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THE VENTURI FLUME

By

Ralph L. Parshall, Senior Irrigation Engineer
Carl Rohwer, Irrigation Engineer

Trrigation Division, Bureau of Public Roads
U. S. Department of Agriculture

A preliminary report on the Venturi flume was prepared by
V. M. Cone and published in the Journal of Agricultural Research,
Vol. IX, No. 4, April 23, 1917. This report was not intended to
cover the whole subject, but rather to present the possibilities of this
device as a practical means of measuring flowing water for irriga-
tion purposes. The original investigations were made at the hydrau-
lic laboratory at Fort Collins, Colorado, but, due to the inadequate
facilities, it was not possible to carry the experiments to the point
most desirable from an irrigation standpoint. Under a co-operative
agreement between this Bureau and Cornell University, experiments
were conducted at the Cornell hydraulic laboratory under the super-
vision of Dr. Schoder and the late Professor Turner on the larger
sized flumes, where flows of 300 to 400 second feet were used.
Additional experiments were performed at the field laboratory on
the Cache la Poudre river at Bellvue, near Fort Collins, Colorado,
in order to properly correlate all the tests previously made. All
these clata were not available at the time of the first published report,
and in our subsequent study, various characteristics of the flume
have become apparent which were not evident when the original
experiments were made.

This bulletin is intended to present a more complete statement
as to the law of flow through the Venturi flume and also to define
more clearly its limitations and advantages.

Many devices have been developed for the measurement of
water for irrigation, but, due to the great variation of the conditions
as found in practice, no individual type has yvet been found which
exactly meets all of the requirements. The standard methods of
measuring flowing water are all more or less affected by the ever-
changing condition of the channel, either immdiately above or below
the structure, or else the capacity of the device lumits the discharge.

The overpour, sharp-crested weir is the most accurate method
of determining the quantity of flow, but certain requirements as to
contractions and velocity of approach must be maintained in order
to keep the weir standard. The accuracy of measurement is only
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possible at the expense of considerable loss in head or grade of the
channel, and in many cases the installation of the standard weir is
impossible on account of the lack of fall. This is especially true
where large quantities are to be measured. Where the water carries
considerable silt, there is a tendency to fill the weir basin with sedi-
ment, which affects both the contractions and the velocity of ap-
proach. The submerged orifice and weir are limited to practically
the same requirements, in so far as contractions and velocity of ap-
proach are concerned, but permit of operation under conditions
where a small loss of head is important.

The rating flume, which is nothing more than a constant sec-
tion through which the water passes, is the accepted standard for
the measurement of the comparatively large flows. This method of
measurement is subject to various effects, and is only rarely found
to maintain a constant condition. Experience indicates that, in the
majority of cases, the rating flume is wholly unreliable, due to the
change of velocity of approach, silting conditions in the flume and
the accumulation of vegetation in the channel, as well as along its
banks. It is not uncommon to find the rating flume affected by
check boards, placed in the channel below the flume, for the purpose
of raising the water sufficiently to permit the irrigation of higher
lands.

The Venturi flume has been developed to meet these various
conditions ; however, it is not claimed that this device is accurate to
the last degree, but under ordinary conditions it is believed to be
very much more dependable than our present accepted methods. A
number of these Venturi flumes have been installed and are in actual
use, and it has been found that this new device possesses the follow-
ing desirable features: *

1—It is moderately inexpensive and simple to construct.
2—1It is simple in its operation.

31t requires little maintenance.

41t is free from working parts.

5—1Tt is sufficiently accurate to meet practical needs.

6—It is unaffected by sand, silt or floating trash.

7—It requires but little loss of head in its operation.

&8It possesses a very wide range in its capacity of discharge.

Altho the Venturi flume possesses many very desirable fea-
tures, there still remain certain defects in the present design that
work to its disadvantage. It is believed, however, with further

*(Journal of Agricultural Research, Vol. IX, No. 4, V. M. Cone)
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Venturi principle, but the water passes the contracted section
without pressure; that is, exposed to atmospheric pressure only.
The Venturi principle, as applied to an open flume, manifests the
~ same characteristics as when the flow is confined in a tube; namely,
there is a reduction in the head at the contracted section.

