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1. INTRODUCTION 

1.1 General 

A significant characteristic of modern tall building design is 

lighter cladding and more flexible frames. These features combine to 

produce an increased vulnerability of glass lights and cladding to wind 

damage. In addition, increased use of pedestrian plazas has brought 

about a need to consider wind and gustiness in the design of these areas. 

Techniques have been developed during the past decade for wind-tunnel 

modeling of proposed structures which allow the prediction of wind 

pressures on cladding and wind environment about the building. Knowledge 

of pressures on the structure permits adequate but economical selection 

of window strength to meet selected maximum design winds while informa­

tion on sidewalk level gustiness allows plaza areas to be protected by 

design changes before the structure is constructed. Where exhaust vents 

from underground parking garages or other obnoxious exhausts can enter 

pedestrian areas or air ventilation intakes, model tests of concentrations 

of the exhausts can point to design changes to alleviate the problem. 

Modeling 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 requirements 

and their wind-tunnel implementation can be found in References 1,2 and 3. 

In general, the requirements are that the model and prototype be scaled 

in geometry, 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. 
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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. Wind velocity in the wind tunnel 

would have to be the model scale factor times the prototype wind. 

s However, for sufficiently high Reynolds number (>10) a pressure coef-

ficient at any location on the structure will be essentially constant 

with Reynolds number. Typical values encountered are 108 for the full 

scale and 106 for the wind tunnel model. Thus acceptable flow similarity 

is achieved without precise Reynolds number equality. 

1.2 The Mountain Bell Denver Service Center (Telephone Building)* 

A wind study was performed for the proposed Telephone Building in 

Denver, Colorado. The 323 ft high structure was modeled at a 1:180 scale. 

The objectives of the wind study were to obtain mean and fluctuating_ 

pressures on the building as well as wind velocity and gustiness in the 

plaza adjacent to the structure. In addition, a flow visualization 

study was performed to define overall flow patterns and regions where 

local flow features might cause difficulties in panel loading or 

pedestrian discomfort. Concentration measurements were made at numerous 

points near the surface around the building and in the plaza to determine 

the extent to whi ch pedestrians and building air intakes would be 

subjected to exhaust gases from the underground parking garage vents. 

*The designation Telephone Bui l ding is used throughout the text. 
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The Telephone Building will occupy the block between 17th and 18th 

Streets and between Curtis and Arapahoe Streets in Denver. The structure 

consists of a tower occupying the half-block nearest to 18th Street 

with a lower structure and large elevated plaza occupying the remaining 

area. The site is in the center of the downtown area on flat terrain. 

Surrounding structures range from nearly the same height on the southwest 

to parking lots on the north and northwest. The flow approaching the 

site crosses relatively flat terrain with low structures except for the 

tall buildings in the downtown area close the the building site. 
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2 . EXPERIMENTAL CONFIGURATION 

2 .1 Wind Tunnel 

The wind study was performed in the meteorological Wind Tunnel 

located in the Fluid Dynamics and Diffusion Laboratory at Colorado 

State University, Figure 1. The tunnel is a closed circuit facility 

driven by a 250 h.p. variable-pitch, variable-speed propeller. The 

test section is nominally 6 feet square and 88 feet long fed through 

a 9-to-l contraction ratio. The test section walls diverge 1 in./10 ft 

and the roof is adjustable to maintain a zero pressure gradient along 

the test section. The mean velocity can be adjusted continuously from 

1 to 120 fps. The facility is described in detail by Plate and 

Cermak [4]. 

2.2 Model 

In order to obtain an accurate assessment of local pressures using 

piezometer taps, the model was constructed to the largest scale that 

would not produce serious blockage in the wind tunnel. A 1:180 scale 

model was constructed using 3/4 in. "Lucite" plastic for the tower 

portion of the structure on which pressure measurements were to be made 

and using styrofoam for the lower structure and plaza where flow 

visualization, velocity and diffusion data were required. A site plan 

is shown in Figure 2. 

Piezometer taps (1/16 in. dia.) were drilled normal to the exterior 

surface at 46 locations on each side of the structure, at 16 locations 

on the top, and at several special points of interest such as door 

locations and behind the grillwork on the lower sides. The location of 

the taps on the structure is shown in Figures 3a to 3c. Of the 206 total 
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taps on the building, 68 were selected for measurement of fluctuating 

pressures and are marked by filled circles on Figure 3, 4 were in doors 

for which fluctuating measurements were obtained, and the remaining 

134 taps were designated for mean pressure measurement. 

An area of 1100 ft radius surrounding the building si te was modeled 

in detail. Structures located within this region were modeled from 

styrofoam retaining the overall height and shape but omitting small 

surface details. The Building model and surrounding area was mounted on a 

76 in. dia. turntable centered 84 ft from the test section entrance. 

That portion of the modeled area which did not fit on the turntable was 

placed upstream and downstream from the turntable and changed to match 

the turntable azimuthal position each time the turntable was rotated. 

The turntable indicated azimuthal orientation to± 0.1 degree. 

The region upstream from the modeled area was covered with a 

randomized roughness constructed from bricks. A 12 in. high vortex 

generator provided a boundary layer trip at the entrance to the test 

section. The distribution of bricks was designed to provide a boundary 

layer thickness of approximately 50 in., a velocity profile power law 

exponent similar to that for a city environment, and a logarithmic 

velocity profile with a realistic roughness length. A photograph of 

the complete model in-place in the wind tunnel is shown in Figure 4. 

The wind-tunnel ceiling was adjusted after placement of the model to 

obtain a zero pressure gradient along the test section. 



6 

3. INSTRUMENTATION AND DATA ACQUISITION 

3.1 Flow Visualization 

Visualization of the flow in the vicinity of the model is helpful 

in understanding and interpreting mean and fluctuating pressures, in 

defining zones of separated flow and reattachment where pressure coef­

ficients may be expected to be high, and in indicating areas where 

pedestrian discomfort may be a problem. Titanium tetrachloride smoke 

was released from sources on and near the model and motion pictures 

records made. Conclusions obtained from these smoke studies are 

discussed in section 4.1. 

3.2 Pressures 

Mean and fluctuating pressures were obtained at each of the 68 

locations on the building indicated by filled circles on Figure 3. A 

12 in. length of 1/16 I.D. plastic tubing connected the 68 pressure 

ports on the building to a 72 tap pressure switch mounted inside the 

model. The switch (Model 1) was designed and fabricated in the Fluid 

Dynamics and Diffusion Laboratory to minimize the attenuation of 

pressure fluctuations across the switch. Each of the 68 measurement 

ports was directed in turn by the switch to one of 4 pressure transducers 

mounted close to the switch. The switch was operated manually by means 

of a shaft projecting through the floor of the wind tunnel. A mechani­

cal indexing feature locked the switch into each of the 18 required 

positions while a potentiometer provided an indication of the switch 

position on a digital voltmeter. The 4 pressure switch input taps not 

used for transmitting building pressures were connected to a common 

tube leading outside the wind tunnel and prov i ded a means of performing 
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in-place calibration of the transducers. A photograph of the pressure 

switch in place is shown in Figure 5. 

The pressure transducers used were "statham" differential strain­

gage transducers (Model PM283TC) with a 0.15 psid range. They were 

selected for the stability and linearity in the working range required. 

The frequency response of the transducers was greater than 200 Hz 

adequately covering the range of frequencies encountered. A reference 

pressure was obtained by connecting the reference side of the transducer 

with plastic tubing to the static side of a pitot tube mounted in the 

wind tunnel free stream above the model building. In this way the 

transducer measured the instantaneous difference between the local 

surface pressure and the static pressure in the free stream above the 

model. 

Each pressure transducer bridge was monitored by a Honeywell 

Accudata 118 Gage Control/Amplifier unit which provided excitation to 

the bridge and amplified the bridge output. These instruments are 

characterized by a very stable excitation voltage and amplifier gain. 

Output from the Honeywell signal condit i oners was fed to an on-line 8 

channel System Development, Inc., analog-to-digital conversion unit. 

The data was processed onto digital tape for later data analysis by 

computer. Resolution of conversion was± 0.0016 in pressure coef­

ficient. All 4 transducers were recorded simultaneously for 16 seconds 

at a 240 sample per second rate. The results of an experiment to deter­

mine the length of record required to obtain stable mean and rms pressures 

is shown in Figure 6. A typical pressure port record was integrated 

for a number of time periods to obtain the data shown. Fluctuations 

in results for a 16 second average are within 1 percent for mean 
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pressure and 2 percent for fluctuating pressure. Definitions for the 

pressure coefficients are given in section 4.3. 

Reduction of the ra~ data to usable form was performed on the 

Colorado State University CDC 6400 computer as described in Section 4.3. 

The 134 pressure taps for which mean velocity only was recorded 

were connected to a 256 port pressure switch located outside the wind 

tunnel by 8 ft lengths of 1/8 I.D. plastic tubing. The 4 position 

switch (Model 0) was designed and fabricated in the Fluid Dynamics and 

Diffusion laboratory for this purpose. Each of the 134 measurement 

ports was connected in three switch positions to one of 64 output taps 

on the switch . These 64 pressures were directed in turn to a single 

Statham pressure transducer by a 64 port scanivalve pressure switch. 

In this way each pressure port on the structure was examined sequentially. 

The signal from the pressure transducer was processed in the same way 

as the fluctuati ng pressures with the exception that computations 

recorded only mean values. The long tube lengths attenuated the 

fluctuating pressures sufficiently that fluctuating information could 

not be obtained. 

3.3 Velocity 

Velocity and turbulence intensity profiles were made upstream from 

the detailed model area and at the building location (with the model 

removed) for several approach flow directions. In addition, mean 

velocity and turbulence intensity measurements were made 0.2 in. 

(3.0 ft prototype) above the surface for 4 wind direct i ons near the 

building at locations 1 through 8 shown in Figure 2. The surface 

measurements were intended to indicate the environment to which a 

pedestrian in the plaza area would be subjected. 
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Measurements were made with a single hot-wire anemometer mounted 

with its axis vertical. The instrumentation used was a DISA constant 

temperature anemometer (Model 55005) with a 0.0004 in. dia. platinum 

(80%) - iridium (20%) sensing element 0.080 in. long. Output was 

read from a Hewlett-Packard integrating digital voltmeter (Model 2401C) 

for mean voltage and a DISARMS meter (Model 55035) for rms voltage. 

Calibration was performed by placing the anemometer in the free 

stream near the pitot tube used to record wind tunnel velocity and re­

cording the output for several velocities. The calibration data was 

fit to a variable exponent King's Law relationship 

= 

where E is the hot-wire output voltage, U the approach velocity and 

A, B and n are coefficients selected to fit the data. A typical 

calibration showing the linear relationship between E2 and Un is 

plotted in Figure 7. The above relationship was used to recover the 

mean veloicty at measurement points from the measured mean voltage. 

