- AD=AD66 869

UNCLASSIFIED

FOREIGN TECHNOLOGY DIV WRIGHT=PATTERSON AFB OHIO

F/G6 10/2

EXPERIMENTAL STATIONARY MHD=INSTALLATION» OPERATING ON RANKINE ==ETC(U)

JAN 78 Y P VALIKHOV: V T KARPUKHIN

FTD=ID(RS)T=2264~77

END

DATE
FILMED

79

11T

NL




T T T R T T TP E P TRy
N\

FTD-ID(RS)T-2264-77

AD-ROCCE &7

EXPERIMENTAL STATIONARY MHD-INSTALLATION, OPERATING
ON RANKINE CYCLE

by
Ye. P, Valikhov, Yu. A. Kareyev, et al.

Approved for public release;
distribution unlimited.

- 78 12 22 238

s il




UNANNOUNCED
JUSTIFICATION

T Te— -

FTD-ID(RS)T-2264-77

R o
DISTRIBUTION; AVALARUITY OO0ES |
{ Dust. AYAIL and/or SPECIAL

P

EDITED TRANSLATION

A

P
°

FTD-ID(RS)T-2264-77 12 January 1978

MICROFICHE NR: - 74-C-0004L.3

EXPERIMENTAL STATIONARY MHD-INSTALLATION, OPERATING
ON RANKINE CYCLE

By: Ye. P. Valikhov, Yu. A. Kareyev, et al.
English pages: 30

Source: Ordena Lenina Institut Atomnoy Energii im.
I. V. Kurchatov, IAE-2087, Moscow, 1971, pp.

1-28.

Country of origin: USSR
Translated by: Robert Allen Potts

Requester: FTD/PDBA
Approved for public release; distribution
unlimited.

THIS TRANSLATION 1S A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANAL YTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THME FOREIGN TECHNOLOGY DI
VISION.

PREPARED BY:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
WP-AFB, OMIO.

FTD _1p(RS)T-2261-77

Date 1o 10019 73




U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A, a P p P »p Ryax

B 6 B B, b Ce C ¢ 8.8

B e B ¢ V, v To-or: T m MR v

(8 r s G, g Yy Yy vy U, u

4 A o a D, @ ) ® ¢ ¥, T
E e E ¢ Ye, ye; E, e¥* X x X x Kh, kh
H oW X x Zh, 2zh U u a y Ts, ts
3 3 3 A Y 4y Yy g Ch, ch
] H u B W w U w Sh, sh
7 A & Y.y Wy o Shech, shch
H K K x K, k b D » Y

Jln N a L, 1 H © A u Yoy
RS M «u M, m b b b » :

H H H N, n 3 a3 9 E, e
0o 0O o 0, o H O » Yu, yu
nn n n PR P A A A a Ya, ya

%*ye initially, after vowels, and after v, b; & elsewhere.
When written as € in Russian, transliterate as yé& or €.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English
sin sin sh sinh arc sh sinh:i

cos cos i ch cosh arc ch cosh_1

tg tan th tanh arc th tanh_l

ctg cot cth coth arc cth coth_1

sec sec sch sech arc sch sech_1

cosec csce csch csch arc csch ecsch

Russian English

rot curl
1g log

-~




»

F_..I-——m " " o, o WP -~ g ™ e G g " > =

DOC = 2264 PAGE 1

I. V. Kurchatov Order of Lepin Imstitute pf Atoamic Bnergy

Ye. P.: Valikhov, 7fu. A. Kareyev, V. T. Karpukhim, A. I. Karasev, A.
I. Kol'chenko, V. A. Lanis, A. D. Muzychenko, A. V. Nejospasov, V. D.

Pancheako.

Bxperjmental Stationary HHD-instailatiop, Operating On Raakime Cycle

(Coastruction and technological probleas)

ANNOTATION

ko the wvork is given a description of the eleseats and units of

therapphysical circuit, nlD-generator upit, magnetic system of the

experjimental installation, operating on Rankine cycle on a mixtuare of
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mercusy and cesiua. There is examined a number of technological
probleas, connectad with the selection of coamstruction materials,

prepacration of the circuit for operation.

ILk. CONSTRUCTION AND CHARACTERISTICS OF THE UNITS OF
INSTALLATIONM-30.

