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Experimental Study and Numerical Simulation of Ice Shedding from

Rotating Parts

SU Jie, YU Fang
(AECC Commercial Aircraft Engine Co. , L.td, Shanghai 200241, China)

Abstract:Ice shedding from the rotating components can cause unacceptable mechanical damage to the engine

intake system. Therefore, it is necessary to study the phenomenon of rotating deicing. The ice shedding

research can be divided into two parts 1.e., experimental study in the icing wind tunnel and numerical

simulation based on the finite element software. The ice shape, mass and density are obtained through

experiments under different conditions. The stress distribution of ice on a solid surface is obtained by

simulation. The experimental results show that the rime ice formed at a lower temperature is more difficult to

lose than the glaze ice formed at a higher temperature. The simulation results show that the cohesion strength

of the rime ice is less than its shear adhesion, but the cohesion strength of the glaze ice is greater than its shear

adhesion.
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Table 1 Test parameters

W KPR/ R EIR/ WK E R/ B/ R

T

(mss™") C (gem™*)  (rmin™") KA
1 50 —5 0.4 2 000 4
2 50 —20 0.4 2 000 4
3 50 —5 0.4 2 000 1

D 0 5 2R N 3% 2 T

BI5 BIvK L0 TaCBe i 8] - 14.1 min; 7% A% 1)
Fig.5 Glaze ice test la(Shedding time: 14.1 min; shedding

number: 1)
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Fl6  BIUKT.O0 Ib (v Bt i 16.73 min; Bt v 4~ %5:4)
Fig.6 Glaze ice test 1b(Shedding time: 16.73 min; shedding

number: 4)

B 7 Wk O Te(By& B ] : 10.8 min; B 9& 4N %8: 1)
Fig.7 Glaze ice test 1c(Shedding time: 10.8 min; shedding

number: 1)

B8 BIK T80 1A OBE & I 3] - 16.4 min; JBE 7% - 4)
Fig.8 Glaze ice test 1d(Shedding time: 16.4 min; shedding

number: 4)
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Table2 Experimental results of glaze ice tests

[l A RO 2 S5t E] /] R/

Lo Fitt/g min mm Mt ik B
la 48.69 14.1 13.7 1
1b 59.26 16.73 14 4
lc 40.79 10.8 9.9 1
1d 52.97 16.4 12.9 4
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Fig.9 Rime ice test 2a(Shedding time: 14 min; shedding

number: 1)
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Fig.10 Rime ice test 2b(Shedding time: 15.88 min; shed-

ding number: 1)
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Fig.11 Rime ice test 2c(Shedding time: 21.45 min; shed-
ding number: 4)
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Fig.12 Rime ice test 2d(Shedding time: 23.9 min; shed-

ding number: 6)
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Table3 Experimental results of rime ice tests

G A AR DK 2 S5 pkmb(a]/ Hp [a]Js R/

T it /g min mm Mt ik Bk
2a 54.17 14 20.2 1
2b 69.96 15.88 24 1
2c 80.29 21.45 30 4
2d 23.9 6
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Fig.13 Continuous deicing condition (Spraying for 26 min)
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Fig.15 Shear stress distribution for glaze ice test la
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Fig.17 Shear stress distribution for rime ice test 2a

I AR R IR VK G 5 BB A T 5 1105
FE5%/10° Pa E5%:/10° Pa

5.0 2.5
45 2.0
4.0

35 1.5
3.0 1.0
2.5 0.5
2.0

B 18  FEVK T.00 2a 4 1E 1 J1 43 A5

Fig.18 Normal stress distribution for rime ice test 2a
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Table 4 Experimental and simulation results

TR RBYI 1/ RIERN T3/ PRIk 3B vk
’ kPa kPa Fit/g  BfE]/min
la 426 299 48.69 14.1
1b 310 269 59.26 16.73
lc 222 178 40.79 10.8
1d 247 201 52.97 16.4
2a 207 258 54.17 14
2b 255 304 69.96 15.88
2¢ 343 378 80.29 21.45
2d 23.9
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Fig.19 Stress vs deicing mass of glaze ice
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Table 5 Quantitative comparison of literature data

SCHk R R L/ C Flilft 58 )% /MPa
[16] Gz —20 0.24
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