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ABSTRACT : Modelling of unidirectional and oscillatory flows around a cylinder in a channel using a simple
overlapping grid system are carried out. The importance of this cylinder-wall configuration is the effect of blockage
which suppress the development of the vortex shedding The polar grid system of the cylinder is then overlapped
with the rectangular grid system of the wall. The length of rectangular grid element is about the same as the length
of the polar grid system in the cylinder surface. The use of such overlapping grid system is for reducing the CPU
time, i.e. in calculating the vortex velocity since the CPU time in calculating the vortices velocity takes the longest
time. This method is not only time efficient, but also gives a better distribution of surface vorticity as the scattered
vortices around the body are now concentrated on grid point. In this study there is no vortex-to-vortex interaction,
but instead it uses node-to-node interactions. Velocity calculation also uses this overlapping grid in which the new
incremental shift position then summed up to get the total new vortices position. In this overlapping system the grid
can be either off or on depend on process involved to get rid of the nodes not being used. The engineering
applications of this topic is to simulate the loading pipeline placed in the channel such as in the heat exchanger or
simulation of U-tube experiment or other system. The in-line and transverse force coefficients are found by
integrating the pressure around the cylinder surface. The flow patterns are then can be obtained and presented. The
comparison of the results with experimental evidence is presented and also the range of good results is discussed.
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1. INTRODUCTION

Experimental visualization for flow around a cylinder with parallel slit placed inside a circular pipe has
been carried out. Two different color dyes are employed to visualize the complex vortex formation mechanism
behind the bluff bodies. The objective of this study is to explore the potential of cylinder with parallel slit as an
improved vortex generator for various practical applications [1].

A numerical investigation of the flow past a circular cylinder center in a two-dimensional channel of
varying width is presented. For low Reynolds numbers, the flow is steady. For higher Reynolds numbers, vortices
begin to shed periodically from the cylinder. In general, the Strouhal frequency of the shedding vortices increases
with blockage ratio. In addition, a two-dimensional instability of the periodic vortex shedding is found, both
empirically and by means of a Floquet stability analysis [2].

The experiment in the Reynolds number range of 10 to 360 for a blockage ratio (ratio of the cylinder
diameter to the channel height) of 0.2 have been done. This is to investigate the confinement effect due to the
channel’s stationary walls on the force coefficients and the associated Strouhal numbers. The results suggest a
transition from a shedding flow regime between Re*=180 and Re*=210. A discontinuity in the variation of the
Strouhal number St, and of the base pressure coefficient Cp, with Re was also observed [3].

Using a variety of flow-visualization techniques, the flow behind a circular cylinder has been studied.
Using time-exposure photography of the motion of Aluminium particles, a sequence of instantaneous streamline
patterns of the flow behind a cylinder has been obtained. These streamline patterns show that during the starting
flow the cavity behind the cylinder is closed. However, once the vortex-shedding process begins, this so-called
‘closed’ cavity becomes open, and instantaneous ‘alleyways’ of fluid are formed which penetrate the cavity [4].

A flow past a cylinder immersed in a stream bounded by rigid walls is researched. This is subject to what is
called the blockage effect. The overall effect is an increase in the free stream velocity, relative to the unbounded
flow, which is related partly to the volume distribution of the body itself solid blockage, and partly to the
displacement effect of the wake blockage [5].

The vortex shedding past a circular cylinder in a two-dimensional channel of varying height is presented in
the term of Strouhal number using FLUENT 6.3. The computational grid structure is generated. In this analysis, the
result is carried out with blockage ratio b=80, 0.83, 0.85, 0.88 and Reynolds number range from 50 to 300.

Proposed by [6], that the Drag Coefficient Cd in an unbounded stream is related to the drag Cy,, in a wind
tunnel by
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Ca = Can(1—T)?

wheret is the thickness of the bluff body, h is the tunnel height, # is an empirical factor which is found
experimentally.

