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Impact of Ice Coverage Situation on Effectiveness of Piezoelectric De-icing

ZHANG Bohan, YUAN Lang, WANG Jingxin, ZHU Chunling
(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: During the flight of an aircraft, it may encounter various ice coverage situations. To study the
impact of different ice coverage situations on the ice removal effect of the piezoelectric de-icing system, a
combination of finite element simulation and cold environment ice removal experiments is adopted. In the
ultrasonic frequency range, the research is conducted on the ice removal frequency, the material selection of
the vibration source piezoelectric device, as well as the influence of parameter changes such as ice coverage
situations (icing area, segmentation form, thickness) on the piezoelectric ice removal effect on the structural
surface. The results show that under the layout method of piezoelectric ceramics in this paper, the 20.4 kHz
excitation frequency has the best ice removal effect, and it can completely remove the ice on the structural
surface within 90 s. In addition, the ice removal effect of different piezoelectric materials increases with the
increase of the piezoelectric coefficient of the vibration source piezoelectric material. Changing different ice
coverage situations can lead to an increase in the number of ice segments, a change in the icing area
(increasing along the length direction or decreasing along the width direction) , and a reduction in the ice
thickness, all of which will increase the shear stress value at the ice interface and shift the ice removal
frequency accordingly.
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Fig.1 Schematic diagram of the computational mode
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Table 2 Piezoelectric material parameters

R RRREd, TRRESd, ) JRRERE/

T (kgem *) 107""C-N"H) 10" CN) 10" ""C-N)
JC-T8 7600 9.84 —4.53 1.84
PZT-53 7500 5.50 —2.27 7.41
PZT-82 7600 2.40 —1.00 3.30
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Fig.2 Piezoelectric ceramic layout on the aluminum plate
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Fig.3 Overall structure of the laboratory bench
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Fig.4 Distribution of ice on the surface of aluminum plates

2 EERKSERRERMEHERE

2.1 BRKMRILBERIERE
DA HL R RE JC-T 8 1A 155 198 Sk 451 328 A4 7 i P ok vk A
RIWERE,JC-T R HLF B %5 2 7 600 kg/m’, H
BRI SHT
0 0O 0 0 1840

d"=| 0 0 0 1.84 0 0[X10"C/N
—4.53 —453984 0 0 O



%2

(246 —52—20 0 0 O
—52 246 —20 0 0O 0
0

g 20 —20 524 0 0 Lq0 me/x

0 0 0 21.7 0 O
0 0 0 0 21.7 0
0 0 0 0 0 59.6/
928 0 0

e'=| 0 928 0
0 0 2626

b d” IR A s R TR AR " N AT A
U
fii FHH COMSOL H iy 51 Sak A5 B o) 31 55 455 78 7
20~150 kHz 35 B N #F 47 38 m b o0 8, 20 K R
1 kHz, 358 7 BLvk A 180 BT 1V 7 1 {8 Bl A0 % 114 2% £k
MR & 5 frn . BT 7E 20 kHz BB (E A5, b T
il 1At R B SRR T 10~150 kHz i Fl
FITHRAEE SR . S % SCmk[ 9], vk 5548 M 8] A9 R B 59
U1 B 1K T RN BRE A L ELRG B BY D)5 5 24 Oy
1 MPa, A I 59 5 J7 {8 K T 1 MPa B Al vk KB,
TG 5 P25 FEORN BRF 7 A 5 B o K BY R g e H R T
1 MPa B4 5 %2 6 A2 Bk VK S5 18 B Bk vk =%, 1153
A5 8 B UK 3R AR L R oF I A 5T 1 B % 7 4R n
L3P
16
14}
12+

—_
(=)
T

BURLS1 / MPa

S N A N 0
T

20 40 60 80 100 120 140 160
FER | kHz
5 10~150 kHz B pk 5 1 5 1 7 i {450 % il 28

Fig.5 Shear stress amplitude-frequency curve at the ice ac-

cumulation interface from 10 kHz to 150 kHz
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Table 3 Shear stress amplitudes at different frequencies

A% /kHz oY 1 1 i@ 18/ MPa
20 1.797 8
32 1.8214
56 1.4450
59 2.779 0
61 1.037 8
72 15.3550
132 1.3415
135 1.2310
140 3.820 6
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Table 4 Deicing experimental results of JC-T8 piezo-

electric ceramics

R/ I/ BRI BT IK BRIK i
kHz J&/V A &N/ /A /% E/C
300 0.2 2 21 100 —10
204 300 0.2 2 21 100 —10
300 0.3 9 21 100 —8
300 0.4 2 17 80.95 —12
32 300 0.3 2 20 95.24 —10
300 0.4 4 6 28.57 —10
300 0.70 0 0 —11
56 300 0.65 0 0 —10
300 0.70 0 0 —10
300 0.7 0 0 —10
59 300 0.7 0 0 —9
300 0.6 0 0 —10
300 0.7 0 0 —9
61 300 0.8 0 0 —8
300 0.7 0 0 —10
300 0.90 36 1 4.76 —9
72 300 0.90 0 0 —9
300 0.95 0 0 —10
170 1.1 18 1 4.76 —13
132 165 1.1 0 0 —10
170 1.0 0 0 —12
165 0.7 62 2 9.52 —12
135 165 0.7 0 0 —12
160 0.7 0 0 —12
180 0.6 0 0 —10
140 170 0.7 0 0 —11
170 0.6 0 0 —10
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Table 5 Deicing frequencies of different piezoelectric

materials
JE LA %k vk 45 % /kHz
JC-T8 20 32 56 59 61 72 132 135 140
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Fig.10  Shear stress amplitude-frequency curves of different

piezoelectric materials
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Table 6 Experimental results of deicing with different

piezoelectric materials

g/ TR HUR/ R/ EIRUKR AR TE UK BRIk

kHz  #E VA FEEE/s BEUA /%
JC-T8 300 0.2 2 21 100
204 PZT-53 300 0.3 0 0
PZT-82 300 0.2 0 0
JC-T8 300 0.3 2 6 28.57
23  PZT-53 300 0.3 3 6 28.57
PZT-82 300 0.2 0 0
JC-T8 300 0.7 0 0
61 PZT-53 300 0.8 0 0
PZT-82 300 0.6 0 0
JC-T8 300 1.00 9 1 4.76
90 PZT-53 300 1.40 0 0
PZT-82 300 1.35 0 0
JC-T8 300 14 3 6 28.57
105 PZT-53 300 1.5 0 0
PZT-82 300 1.2 0 0
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