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A computational fluid dynamic analysis (CFD) is presented in the study of 

low Reynolds number fluid flow moving past bluff bodies. The study is 

focusing on the understanding of the effects of the apex-angles orientation 

on the flow structure and related occurring force. The apex-angle both facing 

upstream and downstream were computationally investigated. The 

simulation results of the cylinder solid are compared with available 

experimental data to justify the results and the model used. Results obtained 

in the present work were Strouhal number, drag coefficient, and Fast Fourier 

Transform (FFT). The study had found that the value of the drag force is 

increasing directly proportional to the apex angle. In contrast, the value of 

Strouhal number inversely proportional to the increasing of the apex angle. 

This was due to the flow over a cylinder creating a vortex shedding in the 

wake region which influenced the flow separation of fluid. Through the 

changing on orientation of the apex angle, it was also found that the 

characteristic linear dimension of the geometry will also be changed, thus 

affecting the flow pattern. 

Keywords: apex angle; laminar; transient; triangular; bluff body.  

1. INTRODUCTION  

Characteristics of fluid flow around bluff bodies have become a focus of researchers' 

investigation because of their importance in various engineering applications [1]. Flow over a 

cylinder is an example of a fundamental fluid mechanics problem in which the pattern of this 

flow varies depending upon the Reynolds number, [2]. The flow field over the cylinder is 

symmetric at a low Reynolds number. As the Reynolds number increases, flow begins to 

separate behind the cylinder causing vortex shedding [3]. Hence, Oliveira [4] also observed that 

the drag forces acting on the cylinder walls correspond to the increasing Reynolds number. 

Lehmkuhl [5] stated that for the triangle prism or cylinder, as the Reynolds number increases 

up to the critical Reynolds number, flow is still symmetric, but eddies are formed, and the 

symmetric flow region decreases and changes to an asymmetric area. The Reynolds number  is 

the ratio of inertia force to viscous force, which can be written as Equation 1: 

𝑅𝑒 =
𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒

𝑉𝑖𝑠𝑐𝑜𝑢𝑠 𝑓𝑜𝑟𝑐𝑒
=

𝑉𝐷

𝑣
=

𝜌𝑉𝐷

𝜇
                                                   (1) 

where V is the average flow velocity, D is the diameter of the cylinder (characteristic length), 

𝑣 is the kinematic viscosity, μ is the dynamic viscosity, and 𝜌, is the density of the fluid.  
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Vortex shedding is an oscillating flow when a fluid such as air or water flows past over a bluff 

body at specific velocities, depending on the body size and shape [6]. Bai [7] had found that the 

frequency of vortex shedding depends on the wake width, which is a function of whether the 

wake is formed by a shear layer separating from a downstream or an upstream corner. At 

Reynolds numbers beyond ReCritical, the unsteady flow develops several visually different 

vortex streets [8]. Srikanth [9] had investigated that the critical Reynolds number for the 

stationary triangular cylinder facing upstream is between 35 and 38.3. The wake is expected to 

be much broader through the previous studies on the triangular cylinder compared to the circular 

cylinder. As the most significant side of the triangular cylinder is up-stream, it is noted that the 

sheds created powerful vortices [10]. The vortex formation at the back of the cylinder depends 

on many parameters such as characteristic length, L, and angle of incidence, α [11]. 

In the literature, the studies about flow past a triangular cylinder are rarely investigated and 

discovered by the researcher. Thus, the present study aims to add and validate the existing 

knowledge of fluid flow over a triangular prism and cylinder through the computational 

simulation (ANSYS) approach. Furthermore, detailed information regarding the flow field for 

this triangular geometry is missing. Flow past a triangular cylinder can be varied by modifying 

the apex angles, angle of incidences, and characteristic length. A computational study of fluid 

flow around the triangular prism and cylinder bluff bodies is yet to be conducted/ has been 

conducted?. The  focus of this study is towards the understanding of the effects of the orientation 

of the apex angles on the flow structure and related occurring force. The apex-angle both facing 

upstream and downstream were computationally investigated. The cylinder solid's simulation 

results are compared with available experimental data to justify the results and the model used. 

Results obtained in the present work were Strouhal number, drag coefficient, and Fast Fourier 

Transform (FFT) by transient simulation with the viscous-laminar model of ANSYS-Fluent 

software. The flow over a cylinder creates a vortex shedding in the wake region of bluff bodies 

because of the unsteady flow separation of fluid; this phenomenon is well-known as Von 

Karman Street. The characteristic linear dimension (L) of the geometry will also be changed 

through the changing or orientation of the apex angle, thus affecting the flow pattern.  

