE 

0.5 TO 5 F P S  

( 2 2  TO 2 2 0  GPH) 

8. SERIES N 0 . 4  
VELOCITY RANGE 

1.5 TO I 5  F P S  
( 6 6  TO 6 6 0  GPM) 



LENGrH 

. . . . . . .  . . . . . . . . . . . .  MIl. 25.4 (emfly).  Micron . . . . . . .  . . . . . . . . . . .  Inches 25.4 (exactly). Mullmeters . . . . . .  . . . . . . . . . .  2.64 (e-tly)'. Centimeters . . . . . . . . . . . .  . . . . . . .  Feet 30.48 (exactly1 Centlrneters . . . . .  . . . . . . . . . . . .  0.3048 (exactly)'. Meters . . . .  . . . . . . . . . . .  0.0003048 (exactly)* Kilometers 
yard; . . . . . . . . . . .  0.9144 (exactl ) Meters 
Miles ( s w t e ) .  . . . . . . .  1,808.344 (exacilyf* : : : : : : Meters . . . . .  1.609344 (exactlv) Kilometers . . . . . . . . . . . .  
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ABWWlCT 

A 4-in. magnetic flovmcter vas.stuOied t o  determine its operating charac- 
t e r i s t i cs ,  accuracy, a d  general m r f m a n c e .  m e  discharm range of tb. 
meter vaa 22 t o  1320 g p  (0.05 t o  2.94 cfs). Ihc r a g e  is made adjuatabla 
by the manufactwar i n t o  3 subrenms of 22 to 220, 66 t o  660, end 130 t o  
1320 BPa. A t  the mintmum discharges for eaeh subran-, the meter r e d  from 
1 t o  2$ high. An M C ~ C Y  of plus or minue l$ of the r a t e  of flov vas ob- : 
tained for about the uppr of each subrange. Control o t  the flow ul th 
a gate valve located 15 din upstreem or dwnatrenm from the m t e r  had nsg- 
l i l r ia le  effect on the mctcr BECIUBC~. Controuing the n m  vi th  a valve a t  
the i n l e t  t o  the m t e r  caused the indlcsted discharge t o  bd b$ higher than 
the actvsl  discharge. Oprat ion o r  the mtsr uaa generally satisfactory, 
but a f a i l m e  of nu electronic ccmpanent srter 1 month's uae raised a qws-  

an system re l iab i l i ty .  t ion  on system re l iab i l i ty .  

&.in. magnetic f l m e t e r  Gas studied t o  determine its oPerstiog chnrac- A 4-in. magnetic fl-tcr vaa studied t o  determice i t 0  opsrating charac- 
i s t i cs ,  accuracy, and ~ n e r a l  prformance. Tne dimcharge range of tbe t e r i s t i c s ,  accuracy, and general pmformance. m e  discharge ran& of tb. 
e r  v ia  22 t o  1320 gpn (0.05 t o  2.94 cfs).  m e  range i s  m e  edjuatablc meter WBB n to  1320 gpa (0.05 to 2.94 cfs). Ibe rawc is wndeadJustable 
the manufacturer intd'3 subrages of 22 to 220, 66 t o  660, and 130 t o  by the msnufacturer into 3 nubragee of 22 to 220, 66 t o  653, end 130 t o  

1320 &. A t  the mioimm discharges for  ench aubrange; the meter resd from 
1 t o @  high. An  curacy of p l w  or minus l$ of the r a t e  of flow was ob- 
tained f a  about the ugpr &$ of eaeh subrange. Control of the n 0 V  v i th  

.. s gate valve located 15 din upstresm or downstrbnm fim tha meter bod neg- 
l i g i b l e  effect on the mter accuracy. Controlling the flov a d m  a t  
the i n l e t  t o  the m t e r  caused the indicated diacharge t o  W 4s higher than 
the actual discharp.  Cprat ion of the meter vas generally satisfactory. 
but e f a l l m e  ot ru, electronic cmpcnent after 1 month'a uae raised a qws- 
t ion  on syatem re l iab i l i ty .  ~., 




