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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ_also take part in the wark SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techmical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dqrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13550 was prepared by Technical Committee ISO/TC 113, Hydrométric determinations, Subcommittee SC 2,
Noftches, wels and flumes.
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Hydro

metric determinations — Flow measurements in open

channels using structures — Use of vertical underflow gates

1 Scope

This Interpational Standard specifies methods for the determination of discharge in open chdannels in steady flow

conditions
modular ¢

NOTE
Standard i
new structy

When a K
calibrated

2 Nomn

The follow
this Intern
publication
investigatg
undated r
maintain r

ISO 772, K
ISO 4373,

ISO/TR 51

using vertical underflow gates on a flat horizontal floor between vertical side walls\under mg
bnditions.

Generally, gate controls are not designed with discharge determination as a primary function and th
intended to help the development of stage-discharge relations at existing gatestructures, and to ir
res features which will provide good facilities for the establishment of stage-discharge relations.

etter accuracy of measurement (i.e. better than specified in‘9.4) is required, the struc
with actual measurement of discharge using an appropriate method.

native references

ng normative documents contain provisions whiett, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

pferences, the latest edition of the .nérmative document referred to applies. Members of

pgisters of currently valid International Standards.

Hydrometric determinations ==\Mocabulary and symbols

Measurement of liquid-flow in open channels — Water-level measuring devices

68, Measurement-of.fluid flow — Evaluation of uncertainties

3 Ter

s, definitions and symbols

For the purposes of this International Standard, the terms, definitions and symbols given in ISO 772 a
with the fo]léwing.

dular or non-

s International
corporate into

ure is to be

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

pply together

3.1

vertical underflow gate
vertical gate situated in a channel of rectangular cross-section with a flat bottom for regulating the water level upstream

of the gate
NOTE 1

NOTE 2

or the discharge through the gate opening
The gate is movable in vertical slots and it can be raised or lowered by hand or mechanically.

The underflow is two-dimensional except at vertically narrow gate openings.
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4 Units of measurement

The units of measurement used in this International Standard are Sl units.

5 General requirements

5.1 General

Conditions regarding preliminary survey, selection of site, approach channel, installation and maintenance of

structures, g
in5.2and 5.

5.2 Sites

A preliminar
conforms (or

Particular att
a) existenc
b) flow velq
c) absence

d) effects g

e) sedimen
affecting
f)  permealt
means d

g) necessity for flood banks to confine(the' maximum discharge to the channel;

h) stability
i) removal

j) effects @
channel

k) ina naty

roooooary

B. The operational requirements for vertical underflow gates are given separately in 8.5.

election

survey shall be made of the physical and hydraulic features of the proposed site, to ch
can be made to conform) to the requirements necessary for the discharge determination usi

bntion shall be paid to the following features:

e of an adequate length of channel of regular cross-section;

city distribution;

of a steep channel, if possible;

f any increase in upstream water level due to the«mneasuring structure;

t content of the stream and possibility of deposition of floating debris just upstream of
its performance;

ility of the ground on which the structure is to be founded and the need for piling, groutir
f controlling seepage;

bf the banks and the necessity for trimming and/or revetment of natural channels;
of rocks or bouldefs from the bed of the approach channel;

f wind, whi¢h~¢an have a considerable effect on the flow in a river or under a gate, especiall
is wide and the head is small, and when the prevailing wind is in a transverse direction;

ral‘channel, the necessity or otherwise to provide facilities for the passage of fish.

are given

eck that it
hg gates.

the gate,

g or other

when the

If the site does not possess the characteristics necessary for satisfactory measurement, the site shall be rejected
unless suitable improvements are practicable.

If an inspection of the stream shows that the existing velocity distribution is regular, then it may be assumed that
the velocity distribution will remain satisfactory after the construction of the gate.

If the existing velocity distribution is irregular and no other site for a gauge is feasible, the distribution shall be

checked afte

r the installation of the gate and improved if necessary.

Several methods are available for obtaining a more precise indication of irregular velocity distribution. Velocity rods,
floats or concentrations of dye can be used in small channels, the latter being useful in checking conditions at the
bottom of the channel. A complete and quantitative assessment of velocity distribution may be made using a
current meter. Further information on the use of current meters is given in ISO 748.
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5.3

5.3.1
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Installation conditions

General

The complete measuring installation consists of an approach channel, a measuring structure and a downstream
channel. The condition of each of these components affects the overall accuracy of the measurements.

