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1. INTRODUCTION

1.1 General

Two previous wind-tunnel studies (1,2) investigated the wind loads
on the Mobile Service Tower (MST) and Shuttle Assembly Building (SAB) at
the Vandenberg Air Force Base shuttle launch site. The first study (1)
showed that the MST and Payload Changeout Room (PCR) alone would not
provide adequate protection from the wind of shuttle launch vehicle com-
ponents during assembly. The SAB, studied in reference (2), provided
protection from the wind by sealing the above-ground openings in the
MST. However, large openings into the shuttle assembly area remained
by means of three rocket engine exhaust ducts. This investigation pro-
vides data to assess the need for closures for the ducts and to determine
wind loads required for the closures, if needed.

Techniques have been developed for wind-tunnel modeling of structures
which allow the prediction of wind pressures on cladding and windows,
overall structural loading, and also wind velocities and gusts in areas
of concern. Accurate knowledge of the intensity and distribution of the
pressures on the structure permits adequate but economical selection of
structural elements such as exhaust vent closures.

Modeling of the aerodynamic loading on a structure requires special
consideration of flow conditions in order to guarantee similitude between
model and prototype. A detailed discussion of the similarity require-
ments and their wind-tunnel implementation can be found in references
(3), (4), and (5). In general, the requirements are that the model and
prototype be geometrically similar, that the approach mean velocity at

the building site have a vertical profile shape similar to the full-scale



flow, that the turbulence characteristics of the flows be similar, and
that the Reynolds number for the model and prototype be equal.

These criteria are satisfied by constructing a scale model of the
structure and its surroundings and performing the wind tests in a wind
tunnel specifically designed to model atmospheric boundary-layer flows.
Reynolds number similarity requires that the quantity UD/v be similar
for model and prototype. Since v , the kinematic viscosity of air, is
identical for both, Reynolds numbers cannot be made precisely equal with
reasonable wind velocities. To accomplish this the air velocity in the
wind tunnel would have to be as large as the model scale factor times
the prototype wind velocity, a velocity which would introduce unaccept-
able compressibility effects. However, for sufficiently high Reynolds
numbers (>2x104) the pressure coefficient at any location on the struc-
ture will be essentially constant for a large range of Reynolds numbers.

8 for the full-scale and 105 6

Typical values encountered are 107-10 -10
for the wind-tunnel model. In this range acceptable flow similarity
is achieved without precise Reynolds number equality.

1.2 TheVWind-Tunnel Test

The wind-tunnel study was performed on a model of the shuttle
launch site at a scale of 1:100. Models of the MST and SAB used in
earlier studies were placed on a base which included accurate models
of the three exhaust ducts. The model was subjected to a simulated
atmospheric wind flow in a boundary-layer wind tunnel. The model was
rotated to 16 approach wind directions to observe the influence of
wind direction. Velocities were measured in the exhaust ducts for

open ducts and for ducts which were almost closed. In addition,



pressure measurements were obtained on both sides of duct closures to
provide information for design of the duct closures. Table 1 lists
the configurations and data acquisition program.

The following pages discuss in greater detail the procedures
followed and the equipment and data collecting and processing methods
used. In addition, the data presentation format is explained and the

implications of the data are discussed.



2. EXPERIMENTAL CONFIGURATION

2.1 Wind Tunnel

Wind engineering studies are performed in the Fluid Dynamics and
Diffusion Laboratory at Colorado State University (Figure 1). Three
large wind tunnels are available for wind loading studies depending on
the detailed requirements of the study. The Environmental Wind Tunnel
used for this investigation is shown in Figure 2. The wind tunnel has
a flexible roof adjustable in height to maintain a zero pressure gradient
along the test section. The mean velocity can be adjusted continuously
to the maximum velocity available.

2.2 Model

In order to obtain an accurate assessment of local velocities and
pressures, models are constructed to the largest scale that does not
produce significant blockage in the wind-tunnel test section. The
building models were constructed of thin Lucite plastic and fastened
together with glue and metal screws. The ducts were constructed from
wood with duct closures made from Lucite. Piezometer taps (1/16 in.
diameter) were drilled normal to the exterior surfaces of the duct
closures. Photographs of the model installed in the wind tunnel are
shown in Figure 3.

A site plan showing duct entrances and exits and their position in
relation to the MST and SAB is shown in Figure 4. Six door locations
are identified in the figure. Doors 1, 2 and 3 were horizontal and were
located at ground level. Door 1 was about 35 ft square; doors 2 and 3
were about 25 x 50 ft. Door 4 was always open. Doors 5 and 6 were
vertical, about 50 ft square, and were located in the plane of the duct

exit. All doors were fabricated with approximately a 6-in. gap (0.06



in model) all around the door. The actual gap spacing was set by
requiring a gap area of 2.5 percent of the total door area. Data were
obtained with the gap open (partially closed (PC) door) and with the
gap sealed (closed (C) door).

The seal between the MST and SAB was simulated, at the sponsor's
request, as a slightly porous seal. The full-scale gap between buildings
of 18 in. was to be closed to a 1 1/2-in. opening by a seal. This 1 1/2-in.
gap in the full scale was approximated in the model by a 1/8-in. square
gap located at 1 in. spacing along the seal. This gave a total opening
area between buildings in the model which was equivalent, at model scale,
to the 1 1/2-in. gap in the full scale.

Pressure tap locations on the duct doors were located as shown in
Figure 5. Door locations are shown in Figure 4. Pressure tap locations
on the doors are shown to scale. Pressure tap numbers are shown on
Figure 5,

A model of the shuttle and tanks assembly was obtained from NASA
and installed on a model of the launch mount (IM) in the MST and SAB
interior.

The terrain features surrounding the model were not modeled for
lack of time and dollar resources. A model of the terrain was not con-
sidered to be a major influence on determination of the need for duct
closures or determination of closure design loads. An open-country
environment was assumed to be a reasonably conservative estimate for
establishing approach wind characteristics. The floor of the wind tunnel
upwind of the model turntable was covered with a randomized roughness
selected to provide an open-country environment. Spires and a two-

dimensional barrier were installed at the test section entrance to



provide a thicker boundary layer than would otherwise be available. The
thicker boundary layer permitted a larger scale model than would otherwise

be possible and resulted in an improved simulation of internal flows.



3. INSTRUMENTATION AND DATA ACQUISITION

3.1 Flow Visualization

Making the air flow visible in the vicinity of the model is helpful
in understanding and interpreting mean and fluctuating pressures and in
determining how wind flow through the duct system might interact with
the air mass inside the MST/SAB enclosure. Titanium tetrachloride smoke
was released from sources on and near the model to make the flow lines
visible to the eye and to make it possible to obtain photographic records
of the tests. Conclusions obtained from these smoke studies are discussed
in Section 4.1,

3.2 Pressures

Mean and fluctuating pressures were measured at each of the pressure
taps on the model structure. Data were obtained for 16 wind directions
at 22.5-degree azimuthal increments, rotating the entire model assembly
in a complete circle. Pieces of 1/16-in. I.D. plastic tubing were used
to connect the pressure ports to an 80-tap pressure switch mounted under-
neath the model. The switch was designed and fabricated in the Fluid
Dynamics and Diffusion Laboratory to minimize the attenuation of pressure
fluctuations across the switch. Each of the measurement ports was directed
in turn by the switch to one of four pressure transducers mounted close to
the switch, Four pressure input taps not used for transmitting building
surface pressures were connected to a common tube leading outside the
wind tunnel. This arrangement provided both a means of performing in-
place calibration of the transducers and, by connecting this tube to a
pitot tube mounted inside the wind tunnel, a means of automatically
monitoring the tunnel speed. A computer-controlled stepping motor

stepped the switch into each switch position. The computer kept track



of switch position but a digital readout of position was provided at
the wind tunnel.

