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The 1.2x1.5m sized Supercritical Water Convection Loop with four-channel irradiation cell was created in
KIPT. The stainless steel made plant opens the possibility to carry out simulation corrosion tests of candidate struc-
tural materials for Generation IV Supercritical Water-Cooled Reactors (SCWR) under irradiation. Specimens in wa-
ter flow at 350...400°C, 23...25 MPa are irradiated by 10 MeV/10 kW electron beam of LPE-10 linear accelerator.
The results of the four-channel cell application for 500 hours long irradiation Zr and Inconel samples are presented.

PACS: 07.35.+k;29.20.Ej;28.52.Fa

INTRODUCTION

In 2010-2012, the convection loops were specially
developed, in KIPT, for in situ investigations of com-
bined influence of ionizing irradiation and heterophase
fluctuations of the supercritical water (SCW) environ-
ment on corrosion, oxidation, and mechanical properties
of metals and alloys. The irradiation cell (IC) equipped
Supercritical Water Convection Loop (SCWCL) was
coupled to the 10 MeV, 10 kW electron accelerator
LPE-10 as a basis for the test bench of the Canada-
Ukraine Electron Irradiation Test Facility (CU-EITF)
for corrosion tests of structural materials of Generation
IV Supercritical Water-Cooled Reactors (SCWR) [1, 2].

Three SCWCL models were developed and manu-
factured:

a) the SCWCL prototype without an irradiation cell,

b) all-welded SCWCL with four-channel IC, and

c) dismountable SCWCL with the circulation pump
and the IC made from the titanium alloy VT22.

The pipes of all the devices (a—c) and the IC of the
SCWCL model (b) were made from the 12X18H10T
stainless steel. The internal volume of each loop was
about 4 liters.

Dimensions of the loops (1.2x1.5 m, Fig. 1) and oth-
er component parts of SCWCLs were essentially deter-
mined by the size and arrangement of the KIPT sited
bunker room (Fig. 2) which houses the electron acceler-
ator LPE-10.
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Fig. 1. The SCWCL  Fig. 2. Placement of SCWCL
prototype piping ele- in the bunker room of the

ments LPE-10 electron linac
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1. THE MULTI-CHANNEL IRRADIATION
CELL DESIGN

In our case, the IC dimensions were identified rea-
soning from the parameters of the LPE-10 linac scan-
ning electron beam, the dimensions of the SCWCL
pipes, and the strength properties of the IC material.

To ensure the materials compatibility and the dura-
bility of welded joints of the all-welded SCWCL model
(b), the same material, the stainless steel 12X18H10T,
was chosen for both IC and SCWCL piping.

The LPE-10 scanning e -beam area is about 210 mm
high and about 45 mm wide. Respectively, the length of
4-channel IC of 300 mm was chosen taking into account
some extra inventory (flanges, Fig. 3).

Starting from the evaluated range, in steel, of
~10 MeV primary e -beam of the LPE-10 linac, it was
identified that the 1C channel wall thickness shall not
exceed 2 mm to obtain significant irradiation effects [3]
in the channel hosted samples under investigation.

Due to certain technological and economical limita-
tions, the projected duration of the SCWCL relevant
irradiations shall not exceed 1000 hours. Therefore,
conservative evaluation of the IC durability under ex-
cessive internal pressure was undertaken for ~10* h long
operation. Corrosion wear was also included according
to the following formula [4]:

s=5¢ + C, (1)
where sq is the estimated thickness of a wall, mm, C is
an increase to estimated thickness on corrosion, mm.

D

Fig. 3. Details of the 4-channel camera for SCWCL

For the collectors made of one or several seamless
pipes, on the ends of the direct sections chiseled under
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abutment welding thinning of a wall, the minimum al-
lowed thickness of a wall of the direct pipe was calcu-
lated using the following formula [4]:

b @
2¢[Gallow]+ p

where p is the internal pressure in the pipeline, MPa,
D is the pipe outer diameter, mm, ¢ is the seam durabil-
ity coefficient (p =1 for seamless pipes), Gaow IS the
nominally allowable bursting stress, MPa, which is pre-
scribed, by regulations [4], subject to the pipe steel
grade and the temperature of a transported product.

