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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

It is by now standard practice at Boeing to design
basic aerodynamic surfaces such as the wings, engine
nacelles and fuselage using computational fluid
dynamics (CFD). CFD is a process in which a
computer simulates the flow of air over the aircraft,
rather than relying on expensive wind tunnel and
flight tests to determine performance.

It is less common and often more difficult to use
CFD to analyze more geometrically complex parts of
the airplane, such as high lift systems (flaps and
slats), engine compartments, and auxiliary power
units, for example. Paradoxically, the success of CFD
in designing major components has eliminated many
of the experiments that previously provided a
"piggyback" opportunity to test these complicated
devices. Consequently, we now need to compute
airflows around and through systems which are
distinguished by very complex geometry and flow
patterns. A prime example involves predicting the
behavior of the efflux from engine thrust reversers.

Thrust Reverser Design Considerations
A typical commercial airplane deploys its thrust
reversers briefly after touch-down. A piece of engine
cowling translates aft and blocker doors drop down,
directing the engine airflow into a honeycomb
structure called a cascade. The cascade directs the
flow forward, which acts to slow the aircraft and
decrease lift for more effective braking. 
There are some critical design considerations in

properly directing the reversed flow. The reverser is
used precisely at the time when high lift devices-
wing leading and trailing edge flaps and slats-are
fully deployed. Consequently, the plumes of hot
exhaust must be directed so as not to impinge on
these devices. In addition, the plumes should not hit
the fuselage or other parts of the aircraft, because
repeated heating and cooling of these surfaces could
cause premature fatigue. Other effects to avoid are
reingestion, in which the reversed plume reenters the
engine inlet, engine ingestion of debris blown up
from the runway, and plume envelopment of the
vertical tail, which affects directional control. To
avoid these effects, it's important for designers to
know exactly where the exhaust  plumes go.
Furthermore, this knowledge is needed early in the
design cycle, because it affects such basic decisions
as the placement of the engine on the wing.

Applying CFD
Boeing's Commercial Airplanes' Enabling
Technology & Research group has developed a
computer simulation that provides an early look at
thrust reverser exhaust plumes. This enables the
designers to be sure the reverser cascades properly
and directs the reverse flow. 

Boeing maintains a large number of CFD computer
codes. Many were developed by either Boeing or
NASA and can very accurately predict the
performance of major aerodynamic components such
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as the wings and engine nacelles. Some of the fastest
and most accurate CFD codes can, however, be
somewhat difficult to apply to geometrically
complicated situations because they require the
creation of a highly structured subdivision, or grid, of
cells in the space surrounding the device. 

Not only is the thrust reverser geometrically
complex, but the design objective is different; the
reverser operates briefly and its efficiency is not an
issue. What is wanted is a general look at where the
plumes go, and the analysis will not have to be run a
great many times.

Another type of grid, called an unstructured mesh,
subdivides space in a more general way. This
approach can significantly reduce the time required to
set up a problem, sometimes from weeks to days, but
requires a different type of CFD program, or flow

solver.  Boeing is actively developing such programs
internally, but for this analysis, we chose the
FLUENT package from Fluent Inc., a private
software development firm. Boeing often uses
commercial off the shelf (COTS) software where
available, reserving its in-house development efforts
for specialized software specific to aerospace
problems. Because unstructured mesh codes are now
used for many different applications in many
industries, such as the auto industry, there are a
number of commercial software houses offering
relatively mature products of this type. Fluent was
chosen because of our familiarity with the product.  It
was already in widespread use at Boeing for other
geometrically complex problems, such as cooling
flows in engine compartments and dispersion of fire
suppression chemicals. 


