INTERNATIONAL ISO
STANDARD 177131

First edition
2007-05-01

Meteorology — Wind measurements —

Part 1:
Wind tunnel test methods for rotating
anemometer performance

Météorologie — Mesuragés du vent —

Partie 1: Méthodes d'essai en soufflerie pour déterminer les
caractéristiques d'unahémometre tournant

_— Reference number
= — ISO 17713-1:2007(E)

© SO 2007


https://standardsiso.com/api/?name=74e9a69b8023fd535096468a8df9801d

ISO 17713-1:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=74e9a69b8023fd535096468a8df9801d

ISO 17713-1:2007(E)

Contents

Lo =TT o
0 Yo 11T o ) o T
1 — Scope

2 NOrmative referenCes ........ccccerieeererrrccr e e e e mn e e mn e e e mme e e e mmeenes Py b
3 Terms and definitioNsS .........coo i e n e
4 Symbols and abbreviated terms ... e e
5 Summary of test method............ e e e e
6 DocuUmMeENtation...... ..o s S
7 Y o =T = 1 - v R
71 Measuring SYSteM........cccciiiiiiiiinnirr e e
7.2 Recording teChNIQUES .........ciiiiiir e e s
8 =TS A 0T T =T LT = S
8.1 Starting threshold (Uj) ..ccocvoerverenenene st
8.2 Transfer fuNCtion (U= a + DR+ ...) cuceeceeererreererseese &iadonnseesessssssssesssssesssssssssssssssssssesssesesssssens
8.3 Distance constant (L)) ....c.cceerverierienenennnnnnses i
8.4 Off-axis response ratio (Q;) — Cup anemometers ..........ccoccoererrrrrrnscncc s
8.5 Off-axis response ratio (0;) — Vane-mounted propeller anemometers.........................
8.6 Off-axis response ratio (Q;) — Fixed-axis propeller anemometers..................c.c...........
8.7 Acceptance testiNg ......ccoveiiiiiiiieiees s S ittt r e e nnnnnn————
9 Quality of the test method ..ol e
9.1 7= 1= - | S
9.2 WINA tUNNEI ... st mn e e e s e s namne e
9.3 Repeatability............. it s s ss s s s s s s s s s s s s s s s s s s s s s s e e e e e e e e e ennnnnnn
9.4 L0 T L= g = 11 1
Annex A (normative) Wind)tunnel standard test conditions ...........ccccoecimriniiiininccccee
Annex B (informative).Examples of formats for recording run data............ccccorniinnnniicnnnncinenn,
BibJiOgrapRhy ... v

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=74e9a69b8023fd535096468a8df9801d

ISO 17713-1:2007(E)

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
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
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drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 146,.8Air quality, Subcommittee S

consists of the following parts, under the general title Meteorology — Wind measurements:
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Introduction

Cup and propeller anemometers are the most frequently used meteorological instruments for the
measurement of mean wind speed in the near surface layer, that portion of the atmosphere which lies within a
few tens of meters of the earth’s surface. Some types of cup and propeller anemometers are available for
measuring wind speeds of a few tenths of a meter per second while other types can measure wind speeds
appfoaching TO0 M-S, These general purpose anemometers are used extensively for meteorology, aviation,
air gollution, wind energy and numerous other applications.

Thig part of ISO 17713 was developed in order to have a worldwide uniform set of test methiods tp define the
characteristics of cup and propeller anemometers. This part of ISO 17713 will allow an-end user|to compare
diffgrent manufacturers and different models of cup and propeller anemometers to determine the duitability for
a particular application.

Y, © 1SO 2007 — All rights reserved
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Meteorology — Wind measurements —

Part 1:
Wind tunnel test methods for rotating anemometer performance

1

1.1

of rptating anemometers, specifically cup anemometers and propeller anemometers.

1.2
star

wind tunnel.

Not
bety

The)
refe
doc
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3

For
and

Scope
This part of ISO 17713 describes wind tunnel test methods for determining,performance ch

This part of 1ISO 17713 describes an acceptance test and unambiguous methods for meg
ling threshold, distance constant, transfer function and off-axis response of a rotating anem

p that when transferring values determined by these methéds“to atmospheric flow, there is
veen anemometer performance in the free atmosphere and.in the wind tunnel.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies.*For undated references, the latest edition of the
Liment applies.

