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/ _ METHOD AND APPARATUS FOR
PROBING RELATIVE VOLUME FRACTIONS

Ty

1. Fleld of the Inventlon

This 1nventlon generally relates to a. method and
apparatus for determlnlng the 1nstantaneous relatlve
volume fractlons of virtually any two-phase ‘environment

in whlch the two phases have dlfferlng dlelectrlc

propertles. ’ &

2. Description of the Related Art

U.S. Patent No. 4,786,857 to Mohr et al dlscloses
methods and systems for determlnlng relatlve .

proportlons of 1nterm1xed non-homogeneous phases 1n a

- flu1d based on dlfferlng electrical perm1tt1v1t1es.'

The'probe transit tlme and/or average probe velocity -

provides a measure of . the characteristics of the fluid.

- The measured quantity 1s then compared to predetermlned

Values correspondlng to relative- proportlons ‘of the
intermixed constltuents, thus prov1d1ng a measure of
relatlve proportlons.' Thls technlque requlres numerous
callbratlon curves at a’ varlety of void concentratlons
in order for,any degree of accuracy to\be achleved.

The probe disclosed in the Mohr et al. patent

con51sts of 3 central electrode coax1a11y surrounded by

a second electrode. The second electrode has,
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lonoitudlnal slots extending therethrouoh in order to
ensure communication with representative multiphase
fluid condltlons in the annular space between the first
and- second electrodes. The electrodes are connected to
a time domain reflectometer. The electrodes are

. separate from any other parts of the system belng

»
r

monltored, that 1s, the probe is 1ntru51ve.

-In general, prlor art time domaln reflectometry

detectlon systems have failed to prov1de 51mple, direct
10  methods or means for measuring VOld fractlons over a

" continuous value range in a multr-phase env1ronment.'

The prior art systems have'also been intrusive, thus

affecting~the environment of the fluid of the system

being monitored.,

e 7

. ,', Summa;z of the 1nventlon
‘ In accordance w1th the present invention, a method

and apparatus are prov1ded for measurlng relatlve
volume fractions which overcome the above-ldentlfled
20 problems, as well as other problems of the prior art.
| Accordlng to a preferred embodlment a non- ‘
intrusive relative volume fraction probe for use.in a
multiphase fluid system,includes first and second

conductive paths defining therebetween and thereabout a
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,sample zone w1th1n the multlphase f1u1d system,

generating means for generatlng tlme varylng electrlcal

signals, means for 1nject1ng the‘tlme varylng.

electrlcal 51gnals into the first one of the parallel

conductlve paths, and a tlme domaln reflectometer for

frrst 1nject1ng the s1gnal into the—flrst'conductlve

"path and. then rece1v1ng the tlme varylng electrlcal

_51gnals returned by—the second conductlve path. The

tlme domain reflectometer outputs a curve of 1mpedance '
versus dlstance after rece1v1ng the returned 51gnals. '
An analy51s or calculator means then calculates the
area under the curve, subtracts the calculated area
from an area produced when the sample zone con51sts

entlrely of materlal of a first fluld phase, and

' d1v1des thls calculated dlfference by the dlfference '

between ‘an area produced when the sample zone con51sts

entirely of materlal of the flrst fluid phase and an ’

area produced when the. sample zone con51sts entlrely of

'materlal of a second fluld phase. The result of the

‘latter d1v151on 1s output as the relatlve volume

fraction of the phase W1th the lower,dlelectrlc-

coefficient.

In accordance with a further aspectfof the.present

invention, the two conductive pathS'of;the‘probe are
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composed of separate conductors shortedftogether at two

points to form a single non-overlapping circuit. In

this advantageous,embodiment,'the-separate conductors

' comprise adjacent heat'exchangé tubes that are already

part of the multlphase fluld system being measured
thus this embodlment is non-intrusive. Preferably,
input from the 1nject1ng dev1ce is located along the

first conductlve path halfway between these two p01nts.

Further, 1n thls embodlment the 51gnals are preferably
returned from an adjacent p01nt located along the

second cqnductlye path in order to maximize the

1nten51ty of the returned signal.

In another advantageous embodlment the. conductors

'comprlse an 1nternal conductor in the system and an

external conductor adjacent to the 1nterna1 conductor.

