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Abstract. Simultaneous pressure measurements on 2D square prisms with various corner modifications
were performed in uniform flow with low turbulence level, and the testing Reynolds numbers varied from
1.0x10° to 4.8x10°. Experimental models were a square prism, three chamfered-corner square prisms
(B/D=5%, 10%, and 15%, where B is the chamfered corner dimension and D is the cross-sectional
dimension), and six rounded-corner square prisms (R/D =5%, 10%, 15%, 20%, 30%, and 40%, where R is
the corner radius). Experimental results of drag coefficients, wind pressure distributions, power spectra of
aerodynamic force coefficients, and Strouhal numbers are presented. Ten models are divided into various
categories according to the variations of mean drag coefficients with Reynolds number. The mean drag
coefficients of models with B/D < 15% and R/D < 15% are unaffected by the Reynolds number. On the
contrary, the mean drag coefficients of models with R/D=20%, 30%, and 40% are obviously dependent on
Reynolds number. Wind pressure distributions around each model are analyzed according to the categorized
results. The influence mechanisms of corner modifications on the aerodynamic characteristics of the square
prism are revealed from the perspective of flow around the model, which can be obtained by analyzing the
local pressures acting on the model surface.

Keywords: wind tunnel test; 2D square prism; corner modification; aerodynamic characteristic; Reynolds
number effect

1. Introduction

The square prism is a common and basic shape widely used in civil engineering structures, such
as tall buildings, high-rise structures, and bridge towers. The aerodynamic characteristics of a
square prism have received considerable attention in wind engineering. In the past decades, many
experimental studies (Vickery 1966, Lee 1975, Okajima 1982, Igarashi 1984, Nakamura and Ohya
1984, Nakamura and Ozono 1987, Knisely 1990, Norberg 1993, Tamura and Miyagi 1999, Huang
et al. 2010, Huang and Lin 2011, Yen and Yang 2011) have been conducted to investigate its
aerodynamic characteristics, including the surface pressure distributions, the aerodynamic forces,
the vortex shedding, and the wake characteristics. These studies showed that the aerodynamic
characteristics of a square prism are unaffected by the Reynolds number, but obviously influenced
by the wind attack angle. Flow visualization experiments conducted by Igarashi (1984)
investigated the flow characteristics around a square prism in the attack angle range of 0°<f < 45°,
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The results showed that the separated flow was symmetrical in the attack angle range of 0°<§ <5°,
but asymmetrical in the attack angle range of 5°<#< 13°. For the attack angle range of 14°-15°< @
< 45°, the separated flow reattached to the side surface of the model exposed to wind. Yen and
Yang (2011) utilized the particle image velocimetry method to analyze the flow structure,
wake-flow characteristics, and aerodynamic force coefficients of a square prism at various
Reynolds numbers (4 x 10°<Re< 3.6 x 10*) and attack angles (0°<6<45°). The results revealed that
the lift coefficient was unaffected by the Reynolds number. Moreover, the maximum lift
coefficient occurred at #=13°, whereas the minimum drag coefficient occurred at §=12°. In general,
previous experimental results provided a comprehensive understanding of the aerodynamic
characteristics of a square prism. Many numerical studies (Okajima 1990, Tamura et al. 1990, Yu
and Kareem 1996, 1997, Bosch and Rodi 1998, Tamura et al. 1998, Sohankar et al. 2000, Shimada
and Ishihara 2002, Oka and Ishihara 2009) have also been conducted to analyze the aerodynamic
characteristics of a square prism. These studies provided a more detailed understanding of flow
around a square prism.

