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Abstract 
Immersion heaters are used by industries to heat fluids. The element of an 

immersion heater need to be fully immersed into the heated liquid, 

otherwise it could be subject to overheat. The main purpose of this thesis is 

to find a temperature sensor, which could signal in case the immersion 

heater is at risk to suffer from overheat due to low liquid level. A 

comparison of accuracy, size and cost between an analog and a digital 

sensor is held, to conclude whether either one is at an advantage for this 

application. An immersion heater with ceramic element and quartz glass 

tube and a water tank, both provided by Scandymet, is used during 

experiments. First, the position for the sensor inside the heater was 

examined, by placing the sensor at different positions. Next, 

measurements of the operating temperature of the immersion heater were 

made at different liquid levels. This resulted in a placement for the sensor 

near the head of the immersion heater and an approximate temperature 

range from 41 ℃ to 58 ℃. Both the analog and digital sensors is chosen 

with measurable ranges to match the result from previous experiments. A 

thermistor along with a linearizing series resistor make the analog design 

and a DS18B20+ with a pull-up resistor the digital design. The 

microcontroller for both designs is Adafruit Feather Adalogger M0, which 

is programmed in C/C++ using Arduino IDE software. It is concluded that 

it is possible to signal in case liquid level decrease below minimum level, 

by inserting a temperature sensing device into the immersion heater. The 

sensor should be placed above the maximum liquid level mark, close to 

the head of the heater. The analog design would be recommended as 

overheat protection, due to its smaller size, less expensive and, with 

further calibration, accurate response.  

 

Keywords: immersion heater, temperature sensor, overheat protection, 

thermistor, DS18B20+, PT-100, Adafruit Feather Adalogger M0. 
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Terminology 

Abbreviations 

ADC Analog to digital converter.  

EIA Electronic industries alliance. 

IEC International electrotechnial commission. 

JST Japan solderless terminal manufacturing com-

pany limited 

LED Light emitting diode.  

NTC Negative temperature coefficient. 

PC Personal computer.  

PT-100 Platinum RTD with resistance 100 Ω at tempera-

ture 25 ℃.   

PTC Positive temperature coefficient. 

RTD Resistance temperature detector. 

SEK Svenska kronor. Currency of Sweden.  

SQG Scandymet quartz glass. An immersion heater. 

USB Universal serial bus.  
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1 Introduction 

1.1 Background and problem motivation 

Within today’s industries, immersion heaters are commonly used for 

heating corrosive fluids. As a fluid is to be heated, the heater is immersed 

into the fluid inside a tank. The product could be subject to overheat if the 

heating element would not be completely immersed, due to low fluid 

level. Melting cables and polypropylene parts of the immersion heater are 

some of the consequences due to overheat, which could lead to short-

circuit or destruction of the product. If placed in close perimeter to a wall 

of the tank, overheat could also cause a hole burnt through this wall, which 

could lead to severe consequences for the industry’s production, for exam-

ple production stop or fire. This project is made upon request by 

SCANDYMET, a company who mainly produce electrical immersion 

heaters and heat exchangers for industrial use. To avoid any of these 

problems, SCANDYMET wish to introduce an overheating protection for 

their immersion heaters. [1]  

1.2 High-level problem statement 

The main purpose of this project is to find a sensor, to measure the tem-

perature inside the quartz glass tube of the immersion heater and signal in 

case the temperature rises above critical. An operator should be able to see 

the alarm and reboot the system manually. No automated reboot of the 

system is allowed, due to security enhancement.  

1.3 Scope 

An analog and a digital sensor will be tested and analyzed, to learn wheth-

er any of their differences are at an advantage, when sensing a change in 

temperature for this specific application. The sensor should be able to fit 

through a six millimeter hole of the ceramic lid in the head of the heater. 

Due to time frame the immersion heater will be used for heating water 

only, thus leaving tests with chemicals and other liquids for future analysis. 

Also, the experiments in this project will be made at a chemical laboratory 

at Mid Sweden University, where the environment is cleaner and cooler 

compared to factories where immersion heaters are in use regularly.   
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1.4 Concrete and verifiable goals 

P1: Where inside the quartz glass should the sensor be placed? 

P2: What is the operating temperature range inside the immersion heater? 

P3: At what temperature could the immersion heater be at risk of suffer 

from overheat?  

P4: How accurate do the sensor output refer to actual temperature? 

P5: What is the size of the sensor? 

P6: What is the cost of the sensor? 

P7: How would the sensor break the circuit in case of overheat? 

1.5 Outline 

Chapter 2 describes background theory according immersion heaters, 

overheat protection currently in use and the components to be used in this 

project.  

