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Wind Tunnel - I
◼ Length~23 m

◼ Test Section: 1.4m x 1.8m 
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Test room 
-2x turntables 
xyz-positioner

9x Fans 
(HCT-90-4T-7.5/AL IE3)

Straightener,
Honeycomb 
Turbulence Networks



Wind Tunnel - II

◼ Maximum speed: ~28m/s

◼ Turbulence level: <1%.

◼ Virtually uniform flow.

◼ In a cross section, 
◼ the spatial variation of the flow is <3%.
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Wind Tunnel - III
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Inrternal double layer Hexagonal honeycomb
Internal  double layer Square mesh

Externa Square Straightener

Straightener, Honeycomb Turbulence Networks



Wind Tunnel - IV
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Wind Tunnel - V
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9x Fans (HCT-90-4T-7.5/AL IE3)



Wind Tunnel - VI
◼ CAD Characterization
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Wind Tunnel - VII
◼ CFD Characterization

9Grupo de Ingeniería Aeroespacial (GIA) – ETSi Universidad de Sevilla



Wind Tunnel - VIII
◼ CFD Characterization
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Velocity profiles at minimum speed

Velocity profiles at maximum speed
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Measuring equipment - I

◼ Air velocity

◼ Hot wire (TSI)

◼ Digital Multimanometer (Pressure Systems)

◼ 5-hole anemometers (Aeroprobe)

◼ Other quantities

◼ 6-axis balances (ATI)

◼ MEMS Accelerometers (Measurement Specialities)

◼ Laser distance sensors (MEL)
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Hot wire

◼ Measures air velocity at high sampling frequency

◼ Excellent for measuring turbulence level

◼ Model: TSI IFA 300 with calibrator

◼ 4 channels, up to 850kHz

◼ Probes:
◼ single (vx)

◼ double (vx ,vy)

◼ triple (vx ,vy ,vz)
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Examples of captured data



Digital Multimanometer

◼ Measures the distribution of pressures on the surface of models.

◼ Model: Pressure Systems PSI 8400

◼ 128 channels

◼ Range: ±10 "H20=2.5kPa differential, accuracy: ±<<1Pa
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The multimanometer and the control and programming system
Junction box, half in use



5-hole anemometer

◼ They measure the velocity vector at a point 
over large ranges of angles of incidence.

◼ Manufacturer: Aeroprobe

◼ Probes of two types: straight and 'L' shaped

◼ Velocity: 1<v<40 m/s

◼ Incidence angle: ±60°.
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Example of data
Measurements in the wake of a test wing

Straight probe mounted on the positioner



6-axis scale

◼ Measure forces and torques Fx, Fy, Fz, Txy, 
Tyz, Tzx

◼ Models: ATI Gamma and Mini

◼ Mounted inside the model

◼ Gamma: maximum load ±400N

◼ Mini: maximum load ± 120N
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Gamma balance in wind tunnel
Gamma balance

Measurements of the 6 force components 
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Positioning equipment

◼ 3-axis system - x, y, z to place either probes or models

◼ 2 turntables - θ1, θ2 to position models

18Grupo de Ingeniería Aeroespacial (GIA) – ETSi Universidad de Sevilla

The positioner with the 5 marked axes

Control program

Straight probe mounted on the positioner

Reverse view
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Manufacturing Equipment

◼ Computerized manufacturing equipment

◼ 3D Printer (3D Systems)
◼ Rapid prototyping directly from CAD files

◼ RESIN

◼ Design volume: 220 x 170 x 200 mm

◼ Plastic based: PET, ABS, PTG, etc…

◼ Resin based: Epoxy material resin
◼ Resolution: ~200 x 200 x 200 x 100 μm

◼ Deposits layer by layer; wipes off excess material; and cures with ultraviolet light

◼ Laser Cutter

◼ Pantograph (Mecanicam)
◼ Prototypes manufactured directly from CAD files
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Manufacturing Equipment
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3D printing Capabilities
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Processing Data - I
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Wind Tunnel Facilities

Assembly System
Positioning System

Labview Force and moments SetUp

Velocity Adquisition system
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Processing Data - II

