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  Abstract 

The study of flow around bluff bodies such as circular and elliptical cylinders is the fundamental fluid mechanics 
problem. Flow-induced vibration problems, in recent years have become increasingly important in day to day life. In the past 
two decades a great deal of research work has been done, especially on fluid-structure interaction problems. Exact 
knowledge of a structure's behavior due to surrounding fluid flow is very important in designing bridges, antennas, off-shore 
structures, heat exchangers, undersea cables,...etc., since large amplitude structural vibrations can cause a destructive effect. 
Many research studies have been done to determine and predict the effect of lift force on cylindrical and spherical bodies 
under different conditions. This article is a review of numerous analyses focused on modeling the lift over a cylinder under 
different forcing conditions. 
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I. INTRODUCTION 
 
The first goal of this work was set to study models based on nonlinear ordinary differential equations or nonlinear algebraic 
equations because of which the lift and drag coefficients on a cylinder or a cylinder-like structure are produced. The analysis 
and validation of lift and drag forces and the effect of laminar and turbulent flow on cylindrical bodies has been the subject of 
numerous experimental and numerical studies. This study presents the investigation of the flow characteristic and vortex 
induced vibration (VIV) of a cylindrical structure and analysis of lift and drag coefficients due to the incompressible laminar 
and turbulent flow at different Reynolds numbers. Vortex shedding, induced by a fluid flow past a structure or a structural 
element produce the fluctuating lift and drag forces. The main objective of present study is to find out some numerical schemes, 
concepts and analysis to model the lift coefficient on cylindrical bodies under different conditions.  
 

II. LIFT MODELLING APPROACHES OVER CYLINDRICAL BODIES 
 
The interest of researchers in the analysis of lift force on cylinder or cylinder like structures is due to several questions. It has 
been shown by many researchers that drag and lift forces on circular cylinders are directly related to the vortex shedding pattern 
in their wakes. In various applications, the interest was to reducing these forces, reducing vortex induced-vibrations, or 
augmenting the lift component. In such cases where the structures or elements are flexible or elastically constrained, fluctuating 
lift and drag forces induce structural motions. These motions can be significantly amplified under lock-in conditions. Such 
amplified responses are of great concern in many practical applications. For different purposes such as optimization of the 
forcing parameters, analysis and validation of analytical models have been proposed as a more efficient alternative for 
determining fluctuating forces on circular cylinders. Research on this fluid mechanical problem is conducted by means of 
experiments especially on wind tunnel and, increasingly, by numerical simulation. Now a days, researchers are analyzing lift 
analytical models using different softwares such as Ansys fluent, Matlab etc. There are many methods that can be used to 
predict lift force. Some of them are DNS (direct numerical solution), RANS (Reynolds averaged Navier-Stokes), and LES (large 
eddy simulation).   
 
1. Direct numerical solution (DNS) 
2. Reynolds averaged Navier-Stokes simulation (RANS) 
3. Large eddy simulation (LES). 
 
DNS is a method to predict the turbulence flow in which the Navier-Stokes equations are numerically solved without averaging. 
Remaining two solve the averaged Navier–Stokes equations, where the average is defined as a statistical or temporal average in 
RANS and as a spatial average over a small volume in LES. Due to the non-linearity of the Navier–Stokes equations their 
averaged forms contain additional terms for which models are needed. They are termed turbulence models in RANS and sub 
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grid or sub filter scale models in LES. Presently there are various advanced turbulence models which can be used to simulate 
such flows but lack of the universal model still enforce the researchers to understand the best area of these models. 
 

III. REVIEW OF LIFT FORCE ANALYSIS OVER CYLINDER BODIES 
A) Lift force on circular cylinder 
 
Because of geometric simplicity and since near-cylinder elements are used in several industrial applications a circular cylinder 
is a favored configuration in many studies. 
 
V. Strouhal, 1878 [1] worked to solve the problem of a cylinder vibrating due to forces exerted by the wake, in aero acoustics, 
which resulted the designation of the Strouhal number (St) to represent the non-dimensional shedding frequency. 
 
Rayleigh, 1879 [2] also worked to solve the problem of a cylinder vibrating due to forces exerted by the wake, especially on the 
oscillations of violin strings subject to incoming wind flow. 
 
