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Abstract The paper presents the application of similarity theory to
investigations of transient heat transfer in materials with complex struc-
ture. It describes the theoretical-experimental method for identification
and design of the structure of two-component composite walls based on the
research of the thermal diffusivity for the composite and its matrix sepa-
rately. The thermal diffusivity was measured by means of the modified flash
method. The method was tested on two samples of double-layer ‘epoxy resin
— polyamide’. All the investigated samples had the same diameter of 12 mm
and thickness ranging from 1.39-2.60 mm and their equivalent value of ther-
mal diffusivity ranging from (1.21-1.98)x107" m?/s. Testing the method
and research on carbon/epoxy composites was carried out at temperatures
close to room temperature.

Keywords: Thermal properties; Flash method; Thermal diffusivity; Carbon/epoxy com-
posites; Carbon fiber; Epoxy resin

Nomenclature
a=\(pcp) — thermal diffusivity, m?/s
cp —  specific heat, J/(kgK)

l

— thickness of the investigated sample, m
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t — time, s
T — temperature, K
To — reference temperature, K
T — Cartesian co-ordinate, m
Greek symbols
0=T-"T, — temperature, K
AO — temperature difference on extreme surfaces of the sample, K
O — temperature increase of the sample after the time of temperature
equalisation on its opposite surfaces, K
p —  density, kg/m?
7 =1?/(n%a) — characteristic time, s

1 Introduction

The method of investigating transient heat transfer in a two-component
composite wall presented in this paper is based on the model in which the
heterogeneous structure of composite was replaced by equivalent layer of the
matrix material. Therefore, in this case, a one-dimensional homogeneous
model was used in the simulation of transient heat transfer. In accordance
with the principles of the theory of similar phenomena [1,2] as a basis for
determining the equivalent thickness of the two-component composite in a
simulation model with the properties of homogeneous material, equal values
of Fourier numbers for the total thickness of matrix material and layers of
the composite treated as reinforcement in the wall, were assumed. Further
course of action, related to the construction and solution model transient
heat transfer in plane-parallel isotropic wall, with the replacement thickness
lg,s, is identical with the model used to determine the thermal diffusivity
by a modified pulse method [3-5].

Applying the principles of similarity phenomena theory in the study
of transient heat transfer in composite walls, constructed of materials with
different thermal diffusivity values, has the advantage that it binds together
in the form of an additional equation (equations) the thermal diffusivity of
the composite components, the equivalent thermal diffusivity and geometric
dimensions of wall.

The consequence of the practical application of this research method is
the ability to determine by calculation:

e the equivalent thermal diffusivity of the composite if known are the
thermal diffusivities and thicknesses of layers of components from
which the composite wall is built;
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e of known is thermal diffusivity value of one of the components of the
composite in case when the equivalent thermal diffusivity of composite
wall and thermal diffusivity of the second component and the thickness
of the layers of each component in the wall are known.

2 Assumptions and the transient
heat transfer model

The method of investigating transient heat transfer in two-component com-
posites presented in this paper is based on the model in which the hetero-
geneous structure of composite, i.e., in the form of carbon fiber plate, was
replaced by equivalent layers of the matrix material (epoxy resin). There-
fore, in this case a one-dimensional homogeneous model was used in the
simulation of transient heat transfer. A sample of the composite and its
characteristic dimensions taken into account are shown in Fig. 1.
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Figure 1: Characteristic dimensions of the composite sample: [s — thickness of the inves-
tigated sample; [r — total thickness of epoxy resin layers in the sample; lcp —
total thickness of carbon fiber layers in the sample; [g,s — equivalent thickness
of the homogeneous sample in the simulation model made of the matrix; lg,cp
— equivalent thickness of the matrix material used in the simulation model
instead of the carbon fiber layers with thickness lcp; ar and acp — thermal

diffusivity of epoxy resin and carbon fiber layer suitable.

