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Introduction

C}I['here are several methods by which the discharge from a pipe
with free outlet may be measured, but all of them require the instal-
lation of special equipment, which is expensive and consumes much
time. When it is necessary to make a large number of discharge
measurements accurately and economically, these methods are not
satisfactory; under such circumstances some other method must be
adopted. For this reason the feasibility of measuring the discharge
with a current meter in the pipe outlet was investigated.

The measurement of pipe discharges is of particular import-
ance wherever it is necessary to determine the discharge of pumps
delivering water for irrigation. The successful operation of a pump-
ing plant requires that the pump deliver the largest amount of wa-
ter possible for the power consumed and, in order to know definite-
ly how efficiently the pump is operating, it is essential that the quan-
tity of water being discharged be known. Since the efficiency of
pumping plants may drop suddenly, frequent checks of the dis-
charge are necessary.

The most commonly used means of measuring the pump dis-
charge are the weir, the Parshall flume, and various types of meters,
orifices, and flow gages. Most of these devices will give results of
sufficient accuracy if properly installed and correctly operated.

*The experiments covered hy this report were carried on under a cooperative
agreement between the Colorado Agricultural Experiment Station and the Di-
vision of lrrigation, Soil Conservation Service, U.S.D.A., under the direction of
W. W. McLaughlin, chief, Division of lrrigation. Acknowledgement is made of
the assistance of W. E. Code, who helped plan the project and make the pre-
liminary tests, Maxwell I"arshall and Lowell Giauque, who made the weir
measurements, and Harry Hepting, who prepared the drawings for the report.
fIrrigation engineer, Division of lrrigation, Soil Conservation Service, U.S.D.A..
stationed at the Colorade Agricultural Experiment Station.
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When the quantities are large, current meters are sometimes used to
determine the pump discharge by measuring the velocity in a ditch
or flume. Very seldom is it possible to measure the discharge vol-
umetrically. The use of the current meter in the pump outlet for
measuring the discharge of a pumping plant was proposed as a pos-
sible means of simplifying the water measuring procedure because
the only equipment required would be a propeller type current me-
ter with the necessary accessories.

In the investigations reported in this bulletin the discharge of
various sizes of pipes when flowing at different rates was measured
with a current meter and simultaneously the same discharge was
measured over a standard weir or other suitable measuring device
which had previously been calibrated volumetrically. Two types
of current meters were used. Discharge measurements were made
on 4-, 5-, 6-, 8-, 10- and 12-inch standard pipe and 7-, 8-, and 9-
inch O. D. pipe. The quantities measured ranged from as little as
50 gallons per minute for the 4-inch pipe to as much as 3,700 gal-
lons per minute for the 12-inch pipe. During the first season all
tests were made on pipes 8 or 10 feet long, but since it was believed
that the length of the pipe might have some effect on the accuracy
of the measurement, tests were made during the second season on
pipes 214, 6, and 14 feet long. The latter tests were made only on
6-, 8-, 10-, and 12-inch pipes. In addition special experiments
were performed to determine the effect of various conditions which
might be encountered in the field.

When the possibility of using the current meter to measure
pipe discharges was first considered it was thought that the product
of the area of the pipe and the velocity of the water as measured
with the current meter would give the discharge. Preliminary tests,
however, showed that this was not true and consequently the ex-
perimental procedure was arranged so that the correction coefficient
necessary to reconcile the data would be determined under condi-
tions likely to be met in the field.

Method of Conducting Experiments

In preliminary tests made at the Fort Collins laboratory the
discharge measured with the current meter was checked with an 8-
inch Venturi meter in the pump discharge line. The Venturi meter
was equipped with a special single-column mercury manometer
which had been calibrated at the factory for the 8-inch meter. Be-
fore these tests were started the calibration was checked volumetric-
ally and found to be about three-fourths of | percent in error. All
measurements were corrected by this amount. The general ar-
rangement of the apparatus is shown in figure 1-A. The stilling box
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was used in these preliminary tests to get comparable conditions for
the pipes of different diameter. Without the stilling box the regu-
lation by means of the gate valve to reduce the discharge would
markedly change the conditions for small pipes. Later tests were
made with the discharge pipe directly connected to the elbow as
shown in figure 1-B.

Because of the limited capacity of the equipment at the Fort
Collins laboratory most of the experiments were performed at the

8" Elbow
Pump

8" valve
___Floor Line i

Venturi Meter
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Figure 1—Arrangement of equipment for making current meter measuréements
of pipe discharges at Fort Collins laboratory. (A) Pipe connected to header
box. (B) Pipe connected to elbow in discharge line.

Baffle-,

Gravel

=

Bellvue laboratory where quantities up to 100 cubic feet per second
were available. The discharges measured with the current meter
were checked by means of a 4-foot rectangular weir that had pre-
viously been calibrated volumetrically at the Fort Collins labora-
tory.’

The general arrangement of the laboratory and the manner in
which the equipment was installed are shown in figure 2. Very
small flows were measured over a 90° V-notch weir which was in-
stalled in a special weir box. Water for the laboratory is supplied
by the Cache la Poudre River through a wastegate in the headworks
of the Jackson ditch (fig. 3). A very constant flow was obtained
from this source because the level of the pool above the headworks
is held constant by the long spillway on the crest of the diversion
dam (fig. 4). The discharge pipe in which the current-meter

“Cone, V. M, “Flow Through Weir Notches with Thin Edges and Full Contrac-
tions.” Jour. Agr. Res.,, Vol. 5, No. 23, pp. 1,051 to 1,113, illus. 1916.
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measurements were made was bolted to the bulkhead in the channel
by means of companion flanges as shown in figures 2 and 5.

When a test was being made, the approximate quantity desir-
ed was turned into the laboratory channel through the wasteway
headgate. Final adjustment of the quantity was obtained by means
of flashboards in a wasteway 5 feet wide in the channel near its up-
per end. As soon as the level in the channel became constant as
indicated by the hook gages in the weir stilling wells, the test was
started. Each test consisted of five velocity determinations by the
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Figure 2—Arrangement of equipment for making current meter measurements
of pipe discharges at Bellvue laboratory.

current meter in the outlet of the discharge pipe and five readings
on each of the two weir hook gages. Similar readings were taken
on the staff gages located on the bulkhead to which the pipe was at-
tached. The upper staff gage was used to measure the depth of
water above the pipe inlet and the lower gage to measure the depth
of submergence on the pipe outlet. The hook gages were read to
0.001 foot and the staff gages to 0.01 foot.

Hoff current meters with 4-bladed rubber propeller and spe-
cial guard ring as shown in figures 6 and 7 were used in making the
velocity measurements. Three meters of this type, all identically
equipped, were used. Figure 8 shows a Hoff meter being held pre-
paratory to starting a test. At the conclusion of the tests with the
Hoff meters, a series of measurements was made with an Ott meter
(fig. 9), which could be used in pipes as small as 4 inches in diam-
eter.

All velocity measurements with the meters were made by the
integration method. The original method consisted of an equal
number of integrations along the vertical and horizontal diameters
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of the pipe. Becauze there was some doubt as to whether integra-
tion along the horizontal and vertical diameters would give an ac-
curate integration of all the velocities throughout the cross-section
of the pipe, another method, called the improved method, was
adopted as the standard. This method consisted of horizontal and
vertical integrations as before, together with circular integrations in
both directions around the inner circumterence of the pipe. Two
circular integrations in each direction and two or more vertical and
horizontal integrations were made, the number of the latter being
adjusted to bring the total length of each velocity measurement to
approximately 60 seconds. The meter was moved at a uniform
rate of about one-fourth of a foot per second. The meter rod was
held vertical with the axis of the meter parallel to the axis of the
pipe (see fig. 10). The direction-indicating clamp with which the
Hoff meter rod is equipped was used to keep the meter in the pro-
per position and also to serve as a handle to hold it steady. The re-
volutions of the meter were timed with a stop watch reading to
fifths of a second. The weir hook gages and the upper and lower
pool staff gages were read at the beginning of each velocity meas-
urement.

