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Abstract

In this study, the flow characteristics around the blunt nose and conical stern models
with a single and tandem arrangements were examined using the Particle Image Velocimetry
(PIV) method. Experiments were carried out under uniform flow conditions at U=100 mm/s
and corresponding Reynolds number Re=2x10* based on the model geometry length (L). The
characteristic length-diameter ratio of the model used in the experiments is L/D=5. The
dimensionless space ratio between the models in tandem arrangement is arranged as G/L=0.3
in which G is the space between the two models. In comparisons, instantaneous velocity
vector fields (V) and vorticity contours (oL/U.) along with the time-averaged patterns of
velocity vector fields <V>, streamline topologies <W>, streamwise velocity fluctuations
contours <umms/U«>, cross-streamwise velocity fluctuations contours <vims/U>, and vorticity
contours <mL/U.> were investigated. The results obtained have been presented with images
and discussed in detail.
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1. Introduction

Fluid mechanics is used in many fields. Particularly in the fields of mechanical
engineering, there are studies on increasing energy efficiency with different experimental
studies in geometry optimization. With obstructed flow tests, the flow structure around the
desired geometry is investigated with special test setups, and information about the flow
characteristics around the geometry in terms of aerodynamics and hydrodynamics can be
obtained, and energy loss can be reduced by making the necessary optimizations. In this
context, many studies were carried out. First of all, studies were carried out on autonomous
aircraft. Some studies in this field: [1-6]. Three quarters of our world is covered by water. For
this reason, above and below the seas have been very important from the past to the present in
terms of social, economic and defense. On this context, many researchers have turned to
design, apply and develop new generation manned or unmanned autonomous underwater
vehicles (AUV) in the fields of defense, industry and research: [6-12]. AUVSs are vehicles that
can be sent to a specific target by being remotely controlled or programmed with the stored
specific energy. They can be used for more complex tasks. For some complex missions, more
than one autonomous vehicle may be needed as given in some studies on multiple AUVSs: [13-
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19]. However, multi-array AUVs can have hydrodynamic interactions with each other while
in motion. For this reason, flow hydrodynamics needs to be carefully investigated. In this
study, the flow characteristics around the blunt nose and conical stern models with single and
tandem arrangements were compared by using the PIV method. Experiments were carried out
under uniform flow conditions at u=100 mm/s and corresponding Reynolds number
Re=2x10* The characteristic length-diameter ratio of the model used in the experiments is
L/D=5. The space ratio between models in tandem arrangement is dimensionless G/L=0.3. Up
to date, the proposed model arrangement has not been encountered in the open literature with
PIV apart from the present group.

2. Experiments

The geometry design and size of the model were determined to form a streamlined
underwater vehicle model by using the [20] equations 1 and 2 given below.

1 ) 1/n
m(o) = 3D [1 - (727 @
1 3D tand 3D tand

In these equations, X is the axial distance from the nose to the stern end. Myring angular
parameter of the stern and the nose curvature form of the geometry are taken as 6=30° and
n=4, respectively. The PIV measurement conducted using the water channel and a Nd:YAG
laser working in synchronization with a camera in the Advanced Mechanical Engineering
laboratory of Osmaniye Korkut Ata University.To obtain flow charecteristics, experimental
setup of the water channel for laser illumination and PIV measurement of field of views is
shown in Figure 2 and 3. The space between the two identical geometries is denoted by G.
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Figure 1. Parameters of a geometrical design of a geometry. The nose, hull and stern lengths of the
model with a D=40 mm diameter are Ln=40 mm, Ly=80 mm and Ls=80 mm, respectively
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Figure 3. Experimental setup of the water channel for laser illumination and PIV measurement
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Figure 4. Field of views for the tandem arrangements of two models for PIV measurement

51



E. Akbudak et al.: Investigation of flow characteristics around a blunt noseand conical stern ...

Single Model

1.Geometry 2.Geometry

Figure 5. Presentation of wake region of single and tandem arrangements models
3. Results and Discussion

In this study, alteration of the instantaneous velocity vector field (V) and time-averaged
velocity vector field <V> prepared for the comparison of the PIV experiment analysis results
around the stern section of single and tandem arrangements of two identical models with blunt
nose and conical stern made under uniform flow conditions at Re=2x10* in Figure 6. In
Figure 7, time-averaged streamline topology <¥>. Instantaneous vorticity contours oL/U,
time-averaged vorticity contours <mL/U.>, time-averaged streamwise velocity fluctuations
contours <urms/U.> and time-averaged cross-streamwise velocity fluctuations contours
<vrms/U.> are given in Figure 8.
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Figure 6. Comparison of instantaneous vector field(V) and time-averaged velocity vector fields
<V> of single model with tandem arrangements of a spacingratio G/L=0.30 at Re=2x104

