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ABSTRACT 

Finn E. Jgrgensen, P .E. 

Thermal anemometers with omnidirectional sensors are 
rtcommended in the standards to be used for low-velocity 
measurements indoors. Requirements for the directional 
sensitivity of the velocity sensor are prescribed. However, a 
method for testing the directional sensitivity of low-velocity 
anemometers does not exist. A simple test procedure is used in 
practice to identify the so-called "yaw" and "roll" directional 
sensitivity of an omnidirectional velocity sensor. However, 
this procedure cannot be used to assess the way in which the 
accuracy of the velocity measurements is influenced in prac
tice by the directional sensitivity of the sensor. 

In this paper, a test method for describing the directional 
sensitivity of omnidirectional velocity sensors is proposed and 
used experimentally. The test method can be used to define the 
impact of directional sensitivity on the accuracy of the velocity 
measurements. Further, the proposed method can be used to 
improve the accuracy of the velocity measurements by opti
mizing the static calibration of low-velocity anemometers and 
the positioning of the velocity probe during field measure
ments. The method is suggested for inclusion in future indoor 
climate standards. 

INTRODUCTION 

In order to assess the indoor environment as well as the air 
distribution in rooms, measurements of low velocity are 
needed (ASHRAE 1992, 1990; ISO 1995). Requirements for 
low-velocity measuring instruments are specified in ANSI/ 
ASHRAE Standard 55-1992 (ASHRAE 1992), ANSI/ 
ASHRAE Standard 113-1990 (ASHRAE 1990), and ISO 
Standard 7726 (ISO 1985) and its new draft (ISO 1996). 

It is recognized that the air velocity in rooms changes 
magnitude and direction. Therefore, requirements regarding 
the directional sensitivity of low-velocity anemometers have 
been considered. The standards recommend using anemome-

ters with omnidirectional sensors when the direction of the 
velocity vector at the measuring point in the flow is not 
known and changes in time. ISO Standard 7726 (ISO 1985, 
1996) requires that the sensor measure the velocity with a 
defined accuracy, whatever the direction of the flow, within a 
solid angle of 31t st. Within the defined range of a special 
angle, ASHRAE Standard 55 requires the accuracy of the 
measured mean velocity (v) to be j:().05 mis, while according 
to ISO Standard 7726, the required accuracy should be 
±(0.05 + 0.05 v) mis and the desired accuracy should be 
±(0.02 + 0.07 v) mis. 

PRESENT TEST PROCEDURE 

At present there is no standard method for testing the 
directional sensitivity of omnidirectional anemometers. Low
velocity thermal anemometers with an omnidirectional type 
velocity sensor are recommended and are most used in prac
tice for indoor measurements, especially within the occupied 
zone of a room. A common procedure for the manufacturers 
and users of these anemometers is to test the s~called "yaw" 
and "roll" sensitivity of the sensor. This test is performed by 
positioning the sensor at a point in a uniform isothermal lami
nary airflow with known velocity. Typically, the velocity 
probe is positioned so that its axis is perpendicular to the flow 
direction. Several measurements of the mean velocity are 
perfonned by rotating the probe at different "roll" angles, c.o, 
and different "yaw" angles, <p • The two angles are defined in 
Figure I. First, measurements are performed to define the roll 
sensitivity of the velocity sensor by rotating the probe around 
its axis at different angles m in the range 0° - 360°. Then, at 
a roll angle equal to 0°, the probe is rotated at different yaw 
angles, <p, around an axis through the sensor's center and 
perpendicular to the axis of the probe, and measurements of 
the mean velocity are made. The mean velocity is defined as 
the instantaneous velocity integrated over an interval of time. 
The interval of time is recommended in the standards to be 
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f25=0.071tst -disregards_, the _jnjluence . of the~ .. 
support of the sensor and tJ:ze bof!y·of the, probe,, 
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thre~inwutes. The me~ured mean velocity as a, fynction of . 
the roll and yaw angles is then presented. ; ., 

