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of operating conditions both in the hydraulics labo-
ratory at Colorado State University and through a

field trial. Three’ meters were tested, all of which were
made for a 2-ft rectangular section. Each of the meters
was a production model furnished by the manufacturer*.
The early development of the vane meter was made by
Ralph L. Parshall starting about 1948. The development
was inspired by need for a simple, direct-reading device
which would give reasonable accuracy and would operate
at practically no Joss of head. Disadvantages of most de-

THE vane-type flow meter was calibrated for a range

vices in present usé are that 2 considerable loss of head is

usually required for correct operation and that, for most,
a reading of depth must be converted to flow by use of

tables or charts. In many cases it has been found that these

two items limit the use of the devices. Another great need
exists for a device that will work under conditions of vety
low velocities and submerged. conditions. Most of the
existing devices will not operate at all under these condi-
tions. It has been advanced that the vane-type meter opet-
ates very successfully for this condition and that its action
is not affected by variation of approach velocity or by any
downstream condition. _ _
" The flow meter has been developed so that vanes of
different shapes are available for measurement of fow in
different cross sections. The vane shape was so-determined
that, for a constant flow, the meter should indicate the
same flow for high velocities and shallow depths as for
slower velocities and greater depths. The shape of the
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Fig. 1 Vane meter in g rectangular section’

vane integrates the force due to the flowing water for a
range of velocities and depths under constant discharge
conditions. :

The vane must be suspended in a specified section of
defined shape and size. Séctions being recommended are
6 ft in length with the meter mounted approximately at
the halfway point. These measuring sections may be either
trapezozidal or rectangular, but must conform to the shape
for which the meter was developed and calibrated.

The indicating device in the head of the meter consists
of a liquid-filled tube mounted opposite a calibrated scale.
This carvature of the head was predetermined in the
laboratory. In the liquid-filled tube is a small air bubble
which moves along the curved tube depending on the

- deflection of the vane. The amount of flow is then indi-

cated on the scale opposite the bubble in the tube. This
scale can be marked in cubic feet per second, gallons per
minute, or any presctibed unit of discharge. A meter being

used in a rectangular section is shown as Fig. 1. =~

Description of Tests ,
Most of the tests were made in a 2-ft-wide, glass
wall, testing flume which is part of the permanent equip-
ment in the hydraulics laboratoty. This flume was used by
Parshall for much of the early development work of the
vane meter. For these tests the flowmeter was installed at
a point which gave approximately a 15-ft length of un-
obstructed channel immediately upstream. The meters were
installed very carefully in the manner prescribed by the
developers. This included proper clearance of the tip from
the floor and the meter being level and exactly at right
angles to the direction of fow. -

To determine the effect of the approach velocity profile
on the operation of the meter, a lattice baffle was installed
8 ft upstream from the measuring section for some of the
tests. This baffle consisted of 1x 1-in. strips of lumber hav-
ing openings 1% in. square. In effect the baffles changed
the velocity distribution at the measuring section so that
this variation in velocity profile, as it affected meter oper-
ation, could be studied. The baffle is not a recommended
feature of the field installation.

The discharge was determined using precalibrated
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orifice plates in the discharge line from the pump. Flows Discharge range - cfs
up to about 5 cfs were used, with the depth of flow for a ' ]
given discharge being varied with an adjustable tailgate.
Usually, for a constant discharge, five depths of flow and 2 .\ R

the corresponding velocities were used.

.8 zonE

For the field tests an existing concrete box on a farm y

\

lateral which was 2 ft wide and 2 ft deep was used with 5 X \ /\’ )
the meter installed 3 ft from the upstream end. The box °\° I ord
was located approximately 150 ft downstream from the a * b\ / \[amwel f1 L5
headgate on the lateral. —-+ "l‘ — T\ — 1] /r/ r/

A 1-ft Parshall measuring flume was installed imme- > TS Vol Secten
diately downstream from the meter section. To insure that * osteam o vora. matr
the flume was not under submergence during the test °8% o w0 0w 1o w 0% w0 w050 1% 1o 0% 1% 1o
PeindS, dCPthS of flow at the point for determining sub- QT“"L-Rnﬂo of vane discharge to Measred dischorge ’
mergence effect were measured. With these measurements : o
it was determined that submergence was not a factor dur- Fig. 2 Laboratory fests of the vane meter
ing the flume operation so that the free-flow discharge :
relationship ‘was used throughout the testing. An adjust-
able tailgate was used in the ditch downstream from the
meter section to vary the depth of flow through the section
for a given discharge.
Presentation and Evaluation of Data s g g range -ty s

For the operation .of the meter, zones A and B have
been specified by the manufacturer. Zone A is the recom-
mended range of operation for greater accuracy, but zone 29
B also covers a usable range of operation. Actually these
_ zones limit the range of velocities with those in zone B
being higher than those in zone A. Depths shallower than
specified for zone B would necessarily mean much higher A
velocities, and therefore are not in a recommended zone \ A ZONE| || ,_——*;:/
of operation. These operation zones are shown in Figs. M o zone || d-—""]
2and 3. -

