


* INTRODUCTION -~ . : “

"Over 90% of all measurements are temperature., pressure. : :

".level and flow: rate;measurements [11.

cryogenics.' where the correct ’choice of cryogen parameters

- determines safety and- efficiency of research and industrial‘v

installations., Cryogens are quite often used in-a two- phase

-state or in the form of a 2~ component or 3 component mixture.k

so,~ besides the parameters mentioned, it  is- necessary to

determine phase ratio - characteristics {local iand ! average

vapour content Ve concentrat fons," flow patterns) It should

also’ be. mentioned that some specific features of cryogenic o

systems and cryogens impose significant restrictions on the

measur ing‘equ i pment

i

Besides low temperature. the specific features aff‘ecting L

. the choice of the principle of operation ‘and the desiqn of“ :
2

. the sensor for cryogenic systems are: Jo

1 Relatively difficult replacement and size limits. So
the sensitive element of the sensor must be small in size and"l
‘sufficiently reliable. which . is’ achieved owing to a simpleyﬁ.

;

; design without! moving parts,

'2. Possible transitions from two- phase to sinqle phase

flows." In this connection, one should choose - at, least one

‘_quantity carrying information about both single- phase and“. B

two-phase ‘states of ‘a fluid as a, measured (signal) ‘charac-

teristic of a flow, ., h ey U T A

3. Significant ' difference  between the.

properties of cryoqens and the properties of phases. which is:“

usually observed in practice Helium ' is a’ typical example.”‘

two—phase HEI [2] and especially HeII - gas flows [31.
A helpful tool for diagnostics of both | two- phase fiows

and ‘single- phase flows ‘close to saturation is a resonancefw
radio * frequency sensor [4] 2Its signal . characteristic‘
depends on the dielectric constant of the medium €. In a two-_

phase vapour-liquid medium the dielectric constants of _the
rhases Ex-? and e depend on the saturation pressure P . So,

measuring v‘P (or 2’) and € one can obtain information ‘on the

This also applies to'/' ;

PhYsical’a o

\determination of mean

: hySical characteristics.

U:,SENSITIVE ELEMENTS

‘,ture ‘of the flows.

“channel,:

'~excitation of oscillations (Fig.1).

-qualitative “ratios’ ‘of phases/ in .. the fflow, bothr local

lfw-m(r) and ‘average ¢—<¢(r)> A /(A +A ). As it is’ -shown

below, the void fraction ¢ and the quality x-G /(G +G ) are
.connected to . each other through Simple relations. It allowS‘

flow-ratev thermodynamic> charac-

teristics: -enthalpy -i= 1 x*i 1-x),

cetc. - In a. Single- phase region the quantities f’ and €

The analySis shows that RF sensors

~'can - comply with the above-mentioned- spec1fic features of.
'cryogenic measurements. This - -paper...deals with cryoqenic ap—

E,,plications of. intelligent RF sensors. alone -and- Ane combination‘

with other devices: for determination of .: qualitative and

"quantitative characteristics of : cryogens.,.f'ff CIER

The. . output parameter of an RF>sensor is: the resonance

'chrequency £, which is defined 'in a generalf”case ‘as- [4]
[1‘2 13 [1+I e (7)) £ (r)dr/f £ (r)dr]

resonance -frequency.  and the electric field strenqth of ‘the

where f and: ¥ are the

'sensor "Eilled" with: vacuum. Thus. the quantity i depends

entropy s=s, x*s (1 Xi.~

'iunambiguously identify the thermodynamic state of a fluid
and, like f’and 2’ they allow determination of other thermop-‘

'not only on the mean inteqral dielectric constant of the: flowv

but also on the distribution of phases over the channel cross

section. ‘S, by exciting oscillations w1th different con—i

figurations of,“the’ ‘electric field FP, ﬁé%'can‘ both

Let us conSider two examples involVing

measuring resonators w1th annular or circular channels.

