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Anemometers 

By Galen B. Schubauer and Gerald H. Adams 

aile of t he more importan t fac tors affecting th e acc uracy of a measurem ent of air speed 

wi t h a vane anemometer is t he m a nn er in which t he instrument is s upported . An awareness 

of t his fact is important. because t he user mllst dev ise hi~ O\\' n support. It is shown that 

see mingly min or changes in the suppor t may change the indicated speed by 5 percent, and 

t hat holding an ane mo mete r in th e hand may in crease t he indicated speed by as much as 

17 pe r·cellt. I n o rder to ins ure th e rel iab ili ty of a speed measurem ent , an interfe rence-free 

ty pe of s u pport is recommellclecl. 

1. Introduction 

The aecUI"ate measurement of air speed with a 
yane anemometer depends on an accurate cali 
bJ'ation and on conforming stri ctly to the condi
tions for which the calibrat ion will be vali d. 
Thesc conditions involve primarily the manner in 
which t he anemometer is su pported . 

For many years calibrat ions were condu cted at 
the National Bureau of Standards by means of a 
,,"hiding arm, a de vice that moves the instrument 
along a circula.r path through the air at constan t 
speed. The instrument was simpJy fastened to 
a Hat plate at the end of the arm as shown in 
figure 1, and the arm was rotated at fl. series of 
known rates . The accuracy of a calibrat ion by 
this method was limited by the so-called swirl 
correction, a necessary but rath er uncertain cor
rec tion applied to the peripheral speed of the arm 
to take account of the rotation of the air in the 
room produced by the ro tating arm. 

In June 1947, it was decided to conduct all 
calibrations of vane anemometers in the wind 
tunnel where absolute speed measurements could 
be based entirely on the standard pitot-static tube. 
In making the change to the Willd tunnel , thl' 
question of the proper means of supporting an 
anemometer was brought to the fore. It was 
already known that the support could affect the 
rate of an instrument and that the best way to 
avoid possible elTor was to usc the same type of 
support at all times. The flat plate, formerly 
used with the whirling arm, could be defended 
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only on the grounds that m anufacLurers in failin g 
to supply a suppor ting member of any sort pre
sumably left the user fre e to adopt any support 
that suited his convenience- even to holding the 
anemometer in h is hand. To throw some ligh t 
on the importance of this que t ion, it was decided 
to investigate the performance of several sizes of 
vane anemometers of the type shown in. figu res 1 
to 5 on t Il e variolls types of suppor t shown in the 
figures . The investigation was condu cted in the 
Bureau's 4%-footwincl tunnel. 

II. Interference-Free Mounting 

If an anemome ter is suspended in a wincl st ream 
on wires so fine that they are incapable of produc
ing interference , a performan ce free from support 
interference may be obtained. By comparing the 
performance obtained in this way with that ob
tained on the rod type of suppor t shown in figure 
2, it has been found that a rod no greate r than % 
in . in diameter p roduces no measurable in terfer
ence when it extends directly downstream . Efrects 
from members supporting the rod itself may be 
made negligible by placing them at a sufficien t 
d istance downstream. This requires a mi.nimum 
distance of the order of 16 times the diameter or 
cross-stream width of su ch members. In the 
mounting shown in figure 2 ample margin has 
been allowed, and the mounting is interference 
free. The portion of the rod directly under the 
anemometer is flattened to about % in . in th ickness. 
In the investigation of the interference produced 
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FIGU R E 1. A nemometer supported on flat plate. 

FIGU R E 2. Anemometer supported on rod. 

by other types of support, the performance on the 
support in question was compared with that on 
the rod. 

III. Other Supports Investigated 

1. Whirling-Arm Mounting 

The Hat plate on which anemometers were 
mounted in the past for a whirling-arm test is 
shown in figure 1. A wooden member simulating 
the end of the arm is shown to the right. The 
plate is ~§ in. thick and 3 in. wide. The distance 
from the end of the arm to the end of the plate 
is 12 ~f in. The wind moves normal to the face 
opposite the dial and parallel to the Hat side of 
the plate. 