XI-1, Block-diagram of the imnstallation. The diagram of the
threrapphysical circuit of the imstallatioa M-30 and its overall view
are presented in Pigs. 1 and 2. The heating and evaporation of the
asalgam occur in the evaporator (1), then the temperatura of vapor is
raised to 900°C in the steam superheater (2). Through a
high-temperature steam pipe the vapor enters the unit of the
experimental HHD-jenerator, placed in the gap betwveen coils of a
solenpid (4). In the nozzle part of the unit the flov velocity of the
gas imcreases to supersonic. The kinetic emergy of the flow is
convested into elsctrical in the channel of NHD-generator (3). Im
wvater~coolabls condenser (5) the steam is condensed, liquid amalgan
of cesiua is passed through a settling taamk with cermet filters (6)
for purification from solid slags and through a pipeline by gravity

flov is returned to the evaporator.
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The preparatiom of cesium amalgam is accosplished in an asalgas

tank ¥8), to vhich is connected the mercury and cesiua distillers.

The amalgam is poured off into this same tank during reassembly of
the imstallation and in emergency conditions. The composition of the
amalgam in the circuit is changed either by reloading of components
(roughly), or, more precisely, by admission of cesium vapar (9) from
the system of adasission of cesium into high-teaperature steam pipe
before tha channel of the MHD-generator. The resoval of foreign
bodies, located ia the circuit in gaseous phase, is provided by the
vacuua systea of the circuit (10). The thermophysical paraseters of
the installation and the elements of the circuit are coatrolled froa

a central panel.

1. INTRODUCTION

In the I. V. Kurchatov Ingtitute of Atoamic Energy for a nusber

of years work hag been performed on the study of the problem of the

NHD conversion of thermal enmergy into electrical with the use of the
nonequilibriua conductivity of plassa. The program of work includes
the investigation of questions connected with the physics of motion
of pomegquilibrius plassa in a magnetic field, the effectivemess of
energy coaversion, techmology of HiD-gemexators etc. In accordance

with this program there was designed and constructed the experisental
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statipnary NHD-geaerator #-30, operating pn Rankine cycle on a
nixture of mercury and cesium. As an expdtilental installation it has
a number of advantages in comparison with installations operating om

the Brighton cycle: simplicity of completion of cycle, absence of the

problea of introduction and reamoval of easily ionizabla additive. The

selection of mercury with the addition of cesium (cesium amalgam) was
determined by its more favorable thermophysical characteristics with ]

fespedt to other jetals (thalliuam, zianc ekc.).

The basic parameters of the installation are the following:

3. Plov rate of vapor - up to 100 g/s.

PSSP ————

2. Stagnation temperature - 900°C.

8. Stagnatioa pressure - up to 0.6 aktam(abs).

8. Mach numbesr at chanmel inlet 2£ 1.8.

S. Nagnetic field - 4 T.

II-2. Cesium asalganm evapcrator. As the working sixtare of the

B~30 jnstallation there is used cesiua amalgam (35 at. 070 cesium anmd
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65 at. o/0 mercury). This composition of amalgam made it possible to
obtain the necessary ratio betveen the basic gas and the easily
iondizable addition, in order with reasomable energy expeanlitures to
provide nonequilibrium conductivity of plasma, on the order of
several tens of mho/a in the chanpel of the NHED-generatoc.  The
diagraa of partial pressures of componeats, constructed oa the basis
of analysis of experimental [ 1] and calcudation [2, 3] data, is
preseated in Fig. 3. The amalgam evaporator (PFig. %) wvas rated,
proceéding from the conditions that the vapor flowv rate should be
approximately 100 g/s at temperature 700°C. It is manufactured froa
steel BI-695R, having satisfactory strength characteristics in the
imdicated temperature range. The diameter of the bottom of the
evaposator is 800 am. The usable electric power is 30.5 k¥. Into the
evaporator is loaded 115 kg of cesium amalgam (71.% kg sercury aamd
43.6 kg cesium). Fo the housing of the evaporator are mounted level

gauge; thermocouple sensors and a pressure sensor.

§I-3. Steam superheater. Further ipscrease of the gas temperature

from 700 to 900°C is accoamplished im the steam superheatsr. The steaa

superheater is made in the form of lyre-shape bended tube S50 am in
diageter from stesl BI-652 (GOST 5632-61), heated by electric curremt
(12 vV x 1500 A) t> teaperature 1100°C (Pig. S). Length of the tube is
1:. The usable elactric power is 18 ki. phe stean superheater is
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placed in a tharmostat. As heat-ipsulation material of the thersostat
there is used silica fiber. At the entrance and exit of the stean

superheater there are pressure indicators and thermocouples.

