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The experiment
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The underlying physics: a matter of density

Specific masses:

*lce: 0,917 £0,001 kg /L

* Vegetable oil: 0,920 £0,003 kg /L at 20 °C
* Baby 0il: 0,83 40,01 kg/L

* Water: 0,997 £0,001 kg /L at 20 °C
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General outline of the problem
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* Thermodynamics and diffusion

 Surface tension

* Caluculation of the longevity and precision of the apparatus
e Optimization ideas inspired by the above discussion

* Further thoughts and experiments



Thermodynamics of the melting process
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Assumptions and modelization:
° Aice >> Awater

* Tice = Twater = 0

° doil >> dtemperature
* Temperature profile constant in time



Thermodynamics of the melting process
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Qualitative discussion:

* Thermal flow proportional to surface of ice
* The ice melts because of thermal flow
* One expects a differential equation with respect to time



Melting equations
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* Fourier’s law: % = —Agrado

* Energy conservation between concentric spheres

(T =To)R(t)

¢ T(T‘, t) — " + TO
* Doesen’t depend upon thermal conductivity !
. d dqg 1
* Thermodynamics: — = X!
dt dt Crys

Temperature profile simulation
around a spherical ice cube
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Rgcfusp
2A(To—T)

* Melting time: tr =

d AAT 2AAT
V(t) _ 4m \/ RZ — -

at Cfus CfusP

* Flow nearly constant if R(t) varies only slightly

* Characteristic distance: d = R



Numerical results
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*Ro=2cm

* Melting time: t; = 30 minutes

&~ 01mL/s
dt
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Comparison to experiment
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The shape and size of drops
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Assumptions and modelization:

e Shape only determined by capillarity forces —gravity is neglected as
far as the shape is concerned-

* The ice, water and oil are homogenious



The shape and size of drops
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Qualitative discussion:

* Different magnitudes of tensions
* Adhesion forces

* Gravity

* Let’s not forget Archimedes



The shape of drops, equations
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* Numerically, 8 = 90° h
b

* Round drops are an honest approximation. Experimentally valid.

* The angle is given by: cos(8) =

* Drops flow to an edge because of gravity.



When do the drops fall?

* F =2nr (Yor — Ywr)

;-t-aa
eV _ 4 (VOI—YWI)3/2 U/ ' ) dbh
fall =31 o
v
L°B

* Close result with an energetical approach |



Theoretical results

° Vfall =~ 0,2 mL

« &~ 0,01 mL/s
dt
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Comparison to experiment
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Optimization ideas
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* Bigger ice cubes
* Problem: need to increase the size of the container !
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Optimization ideas
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* Reduce temperature
* Keep the temperature constant

* The shape doesn’t seem to change much (droplets small compared to
ice cube)



Another version of the experiment
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* A more homogenous liquid: only vegetable oil !
* Problem: need to fine-tune the temperature
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Further thoughts and experiments
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* Measure precisely the surface tensions in order to enhance the
theoretical calculations

* Different methods: ring, drop shape, stalagmometer...

* Measure precisely the densities as functions of temperature

* Density of the ice with respect to time (air bubbles) A‘x @
[

/
T - |
Wilhelmy plate
Du Nouy's ring method
! pﬂ - @
Drop volume method
ny
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Capillary rise method
Spinningdropmethod | oY



Credits
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* [rene Mauro (my 13-year-old sister) who designed the background
* My friends, for their precious advice
* My parents for their patience while | flooded the kitchen with oil