The use of an external conductor makes this embodlment

partially intrusive to the multl-phase'fluld

environmént being measured. In one‘variation of this -
'embodlment these separate conductors are shorted

‘ 'tcgether only at one polnt w1th the 51gnal 1njectlon

and return paths connected to the opp051te ends,

respectlvely In another Varlatlon of thls partlally

1ntru51ve embodiment, these separate conductors are

shorted together at two p01nts w1th 1nput from the
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4 signal injecting device located‘half way between the

two polnts.

In accordance w1th another embodlment of the

,present 1nventlon, the two conductlve paths of the

probe are formed from a 51ngle U-shaped conductor.

This embodlment is fully 1ntrus1ve to the multlphase‘

‘n
r

fluid env1ronment belng measured._'

Other objects, features and advantages of the

' 1nventlon will. be set forth in or apparent from the

detailed description' of the preferred embodlments of

" the 1nventlon Wthh follows.-

: Brief Description of—the Drawings

Flgure 1 shows a relatlve volume fractlon probe

i é

assembly constructed in accordance with .one ‘embodiment

"'of the present 1nventlon, as- 1nserted in the medla to

be measured,

Flgure 2 shows the U-shaped conductor of the probe'
of Flgure 1, as 1nserted in the medla to be measured in

the lower portlon of Flgure 2, and the equlvalent

'c1rcu1t of this conflguratlon in the-upper portlon of

Flgure_z, with a dlstanceﬂlndlcatlng the cutting plane

/

.therehetween;
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Flgure 3 1llustrates the electric (E) and magnetlc

(B) equlpotentlal fleld lines of the conductors of

Figure 1 and Flgure 2;

Figure 4a is a plot of the impedance versue'

$ - . . .
‘distance when the media within the probe of Figure 1 is

. all alr,

Flgure 4b is a plot of the 1mpedance versus

dlstance when the medla w1th1n the probe of Flgure 1 ;s |

all water,

Flgure 5a illustrates another embodiment of the
v01d fraction probe of the- present 1nventlon,‘

Flgure 5b 1llustrates the flow path seen by the

current in the probe of Flgure 5a, )
Flgure 6a 1llustrates a further embodlment of the
1nventlon whlch provides mld-p01nt 1nject10n, and

Flgure 6b 1llustrates yet another embodlment of’

_the invention which is similar to Figure éa and whlch

provides’ end-probe injection.

Detailed Description of the Preferred Embodiments

The present invention involves the prov151on of a

relatlve volunme fractlon probe that is based on the

measurement of the differences in dlelectrlc propertles

between the'phases of -a two phase enylronment wherein
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the phases have differing dielectric properties.

'‘Although the discussion below will focus on void

fractions, i.e. the relative volume fraction of a gas
and/or vapor (gas/vapor) in a gas/vapor-liquid it is

to be understood the invention is not limited to such

i

systems or env1ronments and 1s, as stated applicable

to. any environment wherein there is a Significant
difference in the dielectric properties of the phases.

In essence, the relative_volume fraction probe is or

constitutes an electrical transmission line. The

,characteristics of this transm1551on line are readily

determined us1ng the pr1nc1ples of time domain
reflectometry. Time domain reflectometers (TDRs) are
readily available off the shelf from manufacturers such
as Tektronix and Hewlett Packard, and a suitable TDR |

is, for example, the Tektronix 15020 metallic cable

‘tester.‘ Before con51dering Figure 1, whlch shows a ;

probe in the form of a transmissron line 100 and the
attendant circuitry of the system, reference is made to

Figure 2 whlch 1ncludes a diagram useful in

-understanding the characteristics of transm1551on line

100. As shown in Figure 2, the transm1s51on line 100

shown' in the upper portion of Figure 2 is modeled as an (
: : L. -1

equivalent circuit of. circuit elements 122 comprising a
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resistor R, conductance G, capacitor C and inductor L

disposed, as illustrated, along and between the signal

injection path 110 and the ground path 114 at any and

every position x and, as will be appreciated, this is

the equivalent circuit of actual transmission line 100

_shown in the lower portion of Figure 2 as'inserted in a

-4

medium indicated at 115. 1In Figure 2, the medium is a

'two-phase dielectricpmedium with voids.

