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Abstract 

Computational fluid dynamics (CFD) has become a state of the art analysis tool for nearly all phases of 
aircraft design. In contrast to CFD, computer aided design (CAD) is traditionally used in later design phases 
of an aircraft, when the design is almost frozen. However, with the appearance of parametric CAD systems a 
new design methodology was enabled, which was based on the capability of a parametric CAD system to 
replay construction sequences with varied design parameters. A parametric wing can be re-used to create a 
vertical tail plane or parts can be associated to other parts, which allow concurrent engineering practices.  
In the present study, these capabilities have been exploited to generate extremely variable aircraft CAD 
models ready for CFD. Furthermore, parametric construction strategies, which have been developed in the 
past, are applied to model the primary aircraft parts, such as wing, fuselage and nacelle and also secondary 
parts, such as the belly fairing, wing tips and pylon, with the CAD system CATIA V5. For the construction of 
curves, which are used to create surface lofts, primarily B-splines are utilized, where the coordinates of the 
control points can later be used as the design parameters. 
Finally, the capabilities of parametric CAD are demonstrated through design variations performed for 
conventional configurations and through design studies with non-conventional aircraft configurations, which 
are in the focus of current research. 

 

1. INTRODUCTION 
Computational Fluid Dynamics (CFD) has become an 
indispensable tool in aerodynamic aircraft design. While 
25 years ago the calculation of the inviscid flow field 
around an aircraft configuration consisting only of wing, 
body and nacelle was a real challenge, [1], today viscous 
CFD simulations are performed routinely in nearly all 
design phases of an aircraft. Especially in late phases high 
fidelity CFD is used to simulate the flow at the corners of 
the flight envelope in cruise flight and also for take-off and 
landing. When unstructured meshing and solver 
techniques, see [2], came up, the spectrum of applications 
using CFD was significantly enhanced. Currently there 
seems to be no limit regarding the geometrical complexity 
and the time to perform simulations for new aircraft 
configurations, as shown in FIGURE 1, has been reduced 
from months to days. 

 
FIGURE 1. CFD for a novel aircraft configuration 

Today, there is also an increasing demand from aircraft 
industry to use high fidelity CFD very early in preliminary 
and also in conceptual design phases. The reason is that 
CFD simulations can predict compressible and viscous 
flow fields around a given aircraft while accounting for all 

relevant aerodynamic phenomena and deliver forces 
either on points on the surface or integral forces on any 
component. In the end these forces include viscous, 
transonic and also interference effects between 
components with a reliable accuracy. Especially in cases 
where these effects interact considerably, as is shown in 
FIGURE 2 for an aircraft configuration with under and over 
the wing mounted engines, the use of high fidelity CFD 
methods highly recommended.  

 
FIGURE 2. Comparison of CFD solutions for a transport 
aircraft configurations with over-  and under-wing 
mounted nacelles 

Moreover, if novel configurations are of interest an 
estimation of interference drag with traditional preliminary 

  



design methods is difficult or even impossible, since these 
methods are predominantly tailored and calibrated for the 
design of ordinary aircraft concepts. Thus only high fidelity 
simulations can mitigate the risk of making wrong 
decisions in early design phases. This is particularly the 
case in a conceptual design phase when novel transport 
aircraft concepts are considered for alternative propulsion, 
which is currently in the focus of research.  

However for a routine use of high fidelity CFD in early 
design phases, three major aspects have to be 
considered. The first aspect is the turnaround time, i.e. the 
time required to perform a complete cycle, including pre- 
and post-processing. Fortunately in the past decades 
great progress in computer technology was made towards 
massive parallel computer systems which led to a 
reduction of computer time from hours to minutes. 
Secondly the change from structured to unstructured 
methods has reduced the amount of time for grid 
generation significantly. Particularly the lack of automation 
for adapting or setting up the mesh blocking structure for a 
new configuration prevented routine and rapid grid 
generation in the past.  Today unstructured methods are 
able to generate a grid around a clean geometry of 
medium complexity fully automatically in a couple of 
minutes. A third aspect, which is not directly seen in 
conjunction with CFD simulations, is the generation of a 
suitable geometry. This geometry should represent a 
feasible aircraft configuration and should be convenient for 
CFD simulations. 

