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Fast,effective sail and mast design
Quality Engineering & Software Technologies
(QuEST) is a leading provider of consulting services
in Computer Aided Engineering, Design and
Manufacturing in the area of turbo machinery,
power generation, aircraft engines and
automotive systems to industry leaders
worldwide.

QuEST Global CFD Services offer
professional, cost-effective simulation
and analysis of industry-specific fluid
flow and heat transfer problems.

To showcase our CFD expertise to
one of our clients, we undertook a
project involving the wind tunnel
simulation over a high speed TGV train.
As the speed of a train increases, the
aerodynamic-related issues facing the
designers also increase. These include minimizing
coach oscillation and form drag, as well as
enhancing passenger safety, comfort and train
stability at these high speeds. Computational
analysis is less costly than wind tunnel testing and

by Kai Graf and Eric Wolf, University of Applied Science Kiel,
Yacht Research Unit, Germany

Designers of high performance yachts
regard CFD as a valuable tool in the
design stage of yachts, especially when
competing in races such as the America’s
Cup or the Volvo Ocean Race.At the
Institute of Naval Architecture, University
of Applied Science Kiel, we have been
using CFX-5 to investigate the flow
around mast and sails, focusing on flow
separation phenomena and it's impact on
sail performance.

While modelling the flow around a
downwind sailset with mainsail and
gennaker is relatively straight forward, the
simulation of flow around upwind sailsets
can be challenging, especially if
accounting for local flow separation
behind mast.

CFX AIDS IN THE DEVELOPMENT OF
A UNIQUE WIND TUNNEL
by Trevor Bender, Aiolos Engineering Corporation, Canada

Rail Test and Research, GmbH, of Vienna, Austria,
commissioned Aiolos Engineering (a company
specializing in the design of test facilities such as
wind tunnels and climate chambers) and three
partner companies, to design and build two climatic
wind tunnels for testing full-scale trains. The
facilities, which are now constructed and in use, are
capable of producing air temperatures ranging from
–50 to +60 ˚C, wind speeds of up to 250 km/h, the
full humidity range, simulation of the sun and the
simulation of rain, freezing rain and snow.

The two wind tunnels are nearly identical; the
major difference is the length of their test sections,
which are 100m and 30m long. For economic
reasons, the dimensions at the beginning of the test
sections were limited to 4.9m wide and 5.9m high.
With a train in-place and flow blockages as high as
58%, the resulting flow geometry can be simplified
to a 3-sided annulus. The frictional effects
(boundary layer growth) over the extremely long
test section length can result in significant axial
velocity and static pressure variations, to the extent
that test fidelity would become questionable. The

provides the flexibility to analyze the flow over the
train at varying conditions.

CFX was an automatic choice because of its
user friendliness and robust solver. As a first step, a

generic geometry model in AutoCAD™
of a TGV class high-speed train set
consisting of an engine and a coach
was imported into Unigraphics™ for
cleanup and further work. The model
was scaled appropriately. Half of a
coach was added to the train set to
provide sufficient downstream
distance for the flow to develop. Only
one symmetric half was modeled to
reduce the CFD model size.

From a fluid dynamics point of
view, a numerical wind tunnel

simulation is a fair approach to provide the general
structure of the flow over the train. A constant
velocity of 300 km/hr was specified at the inflow
plane. The outflow plane, side free stream plane
and the top free stream plane were set to pressure

boundary planes
with 0 Pa gauge
pressure. The numerical wind
tunnel setup represents a train traveling at 300
km/hr along a straight track on an open field.

The results obtained were consistent with
expectations, as shown in the static pressure
distribution on the frontal surface of the train and
the on the symmetry plane. The Co-efficient of
pressure (Cp) along the length of the train indicates
the variation.