Birkhoff and Zarantonello, 1957 [3] were the first to suggest an oscillator to model the wake of a cylinder, describing it as 
“swinging from side to side, somewhat like the tail of a swimming fish”. They did not specify a particular oscillator but alluded 
to a linear one. 
 
Bishop and Hassan (1964) [4] performed number of experiments on a cylinder oscillating harmonically in the cross-flow 
direction, covering different ranges of Reynolds numbers from 5,850 to 10,800. In these experiments the cylinder motion was 
adjusted by them via a Scotch-yoke mechanism. They found that when the frequency of the cross-flow motion is close to the 
natural vortex-shedding frequency, the wake responded at the motion frequency and not at the natural vortex-shedding 
frequency, and the wake is said to synchronize with the cylinder motion. The response within this synchronization band was 
examined on applying different motion amplitudes. They showed that the width of this band decreases because of increase in 
Reynolds number. Based on their experimental results, Bishop and Hassan suggested that the synchronized wake can be 
modeled by a simple forced oscillator. They, however, did not specify a particular oscillator (which they called “wake” or 
“fluid” oscillator), but indicated that it is nonlinear and self-excited. 
 
Tanida et al., 1973 [5] studied a one-degree of-freedom, in the in-line direction, of right circular cylinder oscillating 
harmonically. There were two parts in their study, the first part of their study considered a single circular cylinder oscillating in 
a uniform stream and the second part was dedicated to the case of tandem cylinders i.e., a cylinder oscillating in the wake of 
another cylinder. In these results, they observed the synchronization phenomenon and measured the lift and drag forces on the 
oscillating cylinder regardless of the existence of the upstream fixed cylinder. In the caseof in-line oscillation, the cylinder was 
made to oscillate harmonically whose amplitude was equal to 14% of its diameter. They kept the amplitude constant and varied 
the frequency from below to above the natural vortex-shedding frequency (or Strouhal frequency according to their 
terminology). 
 
Sarpkaya, 1976 [6] defined fluid lift force coefficients. The fluid lift forces he measured were directly acting on a fixed 
cylinder in an oscillating fluid flow field, and calculated the lift force coefficients. He observed that the lift force coefficient 
depends on Keulegan-Carpenter number if Reynolds number is smaller than about 20,000, and the coefficient depends upon 
both Reynolds and Keulegan - Carpenter numbers if the Reynolds number range is 20,000 to 100,000. 
 
Hartlen and Currie 1970 [7] proposed a well-known model “the lift wake oscillator” for the lift force acting on a circular 
cylinder when subjected to a fluid flow. In this model, the lift is represented by a Rayleigh equation.             
 
Youn-sik Park, 1981 [8] proposed a simple fluid lift force model after considering that the lift forces are due to periodic 
vortices as 
 

𝐹∗(𝑡) = 𝐶
𝜌𝑈 𝐷

2
sin(𝜔 𝑡) − 𝐶 − 𝐶

𝜋𝐷 𝜌𝑙

4
 

 
They found that the two frequencies i.e., vortex shedding frequency and the cylinder driving frequency play an important role to 

determine the fluid lift forces. During the experiment, they observed that the  ratio changed from time to time which means 

the shape of the lift forces was not always consistent. The  ratio was found to vary with little or no change in the cylinder 

deriving (input) conditions. These variations in behavior are most likely due to the complex mechanisms associated with the 
vortex shedding characteristics of a cylinder moving in its own wake. These vortex shedding changes are related to the Strouhal 
number (St) 
Sarpkaya, 1981 [9] defined peak and R. M. S. fluid lift force coefficients as 
 

𝐶 ( ) =
Max Lift Force

0.5ρD (Aω )
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𝐶 ( ) =
RMS of Lift Force

0.5ρD (Aω )
 

 
He measured fluid lift forces directly acting on a fixed cylinder in an oscillating fluid flow field, and calculated the lift force 
coefficients. He said that for Reynolds number smaller than about 20,000, the lift force coefficient depends primarily on 
Keulegan-Carpenter number, and in the Reynolds number range of from 20,000 to 100,000, the coefficient depends both on 
Reynolds and Keulegan-Carpenter number. 
 