Today nearly all grid generation systems for high fidelity 
CFD simulations are demanding at first a watertight 
geometry. Furthermore the geometry has to be made 
available for the grid generation software either in the 
native format of the grid generator or in a neutral CAD 
format i.e. IGES or STEP. Water tightness of geometry 
can be established by clean intersections of components 
with each other. Experience has shown that this is best 
done with a commercial high end CAD system, if 
intersections are not already contained in the CAD data. 
As currently CFD simulations are predominantly 
conducted in late design phases, where a detailed CAD-
model of the outer surface of the aircraft is already 
available, as shown in FIGURE 3, the transition from CAD 
to CFD grid generation is still the most critical process 
step, which requires more or less manual interactions for 
cleaning, de-featuring and setup of the geometry. 

 
FIGURE 3. Geometry in boundary representation (b-rep) 
for mesh generation  containing intersection curves 

For the use of high fidelity CFD in early design phases an 
adequate geometry generator is a basic pre-requisite for 
the simulation chain and therefore, a certain effort was 

spent to develop and exploit novel techniques, which also 
permit the use in multidisciplinary design optimizations 
environments, as described in [3]. At first the freeform 
deformation technique, which was proposed in [3], was 
applied to existing CAD data in the native format of the 
grid generator to generate new shapes through 
deformation. The method, described in [5], was later used 
to deform surface grids of the CFD mesh in shape 
optimization loops. However, in cases were only parts of a 
geometry are deformed, i.e. a wing, all affected 
intersection curves had to be re-calculated and updated. 
Finally, a high end parametric CAD system, namely CATIA 
V5 from Dassault Systemes, [6], was used as geometry 
generator for simulation based aircraft design. However, 
the utilization of CAD in early design phases is still 
doubtful since in classical textbooks, dealing with aircraft 
design, it is recommended to use CAD very late in the 
development cycle after the geometry is frozen. 
Furthermore, the problem arises that CFD engineers are 
usually not familiar with CAD systems and therefore, they 
expect specific and well-prepared geometries, which are 
ready for CFD meshing. 

Fortunately, with the release of high end parametric CAD-
systems from Parametric Technology [7], Dassault 
Systemes, and Siemens (formerly Unigraphics) [8],  at the 
end of the last century a new design methodology was 
enabled. Due to the possibility to re-use a parametric 
design by simply changing design parameters, also non 
CAD-experts are enabled to utilize high end CAD to 
generate CAD-models for simulations or even for 
production. In contrast to conventional CAD systems, a 
parametric system has the outstanding property that in 
each construction step, i.e. the construction of a line, 
parameter values and names of the involved parent 
entities are stored. This is carried out automatically by the 
software, during interactive work with mouse and 
keyboard. If a parameter of a former construction step is 
changed, the construction of all affected child entities is 
repeated until all entities are up-to-date. This also can be 
performed in batch mode, which is an important 
prerequisite for design automation and design 
optimization.  

Today, parametric CAD systems are widely used in virtual 
product design and are able to manage the complete 
lifecycle from preliminary design to disposal of a product.  
The objective of this study was to explore the capabilities 
of parametric CAD in early aerodynamic design of 
transport aircraft. In this phase of the design there is 
normally little knowledge about the shape of a new 
aircraft. At a basic level, the aircraft will have a fuselage to 
encase the payload, a wing to produce lift, a propulsion 
system to compensate the aerodynamic drag, and an 
empennage for stable flight. Depending on the concept, 
these parts are arranged in a certain way and are 
intersecting. The challenge is now to make all mentioned 
CAD-parts available and convenient for aerodynamic 
design.  

