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Abstract. This paper presents the design and manufacture wfreless Pitot tube for use in flight tests, stalso
presented the mechanical design, electronic, cafibn and validation trial of such equipment. Thi#goPtube in
guestion was designed to operate together with dbta acquisition system developed at Centro de déstu
Aeronduticos at Universidade Federal de Minas Ge(&EA-FDAS — “Flight Data Aquisition System”). CEDAS
is a low cost data acquisition system for useighfltests, which can be coupled to several sensdevices. One of
these devices, as in conventional flight test systensists of a Pitot tube with four sensors, wirchost cases must
be installed on the wingtip of the aircraft, witietacquisition of static and dynamic pressure, amen a set of two
flags to determine the angles of attack and side$le fact that the Pitot tube in question haswres to connect with
the data acquisition system is its best advantagerwcompared to its peers, what makes the instafligtrocess very
simple and fast in addition it is compatible withyatype of aircraft by simply providing the attagwh means to this
structure. Therefore, there is no need for instgllicables and hoses on the outside or inside ofwings of the
aircraft, as it should be done in a conventionaloPitube, what can often affect the aerodynamicaiafraft. The
system is divided into three parts, the Pitot tutself, where the sensors are installed, the samgpicircuit
(microcontroller and A / D converter) and the tram#ter. Inside the aircraft is the second part bé tsystem which
comprehends the receiver, microcontroller and Ddofwerter, this one is responsible for providiogrfindependent
analog outputs, and each one of them has a vallofoltage proportional to the quantity measur&tese outputs
are then connected to the CEA-FDAS data acquisisigstem inputs. Thus ,it is possible to know thermmations
about the static and dynamic pressures, and argflestack and sideslip.

Keywords: Pitot tube, Flight test, Data Acquisition

1. INTRODUCTION

This paper presents the design, development andfaeuare of a wireless Pitot tube to be used ghflitests. This
tube will be used to measure the speed, staticspreqto determine the altitude) and also the angfeattack and
sideslip of the aircraft. The Pitot tube will waidgether with a data acquisition system called GERAS (Flight Data
Acquisition System) that is an acquisition systeaveloped at CEA — Centro de Estudos Aeronautic@&tgt of
Aeronautical Studies), from Universidade FederaWilgas Gerais (Oliveira, 2008).

The Pitot tube is an instrument developed by tlenéhn physicist Henri Pitot, in the eighteenth cento measure
the speed of the fluid flow (Anderson, 1991). lsriking principle is based on pressure sensors (twimay be a simple
column manometer, or a digital sensor) that meastatc and total pressure of a fluid in motion.rdugh the
differences between these two pressures it is lplest determine the dynamic pressure of flow drghtcalculate its

speed according to equation (1).
V = E (1)
\/ Yo

Where p represents the density of the fluid, aA® the difference between the static and total press(dynamic
pressure). For a density in kg/m3 and a pressupajmespectively, we get to the speed in m/s.

The Pitot tube has nowadays a wide applicationiafhgi the aeronautics field, being the main wayneasure the
airspeed of an aircraft flying.

A major problem of the utilization of the Pitot ®in an aircraft is its installation. In generak equipment must be
installed at the wingtip of the aircraft, and theaisition system and data processing is in itsriot. Therefore, it is
required to establish anyhow the communication betwthem.
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In a conventional Pitot tube, this communicatiomiade through tubes (pressure lines) or wires, thighelectrical
signals from the detectors. However, there is abaagifficulty in the installation of the equipmebecause not all the
time one has access to the interior of the winigstall the cables and, very often the installatiéthe tubes and cables
on the outside of the wing, when not predictedanign, can be dangerous to the flight and evercestine operational
safety of the aircraft.

For this reason, a Pitot tube that can communitatbe data processing central through a wirelesaark, is of
extreme importance, largely by facilitating thetalstion of the tube at the wingtip or at any atpart of the aircratft.
Furthermore, it makes the procedure safer. Becalifftose facts, it was chosen to manufacture alegisePitot tube
that attended to the operation needs of the fliggitat CEA.