In order to determine the equivalent value of the thermal diffusivity of
composite material, which by definition is a material with anisotropic ther-
mophysical properties, the following simplifying assumptions were made:

e layers of carbon fiber plate with the same thickness, in the form of
braided carbon fiber inside epoxy resin, are located parallel to both
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the extreme surfaces of a flat-parallel, cylindrical sample and perpen-
dicular to the heat flux flowing through the sample;

e thermal contact resistance between layers of epoxy resin and carbon
fiber plate is equal to zero;

e the model of heat transfer in the composite material is one-dimensional
and the temperature distribution inside the model is determined by
solving the Fourier equation in the form:

9*O(X,Fo)  9O(X,Fo) ()
ox2 oFo 7

where

© =0 (X,Fo) =T (X,Fo) — Ty (1a)

is the temperature difference between temperature 7'(X, Fo) at non-dimen-
sional X = (z/1) coordinate and the initial constant temperature inside the
sample Ty = T (X, Fo = 0);

Fo = at /I (1b)

is the Fourier number, it’s dimensionless time coordinate, wherein: a —
thermal diffusivity; ¢t — time; [ — is the thickness of the sample.

Equations of transient heat transfer that determine one-dimensional
temperature distributions in two different but homogeneous materials (Fig. 1),
with the boundary conditions shown in Fig. 3, have the following forms:

020, 00, 920, 00,

= = 2
8X2 8F01’ 8X2 8F02 ’ ( )
where ; ;
aity al2
FOl = ? 5 F02 = f . (2&)
If we assume that:
Fo; = Foy = Fo (3)

and when thermal contact resistance between layers is equal to zero, then
the course of temperature changes in both materials will be identical and
determined by Eq. (1). The relationship between the Fourier number and
the characteristic time 7 = {2/ (7%a) or the half-time to5 = 1.368 I/ (72a),
which are easy to determine experimentally (flash methods to determine
thermal diffusivity), has the form:

Fo=n"2(t/7) = 1.3687 2 (t/to5) . (4)
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Thus, the assumption (3), after taking into account (4) can be reduced
to the form: t¢1/m = ty/m. If additionally, the time scale of the course
of temperature changes in both samples is the same, that is t; = t5 = t,
then the equality of the Fourier numbers is reduced to the assumption that
characteristic times 7 of temperature changes in the two considered samples
(layers) are the same, that is

TI=Te=T. (5)

In the case of two-component composite material, assuming that in the
simulation model, the base material of the sample (matrix) is epoxy resin,
the layer of carbon fiber plate with the total thickness ls = lgp and the
thermal diffusivity as = acp is replaced by the equivalent layer of epoxy
resin with the thermal diffusivity a; = ar and thickness:

Igop = (ar/acp) ™ lop . (6)

Therefore, the sample of anisotropic composite (matrix of epoxy resin and
k layers of carbon fiber plate) with the [g thickness is equivalent in the
simulation model to the sample of the matrix material (epoxy resin) with
the thermal diffusivity ap and thickness:

lps=lr+1pcp =Ir+ (ar/acp)’’lop = mlarTps)™ . (7)

Taking into account the fact that it is easy to determine the experimental
values of the characteristic times 7 (for the sample built of the composite
matrix) and 75 g (for the sample of the composite) and the corresponding
values of Ir, g s and ag respectively, we can find a formula:

Al=ls—Ilgs=Ilcpr—Ilgcp (8)

for the thickness reduction (see Fig. 1) between the composite sample and
its equivalent in the simulation model, built of the same material (the com-
posite matrix). When the thermal diffusivity ap of the composite matrix as
well as the experimentally determined thicknesses I and lg g of the inves-
tigated sample are known, taking into account the geometrical dependences
(8), shown in Fig. 1, and dependence (7), we have:

()T
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Figure 2: Graph of the function (lcp/ls)p = f(ar/acp) for some selected values of
B = lg,s/ls and the theoretical example of a possibility of building a composite
wall with the value B = 0.9 and equivalent value of the thermal diffusivity
as = B*ar = 1.234 ag.

