
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 07, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 444 

Numerical Investigation of Transient Flow Past a Cylinder using SST k-ω 

Formulation 

Ashish Kumar Mishra1 Amit Kumar2 Brijendra Yadav3 
1Research Scholar 2,3Professor 

1,2,3Department of Mechanical Engineering 
1,2,3PCST, Bhopal, India 

Abstract— Unsteady flow around bluff bodies is an area of 

great research for scientist for several years. Flows around 

buildings, chimneys are examples where the fluid is in 

motion. Atmospheric dispersion of pollutants around bluff 

bodies has intensified the need to understand wake behavior. 

The vortex shedding frequency depends on different aspects 

of the flow field such as the end conditions, blockage ratio of 

the flow passage. In the present study, the fluid flow and heat 

transfer from a two-dimensional circular cylinder is 

considered in the unsteady flow regime. In particular, the 

effect of Reynolds number on drag and lift coefficients, 

Strouhal number circular cylinder are investigated for 

Reynolds number range: Re = 50-100 for the unconfined 

unsteady cross-flow. The results are presented in the form of 

streamlines, pressure distribution, monitored velocity, Lift 

and drag coefficient and Strouhal number. The present work 

has benefits for better understanding the flow past obstacles 

and the associated flow-induced vibration. 
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I. INTRODUCTION 

In many mechanical engineering applications, separated 

flows often appear around any object. Fluid flow past a 

circular cylinder is a model problem of fundamental interest, 

as it impacts a number of practical engineering applications 

like Heat exchangers, boilers, condensers, economizers 

nuclear reactor fuel rods air conditioning coils etc. Vortices 

are formed and shed behind bluff bodies causing a sinuous 

wake in its downstream. Alternating eddies formed behind a 

bluff object gives rise to fluctuating lift and drag forces. The 

flow past bodies immersed in a fluid has been studied for a 

long time because of its importance in aero and 

hydrodynamic applications. 

 A flow over a cylinder is considered as a model 

problem for a range of bluff body flow problems. A study of 

a flow past cylindrical bodies provides a general picture of 

the phenomenon of flow separation and bluff body wakes. 

The sharpness of cylinder corners in the experiments and the 

numerical treatment of these corners considerably influenced 

the shedding frequency. 

II. GOVERNING EQUATION & NUMERICAL MODELS FOR CFD 

To analyse the flow problem, CFD apply the governing 

equation which is based on the continuity equation; 

momentum equation and the energy equation. 

 SSTκ-ω, LES and ELES models are selected to 

compare their behaviours in simulating the flow past a 

circular cylinder at high Re. The three simulations are carried 

out by commercial ANSYS-Fluent software packages of an 

authorised edition. The incompressible viscous fluid can be 

unified by the Navier-Stokes equations in Cartesian 

coordinate as follows: 
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 The drag force coefficient (Cd) and the lift force 

coefficient (Cl) are defined as following equations, 

respectively. 

 

 
 Fx and Fy represent the force in the streamwise and 

transverse directions, respectively. The pressure coefficient 

(Cp) on the surface of the cylinder is written as the following 

equation: 

 
The Strouhal number (St) is defined as below, 

 

III. MODELLING 

Fig. 4.1 describes the computational domain and grid details 

of the simulation. As shown in figure the diameter of the 

cylinder (D) is 1 mm. The outer diameter of the cylinder is 

64D. It is large enough to ensure the fully development of the 

flow. 

 
Fig. 4.1: Schematic of the Computational Domain 

IV. BOUNDARY CONDITIONS 

Boundary conditions are set according to the practical 

parameters. The operation pressure is 6.7 MPa and the flow 

medium density is 1 kg/m3 and viscosity of 8.333 × 10–3 

kg/ms. Velocity inlet and outflow condition are selected as 

the inlet and outlet conditions, respectively. No-slip wall 

functions are applied to deal with the wall boundary 
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conditions. Reynolds number will be changed from 50 to 

1000. 

