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Project TETA (Test and Evaluation of Tethered Airfoils)

TheprojectTETAwasestablishedby JanHummelas partof his doctoralthesis. A testbenchwasdevelopedthatallowsaccuratetestingof differenttypesof tetheredairfoils.

Thetestbenchcanbeusedstationaryorbymovingataspecificvelocitytosimulatedifferentwindspeedsaswellasreducinginfluencesbygusts.

Sincetheturnof themillennium,thedesignandsignificanceof highlyflexibletethered

airfoilshas increasedconsiderably. In particular,this has been attributedto the

quantitativegrowthofglobalinstitutionsinvolvedin AirborneWindEnergy(AWE)aswell

astherisingpopularityofkitesurfing.

Whileexistingdesignmethodshaveprovenusefulinachievinga highdegreeofmaturity

onproductlevel,thishasprimarilybeenaccomplishedbytheempiricalvariationof wing

parameters. Measurementsunderreproducibleconditions- includingreproduciblesteering

inputs- havenotbeencarriedoutyet.

Measured Properties

Thefindingsdescribedinthisthesisenableanobjectivemeasurementofspecificdynamic

wingpropertiesofhighlyflexibletetheredairfoils. Themeasurementresultsareessential

forthedevelopmentandcharacterizationof theseairfoilsaswellasforthevalidationand

improvementofsimulationmodels.

Furthermore,it wasdemonstratedthatthemethodis suitableforcomparingbasicairfoil

designconcepts,basedonthein-depthmeasurementsof thekiteproperties. Inaddition,

subjectiveevaluationcriteriausedfor thecharacterizationof surfkiteswereobjectively

confirmed.

The thesismakesa decisivecontributionto the evaluationof follow-up designsand

simulationmodelsofhighlyflexibletetheredairfoils.

Introduction

Conclusions

Å airfoilpropertiesare definedas dynamic,whichare determinedagainstvariable

controlinputsorkitepositions

Å thefollowingpropertiesaremeasuredbythetestbench:

Å aerodynamicefficiency(lift/dragratio) Ὁ

Å aerodynamiccoefficients ὅ

ὅ

ὅ

Å forceratio Ὢ ȟ ȟ

Å Inthefuture,it shouldbepossibletomeasureadditionalpropertiesliketurnrate
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Design of the Test Bench

Pivot Unit

Measurement and Control Cabinet

Energy Cabinet

Steering Units

Batteries

Pivot Unit

Å thePivotUnitisdesignedforminimuminertia,whichallowsa smoothuntwistingofthe

lines

Å thisdesignisrealizedbypassingthebacklinesthroughthecenteroftheunit
Back Lines

Front Line

Universal Joint (CJ) 

Pulleys

Pulleys

Housing

Rotary Axle

Load Cell - Front Line

Load Cells - Back Lines

Magnetic Ring

Magnetic Sensor

Elevation Angle Sensor CJ

Azimuth Angle Sensor CJ

Measuring Procedure

Å It isessentialtogenerateaconstantairflowatthekite

Å thiscouldbeachievedbytowingthetestbenchona formerrunwayundercalmwind

conditions

Å it is crucialto measuretheentirekitesystemunderrealisticconditions,andinitiate

repeatable,automatedmaneuvers

Å selecteddynamicpropertiesaresuccessfullydeterminedbyusingtheñLinearPowerò

maneuver:

Å the ratio betweenfront linesand controllines is variedfully automatically

(thisallowsthemeasuringof thekitepropertydependingon the lengthratio

betweenfrontandcontrollines)

Å at thesametime,thepilotcanstillperformcontrolinputsto keepthekitein

positon

Test run at the former airfield Pütnitz ñLinear Powerò maneuver

Exemplary Measuring Results

aerodynamiccoefficientὅ (left) andforce ratio between back and front lines Ὢ(right) againstpower ratio‐ including error of the mean (P=95%)

Spherical Camera Array

Slip Angle Sensor

The figures demonstrate exemplary measurement results. It is possible to characterize 

the different kites by height and progression of the curves.

Central Control Unit

Å theCentralControlUnit is locatedinsideofthemeasurementandcontrolcabinet

Å It isrealizedbyaNationalInstrumentssbRIO9632containing:

Å aCentralProcessingUnit(CPU)

Å aFieldProgrammableGateArray(FPGA)

Å thesensorsareconnectedtothesbRIObyaself-madeinterfacecircuitboard
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Safety System

Measurement Amplifier