2. PARAMETRIC MODELLING STRATEGY 
When using a parametric CAD system the sequence of 
construction steps and their appropriate parameters, 
which are required to create a CAD part, are more 
important than the part itself. To achieve a high level of re-
usability and variability of parametric CAD-parts it is 
obvious that a more advised and forward-looking 
modelling or construction strategy is required. In the 

 



following sections the construction strategy is described 
for CATIA V5, but it should be possible to apply a similar 
procedure with any other high end parametric CAD-
system. 

Classically the primary function in aircraft geometric 
design for the modelling of surfaces is the loft-function, 
which can be found in CATIA in the generative shape 
design workbench, among other functions for the creation 
of curves and surfaces. A typical problem for using the loft   
function is shown in FIGURE 4, where a propeller blade is 
lofted.  

 
FIGURE 4. Surfaces created with revolve-, extrude- and 
loft-function in CATIA V5 

The loft function requires ideally planar section curves and 
three-dimensional guiding curves, which connect the 
individual sections. In the case of a propeller the guiding 
curves lie on helical surfaces. Additionally a spine curve 
can be specified. In addition to the loft-function, which is 
used for about 90% of the outer surfaces of an aircraft, 
extrude- , revolve- and sweep function are available. In the 
case of the propeller, shown in FIGURE 4, the sweep-
function is used to generate the helical surfaces. Practice 
showed that it is expedient to first construct a wireframe of 
curves before the surface creation with loft-, extrude-, 
revolve- or sweep functions is performed. However, in 
some cases exceptions have to be made, since for the 
construction of nose- and trailing edge curves of the 
propeller-example the helical surfaces are required as 
support surfaces for projections. It was also found, that it 
is more practical to first construct the guiding curves and 
to fit in the section curves afterwards, using 
transformation- and scaling-functions of the CAD-system. 

3. WIREFRAME MODELLING 
In case of an aircraft typically two different types of 
primary shapes exists: wing-type shapes and fuselage 
type shapes. In case of wing-type shapes the defining 
sections are parallel to the flow direction and are typically 
airfoils, while in case of fuselage-type shapes the defining 
sections are normal to the flow direction and are 
symmetrical. Examples of wireframe curves and 
corresponding surfaces of fuselage, wing and nacelle are 
shown in FIGURE 5, FIGURE 6 and FIGURE 7. In this 
study the engine consists of a through-flow nacelle and an 
internal body of revolution, which was added to achieve a 
realistic flow around the nacelle lip and in the inlet area. 
The essential construction work was the preparation of 
adequate section- and guiding-curves with the CAD 

system. In general the construction work starts with the 
wireframes of the primary surfaces. 

After the primary surfaces have been lofted and 
positioned, wireframes for secondary surfaces were 
created, since their wireframe curves depend on entities of 
the primary surfaces, which may result from intersections 
or projections and other operations. For example, for the 
wireframe of the pylon, see FIGURE 8, at first a curve is 
required, which results from the intersection of the wing 
surface with the nacelle symmetry plane. In case of a new 
position of the nacelle, the construction of the pylon is 
repeated and starts again with the plane/surface 
intersection.  In FIGURE 9 a belly faring and in FIGURE 
10 a wing tip is shown. In a similar way, further 
components as for example control surfaces or a high lift 
system may be added.  

 
FIGURE 5. Parametric fuselage 

 
FIGURE 6. Parametric wing 

 
FIGURE 7. Parametric engine nacelle  

 

 

 

 
 

 
 
 

 

 



 
FIGURE 8. Pylon surfaces for underwing mounted engine 
 

 
FIGURE 9. Belly fairing for low wing configuration 

 
FIGURE 10. Wing tip surfaces 

The belly fairing model, shown in FIGURE 9, was 
originally constructed within a former study, dealing with 
the DLR LAMAIR-configuration, [9], shown in FIGURE 11. 
Since this configuration has a forward swept wing, 
variations of the belly fairing shape were done to explore 
flow phenomena caused by the forward swept wing. For 
the present study the belly fairing construction was quite 
simply re-used.  