The fluctuating veloicty in the form (root-mean-square velocity) u rms 

was obtained from 

2 E E 
u rms 

= rms B n un-l 

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

All turbulence measurements were divided by either local mean velocity 

u or mean velocity outside the boundary layer u . 
~ 

Division by U 

gives an indication of the relative unsteadiness at the location while 

division by u 
~ 

permits easy determination of the actual magnitude of 

rms velocity fluctuations at a point for various approach velocities. 
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3.4 Diffusion 

Concentration measurements were made to determine the extent to 

which the environment about the structure would be exposed to exhaust 

gases emitted from the 4 underground garage vents. Surface measurements 

were made at 14 locations shown on Figure 2. The prototype conditions 

modeled were 9.5 ft/sec velocity from the vents with an 18 mi/hr ambient 

wind velocity. The purpose of the low ambient wind was to simulate a 

typical case where concentrations would be expected to be relatively 

high in the plaza area. Measurements were taken for each vent operating 

alone for 4 wind directions. 

The exhaust gas used for the experiment was Kr-85, a beta emitting 

radioactive gas, diluted approximately a million times in air. The 

mixture was supplied to each vent in turn and regulated with a flow 

meter. Concentrations at the various plaza locations was determined by 

placing one end of a 1/8 I.D. plastic tube at the measurement location 

and drawing air into one of a bank of 16 Geiger-Mueller tubes with a 

suction pump. Counts emitted by the Geiger-Meuller circuitry were 

converted to concentrations by a suitable calibration against a known 

standard. Concentrations measured at each point were divided by the 

concentration of the gas supplied to the vents to record the concentra­

tion as a percentage of the source gas. 
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4. RESULTS 

4.1 Flow Visualization 

A 1200 ft. film is included as part of this report showing the 

characteristics of flow about the structure with smoke . A listing of 

the contents of the film is shown in Table 1. Several features can be 

noted from the visualization. With flow approaching the upper portion 

of the structure from a direction approximately parallel to a face, the 

flow was seen to separate from the upstream corner of the diagonals on 

the upstream edge of the side and to remain separated with a thin 

separated region across the entire face. Fluctuations in the separated 

flow indicated the possibility of relatively high pressure fluctuations 

on the side and the upstream diagonal. For flow at other angles, flow 

separated cleanly from the building with much less evidence of high 

pressure fluctuations on the surface. 

Visualization of smoke near the surface indicated the plaza area 

should be reasonably well protected from strong winds and exhaust gases 

except for winds from the west through north. For those directions, a 

high velocity jet of air swept under the connecting roof between the 

tower and adjacent structure and continued across the plaza near the 

tower. Blocking that passageway provided protection to the plaza area. 

Smoke sources placed at the garage exhaust vents showed that the highest 

concentrations in the plaza would be expected for west through north 

winds where the jet discussed above carried garage exhaust into the 

plaza. Again, blocking the passage prevented some of the smoke from 

entering the plaza. For easterly winds, smoke from one exhaust vent 

(Curtis St. nearest 18th St.) was observed in the plaza i n the region 

near the corner of 17th and Curtis St. 
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4.2 Velocity 

Typical approach velocity profiles are shown in Figure 8a and b. 

One profile was taken 89 in. upstream from the model (1335 ft. prototype) 

and is characteristic of the boundary layer approaching the model. The 

boundary layer th: ckness, o, was 52 inches corresponding to a prototype 

value of approximately 800 ft. In the form 

u 
u 

00 

= 

the velocity profile has an exponent n of 0.215 which is a reasonable 

value for city environments such as Denver with relatively low building 

heights extending right to the downtown area. The profiles plotted in 

Figure 8b are shown in semilogarithmic form. The roughness height 

indicated by the zero velocity intercept of the best fit line is 7.2 ft 

which is reasonable for the site modeled. A velocity profile taken at 

the building site with the building removed is shown in Figure 8a. Some 

modification to the approach flow is evident in the pr ofile caused by 

nearby structures. 

Profiles of longitudinal turbulence intensity are shown in Figure 

9 for the upstream approach conditions and for the building site. 

Modifications to the profiles due to topography and local structures is 

evident. For the purpose of this report, turbulence intensity is defined 

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

divided by the reference mean velocity 

boundary layer, 

= 
u 

rms 
u 

00 

u 
00 

at the outer edge of the 

or as the rms velocity divided by the local mean velocity, 
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Mean velocity and turbulence intensity at plaza locations 1-8 

shown in Figure 2 for 4 wind directions are listed in Table 2. 

Measurements were taken 0.2 in. (3.0 ft prototype) above the surface. 

Locations marked 'A' were repeat measurements with the passage from 

the plaza to Arapahoe adjacent to the tower portion of the structure 

blocked to prevent occurance of the high velocity jet of air noted in 

the flow visualization. The largest mean velocities were recorded at 

point 1 for 0 and 300 degree winds and point 2 for 0 and 90 degrees 

with velocities ranging from SO to 85 percent of u . 
00 

These values 

dropped sharply when the passage was blocked. The highest 'gustiness' 

values (U /U) were obtained for locations 8 for 300 degrees at 45 rms 

percent, IA for 180 degrees at 38 percent, 3A for 300 degrees at 29 

percent, 3 for 180 degrees at 28 percent, and 6 for 300 degrees at 27 

percent. Large values of gustiness must be interpreted in terms of the 

magnitude of mean velocity since a low wind velocity can lead to large 

values as effectively as large rms velocities. The large values of 

Urms/U for these locations are due in large part to low mean velocities. 

4.3 Pressures 

For each of the 206 pressure ports at each of the 10 wind directions 

(36 directions for 4 ports) examined (2164 total measurements), the data 

record was analysed to obtain pressure coefficients. One pressure 

coefficient was computed for the 134 mean pressure taps while 4 

coefficients were computed for each of the fluctuating pressure taps. 

The first was the mean pressure coefficient 

C = 
Pmean 
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where the symbols are as defined in the List of Symbols. It represents 

the mean of the instantaneous pressure difference between building 

pressure port and static pressure in the wind tunnel outside the 

boundary layer non-dimensionalized by the dynamic pressure ½ p U
00

2 

outside the boundary layer. The magnitude of the fluctuating pressure 

was obtained by the rms 

C = 
Prms 

pressure coefficient 

(p - p00 )rms 

½ p u 2 
00 

in which the numerator is the root-mean-square of the instantaneous 

pressure difference. 

If the press·.1re 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. How­

ever, , the pressure fluctuations do not 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 are used to determine these values: 

C = 
Pmax . 

C = 
Pmin. 

The values of p - p
00 

which were digitized at 240 samples-per-second 

for 16 seconds were examined individually by the computer to obtain 

the most positive and most negative values during the 16 second period. 

These were converted to and Cp . min 

the free stream dynamic pressure. 

by non-dimensionalizing with 
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The four pressure coefficients were calculated by the CSU CDC 6400 

computer and tabulated on microfilm. The list of coefficients is in­

cluded as Appendix A. The tap code number in the appendix is given in 

Figure 3. The first digit of the code gives the building side while 

the second and third give sequential t ap numbers on the side. Addi­

tional information provided in the appendix includes approach wind 

azimuth in degrees from true north, temperature in the wind tunnel in 

degrees F, barametric pressure in inches of Hg, and reference velocity 

outside the boundary layer in feet per second. The largest values of 

peak maximum C p values were 1.25 to 1.43 on and adjacent to the diagonal 

corners for wind directions perpendicular to the diagonal s. The largest 

values of peak minimum C p occurred on and adjacent to the diagonal 

corners and near the top of each side with flow roughly perpendicular 

to a face. Values of -2.0 to -2.7 were common on and near the corner 

diagonal for these wind directions. Negative Cp values up to -2.0 

were seen on the roof near the corners. 

To insure that no flow pattern developed between the azimuths used 

for approach flow direction which would cause sharply higher pressure 

coefficients than were anticipated from the normally spaced data, one 

pressure tap was examined for small angular increments. Tap 422 was 

selected for examination for a range of approach flow azimuths from 45 

to 65 degrees in one degree increments. The tap was chosen because of 

high negative mean, rms and peak minimum pressure coefficients and 

because smoke flow indicated a region of large amplitude fluctuations 

in a separated flow at that point. The results of that investigation 

are shown in Table 3. The pressure coefficients do reach a maximum 

value within the 20 degree span higher than indicated by the end-point 
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values alone. However , the largest value of peak minimum pressure 

coefficient (-1 . 35 at 49 degrees) was only 7.3 percent larger than 

the value at 45 degrees indicating that no sharp peak in pressure 

coefficient appears in that azimuthal range. 

In order to determine the pressures acting on the air doors opening 

from side 1 of the tower onto the plaza (see Figure 2), pressure taps 

were installed in the door recesses and data was taken for every 10 

degrees of wind azimuth. Results of those measurements are listed in 

Table 4 and shown graphically in Figures 10 and 11. Part 'a' of each 

figure shows C while the 'b' portion gives C , C , and 
Prms Pmin Pmean 

C in order from the center outward . Note that the zero is not 
Pmax 

placed at the origin on the latter set. The pressures on door 1 

(nearest to Arapahoe st) are not large--maximum pressure coefficients are 

near one. For door 2, the positive peak does not exceed one; however, 

for an easterly wind, large negative values appear peaking at a 

of -2.35 for a 90 degree wind azimuth. 

C 
Pmin 

Determination of pressures on the two corner doors at 18th St. and 

Arapahoe St. was accomplished by installing pressure taps at the door 

locations. Data was obtained for every 10 degrees of wind azimuth. 

Results of the measurements are listed in Table 5 and are shown graphi­

cally in Figures 12 to 14. Table 5 lists pressure coefficients for the 

corner door on building side 2, for the corner door in building side 3, and 

for the instantaneous difference between the two doors. The information 

is presented in Figures 12 to 14 in the same way as for Figures 10 and 

11 described above. The positive pressure coefficient on each door 

was less than one while the peak negative value reached -2.0 only for 

a wind azimuth of 320 degrees. The pressure coefficients for the 
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instantaneous difference between the two doors reached both +2 and -2 

in pressure coefficient for winds from 330 and 50 degrees respectively 

(Figure 14). Other wind directions showed more moderate pressures. 

