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Introduction

1.1 Scope 

1.1.1 Purpose

This standard defines the accessories and regulation setting to be implemented on a storage filled with liquified nitrogen (LIN) in order to:

· assure a stable gaseous nitrogen pressure in the tank (regulation Kit 1),

· OR assure a stable bottom pressure in the tank (liquide phase) and at the point of use (regulation Kit 2) 

These regulation kits are based on the EUROTANK (Celine 3) design but they can be adapted to any other storage. 

1.1.2 Scope of Application

This standard applies to storage regulated at a low pressure for cryogenic application supply. Application using liquid nitrogen generally needs a low and stable pressure in order to get a quite constant quality of liquid nitrogen with a temperature as low as possible at point of use. This is why, as a minimum, it is necessary to add (if not already present), a regulation type 1 to any storage used in cryogeny.

Some cryogenic applications use the spray-on of the liquid nitrogen or direct contact between the product and the liquid nitrogen. For such applications the storage needs to keep the liquid temperature as low as possible and keep a stable and low pressure of the liquid phase. This is achieved by implementing the regulation kit Type 2 described in this standard.

Appendix A presents a guide to choose what regulation should be applied for what application.

1.2 Definitions

	Fluid=LIN
	Liquid and gaseous  cryogenic nitrogen

	Gas
	Gaseous phase of the cryogenic nitrogen gas

	Liquid
	Liquid phase of the cryogenic nitrogen gas

	PBUC = RMP
	Pressure Build-Up Coil = Réchauffeur de Mise en Pression

	PBV = RP
	Pressure Building Vaporizer = Régulateur de Pression


1.3 Air Liquide Documents reference

	RI E-05-01
	“Standard for cryogenic storage tank – the Eurotank”

	E_CRYO-04-EN-DRW-101
	P&ID: Eurotank storage – Size 3000 to 21000 liters with economizer

	E_CRYO-04-EN-DRW-102
	P&ID: Eurotank storage – Size 33000 to 53000 liters without economizer

	E_CRYO-04-EN-DRW-103A
	P&ID: Top Pressure Regulation (Type 1) (based on Eurotank storage)

	E_CRYO-04-EN-DRW-103B
	P&ID: Bottom Pressure Regulation (Type 2) (based on Eurotank storage)

	E_CRYO-04-EN-DRW-104
	Bottom Pressure Regulation (Type 2) – Electrical cabinet

	E_CRYO-04-EN-DS-201
	Design Standard on Cryogenic lines


2 Regulation objectives 

2.1 Main factors of process dysfunction and over- LIN consumption 

Based on a EUROTANK storage design (without any regulation type 1 or 2), the 6 following factors can have a significant effect on the dysfunction or over consumption of LIN during cryogenic application operation.

EUROTANK has the particularity to be able to supply both gas and liquid. It has a pressure building system in order to maintain the pressure of the storage when tank is used, but no pressure relieving system in order to maintain the pressure of the storage when it is not in use. (cf. drawings E_CRYO-04-EN-DRW-101 and E_CRYO-04-EN-DRW-102)
2.1.1 Pressure increase due to heat in-leak of the tank 

When the storage is not in use, the heat in-leak induces an increase of the pressure of about 300 mbar per day, depending on external temperature, gas conditions in the storage, and storage aging. The pressure only decreases again with customer consumption.

This pressure variation may increase the LIN temperature. When the process starts again, the LIN specific consumption may be much too high.

Remark: on old storages (before Eurotank), a blow-off valve is usually installed in order to evacuate the excess gas pressure.

2.1.2 Bottom Pressure decrease due to liquid height decrease during LIN consumption 

· 1 m liquid height (  g h = 74 mbar, 

· for a customer consumption of  3000 kg/h of LIN, the pressure variation due to liquid height decrease in the storage is about 50 to 100 mbar/h, depending on the storage diameter

This pressure variation results in irregular process performance. In addition, in order to assure a minimum pressure when the tank level is very low, the gaseous pressure has to be increased (see stratification effect). 

2.1.3 Tank filling 

During tank filling the pressure is more or less changed (top and/or). If the pressure is higher after filling the customer will have to consume LIN to make it lower. If the pressure after filling is lower, the pressure building vaporizer will slowly increase the pressure again.

