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Introduction

1.1 Purpose

A cryogenic application uses cryogenic lines to transfer liquid nitrogen (LIN) or carbon dioxide (LCO2) from the storage to the application in the customer production room.

The present design standard describes how these cryogenic lines are selected, designed and installed.

In particular 

· The different insulation technologies, 

· The criteria to be considered to choose the optimum technology and line diameter

· Accessories 

· Basic rules for pipe installation. 

1.2 Scope of application

Cryogenic applications concerned by this standard are applications using LIN or LCO2 which can be classified according to the way the gas is used:
A. a general source of cold : batch freezers, convection tunnels, some spiral freezers, Alaska, COV removal, rubber deflashing, some cryo grinding, freeze dryer (lyophilisation)

B. a spray-on cold : tunnel freezers, tumblers, some spiral freezers, cryo grinding, cryo screw, cable hardening for screening

C. cold liquid : immersion freezers (CFV, CFP) shrink fitting (emmenchement cryo)

D. specific application : droplet dispensing mixers, dropple, cryo-cristallisation, Ice cream cone top hardening, aluminum extruders, some meat mixer

1.3 References

1.3.1 Applicable codes and standards

	97/23/CE

EN 253
	European Pressure Equipment Directive (PED)

Preinsulated bonded pipe systems for underground hot water networks – 
Pipe assembly of steel service pipes, polyurethane thermal insulation and outer casing of polyethylene.  

	EN 10 204 
	Metallic products. Types of inspection documents

	EN 287-1 
	Approval testing of welders. Fusion welding. Part 1 : steels. 

	EN 288 
	Specification and approval of welding procedures for metallic materials. Part 1 to 9.

	
	


1.3.2 Associated AL Document & Software

	E_CRYO-04-EN-DRW-201
	P&ID : cryogenic line for LIN or LCO2 supply

	E_CRYO-04-EN-DRW-202
	Installation Drawing : cryogenic line for LIN or LCO2 supply

	E_CRYO-04-EN-DS-101 
	Design Standard : Tank regulation kit  for cryogenic applications

	E_CRYO-04-EN-DT-201 
	CRYOPAL design tool : Software for LIN and LCO2 transfer pipe design and cost and efficiency comparison

	E_CRYO-04-EN-DT-202 
	CRYOPAL Database : Excel File gathering all the data on cryognic pipes, accessories and equipment needed for cost and efficiency calculations 

	E_CRYO-04-EN-DT-203 
	CRYOPAL Equations : File gathering all the equations used to calculate the gas state along the transfer line for a two-phase flow

	E_CRYO-04-EN-GS-201 
	Vacuum line general specification (DEMACO)

	E_CRYO-04-EN-GS-202 
	Vacuum line general specification (DMC)

	DICI_TS_501_02
	Austenitic Stainless steel (with and without Molybdenum) piping specification(Material according to EN norms, dimensions above 15 mm according to ISO)

	
	


1.4 Glossary

	Cryogenic Gas :
	(in this design standard) LIN or LCO2 to be transferred.

	Gas rate   :
	Gas rate, can be mass (in kg/kg = gas mass flow / liquid + gas mass flow) or volume (in m3/m3 =volume of gas divided by the total volume of cryogenic gas). Given in %

	Quality :                               
	1- gas rate 


2 Transfer line functions & constraints

2.1 Objectives

A transfer line aims to transfer a given mass flow (kg/h) of cryogenic gas from a storage to an application at a given pressure and quality, in safe conditions. For food or electronic applications, hygiene considerations are also to be taken into account. 

The maximum mass-flow of a pipe is mainly fixed by the tank pressure, the gas temperature (its saturated vapor pressure) and the internal diameter of the tube. The required mass flow is afterwards obtained by the regulation of the application equipment. For accuracy and repeatability of the regulation, the gas content of the liquid has to be low and constant.

To minimize the gas enthalpy at the user point (minimum pressure and minimum temperature) and limit the vaporization in the transfer line one has to: 

· limit the heat in-leak (( cf. Insulation Chapter)

· limit the pressure drop (( cf. Design Chapter)

· limit the pressure in the tank and under-cool the cryogenic gas (( cf. E_CRYO-04-EN-DS-101 Tank regulation kit for cryogenic applications)
2.2 Risks

The main risks of a transfer line are related to:

· the temperature of the tube (( it has to be insulated to avoid cold-burning)

· the inert gas transferred: any leak in a confined area could lead to asphyxiation (( cf. Installation Chapter (vent connected to outside), Commissioning Chapter (tightness test)). 

· the pressure of the cryogen and cryogen vaporization (( cf. Line Design Chapter (Maximum pressure), Installation Chapter (Thermal Expansion valve) and Commissioning chapter (proof test)

· the temperature of LIN: cryo-condensation risk (( cf. Foam insulated lines / Safety considerations)

2.3 European Directive 97/23/CE 

The Pressure Equipment Directive (PED) is applicable since May 2002. 

Nitrogen and CO2 are classified in fluid Group 2. Only LCO2 lines above DN50 are classified at risk category I. Smaller LCO2 pipes and all LIN pipes until DN 80 follow article 3.3 of the Directive. The requirements are summarized in the following table :

	PED Requirements
	For LIN (( DN80) and LCO2 pipe ((  DN40)
	For LCO2 pipe ( DN50
	AIR LIQUIDE answer

	Pipe Designed and manufactured in accordance with the sound engineering practice of a Member State in order to ensure safe use
	
	
	Follow the recommendations of the present European design standard or corresponding local AL standard.

	Material choice
	
	Material assessment is mandatory
	Cf. DICI specification for Stainless Steel pipe procurement on ALEXANDRIA DICI_TS_501_02_r0_SSPiping.doc

	Pipeline specification according to PS, TS (Tmin, Tmax) and Fluid
	
	
	

	Material certificates for piping according to EN 10204
	certificate 2.2 accepted
	certificate 3.1.B mandatory
	All documents from the first column are to be required from the vacuum line supplier and/ or to the sub-contractor in charge of the line installation. 

Pressure strength test and tightness test to be performed by AL before start-up (see chapter 7. Commissioning)

All documents shall be included in the technical file of the installation.

	Adequate instructions for installation, use, and maintenance

· Welding procedures, welder approvals, welding procedures approvals

· Extent of NDE (non destructive examination) 

· Pressure strength test 

· Tightness test.
	Commissioning: Pressure strength test at 1.1 * PS 
	Commissioning: Pressure strength test at 1.5 * PS

Traceability is mandatory
	

	Marking
	marking to allow identification of the manufacturer (supplier for vacuum line and AL for PU lines)

no CE marking referred to in Article 15 for Art 3.3
	CE marking according to Article 15
	Cf. E-CRYO-04-EN-GS-201 Vacuum line general specification


Table 1 : PED Requirements

3 Line Design

3.1 Customer needs

The pressure is mainly fixed by the storage pressure setting and regulation. As the cryogenic application uses the cold (frigories) contained in the cryogen the best is a low temperature (corresponding to 0,5 to 2,5 barg equilibrium for LIN, 16 barg to 18 barg for LCO2) and no gas in the liquid (enthalpy is low).

