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INTERNATIONAL STANDARD

ISO

6416-1985 (E)

Liquid flow measurement in open channels —
Measurement of discharge by the ultrasonic (acoustic)

method

1 Scopp and field of application

This International Standard describes the establishment and
operation df an ultrasonic (acoustic) gauging station on a river
or open cHannel for the measurement of discharge. For the
operation fand performance of instrumentation, reference
should be inade to ISO 6418.

2 Refefences

ISO 748, Adiquid flow measurement in open channels —
Velocity-area methods.

ISO 772, Adiguid flow measurement in open channels —
Vocabulary and symbols.

ISO 1100/3, Liquid flow measurement in open channels —
Part 2. Determination of the stage discharge relation.

ISO 4373, Weasurement of liquid flow in open channels —
Water leve] measuring devices.

1SO 5168,. | Measurement of fluid flow =
uncertainty of a flow-rate measurement.

Estimation of

1SO 6418,
Ultrasonic

Liquid flow measurement) in open channels —
acoustic) velocity metets.

3 Definitions

For the pufpose ofcthis International Standard, the definitions
given in ISP 772 apply.

directly opposite each other but are staggered
time difference between pulses travelling
those travelling upstream. The angle’between
path and the direction of flow should normal
and 60° (see figures 2 and.3)

5.2 The differencébetween the time of trav

so that there is a
lownstream and
the transmission
y be between 30

bl of the acoustic

pulses crossing the.river in an upstream dirg¢ction and those
travelling downstream is directly related to thd average velocity

of the watenat/the elevation of the transduc

brs. This velocity

can then be related to the average velocity of flow of the whole
cross-section and, if desirable, by incorporating an area factor
in the electronic processor, the system can dive an output of

discharge.

6 Site selection

6.1 The site selected should be such thaf it is feasible to
measure the whole range and all types of flow which may be
encountered or of which measurement is required. The follow-

ing factors should be considered:

a) a reliable source of electrical en
available;

b) there should be good all-weather acc

brgy - should be

bss to the site;

¢) the measuring reach should be straight and uniform;
abrupt bends and irregularities in the cHannel should be
avoided if possible but these may be acgeptable provided

that condition d} is satisfied or where chan|

4 Units of measurement

The units of measurement used in this International Standard
are those of the International System of Units (SlI).

5 Principles of the measurement method

5.1 The principle of the ultrasonic (acoustic) method is
measurement of the velocity of flow at a certain elevation, or
elevations, in the channel by transmitting acoustic pulses in
both directions through the water from transducers located in
the banks on both sides of the river. The transducers may be
designed to transmit and receive pulses; they are not located

ges can be effec-

tively monitored by & crossed—acoustic path. Sections in
which appreciable cross-currents or large eddies form

should be avoided;

d) at. cross-sections taken in the reach between the

upstream and downstream transducer
velocity distribution should be similar;

mountings, the

e) if the bed profile should change significantly with stage,
regular bed surveys should be carried out at different stages
of flow to determine the change in area in order to compute

the discharge;

f)  the section should be free of weed growth since this will

attenuate the acoustic signal;
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g) the installation should take into consideration reflection
and timing error problems caused by multipath inter-
ferences. The minimum depth for transducer placement in-
creases as path length increases. Timing errors inhibit the
use of low frequencies (see annex A);

h} refraction of the acoustic signal can be caused by
temperature gradients and the signal may be lost due to this
cause alone. A water temperature survey should therefore
be made at the proposed site particularly during extremes of
temperature; refraction of the acoustic signal can also be
caused by depsi ients;

7.2.1 For the method whereby the transducers are designed
to move on a vertical or inclined assembly [see 7.1 a)2}}, the
transducers may be used to calibrate the station. This is per-
formed by establishing vertical distributions of line velocity
curves by moving the transducers to the various paths and ob-
taining a series of path velocities in the vertical. This should be
performed at different values of stage and the resuiting curves
analysed to determine the optimum location to fix the
transducers. If possible, an independent check should be made
by current-meter or another suitable method.

i) attenuatidn of the acoustic signal can be caused by the
absorption, reflection and scatter of the propagated
pressure wavg. Attenuation losses inhibit the use of high
frequencies over an extremely long path;

k) suspenddd solids may have a significant effect on signal
attenuation ahd entrained air bubbles can have considerably
more effect. Due regard should therefore be given to the
operating frequency and path length. Suspended particle
size and congentration and/or bubble population should be
assessed to define attenuation;

tic equipment.

