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Abstract 

Nowadays, an integration of the sensor-based technology to learning science is required in order to improve the quality of science teaching 
especially for the better physical measurement quality. The utilization of sensor technology embedded with ArduinoTM programming can 
handle the problem of the real-time data recording. For example, in a conventional time-dependent physics experiment conducted at schools, 
the students commonly input the data with the help of a ticker timer or a stopwatch manually. However, some physics experiments studying 
the time-dependent physical changes cannot be run well. In this case, the heat transfer phenomena including a conduction, a convection, and a 
radiation cannot be explored except we have the device to identify the time-dependent heat changes during the investigation. Thus, a novel 
educational lab kit investigating the heat transfer will be proposed. The time-dependent measurement employs MAX6675K temperature 
sensors-based ArduinoTM microcontroller. The temperature changes at certain positions along a rod can be investigated while the rod is being 
heated. Interestingly, the result shows the good tendencies of time-dependent temperature changes due to the conduction phenomena. The 
effects of the cross-section area and the rod length will be explored. It is believed that this design is suitable for the students and the teachers 
to be implemented at school. 

© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Nowadays, the science teaching always engages students to be active learners in a class. Learning science is a process, which 
can engage student to learn science actively, based on the hands-on activity [1]. This active learning involves students’ 
observation, asking the question, reasoning and interpreting the data, concluding and communicating the result. Some hands-on 
activities are well performed by conducting the science experiment in a laboratory. On the other hand, the technology-integrated 
science learning is a necessity in this modern era [2]. Science comes to identify the nature phenomena. The good scientific 
result is closely related to the quality of data. The scientific data is firstly collected by measuring the physical-chemical 
parameters. It can be found in a conventional time-dependent physics experiment conducted at schools, the students commonly 
input the data with the help of a ticker timer or a stopwatch manually. Consequently, the result tends to be significantly different 
from the theoretical prediction caused by the human error. For this reason, the sensor embedded with ArduinoTM 
microcontroller will be constructed in order to improve the quality of a time-dependent data recording [3]. 

Some computer-guided measurement technologies have been implemented at school. Our previous work showed the use of 
the video recording analysis technique using Tracker Video AnalyzerTM for the time-dependent mechanical phenomena like a 
pendulum motion, a rolling object, and a trajectory motion [4, 5]. However, this similar method cannot be carried out to 
examine the non-mechanical phenomena. To handle this problem, a novel simple educational lab kit will contribute to the 
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measurement of heat transfer equipped utilizing a MAX6675K temperature sensor as a non-mechanical phenomenon. This kit is 
designed to help students measure the temperature changes at certain positions along a heated rod. This conduction 
phenomenon affected by the cross section area and the length of the rod will be further investigated. 

2. Materials and Method 

The materials are provided to install the kit such as an ArduinoTM uno microcontroller, 3 MAX6675 temperature sensors 
with K-type thermocouples, a hotplate, 3 test rods, male to female hookup wires, clips as shown in Fig. 1. Arduino is a 
microcontroller system based on Atmega 328 mini board. This board is equipped with 14 input/output digital pins, which can be 
used as the input or the output using Mode(), digitalWrite(), digitalRead() pin functions, 6 analog input pins and a USB port 
which allows Arduino to communicate with a computer. Arduino uses the C language programming and it operates at 3.3 V and 
5V voltages. In this lab kit, Arduino processes the program inputted from the computer. This board is equipped with the 
MAX6675 temperature sensors. The program is developed to be uploaded to the microcontroller, and the board will work 
according to our desire. MAX6675 sensor is a temperature sensor composed by the cold-junction compensation with an open 
K-type thermocouple detection consisting of 5 pins including GND, VCC, SCK, CS, and SO. In this lab kit, a MAX6675K 
sensor with a K-type thermocouple will detect rods’ temperature changes during heating process. A hot plate equipped with a 
thermostat will control the temperature at 200oC during performing the experiment. The three different sizes of aluminum rods 
with 50, 50, and 49.3 cm lengths and 8.21, 10.26 mm, and 12.12 mm diameters will be used in this experiment. 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Materials used to install the heat transfer lab kit consisting of (a) a hotplate, (b) Male to female hookup wires, (c) a test rod, (d) an 
ArduinoTM uno microcontroller, (e) a MAX6675 temperature sensor equipped with a K-type thermocouple. The kit is used for analyzing the 

heat transfer through a metal rod as a conduction process while the sensors are located at the three points on the metal rod. 

