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Abstract— Flow around a circular cylinder is a fundamental 

fluid mechanics problem of practical importance. It is more 

complex when bodies that still keep in their external flow 

properties the combinations of the flow properties of simpler 

bodies like flat plates, cylinders, ellipses. The dynamic 

characteristics of the pressure and velocity fields of unsteady 

incompressible laminar and turbulent wakes behind a circular 

cylinder are reviewed. Several engineering applications 

including offshore structures, bridge piers, and pipelines can 

be modelled as cylinders. The aim of this study is to describe 

flow around a cylinder based on simulations done by various 

researchers. 

Key words: Numerical, Circular Cylinders, Drag Coefficient, 

Fluid Flow, ANSYS 

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. 

 It is well known that the vortex wake information of 

a circular cylinder can be studied as a function of the 

Reynolds number. The first definition of flow regimes based 

on measurements of velocity fluctuations spectra and 

frequency given by Roshko (1954). He found a ‘stable’ 

(periodic) laminar vortex shedding regime for Re=40-150; a 

transition regime in the range Re=150-300, with an ‘irregular’ 

regime for Re=300-10000, where velocity fluctuations shown 

distinct irregularities. One more bluff body square cylinder 

has its own application like Tall buildings, monuments, and 

towers bridges, skyscrapers, offshore structures, etc. are 

permanently exposed to wind. Similarly, piers, bridge pillars, 

and legs of offshore platforms are continuously subjected to 

the load produced by maritime or fluvial streams. 

II. RELATED LITERATURE 

A. RANS Based Models 

Muk Chen Ong et al. [1] investigate high Reynolds number 

flow (1×106, 2 ×106, 3.6 ×106) around a smooth circular 

cylinder by using 2D URANS equation with a standard K-

epsilon turbulence model. Applicability of standard k epsilon 

model for engineering applications in the supercritical and 

upper-transition flow regimes was examined in this research. 

The essential hydrodynamic quantities such as coefficient of 

drag, lift and strouhal number predictions shows acceptability 

of the data. The computed cd and skin friction coefficient 

decrease slightly as the Reynolds number increase. The 

predicted mean pressure distribution at Re= 106 capture the 

trend of experimental data but the discrepancy is larger due 

to different implementation of the wall function. Muk Chen 

Ong et al. [2] present a computational study of high Reynolds 

number flow around a circular cylinder close to flat seabed 

by using standard K-epsilon turbulence model. The effect of 

gap to diameter ratio and seabed roughness for a given 

boundary layer thickness of the inlet flow on hydrodynamic 

quantities and resulting bed load have been predicted. In this 

research flow at Re = 3.6 ×106 and δ/D= 0.4 with seabed 

roughness (Zw = 1×10-6, 2 ×10-5) are investigated. The drag 

coefficient increases as G/D increase for G/D ≤ 0.3, reaches 

maximum then decrease approaching a constant which means 

that influence of seabed gap become negligible. The higher 

roughness reduces coefficient of drag for same Reynolds 

number. strouhal number increase up to G/D=0.6 then remain 

constant for both roughness. For a small gap, the pressure 

coefficient around the cylinder is asymmetric about the 

horizontal centerline of the cylinder results a net upward lift 

force on the cylinder. For an intermediate gap (G/D=0.25), 

the positive pressure zone becomes symmetric at the front of 

the cylinder, but the suction at the gap is large, and causes a 

negative mean lift force on the cylinder. For large gaps, Cp 

becomes symmetric, and the mean lift force approaches zero.  