The graph of the function (9) is shown in Fig. 2. It can be used both for
the analysis and synthesis of the structure of multilayer walls designed for
work in unsteady heat exchange.

In both instances we assume that the values of the matrix thermal diffusivity
ar and the composite wall thickness ls and its equivalent thickness [ g are
known from independent measurements. Therefore we also know the value
of the parameter:

B=lps/ls = (ap/as)"® (10)

and the equivalent value of the thermal diffusivity ag of the composite wall.
The data and relation (9) and its graph shown in Fig. 2 allow us to evaluate
the theoretical range of possibilities of designing a wall of composite with
the above parameters. For example, if B =g g/lg = 0.9, then such a wall
whose thickness is lg and the thermal diffusivity ag = B%ar = 1.234 ar
can be built of materials whose thicknesses and thermal diffusivities satisfy
the equation:

lep/ls = 0.1 [1 — (ar/acp)*®

as shown in Fig. 2.
Figure 3 shows an example of temperature distribution (ABC curve) at
time ¢;, in the real multilayer sample (two-layer sample) with thickness lg
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between extreme surfaces of this sample. The distribution of temperature
for this sample in the simulation model is given by ABD curve. The thick-
ness [r of the resin layer remains unchanged. The temperature distribution
in these layers of resin to be the same as that in the real sample. However,
the layer of carbon fabric with thickness lop is replaced by the equivalent
thickness of resin Ig cp in the simulation model, wherein the excess tem-
perature distribution will have a different course than in the layer of carbon
fabric in real sample, but the temperature difference AO (¢;) at the time
t; on extreme surfaces of layers with thicknesses lcp and g cp will be the
same. The sample created on the basis of resin will have a thickness I g in
the simulation model.
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Figure 3: Example of temperature distribution ©(z,¢ = t;) in the multilayer sample

and in the same sample based on resin EP53 in the simulation model with
characteristic dimensions.

3 Testing of the method and an example of its
application to identifying the characteristic fea-
tures of the carbon/epoxy composite structure

To demonstrate the suitability of the above method for the identification
of an unknown composite structure or for the design of a new one with set
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values of the equivalent thermal diffusivity, the method was tested and a
robust example of its application was shown.

3.1 The method for determining the characteristic time and
thermal diffusivity a of investigated samples

To test the method proposed to investigate the transient heat exchange
in heterogeneous solids we applied the model described by Parker et. al.
[6]. The modified pulse method [3,4] used in these investigations, and its
essential elements are shown in Fig. 4. This method is based on:

e measurement of changes of temperature difference A©’(t) between the
front and back surfaces of a one-dimensional and adiabatic sample,
after a laser shot onto its front surface (Fig. 3);

e theoretical solution to this problem, in the form of changes of tem-
perature difference AG(t) on extreme surfaces of the sample made of
a homogenous material, with thickness [ and the thermal diffusivity
a. It is given by:

AO (t) = 404 i exp [(Qn —1)? ] : (11)
n=1

T

where: ©, — increase of the sample temperature after the laser shot
and after the end of the transient heat transfer process inside the
adiabatic sample; 7 = [2/(n%a) — characteristic time for the sample
temperature equalization; T — initial temperature of the sample (be-
fore a laser shot, see Fig. 4);

e identification of the best fitting of the experimental results A©'(t)
by a theoretical curve AO(t). The optimisation parameter is the
characteristic time:

/ -1
T = (tg — tl) |:ln %ﬁi;;} s (12)

which depends on the thermal diffusivity a. The value of the 7 corre-
sponding to the best fitting is regarded as a correct one.