Sensor with an annular channel

',form of a short- -circuited . coax1a1 resonator with inductive‘

When the first harmonic
of class TEM

‘electrid field ! strength between . the  channel walls ‘variesi
" logarithmically, -and at ‘a' . sufficiently small  value of a/d{’
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If there is an annularl

,determine the mean characteristics and study the fine struc- "’

it seems to. be: reasonable to use a sensor’in ‘the =

oscillations is excited in the resonator, the:




Chcmnel Fi9-_ 1.

or e e " hel of' annular:‘r
"fIUlCi 'f‘rcross section

the . field:is close to‘the'uniform'one The lenqth l of the

senSitive element must satisfy the resonance conditions ‘and

be::’ relatively larqe (1 «d ) to

Uniformity of the field allows measurement of ‘the

reduce'
~effects.‘ '

cross- section mean dielectric ‘constant and thus the VOldv

tfraction of flow Ll By exc1ting oscillations of hiqher

]harmonics in: the resonator.,one can: obtain more" complicated'

's‘configurations ‘of ‘the - e1ectric field

‘resonance frequenc1es of: the first and higher harmonics f

oﬂjp jf-.,wa{; ‘one 1. can obtain information :on:!'the

‘distribution structure

. relevant_algorithms;mw S ITRE e ;J'vs¢x R A

Sensor with ‘a; round channel A .sensor with a, round

channel is an open resonator w1th capacitive

excitation of

.round cross-section.

S

Sensor w1th chan--

nonlinear edqe e

AnalyZing a series of‘_¢7

) phase‘”,
;in;wthe ‘flow “oni” the ‘basis ’ofw”thef,'

L

.‘Z.ESensor withtchannel of;

j1—'USing a tw1sted meander

”,municationkrods‘(see ‘Fig.3b):

‘theh'fflow‘»image“

.

A long meander type line is applied to the ex-
dielectric‘ tube that

~.When a resonance- of the first- mode'

oscillations

ternal surface ~of a, .serves as ‘a

measuring channel [4]

osc1llations (of ‘the dipole type) is exc1ted in the line, the f

wpotential distribution over: the tube surface ‘is close to the

harmonic one. 'If the sensor is suffiCiently%long‘and the
meander pitchr7is 'suffiCiently smallhh there is a ‘highly
" uniform - field in the measuring volume ~.-80, as- . in the

dprevious case.‘the measurement at the first harmonic of TEM
iosc111ations allows one to determine’ the ‘mean dielectric con-
~stant of the flow Yet, there are some difficulties ariSinq
"from the fact that ‘even an ideal uniform field is distorted
\: by a nonuniform dielectric, and the resonance frequency r-

‘thus depends on orientation of the - phase boundaries w1th res-

pect ~to. . the -direction ' of E ~ It is ‘best manifested “in

stratified flows or flows close to stratified ones.

There ‘are two ways ‘to decrease the correspondinq error.,

In a ‘sensor of this deSign (see'

Fig. 3a) much of the error is. automatically corrected ’Yet;i'*

,the tw1sted meander sensor can be mainly used to determinek

inteqral characteristics B 18 USing several pairs of . com-
" The" resulting value of w is

~calculated ‘as a“meanl¢:¢(¢"¢' ..,0 ) of " “the’ values of w

obtained ‘for each pair - of  rods. A senSitive element w1th~

kseveral pairs of’ exc1tinq and detecting rods allows develop—

ment of a” deVice for investigations of the internal flow pat—

terns “in " a- round channel’; AnalyZing the first harmonic

'frequencies £ ;izé;...ﬂfz "'of the resonator for different
"pairs of rods and. Similar frequency sets f 'fﬁz ;Cpq e
. . s n

g fi‘pfz]..i{ff 6f “higher harmonics,'one can reconstruct the

two dimenSional pattern of the: phase distribution in the flow'’
in ‘some approximation, us1ng mathematical methods of ' tomo-

graphy. . This .design of a "dielectric tomographer
in ref.[6].

1nstead of a multiplate

capac1tive deVice presented
However, :'the use: of a- resonator

‘capacitor‘[5]"allows to obtain a hiqher acruracy of

resembles



, Fig 3ﬂ Sensors with a‘twisted meander and several
SR B pairs ‘of . rods. s .
- measurement ' and more  information, Since a' resonator tomog-f

“,rapher has two information channels,, .one being different

: measurements

pairs of rods. the other being different harmonics..while in"V

the capacitive deVice there .are only different combinations , %

[ : : v .

= of pairs of plates

- The calculations and the experiments performed by the
"authors ,[61 show that RF sensors used for vOid - fraction’
measurements of cryogen flows allow in principle a very high
accuracy, the methodical (unavoxdable) error related . .to: the
~field and phase distribution nonuniformity being 52 5% Yet,
“the actual error can be larger mainly because of .. inaccurate
evaluation of w by the resonance frequency f’and pressure F,
-1 e.;because of calibration .errors. . Bes1des, in many ;. cases
the measurements are aimed at finding the quality X and not.”
\w.rthe interrelation of these quantities being determined by

dthe flow hydrodynamics.,

V_These two important,uproblems of
measurement analysis are.dealt with;in the,next section.

