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Abstract

The influence of operational parameters of a phase Doppler anemometer (PDA)
measuring droplet size distributions has been experimentally determined using water
droplets. During the experiments the following PDA parameters have been varied:
the beam power (4 to 30 mW ), the photomultiplier amplification voltage (700 to
1200 V ), the signal gain (4 to 24 dB) and the signal-to-noise ratio (SNR) (−6 to 4
dB). It is found that the apparent count mean droplet diameterD(1, 0) decreases
then reaches a constant asymptotic value as the beam power, the photomultipliers
amplification voltage and the signal gain are increased, respectively. Disregarding
the above-mentioned parameters might result in false measurements especially for
droplet size distributions which contain fractions below≈ 15 µm. This behaviour
is attributed to the fact, that smaller droplets scatter less light than larger droplets
at the same scattering angle for a given set of adjusted parameters. For low beam
powers the scattered light from small particles vanishes partly in the noisefloor of
the system and becomes therefore invisible for further data treatment. Increasing
the beam power results in valid signals for the smaller particles until the smallest
physical existing particles are resolved. Increasing the beam power further dos not
alter the measured distribution anymore; the asymptotic state is reached. For further
measurements, the operational parameters have to be chosen in this asymptotic range
where the measured quantities do not vary significantly. The SNR has only a small
effect on the results.

1 Introduction

In contrast to the care spent in describing the important optical alignment of a PDA by the
manufacturer (DANTEC 2003), only little information can be found in the operation manuals
regarding the influence of software or hardware adjustable parameters such as laser beam power
(BP), amplification level of the photomultipliers (PM) and signal gain (SG). We therefore de-
cided to perform easy to reproduce measurements to obtain a more systematic insight into these
mutual dependencies. Beside published work (Albrecht et al. 2003, pp. 651 ff.), (Mulpuru et
al. 1996), (McDonell and Samuelson 1990) and (Chao et al. 1990), where only some of the
above mentioned operating parameters have been treated, an early investigation on the mean
diameter for a non-commercial PDA can be found in (Wriedt 1993).

In (McDonell and Samuelson 1990) and (Chao et al. 1990), for example, the influence of the
photomultiplier tube voltage and the frequency shift are examined. It is observed that the PM
voltage strongly affects volumeflux measurements and number mean diameter, but has a little
effect on Sauter mean diameter.
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2 Experimental-Setup

To extend the findings of the above-mentioned experiments to smaller droplet sizes (mean di-
ameter≈ 5 µm) in order to produce less scattered and easy to reproduce data, and to include
also the software adjustable signal gain and the beam power, an intensive program was con-
ducted where mainly the size distribution of water droplets have been measured for different
combinations of operational parameters.

The homogeneous water droplets were produced with demineralized water by means of a
nebulizer similar to the TSI Model 3075/3076 (TSI 2003, pp. 1-3). The droplets have been
measured by means of a three-detector, standard DANTEC PDA, see Fig. 1. The measurement
volume was20 mm above the orifice of the nebulizer. The operation principle of the PDA can
be found elsewhere, (Albrecht et al. 2003). The optical parameters of the set-up can be found
in Table 1.

Laser ArIon −
wavelength 514.5 nm
focal length, transmitter 800 mm
intersection angleΘ/2 2.716 ◦

beam expander ratio 1.950 −
probe volumedx 0.122 mm
probe volumedy 0.122 mm
probe volumedz 2.578 mm
focal length, receiver 310 mm
off-axis angleΦ 40 ◦

Dominating scattering order refraction −

Table 1:Optical parameters used for the measurements.

Under certain circumstances, particle size measurements using a PDA instrument can be er-
roneous due to the Gaussian beam effect, see (Araneo et al. 2000). A general rule of thumb

Figure 1: Optical arrangement of a three-detector, standard PDA. Picture adopted from
(Albrecht et al. 2003, pp.: 418).
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recommends applying standard PDA techniques only up to particle diameters which do not
exceed1/3 to 1/2 the beam waist diameter. With the probe volume given in Table 1, an ap-
proximate upper limit for what particle diameter Gaussian beam effects becoming important is
≈ 50 µm. This is far above the droplet sizes considered here.

The following parameters have been systematically varied: 1) thelaser beam power (4 to 30
mW ), 2) thehigh voltage level (700 to 1200 V ), determining the amplification of the PMs, 3)
thesignal gain (4 to 24 dB) and the 4)signal-to-noise ratio (SNR) (−6 to 4 dB). During all of
the experiments presented below, the optical configuration as well as the operation parameters
for the nebulizer were left unchanged, i.e. the physical droplet distribution was the same for all
runs..

3 Results

The count mean diameterD(1, 0) =
X

di/N (with i = 1, ..., N ) as a function of beam power
with the PM amplification voltage (AV) level as parameter can be found in Fig. 2 a).

All other operation parameters were left unchanged (signal-to-noise ratio,SNR = −2 dB
and signal gainSG = 20 dB). Increasing the beam power from4 to 20mW causes a decrease
in the measuredD(1, 0) for lower amplification voltages (AV ≤ 850 V ). Taking the results for
AV = 750 V , D(1, 0) decreases from≈ 20 to 4 µm. In contrast, for beam powers beyond20
mW the count mean diameterD(1, 0) remains essentially constant. For higher amplification
voltages (AV ≥ 900 V ) the curves collapse nearly indistinguishably onto each other.

