
~.,..i:ted trca Proprlllt Vol,..: 7ourtb ~11\& °" 
Mettorolocical O'btff'fttion1 a:d IzinnaentatioA, A.Jr. 
10-l~, 1978, Denver, Colo. P.,bl1lb14 b7 tbo .Amor1con 
Meteorologic&l Society, Boston, Kua. 

AN OMNIDIRECTIONAL, TILT INSENSITIVE, WIND SPEED THRESHOLD DETECTOR 

A. J. Bedard, Jr. 

NOAA/ERL/Wave Propagation Laboratory 
Boulder, Colorado 

and 

T. T. Fujita 

University of Chicago 
Chicago, Illinois 

1. INTRODUCTION 

The impetus for the design of this rela
tively simple wind-speed threshold detector (more 
generally called a wind-speed and wind-speed 
threshold sensor) arose from a need to develop 
surface sensors for use in preventing wind-
shear related accidents at airports. Originating 
with dense currents of cold air in thunder
storms, downflows and the resulting outflows of 
dense air can produce wind-shear dangerous to 
aircraft (Fujita and Byers, 1977 and Fujita and 
Caracena, 1977) as well as variations in surface 
winds, temperature and pressure (Goff, 1976; 
Bedard and Beran 1977) . The optimwn detection 
of these systems could involve combinations of 
surface sensors until an active remote sensing 
method (e."g., involving FM-CW radar) can be 
developed. 

Pressure sensor arrays at Dulles 
(Bedard, Hooke and Beran, 1977) and O'Hare 
(Bedard and Cairns, 1977) international airports 
have shown the feasibility of using arrays of 
surface sensors to detect and track the motion 
of the leading edge of atmospheric density 
currents. A paper in these proceedings (Bedard, 
1978) discusses the relative strengths and weak
nesses of temperature, wind and pressure sensing 
approaches. There is a need for surface sensors 
of high reliability that can be obtained at 
reasonable costs for use in large numbers. 
Bedard and Meade (1977) have presented a pres
sure jump detector developed in answer to these 
needs. Similarly, we developed the wind-speed 
detector described here. One of us (Fujita) 
originated the concept of using such a device, 
and the final design evolved during a semi
empirical investigation . 

We must emphasize that the detector 
indicates wind speed and not wind direction. 
Although in some instances wind vector infor
mation is necessary at a point (e.g., little 
change in wind speed could occur in the presence 
of a large wind vector difference), there is 
evidence that the most dangerous density currents 
will produce significant wind speed surges 
(Fujita, 1977). Thus, it seems a simple wind
speed sensor can find applications for the 
detection of thunderstorm gust fronts. Moreover, 
the advantages offered by the sensor suggest a 
variety of other uses, including down-slope wind 
studies, wind caution signs for roads and bridges, 
as well as wind machine protection and site 
surveys. 
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2. SENSOR DESIGN 

The detector (see Fig. 1 for a cut
away view) consists of two omnidirectional 
probes. These are configured so that the induced 
pressures for each differ from each other at a 
given wind speed. A differential pressure trans
ducer can detect the pressure difference between 
the two probes and the wind speed deduced through 
the relationship 

u K(26P)l/2 
p 

where U is the horizontal wind speed, p is the 
air density, 6P is the pressure difference 
produced between the two probes and K is a 
constant determined during calibration. 

-~p Input 

Figu:t>e 1. Croee-eectiona.'l view of wind epeed 
threeho'ld senso:r>. 

One probe consists of a sphere with 
a sampling port at the base . But what consi
derations are important to the choice of the 
dimensions of such a probe? If the goal is a 
probe of maximum sensitivity (permitting the 
use of transducers with lower sensitivities and 
possibly lower costs), then one approach is to 



use a sphere with a small radius of curvature 
which accelerates the streamlines in the vici
nity of the probe, increases the local velocity 
of the medium near the inlet, and reduces the 
local pressures relative to the free stream. 

However, for atmospheric measurements, 
problems presented by dust, insects and sensor 
susceptibility to water and icing are important. 
Locating the sampling inlet at the base of the 
sphere reduces the problem of dust in the probe 
and makes the response independent of the 
azimuth of the horizontal winds. The length of 
the tube from the sensor to the sphere and its 
vertical orientation should further prevent dust 
from reaching the transducer. A small screen 
inserted in the tube prevents insects from 
entering. Even the size of the inlet port can 
be important. We have computed the maximum 
wavelength for stability of an air-water inter
face. Considering the effects of gravity and 
the surf ace tension of water we have made the 
diameter of the port larger than that required 
to produce a stable surface (e.g., Joseph, 
1976). A large enough diameter port size 
(> 1.7 cm) helps to prevent water from collect
ing at the port opening and should inhibit ice 
formation. 

The second probe could take a number 
of forms. For example, we have tested probes 
that consisted of a large number of small diam
eter holes (#54 to #71 drill size) drilled at 
equal distances around the surface of a cylinder 
by measuring the pressure inside the cylinder. 
This configuration acts as an averaging device 
or a form of a d-c pneumatic summator (Bedard, 
1977). We have built several versions of these, 
and although they operated satisfactorily, 
the requirement of keeping the numerous ports 
clean and open is an impractical feature of this 
approach for atmospheric applications. 

