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Abstract

Fluid flows through a tandem configuration of a circular cylinder di-
ameter D and cylinder type-I whose diameter d with d� D. Cylinder
type-I is used as a passive controller is placed in front of the circular
cylinder in order to reduce the drag coefficient that is received by the
circular cylinder. The distance between the cylinder type-I with a cir-
cular cylinder is varied and Reynolds numbers also vary. This problem
is solved using the Navier-Stokes equations and solved by the finite dif-
ference. The end result of this paper is a mathematical model of the
drag coefficient on the Reynolds number.
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1 Introduction

Examples of buildings which are designed in a group is building offshore struc-
tures overpass, smokestacks or products of other techniques such as a heat
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exchanger. These buildings, besides receiving a load from above is also in-
fluenced by the load originating surrounding area. Load coming from the
surrounding area, usually influenced by the geometric shape of the building it-
self. The geometric shape of these buildings is a major factor to be considered
in designing a building. Fluid flow through objects with different geometric
shapes will produce different characteristics, as well as stand-alone objects or
groups.

Fluid flow moving through an object, velocities depending on the object in
its path. Particles that move around the objects will be moving slowly or not
moving, this is caused by the frictional forces generated by fluid and objects
in its path. While the particles away from the object will flow faster than the
flow close.

The concept of boundary layer revealed many answers to the phenomenon
of fluid through an object, that the shear stress has a very important role
in the characteristics of drag around objects[7]. Fluid flow through a sin-
gle cylinder circular[6], type-D or type-I[5], or double cylinder with tandem
configuration[2] will produce a drag different.

Fluid flow through an object will produce a drag, drag received by the
object is influenced by several parameters, one of which is the drag coefficient.
To reduce drag received by an object by adding some other objects that were
smaller in front of the object is called passive control. This has been done,
drag can be reduced by 48% than without the passive control[1].

The purpose of this paper is to investigate the mathematical model of
the magnitude of the drag coefficient received by the circular cylinder as a
result of passive control is placed in front of the circular cylinder. In addition,
mathematical models are made is the coefficient of drag that is received by the
circular cylinder which is influenced by the magnitude of the Reynolds number
and the distance between the passive control of the circular cylinder.

2 Numerical Method

The equations used for unsteady incompressible fluid is the Navier-Stokes equa-
tions

∂u

∂t
+∇ · uu = −∇P +

1

Re
∇2u (1)

∇ · u = 0. (2)

where Re is the Reynolds number, P is the pressure, and u is the velocity.
Navier-Stokes equations above can be solved using numerical. Several steps
must be done, the first is to ignore the pressure, so that the equation (1)
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becomes
∂u

∂t
= −∇ · uu +

1

Re
∇2u (3)

right side solved using finite difference, and the second step is carried out

∂u

∂t
=

u∗∗ − u∗

4t
= −∇P (4)

We now put divergence on both sides, and the result

∇u∗∗ −∇u∗

4t
= −∆P (5)

by considering the equation (2) then ∇u∗∗ = 0, the equation turns into

∇ · u∗

4t
= −∆P (6)

Equation (6) is called Poisson’s equation. This equation will yield a value of
P . The final step is the correction of velocity equation is

∂u

∂t
= −∇P (7)
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Figure 1: Schematic of circular cylinder and cylinder tipe-I

3 Main Results

Program to simulate the Navier-Stokes equations with a numerical system.
The system built is 10D×20D, where D is the diameter of the cylinder, while
the d is the diameter of the cylinder type-I as a passive control with the ratio
d/D is 0.125. Passive control center placed at coordinates (5D, 5D) from
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Table 1: Comparison of drag coefficient of a cylinder for Re = 100
Researcher Imron[8] Zulh[4] Lima[3] Pan[4]

CD 1,358 1,4 1,39 1,32

the front of the system. S is the distance between the passive control of the
cylinder, and the variation of S/D is 1.0, 2.0 and 3.0, as shown in Figure 1

A simulation program has a truth value of a good, if the simulation results
closer to the experimental value. Drag coefficient of the experimental results
compared with simulation results can be seen in Table 1.

Table 2: Drag coefficient CD on Re with S/D = 1.0, 2.0 and 3, 0
Re 100 1000 7000 10000

S/D lnRe 4.605 6.908 8.854 9.210
1.0 CD 1.0843 1.0065 1.4472 1.4991
2.0 CD 0.9937 0.8935 1.3457 1.3734
3.0 CD 1.0066 0.9379 1.3595 1.3697

The result of the simulation program with Re = 100, 1000, 7000, and 10000
and S/D = 1.0, 2.0, and 3.0, can be seen in Table 2, and graphs can be seen
in Figure 2. Twelve drag coefficient data for Re = 100, 1000, 7000, and 10000
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Figure 2: Graphs of Tables 2

and S/D = 1.0, 2.0, and 3.0 in Table 2 was obtained three equations, namely

y = 0.061x2 − 0.739x + 3.188 (8)
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y = 0.058x2 − 0.698x + 2.99 (9)

y = 0.065x2 − 0.791x + 3.26 (10)

where y is Cd and x is ln(Re).

We get the smallest drag coefficient of equation (8) is obtained when
Re = 418.54, equation (9) is obtained when Re = 410.09 and equation (10) is
obtained when Re = 443.87.
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