The floor of the Venturi flume is level and placed at the eleva-
tion of the grade of the channel. The short throat section forming
the contraction has been arbitrarily taken as 1 foot long for the vari-
ous sizes calibrated, and midway along the axis of the throat the
head is observed. The head in the converging section is observed at
a point on the side of the flume. This point is twice the width of the
throat from the upper edge of the throat, and this distance is meas-
ured along the longitudinal axis of the flume. This distance was
arbitrarily taken so as to give a point well within the converging
section, and to be so situated as to correctly register the head at that
point. The flow through the flume will be a certain function of
these two heads, and the width of the throat.

In the preliminary investigation of the Venturi flume, various
slopes of the converging and diverging sections were tried out, and
from the standpoint of economy and the general behavior, it was
decided to base all the calibrations of the various sizes of rectangu-
lar flumes on the general plan that the total length of the flume
would be six times the width of the throat, plus 1 foot., and that
the width of the flume at either end would be three times the width
of the throat, but more recent observations prompted the suggestion
that this originally assumed plan should be somewhat modified.

Our investigation so far has been confined very largely to the
rectangular flumes; that is, those where the throat section is defined
by two vertical faces, each 1 foot in length, measured along the
axis of the flume and placed parallel to and equidistant from this
axis. The V-notch and trapezoidal flumes; that is, those where
the throat sections are defined by two sloping faces, have bheen
tested, but the inadequate facilities for making the tests prevented
calibrating the flumes of this type for large discharges.

Field calibrations of trapezoidal flumes have been attemipted
but with little success. As a usual thing, the field installation pro-
vides little or no regulation for the purpose of extending the obser-
vations over any considerable range. It is hoped that more com-
plete information may be obtained on a series of trapezoidal sec-
tions which would permit of establishing the law of flow through
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this type of structure. At present the only data available for the
trapezoidal flume are found in the Journal of Agricultural Re-
search, Vol IX, No. 4, Apr. 23, 1917,

The Venturi flume is very simple in operation, altho two
heads must be observed to determine the rate of discharge. It is
recommended that the observations of head or depth be made in still
hoxes or gage wells, so placed that the water level in the throat, and
also the point indicated in the converging section can be communi-
cated to these hoxes or wells by means of short lengths of pipe.
The observations of head or depth can best be determined by means
of a hook gage located in each well. However, a plumb bob or a
weight of special design, to be referred to later, suspended on a
graduated tape may be used in lieu of the hook gage. Investiga-
tions, as well as observations under practical conditions, seem to
indicate that heads determined by means of graduated scales fast-
ened to the inside surface of the flume, countersunk until flush

b . A X

ELEVATION SECTION'A-A.

FIGURE 1.—Standard Plan for Venturi Flume with Rectangular Cross
Section.
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with the surface, do not give the best results. It was first thought
that two points of observing the heads would be sufficient to
definitelv establish the conditions of flow for rectangular flunes,
but due to the switching of the current in the diverging section, it
was found necessary to observe the head at identical points on each
side of the flume. The introduction of additional points of observ-
ing the head is not a desirable feature, but is necessary to insure the
dependability and accuracy of the device. Table 1 gives the errors
mtroduced into the discharge by determining the heads from one
set of gage wells which register the depths on one side of the flume
only. To avoid the possibility of uncertainty in the readings and
to obtain a more correct determination, it is suggested that the
arrangement of wells and connections be made as shown in Figure 1.

It has been suggested that a narrower diverging section might
so modify the downstream conditions as to permit of reliable results
from reading one side only; however, this restriction would no
doubt greatly increase the mean velocity at the exit of the flume,
thus causing a scouring action in the channel immediately below the
structure which would require the installation of protection against
this action.

The velocity of approach to the Venturi flume has no effect
upon the accuracy of this device. When a certain quantity is flow-
ing through the flume, drawing its supply from a still water basin,
there will be a definite head at the gage connection in the converg-
ing' section and in the throat, also a definite difference in head. If
this same discharge were to approach the flume with a velocity, the
upper gage reading would be less as would also the throat reading,
and the difference in head would be greater. Since the upper head is
less, the difference must be greater to permit of the same discharge,
and because of the increased velocity, the head at the throat section
is automatically decreased to balance the change in the velocity of
approach.

