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Preface 

An initial draft of the report on the discharge characteristics 

of triangular-notch, thin-plate weirs was prepared in 1960. In draft 

form it was the basis for the development of recommended flow-measure-

ment standards. In 1974, the discharge equation and the coefficients 

of discharge proposed in the report were adopted as part of an inter-

national standard. The equation and coefficients have been quoted ex-

tensively in several foreign national standards, books and reports. 

In its present revised form, the report provides background and veri-

fication for the triangular-notch weir as a convenient, reliable and 

inexpensive device for measuring 'small flows in open channels. 
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DISCHARGE CHARACTERISTICS OF TRIANGULAR-NOTCH 

THIN-PLATE WEIRS 

By John Slien 

ABSTRACT 

The triangular-notch, thin-plate weir is a convenient, inexpensive, 

and relatively precise flow-measuring instrument. It is frequently used 

to measure the flow of water in laboratories and in small, natural streams. 

The purpose of this report is to present a comprehensive analysis of the 

discharge characteristics of triangular-notch weirs. Previously-published 

data are analyzed in the light of the effective-head concept, and a 

new discharge formula is proposed. Coefficients are recommended, and re-

quirements for precise measurements are described. Limits of applicability 

are discussed. The report includes an extensive review of the literature 

of triangular-notch weirs. 



 

 

INTRODUCTION 

The triangular-notch, thin-plate weir is widely used for measuring 

c 1 rn 

the flow of liquids in open channels. Simple in design and easily made 

from iLadil.y available materials, it is inexpensive, convenient to use, 

and easy to maintain.---) 

`.In permanent or portable form it is frequently used to measure the 

/ 7/. 91-0 /;:f 

flow of water in4small, natural streams. When .o re T forms of weirs or 

oec:Ir; 
flumes might be used, the triangular-notch wL'iir isA

preferred because of 

its greater accuracy at low flows or its lesser sensitivity to approach-

channel geometry and velocity distribution. Within the range of conditions 

for which tITs--e-x-piax-i4aa,ata-.1. data are adequate, and with reasonable care in 

its construction, installation, and use, the triangular-notch, thin-plate 

1^clati,! 
weir is a precise instrument.

A 

The triangular-notch weir has been the subject of considerable,re-

search and published discussion. Unfortunately, however, most of the 

laboratory investigations have been restricted to a narrow range of notch 

0 
"angles and channel geometries. The 90 — notch weir has been most extensively 

studied .. With few except ons, water has been the liquid used in Alla-

laboratory tests. 

d:,-. 1,—.. 
A large number of empirical fonnu)as have been proposed for triangular-

A 

notch weirs. Most of these were designed to fit a particular set of ex-

perimental data. None provide . a comprehensive solution, even for a single 

liquid. Deficiencies in these formulas are concealed with numerous limits 

of applicability which greatly restrict their usefulness. 

-2-



The purpose of this report is to present a comprehensive analysis 

of the discharge characteristics of triangular-notch, thin-plate weirs. 

Previously published data from various sources have been reanalyzed, and 

some of the traditional discharge formulas are compared with an original 

solution. The report is based on one of a series of studies of weirs 

and spillways which was undertaken by the Geological Survey, under the
A 

direction of C. E. Kindsvater. Previously published reports in the series 

are concerned with broad-crested weirs (Tracy, 1957), rectangular, thin-

plate weirs (Kindsvater and Carter, 1959), and embankment-shaped weirs 

(Kindsvater, 1964). Portions of this report are adapted from unpublished 

reports and drafts of weir standards prepared by C. E. Kindsvater. 



 

 

Inch-pound system of units 

The inch-pound system of units is used throughout this report. 

The following factors may be used to convert inch-pound units to 

International System of Units (SI): 

Multiply 
inch-pound units By 

To obtain 
SI units 

Length 

Feet 
Inch 

(ft) 
(in) 

0.30480 
25.4 

Meters 
Millimeters 

(m) 
(mm) 

Area 

(m2)Square feet (ft2) 0.09290 Square meters 

Volume 

Cubic feet (ft3) 0.02832 Cubic meters (m3) 

Temperature 

Degrees Fahrenheit (°F) 5/9 (°F-32) Degree Celsius (°C) 



.CENLIZA-1). ANALYSIS 

Description of the weir 

The weir which is the subject of this study is a symmetrical, 

-shaped notch in a vertical, thin plate. The line which bisects the 

Ingle of the notch is vertical and equidistant from the sides of the 

approach channel. The weir plate is smooth and plane, and it is per-

?endicular to the sideS as well as the bottom of the approach channel. 

Figure 1 shows a triangular-notch, thin-plate weir installed at the end 

of a rectangular channel. 

The crest surfaces of the weir notch are plane surfaces which form 

sharp, right-angle corners at their intersection with the upstream face 

of the weir plate. The width of the crest surface varies, but it is 

generally between 1/32 and 1/16 inch. If the weir plate is thicker than 
1/1 c, inc,, 
tho-a4lowebie,-erest--vidth, the downstream edges of the notch are chamfered

A .74.# 

to make an angle of not less than 450 with the surface of the crest. 

I • 
7 
/)(' 7.11eil//'(7."/ .'1 - -1/: 



Figure 1.--The triangular-notch, thin-plate weir 



Ideally, the channel upstream from the weir is straight, smooth, 

horizontal, rectangular, and of sufficient length to develop the normal 

(uniform flow) turbulence and velocity distribution for all discharges. 

Usually, however, it is somewhat less than ideal, and baffles or screens 

are provided in order to simulate a normal velocity distribution. Channel 

and tailwatcr conditions downstream from the weir are such as to permit 

free, fully ventilated flow from the notch. Provisions for ventilation 

ensure that pressure on the nappe surfaces is atmospheric. The tail-

water is low enough that it does not interfere with the ventilation of 

the nappe or free flow from the notch. 

The head on the weir is referred to the vertex of the notch. The 

head-measuring section is located a sufficient distance upstream from 

the weir to avoid the region of surface draw-down, and it is sufficiently 

close to the weir that the energy loss between the measuring section and 

A L(.4 ,the weir is negligible. 
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Basic equation of discharge 

The traditional equation of discharge for triangular-notch weirS 

is derived on the basis of an assumed analogy between the weir and 

the orifice. In the derivation, an approximate velocity equation is 

integrated over assumed area limits of the nappe in the plane of the 

weir. The result is an equation which is useful mainly because it is 

dimensionally correct and because it is used almost universally as the 

basis for the anlysis of experimental data. It is used herein as the basic 

equation of discharge. 

In its traditional form, the basic discharge equation is 

Q = C85 tan h5/2, (1) 

in which Q is the volume rate of flow or discharge in cubic feet per 

second; C is the nondimensional coefficient of discharge; g is the 

acceleration due to gravity in feet per second per second; e is the 

angle included between the sides of the notch, usually measured in 

degrees; and h is the piezometric head or height of the upstream liquid 

surface measured with respect to the vertex of the notch, in feet 

(in metric units, discharge would be stated in cubic meters per second, 

head in meters, and g in meters per second per second; C, being non+ 

dimensional, would remain unchanged in numerical value). 



