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. ABSTRACT . ' 
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A system !or rnea•urlng depths ol cryogenic Uqv.1da ie cleecrlbe4 • 

'\. 
",, 

.; 

. · · The lndicat1D3 device is a co~erclal 41ffe:rential•preaaure gage a the level• · 
. . . . . . . - . \ 

aenslns probes are of vuloua types. either permanent or removable •. The \; 
' 

. ..... 

. heat leak to the c:ry~gonlc liquids may be ma<lo neg1!a1bly. emall. 
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The depth ol. a cryogenic liquid ca.n be measured eaaUy and lairly accu• 

ra.tely by using the eyetem deacrlbod he:te. The ayetem conahts easentlally 

ol. a level-sensing pl'obe having a low• ancl a hlgh•preseure tap (aoe Fla. f.), 

. and a Magnehellc gage. t The latter l8 a very aene1t1ve difierential•pressul'e 

gage which haa long been used to meaaUI'e the depths ol. cryogenic llqulda. The 

I ldea oi using thl.a gage apparently odg1nated at tho National Bueau of Standards : 
'.• 

at ~oulder. Colorado about a decade ago. Documentation of the use of thla gage. . . . 

.. . has been 11m1tod to that of a. J... · OoodwmZ anc.t' more recently tha* ~f Ta-ujlUo · · 
:· . \ ----.. 

... and Me.rlno. 3 For allltagreat sensitivity, thle orlglnal aaae (the 1000 aeries~. ;: 
;.· .. 
.. · has a nwnbel' ol rnechanlcal laulta whlch make lts accuracy low and lta relia· ."': • . ' . 

. . . . '1 

.. blllty questionable. The manUfacturer hae recently done a . .tlrat•elasa Job of ' . •! 

': .~ ! • • • . . '.. . 

redealaDJ.ns thf.a gage (the 2000 aedes). AU pl"e\'loue taulta are corJrectod and , -" 
I 

'I 

the s•s• h QQW 4\cc:v.rate an4 r.eUable. The most aenaltive model. baa t. lull ; i 

scale range o1 7 ln. of liquid hydrogen (t/2 ln.· ot water) and a 1e•at count of 

o. f.4 ln. ol Uquld hyctrogeD. 
:.: 

· The levol•&enslng probes use4 with these gages rnay be either permaAeDt 
' 

ol' re~ovable. The permanent probe a are those ·commonly used to mea sue o. · .. 

hydrostatic c:Ulferential presauro, w.ith the low~resaure tap coming from the · 

vapor space above the cryogenic liquid atid the high•pressue tap coming from 

. the bottom o! the liquid container. This latte:r tap can be prot~cted lrom the 

· inevitable debrla at the bottom o! these veesela olthor by entering the containel' 

through the side wall very close to the botto~, ·or by entering through the 

bottom an4 making a right•angle benci a short distance above the bottom. Thla 

high-pressure tap ls a thln~·walled stainless stul tube (abou.t t/8 Ol' 3/t6 ln. 

o. d. ) wound ln a spiral or helix wlth a aUght upward cast lrom the horizontal. 

The length of tube 1n this. eoll mlnlm1a4ia the heat leak' the upwarcl caat insures 
. . l . 

the presence of a atable boWng interlac·e~'~ The tree end of the atalaleea steel 
. ' ' . . ' \. . . . . . ", 
'.' . ~ ··. '. ' '. \ \.· '•. ': . ' . ' . . . . .. 

. f . . ' . '. 
'! ·'. 

·. ~ ."- ., . 
.. ~ . :"'· . 
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ceil ls connec~d to a copper tube of low thermal resistance which b then leci · 

· · but the top flange of the vacuum jacket., }rhe ves-tlcal height ot the atalnle&G 

.. 
• 

steel <:oU ls of the order of t/i\ or t ln. • 'the boiling/ coneentlng interlace : · 

·: · occurs a~mewhere -1n the length (it the coil. 1. 
. . ' . 

... · 
"·tap agaln enters through tho ~C:k of the ·vosael and eu~ea tho vapol." above the · ' 
i : -~. . . . . . . . ' 
. · .. cryogenic D.uld. The hiah•p.,test\ue tap sees the· liquid at the bottom of the· · · .\·. 
\( ,' ' ~· ' ' • I' : 

·: _container by meatus of ano~er· tube ente_Z'ing through the neck of the vea sel~ · · · 
•',. •• of • • 

. ; · A liquid • vapor Uitertac..e ·ts kept at the bottom of this tube by :continuously or.· 
• ~ ·.: ' • • • w • • l ' 

. ·( . intermittently bleedirJ.s}n a gas th~t doos not condense at the temperature Ol . 