2. DETAILS OF THE CFD SIMULATION PROCESS 

2.1. Modelling 

The flow field around the cylinder is modelled in two dimensions with the cylinder's axis 

perpendicular to the direction of flow. The cylinder is modeled as circular and triangular with 

a scale length of 1 m perpendicular towards the streamflow, and then a square flow domain is 

created around the cylinder [12]. Models used in the present study were five isosceles triangular 

cylinders with different apex angles of 15o, 30o, 45o, 60o, and 75o, both facing upstream and 

downstream as shown in figure 2 (a) and 2 (b).  An increment of 15° had been used as a 

limitation to the study to observe the fluid behavior on a rotating cylinder. The 2-Dimensional 

geometry of the cylinder and the fluid domain were drawn by using ANSYS-Design-modeller. 

The cylinder obstacle is in the middle of the domain and at an upstream distance of   Xa =12L 

from the inlet and at a downstream distance of Xb = 20L from the outlet while the upper and 

bottom wall distance of Ya = 20L, where L is the scale length of the cylinder as shown in figure 

2 (c). These values are chosen to reduce the effects of boundaries and satisfy the free stream 

condition consistent with other studies in the literature [13]. The 2-Dimensional Unstructured 
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triangles mesh was generated using Ansys-Meshing for both models to compute the flow 

around the model, as shown in figure 2 (d) and figure 2 (e).  

 

Figure 2(a): Schematic diagram of fluid domain for triangular cylinder with apex angle facing upstream 

 

 

Figure 2 (b): Schematic diagram of fluid domain for triangular cylinder with apex angle facing downstream 
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Figure 2(c): Schematic diagram of the 2-D model 

 

Figure 2(d): Cut-cell grid system around a circular cylinder 

 

Figure 2(e): Cut-cell grid system around a triangular cylinder 
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2.2. Grid refinement 

To ensure the dynamics flow is captured with sufficient accuracy, the grid refinement study is 

conducted by increasing the node and element in circular cylinder mesh. The mesh selected for 

monitoring the Strouhal number St, lift force coefficient, CL, drag force coefficient CD, and 

vorticity. Then the same mesh setup was used in conducting the triangular prism analysis to 

obtain the dynamic flow. Table 1 summarizes the grid refinement study. 

Table 1: Grid refinement study 

 

 

 

2.3. Solver 

The 2-Dimensional numerical simulation by the solver was made after the completion of the 

mesh generation. The solver formulation, transient viscous laminar model, boundary condition 

(BC), solution control parameters, and material properties were defined as shown in Table 2. 

Table 2: Boundary condition setup 

 

 

 

 

 

 

 

 

 

 After all the parameters were specified, the model was initialized. The initializing and iteration 

processes stopped after the completion of the computations. The results of instantaneous 

velocity, pressure, and dynamics flow obtained were examined and analyzed. The periodic 

graph of the lift coefficient is used to determine the Strouhal number. 

3. RESULT AND DISCUSSION 

The result of the 2-Dimensional triangular cylinder was compared to the 2-Dimensional circular 

cylinder. The discussions were focused on the aerodynamic characteristics, which include drag 

Mesh Circular Triangular 

Node Size Cd St Nodes 

Coarse 12x103 1.2935 0.109 11x103 

Medium 30x103 1.3132 0.115 25x103 

Fine 50x103 1.3024 0.115 46x103 

 

BC Setup 

Inlet Velocity inlet 

Outlet Pressure outlet 

Cylinder and 

opposite wall 

Wall (non-slip) 

Inlet Outlet 

Opposite wall 

Opposite wall 
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coefficient CD and Strouhal number, St. The drag coefficient, CD is an important characteristic 

in measuring the resistance of the cylinder body. Eq 2 show the relationship between the fluid 

flow properties and the drag force:  

𝐶𝐷 =
2𝐹𝐷

𝜌𝑉2𝐴
                                                                             (2) 

where FD is the drag force,  𝜌 is the fluid density, V is the velocity of the fluid relative to the 

particle, and A is the projected cross-sectional area. Hence, Strouhal number,St is describe as 

ratio of inertial forces due to the local acceleration of the flow to the inertial forces due to the 

convective acceleration. The Strouhalnumber is a dimensionless number to represent the 

oscillating flow mechanisms which the equation is written as follows: 

𝑆𝑡 =
𝜔𝐿

𝑈
                                                                                   (3) 

where 𝜔 is the vortex shedding frequency, L is the characteristic length, and U is the free-stream 

velocity. In addition, the pressure and velocity contours, vector velocity, streamline, and 

vorticity will also be observed and studied. The simulation was carried out at various apex 

angles between 15° and 75° with an apex angle facing upstream and downstream. The 

simulation was done for flow past triangular prism at Reynolds number of Re=150 to observe 

the flow separation and the vortex shedding behind the cylinder wake. 