Most omnidirectional probes have acceptable roll char
acteristics, i.e., small deviations of the mean velocity 
measured at different roll angles from-the reference velocity 
are observed. However, the yaw characteristic shows rather 
large deviations. Figure 2 shows an example of a yaw char
acteristic of a low-velocity anemometer with an omnidirec
tional velocity sensor. In the figure, the measured mean 
velocity as a function of !}le yaw angle is shown at a roll 
angle of0°. The referencC'velocity, equal to 0.25 mis, is the 
mean velocity measured by the instrument at roll and yaw 
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angles equal to 0°. The example in Figure 2 shows that the 
accuracy of the measured , mean velocicy ·depends' strongly· 
on"tbe yaw angle. The accuracy of"the mean velocity 
measurements will comply with those recommended in 
ASHRAE Standard 55, i.e., ±0.05 lliYs in the ·yaw angles 
range from-60° to 60° and from 130° to 240°. According to 
the required accuracy in ISO Standard 7726, the mean 
velocity measurements will be acceptable in the yaw angles 
range from -75° to 75° and from 105° to 250°. When the 
desirable accuracy recommended in this standard is consid
ered, the ranges of acceptable yaw angles will be . very 
limited (from ..-45° to 45° and from 140° to 220°). This 
means that an omnidirectional :velocity sensor with direc
tional characteristics, as shown in· Figure 2, will not comply 
with the requirements for accurate velocity measurement 
within a solid angle of 37tst, as specified in both. standards 
(ASHRAE 55 and ISO 7726). .. .r !'' . · ~ . , . 

The static calibration of th~_,Jow-velocity prpbe~. :_is 
performed by the manufacturers always at a fixed positioning 
of the sensor a~orcling to thdlow where it is calibrated. The 
roll and yaw angles of the static calibration are accepte.d. as 
reference angles .. Thes.e angles are used by the users to check 
the calibration of the anemometers after they have been used 
for :a certain period of time.: .Jt is also recommended by the 
manufacturers that during field measurements, the velocity 
probe be positioned in the flow as close as possible to its posi
tioning for static calibration. 

, Comprehensive measurements of the airflow in the occu
pied zone ofrooms performed with a three-dimensional laser 
doppler anemometer (Finkelstein et al. 1996)-indicate that th~ · 
air velocity changes its magnitude and direction in .a wide' 
range. This means that during measurements in rooms the 
velocity vector will most often change its ,direction ·with 
respect to the probe orientation differently than the_ roll and 
yaw calibration of the sensor. 

At present there is no method that makes it possible to 
assess the impact of the· directional sensitivity of the omnidi-
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Figure 2 Yaw characteristic of an omnidirectional velocity sensor. Reference mean velocity is 0.25 mis measured at yaw 
angle equal to 0°. . , ~: 
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rectio_nal probe on the accuracy of the velocity measurements. 
Such a method is proposed and developed in this paper. This 
research is part ofa comprehensi\;'e recent study on the accu
racy of low7velqcity measurements by thermal anemometers 
with an omnidirectional type sensor (Melikov 1997). 

'.• 

.· : ('; . 
THE TEST METHOD 

It is suggested that this method be, used for determining 
the directional sensitivity of omnidirectional velocity probes 
used for the measurement of m·ean velocity' and turbulence 
intensity of airflow indoors. The' low velocity range between 
0.05 and I mis is considered in· the method. 

-.. 
Definitions . ' 

The directional sensitivity describes the behavior of the 
probe when the velocity changes its direction with respect to 
the pro6~ orientation. The directional sensitivity affects both: 
the mean· velocity and the turbulence intensity calculated from 
samples of instantaneous velocity. It is, therefore, necessary to .. 
define two directional sensitivitieshmean velocify directional 
sensitivity and turbulence intensity directiO"nal sensitivity. 

