IR Imaging – Prototype Staves
Date: September 13, 2007
Side A setup
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Sample identifier: K13D20 foot-long 


Side: A
Water Flow Rate:1.26
Inlet water temperature: 20.0
Outlet water temperature: 20.0

[image: image2.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 0 Side B current 0 Power 0


Handheld IR probe: Not done
File: 0066

Delta T: 0 by definition
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Sample identifier: K13D20 foot-long 


Side: A

Water Flow Rate:1.26
Inlet water temperature: 20.1

Outlet water temperature: 20.4


[image: image4.emf]Side A voltage 13.45 Side A current 1 Power 13.45

Side B voltage 13.58 Side B current 1 Power 13.58


Handheld IR probe: Not done

File: 0067

Delta T: About 3 degrees to nearest degree
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Sample identifier: K13D20 foot-long 


Side: A

Water Flow Rate:1.26

Inlet water temperature: 20.1

Outlet water temperature: 20.6


[image: image6.emf]Side A voltage 18.79 Side A current 1.4 Power 26.306

Side B voltage 18.88 Side B current 1.4 Power 26.432


Handheld IR probe: Not done

File: 0067

Delta T: About 6 degrees to nearest degree but with spread of about +/- 1 degree
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Average power per hybrid is 3.3W for these settings.
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
27.62
0.71
29.2
26.1
C

A2
0.95
19.0
27.32
0.74
29.3
25.9
C

A3
0.95
19.0
27.49
0.64
29.1
26.1
C

A4
0.95
19.0
26.94
0.62
28.8
25.6
C

Max or Min within rectangle. Note that zero power average temperature over same boxes is 21.4C with a spread inside the box of +/-0.4C.  I don’t fully understand the source of the spread(it looks random). Thus max delta T calculated in this way is 29.3-21.4=about 8C. Average water temperature is 20.35 so max delta T calculated this way is 9C. Note that the water temperature is not measured with IR camera and there is at least a 1 degree absolute uncertainty in going from IR to measurements with thermistors in the water.

Sample identifier: K13D20 foot-long 


Side: A

Water Flow Rate:1.26

Inlet water temperature: 20.2

Outlet water temperature: 21.2


[image: image10.emf]Side A voltage 25.29 Side A current 1.88 Power 47.5452

Side B voltage 25.27 Side B current 1.88 Power 47.5076


Handheld IR probe: Not done

File: 0069
Delta T: About 11 degrees to nearest degree but with spread of about +/- 2 degrees
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Summary of delta T vs power per hybrid. This takes the delta T from no power case, not fluid temperature. If mean fluid temperature were used, then would have to add 1.4(0 power), 1.2, 1.1 and 0.7 degrees. Note also that lines are about centered between hybrids. Somewhat hotter near hybrids, see Side B results for estimate.
[image: image12.emf]K132DU Flat Tube-Side A
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Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.26

Inlet water temperature: 20.0

Outlet water temperature: 20.0


[image: image13.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 0 Side B current 0 Power 0


Handheld IR probe: Not done

File: 0071

Delta T: 0 by definition
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Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.26

Inlet water temperature: 20.1

Outlet water temperature: 20.3


[image: image15.emf]Side A voltage 13.34 Side A current 1 Power 13.34

Side B voltage 13.4 Side B current 1 Power 13.4


Handheld IR probe: Not done

File: 0072

Delta T: About 1.5 degrees
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Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.26

Inlet water temperature: 20.1

Outlet water temperature: 20.6(estimate)

[image: image17.emf]Side A voltage 18.86 Side A current 1.4 Power 26.404

Side B voltage 18.93 Side B current 1.4 Power 26.502


Handheld IR probe: Not done

File: 0073

Delta T: About 4.5 degrees
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
27.24
0.66
28.5
25.9
C

A2
0.95
19.0
27.01
0.76
29.2
25.5
C

A3
0.95
19.0
27.38
0.79
29.2
25.8
C

A4
0.95
19.0
26.92
0.85
29.0
25.3
C

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.26

Inlet water temperature: 20.1

Outlet water temperature: 21.1


[image: image20.emf]Side A voltage 25.31 Side A current 1.88 Power 47.5828

Side B voltage 25.25 Side B current 1.88 Power 47.47


Handheld IR probe: Not done

File: 0074

Delta T: About 9.5 degrees
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Summary of Side B. Looks like picking up heat from ambient, warmer room. Again if used mean fluid temperature would add 2.5(0 power), 2.3, 2.15, 1.9. Can look at the last figure for guess as to dependence between hybrids for estimate of hottest spot, which would add about 2 degrees for last case.
[image: image22.emf]K13D2U-Side B
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Data for both side A and side B are here in this spreadsheet for plots