5725-1, Accuracy (trueness and“precision) of measurement methods and results — Part
ciples and definitions

5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: B
he determination of repéatability and reproducibility of a standard measurement method

Terms and definitions

[3].

aracteristics

asuring the
ometer in a

b difference

For dated
referenced

1: General

nsic method

the purposes of this document, the following terms and definitions apply. See also Referemces [1], [2]

3.1

distance constant

Ly

distance the air flows past a rotating anemometer during the time it takes the cup wheel or propeller to reach
(1 —1/e) or 63 % of the equilibrium speed after a step increase change in air speed

3.2

off-axis response ratio

Oy

ratio of the indicated wind speed (U/) at various angles of attack () to the product of the indicated wind speed
(U,) at zero angle of attack and the cosine of the angle of attack () and thus this ratio (Q;;) compares the
actual off-axis response to a true cosine response

© 1SO 2007 — All rights reserved
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3.3

starting threshold

Uo

lowest wind speed at which a rotating anemometer starts and continues to turn and produce a measurable
signal when mounted in its normal operating position

NOTE The normal operating position for cup anemometers is with the axis of rotation perpendicular to the direction of
air flow and the normal operating position for propeller anemometers is with the axis of rotation aligned parallel with the
direction of the air flow.

the

hent

34

transfer fuhction

relationship| between predicted wind tunnel Aair speed and the anemometer rotation rate throughout

specified working range of the anemometer: (U=a + bR + ...)

4 Symbols and abbreviated terms

a zerp offset constant (metres per second)

b wind passage (apparent pitch) constant or calibration constant (metres perrevolution)

Dp wind distance passage (metres) per output pulse for anemometers-with pulse output signal

° symibol for directional degrees

e bade of natural logarithms

L avdrage of the distance constants (metres) at 5 m-s=t'and 10 m-s~"

Ly distance constant (metres) at wind tunnel air_ speed U (metres per second)

Mgy wind speed measurement resolution,i.e. the smallest reported speed measurement incren
(metres per second) for the anemometer

Oy off-pxis response ratio at wind tunnel air speed U (metres per second)

r a shaft revolution

R ratg of rotation (revolGitions per second, r-s~1)

t time (seconds)

% time (seconds) to reach 74 % of the anemometer equilibrium speed U; (metres per second)

7 time (seconds) to reach 30 % of the anemometer equilibrium speed U; (metres per second)

T measurement time interval (seconds)

Tr time resolution of a measurement (seconds)

U wind tunnel air speed (metres per second, m-s~1)

U predicted wind speed (metres per second) from the anemometer transfer function

Uz anemometer indicated wind speed (metres per second) at equilibrium

Ui anemometer indicated wind speed (metres per second) in its normal position in the wind tunnel

2 © 1SO 2007 — All rights reserved
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Unax @nemometer maximum specified operational speed (metres per second)

Unin @nemometer minimum specified operational speed (metres per second)

U, instantaneous indicated wind speed (metres per second) at time ¢

Uy starting threshold (metres per second)

Uy indicated wind speed (metres per second) of the anemometer at off-axis angle of attack 6

0 off-axis angle of attack (degrees)

b5 stall angle for fixed-axis propeller anemometers (degrees)

T anemometer response time (seconds) for the equilibrium speed U;

5 |Summary of test method

5.1| This test method requires a wind tunnel described in Annex.A‘\Additional information reg
tunrel testing is listed in the bibliography [711101[12][13],

5.2 The starting threshold (U,) is determined by measuring the lowest speed at which
anemometer starts and continues to turn and produce a<measurable signal when mounted in
operating position. The anemometer axis is aligned parallel with the direction of air flow for
anemometer. The anemometer axis is aligned perpendicular to the direction of air flow for a cup an
5.3| The transfer function (U =a + bR + ...) [1l[6Nis determined by measuring the rate of rotatio
signjal, of the anemometer at a number of wind-speeds throughout the working range (range of int

In th
am
recq
regi

measurements at additional speéds*shall be included in that range, sufficient to enable a suitable

exp
b ar

The
ane
and
con
conm
per

e range of wind speeds where the anemometer response is non-linear (near threshold), meas
inimum of five different speeds are.récorded. Measurements at a minimum of five additional

arding wind

a rotating
its normal
a propeller
emometer.

n, or output
bnded use).
Lrements at
speeds are

rded within the working range of the anemometer and wind tunnel but above the non-linear threshold

bn (see Figure 1). If the application working range extends into a further high speed non-linear

ression to be determined -A.minimum of three sets of measurements are to be taken. The vall
e determined by least-squares regression using the individual measurements taken at each da

transfer function.can’be approximated to a linear relationship for certain application ranges

range, then
polynomial
es of a and
a point.