Mean velocity directional sensitivity (MOS) is defined as 
the deviation in percent between' the actual mean velocity and 
the mean velocity measured by the probe when it is exposed 
to a velocity with a constant magnitude, the direction ofwhich 
varies· as uniformly as possible over a solid angle of iD·.931t 
steradian (Figure I). Tue, limitation of solid angle Q5 = 0.077J: . , 
steradian disregards the influence of the support of the sensor ~

and the probe body. 
Turbulence intensity directional sensitivity (IDS) is· 

defined as a ratio in percent between the standard·deviation 
create'd by the directionally induced velocity variations and 
the mean velocity. .~ '(; 

The definitions ofMDS and IDS are acceptable provided 
the probe is positioned so that the main flow dire'-tion remains 
within the defmed solid angle and as close as possible to its 
positioning for static calibration. 

The mean velocity directional sensitivity is a me~ure of ... ) 

the maximum error introduced in the mean velocity measured 
by the anemometer with an omnidirectional probe. The turbu
lence intensity directional sensitivity shows the maximum 
contribution to the turbulence intensity measured by the 
anemometer due to the directional sensitivity of the omnidi
rectional velocity probe. 

Directional Sensitivity Calibration Procedure 

The directional sensitivity is determined by placing the 
probe in a uniform laminar flow field with a constant air veloc
ity of 0.2 mis. The cross section of the flow should be large 
enough to allow the probe to rotate fully around two axes with
out any blocking effect. 

The velocity o:output from the probe/anemometer is 
recorded. If the anemometer has an average function, the 
velocity should be measured over a suitable integration 
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period, for example, 30 seconds or more, in order to diminish 
the impact oflongitudinal velocity fluctuations (if any) on the 
accuracy of the measured velocity. The velocity measured 
with the probe positioned as during the static calibration is 
defmed as actual mean velqcity, v, i.e.; it is the reference mean 
velocity. ' 

By rotating the probe at 4ifferent angles, <p; and ro i , as 
defmed in Figure 3, its position in relation to the flow direction 
will be changed. Each measurement position, <p; and ro; , will 
defme a solid angle n i within which 'the velocity sensor will 
be sensitive to the flow. The angles Cf>; and ro; should be 
selected in order to achieve a solid aJ,!gle representation around 
the velocity sensor that is as even as possible. The number of 
measurement positions should be as large as possible to 
achieve good representation of all possible flow directions and 
sufficient enough accuracy in the calculatiOn of the MDS and 
IDS factors. The accuracy will increase when the number of 
measurement positions increases: the analyses show that for 
50 meas'llrement positions; theMDS will be estimated with an 
accura6y Of ±2,6%'.(c·on:fidence level 0.95, test t-student) and 
the TDS witlfan accuracy ofi£1·2% econ'fidence· level 0.9, test 
chi-square). The number of measurement positi6ns should be 
more than 50. Normally, the static calibration of the probe is 
carried out at fixed angles <p and ro , which should be accepted 
as equal to O, i.e.; <p = 0°, ro = 0° will1oefine the reference posi-
tion of the probe. · ~ '•: 

The solid angle ·n; representing a particular positioning 
of the probe; def med in Figure 3 as <p; ± .6<p; and ro; ± .6ro; , can 
be calculated by the following equation when <I>;± .6cp; s 90°: 

le U•.· 

Qi = 4dO>;COS<J>;Sindcpi Ot-: 
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Figure 3 Definition of a solid angle ni defined by the 
angles <pi and roi and their deviations ±~ <pj 

and±~ roi. 
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and the anemometers are described in detail by Popiolek et al. 
, (1997) an.d Meli~ov et al. 1997. 

