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Overview 
 

This document is provided to provide an explanation of what is meant by an airtight geometry 
and how to ensure its use in NASCART-GT.  In some cases, proper use is affected by how 
symmetry parameters in NASCART-GT are used. 

 

An airtight  geometry (also called a watertight  geometry) is one which is fully enclosed and has 
no holes in it.  If a body is airtight, no air or water could flow to the inside of the body. 

 

NASCART-GT requires that the user provide single or multiple geometries which are 
airtight and then it will compute the flowfield on the outside of each of the bodies.  The user 
specifies a single geometry to be computed using a bodyin.dat file or multiple bodies using 
bodyinall.dat and additional files.  The format of these files is described on the code’s web site.  
The geometry (or geometries) provided by the user is called the “original surface”.  

When NASCART-GT does its grid generation, it finds the intersections of the “original surface” 
with the edges of the computational cells.  The collection of these intersections makes up the 
“computational surface”.  The computational surface is a second approximate representation of 
the body to be computed. 

Airtightness is needed for two reasons… 

1) It helps ensures that the flow around a solid surface will be accurately represented. 
2) It ensures that computational cells will not be generated inside the body.  A vehicle’s 

aerodynamic properties are not affected by what’s going on inside the wing or airplane so 
there should be no computational cells (or flow computation) inside the body.  

 
Shown in Figure 1 below is an example of an X-34 geometry which appears to be fully airtight.  
From every angle at which you view this original body no holes are visible through which air 
could flow to the interior of the vehicle.  This geometry appears to satisfy the airtightness 
requirement and is ready for computation.  It is recommended that prior to computation, the user 
examine the original surface from every angle to ensure that it appears airtight. 
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Figure 1. X-34 aircraft body representation. 
 
Figure 2 shows a slice of the computational grid (at a constant x plane) around this vehicle.  If 
the visibility of the body is turned off (see picture on the right of Fig. 2) it becomes clear that 
there are no computational cells inside the body.  This is a sign of proper grid generation.  If 
there had been large enough holes in the original surface or in the computational surface then 
grid cells would have “flowed” inside the body and aerodynamics analysis would occur inside 
the vehicle too (which is not desired).  It is recommended that prior to computation, the user 
examine various grid slices (with and without the original surface visible) to ensure that 
computational cells do not fill the interior of the body. 
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Figure 2. X-34 aircraft body and constant x-plane grid slice.  Example of correct body 
specification and proper grid generation. 
 
Please note that when a planar slice of the Cartesian grid is displayed, the computational cells 
should appear as rectangles.  However, the Paraview visualization program (which was used for 
Figure 2 and the other grid images in this document) does not properly display the cells in the 
sliced grid planes as rectangles but instead shows them as triangles. 
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Symmetry 
 

Most bodies that the user is likely to be interested in computing are symmetric (e.g. the left side 
is a mirror image of the right side).  That is true for the X-34 vehicle shown above and most 
other aircraft.  In this case is very common to provide a geometric representation (i.e. “original 
surface”) of only one side of the vehicle so that the aerodynamic analysis can be performed on 
only one side of the vehicle.  If the body is symmetric and is at zero yaw then significant 
computational time can be saved by only computing one side of the vehicle. 

 

Note that if half of the body is to be computed, then the reference areas used in force and 
moment calculations must be scaled appropriately.  For example suppose the user wants to 
calculate lift coefficient in a zero yaw case for an entire aircraft and wants to use the planform 
area of the wing as the reference area.  Then the user can then just calculate half of the body 
using symmetry boundary conditions but must remember to set the reference area for this 
calculation (i.e. the “arearef” parameter in input.dat) to one-half of the wing planform area.  In 
this way, the lift coefficient for the half-body will be the same as the lift coefficient of the 
complete body. 

 

Shown below in Figure 3 is an example of a geometry representation that might be available for 
half of a vehicle. 

 

Figure 3. X-34 aircraft representation of right side of vehicle. 

 

However, this geometry is obviously not airtight as air (and computational cells) can flow into 
the gaping hole which is the missing left half of the vehicle.  Use of this (without proper 
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treatment in NASCART-GT) will result in computational cells improperly flowing to the inside 
of the aircraft as shown in Figure 4 below.  Flow would be computed on the inside and outside of 
the vehicle, the calculation of surface normal vectors would be in error, and the aerodynamic 
results would not be reliable. 

 

Figure 4. X-34 aircraft representation of left side of vehicle and constant x plane grid slice.  
Example of incorrect body specification leading to non-airtight geometry and improper grid. 

 

To treat this properly in NASCART-GT, it must be recognized that whether we plan to compute 
the flow on only one side of the vehicle or compute the flow on both sides of the vehicle, the 
user must FIRST describe an airtight geometry.  Either a whole (complete and airtight) 
geometry must be provided (see Fig. 1) OR the half-body must be provided and duplicated 
(using ibsym, jbsym and kbsym in NASCART) to make the body whole (complete and 
airtight). 