Corner modifications for tall buildings have become the major aerodynamic measures
commonly used in design practice. Some studies (Kwok 1988, Hayashida and Iwasa 1990,
Miyashita et al. 1993, Tamura et al. 1998, Tamura and Miyagi 1999, Wang et al. 2003, Choi and
Kwon 2003, Gu and Quan 2004, Carassale et al. 2013, 2014) have verified that the introduction of
appropriate corner modifications can obviously decrease the along-wind and cross-wind loads on
tall buildings. Tamura et al.(1998, 1999) investigated the effects of chamfered corners and rounded
corners on the aerodynamic characteristics of a square prism by combining the numerical
simulation results with the experimental results. The results showed that chamfered and rounded
corners decreased the drag force of a square prism because of the reduction in wake width.
Furthermore, even when the wind attack angle is 6=0° the separated flow reattached to the side
surfaces of the square prism with R/D =1/6. Carassale et al. (2013, 2014) conducted wind tunnel
tests to measure the aerodynamic forces and wind pressures acting on the square prisms at various
Reynolds numbers (1.7 x 10* < Re < 2.3 x 10°) and attack angles (0°<6<45°). The experimental
models were a square prism and two rounded-corner models (R/D = 1/15 and 2/15). The
introduction of rounded corners reduced the critical angle of incidence for which the flow
reattached to the lateral face exposed to wind. Moreover, for the rounded-corner model with R/D =
2/15, two flow regimes were found around the model in turbulent flow, and the transition between
these two regimes were governed by the Reynolds number. Appropriate corner modifications are
beneficial because they can reduce design wind loads and building motions. However, corner
modifications may produce more complex flow around the body. Thus, determining the influence
mechanisms of corner modification on the aerodynamic characteristics of the model is difficult. In
addition, corner shapes for tall buildings have diverse forms, and the effects of different corner
shapes on the aerodynamic characteristics of tall buildings also differ. Therefore, systematically
investigating some typical corner modifications on the aerodynamic characteristics of typical
building models is necessary.

The aerodynamic characteristics of square prisms with corner modifications may be influenced
by the Reynolds number, which needs to be further investigated. For a square prism, the flow
separation location is fixed and its aerodynamic characteristics are unaffected by the Reynolds
number. For a circular prism, the flow separation location is dependent on the Reynolds number,
and its aerodynamic characteristics are obviously influenced by the Reynolds number. Thus, for
prisms between the two cases, such as square prisms with various rounded corners, the Reynolds
number effects on their aerodynamic characteristics could be limited. This is related to the absence
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of fixed separation points and the formation of the separated shear layer at the leading edge.
Several studies (Carassale et al. 2013, 2014) have shown that various flow regimes were found
around the square prism with the rounded corner of R/D = 2/15, and the transition between these
regimes were governed by the Reynolds number. However, no systematical studies have been
performed to investigate the Reynolds number effects on the aerodynamic characteristics of square
prisms with various rounded corners. Thus, this topic is one of the focuses of the present study.

Previous studies on the aerodynamic characteristics of a square prism are comparatively
comprehensive. Many studies on the effects of corner modifications on the aerodynamic
characteristics of a square prism are also available. As a complement to the previous studies, wind
pressures acting on square prisms with various corner modifications are obtained in the present
study by simultaneous pressure measurements in low turbulence uniform flow for the Reynolds
number ranging from 1.0x10° to 4.8x10°. The testing models are a square prism, three
chamfered-corner square prisms (B/D=5%, 10%, and 15%), and six rounded-corner square prisms
(R/D =5%, 10%, 15%, 20%, 30%, and 40%). The experimental results of wind pressure
distributions, mean drag coefficients, power spectra of aerodynamic force coefficients, and
Strouhal numbers for these models are discussed. The influence mechanisms of corner
modifications on the aerodynamic characteristics of a square prism are revealed from the
perspective of the variations of flow around the model. The extent of the Reynolds number effects
on the aerodynamic characteristics of each model is analyzed. Accordingly, the sensitivity limit to
the Reynolds number is determined for square prisms with various corner modifications.

2. Experimental details
2.1 Experimental setup

The experiments were performed in a closed-circuit wind tunnel at Tongji University. The
cross section of this tunnel is 3 m wide and 2.5 m high. The test model was supported by a steel
frame mounted at the center of the tunnel cross-section. Fig. 1 shows the photograph of the test
setup and model. The steel frame had sufficient strength and rigidity to ensure experimental
accuracy under the condition of high wind speed. End plates were installed at the extremities of the
model to produce the 2D flow around the testing model, and the validation of the 2D flow around
the testing model was given by Wang and Gu (2015). End plates were made of 8 mm-thick
aluminum to meet the test requirements of strength and rigidity. The leading edges of end plates
were chamfered to decrease the width of the wake flow, thereby reducing the influence of wake
flow on the testing models. The size of the end plates is shown in Fig. 2. The DSM3000 electronic
pressure scan valve system was used to measure the wind pressures acting on the models. The
sampling frequency was 312.5 Hz, and the measuring duration was 28.8 s.

