SOLLAR COLLECTOR

Experiment #2: Thermocouples Calibration


SOLAR COLLECTOR: Tests and Calibration Thermocouples Switchbox Bypassed

· Calibration
The objective of this section was to calibrate all five thermocouples that record temperatures around the solar collector table.  The basic idea was to measure the temperature of a known surface and compare it to the reading produced by the thermocouples.  

The materials used during this experiment were: constant temperature bath, mercury thermometer and 5 thermocouples.

The experimental procedure was the following:

1.0) Set the to a fix temperature the water in the constant temperature bath.

2.0) Wait until the system reaches thermal equilibrium.

3.0) Measure the temperature of the water using the control thermometer.

4.0) Record the thermocouple temperature reading.

5.0) Repeat these steps for at least 6 different temperature settings.  

After each of the five thermocouples was tested, the following were the experimental results.  

	Thermocouple # 1
	
	
	
	

	
	
	C10
	D10
	
	

	Run #
	Temp. of  Bath
	Temp. of Thermocouple
	Thermometer
	Difference C10-D10
	Temp. of Control Thermocouple

	1
	Room Temp.
	33.6
	34
	0.4
	32.7

	2
	20
	23.4
	17
	6.4
	14.5

	3
	30
	29.7
	28
	1.7
	25.2

	4
	40
	36
	38
	2
	36.6

	5
	50
	50
	49
	1
	46.3

	6
	60
	61.3
	60
	1.3
	57.6

	7
	70
	67.9
	70.7
	2.8
	72.2

	
	
	
	Avg. Difference 
	3.87E+00
	


	Thermocouple # 2
	
	
	
	

	
	
	
	
	
	

	Run #
	Temp. of  Bath
	Temp. of Thermocouple
	Thermometer
	Difference C10-D10
	Temp. of Control Thermocouple

	1
	Room Temp.
	20.8
	34
	0
	20.6

	2
	10
	23.4
	8.9
	0
	6.9

	3
	30
	29.7
	28.2
	0
	25.1

	4
	50
	36
	49
	0
	46.7

	5
	60
	50
	63.9
	0
	60.9


Note: in this test I did not use a thermometer.  I was using the control thermocouple as a reference.  

	Thermocouple # 3
	
	
	
	

	
	
	
	
	
	

	Run #
	Temp. of  Bath
	Temp. of Thermocouple
	Thermometer
	Difference C10-D10
	Temp. of Control Thermocouple

	1
	20
	18.2
	0
	0
	14.5

	2
	30
	29
	28
	1
	25.4

	3
	40
	40.6
	39.5
	1.1
	37.5

	4
	50
	54.3
	0
	0
	52

	5
	60
	62.8
	0
	0
	61.2

	6
	60
	62.3
	61.5
	0.8
	59.4

	7
	70
	68.4
	68
	0.4
	65.4

	
	
	
	Avg. Difference 
	8.25E-01
	


	Thermocouple # 4
	
	
	
	

	
	
	
	
	
	

	Run #
	Temp. of  Bath
	Temp. of Thermocouple
	Thermometer
	Difference C10-D10
	Temp. of Control Thermocouple

	1
	15
	10.7
	NA
	0
	7

	2
	30
	29.3
	NA
	0
	26

	3
	47
	48
	NA
	0
	45.5

	4
	50
	49.7
	NA
	0
	47.3

	5
	65
	70.6
	NA
	0
	61.2

	Thermocouple # 5
	
	
	
	

	
	
	
	
	
	

	Run #
	Temp. of  Bath
	Temp. of Thermocouple
	Thermometer
	Difference C10-D10
	Temp. of Control Thermocouple

	1
	Room Temp.
	64.2
	64
	0.2
	61.7

	2
	20
	18.7
	17
	1.7
	14.9

	3
	30
	28.2
	27
	1.2
	24.5

	4
	40
	37.8
	37
	0.8
	34.6

	5
	50
	50
	49
	1
	47.2

	6
	60
	60.4
	60
	0.4
	57.6

	7
	80
	79.4
	79
	0.4
	76.1

	
	
