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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 OMST) 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 clqsures, 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 
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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 (>2xl04) the pressure coefficient at any location on the struc-

ture will be essentially constant for a large range of Reynolds numbers. 

. 7 8 5 6 Typ1cal values encountered are 10 -10 for the full-scale and 10 -10 

for the wind-tunnel model. In this range acceptable flow similarity 

is achieved without precise Reynolds number equality. 

1.2 The Wind-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, 



3 

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. 
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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 
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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 (LM) 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 
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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. 
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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 
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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 
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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 selected 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 

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 U 
r~ 

(root-mean-square velocity) was obtained from 

where 

u rms 

2 E E rms = --------
8 n un-l 

E rms 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, o, is shown in Figure 6. The corresponding pro-

totype value of o for this study is also shown in the figure. The 

mean velocity profile approaching the modeled area has the form 

u u = 
00 

n z 
~· 

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. 



12 

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 profilesJ turbulence intensity is defined 

as the root-mean-square about the mean of the longitudinal velocity 

fluctuations divided by the local mean velocity U, 

urms 
Tu = u-

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/Um, turbulence intensity Urms/Um, and largest effective gust 

U + 3U rms 
u 

m 

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 

c = 
Pmean 

(P-Pm) mean 

o.s p u 2 
00 

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 

2 0.5 p u 
00 

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 = 
Prms 

(cp-p~) - (p-p~)mean)rms 
o.s p u 2 

~ 

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: 

c = 
Pmax 

c = 
Pmin 

(p-p~)max 

o.s P u~2 

(p-p~)min 

o.s p u 2 
~ 

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 c.._ and 
-Pmax r~ by nondimensionalizing with the free stream -J:Imin 

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 u 2 
~ 

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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Flow Visualization 

Figure 3b. Completed Model in Wind Tunnel 
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LOCATXONS ARE AT 7~ t4 AND 21 HODEL XNCHES WITH 

RESPECT TO FLOOR <58 117 AND 175FT FULL SCALE) 
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Figure 7. Mean Velocities and Turbulence Intensities 
at Interior Locations 
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Figure 8b. Peak Pressures on the Duct Closure Doors 



29 

CONFI:GURATI:ON E 

NEGATI:VE PEAK CLADDING LOADS CPSF) 

FOR 88 HPH FASTEST MILE WI:ND 

REFERENCE PRESSURE • 2 t PSF 

DOOR 5 

51 tO 

5120 

DOOR I 

I I t t 81 
o• 

t2.2 28.5 

DOOR 8 

811 ° 

eat • 

812 0 

DOOR 2 

21 t 281 
o• 

12.4 24.2 

DOOR 3 

311 set oe 

13.8 25.4 

• D&SI:DE TAPS 

o OUTS%DE TAPS 

N 

D 
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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 3 4 5 6 

A 0 0 0 0 0 0 
B c 0 0 0 0 0 0 = Open 
c PC 0 0 0 0 0 
D c c c 0 0 0 c = Closed 
E PC PC PC 0 0 0 
F PC 0 0 0 c c PC = 2 1/2% Open 
G PC 0 0 0 PC PC 

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 

B p v v p Pressure = c v v measurement D p p p 
E V,P V,P V,P s s Wind speed = F p p p 

measurement at G V,P v v p p 
12 locations 
near space 
shuttle vehicle 
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TABLE 2 

CALCULATION OF REFERENCE PRESSURE 

1. Basic wind speed assigned by the sponsor: 

Fastest mile at 30 ft = 80 mph 

Mean hourly wind speed= 1 ~~8 = 62.5 mph 

1000 •14 
Mean hourly gradient wind speed = 62.5 (~) = 102.1 mph 

400 · 14 
Mean hourly wind at ref location at 400' = 102.1 (1000) = 89.8 mph 

2 2 Reference pressure = 0.5 pU
00 

= (0.00256) (89.8) = 20.6 psf 

Use reference pressure = 21 psf 

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

90 2: = 45.0 mph 



DOOR 1 

lUND 
AZI"UTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112.50 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

DOOR 3 

VIND 
AZJ"UTH 

0.00 
22. so 
45.00 
67.50 
90.00 

112. 50 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
210.00 
292.50 
315.00 
337.50 

U"EAHIUIHF 
<PERCENT) 

21.3 
15.6 
17.3 
15.4 
4.3 
7.3 

11.4 
20.5 
20.9 
29.7 
35.4 
18.7 
8.7 

16.0 
21.5 
23.1 

UHEAN/UINF 
<PERCENT) 

12.7 
15.2 
14.6 
8.8 
2. 1 
5.6 
8.0 
6.6 
5.9 
6.5 
7.9 
5.3 
3.9 
5.6 

15.0 
15.5 

TABLE 3-·VIHD YELOCITJES AND TURBDlEHC£ INTENSITIES 

FLOW THROUGH EXHAUST YENTS, SHUTTlE ASSEMBLY, YAHOENIERG 

CONFIGURATION A : DATA OH DOORS 1 I 2 I 3 I 

DOORS OPEHEO : l1 2 I 3 I • I 51 6 

UR"S/UIHF 
<PERCENT> 

4.5 
3.3 
2.6 
1.5 
1.7 
2.3 
3.9 
5.8 
6.3 
8. 1 
8.9 
5.2 
1.2 1.' 2.4 
2.2 

URHSIUINF 
<PERCENT> 

7:2 
!L 7 
5.7 
4.0 

.6 
2.2 
4. 1 
2.8 
2. 1 
2.9 
3.0 
2. 1 
1.5 
3.0 
8.8 

10.3 

U"EAH+3*URftS/UIHF 
(PERCENT> 

34.8 
25.5 
25.0 
19.9 
9.3 

14.3 
23. 1 
37.8 
39.8 
53.9 
61.9 
34.4 
12.4 
20.1 
28.7 
29.6 

UHEAH+3*URHS/UIMF 
<PERCENT> 

34.4 
32.2 
31.6 
20.6 
3.9 

12.2 
20.4 
15.2 
12.3 
15. 1 
16.9 
11.6 
8.3 

14.7 
41.4 
46.4 

DOOR 2 

VIHD U"EAH/U I HF 
AZIMUTH (PERCENT) 

0.00 9.3 
22.50 14.7 
45.00 U.7 
67.50 9.2 
90.00 5.8 ttl. 50 U.6 

13 .00 22.4 
157.50 20.1 
180.00 17.9 
202.50 18.4 
225.00 18.9 
247.50 l3 .8 
270.00 4.5 
292.50 10.6 
315.00 9.3 
337.50 8.9 

URftS/U I HF UftEAH+l*URftS/UIHF 
(PERCENT> (PERCENT> 

4.8 23.7 
8.2 39.3 
9. 1 44.1 
5.0 24.2 
1.2 '·' 3.5 27.1 
4.5 36.0 
4.6 33.9 
3.3 27.8 
3.6 29.4 
3.6 29.8 
2.7 22.0 
1.9 10.3 \.N 
6.3 2,.4 \11 
4.8 23.6 
4.8 23.5 



TAIL£ 3--WINO VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YENTS, SHUTTLE ASSEIIILY, VANOEMIERG 

CONFIGURATION A a I>ATA ON DOORS t, 2. 3, 
DOORS OPENED : t. 2 .. J, 4, ,, ' 

• * GREATEST VALUES * • 

UIIEAN/U I NF URMS/UJNF UMEAN+3*RfiS/UJHF 
<PERCENT) <PERCENT) <PERCENT) 

LOC/I>R AZ MEAN RMS M+liMS LOCI DR AZ MEAN IllS M+3IM$ LOCI OR AZ "EAN RMS "+liftS \H 
en 

1 225.0 3~L 4 8.9 61.9 3 337.5 15.5 10.3 46.4 1 225.0 35.4 8.9 61.' 
1 202.5 29.7 •. 1 53.9 2 45.0 16.7 9. 1 44. 1 1 202.5 29.7 8. 1 53.9 

1 337.5 23.1 2 .. 2 29.6 1 225.0 35.4 8.9 61.9 3 337.5 15.5 10.3 46.4 

2 135.0 22.4 4.5 36.0 3 315.0 15.0 8.8 41.4 2 45.0 16.7 9.1 44.1 

315.0 21.5 2.4 28.7 2 22.5 14.7 8.2 39.3 3 315.0 15.0 8.8 41.4 

1 0.0 21.3 4.5 34.8 1 202.5 29.7 8. 1 53.9 1 180.0 20.9 6.3 39.8 

t 180.0 20.9 6.3 39.8 3 0.0 12.7 7.2 34.4 2 22.5 14.7 8.2 39.3 

1 157.5 20.5 5.8 37.8 1 180.0 20.9 6.3 39.8 t 157.5 20.5 5.8 37.8 

2 157.5 20. l 4.6 33.9 2 292.5 10.6 6.3 29.4 2 13S.O 22.4 4.5 36.0 

2 225.0 18.9 3.6 29.8 1 157.5 20.5 5.8 37.8 1 0.0 21.3 4.5 34.8 



TABLE 3-·WIHD VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YEHTS, SHUfTLE ASSEMBLY, YANDEHBERG 

CONFIGURATION 8 ; DATA ON DOORS 2. 3' 
~OORS OPENED I 2, J, 4, ,, ,, 
DOORS CLOSED 1 

,, 
DOOR 3 DOOR 2 

lUND UNEAHIUtNF URNS/UINF UNEAH+l*URNS/UIHF lUND UNEAN/UINF URNS/UtNF UNEAH+l•URNSIUINF 
AZUUTH < I'ERCEHT > <PERC EHT > <PERCENT> AZI"UTH <PERCENT> <PERCENT> (PERCENT> 

0.00 Ut. 1 4.7 29.3 0.00 6.9 3.3 16.' \.N 
22.50 20.5 5.8 37.9 22.50 

10 ·' 
5.9 28.4 ....... 

45.00 1,.4 5.4 35.4 45.00 ll. 0 6.5 30.6 
67.50 11.3 3. t 20.7 67.50 5.7 2.6 13.5 
90.00 2.5 .8 4.8 90.00 6.4 1 . 8 11 . 7 

112.50 7.2 3.4 17.3 112.50 15.8 4.2 28.3 
135.00 10.7 5.8 28.1 135.00 19.6 '. 1 34.9 
157.50 9.3 4.2 21. 8 157.50 21.7 5.3 37.7 
180.00 5.8 2.6 13.7 180.00 u.s 4.6 30.3 
202.50 5.3 2.3 12. 1 202.50 14.6 4.4 27.8 
225.00 5.2 2.3 12.0 225.00 16.3 4.3 29.1 
24 7. 50 5.0 1.9 10.6 247.50 12.8 3.3 22.8 
270.00 2.6 ·' 5.2 270.00 6.3 l . ' 11. l 
292.50 10.8 3.1 20.2 292.50 '. l 2.7 l3. 3 
315.00 14.5 '. 1 29.7 315.00 7.! 3.6 18. 1 
337.50 13. 1 4.8 27.4 337.50 6.4 3. 1 15.8 



TABLE 3·-WtHO YELOCtTIES RHO TURBULENCE lHTEHStTIES 

FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSEftBlY, YANOEHIERG 

CONFIGURATION 8 : OATA ON OOORS 2, 3, 
OOORS OPENED : 2, 3, 4, 5, 6, 
DOORS CLOSED : t, 

* * GREATEST VALUES * * 

UfiEAH/U t HF URftS/UtNF UftEAN+3*R"S/UtNF 
(PERCENT) C PERCENT> (PERCENT> 

LOC/DR AZ liE AM Rill ft+3RRS LOC/OR AZ "EAH R"S "+3RRS LOCI OR AZ "EAN RRS "+3R"S \.N 
00 

2 157.5 21.7 5.3 37.7 2 45.0 11.0 6.5 30.6 l 22.5 20.5 5.8 37.9 

l 22.5 20.5 5.8 37.9 2 22.5 10.9 5.9 28.4 2 157.5 21.7 5.3 37.7 

2 135.0 19., 5.1 34.9 3 22.5 20.5 5.8 37.9 3 45.0 19.4 5.4 35.4 

l 45.0 19.4 5.4 35.4 3 135.0 10.7 5.8 28.1 2 135.0 19., 5. 1 34.9 

2 180.0 16.5 4.6 30.3 3 45.0 19.4 5.4 35.4 2 45.0 11.0 6.5 30.6 

2 225.0 16.3 4.3 29.1 2 157.5 21.7 5.3 37.7 2 180.0 16.5 4.6 30.3 

2 112.5 15.8 4.2 28.3 2 135.0 19.6 5.1 34.9 3 315.0 14.5 5. 1 29.7 

3 0.0 15. 1 4.7 29.3 3 315.0 14.5 s. 1 29.7 3 0.0 15.1 4.7 29.3 

2 202.5 14.6 4.4 27.8 l 337.5 13. l 4.8 27.4 2 225.0 16.3 4.3 29.1 

3 315.0 14.5 5.1 29.7 l 0.0 15.1 4.7 29.3 2 22.5 10.9 5.9 28.4 



TABLE 3--WIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOV THROUGH EXHAUST VENTS, SHUTTLE ASSEftiLV, VANDENBERG 

COHFtCURATIOH C : DATA OH DOORS 2. l' 
DOORS OPENED 2. 3 I 4' 5, 6, 
DOORS PARTIALLY CLOSED :1, 

DOOR 3 OOOR 2 

WINO UftEAN/UlMF URftSIUUF UftEAN+J•URftS/UINF lUND UftEAN/UINF URftS/UtNF UftEAH+3*URftS/UIHF 

