® )PPPL Safety and diagnostic systems on the Liquid Lithium Test Stand (LLTS)
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E Motivation 1 Leak-detecting interlock Material Compatibility External monitor and log

o Ll(lllld lithium is a PFC candidate material. « Shuts off power to heaters and pump motor in the Liquid Li is compatible with W, Mo, some Conflat Gasket « A LabVIEW program monitors and logs to disk readings from ther-
. . . event of a leak. Stainless Steels (304, 316) but not with Cu, Al, Vacuum Test: mocouples, vacuum system pressure, and each leak detector channel.
o Eventually tflow thJd Liin NSTX [ 1 :I : | o concrete, air or H,O. Aft b . « Determine at a glance where a leak (or other fault that tripped the
« Monitors conductivity between a copper shell er 24 hours, torlock circus d for; . frults: Dioital |
ifficult to handle: hot, ignites i . ti around each joint and ground: normally an open Cu: 9 X 1077 Torr interlock circuit) occurred, even for intermittent faults: Digital lines
e Difficult to handle: ho y 1IZNILES 11 all, VETI'y I'€aClive. ] 5 ' yan op « Tube is 316 Stainless Steel. ' from the interlock circuit are polled at 1kHz, ensuring that intermit-

circuit, a liquid metal leak will close the circuit. Steel: 6 X 10”7 Torr

« Joints are VCR fittings with stainless steel, tent faults are recorded.

« Not many facilities with flowing Li exist.
. Digital output is recorded by computer through not-silver-coated gasket seals: less permanent Conclusion: « Thermocouple readings are displayed on the chart and at their loca-
« Demonstrate safe and reliable operation at PPPL. an NI DAQ card as a log, than welding. Steel works just as well. tion on a diagram of LLTS.
Test flowine £ £ d ' + Conflat flange gaskets are a heat-treated (to « Monitor cooldown to determine when device is no longer too hot
e lest owing iree-surrace comp onents under vacuum. « Latching relay system keeps heaters and pump oft A copper shell surrounds a soften) 1008 steel instead of standard Cu. to touch.

after a fault until operator hits *Start’ button. VCR fitting joint. If there is

resistance R < 2k{ between
O Ve rvi ew E-Sto . SOII{idl State Heat the shell and the pipe the
P ) cays S interlock is triggered, shut-

Steel enclosure -

4@ St tc o™ SiR “WW 1 ting off power to the heaters s ==
ar d . ziss- ez [
. . . . . AC Power \-@;—o\)—ljwm mepnmp Still dfi tecti . lar lab Zif;w :Z:ﬁi% et
e A ﬂowmg lquId llthlllm System at PPPL cur- @ Leak v ° otiilheed hire protection in reguiar 1ab Spaces. ox
. Detectors » Li reacts with water and concrete floor. RaaE]
rently under construction. PID « Protects from showers of water (from fire Z‘ZW
« Goal of demonstrating pumping, freezing, and Latching relay system for interlock circuits. SPrirﬂ;llerS) and from a spill touching the con- e S 1 HETS
crete floor. ey e =
. . . Th hell i d off { ENE EMEC EWEC SHENC RN E
I ehquefymg while under vacuum. « LEDs on the front panel and latching indicators in fro;c:ll:f :; . ;Y ;;::;:ti:g « Put entire loop inside a 304 Stainless Steel en- i i e e
: £ : : LabVIEW allow easy fault locating. This discourages  ceramic tape. closure. STEETTed R R e ER SRR
« Loop consists of two resevoirs and a pump, in a bt .
ypassing the interlock system. « Sheet metal and strut channel: easy to build. : . :
. » ot . ’ ’ Example front-panel display for logging program. Notable are the pairs of
StalnleSS Ste 61 enCIO SUrec. . UP to 24 chann els, expan dable to 48. » Base p late 1/8 tthk) sides 0.030” and 0.024 lights for each leak-detector circuit: One light shows whether the circuit

) e A3t d Jevel of containment after pipes and currently has a fault, and one shows whether it ever had a fault.
o Could also be used to interlock enclosure doors. p1p y ’
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copper shells around joints.

Liquid metal EM pump S Magnetic flowmeter ﬂ Multiple Heater Zones

« Roughing pump and turbopump for vacuum.

CR BUA

o Few LL/min flow rate.
« Nominal max temp 500°C.