. Whereas C is assumed to be a coefficient of contraction in the 

traditional derivation, in actuality it is an experimentally determined 

coefficient which is dependent upon all the variables needed to 

describe the channel, the weir, and the discharging liquid. Thus, in 
rcz;r:tuc.• 'reicciten 

the absence of a .4rtt1-y theoretical solution, dimensional! reasoning-
' 

must be used to guide the analysis of experimental data on triangular-

notch weirs. 



A 

Dimensional analysis 

The principal variables needed to define the discharge character-

istics of a triangular-notch, thin-plate weir in a rectangular channel 

tr I) 
-(Figure-* are: Q, the discharge; B, the width of the approach channel; 

P, the height of the notch vertex with respect to the floor of the 

approach channel; h, the head on the weir, referred to the vertex of 

the notch; e, theOlicluded:angle.between the sides of the notch; p 

the density of the liquid; µ, the viscosity of the liquid; o- , the 

surface tension of the liquid; and y , the specific weight of the liquid. 

If the discharge is selected as the dependent variable, a complete state-

ment of the discharge function is 

Q = f(B) P, h, 0) P.) P.) (2) 

From this equation a nondimensional discharge ratio can be expressed as 

a .function of five nondimensional ratios, 

f(1-1 , -h, 0) R, \.J),
2 P B (3)h g -

e 
in which g .r/p.f.,r,em-Equat-ion,-2.-:-. The dependent ratio in /equation 3 is 

proportional to the coefficient of discharge. The first three ratios on 

the right-hand side describe the geometry of the weir, approach channel 

and flow pattern, and the last two ratios are the Reynolds number (R) 

7747 
and the Weber number (W). 
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Significance of the ratios in equation 3 

The first independent ratio:yin equation 3, h/P, is a measure of the 

depth-contraction characteristic. Because velocities in the channel up-

stream from the weir are proportional to the head, the h/P ratio, in 

combination with h/B and e, is also a measure of the relative magnitude 

of the velocity in the approach channel. 

The h/B ratio, in combination with e, is a measure of the width-

contraction characteristic (resembling h/B for rectangular-notch weirs;„ 

Kindsvater and Carter, 1959). A more convenient ratio to serve the same 

V 
purposeJ. P/B, which as width-contraction ratio, depends on h/P as

A 

well as 0. .•,ti )-,.. 

The notch angle, 0, is a nondimensional measure of the shape of 

the weir notch. It is also a measure of the cross-sectional shape of 

the discharging liquid stream in the plane of the weir. In contrast 

with the discharge from aIi other forms of weirs, the shape of the 

stream from a triangular-notch weir is geometrically similar at all 
A . 

values of bhp- head, 

The Reynolds number, R, is a measure of the relative influence of 

fluid viscosity. It is usually expressed as R=VLp/µ, in which V is 

a typical velocity, L is a significant length, p is the mass density, 

and µ is the dynamic viscosity of the liquid. In this instance the 

head, h, is the dominant length parameter. As the velocity is also a 

function of h, the influence represented by the Reynolds number can be 

. expressed in terms of h, kt, and p. 

-10-



The Weber number, W, is a measure of the relative influence of 
\ 

surface tension. It is usually expressed as W= lifT.Pc1/p i.n which 

6 is the coefficient of surface tension of the liquid. As in the 

Reynolds number, h is the most significant length parameter for use in 

the Weber number. Because V is also a function of h, the influence 

represented by the Weber number can be expressed in terms of h, O 

and p. 

Coefficient of discharge for one liquid 

In equation 3 the dependent variable is proportional to the coefficient 

of discharge. The independent variables include three geometric ratios 

and two fluid-property ratios. ^ e of the geometric ratios, h/B, can be 

replaced with P/B, which is more convenient because it is a constant for 

a given weir installation. 

For one liquid over a limited temperature range, p, cr and p can 

be assumed to be constants. Under these circumstances, theaalmb.iniad-
\ 

effects of viscosity and surface tension are related to the absolute 

magnitude of h alone. Thus, both R and W in equation 3 can be replaced 

with the quantity h. It follows that, for one liquid and a limited range 

of temperatures, 

C = f h, 0, h).R, (4)(P- B 

In this report the only liquid of interest is water at normal atmos-

pheric temperatures. 

-11-



Modified equations for one liquid 

/
The separate quantity h in/Equation 4 represents the combined and 

inseparable effects of viscosity and surface tension on the coefficient 

of discharge. The principal effects of viscosity are those which are 

associated with flow pattern modifications due to boundary resistance 

and separation. The principal effects of surface tension arc associated 

with the fescre—klue-to -suz.faccl---tension\--entl--t-he----flow,p-attertr-modificati-ons
A 

dt.P&N4.0 "clinging" on the crest surfaces of the notch. A detailed dis-

cussion of these effects is contained in the paper by Kindsvater and 

Carter (1959) on rectangular, thin-plate weirs. The following pertinent 

conclusions are drawn from that paper: 

1. The combined effects of viscosity and surface tension on a 

notch weir are commensurate with fictitious increases in head and notch 

width. 

2. The coefficient of discharge can be expressed in terms of the 

geometric ratios alone if the effects of viscosity and surface tension 

are accounted for by an adjustment of the measured values of head and 

notch width/ (For triangular-notch weirs, for which notch width is a 

function of h, only the measured values of head need be adjusted.) 

-12-



 

 

3. The adjustment of measured values of h can be accomplished very 

simply, as indicated by the equation 

h = h + kh' (5)e 

in which h is the effective (adjusted) head, h is the measured head,e 

jand kh is a qulntity which must be determined by experiment:1 

4. Use of the effective head, he, in place of h, results in the 

following modifications of equations 1 and 4 for one liquid: 

8 y/2f he (6) 

and 

C =P B, 9). ( 7) 

Q = Ce 15 /2g tan -9 h

e 

Equation 6, in combination with experimentally derived values of 

Ce and kh, is proposed as a new, comprehensive discharge formula for tri-4 

angular-notch, thin-plate weirs.2J Equation 7 defines C as a function e 

of geometry alone; i.e., independent of fluid-property effects represented 

by h. The adequacy and validity of these equations must be examined in 

the light of experimental data. The data used for this purpose have been 

abstracted from the literature. 

1/ 
Subsequent to the initial exposition of the "effective-head concept" 

by Kindsvater in 1956, it was applied successfully to several kinds of 
weirs by others (Carter, 1956; Schlag, Jan. 1962; Schlag, April 1962; 
Shen, 1962; Burgess and White, 1966, among others). 

2/ Equation 6 is described as the Kindsvater-Shen equation in the inter-
national standard (International Standards Organization, 1975) which was 
based in part on the 1960 draft of this report. 