The percentage of gas (or quality of the cryogen) and the minimum working pressure acceptable for the correct working of the application depends on the type of application.  

The most common cryogenic food applications (type A) with freezing tunnels and batch freezers need :

· A flow of a 100 to 3000 kg/h (1kg/h = 0,808 l/h for LIN and = 1,052 l/h for LCO2)

· a minimum pressure of 1,5 barg for LIN (and 18 barg for LCO2) for the correct working of the nozzles 

· a maximum mass gas ratio of 5 % mass 

But specific applications (type B or D) as tumblers or cryo-drop really need pure liquid and constant supply pressure because the frigories to be injected has to always be the same in a given time.

See CLASSIFICATION OF LIN CRYO APPLICATION in Appendix 2, extracted from the presentation “Cryogenic Lines good practice”) for maximum gas ratio

3.2 Flow-rate, velocity and diameter

The mass-flow is mainly fixed by the tube internal diameter and the velocity. 

Velocity : between 0,5 m/s and 4 m/s. 

Remark : the maximum flow velocity has to be respected in order to avoid water hammer (coups de belier). Remark: Such a high velocity would imply a high pressure drop.

For a first estimate of the line internal diameter, take the curve 1m/s on the following graph. Check what diameter corresponds to the required flow-rate (this data is also given in CRYOPAL properties). Take a tube with an internal diameter immediately above.
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Graph 1 : Mass flow rate (kg/h) in the pipe according to pipe diameter (mm) for 1m/s 

(The DN which are indicated correspond to DMC pipes)

Example : For 1200 kg/h of LIN,  the curve corresponding to 1 m/s gives a diameter of 23 mm ( DN20 = 23.7 internal mm may be enough. DN20  = 30.5 internal diameter may be a better choice depending on line insulation, line isometric and application needs. CRYOPAL will help you to do the right choice.

3.3 Pressure, pressure drop and gas ratio

The conditions of the gas in the storage (under-cooled or at its equilibrium temperature) has a very strong influence on the gas quality at the point of use :  

· In under-cooled conditions (saturated vapor pressure < gas pressure), heat in-leak or pressure drop only increases the temperature along the pipe and does not vaporize the liquid. 

· At equilibrium temperature, liquid vaporizes into gas with :

· Pressure drop (expansion) : depending on the pipe isometric

· Heat in-leak : depending on the pipe insulation 

At a given flow-rate, the pressure drop in a pipe (and the gas-rate) increases with :

· decreasing diameter (increasing velocity)

· increasing gas rate (decreasing gas quality) 

· increasing height 

The influence of the diameter is very strong. Even a slight difference in the internal diameter can have a very strong influence on the results at the point of use. 

The influence of the gas quality is also very strong as illustrated in the table below : a gas rate of 5% makes the pressure drop of an horizontal pipe 10 times higher than the pressure drop corresponding to the same flow-rate with only liquid.

For liquid without gas, the pressure drop along an horizontal pipe is negligible. The pressure drop in a vertical pipe is always significant. That is why it is very important to limit as much as possible the pipe height increase along the transfer line.

	Pressure drop due to :
	Pure LIN
	Pure LCO2
	LIN with 5% gas
	LCO2 with 5% gas

	1 m horizontal pipe
	3 mbar
	2 mbar
	41 mbar
	8 mbar

	1 m vertical pipe
	77 mbar
	104 mbar
	60 mbar
	59 mbar

	1 elbow
	1,6 mbar
	1 mbar
	15 mbar
	3 mbar

	1 restriction
	1 mbar
	0,6 mbar
	15 mbar
	3 mbar


Table 2 - Example of typical values for a 2 barg LIN and 18 barg LCO2 2000 kg/h in DN25 pipe :

Graph 2 : Mass gas ratio versus volume gas ratio

The gas ratio can be given in mass or in volume. A gas rate of 5% in mass corresponds to 40% (for LCO2) or 60% (for LIN) in volume.

3.4 Gas vent

A gas vent is installed to decrease the gas rate in a line. CRYOPAL helps to decide whether a gas vent is needed or not, depending on the application needs and depending on the line geometry and insulation.

As a general rule, a gas vent may have to be installed for
· Use of the line is intermittent and the process requires the gas to be rapidly available (gas vent is used to get rid of the gas formed during stops and to keep the line cold)

· Rise > 3 m along the line for application type B or D

· Low flow compared to the diameter of the line (velocity <<1 m/s) 

The generally used gas vent is a Armstrong 11 AV (liquid inlet ¾” and gas outlet ¼”) with the following characteristics:

	Ref
	Gas orifice (inch)
	Max pressure (barg)
	Gas used

	11AV8LF
	1/8”
	12.3
	LIN: the float should be lightened for pressure < 3barg

	11AV6
	6/64 (#38 Drill)
	21
	LCO2

	11AV5
	5/64
	28
	LCO2


3.5 Pressure settings

3.5.1 Carrier pipe specification

	Gas
	LIN
	LCO2

	Insulation type
	Vacuum
	Foam
	Vacuum
	Foam

	Material
	Stainless steel 304L or 316L (some food application or for external conditions near the sea) or copper

	Design pressure
	16 barg* 
	25 barg
	25 barg

	Design temperature
	–200 °C to +50 °C
	-80°C to +50°C

	Pipe thickness
	According to E_CRYO-04-EN-GS-201 and 202 
	according to DICI_TS_501_02 SSPiping**
	According to E_CRYO-04-EN-GS-201 and 202 
	according to DICI_TS_501_02 SSPiping**


Table 3 Carrier pipe specification
* The maximum pressure of 16 barg is due to the maximum pressure allowable by the compensators 

** Except for pre-insulated pipes, according to supplier specifications

3.5.2 Pressure Safety relief valve 

A safety relief valve (PSV) shall always be placed between two valves to allow the thermal expansion of the gas.

It must be set between the tank Design Pressure and the Line design pressure: 

	Tank Design Pressure < PSV setting < Carrier pipe design pressure


The length of pipe which is protected by a PSV is related to the insulation type. 

For LIN lines, it is generally better to choose a reference with an internal diameter of 10.5 mm.

The following table is valid until DN50 and for a PSV with an internal seat diameter of 6mm (generally used for thermal expansion).

	Gas
	LIN
	LCO2

	PSV setting
	6 barg
	15 barg
	25 barg

	Vacuum line
	> 500 m

	Foam line
	30 m
	60 m
	> 500 m

	No insulation
	2 m
	3 m
	140 m


Table 4: length of pipe protected by 1 PSV with seat diameter = 6mm

	Supplier
	Ref
	Inlet diameter
	Seat diameter
	Pressure setting
	SAP code

	HEROSE

European contract until April 2006
	06001-0200-0000
	R 1/4
	6 mm
	6 barg
	42056

	
	
	
	
	15 barg
	42058

	
	
	
	
	25 barg
	42060

	
	6388-1004


	G1/2”
	10.5 mm
	6 barg
	

	
	
	
	
	15 barg
	

	
	
	
	
	25 barg
	62896


Table 5: Pressure safety relief valve references 
Remark 1: if Tank PSV setting > 14 barg and LIN vacuum lines are used, the safety relief valves and rupture disk of the storage have to be changed (must release 722 kg/h, Ref:  HEROSE 06388.1510 (internal diameter = 15 mm)) or the Johnston couplings and compensators have to be specified for a higher pressure. In case the PSV of the tank is set at a higher pressure and can not be changed, a PSV has to be added on the gaseous phase of the tank (corresponding to the maximum scenario) = 722 kg/h. Ref:  HEROSE 06388.1510 (internal diameter = 15 mm).

