 Vapour Return Compressors or HD Compressors
Two equally sized electric motor driven centrifugal compressors shall be installed in the cargo compressor room. The capacity of each   should be based on the capacity needed to achieve the times specified for evaporating the unpumpables and warming-up. The compressors need to be suitable for vapour return duties and for warming up duties and be able to handle methane vapour, inert gas or mixtures of both. Undersized compressors will lead to extended times and particularly in the case of cooldown, the vessel remaining on the berth longer. For both duties it may be assumed that the maximum capacity can be met by running both compressors in parallel. The compressors are normally of radial flow single speed type with integral gearbox unit. Capacity control should be by means of inlet guide vane control. Each compressor should have an independent automatic anti-surge control and safety system. The compressors and associated control systems shall be designed to ensure stable operation in parallel. The motor shall be installed in the adjacent motor room and shall drive the compressor via an intermediate shaft that penetrates the bulkhead through a gas-tight gland. The motor, gearbox and compressor should be mounted on a common bedplate incorporating the gas-tight gland and partial bulkhead, the whole installation being designed to minimise vibration. Sealing of the gas-tight gland should be by means of low-pressure air with a nitrogen back-up. 

Consideration will be given to installations using flameproof motors, with the entire compressor/driver unit installed in the compressor room. Provided that all motors are flameproof, such an arrangement will remove the necessity for a separate motor room. Such flameproof motors should be designated Eex d IIB to temperature class at least T4.(Not yet allowed in IGC) 

Motors should be double air cooled, using air or fresh water in secondary circuit. HD compressor motors shall be single speed medium voltage but if LD compressors are so large that thyristor speed control is necessary, then such motors will probably have to be 440v or 660v. 

The first compressor of each size should be tested with air before delivery and performance curves established, corrected for methane at the designed conditions. Each compressor will then be spin-tested at cryogenic temperatures to verify performance and then dismantled for examination. 

Fuel Gas Compressors or LD Compressors
Two equally sized compressors shall be installed in the cargo compressor room. The capacity of the compressor needs to take into account the gas burning philosophy. 

Traditionally the gas has been cheaper and therefore it was generally more economical to burn gas rather than HFO in which case 100% gas burning is common and it is preferable to have two 100% compressors with one in standby. However, the spot charter market, technological advancements and relative cost gas versus fuel may in the future restrict the burning to the normal boil off of the gas in which case two 50% compressors would be more realistic allowing 100% gas burning if required. 

The fuel gas compressors are generally of similar design to the vapour return compressors and from the same manufacturer. 

Driving motors, glands and controls are generally as specified for the vapour return compressors. 

Provision shall be made to allow free-flow of boil-off gas to the boilers with the compressors shut down and isolated, with the piping and equipment sized to accommodate this situation. 

Gas Heaters 
Two gas heaters are usually installed in the cargo compressor room as follows: 

• One high duty gas heater, which should be designed to raise the temperature of gas discharged from both vapour return compressors operating in parallel so as to provide the heating requirement to warm up the cargo tanks within the time specified. 

• One fuel gas heater, which should be designed to raise the temperature of gas discharged from one of the low duty compressors at the rated compressor capacity to that temperature needed for gas burning. 

The gas heaters may be of the direct steam heated type, with automatic temperature control utilising gas bypass control valves and a system of automatic protection against freezing of the condensate side of the heaters. 

If the design of the containment system requires a hull heating system, the heating coils will generally be circulated using glycol-water mixture and an automatic system of control valves, steam heated glycol heater, pumps etc., should be provided. In this case, the gas heaters shall be of the indirect type, circulated by the glycol system. Consideration should also be given to providing an auxiliary electric glycol heater of sufficient capacity to maintain hull temperatures while meeting energy demand of the fuel gas heater under naturally occurring boil-off conditions at sea. The main steam heated glycol heater would be used at times of high demand, such as during loading or when force vaporising. 

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

Cargo Compressors

General

Two high duty (HD) compressors, installed in the compressor room on deck, are provided to handle gaseous fluids, LNG vapour and various mixtures of LNG vapour, and inert gas or air during cooling down, cargo operation and tank treatments.

Two low duty (LD) compressors, installed in the compressor room on deck, are provided to handle the LNG vapour for the boiler produced by natural boil off and forced vaporization, which is used the fuel.

The HD and LD compressors are driven by electric motors, installed in an electric motor room segregated from the compressor room by a gas tight bulkhead; the shaft penetrates the bulkhead with a gas tight shaft seal.