and certain

mometer designs,-The function can be non-linear at low tunnel speeds (typically two to five tifnes the Up)
again at higher’speeds. U is the predicted wind speed in metres per second; « and b are
stants. Constants beyond b would be zero for the linear relationship. For the linear case, the @
monly called zero offset, in metres per second, b is a constant representing the wind passag
revolution for each revolution of the particular anemometer cup wheel or propeller, and R is

rota

ion in revolutlons per second It should be noted that zero offset is not the same parameter as

polynomial
onstant a is
e in metres
the rate of
the starting

dntly greater

than zero. The constants a and b shall be determined by wind tunnel measurement for each type of
anemometer. In the case of anemometers that do not directly output a rate of rotation, for example, with an
output directly in wind speed (ASCII, hexadecimal, etc.) or electrical units (volts, milliamperes, etc.), R and b

can

NOTE

have different units that correspond to those of the output.

Although this transfer function model does not completely represent the anemometer response in the non-

linear starting portion of the curve, for most applications the additional accuracy provided by more rigorous mathematics is
not warranted. These data points in the non-linear starting area can be the basis for a more advanced mathematical model
of the transfer function.
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5.4 The ¢
and 10 m-s
of a step in
final respor

response time (7) is only@pplicable at the particular test speed. For some applications, additional wind spe

over the op

NOTE )
the amount ¢
gusty wind ¢

\m
Xy

A

~c ¥

A
Y

hel speed, U, in metres per second
ate, R, in revolutions per second
et, a, in metres per second
hreshold, U, in metres per second

Figure 1 —<Fypical anemometer calibration curve
istance constant (L;;) shallbe determined at a number of wind speeds which shall include 5 n
1. It is computed from_the time required for the anemometer rotor to accelerate (1 — 1/e) or 6
crease change in.rotational speed after release from a restrained, non-rotating condition [4.
se, U;, is the wind speed at equilibrium as indicated by the anemometer (see Figure 2).
brational range can be of interest.

[here is,a different distance constant for a decreasing step change of speed. This value will be an indicat

.51
3 %
The
This
eds

f anemometer over speed (the anemometer reporting a wind speed value higher than the true wind spee
pbnditions. For specific anemometer applications, this distance constant for decreasing wind speed can

interest. The determination o

ISO 17713.

The response of a rotating anemometer to a step change in which the air speed increases instantaneously
from U=0to U= Usis 1L

U, =Us(1- e (119))

The response time is:

T =t

(1)

)
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distance constant is:
Ly =Uz @)
Y A
a
: / -
0,74
0,3 /7
0 L
0 ¢ .k X
< / B

time, ¢, in seconds
pnemometer indicated wind speed, U;, in metres per second

final response
Fesponse time, 7

Figure 2 — Typical anemometer response curve — Increasing wind speed step char

megsurement should be made from ©,30 of U; to 0,74 of U;. This calculated response time (7

sec
dist

5.5
mej

5.5.
into
tunn

bnds is to within 1 % of the theoretical (1 — 1/e) response of the instrument and is conve
ance constant (L) by multiplying by the wind tunnel air speed (U) (1.

The off-axis response-ratio (Q;;) can be a function of speed. The off-axis response ra
sured at a number of wihd speeds which shall include 5 m-s=1 and 10 m-s~1.

I For cup anemometers, a measurement is made of the output signal when the anemomete
the wind (representing a down-draft) and away from the wind (representing an updraft), wh
el is running-at a steady speed. The output signal is measured with the anemometer axis at

fro

vertical Mo + 30° from vertical. The measured signal is then converted to a ratio for each

dividing by.the product of cosine of the angle and the signal measured with the anemometer axis in
(vertical).position.