V. RESULTS & DISCUSSION 

A. Streamlines 

In the case of flow over a cylinder Re= 50, the flow is uniform 

and symmetrical in the upstream of the cylinder. The eddies 

are alternatively formed on either side of the cylinder in the 

downstream. As the flow forms a clockwise eddy, it rushes 

past the top of the cylinder somewhat faster than the flow 

across the bottom. When the clockwise eddy breaks away, the 

opposite pattern develops at the bottom. The eddies grow in 

size as they move away from the cylinder upto a certain 

length from the cylinder and then gradually die out and the 

flow becomes uniform as in the upstream. When Reynolds 

number increased from 50 to 1000 a similar flow pattern has 

been observed except the length of is vortex formation. 

 
(a) Re = 50                  (b) Re = 120 

 
(c) Re = 200             (d) Re = 290 

 
(e) Re = 350              (f) Re = 1000 

Fig. 5.1: Computational results of the instantaneous 

streamline plots of the circular cylinder for Re = 50 and 

1000 

 When Reynolds number is increased, small size 

eddies develop in the immediate vicinity of the rear 

stagnation point of the cylinder, where the velocity is 

extremely small and pressure gradient is unfavourable. At 

Re= 120, only recirculation eddies are formed immediately 

downstream of the cylinder, near the rear stagnation point as 

indicated by streamlines. 

B. Effect of Reynolds Number 

The influence of Re on the flow around cylinders can be 

clearly observed. As the Re increases, the wake flow becomes 

more turbulent and its length at the downstream of the 

cylinders increases. Under flow conditions, the wake that 

takes place at the downstream of the cylinder is turbulent. For 

low Re (i.e., Re = 50) there is no turbulence and no separation 

creeping in the flow. When the Re was increased to Re = 120 

the value of the flow velocity around cylinders was 

significantly influenced. A pair of almost symmetrical 

vortexes was generated at the downstream of both cylinders. 

When further Re is increased the wake behind both cylinders 

becomes completely turbulent. 

 As Re is increased to a range of 120 < Re < 200, the 

von Karman vortex street occurs, in which vortex initially 

develops at one side of the cylinders and then separates and 

increases again at the other side. 

 Because the walls of the simulation domain have no-

slip conditions, the velocity of the flow is zero relative to the 

solid boundaries at the fluid–solid interface. 

 When the Re is increased to 200 (200 < Re < 290), 

the wake flow behind the circular cylinder becomes 

completely turbulent. 

 
Fig. 5.2: Effect of Reynolds Number on Strouhal Number 

 This unsteady phenomenon determines fluctuations 

of the lift and drag coefficients. For St≈1 begin to dominate 

the viscosity in the fluid flow, and for St<10-4 dominates the 

oscillations in the wake. 

C. Velocity Contour 

Fig. 5.3 shows velocity contour of flow for circular cylinder 

for a range of 50< Re <1000. In the flow field close to the 

cylinders, the stream flow velocities decrease because of the 

existence of obstacles, both upstream and downstream. 

  
a) Re = 50        (b) Re = 120 

  
(c) Re = 200       (d) Re = 290 

 
(e) Re = 350         (f) Re = 1000 

Fig. 5.3: Velocity contour of circular cylinder for 50 < Re 

<1000 
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D. Pressure Distribution around a Circular Cylinder 

Vortex formation and progression induce forces on the bodies 

enveloped in the flow. A vortex creates a negative pressure 

suction area adjacent to the surface where it progresses. Thus 

the study of pressure distribution is important in the analysis 

of the aerodynamic forces around a structure. The pressure 

distribution near to the surface of the cylinder, flow 

momentum is quite low due to viscous effects and thus is 

sensitive to the changes of the pressure gradient. 

 
(a) Re = 50                        (b) Re = 120 

 
(c) Re = 200                        (d) Re = 290 

 
(e) Re = 350                       (f) Re = 1000 

Fig. 5.4: Pressure Distribution Plots of Circular Cylinder for 

50 < Re <1000 

E. Drag Coefficient 

Fig. 5.5 show time variation of drag Coefficient at Re= 50-

1000. Indicate the periodic behaviour of vortex separation 

from the surface of the cylinder and its effect on drag forces 

acting on the cylinder. 

