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ABSTRACT

Superconducting Uagnetic Energy Storage (SNES) is ● potentially coat
effective technology for electric utlMty load Iaveling. Design
concepts ●ud cost eatimatau of SNES plants capable of delivering
5000 Wh daily have been previously identified. An important feature
of a large commercial pLant it a ●yatem that wilL reliably chut down
che magnet by thermally diaaipating the stored enmrgy in the event of
●n imminent or ●ctuaL 10SS of superconductivity. To prevent damage to
the coil during such ● protective energy dump, tha sntire cofl ❑ust be
driven ‘normal-, 1.0., re~iative ra~her than ●uparconducting, in a
short period of t,ime. This requiree rapid removal of the Liquid h~lium
coolant surrounding t ● COIL.

This paper describes ● ●imple ●y-tern that ham been developed to
rapfdly remove the Liquid helium from the halium vesae~. The system
requires only ● smalL number of ●ctive component, no ●~temal helium
storage, and la practical to reset and malutain.

INTRODUCTION

Tha design of large superconducting magnets for electrical ●nergy
utorage has progressed to whera SHIZS appeara commercially
feaaibl.e for utility use. ~s~ ‘~~~:’y Is ●tored in ● magnetic field
supported by current in the superconducting coil, The principle of
operation of a WEs plant it shown schematically in PiS. L.
Englneerin8 ●fforts to date have produced ● cost ●ffective,
constructible concept by focuning on design of the coil, cmw!uctor,
●upport component-, ●nd the helium ●nd vacuum vecsela, l%? arrangement
of these component, conmtrurted in an open trench, I.- shown in Fis. 2.

One nddltioual ●spect nf plant design requiring careful ●tteutlon in

the provlulon for ● safe shut-down of the plant in the unlikely ●vent
of ●n lmmincnt or actual Loss of aupe~conductivity. The only currently
4Atim+4Fl_A _wmme- J.8_k --..9A 9--A ~.. . ● ..- -= . . . . . .
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vessel breach or increaaed thermal load cauaed hy ● lone of vacuum. If
one of these evente occurred while the coil was ~harged, there would be
no opportunity for no-l coil discharge, which could take hours.
Therefore, the stored energy wouLd be dissipated as heat in the coil.
To ●void excess voltage and to pravent thermal damage to the coil, ●

controlled procedure 1s followed, so that the entire coil becomes
normal ●nd the energy ia dimalpated uniformly rather than locally.
This procedure, called ● coil protective ●nergy dump, requires that the
helium bath which uoually surroundn the coil be removed in a matter of
seconds. The subsequent anergy dineipation takes ●pproxfmmtely 5
minutes for ● fully charged coil, which varma to ambient temperature.

The specific objective of che work daocribed in this paper was to
●atablieh a reLiable system for rapid removal of L;qufd hellum in the
●vant of A coil protective ●nergy dump. TM only previously reportad
concept for hellum removal waa based en the use of large quantities of
●xtern.ally stored 300 K helium gas to drive the liquid from the helium
V,oeal through lar~e vmLveo of ●xtremely comp~ex deafgn.3 The
foil.owiug gutdeLlnec wera used for this work:

L.

2.

3.

4.

For rellsbility, minfmlza the number and complexity of ●ctive
components, apacify Pas-,(ve componentrn wherever possible, and Locate
●ctive component- in M ●cceaaible location.

The temperature of the injection or driv~r ~ao which di~places the
liquid must be coneiatent with
to ●void ● xceaa coil voltaae
Calcul.ationa have ahovn that 40
the Imjectlou gae t~rnpcrature4.

thermal-electrodynamic requirements
●nd overheating of the conductor.
K ie ●n c,pprocimate upper lfmlt on

The liquid dump tlmr munt ●lIIo ●atlafy therrnal-electrodynamic
requiremeata. A dump tfmv of approximately 10 ●eccinds la ●dequnte
and ● coil ●hortlng swftch im not require{l~.