The easy setup of the problem, the user-
friendly post processing and reliable results have
strengthened our confidence on CFX as one of the
leading CFD codes for industrial flow and heat
transfer analysis.

only economic method of controlling the axial
gradients was by imposing a fixed wall divergence
angle, so that the test section area increased in the
downstream direction. The question was by how
much and what were the influences of train size with
respect to the selection of the divergence angle?

Aiolos chose to undertake a comprehensive
CFD study and CFX was selected, in part because of
its strong meshing capabilities. CFX-5 can
automatically create an unstructured mesh,
simplifying an otherwise tedious step in the CFD
process, but still gives a lot of control over the final
mesh distribution and quality. The prismatic inflation
capability is of particular note, as it aids in the
capture of the high velocity gradient and shear
effects at the walls, without having to use a
prohibitively fine mesh of tetrahedral elements or
resorting to a hexahedral-meshing tool.

The test section geometries were modeled
inside CFX-Build and several different train models
were imported, including an ICE-3 high-speed train
supplied by Siemens GmbH. In addition to predicting
the airflow for several wall divergence angles and

SPEEDING ITS WAY TO RELIABILITY

by K. V. Manikandan, Srinivasa Rao, Veerabathraswamy K and Joseph K-W Lam,
Quality Engineering & Software Technologies, India

train geometries,
Reynolds number effects
and wall roughness variations were
also examined. From the myriad of simulations, a
reasonable trade-off between the axial static
pressure and velocity gradients was determined and
a final wall divergence angle was selected.

The advantage of using CFD for this project was
that entire flow field was available for interrogation,
something that would be much more difficult if an
experimental study had been undertaken. CFX-5 was
key to the success of the project; its pre- and post-
processors allowed for quick changes to geometry
and flow parameters and easy interpretation of the
predicted results.

Numerical mesh of tetrahedral and prism elements.
The seven layers of thin prism elements show 
up as a dark line at the edge of the surfaces.

CFX-predicted centerline
velocity vectors and train
surface pressures over a
specified train geometry.

Static pressure distribution on the
front surface of the train.

Static pressure distribution
on the symmetry plane.

CFX analysis using streaklines
to show pressure.

Typically, a mast has a height 50 to 60
times its diameter.To optimise the mast
profile and envelope, we must model the
mast geometry accurately. Using
tetrahedral/prism grids leads to a large
number of surface triangles and a
correspondingly large number of
tetrahedral grid cells. Hexahedral grids are
more efficient here but the model
becomes quite complex if a full sailset

including mainsail, jib, mast and headstay
is to be simulated.As a remedy we made
use of CFX-5’s generalized grid interface
ability, using compound grids
of two or more grids stitched
together with nonmatching
grid interfaces.

An upwind sailset of an
IACC yacht was modelled
using two hexahedral grids in
close vicinity of the mast
with mainsail and jib with
headstay. A second test case
used hexahedral grid cells
only around the mast.The
farfield was modeled using

Separate grids were used for the sails and the mast, simplifying the
study of various mast configurations. 1 & 2 – CFX analysis of flow
around mast top. 3 – CFX analysis of flow around twisted mast top.

tetrahedral grid cells taking advantage of
simple generation methods.This worked
surprisingly well with only minor
influence of nonmatching interfaces on
convergence of the solver. CFX-5 results
showed good agreement with wind tunnel
measurements.

This approach simplified the
investigation of mast design alternatives
significantly.To study mast profile variants,
only the hexahedral grid around the mast
has to be regenerated. Results showed
strong influence of the separation bubble
on the lift-to-drag ratio of the mainsail.A
systematic variation of mast profile, profile
length and mast twist allowed us to
determine an optimized mast profile.

Results showed good agreement with wind tunnel measurements.

Using CFX’s generalized grid interface, hybrid grids could be
used to model the mast.

CFX analysis shows 
downwind flow separation 
around gennaker of IACC yacht.
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Left: Yacht geometry showing sails.

Right: To model the sails, two separate hex grids were created for the
sails along with a tet grid for the field.