T. R. Auton et al., 1988 [10] derived a general expression for the fluid force on a cylinder moving with a velocity v  through 
inviscid fluid in which there is an unsteady non-uniform rotational velocity field𝑢 (𝑥, 𝑡) in two or three dimensions. In 
rotational flows they used different forces viz., a stationary circular cylinder in a steady shear flow(−𝑈 − 𝜔 𝑦, 0) experiences a 
lift force  
𝐹 = 𝜌𝑉𝐶 𝜔 , where 𝐶 = 2 

But in a swirling flow with same vorticity −𝑈 − 𝜔 𝑦, 𝜔 𝑥 , the lift force is 𝐹 = 𝜌𝑉𝑈𝜔 . 

Many analyses and suggestions have been made for the form of such generalized force laws and very many have been wrong. 
These errors and controversies have centered on the definitions of the correct acceleration for the fluid. 
 
Carberry et al., 2001 [11] experimentally investigated the wake of a cylinder oscillating in the cross-flow direction with a 
nondimensional amplitude of 0.5 and a Reynolds number of 2,300. The motion was implemented via a stepper motor system. 
They found that the interaction between the instability waves in the wake and the motion of the cylinder leads to a transition 
from one mode to another. This interaction depends strongly on the ratio of the motion frequency to the natural vortex-shedding 
frequency. A jump in the lift force within the synchronization band and the corresponding jump in the phase of the lift relative 
to the motion was observed. 
 
Kim and Perkins, 2002 [12] used a coupled model, based on two van der Pol equations for the drag and lift coefficients 

�̈� + 𝜔 𝐶 − 𝜇 �̇� + 𝛼 𝐶 �̇� = 0 
                                                                   

                                                                          𝑑 = 𝑑 − 𝐶 𝐶̇                                                               

They evaluated coupled cross-flow and in-line vibrations by considering two principal coupling mechanisms: (i) cable structural 
nonlinearities, and (ii) coupled fluid lift and drag. They focused on a “worst-case” resonant response where the natural 
frequencies for cable modes in the cross-flow and in-line directions are in the same 1:2 ratio as the excitation frequencies 
associated with lift and drag. They found that coupled fluid lift and drag produces non-planar “figure eight” motions of the cable 
cross-section. 
 
A.H. Nayfeh et al., 2003 [13] presented a model for the time-varying coupled lift and drag on a circular cylinder. For this 
model they used both the Rayleigh and van der Pol equations 
                                                              �̈� + 𝜔 𝐶 − 𝜇 �̇� + 𝛼 𝐶 = 0 
                                                             �̈� + 𝜔 𝐶 − 𝜇 �̇� + 𝛼 𝐶 �̇� = 0 
                                                      
and using a perturbation technique, they obtained approximate solutions of both the Rayleigh and van der Pol equations as  

𝐶 (𝑡) ≈ 𝑎𝑐𝑜𝑠(ω t + 𝛽) +
𝛼 ω

32
𝑎 𝑐𝑜𝑠 3(ω t + 𝛽) −

𝜋

2
 

𝐶 (𝑡) ≈ 𝑎𝑐𝑜𝑠(ω t + 𝛽) +
𝑎 𝛼

32ω
𝑐𝑜𝑠 3(ω t + 𝛽) +

𝜋

2
 

By fitting the amplitude and phase relations, they find that the van der Pol equation is the suitable model for the lift. The 
Rayleigh equation fails to give the correct phase relation. Because the major frequency in the drag component is twice that of 
the lift, the drag component is modeled as a quadratic function of the lift. The comparison of the simulated and modeled lift and 
drag coefficients at 𝑅 = 200, 20000 and up to 100000 were shown  
and the results showed excellent agreement across the entire range of Reynolds numbers considered. The models and results 
they presented was a first step in the development of a reduced-order model for vortex-induced vibrations that includes the 
cylinder’s motions. They concluded that the van der Pol oscillator should be used to model the lift exerted on a fixed cylinder 
because this oscillator produces a phase angle between the main lift component and its third harmonic that is closer to that 
obtained from numerical simulations of the Reynolds-averaged Navier-Stokes equations (RANS) for a wide range of Reynolds 
numbers. 
Facchinetti et al. 2004 [14] modeled the VIV problem by coupling van der Pol oscillator for the lift with a linear oscillator for 
the cylinder motion. Three types of wake forcing were investigated: displacement, velocity, and acceleration forcing. On 
comparing the outcomes of the model with some experimental results for forced cylinder, they concluded that the acceleration 
forcing matches the data better than the other two. Then, they investigated the dynamical behavior of the three forced oscillators 
as the reduced velocity is varied in a non-stationary fashion. There were several limitations in their study. First, the model was 
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based on a constant Strouhal number and constant amplitude of the lift of the fixed cylinder, regardless of the Reynolds number. 
Second, the selected forced-cylinder data used to predict the van der Pol parameters exhibit large dispersion. Third, the 
proposed model cannot capture the 180o-jump in the phase between the displacement and the lift. Fourth, tuning the forced-
oscillator parameters based on a certain set of recorded data and then using the same parameters to model the VIV problem at a 
different Reynolds number may be questionable because, if the VIV is inhibited, the lift model (which automatically reduces to 
a free-oscillator) would not be able to reproduce the limit cycle of the lift. 
 