In the Venturi flume the loss of head; due to the structure, is
small except when the difference in head is great. Under normal
conditions met with in practice, the velocity head is recovered when
the water leaves the lower edge of the flume. However, when the
difference in head is large, the water will mantain its high velocity
through the flume and will not become normal until some obstruc-
tion, as an irregularity in the downstream channel, causes the for-
mation of standing waves and the change from a high to a low
velocity.
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The fact that obstructions might occur in the flume is of con-
siderable importance, and actual tests have been made to ascertain
the effect of placing such obstructions in the flume in both the con-
verging and diverging sections. The preliminary investigations
made in 1915 on the V-notch flume brought out the fact that placing
a 2-by 4-inch timber on edge, nailed to the floor of the flume at a
point 3 feet above the throat section, did not increase the discharge
by more than one per cent for any depth. Similar tests on a V-notch
flume installed at the field laboratory at Bellvue, Colorado, showed
the same result. In addition, it was found that placing the 2-by 4-
inch timber on the downstream end of the flume had no apprecia-
ble effect.

Recent tests on a 3-foot rectangular flume show that 2-by 4-
inch timbers nailed vertically to the sides of the converging sections,
above the upper gage connections with 2-inch projection, had no
effect; also the 2-by 4-inch timber on edge on the floor of the flume
at a distance one foot above this gage comnection had no effect, but
when the timber was placed one foot below, or downstream from the
connection, the effect was to increase the upper head so as to indi-
cate approximately 4 per cent increase in the discharge when flow-
ing 10V5 second feet. Small strips placed transversely on the floor,
projecting one-half inch, both in the converging and diverging sec-
tions, had no effect on the discharge. The deposit of sand and silt
upon the floor of the flume has been found to be of small conse-
quence, due to the fact that, as the converging section decreases in
area, the velocity increases and the tendency for settlement or
deposit is eliminated. Large floating masses would no doubt lodge
in the throat section if the rectangular flume were installed, but this
trouble could be effectively met by the installation of the trapezoidal
section which would pass the lodging mass by the increased or
accumulated head above the structure.

Requests have been made for information and data relative to
Venturi flumes having capacities for more than one thousand sec-
ond feet, but facilities and equipment are not available at present
for undertaking the calibration of flumes of more than 30 second
feet capacity. The law of flow, as has been determined from our
experimental data, is applicable to sizes up to and including the five
foot throat, but only approximations can be made for larger sized
flumes by the application of the known law of flow. It is thought
that the present range of calibration of flumes will meet the ordi-
nary demand, and special cases requiring exceptional capacity will
necessitate individual rating or calibration.
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The Venturi flume is gaining in favor as a practical device, and
the fact that it possesses many desirable features and few objec-
tionable points bids fair to establish it as one of the standard
measuring devices for practical irrigation purposes. The present
design is not free from all objection, and is not claimed to be abso-
lute in its operation, but when compared with other means of meas-
urement it 1s found to be within reasonable limits of accuracy.

RECTANGULAR VENTURI FLUME

Since the publication of the first report on the Venturi flume,
there has been a great number of these flumes built and installed for
use in the measurement of water to irrigators. So far the greater
per cent has been the rectangular type, and it appears to be some-
what more popular than the trapezoidal flume; however, there has
been a number of the trapezoidal Venturi flumes installed, the cali-
bration having been macde by the interested parties.

The preliminary investigations of the Venturi flume resulted
in a selection of certain ratios and dimensions applicable to a stand-
ard plan for the rectangular type. The assumptions as to dimen-
sions were based on conclusions made evident by the behavior of
mode] flumes of various ratios, and for uniformity the length of
throat for all the sizes tested has been made one foot. The angle of
convergence and divergence is equal and constant for the various
sized flumes calibrated. The dimensions for the rectangular Ven-
turi flume are shown in Figure 1. The calibration of this flume
has covered a great many individual tests and includes the 1-, 1%4-,
2-, 3-, and 5-foot sizes. The measured discharge has ranged from
less than 1 to nearly 400 second feet in the calibration of this type
of flume.

