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ABSTRACT

Superconducting Magnetic Energy Storage (SMES) is a potentially cost
effective technology for electric wutility 1load leveling. Design
concepts aud cost estimates of SMES plants capable of delivering
5000 MWh daily have been previously identified. An {important feature
of a large commercial plant is a system that will reliably shut down
the magnet by thermally dissipating the stored energy in the eveant of
an imminent or actual loss of supercoaductivity. To preveant damage to
the coil during such a protective energy dump, the eatire coil must be
driven “normal™, {i.e., resistive rather than asupercoanducting, in a
short period of time. This requires rapid removal o7 the liquid helium
coolant surrounding t e coll.

This paper describes a simple system that has been developed to
rapidly remove the liquid helium from the helium vesse!. The system
requires only & small pumber of active components, no eaternal helium
storage, and is practical to reset and maiutain,

INTRODUCTION

Tha design of large superconducting magnets for electrical energy
storage has progressed to ; stage vhere SMES appears commercially
feasible for utility use.l Energy {s etored in a magnetic field
supported by current in the superconducting coil. The principle of
operation of a SMES plant {s shown schematically 4o Pig. 1.
Engineering efforts to date have produced a cost effective,
constructible concept by focusing oo design of the coll, conductor,
support compounents, and the helium snd vacuum vessela. The arrangement
of these components, constructed in an open treach, fs shown in Pig. 2.

One additioual aspect nf plant design requiring careful atteutlon is
the provision for a safe shut-down of the plant {n the unlikely event

of an immincant or actual loss of oupercouductlvity. The oaly curreatly
{Adont i flad avanta whilah 2ald Yaad o . - _ P .
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Figure 1 SMES — PRINCIPLE OF OPERATION

vessel breach or increased thermal load caused hy a loss of vacuum. If
one of these events occurred while the coil was charged, there would be
no opportunity for wnorwril coil discharge, which could take hours.
Therefore, the stored energy would be dissipated as heat in the coil.
To avoid excess voltage and to preveat therwsl damage to the coil, a
controlled procedure 1is followed, so that the entire coil becones
norual and the energy is dissipated uniformly rather than 1locally.
This procedure, called a coll protective energy dump, requires that the
heliun bath which usually surrounds the coil be removed in a matter of
secounds. The subsequent =2nergy dissipation takes approximately 5
mioutes for a fully charged coil, which varms to ambient temperature.

The specific objective of che work described in this paper was to
establish a reliable system for rapid removal of liquid hellum ia the
event of a coil protective energy dump. The only previously reported
concept for helium removal was based on the use of large quantities of
externally stored 300 K helium gas to drive the liquid from the helium
vessel through large valves of extremely complex design. The
following guidelines were used for this work:

1. For relisbility, minimize the number and complexity of active
components, specify passive components wherever possible, and locate
active components in an accessible location.

2. The temperature of the injection or driver gas which displaces the
l1iquid wmust be consistent with thermal-electrodynamic requireaments
to avold excess coil voltage and overheating of the conductor,
Calculations have ghown that 40 K is an cpproximate upper limit on
the injection gas temperature®?,

3. The 1liquid dump time wmust also satisfy thermal-electrodynamlc
requiremeats. A dunmp time of approximately 10 smeconds s adequate
and a coil shorting switch is not requlred“.

4. Reset sliould be simple and remote so that it is not necessary to
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Figure 2 SUPERCONDUCTING MAGNETIC ENERGY STORAGE PLANT

LIQUID HELIUM DUMP SYSTEM AND OPERATION

The selected concept for the heliun dump seystem is shown
schematically in Pig. 3. It makes use of the 1liquid helium storage
reservolr located bcneath the coil. Gas linem cotnecting thes storage
reservoir with the top of tha helius vessel, ges and 1iquid check
valveo, and active gas valves at the top of the gas lines are the only
additional components. During oormal operation the atorage block
valves at the dump reservoir are open and the gas valves at the top are
closed. This arrengement separates the helium vessel, which is filled
vith superfluid helium at abcut atmospheric pressuie and 1.8 X, from
the reservoir, which is pressurizad with cold helium gas. The pressure
in the reservoir seats the liquid check valves,

As the first step of a coll protective energy dump, the “active™ gas
valves are opened to coonect the pressurized reservoir with the top of
the helium vessel. These valves are szall aud cen ba actuated and
fully open in » fracticvn of a second. The fullowing sequence of aevents
then occurs during a helium dump:
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Figure 3 HELIUM DUMP SYSTEM HIfH SELF-CONTAINEN DRIVER GAS

Helium gas from the reservoir flowse into and pressurizes the top cf
the helium vessel.

The pressures in the reservoir and the top of the helium vessel
equalize, allowing the lower check valves to open and begin the flow
of liquid helium from the helfum vessel and into the reservoir.