In a second seriesD(1, 0) has been determined as a function of the amplification voltage
with the beam power as parameter, Fig. 2 b).D(1, 0) decreases for increasing AV until an
asymptotic level is reached. The results for different BP within the asymptotic range collapse
onto each other, indicating that small changes of the BP and the AV have negligible influence
on the result.D(1, 0) is no more PDA operation parameter sensitive.

The measured size distributions are presented in Fig. 3 a) and b) for a beam power of7
and20 mW (AV = 750 V ), and a PM voltage of750 and1000 V (BP = 6 mW ). The
corresponding measurements are marked in Fig. 2 with a small arrow.

All distributions show a log-normal profile with the geometric standard deviation (GSD,
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Figure 2: Dependence of mean droplet size on a) beam power with AV as parameter and b)
photomultiplier amplification voltage with BP as parameter.
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Figure 3: Dependence of droplet size distribution on a) beam power and b) photomultiplier am-
plification voltage.

σg = (d84%/d16%)
1/2) characterizing the spread and with the count median diameter (CMD)

characterizing the diameter for which50 % of the total number of particles are smaller. The
results can be found in Tab. 2.

The most remarkable result is the decrease by a factor of about two in the CMD when either
the beam power is increased from7 to 20 mW , or the PM amplification voltage is raised from
750 to 1000 V . This indicates the importance of optimizing also the operation parameters.

The reproducibility of the measurements and the influence of the signal gain with the beam
power as parameter can be found in Fig. 4. At different days, the same results are obtained
from additional measurements (RUN1 to RUN4,BP = 10mW ) as shown in Fig. 4 a). Except
for low signal gains, the measurements collapse nearly indistinguishably onto each other.

Also the signal gain (SG) has a pronounced effect on the results, Fig. 4 b). Increasing the
signal gain decreases the mean droplet diameter. ForBP = 12 mW , the droplet diameter
decreases from≈ 30 to 4 µm when the signal gain is increased from5 to 24 dB. In contrast
to the results before, no constantD(1, 0) region could be achieved for low beam powers. For
higher beam powers (BP ≥ 16 mW ) one obtains an asymptotic range. For example with
BP = 16mW the asymptotic range covers18 dB ≤ SG ≤ 28 dB whereas forBP = 24mW
the asymptotic range covers12 dB ≤ SG ≤ 28 dB.

Finally, several measurements have been performed to determine the influence of the signal-
to-noise ratio (SNR), but the effect of the SNR was negligible.

σg CMD
[µm] [µm]

beam power:7mW (AV = 750 V ) 1.32 8.55
beam power:20mW (AV = 750 V ) 1.50 4.70
PM voltage:750 V (BP = 6mW ) 1.32 9.39
PM voltage:1000 V (BP = 6mW ) 1.67 4.36

Table 2:Parameters of the size distributions in Fig. 3.
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Figure 4: Dependence of mean droplet size on signal gain a) reproducibility of the results and
b) with beam power as parameter.

4 Discussion

All the observations presented are based on the fact that smaller droplets scatter less light than
larger droplets at the same scattering angle for a given set of adjusted parameters. For low beam
powers, for example, the detected scattering-light-signal from small particles vanishes partly in
the noisefloor of the system and becomes therefore invisible for further data treatment. Larger
particles, on the other hand, result in valid Doppler burst. The resulting size distribution is
biased towards larger sizes, since the smaller particles – although physically present – are not
measured. Increasing the beam power also increases the light intensity scattered and therefore
the amplitude of the doppler burst. This results in valid signals also for the smaller particles
until the smallest physical existing particles are resolved. Increasing the beam power further
does not alter the measured distribution anymore; the asymptotic state is reached. The same
explanation applies for the amplification voltage and the signal gain. The parameters used for
final measurements should be chosen from theseranges. For the present experiments these
ranges are: beam power> 20 mW , PM amplification voltage> 850 V , signal gain> 16 dB
and arbitrary SNR. Using these recommendations results inD(1, 0) = 4.4 µm for the droplets
produced by the nebulizer. Assuming a normal distribution for the scatter of the estimates for
D(1, 0), the probability of being within±1.96 · σd of the true value would be95 %. With a
variance ofσ2d ≈ 8 µm2 and a number of samples ofN ≈ 10000 (note that only1/4 th of the
samples are statistically independent) this results inσ2

d
= 0.032 µm2 or σd = 0.056 µm. Using

the recommended operation parameters this results finally inD(1, 0) = 4.4 ± 0.11 µm for the
measurement uncertainty.

It should be however noted that: comparing these recommendations with the values reported
in (Albrecht et al. 2003, pp. 651 ff.) and (Mulpuru et al. 1996) leads to the conclusion that these
parameters are entirely case sensitive, i.e. they highly depend on the measurement problem and
have to be determined individually for a given experimental setup.
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5 Summary

The results can be summarized as follows:
• The adjustable parameters i.e. 1.the laser beam power, 2. the amplification level of the PM

and 3. thesignal gain can significantly influence the results. In the present experiments,
the resulting mean diameter was altered for example by a factor of two.

• It was found that for higher laser beam power, higher PM amplification level and higher
signal gain, the apparent mean droplet size decreases and finally reaches a stable value.
These values in the asymptotic range should be used for further measurements. These
values are case sensitive and have to be determined in advance for every measurement
configuration.

• For thesignal-to-noise ratio only a negligible influence could be determined.

• Although attributed as "calibration-free", the PDA requires considerable efforts not only
to choose an appropriate optical configuration and properly align the system but also to
ensure that the result is not biased by the choice of the adjustable parameters described
above.
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