'INTERPRETATION OF MEASUREMENT

Calibration. Thef‘

: calibration of a:'radio frequency VF: = ,
;Jmsensor with ‘a uniform energy, distribution :0f. the electric gy

6~

"fthat can be found from the experimental data

,laced/vbyfpan

'.the ' function f(e)- o
P

E dielectric. constants e,

*as pointed:outfin_
"helium .is = 0.016,

4

field consists in determining the dependence of the resonancel
frequency f on the dielectric constant € of the medium- in the
sensor. In._.a wide ‘variation range of € this problem can'k
probably be solved only experimentally or. in ‘some- cases, by

numerical Simulation. Yet, in the practically important pres-

. sure interval the difference in vapour and liquid dielectric’

constants ’of‘ different;‘cryogenic media . is comparatively_

:'small. For example, at. 2=100 kPa. we have. le, e, ) /e, =0, 04 for

helium, (e -e )/e x0.18 for hydrogen, (e -e )/e eO .29 for
nitrogen (here e and e are. the dielectric constants of the
‘liquid and gaseous cryogens in the saturation line) Our

showed that the relative variation ‘of' the
resonance frequency (f f )/f in’ the ? interval from 0 to 1
On the other hand

prox1mation, which is valid with the prescribed‘deqree of ac-

is not large either

‘curacy in ‘a small variation interval of the argument g and

the function f ‘is quite a solvable problem It can be done

'by fixing the form of the function with several coefficients?

One can- solve
the. function f(e), for example, as a power series in Ae= =g- e H
f(e)-fTe +Ae)-f +a Aeta, (Ae) (Ae) e

However, there~

'seems to be a more- preferable way when the resonator is rep-

equivalent circuit_gwith the: concentrated
parameters.~which allows a phySically substantiated form of
(e, R’ R’,..' R’)

perimentally determinate coefficients R’ R’,...,X

w1th a set of  ex-

The ‘coef~-

incients Rf are. ‘determined: by the measurements of resonance

ﬂ,frequencies f while .one. fills the sensor with media of known,

Compared with the previous approach

‘this one -must ensure the prescribed accuracy at a :much

smaller number of coefficients, which is proved by the ex—

:periments with helium:and nitrogen. In Fig 4 there is:the

1
(£-£)/f for
. 4 :

» . which ~ makes the, requirements ‘to - the
measuring equipment more stringent.

‘ref.[6], the value Of .

to choose an ap-.
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simplest equivalent circuit of an annular sensor and the cor—
responding calibration curve f(el:% K’/(e+K’l f‘
ficients X’ and K’ were calculated‘after processing a set of
) the experimental data obtained while the sensor was filled
' with liquid and qaseous helium in the saturation

pressures 50 kPa s f’s 210 kPa.i

"directly measured during the calibration, appears to be 2/3~“l

of the whole siqnal range of the measurements ; The adequacy

of the calibration function in the whole range is proved byfj
the experiments,‘when the quantity ¢ was determined by thef

: saturated helium and nitrogen fillinq level of the sensor

Proceeding from the calibration function of the sensor

filled with a Single phase fluid t;tﬂe)
p= p(ﬂ for a’ two phase flow, ‘we assume that e oe_ +(1 ¢)e

which is ‘a- fairly accurate assumption for cryoqenic fluids'

’(e -e )/e: <"1, With this assumption. the calibration func—

‘tion p(f) for ' an - annular ‘form

(e -(K’/I"‘ K))/(e -e ).

functions for three cryogens.“

sensorl'takes ﬁon”'th
One can"
‘tions w(fl are close ! to linear ones.t
ration characteristics can be obtained through numerical cal—

culation of’ the resonators The methods and software for

this calculation are well developed

- Determination of’ flow—rate related gpality.-”*

The coef—“

line ‘at’
The variation interval of e,"'

to the ° functionsg5

Fig 5 shows the calibrationif

More accurate calib-’

. “In ‘the.
general case, because of different flow patterns,:the quantity’,

see that the func—‘f‘;

K
@
¢
3
B

E
‘connected by a simple relationship.

example, one

'velocity‘

1helium f'x(@l
x=p/llp /P )‘/7(# /u )1’7(1-¢)+¢) in the case of stratified
" flows, and % -m/((p /p ) (1-p) +p)

‘flows.

d'can be absolutely accurate,
J-determination of 'X' as compared with the error ap
j,result, Gx may amount. eg. for helium, to’ as 7%
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(ngﬂu-“)’ y for some cryogens.

