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1. Introduction 
 

The objective of this document is to introduce the learning outcomes for this specific laboratory 

exercise and to provide guidance for the required laboratory report. Temperature measurement 

and control is important in all areas of science and engineering. In the chemical process industries, 

temperature is one of the four most common variables usually measured and monitored. This is 

because temperature is a critical condition for chemical reactions, processes like fermentation, 

combustion, drying, calcination, crystallisation, distillation, extrusion and many others. Figure 1 

shows the equipment used for temperature measurement and calibration experiment. 

 

 
 

Figure 1. Equipment for temperature measurement and calibration experiment (adapted from 

TecQuipment Ltd., n.d.). 

 

Temperature measurement in the chemical process industry takes place by utilisation of a number 

of electrical and electronic devices. Each of them has a particular range of temperature over which 
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it is reliable and accurate. The temperature sensor may produce a continuous analogue signal that 

is proportional to temperature, or the output may be digital. 

 

The ambient conditions in which a temperature sensor is required to operate must be taken into 
account when establishing a protocol of an accurate measurement of temperature. It may be 
necessary to protect (shield) the actual sensor from disturbances or to calibrate the sensor for 
known errors. 
 
The SI unit of temperature is the Kelvin (K). A Kelvin is defined as a fraction of the temperature range 
between absolute zero - 0 K- and the triple point of water, at a pressure of 611.73 Pa. This is 273.16 
K. The triple point of water is the state of equilibrium in which water can exist in solid (ice) form, in 
liquid (water) form, and in vapour form. The Kelvin scale is referred to as the absolute scale of 
temperature. Usually K unit is used in thermodynamic calculations, while in process control Celsius 
unit (°C) is used. 
 

2 Background theory on temperature measurement equipment 
 
During this Laboratory session, the operation of three (3) out of the six following types of 
temperature measuring devices (sensors) will be studied: 
 

• Bi-metallic thermometers. 

• Thermocouples (J and K types). 

• Resistance temperature detectors (RTDs). 

• Thermistor. 

•  Liquid-filled glass thermometers  

• Gas filled thermometers. 

 

Additional details about different types of temperature measuring devices are listed in Table 1. 

Furthermore, there are concerns and/or issues that are important when working with such 

measuring devices in general. These are: 

• Accuracy: Accuracy is the degree of conformity of the measured value with the accepted 

standard or ideal value, which we can take as the true physical variable.  

• Repeatability: The closeness of agreement among a number of consecutive measurements of 

the same variable (value) under the same operating conditions, approaching in the same 

direction. 

• Range or span: Most sensors have a limited range over which a process variable can be 

measured, defined by the lower and upper range values. Usually, the larger the range, the 

poorer the accuracy and reproducibility is. 
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• Linearity: Linearity is the closeness to a straight line of the relationship between the true 

process variable and the measurement. Lack of linearity does not necessarily degrade sensor 

performance. 

• Safety: The sensor and transmitter often require electrical power. Since the sensor is located at 

the process equipment, the environment could contain flammable gases, which could explode 

when a spark occurs. 

 

 

Table 1. Comparison of the different types of temperature sensors (adapted from TecQuipment 

Ltd., 2009). 
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2. Principles of Operation of Temperature Sensors 

2.1. Liquid Filled Glass Thermometer 
A fluid expands with increasing temperature and exerts a varying pressure on the containing vessel. 

When the vessel is similar to a bourbon tube (Figure 2), the varying pressure causes a deformation 

that changes the position detected to determine the temperature. 

 

 
 

Figure 2. The liquid filled glass thermometers (adapted from TecQuipment Ltd., 2009). 

 

2.2. Bimetal and Gas Thermometers 
The gas thermometer (Figure 3) works on the principle of a known volume expansion rate of gas 

(vapour of a fluid) for a known rise in temperature. As the gas (vapour above a small volume of fluid) 

expands with increasing temperature, its pressure increases and pushes a mechanical mechanism 

that turns a calibrated dial. 

 

 
 

Figure 3. The gas (vapour) and bi-metal thermometers (adapted from TecQuipment Ltd., 2009). 