It will also be apprec1ated that the electric

‘current wave 1nduced or 1njected 1nto transm1551on 11ne

100 by a s1gna1 generator 102 (shown in Flgure 1) w1ll

.require some flnlte time to travel to a p01nt X down

the line 100. As the current wave moves down the line

100, the phase of the voltage w1ll lag behlnd the:

'.source voltage by an amount ﬁ. The phase shift is a

function of the resistance, capacitance and inductance‘

characterlstlcs (represented by c1rcu1t elements 122)
of the mater1a1 of 51gnal 1njectlon path 110 the
materlal of ground path 114 and the medla or
env1ronment 115 between these paths 110 and 114. -
In the appllcatlon thereof to the void fractlon'
probe of the present 1nventlon, the characterlstlcs of
the signal 1njectlon path 110 and the ground path 114,

as well as those of the connecting line or portion 112

"y
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"of the U—shaped metal- transm1s51on llne 100, will only .

" change as a functlon of temperature. However, as the

medium 115 between the metal conductor paths 110 and
114 changes from llquld to vapor phase, the capa01tance 'i
(the major factor), the re51stance and the 1nductance

of this 1nterst1t1a1 env1ronment will also change.

'Therefore, the fluld changes in phase within' the S \:

,_probe’s domain of influence will'be“reflected by

a55001ated changes in the phase shlft ﬁ
The veloclty of propagatlon v of the voltage
induced current wave down the transm1ss1on llne 100 is

a functlon of the step rise t1me T and the phase shlft

B of the current wave. This veloc1ty of propagatlon v,

approaches the speed of llght Ve in. transm1551on 11nes

“with an air dlelectrlc. In the general case where the .

medium 115 between the transmlss1on line comprises an

arbitrary material with a-dielectriC'coefficient given

by e the velocity' of propagatlon vp is 51mply the‘

speed of 11ght d1v1ded by the square root of a
dielectric'coefficient, i,e., yp==vc/JE; .
‘The distance % the wave travels .down the transmission

line 100 in a.given time t is solely determined by the

‘velocity of propagation.vp._' ;
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The dlfferences in the effectlve length of the
trahsm1551on 11ne 100 when 1mmersed in dlfferent,
materlals will thus vary as the ratio of the square

root of their respectlve dlelectrlc coeff1c1ents. _For

example, 1if the_transm1551on line 100-1s first immersed

xin air and then in water, its effective length should .

L
r

increase by:

\/—Iwat:er/w/—lalr \/—/ﬁ ='7 48 . |

Therefore, in the appllcatlon thereof to the void
fraction probe of the present 1nventlon, the effectlve

length of the probe changes as ‘a direct functlon of the

: 1nstantaneous d1electr1c coeff1c1ent of the medlum

between the 51gnal 1njectlon and the ground paths of .

the ‘'void fractlon probe.

The voltage w111 also be. attenuated by an amount a
by the series re51stance R and the. shunt conductance G

of the line. The phase shlft B and. the attenuatlon

A

constant a. comblne to deflne the propagatlon constant Y .

A

= a + jﬂ. The propagatlon constant Y- may be used to

'define the voltage E, and the current I, in terms of

the'input‘magnitudes E;,, I;, at any location x along a.
transmission line, as follows:
Ex. = Ei ng,yx

: = S anYXe
I, = Ie
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- At any'point x along the line, the voltage and current

are related by the characterlstlc 1mpedance of the line
2, = E/I, = E e"x/I e, ‘When a transm1551on line of

finite length 1s terminated by.a load with an 1mpedance

- that matches the characterlstlc 1mpedance of the 11ne,

then-the governlng voltage and current relatlonshlps

~are preclsely those given above. When the load

1mpedance Z _is different from the characterlstlc line

1mpedance Z,, the equatlonSrglven above are not

- descriptive of the voltage and current relatlonshlps.

unless a second wave is superlmposed on the 1nc1dent

| wave. Thls reflected wave is energy that is not

delivered to the load and 1s con51dered to orlglnate at’

ithe load and propagate back. in the line towards the

source. Thus, the vertical! amplltude of-- the return

signal is also a function of the instantaneous

" dielectric coefficient of the medium between the signal

injection path 110 and ground path .114 of the probe.