[image: image23.emf]Power/Hybrid Min Delta T Max Delta T

0 0 0 Side A or B

1.689375 2.1 3.4 Side A or B

3.296125 4.4 6.9 Side A or B

5.9408 8.1 12.2 Side A or B

1.67125 1.1 2.3 Side B

3.306625 3 5.4 Side B

5.940625 6.8 11 Side B

K132DU Flat Tube-Side A
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Date: September 14, 2007

Compare for Side B one side heating vs two side heating

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.25

Inlet water temperature: 20.1

Outlet water temperature: 20.1


[image: image24.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 0 Side B current 0 Power 0


Handheld IR probe: Not done

File: 0076
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.94
0.11
21.3
20.6
C

A2
0.95
19.0
20.87
0.11
21.3
20.6
C

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.25

Inlet water temperature: 20.1

Outlet water temperature: 20.4


[image: image26.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 18.93 Side B current 1.4 Power 26.502


Handheld IR probe: Not done

File: 0077
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
26.91
0.64
28.1
25.5
C

A2
0.95
19.0
26.59
0.74
28.6
25.1
C

A3
0.95
19.0
26.81
0.75
28.5
25.3
C

A4
0.95
19.0
26.29
0.75
28.1
24.8
C

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.25

Inlet water temperature: 20.1

Outlet water temperature: 20.8


[image: image28.emf]Side A voltage 18.79 Side A current 1.4 Power 26.306

Side B voltage 18.94 Side B current 1.4 Power 26.516


Handheld IR probe: Not done

File: 0078
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
27.23
0.72
28.6
25.6
C

A2
0.95
19.0
26.91
0.78
29.1
25.5
C

A3
0.95
19.0
27.13
0.82
28.9
25.4
C

A4
0.95
19.0
26.72
0.76
28.6
25.1
C

September 18, 2007
After 6 thermal cycles to about -35C and back to room temperature by putting prototype in freezer. First cycle was not bagged so had condensation. Next 5 bagged it in dry gas and so no condensation.

Note that inlet is on the left for side B and on the right for side A

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.28

Inlet water temperature: 20.1

Outlet water temperature: 20.1


[image: image30.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 0 Side B current 0 Power 0


Handheld IR probe: Not done

File: 0080
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.31
0.11
20.5
20.1
C

A2
0.95
19.0
20.28
0.09
20.6
20.1
C

Sample identifier: K13D20 foot-long 


Side: B

Water Flow Rate:1.27

Inlet water temperature: 20.2

Outlet water temperature: 20.6


[image: image32.emf]Side A voltage 18.83 Side A current 1.4 Power 26.362

Side B voltage 18.65 Side B current 1.4 Power 26.11


Handheld IR probe: Not done

File: 0081
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
26.37
0.78
28.1
24.8
C

A2
0.95
19.0
26.73
0.78
28.1
25.0
C

A3
0.95
19.0
26.33
0.79
28.1
24.6
C

A4
0.95
19.0
26.52
0.84
27.6
24.6
C

Sample identifier: K13D20 foot-long 


Side: A

Water Flow Rate:1.28

Inlet water temperature: 20.0

Outlet water temperature: 20.1


[image: image34.emf]Side A voltage 0 Side A current 0 Power 0

Side B voltage 0 Side B current 0 Power 0


Handheld IR probe: Not done

File: 0082
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.10
0.12
20.4
19.8
C

A2
0.95
19.0
20.14
0.13
20.6
19.8
C

Sample identifier: K13D20 foot-long 


Side: A

Water Flow Rate:1.29

Inlet water temperature: 20.1

Outlet water temperature: 20.7


[image: image36.emf]Side A voltage 18.84 Side A current 1.4 Power 26.376

Side B voltage 18.65 Side B current 1.4 Power 26.11


Handheld IR probe: Not done

File: 0083
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Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
26.13
0.76
27.8
24.8
C

A2
0.95
19.0
26.69
0.85
28.8
24.9
C

A3
0.95
19.0
26.34
0.81
28.4
24.8
C

A4
0.95
19.0
26.79
0.88
29.0
25.0
C

Quick comparison. Take side B measurements from single side/double side data
Side B – before. Zero power

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.94
0.11
21.3
20.6
C

A2
0.95
19.0
20.87
0.11
21.3
20.6
C

Call it 21 with zero power.