Chapter 3 explains the process towards problem solution, including tem-

perature measurement setup, circuit design, prototype construction and 

testing as well as evaluation of project.  

Chapter 4 shows the results from experiments and measurements.  

Chapter 5 analyzes the project progress and conclusions stated from the 

results. Also, thoughts on future development is discussed.  

Chapter 6 state the final conclusions of the project.  

1.6 Contributions 

All theoretical and experimental work is done by the author. The immer-

sion heater and water tank is produced and provided by Scandymet. 

Practical help constructing the prototypes was received by supervisor.  
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2 Theory 

2.1 Transfer of heat 

Heat will always flow from a hot body to a cool body, as stated by the 

second law of thermodynamics. The transfer of heat between different 

substances can be explained by three modes of heat flow; conduction, 

convection and radiation. Conduction is defined as the heat transfer 

through a solid material. At the hotter side of a material, the atoms have 

higher kinetic energy and as they knock into the atoms at cooler regions, 

some energy will be released. As this process is repeated, the heat will 

spread through the material.  Convection is a complex process of heat 

transfer due to movement of fluid. To illustrate, the blood flowing inside a 

human body to obtain a uniform body temperature is a process of convec-

tion. Radiation is the heat transfer due to electromagnetic waves, which is 

emitted by every material. As an example, the heat sensed due to the sun 

comes from radiation. [2] [3] 

2.2 Immersion heater 

One type of tubular immersion heaters produced by SCANDYMET is 

named Scandymet quartz glass (SQG), which consists of a heating stainless 

steel element inside a quartz glass tube. The functionality of the quartz 

glass tube is to shield the element and prevent corrosion. As shown in 

Figure 2.1, there are markings for maximum and minimum liquid level 

allowed for an operating immersion heater. The reason behind this is that 

the fluid inside the tank has a cooling effect on the heater, as the heat will 

flow from the hot element towards the cooler water. If the fluid level 

drops due to evaporation, the temperature of the heater severely increase 

and could cause overheat damage. [1] [4]  
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Figure 2.1: SQG immersion heater with maximum and minimum marks for liquid 

level [2]. 

2.3 Thermostatic bimetal 

Thermostatic bimetal is in use as overheat protection by SCANDYMET for 

their flexible heater models [2]. A thermostatic bimetal is made of at least 

two metal strips, each having different coefficients of thermal expansion. 

When they are subject to heat, these strips will change in length differently 

in relation to one another, due to their higher or lower coefficient. By 

permanently attaching these strips to each other in parallel, they will be 

either subject to tension or compression, thus bend the composite material. 

This composite material can be connected in a circuit as a switch and used 

to create short-circuit, when temperature rise above desirable level. [2] 



Overheat protection for immersion 

heaters - Analysis of analog and 

digital temperature sensors 

Tina Helmisaari 

2 Theory 

2018-06-11 

 

5 

2.4 Platinum resistance temperature detector 

The electrical resistance as a function of temperature can be measured by 

the use of a resistance temperature detector (RTD). Pure metal, such as 

platinum, has a positive temperature coefficient (PTC), which means its 

resistance increase as temperature increase. Platinum has a very linear 

resistance-temperature relationship and high melting point, thus makes it 

highly accurate with a great range of measurement. A platinum RTD 

could measure from -260 °C to 800 °C. [3] [5] 

 

The platinum RTD has a standardized value of electrical resistance of 

exactly 100 Ω or 1000 Ω at 0 °C, hence their names PT-100 and PT-1000 

respectively. Eq. (2.1) shows the linear relationship between resistance and 

temperature: 

 

 (2.1) 

where  is resistance;  is temperature in Kelvin; and  is the temperature 

coefficient of the material, for example platinum. [5] 

2.4.1 Platinum resistance data logger PT-104 

The PT-104, shown in Figure 2.2, is a data logging device, which can 

record data from up to four connected PT-100 or PT-1000 simultaneously. 

Temperature can be measured in the range of -200 °C to 800 °C with high 

accuracy and resolution, 0.015 °C and 0.001 °C respectively. No external 

power supply is needed for the PT-104 device, since it is connected to a 

personal computer (PC) by universal serial bus (USB) or Ethernet. PicoLog, a 

data logging software, records the measurement on the PC. The software 

automatically detect what type of sensor that is connected to the four 

channels and the user can setup sampling rate, total time for the 

measurement etc. [6] [7] [8] 
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Figure 2.2: The PT-104 device. 

