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Abstract This paper will describe the design, provided to allow for thermal expansion duribgkeout
construction and initial operation of the NSTX bakeoutand to electrically isolate TVPS from the vacuum vessel
water cooling and vacuum systems. Both of these itemswere also obtained from TFTR

The bakeout system idesignedfor two modes of ~SPares. The length of the pumpidgct was kept short
operation. The firsmodeallows heating of the first (*14 feet) in order to maximize conductanceThe
wall components to 350 °C while thexternal vessel is Packing systems ifocated on askid on the testell
cooled to 150 °C. The second mode cools the first waf|o0" adjacent tothe pump duct. Inorder to avoid

to 150 °C and the external vessel to 50 °C. The syste}fgNtiNg gasses within the building, an exhaust line is
uses a low viscosity heaansferoil which is capable routed from the mechanical pump to the plant stack.

of high temperature low pressure operation. The roughing system consists of a portable pump
The NSTX Torus VacuumPumping System system incorporating mechanical pump and ablower

(TVPS) is designed toachieve a base pressure of PUMP-

approximatelylx10® Torr and to evacuatethe plasma This system takes about two hours to pump the
fuel gas loads in less than 5 minutesbetween vacuum vessel (approximately 30,000 liter8pm
discharges. The vacuum pumping systencapable of atmospheric pressure to 40 mTorr at whpgint the

a pumping speed of approximately 3400 |/s for high vacuum system is employed. The roughing
deuterium. The hardware consists of  two turbo system is disconnected when not in use.
molecularpumps (TMPs)and amechanicalpump set

consisting of a mechanical and a Roots blower pump. A. Component Design Features

PLC. is }Jsed asthe control system terovide remote The high vacuum system consists of a pair of
monitoring, control and software interlock capability. 3000/s TMPs. The TMPsare vertical axis, oil

The NSTX cooling water provides chilled, @mized  |ybricated,multi-stage pumps whiclre isolated from
water for heat removal ithe TF, OHand PF, power  the pumping duct by 16-inch gate valves. These pumps
supplies, bus bar systenemdvarious diagnostics. The evacuate the torus to high vacuum via a sirfglénch
system provides flow monitoring via a PLC peevent  diameterpumping duct. TheTMPs are backed by a

damage due to loss of flow. pump set that consists of a positigisplacement lobe
type Rootsblower with arotary piston mechanical
I. INTRODUCTION pump. Both pumpsremounted on a common base.

) . , The mechanicabump has an approximatpumping
The National Spherical Torus Experime{STX)  speed 0fl00 CFM and the blower approximately 800
was designed arrsited_ at the Prlncetqﬁl_asma P_h_y5|cs CFM. This pump set alsprovides sufficienpumping
lab.  The extensivearray of existing auxiliary — speed for maintaining the foreline at amadequate
equipment leftbehind by the shutdown of TFTR  pressure duringglow discharge cleaning (GDC)
allowed many resource-saving@pportunities. ~ One of perations when the torus isaintained at 2-4nTorr
the design requirements for the NSTX auxiliary systemgith hoth TMPs pumping on the vacuum vessel. The
was to use as much of the existirgiuipment as yacyum system iontrolled and monitored from a
practical. programmable logic controller (PL@Jsing a PCuser
interface. TheTMPs are monitored for wateiflow, |,
II. TORUS VACUUM PUMPING SYSTEM  Vibration, temperatureand oil level while thebacking
. pump set ismonitored for waterpil, temperature and
The NSTX Torus Vacguerumpmg System pump speed. Interlocks to provide equipment safety are
(TVPS) consists of the following: programmedinto the operating system logiand the
1) A portable mechanical pump for roughdown; system is automaticallyconfigured into a safe
2) A separatepumping system for achieving and conf!guration on the loss of a permissive. The PLC
maintaining high vacuum: provides remotecontrol of valvesand pumps to
. . accomplish startup, operati@mdsafe shutdowrand is
_ 3) Associated valves, gauges,and analytical jnterlocked to prevenimisoperation of thesystem.
instrumentation necessary to operate the system. Additional control signals are routed tothe main
All of this equipment wasbtainedfrom the TFTR  (control room) computer for displagnd control of
spares inventory . The TMPs are mounted off a 24-incBystem status through the site network. TIHeTR
diameterpumping duct connected tthe vacuunvessel liquid nitrogen system provides dry nitrogen at
at the midplane. A bellowsind ceramic break are approximately 6 psig to vent pumps and piping.