A theory for the blockage of the flow past a bluff body in a closed wind tunnel involving an approximate
relation describing the momentum balance in the flow outside the wake is developed. As a results of the
experiments, the correction formula is [7] :

N

7 = €Cag
where4P is the effective increase in dynamic pressure due to the blockage constraint, and ¢ is a blockage factor
dependent on the magnitude of the base pressure coefficient. The factor ¢ is shown to range between 5 for axis-

symmetric flow to % for two dimensional flow. In addition, s is the area on which the profile drag coefficient C, is

based, and c is the cross-sectional area of the tunnel.

In the experiment carried out at the Imperial College London, used a correction for the blockage effect
based on a function of the blockage ratio taken as the frontal area of the model to the cross section of the wind
tunnel working station, which varied between 5% to 10% [8].

The formula used was as follow,

Cmeasured
Ccorrected ]
P =

o — (1 _ Ze)czineasured

A . . .
where € = Py cireasured measured, A is the reference frontal area of the model and Aris the cross sectional area of the
T

wind tunnel. The presence of walls close to a cylinder in a flow induces a significant effect on the cylinder and the
flow characteristics.

A flow with blockage using a discrete vortex method in which the convection velocities were computed
using a vortex-in cell method involving the solution of the Poisson equation. Diffusion was simulated by imposing
random walks on each vortex in two orthogonal directions in a polar coordinate grid system. To model the
boundaries, they used an overlapping system of rectangular and polar meshes. The outer mesh and the intermediate
mesh were rectangular and the inner mesh was polar. Constant stream function values were imposed on the upper
and lower boundaries [9].

Another approach are proposed in which the wall boundary condition of parallel flow may be obtained by
reflection and modelling the flow as two interlaced cascades in which the pitch, the distance between two image
bodies both above the upper wall and below the lower wall, is equal to the wall distance. Since the solution is the
same for all wall reflections (but inverted), the Martensen equation may be applied with relatively simple
modifications to the code. However, the approach has some limitations when the vortex-in-cell scheme is
implemented in relation to calculating the vortex velocity. This is due to the fact that the node-to-node interaction is
used instead of the vortex to vortex interaction. The difficulty will arise when the node points are located outside the
fluid domain. This could happen since the node points can lie outside the two walls even though a point vortex is
still located inside [10].

The numerical results [9], show that blockage corrections based on steady flow condition where a blockage
ratio D (the ratio of the distance between walls G to cylinder di-ameter D) of 14 would give an effective increase in
the free stream velocity of about 4% at aReynolds number of 104 It would also cause an increase in the drag of
about 8 per cent. At Reynolds number of 100 with a blockage ratio of 16, the mean drag increases as much as 2.5%.
More significant increases in the mean drag exist for blockage ratios less than 8. At blockage ratios of 8,4, and 2, the
mean drag increases as much as 10,43 and 210% respectively. The effect of the blockage on the Strouhal number
shows a quite different trend. Increasing the blockage (reducing the blockage ratio) is seen to increase the Strouhal
number down to a blockage ratio of about 4 %, while a blockage ratio of 2 has a lower Strouhal number than a
blockage ratio of 4.

2. METHODOLOGY.
In the present study, the complex potential used comprises the contributions from the free stream velocity
U, the cylinder surface vorticity y,,, the wall surface sources o, and the shed vortices I}, as follows,

—iqoo [ 1 w (?) ] v
0(2) = Ue ™z + TN, y, dSe In(z = 2,) + - T g%, To2, 08 dSg In(z = 75) + 53,2, T, In(z — 7,)
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The strength of a vortex y,and a source o2at element « of the wall g in this equation can be calculated by
satisfying the Dirichlet boundary condition of zero tangential velocity on the cylinder surface and the Neumann
boundary condition of zero normal velocity along the wall. M, shows the number of walls for the case to be
analyzed. M equal to two is for cylinders in channel.