As soon as a complete set of velocity measurements was ob-
tained, the headgate and wasteway were readjusted for a new dis-
charge. Each pipe was tested for its complete range of normal dis-
charges, consisting of a series of from 5 to 10 tests. All data for
each test were recorded on a card at the time the observations were
made. The revolutions of the meter per second were computed
and then averaged to obtain the average speed of the meter for the
test. The average velocity of the water in the pipe was then taken
from the calibration curve of the meter which was checked several
times during the progress of the work in the meter rating channel at
the Fort Collins laboratory.! The calibrations of the meters remain-
ed practically constant; nevertheless, each time the meter was re-
rated, the new calibration curve was used to determine the velocity
from the meter revolutions. The mean value of the head on the
weir was used in obtaining the weir discharge from the tables pre-
pared for this particular weir.

Leakage from the concrete channel and weir box was checked
from time to time by shutting off the water and noting the drop in
the water surface during a definite time, as indicated by the weir
hook gages. Usually the leakage was of small amount, not more
than | or 2 gallons per minute. No correction was made for this
foss since it was small in proportion to the guantities measured.

Rohwer, Carl. Itating and Use of Current Meters. Colo. Agr. 1xp. Sta. Tech.
Bul. 3, 133 pp., illus. 1933,



8 COLORADO ACRICULTURAL EXPERIMENT STATION

During a period of cold weather in the fall the loss increased to 5
gallons per minute, probably because of contraction of the concrete
and consequent opening of cracks. Discharges were corrected for
this loss.

At the completion of each test the results were computed and
plotted on a large scale chart with the velocity measured by the cur-
rent meter as the ordinate and the discharge measured over the
weir as the abscissa. If the point was found to be in error the test
was rerun. [ he plot of the data for each pipe was also used to de-
termine whether the complete range of capacity of the pipe had
been covered and whether the points had been well distributed.

The diameter of each pipe tested was measured at the outlet
end with an inside caliper and a steel scale graduated in feet and
hundredths. By estimation the readings were taken in thousandths
of a foot. The horizontal and vertical diameters were measured,
and the mean was used in computing the area of the pipe. These
dimensions were checked later by means of an inside micrometer
caliper.

A total of 146 tests was made at the Fort Collins laboratory
and 393 at the Bellvue laboratory. Of these tests 162 were on
pipes in which the flow had a spiral motion. The latter tests are re-
ferred to only briefly in this report because the preliminary analysis
of the results showed that they could not be used in the manner
originally planned.

Analysis of Experimental Data

A preliminary study of the results of the measurements of the
discharge from the 2V5-, 6-, 8-, and 14-foot lengths of the various
sizes of pipes under standard conditions indicated that the flow
through the [4-foot pipes was slightly less turbulent than that
through the shorter pipes. For this reason the tests on the 6-, 8-,
10-, and 12-inch pipes 14 feet long were used as the basis for deter-
mining the mathematical relation between the velocity measured
with the current meter and the discharge measured over the weir.
Later, when it was found that the length of pipe did not materially
affect the registration of the current meter under standard condi-
tions, the tests on the 4- and 5-inch standard pipe and the 7-, 8-,
and 9-inch O. D. pipes were included in the analysis although these
pipes were all less than 14 feet long. All the tests were made with
the Hoff meter except those on the 4-inch pipe; the latter were
made with the small Ott meter because it would go inside a 4-inch
pipe.

The data were plotted on large scale cross-section paper with
the meter velocity as the ordinate and the corresponding discharge
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measured by the standard weir or Venturi meter as the abscissa.
The data for each pipe plotted on a straight line passing through
the origin. Because of experimental errors and variations due to
other causes, not all the points fell exactly on the line but they were
so close that there was no doubt that the data followed a straight
line law, that is, for each diameter of pipe, Q=KV. In this formu-
la Q is the discharge in gallons per minute, K is a constant, and V
is the velocity measured in feet per second by the meter.

After the data were plotted the straight lines best fitting the
data for each pipe were drawn and the value of K in the formula

Figure 3—General view of Bellvue laboratory showing concrete channel and
Jackson Ditech wasteway gate.

Q=KV was determined. The results are set forth in table |. From
the values of K for the various sizes of pipes the general law show-
ing the relation of the value of K to the area of the pipes was ob-
tained by plotting the values of K as abscissas and the pipe areas as
ordinates. These points also fell on a straight line, but since the line
did not pass through the origin the equation of the line was of the
form K = mA + b where m is the slope of the line, b the intercept
on the horizontal axis, and A the area of the pipe in square feet.
From the line best fitting the data the equation K=(419A—5) was
determined; this when combined with the formula Q = KV gives
the general formula Q=(419A—5)V. The values of K computed
by the formula K= (419A—5) are given in table | together with the
deviations from the observed values of K. The lines derived from
values computed from the formula Q=(419A—5)V are shown in
figure 11| together with the plot of the experimental data. It will be
observed that some of the lines fit the experimental data better than
others, but this is to be expected because the general law cannot be
adjusted to fit all the peculiarities of the experimental data, espec-
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ially if one set of data contains a systematic error that is not involv-
ed in all the tests. Why these systematic errors or differences oc-
curred could not be determined, but since the deviations are small

as shown in the table they were disregarded.

The formula Q=(419A—5)V is not well adapted for slide
rule computation when the pipe diameter is different for every test
because it is necessary to determine the area separately before K
can be computed. For this reason a formula based on the pipe di-

ameter was derived in terms of products so that the whole compu-

Figure 4—Jackson Ditch diversion dam which provides a regulated water sup-
ply for experiments.

tation can be made on the slide rule. This formula is Q =
1.815D 2%V, in which Q as before is the discharge in gallons per
minute, D is the pipe diameter in inches, and V is the velocity in
feet per second measured by the meter. This formula is not a
mathematical transformation of the equation Q=(419A—5)V but
is a new equation independently derived and therefore is not iden-
tical with it. The second formula gives values of K that are closer to
the observed values than those computed by the formula K =
(419A—5) (see table 1). However, when the tests on all the pipes
and all lengths were considered the formula did not fit the data as
well as the formula K=(419A—5). For this reason the formula
K=(419A—5) was used in determining the accuracy of the current
meter measurements of pipe discharge.



TasLE 1—Summary of observed and computed values of K in the formula @ = KV and pertinent data.

Inside Ratio
diameter Length length to Area Observed Computed* Percent Computed** Percent
diameter K K Deviation deviation K Deviation deviation
Inches Feet Sq. Ft.
4.09 3.5 10.3 0.0913 34.0 33.3 —0.7 —2.1 34.5 +0.5 +1.5
5.05 8 19.0 .1391 54.5 53.8 —-1.2 —2.2 53.6 —0.9 —1.6
6.17 14 27.3 .2078 80.5 82.1 +1.6 +2.0 81.4 +0.9 +1.1
6.56 10 18.3 .2350 93.0 935 +0.5 +0.5 92.5 —0.5 —0.5
7.61 10 15.8 .3160 125.0 127.4 +2.4 +1.9 126.3 +1.3 +1.0
8.08 14 20.8 .356 143.5 144.2 +0.7 +0.5 143.0 —0.5 —0.3
8.60 10 14.0 403 165.0 163.8 —1.2 -—-0.7 162.9 —2.1 —1.3
10.21 14 16.4 568 230.0 ~ . 233.0 +3.0 +1.3 233.3 +3.3 +1.4

12.11 14 13.9 .800 334.0 ° 330.2 —3.8 —11 333.2 —0.8 —0.2

p

*Computed by the formula K — (419A-5) where A is tﬁe area of the pipe in square feet.