B. Instrumentation

Bayard-Alpert ionization gaugesare usedfor high
vacuum (lowerthan 1@ torr) measurementsThese
gaugesare monitored and controlled remotelyvia the

PLC. They are also interfaced to the main computer tarc-over induced by wateondensation.

cell indicates pressure, temperaturgnd water
resistivity. Dew point is monitoredand compared to
inlet water temperature. If water temperatuteops
below dew point the water system PLC will trip the
cooling system to prevent tteecurrence of dusswork
High-pressure

provide feedback control dhe gas injection assemblies Water isprovided tothe OH coils by a small 7.5 hp

on NSTX.

There arenumerouscapacitancenanometers (CMs) on
the vacuum vessednd TVPS measuringpressures
between atmospherand the mTorr range.Besides

measuring the vacuum integrity of the forelines they ar

also usedfor the measuremerdand feedbaclcontrol of
gasfeedduring GDC. All of the CMsare monitored
and interlocked by the PLC.

Two RGA systemsare employed for diagnostic
and trending purposes. The RGA system is ablscém
and provide resolution of 1xdtorr partial pressure for
masses 1 to 100. Locahdremotereadout anatontrol
of the RGA is provided.

C. System Performance and Initial Operation

The performance othe TVPS on NSTX habeen
very good. The reliabilityand versatility of the system
has been excellent. Since startup of TVPNavember
of 1998, the system hasperatedwith no lost down

centrifugal booster pump. A second booster pump with
potable water as an alternate supply of coopngyvides
emergencybackup. Taps in the supplgnd return
headersprovide for busswork, diagnosticand various
other componentsequiring cooling. Tapsoff of the
%upply headerinclude valves to provide isolation for
each cooling path. Flexible hoses bring teger from
the taps off of the suppliieader tothe individual coils.
For coil protection, flow instrumentation ovided on
the returnside of each individuatoil flow path. The
coil path flow venturigmeasure flow in the range of
0.5 to 4.5 GPMandprovide a switchedutput to the
PLC. These water flow switches and analog
temperature switches furnish signals to BHeC which
process thelata andprovide an enablsignal for the
next pulse.

All of the existing equipment, primarypump,
bypasspressurecontrol, storage tankgeionized water
polishing loop,and heat exchangeiare located in the
“D Site Pump Room”.  The primary pump is at an

time during thregpumpdowns, more than 100 hours ofelevation 33 ft below the midplane of NSTXWater is

GDC and plasma operations.
maintainedthe vacuum vessel in the 10-8 Taange
with only a minimal bakeout of the torus.
expectedhat when the internadurfaces ofNSTX are
thoroughly bakedout, 1x10-8Torr should bereadily
achieved .

[ll. NSTX COOLING WATER SYSTEM

The NSTX CoolingWater System combines new
design with the extensive use of existingFTR
equipment to provide coolingater tocoils, busswork,
and various components.

A 33,000-gallon storage tank is polished by aanion, mixed bed, and carbon filter

deionized water-polishing loop maintaining high
resistivity. This tank ismaintainedwith a nitrogen

It is NSTX Test Cell.

The system hagprovide fromthe D site pump room through gipply

andreturn lines approximately 200 fong into the
Thereturn and supply skids are
located just soutland south east of the vacuum vessel.
Hoses run from the supply skid to the various coil
cooling waterinlet connectionandback fromthe coil
outlet connections to the return skidiccess to valves
andhosesare maintained toallow for troubleshooting
andmaintenance. To minimize piping runs theoster
pumps are mounted in the NSTXest cell. Sound
insulation is provided onthe high pressurepumps to
attenuate the noise.

The deionized water polishing loop utilizes a cation,
maintaining
resistivity at about 2 mega ohm cm. dddition to the
beds, the polishing loop consists of pump, floeter,

blanket at a pressure of 40 psig. The primary circulatinfjlters, and resistivity meters.

pump for NSTX is a 100 hpentrifugalpump capable
of providing 600 gpm at 15@sig. The installation
takesadvantage oéxisting piping in the D-site pump
room. An existing 400-ton flat plate heatchanger
providesthe heat sink to theystem. Using thiseat
exchangerthe deionizedwater can be chilledvith the
HVAC chilled watersupply. Thedeionizedwater can
also becooled directly by al100 tonprocess chiller.
All of this equipment wariginally used tocool the
TFTR coil system.

A bypass control valve in the pump roomused to
maintain constanpressure toNSTX. New automatic
valves on the main suppbndreturn to the NSTX test
cell provide the ability to remotely cubff the water
supply from the control room if required.

A. Instrumentation

A Gould PLC, usedfor TFTR water systems, was
re-used for NSTX. A satellite PLC cabinetagated in
the NSTX test cell and interfaced with the PLC in the D
site pump room via diber optic cable. The PLC
monitors  valve positions, system pressures,
temperaturesgew point, tank level, pump status, and
coil flow. The PLC provides asignal to the NSTX
interlock system that will inhibit the pulsgermissive
if system parameters are noet. Remote pump starts
and valve actuation are available frahe PLCthrough
central I&C. The PLC will automatically shut pumps
and valves to place the system isadestate if system
parameters indicate abnormal conditions.