7 Design and construction

7.1 The gaugirlg station should consist of
a) transducgrs, arranged as follows:

1) one of more transducers installed en\both sides of
the river ahd fixed permanently in position, or

2) one of more transducers installed on both sides of
the river having the facility of.movement in the vertical
plane or oh an incline;

b} a consolg containing an electronic data processor and
facilities for r¢cording and/or transmitting data;

c) a water level recorder interfaced with the electronic

7.3 In the multipath system, where sevéral pairs of
transducers are employed, the optimum positionys of these
should be determined from a preliminary examinatiop of vertical
velocity curves obtained by current-meter. Unless ynusual ver-
tical velocity profiles are expected,, the Classic parabolic (or
logarithmic) distribution can be @sstimed. The transducers
should then be either fixed, as-in 7.1 a) 1), or instplled on an
assembly, as in 7.1 a)2). Generally the former is preferable.

7.4 The decision to'yse a single-path or multipath|system will
depend on the intended accuracy of the desired gystem, the
range in stage-to be expected, the vertical velocity distribution
at these stages.and the attenuation and reflection lipitations. If
a satisfactory rating can be achieved from a velocjty index at
all stages,”then a single-path system may be copsidered in
preference to a multipath system.

7.5 Where the transducers are to be permanently fixed in
position [see 7.1 a) 1)], they should be mounted rig{dly. Where
they are designated to slide on an assembly [see 7.l a}2)], the
construction of the mountings and guides should b¢ such as to
withstand damage from debris and from any accumulation of
silt, etc. The guides should be securely fastened tg the bed or
banks and set in concrete so as to be free from sinking, tilting
or washing away. The anchorages should extend bejow ground
to a level free from disturbance by frost.

In both these methods the construction should be [sufficiently
rigid so as to be capable of withstanding the effects of floods.

7.6 In order to increase the reliability and accufacy of the
system, a detailed level survey should be made of the bed and
banks extending from one channel width upstream|of the pro-

data processor where a hard copy record of stage or
discharge or both is required;

d) a reference gauge and a permanent bench mark.

All interconnecting cabling to and from transducers shall be
armoured and/or protected from damage during installation
and operation.

7.2 For the method of fixed transducers [see 7.1 a) 1)1, a path
or index velocity is obtained which is related to stage and area
to obtain discharge. Calibration shall be performed using a
current-meter, transducer traverse or by extension of the
velocity profile theory.

posed upstream transducer mounting to at least one channel

width below the downstream transducer mounting. Depending
on the result of this survey, consideration should be given to
the improvement of the bed and banks by cleaning or dredging,
after which the survey should be repeated.

7.7 When the positions of the transducer mountings have
been decided, the angle and path length between the mount-
ings should be carefully surveyed for subsequent programming
into the electronic processor. A survey of the bed level between
the transducer mountings along the path length should be
made and the average bed level should then be calculated for
input into the electronic processor where discharge is being
determined on site. This survey should be repeated periodically
as an operational requirement.
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7.8 The output from an ultrasonic station may be recorded in
any one of the following modes:

a) path (or line) velocity (or an index which is numerically
proportional to the path or line velocity);

b} path velocity and stage;
c) discharge and stage;

d) velocity and discharge;

ISO

8.1.2

6416-1985 (E)

It should be noted that the measurement of the path

angle, 8, cannot be determined accurately since this would
require measurement of @ at several points along the ultrasonic
(acoustic) path and weighting the results with respect to vel-
ocity. In any case, 8 would generally change as the discharge
changes. However the coefficient K compensates for inac-
curacies in both 8 and L, where K is the coefficient relating line
velocity, V;, to the average velocity, V, and L is the path length

(see figure 3).

8.2 Movable transducers in a single-

e) velogity, discharge and stage.

If stage is pot included in the mode, it should be recorded
separately py water level recorder for subsequent off-site
processing. ’

7.9  Whern operating in the discharge mode, a manual facility
should be provided in the electronic processor to make any
adjustment [necessary for a change in bed level (see 7.7).

7.10 Refprence gauge

The refererjce gauge shall comply with the requirements of
ISO 4373.

7.11 Station bench mark

A station bgnch mark shall be established to comply with the
requirements of 1SO 4373.

