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Research on the influence of icing on the lip of the aero engine nacelle

LI Cong, YI Xian, CHEN Ningli’, LUO Yingjie, LIU Senyun

Low Speed Aerodynamics Institute,

China Aerodynamics Research and Development Center, Mianyang 621000, China

Abstract: Aero-engine nacelle lip icing poses a significant threat to engine safety.
Understanding the icing characteristics on the nacelle lip surface provides a crucial basis for
analyzing icing hazards and designing protective measures. This study focuses on a self-designed
nacelle model, employing a combination of numerical simulations and ice wind tunnel experiments
to systematically analyze the icing characteristics and influencing factors on the nacelle lip
surface. The findings show that an increase in intake airflow and a decrease in incoming airflow
speed result in a reduction of the actual airflow attack angle at the lip, which in turn reduces the
ice coverage on the inner surface and increases the ice coverage on the outer surface. As the
incoming temperature and droplet diameter decrease, the ice coverage on both the inner and
outer surfaces of the nacelle decreases, while the ice thickness increases with lower temperatures
but decreases with smaller droplet diameters. The droplet diameter has a minor effect on ice
thickness. Furthermore, sensitivity analysis of the average ice thickness for different parameters
indicates that the droplet size has the most significant impact on nacelle lip icing, followed by
intake airflow, incoming wind speed, and incoming temperature. The results of this study provide
important theoretical support for the research on icing mechanisms and the design of anti-icing
measures for aircraft engine nacelle.
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Fig. 2 The schematic diagram of the numerical model
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Fig. 3 The model mesh diagram
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Table 1 Computation conditions
F5  d/wm L/(gm™®) T/K Q/(kgs™) Vrs/(ms™)

Case 1 30 1 253.15 30 70
Case 2 30 1 253.15 30 50
Case 3 30 1 253.15 30 90
Case 4 30 1 253.15 10 70
Case 5 30 1 253.15 20 70
Case 6 20 1 253.15 30 70
Case 7 40 1 253.15 30 70
Case 8 20 1 268.15 30 30
Case 9 20 1 263.15 30 30
Case 10 20 1 258.15 30 30
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Table 2 Test conditions

F5  T/K Vis/(ms™) d/um L/(gm”) t/s Q/(kgs™)

Run1 268.15 30 20 1 1800 30
Run2 263.15 30 20 1 1800 30
Run 3 258.15 30 20 1 1200 30
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Fig. 5 The ice shape of the lips under different conditions
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Fig.8 The variation of 4 with the air inlet flow at z = 0 m cross-section
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Fig. 9 The contour of airflow velocity with the air inlet flow at z= 0 m
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Fig. 10 The trend of ice shape and icing thickness with speed at z =
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Fig. 11 The contour of airflow velocity with incoming velocity at z =
0 m cross-section
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Table 3 Result of numerical calculation

F5 Minp/K8  Mevap/ke  Mice/KE  dovap/kJ Gimp/kI an/kJ

Case 2 2.64x107* 2.97x10* 1.85x10* 0.10 0.34 -1.20
Case1 2.34x10%2.60x10* 1.39x10* 0.09 0.58 —1.04
Case 3 2.25x107* 2.38x10* 0.91x10* 0.08 0.96 -0.88
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Fig. 13 The trend of the ice shape and icing thickness with the air
inlet flow at z = 0 m cross-section
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Table 4 Results and calculating conditions of lip icing

5 d/um T/K  Q/(kgs™) Vis/(ms™) “FEELE/mm

Case 1 30 253.15 30 70 0.426
Case 2 30  253.15 30 50 0.532
Case 3 30 253.15 30 90 0.368
Case 4 30 253.15 10 70 0.325
Case 5 30  253.15 20 70 0.355
Case 6 20 253.15 30 70 0.270
Case 7 40  253.15 30 70 0.568
Case 8 20 268.15 30 30 0.082
Case 9 20 263.15 30 30 0.098
Case10 20 258.15 30 30 0.130
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