Modeling Heat Transfer Phenomenon for Smart Composite Materials
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This paper is a brief characterization of composite materials and experimental system used for the
measurement of heat transfer in a multilayer Board with the help of thermocouples. Also determine the
temperatures, thermal gradients, thermal flows, in stationary mode, within a range of 570 s for a plate of
composite materials (aluminium foil, expanded polystyrene, extruded polystyrene, universal adhesive).
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The concern of researchers, since ancient times, to get
a top quality materials has led to the emergence of so-
called, nowadays, composite materials. Composite
materials are systems of solid objects, deformable obtained
by combinations of several materials, at macroscopic scale
(e.g. hemp with glue, composite plates of natural fibres,
carbon composite, laminated cards) — characterized by
the combination of components with high mechanical
resistance, together with others that have higher flexibility,
thus resulting in a product with a light meal and strength
enhancement [1-6].

Composite materials are anisotropic [7]. Due to their
properties, physical, chemical and mechanical properties,
composite materials are being used in more and more
fields (in the process industries, military industry, transport
industry, medical field, etc.) [8]. The manufacturing
technologies for composite materials, depends on the
physical and mechanical properties of the components.
Manufacturing technologies can be primary - the product
must be subjected to subsequent machining and final
technologies - resulting product which has the
configuration, sizes and quality pre-estabilished. Composite
materials have been tested to obtain both mechanical and
thermal properties [9 - 14].

In the last time has increased interest in the use of
intelligent composite materials for thermal insulation for
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1 - aluminum foil (0,06mm};
2 - expanded polystyrene (4 mm);
3 - extruded polyvatyrene (20mm)

Fig. 1. Materials

metallic and nonmetallic construction. The present
experiment comes in support of all those who will be using
multilayer thermoabsorbante plates.

Experiment part

For this research used:

I. materials - isofoam foil wich is made from aluminum
foil (0.06 mm) and expanded polystyrene foil (4 mm);
extruded polystyrene plane (20 mm) showed in figure 1.

II. devices and apparatus: heat source which was puted
in the midlle of the multilayer plate, thermocouples which
had been set to read the temperatures inside and on the
outside of the multilayer plate (TM1-TM4 read the
temperatures at outside of plate, TM5 read the temperature
at inside plate and TM 8 read the temperature from the
heat source), an autotransformer energy which aims to
apply the appropriate voltage on each plate.

Given that the first layer of expanded polystyrene was
very thin (aluminum foil) therefore impossible to fix

Layer3

Fig. 2. Device and aparatus
for experiment
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Legend
Box and all devices are used in this expenment
TM1-TME - thermocouples,
1 - heat source;
2 - Autotransformer (electnc transformer’,
i 3 - Thermocouples device,
4 - Personal Computer,
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No 3] A E v p
layer [mm] [W/(mK)] [MPa] [ [ke/m’] Table 1
1 0.06 0.015 6300 0.02 2700 THERMO - MECHANICAL CHARACTERISTICS
2 4 0.036 4220 0.30 154 OF THE LAYERS LAMINATED PLATE [3]
3 20 0.034 3000 0.30 20
& — plate thickness; ). — thermal conductivity; E — elasticity module;
v — Poisson’s coefficient; p — density
TMI1 | TM3 | TM5 TME | TMBMI | TM3 | TMS | TMR
Time T: T: T: T: ATip | ATio | ATio | ATip
1 [s1 [C] | [*C] | [*C] [*C] | [K] | [K] | [K] | [K]
0 0 2611|2542 7131 | 10251 0 0 0 0
1 300 2620 (2557 7215 | 10392 018 ) 015 | 0.84 | 1.41
2 330 2633 256 723 10408 | 022 | 018 | 099 | 157
3 360 2635|2563 7243 1042 (024 | 021 | 1.12 | 1.69
4 390 2637 (2564 7252 | 10425 026 022 121 | 174
5 420 2639 (2566 726 | 104290| 028|024 | 129 | 178
4] 450 2642 257 | 7269 [ 10435 031 | 028 | 138 | 1.84
7 480 2643 | 2572 7276 [ 10443 032 03 145 | 1.92
8 :EIO 2645|2574 7283 | 10448 034 | 032 | 152 [ 1.97 TEMPERATURE DIIT:?:tlélReEﬁlCE [K] FOR EACH
9 | 540 2648 |2576| 72.92 | 10456 | 0.37 | 034 | 1.61 | 2.05 THERMOCOUPLE BETWEEN THE
10 | 370 2653 (2579 73.01 |10466| 042 | 037 | 1.7 | 215 TEMPERATURE T, AT THE TIME t, AND THE
11 600 26356 (2583 7307 | 10473 | 045|041 | 176 | 222 TEMPERATURE AT t=0
12 630 266 | 2586 7313 [ 10482 049 | 044 | 1.82 | 231
13 660 2663 | 2538BB | 7317 [ 10483 ) 052 | 046 | 1.86 | 232
14 | 690 2664 | 2589 7318 | 10491 | 053 | 047 | 187 | 24
15 720 2665 | 259 7323 | 10503 | 054 | 048 | 192 | 2.52
16 750 2666|2593 T33 10512 055 | 051 | 199 | 261
17 780 2668 2594 7339 [ 10516 | 057 | 052 | 208 | 265
18 810 2668 | 2594 | 7344 | 105306 | 057 | 052 | 213 | 255
19 840 2669 | 2597 7345 | 10491 | 058 | 055 | 214 | 24
20 870 2671|2598 7341 | 10475 06 | 056 | 21 | 224
thermocouples in this, a first layer formed by adding the ®=ATio/Re [W/m?] )
following unitary extruded polystyrene layer.
The materials were glued with universal adhesive. It is 3 5
not suitable for gluing materials of polyethylene, Rip= __Zl';—'_=0=?03 [(m? K)'W] @)

