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ABSTRACT 

 

The study deal with energy exergy comparative analysis of two cryogenics systems (i.e Linde Hampson and 

Claude) in terms of second law efficiency and the output ( which in form of liquefaction mass ) of gases,The 

numerical computation was carried out for above systems and it was conclude that by joining extra accessories 

in system make a system efficient in output result but in other hand making system large , its cost and as well as 

useful energy destruction of overall system are degraded which seen in from of low second law efficiency. Two 

system giving same atmospherics input condition and varying compressor pressure considered. Final results 

show the output of Claude system is more than the Linde system while seconde efficiency of of Linde system is 

18 % more than the Claude system at 300 bar compressor pressure for all gases. 
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1.0 Introduction 

 

Cryogenics is a field of acquiring very low 

temperature, the temperature which sufficient to 

liquefy most of gaes but generally the temperature 

below -150 0C is considered in range of cryogenics. 

In early centuries the throttling effect of cooling and 

various expansion device attract the scientist toward 

achieving low temperature but oxygen use in medical 

science and it storage factor turn 18 centuries scientist 

to attain low temperature which can liquefy air and in 

turn harness the oxygen from that liquefaction.  

In end of 18 centuries various research are 

done cryogenics field but first scientist which got 

success is Linde and after that lots of scientist liquefy 

various gas on their scale. Various system of 

cryogenics come in light in which Linde and Claude 

is widely used as system for liquefaction of air. 

The system is made but how much they are 

efficient in industrial point of view is become matter 

of concern. Various method are employs to minimize 

the cost without affecting the production rate are 

investigated in various mathematical techniques and 

simulation technique is widely used. In all this a best 

method second law exergy analysis of system which 

is based on the second law of newton of energy 

destruction. 

Exergy analysis is basically defined as the 

how much part of energy we can fully utilize in our 

work. Useful part of energy is called exergy while 

unused part is anergy. First law efficiency simply 

defined as the ratio of output to the input of energy 

while Second law efficiency deal with the exergy and 

defined as the ration of exergy output to the exergy 

input. 

 

 
Lots of research are done to optimize and to 

increase the second law efficiency of system. And for 

this lots of new techniques are experimentally 

studied. Yang et al. [1] performed a comparative 

study on the trans critical carbon dioxide refrigeration 

cycles with a throttling valve and with an expander, 

based on the first and second laws of 

thermodynamics. Ignacio L´opezPaniagua [2] find 

New Simple Method for Estimating Exergy 

Destruction in Heat Exchangers.  
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Yongliang Li [3] study An optimal design 

methodology for large-scale gas liquefaction. 

Antungalovic [4] do detail Analysis of Exergy 

Destruction of an 

Evaporator or/and a Condenser. The main 

cause of low Second law efficiency directly link to 

the irreversibility of system so for which is just a 

form of exergy losses in any system. Irreversibility is 

the reason why the exergy received by the cold fluid 

and that released by the hot fluid are not equal. In 

fact, the total exergy loss in an exchanger is another 

characteristic of its exergetic behavior commonly 

referred to in the literature [5,6].and only part of the 

exergy loss can be avoided in practice [7] 
 

2.0 Thermal Analysis of Linde System 
 

Linde system is first system which is use for 

liquefaction of air. In Fig l(a).This system consist a 

compressor, heat exchanger, throttle valve and a 

separator. The air or gas which is used to liquefy is 

circulate in this closed cycle with perfect insulation to 

avoid large losses to occur due to system and outer 

surrounding temperature difference. Fig l(b )show the 

temperature entropy diagram for Linde system. 

 
 

Fig 1(a): Linde System for Liquefaction for Gases 

 

 

Fig 1 (b): Tempertaure vs Entropy of Linde 

System 

 

 

 

 
Throttling process: 

 
 

2.2 Thermal analysis of Claude system 

Claude system not only used for liquefaction 

of air but other gas also can be liquefy with this 

system also .Fig 2(a) show a block diagram of Claude 

system having two heat exchanger ,two separator and 
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 two throttle valve with an expander. Fig 2 (b) shows 

temperature entropy diagram. 

 

Fig 2(a): Claude System for Liquefaction for 

Gases 

 

 
 

Fig 2(b): Temperature vs Entropy of Claude 

System 

 

 

 

 

 

Table 1: Performance Perameters of Linde and 

Claude System for Air 
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Fig 3(a): Variation of Liquefaction Mass with 

Compressor Pressure of Air 

 

 
 

Fig 3(b): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Air 

 

 
 

Table 2: Performance Perameters of Linde and 

Claude System for Nitrogen 

 

 

 

Fig 3(c): Variation of Liquefaction Mass with 

Compressor Pressure of Nitrogen 

 

 
 

Fig 3(d): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Nitrogen 

 

 
 

Table 3: Performance Perameters of Linde and 

Claude System for Methane 

 

 

 
 



Thermodynamic Comparison of Linde and Claude Systems for Liquefaction of Gases 136 
 

 

Fig 3(e): Variation of Liquefaction Mass with 

Compressor Pressure of Methane 

 

 
 

Fig 3(f): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Methane 

 

 
 

Table 4: Performance Perameters of Linde and 

Claude System for Flourine 

 

 

 

Fig 3(g): Variation of Liquefaction Mass with 

Compressor Pressure of Flourine 

 

 
 

Fig 3(h): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Flourine 

 

 
 

Table 5: Performance perameters of Linde and 

Claude System for Argon 
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Fig 3(i): Variation of Liquefaction Mass with 

Compressor Pressure of Argon 

 

 
 

Fig 3(j): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Argon 

 

 
 

Table 6: Performance perameters of Linde and 

Claude System for Oxygen 

 

 
 

 

Fig 3(k): Variation of Liquefaction Mass with 

Compressor Pressure of Oxygen 

 

 
 

Fig 3(1): Variation of Second Law Efficiency (%) 

with Compressor Pressure of Oxygen 

 

 
 

3.0 Results and Discussion 

 

Using thermodynamic first and second law 

analysis, the comparison between Linde and Claude 

systems for liquefaction of gases have been made for 

constant inlet condition and performance parameters 

were evaluated are shown in table 1-6 respectively. 

Computational numerical technique is used for both 

system for varying compressor pressure and results 

are shown in Figs 3 respectively. It was observed that 

the liquefaction mass of gases is higher in Claude 

system as compared to Linde system ,so output of 

Claude system is more than the Linde system. The 

compressor pressure is not directly proportional to 

liquefaction mass ,liquefaction mass is higher in 

range of 300 to 400 bar compressor pressure ,further 

increase in pressure degrade the quantity of 

liquefaction mass in both system. 

 

4.0 Conclusion 

 

1. Linde system having less energy losses than 

Claude system showing higher second law 
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efficiency than Claude system for all gases 

mention above. 

2. Output wise the Claude system is better than 

Linde system for all gases mention above. 

3. Compressor pressure range 300 to 350 show 

good result in both system at constant slandered 

atmospherics inlet conditions 
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