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coating. The solid polystyrene particles had poor reflectance and were hard to pick
up on film. The 3 p fluorescent particles were bright but too small; they looked
more like a dye. The silver coated particles had the best image brightness; however,
at 2.6 g/cc they would be poor at following the flow. Fluorescent particles of 30
diameter were ordered but did not arrive in time for evaluation. At this time the
best particles to use are the 35 | glass bubbles.

Table 1. Particles Listing

Mean
Particle Type Material Company Diameter SG

(13 (g/ce)
Glass Bubbles Silicon Glass 3M 8.00 1.10
Glass Bubbles Silicon Glass 3M 35.00 0.60
Polymer Microspheres Polystyrene DVB Duke Scientific 0.5-24.0 1.05
Fluorescent Microspheres Dyed Polystyrene Duke Scientific 3 1.05
Metallic Coated Silver Coated Glass TSI 12 2.6
Plastic Particles Dyed plastic Dr. dJ. Katz 35 1.0

SEEDING DENSITY

The seeding density required for a particular test is dependent on size of the
window used for each velocity vector. The window size is a function of the grid
density of velocity vectors per picture. Katz and Huang (reference 1) and Adrian
(reference 2) have shown that both the FFT and the correlation methods need from
6 to 10 particle pairs per window to yield an accurate velocity vector. Given the grid
size and the thickness of the light sheet, the required particle density can be com-
puted. It can be seen that for a given vector density, as the viewing area gets
smaller, the particle density increases dramatically. For small viewing areas a
large number of particles will cloud the water and obscure the light sheet. A com-
~ promise must be made between seeding density and water clarity.

Example:

Window Size: 0.12cm x0.12 cm

Experimental Field of View: 10.8 cm x 7.2 cm, (4.25" x 2.83")

Vector Grid: 90 x 60

Thickness of Light Sheet: 0.2cm

Window Volume: 0.12em x 0.12 em x 0.2 cm = 0.00288 cecw
Number of Particles: 8 particles per window volume.



Particle distribution = particles per window / water volume of window

Particle distribution: 2777 particles/ccw.
3.14x D% 3.14x 0.0035° _
Particle volume, 35 p: 6X = 6 =2.243% 107 cep.

Volume of particles = Particle distribution in water x Particle volume
Volume of particles: 6.228 x 106 ccp/cew.

Density of particles: 1.05 g/ccp
Particle-Water Weight Ratio = Volume of particles in water x Density of particles

Particle-Water Weight Ratio: 6.540 x 10 g/ccw.
Amount of water in experiment: 56.775 m® (15,000 gal).

Estimated amount of particles required for experiment :
6.540 x 105 g/cew x 56.775 m® = 3.7 kg of particles (8.2 1b).

Th1s example gives a good estimate for the amount of particles required. The
actual amount will vary depending on setthng, water clarity and light sheet des1gn
of the experiment.

CAMERA REQUIREMENTS

To get a respectable viewing area at high resolution, a 35 mm or larger film
format must be used. The 35 mm format has the advantage over other formats in
cost and availability. A standard 35 mm camera can be used for single frame test
shots. A good quality 35 mm camera with a motorized film drive will give from 3 to
6 frames per second (f/sec). A 35 mm Hultcher camera will give a 25 or 40 f/sec
speed. A 16 mm LOCAM high speed camera will give high frame rates, but its
viewing area will be extremely small. Also, availability of film in the 16 mm format
is somewhat limited.

Camera shutter speed settings are a bit confusing. The setting is not the time
required for the shutter to open or close, nor is it the time it takes the shutter to
traverse the film. It is the total amount of time for which any one section of the film
is exposed to light. For all standard 35 mm cameras, exposure time is accomplished
by a traveling shutter opening that passes a slit of light across the film. The slit
may travel in the horizontal or vertical direction. The width and speed of the trav-
eling slit determine the exposure time. The width of the slit and speed of the slit
vary from camera to camera. For the purpose of the flow visualization project, the
problem is that the entire piece of film is not exposed at once when using the cam-
era speed settings. One side of the film is exposed before the other.
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Appendix B

FILM PROCESSING CONTROL CODE: RUNPIV.C

B-1/B-2
Reverse Blank




































































































































































































