Installation parameters include such features as gate finish, cross-sectional shape of channel, channel roughness
and the influence of the control section of devices upstream or downstream of the gauging structure.

The distribution and direction of velocity have an important influence on the performance of a gate, which is

determine

Once an i
discharge

5.3.2 Approach channel

On all ins
velocity di
inspection
approach
appropriat

The chang
structure,

In an artifi
least five t

If entry of
smaller cr
a regular

a distance]

Under cer]
channel is
measuren
the weir. I
modified.

5.3.3 Me

The struct
distortion

i by the features mentioned above.

hstallation has been designed and constructed, the user shall avoid any change which co
characteristics.

tallations the flow in the approach channel shall be smooth, free from-disturbance and
Stribution as normal as possible over the cross-sectional area. These Criteria can usually K
or measurement. In the case of natural streams or rivers, they(¢an only be met by a
channel free from projections either at the side or on the-bed. Unless otherwise spe
e clauses, the approach channel shall comply with the following.general requirements.

e in flow conditions due to construction of the gate maykgause build-up of floating debris up
hich in time might affect the flow conditions.

mes its width measured from the upstream side-of the abutments.

the approach channel is through a bend orif the flow is discharged into the channel through

elocity distribution. Baffles in the approach channel shall not be closer to the point of meas
of 10 times the maximum head to be measured.

ain conditions, a standing-wave may occur upstream of the gauging device, for example if

ent will be feasible, subject to confirmation that a regular velocity distribution exists at the
a standing wave occurs within this distance, the approach conditions and/or the gauging d¢

asuring structure

ureshall be rigid, watertight and capable of withstanding flood flow conditions without d
pr fracture. It shall be at right angles to the direction of flow and shall conform to the dimens

ild affect the

shall have a
e verified by
long straight
cified in the

stream of the

Cial channel, the cross-section shall be uniform and the channel shall be straight for a length equal to at

a conduit of

pss-section, or at an angle, then a greater length of straight approach channel will be requir¢d to achieve

iIrement than

he approach

steep. Provided this wave’is at a distance of not less than 30 times the maximum head upstream, flow

approach to
vice shall be

isplacement,
ions given in

the releva

ht clouses

oot

The surface of the sill and the side walls of the channel in which the gate is located shall be smooth, particularly in
the section from some distance upstream to some distance downstream of the gate.

The bottom, sill and side walls may be constructed of concrete with a smooth cement finish.

The lower

©1S0 2002 -

edge of the gate shall be horizontal, regular in shape and straight.
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The construction shall satisfy the following tolerances:

on the width of the channel () in which the gate is located: 0,5 % of the width;

maximum of 0,01 m.

5.3.4 Downstream of the structure

on point deviations from a plane surface of the flat bottom: 0,2 % of 5, with an absolute maximum of 0,01 m;

on point deviations from a horizontal plane of the lower edge of the gate: 0,2 % of b, with an absolute

The channel
under modul
downstream
case, the floy

A downstreg
distance just

6 Mainte

Maintenance
measuremer

It is essentia
free from silt
well and the
shall be kep
damage to tH

downstream of the structure is usually of no importance if the weir has been designed
ar conditions. However, if the weir is designed to measure the flow under non-modularcon
channel shall be straight for a length of at least eight times the maximum head to beimeasu
v shall be subcritical at the downstream face of the gate.

downstream of the gate is recommended to check the existence of modular or non-modular

nance

of the measuring structure and the approach channel is an/important factor for accurate
ts.

that the approach channel to the gates and the channel downstream of the gates be kept
and vegetation as far as is practicable for at least the distances specified in 5.3.2 and 5.3.4
entry from the approach channel shall also be-kept clean and free from deposits. The gat
t clean and free from clinging or floating debris, and care shall be taken during cleanin
e gate.

7 Measurement of head

7.1 Gene
The heads u
or staff gaug
gauge wherg
the effects
measuremer

A gauge or
gate. The ac

al

bstream and downstream of the measuring structure may be measured by a hook gauge, p
b where spot measurements are required, or by a float-operated recording gauge or presssu
a continuous record is required. It is preferable to measure heads in a separate stilling wel
pf water surface irregularities. Other head measuring methods may be used provid
t accuracy.6f+ 5 mm is obtainable.

bther measuring device is needed to measure the opening of the gate with respect to the
curacy' shall be of the same order as that for the head measurement devices.

