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Abstract— The Helium Refrigerator/Liquefier (HRL) plant 

is normally operated with helium gas having purity better 

than 99.999 % by volume which is equivalent to having < 

10 PPM (parts per million) impure gas in the helium stream. 

In the process of gas transfer or due to some other processes 

before reaching to cold box of helium plant, impurity level 

sometimes can reach to as high as 500 PPM averaging to 

about 100 PPM. For HRL operating for significantly longer 

duration and producing larger liquid helium for application, 

these internal purifiers are not sufficient. Hence, external to 

the cold box of helium plant, a dual-bed purifier operating at 

80K is used for continuous operation of purification process. 

The sizing and layout of pipe lines will affect the pressure 

drop and flow controllability of the operation of purifier, 

which will be analyzed. Different loads like, pressure of the 

fluid and thermal stress will be analyzed. 
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I. INTRODUCTION 

Institute for Plasma Research (IPR) is the place where 

efforts are being made in one of the most challenging and 

necessary tasks of this century; “controlling nuclear fusion”.  

Large-scale helium refrigeration/liquefaction plants are used 

for cooling superconducting magnets. The liquefaction 

process is achieved by using a modified Claude-cycle. The 

liquefaction process of existing HRL for tokamak is within 

the cold box. The Helium Refrigerator/Liquefier (HRL) 

plant is normally operated with helium gas having purity 

better than 99.999 % by volume which is equivalent to 

having < 10 PPM (parts per million) impure gas in the 

helium stream [1]. 

In the process of gas transfer or due to some other 

processes before reaching to cold box of helium plant, 

impurity level sometimes can reach to as high as 500 PPM 

averaging to about 100 PPM. 

For HRL operating for significantly longer duration 

and producing larger liquid helium for application, these 

internal purifiers are not sufficient. Hence, external to the 

cold box of helium plant, a dual-bed purifier operating at 

80K is used for continuous operation of purification process.  

II. CALCULATION OF PIPE SIZE 

For sizing of pipe, Pressure Drop through the pipe is 

calculated. Major losses can be find out by the Darcy -

Weisbach equation [2,3]: 

ℎ𝑓 =
𝑓 × 𝑙 × 𝑣2

2 × 𝑔 × 𝑑
 

Where, L is Length (m), v is Flow velocity (m/s), g 

is Gravitational constant (9.81 m/s²), D is Pipe inside 

diameter (m), hf is Head loss to friction (m).   

A. Input Parameters 

Pressure (P) = 14 bar, 

Temperature (T) = 80 K, 

Length (l) = 1 m, 

Mass flow rate (m) = 210 g/s, 

Properties of He at 14 bar and 80 K,  

Density (𝜌) = 2.2323 kg/m3 

Viscosity (μ) =8.6896∗10-6 Pa.s  

Based on this Data, Pressure Drop through pipe for 1m 

length is plotted. 

 
Fig. 1: Pressure Drop in straight Pipe 

 
Fig. 2: Pressure Drop in Bend 

From above graph, we can see that the value of 

dP/L is almost same after the nominal pipe size of 1-1/2 

inch. 

Now, we approximately assume the length of the 

pipe in the system is 25m, therefore we select the pipe size 

comparing the allowable pressure drop in pipe. 

So, Selected pipe size is DN 2 inch and ΔP/L=0.47 

mbar for pipe friction and ΔP/L=0.47 mbar per bend. 

B. Determination of Piping Schedule 

Pipe thickness is generally referred as schedule of pipe in 

ASME code. So pipe schedule can be fin out by the 

following equation [2], 

 
  Where, P is internal operating pressure of pipe, D is 

outer diameter of pipe, σ is Allowable stress of pipe 

material, E is joint quality factor, C is corrosion allowance.  

On calculation, it gives thickness, T=0.326mm. 
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From design guidelines purpose this thickness is 

not available in any standard schedule of pipe so schedule 5 

can be selected which have thickness of 1.651mm. but in 

case of welding of SS material this thickness is not 

sufficient. 

So, here we select the pipe schedule of 40s having 

thickness of 3.912mm. 

III. MODELLING OF PIPING LAYOUT IN CATIA 

The Model Consist of two He-He Heat exchangers, one He-

LN2 Heat exchanger and two purifier beds. 

A. P & ID Layout 

 
Fig. 2: P & ID layout of system 

B. Model design 

 
Fig. 4: 3D view of system 

  The layout designed as per requirement that four 

valves are at cryogenic temperature (extended stem as 

shown) and other four valves are at normal temperature and 

whole system which is at low temperature is covered with 

casing having vacuum to reduce heat load. 

IV. THERMAL ANALYSIS IN CEASER II 

CEASER II software uses the formula based on ASME code 

B13.1 [4] works on difference between operating load 

(weight, pressure and temperature) and sustainable load 

(pressure and weight). The difference between this two 

gives idea about the thermal stress generated in the pipe. 

For thermal analysis, pipes are divided in segments 

as per different operating pressure and temperatures as 

shown in P & ID Layout. 

Here, only one piping segment is shown which is modified 

and optimized as per requirement. 

A. Pipe from HX2 to HX1 having Helium at 200K, 14 Bar 

 
Fig. 5: 

As given in figure, the red area shows the stress 

109.5% higher than allowable stress. 

 
Fig. 6: 

Now, the piping segment is more flexible if there 

are more bend in it. This segment is not so flexible to carry 

thermal load so design is modified. 

B. Modified layout 

 
Fig. 7: 

After the change in layout highest stress is reduced 

to 13.1% of allowable so design is safe. 
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Fig. 8: 

The analysis done based on the highest stress ratio 

should not be more than the 80% of allowable stress for 

safety purpose. 

V. CONCLUSION 

The P & ID layout of the system is designed for the 

continuous operation of purifier system. Calculation of 

sizing of pipe is done based on the darcy-weibach friction 

formulae. 

Thermal analysis of piping system is done and 

layout is optimized as per requirement. 
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