 

The bi-metal thermometer (Figure 3) works on the principle of different expansion rates of two 

different metal strips fixed (laminated) together to form a thicker strip that is a composite of the 
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two metals. As temperature increases, one metal expands more than the other and the composite 

bends, pushing a calibrated mechanical dial. 

2.3. Thermocouple 
The principle of operation of a thermocouple (Figure 4) is the creation of an electromotive force 

(emf) at a junction of two dissimilar metals which can provide a signal for temperature. This is 

known as the Seebeck effect as it was first demonstrated by Thomas Seebeck in 1821. The two 

junctions in a thermocouple are designated as the hot junction and the cold junction. 

 

 
 

Figure 4. The thermocouples (TecQuipment Ltd., 2009). 

 

In practical applications, the hot junction is the thermocouple proper. The cold junction is located 

some distance away, either within some signal conditioning circuit, or in an indicator. The potential 

difference in a thermocouple is measured in microvolts (μV). It is dependent not only on the 

temperature difference between the hot junction and the cold junction, but also on the metal pair 

used. Figure 5 shows the characteristics of temperature against emf for a range of common 

thermocouples used in practical application in industry. 

 

 
Figure 5. Characteristics of common thermocouples. 
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The choice of a particular pair of metals (Figure 6) to be used in a thermocouple is governed by the 

range of the temperature range need to be measured in industrial practise. Thermocouples are 

available to cover a temperature range from as low as -250°C to higher than 2000°C. Errors then 

can arise in temperature measurements if the temperature of the cold junction is not constant. 

Because of this, it is necessary to provide a cold junction compensation in thermocouples. This may 

be achieved by placing the cold junction in a box of ice to maintain it at 0°C. However, this is not a 

practical solution in industrial applications. Cold junction compensation is normally achieved by 

using a semiconductor sensor at the cold junction, which provides a reference voltage to offset any 

change in junction temperature. The compensation circuit is contained in a reference unit to which 

the sensor itself is connected. 

 

 
 

Figure 6. The J and K type thermocouples (TecQuipment Ltd., 2009). 

 

 

2.4. Thermistor 
The principle of operation of a thermistor (Figure 7) is that the semi-conductor material of which it 

is made changes its resistance with temperature. For an increase in temperature that change may 

be brought about either by the liberation of charge carriers, giving a lower resistance, or the 

increasing frequency of collisions between charge carriers, giving a higher resistance. In the former 

case the material is said to have a Negative Temperature Coefficient of resistance (NTC). In the latter 

case the material is said to have a Positive Temperature Coefficient of resistance (PTC). 
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Figure 7. The NTC thermistor (TecQuipment Ltd., 2009). 

 

A thermistor is made of a small piece of semiconductor material which may be attached to a copper 

disc. Semiconductors have a much higher resistivity than metals and for the same resistance a 

thermistor can be made very small. This gives it a fast response. Thermistor is said to have a negative 

temperature coefficient (NTC) because its resistance decreases with increasing temperature. This 

relationship is also non-linear. Because of this, linearisation circuits are often required in thermistor 

applications. The typical range of a typical thermistor is -55°C to 300°C. 

 

2.5. Resistance temperature detector (RTD) 
The principle of operation of resistance temperature detector (RTD) (Figure 8) is similar to that of 

thermistor. However, RTD provide a greater range of temperature measurements than thermistor 

and are therefore more suited to heavy industrial applications. The resistance of the sensor varies 

with temperature but in this case the material of the sensor is a metal. The most common metals 

used in RTD are platinum, nickel, copper and tungsten. All have a positive temperature coefficient 

of resistance (PTC). 

 

Platinum is the best material for resistive temperature measurement and are called Platinum 

resistive temperature (PRT). It is chemically inert and resistant to contamination. It has a resistivity 

that is six times greater than that of copper and it has a characteristic that is practically linear. It 

also has good fatigue properties, i.e. it resists fracture when repeatedly strained. Although platinum 

is very expensive, only small amounts are required for resistive temperature sensor construction. 

Its advantages are generally worth paying for. Its temperature range is from -103°C to 327°C. 

