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Summary

A pulsed water system offers an economically
attractive way of supply cooling water for beam
dumps, as the water flow and pressure requirements
increase. A pilot system was built and used in
testing prototype beam dumps. Operating experience
gained with the pulsed water system has proved the
feasibility of this design.

Introduction

The Neutral Beam Engineering Test Facility
(NBETF) 1is being constructed at the Lawrence Berkeley
Laboratory (LBL). The test facility will have the
capability of testing 170 KeV, 65 A beams of 30 sec
pulse Tlength, operated with a 10% duty factor.
Because of the beam energy density and pulse length
actively cooled beam dumps have to be used. To get
adequate heat transfer, Tlarge amounts of cooling
water at relatively high pressure is required. The
two beam dump designs being presently evaluated
require test stand pump capacities of 5200 gpm at 755
psig and 3430 gpm at 380 psig.

For a continuously pumped cooling water system
the energy expended by the pump between beam pulses
is wasted. This results in high operating costs for
such systems, which because of the pulse Tlength and
duty «cycle cannot be reduced by stopping and
restarting the pump. A pulsed water system is an
alternate way of meeting the design requirements at a
lower total cost. The system consists of a Tlow
volume high pressure pump, a high pressure water tank
and a high pressure gas accumulator. Nitrogen is
used in the gas accumulator. During the beam off
time the pump charges the water tank compressing the
gas in the accumulator. The compressed gas is then
used to drive the water through the beam dumps. In
the pulsed water system, a smaller horsepower pump is
delivering useful work for almost all of the cycle
time, resulting in considerably lower operating costs.

A pilot pulsed water system was built to gain
design and operating experience and was wused in
testin prototype beam dump subpanels for the
NBETF. The system was installed for wuse with
neutral beam test stand IIIA at LBL.

System Description

The charge pump operates continuously. The flow
is delivered to the charge tank or when the charge
tank is full, the pump delivers the flow directly to
the dump through the bypass. An orifice in the
bypass Tline keeps the pump outlet pressure above the
minimum design pressure.

The flow from the beam dump 1is delivered to a
divided reservoir, where the water from the hot side
is circulated through a heat exchanger. The heat is
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rejected to cooling tower water and the cooled water
dumped in the charge pump suction side of the
reservoir. The divided reservoir ensures that the
charge pump has a supply of cooled water available at
all times.

Pressure relief valves and safety interlocks are
provided to protect the beam dumps. Fig. 1 shows the
charge pump and the high pressure tanks. The system
schematic Fig. 2, identifies the various components
including the safety interlocks.

The maximum allowable working pressure for the
system is 1460 psig.

System Operation

Operation of the system starts with the tank
charged to the required pressure and Tlevel, and the
charge pump delivering flow to the beam dump, through
the pump bypass. Valve AV3 is open, AVI and AV2 are
closed. When cooling water is required by the dump,
valve AV2 opens and the water is supplied by both the
charge tanks and the pump. The flow is controlled by
control valves that regulate the inlet and outlet
pressure to the beam dump. When the beam is shut off
the cooling system cycles back to the start
condition. The system s automatic and can be
operated remotely from the test stand control room or
from the charge tank Tocation.

A detailed valve opening and safety interlock
sequence is shown in Fig. 3.

Beam Dumps

The pilot pulsed water system was used in testing
the two beam dump subpanel designs now being
evaluated. The beam dumps consist of a number of
subpanels and the subpanel design parameters are
shown in Table I.

Table 1
uTc MDAC
Flow - gpm 1175 57
Inlet pressure - psia 600 235
Outlet pressure - psia 100 120
Max Inlet Temperature - F . 109.4 109.4

UTC - United Technology Corp.
MDAC - McDonnell Douglas Astronautics Corp.

Operating Experience

The UTC and MDAC dump subpanels are being tested
at the flow rates and pressures shown in Table I.

Fig. 4 shows oscilloscope traces of a UTC dump
subpanel test. The traces, starting from the bottom
are as follows:

1. Po - Pressure at the beam dump outlet.
2. Pip - Pressure downstream of valve AV2, which

is approximately equal to the tank
pressure.



3. F - Flow.

4. AV2 - Valve AV2 stem position.

Fig. 4 shows one complete system cycle starting
with opening of valve AV2 at A. From point A to B
both the charge tank and the pump are delivering flow
to the beam dump. At B valve AV2 closes, AV] opens
and AV3 closes. The pump is now delivering flow only
to the charge tank. At C the charging is completed
and valve AV3 opens and AVl closes. The system is
now ready for another cycle, the charge tank is fully
charged and the pump is delivering flow to the beam
dump through the bypass.

The maximum tank pressure at the start of the
cycle was 820 psig. The valve AV2 opening time was
about 3 seconds and the closing time about 2 seconds.

