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There are many areas of need for accurate measurements of atmospheric static pressure. 
These include observations of surface meteorology, airport altimeter settings, 
pressure distributions around buildings, moving measurement platforms, as well as basic 
measurements of fluctuating pressures in turbulence. Most of these observations require long- 
term observations in adverse environments (e.g., rain, dust, or snow). Currently, many 
pressure measurements are made, of necessity, within buildings, thus involving potential errors 
of several millibars in mean pressure during moderate winds, accompanied by large 
fluctuating pressures induced by the structure. In response to these needs we designed a “Quad- 
Disc” pressure probe for continuous, outdoor monitoring purposes which is inherently 
weather protected. This Quad-Disc probe has the desirable features of omnidirectional response 
and small error in pitch. A review of past static pressure probes contrasts design 
approaches and capabilities. 

I. INTRODUCTION 

A static pressure instrument, the Quad-Disc probe, has 
been designed and developed to measure pressure fluctua- 
tions in the atmospheric boundary layer. The probe con- 
sists of two pairs of thin circular disks which are mounted 
about a vertical tube (stem). It operates at frequencies less 
than 10 Hz with a static pressure error E of about - 1 ,ub, 
i.e., 1 pb below “true” static pressure, within a pitch of 
a=*7”andatawindspeedofU=lOms-‘,whereais 
the pitch (angle). The angle a is negative in value when 
the probe pitches forward and positive when it pitches 
rearward relative to the x axis. Increasing to + 2 pb, E 
then decreases to - 4 pub at a = =+=220”. The probe is in- 
sensitive in yaw, which is represented by the angle fi and 
defined about the x axis, is nearly symmetrical in a, and 
can accurately measure important changes in static pres- 
sure in an environment with wind speeds greater than 
U=20ms-‘.RefertoFig. l(a) foradisplayofaandfi. 
The Quad-Disc probe has a number of practical features 
including the ability to operate under adverse conditions 
(e.g., rain, dust, and snow). 

The static pressure error E is defined as the difference 
between Paw, the measured static pressure, and PR, the ref- 
erence static pressure, 

E= P*w - PR. (1) 

A nondimensional (percent) static pressure error E* is ob- 
tained by dividing Eq. ( 1) by the dynamic pressure Q. 
Thus, 

E*= [(Paw - PR/Q] x 100, (2) 

where Q = -$ lJ2 and p is the density of the air. Figure 
1 (b) displays as functions of the wind speed ( 1) the pres- 

sure distributions found near the midheight of the front 
and rear sides of a vertical, infinitely long wall, with flows 
as shown in Fig. l(c) (see Ref. l), (2) Q, and (3) E 
associated with the Quad-Disc at a = 0. Figures 1 (b) and 
1 (d) emphasize the large potential errors posed by local 
winds and measurement site details as well as the effective- 
ness of the Quad-Disc probe. 

The following sections of the paper describe the design 
and development of the Quad-Disc probe and results of its 
wind-tunnel evaluation, also presenting an account of prior 
static pressure probe developments. 

II. QUAD-DISC PROBE DESIGN 

The Quad-Disc probe consists of a central stem having 
a circumferential ring of 12 sensor ports. The ring of sensor 
ports is enclosed by a collar whose design is conceptually 
similar to that of the vane-type probe designed by Gande- 
mer2 at the Centre Scientifique et Technique du Baltiment 
(CSTB). Each end of the collar has 30 entry ports, which 
are positioned in a circle which is i in. ( 1.9050 cm) from 
the axial center of the tube. An “inner” disk with a cham- 
fered edge is attached to each end of the collar. Spaced 
outside each inner disk at i in. (0.9525 cm) is an “outer” 
disk with a rounded edge. The probe’s dimensions are 
listed in Table I. The entry port sizes and the internal 
volumes through which they are connected to the sensor 
ports in the tube (Figs. 2 and 3) determine the probe’s 
frequency response. 

