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Problem 5: Levitation

Problem 05
L evitation

A light ball (e.g. a PingPongball) can be supported
on an upward airstream The airstreamcan be tilted
yet still support the ball. Investigatethe effect and
optimize the systemto producethe maximumangle
of tilt that resultsin a stableball position
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Flow Characteristics

A Reynolds number

i Molecular behavior |
Radius of th{ ball Velocity

2r-V-p~

CtdARQa RSyardide

Re =

n —> Dynamic viscosity

T Re < 2000: lamindlow
i 2000<Re<2400 G UN)I YVAAUGAZY TFt26¢
T Re > 2400urbulent flow

A Typically over 1.5.#@ turbulent flow




Problem 5: Levitation

Flow Characteristics

A Flow velocity
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*BECKER, Aaron, SANDHEINRICH, RobeBR&, TimothyAutomated
Manipulation of Spherical Objects in Three Dimensions Using A Gimbaled Air Jet.
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Aerodynamic Forces

A Drag:
I Re > 1000:
CD
D= —p-mr?-V?
2 P ARoughness
A Surface Forces (lift):
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Aerodynamic Forces

A Magnusdrivenforced NR G0 F GA 2y FE € AFOE

90°: idealized angle (impossible
to reachc theoretical) Fu

I Magnus effect is relevant for rough sphere
. : e.g.GolfBall
i It can be neglected for highly smooth spheres
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Aerodynamic Forces

A Kutta-JoukowskKLift Theorem for a&Cyllinder
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Aerodynamic Forces
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Threshold Angle

8,: rotation in the orthogonal plane to the leYitdfigiride pressure: stable perpendicular position (Fregium=0)

0, will be considered 0°, as the object of study is the
inclination towards the ground.
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Threshold Angle

.t fQa ¢SAIAKIG

T Smooth
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Oscillations

A Mainly due to small pressure differences inside the jet and

turbulence w0 T2
A Type: N
i Perpendicular (ordinate) N /’ 3

i Perpendicular (abscissa) 2 Hﬁ‘ /

A Perpendicular: slightly similar to simple harmorZ §<’
oscillations TS
140, /)<A

(L
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Optimization

A Initial velocity of the jet O
I Minimum height: maximum angle \ ..

A Minimum d initial: \—T—T—T—a ¢

2mg NS
W=D d— 0 vor = C,pTr?

I The greater the pressure difference between center and sides, the
greater the stability.

I Therefore, initial jet velocity must be high.
A Radius and mass of the ball

A Small mass (smaller weight)
A Great radius (greater lift and drag)
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Optimization

Ab211TtS5Qa RALFYSGSN]
i CtdZAR O02ySQa F2NXIFGA2YT
I Big nozzle: continuity law
I Small nozzle: viscous fluid in a pipe (lost of pressure leads to lost in lift)
i Jet nozzle must be of tteame magnitud2 ¥ 0 KS ol f f Qa NJ
A Ball surface
I Upward force balancing weight;
I Magnusdriven force + lift;
I Roughball
A Oscillations
I More oscillations, the ball is more likely to fall
A Flow

I Must belaminarbefore reaching the ball (directed force), only then the
predicted angle is valid
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Material
1. Lightballs
2. Anemometer (0.1 m/s)
3. Millimeter Scale (1 mm)
4. Protractor(x1 )
5. Hairdryer
A Camerg120 FPS)
A Talc
A Scaleg+1.1049)
Team of Brazil: Liara Guinsberg, Amanda Marciano, Denise Christovam, Gabriel Devitrivelo Rebelo Taiwan, 24 ¢ 31" July, 2013

Reporter:Denise Christovam 15
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Experimental Description

Pa

A Experimentla K2 g (KS 02y SQa FT2NXNI i
stability.

A Experiment 2show that the global equation for flow velocity
Is applicable.

A Experiment 3verify if our expenmental conditions match
gAUK G(GKS RNZ ONAAAEAQD

A Experiment 4threshold angle.
A Experiment 5variation of balls.
A Experiment 60scillations analysis
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Velocity

Drag crisis

Threshold
Angle

Ball
Variation

Oscillations
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Experiment 1: Flow Format

Velocity

Drag crisis

Threshold
Angle

Ball
Variation

Oscillations
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Experiment 2: Flow Velocity
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Experiment 2: Flow Velocity

Flow
Format

ge velocity (m/s)
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Same experimental
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Experiment 3: Drag Crisis

L A Experimental Setup:
Format

|'

"i
-=G —
i D=W
Threshold
Angle

A" 1.2 kg/m3
> AW, 2.45.1@ N
AW,.: 0.44 N

Oscillations
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Experiment 3: Drag Crisis

Flow Measured d=275cn® QI MH ®Pp YK &
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Experiment 4: Threshold Angle

Flow
Format

Velocity

Drag crisis

Ball
Variation
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Experiment 4: Threshold Angle

Flow SmoothBall (indegreeg RoughBall (indegreey
Format 1 39.9 1 42.0
2 398 2 41.0
) 40.8
6 46.3 -
- 46.7 7 39.0
' 8 42.2
8 42.9
Ball
Variation
Error sourceturbulence before ball, number of frames (120 FPS)
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Experiment & Ball Variation

A A Mass variation

Format

Threshold Angle x Mas:

. z
Velocity 51
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£ 39 I}' % 'f * R=9.95 cm
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Angle 0 10 20 30 40 50 60 70 @ y
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Experiment & Ball Variation

U A Frequency of rotation

Format

Greater mass

Velocity Frequency of Rotation x Mas:

-
N

3 Closer to the
% nozzle (weight

=
N

Drag crisis

[E=Y
o

) ¢ ‘
*

Threshold
Angle

Frequency (Hz)

; @
. ¢ R=7.35cm
- #R=9.95cm Higher velocit

8

6 i
4 T
2 J1
0 T

Mass (g) ngher
frequency

Oscillations




Problem 5: Levitation

Experiment & Ball Variation

Flow
Format

A Frequency of rotation
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Experiment 7. Osclillations

Flow Perpendicular oscillations
Format

Velocity

Drag crisis

Threshold
Angle

Ball
Variation
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Experiment 7: Oscillations

Flow
Format

Velocity

Drag crisis

Threshold
Angle

Ball
Variation

: Secondanscillations
Perpendicular (x) dueto eveﬁtual

40,0 turbulence

30,0
20,0
10,0

0,0
-10,0 —(5

Position (mm)

25 30

10 15
Time (s)

Perpendicular (y)

400
E 30,0
5 20,0
2 10,0
o
0,0 T T T T 1
0 5 10 15 20 25 30
Time (s)

Resembles SHO (constant period of oscillation)
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Conclusions

A The main cause of the levitation are theessure differences
within the fluid, due to velocity variation, which cause
aerodynamic forces;

A The threshold angle in idealized situations is abodt®0 ! &
Impossible to reach in any experimental condition, the
maximum is dependent on the sphere and jet used, arid |S’.

Tt dZARQa @St 20 | SN2PREYIlIYAO T2

surface Magnus effect

nozzle

Gt ATO O2Yy S
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