The parameteres ibsym, jbsym and kbsym are body symmetry parameters which tell 
NASCART-GT whether or not the body should be duplicated prior to grid generation and 
flow analysis.  The use of ibsym, jbsym and kbsym is described on the code’s web site.  
However, in the example above, suppose that we only have available to us a geometric 
representation of one side of the vehicle (e.g. Figure 3 above).  The x-y-z axes on the figure 
shows that the body should be symmetric about a z=constant plane.  Although it is not apparent 
in Figure 3, the origin of the x-y-z axes is actually at the nose of the aircraft and the vehicle is 
oriented so that the z=0 plane goes along the centerline of the aircraft.  Thus, in input.dat the user 
should set kbsym to 1 to tell the code to duplicate the body about the z=0 plane.  Once that is 
done, we will have a complete and airtight representation of the vehicle needed for analysis as 
shown in Figure 5. 
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Figure 5. X-34 aircraft body obtained by providing ½ of body and using kbsym=1 to duplicate.  
Also shown is a constant x-plane grid slice.  Example of correct body specification and proper 
grid generation. 

 

The flow symmetry parameteres isymin, isymax, jsymin, jsymax, ksymin, and ksymax tell 
NASCART-GT whether or not to apply symmetry boundary conditions so that only ½ or ¼ 
of the flow region should be computed.  If these symmetry parameters are used (i.e. set to non 
zero values) then the parameters xsymin, xsymax, ysymin, ysymax, zsymin and zsymax are also 
used to specify the location of the planes on which to apply symmetry boundary conditions.  The 
use of of these parameters is described on the code’s web site.  However, in the example above, 
suppose that we only want to compute the flow on the left half of the X-34.  In input.dat, the user 
should set ksymin=1 to tell the code to apply symmetry boundary conditions (instead of far-field 
boundary conditions) at the minimum z-location in the computational domain.  We also set 
zsymin=0.0 to tell the code to make the z=0 plane the minimum z-location in the computational 
domain (since z=0 is the centerline of the aircraft). 

In summary for this example, if we only have a geometry representation of half the body and 
want to do a flow calculation on only one side, then you must make the body whole (instead of 
half) by setting kbsym=1 and also tell the solver which side you want to compute by setting 
ksymin=1 and zsymin=0.0.  The resulting geometry and grid for correct implementation of this is 
shown in Figurre 6 below.  It should be noted that although the body was made whole prior to 
grid generation (by using kbsym=1) only half of the body is actually visible in these images.  
This is because the visualization only shows the part of the region that the user has specified for 
actual flow computation.  Since ksymin=1 and zsymin=0.0 were used, only the part of space to 
the RIGHT of z=0 is actually displayed in Figure 6.  Note that unlike the improper setup shown 
in Figure 4, Figure 6 shows a grid in which computational cells have not filled the interior of the 
body.  With the setup in Figure 6, only the left side of the body in the region outside the body 
will be computed as desired. 
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Figure 6. X-34 aircraft obtained by providing ½ of body, using kbsym=1 to duplicate, and 
enforcing flow symmetry with ksymin=1.  Also shown is a constant x-plane grid slice.  Example 
of correct body specification and proper grid generation for symmetric calculation. 
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Alternate Symmetry Approach 
As described above, even if only half of the body is to be computed the geometry must be 
airtight.  A half-body can be made whole using ibsym, jbsym, and kbsym as described above. If 
the user does not want to use the build in capability of NASCART-GT to close the body with 
ibsym, jbsym or kbsym, an alternate approach is also possible through additional use of a CAD 
package prior. The user could provide to NASCART-GT a half body in which he/she has used a 
CAD package to close off the body with a flat surface at the symmetry plane.  An example of 
this is shown in Figure 7 below. 

 

 
Figure 7. One-half of a Reusable Launch Vehicle with body closed off at symmetry plane by a 
flat surface.  Figure uses kbsym=0 and ksymin=0.  Example of airtight body and grid generation. 
 
Notice that the body is indeed now airtight (even with ibsym=jbsym=kbsym=0) and can be used 
in flow computation.  In Figure 7, computational cells do not fill the interior of the body.  For the 
case above, the user would also want to use jsymin=1 so that only the right side of the vehicle 
and flow region would be computed for a symmetric calculation. (The figure above shows the 
result for ksymin=0).  Although this approach would work, it is not the recommended approach 
for converting a half-body to an airtight geometry in NASCART-GT.  It is best not to have an 
artificial surface along the centerline of the vehicle. 
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Small Holes in Geometries 
It is important that the user provide a high quality an accurate, airtight representation of the 
geometry to be computed.  Visual inspection of the original geometry is very important but 
unfortunately in a few cases, geometries that “appear” to be airtight are not.  If the holes in the 
original body are sufficiently small then they may be difficult to visualize graphically yet 
still cause problems.  If a surface geometry is made up of triangular panels, then each panel 
should exactly share edges with three neighboring triangles.  In Figure 8, Panel 2 does not 
perfectly match up with Panel 5.   

 

Figure 8.  Surface triangularization showing a gap in the original body. 