	
	Avg. Difference 
	8.14E-01
	



What this data intended to shows was how accurate the thermocouple were.  Comparing the temperature readings recorded by the mercury thermometer and the thermocouple being tested would give an accurate estimate of this quantity.  As a result, calibration curves were obtained.  
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This first curve shows the relationship between the temperature of the thermometer and the thermocouple #1.  As it can be seeing, the thermocouple’s temperature readings match very closely the temperature of thermometer.  As a result, thermocouple #1 is working fine.  The average difference between the two readings was 3.87E+00.  The reading when the water temperature was set to 20 0C caused this large error.  The temperature readings differed by 6.4 degrees.  Other than that all of the other measurements were fairly accurate.  
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This second graph shows the calibration line for thermocouple #3.  In this graph, we can see that there is only one data point that differs from the thermometer readings.  As a result, the average difference between these two readings was higher than desired.  But as an overall the performance of thermocouple #3 was OK.  The average difference between the readings was 8.25E-010C.  
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And the third and final calibration line was for thermocouple #5.  In this graph we can see that the temperatures calculated by the thermometer and thermocouple were very close.  In fact the average difference between temperature readings was 8.14E-010C.  


As a result, this graphs showed what was expected.  The thermocouples were operating within the design and desired parameters.  

The wire connecting the switchbox and the meter caused the error encountered during the first calibration test.  When the switchbox was bypassed, the accuracy on the thermocouples was enhanced.  Proving that ordering a thermocouple wire could solve the problem.  As a result, an EX TT-J-20-25 wire was ordered.  The temperature engineers from Omega suggested this wire.  
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Thermocouples

		Thermocouples

		Switchbox bypassed																		Switchbox

		Thermocouple # 1																		Thermocouple # 2

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		33.6		34		0.4		32.7								1		30		35.6		29.5		6.1		26.9

		2		20		23.4		17		6.4		14.5								2		40		42.3		36		6.3		33.9

		3		30		29.7		28		1.7		25.2								3		30		32.7		27		5.7		24.9

		4		40		36		38		2		36.6								4		40		42.5		37		5.5		34.4

		5		50		50		49		1		46.3								5		50		55.3		50		5.3		48.1

		6		60		61.3		60		1.3		57.6								6		60		67		62		5		59.1

		7		70		67.9		70.7		2.8		72.2														Avg. Difference		5.65E+00

								Avg. Difference		3.87E+00

		Thermocouple # 2																		Thermocouple # 4

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		20.8		34		0		20.6								1		30		34.3		29.5		4.8		26.9

		2		10		23.4		8.9		0		6.9								2		40		39.6		36		3.6		33.9

		3		30		29.7		28.2		0		25.1								3		30		32.4		27		5.4		24.9

		4		50		36		49		0		46.7								4		40		42.2		37		5.2		34.4

		5		60		50		63.9		0		60.9								5		50		54.8		50		4.8		48.1

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce																		6		60		66.7		62		4.7		59.1

																										Avg. Difference		4.75E+00

		Thermocouple # 3																		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		20		18.2		0		0		14.5								1		30		30.2		29.5		0.7		26.9