The pressure transducers used were setra differential transducers
(Model 237) with a 0.10 psid range. Reference pressures were obtained
by connecting the reference sides of the four transducers, using plastic
tubing, to the static side of a pitot-static tube mounted in the wind
tunnel free stream above the model building. In this way the trans-
ducer measured the instantaneous difference between the local pressures
on the surface of the building and the static pressure in the free
stream above the model.

Output from the pressure transducers was fed to an on-line data
acquisition system consisting of a Hewlett-Packard 21 MX computer, disk
unit, card reader, printer, Digi-Data digital tape drive and a Preston
Scientific analog-to-digital converter. The data were processed immedi-
ately into pressure coefficient form as described in Section 4.3 and
stored for printout and further analysis.

All four transducers were recorded simultaneously for 16 seconds
at a 250 sample-per-second rate. An examination of a large number of
pressure taps from previous experiments showed that the overall accuracy
for a 16-second period is, in pressure coefficient form, 0.03 for mean
pressures, 0.1 for peak pressures, and 0.01 for rms pressures. Pressure
coefficients are defined in Section 4.3,

3.3 Velocity

Mean velocity and turbulence intensity profiles were measured
upstream of the model to determine that the desired approach boundary-
layer flow had been established. Tests were made at one wind velocity

in the tunnel. This velocity was well above that required to produce



Reynolds number similarity between the model and the prototype as
discussed in Section 1.1. Very low velocities measured within the
model interior may have some distortion due to Reynolds number effects,
but conclusions drawn from the data should be valid.

In addition, mean velocity and turbulence intensity measurements
were made at duct entrances to the interior space and, for one configu-
ration, at selecfed locations about the shuttle and tank model. The
duct measurements were made at the center of the duct cross section when
ducts were open and centered on the gap when the duct was in the PC mode.

Measurements are made with a single hot-wire anemometer mounted
with its axis horizontal. The instrumentation used was a TSI constant
temperature anemometer (Model 1050) with a 0.001 in. diameter platinum
film sensing element 0.020 in. long. Output was directed to the on-line
data acquisition system for analysis.

Calibration of the hot-wire anemometer was performed by comparing
output with the pitot-static tube in the wind tunnel. The calibration

data were fit to a variable exponent King's Law relationship of the form

E2 = A + BU"
where E is the hot-wire output voltage, U the velocity and A, B,
and n are coefficients selected to fit the data. The above relation-
ship was used to determine the mean velocity at measurement points using
the measured mean voltage. The fluctuating velocity in the form Ur
(root-mean-square velocity) was obtained from

2 E Erms

n-1

ms BnU

where Erms is the root-mean-square voltage output from the anemometer.

For interpretation all turbulence measurements for locations within the
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model were divided by the mean velocity outside the boundary layer U_.
Turbulence intensity in velocity profile measurements used the local

mean velocity.
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4, RESULTS AND DISCUSSION

4.1 Flow Visualization

Flow visualization using smoke to make the flow visible showed that
for northerly or southerly winds, wind flowed into the upstream exhaust
ducts, into the cavity holding the shuttle assembly and out through the
downstream exhaust duct (see Figure 3). Much of the higher velocity
wind penetrated only a short distance into the interior space, say 50
to 80 ft, before turning downward toward the exit duct. However, sig-
nificant air motion was observed enveloping the entire shuttle and tank
assembly with the ducts open. With ducts partially closed (2.5 percent
opening gap), wind speeds in the interior were much reduced.

Flow was observed to pass through the 1/8-in. square openings
representing the porosity in the seal between the MST and SAB. The
flow entered the interior space on the upwind face and exited on the
downwind face.

4.2 Velocity

Velocity and turbulence profiles are shown in Figure 6. Profiles
were taken upstream from the model which are characteristic of the
boundary layer approaching the model. The height of the reference
velocity measurement, &, is shown in Figure 6. The corresponding pro-
totype value of 6 for this study is also shown in the figure. The

mean velocity profile approaching the modeled area has the form

The exponent n for the approach flow established for this study is
shown in Figure 6. An open-country environment might expect n = 0.14;
the value of n = 0.13 used in this study should produce the same results

as a 0,14 profile within measurement accuracy.
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The profile of longitudinal turbulence intensity in the flow
approaching the modeled area is shown in Figure 6. The turbulence
intensities are appropriate for the approach mean velocity profile
selected. For the velocity profiles, turbulence intensity is defined
as the root-mean-square about the mean of the longitudinal velocity
fluctuations divided by the local mean velocity U,

U
_ Tms
TU- U""o

Velocity data obtained at each of the doors and interior measurement
locations (shown in Figure 7) are listed in Table 3 as mean velocity
U/U_, turbulence intensity Urms/Um’ and largest effective gust

U + SUrmS

Uk = — o5 -

- -]

Table 4 shows the same data in miles per hour for a 40 mph fastest mile
wind speed at 30 ft. This is the design wind for the upper limit for
operations. Velocities for any other design wind speed may be obtained
by ratio. Locations 1-12 inside the assembly area adjacent to the shuttle
and tanks are shown in Figure 7 with maximum velocities measured at those
locations for partially closed doors.

The velocity data show that velocities entering the enclosed cavity
during design wind conditions can be as high as 15 mph when the vents
are completely open, Configuration A. These velocities drop to about
8 mph at the gap for the partially closed doors when all three doors
are partially closed, Configuration E. The conclusion from these data
is that the exhaust ducts should have doors installed.

The largest velocities measured at locations 1-12 inside the assembly
area and adjacent to the shuttle and tanks are shown in Figure 7. These

data were obtained for the case with doors 1, 2, and 3 partially closed.
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The highest velocity was 4.6 mph measured at location 10 near the
shuttle tail. From the wind direction at which this velocity occurred,
the velocity probably originated from flow through the 1/8- x 1/8-in.
openings between the MST and SAB simulating that closure porosity (see
Section 2.2). The maximum velocity at locations 1-9, which probably
obtained their velocities from the gaps around the partially closed
doors, was 1.8 mph. Table 4 shows that peak gusts will often be 1.5
to 2.0 times the mean value. Whether or not the velocities measured
at locations 1-12 represent an acceptable level depends on criteria
not known to this investigation.
4.3 Pressures

For each of the pressure taps examined at each wind direction, the
data record was analyzed to obtain four separate pressure coefficients.

The first was the mean pressure coefficient

(P —pm) mean

c = 3

pmean 0.5 p U,

where the symbols are as defined in the List of Symbols. It represents
the mean of the instantaneous pressure difference between the building
pressure tap and the static pressure in the wind tunnel above the
building model, nondimensionalized by the dynamic pressure

0.5 p Uw2

at the reference velocity position. This relationship produces a

dimensionless coefficient which indicates that the mean pressure differ-
ence between building and ambient wind at a given point on the structure
is some fraction less or some fraction greater than the undisturbed wind

dynamic pressure near the upper edge of the boundary layer. Using the
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measured coefficient, prototype mean pressure values for any wind
velocity may be calculated.
The magnitude of the fluctuating pressure is obtained by the rms

pressure coefficient

c _ ((p—pw) - (P‘P“)mean)rms

prms 0.5 p Uw2

in which the numerator is the root-mean-square of the instantaneous
pressure difference about the mean.

