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(57) Abstract

A quad disk static pressure probe apparatus (10)
including: a hollow stem member (15) having a plurali-
ty of static pressure ports (16) disposed on its peri-
phery; an apertured collar unit (14) surrounding the
stem member (15) and being in open fluid communica-
tion with the static pressure ports (16); and, inner (21)
and outer (18) pairs of disk members operatively se-
cured to the stem member (15) above and below the lo-
cation of the static pressure ports (16).




AT
AU
BB
BE
BF
BG
BRI
BR
CF
CG
CH
cM
DE
DK
ES

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Austria

Australiz

Barbados

Belgium

Burkina Fasso

Bulgaria -

Benin

Brazil

Central African Republic
Congo .
Switzerland

Cameroon

Germany, Federal Republic of
Denmark

Spain

FI
FR
GA
GB
HU
IT
JP -
KP

Finland

France

Gabon

United Kingdom
Hungary

ftaly

Japan

Democratic People’s Republic
of Korea
Republic of Korea
Liechtenstein

Sri Lanka

- Luxembourg

Monaco
Madagascar

ML
MR
MW
NL

F3dB%8838%

Mali
Mauritania
Malawi
Netherlands
Norway
Romania
Sudan
Sweden
Senegal
Soviet Union
Chad

Togo

United States of America




WO 89/12809 1 PCT/US89/02698

"guad-Disk Static Pressure Probe"
Technical Field

The present invention relates to the field of

static pressure probes in general, and more specifically

5 +to a static pressure probe that is not particularly
sensitive to different angle-of-attack wind components.

Backaground Of The Invention

In the field of meteorology one of the most

persistent and vexing problems has been the lack of a
10 static pressure probe configuration that 1is omni-

directional relative to horizontal wind flows, as well as

being relatively immune to static pressure errors induced

by angle-of-attack variations that deviate from the

horizontal particularly in environments contaminated by
15 dust, snow and rain.

Significant vertical wind components occur with flows
deflected from obstacles, also with turbulence and a
variety of organized instabilities in the atmospheric
boundary layer. Variable vertical wind components

20 produce flows at an angle-of-attack different from that
anticipated from typical local horizontal fields. Such
angle-of-attack initiated dynamic pressure changes can
cause significant errors in pressure measurements. In
addition, atmospheric applications involve a requirement

25 that the static pressure response of sensors should be
independent of horizontal wind direction, unidirectional
static pressure probes not proving useful.

Some of the prior art constructions that have been
employed to provide a solution to this problem have

30 involved the following structural arrangements: a single
disk mounted flush with the top of a hollow static
pressure stem wherein the stem is disposed in either a
perpendicular or parallel orientation relative to the
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disk:; and, porous or sintered material caps placed on the
open end of a static pressure stem.

In addition, much research has been devoted to dual
disk static pressure probe configurations as evidenced'by

5 the following articles: YAn Omni-Directional Static
Pressure Probe" by Richard W. Miksad; Journal of Applied
Meteorology Vol. 15, Number 11 (November 1976 pages 1215
thru 1225; and, "Development and Testing of a No Moving
Parts Static PressureVInlet For Use On Ocean Buoys" by

10 Gerald C. Gill in a paper published by the University of
Michigan in August 1976. | '

In addition, to these scholarly dissertations the
prior art is replete with myriad and diverse patented air
pressure and velocity measuring probe ¢onfigurations, as

15 evidenced by the following U.S. Patent No's: 4,056,001,
3,956,932; 3,055,216; 3,520,184; 4,304,137; 4,559,835;
3,950,995; and, 3,686,937. , ,

Despite all of the time, money, and research that has

been devoted to providing a solution to this problem, to

20 date no one has developed a workable omni-directional
static pressure probe that is relatively immune to angle-
of-attack variations. As a consequence, meteorologists
have experienced a Ilongstanding deficiency in their
abiliﬁy to monitor static pressure changes at remote

25 tracking stations, which has'hampered their ability in
accurately forecasting sudden and dramatic weather
changes. ,

With the current state of the art static'preSSurer

probes, too many variables inherent in both the

30 construction and configuration of the probes per se, have
produced static pressure errors of the magnitude that

" simply defy accurate prognostications based on the
potential differences between the actual static pressure

at the probe location and the static pressure that is

'SUBSTITUTE SHEET
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being recorded by the probe instrumentation.

