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NBSTF-TFTR Helium cryosystem 

CRYOGENICS SUPPLY SYSTEM 
TITLE 

'Ihe autorration of the corrpressor and refrigerator systems. 

'Ihe refrigerator system at building 6 has been rrodified recently with an auto­

matic controller. 'Iheautomatic system balances tl1e'"h~t~:3.d-fiiii t:hel cryosystem 

~~ and refrigeration "" . It also balances gas/liquid storage within the 

system along with the kickback regulator. -------. __ ._-
, 'Ihe automatic controller~is the Barber":"'Colerran{ analog setr:?~ controller, 

nodel #122H-12892-402-0-10. it: 'is now wifkl ~ both the low and high pressure 

side of the compressor. It senses compressor suction and controls compressor dis-
. / ' 

charge. It does this with a Gulton (#605::'::'01-3s) pr~ssure transaucer and a ~t- . 
_, _ , - ,-:- 0 .... ~1(-1'yC.~So~ 

loaded Grove Flexflow re~at.0r used as the di~chargeAregqlator (model #80). 
"'-, 

'Ihe transducer is a 0-5 psig unit. It needs'-a:' 10vdc input and \<Till put out 

a very linear 1 vdc/psig. 'Ihe Barber-Coleman controller adds this voltage to an 

internally gener~ted negative voltage. The internal voltage is proportional to 

set rx>int dial on the front.:- of the uni ~. If the sum is zero no control action is 

taken. If it is positive or negative then either output #1 or #2 will be activ-

ated. These D.D outputs are vlired to a pair of Asco high pressure solenoids 

(#8262A214). The solenoids are plumbed into the Grove Flexflovl. One solenoid 

admits compressor discharge pressure to the "boot" and the other releases boot 

pressure to suction. 'Ibis has the effect of raisin9 or lowering compressor dis-

charge pressure. 

It is this raising and lowering of the discharge pressure that is the key 

to the automation. By raising discharge pressure \ve either draw gas from suction 

or fran storage (make-up) and canpress it. 

* l 

, From experience we know that suction 

pressure is a "barometer" of conditions within a cryosystem. If the heat load on ." 

" l""d' 'f " "~"~I-;<r~n.c th th bo"l ff "II a cryogeru.c lqul. exceeds the re rJ.geratlon etiCi1:dt:UJls en e 1· o gas Wl 

~ i~()~Au..~~ GAs Hoi S"l~\1='M \5 f,)(6'\) -(Gt-le.t l-li-c..) - Su rio,., MA\~-V~ VALVe 
7'~ l S· , - - .- (t. ~ 
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raise the pressure in the low side of the refrigerator. '!he Barber-Colemm unit 

will "sense" this excess pressure and will "load" the boot in the discharge reg-

ulator. This causes the canpres90r to transfer gas from the suction to the 
~ It: 

discharge side, raising the discharge pressure;/\ lowering the suction pressure, a:Rfr 

will do this nearly instantly. '!he expander mr:ti,on of the :r:,efrigerator then 
. . .'r. ve.t~ tj (el~ . 

expands a rougher pressure to the low slde, lnCreaslng eff±e3:efiey a bl t. If this 
. " . "---- . " 

is still hot -efficient enough then boil off wiil again raise suction pressure and 
...,/ 

the system will raise discharge pressure a little nore, etc. At SOI!"e mint the 
:teA Itt ';:H.ie1~t- will equal heat load and suction pressure will stabilize at our set 

PSt 
point of l.l-po'lnds.. '!he oonverse of this process is true also. 

We have four places to store helium in a dynamic system: the large storage 

tanks; the suction system; the discharge system; and/or the liquid helium system. 

'!he Barber-Colernan controller balances suction, discharge and liquid/heat load. 

'!he kickback regulator "senses" a suction pressure signal also and will trans~er 
~~\ 

gas from the discharge system to the storage tanks if suction exceeds 2~ lBs-. 