~ The diagrams and tables pertaining to the rectangular flume
contained in this bulletin are based on the data collected at Cornell,
our original data, and the more recent calibrations made at our
field laboratory at Bellvue, Colorado.

As previously stated, our recent investigations indicate the
desirability of providing the flume with four gage wells, two on
each side of the flume. Tests were made to determine the per cent
of error resulting from taking the readings in only one set of gage
wells. Table 1 gives the results of these tests. In this table, the
deviation from the true amount is either plus or minus, depending
upon which side of the flume the observation wells are located: or
in other words, which side the current is flowing in the diverging
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section with reference to the gage wells. If the current is flowing
in the diverging section on the side of the observation wells, then the
amount recorded will be more than the actual discharge; if. the
observations are taken on the opposite side from the current in the
diverging section, then the reverse is true. Mean readings of
simultaneous observations taken in four wells, as shown in Figure
1, will, under ordinary conditions, give the true gage height.

The derivation of the expression for computing the discharge
through rectangular Venturi flumes 1s somewhat involved, and no
attempt will be made to go into detail. As a general statement, it
may be said that the basis of deduction is Bernoulli's theorem,
which results in the following for the theoretic discharge:

2 H,
o=, |
s ()

Where (J=discharge in second feet,
W=width of throat in feet,
Hy —head at the throat in feet,
H, =—Head in converging section in feet,
Hy = (H, —Hy, ) =difference in the two heads,
C=constant.

The value C, is really not a constant but varies with the
width of the throat and also with the ~upper head, H,, and the dif-

ference in head Hy. This variation is expressed by the following
formula :

(Hy— 0.163 H,*%)?

3
(20— l{’) Haz

C=(0.9975—0.0175") +

which, when substituted for C in the theoretical equation, gives:

(Hy — 0.163 H,%)? 2g Hd
3 ) WH,

(so—w) H, | lﬁ_ Hb)

0=|(0.9975—0.0175 #)+

The discharge diagrams, Figures 13, 14, 15, 16, 17 and 18
appended to this report, are based upon calculated values as deter-
mined by this expression. These curves are plotted on a logarith-
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mic scale which presents the data in such a form as to be readily
understood and applied. The use of the diagram can best be
illustrated by an example. Assume a 2-foot Venturi flume with an
upper gage height of 1.26 feet and a difference in head of 0.21
feet. In Iigure 135, find the difference in head, 0.21, in the column
on the lett of the diagram, midway bet\veen the two horizontal
lines, follow across the diagram horizontally until the 1.20 upper
gage height curve is reached; estimate the fractional part and then
read the discharge of 8.0 cubic feet per second at the bottom of the
diagram vertically beneath this point. In determining the discharge,
care should be observed in noting the change in the scale dimension
in the different parts of the diagram.

It will be observed that for each upper head there is a limiting
point, beyond which the curve does not extend. This limit is rep-
resented in the diagram by the curve designated as “‘free flow.”
This results from the fundamental theory of flow through contrac-
tions in channels. For every upper head as the difference in head
increases, a point is finally reached beyond which the difference in
head can no longer be increased. This i1s the point at which the
maximum discharge occurs. This condition has been observed
experimentally and it was found that it occurred when the throat
gage registered from 50 to 60 per cent of the upper gage. This
percentage varies with the size of flume and the upper head, increas-
ing as the size of the flume increases and decreasing as the upper
head increases. After the free flow condition has been reached,
the depth of water in the diverging section may continue to drop
without affecting the discharge or the gage heights.