 
FIGURE 11. TULAM configuration with belly fairing   

4. PARAMETRIC CURVES 
The variability of the aircraft surface representation is 
finally enabled either by the positioning of parts or via the 
defining curves forming the wireframe. The shape of a 
freeform curve in CAD is either determined directly with a 
parameter, i.e. the radius of a circle, or it is defined 
indirectly, as for example via coordinates of points, 
through which a spline-curve is fitted.  

4.1. Wing Sections 
A spline fit curve is shown exemplarily in FIGURE 12 for a 
wing airfoil. In this example several problems with splines 
can be depicted. As can be seen a spline curve which fits 
the points tends to wiggle, which occurred obviously at the 
nose where curvature is high. To obtain a smooth curve in 
this special case, manual interaction and inspection is 
required to allow an approximation of the points. This 
however, is contrary to the automation of the curve 
generation. Also, if each single point-coordinate is 
variable, the number of design parameters would be 
unmanageably high in the case of several sections used 
for the loft surface. Besides this, it was observed that the 
CAD system requires a certain amount of time to process 
the spline-fit curves. It tries to find the smoothest NURBS-
curve, see [10], which fits the points best with a low 
tolerance.  

 
FIGURE 12. Comparison between spline-fit and spline-
approximation with porcupine curvature analysis 

Due to the described problems when using classical 
spline-fit curves, which are still popular in aerodynamic 
design, B-spline curves were used instead. B-spline 
curves are principally a subset of NURBS-curves and 
therefore these curves are easy to handle in CAD. Much 
research has been conducted to efficiently represent 
existing airfoils with variable and controllable shapes, [11]. 
However, it was found that in the context of early design, 
transonic airfoil curves could be reproduced accurately 
with a low number of control points defining a B-spline 
curve, as shown in FIGURE 13 for different airfoils. Here 
the difference between original shape and B-spline 
representation was below 0.5%, when using 7 control-
points for the lower and upper airfoil contour respectively.  

 
FIGURE 13. Simple B-spline representation of different 
airfoils with 9 design parameters 
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TAB 1. Design parameters of B-spline airfoils 

In FIGURE 12 the control points of the B-spline curves of 
the upper and lower airfoil contour had been connected to 
start- and endpoints of lines, which are perpendicular and 
equally-distributed along the chord line of the airfoil. The 
airfoil shape is finally varied via start- and end-point of 
each line. To achieve constant curvature around the nose 
of the airfoil start- and end-point have the same distance. 
If the trailing edge thickness is always assumed to be 
constant, the airfoil is defined by 9 design parameters, 
which are listed in TAB 1 for the examined airfoils, [12]. 

4.2. Nacelle Sections 
For the nacelle lines, shown in FIGURE 13, B-splines 
were utilized in a similar way. However, further geometric 
properties have to be taken into account, as for example 
the hi-lite-diameter, droop-angle and other features. 
Therefore, some of the control points were positioned on 
lines at a certain relative arc length. This has the 
advantage that if a characteristic quantity was changed no 
or only minor changes of the control points are required. 
This is shown in FIGURE 14, where the hi-lite diameter 
has been varied, while the relative positions of the control 
points have remained unchanged.  

 
FIGURE 14. CAD geometry of generic single core engine 

 
FIGURE 15. CAD geometry of generic single core engine 
with reduced hi-lite diameter 

 

4.3. Fuselage Sections 
The prescribed approach of defining control points along 
lines at relative positions has been applied without any 
problems for the construction of further aircraft parts. In 
case of the fuselage sections, the convex hull property of 
B-spline curves, see [10], is exploited. It affects the shape 
of a curve segment in a way that the curve stays in a 
convex hull formed by the corresponding control points. If 
for example the control points of a fuselage section form a 
rectangle, the resulting curve will never lie outside of the 
rectangle.  This is demonstrated in FIGURE 16, where the 
cross section curve is always inside of the convex shaped 
control point polygons, even if the control points form a 
rectangle.    