3. Results and Discussion 

Figure 2 shows the installation of the MAX6675 temperature sensors to ArduinoTM. Firstly, a MAX6675K temperature 
sensor is connected to Arduino with the configuration of SO to D8, CS to D9, SCK to D10, Vcc to D11, Gnd to D12, SO to D3, 
CS to D4, SCK to D5, Vcc to D6, and Gnd to D7. The male to female hookup wires are used to connect among ArduinoTM-
sensor pins. The K-type thermocouples are connected to the anode-cathode of the MAX6675K sensor. The rods will be put on 
the top of hotplate surface when the surface reaches the temperature of 200oC. 
 

  
 
 
 
 
 
 
 
 

 

Fig. 2. The installation of the two sensors of MAX6675 connected to a ArduinoTM microcontroller in order to identify the temperature change 
rates of the two points where the temperature sensors are placed onto a metal rod. 

Figure 3 shows the complete procedure of lab kit installation while the Table 1 shows the ArduinoTM code of lab kit used to 
perform the experiment. This script is sent to the ArduinoTM. This device will scan the temperature change of the rod during 
heated by a hotplate. The open system affected by the physical rod-hotplate interaction to the air is not considered in this 
experiment. It is assumed that the heat is mostly transferred to the rod due to the higher thermal conductivity of the rod rather 



538   Eka Cahya Prima et al.  /  Procedia Engineering   170  ( 2017 )  536 – 540 

 

 

than the air. The thermocouple will detect the temperature change along the time. The data is sent to the Arduino’s Serial 
Monitor as shown in the computer. This data is copied to the excel worksheet in order to make a graph. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The complete consecutive procedure of lab kit usage started from installing the lab kit, performing the lab kit using controller, through 
taking and analyzing data 

Table 1. ArduinoTM code of MAX6675 temperature sensor connected to the ArduinoTM controller for the heat transfer lab kit purpose 

The ArduinoTM code of lab kit (part I) The ArduinoTM code of lab kit (part II) 
#include "max6675.h" 
 
int thermoDO1 = 8; 
int thermoCS1 = 9; 
int thermoCLK1 = 10; 
int thermoDO2 = 3; 
int thermoCS2 = 4; 
int thermoCLK2 = 5; 
 
MAX6675 thermocouple1(thermoCLK1, thermoCS1, thermoDO1); 
MAX6675 thermocouple2(thermoCLK2, thermoCS2, thermoDO2); 
 
int vccPin1 = 11; 
int gndPin1 = 12; 
int vccPin2 = 6; 
int gndPin2 = 7; 

void setup() { 
Serial.begin(9600); 
// use Arduino pins  

pinMode(vccPin1, OUTPUT); digitalWrite(vccPin1, HIGH); 
pinMode(gndPin1, OUTPUT); digitalWrite(gndPin1, LOW); 
pinMode(vccPin2, OUTPUT); digitalWrite(vccPin2, HIGH); 
pinMode(gndPin2, OUTPUT); digitalWrite(gndPin2, LOW); 

Serial.println("MAX6675 test"); 

// wait for MAX chip to stabilize 
delay(500); 

} 
void loop() { 

// basic readout test, just print the current temp 
Serial.print("C1 = ");  

Serial.println(thermocouple1.readCelsius()); 
Serial.print("C2 = ");  
Serial.println(thermocouple2.readCelsius()); 
delay(1000); 

} 

Figure 4 shows the tested lab kit controlled by a computer. According to the fundamental theory of conduction [6], the 
energy rate considered as heat between hotplate and rod surface is the temperature difference function between both surfaces. 
During the conduction process, the heat flows through and within these bodies. The molecular vibrations, free electron 
diffusion due to the metallic bond, and phonons collisions happen resulting the thermal energy transfer. The Fourier’s law 
expresses the heat flux as given in Eq. (1). 

 (1)   

Installing the lab kit 

Setting the Circuit 

Pinning Arduino-Sensor 

Running Arduino Ide  

Compiling and Uploading the Script to the Board 

Inserting the Arduino Code  

Connecting The K-Type Thermocouple 

Opening the Serial Monitor, Copying the temperature data to Excel

Showing and analyzing the graph 

Performing the lab 
kit using controller 

Taking 
and 

analyzing 
data 
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where  is the amount of heat flowing per second and per unit area, while  is the temperature gradient. The sign negative is 
presented so that k > 0 which the heat always propagates from a higher surface temperature to a lower surface temperature. In 
the assumption of the one-dimensional conduction through a rod, the amount of heat transfer per second (H) through a rod’s 
surface area of A and the temperature gradient of dT/dx is expressed in Eq. (2). 

