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Doppler shift and hence the magnitude and sign of the
velocity component to be measured can directly be obtained
by the quotient of the amplitudes of the harmonics for each
pixel outout signal while parasitic intensity fluctuations in the
scattered light will be eliminated.

The main feature of the described Doppler Global
Velocimeter techniques based on frequency modulation (FM)
and frequency shift keying (FSK) is that no reference detector
unit is required. Thus the uncertainty of the velocity
measurement can remarkably be reduced compared to
conventional DGV systems as their uncertainty is mainly
affected by normalizing the pixels of the signal detector unit
to the corresponding pixels of the reference detector unit.
Furthermore it is possible to perform time resolved
flow field measurements with a resolution depending on the
frame rate of the camera and the available laser power in the
light sheet. Resolutions down to 0,3 s have been realized.
Based upon the well known shifts of the laser
frequency, the modulation techniques additionally allow an
on-line calibration of the complete DGV system including the
absorption cell and the image acquisition system.

Fig. 1 FM-FSK-DGV principle, a frequency modulation
of the laser causes a modulation of the light
intensity characteristic for the Doppler shift ﬁD

1. Principle

The FSK technique is realized by a discrete
frequency modulation when a CCD camera with specified
acquisition time and frame rate is used. In that case one
frequency modulation cycle corresponds to a series of
frequency steps where the velocity can be determined by at
least a sequence of three images.

The Doppler global technique is based on the
application of a frequency stabilized laser and an absorption
cell to analyse the Doppler shift of the laser light scattered by
tracer particles in the flow. Using an absorption line filter as a
frequency to intensity converter, the intensity of the scattered
light imaged through the absorption cell onto a detector gives
the measuring information. In order to evaluate the Doppler
shift almost independently of parasitic intensity variations in
the scattered light signal, conventional DGV systems require
an additional reference detector unit.
By modulating the emission frequency of the laser
source within the absorption line width, the additional
reference detector unit can be omitted, as the Doppler shift of
the scattered light can be evaluated by analysing the signal
amplitude modulation of each photo detector pixel.
When applying an APD array as photo detector unit
with a high bandwidth, a continuous frequency modulation
(FM) can be used, whereas a discrete frequency modulation, a
frequency shift keying (FSK) technique, has to be used for the
application of a CCD camera according to the specified
image acquisition times.
As the Doppler shift ﬁD of the scattered light will
vary depending on the flow velocity, the working point on the
absorption line filter given by ﬁ0 + ﬁD will also change. Thus
based on the FM technique, with ﬁ0 as centre frequency of the
frequency modulated laser light, the amplitudes of the 1st and
2nd harmonic of the modulated scattered light signal behind
the absorption cell will depend on the Doppler shift. The

2. Results
An exemplary velocity field measurement based
on the single camera FSK-DGV technique and an ECDLMOPA (external cavity diode laser - master oscillator power
amplifier) laser at 852 nm with an output power of approx.
500 mW and a Cs absorption cell is shown in fig. 2.

Fig. 2 A(1f)/A(2f) represents the velocity on a rotating
wheel evaluated by a sequence of 3 images with a
frame rate of 1 s. The standard deviation of the
time resolved velocity values at one position over
the measurement time illustrates the uncertainty.
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