S.J. Karabelas et al. [3] use 2D RANS equations with 

modified K-epsilon turbulence model. This research 

investigates the effect of the flow over a rotating cylinder at 

high rotational rates. 12 rotational rates from 0 to 8 are 

examined at 3 Reynolds number, Re = 5 ×105,106 and 5 

×106.  This study shows that the lift and drag force varies 

slightly in the Reynolds number range (less than 10%). Lift 

increases linearly with spin ratio (a) and the drag force 

increases up to a = 4, where it reaches a plateau and 

eventually decreases. Turbulence dissipation rate, kinetic 

energy and shear stress are found to increase nonlinearly with 

dimensionless rotational rate. Bijan Mohammadi et al. [4] 

implemented the classical K-ε model with wall law for 

unsteady turbulent flow past a circular cylinder in the range 

Re = 104 - 106 including subcritical, supercritical regimes 
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and drag crisis phenomenon. The mean drag coefficient is 

under predicted by this method for a wide range and strouhal 

number is over predicted. The length of separation bubble 

predicted shown good agreement with two layer RSE model. 

The mean velocity distribution along the center line behind 

cylinder by this analysis yield fair agreement with experiment 

but pressure drop curve is unrealistic due to over prediction 

of the horizontal velocity at the boundary of the wake. So this 

classical K-ε model with wall law for unsteady turbulent flow 

is not satisfactory. A.C. Benim et al. [5] investigated the 

turbulent flow past a circular cylinder computationally by 

means of RANS equation with Shear Stress Transport (SST) 

model by resolving the near wall layer. A wide range of 

Reynolds numbers is investigated (Re=1×104 to 5×106), 

encompassing the critical regime. The boundary layer 

transition and the drag coefficient reduction can qualitatively 

be predicted by this SST model resolving the boundary layer. 

Quantitatively, the predicted drag coefficients underestimate 

the measurements throughout. This is expected to be due to 

the influence of the organized transient motion, which could 

not be taken into account by the RANS-SST formulation. 

This study suggested applying a transient, three-dimensional 

model such as LES for such type of flows. Ismail celik et al. 

[6] used K-ε model for numerical prediction of long time 

average flow over circular cylinder at high Reynolds number 

(104 – 107). In subcritical region, the transitional model is 

used and all predictions such as pressure distribution, wall 

shear stress, and velocity field shows fair agreement with the 

other results up to the separation point but thin boundary layer 

should have fine grid. After separation point, the predictions 

are not satisfactory due to presence of vortex shedding and 

adverse pressure gradient. In supercritical region, the 

predicted separation angle (118º) and coefficient of pressure 

shows acceptability of this model in the range but wall shear 

stress prediction is more than other results. This research 

suggests using fine grid near the cylinder to obtain fine 

results. So K-ε model with transition works well for this type 

of flow.  B.N. Rajan et al. [7] examined the 2D URANS with 

eddy-viscosity based turbulence models over a circular 

cylinder at Reynolds number varying from 104 - 107 to 

predict the numerous flow characteristics. The models used 

are K-ε, SST, SA and V2F for this study. Coefficient of drag 

and lift coefficient shows periodic fluctuation due to vortex 

shedding for all models at Re= 105. The maximum lift 

coefficient and mean drag coefficient predictions by V2F 

model agree well with previous measurement. The drag 

coefficient and strouhal number predicted by all model is in 

qualitative sense but magnitude is over predicted. All model 

show a decrement in Cd up to the Re = 107 and increasing 

trend is not observed in transcritical region. Surface pressure 

and skin friction prediction on cylinder surface shows 

discrepancies after 105 and location of separation point 

predicted downstream as compared to measurement data. So 

URANS predictions are in qualitative sense but accurate 

prediction required more sophisticated model. 

B. LES Model 

Michael Breuer [10] examined the applicability of LES for 

high Reynolds number (Re = 140,000) subcritical flow over 

circular cylinder and investigate the effect of dynamic 

subgrid scale (SGS) modeling and Smagorinsky model at 

different grid on the predicted result. This study shows that 

dynamic model works well for complex flow at higher Re and 

grid refinement does not improve the prediction quality due 

to dependency of the filter width from the grid resolution. 

This research shows acceptability of LES results for high 

Reynolds number flows, especially in the near wake region. 