 
FIGURE 16. Convex hull property of B-splines utilized for 
fuselage cross-sections 

4.4. Guide Curves 
While section curves are predominantly planar curves with 
regions of high curvature, the guide curves, which are as 
important as the section curve for the surface lofting, are 
in general 3-dimensional curves with less or even no 
curvature in case of lines. The main problem is that the 
guide curves must intersect with the section curves. 
Unfortunately no general strategy for the construction of 
these curves can be given, but fortunately a huge pallet of 
functionalities is provided in the generative shape design 
workbench of CATIA. 

In case of the wing, which was shown in FIGURE 6, the 
leading edge was constructed segment by segment and 
has in total three trapezoidal parts. While the inner 
segments have been connected with lines, the outer 
segment was connected with a bridge-curve, which is 
tangential to the leading edge line of the mid segment. 
Then all airfoils were arranged and scaled according to the 
prescribed twist angles and chord lengths. Next the trailing 
edge bridge-curves were constructed for the upper and 
lower airfoil. Due to the use of bridge curves instead of 
lines, blended winglets or even raked wing tip shapes can 
be reproduced. 

The guide curves used for the lofting of the nacelle are 
planar and based on circles. The guide curves for the belly 
fairing are also planar curves and are B-splines curves. 
The fuselage has an upper and a lower B-spline curve in 
the symmetry plane. However the construction of the outer 
fuselage curve, which separates the upper and lower 
shape, is more elaborate, since it is based on a 
combination of a planar curve in the x-y-plane and another 
planar curve in the x-z-plane. A similar approach was used 
for the loft of the propeller, which was already shown in 
FIGURE 4. As shown in FIGURE 17, the planform curves 
have been extruded into the direction of the propeller axis. 
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Subsequently these surfaces have been intersected with a 
helical surface, which was modelled based on the 
prescribed advance ratio of the propeller. The intersection 
curves are finally used to position and scale the 
corresponding airfoil sections and secondly they are used 
as guiding curves for the surface lofting. 

 
FIGURE 17. Propeller blade from guide curves on helical 
surface 

This approach, which attaches more importance to the 
guiding curves than to the section curves, has proved to 
be more advantageous to achieve smooth surfaces. If a 
loft is generated solely using several section curves, the 
resulting surface may become wavy in most cases. 

5. ASSOCIATIVE MODELLING 
Since for the generation of single curves or surfaces 
several construction steps are required, a complete 
aircraft configuration, which may consist finally of more 
than 20 surfaces, the construction will become confusing 
and inscrutable if everything is stored in a single part. 
Even though there is a structuring available in CATIA for 
parts, namely sets, which can be used to separate 
construction sequences adequately, it is more efficient to 
divide the complete aircraft model into different parts, 
which are connected via associative links. This is shown in 
FIGURE 18 for a transport aircraft configuration, which is 
composed of the parts shown previously. Here, the re-use 
of parts methodology was used to create a vertical tail 
plane (VTP) and a horizontal tail plane (HTP). The part, 
which is re-used, is the wing, but the association to a VTP- 
and HTP airfoil, has been corrected. Accordingly, the 
airfoil parts of VTP and HTP have been created from the 
wing airfoil.  

 
FIGURE 18. Hierarchy of associative aircraft model 

The breakdown into several sub-parts enables a 
concurrent engineering strategy. An engineer, who is 
responsible for the wing airfoil design has the possibility to 
test his design either in a 2-dimensional section of an 
infinite wing or in 3-dimensional environment in which the 
airfoil is part of a wing loft. The wing in turn may be tested 

as an isolated wing or it may be part of the complete 
aircraft. This hierarchical approach allows a completely 
new design methodology and is going to replace the 
traditional component-by-component design process, [13]. 

In FIGURE 19 aircraft configurations are shown which 
have been composed of all previously described parts. 
After positioning of these primary surfaces, secondary 
surfaces forming wing tips, belly fairing and pylon were 
generated within the aircraft CAD-model. This ensures 
that if a position of a primary element is changed, all 
secondary parts will follow this change. Therefore, if one 
or more control points have been changed in the airfoil 
part, as this was already shown in FIGURE 13, this 
variation is transported via the defined associations from 
the airfoil part to the wing part and further to the aircraft 
part. Accordingly the pylon is automatically adapted to the 
new wing shape. 

