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Simulation study on thermal diffusion of woven

carbon fiber/epoxy resin composite

WU Enqi* , ZHANG Zeqi, SUN Haili, WU Tianhua

(College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The finite element method was used to simulate the three dimensional thermal diffusion properties of

woven carbon fiber/epoxy resin (CF/EP) composite. TexGen was used to create a 3D simulation model of 20-layer

woven CF/EP composite. The effective volumetric specific heat and thermal conductivity of the porous matrix in

samples with different thicknesses were calculated to set the material properties. The amplitude curve was used to

simulate periodic laser point light source for finite element simulation. Taking a sample with a porosity of 0% as an

example, non-linear fitting was used to solve the thermal diffusivity, and the optimal modulation frequency range

was selected as 0.1-2 Hz. On this basis, samples with different thicknesses were studied to analyze the influence of

porosity on the thermal properties and the anisotropy of thermal diffusion. The results show that the in-plane

thermal diffusivity of the woven CF/EP composites decreases with the increase of porosity. When the porosity is less

than 1.55%, the thermal diffusivity decreases by 5.4% as the porosity increases by 1%. When the porosity is greater

than 1.55%, the rate of decline slows down, just as 2.4%. In the plane, the thermal diffusion rate along the weft yarn

and warp yarn is faster, but along the 45° direction of the warp (weft) yarn is slower. While in the vertical direction,

the thermal diffusion along the normal is the fastest due to the penetration of the point light source, which reflects

the anisotropy of the thermal diffusion.

Keywords: carbon fiber; composites; finite element method; thermal diffusivity; thermal conductivity; porosity
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Table 1 Porosity and thickness of woven carbon fiber/epoxy resin (CF/EP) composites

Sample 1 2 3 4 5 6
©/% 0 0.32 0.45 1.55 3.64 5.3
d/mm 4.25 4.32 4.36 4.42 4.56 4.66

Notes: ¢ —Porosity; d—Thickness.

1 44 CF/EP &4 MkkES 4 () EASTHY

Fig.1 Simulation model of woven carbon fiber/epoxy resin composites
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Fig.2 Number, spacing, width and arrangement of single layer yarns of

woven carbon fiber/epoxy resin composites
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Table 2 Thermal property parameters of woven CF/EP composites

Property Carbon fiber Epoxy resin Pore
S/(J-m3K") 1.63x10° 2.21x10° 1.21x10°
k/(W(m-K)™) 8.4 0.2 0.06

Notes: S—specific heat; k —Thermal conductivity.

%£3 R CF/EP EEMHARILIREHERNBARER L ASHSE

Table 3 Effective volume specific heat and thermal conductivity of woven CF/EP composites with different porosities

Sample 1 2 3 4 5 6

Su/(10°]-m™>.K™) 2.210 2.198 2.193 2.154 2.067 1.996
kv/(W(m-K)™) 0.200 0.199 0.198 0.194 0.186 0.180
Se/ (10°]-m™.K™) 1.862 1.859 1.857 1.846 1.82 1.796

Notes: Sy;—Effective volume specific heat of matrix with porosity; x—Thermal conductivity of matrix with porosity; S.;z—Effective volume
specific heat of woven CF/EP composite.
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Fig.3 Finite element model of woven CF/EP composites and the

diagram of laser-spot periodic heating method
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(b) In the vertical direction
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Fig.4 Coordinates of heat diffusion angles in the plane and the vertical

direction of woven CF/EP composites
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Fig.5 Three-dimensional temperature distribution cloud diagram of

woven CF/EF composites for S1 sample
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Fig. 6 Fitting graph of the temperature distribution values of 3 nodes in

the 0° direction after linearization of woven CF/EP composites
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Fig.7 Thermal diffusivity-frequency curves of

woven CE/EF composites for sample NO.1
3.2 FLBEEXHE CF/EP E S MBI #ritsE b
2
i 5 TexGen A4 57 AN [A) J52 3 19 R i 1 AR
T BRIT 3 B B A v AN TR LB A B b
BHE HRAANR T 0 A o ZEP RIS 1 Hz I,



RIJR A ISR AT Y/ SR B A BRI T

2939 -

THE LB R N 0%~5.3% i 75 F- 10 N 0°5 90°77 1]
AR BOR T R I Akl 8 A1 9 BT o

0.60 —@— Simulation value in 0°

—#— Simulation value in 90°
— 4 - Experimental value in 0°
- @ - Experimental value in 90°

055

0.50

0.45

Thermal diffusivity/(mm?s™)

0.40

0.35

Porosity/%

K8 AllEEESME CE/EP B4 BRI TR B LA 2k
Fig.8 Thermal diffusivity-frequency curves for woven CF/EP

composites with different thicknesses
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Fig.9 Thermal conductivity-frequency curves for woven CF/EP

composites with different thicknesses
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Fig. 10 Polar coordinate diagram of in-plane thermal diffusivity and

thermal conductivity with different angles for woven CF/EP composites
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conductivity in the vertical direction with different angles

for woven CF/EP composites
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