For our case (steel 12X18H10T, operation resource
10*h at 500°C), the lookup value 6410w = 104 MPa and
the calculated s(D) is shown in Fig. 4 for the utmost
value of internal pressure p =30 MPa. As a result, the
14 mm outer diameter of all IC channels was chosen at
a thickness of walls of 2 mm.
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Fig. 4. The estimated allowed thickness s of a wall
as a function of the outside diameter D of a steel pipe

The number of IC channels was fixed to 4 from the
following reasons. First, such a layout allows to obtain a
desirably non-uniform distribution of e™-beam fluence
(e7/cm?) in different channels of the IC in course of a
single irradiation. Next, the total internal cross-section
of four-pipe IC is only about a half of that of the
SCWCL pipe of internal diameter 32 mm. At a given
mass-flow rate W of the SCWCL steady-state circula-
tion of sub- or super-critical coolant, such a ratio results
in an about twofold increase the linear velocity v of a
water flow in each of IC channels hosting the tested
samples. Generally, this enhances the corrosion kinetics
of materials under investigation [5].

2. RESULTS OF IC SIMULATION

The reference energy spectrum of the LPE-10 scan-
ning e -beam typical for 10 MeV linac operation at
8...10 kW is shown in Fig. 5. Note the tail spreading to
12 MeV. It leads to the pronounced deviation of the
target gamma fluence (and activation) from the predic-
tions of &~shaped model of electron energy distribution.

9.0 9.5 10.0 10.5 11.0 11.5
Electron energy (MeV)
Fig. 5. Reference shape of the LPE-10 linac e-beam

energy spectrum
The spatial distribution of the scanning beam has
been parameterized basing on actual measurements
which are periodically carried out by the LPE-10 linac
crew. The short exposure of the glass plate located at a
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well established position is routinely used to obtain the
snapshot of the absorbed dose deposition. It is well
scaled with the electron flux since the contribution of y-
quanta to the plate blackening (photographic density) is
small in the geometry of the measurements.

The negative scans of exposed plates have been dig-
itized to 16-bit levels of grey. The digital image pro-
cessing technique has allowed evaluating the normal-
ized distribution of the beam phase space. The beam has
been well described by the Gaussian horizontal profiles
(Fig. 6). Its distribution in the vertical scan direction is a
combination of the scanning-width-high uniform distri-
bution with symmetric Gaussian edge tails.

= - - adopted model of & be
Fig. 6. The d|g|t|zed scans of the scannlng beam
monitoring photometry data

For simulations discussed in this section, the lateral
Gaussian model obtained from the picture of Fig. 6 has
been used in combination with the broad-beam approx-
imation of the scan regime.

Computer simulation of characteristics of a radiation
field in the e™-beam irradiated 1IC was executed by
means of the in-house developed Monte-Carlo (MC)
code RaT 3.1 [6] taking into account the explicit geome-
try of IC and the developed model of the scanning
source of the linac based irradiation.

2.1. SPATIAL DISTRIBUTIONS OF RADIATION
FLUXES

seanning regime.,

The lateral distribution of the electrons and y-quanta
as measured in a thin planar detector positioned just
behind the 4-pipe IC filled with 0.3 g/cm® dense SCW
are shown in Fig. 7.

—Y . secondary
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€, scattered
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Fig. 7. The lateral distributions of the particle fluxes
behind the 7 kW e-beam irradiated IC

The presence of the primary (uncollided) flux of
electrons is a direct consequence of application of the
realistic model of the scanning beam having definite
spatial and angular blurring. It represents the e-beam
loss due to its finite spatial and angular spreads.