When determining the equivalent characteristic time 75 and the equivalent
thermal diffusivity ag of the heterogeneous sample with thickness lg, e.g.,
built of two layers with thickness /7 and [y and with the thermal diffusivities
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Figure 4: The modified pulse method of determining the characteristic time ¢ and the
thermal diffusivity a of a homogeneous material sample.

a1 and as the sample is treated as a homogeneous, and the temperature
change A©(t) on the opposite surfaces of the sample is given by

AO (t) =40g « iexp [(271 — 1) ;E ] . (13)
n=1

The errors of the thermal diffusivity ¢ measurement and the characteristic
time 7 by means of the above method have been estimated as Aa/a < 0.04
and A7/7 < 0.02 respectively (the values of errors were estimated during
the modified flash method developing) [3-5].

3.2 Method testing using epoxy/polyamide composite

The main idea in this test was to check whether calculated using the pro-
posed method in this work thermal diffusivity ap value of polyamide PAG6
is consistent with the values known from independent measurements.

Testing the proposed method was performed on two-layer composite
two samples ‘epoxy resin EP53 — polyamide PA6’. All the parameters of
the each composite sample, i.e., their thickness /5; and the thermal diffu-
sivities ag;, as well as thickness of the layers lg; and I7; for i = 1, 2 are
known. The thermal diffusivities arp and ar, suitable for EP53 resin and
polyamide PA6 were also known from independent measurements that were
made for samples with only one layer EP53 or PAG.

Examples of the final printouts of the experimental data processing dur-
ing the determination of characteristic times 75 g and 77, as well as the cor-
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Figure 5: Distribution of experimental data processing during determination by the mod-
ified pulse method the 75,5 and ag,s for the epoxy/polyamide PA6 composite
(sample 1) and 77 and ar for the polyamide PA6 sample.

responding values of thermal diffusivities ag g and ar are shown in Fig. 5.
When several composite samples with various thickness of layers (g ; and I7;
their thicknesses have to be standardized prior to further calculations. Here,
the thickest sample was taken as a standard thickness lg for both samples.
This means that for that thickest sample (sample 1), its thickness and its
equivalent thickness are the same ( lg =lgs1 and lg 51 = l]%,Sl)' In the case
of the other sample (sample 2) we have l:g and 1%752 =g 52+ (lg — 152).
The overall dimensions and the thickness standardization final results are
summarized in Tab. 1 and in Fig. 6.
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Figure 6: a) Geometry of composite samples; b) final result of the standardization of
composite samples under investigation.
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Table 1: Dimensions of the composite samples, thermal diffusivities of its materials and
results of testing method.

Specification Sample 1 Sample 2

O -EP53 | @ —-PA6 | © -EP53 | @ - PA6
Thickness of layers © and @ , [mm]| 1.10 1.50 1.30 1.00
Thickness of the sample, Ig; [mm] 2.60 2.30
Characteristic time 7 g; [s] 4.43 3.77
Equivalent thickness of the sample, 2.25 2.07
lp,s,i [mm]
Thickness of the sample after the 2.60 2.60
standardization, lg,i [mm]
Equivalent thickness of the sample af- 2.25 2.37
ter standardization, l%’s’i [mm)]
Parameter B = (Ip,s/ls)? 0.865 0.911
(Ir/ls)3 0.577 0.385
(ar/ar); 0.587 0.591
apr [m?/s] 1.16 x 1077
ar; [m2/s] 1.98 x 107 | 1.96 x 10~7