The size of the rectangular grid segment is made equal to the size of the wall element. The velocity of a
vortex can now be calculated through the use of the polar and the rectangular grid nodes. The addition contribution
from the wall sources is implemented using the rectangular grid nodes. This implies that a bilinear interpolation and
re-interpolation in polar and rectangular coordinates is needed to distribute and redistribute the vortex strength and
velocity onto two grid node systems as explained in detail in the following sections.

The force coefficients can then be calculated by integrating the pressure distribution from the stagnation
point to around the cylinder. The strategy of calculation in this study is shown in the flow chart in Figure 1.
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W
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4
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END
Figure 1.The flow chart of the numerical method

Problem using a discrete vortex model are analysed [11-13]. Their model contains an approximation as an
infinite number of image vortices must be introduced in order to sat-isfy the non-permeability condition on the
cylinder surface and on the plane boundary.

However, in the numerical calculations a finite number of images of about 9 is found to be sufficient
because, as image vortices of equal and opposite strengths approach each other, a complete cancellation of the
vortex pair results. Similar approximation to model the flow around two cylinders arranged normal to the free
stream also used [14]. He claimed an accuracy of the zero normal velocity condition as small as 10 is achieved by
using the same number of images as mentioned above.
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Another method, which has been adopted in this study, is the distribution of source elements along the
walls. Using an equation similar to equation (5) below, the Neumann boundary condition along the wall and the
Dirichlet boundary condition along the cylin-der circumference can be satisfied simultaneously.

The complex potential equation (5) becomes :

oo i 1 &, i v
0(2) = Uge ™02 + — TNy, dS, In(z — 2,) +5-02, 06 dSE In(z — 25) + -T2, T, In(z — 2,)
in which N3, shows the number of element of the walls.

3. BASIC FORMULATION

As there are two different boundary conditions imposed on the circumference of the cylinders and on the
walls. The Martensen equation should be further modified and sep-arated into two expressions to take into account
the influence of the wall as follow,

N;

1 o = »
_Eym + ¢e kmn yTldSn + ﬁe kmv Umdsw + uOO'dSm + Z‘U lmVFV = 0

and

N;

1 ’ ’ — 1 )
S0 + $, K'on VndSn + 6, K yey 0,dSe + e dSE + X" 1T, = 0

In which k', k',,and k,,,are the kernels of the integrals which are described later, a,,is the strength of

the wall source at point w. JSm the tangential direction vector of the cylinder element in while cisg‘is the normal
direction vector of the wall element v. This integration is taken along a closed curve joining the top wall from —ooto
oothe circumference of the cylinders and the bottom wall from —ooto coas shown in Figure 2.

Bottom Wall

Figure 2.The overlapping grid system

Due to the nature of the kernel functions above, which are asymptotically equal to zero as the distance
approaches infinity, the integration reduces to the integrals around the cylinder’s surface and the two walls only.

The Dirichlet boundary condition of zero tangential velocity on the circumference of the cylinders implied
in equation and the Neumann boundary condition of zero normal velocity along the walls implied in equation (5) are
solved simultaneously.

The wall boundary condition can be specified in terms of the velocity potential as,

9 _

an

As the source strengths far distant from the cylinders are relatively small, their contribution is neglected
beyond a cut-off at a certain finite distance from the cylinders, which produces a finite number of wall elements
N, as as follows,

h .
YN Ky VndSn + X0, S0kl okdSE + R(uge @o=fm)) £ 3N 1T, =0

n=1
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to satisfy the Dirichlet boundary condition at element m of the cylinder circumference and

! h ! i I
ey KidyndS, + T, Bad, kioldSh + R (upe (@B)) £ XY, 14T, = 0 (10)

n=1 w=1

to satisfy the Neumann boundary condition at element v of the wall g. To find the unknown value of the vortex
strength y,,and the source strength o,, these equations can now be expressed in the matrix form as follows,