The medium flow passes through the spacing between 
each pair of disks and over the entry ports at both ends of 
the collar. The combined average of the pressure of both 
upper and lower sets of entry ports is close to the true static 
pressure for a near zero. Flows at significant a can cause 
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FIG. 1. (a) Definition of the angles a and b. (b) Pressure change associated with Bow past a standing wall of infinite length (Ref. l), the dynamic 
pressure Q, and the Quad-Disc at a = 0 as functions of wind speed in m  s - ‘. (c) Flow fields near a standing wall of infinite length (after Ref. 1). (d) 
Percent static pressure error E* as a function of a for the Quad-Disc probe at a wind speed U of 10 m  s ‘. 

different average pressures for its upper and lower sets of 
entry ports. These, however, tend to sum to zero at the 
twelve sensor ports located at the midlength of the collar. 
Any errors are further reduced, since the sensor ports are 
at the center of symmetrical error pressures above and 
below static pressure. Thus, the air pressure transmitted 
through the sensor ports into the interior of the tube is the 
average of the pressure through all the entry ports. The 
static pressure within the tube is then available for trans- 
mission to a transducer. 

The probe response is more complex at large a and U 
where separation occurs at the leading edge of the disks 
and the interaction of the boundary layers produces a very 
complex flow. The flows within the volume of the collar 
about the 12 sensor ports should account for only minor 
errors, since these sensor ports also act as static averaging 
ports for internal flows. 

2194 Rev. Sci. Instrum., Vol. 62, No. 9, September 1991 

111. EXPERIMENTAL ARRANGEMENT 

Laboratory experiments were conducted using the Na- 
tional Center for Atmospheric Research (NCAR), Field 
Observing Facility (FOF) wind-tunnel facility. The tunnel 
flow is essentially laminar with some high-frequency flue- 
tuations3 The tunnel is circular in cross section and has a 
length of 732 cm and an inlet with a 2 18 cm diam. The test 
section is 152 cm long, 89 cm in diameter, and is driven by 
a 25-hp dc motor connected to a nine-bladed fan, providing 
a maximum wind speed of U = 28.2 m s - ‘. The wind 
speed is measured by a Gill Helicoid Propeller Anemom- 
eter. 

The performance of the Quad-Disc probe is evaluated 
by comparing its response with that of a unidirectional 
reference probe, in this case a United Sensors PSE-12W 
static probe, which measured true static pressure at a = 0. 
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TABLE I. Quad-Disc probe: Dimensions of key components (refer to 
Figs. 2 and 3). 

Component Quantity Description 

Stem 1 

Sensor ports 12 

Collar 1 

Entry ports 30 

Inner disks 2 

Outer disks 2 

Length 7 12.0 in. (30.48 cm) 
I.D. = qjin. (1.43 cm) 
O.D. = E in. (2.06 cm) 

.Diameter = 0.031 in. (0.079 cm) 
Depth = 0.125 in. (0.318 cm) 
Length = 1.875 in. (4.763 cm) 
Diameter = 1.750 in. (4.445 cm) 
Diameter = 0.110 in. (0.279 cm) 
Depth = 0.375 in. (0.953 cm) 
Thickness = 0.0625 in. (0.1588 cm) 
Diameter = 3.50 in. (8.89 cm) . 
Edge = chamfered, 32 
Thickness = 0.125 in. (0.318 cm) 
Diameter = 6.0 in. (15.24 cm) 
Edge = Rounded 
Disk spacing = i in. (0.9525 cm) 

References 4-8 provide details concerning the design of 
unidirectional static pressure probes. The error E, as de- 
fined in Eq. ( l), represents the static pressure difference 
between the two probes. A Decker 360 Differential Pres- 
sure Transducer with a $-set response time is used to mea- 
sure this pressure difference. The transducer’s sensitivity is 
4 mV/pb, which is determined by using a fan-type low- 
impedance pressure generator, which was designed by Be- 
dard’ as a pressure-calibrating device. 

IV. RESPONSE CHARACTERISTICS 

The optimum design of the Quad-Disc probe was de- 
cided upon by measuring the effects on the response of the 
probe due to the adjustment of various parameters, namely 
(I ) stem height, inner diameter, and wall thickness, (2) 
sensor port number, depth, and diameter, (3) collar 
length, diameter, and position relative to the location of the 
sensor ports, (4) entry port number, diameter, and radial 
position, and, (5) disk number, circumferential edge pro- 
file and spacing. Most effort was directed toward optimiz- 

FIG. 2. Photograph of Quad-Disc static pressure probe with key elements 
identified. 

