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Abstract: The study aims to understand the surface pressure distribution around the bodies such as the suction pressure in 
the leading edge on the top and side-face when the aspect ratio of bodies and the wind direction are changed, respectively. 
We carried out the wind tunnel measurement and numerical simulation around a series of rectangular bodies (40d×80w×80h, 
80d×80w×80h, 160d×80w×80h, 80d×40w×80h and 80d×160w×80h in mm3) placed in a deep turbulent boundary layer. 
Based on a modern numerical platform, the Navier-Stokes equation with the typical 2-equation (k-ε model) and the DES 
(Detached Eddy Simulation) turbulence model has been calculated, and they are both compared with the measurement data. 
Regarding to the turbulence model, the DES model makes a better prediction comparing with the k-ε model, especially when 
calculating the separated turbulent flow around a bluff body with sharp edged corner. The result shows that the transverse 
width has a substantial effect on the variation of surface pressure around the bodies, while the longitudinal length has little or 
no influence. 
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INTRODUCTION 
 
The flow characteristics on a bluff body immersed in 
a turbulent boundary layer flow has long been of 
fundamental interest in the study of fluid dynamics. 
Such investigations are critical in the design and 
development of practical objects such as windmills, 
buildings and bridges, etc. Over the last several 
decades this kind of high Reynolds number flow has 
been considered as a typical design parameter among 
the construction companies. Above all, the study of 
flow characteristics around a bluff body is generally 
considered to be important in academic circles as well 
as in the engineering applications and now there are 
still lots of topics left to be studied. 
 
Regarding to the flow around buildings or all kinds, 
there have been numerous data and even comparisons 
between experiment and numerical data. One of the 
well-cited papers in this field is the wind-tunnel study 
of Castro & Robins (1977)[1] (hereafter denoted by 
CR), which measured the flow around the surface-
mounted cubes. In this paper, it presented the flow 
characteristics of the surface pressures and mean and 
fluctuating velocities within the wake. It was some of 
the first to demonstrate the crucial importance of 
modeling the appropriate atmospheric boundary 
layer. In addition, this paper mentioned of the 
influence of Reynolds number - Re effects existed for 
smooth upstream flow conditions(i.e. the thickness of 
the approaching boundary layer was very much 
smaller than the cube height), whereas for the flow 
under fully developed turbulent boundary layer, no 
Re effects were found for Re>4000.  
 
The immediate emphasis in this paper is on the flow 
characteristics around the rectangular bodies with 
various aspect ratios. The aspect ratio is responsible 

for the type of generated wake and, ultimately, for the 
structural loading and pressure and especially 
structure excitation. For example, the drag coefficient 
of an elongated rectangular-section body in a flow is 
a function of the width of the body. (See Fig. 1) As 
shown in the figure, the drag is a function mainly of 
the elongation d/w of the body. Therefore, the paper 
consists of a carefully designed set of experiments 
and numerical simulation placed on a turbulent 
boundary layer flow, which is tailored in the 
atmospheric environment condition over a surface-
mounted various rectangular obstacles. In the 
numerical calculation, the standard k-ε and the DES 
model were used and finally compared with the 
experimental data (i.e., the wind tunnel and the 
existing field data). 
 
EXPERIMENTAL TECHNIQUES 
 
2.1. Artificial generation of a thick turbulent 
boundary layer 

 
Fig.1 The section of 0.6m×0.72m×6m wind tunnel test 

 
Figure 1 illustrates the detailed set-up inside the 
boundary layer wind tunnel, showing a grid, a 
tripping fence, roughness and a cube model. The 
experiment was conducted in a closed-circuit 
subsonic atmospheric boundary layer wind tunnel of 
the Pohang University of Science and Technology in 
South Korea, whose working section is 
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0.6mwide×0.72mhigh×6mlong having a maximum wind 
speed of about 40m/s and a typical turbulence 
intensity of less than 0.05%. It is suit-able for 
generating an artificial boundary layer and is also 
equipped with modern hot-wire anemometry 
(IFA100), multi-channel pressure scanning system 
and a PIV system for optical measurements of the 
airflow. 