Remark 2: some Johnston couplings are PS=6 barg, which enable the length of the coupling to be shorter. In this case the Tank PSV setting must be < 6 barg
4 Insulation Technologies 

Insulation is achieved either with vacuum or with foam insulation: 

· Short sections, valves and accessories at tank feet and some connections are insulated with foam to allow easy modification (last minute or in the future),

· Long sections are generally insulated with vacuum in order to reduce the gas consumption. 

However foam insulation can also be used for long sections if the investment cost has to be reduced, regardless of the gas cost afterwards. 

The carrier pipe can be:

· either supplied together with the insulation in sections which have to be connected locally by sub-contractors (vacuum line and pre-insulated line)

· or installed and insulated locally with injected polyurethane or foam in Shell. 

4.1 Vacuum insulated lines

4.1.1 Two concentric stainless steel pipes

The inner pipe conveys the gas, the outer pipe forms the vacuum jacket. (see E_CRYO-04-EN-GS-201  vacuum line specification for insulation technology). For LIN carriage, the inner pipe includes compensators (around one every 6 meters) in order to avoid differential contraction due to the cold between the inner and outer pipe.

Vacuum lines are generally manufactured in pre-fabricated sections to a maximum of 6 meters (for transport considerations). But for diameter >= DN32, longer sections until 9 m are possible.

For LIN, sections can be connected with 3 types of couplings:

· Johnston couplings (male and female) 

· Welded couplings with a stainless-steel jacket pumped to vacuum (on the visible part of the inner pipe, a molecular sieve and 20 layers of super insulation are placed before pumping, as for the main sections)

· Welded couplings with a jacket insulated with foam injection

For LCO2, depending on the supplier, two types of couplings can be used:

· Welded couplings with a jacket insulated with foam injection, or shells

· Welded couplings insulated with a stainless-steel jacket pumped to vacuum

In ventilated areas, Johnston couplings are generally preferred as:

· easier and quicker to install

· can be dismantled 

· esthetic : only one diameter

BUT in confined areas, it is necessary to weld the inner lines to assure tightness (anoxia risk).

4.1.2 Two concentric helically corrugated tubes (NEXANS solution).

These pipes are made of sections up to 100 m so that you need only one connection to the tank and one to the application. The “flexibility” of the line is not so high as for a flexible. 

This kind of pipe is a good solution for underground pipes and when the application will have to change position in the near future. 

But this pipe shouldn’t be moved often otherwise it will loose its vacuum. And you should pay attention to the additional pressure drop due to friction in the inner line.

4.2 Foam insulated lines

4.2.1 Insulating materials

Foam insulated lines are composed of:

· the carrier pipe (stainless steel or copper)

· the insulation  : one or more layers including a fixation system

· the protection of the insulation : a jacket in metal or plastic protecting the insulation against:
·  mechanical impact 
·  moisture coming from atmospheric conditions or indoor washing

The following table details the different insulation materials with their main characteristics :

· thermal conductivity (W/m/°C): should be the lowest possible (its value is a decreasing function with decreasing temperature)

· mechanical behavior (T/m2): the higher is the most resistant. It is often degraded at very high or very low temperature

· burning behavior: in France, the 30/6/1983 order modified by the 28/8/1991 order gives the following classification : M0= not combustible; M1= combustible not inflammable; M2 difficult combustion inflammable …

· chemical compatibility : for contact with stainless steel, the norm ASTM C 795 concerning Cl-, Na+, SIO3- concentrations should be followed.

	Material
	Thermal conductivity (W/m.K)
	T° of use (°C)
	Mechanical behavior
	Burning behavior
	Use

	Elastomeric nitrile rubber (“AF Armaflex”)
	0.03 at – 60°C 0.036 at 0°C
	-40°C +105°C
	Low
	M1
	In Shell (2m)

	Polyethylene foam
(“Misselon”)
	0.034 at 0°C
	-70°C
+110°C
	Middle
	N/a
	In Shell

	Polyisocyanurate (PIC) foam (“Isopirflam”)
	0.016 at –150°C

0.021 at 0°C
	-180°C +140°C
	Middle
	M1
	In Shell

	Polyurethane (PUR) foam
	0.015 at –180°C

0.03 at 20°C

Can be doubled if bad quality (water in it)
	-200°C +150°C


	Middle
	M1
	Injected on site, or injected in factory or in Shell

	Cellular glass (“Foamglass”)
	0.018 at –150°C

0.04 at 0°C
	-260°C +430°C

	Good (9T/m2)
	M0
	In Shell

	Perlite expanded
	0.035 at 0°C
	-250°C

+1000°C
	no
	M0
	Injected on site


Table 6 : Insulation materials characteristics

4.2.2 Safety considerations

When the pipe temperature is lower than -191 °C (82 K) on a surface, there is a risk of  Cryocondensation (air liquefies) and O2 enrichment (when air is vaporizing again). In these conditions, the enrichment is about 50% oxygen (see CTE report 85/HB 9-32). If there is O2 enrichment in a confined area and a combustible is present, a shock or spark could ignite the combustible. 

For LIN pipes insulated with foam, this phenomenon could happen in case of a deteriorated insulation with a space between the outside and the inner pipe. Ignition  would open the jacket and burn the polyurethane, which could release toxic gases. Consequences would be very limited so long as the jacket can not support high overpressure and the foam can not propagate fire (resistance to fire minimum M1).

In addition only one incident may have been reported (but not documented) with Armaflex and no incident has been reported concerning cryocondensation or toxic gas release for a LIN transport line insulated with foam. This good experience feed-back is also validated by the tests which were performed by CTE in 1985.

	Transported gas

Insulation material
	LIN
	LOX
	LCO2

	Cellular glass
	OK
	OK
	OK

	Polyurethane (PUR) foam
	OK
	Not allowed
	OK

	Polyethylene
	OK
	Not allowed
	OK

	Elastomerilc nitrile rubber (Armaflex)
	Not allowed
	Not allowed
	OK


Table 7 : Compatibility table (based on CTE report 85/HB 9-32) 

4.2.3 Injected PUR 

Polyurethane (PUR) foams are produced by reacting an equal ratio of di- or poly-isocyanurates with polyols, in the presence of water. Polyisocianurates are formed in addition to polyurethane when a higher ratio of di- or poly-isocyanurates are mixed with the polyols.

 The formwork is made with a metal or a plastic jacket. 

Jacket material:  aluminium sheet, galvanised sheet or stainless steel, depending on the customer requirements. PVC tubes can also be used on customer agreement.

Thickness about 0,7 to 1 mm. 

Density: 35 to 45 kg/m3
4.2.4 Foam in shell

Shells can be made of PUR or cellular glass but are less expensive with PUR.  To avoid low temperature in contact with PUR foam, a cellular glass shell can be added as a first layer.

