5 25 MMERAANFES VRO L

EEcERRICE T LEKREROKEET ) VY

Numerical Modeling of Ice Accretion Phenomena in Rotational Coordinate System
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Ice accretion is the phenomenon that super-cooled water droplets impinge and accrete on a body. It is well known that
ice accretion on blades and airfoils leads to performance degradation and severe accidents. For this reason,
experimental investigations have been carried out using flight tests or icing tunnels. However, it is too expensive,
dangerous, and difficult to set actual icing conditions. Hence, computational fluid dynamics is useful to predict ice
accretion. A rotor blade is one of jet engine components where ice accretes and the centrifugal force sheds the ice.
Therefore, the purpose of this study is developing the model of the ice shedding in rotational coordinate system for
turbo-machine, and clarifying the icing phenomena on a rotor blade. The authors carried out icing calculation on the
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rotor blade of a commercial axial blower, and ice accretion on the rotor blade is numerically investigated.
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Fig. 1 Schematic energy balance of ice accretion

(a) Overview

i

(b) Normal blade
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(b) Blade surface

Fig.2 Computational grid

(c) Swept blade

Fig.3 Computational target
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(b) Suction Side near hub
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Fig.4 Streamline around rotor blade
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Fig.5 Droplet trajectory

Table 1 Calculation Condition

Inlet total pressure [kPa] 101.3
Inlet total temperature K] 268.15
Rotational speed [rpm] 1800
Mass flow rate [kg/s] 521
Liquid water content [g/m’] 1.54
Mean volume diameter of droplet [mm] 30
Exposure time of droplet [s] 300
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Fig.6 Collection efficiency on normal blade wall
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Fig. 7 History of ice geometry and thickness
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Fig. 8 History of amount of accreted ice

(2) Normal (b) Swept
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Fig. 10  Collection efficiency on blade wall of P.S.
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Fig.9 Balance of LHS and RHS in Eq. (3)
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Fig. 11  Temperature on blade wall of P.S.
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