—13— 
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REVIEW OF THE LITERATURE 

Thomson's experiments 

James Thomson, Professor of Civil Engineering at Queen's College, 

Belfast, Ireland, was among the earliest experimental investigators 

of the triangular-notch weir (Thomson, 1858, 1861). Thomson's exper-

iments were made at a pond in an open field near Belfast. His purpose 

in making the tests was to acquire experimental evidence to support his 

proposal that triangular-notch weirs be used instead of rectangular weirs 

when the range of discharges to be measured included very small flows. 

Professor Thomson's experimental equipment was crude by modern 

standards, and the range of conditions covered by his experiments was 

small. Nevertheless, some of his conclusions are pertinent here. Two no-i-ch 

..AiLaalacs—cri 90° and 127°, were investigated. For the 90° notch, 

Thomson recommended a constant value of C 1) = 0.593. For 
no4-c-) • 

*clo..44.--bcr 127°, he recommended C = 0.617. Experiments made with the vertex 
A 

of the notch at the level of the channel (P = 0) , ..snJ with the channel 

wide enough to provide negligible approach velocities, showad no appreci-

able influence which could be attributed directly to the value of P. With 

reference to the 1270 notch, Thomson noted an instability which he associ-

k 
ated with the nappe's tendency to cling to the upper portions of theAcrest 

surfaces. This led him to recommend for larger discharges that two or more 

90° notches (located side -by-Side) be used instead of a single, large-

angle notch. 
-14-
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Barr's experiments 

One of the most extensive among the early investigations began 

as an effort to check Thomson's conclusions (Barr, 1910). James Barr, 

then a Carnegie Research Scholar at Glasgow University, Scotland, 

performed his experiments in the James Watt Engineering Laboratories. 

Many of the traditional formulas for 90°-notch weirs are based on the 

results of Barr's experiments. Because his instrumentation and tech-

nique were good, his data are among those selected for analysis in 

this report. 

Barr's experiments were performed primarily with three different 

90°notches. One weir was made of brass and two of iron plate. The 

C 
upstream edges of thee notrcl s were square and sharp, and the width of 

5urfac.CS 

the cresq, varied from 1/16 inch to 1/12 inch. A 54°notch was also 

tested. The weirs were placed at the end of a channel which was 

4 feet wide and 22 feet long. The vertex of the notches was about 

2 feet above the floor of the approach channel for most of Barr's 

tests. 

-15-
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To investigate the effect of channel width and weir height, Barr 

used false walls and floors in the approach channel. The false walls 

extended 3 feet upstream, and the floor extended 3.5 feet upstream from 

the weir plate. Tests were also made to investigate the effects of rough-

ness and projections on the upstream face of the weir. For this purpose,, 

roughness was produced with a mixture of varnish and emery particles. 

Projections consisted of narrow metal strips which were bolted to the 

weir bulkhead. 

On the basis of his experiments, Barr disagreed with Thomson's 

conclusion that the coefficient of discharge was a constant. His 

results indicated that the coefficient varied with the head. He also 

concluded that the coefficient was increased by roughness and projections 

on the upstream face of the weir. He concluded -.a:1a that the coefficient 

was independent of channel width if the width was at least 8 times the 

head. For channel widths less than 8h, the coefficient increased as 

the width decreased. He also found that the coefficient decreased 
t- K• 

slightly with decreasing values of P when P was less thanjc7g—tr-THK=bein,T; 

a coefficient equal in value to the head in inches. 

tr, 

-16-



Barr-Strickland formula 

A widely quoted formula for 90°-notch weirs was derived by T. P. 

Strickland (1910) on the basis of Barr's experiments. As an equation 

for C, the Barr-Strickland formula is 

C = 0.566 + 0.0157 (8) 
VT 

‘Ahich/the term involving h, derived empirically, is doubtless 

indicative--of the combined ef,fects of. viscosity and surface tension. 

Cone's experiments 

Subsequent to the work of Thomson and Barr, the triangular-notch 

weir was widely used and extensively investigated in the United States 

as well as Europe. One of the earliest investigators in this country 

was ,1,112-, V. M. Cone, whose work (Cone, 1916) on rectangular, trapezoidal, 

circular, and triangularf,thin-plate weirs was performed in the labora-

tory of the Colorado Agricultural Experiment Station at Fort Collins, 

Colorado, under the sponsorship of the U. S. Department of Agriculture. 

The channel used for Cone's experiments was 20 feet long, 10 feet 

wide, and 6 feet deep. The vertex of the weir notch was 4.5 feet above 

7..,(1 c r, 
the channel floor. Cone tested five triangular-notch weirs, with v,a-14.4- • 

ni 
v7:."0- equal to 120°, 9CP 6O° , 3d9 , and 28.'4'. All weirs were made of 

k-inch brass plate, with sharpAedges and crest widths of 1/16 inch 

(except the 120° notch, for which the crest was 1/32-inch wide). A total 

of 98 tests was made, covering a range of heads from 0.20 to 1.35 feet. 

-17-



 

 

Cone, like Thomson, observed that notch angles of 120° or larger 

were impractical because of the tendency for the nappc to cling to the 

upper portion of the crest surfaces. On the basis of his experiments, 

he proposed a general formula for all between 280 and 1090. 

As an equation for C, Cone's formula is 

0.576 0.00584 
C (9)i 

h S h3 

in which S is the slope of the sides of the notch, expressed decimally, 

and 

j 0.0195 . (10) 
s0.75 

o 
Cone also made a limited number of tests on the 90 notch with the 

floor of the approach channel at the vertex of the notch. lie concluded 

that the coefficient of discharge was slightly greater for P = 0 than 

for.P = 4.5 feet. Thus, the results of tests made by Thomson, Barr, and 

Cone give conflicting indications of the influence of P. 
—Suc.kcC. \ 

With regard to crest4width, Cone concluded that "thin edge" and 

"sharp edge" need not imply that the weir notches are knife-edged. He 

observed that the allowable width depends on the head.be.Rt—treed. 

Experiments indicated that "edges 1/4-inch thick showed that while 

water would adhere to the notch edges with a head of 0.15 foot, there 

was no adherence with heads of 0.2 foot and over." lie recommended that 

head measurements "be made either at a distance of at least 4h upstream 

from the notch or at a distance of at least 2h sidewise from the end 

of the crest of the notch" (Cone, 1916, )11. 1089-1090). 

-18-



Yarnall's experiments 

D. R. Yarnall's principal work on triangular-notch weirs was based 

on research performed at the University of Pennsylvania (Yarnall, 1912, 

1926). His tests were made in a channel --whi-e11,--vas 6 feet wide and 9 

feet long, with only 4 feet 8 inches between baffles and weir plate. 

The vertical distance from the vertex of the notch to the floor of the 

approach channel was 3.6 feet. The notch angles tested by Yarnall were 

o o o o 
90 , 53 8', 27 , and 13 8', and the width of the weir-crest0 was 1/32 

inch. A total of 61 tests were made on the four weirs, with a range of 

heads from 0.35 to 1.26 feet. 

A notable feature of Yarnall's experiments was the short channel, 

which he had equipped with simple but effective baffles in order to 

produce a uniform velocity distribution upstream from the weir. Such 

demonstrations of the practicality of short weir "boxes" led to their 

widespread use as portable flow-meters in hydraulics laboratories, 

industrial plants, and field applications. 

