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Project Description 

·Route to chaos in droplet formation 

·Bifurcation of period as function of 
flow rate 

·Model the water droplet as a 
harmonic oscillator 
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Previous Work 

·Originated by Shaw, UCSC1 

·Also investigated by Kiyono and Fuchikami2, 
Coullet et al.6, and others 

·Models 

·Damped harmonic oscillator 

·Fluid/hydro -dynamical models 
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Fig 2: Diagram of harmonic oscillator 

Harmonic Oscillator 
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·3ÈÁ×ȭÓ ÍÁÓÓ-spring model1: 

 

 

 

 

·Hydrodynamical model2 

·+Ǫ&ȭÓ ÉÍÐÒÏÖÅÄ ÍÁÓÓ-spring2: 

 

 

 

 

 

 

 

Droplet Models 
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Model Analysis 

 

 

 

 

 

 

·Linearly increasing mass 

·Varying spring constant 

·Droplet break off 
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Model predicted data 
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Proposed Experimental Procedure 
 

·Feeder tank fills the reservoir tank  

·A stopcock controls the flow rate 
from the reservoir tank 

·A laser and photodiode detect 
falling drops 

·The signal is read by an Analog to 
Digital Converter 

·Period of falling drops measured 
from data 

·A high speed camera used to 
visualize the falling drops 
 

Fig 3: Proposed experimental setup 
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Initial Attempt 

·έȾέάȱ ÆÌÅØÉÂÌÅ ÔÕÂÅ 

·Bucket with drilled holes 

 

·Problems:  

·Drops not falling 
straight through laser 

·Difficult to regulate 
f low rate 

·Difficult to measure 
f low rate 
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Fig 4a: Initial experimental setup 

Fig 4b: Photodiode and laser 



Attempt 2  

·Syringe pump used to 
dispense fluid at a specified 
rate 

·Problems: 

·Pump possessed undesired 
cycling 

·Restricted to using small 
nozzles 

·Limited syringe volume 
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Fig 5: Syringe pump 



Final Setup 

1. Photodiode 
2. Laser 
3. Reservoir 
4. Large diameter flexible tubing 
5. Flow regulator 
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4 
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Fig 6a: Final experimental setup Fig 6b: Final experimental setup 



Flow Rate Regulation 

·Adjusted flow rate on the 
pump 

·Using linear regression, 
found conversion factor 
between FRU and SI units 
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Fig 7: Flow regulator controls 



·NI Analog to 
Digital Converter 

·LabVIEW 

·Used VI made by 
Nick Gravish 

 
Fig 8: LabVIEW Virtual Instrument  

Fig 9: NI ADC 

Data Collection 
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Error Analysis: Nozzle Diameter 

·Lateral movement of 
droplets caused errors in 
measurement 

·Small nozzles magnify 
imperfections 

·After some testing, a 
larger nozzle diameter 
produced better results 

Fig 10: Sensitivity to nozzle diameter 
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Error Analysis: Satellite Drops 

·Missing drops leads to incorrect period 
measurements  

·Satellite drop counting 

·First incorrectly identified satellite drops as 
the double-period, 4-period, etc data 

·Corrected to skip satellite drops 
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