Data Adquisition
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Campaign 2

Data Post-processing

Data Fitting

Data Filtering
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EMERGENTIA PROVANT

◼ Aerodynamic Studies: wind tunnel and CFD

◼ Propulsive studies: wind tunnel and theoretical models

◼ Flying Qualities Studies: wind tunnel and 6DOF Models

◼ Structural Studies: FEM

◼ Mechanical Analysis

◼ CAD-CAM process: multilevel BOM, CTI, ATI, manufacturing

◼ Embedded Cyberphysical systems Design

◼ Generation and Management of Energies: hibridization of battery and fuel cell

◼ Autonomous Guidance, Navigation and control

◼ Remote Carrier Small

◼ Swarming

◼ MUT
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AERODYNAMIC Studies

Wind Tunnel Experiments
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Campaign 1



29

Superposition Contribution

𝐶𝐿𝑎/𝑐
= 𝐶𝐿𝑓𝑢𝑠

+ 𝐶𝐿𝑣𝑒𝑒
+ 𝐶𝐿𝑤𝑖𝑛𝑔

+ 𝐶𝐿𝑖𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝐶𝐷𝑎/𝑐
= 𝐶𝐷𝑓𝑢𝑠

+ 𝐶𝐷𝑣𝑒𝑒
+ 𝐶𝐷𝑤𝑖𝑛𝑔

+ 𝐶𝐷𝑖𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝐶𝑀𝑎/𝑐
= 𝐶𝑀𝑓𝑢𝑠

+ 𝐶𝑀𝑣𝑒𝑒
+ 𝐶𝑀𝑤𝑖𝑛𝑔

+ 𝐶𝑀𝑖𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒

AERODYNAMIC Studies
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Campaign 1
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AERODYNAMIC Studies

Fairing designs for drag reduction
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Campaign 2 - V-tail
Wind Tunnel Experiments
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AERODYNAMIC Studies
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Campaign 2 - fuselage
Wind Tunnel Experiments



32

AERODYNAMIC Studies
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Campaign 2 - fuselaje

Test α=45⁰ through α=60⁰

Test from α=-45⁰ through α=-60⁰

Tuft used only for flow visualization

Wind Tunnel Experiments
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AERODYNAMIC Studies
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𝛿 = 10° 𝛿 = −10°

𝛿 = −20°

𝛿 = −30°

𝛿 = 20°

𝛿 = 30°

Wind Tunnel Experiments
Campaign 3 – Vtail w deflections



34

AERODYNAMIC Studies
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Wind Tunnel Experiments
Campaign 3 – Vtail w deflections
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AERODYNAMIC Studies

Grupo de Ingeniería Aeroespacial (GIA) – ETSi Universidad de Sevilla

Deflection δ=-20, -20; sweept from α=–30° a α=30°
Deflection δ=20, 20; sweep from α=–30° a α=30°

Tuft used only for flow visualization

Wind Tunnel Experiments
Campaign 3 – Vtail w deflections
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AERODYNAMIC Studies
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Wind Tunnel Experiments Campaign 3 – Complete Aircraft
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AERODYNAMIC Studies
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Wind Tunnel Experiments
Campaign 3 – Complete Aircraft

Tuft used only for flow visualization



38

AERODYNAMIC Studies
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CFD Studies
Complete Aircraft CFD

Star CCM+

Mesh

Y+
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AERODYNAMIC Studies
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CFD Studies

Complete Aircraft CFD results samples @ 40 deg of angle of attack

Complete Aircraft CFD Longitudinal  & Directional
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AERODYNAMIC Studies
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CFD Studies
Complete Aircraft CFD Longitudinal 

Contributions alone and with aircraft interference
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AERODYNAMIC Studies
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CFD Studies
Complete Aircraft CFD Lateral 
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AERODYNAMIC Studies
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CFD Studies
CAD

Star CCM+

Mesh

Y+
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AERODYNAMIC Studies
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CFD Studies
Wing CFD Longitudinal & directional 

Star CCM+

Mesh Y+
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AERODYNAMIC Studies
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CFD Studies
Fuselage CFD