AZI"UTH (PERCENT) <PERCENT> <PERCENT) AZiftUTN (PERCENT> <PERCENT> (PERCENT> 

0.00 1~.2 ~.0 30.3 0.00 6.8 4. 1 l8.' \AI 

22.50 19.5 5.8 3,.8 22.50 ".5 11.2 50.2 U) 

45.00 19.3 5., 36.2 45.00 19.6 12.2 56. 1 
,7.50 11.8 3.3 21.' ,7.50 5.8 3.4 15.9 
90.00 2.5 .8 4.8 90.00 7.0 1 . ' 12.8 

112. 50 ,.9 2.9 15.7 112.50 17., 4.7 31.8 
135.00 10. 1 5.3 26.0 135.00 22.3 5.4 38.6 
157.50 8.9 4. 1 21.4 157.50 23.8 5.4 40. 1 
180.00 '·' 2.4 13.0 180.00 18.0 5.0 33.2 
202.50 5.4 2. 1 11.' 202.50 15.9 4., 29.5 
225.00 5., 2. 1 12. t 225.00 17.4 4.9 32.2 
247.50 4.9 1. 7 9.9 247.50 14.3 3. 1 23.8 
270.00 2.8 1. 0 5.7 270.00 6.8 1.9 12.5 
292. 50 10.7 3,, 21.5 292.50 7.7 5.1 22.9 
3 UJ. 00 13.8 4.9 28.4 315.00 7.5 4.9 22.3 
337.50 13.0 4., 2'-' 337.50 '·' 4.3 19.3 



TABLE 3-·WtND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YENTS, SHUTTLE ASSEMBLY, VANDENBERG 

CONFIGURATION C ; DATA ON DOORS z, 3' 
DOORS OPENED : 2, 3, 4, 5, 6, 
DOORS PARTIALLY CLOSED :1, 

• * GREATEST YAl.UES * • 

UfiEAN/UlNF URMS/UIHF UMEAN +l•RMS/U lHF 
<PERCENT> <PERCENT) <PERCENT> 

LOCI DR AZ MEAN RMS M+lRitS LOCI DR AZ MEAN I ItS M+llltS LOCI DR AZ MEAN I ItS M+llltS 
..t:" 
0 

2 157.5 23.8 5.4 40.1 2 45.0 1,.6 12.2 56.1 2 45.0 19.6 12.2 56. 1 

2 ll~L 0 22.3 5.4 38.6 2 22.5 16.5 11.2 50.2 2 22.5 16.5 11.2 50.2 

2 45.0 ,,,6 12.2 56.1 3 22.5 19.5 5.8 36.8 2 157.5 23.8 5.4 40. 1 

3 22.5 1,.5 5.8 36.8 3 45.0 19.3 5.6 36.2 2 135.0 22.3 5.4 38.6 

3 45.0 tt.3 5.6 36.2 2 157.5 23.8 5.4 40.1 3 22.5 1,.5 5.8 36.8 

2 180.0 18.0 5.0 33.2 2 135.0 22.3 5.4 38.6 3 45.019.3 5.6 36.2 

2 1!2 .5 17.6 4.7 31.8 3 135.0 10. 1 5.3 26.0 2 180.0 18.0 5.0 33.2 

2 225.0 17.4 4.9 32.2 2 292.5 7.7 5.1 22.9 2 225.0 17.4 4.9 32.2 

2 22.5 16.5 11.2 50.2 2 180.0 18.0 5.0 33.2 2 112.5 17.6 4.7 31 .8 

2 202.5 t5.t 4.& 2t.5 3 0.0 15.2 5.0 30.3 3 0.0 15.2 5.0 30.3 



TABLE 3--WIHD YELOClTtES AHD TURBULENCE IHTEHSITIES 

FLOW THROUGH EXHAUST YENTS1 SHUTTLE ASSEHBLY, YAHDEMIERG 

COHFIGURATIOH E : DATA ON DOORS t. ... 3 I 4.1 

OOORS OPEHEO : ... 'I 6 I DOORS PARTIALLY CLOSEt ;f, z, J, 

LOCATION 1 LOCATION 2 

WINO UHEAN/UIHF URHS/UIHF UHEAH+3•URHS/UIHF WINO UftEAH/UINF URftS/UINF UftEAN+J•URftS/UIHF 

AZIMUTH C PERCENT> <PERCENT> <PERCENT> AZtftUTH <PERCENT> <PERCENT> (PERCENT> 

0.00 3.7 .5 5. 1 0.00 3.4 .4 4.6 

22.50 3.9 ·' 5., 22.50 3., .5 5.0 

45.00 3.9 ·' 5.7 45.00 3.7 . 4 5.0 

67. so 3.6 .5 5.0 67.50 3 .1 .3 3.9 

90.00 2.6 .0 2.7 90.00 2.3 0.0 2.3 

112. so 2.8 .2 3.3 112.50 2.3 0.0 2.3 

135.00 3.4 .4 4.7 135.00 3.0 .2 3.6 

157.50 3.5 .4 4.7 1S7.SO 2., . 1 3.0 

180.00 3.4 .4 4.S 180.00 2.7 .2 3.3 

202.50 2.9 0.0 2.9 202.50 2.7 . 1 2.9 

225.00 3.0 .3 3.8 225.00 2.8 .2 3.5 

247.50 2.9 . 1 3.3 247. so 3. 1 .2 3.8 

270.00 2.3 0.0 2.3 270.00 2.3 0.0 2.3 ~ 

292.50 2.9 .3 3.8 2t2.SO 2.7 . 1 3. 1 I-' 

315.00 3.7 .4 4.9 315.00 2.7 0.0 2.7 

337.50 3.8 .5 5.3 337.SO 2.9 .3 3.7 

LOCATION 3 LOCATION 4 

WI HI> UHEAN/UIMF URftS/UIHF UHEAH+3•URHS/UIHF WIND UHEAH/UIHF URHS/U I MF UHEAH+3•URftS/UIHF 

AZIMUTH <PERCENT> C PERCENT> <PERCENT> AZIHUTH <PERCENT> <PERCENT> <PERCENT> 

0.00 3.3 .2 4.0 0.00 2.8 . 1 3. 1 

22. so 3.5 . 2 4.0 22.SO 2.9 . 1 3. 1 

45.00 3.5 .2 4.0 45.00 2.9 . 1 3.3 

67.50 3. 1 0.0 3. 1 ,7.50 2., 0.0 2.6 

90.00 2.4 0.0 2.4 90.00 2.5 0.0 2.S 

112. so 2.5 0.0 2.5 112. so 3.3 .2 3.9 

135.00 2.7 . 1 2.9 135.00 3.1 . 1 3.5 

157. 50 2.6 . 1 2.8 157.SO 3. t . 1 3.4 

180.00 2.6 0.0 2., 180.00 3.2 .2 3.8 

202.50 2.5 0.0 2.5 202.50 3.1 .2 3.6 

225.00 2.9 . 1 3.2 225.00 3.0 . 1 3.3 

247.50 3. 1 0.0 3. 1 247.50 2., . 1 2.8 

270.00 2.3 0.0 2.3 270.00 2.3 0.0 2.3 

292.50 2.8 .3 3.6 292.50 2., . 1 2.9 

315.00 2.9 .2 3.4 315.00 2.8 0.0 2.8 

337.50 3.1 0.0 3. 1 337.50 2.7 . 1 2.9 



TABLE 3--WtHD VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEftBLY, VANDEHIEIG 

CONfiGURATION E I OATA ON OOORS l, 2, 3' 
DOORS OPENED I 4, ,, ', 
DOORS PARTIALLY CLOSED 11, z, 3, 

LOCATION 5 LOCATION ' 
WIND UftEAH/UlNf URftS/UIHF UftEAH+3*U'-"S/UIHF WINO U"E AH/U l Nf U'-ftS/U I Hf UftEAN+3*URftS/UIHF 

AZlftUTH <PERCENT> <PERCENT> <PERCENT> AZI"UTH <PERCENT> <PERCENT> <PERCENT> 

0.00 1.1 .2 1.7 0.00 1.5 .3 2.4 

22.50 1.1 .2 L8 22.50 1.7 .3 2.5 

45.00 1.2 .2 1.7 45.00 1.' .2 2.3 

i7. 50 1.0 ~. 2 t.i 67.50 1.5 . l 1.8 

90.00 . 9 .2 1.5 90.00 .I . 1 1.1 

112.50 l.i .3 2.4 112.50 .8 .2 1.4 

135.00 1.8 .5 3.3 135.00 .9 .2 1 . ' 
157.50 l.i .4 2.6 157. so .9 .2 1.6 
180.00 1.4 .3 2.2 180.00 1 . 0 .2 1 . 4 

202.50 1.1 .2 1.7 202.50 1.0 . 2 1 . 7 
225.00 .9 .2 1.5 225.00 1 . 1 .3 1.9 
247.50 .8 .2 1.5 247.50 1 . 0 .2 l. i 

270.00 .8 .3 1.6 270.00 .9 .2 1 . 4 J'::' 

292.50 .8 .2 1. 5 292.50 .9 .2 1.6 N 

315.00 .9 .2 1. 4 315.00 1 . 1 . 1 1. 4 

337.50 1.0 . 1 1.4 337.50 1. 4 .3 2. 1 

LOCATION 7 LOCATION 8 

WIND UftEAH/UINF URftS/UIHf UftEAH+3*URftS/UIHf WIND U"EAH/UINF UR"S/UIHF UftEAH+l*URftS/UINF 
AZIMUTH <PERCENT) <PERCENT> <PERCENT> AZt"UTH <PERCENT> CPERCENT> (PERCENT> 

0.00 1.1 .2 1.8 o.oo ·' .2 1.6 

22.50 l . 1 .2 1.7 22.50 1 . 0 .2 1.7 
45.00 1.2 .2 t. 9 45.00 1. 0 .2 1.7 

67.50 1.2 .2 1. 9 ,7.50 ·' .2 1 . ' 
90.00 1.2 .3 2.1 90.00 1 . 1 .3 2.0 

112. 50 1.0 .2 1.5 112.50 .9 . 1 1 . 3 

135.00 1.4 .3 2.4 135.00 1. 0 .2 1.7 
157.50 2. 1 .9 4.8 157.50 1.2 . 3 2.3 

180.00 3.0 1.1 6.3 180.00 1.9 . 7 3.9 

202.50 2.3 ·' 5.0 202.50 2.1 ·' 4.0 

225.00 1.8 . 7 4.0 225.00 1.7 .4 3.1 

247.50 1.6 .4 2.9 247.50 1 . 1 .2 1.7 

270.00 1.1 .2 1.6 270.00 .8 .2 1 . 4 

292.50 .9 . 1 1.3 292.50 .8 .2 1.5 
315.00 .8 . 1 1. 2 315.00 .9 .2 1 . 4 

337.50 1.0 .2 1.' 337.50 ·' . 1 l . 3 



TABLE J--WIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YEHTS. SHUTTLE ASSEftBLY, YANDENBERG 

CONFIGURATION E : DATA ON DOORS 1 I 2, 3 I 

DOORS OPENED : 4. 5 I 'I DOORS PARTIALLY CLOSED l 1 r 2r J, 

LOCATION 9 LOCATION 10 

WIND U .. EAH/UINF URftS/UIHF UftEAN+3*URftS/UIHF WIND UftE AH/U I NF URftS/UINF UftEAN+l*UR .. S/UINF 
AZIMUTH <PERCENT> C PERCENT> <PERCENT> AZI .. UTH <PERCENT> <PERCENT> CPERCENT> 

OoOO 1 0 9 03 208 OoOO 300 000 300 
220~0 2.0 o4 3.2 220~0 301 0.0 3. 1 
45o00 2.' 04 303 45.00 3 0' OoO 3.1 
67 0 ~0 1 0 7 03 205 670~0 300 000 300 
90o00 1.0 .2 1.6 90.00 '·' 1 0 0 8o1 

112 0 50 08 02 1 0 4 112.50 500 o8 7o4 
135o00 1.3 .2 2.0 135.00 5.3 1 0 0 8.2 

15 7. 50 1 . 1 .2 1.7 157050 5.8 1 . 2 9.4 
180.00 1 . 1 .2 1. 7 180000 6.2 1 . 5 1007 
202. 50 1.2 .2 1.7 202.50 604 1 . 8 11 . 9 
225000 2.2 . '1 4.2 225.00 10.2 1.8 15.5 
247.50 1.5 04 2.8 247.50 6.3 1 . 2 ,,8 

270.00 .9 .2 1. 6 270000 2.7 .2 3.2 J::' 

292. 50 .9 .2 1.5 292.50 2.9 000 209 VJ 

315.00 1 . 1 .2 1.8 315.00 3.0 . 1 3.5 
3 37. 50 1. 3 .2 1.9 337.50 loO 000 3.0 

LOCATI OH 11 LOCATION 12 

WIND U"EAN/UINF UR .. S/UINF U"EAN+J•UR,.S/UINF WIND U"EAN/U I NF UR,.S/UIHF U"EAH+3*UR .. S/UINF 
AZIMUTH C PERCENT> <PERCENT> <PERCENT> AZ I "UTH <PERCENT> C PERCENT> <PERCENT> 

0.00 5.6 ·' 7.4 0.00 4. 1 .7 6.2 
22.50 600 .8 8.3 22.50 4.3 07 604 
45.00 6.0 .7 8. 1 45.00 4.2 .7 602 
67.50 5.4 .6 7. 1 67050 3.9 .7 5.9 
90.00 409 .7 7. 1 90000 3.4 ·' 5.2 