However, the gquad disk static pressure probe
apparatus that forms the basis of the present invention
is believed to be the most accurate device that has been

5 developed to date, particularly with regard to
meteorologically acceptable static pressure error
differentials at angle-of-attack deviations within the
range of + 30° from horizontal.

Summary Of The Invention

10 Briefly stated, the quad disk static pressure probe
that forms the basis of the present invention comprises
outer disk units; inner disk units; and a collar unit all
of which are operatively connected in a radially disposed
fashion to a hollow static pressure stem unit.

15 The outer disk units comprise a pair of relatively
large diameter outer disk members that are disposed above
and below the inner disk units; wherein, the inner disk
units comprise a pair of relatively small diameter disk
members.

20 The collar unit is located between the inner disk
units and comprises a generally closed cylindrical collar
member having a plurality of enlarged fluid pressure
ports disposed around the periphery of the upper and
lower ends of the cylindrical collar member; wherein, the

25 plurality of enlarged fluid ports are in open fluid
communication with a plurality of relatively discrete
static pressure ports that are formed in the periphery of
the hollow static pressure stem unit. _

When the wind passes through the static pressure

30 probe a portion of the air flow will pass over the fluid
pressure ports on both ends of the collar member. Any
pressure differential between the upper and lower fluid
pressure ports will tend to cancel out one another within

the interior of the collar member.

SUBSTITUTE SHEET
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Since the static pressure ports are positioned
between the ends of the collar member, the air pressure
transmitted through the static pressure ports into the
interior of the stem unit will be the balanced,average of

5 the pressure through the various pressure'ports; the
static pressure within the stem unit will be measured by
a remote static pressure sensor in the conventional
‘manner for transmission to distant meteorological
stations. ,

10 Given the fact that the upper and lower ends of the
collar member are positioned in close proximity to the
relatively 1large outer disk members, it is highly
‘unlikely that significant amounts of rain; sSnow, wave
tossed water, etc. will enter the fluid pressure ports

15 in the collar member. It is even less likely that these
potential contaminants will block the discrete static
pressure ports in the stem unit, since the pressure ports
in the collar member are oriented perpendicular to the
orientation of the static pressure ports. In addition,

20 due to the size and alignment of the fluid pressure ports
in the collar member virtually all potential contaminants
should fall by gravity through the pressure ports at the
bottom of the collar member. ' |

Brief Description Of The Drawings

25 These and other objects, advantages, and novel
features of the invention will become apparent from the
detailed description of the best mode for carrying out
the preferred embodiment of the invention which follows;
particularly when considered in conjunction with the

30 accompanying drawings; wherein:

' Fig. 1 is an exploded perspective view of the static
pressure probe apparatus of this invention;

" Fig. 2 is a side plan view of the apparatus; and,
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Fig. 3 is a plot of the performance characteristics
of the apparatus under different angles of attack and air

speeds.
Best Mode For Carrying Out The Invention

5 As can be seen by reference to the drawings and in
particular to Fig. 1, the quad disk static pressure probe
apparatus that forms the basis of the present invention
is designated generally by the reference numeral (10).
The static pressure probe apparatus (10) comprises in

10 general: a static pressure stem unit (11); a pair of
outer disk units (12); a pair of inner disk units (13);
and, a collar unit (14). These units will now be
described in seriatim fashion.

As depicted in Figs. 1 and 2, the static pressure

15 stem unit (11) comprises an elongated hollow tubular stem
member (15) having a plurality of relatively discrete
static pressure ports (16) disposed in a ring around the
periphery of the upper portion of the tubular stem member
(15) ; wherein, the static pressure ports (16) are in open

20 fluid communication with the interior (17) of the tubular
stem member (15); and, wherein the static pressure within
the interior (17) of the tubular stem member (15) is
sensed by a remote static pressure sensor (not shown).
In addition, the hollow stem member (15) is further

25 provided with a stem cap (15') which seals to the upper
end of the hollow stem member (15).

