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ABSTRACT

For the past decades, the analytic model for distributed surface roughness has been
developed to improve the accuracy of the icing simulation code. However, it remains
limitations to validate the developed model and determine the empirical parameters due
to the absence of the quantitative experimental data which were focused on the surface
state. To this end, the experimental study conducted to analyze the ice covered surface
state from a micro—perspective. Above all, the tendency of the smooth zone width which
occurs near the stagnation point has been quantitatively analyzed. It is observed that the
smooth zone width is increased as growing the ambient temperature and freestream
velocity. Next, the characteristics of the ice covered surface under rime and glaze ice
have been analyzed. For rime ice conditions, ice elements are developed as the opaque
circular corn in the opposite direction of freestream. The height and interval of each
circular corn are increased as rising the ambient temperature. For glaze ice conditions,
numerous lumps of translucent ice can be observed. This is because the beads formed
by gravity concentrate and froze on the lower surface.
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Nomenclature

A, = Accumulation parameter

I6] = Collection efficinecy

c = Chord length(m)

C. = Emperical parameter

d = Width of smooth zone

As = Width of the control volume(m)
h, = Bead height(m)

hy; = Water film thickness(m)

LWC = Liquid Water Contents(kg/m?)
m, = Impinging mass of water(kg)
i, = Viscosity of water film(kg/m-s)
MVD = Mean Volumetric droplet Diameters(um)
Pie = Density of ice(kg/m®

6. = Contact angle(®)

T, = Freestream temperature(C)

T = lcing exposure time(s)
T, = Wall shear stress(Pa)
Freestream velocity(m/s)
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= Fan : velocity up to 25m/s
= Feedback loop for temperature
control

= Spray system
« Air & water pressure control

= Pitot tube
= Thermometer

* 2x2x6m

= Test section
= Cooling system

Fig. 1. Climate Wind Tunnel at DTU
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Table 1. Specification of climate wind tunnel

Property/dimension Value
Test section inner cross—section {2.0 x 2.0m
Test section length 5.0m
Maximum airspeed 25m/s
Range of turbulence intensity 1% to 20%
Cloud air vapor density 0.4g/m*
Droplet size 10 to 50um
Minimum air temperature at o
max. speed —5°C
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(4) Heating up to melt the ice
(30min)

(2) Icing test ‘ ‘ (3) Bxtracting ice shape ‘
(15 min)
Fig. 2. Procedure of icing wind tunnel test

(Exposure time)

(1) Preparing the test
condition (30min)
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(a) Single unit of droplet sp;ray nozzle
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