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Abstract. The purpose of this study was to investigate the drag coefficient of flow on three
tandem minibuses in four configurations and to determine the optimum drag coefficient across
the three cars. Flow drags measurements have been conducted on a wind tunnel by force balance
measurement. The minibus car models with a 1:40 ratio to the originals were constructed from
iron material with a thickness of 1 mm. The three minibus cars are arranged in four configuration
maodels where car 1 and car 2 are arranged in series while car 3 position changeable according
to the configuration. Each configuration model was treated with 6 changes in the distance of the
car to 3, while the distance between car 1 and 2 was constant, with similar 7 levels of treatment
of velocities ranging from 8 m/s to 20 m/s. Results show a similar drag coefficient (Cy) pattern
in all configuration models, where smaller C, related to greater velocities and smaller distances
of the three cars. Furthermore, at a similar Re=49 608, the smallest Cd was obtained in model
IIT (Cy=0.78), and followed by model II (Ce=0.80), model IV (Ce=0.81) and model I (Ce=0.84).

Keywords: flow drag coefficient, three tandem minibus cars, four configuration models

1. Introduction

The flow across three minibuses arranged in tandem is a form of fluid flow applicable in transportation
and infrastructure engineering, particularly on expressways. Aerodynamic load is one of the major
factors that must be addressed in a design, with special characteristics on tandem objects. Due to
coupled interferences of flow around grouped or tandem objects, various interesting and unexpected
phenomena can be observed.

When fluids flow through objects, for example, a minibus, energy loss will be developed in the
influence of drag forces by either boundary layers or flow separations. In boundary layer terms, drag is
adirect viscous effect of tangential stress and is therefore termed as viscous or frictional drag. The latter
category is due to the effect of pressure by normal forces and is therefore termed shape or pressure drag,
although it can also indirectly be due to viscosity. In avoiding energy losses, a cross-sectional shape of
the object should be precisely deaned. Interaction of the object with other objects can also be
engineered, allowing the air to flow through the object without creating separation and resulting unifma
flow beyond the objects. This research is about reducing the drag force in cylinders either single or
arranged in tandem with various methods.

A research on the reduction of drag on circular cylinders in airflow has incorporated the inelti()n
of disturbance rods embedded on the upstream area before the cylinder, emund out that the flow
pattern alterations depend on the diameter, distance, and Reynolds number. Reynolds numbers based
on th@linder diameter were ranging from 1.5-10% to 62-10%. The total drag reduction was 63% less
when compared to the one of a single cylinder [1].

Research on the efficacy of installing a minute control rod upstream of the cylinder with a focus on
the drag and flow pattern has also been conducted, in Reynolds number of approximately Re=20,000,
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based on the diameter of the %in cylinder. The highest reduction of the total drag coefficient of the
total arrangement consisting main cylinder ila control rod has been investigated to approximately 25%.
Furthermore, the research was carried out by @ing the values of L/D and d/D, resulting in total
reduction of drag coefficient. From the research, it was also found that the ideal ratio of the diameter of
the disturbance rod was at d/D=0.233. Installation of the minute control rod were ideal in the ratios of
distance to cylinder diameter L/Ds=2.0-2.08 [2].

Research on the aerodynamic characteristics of the flow due to the interaction of square cylinders
installed in tandem at a laminar flow or low Reynolds number, the eddy flow is affected by the Reynolds
number, while the force actions are different between the up-stream cylinder compared to the down-
stream cylinder, producing differences drag coefficient value [3].

Reau'ch on the interaction of alternately arranged circular and square cylinders installed upstream
in the wind tunnaThe distances between the two cylinders were varied with the ratio S/d from 0 to 10.
It was found out that the pressure drop characteristics were influenced by the ratio of the diameters and
distances of the two types cylinders (S/d). Furthermore, the optimum results were obtained at S§/d=1.0-
1.5, indicating the lowest pressure reduction for overall treatments of changes in positions, diameters,
and Reynolds numbers [4].

A research on the use of a circular cylinder as a disturbance cylinder before 2 square cylinders in a
tandem arrangement conducted. From this study, the optimum ratio of the dista:es between a
disturbance cylinder to the diameter of tandem cylinders (L/D) was of 0.43 and the ratio of the
disturbance cylinder’s diameter to the tandem cylinder’s diameter (d/D) was of 0.14, where a reduction
in the drag cocfdadient (Cy) was obtained by 21.596% [5].

