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ABSTRACT  

The flow characteristics around an I-type cylinder with cutting angle 53o located near a plane wall was 
investigated numerically in a uniform flow at a Reynolds Number of 5.3 x 104, based on a circular cylinder diameter (D). 
The pressure distributions along the surface of the cylinder and the plane wall were simulate by varying the gap-to-
diameter of cylinder ratio (G/D) in the range of 0.1 < G/D < 0.3, using FLUENT 6.2 software. The 2D U-RANS numerical 
simulation with k-ω SST as viscous model was used to visualize the flow phenomena occurred around the cylinders. The 
results show the existence of the bubble separation in the lower side of cylinder for the gap ratio G/D of 0.1 to 0.3. It was 
practically confirmed by the experimental results by measuring the pressure distribution arround the cylinder and along the 
surface of plan wall.  
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INTRODUCTION 

There are many research efforts have been done 
to investigate the flow characteristic around a bluff body 
immersed in a boundary layer, both for academic interest 
and for a wide range of engineering applications. There 
are certainly the larger number of studies on the flow 
around a bluff body of various shape located near a plane 
wall, but it may be still of important to continue studying 
the flow arround a bluff body near a plane wall, especially 
for a bluff body with a special shape. This kind of study 
can be applied to many engineering problems such as 
undersea pipelines, building constructions and tube in heat 
exchangers, etc.    

In the past, more effort has been devoted to the 
study of around a bluff body placed near a wall. For 
example, the authors [1] investigated the flow around an 
airfoil placed near a wall. They found that the level of 
turbulence has a large effect on the interaction between the 
boundary layer and airfoil of various shape. The authors 
[2] reported that drag coefficient of circular cylinder was 
almost unaffected by the gap-to-diameter ratio until gap 
was about the same as the thickness of the wall boundary 
layer, but lift coeficient depended strongly on the gap-to-
diameter ratio. The authors [3] studied the flow past a 
square cylinder placed near a wall. They reported that the 
gap-to-diameter ratio has a large effect on the sheding 
motion. The authors [4] confirmed that as the gap ratio 
increases, the drag coeficient of the elliptic cylinder is 
increased. The authors [5] studied experimentally about 
the flow characteristics around four circular cylinders in 
equispaced arrangement located near a plane wall. They 
used also the 2D U-RANS numerical simulation with k-ω 
SST as viscous model was used to visualize the flow 
phenomena occurred around the cylinders. They reported 

that the flow tend to be biased on the upper side of 
cylinders configuration. It causes the stagnation at the 
upstream cylinders occurred at lower side of cylinders and 
results a formation of a narrower wake behind the third 
cylinder and a wider wake behind the fourth cylinder. 

For special shape of bluff body, the authors [6] 
and [7] have studied flow characteristics of a bluff body 
cut from a circular cylinder. One of the test model, they 
used an I-type cylinder, which was produced by cutting 
both sides of the circular cylinder in parallel with y-axis. 
The authors [6] used the cylinder diameter (d) of 30 mm 
for measuring the coefficient of drag, CD. They used the 
cutting angles ( s ) of 0o < s < 72.5o. Their results show 

that flow characteristics are singular in the vicinity of s = 

53o, where the value of CD is minimum and about 50 % of 
that for the circular cylinder. They also stated that when 
the curvature of the shear flow from the normal surface to 
the uniform air flow equals to that of the circular cylinder, 
the shear layer separated from the normal surface attaches 
to the circular surface and change to a turbulent boundary 
layer along the circular surface. Igarashi et al. (2006) 
reported the existence of bubble separation in lower and 
upper side of cylinder with s = 53o. It was occured just 

after the corners of cutting surfaces. Triyogi et al. (2009) 
used the I-type cylinders as passive control to reduce the 
drag of circular cylinder situated downstream. They found 
that the I-type cylinder with cutting angle of 65o gives the 
highest drag reduction on the circular cylinder. 

Based on the previous works, the purpose of this 
paper is to present a bluff body cut from a circular cylinder 
(I-type) placed near a plane wall, where I-type cylinder is 
a small circular cylinder of diameter D cut at the both 
sides in parallel with the-y axis. However, as far as we 
know, there was no study published in the literature on the 
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flow characteristic of this unique shape of bluff body (I-
type cylinder) placed near a plane wall. The aim of the 
study is to investigate numerically the wall effect on the 
flow characteristics arround I-type cylinder with cutting 
angle of (s) 53o (hereafter referred to as I-53o cylinder), 
for various gap-to-diameter ratios.  
 
METHOD OF SIMULATION 

FLUENT 6.2 software have used for simulate the 
flow characteristics around I-53o cylinder near a plane 
wall. The 2D U-RANS numerical simulation with k-ω 
SST as viscous model was used to visualize the flow 
phenomena occurred around the cylinders. Figure 1 shows 
the scheme of modeling domain of the present study. As 
boundary conditions of the problem, it has been set at the 

inlet of the domain is velocity inlet of U = 12,9 m/s, at 

the outlet is outflow, and the walls at the upper and lower 
side of the domain. 
 

 
 

Figure-1. Scheme of the modeling domain. 
 