		2		30		29		28		1		25.4								2		40		30		36		6		33.9

		3		40		40.6		39.5		1.1		37.5								3		30		20		27		7		24.9

		4		50		54.3		0		0		52								4		40		22.2		37		14.8		34.4

		5		60		62.8		0		0		61.2								5		50		10.9		50		39.1		48.1

		6		60		62.3		61.5		0.8		59.4								6		60		0		62		62		59.1

		7		70		68.4		68		0.4		65.4														Avg. Difference		2.16E+01

								Avg. Difference		8.25E-01

																						With all thermocouples connected to the switchbox

																		29		28

																		40.6		39.5

		Thermocouple # 4																62.3		61.5

																		68.4		68

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		15		10.7		NA		0		7

		2		30		29.3		NA		0		26

		3		47		48		NA		0		45.5

		4		50		49.7		NA		0		47.3

		5		65		70.6		NA		0		61.2

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce

		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		64.2		64		0.2		61.7

		2		20		18.7		17		1.7		14.9

		3		30		28.2		27		1.2		24.5

		4		40		37.8		37		0.8		34.6

		5		50		50		49		1		47.2

		6		60		60.4		60		0.4		57.6

		7		80		79.4		79		0.4		76.1

								Avg. Difference		8.14E-01

		Avg. Error

		Bypass

		Error=		1.8357142857		(note: the larger error than expected was caused by reading #2 of thermocouple #1)

		Swithbox

		Error=		10.6666666667





Temp. Calibratin lines

		

				Note: These temp. readings were taken with the transducers connected directly to the meter panel.
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Pressure Calibration line
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Flow meters

		Pressure Transducers

		Pressure Trans. # 2				Zero Offset=		0.2

		Water Height		Pressure Pa		Pressure PSI		Pressure Reading (PSI)		Difference

		0.1		980		0.142136946		0.1		0.042136946

		0.15		1470		0.213205419		0.2		0.013205419

		0.4775		4679.5		0.6787039172		0.7		0.0212960828

		0.565		5537		0.8030737449		0.9		0.0969262551

		0.922		9035.6		1.3105026421		1.3		0.0105026421

		1		9800		1.42136946		1.5		0.07863054

		1.2		11760		1.705643352		1.7		0.005643352

		1.3		12740		1.847780298		1.8		0.047780298

		1.4		13720		1.989917244		2		0.010082756

		1.5		14700		2.13205419		2.1		0.03205419

		1.6		15680		2.274191136		2.3		0.025808864

		1.7		16660		2.416328082		2.4		0.016328082

		1.8		17640		2.558465028		2.5		0.058465028

		1.9		18620		2.700601974		2.7		0.000601974

		2		19600		2.84273892		2.8		0.04273892

		2.1		20580		2.984875866		2.9		0.084875866

		2.2		21560		3.127012812		3.1		0.027012812

		2.3		22540		3.269149758		3.2		0.069149758

		2.4		23520		3.411286704		3.5		0.088713296

		2.7696		27142.08		3.9366248564		3.9		0.0366248564

								Avg.=		0.0367535426
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Calculated Pressure

Pressure Reading

Height (m)
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Pressure Head vs. Water Height
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Thermocouples

		Thermocouples

		Switchbox bypassed																		Switchbox

		Thermocouple # 1																		Thermocouple # 2

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		33.6		34		0.4		32.7								1		30		35.6		29.5		6.1		26.9

		2		20		23.4		17		6.4		14.5								2		40		42.3		36		6.3		33.9

		3		30		29.7		28		1.7		25.2								3		30		32.7		27		5.7		24.9

		4		40		36		38		2		36.6								4		40		42.5		37		5.5		34.4

		5		50		50		49		1		46.3								5		50		55.3		50		5.3		48.1

		6		60		61.3		60		1.3		57.6								6		60		67		62		5		59.1

		7		70		67.9		70.7		2.8		72.2														Avg. Difference		5.65E+00

								Avg. Difference		3.87E+00

		Thermocouple # 2																		Thermocouple # 4

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		20.8		34		0		20.6								1		30		34.3		29.5		4.8		26.9

		2		10		23.4		8.9		0		6.9								2		40		39.6		36		3.6		33.9

		3		30		29.7		28.2		0		25.1								3		30		32.4		27		5.4		24.9

		4		50		36		49		0		46.7								4		40		42.2		37		5.2		34.4

		5		60		50		63.9		0		60.9								5		50		54.8		50		4.8		48.1

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce																		6		60		66.7		62		4.7		59.1

																										Avg. Difference		4.75E+00

		Thermocouple # 3																		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		20		18.2		0		0		14.5								1		30		30.2		29.5		0.7		26.9