1

x bears a sophisticated relationship to p, flow mass velocity‘,

qeometric characteristics of the channels and thSICal

‘properties of the phases.‘densities P, pz, ViscoSities B

oo ?. Yet one can find the. regions where x and LR are

reqions..‘the:
and the

can sinqle out two low mass‘

region of stratified flows high .mass

-velocity region of homogenized flows. At relatively larqe m
{‘the channel orientation does not matter and the function x(w)
: for homoqenized flows can apply to vertical channels as well.'1/
:The boundaries of the regions and the types of the relations‘

“dx~x1m) ,in each of them are considered, for example, 'in‘
ref. [7],, and - for two-phase helium flows “in ref. [2] For
‘example,‘ for narrow rectangular or annular channels w1th1‘r

functions iare‘ determined 3,as;, follows.'

in the: case of homoqenized

in ref [6] it is shown - that the above’ functions are‘*

s in good agreement with the experimental results. Thus, when
.. the ~void
:hydrodynamically stabilized flows can’ be unambiguously deter-‘

fraction‘ o'vis 'known, ‘the quantity x,ffor

mined ,by;'s1mple= formulae, ‘if ‘the flows ‘are definitely'

stratified”or homogenized: However,fndne of. these formulaey

which increases the error of

AS a .

In horizontal flows,lfor,



1 W,nals, a 10 bit ADC (for pressure measurement)

As it seen from the above stated

processing requires electronic computer means.

with: standard interfaces for connection to data acquisition

and processing systenms. e

£y

INTELLIGENT CONTROLLERS

bR AT

is given in Fig 6.

1n Fig 7.»' The device is structurally d1v1ded 1nto two -
modules e a measuring and a processing one" The measurinq”‘
module consists wof “a 'sweep generator"Wﬁiﬂ,' an ,extreme

,regulator (Eﬁl ﬁT’commutators, a commutator of analogue sig—
' To determine

":the resonance frequency, the Sﬂ'sends a siqnal ‘to the sensor.“'

'From the sensor the frequency signal

:regulator, which controls the sweep generator and maintains,-'

the resonance frequency f g From the second output of the SF

v:the signal 1s applied to a frequency meter consistinq of two
(f and £ 'f”),; ‘

71counters To achieve a higher count accuracy;

‘fathe frequency variation period is chosen to be a multiple of,‘gﬁ

rFig, 6, General view of intelligent controllers and void

fraction sensors.
10 .

the RF sensor siqnal‘
Suitable for;
- this procedure are specially de51gned intelligent controllerS'

S

Awtr L e

A general view of a controller as an 1ndependent block A
The block diagram of this’ device is shown U

goes to the extreme

b g i
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:Eig.: \7 ins
‘the E? gating ‘period..
B has a “fixed

: 51ng1e—board computer ‘ZSr-11:

: display controller,7
troller for connection to the Jmeasuring module,#

f‘register. R

”;the front panel ‘shown.in Fig. 8.
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,The;block:diagram,of»the'independenthcontroller,gg

which
1nstruction set compatible w1th “that’ of ‘the'

16- bit sxngle-chip discharge microprocessor KlBOlBMZ

The process1ng module board is"
functionally complete microcomputer w1th a processor, ‘16K’

: ROM 2K RMM' a serial interface controller, ‘an’ alphanumeric‘

a function keyboard controller,f

a start,'
. el e ERA S e e SR e
We shall: explain the operation of the device considering

;uad]ustmentgand,,imeasurement.