Some idea as to the accuracy of the rectangular Venturi flumne
may be gained by inspecting the diagram, Figure 2, which is hased
upon comparisons of actual discharge with the quantity determined
by computation, the basis of the computed values being the empirical
expression developed from the experimental data. It will be noted
that the per cent of deviation of the observed discharge from the
computed quantity is largely confined to errors of less than 5 per
cent; however, it is apparent that an occasional point is consider-
ably more in error. This diagram is based upon 453 individual
observations covering the calibration of the 1-, 124-, 2-, 3- and 5-
foot rectangular flumes. The distribution of observations is quite
uniform over the various sizes of flumes, and the compilation of the
data for the comparison was made without selection or elimination,
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The number of tests and the variety of conditions under which they
were performed, seems to warrant the conclusion that with proper
precaution quite dependable results may be expected.
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FIGURE 2.—Plot showing the Deviation of the Computed Data from the
Experimental Data for all the Sizes of Rectangular Venturi
Flumes Calibrated.

The installation of the rectangular Venturi flume should offer
no difficulty as to construction or setting. Either concrete or
wood may be used, but for the larger sizes and where permanency
1s required, concrete is recommended.

The flume should be located in the most desirable place with
reference to alignment of ditch and grade. The floor elevation
should agree with the grade line or bottom of the ditch in order that
there will be no tendency to deposit silt or sand at the ends of the
structure.  If placed below grade, for small differences in head,
the velocity within the flume is relatively low and would tend to
silt the floor and cause trouble by stopping the pipe connections to
the observation wells. It is recommended that the floor be a little
above the grade rather than too low. The floor should be level in
both directions and if constructed of concrete, should be given a
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smooth trowel finish. The most important element in the con-
struction of these flumes is the dimension of the throat section.
If concrete, it is recommended .that the forms be set so that the
distance between the two vertical faces will be from 34 to 1 inch
over size. After the forms have been removed, a finish coat of the
required thickness should be put on to bring the width of throat to
the correct dimension. The finished length of the throat measured
along the axis of the flume is to be one foot, and if a plaster coat
is added after forms are removed it will be necessary to make the
cast face from 2 to 3 inches longer. This method of constructing
the throat will insure a greater degree of accuracy in obtaining the
true size. .\ trowel finish on the sides or walls of the flume is not
absolutely necessary, but in most cases will add to the appearance
and general utility of the structure. IFor wooden structures, see
description of method given for V-notch flumes on page 23.

The observation wells should be cast in place and made a part
of the structure. The tubes leading to these wells should be one-
inch pipe, a single tube being sufficient, and should be placed two
or three inches above the floor. These inlet tubes should be set
flush with, the inside surface of the flume, and it is important that
they be normal or at right angles to this surface. The depth of
the well should be sufficient to permit sand or silt to deposit and
only require cleaning at long intervals. The well should extend
somewhat above the general ground line, thus avoiding storm water
washing trash into the well. Covers for the wells are recommended
as a protection against foreign matter being deposited within them.
At least one of the inside faces of the well should be made vertical
and be provided with stud bolts for the purpose of anchoring a
plank to support a hook gage or other measuring device,

Experience indicates that a graduated scale fastened to the
inside face of the Venturi flume is not sufficiently accurate to
determine the correct elevation of the water surface. The size of
the wells would need to be comparatively large in cross section to
permit of accurate reading of the scale if placed in the still wells.
For the determination of the depth of water in the still wells above
the floor of the flume, a depth scale, Figure 3, has been proposed
which is simple in construction and operation, and when set will
give the upper gage reading and the difference in head. The design
of this scale is such as to eliminate the possibility of erroneous
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reading and also the chance of miscalculating the difference in the
height of the two water surfaces. After the slides are once set, the
readings may be read at leisure.

|KY

FIGURE 3 — Ad-
justable Scale for
Determining the
Upper Head and
D ifference in
Head for Ven-
turi Flumes.

At each gage well, fixed surfaces or sup-
ports are required which have the same eleva-
tion above the floor of the flume. It is thought
advisable to have these surfaces protected by
a metal plate to insure permanency. These
supports should be provided with notches of
sufficient length and depth to keep the rod
vertical while observing the heads. To use
this adjustable scale, set the slide (A) for the
water surface in the upper gage well, and the
slide (B) for the water surface in the throat
gage well. It is immaterial which slide is first
set. It is only necessary to move the whole rod
vertically and at the same time to see that
it is firmly held in the notch with one liand un-
til the point (P) exactly coincides with the
water surface. Securing this position, move
the slide (A) or (B), as the case mayv be,
downward until the stop (a) or (b) rests firmly
against the plate mentioned above. The read-
g is similarly observed in the other gage well.
The upper edge of the pointer on the slide ()
will indicate the head (I, ) on the scale (e)
and the difference in head or (Hy) on the
scale (c¢). These adjustable scales may be
made of sufficient length to permit their use
on moderately deep wells; however, care must
be exercised in keeping the rod or scale vertical.