“Scattered” electrons are those interacted with the IC
target and thus strongly scattered laterally.
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Secondary electrons are d-electrons of e-beam elec-
trons Moller elastic scattering as well as Compton elec-
trons produced at incoherent scattering of secondary
bremsstrahlung photons. Their flux is about one order of
magnitude lower then that of scattered electrons. How-
ever, they also contribute to the e-beam energy deposi-
tion, and also can produce isolated radiation defects
(Frenkel pairs).

The distinctive feature of Fig. 7 is the very signifi-
cant gamma flux observed behind the IC. High-Z struc-
tural materials (from which the IC and samples are
made of) transform the IC into an efficient (e",y) con-
verter of ~10 MeV linac e-beam. Therefore, samples
which are located in the rear pipe of the 4-channel IC,
are irradiated mainly with gamma quanta.

2.2. MAPPING OF THE ABSORBED POWER

The Monte Carlo-calculated spatial distributions of
the specific power Py, deposited by the linac e-beam in
the IC are shown in Fig. 8 for two relevant cases of
normal and SCW coolant flow. The maps have been
built on a rectangular mesh of boxes, 0.2x0.2 mm wide
in a horizontal plane (x, z) and 28 cm (the IC height)
long. This resulted in effective axial averaging of Pgep.

The maps of Fig. 8,a,b show that major power depo-
sition is located at front parts of three tubes, and in sam-
ples these tubes hold. The deposition into water is much
smaller as well as the Pge, in the back positioned tube.
Thus, the deposited power is strongly inhomogeneous
and generally spans by two orders of magnitude.

In addition, and with more small-sized spatial reso-
lution, the distribution of Py, was calculated in all sam-
ples. One can see from Fig. 8,c that Pge,(X) is well sym-
metric laterally in all samples. It is only weakly depend-
ent on the coolant density due to low-Z chemistry of
water. The prominent effect is the marginality of Pqe, in
samples located in the rear tube #4. Actually, they can
be treated as witness samples at irradiation experiments.
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Fig. 8. Axially averaged 2D-maps of the e-beam specific
deposited power Pgep(X,2) (W/cm®) in the IC loaded with
0.7 mm thick steel samples and filled with water flow at:
normal (p =1 g/cm®) (a); supercritical (0= 0.3 g/cm®)
(b) conditions; (c) — the correspondent lateral profiles
0of Pgep(X) in samples

Azimuthal distributions of the absorbed power in the
IC tubes walls were calculated, at a 1 deg resolution,
along a circle ¢ = 0°...360°. As shown in Fig. 9, they are
also strongly non-uniform. The well-predicted inhomo-
geneity of the e-beam induced heating rate of tubes
gives rise to azimuthal gradients of temperature result-
ing in the correspondent thermal-elastic stress. Thus, the
corrosion behavior of the IC tube material under such a
diverse irradiation load looks to be also of great interest
for radiation material science.
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Fig. 9. The azimuth (¢ = 0 along the e-beam axis)
dependencies of the specific power deposition Pgep(¢)
for the IC filled with normal water (a) and SCW (b)

2.3. TEMPERATURE FIELDS

The steady state temperature field T(r) inside the
disconnected domain Q of the heterogeneous IC obeys
the heat equation (3)

V(k(r)- VT)=Py(r), reQ, ()
where «(r) is the thermal conductivity coefficient (we
use k=17 W/m-K for steels), Pgep(r) is the heat source
term, rcR3(x,y,2) for 3D and rcR?(x,z) for 2D calcula-
tions of the axially averaged field. The boundary condi-
tions (b.c.) of Eq. 3 at inner (coolant-interfaced) and
outer (air-cooled) IC tubes surfaces are the following:

K(r)-SL 4T, 4D

Tin

=1

— Mout *

T-T,)+e-0-(T*-T2) (42)

oT

x(r) onl,.
where n is the outer normal at the boundaries of compo-
nent parts, Ainouw are the heat transfer coefficients, Ty
and T, are the coolant characteristic temperature and
the ambient temperature, respectively. The convective
b.c. (4.1) was also used at the boundaries of samples.
The radiative term in Eq. 4.2 makes the problem nonlin-
ear.

