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ABSTRACT

In support of a balloon shelter development program a series of wind tunnel tests were performed. The
study concerned the scaling criteria for such a simulation; velocity, turbulence and frequency spectra
downwind of four basic shelter shapes; the effect of screen material on shelter efficiency; and the influence
of a simulated balloon presence upon the effectiveness of the shelter.

1. Introduction

A wind tunnel and field investigation were performed
on possible launch shelters for meteorological balloons.
The purpose of the effort was to aid in the design of a
screen which would reduce the wind from 15 kt to below
8 kt over a volume sufficient to assist with inflation and
launching of large balloons (~70 ft highX70 ft wide
X 70 ft deep). (See Fig. 1.) The emphasis of the study
was to determine the effects of basic shelter config-
urations and screen materials upon the sheltered
area.

The program was organized to examine the following
aspects of the shelter dynamics:

Height, length and breadth of the sheltered areas for
various shelter configurations.

Comparative effectiveness of a solid shelter compared
with various porous screen materials.

Quantitative measurement of the frequency and in-
tensity of gusts shed from the upper edge and sides of
the proposed shelter configurations.

The effect of changes in the included angle on sheltered
area and gusting.

The effect of the presence of a balloon shape with-
in the sheltered area upon the effectiveness of the
shelter.

Four basic shelter shapes were tested in the wind
tunnel at a scale of 1:70. Various shelter angles, screen
materials, and the effect of the presence of a partially
inflated balloon were examined. Wind velocities were
subsequently measured behind a 1:7 scale model in the
atmosphere for one shelter angle and two screen
materials.

! Work supported by the National Center of Atmospheric Re-
search, Boulder, Colo., under subcontract NCAR-75-68,

2. General considerations of similarity and the
fluid dynamics of wind breaks

In some earlier work (Plate and Lin, 1965) it is shown
that modeling of a field wind break situation in a
laboratory is accomplished if Cp (the drag coefhicient of
the shelter) and the ratio %/6 are the same in both field
and laboratory, where the length % is the structure
height and & the thickness of the boundary layer.
Although these requirements were for two-dimensional
flow fields, it can be expected that only minor modifica-
tion would be required for the three-dimensional
counterpart.

Constant drag coefficients Cp can be obtained ap-
proximately by having sharp edges of the shelters both
in model and prototype. Then the drag coefficient

F¥1c. 1. Experimental balloon inflated and ready for launch.



850 JOURNAL OF

defined by
D

CD=* ) (1)
Lou,.hw

where D, the drag on the shelter, becomes independent
of the Reynolds number Re=u,4/v. In this equation, %
is the height and w the breadth of the projection of the
shelter on a plane perpendicular to the direction of the
ambient air flow u, (at some reference height). Ordi-
narily Cp would be a function of Reynolds number.
However, by sharpening the edges of the shelter, the
separation line of the boundary layer on the shelter
becomes fixed, resulting in a C'p which is independent of
the Reynolds number. It does, however, depend slightly
on h/8, but this dependency is not critical and can be
adjusted for by making the boundary layer of the ap-
proach flow as thick as possible.

The drag coefficient not only determines the drag on
the shelter but also the shape of the flow field down-
stream from the shelter. In general, the larger Cp, the
larger will be the sheltered area, but evidently at the
price of a larger drag force, as well as higher turbulence
levels.

For a solid screen, or a square flat plate, it is possible
to obtain the drag coefficient, to a first approximation,
from the relation

Cp(rectangular plate)!

CD(iIlﬁIlite 2d plate) tin houndary layer

Cp(rectangular plate)

e ,
Cp(infinite 2d plate) i free stream
or
Cp(rectangular plate) 1.16

190

3)
0.8

where the free-stream values are from Rouse (1950) and
the value of 0.8 for the drag coefficient of the infinite
plate in a boundary layer has been taken from experi-
mental results of Plate (1964). Consequently Cp=0.5to
a first approximation.

Some measurements of Vickery (1968) for a plate
which was neither fully in the free stream nor on a floor
were found to yield Cp=1.0 which falls between the
assumed free-stream value of 1.16 and the calculated
boundary layer value of 0.5. A safe value, to be used in
calculation, might therefore be taken as about Cp=0.7.

In the quoted paper, Vickery also points out that in
addition to the mean drag, there also occurs a fluc-
tuating drag whose rms value might be as much as 169,
of the mean. He does not give a peak value, but a
suitable safety factor should be used. In view of the
- fact that the structure of the shelter will be very light, a
safety factor of at least 2 is recommended, i.e., for the
design of the structure, Cp=1.0-1.2 should be used.