112.50 5. 1 06 700 112050 4.3 05 5.9 
13~000 5.7 .8 7°9 135.00 4.5 ·' 6.4 
157.50 5.0 .9 706 157050 4.2 ·' 6. 1 
180.00 4.1 .7 6.3 180.00 4.2 07 6.3 
202.~0 3.8 .6 ~.6 202.50 401 ·' 5.8 
225.00 7.3 1.' 12.1 225.00 '·' 1 . 2 10.3 
247.50 5.9 .7 8. 1 247050 4.4 ·' 6.3 
270.00 2.7 00 2.9 270.00 2.7 .0 2.8 
292.~0 2.5 0.0 2.5 292.50 2.9 0 1 3 0 1 
315 0 00 4.3 0~ 5.7 315.00 2.9 0 1 3.3 
337050 5. 1 06 608 337050 307 ·' 5.4 



DOOR ! 

litHO 
RZJIIUTH 

0.00 
22.50 
45.00 
'7. 50 
90.00 

112. 50 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

DOOR 3 

WINO 
RZIIIUTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112. so 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

UIIEAH/UINF. 
C PERCENT) 

1 . 1 
.9 
.9 

1. 0 
3.8 
2.6 
4.5 
2.6 
2.7 
2.7 
3.5 
3.0 

.6 
1.3 
1.9 
1.6 

UIIEAM/UINF 
C PERCENT> 

3.6 
5.4 
6.0 
3.5 

.9 
1. 2 
1.2 
1.1 
t . 1 
l. 0 
.8 
.8 
.8 

3.5 
5.0 
3. l 

TABLE 3--WIHO VELOCITIES RHO TURBULENCE IHTEHSITIES 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEftBLY, VAHOEHBERG 

COHFIGURRTIOH E : ORTA OH ODORS t, 2, 3, 
DOORS OPENED ; 4, 5, 6, 

URIIS/UlHF 
C PERCENT> 

.4 

.3 

.3 

.3 
1. 8 
1.4 
2. 1 

.9 
t.o 

.7 
1.1 
1. 0 

.2 

.2 

. 3 

.3 

UIIIS/UIMF 
C PEICEHT > 

1. 4 
.7 
."1 
.4 
.2 
.2 
.3 
.2 
. 2 
.2 
.2 
.2 
.2 
.5 
.9 

1.1 

DOORS PARTIALLY CLOSED :t, 2, 3, 

UftEAH+3*URIIS/UIHF 
<PERCENT) 

2.4 
1.7 
1.7 
1.9 
9.3 
6.9 

10.8 
5.3 
5.7 
4.8 
6.8 
5.9 
1.2 
1.9 
2.9 
2.5 

UIIEAM+3•URIIS/UtMF 
<PERCENT) 

7.8 
7.4 
8. t 
4.8 
t.' 
1.8 
2. 1 
l .• 
1.8 
1. 7 
1.5 
1.5 
1. 6 
5.0 
7.8 
6.4 

DOOR 2 

WIHO UIIEAN/UIHF 
RZIIIUTH <PERCENT> 

0.00 8.7 
22.50 8.8 
45.00 8.7 
67.50 7.4 
90.00 '·' 112.50 u.s 

135.00 17.8 
157.50 18.6 
180.00 14.8 
202.50 14.7 
225.00 18.0 
247.50 

15 ·' 270.00 8.2 
292.50 5.7 
315.00 7.8 
337.50 8.5 

URftS/U I Hf UIIEAN+3•URIIS/UIHF 
(PERCENT> ! PERCENT> 

.9 11.4 

.e 11 . 4 

.8 11. 1 

.'1 '·' 1.7 10.6 
1.3 zo.s 
1.2 21.3 
1.8 24.1 
2.6 22.5 
2.2 Zl. 4 
1.8 23.3 
1.9 21.3 
1.9 

13 ·' 
..t:" 

.6 7.5 ..t:" 

.7 10.0 

. ' 1 t. 2 



TABLE 3--UIND YELOCITIES AND TURBULENCE INTENSITIES 
FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSEMBlY, VANDENBERG 

CONFIGURATION E : DATA ON DOORS 1, 2, 3, 
DOORS OPENED : 4, 5, 'I DOORS PARTIALLY CLOSED :t, 2, 3. 

* * GREATEST VALUES * • 

UftEAN/U I NF URMS/UINF UMEAH+3*R"S/UIHF 
<PERCENT> <PERCENT> <PERCENT> 

LOC/I>R AZ ""'" RMS M+JRMS LOCI OR AZ MEAN RMS "+3RMS LOCI DR AZ MEAN RMS M+3RMS 
~ 
V1 

2 157.5 18.6 1.8 24.1 2 180.0 14.8 2.6 22.5 2 157.5 18.6 1.8 24.1 

2 225.0 18.0 1.8 23.3 2 202.5 14.7 2.2 21.4 2 225.0 18.0 1.8 23.3 

2 135.0 17.8 1. 2 21.3 1 135.0 4.5 2. 1 10.8 2 110.0 14.8 2., 22.5 

2 112.5 16.5 1. 3 20.5 2 247.5 15.5 1.9 21.3 2 202.5 14.7 2.2 21.4 

2 247.5 15.5 1.9 21.3 2 270.0 8.2 1.' 13.9 2 135.0 17.8 1.2 21.3 

2 180.0 14.8 2., 22.5 2 157.5 18., 1.8 24.1 2 247.5 15.5 1.9 21.3 

2 202.5 14.7 2.2 21.4 10 202.5 6.4 1. 8 11 . 9 2 112.5 16.5 1.3 20.5 

10 225.0 10.2 1.1 15.5 1 90.0 3.8 1.8 9.3 10 225.0 10.2 1.8 15.5 

2 22.5 8.8 .8 11.4 2 225.0 18.0 1. 8 23.3 2 270.0 8.2 1.9 13.9 

2 45.0 8.7 .8 11 . 1 10 225.0 10.2 1. 8 15.5 11 225.0 7.3 1. 6 12. l 



DOOR 1 

lUND 
RZI"UTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112. so 
135.00 
1S7.SO 
180.00 
202. so 
225.00 
247.SO 
270.00 
292.SO 
31 s. 00 
337.50 

DOOR 3 

WINO 
AZUUTH 

0.00 
22.SO 
45.00 
67.50 
90.00 

112. so 
135.00 
157.50 
180.00 
202. so 
225.00 
247.SO 
270.00 
292. so 
3 us. 00 
337.50 

UNEAN/UUIF 
<PERCENT> 

2.3 
2.4 
2. 1 
1.9 
2.1 
2.1 
2.6 
3.6 
3.7 
4.0 
4.3 
3.2 
1.1 
1.2 
2.3 
2. 1 

UNEAN/UIHF 
<PERCENT) 

2.7 
2.7 
2.1 
2.3 
1.6 
2.0 
2.3 
1.6 
1.5 
1.5 
1.4 
1.7 
2.0 
1.5 
2.3 
2.4 

TABLE 3-·WIND VELOCITIES AND TURBULENCE INTENSITIES 

FlOW THROUGH EXHAUST VENTS, SHUTTLE ASSERilY. VANDEH8ERG 

COHFIGURATIOH G : DATA ON DOORS ,, 2. 3. 
~OORS OPENED : 2, J, 4, 

URHS/UlHF 
<PERCENT> 

.7 

.8 

·' .s 
.7 
. 7 
.8 

1.1 
1.2 
1.4 
1.5 
t.O 
.2 
.2 
.7 

·' 
URNS/U IHF 
<PERCENT> 

.7 

.7 

.7 

.5 

.4 

·' 1.0 
.5 
.3 
.3 
.4 
.4 
.5 
. 3 
.5 

·' 

DOORS PARTIAllY ClOSED :t, 5, 6. 

UMEAH+l•URMS/UINF 
<PERCENT> 

4.S 
4.7 
3.9 
3.4 
4. 1 
4. 1 
5. 1 
7.0 
7.2 
8. 1 
8.9 
6.3 
1.8 
1.7 
4.4 
3.8 

UMEAH+3•URNS/UINF 
<PERCENT) 

4.9 
4.7 
4.9 
3.9 
2.7 
3.9 
5. I 
3.2 
2.5 
2.4 
2.6 
2.9 
3.4 
2.3 
3.9 
4.4 

DOOR 2 

WINO UHEAH/UINF 
AZIMUTH <PERCENT> 

0.00 1. 8 
22.50 1.7 
4S.OO 1.8 
67.50 1.3 
90.00 1.1 

112.50 2.3 
135.00 2.7 
1S7.50 2.5 
180.00 2.5 
202.50 2.0 
225.00 1. 7 
247.50 1.6 
270.00 1.3 
292.SO 1.4 
315.00 1.9 
337.SO 2. t 

URMS/U IHF UHEAH+l•URHS/UIHF 
<PERCENT) <PERCENT> 

.6 3.5 

·' 3.5 
.1 4.0 
.2 2.0 
.2 1.7 
.s 3.9 
.7 4.8 

·' 4.2 
.6 4.3 
.5 3.5 
.3 2.7 
.2 2.3 
. 3 2 .I .::: 
.2 2.2 en 
.6 3.7 
.1 4.4 



TABLE 3--WIND YELOCITIES AND TURBULENCE IHTEHSJTIES 

FLOW THROUGH EXHAUST YENTS, SHUTTLE ASSE .. BLY, YAHDENBERG 

CONFIGURATION G r DATA ON DOORS 1 I 2 I 3 I 

DOORS OPEH£1> 1 2, 3, 4. 
DOORS PARTIALLY CLOSED :1, s, ,, 

• • GREATEST YALUES • • 

Ufi!AH/U I Hf' U~ftS/UINf' UftEAN+3*RfiS/UINF 
(PERCENT> <PERCENT> (PERCENT> 

LOCI DR AZ ftEAM Rftl ft+3RftS LOCI DR AZ ftEAM RftS ft+3RftS LOCI DR AZ ftEAN RftS ft+3RftS ..t::" 
"'-J 

225.0 4.3 1.5 8.9 1 225.0 4.3 1.5 8.9 1 225.0 4.3 1 . s 8.9 

202.5 4.0 1.4 8.1 1 202.5 4.0 1.4 8. 1 1 202.5 4.0 1.4 8. 1 

1 180.0 3.7 1.2 7.2 1 180.0 3.7 1.2 7.2 1 180.0 3.7 1. 2 7.2 

1 157.5 3., 1.1 7.0 1 157.5 3., 1.1 7.0 1 157.5 3., 1.1 7.0 

1 247.5 3.2 1.0 ,,3 1 247.5 3.2 1.0 ,,3 1 247.5 3.2 1. 0 ,,3 

3 45.0 2.8 .7 4.9 3 135.0 2.3 1. 0 5.1 3 135.0 2.3 t. 0 5. t 

3 0.0 2.7 .7 4.9 t 135.0 2.6 .8 5.1 1 135.0 2.6 .8 5. 1 

2 135.0 2.7 .7 4.8 1 22.5 2.4 .8 4.7 3 45.0 2.8 . ., 4.9 

3 22.5 2.7 . 7 4.7 2 337.5 2. 1 .7 4.4 3 0.0 2.7 .7 4.9 

t 135.0 2.6 .8 5.1 2 45.0 1.8 .7 4.0 2 135.0 2.7 . ., 4.8 



TABLE 4--UJHO VELOCITIES RHO TURBULENCE INTENSITIES 

FLOU THIOUGH EXHAUST YEHTS1 SHUTTLE ASSEMBLY. YAHDEN8ERC 

CONFIGURATION A I DATA OH 0 OORS 1' 2. 3' 
DOORS OPEHEli : 1, 2. 3. 4, ,, 6 

DOOR 1 DOOR 2 

UIHI> UHEAH URNS UHEAN+:J•URftS lUND UHEAH URftS Uft£AN+3•URHS 
AZiftUTH ( "'") < ftPH) < ftPH) AZiftUTH < ftPH> ( "'") ("'") 

0.00 '·' 2.0 1:5.6 0.00 4.2 2.2 10.7 
22.:50 7.0 1.' 11.' 22.50 6.6 3.2' 17.7 
4:5.00 7.8 1. 2 11. 3 4:5.00 7.5 4.1 19.8 
67.50 6.9 .7 8.9 67.50 4.1 2.3 10.9 
90.00 1.9 .8 4.2 90.00 2.6 .6 4.3 

112. 50 3.3 1 . t 6.5 112. so 7.S 1. 6 12.2 
135.00 5. 1 1.7 10.4 135.00 10. 1 2.0 U.2 
1S7.SO 9.2 2.6 17.0 1S7.50 9.1 2. 1 1S .2 
180.00 9.4 2.8 17.9 180.00 8.1 1.' 12. s 
202.50 13.4 3.6 24.3 202.50 8.3 .. , 13.2 
225.00 1:5.9 4.0 27.9 22:5.00 8.5 1.6 13.4 
247.50 8.-4 2.4 15.5 247. so 6.2 1.2 9.9 

J::-270.00 3.9 .6 '·' 270.00 2.0 .9 4.6 
292.50 7.2 .1 9.4 292.50 4.7 2.8 13.2 00 

315.00 9.7 1.1 12.9 315.00 4.2 2.1 10.6 
337.:50 10.-4 t. 0 13.3 337.50 4.0 2.2 10.6 

