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STUDIA MATHEMATICA

NUMERICAL SIMULATION OF THE FLOW AROUND TWO

BLUFF BODIES SEPARATED BY A GAP
∗

Kostadin Filipov, Sonia Tabakova

The aim of the present work is to study numerically the shielding effects of a
semi-infinite cylinder and a protruding disk placed in an incompressible vis-
cous flow. The continuity and momentum equations are solved numerically
for different flow regimes: laminar and turbulent using the CFD software
ANSYS/FLUENT. Different geometrical parameters (diameters and gap as-
pect ratios) and a wide spectrum of the Reynolds numbers: 5 ≤ Re ≤ 5×105

are considered. The results for the drag force coefficient and the axial veloc-
ity patterns are compared with the classical experimental results of Koening
and Roshko [5] at Re = 5× 105.

1. Introduction

The hydrodynamic or aerodynamic interaction between rigid bodies is a funda-
mental problem in fluid mechanics. It strongly depends on the following variables
connected with the bodies: (a) their shapes and sizes; (b) the distances between
them; (c) their orientation with respect to each other; (d) their individual orien-
tation relative to the active external forces; (e) their velocities and spins relative
to the undisturbed fluid motion. Usually instead of these dimensional variables,
the studies are performed on the basis of non-dimensional parameters, such as:
Reynolds number, Re, normalized sizes of the bodies and distances between them
with respect to reference body dimension, etc.
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For example, the hydrodynamic interaction of two rigid spheres in a uniform
Stokes flow has been analytically investigated firstly by Davis et al. [1]. For
higher Reynolds numbers the same problem is studied only numerically [2]. The
obtained numerical results show that the drag force acting on each of the spheres
is smaller than the same force experienced on a single sphere and the drag on the
front sphere is greater than on the rear one.

The numerical study of the flow around two bluff bodies separated by a gap is
of particular interest, because it shows the physical forces acting on the system of
bodies and also it can give an idea of how the flow affects them. The symmetry
and dimensions of the bodies is of great importance if we are considering the
drag coefficient and its eventual reduction. The analysis of a system containing
two separated bodies, as opposed to a single body is of high significance, mainly
because the front body seems to act as a shield with respect to the rear body
reducing the flow separation and drag. Possibly the first experiments of this kind
were made in [3], where the effect of the spacing of two disks, arranged coaxially
in a stream, on the drag has been studied. The same configuration has been
reinvestigated experimentally in [4]. It has been shown that the proper sizing of
the disk diameters and of the gap between them leads to significant drag reduc-
tions up to 81% lower than that of a disk alone. This experiment shows also the
phenomenon of protection of the one body by the other, which has high practi-
cal use and further investigation of this matter can give valuable information to
developers for fluid flow control.

A similar experiment was done by Koening and Roshko in [5] concerning the
shielding effects of various disks placed coaxially upstream of an axisymmetric
flat-faced cylinder. This experiment showed a remarkable decrease of the drag of
such a system, for certain combinations of the basic geometric parameters: the
diameter and gap ratios.

In parallel with the experimental laboratory analysis of flow around multiple
bluff bodies, numerical simulations with three-dimensional CFD (Computational
Fluid Dynamics) modeling are performed. However, such models are relatively
not well developed by researchers, possibly because the flow around a single bluff
body is already difficult enough. Only the experimental and numerical works of
Isaev and coworkers [6], [7], [8] concern both the two disks and the disk-cylinder
tandem problems.

The aim of the present work is to study numerically the shielding effects of a
disk and a semi-infinitely long cylinder axially placed in a flow for different num-
bers of Reynolds, Re. For the simulation the CFD software ANSYS/FLUENT
package is implemented. We use the geometry described in [5] in order to com-
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pare our numerical results for the drag force coefficient and the flow visualization
patterns with the experimental correspondents of [5] for Re = 5× 105.

2. Problem statement

We shall consider both cases: the flow field around a semi-infinite cylinder and
around a tandem body (constructed by a semi-infinite cylinder as a rear body
and a disk mounted coaxially as a front body, separated by a gap). The cylinder
has a diameter d2, the disk is assumed infinitely slim with diameter d1 and the
gap width is g, as shown in Fig.1. The flow to which the cylinder or tandem
body are subjected to, is uniform with velocity V . The fluid is assumed viscous
incompressible with constant density ρ and constant dynamic viscosity µ. The
gravity force and temperature dependence are further neglected.

