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Efectos de difraccidon en bordes

formalismos clasicos de la Optica Geométrica, basada en la teoria de rayos.

En ciertas condiciones, los efectos de difraccion en bordes rectos y curvos originan la
Iluminacion en zonas clasicas de sombra. Esto no puede explicarse mediante los
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4. Causticas en medios con discontinuidades

—— Zona iluminada por reflexiéon
en la zona anterior de la gota

Haz laser incidente

Causticas: zonas de alto brillo/intensidad luminosa

El analisis y calculo predictivo de la posicion y tipo de causticas permite relacionar las regiones de concentracion de la
energia con las propiedades de los medios por los que se desplazan las ondas y con la distribucion de sus fuentes. Esto
se puede aplicar en campos tan diversos como el analisis optico de materiales, la sismologia o la propagacion de
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sefales de radiocomunicacion.
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El procedimiento de evaluacion de causticas propuesto puede aplicarse, por ejemplo, como

método de control de calidad. En la Figura 4.13 se puede apreciar cémo la comparacion

de las causticas producidas por vasos de vidrio aparentemente iguales permite detectar

mismos.

diferencias entre los

__21

incidente discreto s

una pared curva: a)

continuo.

stenida por aproximacion parabolica

b) continuo de rayvos

paralelos al eje horizontal-. b) en un cilindro de vidrio.

Figura 4.12: Cdustica por refraccién a) en una interfase parabélica -para rayos incidentes

Figura 4.13: Diferencias en las causticas producidas por vasos de vidrio aparentemente iguales

Gomez Gonzalez E.: Ecuaciones de evolucion de singularidades asociadas a la propagacion de
frentes de onda. Relaciones de dualidad en Optica Geométrica, Tesis Doctoral, 1996.

Figura 4.28: Secuen un ha

ia de resultados de la incidencia de luminoso sobre una pantalla

dieléctrica opaca (continuacion). Obsérvense las manchas de luz e las zonas tedricas de sombra
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Fieura 1.34: Secuencia de resultados de la incidencia de un haz luminoso sobre un cilindro
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Gomez Gonzalez E.: Ecuacipnes de evolucion de singularidades asociadas a la propagacion de frentes de onda.
Relaciones de dualidad en Optica Geométrica, Tesis Doctoral, 1996.
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Liquid motions inside Taylor cones exhibit interesting features which are not well understood yet. In
addition to the flow rate injected through the electrified needle to which the conical meniscus is anchored, the
action of the tangential electrical stress on the cone surface induces a recirculating meridional motion, towards
the apex along the generatrix and away from it along the axis. Sometimes, a vigorous swirl is observed. The
characteristic value of the liquid velocity is found to be highly dependent on both the electrical conductivity
and the viscosity of the liquid. so that the Reynolds number of the liquid flow varies from very small values
(creeping flow) for the case of highly conducting and viscous liquids to relatively large values for liquids with
sufficiently low values of the liquid conductivity and viscosity. Theoretical conical flows for low and high

values of the Reynolds number show g

of real flows inside

itatively good ag

with ph ph

Taylor cones. In particular, the existence of a vigorous swirl which is observed in the electrospraying of
paraffins and other poorly conducting and low viscosity liquids can be explained as bifurcation of a primarily
nonswirling meridional flow when the Reynolds number reaches a critical value. [S1063-651X(98)01512-8]

PACS number(s): 47.15.Gf, 47.20.Ky. 47.65.+a, 47.32.Cc

L INTRODUCTION

Electrostatic atomization (electrospray) when operating in
the so-called cone-jet mode [1] is a very uscful technique to
generate monodispersed aerosols with droplet diameters in
the range of tens of nanometers to hundreds of microns. In
spite of the existence of other competing mechanical tech-
niques to generate monodispersed aerosols in the micromet-
ric range [2.3]. electrosprays are still attractive in that range
since they exhibit some other interesting properties such as a
high surface charge of the generated droplets or the fact that
the droplet diameter can be easily controlled by varying ei-
ther the electrosprayed flow rate or the electrical conductivity
of the liquid sample. Because of their properties. electro-
sprays have applications to processes such as production of
ceramic powders, production of aerosol standards. mass
spectrometry [4-7], etc.

Usually. the electroatomization technique consists in the
injection of a liquid through a capillary, electrified needle.
For a certain range of values of both the applied voltage and
the injected flow rate, the electrified meniscus adopts an al-
most conical shape. Charge and mass are emitted from the
cone vertex in the form of an extremely thin, capillary,
charged jet that eventually breaks up into a fine spray with
the above-mentioned distinctive characteristics.