2195 Rev. Sci. Instrum., Vol. 62, No. 9, September 1991 

Outer 
Discs 

FIG. 3. Exploded schematic drawing of Quad-Disc static pressure probe. 

ing the entry port characteristics and spacing between the 
outer and inner disks, and a discussion of this work fol- 
lows. 

A. Effects due to entry port design 

The optimum number, diameter, and location of the 30 
entry ports were reached through several stages of testing 
Table II shows six prototypes and their accompanying disk 
spacing, Z. The radial position of the entry ports, in other 
words, the distance from the circumference of the stem to 
the location of the ring of entry ports, is represented by R 
while D is the diameter of each entry port and N is their 
number. From an evaluation of the prototypes the follow- 
ing conclusions are made. 

TABLE II. Quad-Disc probe: Prototypes. Note: The present Quad-Disc 
probe design follows the entry port layout of prototype Fii. 

Prototype 
R D Z 

(in.) (in.) N (in.) 

A l/16 0.220 12 l/4 
B 2/16 0.220 12 l/4 
C( i-iii) 2/16 0.110 24 l/4, 3/8, l/2 
D l/16 0.110 24 l/4 
E l/16 0.110 12 l/4 
F (i-ii) 3/16 0.110 30 l/4, 3/8 
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o D = 0.110 in, N = 24 

cz(degrees) 

FIG. 4. Plots summarizing the influence of entry port size D on the 
response of the Quad-Disc static pressure probe response. 

( 1) A large number of small-diameter entry ports pro- 
vides better characteristics than a small number of large 
diameter entry ports (Fig. 4). The basic understanding of 
the pressure distribution in and about a single isolated en- 
try port may be found by referring to situations involving 
flow over infinitely deep cavities. 

(2) A decrease in e* is observed as the ring of entry 
ports is located further away from the stem (Fig. 5). The 
flow produces a very complex three-dimensional boundary 
layer on a flat plate in the vicinity of a downstream cylin- 
der, such as that studied by Johnson”.” and Scorer” (Fig. 
6). The interaction between the wakes of the disks’ edges, 
the disks’ boundary layers, and the cylinder further com- 
plicates the flow. 

50 

40 
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20 

s 10 
.s 0 

Lo 
-20 

-30 
-40 

-50 
35 30 25 20 15 10 5 0 

a (degrees) 

FIG. 5. Effect of the location of the ring of entry ports, R, on the Quad- 
Disc static pressure probe response. R is the distance from the circum- 
ference of the stem to the ring of ports. Z is the disk spacing. 

FIG. 6. Illustration of the flow field, emphasizing the complexity of the 
three-dimensional boundary layer that can occur for a Bat plate in the 
vicinity of a downstream obstacle (patterned after Ref. 11). 

B. Effects due to disk spacing 

In determining the g-in. (0.9525cm) spacing between 
each pair of inner and outer disks we observed the fohow- 
ing effects. 

( 1) Decreasing the spacing between each pair of inner 
and outer disks tends to flatten the error profile and de- 
crease E* (Fig. 7). Miksadt3 came to the same conclusion 
in the evaluation of his dual-disk probe. 

(2) Referring again to Fig. 1 (a), there is a trend that 
beyond U = 20 m s - *, E approaches a constant value and 

z 10 

5 0 
Lo 

-20 
-30 

-40 
-504 

35 30 25 20 15 10 5 0 
@(degrees) 

FIG. 7. Plots showing the influence of disk spacing, Z, on the response of 
the Quad-Disc static pressure probe for disk spacings, Z, of $, f, and $ in. 
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FIG. 8. (a) Plots showing the static pressure error in microbars, E, as a 
function of pitch a for wind speeds U of 5, 10, 15, and 20 m  SC’. (b) 
Plots showing the nondimensional (percent) static pressure error E* as a 
function of pitch a for wind speeds U of 5, 10, 15, and 20 m  s - ‘. 

thus the probe’s capability to measure true static pressure 
becomes independent of U. 

