LNG Vaporizer 
A direct steam heated LNG vaporiser of the shell and tube type is installed in the cargo compressor room for the following purposes: 

• Gassing up the cargo tanks (inert gas purging) within the time specified in section 5.2 and this requirement shall govern the design capacity of the vaporiser. The design outlet temperature shall be +20°C for this operation. 

• Pressurising the cargo tanks for emergency discharge (if appropriate) 

The vaporisers should be started and stopped under local manual control and operate under suitable automatic control for each of the required modes of operation with monitoring facilities in the cargo control room. Suitable means shall be provided to ensure accurate outlet temperature, pressure and flow measurement. The LNG flow to the vaporiser shall be automatically stopped in event of high condensate level or low condensate temperature. A high outlet temperature alarm shall be installed. 
Forcing Vaporizer 
A forcing vaporiser may be installed in the cargo compressor room to vaporise LNG supplied by one of the spray pumps via the cargo spray header, depending on the gas burning philosophy. If fitted, this unit shall be of sufficient capacity to make up the difference between the energy available from cargo boil-off under normal ballast voyage conditions and the total energy demand at maximum service rating of the main propulsion plant. The forcing vaporiser shall achieve an outlet temperature similar to that of the vapour header and be started and stopped under local manual control. It should have automatic capacity control from 0% to 100% and be integrated with the main propulsion plant control system. Appropriate monitoring facilities shall be provided in the cargo and machinery control rooms to ensure accurate outlet temperature, pressure and flow measurement. A high outlet temperature alarm shall be provided. The LNG inlet flow to the unit shall be automatically stopped in case of high condensate level or low condensate temperature. 

To avoid the possibility of liquid droplet carryover into the compressor a knockout drum (with internal demister) shall be interposed between vaporiser outlet and fuel gas compressor suction. Consideration may also be given to alternative arrangements, such as locating the fuel gas heater between the vaporiser and compressor or combining the vaporiser with the heater; in which case the knockout drum could be eliminated. 

The Following are extracts from the Manual of LNGC DISHA, a 137,000 m3 LNG Carrier, owned by Petroship

LNG Vaporizer

General Description

The LNG vaporizer is used to vaporize LNG liquid, to provide gas when

displacing inert gas from the cargo tanks with LNG vapour and for maintaining the pressure in the tanks when LNG is being discharged and vapour is not supplied from shore, and also for initial inerting in the insulation spaces with N2.

Both LNG and forcing vaporizers are situated in the cargo compressor room.

Specification

Manufacturer: 




Cryostar

Model: 





65-UT-38/34-5.9

Mass flow: 





10,788 kg/h (24,214 kg/h)

Type: 






Shell and ‘U’ tube design(BEU)

Heating medium: 




Saturated steam

Inlet temp of steam: 



169°C

Inlet volume flow(LNG): 



24 m3/h (54 m3/h)

Outlet volume flow: 



12,425 m3/h (12,659 m3/h)

Inlet LNG temperature: 



-163°C

Outlet gas temp: 




20°C (-140 °C)

Outlet pressure controlled: 


30 kPag

Steam Consumption: 



4,882 kg/h (6652 kg/h)

Steam Inlet/Outlet Temperature: 

169/164 °C
Note ! ( ) : LNG discharging without vapour return from shore
Alarms are provided on the outlet gas temperature, high level and low

temperature of the condensate water.

The LNG vaporizer is used for the following operations:

1) Discharging cargo at the design rate without the availability of a

vapour return from the shore.

If the shore is unable to supply vapour return, liquid LNG is fed to the vaporizer by using one stripping pump or by bleeding from the liquid header. The vapour produced leaves the vaporizer at approximately 

–140°C and is then supplied to cargo tanks through the vapour header. The vapour pressure in the cargo tanks will normally be maintained at 110 kPaA. (minimum 104 kPaA) during the whole discharge operation. Additional vapour is generated by the tank sprayer rings, the LNG being supplied by the stripping/spray pump.

If the back pressure in the discharge piping to the shore is not sufficient to have a minimum of 300 kPag at the inlet to the vaporizer, a stripping/spray pump will be used to supply liquid to the vaporizer.

2) Purging of cargo tanks with vapour after inerting with inert gas and prior to cooling down. LNG is supplied from the shore to the vaporizer via the stripping/spray line. The vapour produced at the required  temperature +20°C is then passed to the cargo tanks.

3) LN2 vaporization for inerting the cargo tank and insulation

spaces(see ch.6.2.1). 