Lihai Qin, 2004 [15] provided a consistent approach for the development of reduced-order models for the lift and drag on 
oscillating cylinders and the identification of their parameters. Amplitudes and phases of higher-order spectral moments of the 
lift and drag coefficients data are combined with approximate solutions of the representative models to determine their 
parameters. The results show that the amplitude and phase of the tri-spectrum could be used to model the lift on the oscillating 
cylinder under different excitation conditions. They used forced van der Pol equation  

�̈� + 𝜔 𝐶 − 𝜇 �̇� + 𝛼 𝐶 �̇� = 𝐹𝑐𝑜𝑠(Ω𝑡 + 𝜏 ) 

                                     
 

to represent the lift on a transversely oscillating cylinder under different excitation conditions 
No resonance with Soft Excitation: �̈� + 𝜔 𝐶 − 𝜖𝜇 �̇� + 𝜖𝛼 𝐶 �̇� = 𝜖𝐹𝑐𝑜𝑠(Ω𝑡 + 𝜏 ) 
Primary Resonance with Soft Excitation: �̈� + 𝜔 𝐶 − 𝜖𝜇 �̇� + 𝜖𝛼 𝐶 �̇� = 𝜖𝐹𝑐𝑜𝑠(Ω𝑡 + 𝜏 ) with Ω = ω + εσ

 
 

No resonance with hard Excitation: �̈� + 𝜔 𝐶 − 𝜖𝜇 �̇� + 𝜖𝛼 𝐶 �̇� = 𝐹𝑐𝑜𝑠(Ω𝑡 + 𝜏 ) 
They showed good agreement between analytically modeled and RANS simulated lift time series. He also used perturbation 
method to solve these analytical models. 
 
M. E. Young et al., 2004 [16] examined the effect of variation in inlet turbulence length scale on the flow properties by Kω-SST 
model at 𝑅 = 1.4 × 10  and investigated the acceptability of modified time limit K-ω model. The modification in turbulent 
viscosity term prevents production of turbulent kinetic energy in highly strained area. As turbulent length scale is increased 
from 0.001D to 0.1D, the drag coefficient CD and lift coefficient CL have periodic variation. The variation in CD is -7.8 to +8.5% 
from the mean value and in strouhal number is -5.6 to +3.1%. Coefficient of pressure is increased with length scale but under 
predicted in comparison to experimental result. The performance of CFD was poor in capturing the effect of boundary condition 
variations. The time limit model is examined at 𝑅 = 10  to 3 × 10  and the result shows that this model predict more closely 
than standard model upto 5 × 10 . 
 
Kim and Williams 2006 [17] measured the lift and drag forces on a cylinder driven harmonically in the in-line direction in air 
at a Reynolds number of 15,200. The main part of their experiment was conducted at a very small oscillation amplitude of 3.5% 
of the diameter and the motion frequency was 0.8. Their goal was to study the nonlinear coupling between the lift and drag. 
Whereas their study revealed interesting facts about this nonlinear interaction and explained the structure of the power spectra, 
fixing the frequency at a single value did not allow synchronization to take place. It also did not show how this force coupling 
changes for different frequencies. 
 
Sumer, 2006 [18] who extended the work of Drescher in 1956 [25] and performed an experiment traced the drag and lift forces 
from the measured pressure distribution as shown in Figure 1. From the figure, they observed that the drag and lift forces 
oscillate as a function of the vortex shedding frequency. 

