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Presentation Notes
Good morning everyone. I’m Juan Carlos Matías, I come from the Experimental Aerodynamics Department of the National Institute for Aerospace Technology, located here in Spain. I’m going to present an Experimental Analysis of Unmmaned Aerial Vehicles Operations on Military Frigates.
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Presenter
Presentation Notes
The outline of the presentation is displayed here. Fristly, I will start with an Introduction of the place where I work, and the goals of the study. Later, I will explain the experimental set-up used for the analysis such as the low-speed wind tunnel, the frigate aft-deck scaled model, the Particle Image Velocimetry system and the ultrasonic annemometer used for obtain measurements of the flow, whose scale represents a UAV. The results will be explained in the third section, with the non-dimensional velocity maps obtained throught PIV, the measurements taken with the ultrasonic anemometer and a spectral analysis to detect frequencies of the flow. I’ll finalize with conclusions extrected from the study.
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National Institute for Aerospace Technology (INTA):

Public Research Organization that depends on the Spanish Ministry of Defence.

It is responsible for performing scientific research activities and prototypes in
its field of knowledge, as well as for providing technological services to
companies in the industry, universities and other institutions.

INTA specializes in technological research and development in

 Aerospace

 Aeronautics

 Hydrodynamics

 Security and defense technologies.

Presenter
Presentation Notes
This work has been made at the National Institute for Aerospace Technology. It iss a public research organization that depends on the Spanish Ministry of Defence. It performs scientific research activities and prototypes, and provide technological services to companies in the industry, universities and other institutions. Specifically, we are specialized in research and development in Aerospace, Aeronautics, Hydrodynamics and Security and Defense. 
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National Institute for Aerospace Technology (INTA):

Experimental Aerodynamics

 Aerospace

 Aeronautics

 Hydrodynamics

 Security and defense technologies.

Aviation Systems Flight Physics Aerodynamic Testing

Low-Speed Wind Tunnel

Sub-Directorae Generale Department Area

Presenter
Presentation Notes
Specifically, my department is Experimental Aerodynamics, which is inside Aeronautics, the Sub-Directorae Generale of Aviation Systems, inside the Department of Flight Physics. And we have different laboratories and wind tunnel facilities such as low-speed wind tunnel used for this study. To characterize the aerodynamic field around bodies, we use advanced velocity measurement techniques. For example, the Particle Image Velocimetry (PIV) or the Laser Doppler Annemometry (LDA). 
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Wind-Tunnel testing of:

 Frigate Aerodynamics

 Helicopter Aerodynamics

 Unmanned Aerial Vehicles (UAVs)

 Civil Engineering (Buildings, Airport terminals…)

 Others: MARS2020, filters…

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

National Institute for Aerospace Technology (INTA):

Experimental Aerodynamics

Aerodynamic Interference
Aircraft - Frigates

Presenter
Presentation Notes
At the wind tunnel, I work as a wind-tunnel engineer performing tests in different fields. Frigate, helicopter and Unmanned Aerial Vehicles aerodynamics. Also, we perform tests for civil engineering with buildings, airport terminals and other fields such as the MARS2020 rover. But this study is included in the first three fields, inside that we call aerodynamic interference between aircraft and frigates. 
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Aerodynamic Interference (Frigate – Aircraft)
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National Institute for Aerospace Technology (INTA):

Experimental Aerodynamics

 Commercial Testing Flight Envelopes

Aerodynamic Characterization Active Flow Control Passive Flow Control

Frigate Aft-Deck Rotor Aerodynamics Blowing Hangar Geometry Changes

 Research & Development

Presenter
Presentation Notes
The studies about aerodynamic interference between frigate and aircraft include two different fields. There are comercial tests to determine flight envelopes and establish under which wind condditions is safe for an aircraft to operate around a specific frigate. In theses tests we perform wind tunnel tryals taking velocity measurements above the flight-deck of a scaled model of a frigate and different wind velocities and angles with respect to the flight deck.Other studies are about research and development. They try to characterize the flow above a frigate flight-deck, to describe the flow detachment produced and recirculation areas behind the superestructure, others using for example active flow control (with blowing) or passive flow control (with geometry changes of the hangar) to improve the flow above the flight deck and make the aircraft operations there safer. 
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Flight tests of Scan Eagle above
“Reina Sofía” spanish Frigate.

UAV flights around frigates can be complex and high-risk operations.

Numerical, wind-tunnel and full-scale flight tests are essential 
to know possible interferences with UAVs operations. 