A research on flow characteristics around an array of four circular cylinders near the wall in the
laminar boundary layer was carried out by numerical simulation. The pressure distribution across the
ls and on each cylinder surface was observed at L/D=2.7 (L wa: distance to the centre of each
cylinder; D was the diameter of the cylinder), G/D=023 (G was lh& distance between the cylinder
surface and the wall), with a variation of x/D=5, 10, ;mcm (x is the distance from the leading edge
from the wall to the centre of the upstream cylinder) with a Reynolds nur of 1.743-10* based on the
cylinder diameter. The numerical simulation method employed the 2D Unsteady Reynolds Averaged
[Ef)vier Stokes (U-RANS) approach and the k-w SST viscous model utilizing FLUENT 6.3.26 software
to observe the flow phenomenon around the cylinder. The results of the study indicated that there was
an c:t of changes in boundary layer thickness to the pressure distribution in each cylinder [6].

Three square cylinders were arranged in series and parallel configurations. Each configuration was
given 2 distance treatment models, namely, Model I, where the distance between cylinder 1 and cylinder
2 (M) changed while the distance between cylinder 2 and cylinder 3 (N) was set fixed at 6 cm, and
Model Inxhcrc M and N changed with the same distance. then treated with the same 7 levels of speed
ranging from 8 m/s to 20 m/s. Rese@h took place at the Reynolds numbers (Re) from 9,395 to 62,634,
or laminar flow for external flow. The experimental results showed that tl'aheuucleristic of the drag
coefficient (Cy) in the series configuration increases when the distance of three-square cylinders in a
tandem arrangement is enlarged, while in the parallel configuration the value of C4 decreases when the
distance is enlarged. The value of Cd obtained in each of theries and parallel configuration models
is smaller than the Cd value of a single square cylinder [7]. Salam et al. have also investigated flow
separation on three temcan square cylinders in serial and parallel configuration [8]. Also, other
researchers have defined the value of the drag coefficient of drag for minivan cars to be Cy =04, and
for sedan (passenger car) to be Cy=0.3 [9,10].

2. Materials and Methods

This research method is experimental in the form of a wind tunnel, to measure the drag force of fluid
flow. Measurement of the flow drag force is done by using forces mnce measurement. The test objects
were 3-piece minibus car models, constituting a car model with a length of 121 mm, a width of 45 mm,
a height of 43 mm and a hydraulic emeter (D) 44 mm and 1:40 ratio of the model to the prototype.
The car models were manufactured from iron material with a thickness of 1 mm. The three minibuses
'c arranged in four configuration models where the position of car 1 and car 2 was arranged in series
at a constant distance L, while the position of car 3 changes in the Y direction or moving sideward at
the distance of M, and in the X direction or moving forward at a distance of N depending on the
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configuration models, namely the configuration model 1 (car 3 parallel to car 2 or at N/D=0),
configuration model II (car 3 parallel in between car | and car 2 or at N/D=2.75), configuration model
II (car 3 parallel to car 1 or at N/D=5.5), and configuration model IV (car 3 parallel and ahead to car 1
or at N/D=8.25).
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Figure 1 Tandem positions of 3-minibus in four configuration models (a) configuration model I, (b)
configuration model I, (¢) configuration model Il and (d) configuration model IV

Furthermore, each configuration model was given 6 variations in M distance and 4 variations in N
distance from n' 1 with car 2 arranged in series, then given the same 7 levels of speed treatment ranging
which were 8 m/s, 10 m/s, 12 m/s, 14 m/s, 16 m/s, 18 m/s and 20 mfs.agune 1 shows the position of
the three minibuses arranged in tandem in four configuration models, with a distance ratio M/D of 6
levels, (namely, 0.57; 1.13; 1.70; 2, 72; 2.84 and 3 41) and the ratios of the distance between N/D of 4
levels, (namely, 0; 2.75; 5.50 and 8.25) while the ratio ofdislanan to D (L/D) was constant of 2.75.

The equipment was international standard testing equipment in the Laboratory of Fluid Mechanics,
Department of Mechanical Egnccring. Faculty of Engineering, Hasanuddin University. The wind
tunnel used in this study is a low-speed wind tunnel made by Plint & Partners LTD Engineers [10],
where the velocity of airflow through the test section (300 mm x 300 mm) is set maximum at 22 m/s.
This equipment is equipped with a forces balance measurement equipment and airflow velocity
measurement, as shown in Figure 2.