It is recommended during the tests to position the probe: 
so that similar solid angles are represented. One possible way-' 
to achieve even representation .of solid angles is suggested in 
tbe following section. In case of uneven .~olid _angle represen- Test Facilities 
tation, a weighting of the velocity measurements should be The tests were carried out in a free jet wind tunnel. Tue jet 
made. The weighting factor, w, is "defined as is circular with a diameter of0.150 m. The wind tunnel gener-

w. = ~ (2f ates a laminar steady-state airflow in the velocity range 0.10 
' 4

.1t- ns to 30 rPJs. The tunnel is calibrated by a reference anemometer. 
A_~ ~lrea~y discussed; 'the solid angle .Qs = 0.077t steradian The tested probes were located in the cehter of a cross section 

disregards the influence of the support of the serisor and the of the jet with an even velocity distribution over a diameter of 
body of the probe-(Figure 1 ). - · · - - 0.1 m. A traversing mechanism was used to position the tested 

. . · -; - . . . • velocity probt:s at different roll and yaw angles, oo and cp, in the 
Calcul_~t1on of D1rec!~onal Sens1t1v1ty .. flow. The _te~ted_probe was positi~.n~d in the flow with its axis 

The mean velocity directional sensitivity (MDS) can be perpendicular to the velocity direction, as shown in Figure 4. 
calculated.as · Af this position, the yaw angle was equal to zero, cp = 0°. At 

n 

I. wj(vj..:v) 

MDS = ;.e. ! ·-·- -····· · 100 

... 
.. . --- - six yaw angles; as defined in Table 1, different roll angles, .w. 

\\'ere obtained by rotating the probe around its axis. A preci-. 
sion potentiometer connected with a voltmeter was used to 

where 

WL 

v 

= the weighting factor ..... 

(3)~ ·- adjust and to reproduce the roll angles accurately :·Typically, 
the static calibration of omnidirectional velocity probes. is 
performed at fixed roll and yaw angles, which are provided by 
the manufacturers. These angles were used In the tests as refer-

~; 

v 

= the mean velocity measured by the probe/ 
anemometer at each piirt:icular position;-

= the reference ·mean velocity measured at q:;-= 0°, ro == -
oo. 

The turbulence intensity directional sensitivity (IDS) can 
be calculated as 

.' [.i W;(V;-v}
2r5

• 

TDS = I= I . 100 
v 

(4) 

VALIDATION OF THE METHOD 

Anemometers Tested 

Two thermal anemometers, B 'and D, with omnidirec
tional type velocity sensors were tested to validate the 
proposed test method. The anemometers are available on the 
market and were selected because theifvelo~ity sensors are of 
very different design. Anemometer D has. a velocity sensor 
designed as a quartz ball with a diameter of 3 mm. The quartz 
ball is coated with a heated nickel-layer; therefore, the heat is 
generated directly on the surface of the velocity sensor. The 
uA1nritu c-AnC"nr nf '.lllTu:an·u•,m.:.t.:air 'R h-:11c ~n ;ntArn-:1111 nrru·'111r-t;nn nf 

T ..., ... ..,...,&1.J o.Jl .... &&.JO'-'.L ..., ... -..&-.&&&-•.&.i._I._.&. ~A&_, ....... .&&/I.I.-&&.&-& .t"&""'_ .. __ ..,&I ....... 

heat in a glass-encapsulated ellipsoidal thermistor bead with a 
diameter of less than 1 mm. It is foreseeable that deviations 
from the ideal picture of a uniform heat source may be less for 
the B than for the D probe because a possible nonuniform heat 
distribution is "smoothed out" when the heat is produced inter
nally. Both anemometers have analog outputs. A special 
shield is designed to protectthe sensors from damage during 
field measurements. The measurements reported below were 
performed without the protective shield. The velocity probes 

4; 

ence angles, cp='"0°, oo= 0°. ··-
The following experimental procedure was used. The 

tested p;robe was positioned in the flow with a mean velocit)'. 
of 0.2 mis. First, it was positioned at <p = 0° and mean velocity 
measurements were performed at different roll angles, ro, as, 
defined in Table I. At the end, the probe-was positioned at the 