Kmn K‘r%w K‘r’nzw Yn RHS
Ky Koy, Kid (mﬁ) = (RH51> (12)
K Kb K7,/ N4/ \RHS?

where the components inside the matrix are all submatrices with M, signifying the bottom and top wall.
The coupling coefficients representing the induced velocity at pivoting point m or n of the cylinder and at
pivoting point v or w along the wall are then given by :
iyn ASpelPm
kmn =R (ﬂ . )

2MW Zm—Zn

_ Ow ASmeiBm
kmw - m (; ZIm—Zw ) (12)
e = =3 (L2250
vn 27 Zy—2Zp
1 _ _~x (% ASg, )
kv(u =79 (211 Zy—Zgy

There are two components inside the two RHS*and RHS? blocks which contain the contribution of the free
stream and the shed vortices as indicated in equation (9) and (10) above. The coupling coefficients Inand I'wy, are
similar to kmpand k'vabut with the value of T’ replaced by y,, AS,,.

Upon definition of all components inside the matrix equation (12) above, the unknown vortex and source
strength y,,and g,,can be calculated through

[Vn, 00l = [Kmn]_l[RHS] (13)
where Kmnis the left hand side matrix in that equation.

4. INTRODUCTION OF VORTICES IN THE FLOW

In this simple model in the present study, only the 'blockage' effect is considered and all the effects of the
boundary layer interaction between cylinder and wall are ignored although Reynolds number effects are implicit in
the choice of various model parameters such as the element lengths and grid dimensions. These have been largely
specified on the basis of previous work and sensitivity studies [15,16].

5. DISTRIBUTION OF CIRCULATION TO THE GRID

This means that the strength of a vortex is distributed in its own surrounding polar grid nodes and the
rectangular grid nodes. A vortex shed from other cylinders is also distributed in the same manner and stored in a
different array. The polar grid nodes are used to evaluate the interaction among vortices shed from the same body
while the rectangular grid nodes are used to evaluate the influence from vortices shed from the other cylinders.

It can be seen from Figure 2 that the use of polar grid elements close to the wall could create a situation
where an active polar grid node is situated outside the fluid domain between the walls even though the vortex it
represents, is still inside. This active node is then treated as usual, bearing in mind that the active nodes only
represent a redistribution of vortices in the flow and also that there is no direct interaction between the polar grid
nodes and the wall elements.

6. CALCULATION OF VELOCITY
The complex velocity at a point z = x+ iyin the flow field is simply derivative as follows,

aw(z) . —ia i wNe ¥ndSn , 1 «My N oldslh i on, Ty
— = = U— V= Uge T+ =Y ¢ + =0 v +—=>7 14
dz * 21 Zn—l zZ—Zp 21 Zh—l ZW—l z—zl 21 ZV—l Z—2Zy ( )

in which u and v are respectively the velocity components in x and y directions.
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As the calculation of vortex velocity is done after the introduction of vortices into the flow, this equation
has to be modified slightly by eliminating the second term of the RHS of equation (14) as the surface vorticity has
already been released and absorbed in the shed vortices Nyas follows,

. h h ych : r;
in which the z;kshows the coordinate of the active grid nodes either in relation to the polar or the rectangular grid
system. As shown in equation (15) above, the presence of walls which are modelled by source distributions leads to
another factor contributing to the calculation of vortex velocities.

This source contribution in the second term of the equation is carried out through the use of the overlapping
rectangular grid system. The velocity of the active rectangular grid nodes due to the source distribution of the walls
is then,

1 M, sz[}, alldsh

ﬁw(z)ZZH h=1 Lw=1 5 ;1

where Ntis the total number of element at wall h.
The velocity of a vortex v shed from the cylinder due to the wall is then found through the use of the bi-
linear interpolation,

U, (2y) = Q1 (V)u,(Ny) + Q2 (M, (Nz) + Qs(V)u, (N3) + Q4 (V)u, (N,)
This velocity should be added to the vortex velocity due to vortices shed from cylinder surfaces. Hence,

u(z) =u,(z) + upw(zv) + U (2y)

where, u, (z,)is the vortex velocity due to other vortices shed from the cylinder, u,,,(z,)is the vortex velocity due
to the influence of the walls and u,.,, (z,,)is the vortex velocity due to diffusion random walk.