2.2 Test models and conditions

2D square prisms with various corner modifications were adopted, as shown in Fig. 3. Apart
from a square prism, square prisms with three kinds of chamfered corners (B/D=5%, 10%, and
15%) and six kinds of rounded corners (R/D= 5%, 10%, 15%, 20%, 30%, and 40%) were also
adopted for this study, as shown in Table 1. The chamfered corner ratio B/D refers to the ratio of
the chamfered corner dimension B to the model dimension D, and the rounded corner ratio R/D
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refers to the ratio of the corner radius R to the model dimension D. The length L and the model
dimension D of ten models were 1.5 and 0.2 m, respectively. Therefore, the aspect ratio was 7.5
and the blockage ratio was 4%. All models were symmetrical in both the streamwise direction and
the vertical axis. The pressure taps were arranged around the model surface at the midspan. Using
three models as examples, the arrangements of the pressure taps at the midspan are shown in Fig. 3.
All models were made of 7 mm-thick organic glass to maintain smooth and flat surfaces. The
pressure measurements were corrected for the pressure signal distortion, both in magnitude and
phase, because of the pneumatic tubing with 0.5 mm internal diameter and 0.8 m length.
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Fig. 3 Sketch of corner modifications and arrangements of pressure taps
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Table 1 Experimental models

Model type B/D or R/D
Square prism 0%
Chamfered-corner models 5%, 10%, and 15%
Rounded-corner models 5%, 10%, 15%, 20%, 30%, and 40%
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Fig. 4 Variation of the longitudinal turbulence intensity with the mean wind speed

The incoming flow was uniform flow with low turbulence level. Fig. 4 presents the variation of
the longitudinal turbulence intensity at the model location with the mean wind speed. The
longitudinal turbulence intensity was approximately 1% when the wind speed reached 10 m/s, and
was less than 0.5% when the wind speed exceeded 15 m/s. The testing wind speed ranged from 7.5
m/s to 35 m/s, and the testing Reynolds numbers were from 1.0 x 10° to 4.8 x 10° accordingly.

3. Data processing methods
The time history of the wind pressure coefficients at pressure tap i is calculated as follows

C (i y— PP
2)pu 1)

where pjis the actual pressure measured at the pressure tap i; p.is the reference static pressure,
which is the static pressure in the upstream of the model; p and U are the air density and wind
velocity, respectively. Aerodynamic forces (drag and lift) are obtained by integrating the wind
pressures around the model surface (neglecting viscous drag).

_ Fx(t) _i i . .
Col9)= (1/2)pU,’D DZCP(M) AS; 0036 @)
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where D is the across-wind dimension; AS; represents the width on the model surface belonging to
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the pressure tap i; 6;is the angle between the wind pressure direction and the incoming flow
direction (see Fig. 5).
The Strouhal number is defined as follows

St=f-D/U 4

where f is the frequency corresponding to the obvious peak in the power spectrum of lift force.

4. Experimental results
4.1 Previous data for validation

Table 2 compares the aerodynamic parameters of the square prism obtained by the present
experiments with those of previous experimental and numerical studies (Lee 1975, Naudascher et
al. 1981, Tamura and Kuwahara 1990, Norberg 1993, Lyn et al. 1995, Murakami and Mochida
1995, Koutmos and Mavridis 1997, Taylor and Vezza 1999, Nishimura and Taniike 2000). These
parameters are mean drag coefficients, mean lift coefficients, and Strouhal numbers. The present
results are in the variation range of the previous results. Fig. 6 compares the wind pressure
distributions around the model surface at Re =~ 3.4 x 10° with the previous results (Pocha 1971, Lee
1975, Otsuki et al. 1978, Bearman and Obasaju 1982, Nishimura and Taniike 2000, Ono and
Tamura 2001, Oka and Ishihara 2009, Cao et al. 2014). In Fig. 6(a), for the mean pressure
coefficients on the windward side of the model, no differences are found between the present
results and the previous data. For the mean pressure coefficients on the side surfaces and the
leeward side, obvious differences are observed for the previous results; the present results are in
good agreement with the experimental results of Nishimura and Taniike (2000). In Fig. 6(b),
fluctuating pressure distributions on the windward side of the model are nearly the same for
various previous studies; the present results agree well with the results of these studies. For the
fluctuating pressure distributions on the side surfaces and leeward side, obvious differences are
observed for various previous studies; the present results are a slightly smaller than the results of
these studies.
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Table 2 Comparison of aerodynamic parameters for a square prism
Authors Re Cb mean CL mean St
Present results 1.0x 10°-4.8x 10°  2.19-2.25 0 0.138
Nishimura and Taniike (exp. 2000) 4x 10 2.33 0 0.126
Lee (exp. 1975) 1.76 x 10° 2.04 0.021 0.1214
5x 10° 2.21 0 0.129
Norberg (exp. 1993
9 (exp. 1993) 1.3 x 10° 2.16 0 0.132
Lyn et al. (exp. 1995) 2.14 x 10 2.10 - 0.130
Naudascheret al. (exp. 1981) 1.06 x 10° 2.0 0 -
Taylorand Vezza (2D DVM 1999) 2.0x 10* 2.38 0.019 0.1278
Koutmos and Mavridis (2D CFD 1997) 14285 2.37 - 0.178
Murakami and Mochida (2D CFD 1995) 1.0 x 10° 2.09 0 0.132
Tamura and Kuwahara (2D CFD 1990) 1.0 x 10 24 0 0.103
Tamura and Kuwahara (2D CFD 1990) 1.0x 10* 2.2-23 0 0.13
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Fig. 6 Wind pressure distributions around a square prism

