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ABSTRACT

The rapid development and advancement in unmanned aerial vehicle/unmanned combat
aerial vehicle (UAV/UCAV) has triggered the increasing interest in development of UAV/UCAV.
Numerous of the research performed experimentally and numerically in order to have better
understanding on the complicated flow behavior above low sweep blended delta wing design
which commonly used in UCAV configuration. NATO RTO AVT-161 is one of the pioneer
research programmes in the UCAV configuration throughout generic model SACCON. However,
the current knowledge on the SACCON configuration is very limited to certain angle of attacks
and flow conditions such Reynold number. This current research will highlight the aerodynamics
and flow characteristics of the SACCON at Reynolds number of 0.51x106 and 0.78%x106 towards
different angle of attacks. A semi-span wind tunnel model was designed and fabricated with the
capability to install pressure taps on several positions inside the model. The experiments were
conducted in a closed-circuit low speed wind tunnel at speeds of 17 and 26 m/s that corresponding
to 0.51x106 and 0.78x106 Reynolds numbers based on model mean aerodynamic chord,
respectively. The angles of attack were varied from -10° to 30°. During the experiment, two
measurement techniques were employed on the wing, which were the steady balance
measurement and surface pressure measurement. The findings highlight the effects of Reynolds
number toward aerodynamic coefficients and pressure distribution above the wing. The
experimental data conclude that the aerodynamic characteristics of SACCON wing is influenced
by flow structure above the wing. The SACCON wing exhibits three major vortex structures which
are apex vortex, thickness vortex and tip vortex. Additional suction peak is observed near the
trailing edge downstream from wing at higher angle of attack suggesting possibility of another
vortex structure developed. The current findings may contribute to a better understanding of flow
physics on UCAV configuration.
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INTRODUCTION

Throughout the years, there have been rapid development on the unmanned aerial
vehicle/unmanned combat aerial vehicle (UAV/UCAYV) around the world due their prevalent
applications in civil and military sectors (Rogalski, 2020). UAV/UCAV or unmanned aircraft is an air
vehicle without pilot onboard and can be remotely controlled or autonomously. This development had
raised the improvement in wide scale application regarding unmanned aircraft such in monitoring,
surveying, inspection and emergency response (Nawawi, 2021). Considering the flexibility in
operation and wide area coverage, unmanned aircraft is more favourable compared to the ground
approaches (Jusoh, 2021). Aside from high mobility, the employment of unmanned aircraft also reduces
the operational cost as well as prevent any casualties toward the operators (Li, 2020; Kovacik, 2020;
Skjervold, 2018). For UCAYV, their function is not limited only to reconnaissance, surveillance and
intelligence mission. UCAV commonly equipped with aircraft ordnance such bombs, missiles and
rockets for airstrike mission (Chamola, 2021).

The advancement of the technology has triggered essential of UCAV that capable of higher speed
and manoeuvre alongside with specific mission requirement. Thus, delta wing concept was introduced
in UCAV development to achieve required conditions. Most of the current and future UAV/UCAV
configurations are using delta wing planform with low to medium sweep angle i.e., 35° to 55° (Gursul,



2005; Gordnier, 2003). This is due to the considerations of the performance and endurance of the real
flight (Schiitte, 20212). The delta wing design is having aerodynamic advantages and higher power
efficiency compared to the conventional wing which enable operation at near and post stall regimes for
extra aerodynamic lift. The extra lift generated from the leading-edge vortex improve overall lift
generation on the wing and beneficial at lower angles of attack condition (Maqsood, 2015). The most
common planform used in current and future delta-winged UCAV are diamond and lambda wing as
shown in Figure 1. The lambda wing planform features a cranked design at the trailing edge meanwhile
diamond wing incorporated extended trapezoidal trailing edge. The delta-winged UCAV design
commonly incorporated blended wing design to produce higher volume for larger payloads and
system/equipment integrations. The blended wing design introduce inconsistent leading-edge radius
from the apex of the wing toward trailing edge which induced complicated vortical flow above the
wing. The attached flow region near the apex will influenced the formation of leading-edge vortex
downstream depending on the flow conditions i.e., angle of attack, Reynolds number and leading-edge
profile (Tajuddin, 2020).

