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NOTE

The designations employed and the presentation of the material in this publication do not
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Meteorological Organization concerning the legal status of any country or territory or of its
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FOREWORD

At its third session (Geneva, 1968} the WMO Commission for Hydrometeorology (now the Commission for
Hydrology) established a working group to prepare, infer alin, a Technical Note on weirs, flumes and other stream-
gauging structures, The members of the working group were Mr. R. W. Carter (1i.5.A.) (Chairman}, Mr. R. W.

Herschy (U.K.), Mr, H. Jansen (Federal Republic of Germany), Mr. V. P. Saban (U.8.S.R.), Mr. J. Stachy (Poland)
and Mr. P, W, Strilaeff (Canada).

The present Technical Note has accordingly been prepared by the working group. It is hoped that the publi-
cation will provide very useful and practical guidance to all services and individuals taking regular hydrometric
measurements with weirs and flumes, and especially for all those who infend to establish such structures within
their hydrological networks.

It is with great pleasure that 1 express the gratitude of WMO to Mr. R. W. Carter and to the other members
of the working group for the time and effort they have devoted to the preparation of this Technical Note.

D. A. Davies
Secretary-General






SUMMARY

The aim of this Technical Note is to supply the reader with technical information on flow-measuring methods
utilizing artificial control sections of such a shape that head-discharge relationships can be determined from measured
wafer levels without the necessity of calibration — i.e,, by application of a discharge formula.

Chapter 1 provides general guidelines on the use and installation of such artificial controls. Detailed descrip-
tion, basic equations, design and relevant figures and tables are given for different types of thin-plate weirs, for
broad-crested and other long-base weirs, and for standing-wave flumes in Chapters 2, 3, and 4 respectively.

RESUME

Cette Note fechnique a pour but de présenter au lecteur des renseignements techniques sur les méthodes de
mesure des débits dans lesquelles on utilise des sections de contrdle artificielles ayant une forme qui permet de
déterminer les relations charge-débit & partir de mesures da niveau de I'eau sans devoir procéder au tarage, c’est-d-
dire en appliquant une formule de calcul des débits.

Le chapitre 1 donne des directives générales sur utilisation et Pinstallation de ces sections de contrdle artifi-
cielles. Puis la Note décrit en détail, respectivement dans les chapitres 2, 3 et 4, les différents types de déversoirs en
mince paroi, les déversoirs 3 large seuil et 4 longue base et les canaux 4 ondes stationnaires, et indiyue les dquations

fondamentales et les principes de construction & appliquer, tous ces renseignements étant accompagnés de figures
et de fableaux.
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PEIIOME

Hesso gannoil Texnuyccrodl BallUCKU ABIACTCH OBHAKOMIESHUE YHUTATENA € TeXHUUYCCKOHE
HHOPMATHCH OTHOCATENBI0 METMOB UAMCPCHNA [IOTOKA, UCNOJLAYIOMNY HCKYCeTROHIILIC
KONTPOSLHBE THM)IPOMETPUYCCKNC CTBOPLY Tawol IOpMLI, KOTOPAA MOSBOJACT ONDEICIMTL 3aBUCHMOCTD
Me3KIy HANOPOM-H PACXOIIOM BOJL M3 UBMCPCHILX ypoBieil Bonw Ocs HEOOXOAMMOCTH [IPOBEICIHA
kajnOpoBRKH, ¥. €. HpHMenaAn QOpMyNY pacxoma BOMAN.

B raase 1 pamwTea o0uipe PyKOROJAN[NC YVK4BAHHA TH0 HCNOILIOBANMIO M YETAlOBKRe MOROOIILIX
HCKYCCTBEHHLIX HOHTPONLHBIX THApoMerpuieckux crBopob. [logpobiioe onucanue, ccnopubie
YPaBHeHHSA, PAcUeT ¥ COOTBETCTEBYIOINUE PHCYliky #u TalJuMlb A PasJIM9iLX TUNOB BOROCJINBOR
¢ TOHKOTl CTEHKOMH, ANA BOAOCIUBOE ¢ LIUPOKUM IIOPOTOM H IPYTUX BOACGC/IMBOB ¢ LIMPOKUM OCHOBAHMGM
H JJifl JIOTKOB CTOAYeH BOJTHL JIAI0TCA B raaBax 2, 3 W 4 COOTBOTCTBEINIO.

RESUMEN

Esta Nota Técnica tiene por objeto facilitar al lector informacion técnica sobre los métodos de medida del
caudal que utilizan secciones de control artificiales, cuya forma permite determinar la relacion existente entre la
carga y el caudal, a partir de medidas del nivel del agua, sin tener que recurrir a una calibracion, es decir aplicando
une formula de cdlculo del caudal.

En el capitulo 1 se indican las directrices generales que deben observarse para la utilizacién e instalacién de
dichas secciones de control. En los capitulos 2, 3 y 4 figuran, respectivamente, descripciones detalladas de los
diversos tipos de vertederos de pared fina, los de pared pruesa y otros de base amplia, los conductos abiertos de
onda estacionaria, asi como las ecuaciones fundamentales y los principios de construccién que deben aplicarse,
quedando ilustrado todo ello mediante las correspondientes figuras y cuadros.

.= VIIT -




1. GENERAL

1.1. INTRODUCTION

1.1,1.

These notes deal with flow measuring methads utilizing artificial control sections of such shape that head-
discharge relationships can be determined {rom measured water levels without the necessity for calibration, ie by
application of a discharge formula.

There exists a limited range of different weirs and flumes that have well-established relationships between head
and discharge, and the most commonly used of these are described in the following sections. Only under reason-
ably favourable field conditions can the established formulae accurately predict the discharge, however. It is
important therefore that, if a measuring structure is required to measure flow directly from water level readings,
every care must be taken in the construction and operation of the device, and the most suitable formula be used.
There is no substitute, however, for in-place calibration for all devices discussed here.

Where conditions other than those specified here are encountered, in-place calibration is necessary to establish
the extent of departure from the standard formnla or to develop the head discharge function if the gauging structure

. is not one of those covered in this note.

1.2, SCOPE

1.2.1.

The measuring devices to be discussed here may be catalogued into three groups:

a, The various types of thin-plate weirs are generally employed in the hydraulics laboratory and on small, clear-
flowing streams; particularly where above average accuracy is desited and adequate maintenance can be
provided, such as for small research watersheds.

b. On small streams and canals conveying sediment and debris and in other situations where the head loss
associated with a thin-plate weir is unacceptable, flumes are preferable. Certain types may also be used
drowned, permiliing opetation with very small head loss but at some less of accuracy.

¢. On larger streams, various types of broad-crested, triangular profile, and round-shaped weirs are frequently
employed. On larger streams it is usually impractical as well as wnwise to place such structures excessive in
height above the normal streambed. When submerged flows may exist over some part of the discharge range,
the discharge relationships presented may not apply as the discharge would cease to be a function solely of
upstream level. In case of doubt, such structure should be field rated. The triangular profile weir may be
operated successfully when drowned, with double gauging of water levels.

1.3, SELECTION OF STRUCTURE

1.3.1.

1.3.2.

The criteria which may be considered in choosing a structure are:

Range of discharge
Accuracy

Head loss

Cost

Be e

The range of discharge to be gauged when related to the ranpe of head will decide whether the struciure should
have a rectangular flow cross-section at the throat or control section. Such a type is suitable if:

Q max < H max Az
Q min H min

where Q max and Q in 8TC the maximum and minimum discharges to be measured, and H ,,, and H ;,, are the
maximum and minimum allowable total heads on the structure. Otherwise a structure of Vee-shaped flow section,
such as a Vee-noich or trapezoidal-throated flume, or alternatively a compound weir with crests. at different levels,
will be necessary.




1.3.4.

1.3.6.

1.3.7.

1.3.8,

A structure must measure flow sufficiently accuraiely over the whole range’ of flow it is desired 1o gauge. Since
the basic calibrations of the stroctures discussed are generally better than about 2 per cent, the overall accuracy
of measurement will depend principally on the accuracies of construction and measurement of head, and on the
sensitivity of the structure to flow conditions in the approach. The accuracy of construction can of course be
carefully controlled and the effects of errors in head measurement can be minimized by designing the structure so
as to avoid measurement of small heads, say less than about 0,08 m. But the effect of flow conditions in the
approach has to be considered more fully.

Special problems are posed in the design of suitable structures for channels with steep gradients (38, 39); errors

in calibration can arise due to fluctuations in bed level and the presence of standing waves in the approach

channel, and also due to the failure to assess accurately the energy coefficient, o, at the level gauging section.

From this point of view, rivers and other open channels have been classified (40) into three categories: those of

gentle slope with Froude numbers less than (.25, ie slopes less than about 1:1000, in which the calibrations of

gauging structures are unlikely to be affectéd by the factors mentioned above; those of moderate slope, with

Froude numbers between 0.25 and 0.5 (slopes between about 1:1000 and 1:250} in which small, though significant |
errors can arise; and those of sieep slope with Froude numbers greater than 0.5 (slopes greater than about 1:250) !
in which large gauging errors occur. For channels with Froude numbers greater than about 9.6 accurate gauging J‘
can only be achieved by constructing an entirely different form of structure from the conventional weir or flume, ;
such as that described in reference (39). This special problem, however, is outside the scope of this guide. !

By careful attention to design, the errors occurring in channels of moderate slope can be reduced (39). In particular
for a channel carrying an appreciable sediment load it may be preferable to consiruct & flume rather than a weir for
flow measurement: a flume with side contractions only can maintain a nearly constant Froude number in the

existing at the site the fluciuation in bed level will be minimized.

In many cases it is necessary to reduce to a minimum the head loss across a structure at maximum discharge. In
an irrigation system water levels may have to be maintained as high as possible so that the system can command
the maximum area of land. At a new structure in a river the level of the banks may require that the water be backed
up as little as possible above downstream levels. Alternatively the possibility of scour downstream of a structure
may demand that the energy to be dissipaled be minimized; in this connection it is worth pointing out that flow
over a weir is two-dimensional with a uniform discharge intensity across the width, making energy dissipation
downstream easier than in the case of a flume.

A basis for comparing the head loss at various struciures was described in a recent paper (41), This showed that
for the weirs and rectanguler throated flumes considered, the lowest head losses wetre achieved at submerged
Crump weirs and at round-nose horizontal crest weirs with sloping back faces operating at the submergence limit.
The head loss across flumes, including submerged Parshall flumes, is greater than the weirs mentioned ghove
under comparable flow conditions.

Cost will often be the principal criterion in making a choice, particularly in the cases where several types of
structure would be suitable on the other grounds. The cost consists principally of the capital cost of the construc-
tion and of the ancillary equipment such as water level recorders, The construction cost is closely related to the
size of the structure; the paper cited (41) compares the relative volumes of different types of structure for given
hydraulic conditions while bearing in mind the other considerations of accuracy and head loss mentioned above. At
the same time the operating cost of a structure, which is made up of the costs of maintenance and of processing the
data, could influence the choice to be made. For example, the size of a submerged structure may be much smaller
than a free-flowing structure; however it will require two water level recorders and two stilling wells instead of one
of each, and the computation of discharge will be more complicated and hence more costly. The additional costs of
computation and of maintenance of the second recorder and well, plus their cost of installation, may in some circum-
stances more than offset the savings achieved in the size of the structure.

If choice is restricted to devices having a rectangular flow section, other than a thin-plate weir, the siructures hav-
ing the smallest volume of consiruction are as follows, for various ranges of F,, the Froude number of the [low in
the channel downstream:

F, < 0.2. The rectangular profile weir (in the variable coefficient range) followed by the round-nose horizontal crest and

truncated Crump weirs.

0.2 <F; <0.4. The drowned Crump weir, followed by the round-nose horizontal crest and truncated Crump weirs,

0.4 < F, <0.6. The round-nose horizontal crest weir followed by the truncated Crump weir and the rectangular-throated
starding wave flume.



1.4, INSTALLATION CONDITIONS

1.4.1.

1.4.2.

1.4.3.

1.4.4.

1.4.5.

1.4.6.

1.4.7.

1.4.8.

The complete measuring installation consists of an approach channel, gauging structure and a downstream channel.
The condition of each of these three components affects the overall accuracy of the measurements. Installation
requirements include such features as the surface finish of the weir, cross-sectional shape of chanunel, channel
roughness and the influence of contro! devices upstream or downstream of the gauging structure.

Maintenance of the measuring structure and the approach channel is important to secute accurate continuous
measurements. The approach channels to weirs should be kept clean and free from accumulations of silt and
vegetation, The structure must be kept clean and free from clinging debris and ice and care shall be taken in the
process of cleaning to avoid damage to thin-plate and other weirs with vulnerable corners, The stilling well and
the connecling pipe-or slot from the approach channel must also be kept clean and free from deposits and ice,

The weir should be located in a straight reach, which should be well maintained to avoid local obstructions,
roughness or unevenness of the bed. A preliminary survey should be made of the physical and hydraulic features
of the proposed site, to check that it conforms (or may be made to conform) to the requirements necessary for
measurement by the structure. Particular attention should be paid to the following features in selecting the site:

The adequacy of the length of channel of regular cross-section available.

The regularity of the existing velocity distribution.

. The avoidance of a steep channel (but see 1.4.8.).

. The effects of any increased upstream water levels due to the measwring structure.

. The conditions downstream including such influences as tides, confluences with other streams, sluice gates,
mill dams and other controlling features which might cause drowning.
The impermeability of the ground on which the structure is to be founded and the necessity for piling, grout-
ing ot other sealing-in of river installations.

. The necessity for flood banks, to confine the maximum discharge to the channel.

The stability of the banks and the necessity for trimming and/or revetment in natural channels,

The clearance of rocks or boulders from the bed of the approach channel,

Effect of wind, Wind can have a considesable effect on the flow over a weir, especially when it is wide and

the head is small and when the prevailing wind is in a transverse direction.

- e mo SR
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On all installations the flow in the approach channel shall be smooth, free from disturbance and have an even
velocity distribution. Conditions in the approach channel can usually be verified by inspection or measurement
for which several methods are available, such as velocity rods,fioats or concentrations of dye - the latter being
useful in checking conditions at the bottom of the channel. A complete and quantitaiive assessment of velocity
distribution may be made by means of a current meter.

An even velocity distribution can be obtained by having a long straight approach channel free from projections
either at the side or on the bottom. The cross-section should be reasonably uniform and the channel straight for

a length equal to at least ten times the width of the weir. In an artificial channel where no debris or matter is
carried in suspension, suitable flow conditions can often be provided by suitably placed baffles formed by vertical
laths, but there should be no baffle nearer to the point of measurement than ten times the maximum head to be
measured.

If the entry to the approach channel is through a bend or if the flow is discharged into the channel through a
conduit of smaller cross-section, or at an angle, then a longer length of straight approach channel may be required
to achieve an even velocity distribution.

In a natural channel, it would be uneconomical to line the bed and banks of the stream with concrete for the
distance given in 1.4.5. A contraction in plan will be required if the width of the gauging structure is less than
the width of the stream. Wing walls to effect this contraction should be symmetrically disposed with respect to the
centre-line of the stream and should be gently curved at their upstream ends, for example as shown in Figures 3.1,
3.3 and 3.7. They should be plane, straight and parallel through to at least a distance H _ . upstream of the head
measurement section, the curved portion upstream of that point being to a radius of not less than 2H .
Under certain conditions, a standing wave may occur upstream of the measuring structure, lor example, if the
approach channel is steep. Provided this wave is at a distance upstream of not less than 30 times the maximum
head, flow measurement will be feasible, subject to confirmation that a regular velocity distribution exisis at the
ganging station. If a standing wave occurs within this distance the approach conditions must be medified eg by
altering the weir characteristics, if measurement errors are to be avoided.

3



1.4.9.

1.4.10.

When the velocity distribution in the approach channel differs considerably from the normal, the discharge charac-
teristics are altered, Consequently, flow measurements made with non-standard weir installations are subject to
error, An indication of the magnitude of error associated with a variety of nonuniform velocity distributions can
be obtained from ref 1. An approximate method of compensating for the error has been suggested (ref 2) but the
pfocedure tequires preliminary measurement of velocities in the approach channel in order to establish certain
velooity-distribution characteristics of the installation.

Although any deviation from the ideal conditions of either very uniform velocity or a normal velocity distribution
may lead to errors in flow measurement, quantitive information on the influence of velocity distribution is inade~-
quate to define the acceptable limits of departure from the ideal distribations. However, Figure 1.1 provides
some guidance to the type of velocity distribution and evenness thereof that are acceptable in practice (ref 3).
The isovels plotted in Figures 1.1 (e) and {f) provide examples of observed normal velocity distributions, which
are clearly acceptable. Figure 1.1 (a) shows some skewness, but nevertheless approximates to a normal distribu-
tion. Figures 1.1 (b) and 1.1 (¢} show appreciable departure from uniformity, and are considered representative
of the maximum acceptable departure from ideal approach conditions for the tolerances given.

J[=

Average

{2) o.o-a

(d)

(d

Average

Q.9

FIGURE 1.1. EXAMPLES OF VELOCITY PROFILES IN THE APPROACH CHANNEL
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1.4.11. The flow conditions downstream of the structure ate important only in that they control the tail water level which

may influence operation. The altered flow conditions due to the construction of the weir or flume might cause
shoaling downstream of the structure, which in time might raise the water level sufficiently to cause drowning,
Any accumulation of material downstrteam of the structure should therefore be removed periodically.