 

The resistance of an RTD at any temperature can be calculated using Equation 1, if the resistance at 

0°C and its temperature coefficient as shown in Eq.(1) (TecQuipment Ltd., 2009): 

 

( )T 0R =R 1 T+                        (1) 

where, RT is the resistance, R0 is the resistance at 0°C and  is the temperature coefficient of 

resistance in m/°C. 
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Figure 8. RTD or PRT resistance thermometers (TecQuipment Ltd., 2009). 

2.6. The Thermowell 
Industrial installations use thermowells (Figure 9), together with any appropriate sensors, for 

temperature measurement. Thermowell allow maintenance engineers to remove, change or repair 

thermometers without the necessity to drain and refill the tank or pipes containing the liquid being 

measured. They also give mechanical isolation between the liquid and thermometer, useful when 

the liquid is corrosive. Thermowell introduce lags or measurement delays in temperature 

measurements. 

 

 
 

Figure 9. The thermowell or 'Pocket'  instrument (TecQuipment Ltd., 2009). 

 

Tables 2‒5 provides the standard resistance value for range of temperatures for NTC thermistor, 

PRT and, J and K type thermocouples. 

 

Table 2. NTC Thermistor- Resistance for temperatures (TecQuipment Ltd., 2009). 
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Note: Nominal resistance accuracy for the NTC Thermistor is ± 5%. 

 

Table 3. PT100 (PRT) resistance temperature detector standards – Resistance for temperatures 

(TecQuipment Ltd., 2009). 
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Note: Nominal accuracy for class A resistance thermometer is 100 Ω ± 0.6 Ω or ± 0.1 °C at 0°C. 
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Table 4. J type thermocouple standards – Voltages for temperatures (TecQuipment Ltd., 2009). 

 
Note: Nominal accuracy for these thermocouples is ± 1°C for the range of this equipment. 
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Table 5. K type thermocouple standards – Voltages for temperatures (TecQuipment Ltd., 2009). 

 
Note: Nominal accuracy for these thermocouples is ± 1°C for the range of this equipment. 
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3. Experiment 
Below one can find the main steps the experimental procedure to be followed. 

 

3.1. Initial Setup 
Initial set up of the equipment includes the following steps: 

 
1. Disconnect the electrical supply. 

2. Shut the drain valve at the back of the heater tank. 

3. Unscrew the lid of the heater tank and fill it with approximately 1.5 litres of clean water, so that 

it is half full. For best results, fill the heater tank with chilled or very cold water (between 5 and 

10°C) and conduct the experiments while it is still cold. This will give more results for the 

experiment. 

4. Refit the lid of the heater tank. 

5. Add crushed ice to the ice box and out its lid on. 

6. Make sure the heater switch is off and reconnect the electrical supply. 

7. Fit and adjust the black 'O' rings (to each device that is going to be used as shown in  

Figure 10). Adjust the 'O' ring so that each device is immersed in the heater tank water by 

between 70 mm and 80 mm. If necessary add more water to the heater tank. 

 
 

Figure 10. Details of experimental system and 'O' rings (TecQuipment Ltd., 2009). 

 

3.2. Experiment - PRT Calibration 
 

3.2.1. Aims and Objectives 

❖ To show how the platinum resistance thermometer (PRT) works and how to connect it 

properly. 
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❖ To show the linearity of the PRT. 

 

3.2.2. Experimental Procedure 

1. Create a blank results table in the lab book as shown in Table 6. Note: The number of rows in 

Table 6 will depend on the number of readings taken during the experiment. 

 

 

Table 6. PRT calibration results table (TecQuipment Ltd., 2009). 

Reference 

Temperature 

(°C) 

Measured 

Voltage 

(mV) 

Calculated 

Resistance 

(Ω) 

Standard 

Resistance from 

specifications (Ω) 

Deviation 

(Ω) 

Error 

(%) 

      

      

      

 

2. Connect the reference sensor to its socket and connect the PRT to the millivoltmeter and the 

constant current source as shown in Figure 11. Note: The PRT is connected as a four wire device 

as shown in Figure 11. 

 

 
 

Figure 11. Connection of sensors for PRT calibration experiment (TecQuipment Ltd., 2009). 
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3. Setup the heater and ice box as described in Section 3.1 Initial Setup. 