**Computed by the formula K — 1.815D2-99 where D is the diameter of the pipe in inches.
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Accuracy of Discharge Formulas

The accuracy of the two formulas was compared by taking the
discharge computed by each formula from the known size of pipe
and the velocity of the water in the pipe measured by the current
meter and checking it against the discharge measured by the weir or
Venturi meter. The deviation of the discharge computed by each
formula from the discharge measured by the weir or Venturi meter
was then determined. The deviations were tabulated in groups ac-
cording to the size of the error. All the positive errors from 0 to
1.00 percent were put in the first group, the errors from 1.01 to
2.00 in the second group, the errors from 2.01 to 3.00 in the third
group, and so forth. The negative errors were similarly grouped.
The errors for the tests on each pipe and for each condition were
tabulated separately in order to be able to see how the formula fit-
ted all conditions. Analysis of the deviations tabulated in this
manner showed that the errors in the results computed by the two
formulas were nearly the same. A summary of the results of all the
tests made on all the pipes showed that 79 percent of the discharges
computed by the formula Q=(419A—5)V were in error by not
more than 3 percent, and 92 percent were in error by not more
than 5 percent. Of the discharges computed by the formula Q =
1.815D 209V, 77 percent were in error by not more than 3 percent,
and 92 percent by not more than 5 percent. All the tests, except
those made on spiral flows for which the formulas are not appli-
cable, were included in the analysis of errors. Of the tests which
were more than 5 percent in error, one-third were tests for which
the velocities were higher than those recommended for a meter
with rubber propeller; one-third were special tests on a short pipe
with inlet designed to cause maximum disturbance to the flow; and
the remaining one-third were tests for which there was no apparent
reason for the large errors.

In computing the errors the observed values were used as the
base; positive errors mean that the computed values are too large,
and negative errors that the computed values are too small. When
it 1s considered that the tests were made under a great variety of
conditions in order to determine the reliability of the method un-
der adverse circumstances, it is believed that measurements care-
fully made with accurately calibrated meters in pipes where the ve-
locity is less than 10 feet per second and the flow is normal will not
ordinarily be in error by more than 3 percent.

A summary of the errors in the discharges computed by the
formula Q=(419A—5)V is given in tabular form in table 2 and in
graphical form in figure 12. It should be pointed out that the re-
sults computed by the formula are too large for more than 50 per-
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cent of the tests, but this is due in part to the fact that all the tests
on pipes 214 feet long are included and for this length of pipe the
formula gives results that are quite consistently too high. Since such
short discharge pipes are not recommended for pumping plants be-
cause of the danger in discharging the water so close to the well, the
formula was not corrected to fit the flows from these short dis-
charge pipes and in consequence there is a small excess of positive
errors.

Computation of K by Means of Diagram

The formula for computing the discharge in gallons per min-
ute after the diameter of the pipe has been measured and the ve-

Figure 5—Pipe attached to bulkhead in concrete channel by means of com-
panion flanges. Free flow discharge.

locity of the water determined with the current meter, is Q =
(419A—5)V which may also be written Q = KV where K is the
constant for the pipe in question. It is equal to (419A—5) and is
obtained by substituting the area of the pipe in this expression. In
order to simplify the computation of K, figure 13 has been prepar-
ed from which it is possible to determine K for any pipe from 4 to
12 inches in diameter by entering the diagram on the line through
the pipe diameter and then following it horizontally until it inter-
sects the K curve. For convenience the pipe diameters in inches
and eighths and inches and tenths are indicated on the diagram.
Vertically below this intersection is the value of K for the pipe.
The diagram permits reading the values of K to within | percent
for small pipes; as the size increases, the accuracy increases. After
the value of K has been determined, the discharge in gallons per



TasLE 2—Summary of errors in discharges computed by the formula @ =(4194 —5)V for various sizes of

pipe.
Pipe Number of positive and negative errors between the limits indicated in percent
0 to 1 1 to 2 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7 7 to 8 8 to 9 Over 9
Diameter
Inches Type )
+ — + — 4+ — + — + - + - + - + — + — + -
12 Standard 17 17 8 16 5 16 2 7 0 2 1 0 0 1 0 1 0 0 1 5
10 ” 20 10 22 3 24 1 5 0 2 0 0 0 0 1 1 0 0 0 0 1
9 oD 2 3 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Standard 16 9 8 7 6 8 4 3 2 2 0 1 0 0 0 0 0 0 0 3
8 oD 1 1 2 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 ron 1 0 1 0 1 0 1 0 2 0 1 0 0 0 0 0 0 0 0 0
6 Standard 7 12 9 16 7 6 4 6 3 1 6 1 1 0 0 0 0 0 3 0
5 " 1 2 1 1 0 1 0 2 0 1 0 1 0 0 0 0 0 1 0 0
4 " 1 2 0 3 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals 66 56 51 47 45 37 17 18 9 6 8 3 1 2 1 1 0 1 4 9
Total plus
and minus 122 98 82 35 15 11 3 2 1 13
Percentage of
all tests 31.94 25.66 21.46 9.16 3.93 2.88 .79 52 .26 3.40
Cumulative
percentages 31,94 57.60 79.06 88,22 92.15 95.03 95.82 96.34 96.60 100.00
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minute is then obtained by multiplying K by the velocity of the
water as measured with the current meter.

This diagram (figure 13) may also be used to determine the
area of the pipe when the diameter is known. In this case the in-
tersection of the horizontal line through the diameter, with the area
curve is used. The area is read on the top scale directly above the
intersection. Multiplying the value by 419 and then subtracting 5
gives K as before.

Figure 6—Hoff meter with 4-blade propeller equipped with guard ring for use
in pipes.

Special Tests

Effect of Submergence on Discharge Measurements

In sections where the distribution of water for irrigation is by
means of pipes, pumping plant outlets are frequently in boxes in
which the water level is above the top of the outlet pipe. As a re-
sult the pump outlet pipe always flows full, and if the pump is op-
erating at part capacity the velocity of flow through the outlet may
be quite small. For this reason all the tests included observations
on low velocities, usually 2 feet per second or less. These veloci-
ties were obtained by submerging the outlet of the pipe under test
by means of flashboards and the regulating gate in the bulkhead
shown in figure 2. The measurements were made in the same man-
ner as previously described.

The submerged-flow data were plotted with the free-flow
data, and apparently there was no difference between them. Of the
points plotted on figure |1, the four lowest for the 4- and 8-inch
standard pipes, the three lowest for the 6- and 10-inch standard
pipes, and the five lowest for the 12-inch standard pipe are sub-
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merged-flow measurements. These points fit the standard dis-
charge curves as well as the free-flow data. Since the discharges
under submerged conditions are relatively less, the percentage of
error may be slightly higher for the submerged flow tests, but it is
evident that submerging the pipe outlet does not affect the accuracy
of the discharge measurements. In the analysis of the data no dis-
tinction was therefore made between free-flow and submerged-flow
tests.

Effect of Meter in Pipe on Discharge

When a current meter is used to measure the discharge of a
pipe the presence of the meter causes some obstruction to the flow
of the water and consequently there will be an increase in the head
on the pipe and a decrease in the discharge. Since the head on the
pipe during these experiments was controlled by the elevation of
the spillway in the approach channel, the head remained practically
constant but the discharge decreased. This is shown in table 3
which is the summary of the results of a series of tests on 10- and
12-inch pipes 8 feet long. In these tests the head on the pipe and
the weir discharge were noted when there was no meter in the pipe,
when the meter was in the pipe only during the time the velocity
observations were being made, and when the meter was held in the
pipe continuously throughout the test. The weir discharges were
each based on five hook-gage readings and the head on the pipe on
two staff-gage readings.

The data in the table show that in every test holding the
meter in the pipe decreased the discharge and that the greatest de-
crease occurred when the meter was held in the pipe continuously
during the measurement of the discharge. In general the effect was
greater also for the higher velocities. However, the actual decrease
in discharge under both conditions was relatively small. The head
on the pipe increased but slightly as a result of holding the meter in
the pipe.

The effect on the discharge of a pump would be similar to
that shown by the tests. There would be a slight increase in head
on the pump and at the same time a decrease in the discharge. The
amount of these changes would depend on the characteristics of
the pump.” For this reason, when a high degree of accuracy is re-
quired in determining the discharge of a pump it would be neces-
sary to measure the increase in head with a manometer and to
correct the discharge by means of the head-discharge curve of the
pump. The maximum decrease in discharge shown by the tests is
3.6 percent. In smaller pipes the decrease in percentage is prob-

"Rohwer, Carl. Design and Operation of Small Irrigation IPumping Plants.
T.5.D.A. Circ. in press.



TaBLE 3—Summary of results of tests to determine effect of meter on discharge from pipe.

