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Summary ‘ - dmﬁ " 107

Diverter valve tests Rugust 26, 27, 1980 were made on the NBSTF- TFTR

“prototype in Bldg. 6. Performance of the valve action was excel]ent.ﬂ Cycle

time on H, was 60 minutes, D, was 90 minutes. With practice these times can

probab]y be cut in half. The cryopanel 1liquid was pushed back into the LHe
Cooldown , CiveulaX it  omd regon modes 4Ll wen
dewar and held for contro]]ed release’\ The tank base pressure seemed improved

. by about a decade after the desrime operation.

Heat leak for a single panel was about 4 liters/hour {(~4 watts). This
compares well with V. Garzotto's measurement the previous week at PPPL of

5 liters/hour for a sihg]é cryopéne]-. Thus total heat load would be 3‘0/40

- watts for the 8 panels and another 3:0/40 watts for the LHe dewar and xsfer

o - | Q\’ - Ly o . ? . '\
lines; total ‘60/80_-watts (same as 7/79 oy Sugwi o 2 5%, )
N . s 4 4

\ .
Apparent cryopump speeds at the duct end, IG-1, were 13.9 Mg/s for HZ;

18.4 Mz/s for D, At the neutralizer, IG-1; 1.53 Ma/s Hy3 1.3 Me/s D, meas-

Twrho p

urements were made without beam, target tank isolated, ion gage factor of 2.4

~for H2, and possible 20% error between IG-1 and IG-12. Conductance between

the baffles sepakating the tank makes the pumping speed definition and analysis

_ complex. It is of more interest to know the base pressure With beam on in the

different tank areas.

Discussion

. Diverter valve test results are shown on the accompanying graphs. LHe
dewar level, vacuum tank pressure and cryopane1'temperatures are shown versus
time in minutes. Hydrogen'was the first test. The panels were well loaded

initiéﬁ]y(approx. 5,000 Torr. liters), the turbo pump closed off and the

diverter valve put in the REGEN mode; (Foot valve closed and "D" valve set

b £ v

KOK.




LAWRENCE BERKELEY LABORATORY - UNIVERSHITY OF CALIFORNIA, CODE SERJAL FAGE

ENGINEERING NOTE TF0-200 | M5569 B | 3

- [AUTHOR

G.

BEPARTMENT - LOCATION DATE -

Newell/R. Byrns Mechanical o Berkeley September 5, 1980

‘as nigh (49° and 55°K). (broken vabr, rodrea) Happily onagh LHe B9%) n the

“the compressor suction pressure and also the recovery'of the LHe gas from the

_tr1p the IG can be reduced by cont1nu1ng to feed large H2 bursts. Heat trans-

~can be c]ose]y controlled by‘playing the proper tune on the turbo pumps and

@ 10 psi back pressure ) . LN supp]y was closed off.

Response was slow at. f1rst but after about 12 minutes the pressure rose

rap1d1y, tr1pped the Ion Gages @ 10 -4 and the -panels warmed fast and LN dumped(yuc\&wk{Q

/Q turbo pump‘was attemptedlrestart but the pressure was too high, so the rough
pump.was put on; then the Turbo pump.. By then both top and bottom of the panels
was approaching 60°K. After tank vac. pressure was pretty well down, the foot
valve was cracked tohfeed LHe to‘the panels, then later opened full.

The H2 test went well for a first time, and for the D test we were able

3000 T-{ D, was foaded onfo Pamels [Tae Pasvivus eve, Hawia p«i m)

to anticipate better/4 It took almost 57 minutes before the ion gage tripped
off, but we got the turbo pump on faster and 1t caught without rough1ng,¥@
also cracked the LHe dewar. foot valve sooner and the pane] temps didn't rise

avm SUVFW*: — dowgny 10 ém\imm the test
The refr1gerator stopped JUSt prior to the 02 test. . The graph shows

recooling of the panels. Vac. tank pressure is sensitive to compressor suction
pressure, as the vapor pressure of LHe affects the temperature and the v.p.

of H2 and 02 | ’
Cycle t1me can be reduced by practice and anticipation. Initial time to

fer between tne 80°K LN panel and the LHe panel begins to move in the thermo-

coup]e gage linear rangevof 1 to 1000 micron. Tank pressure and panel temp

the foot valve/diverter valve.

Heat 1oad was estimated from decay of panel temp and dry out of LHe at the
end of the D, run with the refer off. After 3 hours the panels still had
LHe and extrapo]ating the temp/time curve . would be ﬁ;;-after 4.5 hours.

A panel holds 16 liters. 'Therefore 16 liters

4 hours 4 1iters/hour

2 %7 watts/panel

<
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Pump Speed
Lo bPane] loading - from gas sgurce pu]ses with pressure and time is shown 1in

oo K
thg data sheets. Tests were with 8 active cryopanels in the NBSTF, target
_a,,ybopM . .

tankAano duct valved off, no beam, 10-100 sec pulses for Hy ion gage factor bet-

ween 2.2 and 2.6 ‘<]OO sec pu]ses for D )use 2.4.