prder to avoid the unrealistic effects; of the restrained condition, as shown in Figure 2

ge
P, the time
interval in
brted to the

tio shall be

r is inclined
le the wind
5° intervals
interval by
the normal

5.5.2

For vane-mounted propeller anemometers, a measurement is made of the output signal when the

anemometer's axis of rotation is inclined downward into the wind (representing a down-draft) and inclined
upward into the wind (representing an updraft), while the wind tunnel is running at a steady speed. The output
signal is measured as 5° intervals from a horizontal axis of rotation to = 30° from the horizontal. The measured
signal is then converted to a ratio for each interval by dividing by the product of the cosine of the angle and the
signal measured with the anemometer axis in the normal (horizontal) position. This test may be conducted
either with the vane in place or with the vane removed. In either case, the axis of rotation shall be fixed in the
down-tunnel direction.
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5.5.3 For fixed-axis propeller anemometers, a measurement is made of the output signal when the
anemometer is rotated in the air stream throughout the complete 360° angle of attack. The signal is measured
at a number of angles but shall include 10° intervals from 0° to 360° except for 90° and 270°. Additional
measurements at 85°, 95°, 265° and 275° are also required. The measured signal for each angle of attack is
then converted to a ratio by dividing each measurement by the product of the measurement along the axis of
the tunnel at 0° angle of attack (axial flow) and the cosine of the test angle. Additionally, the stall angle (&) of
the propeller is measured by orienting the anemometer propeller axis of rotation at 90° to the tunnel air flow
and slowly rotating into and away from the air flow until the propeller starts rotating continuously. The stall
angle is the total contained angle within which the propeller does not continuously rotate. The procedure is
repeated at 270°.

6 Documentation

Data for alll runs should be recorded in a format similar to the examples shown in Annex B. Thé minimum
content of the test report shall include the following.

— Date, tjme, name of the wind tunnel and location; identification of wind tunnel air_speed measurement
appararus with serial numbers and calibration dates; the model and serial number of the anemometer
under {est and if applicable, the anemometer firmware version. Include unigue equipment identification
where possible. Photographs of the test anemometer mounted on the various test fixtures in the ind
tunnel gre recommended.

— Description of the testing environmental conditions and corrections to standard conditions (A.2). At a
minimym, the range of the environmental parameters shall be listed in the test report. It is recommer|ded
that th¢ individual values of the environmental parameters foreach measurement be listed in the [test
report.

— Tabulation of the data used to determine the results of-the test method (Annex B).

— The application speed range for which the anemometer was tested.

— The measurement uncertainty of the windtunnel shall be documented at the wind tunnel facility ang be
related|to measurements at a national laboratory by a national laboratory report on the transfer standard.

The dgmonstrated wind tunnel measurement uncertainty shall be stated in each anemometer calibrgtion
report.

7 Apparatus
7.1 Measuring system

7.1.1 Rotation

The resolufjofn-of the anemometer transducer can limit the measurement repeatability. The resolution of| the
measuring 1 lcuwdillg system shatt represent the—indtcated—wirrd opccd with—a—resotution—of-0;02 ms=1 or

better.

71.2 Time

The resolution of time (7R) shall be consistent with the distance accuracy required. For this reason, the time
resolution may be changed as the wind tunnel speed is changed. A distance constant measurement to 0,1 m
resolution (Mg) requires a time resolution of 0,05 s at 2 m-s~1and 0,01 s at 10 m-s~1.

Tr=Mg/U (4)

6 © 1SO 2007 — All rights reserved
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7.1.3 Angle of attack

The resolution of the angle of attack (&) shall be within 0,5°. An ordinary protractor of adequate si
markings will permit measurements with sufficient resolution. A fixture should be constructe

-1:2007(E)

ze with 0,5°
d to permit

alignment of the anemometer to the off-axis angles while the wind tunnel is running at a steady speed.

7.1.4 Distance constant

A mechanical method is required to hold the anemometer in its normal test position and to enable it to be

released from a restrained, or non-rotating condition, while the wind tunnel is running at the test
release mechanism shall not move the anemometer rotor when activated with the wind tunnel off

speed. The

7.2|Recording techniques

7.2,
env

1 For the wind tunnel environment, the temperature, pressure and relative humidity (or dew

7.2P For the measurement of the distance constant (L;), digital recording’ systems and
reddiction programs will be satisfactory if the sampling rate is at least 100 samples per second. C
taken to avoid electronic circuits with time constants which limit the proper recording of 4
performance. Oscilloscopes with memory and hard copy capability may.also be used.