1,5. GAUGING STRUCTURE

1.5.1.

1.5.2,

The structure shall be rigid and watertight and capable of withstanding flood flow corditions without distortion
or fracture, The weir crest should be at right angles tothe direction of flow:; the flume axis should be aligned to
the direction of flow.

The sutfaces of the structure, and of the vertical abutments flanking it, shall be smooth: they may be con-
structed in concrete with a smooth cement finish, or surfaced with a smooth noncorrodible material, In labora-
tory installations, the finish should be equivalent to rolled sheet metal or planed, sanded and painted timber.
The surface finish is of particular importance on the horizontal crest of the weir and in the throat of the flume,
but may be relaxed a distance along the profile }2H  upstream and downstream of the crest or throat. The
structure should be measured on completion and actual dimensions should be used in the computation of
discharge.

1.6, COMPOUND WEIRS

1.6.1,

1.6.2.

It is permissible to incorporate weirs at different crest elevations in a single gauging structure, but unless the
sections with different crest elevations are physically sepatated by means of intermediate piers so that two-
dimensional flow is preserved over each section of the crest, efrors may be introduced, Divide piers should
extend throughout the full depth of flow, The parallel section should extend from H max Gpstream of the weir
block to the end of the weir block., To avoid shasp curvatures at the cutwaters, the thickness of the piers should
be at least 0.2H . (lower crest) and also not less than half the difference in the elevations of the adjacent
crests. They should have streamlined noses. Flow conditions at and near the pier cutwaters will be improved

if the bed level upstream of the low crest section is set below that of the high crest sections, to yield similar
values of H/P at the highest discharge to be measured.

In making allowance for the velocity of approach when computing discharge from a total head equation, the
actval cross-sectional area of flow at the gauging section should be used in the relationship V_ = Q/A where
Q is the total flow, obtained by summing the discharges through each section of crest. Successive approxima-
tion may be required in reducing the discharge from gauged head. The C, relationships given for simple weirs
do not apply (see 3.1.5).

1.7, MEASUREMENT OF HEAD

L7

The head upstream of the weir crest may be measured by a vertical or inclined gauge, a hook, point, wire or tape
gauge where spot measurements are required, or by a recording gauge where a continuous record is required. The
location of the head measurement station is dealt with in later sections. It is usual to measure the head in a
separate stilling well to reduce the effects of time-dependent surface irregularities. When this is done, it is also
desirable to measure the head in the approach channef as a check,

The stilling well must be vertical and of sufficient height and/or depth to cover the full range of water levels.
At the recommended position for the measurement of head the well should be connected to the approach channel
by means of a pipe or slot.

Both the well and the connecting pipe or slot must be watertight, and where the well is provided for the
accommodation of the float of a level recorder, it should be of adequate size and depth to give clearance around
the float at all stages. The float should not be nearer than 0.075 m (0.25 ft) to the wall of the well,

The pipe or slot should have its invert not less than 0,06 m (0.2 €t) below the lowest level to be gauged, and it
should terminate flush with the boundary of the approach channel and at right angles thereto. The approach



1.7.3.

1.7.4.

1.7.5.

channel boundary should: be plane and smooth (equivalent to carefully finished concrete) within a distance of ten
times the diameter of the pipe or width of slot from the centre-line of the connection. The pipe may be obligque
to the wall, only if it is fitted with a removable cap or plate, set flush with the wall, through which a number of
holes are drilled. The edges of these holes should not be rounded or burred,

Adequate additionat depth shonld be provided in the well to avoid the danger of the float grounding on the bottom
or any accumulation of silt or debris. The stilling well arrangement may include an intermediate chamber of
similar size and proportions between it and the approach channel, to enable silt and other debris to settle out
where they may be readily seen and removed.

The diameter of the connecting pipe or width of slot should be sufficient to permit the waler level in the well to
follow the rise and fall of head without appreciable delay, but on the other hand it should be as small as possible,
consistant with ease of maintenance, to damp out oscillations due to short periodic waves. In some installations
a valve may be provided for these purposes.

No firm rule can be laid down for determining the size of the connecting pipe or slot, because this is dependent
on the circumstances of the particular installation, eg whether the site is exposed and thus subject to waves, and
whether a large diameter well is required to house the floats of recorders. 1t is preferable to make the connection
too large, rather than too small, because a restriction can easily be added later if short period waves are nat
adequately damped oui. A 10 cm (4 in) diameter pipe is usually suitable for flow measurement in the field.

3 mm (% in) may be appropriate for precision head measurement with steady flows in the laboratory.

Initial setting of the zero of the head measuring device accurately with reference to the crest level of the weir,
ard Teguia ecking of-thissetting-thereafteris-essentialif everall ascuracy is to be-attained his is especi
ally important if measurements of small heads are necessary,

An accurate means of checking the zero must be provided. The instrument zero should be obtained by a direct
reference to the weir crest, and a record of the setting made in the approach channel and in the stilling well.

A zero check based on the water level {(either when the flow ceases or just begins) is liable to serious error due
to surface tension effects and should not be used.




2. THIN-PLATE WEIRS

A full description of proposed standards for the use of weirs is given in the recommendations of the International

Standards Organization (rif 4). Most of the salient points of this section are taken from this document and from BS 3680
Parts 4A and 4B (ref 3).

2.1,
211

TRIANGULAR-NOTCH WEIRS

Within the range of conditions for which the available experimental data are competent, the {riangutar-notch, thin-
plate weir (or V-notch} is one of the most precise measuring devices for clean water not carrying sediment,
provided it is not submerged. It is inexpensive, simple to construct and install, and relatively insensitive to the
installation environment, but is dependent on careful maintenance. A standard triangular-notch weir is shown in
Figure 2.1, and consists of a symmetrical, V-shaped notch in a vertical, thin-plate. The line which bisects the
angle of the notch shall be vertical and equidistant {rom the sides of the channel. The weir plate shall be smooth
and plane, especially en the upstream side, and it shall be perpendicular te the sides as well as the bottom of the
channel. The crest surfaces of the notch shall be plane surfaces, which shall form sharp, right-angle corners at
their intersection with the upstream face of the weir plate. The width of the crest surfaces (measured perpendi-
cular to the face of the plate) shall be between 0.03 and 0.08 in {1 to 2 mm). It is particularly important that the
upstream edges of the notch be sharp; that is, that they be machined or filed perpendicular to the upstream face of
the weir plate, free of burrs and scratches, and untouched by abrasive cloth or paper. The down-stream edges of
the notch shall be chamfered if the weir plate is thicker than the allowable crest width. The sirface of the chamfer
shall make an angle of not less than 60 deg with the surface of the crest.

Direction
of flow

Enlarged view of V notch,
showing chamfer on down -~
stream edge of notch

FIGURE 2.1. THE TRIANGUI.AR THIN-PLATE (SQUARE-EDGED} WEIR (V-NOTCH}



2.1.2. Piezometers or a point-gauge station for the measurement of the head on the weir shall be located a sufficient
distance upstream from the weir to aveid the region of surface draw-down, On the other hand, they shall be close
enough to the weir that the energy loss between the section of measuroment and the weir shall be negligible. For
these standazds it is recommended that the head measurement section be located a distance equal to from three to
four times the maximum head (3 0 4 h_ ) upsiream from the weiz. :

2.1.3. The discharge nappe shall be fully ventilated and unsubmerged.

2.1.4. Basic equation:

The basic equation of discharge for the triangular-notch weir is
8 9 52 2.1
=C =< v2g tan—
Q-Cggrigtanyh

in which  is the volume rate of flow or discharge (cu fi per sec or cu m per sec), C is the coefficient of discharge
(nondimensional), g is the acceleration due to gravity (ft per sec per sec or m per sec per sec), @is the angle
included between the sides of the notch {radians or degrees), and h is the piezometric head or height of the up-
stream liquid surface refesred to the vertex of the notch (ft or m).

2.1.5. InEq 2.1, C may be described as a function of three geomeiric ratios and two fluid-property ratios involving visco-
sity and surface tension. For a given liquid over a limited temperature range, the combined effects of viscosity
and surface tension are related to the absolute magnitude of h alone.

2.1.6. Noiches with fully-developed contractions, standard angles.

The three sizes of V-notches most commonly used are:

a. The 90 degree notch in which Lhe dimension across the top is twice the vertical depth (tan%=1)

(2.2)
Q= 2/IECHRY*
b. The %90 degree notch (B =53"8") in which the dimension across the top is equal to the vertical depth
(tan L 0.5)
2
2.3

- 4 5
= % se
Q 5 vIg Cyh
c. The 490 degree notch(® =284') in which the dimension across the top is half the vertical depth (tan%: 0.2'.5)

Q= %fﬁcnh 5/2 2.9

The ceefficient values with the corresponding discharge for 90 degree, 1590 degree and %90 degree notches are
given in Table 2.1 in metric units and in Tables 2.2, 2.3 and 2.4 in foot second units (ref 3).

The general instailation conditions must comply with Section .4 and the following limitations on k, P,b/P, b and _
h/B must be observed in the application of these tables.

a. h shall not be less than 2 in (0.05 m) nor more than 15 in {(0.38 m).
b. The vertex height, P, shall exceed 1,5 ft {(0.45 m).

¢. h/P shail not exceed 0.4, '

d. The width of the approach channel, B, shall exceed 3.0 ft (0.9 m).
e. h/B shall not exceed 0.20.




TABLE 2.1. DISCHARGE OF WATER OVER V-NOTCHES (METRIC)

NOTE. The number of significant gures given in the columns for coefficient and discharge
should not be taken to imply a corresponding accuracy in the knowledge of the valves given,

but only 10 assist in interpolation and analysis.

90 degre= V-notch 1£90 degree V-notch 1490 degree V-notch

Head Coeffis Coefficient Coefli
cient . i . cient .
o Discharge Co Discharpe o Discharge
m mifs x 10 m*fs x 10 mifs x 10

0-050 0-608 0 0-008 03 0615 3 0-004 06 0-650 8 0-002 15
0-051 06075 0008 43 06149 0004 27 0649 8 0-002 25
0-052 0:606 9 0-008 84 0614 5 0-004 48 0648 8 0002 36
0-053 0-606 4 0-G09 26 06141 0-004 69 06478 0-602 47
0-054 06059 0009 70 0613 7 0004 91 0646 8 5-002 59
0-055 0605 4 0-010 15 G613 3 0-005 14 0645 9 0-002 71
0-056 0-604 9 001061 06130 0-005 37 0-644 9 0002 83
0-057 0-6804 5 0011 08 06125 0-005 61 0-644 0 0002 95
0-058 0-604 1 0-011 56 06122 0-005 86 643 2 0-003 08
0-059 0603 6 0012 06 06118 0006 11 06424 0003 21
0060 0603 2 0-012 57 06114 0-006 37 0-641 7 0003 34
0061 0-602 3 0-013 5 06121 0-006 63 0641 0 0-003 48
0-062 0602 3 0-013 62 05108 0-006 91 0-640 3 0-003 62
0-063 0601 9 0014 17 06105 0-007 18 0-639 6 0-003 76
0-064 06015 0014 73 06101 0-007 47 06390 0003 91
0-065 0601 2 0-015 30 06098 0-007 78 0-638 3 0-004 06
0-066 06008 0015 88 0-6095 0-008 06 06376 0-004 21
0067 0-500 5 0016 48 0-609 2 0-008 36 06370 0-004 37
0-068 0600 1 0-017 10 0-6090 000867 | 083649 0004 53
0069 05998 0017 72 o608 7 0-008 99 06358 0-004 70
Q-070 05994 0018 36 G608 4 0-009 32 0635 2 0004 85
0071 o599 0 0-019 01 06081 0-009 65 06346 0005 03
0072 0-598 7 0-019 87 06079 0009 99 06340 0-005 21
0073 0-598 3 0020 35 06076 0010 33 0633 5 0-005 39
0-074 05980 0-021 05 0607 3 0010 69 06329 0-005 57

90 degree Venotch 1490 degree V-potch 1490 degree V-potch
Head erﬁl:l lt] Coefficient Coeflicient
e - . o

Co Discharge o Discharge Co D¥ischarpe:
m mifs % 10 m*fs x 10 mis x 10
0075 05978 0-021 76 0607 1 0-011 05 06324 0-005 75
0-076 05975 0022 48 0-606 8 0011 41 06318 000594
0077 0597 3 0-023 22 0-606 6 0-011 79 0631 3 0-00613
0078 05970 0023 97 0-606 4 0012 I7 06308 0-006 33
0079 05967 0-024 73 06061 001256 06303 0-006 53
0-080 0:596 4 0-025 51 06060 0-012 96 06298 0-006 T3
0-08L 0596 L 0-026 30 06058 0-013 36 0629 3 0-006 34
0-082 05958 | 002710 06056 001377 06289 0007 15
0-083 05955 0027 92 0-605 4 0014 19 06285 0-007 37
0084 05953 0028 75 06052 0014 62 06280 0-007 59
0085 05950 0-029 61 06050 0015 05 06276 0-007 81
0-086 0-594 8 0030 a8 0-604 8 0-015 49 0-627 2 0008 03
0-087 0-594 5 0-031 36 0-604 6 0015 M 06267 0-008 26
0-083 0-5%4 2 0-032 25 0604 4 0016 40 06264 0-008 50
0-089 0-504 0 003316 0604 2 0-016 85 06260 0008 74
0-090 0:593 7 0034 09 06040 0-017 34 06256 0-008 98
0091 0593 5 003503 0-603 8 0-017 82 06252 0-009 22
0092, 05933 0-035498 0603 & 0-018 30 0624 8 0-003 47
0-093 05931 0-036 96 0-603 4 0-018 80 06244 000373
0094 0-5929 003795 0-603 2 0019 30 0-6240 0-003 98
0-085 5927 0-038 95 0-603 0 001981 0623 6 001025
0-096 0592 5 0-039 97 06028 0-020 33 0623 3 0-010 51
0097 05923 004101 0-602 6 0-020 86 06229 0-010 78
0-098 05921 0042 06 0-602 4 0021 39 06226 0-011 06
0093 0-591 9 0-043 12 06022 0-021 94 06222 0011 33




01

90 degree V-notch

159G degree V-notch

1490 degree V-notch

Head R -
Cocgj;:ent Discharge Cne?;lent Discharge Coeg'l;:ent Discharge
m m?fs x 10 mijs x 10 m¥s X 10
0-100 05917 0-044 20 06021 0-022 49 Q-6219 0-011 61,
0101 0:591 4 0-045 30 0-6019 0-023 05 06215 001190
0-102 05912 0046 41 06017 0-023 62 0621 2 0-012 19
0-103 05910 0-047 54 0601 6 0024 20 06209 0012 49
0104 0-5908 0-048 69 0-601 4 0024 78 0-620 5 0-012 78
0-105 0-590 6 0049 85 06013 0.025 37 46202 0013 09
0-106 0-590 4 0051 03 06011 0-025 93 06199 G6-013 39
0107 0-5902 005222 0-6009 0.026 59 0-619 6 0013711
0108 0-590 1 053 44 060038 0-027 20 06193 0-012 02
0109 05899 0-054 67 0-600 6 0027 83 0619 @ 0-014 25
0110 0-5898 0-055 52 0-600 5 0-028 47 06187 0:014 66
o111 05897 0057 19 Q-600 3 0029 11 0618 4 0014 99
0112 0589 6 0-058 47 0-600 2 002976 06181 0015 33
0113 05894 0-059 77 0-6000 0-030 42 Q6179 001566
0114 0-589 2 0-061 08 05998 0:031 09 0617 6 0016 {1
0115 05891 0062 42 0-5997 003177 Q-617 3 0-016 35
0116 05890 0063 T7 0598 5 003246 06171 0-016 70
GL17 0-5889 0-065 14 0599 4 0033 13 06169 0-017 06
0-118 0-588 8 0-066 53 05992 0033 86 0616 6 0017 42
0-119 0-5688 6 0067 93 05991 0-034 57 0:616 4 0-0L7 78
0120 0-588 5 0-069 35 05989 0035 29 0-616 2 0018 15
0121 05883 007079 05988 0036 02 0816 0 0018 53
0122 0588 2 007224 0-598 7 0-036 77 G-6158 0-018 91
0123 05831 007372 05985 0:037 51 06155 0-019 29
0124 05880 0-075 22 05984 4038 27 06153 0019 68