 

 

Figure 9.  Cartesian computational cell. 
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If the size of this gap is small, say 1x10-4 or even smaller, then the error may be imperceptible in 
visualization.  However, when NASCART-GT does its grid generation, it finds the intersections 
of the “original surface” with the edges of the computational cells (Figure 9).  The collection of 
these intersections makes up the “computational surface”.  If the small gap in the original surface 
just so happens to be at an edge of the Cartesian computational cell, then the computational 
surface will be missing an intersection.  If an intersection point is missed, then the panels that 
make up the computational body will be incomplete.  In this case, holes will appear in the 
computational surface and these holes will often be larger than the holes in the original surface. 

An example of such holes in the computational surface is shown in Figure 10.  In this case, a 
body was provided to NASCART-GT which contained imperfections due to holes and overlap of 
some surface triangular panels.  Use of this type of original surface results in a computational 
surface with holes. 

 

 

Figure 10. Computational surface with holes near vehicle nose caused by imperfections (i.e. non 
airtighness) in the original body.  Also shown in x=constant slice of computational grid. 
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It should be noted that in this example (see Fig. 10), these holes in the computational surface 
were not large enough to cause grid cells to flow into the interior of the vehicle.  Since these 
holes are a very small percentage of the overall surface area and the interior of the geometry did 
not grid, it is possible that the resulting flow solution might be only minimally impacted by these 
defects.  Nonetheless, it is recommended that the user provide a better, airtight original body to 
prevent this problem and provide a more accurate analysis. 

 

In some cases, the impact of the original body imperfections on the computational body can be 
limited by modifying the “small” parameter in input.dat.  The “small” parameter is a tolerance 
that says that if the normalized distance between any two points is less than this value, then 
consider the two points to be at the same location.  NASCART-GT has been tested on a wide 
variety of configurations and body sizes and a value of 1x10-6 is recommended in virtually all 
cases with airtight original surfaces.  This value is rarely changed.  However, if the original body 
has imperfections, then it might be helpful to try other values  of small to reduce the size and 
number of resulting holes in the computational surface. 

 

To see why trying other values of small can be helpful in this case, consider again Figure 8.  The 
hole in the original surface grid occurs because the upper right corner of Panel 2 is not at the 
same location as the upper corner in Panel 5.  However, if the distance between the two points is 
less than “small”, than NASCART-GT will consider the two points as being at the same location. 
Thus, NASCART-GT will not perceive a hole in the original surface.  For the example shown in 
Figure 10, increasing “small” to 5x10-6 was found to eliminate the holes in the computational 
surface and improved flow calculation can be achieved. 

 

Two things should be noted here though.  Firstly, if the user sets “small” to a value that it too 
high, then successful grid generation can not occur.  If “small” is too large, then some of the 
edges of surface triangles will be interpreted as having zero length because the distance between 
the nodes of that edge will be smaller than “small”.  NASCART-GT will then tell the user 
through wanrings and errors that the original geomety has flawed panels. 

Secondly, it should be reiterated that the best solution to the problem is for the user to provide an 
airtight geometry as the original surface and this can easily be done with proper user of one of a 
variety CAD packages or surface grid generation programs.  Such an approach is prefereable to 
trying different “small” values in an attempt to fix a pre-existing problem with the geometry 
provided to NASCART-GT. 
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Diagnosis of Airtightness 
 

Because, small holes and panel overlaps can somestimes be diffcult to see, beginning with code 
releases scheduled for August, 2009, NASCART-GT has been modified to analyze whether the 
original body supplied to the code is airtight.  If holes in the original body or panel overlaps in 
the original body are detected of a size greater than “small” then warning messages will be 
provided to the user. 

The airtightness analysis is performed just after the bodynext.dat file is either generated or read-
in.  At that point the user will see 

“Checking for airtighness of original body...” 

If the body is airtight, then the grid generation will continue as usual. 

If defects in the original body are detected, then NASCART-GT will provide warnings informing 
the user of the existence and location of these defects in the original body.  An example of these 
warnings is shown below: 

 

 Problem with original body panel no.       188096 

    This panel does not perfectly match enough neighbors. 

    Node locations are of this panel are: 

             x              y              z 

         18.79262     -0.8482685     -0.7494709 

         18.79269     -0.8508999     -0.7190974 

         18.78838     -0.8508999     -0.7184190 

         18.78838     -0.8494329     -0.7496203 

    Nearest panel no. are       101777      188080      188095      188094 

    All panel numbers and coordinates are shown in bodyinc.dat 

    To be airtight... 

       Triangles must perfectly share a face with 3 neighbors 

       Quads must perfectly share a face with 4 neighbors 
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 Warning:          484  non-airtight locations observed in the 

 original body that user has provided 

 To fix this problem user should... 

       1) Check to make sure use of ibsym, jbsym and kbsym 

          will yield airtight geometry. If only half the body is 

          provided then ibsym,jbsym,kbsym must be specified to 

          make the body whole. 

       2) Examine original body near locations shown above and 

          repair as needed to ensure that it is airtight. 

       3) Test other values of "small" to try to appropriately 

          ignore imperfections in the original body. 

 

 Proceed anyway so that user may use the imperfect geometry? 

    Enter 1=yes or 2=no(quit & close window) 

 

 


