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Abstract
A method is presented, which allows determining the

velocity and size of droplets impacting onto a liquid
surface. The measurement is performed very close to the
surface just before the impact. The principle of the
measurement, which is based on a modified Doppler
technique, is explained. The experimental setup is
described and a few examples, showing the feasibility of
the method, are presented.

1 Introduction
The impact of droplets onto liquid surfaces plays an

important role in many natural and technical systems. The
surface may belong to a liquid film or a pool. The
knowledge of the impact parameters like droplet size and
droplet velocity is very important for instance, when
parameter studies or comparisons with numerical results
are performed. It is preferable to obtain the parameters as
close to the surface as possible, especially, when the
droplets are small and may undergo an acceleration or
deceleration just before the impact.

The principle of the method presented here for liquid
surfaces has been orally presented for solid surfaces on the
9th International Conference on Laser-Light and
Interactions with Particles in Rouen 2012 [1]. The solid
surface was then a reflecting mirror. An example is shown
in Figure. 1.  The droplets were generated by a droplet on
demand generator and impact perpendicularly on a mirror
positioned at distance h. As the droplets undergo a
deceleration on their path to the mirror their impact
velocity decreases for larger distances.

However, as soon as a droplet has impacted onto a solid
surface it sticks in many cases on the surface depending on
the contact angle and impact parameters. The following
droplets impact then on a liquid surface. Therefore the
application of the technique for liquid surfaces is even
more important [2].
In the following the rather simple method is explained
again, the experimental setup is described, and first results
of velocity measurements of droplet impacting
perpendicularly onto a liquid surface are presented. The
measurements are performed in a distance below 100 µm
to the liquid surface as will be shown in the examples. For

spherical droplets it is possible to determine the droplet
size applying the phase Doppler technique [3].

Figure 1 Impact velocity as a function of the distance to the
mirror surface. Shown results from two different sensors.

2 Principle of the Measurement Technique
The method is based on the principle of a Laser Doppler

Anemometer (LDA). A laser beam, in this case with a
wavelength of λ = 633 nm, is directed under an angle α to a
liquid surface. The laser beam is reflected by the surface
and forms, as shown in the schematic view of Figure 2,
half of a measurement volume, which is similar to the
measurement volume of a normal LDA.

Figure 2 Illustration of the principle of the measurement method.
Shown is the intersection in the x,z-plane, defined by the
incoming and reflected laser beam.

An observer on a droplet arriving with velocity v
observes from the incoming laser beam light with a
frequency shifted a little bit to the red and from the
reflected beam a frequency shifted a little bit to the blue.
Therefore, similar to a normal LDA, a sensor detecting the
light scattered by the droplet registers an alternating
intensity with time at a frequency (beat frequency,
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Doppler signal) proportional to the droplet velocity. In the
case a second sensor is applied detecting the scattered light
at a different angle comparable to a regular Phase Doppler
Anemometer (PDA), the phase shift between the two
Doppler signals gives information about the droplet size as
with a normal PDA system.

3 Experimental Setup
This method is realized with an experimental setup

shown in Figure. 3. The optical axis of lens A with a focal
length of f = 300 mm is identical with the z-axis; its distance
to the x,y-plane is exactly the focal length f. The liquid
surface is in the y,z-plane. The illuminating laser beam
runs in the x,z-plane, as shown in Figure. 2.

Figure 3 Schematic view of the experimental setup.

Before interacting with lens A the incoming laser beam
is parallel to the optical axis and has a distance of a = 19.1
mm to it. Therefore the incoming laser beam interacts with
the mirror surface at an angle α = 3.65° and a measurement
volume is generated, as depicted schematically in Figure 2,
in the origin of the coordinate system.

Using a droplet on demand generator, described in [4],
single droplets are generated, which interact with the
liquid surface. The path of the droplets is approximately
along the x-axis. Therefore the droplets enter the
measurement volume, when they approach the liquid
surface. Part of the laser light scattered by the droplets is
gathered by the lenses B1 and B2 and then focused on the
avalanche photodiodes APD1 and APD2 respectively. The
optical axis of these lenses and photodiodes is rotated by
the scattering angle Θ around the x-axis and by the
elevation angle Ψ1 and Ψ2 respectively around the y-axis.
The orientation of this optical axis within the coordinate
system is illustrated in Figure. 4. For more clearness only
the light path of APD1 is depicted.

Figure 4 Orientation of APD1 and lens B1 in the coordinate
system.

While the droplets interact with the surface
shadowgraphs are taken by a digital camera. For the
illumination a flash lamp is used, producing flashes short
enough for sharp images. The shadowgraphs are used to
observe the impact process and to measure the droplet size
and correlate this size measurement to the phase shift
between the two Doppler signals obtained by the
photodiodes. In the following section a few results are
presented.

4 Results
In Figure 5 the image of a hexadecane droplet

immediately before impacting in a pool of hexadecane is
shown. In addition a mirror image due to reflection at the
liquid surface can be seen.

Figure 5 Image of a hexadecane droplet just before impacting
in a pool of hexadecane.

The diameter of the droplet was D = 52 µm derived
from Figure 5. This results in a phase shift of the Doppler
signals detected by APD1 and APD2 of Δϕ = -296°. From
these Doppler signal shown in Figure 6 an impact velocity
of v = 0.65 m/s has been evaluated. The time t = 0 µs
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indicates the time in the diagram of Figure 6, when the
image of Figure 5 has been taken.

Figure 6 Doppler signals from APD1 in red (in this case the
photodiode was saturated) and APD2 in blue. At the time t = 0µs
the image of Figure 5 has been taken. The vertical dotted line
indicates the time the droplet hits the liquid surface.

In the Doppler signals small disturbances can be seen
on an enlarged view not shown here, which seem to
indicate, when the droplet hits the pool surface. When
hitting the pool surface the droplet seems not to immerge
immediately into the pool but to remain a very short time
at the surface while deforming it. This will be studied in
future in detail using a high speed camera. Of special
interest is for which range of impact parameters this
phenomenon can be observed. The impact velocity must
be rather low.

Figure 7 Image of two droplets impacting on a liquid surface.
The horizontal red line indicates the position where the droplets
will contact the surface.

In Figure 7 an image of two droplets of different size
and velocity impacting in the pool is shown. The
parameters of the droplets are given in the Figure. The
velocities and the phase shifts of the Doppler signals are
obtained from the Doppler signal much closer to the pool
surface as the image has been taken. As the droplet size is
different the phase shift is different as expected.

The examples presented above show the feasibility of
this method for liquid surfaces. After some further tests a
fast and rather simple method for the determination of
velocity and size of droplets impacting on a liquid surface
will be available. The main advantage is, that the
measurement takes place immediately before the impact.
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Droplet 2: D2 = 40 µm
v2 = 0.73 m/s
Δϕ2 = -174°

Droplet 1: D1 = 52 µm
v1 = 1.54 m/s
Δϕ1 = -297°

PC-10.3