Cellular glass is composed of millions of completely sealed glass cells. It is the only insulated material which can resist to very low as well as very high temperature and which can not burn. In addition is has a very low moisture absorption. But it is much more expensive than PUR and insulation performance is lower.

The shells are used in standard supply lengths for rectilinear parts. They are calibrated according to the outside diameter of the pipes. For valves or accessories they can be pre-fabricated and adapted on site. 

The foam material is protected by :

· a layer of vapour barrier

· a metal jacket (same as for injected PUR)
4.2.5 Pre-insulated pipes

The pre-insulated pipe consists of expandable PUR insulation material bonded to both the carrier pipe (in stainless steel or copper) and to a protective PE jacket (High Density PolyEthylen) provided in black. The PE jacket is very resistant (you can walk on it !) and vapour sealed.

As vacuum lines, pre-insulated lines are manufactured in pre-fabricated sections of a maximum of 6 meters (for transport considerations). Two sections can be connected with a joint which can be straight, curved or “T”. A joint consists of a pre-fabricated form and a PE jacket which is bonded to the insulation when warmed up with a blowlamp.

Density : 60 to 80 kg/m3
4.2.6 Foam thickness

The standard thicknesses corresponding to each material and diameter of the carrier pipe is given in the CRYOPAL Database. It is calculated in order to avoid water condensation on the jacket at 15°C and 70% humidity, and taking into account a thermal conductivity of 0.03 W/mK.

	
	Protection diameter

	For a carrier pipe of 
	DN10
	DN15
	DN20
	DN25
	DN32
	DN40
	DN50

	LIN
	180
	200
	225
	250
	280

	LCO2
	90
	110


Table 8: Typical external diameter for line insulated with injected polyurethane 
(extract from CRYOPAL database)

4.3 Criteria for technology choice

4.3.1 Foam versus vacuum insulation

On a purely technical point of view, it is always better to use a vacuum insulation. Depending on the diameter and considering only the heat in-leak, one meter of un-insulated stainless steel carrying LIN is equivalent to 10 to 20 meter of PU insulated pipeline (respectively 5 meter for LCO2) and equivalent to 200 to 260 meter of vacuum insulated pipe (respectively 50 m for LCO2) !

	
	Vacuum insulation
	Injected foam
	No insulation

	
	LIN
	LCO2
	LIN
	LCO2
	LIN
	LCO2

	1 m pipe
	1.4 W
	0.6 W
	20.7 W
	6.3 W
	273 W
	30 W


Table 9: Typical Heat in-leak for a DN25 carrier pipe for 10°C outside and –184°C for LIN / -25°C for LCO2 (extract from CRYOPAL database and DMC data)

Using a foam insulated pipe instead of a vacuum insulated pipe increases the loss of energy along the pipe (enthalpy difference between the storage and the end of the line) by a typical factor of 10. This energy loss represents typically 0.1% (for vacuum) to 1% (for foam) of the frigories used for the application. On the average, it increases the gas rate at the end of the line of a factor 10 % to 60%, depending on the velocity. (data extracted from CRYOPAL analysis)

But in some case, the choice may be to use a foam insulated line because of the two following main reasons:

· The impact of the insulation technology on the gas rate created for a specific installation can be negligible:

· The line can be short or the heat in-leak negligible (CO2 use)

· The gas is often under-cooled and do not creates any gas, even with foam insulation.

· the gas created by the pressure drop may be more important than the one created by heat in-leak (particularly if a long slope upwards can not be avoided)

· the gas may be also useful for the customer application

· the customer priority may be to reduce the investment cost
That is why this choice is an optimization and can only be done on a case-by-case basis. (See CRYOPAL use).

4.3.2 Injected foam and foam in shell versus pre-insulated foam

Pre-insulated foam lines are preferred because they have a lot of advantages compared to the other foam technologies:

· industrial quality

· long life-duration (20 years)

· easiness and rapidness to install

· low price

The only disadvantage is the delay (about 2 to 3 weeks) but it seems easy to manage.

5 Line installation 

Cf. E_CRYO-04-EN-DRW-201 and E_CRYO-04-EN-DRW-202
5.1 Isometric

Limit gas consumption (Limit the pressure drop) :

· Make the line as short as possible with as little height increase as possible

Remark: The ideal shape of the line would be “L” in order to avoid static pressure drop. 

Limit gas consumption (Allow for the creation of gas locks) :

· Install horizontal lines with a slope (1 %). Install the highest point of these lines on the application side to allow the gas to push the liquid back into the tank during installation stops.

· Weld connections above the horizontal centre line of the main pipe to limit liquid vaporization during application shut-down. 

· In case of multiple pipe outlets and the applications can not be placed higher than the main pipe, add a “low point” or a “gas lock” upstream all delivery points in order to avoid liquid coming and freezing the connection to the application during stops. These “low points” or “gas locks” can be integrated into the vacuum pipe.

Allow for the contraction of the carrier pipe 

Due to LIN and LCO2 low temperature the carrier pipe contracts more than the outer pipe. This is compensated by compensators on the inner pipe of the LIN vacuum lines. For lines insulated with foam or LCO2 vacuum lines it is only compensated by expansion bends.

Number of expansion bends is dependent on :

· Temperature (LCO2 or LIN)

· Pipe diameter (more critical for small diameters)

· Pipe length. 
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: longitudinal dilatation coefficient = 1.2 10-5 °C-1
T: temperature decrease (=200°C for LIN and 40°C for LCO2)

L: 2.4 mm/m for LIN and 0.48 mm/m for LCO2

Minimum distance and minimum height between 2 expansion bends : to be completed
The first pipe support at storage should be fixed. The other pipe supports should allow longitudinal pipe movement.

Couplings location
Allow for the contraction of the carrier pipe

· Section length < 9.5 m (DMC) or 6 m (DEMACO)

Allow for the transport of the line

· Max. Length = 6 m to 12 m

· Max. Width = 2.5 m

Allow for the handling ability of the sections on customer site

Allow for the installation of the line

· No welding where no access is possible

· Johnstons couplings: allow for enough room (> 500 mm) (no Johnston in corners !)

· Welded Johnstons: if possible at elbows (to reduce line cost

5.2 Accessories

5.2.1 Relief valve  

Allow thermal expansion of the blocked liquid

· Install a PSV on circuits which can be isolated by two valves.

· This PSV should have no lever and never be used to cool-down the line.
Avoid anoxia risk

· The relief valves shall be placed as much as possible outdoors.

· If placed indoors, the thermal expansion valve outlet shall be connected to the outside.
5.2.2 Gas vent

Make sure that the gas vent works properly

·  Gas vent to be installed at the highest point of the line, upstream of the application valve

Avoid ice build-up

·  Insulate the gas vent pipe outlet with foam if condensation will be a problem (without insulation, the purge outlet will regularly be covered with ice and water droplets will accumulate underneath). 

Avoid moisture entering the gas vent from the outlet 

·  the pipe outlet shall be curved to direct it downwards with a minimum length of 0,5 m

Limit gas consumption

· Gas vent should be insulated (included in the vacuum line if any)

· Add a manual or automatic valve on the pipe outlet in order to close the outlet on application shut-down.