                              
                                        Fig. 1 Oscillating drag and lift forces traces, adapted from Sumer [18].      
Kaiktsis et al. 2007 [19] numerically studied the forces exerted on a cylinder driven harmonically in the cross-flow direction at 
a Reynolds number of 400. They solved the two-dimensional Navier-Stokes equations in a coordinate system fixed to the 
cylinder. In their analysis, the lift force was decomposed into a component in phase with the velocity and a component 180o out 
of phase with the acceleration. Variations of these components, along with other flow parameters were examined over a range of 
non-dimensional motion amplitudes from 0 to 0.6 for the three forcing cases. Smooth variations of the force coefficients and 
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regular vortex patterns were found when the motion frequency was below the natural vortex-shedding frequency. Sharp changes 
in the force coefficients were found when the motion frequency was above the natural vortex-shedding frequency. 
 
Ogink and Metrikine, 2008 [20] claimed that the component of the lift in phase with the acceleration has linear correlation 
with the forcing amplitude (i.e., the acceleration amplitude, thus the motion amplitude) in the experiments of Gopal krishnan 
(1993) with a cylinder forced in the cross-flow direction at a Reynolds number of 10,000, which is not satisfied by the classical 
forced van der Pol model. Hence, they started from where Facchinetti et al. (2004) ended (i.e., the acceleration-forcing van der 
Pol) and modified the cubic term from 𝑞 �̇� to 1 (𝑎 + 𝑏𝑞 )�̇�⁄ , where a and b (a < 1) are model-tuning parameters, and q is the 
model variable representing the ratio of the lift amplitude for the elastically mounted cylinder (under lock-in conditions) and the 
lift amplitude for the fixed cylinder needs to be changed. 
 
Isam Janajreh et al., 2008 [21] developed an analytical model to predict the lift on a rotationally oscillating circular cylinder 
under primary resonance condition. They used van der Pol oscillator 

�̈� + 𝜔 𝐶 − 𝜖𝜇 �̇� + 𝜖𝛼 𝐶 �̇� = 𝜖𝐹𝑐𝑜𝑠(Ω𝑡 + 𝜏 ) 
under the primary resonance condition  Ω = ω + εσ 
They performed Direct Numerical Simulations of the unsteady incompressible Navier-Stokes equations for different cases of the 

flow over a rotationally oscillating circular cylinder. All simulations were performed at 𝑅 = ∞ = 100. Traditional signal 

processing techniques based on second-order statistics were used in data analysis, such as the power spectra which are the 
Fourier transforms of the second-order correlation functions. Based on this analysis, it was determined that the forced van der 
Pol equation could be used to model the lift coefficient on the rotationally oscillating cylinder in the lock-on regime. The 
Validation of the representative model and its parameters was demonstrated by comparing its integrated time series with the one 
obtained from the original numerical simulation. They also showed good agreement between analytically modeled and 
numerically simulated lift time series. 
 

           
Fig. 2 Comparison of the analytically modeled (blue line) and numerically simulated (red dashed line) lift time 

Series adapted from Isam [21]. 

Osama A. Marzouk, 2009 [22] developed models based on nonlinear ordinary differential equations or nonlinear algebraic 
equations. They showed that these models produce the lift and drag coefficients on a cylinder or a cylinder-like structure and 
also developed a deeper understanding of the shedding and fluid forces on a cylinder.  They showed how the lift and drag 
coefficients depend on oscillatory motion of cinder within and outside the synchronization (or lock-in) band of frequencies. 
They also introduced an improved wake oscillator for the lift, which combines the van der Pol and Duffing equations. They 
proposed a two-term quadratic model that relates the drag and lift coefficients, which reproduces the phase relationship between 
the drag and lift and its variation with the Reynolds number. They found that to represent the effects of the cylinder motion a 
mixed-type (external and parametric) forcing is needed. They performed extensive CFD (computational fluid dynamics) 
simulations to solve the unsteady Reynolds averaged Navier-Stokes equations  

∇ ∙ �⃗� = 0 
𝜕

𝜕𝑡
�⃗� + �⃗� ∙ ∇�⃗� = −

1

𝜌
∇𝑝 + 𝑣∇ �⃗� 

                                                                  
that govern the flow fields around fixed and moving (in either the cross-flow or in-line direction) cylinders. They developed 
improved lift and drag models by adding a Duffing-type nonlinearity to van der Pol oscillator. They models are shown below 

