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Probes for Measuring Pressuresin Flowing Gases

A. OBJECTS OF THE INVENTION

The present invention relates to an improved static pressure probe which is capable of providing a
near-instantaneous (dynamic) static pressure measurement in afluid flow field. A primary object
of the invention isto provide aflow field static pressure measurement assembly comprising of the
following elements: (1) A probe mounting stem, (2) A cartridge insert which contains both a
commercially-available, fast-acting, electronic pressure-sensing transducer and conventional
pneumatic pressure-sensing passages, and (3) Two static pressure probe tips which screw on to
the probe stem. Each probe tip is optimized for flow field static pressure measurements in two
separate flow regimes. The cone/cylinder probe tip is optimized for static pressure measurements
in supersonic flow fields while the sphere/cylinder probe tip is used for the same measurements in
subsonic flow fields. Another objective of the invention is to exploit the high frequency
measurement capability of the electronic pressure transducer so that the static probe assembly is
optimized to acquire multiple individual pressure measurements per second. A limitation of the
invention isthat the probeis suited for use in gaseous fluid flows only, not liquids.

B. COMMERCIAL APPLICATIONS

The present invention relates to an improved static pressure probe which is capable of providing a
near-instantaneous (dynamic) static pressure measurement in afluid flow field. Two areas where
we see a commercia application of this invention is the aircraft industry and the natural gas
pipeline transmission industry.

With the advent of digital flight controls, modern production aircraft now have the capability of
efficiently monitoring highly sophisticated in-flight instrumentation to better assess the flow field
in which the planeisflying. In particular, these flight control systems attempt to determine when
detrimental atmospheric conditions such as wind shear and increased turbulence are present so that
corrective flight control measures can be implemented immediately to avert a mishap. Our
invention is well-suited as a piece of instrumentation intended to augment an aircraft digital flight
control system. The main advantage of this dynamic static pressure probe over the current art is
that this probe can provide the digital flight control system an instantaneous, time-varying trace of
flow field static pressure which can be used to assess the aircraft’s immediate flow field
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conditions. Also, the physical dimensions of the prototype probes are an appropriate scale for use
as an aircraft pressure-sensing probe.

This probe may also see some potential use as a static pressure sensor in the natural gas pipeline
transmission industry. In this application, the probe (or an array of probes) can be installed in a
gas transmission pipeline segment. As with the aircraft application, the probe will provide an
instantaneous, time-varying trace of the local flow field static pressure. The static pressure probe
can be used to augment a transmission pipeline mass flow control system.

C. DISCLOSURE OF INVENTION

1. Purpose

The present invention relates to an improved static pressure probe which is capable of providing a
near-instantaneous (dynamic) static pressure measurement in afluid flow field.

2. Prior Art and Disadvantages of the Prior Art

Conventional flow field static pressure measurement probes typically are manufactured with
pneumatic pressure passages and use tubing to transmit the sensed static pressure to measurement
transducers located some distance away from the actual sensor point. Because the pressure-
measuring transducer is located so far from the sensing point, a significant volume of fluid
between the measurement and sensing location tends to damp out any rapid fluctuation in static
pressure at the probe sensing point. Hence, the transducer tends to measure a time-averaged static
pressure rather than an instantaneous static pressure. 1n addition, there can be a significant time lag
present between when the pressure is sensed and when it is actually measured by the transducer.

3. Description of the Invention

A primary object of theinvention isto provide aflow field static pressure measurement assembly
comprising of the following elements shown in the engineering assembly drawing number
27146X XX X101: (1) A probe mounting stem (Part 102), (2) A cartridge insert which contains
both a commercially-available, fast-acting, electronic pressure-sensing transducer (dynamic
pressure transducer) and conventional pneumatic pressure-sensing passages (Part 103), and (3) a
static pressure probe tip which screws on to the probe stem (Part 104). The probe tip shown in the
drawing is a cone/cylinder geometry which is optimized for static pressure measurements in

-2- LEW-16348



supersonic flow fields. Alternatively, a sphere/cylinder probe tip geometry, which is not illustrated
in the drawing, can be used for static pressure measurementsin subsonic flow fields.

As shown in the assembly drawing, the pressure measurement cartridge insert subassembly (Part
103) mounts within the probe stem (Part 102). The appropriate static pressure probe tip (Part 104)
screws onto the threaded portion of the probe stem to form the compl ete flow field static pressure
probe assembly.