4.4 Diffusion 

Concentration measurements of exhaust gases emitted from the 4 

underground garage vents were divided by the concentration of the 

emitted exhaust gas to obtain a percentage of pollutant at a given 

location compared to the vented concentration. The data for the 14 

points shown in Figure 2 for each exhaust vent for 4 wind directions 

is shown in Table 6. Presentation of the data for each vent operating 

alone permits the concentration at a location to be calculated assuming 

any desired distribution of exhaust gases to the four vents. 

The largest concentrations were found at points 12 and 13 located 

on the sidewalk adjacent to vents 1 and 3. These locations--particulary 

12--showed high concentrations from the adjacent vent for several wind 

directions. The plaza area in general showed low concentrations for 

all vents for all wind directions . Blocking the passage from the plaza 

to Arapahoe St. for a 300 degree wind increased concentrations somewhat 

at locations 1 and 2 but tended to decrease concentrations elsewhere. 
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CONCLUSIONS 

A boundary layer flow over the Telephone Building model was 

established whose characteristics compared favorably with the expected 

flow over the Denver area. Flow visualization showed fluctuating 

separation features around the diagonal corners suggesting high values 

of pressure coefficient in those regions. Observation of the flow 

showed rather large velocities in the plaza near the entrances to the 

main structure. Blocking the passage from the plaza to Arapahoe St. 

provided a large reduction in velocity. 

Measurements of fluctuating velocity in the plaza area indicated 

the largest value of root-mean-square velocities occurred at plaza points 

8, 1 and lA for 300, 0 and 90 degree wind azimuths respectively. RMS 

velocities were 6 to 7 percent of the reference velocity above the 

boundary layer. These correspond to a local turbulence intensity of 

45, 7 and 16 percent of the local mean velocity. Only the first of these 

local values is large. Points experiencing relatively high local 

turbulence intensity (greater than 30 percent of local mean) were point 

8 at 300 degrees and point lA at 180 degrees. These points both 

experienced low values of local mean velocity. 

Pressure measurements on the structure supported the flow visual­

ization conclusion that the area near the diagonal corners would receive 

the largest pressure coefficients. The largest peak negative pressure 

coefficient was -2.72 at tap 228 for a wind azimuth of 330 degrees. 

Other corner locations showing high negative coefficients were taps 

102 and 104 for a 330 degree wind direction. Negative values of above 

-2.0 were common on the diagonal corners. In addition to showing the 

largest negative pressures, the corners also showed the largest positive 
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pressure coefficients. Tap 403 recorded a +l.43 at 180 degrees, tap 

201 had a +1.42 at 0 degrees, and tap 228 recorded a +1.35 for 270 

degrees. Several other values above +1.2 were also noted. 

Diffusion measurements of exhaust gas emitted from the garage 

vents showed generally low concentrations i n the plaza area. The 

highest concentrations were obs erv ed at sidewalk level immediately 

adjacent to the Curtis Street exhaust vents. 



20 

REFERENCES 

1. Cermak, J. E., V. A. Sandborn, E. J. Plate, G. H. Binder, H. Chuang, 
R. N. Meror1ey, and S. Ito, "Simulation of atmospheric motion by 
wind-tunnel flows," CER66JEC-VAS-EJP-GJB-HC-RNM-SI17, FDDL, Colorado 
State University, 1966. 

2. Davenport, A. G. and N. Isyumov, "The appl ication of he boundary 
layer wind tunnel to the prediction of wind loading," Proc. of Int. 
Res. Seminar on Wind Effects on Buildings and Structures, Vl, N.R.C., 
Canada, 1967. 

3. Cermak, J. E., "Laboratory simulation of the atmospheric boundary 
layer," AIMJl., V9, Sept. 1971. 

4. Plate, E. J. and J. E. Cermak, "Micrometeorological wind tunnel 
facility, description and characteristics," CER63JP-JEC9, FDDL, 
Colorado State Unviersity, 1963. 

5. Standen, N. M., W. A. Dalgliesh and R. J. Templin, "A wind tunnel 
and full-scale study of turbulent wind pressures on a tall building," 
Proc. Third Int . Con£. on Wind Effects on Buildings and Structures, 
Tokyo, Japan, 1971. 



SCENE 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

wnm 
AZ. (1) 

300° 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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TABLE 1 

MOTION PICTURE SCENE GUIDE 

PASSAGE 1 
(2) 

X 

X 

X 

X 

PASSAGE 2 
(3) 

X 

X 

SOURCE 
ELEVATION 

Ground 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

" 
200' 

300' 

Roof 

200' 

200' 

200' 

SOURCE 
LOCATION (4) 

Data point 3 

Data Point 1 

Data Point 1 

Data Point 5 

Data Point 13 

17th & Arapahoe 

Data Point 13 

Data Point 14 

Data Point 8 

Data Point 11 

Data Point 12 

Data Point 2 

Data Point 13 

Data Point 13 

Data Point 13 

Data Point 13 

Upwind Side 

Upwind Side 

Penthouse Lee 

Upwind of Bldg 

Bldg. rotated CW 

Bldg• rotated CCW 

(1) All data taken at 24 fr./sec. and a wind velocity of 10 ft./sec. 

(2) Passage 1 represents passage from plaza to Arapahoe St. adjacent 
to tower portion of structure. X indicates passage was closed to 
air movement. 

(3) Passage 2 represents passage from plaza to 17th St. pedestrian 
bridge. X indicates passage was closed to air movement. 

(4) Data point locations are shown in Figure 2. 
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TABLE 1 (Cont.) 

SCENE WIND PASSAGE 1 PASSAGE 2 SOURCE SOURCE 
NUMBER AZ. ELEVATION LOCATION 

23 000 X Ground Data Point 1 

24 " " Data Point 5 

25 " II 17th & Arapahoe 

26 II II Data Point 13 

27 " II Data Point 14 

28 " II 18th & Arapahoe 

29 " " Data Point 3 

30 " X II Data Point 3 

31 II II Data Point 5 

32 " II Data Point 6 

33 " II Data Point 12 

34 " " Data Point 2 

35 " II Data Point 11 

36 II II 18th & Curtis 

37 " II 18th 

38 II II Plaza from NE 

39 090 II 18th & Curtis 

40 " II Data Point 8 

41 II II Data Point 11 

42 II II Data Point 2 

43 II " Data Point 12 

44 II II Data Point 5 

45 II X II Data Point 5 

46 II X X II Data Point 5 

47 II II Data Point 5 

48 II II Data Point 14 

49 II II Data Point 3 

50 II X II Data Point 3 

51 II II Data Point 13 

52 II II Data Point 7 

53 " II Data Point 2 

54 180 II Data Point 6 
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TABLE 1 (Cont.) 

SCENE WIND PASSAGE 1 PASSAGE 2 SOURCE SOURCE 
NUMBER AZ. ELEVATION LOCATION 

55 180 Ground Data Point 12 

56 II II Data Point 5 

57 II II Data Point 2 

58 II II Data Point 11 

59 II II Data Point 8 

60 II II Data Point 7 

61 II II Data Point 13 

62 II II Data Point 3 

63 II II Data Point 14 
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TABLE 2 

MEAN AND FLUCTUATING VELOCITIES IN THE PLAZA 

Wind Location U/Uoo Urms/Uoo Urms/U 
Azimuth Percent Percent Percent 

000 1 84.5 6.24 7.4 

lA* 14.4 3.00 20.8 

2 50.6 7.12 14.1 

2A 23.5 4.97 21.1 

3 25.0 4.63 18.4 

3A 22.1 4.45 20.1 

4 29.9 4.46 15.0 

5 38.6 5.34 13.8 

6 23.5 5.42 23.0 

7 20.8 3.84 18.5 

8 24.5 5.78 23.6 

090 1 25.5 5.53 21. 7 

lA 38.6 6.26 16.2 

2 77 .6 4.21 5.42 

2A 

3 18.6 4.51 24.2 

3A 15.1 3.44 22.7 

4 20.3 3.96 19.5 

5 22.6 3.88 17.2 

6 31. 0 5.61 18.1 

7 23.1 4.12 17.9 

8 63.1 4.29 6.8 

* Locations designated 'A' indicate measurements were taken with passage 
from plaza to Arapahoe St. closed. 
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TABLE 2 (Cont.) 

Wind Location U/U00 Urms/Uoo Urms/U 
Azimuth Percent Percent Percent 

180 1 20.8 3.28 15.8 

lA 15.1 2.99 37.7 

2 25.5 4. 77 18.7 

2A 26.6 4.81 18.1 

3 10.7 2.99 28.0 

3A 21. 7 3.95 18.2 

4 15.1 3.58 23.6 

5 15.9 3.65 23.0 

6 26.6 4.33 16.3 

7 32.2 5.49 17.1 

8 14.4 3.33 23.0 

300 1 60.1 5.02 8.3 

lA 5.9 1. 38 2.3 

2 33.5 5.26 15.7 

2A 14.0 3.63 25.9 

3 17.2 3.58 20.8 

3A 11. 2 3.26 29.1 

4 18.1 3.58 19.8 

5 14.0 2. 72 19.4 

6 17.2 4.68 27.2 

7 14.8 3.02 20.5 

8 15.5 7.02 45.2 
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TABLE 3 

PRESSURE DATA FOR ONE DEGREE WIND AZIMUTH 
TAP NO 422 

Primary Data Repeat Data 
Wind 

Azimuth Mean RMS P.Max P.Min Mean RMS P.Max .P.Min 

045 -.440 .202 . 152 -1.261 -.436 .203 .199 -1.315 

46 -.423 . 194 .261 -1.161 -.431 . 211 .175 -1.305 

47 -.412 .201 .152 -1. 262 -.395 .191 .374 -1.142 

48 -.388 .191 .284 -1.129 -.362 .183 .235 -1. 223 

49 -.379 .189 .158 -1.354 -.353 .182 .155 -1. 264 

so -.352 .176 .186 -1.066 -.337 .169 .232 -1.091 

51 -.322 .161 .134 -1.057 -.337 . 164 .186 -1.132 

52 -.316 .156 .160 -1. 168 -.296 . 143 .170 -1.285 

53 -.297 . 134 .109 -.991 -.287 . 125 . 090 -1.035 

54 -.283 .127 .242 -1.186 -.276 .115 . 183 -.867 

55 -.272 . 114 .126 -.919 -.262 .104 .255 - . 779 

56 -.263 . 100 .163 -.890 -.256 .093 .051 -.959 

57 -.253 . 093 .054 -.862 - . 254 .082 .137 -.707 

58 -.258 .096 .087 -.808 -.248 .079 .082 -.887 

59 -.244 .076 .044 -.781 -.240 .075 .008 -.823 

60 -.243 .072 .052 -.647 -.237 .068 .029 -.624 

61 -.245 . 066 .039 -.756 -.236 .065 .042 -.676 

62 -.238 .060 . 042 -.545 -.233 .057 .028 -.505 

63 -.231 .058 -.020 -.514 - . 232 . 054 .002 -.606 

64 -.226 . 051 .015 -.738 -.229 .052 -.011 -.514 

65 -.226 .052 -.046 -.482 
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TABLE 4 