To locate the zero point of the scale (e)
it is only necessary to measure vertically from
the point (P) a distance equal to the difference
in elevation between the floor and the top of
the supports or notches on the wells. To lo-
cate the zero point of the scale (¢), place the
points (a) and (b) at the same elevation and
adjust the scale to read zero as determined

by the pointer on slide (A). Where one rod is to be used for a
number of flumes, it will be necessary to have the fixed surfaces or
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to the water surface in the throat well. The index of the clamp
will then give the difference in head as read on the fixed scale. This
means of determining the readings is very advantageous as the
tape and plumb bob can be carried about in one’s pocket.

In order to have a continuous record of the depths of water
passing through the flume, some type of recording instrument is
required. The need of an instrument of this kind has been felt for
some time, but not until recently has one been designed and built.
This model instrument, built at the hydraulic laboratory at Iort
Collins, is, in its general form, similar to the usual single stage
recording instruments, but in addition to recording a single gage
height, it also records the difference between two gage heights. An
eight day chart is used where the depth scale is two inches to the
foot, which permits the readings to be made to hundredths of a foot.
The installation of such an instrument to record the gage heights
is a simple and inexpensive operation. The gage wells should be
large enough to accommodate a ten inch float, and the upper and
throat gage wells should be placed side by side. The mstrument
should be mounted on a suitable support, in such a position as to
permit the floats to freely actuate the recorder, and at such a height
as to be convenient and easy to manipulate. A wooden box, hinged
at one side and provided with hasp and lock, should be provided
for field installation to protect the instrument.

Plate II shows the installation of this type of register in con-
junction with the V-notch Venturi flume. If it is intended that a
recording instrument be installed, special arrangement of the posi-
tion of wells i1s necessary. The present design of the Venturi flume
recording instrument requires that the two wells be in close proxim-
ity and separated by a thin partition wall, common to both wells.
To successfully install this instrument will further require that some
means of communicating the heads from the opposite side of the
flume to the float wells be provided. A pipe of moderate dimension
should be placed beneath the floor of the flume and connected to
each pair of wells.  As a practical means of testing the pipe con-
nections, or tubes, it is suggested that the wells be filled with water
by means of a bucket and the rate of drop in the water surface
observed.

It is of considerable practical importance to know what con-
ditions will obtain after the Venturi flume has been installed in
the canal. The loss of head or difference in the elevation of the
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water surfaces above and below the structure, when the flume is in
operation, has been observed for a considerable range of discharges
for the various sizes of rectangular flumes. These data have been
prepared in the form of diagrams as shown in Figures 4, 5, 6, 7, 8

and 9.
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FIGURE 4.—Curves Showing the Loss of Head in Feet in a One Foot
Rectangular Venturi Flume for Different Depths and.
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and Discharges.
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FIGURE 6.—Curves Showing the Loss of Head in Feet in a Two Foot
Rectangular Venturi Flume for Different Depths and
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FIGURE 7.—Curves Showing the Loss of Head in Feet in a Three Foot
Rectangular Venturi Flume for Different Depths and
Discharges.

The use of these diagrams is in approximating the increase in
depth of water in the canal above the flume due to the obstruction
caused by the throat section. As an example of the application, let
it be assumed that the canal is 12 feet wide on the bottom with a
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normal carrying capacity of 50 second feet. Since the 4-foot Ven-
turi flume has a width of 12 feet at the ends of the structure, it is
evident that this size should be installed. As the condition exists
before installing this flume, it is observed that the depth of water
is approximately 214 feet. Figure 8 shows the loss of head through
this size flume, and for a depth of 215 feet it is observed from this
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FIGURE 8.—Curves Showing the Loss of Head in Feet in a Four Foot
Rectangular Venturi Flume for DBifferent Depths and

Discharges.
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FIGURE 9.—Curves Showing the Loss of Head in Feet in a Five Foot
Rectangular Venturi Flume for Different Depths and
Discharges.
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diagram that a loss of head of 0.3 feet would occur. This amount,
added to the downstream depth, will be approximately 2.8 feet, or
the depth above the flume when discharging 50 second feet.