If the pressure fluctuations followed a Gaussian probability
distribution, no additional data would be required to predict the
frequency with which any given pressure level would be observed.
However, the pressure fluctuations do not, in general, follow a Gaussian
probability distribution so that additional information is required to
show the extreme values of pressure expected. The peak maximum and peak

minimum pressure coefficients were used to determine these values:

. (P~Pe) pax
Pnax 0.5 p U_°
" (P -poo)min
pmin 0.5 p Um2

The values of p-p_, which were digitized at 250 samples per second for
16 seconds, representing about one hour of time in the full-scale, were
examined individually by the computer to obtain the most positive and
most negative values during the 16-second period. These were converted
to CPmax and CPmin by nondimensionalizing with the free stream
dynamic pressure.

The four pressure coefficients were calculated by the on-line data

acquisition system computer and tabulated along with the approach wind
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azimuth in degrees from true north. The list of coefficients is
included as Appendix A. The pressure tap code numbers used in the
appendix are explained in Figure 5.

To determine the largest peak loads acting at any point on the
structure for cladding design purposes, the pressure coefficients for
all wind directions were searched to obtain, at each pressure tap, the
largest peak negative pressure coefficients. Table 5 lists the largest
values and associated wind directions.

The pressure coefficients of Table 5 can be converted to full-scale
loads by multiplication by a suitable reference pressure selected for
the field site. This reference pressure is represented in the equations
for pressure coefficients by the 0.5 p Um2 denominator. This value
is the dynamic pressure associated with an hourly mean wind at the ref-
erence velocity measurement position. In general, the method of arriving
at a design reference pressure for a particular site involves selection
of a design wind velocity, translation of the velocity to an hourly mean
wind at the reference velocity location and conversion to a reference
pressure. The design velocity was specified by the sponsor as 80 mph
fastest mile wind at 30 ft. The calculation of reference pressure for
this study is shown in Table 2. The factor used in Table 2 to reduce
gust winds to hourly mean winds is given in reference (6).

The reference pressure associated with the design hourly mean
velocity at the reference velocity location can be used directly with
the peak-pressure coefficients to obtain peak local design wind loads.
Local, instantaneous peak loads on the full-scale structure suitable
for design were computed by multiplying the reference pressure of Table 2

by the peak coefficients of Table 5 and are listed as peak pressures in
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that table. The maximum psf loads given at each tap location are the
largest peak positive and peak negative values found in the tests.

The net load on any door is the vector sum of the pressure on each
side (positive pressures act toward the door surface; negative pressures
act away from the door surface). In most cases, the peak negative pres-
sure on one side is associated with a pressure near zero on the other
side of the door. Thus a reasonable design procedure is to design the
door strength for the largest peak negative pressure observed on one
side of that door. For convenience, those values are presented on
drawings of the doors in Figure 8. The largest loads on doors 1-3 act
downward while the largest loads on doors 5 and 6 act outward from the
duct.

The four configurations that are of primary interest are: D with
all inner doors completely sealed, E with all inner doors partially
closed (2 1/2 percent open), F with inner door 1 partially closed and
outer doors 5 and 6 completely closed, and G with inner door 1 and
outer doors 5 and 6 partially closed. For Configurations D, E and G, a
pressure of 30 psf on all doors would be adequate. For Configuration F,
30 psf on the inner door and 35 psf on the outer doors (with capability

for local peak pressures of 40 psf) would be adequate.
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Completed Model in Wind Tunnel
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Flow Visualization

Figure 3b. Completed Model in Wind Tunnel
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SITE PLAN
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PRESSURE TAP LOCATIONS
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CONFIGURATION B
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5120
DOOR 2
DOOR 1 211 201
oe
11t 181
oe
13.5 28.8 DOCR_3
311 oe 381
DOOR &
811 °
N
831 o
8120

Figure 8a. Peak Pressures on the Duct Closure Doors
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CONFIGURATION D

NEGATIVE PEAK CLADDING LOADS (CPSF)
FOR 83 MPH FASTEST MILE WIND
REFERENCE PRESSURE = 2{ PSF

_DOOR S
Stto
o
set ® INSIDE TAPS
o OUTSIDE TAPS
5120
DOOR 2
DOOR 1 211 20t
oe
18.4 24.8
111 181
oe
17.2 28.1 DOOR 3
311 o 381
17.0 27.4
DOOR 8
811 ©°
N
81 @
8120

Figure 8b, Peak Pressures on the Duct Closure Doors
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CONFIGURATION E

NEGATIVE PEAK CLADDING LOADS <PSF)
FOR 88 MPH FASTEST MILE WIND
REFERENCE PRESSURE = 21 PSF

DOCOR S
Sito
Sote
® INSIDE TAPS
O OUTSIDE TAPS
St20
DOOR 2
DOOR 1 211 281
oe
12.4 24.2
111 18t
oe
DOOR 3
12.2 28.5
1t ., 301
13.8 25.4
DOOR &
811 °
N
601 ®
8120
Figure 8c. Peak Pressures on the Duct Closure Doors
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CONFIGURATION F

NEGATIVE PEAK CLADDING LOADS CPSF)
FOR 88 MPH FASTEST MILE WIND
REFERENCE PRESSURE = 21 PSF

DOCR S
5110 39.9
Sete 12.8 e INSIDE TAPS
O OUTSIDE TAPS
5120 38.2
DOCR 2
DOOR | 211 281
oe®
111 181
[N ]
DOOR 3
13.3 29.2
311, , 301
DOOR 8
811° 38.7
_ N
8Bt ¢ (3,
8i120 34.8

Figure 8d. Peak Pressures on the Duct Closure Doors
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CONFIGURATION G
NEGATIVE PEAK CLADDING LOADS CPSF)
FOR 83 MPH FASTEST MILE WIND
REFERENCE PRESSURE = 21 PSF

e INSIDE TAPS
© OUTSIDE TAPS

DOCR S
St10 27.7
sg1e {3,
S120 38.4
DOCR 2
DOOR 1 211 201
oe
{11 181
°° OCR 3
13.1 29.3| =
311 0.301
DOOR &
811 ° 27.86
€8t ® 12.9
6120 25.3
Figure 8e. Peak Pressures on the Duct Closure Doors
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TABLE 1
CONFIGURATION GUIDE AND TEST PLAN

Configurations

Air flow speeds and pressures were obtained for seven configurations
of the exhaust ducts. Exhaust duct identification numbers are shown in
Figure 4.

Configuration Exhaust Duct Intakes and Outlets
1 2 4 6

0
C
PC
C
pPC P
PC
pPC

o
[]

Open

Closed

s
OO0 O|O|0j|O W

PC = 2 1/2% Open

QmmlojO) e >
(ol o/ {ol lplle] lo) o]
OJO|O] OO OO
O|Ojojojojojo w»n
sligllel e o) le (o]

(@)

"

=)

SAB was mated with the MST and the space shuttle vehicle, external tank
and boosters were in place for each configuration.
Test Plan

Air flow speeds were measured at exhaust duct intakes and outlets for
each configuration as indicated by V., Pressure measurements were made on

the closure panel as indicated by P.