 
(a) Re = 50 

 
(b) Re = 120 

 
(c) Re = 200 

 
(d) Re = 290 

 
(e) Re = 350 

 
(f) Re = 1000 

Fig. 5.5: Time Variation of Drag Coefficient for 50 < Re 

<1000 

 
Fig. 5.6: Comparison of Simulation Results with Empirical 

Formulas for Prediction of Drag Coefficient 

F. Lift Coefficient 

In order to study the significance of waviness on vortex 

shedding and its control, simulation has been carried out on 

trough only confined cylinder and corresponding flow 

characteristics such as lift signals are observed. The lift signal 

confirms the presence of shedding, which is also observed 

from the streamline plots as shown in fig. 5.7. Hence it is clear 
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that the trough only confinement is not enough to suppress 

shedding. 

 
(a) Re = 50 

 
(b) Re = 120 

 
(c) Re = 200 

 
(d) Re = 290 

 
(e) Re = 350 

 
(f) Re = 1000 

Fig. 5.7: Time Variation of lift Coefficient for 50 < Re 

<1000 

 It can be seen from the graph that the Lift coefficient 

gradually increases up to a certain time and becomes steady 

periodic for circular cylinder. 

 
Fig. 5.8: Simulation Results of Lift Coefficient 

VI. CONCLUSION 

In this work, flow behind around a circular cylinder has been 

numerically simulated via FLUENT software. Flow 

parameters such as drag coefficient, Strouhal number, 

pressure and velocity contours are investigated in this work. 

Following conclusions can be drawn from study: 

1) In the case of flow over a cylinder Re= 50, the flow is 

uniform and symmetrical in the upstream of the cylinder. 

The eddies are alternatively formed on either side of the 

cylinder in the downstream. As the flow forms a 

clockwise eddy, it rushes past the top of the cylinder 

somewhat faster than the flow across the bottom. When 

the clockwise eddy breaks away, the opposite pattern 

develops at the bottom. The eddies grow in size as they 

move away from the cylinder up to a certain length from 

the cylinder and then gradually die out and the flow 

becomes uniform as in the upstream. When Reynolds 

number increased from 50 to 1000 a similar flow pattern 

has been observed except the length of is vortex 

formation. 

2) When Reynolds number is increased, small size eddies 

develop in the immediate vicinity of the rear stagnation 

point of the cylinder, where the velocity is extremely 

small and pressure gradient is unfavourable. At Re= 120, 

only recirculation eddies are formed immediately 

downstream of the cylinder, near the rear stagnation 

point as indicated by streamlines. 

3) As Re is increased to a range of 120 < Re < 200, the von 

Karman vortex street occurs, in which vortex initially 

develops at one side of the cylinders and then separates 

and increases again at the other side. 

4) Because the walls of the simulation domain have no-slip 

conditions, the velocity of the flow is zero relative to the 

solid boundaries at the fluid–solid interface. 

5) When the Re is increased to 200 (200 < Re < 290), the 

wake flow behind the circular cylinder becomes 

completely turbulent. 

6) Pressure variation in the wake region is due to the 

formation of eddies, which are shed periodically causing 

a transverse vibration whose frequency is given by 

Strouhal number. 

7) The increase in strouhal number, Results in decrease of 

vortex wavelength. 

8) As the Reynolds number increases the drag coefficient 

decreases and the shedding frequency increases. For a 
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circular cross section, the Strouhal number increases 

with increase in the Reynolds number. 

9) At stagnation point, flow velocity becomes zero because 

entire kinetic energy of fluid is converted into pressure 

energy. As flow moves over the surface of the cylinder, 

due to no-slip condition the fluid layer in direct contact 

with the solid surface ceases to flow as shown in fig. c 

and d. Due to adverse pressure gradient and low 

momentum, fluid particles reverse their direction causing 

formation of eddies. These eddies are detached from 

either side of the cylinder periodically. 

10) The lift and drag signal confirms the presence of 

shedding, which is also observed from the streamline 

plots. 

11) Laminar vortex shedding known as the von Karman 

vortex street has been observed in the wake region of the 

flow past a circular cylinder at low Reynolds number 

between 50 to 1000. 

12) Further increase of Reynolds number turns the wake 

region into turbulent flow. Within certain range of 

Reynolds number (50 < Re < 1000), the frequency at 

which vortices are shed in the flow around a circular 

cylinder tends to remain almost constant. 
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