7.12 Stilling well

The design|and construction of the stilling well, if used, shall
comply with the requirements of 1S0-4373.

7.13 Water level recorder

The water lgvel recorder shall comply with the requirements of
ISO 4373.

8 Calibration

path system

8.2.1 The following methods assume the theoretical relation

of the ultrasonic meter to be reliable!

It ip therefore rec-

ommended that independent checks of this rgliability are car-
ried out either by a series of electranic tests to ¢stablish that the
meter is operating as designed or by a s¢parate portable

ultrasonic system. If possible, ‘current-meter ch
be made.

8.2.2 The calibration*of the gauging station
sists of setting the transducers at an elevation

ecks should also

n this case con-
which gives the

average velogity in the cross-section for modal river flow.
When the stage changes, however, the tra}sducers will no

longer, give'the average velocity. They will und
increase in stage and overestimate for a decr

8.2.3 If the mean (or modal) stage is known
velocity distribution is logarithmic, then the avg

restimate for an
ase in stage.

and the vertical
rage velocity (or

discharge)} will be found by placing the transdiicers at approxi-

mately 0,6 D, from the surface where D,, is
of flow above the mean bed level, the latter
across the diagonal cross-section between the
levelled-in to the station bench mark (see 7.7)

he modal depth
being obtained
transducers and
The actual pos-

ition will be found from the vertical velocity clirve.

8.2.4 [f the mean (or modal) stage is not kng

wn, D, may be

obtained from a histogram of stages over a sfitable period of

time (see figure 6).

8.2.5 Usually the vertical velocity distributig
and is found by using the facility of the m
transducers in the vertical plane.

8.2.6 Vertical distribution of line velocity is
ting the transducers at chosen levels and mq
velocity at each level. Such distributions are o

8.1 General

The calibration of an ultrasonic gauging station may be
achieved independently using current-meters or using the
ultrasonic meter itself. In either case, if channel conditions
change with time, it will be necessary to re-evaluate the cali-
bration.

8.1.1 The line (index) velocity method of calibration is used
when a single pair of transducers is fixed in position (see
figure 2) and the system requires independent calibration by
current-meter or another suitable method. (Figure 4 shows an
example of such calibration.)

n is not known
ovement of the

bbtained by set-
asuring the line
btained for each

of several stages of flow (see table 2). In table 2 the data are
given for an example with 15 such distributions each comprised

v
of 7 path velocities. Values of — for respective values of %

Vi

from 0,1 to 0,9 are then obtained where V is the mean velocity
for each curve, V;is the line velocity at distance d from the sur-

face and D is the depth of flow (see table 3).

14
8.2.7 A curve of relation is then drawn by plotting mean v

.. d .
values against —— values {see figure 5 and table 3, columns

D

%
1 and 17). V. is the adjustment factor or coefficient C\, by
(]
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which the ultrasonic velocity at any distance d from the surface
is greater or less than the average velocity in the cross-section.

8.2.8 The curve in figure 5 also provides the optimum elev-
d
ation of the transducers at the value of Bwhen Cy = 1(see

annex B). The curve will have some scatter depending on the
geometrical similarity of the vertical discharge curves and the

d
standard deviation should be computed for each value of b—at

the 95 % confidence-level {see-table 3 -column-18)

8.3.5 Inthe normal measuring mode, a preselected increment
of depth is associated with each path and the mean velocity (or
discharge) is obtained by summing contributions calculated for
each -increment using an appropriate quadrature convention.
This average value is then displayed and recorded and data
acquisition automatically recommences.

8.3.6 A series of stored reference water levels ensures that
only those measuring paths which are submerged to greater
than some minimum depth below the surface are used.

When the stage|changes, the appropriate values of Cy, may be
found from figyre 5 by entering the curve at the new value

d
of —.
D

8.2.9 In practi
purposes, to pri
depth D based
figure 6 and anr
stations, howey
which is not ne
velocity at the n

Ce, it is more convenient, for data processing
epare a second curve of Cy, against stage or
bn the actual transducer position (see table 4,
ex B). It may be found advantageous at some
er, to place the transducers at an elevation
cessarily the one which provides the average
hean stage, but the procedure is similar,

8.2.10 The m4gin application of the self-calibrating system is
its use where velocities are too low to be measured by current-
meter and the fange in stage is small. Spot checks shouid
however be made by current-meter when possible. The bed

elevation shoul
where there is
should be input

be checked regularly, especially at stations
ny suspicion of change, and the new depth
into the system.