If the heat load/boil off rate exceeds the autc:natic oontrollers al:~£ then the 
. or 1'\ &'I(t c:.o\.1.Vct V 

kickback regulator will act fis a back .. up protection" ~n. The 
~uc,..tIOY\ ps. ~ 

final protection against~over-pressurization fS the relief valve~ set for 4~ XSs. 
ons p~1 

'lhe make·up system is set at 3/4 Gf-3-f'Ound and does not come into use 

above this p:>int. If the oontroller is set at ~ lb. then the compressor will 

load up to 265 lbs .. where it will stop. It is stopped by a pressure switch 
~---. 

/ 

''-iIeenleEl in the boot circuit -ane: :!::i!') set for 230 lbs. '!his pressure oorresponds 
. , 

P~I 
to a discharge pressure of 265 1:bs. and IlE.ximum. oompressor capacity. 'rhe refriger-

'·I~ 

ator will liqUify all available gas. W1eri storage gas nms out thE: controller will 

decrease ~ (lower discharge pressure) until boil off equals efltc!i~ 
( o.~ we\\ o.~ ~~. <st.)·. 

In this way I the cool. dawn cycle" can be left for rrany hours unattended. 
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j:I4{, A 
In practice we have not altered the 1.1 lb. set point, ~ 1:111 ccoldovm has 

been rranual and closely rronitored. 

An aside here: Yesterday our LN? precool system for the coldbox failed 
- C- '~ 

and the automatic controller was forced to increase expander effi~CY to-make 

up for the increased heat load in the heat-exchangers. '!he discharge pressure 

was raised froI!l 150 to 2,00 lbs. over a period of 24 hours with a resulting drop 

fran 20% to 10%_level in our liquidhelitnn de.var. N:> other changes in the liquid 
\ , 

system were observed. l L 'I' ....l_f· , 
'a'l e' ~ BflVl \.~ ~o/Y)ts 

, .. ",'~ following is a pressure ~4~ showing pressure" and corresponding 

functions for each pressure. Page 4 is a schenatic for the autonatic controller 

and kick,back system. 

5 s, 

4 C;. 1----,.-..-

3 I-----t--, 

2 +-------"l~, 
.. 

o 
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10esigned to handle Air - Gas - Oil Water - Sa It Water - at temperatures up to 150°. F. 
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JUST ONE NON-METALLIC MOVING PART 
The one 'and only moving part in the operation of Grove 

Flexflo valves is the flexible synthetic rubber tube, which is 
stretched over a rigid cylindrical metal core, and firmly locked 
in position within the valve body QY a bolted or screwed flange 
closure. This expansible tube is i~stalled with sufficient initial 
tension to fully compensate for any degree of set the rubber may 
take. It is this factor of pre-determined elasticity that accounts 
for the positive opening and closing action of the valve. Opera­
tion is accomplished by varying jacket pressure by means of an 
operating pilot. 

The opening and closing movements of the Flexflo are entirely 
free from mechanical friction and hydraulic or mechanical shock. 

The possibility of the valve being held open by any sofid particle 
wedged between seat and disc is completely eliminated in the 
Flexflo, positive bubble-tight shut-off being thereby assured. The 

. Flexflo is entirely self-operating by fluid pressure; no manual 
force whatever is required. Moreover, where many valves are 
located at widely separated points, they can be centrally con­
trolled from a single panel. 

TECHNICAL DATA 
The following data is provided to facilitate determination of 

specific Flexflo adaptations, based on technical operating char­
acteristics and principles. The formulas contain the related func­
tions of pressure to valve operation. 

P.-Inlet Pressure T -Full Tube Expansion Pressure 
P ...... Outlet Pressure T .-Initial Expanding Pressure 

. PI-Actuating Jacket Pressure 
P.-Pressure under Expanded Portion of Tube 
PI~Pressure on Tube at Transition Curve 

DISCHAIOI TO 

CLOSED POSITION 

SIMPLIFIED PARTS 

ARRANGEMENT 

The Grove Flexflo Remote' Con­

trol Valve is comprised of just four 

simple parts: The valve body; a 

flanged head.; a cylindrical core; 

and the flexible synthetic rubber 

tube, which expands to open and 

contracts to close. There are no 

metallic moving parts, neither are 

there any complicated mechanisms 

to wear or cause trouble. 