50 degree V-notch 1490 degree V-notch 1490 degrec V-motch
Head Cooficient Coeffi Coeffi
o . cient N cient
o ‘ Discharge s Discharpe T Discharge
! -
) ] mds » 10 m*fs x 10 m*fs x 10
i
015 05880 | 007873 0598 2 0039 4 06151 0-020 07
o-1P6 0-5879 | 0078 27 05981 0039 82 06148 0-020) 46
0-1E7 05878 © 007982 3-5980 0040 60 0614 6 0020 86
0-1R8 05877 | 008139 Q-597 9 0-041 40 0614 4 0-021 27
01bs Q0-587 6 0-082 93 05978 0042 20 0614 1 0021 68
|
0130 G-5876 E 0-084 58 0597 6 0-043 02 06139 0022 09
0131 0G-587 5 0086 21 0-597 5 0-043 84 06137 0022 51
01532 0-587 4 0-087 85 0597 3 0-044 67 0-613 5 022 99
0133 0-587 3 008951 05972 0-045 51 0-613 3 0023 37
54 0:5872 009119 0-5871 046 36 0-6L3 1 0023 80
135 0587 2 0-092 89 0:597 0 0047 22 06129 002424
0] 05871 0-094 61 0-59% 8 0-048 09 06127 0024 68
0- 137 0-5870 0-096 34 0-596 7 0-048 97 06125 0-025 1%
0-138 0-586 9 0-098 10 0-396 6 049 36 0512 3 0-025 59
0-339 05869 0099 87 0595 . 005075 06121 0-026 04
-390 0-586 8 0101 67 0596 4 0-051 66 06119 0-026 51
034l 0586 7 0-103 48 0-596 2 0052 58 O-6E1 7 0-026 97
T 0142 0-586 7 3105 32 05361 0053 51 06115 G027 44
0-143 0-586 6 0107 17 0596 0 0-054 44 0-611 3 0-027 92
0144 O-586 6 0-109 04 0-526 0 0-055 39 06112 0-028 40
Q145 0-586 5 011093 0-385 9 0-056 35 0611 0 0-028 89
0146 0586 4 0112 84 0-5958 0057 32 06108 0-029 38
0-147 0-586 3 0114 76 05957 0-058 30 0-610 6 0-029 88
0148 0-586 2 G116 71 0-595 6 0-059 29 0-6105 0-030 38
0149 0586 2 0118 67 05956 0-060 29 06103 0-030 89




11

90 degree V-notch 1490 degree V-notch 1490 degree V-poteh
Head . . |

Coegi;m:t Discharge Coe?;:ent Discharge Coe?;:em Discharge

m m?fs x 10 mfs % 10 mds x 10
0-150 0-586 1 012066 0-585 5 0-06L 30 06102 0031 40
0-151 0586 1 0122 67 05954 0062 31 06100 003192
0152 05860 0124 71 05952 0063 34 06099 0-032 45
0-153 05860 0-126 76 05952 0-064 37 0-509 7 0032 97
0154 05859 0-128 83 05951 0065 42 0609 5 0-033 50
0155 05859 0-130 93 05950 0-066 48 0-609 3 0034 03
0-156 05859 0-133 04 0599 0-067 55 0-609 1 0-034 58
0157 05858 013517 05948 0-068 63 06090 0035 13
0-158 05858 0-137 32 0594 8 0069 71 06088 0035 63
0159 05857 0-139 50 0594 7 0-070 81 0-808 7 0036 24
0160 0-585 7 0-141 69 0594 6 0071 92 0-608 5 0-036 80
0151 05857 014391 ¢5%4 5 0073 04 0-608 3 0-037 37
0162 05856 0-146 14 0594 ¢ 0074 17 0-608 2 0-037 94
0-163 05856 0148 40 0594 4 0075 31 06080 0-038 52
0164 0-5855 0-150 67 0594 3 0076 46 0-607 9 003911
0-165 06855 0152 97 05942 0077 62 06077 0039 69
0-166 0585 5 015529 05941 0-078 79 06076 0040 29
0-167 0585 4 015783 05941 0079 98 0-607 4 0-040 89
0-168 05854 0-159 93 05940 0081 17 0607 3 0-041 49
0169 0-585 3 0-162 37 05939 0-082 37 0-607 1 0-042 10
0170 0585 3 C-164 77 05938 0-083 58 06070 004272
0171 05853 0-167 19 0595 7 0084 81 0-606 9 0-043 34
0-172 0-585 2 0-169 64 05337 0-086 04 0606 8 0-043 97
0173 5852 0172 10 0-593 8 0087 28 06067 0-044 60
0-174 0-585 1 0174 59 0593 5 0-088 54 0-606 5 0-045 24

90 degree V-notch 1490 dq;me V-notch 1490 degyee V-notch

Head Coefficient Coefficient Cocflicient
‘o Discharge Co Discharge { 7~ Discharpe

m mifs x 10 mis x 10 m¥s x 10

0-175 05851 o177 09 0593 4 0-089 80 0606 3 0-045 88
0-176 05851 0-179 63 0-593 3 0091 08 0-606 2 0-046 53
o177 05851 0-182 19 05933 0092 37 0-606 1 0047 18
0178 05851 0-184 78 05932 0-093 67 0-606 0 07 84
0179 0-585 1 0-187 38 05931 0-094 97 06059 0-048 51
0-180 05851 G190 01 0-593 0 0-056 25 06057 004918
0181 05851 0-192 65 05929 0-097 62 06056 0049 B6
0182 05850 0195 31 05929 0-098 96 06055 0050 54
0183 0-5850 0-198 00 05928 0-100 32 0-605 4 0051 22
0-184 0-5850 0-200 71 05927 0-101 63 06053 0051 92
0185 0-585 0 0-203 45 05926 0103 05 0605 1 0-052 61
0-186 0-5850 0-206 21 05926 0104 44 06051 0053 32
0-187 0-585 0 0-208 99 05925 0105 84 06050 0054 03
0-188 0-5850 0211 80 05925 0107 26 0604 9 005475
0189 05850 0214 63 05924 0-108 67 0604 8 0-055 47
0190 0-5850 0217 48 05923 011010 0604 7 0-056 20
0191 05850 0220 34 05923 0111 55 0604 5 0-056 93
0192 05849 0223 22 05922 0-113 09 0604 4 0-057 66
0-193 0-584 9 0226 12 05922 0-114 47 0-604 3 0058 41
0194 0-584 9 0229 06 05921 011595 0604 2 0059 16
0195 05849 0-232 03 0-592 0 0117 43 0-604 1 0059 92
0196 05849 0-235 01 05920 0118 93 0-604 1 0-060 68
0197 05849 0238 02 0-5919 0120 44 0-604 0 0-061 45
0198 05849 0-241 06 05919 0121 97 06039 | 0-06222
0199 0-584 9 0244 11 0-5919 0123 51 0-603 8 0-063 00




A1

90 degree V-notch 1490 degree V-notch 1490 degree V-notch
Head Cocff ‘
octficient . Coefficient . Coeflicient .
o Discharge o | Discharge o Discharge
m m¥s x 10 m?s » 10 nrjs x 10
0-200 0-5849 024719 0591 8 0125 06 06038 006379
0201 0584 9 0250 28 05918 0-126 62 0603 7 0-064 58
0202 0-584 8 0253 39 05917 012819 06035 0-065 37
0203 0-584 8 0-256 52 Q5917 0129 77 0-603 4 0-066 17
0204 0-584 8 0-259 63 05916 0-131 36 0603 3 0-066 98
0-205 05848 0262 88 05916 0132 9% 0-603 3 0-067 80
0-206 0-584 8 0-266 10 0591 5 0-134 57 06032 0068 62
0-207 o584 8 0269 34 05915 013620 0-603 1 0-069 44
0-208 0584 8 027261 0-591 4 0-137 84 0-6030 0-070 28
0209 0-584 8 Q27590 05913 0-133 49 06029 007111
0-210 0584 8 027921 0-591 3 014115 06029 0071 96
0211 0-584 8 0-282 54 0591 2 0142 82 0-602 8 0072 81
0212 05848 0-285 83 0591 2 0-144 50 06027 0073 66
0213 0-584 7 0289 24 05911 0146 20 0602 6 0-074 53
0214 0-584 7 0-292 64 05811 0147 92 06025 0-075 39
0-215 0584 7 0296 07 05910 014964 6025 o076 27
0216 0-584 7 0-209 53 0591 ¢ 0151 38 0-602 4 007715
o217 0-584 7 0-303 01 0-591 & 015313 0-602 3 0078 03
0218 05847 0-306 51 0590 9 0154 89 602 2 0-078 93
0-219 -0-5847 0-310 4 0590 9 0-156-66 0-602 2 0-079 82
0-220 0-584 7 0-313 59 0-590 8 0158 44 06021 0-080 73
0221 0-584 7 0-317 17 05908 16024 08020 0-081 64
0222 0-584 7 0-32077 0-590 8 016204 06019 0082 55
0223 0-584 7 0324 39 05907 0163 86 0-601 8 0-083 47
0224 0584 7 0-328 03 0-590 7 @165 70 06018 0-084 41

EL 90 degree V-notch 1490 degree V-totch 1490 degree V-notch

Hi
Coe?;uent Discharge Coe?;lent Discharge Coegi;nent Discharge
by ms ¥ 10 mis > 10 m¥s x 10
05846 033168 0-590 6 0-167 54 0601 7 0085 35
0-584 6 0-335 35 05906 ;| 016940 06017 0-086 29
0:-584 & 0-33907 05906 | 017127 0601 6 0-087 24
0-584 6 0-342 82 05905 ' 017315 3601 5 0-088 19
0584 6 0-346 5% 0590 5 017504 0-601 5 0089 15
0584 6 1 0-350 39 0-590 4 | 0176 95 06014 009011
05846 | 035421 05904 - 017888 08013 009108
0584 6 0-358.06 05904 | 018079 06013 009207
0-584 6 0-361 93 05303 | 018274 0-601 2 0-093 06
0584 & 0-365 82 0590 3 0-184 69 0601 2 0-094 05
05846 | 036974 0-590 2 0-186 66 06011 0-095 04
0-584 6 ‘ 037369 ©-590 2 0-183 64 05010 0-096 05
0584 6 0-377 66 0-5902 0-190 69 06010 0-097 06
05846 I 0-381 66 0-5901 0192 63 0-6009 0-098 08
0584 6 | 0-385 68 05901 0194 65 06003 0-099 10

|

B 0-584 6 t 0-389 73 05901 0196 68 0600 8 0100 13
o3l 0584 6 ] 0-39380 0-5500 0-198 72 06007 0-101 16
042 05846 . 039790 0-5900 0-200 79 0-B00 6 010220
0443 05846 | 040202 05000 0-202 87 0-600 6 0-103 25
-444 0584 6 ' 040617 | 05900 0-204 96 0600 5 0104 30
0-345 0-584 6 ‘ 0410 34 0590 0 0-207 05 0-50¢ 4 0-105 36
-446 0-584 6 l 0-414 54 05899 020916 06003 0-106 42
0347 5846 | 041877 05899 0211 27 £-600 3 0-107 50
-348 05846 0-423 02 0-5898 0-213 40 08002 0-108 58
0-349 0-584 & 0427 30 05898 021555 0600 2 0109 67




£1

90 degree V-notch

1£90 degree V-noich

1490 degree V-nofch

0-584 6

Head
Coeglsaent Discharge Coeggx ent Discharge Coeg;wnt Discharge
m m3fs x 10 m¥s x 10 mfs x 10
0250 0:584 6 0431 60 0-5898 021772 0-800 2 0110 77
0-251 0-584 6 0-435 93 05898 0-219 90 0-600 1 0-111 87
0-252 0-584 6 0440 28 05898 0-222 09 0-800 1 0112 99
0-253 0584 6 0-444 66 08897 022429 0-6000 0114 10
0-254 0-584 6 0-449 07 0-589 7 0226 49 0-600 0 0115 23
0-255 0584 6 0-453 50 0-589 7 022813 0-6000 0-116 35
0256 05841 6 0-457 96 0-589 7 0-230 98 0-5999 0117 42
0-257 0-584 6 0-462 45 0-589 7 0-233 23 0:5999 0-118 63
0:258 0-584 6 0-466 96 0-589 6 023549 0599 8 0-11978
0259 0-584 6 0471 50 0-3896 0237 77 0-5998 0-12094
0-260 0-584 6 0-476 06 05896 0-240 05 0-399 7 0-122 10
0-261 0-584 6 0-480 65 0-589 5 0-242 35 0599 6 0123 26
0-262 0-584 6 0-485 27 0-589 5 0244 66 0-599 6 0-124 43
0263 0-584 6 489 91 0-589 4 0-246 99 0-599 5 0-125 61
0-264 0-584 6 0-484 53 0-589 4 0-249 33 05995 0-126 80
0-265 0-584 6 0499 28 0-589 4 0251 68 0-599 5 012799
0-266 0584 6 0-504 00 0589 3 0-254 04 0-599 4 0-129 20
0267 0584 6 0-508 76 0-589 3 0-256 42 05894 013041
0-268 0584 6 0513 53 0-589 2 0258 81 0-589 3 0-131 62
0-269 -0:584 6 0-518 34 0-589 2 0-261 21 0599 3 0-132 84
0-270 0-584 6 0-523 17 0-589 2 0263 63 0-589 2 0-134 07
0271 0584 6 0-528 02 0-589 1 0-266 06 0-599 2 0-135 29
0272 0-584 6 0-532 91 05891 0-268 51 0:599 1 0-136 53
0-273 0-584 6 0-537 82 0589 1 0-270 98 05891 0-137 78
. 0z27e 0-542 76 05891 0-273 47 05990 0-139 03

90 degree V-notch 1490 degree V-notch 1490 degree V-notch

Head . . .
Coeg};le‘nt Discharge Coelc!_iglent Discharge Coeg_i;mnt Discharze

m méjs X 10 mijs ®x 10 mifs x 10

0-275 0:584 & 0-547 72 0-589 1 0-275 96 05990 0-140 30
0276 05846 | 055272 05890 027845 0598 9 0-141 57
0277 0-584 6 0-557 74 05830 0280 97 0-588 9 0-142 84
0278 0-584 6 0-562 83 0589 0 0-283 51 0-398 9 0144 13
0279 0584 7 0-567 94 05890 0-286 07 0-598 8 0-145 42
0-280 0584 7 0-573 06 05890 0-288 63 05988 0136 71
0281 0:584 7 0-578 19 05889 0-251 19 0-598 7 0-148 02
0-232 0-584 7 0-583 35 0-588 9 0-293 77 0598 7 -149 33
0283 0584 7 0-588 53 0-588 5 0-296 38 0-598 7 0-150 65
0-284 0-584 7 0-593 75 0-b88 9 0-299 01 0-598 6 6151 97
0-285 0-584 7 0598 99 05839 0-301 63 05986 0-153 30
0-286 0-584 7 0-604 25 0-5888 0304 27 0-598 5 0-154 64
0287 0-584 7 0-609 55 0-588 8 0-306 91 0-598 5 0155 98
0-288 0-584 7 0614 87 0-5838 0-309 59 0-598 5 0-157 34
0289 0-5847 0-620 23 0588 8 0-312 29 0-598 4 0158 70
0290 0584 7 0-825 50 0-5888 0-314 99 0598 4 0-160 06
0291 0-584 7 0-631 01 05887 0-317 69 0-598 3 0161 43
0-292 0584 7 0-636 45 0-588 7 0-320 40 0-598 3 0-162 B1
0293 0-584 7 0641 95 0-588 7 0-323 15, 0-598 3 0-164 20
0-294 0-584 8 0-647 48 05887 0:325 91 0-598 2 0-165 59
0235 0584 8 0653 03 0-5887 Q32869 0598 2 0-166 99
0-296 05848 0-658 58 0-583 8 0331 46 0-558 1 0185 40
0-257 0-584 8 0-661 16 0-5886 0-334 24 0-593 1 0-169 82
0-298 0584 8 0-669 76 05886 0337 04 0-598 1 017124
0-299 0-584 8 0675 39 0-588 5 0-339 85 0-5980 0172 67




¥l

50 degree V-notch 1490 degree ¥-notch 1490 degrec V-notch

Head | — A - -
Coei(];;mnt Discharge Coegi;lent Discharge Cocg;mnt Discharge
m mifs x 10 m¥fs ¥ 10 m¥s x 10
0-300 0-584 3 068106 .| 05885 0-342 68 0598 0 0174 10
0-301 0584 8 0686 75 0-588 4 0-345 52 05979 0-175 55
0-302 0584 8 0692 46 0-588 4 0-348 31 0-5979 0-177 00
0303 0-584 8 0-698 21 0588 4 0-351 24 0-5979 017845 .
0-30% 0:5648 | 070398 0-588 3 0354 12 0597 8 0179 92
‘ .