		2		30		29		28		1		25.4								2		40		30		36		6		33.9

		3		40		40.6		39.5		1.1		37.5								3		30		20		27		7		24.9

		4		50		54.3		0		0		52								4		40		22.2		37		14.8		34.4

		5		60		62.8		0		0		61.2								5		50		10.9		50		39.1		48.1

		6		60		62.3		61.5		0.8		59.4								6		60		0		62		62		59.1

		7		70		68.4		68		0.4		65.4														Avg. Difference		2.16E+01

								Avg. Difference		8.25E-01

																						With all thermocouples connected to the switchbox

																		29		28

																		40.6		39.5

		Thermocouple # 4																62.3		61.5

																		68.4		68

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		15		10.7		NA		0		7

		2		30		29.3		NA		0		26

		3		47		48		NA		0		45.5

		4		50		49.7		NA		0		47.3

		5		65		70.6		NA		0		61.2

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce

		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		64.2		64		0.2		61.7

		2		20		18.7		17		1.7		14.9

		3		30		28.2		27		1.2		24.5

		4		40		37.8		37		0.8		34.6

		5		50		50		49		1		47.2

		6		60		60.4		60		0.4		57.6

		7		80		79.4		79		0.4		76.1

								Avg. Difference		8.14E-01

		Avg. Error

		Bypass

		Error=		1.8357142857		(note: the larger error than expected was caused by reading #2 of thermocouple #1)

		Swithbox

		Error=		10.6666666667





Temp. Calibratin lines

		

				Note: These temp. readings were taken with the transducers connected directly to the meter panel.
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Flow meters

		Pressure Transducers

		Pressure Trans. # 2				Zero Offset=		0.2

		Water Height		Pressure Pa		Pressure PSI		Pressure Reading (PSI)		Difference

		0.1		980		0.142136946		0.1		0.042136946

		0.15		1470		0.213205419		0.2		0.013205419

		0.4775		4679.5		0.6787039172		0.7		0.0212960828

		0.565		5537		0.8030737449		0.9		0.0969262551

		0.922		9035.6		1.3105026421		1.3		0.0105026421

		1		9800		1.42136946		1.5		0.07863054

		1.2		11760		1.705643352		1.7		0.005643352

		1.3		12740		1.847780298		1.8		0.047780298

		1.4		13720		1.989917244		2		0.010082756

		1.5		14700		2.13205419		2.1		0.03205419

		1.6		15680		2.274191136		2.3		0.025808864

		1.7		16660		2.416328082		2.4		0.016328082

		1.8		17640		2.558465028		2.5		0.058465028

		1.9		18620		2.700601974		2.7		0.000601974

		2		19600		2.84273892		2.8		0.04273892

		2.1		20580		2.984875866		2.9		0.084875866

		2.2		21560		3.127012812		3.1		0.027012812

		2.3		22540		3.269149758		3.2		0.069149758

		2.4		23520		3.411286704		3.5		0.088713296

		2.7696		27142.08		3.9366248564		3.9		0.0366248564

								Avg.=		0.0367535426
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Thermocouples

		Thermocouples

		Switchbox bypassed																		Switchbox

		Thermocouple # 1																		Thermocouple # 2

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		33.6		34		0.4		32.7								1		30		35.6		29.5		6.1		26.9

		2		20		23.4		17		6.4		14.5								2		40		42.3		36		6.3		33.9

		3		30		29.7		28		1.7		25.2								3		30		32.7		27		5.7		24.9

		4		40		36		38		2		36.6								4		40		42.5		37		5.5		34.4

		5		50		50		49		1		46.3								5		50		55.3		50		5.3		48.1

		6		60		61.3		60		1.3		57.6								6		60		67		62		5		59.1

		7		70		67.9		70.7		2.8		72.2														Avg. Difference		5.65E+00

								Avg. Difference		3.87E+00

		Thermocouple # 2																		Thermocouple # 4

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		20.8		34		0		20.6								1		30		34.3		29.5		4.8		26.9

