Lawrence Berkeley National Laboratory
Recent Work

Title

SENSITIVE DIFFERENTIAL PRESSURE SYSTEM FOR MEASURING DEPTHS OF CRYOGENIC
LIQUIDS

Permalink

https://escholarship.org/uc/item/7jt0s27d

Authors

Pope, William L.
McLaughlin, Edwin F.

Publication Date
1964-08-26

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7jt0s27c
https://escholarship.org
http://www.cdlib.org/

UCRI1.-9672 Rev.

University of California

Ernest O. Lawrence

- Radiation Laboratory

SENSITIVE DIFFERENTIAL PRESSURE SYSTEM FOR
MEASURING DEPTHS OF CRYOGENIC LIQUIDS

-

\
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
\. J

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



" To be published in Review of Scientific Instruments

UCRL-9672 Rev.

UNIVERSITY OF CALIFORNIA

' Lawrence Radiation Laboratory
Berkoloy, California

AEC Contract No. W«7405-0ng=48

5 'L_‘ © 13 L‘:,
SENSITIVE DIFFERENTIAL PRESSURE SYSTEM FOR ' - ° -,
MEASURING DEPTHS OF CRYOGENIC LIQUIDS ~ ~ - - |
; Wiliam L. Rope and Edwin F. McLaughlin |
B _August 26, 1964
|



417N
Hesk

S e

‘heat leak to the cryogenic liquids may be made negligibly oman ol
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A system !or.méaeurihg &eptha of cryogenic uquida is dee'criﬁed. .
The lndicating devico isa commerclal dliiorential-prouuro gage: :ho lovol-

sensing probes are of various types. either permanent or removable. The
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0. 14 in. of liquid hydrogen.
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The depth of 3 eryogenic liquid can bs measured easily and fairly accus

| rately by using the syotem described here. The systém consists essentially

of a level-sensing probe having a low- and a high-proaeure tap {sce Fig. 1),

anda Magnei:eue gage. 1 The latter i a very sensitive ditferontial«-prosantq

| gage which has long been used.to measure the depths of eryogenic llciuida. The
5" idea of using this gage #pparently originaied at the National Bureau of Standards :’
- at Boulder, Colorado about a deéade ago. Documontation of the use of this gage =
| has been limited to that of R. L. Goodwinz and more recently that of Trujillo
. aad Marino. 3 For all its great sensitivlty. thls original gage (the 1000 seriea)
'hae a number of mechanlcal faults which make its accuracy low and lta rellas
.' bility queat_xonab_lo. The manuiacture: hae regenﬁy done a firet-class job of | * n
| :“"redaai'gnins this gago (the 2000 sories). All previous faults are corrected and

1
o

the gage is now accurate and reliable. The most sensitive model has & full i\
scale range of 7 in. of Uquid hydrogen (1/2 in. of water) and a least coiint éf
The lcvel-aenslng proboa used with these gages may be either permanen:

or removable. The pc:manent probes are those commonly used to measure 'Y

. hydrostatic differential preesure. with the low«pressure tap comlng {from the
| vapor space above the cryogenic llquid and the high&preaéure tap coming from -
.. the bottom of the llquld container. This latter tap canbe protected from the

inevitable debris at the bottom of these vessels either by entering the container |

through the side wall very close to the bottom, or by'enterlng through the

‘"bottom and making a right»angle bend a short distance above the bottom. ‘rhh

highupreasure tap is a thin-walled stainleus steel tube (about 1/8 or 3/16 in.

" 0.d.) wound in a spiral or henx with a snght upward cast from the horizontal.
' The length of tube in this ¢oll minimizes the heat loak; the upward cast insures