This simulations be performed at Reynolds 
number 53,000 based on a circular cylinder diameter (D) 

and the free stream velocity U , where the diameter of 

cylinder (D) of 60 mm. The gap distance between the 
bottom of the cylinder and the plan wall relative to the 
cylinder diameter (G/D) were varied of 0, 0.1, 0.2, and 0.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSIONS 
 

 
 

Figure-2. The Pathlines of flow arround I-53o cylinder for 
G/D = 0 (mapping velocity 0 – 22,5 m/s). 

 
Figure-2 shows the path-lines of flow around I-

53o cylinder for the gap ratio of G/D = 0.0. Due to the 
absence of a gap in lower side of the cylinder, the entire 
stream flowed through the upper side, flow across the 
cylinder tend upwards, as if flowing with a certain angle of 
attack and a sharp flow deflection occurs in the cutting 
surface. This resulted in the absence of stagnation points 
on the front side of the cylinder, and the vortex 
circulations occur on the cylinder upstream region near the 
wall. The larger cutting angle of cylinder produces sharper 
deflection of the flow when the flow passes through the 
cutting surface. On the upper side, shear layer massively 
separated as it passes through the corner side, and 
reattachment flow does not occur. It is because the flow 
tends upward and additional energy from free stream not 
enough to force the shear layer re-attach on the cylinder 
contour.  

Figure-3 shows the path-lines of flow around I-
53o cylinder for the gap ratio of G/D = 0.2. The results 
show the existence of the bubble separation in the lower 
side of cylinder. It seems that at the G/D = 0.2, there is 
still a blockage flow in the lower side between the cylinder 
and the plan wall. It causes the flow tends to the upper side 
of cylinder. Hhowever, there is still very little flow 
through the lower side of the cylinder. This condition 
causes stagnation point position on the cutting surface 
downward shift in the position of 343o. The weak flow 
through the lower side causing the flow more easily to re-
attach on the lower surface of the cylinder, and it forms a 
"bubble separation", after it leaving the cutting surface at 
the corner side of the cylinder. It was practically 
confirmed by the experimental results [9], as indicated in 
the figures 4 and 5, for the evolution of presure 
distribution on the contour cylinder and the plan wall, 
respectively. This phenomenon was also shown for the 
G/D of  0.1 and 0.3 as indicated in figure 6 and 7 below.  
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(a) 

 

 
(b) 

 

Figure-3. Contour velocity: (a). Pathlines in I-53o cylinder 
for G/D = 0.2 and (b). Pathlines in the region of existence 

of bubble separation  (mapping velocity 0 – 22,5 m/s). 
 

Figure-4 shows the comparison of the coefficient 
of pressure between numerical and experimental results, 
for G/D = 0.2 at Reynolds number of Re = 53.000. The 
results show that the distributions of Cp are completely 
asymmetric. It is due to the blockage effect in the gap 
between the cylinder and the plane wall. It has caused a 
large part of fluids flow to the upper side of cylinder and 
the shear layer massively separated from the edge of the 
flat surface. A little part of fluids flow to the lower side 
reattaches easily to the circular arc forming a bubble 
separation between about 267o<. This 
phenomenon was also practically confirmed by the 
experimental results [9].   
 

 
 

Figure-4. Evolution of pressure distribution on I-53o 
cylinder for G/D = 0.2. 

 
Figure-5 shows the pressure distibutions of plane 

wall of this numerical results in comparison with the 
experimental results [9], for the gap ratio of G/D = 0.2 at 
Reynolds number of Re = 53.000. The pressures were 
measured in range of -4 < X/D < 10. The results of the 
comparison for the plane wall give an enough agreement. 
Where, at the upstream of cylinder the pressure is increase, 
it indicates the deceleration of the flow. The flows will be 
accelerated in the gap between the cylinder and the plane 
wall, it is indicated by the decreasing of pressure until 
negative pressure achieved. As the flow moves 
downstream, the negative pressure tends to recover to 
static pressure. 
 

 
 

Figure-5. Evolution of presure distribution on plan wall 
for G/D = 0.2. 
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Figures 6 and 7 shows the path-lines of flow 
around I-53o cylinder for the gap ratio of G/D = 0.1 and 
0.3 respectively. The figures also show the existence of 
bubble separation in the lower side of the cylinder. At 
these gaps, the flow is still unsymetric at the lower and 
upper surface of the I-53o cylinder.     
 

 
(a) 

 

 
(b) 

 

Figure-6. Contour velocity: (a). Pathlines in I-53o cylinder 
for G/D = 0.1 and (b). Pathlines in the region of existence 

of bubble separation  (mapping velocity 0 – 22,5 m/s). 
 

 
(a) 

 

 
(b) 

 

Figure-7. Contour velocity: (a). Pathlines in I-53o cylinder 
for G/D = 0.3 and (b). Pathlines in the region of existence 

of bubble separation  (mapping velocity 0 – 22,5 m/s). 
 
CONCLUSIONS 

The flow characteristics around an I-type cylinder 
with cutting angle 53o (I-53o) located near a plan wall was 
investigated numerically, for the gap-to-diameter ratio 
varied of G/D = 0, 0.1, 0.2, 0.3 at Reynolds number of Re 
= 5.4 x 104. It can be noted that the installation of the I-53o 
near a plan wall for the gap ratio of G/D = 0.1, 0.2, 0.3 
observed the existence of bubble separation at the lower 
side of I-53o cylinder.  At these gaps, the flow is 
unsymetric at the lower and upper surface of the I-53o 
cylinder. It was due to the blockage effect in the narrow 
gap between the I-53o cylinder and the plan wall.     
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