 
2.2. Scale-down models and a measurement system 
Smooth-surface rectangular bodies of height equaling 
to 80mm were used in the tunnel and were fitted with 
0.8mm pressure taps at numerous salient points on 
the top surface and the front as well as the side faces 
(see Fig.2). Table 1 shows the rectangular models 
used in the study which is made of plexiglass, and 
they consist of 3 bodies - a cube (80d×80w×80h in 
mm for 1×1) for comparing the existing results in a 
reference, two rectangular bodies (40d×80w×80h for 
2×1s and 160d×80w×80h for 1×2), especially the 
flow around rectangular bodies could make two more 
aspect-ratios rotating it 90o (e.g., 80d×40w×80h for 
1×2s and 80d×160w×80h for 2×1). Standard tube 
connections to a (Furness FC-012) micro-manometer 
allowed the measurement of mean surface pressures. 
Mean-velocity and turbulence-stress data within the 
boundary layers at the (subsequent) model locations 
and around the bodies themselves were obtained 
using a hot-wire anemometry (HWA). For HWA 
measurement, errors caused by inadequate yaw 
response were minimized by using crossed-wire 
probes with the standard ±45o wires (Dantec 55P61, 
Miniature cross-wire) and employing the effective-
cosine-law method to calibrate for yaw sensitivities. 
 

 
Fig.2 A cube model (80d×80w×80h in mm) and pressure taps 

 
Table 1 Scale-down models used in the wind tunnel study 

 
 
COMPUTATIONAL THCHNIQUES 
 
3.1. Numerical methods 
The schematic diagram of the numerical channel with 
a wall-mounted bluff body is shown in Fig.3. For an 
appropriate calculation, the proper domain size is a 

prerequisite in the beginning state so that the cube 
(e.g., see 80d×80w×80h) has the computational 
domain size of 14h×4h×7h in Cartesian coordinate 
system, where h is the cube height. The origin of the 
domain sets to the windward foot of the cube. In 
addition, the boundary conditions were set to a 
velocity inlet (inlet condition), an outflow (mass flow 
conservation for outlet condition), a symmetry 
boundary condition (mirror condition for top roof of 
the domain) and a periodic boundary condition 
(infinite perfect tiling condition on the opposite face 
with the same velocity) as shown in the Fig.3. 
 

 
Fig. 3 Computational domain and boundary conditions 

 
3.2. Governing equations and the turbulence 
models 
For describing the precise motion of fluid flow, the 
Navier-Stokes equations with various turbulence 
models should be calculated and the full boundary 
conditions need to close the equation. Two 
approaching methods – the RANS model and DES 
model were employed to render the Navier-Stokes 
equations tractable so that the small-scale turbulent 
fluctuations do not have to be directly simulated.  
The study implements the standard k-ε model, which 
is the simplest “complete models” of turbulence. It is 
a semi-empirical model, and the derivation of the 
model equations relies on phenomenological 
considerations and empiricism. It is based on two 
separate transport equations for the turbulence kinetic 
energy (k) and its dissipation rate (ε): 

(휌푘) + 	 (휌푘푢 ) = 	 휇 + +

퐺 + 퐺 − 휌휀 − 푌 + 푆 (1) 
(ρε) + 	 (휌휀푢 ) = 	 휇 + +

퐶 퐺 + 퐶 퐺 − 퐶 휌 + 푆        (2) 
In these equations, 퐺  represents the generation of 
turbulence kinetic energy due to the mean velocity 
gradients; 퐺  is the generation of turbulence kinetic 
energy due to buoyancy; 푌 represents the 
contribution of the fluctuating dilatation in 
compressible turbulence to the overall dissipation rate; 
푆 and 푆  are user-defined source terms. For another, 
the turbulent viscosity, 휇 , is computed by combining 
k and ε as follows: 

 
휇 = 휌퐶                                               (3) 

http://iraj.in


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-5, May-2017 
http://iraj.in 

Surface Pressure Variation Around Obstacle With Changing The Aspect Ratio 
 

28 

where 퐶 , 퐶 , 퐶 , 휎 and 휎  areall constants and 
defined as 퐶 =1.44, 퐶 =1.92, 퐶 =0.09, 휎 =1.0, 
휎 =1.3, respectively. 
 
