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ABSTRACT

A wing-in-ground (WIG) vehicle is designed to fly above the water surface at an altitude
lower than its wing chord. This is due to the positive ground effect as it creates lift and reduce
the effect of aerodynamic drag thus enhancing the overall efficiency of the wing. However,
the current WIG craft has shown significant hydrodynamic and aerodynamic drag against the
hull-fuselage during take-off and cruising. These phenomena will lead to the flow separation
and inclination effects on drag, which explains the abundant of research on flow control
devices installed on the WIG hull-fuselage. Therefore, the aim of this study is to investigate
the effect of flow control devices, known as micro-ramp vortex generator (MVG) towards the
aerodynamic performance of WIG hull-fuselage through wind tunnel experiments. The
models were tested in the flow velocity within the range of 1m/s to 10m/s with Reynolds
number of 8.6 x 10*. From this investigation, the finding shows that there is a reduction of
drag of 21% with the present of MVG in comparison to the baseline case. This indicates that
the Micro-Ramp MVG has a high potential to be used as flow control device in improving the
aerodynamics efficiency on a WIG craft.
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1.0 INTRODUCTION

Wing-in-ground (WIG) effect craft has a unique design concept and simple operating
mechanisms that viable in many areas such as military functions, tourisms, and cargo
transportation. WIG craft provides an alternative solution for air transportation even though it
is not commercially applicable for public transport. Briefly, the ground effect (GE) is a
natural phenomenon that occurs when the lift-to-drag ratio increases while cruising close to
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the water or ground surface [1]. The research on ground effect was firstly examined by
Wieselsberger [2], who investigated the effect of induced lift and drag on the wing at
different altitude using the Lanchester-Prandthl theory and found that the lift performance
increases while drag formation decreases as the wing closes near to the ground. Back in 2002,
Moore et al. [3]demonstrated an experimental investigation of the DHMTU airfoil geometry
with different angle of attack (AoA) at various altitude. They discovered that the percentage
of lift coefficients can increase up to 15.7% and the drag coefficient percentage can be
reduced up to 5.6% when the AoA increases within the range of -9° to 21° and the wing to
ground distance decreases from a distance of 5C to 0.3C. With the same intention, Tofa et al.
[4] experimentally investigated the effect of WIG craft model and compound wing with and
without endplate on the lift to drag ratio. They found that the craft with endplates increases
the lift and drag ratio of WIG as well as improving the efficiency of aerodynamic without
disturbing the longitudinal stability.

Modification in mechanical design for obtaining the benefit of GE has been widely
introduced in WIG scope. There are two most common method that are practically used to
control the fluid flow, known as active flow control and passive flow control. Similar to
previous studies like [3] and [4], the aim is to achieve a higher number of lift to drag ratio,
but the modern technique is to apply any of these two flow control techniques in the
investigation. The basic knowledge of active and passive flow control devices is crucial in
terms of the fundamental physics flow so that this concept can be fully understood when it
applies to WIG. For active flow control, the mechanism can be seen through the investigation
conducted by Boermans [5] regarding the elimination of boundary layer using the method of
flow suction on the airfoil. Maldonado et al. [6] and Zhang et al. [7] proposed the drag
reduction method by performing a synthetic jet to create vortices and a higher momentum
boundary layer in the flow. Other researcher like Schaeffler et al. [8] focused on Zero-Net-
Mass-Flux blowing jets overflow by changing the phase angle of the blowing jets resulted in
a good reduction in lower mean drag value.