£o operate

itions, the
ed. In that

m gauge shall be provided to obtain the submergence ratio. An additional~gauge locat¢d a short

flow.

ontinuous

clean and
. The float
b structure
j to avoid

bint gauge
Fe-sensing
to reduce
ed that a

sill of the

If very hot or very cold conditions prevail, causing a significant temperature difference between the liquid in a stilling
well and the liquid in a channel, a correction for differences in liquid density may have to be made in the calculation
of rates of discharge.

7.2 Stilling or float well

The stilling well should be vertical and have sufficient length so that, at the maximum water level estimated to be
recorded in the well, the counterweight will not rest on top of the float or be submerged. An additional margin of
0,6 m is recommended.

The well shall be connected to the channel by an inlet pipe or slot, large enough to permit the water in the well to
follow the rise and fall of head without significant delay. The connecting pipe or slot shall, however, be as small as

© 1SO 2002 — All rights reserved
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possible consistent with ease of maintenance, or shall alternatively be fitted with a constriction to damp out
oscillations due to short-period waves. In general, the diameter of the intake pipe will not be smaller than 0,1 times
the diameter of the well.

The well and the connecting pipe or slot shall be watertight. Where accommodation of the float of a water level
recorder is provided for, the well shall be of adequate diameter and depth to accommodate the float. The well shall
also be deep enough to accommodate any sediment which may enter, without the float grounding. The float well
arrangement may include an intermediate chamber between the stilling well and the approach channel, of similar

proportions to the stilling well to enable sediment to settle.
Specifications for stilling wells are given in ISO 4373.
7.3 Zerp setting

A means ¢f checking the zero settings of the head measuring devices shall be provided, consisting o]

staff gaug
downstreq
facilitate th

e, set at a fixed level with respect to the sill of the gate and fixed permanéntly in the

eir relationship to the topography of the channel basin, should be established nearby and s

f a pointer or
approach or

m channel, separate from the stilling well or float well. Benchmarks, related-to a Natiopal Datum to

pttings of the

gauges checked annually by levels.

The opening of the gate also varies. The elevation of the lower crest of the gate with respect to the sjll of the gate
can be regd from a fixed gauge. A typical method for measuring the elevation of a vertical gate is by [nstallation of
this gaugdg, fixed at the abutment and parallel to the gate, on which a horizontal strip indicates the elgvation of the
gate. Gatg openings can be recorded by gearing a recorder to a cablé attached to the gate or the gate gears or
shafts.

8 Vertical underflow gates

8.1 Desgcription of vertical underflow gates

Gated stru
lowered in
this way d

It is strong
(modular

vertical slots which are constructed in the vertical abutments and intermediate piers (see
scharges can be regulated and. measured.

ly recommended that intake”structures be designed in such a way that only one type of fl
low or submerged flow) .So as to prevent discontinuities during operation. This shall be

selecting fhe bottom elevation“ef-the sluice gate sufficiently high (for free flow) or low (for submerg

relation to

the downstream water level.

ctures with undershot flow are used\as head regulators and as offtakes. Vertical gates are raised and

Figure 1). In

bw will occur
achieved by
ed flow) with

The discharge through_vertical slide gates may be determined by measuring the gate opening a, the dipstream and

downstrea

All discha
rectangula

m water levels /1 and sy and by applying the correct discharge equation for modular flow or subn

ge€quations given in 9.1 are based on two-dimensional flow. Therefore the gates are g
rSection formed by vertical walls and a level horizontal floor. In the case of two-dimensig

nerged flow.

perated in a
nal flow, the

upstream

intermediate piers, for each gate separately.

.l 4 4 ! 1 [ T o gl 4 1 " ook 41
dalTd UUwrisuedirm wdall TCSVTIS Shiall DT TTTedsurcu 1t e 1eiiariguiar STUUUIT DCLWTTIT UTT dbutments and

In many field structures, however, the upstream and downstream water levels are measured at one location
upstream of the upstream face and downstream of the downstream face of the abutments and piers. The effect of

additional

The gener

losses is defined in 9.2 (three-dimensional gate flow).

al layout of a structure with vertical underflow gates is given in Figure 1.

A sketch of the bottom of the gate is given in Figure 2.

The radius r of the circular rounding of the bottom edge may vary as follows: 0 < r < e.