-19-



Grove's experiments 

The most extensive investigation of different notch angles is 

represented by the work of Professor F. W. Greve at Purdue University 

(Greve, 1932). A total of 16 different weirs, with) varying from 

25°-03' to 118'-11', were investigated. All of the weirs were tested 

in a channel which was 5 feet wide and 16 feet long from baffles to 

weir plate. The distance from notch vertex to channel floor varied from 

4.5 to 5 feet. The weir plates were cut from 3/8-inch soft steel plates, 

with the downstream edges of the notches beveled to form a crest which 

was sharp on the upstream edge and 1/32-inch wide. It is stated in the 

report that the plates were coated with asphalt paint, but it is not 

stated specifically that the paint was applied to the surfaces in the 

immediate vicinity of the crest. Thus, there is some uncertainty 

regarding the smoothness of the upstream face and the sharpness and width 

of the crest during the tests. Table 1 shows a summary of the scope 

of Greve's experiments. 
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In summarizing the results of his tests, Professor Greve presented 

a comprehensive discharge formula for all notch angles between 20° and 

HiS 
120°. Xlie----correspotlding formula for C is 

0.585
C = 

0)0.004 0.03
(tan 

2' 

Referring to supplementary tests on a 10' notch, Professor Greve 

observed that the small notch exhibited characteristics of "excessive 

clinging" and gave "results which were not in harmony" with his general 

formula. 



Table 1. -- Scope of Greve's Experiments. 

Series Notch Angle Number Range of Head Range of 
of (feet) Temperature 
Tests (degrees F) 

From To From To 

W - 3.3 25° - 03' 37 0.167 0.991 62 69 

W - 3.4 36° - 53' 30 .146 1.090 63 71 

W 'a- 3.0 40° - 00' 27 .282 .854 69 73 

W - 3.1 44° - 24' 46 .201 1.025 69 79 

W - 3.5 45° - 23' 27 .153 1.178 65 67 

W - 3.6 45° - 23' 13 .251 1.128 71 73 

W - 3.6A 53° - 55' 32 .241 1.211 ,72 73 

W - 3.7 53° - 55' 17 .190 1.199 71 72 

W - 3.8 59° - 07' 31 .217 1.254 77 84 

W - 3.9 69° - 38' 43 .243 1.216 71 75 

W - 3.10 81° - 52' 33 .342 .1.199 74 77 

W - 3.11 94° - 39' 46 .219 1.111 74 77 

W - 3.12 98° - 47.5' 22 .318 .988 69 74 

W - 3.13 102° - 20' 31 .257 1.047 72 76 

W - 3.14 110° - 00' 36 .217 .945 74 81 

W - 3.15 118° - 11' 30 .251 .725 80 82 
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A final statement; based on attempts to correlate his results with 

the results of others, is noteworthy: "....it is unwise to_forn-lulate_ 

a general expressicin for discharge from data compiled from different 

sources unless such expression incorporates certain factors which 

correlate variation in the physical characteristics of the testing 

plants" (Greve, 1932, p. 33). 

Lenz's experiments 

The effect of viscosity and surface tension were objectives of the 

experiments made by Professor Arno T. Lenz at the University of Wisconsin 

(Lenz, 1943). Using water and two different oils, at temperatures vary, 

ing from 51° to 102°F, Lenz's tests covered a range of viscosities from 

1 to 150 times that of water, surface tensions from 1 to 0.41 times that 

of water, and densities from 1 to 0.85 times that of water. Six differ-

ent weirs, with notch angles varying from 10° to 90', were investigated. 

The tests were made in a steel tank 3.5 feet wide and 7 feet 9 inches 

long from baffles to weir pate. The vertex of the notch was 3 feet 

above the floor of the tank. The weir plates were made of 1/8-inch 

brass, sharp-edged on the upstream side and beveled on the downstream 

side to form a sharp-edged crest 1/32-inch wide. Table 2 shows a summary 

of the scope of Lenz's tests which, for the purpose of this report, 

includes only those experiments using water. 
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Table 2.--Scope of Lenz's Experiments with Water. 

Series Notch Angle Number Range of Head Range of 
of (feet) Temperatures 
Tests (degrees F) 

. -

. From To From To 
. 

90 D 89° 53.2' 14 0.23 0.50 61 63 

60 D 59° 51.0' 33 .16 .60 54 62 

45 D 44° 40.0' 18 .20 .55 56 60 

28 D 27° 55.0' 18 .26 .70 51 59 

20 D 19° 55.0' 24 .18 .70 54 67 

20 D 20° 2.5' 19 .24 .70 54 65 

10 D 10° 20.1' 33 .24 .88 52 54 



 

 

 

 
 

On the basis of his experiments, Lcnz derived a general formula for 

the coefficient of discharge 

(12)C w 0.560 + M
II m' 
R 

in which R = (Nig h1)/CL/p) is the Reynolds number; W = (pgh2)/a, is the 

.Weber number; and M, n, and m arc empirically determined functions of 

the notch angle, 

M == 0.475 O . 225' 
(13)(tan 9-)

2 

0 0.09 
n r. 0.165 (tan 1-) , 

and 

m 0.170 (15) 
,035

(tan n 
2' 

\\ 
That the formula is not truly general is indicated by the fact that strict 

limits of applicability were placed on R, W, C, and 0. 
est.", Nvv\ 
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For water aq0° F) limits on R and W are removed, and C can be 

computed with the equation 

(16) 
C 0.560 + 

in which N and a, like M, n, and m, are functions of 0 alone. I quation 

16, R and W are rpa-pres.entd—by the single quantity h, because, for one 

liquid at a constant temperature, the fluid properties are constant (See 

Copy 
--the discussion leading to Eq-k'a-t4.oci 4). Lenz gives experimentally deter-

mined values of N and a in able 3. 

%••••••,"• 
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Table 3.--Valucs of N and a for kluation 16 (Lenz) 

Notch angle, 0 (/,-;.,,,.„) 
Constant 

90° 60° 45° 28°04' 20° 100 

N 0.0159 0.0203 0.0238 0.0315 0.0390 0.0624 

a .588 .582 .579 .575 .573 .569 

-27-



Basing his comparison on the tests of Barr, Yarnall, Greve, and 

Ho and Wu (1931), Lenz concluded that quation 16 would give results 

accurate to within one percent for all notch angles between 28° and 

. -•_ • • •-
90° . He observed that increasing the temperature of water from 40 F 

0 
to 165 F decreases the computed__ value of C _about _one percent. 
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Experiments of. Numachi, Kurokawa, and Hutizawa 
T" orl,;e 

