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J O U R N A L A R T I C L E S  B Y F L U E N T S O F T W A R E  U S E R S

In what is thought to be a first for the British
aerospace industry, a new concept in military aircraft
design is being used to draw up plans for the latest
combat helicopter.  Westland, Britain's largest
military helicopter manufacturer, is to utilize the
power of Computational Fluid Dynamics (CFD)
simulation software to
help it develop a new
aircraft.  While this in
itself is not unusual,
what is unique is that
they intend to rely on
CFD to implement a
'virtual' approach in the
earlier design stages of
the project in a way
never previously seen.  

First, CFD simulations
are to be used to help
isolate design
candidates for further
development work.  Following on from that, the
potential design candidates, and the aerodynamic
forces they incur, are to be fed directly into a Flight
Dynamics Simulator (FDS) to examine the dynamics
of the aircraft during given maneuvers.  The resulting
flight simulations will show if the helicopter's
capability to fly under the original flight conditions
has been enhanced.  

CFD works by allowing the user to investigate and
analyze the impact of design variations on fluid flow.
The first step in using the software is to create a
geometry.  Then the geometric volume is discretized
into cells called a mesh.  This is then read into the
CFD solver software, where the appropriate

boundary conditions
and physical
characteristics such as
wind speed and air
density are set to
define the analysis to
be undertaken.  Within
each cell of the mesh,
the numerical
equations that govern
fluid flow are solved
iteratively until an
overall solution is
arrived at.  The flow
patterns can then be
visualized and forces

recorded straight from the CFD software.  

This use of CFD technology has revealed significant
and unexpected force and airflow behavior.   For
example, in the past, when studying force and
moment histories, the aircraft was examined as a
whole through wind tunnel testing.  In contrast, CFD
has allowed the collection of data at discrete sections
along the aircraft. Having validated the overall force
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Figure 1:  Surface mesh on the helicopter
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and moment histories attained from CFD using wind
tunnel validation data, a closer examination of the
pressure and flowfield data derived from the CFD
models revealed widely varying forces along the
helicopter's length. This information has given a new
insight into the airloads, and has impact not only on
the aerodynamic design but also on the structural
design of the aircraft.  

In another example, CFD has enabled Westland to
seed the airflow with massless particles, thus
allowing them to visualize flow pathlines and study
the complex interactions between airflows around
individual components and how this impacts on the
flow around the entire aircraft.   Contrary to
expectations, CFD predicted that the aerodynamic
forces on the sponsons that support the undercarriage,
were asymmetric under specific flight conditions.
Flow pathlines were used to visualize the wake flow
from the FLIR at the nose of the helicopter, across
the sponsons.  From this it was found that that the
wake flow from the forward-looking infrared (FLIR)
would predominantly flow either down one side
or the other of the fuselage, making the forces
uneven on the two sponsons.  Furthermore, the
CFD models showed it was the flow from far
downstream at the tail fins and planes that
determined the direction of the wake flow at the
FLIR.  The magnitude of this effect had not
been fully realized prior to the CFD simulation
results.

The use of CFD is allowing Westland to test
helicopter design performance towards the extremes
of operation.  To do this, over 200 simulations of the
helicopter are being conducted covering an expansive
range of flight conditions.  An entire alpha
(incidence) and beta (sideslip) sweep is being
executed, calculated at a number of intervals between
-45 and +45 degrees.  The simulations are being run
sequentially with the results from one simulation
being used to start the next.  This automated
approach generates an unprecedented amount of data
in a short and efficient time frame.  The very high
angles of incidence and sideslip, which cannot easily
be tested in a wind tunnel due to restrictions on
space, are also being investigated.  The results
generated are then used to predict the performance of
the helicopter design under a variety of conditions.

Simulations can be run under conditions of extreme
wind speed and temperature.

While the CFD simulation can determine the effects
on an aircraft of such variables, it cannot predict the
impact as experienced by the pilot.  This is where the
FDS comes to the fore.  The data collated in the CFD
simulations is fed into the FDS and a flight
simulation is run.  The helicopter's fuselage is split up
into a number of components along its length. For
each component the force and moments are written
out and transformed into functions, which represent a
force or moment versus alpha or beta position.   

This will allow a level of testing previously
impossible.  Beforehand, realistic testing at the
extremes of the flight envelopes first had to be
attempted in a wind tunnel, which could only provide
limited information.  Subsequently, an actual
prototype would be built and flown by an
experienced test pilot.  Considerations of pilot safety
inevitably impose restraints on this process.

However, in the virtual world created in the CFD
simulation, these restrictions are negated allowing a
design to be comprehensively tested to its limits and
beyond, replacing an element of extrapolation  with
reliable predictions and data.

The implications of the testing Westland has initiated
are significant.  The above examples take a snapshot
of the fluid dynamics at work.  However, the very
latest dynamic mesh CFD technology allows not only
a snapshot but an actual real-time analysis of fluid
dynamics to be undertaken.  It is possible to take a
helicopter design through a real-time flight maneuver
and to run a number of simulations representing
possible conditions.  This can allow for thorough
testing which takes account of localized transient
phenomenon.  The dynamic meshing capability also
gives the user the ability to simulate the efficacy of

Figure 2:  Surface pressure on the helicopter
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weapon deployment while an aircraft is operating
under those conditions.  An example of this is store
separation of missiles.  At high speeds there is a real
danger of a released missile colliding with the
exterior of the aircraft.  The ability to model a
moving store enables design modifications to help
avoid this occurrence and ensure the payload is
delivered to the chosen target accurately.  

Westland's pioneering 'virtual' CFD approach will
reduce the use of wind tunnel testing in the initial
phase of the design cycle, bringing  cost and
timescale benefits but also reducing technical risk.   

CFD can offer convenience in data processing and
insights into flow behavior not available from wind
tunnel testing, but it can also allow the generation of
design data for flight conditions difficult to test in a
wind tunnel.  It is difficult, for example, to test an
aircraft at the extremes of the flight angle range in the
restricted space of a wind tunnel.  Furthermore,
analysis of small variations in design require
adjustments to the model being tested, which is time
consuming and in many cases impractical.  While
wind tunnel testing remains an important
experimental method in design exploration and
validation, and currently the only reliable method of
solving some unsteady flow problems, there is a great
benefit in reducing the reliance more usually placed
upon its use. 

In contrast, CFD can show the effects of multiple
variations in design and operating conditions, no
matter how small, relatively quickly.  The analysis
can be conducted wherever there is a desktop
computer, with the processing of the solution being
fully automated; meaning the necessary involvement
of an engineer is kept to a minimum.  Furthermore,
the results of design changes can be easily visualized
through a range of 3D models with factors such as
pressure, velocity vectors, and temperature able to be
examined in detail.  This approach gives flexibility
and speed in the interrogation of a design, and
minimizes the need for physical experimentation
leading to greatly reduced costs and reduced
technical risks.    

The use of sophisticated CFD simulation and
analysis software now means the expansion of the
profiles and capabilities of modern combat
helicopters is within technological reach.  The
complete virtual environments being created to test
helicopter designs in a safe and cost effective
manner, offers better designs and improved chances
of survival in the field of combat.