 Ship movement

 Turbulent flow generated
by the non-aerodynamic
shapes of the frigate

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

THE PROBLEM:

Presenter
Presentation Notes
What is the problema then? UAV flights around frigates are complex and high-risk operations. This is due to the ship movement produced by the sea condition and especially because the turbulent flow generated by the non-aerodynamic shapes of the frigates. Then, numerical, wind-tunnel and full-scale flight tests are really helpful to know possible interferences with UAVs operations. At the right, we can see some photographs taken on the Reina Sofía spanish Frigate during Flight tests of an UAV called Scan Eagle. 
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GOALS OF THE STUDY:

 Create a three-dimensional model of a
descending step which represents a
scaled aft-deck of a frigate.

 Select the proper scale of the model
(1:20) for wind tunnel testing

 Take velocity measurements by means of
PIV and ultrasonic anemometry in wind-
tunnel for amplitude and frequency
analysis.

Unmmaned Aircraft Vehicle
(UAV)

~ 5 𝒎𝒎

Ultrasonic Annemometer
(measurement volume)

1:20 scale

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

Presenter
Presentation Notes
Once we have seen the problema, the goals of the study are three: The first one is to create a three-dimensional model of a descending step which represents a scaled aft-deck of a frigate. The second one is to select the proper scale of the model. In this case, the measuruement volumen of the ultrasonic annemometer used is 250 mm, that are 5 meters at 1:20th scale, and can represent the size of a typical UAV operating on a military frigate. due to the size of the annemometer. Finally, the velocity measurements are extracted by PIV and ultrasonic anemometry in wind tunnel to perform amplitude and frequency analysis. 
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2.1 Low-speed wind tunnel

Low-speed wind tunnel T1 - National Institute for Aerospace Technology (INTA)

 Torrejón de Ardoz (Spain)

 Closed-circuit

 Open and elliptical test section of 2 m × 3 m

 Moving platform that represents the sea surface

 Maximum velocity of 60 m/s

 Engine power of 450 kW at 420 V.

 Low turbulence intensity (≤ 0.5 %)

 Reynolds number up to 4 million/m.

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

Presenter
Presentation Notes
The wind tunnel used for the tests is a closed-circuit wind tunnel with an open and elliptical test section of 2 m × 3 m and 3.5 m of length. Inside the tests section, there is a moving platform that represents the sea surface where the scaled frigate models can be placed for testing. The maximum velocity of the air that can be reached during the tests is 60 m/s. The engine has a maximum power of 450 kW at 420 V. And the wind tunnel allows tests with low turbulence intensity (under 0.5 %) and Reynolds number up to 4 million/m.
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2.2 Frigate aft-deck scaled model

SIMPLE FRIGATE SHAPE

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

 Simplified model to investigate the basic flow fields of a frigate

 Defined by The Technical Co-operative Program (TTCP)

Bow
Superstructure

Funnel
Hangar
Flight-Deck

Presenter
Presentation Notes
The frigate model taken as reference is the Simple Frigate Shape. Is a simplified model designed to investigate the basic flow fields of a frigate. It was defined by the Technical Co-operative Program (TTCP) and has the main features of a frigate: the bow, superestructure, the funnel, the hangar and the flight-deck where aircraft operate. 
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2.2 Frigate aft-deck scaled model

The geometry of the rear part of a frigate forms a descending step geometry.

The model tested is composed of three blocks:

1) Rear part of the frigate superstructure 60 × 60 × 60 cm3

2) Frigate aft-deck and its dimensions are 1250 x 60 x 30 cm3

3) Aerodynamic block to avoid an abrupt detachment of the flow

1:22 frigate aft-deckSimple Frigate Shape

L 
= 

Flight Testing of Unmanned Aerial Systems (UAS) 
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Its maximum size is limited by the non-blockage condition.

( < 10 % WT test section)

Presenter
Presentation Notes
The geometry of the flight-deck of the frigate forms a descending step geometry. And in order to increase the Reynolds number during the tests, the size of the model is maximized and only the descending step of the frigate is represented in the model tested. Its size is limited by the non-blockage condition of the wind tunnel. In this way, the front section of the model at 1:22 scale is 0.36 square meters and is lower than the 10 % of the wind tunnel test section.The final model used is composed of three blocks. The first one is a wooden box that represents the rear part of the frigate superstructure. The second block corresponds to the frigate aft-deck and has been manufactured of expanded polystyrene, which is a suitable material for hot wire cutting. This allows performing an internal cutout to hide the ultrasonic anemometer in different positions during the tests, avoiding aerodynamic interference. In addition, the blocks are painted with black lines to avoid laser reflections during PIV tests. Finally, due to length restrictions at the wind tunnel, a full 1:20 scaled frigate does not fit at the test section. Additionally, in a full frigate, the flow is attached on the top of the superestructure. Then, the third block, has an aerodynamic shape to avoid an abrupt detachment of the flow. 
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2.2 Frigate aft-deck scaled model