Figure 1: Geometry sketch

The general equations of motions and continuity in dimensionless vector form
are the following:

(1)
∂v

∂t
+ v · ∇v = −∇p+

1

Re
∇ ·D,

(2) ∇ · v = 0,

where v is the velocity vector, p is the pressure, t is the time, Re =
ρV d2
µ

and

D = 0.5[∇v+ (∇v)T ] is the strain rate tensor.

The boundary conditions on the tandem body cylinder-disk are the no-slip
ones.
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3. Numerical results

The described 3D problem with eqs.(1) and (2) and the corresponding bound-
ary conditions is solved numerically using the software ANSYS/FLUENT [9].
Depending on the Reynolds number, the two different models of laminar (for
Re < 1000) and turbulent k − ε (for Re > 1000) regimes are applied. The cylin-
der diameter used in the simulations is chosen to be d2 = 203mm. According to
[5], the length of the rear body (the cylinder of the tandem body) is taken to be 4
times its diameter, i.e., L = 812mm, which is enough to ensure adequate approx-
imation to a semi-infinite body. Therefore the rear end effects on the drag force
must be taken off the final result of the drag force coefficient cD = 8Fz/ρV

2πd2
2
,

as it is given by the following expression [5]:

(3) cD =
8(Fz − Fzrear)

ρV 2πd2
2

,

where by Fz the total force acting on the z axis is denoted, while Fzrear is the
force acting on the rear surface of the cylinder.

Different values of the gap and disk diameter are used for the simulations,
which are grouped in 3 main groups and given in Table 1.

Table 1. Considered geometrical cases of the tandem body

case ratio d1/d2 subcase ratio g/d2
1 1a 1

1 1 1b 0.5
1 1c 0.25
0.5 2a 1

2 0.5 2b 0.5
0.5 2c 0.25
0.25 3a 1

3 0.25 3b 0.5
0.25 3c 0.25

The calculations are performed in a bounding box around the cylinder or
tandem body with sizes 4–5 times greater than its dimensions, such that the
velocity on the box walls remains the undisturbed one. The used meshes in the
box domain consist of 109098 nodes and 76706 elements for the cylinder case and
of 108035 nodes and 19612 elements for the tandem case.

3.1. Velocity Visualization

The numerical results for the axial velocity, vz, contours are plotted in Figures
2 and 3 for Re=5× 105 and Re=5× 102, respectively. The flow around a single
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cylinder is illustrated in Figures 2a and 3a, where the separation region, originat-
ing at the shoulder, may be seen. Flow patterns with a disk as a front body of the
cylinder are illustrated in Figures 2b, 2d, 3b and 3d for different disk diameters
at constant gap width ratios g/d2 = 1, correspondent to cases 1.a and 3.a. It is
evident that the separation zone is located in the space between the disk and the
cylinder and the flow is attached near at the sharp edge or even at the shoulder
of the cylinder without further detachment from the cylinder surface. However,
for some combinations of the geometrical parameters, for example for case 2.b,
as seen in Figures 2c and 3c, the vortices remain closed in the gap region and
almost no separation from the cylinder surface can be seen. With the increase
of the diameters’ ratio from 0.25 to 1, the vortex region augments significantly.
It has been expected the flows to be unsteady, mainly only because of the oscil-
lating turbulent wake after the cylinder. In fact, although that the simulations
have been performed with transient model, the solutions converge without visible
changes in the velocity contour structure, which means that almost no oscillation
has been observed. The reason for this observation can be attributed to the tan-
dem body structure in contrast to the single cylinder. As a whole, the patterns
show a qualitative agreement with respect to the flow visualizations obtained ex-
perimentally in [5] for Re=5× 105.

Changing the Reynolds number values, Re (in the performed simulations
5× 105 ≥ Re ≥ 5), the flow changes from steady laminar to unsteady turbulent.
At Re = 5 for the discussed cases, no separation is present and the flow field
resembles to a typical potential streaming. However, with the increase of Re a
separation from the disk edges starts and forms a vortex wake, which occupies a
small region of the gap, as this is seen for Re = 5 × 102 in Figure 3, up to the
whole gap region, as shown in Figure 2.