_reference position, cp = 0°, ro = 0°, and measurement of the 
mean velocity was repeated. This was done to check the stabil
ity of the wind tunnel. The probe was then positioned at 
another yaw angle, and the" procedure was repeated: During 
the experiments, the vdlocity of the generat~d flow changed 
less than ±0.002 mis: ' · · 

During the ~easurements, an analog signal from the 
tested anemometer was recorded for 100 seconds and then 

!•). 

v .. 
-·-·-·---·-·-·-·-·-·-·- ·-·-·-·-·-

~
I~ 

. 
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Figure 4 Location of the tested sensors in the jet during 
'the experiments as seenfrom above. 
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TABLE 1 

,- ! I 

Values for the Yaw, cp, and Roll, oo, Angle$ Used for Testing the Directional Sensitivity of Omnidirectional Velocity 
Probes (Weighting Factors Used for Cal~ulation of the Mean Velocity Directional Sens~ivity are Al~o'Listed) 

qr -60 -30 

(I) 0 0 

45 
. 

30 .. 
90 60 

135 90 ; 

180·· 120 

225 150 
TU . 270 180 -· 

.-. . .. 315 
,, .. \ _ 

210 . 

... 240. 
: 210· :..:;. 

.-
' 

360 

.. 330 , 
.. 

J 

' . 

No. of Points 8 12 

Total No. of Points 

·:Weighting Factors 0.0165 0.0190 

used to calculate the mean velocity. This measuring time was' 
sufficiently long, as the airflow had a low turbulence intensity 
(<2o/~), Le,, the. velocity fluctuati~ns in the flow were rather 
small. Often, recording of the analog output from the instru
ment is not needed because most of the anemometer~ avai~able 
Qn the market read the mean velocity directly. 

Results 

An even solid-angle representation was achieved by posi
tioning the probe at angles cp and oo, as suggested in Table 1. 
The probe was placed at six different yaw angles, <p, in steps 
of 30° from -60° to 90° as shown in Figure 5. For each yaw 
angle, the probe was rotated around its axis and measurements 
of mean velocity were performed,at several roll angles, co, as 
listed in Table 1. This provides 56 values of measured mean 
velocity. The reference angles, cp = 0°, oo = 0°, were defined in 
the previous section. 

Figures 6 and 7 present results from the tests with the two 
anemometers. The deviation (in percent) of the mean velocity 
measured ai different roll and yaw angles from the mean 
velocity measured at the reference position ( cp = 0°, (I)= 0°) is 
presented in the figures as a function of the angle co. Results 
for six <p angles are shown. The results show that probe B 
measures the mean velocity higher than the reference velocity 
at yaw angles cp, betweem0° and 90° and, on average, lower 
than the reference velocity at yaw angles between 0° and -60°. 
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The mean velocity deviation curves for yaw angles between 0° 
and -60° are quite wavy and with peak-to-peak values up to 
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15% ( q>= -60° and co= 90° and 270°). The results for probe 
D (Figure 7) show that it has relatively smooth roll character
istics. Unlike probe B, the nonuniformity in the directional 
sensitivity of probe 0 is not symmetrically distributed around 
the reference position q> = 0°. The probe measures the mean 

56 0.5 

[5l(I. (v; - v)2] j . 

TDS = l =I • 100 
v (6) 

velocity lower than the reference velocity for almost the whole The calculations identified MOS = -1.8% and IDS = 
range of yaw and roll angles, with the highestdeviation of 18% . _!).5% for probe B and MOS = -5.5% and TDS = 7 .9% for 
at q> = -60° and co= 90° and·270°. Another interesting feature ::y . probe 0. The analyses of the results showed that it is possible 
of this probe is that at cp ~ 60° it exhibits a drop that can be · · to minimize MOS and IDS by selecting a reference position 
related to a lower production of heafin th~ ri~g~_s:l.J~ped strip in , . of the yaw and roll angles different from 0°. The results from 
this area. ···· •· · the tests were used, and new reference angles that give smaller 

The observed directional sensitivity of the t~sted probes 
may be due to different reasons, such as heat loss through the 
support of the velocity sensor, uneven heat loss from the 
surface of the sensor, disturbances caused by the body of the 
probe, etc. 

