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Abstract 
 
We describe an algorithm for automated generation of multi-parted airplane wings from a 
cross-section given by a point cloud and the top view of the wing. The relative thickness 
of the wing (thickness/chord) can be varied from section to section. A rounded tip with 
two design parameters and GC1-continuity at the crossing to the wing is automatically 
computed. Constrained approximation and fairing lead to a very smooth geometry 
especially suited for wind tunnel experiments and numerical simulation. A mounting unit 
with GC1 fillets to the wing and a simplified half of a fuselage are computed, too. The 
geometries of those can be modified by changing only a few significant parameters. 
 
Introduction  
 
In the Collaborative Research Center SFB 401, “Modulation of Flow and Fluid-Structure 
Interaction at Airplane Wings”, the aerodynamics of high lift and cruise configurations 
and the interaction of structural dynamics and aerodynamics are presently being 
investigated. 
An integrated development (named QUADFLOW) of dynamic adaptation strategies, 
mesh generation and discretization has been of great success [1]. Due to this and the 
achievements in other parts of the collaborative research an additional project “High 
Reynolds Number Aero-Structural Dynamics” was recently approved. In this project 
stationary and unsteady wind tunnel readings with an elastic model will be carried out. 
The experiments will be done in the European Transonic Wind-Tunnel (ETW). The wing 
corresponds to a cruise configuration of scale 1:28, whose supercritical cross-section is 
described in two AGARD reports [2,3]. It is modeled as a three parted back-swept wing 
with a rounded tip. To achieve realistic results a half-body is placed between the wing 
and the wind tunnel wall. 
The geometry of the BAC 3-11 aerofoil cross-section was numerically defined and the 
design ordinates were provided. Tolerance on the profile was ±0.13mm (due to a chord 
length of 763.43mm). The developed tools are based on B-spline representations. 
Approximation and fairing methods have to fulfill several constraints. These depend upon 



the manufacturing and the phenomena of adaptive flow solvers for the Navier-Stokes 
equations. It turned out that especially for numerical simulation fairing of the geometry is 
very important [1,4]. We use a finite volume method as flow solver. Adaptation and error 
estimation is based on a multi-scale analysis. 
The basic data exchange between the modeling, grid generation and manufacturing 
software is carried out by IGES files. A necuron-model (rigid foamed plastic) has 
completely been produced. At the moment the steel model for the ETW is being milled. 
About 260 pressure sensors are placed in 7 cross-sections. The oscillation of the wing can 
be stimulated with piezo-electric stacks. Tests with a smaller 2½d model (cylindrical 
wing with chord length 150 mm) of the same shape have been carried out at the DLR in 
Göttingen. The results from the wind tunnel readings match those of the numerical 
simulation completely. 
We will now start with a description of our wing geometry and later we focus on the 
methods for approximation, fairing, modeling and grid generation in more detail.  
 
Geometry description and brief outline of the different steps 
 
The main wing for the cruise configuration was numerically described by the ordinates of 
87 points [2,3]. These were transformed to chord length one in a first step. The cross-

Figure 1. Design ordinates, spline (11%) and spline at fuselage (15%). 



sections have to fulfill the following conditions afterwards: Start and end point is (1,0). 
The leading edge is crossed vertically at (0,0). The relative thickness is 11%. The exact 
definition at the fuselage will be described later. The tolerance due to chord length 1 is 
about 1.7·10-4 (see above). From this information we compute smooth B-splines as 
reference for the cross-sections. All these computations are done in 2d space. The result 
is shown in figure 1.  
The next step is to describe the top view of the multi-parted back-swept wing. This can 
be done with an arbitrary 2d CAD program. We use WinCAG [5]. The only information 
we need from this step is the front position of the cross-sections (Ai), their depth (li) and 
the relative position of R with respect to An (=A4 here, compare figure 2). The factors 
thickness/chord for the different cross-sections can be defined in the 3d module. For our 
wing these factors are all equal to 11%. 

