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PREFACE

Th i s Standard was prepared by th e StandardsAustra l ia Commi ttee on Measu remen t o f Water Fl ow
in Open Chann el s an d Cl osed Con du i ts. I t i s id en t ical wi th and has been rep rod uced from
ISO 641 8: 1 985 ,Li qu id fl ow measuremen t in open chann el s— Ul trason ic (acousti c) vel ocity meters.

Under arrangemen ts made be tween Standards Austra l i a and the in ternat ional Stan dards bod ies,
ISO and IEC, as we l l as certai n o th er Stan dards organ izati ons, users o f thi s Austral i an Standard
are advi sed o f th e fo l lowin g:

(a) Copyri gh t is vested in Standards Austra l ia .

(b ) Th e number o f thi s Stan dard is no t reprodu ced on each page; its i den ti ty is shown on ly on th e
cover an d ti t le pages.

(c) Th ere may be occasio nal dua l l ang uag e secti on s, bu t Eng l i sh i s always one of the lang uag es
reproduced .

(d ) Where any cross-re fe ren ces to page numbers appear with in the text, th ese re l ate to page
numbe rin g i n th e I nte rnat i on al Standard an d are to be d isreg arded .

Th i s Standard i s on e o f a seri es wh ich deals wi th method s of measu remen t o f water f l ow i n open
chann e ls. Th e series when compl e te wi l l con si st o f th e fo l l owi ng parts:

Part 1 : Vocabu lary and symbol s
Part 2. 1 : General —Gui de l in es fo r th e selecti on o f methods of measu remen t
Part 2. 2: General —Estab l ishment and operat i on o f a gaug i ng stat i on
Part 2. 3: General —Determin ati on o f th e stage-d ischarg e re l at io n
Part 2. 4: General —Estimati on o f u ncertai n ty o f a f low-rate measurement
Part 2. 5: General —Gui de l in es for th e selecti on o f fl ow gau g in g stru ctures

Part 3: Ve l oci ty-area method s
Method 3 . 1 : Measuremen t by current -meters an d fl oats
Method 3 . 2: Measuremen t by movin g-boat method
Method 3 . 3: Measuremen t by slope -area method
Method 3 . 4: Col le cti on and processing of data for de te rmina t ion o f errors i n measu remen t
Method 3 . 5: In vest ig at i on o f to tal erro r
Method 3 . 6: Measuremen t o f f low in t id al chann e ls
Method 3 . 7: Measuremen t by ul trason ic (acoust ic) meth od
Method 3 . 8: El ectromag net i c meth od u sin g a fu l l- chann e l-wid th co i l

Part 4: Measuremen t u sin g f low gau gi n g structures
Method 4 . 1 : Th i n-p la te we irs
Method 4 . 2: Rectangu lar broad-crested we i rs
Method 4 . 3: Round -nose hori zon ta l broad-crested we i rs
Method 4 . 4: V-shaped broad -crested we i rs
Method 4 . 5: Tri an gul ar pro fi le we i rs
Method 4 . 6: Fl at-V we irs
Method 4 . 7: Rectangu lar, trapezo id al and U-shaped flumes
Method 4 . 8: Trapezoi da l pro fi l e we i rs
Method 4 . 9: Parshal l and San ii ri fl umes
Method 4 . 1 0 : End -depth method for estimat ion of fl ow i n rectangu l ar channe l s wi th a free

overfa l l
Method 4 . 1 1 : End -depth method fo r est imat i on of f low in non -rectan g ul ar channe l s with a free

overfa l l (approximate method)

Part 5: Di l ut i on methods
Method 5 . 1 : Constant -rate in j ect io n method for the measu rement o f steady fl ow
Method 5 . 2: In teg rat ion meth od fo r th e measu remen t of stead y fl ow

Part 6: Measurin g devices
Part 6. 1 : Measurin g devices, i nstrumen ts and eq ui pmen t—Rotati ng el emen t current -meters
Part 6. 2: Measurin g devices, in struments an d eq ui pmen t —Di rect dep th sound i ng an d

suspension equ i pmen t
Part 6. 3: Measurin g devices, i n strumen ts and eq u ipmen t—Cal i brat i on o f ro tat in g e l emen t

cu rren t-meters i n strai g ht open tanks
Part 6. 4: Measurin g devi ces, i n strumen ts and equi pment—Echo sou nders fo r water depth

measu remen ts
Part 6. 5: Measurin g devi ces, i n strumen ts and equ i pment—Water l evel measur in g devices
Part 6. 6: Measurin g devi ces, i nstrumen ts an d eq ui pmen t—Cab l eway system for stream

gaugi n g
Part 6. 7: Measurin g devi ces, i nstrumen ts and equ ipmen t—Ul trasoni c (acoustic) ve lo city

meters ( th i s Standard )
Part 6. 8: Measurin g devi ces, in struments and equi pment—Posit io n fi xin g equ i pmen t fo r

hyd rometri c boats
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Fo r the purposes o f th is Austral ian Standard, the I SO text shou ld be mod i fi ed as fo l l ows:

(i ) Wherever the words ‘ In ternat ional Standard ’ appear, referrin g to th is Standard, they shou ld
be read as ‘Austra l i an Standard ’.