2.5 Thermistor 

A thermistor, thermally sensitive resistor, is as its name implies a 

component that changes resistance when subjected to change in 

temperature. All thermistors are divided into two main groups; PTC and 

negative temperature coefficient (NTC) thermistors. The difference is that the 

resistance of a PTC thermistor increases as temperature increase, whilst 

the resistance of a NTC thermistor decreases. Thermistors are small in 

size, inexpensive and very sensitive to change in temperature. However, 

they have a very non-linear response and a limited temperature range. [4]  

 

Despite its nonlinear response, thermistors are commonly used in 

electronic applications. Eq. (2.2) [9] describes the relation between the 

logarithm of the thermistor resistance and temperature:  

 

 (2.2) 

where  is the thermistor resistance;  is the temperature in Kelvin; and 

 are constants.  

 

The simple model [9] is widely used to approximate the transfer function 

of the thermistor. Eq. (2.2) can be rewritten as Eq. (2.3), over a smaller 

temperature range with lowered accuracy:  

 

 (2.3) 
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where  is a dimensionless constant; and  is the material characteristic 

temperature constant in Kelvin. The thermistor resistance at an arbitrary 

temperature can be calculated using Eq. (2.4), by examination of the 

thermistor resistance at a calibrating temperature:  

 

 (2.4) 

where  is the thermistor resistance;  is the thermistor resistance at a 

known temperature ; and  is temperature in Kelvin. 

  

The Steinhart-Hart model [9] calculates the temperature as expressed in 

Eq. (2.5), which is based upon Eq. (2.2):  

 

 (2.5) 

where  is the temperature in Kelvin;  is thermistor resistance; and   

are dimensionless constants. The constants may be provided by 

manufacturers, otherwise the thermistor needs to be calibrated at four 

temperatures and solve a system of four equations.  

 

To linearize the output, a NTC thermistor can be connected in series with 

a resistor as shown in Figure 2.3. As the thermistor resistance change due 

to heat, the voltage over the thermistor as well as the resistor will change 

due to voltage divider rule. This circuit yields a linear response and by 

interchanging the thermistor and resistor the response is inverted as well, 

the thermistor resistance will increase with increased temperature. [5] 

 

 
Figure 2.3: Linearizing circuit of a thermistor.  
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The self-heating effect of a thermistor is a factor that could cause 

measurement error. A thermistor is an active sensor, thus need an 

excitation current signal to operate. This current will give rise to a Joule 

heating, the temperature increase due to current flow. Higher resistance 

yields lower current flow by Ohm’s law, thus the self-heating effect could 

become negligible with high thermistor nominal resistance, the thermistor 

resistance at room temperature. [9] 

2.6 Digital sensor DS18B20+ 

The DS18B20+ is a digital temperature sensor that operates in the range of 

-55 °C to 125 °C. The sensor use Dallas 1-Wire® to communicate with a 

microprocessor, which only require one data line for two-way 

communication between these devices. The 1-Wire® transaction begin by 

initializing contact; the microprocessor send a pulse to the sensor, which 

reply with a presence pulse. When the microprocessor detect the sensor, it 

can send commands to establish a communication with the sensor. After a 

communication has been established, the microprocessor can issue 

function commands of the sensor; the microcontroller is allowed to write 

and read from sensor’s memory and convert temperature readings. The 

pin configuration of the sensor is shown in Figure 2.4, where DQ is the 

data line, GND is the ground line and  is the power supply line. [10] 

 

 
Figure 2.4: Pin configuration of a DS18B20+ [10].  
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The DS18B20+ has a direct conversion to digital temperature, hence no 

external analog to digital converter (ADC) is needed. The sensor has several 

programmable functions, for example high and low alarm temperature set 

points. As a short-cut when coding, Dallas Semiconductor Corporation 

provide a library for setting up the 1-wire communication bus and Free 

Software Foundation has published a license for a library including several 

functions for DS18B20+ temperature measurement. [10]  

2.7 Adafruit Feather Adalogger M0 

Adafruit Feather Adalogger M0, is a microcontroller with built-in 12 bit 

ADC [11], USB connection and a microSD card holder. The board has 

dimensions 51x23x8 millimetres and weights 5.3 grams. It has a regulator 

which supplies 3.3 V. This microcontroller has two light emitting diodes 

(LED) and several analog and digital pins, the pinout is shown in 

Appendix A [12]. The board can be connected to Arduino IDE software at 

a PC. Programs for the Adalogger M0 can be written using Arduino IDE 

and uploaded to the board. [13] 
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3 Methodology 
This chapter describes the different steps of the project progression. Sub-

chapter 3.1 motivates the initial literary study, followed by experimental 

and design descriptions in subchapters 3.2-3.4. The prototype construction 

is explained in 3.5 and project evaluation in 3.6.   