In the application thereof to the void fraction

probe; interpretation of these relationships becomes

somewhat more complex. While a short circuit load
impedance Z;, may be con51dered to be 1ndependent of any

1nfluences resultlng from changes in the dlelectrlc

' coeff1c1ent, the characterlstlc impedance and the
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;transmisSion line 2, changes continuously. This is-
because the line’s capacitance, 1nductance and
conductance depend directly on the dielectric
coefficient, which is changlng as different v01ds pass

, b'y,

By ascertaining the relationships between the
physics- of electromagnetic theory and the geonetric
configuration of a transmisSion line the follow1ng can
.be shown. A high frequency electric current wave Will

- 10 travel on\the surface of the.conducting medium. Any
forn of conducting media functions as a transmission
1ine,.pro;iding there is a p051t1ve (+) charge
conductor“and a negative ( ) charge conductor. 'For
pairs of conductors, the capac1tance per unit length, -
formed by the conductors is a,function}of'the
dielectric‘constant of the medium, K = Kr]g.‘;Further,‘
.as shown in Figure'3 for a pair of circular}conductors,

:_the strength or magnitude of the equipotential fields,
E and B, is' a function of the.dielectric constant in

. 20 the medium K. For pairs of c1rcular conductors, the

electric (E) and magnetic (B) equipotential field lines

denoted- 130, and 131 and 132, respectively are

‘connected along and about a.line connecting the centers

of the conductor. -

)
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,Euploiting these physical characteristics,'a void
fractionAprobe'can be created using-naturaily occurring
conductors. When Jboth conductors of the probe .are |
naturally occurring, the _probe is non-intrusive.'

Injecting the high frequency alternatlng current wave

onto the out51de dlameter of the flrst conductor and

plcklng up the return 51gnal on the_correspondlng point

- on the second conductor opposite the injection point

provides a means to- detect both the relatlve volume

'fractlons passing between the two conductors, as well

as any relatlve volume fractlon changes caused by the
phases contactlng the conductors. Addltlonally,
because only the signal injectioh/return wire ends need
to be appropriately spoteuelded_to the probe tubes, the
tube bundie fabricationfis simple.

In an embodiment exploiting the ‘above advantages,
the void fraction probe comprises, in its most simpie
form shown in Figure 1, the aforeuentioned transuissioh
line_;oo.fabricated as a U-shaped wire and,havihg the

ends thereof connected to a time domain reflectometer

106. . The connecting link portion'or U-end 112 of the

. line 100 is'a-direct short between.the .signal insertion

path 110 and the ground path 114 of ‘the transmission

“line 100. To measure the void fraction, this wire only
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needs to be placed in.a two phase env1ronment and |
orlented such that the two phase medium, passes between
the stralght legS'llo and 114 of the U—shape. " In other

words, maximum sen51t1v1ty to changes in the relatlve

volume fraction is achleved when the flow is normal to

, ‘the plane of the probe. The two phase medlum.ls agaln ‘

indicated generally at 115 in Flgure l, w1th the voids

belng generally 1nd1cated at 116.

As shown in Flgure 1, a. TDR meter 106 connected to

| the transmlss1on line 100 dlsplays the 1mpedance

.characteristics of transm1s51on llne 100 on a gated

oscilloscope 104, thereby, in general appllcatlon,~
1nd1cat1ng where along the path the characterlstlcs of |
the transmission llne 100 have changed or 1dent1fy1ng
whlch component of the transm1551on llne has mlsmatched

or falled characteristics. ' The TDR 106 uses a fast

‘rlse tlme (7 < 200 plcoseconds) voltage generator 102

and the osc1lloscope 104 to form a.systen that acts
11ke a wire dlrected radar dlrected along the
transmission line 100.- ‘ . ‘

A cable (e:’g; a coaxial cable)f109~qonnects the
input end 108 and an lnput/ontput end 118 of line 100
to the voltage generator 102 and gated osc1lloscope 104

constltutlng the tlme domaln reflectometer 106. The



10

20

=15-
voltage generator 102; which preferably comprises a’
fast rise time. voitage step generatcr} induces an

electrlc current wave thdt is propagated down the

‘transmlss1cn 11ne 100, and the csc1lloscope 104

monitors the ;ncldent and reflected waves along the
line 100.
The horlzontal ax1s of the oscilloscope 104 maps

positions x along the line as a function of the step

propagation velocity vp, "and the vertical. axis maps the

impedance 2, as a function of the voltage E, and

"current I, at'pcsitions X. Thus, the Shape of -the

~ display on the osc1lloscope 104 reveals the

characterlstlc 1mpedance of the transm1ss1on 11ne 100,
dlsplaylng both (1) the locatlons and (ii) - the
re51st1ve, capacitive or 1nduct1ve characterlstlcs of
the conductlve dlscontlnultles along - the llne.

