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1. INI'RQDUCTION 

The characteristics of fluctuating pressures on buildings have wide 

implications for the ~rformance of structures and, in particularr 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 atmosµieric 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. EXPERIMENr 

The measurements were i::erformed in the Environmental wind tunnel, 

Figure 1, in the Fluid Dynamics and Diffusion Laboratory at Colorado 

State University. The roc>del 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 dee~r 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 elernent 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 
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intensity profiles, measured several feet up.vind 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 

resµ=ctively. 

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, Figure 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. 
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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 AID converter. The AID converter has a simultaneous 

sample and hold at the front end so that no time shifts in the data 

acquisition occur due to the AID conversion process. The digitized data 

were temp:>rarily 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 q 

P = local tap pressure 

P = tunnel static pressure s 
2 q = 0.5 p 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: O, 20, 40, 60, 75, 80, 85, 90, 110, 130, 150, 

and 180 degrees. A zero wind direction is perpendicular to the north 
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face. A 90 degree wind approaches normal to the east face. Data were 

recorded for 35 seconds at 1563 samples i:;er second. 

3. DATA CHARA~ 

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 tai:e. Figure 8 shows si:;ectra 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. 

for 

Figure 11 shows the variation of C mean, rms, maximum and minimum p 
each tap for each wind direction measured. Figure 12 shows C rms p 

on an exp:lnded scale. The influence of the various filters can be seen 

in these two figures. 
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c 
c 
c c c 
c c 
c c c c 
c c 
c 
c c c c 
c c 
c c 
c c c c c c 
c 

TAP 
1 
2 
7 
·.! 

4 s 
6 

Table 1 

DETAILED CESCRITIOH OF ASCII DATA TAPE 

FOR EACH RUH'. 
1 s T R E c o ~ r· - ! P u N . H c ~ G ~ , I "' 1 H t> . s A f1 P L , Q A -r F , P P E F . P H o . Id v F. L 

FORMAT - 2131 I4,2F9.2,3F8.4 
2ND --> <HCHAN+l; RECORDS - ~CrikH,LA8EL1SMEAH1SRMS 

FOR~AT I2,2X1A2~2FS.4 
(NCHAN+2) -->ED~ RECORDS {CPf..1,J) {:::1,HCHAH J::::!.t"V4J;') 

FORt.'t~T - lbFS -1-

!RUN RUH NUMBER 
HCHAN NUMBEP OF DATA CHANNELS 
IWIND WIHD DIRECTION 
SAMPL HUMBER OF DATk POINTS PER CHANNEL 
RATE SA?tPL£S PER '.7:£COH~· PER (:j.·H·it-f'.'i£!" 
PREF REFERENCE PRESSURt [N PSf 
RHO AIR OE~SITY IH L8•SEC*•2/Ff•*4 
WYEL TUHNEL YIHD VELOCITY !N ~T/SEC 
ICHS:.N C!HdHHL NUMBEJ!' 
L A B E L ' !: p . I p R E s s '.._i ? E c 0 E F F I c I E H 'l" p p I • p F' c:: s ~. ' I ~ !:: 
SMEAH CHAHHEL TOT~L CALCULATED MERH 
SRMS CHANNEL T07Al CALCULATE~ RMS 
CPlHCHAN,HYAR) PRSSSURE OR PRESSURE COEFFICIENTS 

W H E R £ ~4 v :~ R ~ 1 t· ··' N C: H A H 

AH EHD-OF-FILE "ARK IS PUT OH AFTER EVERY RUH. 
AN EXTRA EN~-OF-FILE MHRK IS PUT O~ AFTER THE L~ST RUM PER T~P£ 

EACH RUN HUMSER HAS FOUR CHANNELS OF DATA ASSDCIAJEO YI!H !!: 
1,2,3,41 AND EACH CHAHHEL IS A SEPARATE OAlA F lf' ON THE TAFE 

THERE A~E SIX DATA TAPS OH TH[ TAPE. ERCH HAVING WlND DIRECTIONS 
o, 20, 40 .. e.o .. 75, e.v. as, ~o. 110 .. 130 .. 1so, AHD 1eo 