0-305 05848 & 070230 0588 3 0-357 02 05978 0-181 39
0-306 05848 | 071568 0588 3 0-359 95 05978 0-182 BT
0-307 0-5849 | 072159 0-588 3 0-362 90 0-5977 0-184 35
0-308 . 05849 | 072750 0588 3 0-365 85 05977 0-185 85
0-309 0-584 9 0-733 41 0588 2 0-368 80 05976 0137 35
0-310 0-584 9 0-739 36 0-588 2 037077 0-597 6 0-188 85
0-311 0-584 9 [ 0745 34 05882 Q-374 17 0-5976 0190 37
0312 05849 | 075135 0:588 2 0-377 79 0597 5 0-191 89
0-313 0-584 9 0757 38 0588 2 0-380 81 05975 0-193 42
0314 05849 | 076344 0588 1 0383 84 0597 4 0194 95
0-315 0-584 9 -769 54 05881 0-386 87 0-597 4 0-196 50
0316 0584 9 0775 66 0-588 1 0389 95 0-597 4 0-198 05
0-317 0:584 9 0781 81 05881 0-393 04 0-597 3 0199 60
0-318 05849 0788 02 0-588 1 0-396 15 0-597 3 0-201 17
0319 05850 0794 28 0-588 1 0-399 27 0597 2 0202 74
0-320 05850 0800 57 0588 1 0402 41 0-597 2 0204 32
0-321 0-5850 0-806 85 0-588 1 0-405 53 05972 020590
0-322 05850 0-8L3 14 05880 0408 67 05971 0-207 50
0-323 0-585 0 081947 05880 0411 84 0-597 1 020910
¢-324 05850 0-825 83 0-588 0 041503 05970 0210 71

" 90 degree V-natch

1490 degree V-notch 1490 degree V-potch
Head Cue;ﬂi ient Coefficient Coefficient
c1en - IC1e| . el -
o Discharge Cp Discharge Cp Disciarge
m mifs x 10 m“!s' x 10 m3fs x 10
[):325 0-5850 0832 22 0-58380 0418 24 0-5970 0212 32
D-326 05850 0-338 63 0-588 0 0421 47 05970 0-213 95
D-327 0-585 0 0-845 88 0-588 0 0424 T} 0-596 9 0-215 58
[-328 0-5850 0-851 55 0:588 0 0-427 96 05969 Q217 21
D-329 0:5850 0-858 06 0-588 0 0431 23 0596 8 0-218 86
D-330 03850 0-864 5‘9 0588 0 0434 51 0:596 8 0-220 51
D-331 0:5850 0-87116 0-588 0 043779 0-596 8 0222 17
[}-332 05850 87775 05879 0:441 07 0596 7 0-223 84
0-333 05850 0-884 38 5879 0-444 38 0596 7 0225 51
0-334 0-585 0 0-831 03 05879 .| 044773 0-596 7 022719
0-335 0-585 0 0-897 72 0-5879 0-451 08 0-596 6 0-228 88
0-336 0-585 0 0904 48 05879 045446 ] 05966 0-230 58
03357 05851 0911 28 0-587 9 0-457 85 0-596 5 023228
1338 0-5851 91811 05879 0-461 25 0-596 5 0-234 G0
-339 05851 0923 91 05879 | 0464 67 0-596 5 023572
0-340 0-585 1 0931 75 0:5879 0-468 10 0596 4 0-237 44
0-341 05851 0-938 62 0-5879 0-471 83 0-556 4 0239 18
0-342 058851 0945 51 0-587 8 0-474 97 0596 3 024092
0-343 05851 0952 44 Q-5878 0-478 42 0596 3 0-242 67
0-344 05851 0-959 40 05878 0-481 91 G-596 3 0-244 42
0-345 05851 0-966 38 0-5878 0-485 42 0-596 2 024619
0-346 0-5851 0973 40 0587 8. 0-488 95 0-596 2 0-247 96
0347 [ 05851 0-980 45 0-5878 0-492 49 05961 0249 T4
0-348 0-5385 1 0987 53 0-587 8 0496 04 0-396 1 0-251 52
0-349 05851 0994 71 05878 | 049958 05961 Q253 32




Si

Head

90 degree Y-notch

1490 degree V-notch

1490 degree V-notch

(.oe(ﬂ‘:lt;lent Discharge Coe?_l;:ent Discharge Cocg:mnt Discharge
m mdfs » 10 m¥s »« 10 m?s x 10
0-350 0-585 2 1-001 92 05877 0:503 13 0-396 0 0255 12
0-331 0-585 2 1.009 12 0-587 7 0-506 72 0-596 0 0256 93
0-352 0-585 2 1-016 33 05877 0-510 33 0-595 9 0-258 75
0-353 0-585 2 1-023 56 0-587 7 0:513 97 0:595 9 0-260 57
0-354 0:585 2 1-03082 0-587 7 0-517 58 0-595 9 0-262 40
0-355 Q-5852 103812 0-587 6 052121 0-595 8 0264 24
0-356 0:585 2 1-045 45 0-587 6 0-524 B7 05358 0266 09
0-357 05852 1-052 80 0-587 & 0-528 56 0395 7 0267 94
3:358 05852 1060 19 0:5876 0-532 27 0595 7 0-269 81
0-359 05852 1-067 67 0-5876 0535 96 0-595 7 027168
0-360 0585 3 107519 0-5875 0-539 67 05956 0273 55
0-361 C-585 3 1-082 73 G-587 5 0-543 40 0-595 6 0:275 44
0-362 05853 1-090 24 G-587 5 0547 17 0-385 5 0-277 33
0-363 0-585 3 1-097 78 05875 0-550 96 05955 0279 23
0-364 05853 1-105 36 0-587 5 0554 73 0-5395 5 0-281 14
0-365 0585 3 1-112 97 05874 0-558 51 0595 4 028306
Q-366 0585 3 1-120 63 0-587 4 0-562 31 0-595 4 0-284 98
0:367 0-585 3 1.128 37 0-5874 0-366 16 0-395 4 0-286 91
0-368 0-5854 113615 | -0-5874 0570 03 05953 0-288 85,
0-369 0585 4 114391 05874 0-573 51 0-595 3 0-280 80
0:370 0-385 4 1-151 67 3874 0-577 80 0:595 2 0292 75
0-371 0-585 4 1-159 47 0-5874 0-5381 71 0-595 2 0-294 72
0-372 585 4 1167 30 0-5874 0-585 60 05952 0-296 65
0373 0-585 4 1-17516 0-387 3 0-583 50 05951 0208 67
374 0-5854 1183 10 0-587 3 0-59345 | 05951 0-300 65

90 degree V-notch

1490 degree V-notch

1490 degree Vonotch

Head

Coefficient | Discharge { Coefficient | Discharge [ Coefficient | Discharge

Cp Co (4>
m mifs « 10 m?*s » 10 m¥fs x 10

0-375 5855 1198111 0:-587 3 0-597 42 0595 G 0-302 64
0-376 0-585 5 1-195 14 0-587 3 0-601 41 0-585 0 0-304 65
0-377 05855 1-207 12 0-387 3 0-605 42 0-595 0 0-306 66
0-378 0-585 5 121515 0-587 3 0-609 44 0-5%4-9 0-308 67
0379 0585 5 a3 20 05873 0613 45 0:594 9 0310 70
0-380 0-585 5 1-231 28 0-3872 0817 47 0-5%4 8 031273
0-381 05855 1-239 40 0-587 2 0-621 50 0-584 8 0-314 77

NOTE. The number of significant figures given in the columns for coefficient and discharge
shouwid not be taken to imply 4 corresponding accuracy in the knowledge of the values given,
but only 1o assist in interpoiation and analysis.



a1

TABLE 2.2.

90 DEGREE V-NOTCH

DISCHARGE OF WATER OVER A

in  efficient
Cp

' charge

Dis-
fiifs

Dis- |Head! Lo
charge in efficient
haches ‘

D

Dis- *Hﬂﬂ
charge
ft*/s

finches

efficient
Cp !

‘ft’,fs'

0-6076
06062 °
0-6050
0-6039
0-6028
0-6017
0-6008
0:5999
0-5990
05981

B33 883 B9 LA B3 0 B2 20
WO =-1NHHB D

0-02949
0-03324
003726
0-04157
0-04515
0-05102
0-05619
06166
0-06742
0-07349

q

05975
0-5968
0-5960
05853
3-5947
0-5940
G5934 .
0-5929 |
0-5924 -
0-5919

o
Y

33,

0-5913
0-5908
0:5303
0-589%
0-5396
0-5892
0-588%
06886
0-5882
0-5880

0-5878
0-5876
2 05874
0-5872 .
D-5870

0-07991
0-08664
0-09367
0-10104
0-10876
0-11630
0-12520
0-13396
0-14307
0-15254

0-16235

0-17254
0-18310
0-19406
0-20544
0-21716
0-2293)
0-24185
0-25475
0-26814

0-28193
0-29614
0-31076
0-32581
0-34128

55 0-5868: 0-35718
5-6 0-5867' 0-37357
5-7: 0-5865  0-39034
5-8 05863 0-40755
59 05861 042520

0-5860
0-5859
0-5358
0-6857
0-5856
95355
0-5854
05853
0-5852
04-5851

0-46199
(-48108
050063
052064
054113
0-56208
0-58352
0-60543
0-62783
7-0 05851
7-11 0-5851
721 0-5850
7-3. 0-5350 .
7-4. 0-56850
75 05850
76 05849
77 0-584%
0-5343
0-5849

0-67432
0-69819
0-72269
0-T4769
0-77321
0-79910
0-82565
0-85272
0-38031

0-5848
0-5848
0-5848
0-5848
0-5847 .
' 0-6847
0-5847
8-7 0-5847:
0-5847
05846

0-93653
0-96611
0-99534
1-0269
1-0567
1-088L
1-1200
1-1525
1-1853

0-44337

0-65082

0-908238

9-I.'!L 0-5846

0-5846
0-5845
0-5845
-5846
3-5846
0-5846
0-5846 |
{35846
05846 |

05846
05846
05346
0-5846
05846

| 0-5846
0-5846 ,

. 5846,
0:5346
0-5346

0-5847 "

0-5847

0-5847
: 05847
0-5847
0-5847 -
0:5843
0-5848 |
0-5848 :
0-5848

116.
117
118
e
120
121
122
12:3
124

05848 |
05849 ;
05849 |
05849 |

05849 |
]

12189
1-2530
1-2877
1-3230
13588
1:3953
14323
1-4699
1:5080
15468

1-5862

1-6261
1-6667
1-7078
1-7496
1.7919
1-8349
1-8785
1-9227
19675

2-0133

2-0533
2-1060
21534
2-2013
2-2499
2-2995
2-3494
2-3999
2:4511

2-5029

2-5558
2:6020
2-6628
2-7172

12:5
12-6
127
12-3
12-9

130
131
152
133
13-4
13-5
136
137
13:8
139

140
141
142
14-3
144
145
146
147
14-8
149

\
05849 , 2-1723
0-5850 | 2-8286
0-5850 | 2:8850
0-5850 | 2-9422
05850 3-0000

05850 | 30585

0-5850 ; 31176
05850 31774
05851 | 3-2385
05851 | 32887
0-5851 | 3-3616
05851 34242
05851 | 34875
05852 | 3-5521

0:5852 1 3-6168

36822
37483
58158

05852
0-5852
0-5853
0-5853 * 5-8833
05853 39516
05854 ° 40212
05854 | 4-0909
{5854 | 41613
05855 | 4-2332
¢-5855 | 4-3051

150

0-5855 ; 43777
}

6=90°

L4

NOTE. The number of significant figures given in the columns for coefficient and discl'n_al_'gc
should not be taken to imply a corresponding accuracy in the knowledge of the values given,

* but only to assist in interpolation and analysis.

TABLE 2.3.

/90 DEGREE V-NOTCH

DISCHARGE OF WATER OVER A

ot

Co

f3)s

Mco- ! Die |Head o
Bicieot | i

efficient
D

Dis.
echarge
s

Fead

ia
inches’

Co-
Cp

charge
ft}s

'E:I

Co- *

eibciat
Cp

charie
ft¥ /s

TR B B DD KD DD B3 D

S A G D

D-6150
p-6140
-6130
D-6120
[--6111

' p-6103
' 6095
P-6088

[)-6081

' b-607T4

0-01492
* 001683

001388

0-02106
- 0-02339
| 002587
! 0-02850
| 0-01329
| 003422
| 003732

, P-6062

D-6047

p-6022

: p-6O6& ! 0-04058 |
} 0-04400
" b-6057 | 0-04760
- P-6052 ! 0-05136
1 0-05530
. p6042 1 0-05940
D-5037 | 0-06368
 beo3z | 0-06814

h-8027 1 0-07278
| 001760

D-6018
P-6014
6010

p-5998
-5994
-5930

| 0-08262
! 008782
" 0-09321
D-6006 | 0-09879
p6002 | 010456
; 011053
| 011670
| 0-12306
D-5987 | 0-12965
! 5983 | 0-13642

P57

p-5967

' p-5980 | 0-14341
b-5977 1'0-15061
D-5573 | 0-15800
| 0-16562
1 017346

55 05964
56 0-5961
57 (5959
58 05057
59 05955
&0 05952
61 05950 ,
62 "0-5948 :
63 05946
64 05944
65' 05942 |
66 0-5940
67, 05938 ,
681 0-5936 ¢
69, 0-5934
7-0° 0-5932
731 0:5930
72 05928 .
1-3 05926 ¢
74" (-5925
75 0-5933
76 5922
77 05920 °
78’ 0:5919 .
791 0-5918
80, 0-5517
81. 06915
82: 05914 °
837 0-5912
84 05911
85 05910
&6 05909
87, 05508
8 05907
89 05906

0-1815)
0-18973
0-19830
0-20704
0-21601

0-22516

0-23458
0-24423
0-25412
0-26423
0-27458
0-28517
0-29600
0-30706
0-31837

0-32992

0-34171
0-35375
0-36604
0-37864
039143
0-40454
0-41784
0-43146
0-44535

046950

0-47383
0-4385]
050337
0-51858
0-53406
0-54932
0-56584
0-558214
059872

50
91

- 05900
| 05399

0-5905
0-5904
0-5903
0-5902
0-5801
0-5900

053898
05898

0-61558
0-63271
0-65013
0-66783
0-68581
0-70407
0-72275
074159
0-76073
0-78028

125
12-6
12-7
12-8
129

130
131
132
133
154

06897
0-5897
05396
0-5895
0-5894
05393
0-5892
0-5891
0-5891
0-5890

0-30000
0-82015
0-84046
0-861.06
0-88196
0-90316
0-92467
0-94647
096874
0-99115

. 0-5887
i 0-5B85

0-5890
0-5339
0-5889
0-5838
0-5858
0-5887

0-5886
0-5884

10140
10371
1-0606
1-0842
1-1084
11327
11574
1-1823
1-2076
1-2331

13

136
137
13-8
139

14-0
141
14-2
13-3
144
145
14-6
147
14-8
14-9

150

0-5881
0-5881
05880
0-5880
0-5880

0-5880
05873
05879
05879 |
05873
05878 |
05878
05878
05377 |
05877

0-BBTE ;
0-5876 i
0-5875 1
05875
0-5874
0-5874 |
0-5874 -
0-5873 "
0-5873,
0-5873 1

05872

1-3937
1-421%8
14495
1-4786
1-507F

1-6371

1-5665
1-5966
1-6270
1-6578
1.6886
1-7200
1-7518
1-7837
18161

1-8437

1.8510
1-9151
1:9490
1.9829
20175
20535
2.0874
2-1231
21592

2-1952

0-5883
0-5883
0-5882
(-5882
0-5881

1-2590
1-2853
1.3121
1-3389
1.3650

8=53°§'

but

NQ
o

E. The number of significant figures given in the columns for cocficient and discharge
d not be taken to imply a corresponding accuracy in the knowledge of the valucs given,
nly to assist in interpolation and analysis.
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TABLE 2.4,

14/90 DEGREE V-NOTCH

DISCHARGE OF WATER OVER A

Head:  Co- ! Dis-
. o | efficient | charge
ioches  Cp frdfs

Head| Co- ~ Dis-
in | efficient © charge

inchesi  Cp f1%/s

FHgnd

Co-

cfficient |

Cp

Dia-
charge
Fifs,

Head

linches

Co-
efficient
<b

Dis-
charge
fi'fs

} 0-6500 | 00029
| 06475 | 0-00838
| 06450 | 000993
2-3| 0-6428 | 001106
24 0-6410 | 0-01227
25! 0-6393 | 0-01355
26, 0-6376 | 0-01491
27| 0-6360 | 0-01634
2-81 0-6345 | 0-01785
2-¢ 06331 | 0-01945

20| 0-6317 | 0-02112

31| 0-6304 | 0-02228
32| 0-6292 | D-02472
3-3: 0-6281 | 0-02665
34} 0-6270 | 0-02867
35! 06260 | 0-03077
36| 06250 | 0-03296
371 0-6240 | 0-03525
38! 06231} 0-03762

5-9| 0-6222 | 0-04008

40" (6213 0-04264
4-1' 0-6205 | 0-04531
42 0-6197 | 0-04806
43! 0-6189 | 0:05090
44| 0-6182 | 0-05485
45, 0-6175 | 0-05689
46! 06169 : 0-06005
47! 06163 | 0-06330
4-8] 06158 ' 0-06666
49| 0:6152  0-07013

0o

1| 0-6140 | Q07736
2| 0-6135 | 0-08114
30
4|0

-6130 | 0-08503
-6125 | 0-08902

01 0
1o
2 0
.3 0.
| 74 3-60491 0-19326
6! 0
T 0
80
9 0

-6146 | 0-07369

08120 009313
0-6115 . 0-09734
0-6110 ! 0-10166
0-6108 ; 0-10611

60| 06098 | 0-11534
61| 0-6083 | 012011

6:2| 0-6089 | 0-12501 ¢

6-3' 0-6085 | 0-1300
64! 0-6081 : 013515
651 0-6077 | 0-14041
66| 06073 | 0.14578
67! 0-6070 | 0-15129
6-8' 0-6067 | 0-15591
&9 06063 ' 0-16264

6060 i 0-16851
6057 | 0-17452
6054 . 0-18064

| 0-6051 | 018588
6046 | 018978
6043 ‘ 0-20641
6041 | 0-21318
6039 | 0-22011
6037 | 0-22715

T
T
T

7

i

T
1.5
7.7
I8
79,

8:0° 0-6034 : 0-23430
B1; 0-603Z : 0-24160
82} 0-6030 ; 0-20903
8-3} 0-5028 | 0-25659
4. 0-6026 , 0-26428
85| 0-6024 | 0-27215
26, 0-6022 | 0-28014
87 06020 028827
881 0-6018 | 0-29654
8:9. 0-6017 | 0-30495

0-6015

0-31352

0-6013 | 0-32223
06012 ; 0-33108

0-6010

0-34007

0-6009 | 0-33920
(-6007 | 0-35848

0-6005 |

0-6003

0-6002 '
0-6001 :

0-36790
0:37746
0-38717
0-29702

125
126
12-7
12-3
129

0-5973
0:5972
0-5971
0-5970
0:5969

0-T0777
0-72190
0-73619
0-75065
0-76527

130
13-1
132
133
134

06000 |

0-599%

0-407C1
0-41716

0-5993 | 0-42746

0-5996 .
0-5995 ;
0-5994

0-43791
0-44851
0-45926

05993 | 047017

0-5991 -

0-48124

05500 | 0-45248
0-598% 1 0-50338

155
136
137
13-8
139

0-5968
Q-5987
05966
0-5465
0-5964
0-5963
0:5962
(-5961
0-5960
0-55959

0-78005
0-79500
0-81012
0-82541
0-84087
0-35650
0-87830
0-88827
090441
0-92073

14-0
141
142
14-3

11-0
111
11-2
13-3
11-4
115
116
11-7
11-8
119

05988 °
05987 .
0:59856
05985 ¢

0-5984
0-5983

0-5980

05979 ;

0-51544
0-52713
0-53898
0-55100
0-56319

' 057555
0-598% |
0-5981

0-58806
0-60072
0-81353
0-62650

14-4
145
146
14-7
14-8
149

0-5958
0-5967
0-5956
0-8955
0-5954
0-5953
0-5952
0-5951
0-5950
0-5949

093722
0-95388
397072
038774
1-p049
1-0223
1-0399
1-0576
10758
1-0936

15-0

0-5948

1-1118

12-0
121
122
12:3
124

05978

06911

Q-83962
065291

0-5376 ¢ 0-66637

0-5975

0-68000

05574 0-63330

=20 4'

NOTE. The number of significant figures given in the columns for coefficient and discharge
should not be taken to imply a corresponding accuracy in the knowledge of the values given,
but only to assist in interpolation and analysis.



