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ABSTRACT

A time don"xain reflectometer is considered a closed-
loop, one dimensional radar system., Applying the principle
of time domain reflectometry to the detection of cryogenic
liquid levels, measurements on the order of 0, 3%°of total
liquid level probe length are possible.

The time domain réﬂectoma_ater liquid level measure-
ment is independent of liquid. density vé.ria.tions and is simple

to calibrate and operate. Construction of the liquid level

sensing probe is described.

Key wo.rds:‘ Coaxial probe; emptying rate; fill rate; liquid

level; time domain reflectometer,
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| INZTRODU cTION
This pa.p?r shows how a t1me domain reﬂectometer (TDR)[1 -4]
provides a simple yet accurate_ method _for.ma.king liquid level measure-
rﬁenté of cryogenic ﬂuid;s; Mea}.surIémer‘xt of crj{ogénic quuidllevelbé in
stOrége \./essels. have g.er'xerally be:enbperfo,rIned With discrete sensors
arranged in a ladder configuraj:ion. The accuracy éf this technique is
determined by the s'pa‘cing‘ of ‘the sen‘so'rs é,rId their»re.sponse. timé.

'Cé.pacito;s"have been I;sed both aé point sensoré and zone sensors.

The zone sensor is a large capacitor thé.t safhples the _entiré liquid vlevel
and méasures the avé_rage densIty of I:he ﬂu1d The disad\}antagé in using
CapacItors for liquid level s;nsors is thaf ~one.m’gsf knpw the average density
of the sa%nf;led fluid. Thié re«juires a ere-asurement pf the dielectric con-
stant of fhe ﬂuia axId félatihg fhis dielectr_ici cbn_stahi; .t.o density with the
Clausius;Mo$sotti equation. This (equba..tio‘n,‘is based I)n- _sinl‘p‘]‘.ify'i.nAg a‘shsump-- :

.. tions and may be in error by as much as two percent.

* Contyibution of the National Bureau of Standards, not subject to copyright,
This wori was performed-at the National Bureau of Standards under the
sponsorship of the American Gas Association Headquariers, the AGA
Pipeiine Research Committee, and the NASA-Marshall Space Flight Center.
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Gapacitance liquid level gages are high impedance devices and can
give erroneous readings when subjected to intensé nuciear radiation
fields[s]. |

A TDR can be co.nsidered to be a»o‘x.me-_dimensional. closed loop radar

[4]

system This technique involves sending a fast rise time (< 120 pico-
seconds) pulse down a transmission line. Discontinuities (imperfections)
in the line will reflect some energy back t; the generator. The amount re-
flected i.s proporti§na1 to t-he' vmagni.tude of the discontinuity encountered.
These transmitted and reﬁected signals are monitored on an oscilloscope
screen,

A time domain reflectometer may be used to m‘ake the liquid 'le.vel
and vessel flow (fill or erﬁptying) raté méasurements. The measurement
depends on an abfupt change in dielecir:rici constant in the sensing probe (a
coaxial ‘line).‘ The measurement is not perturbed by variafions in liquid
density.

-

"U‘rtllike capacitance deviceé, the TDR system is a low impedance
device and is i;sensitive to high nuclear radiation fields [6] Furthermore,
a TDR‘providés a visu‘al (oscilloéraphic)'displa.y as well as a numerical
read.out. | o |

A brief history of timé domain reflectometry and transmission
line theory follows., Sufficient references are given for a reader not

