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ABSTRACT: The work aims to obtain the influence of icing on the mixed phase of transonic fan blades at high and low veloci-
ties. CFX was used to obtain the airflow field data of fan blades, and FENSAP-ICE was used to obtain ice shapes. The ice shape
at high and low velocities of mixed phase icing was analyzed through the temperature of supercooled droplets and ice crystals
and the angle of impact on blades. The results showed that when the fan blade worked at high and low velocities, the motion
states of supercooled droplets and ice crystals varied significantly. At high velocities, the airflow in the flow field was transonic
flow, and the impact angle between supercooled droplets and ice crystals was different. The root area with large impact angle
was easier to collect supercooled water droplets and ice crystals; at low velocities, the impact angle of supercooled droplets, ice
crystals and blades was less than 10° in most areas, which made it more difficult to capture supercooled droplets and ice crystals
after they collided with the blades. The temperature difference of the blade when the fan blade ran at high and low velocities
made the supercooled droplets easy to condense directly at low velocities, and the amount of uncondensed water films was very
small. However, the ice crystal surface was not easy to be captured because the water film was not formed, so the final ice accre-
tion was mainly the ice accretion formed by the supercooled droplets. When the fan blade mixes phase icing at high velocities,

the temperature in the flow passage rises faster, the water film is not easy to condenses, and the ice crystal surface is easy to be
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molten, which promotes the ice accretion of ice crystals.

KEY WORDS: mixed-phase; icing; impact angle; ice crystal temperature; high speed; low speed; fan blades
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Fig.2 Verification of icing position: a) test icing position; b) simulated icing position
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Fig.3 Verification of collection efficiency and ice shape: a) collection efficiency; b) ice shape
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Fig.5 Verification of mesh independency: a) water collection efficiency; b) ice crystal collection efficiency
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Fig.7 Water collection efficiency on the blade surface: a) low velocity; b) high velocity



- 78 - T

2023 4 7 H

n=1 200 r/min n=1 750 r/min

n=2 300 r/min

EEN T [T [ e
F 0 0.050.10 0.15 020 0.25 0.30 0.35 040 0.45

a fiiEEHE

n=16 900 r/min

n=17 450 r/min n=18 000 r/min

b EEE

SRR SN GRTE 3

Fig.8 Ice crystal collection efficiency on the blade surface: a) low velocity; b) high velocity
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Fig.9 Angle at which the particle hit the blade: a) low velocity; b) high velocity

IKHRE, AR T ok ERAAR . P, o i v KGR 5 vk
sir R RS IR, X6 i 26 T WA ) o v 7 L JEE 5
st i HEA T — 2 AT

R 3 g oy g i 2 T AR 300 ) e v R i
JEANPE 10 Fon o ARFe s, i o B0 e 13 v
KRR AR T ok A, HRE AN R R v K i G
W A8 Al , G v K R ol B R R T 5 BEAS TE IR
UKo TR N, R B T A 0 4 2K R A
Fokad, HMAT R RS T, HAW R,

n=1 200 r/min

n=1 750 r/min n=2 300 r/min

fosd N I s |
200 210 220 230 240 250 260 273.15

a {kFeH

XAEAG AT G AR BELS WK ) R K 8l , I 2 W e
4, WA ERIK .,

AR 3o 5 g Bk ot R 2 T AT 380 ) K A £ 3
WA 11 Fr7R o ARSI, W 30 A DK R BE AR T oK
S MR VK SR ZE UKPLEE , R UK SN B Al AR, (H R
T A ¥ ARG T I R A K, 8 5% T AR
PR UK S TR AR o o LA, T AR 1 UKl AT 2%
BREIRETHS , ITERGAE & Tk, XERER T
2 T Rl A 8 DKt Bl I e 3 T 3 % 7K T A 7K

n=16 900 r/min

n=17 450 r/min n=18 000 r/min

i | 7] [E
200 210 220 230 240 250 260 273.15

b R

10 I F 22 Ak T

Fig.10 Temperature of supercooled droplets on the blade surface: a) low velocity; b) high velocity
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Fig.11 Temperature of ice crystals on the blade surface: a) low velocity; b) high velocity
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Fig.15 Collection efficiency of water and ice crystal at different velocities: a) water collection efficiency;
b) ice crystal collection efficiency
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Fig.16 Liquid water content and ice crystal content in the flow field: a) liquid water content; b) ice crystal content
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Fig.17 Axial velocity of supercooled droplets and ice crystals in the flow field: a) supercooled droplets; b) ice crystals
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