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• Perturbations on jet grow downstream and lead to break up of the jet into droplets.

• Satellite droplets are formed due to the localized pinching of the jet at the ligaments 
that connect two droplets just prior to break-up.

The Problem

Bidone (1823): Shape of the jet produced from orifices of different forms.

Savart (1833): Noticed decay into drops. Studied the laws governing it. Imposed periodic 
oscillations to obtain disturbances on the surface of the jet with the same frequency. 

Perturbations of long wavelength reduce surface area and are favored by 
surface tension Plateau (1843):

Realized surface tension had to work against inertia in order to bring about jet 
break up. Introduced photographic techniques. Viscous jets.

Rayleigh (1879):

Chandrashekhar (1961): Dispersion relation considering the Navier-Stokes case.
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Flow Regimes
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John William Strutt, Lord Rayleigh

Lord Rayleigh and Kelvin

• John William Strutt, born as 3rd Baron Rayleigh Suffered frailty and 
poor health at early ages Studied mathematics at Trinity College, 
Cambridge.

• Succeeded J.C. Maxwell as 2nd Cavendish Professor of Physics, at 
Cambridge Started the discipline of experimental physics at 
Cambridge.

• Most noted for his book “Theory of Sound”, although his research 
interest was very diverse.

• Read Helmholtz’s works very thoroughly at early stages used 
concepts in in his first elaborate research report in Phil.Tran. Royl.Soc, 
in 1830 introduced the concept of acoustical conductivity which has 
remained a standard acoustical quantity  ever since.

• Won the Nobel Prize for the discovery of Argon ( along with William 
Ramsay) in 1904.

• Notable students: J.J. Thomson (electron, isotopes, mass spectrometer: 
Nobel Prize 1906), G. P. Thomson (wave properties of electron: Nobel 
Prize 1937), J. C. Bose (pioneer in radio and microwave optics)
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• Conducts experiments with different sections, 
elliptical, triangular, square, circular

• Arrives at the law that the wave-length scales 
as the square-root of the pressure head. 

• Deviations at high pressure attributed to 
deviation from the assumption of 
“isochronism” which is expected strictly at 
small amplitude vibrations.  

Rayleigh’s problem
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Linear stability on inviscid jets
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Nearly agrees with experimental 
observations.

“The discrepancies are to be attributed, not 
so much, I imagine, to errors of 
observations as to the excessive amplitude 
of vibration, involving a departure from the 
frequency proper to infinitely small 
amplitudes.”

“The case of n=1 corresponds to a displacement of 
the jet as a whole without any change to the form of 
the boundary. There is no potential energy and the 
frequency of vibration is zero.”

“When n=1, there is no force of restitution for a case of 
a displacement in two dimension.”
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Jet Break-up
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For water

For 1 cm diameter column of water the disturbance is multiplied 2.7 times in 0.115 
seconds~1/9th of a second, and a 1000 fold increase happens in about 1/40th of a second.
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Jet Break-up following Savart

• Savarts observations 

• Disturbances that upset the equilibrium is imposed on the fluid as it leaves the 
aperture.

• Continuous portion of the jet is the distance traveled in time that is needed for the 
disintegration of the jet.

• The continuous part can be extended by suitable shielding of the jet from external 
“tremors”
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(Imperical law: Savart)
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Imposed vibrations
When vibrations are imposed at “whose pitch is approximately proper to that of the jet”

Imposed vibrations with a tuning 
fork and looked at shadow pictures 
using electric spark as flash.

• Jet issued horizontally and immediately assumed a rippled out-line

• Gradually increasing amplitude leads to the formation of elongated ligaments subsequently 
transformed into “spherules”

• “In consequence of the transformation being at a more advanced stage at the forward than at the 
hinder end, the ligament remains for a moment connected with the mass behind, when it has freed 
itself from the mass in front, and thus the resulting spherule acquires a backward relative 
velocity, which of necessity leads to collision.”

• Drops rebound backwards and forward.
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Imposed vibrations (contd)
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•Secondary swellings develop as x decreases
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Conclusions

• Examination of instability propagation on jets relates frequency and 
wavelength with jet area and pressure head.

• Dispersion relationship for jet break-up in the zero viscosity limit

• Observation of oscillations of the drops in phase with the frequency of break-
up calculation of volume, surface area, and eccentricity of drop, drop 
oscillation time.

• Observation of satellite drop formation. 
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