No meter Meter part time Meter all time
Pipe Meter Gage Weir Gage Weir Gage Weir
Test no. diameter velocity height discharge height discharge height discharge Decrease*
Inches F't. / Sec. Feet G.P.M. Feet G.P.M Feet G.P.M. Percent
211 12 7.48 2.39 2600 2.40 2552 — 2330 2.7
212 12 4.07 1.95 1384 1.94 1375 1.94 1371 0.9
213 12 3.35 2.16 1132 2.17 1129 2.18 1115 1.5
214 12 7 10.23 3.36 3556 3.37 3490 3.38 3430 3.5
221 . 10 8.12 2.60 1903 2.60 1875 2.62 1858 2.4
222 10 9.10 3.11 2230 3.12 2185 3.13 2150 3.6
223 10 10.30 3.63 24175 3.63 2435 3.64 2390 3.4
224 10 3.74 2.15 900 2.16 879 2.16 875 2.8
225 10 7.02 2.51 1668 2.51 1645 2.52 1627 2.5

*Decrease shown is for maximum deviation which occurs when the meter is held in the pipe continuously.
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ably greater and for this reason the measured discharge should be
corrected as just explained if the discharge, when pumping against
a definite head, is required. The deviations given in table 3 are
for a condition where the head does not increase materially because
of the obstruction caused by the meter. In a pump, since the
water is confined by the pipe, the obstruction due to the meter
causes an increase in head which in part counteracts the effect of
the obstruction on the discharge. For this reason the actual dis-
charge from a pump would probably be less affected than were the
pipes in these tests.

Comparison of Measurements Made by Different Methods
of Integration

Two methods of integration as previously explained were used
in measuring the velocity of the water in the pipe. The original
method consisted of horizontal and vertical integrations along pipe
diameters at right angles to each other. The improved method
consisted of horizontal and vertical integrations together with cir-
cular integrations in both directions around the inner circumference
of the pipe. This method was adopted because it resulted in a
more complete integration of the entire cross-section of the pipe.

To find out whether there was any difference in the results ob-
tained by the two methods, measurements of the same discharge
were made by both methods on 6-, 8-, 10-, and 12-inch pipe 8 feet
long. These tests were a part of the calibration of the discharge of
these pipes; for that reason the tests by the improved method were
made in the standard manner, that is, five observations of velocity
were made for each discharge. The average values were used in
making the comparisons. Only one measurement of velocity was
made when the original method was used, and the measurement
preceded the measurement by the improved method. The same
observer made the measurements by both methods and the same
meter was used. The results of these tests are set forth in table 4.
The pipes were all installed in the manner shown in figure 2. It
will be noted that there is no systematic difference between the
measurements by the two methods; sometimes the measurement by
one method is too high and sometimes the other, and the differences
are generally less than | percent. It should be mentioned that the
five observations made when the improved method was used dif-
fered from each other, but these differences also were small.

Tests of the two methods were made on the 12-inch pipe
under standard conditions and also when the velocity was unequal-
ly distributed throughout the pipe section by an obstruction 2 feet
from the pipe outlet. This obstruction consisted of the device used
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to give spiral motion to the water (see page 24), but in these ex-
periments the vanes were bent so as to throw the velocity to one
side of the pipe. The tests show (table 4) that the obstruction did
not increase the difference between the revolutions per second
registered by the meter when using the different methods of inte-
gration. The tests on the 10-inch pipe were all made with the de-
vice for causing spiral motion and then straightening the lines of
flow in the pipe (see page 27). The revolutions per second found
by the two methods of integration in this case also are in close
agreement.

Standard .5" Rod -

—
Toil Contact Mechonism
/

Y .

_— =

L. 5
Guard Ring Rubber Propeller’

Figure 7—Details of Holl meter and special wuard rving.

The tests made on the different sizes of pipe by the two
methods of integration are in such close agreement that it is difficult
to say which is the better method, but since practically all the tests
made in determining the formula for computing the discharge from
the velocity measurements were made by the improved method of
integration it is believed that this method should be used generally.
The differences characteristic of this method are taken into account
in the formula.

Effect of Length of Pipe on the Measurement of Discharge

The first tests to determine the accuracy of the current meter
in measuring the discharge of pipes were made on pipes 8 feet
long. Since it was believed that the length of the pipe might have
some effect on the accuracy, a second series of tests was made on
pipes 214, 6, and 14 feet long under as near identical conditions as
possible so that the only difference would be the length of the pipe.
Tests were made on 6-, 8-, 10-, and 12-inch standard pipe. Where
there was a slight difference in the pipe diameters for different
lengths, the results were all reduced to a comparable basis by
changing the discharges as measured by the weir in proportion to
the differences in areas of the pipes, that is, if the area of a pipe was
2 percent too great the discharge was reduced by 2 percent. Since
the differences in diameter were small it is believed that the use of
this method did not affect the accuracy of the results. All meas-
urements were made with the same meter and by the same observer.



TasLe &—Comparison of different methods of making velocity measurements as indicated by the revolu-
tions per second of the meter propeller.

12-inch pipe 10-inch pipe§ 8-inch pipe 6-inch pipe
Revs. per sec. Revs. per sec. Revs. per sec. Revs. per sec.
Test Original* Improved? Test Original* Improved* Test Original* Improved* Test Original® Improved*
no. method method no. method method no. method  method no. method method
173 9.15 9.11 157 8.40 8.40 238 7.41 7.35 250 8.96 9.01
174 10.03 10.00 158 8.81 8.84 239 10.08 9.89 251 7.58 7.63
175 11.36 11.16 159 9.50 9.66 240 8.90 8.65 252 6.04 5.92
176 7.74 T.69 160 T.42 7.41 241 8.54 8.51 253 5.25 5.19
77 6.69 6.68 161 6.21 6.15 242 7.58 7.44 254 4.24 4.21
178 4.88 4.91 162 5.06 5.00 243 6.46 6.40 255 3.11 3.13
179 3.85 3.85 163 4.54 4.51 244 5.45 5.45 256 2.57 2.59
2167 6.72 6.71 164 3.53 3.562 245 4.96 4.98 2517 1.53 1.53
2177 5.98 5.90 165 5.22 5.19 246 4.30 4.34 258 10.08 10.09
2187 4.50 4.54 166 7.27 7.21 247 3.31 3.33
2197 3.64 3.64 167 8.15 8.15 248 2.63 2.64
2207 9.61 9.56 168 9.77 9.71
169 8.83 8.86
170 8.21 8.27
171 5.77 5.73
172 6.92 6.85

*The original method consisted of an equal number of horizontal and vertical integrations. The improved method consisted of the hor-
izontal and vertical integrations and in addition two circular integrations in each direction.

§The flow in the 10-inch pipe was given a spiral motion of about 15 degrees and then straightened by means of special straightener
vanes 20 inches from pipe outlet.

fCurrent thrown to one side by vanes 2 feet from pipe outlet.
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The results of the tests on the pipes of different length after re-
ducing them to a comparable basis are shown graphically in figure
14. It is apparent that for velocities less than about 914 feet per
second the length of pipe has very little effect on the discharge
measurement, but there is a tendency for the points for the pipe 214
feet long to fall to the left of the others. Above 91/ feet in velocity
the meter under-registers considerably, and for that reason these
points do not fall on the curve. In all interpretations of the data
these points were disregarded.

Because the effect of length

of pipe on the measurement of
discharge is too small to be
clearly shown graphically, the

data were studied statistically
in order to see whether there
was any significant difference
in the results obtained from the
long and the short pipes. Since
the standard discharge formula
as previously shown is Q =
(419A—5)V, for a particular
pipe the formula may be writ-
ten Q = KV, from which, K =
Q over V. Since Q and V are
both known, the value of K for
each test of a series can quickly
be determined. The difference
between the average values of
K for the tests on two different

paratory to starting measurement of lengths of pipe is a measure of

pipe discharge. the effect of the difference in
length on the discharge, and whether the difference is significant
depends on how much the individual values of K vary. The greater
the variation in the K values for each length of pipe the greater the
difference in the averages must be to be significant. These factors
can be quantitatively evaluated by statistical methods."