HD Compressors

Manufacturer: 





Cryostar

Model: 






CM 400/55 - HD

Type: 




Centrifugal. Single stage. Fixed speed

with adjustable guide vanes.

Volume flow: 





32,000 m3/h

Inlet pressure: 





106 kPaA

Outlet pressure: 





203 kPaA

Inlet temperature: 




-140°C

Shaft speed: 





11,200 rpm

Motor speed: 





3,580 rpm

Coupling power: 





845.5 kW

Inlet guide vanes setting: 



-30 to +80 deg

HD Compressor Motor

Model: 






IHSW-560LL

Electric Source: 





6,600 V / 60Hz

Rated Output: 





950 kW

Rated Current: 





101 A

Starting Method: 





Soft Start

The compressors are operated locally or from the IAS in the CCR. The following conditions trip the compressors:

Safety of the ESDS and tank protection system :

Tank No.1, 2, 3 or 4 - differential pressure: tank/primary space ≤ 0.5 kPag

Tank No.1, 2, 3 or 4 - differential pressure: tank/primary space = 0 kPag

Vapour header pressure ≤ 0.3 kPag

Differential pressure: vapour header / primary pressure header = 0 kPag

Tank No.1, 2, 3 or 4 - extreme high liquid level (99% volume)

Electric power failure and other trip signal from ESDS.

Ventilation flow failure in the electric motor room

Safety of the local control system (oil temperature, oil pressure, discharge gas temperature, seal gas pressure and shaft vibration)

Compressor Systems

Seal Gas System

The seal gas system is provided to prevent LO mist from entering the process stream (compressed LNG vapour) and to avoid cold gas flow into the gearbox and into the LO system. The seal gas is nitrogen produced by the nitrogen generators on board.

The seal gas is injected into the carbon ring with back-up labyrinth type seals between the gearbox shaft bearing and the compressor wheel.

The system is maintained by a pressure control valve where seal gas pressure is always higher than the suction pressure (usually adjusted at 30 kPag).

Seal gas entering the gearbox from the shaft seals is returned to the LO sump, separated from the oil and vented to atmosphere.

After a period of more than 8 days of non-operation, the unit must be purged with dry and warm nitrogen. As long as the seal gas system is operated, the machine can be left in the stand-by mode for extended periods of time.

LO System

LO in the system is stored in a vented 400 liters LO sump. An integrated steam immersion heater with a thermostatic temperature control valve is fitted in the sump to maintain a constant positive temperature and avoid condensation when the compressors are stopped. The heater will automatically switch on at 25°C LO temperature. The auxiliary LO pump dose not operate below 25°C.

LO is supplied from the sump through separate suction strainer screens and one of the two LO pumps. The discharge from the pumps is through check valves to a common LO supply line feeding the gearbox, bearings and bulkhead seal. The main operational pump is driven by the high speed shaft gear. Upon failure of the driven pump, the stand-by electric motor driven auxiliary pump is energized immediately. The stand-by electric motor driven auxiliary pump is also used during start up of the compressors. The LO passes through a fresh water cooled oil cooler and a 3-way temperature control valve, to maintain the LO inlet temperature at approximately 38~47°C. The oil supply to the bearings is fed via a 25 micron duplex filter.

The duplex filter has to be switched, as soon as the pressure drop reached 200 kPag differential pressure and the clogged filter cartridge has to be replaced or cleaned.

A pressure control valve regulates the oil flow to the bearings. Excess oil is bypassed and discharged to the sump. Pump relief valves act as back up and are set at 800 kPag.

The LO system feeds the following:

Journal bearing on both sides of the high-speed shaft

Journal bearing on the driven end of the low speed shaft

Integral thrust and journal bearing on the non-driven end of low speed

shaft

Sprayers for the gear wheels

HD compressors’ bulkhead seals

Surge Control System

An automatic surge control system is provided to ensure that the compressor flow rate does not fall below the designed minimum during start-up and steady state operation. Below this rate, the gas flow will not be stable and the

compressor will be liable to surge, causing shaft vibration that may damage the compressor.

All the HD compressors are equipped with an automatic surge control system that consists of:

A flow transmitter

Suction and discharge pressure transmitter

A ratio station

An anti-surge controller

A surge control valve on the gas stream

On the basis of a preset ratio between the gas flow and compressor differential pressure signals, the anti-surge controller produces a signal that modulates a compressor’s surge control valve.

