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1. Introduction

Simulation capability of the SSC magnet cooling circuit is very useful in
evaluating the cryogenic system’s transient behavior such as magnet cool down
and quench. Presently, the SSC has the capability to perform detailed steady-state
simulation using the general purpose flowsheet process simulator ASPEN/SP.
The ASPEN/SP program was enhanced by modifying its heat exchanger and flash
models and by incorporating the NBS helium thermodynamic model. These
enhancements facilitate simulation of the helium refrigeration system at required
4 K level. In addition to the ASPEN/SP, a transient simulation program specifi-
cally developed to meet the SSC magnet cooling circuit, is presently under devel-
opment by an outside firm. This report contains the results of the ASPEN steady-
state simulation of a quarter of a magnet arc sector coupled to a refrigerator and a
liquefier plant. The results obtained by ASPEN will be used later to check the end-
points results that will be obtained by the transient simulator.

2. Brief Description of the SSC Cryogenic System

Figure 1 shows a schematic layout of a magnet arc sector and its associated
refrigeration plants. As shown in the diagram, the refrigeration plants feed single-
phase helium into two parallel magnet rings. The helium is delivered into each
ring both upstream and downstream from the refrigeration plants, so an arc sector
consists of four sections, each 4 km long. In every quarter of a sector, the single-
phase helium is divided into two main streams. One stream cools the magnet
cells by boiling part of the helium in the recoolers, and the second stream cools
the electric power leads. The helium cold gas is returned to the 4 K refrigerator,
and the electric lead warm gas is returned to the liquefier.

Figure 2 show a more detailed description of a quarter of an arc sector. During
steady-state cooling process, the cryogenic cooling circuit consists of the following
major components:
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i 18 sets of two magnet half-cells
ii 19 recoolers
iii 2 pumps
iv 19 vapor mixers
v 20 single phase helium flow splitters
vi 1 single phase mixer
vii flow control valves
vili several piping connections

In order to save computing time, the present study considered a representative
set of magnet half cells and recoolers. Figure 3 shows details of the flowsheet
simulated in this study. As shown in Fig. 3, the first recooler which removes the
heat added by the pump and the sectors’ last two sets of magnet half cells and
recooler are considered. The intermediate half cells and recoolers are represented
by dummy units to account for their pressure drop. '

The 4 K refrigerator and the liquefier plants are modeled as a set of compressors
without heat exchangers in order to save computing time associated with heat
exchanger simulations. Instead, dummy units were added to account for the heat
exchangers’ effects on temperatures and pressures.

3. Simulation Techniques

The cryogenic system components were modeled using the enhanced
ASPEN/SP unit modules. The input parameters are specified in a computer file
called TEST.INP that is included in the appendix. As shown in the input file, the
majority of the component specifications are straightforward. The only exceptions
are the magnet-half-cells, the recooler, and the single-phase flow splitter which are
described in more detail.

Magnet Half-Cells. Magnet half cells are modeled using the ASPEN/SP
HEATER unit modular with the pressure and heat duty specified. The pressure is
set by taking the system pressure drop into account. In steady state condition, flow
rate of single-phase helium in the magnet string is known a priori. Therefore,
pressure drops in the magnet half-cells can be directly calculated, and for this
specific run it was set equal to 0.0054 ata.

Similarly, heat duty was also specified for every magnet half-cell, and it was set
equal to 25.18 watts.

Recoolers. The recoolers are simulated using a set of two ASPEN/SP Heater
modular. One heater is for the single-phase helium stream (the tube side of the
recooler) and the other heater is for the boiling stream (the shell side of the
recooler). The two heaters are coupled together by design specifications which set
their heat duties to be equal to each other. The shell side HEATER unit is set by
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specifying both the unit pressure drop and the exiting stream phase split (which
was set to 100% vapor). Therefore, the exit temperature of the shell side is calcu-
lated based on the prevailing pressure condition. The tube side HEATER unit was
set by specifying its exiting temperature to be 0.002 higher than the shell side
temperature and its pressure drop to be 0.003 ata.

Single Phase Flow Splitters. Flow splitters are simulated using the FSPLIT unit
modular. The split fraction of the flow directed to the shell side of the recooler is
specified by a design specification block to insure that the level of the single-phase
helium remains steady i.e., the heat duties of both sides of the recooler heat
exchanger are balanced.

4, Simulation Results

Using the input file prepared for the magnet system cryogenic flowsheet, the
computer program ASPEN/SP calculates flow rates, heat duties and thermo-
dynamic intensive properties that satisfy all design constraints.

The complete simulation result is included in the appendix in a computer
report file named MAGN.REP. The report file includes detailed descriptions of
each unit model used in the flowsheet including input and output conditions.
The summary of the stream report in presented in Table 1, and the summary of
the unit models is presented in Table 2. Conversion difficulties were initially
encountered during the simulation due to the failure ASPEN/SP X Flash model.
These problems were later eliminated by specifying better temperature estimates
in the unit models. _



Table 1

Summary of Stream Report

Stream Flow Rate Temperature Pressure Vapor Fraction
No. (Kg/Sec) (°K) (ata) %
4 100 4136 3.940 0.00
5 100 4.208 3.935 0.00
6 .100 4278 3.923 0.00
7 100 4,162 3.926 0.00
8 100 4,233 3.921 0.00
9 100 4.302 3.916 0.00

10 100 4168 3.913 0.00

11 100 4134 3.950 0.00

12 025 4.250 1.200 0.00

13 025 4579 3.300 0.00

14 133 4.371 3.300 0.00

15 125 4.371 3.300 0.00

16 125 4 457 3.593 0.00

17 125 4.134 - 3.950 0.00

18 025 4134 3.950 0.00

19 .008 4.371 3.300 0.00

20 095 4.320 3.300 0.00

21 .005 4.200 800 100

22 .008 4114 .800 100

23 012 4,145 .900 100

24 012 300.0 .800 100

25 012 300.0 18.00 100

26 012 4.500 3.300 0.00

27 .025 300.0 1.050 100

28 025 300.0 13.30 100

74 100 4.149 3.903 0.00

75 098 4172 3.902 0.00

76 095 4175 3.900 0.00

77 .002 4175 3.900 0.00

78 002 4.142 925 100

79 .002 4.172 3.902 0.00

80 002 4.148 830 100

81 .005 4.188 .923 100
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