C. Optimum design features 

The half-profile curves of Fig. 8(a) depict E for U = 5, 
10, 15, and 20 m s-‘. Figure 8(b) depicts E* which is 
determined by using a calculated dynamic pressure based 
upon an air density at an elevation of 1.6 km of p = 1.048 
kg m - 3 for U = 5, 10, 15, and 20 m s - ‘. Figure 9 illus- 
trates that the Quad-Disc probe is insensitive in fi and 
nearly symmetrical in a. The boundary layers of both the 
inner and outer disks have only minor influence on the 
entry ports at low speeds. Beyond U = IO m s- ‘, the entry 
ports become more sensitive to the edges and surface con- 
tours of the disks, and boundary layer interaction, as evi- 

FIG. 9. Plots showing the pitch a, response of the static pressure error 6, 
for yaw p of CT, 90”, 180” and 270”. Note that the a response is symmetric 
about zero. 

dented by the complex shape of the curves at higher values 
of U. Note that for optimum response the disks must be 
parallel. Deviations in their alignment will significantly in- 
crease the error, which is an observation that is also made 
by Miksad.13 Moreover, CunningI of the National Oce- 
anic and Atmospheric Administration (NOAA), in using 
a dual disk on a buoy, found that debris and flying insect 
contamination of the disk spacing is a major problem. It 
has been suggested by Finnigan” of the Commonwealth 
Scientific and Industrial Research Organization (CSIRO) 
that the flaring of the edges of the disks may produce a 
more parallel flow between them. 

The results of wind tunnel tests show that the Quad- 
Disc probe has desirable characteristics, namely, ( 1) rela- 
tively small size, (2) simple construction, and (3) insen- 
sitivity to local flow fields. The configuration offers 
protection from direct exposure to rain, dust, and snow by 
means of its collar and set of outer disks. Extended expo- 
sure to the environment for more than 2 years has not 
produced any significant problems: Table III provides a 
comparison between the Quad-Disc probe and ten contem- 
porary designs described in Sec. IV. 

We contracted for the Quad-Disc probe to be evalu- 
ated in a turbulent environment by Woo et a1.16 at The 
Fluid Dynamics and Diffusion Laboratory (FDDL), Col- 
orado State University, where both Row visualization tests 
and static pressure measurements were conducted. Tests 
were executed at wind-tunnel speeds of U = 5, 10, 15, 20, 
25, 30, and 36.6 m s- ’ with grid-generated turbulence in- 
tensities of 0.8% and 17.0%. Three important findings, 
from their report to the Wave Propagation Laboratory 
(WPL), are as follows. 

(1) An increase in turbulence intensity results in an 
increase in mean static pressure error. 

(2) Characteristics of a low turbulence intensity 
(0.8%) flow about the probe are dependent upon the Rey- 
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TABLE III. Contemporary designs. Provides the reader with three significant data points, for E* within a range of a, associated with referred plots. The 
values for E* are from the literature and assumed to have been calculated by using a measured Q. Exceptions are those results which are designated by 
either a p, or a p2 where air density values of p, = 1.226 kg m - 3 and p2 = 1.048 kg m - ’ are used, respectively. Also listed in the table is U when made 
available, at which the values are obtained. 

u 
Probe ( Nondi&tsional ) k&J (ms-‘) 

Single disk: 
Bryer et aL I9 (1958) [ - 13.1, - 11.5, - 13.31 [ - 4,0, + 51 I5 
Sinclair” ( 1965 ) [ + 17.9, 0.0, - 4.5lp, [- lO,O, + 101 11 
Elliott22~‘3 ( 1972) [ - 0.5, - 0.6, - 0.81 [- lO,O, + 101 9 

Dual disk: 
Robertsonz4 (1972) [O.O, - 0.6,0.0] [ - mo, f 101 7 
Gilled ( 1976) [ - 11.0, - 13.0, - 19.21 [ - 10, 0, + 101 18 
Miksad” ( 1976) [t-0.1, - 0.2, + 0.11” [ - 18,0, -!- 181 10 

Shroud: 
Moran & Hoxey26 ( 1979) L-f- 1.1, 0.0, + 1.91 [ - 5, 0, + 51 19 
Osmond & Painting” ( 1984) [ - 12.1, - 12.l,O.O]p, [ - 10, 0, i- 101 10 

Conical: 
Fehr2* ( 1967) [ - 27.4, - 19.6, - t1.4]pz [ - 10, 0, + 101 10 

Spherical: 
Kataoka et a/. 3o ( 1989) [ - 2.0, 0.0, + 2.01” [ - 35, 0, f 351 ,.. 

