Endcap tests
The geometry tested was the -45deg and 45deg orientations. The HEX was not tested in the horizontal plane.
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for the CERN prototype these results were found:

Table 1
	Date
	1/8/2004
	2/8/2004

	date/time
	
	18:44

	Mass-flow by Danfoss
	5.83572
	5.71632

	Mass-flow by volume
	5.50
	5.42

	Power on staves
	99.4%
	99.4%

	Inlet temp into HEX
	34.34534
	35.42596

	Orientation
	-45deg
	+45deg

	P before capillaries (manometer)
	14.2
	14.25

	P after capillaries (manometer)
	1.74
	1.73

	DP over capillaries (00.06)
	12.42114
	12.5083

	P after capillaries (00.01)
	1.75642
	1.70706

	DP over HEX liquid (00.03)
	0.98544
	0.90102

	T before cap1&2 (05.16)
	-13.384
	-5.4828

	T before cap3 (05.17)
	-13.7208
	-5.7185

	T after cap1&2 (05.19)
	-12.8089
	-4.96808

	T after cap3 (05.25)
	-13.1887
	-5.0091

	T liquid before HEX (05.24)
	34.34534
	35.42596

	T liquid  after HEX
	-15.07154
	-6.52863

	T vapor before HEX (05.18)
	-24.9248
	-25.1745

	T vapor after HEX (05.26)
	16.91754
	19.1953

	HEX efficiency
	0.83
	0.69

	DP over inlet pipe (00.05)
	0.09036
	0.0836


For the QM-1 HEX these results were found at the highest power that we ran at:
Table 2

	Date / Time
	date/time
	15:48
	20:05

	mass flow
	by Danfoss
	6.55
	6.36

	
	Temp in flowmeter
	16.48
	16.32

	 
	by Volume / time
	6.02
	5.84

	
	
	+45deg, vapour end down
	-45deg, vapour end up

	Characteristic values:
	Power on staves
	101.7%
	97.5%

	 
	Inlet temp into HEX
	32.79
	34.57

	 
	Massflow
	6.02
	5.84

	 
	 
	Dan/Vol = 1.088
	Dan/Vol = 1.089

	Pressures
	Keller
	12.95
	13.08

	directly after capillaries
	ABS press 00.01
	1.74
	1.73

	differential across caps
	DiffPCAP (00.06)
	11.08
	11.33

	Cap temperatures
	before cap (MoTe06 06:12)
	-4.37
	-8.07

	
	before cap (MoTe03 06.09)
	-5.26
	-9.34

	
	after cap (MoTe05 06.11)
	-16.44
	-16.93

	 
	after cap (MoTe04 06.10)
	-17.44
	-15.89

	HEX efficiency/temps
	TlbHEX (MoTe02 06.04)
	32.79
	34.57

	
	TlaHEX (CaTe03 06.06)
	-5.3
	-9.08

	
	TvbHEX (PiTe23 06.05)
	-23.63
	-24.63

	
	TvaHEX (CaTe02 06.03)
	7.67
	12.16

	 
	HEX efficiency
	0.67
	0.75

	 
	Temp after detectors (CaTe04 06.07)
	-20.64
	-21.69

	Other Pressures
	DiffP caps (InPr21 00.06)
	11.08
	11.33

	
	diffP across HEX liquid (BaPr16 00.13)
	1.18
	1.12

	
	DiffP on-cylind (InPr03 00.04)
	0.14
	0.13

	
	DiffP Hex vapour (BaPr15 00.03)
	0.06
	0.06

	 
	Press BPR (BaPR01 00.02)
	1.31
	1.28

	Detector heating
	Volts
	152.8
	149.3

	
	Current
	2.306
	2.262

	 
	Power on detector structure [W]
	352.3568
	337.7166

	 
	%
	1.017
	0.975

	 
	Power from I^2R (R=66.2)
	1.016
	0.978

	Vapor heater after HEX
	Control
	pid
	pid

	
	% of full power
	9%
	7%

	 
	Temp after vapour heater (PiT12 05.17)
	23
	22

	VQ inlet
	
	
	

	VQ outlet
	
	
	

	Hliq_sat
	
	
	

	Hvap_sat
	
	
	

	Hwe_cap
	 
	 
	 