The collected data were used to describe the directional 
sensitivity of the two v~locity prqb~s by the method suggested 
in this paper. The weighting factors for each probe positioning 
during the tests was almost identical, equal to ~w; = 1156' .. 
Under these conditions, the mean velocity directiOnal ~ensi
tivity (MDS) and the turbulence intensity ditectional sensitiv
ity (TDS) were calculated by the following simplified 
equations: 

-i ,.: 
~ I,•.' 

56 

I. (v;-v) i · 

MOS = ..!.. . i =I . 100 
• 56 . v (5) 

. ·, 
....,- .L 

· .,::...., .. , 
>--· __. 

MDS and.IDS values were identified. For probe B, MDS = 
0% was possible to obtain at new reference angles of q> = 0° 
and w= 120°. MDS =0% was possi~le to obtain also for probe 
0 at new reference angles of q> = -3ti~ and co~ 180°. At these 
new reference angles, the IDS value for probe B was calcu
lated to be 65% and for probe 0, 6.1 %. For other probes, the 
minimum MDS and TDS may be larger than 0%. 

DISCUSSION 
()· ·_. 

· Human subject studies (Fanger et al. 1988; Mayer and 
Schwab 1990) _have shown that ~e mean velocity and turbu
lence intensity of the room airflow have an impact on occu
pants' sensation of draft. Therefore, accurate measurements of 
these two airflow characteristics are required in the standards 
(ASHRAE 1992; ISO 1995; OSA 1995; DIN 1994). The'. 
impact of the airflow direction on occupants' thermal comfort 
(also· perceived air quality) is not considered in the present 
standards, although research indicates that people are to some 
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Figure 7 Deviation o/the mean velocity·'(in percent) as a function of the roll:angle, mrat different yaw angles, q>. 

Measurements are performed ~ith the anem.Ometer D. •~ •J , 
I ·.--. I 

extent sensitive to flow direction (Mayer and Schwab 1988; 
To#urn et al. 1997). 

Laser doppler measurements in the occupied zone~ .of 
rooms have identified mean velocities from 0 mis up to 
0.6 mis, turbulence intensity from less than 10% up to 
70%, and changes of the direc;tion of the instantaneous 
velocity vector in a wide range of yaw and roll angles 
(Finkelstein et al.1996). Therefore, it is. recommended in 
the standards that low-velocity anemometers with an omni
directional velocity probe be used for airflow measure
ments indoors. 

An important requirement when low:velbcity measure
ments are performed by means of omnidirectional velocity 
sensors is to position the probe in the flow as close as possible· 
to the positioning during the static calibration. This is easy in 
low turbulent flow but rather difficult when the turbulence 
intensity of the flow is high. In a highly turbulent flow, the 
velocity vector will attack the sensor from different directions. 
The results of the present tests show that for various reasons 
the heat loss from omnidirectional probes is not evenly distrib
uted over the surface of the sensor, which has an impact on the 
accuracy of the measured velocity. Therefore, it is not possible 
to describe the directional sensitivity of an omnidirectional 
probe from a knowledge of one roll characteristic and one yaw 
characteristic of the velocity probe in two planes, one through 
the center of the velocity sensor and the axis of the probe and 
the other on a perpendicular plane through the center of the 
velocity sensor, as is done according to the test procedure used 
at present. 
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When low-velocity measurements are performed in prac~ · 
tice, it is important to assess the error introduced in the 
measured mean velocity and turbulence intensity due to the 
directional sensitivity of the sensor. The roll and yaw charac
teristics of omnidirectional sensors, as applied in present prac
tice, can be used to assess the accuracy of the measurements 
only in an airflow with small changes of the direction of the 
velocity vector. In a low turbulent flow, the probe can be posi
tioned· as for the static calibration. Therefore, the accuracy of 
the mean velocity measurements will depend on the accuracy 

... or the static calibration but not on the directional sensitivity of 
the probe. In turbulent flow, the roll and the yaw characteris-

. ..lies of the probe cannot be used to assess the impact of direc
tional sensitivity on the accuracy of the mean v~locity and the 
turbulence intensity measurements. This applies even if the 
mean direction of the flow for a period of time is known and 
it is assumed that a spatial symmetry exists in the directional 
response of ~e velocity sensor. 