Throughout the world, numerous manufacturers are working and developing UCAV design
configuration for current and future uses. There are several aircraft UCAVs available and are operating
as shown in Figure 2. Most of the UCAV design incorporated with the lambda wing planform with
highly blended wing design. This is mainly due to the stealth requirements priority (Sepulveda, 2017).
Air forces and defence companies are currently investing in long term development of sixth-generation
fighter aircraft to be employed in service by year of 2035-2040 (Jordan, 2021). The sixth-generation
fighter aircraft will be incorporated with the unmanned features. Several such ongoing projects are BAE
Systems Tempest (Europe), F/A-XX (United States) and Mikoyan PAK DP (Russia). However, to
develop the agile and highly swept UCAV configuration is very demanding endeavour. The essential
performance and manoeuvrability requirement from the UCAV design required tremendous, detailed
data such aerodynamic performance at extensive flight conditions, mass distribution, system
integration and propulsion performance (Liersch, 2020). At times, the UCAV design and development
is compromised between high-speed flight performance and manoeuvrability at low-speed flight
(Nangia, 2016).

Due to rapid advancement in UCAV development, there has been increasing interest in
understanding the flow characteristics on non-slender delta wing used in UCAV configurations.
Numerous of studies were performed to understand the flow behaviour around the low sweep blended
delta wings through the experiments and to provide validation data for evaluation of the major CFD
codes. The first program on UCAV configuration was organised by The Technical Cooperation
Program (TTCP). The program was focussing on the 1303 UCAYV configuration. NATO Research and
Technology Organization (RTO) task group established their UCAV configuration program under
applied vehicle technology (AVT) entitled “Assessment of Stability and Control Prediction Methods
for NATO Air & Sea Vehicles
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Figure 1: Types of delta wing used in aircraft and UAV/UCAV
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Figure 2: Current and future UCAV design used in aircraft

METHODOLOGY

A semi-span model was designed and fabricated in UTM Aerolab that replicate the original
SACCON from AVT-161. The design and dimension of the model is based on the model used within
AVT-161 programme. The model was designed to have semi-span model to accommodate the
availability test section size without compromising the model dimension. The stand-off for the model
was designed based on the fuselage profile and dimension. Figure 3 shows the UTM-SACCON wind
tunnel model specification and dimension. To measure the pressure on the upper surface of the wing,
the model has been installed with 99 pressure taps with diameter of 1 mm located on the entire wing,.
The pressure taps are connected to the pressure scanner through the vinyl tube.
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Figure 3: TM-SACCON configuration dimension and geometrical properties
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The experiments were performed in the UTM Aerolab wind tunnel. The size of the test section is
2m x 1.5m x 5m with capability of 80 m/s maximum speed. The installation of the model in the test
section is shown in Figure 4 with notation of forces and moments. Fx, Fy and Fz represent the direction
of drag, lift and side force of the model while Mz represent the model pitching moment. The model is
attached to 6-component external balance JR3 160M50 located underneath the test section. The UTM-
SACCON wind tunnel model was mounted above additional stand-off (peniche) to avoid the flow
interactions between wind tunnel boundary layer with the model.

The experiments were performed at the speeds of 17 and 26 m/s that corresponding to 0.51 x 10¢
and 0.78 x 10¢ Reynolds number based on reference chord of 0.479 meter. The angles of attack were
varied from -10° to 30° by controlling the wind tunnel turntable automatically. In this study, two
measurement techniques were employed on the wing. The first measurement technique was the steady
balance data while the final one was the surface pressures measurement. All forces and moments in x,
y and z have been recorded at three times sampling and repeatability process had been considered. The
measured force in the y and x directions were normalized into the lift and drag coefficients (C. & Cp)
of the model while the moment in z direction is converted into the wing pitching moment coefficient
(Cm). The uncertainty analysis was performed for all forces and moments channel. The standard error
was then calculated separately for these forces and moments channel at each angle of attack. The
maximum uncertainty of data for all forces and moments channel is at 0.6%. The pressure measurement
on the surface was obtained at measurement planes of 0.1 to 0.9. The pressure distribution on plane 0.4
to 0.6 is limited in the fuselage section is due to restriction in the model cavity (placement of the wing
support to the tunnel). The surface pressure measurement was recorded using the FKPS 30DP
electronic pressure scanner with an accuracy of *1 psi. The measured pressures then were converted
into pressure coefficients (Cp). Only selected angle of attack for pressure distribution above the wing is
presented within this paper. Table 2 shows the experiment conditions in this paper.
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Figure 4: Installation of UTM-SACCON with forces and moment notation
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Table 2: Experiment conditions

Parameters Values

Pressure distribution measurement planes 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8, 0.9

(Y/Cr)

Freestream velocity (m/s) 17,26

Reynolds number (based on reference chord) 0.51x10¢, 0.78x10¢

Angle of attack, a (°) -10 to 30 (step: 2)
CONCLUSION

In conclusion, the author can share any engineering-related material on this platform. It is
also simple to send the required documents because they all used the Book Antiqua typeface
with a size of 10.5 points.
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