- Pingpongova raketa

Pingpongovy micek je umistén v nadobé s vodou.
Kdyz nadobu upustime, pingpongovy micek vyskoci do
velké vysky. Jak nejvyse muze micek vyskodit,
pouzijeme-li vodu o objemu do dvou litr(?

Petr Chaloupka



Trivialni dvaha
I

= Zakon zachovani energie

o Cést potencidlni energie se pfeméni na
kinetickou energii micku

5 Problém
Neni zndmo, jak velka ¢ast plvodni energie

* Musi jit o malou cast - predpovédi by byly
obrovské

Nelze resit ze zakonu zachovani energie

Otazka je, jaky je mechanismus premeény
kinetické energie dopadu.
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Kde zacit
I

Oficialni “reference kit":
https://kit.ilyam.org/FDD_2024_IYPT _Reference kit _IM.pdf

Poznamka k videim:

©  Velmi podobna uUloha byla reSena v roce 2020 v IPT
* Videa obsahuji rizné teorie
* Nenechte se prilis ovlivnit - misty resi nepodstatné véci
* Inspirace spise z hlediska technickych reseni

5 Lépe vychazet z ¢lankd, které obsahuji i pomérné presnad méreni
* Néktera by bylo mozno ovérit
* |ldealné zkusit néco, co nebylo méreno



Zakladni pojmy?
N

O Tzv. kumulativni efekt

* Prenesena energie se ve vysledku soustredi do vytrysku
vody, ktery s sebou nese micek

0 Zajimavé efekty jsou v referenci

B. B. Manep. KyMynaTneHbIN 3phpeKT B NPOCTbIX OnbiTax. M.:
Hayka, 1989

* Bohuzel pouze Rusky
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Mozné efekty

Uloha trochu pfipomina pad kapky do vody

* Interference vin

* Tim je inspirovano i jedno resSeni z videa

* To ale nemusi byt ten hlavni efekt

* Relativné dlouha ¢asova skala (nez se vytrsk vyvine)

DUsledky:

Efekt mUze nastat jen ve stfedu nadoby

Cekal bych malou G¢innost pfenosu energie

Velmi specificka zavislost na vysce hladiny

Asi velmi mala zavislost na vlastnostech micku

Vizkosita bude dUlezita
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Mozné efekty

5 SpiSe prfipomina ,,Monroe effect” https://www.youtube.com/watch?v=Li2Kt4DtUdY
* Tvarovani explozi - fezani kovu

Detonation fromt —

Casing Uniletonated explosive
O ———
Limer
S
Detonated explosive

Undetomated explosive g expands
{a} A pristine shaped-charge warhead be- (b} When the charge 8 detonated, a deto- N
fore it is detanated ot the left-hand edge.  oation wave traverses the charge, expand- T e

Ing the caslng s It progresses. The liner

hepine to ‘enllapar’. g o ]

Stretehing jet

Figure 4. (a) Physics code
simulation of the explosive
detonation, metal liner
collapse, and stretching

jet formation of a shaped
charge. (b) Simulation of

the jet impact with the target,
penetration into the target,
and final hole profile.

Significant acceleration MS: hing jet
Detonated explosive

(e} The Hoer contioees to collspee and — (d} Abont Sgs afler Dner-oolbpas was nitlated, the
wr g the start of an acoslerating jet. Jet contloes to aceelerate and stretelss further.
The profile of the liner is now sword-like.

A sequenee of events in shaped-charge jet formation.




Mozné efekty
N

m : : Short-term dynamics of a density interface following an impact
POkrOVSkI experl ment Journal of Fluid Mechanics , Volume 577 , 25 April 2007 , pp. 241 - 250 DOI:

https://doi.org/10.1017/S0022112007005058
https://hal.science/file/index/docid/126025/filename/pokrovski_8_0_R1_light.pdf

Ficure 1. A tube filled with a wetting liguid and falling under gravity gives birth to a strong
jet after impact. The interval separating each snapshot of this sequence is 5.5 ms.


https://www.cambridge.org/core/journals/journal-of-fluid-mechanics
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/volume/712D675B8662E757CA9C846072D2C184
https://doi.org/10.1017/S0022112007005058

Mozné efekty
N

: : Short-term dynamics of a density interface following an impact
POkrOVSkI experl ment Journal of Fluid Mechanics , Volume 577 , 25 April 2007 , pp. 241 - 250 DOI:

O i i Y https://doi.org/10.1017/S0022112007005058
VIIV tvaru hla,dlny \l:]a, VytrySk https://hal.science/file/index/docid/126025/filename/pokrovski_8_0_R1_light.pdf
* Povrchové napeti

* Nebo balonek

FigurE 2. When the tube wall is made hydrophobic (silanization), the interface is initially
flat, and not deformed after rebound.