8.3 Movablg transducers in a multipath system

8.3.1 The mu
transducer path
the vertical plan
preferable.

8.3.2 The mult
considered to be

Itipath system consists,of two or more
5. These may be fixed, or designed to move in
b or on an incline; generally the fixed system is

path syStem is used when the range of stage is
outside the limit of a single-path system or

when the vertica

logarithmic distt

longer correlate

| velomty proflle departs substanttally from the

with the mean vefocuty in the cross-section.

8.3.3 The number and location of measuring paths will de-
pend on the stage-frequency distribution, the relative import-
ance attached to accurate measurements at high or low stage
and the quadrature convention used to calculate the mean
velocity {or discharge}.

8.3.4 The objective of multipath measurement is to measure
the velocity across each path simultaneously and continuously.
Since this is impracticable, the procedure is normally to take a
single measurement across each path sequentially and to
repeat this sequence, for example, at intervals of 1 s.

8.3.7 A system that uses a cross-path, even if it id at the same
level as its companion path, should be cOnsidefed to be a
multipath system.
1

Multipath and single-path systems 'are both diregt measuring
systems if path lengths and_angles are accurately known.
Multipath systems define the ‘vertical velocity distribution and
need little or no calibration,-Single-path systems| need to be
rated more often by other methods; however, |even many
single-path” systems/may require little or no caljbration. All
systems need to bie'spot checked by alternative methods.

9.Operation

station being maintained in full operating order at all times. This
requires proper maintenance of the station, its eqllipment and
its calibration.

9.1 The production of a satisfactory record deTnds on the
I

9.2 The instructions given in the manufacturgr's manual
should be followed in carrying out checks. Fault whrning lights
should be checked and any sign of malfunction repprted. Since
the system consists of sophisticated electronic hardware, it is
advisable for the operator to pursue a training cdurse usually
provided by the manufacturer. Small malfunctions may then be
attended to by the operator. On other occasions, there may be
no alternative but to call in the manufacturer.

9.3 A reliable source of electrical energy is [required to

9.4 Careful attention should be given to ensuring that any
spurious data which require subsequent editing are noted on
site visits.

9.5 All equipment at the station should be capable of re-
starting automatically in the event of an electricity supply failure
or a voltage draw-down.

9.6 Since the system also records negative flow, every op-
portunity should be taken to carry out a check calibration when
this occurs.

®
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9.7 When it is known that the bed elevation varies with time,
arrangements should be made for regular bed surveys to be
carried out as necessary and corrections applied to cross-
section and mean velocity coefficients.

9.8 In a multipath system the failure of any paths should not
abort the system. If such failure occurs, arrangements should
be made in the electronics to use adjacent paths if discharge is
being computed or to record velocities independently from
those paths functioning.

1SO 6416-1985 (E)

X and Xg are the percentage uncertainties in measuring
distances L and S;

Xy and X, arethe percentage uncertainties in measurihg
the times of transit of #; and ¢,

All uncertainties are assessed at the 95 % probability level.

10.3 The uncertainty in calculating the average velocity from
the measured line or path velocity depends on the method of
calibration used. The uncertainty in the derived discharge

10 Uncertainties in measurement

10.1 The principles laid down for the estimation of the uncer-
tainty in g single determination of discharge are given in
ISO 5168.

10.2 Thduncertainty in the measurement of line velocity may
be obtaindd as follows, letting ¢ = z5g and ¢, = g, (see
figure 3):

L 1 1
V, == ———
2|cos @ tz t1

S
Letcos @ s —
L

where S isrl the distance one transducer is downstreamyof the

other, the
- (1 L (1)
S\, 1

The percenjtage uncertainty of liné-velocity, Xy, is obtained by
determininlg the total differential-of equation (1) and dividing it
by the line|velocity V;:

VL =

N | b

SV, 8L)" oS 1 Xt ot
P i +(_1__2x_1)_

V, oL S \n-1 2

_[nxt  85) -

depends on this and on the uncertainty in the measured cross-
sectional area. :

10.3.1 Line velocity method

The estimation of the uncertainty in average velocity and hence
discharge for the line velocity”method involves a regression
analysis and may be carrigdhout in accordancg with 1SO 1100/2
(see also figure 4).