' The change in dlelectrlc coefflclent is caused by
the changlng fluid phase characterlstlcs and 1s .
dlsplayed on the osc1lloscope 104 as a change in’ the
horizontal magnltude of the retutn slgnal. The_
firmware'in_the oscilloscope‘104 ccnverts the time

required by the wave to propagate to anydgiVen point

. into the distance x that the point is located from the

origin of the transmission line. Therefore, the
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C _ : )
. "horizontal axis on the TDR oscilloscope 104 represents

‘distance, not time. -

A computer or analy51s unit 119 connected to the )

output of TDR 106 can be  programmed to automatlcally

. record and analyze data from the TDR. The 1nformat10n ’

is used to.give a:reliable dndication of the void
fraction existing/within'the nediumnin‘uhich;the_probe
is inserted, as will be explained in more detadl:
hereinafter. $he’computer ilg‘is'preferably provided
With an outputfunit 120_in‘the form of’a:yieual display
or other éuitable data output or interface device, as

)

is conventlonal in the art.

. Bach polnt on the TDR meter curve is the easure

'of the characterlstlc 1mpedance Z, between the 51gna1
1nject10n and ground paths 110 ~and 114 at- p051tlon X.
The capac1tance C, the 1nductance L and the conductance

G are functions of the 1nstantaneous dlelectrlc

coefflclent e, of the medium between the two paths 110 .
and 114 at the point X. Each p01nt on the curve
dlsplayed on the TDR meter 106" 1s actually an area
functlon contalnlng void fractron.type 1nformatlon.

Each point represents data that is mapped from the

+ £finite planar area that results from the outer section

of a cutting plane 136 shown in Figure 2 and the fluid

5

~
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domain'beyond the,two paths 110 and 114 of the probe,

at a given location x along the probe, as shown in

Figure 2.

The finite planar area referred to above is

~bounded left and right b& the surfaces of the signal

and ground paths 110 and 114, the top and bottom by the
natural ektremes.of the eleotromagnetic linegiand the
influence between the probe pathe,'i.e.,‘the plane that
is 111ustrated in Figure 3. At any giVeh point in
time, thls area has a property that appears like, but

/

is not ‘equal to, the flrst derivative of the

instantaneous void volume w1th respect to the probe s .-

"axial coordlnate varlable. The correspondlng area of

the probe is- 1nd1cated at 125 in Figure 2 for the

actual probe. ' The area in question.is offset from the

first derivative by the amount of volume associated

with a 100% void phase. Therefore, in order to obtain
actﬁai void fraction informatfon, it is néoessary to
generate a flnlte volume by sweeplng these areas over
the effectlve ‘length of the probe, or the equlvalent.
_The thermodynamlc definition ‘of void fraction
dictates that the void oiétribution is uniformly
Ysmeared" throughout'the control volume. When‘thevvoid

fraction is viewed through using TDR 106, there is a
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statistically significant finite_probability that,
under a'non-zero VOid fraction operating condition, one
or more 100% liquid data traces, wh1ch correspond to
zero void fraction, w1ll be collected. This is because
at any given time, the portion of a void 116 that
penetrates and remains present'in the probe’s control
volume-is totally controlled by the void phaée-uelocity"

and the mean distance between voids. - Therefore, ever

under steady state operating conditions, the physical

development- of the thermodynamic pseudo—property; void

fractlon, 1s a complex function of tlme involving void

phase veloc1ty, void formatlon rate, and v01d phase

separatlon rate. Accordlngly, assuming a negllglble
mean dlstance between v01ds, in. the dlrectlon of flow,

the mlnlmum amount of time, tmn, for whlch consecutlve

‘data traces must be’ collected in average is calculated ‘

¢ ml

by’ t‘ : (height of probe s control volume)/(average

void phase veloc1ty)