7. METHOD OF ENHANCEMENTS
The influence of the member of sources modelling the wall on the fluid velocity just outside the cylinder
surface element closest to the wall are shown choosing the case of the wall proximity for the test. It can be seen that

the rate of change of the cylinder surface vorticity strength y,to the wall extension Zﬂis less than 0.01, when the

Zw
distance of the end wall elements to the cylinder center is not less than 3D.
This value is then used to determine the wall length after shedding vortices. The wall end points can be
determined by measuring this distance from the extreme position of a vortex, see Figure 3 below.
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Figure 3.Effect of the wall length to the cylinder

8. RESULT AND DISCUSSION
a) Uni-directional Flow

The simulation is tested using one bottom wall only at G/D=1.2 and Re=2x10* by comparing with the
available experiment data shown in Figure 4. It is shown that the result of that using single wall is similar to
experiment in which the separation flow close to the wall is shifted to around 125 degrees while the one on the top is
shifted to around 135 degrees.
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Figure 4.Comparison of the flow péttern‘ numéfical vs lab. Experiment at G/D= 1.2 and Re= 2x10*

The shear layer emanating from the lower half of the cylinder seems to stretch longer the upper one even
though no force asymmetry was implemented. The formation region also seems to be slightly longer than that of
isolated cylinder by about 5%. This is due to the fact that the close presence of the wall creates an asymmetric
velocity field around the circumference of the cylinder in which the velocity is higher below the cylinder. The
asymmetric velocity field around the cylinder also promotes the roll-up of the vortices earlier than that of the
isolated cylinder. See Figure 4 above.

This prove is chosen because the author is not aware that there is a laboratory photographs for the flow in
a channel.The results produced from some flow in a channel are presented with both flow visualizations and graphs
showing the accompanying force coefficients. For the non-dimensional times of £ =1 and 5, the gap C is defined as
the distance between the two walls, at a gap-diameter ratio G/D = 3 and Re = 100, the early structure of the wake
behind the cylinder is shown in Figure 5. The separation points show a little shift compared with an isolated cylinder
for which they occur at, about 100° measured from the positive X-axis. This figure also shows that, by imposing the
same asymmetric shift,the blockage effect induces a tendency to delay the roll up of the vortices behind the cylinder.

Due to the higher velocity at and around the separation points,the length and width of the formation region
arc longer and narrower respectively. Compared with those of the isolated cylinder. As described [8], the shape and
size of the formation region significantly influences the reactive force exerted on the cylinder and the wake pattern
behind. Figure 5 shows the influence of the wall on the formation regionatt =1 and t = 5.

Figure 5.The flow pattern at £ =Ut/d=1 and £ =5

After the flow develops further as shown in Figure 5, regular vortex shedding occurs. It can be seen that,
due to the presence of the walls, the wake is suppressed at a distance of about 4D behind the cylinder to form a Von
Karman vortex street with the width equal to the wall distance. The value of Strouhal numbers is discernable at
about 0.175, which is in fairy close agreement with the results of [9].

The figure also displays the force coefficients predicted for this flow plotted against the non-dimensional
time. The drag coefficient is 2.4, which is slightly less than the result of previous research of 2.45 [9]. This result
shows an increase of about 12% over that of the isolated cylinder with the same Reynolds number. It is a general
trend that the higher the gap ratio D, the smaller the drag coefficient, until it reaches the value of the isolated cylin-
der.