4. Put the reference sensor and the PRT into the icebox (through the holes in the lid). Wait a few 

minutes for the readings to stabilise and record them (note that the reference temperature 

should be between 0°C and 1°C, otherwise allow the ice to warm up to 0°C before starting the 

experiment) 

5. Now place both devices (reference sensor and the PRT) into the heater tank (through the holes 

in the lid). Switch on the heater and note the reference temperature.  

6. At intervals of 5°C (shown by the reference temperature), record the input 1 readings of the 

millivoltmeter in the lab notebook (Table 6). Note: It may not be possible to get a reading lower 

than 20°C in the heater - as the cold water may already be at room temperature at the start of 

this experiment. 

7. Stop the experiment and switch off the heater when the reference temperature reaches 95°C. 

 

3.3. Experiment - NTC Thermistor Linearity 
3.3.1. Aims and Objectives 

❖ To show how a negative temperature coefficient (NTC) thermistor works and how to connect 

it properly. 

❖ To demonstrate the non-linearity of the NTC thermistor. 

 

3.3.2. Experimental Procedure 

1. Create a blank results table in the lab notebook as shown in Table 7. Note: The number of rows 

in Table 7 will depend on the number of readings taken during the experiment. 

 

Table 7. NTC thermistor calibration results (TecQuipment Ltd., 2009). 

Reference 

Temperature 

(°C) 

Measured 

Voltage 

(mV) 

Calculated 

Resistance 

(Ω) 

Standard 

Resistance from 

specifications (Ω) 

Deviation 

(Difference) 

(Ω) 

Error 

(%) 
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Figure 12. Connection of sensors for NTC thermistor calibration experiment  

(TecQuipment Ltd., 2009). 

 

2. Connect the reference sensor to its socket and connect the NTC thermistor to the millivoltmeter 

and the constant current source as shown in Figure 12). 

3. Setup the heater and ice box as described in Section 3.1 Initial Setup. 

4. Place the reference sensor and the NTC thermistor into the icebox (through the holes in the lid). 

Wait a few minutes for the readings to stabilise and record them in the lab notebook (the 

reference temperature should be between 0°Cand 1°C). 

5. Now put both devices into the heater tank (through the holes in the lid). Switch on the heater 

and note the reference temperature.  

6. At intervals of 5°C, record the input 1 readings of the millivoltmeter in the lab notebook  

(Table 7). Note: It may not be possible to get a reading lower than 20°C in the heater - as the 

cold water may already be at room temperature at the start of this experiment. 

7. Stop the experiment and switch off the heater when the reference temperature reaches 95°C. 

 

3.4. Experiment - Calibration of Gas and Bi-Metal Thermometers 
3.4.1. Aims and Objectives 

❖ To show the linearity and accuracy of the gas (vapour pressure) and Bi-metal thermometers 

by calibration against a reference sensor. 

 

3.4.2. Experimental Procedure 

1. Create a blank results table in the lab book as shown in Table 8. Note: The number of rows in 

Table 8 will depend on the number of readings taken during the experiment. 
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Table 8. Gas thermometer calibration results (TecQuipment Ltd., 2009). 

Reference 

Temperature (°C) 

Indicated 

Temperature (°C) 

Deviation (Difference) 

(°C ) 

Error (%) 

    

    

    

 

2. Setup the heater and ice box as described in Section 3.1 Initial Setup. 

3. Put the reference sensor and the gas thermometer into the ice box (through the holes in the 

lid). Wait a few minutes for the readings to stabilise and record them (the reference 

temperature should be between 0 and 1°C). 

4. Now put both devices into the heater tank (through the holes in the lid). Switch on the heater 

and note the reference temperature.  

5. At intervals of 5°C (shown by the reference temperature), record the readings of the 

thermometer in the lab notebook (Table 8). Note: It may not be possible to get a reading lower 

than 20°C in the heater - as the cold water may already be at room temperature at the start of 

this experiment. 

6. Stop the experiment and switch off the heater when the reference temperature reaches 95°C. 

7. Repeat the experiment for the Bi-metal thermometer and record the results by creating a new 

Table (e.g. Table 9) similar to Table 8. Remember to allow the water in the heater to cool down 

before the start of the next experiment. If possible, replace the hot water with suitably cold 

water. 