II-4. Unit of experimental NHD-generator. This unit consists of
a high-temperatura steam line, located in the gap between the
solenpid coils, acceleration device (pozzle), chanmel of
é AHD-generator and a diffuser. This part of the installation is
; replaceable, the construction of separate elements can bs chamged
depending on the type of investigated MHD-generator. As 23e of the
versions for experiment there vas manufactured a Paraday type linear

MiD-generator. The thermodynamic parameters of flow, the jeometry of

the channel and the electrical parameters of the generator were
X examnimed by gquasi-unidimensional theory takiamag into account the

turbulent conductivity of plasma [4, 5). During the calculation of

. e

the experimental characteristics of NHDG we used data of specially

condycted experisents on the study of nopequilibriug conductivity of
sercucry-casium plassa [5, 6). The constructioy of the chamnel unit,

as the entire installation on the whole, should be accoapl ished

taking into accouat the inadmissibility of depressurization of the
circujt. Because >f this, there vas praoposed a version of placesent
of the container of the chamnel inside a vacuua-tight housing. The
inside of this housing has a pressure control systea. The cContainmer
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of the gemerator is manufactured from cerasic (pure aluminum oxide)
and can be assembled from separate plates or all-soldered. As the
electrode material is used tungsten-rhepium alloy (cathodes) and
niobiwua (anodes). For optical measurements in the valls of the
channel and hoysing are mounted sapphire disks. The leads of the
electsodes, thermdcouple sensors and tubes for the measursmsent of
pressure outside are accomplished through sealed leads >f the outer

housing.

fhe diffuser of the linear versiom of the channel is represemted

by a rectangylar container, assembled from ceramic plates.

The view of the steel sides of the outer body with saaled leads

and ceramic channel is presented in Pigs, 6 and 7.

II-S. Condeaser. Prom the unit of the experimental NAD-gemerator
through a compensation bellows unit the mercury-cesiuam vapor enmnters
the condenser at temperature 600-700°C (Pig. 8) < The cooled cesiuam
asalgam through tae pipe line is returned to the evaporator. The
condemnser is made in the ®pipe in a pipe® scheme and is designed for
the removal of heat load up to 50 ki. The condemser is made froam
steel Kh18N10T (GOST 5949-61). The diameter of the body of the
condenser is 325 am, inner pipe is 267 ma. The beight of the

-




PAGE 8

condenser is 1495 am. The condenser is coopled with desalinized water.
For measurement of the water temperature at the entrance and exit,
apd also for measurement of the flow rate there are instal led
resistance thermometers and differential manometers. Pros the top
part of the cavity of the condenser through a pipe lins vith diameter
100 =a ani length 2 am the gaseous impurities are pumped out by a

sercury diffusion apparatus RVA-05-2.

Introduction of cesium. The content pf addition in the steam can
be changed quite rapidly (tovard increase) by the injection of cesium
vapor into the supply pipeline before the nozzle of the
HED-generator. Th2 system for additional jntroduction of cesium
consists of an evaporator and high-temperature pipeline (Fig. 9). The
floy rate of cesium is monitored by readings of the level gauge in
the cesium evaporator. The temperature of cesium vapor at the inlet

to the main steam line is 900°C.

II-6. Hagnetic systeam. For excitation of the magpetic field in
the channel of MHD-gemerator there is used a water-coolable battery
type solenoids (Pig. 10), manufactured in the D. V. Yefremov NIIEPA.
The solenoid consists of two cylindrical coils with exteraal diameter
1280 =a and interanal diameter 420 am. The sinimum clearance between

coils, in which the experisental channel unit is placed, is S0 ma.
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The magnitude of magnetic ipductipn in the clearance is 4 T. Fig. 11
shows curves of propagation of the magnetjic field along the axis of
the solenoid and along the radius. It is possible to see that the

heterpgeneity of the magnetic field in the region of location of the

channel of MHD-generator does not exceed 0.5 o/0.

Bach solenoil coil has a supporting housing of Kh18¥10T
stainless steel and copper vinding. The yinding is made from 78
copper disks 5 am thick, butt welded. As interloop insulationm there
is used Lavsan 0.2 am thick. The coil has 128 radial-axial holes 35
aa in djameter for the passage of cooling water. The weight of the

coil is S t.

