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Introduction

Heat transfer is transmitted in three ways:
Conduction

Convection

Radiation

Conduction is a process where one system transfers heat to another system of lower
temperature and both systems must be in direct contact with each other.

Determining the thermal conductivity of a material is fundamental in many areas of
science and technology, as well as in industry.



FOURIER’S LAW:
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g= heat flux (W)
Ax= wall thickness(m)

T1= Surface temperature 1 (°K)

T2= Surface temperature 2 (°k)
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A= heat transfer area (m)
K= thermal conductivity (W/m*K)
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There are different methods for measuring thermal conductivity such as steady state
and transient methods, the steady state methods measure the rate of heat flow within
the sample and the temperature gradient between sample interfaces. Among the
methods used to measure thermal conductivity is the hot plate method, which is
notable for its accuracy and ease of adaptation, this procedure provides an effective
way to determine how a material transfers heat across plates.

A thermal insulator prevents energy exchanges with the external environment, when
produced from renewable resources it has the advantage of biodegradability and low
thermal conductivity.



Methodology

The construction of the prototype is based on the protected hot plate method, following the specifications of
ASTM C-177-13, which provides guidelines for the construction of thermal conductivity measuring machines.
The process is divided into the following stages:

a) Determination of the materials to be used.

b) Design of the prototype in SolidWorks program.
c) Procurement of equipment materials.

d) Construction of the metallic structure.

e) Installation of electronic elements.

f) Installation and elaboration of the program that will register the temperatures.



Results

The following table shows the physical specifications of the prototype

Physical specifications of the prototype
Cooling system material Alumninum plate
Cooling system specifications 30x30cm cal. 16

Refrigeration System Components  Peltier cells with cooling system

Temperature control system PID digital temperature controllers
Temperature recording system Arduino one Aluminum

Hot plate material 30x30cm cal. 16

Hot plate specifications 1x 1/8 in. angle

Structure materials 1/8 in. anglel/8 x % in sill plate
Type of temperature sensors Type K thermocouples

Type of heat source on the hot 120 W flat resistors

plate



PREPARATION OF THE PROTOTYPE DESIGN IN SOLIDWORKS SOFTWARE.

The system consists of a Peltier cell, the operation of this system is that one side of the cell is heated
and the other side of the surface is cooled so the cold side will be placed to the aluminum plate and the
hot side will be placed to a heat sink to avoid overloading the cell. The following figure shows the
representative of the components distribution.
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The design has a thermal protection on the side of the prototype,
insulated with refractory ceramic fiber, this insulation is placed on the 4

sides of the prototype including both the base where the lower cold
plate and the upper cold plate are placed.
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CONSTRUCTION OF THE THERMAL CONDUCTIVITY MEASUREMENT EQUIPMENT
BASED ON THE PREVIOUS DESIGN.

It began with the construction of the heating plate which was created from an aluminum plate due
to its great thermal conductivity and a pair of electrical resistances. The dimensions of the plate are
30x30 cm and the electrical resistances are 2 x10 cm with a power of 150 W.




CREATION OF THE PROGRAMMING CODE FOR TYPE K THERMOCOUPLE WITH
ARDUINO AND IMPLEMENTATION OF THE SAME

termopar3D0
termopar3CS
termopar3CLK
temp3;
MAX6675 ! (termopar3CLK, termopar3CS, termopar3De);

0O
(9600) ;

(S5D1306_SWITCHCAPVCC, Ox3C);
00) ;

Adafruit SSD1306 (Largo, Ancho,&Jire, OLED_RESET);

()
(WHITE);

termopariDe
termopariCs
termoparliCLK
templ; templ
MAX6675 rk1(termoparliCLK, termopariCS, termopariDe); 1y (1000);
(templ);
temp2 i
1y (1000) ;
termopar2DO 1(temp2);
temp3 ri i

ay (16

15();

termopar2CS

termopar2CLK
(temp3);

temp2;
; lay();

MAX6675 rk2(termopar2CLK, termopar2CS, termopar2De);




Calculations:

Calculation of the intensity

of the current on hot plate:

P=vI (1.17)
150W = (127V)!

150W ;
127V
I=1.254

Total resistance:

V = IR (1.18)
127V = (1.254)R
127V
1.254

RT = 101.60hms

Power of every resistance:

Pr = (Rind)(I)
Pr = (20.320hms)(1.254)
Pr =31.75W

Individual resistance:

Resistencia individual = RT /5
Rind = 20.32o0hms

(1.19)



REGISTRATION AND TEST RESULTS

Tests were carried out to determine the efficiency of the prototype. We began
the tests with a material whose thermal conductivity value is already known. In
this case, the tests were carried out with a piece of drywall whose thermal

conductivity value is 0.1005 W/ m - K.

Eficiencia de la maquina prototipo

Conductividad Prueba 1 Prueba 2 Prueba 3
térmica de la
Tablaroca
0,100 W/ m-K 0.1650 W/m*K 0.1190 W/m*K 0.0950 Wim*K
Diferencia del valor de k
+0.0645Wm*K +0.0185W/m*K -0.0055Wim*K

Eficiencia
60.90% 84 .45% 04 52%



Annexes




Conclusions

The design and creation of a prototype machine based on the hot plate method to
determine the thermal conductivity of materials represents a significant step towards

the optimization of thermal efficiency in various products, in this case the creation
of thermal insulators.

The design of a machine to determine thermal conductivity will provide university
Institutions with efficient and low-cost equipment, allowing students to perform
practical experiments that complement their theoretical training, giving them a
deeper understanding of the concepts and phenomena related to heat transfer.
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