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Efficient Anti-icing Methodology Based on Electro-Thermal Effect of CFRP Heating
by Selective Current Path Layer
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Table 1 Specification of icing wind tunnel

Maximum Airflow Speed [m/s] 50
Temperature [°C] 230 ~ -5
Freezing Room [mm?*] 2500 x 4500 = 2400
Spray Tunnel [mm?] 400x400
Air Outlet [mm?] 200200
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Fig.2 Spray nozzle position

2.2 HERHEIA

AFRERCHEH L7 CFRP 3B %X 3 127~§". CFRP I3 H
L T800S/3900-2B % 24ply fifg L7z b D TH VD, RFEkKHE
EE 7Y U EOME LTI, [0° /-45° [+45°
190° 13s T 5. CFRP #Biiii=— NRE 58.6mm, AU &
187 mm, JEX 456 mm THY, Ak (LE) &®%ZRTENLT
A7y ITIMLTENTWS. 7Y L7 EE10.19mm T,

EEVERAS A 2 B AT 2 AR B OREE TIL Imm B TH 5.

Bk 3R 1L CFRP 358 ORIZ M CERZHM L, 38k
BEEAAZ RS D 2 & THIkELT ). RBRIEERIERIEK 4 12
AT XL, FKEHTH D ATZFO RO ORitiRIC R
LEBMEER AR, ZHUIATHIZEG L RO A
bEEHNTEY, AifEIZIE FA-T05BN (BEALRK) %, 1%
FITIT XA-910 (BEE{LER) Z&An L=, $REZIY i)
TR Ui, A LB Al o BRIPR (BAE
IW7= ) OIPUE) OHARER 2 1R

X 512789 & 918, SEITAFFE Tl CFRP ~Di@&ED 1= 8
EHEM 30mm(A /Ny G AENCRT LTy AT ORI 4 {ZIK
WEEMBEEREZBA LT\, L, Zo@EFETIE
TV TV B R EGE  A & BB A B LTS 90°
FHO6ETHDH. T TARRTIE, TD6ENLEEKIC
FHESDZBOAEEESE, BKEHDSELZHE L.

TORDBEBE ST LBICOREFEMEERZBAA L, i@
EEHIEAR Y A I FRT—7 (SE[BAERT, 650S8-36-20X20) T
Mk L=, B, BHRLA-EEE LA 7 v MI 3 HEE AE
L, Type A ZffEHhdom 2 B4, Type B IR EITITVE 2
J&%, Type C |3A&RE I 2 BIZHN 2 F il O AR H T
WEEBETAHLAT U RE LT

F7o, AIERRICE T 2 EBEEEEROBMELZ AT Lz,
E6~E8K,%*ﬁﬁmuﬁﬁbtcmpﬁﬁﬁm@;ﬁ

BRI D RBEE B X ORI O 7 2 o~

i# At i DB EMERE A AN FA-T05BN % AW TC, B
JEH % T L e BRI 2 BUE L, BAE & BB
IZHOWTCHAA L7z, X6, X7 (MRS H cakbrfitatikizE
T &S LB O RBDORE - & P 2R3, EEMEREE Al
DOEBAE LAV RBRIEROIESUE D L, BfAfE
TH DHIMEGOIRENME T D ENS otz FATHEON
5, EEMEREE A OB IBT A At iR O BB HF 5 L T
WAENRGPo TWVEN, BEHEBINSE S L TEORE
WINEL ol EZD.

WIZ, AIEIZIEL FA-T05BN %, #&I2IE XA-910 OEFEM:
BEEA WA L, R OWAEZ ik L 0 8N S 972 5Bk
AR RUE LA MR L 7=, X812, BES CRlBR R
(i ﬁﬁ%ﬁmbtk%@%@@%%%r# BiTkRIEE A3 12
LIRS 72, BRI 2 EEEREEAOBITES %
FREEDZETRIMEEZMHITE 52 LN mhod. B

KERBRIC BT B B KE Tl AW I OB EE 72 36 80 A& )
ZDHZEITEETHDLD, ZNHORMEEZFIAL, Tt
TR CITRTERE S BBARE 150um Th o720, AakBR TR
f&% 150pm, %% % 400um & L7z,

58.6mm

187mm

Direction of
Carbon Fiber

Edge of CFRP Test Piece

CFRP Test Piece
Fig.3 CFRP test piece

4.56mm Top View of
o~ " CFRP Test Piece

Side View of
CFRP Test Piece

Area of
Conductive Adhesive

Mid Span

FA-705BN | XA-910

9mm
150pum 400um

(Coating (Coating
Thickness) | Thickness)

Copper Foil

Fig.4 Overview and appearance of CFRP test piece

Table 2 Electrical resistivity of conductive adhesives

Conductive Range of Electrical Resistivity

Materials [Q - cm]

FA-705BN 3%X103% ~ 8x10*

XA-910 8x10* ~ 2x101




90° Carbon Fiber

T
e
~ /'(

Precedence 0
Research / N
Conductive RN
Adhesive CFRP Cross Section View
Side C,

Side C,
Fig.5 Variations of current path layer

Coating Thickness
150pm 300pm 400pm

F‘

Area of Conductive Adhesive
(FA705-BN)

Fig.6 CFRP heating by different coating thickness with 10W
in windless settings (thermal image)

0.6

0.4

0.2

Resistance of
CFRP Test Piece [Q2]

150 300 400

Coating Thickness of
Conductive Adhesives [jpun]

Fig.7 Resistance of CFRP test piece by different coating
thickness with 10W in windless settings

Range of
Conductive

( Adhesive

(FA705-BN)

Coating
Thickness

LE:150pm
TE:400pm

CFRP Outline

Fig.8 CFRP heating with 10W in 20m/s velocity settings
(thermal image)
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Table 3 Test conditions

Airflow Speed  [mvs] 20 [ 40

Input Power [W] 0, 10, 15, 20, 30, 40 | 0, 20, 25, 30, 40, 50
Temperature [°C] -10

Droplet Diameter [wm] 15

Droplet Flow Rate [ml/min] 60

Pre-heat Time [min] 1.5

Spray Time [min] 2
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Fig.9 CFRP heating with 15W during pre-heat in 20m/s
velocity settings (thermal image)
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Fig.10 CFRP heating with 9W during pre-heat in 20m/s velocity
settings (midspan)
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Fig.14 Comparison of input power and anti-icing effect of
heating area (40m/s)

Table 4 Required power for 90% ant-Icing effect

Precedence Type A Type B Type C
Research
20m/s | Energy[W] 38 23 30 20
Energy[k W/m?2] 10.73 6.5 8.47 5.65
40m/s | Energy[W] 50 43 50 38
Energy[kW/m?] 14.12 12.14 14.12 10.73
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