RESULTS AND DISCUSSION 
 
4.1. Numerical methods 
Firstly, the surface static pressure distributions along 
the centerline around the 1×1 model are shown in 
Fig.4. The variation of the mean static pressure 
coefficient Cp (=(p-pr)/(0.5ρUh2), where pr is the 
mean static pressure in the upstream flow along the 
axial centreline of the cube, is compared between 
numerical and experimental results. In addition, the 
figure also includes the existing results - wind 
tunnel(WT) and field scale(FS) measurement, which 
is as a function of the measurement location x/h; x=0 
corresponds to the foot at the front face of the model 
body - actu-ally depending on the wind direction (e.g., 
see the solid line on the right figure). Note that the 
rest of the subsequent figures are arranged in a 
similar manner to this figure, i.e. the profile at the 
mid-height. It is no doubt that the profiles in the 
figure have an expected shape, in that the largest 
negative pressures occur just beyond separation at the 
leading edge and are followed by a substantial 
pressure recovery on the top surface, as shown 
frequently by previous studies. Note that the 
experiment data agree well with the earlier field data 
of LCH's (Lim, Castro & Hoxey, 2007[2]) but are 
significantly different from the wind-tunnel data of 
CR (Castro & Robins, 1977). The latter are similar to 
those of Murakami & Mochida (1988) [3] and, in 
agreement with CR's discussion, are undoubtedly a 
result of very much higher upstream turbulence levels, 
leading to much earlier attachment and pressure 
recovery on the top surface. In addition, the k-ε 
model data are nearly similar except the region on the 
just right corner of the position x/h=1 which has a 
negative peak. This seems to be caused by the 
turbulence model itself so that in this regard, the DES 
model seems to have better performance than the k-ε 
model when simulating the flow around a sharp-
edged bluff body. 
 
The schematic diagram of the numerical channel with 
a wall 

 
Fig. 4 Mean surface static pressure coefficient along the central 

section with wind normal to face 

4.2. 4.2 Surface pressure distribution - models 
with aspect ratio 
As shown in Chapter 4.1, the DES model seems to 
work more accurate, especially at the leading edge, 
but the rest range of the surface pressure distribution 
was reasonably similar each other so that we believe 
the k-ε model can also be effective. Therefore, 
considering the cost, time and efficiency of 
calculation, we only make the numerical simulation 
based on the k-ε turbulence model in this regard. 
 

 
Fig. 5 Mean surface static pressure coefficient along the 

centerline with changing transverse width 
 
Mean surface static pressure profiles along the 
centerline of the models with the three different 
aspect ratios are plotted in Fig.5. The figure shows 
how the surface static pressure on the top as well as 
on the front and rear face varies with changing the 
body width. Note that several subsequent figures are 
arranged in the same manner as the Fig.5, i.e. the 
experiment pressure profiles are shown on the upper-
left and the CFD (k-ε model) pressure profiles are 
shown on the upper-right. In addition, models to 
compare each other are shown underneath, to easily 
visualize the measurement locations around the body. 
The suction pressure on the top surface along the 
centerline is obvious from these profiles, that is, the 
wider the shape of the body, the stronger is the 
surface suction pressure on the top surface. And it is 
interesting that the front and rear face of the body has 
a relatively less surface pressure variations. Another 
interesting phenomenon is that around the position of 
x/h=2, there is a small dip which may be true in the 
case of 1×2s and 2×1, although a lack of these 
region’s data in the experiment measurement. It 
should also be noted that these surface pressure 
profiles reflect the flow features with different aspect 
ratio discernible in the surface profiles of the body. 
The immediate implication of the data in Fig.5 is that 
the width variation while maintaining the depth 
makes the surface pressure on the top surface more 
negative, whereas the front and rear face change 
relatively less for the width variation. In addition, as 
it can be seen, the solid arrow shows the direction of 
the pressure drop as the width changes. 
 
 
 

http://iraj.in


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-5, May-2017 
http://iraj.in 

Surface Pressure Variation Around Obstacle With Changing The Aspect Ratio 
 

29 

CONCLUSIONS 
 
Although more comparisons are needed to end up 
with the conclusions, the study has contributed in 
making the following conclusions: 
1. The CFD results make an overall agreement 

with the experiment, including the existing data, 
but there still appears a little discrepancy. 

2. The calculation by using the DES model seems 
to be better than k-ε model when simulating the 
wind flow around a variety of bluff body. 

3. When the aspect ratio of a rectangular body 
changes, the transverse width has a substantial 
effect on the surface pressure around the bodies, 
while the longitudinal length shows little or no 
influence on the surface pressure variation. 
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