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1. Introduction
The CDS for Lund Test Stand 2 is dedicated to transferring cooling power from the TICP to the ESS elliptical cryomodules under their site acceptance tests in the test stand bunker. The system includes a cryogenic transfer line (CTL), one valve box and four auxiliary process lines. 

The valve box is dedicated for the direct connecting of the tested cryomodules and controlling the helium flows in different operation modes. For these purposes it is equipped with a branch cryoline (so-called jumper connection) and a set of control valves. 
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Figure 1.1. The CDL for the LTS2 flow scheme

As shown in Figure 1.1 the valve box includes the following devices:


- 8 cryogenic control valves (CV03, CV04, CV06, CV07, CV60, CV61, CV63, CV64),


- 2 warm control valves (CV05 and CV62), 


- check valve (NV60),


- 2 safety valves (SV02, SV60),


- 3 hand valve (HV01, HV60 and HV61), 


- 2 pressure transmitters (PT01 and PT60),


- 4 temperature transmitters (TT05, TT06, TT60 and TT65).  

Control valves CV03, CV04, CV60 and CV61 are for opening and closing the cold helium circuit and thermal shield circuit in the cryomodule. Two other cryogenic control valves, CV06 and CV63, as well as warm control valves CV05 and CV62 connect the cryomodule circuits to the helium recovery line and HP line, respectively. This set of valves is primarily used for warming up the tested cryomodule while keeping the TICP and CTL at 4.5 K stand by mode. During this phase the ambient temperature helium flows from the HP line into the cryomodule circuits and on to the helium recovery line, whilst cold helium flows from the helium supply and TS supply lines are reversed to the VLP and TS return lines via control valves CV07 and CV64.  

Control valves CV05 and CV62 are used for flushing and purging the cryomodule circuits. During this operation, the valves allow filling the circuits with clean helium, while hand valves HV60 and HV90 direct the contaminated helium to the purge return line.

Warm control valves HV01 and HV61 are used for connection of the inert gas that is required for the welding of the helium and thermal shield circuits process pipes during cryomodule connection to the valve box.
2. Aim of the report
The aim of the report is to select the proper size of the cryogenic control, warm control, hand and check valves. The valves operation conditions are provided in Tables 3, 6 and 7 of [1], and recall in this report in Tables 2.1 - 2.3 respectively.

Table 2.1. Cryogenic control valves in the valve boxes of the CDS for the elliptical linac
	Valve
	Type
	Function
	Tin
 K
	m 

g/s
	pin 
bar a
	p
mbar

	CV03
	cryogenic control valve, 
equal percentage,

fail closed
	Helium supply 
shut-off valve
	5.0
	3.3
	3.0
	5.0

	
	
	
	4.5-300
	6.6
	3.0
	200

	CV04
	cryogenic control valve, 
equal percentage,

fail open
	VLP 
shut-off valve
	3.2
	3.1
	0.027
	0.1

	
	
	
	4.5-300
	6.2
	1.1
	1

	CV06
	cryogenic control valve, 
equal percentage,

fail closed
	Helium recovery from VLP shut-off valve
	300
	6.2
	1.1
	20

	CV07
	cryogenic control valve, 
equal percentage,

fail closed
	Helium supply-VLP

control valve
	5.0
	4
	3.0
	5.0

	
	
	
	4.5-300
	8
	3.0
	400

	CV60
	cryogenic control valve, 
equal percentage,

fail closed
	TS supply shut-off
valve
	35
	4.5
	12.8
	20

	
	
	
	33-300
	9
	19.5
	1000

	CV61
	cryogenic control valve, 
equal percentage,

fail open
	TS return control valve
	50
	4.5
	12.5
	20

	
	
	
	33-300
	9.0
	12.5
	1000

	CV63
	cryogenic control valve, 
equal percentage,

fail closed
	Helium recovery from TS circuit shut-off valve
	33-300
	9.0
	2.0
	500

	CV64
	cryogenic control valve, 
equal percentage,

fail closed
	TS supply-TS return 
control 

valve
	35
	4.5
	12.8
	20

	
	
	
	33-300
	9.0
	12.8
	1000


Table 2.2. Cryogenic check valves in the valve boxes of the CDS for the elliptical linac
	Valve
	Type
	Function
	Tin
 [K]
	m 

[g/s]
	pin 
[bar] a
	DP
[mbar]

	NV60
	One-way check valve
	Protection against overpressurization of the HP line
	TBD
	TBD
	TBD
	TBD


a - all pressure values are given as absolute pressures

Table 2.3. Valves at ambient temperature in the valve boxes of the CDS for the elliptical linac
	Valve
	Type
	Function
	Tin
 K
	m 

g/s
	pin 
bar a
	p
bar

	CV05
	Control valve, 
equal percentage,

fail closed
	Controlling

of warm helium flow from HP line to TS branch circuit 
	300
	6.4
	3.0
	0.5

	CV62
	Control valve, 
equal percentage,

fail closed
	Controlling

of warm helium flow from HP line to helium supply branch line
	300
	9.0
	3.0
	0.5

	HV01
	Shut off hand valve
	Supply shielding gas for cryomodule installation
	TBD
	TBD
	TBD
	TBD

	HV60
	Shut off hand valve
	Opening 
TS branch circuit to Purge return line 
	300
	0.5
	1.1
	0.01

	HV61
	Shut off hand valve
	Supply shielding gas for cryomodule installation 
	TBD
	TBD
	TBD
	TBD


3. Calculation teoretical background

The flow coefficient of the valves is determined in accordance with [2].