2.1.7. Notches with angies between 20" and 100°

A comprehensive study and re—anal-ysis of the available experimental data on the flow of water through triangular-:
notch weirs indicates that the fluid-property influences can be allowed for by adjusting the measured value of h;
the result is a modified equation of discharge (ref 5. : '

’ ' (2.9
Q=C, 1—2— vig tan—g- h',w2 {Kindsvater-Shen)
in which C, is a function of the geomelric ratios alone,
' 2.6
= h, P 3 ) L]
c, r(P E-e
and b, the effective head, is
h,=h+ k. a.n

In Eq 2.7, &, is an absolute measute {(ft or m) of the combined effects of viscosity and surface tension.
Figure 2.2.
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FIGURE 2.2, VALUE OF ky, RELATED TO NOTCH ANGLE

relates & to various notch angles and is based on experimental data from many sources, (refs 6, 7, &, 9, 10
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The coefficient of discharge is shown in Figure 2.3 for 4 90-degree notch weir for a wide range of values of

062
0.5 l/).d
0.61 o5 0.
K, // // // //’
- LRI
Y 080 ! Vi 0.2
5 fh// Adyanpd ’
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15/7/,/ ,/ R — P
0.58 - %/7’/// ol —] o s 5
0'570 02 0.4 0.6 (o] -] 0 12 1.4 1.6 .8 20

Value of h/P

FIGURE 2.3. COEFFICIENT OF DISCHARGE C, (¢ = 90 DEGREES)

/P and P/B using data in ref 6.

Triangular-notch weirs covering a range of values of Ofrom 10 to 127 deg have been studied by a large number of
competent investigators. Howevet, the range of values of P/B and /P covered by the available data is quite
limited. For such weirs, which can be described as "fully contracted," the available experimental data give the
values of C_ shown in Figure 2.4 as a function of notch angle.

061 ; T T T T T T T
Note: Influence of h/P and P/BE negligibla.
0.60 o
S S
5 0.59 ~ - o
\ 7
3 ~ dem
>
0.57
0.56
0 20 40 60 80 . {00 120

Value of Nolch Angle (&), Degrees

FIGURE 2.4, COEFFICIENT OF DISCHARGE C_, RELATED T0 NOTCH ANGLE

Figure 2,3 might be used to indicate approximately the relative influence of h/P and P/B on the quantities shown
in Figures 2,2 and 2.4, but in the absence of experimental confirmation for angles other than 90 degrees an
unknown error may be introduced,

Practical limitations on the magnitude of h are related to the "clinging nappe" phenomenon which characterizes

low heads. To ensure a freely discharging, stable wappe, a minimum value of h = 0.2 ft (0.06 m} is recommended
for notch angles between 20 and 100 degrees.
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For notch angles other than 90 degrees the following limitations apply to the application of equation 2.5 above:

h shall not be less than 2 in (0,05 m) nor more than 15 in (0.38 m).
The vertex height, P, shall exceed 1.5 ft (0.45 m).

h/P shall not exceed 0.4,

The width of the approach channel, B, shall exceed 3.0 ft (0.9 m).
h/B shall not exceed 0,20.

o R gE

Because of the wider experimental confirmation a 90 degrees notch may continue to be used when the sides and/or
floor of the approach channel have some influence on the contraction of the nappe, the limitations being less
testrictive as follows:~

h shall be not less than 2 in (0.05 m) nor more than 24 in (0.60 m).
The vertex height P, shall exceed 0.5 ft (0.15 m),

h/P shall not exceed 1.2,

The width of the approach channel B shall exceed 2.0 ft (0.6 m).
h/B shall not exceed 0.40.

pRp TR

2.2, RECTANGULAR THIN-PLATE WEIRS

2.2.1. The rectangular, thin-plate weir as defined for these standards is a general classification of which the
rectangular-notch weir is the basic form and the full-width or "suppressed" weir is a limiting example, Figure 2.5
shows a standard rectangular-notch weir. :

Direction
of ilm_\i

Enlarged view of crest
and side of rectangular
notch, showing chamier on
downsiream edge of notch

FIGURE 2,5, THE RECTANGULAR-NOTCH, THIN-PLATE WEIR
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2.2.2.

2.2.3.

2.2.4.

2.2.5,

2,2.6,

2.2.7.

2,2.8,

The standard weir shall consist of a rectangular notch symmetrically located in a vertical, thin-plate. The plate
shall be smooth and plane, especially on the upstream side, and it shall be perpendicular to the sides as well as
the bottom of the channel. The crest of the weir notch shall be a horizontal plane surface, which shall form a
sharp right-angle corner at its intersection with the upstream face of the weir plate. The sides of the noich shall
be vertical plane surfaces which shall make sharp 90-degree intersections with the plane of the crest, and which,
in shape and width, shall be identical with the crest surface.

The upstream edges of the sides and crest of the weir must be sharp; that is, they shall be machined or filed
perpendicular to the upstream face of the weir plate, free of burrs and scratches. Abrasive cloth or paper must
not be used because of the danger of rounding the edge. The downstream edges of the notch shall be chamfered if
the weir plate is thicker than the allowable crest width, The suifaces of the chamfers shall make an angle of not
less than 45 degrees with the surfaces of the notch,

If the length of the crest be equal to the width of the channel (ie a full-width weir), it is especially important that
the sides of the channel be vertical, plane, parallel and smooth in the near vicinity of the weir. The sides of the
channel above the level of the crest of a full-width weir shall exténd at least 0,3 £t (0.09 m) beyond the piane of

the weir.

The discharge nappe shall be fully ventilated and unsubmerged. Provisions for ventilation of the nappe should
ensure that the pressure over the sides and nappe surfaces is atmospheric. The tailwater level should be low
enough to ensure that it shall not interfere with the ventilation or free discharge of the jet. The nappe shall not
be permitted to cling to the downstream face of the weir.

The head on the weir shall be measured a sufficient distance upstream from the weir to avoid the regions of
surface draw-down, On the other hand, it shall be close enough to the weir for the energy loss between the section
of measurement and the weir to be negligible. The head measurement section shall be located a distance equal to
between three and four times the maximum head (3 to 4h ) upstream {rom the weir,

Basic Discharge Equation:

The basic equation of discharge for rectangular, thin-plate weirs is the equation attributed to Poleni and Dubuat,

Q=C%J§§bh3/2 2.8)

in which Q is the volume rate of flow or discharge (cu ft per sec or cu m per sec), C is the coefficient of discharge
{nondimensional), g is the acceleration due to gravity (ft per sec per sec or m per sec per sec), b is the width of
the notch (ft or m), and h is the piezometric head or height of the upstream liguid surface referred to the level of
the crest {ft or m).

In Eq 2.8, C is essentially a function of two geometric ratios and two fluid-property ratios. Both {luid-property
ratios can be replaced with the quantitics h and b for a given fluid. It follows that, for a single liquid and a
limited range of temperatures,

C= fz(%’ ]% b, b) (2.9

It has been shown (ref 11) that the relatively minor effects represented by h and b in Eq (2.9 can be evaluated by
adjustment of their measured values., The result is a modified eguation of discharge

Q =Ce—§- vIg b, h, ase (Kindsvater-Carter) {2.10)
N . . . o b R 2.1D
in which C, is a function of the two remaining geometric ratios alone, Ce— F(E’ P
whereas, b_, the effective width, is b=b+ k, 212
and b, the effective head, is he=h + g (2.13)

In Eqgs 2.12 and 2.13, k, and k, are absolule measures (ft or m} of ‘the combined effects of viscosity and surface
iension.
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2.2.9. Evaluationof C, , k and k for Water:

Values of the coefficients required in the above equations are available from many series of experiments
(refs 12, 13, 14, 15). The analysis and experiments in ref 10 show the relationship between C, and h/P to be
linear for all values of b/B. Thus, for the full-width or "suppressed" weir (b/B=1.0),

C,=0.602 + 0.075% R
Similar equations for other values of b/B are:
(b/B =0.9): Co=0.598 + 0.064% (2.15)
(/B =0.8): Co=0.596 + 0.045 5 (2.16)
(b/B=0.7): C,=0.594 +0.030 5 .17
(b/B =0.6): C,_=-0,593 + 0,018 % (2.18)
(b/B =0.4): C.=0.591 + 0.0058 1 (2.19)
{(6/B =0.2): C_=0.589 - 0.0018 % (2.20
(b/B— 0): C,.=0.587 - 0.0023 % (2.21)
Figure 2.6 shows values of k, derived (rom the experiments
0020
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Value of b/B
FIGURE.2.6. VALUE OF k, RELATED TO b/B

reported in ref 10. The figure indicates that k is a function of b/B, and that it reaches a maximum positive value
of 0.014 £t (4.3 mm) at b/B=0,8 and & maximum negative value of-0.003 ft (0.9 mm} at b/B =1.0,

A constant, positive value of ky = 0.003 ft (0.9 mm) was found to be-applicable to the full variety of conditions
investigated and is recommended for use with the standard, rectangular, thin-plate weir.
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2,2,10,

2.2.11.

2.2.12.

Limitations on h/P, h, b and P for the Standard Weir:

Practical limitations on h/P are related to the observation that head-measurement difficulties and efrors result
from surges and waves which occur in the approach channel at larger values of h/P (in combination with larger

-values of b/B). For [ull-width weirs (b/B = 1.0), the recommended maximum value of h/P is 2.0. Although

limitations on b/P corresponding to smaller values of b/B have not been established it may be assumed that
the same limitation applies.

Practical limitations on the magnitude of h are related to the nappe "clinging” phenomenon which characterize
very low heads, To insure a [reely discharging, stable nappe, a minimum value of h=0.1ft (0.03 m} is
recommended.

Limitations on the magnitude of b are related to uncertainties regarding the surface tension and viscosity
effects represented by the quantity k, . A tentative minimum value of b =0.5 ft (0,15 m} is recommended.

There is disagreement in the literature regarding an independent comrelation between the weir height (P) and the
coefficient of discharge. It is acknowledged, however, that inaccuracies of measurement are associated with low
values of P, especially in combination with high values of h/P. It is recommended that P be limited to values
greater than 0.3 £t (0.09 m).

The specifications for a standard installation include the requirement that the velocity in the channel upsiream
from the weir be such as to simulate the normal velocity distribution in a smooth, horizontal, rectangular channel,
The recommended values of C,, k, and k, were derived from laboratory tests which satisfied this requirement.

Alternative equations for rectangular thin-plate weirs:

A number of discharge formulae have been derived for particular categories of rectanguiar thin-plate weirs, based
on experimental work. Several of these are acknowledged to provide a reliable figure for the discharge, provided
the limitations for the particular equations are observed. The Rehbock equation for full-width weirs for example,
has an established reputation, and equations for other categories of weir have been standardized in Europe.

The full~width weir:

A full-width weir is one which extends across the full-width of the approach channel (B/b=1.0). Fhis weir is
also referred to as a suppressed weir,

The discharge equation is:

. .23
ngng cpbh,

in which C;=0.602 + 0.083 h/P (Rehbock, ref 16) (2.24)

where h is the gauged head,
P is the weir height.
h =h + 0,004 fr (0.0012 m) (2.25)

The general installation conditions shall apply, and the following practical limitations on h/P, h, b and P shall
be strictly observed in the application of this equation.

h/P shall not exceed 1.0,

The head h shall be between 0.1 ft and 2.5 ft (0.03 m to 0.75 m).
The weir width b shall be at least 1.0 ft (0.03 m).

The weir height P shall be not less than 0.3 ft (0,10 m).

o e
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Weirs with fully developed contractions:

2.2.13.
Fully developed contractions ogeur when the bed and walls of the channel upstream of the weir are sufficiently
remote from its crest and sides for the channel boundaries to have no significant influence on the contractions
_of the nappe. The alternative discharge equation for rectangular thin-plate (square~edged) weirs with fully
developed contractions is: ’
0 :%\/—Z_g- Cpb b 3/2 (2.26)
in which G =0.616 (1 - 0. 1h/b)(Hamilton-Smith, ref 17) (2.27)
where h is the head of water above the crest,
b is the width of the notch.
The general installation conditions shall apply and the following limitations on h/b, h, b, B-b and P shall be
observed in the application of this equation, :
a. The walis of the approach channel shall not be less than twice the maximum head from the vertical lips
(ie B?—'b shall be greater than 2h).
b. The height of the weir shall not be less than twice the maximum head.
c. h/b shall not exceed 0.5. . : ‘
d. The head h shall be between 0.25 ft and 2.0 ft (0.075 to 0.60 m). i
e. The weir width b shall be at least 1.0 ft (0,30 m). i
o The weir height P shalt e ot tess +:0-£t-(0-30-mk “
g. When B(h + P) is less than 10 bh, the approach velocity is not negligible, and this may be allowed for by ‘
replacing b in the equation quoted, by hl:
thus b=k + 1.4( V: )wherc V, is the mean velocity in the |
2g / approach channel.

Provided the approach channel is sufficiently large to render the velocity of approach negligible, and the weir _
complies also with conditions a to g above, the shape of the approach channei is unimportant. The fully-
contracted form of weir may be used with non-rectangular approach channels under these circumstances,
Partially contracted weirs:

2.2.14.

If, due to the proximity of the walls and/or the bed of the approach channel, the contractions are wnot fully
developed, the weir is defined as a partially contracted weir. The alternative discharge equation for partially
contracted thin-plate weirs is: oo

afe
} Q= % ¥2e Cpb b in which Gy is the coefficient of discharge. : (2.27
Where h is infest
B :
b¢ 0.01187 - 0.00985 bY\*/_h
c»={1.s7s +0.037(2)4 25 1eos (B) (53 5) (2.28)
OR where h is in meires
b 2
Cp=<0.578 +0 037(31+ 0.00365 - 0.0030 (B) 14+0.5 (3)4( h )2 : 2.29)
P ' B) i +0.0016 “\B/ \h+P :

{Association Suisse de Normalisation ref 18)

The genetal installation conditions shall apply. The following limitations on b/P, b/B, h, b and P are to be
strictly observed in the application of this equation:

h/P shall not exceed 1.0,

The head h shall exceed 0.08 x b/B ft {0.025 x b/B m) but be less than 2.6 [t (0.8 m).
b/B shali not be less than 0.3.

The weir height P shall be at least 1.0 ft {0.30 m).

poow
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3.1.4.

3. BROAD-CRESTED AND OTHER LONG-BASE WEIRS

1. GENERAL EQUATIONS
1.1,

Critical depth theory, coupled with experiment, has shown that the discharge over a round-nose broad-crested

‘weir may be represented by the following equation and although the theory is not strictly applicable to triangular

profile and tectangulat profile weirs, this formula is used as the basic equation for all leng=base weirs,
g\ale a/z a.u
Q- CD(‘;‘) Vg H
where Q = discharge
Cp=coefficient of discharge (non dimensional)
g = grayitational acceleration

b

width of weir crest
H = total head

Since the total head, H, cannot be measured in practice, the discharge equation in terms of gauged head, h, may
be written as follows:

3.2)
/ )/
Q-c, cb(f)“ b

where C, is a further dimensionless coefficient allowing for the effect of approach velocity on the measured
water level upstream of the weir. By definition

a/z (3.1
cv 15)
h
The total head is related to the gauged head through:
(3.4)

H=h +cx.Vi/2g

where V,is the mean velocity in the approach channel at the gauging section, and «is a coefficient (the kinetic
enetgy or Coriolis coefficient) which takes account of the fact that the kinetic energy head exceeds V2 /2g if the
velocity distribution across the section is not uniform. In applying the equations in this Standard, amay be taken
as unity.