familiar with time domain reflectometry or transmission line theory to

obtain the necessary background,
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- TIME DOMAIN REFLECTOMETRY
" Time domain reflectometry -(TDR) is a sta.te‘of-the art application
of estab'l:is‘he.d puisve..reﬂeCtio’n’mea;sureme.rit techniques. With t'hﬁe develop-
ment of fa .s.t.ri:se_tir:ne generators and sgmpling‘.oéciuos'cop'e’s, the appli-
-cation of puise reﬂé,cti_bn techniques to v'higvh fvzﬁeq.\;;ency. 'tr‘ansmis;si(m systemé
‘ has becomé 5. cénﬁm.on practice,
Fiéure 1 'illu‘s-tratés .a‘ -TDR systém. Thé step ge’herator launches
a .vbltage ‘pulvs.é down the tra‘nsmis'si:on line toward thé liquid surfa‘ce.‘
When tha pulse encqﬁqters fhe liqui‘d surface, part of the energy 1n the pﬁlse
is reflected back toward the s‘,t.ep genex;afqr whé:g the safnpling c_ir;uits
intercept it and send it to the .display; The OSCillogra’phic,d;isplay of the
‘return pulses give an immediate indication of fhe nature of .tlﬁe ref_lectiﬁg
' discontiﬁuity which may be resistive, 'or capa;gitive, or inductive, The
calibrated disfan’ce écaie pf the TDR discl-osLe,s» the lqcation of the rgﬂecting/ |
discontinuities. .
The TDR displa;rs the characteristic impedance levels of the trans-
v ‘ ,
mission line. Transmission line theofy shows that the characteristic im-
pedance of a transmission line is determined by the Eréss-sectional dimen-
‘sions of thc.line and by the 'rela.tive‘dielvl.ectric constant, e’r, of the medium
b¢twecﬁ the conductors (we assume negligible. rés‘istive losses).-
For a right ‘c‘ircular coaxial transmiésion line, as shoWn in Figure
2 (the kind we use to measure liquid 1evgls), the cha.racteristi_c impedance.,

7"0’ is defined by
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Figure 2, Right Circular Coaxial T_ra:}sm‘ission Line.
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Equation (1) shows that the characteristic impedanée of the line
changes with either relative dielectric constant, €., or cross-sectional
dimension ratio. It is the abrupt change in €. at the gas-liquid interfa.ce
that is used for measuring both liquid level and flow rate.

Clearly, for constant line dimensions, the change in characteristic

impedance at a gas-liquid interface is given by

€
r(gas) . 2)

Zz . ...=24
o(liquid) o(‘gas) er(liquid)
This characteristic impedance is readily disclosed by the time domain

reflectometer,
PROBE CONSTRUCTION

We constructed a 135 cm long right circular coaxial probe. This
has holes every 30 cm to allow the liquid to penetrate the region between
the conductors, The probe has a characteristic impedance in air of
55 ohms and it has a low temperature coefficient 50 ohm termination.

E‘igure '1 illustrates a schematic representation of the TDR system
including the probe. Distance d. is the length of the transmission line

1

from the detector to the probe, d_ is that part of the probe length with

2
gas dielectric, and d3 is the probe length with liquid dielectric.

Figure 3 is the oscilloscope display for a typical liquid level mea-

suremecnt. Length d1 has a characteristic impedance of 50 ohms while
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Figure 3, TDR Oscilloscope Display for a Typical Liguid
Level Measurement. The distances d,, d, and
da Correspond to the Lengths of the Transmission
Line Sections Containing Air, Gas, and Liquid,
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dz, the gas fii.-«i section, has an impedance of 55 ohms and d3, the
liquid filled leny.ii, has an impedanée of 46 oiams.
LIQUID LEVEL MEASUREMENTS

Time ‘delay anci ﬁagnification control on the TDR permit a detailed
examination of the probe. See Figure 4.

The horizonj;al displacerﬂent of the oscilloscope trace is proportional
to the effective leﬁgth of the pr;obe, ;n/hilé the vertical diSplaceme;nt ’is pro-
.portio'nal to a characteristic impedance level. 'The positive slope of the
vertical output in the TDR trace is Tused to start a counter and the negative

, 510pe. stops the counter, Therefore, the counter indication is proportional to
the length of the gas filled portion of t.hle probe. Distance along the oscillo-
scope display is converted to liquid level in cm as follows. |

LL = Lo - KP, _ (3)
where LL is the liquid ievel of-.the ﬂuid; L; is the length of the probe,
K is determined when the probe is vempty, and P is the counterl interval