Avoid anoxia risk

· If placed indoors, the thermal expansion valve outlet shall be connected to the outside.
5.2.3 Manual and safety valves

Allow for application isolation during maintenance
·  For long line and several independent applications, add a manual valve (with the corresponding PSV) at the beginning of each secondary line 

Avoid anoxia risk

·  Add (if not already included in the application equipment) an automatic safety valve up-stream of the application. This valve should automatically stop on:

· high alarm of the detection system 

· any shut-down of the material.

Avoid ice build-up

· Install the valves horizontally or diagonally in order to avoid ice on the stem and on the handwheel.

5.2.4 Filter

Assure gas quality and avoid blocking of the application nozzles by particles which can enter the tank during tank filling

· Install (if not already included in the application equipment) a filter on the line, close to the application (500 mesh)

5.2.5 Accessories for cool-down

· In general, there is no need of a specific “line cool-down valve”: the gas produced for cooling the line is used for cooling equipment

· For a faster cool-down of the application, it may be advantageous to open a line gas vent in advance so that the liquid is rapidly available. 

Limit gas consumption

· If the gas used to cool down the line is important compared to the application gas consumption, and if there is no equipment to be cooled, the liquid consumed to cool the line can be decreased by 50% in almost closing a manual valve and use all the gas frigories before releasing it to the outside.

Avoid anoxia risk

· For LIN line, if a quick cool-down is required and can not be done through application equipment, it is possible to install a “line cool-down valve” but the vent must be piped to the outside

5.3 Pipe connections and insulation 

Except for Johnston couplings, all connections should be welded with TIG under argon atmosphere

5.3.1 Connections to the storage and to the application

For vacuum or pre-insulated lines, preserve accessibility and last-minute adaptability

· The accessories which should remain accessible in operation shall be insulated in removable casings.

· The vacuum line or pre-insulated line shall begin after the tank valves.

· It should end before the equipment and be connected with a pipe insulated with foam. Alternatively a flexible pipe can be used but in this case, the safety valve should be placed just up-stream.

5.3.2 Vacuum or pre-insulated lines

The supplier sends strict procedures for the junction of the sections which have to be followed. For suppliers with a European frame contract, the procedures can be found on the ALTEC Intranet.

5.3.3 Injected PUR

The metal jacket is applied and secured on "spacers" placed at a distance of <= 1m and fixed to the pipe with galvanized straps. 
The spacers enable the definition of the volume for the polyurethane mass to expand in. They are made out of polyurethane foam discs specially sized so that each component can be insulated.

5.3.3.1 Injections 

The procedure must provide a perfect distribution of the product (to avoid cavities) as well as a full uniformity of the foam (steady density). Therefore a sufficient number of holes for injection and venting are necessary to meet these two requirements. 

After injection, these holes are to be sealed. The supplier shall indicate the optimum exterior atmospheric conditions for the injection procedures, i.e. temperature, ambient humidity, weather etc. 

5.3.3.2 Jacket

All sheet edges are bead moulded in both directions. Transverse joints on straight lengths must be overlapping by 30 mm. Joints moulding is directed so as to avoid rain water penetration. A sealing compound is placed in the mouldings and at the cuts. In case of indoor installation and for esthetical reasons, the joints shall be oriented in priority so as to be invisible from a short distance. 

The metal sheets are assembled through self tapping screws made of: 

· cadmium plated steel for galvanized sheets, 

· Zicral for aluminium sheets, 

· "Pop" rivets or equivalent

5.3.3.3 Insulation Ends on Pipings

A mounting flange fastened on the protecting sleeve with a sealing compound is installed at the insulation ends. Any contact between the mounting flange and the piping is prevented by sealing mastic (cold service).
5.3.4 Foam in Shell

Shells are, as far as possible, positioned so as to avoid continuity of joint lines. 
The shells are glued and jointed with non-combustible mastic compatible with operating temperatures and nominal ambient conditions. The tying is carried out through: 

· glass tissue SEALFAS (or equivalent) 

· or galvanized straps, 12 mm wide 

· or stainless steel straps, min. 10 mm wide. 

To increase the life time and avoid moisture, a protective coating (vapour barrier) is put on the shells
6 Commissioning

After welding and before any foam insulation, the following procedure has to be applied :

Assure gas quality

· purge the line with dry inert gas (nitrogen)
Assure connection resistance

· Pressure strength test with

· Proof pressure = 1,43 x PS (for lines Cat I) or 1.1 x PS (for Article 3.3 lines)

· PS= maximum operating pressure = Setting pressure of the pressure safety valves.

· The safety valves, manometers, and other components with an opening pressure lower than the proof pressure has to be dismantled and blanked until the end of the test.

· Pressurize the pipe at the proof pressure with dry inert gas (nitrogen).

Avoid anoxia risk

· Tightness test : pressurize the pipe at 90% of the line safety valve adjustment pressure with dry inert gas (nitrogen) and 

· check for leakage at the joint welds using soapy water,

·  or, check the variation of pressure during more than 30 minutes. Write down on the certificate the pressure and the temperature before and after this duration.

Appendix 1 : Suppliers

Specifications regarding the following material are available on ALTEC EUROPE Intranet.

http://km.eu.corp.airliquide.com/livelink/livelink.exe?func=ll&objId=825997&requestcontext&dateinfo&objAction=xmlexport&scope=2&stylesheet=/XML/xsl/Altec/Network_tool.xsl&transform
	Material
	Supplier / Reference
	European contract (SAP code)
	contact

	Vacuum insulated rigid or flexible lines, vacuum insulated valves, gas, vent, phase separators, …
	DMC
	No

(44 000-00)
	Franck Stoller, Franck.stoller@airliquide.com

	
	DEMACO
	Yes

(402 84 52)
	Peter Roskam, Pr@demaco.nl 

	
	CRYOTHERM
	No
(403 62 34)
	Bernd Gottschlich, mailto:bernd.gottschlich@cryotherm.de

	Pre-insulated lines
	LOGSTOR

 Isoplus, Walraven, Powerpipe Systems AB 
	No

(4037321)

	Christian Shröder (Logstor)

mailto:lrcs@logstor.com


	Vacuum flexible lines
	NEXANS
	No
	Klaus Schlippl

mailto:Klaus.schlippl@nexans.com

	Relief valves
	HEROSE
	Yes
	

	Safety valves
	DYNATEC
	No
	

	Filter
	SPRAYING SYSTEMS EMANI (France 94)


DANFOSS Ref : frY222 (Bronze) / frY666 (Stainless steel)
	No
	

	Gas vent
	TROUVAY CAUVIN 

Ref : ARMSTRONG 11AV 1/8 LF
	No
	DEMACO or DMC to have it included in a vacuum line

	Armaflex
	ARMACELL
	No
	

	Polyurethane foam
	OUEST ISOL, HUNTSMAN, POWERPIPE, …
	No
	

	Cellular glass
	FOAMGLASS, PITTSBURG CORNING
	No
	

	Misselon
	MISSEL
	No
	


Appendix 2 : List of equipments LIN MAIN APPLICATION AND THEIR NEEDS (%of gas and pressure) (extract from “Cryogenic Lines good practice”)


Appendix 3 : List of LIN pipe characteristics (heat in-leak, dimensions) 
(See CRYOPAL database FOR complete and up-to-date information)

Process needs





A


General source of cold





B


Spray-on cold





C


Liquid cold only





D


LIN quality very strict





Main application Equipment





Batch freezers (SILVERSAS)


Tunnels set up to work in convection modes


Some spiral freezers (CFS)


ALASKA


COV removal


Rubber deflashing


Some Cryo grinding Electronic environmental testing? (Alt et Hass)


Freeze dryer





Tunnels (ZF2, ZF3, CRYOMASTER, HIMALAYA)


Some spiral freezers


CFP without pump


CFV without pump


Tumblers and meat mixers (with special controls)


Cryo grinding


Cryo screw


Tube hardening for braiding


Aluminium extrusion (with special controls)





Shrink fitting 


CFP, CFV with pump, CFV Altec without top-spray





Droplet dispensing (DROPPEL)


tumblers and meat mixers (without special controls, CRYOMIX)


Cryo-cristallisation


Ice cream cone top hardening.