Configuration Exhaust Duct Intakes and Outlets
1 2 3 4 5 6 Interior V = Wind speed
A v v v _ _ _ _ measurement
g ? 3 x : : : : P = Pressure
) P P P - - - - measurement
£ v.,p V,P V,P - ; ; S = Wind speed
F P - - ~
measurement at
S V,P v v -~ P P - 12 locations

near space
shuttle vehicle
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TABLE 2

CALCULATION OF REFERENCE PRESSURE
Basic wind speed assigned by the sponsor:
Fastest mile at 30 ft = 80 mph

Mean hourly wind speed = 808 = 62.5 mph

1.2

1000, * 14
Mean hourly gradient wind speed = 62.5 (—35—5 = 102.1 mph

.14
Mean hourly wind at ref location at 400' = 102.1 (%%gaa = 89.8 mph

2

Reference pressure = 0.5 pU_ “ = (0.00256) (89.8)2 = 20.6 psf

Use reference pressure = 21 psf

Mean hourly gradient wind speed for 40 mph fastest mile wind =

%g = 45.0 mph



TABLE 3-~-WIND YELOCITIES RND TURBODLENCE INTENSITIES

YANDENBERSG

SHUTTLE ASSEMBLY.

FLOW THROUGH EXHAUST VENTS,

CONFIGURATION A

DOOR 2

POOR 1
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TABLE 3--VWIND YELOCITIES AND TURBULENCE INTENSITIES
FLOW THROUGH EXHAUST VYENTS, SHUTTLE RSSENBLY. YANDENBERG

COKFIGURATION A ¢+ DATA ON DOORS 1. 2, 3.
DOORS OPENED : 1, 2, 3. 4, &, 6

* * GREATESY VALUES = =

UMEAN/UINF URNS/ULINF UREAN+3sRNS/UINF
CPERCENT) CPERCENT) (PERCENT)

LOC/DR A2 BEAN RHS N+3IRNMS LOC/DR RAZ REAN RNS N+IRNS LOC/DR AZ HEAN RNS M+3IRNS
1 223.0 33.4 8.9 é1.9 3 337.9 13.3 10.3 46 .4 1 223%.0 I3.4 8.9 61.9
1 202.5 29.7 8.1 33.9 2 43.¢ 16.7 9.1 44.1 1 202.3% 29.7 8.1 53.9
1 337.3 23.1 2.2 29.¢ 1 223.0 395.4 8.2 61.9 3 337.9 13,9 10.3 46 .4
2 133.¢ 22.4 4.9 3é.0 3 3I1¥.¢ 13.9¢ 8.8 41.4 2 43.¢ 16.7 2.1 44.1
1 315.¢ 21.9 2.4 28.7 2 22.5 14.7 6.2 39.3 3 J1%.¢ 13.0 8.8 41.4
1 ¢0.¢ 21.3 4.3 34.8 1 202.3 29%.7 .1 33.9 1 18¢.¢ 2¢.9 6.3 3%9.8
1 180.0 20.9 6.3 3%.8 3 ¢.¢ 12.7 7.2 34 .4 2 22.3 14.7 8.2 39.2
1 137.5 20.9 3.8 37.8 1 180.¢ 20.9 6.3 39.8 1 157.35 2¢.5 3.8 37.e
2 187.5 2¢.1 4.6 33.9 2 2%2.35 10.6 6.3 29.4 2 135.¢ 22. 4 4.3 3é.0
2 225.0 18.9 3.6 29.8 1 137.5 20.93 3.8 37.8 1 ¢.0 21.3 4.3 34.8

9¢



YANDENBERG

SHUTTLE ASSEMBLY,
POOR 2

TABLE 3-~WIND YELOCITIES AND TURBULENCE INTENSITIES
THROUGH EXHAUST VENTS,

FLOY
CONFIGURATION B

DOOR 3

37
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LOC/ PR

W N GNP NN N

RZ

137.
22.
135.
43.
180.
223.
112.
0.
202.
313.

C U O WL O O O O u

AN = WK™ U N

RNS

LU IR SR R R TN’ IR BT T )
-k NN W s - 0 W

I--WIND YELOCITIES AND TURBULENCE TNTENSITIES

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY, VANDENBERG
CONFIGURATION B

H+IRNS

37.
37.
34.
33.
30.
29.
28.
29.
27.
29.

N WO W N N W W N

LOC/DR

W W NN W W WNNN

hZ

43.
22.
22.
133.
45.
137.
133.
315.
337.

o U O O Wl O O uUuu o

DATR ON DOORS 2, 3,
DOORS OPENED : 2, 3, 4, 3, 6.
DOORS CLOSED :

1,

GREATEST VALUES = =

F UNEAN+3I=R
? {PERC

RERN RRS MN+3IRNS LOC/DR RZ REAN RNS

11.0 6.3 30.6 3 22.3 20.5 3.8
1¢.9 3.9 28 .4 2 137.3 21.7 3.3
20.3 3.8 37.% 3 43.0 19.4 5.4
10.7 5.8 28.1 2 133.0 19.6 3.1
19.4 5.4 33.4 2 45.0 1t. 0 6.3
21.7 3.3 37.7 2 180.¢ 16.3 4.8
19.6 3.1 34.9 3 313.0 14.5 3.1
14.3 5.1 29.7 3 0.0 13.1 4.7
13.1 4.8 27 .4 2 225.0 16.3 4.3
15.1 4.7 29.3 2 22.5 10.3 3.9

H+IRNS

37.
Ii7.
33.
34.
30.
Jo.
29.
23,
29.
28.

o = WN W W e N

8¢



YANDENBERG

SHUTTLE ASSENBLY.
DOOR 2

J=YURN
(PERCEHNT

TABLE 3--WIND VELOCITIES AND TURBULENCE INTENSITIES
UNEAN+I*URNS/UINF
CE

FLOU THROUGH EXHAUST VENTS.

CONFIGURATION C

DOOR 3
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LOC/DR AZ

NN NN RN W W NNN

137.
133.
43.
22.

180.
112.
225.

E 3
&
R © U O O WU O O

N
~N

202.9

23.
22.
19.
19.
19.
18.
17.
17.
16.
13.
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-
o = A s A B LN WAL
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TARBLE 3--WIND VELOCITIES AND TURBULENCE INTENSITIES
FLOV THROUGH EXHRUST VENTS, SHUTTLE ASSEMBLY, VANDENBERSG
COMFIGURATION C : DATA ON DOORS 2. 3,

DOORS OPENED : 2, 3, 4, 3., 6,
DOORS PARTIALLY CLOSED i1,
¢« % GREATEST YALUES = =
URNS/UINF UBEAN+3sRNS/UINF
CPERCENT) PERCENT?
R+3IRNS LOC/DR A2 HEANM RNS M+IRNS LOC/DR Az HEAN RNS
40.1 2 43.¢ 19.6¢ 12.2 36.1 2 43.0 19. 6 12.2
3a.6 2 22.3 1€.3 11.2 J0.2 2 22.3 16.3 11.2
Jé.1 3 22.3 19.3 3.8 36.8 2 137.3 23.8 3.4
36.8 3 43.0 19.3 3.6 36 .2 2 133.0 22.3 3.4
36.2 2 137.3 23.8 5.4 40.1 3 22.3 19.3 3.8
33.2 2 133.0 22.3 3.4 3g.é 3 43.0 19.3 3.6
31.8 3 135.¢ 10.1 3.3 26 .0 2 180.¢ 18.0 S.0
32.2 2 292.5 7.7 3.1 22.9% 2 225.0 17.4 4.9
30.2 2 180.0¢ 18.0 3.0 33.2 2 112.3 17.6 4.7
29.93 3 ¢.0 15.2 3.0 3o0.2 3 0.¢ 135.2 3.0