4.2 Mean drag coefficients

The wind attack angle adopted in this experiment was # =0°. Therefore, the separated flow did
not reattach to the side surfaces of the square prism. The aerodynamic characteristics of the square
prism are independent of Reynolds number. However, the aerodynamic characteristics of the
models with corner modifications may be influenced by the Reynolds number. In this section, the
Reynolds number effects on the mean drag coefficients of each model are analyzed. Accordingly,
10 models are divided into various categories according to the analysis results.

Fig. 7 shows the variations of mean drag coefficients (Cp mean) for 10 models with various
corner modifications in the Reynolds number range between 1.0x10° and 4.8x10°. For the
chamfered-corner models, the mean drag coefficients remain nearly unchanged in the testing
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Reynolds number range. The mean drag coefficients of models with B/D =5%, 10%, and 15% are
nearly the same at 1.6-1.7, but are obviously smaller than that of the square prism. However, the
rounded-corner models can be classified into 2 categories according to the variations of their mean
drag coefficients with the Reynolds number. The mean drag coefficients of the first category
(models with R/D = 0%, 5%, 10%, and 15%) remain nearly unchanged in the testing Reynolds
number range, and their mean drag coefficient decreases with increasing rounded corner ratio. For
the second category (models with R/D = 20%, 30%, and 40%), the mean drag coefficients are
obviously influenced by the Reynolds number. Notably, for the model with R/D = 20%, the mean
drag coefficient remains nearly unchanged in the Reynolds number range of 1.0 x 10°< Re < 3.8 x
10°, and then decrease with the increase of Reynolds number from 3.8 x 10° to 4.8 x 10°. For the
model with R/D = 30%, the mean drag coefficient remains at a stable value at around 1.1 in the
Reynolds number range of 1.0 x 10°< Re < 2.4 x 10°.Then, a sudden decrease from 1.1 to 0.5 is
observed with the increase of Reynolds number from 2.4 x 10° to 2.8 x 10°. For the model with
R/D = 40%, the mean drag coefficient remains nearly unchanged in the Reynolds number range of
1.0 x 10°< Re < 2.1 x 10°. Subsequently, a sudden decrease from 1.0 to 0.7 is found with the
increase of Reynolds number from 2.1 x 10° to 2.4 x 10°. Afterwards, the mean drag coefficient
slightly decreases to 0.65 with the Reynolds number ranging from 2.4 x 10° to 3.4 x 10°, followed
by another sudden decrease with the increase of Reynolds number from 3.4 x 10° to 3.8 x 10°.
Finally, the mean drag coefficient remains nearly unchanged in the Reynolds number range of 3.8
x 10°< Re < 4.8x10°".

For the rounded-corner models with R/D = 30% and 40%, the mean drag coefficients obviously
decline in the Reynolds number range of 2.0 x 10°< Re < 4.0 x 10°. This Reynolds number range
corresponds to the variation of the Reynolds number from subcritical range to supercritical range
for a circular cylinder. According to the studies by Schewe (1983, 1986), the mean drag coefficient
of a 5circular cylinder also declines rapidly in the critical Reynolds number range (3 x 10°< Re < 4
x 10).
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Fig. 7 Variations of mean drag coefficients of 10 models with the Reynolds number
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4.3 Wind pressure distributions

According to the variations of the mean drag coefficients of 10 models in the testing Reynolds
number range, these models are divided into 3 categories: chamfered-corner models with B/D <
15%; rounded-corner models with R/D < 15%:; and rounded-corner models with R/D = 20%, 30%,
and 40%. In this section, the wind pressure distributions on the surface of 10 models are analyzed
according to the categorized results.

