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Serindit V-2 is an unnamed aircraft by the Serindit Aero UAV research team. It has the 
ability to fly rapidly in order to compete in KRTI in the Racing Plane division. Although it 
has been successfully produced and able to fly, comprehensive research on aerodynamic 
of Serindit V-2 aircraft flying behavior has never been done before. Aerodynamic research 
needs to be conducted to improve the aircraft performance such as flying capability, air 
resistance efficiency and etc. This study aims to determine the value of flow characteristic 
such as coefficient of drag, lift, moment and pressure distribution based on fluid flow that 
occurs in the aircraft with variations of Angle of Attack and air velocity. The method used 
is CFD (Computational Fluid Dynamic) which is a computer-based numerical method and 
performed with an iterative procedure to predict aerodynamic characteristics and fluid 
flow phenomena on the aircraft surface. Simulations were carried out using Ansys Fluent 
2017 software on the Serindit V-2 aircraft model sourced from the Serindit Aero Team. 
The result of the lift coefficient value is CLo=0.3666 and CLMax value = 1.42626 at α 13o. 
The CDo obtained was 0.0589258. While the CMo value obtained is -8.34 x 10-5. 
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1. Introduction 
 

Unnamed Aerial Vehicle (UAV) is a vehicle for unnamed flying object that can be controlled 
manually or autonomously which in the last decade has grown rapidly in the realm of unmanned 
systems research in the world [1,2]. To develop this innovation and technology, the Director General 
of Belmawa, Kemenristekdikti create KRTI (Indonesian Flying Robot Competition). As a form of 
participation and pioneering research, the Department of Mechanical Engineering, Riau University 
has formed a UAV Serindit Aero research team. In the KRTI Racing Plane division, as can be seen in 
Figure 1. A vehicle is required to be able to take off in a limited area, fly quickly to reach the desired 
location safely and accurately on a predetermined path, and be able to land safely again. Its 
application is in special missions such as rescue which require the ability to fly fast. Either complex or 
simple, the principle of force and moment of an object lies only in two manners such as pressure 
distribution and shear stress distribution on object’s surface. Both the pressure, p and the shear 
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stress, τ have dimensions of force per surface area. As seen in Figure 2, p works normally to the 
surface of the object, while τ works tangentially. Shear stress occurs due to the effect of pulling on 
the surface of the object caused by the friction force between the surface and the air [3]. 
 

  
Fig. 1. Serindit V-2 aircraft [4] Fig. 2. Pressure and shear stress on surface [3] 

 
By assuming incompressible flow or no changes in density, if ρ∞ is airflow density and V∞ is airflow 
velocity, therefore dynamic pressure, q could be defined as [5,6]. 
 

𝑞∞ =
1

2
 𝜌∞𝑉∞

2              (1) 

 
Dynamic pressure has the same units as pressure in general (lb/ft2 or N/m2). In addition, S is the area 
and l is the length, so the force and moment coefficients can be defined as follows 
  

𝐶𝐿 =
𝐿

𝑞∞𝑆
              (2) 

 

𝐶𝐷 =
𝐷

𝑞∞𝑆
               (3) 

 

𝐶𝑀 =
𝑀

𝑞∞𝑆𝑙
              (4) 

 
When a fluid flows on the surface of an object, an air flow pattern affects the force and pressure 

acting on the object. The flow patterns of laminar and turbulent fluids depend on the geometric 
shape, surface roughness, air flow velocity, surface temperature, and the type of fluid flowing. 
Osborne Reynold found that the air flow pattern occurs based on the ratio of the inertial force to the 
viscous force. This ratio is known as the Reynold Number [7]. 