• The most extensive investigation of a single w-e-i.r and a single 

liquid is represented by the experiments performed by Numachi, Kurokawa, 

and Hutizawa (1940) at Tohoku Imperial University in Japan. These 

tests, all of which were made with water and a 90° triangular-notch weir, 

covered a range of values of h from 0.16 to 0.85 feet, P from 0.31 to 

2.16 feet, and B from 1.44 to 3.87 feet. The channel in which the tests 

were made was 26 feet long and 3.87 feet wide. False walls and a false 

floor, extending 15 feet upstream from the weir, were used to produce 

30 different values of P/B. The weir was made of bronze, and the weir 

crest was 5/64 inches wide et—the—crese+-.•4 
Subsequently, 12 additional series of tests were made by Numachi 

and Hutizawa (1943). Made with the same weir, these supplementary tests 

covered a lower range of values of P, from 0.01 to 0.164 feet. Values 

of B tftstcA varied from 0.985 to 2.10 feet. On the basis of their data, 

Numachi and Hutizawa proposed a general equation for the coefficient C, 

C u 0.574 + 0.0055 .4_ (0.055 + 0.278 ) [1 (0 1 0.009S ,)2 . 
0.886 + F'B 0.079 + p' j • 

Within the range of conditions covered by the tests,/quation 17 gives 

results which are within 1 percent of the experimental data. 
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Other experiments 

Among the many published accounts of experiments on triangular-

notch weirs, some are of interest because they were especially concerned 

with certain details of the discharge characteristics. For example, 

Switzer (1915), Cozzens (1915), and Smith (1934, 1935) made tests to 

determine the influence of temperature on the discharge of water. On 

fr4 
the basis of tests on 90° and 54° notches, with temperatures fi'om 39°F

it 

to 165°F, Switzer concluded that the effect on the coefficient of dis-
4h0L,7 

charge was less4thfil 2 percent and "inappreciable compared with other 

factors present". Cozzens, on the other hand, presented a curve to 

be used to make a small correction over a range of temperatures from 

60°F to 220°F. Smith developed an empirical formula which incorporated 

the kinematic viscosity in a correction coefficient. 

-30-



 

ti 

Professor H. W. King (1916, 1954) made tests on 90°, 60°, and 22.5° 

notches at the University of Michigan. His weirs were made of steel, 

with a sharp upstream crest edge and a crestA width of 1/8 inch. The 

vertex of the notch was 2 feet above the floor of the experimental chan-

nel. On the basis of his experiments, Professor King developed the 

0 
follwing formulas: 

(90° notch) C - 0"5" (18) 
h0.03 

(600 notch) C = 0.595 h0.01, (19) 

(22.5° notch) C = 0.586 • (20)0.07
h 
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An investigation performed at Cornell University by Ho and Wu (1931) 

is notable for the large range of heads (from 0.129 to 3.43) covered 

by the tests. All of these tests mere made in a channel 6 feet wide, 

12 feet deep, and 30 feet long from baffles to weir plate. Weirs tested 

included notch angles of 90°, 60°, 37°, 28°, and 19°. The vertices of 

notches were a minimum distance of 8 feet above the channel floor. The 

weir plates were made of galvanized sheet metal or brass, with sharp, 

square)edges. upstreamA. Lenz (1943) observed that his general formula 

e 
for water (Eqt-t-rei-t4oti 16) was confirmed within 1 percent by the Ho and 

Wu data. 

From 1931 to 1934, four investigations were made at Princeton 

University by senior students under the direction of Professor L. F. 

Moody. Most pertinent of these is the investigation by Allerton (1932), 

which involved tests with notch angles of 90°, 60°, 54° and 30°. Of 

particular interest is the fact that Allerton analyzed his data on the 

(a_ t)cse-.1 -1- o t--v- • 

basis of a formula which*involvecyAle—eilfeGtive—head—concept .see—Equation-

Id. The formula was attributed to Professor Moody, but no mention is 

made of the formula in two subsequent investigations made at Princeton. 

Investigations which placed emphasis on the influence of viscosity 

were made by Mawson (1927), Thornton (1929) and Smith (1934, 1935). Be-

cause they ignored the equal or larger influence of surface tension, 

however, the results of the studies were inconclusive. 

-32-



Hertzler (1938) was especially concerned with 120° notches. On the 

basis of his tests on six different weirs, all with C = 120°, he pro-

posed the formula 

0 597
C - • (21)

0.051 
h 

161-recent-txperimental_investigation of-triangular-notch weirs was' 

performed-by-Nitschke-and_Suppel_t_(.1955/1 956) in Germany. 

Summary 

Published accounts of experimental investigations agree on very 

few details of the discharge characteristics of triangular-notch weirs. 

Some of the disagreements are doubtless the result of differences in 

equipment and technique. More significantly, however, conclusions drawn 

from the experiments are believed to differ because of certain inadequa-

cies in traditional methods of analyzing the data. 

1 - f•-• 

.In-att cmp tin g-to-eva lu a te-the-pub li shed --da to -

-ge-tiet4m44t, that experimental equipment was adequate and that the work was 

done with skill and care. Nevertheless, there are indications that some 

-n r 
of the weirs were neither sharp-edged, thin-crested,/of''smooth-faced. 

Crude equipment and technique in other instances resulted in systematic 

errors related to the measurement of Q, h, and 0. The effect of these 

deviations cannot be determined from the information available. 
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There is some agreement that weirs with notch angles less than about 

200 or greater than about 100° exhibit characteristics of instability 

which are related to the intermittent clinging of the nappe to the 

surface of the crest. Similar behavior was observed at extremely low heads 

on all notch angles. 

Most investigators found that C varied with notch angle. This is a 

clear indication of a shortcoming in the traditional, so-called theoretical 

equation of discharge (eq. 1). Only one of the many investigations 

(Numachi, et al) included a systematic study of the influence of weir 

placement and channel geometry. However, this study was made with only 

one notch angle and one liquid. Several investigators demonstrated the 

practicality of using short approach channels if they are effectively 

equipped with baffles. No comprehensive studies have been made of the 

influence of velocity distribution and turbulence in the approach channel. 



 

Few investigators attempted to isolate and evaluate the influence 

of the physical properties of the liquid? -In-tact-,- the earlier investi-

gators failed even to record the temperature of the liquid. On the 

.other hand, several attempted to determine the effect of temperature on 

the discharge of one liquid (water) Their conclusions are remarkable 

for their disagreement. Lenz made considerable progress in isolating 

the separate effects of viscosity and surface tension, but the range of 

conditions covered in the investigation was quite limited. For this 

reason, his proposed general formulas are restricted in applicability. 

They are also inconvenient to use. 

Most investigators working with water at normal temperatures 

reported a correlation between C and h. Empirical formulas were 
ry\c, 

evolved to account for this correlation, but A4.41-tIe recognition was given 

to the fact that the h correlation is evidence of the combined effects 

of viscosity and surface tension. Thus, the "scale effect" implications 

of the phenomenon were ignored. It is believed that the effective-

head concept (4[41-bietio44. 5) provides a reasonable and practical method 

of accounting for the effects related to the absolute magnitude of h. 

. ›.- 5 cr,,4: of a/12., 
id A) 4xperimentaldataobtained from A the sources reviewed aboveiTimst-bc used'..11.' 