I\ RUH I ASSOCIATED WITH WINO DIRECTION 
43, 441 45, 46, 11.. 12, 13, 14 .. 15· H ... 
30; 29, 28, 27. 261 25; ~.;. 23, 22) 21, Z•); 
31 .. '.32: :n .. 34, 35.· 3t·· 37, .38· 3C:L 4(~. 41· 
4 7 f 4 8 I 4 9 J 5 t;J I 5 1 J ~ 2 , 5 3 / 5 4 ' :. :i .' 5 ~' .' 5 ? .-
7 c; I 6 9 .' t• s : ~. r • f, t• ' ~~. 5 . iE. 4 ~' :: i:. 2 ' t• 1 .' t• (; ! 

72, 73, 74, 75, ?b, 77, 78, 791 80, b:1, B2, 

1 -: 
L I .' AND Mm 

AND 
A~· c~ AN v 
AH D 

1 
1 
4 
') 

5 
B 



43 4 
1 c F' 
2 CP 
3 c F' 
4 f' i;: 

.2184 
2 44 2 

. 2 ~s s 

. 0531 

.0%1 

.22'H 
1589 
1991 
1701 

.27'H 

. 274 8 

. 3468 
4 S~d:! 

. 4 74 4 

. 4 t\() 3 

. 5 83 7 

. 5 OG 6 

. 4 98 s 

. 4 33 i' 
511 4 

. 587 1 

. 4 est. 

. 5 33 9 . H.e i 

. 5 O<;. 1 

. 401 9 

. 5436 

. 4 7 t. C• 

. s s:; s 

. 6 20 ~ 

. 6 33 7 

. 6 45 0 

.f..0% 

. 5 ¢5 v 

. 4 64 7 

. ~ 18 s 
4 1 0 (1 

. ;H.4 ') 

.3713 

. 4VB 4 

.H:i€. 

. 3 52 (.1 

. 3 Sf. ·;i 

. 2 (:(< 7 
C• 89 €, 

.1927 

. 1911 

. 0 78 4 
1379 
1975 

00 l~f,2 ~() 
1~15 
1723 
1r;r;8 
v4 t.C• 

20 5 7 
1752 
1703 
1e4f. 
20 'I 9 
2~74 
2057 
1~1 3 
17C•3 
teH 
1430 
1478 
16 C•? 
1'3::9 
2251 
2~E} 
29 75 
33~4 
3812 
4295 
4 7 4f, 
5084 
5229 
5'.2 9:::: s2 z s, 
51 0 ~' 
5•.) 0 3 
49 2 ~ 
4 7 94 
1H1 .,. ~-:..-' 
4 '5 3 ~. 
46 () 1 
4971 
5422 
c::~ C' 0 

£275 
E-3 7 2 
bi H, 
56::: 1 
4 ':I 6 7 
43~9 
38 ~ 3 
36 ~ 9 
36 1 ') 