The power us2 of the solenoid is 3.25 MW (25000 A x 130 V). The
pover supply systam includes a powerful silicop rectifier of type
VAK-160-25000. For cooling the solenoid winding there is ased
desalinized wvater. The flovw rate of water through the solenoid is
uw2oen3/h. Purification of the wvater up to resistance s 2 NQ/ca is

accosplished wvith the aid of ion-exchange resins.

JI-7. Systeas of automatics and KIP. The indicated systea is
desigmed for automatic control of the temperature conditions of the

cireujit, the pressure, level and flov rate of the workiny medium,




flow rate of cooling vater, and also for giving varninjy, smergeacy
signals and shutting off separate elements and the installatiom om
the whole. It consists of thermocouple ssasors with seconlary
instrusents of type PSR, differential manometers DN, level gauges
PUZbM with secondary instruments EPV. Schematic diagraa >f
measurements of the thermophysical parameters of the circuit is given
in Pig, 12. secondary instruments of various semnsors, aonitoriang and
contrpl ipstruments of the electrical parameters, signal arsature are

placed in the panel installation.

System of measurement of pressure of the working mediuam.

The pressure measuring systeam consists of:

a) compensation type sensors, contact;

b) electromajnetic valves, providing change of the compensation ]

pressure of argon;

c) differential manometer "DH™ ipn a set with secoalary
instrusents DSR-1, designed for measuremeat of the compensation

pressaure;

d) control circuit of operation of electromagnetic valves.
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Neasurement occurs in the following manmer. The contact of the sepsor
through aa intersediate relay conmtrols the operation of the
electromagnetic valves so that in the cavity above the seasuring
bellows (Pig. 18) there is established argon pressure, equal to the

seasured pressure of the vapors of working medium.

The compensation pressure is measured by differential manometer

*DN* and is recoried on secondary instrument DSR.

I11. TECHNOLOGICAL PROBLENS OF INSTALLATION N-30.

¥ith the creation of closed circuit of MED-genmerator, using
noneguilibriua coaductivity of vorking msedius, there appears a
consideral quantity of coamplicated techpodogical questions, such as
the selection of structural materials takjing into account their
interaction at high tesperature vith aggressive vorkiag aedium, which
is the amixture of cesium and mercury, velding of units, the provision
of very high (102 - 10*? oy0) purity of working mediuam, high
sechaanical and electrical streangth of the construction of
experimental channel of NAD-gemerator etc. Below in amdore 1etail will

bs covered the bagic tertnological probdleas, vhich ve amcountered
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during the designing, manufacture and the first operation of the H-30
circujt.

I1I-1. Structural saterials. One of the most importaant
technplogical probleas duripg the creatioa of HiED-gensrators is the
problea of the stability of materials in aggressive media at high

teapesatures. At the time of designing the circuit of the
iastadlation #-30 in litetatutc thsre vas: a'ailnblzwdata en t‘o
iateractiop of various steels with mercury and 4ts vanore eninly at
teaperatures up to 700-800°C. At higher teamperatures (900- 1100°C)
there was no information about the interacttiom of metal and electric
insulating materials with cesium asalgan. Therefore a cycle of
relatjvely short-duration tests was conducted og various
heat-resistant stsels, alloys, welding samples, and also ceramics in
a mercury-cesium aedium for the purpose of their selection for use in
constructions of the installation. The saterials were tested on I. V.
Kurchatov IAE stands, and analysis of ipteraction - ia A. A. Baykav
INET and other orjanizations. The methods of testing involved holding

the samples in cesium amalgam vapors at teamperatures 900-1100°C in

vacuua chambers. The chambers preliminarily undergo many days of
vacuums conditioning at temperature 600°C. Remaiming rarefactionm was
alvays better thaa 1.10™¢ torr. After preldiamimary outgassiang the
sasples were heatsd to the needed temperature either by direct
passage of curreat or in special thersostats. The appropriate
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measures vere taken for preveanting the samples froam getting dusty
from phe aaterial of the valls of the chasbers. The teaperature wvas
sonitored through sapphire windows by an optical pyroseter. Vapor
pressure of amalgam was created by heating the tap, in which the
cesium amalgam of 50 p/o composition (50 at. e/e Hg and 50 at. o/0
Cs) vas distilled. Holding at assigned pressure (~ 45 torr of mercury
and~11 torr of cesium) was copducted for 50 hours. The following
steels and alloys were tested: VZh-100, V-2, EI-559A, BI-652,
Kh18¥40T, alloy OKh 15 N10M2. During investigation of the samples

after tests the following characteristics were detersined:

1. State of the surface.

2. Change of weight.

3. Plasticity durimg bending.

8. Bicrostructure.

Tests shoved that at tesperature 1000°C the best characteristics show

steel BI-652. Oa the saaple verc observed the least losses of weight,

it 4id not have a noticeable change of state of the surface and

possessed the greatest plasticity. Therefore as structural saterial
for elements of the circuit, operatiang s wall teaperatuce 1000°C
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(steam superheater, unit of experimental HHD-chanmel), steel EI-652
wvas selected. Prom it the corresponding tubes and forgings were
manufactured. Weldiag tests of this steel also gave satisfactory
results. Por amaljas evaporator (f, = 880°C) steel EI-695R vas
selected, and the remaining parts of the tircuit vere manafactured

froa steel Khi18K10T.

Blectric insulation materials (EIN) are used for the éteatioq of
the channel of MHD-generator. During its pperation depending on the
mode there can appear electrical voltages up to 1000 V (g 100 V/cm).
This requires the application of good insulation of electrodes,

current leads and diagnostic sensors from the body of the chamnel.

Analysis of iata om the compatibility of various ceramics with
mercucry, cesium and various electrode materials, and also the
conducted tests shoved that ceramic on an alumipum oxide base (pure
or with the addition of yttrium) is sujted as a structural saterial.
Proa this ceramic veres manufactured shaped coptainers for MHDG,

electrode plates and leads.

Blectrode materials. The selectioa of electrode materials is
deterained, besides the satisfaction of requiresents for

compatibility, by the degree of their emissivity. Accordiang to
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calculations the current depsity froa ope electrode in ths HHDG

; chapnel of the B-30 installation vas 5 A/ca2. Consequeatly, it was
- necessary to have electrodes, providing the prescribed demsity of

4 ; emission uniforaly over the entire surface, without the formation of
cathode spots, or the heterogeneities of curremt in the MEDG chamnmel

with oonegualibricam conductivity strongly affect the efficiency of

conversion. Special experiments were conducted in discharje tubes
with electrodes, sanufactured fros various materials [(7]). Primarily
vere jnvestigated metals amd alloys, in a vacuuam havinj the mast work
function of electrons, since the film of cesium is held the strongest
on, their surface. They include: w, Ta, Pt, No-Re, W-Re. Results
shoved that the bast material for cathodes wvorking in merzury-cesiua
vapqor at t = 900°C is alloy WRe-27. FPurther investigations of this
alloy confirmed the high value of thermoelectrode emissioa, reaching
up to 20 A/cm? at t of cathode @ 900°C wvithout the appearance of

cathode spots.

®hus, as cathode material vas sslected alloy WRe-27, and for
anodes is used niobium, having satisfactory stability ia mercury amd
cesiums vapors at high temperature and cosfficient of linear expansion
close to the coefficient of expansion of the applied aluaminus oxide.
froa this saterial vere manufactured the curreat leads, passiag

through the cerasic.
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III-2. Systea of purification of the working medium froa
impurities. As shown by the experience of the study of discharges in
A ¢Cs, He ¢ Cs, Hg ¢+ Cs mixtures, the nmonegualibriuam conductivity in
discharge, sufficieat for use in MHD-generator, takes place with
conceatration of impurities (0p, ¥, etc.) on the order of 102 - 10*3
o/o [6, 8], i.e., vith pressure of mercury 50 torr and cesiua 10°t
torr, pressure of the remaining gases should be less thaan 10"¢ - 10"S
torr. This superposes the deteraination of the conditica not only om
the select ion of materials of the circuit of the installation, but
also on the development of a complex system of maintaining the
indicated level of impurities in the operating mode of tha
installation. This complex of measures is put together from the
prelisinary technalogical preparation of the elements of the vacuua
circuit of the installation (all possible methods of cleaning the
parts from o0il and other contaminants), subsequent vacuua
condisioning in hqt state, evacuation in pperating mode, purification
of the cesiuam amalgam from slags in cerset filters and purification

of gases, admittal into the circuit of the installation.