3.1. Compressible fluids
For compressible fluids the fluid flow through valve can have choked ed or non-choked ed character. If the condition:
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where:

x - ratio of pressure differential across the valve to inlet absolute pressure (p/pin),
 - fluid isentropic expansion coefficient (specific heat ratio),
xT - valve type dependent constant - Table 2 [2],
is satisfied the flow has non-choke character, otherwise the flow is choked ed.
For the turbulent non-choked  flow of compressible fluids the valve flow coefficient kV can be calculated from:
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where:
N6 - constant depend on the unit -  Table 1 [2]. In the calculations the N6= 31.6 for W[kg/h], p [bar a],  [kg/m3],
pin - fluid pressure at the valve inlet, bar a,
in - fluid density at the valve inlet, kg/m3,
Y - expansion factor:
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For the turbulent choked  flow of compressible fluids the valve flow coefficient kV can be calculated from:
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(3.4)

3.2. Incompressible fluids
For incompressible fluids the ISA -75.01.01-2007 [2] also distinguish the choked or non-choked flow through a valve. If the condition:
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where:

FL - liquid pressure recovery factor of a control valve without attached fittings,

pV - absolute vapor pressure of the liquid at inlet temperature, Pa,
pc - absolute thermodynamic critical pressure, Pa,

FF - liquid critical pressure ratio factor:



[image: image7.wmf]c

V

F

p

p

F

28

.

0

96

.

0

-

=


(3.6)
is satisfied the flow has non-choked  character, otherwise the flow is choked ed.
For the turbulent non-choked  flow of incompressible fluids the valve flow coefficient kV can be calculated from:
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while, for the turbulent choked  flow
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where
Q - Volumetric flow rate, m3/h
N1 - constant depend on the unit -  Table 1 [2]. In the calculations the N1= 1 for Q[m3/h], p [bar a]
0 - reference density 0 =1000 kg/m3
4. Calculations
4.1. Calculation assumptions

For the NV-60, HV-01 and HV-61 valves the operation conditions are not specified in [1] - compare Tables 2.2 and 2.3. Because the NV-60 check valve is in the same line as CV-62 valve the inlet temperature Tin and mass flow m should be identical as for the CV-62 valve - compare Figure 1.2. The inlet pressure at the 
NV-60 is taken as pin = 2.5 bar a by accounting the inlet pressure to the CV-62 (3.0 bar a) reduced by the pressure drop across this valve (p=0.5 bar). In the  present report the NV-60 check size is selected from a valve producer catalogue [3] based on the SE line size, then the pressure drop across the valve p is calculated hereafter.

For the HV-01 and HV-61 valves the Tin=300 K, pin=1.5, p=0.4 and mass flow m=0.9 g/s is assumed.
For CV-06 it is proposed to increase the p from 20 mbar to 25 mbar

. It allows to keep the required mass stream through the valve and decrees
 
the valve size in order to simplify the internal pipework design in the valve box and to decrees
 
the heat flux to the cold pipes. 

For the calculation purpose the valve type dependent constant xT=0.72 and liquid pressure recovery factor FL=0.9 are taken from Table 2 [2] for globe, single port, contoured plug valve where the flow tends to valve OPEN.
4.2. Calculation results

Table 4.1 presents the specified/assumed data and calculation results of the minimum required valves flow coefficient.
Table 4.1. Specified /assumed data and calculation results of the minimum required valves flow coefficient

	Valve
	Tin
	pin
	Fluid phase
	p
	W
	G
	x
	Non-choked flow ?
	