FIGURE 3. A liguid with a free surface is falling as a whole under gravity. A bubble at the free
surface gives rise to a strong jet after impact. The interval separating each snapshot of this
sequence is 1 ms.


https://www.cambridge.org/core/journals/journal-of-fluid-mechanics
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/volume/712D675B8662E757CA9C846072D2C184
https://doi.org/10.1017/S0022112007005058

Mozné efekty
e

m : : Short-term dynamics of a density interface following an impact
POkrOVSkI eXperl ment Journal of Fluid Mechanics , Volume 577 , 25 April 2007 , pp. 241 - 250 DOI:

O i i / https://doi.org/10.1017/S0022112007005058
VIIV tvaru hla,dlny \l:]a, VytrySk https://hal.science/file/index/docid/126025/filename/pokrovski_8_0_R1_light.pdf
* Povrchové napeti

The ping pong ball water cannon.
* Nebo balonek https://arxiv.org/abs/2010.06713

Suction-ejection of a ping-pong ball in a falling water-

5 Vliv zanofeni balonku filled cup _
, Vs v , , DOI:10.1051/emsci/2022002
* Efekt povrchového napeti behem volného padu nttps://emergent-scientist.edp-open.org/articles/emsci/

° ZanoFeni ZéV'S'I na dobé |etu pdf/2022/01/emsci210004.pdf
- efekt by mél saturovat v zavislosti na vysce?

Fig. 3. Measurement of the contact angle using a water drop
on ping-pong balls with different wetting properties. From lett
to right, & = 79.5°, 65.5° and 48.1°.



https://www.cambridge.org/core/journals/journal-of-fluid-mechanics
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/volume/712D675B8662E757CA9C846072D2C184
https://doi.org/10.1017/S0022112007005058
https://arxiv.org/abs/2010.06713

Teoreticky pristup (jeden mozny)
o

-, Pressure impulse theory“
* Zjednoduseni zalozené na rychlém pribéhu zmény hybnosti
* Vznikne gradient tlaku

Short-term dynamics of a density interface following an impact
0 v . s . Journal of Fluid Mechanics , Volume 577 , 25 April 2007 , pp. 241 - 250 DOI:
Dobre rozvinuta teorie https://doi.org/10.1017/S0022112007005058
e Asito nespoc‘fl'téte https://hal.science/file/index/docid/126025/filename/pokrovski_8_0_R1_light.pdf
* Mozna simulace | _ -
(a) ib)

= DAava zajimavé predpovédi

* Vytrysk se vytvori pod mickem

« Zavislost na velikosti mic¢ku vici naddobé

» Zavislost na vysce

* Rozlozeni rychlosti
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Fiourg 5. Left: pressure levels (a) and velocity field (c) obtained with the cylindrical represen-
tation for a value of the confinement factor of A = 0.5 (a) : the isohars are equispaced with a
step of 0L.08pl R, (c) @ along with the velocity vectors are represented the levels of the pressure
gradient norm. These are equispaced with a step of 0.12p07,. Right: the theoretical velocity
field for the confined geometry (A = 1) is represented figure (b), whereas a typical velocity field
obtained experimentally after PIV treatment is plotted figure (d).
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https://www.cambridge.org/core/journals/journal-of-fluid-mechanics
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/volume/712D675B8662E757CA9C846072D2C184
https://doi.org/10.1017/S0022112007005058

Kam dal
e

~  Existuje velké mnozstvi Cluarlk.u na heSI?: Enhancement of Focused Liquid Jets by Surface Bubbles
~preassure impuls theory*, “liquid jets https://pubs.acs.org/doi/pdf/10.1021/acs.langmuir.8b00246
* Studuji se rzné podobné problémy e i (e e

10 mm

* Slo by se inspirovat v tom, co méfit podrobnéji

-4 A
A pressure impulse theory for hemispherical liquid impact problems —
European Journal of Mechanics / B Fluids 67 (2018) 417-426
http:/iwww.Imm.jussieu.fr/~lagree/TEXTES/PDF/philippiEJMB.pdf ol _slias, 833 Al Ged i Sk AL

v 1 1]
Highly Viscous Microjet Generator

https://www.researchgate.net/publication/320486650_Highly Viscous_Microjet_Generator
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Fig. 10. Streamlines of the flow induced by the impact extracted from equation [ 14).
The pressure field developing inside the drop is represented in the backzround.




Jak Ulohu resit

Komplexni, dobre pozorovatelny jev
* neni tézké udélat zakladni experiment

vvvvvv

* slozitejsi dostat experiment pod kontrolu

Existuji modely, ale jejich aplikace je slozita
« davdji ale zakladni kvalitativni predpoveédi, které se mohou dost lisSit

Z hlediska porotce:
Presvédcte mne, ze mohu vérit tomu, co ukazujete
* Méreni maximalni vysky mUze byt problematické kvuli fluktuacim
* Konzistence pocatecnich podminek: vysSka, kolmost dopadu, poloha micku, ...
* Dostatecna presnost - statistika

Vysvétlete mi, pro¢ chcete danou véc mérit
* Neni nutné mit teoretické vypocty, ale alespon neéjaké rozumné predpoklady
- nepouzivejte zbytecné slozitou teorii, pokud z ni nic nevyplyva
* Zkuste ovérit zakladni zavislosti
* Velky plus je, pokud mate dvé rizné teorie s rliznymi predpovédmi

Vyvodte z méreni zaveéry
¢ Mohou byt i kvalitativni
* |dedlné srovnani s predpoveédi
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