I>OOR 3 

WIND UftERH URNS UHEAH+3•URNS 
AZIMUTH <NPH > ( "'") < ftPH> 

0.00 5.7 3.3 15.:5 
22. so 6.8 2.5 14.5 
45.00 6.6 2.6 14.2 
67.50 4.0 1. 8 9.3 
90.00 ·' .3 1.8 

1 t 2. 50 2.5 1. 0 5.5 
135.00 3.6 1.' 9.2 
157.50 3.0 1.3 rL8 
180.00 2.7 1.0 5.5 
202.50 2.9 1.3 6.8 
225.00 3.6 1.4 7.6 
247.50 2.4 .9 5.2 
270.00 1.7 .1 3.8 
292.50 2.5 1 ... 6.6 
315.00 6.7 4.0 18.6 
337.50 7.0 4., 20.9 



TAIL£ 4-·WIHD VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THIOUGH EXHAUST YEHTS, SHUTTLE ASSE"BLY, VANDENBERG 

COHFIGURATIOH A : DATA ON DOORS 1, 2, 3, 
DOORS OPENED l 11 2 I 3 I 4 I :s I ' 

• • GREATEST YALUES • • 

U"EAH URftS U"EAN+l*R"S 
< ftPH> ("PH> ("PH> 

LOC/I>R AZ ftEAH R"S ft+3R"S LOC/I>R AZ ftEAH RftS ft+3R"S LOCI DR AZ "EAN RftS "+3R"S 
~ 
tO 

1 22:J.O 15.9 4.0 27.9 3 337.:J 7.0 4.6 20.9 1 225.0 1:J.9 4.0 27.9 

1 202.5 13.4 3.6 24.3 2 4:J.O 7.5 4.1 lt.l 1 202.5 1-3.4 3.6 24.3 

1 337.5 10.4 1.0 13.3 1 225.0 15.t 4.0 27.9 3 337.5 7.0 4.6 20.9 

2 135.0 10. 1 2.0 16.2 3 315.0 6.7 4.0 18.6 2 4~.0 7.5 4.1 19.8 

1 315.0 9.7 1 . 1 12.9 2 22.5 6.6 3.7 17.7 3 3l:J.O 6.7 4.0 18.6 

1 0.0 '·' 2.0 15.6 1 202.5 13.4 3.6 24.3 1 180.0 9.4 2.8 17.9 

1 180.0 9.4 2.8 17.9 3 0.0 5.7 3.3 15.5 2 22.5 6.6 3.7 17.7 

1 157.5 9.2 2.6 17.0 1 180.0 9.4 z.e 17.9 1 157.5 9.2 2.6 17.0 

2 157.5 
'· 1 

2.1 15.2 2 292.5 4.7 2.8 13.2 2 135.0 10.1 2.0 16.2 

2 225.0 8.5 1.6 13.4 1 157.5 9.2 2.6 17.0 1 0.0 '·' 2.0 15.6 



TABLE 4--UIHD VELOCITIES AND TURBULENCE INTENSITIES 

FLOU THROUGH EXHAUST VEHTS, SHUTTLE ASSEftBLY, YRHDEN8ERG 

COHF ~URATIOH 8 t DATA ON DOORS 2, 3, 
OOOIS OPEHEI> : 2, 3, 4, ,, ,, 
DOORS CLOSED : 1 I 

0001 3 OOOit 2 

WIHO Uftf:AH URftS UftEAH+3*URftS WIHO UftEAH UI"S U"fAH+3*URftS 
AZ lftUTH 

( "'") ( "'") ( "'") AZJ"UTH ( "'") <MPH) (ftPH) 

0.00 6.8 z.t 13.2 0.00 3.1 1.5 7.6 V1 

22.50 9.2 2.6 17. 1 22.50 4.9 2.6 12.8 
0 

45.00 8.7 2.4 15.9 45.00 5.0 2.9 13.8 
67.50 5.1 1. 4 9.3 67.50 2.6 1. 2 6. 1 
90.00 t.t .3 2. 1 90.00 2.9 .8 5.3 

112.50 3.2 1.5 7.8 112.50 7.1 1.' 12.7 
135.00 4.8 2.6 12.7 135.00 8.8 2.3 15.7 
157.50 4.2 1., 9.8 157.50 9.1 2.4 17.0 
180.00 2.6 1.2 6.2 180.00 7.4 2. 1 13.6 
202.50 2.4 1.0 5.4 202.50 6.6 2.0 l2. 5 
225.00 2.3 1.0 5.4 225.00 7.4 1. 9 13. 1 
247.50 2.2 .8 4.8 247.50 5.8 1.5 10.3 
270.00 1.2 .4 2.4 270.00 2.8 . 7 5.0 
292. 50 4.8 1.4 '. 1 292.50 2.3 1.2 6.0 
315.00 6.5 2.3 13.4 315.00 3.l 1.6 8.2 
337.50 5.9 2.2 12.3 337.50 2.9 1.4 7. 1 



TABLE 4--YIND VELOCITIES AND TURBULENCE INTENSITIES 
FLOY THROUGH EXHAUST VENTS, SHUTTLE ASSE"BLV, VANDENBERG 

COHFIGURATIOH B 1 DATA ON ODORS z, 3, 
DOORS OPENED : 2, 3, ., s, f,, 
DOORS CLQSEO ; 1, 

• • GREATEST VALUES • • 

U"EAN URftS U"EAH+3*R"S 
( "'") ( "'") <ftPH) 

LOC/f>llt AZ "EAM , ... N+JiftS LOC/I>R AZ NEAM INS N+JRNS LOC/I>R AZ NEAH INS N+3RffS \.11 
~ 

2 157.5 ,,8 2.4 t 7.0 2 45.0 5.0 2., 13.8 3 22.5 9.2 2.6 1 7. 1 

3 22.:5 ,,2 2.6 17. 1 2 22.5 4., 2.6 12.8 2 157.5 '·' 2.4 17.0 

2 135.0 8.8 2.3 1S.7 3 22.:5 9.2 2.6 t 7. 1 3 45.0 8.7 2.4 15.9 

3 45.0 8.7 2.4 15.9 3 135.0 4.8 2.6 12.7 2 135.0 8.8 2.3 15.7 

2 180.0 7.4 2. l 13.6 3 45.0 8.7 2.4 15.9 2 45.0 5.0 2.9 13.8 

2 22~.0 7.4 1.9 13. 1 2 157.5 9.8 2.4 17.0 2 180.0 7.4 2.1 13.6 

2 112.5 7. 1 1. 9 12.7 2 135.0 8.8 2.3 15.7 3 31-5.0 6.5 2.3 13.4 

3 0.0 6.8 2. 1 13.2 3 315.0 6.5 2.3 13.4 3 0.0 6.8 2.1 t3.2 

2 202.5 6.6 2.0 12.5 3 337.5 5.9 2.2 12.3 2 225.0 7.4 1.9 13. 1 

3 315.0 6.5 2.3 13.4 3 0.0 6.8 2.1 13.2 2 22.S 4.9 2.6 12.8 



TABLE 4--VIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSERBLY, YAHI>EHIERC 

CONFIGURATION C : DATA ON DOORS 2. J, 
DOORS OPENED : z, 3. 4. s. 6, 
DOORS PARTIALLY CLOSED : 1' 

DOOR 3 I>OOR 2 

WIND UftEAH URNS Uft!AH+l•UR"S IUHI> UftEAH UR"S Uft!AH+3•UJ.ft$ 
AZIMUTH C ftPH > < NPH) ( NPH) AZ I ftUTH < RPH> 

( "'") <NPH > 
0.00 '·' 2.3 13., 0.00 3.0 1.8 a.s V1 

N 
22.50 8.8 2.6 16.6 22.50 7.4 s .1 22 .• 
45.00 8.7 2.5 1,.3 45.00 8.8 s.s 25.2 
67.50 5.3 1.5 9.7 a7.SO 2 .• l.S 7.2 
90.00 1.1 .4 2.2 90.00 3.1 .9 5.8 

112.50 3. 1 1.3 7.0 112. so 7.9 2.1 14.3 
135.00 4.5 2.4 11.7 135.00 to .0 2.4 17.4 
157.50 4.0 1.9 9.6 157.50 10.7 2.5 18.0 
180.00 2., 1.1 5.9 180.00 8.1 2.3 14.9 
202.50 2.4 .9 5.2 202.50 7. I 2. 1 13.3 
225.00 2.5 1.0 5.4 225.00 7.8 2.2 14.5 
247.50 2.2 . 7 4.5 247.50 •. 4 1.4 10.7 
270.00 1.3 . 4 2., 270.00 3.1 .9 5 .• 
292.50 4.8 1.6 9.7 292.50 3.5 2.3 10.3 
315.00 ,,2 2.2 12.8 315.00 3.~ 2.2 10.0 
337.50 5.9 2.1 12. 1 337.50 2.9 1.9 B.7 



TABLE 4--UtND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YENTS, SHUTTLE ASSE"BLY, VANDENBERG 

CONFIGURATION C I DATA ON OOORS z, 3, 
DOORS OPENED l z, 3 J 4 I ~I 61 
DOORS PARTIALLY CLOSED ; 1 ' 

• • GREATEST VALUES • • 

UIIEAH UlftS UNEAN+l•RPIS 
( "'") ( "'") < NPH > 

LOC/OR RZ MEAN INS fi+3RIIS LOCI OR RZ fiE AN IllS fi+31NS LOCI OR RZ NEAN RHS fi+3RIIS U1 
\.N 

2 157.5 10.7 2.5 18.0 2 45.0 8.8 5.5 25.2 2 45.0 8.8 5.5 25.2 

2 135.0 10.0 2.4 17.4 2 22.5 7.4 5. 1 22.6 2 22.5 7.4 5. 1 22.6 

2 45.0 8.8 5.5 25.2 3 22.5 8.8 2.6 16.6 2 157.5 10.7 2.5 18.0 

3 22.5 8.8 2.6 16.6 3 4~5. 0 8.7 2.5 16.3 2 135.0 10.0 2.4 17.4 

3 45.0 8.7 2.5 16.3 2 157.5 10.7 2.5 18.0 3 22.5 8.8 2.6 16.6 

2 180.0 8. 1 2.3 14.9 2 135.0 10.0 2.4 17.4 3 45.0 8.7 2.5 16.3 

2 112.5 7.9 2. t 14.3 3 135.0 4.5 2.4 11.7 2 180.0 8. 1 2.3 14.9 

2 225.0 7.8 2.2 14.5 2 292.5 3.5 2.3 10.3 2 225.0 7.8 2.2 14.5 

2 22.5 7.4 ~s. 1 22.6 2 180.0 8. 1 2.3 14.9 2 112. 5 7.9 2. 1 14.3 

2 202.5 7. 1 2. 1 13.3 3 0.0 6.9 2.3 13.6 3 0.0 6.9 2.3 13.6 



TABLE 4--UINO VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YEHTS~ SHUTTLE ASSE"BLY1 YANDEHBERG 

COHF ICURATt ON E : DATA ON DOORS . 1 I 2 I 3 I 

DOORS OPENED : 4 I 5' i' 
DOORS PARTIRLLr CLOSED l 1 I 2 I 3 I 

LOCATt OM t LOCATION 2 

WI NO UftEAM URftS UftEAM+l*UIUIS WIND UftEAH URftS UftEAH+l*URftS 
RZU.UTH <"PH> < ftPH > < ftPH > AZiftUTH < ftPH > < ftPH) < HPH > 

0.00 1.6 .2 2.3 0.00 1 '5 .2 2.0 
22.50 1.7 .3 2.5 22.50 1.' .2 2.2 
45.00 1.8 .3 2.5 45.00 1 '7 .2 2.3 
67.50 1.' .2 2.2 67.50 1 '4 '1 1.8 
90.00 1.1 .0 1.2 90.00 1.0 0.0 1.0 

112' 50 1.3 . 1 1.5 112.50 l '1 0.0 1 . 1 
135.00 1. 5 .2 2' 1 135.00 1.4 ' 1 1.6 
157. 50 1.6 .2 2' 1 157 '50 1. 2 . 1 1.3 
180.00 1.5 .2 2.0 180.00 1 . 2 '1 1.5 
202.50 1.3 0.0 1.3 202.50 1.2 .0 1.3 
225. 00 1.3 '1 1.7 225.00 1. 3 '1 1.6 
247.50 1.3 . 1 1.5 247.50 1.4 ' 1 1.7 
270.00 1.1 0.0 1.1 270.00 1 '0 0.0 1. 0 Vl 

292.50 1.3 . 1 1.7 292.50 1 '2 . 1 1 . 4 .J::' 

315.00 1.7 .2 2.2 315.00 1.2 0.0 1.2 
337.50 1. 7 .2 2.4 337.50 1. 3 . 1 1.7 

LOCATION 3 LOCATION 

WINO UHERH URNS UHEAH+l•URHS WIND UHERH URHS UHEAN+l•URHS 
AZIMUTH < HPH > ( ftPH > < ftPH > AZiftUTH ( ftPH > < HPH > < HPH > 

0.00 1.5 . 1 1. 8 0.00 l . 3 .0 1.4 
22.50 1.' . 1 1.8 22.50 l.l .0 1.4 
45.00 1.6 . 1 1. e 45.00 1. 3 . 1 1.5 
'7. 50 1.4 0.0 1. 4 ,7.50 1.1 0.0 1 . 1 
90.00 1 . 1 0.0 1 . 1 90.00 1 ' 1 0.0 1.1 