The mean value of the lift coefficient, on the other hand, does not change from zero, even though it is
shown that the average extreme values are slightly increased to around +/- 0.9. The rms lift is found to be 0.55
which is also close to the results of previous investigation [9]. It is particularly noticeable that the drag frequency is
still around twice that of the lift, even though the 'noise' is more pronounced in this case, which seems that this
blockage does not significantly change it from that of an isolated cylinder. This has to be the case while vortices are
shed symmetrically from both sides of the cylinder.

Table 1.The CPU percentage of each algorithm section

Section Number Purpose of Section CPU Time (%)
1 Input/output 1.59
2 Define Grid 0.00
3 Calculate Nodal Velocity 74.37
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4 Calculate Vortex Velocity 1.75
5 Vortex Displacement 4.3
6 Distribute Circulation 1.2
7 Calculate Surface Velocity 16.75
8 Calculate Forces 0.04

The percentage of CPU time used in this algorithm during each section is presented in Table 1. The time
taken for calculating the surface velocity has increased as much as 5 per cent compared with the isolated cylinder
and this also contributes to the time needed for the matrix multiplication since the matrix size is now increased due
to the presence of the wall sources. The influence of the rectangular element size, as described previously, shows a
quite significant change in the percentage configuration especially for the time taken for calculating the nodal
velocity which increases by around 6 %. All those CPU time percentages are taken at i= 90 when the flow has
developed sufficiently to have a high number of the active polar nodes, active rectangular nodes and vortices.

Vortices with small strength compared to the others and those that move across the cylinder and the walls
are all eliminated from the flow. This is conducted to maintain a more realistic flow pattern and to get a better
reactive forces. The total strength of those vortices is then manipulated in such a way, to conserve the total
circulation in the fluid domain.

The results for higher gap ratios G/D of 2,4,5,6, are presented in Figures 6, 7, 8, and 9. The general pattern
to be observed from the results, not surprisingly, is that the higher the gap ratio the more the flow pattern and the
force coefficients approach the values of the isolated cylinder.
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Figure 6. Flow pattern at £= 60 for G/D = 3 and Re = 100
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Figure 7. Flow pattern at £=60 for G/D = 4 and Re = 100
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At a gap ratio of G/D=4 the drag coefficient is equal to 2.25, close to the results of [9]. While the extreme
values of the lift coefficient are slightly increased to 0.7 with the rms lift value of around 0.39. There is no
noticeable change in the value of the Strouhal number compared to the previous case. Due to the presence of the
wall, the regular Von Karman vortex sheet behind the cylinder is suppressed at distance of about 6D as its width is
constrained by the walls.
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Figure 9. Flow pattern at £= 60 for G/D = 6 and Re = 100

A continuing decrease in the drag coefficient occurs when the gap ratio G/D =5, its value being equal to
around 2.15. The extreme value for the lift coefficient is slightly increased compared to the previous case with a rms
value of around 0.41. The Strouhal number is still around 0.18. When D equals 6, the values of the drag coefficient
is 1.9. These values are in good agreement with those found by the numerical approach by [9]. The lift coefficient
approaches a value of 0.8 which is the same value as for the isolated cylinder. The Strouhal number also increases to
around 0.2.

For a low gap ratio G/D = 2, a completely different trend is to be observed, in which the behavior of the
vortices, due to the narrow gap between the wall and the cylinder, changes in the vicinity of the cylinder and along
the wall, so as to increase the suppres-sion of the flow oscillation behind the cylinder. The drag coefficient could be
raised to about 4.9, while that found in the present model is around 3 with the rms lift around 0.772.

The influence of Reynolds number at a certain gap ratio G/D=6 is also investigated using the model by
varying the Reynolds number from 500 to 100000. The results for Re = 500, suggest that the drag is increased to
around 1.6, which is about 10 % increase com-pared to that of the isolated cylinder. The extreme value of the lift
coefficient is about 0.8 which is close to that of the isolated cylinder. As the Reynolds number is increased to around
1000, the drag coefficient is slightly reduced to 1.46. The extreme value of the lift coefficient is also reduced to
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around 1.75 and the Strouhal number is maintained around 0.2. The resolution of the picture is improved and it is
seen clearly that the vortices approach the wall tangentially whenever they move close to it.

