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Scaling method of turbofan engine nacelle under icing test

YANG Qian, DONG Wei, GUO Zhiqiang, ZHENG Mei

(School of Mechanical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to eliminate the constrains of engine icing test on experimental ability
and space, an icing scaling law of turbofan engine nacelle icing test was established based on
similar requirements such as the airflow field, water droplet impingement and ice accretion
characteristics. ‘And there were three airflow velocity selections based on airflow Reynolds
number, airflow Weber number and water droplet Weber number respectively, and these
three velocity selections can be used to reflect different influencing parameters on icing simi-
larity. The glaze and rime ice accretion conditions of 1/2 sub-scale turbofan engine nacelle
model were obtained by this scaling law. And the ice prediction on turbofan nacelle inlet was
carried out with numerical simulation, and the similarities of water droplet impingement, ice
accretion and runback water characteristics were analysed. Results show that the scaling law
based on airflow Weber number and water droplet Weber number can better ensure the simi-
larity of the droplets impingement on the surface of the scale model and the reference model
under the glaze ice and rime ice conditions, and the similarity is not affected by the freezing
temperature. The variation and limit of the runback water is similar to the reference model.

Under different icing conditions, the surface ice accretion of scale model is similar to the ref-
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erence, and this scaling law can provide a good basis for the subscale nacelle icing test.

Key words:

icing scaling law; engine nacelle; numerical ice accretion simulation;

water droplet impingement; icing characteristics
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Table 1 Parameters of glaze icing accretion simulation

at T=263. 15K

ey R T8 Re We, We v
u/(m/s) 69. 2 138.4 97.9 90. 5
T/K 263. 15 262. 85 263.25  263.35

D, /pm 40.0 20.0 22.7 23.4
Cy/(g/m*)  1.00 0. 35 0.91 1.03
¢/min 18.00 12.87 6.97 6. 68

Fz2 FEK(T=253.15K)itE&H%
Table 2 Parameters of rime icing accretion simulation

at T=253. 15K

24 B Re We, We e
u/(m/s) 69. 2 138. 4 97.9 90. 6
T/K 253. 15 252.65 253.35  253.65
Dy /pm 40. 0 20.0 22.7 23.4
Cw/(g/m*)  1.00 0. 65 1. 05 1.13
¢/min 18. 00 6. 84 6.08 6.08

£33 FiKk(T=243. 15K) it E&H
Table 3 Parameters of rime icing accretion simulation

at T=243. 15K

SR LY Re We, We
u/(m/s) 69. 2 138. 4 97.9 90. 6
T/K 243.15 241. 95 243.75  243.95
D,../pm 40.0 20.0 22.7 23.4
Cy./(g/m’) 1. 00 0.75 1. 09 1. 16
¢/ min 18. 00 5.99 5. 85 5.93
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