The pressure measurement cartridge details are shown in engineering drawing number
27146X XX X103. There are two methods of pressure measurement incorporated into this
cartridge: (1) A dynamic pressure measurement capability provided by a commercially-available
fast-acting, electronic pressure-sensing transducer, and (2) A time-averaged (steady-state) pressure
measurement capability provided by a pneumatic-sensing approach which consists of a series of
machined fluid flow passages.

The dynamic pressure transducer is not shown in the drawing. However, the transducer mounts
within the 0.067 in diameter passage at the centerline of the cartridge, and the sensing portion of
the transducer is flush with the cartridge front face (Surface B). This pressure transducer is a self-
contained unit; only awireis used to transmit the electronic pressure measurement signal.

The pneumatic pressure-sensing apparatus consists of four 0.020 in passages spaced 90 degrees
apart that duct the sensed pressure to a plenum. The plenum is actually a0.025 in wide slot milled
into the cartridge. At the rear of the plenum is a single 0.020 in diameter channel which has
provisions to attach tubing which transmits the pressure measurement to the steady-state pressure
transducer.

Two O-rings are used on the outer surface of the pressure sensing cartridge to seal the air passages
and also to hold the cartridge in the probe stem. These O-rings mount in the two milled slots just
downstream of the plenum slot.

The detailed drawing of the static pressure measurement tip is shown in engineering drawing
number 27146XXXX104. The external shape and locations of the static pressure measurement
ports are a standard design that has been proven to successfully measure flow field static pressures
in supersonic flow. Alternatively, a different external design would be specified if the probe
assembly were used to obtain flow field static pressure measurements in subsonic flow. The
internal passages of these probe tips are unique to this invention and are optimized to integrate with
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the above-mentioned cartridge assembly so that accurate dynamic and steady-state static pressure
measurements can be acquired simultaneously. The major features of these internal passages
would be similar in each probe (supersonic or subsonic).

A significant portion of the probe tip internal passage acts as a sleeve to house the pressure
measurement cartridge. Just upstream of this sleeve, another passage is machined in the probe tip
which is intersected by eight 0.020 in radial holes. These radial holes are the actual pressure
sensing mechanism for the entire static probe assembly and are typically referred to as static
pressure measurement ports. That is, when this static pressure probe is used to acquire pressure
measurements in a gaseous flow field, the measurements are actually made by these eight ports.
The passage that these static pressure ports intersect acts as a plenum. It is the pressure in this
plenum that is actually measured by both the dynamic pressure transducer and the steady-state
pneumatic system.

This pressure sensing tip screws onto a hollow probe stem which is depicted in the engineering
drawing number 27146XXXX102. This stem serves the following purposes for the static probe
assembly:

a  Itservesasaholder for the pressure sensing cartridge.

b. Itisused asamounting platform for the static pressure measurement tip.

C. Itisused to attach the entire probe assembly to afacility mounting apparatus.

d. It shieldsthe tubing and electronic wire that is attached to the pressure sensing cartridge.

One concern of the probe assembly isthat the probe tip may tend to unscrew during actual use due
to factors such as vibration, pressure loadings, and thermal gradient effects. For this reason we
chose an extremely fine thread pitch (40 TPI) for the prototype probes coupled with the application

of amild thread locking compound when assembling the two parts. We experienced no instances
of the probe unscrewing at all during our development testing program.
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4. Operation of the Invention

In actual use, the static probe assembly is immersed in a flow field in which a static pressure
measurement is desired. In the Figure 1 photograph, a pair of these probes are installed in a small
supersonic wind tunnel for development testing. At the exit of each probe stem, a pneumatic tube
and electronic wire must be routed to the measurement apparatus. The probe measures the local
flow field static pressure in the following manner:

a  The external aerodynamic shape of the probe tip ensures that the local pressure at the eight
measurement taps on the surface is equal to the static pressure of the flow field in which the
probe is immersed.

b.  The pressure within the probe measurement ports and the plenum adjust to this externa
pressure.

c.  Thedynamic pressure transducer located in the cartridge assembly immediately senses this
pressure via electronic means and sends the signal through the transmission wire to the
external signal processing equipment. Depending on how well this electronic transducer is
integrated into the probe measurement tip, accurate static pressure measurements will be
obtained on the order of 10 to 500 measurements per second. This results in a near-
instantaneous static pressure measurement capability which can respond to measure a change
in pressure on the order of milliseconds.