(i i ) Wherever th e word ‘ fl ui d ’ appears, i t shou ld be read as ‘wate r’.

(i i i ) Substi tu te a fu l l po i nt (. ) for a comma (, ) as a decimal marker.

(i v) The re feren ces to o the r pu b li cat io n sshou ld be repl aced by re fe rences to Austral ian Standards
as fo l lows:

Reference to In ternat io nal
Standard or o th er Publ i cat io n
ISO

772 Liquid flow measurement in open
channels —Vocabulary and symbols

641 6 Liquid flow measurement in open
channels —Measurement of discharge
by the ultrasonic (acoustic) method

Austral ian Standard

AS
3778 Measurement of water flow in open

channels

3778.1 Part 1 : Vocabulary

3778.3.7 Method 3.7: Velocity-area methods —
Measurement by ultrasonic (acoustic)
method

CONTENTS

Page

1 SCOPE AND FIELD OF APPLICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3 DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4 UNITS OF MEASUREMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5 GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
6 PRINCIPLE OF OPERATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
7 CHARACTERISTICS OF SOUND IN WATER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
8 INSTRUMENT PERFORMANCE CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
9 SITE SELECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1 0 INSTRUMENT INSTALLATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1 1 OPERATION MANUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1 2 CALIBRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1 3 UNCERTAINTIES AND SYSTEMATIC ERRORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1 4 BLOCK DIAGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

ANNEXES

A TYPICAL MINIMUM CLEARANCES WITH RESPECT TO BED AND WATER
SURFACE FOR VARIOUS PATH LENGTHS AND OPERATING FREQUENCIES . . 1 1

B SYSTEMATIC ERRORS INCURRED IF THE ASSUMED DIRECTION OF FLOW
IS NOT PARALLEL TO THE CHANNEL AXIS, FOR VARIOUS PATH LENGTHS
AND PATH ANGLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

C BLOCK DIAGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3

© Copyright STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the Copyright Act
allows and except where provided for below no publications or software produced by Standards Australia may be reproduced, stored in a
retrieval system in any form or transmitted by any means without prior permission in writing from Standards Australia. Permission may be
conditional on an appropriate royalty payment. Requests for permission and information on commercial software royalties should be directed
to the head office of Standards Australia.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use exclusively in-
house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australia will also permit the inclusion of its copyright material in computer software programs for no royalty payment
provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current edition of the Standard and that it is updated whenever the Standard is
amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of material in print form or in computer software programs to be used commercially, with or without payment, or in commercial
contracts is subject to the payment of a royalty. This policy may be varied by Standards Australia at any time.

Full document details: AS 3778.6.7-1992

http://www.avadocuments.com/doc/as-3778-6-7-1992
http://www.avadocuments.com/doc/as-3778-6-7-1992


AUSTRALIAN STANDARD 4

Measurement of water flow in open channels—

Part 6.7:
Measuring devices, instruments and equipment—
Ultrasonic (acoustic) velocity meters

1 Scope and field of application

This International Standard describes the general design,
operation, performance and application of ultrasonic
(acoustic) velocity meters for measurement of flow in open
channels.

While it is recognized that, theoretical ly, such meters
might operate at any frequency, practical considerations
tend to l imit applications to frequencies above the acoustic
range, that is, greater than 1 5 kHz. However, the term
”acoustic” has been applied in practice, in many countries,
to meters of this type irrespective of frequency and the
term is retained in this International Standard for that
reason.

2 References

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

ISO 641 6, Liquid flow measurement in open channels—
Measurement of discharge by the ultrasonic (acoustic)
method.

3 Definitions

For the purpose of this International Standard, the
definitions given in ISO 772 apply.

4 Units of measurement

The units of measurement used in this International
Standard are those of the International System of Units
(SI) . Degrees or radians are used in measurement of
plane angles.

5 General

The ultrasonic (acoustic) velocity meter is a device which
uti l izes acoustic transmission to measure the average
velocity along a line between one or more opposing sets
of transducers. This device provides continuous
measurement of velocity and is useful particularly in
circumstances in which regulated flows, navigation of tidal
influences, for example, render velocity measurements by
traditional methods either difficult, less accurate or
impossible.

6 Principle of operation

Several ultrasonic (acoustic) velocity meter systems have
been developed using variations of the same basic theory.
Common to each is the measurement of water velocity by
determination of the travel times of sound pulses moving
in both directions along a path diagonal to the flow. The
water velocity measured by the system is the average
component of the velocity along the acoustic path (see
figure 1 ). The primary methods used are the total travel
time method, the sing-around method, the difference
frequency method and the differential travel time method.

6.1 Travel time method

The velocity of a sound pulse in moving water is the
algebraic sum of the acoustic propagation rate and the
component of water velocity along the acoustic path (see
figure 1 ). The travel time of an acoustic pulse, originating
from a transducer at point A and travell ing in opposition to
the flow of water along the path AB, can be expressed as

tAB = . . . (1 )

Similarly, the travel time for a pulse travell ing with the
current from B to A is

tBA = . . . (2)

Equations (1 ) and (2) can be combined and solved for vp:

vp = . . . (3)

As

vp = vL cos α . . . . (4)

then

vL = . . . (5)

where

c is the velocity of sound in sti l l water;

L is the length of the acoustic path AB;
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