Figure 8—Hoff meter being held pre-

The results of the statistical analysis of the data are given in
table 5. In preparing the table, six tests were excluded because the
velocities were so high that, as previously explained, the operation
of the meter was unreliable. The data in the table show that for
each size of pipe the coefficient K is less for the 2145-foot length
than for the 14-foot length. However, the probable error of the

“Hayes, Herbert Kendall, and Ralph John Garber. Breeding Crop Plants. 2nd
edition, (New York, McGraw-Hill, 1927) 438 pp., illus.
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TaBLE 0o—Swmmary of results of statistical analysis of effect
of lengths of pipe on measwrements of discharge.

Pipe diameter, inches 6 8 16 12
Length of pipe, feet 14 Y, 14 21, 14 ) R 14 2.
Number of tests 8 5 49 15 7 6 ”12 n
Mean value of K 7.0 T8 142.0 141.1 230.3 229.7  331.0 328.7
Probable error of mean K 0.43 0.98 057  0.25 046 0.57 1.06 0.83
Difference in values of K 1.2 0.4 0.6 h 2.3
Probable error of difference 1.07 0.62 0.73 N 1.34
Difference divided by P. E. 1.1 1.4 0.8 1.7

difference between the values of K is so nearly equal to the differ-
ence that this difference is not statistically significant. It is also ap-
parent from the data that the values of K for the different lengths of
pipe of each diameter are so nearly equal that disregarding the
length of the pipe in field measurements would have very little ef-
fect on the results obtained. From a practical standpoint, however,
it should be mentioned that the flow in the longer pipes is much
more uniform, and consequently it is less difficult to hold the meter
in position when making the measurements. Because of these con-
ditions the measurements made in long pipes will probably be more
accurate.

Effect of Using Different Types of Meters
in Making Discharge Measurements

A 5-inch pipe is the smallest size for which the discharge can
be measured with the Hoff meter because of the size of the propel-
ler guard ring required. The Ott meter (fig. 9) has a much smaller
propeller and guard ring and can be used to measure the discharge
from pipes as small as 4 inches in diameter. Because it was ne-
cessary to use the Ott meter to measure the discharge of small
pipes, tests were made also on larger pipes with this meter. Tests
were first made on a 4-inch pipe, and later tests were run on 6- and
8-inch pipes.

_ Nine tests were made on the 4-inch pipe which was 31/ feet
long and equipped with an elbow on the upper end. The flow
through the 4-inch pipe was measured by means of a 90° V-notch
weir which was installed in a special weir box 4 feet wide and 2 feet
deep. The meter discharges computed by the standard formula all
agreed quite closely with the weir discharge, the maximum devia-
tion being 2.8 percent.
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Two sets of tests were made on the 6-inch pipe with the Ott
meter. In one of these the discharge was measured over the 90° V-
notch weir and in the other over the standard 4-foot rectangular
weir which was used for all the other tests made at the Bellvue lab-
oratory. The pipe was 4 feet long and had an elbow screwed to the
upper end. The discharges measured with the Ott meter when
compared with the discharge over the 90° V-notch weir were with
one exception too small; the maximum difference found in the 10
tests made was 4.1 percent. Although the actual error in this case

Figure 9—Ott propeller meter. Guard ring is integral part of meter

was only 10 gallons per minute (g.p.m.), the percentage of error
was much larger than anticipated; for this reason a second set of
measurements was made with the Ott meter for which the discharge
was checked by measurement over the standard 4-foot rectangular
weir. Six tests were made which covered the same range of dis-
charges as those previously measured. These tests agreed quite
closely with the discharge measured over the rectangular weir, the
maximum deviation being only 2.1 percent. Although the two sets
of tests were carefully examined, no reason was found why they did
not check each other more closely.

Eight tests were made with the Ott meter on an 8-inch pipe 6
feet long with an elbow attached to the inlet end. The discharge
was measured over the standard 4-foot rectangular weir. The dis-
charges measured with the Ott meter, which ranged from 227 to
1,154 g.p.m., were all within | percent of the weir discharge. The
lests on these pipes indicate that the Ott meter is as satisfactory as
the Hoff meter in measuring pipe discharges for sizes up to and in-
cluding 8-inch pipes and that since the Ott meter will measure the
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discharge from these sizes accurately, there is no apparent reason
why it would not be equally effective in measuring the discharge
from pipes of larger sizes. This assumption was confirmed by 10
measurements with a Hoff meter made after this report was pre-
pared. These tests were on a |2-inch pipe 9 feet long with an el-
bow at the inlet. The discharges measured ranged from 403 to
2,562 g.p.m. The errors in the discharges measured by the Ott
meter ranged from +0.6 to —4.3 percent. In general the errors in-
creased as the discharge increased.

Effect of Different Observers with Different
Equipment on Measurements

A series of measurements was made on a [0-inch pipe 8 feet
long to determine whether the observer or the meter had any effect
on the results. In making tests each observer, using his own stop
watch and meter, made five velocity determinations in the pipe. The
same method of making measurements was used by each observer.
The quantity flowing was held constant during the test, and weir
gage readings were made at intervals while the velocities were being
determined. One old and two new Hoff meters with four-bladed
rubber propellers were used in making the velocity measurements.
The results are set forth in table 6. Although the measurements
by the different observers differ slightly from each other because of
the personal equations of the observers and the characteristics of the
meters they all agree fairly well with the discharge as measured over
the weir. The maximum deviation is 2.4 percent, and it will be ob-
served that most of the meter measurements are too large. This is
probably due to the reason previously noted: that the formula gives
results quite consistently too large for the 10-inch pipe (table 2).

Effect of Spiral Flow

Under certain conditions the jet issuing from the discharge
pipe of a pump has a spiral motion. It is probably caused by the
rotation of the pump impeller. Valves, elbows, and other obstruc-
tions seem to aggravate the condition. To investigate the effect of
the spiral motion of the water on the registration of the current me-
ter, a series of tests was made on 5-, 6-, 8-, 10- and 12-inch stand-
ard pipe 8 feet long in which the water had been given a spiral mo-
tion by installing vanes in the pipe. The amount of twist of the
water was varied by changing the pitch of the vanes. The twist
was measured by means of a protractor (see fig. 15) with a mov-
able pointer attached at the center of the protractor. The protrac-
tor was held in a horizontal position at the end of the pipe just
above the issuing jet with the center of the protractor over the cen-
ter of the pipe. By moving the pointer until it was parallel to the
filaments of the jet it was possible to get a fairly good idea as to the



1o
hat

TrcNicAL Buoieriy 29

TasLe 6—Comparison of results obtained by different observ-
ersocith different weters when measuring the same dis-
charge in a 10-inch standard pipe 8 feet long.

Ubservey A B C

Meter Hoff No. 182 Hoff No. 180 Hoff No. 9

Test No. 116

Velocity in feet per second 9.63 9.30 9.57
Computed discharge Iin g.p.m. 2262 2185 2250
Weir discharge in g.p.m. 2230 2230 2230
Deviation in percent +1.4 —2.0 +0.9

Test No. 117

Velocity in feet per second 8.78 8.36 8.81
Computed discharge n g.p.m. 2062 2011 2070
Weir discharge in g.p.m. 2038 2038 2038
Deviation in percent +1.2 —1.3 +1.6
Test No. 118
Velocity in feet per second 7.57 7.46 7.61
Computed discnarge in g.p.m. 1780 1754 788
Weir discharge in g.p.m. 1746 1746 1746
Deviation in percent 4-1.9 +0.5 2.4
Test No. 119
Velocity in feet per second 4.68 4.58 1.62
Computed discharge in g.p.m. 1100 16786 1086
Weir discharge in g.p.m. 1076 1076 1076
Deviation in percent 422 0 +0.9

amount of the twist. The angle was designated either right or left,
depending on whether the pointer was toward the right or left when
looking along the pipe in the direction of flow.

The vanes used to give the spiral motion to the water had four
blades as shown in Agure 16. The vanes were from 10 to 15 inches
long, depending on the size of the pipe, and were located from 1
to 4.7 feet from the outlet end of the pipe. The vanes were held in
place by means of a wire threaded through the pipe and were kept
from turning by trimming the vanes to a driving fit. Tests were
made at various rates of flow at angles from 5 to 20 degrees to the
right and left at approximately 5-degree intervals. The angle of
the spiral was measured during each test. Some variation in the
angle was noted in the individual tests of each series, but it was us-
ually small. Some of the variation was probably due to the error
in reading the angle and some also to the change in the velocity for
the different discharges.