Aluminium extrusion





Maximum gas % mass





5 %





3%





3%





0% to 1% (fixed)





Service pressure





Variations acceptable 


between 1.5 and 4 barg





Low variations


P < 3 barg





Low variations


P < 2 barg





Very low variations 





TANK regulation





Type 1





Type 1 or Type 2*





Type 1 or Type 2*





Type 2**





Heat transfer





Gas phase (convection)





Liquid and gas phase (Pulverization and convection )





Immersion





Complex
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N2

		100		100		100

		200		200		200

		300		300		300

		400		400		400

		500		500		500

		1000		1000		1000

		2000		2000		2000

		3000		3000		3000

		3500		3500		3500

		5000		5000		5000

		6000		6000		6000

		7000		7000		7000

		8000		8000		8000

		9000		9000		9000

		10000		10000		10000

		20000		20000		20000

		30000		30000		30000

		40000		40000		40000



DN50

DN10

DN15

DN20

DN25

DN32

DN40

0,5 m/s

1 m/s

4 m/s

Mass flow rate (kg/h)

Diameter (mm)

LIN

9.5265491447

6.7362875015

3.3681437508

13.472575003

9.5265491447

4.7632745723

16.5004671394

11.667592207

5.8337961035

19.0530982894

13.472575003

6.7362875015

21.3020114785

15.0627967694

7.5313983847

30.1255935388

21.3020114785

10.6510057393

42.6040229571

30.1255935388

15.0627967694

52.1790586173

36.8961661842

18.4480830921

56.3598247976

39.8524143009

19.9262071504

67.3628750152

47.6327457235

23.8163728617

52.1790586173

26.0895293087

56.3598247976

28.1799123988

60.2511870775

30.1255935388

63.9060344356

31.9530172178

67.3628750152

33.6814375076

47.6327457235

58.3379610351

67.3628750152



CO2

		100		100		100

		200		200		200

		300		300		300

		400		400		400

		500		500		500

		1000		1000		1000

		2000		2000		2000

		3000		3000		3000

		3500		3500		3500

		5000		5000		5000

		6000		6000		6000

		7000		7000		7000

		8000		8000		8000

		9000		9000		9000

		10000		10000		10000

		20000		20000		20000

		30000		30000		30000

		40000		40000		40000



DN50

DN10

DN15

DN20

DN25

DN32

DN40

0,5 m/s

1 m/s

4 m/s

Mass flow rate (kg/h)

Diameter (mm)

LCO2

8.1691489315

5.776460606

2.888230303

11.552921212

8.1691489315

4.0845744658

14.149381004

10.0051232575

5.0025616288

16.338297863

11.552921212

5.776460606

18.2667723292

12.9165585844

6.4582792922

25.8331171687

18.2667723292

9.1333861646

36.5335446583

25.8331171687

12.9165585844

44.7442714541

31.6389777644

15.8194888822

48.3293368388

34.174001809

17.0870009045

57.7646060599

40.8457446575

20.4228723288

44.7442714541

22.372135727

48.3293368388

24.1646684194

51.6662343374

25.8331171687

54.8003169875

27.4001584938

57.7646060599

28.88230303

40.8457446575

50.0256162875

57.7646060599



CO2_N2 (STNADARD)

		100		100		100		100		100		100

		200		200		200		200		200		200

		300		300		300		300		300		300

		400		400		400		400		400		400

		500		500		500		500		500		500

		1000		1000		1000		1000		1000		1000

		2000		2000		2000		2000		2000		2000

		3000		3000		3000		3000		3000		3000

		3500		3500		3500		3500		3500		3500

		5000		5000		5000		5000		5000		5000

		6000		6000		6000		6000		6000		6000

		7000		7000		7000		7000		7000		7000

		8000		8000		8000		8000		8000		8000

		9000		9000		9000		9000		9000		9000

		10000		10000		10000		10000		10000		10000

		20000		20000		20000		20000		20000		20000

		30000		30000		30000		30000		30000		30000

		40000		40000		40000		40000		40000		40000



DN50

DN10

DN15

DN20

DN25

DN32

DN40

0,5 m/s (CO2)

1 m/s (CO2)

4 m/s (CO2)

0,5 m/s (N2)

1 m/s (N2)

4 m/s (N2)

Mass flow rate (kg/h)

Diameter (mm)

8.1691489315

5.776460606

2.888230303

9.5265491447

6.7362875015

3.3681437508

11.552921212

8.1691489315

4.0845744658

13.472575003

9.5265491447

4.7632745723

14.149381004

10.0051232575

5.0025616288

16.5004671394

11.667592207

5.8337961035

16.338297863

11.552921212

5.776460606

19.0530982894

13.472575003

6.7362875015

18.2667723292

12.9165585844

6.4582792922

21.3020114785

15.0627967694

7.5313983847

25.8331171687

18.2667723292

9.1333861646

30.1255935388

21.3020114785

10.6510057393

36.5335446583

25.8331171687

12.9165585844

42.6040229571

30.1255935388

15.0627967694

44.7442714541

31.6389777644

15.8194888822

52.1790586173

36.8961661842

18.4480830921

48.3293368388

34.174001809

17.0870009045

56.3598247976

39.8524143009

19.9262071504

57.7646060599

40.8457446575

20.4228723288

67.3628750152

47.6327457235

23.8163728617

44.7442714541

22.372135727

52.1790586173

26.0895293087

48.3293368388

24.1646684194

56.3598247976

28.1799123988

51.6662343374

25.8331171687

60.2511870775

30.1255935388

54.8003169875

27.4001584938

63.9060344356

31.9530172178

57.7646060599

28.88230303

67.3628750152

33.6814375076

40.8457446575

47.6327457235

50.0256162875

58.3379610351

57.7646060599

67.3628750152



CO2_N2 (PRES)

		100		100

		200		200

		300		300

		400		400

		500		500

		1000		1000

		2000		2000

		3000		3000

		3500		3500

		5000		5000

		6000		6000

		7000		7000

		8000		8000

		9000		9000

		10000		10000

		20000		20000

		30000		30000

		40000		40000



DN50

DN10

DN15

DN20

DN25

DN32

DN40

LIN

LCO2

1 m/s (CO2)

1 m/s (N2)