With the increase of the Reynolds number to 10000 and to 100000, the increase of the drag coefficient is in
the range of 5 -10 % compared to the isolated cylinder. No difference in the value of the lift coefficient and the
Strouhal number can be detected.

The results for a cylinder placed in a channel with G/D=2 to 6, Reynolds numbers of 100 and 100000 can
then be summarized in the following table.

Table 2. Result for the flow around a cylinder in a channel at Reynolds number 100
Gap Ratio Drag Coefficient Lift Coefficient

G/D Cd CL
2 3 0.05
3 2.4 0.05
4 2.25 -0.04
5 2.15 -0.01
6 1.9 0.04
Table 3. Result for the flow around a cylinder in a channel at gap ratio G/D = 6 at various Re
Reynolds Number Drag Coefficient Lift Coefficient
Re Cd CL
100 1.9 0.05
500 1.6 0.05
1000 1.46 -0.04
10000 1.2 -0.01
100000 1.15 0.04

b) Oscillatory Flow

When a circular cylinder is subjected to oscillating flow as shown in figure below, the flow velocity
oscillations result in variations of the drag and fluid inertia forces. Moreover, since vortex sheddingfrom the circular
cylinder is also present, excitation transverse to the flow direction also occurs. The result is superposed (in-
flow+transverse) bending vibration of the circular cylinder induced by the oscillating flow. A feature of the resulting
vibration is that the in-line vibration component induced by the flow oscillations is much more dominant. Flow
oscillations are normally characterized by a reduced velocity Kc, where Vi, is the amplitude of the oscillating flow
velocity, and fosc the corresponding frequency of oscillation.

K Vm
Cc =
fosc D

The dimensionless quantity (Kc) is known as the Keulegan—Carpenter number [18]

o o o oD = S ) o9 9 Qg
® oo @a Lo = = = O’ o o i
9 9 8D oo o= ) 929 9 a0
o o o9 DD D e S~/ o0 o 9

t=0 t=1/8 t=r/4 t=31/8
AL =) (e e AL b &
\\ G, b6 i \éﬁ Ly b G
\\ Ce - e P —L = oo QR ¢ e
be B e oo = e 6 R

t=1/12 t=57/8 t=3r/4 t=T7t/8

1t : Wave period Lift I Drag s——

Figure 10,- Water flow around a Pipe-
As shown n the figure that due to oscillatory flow, the water flow to the right and left according to the the
water flow as shown in the figure above. At a gap ratio G/D of 3, the present model was run at several values of the
Keulegan-Carpenter number of 5, 10, 15, and 20 for Reynolds number 100000. The number of cylinder elements
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Neand the time step Az were chosen to be exactly the same as those in the previous chapter, namely 64 and 0.1
respectively. The vortices are also released from the first ring-out of the cylinder at a distance that varies as a
function of the inverse of the square root of the 8 value.

At Keulegan-Carpenter number of 5 the difference of the flow pattern at the early stages of the flow
compared to that of the isolated cylinder as described in the previous section, is mainly that the blockage effect
slightly narrows the wake downstream, as shown in Figure 10 for non-dimensional time £= 1 and 5 respectively.
After the flow has developed further at £=60, it is seen that the wake is mostly concentrated close to the cylinder
and spread along the wall. This is due to the fact that the velocity in the gap region is higher than the rest of the area,
which can convect the vortices that fall in this region farther away than those that fall in the middle region between
the walls. Also vortices in close proximity to the walls pair with their images in the wall and the two mutually
convect each other along the wall.

Figure 11 shows that due to the blockage effect, the mean extreme value of the in-line force coefficient is
slightly increased by about 6% compared to that of the isolated cylinder. In fact this value is closer to the
experimental results of [14]. Due to the existence of the phase difference between the present and the experimental
results, no improvement is obtained for the value of the drag and inertia coefficients which are 1.5 and 1.9
respectively.

