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Abstract of the minor difference of ; ande, values. For example,
in the case of helium
The report presents the R&D program covering the (&,-€) &= 4%.
problems of precise control of the sate of two-phasgnhys, the error of measurement must be at least two
helium flow and multipoint temperature measurement igrders of magnitude smaller - 0.04%.
cryogenic system of a superconducting accelerator.
2.1 Measurement Principle

1 INTRODUCTION High accuracy is achieved by using the radio frequency

As acknowledged recently, to achieve the ultimatenethod. This method involves a signal capacitor
performance of an accelerator it is necessary to contr@bnnected to an oscillatory circuit whose resonant
accurately the state of a cryogen. For instance, fitquency,f, depends on the void fractighof the fluid
Tevatron [1], the stratification of two-phase helium flowfilling the measuring volume.
in dipoles reduces the attainable energy; at TESLA [2],
the smooth cooldown procedure (controlled mixing o.2 Sensor Design
gaseous and liquid He) is necessary to prevent
mechanical problems in the TTF structures. So, whil
employing the two-phase coolant, one has to monitor t

vid facion besides he temperature and pressure of 8¢ 11t ST HEE i o sensr i made
’ . P . & the short-circuited coaxial lines connected to the
numerous of locations over the cold mass. It requwesgq

The cross section of the typical sensor follows the
eometry of the helium flow channel in an accelerator
¥hd is either round or annular.

. . o easuring gap. The narrower the gap, the higher
multitude of sensors operating under irradiation an g 9ap gap 9

. L h T : ensitivity, because of the sensitivilyfdf/dg, is limited
correspond'lng wiring which has to be simplified with theOy the electric field nonuniformity [3].
use of multiplexers.

For a round channel the high uniformity of the filed in

id fracti i d RF ¢ diel t.'aielectrictube surface [3].
void  fraction transducers ( SENsors of QICIECHIC ta construction details alters from one specific design

permltt|\{|ty of helium flow) are descnbgd. Tests 01Eto another. Typical characteristics of the round-cross
cryogenic thermometers and analog multiplexers und%;

fast t d irradiati {77 K . ection sensor of 70 mm inner diameter are as follows:
ast neutron and gamma ifradiation & are reportehsonant frequency - 40 MHz, signal range - 100 kifz (

Modular multichannel measuring system capab_le t\%ith $=0...1), quality - 300 (liquid He @ 4.2 K).
manage the resonant void fraction sensors, resistance

thermometers, pressure gauges and other sources 208 Calibration Technique

analog signals is presented. ) ) o
The feature of the used technique is that the calibration

2 VOID FRACTION of an RF sensor is pferformed on thg e_xperimental <_jata
) i o o _ obtained under conditions of He equilibrium state which
Since helium is dlelectrlc', it is rather conven!ent tq:an be reproduced with the high degree of authenticity.
employ a sensor responding to the mean dielectric The resonant frequency of a sensor is determined as
permittivity of mediae: f=1/[2m(L,C.,)"], whereL,, andC,, are the effective
exelp+ell-9), values of the sensor inductance and capacitance.

wheree ande, are the dielectric permittivities of gas andCallbratmn characteristic of the sensor is [3]

liquid phases, respectively. One can determine the ¢ = Error! .

thermodynamic state both for the two-phase and single

phase dielectric flow with the values ofind pressur®  The constant&,=K(¢), K, andK, are determined during
(what is impossible with the traditional ‘temperaturethe calibration. The general form of expression ¢gois
entropy’ diagram). It is necessary to note, that the=¢(f, ¢, €, f, f, &, &) where, in the case of a vapor-
measurement accuracy is of principal importance becaugguid flow, & andg, are determined by the current value

2158



P of pressuree=¢, and =¢, - by the valueP, of and calibrated by VNIIFTRI (National Standard
pressure at which the calibration was carried out. So, Institution, Moscow, Russia) and their characteristics are
many caseg=9¢ (f, P, {, f,, P,) and five quantities will well known and available from the manufacturer. The
be the input parameters to the intellectual part of th#ata on TVO are scattered, e.g. see [4], and so they are
measuring device. The valueandP (or temperature) are presented in details in the next section.

measured and thg, f,, P, are taken as the reference o
parameters. 3.1TVO Specifications

Typical characteristics of the TVO thermometers are:

» Materials: carbon powder 50...200 Angstrom (about
The structural scheme of the radio frequency channé®s), the rest components are the boron/lead flux and

with the usage of the tracking feedback was describedrundum powder (ceramics).

elsewhere [3]. To determine the resonant frequency, thee Nominal value: 910 or 1000 Ohm @ 300 K.

sweep generator sends a signal to the sensor. From the Calibration characteristic:

sensor the frequency signal goes to the extreme regulEor 5 4 20 77 300|400

2.4 Measuring System

which controls the sweep generator and maintains the
resonant frequency. The RF sensor is connected with fReOhm 7100( 360Q 1900 140D 10Q0 950
measuring board through the removed detector which
contains the input preamplifier, detector, and buffer
amplifiers to ensure its operation with a comparativelyT, K 2 4 20| 77| 300[ 400
allows one to measure the resonant frequency of the
sensor directly, and the reliability of measurements * Stability: the error increases during 7 years
depends on the accuracy of the sensor mainly. T, K 4 27 | 300

The main parameters are as follows: measured resoryarit
frequency can be regulated within the range of 5 MHz {t&=Tor, % 04| 09| 09

50 MHz, accuracy of measurement is absti00 Hz at . configuration: rectangular prism of8.4x1.3 mni
helium temperatures, time of a measurement is aboyin two leads.

100 ms, interval between measurements - 1 s. « Magnetic field effect:AT=2.-10"-dR/dT-B where
The total errord¢ at 4.2 K (including the instrumental §r/qT corresponds to 4.2K an® is the magnetic

error, temperature- and pressure-roelated uncertainties, 4afyction, Tesla. Orientation of the sensor in the magnetic

the calibration error) is less than 2%. field practically does not influence upon the readout.

The Modular Industrial Computer MIC 2000 based onygya|ly the valueAT/T is less than 1% for the induction
the ISA-bus and micro PC, is used to construct thgp toB=5 T [4].

measuring device. Usage of the cross-bus with several

slots, allows one to enlarge the number of measureme®?2., Radiation Performance Tests

channels and to add the complementary possibilities for h i q h |
other measurements, for example, temperatures, |NE €xperiment was arranged at the Pulse Reactor

pressures, etc. There are two operation regimes: stagR-2, Laboratory of Neutron Physics of JINR [5]. It
alone and with the removed PC. produces a full spectrum of fast neutrons ranging from
The developed software provides the following: thé@P0ut 10 to 20 MeV; average energyE,, is about

internal self-test of the device, calculation of the dieIectril"l:olz/zlev_'2 Tlhe reactor can deliver :Ee neutron flux up to
permittivity and void fraction of helium using the 107em’S" over areas up to 2@0 cnt. In addition to the

measured resonant frequency, calculation of thReutron, the gamma radiation is also produced in the

necessary parameters of helium giandT (or P) using nuclear reactions with maximal dose rates up to 1[C<IIGy

the helium state equation, measurements of tﬁge average energy is of abdsf ~1.5 MeV. The ratio
temperature, reading the user input from the keyboal%etween the neutron fluence and t_he gamma dose can be
and GPIB or Ethernet interface, displaying the results aia”ed by several orders of magnitude by means of the

measurements and calculations and/or sending tﬁgpropriate beam filter an(_jz albsorbers. The flux of fast
response to the removed computer. neutrons of about 1&m’S' was used for our

measurements. The experimental setup includes a cryostat
for the sensors, a beam filter, boron carbide layer,
3_ THERMOMETRY _ _ movable shielding platform, beam shutter, inner and outer
The following types of cryogenic resistancereactor shields, cryogenic lines, measurement cables,
thermometers suitable for employing at an acceleratafickel foil for both - monitoring of the total power and
have been thoroughly tested: rhodium-iron RIRTmeasuring the homogeneity of the neutron fluence. The

platinum PRT, carbon-glass CRT, and carbon TVQccuracy in determining the fluence of the fast neutrons
resistor. The RIRT, PRT and CRT sensors are produced

* Sensitivity:

2159



andy-dose wag10%. The data, temperature siiff due  MIC2000 industrial PC (see sec. 2.4 above) and includes
to irradiation, listed in Tab.1 are obtained for irradiatiorthe following units:

at 77 K earlier [5] and recently. » three precise current sources (one fixed and two
programmable) covering the range fromA to 2 mA,;