PRESSURE DATA FOR THE AIR DOORS 

fltO.;tcT NO "" •1• 000• I 

"[&" •"s "&x I "V" "INl"V" Wl"0 01•£CTION flll[SSUt[ ,•cssv•c ,acssv•c flll[SSUII[ 
CO[HICl[PH cocrr1c1cNT cocrric 1£NT CO[HICl[NT 

0 -.255 ,IU .'21 -.727 
10 •• I 70 . 155 .52' ·,7U 
20 •• 152 ,101 ,577 -.525 so ·. Ill . 075 • 127 -.541 ,o - • 1,2 . as, ,11' -. '" 50 -.201 .07' • 100 -.SU 

'° ·, so 7 .ou -.OH -.s,z 
70 •. SOI . 0 79 -.059 -.UT 
10 - .255 ,OH .1n -.'92 
90 -,17' .,o, .z,, -.529 

I 00 -. '" • I 09 ,217 -.552 
110 -.201 . 12, ,297 -,751 
120 - .z,, ·'" .555 •• 70 7 
1 so ·,227 ,107 ,ZH -.u, 
140 -.2,0 .095 • 159 -.590 
150 -.2U .101 ,519 -."5 
liO -.211 • I 27 ·'" -.900 
I 70 -.,2, ,19, .'57 ·I. 010 
110 -.SH • 152 ,29• -1,051 
190 -.590 • 129 .ou -1,051 
zoo -.,u • 12, ,05' -.901 
210 -.ss, • 115 • 100 -1.017 
220 -. '" , 111 .057 -1,055 
250 - .zo, ,OH .zu -. u, 
240 .059 • 120 ·"o -.,,1 
250 .OH • 157 ,'29 -.,1, 
ZU .0'7 , I 17 .u, -.s,1 
270 -.050 • 190 • 752 -.5'0 
210 - • tit • 150 ·'" -.no 
290 -. so, ,IH .,u -. 7H 
500 -.,u .,u .uo -.12, 
510 -.,,1 . ,,, ·'" ·I.OH 
520 -.407 , 121 ,1H -.,u 
550 -. SH • 122 • 175 •,TH 
,,o -. SH • "2 .sn -.121 
550 -,217 .159 ,57' -.717 



A: II ooo• 2 

w:NC C:llt~TiOI, 

0 
1 0 
20 
50 
,0 
50 
60 
70 
10 
90 

1 00 
110 
120 
1 50 
1,0 
150 
160 
1 70 
110 
190 
200 
210 
220 
250 
2'0 
250 
260 
2 70 
210 
290 
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TABLE 4 (CONTINUED) 

PRESSURE DATA FOR THE AIR DOORS 

"cu. ""S "Ul"'J" 
Pll[SS VIIE PIIESS'.ill[ PIIESS :; IIE 

PR:~·t:; , .. .,, "'' 

" ! N ! "'J" 
PIIESS'..'IIE 

cocrrrcrtNT ::err r: l[I,~ : ,err: c: Et;~ : ocrr r c I Et;~ 

·.501 .08' ·. 252 ·.9H 
-.,51 • : 79 •• 150 •• 10, 

-. '" .:u ·. 151 -.'50 
-.2,2 . =5':' -. o, ';' -.,79 
- • 1,5 .051 -.:02 -.521 
-.201 .072 .02, -."1 
-.55':' .077 ·.151 -.67' 
-.507 .015 -.252 ·.Ill 
-.6'5 • 111 -.5,1 - 1. 515 
-.795 • 1 72 - • 271 -2.550 
-.12, • 192 -.2,0 -1 .U2 
·.IOI .211 -.OU • 1. 95 7 
·.U9 .205 -.011 - 1. 777 
-. 512 • 1 70 .OU -1.192 
•• 155 • 11 9 • 55' -t.052 
-.on .105 .291 -.595 
-.020 • '1' .501 -.622 
.0'5 ,159 .,55 -.612 

-.050 , 1 o, .,25 -.552 
-.09 1 ,q t .,21 -.559 
- • 159 • 121 .,2, -.,11 
•• 110 . ,., . 751 -.55' 
-. ,u • t 50 .,5, -.570 -. '1, •III .5,1 -.755 
-.0,5 . 1'1 ., 12 -.,75 
:o,, , 1 79 .190 -.405 

-.021 .209 .952 -.,12 
-. 1'0 . ''' , 7 I 7 -.505 
• .275 • t 01 ,227 -.510 
- • "0 .08' ·. 001 -.104 
-.5o, .01, -.2u - .16' 
-.s2, .09' •• 2 t 7 -.900 
-.4U .012 •• t 76 -.17' 
-.451 .077 •• 175 ·.It 0 
-.,o .016 •• t 70 -.954 
-.,19 .015 •• t 76 -.120 
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TABLE 5 (CONTINUED) 

PRESSURE DATA FOR THE CORNER DOORS 

I'[ & ,. 11!'1S l'!U(l'! •~ l'! 
Pll[SS '.;11[ Pll[SS '. 11[ Pll[SS'J A[ 

PIIO.;[C~ l;j 6644 

~I~•:?''...;" 
PA[ ss ·~ II[ 

:orrr:::r-.~ :otrr ;cit~.~ co rrr :::r1;• :orrr:c:t,;~ 

• 15, • 1,2 .611 -.u 1 
.2,, • 114 • 7'4 -.HZ . ~ :, • ! 2, .IU -.241 

-.HO •• 24 .411 - • '15 
- • 1 95 • ~ 2., .555 -.614 
-.za • ' 50 .z, , -.114 
- • I 7; .127 .zzc -. 795 
- • 1 99 .09, • 505 -.665 
-.2'1 • ,: 77 .a; -.565 
- • 51 Q • : 70 -.052 - • 5 72 
-.54, .054 - • 1 5, - • 559 
- • 565 .045 - • 1" -.516 
-.554 .HZ - • 16; -.506 
- • 521 .HZ - , I 54 -.418 
-.502 .042 ... ~ 5: -.452 
-. 5H • 11 5 -,;59 • l , 410 
-.55, .200 ... ~ ~~ ·I, 592 
- .592 ,1'5 - • 1. 1 -1.66' 
- ,'14 • 10, -.091 - 1. 066 
- • 5'5 • 011 - , 05 I -,161 
- • 525 ,075 - • 041 -. 766 
- • 271 .054 -.OIi - • 56 5 
- ,257 .o ,4 -.057 -.191 
-.2'2 • 0 i'l -.054 - • 761 
- • 515 .041 -. 161 -.410 
- . 519 .052 -,252 -.595 
-,U7 .051 -.201 -.,51 
-.455 .0'5 -.225 -.,94 
- .'11 .012 -,245 -.995 
-.510 • Io, -. 1" -1.192 
- .565 • 151 - • 1 54 - I. 45 7 
- .659 .1111 .005 -1.'25 
-.110 .25; -.252 -2.016 
- • 719 .221 •. I 94 -1. 745 
-.560 .IU .222 -1 ,U7 
-.060 , 157 .U9 -.925 
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TABLE 5 (CONTINUED) 

PRESSURE DATA FOR THE CORNER DOORS 

"CAN ll"S "AX l"U" 
Pll[SSUR[ PRESS UII[ PRtsSuRt 

PROJECT NO "'' 

"INl"U" 
PRESSURE 

COtF'F'ICltNT CO[H!Cl[NT CO[HICl[NT CO[H!Cl[NT 

• 159 • "2 ,.au -.205 -.on .,o, .502 -.'57 
-.591 .210 • 057 - , ., ,2 
-.'79 .251 -.005 ·1.HI 
- ,517 . '" -.002 _, ·'" 
-.525 • 152 .072 -,.,,1 
-.2U • 115 .0,9 - , . ,n 
-.2,2 ,OH .02, -.,91 
-.22, .0'7 -.02' -.U5 
- • 117 ,05, .OSI -,52, 
- • I ,2 .os, •. 051 -.559 -. ,u .02' .OU -.21, 
-.077 .oz, • 010 - • , to -.o,, .02, .OIO --2" 
-.027 .021 • 057 •• I 52 
.oo, .OU ,.,es -.590 
.017 . , 1, 1.2u -.'25 
.o5, • 12, , • , 0 I -.597 
. 051 • 121 .1'9 -.405 
• 021 • , 00 .u, -.UI 
.OU .017 .,,2 -,2'2 
.OSI .079 .529 -.U5 
• 027 .057 .SU .,5,1 

·°'' .0'9 ·"' •,1H 
.070 • 020 . , 1, .005 
.on .02, .2u .o,s 
• 122 .os, .512 - • 0" 
• 152 • 0" ,,SI • 021 
.200 .OH .n2 -,02' 
.2u .012 • 717 • 011 
.50I • 115 .971 - • , 5, 
.5,, • 15' 1,097 -.ou 

·'" .255 1,105 -.o,, 
.517 .2u 2.0U -,02' 
.5U , Ito 1,552 -.070 
,297 .17' 1.210 -.,1, 
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TABLE 6 

EXHAUST VENT DIFFUSION DATA 

WIND DIRECTION O DEGREES 

SAMPLING PERCENT OF EXHAUST CONCENTRATION 
LOCATION VENT l VENT 2 VENT 3 VENT 4 

l .007 .000 .030 l. 370 

2 .306 .116 .356 l. 820 

3 .000 .000 .031 1.980 

4 .082 .000 6.090 1.030 

5 . 722 .156 1. 720 .429 

6 .112 .001 2.000 .630 

7 .098 .003 3.230 1.130 

8 .007 .004 .015 .114 

9 .007 .017 .112 2.500 

10 .033 2.140 .226 .194 

11 .189 5.960 .048 .073 

12 33 .100 1.540 .709 .193 

13 .006 .000 .362 4.070 

14 .034 .007 .106 .865 

WIND DIRECTION 90 DEGREES 

1 .008 .089 .008 .014 

2 .004 .099 .005 .024 

3 .048 .123 .730 .157 

4 .063 .194 .003 .020 

5 .189 .414 .004 .003 

6 5.880 3.920 .006 .014 

7 .838 .644 .005 .021 

8 .002 .006 .000 .000 

9 .032 .068 .004 .051 

10 .000 .000 .013 .012 

11 .006 .304 .003 .000 

12 10.500 7.890 .003 .005 

13 .668 .363 32.400 .678 

14 1.080 .294 4.240 3.680 
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TABLE 6 (Continued) 