𝐶̈ + 𝜔 𝐶 = 𝜇𝐶̇ − 𝛼𝐶 𝐶̇ − 𝛾𝐶  
 

𝐶 (𝑡) = 〈𝐶 〉 + 2𝑘
𝑎

𝑎
(𝐶 − 〈𝐶 〉) + 2𝑘

𝑎

𝑎
𝐶 𝐶̇  

Their research added one more step toward increasing the understanding of the wake of a circular cylinder. They examined the 
performances of exiting wake models and proposed improved wake models by using analytical as well as numerical approaches. 
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Imran Akhtar et al., 2009 [23] performed Simulations, at 𝑅 = 1000 and with varying aspect ratio 𝐿/𝐷 = 𝜋 − 4𝜋, for one 
stationary and four non-stationary cases of flow past over an oscillating cylinder. All cylinders were excited externally with an 
excitation frequency 𝑓 = 0.15 and at an amplitude 𝐴 /𝐷 = 0.05. Then the results of the forced oscillating cylinders and those 

of the 3D stationary cylinder case were compared. They found that fluid force on the cylinder is actually a manifestation of the 
pressure and shear stresses acting on the surface of the right circular cylinder. The net force acting on the surface of the cylinder 
can be decomposed into two components viz., lift and drag forces. With respect to the dynamic pressure these forces are non-
dimensional. Then they used resultant lift and drag coefficients in terms of the pressure and shear stresses as follows: 

𝐶 = −
1

𝐿
𝑝𝑠𝑖𝑛𝜃 −

1

𝑅
𝜔 𝑐𝑜𝑠𝜃 𝑑𝜃 𝑑𝑧 

𝐶 = −
1

𝐿
𝑝𝑐𝑜𝑠𝜃 +

1

𝑅
𝜔 𝑠𝑖𝑛𝜃 𝑑𝜃 𝑑𝑧 

in which 𝜔  is the spanwise vorticity component on the surface of the cylinder.  

In this study, they recorded the time histories of the lift and drag coefficients for each case as well as the time histories for the 
non-stationary cylinder cases. They also analyzed their time-histories by performing higher-order spectral analysis. The 
different statistical variables, such as power spectrum, cross-bispectrum, and cross-bicoherence were calculated using time 
histories of the lift and drag coefficients of the cylinder by dividing into periodic segments. The statistical variances of the 
results were reduced using Ensemble averaging. 
 
Muk Chen Ong et al., 2010 [24] presented a computational study of flow, at high Reynolds number, around a right circular 

cylinder close to flat seabed by using standard K-epsilon turbulence model. In this research flow at 𝑅 = 3.6 × 10  and = 0.4 

with seabed roughness (𝑍 = 1 × 10 , 2 × 10 ) are investigated. The drag coefficient increases as 𝐺/𝐷 increase for 𝐺/𝐷 ≤
0.3, reaches the maximum then decrease approaching a constant i.e., seabed gap influence become negligible. The higher 
roughness reduces coefficient of drag for same Reynolds number. 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. And the suction at the gap is 
large which causes a negative mean lift force on the cylinder. The coefficient 𝐶  becomes symmetric because of large gaps, and 
the mean lift force approaches to zero. 
 
B) Lift force on elliptical cylinder 
 
R. Mittal et al. [25] studied the effect of force over an elliptical cylinder and presented the phenomenon of unsteady separation 
and the structure of wake in the flow. They evaluated the effect of thickness and angle-of-attack on the flow field using direct 
numerical simulation at moderate Reynolds number. They compared Strouhal number with the results of drag coefficient for 
flow over a circular cylinder for validation purpose. They performed two- and three-dimensional simulations for a range of flow 
and geometric parameters and the effect of inflow and outflow boundary conditions was investigated. Their results showed that 
three-dimensionality affects the lift and drag forces of the cylinders; two dimensional numerical models at high Reynolds 
numbers, tends to over predict the average level of drag and the amplitude of lift coefficient. 
 