It is very likely that the effect of porosity is also a
Reynolds number effect, but this time the Reynolds
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number should be based on the properties of the screen
material. Since air flow and viscosity in model and
prototype are the same, it is required that the screens
be the same also, to meet Reynolds number similarity.
Actually, however, it is found that for a given screen
material the aerodynamic behavior is practically inde-
pendent of Reynolds number. A measure of the aerody-
namic behavior can be obtained by determining the
pressure drop Ap across a screen which passes a velocity
of 4 ft sec™'. The pressure drop coefficient,

Ap

Cp=

4)

b
1 .52
out

should become independent of the Reynolds number.
For a porous screen, the pressure drop coefficient
vields a measure of the force exerted on the screen. Let
% be the velocity observed, in the model case directly
downstream of the screen. Then, to a rough approxi-
mation, we have
D=cyypic'wh, ©)

or, if the reduction factor ¢ is introduced, i.e.,
c=—, (6)

which signifies the reduction of velocity obtained by a
screen, then
D=cpc* puwh. N

For a given screen material and shelter shape, the
coefficients ¢, and ¢ are found from wind tunnel
experiments.

Comparison of Egs. (1) and (7) shows that for a
porous screen we have

CD = C;;C? (8)

The experiments show that for a porous screen, both ¢
and ¢, are approximately independent of velocity, so
that Cp is found independent of Reynolds number for
porous screens as well—provided that the screens are
the same in model and prototype.

For the bug screen material used, we find a value of
¢p=0.62 and a reduction factor ¢=0.5. Consequently,
the equivalent drag coefficient, according to Eq. (8), is

Cp=0.621=0.16. (8a)
It goes without saying that (8) is valid only for
Cp<0.5-0.7. Once Cp=0.5-0.7 is reached, a screen be-
haves like a solid screen regardless of its actual porosity.

The parameter /8 determines mainly the velocity
distribution downstream of the shelter, outside the
sheltered region. For the sheltered region its effect is
mainly on the drag coefficient. Cp varies, for thick
boundary layers, approximately proportional to (%/8)%7
in the case of an infinitely wide shelter. For a finite
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width shelter, the effect should be even smaller, and
thus, if we just make the profile approaching the shelter
roughly logarithmic and as thick as possible, the values
of Cp obtained in the experiments should be trans-
ferable without much error to the atmospheric condi-
tions, which leads to the proposed value of Cp=0.5-0.7.

A sharp-edged shelter might be expected to shed
regular eddies (of Kadrméan-type vortices), which would
be the dominant feature in large-scale turbulence. On
the other hand, flow through the porous screen may
never allow significant lateral pressure excursions to
occur such that an alternating structure would be
observable. Recent measurements by Castro (1971) of
wake characteristics of two-dimensional perforated
plates in a uniform stream indicate that at an open area
ratio of about 0.2 there is a radical change in the flow
structure. Above a porosity of 0.2 apparently the
formation of vortices ceases altogether and the energy
thus preserved reflects in an abrupt reduction in drag
coefficient. One may perform a similar analysis to that
of Eq. (2) for the ratio of drags of a porous rectangular
plate to a solid rectangular plate in a shear flow as
compared with the ratio of two-dimensional porous
plates to a solid plate in a uniform stream. A value of Cp
for the bug screen material of 0.16 is found which agrees
exactly with the prediction of (8a). Indeed, even for
solid prisms in a turbulent shear flow, the presence of
regular shedding is indefinite (Cermak?). Jensen and
Franck (1963) remark from experiments of their own
on wind screens of large aspect ratio that behind porous
surfaces the vortex layer will certainly oscillate some-
what, all discontinuity surfaces being unstable. How-
ever, they observed that these small motions will cause
only minute variations in the velocities. Nevertheless,
one might wish to make an estimate of the likelihood of
resonance of any gusts generated and a filling balloon.
Vickery (1968) did obtain load fluctuation results for
prisms in uniform turbulent flow. Thus, the frequency f
of the dominant eddies may be given approximately by
the Strouhal frequency obtained from the relation

w
St="—=0.08-0.11,

U

©)

where St is Strouhal number, which according to results
of Vickery is approximately constant and lies within the
indicated range, and f is the peak frequency. Typically,
for a shelter 70 ft in width, one would expect a dominant
frequency of about (at 30 ft sec™)

f iy 30(0 1)~0.45 H (10)
=—S8t=—+0.1)~0.45 Hz. 0
w70

For the 1 ft wide model examined in the wind tunnel,
a similar calculation would suggest a dominant fre-

2 Cermak, J. E., 1971, private communication.
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quency of about (at 30 ft sec™)
30
J=—(0.1)~3 Hz. (11)
1

Unfortunately this value is at the lower range of
reliability for wind tunnel instrumentation and may not
be readily apparent.