WIND DIRECTION 180 DEGREES 

SAMPLING PERCENT OF EXHAUST CONCENTRATION 
LOCATION VENT 1 VENT 2 VENT 3 VENT 4 

1 1.090 .025 .044 .000 

2 1. 370 .060 .009 .000 

3 .537 .008 2.910 .013 

4 .762 .033 .001 .000 

5 .629 .016 .003 .000 

6 .169 .005 .005 .000 

7 .501 .027 .009 .000 

8 .234 .135 .504 .889 

9 1.010 .020 .001 .000 

10 .713 .057 .006 .000 

11 1.770 4.800 .215 .001 

12 17.900 .064 .012 .003 

13 .103 .006 31. 400 .002 

14 .282 .035 2.070 4.840 

WIND DIRECTION 300 DEGREES 

SAMPLING PERCENT OF EXHAUST CONCENTRATIO~ 
LOCATION VENT 1 VENT 2 VENT 3 VENT 3* VE~T 4 VENT 4* 

1 .013 .000 .590 1.300 . 371 .234 

2 .046 .001 .770 1.100 .382 .188 

3 .045 .005 .500 .252 1. 220 .946 

4 .033 .012 2.890 2.750 .258 .188 

5 .107 .005 .100 .969 .297 .204 

6 .690 .030 3.300 2.360 .279 .146 

7 .034 .004 1. 950 1.530 .215 .123 

8 .147 .230 .056 .068 1.860 1. 810 

9 .025 .006 .695 1. 250 .467 .256 

10 1.350 8.510 .450 .612 .158 .140 

11 5.450 6.370 .720 .643 .175 .111 

12 26.400 .636 .858 .791 .100 .110 

13 .024 .010 5.660 4.560 . 960 .987 

14 .187 .013 .113 .055 .913 .908 

* Measurements taken with door from plaza to Arapahoe St. closed. 
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APPENDIX A 

PRESSURE DATA 

1. Pressure coefficients are defined in section 4.3 

Pressure tap designation is explained in Figure 3 

2. Pressure taps found to have erroneous information have been 

deleted in the data. 
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,2, ·'" ,,2 -.255 0 ,2, .'79 t ·~, ,,, -. 597 525 r ,; \ ,, ;·~ ,,, -.,,2 ,2, .,n 
; ,55 -.,s, 527 .0'7 • 19, .77' -.!5!5, 

L I . "- '" -.'97 521 ·I. 012 .,n .2'5 ·2.5'!5 ,n .. n, '29 • I . 071 ,,. -.19i .o" .051 ·-"5 HO -.0!50 
I ----", 09 •• 111 '51 .527 

' '1 uo .. "' .092 • I : 9 -. 720 552 • !500 
UI ·.220 '" .571 L_____ J U2 -.n2 ,,, . 5!55 
U5 -.,2 1 .251 • 1'9 ·I .,29 555 .,90 ,,, .525 "' -.10, 

5'7 -.u, us -.7'9 .2,2 • • I" - 2.010 
551 -. 19!5 • rs, .5'9 •• 755 "' -.,9, 
5'9 • 197 
5,0 .5,5 . ,,. .17' •• 00!5 
541 .(Q5 
5,2 ·'" 5,5 .5U • 151 .u, .00!5 
5U .1'2 
5'5 -. 1'9 .1!5!5 .511 •.7H 

"' ·.957 
(Q1 -.1,0 .017 -.021 -.zu 
402 ·.251 .IU .251 -1.055 ,o, -.20, .171 .522 -1.097 ,o, -.505 .201 .5'0 -1.zu 
05 -.,u ,o, "•'" 



wtt.C o:11ccr:011 90 
B&IION[TRlC PRESS 24.95 ;t; 

T[NP[R&T~IIC 61.:: :tGRC[S r 
HG ~CLOC!T< 5C.7)fPS 

PA£SSVA£ 
TIP 

•;~!"8£11 
1 
2 
5 
4 

5 
6 

I 
9 

! 0 
11 
12 
15 
14 
15 
16 
17 
11 

'JI 
102 
105 
104 
105 
!06 
107 
i a 
109 
II 0 
111 
112 
115 
11' 
115 
! 1, 
1" 
111 
! 1!; 

12: 
121 
122 
!25 
124 
125 
12, 
127 
121 
129 
150 
151 
152 
1'5 1,, 
1" . " 

N[&II 

PA[SS 'JII[ 
CJCH! C:O,T 

-. 1'4 
-.554 
-.295 
-.521 

-.41' 
·1.055 

- • 701 
-.591 
-.,22 
-.521 
-.650 
-.54' 

-1.,2, 
·! .Bi 
-.u, 
-.551 

.464 
-. 71' 
-.'60 
-.677 
-.6'9 
-.,57 
··"1 -.,11 
-.604 

··"1 
·.UT 
-.,55 
-.,99 -.,,, 
-.592 
-.,57 
-.'57 
-.U5 
-.,2, 
-.,11 
-.'79 -.,5, -.,5, 
-."J 
-.66' 
-.,04 
-.'21 -.,,, -.,a, 
-.UI 
-.uo 

- • 702 
-.,,2 
-.104 -.,,, 

RNS 
PR[SS •~AC 

cocrr1c1cr.r 
• 151 

.222 

• 101 
.112 
.096 
• 105 

.cu 

.090 

.11' 

.015 

.OTI 

.071 

.01, 

P'l ,: :!I!•.,;~ 
PA£ss ·~ R£ 

COCH ,C :£1;• 
-.251 

-.2'5 

-.597 
-.52' 

-. "' -.525 

-.4:2 
·.2U 

-. ,2, 
-., 1' 

-.5'7 

··"' -.'72 

- :,.:p,•.., ,, 
PA£SS '.iR£ 

cocrr:: :c,:~ 
•! .U7 

-. Ii' 

-2. 12, 

- 1 .ua 

., .25' 
• 1 . 1 Tl 

· 1. 191 
-1.: n 

- 1 . 050 
-.951 

-1. '" 

-. 704 

-.9'9 

-.975 
-.HS 

WINO CillCCTtON •0 T£NP£R&T ~R£ 61. oa ct,R££S r 
8&110N£TRlC PRESS 24.95 Ill H' V[LOC:Tr 50.70FPS 

PA£SSVRC 
TIP 

t;UN8[11 
157 
151 
! 59 
140 
'J 1 
:u 
145 
14' 
145 
146 
201 
202 
205 
204 
205 
206 
207 
201 
209 
210 
211 
2 !2 
215 
214 
215 
21, 
217 
211 
219 
220 
221 
222 
225 
224 
225 
22, 
22 7 
221 
229 
250 
251 
252 
255 
254 
255 
25' 
257 
251 
259 
240 
24 1 
242 
2'5 
2U 

N[&II 

Pll[SS•JR C 
cocrr1c:c11r 

-. 669 
-.u, 
-.510 
-. 485 
•• 552 
- . 7'5 
-. 795 
•• 719 
-. 704 
-. 705 
-.627 
-.546 
-.510 
-.58' 
-.576 
-.5U 
-.,20 

- . 6'9 
-. 652 
-.566 
•• 571 
- • 5 71 
-.576 
-.517 
-.517 
-.591 
- • 606 
-.621 
-.555 
-.5U 
-.599 
-.567 
-.571 

-.596 
-.621 
-.,21 
-.552 
-.52, 
· .525 
-.554 
-.540 
-.552 
-.5,o 
-.551 
-.5U 
-.55' 
-.210 

-.525 
- . 52, 
-.524 
-.491 

ANS 
PA£SS vA£ 

cocrr re 1rnr 

• 0: 9 

.019 

• l91 

.010 

• 0 7 0 

• 015 
.092 

.099 

.091 

l"lyJ tl'.i !'I 
PA£SS '.iA£ 

COCH !C !£!IT 

-. 31 : 

-.u: 

-.50, 

•• 56 I 

·.400 
-.511 
- .551 
·. 551 

- • 545 

-.,as 

-.2'1 

- • 517 

-. '" -.279 

-.2,9 

-.255 

Nlll! N'JN 
PA£SS 'JA£ 

cocrrr c: ci; r 

-.... .. 

-.526 

- 1 .2,2 

• 1. 040 

- ~. 0 09 
-.91!; 
- . • 0, 
-.1'6 

-.985 

• 1. '. 45 

- t .OU 

- • 175 

-1.0,2 
_,. 1,0 

- 1 .251 

_, .215 



WINO OIR[CTION 90 T[IIP[RI TU R[ 61.00 oc,11ccs r w I NO O I R[ CT I ON 90 T[IIP[RIT UR[ 61.00 oc,11ccs r 81ROll[TRIC PRESS 24.95 Ill H' \'[ LOCI TT 5L 70rPS 81ROll[ TRIC PR[SS 24.95 If. H' vt~oc:r , S0.7crPS 
PRESSURE ll[IN RIIS ll& xl llUII IIIU IIIUII PR[SS~R[ ll[IN RIIS IU n 111JII II IN! ll 'J II TIP PR[SSUR[ PRESS URE PR[SS 'JRE PR[SSVII[ TIP PRESSURE PRESS URE PR[ss •;R[ PR[SS1JR[ NUIIBCR cocrr 1c ?ENT CO[H ICl [ NT CO CH IC ICIIT COCH IC l[ Nf 1:\:118[11 cocrr 1c !ENT CO[H ICl [IIT cocrr :c 1c11T cocrr :c1 c1iT 407 . 116 • 125 . 595 -. I t6 2'5 -.521 .091 -.251 -1. I'. 5 401 . 541 • 14 ! .15 7 -.036 2'6 -.270 409 , 219 . 245 .HS -.626 501 .615 • 194 '. . '. 27 .052 410 . 62 7 502 411 -.620 505 .425 . 157 .192 - .ni 412 - • 556 504 .509 . : 5, . ·2· - • ,G<; 415 - • 129 505 .226 414 .054 

506 .164 415 • 117 50 7 .745 .)75 .925 - . 111 416 .259 501 - .251 . 255 . 76' -.552 41 7 .541 509 -.296 . 069 .H4 -.529 411 .454 510 -.52 7 419 .519 51 1 .672 --·--- 420 - . 551 • 069 -.090 - , 65 7 512 .540 42 1 - • I 42 515 . 515 422 - • 011 .014 • 512 - .250 514 .452 
~<";>/ 