M+3IRNS

Oh



TABLE 3--MIND VELOCITIES AND TURBULEWCE INTENSITIES

SHUYTLE ASSEMBLY., YVANDENBERG

EXHAUST VENTS,

FLOW THROUGH
CONFIGURATION E

LOCATION
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LOCATION
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YANDENBERG

6

SHUTTLE ASSEMBLY,
LOCATION

TABLE 3--WIND YELOCITIES AND TURBULENCE INTENSITIES

FLOW THROUGH EXHAUST YENTS.,

CONFIGURATION E

LOCATION
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TABLE 2I--WIND YELOCITIES AND TURBULENCE INTENSITIES

FLOV THROUGH EXHAUST YENTES

CONFIGURATION E

YANDENBERG

SHUTTLE ASSEMBLY.
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YANDENBERG

SHUTTLE ASSENBLY,
DOOR 2

3
H

TRBLE 3--WIND YELOCITIES AND TURBULENCE INTENSITIES

FLOW THROUGH EXHAUST YENTS,

CONFIGURATION E

DOOR 1§

4y

CE=NDBOM=NTMIMHANON

et et VOO vt PNtV =t M A O e
et M NNNNNNN e

CNDONA-MNDWDND IO WA O

vt oot vt vt O (N ot ot 0

AOAYTNNOWONONNNON

VRO NOADETDNONN O

ot et ot ot et

0000000000006
CNONONONOPONOMON

OCNNAONNNRONNDNONDA
NYDO M DONETNC—M
et vt (NN INCNONMY Y

EANCMOOMADORNS SN

Nttt D ONN T DN = =N
-

CTMIMMOE—RONONNMM

=R ODDNWAANOBMOW

- S MNTNNNMN -

OCOO00O0OLOOCOLOOOO0OOOO
onononNnoNoNenNnonNon
ONNMNONIDAONDAONINDN
NT DO —=MINDONET A O =)
vt I NNNN N

3

DOOR

WE=PNW=DAN-NNBODT

e P00 W 9ot et (V] 90 7t vt vt ot vt D e D

AN TNNMNNNNNNNO -

WETONRNN==ODNWPINO —

MIDWM sttt minMm

©O0O0O0000O00OOOO0ODS
onononoOMoIanonoem
ONNAONNDARONNAONDA
NECWHF—MNDONT Ny
et et (NN NN N M



LOC/DR

10

NN NN NN

~N

AZ

137.
223.
133,
112.
247.
1e0.
202.
225.

22.

43.

© A O MO Ao O W

18.
18.
17.
16.
13.
14.
14.
1¢.

NN N OGN DO

= A N e e s s e

OOON.\O“NQO

3--UIND VYELOCITIES AND TURBULENCE INTENSITIES

FLOVW THROUGH EXHAUST VENTS, SHUTYLE ASSEMBLY. VANDEMNBERG

CONFIGURATION E

N+IRNS

L
23 .
21.
20.
21.
22.
21.
135.
11.
11.

~ s A N W W W e

LOC/DR

10

1¢

N NN = NN

-

*

AZ

180.
202.
135.
247
276
157.
202.

90.
229.
2239.

DATA ON DOORS 1. 2, 3,
DOORS OPENED : 4., 3, 6,
DOORS PARTIALLY CLOSED i1, 2, 3,

GREATEST YALUES =*= =

© © © A A O A O U O

URNS/UINF UNEAN+3*RASZUINF
(PERCENT) (PERCENT)
NEAN RNS MN+3RNS LOC/DR AZ HEAN RNS
14.8 2.6 22.95 2 137.35 18.6 1.8
14.7 2.2 21.4 2 225.0 18.¢ 1.8
4.5 2.1 10.8 2 180.0 14.8 2.6
15.95 1.9 21.3 2 202.5 14.7 2.2
8.2 1.9 13.9 2 135.¢6 17.8 1.2
18. 6 1.6 24 .1 2 247.5 15.95 1.9
6.4 1.6 11.9 2 112.5 16.5 1.3
3.8 1.8 2.3 10 225.¢ 16.2 1.8
18.¢ 1.8 23.3 2 27¢.0¢ 8.2 1.9
1¢.2 1.8 15.9 11 22%5.0¢ 7.3 1.6

H+3RNS

24.
23 .
22.
21.
21.
21.
20.
15.
13.
12.

= W AW WA WU W -

i~
193]



TABLE 3--WIND VELOCITIES AND TURBULEMCE INTENSITIES

FLOV THROUGH EXHAUST VENTS,

CONFIGURATION G

YANDENBERG

SHUTTLE ASSEABLY.

DOOR 2
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C(PERCENT?
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LOC/DR

- NN W W = e e e s

RZ

223.
202.
180.
137.
247.
43.
0.
135.
22.
133.

o U O O O U .U O U o

N NN NN GWGWN WS,

BN N N BN N W

L I T S SO

W N N NN O = N AW

TABLE 3--WIND VELOCITIES AND TURBULENCE INTENSITIES
FLOW THROUGH EXHAUST VYENTS, SHUTTLE ARSSEMBLY. YANDENBERG
CONFIGURATION G ' DATA ON DOORS 1, 2., 3.

DOOR 2

S OPENED : 2, 3, 4.,
DOORS PARTIALLY CLOSED :1, 3, 6,

* = GREATEST VALUES = =

AR R S
N+3IRNS LOC/DR A2 BEAN RMS N+IRNS LOC/DR AZ REAN RAS
8.9 1 223.¢ 4.3 1.3 8.9 1 223.0 4.3 1.3
8.1 1 202.3 4.0 1.4 8.1 1 202.3 4.9 1.4
7.2 1 180.9 3.7 1.2 7.2 1 180.0 3.7 1.2
7.0 1 137.3 3.6 1.1 7.0 1 137.3 3.6 1.1
6.3 1 247.3 3.2 1.9 6.3 1 247.3 3.2 1.0
4.9 3 133.0 2.3 1.0 3.1 3 133.0 2.3 1.0
4.9 1 133.¢ 2.6 .8 5.1 1 1353.0 2.6 .8
4.8 1 22.3 2.4 .8 4.7 3 43.0 2.8 .7
4.7 2 337.3 2.1 .7 4.4 3 6.0 2.7 .7
3.1 2 43.0 1.8 .7 4.0 2 133.0 2.7 .7

n+IRNS

K b 2 A U NN N O O
W O W e e WO N - 9

th



YANDENBERG

SHUTTLE ARSSEMBLY.
QORS
NED

TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES
N DOO
DOORS OPENE

FLOU THROUGH EXHAUST VENTS,

-~

mm

- -

o

-~ -

vt

DATA O

¢

CONFIGURATION A

UNEAN+32URNS
(NPHD

DOOR 2

DOOR 1
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LOC/DR

N N = s s e N et st e

AZ

223.
Z02.
337.
133.
313.

e.
180.
137.
137.
2239.

o a4 40 6 O O u a o

13.
13.
1¢.
10¢.