„ •: t s' ...-t l l414-o subs-ant4atP-th-is-concuso c;-

ZA; A f` r; AAA e• ,-C. /1 ) tt P.' I r‘ 
; 
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ANALYSIS 01" TUE DATA 

Evaluation of kh 

The coefficient CE , in equations 6 and 7 is described as a function 

of geometric ratios (h/P, P/B, and 0) when he, the "effective head," 

is determined from equation 5, 

h = h + k h. (5)e 

In this equation, h is the measured head on the notch and k1 is an 

experimentally determined quantity which accounts for the combined 

effects of viscosity and surface tension. Comparison of equations 4 

and 7 shows that the effect of the effective-head adjustment is to re-

lieve the coefficient of discharge of dependency on h. This criterion 

is used to determine the value of k1 which is applicable to a specific 

set of experimental data. For one liquid over a small temperature range, 

and for one notch angle, k1 is assumed to he a constant. 

The validity of the several basic assumptions related to the effective-

head concept has been demonstrated in a previous study of rectangular 

weirs. Nevertheless, the practicality of the concept as applied specifically 

to triangular-notch weirs must be established on the basis of experi-

mental data for triangular-notch weirs. The results of experiments by 

Barr, Cone, Yarnall, Greve, Lenz, and Numachi, Kurokawa and Hutizawa 

are selected for this purpose. Because the flow of water at ordinary 

atmospheric temperatures is of principal interest to the Geological Survey, 

and because data on other liquids are limited in many ways, the data 

used are only those which involve wttor ht the temperature range from 40°F 

to 85°F. 

/
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In the vAidation process, the quantity kh is evaluated from experi-

mental data by a trial procedure. For a series of tests in which h is the 

priucipA v,iri ihle , kh is determined by successive approxioLttions as the 

quantity which will remove the correlation between C and h. The procedure 

is illustrated in figure 2 by its application to some of the data reported 

Figure 2. - Effectiveness of kh illustrated with 

Numachi, Kuroklaa, and Hutizawa data (0 = 900). 

by Numachi, Kurokawa, and Hutizawa-Y. These data were selected because 

they were obtained with different values of P. Thus, the influence of h 

y The procedure is illustrated and discussed in greater detail in the 

paper by Kindsvater and Carter (1959, p. 783-787, fig. 3, 4, 5, 6) on 

rectangular weirs. 

can be isolated from the influence on h/P. The tests shown in figure 2 

are for a constant, large value of 11 and 5 different values of P, all 

with a 90°-notch weir. 'Figure 2(a) shows C plotted as a function of htP. 

Ranges of values of h are indicated by the symbols shown in L!',. le6end. 

The scatter in values of C is systematically related to the magnitude of 

h as shown by the dashed curves. There is no clearly defined correlation 

with P. Figure 2(b) shows Ce plotted as a function of htP. The value 

of kh which was used in the computatimis of Ce for this figure was 

0.003 foot. Evidence of the lack of correlation between Cc and h 
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Figure 2.--Evaluation of kh illustrated with Numachi, Kurokawa, 

and Hutizawa data (9 = 9Q0) 



shown by the fact that one curve drawn through all the'points is horizontal, 

and the scatter is greatly reduced. Thus, the validity of the effective-

head concept is demonstrated, and the value k1 = 0.003 foot is shown to 

be appropriate for the tests by Numachi, et al. 

Another demonstration of the validation procedure is shown in figure 3, 

Figure 3. - Evaluation of kh illustrated with Lenz data. 

which is based on the results of Lenz's tests on weirs with three different 

notch angles. Values of the notch angles are shown in the legend. In 

figure 3(a), C is plotted as a function of h/P, but because P is constant 

for each weir, the separation and curvature of the lines drawn through 

the plotted points show the influence related to h and O. 

Figure 3(b) shows Ce plotted as a function of h/P for the Lenz data. 

In this instance different values of kh were derived for each value of 0, 

as shown in the legend. Here again the effectiveness of kh in eliminating 

h as an independent variable is demonstrated by the fact that curves drawn 

through the points are essentially horizontal. Coincidentally, a single 

curve fits the three sets of points reasonably well, showing that 8 has a 

minimal effect on C for notch angles between 45 and 90 degrees. Valuese 

of P/B and h/P represented by the tests shown in figures 2 and 3 are in 

the range in which these variables also have negligible influence on C . e 

This fact is demonstrated subsequently. 



Figure 3.--Evaluation of k illustrated with Lenz data 



Values of k for values of 0 between 10° and 120°.were determinedh 

from the tests made by Barr, Cone, Yarnall, and Greve as well as 

Lenz and Numachi, et al. The results are shown on figure 4. Values 

Figure 4. - Value of kh as a function of O. 

of kh for those few tests which were made for very small or very large 

notch angles are not well defined. Deviations from the smooth curve 

drawn through the points can be attributed to differences in physical 

characteristics of weirs and test channels. 

An Alternative for kh 

The quantity kh is added to the measured head as an adjustment for 

the combined effects of viscosity and surface tension. The procedure is 

justified with the observation that, in general, the effects of the two fluid 

properties are commensurate with a fictitious increase in head and notch 

width. Because the width is ,a function of the head for triangular-notch 

weirs, a quantity added to the head is simultaneously an adjustment of the 

width. However, because the width is a function of e as well as h, 

it is not unreasonable that figure 4 shows kh to be a function of O. 

As an alternative to k11' a factor k is proposed, where k is measured 

perpendicularly to the sides of the notch. Thus, 

k = kh sin - (22)2 



Figure 4.--Value of kh as a function of 9 



 

determine 
Values of k were computed for the data shown in figure .4 to whether k

A 
might be constant for all notch angles. The results are shown in figure 5. 

The figure shows that a value of k = 0.002 foot could be used for values 

Figure 5. - Values of k as a function of e. 

of 0 between 40° and 900. Somewhat smaller values of k are indicated 

for values of 0 less than 40°. The quantity k is not well defined for 

values of 6 greater than 900. 

It is apparent that the effective head in the modified basic equation 

of discharge (eq. 6) can be evaluated in terms of either k or kh. If 

kh is used, values of kh are read from figure 4. If k is used, values 

of k can be read from figure 5, or, in the range from 40° to 90°, 

h can be computed as,e 

0.002
h = h - (23)e 

sin -2--

Which of these alternatives is the more convenient, is conjectural. 

Hereafter in this report, h  is computed with values of kh from figure 4.
e 



Figure 5.--Value of k as a function of 0 



Evaluation of C e 

Figures 6 to 11, inclusive, show values of Ce computed from 

Figure 6. - Value of C . Notch angles of approximately 1200. e 

•Figure 7. - Value of Ce. Notch angles of approximately 900. 

Figure 8. - Value of Ce. Notch angles of approximately 60°. 

Figure 9. - Value of C . Notch angles of approximately 45°. e 

Figure 10. - Value of C . Notch angles of approximately 27°. e 

Figure 11. - Value of C.Notch angles of approximately 10° and 13°. 

results of the tests by Barr, Cone, Yarnall, Greve, Lenz, and Numachi, 

Kurokawa, and Hutizawa. In the figures, Ce is plotted as a function of 

h/P. The data cover a long range of notch angles from 120° to le. 

