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[bookmark: _Toc25497481]Abstract
Temperature is the way expresses its degree of coldness or hotness, it is therefore an important aspect in most science and engineering disciplines. Chemical industrial processes ascertain temperature among other variables because it is important in most reactions such as distillation, crystallization, combustion and drying. 
In measuring and calibration of temperature, certain issues need to be considered. There should be a particular range of temperature that is picked so that calibrations are done within certain limits. The degree of accuracy is also a point of concern; the reliability of the results increases only when the measured values conforms with the ideal values in the experiment. There also should be an agreement in the values obtained from repeated measurements under the same experimental conditions. The fact that the transmitters and sensors require electric power to operate, safety concerns should be taken in the execution of this experiment.
The performance of the sensors is measured based on other factors save for the lack of linearity of measurements by the sensors. However much the variables and measurements should be closely related along a straight line, the absence of the same does not affect sensor reliability. 
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5. 
[bookmark: _Toc25497483]Nomenclature
· Ω – Ohms- Symbol for Resistance to electric flow.
· NTC- Abbreviation of Negative Temperature Coefficient.
· L- Liters
· PRT – Platinum Resistance Thermistor



















[bookmark: _Toc25497484]Introduction
This is a laboratory session report on temperature measurement and calibration using 3 temperature sensors; bimetallic thermometer, vapor thermometer and a thermistor. 
[bookmark: _Hlk25475097]Bimetallic thermometer chosen for the experiment had the following properties: The obvious bi-metal configuration, 0-100˚ C temperature range and an accuracy of 1.5%. 
A PRT, type PT100 (100Ω at 0˚C) with a normal temperature range of 50˚C- 250˚C and an accuracy of Class A was used in the experiment.
In the other set up where a gas thermometer was used, one with an inert gas system was chosen. The vapor thermometer had a temperature range of 0˚C- 100˚C and a 1% accuracy level. 
[bookmark: _Hlk25560862][bookmark: _Hlk25478761][bookmark: _Hlk25561032]Finally, NTC thermistor (100Ω at 25˚C) with a negative temperature coefficient was also used in the experiment. 
Separate setups were made for experiments using different temperature sensors. 
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Experimental Procedure
The following procedures were used in the experiment.
Initial Setup Procedure
· Disconnect power supply and shut heater tank valves.
· Fill the tank 1.5 L with 8˚ C of clean water and close tightly with lid.
· Add ice into icebox and out its lid on.
· Reconnect the electric supply.
· Adjust O’ rings until its immersed into water by 75mm.
NTC thermistor calibration
Set up the experiment as shown below.
· Connect sensor to socket and NTC to the millivoltmeter.
· Set up heater and icebox as described above.
· Connect NTC and sensor to the icebox, records readings once they stabilize.
· [bookmark: _Hlk25495440]Connect NTC and sensor to the heater, record readings at intervals of 5˚ C until reference temperature rises to 95˚ C then switch off the heater. 
The same experimental procedure was used for the PRT thermistor, gas and bimetallic thermometers with nearly similar setups. 
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Below are the results of the experiment using different temperature sensors
	Reference Temperature(◦C)
	Indicated Temperature(◦C)
	Derivation(◦C)
	Error (%)

	-0.5
	
	
	

	30
	31
	-1
	-3.22

	35
	36
	-1
	-2.7

	40
	40
	0
	0

	45
	45
	0
	0

	50
	50
	0
	0

	55
	54
	-1
	-1.85

	60
	60
	0
	0

	65
	64
	-1
	-1.56

	70
	69
	-1
	-1.44

	75
	74
	-1
	-1.35

	80
	79
	-1
	-1.26

	85
	84
	-1
	-1.19

	90
	91
	-1
	-1.09

	95
	96
	-1
	-1.04


[bookmark: _Hlk25488683]Table1: Bimetallic thermometer calibration results
	Reference Temperature(◦C)
	Indicated Temperature(◦C)
	Derivation(◦C)
	Error (%)

	-0.5
	0
	0
	

	30
	26
	-4
	-15.38

	35
	31
	-4
	-12.9

	40
	36
	-4
	-11.11

	45
	42
	-3
	-7.14

	50
	46
	-4
	-8.7

	55
	52
	-3
	-5.77

	60
	57
	-3
	-5.26

	65
	61
	-4
	-4.84

	70
	67
	-3
	-4.48

	75
	72
	-3
	4.17

	80
	77
	-3
	-3.96

	85
	82
	-3
	-3.66

	90
	88
	-2
	-2.27

	95
	94
	-2
	-1


[bookmark: _Hlk25488534]Table 2: Gas thermometer calibration results
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	Reference Temperature (˚C)
	Measured Voltage(mv)
	Calculated resistance(Ω)
	Standard Resistance From specification (Ω)
	Deviation (Difference)
	Error (%)