A two p01nt callbratlon at a g1ven temperature is
used to define the v01d fractlon in the present
1nventlon. he void fraction is deflned.as being equal

to zero for the portion of the TDR meter display for

,100% liquid, shown in Figure 4b. The void fraction is

defined as being equal to one for the appropriate
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portlon of the TDR. dlsplay meter for a '100% gas/vapor,

‘shown in Figure. 4a. Note that as dlscussed above, the

effectlve 1ength for the transmlss1on line in water,
shown in Flgure 4b, is roughly seven and a half tlmes
longer than the 1ength in alr, shown in Flgure 4a. . The
varlatlon or: change assoc1ated w1th void fractlons .
between these two 11m1ts 1s assumed to be 11near.
Therefore, the two callbratlon curves shown in Flgures‘

4a and 4b encompass all p0551ble comblnatlons of void

fraction at each pos1tlon X along the probe.

Generally, the area under the TDR meter curve

(plottlng 1mpedance Z, versus dlstance x) assoclated

-

.. with a 11qu1d medlum between the signal 1njectlon and

ground paths 110 and 114" will be greater than the area
assoc;ated w1th a gas/vapor medium. To obtaln the

total volume, the area under the 100% gas/vapor

- calibration curve is‘subtracted from the. area under the

"ioo%,liquid calibration curve in ana;yzing unit 119.

This total volume represents the total‘volumetric

region’ or domaln of interest where the probe can detect
- voids and 1dent1fy the domaln to be 100% full of voids,

'1.e., it is the TDR mapped form of the total. control

volunme of the probe. To obtain the instantaneous void

volume, the analyzing unit 119 .subtracts the area under
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the desired operating condition'data curve from the

100%’li§uid data curve. The analyzing unit 119 then

computes the yoid fraction, VF, which is defined as VF

= (instantaneous void wolumej/(total volume) .

An alternatiwe,'presently preferred'embodiment or
conflguratlon to. the U-shaped conductor is shown, by
example, in Figures 5a and 5b. In thls example,

parallel conductors 152 and ‘154 compr1s1ng two of a

| plurallty of conductors 148 are electrlcally connected

at each end by-the component support structures 150.

The support structures 150 are made of a, conductlng

material, preferably a metal and are- spaced apart (a

’

twelve lnch separatlon performed well in the

. demonstratlve embodlment) The transmission line of
‘the v01d fractlon probe consists of the two conductors

© 152 and 154. The length of the probe 1s-controlled by

the p051tlon of the support structures 150, 1 e., the

span of the conductors that are shorted together at the

' support structures 150 to thus form a parallel probe;

The electrlc current wave propagatlng down the

ki

coaxial cable can be injected 1nto the. conductors 152

and 154 anywhere between the support structures 150.

As shown in Figure 5b, when the wave recognizes that

there are two paths, the'wave'wil; split
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proportionately to the‘impedance of each path forming a
U-shaped path to the left indicated at 166 and a ' U-

1

shaped . path to the rlght 1nd1cated at 168. In order to

's1mu1taneously balance and maximize the sen51t1v1ty of .

the left and right probes of the probe within the

capabllltles of the TDR meter for ‘this appllcatlon, as

. shown in Figure 5a, a signal 1njecblon ‘tap or p01nt 156

and a ground injection tap ‘158 are provided at the ends
of a coaxial cable 160'and placed directly in the

mlddle of the span of the conductors 152 and 154 as

. deflned by the support structures 150. The coaxial

" - cable 160 is preferably connected to the 51gnal

1njectlon p01nt 156-and ground 1njectlon polnt 158 by
welding or brazing. However, in the demonstrative'

embodiment, Figure 5a, the coax1a1 cable 160 is

) connected to the 51gna1 injection point.156 u51ng a

. nylon screw 164 and to the ground 1njectlon p01nt 158

us1ng a hose clamp- 162.

" The TDR meter 1mpedance versus dlstance curve, for

_ equal distances to the left and to the_rlght of the

signal injection tap point 156, overlap on the meter .
display, i.ef; the TDR meter Gannot distinguish between
the signal contributions from the left side U-probe and

the right side U-probe for correspondingjequivalent
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overlaéping lengths. Thus, “the 51gnals from each 51de
are simply combined as if the two U-shaped probes were
folded'over on top of each'other_about the base:of each.

