
Abstract:

Liquefied gases which are

cooled below -150 oC temperature are

called Cryogens. Liquefaction of gases

has been a major application of the

Cryogenics field. The gas liquefaction

industry is growing nowadays with a

faster pace, to facilitate increasing

applications of cryogens in areas like

heat treatment of metals, industrial and

biomedical research, production of jet

propellants and so on. This increasing

demand of liquefied gases is driving

intensive research for improvement and

optimization of the gas liquefaction

systems. Various innovative approaches

of gas liquefaction are being developed

and tested.

The comprehensive objective of

this research work is to find a suitable

mixed-refrigerant cycle for the

liquefaction of Nitrogen gas in small

scale. To accomplish this objective a

detailed study of the effects of variation
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Mixed-refrigerant Liquefaction 

System*:

Component MR process 

with

J-T throttling

MR process 

with Liquid 

expanders

Molar fraction 

[%]

Molar fraction 

[%]

Pentane 11.8 15.9

Butane 6.6 6.2

Propane 19.4 17.2

Ethylene 11.8 11.0

Ethane 8.6 6.9

Methane 16.6 19.8

Nitrogen 15.6 14.6

Neon 2.4 2.0

R 14 (Tetra-

fluoromethane)

7.2 6.3

An Optimized Mixed-refrigerant 

Composition*:

# 72-G :  __  __  __

detailed study of the effects of variation

of operating parameters such as, gas

compression ratio, number of heat

exchangers and expansion methods for

mixed-refrigerant, on the system

performance is studied. A comparative

study of currently used liquefaction

systems is also presented. This study

will be followed by simulation of the

developed mixed-refrigerant system for

its analyses and optimization.

Applications of Liquefied 

Nitrogen:

• To pressurize the fuel (Liquid

Oxygen, LOX) for its storage and

transfer in the rocket propellant

system.

• To pre-cool the Hydrogen gas at

about -198 oC temperature range in

the Hydrogen gas liquefaction

system.

• For the heat treatment of many metal

components to improve their

properties.

• Liquid nitrogen is essential in various

research activities for production of

low-temperature zones.

• Liquid Nitrogen also has bio-medical

applications such as, for cancer

treatment and cryopreservation.

• It is also used as coolant for super

conductors.

Discussion:

The viability of a liquefied gas

supply system, from the efficiency and cost

view point, depends largely on the

efficiency of the liquefier, which is the

dominant power consuming process in the

supply system.

Mixed-refrigerant pre-cooling

technology can be proved to have low

power consumption; hence, improved cost

efficiency compared to conventional

cascade refrigeration systems.

Future Work:

Modeling and simulation of

the proposed system using

SINDA/FLUINT or other similar software

developed for cryogenic application to

study the effects of variation of the process

parameters on the system; which will

decide the optimized set of parameters.


