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A steady-state simulation program for heliumrefrigeration plant:
been devel oped. The objective was to have a tool available for an
plants in connection with the LEP project, but also for studying

for future plants in the LHC project. The program can sinmul at
conponents up to conplete cycles, but it can also be used for clos
exchangers and expanders in a specified process. FEach conponent i
witing its energy bal ances, the equations are put into a unique n
Since refrigeration cycles are nmainly cl osed-1oop processes, the pr
conpl ete equati on system sinultaneously.

| NTRODUCTI ON

To reach the necessary beam energy in the Large Electron Positron colli
conducting cavities operating at 4.5 K are install ed. Four 12 kW @ 4.t
supplied by LINDE and L' AIR LIQUIDE, are installed for the task [1]. There
CERN used in connection with test facilities. During his stay at CERN, ¢
tool (CryoSim for analyses and studies of existing refrigeration plants
devel opnent of his work. The tool is now used to sinulate existing f
eval uation of future cryoplants for the Large Hadron Col lider (LHC) projec

SCOPE AND CAPABI LI TI ES OF CRYOSI M

CryoSimis a robust steady-state sinulation program devel oped for cryogen
for process simulations in general. Thernophysical properties for heli
avai | abl e package HEPAK [2] are installed. Data from HEPAK are based on f
Since only heliumdata are inplenented, the programhas |imtations for ar
fluids can be installed in the future.

CryoSimis especially devel oped for off-design calculations of existi
useful tool for process calculations and optim zation of helium |iquef
under st andi ng and assessing the performance and efficiency for various cr
program can be thernodynam cs studies and as a tool during specification o

The first version of CryoSim had sone limtations since the turbine
constant and i ndependent of the operation conditions. In the sane way the
heat exchangers (UA) did not vary with the mass flow. This is inproved,
efficiency and heat-transfer coefficient varying with the flowrate are im
be used for sinmulating situations with varying cooling power or at off-
results.

For a given process the flowscheme has to be described in an input
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and efficiencies are given here. In addition inlet and outlet stream
connections between all conponents are specified. The second part of the
about all the nmass streans in the process. To specify a stream flow rate
or tenperature have to be given. From the given data in the input file
specified streamrepresents a boundary or an initial condition.

The follow ng conponents are nodelled and included in the program b
expander, flash drum heater, heat exchanger, m xer, pipe, splitter, subco
nodel | i ng each conponent is the sane, and the structure of the program
conponent nodel s. Heat exchangers are nodelled in two different ways;
met hod (called hx), while the second nmethod is nore rigorous (called rhx).
the heat exchanger into a specified nunber of bl ocks, and each heat-exchan
separately. Wth this nmethod it is possible to get out a thernodynam c de
heat exchanger (e.g. tenperature profile). Also a control facility is ava
used to update boundary conditions until specified set-points (e.g. tenper

The program can calculate the flow sheet specified in the input fi
simulation or design. In the sinulation node the process is solved as
boundary conditi ons and specified conponent paraneters. Design node uses
calculate the heat-transfer coefficient for heat exchangers and isentropic

The calcul ated results are stored in a specific output file. This filc¢
for mass and energy, exergy analyses, stream data (tenperature, enthalpy
flow rate and quality), conponent data (pressure drop, UA, efficiency
i nformati on about iterations. Tenperature profiles, pinch and NTU for heat

To work with CryoSimit is necessary to have sone basi c know edge abou
avai l able at UNIX ® (e.g. enacs). For the nonent the programis only runr

Figure 1 shows an exanple of one process together with part of its ir
regarded as the | ower end of the cold box for one of the 12 kWplants at C
file describes the main cluster of conponents here called EXAMPLE. The
calculation node is design or sinmulation. After this line starts a |ist
cluster EXAMPLE. All conponents with their characterization are witten i1
The first line for a conponent starts with an identification of the conpo
rhx) and an identification nane. The information describing a conponent
The exanple shows the structure of one heat exchanger and one expander n
input file specifies information of each streamin the process. Every |
boundary or initial condition for one stream

PROGRAM STRUCTURE

CryoSimis based on an object-oriented technique and witten in the progr:
gives the programlarge flexibility. The equation system for each conpone
covering the equations for the whole plant. Since refrigeration cycles m
the program solves the total nunber of equations as one |arge system (s
Gauss-Jordan elimnation method. The results is a robust program The cc
energy bal ances; therefore, the enthalpy for each streamis solved. The
updat ed separately by follow ng the streanms from boundary conditions and f
in the flowscheme. For streamsplitters and flash druns either split f
specified in the input file. Simlarly nust the pressure drop inside eacl
a conponent be specified in the input file. For a heat exchanger an op
calculating the pressure drop dependent on the flow rate.



conmpound EXAMPLE

node sinul ation M1 strd
rhx HEl 9 VY 2
feeds mass strl mass str5 Str6
prods nass str2 mass str6 str8
paraml1l 10 1 -1
pspec 1 0.1 0.05
design 0 38000.0
design 1 38000.0 A HE1
end
expander T1
feeds mass str2
prods mass str3 work wbl
pspec 1 4.5 str2
param 1 0.7
-end wbl 411-1:
. H1
) ‘ str5 str3
end
end
mass strl tp 7.17 6. 36 V2.0 V1 X
mass str2 tp 4.72 6. 36 5p4.0
str4
mass str8 hp 11.12 1.20 5240 St
mass str9 tp 7.10 1.20 5p4.0
end
Figure 1 Shows the principle for anfinput file Q

describing a given process [3]

The equations based on the energy balances are put into the matri
t he Gauss-Jordan nethod normally requires constant coefficients, but
t her nrodynam ¢ process has non-constant coefficients. An iteration proced
solving the system For each iteration the coefficients are kept consta
coefficients are updated between each iteration. Wen the solution vecto
iterations, the solution is reached.

Figure 2 shows the program structure. Each box represents one d

directory are conpiled in a library. Al libraries are conpiled togethe
result is the executable file sim Directory CyoSimis organized into t
represents the mathematical |ibrary with equation solvers, while cryodata
for thernophysical properties. Basic contains the main structure of t

organi zati on and storing of data. Two inportant structures defined in
streanms and conponents. The two subdirectory steady and dynsim contain
and a transient sinulation program dynsim is under preparation and, t
paper. In the directory steady steady-state nodels of the conponents ar
progran1conp||ed to the executable file sim To run the program sim nust
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main CryoSim directory Fi gure 2 Shows
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program sim from running

pl ants. These studi es show good validity for the program but a closer st
in the near future. Especially inportant is it to test the heat-exchang:
design and off-design situation. A thorough description of the program (
the validity of the nodels are given in [3-5].

CONCLUSI ON

CryoSimis a robust calculation program for helium processes and cryopl ¢
simulation and for |limted design cases. The programis useful during an
eval uation of new processes. Since the total equation systemis solved
adjusted to solve closed-loop processes as refrigeration cycles. The obj
program large flexibility and possibilities for further devel opnent. Ci
prelimnary results show good validity [3-5].
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