10.3.2 Self-calibration method

The estimation’of the uncertainty in the average velocity, X0,
and hence discharge for the self-calibration|method invoives
estimating the uncertainties in Xy, as above, with the uncer-
tainty in depth of flow, X, the uncertainty in|breadth, X3, and
the* uncertainty resulting from the limited niimber of velocity
paths used, X, {see annex C, example 4):

then Xp = £ (X2 + X2+ X,2 + X )2 e (4)

10.4 The only systematic uncertainties whigh need to be con-
sidered are instrument uncertainties in depth,|in breadth and in
8. If these can be kept to within 0,1 % each, they can therefore
be neglected as being small compared with the random un-
certainty. If this is not the case, adjustment should be made
(see also 10.7).

10.5 For a single-path system, in additipn to the above
uncertainties in Xy, the uncertainty due to tHe change in stage
requires consideration (see figure 6), and the|discharge should
be modified accordingly (systematic error})} before the un-
certainty calculation is carried out.

\’1"2/\ ’22} -

As the individual uncertainty can be positive or negative with
the same probability, the squares of the components of the
total uncertainty are added to obtain

X LY (X2 Xi?
X, 2=4X2+ X2 + (—1————2) (i + ——2-) )

o 12 t,?

where

Xy, Isthe percentage random uncertainty in the ultrasonic
line velocity;

10.6 The value of Cy in the curve in figurp 6 will also have
a random uncertainty which requires asses%»ent by the user
for fon—hi y calculating the

' d
standard deviation of the Cy, values for the corresponding —
values in table 3 (see 8.2.8).

10.7 The principle of the ultrasonic system depends on the
river velocity being parallel to the banks, that is, normal to the
cross-section. Minor intermittent variations of the assumed
angle 8 between the transmission path and the line velocity, V7,
are always present as stated in clause 8 and are compensated
for in the calibration. However, when systematic oblique flow
occurs and @ varies by & 1° or more, an adjustment
{systematic error) should be made to the velocity {(or discharge)
as recorded by the system. Figure 7 shows ¢ as being the angle
of shift due to oblique flow and table 5 gives adjustment factors
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for various values of 8 and ¢. The true angle between the direc-
tion of flow and the path is 8 + ¢. Table 5 shows that when ¢ is
positive (as shown in figure 7) the recorded ultrasonic velocity
{or discharge) is too low and, conversely, when ¢ is negative,
the recorded ultrasonic velocity (or discharge) is too high
{(examples of estimating uncertainties are given in annex C). It
should be noted that oblique flow in this context refers to
cross-flow at the elevation of the transducer path(s) whereby
the ultrasonic system records a velocity which is either too
large or too small depending on the direction of the cross-flow.
Oblique flow at any horizontal section in the vertical may be
compensated by equal and opposite oblique flow at another
horizontal sectiq i i i i s

system, it is redjommended that angle 8 be investigated in the
first instance. This may be done by setting up a portable
ultrasonic system, where the transducers are placed opposite
each other on dach side of the river so that a reading of zero
velocity may bd obtained. The true angle 6 is then the angle
made by a line |drawn perpendicular to this zero line and the
transducer flight path. Alternatively, a cross-path technique
may be used to jestimate the angle of oblique flow ¢. One path
is taken across the existing transmission path and the other is
taken at a different section, but at the same depth, with its
transmission path diagonally across the first (see figure 8). If
the areas of floyv at the two sections are the same, then the

angle ¢ may be obtained from the difference, if any, of the two
path velocities. If the areas of flow are not the same, then the
path velocities should be weighted by an area factor before
comparison (see annex D). If oblique flows vary with stage
and/or discharge, a cross-path should be permanently fixed
and the output of this path incorporated into the computation
of mean velocity.

It is preferable not to establish ultrasonic stations where
undesirable secondary currents occur. However, if it is
necessary to set up a station, a multipath system should be
used so that there are enough paths to compensate for the ef-

10.8 Generally, the uncertainty in a single-detefmination of
discharge using the single-path ultrasonic, method ghould be of
the order of £ 5 % to + 10 %. The\uncertainty in a single
determination of discharge using(the multipath sygtem should
generally be better than t 5/%,. However, the yincertainties
associated with the ultrasonic-method, as with other methods,
depend on site conditions and the final uncertainty in any in-
stallation may be either_more or iess than the vglues quoted
above. Examples_{in calculating- uncertainties| using the
ultrasonic method\are given in annex C.
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Annex A

Frequency versus path length and clearance

Table 1 — Values of path length, cleara.nce and operating frequency

Typical minimum Typical minimum Operating frequency for
path length, L clearance, A + 0,015 m/s uncertainty
m m kHz

300 3tob 50to 100

150 2t0 3 100 to 200

80 1 200 to 300

30 0,3 300 to 500

10 0,15 500 to 1 000

3 0,1 1 000 to 2 000

NOTES

1 Minimum|clearance 4 is based on requiring any multiple reflected signals to arrive at least one wavelength behind the direct|arrival.