. . . . . . . D . . . . T . . .
. Dlagn ostics include thermo couple s, vacuum No moving parts contacting fluid, no break in pipe integrity. Measure flow without moving parts. am— X Seven independently adjustable heater.zones |
P; : - ] . Novel use of rotating magnet pump with Li. el « MHD effect: p ~Bdv \\\ VAN /// « Reduce thermal stresses by keeping uniform temperature during
pressure ( 1T aIll) gauge, magnetlc owmeter. _ . ' _ 200 [ 0.09 « For azimuthally symmetric flow, measured > ramps - prevent thermal shock.
. . = « Magnetic field drags conducting fluid. Based 180 Xx"*" S ] 008 voltage depends only on average velocity [3] ~ pf pw _
« Heaters and motor interlocked with a leak de- on designs by Bucenieks [2]. R RO ’ 5 T — NIl - Nominal max temperature 500°C.
_ Front panel for the interlock circuit (at right). The 3lit LEDs  Stack of four boards handles The 1 , . he axis of °% 100 T 005 8 _ / N \\ e Less than 10 kW of heater power with use of high-temperature in-
tect ¢ ) « The 12 hp motor’s shaft is on the axis of a 25 ool 004 8 Bdv Cee e >
cCction SYS €1. signify that there are 3 powered input boards (of 8 channels up to 24 interlock channels. _ , s gl . <1003 & ¢ — _ sulation.
each). A fault will light the LED corresponding to its channel =~ Top board can support up to S-turn solenoid Ofp 1pe. - o o ressure o h 8'8? D2 +d? | Py D2—d? Contours of voltage for slug flow
o Goal to b e \ Walk away Safe’ and register in LabVIEW for easy fault locating, discouraging  three more input boards for o High-temp (>400 ) C) SmCo magnets mount- o .- Efficiency . "] g 24D pw 24D and pw= pg, D = 2d. « Heater PID controllers receive feedback via thermocouples.
- . i . 8 ch Is. , , _ 0 2 4 6 8 10 12 . . . L
byptassmg of the interlock. Heater controllers (off) are at 48 channels ed with poles facing radially. Flow Rate [Umin] o All heater power will shut off if leak-detector interlock is triggered,
nter. . » . - .
cente « Control system pressure and flow rate by ad- Predicted motor characteristics. « With B~0.22 T, D=3/8", flow rate ~ 1 L/min, expect ¢ around 5-10 vV but heater controllers remain on.
Scenario Immediate result Safes? usti _ . :
justing motor speed - up to 1000s of RPM. « Built from same high-temperature SmCo magnets as motor; 1018 steel yoke.
Power to interlock circuit is shut off Heaters and pump power latch off Yes SS 316 Pjpe Outer Yoke (10 18)
% Cable between interlock circuit and power dis- Heaters and pump power latch off Yes o R f
Future Work tribution box is removed Lithium SmCo magnet e erences
Lithium leaks from a pipe joint Heaters and pump power latch off Yes 17 _;_ .
h Lt b q D SmCo 2-17 R S py
. . Mechanical forces cause contact between copper Heaters and pump power latch o Yes Magnets ] | .
« Complete structure and diagnostics assembly shell and the pipe. ; N (= - R 1} NSTX Upgrade Five Year Plan
] ] Operator pushes E-Stop button Heaters and pump power latch off Yes Vol | M Igééiﬁ_.'ggi I. [2] 1. Bucenieks) Presentation at IV Int. Workshop on Materials for
¢ Char a’Cter 12¢€ 10 OP OP cr a’tlon Copper shell touches pipe, interlock triggers and System cannot be started when the leak- Yes (10 18) | | Eéiifi 3- HLM-cooled Reactor S, Roma, Italy 2007.
] . shuts off power to heaters and pump. While detector interlock is still triggered. /. E%ﬁo I. . ]
° Add Chamb er for testlng ﬂOW].ng free_surface ‘]Z]rllliifoarfe still in contact, operator pushes START il ’/‘ > Eigg;}fgg; . [3] E. R. Astley ’ Magnetzc Flowmeter Output Potentzals,
. . . . . . . . . SS 316 Shaft T a :'./ Eggsoziooz (G.E. RSZGL42) 9 Mal' Ch) 1952.
llthlum PFC de SlgnS Wires leading to one leak-detector shell are cut That interlock channel is no longer functional. =~ No == e
or detached This work supported by the US DOE Contract No. DE-AC02-09CH11466

Motor during assembly. S-turn solenoid of Construction of pump and simulated Field from FEMM uniform to within ~2%. Flowmeter construction. Voltage pickup wires ' _ '
Table describing fault scenarios for the interlock circuit. pipe is to the right, magnets are center. magnetic field strength. Predicted |B| of ~0.28 T, measured ~0.22 T  will be welded to top and bottom of the pipe. via PPPL Laborator y Dir ected Research and D eVelOPment fundlng-