Since the shapes of the pylon and belly fairing depend 
primarily on the relative positions of the primary 
components, the present pylon construction is only 
applicable for underwing mounted engines. For this 
reason, the concept of the aircraft is partly fixed. This is 
also the case for the belly faring, which was at first 
designed for a low wing configuration. The configuration, 
shown in FIGURE 20, has the same components as the 
configuration shown in FIGURE 19 but with partially 
changed parameters. While the pylon construction did not 
cause any problems, the belly fairing did not follow the 
change from low wing to high wing configuration. It may 
serve as a sponson for the main landing gear. 

 
FIGURE 19. Aircraft configurations with different wing 
airfoil sections 

 
FIGURE 20. High wing transport aircraft configuration with 
sponson 
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The aircraft configuration, which is shown in FIGURE 18 
or in FIGURE 20 with altered design parameters, is not 
just yet the final CAD model. In this context it may deal as 
the master model for virtual testing. For CFD simulations a 
far field, which represents the outer boundary of the fluid 
volume, is required and moreover the inner boundary of 
the fluid volume, which encloses the aircraft has to be 
watertight. For this purpose an additional CAD-model was 
constructed, which is associated with all surfaces of the 
aircraft part, which should be part of the simulation. At 
first, individual volumes are formed by joining relevant 
surface panels. Hereafter these volumes are united by 
Boolean type an operation, which in principle triggers 
functions to calculate surface/surface intersections and to 
trim intersection panels. Finally the volume which encloses 
the aircraft is subtracted from the far field volume, as 
shown in FIGURE 21. The main advantage in using 
Boolean operations on volumes is that the result is always 
a closed volume, which may have cavities. 

 
FIGURE 21. CFD fluid volume (reduced far field 
extension) 

This additional CAD-model represents the link to the CFD 
grid generation and is exported from the CAD system 
using the native IGES-format. 

6. DESIGN AUTOMATION 
As previously described, design variations can be 
achieved by changing a parameter value, i.e. the length of 
a line, in the construction history. This can be done either 
interactively or in non-interactive mode via so called 
design tables. These design tables are created at the end 
of the construction work of a certain part, and are filled 
with those parameters, which should be varied later. At 
first the actual values, which are used for the current part 
are stored in the design table in an excel-file or in an 
ASCII file format.  

A typical design table was already shown in TAB 1. In this 
case it has 3 rows, where each row contains a certain 
parameter-combination, which defines the shape of an 
airfoil. In this case a user can simply switch between 
parameter configurations to change the airfoil shape. The 
design tables are associated with corresponding parts of 
the model hierarchy, in the same way as parts are 
associated with hierarchically higher parts. A complete 

hierarchy including the design tables is shown in FIGURE 
22.  

 
FIGURE 22. Complete hierarchy of associative aircraft 
model 

A design table file can be opened either with an editor or 
with another application and values can be changed. If the 
CAD-part, which is associated with a design table, is 
opened or is already opened, CATIA asks to update the 
model, if the values in the design table differ from current 
values used in the model. The same happens, if a part 
which is lower in the hierarchy has been changed.  

This procedure of opening a model and updating it until 
the final part is up-to-date can be scripted and can be run 
using a macro in batch mode. If the final part is the CFD-
model, the last statement in the macro invokes CATIA to 
save the geometry in an IGES-format. Finally, the use of 
design tables and macros allows either non-experienced 
CAD users to perform design variations or it enables CAD 
in the loop optimization, as it is described in [3]. In such a 
loop, the optimizer parses values of variables which 
should be optimized into the design table and launches 
CATIA in batch mode with the prescribed macro to update 
and export the geometry for CFD simulation. At the end of 
the loop, quantities of the CFD simulation are returned to 
the optimizer, which prescribes new values of the design 
variables for the next cycle. This is repeated until an 
optimum is reached. 

