
Comment on “Breakup length of forced liquid jets”
†Phys. Fluids 15, 2469 „2003…‡

Heliodoro Gonzáleza�

Departamento de Física Aplicada III. Escuela Superior de Ingenieros Universidad de Sevilla,
Camino de los Descubrimientos, s/n 41092-Sevilla, Spain and Departamento de
Electrónica y Electromagnetismo, Facultad de Física, Universidad de Sevilla, Avda. Reina Mercedes,
s/n. 41012-Sevilla, Spain

F. Javier García
Departamento de Física Aplicada I. Escuela Universitaria de Ingenieros Técnicos Agrícolas, Universidad
de Sevilla, Ctra. Utrera, km. 1. 41013-Sevilla, Spain and Depto. de Electrónica y Electromagnetismo,
Facultad de Física Universidad de Sevilla, Avda. Reina Mercedes, s/n. 41012-Sevilla, Spain

�Received 5 October 2004; accepted 8 October 2005; published online 12 January 2006�

�DOI: 10.1063/1.2159447�

Kalaaji et al.1 presented experimental evidence of the
influence of the surrounding air at rest on the destabilization
of a liquid jet issuing from a nozzle for moderate jet veloci-
ties �first wind-induced regime�. Comparisons of their data
were done with respect to the classical Rayleigh2 theory for
capillary viscous jets without influence of the outer gas; the
Weber3 theory, which includes the Kelvin-Helmholtz mecha-
nism of destabilization; and finally, the Sterling and Sleicher4

semiempirical approach, which accounts for the nonzero vis-
cosity of the outer gas. The most relevant experimental re-
sults were reported in Figs. 8�a�–8�c� of Ref. 1. There, the
nondimensional rates of amplification of axisymmetric per-
turbations, ��, for different liquids and wave numbers are
plotted versus the jet velocity, V, and compared to the three
mentioned theories. For the highest jet velocities, the experi-
mental points seem to be closer to the Sterling and Sleicher
predictions, but for low velocities, for which the three theo-
retical curves become indiscernible, the experimental points
deviate systematically below them. This paradoxical fact is
interpreted as a consequence of an experimental artifact,
once the use of the more realistic spatial analysis5 is shown
to be nonessential. The experimental difficulty is revealed by
means of a spectral decomposition of the temporal evolution
of the diameter along the jet for two cases of very different
velocities �Figs. 4 and 10 in Ref. 1� using the laser shadow
technique.6 For the highest velocity, the signal has a funda-
mental component with amplitude well above that of the
harmonics, which does not happen for the lowest velocity.
The exponential growth of perturbations occurs after an ini-
tial plateau dependent on the stimulation voltage. This fact
could modify the rate of amplification obtained from the
breakup-length method.6

Our Comment is motivated by the existence of a system-
atic error in the method of measurement of the jet velocity.
However, we do not intend to question the main conclusions
of the article because the error is not significant for high
velocities. The consequences, on the contrary, may help to
explain the surprising behavior found for low velocities.

The jet velocity was measured assuming that the wave-
length of the perturbation � is the distance between consecu-
tive main drops. If f is the imposed stimulation frequency,
the relation used is V=�f �Eq. �11� in their article�. The
authors were aware of the approximate nature of this as-
sumption, because the condition of validity V /Vcap�1 is
stated just at the beginning of the paragraph �Vcap

=�� / ��R� is the capillary velocity, with � and � the surface
tension and liquid density, respectively, and R the jet radius�.
However, the error is not always negligible and can be esti-
mated, for instance, from the formula supplied by Dressler7

for a monodisperse jet

Vd = V�1 − Vcap
2 /V2� + Vs

2/�2V� , �1�

where Vd is the drop velocity and Vs is the amplitude of the
perturbation in the jet velocity at the stimulation zone. This
formula comes from a careful balance of momentum and
mass applied to the whole flow. Neglecting the existence of
satellites, the error in the jet velocity is some 0.5%, from an
estimation based on data from Fig. 38 in the work of
Eggers.8 If the last term is also negligible, we obtain an
approximate relation between the velocity used by Kalaaji et
al., Vd, and the actual jet velocity V. For some of the experi-
mental values reported in Fig. 8 of Ref. 1 the discrepancies
reach 8%. The main consequence is a systematic error in the
evaluation of the temporal rate of amplification, �, which is
obtained from the spatial rate of amplification, b, and the jet
velocity, according to �=Vb �Eq. �4� in Ref. 1�. Other minor
effects are errors in the nondimensional wave numbers,
k=2�R /�, and the aerodynamic Weber number,
Wea=�aV2R /�, used in the calculation of the theoretical
curves. A replot of Figs. 8�a�–8�c� of Ref. 1 is presented in
Figs. 1�a�–1�c�, with all the described errors corrected. Stars
are the original experimental points; squares are the same
data when multiplied by the correction factor V /Vd evaluated
from Eq. �1�; the solid line is the Rayleigh’s prediction; and,
finally, the dashed line is the Sterling and Sleicher’s predic-
tion. We omit a third curve present in the original work �the
Weber’s prediction� as it deviates clearly from the experi-
mental points. The curves have been calculated using thea�Electronic mail: helio@us.es
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spatial dispersion relation and mainly for this reason they
exhibit a different behavior for low velocities than in the
original work. It is evident the better correlation, although
not in quantitative agreement, between the replotted experi-
mental points and the theoretical curves in the low velocity
range.

Another issue to be discussed is the measurement of the
jet radius. Kalaaji et al. presented in their Fig. 5 a compari-

son between some measured radii for different Reynolds
numbers with respect to Gavis and Modan’s9 findings. How-
ever, these authors obtained their data in experimental con-
ditions for which the Weber number is high enough to disre-
gard the effect of capillary forces �We�160�, whereas the
Weber number in the present case may be as small as We
=10 for the smallest jet velocities �fluid 0�. In any case, the
Reynolds number of the data reported in Fig. 5 of Ref. 1
ranges from 20 to 200, whereas for the data corresponding to
fluid 2 �the one with the greatest deviations after the velocity
correction� we have 10�Re�60. Correspondence with the
authors has clarified this point and revealed that no measure-
ment of the radius has been made below V=10 m/s.10 Con-
sequently, the changes in jet radius for the lowest velocities
could reduce further the remaining disagreement between
theory and experiments. Indeed, as the growth rates are made
nondimensional with the capillary time tcap= ��R3 /��1/2, an
increase in the radius for low velocities �apparent in Fig. 5 of
Ref. 1� would raise the experimental points in Fig 8 of Ref.
1 as R3/2. For illustration purposes, we have represented in
Fig 1�c�, by means of triangles, the tentative locations of all
the experimental points affected by this last correction,
assuming applicable the dependence of the radius with
the Reynolds number found by Gavis and Modan �Fig. 5 of
Ref. 1�.
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FIG. 1. Nondimensional rate of amplification of perturbations vs the veloc-
ity of the resulting drops for the three cases reported in Fig. 8 of Ref. 1.
Stars are the original data from Ref. 10 and squares are these data once the
correction in the jet velocity is applied. The curves give the predictions from
the Rayleigh �solid lines� and Sterling-Sleicher �dashed lines� theories, re-
spectively. Triangles in �c�, appearing for Vd�16 m/s, illustrate the possible
effect of changes in the actual values of the radii �see the text�.
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