Angther simple technique is to use a fast-response strip chart recorder (flat frequency response
better) with enough gain so that the signal produced by the anemometer when the wind tunnel i
2 m|s~1 is sufficient to provide full scale pen deflection on the¥ecorder. The recorder chart drive {
fast|speed of 50 mm-s~1 or more.
anemometers that have a pulse output, care_shall be taken to ensure that the pulses &
Lugh to provide a satisfactory measurement resolution. Where the measurement resolution
'polation techniques can be necessary to accurately measure the distance constant. Some ar
orm internal wind speed averaging and«do not provide instantaneous wind speed. For exa
mometers with a serial data output message can have this resolution problem. In these cas
mometer modifications either in hardware or firmware can be required in order to provide 4
e measurements directly related.to the rate of rotation of the cups or propeller. The
ufacturer should be consulted to determine the required modifications.

Wit
eno
inte
pert
ane
ane
mak
mar

8 |[Test procedures

8.1| Starting threshold (U)

8.1
pro

J1  Set the'wind tunnel to a speed to zero. Slowly increase the wind tunnel speed until the ¢
eller starts’moving and continues to rotate while producing a measurable output signal.

boint) of the

ronment within the wind tunnel test section shall be recorded for each independent -measuremegnt.

appropriate
are shall be
nemometer

to 10 Hz or
5 running at
thall have a

re frequent
is limited,
emometers
mple, those
es, internal
method to
nemometer

Lp wheel or

Due to the

Validate the lowest stable air speed in the wind tunnel prior to starting this test. See Annex A.1.3
larg iati 9

jositions by

approximately 12° for each run in order to obtain a more representative average for the starting threshold of

the anemometer.

8.1.2
mean (U o) of the ten runs.

Repeat the procedure of 8.1.1 ten times and record the results. Calculate and record the arithmetic

Vibration caused by the wind tunnel or by other sources can cause erroneous measurements of starting
threshold. Care shall be exercised to eliminate any vibration in the wind tunnel test section during threshold

measurements.
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8.2 Transfer function (U=a+ bR+ ...)

8.21 Set the wind tunnel speed at approximately two times threshold (U,) as determined in 8.1. After the
wind tunnel air speed has reached equilibrium, measure the anemometer output for a fixed measurement time
interval (7) of between 30s and 100s. This measurement time interval (T) will provide a wind speed
measurement resolution (Mg,) of 0,1 m-s~! or better for most anemometers. Some low resolution
anemometers with a pulse output signal can require a much longer measurement time interval (7) to achieve a
wind speed measurement resolution (Mg;) of at least a 0,1 m-s—1. The wind speed measurement resolution
(MRy) in meters per second for an anemometer with a pulse output signal is the product of the wind distance
passage per output pulse (Dp) in meters divided by the measurement time interval (7) in seconds.

DI T

p (5)

Mgy =

If the anenmpometer wind speed measurement resolution (Mg;) is too large, the least squares’ regresgion

coefficients|determined in 8.2.4 will be invalid.

Record the
tunnel spegq
times U an

8.2.2 S¢g
operational
output for th
and the a

wind tunnel speed and the anemometer rotation rate (R) or equivalent outputl\Increase the
d to approximately three times U, and record the measurements. Repeat.at four times Uy,
d six times Uj,.

t the wind tunnel air speed at approximately 10 % of the specified anemometer maxin
speed (Uyay)- After the wind tunnel speed has reached equilibrium, measure the anemom
e same fixed measurement time interval (7) used in 8.2.1. Regord the mean wind tunnel air sp
nemometer rotation rate (R) or equivalent output. Increase the wind tunnel air speed

vind
five

hum
eter
eed

to

bver
o of
s at

sary

approximat
the same f
Upax- A €O
approximat

for a new d

ely 20 % of Uy, and, after it has reached equilibrium, record the measurements as before
xed measurement interval. Repeat at approximately 30% of U,y 40 % of U5 and 50 9
mplete determination of the transfer function requirés at least five additional measurement
ely evenly spaced speeds up to Uy, ,,. A complete*determination of transfer function is neces

bsign or a major design modification.

Where air s
speed cong
increase in
the anemor

peed measurements are limited to part of-the application range, for example due to wind tuhnel
traints, then extrapolation of the data beyend the range of actual measurements can result in an
measurement uncertainty. If it is not possible to test to U, then the test report shall state [that
neter was not tested to U,,,,,, and the*highest test speed shall be stated in the test report.

8.2.3 Repeat the procedure of 8.2.1 and\8.2.2 three times.

ants
the

8.2.4 Use¢ the data recorded in_8:2.2 and 8.2.3 to determine the value of transfer function const
(a, b, etc.) iIn the equation (U=ua-+ bR +...) by least squares regression. Do not use the data near
threshold (/) recorded in 8.2:\for this calculation.