©1S0 2002 -
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a) Plan

b) Longitudinal section

/1

c) Upstream view

Key

1 Pier

2 Gate

3 Abutment

Figure 1 — Gated intake structure
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1

7)1
9 ,° z7
2 \\/
® \»
# A
Key
1 Upstrgam face
2  Bottom edge
Figure 2 — Bottom\edge of a gate
8.2 Lodation of the head measurement section
The water level gauging station upstream of thegate shall be located at a sufficient distance upstrgam from the
gate to avpid the region of eddies. On the otherhand, it shall be close enough to the gate to ensure that the energy
loss betwgen the section of measurement.and the control section under the gate is negligible. It is regcommended
that the head-measurement section be located upstream from the gate at a distance not exceeding twice the
maximum head over the gate.
8.3 Lodation of the tailwater level measurement section
The watertlevel gauging«tation downstream of the gate used to measure the downstream head ir] the case of
submergef flow shall be/located at a sufficient distance downstream from the gate to avoid regions of fluctuations.
Generally it is recommended that the tailwater level measurement section be located at a distance of| 10 times the
tailwater depth downstream from the gate, so that the measurement is free of unstable water surface.
An additiohal water-level gauging station, to check if modular or submerged flow exists, shall be locatgd as close to
the gate ak_passible

8.4 Flow types

The discharge capacity of any structure is governed by the shape and dimensions of its control section and by the
head losses upstream and downstream of this section.

For a gated intake structure, the control section is defined by the “vena contracta” which is the minimum cross
section at a short distance downstream of the gate (see Figure 3). Contraction of streamlines in the vertical
direction predominates.

© 1SO 2002 — All rights reserved
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\_rl I o - J
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N
i

N

a) Modular gate flow

hy
h,

N

b) Submerged gate flow

Key
1 Vena corftracta

Figure 3 — Different flow types in a gated structure

Depending on the interrelation between the parameters 44, 42 and q, the following flow types (indicated in Figure 3)
can occur in p‘gated structure.

a) Modular gate flow (referred to also as free flow): The contraction of streamlines towards the gate opening is
strong in the vertical plane. The higher the h¢/a value (see Figure 4) the stronger is the curvature of
streamlines and the lower the discharge coefficient Cp. Cp is a function of C¢, a and k4, where C¢ is the
contraction coefficient. For modular flow, the downstream water level is low enough so that the capacity of the
structure will not be affected. A free jet leaves from the gate opening, and a hydraulic jump is located at some
distance downstream of the gate. The discharge Q is as follows:

0 =f(h1, a, Cc)

8 © ISO 2002 — Al rights reserved
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Submerged gate flow: Now the roller of the hydraulic jump has submerged the free jet. The discharge Q is as

follows:

Q :f(h1, h2, a and Cc)

There is a fairly sharp limit between modular and submerged gate flow, which can be seen by observing the

location of the hydraulic jump. This limit can be calculated from the parameters i4/a, hola and Cg.

8.5 Operational requirements and recommendations

The following operational requirements shall be followed, and recommendations considered.

a) The dhape of the upstream bottom edge shall be well defined, so as to determine the cofrect|value of the
contrgction coefficient Cc.

b) The bpttom of the undershot gate shall be truly horizontal.

c) For agcurate discharge measurements, the structure shall be equipped with swvater level recordérs upstream
and downstream of a gate or the structure as described in 8.2 and 8.3, and_with a device indicgting the gate
opening. The location of the intake to the stilling wells should be in such<@ way that the measurgd head shall
not bg affected by high turbulence or other irregularities of the water surface, or by drawdowh or build-up
causdd by improper orientation. Generally the opening will be flush with the wall.

d) For sfructures with two or more gates, it is recommended that\all the gates be operated undgr exactly the
same|opening height for the following reasons:

1) djfferent heights can result in angular flow when flowspasses in front of gates with small operjings towards
gptes with large openings; this makes determination of the total discharge complicated and leps accurate;
2) using all the gates at the same opening;ythe velocity distribution over the full width of the channel is
ore uniform, upstream as well as downstream of the structure, resulting in lower maximum flow
vElocities.

e) The rpunding, R, of abutments and piers shall be at least R = 5/8 for moderate approach velocitie$ and R = b/4
for high velocities, to prevent additional losses due to contraction and expansion (b is the width of one
opening).

9 Discharge relationships

9.1 Disgharge equations and coefficients for two-dimensional flow

9.1.1 Maqdular flow

Figure 4 showsunderflow througha-vertical gate-

The discharge equation for modular flow is as follows:

O = Cpab.[2gh (1)
where

O is the discharge, in cubic metres per second;

Cp is the discharge coefficient

a is the height of gate opening, in metres;
© 1SO 2002 — Al rights reserved 9
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b is the width of the gate opening, in metres;
g s the acceleration due to gravity (9,81 m/s2);

hq is the upstream water level, related to the sill level, in metres.