At the fuselage the profile is treated in a different way. The enlargement of the relative 
thickness with respect to the previous section is only done in the lower part (see figure 1). 
Between the wing and the blend to the mounting unit a cylindrical continuation can be 
added (see figure 3). The mounting unit is given by top and front view and some 
rounding values. From the fillet only the top view is given. To avoid gaps, the fillet is not 
computed as a trimmed surface. For this reason the B-spline representing the cross-
section at the fuselage has to be split up into five parts. This is done by knot insertion. 
The fillet and the mounting unit is computed as one block. Figure 4 is an unconstrained 

Figure 2. Top view of the multi-parted back-swept wing 



plot of the control points of the upper and lower surface of the fillet and figure 5 shows 
the final result. In the next sections we will give more details on these computations. 
The sensors and cables have to be placed inside the wing.  
The necessary thickness of the aerofoil is roughly known from stress and 
eigenfrequencies computations (FE shell model considering webs) and is of variable size. 
Therefore a variable inner offset surface of the wing was computed. All detail 
constructions for the inner equipment have to remain inside this surface. 
 
Approximation and fairing of the profile 
 
We assume that the profile is given by a (planar) cloud of points (xi). If these points are 
not sorted, the sorting is done first. For the parameterization we then compute the chord 
length knot spacing of the corresponding curve x(t). Note that this is the CAGD meaning 
of chord length. The chord length gives us an initial guess of the parameter values ti for 
xi. If the curve has to pass through special points, e.g. start point, nose and end point, the 
user will have to specify them now. For the approximation process we place very heavy 
weights on these points. Thus we avoid to deal explicitly with constraints. The knots 

Figure 3. Top and front view of mounting unit with continuation 



corresponding to such points will not be removed or modified in the following process. 
They are called fixed knots and the other ones are called free knots. 
 

Figure 4. Unconstrained plot of upper and lower surface of the fillet 

Figure 5. Final result 



The wanted tolerance � (maximum distance between given points and final curve) is split 
into � = �1 + �2, where �1 is the tolerance for the approximation and �2 for the fairing. In 
the next step free knots are removed and redistributed in an outer loop. In an inner loop 
we solve the least squares problem 
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and re-compute the optimal parameter values ti. The outer loop is stopped, when 
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Then the former solution has the minimal number of control points, still fulfills the 
constraints and has the required accuracy. At this stage we can adjust the curve to given 
tangents. If we freeze the knot vector and the norm of the velocity at the points were 
tangents are given, this will yield a linear condition. We compute the solution with 
minimal variation of the control points. Afterwards the error tolerance is checked again 
and knots are inserted if necessary. 
Before we start the process of fairing, we define the control points corresponding to 
positions of our constraints as fixed ones. Additionally, all the following algorithms will 
not change the knot vector. For fairing we use a slightly modified version of the 
algorithm presented in [7]. The movement of the control points is restricted by �2. Thus, 
due to the variation diminishing property of B-splines the curve cannot move farther than 
�2. Therefore the overall difference between the xi and the final curve is less than �1+�2=�. 
In a last step we compute the exact thickness of the spline. If it is different from the 
desired one we compute the misalignment factor and use it for scaling the y-components 
of the control points. 
Computing the fillets as one patch we need B-spline approximations of circle segments. 
These can be computed by the method described above. 
As we have already mentioned the enlargement of the relative thickness earlier at the 
fuselage - with respect to the previous section - is only done in the lower part of the 
profile. In our case this factor changes from 11% to 15%. Due to the BAC-11 profile this 
means that the lower part is scaled with a factor of about 1.9. This results in a jump of the 
curvature of exactly that factor. Therefore we have to do some special fairing steps to get 
a smooth GC2 curve at the nose. The results have already been shown in figure 1. 
To validate the theoretical results, a smaller 2½d model was manufactured and tested in 
the wind tunnel of the DLR in Göttingen. It has the same shape as the 11% profile of 
figure 1 and is a cylindrical wing with chord length 150 mm and wing span 500 mm. The 
positions of the pressure sensors are shown in figure 6. It is a cut parallel to the y-z-plane. 
The x-values are shifted a little bit from sensor to sensor to create enough room for the 
required equipment, sensors and cables. The results from the wind tunnel readings match 
those of the numerical simulation completely. 
 