The method presented in this pap~r allows for the assess
ment of the largest error that can be introduced in the mean 
velocity and the turbulence intensity due to the directional 
sensitivity of the omnidirectional sensor by calculating MDS 
and TDS. It takes into account the nonuniform distribution of 
heat loss from the surface of an omnidirectional velocity 
sensor as well as the relative contribution of each segment on 
the surface of the sensor exposed to the instantaneous velocity 
of the flow. The error introduced during the measurements 
will be smaller than the calculated MDS and TDS values when 
the ~.tianges in the V,f\lOcity dir~ction are small. One should 
remember, however, that' the accu~acy -o:f the velocity 
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me.asurements also depends on the static calibration and the 
dynamic response of the instrument as·well as on the impact 
of the free convection from the heated sensor (Melikov 1997; 
Melikov et al. 1997; Popiolek et al. -1996,1997). 

It was discussed in the section on results that the MDS and 
TDS values depend on the selection of the reference position. 
It is, therefore, important thanhe proposed method be· used 
when the velocity probe is positioned close to the positioning 
of the static calibration recommended by the manufacturer. 
The method can be adopted by users and manufacturers to 
decrease the error introduced in the measured mean velocity 
and turbulence Antensity due to directional sensitivity of the 
probe by selecting a proper reference positioning of the probe. 

It has been determined that the protective shield attached 
to some of the probes available on the market may cause a 
significant drop in the velocity read by the anemometers. This 
effect has been observed especially in low turbulent flow 
(Melikov 1997). The roll and yaw characteristics of an omni
directional sensor with a shield will indicate larger changes of 
the velocity than the roll and yaw characteristics of the same 
sensor without a shield. Therefore, the directional sensitivity 
of a sensor with a shield may be incorrectly assessed as poor 
if the MOS and the TDS characteristics of the sensor are not 
known. This was clearly demonstrated by the experiments 
performed in this study with two velocity probes, although the 
probes were tested without a shield. However, the identifica
tion of MDS and TDS has to be performed with a shield if its 
use is recommended during field measurements. 

Requirements for the directional sensitivity of low-veloc
ity anemometers are prescribed in the standards (ASHRAE 
1992; ISO 1985). However, a test method describing the direc
tional response of omnidirectional probes does not exist. The 
analyses in this study show that knowledge of the roll and yaw 
characteristics of a probe is insufficient to describe the direc
tional response of an omnidirectional probe. The method 
introduced in this paper for describing the directional sensi
tivity of omnidirectional probes can be included in the stan
dards. The mean velocity directional sensitivity, MDS, and the 
turbulence intensity directional sensitivity, TDS, defined in 
this study can be used to assess the maximum error in the mean 
velocity and the turbulence intensity caused by the directional 
sensitivity of the omnidirectional sensor. 

CONCLUSION 

In ihis pllpt:r, l1 it:si mc::ihuu fur dc::s1.::ribing ult: dirc::Ciionai 
sensitivity of omnidirectional velocity sensors is proposed and 
used experimentally. 

The test method can be used to define the impact of the 
directional sensitivity of an omnidirectional sensor on the 
accuracy of the mean velocity and the turbulence intensity 
measurements. 

The proposed method can be used to improve the accu
racy of the velocity measurements by optimizing the static 
calibration of low-velocity anemometers and the positioning 
of the velocity probe during field measurements. 
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It "fa suggested that tbe method be included. in future 
indoor.climate standards. ..::•, / · 
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