Latest results from HEX QM-1 

Previous results from QM-1 HEX are given in table 1 for TlbHEX=35C.
Table 1: summary of QM-1 HEX results

	Quantity
	+45deg orientation
	-45deg orientation
	-45deg orientation with 5.8g/s massflow

	Massflow (g/s)
	5.84
	5.99
	5.8

	Detector power (% of 346.5W)
	97.5
	98.8
	98

	TlbHEX (oC)
	34.6
	34.71
	34.98

	PlbCap (bara)
	13.08
	13.01
	12.59

	PCap (bar)
	11.33
	11.06
	10.69

	PlaCap (bara)
	1.73
	1.74
	1.7

	TlbCap0 (oC)
	-8.1
	-4.5
	-4.4

	TlbCap1 (oC)
	-9.3
	-4.7
	-4.5

	TlaCap0 (oC)
	-7.8
	-3.9
	-3.7

	TlaCap1 (oC)
	-8.2
	-4.1
	-4.3

	Average TlbCap (oC)
	-8.7
	-4.6
	-4.5

	Average TlaCap (oC)
	-8.0
	-4.0
	-4.0

	TlaHEX (oC)
	-9.1
	-7.6
	-7.5

	TvbHEX (oC)
	-24.6
	-24.5
	-24.5

	TvaHEX (oC)
	12.2
	5.3
	8.9

	HEX efficiency
	0.75
	0.72
	0.72

	PvHEX (mbar)
	56
	58
	58

	PlHEX (bar)
	1.12
	1.18
	1.14

	PvCylinder (mbar)
	130
	120
	120

	Vapour Quality after capillary, Xi
	0.18
	0.22
	0.22

	Vapour Quality before HEX, Xu
	0.74
	0.78
	0.79



Concentrating on the -45deg orientation, the system was run for different input liquid temperatures before the capillary and the massflows were recorded for 13bara input pressure. The change in massflow was noted when the liquid pressure before the capillary was reduced to 11bara. 11bara was chosen as a safe minimum pressure considering the saturation temperature of the liquid, as shown in table 2. However, lower pressures would be possible if the maximum temperature in the system was known and below 32C.

Table 2: saturation pressures and temperatures of C3F8
	Temp (oC)
	20
	24
	26
	28
	30
	32
	34
	36
	38
	40

	Pressure (bara)
	7.585
	8.467
	8.935
	9.422
	9.928
	10.45
	11
	11.57
	12.16
	12.77


Table 3 shows the results obtained with 13bara input pressure. The massflow, vapour quality after the HEX, and HEX efficiency increase with reducing input liquid temperature. The massflow as a function of TlbHEX is shown in figure 1. Figure 1 also shows the percentage that the massflow is higher than the nominal massflow of 5.7g/s and the massflow recorded with TlbHEX=20C and 0% detector power. The massflow increases with reducing TlbHEX and plateaus for inlet temperatures between 30 and 25C at a value given by the maximum massflow recorded with 0% detector power. The massflow through the system with the same capillaries for the +45deg orientation is shown for comparison. Figure 2 shows the change in the HEX efficiency and associated change in vapour quality after the detector structure/before the HEX as a function of inlet liquid temperature before the HEX for the HEX in the -45deg orientation operated with full detector power and 13bara liquid pressure before the capillary. The efficiency is above 90% for the lower inlet temperatures. The system can therefore be operated with lower massflow which was obtained by reducing the liquid pressure before the capillary.
Table 3: operating conditions for the QM-1 HEX in the -45deg orientation as a function of TlbHEX
	Inlet temp into HEX
	34.8
	29.9
	24.8
	20.5