The uncovered coil turns at the top of the vessel are warmed by the
incoming gas, causing loss of asuperconductivity and subsequent
resistive heating in the conductor.

The reservoir pressure drope rapidly due to cooling by liquid helium,

The upper check valves close when the helium vessel pressure exceeds
the reservoir pressure.

Joule heating from the normal conductor turno expands the gas in the
hLelium vessel, which, in turn, forces the remaining liquid into tl.
reservoir and drives the remaining coil turns normal. Exceex
pressure in the helium vessel during warm-up 1# relieved to the
vacuun vessel,

After the dump 1s complete the block valves are closed to fsolata
the 1iquid helium for storaga in the dump reservoir.



Inis iiquid Delium dump system CODCEpPt Nnas a number OI positive
characteristics: No external helium astorage is required. The dump
tima 1m fairly insensitive to the {initial thermal capacity of the
reservoir, so that the material semlection and mass are not critical.
Only a smali number of components require actuation for a dump; the
design of these active components can be fairly conventional because
they are small, accessible and warm. The 1iquid check valves are
passive, so they can be pumerous and small; because they can te small,
no extensive development is required. The conditions of the energy
dump are “tursble”™ through the selection and maintenance of gas
temperature and pressure in the dump reservoir during normal operation.

The helium reservoir consists of modular uuits of aluminum or
stainless steel dewvars, approximately 10 meters long and 1.2 meters in
diameter, as shown in Pig. 4. These are sized so that simultaneous
failure of liquid check valves and/or inadvertent opening of gas valves
to several modules would not dump enough liquid from the helium vessel
to uncover the top coil Lurns, and thus would not cause an inadvertent
coil energy dump. Each unit would be connected to the helium vessel by
geveral pipes containing the check valveas. A design concept for a
check valve spool is also shown im Fig. 4. The two check valves in
each spool provide redundancy. The heat leak through such a valve has
been calculated to be very small and the mass leak would Yr. minimized
by careful design of the valve seats.
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DIJLLI FERAIVAMANUE

The heat and mass transfer processes which occur during & helium
dump have been modeled in sufficient detail to calculate helium flows
and states throughout the event. Real helium properties are usea.
Assumptions which are ugsed to simplify the calculation include:

1. The dump reservoir and its conteuts are in thermal equilibrium at
all times.

2. The gas flow from the reservoir to the top of the vessel 18
adiabatic,

3. The helium vessel gas pressure above the 1liquid level equals the
reservoir pressure (minus a small presaure drop) at early time.

4, The helium vessel gas pressure is held constant at a selected value
after the upper gas check valves close,

5. The pressure drop in the 1liquid as it flcwe downward through the
coil is approximately 1 atm, based on calcnlations using actual coil
geometry.

Resulis of an exaomple calculation of the helium dump process are

plotted in Fig. 5. The input parameters for the calculation were as
follows:

Liquid helium volume = 3 million literes

Initial reservoir temperature = 10 K

Initial reservoir pressure = 1.3 ata

Liquld flow area (through p.pes to reservoir) = 20 square netcrs

Gas flow area (from reservoir to top of vessel) = 0.16 aquare meters
Helium veasel pressure after gas check valve closure = 2 atom

The results show that the 1iquid helium 1level drops at an
accelerating rate throughout the dump. The temperature of the
reservoir and 1its gas falls quickly to saturation conditions and then
wmore slowly as the gas condenses. The equilibrium vapor pressure falls
along with the teuperature. For the erxample case, the gas check valves
were opea for 1less than a weecvnd and the dump was coomplete in
approximately 7 seconds.

There are many parameters involved in tlie modeling of the helium
dump, but ouly a small npumber of these have a significant effect oo the
helium dump time, These !aclude 1liquid flow area, initial helium
vegsel {oventory anc¢ hLelium v=ssel pressure throughout the dump.
Results of a sensitivity analysis of the dump time are shown in Fig.
6. As expected, the greater the helium vessel pressure, the smaller
the helium inventory, and the greater the 1liquid pipe flow area, the
faster the dump, The liquid flow srea can be achieved by ueing a large
pumber of small pipesa and valves or a smaller number of 1larger
components, Figure 6§ also shows that dump time {s very inamensitive to
gas flov, which serves only to etart the dump, so that the number of
active gas valves can be minimized.
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Figure 5 HELIUM DUMP CALCULATION RESULTS FOR EXAMPLE CASE
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SUMMARY AND CONCLUSIONS

An important requirement of a commercial SMES plant is provision for
a pon-destructive, rapid and reliable coil protective energy dump.
This requires rap!d removal of the liquid helium bath surrounding the
coil. A design providing for this rapid removal of liquid helium has
been developed. Nooe of the aystem components require extensive
development and all active ccoponents are accessible. The helium dump
process has been modeled and and shown to perform well.
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