2

_The gas load pulse is a ca11brated amount from earlier 1nformat1on on the
'sphere in Bldg. 16. VH2 pulses of 12T-1iters/s, 22 T-11ters/s and 40 T-liters/s
were used, at_varied-times and duration} IG-1 reads tauk pressure at the duct
_d end and 1G-12 reads at the neutralizer. There is a possible variation of 20%
between the two ion gages as noted at steady state. Baffles and conductance
. within the tank make the analysis complex, for gas load distribution and speed.
Beeu on and pressUre'distribution is‘moke'important.and plans call for multiple

ion. gage locations in future.

Pumping speed va]ues were taken from ‘the data -

kc'0”‘1¥¥1;_ L Q = 40 T-]wters/sec for 50 sec and 100 sec
ICT\ (—DP_CT{.)% AP = 1.2 x 10"6 Torr (2.4) = 2.88 x 10'6 T
=4 - 0T-liters/sec 3.9 4 108 yiters/sec
2.88 x 10- 6 T _

Icv-lz(NwimyJ .
. AP= lo%lOTm(M) 262%0° T
S g_.: 40 —T'*,O»Lﬂ‘—c.
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DIVERSION VALVE

INTRODUCTION

The requirements for the diverfor valve were originally set up by PPPL in
meetings with LLL. These parameters were a]so.probab1y tied in to joint | |
committee thinking regarding the 750 % LHe dewar. Generally, 1 suspect that |
the dewar was specifiéd to provide some 6 or 7 hours of liquid stbfagé for
refrigerator outage. This is redundant if one considers a 2000 gallon LHe 
centra] storage and supply. :The radioactivity required remote handling and
disassembly, and é]so was probably the reason for the co-axial bayonet tranéfer
lines. |

The Divertor valve origina11y'had é functions specified; the cooldown mode
and the circulating mode, with remote operation capability. Both of these
functions have been shown to work'safisfactori1y. The REGENERATION modev(or
derime) was added as a later thoﬁghtvto the sbecified function. This was
because of some concern with thé possible prob]ehs connected with heavy 02 or
Hy ice buﬂd-up.(w T‘L \r\a/vv“»“wg CW(W&M )

Based on bubble chamber wbrk with H2 and 02 in thé middle 50's there may be-
undue concern with the H2 ice problem. However general PPPL guidelines for
diversion valve "Regen" modé are: once a week use with cycle time of a few
hoﬁrs - not to exceed 4, preferéb]y much less.

The'"Regen" mode has an upper valve at the top of the cryopanel - and a

Tower valve for liquid supply from the dewar bottom to the bottom of the panel.
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The upper valve is supposed to gea] tight and functioﬁ as a back pressure or
“relief valve set at 10 psigq. (It leaks presént]y.) "The lower or "foot" valve

is supbosed to seal tight at 1 psig, pass LHe from panels, and prevent LHe from
the dewar supplying the cryopanel. (It ;L;szfgéWith both valves closed the
heat load is supposed to boil out the LHe either back info the dewar or outlthe
10 psi valve as gas (GHe). The tehperature of the panel should come ub.and
evaporate the frozen H2 or HD. |

For the Regen mode at ]east'one_of the two valves must seal tight. If the
upper valve, then the build up of gas pressure should push the LHe back into the
dewar, or if the "foot" valve closes tight, then the gas He should pass out
free]y_thru the divertor valve, even in the "circulation" mode.

The other criteria is to have this happen in reasonably short time. An

estimated target -temperature for "derime" is 8-10°K.
]

- Hydrogen Vapor Pressure: (Approx.)‘pg. 326 - Adv. Cryogenics, C.M. Bailey

5 -6 -7

P Inm 00 w5 x 10 10 10~

T 10°K  8°K 6°kK - 5°K 4.2°K 4°K

A panel 4' x 12' = 3.5m2 (one side) = 7m2 total
Holds = 15-20 Titers LHe
Weighs = 200 1bs. stainless steel

Assume warm-up occurs by radiation only -

Assume 1 watt/m2 =~ 7 watts total
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wh _

- 20 % LHe 0.7 == = 14 watt hours - time to dry = 2 HRS

6o

Specific heat stainless steel - page 85 C.D;B;b

watt sec _ C
b K-

est. @ 4°K = 0.1

ea20k =1 oA A

Time to heat to 8°K - 10°K from 5°K.

' wattbsec ' o min _ .
0.1 % (200v2bs.)>(5 K) 50 sec 1.5 watt min
7 watts available ' 0.2 min =~ 12 sec.

2 HRS to boil dry ~ seconds to Yavse panel temp using avail. radiant

heat load; faster and more cohtro]]ab]e with external heater applied or some

method to transfer LHe out of panel.

Conclusions and Recommendations to PPPL

‘1. For minimum mechanical work, omit trying to get divertor valve to work in

"Regen" mode - just be sure it works in Cooldown and Circulation (REGEN).

2. Fix foot valve so it really seals tight! Use a much stiffer valve rod,

more c]osing force and possibly even a soft seat.

3. Wrap 50 watt heater wire (nichrome) on Tower LHe cryopanel pipe for

external control.
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