The Flexflo will handle air, gas, 

oil, water and salt water at tempera­

tures from 0° F. to 150° F. It is 

ideally suited for liquid and hy­

draulic services, flow control, pres­

sure control, throttling, etc. 

_ To close the Flexflo the jacket pressure is normally 
made equal to the inlet pressure. (If operated from an 
external source of pressure the jacket pressure may be 
made greater than the inlet pressure.) 

When the Flexflo is in the closed position the net 
pressure holding the tube down over the inlet slots is 
Pj + To - PI, which becomes To if Pj equals Pl (the 
normal condition for closing). 

In order to prevent the inlet pressure from penetrat­
ing the space between the core barrier and the tube, the 
tube must lay against the barrier with a pressure at least 

, ..... , 

},
. '''-

. ' 

-~ 
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equal to the inlet pressure, Pl. Where the .tube lays· 
against a straight cylindrical section, the supporting 
pressure (from the core) on any small portion of the 
tube must balance the external pressures and tube ten­
sion applied to that section. This gives a net -pressure 
against the core of Pj + To, which is To in eX'Ce?s of 
the inlet pressure, PI, if Pj = Pl. . 

. However, where a discontinuity exists, such as over 
the outlet ports, the resultant unsupported areas of the 
tube are supported from the adjoining portions of the 
tube, thus increasing the pressure at these points .and 
increasing the sealing force. The presence of the step 
on the core barrier greatly increases this effect. The un­
supported section of the tube immediately downstream 
from the step on the core is urged toward the core with 
a net pressur~ of Pj + To - P2. When Pj = PI this 
is PI - P2 + To, which is PI - P2 (the differential 
pressure across the FI~xflo) greater than the closing 
pressure over the barrier. This unsupported load must 
be carried by the edge of the barrier step, greatly in­
creasing the pressure of the tube against the metal at 
this point and helping to insure a tight seal. In this way 
the Flexflo can maintain a dead tight seal, under pres­
sure, even without depending on the initial tube tension. 

THROTTLING POSITION 

When the Flexflo is throttling, the tube is completely 
expanded on the inlet end and completely against the 
core on the outlet end. The transition curve of the tube 
between the expanded and contracted portions occurs 
over the outlet slots, leaving sufficient slot length un­
covered to permit the proper flow. 

If there is flow through the Flexflo the pressure, Pb, 
acting on the transition curve position of the tube is less 
than PI due to two factors. The first 'is the pressure 
drop thru the inlet slots. The second is the reduction 
in pressure due to the high velocity between the core 
barrier and the tube (Bernoulli's Theorem). The pres­
sure acting on the expanded portion of the tube, Pa, will 
vary with position in the Flexflo but will, at all points, 
be greater than Pb due to friction drop, velocity effect, 
etc. 

TF0200 ~15700 ~ 10 <1 ~,:>~~ 
Oakland 8; CALifORNIA ~':'. m,: 

The outlet pressure, P2, (under flow) is less than the 
inlet pressure, PI, by the pressure drop thru the inlet 
slots (wide open) and the pressure drop thru the outlet 
slots (open to throttling position). 

At the transition curve of the tube the pressures must 
be just balanced for throttling and so: 

Pb = T + PI ~ F h \' d' , 
P 

_ P T or t rott mg con ItlOns 
or 1- b-

On the expanded portion of the tube the outward pres-
sure is Pa and the inward pressure is T + Pj. . 

P. > P. 
and Pb = T + PI 
. '. P. > T + PI For throttling conditions 

Thus the tube is held out against the body wall in the 
expanded portion under throttling conditions. 