The results of the tests on the 6- and 10-inch pipes are shown
graphically in figure 17. The results for the other sizes of pipes are
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not included because they overlap and would cause confusion.
However, they show the same general trend as the 6- and 10-inch
pipes. For both the 6- and 10-inch pipes it will be observed from
the plot that for a given velocity as indicated by the meter the dis-
charge increases as the angle of the spiral to the left increases. This
is also true for the other sizes of pipes. This increase does not oc-
cur, however, when angle of the spiral is to the right. In this case
the discharge decreases in small pipes as the angle to the right in-
creases and in large pipes de-

creases for small angles and in-
creases for large angles. Fur-
thermore, in all sizes of pipe
the effect of the angle to the
right is not so great as is the ef-
fect of the angle to the left.
The reasons for these inconsis-
tencies are not apparent. Rat-
ings of Hoff meters made when
the water strikes the blades at
various angles show that the
meter is retarded for all angles
and that there is only a slight
difference whether the angle is
to the right or left.” The prob-
lem is complicated by the fact
that in small pipes the propeller
extends past the center of the
pipe, whereas in large pipes the
whole propeller is on one side *

Figure 10—Measuring pipe discharge
at Fort Collins laboratory with Hoff
meter. Observer steadies meter with Of the center and consequently

both hands and in addition holds stop the water does not strike the

watch for timing revolutions. Bladestiofthe propeller Vi (e
same manner in both cases. Furthermore, in small pipes the spiral
flow will accelerate the meter when it is in the direction of rotation
of the propeller and retard it when the rotation is in the opposite di-
rection.

Before making these tests it was believed that it would be pos-
sible to determine the discharge in case of spiral flow by measuring
the velocity in the usual manner and then making a correction for
the spiral flow from a chart showing the effect of different angles of
spiral. Since the effect of different angles of flow followed no
known law, this plan had to be abandoned. To devise some means

‘Rohwer, Carl. Rating and Use of Current Meters. Colo. Agr. Exp. Sta. Teck
Bul. 3, 1933. pp. 41-44.
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of measuring these spiral flows, an attempt was made to straighten
these flows so they could be measured by means of the current me-
ter without making any corrections.

Straightener vanes were found to be effective in eliminating
spiral flows. The straightener consisted of four vanes at right an-
gles to each other and 22 inches long. To test the effectiveness of
the straightener it was installed in a 10-inch pipe 20 inches from the
lower end of the pipe and 12 inches from the spiraller. The vanes
of the spiraller were bent so as to give a twist to the water of about
15 degrees. After the equipment was installed in the pipe, dis-
charges from 800 to 2,200 gallons per minute were measured with
the current meter in the usual manner. The results are shown in
figure 17 by points having the square and horizontal bar symbol.
The open squares show the results when the vanes were set to twist
the water to the right and the solid squares for angles to the left. It
will be observed that the straightener was very successful in cor-
recting the effect of spiral flow to the left and apparently corrected
too much for spiral flow to the right, as is shown by the position of
these points with reference to the curves for flows 15° to the right
and to the left without the straightener. A total of 16 tests was
made to determine the effectiveness of the straightener; of these 14
had an error of less than 2 percent and the remaining 2 were less
than 3 percent in error when compared to the discharge computed
by the standard formula. These results indicate that it is possible
to overcome the effect of spiral flow by means of a straightener of
the type described.

Effect of Concentrating Current on One Side of Pipe

Various fittings frequently used in pump discharge lines, such
as gates, elbows, and checks, may cause an unequal distribution of
the velocity in the pipes. To determine how much unequal distri-
bution of the velocity affected the discharge measurements, a series
of tests was made on an 8-foot length of 12-inch pipe in which four
vanes |15 inches long were installed 2 feet from the outlet end. The
vanes were the same as those used to give the water a spiral flow
(see page 24) but for these tests only two of the vanes were bent,
both in the same direction. The bend in the vanes was equivalent
to that given for the 15- to 20-degree spiral flow. The bent vanes
were on the same diameter, and consequently the water was de-
flected to one side of the pipe.

Six tests were made with the water deflected in this manner.
The velocities ranged from 3.44 to 9.02 feet per second and the
discharges from 1,158 to 3,075 gallons per minute as shown by
the weir. The discharges measured with the current meter were
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from 1.5 to 4.9 percent in error, and the errors increased in a gen-
eral way as the velocity increased. All measurements gave dis-
charge readings that were too small.

In these tests the ends of the vanes deflecting the water were
about 18 inches from the meter propeller. Subsequent tests on
other disturbed-flow conditions showed that the length of pipe
below the cause of disturbance in the flow has considerable effect
on the accuracy of measurement (see tests on right angle inlets,
page 30). For this reason it is believed that if the pipe had extend-
ed 4 feet farther beyond the end of the vanes probably little or no
effect would have been noted.

Effect of Elbow on Pipe Discharge

Most pump discharge pipes contain an elbow near the outlet in
order to make the water flow in a horizontal direction where it en-
ters the distribution system. Because elbows produce unequal dis-
tribution of the velocities in the pipes, tests were made to determine
whether this had any effect on the registration of the current meter
when measuring the pipe discharge. Fourteen tests were made on
a 6-inch pipe with the Hoff current meter; seven of the tests were
on a pipe 38 inches long and seven on a pipe 81 inches long. Both
pipes consisted of two sections connected by means of standard
flanges. The elbow was screwed on at the upper end and turned so
the outlet pointed straight down. No vertical pipe was attached
because there was not sufficient clearance between the elbow and
the floor of the channel. The general arrangement of the equip-
ment, but without the elbow, is shown in figure 2.

The tests on the pipe 38 inches long covered discharges from
167 g.p.m. to 697 g.p.m. and those on the pipe 81 inches long from
134 g.p.m. to 751 g.p.m. The velocities ranged from about 1.5
feet per second to 8.5 feet per second in both sets of tests. The re-
sults of the tests on the pipe 81 inches long, and for comparison the
standard tests on the pipe 6 feet long, are shown graphically in fig-
ure 18. All tests were corrected for differences in diameter as
previously explained. To reduce the number of symbols required
in the figure, the data for the 81-inch pipe are plotted with the sym-
bols for the 6-foot pipe. Other tests (see page 19) indicate that
small changes in length do not have significant effects on the dis-
charge measurement. The curve shown is the line for the standard
condition computed by the formula for 6-inch pipe. It will be ob-
served that all the points fall very close to the standard line; the
maximum deviations of the computed results from the observed da-
ta are —3.16 percent and +5.3 percent. The remaining errors are
all less than 1.5 percent.
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The results of the tests on the pipe 38 inches long are not in-
cluded in the figure because the points overlap so that it would be
difhicult to distinguish one from the other. These points are, how-
ever, in closer agreement with the computed values than those for
the pipe 81 inches long, the range of errors being from -2.17 per-
cent to +1.83 percent. On the 6-inch pipe the elbow apparently
does not create enough disturbance to affect the accuracy of the cur-
rent meter measurements.
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Figure 11—Discharge diagram showing plot of standard tests and discharge
curves computed by the formula Q — (4194A-5)V,

Another series of tests was made on an 8-inch pipe 6 feet long
with the elbow attached in the same manner as in the previous ex-
periments. Discharges from 227 g.p.m. to 1,154 g.p.m. were
measured. In these tests the Ott current meter was used instead of
the Hoff meter. The results are plotted in figure 18, together with
the measurements made on the same pipe without the elbow with a
Hoff meter. The straight line is the discharge under standard con-
ditions computed by the formula. Eight measurements were made;
the results all plot near the curve for standard conditions, the
maximum deviation being 1.04 percent.

Three tests were made on a 5-inch pipe 8 feet long, with the
elbow attached in the same manner as in the previous tests. The
Hoff meter was used to measure the flow in the pipe and the flow
was checked by means of a Venturi meter. The maximum devia-
tion from the discharge under standard conditions computed by the
formula was 4.1 percent; however, these tests agree more closely
with the formula than do the tests made under standard conditions.

