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Abstract 

The change in the nature of threats and armed conflicts forced a change in the way they were conducted and 

the need to develop a new types of weapons. In the following paper the basic design assumptions of a new 

generation light combat airplane have been presented. The technical data of the developed versions of the 

airplane were shown. What is more, the results of the aerodynamic characteristics identification process of 

the newly designed object were presented. In past decades a massive improvement of computational fluid 

dynamics methods and the rapid increase of computational resources made it possible to simulate a lot of 

phenomena appearing during the flow of fluid around an object. Aerodynamic analysis was performed using 

specialized software based on solving partial differential equations using the Finite Volumes Method. The 

aerodynamic analysis results were presented in the form of diagrams showing aerodynamic force and 

moment components as a function of the angle of attack. In addition, qualitative results of the flow around the 

plane have been presented. Presented results prove that adopted method is sufficient for solving this type of 

problems. 

Keywords: conceptual aircraft design, Computational Fluid Dynamics, aerodynamic layout, Finite Volumes 
Method, airplane 

 

1. Introduction 

The main purpose of this work was to obtain, using Computational Fluid Dynamics methods, a 

reliable information on aerodynamic properties of newly designed airplane OSA-3 (in English: 

WASP-3) shown in Figure 1. The design process of an airplane that meets the imposed criteria in 

the set of acceptable solutions controlled by the constraints resulting from the planned missions is 

a complex process. It is inevitable in the design process, that the assumptions made at the 

beginning do not meet the expectations in terms of the “perfection” of airplane's aerodynamic 

layout. Such a phenomenon forces to change the shape of airframe and assume better value of its 

parameters, and proceeding to the next iteration of the design process [1 – 3]. In recent years the 

development of new, more reliable tools for "multiphysics" calculations allowed the designers to 

address more problems at the very beginning (or at early stages) of the design process [4, 5]. The 

authors decided to use an ANSYS Fluent v.15 software [6] based on solving partial differential 

equations using the finite volumes method [7, 8]. Various science papers [9 – 12] show the 

possibilities for using numerical methods to possess overall information regarding the aerodynamic 

characteristics of aircraft or its parts. Worth of mentioning is also, that such a method can be used 

in further design, starting from the influence of deflected control surfaces, influence of the propeller, 

and even the cooling systems of the engine and cabin could be tested [13 – 15]. Also the 

armament drop safety can be tested [16 – 18] in order to avoid contact with the fuselage or other 

part of the aircraft. 
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The OSA-3 is a light two-seat combat airplane that will be made of high-strength composite 

materials as well as duralumin and steel. This version of aircraft is powered by a turboprop engine 

in a pusher configuration. The cabin has been designed in a tandem configuration. The weapon 

systems operator seat is at the front, while pilot seat is at the rear of cabin. The cabin and fuel tank 

were partially armored. The wings were equipped with fixed slots and Fowler flaps. The armament 

of the aircraft is a machine gun and air-to-ground missiles. 

 

 

Figure 1 – The visualization of new generation light combat airplane OSA-3 (in English: WASP-3). 
 

The main features of OSA-3 aircraft are: 

− short take-off and landing capabilities; 

− high performance – high cruising speed and rate of climb; 

− high maneuverability; 

− operation from unprepared runways, during day and night conditions, from grass, snow and 

water; 

− simplified maintenance, even in the field; 

− low empty weight – approx. 350 kg. 

 

Specifications, general characteristics and performance of the combat version of the OSA-3 

aircraft: 

− wingspan: 8 m 

− length: 7.2 m 

− wing area: 10 m2   

− wing aspect ratio: 6.4 

− maximum take-off weight: 900 kg  

− empty weight: 350 kg  

− maximum speed: 350 km/h 

− stall speed: 70 km/h 

− climb speed: 15 m/s 

− range: 700 km 

− take-off/landing distance: < 100 m 

 

In order to improve the training process of pilots and to increase the number of institutions 

interested in purchasing the OSA-3 airplane, an unarmed – civil version is also being developed. 

This version will be propelled by a Rotax piston engine. The use of a piston engine will significantly 

reduce operating costs. What is more, the lack of additional armament will reduce the overall 
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weight of the structure. That is why, this version of aircraft will have similar performance to the 

combat version. 