. 88 21 
88 21 
8S 21 
t'8 70 
8 8 7 ~~-
8%7 
90 1f. 
f;H-7 
90 1 ~· 
901€· 
30 65 
9016 
90 ~.s 
901 t• 
-~o H· 
90 (."5 
~() 65 
90 E.5 
'l'O ¢5 
90 €.5 
~,,, 65 
9016 
~l() 6 5 
9 I 14 
91G3 
~~~> ~.s 
9016 
8%7 
~"It) lb 
?O 1f 
89 ~ 7 
~· 8 7 () 
88 ((,1 
€:8 7l. 
f:B 10 
28 21 
SS 7 C• 
e.8 21 
8772 
88z1 
B821 
ee21 
l"I"' ~·"'\ 
~: (.:.. 
P72 
8 7 2.3 
t: 7 z 3 
87~1 
8723 
87 72 
8 7 2?. 

. 1878 

. 2345 
1605 

. C• '5 91 
1Hi' 
1894 
ls 94 
2 2 49 

. 2 1 04 

. 2:: 2 9 

. 3 1 6f, 

. 2 S26 

. 4 e: 89 

. 4 s 83 

. 4 7 ~·2 
• "' (t €a4 
. 5 2 75 
. 4 e 24 
. 4 4 zi:. 
.'5..:-45 
. 5 6 29 
. 4341 
. 5 4 84 
.38lt' 
. 51 H 
37-H. 

. 5 5 81 

. 5 25~ 

. 5 ~ S1 9 

. ~ ~ ~~ 
'.!.,..;...,) 

5 7 1 \,! 
. 5 8 :!:2 
5 2 '- ;" 
4422 

. 5 ('; 98 
4 .1 o:; 

. 3 6 01 

.3342 

. 3~;~1 
3 ~ 81 
3 5 3€. 

.3327 
1492 
l l 22 
1444 
1 '01£.9 
l v 41 
1573 

. 2023 

OQ l' 30 1 7 'e 

. 1 7? s 
1 7'1 3 
1 83 ;:. 

. 2 I ei 0 
2 (1~ 1 
!E.17 
113 4 
1 24 7 
17i'8 

. 2 c~ 5 l 

.2084 

.22Gl 

. 2 r;:;: 1 

.3114 

. 3 '5 3 2 

.417€-

. 4 77 2 

. 4 93 3 

. 5 1: <· 
5 ~f: 3 

. ~ 14 2 

. 4 ees 

. 5 02 ~ 

. 5 3'5 1 
5 f..''1 7 8 
4 '5G::: 

. 4 33 7 

. 4353 

. 4 51 4 

. 4 ~:(. s 
j~~~: 
. b 2<· 5 
. €· 5;: ~. 
. t; 3';' 8 

'5 (.4 1 
. 4 75 f, 
.4273 
. 4 321 
.4321 
. 3 8:'5 4 
. 3 45 ~ 
. 3 51 f. 
.3€-61 
, 3:: (,' l~I 

.2~J-8 
1 8: ~· 
l l & 2 
1327 
158'5 

Table 2 

Data Printout - Tape 1 

1 94 s 
1 703 
1 703 
1 se r1 
2 (•4 1 
2 C•7 4 
2025 
1864 
1 €0 5 '5 
l ::·i <'.· 
1430 
tSH 
1b71 
2 C1 v 9 
2 34 i' 
2 f.5 3 
3072 
3474 
3 ~4 1 
442.f 
4 84 i 
5 ~~ ~ 5 L f I 

5 29 3 
51% 
5 '~·5? 
4 98 7 
4891 
4 77 8 
H.()5 
4 551 
4 53 .; . 
4? 1 4 
5 06 8 
'5 53 4 
5 38 5 
G 32 3 
€.3:5:5 
6 C>1 7 
'5 H: €· 
4 82.; 
4 z::: l :rn;; o 
'.H-83 
3&35 
3587 
3571 
3 34 5 
28~5 
2 34 7 

SB?C> 
8821 
88 21 
891 9 
8 ·; 1 SI 
8%7 
~o 1 ~. 
%1€· 
~ r) 1 ~. 
'3•:· 16 
<;10 tE. 
9065 
9~1 ~ s 
9 (; t. 'j 
·) r;< t; 5 
%€.5 
9065 
9v 1 e. 
~0 1 6 
9H5 
~,,;·65 
90€. 5 
90 6 5 
9'} ~- 5 
9(. ~ 5 
·~ ~) ~. :. 
9~· 1 b 
8%7 
90 if, 

~~ ~ ~ 
881 y 
B9 1 9 
88 i' C.· 
8821 
8$ 7"' 
8821 
8821 
88 21 
8821 
8772 
2 7 ("' 2 
fiiii.21 
87 2 3 
8?C2 
8 7;: 3 
s 7 .~ :::: 

1750 
1846 
1540 
t:H.3 
1? 1 i' 
16 21 
18 46 
27% 
20 (• 7 
27% 

. 3 t 18 
25 38 
47n 
50 50 
4 5 :;, i' 
55 E! l 

. 59 51 
50 33 
4 8 0.8 
.5~7? 
. 4"Hl5 
.4357 
.5484 

3'H'7 