  (2) 

While the amount of heat is provided by a hotplate during contacting a rod onto the surface, the heat propagates from a hotplate 
to a rod. In this investigation, the effects of the cross-section area of A which is proportional to the heat transfer, and the certain 
temperature sensor positions along the rod towards a hotplate are further explored. The rod’s temperature difference is 
monitored in certain positions along the time as the prior strategy of heat transfer identification which is defined as ΔT in figure 
5 and 6. 

 
Fig. 4. Performing the lab kit controlled by a computer using three MAX6675 temperature sensors connected to two ArduinoTM controller. 

A rod is placed on the hotplate’s surface with the constant temperature. 

The investigation of the time-dependent temperature changes during the conduction phenomena due to the cross-section 
area is presented in figure 5, while the characteristic of heat transfer affected by the temperature sensor position are shown in 
figure 6. The figures clarify that the conduction is proportionally affected by the cross-section area and inversely influenced by 
the rod position. According to the figure 5, those three graphs tend to show the linear response of ΔT to time during the heated 
hotplate-rod contact for 30 minutes. The sensors are set on the top of the rods. The graph shows the gentle slope of a small rod 
with diameter of 8.21 cm < a moderate slope of the rod with diameter of 10.26 mm < a strong slope of the rod with diameter of 
12.12 mm. While the cross-sectional area is proportional to the quadrat of rod’s diameter, it could be proven that the area of the 
cross-sectional area of rod is proportional to heat transfer. This result corresponds to the fundamental thermal conduction 
concept as stated in the Eq. 2. 

 

Fig. 5. The profiles of temperature changes rate during the conduction phenomena due to (a) the rod area difference which ΔTsmall, ΔTmedium, 
ΔTlarge indicate the temperature different in certain rod diameters of 8.21 mm, 10.26 mm, 12.12 mm, respectively, measured along the 

distance of 50 cm from the hotplate surface 
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Fig. 6. The profiles of temperature changes rate during the conduction phenomena due to (a) the position differences of temperature sensor 
with 12.12 mm rod diameter which ΔTbottom, ΔTmiddle, ΔTtop indicate the temperature sensors’ distances of 19.1 cm, 34.3 cm, and 49.3 cm, 

respectively, from the hotplate surface (b) the position differences of temperature sensor with 10.26 mm rod diameter which ΔTbottom, 
ΔTmiddle, ΔTtop indicate the temperature sensors’ distances of 20.0 cm, 35.0 cm, and 50.0 cm, respectively, from the hotplate surface.  

In a metal, the thermal conduction happens due to the atomic vibrations. If the metal edge is being heated, the atomic 
vibration will transfer the energy to the others. The atomic vibration energy transfer in a solid material is faster than the atomic 
vibrations followed by the atomic collisions in a thermal convection process [6]. The figure 6a and 6b show the characteristic 
of heat transfer affected to the position differences of temperature sensor on the metal rod. The shortest temperature sensor 
positions of 19.1 cm and 20.0 cm for both rods as shown in figure 6a and 6b, respectively, result the highest gradients of 
temperature changes along the time. These slopes will slightly decrease due to the longer sensor positions toward the hotplate 
with 34.3 cm and 35.0 for both rods. Then, the gentle slopes are found at the temperature sensor positions of 49.3 cm and 50.0 
cm for figure 6a and 6b, respectively. The phenomena confirm the theory that the longer the position of temperature sensors 
towards a hotplate as a main heat source, the longer the time required to propagate the heat. Moreover, it can be analyzed that 
the convection phenomenon is significantly occurred from the rod to the air due to the higher rod-air temperature difference in 
the open system, so the gentler slopes along the time could be seen in the figure 6. 

4. Conclusion 

A novel educational lab kit investigating the heat transfer has been tested successfully. The result shows the time-dependent 
temperature changes employing a MAX6675K temperature sensors-based ArduinoTM microcontroller. The temperature 
changes at certain positions along a rod has been investigated. Interestingly, the result shows the good tendencies of time-
dependent temperature changes due to the conduction phenomena. The effects of the cross-section area and the rod length have 
been explored. It is believed that this design is suitable for the students and the teachers to be implemented at school. 
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