the prosenco ofa atable bomng interface. 'rhe frec end of tho swnloes ttoel
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- coil is connscted to a copper tube of low thermal resistance which {s then led ) |
- dut the top flange of the vacuum jacket. The vertical height of the stainless
stael ¢oil is of the order of i/Z\ lor 1 in. ; the bomng/condenalng interface
g " occurs somewhere in the length af the coil, . S
| ' The removable probes are ‘of the gas b‘ﬁbbler type. 'I'Be low«p:easur'e,
tap again enters through the neck of the'v;asaal and sees the vapor above the
f{i_‘.‘cty‘egeaic ﬂutd. The high~;5re§aﬁre tap Qeee ﬁ:e‘* liquid at the bottom of the
icontainer by meane of a.nother tube entering throngh the nock of the ves sel.
| A liquid « vapor lntorfacn {s kept at the bottom of this tube by continuously or
_intermittantly bleoding }n a gas that doas not condensa at the temporature of
." the liqu.td baing measut‘ad.. Liquid~hydrogen levels can be sensed’ by this probe j\., "
, by slowly injecting bellum gas in ‘the high-pressure tap: “Although such pro§$a
~ work fairly well, some oscillations are usually present. '~ Py
" A probae that gives transient readings only may be regarde& more as a, -
Iaﬁorato§§ curlosity than anything else. The ﬁigh-presaure probe is a thina
- walled pléstic tube. The lateral thermal resistance of this tube is tncreaaed
by slipping secveral additional cloaa-ﬁmng concentric plastic tubes over it :
(Kelo-F electrical apaghetti workn well), or by wrapping lt contmuoualy with :
‘many layers of thin plastic {ilm. such as Mylar. The additional plastic muat ~ o
be sealed to prevent ontry of the fluid between the ‘laminations. A hand pump
or squeeze bulb of several c¢ capacity is externally connected to take oucti_on
. from the low-pressure probe and exhaust 1nto the high-pressuro probe. In |
Operation. the bu.lb is squeezed rapidly until the noedle of the Magnehenc gage
 reads full scale; pumping is atopped.' the needle rapidly drops until it indicatea
the level of the fluid, the needle pauses here for a fow seconds and then slawly
drifts lower as the injected gas condenses. Such a syatem works well wlth

| liquid nitrogen; with liquld hydrogan the operation is Only £air. as the oscmatlons

present naceasitate qu.ite a bit of damping. ‘ T



| industrial-type liquid~hydrcgen dewars exre pnrchased with neck tnbes about
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The ultimate ia removable probes {s the vacuum-insulated high«pressure

proboe which generates its own ges. In this'verslo,n the high-pressure probe is

& small thin-walled stainless stecl tube which is completely eurrounded ‘by an
_ annular vacuum jacket.. Such a p.‘c"ebe ig, of cour:ae. easily removable from a

. dewar by means of slipathrough fittings or lockn. .l*.t Berkeley our sso-mer

?'-;'5‘1 4/2 in. i.d. so thet these high-pressure probes may be installed paranel to
S ‘tha eaductor tube.- By adding a law~proasure tap and a Magneheuc gage, we - - —
"_ have an sccurate and conr.inuous indicauon of the amoun: of nquid hydrogen in
"'E‘;f’"mcdewaratalltimcs. o S e

This probe woxlca equally well in Uquid mtrogen, hydrogen, or he helium.

" The! high»pressure probo is typically & 4/8.in. ~0.d. stainless steol tubs with
. 8 0,006-in. wall and the vacuum jacket is a 3/8-in. «0.d. stainless steel tube 5
© |, with a 0.006«in. wall. For radiation chielding, several layers of Mylar and.

alu:pinum’ £6il are placod around the high-pressure probe in the vacuum space,

and plastic spacurs are uscd about every 18 in. to maintain amnularity of the

.- vacuum jacket and probe. They imve been niaam up to 5 £t long. One can avoﬁd . ‘,
" the use of bellows by making & sharp right-angle bend at the top of this "dip- .

otick” assembly and properly springing the highopreasum probe befoze the
final jolnt is aoldered.

Two or more Magnehelle gages can be put in parallel to read irom the |

samoe probe. As m}zch as 40 £t of 1/8«in. «f. d. tubing has been usod to coanect, -

the gage and the probe. Because of the high sensitivity of the gage, all cone

 necting systems must be yacum-tight to avold srronsous readings.

All diffemntiél pressure systems logse accuracy when gaging cryogenic "

| liquids at several atmospheres pressurd, and tho system deecribed here is no

exception. But for continuous reading in general laboratory usage at pressures

of from 4/2 to 2 or 3 atmoa. the Magnehouc gege is unbeatable for convenlence,

'reuabuity. and varaatmzy
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FIGURE LEGEND

N SN - - -

. Fig. 4. Vacuumeinsulated high-pressure probe for determidation of cryogenice
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