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Effect of Hollow Ceramic Bead Insulation Layer on Heating
Rate of Carbon Fiber Cable Snowmelt Pavement
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Abstract; For analysis of hollow ceramic beads insulation effect on the carbon fiber cable snowmelt
pavement heating rate, comprehensively considering road surface and the external environment and heat
transfer characteristics of carbon fiber heating cable, using infrared thermal imaging technology and nu-
merical simulation, the influence of the thermal insulation layer on the heating rate of the snow-melting
pavement is analyzed, and the thermal insulation mechanism of the hollow ceramic microspheres is re-
vealed. The results show that the heating rate of snowmelt road surface can be increased by 23. 4% ~
35.3% by adding the insulation layer. In the test section with cable spacing of 200 mm and buried
depth of 5 cm, after 2 hours of heating test, the highest temperature of road surface reaches 1. 8 “C from
—-5.2 C, and the average heating rate is 3. 5 “C/h. The anti-heat insulation layer formed by the combi-
nation of hollow ceramic microbeads can absorb and reflect waves well, reduce the thermal conductivity,
reduce the downward transmission of heat, so that the heat is mostly concentrated on the upper surface
of the road, and the temperature field is more uniform. The material cost can be saved 88. 3% ~91. 7%

by adding hollow ceramic bead insulation layer to reduce the cable spacing.
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Tab. 1 Main characteristic parameters of specimen structure

i i H HARZR a2
£ ABE(100 g,5 5,0. 1 mm,25 °C ;0. 1 mm) 60~70 66.7
FEPE (15 °C ;em) >100 168.5
Ak 5 TR&B/C >44 46.5
ik B (15 C ;¢/cm’) S SR 1.018
R % <x0.8 0.38
TFOT J& 15 °C#EE/mm 20 >30
TFOT J5 10 °C #EJE/mm 8 25.4
) i/ mm BRUIRES 0.6~13.2
FKUEREE/ (g-em™) S e S 2.64~2.82
KM 0. 6 mm FiiA%E/ % 100 100
" B 0. 15 mm FiRE/ % 90~ 100 94.5
v R 0. 075 mm FF4HE/ % 75~100 80. 2
FWERE/ (grem™) >2.50 2.741
(R R THE/(grem™) S % 2.0
SREH/(m™ KT S s 0.03
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Tab. 2 Design parameters of carbon fiber
heating cable specimen
WS BRI/ mm R R R/ (kgom™2)
T1 AATBE —

T2 50 —
T3 100 —
T4 100 2.22
TS 100 4. 44
T6 100 6. 66
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Fig. 2 Temperature curve of specimen
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Fig. 1 The fabrication process of the embedded carbon fiber heating cable specimen
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Fig. 3 Construction process of test section
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Fig. 4 Snowmelt effect of test section

4 AT LIRSS A -S4
H-5.2 C B TAE 2 b J&, B L 5 7 B I iR 3
1.8 C, B efm b, AT O W, BE T35S
VB ARER B R 2 AR 2T 24 b Bl =5 S v ) A 5

3 RARERHANIESHT

73 10 Bl WL R RR AR 4 b A AT O B 1 B R
B, RO Rk TR AR R T RN RAF
PR L FAPERE , TT 5 O 25 0 i e Bk B U= B 4
PLBRE IR, e TR v, o s 0 B B Bl Bk B
oAy o 28 18R DR i B R 2B I — A i S
SY)Z AL R I LB DA Y R R e R AL R

HA DI RE 2 B a5 o,
P T R 0 T AR, T T AR TG Rl )= 1 4R T
A 7 R BV BUE TARIRE S , O iR

THERE , THIL AR BT AR Z A W 42T

_1
V‘§gg
Htk—— /£
Si02-A1203 Mg %44

it

&5 25

>
<>
»
< >
>
<>
>
<>
»
< >
< >
>
< >
>
<>
»
< >
>
»
< >
>
]»

TR B P S BE THT ) 58 S0 B S AR g, T DR
%UXT@%“%ET%??%W\ﬁ”ﬁlﬁiﬂ’ﬂ?ﬁﬁﬁo [a] i

A EE R A AE A 5 20 R S D A 25 0
%J%Mﬂiljﬂiﬁ}: TEERUA A B S AT i 9, 4
PRAG LT 7 AR IR BAE %—ﬂ’ﬁﬂ’]¥ﬁ%?)}1
al R I B SRS BRIE 2 O B R ORI, B B2
B I ER BE AT 4 I 4R — J%‘Bﬁ/\ﬁj‘/&i,ﬁ}kﬂ?
BEYTIT L AE 230 IR 2 R AT 39 5 3, AL 22 ]
TR, BOh, BREE i HAT B0 WS IR 2 At 2 T
YR S FAERIR

A A U S S TR o AR A O SO B
IR VSO TR R IPORT R S LY DEC VN N ELLPN
#873 BA R S A RE A S AT LB , A 28R T i il 2% A
TURIZEIABE | DT A B2 9 3% T I
JEE 22 AL IABNEEL, AR S R A M, A R il i f%e
RIS i) B T2 A% 4 | B2 10 ) TRl R

23 0 P S AR P A2 P PR LB T

Fig. 5 Schematic diagram of insulation mechanism of hollow ceramic microsphere insulation layer
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Fig. 7 Schematic diagram of finite element model
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Tab. 3 Test section structural characteristic parameters

K BRI JERE/m I/ (kg m™) /() (kg-C) '] SHEK/[W-(m-C)"]
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Fig. 8 Heat flux vector nephogram
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Fig. 9 Numerical simulation results
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