2.1.4 Stratification 

When the liquid passes through the pressure building vaporizer to be vaporized and to increase the tank pressure, it becomes gaseous but colder than the gas of the gaseous phase. By contact between this colder gas and the gaseous phase, the gaseous phase partially re-condenses and produces a warmer layer on top of the liquid phase. The more LIN needs to be vaporized, the faster is the rate of stratification.
Such a stratification results in a rapid loose of sufficient flow for the process in a period of typically less than 30 minutes, even with a control valve on application.

A regulation on the liquid phase makes the gaseous phase pressure lower and induces less liquid to be vaporized and a thinner “hot LIN layer”. Such a regulation allows to use the liquid until the storage is 10 to 15% empty. Without this regulation, the storage can only be used until a level of 30 to 50%.

Remark: the heat in-leak trough the storage walls also contributes to this stratification effect. They are mentioned in factor 6 (LIN temperature variation).

2.1.5 Pressure building vaporizer too low capacity 

The tank pressure decreases because the pressure building vaporizer capacity can not compensate the customer consumption. From Cryolor information:

· For 3000 to 10000 l tank capacity, customer consumption limited to 1600 Nm3/h (2000 kg/h or 2500 l/h) under 3 bar during 8 hours.

· For 27000 and 47000 l tank capacity, customer consumption limited to 4900 Nm3/h (6125 kg/h or 7580 l/h) under 3 bar during 8 hours. 

For larger and constant consumption an increase of the vaporizing capacity of the tank is necessary. This can be done by increasing the pressure building vaporizer pipe length or adding an other vaporizer. Remark: with changes on the pressure building system, the pressure relief valves capable flow has to be recalculated and this has to be approved by a Notified Body.

2.1.6 Variation of the LIN temperature (more or less sub-cooled or at equilibrium)
In addition to the stratification phenomenon, the LIN temperature can vary due to 
· increase of liquid temperature in the truck (depending on the duration of the transportation), 
· the way the tank is filled (top and/or bottom): when the tank is filled by the top, the liquid partially condense the gas of the gaseous phase and increase its temperature,
· heat in-leak of the tank (increasing the liquid temperature between two fillings).
A change in LIN temperature induces variations of the pressure drop and of the gas rate build-up in the transfer line. So the end-user LIN pressure and gas rate can be very different and the process regulation may not work anymore. 

To avoid such perturbations you may:

· Preferentially fill the tank through the bottom of the tank

· ask the customer to decrease the pressure of its tank (to 0,5 barg) and blow-off a large quantity of gas to the atmosphere just after tank filling in order to cool the liquid at always the same temperature. The pressure is increased (to 2,5 barg) just before start-up : the diameter of the line to release the pressure has to be larger than DN15 otherwise it can take several hours.

· or standardize the LIN pressure and temperature just prior to the process by adding a phase separator upstream of the application (but the price can be prohibitive for high flow-rates).

Example : to decrease pressure from 2,5 barg to 0,1 barg

· 12.5 % of the liquid has to be released if the liquid was at equilibrium (-183.5°C). For a 50000 l tank it takes around 12 hours through a DN15.

· 1% has to be released if the liquid was at –194°C. For a 50000 l tank, it takes about 1 hour through a DN15.

2.2 Functions of the KIT 1 and KIT 2

Pressure regulation Type 1 or 2 acts respectively on the following factors.

	Factors of cryogenic process dysfunction and over-LIN consumption
	TYPE 1 (top regulation)
	TYPE 2 (bottom regulation)

	1 - Pressure (and temperature) increase due to heat in-leak
	Counteract the effects
	Counteract the effects

	2 - Liquid height variations in the tank
	-
	Counteract the effects

	3 - Tank filling
	-
	Decrease the effects

	4 - Stratification
	-
	Decrease the effects

	5 - Vaporizer capacity
	-
	-

	6 - LIN temperature
	-
	-


The regulation TYPE 1 is necessary for a good working of a cryogenic application. It is already in place in a number of storage which are made for Cryogenic application. 

The objectives of the pressure regulation TYPE 2 are:

· To limit customer complaint due to irregular process performance (for some process),

· To decrease and stabilize the LIN specific consumption, 

· To decrease the level threshold for LIN delivery in certain cases.
Appendix A presents a guide to choose what regulation should be applied for what application.