Moon-Sang Kim et al. [26] studied the effects of Reynolds number and elliptical cylinder thickness on the drag force and lift 
force. Thickness-to-chord (t/c) ratios of 0.6, 0.8, 1.0, and 1.2 are simulated at different Reynolds numbers of 200, 400 and 1,000 
using 2D Navier-stokes equation with SIMPLER algorithm of Patankar (1980) in conjunction with Crank- Nicolson time 
integration method. This study resulted into the relation among drag force, Reynolds number and t/c ratio. The pressure drag 
force increases with 𝑅  and t/c but rate of increment is more with thickness-to-chord ratio than Reynolds number. The 
amplitudes of lift force and drag force oscillations increases with 𝑅𝑒 and t/c but the amplitude of drag force is much less than 
that of lift force. The strauhal number increases as either Reynolds number increases or thickness decreases. 
 

IV. Conclusions 
The analysis of the effect of lift force coefficient on cylindrical bodies under different forcing conditions and for different 
positions and moments of the cylinders, is presented by many prominent researchers and wide number of research papers are 
available in the literature. Looking at the importance of this analysis in mind, researchers worked in every corner of this fluid 
mechanics problem. Earlier the analysis by researchers was experimental, especially on wind tunnel, which was costly and time 
consuming. But the results which were obtained by the researchers are reliable. Now a days most of the researchers are working 
on CFD analysis using different softwares such as RANS, Matlab, Ansys etc. But in India, in CFD analysis, still there is lot of 
work to be done specially using the Ansys fluent software.   
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Overall the aim of present study is to helps someone in finding the suitable area and method to model the lift force on 
cylindrical bodies. As two forces acts on the body, lift force and drag force, so there is a scope of drag force analysis too. 
Someone may analyze both the forces, lift and drag, simultaneously on cylindrical bodies or body of any other shape. A large 
number of fundamental studies are due to the practical effects of the vortex-induced vibrations phenomenon whereas different 
aspects of this phenomenon have been independently considered. These studies have been concerned with the characteristics of 
the fluid flow and vortex shedding phenomena behind bluff bodies, the modeling of the lift and drag forces on stationary and 
moving cylinders, the lock-in phenomenon and feedback between body motion and vortex shedding, and the introduction of 
passive and active control techniques to dampen the structural motions. Because of large number of these studies and results, it 
has become easier to understand the vortex shedding and vortex-induced vibrations phenomena. 
 

ACKNOWLEDGMENT 

We acknowledge and very thankful to Mr. Vikram Jadhav (Director, IFS Academy, Pune) for providing facility to work on the 

Ansys fluent software package that has been used in this work. 