In contrast with active flow control, passive flow control does not require external
energy to operate. Ashby [9] proved that the installation of both airfoil and trailing edge was
able to increase the lift coefficient in respect to the baseline configuration. Lin [10] studied
the sub-boundary layer vane vortex generator that results in a significant improvements of
flow separation reduction compared to the baseline test where there was a larger conventional
counterpart without the effects of increased drag. In 2006, Anderson et al. [11] showed an
interest to study the effect of Micro-Ramp and Micro-Vane Vortex Generator (VG) on the
shock boundary layer interactions (SBLI) with different height, chord length and spanwise.
From the investigation, they discovered that the Micro-Ramp is able to reduce more SBLI
compared to the Micro-Vane in a supersonic flow. Soon, Babinsky et al. [12] measured the
wake velocity decay resulted from micro ramps with different heights. Their studies
discovered that the maximum deficit velocity, minimum velocity within the wake region,
follows a similar trajectory when the wake is scaled with ramp height. As a result, the ramp
height is later commonly chosen as the length scaling parameter. Later, Saad et al. [13]
conducted the experiment on a hypersonic flow condition based on the design from Anderson
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et al. [11] and Babinsky et al. [12] to study the effect of shock wave on different type of
Micro-Ramp. The outcome shows that the Micro-Ramp delays the pressure rise and reduces
the upstream interaction length towards the flow separation regime. Due to the lack of
interest for a subsonic flow research, therefore this study is conducted experimentally to
investigates the effect of flow control devices, known as Micro-Ramp Vortex Generator
(MVG) towards the aerodynamic performance on a WIG hull-fuselage.

2.0 METHODOLOGY
2.1 WIG CAD Model

The design fuselage of the WIG model was taken from the Airfish 8 WIG type with a
backward facing step [14]. Due to the test section volume restriction of the wind tunnel which
is fixed at 1.0 m x 0.3 m x 0.3 m (length x width x height), the size of the WIG fuselage was
modified and scaled down approximately to 1:55 at 0.33 m, 0.08 m, 0.09 m corresponding to
the length, width and height respectively, as shown in figure 1. This is also a similar model
conducted by Said et al. [15]. A small circular hole was created at the side of the body, center
of the fuselage in order to mount the WIG model firmly in the wind tunnel test section [14].
All the models were constructed using SOLIDWORKS Computer Aided Design (CAD).
Since the experiment is to study the effect on drag coefficient, Cp by varying the streamwise
and spacing location of the MVG at the backward face step location, a slot was intentionally
constructed at the bottom of the fuselage so that interchangeable parts of streamwise and
spacing Micro-Ramp MVG configuration could be easily replaced.

330.95

—[93.62

Backward Facing Step

Slot for the
location of
MVG

Figure 1 Side View of the WIG fuselage model (All measurements in mm)
2.2 Micro Ramp Vortex Generator Design

According to Boniface [16], Micro-Ramp MVG has a better efficiency for drag reduction and
flow separation compared to vane type. The size of the MVG was chosen based on the
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boundary layer thickness which is about 3 mm in height acquired from Said et al. [15].
Although the Micro-Ramp design was based on the optimum parameters by Gordard &
Stanislas [17], several dimensions need to be adjusted due to manufacturing constraint. Thus,
distance to the detachment point (initial fuselage nose point), AXv was set as 0.14 mm
(figure 2). On the other hand, the spanwise spacing, A of the MVG in this project were
measured at 14.85 mm with a ratio of 7.5h, where h is the height of MVVG [11]. The baseline
case study was similar to the model of Aider et al. [18], but changes were made to this design
so that the MVG array does not cover the full fuselage width to avoid strong interaction
between MVG and the trailing edge. Then, design was tested experimentally.

The requirement test to obtain a quantitative aerodynamic performance, was by using the
drag coefficient in the drag equation to measure the index value based on air velocity and
properties, position and shape or geometry. Thus, the drag coefficient is obtained in the drag
as in equation 1:

2R
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where, Fp is the drag force obtained from the force balance of the wind tunnel converted in
Newton, p is the air density, V is the wind tunnel air speed and Ay is the WIG fuselage area.

Distance from the MVG

detachment point to the

initial fuselage nose
point, AXyg

Figure 2 Micro-Ramp configuration for MVG slot model, AXve=0.14mm
2.3 Fabrication of WIG Model and Micro-Ramp

After the WIG fuselage model and MVG Micro-Ramp slot was designed using CAD, the
model was fabricated using a 3D printing device model CR10-S5. Primarily, the base of the
3D printer plate was heated up at approximately 55°C before the nozzle containing a very
high temperature PLA filament is melted and travel along the plate as per the real design
while extruding the filament out of the nozzle. As the printing is completed, sanding process
was done on the surface model so that burrs and other rough surfaces are removed and
smoothened as shown in figure 3. These surface especially at the edge of the model must be
even because any outer skin roughness will affect the flow reading measurement during wind
tunnel testing.
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Micro-ramp MVG