NOTE fFor most well~designed cup and propeller anemometers, a linear regression should provide a
approximatign of the transfer function over the working range of the anemometer. However, this part of ISO 17713
not exclude the use of‘\@\higher order regression equation to model the anemometer transfer function.

jood
Hoes

dU
Ices

8.2.5

Usipg-the'values of the transfer function constants

NOTE These residual data can be used to determine the non-linear portion of the transfer function and the outliers.
8.3 Distance constant (L)

8.3.1 Set the wind tunnel speed to 5 m-s~!. Stop the rotation of the cup wheel or propeller and release by
method of 7.1.4. Record ten measurements for Lg.

8.3.2 Repeat the procedures of 8.3.1 at 10 m-s~7 for Lyo.
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8.3.3 From the recorded data, measure the time () in seconds from the point when the rotor speed reaches
0,30 of final equilibrium speed (U5) to the time (¢) where the rotor speed reaches 0,74 of the final equilibrium
speed (U;) (see Figure 2). A trial run will be necessary to determine the final equilibrium speed (U;). When
t > 71, the rotor speed will have reached 99,9 % of the equilibrium speed (U;). This speed will be within

0,01-m-s~1 of the theoretical equilibrium speed (Us)ata 10 m-s~1 test speed.

The response time (7) is:

T=t —t (6)
The _distance constant (IU) is determined by multiplying the tunnel speed (H\ by the response fime (r) The
distgnce constant is:

Ly =Urt (7)

Thig

with

8.4

8.4.
ane
san
Tak
awg

in 10 % of the overall average of the combined twenty measurements at 5 nixs™! and 10 m-s~1.

Off-axis response ratio (Q;;) — Cup anemometers

1 Set up the off-axis angle fixture for the cup anemometér described in 7.1.3 and ali
mometer to its normal (vertical axis of rotation) position. Set-the wind tunnel speed to 5 m-s~
ple with the anemometer vertical and one sample at each _5¢ interval inclined into the air flow
e one additional sample with the anemometer vertical and,one sample at each of the 5° inter
y from the air flow, up to 30° from the vertical. Divide gach value by the product of the value in

shall be done for each of the ten measurements at 5m-s~1 and at 10 m-s~'» The averagg of the ten
megsurements at 5 m-s~! and the ten measurements at 10 m-s~! should produce distance constg

nts that are

gn the cup
. Take one
, up to 30°.
als inclined
the normal

position and the cosine of the tilt angle to obtain the offzaxis response ratio.

Oy =Ug (U, cos ) (8)

8.4 Repeat the procedure of 8.4.1 at 10 m:s~'. Tabulate the results by averaging the ratios at
for ¢ach 5° interval.

each speed

8.5| Off-axis response ratio (Q,) — Vane-mounted propeller anemometers
ometer and
to 5m-s1.
down draft

8.5.
alig

1 Set up the off-axis angle fixture, described in 7.1.3, for the vane-mounted propeller anem
n the propeller axis of rotation to its normal (horizontal) position. Set the wind tunnel speed
Take one sample with the,propeller axis horizontal and one sample at each of the 5° intervals fo
(prgpeller tilted downward to the wind tunnel floor), up to 30°. Take one additional measurement ir] the normal
(horlizontal) position.and one measurement at each of the 5° intervals for updraft (propeller tilted upward to the
wingl tunnel ceiling) up to 30°. Divide each value by the product of the value in the normal posifion and the
cosine of thedilt'angle to obtain the off-axis response ratio. See Equation (8).

8.5. Repeat the procedure of 8.5.1 at 10 m-s~!. Tabulate the results by averaging the ratios at
for ¢deh 5° interval.

each speed

8.6 Off-axis response ratio (0,) — Fixed-axis propeller anemometers

8.6.1 Set up the off-axis fixture described in 7.1.3 for the propeller anemometer and align the propeller
anemometer to its normal (horizontal) position with the axis of the propeller at 0° (align directly into the air
flow). Set the wind tunnel speed to 5 m-s~!. The signal is measured at a number of angles but shall include
10° intervals from 0° to 360° except for 90° and 270°. Additional measurements at 85°, 95°, 265°, and 275°
are also required. The measured signal for each angle of attack is then converted to a ratio by dividing each
measurement by the product of the measurement along the axis of the tunnel at 0° angle of attack (axial flow)
and the cosine of the test angle. See Equation (8).
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8.6.2 Additionally, the stall angle (6;) of the propeller is measured by orienting the anemometer at 90° and
slowly rotating into and away from the air flow until the propeller starts rotating continuously. The stall angle is
the total contained angle within which the propeller does not continuously rotate. The procedure is repeated at

270°.