In the next topics, it will be presented the medatalinand electronic design of the equipment, thibaion
procedure, and an example of its application iligatftest.

2. THE PITOT TUBE PROJECT

The fabrication of the pressure sensors probeRifai tube must follow some rules so that the meamants can be
trusted. The Pitot tube is composed of its probas;of them is for the static pressure takingsathié sides and another
for taking the total flow pressure (or stagnatioagsure) located at the end of the tube. The sbfahe air takings (in
relation to the input) and the position must belistd. The Pitot tube proposed has also two flagatéa on its sides at
90 degrees one from another, to be responsibliéodetermination of the incident flow degree am Bitot tube.

Next, there is a brief description about the desijeach part of the Pitot tube.

2.1. Total pressure taking

The geometric shape of the frontal air taking & Fitot tube (total pressure taking), influenceedly the tube’s
errors sensitivity related to the its non-alignmauiith the flow. Since the designed Pitot must workan airplane,
where there is incidence of a flow not-aligned viith tube, it is necessary to examine this effect.

Benedict (1984) presents a study on the tip shpleedPitot tube and its influence on error dughis alignment,
Figure 1. Therefore, it was chosen for the Pitatoeoned the shape indicated by a filled triangle afbalance between
quality and ease construction.
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Figure 1 — Influence of the shape in the total gues taking

2.2. Static Pressure taking

When taking the static pressure there is also asggomabout the correct installation of the equipinerminimize
the errors in the system. Benedict (1984) recomméimak the takings be distributed along a line s€tbe tube face so
that the average pressure in the center becomes &xthe flow in case of misalignment, and theirtgk positions
along the tube longitudinally should be a committtenthe reduction “nose effect” and “stem effedigure 2. The
relation chosen was; x x, = 4D, because it was required that there was angtiment between the reduction of the
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measurement errors, sufficient tube diameter feritistallation of the sensors, and the compactoetise system as a
whole.
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Figure 2 — Influence of the total pressure taking

2.3. Flow direction flag

The flags used to measure the direction of thedamdi flow of the tube were installed on its sideter taking the
static pressure, in a section where it was neeml@tttease the diameter of the tube for the pasiensors installation
of each flag. The two flags were installed each bireupported in two mini-bearings so they couldnsfreely
following the direction of the flow.
2.4. Final aspect of the instrument

Figure 3 shows a tridimensional model with the [fimgpect of the Pitot tube. A great part of thestant section at

the end of the mechanism can be observed. Thisipagquired to comprehend all the electronic apipsrand data
transmission system that will be described later.
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Figure 3. Sketch of the manufactured Pitot tube 4

The indications represent:

Total pressure taking.

Static pressure taking.

Flag for determing the flow direction.

Covers to give access to the bearing and sensohg dags.
Section for conditioning the electronic apparatus.
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Figure 4 shows the Pitot tube completely finishadhe support used for calibration in the wind teinn

Figure 4. Final aspect of the Pitot tube

3. ELECTRONIC SYSTEM

The wireless electronic part of the Pitot's tubedigided into two distinct parts, the sampling anghsmission
circuit, located within the Pitot tube, and theapgiion unit.

Inside the Pitot tube there are the static and whymgressure sensors, and the Hall Effect sensbishware
responsible for detecting the attack and sidesigles of the flags of the aircraft. Moreover, iistpart of the system
are installed signal sampling circuits and thedcaiver, acting as a transmitter.

At the reception unit, installed inside the airtrétiere is another transceiver, in this casengas receptor, and the
D/A converter circulits.

Therefore, in the Pitot tube, the signals comingmfrthe sensors are sampled and sent through al seria
communication, in text format, to a transmitter miedthat transmits it through a radio frequency,lin e., wirelessly,
to the reception unit. In this unit, the serialrfat received sign is converted to the standard &Rl sent to the D/A
converter. Once reconstructed, the analogical Egvfaeach sensor are sent to the data acquisiistem, the CEA-
FDAS, using four independent channels.

Figure 5 shows the general diagram, in blockshefwhole system.