Mass flow rate (kg/h)

Diameter (mm)

5.776460606

6.7362875015

8.1691489315

9.5265491447

10.0051232575

11.667592207

11.552921212

13.472575003

12.9165585844

15.0627967694

18.2667723292

21.3020114785

25.8331171687

30.1255935388

31.6389777644

36.8961661842

34.174001809

39.8524143009

40.8457446575

47.6327457235

44.7442714541

52.1790586173

48.3293368388

56.3598247976

51.6662343374

60.2511870775

54.8003169875

63.9060344356

57.7646060599

67.3628750152



v(d,Q)

				Diameter						Diameter

		Mass flow rate		0.5		1		4		0.5		1		4				CO2		N2

		100		8.1691489315		5.776460606		2.888230303		9.5265491447		6.7362875015		3.3681437508				1.0599E+03		7.7941E+02		rol (kg/m3) at equilibrium

		200		11.552921212		8.1691489315		4.0845744658		13.472575003		9.5265491447		4.7632745723				16		2		Pressure (bara)

		300		14.149381004		10.0051232575		5.0025616288		16.5004671394		11.667592207		5.8337961035				15		1.5		Equilibrium pressure

		400		16.338297863		11.552921212		5.776460606		19.0530982894		13.472575003		6.7362875015				-28.3564828113		-192.3278845784		Corresponding temperature

		500		18.2667723292		12.9165585844		6.4582792922		21.3020114785		15.0627967694		7.5313983847				24		14		Pressure of the tank

		1000		25.8331171687		18.2667723292		9.1333861646		30.1255935388		21.3020114785		10.6510057393				1073.038860684		798.127153723		Density in the tank

		2000		36.5335446583		25.8331171687		12.9165585844		42.6040229571		30.1255935388		15.0627967694

		3000		44.7442714541		31.6389777644		15.8194888822		52.1790586173		36.8961661842		18.4480830921

		3500		48.3293368388		34.174001809		17.0870009045		56.3598247976		39.8524143009		19.9262071504

		5000		57.7646060599		40.8457446575		20.4228723288		67.3628750152		47.6327457235		23.8163728617

		6000				44.7442714541		22.372135727				52.1790586173		26.0895293087

		7000				48.3293368388		24.1646684194				56.3598247976		28.1799123988

		8000				51.6662343374		25.8331171687				60.2511870775		30.1255935388

		9000				54.8003169875		27.4001584938				63.9060344356		31.9530172178

		10000				57.7646060599		28.88230303				67.3628750152		33.6814375076

		20000						40.8457446575						47.6327457235

		30000						50.0256162875						58.3379610351

		40000						57.7646060599						67.3628750152

				Diameter						Diameter								Conclusion: la pression dans le tank et la densité qui en résulte n'a pas beaucoup d'influence sur le diamètre à considérer (max 1mm de différence)

		Mass flow rate		0.5		1		4		0.5		1		4

		100		8.1191596566		5.7411128507		2.8705564254		9.4141857594		6.6568345899		3.3284172949

		200		11.4822257015		8.1191596566		4.0595798283		13.3136691797		9.4141857594		4.7070928797

		300		14.06279704		9.9438991495		4.9719495747		16.3058480472		11.5299757272		5.7649878636

		400		16.2383193133		11.4822257015		5.7411128507		18.8283715189		13.3136691797		6.6568345899

		500		18.1549929124		12.8375186007		6.4187593004		21.0507593109		14.8851346579		7.4425673289

		1000		25.6750372015		18.1549929124		9.0774964562		29.7702693158		21.0507593109		10.5253796555

		2000		36.3099858248		25.6750372015		12.8375186007		42.1015186218		29.7702693158		14.8851346579

		3000		44.4704689192		31.4453701353		15.7226850677		51.5636190099		36.4609846644		18.2304923322

		3500		48.0335963003		33.9648816687		16.9824408344		55.6950740458		39.3823645365		19.6911822682

		5000		57.4111285074		40.5957982831		20.2978991416		66.5683458985		47.0709287972		23.5354643986

		6000				44.4704689192		22.2352344596				51.5636190099		25.781809505

		7000				48.0335963003		24.0167981502				55.6950740458		27.8475370229

		8000				51.350074403		25.6750372015				59.5405386315		29.7702693158

		9000				54.4649787372		27.2324893686				63.1522779328		31.5761389664

		10000				57.4111285074		28.7055642537				66.5683458985		33.2841729493

		20000						40.5957982831						47.0709287972

		30000						49.7194957473						57.649878636

		40000						57.4111285074						66.5683458985





Graph_P(x,xv)

		0		0		0		0		0		0

		0.05		0.05		0.05		0.05		0.05		0.05

		0.1		0.1		0.1		0.1		0.1		0.1

		0.15		0.15		0.15		0.15		0.15		0.15

		0.2		0.2		0.2		0.2		0.2		0.2

		0.25		0.25		0.25		0.25		0.25		0.25

		0.3		0.3		0.3		0.3		0.3		0.3

		0.35		0.35		0.35		0.35		0.35		0.35

		0.4		0.4		0.4		0.4		0.4		0.4

		0.45		0.45		0.45		0.45		0.45		0.45

		0.5		0.5		0.5		0.5		0.5		0.5

		0.55		0.55		0.55		0.55		0.55		0.55

		0.62406		0.62406		0.62406		0.62406		0.62406		0.62406

		0.65		0.65		0.65		0.65		0.65		0.65

		0.7		0.7		0.7		0.7		0.7		0.7

		0.75		0.75		0.75		0.75		0.75		0.75

		0.8		0.8		0.8		0.8		0.8		0.8

		0.85		0.85		0.85		0.85		0.85		0.85

		0.9		0.9		0.9		0.9		0.9		0.9

		0.95		0.95		0.95		0.95		0.95		0.95



1 barg (N2)

2 barg (N2)

3 barg (N2)

12 barg (CO2)

18 barg (CO2)

24 barg (CO2)

Volume gas  ratio

Mass gas ratio

0.0005818308

0.000874832

0.0011761824

0.0016337019

0.002521648

0.0035238649

0.001227516

0.001845074

0.0024798109

0.0034426771

0.0053086054

0.0074102562

0.0019481775

0.0029272346

0.0039327864

0.0054567308

0.0084050678

0.0117181512

0.0027576795

0.0041418639

0.0055623327

0.0077128324

0.0118656247

0.0165200541

0.0036735293

0.0055148713

0.0074027181

0.0102574053

0.0157585047

0.0219061087

0.004718157

0.0070793939

0.0094976922

0.0131495553

0.0201701201

0.0279898118

0.0059207779

0.0088785066

0.011904008

0.016465719

0.025211556

0.0349160982

0.0073201677

0.0109692485

0.0146966411

0.0203065184

0.0310280538

0.042873036

0.0089689208

0.0134287814

0.0179767418

0.0248071483

0.0378132317

0.0521091629

0.0109402094

0.0163641217

0.0218841499

0.0301536201

0.0458310564

0.0629599128

0.013338938

0.0199281251

0.0266178479

0.036609114

0.0554509851

0.0758892313

0.018030546

0.0268741754

0.0358104369

0.0490782534

0.0738457844

0.1003437564

0.0201287777

0.0299701389

0.0398936734

0.0545886832

0.0818975742

0.1109386757

0.0251601456

0.0373676327

0.0496152982

0.0676390313

0.1007806218

0.1355292501

0.0321178757

0.0475365765

0.0628994477

0.0853157055

0.1259484666

0.1677559396

0.0423702204

0.0623934451

0.0821436666

0.1106087204

0.1611651222

0.2118293742

0.0589831747

0.0861510225

0.1125190577

0.1497922182

0.2139500537

0.2757530333

0.0905378596

0.1302284958

0.1676128339

0.2186402263

0.3018182966

0.3768351496

0.1736651776

0.2401740419

0.2982957625

0.3713583869

0.4771559604

0.5607511545



graph_P(x,xv) (2)