8.6.3
each speed

for each interval.

8.7 Acceptance testing

Repeat the procedure of 8.6.1 and 8.6.2 at 10 m-s~'. Tabulate the results by averaging the ratios for

Portions of this-test method may be Ir_\nri:r\rmnri toevaluate the pnrfnrmnnr\n characteristics of an-anemometer.
The results|may be used for such purposes as determining if the characteristics have changed over time. [The
recommended minimum content of an acceptance test includes determining the starting threshold (Uj)
according tp 8.1 and measuring at least five separate speeds over a stated range suitable for the interjded
application psing the techniques given for the transfer function determination in 8.2. Compare the results using
the predictgd anemometer speeds (U) from the existing transfer function with the measured’wind tunne|l air
speeds (V)

9 Quality of the test method

9.1 General

The deterniination of the measurement uncertainty for this method shall be in accordance with ISO 5725-1
and ISO 57p5-2.

9.2 Wind tunnel

The measufement quality of the wind tunnel limits the measurement uncertainty of this test method. A ind
tunnel meagsurement uncertainty of 0,2 m-s~! or betterds recommended.

9.3 Repeatability

9.3.1 Gerneral

Using this gquipment and procedure,»an estimate of the repeatability of the method follows.

9.3.2 Starting threshold

The repeatability of the Speed reported as the threshold relates to the wind tunnel used for this method [and

the precisiq
method is 0

n of the fundamental time and distance technique employed. The estimated repeatability of
1 m-sh

9.3.3 Disllance constant

this

The estimated repeatability by this method is 0,2 m or better.

9.3.4 Transfer function

The estimated repeatability of this method is 0,15 m-s~1 or better.

9.3.5 Off-

axis response ratio

The estimated repeatability by this method is 0,02 or better.

10
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9.4 Uncertainty

9.4.1 Starting threshold

The measurement uncertainty of this method is estimated to be no greater than 0,2 m-s~1. Documentation of
the time and distance measurements for speeds below 2 m-s~1 is required.

9.4.2 Distance constant

The measurement uncertainty of this method is estimated to be no greater than 0,3 m.

9.43 Transfer function
Thel measurement uncertainty of this method is estimated to be no greater than 0,2 m-s~™

9.44 Off-axis response ratio

Thel measurement uncertainty of this method is estimated to be no greater than 3 % of the off-axis response
ratig (O¢))-
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Annex A
(normative)

Wind tunnel standard test conditions

A.1 Wind tunnel

A.1.1 Size

A1.1.1

the cup wh
complete tg
wind tunnel
sectional arn

A1.1.2
tests. Wind

section at the lower air speeds.

A113

substitution
anemometg
speed expe

A11.4
tunnels, thg
problem ca
establish th
standard is
speed as ¢
validate the
of an identi
facility, it is

A11.5
anemometgq
these effect

The solid blockage in the wind tunnel test section consists of the projected cross-sectional are
el or propeller, sensor and support apparatus. It is preferable that the blockage_caused byj
st anemometer set-up be less than 10 % for a wind tunnel with an open test séction and 5 % f
with a closed test section. It is desirable to have the blockage closer to 1 %_or less, of the cr
ea of the wind tunnel test section to minimize measurement uncertainty.

It can be necessary to use two wind tunnels for full range calibration tests and starting thres
tunnels designed for the higher air speeds can have significant hon-uniform air flow in the

Care shall be taken to keep the effective blockage area:€onstant throughout the test. Unless
method (see A.1.1.4) is being used for the anemometer calibration, the blockage effect of]
r in the test section of the wind tunnel shall be detérmined in order to determine the true
rienced by the anemometer under test [7].

Verification of the anemometer transfer function by the substitution method. In smaller
effect of blockage can cause unacceptable errors in the determination of transfer function.
n be overcome by substituting an identical transfer standard in place of the test instrumern
b relationship of wind tunnel air speedo wind tunnel fan revolutions per minute (rpm). The trar
then replaced with the test instrument and its output is measured relative to the wind tunne
etermined from fan rpm. The_transfer anemometer is run again after the test anemomets
wind tunnel calibration for this-particular calibration test. Since this method requires the availa
cal transfer standard, which.has been calibrated at a national laboratory, or recognized calibrg
pnly applicable to productien testing or acceptance testing of identical sensors.