 

𝑅𝑒𝑦𝑛𝑜𝑙𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 =  
𝜌×𝑣×𝑙

𝜇
            (5) 

 
The aerodynamic analysis of an aircraft is very important and has been carried out by several 

researchers [8-10]. One of the studies analyzes the stress distribution on the airfoil surface of an 
aircraft wing [11]. It can be seen through a simulation that at the top of the wing, the pressure will 
be lower than the underside of the wing. And the projection area with high pressure below the airfoil 
will increase along with the increase in the angle of attack [12]. 

Pinindriya in 2013 also performed aerodynamic simulations of the LSU 05 drone to find the CL, 
CD and CM values [13]. According to her, the plane begins to lose it’s lift when it reaches a certain 
angle of attack. Marked by the value of CL which decreases after reaching the point of the maximum 
value of CL. The condition in which an airplane loses its lift force is called a stall [14]. 
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Computational Fluid Dynamic (CFD) is a computer-based analysis system to simulate the behavior 
of a system involving fluid flow, heat transfer and other physical processes. How it works by solving 
fluid flow equations (in a certain form) covering a desired area, with conditions at the boundaries of 
the area are specific and known [15]. CFD is arranged in such a way based on a numerical algorithm 
to solve a problem. Many CFD software are equipped with powerful interfaces to be able to input 
various problem parameters to be solved [16,17]. In general, there are three main processes in using 
CFD analysis, including: pre-processor, processing / solver, post-processor [18,19].  
 
2. Methods 
 

On the process of simulation, Ansys Fluent 2017 software is used. There are three stages of the 
process. Simulations will be carried out repeatedly according to the research variables. The variables 
are angle of attack variation and airflow speed variation. The result of the simulation will be the data 
of drag, lift and moment coefficients; data of pressure distribution on the aircraft surface. The 
simulation results will also be presented through graphs and contour visualization. The first stage of 
the simulation is pre-processing. In this stage geometry modeling is carried out on the Serindit V-2 
aircraft design to create an additional domain as a representation of a wind tunnel. At this pre-
processing stage, the meshing process is also carried out.  

To determine the suitable configuration of Mesh, Grid Independency Test is carried out by using 
the number of element variation. The Parameter is CL which resulted by every mesh variation. The 
variation are ranged between ±1.000.000 – ±1.500.000 elements on every mesh type, as in Table 1. 
There are two criteria to determine which meshing type will be used, such error percentage and 
iteration time. 
 

Table 1 
Mesh type 

Mesh type Element 

Very coarse ± 1.000.000 

Coarse ± 2.000.000 

Normal ± 3.000.000 

Fine ± 4.000.000 

Very fine ± 5.000.000 

 
Mesh sizes are configured repeatedly to match the number of elements of mesh types. There are 

three ways to configure mesh size such as sizing type of Body Influence, face Sizing with size plane 
surface and the inflation on plane surface. The domain model are labelled on each side by using the 
“named selection” configuration. This is important because it will be used to input the boundary 
condition.  

The second stage is Processing/Solution. At this stage all values, variables, conditions, solution 
methods, turbulent models, and other configurations are submitted to the solver to create a 
condition that represents the actual nature as close as possible. Solution Method and iteration 
settings are configured before the computer generate the simulation values required for further data 
analysis. The details of the fluent solver setup shown in Table 2. 

The third stage of the simulation is Post Processing. After the iteration is done on the solver, the 
simulation results are taken. Data such as force, coefficient, pressure, velocity, graph curves, and 
visualization of flow profile are collected. 
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Table 2 
Solver setup 

Setup Detail 

General setup 3 Dimension, pressure based, steady 
Turbulent model K- Epsilon (2 eqn) – Realizable, std wall function 
Material Fluid (Air) (Density = 1.2041 kg/m3) 
Boundary condition Inlet – Velocity inlet 

Body – Wall 
Outlet – Pressure outlet 
Symmetry - Symmetry 
Top, side, bottom - Wall 

Airflow speed 12, 16, 20, 26 m/s 
Angle of Attack -5⁰,-1⁰, 0⁰, 1⁰, 3⁰, 5⁰, 7⁰, 9⁰, 11⁰, 13⁰, 15⁰, 17⁰ 
Solution method SIMPLEC, Least squares cell based gradient, second order pressure, second order upwind 

momentum 
Solution 
initialization 

Hybrid initialization 

 
2.1 Geometry and Modelling 
 
Table 3 shown the specification of the Serindit V-2 aircraft obtained from the Team work. 
 

