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Abstract

Current understanding of the ice accretion process is
based largely on icing wind tunnel tests. Turbulent
fluctuations in the freestream, which are different in the
wind tunnel than in flight, have been identified as having
potentially important effects on the results of tests
performed in icing tunnels. The turbulence intensity level
in icing tunnels with the spray cloud turned off had been
previously measured and found to be quite high due to the
lack of turbulence reducing screens, and to the presence of
the spray system. However, the turbulence intensity level
in the presence of the spray cloud had not been measured.
In this study, a method for making such measurements was
developed and used to study the effects of the spray cloud
on the turbulence level in the NASA Lewis Icing Research
Tunnel (ERT). Turbulent velocity fluctuations were
measured using hot-wire sensors. Droplets striking the
wire resulted in distinct spikes in the hot-wire voltage
which were removed using a digital acceleration threshold
filter. The remaining data were used to calculate the
turbulence intensity. Using this method, the turbulence
intensity level in the IRT was found to be highly
dependent on nozzle air pressure, while other factors such
as nozzle water pressure, droplet size, and cloud liquid
water content had little effect.

Introduction

Wind tunnel testing has played and will continue to
play an important role in our attempt to understand the
physical processes behind ice accretion and its effects on
aircraft performance. While wind tunnel testing is an
invaluable tool, there will always be important differences
between the wind tunnel environment and that which an
aircraft sees in flight. For this reason, caution should
always be taken in applying test results, and attempts
should be made to identify these differences and assess

their influence on test results whenever possible. One
problem of particular importance, which has long been
recognized, is the turbulent fluctuations in wind tunnel
flows which are often considerably larger than those in the
atmosphere. In 1920 the British Aeronautical Research
Committee acknowledged the importance of tunnel
turbulence when they proposed that, in an attempt to
standardize wind tunnel testing, a series of identical tests
be performed in wind tunnel facilities throughout the
world.1 The influence of freestream turbulence is of
particular importance in the study of aircraft icing since
turbulence levels in flight are generally quite low while the
turbulence intensity in tunnels used for icing research is
inherently high. This is due to the lack of anti-turbulence
screens, and to the turbulence generated by the spray
apparatus. Gonsalez2 has measured turbulence levels in
the NASA Lewis Icing Research Tunnel (IRT) ranging
from approximately 0.5% at 50 mph to 1.5% at 325 mph.
With the nozzle spray air (no water) operating, he saw
even higher turbulence levels which varied from around
0.8% at moderate speeds up to approximately 2% at a
speed of 350 mph. The turbulence measurements taken by
Gonsalez are shown as a function of velocity in Fig. 1. In
similar measurements, Poinsatte3 found turbulence levels
in the IRT ranging from 0.5-0.7% over a range of 70 to
210 mph without the spray nozzle air operating. He also
measured higher levels with the nozzle air (no water) on,
but these values weren't reported due to concerns about
temperature fluctuations which will be discussed later. In
contrast, taking hot-wire measurements in flight, Poinsatte
measured turbulence intensity levels of less than 0.1% in
clear air.

Importance of Freestream Turbulence in Ice Accretion
Physics

The role of freestream turbulence in the ice accretion
process is not well understood. While there are several
possible ways in which increased velocity fluctuations
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