From the pioncering experimental work by Zeleny [8.9]

. much is known about electrospray physics. In a famous pa-

per [10], Taylor gave an explanation of the conical shape of
electrified menisci for perfectly conducting liquids. Much
more recently, several theoretical and experimental studies
have contributed to increasing the knowledge of the electro-
spray phenomenon [11-19). In particular, the dependence of
the spray current, and of the charge and size of the resulting
droplets on the flow rate and liquid propertics (electrical con-
ductivity K, viscosity u, liquid-gas surface tension y. density
p. and permittivity Bep, €o being the vacuum permittivity) is
satisfactorily described in the case of liquids with sufficiently
high values of the electrical conductivity and viscosity. The
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influence of the voltage and needle electrode geometry on
the spray current for the case of less conducting and viscous
liquids as well as the stability limits of the cone-jet mode are
other problems that have not been sufficiently well under-
stood.

Liquid motions inside Taylor cones which have been ig-
nored in previous studies on electrosprays can be of some
relevance for the understanding of the above-mentioned un-
solved problems. These motions are driven by (1) the tan-
gential electrical stress acting on the liquid-gas interface and
(2) the flow rate injected through the electrified needle.

The tangential electrical stress 7,4 acting on the conical
gas-liquid interface which in typical electrospray experi-
ments is radial and pointing towards the origin is given by

6= €o(Eg— BEQE,, - (1)
where (r,8, ) are polar spherical coordinates, see Fig. 1, Eg
and E, are the normal and tangential (in the r direction)
components of the electric field, and superscripts o and i
refer to the outer and inner (liquid) media, respectively. Ex-
cept perhaps in the small transition region between the cone

¢
<=7,

Es
\ r
Te
Tro =~ EoEGE,
FIG. 1. Spherical ¢ and boundary at the
cone surface.
1 © 1998 The American Physical Society
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altura~1 mm
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as in the previous case, and an intense azimuthz
Since the density of liquid and particles is

ratio

by dyv
§= ,‘—(pp p) 8%
where

t,=(pp—p)dZ/(18x), and t.~d,lv. (4)
and v is here the liquid velocity relative to the particle.
Clearly, the smaller the Stokes number the lesser is the dif-
ference between the fluid and particle motions. The maxi-
mum velocities observed in electrospray experiments are ob-
tained when the less conducting and viscous liquids are

Particulas
trazadoras:

La determinacion Optica de las lineas de corriente permite
analizar el comportamiento del fluido en fenomenos de
electro-spray, utilizados en diversas aplicaciones industriales.

4 A. BARRERO e1 al.

In contrast. pictures in Figs. 5 and 6 show particle path-
lines observed when liquids with lower values of both the
electrical conductivity and viscosity (the case of liquid par-
affins and some alcohols) are electrosprayed. Ethanol as pur-
chased (K=5X% 1073 S$‘m) was the liquid used in the experi-
mental results shown in Figs. 5 and 6. The measured flow
ratc was Q=6.3%107"" mYs. Trajectorics of particles lo-
cated ncar the axis are shown in Fig. 5 while Fig. 6 shows
some other pathlines located closer to the cone surface. As it

electrosprayed. For heptane (p=684kg/m® and wx=3.9
X107* kgm~'s7"!), which is the less favorable case. we
have measured velocities inside the cone of the order of 1
cm/s (see Sec. IV), so that, the Stokes number is as low as
10~* and particles fallaw lu the fiid H

diametro ~5 ym

III. SPONT,

Pictures in Figs

FIG. 6. Conical projections on a meridional plane of particle
pathlines in an electrified meniscus of ethanol. Pathlines close to the
liquid conical surface.

can be deduced from the helical trajectories in the picture,
the resulting flow is a combination of a meridional motion,

FIG. 4. Conical projections on a meridional plane of particle
pathlines in an electrificd meniscus of propylenglycol.
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IV. ESTIMATES OF RELEVANT FLOW QUANTITIES

Electrical tangential stresses on the liquid surface give
rise 1o a characteristic velocity U which can be larger or
smaller than the order of magnitude of the sink velocity
Q/LE. L. being the characteristic meniscus length (of the
order of the needle diameter). The order of magnitude of the
velocity U can be obtained from a balance of the viscous and
electrical stresses at the gas-liquid interface

7,4= €EWE,~pnU/L,. ®)
Clearly, meridional recirculating flow appears when U
=0(Q/LY).

Following Ref. [15], we will assume that at the gas-liquid
interface the normal component of the electrical field is of
the order of the one given by Taylor [10].

Y ( y )l.’ Y)I‘.‘
Ey=sl—m————| ~|—]) -
€or lan @

\ €or
Assuming also that the charge is transported by conduction
inside the cone, we have

©
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Mas informacion y datos de contacto en:
— WwWWw.esl.us.es/gfi

— WwWw.esl.us.es/gfi/unci
— http://Ineurocirugia-infantil.blogspot.com
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Hospitales Universitarios Virgen del Rocio
www.esi.us.es/gfi/unci
http://neurocirugia-infantil.blogspot.com
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