I' 425 . 155 515 .522 424 . 295 5!6 .264 .:s;_o/ 425 . 551 • II I • 769 • 029 517 • II 5 426 .420 511 -.075 ,t' 427 .576 .225 • 956 -.513 519 -.291 421 .575 . 175 1. 161 .095 520 .441 .26' '. l52 -. 5!5 429 -. 651 52 1 .452 450 -.597 
.i::. 522 • 115 • 149 .167 -.. ' .. 45 1 - • 171 N 525 . 500 452 .001 524 .214 'h 455 • 142 525 -.24' . 11 9 .159 - .292 ' 454 .467 526 -.091 , , _; ·~ 455 .514 527 -.505 . ~ 11 • C5' -. ,2 1 

l. ' 456 . 517 521 -.555 • 01 1 -.260 - 1. ' " ' 457 .521 529 ·" ' 451 -.461 .061 -.az - . 925 550 .,2, 09 -. 191 551 .545 440 .oz, .064 .556 - • 140 552 .215 441 • 142 555 .214 442 .211 554 . '" 445 .290 • II 9 • 711 -. !II 555 .057 

"' ·"' 556 -. 119 445 .52 1 • 169 '. . 099 -.214 557 -.,o, 
446 .562 551 

559 .227 
540 
541 • 141 
542 .011 
545 -.o,, .079 .519 ·.214 
544 -.149 
545 -.522 .077 .02, -. 715 
546 -., .. 
401 
402 -.517 .074 -.056 -.557 ,o, -.121 .017 • I 76 -.,2, ,o, .001 .091 .410 -.559 
405 . 100 ,o, • 171 
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WINO 01•ccr10N 150 T[""[.&Tu•c ,,.,o oc,,ccs r 
.,.011Cr•1c ,,css 25.00 IN"' Y[LOCITf 50.,,r,s 

l'll[SSUU 
T&I' 

NU"9[11 
2,5 
2,, 
SOI 
502 
sos 

'°' SH 
so, 
507 , .. 
sot 
510 ,,, 
512 
515 
514 
515 ,,, 
517 ,,, 
519 
520 
521 
522 
'25 
,z, 
525 
52' 
527 
sz, 
'29 
5,0 
551 
552 
555 
55, 
5'5 
55, 
557 
55' 
559 
5,0 
5'1 
5,2 
5,5 
5U 
5'5 5,, 
'°' 02 ,., 
'°' 05 

'°' 

ll[&N 
'-CSSu•c 

COErrtCl[NT 
-.29' 
-.105 
-.597 

-.u, 
-.52' 
-.'19 
-.571 
-.2to 

-.51' 
-.2'5 
-.HO 
-.552 
-.52' 
-.552 

--'" -.595 
-.550 
-.295 
-.2'5 
- ... 7 

-.•'7 
--'" -.590 

-.291 
-.502 
-.2'5 
--•" -.,,, -.,s, 
-.•51 
-.•2' 
-.575 
-.525 
- .2D2 

• 1'5 

-.'75 -.o, 
-.07 -.5,, 
-.2,, 
-.255 
-.251 
-.251 
-.20, 

.201 

.192 .n, 

.171 

.1'7 

•"s ,l[SSuU 
cocrrrcm1T 

.055 

. ,,o 

. ,,o 

.uo 

.017 

.on 

• 151 

·'" .057 

.117 

.ot5 

.OH 

• 01!1 
.1'7 

·''° .15!1 

Pl&xllllJPI 
,l[SSUII[ 

cocrr1cm1r -.,o, 
-.121 

-. '" 
.012 

.,,, 

.Ott 

-.012 

-.0'7 
-.ODO 

-. 151 

-.005 

-.042 

-. '" .HZ 
.929 .,2, 

PIINIIIIJPI 
,,cssu11c 

cocrr1c1CNT .. ,D, 
-,.,oo 

-,.us 
-,.2u 

-.'70 

-.'55 

-,.,u 

-.U5 
-.Ht 

_,. 15!1 

-.719 

-.n, 
-.241 
-.211 
-.20, -. ,1, 

I 

~ ,,,1,vo ... I -----J 
r:--·-.. 
l '·, ,'J 

j L' l S 

WIND 01•ccr10N 150 T[Plft[.&Tu•c ,,.,o oc,,ccs r 
.,.OPIET•lc ,,css 25.00 IN"' ~[ LOCITf 50.,,r,s 

,,cssu,c 
T&I' 

NUPII[• 
407 
401 
,09 
410 
41 I 
412 
41' 
414 
415 
41' 
417 

"' 419 
420 
421 
422 
'25 
424 
425 
42, 
427 
421 
429 
450 
451 
452 
4,S 
454 
455 
45' 
457 
451 
459 
uo 
UI 
'42 
'45 
4'4 
U5 u, 

Pl[&N 
,,cssu•c 

CO[HICl[NT 
.Ott 
.050 

-.IH 
-.U4 
.054 
• 154 
.204 
• 112 
• 175 
.149 
. 095 

-.02' 
-.242 

, I 74 
• 110 
.129 
.150 
• 155 
,054 

-.0'5 
-.2U 
-.59' 
.o9t 
.149 
.149 
,122 
.104 

·'" • 015 
-.092 
-.2,9 
.OIi 
.077 
,105 
• 01, 
.054 

-.010 
-. 075 
-.211 
-.5', 

'"S 
l"ESSu•c 

CO[HIC![NT 
• 171 
,175 
• 171 

• 150 

• O 71 

.017 

.115 

.211 

.015 

.o,, 

.OU 

.08' 

Pl&XIIIV" 
""Essu•c 

cocrr1c1cur 
,115 
• 751 
.477 

• 757 

.,91 

.515 

.119 -.o,, 

·"' . ,,, 

.552 

.0'5 

PIINIPIUPI 
,,cssu•c 

COEHICl[NT 
-.,,2 
-.52' 
-. 727 

-.299 

-. 157 

-.225 

-. 751 
·I .,n 

·,245 

·.OU 

- • 191 

-.'57 

.i,.. 

.i,.. 



WINO 01•ccr10N 110 T["'tUr\i•C 71 , 20 ou,us r WI NO 01•ccr10~ 11: T[l1,cu ~•;•t 71 .20 Ct'-US r .,.o"C T• tc ,,css 24,70 :,. "' ·.t~OC:h 51. 1 , r,s l&IQllt TIIC '•CSS 24, 10 IN "' ·;[~o: l T• 51, 1 , r,s 

PICSSVII[ "UN '"S "hi"'•" "I lll"'J" PICSS'J•t "Uli •"s "'• l!!'.i!! !! :lll l''J!! a, 'ICSSUII[ ,11cssu11t ,ttSS'.;ll t '•CSS'Jllt u, '•CSSUII[ ,11cssu•t ,11css· .. 11c ,t[SS•JII[ l,li/!11£11 COCH!Cl [l,T CQ[H !C l[IIT COCH IC !Cl1T c ocrr I c It,.~ N\.'"l[t cotHtc:tNT C otrrt C I (l;T co trr 1:: t•,r COCH IC It,;~ 1 •7 -.ne 1 ,122 .lO T •. ,u -:.,u 15' 2 -.,s, 
159 -. 51, 5 -,19, .1,0 ,250 · I . 021 !40 -.215 .155 ,2'2 ··"' ' •,2! I 141 -.o9, 5 -.on 1'2 -. t t t 

' -.220 t O 7 -.,o9 TU 
I -.515 1'5 -.217 • : 5: .H4 -.91~ 9 -.217 

"' -.09' 10 -.215 201 -.295 .102 -.:21 -.1a 11 -.579 202 -. 2,, .:9, .oz. - • 121 12 -.551 205 15 -.20, 20, -.2,, .:90 . 059 -.15' " -.011 .1u .,u -!.051 205 -.271 15 -.240 20, -. 2" ,, -.077 • ti ' ,474 -.u, 207 -.221 .au -. : : ' -. 521 11 -. 019 

~ 
201 -.22, .:;1 .:z, - • 59 : Tl 
209 101 -.250 .OU .052 -. 151 1,,0 210 -.2,1 102 - . 159 .OU .21 t -.,o, 211 -. 50 1 105 
212 -.275 10, -.on • tt 9 .542 -. 7'2 ' 215 -.259 105 -.047 . 
21' -.2'9 

'°' -.054 

~ ~,!~ __; 215 -.27, 
~ 107 .Ott • 1,e .5U -.,2 1 21, -.27' (Jl TOI . 05' .T U . 112 -. 720 217 -.2'5 TU 211 -.255 110 . l4' 219 -.251 1 ti -.2u 220 -.501 .07' • 075 -.,22 11 2 -.225 221 - .2U 

ti' ·,IH 222 -.2u .055 - • 10 , "• "' 11, -.t°' 225 -.297 115 -. 157 22, - . 295 11 , -.12' 225 117 -.10, 22, --2" Il l -. 129 227 119 -.,u 
221 -.2u .u,1 -.0'9 -.'27 120 -.250 .05, .12, -.,u 229 -.559 121 - . 255 250 - .520 122 251 -.510 12, -.112 252 -.525 12, -. 157 255 -.522 125 -. 111 .07' .291 -.,12 2,, -.507 12' -. '" 255 - .515 127 
25' -.509 121 -.099 .,u .425 -.soc 257 -.5o, 129 -.521 2,e ·.522 .OU -. 05' -.uo I SO -.20 259 ·.271 t St -.25' 2,0 152 -.2°' 241 -.551 ,,, -.1'7 2,2 -.,21 15, -.110 24' 155 -.12, 2U -.511 I 5' -.151 



WIND Dl•tCTION 110 Tt",c,,Tv,c 11.20 oc,,ccs r WIND Dl•tCTION 110 Tt",c,,Tv,t 11.20 0c,,ccs r ,,,o"tT,1c ,,css 2,.10 IN HG V[~OCITY 51,, ,r,s l&'O"tT, IC ,,css 24.70 IN"' ·,t~oc I TT 51., ,r,s 
,11usv11c "UN '"S "hl"V" "INl"V" ,11usv11c "UN ""S "hi":./" "1111"\J" u, ,11usv11c ,11usv•t ,11cssv•t ,11usv11c u, ,,usu11c ,11cssu11t "tsSVII[ ,.[$$VII[ NV"ltll CO[HICIENT C otrrr CI [NT cotrr1c1tNT cotrr1c1t1iT NV"ltll cocrr1c1tNT cocrr1c1tNT CO[HICl[P;T cocrr1c1c11~ 40 T . "' . ,,, ,555 -.'72 245 -.S22 .a,; -. 1 ! 1 ··'" '°' .055 • 11 T ,U4 .. ,u 2,, -. 111 

40a .297 .o,, ,5U -.052 so, -.S2~ .lli ·.lU ··'" "0 -.ss, S02 
sos "1 • 1S2 

'12 .251 SU -.ss, .017 . ~~, -.,a • '1S .272 S05 -.S'1 
41' .221 so, -.so 
'15 .24, S07 -.S51 .:,;9 • llS -.,,s 

"' .21' SOI -,J4a • Q'i9 -.0 ,2 • , 7,S 
411 • 122 S09 

"' -.o,s St 0 -.s,o 
'19 S11 -.s20 -, 420 .079 • 175 .au -.04 S12 ·.St5 
421 • 12s SIS -.s,s 
422 . ,s, • ,,1 .175 -.,a4 S1' -.s21 
42S • 1'S 515 -.50 ,.~ 424 • 17' s,, -.5'2 
425 .07' • 12s .51' -.297 S17 -.S'5 ~1/ 426 -.052 s,, ·.SIS ·o 427 .2'7 .079 ,545 •,OU S19 -.454 

"' ,z, -.55S .015 ·, I 42 -.9'1 S20 -. S5' .:11 -. 1" • 1.019 429 -.ass S21 -.ss, 
,so • 0" 522 -.s,, .a,, .... !5~ -.559 01 .OH .,::. 