H-:15 
·~ (. ;:. s 

.5693 

.5758 
5983 
5') l'.3 
?9::: i 

.5C54 
6160 
H-31 
34 Sf· 
4 s 56 

.4422 

. 38 58 

.348S 

.3~4'J 
38 74 
:::r: 4'=1 
2Ed5 
1234 
l S C•8 
12(,2 
1 ~ ~. ·~\ 

1~73 
20 0 7 
1 e ?e 

1 729 
174€. 
19 71 

.21 H. 
1·~8 7 
14 56 
1086 
1:::75 
1 ~: ·~ () 
2 () '51 

.2100 

. 2 3 41 

. 2 7 92 
3 1 74 

. 3 ·; 7'? 

. 4 3 <:>5 

. 4 836 

. 4981 
5 1 i'4 

. ~:: (· 3 

.5!.\4b 

. 4 8 i:.e 

. 51 74 

. 5 ?.19 
4·~13 
4 ·! c:.(; 

. 4 321 

. 4 3 86 

. 4 5 ~.3 
4'?07 
5·5 28 

. 5 9 31 

. 6 2 85 

. 6 559 
f . .z 69 
'5 4 () 0 

. 4 5 ?9 

. 4 2 '57 

. 4 3 37 
4 2" 1 
3 7 1;.9 
3 4 :::i:. 

.35f.5 

.::.u.1 

. 3 3 87 
2 "\ ";;(-

l l 50 
13 91 
1585 

1864 
1703 
1 768 

.1n9 

. 2 05 7 

. 2 05 7 
1993 
1 81 €. 
1 €,0 7 
! 4 6 2 
1 43¢ 
1 54 z 
17S4 

. 2 09 0 

. 24 1 2 

. 2 734 

.3104 

. ]€.1 '3 

. ·H37 

. 4 '="2 ,, 

. 4 92 3 

.s1eo 

.52?3 

. 5 27 7 

. 514?. 

. '5¢! c. 

. 4 9 7 1 

.4874 

.473Co . 4(.: "3 

. 4 55 3 

. 4 55 3 

. 4 79 4 

. 518 C' 
5661 
6 (}9 a 

. \; 3 7.2 

.007 

. 5 86 9 

. 5 30 '? 
4 ~4 '3 
4 111;. 

. 3 73 b 

. H-51 

. 3619 
3 f..(, 

.32'4~ 

. 2 75 C• 

. 2 20 2 

8 BH 
e 821 . s 77 2 

. 8 e.2 I 

.S919 
8%7 
9016 
901 E· 
'Hl15 
8 96 7 
9 () tE. 
'HE- 5 
9 0 lb 
9 C.6 5 
·~ 06 5 

.9065 

. 9 06 5 
9 OE. 5 
9 C>G ~ 
·:H;f 5 
~<;>65 
9 11 4 
911 4 
9 ¢€. 5 
9 06 5 
':l(1Jt. 
'306 5 
f3%7 
~¢16 
8%7 
8 '31 9 
sei'v 
6870 
1387(! 
8 82 1 
8870 
Bi72 
e e21 
8821 
e e.2 1 a 77 2 
~n-z 
8 77 2 
e e2 1 
8 72::.: 
8772 
:J:: .!.. 

e 72 3 
8 72 3 
8772 

212 Ci 
221 E. 
1347 
11 3 e. 
2HS 
12 1H 
2120 
231 3 
26 C• 3 
35 f, 4 
34 56 
3 7 1 3 
4728 
4631 
4551 
53'• 7 
56 4 5 
4%9 
50 5 ~· 
i:.11 2 
49 3 7 
51 I 4 
4 7 44 
45H 
4 4 '3 8 
<!"ii:; 
4953 
572€. 
58 2 7 
(. 4 (, 2 
76 2 5 
58 3 8 
5693 
3~55 
4 2 1 2 
J 5 8:: 
4') 6 8 
32 4 7 
3 731) 
33 9 2 
3 7 3 C• 
3'5 3 2 
2281 
H53 
1766 
133 1 
1331 
18 3 0 
t 3 3 1 
1685 

t6·n 
1e1 o 
2019 
2116 
18 74 
1311 
11 02 
15 20 
1939 
2¢ 68 
2132 
24 38 
2905 
32 91 
38 2:2 

. 4498 

.4885 
5013 
51~0 
528? 
4981 
4~17 
52 55 
'52 71 
48 2C• 
44 C•2 
4321 
441 e 
4611 
51 26 
56 41 
6011 
f.382 
t·S 43 £,on 
: 1 9r, 
4434 
4257 
4 3 3 i' 
41 28 
36 13 
34 :::1:. 
3613 
3645 
32-43 
2325 
14 ')8 
11 82 
14 56 
15 68 

1 £00 
1703 
1 8 OC• 
l 'H 1 

. 2 0 74 

. 2 0 57 
1%1 
l?E.6 
1542 
14.tt. 
1446 
15 75 
1848 