3.1 Literary study 

As an initial step of this project a literary study is to be performed. It will 

lay a foundation for the design process to be able to construct a solution to 

the overheat problem of immersion heaters, which fulfill the criteria 

handed by SCANDYMET. Web sources as well as renowned literature on 

the subject is to be read for general information gathering regarding:  

 transfer of heat 

 immersion heaters used in industry  

 currently available overheat protection 

 sensor methods for temperature measurement 

3.2 Temperature measurement of immersion heater 

The operating temperature of a one-phase 1600 W/230 V immersion 

heater is to be measured and analyzed. The heater has a ceramic element 

shielded by a quarts glass tube. The temperature of the heater and water is 

to be measured while heating water in a small range from 30 °C to 60 °C. 

Temperature readings are initially planned to be taken while as water 

heats in a range from 20 °C to 80 °C. Although, seventeen hours into a test 

series the water reach slightly above 60 °C, thus the water temperature 

range is shortened. Data samples are to be collected by a PT-104 with USB 

connection to a PC and logged by the PicoLog Recorder software. The 

setup for data logging is five minutes for sampling rate and takes “as 

many readings as possible” per sample for averaging. Three channels are 

in use for the samples; channel 1 log temperature inside the immersion 

heater, while 2 and 3 logs temperatures at surface and bottom water levels. 

This is to ensure that  

the temperature of the water remain equal during tests. Measurement is to 

be made at different liquid levels; at the minimum level mark of the heater 

and ten centimeters above as well as below this mark.  
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The experimental setup to measure temperature inside the immersion 

heater due to the different liquid levels is shown in Figure 3.1. A smaller 

tank with outer dimensions 1.01x0.91x0.41 meter and inner dimensions 

1.00x0.80x0.29 meter is filled with water. The immersion heater is fastened 

at one corner 2.5 and 2.0 centimetres from the inner walls of the tank. At 

minimum level mark of the heater the tank contain a volume of 187.92 

liter and at ten centimeter above and below this mark, it contains 211.12 

and 164.72 liter respectively. Compressed air is supplied through a plastic 

hose connected to a copper pipe, to stir the temperate water throughout 

the tank and yield an equal temperature of the water. Another plastic hose 

serve as the inlet and outlet for water flow to regulate the liquid level. A 

wooden lid with dimensions 0.89x0.57x0.06 meter is placed on top of the 

tank, leaving a small hole of 0.29x0.14 meter.  

 

 
Figure 3.1: The experimental setup for temperature measurements (left) 

and a closer image of the heater inside the tank (right). 

3.3 Analog design 

The sensor of the analog design is chosen to be a 100 kΩ NTC thermistor, 

with the constant values provided by the manufacturer listed in Table 3.1 

[14].  
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Table 3.1: Nominal resistance R25 and constants for the analog sensor.  

R25 (kΩ) A (dimensionless) B (K) C (K2) D (K3) 

100 -16.0349 5459.339 -191141 -3328322 

  

The value of the series resistor to linearize the output is set to match the 

thermistor value at 60 °C, using Eq. (3.1) [14]: 

 

 (3.1) 

where  is the resistance;  is the thermistor nominal resistance;  is the 

temperature in Kelvin; and , ,  and  are constants listed in Table 3.1. 

This yields a series resistor of 24 kΩ. 

 

The microcontroller for the prototype design is chosen to be an Adafruit 

Feather Adalogger M0, mainly due to the possibility to store data logs at a 

microSD card. Also, it is small and light-weight. Although there are 

smaller microcontrollers to choose from, the possibility to use the serial 

monitor made it easier to debug while coding in Arduino IDE.  

   

The circuit in Figure 3.2 shows how the 100 kΩ thermistor and 24 kΩ 

resistor are placed in series and connected to the microcontroller. Note the 

change in NTC signal output behavior; the output will increase with 

increased temperature. The thermistor is connected between ground pin 

and analog pin A0 of the microcontroller and the resistor is connected 

between analog pin A0 and 3.3 V pin, in series with the thermistor.   

 

 
Figure 3.2: The circuit design for the analog prototype.  
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The microcontroller is programmed in C/C++ using open source software 

Arduino IDE. Analog pin A0 is set as input pin to read the signal voltage 

over the thermistor. The voltage reading is converted by the built-in ADC 

of the microcontroller. Several readings average the ADC value to get a 

better result and Eq. (3.2) convert the ADC value to resistance:  

 (3.2) 

where  is the thermistor resistance;  is the series resistor 

resistance; and  is the ADC value read from the analog pin. Steinhart-

Hart model convert resistance to temperature in Kelvin, which is 

subtracted by 273.15 to get temperature in Celsius. The red and green 

LED of the microcontroller simulate the temperature reach above and 

below the critical set point. Green LED is pin 8 and set to high if 

temperature is below critical, while red LED is pin 13 and set to high if 

temperature rises above critical. The program code is in Appendix B.  