4.3.1 Chamfered-corner models

Fig. 8 shows the mean pressure distributions around the models with B/D< 15% at Re =
3.4 x 10°. Compared with the square prism, the small chamfered corner (B/D =5%) obviously
decreases the negative pressures on the side surfaces as well as on the leeward side. However, for
chamfered-corner models with B/D =10% and 15%, the mean pressure coefficients on the side
surfaces and the leeward side are between those of the square prism and the chamfered-corner
model with B/D =5%. In addition, for models with B/D =10% and 15%, obvious decreases of the
mean pressure coefficients are observed on the chamfered corner surfaces near the leading edge
(Figs. 8(c) and 8(d)). These decreases could be due to the flow reattachment on the chamfered
corner surfaces.

Fig. 9 shows the fluctuating pressure distributions around the models with B/D < 15% at Re =
3.4 x 10°. The fluctuating pressure coefficients on the side surfaces of the square prism are in the
range of 0.5-0.6 (Fig. 9(a)). Meanwhile, the fluctuating pressure coefficients on the side surfaces
of the small chamfered-corner model (B/D = 5%) obviously decreases, and the value range is 0.2—
0.3 (Fig. 9(b)). For the chamfered-corner models with B/D = 10% and 15%, the value ranges of
fluctuating pressure coefficients on the side surfaces are 0.35-0.40 and 0.40-0.45, respectively.
These value ranges are between those of the square prism and the model with B/D = 5%. In
addition, for models with B/D =10% and 15%, obvious decreases are observed for fluctuating
pressure coefficients on the chamfered corner surfaces near the leading edge. This result also
indicates that the flow reattached to the chamfered corner surfaces.

]

(a) Square prism (b)B/D = 5% (c)B/D = 10% (d)B/D = 15%

Fig. 8 Mean pressure distributions around chamfered-corner models (Re ~ 3.4 x 10°)
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Fig. 9 Fluctuating pressure distributions around chamfered-corner models (Re ~ 3.4 x 10°)

(a) Square prism (b) R/D =5% (c) R/D = 10% (d) R/D = 15%

Fig. 10 Mean pressure distributions around rounded-corner models (Re = 3.4 x 10°)

4.3.2 Rounded-corner models with R/D < 15%

As discussed in Section4.2, the aerodynamic characteristics of the rounded-corner models with
R/D < 15% are unaffected by the Reynolds number. Fig. 10 shows the mean pressure distributions
on the surfaces of the models with R/D < 15% at Re = 3.4 x 10°. For the square prism and the
rounded-corner model with R/D = 5%, the mean pressure coefficients on the side surfaces are
nearly the same. However, as the rounded corner ratio increases to R/D = 10% or 15%, the mean
pressure coefficients acting on the side surfaces and the leeward side obviously decrease.

Fig. 11 presents the fluctuating pressure coefficients on the surfaces of models with B/D < 15%
at Re = 3.4 x 10°. The distribution characteristics are nearly the same for four models, but the
values are obviously different. The fluctuating pressure coefficients on the side surface of the
square prism are in the range of 0.5-0.6, and slightly increase to around 0.65 when the rounded
corner ratio increases to R/D = 5%. For the rounded-corner models with R/D = 10% and 15%, the
fluctuating pressure coefficients acting on the side surfaces are nearly 0.55 and 0.25, respectively.
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Fig. 11 Fluctuating pressure distributions around rounded-corner models (Re = 3.4 x 10°)
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4.3.3 Rounded-corner models with R/D = 20%

According to the analysis in Section 4.2, the mean drag coefficients of the models with
R/D=20%, 30%, and 40% are obviously influenced by the Reynolds number. Therefore, the
Reynolds number effects on the wind pressure distributions around the three models are analyzed
in this section. The wind pressure distributions on the surfaces of the models with R/D=20% and
30% are symmetrical on the streamwise direction, whereas those of the model with R/D=40% are
asymmetrical on the streamwise direction. Figs. 13 and 15 show the fluctuating pressure
coefficients acting on the upper half of the model surface for models with R/D=20% and 30%,
respectively. Fig. 17 shows the fluctuating pressure coefficients acting on the entire model surface
of the model with R/D=40%.

Fig. 12 shows the mean pressure distributions on the surfaces of the model with R/D= 20%.
Notably, changes are observed for the case of Re~4.1x10°. Specifically, the mean pressure
coefficients on the windward side of the model are unaffected by the Reynolds number, whereas
the mean pressure coefficients on the side surfaces for the case of Re~4.1x10° are obviously
different from the other four cases. The separation bubbles shrink toward the leading edges, and
the suction near the leading edges increases. The negative pressures acting on the leeward side of
the model also decrease. As shown in Fig. 13, the fluctuating pressure distributions acting on the
side surface of the model are obviously influenced by the Reynolds number. A gradual decrease of
the fluctuating pressure coefficients is also observed with the increase of Reynolds number.