 

Specifications, general characteristics and performance of the civil version of the OSA-3 aircraft: 

− wingspan: 8 m 

− length: 7.2 m 

− wing area: 10 m2   

− wing aspect ratio: 6.4 

− maximum take-off weight: 600 kg  

− empty weight: 350 kg  

− maximum speed: 250 km/h 

− stall speed: 60 km/h 

− climb speed: 6 m/s 

− range: 700 km 

− take-off/landing distance: < 150 m 

 

2. Computational model   

The use of Computational Fluid Dynamics methods at the stage of designing the airplane 

aerodynamic layout significantly accelerates the implementation of the project at particular stages 

of the design spiral. Moreover, it speeds up the variation process and facilitates the evaluation of 

further project development. The design process of an airplane aerodynamic layout at the stage of 

conceptual design and preliminary design must be preceded by a stage of assumptions and 

determination of the most important criteria, the fulfillment of which is a necessary condition in the 

subsequent stages of aircraft design [19 – 21]. In following paper the impact of fuselage size and 

shape, engine nacelles and tail modifications (Figure 2) on the aerodynamic characteristics of the 

aircraft has been described. Bearing this fact in mind, this article’s novelty is based mainly on the 

use of CFD methods to analyze the aerodynamic properties of a newly design airplane with 

unconventional aerodynamic layout. 

 

   
 

Figure 2 – Comparison of two side views of fuselage modification and two versions of engine 

nacelle analysed in following paper. 

 

Usually the designer's first approach to fuselage design is to fit all necessary equipment and crew 

inside, and assume that the internal structure will fit to allow the loads appearing during flight to be 

transferred to and from the aerodynamic surfaces and overall static and dynamic stability of 

airframe will be achieved [1, 19]. After the CFD calculation the aerodynamic forces distribution on 

this first iteration (Figure 3) is known, so the first approach of the structural design (usually with 

FEM method) can start, and there the critical parts of the fuselage, where the internal forces 

extend their limits, are changed. After this, those changes have to be validated by the next iteration 

of the CFD  process, and this design loop repeats converging rather fast into the final shape of the 

fuselage.  
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Comparing the shapes of the fuselage on Figure 2, or better using Figure 3 and 4 one can find, 

that the cabin area was shortened, the critical shape of the translation between the cockpit and the 

tail - has been widened and extended sideways to provide the stiffness against side forces and 

bending moments. What is more, the tail surfaces have changed and anti - spin surfaces at the 

bottom of the tail appeared, so overall design allows the airframe to better fit above explained 

purposes while being safer, better provided against spin in "low and slow" flight conditions and 

more safe if anything happens.  

 

 

Figure 3 – Views of the preliminary design with initial shape of the fuselage. 

 

 

Figure 4 – Views of the final design shape of the fuselage. 

 

3. CFD model: mesh and boundary conditions 

A numerical model of each aircraft configuration (and a few in between) has been developed using 

Computer Aided Design and ANSYS ICEM v.15 software [22]. The model was intended to be 

analyzed with the ANSYS Fluent v.15 software [6], one of the most recognized industrial standard 

codes. The shape of aircraft was surrounded by the computational domain, shown in Figure 5. The 

computational domain was created with assumption that there will be a symmetry of flow along 

with geometrical symmetry of the airframe. All sideslip calculations demanding the other half of the 
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domain, are then easy to obtain using symmetry and replacing the symmetry condition with an 

internal wall - which is "invisible" to the flow.  

 

Figure 5 – The computational domain. 

 

The computational domain is much bigger than the plane itself. That size of the computational 

domain provides better conditions for the calculation to converge, the fluid has a lot more volume 

for turbulence energy to dissipate, and overall stability of the solution is better, even after a stall 

(flow detachment on the upper surface of the wings).   

Around the computational domain a pressure far field condition allows to set a proper angle of 

attack, and all the disturbances caused by the airframe are led out of the domain through the 

pressure outlet condition. This way even if the source of energy or momentum appears in the 

domain (i.e. working propeller), the energy does not accumulate, instead it is led out "safer way" 

than it would be if the whole back was covered by the pressure far field condition. Last but not 

least, all the airframe surfaces are defined as no slip walls.  

All the walls are equipped with few layers of prismatic elements forming so called "boundary layer 

mesh inflation", a special region to catch all the phenomena within the boundary layer: its 

turbulization and eventually - flow detachment. It is very necessary to have such in any case, but 

this specific airplane has a STOL (Short TakeOff and Landing) characteristics and is equipped with 

slats on wings leading edges and slotted flaps and flaperons on its trailing edges. Therefore a 

proper resolving of the boundary layer on those wings is crucial. All the other elements of mesh are 

tetrahedral, and those allow to easy generate an unstructured mesh around all complicated 

geometries. The use of structured mesh is no longer as necessary in this flight regime, because 

the computational methods improved so much, that the results are comparable and the meshing 

effort is a lot lower. The calculation was done using the robust Spalart-Allmaras turbulence model 

with Y+ parameter of the mesh within the 30-200 range. This model is adopted as a standard in the 

analysis of external flows, especially in the range of Reynolds numbers used in aviation [7, 8].  