Side B – before. With power

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
27.23
0.72
28.6
25.6
C

A2
0.95
19.0
26.91
0.78
29.1
25.5
C

A3
0.95
19.0
27.13
0.82
28.9
25.4
C

A4
0.95
19.0
26.72
0.76
28.6
25.1
C

So delta T is 25-21=4 to 29-21=8 with power before for side B

Side B – after. Zero power

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.31
0.11
20.5
20.1
C

A2
0.95
19.0
20.28
0.09
20.6
20.1
C

Call it 20 with zero power

Side B – after. With power.

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
26.37
0.78
28.1
24.8
C

A2
0.95
19.0
26.73
0.78
28.1
25.0
C

A3
0.95
19.0
26.33
0.79
28.1
24.6
C

A4
0.95
19.0
26.52
0.84
27.6
24.6
C

So delta T is 25-20=5 to 28-20=8 with power after for side B. THE SAME WITHIN ERRORS OF MEASUREMENT.

Side A before now power was taken as 21.4. Call it 21.

Side A with power was

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
27.62
0.71
29.2
26.1
C

A2
0.95
19.0
27.32
0.74
29.3
25.9
C

A3
0.95
19.0
27.49
0.64
29.1
26.1
C

A4
0.95
19.0
26.94
0.62
28.8
25.6
C

So delta T before was 26-21=5 to 29-21=8
Side A – after. No power

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
20.10
0.12
20.4
19.8
C

A2
0.95
19.0
20.14
0.13
20.6
19.8
C

Call it 20.

Side A – after. With power.

Label
Emis
BG
Ave
SD
Max
Min
Unit

A1
0.95
19.0
26.13
0.76
27.8
24.8
C

A2
0.95
19.0
26.69
0.85
28.8
24.9
C

A3
0.95
19.0
26.34
0.81
28.4
24.8
C

A4
0.95
19.0
26.79
0.88
29.0
25.0
C

So delta T is 25-20=5 to 29-20=9. I would say SAME within errors.

_1251190383.xls
Sheet1

		Side A voltage				25.29		Side A current				1.88		Power		47.5452

		Side B voltage				25.27		Side B current				1.88		Power		47.5076






_1251193309.xls
Sheet1

		Side A voltage				25.31		Side A current				1.88		Power		47.5828

		Side B voltage				25.25		Side B current				1.88		Power		47.47






_1251270987.xls
Sheet1

		Side A voltage				18.79		Side A current				1.4		Power		26.306

		Side B voltage				18.94		Side B current				1.4		Power		26.516






_1251611862.xls
Sheet1

		Side A voltage				18.83		Side A current				1.4		Power		26.362

		Side B voltage				18.65		Side B current				1.4		Power		26.11






_1251612298.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				0		Side B current				0		Power		0






_1251612454.xls
Sheet1

		Side A voltage				18.84		Side A current				1.4		Power		26.376

		Side B voltage				18.65		Side B current				1.4		Power		26.11






_1251611670.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				0		Side B current				0		Power		0






_1251270161.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				0		Side B current				0		Power		0






_1251270629.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				18.93		Side B current				1.4		Power		26.502






_1251195432.xls
Sheet1

		Power/Hybrid		Min Delta T		Max Delta T

		0		0		0		Side A or B

		1.689375		2.1		3.4		Side A or B

		3.296125		4.4		6.9		Side A or B

		5.9408		8.1		12.2		Side A or B

		1.67125		1.1		2.3		Side B

		3.306625		3		5.4		Side B

		5.940625		6.8		11		Side B





Sheet1

		



Min Delta T

Max Delta T

Power(W)/Hybrid

Delta T(C)

K132DU Flat Tube-Side A



Sheet2

		



Min Delta T

Max Delta T

Power(W)/Hybrid

Delta T(C)

K13D2U-Side B



Sheet3

		





		






_1251192561.xls
Sheet1

		Side A voltage				13.34		Side A current				1		Power		13.34

		Side B voltage				13.4		Side B current				1		Power		13.4






_1251193010.xls
Sheet1

		Side A voltage				18.86		Side A current				1.4		Power		26.404

		Side B voltage				18.93		Side B current				1.4		Power		26.502






_1251192346.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				0		Side B current				0		Power		0






_1251189392.xls
Sheet1

		Side A voltage				13.45		Side A current				1		Power		13.45

		Side B voltage				13.58		Side B current				1		Power		13.58






_1251190064.xls
Sheet1

		Side A voltage				18.79		Side A current				1.4		Power		26.306

		Side B voltage				18.88		Side B current				1.4		Power		26.432






_1251189096.xls
Sheet1

		Side A voltage				0		Side A current				0		Power		0

		Side B voltage				0		Side B current				0		Power		0