	in
	Y
	FF
	kv

	
	K
	bar
	-
	bar
	kg/h
	m3/h
	-
	-
	-
	kg/m3
	-
	-
	m3/h

	CV-03
	300
	3
	GAS
	0.2
	23.76
	NA
	0.067
	YES
	1.666
	0.487
	0.974
	NA
	2.47

	CV-03
	5
	3
	LIQUID
	0.005
	NA
	3.3
	0.001
	YES
	2,605
	118
	NA
	0.69
	0.489

	CV-04
	300
	1.1
	GAS
	0.001
	22.32
	NA
	0.001
	YES
	1.667
	0.179
	1.000
	NA
	52.85

	CV-04
	3.2
	0.027
	GAS
	0.0001
	11.16
	NA
	0.004
	YES
	1.684
	0.417
	0.999
	NA
	54.78

	CV-06
	300
	1.1
	0.025
	0.025
	22.32
	NA
	0.022
	YES
	1.667
	0.179
	0.992
	NA
	10.61

	CV-07
	300
	3.0
	GAS
	0.4
	28.8
	NA
	0.133
	YES
	1.667
	0.487
	0.948
	NA
	2.18

	CV-07
	5
	3.0
	LIQUID
	0.005
	NA
	4.0
	0.001
	YES
	2,605
	118
	NA
	0.69
	0.593

	CV-60
	300
	12.8
	GAS
	1.0
	32.4
	NA
	0.078
	YES
	1.664
	2.068
	0.969
	NA
	0.735

	CV-60
	35
	12.8
	GAS
	0.02
	16.2
	NA
	0.001
	YES
	1.731
	17.23
	1.000
	NA
	1.235

	CV-61
	300
	12.5
	GAS
	1.0
	32.4
	NA
	0.08
	YES
	1.665
	2.020
	0.968
	NA
	0.744

	CV-61
	50
	12.5
	GAS
	0.02
	16.2
	NA
	0.002
	YES
	1.682
	11.82
	0.999
	NA
	1,055

	CV-63
	300
	2.0
	GAS
	0.5
	32.4
	NA
	0.250
	YES
	1.666
	0.325
	0.902
	NA
	2.718

	CV-64
	300
	12.8
	GAS
	1.0
	32.4
	NA
	0.078
	YES
	1.664
	2.068
	0.969
	NA
	0.735

	CV-64
	50
	12.8
	GAS
	0.02
	16.2
	NA
	0.002
	YES
	1.682
	12.09
	0.999
	NA
	1,043

	CV-05
	300
	3
	GAS
	0.5
	23.04
	NA
	0.333
	YES
	1.666
	0.487
	0.935
	NA
	1.580

	CV-62
	300
	3
	GAS
	0.5
	32.4
	NA
	0.167
	YES
	1.666
	0.487
	0.935
	NA
	2.222

	HV-60
	300
	1.1
	GAS
	0.01
	1.8
	NA
	0.009
	YES
	1.667
	0.179
	0.996
	NA
	1.352

	HV-01
	300
	1.5
	GAS
	0.4
	3.24
	NA
	0.267
	YES
	1.666
	0.244
	0.896
	NA
	0.37

	HV-61
	300
	1.5
	GAS
	0.4
	3.24
	NA
	0.267
	YES
	1.666
	0.244
	0.896
	NA
	0.37

	NV-60
	300
	2.5
	GAS
	0.2
	32.4
	9.0
	0.080
	YES
	1.666
	0.406
	0.969
	0.969
	3,714


5. Valve selection

Table 5.1 summarized the required flow coefficient for the particular valve and provides the valve producer and type. The CDS-LTS2 producer can select other manufacturer and the valves type, but the selection need to be done in respect of the min. required kV value, operation temperature and, in case of the cryogenic valves, heat transfer through the valve. It should be pointed out that selection of the other valve manufacturer would require minor modification of the CDS- LTS2valve box design.
Table 5.1. Required flow coefficient kV and election of producer and type of
 the cryogenic control, warm control, hand and check valves
	Valve
	Required min kv
	PN
	DN
	kv
	Manufacturer/Type
	Ref.

	
	m3/h
	
	
	m3/h
	
	

	CV-03
	2.47
	25
	DN10
	2.8
	WEKA/Cryogenic Control 
	[4] 

	CV-04
	54.78
	25
	DN50
	71
	WEKA/Cryogenic Control 
	[4]

	CV-06
	5.75
	25
	DN20
	11
	WEKA/Cryogenic Control 
	[4]

	CV-07
	2.18
	25
	DN10
	2.8
	WEKA/Cryogenic Control 
	[4] 

	CV-60
	1.235
	25
	DN8
	2.0
	WEKA/Cryogenic Control 
	[4]

	CV-61
	1,055
	25
	DN8
	2.0
	WEKA/Cryogenic Control 
	[4]

	CV-63
	2.72
	25
	DN10
	2.8
	WEKA/Cryogenic Control 
	[4]

	CV-64
	1,05
	25
	DN8
	2.0
	WEKA/Cryogenic Control 
	[4]

	CV-05
	1.58
	25
	DN8
	2.0
	WEKA/ Warm Valve
	[7]

	CV-62
	2.23
	25
	DN10
	2.8
	WEKA/ Warm Valve
	[7]

	HV-01
	0.37
	25
	1/4 '' NTP
	0.388
	HOKE/1751M4Y
	[6]

	HV-60
	1.36
	25
	DN8
DN61)
	2.0
0.81)
	WEKA/Cryogenic Control 
	[4]

	HV-61
	0.37
	25
	1/4 '' NTP
	0.388
	HOKE/1751M4Y
	[6]

	NV-60
	3,72
	25
	DN10
	4.0
	WEKA/ CCV-33471
	[3]


1) final size since kv value reduced as required by ESS [8]
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