From equations (3.2) (3.3) and {3.4), it may be deduced (ref 19) that

N (3.5
(Cvef-!_ n¥%=2 C,C,bh/3 /(3) A

where A is the cross-sectional area of the approach channel below the observed water level, at the gauging
section. Thus C, may be deduced in terms at Cpbh/A. To avoid the complicated solution of equation (3.5) in
deducing C,, Figure 3.2 has to be prepared giving the relation between C, and Cpbh/A. The value of the coeffi-
cient Cpdepends on the profile of the weir crest, and is dealt with later under the headings of the three types of
weir. Equation 3.5, and hence Figure 3.2 are not applicable to compound weirs.

For a compound weir,

(3.0
LY a/2
Q= Cn‘@)wﬂg)bl “1I/2 * (31)2(-32")3/2 /(@b H, tetc

where suifixes 1, 2 etc refer to the sections of crest at different elevations.

25



3.L6.

Equation (3.4) may alternatively be expressed as
H=h+Q¥2g B (3.7

which is applicable generally to all ganging structures. Equation (3.6) may then be written:

Q Cm(z)"”’ /g by [hy +Q2/(2g ABD]*®

alz2

+

Cpy (_;_)afe‘/g b, [112 + Qg/(‘?g A
+ etc. ) - (3.3

This can be solved by successive approximations by first putting @ =0 in the terms in square brackets [1-, and
thus deducing a first approximation to the total discharge Q A second approximation Q is obtained by using
Qin the term in square bIackets and so on.

/2 afe

2 .
In general: Q, = Cm(g') vg by {hy+ Qﬁ_lf(zg AN

2y 8/ 2 ’ a/2
+ CDZ(;) Vg b, [h, +Q2 /(g AN} : (3.9
+ etc.

The successive approximation procedure must bc continued until the difference between Q, and Q__;is well
within the required precision.

———— 3.9 ROUND-NOSE-HORIZONTAL-CREST- WEIRS
T RS

3.2.1.

3.2.2,

3.2.3.

3.2.4.

3.2.,5.

The standard weir comprises a truly level and hori zontal crest, between vertical abutments. The upstream corner
should be rounded in such a manner that flow separation does not occur, and downstream of the horizontal crest
there should be either i. a rounded corner, ii. & downward slope or iii. a vertical face, The weir should be set at
right angles to the direction of flow in the approach channel, The dimensions of the weir and its abutments shall
conform with the regnirements indicated in Figure 3.1. The radius of the upsiream nose must not be less than
0.2 Huax, The length of the horizontal portion of-the weir crest should not be less than 1.75 Hy a4 nor should the
sum of the crest length and nose radius be less than 2.25 H_

The hedd on the weir should be measured at a point far enough upstream of the crest to be clear of the effects of
draw-down, but close enough to the weir that the energy loss between the section of measurement and the upstream
edge of the weir crest shall be negligible. It is recommended that the head-measurement section be located a
distance of between two and three times H_ ,, upstream of the weir block.

Flow is modular when it is independent of variations in tailwater level. For this to occur, assuming subcritical
conditions in the tailwater channel, the tailwater total head level must not rise beyond a certain percentage of

H above crest height. With a vertical downstream face, this percentage is dependent on H/P: 66 per cent for low
values of H/P!, rising to 75 per cent at /P! of 0.5 and 80 per cent at H/P! of 1.0 and over. For a gently curved
or sloping downstream face, the modular limit may be taken as 5 per cent higher throughout. In the above, P1is
the height of the crest above downstream bed level,

The basic discharge squation is given in 3.1 in terms of both total and gauged head. Eq 3.2 may be used to
evaluate discharge, with the appropriate value of €, read from Figure 3.2,

For water at ordinary temperatures, Cp, is a function of head, h, the crest length in the direction of flow, the

ronghness of the crest, and the ratio h/b. It may be expressed by the following equation which takes account of
the development of a boun_dary layer on the crest {after Ippen see 1efs 20, 21, 22, 23)

1e 2L f1- 2L Y? _
%= T)( h_) (3.10)

where L is the length of the horizontal section of the crest in the direction of flow, and x is a factor which
allows for the influence of the boundary layer on the crest and abutments.

For well-finished installations such as might be used in a laboratory for gauging clean water, x = 0.003. For field
installations of weli-finished concrete or similar construction, x = 0.005,
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3.2.6. The practical lower limit of h is related to the magnitude of the influence of {luid properties and boundary
roughness, The recommended lower limit is 0.06 m (0.2 ft) or (.03 L., whichever is the greater.

The limitations on H/P arise from difficulties experienced when the Froude number in the approach channel
exceeds 0.5, coupled with inadequate experimental confirmation at high values of H/P. The recommended upper
limit is H/P =2.5.

The limitation on H/L arises from the necessity to ensure sensibly hydrostatic pressures at the critical section on
the crest: H/L should not exceed 0,6.

The height of the weir, P, should not be less than 0.15 m (0.5 fi). The crast width b must not be less than
0.30 m (1 f1), nor less than H , nor less than L/5.

3.3, TRIANGULAR PROFILE CRUMP WEIRS

3.3.1. A weir with a triangular profile in the direction of flow provides an economic structure for gauging river dis-
charge with little afflux, especially if it is provided with facilities for double gauging and can thus operate
drowned. For this purpose, the downstream measurement point may be located either just beyond the crest,
tapping into the separation pocket, ot beyond the weir in the more conventional way. (See refs 24, 25, 26).

3.3.2. The standard Crump weir comprises an upstream slope of I (vertical) to 2 (horizontal} and a downstream slope of
1 (vertical) to 5 (horizontal). The intersection of these two surfaces forms a straight line crest, horizontal and
at right angles to the direction of flow in the approach channel. Particular attention should be given to the crest
itself, which should possess a well-defined corner of durable construction. The crest may be made of precast
concrete sections, carefully aligned and jointed or may have a non-corrodible metal insert, as an alternative to
in-situ construction throughout. The dimensions of the weir and its abutments shall conform with the requirements
indicated in Figure 3.3. Weir blocks may be truncated hut not so as to reduce their dimensions in plan to less
than 1,0 H {(maximum) for the 1:2 slope, and 2.0 H for the 1:5 slope.

3.3,3, The head on the weir should be measured at a point far enough upstream of the crest to be clear of the sffects of
draw-down, but close enongh to the weir that the enerpy loss between the section of measurement and the up-
stream edge of the weir shall be negligible. This condition is satisfied if the head measurement section is at
a distance nmax X Hmax upstream of the toe of the structure, In some practical situations very high accuracy
is not needed at the maximum discharge to be gauged, and in order to save expense the head measurement section
may then be brought closer to the toe of the weir than H2max , provided it is not closer than %H mex.

(For a truncated weir block the reference point, ie the upstream toe of the 1:2 slope, sheuld be where the 1:2
slope if produced downwards would meet the bed; and for a compound weir, the reference point should be the
upstream toe of the weir block which extends furthest upstream).

3.3.4. Flow is modular when it is independent of variations in tailwater level. For all flow conditions the tailwater
total head level must not rise beyond 75 per cent of the upstream total head H above crest height, if the flow is
not to be affected by more than one per cent, for subcritical conditions in tailwater channel.

3.3.5. The basic discharge equation is given in 3.1 in terms of both total and gauged head, Eq 3.2 may be used to
evaluate discharge with the appropriate value of C, read from Figure 3.2, For water al ordinary temperatures Cp
is independent of h exeept at very low heads when fluid properties influence the coefficient. Under modular
conditions for h > 0,06 m (0.2 ft), & is constant and equals 1,150, For h < 0,06 m (0.2 ) CD is given by the
following equations.

Cp = 1.150 (1 - 0.0003/h)} ¥ 2 where T is in metres (3.1

, 3.
or Cp= 1150 (1 - 0.001/k) * where  is in feet 3.1
(ref 25)

3.3.6. When the weir is drowned, the coefficient of discharge is affected by the ratio Hd/H where H, is the total energy
flevel, relative to crest height, beyond the weir. It has also been established (ref 24) that there is a unigue
relationship between the coefficient of discharge and the ratio hp/H, where h;, is the piezometric pressure
measured by a tapping just downstream of the crest into the separation pocket (see Fig 3.4). The coefficient of
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137,

discharge is reduced by a factor f, which can be read from Figure 3.5 in terms of h /H or H,/H, depending on
the method of measurement used downstream. To avoid successive approximation in deducing total head,
Figure 3.6 may be used o evaluate { from hp /h. In applying equnation 3.2 it should be noted that the reduced
coefficient value of fCp, must be used when evaluating G, from Figure 3.2,

The practical lower limit of 'h'is related to the magnitude of the inflluence of fluid properties and boundacy
roughness. For a well-maintained weir with a crest section of smooth metal or its equivalent, the recommended
lower limit of '"h'is 0.03 m (0.1 fo); for a weir with a crest section of fine concrete or materials having similar
texture, the recommended lower limit of *h'is 0.06 m (0.2 f1). '

The limitations of H/P arise from difficulties experienced when the Froude number in the approach channel
exceeds 0.5 coupled with inadequate experimental confirmation at high values of the ratio H/P. The recommended
upper limit of H/P is 3.0.

The height of the weir, P, should not be less than 0.06 m (0.20 It). The limit of b and b/H relates to boundary
layer effects at the sides of the weir, for which no allowance is made in the formulae given. To reduce these to
an acceptable value, b should not be less than 9.3 m (1 ft) and b/H should not be less than 2.0.

3.4. RECTANGULAR PROFILE WEIRS

3.4.1.

This type of weir has been intensively studied over the years, (refs 27, 28, 29, 30, 31}). The crest of the weir
shall be a horizontal, rectangular plane surface and may be constructed in concrete with a smooth cement finish
or surfaced with a smooth non-cotrodible matetial (see Fig 3.7). The upstream and downstream end faces of the
weir shall be smooth, vertical plane surfaces, and they shall be perpendicular to the sides and bottom of the

3.4.2.

3.4.3,

3.4.4.

ehannel-inwhiehthe-weir.is located The npstream face, in particufar, shall form a sharp, right-angle corner at

its intersection with the plane of the crest.

Therc is no limitation on the ratio of = defining the geometric proportions of the weir. It is essential, however,
that the geometry should comply with lihe limitations on P and h/L given later. For flow measurement in
channels, P- 2 may be a convepient value to adopt.

The head on the weir should be measured at a point far enough upstream of the crest to be clear of the effects of
draw-down, but close enough to the weir that the energy loss between the section of measurement and the up-
stream edge of the weir shall be negligible. This condition is satisfied if the gauge point is at a distance of

between 2H_ . and 3 H_,  opstream of the upstream face of the weir.

X X

Flow is modular when it is independent of variations in tailwater level. For this to occur, assuming sub-critical
conditions in the tailwater channel, the tailwater total head level must not rise beyond 66 per cent of the up-
stream total head H above crest height.

The basic discharge equation is given in 3.1 in terms of both total head and gauged head. Eq 3.2 may be used
to evaluate discharge, with the appropriate value of C, read from Figure 3.2,

The cocfficient of discharge for the standard weir is a function of five independent, nondimensional ratios,
three being geometric ratios and two fluid property ratios involving viscosity and surface tension.

By specifying limits on h, b, and P such that viscosity and surface tension are not significant factors and

because it has been found, reference 27, that h/b has a negligible influence on the discharge coefficient for the
standard weir, Cp may be reduced to a function of two variables

CD=f[%, (F'I;_'P” (3.13)
within the limits indicated in 3.4.6,
It is convenient to sub-divide the coefficient data into two distinct ranges:
a. the constant coefficient range
and '

b. the variable coefficient range.
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3.4.5. The value of the discharge coefficient €}, remains constant in onfy a limited range of b/L and h/{h + P) values,
these limits being

0.08 <h/L £ 0.33
0.18 £h/(h + P) £ 0.36

The mean coefficient value within the constancy limits is 0.848 and is known as the basic coefficient. To obtain
the actual coefficient in the variable range, it is necessary to multiply the basic coefficient by a cormrection
factor, F. The values for the correction factot, to allow for the influences of either h/L or h(h + P) or both, are
shown in Figure 3.8 (Singer, ref 31),

3.4,6. The following general limitations ate to be observed:

h 2006m {or 0.2 1)
b 203 m {or 1 ft}
P 20.15m (or 0,5 ft)

0.08 £h/L < 0.85
0.18 2h/th + P) £0.6
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4. STANDING WAVE FLUMES

4.1, GENERAL

4.1.1.

4.1.2,

4.1.3.

A standing-wave flume is essentially a streamlined structure built inte an open channel to form a conlraction
through which the velocity of the flowing water is increased with a consequent fall in water level, A wide variety
of flumes have been designed but only the three which will cover a wide range of usc and which have received
acceptance and field testing will be presented. Selection of the flume to use should be dictated by the type of
flow anticipated.

The rectangular throated standing-wave flume is consirucied at zero slope and features the measurement of head
upstream of the throat in subcritical flow, These factors demand that free [low exists at all times and that special
consideration be given to maintaining adequate velocity in the approach channel if sediment and debris exist in
the flow to be measured.

R L Parshall (32) proposed changes in the design of the standing-wave flume, the most essential of which was a
drop in the floor. This drop stabilized the hydraulic jump that exists beyond the supercritical flow zone. The
throat width of the ecarlier Parshall flumes ranged in size from 3 inches (76 mm)} to 8 feet (2.44 m). Flumes with
throat widths of 10 feet (3.05 m) to 50 feet (15.24 m) were later constructed and field calibrated. {(33) More
recently Parshall flumes of I-inch and 2-inch (25 mm and 50 mm} sizes were calibrated (34). Head-discharge
ratings are thus available for a large range in throat width, While supercritical flow exists in the throat of the
Parshall Flume, head is measured upstream in subcritical flow and may be affected by deposition of sediment and
debris, Parshall flume will operate submerged. These first two flumes are recommended for measuring flows in
irrigation systems having relatively sediment free water and where the range of flow is limited,

Both the Parshall and rectangular throated, standing-wave flumes have narrow ranges of discharge because of
their vertical walls and are unsuited to the accurate measurement of low discharges. The obvious solution to this
problem was the sloping of the flume walls 1o produce a flume of trapezoidal shape, The following notes cover
these three types of flume only, namely the rectangular throated standing-wave flume, the Parshall flume, and the
trapezoidal flume,

4.2. RECTANGULAR THROATED STANDING WAVE FLUMES

4.2.1.

4.2.2.

4.2.3.

The rectangular throated flume consists of a constriction of rectangular cross-section symmetrically disposed with
tespect to the approach channel.

This is the most common type of flume and the easiest to construct. It can be adapted to suit most installations
except when loss of head is important in non-rectangular channels.

There are three iypes of rectangular flume:

a. with side contractions only,
b. with bottom contraction or hump only,
c. with both side and boitom contractions.

The type to be used depends on downstream conditions at various rates of flow, the maximum rate of flow, the
permisgible head loss and the limitations of the h/b ratio, and whether of not the stream carries sediment,

The flume will have the geometry and dimensions’indicated on Figure 4.1, The invert of the throat shall be level
throughout its width and length. The sides of the flume throat shall be vertical and parallel and square with the
invert, so that the width of the throat is correct from top to bottom and end to end. The susfaces of the throat and
curved approach shall be smooth; they may be constructed in concrete with a smooth finish, or lined with a smooth
nen-corrodible material. The centre line of the throat shall be in line with the centre line of the approach channel.

The velocity in the throat must pass through the critical velocity. To ensure this, the invert level shall at all
times be at such elevation as to produce free flow for all design discharges. Normally the dimensions of the
venturi fiume should be such that the depth of water upstream of the contraction is at least 1,25 times that down-
stream at all rates of flow. Nevertheless, it may be possible to reduce this ditference provided that the occur-
rence of free discharge is confirmed.

37



i |

— i . 3 |
Zero lavel i b

L[d !

At least £ J L b |

4 ft Oin L |

This length musi be truly | - |

level and flat

Elevation of flat bottomed fluma

!
) rm—___—-
g ) B_ 2 When recovery of head is
h of no importance, the

divergent tail section

£ £ L 2] may be truncaled after
half its length and the |

shaded portions omiited |

Plan view
Zero level . ‘:
——* e —— RSTATIAT®
E R, L D
N
Elevation of flume with raised invert (hump)
\
|
b = Width of Sume throat D =385 |
B = Width of approach channel R =88 1
by = Max. head on flume Ry == 4P (for botiom contraction) |
E =3, t0dhy, On flumes with both side and botlom
F = Atleast 108 contractions, the contractions must
P = Height of hump commence at the same point and Ry
L = Length of throat = 1-5k, should be adjustcd to suit,

FIGURE 4.1. RECTANGULAR THROATED FLUME IN RECTANGULAR CHANNEL

The maximum design stage upstream of the flume shall be determined from the discharge - such that no flooding of
the upstredm surroundings shall be caused by the installation.