A pressure transient with a peak pressure of
about 200 psia, or about 100 psia above the back
pressure can be seen when AV2 is ' opened. The
pressure and flow transients die out in 3 seconds.
Pressure transients of about 25 psia above back
pressure can also be seen when valve AV2 closes and
when the charge pump starts on the bypass mode.

The transients are of such short duration, that
they have no adverse effect on the dump operation,
since the beam can be timed to start after steady
state flow has been reached.

The pump output pressure changes occured smoothly
and quietly as the system goes through the cycle.
The pump curve is shown in Figure 5. The letters on
the curve correspond to the points shown on the
oscilloscope trace, Fig. 4, and follow the pump
output pressure through one cycle.

During bypass flow the pump outlet pressure is
320 psig. When valve AV2 opens the pump pressure
climbs from 320 psig to 860 psig to match the bypass
and tank pressures. As the charge tank pressure
decreases the pump pressure drops until B, where tank

Figure 1:

charging starts. The flow time between A and B was
about 10 seconds, for Tlonger flow times B would end
up at a Tower pressure. When the tank is fully
charged the pump flow is switched to the bypass line
and the pressure drops back to 320 psig.

The pump output pressure change, going from 320
psig to 860 psig occured in less than one second.

Fig. 6 shows the oscillograph traces of a MDAC
dump subpanel test. The traces have the same
identification as in Fig. 4, with the exception that
Pin is the pressure at the beam dump inlet.

The pressure in the charge tank of the start of
the cycle was 320 psig. The pressure and flow
transients were smaller than in the higher pressure
UTC test.

The opening and closing time of valve AV2 were 3
seconds and 2 seconds, respectively, the same as in
the higher pressure test.

Conclusions

Operating experience gained with the pulsed water
system has proved the feasibility of the design. The
system met the beam dump cooling requirements and the
tests showed that there are no technical reasons why
a larger pulsed cooling water system could not be
built for the NBETF.

Acknowledgements
This work was supported by the Director, Office
of Energy Research, Office of Fusion Energy,
Development and Technology Division, of the U.S.
Department of Energy under Contract No. W-7405-ENG-48.
References
1. J.A. Paterson, G. Koehler, and R.P. Wells, "The
Design of Actively Cooled Beam Dumps for the
Neutral Beam Engineering Test Facility," this
conference.

Charge pump, accumulator, and charge tank.
2



IZENT. | SESCRIPTION SERVICE/FUNCT. SYMBOL | IDENT. | DESCRIPTION SERVICE [FUNCT. SYMBOL | 1DENT | DESCRIPTION _ SERVICE [FUNCT.

LUy | R4 AV2 [BALL VALVE, 3 FLANGELESS, PNUEMATIC | =. PRESSURE PR2 PR3 | PRES. REGULATOR o NITROGEN CYIINDER FLEX HOSE, 2" 600°RF. FLANGES, | HI PR !
| el \\-r; 486 csffa? BETWEEN GOOY | ONM-OFF R4 [PRES REGWATOR __  TAR ] = STNUS | S8UBLE BRAIDED m“'," _l } Es v
NGIL) [PRS | PRES, REGULATOR GAS FLEX HOSE, 1X™ SCRD, STNL - “SA PREL .
- PRESETRE— ) FLOW METER ,PAMAPO MARK V-3 CF | 1-170 GPW |EE— SWDOEBC—L&MD%_'— A
FMZ FM3 [FLOW METER, E -160 ING CHECK VALVE 2 -({O"RF | i PRES
“a‘h. 1500 SHUT OFF 2 O METER, 2/ SSR'D, BRONZ D=tooiany —H FLANGES . CARB STL -
BaLL m_.i 3 —Jk.v.\i&b NCS SWING CHECK \ALVE 2" SR 0, BRONZ
STe ESLFS2, " [FLOW SWITCH PRODLE TYBE , 17 | ~ ™1 _‘-_—Jnuue HECK VALVE, :—‘-" SO PRE: =
R T ymg ST . BRONZE VAC w e 6Lt Fad GEMS Fo550 ! wsw A SR, THUPRES.,
_ L {NMAcIN2E[ BR-- VALVE, Ya SCR'D . BRON2E [ W PRES. DRAIN ] 7