-

time, in milliseconds, of the gas filled length of the probe.
Figure y5 is a liquid level versus counter interval calibration of the
135 cm probe used in the weigh and catch tanks of the liquefied natural gas
flow facility. Accuracy of the liquid level measurement is approximately
+0. 3% of the total probe length,
THE TDR AS A FLOW INDICATOR

The TDR system has been used as a flow indicator by continuously

measuring the counter interval of the gas portion of the probe and plotting
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_ Fiéure 4, Expahdedlmsmay of the Liquid Leve_lv Probe.
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Figurce 5. Calibration of Liquid Level Probe¢ in Centimeters vs. Period
Measurement in Milliseconds.
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this mtm val or I;quxd level vexsus tuﬁe. Kﬁewing the geefnetriC‘ configur-
ation of the contamer, the volume ﬂow (emptymg) rate out of the container
can be calculated and plotted .

Fxgure 6 is a typ1ca1 computer plot of hqt,ud 1eve1 versus time. Tﬁe
Aﬁeomctrlcal confxguratxon of the contamer is'a cylmder a.nd consequently
for a _constaﬁt-ﬂow (fill ’o_r emp’qying) ;_',ate. the'géqtpgfg is li'near. These data
we re obtained from .the hydregen' ,ﬂ.gﬁr 19979 fémlm@ typical of th_e‘ﬂow rates
obtained using liquid hydrogen, B |

SUMMARY

Time doﬁ;ain.reﬂ.ectqmetry‘-ig a ,simple', yet %Ccurate system for
contlnuouely measurmg hqu1d levels of cryogenic ﬂuxds._ The system is
independent of liquid density variations and 15 relatwely sunple to ca.hbrate
and operate, Characte;is,tie impedance ga],gulg,@iogs of a :ig_ht circular

coaxial probe are straightforward and the prebe is simple to construct.

L 2

11



150 -

&
o
I

D

d Level, cm
o
(@)

o

iqui

L

po

o
9

¥

ws

1
¥

o=

Fipure 6,

~i
40

o

80 120
Time Sec

Computer Output of TDR Liquid Level versus Time for
Flow Rate Information, Dashed Lines are Data Pomts
and C@ntmuous Line is the Best Fit Curve,



Ll

:;'a.

c~

REFERENGES
R, Carlson.‘ S. Krakaver, R. Monnier, V. Von Duzer, and R
Woodbury, “Sar:r-;pling Qﬁscillog:gaphy,,"‘ nglett Packard Applications
Note 52»(No;/. 1959). | | - |
“Tixné Domain vRe.ﬂbe'ctome‘try, " ,.Hewlg"c’c..P.vacka:rd Applicatioris '
Note 62 j(1964)'.. | - | |
"Pulse Reﬂéction Meaﬁu#emem of Trq.nsmission Line Impedance
and D-isconti,nuiti_es, " Infv,l':ou.se publication, VTektro:nix_. (1962).
nCaBle Testingﬁith ’Time Dc.?m,a,in'li;eﬂ.gctom'etr‘y, 1,,' Hewlett Packard
Applicatiﬁns‘ Note 76 (1965). | | o |

W. L, Willis, "Diatuxbapcﬁ of Qa,pa,'g:itive .;L,i,;qu,i,d, Level Gauges by

‘Nuclear Radiation, ' Advances in C_.t;xogenic Engineering, Vol. 12,
Bt s Ao L 1 e A A L A R A L A *

(1966), pp. 666-672

' W.'_ L'. Willis and J. F. Tayler, ''Time Domain Reflectometry for

'Liquid Hydrogen I-.;eve,i Detegtim;, " LA-34T74-MS, Unclassified

Report, Los Alamos Scientific La»"bw#orv. Los Alamos, N. M,

o R

- - et SR
(Feb. 1966). o _/K.;::_'., :_. - b o -, :s. o
. K o

2 . e o
L F S o D
2% 'a‘ é@j "y o+ " _’.‘",'
i, &ar @ st
A%

13

USCOMM - ERL