.. . ~···.the liquid being measu~ed, · Llquid·hydrogen levels can be aen'aecr'by·thia pr~be. ·' 
.. , . . . ,· .. 

. : .. · ~y slowly inJecting hell~ gas ln the hlgh·pressure tap. ·Although: euch probes .. ': 
:< . . . : .. ·! ,: 

work faitly well, some oscUlations are usually p:r0sent. . · · : .... 1' 
: ,• ~ 

A probe that gives transient readings only may be regarded more as A, 

. laboratory cul'losity than anything else. The ~lgh-presa\lre p~obe la a thln•. · ·· .... ·· 

walled plasUc tube. The laterai thermal resistance of this tube la increas~fl':· ·: .;.· 

(Kel-F electrical spaghetti worko well). or by wrapping it continuously with· 
: .·:"' 

.L->.:s 

.. many layera of thin plaatlc: fUm, such as Mylar.· The additional ·ptastlc must ... ,~<. 
' . ' ... ' 

·. be sealed to prevent entry o£ Ute fluid between the 'laminations. A hand pump . ·· ..:·. ·. 

C>r squeeze bulb of several cc capacity lo externally connected to take suction ··.;·:.i. 

from the low-pressure pl'obe and exhaust into. tho high-pressure probe. In 

ope-ration. the bulb is aqueezed rapidly_ until the Doodle of the MagneheUc gage 
.. 

reads full scale; pumping is stopped, the needle l"apldly clrope wa.tll 1t indicates 

the level o£ the fluid, the needle pauses here lor a tew ·seconds and then slowly 

drifts lower as the lnjacted gas condenses. Such a system works weU with ' . 
·- . . . . . . ----~~- . 

liquid nitrogen: with liquid hydrogen .the operation ls only tab. aa the osclllatlons 

present necessitate. quite a blt of damping. 
· .. 

I l • l , ~ ~. , '> , 
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The ultimate in removable probes is the vacuum-insulated hlgh•pxoeesue 

probe which gGnerates its own gas. In this version thG high-pressure probe is 

&. small thin-walled ota.inless steel tube which h .. completely surrounded by an 

1ndustrla.l-type liquid-hydrogen dewa.ra are pw:ochasod with neck tubes about . . 

· .<t~_t/2 in. t. 4. · so' the.t tber;e Wgh·p~essure probes may be installecl parallel to 
. I ; o ' ' ' • • ' • 

.... .t · .· · ·. the-cductor tube.· By adding a low-pressure tap and a Magnehelic gage,. we 
. ~ . 

~; · have an ac;:curato and continuous lndication cf the amount of liquid hydrogen 1a i 

·'·:·· ... i. 
. ··. 

:· the dewar at all· tlm.os.. · I' ' ' 

·' . ' 

:.• Thio probt~ worl(e equally well in Uquid nitrogen, hydrogen, .o:r helium •. · 
---··~--- I·, .. 

~he.: high--pressw:EI probo itS typically a 1./8 •in. -o. d •. stainless steel tube with 
. ;I 

a. 0.006·in. wtJ.l and the vacuum Jacket is a. 3/S·in. •O. Cl. stainless steel tub~ .. i 

~ ... with a 0.006.-ln. ~·aU •. Eor radiation abieldl.n~, seve::alla)·era of My~:r l.n<l .• 

aluminum loU are placed around ·tha higb-prccsurc probe in th~a vacuum space. '' 

ami plastic epa.cura aro Wicd about every :1.8 in. to mai~n Annula.:rity o! the 

·vacuum jacket and probe. They have been nl.l.de up to 5 £t lena. One CAD avoid 

the use of bellows by making a sharp right-angle bend at the top of this "dip· 
' ' 

stick,. aseembly and properly springing the high•preasu:r• probe 1>e£o2'e the 

finAl joint h soldered. 

Two or more Magnehelic gages can be put in pal"allel to read :trom th6 

same p:robe. As m~;;h as 40 tt of t/S•in. •! .. d. tubing ha.s been usod ~connect. 

the gage and the probe. Because of tho high sensitivity o£ the gage, ·a11 COD• 

necting systems rnust.be vacuwn•tlght to avoid erroneous readings. 
.. 

All di!£erenttal pressure system~ lose accuracy whon gaging cryogenic 

liquids at eeveral.atmosphere.a presau:re, and the syGtem deacdbed here ls no 

•xeeption. But for continuous reading in general laboratory usage at pressure• 

o£ from t/2 to Z or 3 atm.os~ the .Magnehellc.' gage la uDbeatable tor coovo!Uence, 

reliabUlty, and versatility •.. 

n ·~ ' 

'· 
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