For a fully automated design cycle the most critical step is 
the transition from CAD to grid generation. As already 
mentioned, a grid generation software was used, which 
generates hybrid unstructured grids. This software was 
purchased from CENTAURSoft, [14] and is tailored to 
CAD-data in IGES or STEP format. In general a more or 
less intensive manual cleaning of cleaning is required, 
when the CAD-data are converted into the native 
geometry representation of the CENTAURSoft grid 
generator. However, in all cases tested in this study, the 
CAD-data proved to be very accurate and no manual 
interaction was necessary. Also the entire grid generation 
process, where prism layers are generated on all viscous 
boundaries and tetrahedra are used to fill the remaining 
fluid volume, has not provided any problems. Parts of a 
typical volume mesh are shown in FIGURE 23. 

 

 



 
FIGURE 23. Surface mesh and cut through the hybrid 
volume mesh with prisms and tetrahedrons 

To resolve features of the flow, especially along all leading 
edges and in junction regions the grid density has to be 
controlled adequately. Fortunately the grid generator from 
CENTAURSoft has certain capabilities to adapt the 
density of the mesh to geometric features as for example 
the local curvature or to the proximity of parts. Due to 
these properties of CENTAURSoft, the whole grid 
generation process including CAD cleaning can be run in 
batch mode and, for the here intended purpose of 
assessing an aircraft configuration in a very preliminary 
design phase, settings have been chosen that  will led to 
moderate grid point numbers.  

Finally, for the calculation of the flow solution the DLR flow 
solver TAU was employed. To achieve extreme short 
turnaround times all computations have been performed in 
parallel mode using 144 cores of the DLR C2A2S2E 
cluster. Furthermore, to save grid point layers near walls 
also wall function, see [14], were used. This has led to 
turnaround times of less than 30 minutes for a single 
configuration. While a CAD model update requires about 1 
to 2 minutes and the time for a flow calculation with a 
satisfying convergence is completed in about 7 minutes, 
the remainder of the time is required for grid generation.    

7. EXAMPLES 
To demonstrate the possibilities of using parametric CAD 
in the aerodynamic aircraft design process, a typical 
transport aircraft configuration as well as some novel 
aircraft design concepts has been investigated. 

In a first example the ability to change the wing airfoil and 
perform a simulation was demonstrated. The geometry 
was already shown in FIGURE 19. FIGURE 24 plots the 
CFD solution for a typical transonic cruise Mach number of 
0.82 and an angle of attack of 1°. It should be mentioned 
that with a conventional CAD process all construction 
steps from inserting the new airfoils through to the 
intersection with the pylon would have to be repeated 
manually. 

 
FIGURE 24. Comparison of aircraft with different wing 
airfoils 

Next, a CFD solution for the high wing configuration, which 
was shown previously in FIGURE 20, is depicted in 
FIGURE 25. This configuration has some difficult surface 
intersections, which did not cause any problems in the 
geometry creation, the grid generation or in the flow 
calculation. 

 
FIGURE 25. CFD solution with iso-Mach=1 surface around 
high wing aircraft configuration with sponson 

At the beginning of this study no secondary parts were 
available and therefore, nearly no restrictions regarding 
the positioning of wing and nacelle exist. Since propulsion 
integration has become a big focus of current research, 
many novel configurations have their propulsion system 
mounted above the wing or above the vertical tail plane 
(VTP) for noise shielding. Therefore, some of these 
concepts have been studied here with a focus on 
transonic engine/airframe interference effects. For the 
configurations shown in FIGURE 26 and FIGURE 27 the 
nacelle geometry from an under wing mounted engine was 
adopted. Due to a position in the accelerated flow and due 
to the more barrel type shape of the nacelles with a 
maximum thickness in the bottom region, the transonic 
interference effects are dramatic, despite the fact that the 
cruise Mach number was relatively low at M=0.78. 