. 2 1 70 

.24':i2 

. 2 8 E-2 

. 3 2 65 

.3715 

. 4 ! ~o 

. 4 E- 4 9 

.5019 

. 5 2 29 

.53</S\ 

.5245 

. 51 ~2 

.5035 

. 4 ~ 39 

. 4 8 42 

. 4 6 81 

.4tf.C•1 

. 4 5 2:; • 

. 4 585 

. 4 s 74 

. 530~ . s 7 76 
6 1 94 

. 6 3 88 

. 6 2 27 

. 5744 

. 5 1 48 

. 4 5 20 

. 4 (.· t/'5 

. 3 7 48 

. 3 6 35 

. 3619 
3 t. C.3 
3 4 ·:;IC• 

. 3 i t.e 

. 2 6(•5 

. 2 0 41 

.8 .e 
" .0 

.8 

.S 
~ 

.9 

.9 

. " .9 

.9 

.8 

.9 

.9 

. ·3 

.9 

. ·3 

.9 

. -;\ 

.5 
·;c 
9 
9 
q 
·~ 
q 

:9 
.9 
.S 
.8 

8 
.8 

B 
.8 
.0 

8 
.o 

8 
.8 
.8 
.e 
.€ 
.o 
.8 
.e 
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8 
8 

.0 

.8 



8 

FIGURES 



<..O 
(]) 

r0 a:> 
N 

N 

o_ · ...... 

0 
rt') 

0 

3.96 ·r 
I 

5.79 

1
Flow Straightener 
Honeycomb 

Al I Dimensions in m 

25.83 

17.42 
Test Section 

PLAN 

Adjustable Ceiling 

ELEVATION 

ENVIRONMENTAL WIND TUNNEL 

-r-
2.13 

' 

FLUID DYNAMICS a DIFFUSION LABORATORY 
COLORADO STATE UNIVERSITY 
Figure 1. Wind Tunnel Configuration 

1.0 3.29 

50 H.P 
Blower 



10 

.L .20 
20.98 --,____.'f._.....,..... __ _ 

I o T 2o --- 19.98 

I 
3 0 40 

.24-W 
___. __ 13.00 

5 0 --+-- 5.00 

0.00---L..-------
A II dimensions are in model inches 

NORTH 

Figure 2. Model Building 



co 
I 

i" roughness 

---,,,/ 
/ 

I 
/ 

/ 
/ 

111:==-

I 
/ 

/ 

Building 

NTS 

Figure 3. Model Placement 



PRO~ECT • 2000 

1.0 

.8 

.6 

Vb 

.4 

.2 

MEAN VELOCITY PROFILE 

h = 1250 ft. ful I scale 
b = 50. 0 In • 110de I sea I e 

D n = 8.28 

-.0.__....__....___.~--_.__.____...__~-----.~...._~ 

.0 .2 .4 .6 .8 f .0 f .2 

MEAN VELOCITY U/U oo 

1 .0 

.8 

.6 

.4 

.2 

-.0 
0 

GRAPH + 

TURBULENCE PROFILE 

D 

a 

D 

D 

D 

D 

a 

D 
a 

a 
0£1 

0 0 

5 10 15 20 25 
TURBULENCE INTENSITY, Urms/U, Y. 

Figure 4. Mean Velocity and Turbulence Profiles Approaching the Model 

30 



H IGH ---
STATHAM PM 283 VELOCITY (PR) 

OW DIFFERENTIAL -1 PRESSURE 

L 

I TRANSDUCER I 
I 

PITOT-STATIC TUBE I a:: 
I w 
I a:: I-w ::> 
I I- a.. 

a:: ~ 
I w 0 
'-- > u 

LOW Fl 
z 

SETRA 237 800 0 0 
u 0 

HZ Q DISC 
DIFFERENTIAL _J 

<{ 

HIGH PRESSURE t: a.. 
I TRANSDUCER <.9 

0 
.......... 

100 F2 <.9 
0 

HZ _J 
<{ 
z 
<{ 

BUILDING TAP 50 F3 DIGITAL 
HZ TAPE DRIVE 

Figure 5. Schematic Diagram of Instrt.nnentation 



m 
1l 

0 

w -1 
Ul 
2 
0 -2 D. 
UJ w 
a: -3 
a 
2 
ct m 
UJ 
UJ 