3. Description of experiments
a. Wind tunnel simulation

Wind tunnel measurements were performed in the
Meteorological Wind Tunnel of the Fluid Dynamic and
Diffusion Laboratory, Colorado State University. This
tunnel has a 6 ftX6 ftX80 ft long test section and
generates a shear layer of the order of 2-3 ft thick
(Plate and Cermak, 1963). Four basic shapes were
tested ; one consisted of a square plate set perpendicular
to the wind (1 ft X1 ft) at a scale of 1:70, and the other
three were of a wedge-type of same height and pro-
jection on the plane normal to the flow with apex angles
of 90°, 120° and 150°. The models consisted of steel
frames over which the screen materials had been
stretched, as shown in Fig. 2c. They were designed with
sharp outer edges, so that separation would always occur
at the edges. Two different screen materials were
tested : ordinary fiberglass bug screen (0.010 inch wire,
18 mesh; ~0.67 open area) and a special dense mesh
fiberglass material provided by NCAR (~0.15 open
area).?

The presence of a partially inflated balloon was
simulated by a rigid “ice-cream cone” shaped wooden
model. The model had a $-inch diameter at the base and
tapered to a 4-inch diameter hemispherical cap. The
model was, of course, not compliant to gust effects and
stood a total of 10 inches high (see Fig. 4).

Vertical distributions of horizontal mean velocities
were taken to map out the sheltered region. Using a
coordinate system where X is the distance downstream
measured from the shelter trailing edge, ¥V is the
transverse coordinate measured from the screen center-
line and Z is in the vertical direction, velocity measure-
ments were taken for X=0(3)18, YV =0(3)12 and
Z=0(5)13 inches (only one side of the shelter need be
considered in view of the symmetry of the shelter about
the XZ plane). Velocities were obtained using a pitot-
static tube with a Transonic pressure transducer. A
free-stream velocity range of 20-50 ft sec™! was used
on the four different shelters.

A gross measure of the tendency of the balloon
shelter to dissipate the kinetic energy of the unrestrained
wind is the turbulence intensity #’%, where ' is the
fluctuating velocity component (with time mean zero)
in the direction of the mean local flow velocity. The

¥ Style 9710—18X 56 mesh fiberglass cloth screen manufactured
by J. P. Stevens and Co., Watterboro, S. C.
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A Schematic of Square Screen

B Schematic of Wedge Screen
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1 (Milled)

172"
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C Construction
Details (Not
to Scale)

Fie. 2. Screen models.

overbar denotes the time mean. Due to the limitations
of the rms-analyzers utilized, these data are of fre-
quencies higher than 2 cps and are thus not repre-
sentative of the low-frequency end of the spectrum,
which is of greatest importance for balloon sheltering. It
also became clear that one area of major interest was the
side edges of a shelter. Further examination of this area
involved measuring turbulence intensities and making
frequency analyses of the eddy shedding at the edges.
“Turbulence intensities were measured using a Disa
constant temperature anemometer, type S5A01.

Two types of turbulence spectral data were obtained:
pressure fluctuations of a pitot-static tube recording at a
distance of 3 inches from the centerline at four different
downstream distances of the NCAR screen square plate
and wedge, at one height of 6 inches (=3/) above the
floor. These data, recorded on strip charting, give an
indication of the low-frequency turbulence which is

likely to affect the balloons. However, one cannot
detect any low-frequency component in the recordings
which might be significant. A second set of turbulence
data was obtained from the output signal of a constant
temperature hot wire anemometer. Special attention
was given to the shear flow at the shelter edge. The
signal from the anemometer was analyzed using General
Radio’s Graphic Level Recorder type 1510-A, coupled
to a Sound and Vibration Analyzer, type 1911-A. This
equipment provides a frequency response from 2.5
to 25 Hz.