Quad-Disc: 
Nishiyama & Bedard” (1989) [ - 0.8, - 0.2, - 0.81~~ [ - 20. 0, -I- 201 10 

“Only half-profile data are available since the probe is designed to be symmetrical in a. The results are duplicated for the positive range of a. 

nolds number (Re), the measurements showing some vari- 
ation as a function of U. This dependency is less for a 
higher turbulence intensity (17.0%) flow. 

(3) Flow visualization indicated an entrainment mech- 
anism, involving the shear layers at the trailing edge of the 
disks for values of a exceeding :* 10”. 

Pressure readings obtained in our experiments repre- 
sent the peak of the distribution of the fluctuating pressures 
measured during a particular interval, whereas the FDDL 
measurements are averages for about I-min intervals. The 
FDDL low-level turbulence results agree quite well with 
our results. The Quad-Disc probe response in tr is symmet- 
rical about 0” with errors occurring with pressures which 
are mostly negative relative to true static pressure. This 
means that more frequent, large pitch flows occurring with 
higher turbulence levels will move averaged readings to- 
ward negative pressure error values. A processing tech- 
nique that uses the peak of the distribution of pressure 
readings for an interval should minimize biases caused by 
high levels of turbulence, 

V. HISTORICAL BACKGROUND 

A number of past static pressure probe designs in- 
tended for use in two- or even three-dimensional flows have 
very limited utility in the third dimension. The require- 
ment of “design omnidirectionality” is critical for atmo- 
spheric measurements, since the wind is continuously flue- 
tuating both in magnitude and direction over a range of a. 
We review the historical development of static pressure 
probe designs, since the 1930’s, and describe ten static 
pressure probes which have either been used in environ- 
mental research or have contributed to the understanding 
and the development of design concepts. The probes are 

2198 Rev. Sci. Instrum., Vol. 62, MO. 9, September 1991 

categorized into five basic groups: single-disk design, dual- 
disk design, shroud design, conical design, and spherical 
design, Their characteristics from wind tunnel tests as well 
as their design configurations are shown in Table III and 
Figs. 10-19 along with the Quad-Disc probe characteristics 
[e.g., Fig. 1 (c)J, Unlike wind vane mechanisms, none of the 
probes possess moving components, such as those men- 
tioned by Mott” and Bourke and Felix.18 The majority of 
the probes are depicted in the a! = 0 position with p posi- 
tioned relative to the vertical x axis of each probe. 

A. Single-disk design 

Single-disk probes have been in use in wind tunnel 
investigations since the 1930’s. Bryer et a1.19 at the Aero- 
dynamic Division, National Physical Laboratory in the 
United Kingdom tested a probe referred to as the Disc 
Static Head. It is 0.25 in. (0.64 cm) in diameter and 0,034 
in. (0.086 cm) thick with a 0.025cm-diam sensor port 
located at the center of both its upper and lower surfaces 
[Fig. 10(a)]. The disk is supported by a boom and is ca- 
pable of measuring with an E* of - 11.5% to - 13.3% 
within a = f 5” before E* sharply increases for wind speeds 
from 5Ofts-’ (15.2 ms-‘) to IlOfts-’ (33.5 ms-‘) 
[Fig. 11 (a)]. 

Sinclair” at the Institute of Atmospheric Physics, Uni- 
versity of Arizona conducted dust devil pressure measure- 
ments with a Ser probe,2’ which is traceable to the 1930”s. 
The Ser probe is a vertically supported flat disk with a 
single sensing port [Fig. 10(b)]. Sinclair’s version of the 
probe consists of a disk 0.125 in. (0.3 18 cm) thick and 4 in. 
( 10.16 cm) in diameter, with a 0.125-in.- (0.3 1 S-cm) diam 
sensing port. It measures with negligible error at a = 0, but 
displays extreme errors in a, because of its flat plate design 

Static pressure probe 2198 
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0.025cm Sensor Port 
(on both disc surfaces) 
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FIG. 10. (a) Single-disk static pressure probe configuration with sensor 
ports located on both sides of the center of the disk (Ref. 19). (b) 
Single-disk static pressure probe sensor configuration with a single sensor 
port located at the center of the lower surface (Ref. 20). (c) Single-disk 
static pressure probe with sensor ports at the center of both sides of the 
disk. The disk surface requires accurate contouring and because of the 
way the pressure signal is fed to a transducer, it is not omnidirectional 
(Refs. 22 and 23). 