Inlet Guide Vanes

To achieve the required gas flow, the compressors have inlet guide vanes fitted at the suction end.

The vanes are operated by pneumatic actuators which receive control signals from the flow controlled or pressure controlled for vapour head pressure.

Selection of control signal is available on the mimic of IAS.

The rotation of the vanes is possible through its full range of travel -30° to +80°. The position is indicated both locally and in the IAS (Range 0 to 100%).
LD Compressors

Manufacturer: 





Cryostar

Model: 






CM 300/45-LD

Type:




 Centrifugal. Single stage. Variable speed

with adjustable guide vanes.

Volume flow: 





8,000 m3/h

Inlet pressure: 





106 kPaA

Outlet pressure: 





196 kPaA

Inlet temperature: 




-42°C

Maximum shaft speed: 




23,400 rpm

Rated motor power: 




214.4 kW

Inlet guide valve setting: 



-30 to +80 deg

The compressors are operated locally or from the IAS in the CCR.

The following conditions trip the compressors;

Safeties in ESDS and Tank Protection System;

Tank No.1, 2, 3 or 4 - differential pressure: tank/primary space ≤ 0.5 kPag

Tank No.1, 2, 3 or 4 - differential pressure: tank/primary space = 0 kPag

Differential pressure: vapour header/atmospheric pressure ≤ 0.3 kPag

Differential pressure: vapour header/primary pressure header = 0 kPag

Electric power failure and other trip signal from ESDS.

Safeties in combustion control system of the boilers.

Safeties on local control system (oil temperature, oil pressure, discharge gas temperature, seal gas pressure and shaft vibration)

Compressor Sub Systems

Seal Gas System

The seal gas system is provided to prevent LO mist from entering the process stream (compressed LNG vapour) and to avoid cold gas flow into the gearbox and into the LO system. The seal gas is nitrogen produced by the nitrogen generators on board.

The seal gas is injected into the carbon ring with back-up labyrinth type seals between the gearbox shaft bearing and the compressor wheel.

The system is maintained by a pressure control valve where the seal gas pressure is always higher than the suction pressure (usually adjusted at 30 kPag).

The seal gas entering the gearbox from the shaft seals is returned to the LO sump, separated from the oil and vented to the atmosphere.

LO System

LO in the system is stored in a vented 400 liters LO sump. An integrated steam immersion heater with a thermostatic temperature control valve is fitted in the sump to maintain a constant positive temperature and avoid condensation when the compressors are stopped.

LO is supplied from the sump through separate suction strainer screens and one of the two LO pumps. The discharge from the pumps is through check valves to a common LO supply line feeding the gearbox, bearings and bulkhead seal. The main operational pump is driven by the high speed shaft gear. Upon failure of the driven pump, the stand-by electric motor driven auxiliary pump is energized immediately. The stand-by electric motor driven auxiliary pump is also used to start the compressors.

The LO passes through a sea water cooled oil cooler and a 3-way thermal bypass temperature control valve, to maintain the LO inlet temperature at approximately 35°C. The oil supply to the bearings is fed via a 25 micron duplex filter with an automatic continuous flow switch over valve.

A pressure control valve regulates the oil flow to the bearings. Excess oil is bypassed and discharged to the sump. Pump relief valves act as back up and are set at 800 kPag.

The LO system feeds the following:

Journal bearing on both sides of the high speed shaft

Journal bearing on the driven end of the low speed shaft

Integral thrust and journal bearing on the non-driven end of the low

speed shaft

Sprayers for the gear wheels

LD compressors’ bulkhead seals

Surge Control System

An automatic surge control system is provided to ensure that the compressor flow rate does not fall below the designed minimum. Below this rate, the gas flow will not be stable and the compressor will be liable to surge, causing shaft vibration that may result in damage to the compressor.

All the LD compressors are equipped with an automatic surge control system which consists of:

A flow transmitter

A compressor differential pressure transmitter

A ratio station

An anti-surge controller

A surge control valve on the gas stream

On the basis of a preset ratio between the gas flow and compressor differential pressure signals, the anti-surge controller produces a signal which modulates a surge control valve.

Inlet Guide Vanes and Motor Speed Control

To achieve the required gas flow, the compressors have inlet guide vanes fitted at the suction end.

The vanes are operated by pneumatic actuators which receive control signals of the fuel gas demand from the boilers.