W 8 W 9w

@ = N AN = A s

RNS

- NN NN = N = &
S -~ N O O - O O 6 O

TABLE 4-~-VIND VELOCITIES AND TURBULENCE INTENSITIES
FLOV THROUGH EXHAUST YENTS, SHUTTLE RSSEMBLY., YANDENBERG
CONFIGURATION # ¢ DATA ON DOORS 1., 2, 3.

DOORS OPENED : 1, 2, 2, 4, S. €

*# & GREATEST VALUES = =

URNS
(HPR>
H+3IRNS LOC/DR RZ HEAN RHS M+3IRNS LOC/DR

27.9 3 337.9 7.0 4.6 20.9 1
24.3 2 43.0 7.3 4.1 19.8 1
13.3 1 223.0 139.9% 4.0 27.9 3
16.2 3 313.¢ €.7 4.0 18.6 F 4
12.9 2 22.3 6.¢€ 3.7 17.7 3
13.6 T 202.3 13.4 3.6 24.3 1
17.9% 3 0.0 3.7 3.3 13.3 2
17.¢ 1 180.0 2.4 2.8 17.9 1
13.2 2 292.3 4.7 2.8 13.2 2
13.4 1 137.3 2.2 2.6 17.¢ 1

225.
202.
337.

313.
180.

22.
137.
133

© OO & 4. O o o

193,
13.

Gty
M O W S w oo~

N = N ™ s N O aN

RNS

N NN W N A A A NN
©C © MmN O O = & & O

H+3IRNS

27.
24.
20.
19.
18.
17.
17.
17.
16.
13.

SN O N WS N WY

6t



UNEARN+I2URNS
(HPH)

YANDENBERG
5, €.

4,

SHUTTLE ASSEMBLY.,
POOR 2

UMEAN+3ISURNS
CHPH>

TABLE 4--UIND VELOCITIES AND TURBULENCE INTENSITIES
SURATION B

FLOW THROUGH EXHAUST VENTS,

CONF

z

DOCR
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LOC/DR ARZ

W N WN NN WON ON

137.
22.
133.
43,
16¢.
223.
112.
0.
202.
319,

O O RO O O 0o u u

S O O N N N O & v »

A o © = A& H» N DN

W QO = WD 0 = hW s

TABLE 4-~-WIND VELOCITIES AND TURBULENCE INTENSITIES
FLOU THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY. VANDENBERG
CONFIGURATION B : DATA ON DOORS 2, 3,

DOORS OPENED : 2, 3, 4, 5, €,
DOORS CLOSED : 1,

* % GREATEST VALUES = =

URRS
CHPH>
N+3IRNRS LOC/DPR AZ REAN RAS N+3RNS LOC/DR

17.9 2 43.¢ 3.0 2.9 13.8 3
17.1 2 22.3 4.2 2.6 12.8 2
13.7 3 22.93 2.2 2.6 17.1 3
135.9 3 135.¢0 4.8 2.¢ 12.7 2
13.6 3 43.90 8.7 2.4 15.9 2
13.1 2 1357.3 .8 2.4 17.¢ 2
12.7 2 1335.¢ 8.8 2.3 135.7 3
13.2 3 315.¢ 6.9 2.3 13.4 3
12.3 3 337.% 3.9 2.2 12.3 2
13.4 3 0.0 ¢.8 2.1 13.2 2

RZ

22.
137.
43.
133,
43.
18¢.
313.

223.
22.

UMEAN+IsRNS
CRPH)
HEAN RnS
3 9.2 2.6
3 %8 2.4
¢ 8.7 2.4
¢ 8.8 2.3
¢ 5.¢ 2.9
¢ 7.4 2.1
¢ 6.3 2.3
o 6.8 2.1
e 7.4 1.9
S 4.9 2.6

n+3RNS

17.
17.
15.
13.
13.
13.
13.
13.
12.
12.8

- NS OO N W O e

TS



TABLE 4--UIND VELOCITIES AND TURBULENCE INTENSITIES

FLOW THROUGH EXHAUST VENTS,

CONFIGURATION C

YANDENBERG

SHUTTLE ASSENBLY.

pooR 2

DOOR 3

UREAN+ISURNS
(HPH)

UREAN+IsURNE
(HPH)
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LOC/DR  ARZ

N NN NN W6 W@ NN

157.
139.
43,
22.
43.
180.
112.
223,
22.
202.

A B © & © © U © O

HEAN

1o,
10,

- s, D W = N @ O O <~

NN N Y 0 0 ™

RNS

NGB NN NN NANRN
e N = W A A s

TABLE 4--WIND YELOCITIES AND TURBULENCE INTENSITIES
FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY., VANDENBERG
CONFIGURATION C 1 DGTR ON 0QORS 2, 3,

QORS QPENED 2, 3, 4., 5, &,
DOORS PhRTIﬁLLY CLOSED : 1.
¢ ® GREATEST VALUES = =
URAS
CHPH)>
N+3RNS LOC/DR RAZ REAN RHES HM+3IRNS LOC/DR

18.¢ 2 43.0 e.g 3.3 23 .2 2
17 .4 2 22.3 7.4 3.1 2.6 2
25.2 3 22.3 e.e 2.6 1€.¢ 2
16 .6 3 43.¢ 8.7 2.3 16.3 2
16.3 2 137.%5 1¢.7 2.3 18.0 3
14.9 2 133.¢ 1¢.¢ 2.4 17 .4 3
14.3 I 135.¢ 4.5 2.4 11.7 2
14.3 2 292.3 3.3 2.2 10.3 2
22.6 2 180.0 8.1 2.3 14.9 2
13.3 3 ¢.0 €.9 2.3 1.6 3

UNEAN+3sRNS
CHPH?

RZ MERN RNS

43,
22.
137.
133,
22.
43,
180.
225.
112.

©o w000 wowao
— -
SN 2R 00N
W e D= ND O N e
N NN NN O oW
R N N N

H+3RNS

23.
e2.
18.
17.
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16.
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14.
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12.
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YANDENBERG
2

SHUTTLE ASSEMBLY,
LOCATION

(MPH)

TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES
UMEAN+I*=URNE

FLOW THROUGH EXHAUST YENTS.

CONFIGURATION E

1

LOCRTION
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UNEAN+32URNS
(HPH )

YANDENBERG

SHUTTLE ASSEMNBLY,
LOCATION

TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES

FLOW THROUGH EXMAUST YENTS,

CONFIGURATION E

3

LOCATION

55
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TABLE 4--MIND VELOCITIES AND TURBULENCE INTENSITIES

FLOV THROUGH EXHAUST VENTS.

CONFIGURATION E

YAKMDENBERG

SHUTTLE ASSENBLY.

10

LOCATION

2

LOCARTION

UREAN+ 32 URNS
CAPH)

UNEAN+3%URNS
C(HPH)

56
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YANDENBERG

SHUTTLE RSSEMBLY,
DOOR 2

(HPH)

TABLE 4--VIND VELOCITIES AND TURBULENCE INTENSITIES
UREAN+ISURNS

FLOW THROUGH EXHAUST VENTS.