112. 50 1 . 1 0.0 1 . 1 112.50 1. 5 . 1 1.7 
135.00 1. 2 .0 1.3 135.00 1. 4 . 1 1.6 
15 7. 50 1 . 1 .0 1.3 157.50 1. 4 . 0 1.5 
180.00 1. 2 0.0 1. 2 180.00 1. 5 . 1 1.7 
202.50 1 . 1 0.0 1 1 202.50 1 . 4 . 1 1 . ' 
225.00 1.3 .0 1. 4 225.00 1 . 4 .0 1 . 5 
247.50 1.4 0.0 1. 4 24 7 '50 1.2 .0 1.3 
270.00 1. 1 0.0 1.1 270.00 1.0 0.0 1.0 
292.50 1.3 . 1 1'' 292.50 1.2 .0 1.3 
315.00 1.3 . 1 1.5 315.00 1. 3 0.0 1.3 
337.50 1 '4 0.0 1.4 337.50 1 '2 .0 1.3 



TABLE 4--UIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"BLY• VANDENBERG 

" CONFIGURATION E : I>ATA OH OOORS 1, 2 I 3 I 

DOORS OPENED : ... , '. 6' 
I>OORS PARTIALLY CLOSED : l I i I 3 I 

LOCATION 5 LOCATION 

WINO U"EAH URNS UNEAH+l•UR"S WINO UNEAN URftS UftEAN+3•URftS 
AZl"UTH OtPH > <"PH> < ftPH > AZI"UTH ( """) ( """) <"PH> 

0.00 .5 . 1 .8 0.00 .1 .1 1.1 
22.50 .5 . 1 .8 22.50 .7 . t 1.1 
45.00 .s . 1 ~ 8 45.00 .7 .t 1. 0 
67. so .s . 1 .7 67.50 . 7 . 1 .8 
90.00 .4 . 1 .7 90.00 .4 .0 .s 

112. 50 .7 . 1 1.1 112.50 .4 . 1 ·' 135. 00 .8 .2 1. 5 135.00 .4 . 1 .7 
157.50 .7 .2 1.2 157.50 .4 . 1 .7 
180.00 .6 . 1 1. Q 180.00 .4 . 1 .6 
202.56 .s . 1 .8 202.50 .5 . 1 .8 
225.00 .4 . l .7 225.00 .5 . 1 .8 
247.50 .4 . 1 .7 24l. 50 .4 .1 . 7 
2 70.00 .4 . 1 .7 270.00 .4 .t .6 \.J1 

292.50 . 4 . 1 . 7 292.50 .4 . 1 .7 \.J1 

315.00 .4 . 1 .6 315.00 .5 .0 .6 
337.50 .4 . 1 .6 337.50 ·' . l .9 

LOCATION 7 LOCATION 8 

WINO UftEAN URftS UftEAH+3•URftS lUMP UftEAN URftS UftEAN+3•UR"S 
AZINUTH '""") ( """) ( "'") AZtftUTH 

( """) ( """) ( NPH > 

0.00 .5 . 1 .8 0.00 .4 . 1 .7 
22.50 .5 . 1 .8 22.50 .4 . 1 .8 
45.00 .5 . 1 .8 45.00 .5 . 1 .7 
67. so .5 . 1 .8 67.50 .4 .1 . 7 
90.00 .6 . 1 .9 90.00 .5 . 1 .9 

112. 50 .5 . 1 .7 112.50 .4 . 1 .6 
135.00 .6 . 1 1. 1 135.00 ·' . 1 . 7 
157. so 1.0 .4 2.2 157.50 ·' .2 t.O 
180.00 1.3 .5 2.8 180.00 .9 .3 1.8 
202.50 1.0 .4 2.3 202.50 .9 . 3 1.8 
225.00 .8 .3 1. 8 225.00 .8 . 2 1.4 
247.50 .7 .2 1.3 247.50 .5 . 1 .8 
270.00 .5 . l .7 270.00 .4 . 1 ·' 292.50 .4 . 1 .6 292.50 .4 . 1 . 7 
315.00 .4 . 1 ·' 315.00 .4 . 1 ·' 337.50 .4 . t .7 337.50 .4 . l .6 



TABLE 4--YIND VELOCITIES AND TURBULENCE IHTEHSITIES 

rLO¥ TH«OUGH EXHAUST YEHTS, SHUfTLE ASS!ftiLY, YAHOEHIERG 

COHFIGURATIOH E : OATA OM OOORS t. z, 3, 
OOORS OPEHEO : 4, 5 I 'I 
DOORS PARTIALLY CLOSED : 1, 2, 3, 

LOCATION 9 LOCATION tO 

WINO UHEAH UIUIS UftEAH+l•URHS WINO UHEAH URNS UMEAH+3•URMS 
AZIMUTH (MPH) <MPH> ( "'") AZIMUTH <MPH) <MPH) (Jt,H) 

0.00 .8 .1 1.3 0.00 1. 3 0.0 1.3 
22.:50 .9 .2 1.5 22.50 1.4 0.0 1.4 
45.00 . 9 .2 1.5 45.00 1.4 0.0 1.4 
67.50 .e . 1 1.1 67.50 t . 3 0.0 1.3 
90.00 .4 . t .7 90.00 2.5 .5 3.9 

112.50 .4 . 1 .6 112.50 2.2 .4 3.3 
135.00 .6 . 1 .9 135.00 2.4 . 4 3.7 
157.50 .5 . 1 .8 157.50 2.6 .5 4.2 
180.00 .5 . t .8 180.00 2.1 • 7 4.8 
202.50 .6 . t . e 202.50 2.9 .8 5.4 
225.00 1.0 .3 1.9 225.00 4.6 .8 7.0 
247.50 .7 .2 1.2 247.50 2.8 .5 4.4 
270.00 .4 . t .7 270.00 1.2 . 1 1.4 \J1 

292.50 . 4 . 1 . 7 292.50 1.3 0.0 1.3 en 
315.00 .5 . t .8 315.00 1.4 .1 1.6 
337.50 ·' . 1 .9 337.50 1.3 0.0 1.3 

LOCATI OH 1 1 LOCATION 12 

WINO UIIEAN URIIS UHEAN+3•URMS WINO UMEAN URNS UMEAN+3•URHS 
AZUIUTH <MPH> <MPH> <MPH) AZIMUTH <MPH> <MPH> (MPH) 

0.00 2.5 .3 3.3 0.00 1.8 .3 2.8 
22.50 2.7 .3 3.7 22.50 1.9 .3 2.9 
45.00 2.7 .3 3.7 45.00 1.9 .3 2.8 
67.50 2.4 .3 3.2 67.50 1.7 .3 2.6 
90.00 2.2 .3 3.2 90.00 1.6 .3 2.3 

112. so 2.3 .3 3. 1 112.50 2.0 . 2 2.7 
135.00 2.5 .3 3.6 135.00 2.0 .3 2.9 
157.50 2.2 .4 3.4 157.50 1.9 . 3 2.7 
180.00 1.9 .3 2.8 180.00 1.9 .3 2.8 
202.50 1.7 .3 2.5 202.50 1.9 .3 2.6 
225.00 3.3 .7 5.4 225.00 2.9 .6 4.6 
247.50 2.7 .3 3.7 247.50 2.0 .3 2.8 
270.00 1.2 .0 1.3 270.00 1.2 .0 1.2 
292.50 1.1 0.0 t. 1 292.50 I .3 .0 1.4 
315.00 1.9 .2 2.6 315.00 1.3 .1 1.5 
337.50 2.3 .2 3.0 337.50 1.7 .2 2.4 



OOOR 1 

WINO 
RZUUTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112. 50 
135. 00 
157.50 
180.00 
202.50 
225.00 
247. so 
270.00 
292.50 
315.00 
337.50 

DOOR 3 

WIND 
AZIMUTH 

0. 0.0 
22.50 
45.00 
67.50 
90.00 

112.50 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

UftEAH 
<MPH> 

.5 

.4 

.4 

.5 
1.7 
1. 2 
2.0 
1.2 
1.2 
1.2 
1.' 
1.4 

. 3 

·' .8 
• 7 

UHEAH 
<MPH) 

1.6 
2.4 
2.7 
1.6 

.4 

.5 

·' .5 
.5 
.5 
.4 
.4 
.4 

t.' 
2.2 
1.4 

TABLE 4•-WIHD VELOCITIES RHD TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"BLY, VANDENBERG 

CONFIGURATION E : DATA ON DOORS t. 2~ 3, 
OOORS OPENED : 4, s, 6, 

URNS 
( "'") 

.2 

. 1 

. 1 

. 1 

.8 

.7 

.9 

.4 

.4 

.3 

. 5 

.4 

. 1 

. 1 

.2 

. 1 

URNS 
( "'") 
·' .3 
.3 
.2 
. t 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 1 
. 2 
.4 
.5 

OOOIS PAITtALL\' CLOSED I t, ,2, 3, 

UftEAN+3*URNS 
( "'") 

1.1 
.8 
.8 
. 8 

4.2 
3. 1 
4.8 
2.4 
2.6 
2.2 
3.1 
2.7 

.5 

.9 
1.3 
1.1 

UHEAN+3*UR"S 
< HPH) 

3.5 
3.3 
3.6 
2.2 

.7 
•• ·' .8 
. 8 
.8 
. 7 
. 7 
. 7 

2.2 
3.5 
2.9 

DOOR 2 

WINO 
AZtftUTH 

0.00 
22.50 
45.00 
67.SO 
9o.oo 

112. so 
135.00 
tS7.50 
180.00 
202 .so 
22S.OO 
247.SO 
270.00 
292.50 
315.00 
337.50 

Uft!AI 
("PH> 

3.9 
4.0 
3.9 
3.3 
2.5 
7.4 
8.0 
8.4 
6.7 
6.6 
8.1 
7.0 
3.7 
2.5 
3.5 
3.8 

UINS 
<NPH > 

.4 

.4 

.4 

.3 

.8 

.6 

. 5 

.8 
1.1 
1.0 

.8 

.9 

.9 

.3 

. 3 

.4 

UNEAM+3*URNS 
<MPH) 

5.1 
s .1 
5.0 
4.3 
4.8 
9.2 

'·' 10.9 
10.1 
9.6 

to .5 
9.6 
6.3 
3.4 
4.5 
5.0 

V1 
'J 



TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEftBLY, VANDENBERG 
CONFIGUIATlON £ I DATA OM OOOIS t, z, :s, 

DOORS OPENED. : 4, 5, ,, 
DOORS PARTIALLY CLOSED : 1 I 2 I 3 I 

• • GREATEST VALVES • • 

UftEAH URftS Uft£AN+3•RftS 
< ftPH> ( "'") < ftPH> 

LOC/OR AZ ftEAN RftS N+31UIS LOCI DR AZ MEAN RNS N+3RNS LOCI DR AZ MEAN RftS fi+3RftS \TI 
00 

2 157.5 8.4 .8 10.9 2 180.0 6.7 1.1 10.1 2 157.5 8.4 .8 10.9 

2 225.0 8. 1 .8 10.5 2 202.5 6.6 1.0 '·' 2 22S.O 8. 1 .8 10.5 

2 135.0 8.0 .5 '·' 1 135.0 2.0 .9 4.8 2 180.0 6.7 1 .1 10.1 

2 112.5 7.4 .6 9.2 2 247.5 7.0 ·' '·' 2 202.5 '·' 1. 0 '·' 2 247.5 7.0 .9 9.6 2 270.0 3.7 .9 6.3 2 135.0 8.0 .5 9.6 

2 180.0 6.7 1.1 10.1 2 157.5 8.4 .8 10.9 2 247.5 7.0 . 9 9.6 

2 202.5 6.6 t .0 9.6 10 202.5 2.9 .8 5.4 2 112.5 7.4 .6 9.2 

10 225.0 4.6 •• 7.0 1 90.0 1.7 .8 4.2 10 225.0 4.6 .8 7.0 

2 22.5 4.0 .4 5 1 2 225.0 8. 1 .8 10.5 2 270.0 3.7 .9 6.3 

2 41.~ 3., .4 5.~ Jf 22,.~ 4.f ·' 7.f II 225.0 3.3 . 7 5.4 



DOOR 1 

WIND 
AZif'IUTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112. 50 
135. 00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

DOOR 3 

WINO 
AZUtUTH 

0.00 
22.50 
45.00 
67.50 
90.00 

112. 50 
135.00 
157.50 
180.00 
202.50 
225.00 
247.50 
270.00 
292.50 
315.00 
337.50 

UftEAN 
< ftPH > 

1.0 
1 . 1 

.9 

.8 
1. 0 

·' 1.2 
1.6 
1.7 
1.8 
1.9 
1.4 

.5 

.5 
1.0 

·' 

UftEAN 
< ftPH) 

1.2 
1. 2 
1.3 
1.0 

.7 

.9 
1. 0 

.7 

.7 

.7 

.6 

.8 

·' .1 
1.1 
1.1 

TABLE 4--WIND VELOCITIES AND TURBULENCE INTENSITIES 

FLOW THROUGH EXHAUST YENTS, SHUTTLE ASSEftBLY, YANDEH8ERG 

CONFIGURATION G : DATA OH DOORS 1 t 2 I 3 I 

DOORS OPENED : 2· J, 4. 
DOORS PARTIALlY CLOSED : 1 I 5' 6 I 

DOOR 2 

URftS UftEAH+l • URftS WIHI> UHEAH URftS Uft£AH+3•URf'tS 
( ftPH > < ftPH > AZiftUTH < P'IP Hi < ftPH i < ftPH i 

.3 2.0 0.00 .8 .3 1.' 