From the outcome of the foregoing tests it seems reasonable
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to assume that equally good results will be obtained in making
measurements of pipe discharges with a current meter whether or
not the pipe has an elbow in the line if the unobstructed length of
pipe beyond the elbow is more than 6 diameters. It is believed also
that the conditions under which these tests were made are so nearly
like those existing in most pump discharge lines that the laboratory
tests may be used as a basis for estimating the accuracy of pump
discharge measurements made with a current meter.
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Figure 12—Deviations of current meter measurements in percent from weir

and Venturi meter measurements.

After the completion of this report tests were made with a
Hoff and an Ott meter on a 12-inch pipe 9 feet long with an elbow
at the inlet. Ten measurements were made with each meter. The
maximum error of the Ott meter measurements was —4.3 percent
and of the Hoff meter measurements —6.1 percent. The latter er-
ror occurred in the smallest discharge measured where the velocity
was only 1.16 feet per second.

Effect of Right-Angle Inlet on Measurements

Since attaching a standard elbow on the inlet end of the pipe
had little if any effect on the discharge measurements, tests were
made to find out whether a right-angle inlet in a horizontal plane
would have any effect on the results. The tests were made on 12-
inch pipes 2145 and 6 feet long. The right-angle inlet consisted of
a square box 12 x 12 inches inside and 36 inches long with one end
closed. A round hole 12 inches in diameter was cut in the side of
this box near the closed end. A short galvanized iron nipple was
fitted into the hole and then inserted into the pipe. A collar 4
inches wide was built around the inlet of the box. The water en-
tering the box flowed 36 inches in a horizontal direction and then
made a right-angle turn in a horizontal plane into the discharge
pipe. This caused a very disturbed condition of flow which was
still apparent at the pipe outlet. Because of the unequal distribu-
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tion of velocities it was difficult to hold the meter in the pipe when
making measurements; this was particularly noticeable in the 215

foot pipe.

Tests were made on the 6-foot pipe for velocities from 1.48
feet per second to 7.90 feet per second for which the corresponding

discharges as measured by the weir were 479 g.p.m. and 2,667
g.p.m. The tests on the 21/5-foot pipe were on velocities from 1.34
feet per second to 7.44 feet per second. The corresponding dis-
charges were 474 g.p.m. and 2,800 g.p.m. Seven tests were made
on each length of pipe. The results are shown graphically in figure
18, together with the results of the tests on the same pipes under
standard conditions. All data were put on a comparable basis by
correcting differences in pipe diameters according to the area as
previously explained. It will be observed that although the tests
on the 6-foot pipe all plot on or near the standard curve for the 12-
inch pipe, the tests on the 2V5-foot pipe all fall to the right of the
standard curve. This indicates that the unequal distribution of the
velocities in the 214-foot pipe caused the meter to under-register,
whereas in the 6-foot pipe the additional length was sufhcient to
permit the velocity distribution to become more nearly normal. The
differences between the current meter discharge measurements and
the weir discharge measurements ranged from +2.1 to —3.3 percent
for the 6-foot pipe and from —0.8 to —12.4 percent for the 21/5-
foot pipe. The weir discharge measurement is used as the base in
computing the percentages. These tests show that the right-angle in-
let has a marked effect on the current meter measurement of the dis-
charge when the outlet pipe is not long enough to permit a redistri-
bution of the velocities in the pipe before the water reaches the out-
let. " These tests also confirm the conclusion previously drawn (page
22) that although the length of the pipe has little effect on the dis-
charge under ordinary conditions, much more accurate results will
be obtained under disturbed conditions of flow if the pipe is at
least 6 feet long.

Measurement of Laboratory Pump Discharge with Current Meter

Tests were made on the two-stage deepwell turbine in the lab-
oratory at Fort Collins to determine the accuracy of the current
meter in measuring the discharge. This pump has a carefully cali-
brated 8-inch Venturi meter in the discharge line which was used to
check the current-meter measurements. The general arrangement
of the pump and discharge line is shown in figure 1B. For these
tests the discharge pipes, in which the current meter measurements
were made, were connected to the elbow just above the gate valve
by means of a standard flange. The pipes tested were 8 inches in
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TasLe T—Summary of reswlts of tests on laboratory pump.

Discharge

Length of Veunturi Current*

Condition pipe metey meter Deviation

Feet G.P.M. G M. Percent
Gate wide open 2, 1,375 1,335 —2.91
Gate 15 open 25 1,384 1,318 —4.76
Gate 1 open 215 Water surging violently
Gate wide open [3 1,380 1,355 —1.81
Gate Y% open 6 1,365 1,354 —0.81
Gate ' open 6 1,280 1,331 +3.98

*Computed by the formula Q —— (419A-5)V.

diameter and were 21/, and 6 feet long. The effect of partially
closing the gate valve was also determined.

The results of the tests are given in table 7. For the condition
with gate valve wide open the current meter measurements as com-
puted by the formula Q=(419A—5)V are slightly less than the
Venturi meter measurements, but the errors are of the same order
of magnitude as those found when the tests were made in the
straight pipe at the Bellvue laboratory. When the gate valve was
one-half open and one-fourth open there was considerable surging
of the water at the pipe outlet, particularly for the pipe 21 feet
long. In fact the condition was so bad in this pipe when the valve
was one-fourth open that it was impossible to measure the discharge
with the current meter. The results show, as has been previously
observed, that greater accuracy is obtained for the longer discharge
pipes. A straightener was tried in an attempt to reduce the surging
when the gate valve was partially closed, but although it apparently
improved the flow condition it did not increase the accuracy of the
measurements. These tests indicate that the current meter may be
used to measure the discharge from pumps with reliable results un-
less the flow conditions at the outlet of the pipe are considerably
disturbed by regulation with a gate valve.

Effect of Sloping Outlet Pipe on Discharge Measurement

Although most pump discharge pipes are generally horizontal
it is possible that the pipe may have a slight slope as a result of de-
fective fittings, poor workmanship, crooked well, or settlement of
foundation. The effect of slope was investigated in a series of tests
on a 6-inch pipe having a slope of approximately 5 percent up-
ward or downward.

The pipe was made up of two sections 32 and 49 inches long,
the 32-inch section at the outlet end being given the slope. The
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other section which was horizontal had an elbow at the inlet end. In
the tests the axis of the meter was held parallel to the axis of the
pipe. There were 12 tests in this series. The results are plotted in
figure 18. The standard discharge curve and standard points are
also shown. These tests covered a wide range of discharges and as
shown by the figure the results check those made under standard
conditions. The maximum deviation was 2.8 percent, but all ex-
cept two of the tests were less than 2 percent in error. It is evident
from these tests that a small slope does not affect the accuracy of
the discharge measurement.
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Figure 14—Diagram showing effect of length of pipe on discharge measure-
ments. Standard discharge curves computed by formula Q — (41%8-5)V are
also shown for comparison.

Effect of Roughness of Pipe on Discharge Measurement

The pipe used in the tests on the [0-inch pipe 8 feet long was
rough inside because of rust; for this reason tests were made to de-
termine whether the roughness affected the results. Tests were made
on a section 214 feet long cut from the 8-foot pipe that was rough
inside and then on the same section of pipe after it had been lined
with a smooth galvanized iron sleeve. FEight tests were made on the
rough pipe and six on the smooth pipe. The results were reduced
to a comparable basis by correcting for the difference in diameter
as previously explained. The data are shown plotted in figure 18
together with the standard curve for 10-inch pipes. The data for
the rough pipe are plotted with open diamond symbols and for the
smooth pipe with solid diamond symbols. Without exception the
current meter measurements are all too large, but this fact regard-
ing tests on the 10-inch pipe has been noted before (see table 2).
The over-registration of the meter in the rough pipe is greater than
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in the smooth pipe. For the rough pipe the range of error is from
—6.52 to +4.87, and for the smooth pipe it is from —0.8 to +2.68.
From these figures it might be contended that roughness has an ap-
preciable effect on the discharge measurement. However, the pre-
vious tests on the 8-foot rough pipe and the 6-foot pipe that was 10
inches in diameter and was new and smooth may be used as the ba-
sis of a similar comparison. This is possible because it has already
been shown that a small difference in the length of the pipe does
not affect the results unless the pipe is short and there is some fac-
tor causing an unequal distribution of the velocities (see page 22).
Thirty-two tests were made on the rough pipe and the errors on all
but five were 3 percent or less. Six tests were made on the smooth
pipe and the error in only one was more than 3 percent. Since the
distribution of errors is almost exactly in the same ratio as the num-
ber of tests it is evident that the roughness did not have a significant
effect in these tests.