The coefficients A, o,t are model-dependent. For air-
cooled IC, Aoy = (20...100) W-m2.K™; the T-field is
only weakly dependent on A, at high T > 350°C and
the emissivity £~ 0.5...0.7 of steels. For conservative
estimates, we used Aoy = 20 W-m™%K™ but also adopted
50 W-mK™ for forced cooling. The coefficient 4, of
the heat transfer to a convective flow is taken in the
form A, = Nu-xo(P,To)/D [7, 8], where Nu is the
Nusselt number, x(P,To) is the thermal conductivity
coefficient of water in a tube of diameter D. In most
cases, we assumed the Dittus-Boelter correlation [9].

Nu = 0.023-Re®8.pro*, (5)
where Re =v-D/vy(P,To) and Pr= v (P,To)/ x0(P,To)
are the Reynolds and Prandtl numbers, respectively, v is
the flow linear velocity, vo(P,To) is its kinematical vis-
cosity.

The speed v = W/(-S) was evaluated from the char-
acteristic data of the natural convection SCWCL System
Thermal-Hydraulic (STH) calculations [1, 3]. For ther-
mal calculation of the IC we conservatively adopted
W = 50 g/s. The characteristic intermediate value of the
coolant density p = 0.5 gm/cm® was also assumed.

The Finite Element Method (FEM) 2D and 3D cal-
culations of T(r) followed from the solution of the
boundary problem (3), (4) were both performed using
the FreeFEM++ 3.13 software [10]. Their essential fea-
ture was the consistent application of Monte Carlo cal-
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culated Pge,(r) mapped onto the 2D/3D meshes of the
IC FEM model. Different FEM models of the IC load-
ing have been developed in a strict correspondence with
the 3D models of the Monte Carlo simulations. Several
options of the 4-pipe IC internal loading have been con-
sidered in a series of MC/FEM calculations of tempera-
ture fields. In particular, the preliminary models of in-
ternal sample holders have been included, and the ef-
fects of the IC loading with the samples of different
thickness have been studied.

Characteristic results of such calculations for the
two-dimensional and three-dimensional IC models are
shown in Figs. 10 and 11, respectively. For the 3D case
of Fig. 11, the heat source distribution Pge(r) has been
calculated by the RaT 3.1 code on a refined mesh with a
spatial resolution 0.2x0.2x10 mm.

Fig. 10. Thg'temperature field in the 4-pi'be IC loaded
with a combination of 1 mm and 0.5 mm thick samples.
FreeFEM++ 2D calculation

The data shown in Figs. 10 and 11 were obtained for
operation mode P =23 MPa, T, =370°C, which was
assumed for pilot irradiation application of SCWCL
model (b). Both 2D and 3D calculations give almost
identical (458 and 454°C, respectively) value of maxi-
mum temperature T, on the IC frontal surface. Such
Tmax Values are acceptable for the IC structural material.

I f(f i | | iy
7 "l,.""r \

a

Fig. 11. The Monte Carlo calculated 3D distribution
of e-beam deposited power Pgep(r)

(a) and the temperature field T(r) in the 4-pipe IC (b).

FreeFEM++ full 3D calculation

3. EXPERIMENTAL INVESTIGATIONS

The above described four-channel 1C was success-
fully used [2, 3, 5] in the course of four sessions of irra-
diation of samples of two kinds, Zr-1%Nb and the weld
joined Ni—Cr Inconel 690/In52MSS, by ~10 MeV elec-
trons (total sessions duration 574 h, incl. 497 h under e-
beam, the IC surface fluence was up to 10%° e7/cm?).
The all-welded SCWCL model (b) operation mode was
the following: pressure p = 23.5 MPa, coolant tempera-
ture T < 380°C, coolant mass-flow rate W > 50 g/s.
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Quantitative data which characterize the irradiation
conditions are presented below in this section.
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Fig. 12. The schematics of the experimental measure-
ments of temperatures (a) and typical and measured
data for the temperature differences along
the loop contour at natural circulation (b)

Temperature measurements were carried out using a
set of Chromel-Copel (CCT, XK) and Chromel-Alumel
(CAT, XA) thermocouples fastened on the external sur-
face of piping near the corners of SCWCL, at heaters,
coolers, and also close to the top of the IC behind the
irradiated zone (Fig. 12,a). The thermocouple readings
were digitally recorded, as shown in Fig. 12,b.