When the instantaneous vector field (V) in the wake region of a single model in Figure
7 is investigated, it is observed that the vortex structure increases due to the unsteady motions
of the vectors. It is clearly observed that the vectors keep spreading along the geometry
symmetry axis out of the field of view like a similar manner of the Von Karman vortex street.
At the space ratio of G/L=0.30, the unsteady in the instantaneous vector field (V) in the first
geometry wake region is considerably higher than in the single model and the second model
wake region. When the time-average vector fields of the single model and tandem
arrangement models are investigated, it seems cleaner than the instantaneous vectors.
However, it has been observed that the vector structures behind the second model are smaller
and less effective than the vector structures behind the single model. Because the momentum
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of the flow passing over the second model decreases due to friction and other flow effects.
This situation shows that the vortex structure is more complex compared to a single model.

The effect of the nose part of the second model on the flow structure in the first model wake
region is clearly observed.
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Figure 7. Comparison of the time-averaged streamlinetopologies < ¥ > of single and models of
tandem arrangements

When the time-averaged streamline topologies <W> are investigated, it is observed that
a rotational focal point F1 is formed behind the blunt nose and conical stern single model. At

the space ratio of G/L=0.30, no focal point or other structures were not observed in the first,
and thesecond model wake region.
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Figure 8. Comparison of the instantaneous vorticity contours (oL/Uq), time-averaged vorticity
contours <wL/Uwo>, time-averaged streamwise velocity fluctuations contours <ugms/Uco> and time-
averaged cross-streamwise  velocity fluctuations —contours <Vyms/Uoo> of single and tandem
arrangements of twoidentical models

53



E. Akbudak et al.: Investigation of flow characteristics around a blunt noseand conical stern ...

As a result of PIV analyzes performed under uniform flow conditions of single and
tandem arrangements of two models with blunt nose- conical stern, it was observed that
instantaneous vorticity countours oL/Uw, and time-averaged vorticity countours <oL/U,> to

the positive and negative values were formed. It has been observed that the time-averaged
vorticity contours are quite symmetrical in single and tandem arrangements of two models.
When the instantaneous vorticity contours are examined, it has been observed that the
vorticity contours in the first model wake region interacted with the nose of the second model,
blocking the flow and breaking the vortices into smaller pieces. When we compare the
positions of the time- averaged vorticity countours <wL/U,.> here withthe single and G/L=0.30
cases, the time-averaged vorticity countours <wL/U.> occur at a far distance from the stern in
the single model wake ragion, but in the case of G/L=0.30, the values for the first geometry
get smaller and come to the stern, while in the second model wake region they were located
closer to the stern than in the single model wake region. It is seen that the area covered by the
time averaged cross-streamwise velocity fluctuation contours are larger than the time
averaged streamwise velocity fluctuation contours wake region in the case of G/L=0.30. As a
result, it was observed that the time averaged cross-streamwise velocity fluctuation were
more. It was observed that the values in the first model wake region at the G/L=0.30 state
increased, and the vorticity structure increased compared to the single model wake region. In
addition, it was observed that the wake region approached the model. In addition, it was
observed that the vortex structures in the second model wake region were broke and
becomesmaller and intertwined.

4. Conclusion

In this study, instantaneous and time-averaged flow characteristics of the single model
and tandem arrangement models at the ratio of G/L=0.30 are investigated using the PIV
method. The following observations were obtained. The vector field and vortex structures
behind the second model are smaller and less impressive on the body in the downstream body
of the dual arrangement than in the single model. The streamline topology behind the
downstream body is more streamlined and have less separation with respect to the single
model case. Around the flow structures the nose of the second model due to the interaction
and fragment into parts wake coming from the first body have more scattered region than the
front model wake, which can be used to develop new flow control method. The time averaged
cross-streamwise velocity fluctuations are greater than the time averaged streamwise velocity
fluctuation in the case of G/L=0.30. All of the time-averaged flow structures demonstrated
that the second body critical points become closer to the stern section of the downstream body
for the dual body arrangement. In future, both experimental and numerical studies, active or
passive flow control methods along with force measurement can be performed not only for
the present arrangements but also side-by-side and staggered configurations.
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