Table 3 
Serindit V-2 Specification 

Specification Details 

Wing aifoil  MH 30 
Tail airfoil  NACA 0010 
Wing type Fixed wing 
Fuselage length 1060 mm 
Wingspan 1300 mm 
Motor system Brushless motor 
Fuselage material Fiberglass composite 
Wing material Foam core composite 
MTOW 2.5 kg 

 
In this study, the design of the aircraft was made using Solidworks 2017, as in Figure 3. Then, the 

design is exported to Ansys Fluent 2017 for the computational processing. The design has been 
simplified to ease the meshing process by integrating the surface of the aileron, elevator and rudder 
with their respective wing or tail sections. We assume the wings, horizontal and vertical tail sections 
are having no flap and aileron deflection (deflection = 0o). Simulations were carried out on half body 
of the Serindit V-2 to reduce computational costs. The simulation results will not be disrupted, 
because it uses a symmtery feature that is recognized by the Ansys Fluent system. So it is as if the 
simulation is carried out on one fuselage, but with a lower computational cost. 

 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 93, Issue 1 (2022) 83-93 

87 
 

 
Fig. 3. Geometry of Serindit V-2 

 
Figure 4 shows the dimensional design of the geometric domain used in this study. It represents 

a virtual wind tunnel where there is an air flow that enters through one side of the domain in the 
form of an inlet and moves out to the other side which is an outlet. The domain has a symmetry side 
which is designated as the boundary condition as a plane that mirrors the half of the model. This 
means that the phenomenon or simulation treatment is equivalent to half of the model. The effect 
of zero slip or surface shear force on walls, velocity, and other physical phenomena is equal to zero. 
 

 
Fig. 4. Domain geometry 

 
where, 
L = The length of the plane (1097 mm) 
S =  ½ Wingspan (664 mm) 
T = The height of the plane (239 mm) 
 
2.2 Data Validation 
 

This study done which the geometric model or object being tested is exclusive, which mean an 
object that hasn’t been tested before. Because the information regarding the object design, was only 
owned and known by the Riau University flying robot team, so it was impossible for outsiders to do 
so. However, the type and method of this typical of research have been carried out by many 
researchers. 

The wing of the LSU 05 LAPAN aircraft as shown in Figure 5 using CFD with Ansys Fluent software 
and validated experimentally within Wind Tunnel [20]. Therefore, we will also simulate the wing of 
LSU 05 LAPAN aircraft. The validation was carried out by testing the geometry of the LSU 05 LAPAN 
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aircraft wing using a simulation work step on the Serindit V-2 aircraft. Then, the results of the 
simulation will be compared with the results of experimental data. The work steps that have been 
validated will be reflected in the results of a parametric comparison against the Romadhon's. When 
the results are not ideal enough, then the simulation work steps need to be revised again by means 
of repeated reconfiguration of the mesh and fluid solutions until the value can be claimed as 
sufficiently resemblant. The LSU 05 aircraft wing geometry shown in Table 4. 
 

Table 4 
LSU 05 aircraft wing details [11] 
Parameter Detail 

Wing span 5,5 m 
Luas sayap 3,246 m2 
Chord root 0,714 m 
Chord tip 0,44 m 
Airfoil NACA 4415 

 
In addition to validating through related research, prediction of the Serindit V-2 aircraft 

simulation results was also carried out using the airfoiltools.com data reference in the form of CL vs 
α curves on the MH30 airfoil. To determine a relevant prediction for this study, Reynold Number 
value was calculated using Eq. (5). This prediction can provide information about curve trends that 
can be obtained from the simulation results of the Serindit V-2 aircraft. With Re = 514,629 the 
predicted CL vs α curve on an MH30 airfoil is seen in Figure 6. 
 