For the laboratory tests shown in Fig. 2, relatively
constant discharges of 1, 2, 3, 4, and 5 cfs were used. For 0% 100 U0 09 100 U0 090 100 o QS0 100 L0
each discharge the depth was varied in the 2-ft-wide 9=* - Rotio of vane dischorge to
section so that both the A and B zones of operation were o :
included. For this comparison a ratio of the discharge as Fig. 3 Field tests of the vane meter
indicated by the vane meter to that determined from the '
orifice in the pump-discharge line was used. A ratio of
1.0 would indicate that the two determinations were the
same. If the ratio were 0.9, then the vane discharge would
be 10 percent lower than that from the orifice meter.
Convetsely, for a ratio of 1.10 the vane discharge deter-
mination would be 10 percent higher than that from the % ST
orifice meter. The normal section indicated in Fig. 2 was [
the 2-ft-wide glass wall flume with 15 ft of unobstructed
approach. The second condition was with the baffle in- F
stalled 8 ft upstream from the vane meter section. / A7

Considering first those tests in the laboratory channel /
for the A zone and the normal flume section, it is noted %
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that, for flows of 1 to 3cfs, the vane meter indicated
discharges that were always equal to or higher than those
from the orifice meters. For the higher flows the vane
meter gave discharges that were both lower and greater
than by the orifice method. Almost identical trends were
noted for each of three meters tested. For the three lower
flows with the so-called normal section, the vane meter

Qo - Discharge - cfs
©

© Normal  section - A Zone

overregistered the flow by as much as 9 percent at the « Nomol e - 8 Zomg

. . . 19) o Section with baftie 8 f1, 1
mtqm:mdxate d.epths. However, the average range of this , g o e mwr - & Zow
vatiation was in the order of 5 percent. As an example, o X + Fituain A Tona oS 2

for a flow of 3 cfs the ratio varied from 1.025 to 1.068 R

for the A zone. Considering the two higher flows under Fig. 4 Laboratory and field tests of the vane meter
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this- condition, there was a much wider variation in the
determined discharges. Here again the trends wete iden-

- tical for the three meters and the ratios varied. For 4 cfs

at the shallower depth this ratio was about 0.94, whereas
at depths nearer 1.7 feet it was 1.07.

To introduce a different approach condition baﬂies
were installed 8 feet upstream from the measuring point
as previously discussed. This situation introduced turbu-
lence and resulted in a shorter length for establishment
of the velocity profile. More uniform velocities through-
out the section would exist for this condition. The effect
of this situation on the operation of the meters is illus-
trated in Fig. 2. In general, an entirely different relation-
ship was found than with the previous condition, illus-
trating that the approach-velocity profile does exert a
considerable influence on the operation of the meter as

would be expected.

In general, the laboratory tests made in the B zone of

operation show a wider range in deviation of vane dis-
charge from the independent method. Differences up to
plus 11 petcent for the lower flows and minus 12 _percent
at the higher flows were observed.

The results of observations on the meter operation
under field conditions are shown in Fig. 3. The effect of
a range of depths for each of four different discharge

ranges are shown. For flows of 1.5 and 3.5 cfs the vane
meter gave discharges that were both less and greater than

those determined by the Parshall flume. At an intermediate
flow of 2.5 cfs the vane meter gave flows that were al-
ways larger, and at 4.5 cfs always smaller, than those from
the Parshall flume determination. This amounted to a
total variation of about 8 percent for the lowest flow and
4 percent for the others. All these tests were within the A
zone of operation. Considering only the lowest and high-
est ratios results in an overall expected accuracy of about
=5 percent for a total possible range of 10 percent. -

- Another method of presenting the results of the vane

-meter tests is shown in Fig. 4. The comparison of the dis-
charge as determined by the vane meter and that of the °

independent method of orifice or Parshall flume is given.
If the two determinations are the same, then a 1-to-1 rela-

tionship given by the heavier line applies. For flows in
the A zone of operation for the laboratory tests, the devia-
tions are generally within +=5 percent, although there are

several points which fall outside these zones. In general,

for.the B. zone of operation the points show a wider

~ deviation.

Field tests comparing the discharge of the vane meter
with that of an accurately installed Parshall flume also are
given in Fig. 4. Here the maximum deviations are near
=5 percent with most of the points falling within +4 per-
cent accuracy. These points represent carefully observed data
where, 'in most cases, duplicate observations were made.
Discussion of Results

From the results of these tests it is ev1dent that ap-
proach conditions and ‘the resulting approach-velocity
profiles do‘affect the accuracy of the flow meter. With the
long, smooth-walled section, somewhat greater deviations
were noted than under the other conditions. With this
condition the velocities in the vertical section might range
from twice the average velocity near the surface to one-
half near the bottom.

* For the case of the lattice baffle installed upstream
from the measuring point in the laboratory flume, the
velocities in a center-line profile would be more nearly the
same. This would also be true for the field-measuring
section, primarily because the measurements are made
immediately downstream from a section of converging
flow which results in a more uniform velocity profile.

An accuracy of about +=5 percent could be expected
from the vane meters used in these tests. At intermediate
depths the accuracy is best, usually being in the range of
0 to =5 percent. The largest deviations in the A zone

~were usually at the lower depths and correspondmg higher
- velocities.

Other items not investigated in this study may affect
the accuracy of the meter. One of these is magnitude and
direction of the wind at the time the discharge measure-
ment is being made. Another is the presence of debris in

the flow. The latter should not be important if care is

taken to clean the vane before each réading.
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