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The flow diagram for a helium liquefier is shown in Figure 1. 
The computer program described here thoroughly analyzes the oper
ating cycle of the liquefier and predicts the. values of the plant 
thermodynamic variables at all process points in the plant. The 
performance characteristics of the turboexpanders are calculated. 
The temperature distributions within the heat exchangers are 
checked for unphysical behavior. These calculations require 1.0 
second of computer time and the results are immediately available 
in case real-time response is desired. 

PROGRAM DESCRIPTION 

The process points shown in Figure 1 are numbered to corres
pond to process instrumentation in the liquefier control room so 
that comparisons can be readily made without difficulty. The lay
out of the operators console is shown in Figure 2. Temperature, 
pressure and flow measurements are available to the operator of 
the plant. Enthalpy measurements are not made. No measure of 
turbine performance is available to the operator except for speed 
of rotation. 

The heat exchangers are designated HXl through HX8, beginning 
with the liquid nitrogen exchanger. These heat exchangers are 
grouped into four modules designated El6 through El9. Intermediate 
points within these modules are not instrumented although a complete 
analysis of the heat exchanger performance is performed by the pro
gram. The heat leak into each heat exchanger has been fully ac
counted for in the program at the correct temperature level. 

The basis for the design of the plant is the TS diagram shown 
in Figure 3. A number is indicated in a circle for each process 
point on this diagram. The program supplies all the information 
shown on Figure 3 for any desired plant operating condition which 
is physically realizable. 

The computer output is included in Figures 4 through 13. The 
program can be used interactively and contains initial set-point 
values to produce the operating conditions of Figures 3 and 4. 



You should be aware that these calculations are made using 
several approximations which do not affect the results. 

1. The pressure drop in the high-, medium- and low-pressure sides 
of the liquefier is introduced by summing discreet changes in 
pressure. Typical constant values for these changes have been 
included in the program. 

2. The pressure PT17 is a parameter specified by the user. The 
value is used for the cold-end calculations regardless of the 
pressure in the low-pressure side. 

3. In operation a total of approximately l.Og/s of helium flows 
out of the process through the labyrinth seals of the turbo
expanders. The program neglects this flow which amounts to 
0.07% of compressor discharge. 

4. The program calculates the compressor work using an isothermal 
compress~on corrected by a compressor efficiency specified by 
the user. 

PROGRAM VALIDATION 

Naturally, some real-world test of the computer predictions is 
desirable. Because the performance of a liquefier of this type is 
highly constrained by the thermophysical properties of the precess 
fluid, calculations of this type can be accurate and of value in 
identifying unphysical operating conditions. Program output for 
two known operating modes has been compared with the expected values. 

First, the design TS diagram for the plant (Figure 3) is very 
closely reproduced by the program. The computed temperatures 
(Figure 4) agree to.better than 0.1°K. This accuracy is good 
enough for qperation of the liquefier. The mass flow predictions 
agree to a fraction of a percent. 

The steady state characteristics of the heat exchangers are 
given in Figures 5 through 11. The minimum size of each heat ex
changer has been calculated for the operating conditions corres
ponding to maximum liquefaction of the plant. 

A second test of the program is shown in Figure 14. This TS 
diagram was computed by the program and corresponds to an entirely 
different operating mode of the plant; i.e., turbine T2 stopped. 
Information about this mode has been supplied by Sulzer and agrees 
with Figure 14 to about 1% of the helium flow. Notice that TTlS 
mus~ be raised to operate HX7 and HX8. This requires the larger 
flow FTS corresponding to the higher enthalpy at point 17. 

SAMPLE RESULTS 

The first sample of output from the program is Figure 15. 
This corresponds to making 4000 liters per hour with the plant 
while operating the· compressors at the reduced discharge press~.ire 
of 125 psi. Notice that all of the temperatures on the low side 
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must be adjusted by approximately 1°K to produce the peak lique
faction. Nearly every heat exchanger is affected by these temper
ature changes! Liquid nitrogen flow is reduced 17% to contrQl 
these temperatures. In addition, the flow through the turbines is 
increased by 8% above the nominal value. 

A second sample is given in Figure 16 where the plant is being 
operated as an 8.0 kilowatt refrigerator. The work done by ~he 
turbines is greatly reduced. Otherwise, the temperatures in the 
plant were kept nearly unchanged by reducing liquid nitrogen con
sumption to lSSg/s. Unchanged turbine efficiencies were assumed. 

SUMMARY 

The operating conditions predicted by the program CENTRAL are 
in good agreement with the currently available operating para~eters 
for the liquefier. The program is a useful aid to study the ?er
formance of the liquefier and to analyze the operating condi~ions. 
The calculations are performed very rapidly so that instanta~eous 
response is possible. The program could be used to train plant 
operators or as a diagnostic tool during plant operation. T~e pro
gram CENTRAL is approximately 2000 FORTRAN statements including 
comments. 
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