3.4 Digital design 

The digital sensor DS18B20+ as well as the required 4.7 kΩ pull-up resistor 

[10] is connected to an Adafruit Feather Adalogger M0 microcontroller, as 

shown in Figure 3.3. Pin 1 of the sensor is connected to ground pin of the 

microcontroller, pin 2 to digital pin 12 and pin 3 to the 3.3 V pin.  

 

 
Figure 3.3: The circuit design for the digital sensor.  
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The OneWire® and DallasTemperature libraries are downloaded and 

included in the program for the digital sensor. The OneWire library makes 

for easy setup of a communication bus assigned to pin 12 of the 

microcontroller, although only one device is on the bus in this solution 

design. The DallasTemperature library has functions to get and convert 

temperature readings from the sensor directly into degrees Celsius, as well 

as set and check for critical temperature level. The red and green LED of 

the microcontroller is used similar as in the analog solution previously 

described. For program code, see Appendix C.  

3.5 Design test and prototype construction 

A test circuit is constructed for each design by connecting the components 

using a breadboard and run the corresponding Arduino program. 

Measurements of room temperature as well as a lighted candle in close 

proximity to the sensor, are taken by both test circuits and the PT-100. 

This confirms that the temperature readings of the test circuits increase as 

the actual temperature increase. Also, the readings are compared to the 

PT-100 used as reference temperature, to confirm accurate readings.  

 

The sensor and twisted wires are soldered together. Heat-shrink tubing is 

placed around each wire to prevent short-circuit. At the other end of the 

twisted wires, the resistor along with the wires are connected by Japan 

solderless terminal manufacturing company limited (JST) connnectors. Both 

prototypes are shown in Figure 3.4.  

 

 
Figure 3.4: Analog prototype (left) and digital prototype (right).  
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3.6 Evaluation 

During this last step of the project the final solutions will be evaluated 

according to the criteria specified in the detailed problem statement, see 

Chapter 1.4. A discussion of the reliability on the different steps of 

solution design process will be held, as well as thoughts regarding future 

study of the subject.  
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4 Results 

4.1 Sensor placement 

The curve in Figure 4.1 shows temperature behavior of a PT-100 sensor 

when subjected to change in liquid level. The sensor is placed close to the 

heating element of the immersion heater. When the liquid level is kept 

above the sensor, the perimeter of the sensor is surrounded by water 

outside the glass tube. The sensor output increase with increased 

temperature of the water. When liquid level is changed to below the 

sensor, the perimeter of the sensor is surrounded by air outside the glass 

tube. As the temperature of the water continue to increase, the sensor 

output first decrease by 3 ℃ and then begins to increase again.  

 

 
Figure 4.1: Measured temperature of the immersion heater versus measured 

temperature of the water, with varying liquid level. 
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4.2 Operating temperature of the immersion heater 

Measurements at medium and minimum level marking of the immersion 

heater shows that the operating temperature of the heater increases very 

slowly, see Table 4.1. Data of these levels is plotted versus temperature of 

the water in Figure 4.2, where it can be seen that heater temperature is 

higher at lower liquid level. Also, the heater temperature barely reaches 60 

°C within the specified temperature range of the water.  

 
Table 4.1: Hourly temperature readings of the immersion heater. 

Time (h) 
Temperature of the heater, 

medium (℃) 

Temperature of the heater, 

minimum (℃) 

0 41.243 44.715 

1 43.773 46.867 

2 45.673 49.894 

3 48.383 52.470 

4 50.329 55.433 

5 52.239 57.975 

 

 
Figure 4.2: The measured temperature of the immersion heater versus the measured 

temperature of the water at medium and minimum liquid level.  
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The measurement of a dry running immersion heater proves that its 

temperature increases very fast in comparison to operation at acceptable 

liquid levels, as seen in Table 4.2. In addition, it also shows that heater 

temperature reaches 60 °C and still rising at 35-40 °C water. The 

corresponding temperature of the heater at medium and minimum level 

measurement is approximately 42 °C and 44.5 °C respectively, which is 

received after only ten minutes of dry running.   

 
Table 4.2: Temperature readings while dry running the immersion heater.  