Star CCM+

Mesh
Y+



◼ Objectives:
◼ Propulsive Characterization over the entire flight envelope

◼ Tilt-Rotor Propulsion sensitivity studies: fixed and variable pitch 

◼ Design and construction of a test-bench for prop-testing in wind tunnel

◼ Several speeds (0-22 m/s)

◼ Several blade pitch angles: 0,4,8,12, degrees:

◼ Several tilt angles: 0,5,10,15,20, 30, 45, 60, 75, 90 degrees: 
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Commercial available test bench (RC Bench Mark Dynamometer Series 1580 & 1585)

Wind Tunnel Experiments

PROPULSIVE Studies
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PROPULSIVE Studies
Wind Tunnel Experiments
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PROPULSIVE Studies
Wind Tunnel Experiments
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Overall Efficiency

PROPULSIVE Studies

Motor Efficiency
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Propeller Efficiency
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Regresión Models →  y J (M)

Detection of Outliers

෍

𝑖=0

𝑁

𝑦𝑖 − ෍

𝑗=0

𝑀

𝑥𝑖𝑗𝑊𝑗

2

Regression Algorithms

Metrics

PROPULSIVE Studies
Wind Tunnel Experiments
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Wind Tunnel Experiments

PROPULSIVE Studies
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AERODYNAMIC Studies
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CFD Studies
Complete Aircraft CFD – Prop interaction – VTOL – Presure Flow rate curves



Flying Qualities Studies
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Dynamic Studies in Wind Tunnel



Flying Qualities Studies
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Selection of 
experiments to be 

analyzed.

Definition of test 
number, angles and 

tunnel powers

Angle, velocity and 
angular acceleration 
extraction from test 

files

Determination of 
the starting time of 

the test

Elimination of
possible peaks

Fourier Transform
Calculation of 

natural frequency 
and damping

Recording of results 
in a table.

Filtering of results



Flying Qualities Studies
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Straight Wing - I
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◼ Finite wing

◼ Symmetrical profile NACA0012

◼ 5 rows of 12 pressure ports

◼ Measurements at various angles 
of attack

◼ Equipment: multimanometer, 
turntables Mounted wing on windtunnel

Pressure ports

Manufacturing process



Straight Wing - I
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◼ Studies of how the pressure 
varies along the wingspan.

◼ cp and lift coefficient calculations

◼ Comparison with a boundary 
element code



Sweept Wing - I
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◼ Profile NACA0013

◼ 63 pressure taps

◼ Measurements at various angles of attack

◼ Equipment: multimanometer, turntables

Junction box for pressure tapping

Control and measurement equipment

Pressure ports

Wing mounted on turnaround



Wind Tunnel Aerodynamic Experiments

◼ Experimental Aerodynamic Study ofr Wing Morphing Wings
◼ Experimental and theory comparison of wing morphing

◼ Preliminary project previous to design and construction of wind tunnel setup for
scaled UAVs
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◼ Motivation:

◼ To predict aircraft perfromance models  meassure airspeed

◼ Ensure Céfiro maintains flight envelope.

◼ Use it as input  control laws and navigation.

◼ Elevated cost of commercial units (>10000€ high precision).

◼ Custom-made pitot-tube

◼ Meassure:
◼ Angle of attack (), Side-slip (), Temperature (T), Airspeed (V)

◼ Follow literature guidelines to ensure propper design for Céfiro’s nose fuselage 
geometry:

◼ NACA TN-1367, 1957; NACA TN-4151, 1958, NACA RP-1046,1980

◼ Pressure sensor
◼ Increase the insensibility to 1% error in meassured pressure.

◼ Design of static source

◼ Design of total source

◼ Aerodynamics Vanes for  and  meassuremts
◼ Propper design to avoid floating angles

◼ Reduce aerodynamic interference (custom-made for Céfiro’s geometry)

◼ Total Cost: under 400 €!  entire anemoetry system designed and built by GIA.

◼ Need to demonstrate high precision  wind tunnel testing

Aerodynamic Sensors - I



Aerodynamic Sensors - II
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Dynamic Pressure Static Pressure

Side-slip sensitivity ()

Angle of attack  sensitivity ()

Wind Tunnel Measured error  and 
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