Pressure drop coefficients ¢, were obtained by
stretching screens across the whole cross section of a
small duct, and measuring velocity and pressure drop
across the screen with two pitot-static tubes located one
upstream and one downstream of the screen. For the
NCAR screen, we found a pressure drop coefficient ¢, of
22—implying an almost solid screen—independent of
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Re. For the bug screen, the pressure drop coeflicient was
found to be 0.62. For a bug screen prepared in a double
layer with a 45° angle between the mesh orientation, the
pressure drop coefficient was about 1.25. Again, all
Reynolds number dependencies, if existing, were hidden
in the scatter of the experimental results. These values
of pressure coefficients agree qualitatively with the
estimating expressions suggested by Hoerner (1965).
For a screen of high solidity ¢, he recommends
cp=[0/(1—0) * and for low solidity, ¢<0.5, c,=Cp/
(1—o0), where Cp is the drag coefficient of the screen
element. For the dense NCAR screen (¢=0.85) and for
the open bug screen (¢=0.33, wire elements) one
obtains ¢,~32 and 0.73, respectively, which are the
order of those measured.

b. Wind-screen field tests

A 1:7 scale model of the proposed shelter was con-
structed by E.G.&G. Inc. of Boulder, Colo., and tested
under the direction of NCAR at Marshall Field south of
Boulder (Fig. 3). The balloon shelter was constructed by’
stretching fiberglass bug screen over a frame of 2-inch
X4-inch wooden boards. The shelter consisted of two
flat sections measuring 10 ft high by 5.75 ft wide, hinged
together on a 10 ft edge. When standing with an apex
angle of 120°, the shelter presents a 10 ft X 10 ft frontal
area to the impending wind.

Measurements were made on a day with ambient
winds in the 10-20 kt range. The shelter was erected
with the apex pointing into the wind. Reference cup
anemometers were located 40 ft upwind of the shelter,
S ft above the ground, and 28 ft downwind of the
shelter, 5 ft above the ground. Data were continuously
monitored from these sensors as a mid-wind sensor was
placed in various regions of the sheltered zone. The
mid-wind sensor was operated both at 5 ft and at 9 feet 4
inches above the ground, first with two layers of bug
screen attached and then with one layer. Data were
recorded for at least 2 min for each mid-wind location,
height, and layer of the screen.

4. Results and discussion
a. Wind tunnel simulation

To obtain an estimate of the amount of flow deflected
around the shelters smoke tracers were released up-
stream of the shelters. For very low free-stream veloci-
ties the majority of the smoke was deflected right along
the upstream face. For higher free-stream velocities,
most of the smoke passed through the screen about
halfway along the screen surface. With the balloon
model placed behind the screen the smoke pattern was
not observably changed (Fig. 4).

The other visualization technique involved looking at
the motion of a small cork ball which was attached by
thread to a long wire rod. Holding the wire rod from
outside the flow field, the ball could be located at

AND ERICH ]J.
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F16. 3. Wind screen erected at Marshall Field site, Boulder, Colo.

positions about the shelter. The areas of main interest
were the shelter sides and top edges. No rotation of the
ball was observed over the top edges; however, at the
side edges the ball rotated vigorously. As the ball was
drawn across a vertical side support (in the direction of
decreasing ¥), the rapid rotation of the ball abruptly
reversed. A short distance inside the support (that is, in
the sheltered region) the ball rotation slowed and
ceased. It is felt that this vortex phenomenon at the
shelter edges is due entirely to the vertical supports.
A typical profile of the approach velocity for the
shelters is shown in Fig. 5 at a distance of 5w upstream
of the model. From the complete set of such profiles
isotachs were constructed. Two typical types of figures
were prepared (Figs. 6-9). Profiles along the centerline,
to show the reduction of wind velocity along this plane,
and cross sections through the sheltered regions were
prepared. Downwind distances from the wedges are
measured from the downwind edges of the model.
From the techniques described, it appears that all
shelter angles give approximately the same sheltered
region with a velocity reduction of about 50%,. Eddy

Fi1c. 4. Smoke visualization past 120° wedge with
balloon model: Uq=5 ft sec™t.
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Fi1c. 5. Approach wind profile (at X =35w upstream of model).

shedding from the shelter supports is an important
feature but is confined to the side edges of the shelter
and does not affect the sheltered area. No other large-
scale vortices related to the shelter geometry were
observed.

With the wooden balloon model in place a marked
decrease in velocity on the centerline with an increase
around the sides and over the top of the balloon was
observed. A short distance downstream these two effects
seemed to combine to produce a flow pattern similar to
that of the “no balloon” case.