.3 2. 1 22.50 .9 .3 1 . ' 

.3 1.8 45.00 .8 .3 1.8 

.2 1.5 ,7.50 ·' . 1 .9 

.3 1.8 90.00 .5 . 1 .8 

.3 1.8 112.50 1.0 .2 1.8 

. 4 2.3 135.00 1.2 .3 2.2 

.5 3.2 157.50 l.l .3 1.9 

.5 3.2 180.00 1 . 1 .3 1.' 
·' 3.7 202.50 ·' .2 .. , 
.7 4.0 225.00 .8 . I 1.2 
.5 2.8 247.50 . 7 . 1 1.0 V1 
. 1 .8 270.00 .6 . 1 ·' . 1 .8 2,2.50 ·' . 1 1. 0 

(.0 

.3 2.0 315.00 ·' .3 1.7 

.3 1.7 337.50 .9 .3 2.0 

URftS UftEAH+l•URftS 
< ftPH > < ftPH ~ 

.3 2.2 

.3 2. 1 

.3 2.2 

.2 1.8 

.2 1.2 

.3 1.8 

.4 2.3 

.2 1. 4 

. 1 1.1 

. 1 1.1 

. 2 1.2 

.2 1.3 

.2 1.5 

. 1 1. 0 

.2 1.7 

.3 2.0 



TABLE 4--WtND VELOCITIES AND TURBULENCE INTENSITIES 
FLOY THIOUCH EXHAUST VENTS. SHUTTLE ASSERBLY, VANDENBERG 

CONFIGURATION G : DATA ON DOORS t. a, 3, 
DOORS OPENED ~ 2, 3, •• 
DOORS PARTIALLY CLOSED : t, ,, ,, 

• • GREATEST VALUES • • 

UltEAN UIIS Ult£AN+ 3• R"S 
< ltPH> ( "'") ( "'") 

LOCI OR AZ ftEAN I ItS ft+JiftS LOCI OR AZ ftEAN lftl N+JiftS LOCIDI AZ NEAN IllS II+JIItS 0'} 
0 

1 22:1.0 1.' .1 4.0 1 225.0 t.' .1 4.0 t 225.0 1.' .1 4.0 

1 202.5 1.8 ·' 3.7 1 202.5 1.8 ·' 3.7 l 202.5 1.8 .6 3.7 

180.0 1.7 .5 3.2 1 180.0 1.7 ·' 3.2 l 180.0 1.7 . 5 3.2 

157.5 1.6 .5 3.2 1 157.5 1.6 .5 3.2 l 157.5 1.6 .5 3.2 

1 247.5 1.4 .5 2.8 t 247.5 1.4 .5 2.8 t 247.5 1.4 .5 2.8 

3 45.0 1.3 . 3 2.2 3 135.0 1.0 .4 2.3 3 135.0 1.0 .4 2.3 

3 0.0 1.2 . 3 2.2 1 135.0 1.2 .4 2.3 1 135.0 1.2 .4 2.3 

2 135.0 1.2 .3 2.2 1 22.5 1.1 .3 2.1 3 45.0 1.3 . 3 2.2 

3 22.5 1.2 .3 2.1 2 337.5 ·' .3 2.0 3 0.0 1.2 .3 2.2 

135.0 1.2 .4 2.3 2 45.0 •• .3 1.8 2 135.0 1.2 .3 2.2 



TABLE '"· PEAK LOADS F'OR COHFICURATIOH 8 
DATA ON DOORS 2, 
I>OORS OPEMEI> : 2, 3, 4, 5, '' 
DOORS CLOSE&> : t, 

LARGEST VALUES Cr CLAOOIHC LOAD 

FLOW THROUCH EXHAUST VENTS, SHUTTLE ASSE"BLV, YAHDEHBERC 

REFERENCE PRESSURE • 21.0 PSF 

TAP AZI- PRESS HECATIVE POSITIVE TAP AZI- PRESS HECATIYE POSITIVE TAP AZI- PRESS HECATIYE POSITIVE 
"UTH COEFF PEAK PEAK "UTH COEFF PEAK PEAK "UTH COEFF PEAK PEAK 

---- PSF ---- PSF ---- PSF ----

tot 315 -1. 36 -28.6 13., 11 l 225 -.64 -t3.5 4.3 

(7) 
I-' 



TABLE SA. PEAK lOADS FOR CONFIGURATIOH 8 
DATA ON DOORS 2, 
DOORS OPENED : 2, J, 4, ~. '' 
DOORS CLOSED : t, 

LARGEST VALUES OF CLADDING LOAD 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY, YAHOEHBERG 

REFERENCE PRESSURE = 21.0 PSF 

* * 2 GREATEST PRESSURE MAGNITUDES * * 
TAP AZI- PRESS NEGATIVE POSITIYE 

ftUTH COEfF PEAK PEAK 
---- PSF 

101 31!5 -1.3' -28., 13.9 

111 225 __ ,4 -13.5 4.3 

a. 
N 



TABLE ,A. PEAK LOADS FOR CONFIGURATION 0 : FLOY THROUGH EXHAUST VENTS, SHUTTLE ASSE"BLY, VANDENBERG 
DATA OH DOORS t I 21 3, 
DOORS OPENED I 4, s, ,, 
f.'IOORS CLOSED ; 1 I 2 I 3, 

LARCEST ~ALUES OF CLADDING LOAD REFERENCE PRESSURE • 21.0 PSF en 
\.N 

TAP t.ZI- PRESS NEGATIVE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE 
11UTH COEFF' PEAK PEAK "UTH COEFF' PEAIC PEAIC "UTH COEFF PEAIC PEAIC 

---- PSF ---- ---- PSF ---- ---- PSF 
1<.'1 315 -1.34 -28.1 14.0 201 22S -1.18 -24.8 13.7 301 22 -1.30 -27.4 12.8 
1 t 1 0 -.82 -17.2 3.2 2ll 0 -.78 -16.4 2.8 311 0 -. 81 -17.0 3.2 



TABLE SA. PEAK lOADS FOR COHFICURATIOH D 
DATA OH OOORS t, 2, 3, 
DOORS OPEHED ; 4, 5, '' 
DOORS CLOSED : 1, 2, 3, 

LARGEST VALUES OF CLADDING LOAO 

FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEMBLY, VANDENBERG 

REFERENCE PRESSURE • 21.0 PSF 

• • 6 GREATEST PRESSURE "ACHITUOES • • 
TAP AZI- PRESS HEGATIYE POSITIVE 

"UTH COEFF PEAK PEAK __ ..,_ PSF 

101 31S -1.34 -28.1 14.0 

301 22 -1.30 -27.4 12.8 

201 225 -1. t 8 -24.8 13.7 

11 t 0 -.82 -17.2 3.2 

311 0 -.81 -17.0 3.2 

211 0 -.78 -1,.4 2.8 

0\ 
~ 



TABLE ,A. PEAK LOADS FOR CONFIGURATION E : FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"BLV, YAHDEHBERG 
~ATA ON DOORS t, 2, 3, 
DOORS OPENED : .f., ,, 6, 
C!OCRS PFtF.TtALLY CLOSED : t I z, 3. 

LARGEST VALUES OF CLAPDIHG LOAD REFERENCE PRESSURE • 21.0 PSF en 
V1 

TAP AZI- PRESS NEGATIYE POSITIYE TAP AZI- PRESS NECATIYE POSITIYE TAP AZI- PRESS NEGATIYE POSITIYE 
11UTH COEFF PEAK PEAK "UTH COEFF PEAK PEAK "UTH COEFF PEAK PEAIC 

---- PSF ---- ---- PSF ---- ---- PSF 

1 0 1 31~ ·-1. 40 -29.~ 13. 1 201 22~ - 1 1~ -24.2 11.' 301 0 -1. 21 -25.4 1 t. 7 
1 1 1 90 -.58 -12.2 3.9 211 .f.5 -.59 -12.-f. 4.3 311 292 -. '' -13.8 3.5 



TABLE 5A. PERK LORDS FOR COHFICURATION E : FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSEftBLY, YRNDENIERG 
DATA ON DOORS t, 2, J1 
DOORS OPENED : 4, ,, 6, 
DOORS PARTIALLY CLOSED : 1, 2, 3, 

LARGEST VALUES OF CLADDING lOAD REFERENCE PRESSURE • 21.0 PSF 

* * ' GREATEST PRESSURE "AGHITUDES * * 0\ 
0\ 

TAP AZI- PRESS NEGATIVE POSITIYE 
"UTH COEFF PEAK PEAK 

---- PSF 

101 315 -1 40 -29.5 13.1 

301 0 -1.21 -2,.4 11 . 7 

201 225 -1.15 -24.2 11 . ' 
311 292 -.66 -13.8 3., 

211 45 -.5, -12.4 4.3 

111 90 -.58 -12.2 3.9 



TABLE 5A. PEAK LOADS FOR COHFIGURATIOH F 
DATA ON DOORS t, 5, 6, 
DOORS OPEHED : 2, J, 4, 
DOORS CLO~ED : 5, 6, 
CrOORS PARTIALLY CLOSED : 1, 

LARGEST VALUES OF CLADDING LOAD 

T~P AZI- PRESS NEGATIVE POSITIVE TAP 
fi!UTH COEFF PEAK PEAK 

---- PSF ----
1 0 1 Q ·-1. J' -2,.2 14.0 !!i 11 
111 45 .. tit3 -13.3 5.4 512 
501 90 -.61 -12.8 5.6 601 

FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"BLY, YAHDEHBERG 

(T) 

REFERENCE PRESSURE • 21.0 PSF ~ 

AZ I- PRESS HEGATIYE POSITIVE TAP AZI- PRESS HECATIYE POSITIY£ 
MUTH COEFF PEAK PEAK MUTH COEFF PEAK PEAK 

---- PSF ---- ---- PSF 
247 - 1. '0 -3,.' 17.6 611 0 -1.75 -36.7 14.3 
180 -1. ...... -30.2 12.5 612 0 -1.65 -34.6 13.5 
315 -.,2 -13.0 5.6 



TABLE 5A. PEAK LOADS FOR COHFICURATIOH F 
DATA OH DOORS t, 5, 6, 
DOORS OPENED : z, J, 4, 
DOORS ClOSED I 5, 6, 
DOORS PART I ALLY CLOSED : 1, 

lARGEST VALUES OF CLADDING LOAD 

FLOW THROUGH EXHAUST YEHTSt SHUTTLE ASSE"BLY, YANOEHBERC 

REFERENCE PRESSURE • 21.0 PSF 

• * 8 GREATEST PRESSURE "AGHITUDES • • 
TAP AZ I- PRESS NEGATIVE POSITIVE 

"UTH COEFF PEAK PEAK 
---- PSF 

511 247 -1.90 -39.9 17.6 

611 0 -1.75 -36.7 14.3 

612 0 ·1. 65 -34.6 13.5 

512 180 -1.44 -30.2 12.5 

101 0 -1.39 -29.2 14.0 

111 45 -.63 -13.3 5.4 

601 315 -.62 -13.0 5.6 

501 ')0 -.,1 -12.8 5.6 

0\ 
00 



TABLE ,A. PEAK LOADS FOR CONFIGURATION G : FLOW THROUGH EXHAUST VENTS, SHUTTLE ASSE"BLY, VANDENBERG 
DATA ON DOORS 1, 5, 6, 
~OORS OPENED : 2, 3, 4, 
DOORS PARTIALLY CLOSED : 1~ 5, 6, 

LARGEST VALUES OF CLADDING LOAD REFERENCE PRESSURE • 21.0 PSF 

TriP AZI- PRESS HECATIYE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE TAP AZI- PRESS NEGATIVE POSITIVE 
MUTH COEFF PEAk PEAK "UTH COEFF PEAk PEAk "UTH COEFF PEAk PEAk ---- ,,., ---- ---- PSF ---- ---- PSF 

1 (. 1 31, ·-1. ~' -2,,3 14.1 511 180 -1.32 -27.7 16. 1 '11 315 -1.32 -27.6 14.9 
111 292 -.63 -13.1 4.S 512 180 -1 .45 -30.4 14.2 612 45 -1.20 -25.3 13.9 
501 45 -.62 -13.0 3.8 601 292 -.61 -12.9 4.3 

en c.o 



TABlE SA. PEAK lOADS FOR COHFICURATIOH C : FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"BLY, VAHOENBERC 
DATA OH DOORS t, 5, 6, 
DOORS aPEHEO : 2, 3, 4, 
DOORS PARTIALLY CLOSED : t, s, 6, 

LARGEST VALUES OF ClADDING LORO REFEREHC£ PRESSURE • 21.0 PSF 

* * 8 GREATEST PRESSURE MAGNITUDES * * ~ 
0 

TAP AZl- PRESS HEGATlYE POSITIYE 

""™ COEf'F PEAK PEAK 
---- PSF 

512 180 -1.45 -30.4 14.2 

101 315 .. 1. 39 -29.3 14.1 

~11 180 -1.32 -27.7 16 .1 

611 315 -1.32 -27.6 14.9 

612 45 -1.20 -25.3 13.9 

111 292 -.63 -13. 1 4.5 

501 45 -.62 -13.0 3.8 

601 292 -.61 -12 .. ' 4.3 
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APPENDIX A 

NOTES 

1. Table oT Pressure CoeTTiclen~s oT each Top To~ 

each Wind Dlrecelon Is Included. 

