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Abstract— Liquid Nitrogen is used for precooling in Helium 

liquefier/refrigerator not only to permit a faster cool down to 

80 K, but also to increase the cooling power and/or the rate of 

liquid Helium production. Transferring cooling power of 

liquid Nitrogen to the Helium stream primarily involves heat 

exchangers which offer several choices in terms of 

configurations and flow arrangements. The decision to adopt 

one option over another should be based on some practical 

comparative criteria. A designer has to fix parameters such as 

number of heat exchangers, number of streams and surface-

area of exchangers, flow divisions etc. as they play important 

roles in the process of heat transfer. An appropriate 

configuration for a particular Helium plant demands 

maximum performance. There are also other objectives such 

as minimization of pressure drop, sizes of heat exchangers 

and amount of liquid Nitrogen consumed. The optimum 

configuration would be the one which optimally satisfies all 

the objectives mentioned. In this work, some potential 

configurations for Nitrogen precooling have been identified 

from the literature. These configurations are connected to a 

Collins cycle. Comparative studies are performed keeping all 

the parameters of Collins cycle the same and also keeping 

liquid Nitrogen consumption the same. Parametric studies are 

performed on each configuration using the process modeling 

package Aspen HYSYS® V7.3 to understand the sensitivity 

of each on the overall plant performance. Results generated 

have been applied to arrive at the optimum configuration for 

precooling in a selected Helium liquefier/refrigerator plant. 
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I. INTRODUCTION 

In the present day scenario the demand for liquid Helium has 

increased owing to the adding up of several engineering 

application where extremely low temperatures need to be 

produced and maintained. Liquid Helium is consumed in 

large quantities in various fields like medical science, energy 

production, high energy physics, vacuum technology, 

transportation, electronics, instrumentation, energy storage 

etc. Gaseous, liquid, super critical and/or super fluid Helium 

is being used to create and maintain such low temperatures. 

Therefore this demands liquid Helium in large quantities and 

has today put a question on the efficiency of conventional 

Helium liquefaction systems owing to their huge energy 

requirement. Nowadays the objective has shifted from the 

realization or simplification of process to improvement of 

performance of Helium liquefaction process. There have been 

a number of studies reported in the literature on this direction 

[2, 3, 4, 5, 6 and 7]. 

 The requirement of Helium is some applications are 

hundreds of litters per hour and for such very large capacity 

liquefiers the energy consumption would be enormous. One 

of the commonly used methods for reducing the energy 

consumption in Helium liquefiers is by precooling the high 

pressure Helium gas using liquid Nitrogen. It is quite 

efficacious and beneficial as it reduces the investment cost of 

the helium system for a given capacity as it decreases the 

expanders, size of cold box, compressor system and provides 

temperature stability throughout the system. Systems with 

liquid Nitrogen pre-cooling are also useful in handling the 

cool-down of large loads and during partial cold box 

maintenance where the load is kept at 80 K. 

 However for the realization of Nitrogen precooling 

in Helium liquefaction, the main question would be how to 

choose an appropriate configuration from the different 

configurations available for the Nitrogen precooling. Some of 

commonly used configurations are proposed in the work by 

U Wagner [8] where different possible process arrangements 

for Nitrogen precooling and their particularities are reviewed. 

Weber et al. [9] has presented a configuration of a precooled 

that can avoid freezing of Nitrogen due to lower temperature 

of the helium stream returning. Knudsen and Ganni [10] 

examined the sensitivity of the key parameters in the design 

and operation of a pre-cooler section affecting the Nitrogen 

consumption and found out that the size of Helium-Helium 

heat exchanger has more influence on Nitrogen consumption 

than that of Helium-Nitrogen heat exchanger. It has also been 

proposed that for a given Nitrogen pre-cooler, the warm-end 

stream temperature difference of the Helium-Helium heat 

exchanger is the proper process variable to ensure stability 

and liquid Nitrogen usage. Rahul Verma et al. [11] studied 

effect of use of Nitrogen precooling in the mixed operation 

and the suitability of different precooling configurations. 

However, there have been limited studies reported in the 

literature that performed an exhaustive work on identifying 

the various Nitrogen precooling configurations and 

comparing their performances. 