	Liquid heater before HEX
	Volts (approximate, manual)
	215
	215

	 
	temperature before filter (06.00)
	33.94
	35.27


For the QM-1 version the HEX would appear to be running at a colder temperature with the -45deg orientation as with the CERN prototype, BUT with a lower massflow, the difference is 3% (0.18g/s). This is not at all obvious from the fact that the input pressures to the capillaries are the same. Looking at 75% power we see:

Table 2
	Date / Time
	date/time
	14:50
	06:14

	mass flow
	by Danfoss
	6.68
	6.6

	
	Temp in flowmeter
	16.52
	16.43

	 
	by Volume / time
	6.14
	6.11

	
	
	+45deg
	-45deg

	Characteristic values:
	Power on staves
	76.3%
	76.2%

	 
	Inlet temp into HEX
	31.6
	33.61

	 
	Massflow
	6.14
	6.11

	 
	 
	Dan/Vol = 1.088
	Dan/Vol = 1.08

	Pressures
	Keller
	13
	12.97

	directly after capillaries
	ABS press 00.01
	1.71
	1.68

	differential across caps
	DiffPCAP (00.06)
	11.15
	11.25

	Cap temperatures
	before cap (MoTe06 06:12)
	-10.06
	-18.77

	
	before cap (MoTe03 06.09)
	-10.99
	-20.13

	
	after cap (MoTe05 06.11)
	-20.43
	-22.21

	 
	after cap (MoTe04 06.10)
	-21.13
	-21.43

	HEX efficiency/temps
	TlbHEX (MoTe02 06.04)
	31.6
	33.61

	
	TlaHEX (CaTe03 06.06)
	-11
	-21.12

	
	TvbHEX (PiTe23 06.05)
	-23.77
	-24.7

	
	TvaHEX (CaTe02 06.03)
	-25.05
	-25.37

	 
	HEX efficiency
	0.77
	0.95

	 
	Temp after detectors (CaTe04 06.07)
	-21.03
	-21.82

	Other Pressures
	DiffP caps (InPr21 00.06)
	11.16
	11.25

	
	diffP across HEX liquid (BaPr16 00.13)
	1.22
	1.22

	
	DiffP on-cylind (InPr03 00.04)
	0.12
	0.11

	
	DiffP Hex vapour (BaPr15 00.03)
	0.05
	0.05

	 
	Press BPR (BaPR01 00.02)
	1.33
	1.32

	Detector heating
	Volts
	132.1
	131.2

	
	Current
	2.001
	2.012

	 
	Power on detector structure [W]
	264.3321
	263.9744

	 
	%
	0.76
	0.76

	 
	Power from I^2R (R=66.2)
	0.76
	0.77

	Vapor heater after HEX
	Volts
	pid
	pid

	
	Current
	21%
	

	
	Power P=VI
	
	

	Power on heater
	P=V2/R, R=14 - need tocheck
	 
	 

	 
	Temp after vapor heater (PiT12 05.17)
	22.08
	22

	VQ inlet
	
	
	

	VQ outlet
	
	
	

	Hliq_sat
	
	
	

	Hvap_sat
	
	
	

	Hwe_cap
	 
	 
	 

	Liquid heater before HEX
	Volts (approximate, manual)
	215
	215

	 
	temperature before filter (06.00)
	33.73
	34.62


And again the temperatures before the capillaries are lower for the -45deg orientation, again the massflow is slightly lower or the same, but the difference is now only 0.5% or 0.03g/s!

There is also a difference between the two orientations in the pressures that are measured. For the -45deg set-up the pressure before the capillaries, (PlbCap), is given by the sum of the differential pressure across the capillaries, (DPCap), and the pressure of the fluid after the capillaries, (PvaCap). While for the +45deg orientation the PlbCap is greater than the sum of DPCap and PvaCap by 130-140mbar.

Noted that the position of the keller and huba diff pressure sensors are at different points relative to the input of the capillary for the two set-ups. The pressure measured at the sensor is given by the real pressure at the capillary input plus, (or minus), the pressure due to the head of liquid above (below) the sensor between the capillary input and the sensor.
The measurements at deg were repeated with the keller and the huba sensor at the same height as the input of the capillaries.

Also the effect on the measured pressure caused by changing the position of the keller was noted.