Vacuuming of circuit. Pressure of the remaining gases in the
ingstallation on the order of 10™S torr in the operating mdde is
provided by the system of oil-free evacuation of the circuit., It
consists of a secrcury-jet diffusion umis of type 2VA-05-2 with

capacjity 200 (/a with pressure 10”¢ torr and twvo zeolite forevacuua
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units of type TsVA-1-1. Bvacuatiop of the circuit im the operating f
mode js accoaplished from the cavity of the condenser, With
preliminary (until filling vith working medium) vacuuming of the
circujit additionally to the RVA-05-2 is connected a DRN-5) type
mercury pusp, placed in the region of the asalgas tank. PFor the
creatjon of prelimimary rarefaction in the circuit after adaission of
inert gas into tha circuit in emergency conditions or with the
replaceasent of some elements of the circuit there is usel a
forevacuua pump vith zeolite trap (silica gel ¢ activated carbon),

hot tgxap (copper at t = 400°C) and water-cooled trap.

Pig. 14 shows the depgndence of the pressure of remaining gases
in the installation om the time of evacmtion with wvacrminy up vithout
filling vi th working medium. fhe magnitude of pressure of resaining
gases in the condenser is 5.10"7 torr, ia the evaporator 5.10™¢ torr.
As caa be seen from the provided data, the systea of evacuation with
the appropriate asde of vacuua coaditiogiag can provide the indicated
percentage of impurities of foreignm gases in the circuit >f the
installation.

Rurification of inert gases. (argos, aitrogea etc.) fros 3
moistgre and oxygen, intended for adamissioa iste the circait of the
instadlation, is accoaplished by passing first through a silica gel
filter, then melted alkali metal and a trap cooled with nitrogea.
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freliminary purification of mercury and cesius fros gases
dissodvyed in thea before pouring into the circuit of the installation
is accomplished by repeated distiliatiop under evacuation in the
appropriate distillers.

The cerasic parts of the chapnel also undergo complex
purification from contaminations by chemical agents, ultrasound aasd
subseguent vacuus annealing at temperature 1300-1500°C. Tae asseabled
model of the chansel before installatiop in the circuit undergoes

tests for airtight ness, electrical strength and heat-resistance on a

special stand.
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' rig. 2. Block diagram of installatioa m-30.

. 1. Cesiuam amalgam evaporator. 2. Steam saperheaver. 3. Uait of
} experjsental BEDG. 4. Solenoid. S. Condenser. 6., Settling taamk with
: filter. 7. Level stabilizer. 8. Amalgas tank. 9. Cesiams evaporator.

10. Mercury diffusion and zeolite vacuus units.

o ]




e S AN A NI NS R 8 " - s e e - -

T Toa——

DOC = 2268 PAGE @ Qo

Pig. 2. Installation M-30.
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FPig. 3. Dependencs of partial pressures of components of
mercury-cesium vapor on the composition of amalgaa and its
temperature.
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Pig. &. Bvaporator.




DOC = 2264 PAGE W8 23

Pig. 5. Steam superheater.
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Pig, 6. Channel of NHD-generator. Sides of outer housing.
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Pig. 7. channel of MHD-generator. Ceraaic contajner. Heat shields.
Sealed leads.
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Pig. 8. Condeaser.
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Pig. 9. Systeas of introduaction of cesiua,

. L4 "
i , IR TR S S
o

-

B P

TN
<y
31
3
- a
B,
T i 5
e
o 4 5

.

-
-
A
i

e
' 8
FoN
g
€
i

M
‘v
S
R

o~
&

.
.

s
3

1

R
A

|

L4

-

bl
.

]

b il il BT G il i ks £ B e i v e i




DOC = 2268 PAGE S22

rig. 10. Solemoid SsO-7.
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Pig. 31. Curves >f distribution of magnetjic field along the axis of

the solenoid amd aloang the radius.
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Pig. 312, sSchematic diagram of measurements of thermophysical
parasgters of the circuite.

Key. 1. thermocouple. 2. surface thermocouple. 3. resistaace
thermometer. 4. manometric laap. S. potentiometric level jauge. 6.

pressare bleed. 7. diaphragas.
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Pig. 13. Pressure seasor. J_;z__‘"_:;\‘_
P

1.: Heasuring belliws. 2. Pressurizing bellovs: 3 Screw-nut pair. &.
sovabde Wt. isolated tgoi body. S. Body A. - @easared
pressare. A - coapeasating pressure. ‘
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Pig. 4. Dependence of pressure of remaining gases in the circuit of
the iastallation on time: @ - pressure in copdenser (cold circait);
depressure in asalgas evaporator (hot circuit).
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