Figure 3 WIG fuselage model with MVG micro-rarﬁb attached together after sanding process
was completed

2.4 Wind Tunnel Testing

The experiments were conducted in the Longwin LW-9300R low speed wind tunnel open
loop type located at National Defence University of Malaysia (UPNM) as shown in figure 4.
The free stream velocity for this experiment was set from 1m/s to 10m/s while the Reynolds
number, Re is 8.6 x 10*. WIG fuselage model was attached with a circular rod from a 3-
component force balance equipment located 0.15 m from the starting point of test section as
shown in figure 5. This force balance equipment is capable in measuring the drag force, Fp
and lift force, FL Note that the airflow is from left to right.

s
eft) [19] and monitoring display (right).
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Figure 5 Top view (left) and side view (right) of the Micro-Ramp MVG slot on the WIG
fuselage a 3-component force balance connected by a steel rod during experimental testing.

3.0 RESULTS AND DISCUSSION

The experiment was carried out in the wind tunnel to obtain the relationship of the
streamwise location spacings between MVG towards drag coefficient, Cp and Drag Force, Fp
from 1m/s to 10m/s. Primarily, the WIG fuselage was tested with a baseline slot model to
obtain a reference point for the comparison of the Micro-Ramp slot testing later conducted in
this experiment. Figure 6 and 7 shows the trend of data of drag coefficient, Cp and drag force,
Fp respectively, of WIG Craft fuselage of the baseline slot model. It can be seen that Cp
almost has a linear trend from 1m/s air flow speed to 10m/s. The experiment was repeated 3
times to get the average value of data to reduce measurement error of wind tunnel
measurement sensor.
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Figure 6 Cp of WIG Craft fuselage with the  Figure 7 Fp of WIG Craft fuselage with the
baseline slot model baseline slot model

Next, the results of the fuselage with the installation of Micro-Ramp are shown in
Figure 8, with direct comparison to the baseline case (no Micro-Ramp). Based on the result
obtained, it shows that the WIG Craft with Micro-Ramp MVG slot model, experienced lower
drag coefficient, Cp than with baseline slot. Although there were minor changes from 2m/s to
3m/s, a better performance of the drag force can be seen where the velocity starts to rise from
the 3m/s marks. This proves that the MVG has produced an improvement towards the
reduction of drag coefficient of the fuselage. The lowest drag coefficient differential can be
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seen at 6m/s with a difference of 0.0281 (21%) in comparison with baseline Fp. The presence
of Micro-Ramp has proven to reduce drag and at the same time gives a better performance
efficiency.
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Figure 8 Cp of WIG Craft with baseline slot and Micro-Ramp

This agrees with Lee and Ko [20] through their experiment through PIV analysis that
flows control was observed at low Cp while concluded that flow control has the tendency to
use in a wide application of WIG craft applications. Consequently, in anther experiment,
Micro-Ramp also can be seen to be the most effective surface flow using the similar analysis
from previous study obtained by Ye et al. [21].Unfortunately, this investigation never
considered the effective surface flow of vane type. Therefore, in comparison to Said et al.
[15], the highest drag reduction can be seen to reach up to 25% lower with the installment
vane type flow control than baseline case. The result affected is seen through the difference in
surface roughness of flow control and gap spacing between the MVG slot and WIG fuselage.
Nevertheless, each experiment gives the benefits of drag reduction with proven studies using
PIV visualization technique towards WIG and the shape surface of flow control. In summary,
the presence of the MVVG were able to reduce the flow separation of the hull-fuselage towards
the positive ground effect.

4.0 CONCLUSION

Based on the installment of the MVG flow control on the WIG fuselage, the Cp and
Fp has shown an improved aerodynamic performance compared to the baseline case.
Different streamwise and spacing were identified and the best configuration was tested. From
the speed of 1m/s to 10m/s, the Cp in comparison with the baseline model was seen to
decrease for about 21%. For future work, further investigation can be done to improve the
flow study such as smoke and PIV technique since it will give a better understanding of flow
control towards the effect of drag on a WIG craft.
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