.
Raaet ●houLd ba simpLe ●nd remo$e so that it la not necessmry to

-, . . . . . . --- . . .
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LIQUID HELIUM DU?IY SYSTEM AND OPEFMTION

The selacted concept for the helium dump system is ●hovn
nchematlcally in ?1s. 3. It makes use of tit liquid halium storage
reservoir located beneath the coil. Ca8 iinen co[:nccting the StOr4g0

remervoir with the top of tha beliuu VQSOC1, sts ●nd liquid cheek
valvQo , and active gas valves at th- top of the gas Iinas ●ra tha only
additional components. hrlng normal operation the ●torago block
valvem ● t the dump reservoir ● re open ●nd th~ gas valves at the top ●rc
clooed. This ●rrangement separatts th~ helium vctaal, which 1s filled
with superfluid helium ●t ●bcut atmocpherlc pr~omuuo and 1.8 K, from

the reoervoir, which is pressurized with cold htllum gas. The prcsoure
in the reservoir seats the liquid check valves.

As the first step of a coil protective ●argy dump, tht ‘active” p-
valves are op~ned to connect th~ pressurized rat~noir with tha top of

th~ halium vasnel. T’hQ8c valv~s ●rq small ●ud can ba ●ctuatad ●nd
fully opan in ~ fraction of ● #acond. Tho fullovlnt saqutnca of ●vcnta
then occurm during a helium dump;
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- HeLium gas from the resemoir flowe into ●nd presaurizco the top cf
the helium vemeel.

- The preeaures in the reaenolr and the top of the helium veaael
●quali~e, ●llowin~ the lover check valves to open and begin the flow
of liquid helium from the helium vcsael and into the reservoir.

- The uncovmred coil turns ●t the top of the vessel ●re warmscl by the
incoming gaa, cauaing loss of superconductivity ●nd auboequent

reaiativa heating in the conductor.

- The reservoir pressure drops rapidly due to cooling by liquid heliw.

- The upper check v-lves clo~e when the helium vessel preasura •xcek~a

the reservoir praaaure.

- Joule heating from the normal conductor tumo ●rpands the gaa in t!ie
},elium veaael, which, in tun, forces the remafnin~ liquid into t!{
raaarvoir ●nd drivea the remainins coil turns normal. ExceaM
pressura in the helium vtaael durin8 warn-up t- relieved to th~
vacuum vessel.

- After the dump is complet~ the blhck valvaa ● re closed to ioolata
the liquid helium for ●tora~a in tha dump raservoir.
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characteristics: No ●xternal helimum storage 16 required. The dwp
?Im. im fairly insensitive to the initial thermal capacity of the
reservoir, so that the material selection and mass are not critical.
OUly a Sm.ali 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 liquid check valven are
passivs, ao they can be numerous and small; because they can he mall,
no extensive development in required. The conditions of the ●nergy
dump are ‘tun~ble” through the selection and Maintenance of gan
temperature and pressure in the dump reservoir during normal operation.

The helium resenoir consists of ❑odular uits of aluminum or
etainless steel devara, approximately 10 meters long ●nd 1.2 ❑ eters in

diameter, an shown in Fig. 4. These ● re sized so that simultaneous
failure of liquid check valves and/or inadvertent opening of Sam valves
to eeveral ❑oduLes would not dump ●nough liquid from the helium vessel
to uncover the top COIL ~ums, and thuo would not cauae an inadvertent
coil energy dump. Each unit would be connected to the helium vemael by

eeveral pipes containing the check valvea. A denign concept for ●

check valve EJPOOI ia aleo shown in Fig. 4. The two check valves in
●ach epool provide redundancy. The heat leak through such a valve has
been calculated to be very small and the masa leak would b?. ❑inimized
by careful design of the valve eeata.
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Tlte heat and M-s tranefer pro~eseee which occur during aI helium

dump have been modeled in sufficient detail to calculate helium flows
and rotates throughout the ●vent. RcaL hellum properties are uaea.