V-NOTCH VENTURI FLUME

For a number of years there has been a demand for a meas-
uring device that would accommodate comparatively small flows
with a minimum loss of head through the structure. To meet this
need, a V-notch Venturi flume has been calibrated for flows from
0.1 to 10 second feet. In this flume, the throat is formed by two
plane surfaces, one foot wide and intersecting at the floor line at an
angle of approximately 53°, or with a side slope of ¥4 to 1. The
sides of the converging and diverging sections also have this same
side slope, measured in the plane normal to the axis of the flume.
Plate 11 shows a V-notch flume and automatic gage height recorder,
installed in a small stream. The standard dimensions of this special
type flume are given in Figure 10.
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FIGURE 10.—Standard Plans for V -Notch Venturi Flume with Side
Slopes % to 1.
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The results of the calibration of the V-notch flume show that
the loss of head is small for the usual conditions of operation, and
that for any discharge the loss in head increases as the depth de-
creases. For convenience in determining the loss of head caused
by the installation of the V-notch flume in a channel, the results
are given in graphical form in Figure 11. To find the loss of head
when the discharge and average depth are known, find the depth in
the column on the left of the diagram, follow the horizontal line at
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FIGURE 11.—Curves Showing the Loss of Head in Feet in a V-Notch
Venturi Flume for Different Depths and Discharges.
this point until it intersects the given discharge curve, and then read
the loss of head 1n feet at the bottom of the diagram directly beneath
the intersection. :
The discharge diagram, Figure 19 was plotted from results
computed from the formula:

20 H,
o= C— H“
1_

2”3+H )2]-1a2
Where Q=discharge in second feet,
0.362
- _ _ _ 2 Y004
C=0.930+(4.07 1.4Ha) (Hd 0.05 H, 0.04) 680Hd s

H, =—upper head in feet,

Hy, =throat head in feet,

Hy=(H, — Hy )= difference in head in feet,
e =—2.7183.
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This formula is based on the results of the experiments made
at the hydraulic laboratory at Fort Collins, Colorado, and the field
laboratory at Bellvue, Colorado. To find the discharge from the
diagram when the upper head, H,, and the difference in head, Hgy,
are given, find the point where the horizontal line, thru the given
difference in head on the left of the diagram, intersects the upper
head curve, and read the discharge in second feet at the bottom of
the diagram directly beneath this point.
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FIGURE 12.— Plot Showing the Deviation of the Computed Data from the
Experimental Data for the V-Notch Venturi Flume.
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The agreement of the results from the diagram with the ex-
perimental data is shown in Figure 12 which is similar to Figure 2
for the rectangular flumes.

The installation of the V-notch Venturi flume should not
offer any practical difficulties. TEither concrete or timber may be
wsed. Tor concrete structures, see description of method given for
rectangular flumes on page 1+ 1f built of timber, it is reconi-
mended that commerciak 2-inch plank Dbe used. These planks
should be surfaced on one side and so placed that this smooth sur-
face would form the inside of the flume. Care should be exercised
in properly fitting the sides to the throat section so as to make the
edge of the two surfaces or joint smooth and regular. The pipe
connection to the throat gage well should be made as shown in
drawing, and approximately 2 inches above the bottom point of the
throat. The pipe connection for the upstream or upper gage well
should be placed horizontally and at right angles to the edge of the
plank, also approximately 2 inches above the floor. These pipes
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should not extend beyvond the inside surface of the sides of the
structure. The floor of the flume should be level in both directions
and placed so that the floor line will be on the grade of the channel.
The size of the gage wells is not important; however they should be
of sufficient size for cleaning purposes. If made of 2-by 12-inch
plank and built as shown in the plan, the opening will be approxi-
mately & by 10 inches. The depth should be sufficient to reach at
least one-half foot below the floor of the flume and a bottom should
be provided for both wells. When set in position, they should be
vertical and close to the structure, with the tops of the wells at the
same elevation. Covers for the wells may be provided if found
necessary.
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SUMMARY

The Venturi flume is intended to meet those conditions for
which the standard weir or other measuring devices are not suited,
the most important application being where sufficient head is not
available for other types of measuring devices.

