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Heat transfer coefficient of solids is one of the common physical
parameters which is measured to determine the degree of heat
conduction or insulation of the desired material against heat. The
main goal of this study was to design and fabricate a device for
measuring the heat transfer coefficient of the solids based on the
comparative method and its evaluation compared to the absolute
method. In this device, temperature changes were recorded in the
form of graphs. The conductive heat transfer coefficient of the solid
samples was calculated after defining the parameters. In the
hardware, electrical equipment (dimmer, temperature thermostat,
microprocessor, temperature sensor, and interfaces) and mechanical
equipment (aluminum heat sink, thermal insulation, steel body, and
connections) were used and assembled. After designing the computer
software for monitoring and calculating the conductive heat transfer
coefficient, hardware and software sections were linked to make the
device a functional set. According to the results obtained by testing
solid specimens performed on the device, it was concluded that the
performance of the device was within the error range of less than 5%.
In addition, based on the temperature parameter ATy, the stability of
the comparative method was approximately 71% higher than the
absolute method.
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EXTENDED ABSTRACT

Introduction

The conduction heat transfer coefficient of solids is one of the common physical
parameters of materials, which, in addition to scientific research applications, is
considered the basis of design and material selection in industries related to heat transfer.
Considering the accuracy required in measuring this parameter, and the appropriate
methods of different materials, the preparation of measuring devices for this parameter
requires high accuracy.

In the present research, the advantages of the comparative method were considered for
measuring the heat transfer coefficient of solids. The designed and fabricated hardware and
software were also described. Finally, some specimens were tested in the device and the

test results analyzed for two absolute and comparative methods.

Since the rate of heat passes through the standard part and the specimen in the
comparative method due to the series configuration (Figure 1), the heat transfer coefficient

(k) can be calculated using the following equation:

fok Ag- AT - L .
TS A-AT L 1)

where A, AT, and L are the area, temperature difference, and length, respectively. The
“s” subscript denotes the standard part.
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Figure 1. Comparative method configuration: A standard material (reference) with a known heat transfer
coefficient is installed in series with the specimen and the heat transfer coefficient is measured.

Methodologhy

Figure 2 (a) depicts the exploded view of the device. The logical connection of the
hardware and software components of the device is presented in the flowchart in Figure 2
(b). The designed hardware in addition to the software were designed to monitor and

record the temperature variations while all date was recorded in the database for
calculations and analyses.

104



JSSC: Journal of Skill Sciences and Creativity Spring 2024, Vol. 1, No. 1, p. 103-122

Hardware

AC220Vinput

@ (b)

Figure 2. (a) Exploded view of the device designed; (b) the relationship of the hardware and software
components of the device.

In order to evaluate the performance of the device and compare the two methods, 5
specimens were examined. The dimensions of the specimens were all 30 X 30 X 3 mm?.
The test was conducted at an ambient temperature of 25 °C, during 200 s in order to
achieve temperature equilibrium.

Results and discussion

Considering the results obtained in Figure 3, it was concluded that the comparative
method, by removing the errors related to the environment, the material of the hot plate,
and the power consumption of the device provides more accurate results than the absolute
method. However, by comparing Figure 3 (a) and (b), the instability of the temperature
values obtained in the absolute method can be observed compared to the comparative
method. This implies the lesser temperature stability of the absolute method in the
measured time period compared to the comparative method. This is corrected in the
comparative method on both scales. In order to quantitatively investigate this issue, the
parameter AT, was designated as follows:

|ATMax B ATML‘n | (2)

AT, =
v At

where ATy, is the maximum temperature difference and ATy, is the minimum
temperature difference in the time period At. As a result, less AT}, is interpreted as the
higher accuracy of this method. As can be observed in Figure 4, the value of AT, for all
samples is lower in the comparative method than in the absolute method. The average
value obtained for the comparative method is equal to 0.064 and for the absolute
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method equal to 0.22. Assuming AT, as term for stability of the measurement method,
this value difference shows that the comparative method is 71% more stable than the
absolute method.

——Ssample 1
——Sample 2
——Sample 3

sample4

@ )

Figure 3. Temperature difference graph obtained in the (a) absolute and (b) comparative methods.

(1] Absolute method [ Comparative method

L] ’
o M

Sample1 Sample2 Sample3 Sampled4 Sample5

Figure 4. Comparison of AT, parameter in absolute and comparative methods for 5 specimens.

Conclusion

In the current study, the process of designing and manufacturing a device for measuring
the heat transfer coefficient of solids based on the comparative method was explained while
compared to the absolute method. Based on the results and analysis of the comparison of
available values, it was concluded that the performance of the device was within the error
range of less than 5%. Furthermore, the stability and repeatability of the comparative

measurement method used was 71% higher with regard to the AT;, parameter.
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