 
 
 



 
Transformations into 3d space 
 
Up to now we have only described 2d operations. Since we fixed the knot vector at the 
right moment this is the key to an easy representation of airfoils. Due to the just 
mentioned facts, we a one to one correspondence between the different cross-sections and 
can easily construct the wing parts as ruled surfaces. The faired profiles will be scaled 
and placed at the right position in 3d space. The coordinates for this were taken from the 
2d sketch. Through this the multi-parted back-swept wing is given by a B-spline surface 
of order 2×n . In our case n normally is 4 and we have piecewise polynomials of degree 
3 and 1 respectively. All parts of the wing are ruled surfaces. With the exception of the 
lower part of the patch near the fuselage all surface parts are conics. The rounded tip is 
given by the relative position of R to An (compare figure 2) and the following 
construction. We want to achieve GC1-continuity at the crossing from wing to tip. As 
first row of control points we take the outer ones of the aerofoil. Since the wing consists 
of ruled parts, we elongate the outer ones on a straight line. Choosing the second row of 
control points on this lines GC1-continuity is guaranteed. To achieve the desired 
properties with a minimal amount of control points we build a 3×n  B-spline-Bézier 
surface. All control points of the second row are placed at the wing span width given by 
R. For the third and last row we first project the points of the second one into the x-y-
plane. Then we compress them by an equal factor to get the chord length given by R. The 
surface defined by this procedure is a GC1 continuation of the wing. It is well suited for 
manufacturing, but for grid generation it has to be re-parameterized. 
The construction of GC1-continuity for the fillet is a little bit more difficult. By knot 
insertion we split the profile spline of the wing into 5 parts. The partitions number 2 and 
4 – the last one in inverted order - are the boundary curves of our fillet. Now we can 
apply the formulas from [8] to achieve the wanted properties. We have still one degree of 
freedom left for the second row of control points. This can be used to design a more or 
less rapid change from the wing to the inclined part. The same is due at the transition to 
the mounting unit. A possible result for the control points is shown in figure 4. 

Figure 6. Sensor positions in the2½d model 



To reduce the influence from the wind tunnel wall as much as possible a simplified half 
of a fuselage was designed. Again we use spline techniques and have several parameters 
to change its shape. The main idea is as follows. We compute a periodic elliptical GC2 
surface. From now on we act on the control points and do not disturb the GC2 continuity 
at the periodic boundaries. A stretching function (x-depending) is applied to the back part 

and a straight layer can be inserted. Here the knot vector has to be carefully adjusted. 
Since all these operations act on control points, we end up with an overall GC2 surface. A 
top view of it and the previously defined configuration is shown in figure 7. 

Figure 7. Top view of the overall configuration 



Again an inner offset surface has to be computed for further detailed construction and 
manufacturing. 
 
Conclusion 
 
We have presented some algorithms for the generation of airplane wings and other 
surfaces needed especially for wind tunnel readings. We have started with a point cloud 
of a profile and some easy 2d sketches. The rest of computation is fully automatic and 
can be controlled by several design parameters. One configuration has already been 
manufactured and was used for wind tunnel readings in Göttingen. Another one is 
currently being manufactured and will be used in the ETW in Cologne. 
Additional features like dihedral angles, intersection and blending at the fuselage and re-
parameterization for grid generation have also been implemented but were not included 
in this paper.  
In the future we want to encapsulate the different parts and add an overall graphical user 
interface. 
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