T < T = /I\Cq) / )
-
¥_
o = ] ]
|2
| { |4
Figure 4 — Underflow through a vertical gate
The discharge coefficient is defined as follows:
Cp = _Cg_ 2)
1, tca
hy
where Cg is the contraction coefficient of the jet, which depends«mainly on the shape of the bottom edge:
Cc =0,p10+ 0,1\/23,04 —(2rla- 4,69)2 for rla <2;35 and (3)
Cc =0,p90 for rla > 2,35
and r is the radius of the circular rounding of the bottom edge.
NOTE Equation (3) is based on laboratery measurements.
Figure 5 givgs the contraction coefficient as a function of r/a.
ria <235 | rla>235
%) |
© |
1 —
» i | \
0,8 )4 ! :
0,7 i
0,6 I —
L)
0,5 !
0 0,5 1 1,5 2 25 3 35 4 e .
ria
Figure 5 — Contraction coefficient C; as a function of r/a
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9.1.2 Limit between modular flow and submerged flow

Modular flow turns into submerged flow, or conversely, at the so-called modular limit for which the equation is
related to the contraction coefficient C, 4 and a, as shown by the equation:

h_ZZC_CNwAG( H _1J_1] (4)
a 2 aCg

where
h, ig the downstream water level, related to the sill level, in metres;
H, ig the upstream energy head, related to the sill level, in metres.
Taking H{ = h4, values of hy/a can be calculated for any Cc value, provided that two:dimensional|flow occurs.
Figure 6 ghows the modular limits for a sharp bottom edge, Cc =0,611 and~a well-rounded Hottom edge,
Cc = 0,990. Apparently well-rounded gates allow a higher downstream water levelthan sharp-edged gates.
A
N
= 10 2
8
=090
1 P oz
6 — 11
/ CC = 016/
/
/ /
A /‘/ v
2 70
0
0 2 b 6 8 10 12 1L 16
hia
Key
1 Backflow
2 No flow
3  Submerged flow
4 Modular limits
5  Modular flow

Figure 6 — Limit between free flow and submerged flow
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9.1.3 Submerged flow

The discharge equation is as follows:

Q= CyCp aby 2 ghy (5)
where

Cp is the discharge coefficient for modular flow (9.1.1);

(y Is theeoeficientofsubmergenrse— =iyt
Figure 7 shows Cy, values for a sharp-edged gate C = 0,611 and a well rounded gate C = 0,990:
The Cy, coefficient is defined as follows:

2 2
- 2% (1-p)- ( 2 (1—ﬁ)—1j N
1-« 1-« p
Cdr - (6)
1-a
where
:a_C(_ and ﬂ = aCC (7)
hy ho

12

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=a74b9680709db06fb855776872436470

ISO 13550:2002(E)

35 7 911315 hya

L
s \ \\\& Cc =0,990
VAN
JALRAIN
AN
A\ \

\

\ 1\
02 \
| /AR

Cdr

0,6 \
| |\

U1
// 4/ /

=
| T //

0k \'
\

=S/
=977/
/|

0 0 3 6 9 12 -
531 3 57 9111|315 hja
TS
0,8 \\\\\\\§\ Cc=0,611
SEELIVNNNNNY
0.6 |\ \\\‘\\\\\\&\‘fy@
IRARRNNNNS
NEELATER AN
AV AN
JVAVANAY

y IR

hola

Figure 7 — Coefficient C,, for submerged flow

9.2 Three-dimensional gate flow

Head regulators and other gated intake structures provided with vertical slide gates are hydraulic structures usually
having a number of gates which are operated in the rectangular sections formed by the weir abutments and
intermediate piers.

In most structures the length of the vertical walls of the abutments and piers is relatively short. As a consequence,
the flow conditions in the rectangular sections do not allow two-dimensional flow. In practice, the water levels h4
and /5 will often not be measured in the section between the abutments upstream and downstream of one gate,
but are measured in sections upstream (%) and downstream (45 ) of the total structure.