[Fig. 11 (b)]. This type of probe was also included in the 
tests conducted by Bourke and Felix’* who measured the Q 
signature of five static pressure probes. 

Elliott22V23 at the Institute of Oceanography, University 
of British Columbia designed an important probe for me- 
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FIG. 11. (a) Plot showing the percent static pressure error E* as a func- 
tion of pitch a at a wind speed Uof 15 m  s-t (Ref. 19). (b) Plot showing 
the percent static pressure error E l as a function of pitch a at a wind 
speed U of 11 m  s-’ (Ref. 20). (c) Plot showing the percent static 
pressure error E* as a function of pitch a at a wind speed U of 9 m  s - ’ 
(Refs. 22 and 23). 
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teorological use which is capable of measuring small-scale 
pressure fluctuations in the lower atmospheric boundary 
layer. The probe is a 4-cm-diam disk with streamlined up- 
per and lower surfaces and a 0.05 1-cm-diam sensing port at 
the center of each surface. A system of pressure channels 
lying within the disk transmits pressure data from the ports 
via a boom to a transducer located downstream of the disk. 
It operates with an average E* of - 0.6% within a 
a = f lo”. The probe configuration and a response are 
shown in Figs. 10(c) and 11 (c). Unfortunately, the single- 
disk design drastically limits the probe’s insensitivity in a. 
Also, its surfaces require accurate contouring, for any 
slight change from its original profile will lead to an asym- 
metric pressure response, according to Finnigan.” Its up- 
per port is exposed so it is quite vulnerable to the elements 
and, being supported by a horizontal boom, the system is 
also quite restricted in /3. 

B. Dual-disk design 

Several probes equipped with two disks have been re- 
ported. Robertson24 at the Building Services Research 
Unit, University of Glasgow in Scotland designed a series 
of probe configurations, one of which consists of two 0.15- 
cm-thick, 30-cm-diam disks with chamfered edges, sepa- 
rated by three 20-cm-long struts. The disks are equipped 
with a single 0.15-cm-diam sensing port on each of their 
inner surfaces [Fig. 12 (a)]. This design offers the ports 
some protection from the elements and, relative to a single- 
disk design, extends the range of pitch insensitivity to 
a = f s” for E* = + 0.5% before it gradually increases to 
E* = - 4.0% at a = f 14” [Fig. 13(a)]. The pressure line 
between the disks is located alongside the probe, which 
makes it sensitive in /3. 

Gi1125 at the Department of Atmospheric Sciences, 
University of Michigan designed a rugged probe, the Static 
Pressure Inlet, for use on NOAA ocean buoys. The probe 
consists of two thin, tapered, 13-cm-diam disks with 
grooved inner surfaces, mounted about a vertical tube. A 
0.3-cm spacing between the disks is provided by eight 
struts. There are four sensor ports on the inner surface of 
the upper disk and the pressure passages lead from the 
ports into the tube [Fig. 12(b)]. The error E* varies from 
-ll.O%to -23.0%fora=h30°atU=60fts-‘(18 

m s - ’ ). The E* is much larger at CY < o”, probably because 
the probe is not symmetrically designed in a [Fig. 13(b)]. 

Miksad13 at the Department of Civil Engineering, Uni- 
versity of Texas constructed a number of configurations, 
one of which is a design consisting of two 15.2-cm-diam 
disks with rounded edges having a sensor port at the center 
of each dimpled inner surface. The disks are spaced 6.08 
cm apart [Fig. 12(c)]. The error E* measured at U = 10 
ms-’ * IS maintained at 0.2% until a = 6”, where it begins 
to increase gradually to + 1 .O% at a = 16”. Thereafter, E* 
commences to decrease to - 9.0% at a = 24" [Fig. 13(c)]. 

C. Shroud design 

Two shroud-type probes were designed in the United 
Kingdom during the 1980’s. Moran and Hoxey*‘j at the 
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FIG. 12. (a) Dust-disk static pressure probe with sensor ports at the 
center of the inner surfaces of both the upper and lower disks (Ref. 24). 
(b) Dual-disk static pressure probe with four sensor ports on the inner 
surface of the upper disk (Ref. 25). (c) Dual-disk static pressure probe 
with dimpled ports at the center of the inner surfaces of both upper and 
lower disks (Ref. 13). 

