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Abstract. The development of a digital Viscometer of fluid using photodiode and ultrasonic 

sensor has been done. The time taken of the ball to pass a distance in the fluid is controlled 

using two photodiode sensors. On the other hand, the ultrasonic sensor is used to measure the 

distance between the photodiode sensors. An Arduino microcontroller is used as data 

processing and interfacing with digital displays (LCD). The Viscometer system is validated by 

an expert and a valid criterion is obtained of 91.67%. Empirically, the measurement error of the 

system is obtained of 0.5%. Viscosity measurement is carried out on three types of fluid which 

are glycerine, oil and cooking oil. Based on the measured data, the viscosity of the glycerine, 

oil and cooking oil are 1.12 Pa s, 0.78 Pa s and 0.39 Pa s, respectively. The satisfy result show 

the digital Viscometer is promising to be used in industry and schools as a tool to improve the 

understanding of the viscosity concept of the student. 

1.  Introduction 

Physics has provided a strong foundation of technological evolution. Advances in the physical 

sciences such as sensor systems, components, electronic circuits, and materials provide a considerable 

impact on the development of technology. Therefore, understanding the concepts of physics in 

teaching is very important. An experiment is an important instrument for understanding the concepts 

of physics. In general, some experimental instrument in laboratory is working manually, where less 

effective and efficient. Manual instrument is produced lack of proper data due to some mistakes made 

in the experiment, such as general and systematic error. In systematic error, the calibration and 

parallax error greatly affect to the quality of the measured data. Viscometer is one the experiment 

system that requires a accuracy and precision system 

Viscometer is an instrument used to measure the viscosity of a fluid. Viscosity may be thought of 

as the internal friction of a fluid [1]. There are several methods used in the determination of the 

coefficient of viscosity of the fluid, one of which is the falling ball method. This method uses a ball 

that was dropped on a tube containing the fluid and travel time of the ball from one point to another 

point is recorded. Based on this travel time, the viscosity of a fluid can be calculated [2]. In manual 

instrument, the travel time is measured using a stopwatch and the viscosity of the fluid being 

calculated manually. In this manual experiment, a data error in measurement and calculation can be 

occurred. The automation of measurement using sensors and digital technology is one solution that 

can be applied [3][4]. In this work, the digital viscometer is developed for physics experiment based 

on sensor technology and microcontroller.  

http://creativecommons.org/licenses/by/3.0
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The digital viscometer is composed of a pair of photodiode sensors and ultrasonic sensors. 

Photodiode sensor is a semiconductor device with a p-n junction that designed to operate in reverse 

bias as a light detection [5]. This photodiode is operated as timer controller, where the ball passes the 

first sensor the timer is started and when the second sensor the timer is stopped. A pair of these sensors 

can be shifted upwards or downwards in order to vary the distance of the ball fall in the liquid. 

Ultrasonic sensors (Figure 1a) is a sensor works by emitting ultrasonic wave and receive a reflection 

of waves that can be used to interpret the distance of an object [6]. 

Arduino microcontroller (Figure 1b) is an electronic component that can be programmed and 

execute the program. Microcontroller equipped with supporting peripherals to as a complete computer 

on a chip level. A simple microcontroller is an IC that comprises RAM, ROM, parallel I/O, counter, 

and a clock circuit [7]. A microcontroller is a microprocessor system in which there already exists 

CPU, Read Only Memory (ROM), Random Access Memory (RAM), Input-Output, timers, interrupts, 

clocks, and internal equipment others already interconnected and well organized in a single chip that is 

ready to be used [8]. Arduino is a microcontroller board that has been integrated with a 

microcontroller ATmega328. Arduino data will be displayed in a Liquid Crystal Display (LCD) 

module. LCD is a flat-panel display or other electronically modulated optical device that uses the 

light-modulating properties of liquid crystals. 

 
 

 

(a)                                          (b) 

Figure 1. Part of the system, (a) ultrasonic sensor and (b) Arduino 

2.  Experimental 

The digital viscosmeter built by several circuits and electronic components. Ranging from the power 

supply, Arduino, photodiode and ultrasonic sensor as well as LCD displays this experiment, three 

kinds of liquid is used as a sample and the sensor distance will be varied. The diagram block of digital 

viscometer is shown in Figure 2. 

