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A Slmple D1fferent1a1 Pressure System

for Measuzl'xng depths of Cryogexuc 11q§u1ds

I,
Wllhé.m L Pope and Edwin F. McLaughhn ‘

-

Lawrence Radiation Laboratory
i University of California
o Berkeley, California

April 14, 1965
ABSTRACT

A system.for measuring depths of cryogenic liquids. is described.
The indicating device is a commercial differential-pressure gage; the
' ,level-sens.ing. probe may be fixed or removable.. The heat leak to the

- cryogenic liquid may be made negligibly. small.

- *This work was done under the .a_'uspices'of the U. S. Atomic Energy Commission.



‘The depth of a cryogenic liquid can be measured easily and fairly

"accurately by usmg the 5ystem descnbed here. This S)[s{em is a re-

finement -of an ancient techmque for fmdmg depths of 11qu1ds by using a

~ ¢ tubular probe. or dxpstxck -and a. d1£ferent1al pressure gage. The gage

is connected so that its low-pressure slde senses the pressure of the
vapor space above the liquid, the high-preésure side of the gage is con-
nected to a tubular, open-ended probe‘which is inserted through the neck

opening and which reaches nearly to the bottom of the dewar or cryostat.

.If, now, the high-pressure probe can be kept full of gas to keep the .

~ liquid from intruding into it, the gage will indicate a pressure that is

almost entirely due to the hydrostatic head ofliquid above the bottom
of the probe
Actually the 1nd1cated pressure is the sum of the pgh of the vapor

between the low -pressure probe and the liquid surface, plus the pgh of

" the liquid between its surface and the bottpm of the high-pressure probe,

minus the pgh of the gas withiri the high-pressure probe. If, for con-

~ venience sake, the gage is given a linear calibration for the liquid

density at atmospheric pressure, the accuracy of indication may be

significantly affected by the conditions within the dewar itself. At very.

low levels of liquid, the hydrostatic head of the vapor above the liquid

may be greater than the head of the liquid itself, and consequently the

age will indic_kate much more liquid than is actually present-. At pres-
g g > . .

!

sures greater than atmospheric, the gage indicates less than the actual .

level, although it gives a more accurate indication of the mass of the

liquid, and it is ‘evident that the pgh of the gas in the high- pressure

probe will have little effect on the accuracy of the system if the aver-.

‘

age temperature of this gas can be kept well above the temperature of -

RN

the liquid. Ob\(ieusly the gage can be given a nonlinear calibration and



a calibration for pressures other than atmospheric. But in spite of all

'these qualiﬁCations euch a system is a handy utilitariar} t_:boi for finding

i: ;'

11qu1d levels in dewars and cryostats under normal laboratory cond1t1ons.

All the above is dependent on keepmg the hqu1d fn?m intruding into

‘the h1gh pressure probe, and there have been numerous approaches to
this aspect of the problem. Hereward (1951) used polyvinyl ehlor1de

3 sleeving for' the high-pressure probe and kept liquid air frorrx enter'ing
'the probe by inserting therein a 4/46-in. -diam copper wire or a 1/8-in. -

~diam brass rod which boiled off about 1 cc/sec of gaseous air. His

indicating device was a water or oil manometer. Goodwin (1955) meas-
ured the level of liquid nitrogen in an ordinary supply dewar by inserting
a tube (probably metallic) down the neck of the dewar to act as the high-

pressure probe and slowly bleeding into this probe a noncondensable

gas. He useda Magnehehc gage to measure the differential pressure

produced. Trujxllo and Marino ('1964) also used a Magnehehc gage;

their h1gh pressure probe was a 1/8 m -diam stainless- steel tube

L parallel to and soldered to the dewar ~eductor tube._f A nichrome wire, |

-

 insulated by means of ceramic tubes, traversed the inner length of the"

high-pressure probe. In operation, 20 V a.c. was applied to the wire

until enough liquid nitrogen had boiled to leave the probe full of vapor.

‘'The high-pressure probe used in the present work was vacuom- '
jacketed. The vacoum jacket provides thermal insulation to keep the
pr'obe.warmer than the cryogenic liquid everywhere except at the lower
end of the .pr‘obe where the vacuum jacket ends and the open bottom of

the probe is in contact with the liquid. Such a probe works evqually well

*Manufactured by F. W. Dwyer Co., Michigan City, Indiana, U.S.A.
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- in liquid nitrogen, hydrogen, or helium. The thermoacoustic oscilla-

tions usually present in an Open-endéd tube in liquid helipm do not

o . . o S
occur in a vacuum-jacketed tube, as has been noted by Clement and

Gaffney (1955).

We have installéd in 150-lite r indﬁstrvia.l-type_a liquid-}'xyydrovgen ,
deﬁvlars{high-pressure probes that are 1/8 in. o.d. with a 3/8 m -o. d.
vacuum jacket; both tubes are staiﬁlesé ste’el.with 0.0'0'6-in. wall. For_
radiation shielding, to prevent éxcessive heat loss erm the probe,

several léyers of Mylar and aluminum foil are wrapped around the high-

. pressure probe m the vacuum space, and Teflon plastic spacers are

used evefy 18 inches to maintain annularity of the vacuum ja'cket and
probe. These probes have been mé,de up to five feet iong and aré

easily installed and vremoved by meané of slip-through fittings or locks.-
One can provide for the difference in thermal contractions of the vacuum
jacke;c and probe and avoid the use-of bellows by making a sharp right- |
angle bend at the top of this dipstick assembly‘ and properly springing =
the high-pressure probe.‘ before the final joini is soldered. ' A typical
probe assemﬁly installed in a dewar is shbwri in Fig. 17 By adding a
low -pressure £ap and a Magnehelic gage (the 2000 series) we have a
continuous indication of the amount of liquid hydrogen in the dewar at

ali times. The accuracy is about 3% of full scale. Two or more
Magnehelic gages can be put in parallel to read from the same probé.

As much as 40 ft of 1/8-in. -i. d. tubing has been used to connect the

‘ gage and the .probev. Because of the high sensitivity of the gage, all

connecting plumbing must be vacuum-tight to avoid erroneous readings.
Obviously the low-pressure tap can be installed as an annulus around

the high-pressure probe'.l Now the entire system becomes a-portable,
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‘Goodwin, R. D., (1955), Rev. Sci. Instr. 26, 1052.
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FIGURE LEGEND -

Fig. 1. -Vacuu‘m’-'insulatéd' r.uv,'»obg for det'ermi'natiovn of cryogenic-liquid

. 'depth.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



1T