“Ifreferenceyparameters . of.  the resonators connected to the '
- | MEASUREMENTO ||| - e i FLOW MULTIMETER
[ e | TelGiaIATI 2] ] [
| conz][. SERSORS . MEasUR/ADIUST. |[ kmvew - - |[msee] |
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: OO vl gl P it N | e - J
: , P |(SNGL ~ RS R
RESET . 3 ' 44J 711 cont CORR 1112 .JAJ 0 | _CR,H ,
. Eig;QB.‘:Frontlpanelﬁof the independent;controller;,},

11

AT :

“The processing module ‘is" based on T

a con?““

The controller has two modes;‘];
In the adjustment mode the 7y



‘module are fed 1n. These are f and f ,_the'frequencies“of1

‘the resonators filled w1th liquld and- gaseous flu1ds in the

~saturation line at the pressure }’ and ‘the coeff1cient 1‘

'depending on the resonator des1gn._ The funct1ons f LH and

f A, calculated by the ca11brat1on results, and the valuel
) of the add1tional coeff1c1ent ¥ are given as data sheettf

:characterist1cs of “the resonator, The input of" the current;

: pressure P in the. system is ‘also provided {if an analogue 1n-

put 1s not used) . The follow1ng measurement parameters are

‘also- set in the adjustment: mode: 51ngle/cont1nuous, t = time .

~ of single measurement, '#. - number of single measurements in a

vseries -.The parameters N and ¢ allow averaging' of the
measured characteristic over  the time 1nterva1 t or statis—
tvtical analys1s of a sample .of N measurements T In. the,
rmeasurement .mode the characteristic to. be measured is . chosen.
£ —.resonance frequency, p, —.-.void. fract1on, x and x the~‘
'quality of a. homogenized or.'a strat1f1ed flow, ,2’ - tem-
,perature, p dens1ty, .R - pressure . The buttons of the‘f'

field "contr" - have . the follow1ng functions. . Pre551ng then‘“
”stat" ‘button one scrolls the reference ~quantities and. mode;g

parameters of. the dev1ce. The'f,run" button starts

‘measurements . (it is only used for single measurements) , and‘i
‘the‘ 'reset” button switches on. the default reference quan->

tit1es and modes of operat1on.t The ‘software is wr1tten “in ’“

“the Assembler‘ language.‘ To »calculate propert1es “in the

’ s1ng1e phase ‘and two phase regions, 1nterpolat1on B by"
‘spec1ally organ1zed tables of thermodynamic properties stored;.
“in JHWV used.‘f At present ‘there . ar programs for-d”

calculation of Helium. N1trogen,=Hydrogen flow parameters.
' The fluid 1s selected by a sw1tch on the rear panel.l,There
are also input and output ﬁ?’connectors. analogue 1nput’con—

nectors for pressure sensor 51gnals. The device can be con-f

’.7ltrolled either manually or through the 55L232 w1nterface.

“Four sensors can be connected to the dev1ce.k'

Another version of the intelligent controller is made tof

”‘the\CAMAC standerd “(Fig.6). ' Its structure,1s similar to that

" of the  independent. controller considered. . Control, data

12

‘troll1ng the crate. o

‘POSSIBLE APPLICATIONS AND SENSOR CONNECTIONS

",iurMnes ond hqum Nnrogen

’bn('f

B

1nput and output ‘are’ carr1ed out through the CAMAC

“the front panel there ‘are an . error 1nd1cator ‘and a reset but—s
“ton."" A block controlled both” through ‘the front:panef‘ands

through the  bus 1s also developed Two resonators ‘are con—,‘

nected to: this controller. Th1s block calculates‘ fewer

characteristics ‘than.. hehiindependent one because furthert:‘
Vanaly31s of the data can be performed by the computer con—7

(SRS u-,«,.ufv,s'--;; Vel ‘ 15*.'; sgp !

Measurement of vapour liguid expander effic1ency and JT-

“ryalve- sett1ng. .. The: p0531b111ty .of: unambiguously determ1n1ng'm

the flow" quality naturally prompts one to ‘use . the’ RF sensors

':at the final cooling stages ‘of - cryogenic® 1nstallat1ons.q We -
-use the sensor:and :the- 1ntelligent controller..for example,;‘sv
“to determine rapidly (the: measurement time:was from: 20 -t0:200
dms{ the cool1nq capacity of a’ 300 W refr1gerator at. 4 5 K as
:shown in’ F1g 9 Three methods were employed to measure the :
,'capac1ty 1n the 11quefy1nq mode at the flow rate (13 20) 10 3:
kg/s"by means of a level’ meter. by means of a v01d fractionygl”
fsensor, ‘and by P & 2’va1ues 1n front of the Jﬂlvalve ‘”The‘,f
‘fresults obtained are 1n good agreement w1th each other V,The“'
:discrepancy is’ w1th1n 2- 9% wh1ch is due to the orif1ce p1ate'1-f
:and the RF sensor ca11brat1on errors and to p0551b1e partial