The rotation of the vanes is possible through its full range of travel -30° to +80°. The position is indicated both locally and in the IAS (Range 0 to 100%).

Speed of electric motor is controlled with the range from 50% speed to 100% speed via invertor panel

Bulkhead Shaft Seals

Each compressor shaft is equipped with a forced lubricated bulkhead shaft seal preventing any combustible gas from entering the electric motors room.

The seals are flexibox supply. They are fixed on the bulkhead and float on the shafts, supported by two ball bearings.

The LO seal ensures tightness between the two bearings. The lubrication comes from the main LO circuit.
H/D & L/D Gas Heater

General Description

There are two steam-heated HD & LD gas heaters located in the cargo compressor room, which is situated on the starboard after side of the trunk deck.

The heaters are shell and tube type.

The heaters are used for the following functions:

H/D Gas Heater

Heating the LNG vapour is delivered by either of the HD compressors at the specified temperature for warming up the cargo tanks before gas freeing.

Heating inert gas is supplied from inert gas generator for inerting operation and warming up with inert gas.

L/D Gas Heater

Heating boil-off gas is delivered by either of the LD compressors for fuel gas to the boiler or for venting to atmosphere via the liquid header or via the gas main. free flow can be applied alternatively.

! Caution

When returning heated vapour to the cargo tanks, the temperature at the heater outlet should not exceed +85°C, to avoid possible damage to the cargo piping insulation and safety valves.

Specification:

High Duty Gas Heater :

Manufacturer: 





Cryostar

Model: 






108-UT-38/34-3.8

Type: 







BEU

Rated Capacity: 





22,600 kg/h

Vapour Inlet Temperature: 



-68°C

Vapour Max Outlet Temperature: 


+81°C

Vapour Inlet Pressure: 




100 kPag

Pressure Drop(Calculated): 



4 kPag

Heating Capacity: 





2,117 kW

Steam Consumption: 




3,718 kg/h

Steam Inlet/Outlet Temperature: 


169 / 164 °C

Low Duty Gas Heater :

Manufacturer: 





Cryostar

Model: 






21-UT-38/34-3.2

Type: 







BEU

Rated capacity: 





7,906 kg/h

Vapour inlet temperature: 



-68°C

Vapour max outlet temperature: 


+47°C

Vapour Inlet Pressure: 




100 kPag

Pressure Drop(Calculated): 



11 kPag

Heating Capacity: 





566 kW

Steam Consumption: 




993 kg/h

Steam Inlet/Outlet Temperature: 


169 / 164 °C
The following information is from the Cryostar website

	High-duty Compressor 
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The High-duty Compressor consists of a single stage compressor with a heavy-duty wheel in forged aluminium alloy with adjustable inlet guide vanes, mounted to a heavy-duty speed-increasing gearbox.

Together with the complete lube oil and seal gas system the compressor is installed on a rigid single skid for shipboard application, with bulkhead and bulkhead seal mounted to the gearbox.

An intrinsically safe local control panel with gauge board is installed on the skid, and a remote control cabinet is supplied loose for installation in the safe area.
The compressor is driven by a single speed electric motor, which is typically yard-scope.
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	Low-duty Compressor 
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The Low-duty Compressor consists of a single stage compressor with a heavy-duty wheel in forged aluminium alloy with adjustable inlet guide vanes, mounted to a heavy-duty speed-increasing gearbox.

Together with the complete lube oil and seal gas system the compressor is installed on a rigid single skid for shipboard application, with bulkhead and bulkhead seal mounted to the gearbox.

An intrinsically safe local control panel with gauge board is installed on the skid, and a remote control cabinet is supplied loose for installation in the safe area.

To cover the wide temperature range of natural boil-off gas (-140 °C) and forced gas (-40 °C), the low-duty compressor is normally driven by a variable speed motor, which is typically yard scope.
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	Boil-off Compressor/Warm-up Heaters
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Two equally-sized gas heaters are installed. One unit is used for heating of the boil-off gas, both units in parallel are used for the warm-up duty. 
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).
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	Warm-up Heaters (or: High-duty Heaters)
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	One large High-duty or Warm-up Heater is installed.

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 heaters are certified by all major classification societies. 
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	Boil-off Compressor/Heaters (or: Low-duty Heaters)
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	One small Low-duty or Boil-off Heater is installed.

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 heaters are certified by all major classification societies. 
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	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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