Time 

(min) 

Temperature of  

heater (℃) 

Temperature of water, 

surface (℃) 

Temperature of water, 

bottom (℃) 

0 37.704 34.795 34.784 

5 40.045 34.837 34.886 

10 45.795 34.862 34.932 

15 51.841 35.441 34.925 

20 56.373 36.994 34.876 

25 59.582 38.422 34.803 

30 62.483 39.857 34.775 

 

4.3 Accuracy of the analog and digital prototypes 

Temperature measurements at medium liquid level using the analog and 

digital prototypes are shown in Figure 4.3. The PT curve is added as a 

reference of actual temperature. All sensors yield a linear response, 

although subjected to some noise. The digital prototype follows the actual 

temperature quite well at lower temperatures, with an added offset of 2 ℃. 

As temperature increase, this offset increase as well. The analog prototype 

has an output very close to actual temperature at lower values, but its 

error increase as temperature rise.  
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Figure 4.3: Comparison of temperature readings inside the immersion heater  

by the analog prototype, the digital prototype and the PT-100 sensor. 

 

Test of the simulated critical temperature level show that the green LED is 

on while the temperature is below critical level. As the temperature 

increase above critical level, the red LED is on and the green is turned off.  

4.4 Size and cost factor 

The DS18B20+ has dimensions 20x5x5 millimeter [12], although this 

includes packaging. Thermistors are commonly fabricated as bead-type or 

chip. Surface-mounted chip thermistors are available   in a wide range of 

size in standard forms coded by Electronic industries alliance (EIA) and 

International electrotechnical commission (IEC). EIA and IEC use imperial 

and metric system respectively. Both types of coding systems as well as 

metric length and width are listed in Table 4.3. [9] [13]  

 
Table 4.3: Component sizes coded in EIA and IEC  

standards and decoded in metric units. 

EIA code IEC code Length (mm) Width (mm) 

0201 0603 0.6 0.3 

0402 1005 1.0 0.5 

0603 1608 1.6 0.8 

0805 2012 2.0 1.25 
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The cost of the analog solution is highly dependent on the thermistor of 

choice. The price range for thermistors can vary from as little as 0.861 SEK 

[14] up to 479.22 SEK [15], for more advanced components. The 

DS18B20+ is the main cost for the digital solution. Table 4.4 lists price per 

piece in SEK from four distributors [12] [16] [17] [18]. The price varies 

between 52.30 SEK and 24.33 SEK, depending both on distributor and 

stock order.  

 
Table 4.4: Price per unit in SEK for different stocks of DS18B20+ from some 

manufacturers as of May 26th 2018.  

Pieces Elfa Farnell Mouser Digikey 

1 52.30 36.84 39.06 39.04000 

10 44.80 34.74 36.86 36.84200 

25 37.20 27.83 29.51 29.47400 

50 N/A 26.43 28.04 27.99980 

100 30.60 24.33 25.83 25.78970 
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5 Discussion 
The examination of where inside the glass tube the sensor should be 

placed, showed a temperature drop when the liquid level dropped below 

the sensor. This can be explained due to the sensor experience heat 

radiation from medium outside the glass tube as well as inside. If the 

temperature of the water is higher than the temperature of the air above 

the water, the sensor reading will first decrease when the sensor is exposed 

to air before the temperature begin to rise again. To minimize error in the 

temperature reading, it could be concluded that the sensor should be 

placed above the maximum liquid level mark.  

 

To understand the behaviour of the operating temperature of the 

immersion heater, measurements were made at three liquid levels; at, 

above and below the minimum level mark of the immersion heater. This 

range shows that temperature increase as liquid level decrease and also 

confirm that the temperature rise rapidly while dry running the heater. 

While the liquid level is kept at or above minimum mark, the temperature 

of the heater is in an approximate range from 41 ℃ to 58 ℃. As the heater is 

dry running, the temperature quickly reaches above this range. Thus, it is 

concluded that the immersion heater is at risk to suffer from overheat at 

60 ℃ and above. Note that this conclusion holds for the specified 

temperature range of the water and should be individually examined in 

case of another range. Since the PT-100 yield very accurate and linear 

response, these temperature measurements where considered readings of 

actual temperature for the remaining time of the project.  
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Comparison of temperature measurements between the analog and digital 

prototypes and the PT-100 sensor, showed that both prototypes 

experience decreased accuracy as the temperature increase. The water 

evaporate as the temperature rise, thus release heat energy which lead to 

increased temperature of the air. This could be one reason to the decreased 

accuracy, since the sensor would experience heat radiation from the air 

surrounding the glass tube. Another reason could be increased sensor 

temperature due to self-heating effect. Although components are chosen 

to yield a negligible self-heating, the formulas used are only 

approximations. Specifically the analog prototype would be a trial-and-

error construction, repeating calculations and measurements needed to 

find an accurate thermistor-resistor match. Also, temperature readings 

could be made more accurate if the thermistor is connected in a 

Wheatstone bridge [22]. Broughton [23] states that it is impossible to 

balance the output from the circuit used in the analog prototype, due to its 

simplicity and also advocate a bridge connection. Unfortunately, there was 

not enough time to construct another analog prototype to test these new 

hypotheses. The three sensors were tested individually and might not 

been placed at the exact same spot inside the heater, which also could have 

contributed in the differences of temperature readings. This could be 

avoided by testing all three sensors simultaneously.    

