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Table 2. Surveyed elevation changes caused by
vortex fence referenced to assumed natural
deposition (at outermost survey point at Station 1) I
in the target area.
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Figure 6. Perspective map of snow surface
elevation change between 7 February and 28 June
1995, relative to the outboard survey point at
Station 1 (where no change in natural patterns was
assumed). Outermost survey target positions
shown as diamonds.
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Figure 7. Wind rose for the "Pegasus South"
automated weather station (AWS) using 10-minute
readings for the period 8 February to 28 June
1995. The raw data were screened and 17% of
the values were found to be spurious and have
been removed for this diagram. Compass
orientation of survey target positions shown as
diamonds.
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natural snow behavior (i.e., no effect of the vortex
fence). All other points within the target area show
a significant loss (or reduced accumulation) over
what would be the normal depositional pattern. It
is interesting to compare the scour results (Fig. 6)
with the wind diagram (derived from an AWS
located less than a kilometer away) for the same
time period (Fig. 7). As anticipated, there is a
good correlation between the stations showing the
most scour and the most frequent lee directions.
More encouraging, though, is that, over time, scour
is effective even in a direction that is leeward to the
prevailing wind but windward to the storm wind.
(Station 3). Net erosion also occurred at Stations 6
and 7 that are leeward to the storm wind but
windward to the prevailing wind.

In our test, the average reduction in
surface elevation within· the target area was 0.17
m. Thus, within this 1870 m2 area, the fence (with
a surface area of only 3.25 m2) was able to scour
approximately 320 m3 of snow during a five-month
period. This suggests that vortex fences can be a
very effective tool for scouring snow. Given the
capability to selectively deploy or remove the
vortex fence depending on prevailing winds and
desired direction of snow scour, a vortex fence
could be even more effective.

3. CONCLUSIONS

The vortices generated by a vortex fence
do not seem to dissipate rapidly, providing
effective, sustained erosion. A further advantage of
the vortex fence design is that it lends itself well to
a rotating head, which allows the fence to be self
orienting into the wind.

We showed that a full-scale vortex fence
. can produce local wind velocity increases
~adequate for scouring significant areas of

moderately bonded snow surfaces. Within the
vortex target area the measured surface hardness
(Le., for the upper 10 em of snow) ranged from 16
to 18 kgf and the densities ranged from 370 to 475
kg/ m3. These tests demonstrated significant
snow scour (320 m3 during a five-month period)
over an 1870 m2 area using a relatively small
vortex fence (surface area of 3.25 m2). In some
cases, the vortices were able to move snow up
slope.
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The vortex fence was placed essentially
as a permanent fixture. It is likely that even
greater scour could be achieved by judicious
deployment and removal of the fence as a function
of periods of favorable winds. This would
obviously require closer monitoring and the ability
to efficiently retrieve and replace the fence
depending on existing and forecast winds. This
seems like a reasonable trade-off in light of the
potential for greatly increased erosion.

The full-scale vortex fence design and
installation were based only on rough estimates of
the optimum size, height, angle of attack, and the
extent of propagated longitudinal vortices.
Mathematical models of wake turbulence exist and
are used routinely in the aircraft industry; these
models should be used to determine the most
effective arrangement of a vortex fence to achieve
snow scour. Further studies should include the
determination of the most effective angle of attack
and sweepback angle for the fence, the optimum
planform dimensions and height above the snow
surface by measuring the velocity distribution
leeward of the fence designs.

At the Pegasus site, the annual snow
accumulation associated with natural drifting
around the construction berms, and mechanically
removed runway snow, can be managed with
vortex fences. By optimizing the fence spacing
based on wake turbulence models, and employing
them only during periods of favorable winds,
runway maintenance personnel could efficiently
and permanently remove large quantities of
unwanted snow with minimal cost, effort, and
environmental impact.

Finally, this technology could be applied
with success in any area where snow
accumulation is undesirable. For example, cornice
development in avalanche starting zones could be
eliminated by placing a series of vortex fences
windward of the ridge line where cornice
development is known to occur.
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