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Abstract: Numerical methods for solving equations describing the evolution of 3D fluid experienced a 

significant development closely related to the progress of information systems. Today, especially in 

the field of fluid mechanics, numerical simulations allow the study of gas-thermodynamic confirmed 

by experimental techniques in wind tunnel conditions and actual flight tests for modeling complex 

aircraft. The article shows a case of numerical analysis of the lifting surface on the UAV type flying 

wing. 
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NOTATIONS 

Fz - lift force AoA - angle of incidence 

Fy - lateral force Fx - drag force 

Vx - speed c - chord  

1. INTRODUCTION 

Computational Fluid Dynamics (CFD) is a field of fluid mechanics that uses numerical 

methods and algorithms to analyze problems that involve fluid flows. IT systems are used to 

perform the calculations required to simulate fluid-fluid interaction, fluid-solid with defined 

surface boundary conditions. The software tools provide high yields of research that improve 

accuracy and simulation speed in user-defined scenarios. Validation is performed using 

numerical simulations tests in wind tunnels and then in the virtual and real flight tests [17, 

19, 20]. The analysis of CFD comprises three main stages: the first stage is the pre-

processing, offering the solver all the information necessary for computing. 

The pre-processing comprises the geometry generation (the calculation of the input 

parameters: flow conditions, thermal parameters, the generation of the mesh network  

(Figure 1) and the physical modeling (equations of motion, boundary conditions); the second 

stage includes the numerical analysis itself or the numerical solutions generation (resolving 

iterative of the partial differential equations) and the last step is the post-processing analysis, 

visualization of the solution (numerical results or graphs) and the generation of the final 

reports that include all the information about CFD analysis (initial parameters, hardware 

configuration, partial and final results), [1]. 
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CFD modeling is based on solving a series of differential equations (conservation) and 

completed models for the treatment of turbulence, pressure, cavitations, heat exchange and 

dispersed phases. 

Shaped areas are divided into small cells resulting in mesh networks with more nodes. 

The equations are written for each node; they are assembled into an overall system of 

equations, which is then resolved. 

The stability of selected mesh is generated numerically and analytically in simple linear 

problems to ensure discontinuous discrete solutions. 

The most common methods of meshing are finite volume methods, finite element 

methods (dimensional, three-dimensional, spectral), methods of finite differences and 

boundary element method [2, 3, and 13]. 

  

a. unstructured network b. structured network 

Fig. 1 Types of meshing domain 

2. THE CURRENT STAGE ON CFD ANALYSIS 

In the 1980s the birth of supercomputer enabled the application of techniques in fluid 

dynamics research efforts in the area of industrial design. NASA Ames Research Center 

(Moffett Field, California), has an entire division dedicated to the development and 

validation of applying CFD techniques. 

In aerodynamics, gas dynamics numerical simulations allow the study of the conditions 

confirmed by experimental techniques in wind tunnels and real flight tests for modeling 

complex aircraft evolutions. 

CFD analysis is widely used in both research agencies and academia in European and 

international communities [10, 14]. 

According to [4, 5, 11, 12] we can select a number of specific CFD software tools that 

are used in aero and hydrodynamics, see examples in Figures 2 and 3: 

- commercial codes: generators of grids (ICEM-CFD/ANSYS, CFD-Geom/ESI group, 

Automesh4/NUMECA, Pointwise, ADINA-AUI), solvers (CFD-ACE/ESI group, CFD-

FASTRAN/ESI group, CFX/ANSYS, COMSOL Multiphysics, Fluent/ANSYS), data 

visualization (CFD-VIEW/ESI group, CFX-Post/ANSYS, COMSOL, Hyperview, Tecplot) 

[8, 11, 18]. 

- free/ open source codes: grid generators (Engrid, NETGEN) solvers (CFD2D, 

ELMER, OpenFoam, SU2), data visualization (GnuPlot, Paraview) or integrated (XFLR5, 

Stallion 3D/Hanley Innovation), [15, 16 ]. 
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Fig. 2 Meshing wing – Pointwise CFD Mesher [6] Fig. 3 Meshing turbine blades – DRAGON [7] 

For a highly accurate simulation input data must be clearly outlined. An increase in 

detail creates a corresponding increase response time for the calculations and memory 

requirements of the IT system. 

Simulations can have different system requirements: multicore processors with speeds 

above 2 GHz extremely high memory, from a few gigabytes (GB) of RAM for a typical 

simulation up to 128 GB of RAM for more detailed models. On a single processor, a typical 

simulation may take several hours or even days, and this time can be reduced by running it in 

parallel on multiple processors (clusters), see Table 1. 

Table 1. Features PC 

Features Values 

CPU cores 4 8 16 32 64 128 

CFD size (cells) >2 mil 2...5 mil 4...10 mil 4...20 mil 30...40 mil 70...100 mil 

RAM memory 2..3 GB 6...8 GB 10...15 GB 20...30 GB 40...60 GB 100..150 GB 

We performed a series of tests with SolidWorks 2013 - Floworks (64-bit) on a computer 

system equipped with Ivy Bridge i7 processor 2.4-3.4 Ghz processing time results are valid 

for 6 of the 8 simultaneous tasks of the processor for a 32 GB RAM memory; it also can be 

observed a percentage increase of RAM with the increase of the grid mesh cells number, see 

table 2, [9]. 