2. Plot oT pressure CoeTTiclen~s oT each Top Tor 

each Wind Direction Is Included. 



APPENDIX A -- PRESSURE DATA ; CONFIGURATION 8 : FLO~ THROUGH EXHAUST VENTS, SHUTTLE ASS£"8LY, YAHDEHBERG PAGE A 1 

WI> TAP CP"EAH CPR"S CP"AX CPftiN wo TAP CP"EAN CPRftS CP"AX CP"IN wo TAP CP"EAN CPR"S CP"AX CP"IN 
(, 1 (, 1 -.557 . 1 ' ' -.0,8 -1.118 112 111 -.258 .070 -.023 -.477 247 tot -.052 . 084 .204 -.360 
0 111 -. 128 .119 .207 -.555 135 1 0 1 .047 .too .381 -.355 247 111 -.308 . 084 -.049 -.561 

22 101 -.424 .113 -.062 -.755 135 111 -. 145 .076 . 145 -.391 270 I 01 -.416 . 083 -. 155 -.770 
22 111 -. 109 .088 . 181 -.382 157 101 .248 .097 .541 -.128 270 111 -.270 .074 -.043 -. 508 
45 1 (, 1 •.. 523 .118 -.116 -.970 157 111 -.088 .075 . 138 -.357 292 101 -.730 .105 -.377 -1.079 
45 ttl -. 139 .083 . 101 -.401 180 101 . 304 .102 .660 -.068 292 111 -.360 .084 -.083 -.639 
67 t 0 1 -.602 .119 -.119 -.974 180 111 -.089 .102 .202 -.435 315 101 -.951 .117 - . 58 1 - 1 . 3 60 
6? tit -.243 . 0?8 .013 -.463 202 tOt . 262 .094 .546 -.015 315 111 -.296 .090 -.009 -.551 
90 10 1 -.214 .086 .069 -.506 202 111 -.195 .097 . t 21 -.542 337 101 -.727 . 127 -.286 -1.269 
9(1 111 -. 262 . 0?1 - .Otl -.480 225 tot . 225 .084 .515 -.053 337 111 -. 187 . 1 () 4 . 145 -. 509 

t 1 2 10 1 •.. 125 . 082 .130 -.459 225 11 l - .. 327 .087 . 012 -.643 



APPENDIX A -- PRESSURE DATA ; COHFIGURATIOH 0 t FLOV THROUGH EXHAUST YEHTS, SHUTTLE ASSEMBLY, YAHO£HBERG PAGE A 2 

WD TAP Cf'"EAN CPR"S CP"AX CP"IH wo TAP CP"EAH CPRftS Cf'" AX CP"IH wo TAP CP"~H CPit"S CP "AX Cf'"IH 

0 10 1 -.~,7 . 202 -. 005 -1 . l 54 112 201 -.719 .104 -.357 -1.081 225 301 -.027 .087 . 282 -.316 

0 1 1 1 -.523 .101 - .1 93 -.820 112 211 -. 431 . 080 -.157 -.701 225 311 -.114 .071 . 151 -.322 

0 201 .231 . 128 .654 -.172 112 301 .093 .083 .405 -.178 247 101 -.047 . 087 .251 -.337 

0 211 -.504 .085 -.239 -.783 112 311 -.439 .070 -. 190 -.631 247 ttl -.078 .070 .150 -.287 

0 301 -.471 . 188 .050 -1.205 135 1 0 l -.023 .094 . 291 -.322 247 201 -.605 .115 -. 18 4 -1 . 0 39 
¢ 311 -· 49t. 088 -·. t 90 -.808 135 t 11 -. 312 .011 -. 154 -.617 247 211 -.077 . 062 .118 -.298 

22 10 1 -·. 426 . 113 -.045 -.753 135 201 -.751 .109 .... 392 - 1. 164 247 301 - .1 08 . 084 .196 -.386 

22 ttl -.440 .082 -. 143 -.701 135 211 -.376 .074 .... 144 -.609 247 311 -.075 .064 .127 -. 265 

22 201 .256 . 101 .589 -.053 135 301 .274 .088 .594 -.017 270 tot -.413 .085 -.139 -. 752 

22 211 -.449 . 077 -. 178 -.689 135 311 -. 368 .068 -. t 17 -.595 270 111 - .134 .064 . 094 -.380 

22 301 -. 646 . 1 31 -.199 -1.303 157 101 .215 .100 .512 -. 167 270 201 -.428 .094 -. 143 -.782 

22 l11 -.439 .080 -.229 -.704 157 111 -.378 .062 -. 158 -.602 270 211 -.141 .066 . 045 -.362 

45 101 -.522 . 120 . 002 -1 . 007 157 201 -. 705 . 121 -.323 -1.152 270 301 -.211 . 084 .064 -.477 

45 it 1 -·. 438 .080 -. 170 -.705 157 211 -.376 .072 -. 1 16 -.602 270 311 -. 140 .061 .067 -.307 

45 2(1 1 .234 .089 .539 -.045 157 301 .273 .097 .608 -.027 292 101 -.725 .104 -. 40 3 -1. 0 84 

45 211 -.433 .077 -.182 -.692 t 57 311 -.3,3 .070 -.143 -.557 292 111 - .1 10 . 067 . 101 -.312 

4!5 3¢1 -.771 . 123 -.323 -1.193 180 101 .303 .107 .665 -.090 292 201 -.226 .091 .095 -. 531 

4!5 311 -.433 .087 -.097 -.703 180 1 1 1 -.497 . 085 -.221 -.752 292 211 -. 109 . 062 .079 -. 332 

67 101 -.611 . 120 -.235 -1.052 180 201 -.457 .182 . 144 -1. 148 292 301 -.546 .09' -. 185 -.884 

bi' 111 -.415 . 077 -.155 -.713 180 211 -. 497 . 080 -.216 -.736 292 311 -. 111 .0,7 .121 -.313 

67 20 t -.018 .089 .259 -.341 180 301 .277 .103 .600 -.081 315 101 -.985 .120 - . 50 6 - 1 . 3 39 
67 211 -.413 081 -. 120 -.687 180 311 -.496 .083 -.232 -.807 315 111 -. 1 19 .0,8 . 105 -.336 
f,7 3¢1 -.535 . l (10 -.218 -.916 202 1 0 1 . 2,3 .098 .601 -.051 315 201 .032 . l03 .358 -.323 

b7 311 -·. 401 .082 -. t 44 -.702 202 1 11 -. 427 .083 -. 161 -.682 315 211 -.122 . 0,4 .095 -.380 

90 101 - 234 t 00 .062 -.547 202 201 -.490 .152 .033 -1.060 315 301 •. ,57 .118 -.254 -1.058 
90 11 1 -.392 .079 - . 131 -.b35 202 211 -.432 .084 -. t 91 -.709 315 311 -.114 .0,2 . 101 -.305 
90 2¢1 -.365 .089 -.077 -.663 202 301 .098 .118 .484 -.305 337 101 -.718 .12' -. 26 9 -1. 133 
~(I 211 -.378 .077 -. t 26 -.608 202 311 -.429 .085 -. 194 - .,94 337 ttl -.271 .076 -.053 -.508 

90 301 -.201 .088 . 138 -.511 225 1 01 .237 .091 .566 -. 134 337 201 . 146 .111 .514 -.291 
90 311 -.387 .077 -. 130 -.650 225 111 -. 121 .071 .071 -.364 337 211 -.274 .074 -.045 -.541 

112 10 1 -. 119 .095 . 187 -.4,4 225 201 -.711 .139 - . 2 75 - 1 . 183 337 301 -.505 . 146 . 007 -.998 

1 t 2 111 -.412 .077 -.142 -.689 225 211 -.116 .071 . 132 -.361 337 311 -.273 .070 -.030 -. 505 



APPENDIX A -- PlESSURE OATA ; CONFIGURATION E t FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSEft8LY, YAHDEH8ERG PAGE A 3 

wo TAP CPftEAN CPIUtS CP"AX CP"IH wo TAP CPftEAH CPR"S CP"AX CP!tiH WO TAP CP!t£AH CPR!tS CP!tAX CPftiH 

0 101 -.556 . t 51 - . 129 -1 . 0' t 112 201 -.720 . 085 -. 388 -1 . 020 225 301 -.037 .077 .205 -.343 

0 111 -.227 .0£9 .008 -.467 112 211 -.245 . 061 -.069 -.438 225 311 .... 137 .061 .075 -.378 

0 201 . 225 . 120 564 -.218 112 301 .075 .074 .34& -.237 247 101 -.059 .076 .236 -.332 

0 211 -.222 . 070 .005 -.451 112 311 -. 249 .058 -. 075 -.469 247 111 -.218 . 063 -.008 -. 477 
0 301 -.489 . 177 . 001 -1.209 135 101 -.033 .084 .233 -.313 247 201 -.&11 . 120 - . 1 7 2 .. 1 . 0 04 

0 31t -. 227 .067 023 -.425 135 111 .... 183 .058 .023 -.359 247 211 -.209 . 062 . 001 -.417 

22 101 -.437 . 108 -.054 -.819 135 201 -.753 .097 - . 3 53 .. 1 . 1 02 247 301 -.117 088 .209 -. 47& 

22 11 1 -.240 .072 -.013 -.516 t 35 211 -. 185 .062 .025 ... 410 247 311 ... 2 1 1 . 077 .048 -.512 

22 201 .245 .088 .547 -.058 135 301 253 .078 .515 -.026 270 101 -.428 .080 -. 159 -.674 

22 211 •.. 240 .064 -.062 -.465 135 311 -.175 .061 -.008 -.395 270 111 -.335 . 064 -. 120 -. 518 
22 301 -.650 . 117 -.288 -1.114 157 tot .217 .100 .517 -.076 270 201 -.424 .089 -.156 -.782 

22 311 -.241 . 070 . ott -.455 157 11 1 - :086 .060 . 109 -.265 270 211 -.327 . 067 -. 109 -.523 
45 tot ... 536 . 104 -.185 -.958 157 201 -. 682 .113 -.318 -1.092 270 301 -.221 .076 .058 .... $01 

4$ 11 1 - 309 (168 - 099 -.579 157 211 -.086 .062 . 108 -. 298 270 311 -.320 . 063 -.052 -.578 

45 201 .22S . (•81 .527 -.069 157 301 .292 .081 .551 -.006 292 101 -.755 . (»9 3 -.417-1.084 
4$ 211 •. 30., .071 -.(182 -.590 157 311 -. 082 .056 . 085 -.308 292 111 -.356 . 067 -. 113 -.577 

45 301 -.761 . 104 -.411 -1.186 180 101 .290 .099 .622 -.034 292 201 -.224 .081 .063 -.545 

45 311 -.306 .068 -.060 -.528 180 111 -.050 .077 . 185 -.290 292 211 -.353 . 061 -. 151 -.577 

67 101 -.597 . 11' -.210 -1.099 180 201 -.459 .1&8 .014 -1.103 292 301 -.537 .099 -.237 -.905 

67 111 -. 345 . 068 -. 138 -.566 180 211 -.045 .071 .203 -.306 292 311 -.342 . 080 -. 132 -. 658 
67 201 -.025 . 078 .242 -.345 180 301 . 282 .095 . 559 -.041 315 101 -t ,.,28 .110 -.638 -1.405 
67 'lt -.347 063 -.t.l97 -.575 180 311 -. 042 .071 . 164 -.260 3'15 111 -.332 .065 -. 118 -.557 
67 301 -. 545 .087 -.275 -.808 202 tot .260 .096 .568 -.110 315 201 .010 .091 .423 -.282 

67 311 -.343 .061 .... 177 -.554 202 111 -.098 .081 . 154 -.389 315 211 -.330 . 059 -. 124 -.562 
90 10 t -. 238 .087 .037 -.491 202 201 -. 462 .138 -.025 -.885 315 301 -.686 .120 -.290 -1.077 

90 111 -·. 372 . 070 .. 148 -.580 202 211 -.096 .087 . 177 -.367 315 311 -.324 .066 -. 100 -.538 
90 201 -.390 .078 •.. 117 -.631 202 301 .081 .114 .492 -.355 337 101 -.753 .136 -.367 -1.351 
90 211 -.360 .068 -. 128 -.577 202 311 -.099 .070 .117 -.321 337 111 -.281 . Off -.058 -.4!54 

90 30 t -.207 .073 .115 -.433 225 101 .21' .092 . 492 -.112 337 201 .138 .108 .525 -.210 

90 1~1 -.360 .067 -.069 -.627 225 111 ... 135 .078 .094 -.414 337 211 -.276 . 0,7 -.009 -.522 

112 -. 138 .076 . 126 -.428 225 201 -. 698 .139 - . 189 .. 1 . 1 54 337 301 -.484 .127 -.050 -.879 

112 111 -.245 .060 -.054 -.457 225 211 -. 135 . 067 .090 -.330 337 311 -.280 .059 -.078 -. 473 



APPEHOIX A -- PRESSURE DATA ; COHFIGURATIOH F : FLOU THROUGH EXHAUST YEHTS, SHUTTLE ASSEMBLY, YANOEHBERG PAGE A 4 

wo TAP CPftEAN CPR"S CPftAX CPftiN 110 TAP CPftEAH CPRftS CPftAX CPftiN wo TAP CPftEAH CPRftS CPftAX CPftiH 