CONFIGURATION E

POOR 1

57
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TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES
FLOW THROUGH EXHRUST VENTS, SHUTTLE ASSEMBLY., VAMNDENBERG
CONFIGURATION E : DARTR ONM DOORS I, 2. 3.,

DOORS OPENED : 4., 3, 6.
DOORS PARTIALLY CLOSED : 1, 2, 3,

2 & GREATEST VALUES =+ =

UNEAN URNS UMEAN+I=RNAS
CHPH) CHPHD CHPH)

LOC/DR AZ REAN RHE M+IRNS LOC/DR AZ RERN RNS M+3IRNS LOC/DR RZ HEAN RMS M+3IRNS
2 137.3 8.4 .8 106.9 2 180.0 6.7 1.1 10.1 2 137.3 8.4 .8 19.9
2 223.¢ e.1 .8 10.9 2 202.9 6.6 1.0 2.6 2 22%.¢ 8.1 .8 1¢.3
2 133.¢ 8.0 .3 ?.6 1 13%5.0 2.0 9 4.8 2 180.¢ 6.7 1.1 to.1
2 112.9 7.4 .6 9.2 2 2473 7.0 ° 9.6 2 262.3 6.6 1.0 2.6
2 247.5 7.¢ .9 9.6 2 27¢0.0 3.7 9 6.2 2 1335.¢ 8.0 .3 9.6
2 180.0 6.7 1.1 10.1 2 157.5 e. 4 e 10.9 2 247.3 7.0 .9 9.6
2 202.9 6.6 1.0 9.6 10 202.5 2.9 8 3.4 2 112.5 7.4 .6 9.2
10 225.¢ 4.6 .8 7.¢ 1 90.9 1.7 ¢ 4.2 10 225.¢ 4.6 .8 7.0
2 22.3 4.0 .4 51 2 223.¢ 8.1 8 10.3 2 270.0 3.7 .9 6.3
2 43.0¢ 3.° .4 J.o 10 223.0 4.6 8 7.e 11 225.0 2.3 .7 3.4



TABLE 4--¥IND YELOCITIES AND TURBULENCE INTENSITIES

FLOV THROUGH EXHAUST VENTS,

CONFIGURATION G

YANDPENBERG

SHUTTLE ASSERBLY.

DOOR

DOOR 1

UMEAN+3®=URNS
CHPH:

UMEAN+3I*URNS
CMPH?

59
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LOC/DPR AZ

L 7 I - R 2 B & R S R

2293.
202.
180.
137.
247,
43.
0.
133.
22.
1339.

©C O 0 O 4o a o
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TABLE 4--UIND VELOCITIES AND TURBULENCE INTENSITIES
FLOU THROUGH EXHARUST VENTS, SHUTTLE RSSENBLY, YANDENBERG
CONFIGURATION G : DATAR ON DOORS 1, 2, 3.

DOORS OPENED : 2, 3, 4,
DOBRS PARTIALLY CLOSED : 1, 3, 6,

s & GREATEST VALUES s« =

URRS
CHPH>
N+3RNS LOC/DR AZ MEAN RN8 N+IRNS LoC/DPR

4.0 1 223.¢0 1.9 .7 4.0 1
3.7 1 202.9 1.8 .6 3.7 t
3.2 1 1890.0 1.7 -] 3.2 1
3.2 1 137.9 1.6 .9 3.2 1
2.8 1 247.3 1.4 .3 2.8 1
2.2 3 1335.0 1.0 .4 2.3 3
2.2 1 1335.¢ 1.2 .4 2.3 1
2.2 1 22.3 1.1 .3 2.1 3
2.1 2 337.3 .9 .3 2.¢ 3
2.3 2 43.0 .9 .3 1.8 2

UREAN+

4,14
Rz EAN
223.06 1.9
202.9 1.8
180.0 1.7
1352.9 1.6
247.3 1.4
135.¢ 1.0
135.¢ 1.2
45.¢ 1.3
0.¢ 1.2
133.¢ 1.2

N W W A sV WL LN

H+3IRNS

(2]
o



TRBLE 34. PEAK LOCADS FOR CONFIGURATION B :
PATA ON DOOQRE 2.
DOCRS OPENED : 2, 3, 4, 5§, 6.
DPOCRS CLOSED : 1.,

LARGEST VALUES CF CLAPDPING LORD

TRP @AZ1- PRESS NEGATIVE POSITIYE TRP

MUTH COEFF PERK PERK
101 313 -1.36 -28.6 13.92 111

FLOV THROUGH EXMAUST VENTS,

REFERENCE PRESSURE
PRESS NEGATIVE POSITIVE
COEFF  PERK PEAK
-=-- PSF
-13.3

-— -

-.64 4.3

SHUTTLE ASSEMBLY.

= 21.0¢ PSF

TAP

RZI~
MUTH

YANDEHBERG

PRESS NEGATIVE POSITIVE
COEFF FERK PERK

19



TABLE S5A. PEAK LOADS FOR CONFIGURATION B : FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY,
DATA ON DOORS 2,
DOORS OPENED : 2, 3, 4, 3, &,
DOORS CLOSED : 1,

LARGEST V¥ALUES OF CLADDING LOAD REFERENCE PRESSURE = 21.0 PSF

* = 2 GREATEST PRESSURE HAGNITUDES * %

TAP AZ2I- PRESS NEGATIVE POSITIVE
HUTH COEFF PERK PERK
101 313 -1.3¢ -28.6 13.9

111 225 -.64 -13.93 4.3

YAHDENBERS

29



TABLE SA. PEAK LOADS FOR CONFIGURATION D @ FLOY THROUGH EXMARUSY VENTS, SHUTTLE ASSENBLY, YANDENBERG
DPATA ON DOORS 1., 2, 3,
DQORS OPENED : 4, 3, 6,
DOORS CLOSED : 1, 2, 3,
LARGESY YALUES OF CLADDING LOAD REFEREMCE PRESSURE = 21.0 PSF
TaP #A21- PRESS NEGATIVE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE TAP AZ1- PRESS NEGATIVE POSITIVE
MUTH COEFF PERK PERK HUTH COEFF PEAK PERK NUTH COEFF PEAK PERK
~~== PSF -~--- ===~ PSF ===~ -~== PSF ~---
101 313 -1.34 -28 .1 14.0 201 223 -1.18 -24.8 13.7 301 22 -1.30 -27.4 12.8
111 ¢ -.82 -17.2 3.2 211 ¢ -.78 -16. 4 2.8 311 ° -.81 -17.0 3.2

€9



TABLE 54.

O04D

PE
0a
DO
oo

Lt MRGEST VALUES

BOD R

S
S
G

L
0

F

[x =2 4]
L X I aale - BIR- - 2
r _omoo
D LEOW
2 Mmoo

FOR CONFIG
RS 1. 2,
D : 4, S,
p: 1, 2,
DING LOAD

Y
3
6
3

RATIOH D

TRP

101
3¢1
201
111
31t
211

FLOU THROUGH EXHAUST VEHTS,

PRESS
COEFF

-1.
-1,
-1.

34
3¢
18

.82
.81
.78

SHUTTLE ASSEMBLY,

REFERENCE PRESSURE = 21.0 PSF

NEGATIVE POSITIYE
PEAK PERK
--=-- PSF
-28.
-27.
-24.
-17.
-17.
-16.

o O N O B o=

€ GREATEST PRESSURE MAGNITUDES

14,
12.
13.

°
8
7
3.2
2
e

*

*

YARDENBERG

¥9



TABLE 3a.