3.2. Drag coefficient

The drag force coefficient cD has been chosen as a goal of our numerical simu-
lations. First we shall systemize the results obtained from the simulations for
different tandem body dimensions and compare them to the existing results from
[5]. These results are obtained at Re=5 × 105 (a high turbulent flow) using
the equation (3). Since we dispose only with the experimental results of [5] for
the considered problem, this comparison will play the role of a verification of
our numerical solution. In Table 2 the numerical values of the drag coefficient
cD obtained from simulations and experiment at Re=5 × 105 are presented for
the considered cases. For a fixed diameters’ ratio, there exists an optimal gap
width, as reported in [5], which is not a linear function of the gap ratio, g/d2.
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Table 2

case subcase simulation cD experimental cD [5]
1a 0.73 0.69 (0.72)

1 1b 0.72 0.71 (0.74)
1c 0.76 0.72 (0.75)
2a 0.30 0.24 (0.27)

2 2b 0.26 0.25 (0.28)
2c 0.40 0.39 (0.42)
3a 0.36 0.32 (0.35)

3 3b 0.49 0.42 (0.45)
3c 0.66 0.64 (0.67)

cylinder 0.76 0.72 (0.75)

a) b)

c) d)

Figure 2: Velocity visualization at Re=5 × 105: a) cylinder; b) case 1a; c) case
2b; d) case 3a

According to the numerical results in Table 2, it is evident that with the increase
with g/d2, the drag coefficient cD decreases. The drag coefficient values obtained
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experimentally in [5] are corrected with the values given in brackets after taking
into account the error 0.03 due to some measurement restrictions. Note, that
the measured cD = 0.72 for a single cylinder becomes 0.75 after the correction.
This value is in the range of values [0.7, 0.8] obtained by different experimental
methods as reported in [5], [10]. The minimum drag value correspondent to the
considered cases occurs for the case 2.b, which is 63% lower than the drag value
for a single cylinder. Since the experimental difference between the drags of the
case 2.a and 2.b is very small, we accept the case 2.b as that of the numerically
calculated drag with the minimum value.

a) b)

c) d)

Figure 3: Velocity visualization at Re=5 × 102: a) cylinder; b) case 1a; c) case
2b; d) case 3a

The maximum relative difference (error) between the numerical and measured
uncorrected drag coefficients is 25% for the case 2.a. If the corrected experimen-
tal values are used instead, the maximum error becomes 11.1%. The average
maximum relative difference (error) between the numerical and measured uncor-
rected drag coefficients is around 8.2%, while with corrected drag coefficients, it is
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around 4.3%. This means that the simulation is in good correspondence with the
existing experiments. Here, we would like to mention the difficulties connected
with the simulation performance, which are mainly due to the mesh generation
and subsequent refinements. The presented results have been obtained as optimal
after applying different meshes.

Table 3

case subcase Re=50 Re=5× 102 Re=5× 103 Re=5× 104 Re=5× 105

1a 3.67 1.45 0.81 0.74 0.73
1 1b 3.45 1.28 0.75 0.72 0.72

1c 3.36 1.25 0.78 0.76 0.76
2a 3.39 1.14 0.40 0.33 0.30

2 2b 3.20 1.01 0.35 0.28 0.26
2c 3.23 1.05 0.48 0.43 0.40
3a 3.28 1.12 0.50 0.38 0.36

3 3b 3.21 1.12 0.54 0.49 0.49
3c 3.21 1.15 0.69 0.66 0.66

cylinder 2.93 0.88 0.77 0.76 0.76

The experimental results concern only very high Reynolds numbers of order
105 and do not give any insight how the drag coefficient changes with Re. For
a more clear representation of how the drag coefficient cD is affected by the
change in the Reynolds number, simulations have been made for different Re.
The cylinder and tandem body cD change can be seen in Table 3 and Fig.4. The
simulation results clearly show the dependency as expected. With the decrease of
the Reynolds number (i.e. of the flow velocity), the drag coefficient cD increases
in value. We can also denote that for highly turbulent flows (Re > 5 × 103) cD
tends to remain almost constant for all discussed cases. The drag coefficient as a
function of Re has a reasonable behavior with respect to the drag coefficients of
other axisymmetric bodies [11].

4. Conclusions

The shielding effect of a disk and a semi-infinite cylinder (a tandem body) axi-
ally placed in a viscous incompressible flow is studied numerically by use of the
software ANSYS/FLUENT through different geometric parameters and a wide
spectrum of Reynolds numbers: 5 ≤ Re ≤ 5× 105.

The axial velocity visualization is qualitatively similar to the experimentally
visualized flow at Re = 5× 105 in [5]. The drag coefficient for both the cylinder
and tandem body is calculated due to the numerical results. The comparison
of its values with the experimentally obtained values at Re = 5 × 105 in [5] is
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good. New results for the drag coefficient dependence on the Reynolds number
for an axially placed infinite cylinder with and without a disk as a front body in
a viscous incompressible flow are also obtained.
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Figure 4: Drag force coefficients cD at different Reynolds numbers
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