Remarks:

Prototype Screen;

Diffuser;

Test section;

Divergence section;

Fan;

Efectric motor;

Flow velocity measurement;

. Electric voltage regulator;
Force’s balonce measurement

L

Figure 2 Wind tunnel used in the research with its elements [10]
To determine the value of the drag coefficient and describe the characteristics of fluid flow across a
minibus, the Reynolds formula was used as shown in Eq. 1 [9],
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R, =12 )

The variables and parameters in Eq. 1 are the airflow velocity before the test models (U), the
hydraulic diameter of the minibus car (D), and the air kinematic viscosity (_J ).
In determining the drag coefficient (Cy), the Eq. 2 was used [9],

2 Fy
Cd = Pair U4 (2J

The variables in Eq. 2 are the experimental drag force (Fa), the frontal surface area of the minibus
(A], and the density of the air (p.,). The values of kinematic viscosity and density of air are defined
basmm the pressure and room temperature in the laboratory.

Based on the hydraulic diameter of the minibus model and the treatment of airflow velocities,
ranging from 8 m/s to 20 m/s, or from 28.8 km/h to 72.2 km/h, the experiments were in a laminar flow
area or at Re<10° for external flow. Moreover, the flow velocity was maintained in a constant condition
at each speed level, and the speed treatments for each configuration model were 7 levels of U velocity,
namely (8, 10,12, 14, 16, 18, and 20) m/s.

3. Results and discussion
The cxﬂimcntell results of airflow across three minibuses arranged in tandem in four configuration
models show that the characteristics of the drag coefficient (Ca) tend to be the same, that is, if the airflow
velocity U or the Reynolds number (Re) increases, the Ca value decreases. The following describes the
experimental results for the four configuration models, in the form of a graph of the relationship bet ween
Cq and airflow velocity U or the Re number at the same M/D. The results for four configuration models
are subsequently compiled in a graph of the relationship of Cyq and M/D at the same velocity.

The experimental results of the configuration Model I are depicted in Figure 3 in the form of a graph
of the relationship between Cy and Re at the same M/D.
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Figure 3 Relationship of Ca and Re for configuration model I for 6 levels of M/D and for N/D=0

Based on Figure 3 above, it is shown that the alterations in M/D affects the value of Cd at all levels
of Reynolds numbers. These results show that the largest drag coefficient of Ce=0.99 was at M/D =2.84
and at Re=22,048, while the smallest resistance coefficient value of Cd=0.84 was at M/D=1.70 and at
Re=49 608. These results indicate that when car 3 is closer to car 2, the flow separation was slowed
down causing the boundary layer to shrink, and the vortex of the airflow was dampened afgEjcrossing
between car 2 and car 3. However, when the position of car 3 is very close to car 2 or at M/D=0.57, the
value of Cy increases again. The difference in values between the largest and the smallest Cy shows the
effect of changing the distance between car 3 and car 2, and this proves that, in the right position, cars
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arranged in tandem in configuration model I can reduce aerodynamic drag. The right position of the
car, of course, will result in more efficient fuel consumption.

Figure 4 shows the experimental results of configuration model 11, depicting the relationship between
Cq and Re at the same M/D.
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Figure 4 Relationship of Ca and Re for configuration model II for 6 levels of M/D and for N/D=2.75

Figure 4 also describes that varying M/D could affects the values of Cd at all levels of the Reynolds
numbers. These results indicate that the largest flow drag coefficient value was Ca=0.89, occurring at
M/D=1.13 and Re=44,096, while the smallest drag coefficient value was C=0.80 at M/D=0.57 and
Re=49 608. These results indicate that when car 3 is closer to car 2, the flow separation was delaying
causing the boundary layer to shrink, and the vortex of airflow was dampened after crossing between
car 2 and car 3. The difference of the largest and the smallest Cd shows the impact if varying the
distances between car 3 and car 2, and this also proves that, in proper position, cars arranged in tandem
configuration model II can reduce aerodynamic drag which also contribute to the reduction of fuel
consumptions.

The same results of configuration model IIl are shown in Figure 5, which is a graph of the
relationship between Cy and Re at the same M/D.
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Figure 5 Relationship of Cy and Re for configuration model I for 6 levels of M/D and for N/D=5.5
It is also shown in Figure 5 that the changes in M/D have affected the magnitude of C at all levels
of the Reynolds numbers. These results also show that the largest flow drag coefficient value was at
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Cd=0.89 and at M/D=0.57 and Re=44,096, while the smallest drag coefficient Cd of 0.78 occurred at
M/D=1.70 and Re=49,608. These results also prove that when car 3 is closer to car 1, the flow separation
was delaying, resulting on shrunken boundary layer and dampened airflow vortex after the flow passing
through the path between car | and car 3. The difference value of the largest and the smallest C shows
the effect of altering the side-by-side distances of car 3 to car 1, and this also proves that the car arranged
in tandem configuration model III is effective to reduce drag in airflow and of course, will result in
savings car fuel consumption.