, uoc of - heat exchongers two |

boih

L o P&Tlnaem ‘ BRCiE "‘rin": ,; t:v,f'jﬂi;jvﬁyid?
onﬁce-‘ E::{l Co . ' BRI
;;PM19 )(L———*_——;i measuring | . ey -

‘}and control.
X sysien1'

i UFig. 9 Applications of void

_RF. sensor |

fraction sensor in

refrigerator,mv Sh;¢*“
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entrainment of,liquid’heliumyintthe reverseyflonffﬁBesides‘
[the, void ‘fraction, sensor,‘is" used to ”determine
thermodynamic effiCiency of a. vapour-liquid turbine where it
seems to be indispensable (the_turbine was‘manufacturedvat

the SKIF factory, Moscow) . ]

”Our'experience indicates that RF sensors are valuable

7measuring ‘devices" for automatic* regulation systems in l

vcryogenic installations,  producing a relatively fast effect
on. a regulator after a possible disturbance.

.. -Flow' rate measurement.. ‘When . the . single-phase flow
- rate is determined by the pressure difference*APiin,a\nar4“

row1ng device G-E(p AR

,revolutions n - G= Epn, the RF sensor can serve as.mean density

*:meter. So one of the: necessary parameters. determined by the'

»intelligent device is the mean. denSity p-.

The two-phase flow rate can also be determined by the:,

pressure difference at the orifice plate [8] or by the number

of turbine revolutions n [7] In this case, however,,the

flow rate G’is involved in sophisticated relations G = G(AP‘
thermothSical properties) or G= G(n,;k ,thermophySical

properties) and the ﬁ?‘sensor is to be used for estimation of./

JX- The correlation and tagging methods or their combination
‘seem to be more preferable for determination of the two- phase

“flow rate

‘sensors, the tags were heat pulses applied to the flow by a4,
‘heater placed at a distance from the sensor and in front of,
it. ‘The device is based " on the intelligent controller with f'
an additional data process1ng algorithm..-For the correlationn
. measurements of the flow rate two ﬁT‘sensors are installed‘_f

‘one after another in - the flow (they can be assembled as a

Single“structural ‘unit). Their frequency s1gnals pare

processed by one intelligent block, which computes the mutual

, correlation »function ﬁ;z (t) = I o (t)p (t t)dt ';The‘
. flow rate is ‘'calculated as. G= ﬁpSZ/t o where fﬁ;"is. the =

14

“'the -

or by the - number . of. 'turbine,,'”

'section is also being developed now. For any pair (in the"
set of 4 sensors) there is a possibility of calculating the :
,mutual correlation function "and the mass flow he

based on an

[see Fig. 10) " When we used these methods with ﬁT’T

TGggmg mefhod

heoier rﬂeosynng
__device
C — |

Correlohon mefhod

RF- sensorf'”: RF sensorj

{ e

ﬁ:Fg — Correlcn‘or
R,z(r)=+ (t)¢(t-r)dt

Ay

- [ R i T

- Fig. 10. 'Determinat iony‘of’ *'the,"‘t'wo,"phase "*“f'iow‘fﬁ rate

Pagre gyed s K H wra ’
- AP SR IR S S TSR PR T T R

K= e
orrection coeff1c1ent S’is the channel _cross. section, L s -

the distance betwaen the sensors, T is .the" time for which’
ﬁ;z has the maximum value.= A flowmeter of this .type on the

‘baSIS of the independent controller described in the previous":

R SY AT

preliminary experiments showed that the accuracy ofwthe two-f T‘
’1phase helium flow' rate measurement by the tagging and cor-thﬁ
relation methods‘is noticeably higher as, compared with the = =
measurement [6] or measurement with a flowmeter S

calorimetri'

rifice plate and a void fraction sensor. : @

Determination of" concentrations of binaryuhand tripleﬁ'

‘mixtures The dielectric constant ‘ofi ‘a’ binary mixture e

bin

depends on™ the concentration of “components - C and” on their‘ oy
‘dielectric constants €. and g .: =€ (L, ci |
1