The accuracy of the Venturi flume is sufficient to meet ordi-
nary requirements and by actual computation it has been shown
that, for all sizes of rectangular flumes investigated with discharges
ranging from less than 1 second foot to nearly 400 second feet, 94
per cent of all tests show an error in discharge of 5 per cent or less.

A similar comparison for the V-notch flume shows that for
discharges ranging from 0.1 to 10 second feet, 70 per cent of all the
tests show an error of 2 per cent or less.

In order to obtain the best results from the rectangular Ven-
turi flume, it is recommended that four gage wells be installed, and
that the mean reading be used in determining the discharge.

Where the installation of a flume is made with the intention of
using a recording instrument, a special arrangement of float wells
is necessary, and also provision must be made for connecting these
two wells with those on the opposite side of the flume.

Frequent testing of the sensitiveness of the gage wells is advis-
able. Cleaning of the wells of silt or sand should be done when
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found necessary, and this can best be accomplished by a false bot-
tomed bucket or can, rigidly fixed to a long rod or wooden handle.

Scales or gages attached to the inside surface of the flume for
determining the head are not sufficiently accurate for general
purposes. ‘

Due to the nature of the law of flow through the Venturt
flume, the accuracy increases as the difference in head increases;
also the per cent of error in making the reading is decreased when
the difference in head is great. Consequently, it is'advisable, if the
head is available, to operate the flume with the greatest difference
in head possible.

The application of the general discharge formulas, as given
for the Venturi flume, is not recommended for determining dis-
charges for flumes having throat widths or depths bevond the
limits of those shown in the diagrams; however, if these expres-
sions are applied, the results will be only approximations.-

Concrete structures are recommended, but timber may be used
if the structures are well braced to insure stability.

The logarithmic discharge diagrams are used in exactly the
same manner as an ordinary co-ordinate chart; however, care must
be used in picking off the values because of the fact that the inter-
vals of equal value decrease as the quantities increase.

Changing the velocity or increasing the depth of water below
the flume does not effect the utility of the device. All changes are
automatically taken care of by the variation in the gage heights.
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CoLoRADO EXPERIMENT STATION
UNITS OF MEASURE

The Cubic Foot per Seccond, called second-foot, is a unit of
measure for flowing water. When a stream discharges 1 cubic
foot of water in one second, there is a second-foot flow.

The Acre-Foot, is a unit of measure for standing water, and
is that volume which will cover one acre one foot deep. An acre-
inch is one-twelfth of an acre-foot, or the volume which will cover
one acre to a depth of one inch.

The Miner's Inch is unsatisfactory, and rapidly losing favor
as a unit for measuring water, because it is not a definite quantity.
It varies with the conditions under which it is used, and is therefore
being replaced by the second-foot.

TABLE OF HYDRAULIC EQUIVALENTS.
One cubic foot equal 7.48 gallons, or approximately 714
gallons.
One cubic foot of water weighs approximately 6214 pouunds.

One cubic foot per second equals 448 83 gallons per minute, or
approximately 450 gallons per minute.

One cubic foot per second flowing for 1 hour, equals approx-
mately 1 acre-inch.

One cubic foot per second, flowing for 12 hours, equals approx-
imately 1 acre-foot.

One cubic-foot per second, flowing for 24 hours, equals approx-
imately 2 acre-feet.

One acre-foot equals 43,560 cubic feet, equals 325,851 gallons.
One million cubic feet equals 22.95 acre-feet.

In Colorado it has been generally assumed that 1 Miner’s inch
(Statutory inch) equals 1-38.4 of one cubic foot per second.
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