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Background & Description:

The Collins cycle also known as modified Claude cycle is mainly used for helium liquefaction. This liquefier
consists of five or six heat exchangers and two reciprocating expander. Collins cycle uses a joule Thomson valve
or a turboexpander for cooling down the compressed gas by throttling its flow which results in rapid expansion.

The below mentioned flowsheet is of liquefaction of helium using the Collins cycle with a turbo expander in place
of Joule Thompson valve.

Helium gas enter the cycle at -190°C and 1 bar with a molar flow rate of 1000 kmol/h. the feed and the recycled
product coming all the way through the exchanger mixes and enters in a compressor which increases the pressure
to 15 bar. Then the compressed gas is cooled by using various coolers and five different heat exchangers to get
liquified helium as shown in fig 1. After getting cooled the compressed gas is to be passed through a Joule
Thompson valve so instead of the valve | have used a turbo expander and a cooler to decrease the pressure to 1 bar
and temperature -269°C (boiling point of helium). Hence helium is obtained in liquid state at -269°C. 50% of the
product is collected and rest 50% is heated and sent as a recycle in the Collins cycle.

The liquified helium obtained is at 1 bar and -269°C with molar flow rate of 950.5 kmol/hr.
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Figure 1. Collins helium liquefaction system a) Compressor; b) Heat exchangers; c) Expanders; d) J-T valve; e) Liquid receiver



Flowsheet:

Results:
Material Stream
Object INLET] PRODUCT] 501 502 518 <19 522 sS4 Expandor
Temperature 380 288|  -1s6708 3048 | 102401 z3285 220 185845 C Object e ol R
Pressure 1 1 1 15 15 1 1 1| bar Pressure Drop 12 14 12| bar
Miolar Flow 00| g505ET 14354 GIEET) 70015 EERERT TEagE1| 412872 | kmolfh T T e T
Phases Wapor Only | Lguid Only | VaporOnly | Vapor Only | Vapor Only | VaporOnly | VaporOnly | Vapor Only
Heat Exchangers Cooless
rayEe T T T BT T M TE T Object COOL-01] CODL-02] COOL-03[ CODL-04] COOL-05] CODL-06
Cold fluid outlet temperature TEE.546 | 193165 | 206023 | -211.2971| 215156 | € Outiet Tempambure =15 05 =105 e =% o I
ot Rkl Gaiet Iesigpenating wrErT=E WSRO RS BT BT Heat Removed TEBd 73| 1313.44| B0066| 134578 | 320007 | A42158 | KW
Logarithmic mean temperature difference LMTD| 171554 | 125255 | 101516] 551976 | 253557 G Delta-T 530845 | 442237 | -34.850| 459200 | -208721] 363499 | ©
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