© 1SO 2002 - All rights reserved 13
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Figure 8 is a definition sketch of the total loss of head for three-dimensional gate flow.
In general terms, the total loss of head over the intake structure can be expressed as follows:

hy—ho = (hy = hq)+(hqy = ha)+(ha — hy) (8)
where the partial losses are as follows.

a) Entrance:

i = iy b R~ 5 e (9)
where £ is the entrance loss coefficient.
b) Gate:
hi—hy (10)
which is|assumed to be the head loss due to two-dimensional gate flow.
c) Exit
ha =y | (v2212g)+ (&, —1)(v3/ 2g) (11)
where &} is the exit loss coefficient.

The rating cyrve for three-dimensional gate flow can now_be“computed from information about the loss qoefficients
&, and & and from the characteristics of the two-dimensional flow.

|

hy
h's

N

Figure 8 — Loss of head for three-dimensional flow

The computed relation may deviate from the real situation because of one or more of the following uncertainties:

— description of the bottom-edge rounding, r (inaccurate Cg, value);
— inaccuracy of the estimated & and &, values;

— interaction between the different losses: entrance, gate and exit.
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Calibration of the structure in the field or by a hydraulic model study may lead to a more accurate rating curve.

9.3 Lim

its of application

To prevent air-entraining vortices immediately upstream of the gate, the gate opening shall be such that 74/a > 2.

To prevent three-dimensional flow in the case of a vertically narrow gate opening, 44/b shall be < 3 (b is the width of
one opening).

9.4 Uncertainty of measurement

The overa
head meaq

they apply

With reas
systematic

For subm
uncertaint

— 6 % for hqla = 5;

— from 6 % to 12 % for 2 < hy/a <5.

At very sni

The rando
during chg

The meth
givenin cl

The total
expected ¢

—  two-d
—  two-d

— three-

| uncertainty of flow measurements made with vertical underflow gates depends on the.un
surements 44 and %y, of the measurement of the gate opening a and of the coefficients C
to the gate in use.

bnable care and skill in the construction, installation and operation of a vertical underfl
uncertainty in the coefficient Cp will be within 5 %.

brged flow the uncertainty in Cy, increases as the differential head %1+ hy decreases. Th
in the coefficient Cy4, will be as follows:

all differences of 41 — hy, the uncertainty can increase considerably.

nging discharge, and may be taken as 1,0.%.

huse 10.

Lincertainty in the discharge through gated structures, derived from measurements of 44,

o range between 10 %.and’20 %:

mensional modular flow: <10 %
mensional submerged flow: 10 % to 15 %
dimensional flow: 10 % to 20 %

9.5 Exgmple of computation

certainties of
h and Cy; as

bw gate, the

e systematic

m uncertainty in the coefficient Cpy and Cy, reflects the real but marginal changes in the coefficient values

pd by which the uncertainties in thie coefficients shall be combined with other sources of lincertainty is

hp and a, is

9.5.1 General

The following subclauses give examples of the computation of discharge under modular flow and submerged flow
conditions using a vertical gate above a flat bottom (two-dimensional flow) with the following dimensions:

— r =0 (sharp bottom edge);

— b=6,00m;

— opening a = 0,40 m.

© 1SO 2002 — All rights reserved
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9.5.2 Modular flow

Consider the

— head &,
— Cgfora

Therefore:

— h1/a=2

following values:

=2,00 m, head 7, = 1,00 m

sharp bottom edge = 0,611

0/0,40=5

— h2/a= 1,

Figure 6 sho

hy 0,

This confirms

The discharg

Cp =

00/0,40 = 2,5

P  hyte[ 299 4] _4 -2,98
D 0,400,611

b that modular flow will exist.
e coefficient from equation (2) is

0,611 ~ 0,577

The discharg

0=0,5]

f

0,611x0,40
2,00

e is then by equation (1)

7 x0,40x 6,00x+/2x9,81x 2,00 <8,67m>/s

9.5.3 Submerged flow

If head h1 = 4
— h1/a = 2,

— h2/a=1

2,00 m, head A, = 1,60m:
00/0,40 =5

60/0,40 =4

Both from Fi

vs that modular flow will exist, or using equation (4) the modular limit for A/a is

ure6\and equation (4), it is clear that submerged flow will exist.

From Figure

Or using equ

~0,40x0,611

B

16

~0,40x0,611

PR
Il

7{forcc =076
ations (6) and (7)

=0,122
2,00

=0,153
1,60

T Cgr 15 fourdtobeabout 6;56:

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=a74b9680709db06fb855776872436470

Cdr

ISO 13550:2002(E)

0,1222

2x0,122 _
0,1532

_ 2x0,122
1-0,1222

1-0,1222
1-0,122

(1—0J53)—1J2+

(1—0A53y-J{

=0,565

Then, from equation (5), the discharge is

0=0

,565x 0,577 x0,40 x 6,00 x/2x9,81x 2,00 = 4,90 m3/s

10 Unceértainties in flow measurement

10.1 Ger
Reference
Whenever

discharge
gives the

and systemnatic errors.