Lowering the Keller to a position 30cm below the capillary input increased the measured pressure by 40mbar, due to the extra head of liquid. The liquid pressure is 13bara and temperature is -20C. From P=(gh =40mbar the liquid density can be found to be 1360kg/m3. The quoted saturation density at 40C and 13bara is 1226kg/m3 and is 1268kg/m3 at 34C and 11bara and 1561kg/m-3 at -24C and 1.739bara. It would appear that the density of the liquid is closer to that for 13bara than for 1.729bara.If P changed by 50mbar then the density would be 1700kg/m-3 which is higher than the cold conditions. The change in measured pressure was between 40 and 50mbar.
Comparing the data with the Keller and Huba pressure sensors at the capillary inlet and before when they were at difference levels for the +45deg orientation. Note the keller was 30cm below the capillaries in the older data which is a difference in the real PlbCap and the measured of 40-50mbar. This means that the real PlbCap is 12.91 for the old data and 13.01 for the new data. The TlbCaps is about the same for both runs. The Pevap is the same as is the measured DPlCap, but if you correct for the change in height of the huba sensor then the Real Diff Pressure is 11.06 for the new data and 11.12 for the old data. This is not consistent with the lower input pressure. The diff pressure should actually be 11.17-0.2 = 10.93
	Date / Time
	date/time
	19:20
	15:48

	mass flow
	by Danfoss
	6.58
	6.55

	
	Temp in flowmeter
	16.24
	16.48

	 
	by Volume / time
	5.99
	6.02

	
	
	+45deg, now with the keller and Huba P1 at capillary input level
	Incorrect level

	Characteristic values:
	Power on staves
	98.8%
	101.7%

	 
	Inlet temp into HEX
	34.71
	32.79

	 
	Massflow
	5.99
	6.02

	 
	 
	D/V=1.098
	Dan/Vol = 1.088

	Pressures
	Keller
	13.01
	12.95

	
	Real PlbCAP
	13.01
	12.91

	directly after capillaries
	ABS press 00.01
	1.74
	1.74

	differential across caps
	DiffPCAP (00.06)
	11.06
	11.08

	
	Real DiffCap
	11.06
	11.12

	Cap temperatures
	before cap (MoTe06 06:12)
	-4.52
	-4.37

	
	before cap (MoTe03 06.09)
	-4.65
	-5.26

	
	Average TlbCap
	-4.585
	-4.815

	
	after cap (MoTe05 06.11)
	-16.44
	-16.44

	
	after cap (MoTe04 06.10)
	-17.25
	-17.44

	 
	Average TlaCap
	-16.845
	-16.94

	HEX efficiency/temps
	TlbHEX (MoTe02 06.04)
	34.71
	32.79

	
	TlaHEX (CaTe03 06.06)
	-7.58
	-5.3

	
	TvbHEX (PiTe23 06.05)
	-14.63
	-23.63

	
	TvaHEX (CaTe02 06.03)
	5.31
	7.67

	 
	HEX efficiency
	0.72
	0.67

	 
	Temp after detectors (CaTe04 06.07)
	-20.68
	-20.64

	Other Pressures
	DiffP caps (InPr21 00.06)
	11.06
	11.08

	
	diffP across HEX liquid (BaPr16 00.13)
	1.18
	1.18

	
	DiffP on-cylind (InPr03 00.04)
	0.12
	0.14

	
	DiffP Hex vapour (BaPr15 00.03)
	0.06
	0.06

	 
	Press BPR (BaPR01 00.02)
	1.31
	1.31

	Detector heating
	Volts
	150.5
	152.8

	
	Current
	2.274
	2.306

	 
	Power on detector structure [W]
	342.237
	352.3568

	 
	%
	0.99
	1.017

	 
	Power from I^2R (R=66.2)
	0.99
	1.016

	Vapor heater after HEX
	Volts
	pid
	pid

	
	Current
	10%
	9%

	
	Power P=VI
	
	

	Power on heater
	P=V2/R, R=14 - need tocheck
	 
	 

	 
	Temp after vapor heater (PiT12 05.17)
	22.7
	23

	VQ inlet
	
	-3%
	7%

	VQ outlet
	
	56%
	64%

	Hliq_sat
	
	184
	174

	Hvap_sat
	
	282
	277

	Hdiff_sat
	
	98
	102

	Hliq_end_cap
	 
	182
	182

	Liquid heater before HEX
	Volts (approximate, manual)
	220
	215

	 
	temperature before filter (06.00)
	34.64
	33.94


+45 deg geometry
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