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1. INTRODUCTION

The characteristics of fluctuating pressures on buildings have wide
implications for the performance of structures and, in particular, of
curtainwall systems. This project involved the gathering of a limited
set of fluctuating pressure data on a model building in a boundary-layer
wind tunnel in a modeled atmospheric wind to serve as a data base for
research use by the Center for Building Technology at the National
Bureau of Standards. Digital records were obtained of fluctuating pres-
sure on the exterior surface of a tall building with square cross sec-
tion.

2. EXPERIMENT

The measurements were performed in the Environmental wind tunnel,
Figure 1, in the Fluid Dynamics and Diffusion Laboratory at Colorado
State University. The model building was placed at the center of the
downstream turntable. The area upstream from the model was covered with
roughness elements to simulate a suburban area or city outskirt area.
Spires and a barrier were placed at the wind tunnel entrance to provide
a deeper boundary layer than would otherwise be available.

The model building, Figure 2, was 20 inches high and 5 inches wide
in each horizontal dimension. One face, arbitrarily designated the
north face, contained 6 taps for pressure measurement as shown in Figure
2. Other taps existed in this building, but they were sealed for this
test. The building was placed at the turntable center so that no rough
ness elements were closer than 2 ft from the model, Figure 3. This
ensured that individual roughness element wakes were not involved in
local flow characteristics about the building. A pitot-static probe was
installed on the wind tunnel centerline 2 ft upwind of the model at the

height of the model. The approach velocity and longitudinal turbulence



intensity profiles, measured several feet upwind of the model, are shown
in Figure 4.

The pressure instrumentation is shown in schematic form in Figure
5. Pressure taps (1/16 in. diameter) on the model were connected to
Setra model 237 differential pressure transducers with less than 2
inches of tubing. Thus, the frequency response of the transducer
cavity/tube was flat to at least 800 Hz. The reference side of the
transducer was connected to the static side of the pitot-static tube
through a long tube. No attempt was made to determine the frequency
response of the transducer-cavity/tube/static~probe combination or to
measure the fluctuations in tunnel static pressure directly.

Output from the Setra transducer was split and was passed through
three identical Wavetek model 352 lowpass filters. Cutoff frequencies
were set at 800, 100 and 50 Hz for channels labeled Fl, F2 and F3
respectively.

Amplitude and phase characteristics of the filters are shown in
Figures 6 and 7 which were extracted directly from the filter user
manual. Attenuation at the cutoff frequency was -3db with a 48
db/octave rolloff rate. It can be shown that a phase shift linear with
frequency, Fiqure 7, produces a time delay without other distortion to
the signal. Thus, a time shift should be apparent between the three
time series channels due to the linear phase shift in the filters.

The differential pressure from the pitot-static probe representing
approach velocity at building height was measured by a Statham model
PM283 differential pressure transducer. No attempt was made to obtain a
high frequency response from this transducer. The output of this trans-

ducer was also recorded as a fourth data channel.



With the approach wind in the wind tunnel at the building height
set at about 30 fps, data were recorded digitally on all four data chan-
nels at a sample rate of 1563 samples per second. Data acquisition was
controlled by the laboratory computer: a HP 21MX--E minicomputer with
Preston Scientific A/D converter. The A/D converter has a simultaneous
sample and hold at the front end so that no time shifts in the data
acquisition occur due to the A/D conversion process. The digitized data
were temporarily stored on disk and finally transferred to digital tape.

As the data were transferred to tape, the three pressure channels
were divided by the velocity channel to form time series of dimension-

less pressure coefficient:

P-P§
C.=—""
P g
P = local tap pressure
PS = tunnel static pressure
- 2
q=0.50p UR

The fourth velocity channel was recorded on tape with engineering units
of psf representing the pitot-static tube dynamic pressure. Data format
for the digital tape was:
nine track
unlabeled
ASCII format
1600 bpi
block size - see Table 1
Data processing onto digital tape was performed so that all values
on tape are in ASCII as explained in Table 1. Table 1 also identifies
experimental run numbers with experimental data.
Data were acquired for each of the six tap locations for the fol-

lowing wind directions: 0, 20, 40, 60, 75, 80, 85, 90, 110, 130, 150,

and 180 degrees. A zero wind direction is perpendicular to the north



face. A 90 degree wind approaches normal to the east face. Data were
recorded for 35 seconds at 1563 samples per second.
3. DATA CHARACTERISTICS

After processing onto digital tape, data were recalled so that a
few characteristics of the data could be determined. Table 2 shows a
sample of data retrieved from tape. Figure 8 shows spectra from one
data run to observe the filter attenuation. The attenuations at 50 and
100 Hz can clearly be seen. The nyquist frequency of 780 Hz prevents
the cutoff at 800 Hz from being observed.

Time series traces from the same data run with three filters are
shown in Figures 9 and 10. The time shift due to filter phase charac-
teristics is clearly seen.

Figure 11 shows the variation of Cp mean, rms, maximum and minimum
for each tap for each wind direction measured. Figure 12 shows Cp rms
on an expanded scale. The influence of the various filters can be seen

in these two figures.
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