	Massflow
	5.99
	6.13
	6.22
	6.20

	% Massflow higher than 5.7g/s
	5.1%
	7.5%
	9.1%
	8.8%

	Detector power

(% of 346.5W)
	100.2%
	100.5%
	102.1%
	101.9%

	PlbCap (bara)
	12.97
	12.99
	12.99
	13.01

	PCap (bar)
	11.19
	11.19
	11.25
	11.28

	PlaCap (bara)
	1.75
	1.75
	1.71
	1.72

	TlbCap0 (oC)
	-3.68
	-7.17
	-12.84
	-14.87

	TlbCap1 (oC)
	-3.52
	-6.91
	-12.11
	-13.55

	Average TlbCap (oC)
	-3.6
	-7.04
	-12.475
	-14.21

	TlaCap0 (oC)
	-3.35
	-7.37
	-14.08
	-15.71

	TlaCap1 (oC)
	-3.81
	-7.89
	-13.59
	-15.31

	Average TlaCap (oC)
	-3.58
	-7.63
	-13.835
	-15.51

	TlbHEX (oC)
	34.79
	29.85
	24.8
	20.54

	TlaHEX (oC)
	-7.44
	-11.93
	-18.93
	-20.69

	TvbHEX (oC)
	-24.63
	-24.68
	-25.37
	-25.38

	TvaHEX (oC)
	8.63
	-9.57
	-25.81
	-26.07

	HEX efficiency
	0.72
	0.78
	0.90
	0.93

	Vapour Quality after capillary, Xi
	23%
	18%
	12%
	11%

	Vapour Quality before HEX, Xu
	79%
	74%
	67%
	66%

	PlHEX (mbar)
	1166
	1205
	1247
	1262

	PvCylinder (mbar)
	137
	134
	129
	128

	PvHEX (mbar)
	59
	58
	58
	58

	Press BPR (bar)
	1.30
	1.30
	1.25
	1.26
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Figure 1: Massflow as a function of inlet liquid temperature before the QM-1 HEX
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Figure 2: Hex efficiency, Xu, TlbCAP and TlaCAP as a function of TlbHEX for 100% power and PlbCAP = 13bara for QM-1 HEX
Table 4 shows the operating conditions of the system for the same range on inlet liquid temperatures but for lower liquid pressure before the capillary. For an input liquid temperature before the HEX of 35C the input pressure was reduced to obtain 5.8g/s; which is similar to that obtained for the +45deg orientation, the input pressure was not reduced further as it was approaching its saturation pressure. For 30C the input liquid pressure was reduced to obtain conditions similar to that obtained for 35C with 13bara input pressure, at lower temperatures the liquid pressure was lowered to 11bara but not below 11bara to ensure that the liquid remained above its saturation temperature. The HEX is shown to be stable for massflows as low as 5.53g/s.
Table 3
	Inlet temp into HEX
	35.0
	30.0
	24.7
	20.3

	Massflow
	5.80
	5.53
	5.58
	5.61

	% Massflow higher than 5.7g/s
	1.8%
	-3.0%
	-2.1%
	-1.6%

	Detector power
(% of 346.5W)
	98.0%
	102.2%
	101.3%
	100.0%

	PlbCap (bara)
	12.59
	11.245
	11
	11.01

	PCap (bar)
	10.69
	9.59
	9.27
	9.27

	PlaCap (bara)
	1.7
	1.66
	1.70
	1.71

	TlbCap0 (oC)
	-4.4
	-3.45
	-10.02
	-14

	TlbCap1 (oC)
	-4.5
	-3.35
	-9.28
	-12.71

	Average TlbCap (oC)
	-4.5
	-3.4
	-9.65
	-13.355

	TlaCap0 (oC)
	-3.7
	-3.43
	-10.57
	-14.59

	TlaCap1 (oC)
	-4.3
	-2.96
	-10.1
	-14.19

	Average TlaCap (oC)
	-4.0
	-3.195
	-10.335
	-14.39

	TlbHEX (oC)
	34.98
	29.97
	24.72
	20.3

	TlaHEX (oC)
	-7.5
	-7.09
	-15.15
	-19.8

	TvbHEX (oC)
	-24.5
	-25.9
	-25.27
	-25.39

	TvaHEX (oC)
	8.9
	10.83
	0.24
	-18.15

	HEX efficiency
	0.72
	0.69
	0.82
	1.01

	Vapour Quality after capillary, Xi
	22%
	24%
	16%
	12%

	Vapour Quality before HEX, Xu
	79%
	86%
	77%
	72%

	PlHEX (mbar)
	1140
	993
	1013
	1037

	PvCylinder (mbar)
	120
	129
	123
	118

	PvHEX (mbar)
	60
	54
	51
	49

	Press BPR (bar)
	1.27
	1.25
	1.31
	1.34


With reduced liquid pressure and thus massflow, the vapour quality before the HEX, (equal to that after the detector structures), increased but never reached 90%. The HEX efficiency fell but only slightly. The measured efficiency was in fact constant for the conditions measured with TlbHEX=35C and rose for the TlbHEX=20C. The reason for the rise is that the input temperature was slightly lower at 20.3C compared to 20.5C for the higher flow condition. The low vapour qualities measured for input liquid temperatures below 30C implies that the input liquid pressure, and therefore massflow, could be reduced still further if a greater reduction in massflow was required. However, for reasons noted above, this was not done. 

The pressure drops over the liquid and vapour side of the system were reduced with reduced massflow as expected as the effect of increased vapour quality at the detector output was outweighed by the reduction in massflow.