2 If the detgction system is designed for the signals to arrive one half wavelength behind the direct-arrival, the above minimum Flearances may be

somewhat reduced.

L

Path length

Water'surface

Clearance

Transducer

S

Clearance

, . Transducer|
Bed

S 2 [/ L [ [/

L [J J [/ VAR A 4

’//////'///////’

Figure 1 — Signal interface from surface and bed
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Annex B

Calibration

B.1 Self-calibration system: optimum position of the transducers
Let

mean {modal) depth, D, = 2,123 m (see figure 6)
mein bed level = 44,882 m

Then from figurg 5:

when Cy, = 1
d/D = (,621
and d = Q0,621 x 2,123 m
= 1318 m

Hence the elevation of transducers = 44,882 + (2,123 — 1,318} m
then the positipbn of transducers = 44,882 + 0,806 m
= 45,687 m

B.2 Preparation of figure 6 (see table 4): adjustment.coefficient

For example, [when average depth, D = 2,50 m
elevation of water surface = 47,382 m
Elevation of transducers = 45,687 m
mean bed level = 44,882 m
d = 1,69
then d/D = 0;678
and from figure 6, C\, & 1,05

The procedure is|repeated for differept,values of depths D.
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Annex C

Uncertainties in measurement

NOTE — When using the ultrasonic method, the uncertainty in discharge may be generally of the order of 5 to 10 % ; depending on local conditions

the uncertainty in discharge may be higher or lower,

Example 1 (single path, self-calibration at modal depth)

X, is the uncertainty due to the limited number of velocity
paths used and for a single path is the uncertainty of the curve

The followjing is an estimate of the contributory uncertainties at
the 95 % probability level for a path length of 30 m, an average
flow velogity of 0,3 m/s and a time of transit of 0,03 s (uncer-

tainty in mjeasuring time = 0,02 x 10~6) (§ = 60°).
X, = [ 0,1%
Xg= [ 0,1%
Xy = X, = L 00X 1078

0,03
= +07x 1074 %
ty =t =212V, cos @ (see figure 3)

2 x 0,032 x 0,03 x cos 60°
B 30

=9 x 10-%s

Then from equation (3} (see 10.2)

0,0009%2 (0,7 x 10~4}2
4 x (0,12 + (0,12 + 2
9 x10-8 0,03

2
Xy,

0,159

NOTE — In|the first term in parentheses, ¢, has been taken as equal to
t, = 0,03 s|approximately;

Then

XV=

L =|£04 %

in figurebat Cy, = 1 and d/D = 0,621 (see
Then

Xo = (04 + 1,02 + 0,12+ 3912 =

Example 2 (as example_ 1, but with change in

As shown in figure8, for a depth of flow of
ficient at this depth is 1,08. The measureg

1,08. The éxample given in table 3 gives a sta

table 3).

+3%

stage)

3,0 m, the coef-
discharge, say

dard deviation of

Q = 21,33, dherefore requires adjustment 1y multiplying by

7 % by:interpolation at C, = 1,08 (d/D =

tainty<is added to the uncertainty X, in a sin
of discharge by the root-sum-square method
uncertainty is + (32 + 722 = + 7,6 %.

The procedure is then as follows:

Xg = % (0,42 + 1,02 + 0,12 + 7,69)1/2

measured discharge 21,33 m3/s
depth of flow-3,0 m ’
adjustment coefficient (figure 6)

i
—
o

uncertainty = =+
adjusted discharge 21,33 x 1,08 = 23,
uncertainty (random) in discharge = +

Presentation of result {in accordance with IS

Discharge = 23,04 m3/s + 8 % (for exa
(systematic uncertainties are ignored as
compared to the random uncertainties.)