National Institute of Agricultural Engineering developed a 
probe to measure the static pressure on the surface of 
buildings. The probe is a vertical tube with sensor ports on 
the tube surface, A shroud-collar device is adjusted along 
the height of the tube to protect the ports from the envi- 
ronment and reduce effects of Q and pitch [Fig. 14(a)]. 
The probe measures an E* between 0% and - 1.9% 
within a= *S’at U= 19 ms-’ [Fig. 15(a)]. 

Osmond and Painting2? at the United Kingdom Mete- 
orological Office designed a probe, the Nonrotating Static 
Pressure Head, similar to that of Moran and Hoxey26 for 
automatic weather station use. The probe, one of five pro- 
totypes, measures an error of E* = - 12.1% at a = 0” and 
U= 10 m s-’ [Figs. 14(b) and 15(b)]. 
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FIG. 13. (a) Plot showing the percent static pressure error E* as a func- 
tion of pitch a at a wind speed U of 7 m  s - ’ (Ref. 24). (b) Plot showing 
the percent static pressure error E* as a function of pitch a at a wind 
speed U of 18 m  s- ’ (Ref. 25). (c) Plot showing the percent static 
pressure error E* as a function of pitch a at a wind speed U of 10 m  s - ’ 
(Ref. 13). 
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FIG. 14. (a) Shroud-type static pressure probe with four sensor ports 
covered by an upper cap. Input is around the gap between the upper 
shroud and lower collar (Ref. 26). (b) Shroud-type static pressure probe 
with eight sensor ports around the circumference of the inner cylinder. 
Input is through the gap between the cylinder and the collar (Ref. 27). 

D. Conical design 

Fehr2* at the Institute of Geophysics and Planetary 
Physics, University of California constructed a probe con- 
sisting of four cones mounted vertically in series. The 
probe is designed for use with a low-frequency acoustic 
measurement system. The interior underside of each cone 
consists of porous material through which static pressure 
fluctuations are detected (Fig. 16). We tested this probe 
and found that E* = - 19.6% at a = 0” and U = 10 
ms -’ (Fig. 17). 

E. Spherical design 

A spherical probe measures static pressure fluctuations 
by averaging the surface pressure on a portion of a sphere. 
An optimum design is obtained by placing a chosen num- 
ber of sensor ports or slots in an optimum array. Though 
several versions of this probe do exist, the majority of them 
have been developed for wind tunnel use, e.g., Huey,29 and 
therefore lack any suitable weather protection. For Huey’s 
design, which is based on a slotted sphere design, 
Kataoka3’ references some significant pressure errors. 
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FIG. 15. (a) Plot showing the percent st.atic pressure error E* as a func- 
tion of pitch a at a wind speed U of 19 m  s - ’ (Ref. 26). (b) Plot showing 
the percent static pressure error e* as a function of pitch a at a wind 
speed (I of 10 m  s - ’ (Ref. 27). 

Kataoka et ~1.~’ at the Kansai Environmental Engi- 
neering Center Co. in Japan recently designed a fast re- 
sponse spherical static pressure probe for use in the field, 
where it has provided some valuable atmospheric data on 
the turbulent kinetic energy budget. It possesses 16 0.15- 
cm-diam sensor ports arranged in an eight-pointed, axi- 
symmetrical star pattern on the Em-face of a 3.4-cm-diam 
sponge-filled sphere which is supported by a 1.35-cm-diam 
L-shaped boom. Its E is essentially zero in the range 
a = f 16”. The error E* slightly increases to + 2% at 
a! = * 28” before sharply dropping to - 2.2% at cr It 39”. 
The sphere is supported by a temperature-insulated boom 
(Figs. 18 and 19). Though this spherical probe has been 
shown to be successful in the field, like Elliot’s probe,22 it is 
unidirectional and does not inherently provide any weather 
protection. 

Wind 

cm 

FIG. 16. Conical-type static pressure probe consisting of four inverted 
cones mounted along the same axis. Input is fed to the central tube 
through porous surfaces at the base of each cone (Ref. 28). 