II. OBJECTIVES 

Objectives of this work are as follows; 

 Identification of different possible Nitrogen precooling 

configurations for helium liquefaction 

III. RESULTS & DISCUSSIONS 

A. Identification of Different Possible N2 Precooling 

Options 

The precooling configurations differ from each other by the 

way in which the precooling heat exchangers are arranged 

and also by which ratio some amount of Helium is bypassed 

through the precooling heat exchangers [8, 10]. Based on 

these aspects, different types of precooling configurations are 

given as shown in the Fig 1 to Fig 5. 

 The most primitive type is the one that use a single 

heat exchanger for the utilization of both latent heat and 

sensible heat of liquid Nitrogen. This would cause some 

practical difficulties while operating the heat exchanger. The 
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most sensible way to avoid the limitation is separate the heat 

exchanger into two i) for Latent heat cooling and 2) for 

sensible cooling. A more energy efficient design would be the 

one that also utilizes the cooling capacity of the boil-off gas 

from the Dewar tank that stores Nitrogen in increasing the 

total sensible heat transfer. Still if the heat duty of heat 

exchanger is not sufficient for complete latent heat transfer, 

there is the possibility that liquid Nitrogen may go into the 

heat exchanger meant for Sensible cooling. This may be 

avoided by bubbling the Nitrogen stream (exiting from the 

heat exchanger for latent heat transfer) through the liquid 

Nitrogen in the Dewar and then taking out only the Nitrogen 

vapor from the top of the Dewar plus the boil-off gas for the 

sensible heat transfer. It may be noted that 

thermodynamically all the four types mentioned above are the 

same when analyzed using the control volume approach and 

can be brought under Configuration 1 as shown in Fig. 1and 

may be named as Configuration 1(a), 1(b), 1(c), 1(d). and 

separate analysis is not necessary. However, it may be 

understood that out of all the four types mentioned above a 

safer design would be the one which ensures no liquid in the 

heat exchanger for sensible heat transfer under any 

circumstances 1(d). 

 

 
Fig. 1: Configuration 1(a), 1(b), 1(c), 1(d) 

 Another type of configuration is obtained by 

splitting high pressure Helium into two, where a part is cooled 

by liquid Nitrogen and the other by return low pressure 

Helium stream- Configuration 2. Three separate 

configurations can be made that are thermodynamically same 

and may be labeled under Configuration 2(a), 2(b), 2(c) and 

2(d)as shown in Fig.2. 

 
 

 
Fig. 2: Configuration 2(a), 2(b), 2(c), 2(d) 

 The third type of configuration may be obtained by 

splitting high pressure Helium stream into two where one part 

is cooled by the vaporized liquid Nitrogen (sensible heat 

alone) and other by low pressure return Helium stream. After 

that both high pressure streams are joined back and further 

cooled by the latent heat of Nitrogen in a separate heat 

exchanger. Here 2 configurations can be made which are 

thermodynamically same as this and are labeled as 

Configuration 3(b), 3(c) and 3(d) as shown in Fig. 3. 

 

 
Fig. 3: Configuration 3(b), 3(c), 3(d) 

 Another type of configuration is obtained in which 

the two higher temperature heat exchanger of configuration 3 

are joined together such that a 3 stream heat exchanger is 

formed. 3 configurations that are thermodynamically same 

are possible and are labeled as Configuration 4(b), 4(c) and 

4(d) as shown in Fig. 4. 

 

 
Fig. 4: Configuration 4(b), 4(c), 4(d) 
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 Another type is obtained where the total amount of 

high pressure Helium is precooled by the sensible heat of 

vaporized Nitrogen and the low pressure return Helium 

stream. After that the high pressure stream is split into two 

where a part is cooled by latent heat of Nitrogen and the other 

part by return low pressure Helium stream. After that these 

two streams are joined together. 3 thermodynamically same 

configurations come under it category and is named as 

Configuration 5(b), 5 (c) and 5 (d) as shown in Fig 5. 

 

 
Fig. 5: Configuration 5(b), 5(c), 5(d) 

IV. CONCLUSION 

In summary a total of 17 configurations are identified. They 

are mainly classified under 5 configurations and each on in a 

particular configuration being thermodynamically the same 

in the control volume analysis, only one from each 

configuration is taken for the analysis and comparative 

studies. Type (d) is the best one in each configuration, 

considering the practical aspects. For comparing the overall 

performance of the Nitrogen precooling configurations, they 

can be connected to the Collins cycle and simulated under 

different conditions 
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