Example 3 (single path, self-calibration, flow

,75). This uncer-
hle determination
so that the total

i

+77%

B
7 %

D4 m3/s
7.7 %

D 5168):

ple)
being negligible

oblique)

measured discharge 21,33 m3/s

which is the uncertainty in the ultrasonic line velocity, V;, as
measured by the system.

Now from equation (4} {see 10.3.2), the contributing uncertain-
ties at the 95 % probability level may be taken as follows

Xy, = % 0,4 % (as found above)

Xy=£1%
X, = £01%
X, = + 3%

depth of flow 3,0 m

oblique flow ¢ = + 2° (see figure 7)
uncertainty in discharge (see example 2}
0 = 60°

Then using table 5

adjusted discharge for oblique flow

=+ 8%

1,06 x 21,33 m3/s

= 22,61 md/s
From figure 6
adjustment coefficient for stage = 1,08
adjusted discharge = 1,08 x 22,61
= 24,42 m3/s
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Presentation of result

Discharge = 24,42 m3/s + 8 %

The adjustment is made in discharge for change in stage
and oblique flow (systematic error of known sign).

recorded discharge 21,33 m3/s
adjusted discharge for oblique flow 22,61 m3/s
adjusted discharge for stage 24,42 m3/s

Example 4 (multipath system with 9 paths)

The values fo X\, , Xz and X, may be taken as given in example
1. However, in this case, since 9 paths are used to measure
velocity, the value of X, may be taken as = 1 % (see ISO 748).

Then
Xog=1 042 + 1,024+ 0,12+ 1,002 = £ 15%

NOTE — If oblique flow is present in any path, the procedure detailed
in example 3 should be followed.

Figure 2 — Typical line (index) velocity installation using fixed transducers

10
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For the purpose of use of figure 3

¢ is the velocity of sound in still water;

L is the length of ultrasonic (acoustic) path (AB};

IaB

ga

vV, s

s|the travel time from A to B;

is|the travel time from B to A;

the velocity, the average velocity at the elevation of

the ultfasonic {acoustic) path in the direction 6f flow;

0 is the angle between the streamiine.of flow and the

Figure 3 — Velocity components

where
Q, .is\the discharge;
V' is the mean velocity in the cross-secti

A is the cross-sectional area of flow.

V, and V. The cross-sectional area is directl

n;

A stable relation may be established betweejj the line velocity
s

and the basic flow equation can be written
Q - KVLA

where K is the coefficient relating V; to V (s

related to stage

e figure 4).

bm formulae (5)

ultrasofic path (path angle);
\4, is the average velocity along the ultrasonic (acoustic) For the travel time difference method [f
. and (6)]
path;
2LV, 2LV,
and thus tag — lga = At = _2-_&& = 2!’
cs — Vp c
L
tag = [ (5) where V,2is small compared with c2
g i)
t 5 " and since
BA =
cTV T
4 C = ?
V, =V cosf (7)
. then
For the line velocity method [from formulae (5), (6) and (7}]
v AtL
v, = __I:__ _l_ — _l~ P 272
2 CcOSs g tBA tAB
where
and
B Fe Isa * IaB
Q=VA 2

"


https://standardsiso.com/api/?name=dbf7ce07a6ed66a25909c2c95f4ff574

1SO 6416-1985 (E)

For the frequency difference method, if then
2V,
Fag = 2 AF =
AB = T,
AFx L
Vi = ———
and 2 cos @
c+ V, and
Fgp = £
L _ AFx L
V= —
2
NOTE — All solutions are independent of the velogity
water,

I of sound in

12
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|
25 | -
e 24 |- —
23 1~ -
I
25 26 27 28 2.9 3,0 31 3,2

Velocity coefficient K

Figure. 4 — Typical relation between velocity coefficient K = v/ V; and stage

13


https://standardsiso.com/api/?name=dbf7ce07a6ed66a25909c2c95f4ff574

1SO 6416-1985 (E)

0,2} * | /

95 % confidence level for-Cy/.

0,8

15 14 1,3 1,2 11 1,0 0,9 0,8

Velocity coefficient, Cy/ = —
: Va

NOTE — Vj is the ultrasonic line velocity at depth d.

Figure 5 — Curve of d/D values against corresponding mean values of C\,

14
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Figure 6 — Typical relation between coefficient of velocity Cy, and stage for an optimum transducer setting
{required mean velocity is V; ultrasonic velocity is V)
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