In all cases, it is-necessary to understand the effect of blockage caused by the complete
r set-up in theswind tunnel test section can affect the test results. However, to compensate
s will require&pecific methods beyond the scope of this part of ISO 17713.

A.1.2 Sp

The wind t
50 % of th
within £ 0,2

ed range

nnel shall have a speed control, which will allow the flow rate to be varied from 0 to a minimu

a of
the
or a
DSS-

hold
test

the
the
vind

vind
This
t to
sfer
| air
r to
Dility
tion

test
for

m-s=1.

A.1.3 Calibration

The mean flow rate shall be verified at the mandatory speeds by use of transfer standards, which have been
calibrated at a national laboratory, or by a fundamental physical method. A sensitive anemometer, such as a
hot wire anemometer, a laser Doppler anemometer or other equally sensitive air flow measurement
instrument, shall be used to verify speeds below 2 m-s~1 for the threshold determination. Other air flow
measurement techniques can use some fundamental time and distance techniques, such as measuring the
transition time of smoke puffs, soap bubbles or heat puffs between two points separated by known distance.
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A table of wind tunnel blower revolutions per minute (rpm) or some other index relating method of control to
flow rate should be established by this technique for speeds of 2 m-s~1 and below [121(13],

A1

.4 Velocity profile

The wind tunnel shall have a relatively flat velocity profile. The air flow in the wind tunnel shall be uniform to
within = 1 % across the test section volume occupied by the cups or propeller of the anemometer under test.
At air speeds greater than 10 m-s~1, the wind tunnel shall have an axial turbulence intensity level of less than

2 % as measured at the anemometer test locationl3l. The axial turbulence intensity level is equal to the
standard deviation of the mean wind tunnel air speed d|V|ded by the mean wind tunnel air speed. Flow

uniformi

oro

A.2

A.2
inte
thed

A.2
may

A.2
tem
an g

A.2
be ¢

A1
app
on

den
incr
cau
spe

measurement system. Fherefore, it is critical to accurately measure the average air temperature

sec
mul
tem
calg

her equally sensitive air flow measurement instrument.

Test environment

1 Differences of greater than 3 % in the density of the air within the test environment can re
rcomparability of independent measurements of starting threshold (Uj) and. distance consta
e values are density dependent [BI9I[10][13],

2 Record the wind tunnel environmental parameters required for,air density for all test runs
either be calculated or determined by the use of tables such asdhose in Reference [11].

3 Pitot-static tube measurements are to be corrected to.standard conditions for dry air at 15
perature, 1 013,250 hPa barometric pressure and a compressibility factor of 0,999 58. This cor
ir density of 1,225 0 kg/m3 [1],

arefully selected to minimize the effect on the:air flow in the anemometer test location.

roximately 1 % at 1 013,250 hPa. Erfors in the air temperature measurement have an even g
he air density calculation. A 3 SC-error in the air temperature measurement causes the czg
5ity to change by over 1 % at 15 °C. The test section air temperature in a closed return wind
pase by 10 °C or more during'anemometer tests. A temperature measurement error of this m4g
e a significant error in the air density calculation and a corresponding error in the indicated wir
bd when the air speed measurement is made by means of a pitot static tube or other density

ion air stream. Due“to possible temperature stratification in the test section, it can be neces
iple temperature probes in the air stream to accurately determine the average test

perature. Table A.1 summarizes the effect of the environmental parameter measurement

ulation of’the air density.

nemometer

sult in poor
nt (L) since

Air density

°C ambient
responds to

4 Barometric pressure, air temperature and relative humidity shall be measured in the test section of the
wind tunnel for the correct air density calculationsThe size and location of the temperature proj

e(s) should

D hPa error in the barometric pressuretmeasurement results in an error in the air density calculation of

eater effect
Iculated air
tunnel can
gnitude will
d tunnel air
dependent
in the test
sary to use
section air
error in the

Table A.1 — Effect of environmental parameter measurement error on air density caIc-.1Iation

A.2.

Environmental Parameter A air density
parameter measurement o
error 7o
Pressure 1 hPa 0,10
Temperature 1K 0,34
Dew point 1K 0,02
Relative humidity 3,5% 0,02

5 Data for all runs should be recorded in a format similar to the examples shown in Annex B.
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