A probable improvement can be achieved with more tube-
like nacelles with engines having a higher bypass ratio 
and a position more far away from the upper wing surface. 
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NACA 0012 airfoil  

 
 



This is shown in FIGURE 28 and FIGURE 29. The 
concepts which are presented here are characterized by 
an oval body shape in the tail region. In combination with 
the tube-like nacelle shape, this arrangement has a 
positive effect on the interference.   

 
FIGURE 26. Pressure pattern of low noise aircraft concept 
A 

 
FIGURE 27. Pressure pattern of low noise aircraft concept 
B 

 
FIGURE 28. low high BPR Low noise aircraft concept A 

 

 
FIGURE 29. Pressure pattern of high BPR Low noise 
aircraft concept B 

In a final example the necessity of secondary parts as for 
example a belly fairing is demonstrated. In FIGURE 30 a 
generic business jet configuration is shown where the 
wing is positioned below the fuselage. This is a common 
practice in the design of those aircraft, since the structure 
of the pressurized cabin should not be disrupted by the 
wing. Despite the fact that no problems occurred when 
performing a CFD simulation, it turned out that the belly 
fairing, which has been added afterwards and which is 
shown in FIGURE 31, led to reduction in drag of about 7.5 
percent although the area of the wetted surface was 
considerably increased.    

 
FIGURE 30. Pressure pattern of business jet without belly 
fairing  

 

 
FIGURE 31. Pressure pattern of business jet with belly 
fairing 

 

 

 

 

 

 



8. CONCLUSION 
The use of the parametric CAD system CATIA in 
aerodynamic aircraft design has been investigated and 
demonstrated. It was shown that a parametric CAD 
system can act as a geometry generator, which produces 
clean geometry input for CFD simulations. Intersections 
between surfaces, which are necessary to establish water 
tightness of the geometry, were calculated without 
difficulties.  However, the major benefit comes from the 
capability to reuse a construction and to generate variants 
of a parametric model by replaying the construction 
sequence, which has been recorded during interactive 
work. This study showed impressively that for suitable 
parameter variations a great variety of feasible and realist 
aircraft configurations could be generated and analyzed. 
Moderate turnaround times of less than 30 minutes and a 
sufficient accuracy of the results make this approach also 
useful early in the aircraft design process. Uncertainties 
regarding viscous and compressibility effects,can be 
mitigated to a large degree in early design phases, 
especially when novel concepts are considered.   

The study showed also, that the CAD designer, who 
constructs a new parametric part, bears a great 
responsibility to provide flexible and suitable parametric 
models. In contrast to to ordinary CAD systems a careful 
and foresighted modelling strategy is essential. It was 
demonstrated that the most successful and efficient 
strategy was to use the CAD system as it was intended by 
its developers, to construct a new model interactively. 
During this it is helpful to test parameter variations from 
time to time. Due to the possibility to re-use a construction, 
this additional effort will later be re-payed. In general the 
concept of re-use of parts or respectively their sequence 
of construction steps enables also non-CAD experts to 
make use of parametric CAD design.  

To construct a new CAD model practical experience has 
also shown that it is most convenient to begin with a 
wireframe of curves and lines. 3-dimensional freeform 
curves can be created by combining 2-dimensional planar 
curves.  In the end, these curves are used to generate a 
surface via the loft function, which is the most used 
function to generate the outer shape of an aircraft. 2-
dimensional freeform curves were preferably created from 
B-splines. This method of curve creation has certain 
advantages, especially when airfoils or body sections are 
of interest. 

Finally in some examples dealing with conventional and 
also novel aircraft configurations the prospects of 
parametric CAD in combination with high fidelity CFD have 
been illustrated. Since nearly all design variables were 
associated with design tables and as the simulation chain 
from grid generation to CFD post-processing runs fully 
automatically, the step to simulation based aerodynamic 
design optimization of novel aircraft configuration is self-
evident.  Especially, when those configurations are 
assessed and are compared to conventional 
configurations, which already have converged to an 
optimal shape, optimizations are indispensable. The future 
challenge will be to include also other disciplines and to 
further speed up the turnaround times. 
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