(@) Re~1.7x10° (b)Re~2.4x10° (c)Re~3.4x10° (d)Re~3.8x10° (e)Re~4.1x 10°

Fig. 12 Mean pressure distributions around the rounded-corner model with R/D = 20%
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The mean and fluctuating pressure coefficients acting on the surfaces of the model with R/D=
30% are shown in Figs. 14 and 15, respectively. Two different distributions of the mean pressure
coefficients around the model surfaces are observed for five Reynolds numbers. Furthermore, the
mean pressure coefficients acting on the side surfaces and the leeward side obviously change with
the increase of Reynolds number from Re~2.4 x 10° to 3.4 x 10°. The separation bubbles shrink
toward the leading edges, and the suction near the leading edges increases. The negative pressures
acting on the leeward side of the model also decrease. Correspondingly, the fluctuating pressure
coefficients acting on the model surface also show two different distributions for five Reynolds
numbers, as shown in Fig. 15. For the cases of Re~1.7 x 10° and 2.4 x 10°, the fluctuating pressure
distributions around the model surface are nearly the same. Obvious peaks are observed on the
rounded corner surfaces near the leading edge, and the large fluctuating pressure coefficients on
the side surfaces illustrate that obvious separation bubbles are generated. However, for the cases of
Re~3.4 x 10°, 3.8x 10°, and 4.1 x 10°, the fluctuating pressure distributions around the model
surface are also nearly the same, but obviously differ from those of the first two cases. The peaks
on the rounded corner surfaces near the leading edge disappear, but obvious peaks are observed on
the rounded corner surfaces near the trailing edge. Therefore, a vortex exists at the rear rounded
corner.

(@) Re~1.7x10° (b)Re~24x10° (c)Re~3.4x10° (d)Re~3.8x10° (e)Re~4.1x10°

Fig. 14 Mean pressure distributions around the rounded-corner model with R/D = 30%
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Fig. 15 Fluctuating pressure distributions around the rounded-corner model with R/D = 30%
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Fig. 16 shows the Reynolds number effects on the mean pressure distributions on the surfaces
of the model with R/D=40%, and three different distributions of mean pressure coefficients are
observed. For the case of Re~1.7 x 10°, the mean pressure distribution on the model surface is
symmetrical on the streamwise direction, and the negative pressures acting on the side surfaces of
the model are small. However, for the cases of Rex2.4 x 10%and 3.4 x 105, the mean pressure
distributions are asymmetrical on the streamwise direction and those acting on the lower surface of
the model obviously increase. The negative pressures acting on the rounded corner near the
leading edge obviously increase, illustrating that the suction near the leading edges obviously
increases. For the cases of Re~3.8 x 10° and 4.1 x 10°, the mean pressure distribution on the model
surface becomes symmetrical on the streamwise direction again, but obviously differs from the
mean pressure distributions at Re~1.7 x 10°. The negative pressures acting on rounded corner
surfaces close to the leading edge obviously increase, demonstrating that the separation bubbles
shrink toward the leading edges and the suction near the leading edges increases. Besides, the
wake size decreases with the recovery of the base pressure.

The fluctuating pressure distributions around the model surface at various Reynolds numbers
are shown in Fig. 17. For the cases of Rex~1.7 x 10°, 2.4 x 10°, and 3.4 x 10° the fluctuating
pressure distributions on the model surface are asymmetrical on the streamwise direction. Notably,
an obvious peak is observed at the lower surface of the front rounded corners for the case of
Re~1.7 x 10°. By contrast, obvious peaks appear at the upper surface of the front rounded corners
for the cases of Re~2.4 x 10° and 3.4 x 10°. Compared with the other cases, the peak value of the
fluctuating pressure coefficients is obviously larger for the case of Re~ 3.4 x 10°, and another peak
is observed on the surfaces of rear rounded corners. For the cases of Re= 3.8 x 10° and 4.1 x 105,
the fluctuating pressure distributions around the model surface are symmetrical on the streamwise
direction, and two small peaks are located at the rear rounded corners.

