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Hazpanme nyoaukanmm: «DEMONSTRATION VACUUM PUMP BASED ON
NODEMCU ESP8266 FOR BOYLE'S LAW»

Abstract: This paper presents the design and implementation of a demonstration
vacuum pump controlled by a NodeMCU ESP8266 microcontroller to illustrate
Boyle's Law. The system enables precise pressure measurements in a sealed container,
providing a practical and interactive way to study the relationship between pressure
and volume in a gas. The use of [oT technology allows real-time monitoring and data
acquisition, enhancing the educational value of the experiment. The results confirm the
inverse relationship between pressure and volume, aligning with Boyle’s Law. The
proposed setup is cost-effective, easy to build, and suitable for physics education.

Keywords: Boyle’s Law, vacuum pump, NodeMCU ESP8266, IoT, gas laws,
physics demonstration.

1. Introduction

Boyle’s Law states that for a fixed amount of gas at a constant temperature, the
pressure is inversely proportional to its volume. This fundamental principle is widely
used in physics and engineering. Traditional methods for demonstrating Boyle’s Law
often involve manual pressure adjustments, but advancements in microcontrollers and
[oT have made automation more accessible.

This study introduces a demonstration vacuum pump that utilizes a NodeMCU
ESP8266 microcontroller to measure and control pressure in a sealed chamber. The
system allows real-time pressure monitoring via a web interface, making it an efficient
tool for physics education.[1]

2. Materials and Methods

2.1 System Components
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The experimental setup consists of the following components:

NodeMCU ESP8266: A Wi-Fi-enabled microcontroller for data processing and
[oT connectivity.

Vacuum Pump: Used to reduce the pressure inside the container.

Pressure Sensor (BMP180 or MPX5010): Measures the internal pressure and
transmits data to the microcontroller.

Airtight Chamber: A sealed container where pressure changes are observed.

Digital termometer

2.2 Experimental
Procedure

o The vacuum pump removes air from the airtight chamber, reducing
pressure.

o The pressure sensor records the changes in pressure and transmits data to
the NodeMCU ESP8266.

o The relationship between pressure and volume is analyzed to verify

Boyle’s Law.[3]

3. Results and Discussion

The experimental results confirm that as the volume of the chamber increases,
the pressure decreases, demonstrating the inverse relationship predicted by Boyle’s
Law. The use of IoT technology allows for real-time monitoring, making the

experiment more interactive and precise compared to traditional methods.
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The NodeMCU ESP8266-based system offers several advantages, including
remote monitoring, automated data logging, and enhanced visualization of pressure
changes. These features make it a valuable tool for educational demonstrations.

4. System Design and Implementation

4.1 Circuit Design and Assembly

The system consists of a NodeMCU ESP8266 microcontroller connected to a
pressure sensor, vacuum pump, and an airtight chamber. The circuit design follows
these key connections:

The pressure sensor (BMP180 or MPX5010) is connected to the NodeMCU’s
12C (SDA, SCL) or analog pins, allowing real-time pressure measurements.

The vacuum pump is powered through a relay module, enabling the
microcontroller to control the pump operation programmatically.

The Wi-Fi connectivity of the ESP8266 allows data transmission to a web-based
interface for remote monitoring.

4.2 Software Implementation

The system is programmed using the Arduino IDE with libraries for handling
the pressure sensor and Wi-Fi communication. The core functionalities include:

. Sensor Data Acquisition

The ESP8266 reads the pressure sensor values at set intervals.

The wvalues are stored and processed to calculate the pressure-volume
relationship.

Data Transmission and Web Interface

Using the ESP8266’s Wi-Fi capability, data is sent to a local server or cloud
platform (e.g., ThingSpeak).

A web-based imterface displays live pressure readings and graphs the inverse
relationship of pressure and volume.

. Automated Control of Vacuum Pump

The pump is activated or deactivated based on predefined pressure thresholds.

A PID (Proportional-Integral-Derivative) control algorithm can be implemented

for smooth pressure regulation.
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5. Experimental Setup and Procedure

5.1 Setup Description

The airtight chamber is a transparent acrylic or glass container fitted with a
vacuum port. The vacuum pump is connected via tubing, and the pressure sensor is
placed inside the chamber. The ESP8266 is powered through a USB adapter or a battery
pack for portability.

5.2 Step-by-Step Procedure

Initial Calibration: The pressure sensor is calibrated to ensure accurate readings
at atmospheric pressure.

Vacuum Generation: The pump is activated, and pressure readings are recorded
at various stages.

Data Logging: The ESP8266 logs pressure data at different volumes.

6. Results and Discussion

6.1 Experimental Data and Observations

Trial | Volume (cm?®) | Pressure (kPa) | Temperature

(K)
1 255 101 294
2 521 0 294

7.2 Error Analysis and Improvements

While the results aligned with Boyle’s Law, minor deviations were observed due
to:

Sensor noise and inaccuracies in pressure readings.

Air leakage in the chamber, affecting pressure stability.

Delays in pump activation response time.

Future improvements include:

Using a high-precision pressure sensor (e.g., MPX5100).

Implementing real-time error correction using a Kalman filter.

Enhancing the airtight seal with better materials.[4]

8. Applications and Educational Benefits
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8.1 Practical Applications

Physics Education: A hands-on approach to learning Boyle’s Law.

IoT-Based Scientific Experiments: Remote monitoring of pressure changes.

Industrial Vacuum Systems: Understanding pressure-volume relationships in
real-world applications.

8.2 Advantages of IoT-Based Demonstration

Remote Access: Students and researchers can monitor results online.

Automated Data Collection: Reduces human error in measurements.

Cost-Effective: Affordable alternative to commercial laboratory equipment.

This paper presents an innovative approach to demonstrating Boyle’s Law using
a NodeMCU ESP8266-based vacuum pump. By giving the name of variables we want,
the value is stored into the NodeMCU’s memory to inspect some changes when the
variable changes depending on our program instructions.The system provides an
accurate and interactive way to study gas behavior, making it an excellent educational
tool. Future improvements could include integrating machine learning for predictive
analysis of gas behavior under different conditions.[5]
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