Because‘support structures i50 naturally occur,
i.e., are part of the component being monltored 1t is -
pos51b1e to ‘exploit the usual, ex1st1ng‘conf1guratlon ’
of almost any system as a transm1s51on }1ne. In the
alternatiue to natural support structures 150,”
art1f1c1a1 bounds may be used to short c1rcu1t the two '
conductors anywhere along the length of the- conductors
in order to optimize the sensitivity of,the ‘probe. 'The_.
coaxial cable would then be attached midway to the

created span. This alloﬁs the probe:of-the present

ﬂinuention to be placed anywhere that is desired and the

length of the span'is only limited by the resolution of
the TDR meter 106. ' |
Alternatlvely, one of the parallel conductors 1n7
Flgure 5a may be an external non-naturally occurrlng
conductor that is electrically connected at the desired
span length ends by a:shorting‘connection.
' Two embodinents corresponding to two_alternative
implenentations'discussed above are\illustrated in

Figures 6a and 6b. In Figure 6a, which is an example

y
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. of a partially intrusive probe with mid-probe signal

-injection; a-pipe-170 is shown in partial section for

purposes of clarlty. The bipe 170 constitutes'the -

.naturally occurrlng fluld control surface (1nternal
. ‘eonductor) while the external conductor has to be

introduced to provide the signal return path as. well as:

to define the fluid'region of interest interrogated by

the probe, 1 e., the sample zone. In the embodinent of

’ introduced which compr;ses a U-shaped element shorted‘

at both ends to the_interpaldsurface of bipe 170, as
illustrated. In this embodiment ‘the conductors>or '
leads of a coax1al cable 160’ are connected to an

1njectlon polnt 156’ located on the 1nternal surface of“
pipe .170 and’ to a return polnt 1587 located at the mid-

p01nt (L/2) of the external conductor 172 so as to

provide the mld-p01nt 51gnal 1njectlon.

Referrlng to Figure 6b, ‘an embodiment 51m11ar to

" Figure 6a,is shown which prov1des end-probe signal

injection. In this embodiment, the hexternal"wconductor

172 is shorted to the_internal surface -of pipe 170 only

‘at  one end while the other end is supported by non-

'‘conductive support 174. The injeéction point 156" is

provided at the internal surface of'pipe.170 and the
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return point 158" is provided at the end of the

external conduotor 17215upported by.non-conductive

" support 174. The coakial’oonneotions-of Figure 6a are

omitted in Flgure 6b for: purposes of clarlty and

N, -

‘ 51mp11c1ty. S

The technfque'of the inrention is applicable to
other conductor geometries, snoh‘as ooncentrfo
conductors, gfven~the space or'forn of the potential
field associated with the transmission line. In this

case, the electrlc fleld llnes E w1ll be radlally ‘

| dlrected stralght lines between the 1nner and outer

oyllnders, like spokes on a wheel. Slnce the E and B

fields are nutual orthogonal fields, the magnetlo fleldv
lines B are:a familyiof concentric ciroles'between the
inner and outer cylinders. ‘ | -
Although the present 1nventlon has been‘descrlbed'
relative to spec1f1c exemplary embodlments thereof it
will be understood by those skllled in the art that

Varlatlons and modlflcatlons can be affected 1n the

'exemplary embodlments w1thout departlng from the scope-

1 and spirit of the ;nventlon.
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Abstract of the Inventlon

A relatlve volume fractlon probe partlcularly for

tuse in:a multlphase fluld system 1ncludes two parallel

conductive paths deflnlng therebetween a sample zone

7

' Wlthln the system. A generatlng unit generates time

varying electrlcal 51gnals Whlch are 1nserted 1nto one

of the'two parallel conductlve paths, A,t1me domaln o

' reflectometer receives the time varying electrical .

1

signals returned by the second of the two parallel

' conductive pathslandj responsive.thereto} outputs a

curve of impedance versus distance. An analy51s unlt

:then calculates the area under the curve, subtracts the

'calculated area from an area produced when. the sample *

zone cons1sts entirely of materlal.of'a flrst fluld :

s

" phase, and d1v1des thls calculated dlfference by ‘the

dlfference between an area produced when the sample

zone cons1sts entlrely of materlal of the first fluld

'phase and an area produced when the sample zone

consists entirely‘of materlal,of a ‘second fluld phase.

The result is the volume fraction.
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