 
Fig. 5. LSU 05 LAPAN wing geometry 
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Fig. 6. Prediction of CL Vs α of airfoil MH30 [14] 

 
3. Result and Discussion 
3.1 Grid Independence Test 
 

Grid Independence Test is a process to determine the optimal number and structure of grids and 
mesh in order to obtain accurate data. The result shown in Table 5 and illustrated in Figure 7. 

From Table 5, it can be seen that the mesh variations show relatively similar CLo values, namely 
in the range of values 0.364 - 0.368. Percentage error is the percentage difference of CLo in each mesh 
type to the average CLo of all mesh types. So that the selected mesh type is the type that has the 
smallest percentage Error. Because it represents the overall value of the Grid Independence Test with 
the smallest percentage Error. The parameters for selecting the mesh type are the percentage error 
and the iteration time. Therefore, the selected mesh type is coarse because it has the smallest 
percentage error of 0.00045 % and the iteration time is shorter than the majority of mesh types, 
which is 31 minutes. 
 

Table 5 
Grid independence assessment on Serindit V-2 
Mesh type Numbre of element CL0 Serindit Time (Minute) % Error 

Very Coarse 1.170.555 0.364257 26 0.00511 
Coarse 1.923.204 0.366296 31 0.00045 
Normal 2.328.676 0.366634 41 0.00137 
Fine 3.838.894 0.365908 62 0.00060 
Very Fine 6.311.939 0.367561 114 0.00390 

 

 
Fig. 7. Grid independence test 
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3.2 Data Validation 
 

The following data is a parametric comparison of the simulation result towards the result of 
Romadhon's study (2017). Table 6 shows the percentage error of CLo at the 0o angle of attack. 
According to the results, the obtained percentage error is quite small, 2.6% for the CLo, which means 
it is still below than 3%. 
 

Table 6 
Comparison of computation and Romadhon's study 

Parameter Computation (This study) Romadhon (WT test) Percentage Error (%) 

CL0 0.540883 0.555 2.6 

 
The computation work step process can represent experimentally, due to produce a similar value 

as seen in Figure 8. From Figure 8 shown that there is a clear difference between the calculation and 
prediction values. On the initial prediction curve, CL is relatively lower than the simulation. In 
addition, the initial prediction curve shows the stall happens at 9° angle of attack while the simulation 
results at 13°. This difference occurs because in the simulation, the geometric object has more 
complex part and allow it to produce higher lift. Such as a large wing surface and aircraft elevators 
which can also generate lift. However, at 0⁰ angle of attack the prediction curve shows a CL value of 
0.2415 while the simulation curve is 0.366766 which can be said to be relatively similar because it is 
in the range 0.2 - 0.4% of differences. This predictive information is very helpful in the early phases 
of the study to do a simulation starting at 0⁰ angle of attack. So that it can be continued to take 
simulation results at other variations of the angle of attack. 
 

 
Fig. 8. CL comparison to MH30 airfoil 

 
3.3 Result on Serindit V-2-Aircraft 

 
Figure 9 shows Lift coefficient At 26 m/s, the aircraft stalled when the plane was oriented with an 

Angle of Attack 13⁰. The CL obtained was 1.42626. It is marked by a curve line that decline after 
passing 13⁰ α. This shows that in this form of aircraft orientation, the plane has reached the maximum 
limit to fly higher. Marked by the lift coefficient at 15⁰ α which is smaller than the 13⁰ α, which is 
1.29722. The lift coefficient value is also influenced by the amount of airflow speed. Higher airflow 
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velocity create higher CL. As seen in Figure 10. CL value at 13⁰ α. At a speed of 12 m/s the CL is 1.4 and 
at a speed of 26 m/s it is 1.4262. 
 