(@) Re =~ 1.7 x 10°

Fig. 16 Mean pressure distributions around the rounded-corner model with R/D = 40%

05

——Re~17x10°] |
—e—Re=~24x10°| ||
—*—Re~3.4x10°| |
: : i1 |—e—Re~38x10°| !
03} | |1 |==—Rex4.1x10°] I l[

“12 3 4 5 6 78 91
Location of pressure taps

Fig. 17 Fluctuating pressure distributions around the rounded-corner model with R/D = 40%
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4.4 Power spectra of aerodynamic force coefficients

4.4.1 Chamfered-corner models

The aerodynamic force coefficients of the models with B/D <15% and R/D<15% are unaffected
by the Reynolds number. Accordingly, the power spectra of the aerodynamic force coefficients for
these models are analyzed at Re~3.4 x 10°, as shown in Figs. 18 and 19. In Fig. 18(a), for the
square prism, an obvious peak on the drag coefficient spectrum curve is observed. This peak
corresponds to the reduced frequency of 0.27. For the chamfered-corner model with B/D=5%, no
obvious peaks are found on the drag coefficient spectrum curve. For the model with B/D=10%,
two obvious peaks are observed on the drag coefficient spectrum curve, and the reduced
frequencies corresponding to the two peaks are 0.16 and 0.32. For the model with B/D=15%, only
one obvious peak is found on the drag coefficient spectrum curve. In Fig. 18(b), obvious peaks are
observed on all power spectrum curves. This observation illustrates that the lift forces acting on
these models are produced mostly by vortex shedding in the wake. For the square prism and the
model with B/D =5%, the reduced frequencies corresponding to the obvious peaks are very close,
and the value range is 0.135-0.140. For models with B/D = 10% and 15%, the reduced frequencies
corresponding to the obvious peaks are also very close, and the value is around 0.16.

4.4.2 Rounded-corner models with R/D< 15%

Fig. 19 presents the power spectra of the aerodynamic force coefficients for the rounded-corner
models with R/D <15% at Re~3.4 x 10°. In Fig. 19(a), for models with R/D=5% and 10%, two
obvious peaks are observed on the drag coefficient spectrum curves, and the reduced frequencies
corresponding to the peaks are 0.14 and 0.28. For the model with R/D=15%, two peaks are also
found on the drag coefficient spectrum curves, but the peaks are not obvious. In Fig. 19(b),
obvious peaks are all observed on the lift coefficient spectrum curves for four models. This is
similar to the lift coefficient spectrum curves for the chamfered-corner models with B/D <15%.
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Fig. 19 Power spectra of force coefficients for rounded-corner models with R/D< 15% (Re =~ 3.4 x 10°)

However, the obvious difference between Figs. 18(b) and 19(b) is that the reduced frequencies
corresponding to the obvious peak in Fig. 19(b) remain nearly unchanged for four models, and the
value range is 0.135-0.145.

4.4.3 Rounded-corner models with R/D=20%, 30%, and 40%

For the models with R/D=20%, 30%, and 40%, the variation of their lift coefficient power
spectra with the Reynolds number are presented in Fig. 20. For the model with R/D=20% (Fig.
20(a)), the power spectra of the lift coefficients does not change in the Reynolds number range of
1.0 x 10°<Re < 3.8 x 10°, and only one peak at the reduced frequency of f-D/U=0.155 is observed.
However, significant changes are observed when the Reynolds number reaches Re~4.1 x 10° and
the spectrum curve changes from one peak to double peaks. For the model with R/D=30% (Fig.
20(b)), two different distributions for the lift coefficient spectrum curves are observed for five
Reynolds number cases. For the cases of Re~1.7x 10° and 2.4 x 10°, two peaks are found on the
power spectrum curves and the reduced frequency corresponding to this peak is f-D/U~= 0.35. For
the model with R/D=40% (Fig. 20(c)), the variations of the power spectra of lift coefficients with
the Reynolds numbers are comparatively complex. For the cases of Re~1.7x 10° and 2.4 x 10°,
obvious peaks are observed on the power spectrum curves and the reduced frequencies
corresponding to these peaks are 0.18 and 0.30. However, the peaks disappear for the case of
Re~3.4 x 10°. As the Reynolds number increases to Re~ 3.8x 10° and 4.1x 10°, obvious peaks on
the power spectrum curves are observed again, and the reduced frequencies corresponding to the
peaks are nearly the same at 0.38.