d. Concurrently, the same pressure in the plenum is measured by the pneumatic system.
However, the volume of fluid in the pneumatic passages upstream of the pressure transducer
results in a steady-state pressure measurement similar to what is measured with a
conventional pneumatic static pressure probe.
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Figure 1
Prototype Dynamic Static Pressure Probes Installed in a Supersonic Wind Tunnel

5. Validation Testing

From the results of the conceptual study of this flow field static pressure measurement concept, a
number of prototype probes are fabricated to the specifications shown in the engineering drawings.
A series of developmental tests are proposed to validate the measurement concept:

a  Tests where the probes are immersed in a steady-state supersonic flow field with some
transient pressure fluctuations. Objectives of this testing is to determine whether both
measurement methods in the probe are measuring the correct steady-state flow field static
pressure. Begin to evaluate the dynamic measurement capability of the probe by acquiring
some transient data with the high-response transducer.

b.  Tests where the probes are immersed in a transient flow field. A shock tube is used to
provide a step change in static pressure at the probe measuring station. Objectives of this
testing is to characterize the near-instantaneous (dynamic) pressure measurement capability
of the probe.
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In the present development study, the electronic transducer/data acquisition system is capable of
obtaining 250,000 measurements per second. This rapid sampling rate coupled with the
transducer’ s near proximity to the measurement location results in a near-instantaneous pressure
measurement. Although the transducer is capable of providing 250,000 measurements per
second, the actual pressure measurement rate by the probe assembly is much less due to
measurement damping effects caused by the measurement taps/plenum portion of the probe. For
the prototype testing, the plenum chamber in the probetip is deliberately oversized as shown in the
engineering drawing (number 27146XXXX104). Various plenum volumes are chosen as a
means of optimizing the dynamic pressure capability of the probe.

From the phase one testing, we determined the following:

a  The static pressure probe did measure the correct free stream static pressures at supersonic
flow conditions. Testing was conducted at free stream nominal Mach numbers of 1.6, 2.0,
and 2.5.

b.  Both pressure measurement techniques incorporated in the static pressure probe measured
static pressures within 0.02 psia of each other (worst case). This amounts to a one to two
percent discrepancy in static pressure measurement based on the static pressures measured in
thisinvestigation. The rms value of the dynamic pressure transducer signal is compared to
the time-averaged pneumatic pressure measurement for these comparisons.

c. Different probe plenum chamber volumes did not affect the steady-state measurement
capability of the probes.

d. The unsteady pressure measurement with the electronic transducer did react to changes in
static pressure due to transients in the flow field. In particular, the probe did sense the change
in static pressure due to shock waves passing through the flow field.

The phase 2 portion of the validation testing will be conducted later in the calendar year. The focus
of this testing will be to optimize the frequency response (sampling rate) of the static pressure
probe assembly.
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6.

Advantages Over Prior Art

The advantages of thisflow field static pressure probe over the prior art are listed below:

Probe is capable of responding to a transient change of a flow field static pressure much
quicker than the prior art. Prior art response times are on the order of seconds while this
invention is capable of responding and measuring a pressure transient on the order of
milliseconds.

Probe is capable of simultaneously measuring static pressure via two methods: (1) A
dynamic pressure transducer to capture transient effects, and (2) Pneumatic pressure sensing
system to capture steady-state effects.

Modular nature of probe assembly allows probe to be used in various flow fields such as
subsonic and supersonic airflow by changing the probe tip. Prior art fabricated complete

probes for usein one type of flow field only.

Features Believed to be New

The following features of the invention are believed to be new:

a

Dynamic pressure measurement capability of static pressure by placing a dynamic pressure
transducer within aflow field static pressure probe.

Novel design of removable cartridge assembly that allows simultaneous measurement of
transient and steady-state static pressure via two independent measurement systems.

Modular design of probe allows a variety of probe tips to easily reconfigure the probe
assembly for use in different flow fields.
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8. Contribution of Inventors

The contributions of each inventor to thisinvention are listed below:

a A. Robert Porro

1. Envisioned mounting a dynamic pressure transducer within a static pressure probe to
improve measurement response times.

2. Conceptual design of probe cartridge insert that simultaneously measures transient and
steady-state static pressure.

b. Michael A. Ernst
1. Envisioned that the static pressure probe assembly be designed and assembled in a
modular fashion so that a variety of static pressure measurement tips could be easily

adapted to the probe assembly.

2. Detailed engineering design of all parts of probe assembly.
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