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This manuscript is a summary of the smoke-wire flow visualization experiments
performed in order to improve the "seeing" of the Multiple Mirror Telescope. The aim of
the study is to determine a configuration of louvers which will promote the free exchange
of air between the telescope housing and the surroundings.

The experiments were carried out in the open return wind tunnel facility within the
Department of Aerospace and Mechanical Engineering at the University of Arizona. The
test section of the tunnel is 4ft wide and 3ft high. A 50:1 model (approximately 1 cubic
ft) of the telescope building was used, which gave a cross-sectional blocking ratio of
~10%. The tunnel speed was 1.5 m/s, which corresponds to a Reynolds number of
30000. At the same speed, the Reynolds number of the actual structure would be
1.5x 10%. The main effect of higher Reynolds number is expected to increase the
intensity of the small scale turbulence (see also Siegmund and Comfort.) Hence, the
model should provide a reasonable qualitative description of the actual flow.

Smoke-wire flow visualization is a technique for introducing closely spaced
streaklines in wind tunnels and is described in detail by Corke et al. (1977). In the
present experiments, a 0.005 in stainless steel wire, stretched vertically between two
supports, was used. The supports were placed so that they wouldn’t interfere with the
flow in the test region. The top end of the wire passed through a No. 27G hypodermic
needle which was connected to the top support. At either end electrical connections were
made to pass current through the wire. The procedure to obtain streaklines is as follows:
Mineral oil is pumped through the hypodermic needle in the top support, forcing a large
drop of oil to fall down the wire. As the drop falls, surface tension causes the oil to break
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up into tiny beads or droplets. Then current is passed through, which heats the wire
sufficiently to cause the oil to burn. The result is rows of streaklines which mark the flow
downstream of the smoke-wire. The amount of current needed varies with tunnel speed
and wire length. An adjustable time delay circuit is used to allow the smoke to convect
into the test region and trigger the camera and the flash. A Polaroid camera with an
electronic shutter mechanism along with Polariod 667 film and a Metz 202 flash was
used.

The study was carried out in two sections. The first part is aimed at determining the
characteristics of the flow over the model of the current building. In the second part
various louver configurations were tested. The rest of this report is a synopsis of the
smoke-wire photographs. In the photos the flow is from right to left.

Figure 1 shows the flow over the model of the current building where there are no
openings in the rear. The flow through the housing is forced to exit from the top. The
flow leaving the building is fully turbulent. This is expected since the flow faces strong
adverse pressure gradients while leaving the building. The trailing edge of the roof acts
as a flat plate at a high angle of attack, which surely causes the flow to separate while
turning the corner.

A frontal view is shown in fig. 2. In this case the incoming wind is at a ~45°
incidence. The intense turbulent action of the flow leaving from the top is evident. Due
to difficulties in lighting, the streaklines in the bottom part of the enclosure are not
visible in the photograph. However, the curling action of the flow, similar to the large
vortex described in Siegmund and Comfort was seen with naked eye during the
experiments.

A downwind situation is depicted in fig. 3. In this case, unlike the upwind case
presented in fig. 1, there are no sharp corners to turn, and the adverse pressure gradients
are milder due to the low angle leading edge (front) of the roof. The result is a flow over
the building where turbulent intensities are much smaller.

As an initial trial of louver configuration, the back portion of the telescope housing
was completely removed. This exposed the three sections behind the building, identified
as the top, middle and the bottom openings. The rear view in an upwind situation is
shown in fig. 4a. Fig. 4b shows the rear view where the flow is at a ~30° incidence. In
both cases, the smoke exiting through the openings is clearly seen. The majority of the
flow exits via the top opening. This is due to the blockage created by the telescope base.




The frontal view of this configuration is shown in fig. 5. The flow leaving through
the rear opening is again seen clearly. The downwind situation is depicted in fig. 6 where
the flow leaving the building is completely different from the closed case shown in fig. 3.
Air entering through the vents, sweep the telescope enclosure, as indicated by the smoke
patterns present in the wake of the building.

It is clear that the openings provide better ventilation of the the housing. However,
it seems like most of the this occurs through the top opening. In order to test this, the
bottom two openings were closed. Fig. 7a,b show two different realizations of this case.
Flow coming out the top opening is marked by the smoke. Fig. 8 shows the
corresponding frontal view. Notice the similarity between this case and the one shown in
fig. 5, where all there sections were open. Fig. 9 shows the flow with just the middle
section open. Again lighting difficulties have degraded the photo quality. Nevertheless,
the curling action of the flow impinging to the closed top louver is evident. Hardly any
smoke is seen to exit through the middle louver. Similar situation is observed when both
the middle and bottom sections are opened (fig. 10), which indicates that the most
effective louver is the top one.

The flow patterns at various incoming angles did not show any significant
differences than the cases presented here. In the photographs, the telescope base was at a
~5° angle with the horizontal. At higher angles, since the blockage of the telescope
would increase, the effectiveness of the top opening is expected to be more dominant
over the bottom two.
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