However, we have found that a cylinder 
closed at the top and open at the bottom can be 
an effective, practical probe. The flow of the 
medium produces internal pressures less negative 
than those obtained from the spherical probe 
already described (under identical free stream 
velocity conditions)~ One problem with using 
an open cylinder is that complex circulations 
occur because of complex detachments at the 
leading edge of the open portion of the cylinder. 
These make reproducibility of the pressure 
measurements poor. Fortunately, the simple 
addition of a central tube (in our case a tube 
holding the spherical probe) serves to stabilize 
the basic flow. The inverted cylinder can act 
as an area averaging device, displacing the 
measurement point from the free stream. "Also, 
vertical velocity components, resulting from 
induced circulations within the cylinder, can 
increase the pressure with respect to the free 
stream Bernoulli pressure. This results in a 
less negative pressure than that obtained from 
the spherical probe reference port. Sensitivity 
to tilt is reduced if the two probes share a 
common axis and the pressures induced in each 
vary approximately equally and in the same 
direction with orientation to the mean flow, as 
is the case with the probes described here. 
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3. EXPERIMENTAL TESTS 

Initially we tested sensor response by 
holding the unit out of the window of an auto
mobile and measuring the differential pressure 
as a function of the speedometer reading. These 
rough measurements agreed with the wind tunnel 
tests described below. The sensor (mounted on 
a heavy brass plate) was tested in a wind tunnel 
at the University of Colorado (see Figs. 2 and 3 
for photographs showing the sensor and the testing 
configuration). We routed the probe pressures 
to a differential pressure transducer located 
outside the wind tunnel using 1/4 inch inner 

Figure 2. Photograph of wind speed threshold 
sensor. 

Figure 3. Photograph showing configuration for 
wind tunnel testing. 



diameter tubing. We compared each probe pressure 
measurement with the static probe of a pitot
static tube that monitored the free stream of 
the wind tunnel. In addition we measured the 
pressure difference between the two sensor 
probes. For each run, we checked the noise 
level· and zero of the differential pressure 
transducer by connecting the transducer inputs 
together. A pneumatic switching arrangement 
enabled us to make these measurements promptly 
and easily. Results from these tests appear in 
Fig. 4. Note that the pressure difference is a 
function of the square of the mean wind speed 
with little scatter in the data points. As a 
reference we noted the free-stream Bernoulli 
pressure variation on the plot. The agreement 
is not fortuitous since this was set as a 
practical goal for the detector sensitivity. 

u 
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Figure 4. Pressu:r»e differen.oe between probes 
as a funation of horizontal wind speed. 

We tested the influence of the spherical 
probe diameter and found that decreasing the 
probe diameter from 2 inches to 1 inch increased 
the sensitivity by about 50%. For the 1-inch 
diameter probe we found a tilt sensitivity for 
the entire detector of less than ± 5% for a ± 10 
degree deflection of the sensor from the direc
tion of the mean flow. Near the earth's surface 
the vertical components of the wind tend to be 
quite small compared with the horizontal compo
nents, so that, for purposes of most atmospheric 
applications, the tilt sensitivity can be con
sidered negligible. This was for a 5/16 inch
diameter port opening. We found a similar tilt 
sensitivity by using a 2 inch diameter probe 
with the same size port opening. We plan to 
test other configurations for tilt sensitivity. 

4. PRACTICAL APPLICATIONS 

The advantages of ruggedness, low 
projected costs, and the fact that one question 
is answered (i.e., Is the threshold exceeded 
or not?) at the detector, suggest a great variety 
of practical applications. 
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a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

s. 

Control of wind-caution warning signs for 
roads and bridges. 

Control of wind-caution indicators for 
high-speed railroads. 

Obtaining wind statistics for evaluation 
of sites for wind machines. (This detector 
could indicate the percentage of time the 
threshold for operation of a particular 
wind machine is exceeded.) 

Automatic control of devices for protecting 
wind machines at high wind speeds. 

Obtaining wind measurements under severe 
weather conditions. 

Use in dense arrays to indicate patterns of 
downslope wind storms and provide real-
time information to police and firemen as 
well as the public. Such downslope wind 
storms will become a more significant hazard 
as the front range areas of mountainous 
regions become more populated (e.g., Rocky 
Mountain region wind storms described by 
Henz, 1977) . 

Single unit use in the approach zones of 
small airports. We hope to evaluate the 
sensor for use in at least some of these 
areas. 

Use as part of a wind-shear detection and 
warning system for major airports. 

CONCLUDING REMARKS 

In order to obtain experience with 
their operation under field conditions, current 
plans call for the fabrication of five of these 
wind speed threshold detectors for installation 
in the Dulles airport wind-shear detection 
system. We will use pressure switches set so 
that the wind-speed detectors indicate at approxi-

-l . f h mately 10 m s Note that the set point o t e 
pressure switch can be calibrated in the field 
using the pressure calibrator described by 
Bedard (1977). Additional tests will investi
gate the effects of adding a screen across the 
open portion of the inverted cylinder. This 
screen will prevent insects from entering the 
inverted cylinder and should further improve the 
stability and reduce turbulence. 

For other applications we can modify 
the sensitivity by changing the diameter of the 
sphere used and/or the cylinder size. Note that 
although wind direction information is not 
obtained from the sensor, when arrays of these 
sensors are used vectors can be computed for 
gust surges using arrival time information at 
various sensors. In many cases, especially 
when complex shifts in the local wind vector 
occur, such computations can be more represen
tative of system motion. In spite of the fact 
that this sensor is quite simple it seems that a 
variety of practical applications are possible. 
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