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Abstract
Under certain circumstances ice crystals in the

atmosphere can be hazardous for air traffic [1]. Hence it is
desirable to develop measurement devices to characterize
the ice content in the air around the aircraft. In order to
apply optical measurement techniques, the knowledge of
the optical characteristics, especially polarisation and
scattering, of ice crystals is essential. Those characteristics
have been specifically examined in this study. An
application in detecting and sizing ice crystals will be
realized based on these results.

1 Introduction
In the past, cases have occurred in which airplanes

passing through high convective clouds have suffered
icing in the engines, especially the low-pressure
compressor part. This has led to thrust decrease and even
engine power loss events, since the compressor of a jet
engine is prone to rotating stall and dangerous surge, if the
flow conditions inside the compressor are perturbed [2].
Due to such events many measurement instruments for
airborne detection and characterisation of the composition
of clouds have been developed [1]. With an analytic
solution for the light scattering by spherical particles (Mie-
Theory [3]), water droplets can be detected and
characterized by optical measurement techniques in a
satisfactory manner. However, the situation for non-
spherical particles like ice crystals is more complicated.
The light scattering by these non-spherical particles, with
the explicit purpose of developing a commercial in-situ
measurement device, has only recently been the subject of
detailed investigations.

At the Institute for Fluid Mechanics and Aerodynamics
at the Technische Universität Darmstadt the scattering
properties of ice crystals have been specifically studied
and characterised. An application of this knowledge to a
measurement device similar to those for water droplets
will be realized.

2 Experiments on light scattering by ice crystals
Ice crystals are mostly of hexagonal basic structure, as

Kepler has postulated in 1611 [4]. Other forms can occur
(for example cubical), but these exist typically at
conditions colder than -30°C and at high pressures [5].

2.1 Study on light scattering properties of a hexagon
With a hexagonal plate obtained by stereolithography it

is possible to test the scattering properties of the hexagonal
structure without the need of cooling. The plate has a
height of 2.4 mm, an edge length of 2.54 mm and a
refractive index of 1.6. With these characteristics it is not
suitable for a quantitative comparison with light scattering
experiments on real ice crystals. However, the main aim of
this preliminary experiment is to test the general
experimental set up (as can be seen in Figure 1), placed in
a freezer chest.

The model crystal can be rotated through 360°. The
position of the crystal is detected by a rotational motion
sensor. At a crystal orientation of 0° the laser is aligned
perpendicular to one facette of the hexagon. The scattered
light is detected by a photodiode that can be placed at
arbitrary scattering angles. The sample intensity
distribution of the scattered light at a detector position of
95° relative to the laser as a function of the crystal
orientation can be seen in Figure 2 .

Figure 1 Experimental set up

Figure 2 Intensity of the scattered light as the model crystal
is rotated by 360°
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The intensity achieves a maximum if two angles of the
hexagon are facing each other. In-between there are far less
distinct maxima if two edges are facing each other. The
differences in the value of the maxima can be explained by
the fact that the model crystal is not perfect. It has been
polished by hand so that there is no guarantee that the
edges are really parallel and that the angles are all
identical and equally sharp.

2.2 Study on light scattering properties of ice crystals
In order to characterize real ice crystals, appearing on

the side walls of the freezer due to the humidity in the air,
the experimental set-up of section 2.1 is placed in a
commercial laboratory freezer. The Helium-Neon laser
cannot withstand such low temperatures (ca. -20°C), so a
mirror periscope directs the Gaussian beam into the
freezer.

A linear polarization filter is added to the detecting
unit. The laser light is already polarized linearly so by
turning the filter the polarization of the scattered light can
be analyzed with the law of Malus [6]. This method is
especially suitable for the limited space of the freezer.

An additional camera is focused onto the crystal to
obtain the size of the ice crystal, using calibration of the
magnification factor.

Future experiments are foreseen in which ice crystals
are examined in an acoustic levitator, where they no longer
have a defined stable orientation and light scattering
characteristics correspond to an average over all crystal
orientations.

2.3 Experiments on mixed phases
Not only ice crystals alone, but ice particles mixed in

melting/freezing water droplets can be characterized as an
extension of the previous experiment in the levitator. With
the known light scattering characteristics of water droplets
a distinction from the ice particles is possible.

2.4 Dynamical measurements
Ice and water particles in the atmosphere usually are in

motion. There is an additional relative velocity if the
particles are detected by a device on an airplane.

In a first step a velocity of the particles is added by
simply turning the levitator off and letting them fall freely.
A light barrier is added to the experimental set-up to
record the droplet/crystal speed.
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