		2		10		23.4		8.9		0		6.9								2		40		39.6		36		3.6		33.9

		3		30		29.7		28.2		0		25.1								3		30		32.4		27		5.4		24.9

		4		50		36		49		0		46.7								4		40		42.2		37		5.2		34.4

		5		60		50		63.9		0		60.9								5		50		54.8		50		4.8		48.1

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce																		6		60		66.7		62		4.7		59.1

																										Avg. Difference		4.75E+00

		Thermocouple # 3																		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple								Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		20		18.2		0		0		14.5								1		30		30.2		29.5		0.7		26.9

		2		30		29		28		1		25.4								2		40		30		36		6		33.9

		3		40		40.6		39.5		1.1		37.5								3		30		20		27		7		24.9

		4		50		54.3		0		0		52								4		40		22.2		37		14.8		34.4

		5		60		62.8		0		0		61.2								5		50		10.9		50		39.1		48.1

		6		60		62.3		61.5		0.8		59.4								6		60		0		62		62		59.1

		7		70		68.4		68		0.4		65.4														Avg. Difference		2.16E+01

								Avg. Difference		8.25E-01

																						With all thermocouples connected to the switchbox

																		29		28

																		40.6		39.5

		Thermocouple # 4																62.3		61.5

																		68.4		68

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		15		10.7		NA		0		7

		2		30		29.3		NA		0		26

		3		47		48		NA		0		45.5

		4		50		49.7		NA		0		47.3

		5		65		70.6		NA		0		61.2

		note: in this test I did not use a thermometer.  I was using the control thermocouple as a refernce

		Thermocouple # 5

		Run #		Temp. of  Bath		Temp. of Thermocouple		Thermometer		Difference C10-D10		Temp. of Control Thermocouple

		1		Room Temp.		64.2		64		0.2		61.7

		2		20		18.7		17		1.7		14.9

		3		30		28.2		27		1.2		24.5

		4		40		37.8		37		0.8		34.6

		5		50		50		49		1		47.2

		6		60		60.4		60		0.4		57.6

		7		80		79.4		79		0.4		76.1

								Avg. Difference		8.14E-01

		Avg. Error

		Bypass

		Error=		1.8357142857		(note: the larger error than expected was caused by reading #2 of thermocouple #1)

		Swithbox

		Error=		10.6666666667





Temp. Calibratin lines

		

				Note: These temp. readings were taken with the transducers connected directly to the meter panel.
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Flow meters

		Pressure Transducers

		Pressure Trans. # 2				Zero Offset=		0.2

		Water Height		Pressure Pa		Pressure PSI		Pressure Reading (PSI)		Difference

		0.1		980		0.142136946		0.1		0.042136946

		0.15		1470		0.213205419		0.2		0.013205419

		0.4775		4679.5		0.6787039172		0.7		0.0212960828

		0.565		5537		0.8030737449		0.9		0.0969262551

		0.922		9035.6		1.3105026421		1.3		0.0105026421

		1		9800		1.42136946		1.5		0.07863054

		1.2		11760		1.705643352		1.7		0.005643352

		1.3		12740		1.847780298		1.8		0.047780298

		1.4		13720		1.989917244		2		0.010082756

		1.5		14700		2.13205419		2.1		0.03205419

		1.6		15680		2.274191136		2.3		0.025808864

		1.7		16660		2.416328082		2.4		0.016328082

		1.8		17640		2.558465028		2.5		0.058465028

		1.9		18620		2.700601974		2.7		0.000601974

		2		19600		2.84273892		2.8		0.04273892

		2.1		20580		2.984875866		2.9		0.084875866

		2.2		21560		3.127012812		3.1		0.027012812

		2.3		22540		3.269149758		3.2		0.069149758

		2.4		23520		3.411286704		3.5		0.088713296

		2.7696		27142.08		3.9366248564		3.9		0.0366248564

								Avg.=		0.0367535426
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