2. Hand Support 

:',1'he types of hand support shown in figures 
:3, 4, and 5 were chosen not as recommended 
methods of support , but rather as manners in 
which an observer might be inclined to hold an 
anemometer in making a measurement of air 
speed. TI1(; models are intended to respresent 
approximately an adult hand and arm. The 
arm length is not intended to be correct, and the 
body is not represented. This would correspond 
to the case where the observer's body is completely 
outside the wind stream. Figures 1 to 5 all 
show a 4-in. anemometer, the size referring to 
the inside diameter of the cylindrical housing. 

Figure 3, hand 1, shows one finger through the 
ring of the anemometer and two fingers support
ing the housing. The arm extends to the side 
and is at right angles to the wind. 
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FIGU UB 3. TTand 1 suppOI·ting anemometer . 

Figure 4, lland 2, shows one finger through 
the ring allowing the anemometer to hang down 
freely. The arm is at right angles to the wind. 
The thumb is on the downstream side. 

Hand 3 in figure 5 shows an anemometer being 
held by means of a short handle. The arm is 
directly downstream inclined at an angle of 45 
degrees to the wind. 

III. Results 

Curves showing the pedormance of a 3-, 4-, and 
6-in. anemometer are given in figures 6, 7, and 8, 
respectively. 

The speed indicated by an anemometer de
pends on the rate of rotation of the vane wb eel , 
which in turn depends on the setting of the vanes, 
the diameter of the wheel, the speed and direction 
of the ail" through the wheel, and the fri ction of 
the instrument. The true speed is the speed of a 
uniform parallel flow of air that would exist if 
the anemometer and its supports were absent. 
Th e indicated speed may be less than, equal to, 
or greater than the true speed depending on the 
factors that control the rate of rotation of the 
vane wheel. 

The performance given in figures 6, 7, and 8 is 
in terms of the ratio of the indicated speed to the 
true speed plotted against the true speed, Dis
placemell t of the various curves from tha t marked 
"rod" shows the altered performance due to the 
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FIGU RE 4, IIand 2 SUP1JOrting anemometer. 

FIGUUE 5. H and 3 sUppol,ting anemometer by short handle, 
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interference of the support. It will be noted that 
the ratio of ind icated to true spred is incpeasecl in 
every case. The reason for this is tht.t the air 
speed through the instrumen t increases locally 
dur to the fact that the ail' must How around the 
support. 

The changes in indi cated spercl d ue to inter
ferencr arc given in tab le 1 as percentagr s of the 
t rue speed at several values of the tr ue speed. 
Therr is an indication that the percen tages cle
crease slightly with incl'rasing speed, bu t the 
changr is scarcely outside the experimental errol'. 
The column of averages may therefore be used as 
a reliabl E' index of the variou::l interferen ce effects. 
I t will be sren that the interfeT'rnce effects arc 
about the sam e on the 3- and 4-in. anemometers 
but som ewhat less on the 6-in . anemometer . A 
decrea,sc wi th incrrasing size is to be expected, 
becatlsP the anemometer becomes largrl' relative 
to its suppor t. As hands 1 and 2 produced 
roughly the same effect, hand 1 was used only 
with the 4-in. anemometer. 

TABLE 1. Change in i ndicated speed dtw to inteljerence, 
expressed as percentage of tT11e speed 

Support 

'rrue air speed. rplIl 

3-IN. ANEMOMETER 

A Vet'· 
age 

Percent Percent Percent Percent Percent Percent 
R od_ ___________________ 0 0 0 0 0 
Plate ._________ _________ 5.6 5.6 5.4 5. 0 5.4 
Hand L . ______________________________________________________________ _ 
lland2 _________________ 15.616.1 15.4 14.4 15. 4. 
Hand3 _____ ____________ 14.6 14.5 14.1 13.4 ________ 14.2 