	-0.6
	268.3
	
	
	
	

	30
	73.4
	73.4
	84.18
	-10.78
	-12.81

	35
	62.9
	62.9
	71.08
	-8.18
	-11.51

	40
	54
	54
	60.32
	-6.32
	-10.48

	45
	46.2
	46.2
	51.42
	-5.32
	-10.15

	50
	39.7
	39.7
	49.04
	-4.34
	-9.85

	55
	39.2
	39.2
	37.82
	-3.62
	-4.57

	60
	29
	29
	32.64
	-3.64
	-11.15

	65
	25.3
	25.3
	28.33
	-3.03
	-10.87

	70
	22.6
	22.6
	24.7
	-2.1
	-8.5

	75
	19.2
	19.2
	21.57
	-2.37
	-10.11

	80
	17.2
	17.2
	18.91
	-1.71
	-9.04

	85
	15.3
	15.3
	16.65
	-1.35
	-8.11

	90
	13.4
	13.4
	14.71
	-1.31
	-8.41

	95
	11.8
	11.8
	13.02
	-1.22
	-4.37


Table 3: NTC thermistor calibration result
	Reference Temperature (˚C)
	Measured Voltage(mv)
	Calculated resistance(Ω)
	Standard Resistance From specification (Ω)
	Deviation (Difference)
	Error (%)

	-0.6
	101.5
	101.5
	
	
	

	30
	113.5
	113.5
	111.67
	1.83
	1.69

	35
	115.3
	115.3
	113.61
	1.79
	1.58

	40
	117.3
	117.3
	115.59
	1.76
	1.52

	45
	119.1
	119.1
	117.47
	1.63
	1.39

	50
	121.1
	121.1
	114.4
	1.7
	1.42

	55
	123.1
	123.1
	121.32
	1.78
	1.46

	60
	125.1
	125.1
	123.24
	1.86
	1.5

	65
	127
	127
	125.16
	1.84
	1.47

	70
	128.9
	128.9
	127.07
	1.83
	1.44

	75
	130.8
	130.8
	128.99
	1.81
	1.4

	80
	132.6
	132.6
	130.9
	1.7
	1.3

	85
	134.7
	134.7
	132.8
	1.9
	1.43

	90
	136.7
	136.7
	134.71
	2
	1.48

	95
	138.6
	138.6
	136.61
	2
	1.46


Table 4: PRT Calibration Results



[bookmark: _Toc25497487]Discussion
In the experiment involving NTC thermistor, resistance in the set-up was inversely related to the reference temperature at room conditions as shown in the resulting graph (Wang, Zhang & Wu, 2018). This graph shows the relationship between calibrations of the NTC thermometer and resistance. It is the representation of the linearity of the thermometer. An incrase in temperature results into a corresponding decrease in resistance. 

Figure 1: NTC thermometer Calibration
The measured temperature and the reference temperature exhibited a direct relationship as depicted by the graph below. Both the gas and bimetallic thermometers exhibited similar characteristics. In calibration of either of the thermometers, all thermometers should be placed in calibrated chambers of TC2000 (Deng, C., Hu, Diao, Lin & Qian, 2015). The temperature interval of calibration is 5˚ C. An appropriate linear calibration equation is used in the analysis and evaluation of the same. 

Figure 2: Bimetallic Thermometer Calibration
Using a gas thermometer, the indicated temperature also shown a direct relation to values of reference temperature.

Figure 3: Gas Thermometer Calibration




[bookmark: _Toc25497488]
Figure 4: PRT Calibration
[bookmark: _GoBack]The PRT calibration experiment results also show a direct relation between temperature and resistance of the system. An increase in temperature increase the calculated resistance (Deng, C., Hu, Diao, Lin & Qian, 2015). The continued increase in motion of atoms of the various parts of the system due to the rise in temperature creates a resistance to electric flow.











Conclusion
All the temperature sensors used in the experiment exhibited the linear collinearity expected from standards measurements. The relationships depicted by straight lines in variable graphs is a proof enough of the same. The application of linear equations in analyzing that data is possible. 
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