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Annotation: 

changes over time as it exchanges heat with its surroundings. This study presents an 

Arduino-based experimental setup to analyze cooling behavior using a temperature 

sensor (DS18B20) and a microcontroller. The system records temperature 

variations of a heated object over time and compares the data with the theoretical 

cooling equation. The experimental results confirm that the rate of cooling is 

proportional to the temperature difference between the object and the 

surroundings accurate, 

automated, and cost-effective tool for physics laboratories. 

Keywords: ooling, Arduino, Temperature Sensor, Heat 

Transfer, Experimental Physics, Data Logging 

1. Introduction 

Heat transfer plays a significant role in thermodynamics and real-world 

applications, such as climate control, industrial cooling systems, and thermal 

insulation  

 

where: 

 T = Temperature of the object (°C) 

 Ta  = Ambient temperature (°C) 

 k = Cooling constant (s  1) 
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 Rate of temperature change over time 

This study aims to: 

 Design an Arduino-based temperature measurement system to analyze cooling 

behavior. 

  by collecting real-time temperature data. 

 Compare theoretical and experimental cooling curves using automated data 

logging. 

2. Theoretical Background 

ooling 

directly 

proportional to the temperature difference between the body and its 

surroundings. 

Solving the differential equation, we obtain the temperature as a function of time: 

 

where: 

 T0 = Initial temperature of the object (°C) 

 k = Cooling rate constant (depends on material and environment) 

By measuring temperature vs. time, we can determine the cooling constant kkk 

experimentally. 

2.2 Role of Temperature Sensors 

A temperature sensor converts heat energy into an electrical signal, allowing 

us to digitally measure temperature changes in real time. 

3. Experimental Setup 

3.1 Components Used 

 Arduino Uno  Microcontroller for data acquisition. 

 DS18B20 Temperature Sensor  Measures temperature with high precision. 

 Metal Object (Copper or Aluminum)  Acts as the heated body. 
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 Hot Water Bath (90°C - 100°C)  Provides an initial high temperature. 

 Resistor (4.7 k )  Required for the DS18B20 sensor. 

 LCD Display or Serial Monitor  Displays real-time temperature readings. 

 Data Logging System  Saves temperature vs. time data for analysis. 

3.2 Circuit Diagram 

The DS18B20 temperature sensor is connected to the Arduino, which reads 

temperature values at fixed intervals and stores them. The sensor is placed in contact 

with a heated metal object, and data is recorded as the object cools to room 

temperature. 

3.3 Experimental Procedure 

1. Heat the Metal Object: The object is heated to approximately 90°C using 

hot water. 

2. Start Temperature Measurement: The sensor records temperature 

values every 5 seconds. 

3. Monitor Cooling Process: Data is stored in real time via the Arduino 

serial monitor or SD card module. 

4. Compare Experimental Data with Theoretical Model: The recorded 

temperature is plotted against . 

4. Results and Discussion 

4.1 Experimental Data 

The measured temperature values during cooling are recorded below: 
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4.2 Determination of Cooling Constant (kkk) 

Using curve fitting, the experimental cooling constant was determined to be: 

kexp=0.0125 s  1 

which is in close agreement with the theoretical expected value (kth=0.0120 s  1), 

confirming the accuracy of our setup. 

4.3 Advantages of the Arduino-Based System 

 High Accuracy  Errors remain below 2%. 

 Real-Time Monitoring  Continuous temperature tracking. 

 Low-Cost Alternative  Cheaper than traditional lab equipment. 

 Scalable System  Can be expanded for different materials and environmental 

conditions. 

4.4 Limitations and Future Improvements 

 Thermal Losses  Air currents and surface cooling affect accuracy. 

 Sensor Placement Sensitivity  Contact resistance can introduce minor errors. 

 Future Work: Integration with IoT-based remote temperature monitoring and 

thermal insulation experiments. 

This study successfully developed an Arduino-

Cooling experiment using a DS18B20 temperature sensor. The measured cooling 

rates closely followed the theoretical predictions, with errors below 2%. The setup 

provides an affordable, accurate, and automated method for studying heat transfer 

principles in physics laboratories. Future enhancements may include wireless data 

transmission and multi-sensor analysis for different materials. 
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