4.5 Strouhal number

The frequency domain features of fluctuating forces can be revealed by the power spectrum
analysis. The vortex shedding frequency can also be obtained by analyzing the power spectrum of
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lift coefficients. The Strouhal number is defined as the reduced frequency corresponding to the
obvious peak on the lift coefficient spectrum curve (Liang et al. 2002). For seven models with B/D
< 15% and R/D < 15%, their Strouhal numbers are unaffected by the Reynolds number. Fig. 21
shows the variations of the Strouhal numbers with chamfered corner ratio or rounded corner ratio
at Re=3.4 x 10°. For the rounded-corner models with R/D < 15%, the Strouhal numbers remain
nearly unchanged at 0.135-0.145. However, for the chamfered-corner models with B/D < 15%, the
Strouhal numbers obviously vary with the chamfered corner ratio. Notably, the Strouhal numbers
of the models with B/D= 5% and 10% are very close, and the value range is 0.135-0.140.
Meanwhile, the Strouhal numbers of the models with B/D=10% and 15% significantly increase,
and the value range is 0.160-0.165.

For the rounded-corner models with R/D= 20%, 30%, and 40%, the variations of their Strouhal
numbers with the Reynolds numbers are presented in Fig. 22. For the model with R/D= 20%, the
Strouhal number remains at a stable value of around 0.15 in the Reynolds number range of
1.0 x 10°<Re < 3.8x 10°. Then, a slight decrease is observed with the increase of Reynolds number
from 3.8x 10° to 4.1x 10°. For the models with R/D= 30% and 40%, sudden increases of the
Strouhal numbers are observed in the testing Reynolds number range. Notably, the Strouhal
number of the model with R/D=30% significantly increases from 0.16 to 0.35 with the increase of
Reynolds number from Rex2.4 x 10° to Re=2.8x 10°. For the model with R/D=40%, the Strouhal
number slightly decrease with the increase of Reynolds number from 1.0 x 10° to 2.1x 10°.
Subsequently, a suddenly increase from 0.18 to 0.30 is found with the increase of Reynolds
number from Re~2.1x 10° to Re~2.4x 10°. Furthermore, in the Reynolds number range of 2.7 x
10°< Re < 3.4 x 10°, no obvious peaks on the lift coefficient spectrum curves are found. In the
Reynolds number range of 3.8 x 10° < Re < 4.8 x 10°, obvious peaks on the lift coefficient
spectrum curves are observed again. The Strouhal number also remains at a stable value of nearly
0.38.
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Fig. 20 Power spectra of lift coefficients for rounded-corner models with R/D >20%
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In the Reynolds number range of 2.0 x 10°< Re < 4.0 x 10°, obvious jumps in the Strouhal
number are observed for the rounded-corner models with R/D = 30% and 40%. This trend is
similar to the variations of the Strouhal numbers of a circular cylinder in the critical Reynolds
number range of 3 x 10°< Re <4 x 10° (Schewe 1983, 1986).

5. Conclusions

Wind pressure measurements were conducted to investigate the effects of corner modifications
on the aerodynamic characteristics of a 2D square prism in uniform flow with low turbulence level,
and the Reynolds number varied from 1.0 x 10° to 4.8 x 10°. Wind pressure distributions, drag
coefficients, power spectra of aerodynamic force coefficients, and Strouhal numbers are analyzed.
The mean drag coefficients of the chamfered-corner models with B/D < 15% and the
rounded-corner models with R/D < 15% are unaffected by the Reynolds number. On the contrary,
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the mean drag coefficients of the rounded-corner models with R/D = 20%, 30%, and 40% are
obviously influenced by the Reynolds number.

For the four chamfered-corner models (B/D = 0%, 5%, 10%, and 15%), their aerodynamic
characteristics are unaffected by the Reynolds number. In addition, the chamfered corner ratios of
B/D =10% and 15% can produce the flow reattachment on the surfaces of front chamfered corners.
The Strouhal numbers of the models with B/D=10% and 15% are significantly larger than those of
the models with B/D= 5% and 10%.For the four rounded-corner models with R/D = 0%, 5%, 10%,
and 15%, their mean drag coefficient decreases with increasing rounded corner ratio, and their
Strouhal numbers remain nearly unchanged at 0.135-0.145.

For the rounded-corner models with R/D = 20%, 30%, and 40%, their aerodynamic
characteristics are obviously influenced by the Reynolds number. For the rounded-corner models
with R/D =20% and 30%, two flow regimes around the model are found in the testing Reynolds
number range. However, for the rounded-corner model with R/D =40%, three flow regimes around
the model are observed in the testing Reynolds number range, and the transitions between the three
regimes are governed by the Reynolds number. In the testing Reynolds number range, the Strouhal
number of the rounded-corner model with R/D= 20% remains nearly unchanged. By contrast,
sudden jumps of the Strouhal numbers are observed for the rounded-corner models with R/D=
30% and 40%. The variations of the Strouhal numbers for the models with R/D = 20%, 30%, and
40% correspond to the transitions of the flow regimes around the model.
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