Assuming that the thermal diffusivity of the epoxy ag is known, and the

thickness of the samples [g and the thickness I of the material imitating
the reinforcement of the composite sample, we determined characteristic
time 7 g1 (for sample 1) and 7 g2 (for sample 2), their equivalent thick-
ness based on equation (7) are: lpg; = 2.25 mm and g g2 = 2.07 mm
in the simulation model. Thus the determined values of the dimension-
less parameters BY = (lE7s/ls)Z.S:1 = 0.865, By = (lE75/ls)iS:2 = 0.911,
(lT/ls)f:1 = 0.577 and (lT/ls)f:2 = 0.385, which when substituted into (9)
make it possible to determine the value of dimensionless thermal diffusivity
(ar/ar);—; = 0.587 and (agr/ar),_, = 0.591 (Tab. 1, Fig. 7). Because the
value of the thermal diffusivity of epoxy resin is known ag = 1.16x10~"m? /s
(at T = 298.6 K), then ar; = 1.98 x 10~ "m?/s, azy = 1.96 x 10~ "m?/s
and the obtained value of thermal diffusivity of the polyamide 6 (material)
is similar to the value in Fig. 5 — in the range of error band for the modified
pulse method.
Values of thermal diffusivity ar,; and ar s of polyamide PA6 obtained using
this method are in fact identical ar = (1,97 £0,01) x 10~"m?/s (Tab. 1)
and vary from the value ar = 2.07 x 10~"m?/s given by the independent
measurement (Fig. 5) by less than 5%.
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i test samples consist of epoxy
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Figure 7: Results from testing the method for the epoxy/polyamide PA6 composite (see
Tab. 1).

Metrological capacity of this method of studying transient heat transfer
in composite walls depends on the estimation of errors made while deter-
mining two out of three values in (9), that is (lT/lg)f, BY = (11;75/15);g
and (ar/ar). However, the error in determination of BiS seems to be the
principal component in the total error estimation process. For lg g given
by (7), ie. lgs= W(aRTE73)0'5, the relative error of BZ-S is:

(5371‘ = |AB§/B;S‘ =0.5 “AaR/aR\ + (ATE,S/TE,S);S

+2|nig /]
(14)
In the process of determining both thermal diffusivity ar and characteris-
tic time 7 g; using the modified pulse method, all the quantities in (14)
are calculated by a special sub-program incorporated into the measurement
data acquisition and processing program used at the test stand. In our
case, for the samples under investigation we have: |Aap/ag| = 0.022,

(Arms/mp.9)5,| = 0002, |(Arps/mrs)L,| = 0003 and [AK/I] =
0.004. After substituting these data into (14) we obtain dp; = 0.016 and
0B,2 = 0.016. The error made while estimating (lT/lg)f is dp11,1 = 0.01
and dp1/2 = 0.014, respectively. Upon including all the calculated values
of 4.1, 082, Oa1/1,1, and day/;2, for the dimensionless values of parameter

(lT/ls)ls = 0.577 and (lT/ls)g = 0.385 the dimensionless values of thermal
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diffusivity of the walls ¢ = 1 and ¢ = 2 should be contained in intervals:
0.545 < (agr/ar),_; <0.630,
0.529 < (ar/ar);,_s < 0.657 .

3.3 An attempt of applying the method to determine the
characteristic features of the carbon/epoxy composite
structure

The course of action and the procedures used here were similar to those
described in Section 3.2. To check the usefulness of the method for inves-
tigation of the transient heat exchange in multilayer composite materials,
presented in this paper, the following experiment was carried out as below.

e Three samples were made by Polish company that produces composite
materials: two of which were of the composite material consisting of
respectively two and three layers of carbon fiber plate Porcher inside
epoxy resin EP 53; the third sample was made of epoxy resin EP 53.
All the samples had the same diameter and were comparable with
respect of their thickness (Tab. 2).

e For the above samples measurements were made of the characteristic
times 7r and 7,5, (i =2, 3), and from relation (7) the equivalent
thicknesses [g s ; (i = 2, 3). The results of the measuring values of 7
and ag, as well as 7 g; for i = 2, 3 are presented in Figs. 8 and 9.