These primary results definitely show that the circu-
lation occurs counterclockwise. However, the magni-
tude of temperature drops reaches dozens degrees centi-
grade. This ex facte violates the predictions [1, 3] of the
SCWCL STH model since the as-measured data point to
the very much lower mass-flow rate W of the coolant.

From the STH theory point of view, we ventured to
treat these discrepancies as non-controlled drifts, under
irradiation, of the readings of thermocouples calibrated
at normal conditions. Physical reasons of such drifts are
not yet clear. They can follow from the defects of fas-
tening, non-harmonized thermal expansion, chemical
transformations under irradiation in an aggressive ozone
and nitric acid environment, and so on.
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Fig. 13. The recalibrated data on the temperature drops

In order to eliminate the assumed drifts, the in-place
recalibration procedure was applied. The SCWCL circu-
lation flow has been carefully relaxed along the well-
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known Widom line Teuration(p) Of the water coolant
phase diagram. The obtained primary readings of ther-
mocouples have been used to calculate the calibration
curves which were found to be practically linear. When
applying these calibration functions to the routine
measurements, the temperature differences contracted
(see Fig. 13 cf. Fig.12,b) to the 5...10°C wide range
well compatible with the STH model calculated

W = 80 g/s.
3.1. IRRADIATION RECORDS ANALYSIS

Naturally, actual conditions of the irradiation experi-
ment differed from the nominal ones (10 MeV/7 kW)
assumed in section 2 at characterization of the multi-
channel IC design. Therefore, actual irradiation records
(shown in Figs. 14 to 17) were applied to the analysis of
experimental results [3, 5].

As recorded in Fig. 14, the irradiation lasted for
497 h and 20 min but was not totally continuous. The
uninterruptible 24/7 regime of the beam load has been
reached at the 3" week only and lasted for 2 weeks.

The e-beam current (see Fig. 15,a) and power (see
Fig. 16,a) experienced the trend of systematic decrease.
It is explained by the operators policy to prevent the
loop overheating basing on the uncalibrated readings of
the 1C-located thermocouples. According to the records
of Fig. 15,b, the total number of the linac-emitted elec-
trons amounts to 6.4x10% for this experiment.

0 7 14 21 28

Irradiation day
Fig. 14. Time schedule of the irradiation experlment
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Fig. 15.TPer-day records of the LPE-10 mean current
(a) and the linac-emitted charge and fluence (b)
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Fig. 16. Per-day records of the LPE-10 mean electrical
power (a), the measured mean energy (E) (bold mark-
ers), and the most probable energy E, (open markers)

estimated for the e-beam reference spectrum [11] (b)
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Fig. 17. Per-day monitored parameters of the spatial
distribution of the scanning e-beam in confrontation to

the locations of specimens in the 4-pipe irradiation cell
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The e-beam energy spectrum mean energy (E) (see
Fig. 16,b) was monitored on-line using the technique
described in ref. [12]. The characteristics of the spatial
distribution of the e-beam scanning regime were also re-
corded on-line and visualized by means of the SCWCL
automated control system [13]. Fig. 17 shows that they
are also time dependent and manifest the systematic
shift of the beam scanning zone center down from the
IC horizontal midplane. Such an offset strongly affects
the absorbed dose spatial distributions. Therefore, it has
been properly considered in the computer model devel-
oped for processing of the results of this experiment.