 

When it comes to size of the prototype, the analog solution has the 

advantage. The thermistors standard form sizes are very small and could 

easily be integrated on a microchip. None of the solutions have a general 

advantage when cost is taken into account, since thermistor price varies in 

a wide range. Although, for the prototype construction in this project the 

analog solution is the less expensive one. Also, the sensor alone is included 

into the comparison, since it is the major difference between the analog 

and digital design.  

 

The time frame for this project is not enough to retrieve a complete 

solution as it comes to break the circuit in case of overheat. Although, the 

green and red LED, used in both analog and digital prototype programs, 

indicate that the signal generated by either sensor carries information 

when the temperature has reached a critical level. The next step would be 

to route a signal connection to a circuit breaker, for example a relay.  
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5.1 Ethical and social aspects 

By implementing a overheat protection for immersion heaters as described 

during this project, one should have human rights in mind when choosing 

components. Awareness of the origin of the components is needed, to not 

support either child labor or people working under minimum wage.  

 

A overheat protection for immersion heaters will decrease the risk of 

damage caused by the heaters to industrial liquid tanks, which will lower 

the cost for industries due to repair or replacement of these tanks. Also, 

the risk of fire due to overheat will be reduced, which would lead to fewer 

visits needed by the fire brigade and ambulance personnel at industries. 

This could lead to decreased wait time for emergency personnel to arrive 

whenever crises appear, for example traffic accidents or a person suffers 

from a heart attack. Then injured people will receive health care quicker 

and could prevent the degree of injury to increase. People might begin to 

feel more secure as well, as they perhaps will experience or read in 

newspaper about successful surgery or a team of fire-fighters been able to 

extinguish a forest fire.  
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6 Conclusions  
This project concludes that it is possible to measure temperature and 

signal in case the temperature rises above critical level, by inserting a 

temperature sensing device into the immersion heater. The sensor should 

be placed above the maximum liquid level mark, close to the head of the 

immersion heater. The analog design would be the recommended 

solution, since it is less expensive, smaller in size and the sensor output 

should be very close to actual temperature after calibration.   

6.1 Future work 

For future development of this project remain to test the designs in an 

industrial environment and heat liquids other than water. Also, as men-

tioned above, another resistor value needs to be found for the analog 

design and the signal needs to be connected to a circuit breaker.  
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Appendix A: Pinout for the Adafruit 

Feather Adalogger M0 
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Appendix B: Program code for the 

analog design 
 

#include <SPI.h> 
#include <SD.h> 
 
const int chipSelect = 4; // Select pin 4 for SD card 
 
int ledGreen = 8; 
int ledRed = 13; 
int thermistorPin = A0; 
 
int samples = 10; 
float seriesR = 24000; // Resistance of series resistor 
 
// Thermistor nominal resistance and constants 
float nominalR = 100000; 
float A = 0.003354016; 
float B = 0.0002460382; 
float C = 0.000003405377; 
float D = 0.0000001034240; 
 
int alarmTemperature = 60; // Set critical temperature 
 
 
void setup(void) { 
 
  Serial.begin(9600); 
   
  while (!Serial) { 
    ;  
  } 
   
  Serial.print("Searching for SD card."); 
 
  if (!SD.begin(chipSelect)) { 
    Serial.println("SD card not found."); 
    while (1); 
  } 
  Serial.println("SD card found."); 
} 
  
void loop(void) { 
  uint8_t i; 
  float average=0; 
 
  // Get the temperature reading of the sensor 
  for (i=0; i< samples; i++) { 
   average += analogRead(thermistorPin); 
   delay(10); 
  } 
 
  average /= samples; 
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  // Convert the ADC value into resistance 
  average = 1023 / average - 1; 
  average = seriesR / average; 
 
  float steinhartR; 
  float steinhartTemperature; 
  float temperatureC; 
 
  // Convert resistance into temperature, using Steinhart-Hart equation 
  steinhartR = average / nominalR; 
  steinhartR = log(steinhartR); 
  steinhartTemperature += 273.15; 
  steinhartTemperature = 1 / (A + B*steinhartR + C*steinhartR*steinhartR + 
D*steinhartR*steinhartR*steinhartR); 
 
  temperatureC = steinhartTemperature - 273.15; 
  Serial.print("Temperature in Celsius: "); 
  Serial.println(temperatureC); 
   