(l 1¢1 -.559 . 184 -.125 -1.389 112 511 -.77i .097 -. 4 98 - 1 . 110 225 ill -.046 . 095 .273 -.357 
(I 11 t -.323 . 072 -. 098 -.551 112 512 -.593 .148 .209 -1.043 225 612 .012 . 083 .286 -.254 
0 501 -.335 . 0 73 -.086 -.558 112 601 -.147 .065 . 121 -.348 247 101 -.057 . 073 .170 -.270 
(I 511 . 268 . 158 .840 -.408 112 '11 .057 .098 . 388 -.312 247 111 -.114 .057 .067 -.281 
0 512 .246 . 105 . 574 -. 109 112 612 . 123 .078 .380 -.200 247 501 -. 119 . 061 .058 -.325 
0 601 -.335 .072 -.020 -.561 135 101 -. 035 .088 . 258 -.691 247 511 -.624 . 138 - . 1 5' - 1 . 8 98 
0 £11 -.575 .213 -.086 -1.747 135 11 1 -.084 .061 . 163 -.248 247 512 -.504 . 147 .139 -.974 
0 612 -.506 . 194 -.101 -1.648 135 501 -.082 .064 . t41 -.293 247 601 -.115 .060 .077 .... 279 

22 1(•1 -.439 .114 -.056 -.850 135 511 -. 785 .105 - . 4 78 - 1 . 2 05 247 611 -. 128 .079 . 171 -.503 
22 111 -.299 .078 -.037 -.587 135 512 -. 764 .103 -. 4 52 - 1 . 166 247 612 -.098 .071 .180 -.353 
22 501 -.300 .079 -.042 -.575 135 601 -. 091 .063 .085 -.329 270 101 -.419 .076 -. 189 -.680 
22 511 . 299 . 121 .707 -.088 135 611 .261 .077 .516 -.003 270 111 -.289 . 063 -.089 -.488 
~2 512 . 253 .097 .594 -.046 135 612 . 282 .077 .557 .056 270 501 -.288 .074 -.049 -.569 
:22 btl 1 -.303 .Co?l -.()84 -.564 157 101 .198 .092 .594 -. 177 270 511 -.453 .173 . 19'$ -1. 345 
22 ttll -.687 . 1 06 -.287 -1.058 157 111 .021 .059 .224 -.201 270 512 -.241 .110 .158 -. 704 
22 (,12 -.654 .114 -.197 -1.038 157 501 . 024 . 060 .256 -.209 270 601 -.292 .064 -.067 -.557 
45 101 -.517 . 115 -.053 -1.011 157 511 -. 708 .123 -. 3 09 - 1 . 0 83 270 611 -.274 .098 .114 -.555 
45 111 -.352 . 073 -.095 -.,32 157 512 -.699 .122 - . 3 19 .. 1 . 1 52 270 612 -.221 .088 . 067 -. 47, 
4!5 !50 I -.3!59 .069 -. 087 -.603 157 601 028 . 0!59 . 204 -. 197 292 101 -.733 .092 -.450 -1.108 
45 '51 1 .231 . 086 .521 -.047 157 6 11 .291 . 101 . 681 -.020 292 111 -.349 .059 -. 163 -.528 
45 !512 . 241 . 0 83 .508 -.048 157 612 .286 .081 .572 .057 292 501 -.351 .063 -. 164 -.553 
45 (,01 -.353 .069 -.122 -.572 180 101 .286 . 097 .667 -.047 292 511 -.224 .102 . 151 -.545 
45 E-11 -.819 . 107 -.504 -1.198 180 111 .036 .062 . 256 -.207 292 512 -.075 .100 .241 -.509 
45 612 -.802 . 111 -.399 -1.175 180 501 .038 .062 .227 -.155 292 ,01 -.354 .065 -.117 -. 532 
67 101 -·. 598 . 113 -.258 - 968 t 80 511 ... 539 .194 -.066 -1.230 292 6 11 -.602 . 10 1 -.213 -.969 
~? i!! -·. 377 .064 - 160 -.561 180 512 -. 485 .163 -.()61 -t .437 292 612 -.532 . 101 .... 152 -. 827 
t.7 501 -.368 .068 -. 141 -.579 180 601 . 040 .061 . 218 -. 151 315 10 l -.981 .104 -. 627 -1.341 
67 511 -.018 .091 .317 -.358 180 611 .310 .108 .681 -.070 :us 111 -.355 .059 -. 177 -.580 
67 512 .113 .074 . 358 -.127 180 612 . 304 .094 .642 .006 315 501 -.359 .065 -. 133 -.564 
67 601 -·. 370 .061 -. 166 -.569 202 101 .265 . 087 . 603 .002 315 511 .032 .100 .394 -.408 
67 611 -.604 .087 -.305 -.868 202 111 -.014 . 064 . 184 -. 231 315 512 .124 .083 .395 -. 192 
(,7 £12 -·. 536 .110 -.067 -.928 202 501 -.011 .066 .267 -.225 315 601 -.369 .068 -. 130 -.617 
90 10 1 -.223 . 0 75 . 000 -.501 202 511 -.533 .118 -.080 -.932 315 611 -.733 . 131 -. 262 -1.273 
90 111 -.343 . 07, -.093 -.568 202 512 -.478 .134 -. 032 -.944 315 612 -.684 .127 - . 28 1 - 1 . 11 7 
90 501 -.334 .076 -.097 -.610 202 601 -.011 . 068 . 266 -.236 337 101 -.788 .119 -.348 -1.314 
90 51! -.393 .094 -.060 -.852 202 611 . 084 .123 . 460 -.423 337 111 -.381 .058 -. 133 -.561 
9() 512 - . 17i .085 . 104 -.838 202 612 .117 .110 .513 -.297 337 501 -.357 . 066 -. 11' -. 594 
90 601 -. 338 . 071 - .122 -.557 225 101 .219 .082 . 476 -.067 337 511 .159 .131 .589 -.344 
90 itt -.212 . 077 .071 -.507 225 11 1 -.035 .063 . 176 -.238 337 512 .179 .103 .531 -.143 
90 612 -. 153 .096 . 188 -.541 225 501 -.031 . 066 . 177 -.280 337 601 -.377 .070 -.147 -.:S93 

112 10 1 -. 144 .074 . (,84 .. 412 225 511 -. 774 .136 -.378 -1 ~271 337 611 -.570 .13:S . 066 -1. 007 
112 111 -. 149 .062 . 039 -.333 225 512 -.722 .132 -. 358 -1 . 247 337 612 -.521 .132 .011 -. 908 
112 501 -.146 .064 .040 -.367 225 601 -.030 . 064 . 192 -.239 



APPEHOIX A -- PRESSURE OATA J COHFIGURATIOH G ' FLOW THROUGH EXHAUST YEHTS, SHUTTLE ASSE"8LY, YAHOEHBERG PAGE A S 

WI> TAP CP"EAH CPR"S CPI1AX CPf'tiH wo TAP CP"EAH CPR"S CP"AX CP"IH WI> TAP CPI1£AH CPR"S CP"AX CP"IH 

0 10 1 -·. 56 !5 . 1£4 -.042 -1.041 112 511 -.737 . 090 -. 3 86 - 1 . 0 34 22!5 £11 -.047 .106 .318 -.!526 

0 llt -.243 . 07!5 .019 -.4!54 112 !512 -.£32 .133 -. 070 -1.052 225 612 .007 .090 .346 -.329 

0 501 -·. 2!5 1 . 081 . 00!5 -.!522 112 601 -.199 .067 .005 -.439 247 t 01 -.064 .077 .192 -. 309 
(; 511 .215 . 1 51 .719 -.482 112 611 . 0!52 . 101 . 432 -.285 247 111 -.229 . 068 -.013 -. 428 

<:· !512 .236 . 119 .676 -. 143 112 612 .125 .081 . 478 -. 161 247 501 -.229 . 061 -.032 -.426 

0 f,Ol -.251 . 077 -.019 -.503 135 1 0 1 -.028 .093 .315 -.353 247 511 -.633 . 129 -.205 -1.142 

0 £U -.538 . 193 .049 -1.2!51 13!5 111 -. 133 .062 .097 -. 370 247 !512 -.538 .163 -.021 -1.018 
(J f.12 -·. 486 . 178 .096 -1.128 135 501 -. 137 . 061 . 072 -.296 247 601 -.231 .065 .007 -.435 

22 101 -·. 433 .114 -.026 -.832 13!5 511 -.741 . 09!5 -.417 -1.048 247 611 -. 133 . 087 .186 -.474 

22 111 -·. 261 . 077 -.006 -.552 135 512 -.737 . 108 -.359 -1.060 247 612 -.106 .077 .145 -.329 

22 501 -.267 .067 -.053 -.538 135 601 - .. 141 .070 . 127 -.373 270 101 -.422 . 085 -.170 -.707 

22 511 .297 . 107 .765 -.074 135 611 .273 .081 . 590 -.005 270 111 -.304 . 070 -. 108 ... 508 

22 512 . 247 . 085 .538 .005 135 612 .299 .081 .645 .040 270 501 -.306 .077 -.066 -.522 

22 601 -.262 . 071 - 014 -.466 157 1 01 .203 .097 .563 -.118 270 ~Jll -.442 .162 . 06 3 -1. 033 

22 '11 -. 663 .116 -.353-1.018 157 111 -. 054 .061 . 154 -.249 270 512 -.243 . 113 .149 -.724 

22 £.12 -·' 642 .118 -.317 - 972 157 501 -.0!58 .064 . 130 -.257 270 601 -.300 . 068 -.008 -.510 

45 101 -.505 .101 -.153 -.888 157 !511 .... 707 .121 -. 322 -1.062 270 611 -.278 .096 .072 -.593 

4S 111 -.305 .068 -.016 -.516 157 512 -.i90 .108 -.335 -1.043 270 612 -.219 . 087 .109 -.53i 

45 501 -.321 . 073 -.098 -.621 157 601 -.055 .059 . t 47 -.249 292 101 -.745 . 088 -.475 -1.077 

4~ 511 .218 . 085 .523 - 066 157 611 . 300 .102 .687 -.027 292 111 -.372 . 064 -. 186 -.626 

45 512 .232 081 .521 - 027 157 612 . 296 '080 .605 .064 292 501 -.378 .071 -. 147 -.610 

45 601 -. 309 .068 -.113 -.505 180 101 .296 . 102 . 6 71 -.026 292 511 -.237 . 111 . 159 -. 698 

45 611 -.807 .tot -.488 -1.199 180 11 1 -. 022 .074 . 213 -.329 292 512 -.084 .093 .312 -.415 

45 612 -.8li . 105 -.488 -1.204 180 501 -.013 .067 . 181 -.228 292 601 -.379 .065 -. 146 -.613 

67 lOt -.607 . 120 -.229 -1 034 180 511 -.506 .189 -·.016 -1.319 292 611 -.622 .104 -.25i -1.050 

f.7 11 1 - 329 072 -.090 -.575 180 512 -.488 . 17 !5 -.049 -1.447 292 612 -.560 .105 -.21i -1.070 

67 501 -.329 . 073 -. 105 -.598 180 601 -. 021 .0?1 . 206 -.238 315 101 -.975 .103 -.607 -1.394 

f.7' 511 -.019 .098 319 -.373 180 611 .316 ' 111 .708 -. 211 315 111 -.344 . 063 -. 138 -.583 

b? 512 . 105 . 079 .390 -. 137 180 612 . 303 .092 .662 -. 019 315 501 -.358 .070 -. 141 -.570 

67 601 -.327 . 064 -. 123 -.!541 202 101 .255 .093 .616 -.079 315 511 .034 . 109 .368 -. 611 
67 '11 -.592 . 104 -.295 -.953 202 l 11 -.093 .078 . 196 -.368 315 512 . 127 . 083 .371 -.251 

67 612 -.536 . 121 - 119 - 948 202 501 -.079 .077 . 164 -.300 31S 601 -.351 .065 -. 161 -.598 
9(t 10 1 -·. 226 .081 . 0!53 -.479 202 !511 -.560 .145 -. 096 -1.037 315 611 -.738 .114 -.40!5 -1.316 

90 111 -.293 .071 -.053 -.519 202 512 -.493 . 131 -.009 -.979 315 612 -.705 .119 -.336 -1.148 

90 501 -·. 297 .065 -.115 -.!513 202 601 -. 08!5 .071 . 202 -.298 337 101 -.740 .lt8 -. 32 9 -1 . 181 
90 511 -.388 . 090 -.(106 -.756 202 611 '080 . 131 .643 -.481 337 1 11 -.286 .061 -. 104 -.487 
9(1 !512 -·. 181 .082 . 087 -.431 202 612 .109 .115 . 528 -.360 337 501 -.293 .068 -.096 -. 518 
90 601 -.293 .063 -.041 -.513 225 101 . 228 . 089 .510 -.045 337 511 . 158 . 126 .630 -.308 

90 £11 -.211 .086 .092 -.603 225 111 -.156 .075 . 053 -.421 337 512 . 1 '5 . 101 .479 -.233 

90 612 -.147 . 100 .181 -.519 22S SOl -.147 .068 . t 01 -.372 337 601 -.289 .059 -. 104 -.491 

112 101 -.147 .079 .t2S -.400 225 511 -. 780 .128 -.353 -1.236 337 611 -.545 .134 .050 -1.080 

112 111 -.201 . 064 .020 - 419 225 512 -.722 .143 -.210 -1.169 337 612 -.491 .135 .018 -.976 

112 501 -.200 . t-62 .038 -.402 225 601 -.t5S .016 .089 -.371 
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