3.2. THE SCANNING BEAM PHASE SPACE

The LPE-10 linac scanning beam is an extended
source of primary electrons with complex spatial and
angular distribution. To characterize the specific irradia-
tion session, it is crucial to model it as accurately as
possible. Thus, dedicated photometric measurements
had been conducted, and an appropriate fit of the meas-
ured data has been developed for the RaT 3.1 MC code.

The linac exposed glass plates positioned before and
behind IC (Fig. 18,a) have been scanned and digitized
(see Fig. 18,b). The obtained arrays of 2D primary flux
distributions have been fitted with a Gaussian based
nonlinear least-square (LSQ) fit model, as compared, in
Fig. 18,c and Fig. 19, to measurements data.

— " b .

2 L 2
1210123 210123

x{em) x(em)

a b c

Fig. 18. The scans of the back and front glass plates
exposed by the LPE-10 e-beam and combined with the
scheme of the samples loading in the IC (a) and the im-

ages of the spatial distribution on the front plane: as
digitized (b) and as reconstructed by the RaT 3.1 code

primary particle generator (c)
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Fig. 19. The results of the reconstruction of the lateral
(vs. Ox, a) and axial (vs. Oy, b) spatial distributions of
the LPE-10 scanning beam by the RaT code fitting mod-
el. The data for y = 10.1 cm and x =0 cm correspond
to the central part of the scanning zone. The comple-
mentary data at y = 19 cm and x = 1.5 cm describe the
fits for top and right edges of the distributions shown in
Figs. 18,b,c

3.3. THE IC ABSORBED POWER

The Monte Carlo-simulated fine resolved spatial dis-
tribution of the deposited power Py, (W/ cm?) inside
the 4-pipe IC are illustrated in Fig. 20. Top view data,
depth profiles across the front and back positioned
tubes, and lateral distributions in the specimens con-
tained planes are shown using the same color mapping
scale. The specific power deposition amounts to
150 W/cm® at 6.23 kW, mean power of linac e-beam
irradiation.

The Py, mapping data of Fig. 20 look similar to
those of sec. 2.2 but reveal a lot of details implied by the
specific loading of tubes with different specimens.

Besides, these data open the possibility of consistent
calculation of the temperature field in which the irradi-
ated samples interacted with the corrosive coolant.

Wiem

Fig. 20. 3D spatial distribution of the selected cross-
sections of the power deposition in the 4-pipe IC

3.4. THE IC TEMPERATURE FIELD

For multi-channel 1C, temperature profiles in differ-
ent tubes differ due to the non-uniform power absorp-
tion, both directly in a water flow and, mainly, in irradi-
ated tubes and samples. The MC/FEM calculated 3D
temperature field of the IC is shown |n F|g 21.

Fig. 21. The MC/FEM- calculated temperature field in
the 4-channel irradiation cell

The peak temperature amounts to T, = 464°C
(450...460°C of the sec. 2.3 calculations with nominal
irradiation parameters). The maximal value is reached in
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a somewhat unexpected location, the bottom part of the
front tube near the flange. This is due to the enhanced
(to 3 mm) thickness of this part of the IC when the sam-
ple holding cassette was inserted. Much smaller local
overheats of the same nature are traced at the gaps be-
tween the vertically spaced samples.

Due to the IC air cooling, the calculated tempera-
tures of the top (just below the upper flange) parts of the
IC tubes are close to the convection loop inlet tempera-
ture T;, = 360°C despite of the coolant heating.

This is just the place where the monitoring thermo-
couples (see T31-T34 in Fig. 12,a) were located at irra-
diation. Their recorded readings ranged from 345 to
375°C, and the reference temperature (360°C) has been
chosen in the midst of this range. The observed +15°C
scattering is possibly due to variations of the e-beam
power (see Fig. 16,a), water flow instabilities, and the
irradiation impact on the state and behavior of thermo-
couples.

It is worth noting that the data of Fig. 21 represent
the time-averaged (over the whole irradiation experi-
ment timeline shown in Figs. 14-17) thermal field of the
multi-channel IC having T = 464°C. Such a field is
descriptive from the point of view of interpretation of
corrosion behavior of irradiated samples. However, it
ignores inevitable (and, in particular, accidental) fluctu-
ations of temperature.