In the preferred embodiment of this invention the
hollow stem member (15) is fabricated from a length of
plastic pipe material such as polyvinyl chloride of the

30 1like, having a wall thickness of 1/8" and an inside
diameter of 1/2"; wherein, there are twelve equally
spaced static pressure ports (16) disposed around the
periphery of the stem member (15) and each of the
discrete static pressure ports (16) has a diameter of

SUBSTITUTE SHEEL
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1/32". |
As can also be seen by reference to Figs. 1 and 2,
the outer disk units (12) comprise a pair of relatively
large generally flat thin outer disk members (18) having
5 rounded edges (19) and a central aperture (20) that is
dimensioned to seal to the periphery of the hollow stem
member (15) at spaced locations on opposite sides of the
static pressure ports (16).' '
In addition, the inner disk units (13) comprise a
10 pair of relatively small generally flat thin inner disk
members (21) having outwardly beveled edges (22) and an
enlarged central aperture (23) whose purpose and function
will be described in greater detail further on in the
specification. ' '
15 In the preferred embodiment of the invention depicted
in the drawings the outer disk members (18) are
approximately twice as wide and thick as the inner disk
members (21); wherein, the outer disk members (18) are
fabricated by acrylic material having a 1/8" thickness
20 and a 6" diameter; and, wherein the ihher disk members
(21) are also fabricated from acrylic material having a
1/16" thickness and 3-1/2" diameter.
It should also be noted at this'jﬁncture that the
outer disk members (18) are spaced a distance " " from
25 the inner disk members (21) wherein the value of "™ " is
approximately equal to 3/8". Furthermore, the beveled
edges (22) of the inner disk members (21) face the
interior surfaces of the outer disk members (18) ; wherein
the edges (22) are beveled at an angle of approximately
30 34°. |
Still referring to Figs. 1 and 2, it can be seen that
the cbllar unit (14) comprises a generally cylindrical
collar member (24) having apertured end caps (25);
wherein the end caps (25) are provided with: an enlarged
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central aperture (26) that is dimensioned to sealingly
engage the periphery of the hollow stem member (15) at
equally spaced locations above and below the static
pressure ports (16)7 and, a plurality of larger pressure
port apertures (27) that are disposed at space locations
around the periphery of the end caps (25) .

It should also be appreciated at this juncture that
the enlarged apertures (23) in the inner disk members
(21) are dimensioned to seal to the periphery of the
cylindrical collar member (24) adjacent the end caps (25)
such that the outer surfaces (21') of the inner disk
members (21) are mounted flush with the end caps (25) of
the collar member (24).

Again in the preferred embodiment of this invention
the collar member (24) will be fabricated from acrylic
material wherein the collar member (24) will have: a
length of 1-1/8"; a diameter of 1-3/4%"; and a wall
thickness of 1/8". In addition, the collar end caps (25)
will also be manufactured from acrylic material having:
a diameter of 1-3/4" and a thickness of 3/8"; wherein the
plurality of pressure port apertures (27) will comprise
thirty equally spaced radial apertures having a diameter
of 1/8".

As was mentioned previously, the pressure probe
apparatus (10) described herein provides a method for
measuring static pressure under a variety of conditions.
The dimensions of the various structural components are
the result of a lengthy testing process designed to
extend the range of angle-of-attack sensitivity. The
spacing of the inner (21) and outer (18) disk members,
the relative diameters, leading edge configurations, the
sizes and positions of the ports (27) and (16) all proved

to be important.
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An overview of the physical processes involved 1s as
follows. A flow at zero angle-of-attack will inducé a
small pressure change in the boundary layer of the inner
disk members (21). The entry ports (27) at the periphery

5 of the collar unit (14) will sense the average pressure
at the inner disk members surface (21'). The static
ports (16) around the circumference of the central stem
member (15) will sense the présSure gradient between the
upper and lower inner disk members (21). 7

10 As the angle-of-attack changes, such- as when the
rupper disks are subjected to a component of increased,
stagnation pressure, the inner disk members (21) will
encounter pressures of opposite polarities. The lower
inner disk will ideally have an average negativerpressufe