2.3 Safety and Reliability

The kit shall be designed and installed safely. The following risks have been taken into account in the design of the KIT 2 (see drawing E_CRYO-04-EN-DRW-103b).

	N°
	Feared event and its causes
	Safety/ Reliability
	Consequence
	Safety or Reliability Barrier

	1
	PBUC blocked open (PV02 blocked open)
	S / R
	Pressure increase, Process dysfunction, Relief valve opening
	The “RP” is kept in place and set at a higher pressure so that in case PV02 does not close, the RP will close at a higher pressure

	2
	PBUC blocked closed (PV02 blocked closed)
	R
	Pressure decrease, Supply stop
	PV02 is failure open. 

A filter is included in the RP and is kept working.

	3
	Liquid ingress of the PBUC (customer consumption is too high (or too long) compared to the exchanger design)
	R
	Pressure decrease, Supply stop
	Customer needs < PBUC capacity

	4
	Filling the storage through the PBUC reverse flow (from W2 to W1)
	R
	Heating of the LIN before entering the storage, Liquid ingress of the PBUC
	CV01 avoid it

	5
	Valve PV01 blocked open
	R
	Pressure decrease, Supply stop
	PV01 is failure closed

V21 can be manually closed

	6
	Valve PV01 blocked closed (icing due to cryo-pumping). 
	S / R
	Pressure increase, Process dysfunction, Relief valve opening
	Coil added at PV01 outlet

	7
	Liquid blocked between 2 valves : be sure to have thermal relief valve between two valves
	S
	Pipe burst
	PSV01 between V21 and PV01

PSV02 between RP and PV02

PSV03 between W21 and CV01


For Kit N°1, feared events number 5, 6, and 7 are relevant and the safety and reliability barriers are the same.

3 Kit description and material specification

3.1 Pressure regulation TYPE 1

See Drawing N° E_CRYO-04-EN-DRW-103A Top pressure regulation.

The over-pressure is vented by a pressure controller PCV01 added just after the valve V21.

	TOP PRESSURE REGULATION KIT

	PART
	Tag
	Accessories
	Function
	Characteristics
	Example of Supplier and Reference

	1
	PSV01

	Thermal relief valve
	Release of the gas issued from the liquid blocked between  V21 and PCV01
	 ¼” , 6barg

Bronze
	HEROSE 6001.0200.28006.0

SAP 42056

	
	PCV01
	Pressure controller
	Open and close according to a set pressure of 0.5 to 2.5 barg
	½” DN15
	CASH ACME Model B Ref: TYCO 12 290

	
	Coil
	Coil
	Avoid cryo pumping, PCV01 blocking due to ice and icing of the silencer
	4 rings of 100 mm radius, in  mini ND15
	

	
	SI01
	Silencer (upon customer request)
	Avoid noise for neighborhoods
	½” NPT
-10/12 dB

Stainless Steel
	SILEO 
Ref: D0205-3055


Pressure regulation TYPE 2

See drawing N° E_CRYO-04-EN-DRW-103B Bottom pressure regulation and E_CRYO-04-EN-DRW-104 Electrical drawing.
To avoid variations of the bottom pressure, the kit uses this bottom pressure (instead of the top gaseous pressure) to open the pressure building vaporizer or to open the gas vent of the tank. The existing pressure regulator on the pressure building vaporizer is kept open (set at a higher pressure) to beneficiate of its integrated filter and to be able to use it in case of kit failure (PV02 failure open). 

Based on the Eurotank design, one has to :

· (Kit part 1): add a valve PV01 downstream V21 which opens at PBottom=PSH and closes at Pset. 

· (Kit part 2): add a valve PV02 downstream of the pressure build-up coil which opens at Pbottom=PSL and closes at Pset

· (Kit part 3): add a pressure switch with local pressure indication: PBottom and two switches (PSH and PSL) 

Bottom pressure setting: Pset=0,5 to 2,5 barg

PSH=Pset + 100 mbar 

PSL=Pset - 100 mbar
· Set the existing Pressure Building Vaporizer (RP) to a higher pressure PPBV
PPBV=Pset + 1 bar 
(the difference between Pset and PPBV must be more than the pressure corresponding to the liquid height if the tank is full but PPBV should be less than the pressure setting of the PSV !)