ct 
D. .1 .2 

' I\ \ 
1 \ 

\ 
\ 
\ 

\ 

\ 
\ 

.3 .4 .5 .6 .B 1 2 3 4 5 6 
NORMALIZEO FREQUENCY C £.. 1 Fe 

Fig. 2-5 852 Flat Am pl. Response - lo Pass 

Figure 6. Filter Amplitude Characteristics 

0 m 
1l 

-20 w 
Ul 
2 
0 

-40 a. 

-so 

UJ w a 
a 
2 

-ea ct m a. 
0 

-100 t-
a 10 UJ 



15 

0 

~ 100 .,..__.....,.~,..__...,.__ ...... _ _.., _ __...,_ ....... i--_t-----1 

.J 
I Cl 200 ,___...,.. _ __.,_.-,._ ..... _...,_ _ __,. __ ,.___ ...... _----t~----1 
w a 
w 300t-----+-----t----..... -----~..-....... ----...---..... ----...... ---. 
w 
Ul <t 400 ...__...__ ....... _ __., __ ...,._,_..._ ............. _ ___. __ .,__-4 

I 
D. 500 .._ __ ...._ __ ___.I.--_..._ _ _.. __ .._ _ __., __ ~_~ ...... __, 

u u. 
x 

a .2 .4 .6 .B 1.0 1.2 1.4 1.6 1.B 
NORMALIZEC FREGUENC:V C :c J 

Fig. 2-9 852 Phase Response - Lo Pass 

u 2.0----------------------------------------w 
Ul 
""' > 
~ 
.J w a 
a .a w 
N 
.J .4 
<t 
~ 
[[ 0 
0 0 
2 

.2 .4 .6 .B 1.0 1.2 1.4 1.6 1.B 
NORMALIZEO FREGUENCV c:C l 

Fig. 2-10 852 De lay Response - Lo Pass 

Figure 7. Filter Phase Characteristics 



RUN 

-2 
10 

,-.. 
:z 
""-./ 
U) 

* :z 
:c => a::: 
1-- -3 (_) w 10 
Cl... 
U) 

Cl w 
(_) 
=> a 
a::: 

-4 
10 

-3 
10 

WIND L~IRECTIOtl 

-2 
t0 

80 

-1 
10 

t 

REDUCED FREQUENCY N~D/U 
NBS 

WIND VEL 30.0 FPS 

I I ' '''I 
l!I 

<! 

A 

RR0121 
RR0122 
RR0123 

0 
10 

I ' . I rrJ 

F1 
F2 
F3 

1 
10 

Figure 8. S:Fectra One Da.ta Run with Three Filters 



-1. 00 

100 Hz 

·r J 
800 Hz 

-2.00 
lj,., 
iii.' 

II 

-3.00 --~~~~~~~--~~~~~~~~-----~~~~~~~--~~~~~~~---
1 '00 t . 50 2.00 

time (sec) Run Number 12 

Figure 9. Time Trace of One Data Run with Three Filters 



-.50 

Cp 

-1 . 00 

-1 . 50 

800 Hz 

-2 . 00 ,__ ________ __..___ ________ ~---.---------'--------------
1 . 50 1 . 60 1 . 70 

lime (sec) Run Number 12 

Figure 10. Expanded Tiire Trace of One Data Run with Three Filters 

I-' 
co 



0... 
(...) 

t .00 

-t .00 

-2.00 

Et MEAN - 800 

EJ RMS - 800 

El MAX~ MIN - 800 

A MEAN - t00 

4. RMS - t00 

4 MAX~ MIN - I 00 

*MEAN - 50 

*RMS - 50 

-3.00.____,_ _______ _,_ __ ...._~.____., _______ _._ _______ .____,. __ _...~---~-------___,,~-----
0 

Figure 11. 

30 60 QB t20 150 180 

WIND DIRECTION, DEG 

TAP 1 

Variation of C mean, rins, maximum and minimum with Wind Direction for Each Tap p 



c... u 

2.00 

EI HEAN - 800 