; g’ H Epoxy resin EP53 |
5 g.\ 1=139mm;T =30L5K
Q ey t;=2.44s;1,=3.91s

Tz =1.615;0,, = 0.82K ‘
; g m* |
ag(301.5K)=1.21+10"7 = |

|

w
L)
I

T T T Y ey ~ ——
1 2 3 q 5 6 7 8 9 tfs]

Figure 8: Distribution of experimental data during determination by the modified pulse
method 7r and ag for the epoxy resin EP53 at T' = 301.5 K.
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Figure 9: Distribution of experimental data during determination by the modified pulse
method 7z,s,; and ag,s,; for the carbon/epoxy composite sample with two and
three layers (i = 2, 3) of the carbon fiber plate.

e Then standardization of thicknesses of the samples was done in the
way described in Section 3.2 and shown in Tab. 2. The thickness li
of the thickest sample was taken as the standard dimension thus 15517 =
ng. Table 2 summarises the post-standardization data (superscript
‘S).

e All fabrics used as reinforcement for a composite material have their
own characteristic pattern of interweaving fibers, mostly carbon or
glass fibers. In our case, the configuration of fiber bundles in the fab-
ric is as shown in Fig. 10. Heat transfer in the carbon fiber fabric is
a complex mechanism due to several factors including specific struc-
ture of carbon fiber fabric, a considerable difference between thermal
diffusivity of epoxy ar and carbon fiber fabric acpr along the axial
direction of the fibers, and point interfacial areas between intersecting
fibers. This leads to the reduction in the carbon fiber fabric thickness
for transient heat transfer (Fig. 10). In the extreme case, the thick-
ness can be reduced up to 50%. In further calculations, however, the
thickness of a single layer of Porcher 3692/120 carbon fiber fabric was
taken to be L = 0.2 mm.

e Based on the above results and the estimation of the non-dimensional
carbon fiber fabric thickness lop;/ I3 =i * L/I2 for i =2, 3 in the
composite, parameters Bf (¢ = 2, 3) and the dimensionless values
of the thermal diffusivities (ar/acp); for i = 2, 3 were calculated,
using relation (9). The results of estimation are shown in Tab. 3 and
Fig. 11.
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Table 2: The final result of standardization of epoxy resin EP53 and composite samples
(¢ =2, 3) under investigation.

Equivalent thickness of the samples
before standardization, l% S

Equivalent thickness of the samples
after standardization, l]SE S

E( ‘rk.ﬁ I‘if\\ (=',\ :] — *

. a, v Brss T aku oL
" == . -
) '
, 1
H 1
1 ‘rs_.‘ :.' 1 :
57l I "I s :($+—-'"| '-_‘_'rﬂ \..‘_4
" . . . i—9 - i ék - .
- R - "
" . == . - .
| '
1 5 |
I, I Fess g
Jr.\.l_fl 5.5 !R,S — !‘ '4' - (—-;u_\_‘—’| r
|
. " 1=3 T
. a, L. dy i
R " == N "

CPOXY resin

R

carbon fibre
fabric

Figure 10: Configuration of interweaving bundles of carbon fiber in Porcher 3692/120
fabric with the marked of the investigation sample diameter (12 mm).
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Table 3: Results of the measurements and calculations for the epoxy resin EP53 and the
two different carbon/epoxy composite samples (i = 2, 3).

S
ls.i TE,S le,s lop/ls_
Specification Ve 75 = B = ler = ag/acp acp
s 5.8 E.S 15, J1S | 0.2%i
E,S/°S
[mm] [s] [mm] [mm]
Epoxy  resin 1.39 1.61 1.39
EP53%) 153 1773 T53 1.000 0 - -
Carbon/epoxy
ite — 1.53 1.49 1.337
COmPOSIEE = e T3 1857 0.874 0.261 0.268 3.73aR
2 layers (i=2)
Carbon/epoxy
ite — 1.40 1.000 1.0928
COmPOSIEE = 153 904 T 0.800 0.392 0.240 | 4.16ag
3 layers (i=3)
*)For epoxy resin EP53 thermal diffusivity is equal to ap = 1.21 x 10~ 7m?2/s (Fig. 8)

Figure 11: Graph of the function (lop,i/lg)BS = f [(ar/acp),] for tested carbon/epoxy
composite samples (see Tab. 3).

