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Computer Simulation Allows
Windshield Washer Nozzle
Manufacturer to Optimize Designs
for Moving-Vehicle Conditions

By Fred Heil

Research Engineer

Bowles Fluidics Corporation
Columbia, Maryland

Computer simulation is giving Bowles Fluidics
Corporation a competitive edge by allowing
engineers to optimize the performance of all new
windshield washer nozzles under moving-vehicle
conditions. In the past, Bowles could optimize the
cleaning performance of their washer nozzles under
static conditions using early test bucks and surrogate
vehicles, but had to wait until early prototype
vehiclesto test the cleaning performance under the
moving vehicle conditions. Using computational
fluid dynamics (CFD) software to ssmulate vehicle
aerodynamics and washer spray dynamics

characteristics. The major application for these
devices has been in the automobile industry as
defroster and washer nozzles for windshields, back
windows and headlamps. Benefits of a fluidic washer
nozzle include better distribution of water on the
windshield. The company's fluidic nozzle produces
an oscillating jet that breaks up into an
aerodynamically resistant spray composed of
relatively large droplets. This unique spray spreads
the washer fluid on the windshield for enhanced and
efficient cleaning. Beginning with its first windshield
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Figure 1: A generic automobile body grid
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washer application in the 1979 Ford Mustang, the
company has progressed to the point that the majority
of light vehicles produced by Genera Motors, Ford
and the Jeep Division of Chrysler contain its washer
nozzles. Today Bowles Fluidics produces over 20
million washer nozzles annually and has 149
employees.

By law, good

windshield cleaning

performanceis

required under both

stationary and

moving vehicle

conditions. Under

stationary, or static,

conditions and at

vehicle speeds up to

40 mph, good

cleaning performance

is obtained by proper

aiming of the spray

nozzles and good wiper blade contact with the glass
surface. However, as the vehicle speed increases
beyond 60 mph, aerodynamic forces become
significant, affecting the spray trajectory, the flow of
the washer liquid on the windshield, and the load
distribution on the wiper arms. The observable effect
of high vehicle speeds on the washer spray isthat the
droplets from the spray are deposited at alower
height on the windshield compared to its static aim.
The spray width also decreases at high speeds
resulting in areduced distribution of liquid on the
windshield. In addition, the liquid deposited on the
windshield is rapidly transported over the vehicle
roof and around the windshield by the air flow across
the vehicle, decreasing the amount of fluid available
for cleaning the windshield.

Engineers at Bowles Fluidics have always been
aware of the aerodynamic effects on the windshield
washer sprays, but have had to resort to test track and
highway testing on surrogate vehicles to evaluate the
washer nozzle performance and highway speeds.
Testing consisted of videotaping the windshield while
driving and then observing the spray pattern of the
washer fluid at different speeds. Performing these
road tests was often subject to weather variations,
affected by highway traffic, and very costly. Even

after the road tests were performed, the tests were
hard to evaluate because of background images on
the tape and the difficulty in establishing the precise
spray pattern on the windshield surface. Often
Bowles engineers and the vehicle manufacturer
would have to resort to even more costly testing on
early prototype vehiclesin wind tunnels large enough
to take the entire vehicle, so the necessary dynamic
performance for the
vehicle could be
evaluated.

Failure to get accurate
and reliable washer
nozzle performance
under moving-vehicle
conditions could result
in a production
vehicle with
Inadequate windshield
cleaning performance
at highway driving
Speeds and customer complaints. Poor high speed
cleaning performance could also result in expensive
vehicle rework and costly tooling changes for the
vehicle manufacturer.

CFD at Bowles Fluidics

The search for an alternative to road testing led
Bowles engineersto consider CFD. CFD analyses
can provide detailed fluid flow predictions around
complex surface geometries. As part of the analysis,
adesigner may change the geometry of the model or
arelevant parameter such as vehicle speed, and view
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