To check the proper working of the third block, CFD simulation and a smoke visualization test were performed:

Smoke Visualization test

Centerline Plane of Flight-Deck

CFD non-dimensional Velocities

0              0.3            0.6              0.9           1.2

C
FD

 S
im

ul
at

io
n
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Presenter
Presentation Notes
To check the proper working of the third block, a CFD simulation and a smoke visualization test were performed without and with the aerodynamic block installed. The results demonstrate that the flow detachment starts behind the superstructure, as in a full frigate. We did also an smoke visualization test to check this effect during the wind-tunnel tests. 
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2.3 Particle Image Velocimetry (PIV)

Advanced velocity measurement technique. Captures the position of small particles
seeded in the flow in order to measure their displacement and velocity, which
corresponds to the velocity of the flow.

Components:
 Particles seeding system.
 Two pulsed neodymium lasers 
 Camera.
 Synchronizer (Laser – Camera) 
 Computer.

Set-Up for experiments:

 Field of View (FOV) of 50 cm

 Fast Fourier Transform (FFT) for the correlation process

 Analysis window of 32 × 32 pixels

 Delay time between laser pulses of 25 μs.

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

Presenter
Presentation Notes
Particle Image Velocimetry (PIV) is an advanced velocity measurement technique that captures the position of small particles seeded in the flow in order to measure their displacement and velocity, which corresponds to the velocity of the flow.The PIV needs different components to work: A particles seeding system, composed of Laskin atomizers, that generates atomized particles of olive oil with a size of 1 μm. Two pulsed neodymium lasers are used to illuminate the flow region to study. A recording system composed of a digital camera with the proper lens installed. And synchronizer to trigger the laser pulses and the camera at the proper time.The specific experimental set-up used for the tests has a Field of View (FOV) of 50 cm, a Fast Fourier Transform (FFT) for the correlation process that gets the velocity vectors on each pair of images obtained, a size of analysis window of 32 × 32 pixels, and a delay time between laser pulses of 25 μs.
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2.4 Ultrasonic anemometry

Ultrasonic anemometry is a three components velocity
measurement technique based on the use of ultrasonic waves.

An ultrasonic pulse is emitted from the upper transducer to the
opposite transducer. Another pulse is emitted in the opposite
direction. The times that the pulses last to travel the distance
between the transducers is measured.

𝑡𝑡1 =
𝐿𝐿

𝑐𝑐 + 𝑉𝑉 𝑡𝑡2 =
𝐿𝐿

𝑐𝑐 + 𝑉𝑉

𝑉𝑉 =
𝐿𝐿
2

1
𝑡𝑡1
−

1
𝑡𝑡2

As the velocity of sound (c), distance (L), and times are known,
the velocity of the flow is,

WindMaster
1590-PK-020/W 

Data sampling: 
8 Hz, 20 Hz, or 32 Hz 

Flight Testing of Unmanned Aerial Systems (UAS) 
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Presenter
Presentation Notes
The second velocity measurement technique used is the Ultrasonic anemometry. It is a three components velocity measurement technique based on the use of ultrasonic waves to determine the velocity of a flow. An ultrasonic pulse is sended from the upper transducer to the opposite transducer. Another pulse is emitted in the opposite direction. The time that the pulses last to travel the distance between the transducers is measured (t1 and t2). As the velocity of sound (c), distance (L), and times are known, the velocity of the flow can be obtained using the following this expression. This operation is performed for the three pairs of transducers so three components of velocity are determined. In addition, it is important to note that the velocity measurement obtained is independent of factors such as temperature, pressure, or humidity. During the tests, the ultrasonic anemometer used is a WindMaster 1590 and is connected to a power source and a computer with the control software connected via a standard serial connector. The data sampling can be adjusted at 8 Hz, 20 Hz, or 32 Hz, which is the maximum recording frequency allowed by the anemometer used.
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2.4 Ultrasonic anemometry

The anemometer is placed in five positions where the UAV can be during maneuvers above the flight deck:

 Complex zone for the operation of
UAVs, with high velocity gradients
and turbulence intensity.

Position Z (mm) X (mm) X/L

P1 318 0 0

P2 318 80 0.13

P3 318 160 0.27

P4 318 240 0.4

P5 318 300 0.5

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

 Z = 318 mm is inside the shear
layer produced by the flow
detachment on the superstructure.