LARGEST VAL

TRF RAZI-
HUTH

3

m~
-
e e

18
%0

5.

CLAPDING LOAD

HEGATIYE POSITIYE
PERK PERK

-29.9
-12.2

13.1
3.9

DS FOR CORFIGURATION E
DOORS
ENED

b 6,
iRTTALLY CLOSED : 1, 2, 3,

NN
-0
-

FLOU THROUGH EXHAUST YENTS, SHUTTLE ASSENBLY., VANDENBERG

REFERENCE PRESSURE = 21.0¢ PSF

PRESS NEGATIVE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE
COEFF  PEAK PEAK MUTH COEFF  FPEAK PEAK
-~~~ PSF =--- --=- PSF ~---
-113  -24.2 1.2 301 o -1.21 -23.4 11.
-.5%9  -12.4 4.3 311 292 -.66 -13.8 3.5

o
v



THRELE S54.

LARSEST

o DdDOoxM

OR CONFIG
s 1., 2.
P4, 3,
tLLY CLOSE
ING LOAD

F
2
3

DOWNC

RATION E @
3

'= 1, 2, 3,
] *

FLOW THROUGH EXHAUST YENTS.,

SHUTTLE ASSEMBLY.

REFERENCE PRESSURE = 21.9 PSF

6 GREATEST PRESSURE MAGHITUDES

TAP

101
3ot
201
311
211
111

a
"

Z1-
UTH
313
¢
223
292
43
20

-1
-1.
-1.

RES
0EF

40
21
15

.66
.32
.98

-=-= PSF
-29.
-23.
-24.
-13.
-12.
-12.

N & 0 N W

§ NEGATIYE POSITIVE
F PERK PEAK

13.
11.
11.
3.
4.
3.

*

*

YANDENBERG

99
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YANGENBERG

SHUTTLE ASSENBLY,

FLOW THROUGH EXMAUST VENTS,

NFIGURATION F

& 04X

[~ T Ta

TABLE 5a.

REFERENCE PRESSURE = 21.¢ PSF

LARGEST VRLUES OF CLADDING LOAD

PEAK
PSF ----

NEGATIYVE POSITIVE
PEAX

PEAK

NEGATIVE POSITIVE

TaP

PEAK

MEGATIYE POSITIVE
PEAK

RESS
QEFF

o.C

' x
-
N2
xx

THP

---- PSF

--~- PSF

MmN
M
v

Ll ]
-
W

wNw
rNID
ot

oMo
onom
FIM -
tte

owwN
ovw
vt et |
[

~OW
o+ 0
Nty

vt (8] vt
adad-d
Lyl p ]

oo
«inn
-

NM®
oMo~
Of vt vt
LI |

Lala il
Le R A

-

NS
- o\

vl ot et
O

Labal t)



TRELE S&. FPERK LOADS FOR CONFIGURATICGH F ! FLO¥ THROUGH EXHAUST YENTS, SHUTTLE ARSSENELY, VANDEMNBERG
DATA ON DOORS 1. 3, &,
DCORS OPENED : 2, 3., 4,
DOORS CLOSED : 3. 6,
DOORS PARTIGLLY CLOSED : 1,
LARGEST VaALUES OF CLADDING LOAD REFERENCE PRESSURE = 21.0¢ PSF

* * 8 GREATEST PRESSURE MAGHITUPES * =+

TRP AZI- PRESS NEGATIVE POSITIVE
MUTH COEFF PERK PERK
~=~== PSF =---
Sit 247 -1.9%0 -39.9 17 .6
611 ¢ -1.75 ~36.7 14.3
612 o -1.65% -34.6 13.95
S12 180 -1.44 ~30.2 12.3
101 ¢ -1.39 -2%2.2 14.0
i11 45 -.63 -13.3 5.4
661 31S -.62 -13.¢ 5.6
Sot %¢ ~.0t -12.8 5.6

89
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VANDENBERG

SHUTTLE ASSEMBLY,

FLOY THROUGH EXMAUST VENTS,

i
6.

HFIGURATION G

o -~

TABLE 3a.

REFERENCE PRESSURE = 21.¢ PSF

LARGEST YRLUES OF CLADPDING LORD

PEAK

PRESS NEGATIVE POSITIVE
COEFF PEAK

AZl-
MUTH

TAP

NEGATIVE POSITIVE

HEGATIVE POSITIVE
PEAK _ PERK
- Psr - -

sS
FF

PRE
COE

---- PSF ----

N
-
e

Ll )
we e
-

Lo 4]
~ON
NM —
LI}

NI v
Ll "]
ot
t

oonN
Ty

i v 0N

bl 207
vt vt &
nnNnw

NN
Leds ]

ot
D

i



TABLE 356. PERK LOADS FOR CONFIGURATICN G @ FLOW THROGUGH EXHAUST VENTS, SHUTTLE ARSSENMEBELY, VANDEMBERG
DATA OH DOORS 1., S5, 6,
DQORS OPENED ! 2, 3. 4,
DOORS PARTIALLY CLOSED : 1., 5, 6,

LARGEST YALUES OF CLADDING LOAD REFERENCE PRESSURE = 21.90 PSF

L 8 GREATESY PRESSURE MAGNITUDES =x =

TRP AZI- PRESS NEGATIYE POSITIVE
HUTH COEFF PERK PERK
=== PSF =---
312 180 ~-1.45 -3¢. 14.2
101 315 -1.39 -29. 14 .1
311 18¢ -1.32 -27. 16 .1
611 315 -1.32 -27. 14.9
612 45 -1.2¢ -25. 13.9
111 292 -.63 -12. 3
5¢1 45 -.62 ~13. 8
.3

661 292 -.81 -12.

B O e W N WA

~ N

0L
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APPENDIX A
NOTES

Table of Pressure Coefficlents of each Tap for

each Wind Direction is included.

Plot of pressure Coefficients of each Tap for

each Wind Direction is included.
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CONFIGURATION B
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APPENDIX A -- PRESSURE DATHA

CPMEAN CPRNHS CPMAX CPHIN

TAP

CPHAX CPHIN 14

TAP CPHEAN CPRMS

CPHEAN CPRMS CPMAX CPHIN W

TRP
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VANDENBERG

FLOVU THROUGH EXHAUST VENTS, SHUTTLE ASSENBLY,

i CONFIGURATION D

APPEHDIX A -- PRESSURE DATA

CPHEMN CPRNS CPMAX CPMIN

TAP

CPHIN W

CPHAX

TAP CPHEAN CPRHS

CPHEAN CPRNS CPNAX CPAIN v

TAP

w0
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SHUTTLE ASSERBLY.,

CONFIGURATION E ! FLOW THROUGH EXHAUST YENTS,

E
¥

RPPENDIX A ~- PRESSURE DARTH

CPMIN

CPHRX

TAP CPHEAN CPRAMS
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YANDENBERG

FLOV THROUGM EXMAUST YENTS, SHUTTLE ASSEMNBLY.

CONFIGURATION F

APPENDIX A -- PRESSURE DATA :
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YANDENBERG

SHUTTLE ASSENBLY.

FLOY THROUGH EXHAUST YENWTS,

CONFIGURATION G

APPENDIX A -~ PRESSURE DATA

TAP CPHMEAN CPRMS CPMAX CPNIN

CPMEAN CPRMS CPMAX CPHMIN L 1

TRP

CPMEAN CPRMS CPMAX CPHIN wp

TAP
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