Table 1: Radiation resistance of temperature sensors.” | two analog to digital converters: integrating 18 bit

Thermometer | Fluence, cnf |y dose, kGy| AT, mK | ADC and fast 12 bit ADC;

. « three matrix switches for current sources, ADCs, and
Rh/Fe, RIRT-2 700" 90 18 sample resistances;
Pt, PRT-5V 710° 920 10 « scanner for 512 analog input channels;

esignal conditioning board;
Carbon, TVO 2.410° 100 25 « board to control the 74HC4067 cold multiplexers.
Carbon, TVO 510" 29 50 The system allows the temperature resolution of a few
milli Kelvin @ 4.2 K with the TVO thermometers and

C-Glass CRT-2 5010° 80 10 scanning over tens of sensors in a few seconds.

10 CONCLUSION

The aim of using the multiplexer is to reduce The designed and tested RF void fraction sensors and
significantly the number of leads entering the cryostat. Imeasuring device are reliable, and provide a
is achieved with two high-speed 16-channel CMOSsomparatively high accuracy (errd is less 2% for void
multiplexers of PC74HC/HCT4067 type. These chips arksaction) while measuring the characteristics of two-phase
placed within the helium vessel and switch the potentifiielium flow. The calibration procedures are simple
wires from one sensor to another. In result, only 7 wireghough and based on the experimental data obtained
are used instead of 34 to measure the four-lead resistatgler condition of cryogen equilibrium states only.
of 16 sensors connected in series. The accuracy of temperature measurement over the

The tests of the MUX board have been performedryogenic temperature range is 10, 50, and 100 mK at
under the radiation environment conditions. Thel.5, 77, and 300K respectively. All the tested
parameters were: temperature in cryostat 77 K; neutréhermometers: RIRT, PRT, CRT, and TVO exhibit stable
fluence 3.710°cm’S"; gamma dose rate 400 Bpur. performance under irradiation. With the neutron fluence
The following characteristics of the chip were measuredlus gamma dose up td1P°cm’ + 90...100 kGy, the
the resistance of the open chann&_ ; matching of the deviations are close to the calibration uncertainty.
channel resistancesAR , the dynamic current of supply ~ Multiplexer 74HC4067 can be used in the environment
- 1, The data are listed in Tab.2 and show that the mafombining the fast neutron and gamma radiation up to
characteristics become worse gradually with the increaé.3...4.6J10°cm” + 10 kGy at 77.4 K. Further tests are
of dose. A sudden failure of the multiplexer occurred afecessary of the leakage currdptsbehavior.
the total dose of about 418" cm” + 14.5 kGy. The modular-PC based measurement system manages
two channels forg -sensors, 512 channels férand P
sensors and allows further extensions.

3.3. Multiplexer

Table 2: Radiation performance of MUX

Gamma dose, 0 |o0.4a0 | 1.420 |1.4310°

Gy REFERENCES

Ne_t;tron fluence, 0 1.310% | 4.6110° | 4.810% | [1] T.J. Peterson, “The Nature of the Helium Flow in

cm Fermilab’s Tevatron Dipole Magnets”, FERMILAB-

R,. Pub-97/217, 1997.

Oohm 35..40| 96..62 80..11p ) [2] D. Barni et al., “Cooldown Simulations for TESLA

R Test Facility (TTF) Cryostat” Report FF4 at
on’ 5 6 30 - CEC/ICMC-97, Portland, OR, 1997.

Ohm [3] A.l. Alexeyev et al, “Application of Radio

| pp(@ 5 kHZz), 3 5 80 150 Frequency  Method for  Measurement to

mA Measurements in Cryogenics”, Cryogenics, V.31,

p.1020-1029, 1997. _ o
The more detailed information on the behavior of thf4] V.l. Datskov and J.G. Weisend I, “Characteristics of

different MUX chips, including the data on the leakage Russian Carbon Resistance (TVO) cryogenic

: : thermometers”, v.34 ICEC Suppl.,
currents ., will be published soon. 0.425-428, 1994,

Cryogenics,

leak

3.4. Temperature Measurement System [5]

The system realizes the DC current four-wire method
for resistance measurement with inversion of excitation
current. It is designed as a set of modules for the
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