 Data is taken for 1 minute at wind
speeds of 𝑼𝑼∞ =10 and 15 m/s.

Presenter
Presentation Notes
During wind tunnel tests, the anemometer is placed in five different positions with respect to the scaled flight deck. In order to change the point of measurement, as the anemometer is installed in a fixed position, the scaled model is moved across the platform. These positions correspond to the positions where the UAV can be during maneuvers above the flight deck. The five measurements (points 1 to 5) are at 0 mm, 80 mm, 160 mm, 240 mm, and 300 mm from the flight deck center and at 318 mm of height from the deck surface. This height is critical since it is inside the shear layer produced by the flow detachment on the superstructure. Therefore, it could be a complex zone for the operation of UAVs, from the point of view of velocity gradients and turbulence intensity. At each position, data is taken for 1 minute at wind speeds of 10 and 15 m/s.
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3.1 PIV Non-dimensional velocity maps

L/4

L/4

L

P3

P2

P1

Non-dimensional Velocity

0                0.5                 1    1.2

Z
Z

Y Y

P1

P2 P3
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Presenter
Presentation Notes
Let’s start with the results. Firstly, the velocity maps obtained with PIV on the scaled flight deck are displayed here. The PIV tests allow determining the velocity field in three equidistant planes. One is placed at the symmetry axis (P1), another (P2) at 150 mm from P1, and the last one (P3) placed at 300 mm from the first.The results show a recirculation bubble in the wake of the three-dimensional descending step that reaches the center of the flight deck. This way, it clearly interferes with UAV operations on frigates. The shear layer produced by the flow detachment is also visible. It divides a region with velocities close to 1 and another region with lower velocities (between 0.3 and 0.9 in non-dimensional terms). The velocity measurements with the anemometer are taken at this height, where the velocity values constantly change, causing a turbulent and dangerous flow for the operation of UAVs.
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3.2 Ultrasonic anemometer: velocity measurements

Non-dimensional position (x/L) Non-dimensional position (x/L)

Non-dimensional velocity Turbulence Intensity (%)

𝑇𝑇𝑇𝑇 % =
𝜎𝜎𝑉𝑉
𝑈𝑈∞

� 100 𝜎𝜎𝑉𝑉 = �
1
3

(𝜎𝜎𝑢𝑢2 + 𝜎𝜎𝑣𝑣2 + 𝜎𝜎𝑤𝑤2

Turbulence intensity (%)

𝑈𝑈∞ = 10 − 15 m/s

𝑢𝑢 𝑣𝑣

𝑤𝑤 Velocity
Components

Flight Testing of Unmanned Aerial Systems (UAS) 
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Presenter
Presentation Notes
In this slide, the plots will represent the non-dimensional velocity components and turbulence intensity values measured by the ultrasonic anemometer at each position. The velocities are: U, V and W, for horizontal, lateral and vertical velocities respectively. The position is also represented in non-dimensional terms, with respect to the width of the scaled model (L). The largest variations are detected for the U velocity component. It decreases as we approach the center of the flight deck but later increases again. A contrary trend follows the turbulence, increasing first and decreasing at the last points. V velocities decrease with the position of the anemometer. On the contrary, the vertical velocities (W) increase with the closer we measure to the center. Then, the velocity variations are very significant, around a 60 % for the U component, a 25 % for the V component and a 20 % for the vertical velocity (W). Then, it can be affirmed that there must be vortex in the flow measured since the velocity along the main flow direction (U) and turbulence intensity suffers important variations on each position. Comparing the change of free-stream velocities from 10 to 15 m/s, the non-dimensional velocity values are quite similar for both cases. However, turbulence values are higher for 10 m/s tests. 



Velocity 𝑈𝑈

Velocity 𝑉𝑉

Velocity 𝑊𝑊
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3.3 Ultrasonic anemometer: spectral analysis

x/L = 0
x/L = - 0.5

𝑈𝑈∞ = 10

𝑢𝑢 𝑣𝑣

𝑤𝑤
Velocity
Components

PSD (𝑼𝑼∞ = 𝟏𝟏𝟏𝟏𝐦𝐦/𝐬𝐬)

Flight Testing of Unmanned Aerial Systems (UAS) 
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P1
1-2.5 Hz 