Pitot tube

Microcontroller Transceiver \
HAC-LN96
PIC16F88 )

YVY

Sensors
Analog Serial ((F‘
signals
and SPI
Transceiver
< D/A Microcontroller _
CEA-FDAS g converter PIC16F877 HAC-LN96
(RX)
Sinais SPI Serial
analégicos

Receiver

Figure 5. General diagram of the system

In the next section, more details about the traibsnand the reception unit are presented.
3.1. The transmitter

In the Pitot tube are installed two Hall Effect sers, model A3515 produced by Allegro Microsystekegro,
2011) that converts the position of the attack aittbslip angles of the flags into DC signals andctvhvalue is

1 SPI - Serial Peripheral Interface
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proportional to the positions of them. To measine dynamic pressure, it is used the pressure séfBXN/5004 of
Freescale Semiconductor, which also has an analogigput. Hence, the signals from the Hall Effeenhsors and
dynamic pressure sensors are connected to threed@izerters in the sampling microcontroller.

To measure the static pressure, it is used a peessunsor SCP1000 of VTI Technologies. This sersapposition
to the rest, has a standard SPI digital output,tiamsl being connected to the microcontroller thioitg SPI port.

The choice of the microcontroller, in this case FHC16F88 from Microchip, was made according toahailable
peripherals of it. In this situation, they were #r@alogical signals inputs (A/D converters), staddaP| port and serial
communication port standard RS232 (USART).

The microcontroller, in additional to performingethnalogical signals sampling, also has the fundtiaconvert the
sampled informations into text format and send therhe radio transmitter, this one will send tlagadto the receptor
inside the aircraft. The diagram in blocks of thensmitter is presented in figure 6. Figure 7 shdwesfinal aspect of
the data transmitter circuit that is installed be karger diameter tube at the back of the tube.

Hall sensor Hall sensor Dynamic Static
Attack Sideslip pressure pressure
angle angle sensor sensor
Analog SPI
Analog Analog

Microcontroller
PIC16F88

Serial )))

Transceiver
HAC-LN96
(TX)

Figure 6 — Transmitter diagram

Figure 7. Pitot’s internal transmitter system (withthe battery)

A rechargeable battery NiCd with capacity of 600mekid nominal voltage 9,6 V is used to power thetRitbe.
With this battery, it was reached a range of apipnately one hour and thirty minutes for the systastording to the
battery discharge curve in Figure 8. This curve wlatsined with the load circuit of the Pitot tuleg., a real loading
situation.

3.2. The receptor

The receiver unit is composed by a transmitteringcas a receiver, that receives the data throbhghwireless
interface and let the data available at anotherfate output in the standard RS232. The availdala, in text format,
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are sent to the microcontroller, PIC16F877 alsMifrochip, where they are converted to standard &l sent to the
D/A converter, model DAC7554 produced by Texasrimsents.

The choice of D/A converter was based on its régaiunumber of bits in this case 12 bits), and tlwnber of
output channels.

Therefore, the receiver unit provides four indemaridanalog outputs, and each one of them corresptma
guantity being measured. These outputs are themected to the data acquisition system inputs, CBAS.

Figure 9 shows the diagram in blocks of the regeirgt, whereas in Figure 10 it is presented aupectvith the
conditioning aspect of this receiver system.

11—

Volts [V]

Time [min]

Figure 8. Discharge curve — Battery NiCd 9.6V 600mA= 21°C
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Transceiver
HAC-LN96

Microcontroller

PIC16F877 Serial (RX)
SPI
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Attack angle
D/A

converter Static pressure CEA-FDAS

Dynamic pressure

Figure 9. Diagram in blocks of the receiver unit

Figure 10. Aspect of the receiver
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Regarding the power of the receiver unit, it isyided by the CEA-FDAS itself. CEA-FDAS can have @&n
battery or it can be powered by the aircraft's poeircuits.

4. CALIBRATION OF THE SYSTEM

The system’s calibration was divided into two parswind tunnel, where the flags of the flow dirent
measurements were calibrated, and another at tisgdewf the wind tunnel, where the static and dyicapressure
sensors were calibrated independently.