The pressure under the contracted portion of the tube 
i] the dow~stream pressure, P!!, which is less than Pb 
under throttling conditions. 

P. < Pb 
and Pb = T + PI 
. '. P. < T + PI For throttling conditions 

Thus the outlet end of the tube is held hard against 
the outlet core ribs under throttling conditions. 

. If under throttlingcon'ditions either Pb or Pj changes 
so that Pb is greater than Pj + T, the unbalanced pres­
sure will roll the transition curve of the tube ahead, un­
covering more length of the outlet slots, until the in­
creased flow reduces Pb to the balancing pressure. If 
Pb or Pj changes so that Pb is less than Pj + T, the 
action will be reversed so that the Flexflo will throttle 
down until equilibriun'l ,is reached .. 

WIDE OPEN 

If P2 is equal to or greater than T + Pj the valve 
will be wide open as any throttling action would cause 
Pb to be greater than. P2 and hence greater than T + Pj. 

Actually the velocity effec~ on Pb very nearly offsets 
the pressure drop thru the outlet slots when the valve 
is' w~de open, so that under ihis condition Pb very nearly 
equals :E?2. 

i:~ '. 

! 

• 
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'<'.',\'{GROVE FLEXFLO DomePressur~Loaded Reliever • 
. ..... , 

'" ~ ~. ;" 

... , .... :' 
. r. • 
. :,' ': 

I 
I· 

.lie/ieyer installed in horizontal line with cylinder b~ried. 

Flexllo RelieyCf installed in yettical gas line with cylinder 
attached directly to Flexllo. 

.\ 

The Grove Flexflo Reliever is a combination' of the 
. Flexflo valve with a gas cy~inder and a 1Danifold, per­
mitting the loading of the Flexflo jacket and the cylinder 

.. : from an external source to any' desired pressure. . The 
combination forms a relief valve with .an unusual operat.;. 
ing principle, SI1;looth and positive in action, giving de­
pendable service that cannot be obtained from any other 
form of relief valve. 

So sure i~ the action of the FlexfloReliever that one 
of its greatest applications is for use in parallel with a 
spring loaded .re1i~f valve, pop valve or bursting disc 
where these are required by ~~w or underwriters regu­
lations. Set to relieve at a pressure slightly under the 
conventional valve, the Flexflo Reliever is an unfai1!ng 
answer to common relief valve problems such as leakage 
and failure to operate. 

Because of its smooth non-chattering operation the 
Flexflo Relie~er may. also be used as a back pressure 
regulator for continuous or intermittent operation .. 

. In applying the Flexflo principle to pressure relief 
service, we find that the confined gas will be compressed, 
with a consequent increase in pressure before the Flexflo 
tube has. moved enough to start to. open the valve. 
Further compression of the confined gas with its at-

_ telldant pressure increase must take place before the 
FlexAo can open to its rated' capacity. 

Because pressure increases caused by the compression 
of the volume contained in the Flexflo jacket would be 
of considerable magnitude, it is desirable to attach a 
relatively large volume gas cylinder t6 the FlexAo jacket. 
This decreases the ratio of change to total volume, mini­
mizing the pressure increases. 

Since amhient teniperature changes affect the pressure 
of gases in c1~sed vessels, the Flexflo Reliever is pro­
vided with a flexible copper tubing connection between 
the Flexflo and the cylinder, so that the cylinder can 

. be buried to protect ,its contents from atmospheric tem­
perature changes . 

. When slight variations in relief pressure due to tem­
perature changes are not of importance, the cylinder may 
be attached di~ectly to the Flexflo as illustrated in the 
drawing on the left As this drawing also shows, it is 
possible, on gas services,' to load the Flexflo jacket and 
cylinder directly from the Flexflo inlet. Thisis practical 
when it is desired to have- the Reliever open at a pres­
sure slightly alJo\"e the 110r111al line pressure. 

.. 
-;'.:. '.-
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. . 
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