  
Fig. 9. CL at air flow 26 m/s Fig. 10. Airflow effect on coefficient of Lift, CL 

 
The drag coefficient obtained has experienced an inclining trend. From 0o α with CD = 0.0589 to 

the 17o α with CD = 0.3099, as in Figure 11. This result due to the area of the stagnation continues to 
widen as the angle of attack increases. The effect of airflow speed towards drag coefficient can be 
seen in Figure 12. Higher the airflow speed create smaller drag coefficient value. At 12 m/s the CD is 
0.066 and at 26 m/s is 0.063. 
 

  
Fig. 11. CD curve at 26 m/s Fig. 12. The effect of airflow on CD 

 
The obtained moment coefficient curve tends to decline, in this case negative (-). Which means 

that the aircraft has the stability in flying conditions. Because for the stability of the plane, the value 
of CM is a counter (inverse) from the addition of degrees of angle of attack. So that if α increases, the 
moment that occurs is the opposite and shows stability when flying. As shown in Figure 13. the 
moment coefficient at the Angle of Attack -5⁰ is 0.053 and the Angle of Attack 17⁰ is -0.0743. 

The amount of pressure below the wing increases as the Angle of Attack increases. However, as 
shown in the curve, the amount of pressure decreases at the angle of attack of 15⁰. This shows that 
the plane experiences a stall condition due to reduced pressure that drives the aircraft to fly. We can 
also see in Figure 14. that the difference in mean pressure also occurs at different speeds. Where at 
10o Angle of Attack with a speed of 16 m/s there is a pressure of 44.15 Pa, while at a speed of 26 m/s 
there is a pressure of 92.64 Pa. Meanwhile, below the Horizontal Elevator there is an increasing trend 
with increasing Angle of Attack. 
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Fig. 13. Angle of attack effect on CM at 26 m/s Fig. 14. Pressure distribution under wing 

 
In the Figure 15 and Figure 16, as can be seen that the amount of pressure that occurs on the 

wing surface has decreased from the profile line position of -200 mm on the z axis to -600 mm on the 
z axis. This shows the amount of pressure in the wing area closer to the fuselage is greater than the 
wing area closer to the wingtip. This is due to the larger wing area in the area near the fuselage 
compared to the area around the wingtip, this makes direct contact to the airflow to be larger, so 
that the pressure that occurs is also bigger. It can be noted that the aircraft design has a strong wing 
structure, especially the joint area of the wing and fuselage. 
 

  
Fig. 15. Pressure profile below the H. elevator Fig. 16. Pressure profile on V-2 wing at 26 m/s 

 
4. Conclusion 
 

The results obtained from the numerical simulations using ANSYS Fluent has demonstrated its 
capability to obtain results similar to the wind tunnel results. The ANSYS Fluent provides results that 
enable researcher to save enormous cost in comparison to wind tunnel test. Several highlights of the 
simulation results were shown below 

i. At speed of 26 m/s, the Serindit V-2 aircraft has a maximum lift coefficient of 1.445086 at an 
angle of attack of 11o. And the stall angle occurs at an angle of 13o with a lift coefficient of 
1.445086. The trend of the Drag Coefficient curve graph is incline, which mean it continues to 
increase as the angle of attack increases. The value of CD = 0.058912173 and the highest is at 
the angle of attack of 17o, namely CD = 0.3099158. Meanwhile, the CM value tends to decrease. 
In this case it is negative, which means that the aircraft is stable in flying conditions. At the 
angle of attack 0o the CM value obtained is -0.033237812. And also, at the angle of attack of 
14o there is an increase in the curve where the CM value is -0.12745846. 

ii. The amount of pressure below the wing and the horizontal of the elevator increases with 
increasing angle of attack and air flow velocity. The highest pressure occurs in the area closest 
to the fuselage. 
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