Remark: Tuning of the PBV (RP), 

· disconnect PV02 (it is failure open)

· set the PBV (RP) to PPBV
· connect the PV02

	BOTTOM PRESSURE REGULATION

	PART
	Tag
	Accessories
	Function
	Characteristics
	Example of Supplier and Reference

	1
	PSV01

	Thermal relief valve
	Release of the gas issued from the liquid blocked between  V21 and PV01
	 ¼” , 6barg

Bronze 
	HEROSE 6001.0200.28006.0

SAP 42056

	
	PV01
	Solenoid valve
	Open and close for regulation
	ND 15, Normally Closed
	DYNATEC KBMF 1010L

	
	Coil
	Coil
	Avoid cryo pumping, PV01 blocking due to ice and icing of the silencer
	4 rings of 100 mm radius, in  mini ND15 
	

	
	SI01
	Silencer (upon customer request)
	Avoid noise for neighborhoods
	½” NPT
-10/12 dB

Stainless Steel
	SILEO 
Ref: D0205-3055

	2
	PSV02

	Thermal relief valve
	Release of the gas issued from the liquid blocked between  RP and PV 02
	 ¼” , 6barg

Bronze
	HEROSE 6001.0200.28006.0

SAP 42056

	
	PV02
	Solenoid valve 
	Open and close for regulation

Normally opened to be able to use the RP (set at a higher pressure) in case of PV02 failure
	ND 15, Normally Open

Bronze body
	DYNATEC KCMF 2010L

	
	CV01
	Check valve
	Avoid liquid in the pressure building vaporizer during truck delivery
	ND 15

Stainless Steel
	HEROSE

05416.1521.0004

SAP 84257


	
	PSV03

	Thermal relief valve
	Release of the gas issued from the liquid blocked between  W21 and PV02
	 ¼” , 6barg

Bronze 
	HEROSE 6001.0200.28006.0

SAP 42056

	3
	PEISLH01
	Digital pressure switch with local pressure indication and RS485 for connection to the Teleflo Diva.
	Measure the bottom pressure

Display the pressure on its screen

Be set locally and remotely (through DIVA)

Make switches low and high with hysterisis
	P=0,5 to 2,5 barg 

PSL=P - 100 mbar

PSH=P + 100 mbar
	BOURDON TED50

or

IFM Electronic PN7026
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Gas state in the storage varies with time (example)

P gaseous phase in the tank = 2,7 

barg

T = 

-

187

°

C 

equilibrium at 1,5 

barg

T = 

-

183

°

C 

equilibrium at 2,7 

barg

After 1 week, all the 

gas in the storage is 

at equilibrium

After filling, the liquid is 

undercooled

(equilibrium pressure < 

tank pressure)

Heat 

inleak

warms up the liquid 

and induce a stratification in the 

storage. 

APPENDIX A

Choice of regulation type1 or 2 according to the type of cryogenic application
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CLASSIFICATION OF LIN CRYO APPLICATION

Complex

Immersion

Liquid and gas phase 

(Pulverization and convection )

Gas phase (convection)

Heat transfer

Type 2**

Type 1 or Type 2*

Type 1 or Type 2*

Type 1

TANK 

regulation

Very low variations 

Low variations

P < 2 

barg

Low variations

P < 3 

barg

Variations acceptable 

between 1.5 and 4 

barg

Service 

pressure

0% to 1% (fixed)

3%

3%

5 %

Maximum gas 

% 

mass

Droplet dispensing 

(DROPPEL)

tumblers and meat 

mixers (without special 

controls, CRYOMIX)

Cryo

-

cristallisation

Ice cream cone top 

hardening.

Aluminium

extrusion

Shrink fitting 

CFP, CFV with 

pump, CFV 

Altec

without top

-

spray

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)

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

Main 

application 

Equipment

D

LIN quality very strict

C

Liquid cold only

B

Spray

-

on cold

A

General source of cold

Process 

needs

* Tank bottom pressure regulation (type 2) can be installed to l

imit gas loss

** If a pressure controlled phase separator is included in the s

ystem, there is no need of a tank 

pressure regulation

APPENDIX B

Storage temperature stratification and evolution with time

