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摘要： 

LNG—FPSO（LNG Floating Production Storage and Offloading Unit，又称FLNG）是集海上液化

天然气的生产、储存、装卸和外运为一体的新型浮式生产储卸装置。作为LNG—FPSO的核心技术，海

上天然气液化工艺将对该装置的建造运营费用、运行稳定性和整个系统的安全性产生很大的影响，而

现有的3种基本类型的天然气液化工艺（氮膨胀、混合冷剂和级联式制冷液化工艺）都不能完全符合

海上天然气液化工艺的设计标准。为此，根据海上作业的特殊工况，组合模拟了6种适用于海上天然

气液化的工艺流程，并从制冷剂流量、功耗、关键设备数量、天然气流量敏感性、天然气组成敏感

性、易燃制冷剂储存和海上适应性等方面对各流程进行了比较，根据计算结果及对各流程的定性分

析，优选出带预冷的氮膨胀液化工艺［即丙烷预冷双氮膨胀流程、混合制冷剂—氮气膨胀（并联）流

程和混合制冷剂—氮气膨胀（串联）流程］为LNG—FPSO装置的首选工艺，且发现随着预冷深度的增

加，该工艺的海上适应性减弱，功耗降低，处理能力增强。 
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Abstract: 

An LNGFPSO （LNG Floating Production Storage and Offloading） facility is based on a ship

 like vessel that will be able to produce, store and offload LNG in a marine environment. 
The selection of the liquefaction technology and corresponding equipment to be employed in 
an LNG FPSO unit is critical to reducing risks and increasing project viability, meanwhile 
meeting production and market targets and controlling costs. However, the presently used 
liquefaction technologies include nitrogen expander loop, mixed refrigerant, or multistage 
refrigeration can not completely meet the design criteria for offshore LNG process. In view 
of this, a simulation study is conducted of 6 kinds of differently combined processes and a 
comparison study was made in terms of flow rate of refrigerant, power consumption, 
number of key equipment, gas flow sensitivity, gas component sensitivity, storage of 
flammable refrigerant, offshore adaptability, etc. Thus, based on the calculation results and 
qualitative analysis, the liquefaction process with precooling nitrogen expander loop is an 
optimal option for an LNG FPSO facility, that is, twostage nitrogen expander plus propane 
precooling or paralleled/series connection of mixed refrigerant and nitrogen expander, in 
which the deeper the degree of precooling is, the poorer its offshore adaptability becomes, 
but the lower the power consumption and the higher its dealing ability will be.
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