Instrumentation on the supply line to NSTX in the test



B. System Operations

The existing equipment, primary pumpad heat
exchangeralignment, are controlled locally in the D
Site Pump Room. Tavoid pressursurgesandinsure
smooth operation thigquipment is started upefore
opening the NSTX inlet and return AV valves.

After pressurehas stabilized in theupply headers
the AV valvesare opened anthdication of sufficient
flow for each flow path is noted.

The OH booster pump is thestarted and flow
verified to the OH coils. After return headerpressure,
temperaturesand water resistivity are verified within
acceptable limits machine operations may begin.

V. NSTX TORUSBAKEOUT SYSTEM

related control and monitoring equipment. The
circulation heaters are incoloy sheathed heating elements
for heating liquids remote from the tankach heater is
rated at 40 kW. The elemerdageflange mounted on a

8" diameter flangegipe, nominally 5feet long. The
process heaterontrols are, digitareadout,solid state
micro processor based fully selectable range control.

The circulation pumpsare high temperature
insulated designs, suitable for handling higmperature
fluids, 1 x 1-1/2 canned motor pumps. The chileater
/heating liquid heat exchanger is &flat plate heat
exchanger. The unit israted at 12 kWper 10 gpm
chilled water flow &10° F delta T. The heatindiquid
expansion tank is insulated and vented.

Each of the heating/cooling loops has
thermocouple and a control valve to conteshperature
and flow.

The NSTX Torus Bakeout System (TBS) consists of

the following design elements:

1) An internal heating coil system circulating high
temperature heat transfer fluid providése means to
heat the protective platearbontiles to the required
350°C bakeout temperature.

2) An external heating /cooling coil system
circulation hightemperature heat transfer flyilovides
the means to heat / cool the vacuum vessdhces to
the required 150° C.

A. Design Features

Each ofthese elements includedl the equipment
and hardware to perfortmese desigfunctions as well
as the associated valves, gauges,and analytical

instrumentation necessary to operate these systems. The

internal tile bakeout system consists of lddmeter
stainless steel heating coils mounted on the Isate of
the plasma facing componen(BFC). Theexternal
vacuum vessel bakeout system consists of di@¥heter
stainless steel heating / cooling coil§hesecoils are
mounted on the vacuum vesselxternal surfaces.

Temperaturenstrumentation for the bakeout system isfluid used
provided by several instruments. Type J thermocouplespproximately113° C.

provide temperature indication fdahe vacuumvessel
shell. Temperaturecontrollers monitor thermocouple
input and are used tmaintain150° C for the vacuum
vessel.

The TBS is mounted on eendor supplied system
skid located in the NSTX test cell. The internal heatin
coils are mounted on théack side ofthe PFC at a
nominal spacing of 4 inches. Thexternal heating /
cooling tubesare located orthe vacuum vessedurface
at a nominal spacing of 4 inches.

B. System Operation

Operation of the TBS from ambietémperature to
bakeout temperaturand return to normaloperating
temperature is as follows:

1) The heating liquid system is enabled and started to
heat thePFC. The centerstack ohmic heating system
is started to bring the center stack tiles to 350° C.

2) The chilledwater heatexchanger is enabled and
operates to cool the VV while the PFC are heated.

3) The internal heating system continues to supply
heat energy until the PFC. reach 350 °C. At this point
the system ignodulated tomaintain 350° C and then
shut down.

4) The external cooling system continuesofierate
until the system isreturned to normal operating

temperature.

The NSTX TBS was installed in the summer of
1999. As part of theafety reviewperformedprior to
startup afire engineering consultant washired to
perform a safety review of the system. The hesatsfer
in the design has a flash point of
Since the systenoperates
above this temperature several design issige raised.
Among theserecommendationsvere the addition of a
mist type sprinkler systenearly fire detectiorsystem
andrelocation of the skid from inside the building to
outside the building. Operation of the bakeout skid has
(feen suspended pending evaluation of these

ecommendations.

V. CONCLUSION
With the successful completicand startup of

The Center stack is ohmically heated by passing lowhe NSTX auxilliary systems it haseendemonstrated

voltage current through the inconel casing.

This that significant cost and time savingan berealized by

supplements the interior vacuum vessel heating dfeusing systems from TFTR.

PFC. This system israted at 20 kWusing 5.8 kA
steady state.

The equipment on the TBS skitnsists ofelectric
circulation heaters, two pumps ofer eachlow and
high temperaturesystem, an expansion tardnd the
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Figure 1: NSTX Water System Flow Diagram
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Figure 2: NSTX TBS Block Diagram