Figure 6 shows the density of the computational mesh generated on the basis of geometric models 

of the OSA-3 aircraft. Noteworthy is the higher mesh density in areas of the expected high 

variability of the flow parameters being determined. Such areas include, but are not limited to: 

leading edges and trailing edges of the wing and control surfaces, wing-fuselage connection area 

and areas of significant surface curvature change. 
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For performing numerical aerodynamic analyzes in symmetrical flow around an object, the 

following assumptions were made: 

− symmetry of the flow field; 

− symmetry of geometry; 

− the flow is stationary and stable, i.e. there is neither Karman vortex path behind the 

airframe nor any other non-stationary structure in the flow; 

− flight conditions correspond to the zero altitude (at the sea level) according to the reference 

atmosphere: pressure p=101325 Pa, temperature T=288.15 K, and air density ρ=1.225 

kg/m3. 

 

The position of the pole of the aerodynamic moment was on the plane of symmetry of the aircraft 

at the point corresponding to the projection of the ¼ SCA point on this plane. 

 

a)  

b)  

Figure 6 – The computational mesh density around  the preliminary design (a) and final design (b) 

of the OSA-3 aircraft. 

 

4. Results and Discussion 
During aerodynamic analysis, the right-handed Cartesian coordinate systems were used [7, 8]. 

Local (airframe) coordinate system is defined as follows: its center appears in a center of mass of 

the aircraft. The Oxz datum plane is a plane of aircraft's geometrical, inertial and aerodynamical 

symmetry. Ox axis belongs to the airframe's symmetry plane, is a main inertial axis and is directed 

forward.  Oy axis is perpendicular to the symmetry plane and is directed right from symmetry plane, 

along with right wing. Oz axis also belongs to the symmetry plane, is perpendicular to both others 

and is directed down. 
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An aerodynamic coordinate system was defined in a following way: 

− center in the same point "O" as the local coordinate system; 

− Oxa axis is directed along the velocity vector; 

− Oza axis belongs to the symmetry plane of the aircraft; 

− Oya is perpendicular to both axes, and is directed as for the right-handed coordinate 

system, to the right wing. 

Moreover angle of attack α was defined as an angle between the velocity vector V projected on the 

symmetry plane of the aircraft and its longitudinal Ox axis. Figure 7 shows the aircraft size, 

coordinate systems position, positive directions of forces and angle of attack α. 

 

Figure 7 – The aircraft size, coordinate systems position, positive directions of forces and angle of 

attack [dimension in meters]. 

 

The following formulas [7, 8] were used to find the aerodynamic coefficients: 

− drag force coefficient  

 
𝐶𝐷 =

2 ∙ 𝐹𝐷

𝜌∞ ∙ 𝑣∞
2 ∙ 𝑆

 (1) 

− lift force coefficient  

 
𝐶𝐿 =

2 ∙ 𝐹𝐿

𝜌∞ ∙ 𝑣∞
2 ∙ 𝑆

 (2) 

− pitching moment coefficient  

 
𝐶𝑚 =

2 ∙ 𝑀

𝜌∞ ∙ 𝑣∞
2 ∙ 𝑆 ∙ 𝑀𝐴𝐶

 (3) 

where: 

FD – drag force [N];  

FL – lift force [N];  

M – pitching moment [Nm];  

𝜌∞ – air density [kg/m3]; 

𝑣∞ – undisturbed flow velocity [m/s];  

S – lifting surface [m2];  

MAC – mean aerodynamic chord [m]. 

 

Natural way of understanding of calculation results are the results for the whole airframe as in the 

wind tunnel. But an unique ability of the CFD methods over the experimental ones is a possibility to 

obtain the loads on specific parts of airframe as wing, flap or slat, separately. It is easier to obtain 

the forces and moments on their connections to the structure that way. Therefore, due to the 

adopted method for presenting the results of the calculations, the surfaces of the aircraft were 

divided into appropriate zones, which are shown in Figure 8. 
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OSA-3_PD OSA-3_PE 

  

Figure 8 – Division of the aircraft airframe surfaces into appropriate computational zones. 

