











Figure 3.5: Burning argon-atomized spray Figure 3.6: Burning carbon dioxide-
(momentum controlled). atomized spray (momentum controlled).
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of the fringe pattern is determined by the relative phase difference o of the interfering light

waves scattered from beams 1 and 2. Figure B.3 is a photograph of the scattered light
interference pattern.
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Figure B.2: Schematic of optical system for 1-D LDV and droplet sizing system.

Figure B.3: Interference pattern produced by a droplet scattering laser light (Bachalo, et.
al. 1984)
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When a droplet moves through a pair of intersecting laser beams, the fringe pattern
produced moves at the Doppler difference frequency, which is a function of the beam
intersection angle, light wavelength, and velocity of the droplet. The spatial frequency of
the fringe pattern is dependent on the angle of observation, droplet index of refraction,
beam intersection angle, laser wavelength, and droplet diameter. Placement of a receiving
optic to collect the scattered light will produce a Doppler burst signal, as shown in Fig.
B.4. The lens functions in effect as a length scale, measuring the spatial frequency of the
scattered fringe pattern. Integration of this pattern over the received aperture produces a

Doppler burst signal which may be related to the droplet size.

Given the fact that the interference fringe pattern produced by the scattered light is related
linearly to the droplet size, the mathematical description of the interference pattern can be
derived as a straightforward geometry exercise. Each point in space may be associated
with ray angles 0, and 6., which defines the amplitude and phase of each ray reaching the
point. With the complete theoretical description of the fringe pattern produced by the
scattered light, the drop size may be obtained from accurate measurement of the spatial

frequency of the interference fringe pattern.

LEVEL
——
S
—_—
. J—

Figure B.4: Laser Doppler burst signal (Bachalo, et. al. 1984)
The scheme used to measure the spatial frequency of the scattered fringe pattern requires
the use of two or more detectors separated by a fixed distance. As a droplet passes
through the intersecting beams, the fringe pattern appears to move past the receiver at the
Doppler difference frequency. A Doppler burst similar to that shown in Fig. B.4. will be

produced by each detector, but with a phase shift between them, as shown in Fig. B.5.
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or realignment. Figure B.6.b shows experimental verification of predicted instrument

response, and was obtained using a monodisperse droplet generator.

Since the system uses two intersecting beams to produce a fringe pattern through which
droplets pass, it can also be used as a velocimeter. In the present work, two pairs of
intersecting beams were used, which made it possible to measure velocity in two
directions. In addition, this provided an important check in the system. Droplet size was
determined by each pair of beams, and cross-checked to ensure that identical sizes were
determined by each phase delay. If the delays differed, it indicated that either an error had
occurred, or the droplet was not spherical. In either case, the signal was rejected. Signals
were also rejected if the detectors saturated due to excessive voltage on the PMTs, or if

the droplet was not fully within the probe volume.

Figures B.7. and B.8. show the results of some of the calibration tests from Bachalo, et. al.
(1984). In Fig. B.7., a comparison between the PDI measured drop size data and the
manufacturer (Delavan) supplied drop-size distribution data is shown, and agrees with the

manufacturer supplied data well.
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Figure B.7: Comparison with drop size distributions measured by Delavan pressure
atomizer 45 B 0.6 gph at 60 psig water.
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