NV4 GATE VALV
—A— [MVE SATE JALV
e MV2_N.v22] GATE VAV
V23 MV24 | GATE vA.\E

[HI FRES SHuT OFF |
S ACTICN SwLT CFF
EC CERE 71 2000W06] = PRES BLow DOWN]
‘D, BRONZE. | LOW PRES ST oFF
| S0BE WANE [TSTETT, CARE ST 2506~ [ m, PRES. SeuT OFF

st LEVEL CONTROL SWITCH - REDUCER N I

. e ORVFICE UNICN, 1Boa 2" 3000%
SE1. P52 | SRESSURE SWITCH J ORIFICE UNION, 2 30007 STH..5
—— UNION, 27 1™ 30CO" CARD T | - PRES

w5 S ENPERRTIRE SWiTeR e — - - . JUNION, 25 1% 17, I, % MALGARE on] OW PRES,

3 UNI u =
C.JBE WA.VE, 2 § WEDEG S°\.% 2000°Wad NION. 2 BRON_'L_ LOW PREC.

@ 0
&
=
B
i
S: + ?_
COBE VALVE, W (R0, CARB.STC. 2000 — — — — LCMNA, PiPE FLOW SR(CT 3‘“
G
T_{i) T
=
=
=
ST

|)§ :tJlD STNL

S CR Loan

A ot DIFF_ PRES INDICATING SWITCH, = 7
GDBE VALVE, 2 SCRD . CARB ST, 20007 W0 RANGE RESEARCHY l’é‘.s&s..f s | =23 | _ |TUBE 5.D.¢FLOW DIRECTICN |
C.DBE VALVE 2" SCRD, BRONZE , 105 W PRES CONTROL H,0

:3-13, 0-10C
IMVI4 - M vIB] 2 DRE VALY DGI D\:: PRES GAGE , DRANGE RESEARY|

“a SO URE. STL 2000"WO0G [ PREL. SWLT OFF

SHETY RE VALVE 45-| CARB, STL, [ PROSSURE R Lk F 02 DG -/A-2.5U , 0-25 PSID
» C RING EAT, TEXSTEAM *7 _ 5
- SAFETN EF VAW | ?_ »2 OARR. - SiL LUBRICATOR | Y TCUSE AR
23ING STAT TExs\EAM "mssmm.

WRELEE VAL\E, O-RING SEAT FRESSURE Rz FT3 FILTER/SEPARATCR | Y HOUSE AR
SOSTVALE, ALVANIZED | [SUCTION
NOYEMA_LY TPENET VALVES
NORMACLY CLOZET VALVES |
> [CSMPCUNT GAGL 0 150Ps”
—~< (' [EZ,F4,PS]0-3000 FS FRES GAGE  BUW OFF GAK

FTILFT2 [FILTER,CUNO GALI- 440B0-2 WATER 1. OW PREL.
ST STRAINER . WEAMCO TYPE FV, 3°- WATER | 141 PRES |
60! D‘RF TLANGE |
ST Y STRAINER, 3-600" RF. FLANGE | WATER , i [RCS,

MO
FZ.r3 T 200C PSI PRES. GAGE. BLOW OF [SKI\ WITH SNLBEFS
FI0 P11 C-200 FSI_PRES GAGE
ri8 C-100Q PSI_PRES_UAGE., BLow OFc BKK]
Pk [F3 C300C 7SI HI-LOW PRES TWITCHGAGE 4" |
Fe C-2000 P8t HI LOW 7RES. SWITCAGAGE. I
[ O 400 PSI WI-LOW PRES. SWITCHGAGE
Q TiwTe C-150"C DIAL TWR4OMETER | 3" STEM '
BRI BACK PRES «E[.du\\DR -200 Psi, rn .
e CARE. STL . ST | |
5. | PRI TPRES. CONTROL VALVE, 2- €23 P8 ] , !
2; ! | CARR. ZTL, I D o
= : I ] ' . e "
I 3 RE 05PN .
- ; PRE ‘ FRES, REDUCER [} ! |
L ! i
Quyrse !
B o |
2
F—o
& Mo W |4y
Bo8 Riex
I
s
&5 N‘:‘;(
<) =
. o
o  THIT MOWNTED, OUTSIDE BLD 16 :;L"‘ °
o - =T . TSI0E VAL, WD 16 S o = @: 1 LYoy
235
T
¥ ) . 1 2025
Figure 2: Pulsed cooling -
water system schematic. i bk tat



| TANK CHARGED
PUMP_ON BYPASS

[PRESS BEAM FIRE BUTTON|

CHECK TANK
WATER LEVE

v

CHECK TANK
PRESSURE

OPEN AV2

LOW FLOW

PREVENT BEAM FROM FIRING

MONITOR HIGH AND LOW HIGH
PRESSURE AT DUMP INLET] 0R

BEAM FIRES

[crose AvT] END OF BEAM FIRING
E_AVZ

[oPEN AV3

A

TURN OFF BEAM

CHARGE -TANK

ITANK LEVEL 0.K1

XBL 8110-11819

Figure 3: Valve opening and cooling system safety
interlock sequence.

AV2

o Pin
o Po

Figure 4: UTC dump subpanel flow test. See text
for discussion.
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Pump head capacity curve. The dashed
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at various times during a complete
cycle. ‘
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MDAC dump subpanel flow test. See text
for discussion.