 

 

 

 

 

 

 

 

Figure 2. Block diagram of the digital Viscometer 

 

In this design, Arduino acts as a timer which is controlled by a pair of photodiode sensor. On the 

other hand, Arduino also serves to receive data from the ultrasonic sensors to determine the distance 

between two sensors. The schematic of the program inside the Arduino is presented in flow chart as 

shown in Figure 3. 
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Figure 3. Flowchart of the software of the system 

 

The accuracy of the system is determined based on measured results and know a coefficient of 

viscosity of the fluid. Each of the liquid samples are measured and compared with its standard 

coefficient of viscosity. Meanwhile, the determination of the precession of the system performed by 

take measurements repeated ten times for each sample fluid. Determine the average value, standard 

deviation, absolute error and relative error and report the results of measurements [9]. 

3.  Results and Discussion 

3.1.  Results 

3.1.1.  Specification of the System 

In general, the digital viscometer consists of sensor system, liquid container, and electronic system. 

Figure 4 are photographs of the sensor system and liquid containers. The sensor system is composed 

of a pair of photodiode for timer controller and ultrasonic sensors for a rangefinder. In addition, the 

glass tube is used as a container of fluid to be measured. Tubes with a height of 43 cm and a diameter 

of 8 cm, equipped with a hook ball. The circuit system installed in electronic case, which consists of 

an LCD display, push-button, power supply, Arduino, reset button, power on/off, sensor and AC ports. 

On the Arduino, 2, 3, 4, 5, 6, 7 port is used for the LCD display. Ports A0, A1, A2, and A3 are used 

for fluid and a reset button. Port 8.9 to sensor distance and port 5 Volt and the ground is used 

simultaneously as a voltage photodiode (Figure 5a). Box consists of two parts, front and rear. The 

front and back of the box can be seen in Figure 5b and 5c. The front part is where the LCD display, 

reset button, the on / off switch and three buttons for liquid selection. The rear consists of the AC port, 

fuse, and sensor ports. The port sensor has three pins including a proximity sensor pin, pin the start 

and stop of the sensor photodiode. 

Start 

Select type of liquid 

Range finder from Ultrasonic Sensor  

Calculate travelling time ball in liquid 

controller by photodiode sensor 
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Figure 4. Photograph of the sensor system and liquid container 

 

   

Figure 5. Electronic system, a) electronic circuit, b) front and rear panel, and c) LCD display 

3.1.2.  Specification of the Design 

The accuracy is determined by comparing the measured data with the known or standard viscosity of 

the liquid. Some parameters such as ball and the liquid density are entered to system before 

performing the viscosity measurement. The accuracy of the system is calculated for three kinds of the 

liquid which is oil, cooking oil and glycerine. Based on the relationship between distance and travel 

time the ball in liquid, the viscosity each liquid can be measured. Figure 6-8 show the relationship 

between the distance and the time for oil, cooking oil and glycerine, respectively.  
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Figure 6. The relationship between the distance and the time for oil liquid 

 

 
Figure 7. The relationship between the distance and the time for cooking oil liquid 
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Figure 8. The relationship between the distance and the time for glycerine liquid 

 

In Figure 6, comparison of measured and theoretical viscosity of the oil is presented. The measured 

data are approaching the theoretical value. The experiment proves that the value of the viscosity of 

0.785 Pa s with accuracy percentage of 98%. In Figure7, the viscosity of cooking oil was 0.395 Pa s. 

As can be seen on the graph, the blue line is always close to the red line. So we can say with a 

theoretical approach viscosity measurement accuracy percentage of 98%. The glycerine has an average 

viscosity 1.112 Pa s and the percentage of accuracy of 99%. The relationship between the distance and 

the time for both measured and theoretical can be seen in Figure 8.  

Different fluid types have different viscosity. Figure 9 shows the difference in viscosity fluid used 

in the experiment. The third type of fluid has a different coefficient value. Based on measured data, the 

viscosity coefficient of the oil, cooking oil and glycerine are 0.785 Pa s, 0.395 Pa s and 1.112 Pa s, 

respectively. 