Included on each figure is a legend which identifies the investigators 

and gives corresponding values of e, P/B, and kh. Values of k1 used in 

computing Cc for each set of tests are the values plotted in figure 4. 

The average values of Ce were determined visually by fitting a line to 

the plotted points. The average value and the limits representing one-

percent deviations from the average are shown as horizontal lines in each 

figure. 



Figure 6.--Value of Ce.Notch angles approximately 120° 



Figure 7.--Value of Ce .Notch angles approximately 90 



Figure 8.--Value of Ce.Notch angles approximately 60° 



Figure 9.--Value of Ce.Notch angles approximately 45° 



Figure 10.--Value of Ce.Notch angles approximately 27° 



Figure 11.--Value of Ce.Notch angles of 100 and 13° 



   

     

The experimental data plotted in figures 6 through 11 show a range 

of values of h/P from 0.03 to 0.35 and a range of values of P/B from 

0.15 to 1.5. In this range, which inclues the most common limits for 

practical applications, it is apparent that Ce is virtually independent of 

h/P and P/B. Thus, within this range C  is remarkably well defined as
e 

a function of 0 alone. Scatter in the test points at smaller values of 

h/P is attributed to the influence of intermittent nappe-clinging at small 

values of h. The influence of P/R at higher values of h/P is discussed 

in the next section. 

Figure 12 shows the relationship between e and the average values 

Figure 12. — Coefficient of discharge Ce as a function of O. 

of C determined from figures 6 through 11. The dashed portions of thee 

summary curves for Ce (fig. 12) and kh (fig. 4) indicate that there is 

some uncertainty regarding the practicality of weirs with notch angles 

less than 20° or greater than 100°. 



Figure 12.--Coefficient of discharge Ce as a function of 0 



Influence of h/P and P/B 

A few tests involving different values of P and B were made by 

Barr, and some tests with P = 0 were reported by Thomson and Cone. 

Among the experimental data available to the writer, however, the only 

data covering an extensive range of values of h/P and P/B were those 

obtained from the experiments on 90° notches :made by Numachi, Kurokawa, 

and Hutizawa. 

Values of C were computed from the results of the Numachi-Kurokawa-
e 

fool; 
Hutizawa tests, using k - 0.003 fee-r. Smooth curves interpolated from

h A 

the plotted data were cross-plotted to obtain the family of curves show-

ing C as a function of h/P and P/B on/igure 13. The results are a 

Figure 13. - Coefficient of discharge as a function of h/P 
and P/B, (0 = 90'). 

comprehensive but unsubstantiated solution for 90°-notch weirs. Lines 

in 
drawn pifpgure 13 to indicate the h/P limits of the tests represented 

by/igure/ show that the values of C obtained from the Numachi-
e 

Kurokawa-Hutizawa data are within one percent of the average value 

(0.578) f4.-.4afflibii.g.ii :5 11 0 r) 
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Figure 13.--Coefficient of discharge Ce as a function of h/P 

and P/B (0 = 900) 



 

 

Comparison of Formulas 

Basis of comparison 

Derived from tests in which h/P and P/B were of negligible sig-

nificance, the traditional formulas for triangular-notch weirs are 

generally of the form 

C = f(e, h), (24) 

in which an empirically derived term involving h accounts for the com-. 

bined effects of viscosity and surface tension for water at ordinary 

temperatures. Unfortunately, the significance of the h term was not 

understood by the originators of most of these formulas. Consequently, 
-ue 

ii2ve.51/2 ei0 c7'S 
the more conservative e444-4 specified a range of applicability which was

A 

based on the limits of their test conditions. 

In order to compare the proposed new formula (eq. 6) with the 

classic formulas, values of C were computed from the classic formulas 

and from the equation, 

/2h + kh 5 
C - ) Ce, (25) 

obtained from the solution of equation 1 and 6. 

Values of Ce and kh were obtained from figures 10 and 4, respectively. 

The comparisons are shown in figures 14-19, inclusive, in which C is shown 

as a function of h for selected values of O. 



 

90°-notch weir 

The most frequently used triangular-notch weir is one with a 

notch angle of 90°. Some of the classic formulas are intended for 

use with this weir alone. Figure 14 shows a comparison of values of C 

Figure 14. - Comparison of formulas for 90°-notch weir 

computed from the well-known formulas of Thomson, Barr-Strickland (eq. 8), 

Cone (eq. 9, 10), Greve (eq. 11), Lenz (eq. 16), and King (eq. 18) and 

the formula determined from equation 25 in combination with figures 12 

and 4. The Thomson "formula" is actually just C = 0.593, because Thomson 

did not propose a correlation with h. 

It is emphasized that figure 14 is a comparison of formulas, whereas 

figure 7 is a comparison of the data from which the formulas were derived. 

Thus, the disagreement shown in figure 14, especially at small values of h, 

is to a large degree evidence of inadequacies of the formulas as repre-

sentations of the data on which they were based. Figure 7 shows that the 

source data for all the formulas agree remarkably well in defining Ce 

for use in equation 6. 

4 



Figure 14.--Comparison.of formulas for 90°-notch weir 

https://14.--Comparison.of


Other notch angles 

Figures 15 through 19 show comparisons ofkformulas for weirs 

Figure 15. - Comparison of formulas for notch angles of approximately 120° 

Figure 16. - Comparison of formulas for notch angles of approximately 60°. 

Figure 17. - Comparison of formulas for notch angles of approximately 45°. 

Figure 18. - Comparison of formulas for notch angles of approximately 27°. 

Figure 19. - Comparison of formulas for notch angles of approximately 10°. 

with 120°-, 60°-, 45°-, 27°-, and 10°-notch angles±-The corresponding 
A 4, 2? // 

comparisons of experimental data are shown in /11(igures/4/ andX through /V. 

t is demonstrated, that the solution derived from the effective-

head concept is substantiated by the experimental data, whereas the 

classic formulas show unjustifiable differences at small values of h. 

r..-- , 
C .4 0245— //e 

„ 
e4.10 

• k 
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Figure 15.--Comparison of formulas for notch angles of approximately 120° 



Figure 1.6.--Comparison of formulas for notch angles of approximately 600 



Figure 17.--Comparison of formulas for notch angles of approximately 45° 



Figure 18.--Comparison of formulas for notch angles of approximately 27° 



Figure 19.--Comparison of formulas for notch angles of approximately 10° 



 

CONCLUSIONS 

The triangular-notch, thin-plate weir is potentially an accurate, 

convenient means of measuring the flow of liquids. Classic discharge 

formulas are inadequate, however, because they fail to recognize the 

full significance of the pertinent variables. Although the triangular-

notch weir is not subject to a completely analytical solution, available 

experimental, data are sufficient to substantiate a practical solution 

which is based on dimensional analysis and experimental coefficients. 

Limitations of the data restrict the use of the solution to water. 