Using the Disa hot-wire anemometer, the turbulence
intensity distribution around the shelters was in-
vestigated. The free-stream turbulence level was about
397, Behind the screen section of a shelter the turbulence
level was very low (49,), but on the centerline (i.e.,
behind the center support) the level rose to 20%,. The
effect was most marked at the edges, 409, intensity
being the general value. These high values at the edges
are consistent with the vortex ball investigation. The
vortex ball, however, failed to indicate the relatively
high turbulence level due to the center support. Typical

profiles of ' along a distance 1/4w off the centerline
are shown in Fig. 10.

The signal from the anemometer was subjected to a
frequency spectrum analysis, the eddy shedding fre-
quency at the edges being the major area of interest.
The possible frequency for dominant eddies, given ap-
proximately by the Strouhal frequency, was of the order
10 Hz. Extensive investigation failed to isolate this
frequency. In addition to the arguments cited previ-

APPLIED METEOROLOGY

VoLuME 11

X
4
20
15 - 6
12
N~ 10
86
10N U, =20 fps
\
\ 0 8
N
5Q
N
/
/
\ e X
3 6 iz 18 n
z
sl 40
32
24
20
N U, =40 ¢
22 g OIS
N
5N
N
X
1 L 1 1
3 6 12 18 in,

I1c. 6. Centerline velocity isotachs behind square
plate screen (porosity ~0.67).

Uge = 30 fps

Y

o] 3 9 12

Fic. 7. Cross section velocity isotachs behind square plate
bug screen (porosity ~0.67).



Avucusrt 1972 ROBERT N.

i

1
18 in

Hig\h 18
5, Uo=40 fps

1 ! L

3 6 12

1
18 in.

Tic. 8. Centerline velocity isotachs behind 90° wedge
screen (porosity ~0.67).

ously, there is the possibility that for porous structures
the realm of regular frequencies ceases for Re>10°.
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shedding from cylinders (Morkovin, 1964). Though the
Re number for the prototype shelter size may well be
greater than 107, one may have difficulty in identifying
a specific maximum shedding frequency since 1) the
maximum becomes increasingly blurred at high Re
number, and 2) the flow through the porous screen may
never allow significant lateral pressure excursions to
occur such that an alternating structure may be
observable.

The general character of velocity reduction behind
the shelters for the different configurations was dis-
cussed above. For the single screen shelter the velocity
reduction for all angles was over 50%,. For the double
screen shelter the reduction was about 75%, with the
pressure coefficient increasing to twice that of the single
screen case.

Two dimensionless parameters, £, a mass flux parame-
ter and ¢, a momentum flux parameter, were defined;

Le.,
¥
g:/ pu(]y/pUmL,
0

v
¢=/ pu(Uw—u)dy/prZL,
0

where u is the velocity behind the shelter, U, the free-
stream velocity and L the total width of the shelter
(12 inches). The momentum flux parameter y may be

Indeed, even for cylinders measurements for high Re z Peck: 11 (fps)®
numbers are very sparse. Roshko has suggested a
Strouhal gap exists between 10° and 107 for eddy sk k
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F16. 9. Cross section velocity isotachs behind 90° wedge screen
(porosity ~0.67) U.=230 ft sec™.

I16. 10. Turbulent intensity profiles downstream of square and
90° wedge screens (porosity ~0.15).
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TaBLE 1. Mass flux parameter ¢ (dimensionless), calculated for
various free-stream velocities at Z/L=35/6 and for various X/L
coordinates.

U. X_1 X_1 X_4 X_s
(ft sec™) L 4 L2 L L 4
90° shelter (no balloon)
19.0 0.48 0.57 0.58 0.61
31.5 0.54 0.61 0.65 0.65
48.6 0.52 0.59 0.59 0.61
90° shelter (with balloon)
19.0 0.64 0.63 0.62
120° shelter (no balloon)
19.0 0.46 0.51 0.51 0.50
120° double screen shelter (no balloon)
19.0 0.35 0.38 0.38 0.35
315 0.36 0.40 0.37 0.35
48.6 0.41 0.39 0.37 0.35
150° shelter (no halloon)
19.0 0.45 0.50 0.52
150° shelter (with balloon)
19.0 0.61 0.59 0.58

viewed as a pseudo-drag coefficient in the sense that it
is a measure of the blocking effect of the shelter. It is, of
course, not exactly a drag coefficient, since the fluid
motion is three-dimensional and corrections must be
made for static pressure variations when the traverse
is close to the shelter. Schlichting (1968) discusses
correction methods to be applied to drag calculations
from measurements in the mean wake vicinity. These

TaBLE 2. Momentum flux parameter ¢ (dimensionless), calcu-
lated for various free-stream velocities at Z/L=35/6 and for
various X /L coordinates.