4) Emergency forcing by manual operation:

The LNG vaporizer can function as the forcing vaporizer when the

forcing vaporizer has failed:

Flow control:

When the fuel gas demand from boiler is way in excess of the natural boil-off generation.
Forcing Vaporizer

General Description

The forcing vaporizer is used for vaporizing LNG liquid to provide gas for

burning in the boilers to supplement the natural boil off. Both the LNG and forcing vaporizers are situated in the cargo compressor room.

The forcing vaporizer is used to supplement boil-off gas for fuel gas burning up to 105% MCR.

The LNG is supplied by a stripping/spray pump. LNG flow is controlled by an automatic inlet feed valve which receives its signal from the Boilers Gas Management System.

Specification

Manufacturer:




 Cryostar

Model: 





34-UT-25/21-3.6

Mass flow: 





6,790 kg/h

Type: 






Shell and ‘U’ tube design

Heating Medium: 




Saturated steam

Inlet temp of steam: 



169°C

Inlet volume flow(LNG): 



15 m3/h

Outlet volume flow: 



6,737 m3/h

Inlet LNG temperature: 



-163°C

Outlet gas temperature max.: 


-39°C

Outlet gas temperature controlled: 

-40°C

Outlet pressure controlled: 


20 kPag

Heating Capacity: 




1,492 kW

Steam Consumption: 



2,620 kg/h

Steam Inlet/Outlet Temperature: 

169/164 °C
Alarms are provided on the outlet gas temperature, high level and low

temperature of the condensate water.

The forcing vaporizer is equipped with a temperature control system to obtain a constant and stable discharge temperature for various ranges of operation.

The temperature of the gas produced is adjusted by spraying a certain amount of bypassed liquid into the outlet side of the vaporizer through a temperature control valve and liquid injection nozzles.

A re-evaporator is also used to ensure that accumulation of non-vaporized liquid at the vaporizer discharge is avoided and that the output is at a stable temperature.
This is made possible by:

1) Two knitted mesh filters inserted in the gas flow path to fractionate the droplets and create the necessary turbulence to break down the small droplets injected into a fine fog of liquid gas and also to moisten the mesh wires acting as vaporizing surface.

2) Two conical baffles installed in the tube to allow eventually accumulated liquid to be directed into the gas stream on the pipe bottom.

Mist Separator (Demister)

A mist separator is used downstream of the forcing vaporizer to serve as a moisture separator and prevent any carry over of liquid to the LD compressors.

Both vaporizer tubes are fitted with spiral wires to promote turbulence ensuring efficient heat transfer and production of superheated LNG vapour at the exit of the tube nests.

Specification

Manufacturer: 



Cryostar

Model: 




VMS-10/12-1000

Type: 





Shell with in / out nozzles and drain

Mass flow: 




5,800 kg/h

Inlet temperature: 


-40°C

An alarm is provided on the level of the drained LNG.
From the Cryostar Website
	
	Boil-off Compressor/Heaters (or: Low-duty Heaters)
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	One large LNG vaporiser is installed.
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To avoid thermal stress, the proven Shell and U-tube design is applied, directly heated by saturated steam. The equipment consists of a single-pass shell with stationary head, fully welded to the U-tube bundle, and is entirely fabricated from stainless steel (304L, or 316L as an option). Cryostar's vaporisers are certified by all major classification societies.


For a reliable temperature control, a Spray Pipe with integrated Spray Nozzle supplements the vaporiser for efficient mixing of bypassed LNG with the overheated gas.
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	Forcing Vaporiser
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	The Forcing Vaporiser is typically installed upstream of the L/D Compressors with a Mist Separator at the mixing point with the natural boil-off.

[image: image7.jpg]


To avoid thermal stress, the proven Shell and U-tube design is applied, directly heated by saturated steam. The equipment consists of a single-pass shell with stationary head, fully welded to the U-tube bundle, and is entirely fabricated from stainless steel (304L, or 316L as an option). Cryostar's vaporisers are certified by all major classification societies.


For a reliable temperature control, a Spray Pipe with integrated Spray Nozzle supplements the vaporiser for efficient mixing of bypassed LNG with the overheated gas.
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	Mist Separator 
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If forced gas is added to the natural boil-off gas from the tank, two gases with different gas compositions, and temperatures are mixed. In a large mixing range, mist is created at the mixing point, from two essentially dry gases.
The vertical separator vessel, with two inlet nozzles (from the gas header and Forcing Vaporiser) and one outlet nozzle (to the L/D Compressors), eliminates more than 99.5% of any mist. A drain connection and a level switch are included. 
The Mist Separator is entirely fabricated from stainless steel (304L, or 316L as an option)
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