El RHS - 800 

El MAX; MIN - 800 

A. MEAN - 100 

A. RMS - 100 

A HAX .. MIN - 100 

'*MEAN - 50 

*RMS - 50 

* MAX,. MIN - 50 

-3.00....._--~__._~--~..._~~__,,~_,_~_,_~...._~~---I.~---~--~-'-~......____..~---~~ 

0 

Figure 11 (con 1 t). 

30 60 90 120 150 180 
WIND DIRECTION, DEG 

TAP 2 

Variation of C mean, rms, rraximum and minimum with Wind Direction for Each Tap p 

N 
0 



2.00 
El HEAN - 800 

El RMS - 800 

El MAX, HIN - 800 

t .00 A MEAN - 100 

A RMS - 100 

A MAX,. HIN - 100 

*MEAN - 50 
;;;; *RMS - 50 .00 

* ¥i? *MAX, HIN - 50 

* • a.. \ ~· u 

* 9-Y; i -I .00 

-2.00 
m~\1 

G 

-3.00L----"~-A..----~-'-~~~...____..__ ____ ___._ __ _... ______ ~ __ ......____..__ ____ _._ __ _....._ __ ~ 
0 

Figure 11 Ccon't). 

30 60 90 120 150 180 

WIND DIRECTION> DEG 

TAP 3 

Variation of C mean, nns, rnaximmn and rninirnmn with Wind Direction for F.ach Tap p 

N 
I-' 



Q.. 
u 

EJ HEAN - 800 

El RMS - 800 

El MAX, MIN - 800 

4'. HEAN - 100 

4'. RMS - 100 

A MAX, MIN - 100 

*MEAN - 60 

'* RtlS - 50 

*MAX, MIN - se 

-3.00'----J.~-'-~_._~_,__~.____..~-L-~-'-~-'--~.____..~-L-~-'-~~~h.-~~_._~~ 

0 

Figure 11 (con't). 

30 60 90 120 150 180 

WIND DIRECTION; DEG 

TAP 4 

Variation of C mean, rms, maximum and minimum with Wind Direction for Each Tap p 

N 
N 



t.00~~, 

• =2 

* * 
~ -1.00 

-2.00 

-3.00 

-4.00'----1~---..&.~-'-~--~~~---~----'~_....~~~--~---~~~,..___.~__,_~_._~_. 

0 30 s0 g0 

WIND DIRECTION ... 

TAP 5 

120 

DEG 
150 180 

El MEAN - 800 

El RMS - 800 

El MAX., MIN - 800 

A MEAN - 100 

A RMS - 1ee 
-'MAX., MIN - 100 

*HEAN - 5a 

*RMS - 50 

*MAX., MIN - 50 

Figure 11 (con't). variation of C mean, rms, maximum and minimum with Wind Direction for Each Tap p 

N 
w 



t .00 

-t .00 

-2.00 

., ·-----·-----·---------· ...... ~ .... 

.{ 
t 
v 

~· 

-3.00'----~--~---~"----~--~---~.__8_._~-4-~......____..___._~--~--__..___,_~_. 
0 30 60 90 120 t50 t80 

WIND DIRECTION; DEG 

TAP 6 

El HEAN - 800 

El RMS - 800 

El MAXI MIN - 800 

.A. HEAN - t00 

.A. RMS - 100 

.A. MAXI MIN - t00 

*HEAN - 60 

*RMS - 50 

* MAXI MIN - 60 

Figure 11 (con't). Variation of Cp mean, rrns, maxirnmn and rninirnmn with Wind Direction for Each Tap 



.40 

.10 

.00----~--~..__--.~--~--__..~-A-~"4-----'~-A-~..._____.~_._~.J..-~.__~---1 

0 30 

Figure 12. 

60 90 

\./IND DIRECTION 

TAP 1 

120 

DEG 
150 160 

