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With the growing of Unmanned Aerial Vehicle (UAV) usage, many new types of UAV are
introduced. Flying Saucer is a new type of UAV which is not yet famous in the market. The aim of
this study is to analysis the aerodynamic coefficients of a Flying Saucer. The research question arise
is What the optimum angle of attack for Flying Saucer flight is. The study is conducted in
Computational Fluid Dynamics (CFD) using COMSOL Multiphysics with Laminar Flow physics for
several angles of attack. The analysis considers Lift and Drag coefficient in the form of €, and Cp
to angle of attack (o) plot, ratio of C,/Cp to angle of attack (at) plot and drag polar plot. We conclude
that a symmetric Flying Sauce has aerodynamic characteristic with the optimum operational angle
of attack in the range of 8 to 16 deg. The €, and €, has a quadratic relationship with large Cp, due
to the geometric of Flying Saucer. It recommends that further study should explore in the area of
zero and maximum angle of attack () and validation in wind tunnel experiment.
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1. Introduction

Unmanned Aerial Vehicle (UAV) grows significantly in recent years. It becomes part of our daily
life in many aspects such as photography, survey, monitoring, search & rescue, delivery, etc. The data
from the US commercial drone market shows a linear grow from 2014 at around 300 million USD
until 2020 at around 850 million USD and predicted to be continued [1].

There are many types of UAV currently available in the market such as multi-copter, fixed wing,
e-VTOL, etc. The research on UAV is also growing, many types of UAV and its technology is
developed to suit the market. One of the new UAV types is a Flying Saucer. It's geometry looks like
a famous Unidentified Flying Object (UFO) [2]. So far, there are limited research published to study
its aerodynamic characteristics.

In this study, the assumptions have been made on micro-size UAV, laminar flow, low speed,
and neglect heat transfer phenomenon. This study used COMSOL Multiphysics as the application to
simulate the Flying Saucer in computational fluid dynamic environment [3].

The aim of this study is to analysis the aerodynamic coefficients of a Flying Saucer. It reported
with a literature review, background theory, methodology, results and analysis and then conclusions.
The main research question for this study is on how to find the optimum angle of attack for Flying
Saucer flight.
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2. Literature Review

There are very limited publications related with aerodynamic analysis of Flying Saucer. We
found only 4 publications which all of them used Computational Fluid Dynamics (CFD) methods
and we can categorize it based on the geometry used as Flying Saucer and Coanda Saucer.

In the Flying Saucer category, the two publications used similar geometry as shown in Figure 1
(a) as ellipsoid and (b) as ring airfoil. However, the assumed air flow direction is different. The first
publication used horizontal air flow [4], but the second one use vertical air flow [5].

(b)
Figure 1. Flying Saucer geometry and air flow direction: (a) ellipsoid [4], (b) ring airfoil [5]

Both resulted aerodynamic characteristics are in the form of €, and Cp. The first publication
resulted one simulation condition which provide €,=0.21934 and C;=77.845x10-7 [4]. However, the
second publication provide the C; and Cp in the form of plot for several angles of attack () as
shown in Figure 2 [5].
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Figure 2. CL and CD values of Flying Saucer [5] : (a) C, vs alpha, (b) Cp vs «, (¢) C./Cp Vs«

For the second category which is the Coanda Saucer, there are 2 publications found. The basic

geometries are the same, but the first one in this category used two propeller [6] and the second one
only one propeller [7] as shown in Figure 3. Both analyses used CFD with vertical flow direction.

Active Coanda Surface

(b)

Figure 3. Coanda Saucer geometry and air flow: (a) two propellers [6], (b) one propeller [7]

The resulted parameter from both publication is Lift force as shown in Figure 4. The first
publication visualized the lift force vector around the body [6]. However, the second publication
shown it in the form of Lift force vs h/R plot, which h is the height of the outlet flow and R is the
radius of Coanda surface [7].
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Figure 4. Lift Force of Coanda Saucer: (a) Lift vector [6], (b) Lift force vs h/R plot [7]

3. Background theory

The governing equation for computational fluid dynamics consist of two equations [4],[8]. The
first one is mass conservation equation:

dp
—+V.(p?) =0 1
A ®
and the second is Navier-Stokes equation:
a‘l_]) - - g =
p E+v.Vv =—-Vp+V.T+F (2)
where: p =density
v = velocity
t=time
V = gradient
p = pressure
T = stress

F =body forces

The mass conservation equation states that there must be no changes of mass in the moving
airflow inside the closed system of our consideration. However, the Navier-Stokes equation gives a
balance between acceleration of a small region of fluid equal to the forces acting on it.

The forces caused by the fluid motion around a body is Lift and Drag forces. The Lift is
perpendicular to the airflow and the Drag is parallel to the airflow. We assume no side slip angle;
thus, the Side force can be neglected. The equation to calculate the Lift force is shown in equation (3).
The Drag force equation has the similar pattern but with Drag coefficient.

L= % pv2SC, 3)
Where: L = Lift force
p = air density
v = velocity
S = projected area
C, = Lift coefficient
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4. Research Methods

The research conducted a computational fluid dynamic method on a Flying Saucer. A laminar
flow study in COMSOL Multiphysics application is used to analyze aerodynamic characteristic of the
Flying Saucer.

The flow of process in this study shown in Figure 5. It starts with setup the geometry including
the flying saucer and the fluid then setup simulation required for Laminar Flow physics. We run
several simulations for several angle of attack (ct) from 0 deg until 20 deg. Then, we retrieve the Lift
and Drag Force using surface integration function. The collected data then processed to calculate the
Lift and Drag Coefficient. Then the data is plotted and analyzed.