This separation is due to the fact that the avkdlabnd tunnel is small, reaching speeds of up8a#s, and not
being possible a great reduction in the staticqaresand obtain high speeds. This fact made imiplessie calibration
of the pressure sensors inside the wind tunnehuseeit could not achieve the speed ranges arnd gtassure required
inside the Pitot tube.

The tunnel in use is a small teaching tunnel atvéhsidade Federal de Minas Geré#slho, 2005). Figure 11
presents a Pitot tube mounted inside the tunneké#dibration, where it also can be observed a stditot tube,
responsible for measuring the tunnel flow.

In sequence, it is made a brief description of estabe of the calibration. In the calibration picae it is supposed
to obtain a curve that relates the output signahefacquisition system with the physical quantitgasured by the
instrument.

Tunnel’s Pitot tube

Figure 11. Pitot tube mounted inside the wind tlinne

4.1. Calibration of the static and total pressure mbes.

As described previously, due to low capacity ofwhed tunnel, the errors in the static and tota&lssure takings of
the Pitot tube were only verified for low speedst@ possible procedure in the tunnel). Becaugbaif the data of the
Pitot test were compared to the data of the Pitah® tunnel. The pressure measurement was pertbusiag an U-
tube manometer, and the comparison between th@twwbindicated that the errors in the operatinggeaof the tunnel
were less than 1%.

4.2. Calibration of the flags

The wind tunnel was used for the calibration of flags, where there is a spinning and graduatele t&tshen the
tunnel is at work, it is possible to spin the Pttdie inside of it so the flags remain aligned vifité flow.

Since the table is graduated, it is possible tonktige position of the Pitot tube in relation to flew and, through
the output signal of the acquisition system, triee curve relating the output signal, and the amgleach flag in
relation to the flow.

Due to the limitations of physical space in thertelnthe calibration limits for each of the flagere from -30 to +
30 degrees, values that are sufficient for the atpeg range of angle of attack and sideslip ofierait.

Figure 12 presents an example of the calibratiomecof one of the flags, the polynomial fit chossrindicated in
the chart.
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Figure 12. Calibration curve of one flag

4.3. Calibration of the pressure sensors

For the calibration of the pressure sensors it wsed U-tube manometer, and the application of press the
sensors was performed using a surgical syringes Why it could be applied a certain amount of pres$o the sensors
and through the U-tube, identify the value of apglpressure, then, knowing the response signaieohtquisition
system, determine the calibration of the sensors.

Figure 13 shows the apparatus used for the catiloraf pressure sensors, and in Figure 14, thetteeigxample of
the calibration curve of one of the sensors, hbrestatic pressure sensor. In the graph theralsoethe coefficients of
the polynomial fit chosen for the curve.
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Figure 14. Calibration curve of the static pressamesor
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5. APPLICATION

The wireless Pitot tube at CEA has been appliedessgfully in several flight test operations at Cente Estudos
Aeronauticos (Center for Aeronautical Studies) &M&G. Some highlights of CEA are: i) testing of guuient and
flight test classes on the UFMG’s Curumim aircréjttesting of aircraft CEA-309, produced in acabib UFMG, ii)
testing the P-1 glider, produced in ITA, iv) tegtithe aircraft ACS-100 Sora, v) testing the airtckabl Peregrino.

Figure 15 presents a set of data obtained frorPiiod flight test aircraft ACS-100 Sora. In thisagh, it can be seen
the altitude data (from the static pressure prafided and angles of attack and sideslip. All efrttobtained from the
wireless Pitot tube developed. The presented ddiga only to one lane shift of the aircraft, and s not treated.
They are presented here only as an example.
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Figure 15. Example of data of ACS-100 Sora

6. CONCLUSION

In this paper it was described the design and dewednt of a Pitot tube for use in wireless flighdéts. The study
highlights its great advantage, especially havingniind the operation without wires and hoses, itatihg its

installation on the aircraft.
It was presented the development of the probebetdtal and static taking, the measuring flagshefincident

direction of the flow, and the entire processingteyn, and data sending to the data acquisitioeisyst
The system has been of great use in procedureflight tests of the CEA’s aircrafts, and it is wigeapplied
successfully in these operations and produces stensiand reliable results.
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