Pietro Catalano et al. [11] examined the accuracy of LES with 

wall modeling for high Reynolds number (0.5×106, 1×106, 

2×106) flow around a circular cylinder. Boundary condition 

provides by simple wall stress model. The results for drag 

coefficient, base pressure coefficient, Strouhal number and 

mean pressure distribution on the cylinder surface are within 

the experimental and URANS result range at Re up to 1×106.  

LES over predict the skin friction coefficient due to strong 

pressure gradient and vortex- shedding pattern was not clear 

in LES. Also it shows Reynolds number insensitiveness in 

contrast with experiments. The present research advised to 

use a more systematic approach to capture the grid resolution 

and the wall-modeling effects. Tian cheng Liu et al. [12] 

implemented Lattice Boltzmann method to solve turbulent 

flow with high Reynolds number up to 140000 around a 

circular cylinder with sub-grid turbulence model. This 

method relates the turbulence relaxation time with particle 

distribution. Pressure lines and streamlines shows that as 

Reynolds number increases, there are more and more small-

scale vortices appearing on the backward face, and the flow 

turned into turbulent flow. The prediction of drag coefficient 

and strouhal number showed very good agreement with 

others. So the extended Lattice Boltzmann method is suitable 

for unsteady turbulent flow. Ryan Merrick et al. [13] 

conducted an experimental and numerical simulation to study 

the effect of surface roughness on the separation point and 

wake intensity. The aim of this study is to control the flow by 

using artificial roughness and correlates it with Reynolds 

number so that transition in subcritical region occur similar 

to supercritical region with artificial roughness. A number of 

roughness pattern are investigated in BLWT at Reynolds 

number from 1x104 to 2x105. The simulations performed by 

using a large eddy simulation (LES) at high Re (1.5x106) and 

medium Re  (1x105) and low Re (3.0x104). The pressure 

coefficient is compared for both the case and it shows that 

artificial roughness pattern can simulate super critical flow 

properties in sub critical region. The suitability of roughness 

pattern for definite flow characteristics is remains for 

research. S.J. Karabelas [14] implemented large eddy 

simulation to predict the effect of spin ratio varying from 0 to 

2 on the flow parameters of a rotating cylinder at Re = 

1.4×105. The streamline of velocity at different spin ratio 

shows that the first stagnation point on cylinder surface is 

moving forward to a greater angle and lower vortex 

diminishes and finally eliminate as the spin ratio increase in 

case of counter clockwise rotation of cylinder. The results for 

coefficient of lift and drag are in good agreement with others. 

Lift coefficient increases with spin ratio while the drag 

coefficient reduces. The negative mean pressure coefficient 

reduces with spin ratio and its position moves toward lower 

surface. For spin ratio greater than 1.3, the load stabilized 

after a transition period and variation in lift coefficient 

reaches its minimum value. All predictions by LES model 

show well agreement with other results. 
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C. Hybrid & Miscellaneous Model 

Wornom et al. [18] conducted a computational study on 

Variational multiscale large-eddy simulations (VMS– LES) 

of the flow over a circular cylinder at the subcritical Reynolds 

number up to 2 × 105. A combination of FEM and FVM 

discretization is used on unstructured grid with eddy viscosity 

scale model which separates the grid into the large resolved 

scale and small resolve scale. The predicted variation of 

strouhal number, drag coefficient and rms coefficient of lift 

with Reynolds number show similar trend qualitatively and 

quantitatively. The overall agreement is good for the 

coefficient of pressure at the surface but overestimation at 

stagnation point is predicted. Ju-Yeol You et al. [19] 