The effective thermal diffusivity values obtained for a single layer of the
carbon fiber fabric of L = 0.2 mm, in the direction transverse to the wall,
i.e., acp = 3.73 ap for the two-layer and acp = 4.16 ap for the three-layer
walls vary by less than 12%.

Measurement errors were estimated according to the procedure described
in Section 3.2 assuming that the single layer of carbon fiber fabric in the
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composite wall has the thickness of L = 0.2 mm. For the samples with
two and three layers of carbon fiber fabric, we have (Tab. 3, Fig. 11):

|Aag/agp| = 0.022, (ATE7S/TE7S)Z-S:2‘ — 0.007, ((ATE,S/TE,S)fzg‘ — 0.01
and ‘Alg/lg‘ = 0.007. Substituting these values into (14) we obtain dp o =

0.02 and 0p 3 = 0.022. The dimensionless values of the thermal diffusivity
(ar/acp); of the walls i = 2 and i = 3 should be included in intervals:

0.194 < (ar/acp);_o < 0.353 ,

0.188 < (ar/acp),_s < 0.298 .

Theoretically, with ideally manufactured composite samples, the following
dependence should be satisfied

(ar/acp);—y = (ar/acp);_3 - (15)

In practice, however, condition (15) cannot be satisfied due to the following
factors:

e it is impossible to place individual layers of carbon fiber fabric per-
fectly in parallel to each other and to the extreme surfaces of the
samples under investigation;

e thermal resistances at the interface of the matrix and the carbon fiber
fabric layers are difficult to be determined accurately and can hardly
be accounted for separately;

e this also refers to a random distribution of thermal resistivity of the
interface between single carbon fibers in the bundle and in-between
the bundles of the fabric.

4 Conclusion

The paper presents an attempt to use the theory of similarity to investigate
the transient heat exchange in materials with complex structure, in particu-
lar carbon/epoxy composites by developing a theoretical and experimental
method for determining the equivalent value of thermal diffusivity for the
wall from the known thermal diffusivities and thicknesses of layers forming
a composite wall.

The proposed method was tested on two-layer composite sample ‘epoxy
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resin EP53 — polyamide PA6’. The main idea in this test was to check
whether the method proposed in the work of calculating thermal diffusivity
value of polyamide PAG6 is consistent with the value known from indepen-
dent measurements. It was found that these values differ by less than 5%,
namely the error of measurement method.

Trying to apply the presented methods to analyze the characteristics of
the composite wall structure ‘carbon/epoxy’ containing two and four layers
of plates, showed that it can be used: for practical assessment of the correct-
ness of theoretical assumptions and the proposed technology of composite
walls; to estimate the value of thermal diffusivity of one of the layers of
double-layer composite wall where their thicknesses and thermal diffusivity
of the second component are known.

Tests of the transient heat transfer in the composite walls with two or
three layers of Porcher 3692/120 carbon fabric have shown that a single
layer of this fabric which is Lop = 0.2 mm thick has the equivalent ther-
mal diffusivity in a direction perpendicular to the sample surface equal to
acp = acp, = 4ar = 4.84 x 10_7m2/s. This carbon fabric layer in a
composite wall may be replaced by a matrix layer of EP53 epoxy resin with
the thermal diffusivity ag and a thickness which is two time smaller, that
is Lecp=0.5 Lcp = 0.1 mm.

From the point of view of the heat transfer, the obtained results of the
tests of the composite walls with two or three Porcher 3692/120 carbon fab-
ric layers, seem to be credible when we take into account both the carbon
fabric structure in which bundles of carbon fibers interweave each other
at right angles, and the results of the tests of the carbon fibers’ thermal
diffusivity along and perpendicular to their axes (acp) =5 x 107%m? /s —
own investigation, acp = 4.84 x 10~"m?/s). On their basis it may be
concluded that each bundle is an integral adiabatic system in the fabric, by
which the heat flux is transferred between the matrix layers of the fabric
sticking on both sides to it.
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