polypropylene and metals [3].

The thermocouples (TM1-TM5) fixed in diferent points
on the plate and TM8 fixed in back of the heat source. After
that they conected on the thermocouples device. The
thermocouples device transmited on the PC the
temperatures read by thermocouples.

The experimental device and aparatus can be shown in
figure 2. Thermal insulation capacity of a material is
expressed through thermal conductivity coefficient,
denoted A [W/mK].

Thermal conductivity is dependent on the physical
properties of the material: density, porosity, humidity,
ranging obviously from one material to another. The thermal
conductivity is direct proportional to the density of the
material. For this reason light materials (polystyrene,
mineral wool) have a coefficient A less and therefore better
thermal insulation properties. Thermal conductivity
coefficient varies in direct proportion to the humidity
(because the water conductivity is considerably higher-
approx. 20 times-than that of air), so a material will have
better insulating properties with the dry [15]. Thermo-
mechanical characteristics of the layers laminated plate
are showed in tabel 1.

Heat flow @ in the steady state have been calculated
with the formula for the plan wall [16]:
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where: ® - heat flow; AT, - temperature difference [K]
foreach thermocouple between the temperature T, at the
time t and the temperature at the t = 0; R - thermic
rezistance of the plate; & wall thickness [mm] A - the
thermal conductivity coefficient [W/mK]

The effective thermal conductivity is an important
parameter that can quantitatively assess the ability of heat
transfer in composite [16, 17]. Effective thermal
conductivity of composite can be influenced by the
distribution of the particles inside the material [18, 19].
The curve of the heat flow was plotted depending on time
with the Excel programme.

A new approach polymer composites is represented by
increase thermal conductivity adding nano- micro sized
fillers. The shape and the size of the some properties is
taken into account to determine the thermal conductivity
[20].

At the end of the experiments we showed the
temperature value registered and after that we calculated
temperature difference AT (table 2).

After the thermic rezistance R, calculation and
temperature difference AT, one generated the heat flow
graphics (figs. 3-6) taking into account eqg. (1).
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Fig. 5. Graphic representation of the heat flow for temperature
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Analyzing the records of the 4 thermocouple (TM1, TM3,
TM8, TM5) were found informations about the heat flow

10 00 000304 and the thermal resistance:
O o Measurements recorded by the termocuplele TM1 and
ss%?Bo?‘EEDg%S'E £0,00; 2.6 TM3 generated graphs which have been approximated
57000, 2,29 X000 L0 with polynomial function of 4 degree (fig. 3 and fig. 4).
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2.01 to 3.77. The degree of polynomial function is great

when the value of the heat flow is small. The degree of
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