15 equal to the stagnation pressure average on the surface
of the upper inner disk. The static ports (16) on the
central hollow stem member (15) will further reduce any
"error" gradient pressure change, acting like a "summing
junction" for the upper and lower disk members (21) which

20 are also averaging surface pressure distributions with
the rings of static pressuré pbrts (16) . The function of
the outer disks is to shape the flow and extend the range
of angle-of-attack prior to flow separation. '

The foregoing design of the apparatus (10) was guided

25 ané.lytically and "fine-tuned" experimentally. One
important feature is that the probe response is not
sensitive to the fine details of the geometry and no
specially shaped surfaces (e.g. dimples) are machined on
the inner disk surfaces.

30 The static pressure probe apparatus (10) is also
weather resistant in the sense that the upper disks act
as rainshields and in addition the upper ports (27) of
the collar unit (14) will permit any water to pass
through to the lower ports (27) and to the 'ground without

SUBSTITUTE SHEET
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blocking the static ports.

It should also be emphasized at this Jjuncture that
all of the structural components of the apparatus (10)
are fabricated from plastic and/or acrylic material to

5 minimize the deleterious effects of salt water and other
hostile environments.

Turning now to Fig. 3, it can be seen that the static
pressure error induced by the changing angle-of-attack of
wind passing over the apparatus (10) is excellent when

10 the wind speed U equals 5 meters per second between * 30°
angle-of-attack. Furthermore, the static pressure error
(in microbars) remains at acceptable levels with wind
speeds U up to 15 meters per second, particularly in the
range of *+ 20° angle-of-attack. For example, in many

15 applications an error in pressure of 1less than 50
microbars will be acceptable.

Having thereby described the subject matter of this
invention, it should be apparent that many substitutions,
modifications, and variations of the invention may be

20 possible in 1light of the above teachings. It is
therefore to be understood that the invention as taught
and described herein is only to be limited to the extent

of the breadth and scope of the appended claims.
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WE CIATM:

1. A static pressure probe apparatus comprising:
an elongated hollow tubular stem member having a closed
end and a plurality of static preSsure ports disposed
around the periphery of the tubular stem member; .

a generally cylindrical collar member provided with
apertured end caps; wherein, each of the end caps are
provided with an enlarged central aperture, that is
dimensioned to sealingly engage the periphery of the
tubular stem member at locations spaced from the static
pressure ports in the tubular stem member; and, wherein
each of the end caps are further provided with a
plurality of pressure port apertures that are in open
fluid communication with the static pressure ports”in the
tubular stem member; and, 7

a plurality of disk members operatively associated
with the tubular stem membér.

2. The apparatus as in claim 2 wherein said
plurality of disk members comprise: ' '

at least one pair of disk members wherein the disk
members are disposed above and below the location of the
static pressure ports in thertubular'stem_membér.

3. The apparatus as in claim 1 wherein said
plurality of disk members comprise:

a pair of outer disk members disposed above and below
the cylindrical collar member; and, '

a pair of inner disk members disposed intermediate

the outer disk members and located above and below the
static pressure ports in the tubular stem member.

4. The apparatus as in claim 3 wherein the outer
disk members are spaced from the inner disk members.

5. The apparatus as in claim 4 wherein the inner

disk members are mounted flush with the end caps of the
collar member. '

SUBSTITUTE SHEET
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6. The apparatus as in claim 3 wherein the outer
disk members are approximately twice the width and
thickness of the inner disk members.

7. The apparatus as in claim 6 wherein the outer

5 disk members are provided with rounded edges.

8. The apparatus as in claim 6 wherein the inner
disk members are provided with beveled edges.

9. The apparatus as in claim 8 wherein the beveled
edges of the inner disk members face the adjacent outer

10 disk members.
10. The apparatus as in claim 1 wherein the plurality

of pressure port apertures are disposed perpendicular to
the alignment of the plurality of static pressure ports.

11. The apparatus as in claim 1 wherein all of the

15 structural components of the apparatus are fabricated

from plastic material.
12. The apparatus as in claim 6 wherein the outer

disk members are approximately twice the thickness of the

inner disk members.
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