The error
gate, whig
“uncertain
lie 19 time)

The total
combined
coefficient

jeral
shall also be made to ISO/TR 5168.
a measurement of discharge is made, the value obtained is simply the best possible estimg

In practice, the true discharge may be slightly greater or less than this‘value. This Internatig
brocedure for the evaluation of uncertainties in individual flow measurements arising from

s the difference between the true rate of flow and that calculated in accordance with the eq
h is assumed to be constructed and installed in accordanhce with this International Standa
y” is used to denote the deviation from the true rate of flew within which the measurement i
s out of 20 (95 % confidence level).

uncertainty of any flow measurement can becestimated if the uncertainties from various

5, errors in these quantities contribute(Cto the total uncertainty in discharge measu

te of the true
nal Standard
both random

Lation for the
rd. The term
5 expected to

sources are

As the discharge is obtained as a function of gate dimensions, measuring head amd discharge

rement. The

assessment of these contributions to the total ‘uncertainty will indicate whether or not the rate of|flow can be
determinefl with sufficient accuracy for the purpase in hand.

10.2 Soyrces of error

The sourges of error in discharge_measurement may be identified by considering a generalized| form of the
discharge [equation for a vertical(gate:

Q:CdrCDab«¢2gh1 (12)
where g is|the acceleration due to gravity, which varies from place to place, but in general the variation is small enough
to be neglgcted insflow measurements.

Thus only thefollowing sources of error need to be considered:
a) the discharge coefficient Cp and the submerged flow coefficient Cq;; numerical estimates of the uncertainty in

these coefficients are given in 9.4;

b) the dimensions of the structure, i.e. the width of the gate » and the gate opening ;
c) the measured heads /¢ and Ao.

The uncertainties in a, b, h1 and iy need to be estimated by the user. The uncertainty in dimensional measurement
will depend upon the accuracy to which the device, as constructed, can measure; in practice this uncertainty can
prove to be insignificant in comparison with other uncertainties. The uncertainty in the head will depend upon the
accuracy of the head measuring device, the determination of the gauge zero and the technique used. The
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uncertainty can be small if a vernier or micrometer instrument is used, with a zero determination of comparable
precision.

10.3 Kinds of error

Errors can be classified as random errors and systematic errors. Random errors are caused by numerous small
independent influences which prevent a measurement system from delivering the same reading from the same
input value of the quantity being measured. The random error in the result can be reduced by making a number of
measurements and using the arithmetic mean value.

The standard deviation is used as a measure of the random error. The standard deviation of a set of
measuremer|ts under steady conditions may be estimated from the equation:

12

(13)

where ¥ is the arithmetic mean of n measurements.

The standard deviation of the mean is then given by
N
Y
sy =— (14)
T n
The uncertaipty of the mean at the 95 % confidence level is given by rgs5s5 . This uncertainty is the confribution of
random errofs in any series of experimental measurements to the total uncertainty. The value of g5 is 2,0 for
n > 30. Itis 4,6 for n = 6; 2,4 for n = 8; 2,3 for n = 10; and 2;1 for n = 15.
Systematic drrors are those which cannot be reduged by increasing the number of measurements if the pquipment

and conditior

s of measurement remain unchanged: For example, an error in setting the zero of a water-lg¢vel gauge

to crest levgl produces a systematic difference between the measurement head and the actual Jalue. The
uncertainty gssociated with systematic errors cannot be assessed experimentally without changing the pquipment
or conditiong of measurement. Generally,” as subjective judgement is involved in the estimation of pystematic
uncertainty, the stated level of 95 % hasto be treated as approximate for systematic errors.

10.4 Uncertainties

10.4.1 Uncertainties invalues of coefficients Cp and C,

All errors in this category are systematic.

The values of the coefficients Cp and Cq, quoted in this International Standard are based on experiments|which can
be presumed—totravebeem tarefulty carried—outwith—sufficient Tepetitiomof theTeadings—to—ensure adequate

precision. However, when measurements are made on other similar installations, systematic discrepancies
between coefficients of discharge can occur, which may be attributed to variations in the surface finish of the
device, its installation, the approach conditions, the scale effect between model and site structure, etc.