The experimental results of the configuration model IV is shown in Figure 6 below, as a graph of
the relationship between Cg and Re at the same M/D.

=
1,10
0.98 —8—M/D=3,41
—e—M/D=12,84
0,86 e P
F o M/D = 2,72
0,74
—e—M/D=1,70
0,62 —e—M/D=1,13
0,50 M/D =057
22048 2756 33072 3&4 44096 49608 5512
Re

Figure 6. Relationship of Cy and Re for configuration model IV for 6 levels of M/D and for
N/D=8.25

Figure 6 shows that the change in M/D will affect the drag coefficient Cd at all levels of the Reynolds
numbers. It gives information that the largest flow drag coefficient was Cd=0.88 at M/D=3.41 and
Re=38 584, while the smallest resistance coefficient value is Cd=0.80 at M/D=1.70 and Re=49 608§.
Similar to previous configurations, the results indicate that when car 3 is closer to car 1, the flow
separation was again slowed down, resulting the boundary layer to shrink and the vortex of the airflow
to dampen after flowing through car 1 and car 3.

The difference in value between the largest and the smallest Cd shows the effect of changes in the
distance between car 3 and car 1, and this also proves that the car arranged in tandem model
configuration IV can reduce aerodynamic drag, if set the right position. The expected results is also the
reduction fuel consumption.

The compilation results of the four configuration models are shown in Figure 7 below in the form
of a graph of the relationship between ¢y and M/D at the same Re=49 608.
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Figure 7 Relationship of Ca and M/D for the four configuration models and for Re=49 608

Based on Figure 7 above, itis indicated that at the same M/D and Re, the value of Cy will be different
in different configuration models. Configuration model 1 shows the value of Cd which was always
greater for all levels of M/D. The configuration model II, configuration model III, and configuration
model IV gave smaller Cy from the former to the latter. However, at M/D=1.70 the smallest Cd value
was on configuration model 1II. The same results occurred for M/D=3.41, where the smallest Cd value
was also occurring in configuration model TI1.

These results indicate that when car 3 is closer to car 1 and car 2 or at M/D=1.7 the configuration
model II is the most optimum one in reducing drag coefficient. This is because the flow separation was
slowed down emdmllled the boundary layer to shrink. The vortex of airflow was also dampened after
crossing between car 1 and car 2 and car 3. Whereas when car 3 was in the farthest position from car I
and car 2 or at M/D=341, the configuration model III was the best. This is also because the flow
separation was slowed down, producing shrunken boundary layer and dampened the airflow vortex
after crossing between car 1 and car 3.

The difference in the value between the largest and the smallest Cd shows the effect of changing the
distance of car 3 next to car 1, and this proves that the car is arranged in tandem model configuration
IV, which can reduce airflow resistance when in the right position. The right position of the car, of
course, will result in savings in car fuel consumption.

The characteristic values of Cd towards the M/Ds for the four configuration models are as shown in
Figure 7 above. The results are then compiled with the CFD flow path line simulation results at M/D=1.7
and Re=49 608, as shown in Figure 8.
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Figure 8. Simulated CFD pathlines of flows at M/D=1.7 and Re=49608 for (a) configuration model I,
(b) configuration model II, (¢) configuration model III, and (d) configuration model IV

Based on Fig. 7 and Fig. 8 above, the best configuration model was configuration model II1. This
can be seen from the smallest flow vortex that occurs after passing through car 2 and car 3 in
configuration model III. The largest flow vortex is in configuration model I. The results of this
compilation show conformity to the experimental results. This is because the flow vortex after passing
through car 3 in the configuration model IIT loss its effect on the flow vortex after passing through car
2, creating dampened or more stable flow vortex.

4. Conclusions

It can be concluded that the characteristics of the flow drag coefficient across three minibus cars
arranged in tandem in four configuration models have been examined and shows the smallest Cy value
at M/D=1.70 and Re=49 608 or at airflow velocity U=18 m/s (equal to the car speed of 64.8 km/h). An
exception is for configuration model I at M/D=0.57. Also, the smallest drag coefficients of flow across
three minibuses arranged in tandem for respective configuration model I, 11, III, and IV respectively
are: Cy=0.84 at M/D=1.70 and Re=49 608; C;=0.80 at M/D=0.57 and Re=49 608; C4=0.78 at M/D=1.70
and Re=49 608; and C=0.81 at M/D=1.70 and Re=49,608. On the condition of the minibus moves
independently, the Cq value for each car was 0.4 resulting total Cq value of 1.2. Whereas if the three
minibuses move in tandem with configuration model I, II, IIT, and IV, the total average smallest value
was Cy=0.8075, resulting the reduction of Cy by 31.71%.
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