°' 
52S -.s20 

I ~ 452 .075 524 ·. SU ,,, .057 525 ·.SU .0'5 -. 1U -.611 l ?-, _ 
"' .067 SU ·.OS ~I 4S5 -.021 S27 r ,..,,-; 
4'6 -.11' S21 -.'71 .012 -.020 -.,51 " 4'1 -.229 S29 -.'75 
4SI .OSI • 111 ·" 1 -. ,01 .,.,0 -.S56 
09 .029 .,.,1 -. 5'2 
uo . on .015 .459 -. 155 .,.,2 - • .557 
"' • 0'6 5.,., -.'10 
uz -.012 .,.,4 -.'79 
us .'71 .on .,o, .017 .,.,5 - • .591 

'" -.12, .,.,, -.,2, 
U5 ·.255 .07' .OOI -.521 5'7 -.u, 

"' "•'" "' •• SIG . 096 -.091 ·1 .212 
.,.,9 ·• SIT 
5'0 -.,n .091 -. 1" • 1. 111 

'" -.,01 
542 -.405 
S4.5 

'" -.,20 
5'5 -.UI • 1,e -.122 • 1. 01' 
546 -., .. 
4'I 
,oz . .,.., .2'6 I. I 09 -.S?, 
405 • 1,0 .215 ,.,za • I 1' 
404 .211 • 111 .105 •• SIZ 
405 .257 

'°' ,215 



W!PID O!RCCT!ON 210 T[~P[RlT :JAC 69.:0 cc,11ccs F a:•,~ ZtRt:•::•; 2~: ·c••tR•" ~?C 6i.:: :t,R[[S r 1uo11cr111c P11£SS 2,. 70 II; H• ·.-E;.: c: ~ 'f s i .::r?s 9UO~[•R :C PR(SS 2l. •: :•, •• ·. c~: :: .' 5".: :•?S 

Pll[SS UII( !![&Pl 1115 flU,- : " '.,;N " !UIPt·,.; ,. PR[SS \i ll( .,[At. R!'S "l .•: v •_ "" ~:•; i " " .. ~ 

"" PUSS•JII£ PRCSS:;11£ PRtss·~•c PR(SS ";II( ~·· PHSS "~II£ Pll(SS ·~II( PR£ss ·.- R[ PR(SS".11( 1;•J~l£II COHFIC!C"r c ocrr 1c ! E!17 :ccrr :: :t!;T : ocrr: c: £1;• !,,." °'9£11 :ocrr:: : t,i" cO(H!:;c•;" ::err :: :c ·.· ::err:::£•;• ! 57 -.:,, 
·.l!5 . 'l9 ... , ·:. ! 75 151 .062 ·• · . • 76 -.:n 2 -.n, '. 59 -.241 

' ·.195 . : 92 • 7; 9 ·.155 ! 40 
l -.:vs 141 -. ! 77 
5 .. '21 ! l2 -.251 6 ·.: 20 145 -. 172 .;"."4 . :g : -.s :s ·• 22C !U -.,:, 
I . l 16 us -.2,0 ... , : 91 -. ~ ~ : 9 ·• 1 l I u, -.272 ·.195 2:1 ·.2H ... 

• :~ 7 ... . 1', ~ . , .. .,,. 11 .• 11 I 
202 -.292 1· • .. : : ' ·.125 . . :2 -. 1;5 2:, -. !'5 .:1• •• ,2 -.,:, l 5 ·.175 r--;~- 20, -. 205 • : 22 . 152 • • . 12, 1, .10 2 . :;7 .,2i ·.2U n5 -.501 15 .091 20, -.525 16 .050 . 1 :a ,l95 - • ,·2 207 -.555 .160 .12 : • : • ! ., .. ·.14' 

I \ ·-- 201 -.575 • 171 
• ! " · : .2,2 !I .427 209 •• 50 I .25l .2,s ·2.225 !:1 ·.525 .295 • !65 ·2.259 

~~ 
2:0 -.'51 1: 2 ·.551 . 151 • ' ! 0 ·• 955 2: 1 -.2H ! l5 -. lt1 . ! 27 • 525 -.415 212 -.279 !0 l ·.055 • 150 • 55• · .657 

I .: 

215 -.211 :cs ·.OH 21 , -.219 ,:, .006 215 -.502 ~ 
--.J 107 • !21 • 161 • 74' -.u1 21, -.,1, ! 08 .219 .201 ! • ! 06 -. UI 217 -. 527 109 r , "'-" 211 -.5,, .111 i ... -.,,, 110 

l=z 
219 111 · • 555 220 -.19' .:12 . :,-:- .,,15 11 2 ·.295 221 -.211 11 5 -.2,1 
222 -.215 .01, ·,l51 ·,550 11, ·• 1,2 

-~ 

225 -.215 115 •• 150 22, -.299 11 6 -.062 
225 1 l 7 • 01' 
22, -.,2, 11 I .251 
227 -.199 .OU .OU -1.01, 11 9 . 510 
221 -.240 .017 • 015 ·, 7'9 !20 -. 205 .077 .091 -.'42 
229 -.2,0 : 21 ·.255 
250 -.252 122 
251 -.241 125 ·.175 
252 -.251 12, ·• 11 5 
255 -.2'5 !25 .020 .121 ·'" -.551 
254 -.211 : 2, . 1 09 
255 -.,1, 127 .557 .177 ,999 -.191 
25' -.,21 121 .21, . 17' , 906 -.511 
257 -. 5,, 129 .• ,21 
25' ·,252 .052 -. 0,1 -.,u : ,e -.291 
259 •. IU 151 • .21, 

l 52 -.2, 1 240 
155 • .2,1 241 ·. 25' 
!54 2,2 ·.247 
! J5 245 -.157 .Oil .:7~ -.so, 

'" •.11' 2U -.,o, 



WINC CIA[CT!O!I 210 T[IIP[A&TUA[ ,1,.oc ~[,ACES r 
9&AO"E TAIC PA[SS 24.·: :~ M' ~E~oc:r, 5: .0)FPS 

DA[SSVA[ 
UP 

!;"Jll9[A 
245 
2,, 
5j! 

HZ 
5C5 
5:4 
5C5 
5a, 
507 
5a 
509 
510 
5: I 
5!2 
5!5 
51' 
515 
51, 
5!7 
511 
511, 
5ze 
521 
522 
525 
52' 
525 
52' 
527 
528 
52\t 
550 
551 
552 
555 
554 
555 
556 
557 
551 
55w 
540 
5' ! 
542 
545 ,u 
545 

"' 40 ! 
402 
,:, 
404 
405 
406 

"El!, 
Pll[SS "JA[ 

OEHICI[P1! 
-.242 
- •:: I 
-.212 

-. 011 
-. 121 
-.2 !5 
-.2 1, 

-.142 
-.2~5 
-.210 
-.20, 
-.205 
-.20~ 
-.21, 
-.2, 1 
-.257 
-.245 
-.2'5 
-. 124 
-.209 
-.211, 
-.2CI 
-.2'5 

-.251 
- . Ill 
- • I 1,7 
-.201 
-.20 1 
-.211 
-.217 
-.224 
-.2'1 
-.2u 
-.251 
-.2'5 
-.251 
-.257 
-.257 
-.2u 
-.242 
- . 117 
-.257 
- . 1,s 
-.251 

.455 
-.24, 

• IU 

• O!t2 
... e: 1 
-.01» 

11115 
PA[SS:;RC 

CO[HIC;[•;: 

.::1 

. :".'t 

.OU 

. o" 

.051 

• 05\t 

"'':"~" pqcss•:qr 
~Jtrr :c !E~;• 

.:as 

-. :, .. 

... ... 

.:12 

• : ·5 

. :01 
-.OH 

-. :z. 

-. :1: 

.042 

. '21 

.lfll 

.U7 
,417 
,'51 

,nu:~:..~ 
Pqrss·.;11r 

:~crr:::r•;· 
-... , 
-.oo 

-.2,: 
-.214 

- • 52: 

· .HI 

-.4~5 
-.552 

-. ,2~ 

-.54 1 

-.540 

- • 54 7 

-.2'5 
- ! .51' 
- . 220 
-.Z,4 

WINO 0IAECT!ON 210 T[IIP[A&T~A[ ,9.00 cc,AEES r 
9&AO"ETAIC PA[SS 24. 70 IN M' ~E~o c:r, 51.0CFPS 

PA[SSUA[ 
UP 

W"9EA 
401 
401 
401, 
'10 
4" 
'12 
4: 5 
4" 
'15 

"' , 11 
'11 
'11, 
420 
42 1 
422 
425 
424 
425 
42, 
427 
421 
421, 
00 
01 
02 
455 
04 
05 
45' 
0 7 
01 
09 
uo 
4'1 
U2 

"' 4U 
us 

"' 

11[&11 
Pll[SSUA[ 

COCHICIE11r 
- .051 
-. a, 
-.021 
-.ZO!t 

. 55' 
-.265 
-.021 
-.OH 
-.ou 
-.075 
-.011, 
-.129 
-. 170 
-.2,2 
-.152 
-.125 
-.125 
-.o,o 
-. 1'7 
-.151, 
-.OU 
-.125 
-.OIi 
-.551 
-.117 
-.151 
-. 1'2 
-.019 
-.1'7 
-. IU 
-. 187 
-.21 1 
-.I U 
-.152 
- • 117 
-.121 
-.C09 
-. 159 

-. "' -.257 

A"S 
PA[SS •J AE 

C ocrr IC !EU' 
• 0,2 
.058 .a,, 

.2 : 2 

.051 

.04C 

. :, ' 

.015 

.055 

• 051 

• 050 

!'!'&1. ?ft'Jl'f 
PIIESS"JII[ 

C orrri CI [!IT 

-205 

. "' . 165 

• :5» 