The uncertainty in the coefficients quoted in the preceding clauses are based on a consideration of the deviation of
experimental data from various sources from the correlation given. The suggested uncertainty values thus
represent an accumulation of the evidence and experience available.
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10.4.2 Uncertainties in measurements made by the users
Both random and systematic errors will occur in measurements made by the users.

Since neither the methods of measurements nor the way in which they are to be made are specified, no numerical
values for uncertainties in this category can be given; they need to be estimated by the user. For example,
consideration of the method of measuring the width of the weir should permit the user to determine the uncertainty
in this quantity.

The uncertainty of the gauged head shall be determined from an assessment of the individual sources of error (e.qg.
zero error, gauge sensitivity, backlash in the indication mechanism, or residual random uncertainty in the mean of a
series of measurements)y—Fhe-tneertainty-of-the-gauged-head-is-the-squareroot-of-the—sum—ofthe-squares of the

individual pincertainties.

10.4.3 Cdmbination of uncertainties

The total [random or systematic uncertainty is the resultant of several contributory-uncertaintie§, which can
themselves be composite uncertainties. Provided that the contributing uncertainties' are independent, small and
numerous| they may be combined together to give an overall random or systematic uncertainty |at the 95 %
confidencg level.

All sources contributing to uncertainties will have both random and systematic components. Howeper, in some
cases either the random or the systematic component is predominant and the other component may he neglible by
comparisgn.

Because (f the different nature of random and systematic uncertainties, they should not normally be combined with
each othef. However, random uncertainties from different sources may be combined together by the root-sum-
square rule. Systematic uncertainties from different sources.may be similarly combined.

The percephtage random uncertainty X’Q in the rate of flow may be calculated from the following equatfon:

X (X2 +(Xey )2 +(X0)? + (X334 0,5, ) (15)
where
X'CD is the percentage random uncertainty in Cp;
cy| s the percentage random uncertainty in Cy;
X, is thepercentage random uncertainty in g;
X5 is.the percentage random uncertainty in b;
X'h1 is the percentage random uncertainty in 4.

The random uncertainties in Cp and Cg, are given in 9.4. The random uncertainties in b and hq can be obtained as
stated in 10.3 by obtaining estimates of the standard deviation. The standard deviation is easily estimated if, for
example, a graduated rod is used for head measurement. For continuous or digital recording equipment, the
random uncertainty in reading a given water level may be assessed by laboratory tests on the equipment.

The percentage systematic uncertainty X7, in the rate of flow may be calculated from the following equation:

Xp = (X" cp)? +(Xey )2+ (X5)2 + ()% +(0,5X7,) (16)
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where
X ”CD
X”Cdr
Xy
X}

"
X,

To obtain es

2002(E)

is the percentage systematic uncertainty in Cp;

is the percentage systematic uncertainty in Cy,;

is the percentage systematic uncertainty in a;

is the percentage systematic uncertainty in b;

and Cy, are given in 9.4.

is the percentage systematic uncertainty in /.

timates of systematic uncertainties in a, b and &4, see ISO 5168. The systematic.uneertaifties in Cp

It should be moted that the uncertainty in the rate of flow is not a single value for a given gate, but varies With flow. It

may therefor
measuremer

10.5 Presentation of results

Although it ig
for presentin

uncertainties

In the preser

combined uncertainty.

10.6 Exam

The followin
measuremer

conditions th

ples

The dimensigns of the gate are as follows:

— bottom-¢dge rounding

— gate ope
— gate wid

a) Modular

The gauged heads are as follows:

ning

th

flow

r=0,05m

a=0,80m

b = 2,50 m (identical to the width between the abutments)

e be necessary to consider the uncertainties at several rates of flowcovering the requirefl range of
t and flow conditions (i.e. modular or non-modular).

preferable to list systematic and random uncertainties separately, there are many practicpl reasons
g a single combined value of the total uncertainty. For this reason, the systematic arld random
may be combined by the root-sum-square method.

tation of results, the random error and systematic error should be indicated separately, as yell as the

g are examples of the computation of the discharge and associated uncertainty i a single
t of flow, using a vertical uhdershot gate for modular flow conditions and for submgrged flow
fough one single gate.

— upstream

— downstream

hy=3,20m

hy=1,60m

For calculation of the discharge, the equations in 9.1.1 are used.

The contraction coefficient C; is calculated from equation (3) with the data:

a=0,80m and r=0,05m; C; = 0,658

20
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