U x_1 X_ =2
(ft sec™) L 2 L 1 X 4
90° shelter (no balloon)
19.0 0.21 0.21 0.22
31.5 0.21 0.21
48.6 0.23 0.22
90° shelter (with balloon)
19.0 0.21 0.21
120° shelter (no halloon)
19.0 0.21 0.22
120° double screen shelter (no balloon)
19.0 0.17 0.18
31.5 0.19 0.18
48.6 0.19 0.18
150° shelter (no balloon)
19.0 0.21 0.21
150° shelter (with balloon)
19.0 0.20 0.21 0.21
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parameters were calculated for the wake of the different
shelters and are tabulated in Tables 1 and 2. It can be
seen that there is little variation in the parameters over
the set of single screen shelters suggesting that shelter
shape has little effect on the downstream region. In the
double screen case, the decrease in these parameters is
consistent with our intuition. Again little variation is
seen over the range of free-stream velocities.

Intuition suggests that shelter angle should influence
the sheltered zone since the wind must approach the
screen at an oblique angle resulting in a decreased
effective permeability. Eimern (1964) reports the re-
sults of numerous investigators concerned with wind
break effectiveness at oblique angles of wind incidence.
Although a number of authors report marked changes
when wind angles exceed 30°, others finally assert that
variations in angle of incidence to 45° cause no im-
portant change in sheltering. Again any suggested
influence is in the extent of the sheltered zone rather
than its quality; hence, one concludes the absence of
effect of shelter shape is not abnormal for this study.

b. Wind screen field test

Wind velocity ratios were removed from the records
of the field experiment and compared with the wind
tunnel tests. Ten of the fourteen measuring sites in the
field were directly comparable to the wind tunnel
results. The time varying wind records were averaged
and standard Ceviations calculated. The general shape of
the sheltered zones were equivalent. The single screen,
120° apex angle test reduced the velocity by ~0.35 with
a variance of ~0.025. The double screen, 120° apex
angle test reduced the velocity by ~0.50 with a variance
of ~0.035. The instantaneous upstream to mid-region
velocity ratio varied from 0.16-1.0 and 0.07-1.0 for the
single and double screen cases, respectively. This wide
variation may result from wind veering or the lack of
spatial correlation of velocity between anemometers.

The field measurements, in general, did not reveal as
large a sheltering effect as the wind tunnel measure-
ments. The single screen provided 509, reduction in the
wind tunnel as compared with 359, reduction in the
field. The double screen performed at 75%, and 509,
reduction levels, respectively. The proportionate in-
crease in the added shelter of the doubled screen was
about the same for both experiments.

5. Conclusions

On the basis of the reported experiments, the following
conclusions on the design of a balloon shelter are drawn:

1) Porous shelter surfaces, as compared to solid (or
almost solid surfaces), have a considerably lower turbu-
lence level associated with them, but a mean velocity
level which is higher in the sheltered region. Further-
more, the forces on a porous screen are much smaller. A
rough estimate gave drag coefficients for the square
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plate data of 0.5-0.7, and 0.16, for solid and bug screen
surfaces, respectively.

2) The shelter angle has no noticeable effect on
velocity reduction, turbulence level or flow pattern.

3) Velocity reduction for all angles with single screen
is over 509, with 759, reduction in the double screen
case. The pressure coefficient is doubled for the double
screen case. Neither the flow pattern nor the percentage
reductions attained depended on the ambient velocity
U,. Consequently, it is felt that prototype screen and
model screens should be the same. It is recommended
that a material should be used for the screens which is
slightly denser than the bug screen, such as a double
layer of bug screen or equivalent.

4) The balloon presence produces higher velocities
around the balloon surface. Downstream the flow pat-
tern returns to the “no balloon” case.

5) Eddy shedding from the structure’s edges could
interact with the balloon if the shelter was too narrow.

6) A blockage near the structure may occur due to the
vertical side supports. The velocity decrease behind these
supports recovers quickly with distance downstream.

7) A square plate shelter provides a larger sheltered
area, but a more intense turbulence intensity than a
wedge-shaped design. On this basis, and on the basis of
construction convenience, it is recommended that the
wedge be used, in a suitable modification to meet
structural requirements.

ROBERT N. MERONEY AND ERICH ]J.
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