.:vi 
• 051 

.059 

.075 

• 051, 

1111111!":I! 
Pll[SS "Jllt 

cocrr 1c 1c1. • 
-.2ii0 
-.292 
-. !:, 

-: • 152 

- .50 

-.592 

-.2,, 
-.512 

-.,so 

·,512 

-.2H 

- • 521 



~lNO Ot R£ CTtO~ 2~ 0 T£!!p£RI T~ R£ ii .a, ct,R££S r Wlll0 Olll£CTtOII 270 T(PIP£111 TUR£ 69. 00 C£,11££S r 
BIIIOPl( Tll t: P11£SS 24.7: :!. w:; ·;£~ j::~r 5: . o:rPs 81IIOP1£ TRlC P11£SS 24. 70 tr. w, ·.-r~oc Irr 5 :.c 0rPs 

•11rss -~ R£ Pl (&!; RPIS ~I X l Pl ';PI ,-i:t,:Jiit ·,;~ P11£SS UII£ Pl(III RPIS ~A X? fi''JP'I Pll!;ll!'J!! 
TIP PR(SS'JII£ PR£SS •:R£ PQ(S5 ~11£ PR(SS ':11£ TIP PR£SSUII£ Pll£SS u11£ P11ts s•:11r P11£SS UII( 

i;·:!!8(11 CO (H t(:Cf;~ corrrtc t£t;T o rrr: ctti;r :otrr tci tu • !l'J1'8£11 CO£rrtCl£1iT CO£rflCi£11T cotrrtctt•H CO£rFtCl£t;• 
-.795 • 14 7 - .591 -1. 725 !57 -.'51 

2 -.902 158 

5 - 1. 04 7 • 142 - . 5:a - : .652 159 .266 
4 -. 69 1 140 

5 -.81 1 ~: ! -. 215 
6 -.566 142 -.1 45 
7 - • 520 l H -.065 .089 • 566 -.55 , 
I -.605 144 -.50 4 
9 -.957 145 -. 590 • 076 - • 114 - • 7C 1 

1 0 -.90 2 146 -.656 
11 -.455 201 -.505 .on -.240 -. 911 
12 -.52 7 202 -.216 .0 56 - • l9C -. 465 
15 -.670 2B .020 . 094 . '6 : -.278 
14 -.011 . 157 .55' - . 415 1~·-----.l 204 .0 90 .1a .561 -.247 
15 - . 568 205 . 08' 
16 -.659 . 177 • 152 - : . 70 8 2C6 .146 
1 7 - .25 1 207 . 199 . 122 . 51 1 -.242 
18 . 554 ' :fY 201 . 517 .075 .629 -. 158 

101 .591 .20 5 1.1 8' -. ; 15 I .-:::__"' 209 .594 .26, 1. 060 -.606 
10 2 . 595 .2 ,5 1. 006 -. 586 210 .660 
1) 5 . 05 . 169 .912 - • 020 "-"" 211 -. 429 
104 . 50 7 . 146 .11, · .292 I / 212 -.255 
10 5 .122 

iT;"'t 
215 - . 011 

106 .057 214 .061 
107 - . 019 . 10 6 . ,25 -.,2 1 215 .1 59 +:>, 

101 - . 195 .0 96 .5'5 - . 515 216 .20 (Cl 

109 217 .556 
110 -.5'6 211 .410 
111 .676 219 .57 1 
112 .491 

11 '-=S 
220 - • 179 • 065 . 055 -. 515 

115 .461 221 -.017 
114 .570 222 .017 .019 . 591 - .2,2 
11 5 .206 225 . 159 
116 • 12, 224 .249 
11 7 -.0 21 225 
11 I - • 11 1 22, .517 
11 9 -.5'6 227 .506 .245 1.08' -.401 
120 . 419 .2,2 1. 556 - .511 221 • 705 .191 1.5'9 . 171 
121 . 421 229 -. 422 
122 250 -. 2,1 
125 • 110 251 - . 115 
12, • 069 252 • 011 
125 255 .115 
126 - .2 11 254 .lit 
127 -.268 . 07' . 194 -.552 255 . 259 
121 -.465 .on - . 095 -.921 256 .525 
129 . 461 257 .210 
150 ·"' 251 -. 5'5 .054 -. 159 -.521 
151 • 522 259 - • 119 
152 . 210 240 
1" .015 241 • 072 
154 · .009 242 .124 
155 - . 129 20 .295 . 075 .'21 .091 
156 -.2u 2U . 219 



WINO DIRECTION 270 T(!IPEll&T,RE 69 .QO ct,RCES r 
WINO OIIIECTJQN 270 T(!IP[R&TURC 69.oo ct,RCCS r 

8&RO!l(TRIC PRESS 24.70 ,,. "' ·-·c~oc: r, 51.aorPs 
8&RO!l£TR IC PRESS 24.70 

1,1 "' \'[LOC :: f si.oorPs PRCSSVRC !!CAN ll"S !I& XI !l'j!I "l t.11''.;"' 
PRESSURE !l(&N R!IS !IAXl!l'J!I !IINIP!'JI! 

UP P11css•; 11c P11£SS ull£ PR(SS UIIC PIICSS•JIIE 
UP P11£SSVR£ PRESSURE Pll£SS 'JII£ PRESSURE 

N~IIBEII COEH IC !£NT cocrr 1c 1c,:r COEHi:1£!:T :0Err: c1 E1;• 
NVIIBEII COCHICICNT cocrrrc1c,1r :ocrr z c r E1:r cocrr1c1E1H 

245 .28' • 12, • 759 ·.554 
407 -.'52 • I 04 -.n, -1.e:5 

2,, ·"9 
401 -.611 • :2 1 -. 191 - ! • ' ., 

501 -.655 • l 46 -.5:, · 1. 5 I I 
409 •• 546 • 1,9 •. I 09 ·t.572 

502 
"0 -. 596 505 -.555 .:95 -.a, .. ~s . 
l I I -.525 50, -.5'9 . J9: . ... -.156 
412 • • 529 505 ·."5 
"5 -. 552 506 · -"2 

'" -.556 507 
l 15 -.555 501 

"' - ,571 509 -.550 .076 -.o,9 ·.b, 7 
'17 -.606 510 -.,2, 

'" ·.6'2 5ft •• ,os 
,19 -.695 512 -.517 
,20 ··''° .n, -. '62 ·'. 151 

515 ·.'71 
,2 1 •• 551 51, -.,s, 
,22 -.606 .0 70 -. 55' -.951 

515 ·."1 

r ,25 -.516 516 -.'55 
,2, ·,500 517 .. ,56 

~ 425 -.601 .as ·.405 ·,169 
511 -.,21 

' 426 -.615 519 -.,u 
427 -,572 • 125 -.24• .. . l U 

520 -.,10 .077 - . 1: 1 · I . 05l 
,2, -.,,2 .012 ·.165 ··•" 

521 ·. 459 
'29 -.597 522 -.,91 .056 ·,512 -. 619 
uo -. 605 525 -.,21 
45 1 ·,597 (.11 

0 

524 ··"' 
\ :t '52 ·,'26 525 

'55 -.'59 526 -.'22 
' t . l "' ·,541 527 -.506 .062 ·• 060 ·,545 ,.. ":" '55 ·,595 521 · .552 , 065 -.090 - .6'1 

I. ' '" -. 591 529 -.517 
'57 ·.6'6 550 ·. '79 ,,. 

·.696 ,0111 ·.415 •1,255 
551 -.461 

'59 ·,'69 552 -.,5, 
uo ·.691 . TH -.,u • I ,269 

555 -.,56 

'" -.02 55, -.,so 

"2 ·.'5 1 555 ··"' 
u5 ·.'61 • 076 -. 199 -.,,, 556 -.u, 

"' -.5'7 557 ·.'21 
U5 -.,92 .a6 -.275 ·1 ,l75 

551 ·.552 .069 · .2'0 •• IOO 
U6 -.5,2 559 -.,9, 

·.697 5'0 ·.492 . 064 -.255 
5'1 -., .. 
542 -.,11 
5'5 ·. 554 .OU -. "' -.510 
5U ·.'65 
5,5 .. ,., .au -. 145 ·,'21 
5'6 -. ,57 
401 ·.519 .0,1 •• ,26 -. 761 
402 ·.550 ·°'' -.2'1 -1.099 
405 ·.455 .0,2 ·, 1 ,, ·- 765 
404 ·.412 .0,2 •• 150 -.76' 
405 ·.561 
406 ·.569 



WINO OIRECTJQN 500 T["P[R&TUA[ 70.00 oc,A[ES r WINO OIRECTJQN 500 rc"PER&ru,c 10.00 oc,accs r 
l&R0"ETRIC PRESS 25.05 tN H' V[LOC ITT 50.OrPS l&R0"ETRIC PRESS 25.05 IN H' V[LOCITT 50.'9rPS 

PRESSURE "ElN R"S "'Xl"'J" PIINl"U" PRESSURE "[&N R"s "'xl"U" "111l"U" T&P PA[SSUA[ PAESSuRE PA[SSUA[ PRESSURE T&P PRESSURE PRESSURE PRESSURE PRESSURE 
,1u"IEA COCH IC JENT cocrrJCJENT cocrr1Cm1r COCH IC IENT ,1u"IER COEHICICNT cocrr IC JENT cocrr1c1rnr COEHICl[t;T 

1 -.,o, • 150 .095 -.921 1'7 -.591 
2 -.,1, 151 

' -.9'5 • 159 -.555 - t. 762 159 -.,o, 

' - . ,90 uo 
5 - • ,,o 14 t -.5,t 

' -.9,5 1'2 -. 521 
7 -.507 us -.,u .015 -.20, -.IH • -. ,u 1U -.UI 
9 -.9,t 1,5 -.,52 .on -. 11 1 -.7'5 

t O -.95• ,., -.'70 
tt -.5,2 201 -.,o, .22, -.,u -1 . 15, 
12 -.u, 202 -. 117 • t ,o .5'0 -.,92 
tS -.195 205 .219 .1,2 .172 -.297 
1, -.551 .1'9 .,,, -.960 , ----- 20, .,22 • 172 l.095 -. 121 
15 -. 72' 205 _,51 
16 -.IU • 155 -.571 - t. ,o t 20, .551 
17 -.550 207 .577 • 191 t. t C2 -.11' 
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NJte : 
Taps 17 and 18 on Side Zero are Located Behind Grillwork 
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Figure 4. Completed model installed in the Wind Tunnel 
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Figure 5. Pressure Switch Installed in the Model 
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Figure 14b. Pressure Coefficients for Corner Door Side 2-3 
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