4

their turn, ‘the’ dielectric cons:an:%‘n T 'e ) e

: s are ,state functions
‘=e (2N, ” e =€, (P,D)-. Thus, measuring the pressure 2, the
temperature 2’and the dielectric constant of" the flow With RF\S
sensors, one can find the dielectric constant of a binary
mixture and consequently, its concentration.w In cryogenics,
for example.Ja He+ He solution s used to obtain very low
temperatures, Miniature ﬁT‘sensors can be ‘a suitable tool
for determining concentrations of components. To avoid heat
input through AF' cables a' capacitive,‘ i;e. completely
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'contactless,;connection can be used. between the resonator and

4Tthe measuring equipment. {v
"Tof analyze' a triple mikture,. onev needs zones‘more-
‘parameter, for example, : the medium density p

'sity of a cryogenic mixture flow can be measured with a’ den-’

sity. meter operating on. the basis of the high—temperature’

superconductor levitation effect. It is small in size, . which

1s 1mportant ‘for placing it 1ns1de a pipeline, and hithy ac-—

curate_(apso 06%) Concentrations of,componentsvcl,sc , &
‘are’ found: by solv1ng the set of three equations

't._r'vip-— t.rxp (c

C
-p ot “'1.,,c2 . &

C 1"(P'ﬂ ,ez (F,ﬂ,es (o). =
v &

ST AT ¥ S “erip i
~_;lCV*C»fC =1 -

,waﬂmwﬂﬂmwﬂﬂ)
1 2 3

’ Though at first glance this way of analys1s seems to be sop—iih

,hfhisticated sometimes 1t can be much Simpler and cheaper than

vrtraditional chromatography.f;

'wCONCLUSION {:,‘ B ~'_ e -*; P e s

To monitor cryogen flows, it is convenient to ”useﬂ’a

ulradio frequency method which involves a Siqnal capacitor;t;l

connected to’ an osc1llator circuit whose resonance frequency

vvdepends on_ the dielectric constants of cryogens .Th1s ‘method -

“has the follow1ng advantages ] : 1
v= high accuracy due to a specific design and low—temperature

calibration, ﬂ-l : - R O PR DIPI R S RO L

‘}—‘allowance for spec1fic features of hydrodynamics An round',

and annular sensitive elements,«.f,~ i ‘ :
- adaptability to any d1electric media. R -vfxaﬁ

"Using“intelligent radio frequency sensors.‘ one”hcan‘
determine different parameters of” cryogens 1n the two-phase'
‘region they are the v01d ‘fraction w, ‘the quality x, and pi
: and xhdependent mean—volume ‘and mean—flow—rate thermodynamic
characteristics e,enthalpy, density,~entropy. etc.’ 1n the‘

16
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2’ T3

4.ﬂV,fA. Viktorov. B. V Lunkin A S. Sovlukov,

s1ngle_phase reqion they are’ the’ mean-volume thermodynamlc

quantities e temperature, ‘density, " enthale. etc..f and “in .

rtwo/threefcomponent mixtures‘ they are concentrations of

components.: Combininq these - sensors w1th orifice plates,

turbines, pulsed heat sources, or using them in pairs, one-

can measure- flow rates of both two phase and s1ngle phase ff

media

It is reasonable to use 1ntelligent ﬁ?‘sensors for. d1aq- ﬂ‘

nostics of cryostabilization systems in superconduct1ng,‘
dev1ces, for fast determination of the" liquefaction capacity
and{‘ vapour liquid ‘eXpander ﬁ efficiency, “in - cryogen1c
propellant filling systems, in automatic regulation systems*

of cryogenic 1nstallat1ons, for- science research

ACKNOWLEDGMENT

The authors would like to thank A, Golovin, R Kim, and :

A, Zhukov - for their '~ valuable ; contribution ‘to the“g.i
‘manufacturing of" the 1ndependent 1ntelllgent controller ‘ |

REFERENCES

1. 'E, H: Higman, ‘R. Fell,[fA, Aiaya, J. Meas. and Qontr;t
A 19:47 (1986) . = e

2?’A;,I' Alexeyev, Yu P. Filippov,,l.,S, Mamedov, Flow Pat-

H tern of Two Phase Helium, in Horizontal Channels.
~__Crzggen49§ 31: 330 (1991) ‘

3..G. Brianti et al, Chapter 6, Cryogen1cs, in:fﬁDesign Study

r,of the Large Hadron Collider (LHC)

'CERN/AC/DI/FA/QO 06 (1990) ‘p. 109

» ~RF~Measure -’
uments of Technologic Process Parameters,Energoatomizdat,
Moscow (1989) (1n RuSSian) S