References 
[1] V. Strouhal, “Uber eine Besondere Art der Tonerregung,” Annalen der Physik und Chemie (Leipzig), vol. 5, pp. 216—251, 1878. 
[2] L. Rayleigh, “Acoustical Observations,” Philosophical Magazine, vol. 7, pp. 149—162, 1879. 
[3] G. Birkhoff and E. H.,Zarantonello, “Jets, Wakes, and Cavities”, Academic Press, New York, 1957. 
[4] R. E. D. Bishop, and A. Y Hassan, “The Lift and Drag Forces on a Circular Cylinder in a Flowing Fluid,” Proceedings of the Royal Society Series A, vol. 
277, pp. 32—50, 1964. 
[5] Y. Tanida, A. Okajima, and Y. Watanabe, “Stability of a Circular Cylinder Oscillating in Uniform Flow or in a Wake,” Journal of Fluid Mechanics, vol. 61, 
pp. 769—784, 1973. 
[6] T. Sarpkaya, "Vortex Shedding and Resistance in Harmonic Flow About Smooth and Rough Circular Cylinders at High Reynolds Numbers." Naval 
Postgraduate School Paper No. NPS-59SL76021, Feb. 1976. 
[7] R. T. Hartlen, and I. G. Currie, “Lift-Oscillator Model of Vortex Vibration,” Journal of Engineering Mechanics, vol. 96, pp. 577-591, 1970. 
[8] Youn-sik Park, “The response and the lift force analysis of a cylinder oscillating in still water”, Ph. D. Thesis, Department: Engineering Science and 
Mechanics,Iowa State University, Ames, Iowa,1981. 
[9] T. Sarpkaya and M. Isaacson “Mechanics of Wave Forces on Offshore Structures”, Van Nostrand-einhold, New York, 1981. 
[10] T. R. Auton, J. C. R. Hunt and M. Prud’homme, “The force exerted on a body in inviscid unsteady non-uniform rotational flow”, Dept., of Applied 
Mathematics and Theoretical Phisics, University of Cambridge, Silver street, Cambridge CB3 9EW, UK, 1988.  
[11] J. Carberry, J. Sheridan, and D. Rockwell, “Forces and Wake Modes of an Oscillating Cylinder”, Journal of Fluids and Structures, vol. 15, pp. 523—532, 
2001. 
[12] J. Kim  and N. C. Perkins, “Two-dimensional vortex-induced vibration of cable suspensions”, Journal of Fluids and Structures, 16(2), 229-245, 2002. 
[13] A. H. Nayfeh, F. Owis and M. R. Hajj, “A model for the coupled lift and drag on a circular cylinder”, Proc. of DETC 2003, ASME 19th Biennial 
Conference on Mechanical Vibrations and Noise, Chicago, IL, USA, DETC2003/VIB-48455, 2003. 
[14] M. Facchinetti, E. De Langre and F.Biolley, “Coupling of Structure and Wake Oscillators in Vortex-Induced Vibrations”, Journal of Fluids and Structures, 
vol. 19, pp. 123—140, 2004. 
[15] Lihai Qin, “Development of Reduced-Order Models for Lift and Drag on Oscillating Cylinders with Higher-Order Spectral Moments”, Ph. D. Thesis, 
Department of Mechanical Engineering, November, 2004 Blacksburg, VA, 2004. 
[16] M. E. Young and A. Ooi, “Turbulence Models and Boundary Conditions for Bluff Body Flow”, 15th Australasian Fluid Mechanics Conference The 
University of Sydney, Sydney, Australia 13-17, Dec. 2004. 
[17] B. H. Kim and D. R . Williams, “Nonlinear Coupling of Fluctuating Drag and Lift on Cylinders Undergoing Forced Oscillations”, Journal of Fluid 
Mechanics, vol. 559, pp. 335—353, 2006. 
[18] B.M. Sumer and J. Fredsøe, “Hydrodynamics Around Cylindrical Structure”, World Scientific Publishing Co Pte. Ltd. Singapore, 2006. 
[19] L.Kaiktsis, G. S. Triantafyllou and M. Ozbas, “Excitation, Inertia, and Drag Forces on a Cylinder Vibrating Transversely to a Steady Flow,” Journal 123 of 
Fluids and Structures, vol. 23(1), pp. 1—21, 2007. 
[20] R. H. M. Ogink and A. V. Metrikine, “A Wake Oscillator with Frequency Dependent Tuning Coefficients for the Modeling of VIV,” 27th International 
Conference on Offshore Mechanics and Arctic Engineering, Estoril, Portugal, June 15-20, 2008. 
[21] Isam Janajreh and Muhammad Hajj, “An Analytical Model for the lift on a Rotationally Oscillating Cylinder”, BBAA VI International Colloquium on: 
Bluff Bodies Aerodynamics & Applications, Milano, Italy, July, 20–24, 2008. 
[22] Osama A. Marzouk, “Simulation, Modeling, and Characterization of the Wakes of Fixed and Moving Cylinders”, Ph. D. Thesis, Department of Mechanical 
Engineering, Blacksburg, Virginia, 2009.  
[23] Imran Akhtar et al., 2009, “Effect of Aspect Ratio on Nonlinear Interaction Between Vortex Shedding and Excitation Frequency in Canonical Flows”, 19th 
AIAA Computational Fluid Dynamics 22 - 25 June 2009, San Antonio, Texas. 
[24] M.C. Ong, T. Utnes, L.E. Holmedal, D. Myrhaug and B. Pettersen, “Numerical simulation of flow around a circular cylinder close to a flat seabed at high 
Reynolds numbers using a k–ε model,” Coastal Engineering 57, pp. 931–947, 2010. 
[25] H. Drescher, “Messung der auf querangestriimte Zylinder ausgeubten zeitlich veriinderten Drucke”, 2. f. Flugwiss, 4(112):17-21, 1956. 

 

  

International Journal of Scientific Research and Review

Volume 8, Issue 4, 2019

ISSN NO: 2279-543X

Page No: 985