From the foregoing analysis it may be assumed that roughness
caused by pitting from rust probably has some effect on the dis-
charge from a pipe 21/ feet long but not on pipes 6 and 8 feet long.

Effect of Aeration on Discharge Measurements

In making tests on pipes partly full it was frequently observed
that a slight temporary obstruction in the outlet would cause the
pipe to flow full thereafter. It was believed that this was caused by
cutting off the supply of air at the vena contracta, which led to the
assumption that if there was an opening in the discharge pipe which
allowed air to enter this might have some effect on the discharge
measurement. 1o check this assumption a series of tests was made
on a |2-inch pipe both with and without an air inlet. The sections
of pipe tested were 6 and 14 feet long. The air inlet consisted of
a 34-inch pipe 30 inches long with an elbow and 2-inch nipple at
the lower end. The pipe was fastened in a vertical position at the
inlet end of the discharge pipe with the nipple inside just below the
top of the discharge pipe and parallel to the axis. The top of the
air inlet pipe was open to the air.

In making the tests it was found that it was impossible to cause
the pipes to run full with the head available when the air inlet was
in operation unless the outlet was submerged, and in one test on the
6-foot pipe under maximum head the pipe did not run full even
though the outlet was submerged. A summary of the tests shows
that the air inlet did not affect the discharge measurements except
in the case when the pipe did not fill. Of 14 tests on the 14-foot
pipe, only 2 of which were made with air intake in operation, the
maximum deviation from the standard was 3.5 percent for the



36 COLORADO AGRICULTURAL EXPERIMENT STATION

standard tests and 2.5 percent for the aerated pipe. Of |8 tests on
the 6-foot pipe equally divided between the two conditions all were
less than 4 percent in error except the test on the pipe partly full.
The maximum deviation from the standard discharge was 3.5 per-
cent for the tests on the pipe with air excluded and 3.2 percent for
the tests on the aerated pipe. The distribution of positive and neg-
ative errors was similar in both sets of tests.

Limitations of Method
The discharge of several hundred pumps was measured* dur-

ing 1940 and 1941 by the method described in this report. These
measurements were made to
determine the amount of water
pumped for irrigation in the
South Platte Drainage Basin in
Colorado. The men making
this study had the opportunity
to determine the limitations of
this method of measurement in
the field under a wide variety
of conditions. Where they were
able to check their measure-
ments by other means they
found that the agreement be-
tween the two methods was
usually very close. Owing to
the lowering of the water table
resulting from the droughts of
recent years there were a large
Figure 15—Measuring angle of spiral number of pumps not operating

S Pl ) 2 at capacity. Under these con-
ditions the pipes were frequently not flowing full and consequently
it was impossible to measure the flows unless holding the meter in
the pipes caused them to flow full. Other methods had to be de-
vised to measure the discharge where this occurred.

In some instances when the outlet of the pipe was submerged
and the discharge small the velocity was so low that it was not pos-
sible to make accurate measurements with the current meter. Also,
it was not possible to measure the diameter of the pipe accurately
when the outlet was submerged if the pipe was not exposed else-

*The measurements were made by W. E. Code of the Colorado Agricultural
Experiment Station and R. E. Kennedy and William Judd of the Water Con-

servation Board of Colorado.



TeECHNICAL BULLETIN 29 37

where, and difficulty was experienced in measuring the diameter of
badly distorted pipes. Some pumps had such short outlet pipes
that the flow was too disturbed to be measured accurately.

No difficulty was encountered in learning to make the dis-
charge measurements by the method described in this bulletin. The
men making the field study of pumping plants found that the meth-
od was convenient and took very little time. Under favorable con-
ditions they could easily make a complete measurement and com-
pute the discharge in 15 minutes.

Figure 16—Vanes for straightening lines of flow and for producing spiral
flow.
Summary
In measuring the discharge from a pipe with a current meter
it was found that the product of the area and the velocity was not
equal to the discharge. It was too large, probably, because the cur-
rent meter did not measure the low velocities near the walls of the
pipe, and consequently a correction factor had to be applied to the
results to obtain the correct discharge. This correction factor was
found to be constant under standard conditions for each size of
pipe regardless of the discharge so long as the velocity was not suf-
ficient to affect the registration of the current meter. The velocity
became too great for accurate measurement at about 10 feet per
second in |2-inch pipe and at about 9 feet per second in small
pipes.
The general law showing the relation between velocity of the
water as measured by the meter and discharge for all sizes of pipe
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is given by the formula Q=(419A—5)V in terms of area of the
pipe and Q=1.815D2®V in terms of the diameter of the pipe. Both
these formulas give satisfactory results, but the discharges computed
by the formula Q=(419A—5)V were in general slightly closer to
the actual discharges. A comparison of the observed and comput-
ed discharges for all tests regardless of conditions except those with
spiral flow showed that 79 percent of the computed results were not
more than 3 percent in error and 92 percent were not more than 5
percent in error.
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Figure 17—DPlot of results of spiral flow tests.

Holding the meter in the pipe causes an obstruction to the flow
which decreases the discharge and builds up the head. Although
the effect is relatively small, a correction must be made when an ac-
curate test of a pump is desired. The correction is readily made
after measuring the increase in head by reference to the head-capa-
city curve of the pump.

Two methods of integrating the flow with the current meter
were investigated and it was found that both were equally satisfac-
tory. The combination of horizontal, vertical, and circular integra-
tion is recommended because the discharge formulas are based on
measurements by this method.

A statistical analysis of the effect of length of pipe on the ac-
curacy of the current meter measurements showed that the differ-
ences were not significant. Qutlet pipes at least 6 feet long are rec-
ommended because an obstruction in the pipe or other disturbing
factor has less influence in long pipes.
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Both Ott meters and Hoff rubber-propeller meters of the type
tested were equally satisfactory in measuring pipe discharges.

Measurements of the same quantity by different observers
with different meters agreed quite closely to the true discharge.

Adding an elbow at the pipe inlet for the purpose of simulat-
ing the condition found in pump discharge pipes did not affect the
accuracy of registration of the current meters for pipe lengths great-
er than six diameters.
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Figure 18—Diagram showing effect of special conditions on discharge meas-
urements.
A right-angle inlet in a horizontal plane materially affected
the registration of the meter if the outlet pipe was 21/ feet long but
had little effect if the outlet pipe was 6 feet long.

Measurements of the Fort Collins laboratory pump discharge
with the Hoff current meter when the discharge pipe was 6 feet long
checked the Venturi meter measurements if the gate valve was not
more than half closed. There was a greater difference between the
measurements when the discharge pipe was 214 feet long.

Measurements of spiral flow with a current meter were found
to be unsatisfactory. Spiral flow to the left had greater effect than
spiral flow to the right. Straightener vanes in the pipe were effec-
dve in straightening the lines of flow in the pipe and in reducing the
error in the current meter measurements to less than 3 percent.

A slight slope in the discharge pipe did not affect the accuracy
of the current meter measurements; neither did roughness such as
would be caused by pitting due to rusting.
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When an air inlet was provided at the upper end of the pipe
there was difficulty in making the pipe run full unless the outlet was
submerged, but if the pipe was full the registration of the meter was
unaffected. Submergence of the pipe outlet did not change the
registration of the meter.

Several hundred field measurements of pumping plant dis-
charges disclosed that difficulties in making measurements were
sometimes encountered because the discharge pipe was not flowing
full, the velocity was too low to measure with a current meter, or
the area of the pipe could not be readily determined because the
outlet was submerged or badly distorted. In general, however, the
method was satsifactory and a great time saver, it being possible
under favorable conditions to make a complete measurement and
compute the result in 15 minutes.