Table 3: Drag coefficient and Strouhal number of both triangles facing upstream and downstream 

Apex Angle, ѳ 

(o) 

Apex Angle Facing Upstream Apex Angle Facing Downstream 

Strouhal Number, 

St 

Drag 

Coefficient, CD 

Strouhal Number, St Drag Coefficient, 

CD 

15 0.627 0.281 0.516 0.317 

30 0.383 0.688 0.167 0.813 

45 0.151 1.145 0.094 1.443 

60 0.094 1.809 0.069 2.222 

75 0.108 2.299 0.091 3.038 

 

3.1. Drag Coefficient and Strouhal Number analysis 

Figure 3(a) shows the drag coefficient, CD changes with apex angle, ѳ for triangle both facing 

upstream and downstream. The data shows a definite trend in total drag coefficient with the 

increase in apex angle for both triangles with the apex angle facing upstream and downstream 

[14]. A quick comparison for both triangles of 75o apex angle facing upstream and downstream 

indicates the highest drag coefficient while the 15o triangle has the lowest drag coefficient [15]. 

The shape or geometry has a significant effect on the amount of drag produced. As can be seen 

in Table 3, the closest drag coefficient with a circular cylinder from Table 1 (CD=1.302) is 45o 

triangle prism facing (CD=1.443). Since the circular cylinder, CD has the closest value to the 

experiment data, and this shows that at the apex angle of 45°, the flow around the triangular 

prism behaves similarly with the circular cylinder. 
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Figure 3(a): Drag Coefficient, CD versus apex angle, ѳ 

As evidenced in the figure above, with the increase in apex angle, the cylinder becomes bluffer 

and increases the drag coefficient, CD. The value of CD is increasing directly proportional to the 

wake size occuring behind the bluff body, as shown in Table 4.  From table 4, at minimal 

characteristic length, L, a stable pair of vortices is formed on the downstream side. Therefore, 

as the characteristic length, L, increases, the vortices become unstable and are alternately shed 

downstream. 

Figure 3(b) presents the Strouhal number, St changes with apex angle, ѳ for triangle both facing 

downstream and upstream. The graph indicates that the value of St inversely proportional to the 

apex angle for both upstream and downstream. It also found that the Strouhal number for a 

triangular at the apex angle 75° is St= 0.108, similar to the St value of the circular cylinder, St 

= 0.111, close to the experimental value. Figure 3(b) also shows the highest Strouhal number 

is at an apex angle 15o and a minimum at 75o.  A higher Strouhal number is related to positive 

interaction between the different shear layers and better mixing of the flow and weakening of 

the wake. Table 4 shows that the dropping in Strouhal number is due to a sharp increase in the 

wake width as the flow separation on the triangular lateral face from the downstream corner to 

the upstream corner [16] 

 

Figure 3(b): Strouhal Number, St versus apex angle, ѳ 

. 
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3.2. Vorticity Contour and Fast Fourier Transform (FFT) 

Table 4: Fast Fourier Transform for a triangular and circular cylinder 

Cylinder Vorticity Contour Fast Fourier Transform (FFT) 

Circular 

  

Apex Angle 

Facing 

upstream 

(15o) 

  

Apex Angle 

Facing 

upstream 

(75o) 

  

Apex Angle 

Facing 

Downstrea

m 

(15o) 

  

Apex Angle 

Facing 

Downstrea

m 

(75o) 
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The figure in Table 4 presents the vorticity of a circular cylinder and triangular cylinder with 

15o and 75o apex angle both facing up-stream and downstream. A clear vortex street is found 

for all cylinders, including circular and triangular. This shed roll-up is the vortex that moves 

further downstream. This alternate vortex shedding forms the Karman vortex street that is 

visible in visual. A quick comparison from the figure above discovers that the most intense flow 

structures formed are in the wake region behind the 75o prism for both upstream and 

downstream flow. The small recirculation zone is observed for a triangle with an apex angle of 

15o. Even though the circular cylinder develops an intense vortex shedding, the circular cylinder 

magnitude has a lower value compared to 75° triangles as seen in Fast Fourier Transform (FFT) 

[17]. Therefore, the higher the magnitude, the intense the vortex shed will develop. The size of 

this turbulence contour is observed to increase with an average of 0.5 m with the increment in 

apex angle. In contrast, the Strouhal number is found to decrease with an increase in the apex 

angle. There is a delay in vortex shedding as the large vortices required a longer time to form. 

As a result, smaller vortices mean higher vortex shedding frequency and vice versa. 

4. CONCLUSION 

Laminar viscous flow over a triangular prism with apex angle both facing upstream and 

downstream is investigated by an ANSYS Fluent simulation. Different ranges of the apex angle 

in the laminar regime with Reynolds number of Re = 150 are investigated. Streamlines and flow 

parameters like drag coefficient are investigated. Drag coefficients on the triangular cylinder 

increase with the increase of the apex angle for both upstream and downstream. While for the 

flow visualization it shows that the wake increases with the increasing of apex angle and are in 

qualitative agreement with corresponding data reported in the literature for both apex angles 

facing upstream and downstream. 
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