The equation of discharge proposed in this report is 

Q = Ce :8 rig- tan ° h2/2 (6) 
15 2 he 

in which he' the effective head, is defined by the equation, and 

h = h + kh, (5)e 

values of kh are shown in figure 4. 

In general, the coefficient of discharge, Ce, is an experimentally 

determined function of the geometric parameters h/P, P/B, and O. However, 

within the range of the most common practical limits of h/P and P/B, 

C is a function of 0 alone (fig. 12). In this range, values of Ce com-e 

puted from the results of experiments by Barr, Cone, Yarnall, Greve, Lenz, 

and Numachi, Kurokawa, and Hutizawa shows remarkable agreement. For 0 = 900 

the available data are sufficient to define C over a wider range of valuese 

of h/P and P/B (fig. 13). 
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SUPPLEMENTAL INFORMATION 
REQUIREMENTS FOR PRECISE MEASUREMENTS 

_Specifications for the-installation --

Use of the triangular-notch, thin-plate weir for precise measure-

lidnf6-1S restricted to steady, free, and fully ventilated flows. The 

recommended coefficients are applicable_for water only, _in__ the_approxi--

mate range of temperatures from 40°F to 85°F. 

General specifications for a satisfactory weir installation are 

described on page Additional restrictions related to the actual 

measurements are discussed below. 

Restrictions on the geometric parameters 

Value; of 0 less than 20° or greater than 100° are not recolmaended 

for precise measurements. Experimental data for weirs outside this 

range are limited. Furthermore, the data available indicate that weirs 

with very small and very large notch angles exhibit characteristics of 

instability which result/ from the fact that the nappe intermittently 

clings to the upper surfaces of the crest. 

5:1 



Practical restrictions on h/P and P/B are suggested by the obser-

ration that head-measurement difficulties and errors result from surges 

Ind waves which occur in the approach channel when the velocity of 

mpproach is large in comparison with the depth of flow. The available 

rata are not adequate to establish the limiting values of h/P and P/B 

which are associated with this condition. Therefore, the user himself 

rust determine practical limits which are consistent with the required 

accuracy for head measurements. These limits are separate from re-
12_ 

strictions on the use of/igure,10", which is applicable only when the 

effects h/P and P/B are negligible. 

Restrictions on h and P 

Restrictions on the magnitude of h are related to the unpredictable, 

unsteady clinging phenomena which occur at small heads. To ensure a 

freely discharging, stable nappe, a minimum value of h = 0.2 feet is 

recommended. 
\\ 

There is disagreement in the literature regarding an independent 

correlation between P and the coefficient of discharge. It is tenta-

tively recommended that P be limited to values greater than 0.3 feet. 



Effect of neglecting kh 

It is apparent from/quations 5 and 6 that the relative influence 

of kh decreases as h increases in magnitude. Consequently, the error 

which results from using h instead of he iny,quation 6 is appreciable 

only for small values of h. The relative error in the discharge is 

plotted as a function of h in/igure 20. 

Figure 20. - Effect of using h instead of he in equation 6. 

) Effect of approach-channel conditions 

Specifications for a satisfactory weir installation include the 

requirement that turbulence and velocity in the channel upstream from 

the weir be such as to simulate normal (uniform flow) conditions in a 

smooth, horizontal, rectangular channel. If the effective notch area 

is very small in comparison with the area of the approach channel, 

approach velocities arc negligible, and the shape of the channel is 

insignificant. Short channels are satisfactory if they are provided 

with baffles capable of producing a nearly normal turbulence and velocity 

distribution. When in dobt, the velocity distribution should be checked 

with a velocity traverse located at or near the headwater-gage section. 

. _ 5 



Figure 20.--Effect of using h instead of he in equation 6 



The experimental data available arc inadequate to evaluate the 

influence of velocity distribution over a full range of values of 0, 

h/P, and P/B. However, the remarkable consistency and agreement shown 
i/ 

by the data plotted in,l'Igures A through ,9 indicate a corresponding lack 

of correlation with the different approach-channel conditions which are 

///1; ti e 
represented by data. Therefore, in the range of values of h/P 

from 0.03 to 0.35 and P/B from 0.1 to 1.5, the influence of approach-

channel velocity distribution is believed to be negligible. 

Measurement of 0 

Precise discharge computations require that 0 be measured accu-

rately. One of several satisfactory methods of measuring 0 is de-

scribed: (1) Two true disks of different, micrometered diameters are 

placed in the notch with their edges tangent to the sides of the notch; 

(2) the vertical distance between the centers (or two corresponding 

edges) of the two disks is measured with a micrometer caliper; (3) the 

angle 0 is twice the angle whose sine is equal to the differeneen the 

CeCrr, 0( 4',Ic 
radii of the disks divided by the distance between the disks. 

Other equally satisfactory methods of measuring 0 are described 

in the listed references. 



Measurement of h 

The head is measured with a hook gage, point gage, or precise 

manometer. Hook and point gages preferably are used in a stilling 

well. However, if approach velocities and surface disturbances in 

the approach channel are negligible, the gages can be mounted over 

the headwater surfaces. Stilling wells and manometers are connected 

to piezometers located in the floor or walls of the channel. To 

prevent errors due to excessive head losses or surface drawdown, the 

piezometric section is located upstream from the weir a distance equal 

to from -three to four times the maximum head. Gages are mounted as 

close to the weir as possible in order to avoid errors in the gage zero 

due to deflection or movement under different water loads. 



 

Determination of gage zero 

Accuracy of head measurements is critically dependent upon the 

determination of the gage zero, which is defined as the gage reading 

corresponding to the level of the vertex of the notch. Numerous 

acceptable methods of determining the gage zero are in use. One such 

method is described: (1) still water in the channel upstream from the 

weir Is drawn to a level below the vertex of the notch; (2) a temporary, 

precise hook gage is mounted over the approach channel, with its point a 

short distance upstream from the weir plate; (3) a true cylinder of 

known (micrometered) diameter is placed with its axis horizontal, with one 

end resting in the notch and the other end balanced on the point of the 

temporary hook gage; (4) a machinist's level is placed on the top of the 

cylinder and the hooK gage is adjusted to make the cylinder precisely 

a 
horizontal; (5) the reading of the temporary gage is recorded; (6) the 

temporary hook gage is lowered to the water surface in the approach channel 

and the reading is recorded. 

The permanent headwater gage is adjusted to read the level in the stillinF, 

well, and this reading is recorded; (7) the distance from the bottom of 

the cylinder to the vertex of the notch is computed with the known values 

of e and the diameter of the cylinder; (8) the vertical distance from the 

vertex of the notch to the still surface is computed from the readings in 

step 5 and 6 and the computation in step 7; (9) finally, the zero 

reading on the permanent gage is computed as its reading on the still 

water surface plus the computed distance from the vertex to the still 



surface. An obvious advantage of this method is that it refers the 

gage zero to the geometrical vertex which is defined by the sides of 

the notch. 



•••• 
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Upstream face 

of weir plate 

Detail of sides 

of notch 
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F-.11cire . I. -- The triangular - notch, thin — plate weir. 
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