investigate the turbulent flow around a circular cylinder at Re 

= 3.6 ×106 by using an unstructured mesh technique, and 

compared URANS(S-A, SST) and hybrid RANS/LES (DES, 

SAS) models. Hybrid RANS/LES means that computational 

region is divided by URANS near the cylinder and LES for 

the remaining field. Unstructured mesh technique is used to 

model a volume easily and meshed the dense cells forcibly in 

the wake region. Vortex shedding pattern obtained from 

URANS is 2D and continues while hybrid model gives 3D 

irregular pattern. The Strouhal number (0.25) shows good 

agreement while coefficient of pressure was under predicted 

for all models used. The magnitude of recirculation length 

and bubbles size predicted by hybrid model is larger than 

URANS. The average turbulent kinetic energy is mostly 

contributed by transverse component and its magnitude is 

over predicted by Hybrid model than URANS. This 

difference can be reduced by changing turbulent length scale 

or source term makes the hybrid model more realistic. Kyle 

D. Squires et al. [20] examined the delayed detached eddy 

simulation to predict the super critical flow around a circular 

cylinder against the results of base line version of the method.  

The flow over the cylinder is at Re =8×106. Three grids with 

coarsest mesh having 1.47×106 cells and finest mesh having 

9.83×106 cells are used for prediction of pressure and force 

coefficient. The averaged drag coefficient, Strouhal number, 

coefficient of skin friction and separation angle for each of 

the grids using DES97 and DDES are in good agreement. The 

pressure coefficient for both models and each grid are similar.  

Andrei travin et al. [21] examined the validity of detached 

eddy simulation predictions with laminar and turbulent 

separation. The Reynolds number used for laminar separation 

is 50,000, 140,000, while 140,000 and 3 × 106 is used for 

turbulent separation. The coefficient of pressure and drag 

predictions with medium grid refinement shows good 

agreement with experimental result than finer grid. Skin 

friction coefficient on cylinder surface reveals a poor 

agreement with experimental results after point of separation 

for laminar separation but for turbulent separation, poor 

agreement is shown over the complete surface. Wake 

statistics about velocity, mean recirculation bubble length 

shows fair result at lower Reynolds number and Reynolds 

stress in the wake shows qualitative agreement with over 

predicted magnitude. Overall the predictions of DES meet 

with partial success. 

III. CONCLUSION 

Significant advances were made in the last decade in 

understanding the fundamentals of fluid flow over a circular 

cylinder with improved computational mesh generation 

techniques and efficiency of solvers but in case of elliptical 

cylinder, absence of comprehensive data is observed in the 

supercritical and upper transition regimes. Many engineering 

application, which operates at high speed or in highly 

turbulent regime, are very difficult to model. So some 

numerical simulation in these regimes should be conducted to 

avoid such circumstances. The circular cylinder that is a 

special and ideal case of an elliptical cylinder (minor to major 

axis ratio = 1) can be used for the validation of different 

approaches to turbulence modeling. A wide number of 

research papers are available in the literature. LES and 

different hybrid models are able to predict more accurately in 

supercritical and trans-critical regimes but still most of the 

computational works on circular cylinder employ two-

equation turbulence models, predominantly the standard k-ε 

model for modelling turbulence phenomena due to its 

simplicity and reasonable accuracy. In case of higher 

accuracy required one should adopt other models rather than 

two equation models. Overall the present study helps 

someone in finding the suitable method to model an elliptical 

cylinder in high Reynolds number regimes. 

 Through reviewing previous work, many models 

have been utilised to study the typical engineering problem of 

flow around one or more cylinders. In addition, many 

investigations have been carried out to verify the rationality 

of the models through simulating the case of flow past a 

circular cylinder However, in some engineering conditions, 

numerical simulation is not only required to have enough 

precision, but also to minimise the computational costs. 

Therefore, it is necessary to compare the accuracy and 

computational costs between different simulation methods. 

Unfortunately, few works pay attention on selecting a model 

with a balance between the computation costs and simulation 

precision. As a result, three turbulence models (SSTκ-ω, LES 

and ELES) are used to study the problem of the flow past a 

circular cylinder from critical to super-critical Reynolds 

number this work. 
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