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Evaluating derivatives of experimental data
using smoothing splines
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force coefficient

ma F(t) = ma(t) + mg

; 1
perimental dat =Bilhard: experiment
Op- - === Billiard: model
L i ( ﬂ
-0.2 ]
LL
1 U 0.5
-0.4 ]
1 0.25
-0.6 o6
L L L L L L L L ')
0 0.05 0.1 0.15 0.2 0 (

t [s] t /t(pihch)

Thursday, October 21, 2010



Image processing

build template
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position [m]

velocity [m/s]

derivatives of noisy data

‘ ® experimental data
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smoothing spline selection

lel2

Frontier of minimum-roughness splines

s(t)
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choose: E = error tolerance

best fit spline minimize R(s)

for a given E:  requiring E(s) < E

choose: p = smoothing parameter
best fit spline

_ minimize pE(s) + (1 —p)R(s)
for a given p:
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analytic example
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repeatability

Comparison of two cases
with acrylic spheres:

— Acrylic case
| — Acrylic PIV case
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physical model

given experimental data:
H(t), V(t), Re(x,t)

assume potential flow:

§b — deoublet + ¢ring sources T proint source

find source strengths (in sphere frame):

. {V cos(0) on sphere

U-n =

OR. OR. .
5 T V3£ on cavity

evaluate pressure on surface (in lab frame):

15, —
p—pa=—pF — spldl* — pgz

integrate to find force coefficients:
Cp = Cp, + Cp, + Cp,
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billiard ball case

billiard: m™ = 1.8
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billiard ball case

”billiard: m* = 1.8
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billiard ball case

billiard: m™ = 1.8
e ma(t) + mg
Cr =1 2 2
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particle image velocimetry

acrylic: m™ = 1.2
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questions!

experiment numerical method  physical model results
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