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COMPUTATIONAL INVESTIGATION OF WALL INTERFERENCE EFFECT ON ICE ACCRETION
ON AIRFOIL IN ICING WIND TUNNEL TEST

S.U.Oh,' D.I. Jang,' G.H. Bae,' W.T. Lee,' H. Lee'” and R.S. Myong ™"

'School of Mechanical and Aerospace Engineering, Gyeongsang National University
“Research Center for Aircraft Core Technology, Gyeongsang National University

The icing on aircraft wings negatively impacts the aerodynamic characteristics of the aircrafi, posing
potential safety hazards. Accordingly, aircraft are equipped with anti-icing devices, the development of which
requires accurate prediction of ice accretion and its range. Ice prediction methods are generally divided into two
types: icing wind tunnel tests and icing simulations. While icing wind tunnel tests offer higher accuracy, they also
incur considerable costs. This has led to the construction of smaller test sections, necessitating the consideration
of wall effects. In this study, the Blockage Ratio was increased by reducing the height of the test wind tunnel,
which allowed for the investigation of changes in ice accretion rate and shape. Wall-Airfoil interference was
considered, leading to areas where water droplets did not collide, thereby impacting the shape of the ice. A
three-dimensional airfoil model was designed, comparing a model with and without wall effects to understand
differences in ice accretion on the airfoil. These analyses aided in the understanding of the impact of wall effects
on ice wind tunnel tests and the accuracy of predictions.
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Fig. 1 C-type mesh for NACA 0012 airfoil
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Table 1 Icing condition for a NACA 0012 airfoil
Rime Ice | Glaze Ice
Airfoil NACA 0012
Chord 0.5334 m
Angle of Attack 4 deg
MVD 20 um
Angle of Attack 4 deg
Pressure 101,325 Pa
Velocity 67.056 m/s 102.8 my/s
Temperature -26.11°C -9.45°C
LWC 1.0 g’ 0.55 g/’
Exposure Time 6 _min 7_min
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Fig. 2 Comparison of icing wind tunnel test result and simulation
result of ice accretion (a) Rime ice case, (b) Glaze ice case
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Fig. 3 Schematic of the ISU-IRT and experimental setup used
in the present study
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Table 2 ISU-IRT Specification
Item Specification
s s 0.4 m(H) x 0.4 m(W)
Test Section Size x 2.0 m(L)
Tunnel Type Closed Circuit
Temperature -25 ~ 20°C
Velocity 5 ~ 60 m/s
MVD 10 ~ 100 pm
LWC 0.1 ~ 5.0 gim’

Fig. 4 Geometry of NACA0012

Fig. 5 Meshing of a wind tunnel
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Table 3 Icing analysis condition

Casel | Case2 | Case3 | Cased
Type Wall | No wall | Wall | No wall
Velocity(m/s) 50 50 30 30
W gz (1)) 5 -5 -15 13 (c) Blockage Ratio 10% (d) Blockage Ratio 20%
Wall 62 62 45 45
Temperature(°C) - - o o 3
LWC(g/m’) 0.5 0.5 0.3 0.3 .
MVD(um) 20
Roughness(m) 0.0005
A0A() 4 (e) Blockage Ratio 30%
Simulation 10
Time(min) Fig. 7 LWC contour at different cases
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Fig. 8 Collection efficiency and ice shape at different cases
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