At at higher Keulegan-Carpenter number of 10, as displayed in Figure 12, a similar trend occurred with an
increase in the in-line force coefficient of about7%. Starting from the value of the Keulegan-Carpenter number and
higher. As shown in Figures 13 and 14, this increase is accompanied by an improvement in the phase difference
between the present results and the experimental results. The clear difference of the flow pattern compared to that of
the isolated cylinder is that the wake around the cylinder is spread and bounded only between the two walls and this
may cause a more pronounced influence of the shed vortices on the cylinder during the reversed flow and this will
add to the influence of the wall itself.

-4 In-Line Force Coefficient
In-Line Force Coeficient \‘ — CF [Present resull]
CF [Present t result] —— CF smouothed |Present result]
—— CF smoothed |Present resull] ——— Flaw Velocity [Re = 10000, Ke = 10
= Flaw Velocity [Re = 10000, Ko = & . —-—- Maorison Eq.[ T.Sarpkaya: Cd = 2,05, Cm = 0.81 [Infinite Fiuid] ]
,1G — == Morison Ea[‘T Sarpkaya; Cd :I| 45, Crr:lenhm‘iPFlud]] ‘ ‘ '6 ' | ‘ T I
0 10 20 30 40 50 60 0 10 20 - 30 40 50 60
f=Ut2a t =Ut/2a

Figure 11. The Flow Pattern at t = 60, and the Force Figure 12. The Flow Pattern at t = 60, and the Force
Coefficients for G/D = 3, Kc = 5, and Re = 100000 Coefficients for G/D = 3, Kc = 10, and Re = 100000

1131



Discrete Vortex Method Of Flow Around A Cylinder In A Channel Using Simple Grid System

4 In-Line Force Coefficicnt

— GF [Present result] {
—— CF smoothed [Present result]
~—— Flow Velocity [Fe = 10000, Ke = 15
— — Marison Eq.| T Sampkaya; Cd = 2.15, Gri = O.75 [Infinite Fluig] |

6 T T T T T
0 10 20 30 40 50 60

t =Uv2a

4
2
| \
0+ T
!
-4 _I In-Line Force Coefficient
—-— CF [Present resull]
—— CF smooihed [Present result]
~= Flow Velocity [Re = 10000, Ko = 20
—-=- Morigon Eq | T.Sarpkaya; Gd = 2, Cm = 0.85 [infinite Fluid] | |
€ T T | | |
0 10 20 30 40 50 80
t =Ut2a
Figure 13. The Flow Pattern at t = 60, and the Force Figure 14. The Flow Pattern at t = 60, and the Force

Coefficients for G/D = 3, Kc = 15, and Re = 100000 Coefficients for G/D = 3, Kc = 25, and Re = 100000

9. CONCLUSSIONS

Another extension of the discrete vortex model for investigating the flow around a single cylinder placed in
a channel in unidirectional flow has been presented. The wall is modelled by a line source distribution of finite
length. The interaction between the wall and the cylinder and its shed vortices has been computed through the use of
two overlap-ping grids, the polar grid expanding from the cylinder and a uniform rectangular grid. In this model, the
size of the wall source element is equal to the size of the polar grid segment in the cylinder surface. Two different
kinds of boundary conditions are solved simultane-ously on the cylinder, with zero tangential velocity, and on the
wall, with zero normal ve-locity. The influence of the vortices on the cylinder is computed using the polar grid node
while that of the wall is computed using the rectangular grid. In other words, there is no direct calculation of the
interaction between the wall and the active polar grid nodes. This grid strategy was chosen in an attempt to get a
satisfactory interaction between the cylinder, shed vortices and the wall sources. In the case of a cylinder placed in a
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channel, the increase of the drag coefficient in unidirectional flow is in a good agreement with the available
reference except when the channel width is small compared with the cylinder diameter.
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