 

The named zones corresponding to the airframe elements are slightly different along the design, 

but still allow to compare the aerodynamic interference and load share of the corresponding parts 

(Figures 9 -11). In the case of the drag coefficient (Figure 9), the main sources of the drag are the 

wings and fuselage. The share of wing, fuselage and tail section in the total value of the drag force 

coefficient increases with the increase in the absolute value of the angle of attack. The share of the 

wing in the value of the lift coefficient (Figure 10) is large (almost 70%), while the share of the 

fuselage accounts for approx. 15% of the total value of the lift coefficient. These proportions do not 

change radically with the change of the angle of attack. On the characteristics of the pitching 

moment coefficient (Figure 11) it can be notice the unstable influence of the fuselage and a much 

greater stable influence of the tail section.  

Moreover, the obtained results prove that the fuselage has bigger drag at the extreme angle of 

attack (Figure 9), but its pitching moment characteristics, especially at stall, prove better stability in 

pitch over the preliminary design version (Figure 11). The lift provided by the fuselage also 

improved a little (Figure 10).  

  

  
Figure 9 – Comparison between drag coefficient distributon for the preliminary design (left)  

and final design (right). 
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Figure 10 – Comparison between lift coefficient distributon for the preliminary design (left)  

and final design (right). 

 

  
Figure 11 – Comparison between pitching moment coefficient distributon for the preliminary 

 design (left) and final design (right). 

 

The qualitative results are illustrated with maps allowing to obtain the information about both 

pressure distribution and the flow detachment using pathlines (Figure 12) and the maps of reverse 

flow (Figure 13) for stall visualization. The areas of separation, i.e. the areas of reverse flow, were 

depicted using the friction coefficient component along the aircraft axis. The coloring areas have 

been trimmed so as to color only the surfaces where the flow is in the opposite direction to the 

undisturbed flow. Figure 12 shows a comparison of pressure distribution along with the pathlines 

flow visualization for three aircraft versions at the same angle of attack α=14°:  

− OSA-3_PD – initial aircraft version,  

− OSA-3_TP – final aircraft version with turboprop engine, 

− OSA-3_PE – final aircraft version with piston engine (different engine nacelle case and 

mast on which the engine is mounted). 

In addition, Figure 13 presents evolution of stall visualized by the areas of reverse flow along with 

the pathlines flow visualization. This type of result can be used to predict where the stall begins, on 

which angle occurs at different lifting and control surfaces. This is extremely important due to the 

need to maintain a high level of safety during flight. What is more, changes to the aerodynamic 

layout of the aircraft also affect its stall characteristics.  
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Figure 12 – Example of pressure distribution along with the pathlines flow visualization for three 

aircraft versions at the same angle of attack α=14°. 

 

   
Figure 13 – Evolution of stall visualized by the areas of reverse flow (orange) along with the 

pathlines flow visualization: before stall (left), wing stall (middle) and the tail stall (right). 

 

The results are also extended to compare the aerodynamic forces and moments for whole airframe 

and also its combination known as lift-to-drag ratio (Figure 14).  

 

 

Figure 14 – The lift-to-drag ratio for three analysed configurations. 
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Already there, a clearly visible influence of fuselage change and also the nacelle change on 

improvement of the aerodynamic characteristics - are reasonably compared. The highest value of 

the lift-to-drag ratio was achieved for configuration OSA-3_TP (final aircraft version with turboprop 

engine) and it was 11.2. However, for configuration OSA-3_PD (initial aircraft version), the 

maximum value of this coefficient was only 9.5. 

 

5. The Conclusion 

In the course of the research work, a number of numerical aerodynamic analyses of the New 

Generation Light Combat Airplane were carried out. Numerical analyses were performed using the 

finite volume method, specialized software and a high-performance computing cluster. Both 

quantitative and qualitative results were obtained. The obtained results will have a significant 

impact on the decisions of the research team regarding the final shape of the airplane being 

developed. Therefore, the process of using the aerodynamic characteristics as the leading 

conclusion in changes of the design has been shown in this paper. The benefit of using these CFD 

tools in the design process earlier than at the end of this process, to see if some changes can be 

made or problems avoided early on, is no doubt already proven by more and more scientific work. 

The results shown here are yet another proof of validity of those methods, but also do show the 

improvement in context of the whole airframe properties, and how much that improvement is worth 

in comparison i.e. to change the size of the wingtip devices (winglets) on the lift and on the drag of 

airframe. Also, a negative drag of the slats being in overwhelming aerodynamic influence of wing is 

clearly visible which may be proof, that slats are working properly and it has an unbearable didactic 

value. 

In addition, the resulting aerodynamic characteristics can be used during the stage of determining 

loads that act on the structure of the aircraft during the flight. 
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