4.2.4. The following installation conditions shall be observed:

a. The invert level of the throat shall not be lower than the dead water level in the channel, ie the water level
downstream at zero flow. .

b, The length of the flume throat shall be not less than 1% times the maximum total head to be measured.

c. The surfaces of the throat and curved approach shall be smooth; they may be constructed in conciete with a
smooth cement finish, or lined with a smooth non-corredible material. A

d. The invert of the approach channel shall be level from the flume to a point at least 4 feet (1.22 m) upstream of
the point of measurement, and at no point in this length shall rise higher than the invert level of the flume throai.

e. At the downstream end of the flume throat each side and/or the invert of the tail section should have a diverg-
ence of not more than 1 in 6.

f. The Mlow condition in the approach channel for at least 20 times the channel width upstream of the flume shall

be subcritical, ie,
(4.1}
vV < [EA
BS

where A = the cross-sectional area

=}
3

3 = the surface width.
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4.2.5.

4.2.6,

4.2.8.

4.2.9,

The head on the lMume should be measured at a distance hetween 3 and 4 times the maximum head upstream of the
fiume, preferably in a separaic gauge chamber connected to the approach channel by a pipe whose eniry is normal
to the direction of flow, and flush with the wall.

The discharge equation for rectangular throated flumes is:

=2 2 a/2 .2
Q"‘j‘/(jg) G Cp b oh

in which Cp is coefficient of discharge depending on the development of a boundary layer in the throat

C, is coefficient of velocity depending on velocity in the approach channel.

. Coefficient of discharge Cp. The coefficient of discharge for a flume with rectangular throat shall be determined

from the following formula (see refs 3, 35)
_ b aszfh-0,003L\ %2 (4.3)
D Tlb + 0.0041 i

Values of Cp for varions heads in relation to the width and length of the throat are shown in Table 4,1,

where L = length of throat.

Coefficient of velocity C,. The velocity coeificient depends on the cross-sectional area of the approach channel
in retation to the throat of the flume, On the assumption that the cross-sectional area of the approach channel is
rectangular, the velocity coefficient shall be determined from the following formulae:

Flumes with side coniractions only,

by 2 2/3 _ 4.4)
(31/35).Cv'cv =0
Values of C, for varions ratios % are shown in Table 4,2,
Flumes with both side and bottom contractions, and {lumes with bottom contractions (hump) only,
2 2 a/3 (4.5)
_2b A2 [ h Cv - G +1=0
3 v3B) .lh + P/,

where P =height of invert level of throat above invert level of approach channel, ie height of hump.
(The mean value of P may be taken if the bed of the approach channel is uneven).

In cases where the approach channel is not truly rectangular in section where h is measured, B should be deter-
mined from the equation:

B = cross-sectional area at h
h + P

Values of C, for various heads in relation to P and to swit various width ratios are shown in Table 4.3,
The error involved in the implicit assumption that C, and Cp are mutually independent factors is negligible,

The general installation conditions given earlier shali apply. The following limitations shall be observed:

must not be less than 0.33 it (0.1 m).
- §+ p mustnot be more than 0.7.

c. % must not be more than 3.

d. h must not be less than 0,16 fi (49 mm) or more than 6,0 ft (1,8 m).

e, When Binax is less than 0.3 and P greater than 3 1t (0.9 m) in a flume formed by a hump only, the structure
shonld * be treated as a broad crested weir.

. b
b
B
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TABLE 4.1. DISCHARGE COEFFICIENTS FOR RECTANGULAR THROATED FLUMES
H( b Tve ( h- 0._00314)3/ 2 !
° “\b + 0.004L h |

|

el b

070 | 065 | 060 | 055 § 0-5D | 0-45 | 0-40 | 035 | 0-30 | 025 | 020 | 015 | O-10 | 005

0-9924] 0-9919| 0-3913] 0-9908| 0-9893) 0-9883| 0-2876) J-3860} 0-9839| 0-9805 | 0-9764 | 0-5690| 0-9542]10-9103
0-9512 09907 0-9901| 0-9894| 0-9846( 0-98TG( 0-9864 D-0848) 09527 0-9797 | 0-9752 09678 0-9530] 0-9092
0-9900| 0-9895) 0-9889( 0-9383) 0-9375( 0-98465 0-9852) 0-9836( 0-9815| 0-9785 §0-9741 | 0-9667 | 0-9519) 0-3081
0-9888( 0-0883( 0-9878( 0-987TJ| 0-9863 0-9353; 0-9840{ 0-9B25( 0-9803| 0-9774 1 0-9729 | 0-9655 | 0-9502 | 0-9070
0-9876 0-8872| 0-2866| (-985% 0-9851% 0-9841L 0-9829 0-9813{0-9792| 0-9762 | 0-9717 | 0-9644] 0-9496 | 0-9059

mooge

0-9865| 0-9360{ 0-9854| 0-9847| 0-9839| 0-9829( 0-9817| 0-98014 0-9780j 0-9750( 0-3706 | 0-9532 ] 0-9485| (-9048 ;
0-9853) 0-9848{ 0-9842 0-9835) 0-5827( 0-3818| 0-9805) 0-9789| 0-9768 0-9739 § 0-9694  0-9620[ 0-9474 | 0-9038
0-9841| 098361 0-9831| 0-9824] 0-9816| 0-9805 0-9793) 0-9778)| 0-9757| 0-9727 J 0-3683 | 0-D600F 0-9452 | 0-902T
0-9829; 0-9324] 0-9819| 0-9812) 0-9804| 0-9794| 0-9782| 0-9766(0-9745(0-9715 | 0-9671 } 0-9598 § 09451 | ¢-0016
0-9818) 0-9813 0-9807 0-9800] 0-9792( 0-9782{ 0-8770} 0-9754| 0-8733{ 0-9704 | 0-9660{ 0-I586 [ 0-9440 0-9005

ShAbHIN DA

bk el

2-2 | 0-9806) 0-9801] 0-9T95( 0-9789( 0-9781} 0-97T1( 0-9758| 0-9743; 0-9722) 0-9652 | 0-9648 | 0-9575] 0-9429 | 0-8595 .
2-4 | 0-9794j 0-9787| 0-3784| 0-97T7| 0-9765( 0-9759| 0-9747) 0-9731; 0-9710: 0-9681 | 0-9637 | 0-9563 | 0-941710-8984 :
2-6 | 0-9783 0-9778( 0-9TTX 0-9765] 0-9757) 09748 0-9735 D-97201 0-9699] 0-9669 | 0-9625 | 0-9552 | 6-3406 [ 0-8973 i
2-8 | 0-9771( 0-9766( 0-9761t ¢-9T5H4 0-9746] G-9736| 0-9724| 0-9708( 0-9687| 0-9658 | 0-9614 | $-9541 | 0-9395 | 0-8963 :
3-0/§0-9759| 0-9755} 0-9749| 0-9742( 0-9734| 0-9724| 0-9712! 0-9696) 0-9676! 0-9646 § 0-9602 | 095291 0-9384 | 0-8952 i

32 0-9748] 0-9743 0-9733} 0-9731f 0-9723) 0-9713) 0-9701| 0-9685] 0-9664( 0-9635 | 0-9591 ) 0-9518F 0-9373 ] 0-8941
3-4|0-9736| 0-9731] 09726 6-9719; 0-9711| 0-9701/ 0-9689| 0-3573| 0-9653[ 0-2623 | ¢-9580 | 0-9507 £0-9362 | 0-893L
3.6 | 0-9725} 0-9720] 0-9714| 0-9708| 0-9700] 0-9690] 0-9678} 0-9562| 0-9641| 0-9612 | 0-9568 [0-9905 | 0-9350 | 0-8920
3-8 |0-9713{0-9708( 0-9703( 0-9696{ 0-9688| 0-9678) 0-9666| 0-9651| 0-9630| 0-9601 | 0-9557] (-9484 | 0-9339| 0-8309
4-0 | 0-9702( 0-9697| 0-2691{ 0-9685( 0-96T7| 0-9667| 0-9655) 0-363%; 0-9618} 0-9589| 0-95461 0-9473 [ 0-93280-3899

472 05630/ 03645 0-9680[ 0-9573 DIEEL T Z " U TS T T s St oo e2 [ Or ST [ RBa s —
44 | 0-9679} 0-9674} 0-9668{ 0-9662 0-9654| 0-9644| 0-9632{ 0.9516| 0-9596! 0-9566 | 0-9523] 0-9451 | 0-9306 | 0-8878
46| 0-0667| 0-0663| 0-9657] 0-9650] 0-9642{ 0-9633| 0-9521{ 0.9505' 0-9584] 0-9555 | 0-9512f 0-9439| 09295 | 0-8867
48 | 0-9656) 0-9651) 6-966) 0-9639) 0-9631| 0-9621| 0-9509] 0-9534| 0-9573] 0-9544} 0-9500] 0-0428 | 0-9284 | 0-8857

5-0 | 0-9645) 0-9640; 0-9634 D-BEZBLD'QEZD 0-9610f 0-9593| 0-5583| 0-9562( 0-9533

<

-849070-94181 0-9274 [ 0-3847

NOTE. The number of significant figures given in the columns for coeflicient of discharge should not
be taken to imply & corresponding accuracy ) ' but only to assist in
interpolation and analysis. ’

TABLE 4.2. VELOCITY COEFFICIENTS FOR RECTANGULAR THROATED FLUMES ;
' WITH LEVEL INVERTS

2b 2 2/3
(3738 & -6 s 1m0
% Ce % Cr
010 10022 044 10476
015 1.0051 046 10526
020 1:0091 048 10579
022 10110 050 1.0635
a2 10132 052 10695
026 10155 054 10760
028 10181 056 1:0829
0-30 10209 058 10001
032 10240 060 1-0380
03 10272 062 11064
036 10308 064 11153
0-38 1036 066 11250
040 10388 068 11353
042 10430 070 11465

NOTE. The number of signiflcant Sgures given in the columns for cosfficient of discharge
should not be taken to lmply a corresponding accuracy
Bbut only to ssslet in interpolation and snalysis..
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TABLE 4.3. VELOCITY COEFFICIENTS FOR RECTANGULAR THROATED FLUMES
WITH BOTH SIDE ARD BOTTOM CONTRACTIONS

Y h W2 p2lagg
Ao

tojer

0 0-9 08 07 05 03 04 03 02

010 | 1-0018 | 1-0018 | 1-0014 | 1-0011 | 1-0008 | 1-0006 | 1-0004 | 1:0002 | 1-c001
0-15 110051 [ 10041 [ 1-0032 [ 1-0025 | 1-0018 | 1-0013 | 1-0008 | 1-Q005 [ 1-0002
020 | 1.0091 | 1-0073 | 1-0058 | 1-0044 | 1.0032 | 1-0016 | 1-0014 | 1-0008 | 1-0004

025 | 1-0143 | 1-0115 | 1.0091 | 1.0069 | 1-CO51 | 1-0035 | 1.0018 ( 1-0013 § 1-0006
030 | 1-0209 § 1.0168 | 1-0E32 | 1-0I00 | 1-0073 | 1-0051 | 1-0032 | 1-0018 | 1-0008
035 | 1-029¢ | 1-.0232 | 1-0i81 | 1-0137 | 1-0100 | 1-0069 | 1-0044 | 1.0025 ; 1-0011

0-40 | 1-0386 | 1-0308 | 1-0240 | 1.0181 | 1:0132 | 1-0091 [ 1-0058 | 1-0032 | 1-0014
045 | 10500 | 1-0397 ] 1-0308 § 1-0232 | 1-.016B | 10115 [ 1-0073 | 1-0041 | 1-0018
050 | 1-0635 | 1-0500-| 1.0388 | 1-0290 | 1.0209 ) 1-0143 ) 1-009% | 1-0051 | 1-0022

0-55 | 1-0793 | 1-0620 | 1-0475 | 1-0357 | 1-0265 | 10175 110110 1.0061 | 1-0027
060 | 1-0980 | 1.0760 | 10579 | 1-0429 | 1-0308 | 1-0209 | 1-0132 | 1-0073 § 1-0032
0-65 | 11203 } 10921 | 1-0695 | 1-0603 | 1-036T ) 10248 | 1.0156 | 1-0086 | 1-0038

070 | 1-1469 | 1-1108 | 1-082% | 1-0606 | 1.0429 | 1-0290 1-0131‘ 1-0100 | 1-0044

015 —_ 11330 | 1-088¢ | 1-0711 | 1.050Q | 1.0336 | 1-0209 | 1.0115 | 1-0051
aED — — 1-1155 | I-0829 | 1.05T9 | 1-0386 | 1-0240 | 1-01L32 | 1-0058
085 —_ —_ 11358 | 10960 | 1-0664 | 1-0441 | 1-0272 | 1-0148 | 1-0065
0680 — — — 1-1108 | 1-0760 | 1-0500 | 1.0308 | 1-0168 | 1-0073
695 —_ —_ —_ 1-1279 | 1-0864 | 1-05664 | 1-0346 | 1-0188 | 1-0082
1-08 -— — —_ 1-1469 | 1-0980 | 1-0635 | 1-0386 | 1-020% ] 1.0091

NOTE, The number of significant figures given in the columns for coefficient of velocity should
not be taken to imply a corresponding accuracy but only to assist in interpolation and analysis.

4.3, PARSHALL FLUME

4.3.1. The flumes will have the geometzry and dimensions indicated in Figure 4.2 and Table 4.4 respectively. The invert
of the coverging approach section shall be level throughout its width and length and it shall be the zero datum
for both upstream and downstream head measurements, All wall sections shall be perpendicular and plane. The
accuracy of construction of the very small flumes is extremely important if the tabular values are to be used. The
surfaces of the flume shall be of smooth concrete, galvanized steel or other smooth non-corrodible material.

4.3.2. The flumes will be installed with the throat centreline in line with the centre of the approach channel. The flow
should enier the converging section reasonably well distributed across the entrance width. The entering flow
should also be free of surges and waves and visible surface boils. Subcritical flow shall exist in the {flume
approach. For best results, flumes should be insialled at such elevations as to operate without submergences

which require corrections to free-flow {to be described later). Under no circumstances should submergences be
greater than 95 per cent,

4.3.3, Discharge Ratings:

Figure 4.3 contains the discharge rating curves for the 2-inch (50 mm) through 9-inch (0.23 m) size Parshall
flumes both for free flow and for different degrees of submergence.

Tables 4.5 and 4.6 give the free-flow discharge ratings for flumes 1 1o 8 feet {0.3 1o 2.4 m) and 10 to 50 feet
(3.04 to 15.24 m} in size respectively. The general discharge equations which apply to the 1 to 8 (0.3 to 2.4 m)
and 1D to 50 (3.04 to 15.24 m) foot sizes respectively for free-flows are:

0.026 (4.6)
1.5220
Q = 4bh, e

Q - (3.6875b + 2.5} h,

where b is the throat width and h is the piezometric head measured 2/3 A distance along the approach wall
upsiream.

and
“.7
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4.3.4. The larger the flume the greater the submergence that can be lolerated before the {rec-flow discharge is reduced.
For the 2 inch (50 mm) to 9 inch {0.23 m) flumes, the discharge for different submergences may be determined [rom
Figure 4.3. Correction lactors for computing the effect of submetgences for the ! to 50 foot (0.3 to 15.2 m) sizes
are given in Figure 4.4. The discharge under submerged conditions is equal to the free-fall discharge minus the
product of two correction factors, Q, and k, thus,

'Q,‘:Qf - ka, Qc

Note: Three~inch to eight-foot flumes hove
rounded approcch wingwalls

-
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FIGURE 4.2, CONFIGURATION AND DESCRIPTIVE NOMENCLATURE FOR PARSHALL FLUMES
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TABLE 4.4, DIMENSIONS AND CAPACITIES OF ALL SIZES OF STANDARD PARSHALL MEASURING FLUMES