VI. DISCUSSION 

The Quad-Disc probe will be quite valuable for the 
measurement of small static pressure changes, of the order 
of a few microbars. Some suggested examples of appiica- 
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FIG. 17. Plot showing the percent static pressure error E* as a function of 
pitch a at a wind speed Lr of 10 m  s- t (Ref. 28). 
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FIG. 18. Spherical-type static pressure probe (Ref. 30). 

tion are described below. Additional possible uses together 
with references are provided in Table IV. Recently, we 
have obtained a patent” on the Quad-Disc probe. 

( 1) Surface weather measurement systems, like the 
Portable Automated Mesonet (PAM), which now uses the 
Ser probe at each of its sites, 32*33 and the future Automated 
Surface Observing System (ASOS) described by Cun- 
ning,14 could utilize the Quad-Disc probe and make accu- 
rate static pressure measurements under adverse condi- 
tions. Cunning34 has used a moveable probe in making 
short-term pressure measurements with surface measure- 
ment systems. 

(2) The control tower at an airfield usually depends on 
a barometer located within the building for measuring the 
static pressure. Unfortunately, the pressure within a build- 
ing can differ significantly from the outside. Thus, extreme 
errors due to venting, as mentioned by Bourke and FelixI 
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FIG. 19. Plot showing the percent static pressure error e* as a function of 
pitch (I (Ref. 30). This probe is unidirectional for the pattern of ports 
applied. 
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TABLE IV. Quad-Disc probe: Areas of application. 

Application 

Surface observation meteorological networks 
Buoy Observations 
Mobile measurements 
Tornado measurements 
Dust devil measurements 
Radiometric remote sensors 
Airport altimeters 
Windshear detection 
Building measurements 
Atmospheric gravity wave and density 

current measurements 
Boundary-layer turbulence studies 

References 

21,30,32,33 
2521 
47.59 
46-48 

20,49,50 
51-54 

1,35 
36-38 

39-44,55 

56-58 
23,30,45 

and the Weather Bureau Air Weather Service-Naval 
Weather Service,35 can be avoided if a Quad-Disc probe is 
used externally. Systems involving pressure sensors for 
thunderstorm wind-shear detection as mentioned by Be- 
dard et 01.~~ (Fig. 20) could use such pressure probes to 
reduce wind noise and false warnings. Early reliable warn- 
ings of thunderstorm gust fronts and microbursts are im- 
portant, since these weather systems have been the proba- 
ble cause of a number of aircraft disasters (see, e.g., 
Fujita37 and Newton38). 

(3) Determining wind loads on buildings and struc- 
tures, as discussed by Sachs,39 Scorer,‘* Scruton,40 New- 
berry,4’ Ishizaki and Chiu,42 Reinhold,43 and Liu et al.,@ is 
another application. The problem lies in the fact that wind 
tunnel simulation of wind effects either cannot be carried 
out at very high Re or may not permit the realistic simu- 
lation of the local pressure distributions. An “all-weather” 
static pressure probe can document pressure differences 
across structural sections under adverse conditions. 

(4) The pressure transport term in the turbulent ki- 
netic energy budget equation needs to be accurately mea- 
sured as a component of field experiments. A discrepancy 
exists between experimental values obtained by investiga- 
tors such as Elliott22,23 and Kataoka et aL3’ and theoretical 
values defined by others like Moeng and Wyngaard.45 The 
Quad-Disc probe should accurately measure microscale 
pressure fluctuations within the atmospheric boundary 

Distant 
Macrobunt 

FIG. 20. Cross-sectional view illustrating the complex Row fields sur- 
rounding a thunderstorm (after Ref. 36). 
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layer, and be a valuable component of atmospheric exper- 
iments. A boundary layer turbulence (BLT) experiment 
involving 11 Quad-Disc probes and instrumented towers 
was conducted in Erie, Colorado in the summer of 1987 
and should provide an initial evaluation of the Quad-Disc 
probe for turbulence measurements. We hope in the near 
future to document the results of BLT in collaboration 
with colleagues from the Department of Energy (DOE). 
The probe was also used as a component of the cooperative 
experiment First Look at Kinetic Energy Transfer 
(FLAT) with NCAR in Carpenter, Wyoming during the 
fall of 1990. This was a turbulent kinetic energy budget 
experiment and should thus provide additional preliminary 
results. 
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