Variation of C rms with Wind Direction for Each Tap p 

e 100 HZ 

e 800 HZ 

a 50 HZ 



.48 

.30 

.20 

.10 

A 800 HZ 

0 100 HZ 

a 50 HZ 

.ee-----~---__.--...-....~--__..~--~------~--~-----~---__.----~----~-
0 30 

Figure 12 (con't). 

60 90 120 150 180 

WIND DIRECTION DEG 

TAP 2 

Variation of C rrns with Wind Direction for Each Tap p 

N 

°' 



.40 

. ta 

El 600 HZ 

'1 100 HZ 

• se HZ 

.ae-----~--~--___.~---~--~.....___.~---~------------~--~-----~---~-----o 30 

Figure 12 (con't). 

60 90 120 150 160 

WIND DIRECTION~ DEG 

TAP 3 

Variation of C rms with Wind Direction for Each Tap p 



.40 

.10 

.00----~--~----~--~-----~--~-----"~---~-----~---~-4---"------' 0 30 60 90 120 150 180 

~IND DIRECTION, DEG 

TAP 4 

El 600 HZ 

Q 100 HZ 

• 50 HZ 

Figure 12 (con't). Variation of Cp rms with Wind Direction for Pach Tap 

N co 



(/) 
2: 
a:::: 

a 800 HZ 

e 100 HZ 

• 50 HZ 

.40 

.10 

.ae.____._~_._ __ _.____,"-----L.--_._~---__.~_..~~~-~--1.~_._~--'-~L-__..~~___. 
D 30 

Figure 12 (con't). 

60 90 

\..IIND DIRECTION .. 

TAP 5 

120 

DEG 
150 180 

Variation of C rms with Wind Direction for Each Tap p 

N 
l...O 



.40 

. 1 e 

El 800 HZ 

Q 100 HZ 

.t. 50 HZ 

.ao...___..~--~-'-~'------L~--'-~-'----"~·-'-~-'---

0 30 

Figure 12 (con't). 

60 90 120 150 180 

WIND DIRECTION~ DEG 

TAP 6 

variation of C rms with Wind Direction for Each Tap p 

w 
0 


	CER_Peterka_Cermak_62_0001
	CER_Peterka_Cermak_62_0002
	CER_Peterka_Cermak_62_0003
	CER_Peterka_Cermak_62_0004
	CER_Peterka_Cermak_62_0005
	CER_Peterka_Cermak_62_0006
	CER_Peterka_Cermak_62_0007
	CER_Peterka_Cermak_62_0008
	CER_Peterka_Cermak_62_0009
	CER_Peterka_Cermak_62_0010
	CER_Peterka_Cermak_62_0011
	CER_Peterka_Cermak_62_0012
	CER_Peterka_Cermak_62_0013
	CER_Peterka_Cermak_62_0014
	CER_Peterka_Cermak_62_0015
	CER_Peterka_Cermak_62_0016
	CER_Peterka_Cermak_62_0017
	CER_Peterka_Cermak_62_0018
	CER_Peterka_Cermak_62_0019
	CER_Peterka_Cermak_62_0020
	CER_Peterka_Cermak_62_0021
	CER_Peterka_Cermak_62_0022
	CER_Peterka_Cermak_62_0023
	CER_Peterka_Cermak_62_0024
	CER_Peterka_Cermak_62_0025
	CER_Peterka_Cermak_62_0026
	CER_Peterka_Cermak_62_0027
	CER_Peterka_Cermak_62_0028
	CER_Peterka_Cermak_62_0029
	CER_Peterka_Cermak_62_0030
	CER_Peterka_Cermak_62_0031
	CER_Peterka_Cermak_62_0032
	CER_Peterka_Cermak_62_0033
	CER_Peterka_Cermak_62_0034
	CER_Peterka_Cermak_62_0035