5,08, M, Huang, A. B. Plaskowski, C. G..Xie,:M;yS. Eeck J

. Phys. E.: Sci. Instrum. 3:173 (1989). o
6. V. V. Danilov, Yu. P. ‘Filippov, 'I. S. Mamedov,  in:
fAdvances in Cryogenic Engineerinq," Vol. 35, Plenum
Press, New York (1990}, p. 74s. o ‘

i17




B . E i 1
- 2 : . . H

N PO "Encyclopedia of Fluld Mechan1cs.‘ Vol. ’3 Gas—quuid

Flow, Ed. N-‘P.‘Cheremis1noff Gulf Pub11shing Company
“Book Division, Houston (1985) . e

8. D. Chisholm, in: "Proc. 13th Intl.Cont. Inst., Rerfig.

Congr..," 2:781 ',.(1980).

- Recelved by Publlshmg Department :
on AugustI 1991. '

18

‘l.ro n KOHbueBOFO nonepeqnmx ceueHnii, 0nucaHm HHTenneKTyanb

'mnnKoCTHux neTaHnepoa, praBHeHHH npoccenbﬂmmn ychOHCT—‘
BaMH | omHmHTenen u.T i o . g , :

1t i

"®unumnnos 10.I1. u np. e e E8=91-366
MoHHTOPHHT I[OTOKOB.KPHOATreHTOB : o
peanusauuﬂ BBICOKOYACTOTHOTO MeTona -y
B pa60Te npeACTaBneHm naTqHKn KoHTponnepu H MeTonuKu,
IPHMeHsAeMble’ MpH  H3MepeHHH TaKux XapaKTepHCTHK nByxéasumx
H oaHodasHLBX TNOTOKOB KpuoareHTos,'xax cpenHss TeMnepaTypa
T, cpedHasn IUIIOTHOCTD : Py | HCTHHHOG obbeMHOe napoconepmaune
'¢, pacxofHoe Maccosoe napoconepmanue ‘X, pacxog G. Hnﬂ ‘no-=
cTHmeHHﬂ 'BBICOK Of1 TOYHOCTH HCHOHBSOB&H BBICOKOUACTOTHEI Me—{
.Tog. . IIpu cospaHuH quCTBnTeanmx 5J1eMeHTOB OaTUHKOB yyre-|.
;HM rnnponunamuqecxne ocoﬁeHHOCTu TeuyeHHH "B ~KaHalax KpYTJ107

Hble KOHTpOHHepH nayg MOHH@HK&HHH. MOZOYIIB ' KAMAK H aBTOHOM—
’Hmm npubop c HHTep¢euc0M RS-232. PaccmorpeHo TnpuMeHeHHe
RBq OaTUYHKOB nnﬂ GHCTDOPO onpenenenuﬂ s¢¢eKTuBHocru napo—

Pa60Ta anonHeHa B HaﬁopaTopHH caepxaucoxux sﬂepruu
oMU, - = B TR St e PR

o I'Ipénpmn '061=em‘rme1moro u:i'{cm“ryra ﬂ'nepubng ue_c.‘ryxpé.ziosanuﬁ.“ﬂ)’@ua 1991 '

‘5F111ppov Yu. P.‘et al S
: gMon1tor1ng of~ Cryogenlc Flows._. B e -
j‘Real1zat10n of the Rad1o Frequency Method ‘~,’“ s

,thodology to control such character1st1cs of s1ngle phase
| and two- phase : flows as average temperature.T, mean densi-
“ty. p,‘vo1d fraction. ¢, qua11ty X, flow rate G. .Radio fre-
| quency method is: iused to, ach1eve a h1gh accuracy. The
’_hydrodynam1cs features spec1f1c to channels of ‘round and

"klng out;each type of the sensor. Intelllgent controllers
'} of‘two modifications: a CAMAC module and an 1ndependent

'Appl1cat10n to fast.determination of vapour -liquid. expan—
~der eff1c1ency, he11um l1quefact1on capac1ty, etc.'1s de-

fmonstrated AR Lk

~xPhy51cs Laboratory, JINR,,

E8-91-366

The report’ presents the sensors, 1nstruments, and me—‘

annular cross- sect1ons are taken into account:while ‘Wor-. -

dev1ce equipped with the RS-232 1nterface are described.

The 1nvest1gat1on has been performed at the Part1cle

f,;, Preprmt of the Jomt Instltute for Nuclear Research Dubna 1991




