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Abstract

The paper presents a study on the mean wind peessefficient distribution on surfaces
of rectangular cylinders. The experiment was cotetlign a closed-circuit boundary layer
wind tunnel in the Wind Engineering Laboratory ima€ow, PolandSeveral models were
examined during the tests. This paper focuses r@e timodels with the same side ratio of 2:1
(1:2), respectively of dimensions: 40 cm x 20 crh,d@n x 10 cm, 10 cm x 5 cm. The
influence of aspect ratio for the same side ratiod structure parameters (profiles of mean
wind speed and turbulence intensity and power sgledénsity functions) and the angle of
wind attack on the wind pressure coefficient wasnexed.
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INTRODUCTION

Wind action on tall buildings of square or rectaagucross-sections has been widely
studied experimentally in wind or water tunnels,aswed in full-scale and simulated
numerically. In general, model investigations cdesed 2D or 3D models more often of
square than of rectangular cross-sections. Onkeofmain technigques used in measurements
in wind tunnels is pressure measurement. Some gapensidering the flow around
rectangular models of side ratio of 1:2 (0.5) dr ) are summarized below.

Analyses of various problems based on surface presseasurements in case of 2D flow
were presented by: Li and Melbourne (1999) (redesgith side ratios of 0.5, 0.63, 0.8, 1, 2,
4, the influence of turbulence), Miyata and Miyaizgl®79) (rectangles with side ratios of 1,
0.5, 0.67, the influence of turbulence), Nakamund &lirata (1989) (rectangles with side
ratios of 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1, vortggigtion).

Measurements focused on various aspects of windnash 3D models were investigated
by: Wacker (1994) (rectangles with side ratios p231.5, 1, 0.67, 0.5, 0.33, and different
heights), Liang et al. (2002) and Liang et al. @0@ectangles with side ratios of 1, 2, 3, 4
and different heights), Lin et al. (2005) (squand aectangles of side ratios 0.34, 0.5, 0.63, 1,
1.59, 2, 2.98, the influence of elevation, aspatiorand side ratio), Tamura et al. (2008)
(square and rectangles with side ratios of 0.3%,@5, 1 and different heights, angle of wind
attack), Cheng and Tsai (2009) (square and reaangkh side ratios of 0.2, 0.25, 0.33, 0.5,
1, 2, 3, 4, 5 and aspect ratios of 3, 4, 5 ,6 andififerent boundary layers), Zhang and Gu
(2009) (rectangles with side ratios of 1, 0.67, 0.33, 1.5, 2, and 3, two cases of boundary
layer).

This study considers the differences in the wintibacassociated with the changes of the
angle of wind attack, aspect ratio of the modelhwside ratio of 2 (0.5). Moreover the
influence of the approaching flow characteristieswexamined here.
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RESEARCH DESCRIPTION

The experiment was conducted in a closed-circuindary layer wind tunnel in the Wind
Engineering Laboratory in Cracow, Polariflve models were examined during the tests.
Dimensions of models are collected in Table 1, whkrB, D — are respectively: height of the
model and length and width of the cross-sectionthedH/B is defined as the aspect ratio,
B/D is the side ratio. Models with the same side ratid:2 (2:1) (R1, R3 and R5) are
considered in this paper.

Each model was placed vertically on the rotatidaale in the centre of the measuring
section as it is showed in Figure 1. The angle widvattack was changed every°15 the
range 0-90°. At 0° the longer side of the cross-section was placegepelicularly to the
mean wind speed direction.

Pressure points were installed on 16 levels. Ahdaxel 28, 28 and 20 pressure taps were
located on circumferences of respective modelsR8land R5. The distributions of pressure
points along the height of the model and arouncuonference as well as wind tunnel views
of models R1 and R3 are presented in Figure 2.dEta from pressure taps was archiving
with 500 Hz frequency in the time range of 30 seuch gave 6000 time steps.

Table 1. Model dimensions.