4-I N. ANEMOMETER 

Rod ________ ••.• .•.. ___ • 0 0 0 0 
Plate . ____ ._ . _____ . _____ 5.5 5.3 5.4 5.1 4.7 5.2 
H a nd L ___ . _________ . __ 18.1 17. 1 16.8 16.2 L5.9 16.8 
Hand 2 ___ . ________ • ____ 18.1 16.9 16.5 16.5 16. 8 17.0 
Hand 3 ________ . ___ ._. __ 11 .5 11. 8 11. 9 11. 7 11. 7 

6-1N. A).'EMOMETER 

R od .• _. ___ . __________ __ o o o o o o 
Plate. __________________ 5.6 4.3 3.7 3.3 4.2 
H and L _____ . ____________________________________ . _______ . ____________ _ 

Hand 2._.______________ 12. 7 11.8 11. 9 11. 9 12. 0 12.1 
H and 3. ____________ . ___ 10.7 10.3 10.1 9.7 9.6 10. 1 
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FIGURE 8. P erfoTinance of 6-inch , lO-vane anemo meter. 

£::" D and 2; 0 , ha nd 3; X, plate; e . rod. 

All of Lhe effects demo nstrated here a re large 
compared to the inherent acc uracy of a calibratioll 
curve. The scatter of th e points abo ut anyone 
m ean curve in figures 6, 7, anel g shows that a 
calibratioll curve is defined to an ace uracy of 
better than 1 percent. However , there may be 
systematic enol'S in the meas Lirement of speeds 
below 400 feet pel' mimi te amount ing to several 
percen t , so tha t the scat ter of observat ions is no t 
a r eliable indication of th e absolu te accuracy at 
the lower speeds. N el'e rthcless, interference ef
fects are likely to be th e major source of cnor 
unless the same support system is used at all times. 
The support, therefore , becomes in effect par t of 
t he instrument and changing it nmounts to chang
ing the instrumen t. 

Not all in terfercnce efl" ects will be as large as 
tbose shown here, for the effect depend s en tirely 
on the size, position , and shape of the support. 
If the bulk of the support is to tbe rea l' of the 
an(:momctcr , the effect m ay be in the opposite 
direction . It is entirely possible that some dis
position of the support may be made such that 
effects from the side and effects from the rear just 
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FlG l ' RE 9. Anemometer on ?'od clamped to stn ll . 

cancel. H OlVever, proper bn lance might be diffi
cul t to obtain ove r the entire speed range of an 
inst rumen t and also would be afl'ectcd by wind 
direct ion. Directional effects on anemomete rs 
without suppor t interference hav e bee ll treated 
ill a previous paper.l 

IV. Adoption of a Standard Mounting for 
Calibration Purposes 

In consid ering the question of a s tandard 
moullting, it is helpful to keep in mind the fact 
that any mounting must be regarded as part of 
the instrument. As an anemometer supplied by a 
manufacturer should be regarded as a complete 
instrument, it is assumed that nothing should be 
added to it. Therefore, as the rod suppor t j 

equivalent aerodynamically to adding nothing, 

I Ho), ]-I. lJea Jd a nd Paul S, Ballif, EfIcct of yaw on vane a nemo meters , 
J . Hesearch N B S 19, 685 (193;) RPI056. 
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the rod support of figure 2 has been adopted for 
the purpose of calibration. 

Exper ience with vane anemometers at the N a
tional Bureau of Standards has shown that it is 
possible to employ the rod support under nearly 
all conditions of use. Even wh en it is necessary 
to use a short rod, the interference from the 
member holding the rod is likely to be small. 
According to H eald and Ballif (see footnote 1), for 
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example, the clamping device and stru t shown in 
figure 9 had a negligible effect at distances down
stream of 1 foot or more. Even at 4 in. , the in ter
fer ence effect was only of the order of 1 or 2 per
cent. The strut in this case was n~ in. thick and 
3 in. wide and extended completely across the 
tunn el. 

W ASHINGTON , November 4, 1947. 
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