DEVELOPMENT AND VALI DATION OF PHYSICS BASED MODELS FOR ICE SHEDDING
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Abstract

Calculations for ice accretion and shedding are presented for a model scale rotor in hover. The aerodynamic
characteristics of the rotor are first computed using a combined blade element-momentum theory. The
effective angles of attack, and the local flow velocity are used within the NASA Glenn solver LEWICE to
estimate the collection efficiency. The computed collection efficiency and the surface pressure distribution
from a panel method within LEWICE are used to estimate the ice accretion over the rotor blades for a
selected time interval. Finally, a force balance approach is used to establish shedding events where the
centrifugal force over the ice mass exceeds the adhesive forces at the rotor surface and the cohesive forces
between adjacent masses of ice. Preliminary comparisons with test data acquired at the Pennsylvania State
Icing Research Tunnel are presented. Sensitivity of the ice shedding events to surface roughness, adhesive

strength, cohesive strength, and ambient conditions is discussed.

1. INTRODUCTION
1.1. Motivation

Modern helicopters, civilian and military alike, are
expected to operate in all weather conditions. Ice
accretion adversely affects the availability,
affordability, safety and survivability. Availability of
the vehicle may be compromised if the ice
formation requires excessive torque to operate the
rotor with increasing drag. Due to weight and power
requirements of currently certified electro-thermal
ice protection systems, affordability of such
protection is not always possible. Instrumenting the
rotor blades with built-in heaters increases the cost
of the helicopter, places further demands on the
engine due to power consumption, and increases
maintenance requirements. For unprotected
vehicles, ice shedding events exceeding the
imbalance carrying capability of the rotor could
occur. Such events, combined with unexpected
stall phenomena attributable to ice formation could
severely affect the safety of the flight.

Given the importance of understanding the effects
of icing on rotorcraft performance, considerable
work has been done on the development of
analytical and empirical tools, accompanied by
wind tunnel and flight test data for model
verification.

1.2. Related Experime ntal Studies

Potapczuk et al. give an excellent survey of the
computational and experimental studies conducted
in the field of aircraft icing prior to 1991 [1]. Before
the advent of high speed computers, icing research
for helicopters was focused on wind tunnel and
flight tests. In 1981 and 1983, icing and deicing
tests have been conducted with a model rotor of
the Eurocopter Super Puma in the SIMA wind
tunnel at France [2]. The influence of different
parameters such as water droplet size, static
temperature and liquid water content were
investigated. It was found that speed and
temperature significantly affect ice shape. Flight
tests in icing condition were performed on a UH-1H
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APPPENDIX A

Table A.1. Summary of Shedding Calculations
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Figure 5. Effect of Liquid Water Content on Ice
Shape
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Figure 6 . Effect of Droplet Diameter on Ice
Shape

The effects of liquid water content on predicted ice
shapes was next conducted, holding water droplet
diameter and ambient temperature fixed. The liquid
water content has a direct role on the mass of water
deposited on the blade surface, and hence the
mass of the ice that is accreted, as seen in figures
5. The excess water also runs back before
freezing. Thus, while the mass of ice increases, so
does the contact area of the ice at the surface,
giving increased adhesion forces.

Finally, the effect of the water droplet diameter
(MVD) on ice formation and shedding was done.
Shown in Figure 6 are the computed ice shapes at
three different radial locations. It is seen that the
droplet diameter had a negligible effect on the
computed ice shape.

Table A.1 in Appendix A summarizes all the cases
that have been conducted, for multiple
combinations of ambient temperature values,
LWC, and liquid droplet diameter. Shedding was
predicted for the warmest temperatures of -5
degrees Celsius, because of the lower adhesive
stress values. At all other temperatures, shedding
was not observed in our simulations and in the
experimental studies.

5. CONCLUSIONS

The phenomenon of ice shedding has been
systematically studied for model rotors in hover. A
simple aerodynamic model based on the blade
element momentum theory, and a 2-D ice accretion
solver LEWICE applied in strip theory fashion, was
used. In spite of its simplicity, this approach gives
useful insight into the effects of physical factors
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such as ambient temperature, water droplet
diameter, and liquid water content on computed ice
shape and its variation along the surface. Shedding
was predicted only for the warmest temperatures of
-5 degrees Celsius, for large liquid water content.
Droplet diameter played a negligible role on the
computed ice shapes. Comparisons for ice shapes
and shedding data from the AERTS facility was
satisfactory, indicating that the proposed low-
computational cost approach may be used as a first
order tool for predicting shedding, at least for the
low tip speed conditions testes to date.
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APPPENDIX A

Table A.1. Summary of Shedding Calculations

Case | Temperature MVD LWC (g/m3) | RPM | Collective | Experimental Predicted Total
(O ( m) () Shedding Shedding Icing
Location Location Time (5)

1 -10.7 25 2.0 600 2.5 - No Shedding 180
2 -4.7 20 6.9 600 2.5 0.77R 0.80R 352
g -5 30 2.0 450 2.5 Not Available 0.65R 352
4 -10 30 2.0 450 25 Not Available | No Shedding 352
5 -15 30 2.0 450 2.5 Not Available | No Shedding 352
6 -5 30 0.5 450 2.5 Not Available | No Shedding 352
7 -5 30 5.0 450 2.5 Not Available 0.55 R 352
8 -5 20 2.0 450 2.5 Not Available 0.45R 352
9 -5 40 2.0 450 2.5 Not Available 0.75R 352
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