 

Table 9. Bi-metal thermometer calibration results (TecQuipment Ltd., 2009). 

Reference 

Temperature (°C) 

Indicated 

Temperature (°C) 

Deviation (Difference) 

(°C ) 

Error (%) 

    

    

    

 

 

3.5. Experiment - Demonstration of the Seebeck Effect. 
3.5.1. Aims and Objectives 

❖ To connect two identical thermocouples together and prove the Seebeck effect. 

❖ To show that when one junction of two directly connected thermocouples is at a known 

reference temperature, the pair can be calibrated to directly measure temperature on the 

Celsius scale. 
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3.5.2. Experimental Procedure 

1. Create a blank results table in the lab book as shown in Table 10. Note: The number of rows in 

Table 10 will depend on the number of readings taken during the experiment. 

 

Table 10. Thermocouples and Seebeck effect results (TecQuipment Ltd., 2009). 

Seebeck Effect 

Reference 

Temperature 

(°C) 

Measured 

Voltage 

(mV) 

Measured 

Voltage/20 

(μV) 

Standard 

 Voltage (μV) 

Deviation 

(Difference) 

(μV) 

Error 

(%) 

      

      

      

 

2. Connect the two K-type thermocouples to the amplifier as shown below, in Figure 13. Link the 

two white wires together on a spare socket (the diagram uses the connection at the end of the 

resistors). 

3. Setup the heater and icebox as described in Section 3.1 Initial Setup. 

4. Place the reference sensor and the two thermocouples into the icebox (through the holes in the 

lid). Wait a few minutes for the readings to stabilise and record them (the reference 

temperature should be between 0 and 1 °C). 

 

 
 

Figure 13. Connection of thermocouples for Seebeck effect experiment (TecQuipment Ltd., 2009). 
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5. Now put the reference sensor and one K-type thermocouple into the heater tank (through the 

holes in the lid). Switch on the heater and note the reference temperature. 

6. At intervals of 10°C (shown by the reference temperature), record the input 1 readings of the 

millivoltmeter in the lab notebook (Table 10). Note: It may not be possible to get a reading lower 

than 20°C in the heater - as the cold water may already be at room temperature at the start of 

this experiment. 

7. Stop the experiment and switch off the heater when the reference temperature reaches 95°C. 

 

All data collected during a laboratory session should be recorded in the daybook. 

 

4. Laboratory Report 

4.1 General Instructions 

General instruction of how to write a nice lab report can be found here: 

https://canvas.hull.ac.uk/courses/54432/pages/introduction-to-chemical-engineering-dr-vicky-

skoulou 

5. Marking Rubric 

The Temperature Measurement and Calibration lab report will be marked according to the 

following rubric: 

 

Marking Criteria Max. Marks 

[%] 

Marks 

100% 75% 50% 25% 0 

Tile Page  10 Grade A Grade B Grade C Grade D Grade E 

Abstract 10 Grade A Grade B Grade C Grade D Grade E 

Table of Contents  10 Grade A Grade B Grade C Grade D Grade E 

Introduction  10 Grade A Grade B Grade C Grade D Grade E 

Experimental Methods 

and  Procedure  

15 Grade A Grade B Grade C Grade D Grade E 

Results  15 Grade A Grade B Grade C Grade D Grade E 

https://canvas.hull.ac.uk/courses/54432/pages/introduction-to-chemical-engineering-dr-vicky-skoulou
https://canvas.hull.ac.uk/courses/54432/pages/introduction-to-chemical-engineering-dr-vicky-skoulou
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Discussion  10 Grade A Grade B Grade C Grade D Grade E 

Conclusions  10      

References  10 Grade A Grade B Grade C Grade D Grade E 

Total Marks (%) 100  

 

Grade A: The quality and depth of the information provided and the quality of formatting meets 

or exceeds our expectations. 

Grade B: The information provided is very good but more in depth discussion is required or the 

formatting requires minor corrections. 

Grade C: The information provided could be improved significantly or the formatting requires 

major corrections. 

Grade D: The information provided is not sufficient or the quality of formatting is below average 

and generally unacceptable for such an assignment. 

Grade E: Section is missing or unacceptable. 
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