Vertical dislance Free Flow
Widths Axial  Lengths Wall | below  erest Con- Gage  Points Capacities
Size; | Upstream [Down- Con- Throat | Diverging chgz—m Dip at | Lower verging 64 “dist, A
Throat end siream | verging | Section | Section verging Throat } end of l\v:lih UPSIreanl &
width end Section . |section flume =ng of crest®® Min, | Max,
8 F Pa) L G E v K A X y
inches feet feet fect feet feet feet feet fect feet " feet {eet feet cis cfs
1 D. 549 ¢, 305 1,17 0,250 0.67 0.5-0.75 0094 9.062 1.19 0,72 0,026 0,042 0.005 0.i5
FA . 700 . 443 1,33 L3758 B3 050-083 141 .073 1.36 .91 052 L0B3 .0l A0
3 . 849 .583 k.50 . 500 1.00 1,00-200 .188 .083 1,53 1.02 083 L1253 .03 1.90
6 1.30 1.28 2,00 1,00 2. 80 z.0 .375 .25 2.36 1.36 167 .25 .05 3.90
8 1.68 1.25 2,83 i.00 1,50 2.5 .375 .25 2,88 1,93 .167 .25 .09 8.90
Feuot
1.0 2,77 Z.00 4,41 2.0 3.0 3.0 .15 .25 4,50 3.00 167 .25 1l 16,1
:‘.7. .5 3.38 z.50 4,606 2.0 3.0 3.0 .15 .25 4,75 3,17 .1687 .23 .15 24.6
z,0 3.Bs 300 4.91 z.0 3,0 3.0 .75 <20 5,00 3.33 167 .25 42 33,1
3.0 3.1G6 4.00 5,40 z.0 3.0 3.0 .75 .23 5.50 3,67 167 .25 .61 50.4
4.0 6.35 5.00 5,88 2.0 3.0 3.0 .75 .25 6.00 4.00 . 167 .25 1.30 67.9
5,0 7.95 6,00 G, 3B 2.0 3.0 3.0 W75 .25 6.50 4,33 .67 .25 1,60 3.8
6.9 8.75 7.00 G.86 2.0 3.0 3.0 .75 .25 7.0 4.67 L1867 .25 2.60 103,85
7.0 9.95 B.00 7.35 2,0 3.0 3.0 .15 -] 7.5 5.0 JA6T .25 o0 121.4
g.0 11,15 9.00 V.04 2.0 3.0 3.0 .15 .23 8.0 5.33 167 .25 3.50 139.5
i 13.60 12,00 14,0 3.0 6.0 4.0 1,12 .50 9.0 6.00 75 1, 80 [ 3oo
i2 18.40 14.67 16.0 3.0 8.0 5.0 1.12 .50 10,0 6.67 .75 b 0B B 520
i5 25.0 18,33 25.0- 4.0 10.0 6.0 1.50 .75 11.5 7.67 el i 0o 8 900
20 30.0 24.00 25.0 6.0 12,0 7.0 2,25 1.00 14.0 9.33 ) f.88 110 1340
23 35.0 29,33 25,0 6.0 13,0 7.0 2,25 1,00 116.5 11,00 25 J.2e |15 1660
30 40.4 34,67 26.0. 6.0 14,0 7.0 2,25 1.6G0 19,0 12,67 5 /oee |15 1980
40 50.8 45.33 27.0 6.0 16,0 7.0 2.25 l1.00 24.0 16,00 .75 ZJ.va |20 2640
50 60.8 56.67 27.0 6.0 20.0 7.0 2.25 1,00 29.0 19,33 . 25 /.00 |29 3280

= For sizes 1' to B', A =624+ 4
- HA located 2/3 A distance [rom crest for all sizes; distance is wall.length, not axial
Note: Flume gizes 3 inches through B feet have approach aprons rising at a 1:4 slope and the following entrance roundings: 3 through 9 inches,
radius =1, 33 feet; 1 through 3 feet, radius = 1,67 feet; 4 through 8 feet, radiua = 2, 00 feet,
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kS, SIZES 1 FOOT TO 8 FEET FOR FREE-FLOW CONDITIONS

TABLE 4.5. DISCHARGE TABLE FOR PARSHALL MEASURING FLUM

hﬂ 1 foot 1.5 feet 2 fect 3 leet 4 feet 5 feat 6 feet 7 feet 8 feet
feel cfs cfs cfs cfs Icis cfs eis cis cis
0.10 a. 11 0.1%

.15 .20 .30 0.42 0.61

.20 .35 .51 .66 .97 1,26 1.55

.23 .49 .71 .93 1.37 1,80 2,22 2,63 3.02 3,46

.30 .64 .94 1,24 i.82 2,39 2,96 3.52 4.08 4.62

.4 .99 1.47 1.93 2.B6 3.77 4.68 5.57 6,46 7.4

.5 1.39 2.06 2.73 4,05 5.36 6.66 7.94 9.23 10.5

.6 1.84 Z,.73 3.62 5.39 T.15 8.89 10.6 fZ.4 l4,1

.7 2,33 3.46 4.60 6.86 9.1l 11.4 13,6 i5.8 18.0

.8 2,85 4,26 5.66 8.46 1.3 14,0 16.8 19.6 22.4

.9 3.41 5.10 6.80 10,2 3.6 16.9 20,3 23.7 27.0
1.0 4,00 &.00 §.00 12.0 6.0 20,0 24.0 28.9 32.0
1.2 5.28 7.94 10.6 16,0 AW ] 26.7 3z2.1 37.5 42,9
1.4 6.638 10.1 13.5 20.3 7.2 34,1 41.1 48,0 55.0
1.6 B.18 12.4 16.6 e5.1 }i.6 42.2 50.8 59.4 68.1
1.8 9,79 14.8 19.9 30.1 0. 5 50.8 61.3 71.8 82.3
2.0 11.5 17.4 23.4 35.5 47.8 60,1 72.5 84.9 97.5
2.2 13.3 20,2 27.2 41,3 5.5 69.9 84.4 98.9 113.6
z.4 15, % 23.0 .l 47.3 27 80.2 97.0 113.7 130.7
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TABLE 4.6, DISCHARGE TABLHE FOR PARSHALL MEASURING FLUMES, SIZES 10 FEET TO 50 FEET FOR FREE-FLOW CONDITIONS

ha 10 feet 12 feet 15 feet 20 feet 25 feet 30 feet 40 feet 50 feet
feet cls cis cis cfs cfs cls cfs cfs
0.30 5.75 6,75 8.4 11,1 13,8 16.5 2].8 27.3
0.4 9.05 10.85 13,3 17.7 21.8 26,1 34.6 43,2
0.5 13,0 15.4 15.1 25.1 31.2 37.2 49.5 6.8
0.6 17.4 20.6 25.5 33.7 41.8 50.0 GE.2 Bz.6
0.7 22.2 26,2 3z.7 43.1 53.4 64.0 B4.8 105.5
0.8 27.5 2.7 40.4 53.4 66.3 79.2 105 131
0.9 33.3 30.4 48.9 54,3 80,1 95.5 127 158
1.9 39.4 4.8 57.9 76.3 94.8 113.2 150 187
1.2 52.7 62.6 7.3 [02.0 127.0 152 201 250
1.4 67,4 80,1 99,0 t3o.5 162 194 257 32¢
1.6 83.5 99,1 122.8 162 2p) . 240 316 396
1.8 100.9 119.8 148.0 185 243 290 384 479
2.0 il9.4 111.8 175.3 FAY z87 343 454 567
Z.2 139.0 165.0 204 269 334 400 530 660
2,4 159.9 189.8 235 30 384 459 609 758
2.6 181.7 215.7 267 352 437 522 592 864
3.0 228.4 27i.2 335 442 549 6586 870 1084
3.5 204 347 418 566 703 840 1112 1387
4,0 363 430 531 700 B70 1040 1379 1717
4,5 437 518 641 846 lo%) 1255 1664 2073
5.0 517 614 759 1002 1244 1486 1870 2453
5.5 885 L166 1448 1730 2295 2860
6.0 1016 1340, 1664 1988 2638 3285

Note: Available data indicates that extension of the above ratinga to greater heads is reliable.



4.4. TRAPEZOIDAL THROATED FLUMES )

4.4.1. Trapezoidal throated [lumes may be designed {refs 35, 36) io cope with many different flow conditions, and the
optimum throat geometry (i bed width and side slopes) will depend on the range of flow to be measured and on the
characteristics of the stream in which it is to be installed. Design methods by which the geometry might be
selected to approximate to a predetermined stage discharge relation are comprehensively described in ref 36 and
outlined later.

4.4.2. Trapezoidal flumes should have a geometry generally as indicated in Figure 4.5. In some circumstances however
it will be appropriate to make the invert of the throat level with the invert of the approach chaunel, ie p = 0: this
will be the case if sediment has to be conveyed through the flume. The entrance and exit transitions may be plane
or curved surfaces if so desired.

4.4.3. The flume should be installed with the throat centre-line in line with the centre of the approach channel. Sub-
critical flow must exist in the flume appreach, and the flume should be installed at such an elevation as to operate
with free discharge throughout the range. The surfaces of the flume shall be of smooth concrete, galvanised steel
or olher smooth non-corrodible material, The throat section is of particular importance and must have a level
invert and be truly prismatic, the sioping walls being plane surfaces, symmetrically disposed and making a sharp
inter-section with the invert of the throat.

4.4.4, Several methods of evaluating the discharge through trapezoidal flumes are available, ref 36 provides methods of
preparing detailed rating curves for any geometry by computation or semi-graphical techniques, making full allow-
ance for the influence of the boundary [ayer in the throat, and taking into account the surface texture of the throat.
The starting point for this method is the flow condition in the throat ie it is based on the occurrence of critical
flow therein. From this the relationship of total head to discharge is determined, and a rating curve in terms of an
upstream gauging of water level is developed.

4.4.5. 1t is also possible io derive a general discharge equation for trapezoidal flumes in the form of a direct algebraic
relationship such as has been given for most of the structures previously described.

2\
Q=Cy %./(gg) C, bu** 4.8)

in which

Q =discharge

Cq4 = coefficient allowing for fluid property effects, ie head loss beiween the point at whicl levels -are measured
and the confrol section within the throat.

C, = shape factor, taking account of the non-rectangular throat geometry.

bed width of throat.

[~
1

H =total head upstream of the flume.
In the above

C, = f(m Hcr/b) 4.9)
where

m =slope of throat walls (m horizontal in 1 vertical)
and

H, =total head at the critical section,

C, in equation 4.8 will vary with the size of flome and the head, as well as with the roughness of the throat,

lying approximately in the range 0.95 in small installations (of order of 0.5 cusec) to 0.98 in {arge installa-

tions (of order of 200 cusecs). These values of C are suitable for design purposes although not considered
accurate enough for compuiing the flume calibration.
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4.4.6, An approximate calibration in terms of total head can be derived from equations 4.8 and 4.9, with the aid of

4.4.7.

Figure 4.5, noting that

H, =H Cdz/a ; (4.10)

Because of the influence of head iosses on C4and the need to allow for velocity of approach, direct application
of a discharge equation is not very convenient, however.

Usually a theoretical calibration is derived for a gauging structure for the whole range of discharge in one
computation, and the most logical method of preparing such a calibration for a critical depth device is to start

with flow conditions at the throat. A tabulated calculation by desk computer proceeds as follows.*

. Select range of values of d, the critical depth in the throat (a roughly logarithmic series is more convenient

than an arithmetic series)

. Por each depth evaluate the water surface width and cross-sectional area (W, and A respectively),

W o=b + 2md, : (4.11)

<

A, =G + md)d, (4.12)

. The critical velocity is given by

V, = Vg AW, (4.13)

[+ [+

. The corresponding discharge is

Q =AYV, .14

. The total head at the critical section is

Hy = d, + A/2W, (4.15)

. In order to evaluate ihe head los s’f between the upstream gauging section and the critical section, it is

assumed that most occurs within the prismatic throat section, of length L. The throat Reynolds number is
given by

Re =V, L /v _ (4.16)

where » for water ai 15°C=1.23 x 107° f17s (1.14 x 10.6m2/s)

. The relative roughness of the throat is

L, /%, _ “4.17)

where k_ is the equivalent sand roughness (after Nikuradse) of the material used to construct the flume.

Suitable values range from 0.0001 Tt (0.03 mm) for sheet metal, through 0.001 ft (0.3 mm) for pre-cast or in-situ
concrete to 0,002 ft (0.6 mm) for planed wood.

. The coefficient of total skin drag, C;, is obtained from Figure 4.7.
i. The head loss is computed from

’ (4.18)
by = Selel
2We
where
P=b + Wyl + m? 4.1%

* A program for a digital computer would foliow similar Jines, of course

# A paralle] computation on the basis of the boundary layer displacement in the throat is academically preferable, but insufficient evidence

about the growth of a boundary layer in thesc circumstances is available. Il is known however {see rel 36) that the use of the drag
coefficient on a [lat plate gives averall coeflicient values very clese to those pbserved experimentally even thoegh the throat vondition is
not strictly analogous o a flat plate in an infinitc floid.
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j. The total head upstream of the throat is obtained from
H=H, + h : (4.200

where H is measured relative to the throat invert as datum,
k. To convert from total head H to gauged head h, the expression

B R

v (4.21)

hEH——z—

is used, where v, is the mean velocity in the approach channel at the gauging section. ,
1. Before applying eqn 4.21, the geometry of the approach channel is used to compute its cross-sectional area,
A,. Assuming the approach channel is of trapezoidal section

A,-6+P)[B+m+P)] .22

In the above, P is the height of the hump at the throat, B is the bed width of the approach channel, and m, is
its side slope (m, horizontal to 1 vertical) )

m. Because h occurs implicitly in the right hand side ol eqn (4.21), a methed of successive approximation is
needed to work out h.

1st approximation:

Sct h=H and hence calculate A, from 4.22. Insert v,; in eqn 4.21, where Y =Q/A,, and thus obtain h,.

2nd approximation:

Obtain A, , from 4.22 inserting h="T; Hence v, , = Q/A,,. and h, from eqn 4.21.

3rd approximation etc:

Repeat procedure until by = h,_, is too small to significantly affect the accoracy. (It is suggested that
h -h, should not exceed 0.1 per cent of hn_l).

n. Having thus worked out pairs of values of Q and h for a series of values of d;, the calibration curve for the
flume may be plotted to large logarithmic scales. 'Discharge values for ‘intermediate values of h may be read
off as necessary. Note that the calibration curve “is not a straight line on a log-log plot.

4.4.8. The following observations should be noted:-

a. H/L should not exceed 0.50 if high accuracy is required. If high accuracy is not needed in the upper part of
the discharge range, H ,,/L may be allowed to rise to 0, 67.

b. At all elevations the width between the throat walls must be less than the width between the approach channel
walls at the same elevation, ie: there must be a contraction wherever the water surface lies.

. The sloping walls of the throat and the approach section must continue upwards without change of slope far
enough to contain the maximum discharge to be measured. {For the design of flumes with trapezoidal throats
that are contained within vertical walls, see ref 36).

d. The flume must not be submerged, The limiting value for Hy/H where Hyis the total energy level downstream
relative to the invert of the throat is dependent on the gradualness of the exit transition (see ref 37)

1 in 20 expansion, H /H 94 per cent
1in 15 expansion, H,/H B8 per cent
1 in 10 expansion, Hy/H 85 per cent
1in 5 expansion, Hy/H 80 per cent

lin 3 expansion, H;/H 75 per cent
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4.4.9,

4,410,

4.4,11.

4.4.12.

¢. The Froude number in the approach channel normally should not exceed 0.5, ic:

v
u

Be =7 o <0.5 .23
(gA“/WH)

where W is the water surface width, b + 2m (b + P) in the approach channel,

Where sediment is being carried, it may be desirabie to allow Fr, to rise to 0.6 to avoid deposition in the
approach channel.

f. The exit and entrance transitions may be formed of either plane or cylindrical surfaces as shown in

Figure 4.5. The convergence al the eatrance and expansion at the exit should not exceed 1 in 3 at the walls
and Floor.
g. b should be at least 0,1 m (0.3 ft) and h should be at least 0,03 m (0.1 f1).

The head on the flume shouid be measured at a distance of between 1 and 4 times the maximum head upstream of

the entrance transition, preferably in a separate gauge chamber connected to the approach channel by a pipe
whose entry is normal to the direction of flow and flush with the wall.

There is considerable flexibility in the design of a trapezoidal throated flume, and this pemmits the designer to

select values of m and b which will provide an exact match to a predetermined relationship of head to discharge
at two flows., A convenient graphical method was derived in ref 36, utilising equation 4.8 in the form

mH
= f(b ) {4.24)

IR
’T\
wi|rd
m |~

)bH3/2

on the assumption that H e H for design purposes.

Required values of Q and H are estimated from a knowledge or estimate of the existing stage-discharge
relationship at the site, paying due regard to the head loss needed for free flow, practical limitations on the
height of the throat above the stream bed (it must not be below "no flow" level), and the limitations given earlier.
The two values of

bH

) pr
—
W
L e
(5]
[+

corresponding to these boundary conditions are worked out and plotted on transparent material against H as
abscissa on the same logarithmic scales as in Figure 4.6. Vertical and horizontal guide-lines are added to the
transparent overlay, which is then moved up or down, to the right or to the left without rotation until the two
plotted points lie on the curve. The intercept of y =1 on the overlay with the vy axis of Figure 4.6 gives 1/b and
the intercept of x =1 on the overlay with the x axis of Figure 4.6 gives m/b and hence m. An example is shown
by dotted lines for which Q/— v 2g) H*? and H values are 3, 07, 2.82 m 1.34, 0.21 m corresponding to discharges
of 25 and .01 m%s respectivély.  These requirements are met by a flume in which b= 122 m and m =0.90.

Example of alternalive designs of flumes for the following conditions:-

Range of flow ............... S U PP PP 0.01 m¥s - 17misy
Froude number in approach channel at maximum discharge ........ccocvieinininnn, 0.37

Longitudinal slope of channel upstream ........cooiieiiivviiiine e evaenens 1:236

Longitudinal slope of channel downstream ....o.oovvviiiinin i cvaeaeas 1:50

Kutters 'n' for channel ..o 0.03

Channel S1de SI0PES ..o i e et e 1.2

Channel width ... 2,2 m



DESIGN COMPUTATIONS

Design details Flume 1 Flume 2
Throat width in 0.61 0.15
Maximum head m 2.06 2.21
Minimum head mn .07 0.07
Maximuml discharge m7s 17 17.7
Minimum discharge m¥s 0.03 0.01
Throat length m 1.5 ) 37
Entrance transition m 2.5 3.1
Exit transition m - 2.5 3.1
Throat side slopes 1.2 1:2

4.4.13.

The methods employed in assessing the magnitude of the error in discharge as measured by the trapezoidal
thraated flume, as well as by other siructures, may be found in references 3 and 42,
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