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ABSTRACT

A capacltance instrument ls described that
indicates the level of liquefiled gas in a
closed container. The instrument has been
used to Indicate and control the level of
liquid nitrogen, hydrogen, and methane.




Introduction
Summary
Dlscussion

Bibllography

Figure

CONTENTS

LIST OF FIGURES

Dual-Channel Liguld Hydrogen Level Indicator
Capacltance Probe
Block Diagram of Liguid Level Indlcator

Schematic Diagram of Capacitance Bridge




A LEVEL INDICATOR FOR LIQUEFIED GASES

INTRODUCTION

The operation of a laboratory process in which liguefied gases were
contained within insulated metal cylinders required an 1lnstrument
that would 1indicate and control the level of such a ligquid. The
temperature of operation was at times within a few degrees of
absolute zero. Most buoyancy or float-type detectors are 1lnoperative
at such low temperatures. A capacltance probe that has no moving
parts and does not Introduce appreclable heat leaks 1n the system
appeared to be a good way to make such a measurement.

SUMMARY

A dual-channel 1nstrument was designed to 1Indicate remotely the

level of liquid hydregen, nitrogen, or methane in a closed contaliner.
The sensing probe was & c¢ylindrical capacltor with one end dipping
into the liquid surface. The capacitance of the probe is a linear
function of the height of the ligquld. A continucusly balanced
bridge was used to measure the capacitance and thereby the level of
the liguefied gas. The addition of a cam-actuated switch on the
servo-actuated indicator provided a means to control the liquid

level during process operations.

DISCUSSION

In the use of liquefied gases in laboratory processes, the need often
arlses for a means of measuring and controlling, from a remote
peosltion, the level cof these liguids within closed vessels. A
versatlle Instrument was needed that could be used in varilous types
of vessels and with liquefled hydrogen, nltrogen, or methane.

A common type of liguid level probe depends on the cooling of a
resistance coll mounted so that one end dips into the 1liquild.

Such & simple device, which can easily be made from commerclal
registance thermometers, was not sufficlently accurate with liquefied
gases because of the absence of any significant temperature differential
In the wire at the liquid-vapor interface.

A succegsful instrument was made with a capacitance gage. Tt had no
moving parts and did not introduce heat into the liquefiled gas.

Such an Instrument may be used to Indicate and control the level of
a liquefied gas 1in a closed vessel. The 1ndicator of a dual-channel
Instrument of this type is shown in Figure 1.

The instrument consists of the sensing probe and the indicator-control
mechanlism. The sensing probe is a cylindrical capacitor that forms
one element of an AC bridge c¢ircuit. The bridge output operates the
Indicator-control mechanism.
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FIG. T DUAL - CHANNEL LIQUID HYDROGEN LEVEL INDICATOR

The sensing procbe capacitor assembly is shown in Figure Za. The
capacitor conslsts of three concentric stalnless steel tubes, as
shown in Filgure 2b. "Teflon"-insulated spacers were used between
the tubes. The outer tube acts as a shield; the two inner tubes
form the actlve capacitive element. A number of holes were placed
in the outer tube and in the "Teflon" spacers to allow the liquefied
gas to rise freely between the tubes. The change in capacitance 1s
due To the difference 1n the dlelectric constants of the ligquild and
the vapor. The capacitance of the sensing element is a linear
function of the height of the liquid column. The probes were coated
with an insulatlng varnlsh to lessen any danger of an electric spark
in the probe when they were used with liguld hydrogen. As an
additional precaution, the veltage 1is kept low. The tabs shown on
the outer tube were used to weld the probe Inslide a stainless gteel
vessel. Molsture collecting in the probe was no problem since

the process system was sealed off from the atmosphere. Probes of
various size have been installed. Thelr dimensions range from

2-1/2 1nches long and 3/8 inch in diameter to 12 inches long and

3/4 inch in diameter.

The measuring clrcult 1s essentlally the same as one described by
Wwilliams and Maxwell‘*!'. The block diagram of one channel of the
instrument 13 shown in Flgure 3.




FIG 2 CAPACITANCE PROBE
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FIG. 3 BLOCK DIAGRAM OF L!QUID LEVEL INDICATOR
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The capacitance bridge circuit 1s shown in Figure 4. The lead to the
center element of the probe capacitor was left unshlelded since it
had a high signal level and a low impedance to ground. The high
impedance lead from the middle element 18 a coaxial cable with

the shield connected to the outer element. The capacitor, Ci,
compensates the bridge for any stray capaclitances. The correct

value of this capacltor depends upon the particular installation
involved. A typlecal value is 0.5 microfarad.
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FiG., 4 SCHEMATIC DIAGRAM OF CAPACITANCE BRIDGE

The zero adJustment, R;, 18 a 100-ohm, 1C-turn potentliometer to
permit a fine initial adJustment over a wlde range of probe sizes.

Two test levels are provided by substitutling capacltors Cs and Ca
for the actlve probe. This facillty allows the operator to confirm
the callbration of the lnstrument.

The reference capacitor, Cz, must be of a good quallty not subject
to drift.

The span adjustment, Rs, 18 a 1000-ohm, 1lC-turn potentiometer.
To prevent the bridge from becoming unstable a2 lower limit of span
adjustment 18 provided by Rz and Ra.

The brildge ocutput is fed to a conventional phase-senslitive amplifier.
The amplifier output 1s used to energize a two-phase motor geared to
the slldewlre that restores the bridge balance.




The slidewire, Rs, 18 a 25-ohm, 10-turn potentiometer that is
geared mechanically to the servomotor. A change in the capacltance
of the probe will unbalance the bridge. The balance position of
R4, which 1s proportional to the liquld level, 1s displayed on a
circular scale 8 inches in diameter (Figure 1).

Four liquid level systems have been installed, two of whlch were of the
dual-channel design. Three cof the instruments operated satlsfactorlly;
however, difficulty was experienced in the fourth due to crogs-talk

in the probe leads. This instellation regquired exceptionally long
leads 1n close proximity.

A cam-operated swiltch was geared to the slidewire 1n one of the dual-
channel instruments to control the level of liquefled methane and
nitrogen. The level variation was approximately 6% for methane and
12% for nitrogen. This variation could have been reduced by adding
capacity to the liguefled gas supply system but no closer control was
requlired for the specific application.
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