Modell H | B | D |H/B|B/ID
[em]|[cm]|[cm]| [-] | [] Scssossossossosszoaozoas
R1 [100| 40 | 20 |25 2 |¢ =======-=-=-=-sssssssssssss
R2 | 100| 40 | 10| 2.5/ 4 |d ========-=-=-s-s-sssssssssss
R3 100 | 20 10 5 2 focccooccoooccooococooooa
R4 | 100 20| 5| 5| 4 1om
R5 (100 10| 5 [10] 2
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Figure 2. Experimental set-up: a) distribution afesp;urre points along the height, b)
circumferential distribution of pressure pointsp@dels in the wind tunnel (R1, R3).

The flow in the wind tunnel was simulated by thes w§ wooden barriers, spires and
blocks. All tests were performed in six differerases of wind structures characterized by
mean wind speed profile, turbulence intensity peofind power spectral density functions.
Detailed information on wind structure is preseniteghapers by: Bc et al. (2011a, 2011b)
and Lipecki and Jamska (2012).

The mean pressure coefficient has been calculatied the following equation:

P

© 05 ?
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where:p — mean dynamic pressure measured in the givertidacan the surface of the
model, 0.%v,* — reference mean dynamic pressyre; 1.25 kg/m — air density,1p — wind
speed in undisturbed flow in reference point, atftont of the model, at the height 70 cm.

RESULTS

Values of mean wind pressure coeffici€gtare presented for case of the model R3 (20 cm
x 10 cm). Model facades denotation and angle dftiat used in the presentation of results
are explained in Figure 3. The longer wall is als/@grpendicular to the mean wind speed
direction in the position 0°. The windward walltimt position is marked as A, side walls — B
and D, the leeward wall — C. For angle of wind @ttaqual to 90° wall D is windward, A and
C — side walls, B — leeward wall. In cases of thednattack angles 0° or 90° only one of side
walls (B for 0°, A for 90°) is presented becausealhost symmetrical distributions @,.
The same settings for limits @, value are kept in every figure (max — 1.6, minl-8}
according to the enclosed legend. Surface changée ivalue ofC, in relation to the angle of
wind attack are presented in Figure 4 in case ofilprl. Differences irC, according to the
wind structure are compiled in Figure 5 in two caséthe angle of wind attack: 0° and 90°.
Figure 6 show<, surface distributions for all three models (R1, RS), for angles of wind
attack equal respectively to 0° and 90° and in ¢ases of wind structure — profiles 1 and 6.
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Figure 3. Wall and measurements denotations.
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Circumferential distribution of the mean wind prass coefficientC, is presented in
Figures 7, 8 and 9 respectively for angles of watihck equal to 0°, 45° and 90Q° for five
levels distributed along the height (Level 1 — &7, tevel 4 — 82 cm, level 8 — 62 cm, level 12
— 27 cm, level 16 — 7cm) in dependence on the agping flow characteristics. The legend
with denotations of the cases of profiles is eradoigelow.

Profile 5

B——=a——= Profile 2 Profile 4 || ~———= Profile 6

Profile 1 || Profile 3

Level 1 Level 4 Level 8 Level 12 Level 16

Figure 7. Circumferential distribution &, for all models R1, R3, R5, for the angle of wind
attack 0, in relation to the wind structure, on exemplaydls.
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Figure 8. Circumferential distribution @, for all models R1, R3, R5, for the angle of wind
attack 43, in relation to the wind structure, on exemplaydis.
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FigUre 9. Circumrferential distribution @, for all rﬁodels Rl R3, R5, forrthe angle of wind

attack 90, in relation to the wind structure, on exemplavydis.
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Vertical distributions in various locations aroumddels circumferences were calculated in

order to emphasize the differencesdpnvalues connected with the wind structure. Vertical

distributions with locations of points are presehie Figures 10 and 11 for two cases of the

angle of the approaching flow equal toahd 90.
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Figure 10. Vertical distribution o, for the angle of wind attack’Qin points near edges and

in the centre of each wall in relation to the wairtlicture.
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Figure 11. Vertical distribution of, for the angle of wind attack 90in points near edges
and in the centre of each wall in relation to thedastructure.

