


15. Slow Descent

Design and make a device , using one sheet of A4 80gram per m 2

paper that will take the longest possible time to fall to the ground
through a vertical distance of 2.5m. A small amount of glue can be 

used . Investigate the influence of the relevant parameters .
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No initial velocity

Single device

Wholesheet

Interpretation of the task

No confetti
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Plan of the presentation
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ÅThe types of motion performed by 
rectangular piece of paper

ÅKutta-JoukowskiTheorem
ÅExperimental check

ÅTurbulent flow
ÅDrag considerations

ÅMinor improvements



The presentation of the final device
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Forces on a body moving in fluid medium

Lift and drag will be studiedseparately

gravityvelocity

lift drag
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Types of cardôsmotion

Tumbling Fluttering

We will studyand useautorotationas the sourceof lift force
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We studiedimagesappearingon the screenin order to find out how the
air flowsaroundthe strip

Experimental setup
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Image on the screen ïfront edge
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Image on the screen ïfront edge

Theair wouldacceleratealongthe front edge, whichindicatespressure
reductionalongthe front edge
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Image on the screen ïback edge
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Image on the screen ïback edge

Whirlpool indicatesthere isan areaof reducedpressureat the top of the
trailingedge
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Sustaining the rotation

Greenςdescribedtorques
increaseangularvelocity

Blueςdescribedtorques
decreaseangularvelocity

As greencorrespondsto highervelocitythan blue, the net torque tendsto 
increasethe angularvelocity, counterthe drag and sustainstablerotation
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Lift force on a rectangular body

Thelift forceon a rotating rectangularbody movingthrougha 
fluid canbe foundusingKutta-Joukowski theorem

rwp VbaFlift

24=

Assumptions: verylong 
body, idealfluid with no 

viscosity

Howdoesthis correspondto a real, viscoussituation?
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Lift force experimental setup

Scalesindicationchangesweremeasuredversusthe
voltageand wind generator setting
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Lift force experimental setup

Angularvelocitywas foundas a 
functionof voltageby meansof 

stroboscopicmeasurement

Flashingdiode

Thevelocityof wind was found
usinga Venturitube with a 

manometer
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Lift force measurements results

Lift forcewas found to be linearlydependendonaaaasswV
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Flow characteristic

Reynolds numberisa parameter, describinga flow in givensetup.

force viscous

force inertia
Re=

Reynolds numberdescribesthe flow in givensetup.
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Flow characteristic

Reynolds numberin our caseisgivenby:

n
aV2Re=

2aςsideof the rectangle
Vςvelocityof the body

ς˄kinematicviscosityof the medium 

Theoryand experimentsdescribedin the presentationwill 
discussmotionswith Reof order of 103 to 104
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Vortexescanbe seenbehindthe body
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Aerodynamic drag

Thevalueof aerodynamicdrag for discussedmotion canbe approximatedas 
ό5ŀǾƛŘ [Φ CƛƴƴΣ έFallingpaper and flyingbusiness cardsέύΥ

2

2
1 VACF dd r=

Cdςdimensionlessdrag coefficient
ς́air density

Aςareaperpendicularto V
V ςvelocityof the body with respectto air

In this problem A hasan upperboundof 624 squarecentimeters
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Theoretical parameters of steady motion

drag

gravityvelocity

lift ʰ

ʰ

2abVdrag´

Vbalift w2´
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Theoretical parameters of steady motion

ww
a

a
V

Vba

abV
lift

drag
=´= 2

2

tan

2abVdrag´

Vbalift w2´

gravityvelocity

lift ʰ

ʰ

drag
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Direct measurements of tumbling bodies

High-speedcamera

1000 W lamp

Distancescale

Air motion protection
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�¾Linearvelocity
�¾AngularVelocity
�¾Angleof descent

Measuredparametersof motion:

Studiedbody made
of playingcard
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