13 Hz
15 Hz

P2
1 Hz 

1.8 Hz
15 Hz

P3
5 Hz 

11 Hz
13; 14.5 Hz

Presenter
Presentation Notes
The frequency analysis and the spectrum of the signal help in determining characteristic frequencies and vortex shedding frequencies of the turbulent flow that could affect the UAV operation around the frigate. In fact, low-frequency vortex can affect the UAV operation and remoted pilot workload. Then, the Power Spectral Density (PSD) of signals measured by the ultrasonic anemometers are shown in the frequency range between 0 and 16 Hz, and for each for each velocity component at the five positions studied. U and V velocities do not present any relevant frequency peaks at any of the UAV positions. However, the vertical component W has important peaks at 1, 1.8, 2.5 Hz and 13 and 15 Hz for position 1, at 1.8 and 15 for position 2 and at 5, 11, 13 and 14.5 Hz for position 3 (P3).
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3.3 Ultrasonic anemometer: spectral analysis

x/L = 0
x/L = - 0.5

𝑈𝑈∞ = 15

𝑢𝑢 𝑣𝑣

𝑤𝑤
Velocity
Components

Velocity 𝑈𝑈

Velocity 𝑊𝑊

Velocity 𝑉𝑉

PSD (𝑼𝑼∞ = 𝟏𝟏𝟏𝟏𝐦𝐦/𝐬𝐬)

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

P3; P4
2-4 Hz 

13-16 Hz

P3
3 Hz

12 Hz
13 Hz

P1; P2; P3
14-16 Hz

P3
4 Hz

P2; P3; P4
12-16 Hz

Presenter
Presentation Notes
The PSD obtained with the 15 m/s of free-stream velocity data are displayed here. The U velocity has peaks at positions P3 and P4 for frequencies between 2 and 4 Hz and between 13 and 16 Hz. For the transversal velocity V, there are peaks for frequencies of 3 Hz, 12 Hz, 13 Hz for position 13.And between 14 and 16 Hz also for positions 1 and 2. Finally, the spectra of vertical velocity W, there is a noticeable peak at a frequency of 4 Hz position 3. And there are others frequency peaks between 12 to16 Hz, but they have lower intensity.
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Flow inside the turbulent wake of the rear part of a frigate has been experimentally analyzed.

Velocity and turbulence intensity at different points where a UAV can operate around a frigate has been studied.

 PIV for obtaining non-dimensional velocity maps above the flight deck.

 Ultrasonic anemometer to measure the three components of velocity,
turbulence intensity and spectral analysis.

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

High frequency Peaks
1-4 Hz 

11-16 Hz

UAV’s Operations

Presenter
Presentation Notes
In this work, the flow inside the turbulent wake of a three-dimensional descending step of a rear part of a frigate has been experimentally analyzed. The goal has been characterizing the velocity and turbulence intensity at different points where a UAV can operate around a frigate. By means of the PIV measurement technique, non-dimensional velocity maps have been obtained. Using three different planes, the flow recirculation bubble that generates the superstructure flow detachment has been clearly visible. And the position where the ultrasonic anemometer is placed coincides with the shear layer of the flow detachment, that is the region in we were interested in.After the PIV measurements, an ultrasonic anemometer has been used to measure the three components and the standard deviations of velocities inside a control volume given by the size of the anemometer measurement volume. Properly scaled, this volume represents the size of a UAV that can operate on a frigate. Finally the PSD data has been explained identifying the frequency peaks of each component of the velocity that can affect the proper UAV operation above the frigate flight deck. The major energy of frequency velocity peaks appear under a range of low frequencies between 1 and 4 Hz and 11 to 16 Hz and can affect seriously UAVs operations there.
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4.1 Next-steps

1:22 frigate aft-deck

𝟏𝟏𝒔𝒔𝒔𝒔 Step
Wind Tunnel Measurements

𝟐𝟐𝒏𝒏𝒏𝒏 Step
Full-Scale Measurements

𝟑𝟑𝒓𝒓𝒏𝒏 Step
UAV Flight-Tests on Frigate

Full-Scale Frigate MQ-8B Fire Scout above a frigate flight-deck

Flight Testing of Unmanned Aerial Systems (UAS) 
Segovia, Spain, 12-13 May 2022 

Presenter
Presentation Notes
The results contained in this paper are a first starting point before UAVs flight testing in a real situation around a frigate. They are a source of data obtained with wind tunnel scaled tests and can allow UAV designers to know the flow frequencies and turbulence intensity present on the flight deck of a frigate. The following step may be to use the same ultrasonic anemometers but placed on the flight deck of a real frigate. With all the data from the wind tunnel and the full-scale tests, the third phase can be carried out: flight-tests of UAV surrounding a frigate. The aircraft can be instrumented with pressure taps and accelerometers to record data during its flight around the frigate. 
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Presenter
Presentation Notes
Thanks for the attention and if you have any question I’ll be happy to answer then. 
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