All three sets of plots illustrate changes of puessoefficient distribution along the height
and around circumference of models with side ratid: 1.

For angles of wind attack equal t6 @nd 90 pressure distributions are symmetrical,
pressure occurs on the windward wall, and suctmuis on the side and the leeward walls.
The highest values of pressure occur in the midtithe windward wall at a height of about
80-90% of the model independently of the wind dtitee The decrease of pressure appears
above this level due to the 3D character of thevfayound the free-end of the model. On
levels lying closer to the base of the model, rowgs of the terrain increases, and thus the
flow turbulence and friction in the boundary laydso increase causing a reduction in wind
velocity and then surface pressure. Suction mayroae the windward wall near the edges at
the lowest levels. Values @&, on the windward wall also changes along the cifenemce
and reduces close to the edges of the wall.



XX Fluid Mechanics Conference KKMP2012,
Gliwice, 17-20 September 2012

Vortex detachment appears at the edges as a dcéduilttion in the boundary layer what
leads to reversed flow and changes pressure tmsu@he highest values of wind suction on
the side walls are close to the edge with the wardwwall (in the place of vortices
detachment).

Analyzing changes in the angle of wind attack,ah de noted that the lines connecting
points of equal pressure values are arranged allplkto the vertical edges of the model (for
angles of wind attack 15°-75°), with a distinct plreear the top due to the 3D flow around the
free-end.

Taking into account the surface change€pfvith respect to different cases of flows, it is
observed that for all cases of flow, pressure ithistions for all angles are similar. However,
there are significant differences in the value€of

Considering the circumferential distributions @f it can be observed that the order of
plots at a given level is similar for different nedsl The order changes with levels altitude
and along side walls for longer walls. The differes between flows are more apparent in the
middle of the wall and exceed 100%. On the othedhthe differences along longer wall as a
side wall (the angle equal to 90°) exceed 300%iwighsingle profile and are lower at levels
located closer to the base.

Vertical distributions clearly show the influencé tbe mean wind speed profile on the
mean wind pressure coefficie@p. Above 70 cm (reference point) the sequenceSyqflots
and profiles are the same. At lower levels, thiatrenship is not unique due to the strong
influence of the turbulence. ChangesGyfalong the height of the model are insignificant in
case of profile 1, while for the other profilesedle fluctuations are relatively large.

Connection betweefd, and power spectral density functions of the flewnot unique. It
can be found that for profile 2 the highest valoéshe coefficient were obtained at height
above 70 cm in each case of the model. The maximupower spectral density function
reaches one of the greatest values at levels ab@wen for that profile. Similar remarks can
be formulated for profile 6, for which the maximwhpower spectral density function is even
higher, but the pressure coefficient values amghsiy lower. The comparison of spectra for
profiles 2 and 6 shows that for low frequencies ligher values of the spectrum were
obtained for profile 2, which probably results imgtrer values of pressure although wind
speed is greater for profile 6.

CONCLUSIONS

On the basis of presented results and analyses geneeal remarks can be formulated.

Distribution of pressure coefficient is strongly feated by the wind structure
characteristics. The influence of the mean windedpgrofile is clear whereas the effect of
power spectral density function and turbulence a¢edbe investigated in details.

The significant differences appear between valdeS,dan various cases of approaching
flow.

There are also large fluctuations @f along the height and circumference within single
profile.

Aspect ratio of the models has the influence omeslofC, but the sequences of plots
remains the same.

Patterns ofC, for various angles of wind attack are similar &k cases of flows and
between models.

Further considerations will be focused on estinmatiblocal and global drag and lift force
coefficients to find differences in wind action titespect to wind structure and the angle of
wind attack. Such results will give more clear exgltion of these dependencies. Moreover,
also 3D CFD simulations are under considerations.
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