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Abstract >> In this paper, comparative studies between Linde, Claude and ad-

vanced cycle for the liquefaction of nitrogen have been completed. PRO/II with
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PROVISION release 2021. 1 from AVEVA company (Cambridge, UK) was used,
and Peng-Robinson equation of the state model with Twu’s alpha function was

selected for the modeling of the condensation of nitrogen. When using Claude
liquefaction, we can reduce the total compression power by 49.25% for the com-
parison of Linde cycle. And finally, we could conclude that 90.41% of total com-
pression power was saved when using an advanced cycle being compared to
Linde liquefaction cycle.
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Table 1. Temperature change due to Joule-Thomson ex-
pansion for several gases from 100 bar to 1 bar

Component Tin (°C) Texit (°C) Delta (°C)

CHy4 27 -19.6 -46.6

N 27 9.3 -17.7

He 27 314 4.4

H» 27 29.2 22

CH,4 -23 -99.9 -76.9

N> -23 -51.0 -28

He -23 -18.8 42

Hx -23 -21.9 1.1

CH,4 -43 -144.3 -101.3

N2 -43 -77.1 -34.1

He -43 -38.9 9.1

H> -43 -42.3 0.9
Table 2. Nitrogen feed condition for liquefaction

Temperature 11.5°C
Pressure 0.062 kg/em’G
Flow rate 11,200 Nm’/h
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Fig. 1. Conceptual diagram for nitrogen liquefaction using Linde
cycle
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Fig. 2. PRO/II flow sheet diagram for a Linde cycle for nitrogen
liquefaction
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Table 3. Linde nitrogen cycle simulation results summary

Item Value Unit
C1 compressor power 64,534.8 kW
C2 compressor power 27,618.9 kW
Total compressor power 92,153.7 kW
Net compressor power 6,583.3 kW/ton
EO1 main heat exchanger duty | 27.9465x10° | kcal/h

55.7918x10°
24.8299x10°

kcal/h
kcal/h

ACI1 Cl after cooler duty
AC2 C2 after cooler duty
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Fig. 3. Conceptual diagram for nitrogen liquefaction using Claude
cycle
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Fig. 4. PRO/II flow sheet diagram for a Claude cycle for nitrogen
liquefaction

Table 4. Claude nitrogen cycle simulation results summary

Item Value Unit

EX1 expander power 814.5 kW

C1 compressor power 32,165.0 kW

C2 compressor power 13,787.9 kW

Total compressor power 45,952.9 kW
Net compressor power 3,341.0 kW/ton
EO1 main heat exchanger 1 duty |  9.8152x10° | kcal/h
E02 main heat exchanger 1 duty 1.9440x10° | kealh
EO03 main heat exchanger 1 duty 1.8118x10° | kealh
ACI1 Cl1 after cooler duty 27.7660x10° | kcal/h
AC2 C2 after cooler duty 12.3956x10° | kcal/h
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Fig. 5. PRO/II flow sheet diagram for an advanced cycle for
nitrogen liquefaction

Table 5. Advanced nitrogen cycle simulation results summary

Item Value Unit
D20 expander 1 power 1,158.9 kW
D21 expander 2 power 926.1 kW
C1 compressor power 1,181.0 kW
C2 compressor power 870.8 kW
K-100 expander power 6,784.0 kW
Total compressor power 2,051.8 kW
Net compressor power 631.2 kW/ton

E30 main heat exchanger duty | 3.8662x1 0° kecal/h

E-100 sub cooler duty 0.1098x10° kcal/h

ACI1 C1 after cooler duty 1.5337x10° kcal/h

AC2 C2 after cooler duty 0.7827x10° kcal/h

E-101 K-100 after cooler duty | 5.3412x10° kecal/h

E-102 C20 after cooler duty 1.0567x10° kecal/h

E-103 C21 after cooler duty 0.8601x10° kecal/h
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