		0		0

		0.05		0.05

		0.1		0.1

		0.15		0.15

		0.2		0.2

		0.25		0.25

		0.3		0.3

		0.35		0.35

		0.4		0.4

		0.45		0.45

		0.5		0.5

		0.55		0.55

		0.62406		0.62406

		0.65		0.65

		0.7		0.7

		0.75		0.75

		0.8		0.8

		0.85		0.85

		0.9		0.9

		0.95		0.95



5 %

20 %

20 %

5 %

52,28 %

75,98 %

83,88 %

1,19 %

0,41 %

0,25 %

0,09 %

93,76 %

2 barg (N2)

18 barg (CO2)

Volume gas  ratio

Mass gas ratio

0.000874832

0.002521648

0.001845074

0.0053086054

0.0029272346

0.0084050678

0.0041418639

0.0118656247

0.0055148713

0.0157585047

0.0070793939

0.0201701201

0.0088785066

0.025211556

0.0109692485

0.0310280538

0.0134287814

0.0378132317

0.0163641217

0.0458310564

0.0199281251

0.0554509851

0.0268741754

0.0738457844

0.0299701389

0.0818975742

0.0373676327

0.1007806218

0.0475365765

0.1259484666

0.0623934451

0.1611651222

0.0861510225

0.2139500537

0.1302284958

0.3018182966

0.2401740419

0.4771559604



P(x,xv)

				x

		Xv		1		2		3		12		18		24				2.19		1.32

		0.00%

		5.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.0000%		0.0000%

		10.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		15.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		20.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		25.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		30.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		35.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		40.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		45.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		50.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		55.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		62.41%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.000%		0.00%

		65.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		70.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		75.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		80.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		85.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		90.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		95.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%				0.00%		0.00%

		Tsat		0		0		0		0		0		0				0		0

		rol		0		0		0		0		0		0				0		0

		rov		0		0		0		0		0		0				0		0





Graph_P(x,xv) (HTFS)

		0.0177635523		0.0118813995		0.0088615927		0.006392858		0.0041474134		0.0029683824

		0.043268724		0.0291918931		0.0218697842		0.0158350195		0.0103074894		0.0073902612

		0.0799030492		0.0561087452		0.0423711504		0.0311193025		0.0197598077		0.0137688861

		0.1302224973		0.0945401107		0.0730499737		0.0546431017		0.035657097		0.0253052726

		0.2052934311		0.1550796996		0.1231768861		0.0942924276		0.0635676908		0.0460955966

		0.2623476043		0.2034875851		0.164676284		0.128151613		0.0883572175		0.0650290525

		0.3086392226		0.2442442003		0.2005382625		0.1581332952		0.1109887218		0.0826573818

		0.3475529583		0.2795224978		0.2322419807		0.1851871513		0.1319413247		0.0992534201

		0.4805197449		0.4070666661		0.3518656832		0.2918797646		0.2193846932		0.17122055

		0.5617433733		0.4903143088		0.434099441		0.369496484		0.2878319381		0.2305041064

		0.6182448044		0.5506049634		0.4956755868		0.4299408474		0.3440129271		0.2810819306

		0.6604754386		0.5969309005		0.5441274394		0.4789261583		0.3914324583		0.3251251178

		0.6935519341		0.633957937		0.583554938		0.5197250501		0.4322425525		0.3640295042

		0.7425732147		0.6900044539		0.6443963667		0.5843505228		0.4993766669		0.430063389

		0.7775982205		0.7308730518		0.6896182087		0.6337054991		0.552735792		0.484374068

		0.834066704		0.7981021626		0.7654941706		0.7190475443		0.6493171273		0.5868424228

		0.8685308102		0.839851704		0.8134650424		0.7746177786		0.7151318316		0.6597572261

		0.8922337603		0.86882149		0.8470843107		0.8142831953		0.7634809091		0.7149029049

		0.9097807331		0.8903693955		0.8722387958		0.8443312465		0.8008307409		0.7583984819

		0.9344809307		0.9207854011		0.9079048563		0.8874356716		0.8554043274		0.8232887058

		0.9642208871		0.9573497193		0.9508587476		0.9399831441		0.9231788254		0.9058109131

		0.9909856447		0.9896988453		0.9884864353		0.9861824381		0.9829137091		0.9794642805



1 barg (N2)

2 barg (N2)

3 barg (N2)

12 barg (CO2)

18 barg (CO2)

24 barg (CO2)

Void fraction
Horizontal Flow

Mass gas ratio

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

0.001

0.001

0.001

0.001

0.001

0.001
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0.002

0.002

0.002

0.002

0.002

0.004

0.004

0.004

0.004

0.004

0.004

0.006

0.006

0.006

0.006

0.006

0.006

0.008

0.008

0.008

0.008

0.008

0.008

0.01

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.02

0.02

0.02

0.02

0.03

0.03

0.03

0.03

0.03

0.03

0.04

0.04

0.04

0.04

0.04

0.04

0.05

0.05

0.05

0.05

0.05

0.05

0.06

0.06

0.06

0.06

0.06

0.06

0.08

0.08

0.08

0.08

0.08

0.08

0.1

0.1

0.1

0.1

0.1

0.1

0.15

0.15

0.15

0.15

0.15

0.15

0.2

0.2

0.2

0.2

0.2
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Graph_P(x,xv) (HTFS) (2)
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		0.0945401107		0.035657097
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		0.2795224978		0.1319413247
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		0.5969309005		0.3914324583
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P(x,xv) (HTFS)

		A		1.667				A = 1,667		Horizontal flow						Attention, l'expression du void fraction, prend en compte le debit et la diamètre dans la conduite (expression de g)

		m		0.4125				A = 1,482		vertical upflow

		d		0.0301				A = 1,081		vertical downflow

		g		2.7632010803

				Xv

		X		VR		r		1		VR		r		2		VR		r		3		VR		r		12		VR		r		18		VR		r		24

		0.00%

		0.02%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.05%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.10%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.20%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.40%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.60%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		0.80%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		1.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		2.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		3.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		4.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		5.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		6.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		8.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		10.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		15.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		20.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		25.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		30.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		40.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		60.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		90.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%		0		0		0.00%

		Tsat						0						0						0						0						0						0

		rol						0						0						0						0						0						0

		rov						0						0						0						0						0						0

		mul						0						0						0						0						0						0

		mug						0						0						0						0						0						0

		L						0						0						0						0						0						0
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