H_IGHT IESTING

* Laminar flow, propfdns and margmal stablhty are culhvatmg an array of new
instruments and techniques
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Laminar flow over advanced airframes,

the noise and vibration of propfan en-

gines, and marginal stability for agile con-
irol are pushing advancement of flight
testing methods faster than any driver of
that technolagy since the early "70s. That
was when digital technology multiplied
the number of measurements possible in
fight by a factor of 100,

Design and fabrication of a natural

laminar flow (NLI) wing lor the Cessna -

210 in 1986 accelerated incorporation of
{aminar flow into production aircraft and
development of flight test methods (o
maltch, Werner Pfenninger, senior
rescarch scientist al Analytical Services
and Materials (AS&M), Hampton, VA,
and Jeff X, Viken, a graduate student at
George Washington Univ., completed the
seminal desipn at NASA’s Langley
Research Center. After full scale wind
tunnel testing at the cenfer, Cessna fHght
tested the airgraft and found laminar flow
up to 70% chord. The resull was a tolal
aircraft™Yrag reduction of 20%. An ap-
proach Lo mass production of this aircraft
with NLF is expected within (wo years,

Viken, now working for Cirrus
Design, Baraboo, WI, since designed the
kit-built VK30, a four-place, composite
ajrerafl with an NLF wing and tail, and a
erulse flap for a design cruise speed of 250
mph. The aircraft is carrently undergoing
flisht tests.

Both qualitative and quantitative
measurements are needed to (est laminar
flow in flight. Bruce Halmes, chief of the
flight applications branch at the center,
and his associates in the branch hove

developed a qualitative tool consisting of
Haquid erystal eoatings (LCC). This is ex-
pected to replace conventional sublim-
ating chemicals used for testing the 2HYs
wing. Such chemicals can only display one
flow condition: during a flight because the
visual patlern once formed eannot
change, Bui LCCs—mixtures of varous
phenoy! benzoales—can respond continu-
ausly and thus show the location of the
boundary layver fransition point as it
moves during a lesi.

LCCs are sensitive to surface shear
and respond ta the higher stresses in (ur-
bulent flow by changing color, The tem-
perature sensitivity of the liquid crystals is
minimized by varying the LCC mixture,
whicl in turn varies the color play band-
width sa it responds anly to surface shear
stress. ‘This technigue {or visualizing flow
transition in flight is nonintrusive, reusa-
ble, robust, and easy to handie. 1t wili be
used on the branch's unique flight re-
search F-106 thal employs a vortex flap 0
trap the leading-edge vortex, The flap im-
proved the afrcrafl’s lift Lo drag ratio,

Quantitative pressure and vefocity
measuremenis must be nonintrusive 1o
avoid disturbing the flow. Multielement
flow sensors are one way 1o determine the
separation point and the extent of the sep-
aration hubble on laminar flow wings,
NASA-Langley’s fluid dynamics branch
and AS&M developed a particularly ingen-
ious technique using a multielement hot
film anemometer made by depositing
nickel, via electron beam evaporation,
onto a substrate. The sensor is about |
micron thick while the leads, also made by
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