Aaeumptloti which ●re used to eimplify the calculation Include:

1. The dump reservoir and its contents ●re in thermal ●quilibrium at

all times.

2. The gas flow from the re~emoir to the top of the veeeel ia
adiabatic.

3. The helium veaeel gas pressure above the liquid level ●quals the
reservoir pres~ure (minus a small preeaure drop) ● t ●arly time.

4. The helium vessel gaa pressure 18 held conetant ●t a selected value
after the upper gas check valves close.

5. The pressure drop in the Liquid aa it flcws downward through the
coil IS approximately 1 atm, baaed on calclilations ualng actual coil

geometry.

Resul~s of an ●xample calculation of the helium dump proceaa are

plotted in Fig. 5. The input parameter for the calculation were aa
follows:

Liquid helium volume - 3 ❑illion liters
Initial resenoir temperature - 10 K
Initial reservoir pres~urr -Y 1.3 atm

Liquid flow area (through p.pes to reservoir) = 20 square aetera
Gas flow area (from re~ervoir to top of vessel) - 0.16 square ❑eters
Helium vessel pregaure after gas check valve closure - 2 atm

The results show that the liquid helium level drops at an

accelerating rate throughout the dump. The temperature of the

reservoir and ite gaa falln quickly to maturation condition and then
more EJLowly an the gaa condenses. The ●quilibrium vapor preseure falla

along tith the temperature. For the ●xample caee, the gas check valves
were open for lens than A ae~und and the dump was complete in
approximately 7 mecondm.

There are many parameter involved in tl.e mndeling of the helium

dump, but ouly a SMI1 number of these have a ●ig-nificant ●ffect on the
helium dump time. Tlutae iaclude Iiq(\id flow ●rea, initial helium
veaael inventory and helium vzsael pressure throughout the dump.

Reeulta of a sensitivity n.nalyaim of the dump time ●re shown in Fig.
6. ti ●xpected, the greater the helium veaeel preoaure, the nmallcr

the helium inventory, and the greater the liquid pipe flow area, the
faster the dump. The liquid flow ●rea can be ●chieved by uofng a large
number of smalL Pipe* ●nd valves or ● smaller number of larger

component. Fi~ure 6 ●lmo shows thst dump time i- very inrnensitive to
gas flow, which serveu only to start the dump, so thnt the number of

active gam valves can be minimized.
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WJMARY AND CONCLUSIONS
.

An important requirement of a commercial S~s plant la provision for
● non-destructive, rapid and reliable coil protective energy dump.
TMa requires rapfd removal of the liquid heli~ bath surrounding the
coil. A design prkwlding for this rapid removal of liquid helium ham
been developed. None of the mystem components require extensive
development and all active components are acceaeible. The helium dump
process has been modeled and and shown to perform well.

ACRNOWLWXKENT

This work was performed for Log Alamos National bboratory under
Contract No. 9-XS-J8709-l.

REFERENCES

1. R. J. Loyal, T. Nakamura and J. R. Purcell, “Design Improvements and
Coat Reductions for a 5000 NUh Superconducting Nagnetic Energy
Storage Plant,- Los Alamo8 National bboratory Report M-1032O-MS,
(1982).

2. R. J. Loyal, et al., Design and Cost of Utility Scale Superconducting——
tfagnetlc Energy Storage Plant, “Advancee in Cryogenic Engineering,”
this volume, Plenum Press, New York (1986).

a. Y. M. Eyssa, et al., An Energy Dump Concept for Large Energy Storage——
Coils, Proc. Ninth Symp. on Englneerlng problems of Fusion Research,
IEEE (1982), p. 456.

4. R. J. Loyal and S. M. Schoenung, Thermal and Electrodynamics
‘erforunce of a Urge Scale Superconducting Magnetic Energy b~orage
I;oI1 During a Protective Energy Dump, to be publieh~d.