 

 
Figure 9. Comparison the viscosity coefficient of the liquids 
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The accuracy of the system is obtained based on the repeated measurement. In this experiment, the ten 

repeated measurements are performed. The accuracy is calculated based on the average value, standard 

deviation, and error percentage. The repeated measured data for accuracy calculation are listed in 

Table 1, Table 2 and Table 3. Based on the data in tables, the accuracy of the system of glycerine, oil 

and cooking oil are 99.085%, 98.101% and 97.938%, respectively. Measurement error derived from 

the digital viscometer is smaller than an instrument that has been developed previously [9]. 

Table 1. The measurement accuracy of viscosity coefficient for the glycerine 

Distance (m) 
ᶯ 

measured 
ᶯ 

Standard 
∆ᶯ 

Relative 

Error (%) 

Accuracy 

(%) 

0.050 1.124 1.120 0.004 0.357 99.643 

0.100 1.122 1.120 0.002 0.179 99.821 

0.150 1.102 1.120 0.018 1.607 98.393 

0.200 1.103 1.120 0.017 1.518 98.482 

Average 1.113 1.120 0.010 0.915 99.085 

Table 2. The measurement accuracy of viscosity coefficient for the oil 

Distance (m) 
ᶯ 

measured 
ᶯ 

Standard 
∆ᶯ 

Relative 

Error (%) 

Accuracy 

(%) 

0.050 0.800 0.79 0.010 1.266 98.734 

0.100 0.780 0.79 0.010 1.266 98.734 

0.150 0.770 0.79 0.02 2.532 97.468 

0.200 0.770 0.79 0.02 2.532 97.468 

Average 0.780 0.790 0.015 1.899 98.101 

Table 3. The measurement accuracy of viscosity coefficient for the cooking oil 

Distance (m) 
ᶯ 

measured 
ᶯ 

Standard 
∆ᶯ 

Relative 

Error (%) 

Accuracy 

(%) 

0.050 0.420 0.400 0.020 5.000 95.000 

0.100 0.402 0.400 0.002 0.500 99.500 

0.150 0.411 0.400 0.011 2.750 97.250 

0.200 0.400 0.400 0.000 0.000 100.00 

Average 0.408 0.400 0.008 2.062 97.938 

 

3.2.  Discussion  

The working principle of fluid viscosity measurement system based on digital are photodiode sensor 

will detect a ball that was dropped onto the surface of the fluid in a tube and an ultrasonic sensor to 

determine the distance from the sensor 1 to sensor 2. The sensor’s position can be raised or lowered in 

order to vary the distance. When the ball is dropped, the sensor 1 detects the presence of the ball and 

starts the timer on the Arduino. Once the ball reaches terminal velocity and then through a sensor 2 

which is located at the bottom, then the sensor 2 will stop the timer on the Arduino. Simultaneously, 

the ultrasonic sensors measure the distance from the sensor 1 to sensor 2. Based on the time and the 

distance, the Arduino circuit will automatically do the calculations to obtain the viscosity and 

displayed on the LCD. Digital viscometer can be operated for three kinds of the liquid that can be 

selected on the front panel. On the Arduino program, each button has a different type of mass values. 

Oil has a density of 859.5 kg/m3, cooking oil has a density of 884.8 kg/m3 and glycerine has a density 

of 1244.8 kg/m3. The value of the density of each fluid obtained from measuring the mass of fluid and 

divide by its volume. 
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4.  Conclusion 

The development of digital viscometer based on sensor technology and microcontroller has been 

presented. The digital viscometer is built consist of viscosity tube, photodiode and ultrasonic sensor, 

electronic circuit and instrument case. An electronic circuit is composed using Arduino kit, power 

supply circuit and LCD module. A pair of photodiode sensor acted as starter and stopper of the timer. 

In addition, the ultrasonic sensor is performed as a rangefinder between two photodiode sensors. The 

performance of the system in term of accuracy and practicality are satisfied for implementing in a 

physics experiment at school or laboratory. Based on the accuracy, precision and measured results, 

viscosity measurements can be performed more accurately and precisely. 
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