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Question:

Explain the flyer’s trajectory
discuss the influence of the center of mass
location and other relevant parameters on
the maximum height and the stability of
the flight.
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Why does the cup fly upward =

— no shift i center of mass (CM)
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Why does the cupflyer fly upward

iE

- no shift i CM
Re = & Reynolds number between 5000
u to 21000.
No rotation With rotation
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Why does the cupflyer fly upward

— no shift i CM

e 3 forces, Fy, Fpnqgy and Fy.

ﬁmag = pC,Vwve,

, 1 ”
F; = —EpCdAv €,

Fy = mgy
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Why does the cupflyer fly upward
— no shift i CM

W

 Polar coordinates

= 1 L . >
Fhnag = EpACl w(t)(—r e, +71ep)

F, = —%pACd\/‘i‘z +71202 (78, +1r0éy) 7

1?9 = mg(cos(8) e, — sin(0) ep) g,
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Why does the cupflyer fly upward =
— no shift i CM

S .. . 1 ; 1 —
YFg = m(rf + 270)éy = (EpACd\/fz + r262%1r — EpACla)(t) 72 4+ 1r262%rf — mgsin(@)) €

> . 1 — . 1 ;
YE =m(# —rf?)é, = <—§pACd\/1'"2 +1r202%r0 — EpAClw(t) 72 + 12627 + myg cos(6)> e,

« Model needs to be calculated numerical.
« With the assumptions:

« Drag coefficient, C; and lift coefficient, C,; is
constant.

« w(t) is found by a fit on experimental data.
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Setup of our experiments

Center of mass displacement

Reproducibly

Launch
Recorded with highspeed camera.

Tracked in the program tracker.
Every experiment is repeated 10 times.
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Experiment vs. teori - no shift i CM

iE

Parametres: 0.9-
« Mass: m=12.20kg
 Length: L =0.198m
* Avg. radius: 7,,; = 0.028 m
« Location of CM: CM = 0 mm
Assumptions: y [m]
« The cupflyer is a rotation

cylinder: C; = 1.1

Initial conditions:

e x(0)=0m, %(0) = 8.63?

m

+ y(0) =0, y(0) = 0.00267

X [m]

Experiment =D {ode]

C,: http://brennen.caltech.edu/fluidbook/externalflows/drag/dragonasphere.pdf
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http://brennen.caltech.edu/fluidbook/externalflows/drag/dragonasphere.pdf

What ha‘Epens _\,Nhen we shift the
mass?

center o

Parametres:

« Mass: m=1898¢g
 Length: L =0.198m

* Avg. radius: 7,,; = 0.028 m
« Location of CM: CM = 12.32
Assumptions:

« The cupflyer is a rotation
cylinder: C; = 1.1

Initial conditions:

e x(0)=0m, %(0) = 5.79?

+ y(0) =0, y(0) = 0.014—
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Moving the center of mass:

« Constant mass: m,;, = 17.279

* x.n IS the location of the CM:

W

(o

my

Xem =T
Meotal

« ris the location where the
mass is shifted to.

 m, is the mass in position
r.

* Mo 1S the total mass.
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Moving the center of mass:

Parameters:
« Length: L =0.198 m
* Avg. radius: 7,,;, = 0.028 m

 Mass: miyrq; = 17.299

17.29 0 0

14.73 2.56 3.15
12.17 5.12 6.30
9.61 7.68 9.45
7.05 10.24 12.59
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Height [m]

0.e0 1

055 1

050 4

045 1

(.40 1

(.35 1

(.30 1

025

Center of mass

2

4 ] i} 10 12

Location of center of mass [mim)
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Repetitions:

Parametres:

13

Mass: m = 0.01898 kg
Length: L = 0.198 m
Avg. radius: 7,,, = 0.028 m

Location of CM: x -, = 12.32

DTU Physics, Technical University of Denmark

y [m]

12 1
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Cupflyer
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V(D) =5.66 mys,
V(D) =5.60 mys,
V(D) =5.77 m/s,
w(0) =5.75 mys,

W (0] =5.53 myfs,

vy (0) =0.018 m/s
vy (D) =0.028 m/s
vy (D) =0.017 m/s
vy (0) =0.020 m/s
vy (D) =0.024 m/s
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Mass:

« Constant center of mass: x., = 10mm

« We varies the mass at the gm center,

m,

Xem =T
m, + Mgy,

-1
T 1
m, = —
XemMgm  Mgm

0 x [mm]—
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Height [m]
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7.33
9.33
11.33
13.33
15.33

6.52
8.29
10.07
11.85
13.63

Mass

HE

13.85
17.62
21.40
25.18
28.96
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Initial velocity:

Parameters:
« Length: L =0.198 m

* Avg. radius: 7;,;, = 0.028 m

0.7 1

« Mass: myyrq = 12.209

06 1

Height [m]

01
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0.8 1

0.5 1

04 1

0.3 1

0.2 1
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Velocity
I I I I I I I I I
5.0 55 6.0 6.5 10 15 a0 85 9.0

Initial Velocity [my/'s]
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Stability of cupflyer :

« Diffrent magnus force Z0om of CM shifted
0.3+
El!’f}.g
0.2
¥im]
0.1
0 .
0 0.2 0.4 0.6 0.8 1

1 [m]
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Conclusion

-

» The forces on the cup flyer are: Fy, E,,, 09 F,.

e The CM has an effect on the height
e When the mass increases the height decreases.
e The stabability is effected by the CM.
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Drag coefficient for rotation
cylinder:
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Reynolds number, Ud/v

http://brennen.caltech.edu/fluidbook/externalflows/drag/dragonasphere.pdf
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http://brennen.caltech.edu/fluidbook/externalflows/drag/dragonasphere.pdf

20

Initial conditions:

HE
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Wind tunnel
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How do we maximize the stabilit§g

e Increased rotation speed and moment of inertia creates high
angular momentum. Which in turn creates stability of flight
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How do we maximize the height =

e We need a good ratio between speed and rotation to optimize the
height, to ensure that the magnus force is as large as posible
without doing loops.

e The change in center of mass does not effect the center of
masses tragectory (for small speeds)

e The radius and length of the cup will increase the lift and drag, so
an optimal area could be found (experiments needed).

e Ripple on the cup increase the reynolds number and therefore
change the lift coeftionen (experiments needed)
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