Table 2. Processing time 

CFD size (cells) 16 mil 8 mil 

RAM memory 68% 51% 

Time on 122 h 57 h 

CFD size (cells) 16 mil 8 mil 

 

Fig. 4 The graph processing time 
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3. CFD ANALYSIS  

3.1. 2D CFD Analysis of an Airfoil 

We propose to review the Clark Y airfoil type (see Figure 5) with the conditions of analysis 

presented in Table 3. 

 
Fig. 5 Clark Y Airfoil 

Table 3. Conditions for 2D analysis 

Speed 5 … 30 m/s 

Mesh 2D aprox 88000 

Turbulence 0,1% 

Analisys plan XZ 

Flow type Laminar-turbulent 

Analisys time 3h 

2D CFD analyzes were carried out using solver Floworks (Solidworks) with finite 

element; the purpose of the CFD analysis is to find the aerodynamic behavior of the profile 

at different incidence angles (-40, 00, 40). Figure 6 highlights the specific line speed and 

total pressure generated at a flow rate of Vx = 10 m / s. 

  

a.Speed for AoA -40 b. Total pressure for AoA -40 

  

c.Speed for AoA 00 d. Total pressure for AoA 00 

  
e.Speed for AoA 40 f. Total pressure for AoA 40 

Fig. 6 CFD analysis for Clark Y airfoil 

Figures 6a, 6c and 6e show the evolution and constant speed lines. Figures 6b, 6d and 6f 

present the isobars developments at the three angles of incidence considered. 
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3.2. 3D CFD Analysis of Flying Wing Type 

We propose to review the flying wing of Figure 4 with the characteristic data shown in  

Table 4. The simulation was based on the use of mesh networks (more than 6 million) with 

maximum density and efficient exploitation of the available computing resources (CPU 

2.4GHz RAM 32 GHz). The objective of the CFD analysis is to find the aerodynamic 

behavior of the flying wing-type carrying capacity surface (see Figure 7 and features shown 

in Table 4) at zero AoA. 

 
Fig. 7 Flying wing 

Table 4. Geometric and masic features 

Span 2000 mm 

Airfoil Clark Y 

Swept angle for c/4 300 

Surface 0,7 m2 

Aspect ratio  6 

Mass 1,2 kg 

3D numerical simulations were carried out using Solidworks/Floworks solver by finite 

element method to investigate the aerodynamic behavior of the carrying capacity surface. 

The geometry used in CFD simulation has been reproduced for similar models at scale 1:1. 

For the study of the flow a structured grid was generated and used, connected to a number of 

parameters according to Table 5, see Figure 8a and the wing position rates shown in Figure 

8b [2, 3]. Assessing the flying qualities of the flying wing consisted of 6 phases of analysis 

from 5÷30 m/s. totaling nearly 180 hours of processing. The CFD analysis revealed a 

number of relevant results such as: lift - Fz and drag -Fx (Table 5), downstream speed on 

lifting surface (Figure 9a), turbulence intensity (Figure 9b) and profile lines in the extreme 

zones (Figure 9d). 

Table 5 Initial parameters 

Fluid elements 7,18 mil Speed  5...30 m/s 

Iterations 456 Turbulence intensity 1 % 

Density 1,25 kg/m3 AoA 0o 
 

 

 
a 

 
b 

Fig. 8 Lifting surface – a. Meshing structured network, b.ideal levels for analisys 

V 
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Lateral force Fy values (see Table 6, with values near zero) reveals simulation steps that 

are within the range of accepted trust. Figure 9b shows the turbulence in the trailing edge of 

the carrying capacity surface. 

Table 6. Normal forces values 

Speed (m/s) Fz (N) Fx (N) Fy(N) 

5 1,12 0,09 5,63  10-5 

10 4,33 0,36 1,30  10-3 

15 9,96 0,80 3,01  10-3 

20 18,05 1,38 6,74  10-5 

25 29,26 2,18 3,11  10-3 

30 45,55 3,11 1.01  10-3 
 

  

a. speed Vx (m/s) b. turbulence (%) 

  

c. pressure on the flying wing d. flow lines 

Fig. 9 CFD analisys of the flying wing 

The analysis of flow parameters can be assessed graphically by selecting the contours of 

the flying wing on the same graph for any comparative analysis. The total pressure variation 

is observed on the selected edges, see Figures 10 and 11. 
 

 
Fig. 10 Flow parameters for flying wing (total pressure vs chord) 
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Fig. 11 Flow parameters for flying wing (temperature vs chord) 

4. CONCLUSIONS 

The results of the simulation of flow around the carrying capacity surface for the flying type 

wing is affected by two main factors, as follows: the first is the nature and quality (density) 

of the mesh network and the second is the quality of turbulent flow model used. A 

comparison between the numerical and experimental (wind tunnel and flight tests) results 

based on distribution of the velocity vector and distribution of the Reynolds tensor is 

required. Although the obvious influence of the viscous / inviscid model is observed in the 

final results we can use both in future CFD analysis. 

The 2D and 3D CFD analysis plays an important role; it contributes to minimize the 

time of design, production and testing processes. The CFD analysis provides early results 

with minimum possible multiple interventions and resources that can make the difference 

between an expensive model that does not confirm the expected results and an optimized 

model. 
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