  File dataFile = SD.open("datalog1.txt", FILE_WRITE); 
 
  // Write temperature readings into a datalog file 
  if (dataFile) { 
    dataFile.println(temperatureC); 
    dataFile.close(); 
  } 
  else { 
    Serial.println("ERROR! Could not open file: datalog1.txt"); 
  }   
 
  // Green and red LED indicate state of temperature 
  if (temperatureC > alarmTemperature) { 
    digitalWrite(ledGreen, LOW); 
    digitalWrite(ledRed, HIGH); 
    }     
  else { 
    digitalWrite(ledGreen, HIGH); 
    digitalWrite(ledRed, LOW); 
    } 
 
  // Wait 5 minutes between temperature readings  
  delay(300000); 
} 
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Appendix C: Program code for the 

digital design 
 
//--------------------------------------------------------------------------- 
// Copyright (C) 2000 Dallas Semiconductor Corporation, All Rights Reserved. 
// 
// Permission is hereby granted, free of charge, to any person obtaining a 
// copy of this software and associated documentation files (the "Software"), 
// to deal in the Software without restriction, including without limitation 
// the rights to use, copy, modify, merge, publish, distribute, sublicense, 
// and/or sell copies of the Software, and to permit persons to whom the 
// Software is furnished to do so, subject to the following conditions: 
// 
// The above copyright notice and this permission notice shall be included 
// in all copies or substantial portions of the Software. 
// 
// THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS 
// OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF 
// MERCHANTABILITY,  FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. 
// IN NO EVENT SHALL DALLAS SEMICONDUCTOR BE LIABLE FOR ANY CLAIM, DAMAGES 
// OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, 
// ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR 
// OTHER DEALINGS IN THE SOFTWARE. 
// 
// Except as contained in this notice, the name of Dallas Semiconductor 
// shall not be used except as stated in the Dallas Semiconductor 
// Branding Policy. 
//-------------------------------------------------------------------------- 
 
#include <DallasTemperature.h> 
#include <OneWire.h> 
#include <SPI.h> 
#include <SD.h> 
 
const int chipSelect = 4; // Select pin 4 for SD card 
 
int ledGreen = 8; 
int ledRed = 13; 
 
// Set up a OneWire bus and connect the DS18B20+ sensor to pin 12 
OneWire oneWire(12);          
DallasTemperature sensors(&oneWire); 
DeviceAddress mySensor = {0x28, 0x27, 0xA7, 0x5C, 0x09, 0x00, 0x00, 0x0B}; 
 
char hiSetPoint = 60; // Set high temperature 
 
 
void setup() { 
 
  char alarmTemperature; 
   
  Serial.begin(9600); 
 
  while (!Serial) { 
    ; 
  } 
   
  Serial.print("Searching for SD card ..."); 
 
  if (!SD.begin(chipSelect)) { 
    Serial.println("SD card not found."); 
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    while (1); 
  } 
   
  Serial.println("SD card found."); 
   
  pinMode(ledGreen, OUTPUT); 
  pinMode(ledRed, OUTPUT); 
   
  sensors.begin(); 
  sensors.setHighAlarmTemp(mySensor, hiSetPoint); 
  sensors.setResolution(mySensor, 12); 
 
  alarmTemperature = sensors.getHighAlarmTemp(mySensor); 
  Serial.print("HIGH alarm temperature set to "); 
  Serial.print(alarmTemperature, DEC); 
  Serial.println(" degrees Celsius."); 
 
} 
 
 
void loop() { 
 
  float temperature = 0; 
 
  // Get the temperature reading of the sensor 
  sensors.requestTemperatures(); 
  temperature = sensors.getTempCByIndex(0); 
   
  Serial.print("Temperature in Celsius: "); 
  Serial.println(temperature); 
 
  File dataFile = SD.open("datalog2.txt", FILE_WRITE); 
 
  // Write the temperature reading into a datalog file 
  if (dataFile) { 
    dataFile.println(temperature); 
    dataFile.close(); 
  else { 
    Serial.println("ERROR! Could not open file: datalog.txt"); 
  }    
 
  // Green and red LED indicate state of temperature 
  if (sensors.hasAlarm(mySensor)) { 
    digitalWrite(ledGreen, LOW); 
    digitalWrite(ledRed, HIGH); 
    }     
  else { 
    digitalWrite(ledGreen, HIGH); 
    digitalWrite(ledRed, LOW); 
    } 
 
  // Wait 5 minutes between temperature readings 
  delay(300000); 
 
} 