Lift, Drag

Plot
Analysis

Define Simulation Run Lift, Drag Coeff

Calculation

geometry Setup Simulations Collection

Figure 5. Flow Process of the study

The geometry of Flying Saucer used for this simulation made of an ellipsoid and a sphere with
dimension as shown in Figure 6 (a) in mm. The geometry of air used as the medium of flying is in the
form of a block with air properties are taken from Built in material available in the application.

In the Laminar Flow study, we need to define several boundaries such as Inlet, Outlet, Wall, and
Symmetry. The Inlet velocity is 0.5 m/s due to a low-speed assumption and the Outlet has 0 pressure.

The mesh created by user defined parameters with the size setup from Coarse at the outer wall
and Finer in the inner wall. The resulted mesh is shown in Figure 6 (b). The mesh is calibrated for
Fluid Dynamics. From statistics of mesh, it consists of 491,084 elements with minimum quality of
0.01878 and average quality of 0.6921. Stationary study is selected to generate the result.
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Figure 6. (a) The geometry of Flying Saucer, (b) The mesh generated

5. Results and Discussions

After the run of 9 simulation scenarios for the angle of attack () range between 0 to 20 deg. The
first 6 a (0, 2.5, 5, 10, 15, 16 deg) successfully got convergence results. However, the last 3 a (17, 18,
20 deg) got divergence results. Thus, we will present here the convergence results only.

The result of Laminar Flow study of Flying Saucer can be visualized in the Figure 7. It shows the
air flow in the form of streamlines, the pressure on the surface of Flying Saucer is visualize in contour
surface and the pressure on Symmetry boundary also shown in blue line.
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Figure 7. Visualization of Laminar Flow around Flying Saucer.

The velocity and pressure profile of Flying Saucer for each angle of attack («) is shown in Figure
8 and 9. The velocity of flow near the object greatly affected by the position of the Flying Saucer
relative to the air flow. The pressure on the lower side of Flying Saucer increases significantly with
the increase of angle of attack (ct).
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Figure 8. Velocity profile of Flying Saucer for several angle of attack («).
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Figure 9. Pressure profile of Flying Saucer for several angle of attack (ct).
The resulted data in the form of Lift and Drag Forces is collected and processed to calculate the

Lift and Drag coefficient. The result is shown in Table 1. The coefficient is calculated by divide the
force by dynamic pressure and the area of object.

Volume 3, Issue 1, June 2021, page 19-27 doi: 10.47355/AVIA.V311.38



International Journal of Aviation Science and Engineering 25
e-ISSN: 2715-6958 p-ISSN: 2721-5342

Table 1. Lift, Drag Forces and Coefficient data.

o [degree] Lift[N] Drag[N] c, Cp C,/Cp
0 -1.49E-06  8.98E-06 -1.37E-02 8.30E-02 -1.66E-01
2.5 -5.31E-07 9.70E-06 -4.91E-03 8.97E-02 -5.47E-02
5 3.90E-06 9.89E-06 3.60E-02 9.14E-02 3.94E-01
10 1.55E-05 1.16E-05 1.43E-01 1.07E-01 1.34E+00
15 298E-05 1.55E-05 2.76E-01 1.43E-01 1.93E+00
16 3.35E-05 1.66E-05 3.10E-01 1.53E-01 2.02E+00

The first plot we will discuss is the Aerodynamic coefficients to angle of attack (ct) as shown in
Figure 10 (a). There are 2 points we will discuss. The first is there is a point where Cp=C, at angle of
attack (o) around 8 deg. The second point is the area beyond angle of attack (a) 16 deg. Since we got
divergence result, our plot is discontinued in this area. If we look at the normal plot from a symmetric
airfoil such as NACA 0012, in this area the plot should make a convex curve [9]. This area is the
maximum C; and then if we increase the angle of attack (a), the stall will occur.
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Figure 10. Aerodynamic Coefficient to Angle of Attack (a) Plot: (a) COMSOL result, (b) NACA 0012 data [9]

The second plot we will discuss is the ratio of Aerodynamic coefficient to angle of attack (o) as
shown in Figure 11 (a). It is clearly defining that the effective region for Flying Saucer is in the range
of angle of attack () between 8 to16 deg. Because below that area, the C, generated is more than C;.
However, in the similar plot resulted from Ring Airfoil Saucer research the effective region is in the
range of angle of attack (at) between 11 tol5 deg [5]. Thus, our Flying Saucer has larger effective range
of angle of attack («).
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Figure 11. Ratio of aerodynamic coefficient to angle of attack () Plot: (a) COMSOL, (b) Ring airfoil data [5]

The last plot we will discuss is the Drag polar plot as shown in Figure 12 (a). The relation between
C, and C, can be established by a second order polynomial C, = 0.4301 C? + 0.0821C, + 0.0871.
The last component of the polynomial we call it Cp, which is the minimum Cj, that is not function
of C;.
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Figure 12. Drag Polar Plot: (a) COMSOL result, (b) NACA 0012 data [9]

If we compare it with the drag polar plot of NACA 0012, it is more than 10 times [9]. Thus, the
minimum Drag coefficient of Flying Saucer is very large. The other highlighted point in this plot is
in the area near C; equal to zero where the trendline is not match with the actual data. It is related
with the data at angle of attack (a) zero. Thus, we need to explore more in the future work.

6. Conclusions

Based on the result and discussion on previous chapter, we can conclude that a symmetric Flying
Saucer has aerodynamic characteristics which the maximum angle of attack («) is 16 degrees, where
C./Cp=2. The lift became effective above angle of attack (ct) =8 deg where C;/Cp>1 while the relation
between Cp and C, was quadratic. The finding of large Cp, was due to the geometric of Flying
Saucer. It is recommended that further works is required to explore more detail on area near
maximum and 0 angle of attack (ct). Validation in wind tunnel experiment is highly recommended.
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