Certain indirect data follow from the appearance of
the IC after the completion of irradiation experiment
(Fig. 22) and point to its local overheating to much
higher temperatures if we judge by the coloring of the
frontal central tube. During the irradiation week 1, there
was a case of equipment failure when the linac was
switched off and the water circulation was automatically
stopped. The subsequent beam-on procedure assumes
check-ins of coolant fill-up and its preliminary heating
by the SCWCL heater. Though these conditions had
been accidentally violated one day at the initial stage of
the pilot irradiation, the short-time tube overheating to
T >500°C (roughly estimated from the heat scale visi-
ble on the tube surface) did not resulted in the break-
down of the pressurized irradiation zone. This confirms
sufficient safety margins of the irradiation cell design.

Fig. 22. Appearance of the IC after the termination of
irradiation sessions

CONCLUSIONS

We present a simple but sophisticated design of the
multi-channel irradiation cell for in situ irradiation of
macroscopic samples of materials by ~10 MeV relativ-
istic electrons inside the convective water flow of high
pressure and temperature. The design is highly opti-
mized and well characterized by means of computer
Monte Carlo and Finite Element Method modeling.
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The safety and durability of the proposed irradiation
cell has allowed us to carry out the world first irradia-
tion of Ni—Cr and Zr based alloys in the close vicinity of
the water coolant critical point. The results obtained are
of great value for GenlV Supercritical Water-Cooled
Reactor structural materials feasibility assessment.

We consider valuable experience obtained at opera-
tion of the irradiation cell and circulation loop under
irradiation as a basis of future irradiation experiments
planned at NSC KIPT Electron Irradiation Test Facility.
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MHOI'OKAHAJIBHAS KAMEPA JUISA OBJIYYEHUSA JIEKTPOHAMMU OBPA3LHOB MATEPUAJIOB
B CBEPXKPUTUYECKOM BOJTHOM KOHBEKIIMOHHOM ITETJIE

A.C. baxain, B.H. bopuckun, M.U. bpamuenko, I1O.B. I'openko, A.H. /loéonsa, C.B. [Jionvoa, I'.I. Kosanes

B X®TH co3mana cynepkpuTHiecKas BOASHAS KOHBEKIIMOHHAS TETIIS C YeTHIpEXKaHAILHOW KaMepoil olryde-
aust. Tletnst pasmepom 1,2x1,5 M u3rorosieHa n3 HepskaBeroUed cTaau. Y CTaHOBKA MO3BOJSIET IPOBOJUTE KOPPO-
3MOHHBIE TECTHl KaHIMJIATHBIX KOHCTPYKIMOHHBIX MAaTepHaJiOB peakTopoB |V TIOKOJEHUS C CBEPXKPUTHIECKUM
BOJIHBIM OXJIXJEHHEM T10f oOmydenreM. OOpasusl B roroke Bozpsl mpu 350...400°C, 23...25 Mlla obmyqatorcst
aneKkTpoHHBIM IydkoM 10 MbaB/10 kBt nuneitnoro yckoputens JIV3-10. [IpuBoasTcs pe3ynbTaThl HCIOIB30BAHUS
YeThIpeXKaHaILHOH KaMephl Bo BpeMs 500-uyacoBoro ceanca oOiydeHHs: 00pa31ioB HIUPKOHUS 1 HHKOHEIS.

BAI'ATOKAHAJIbHA KAMEPA JIJIsI OTPOMIHEHHSI EJJEKTPOHAMMU 3PA3KIB MATEPIAJIIB
Y HAJIKPUTHYHIN BOJISIHIA KOHBEKIIIHINA METJII

O.C. bakaii, BM. bopickun, M.1. Bpamuenxko, FO.B. I'openxo, A.M. /loeonsn, C.B. [Jonvosn, I.I. Kosanes

Y XO®TI crBOpeHa CynepKpUTHYHA BOJSIHA KOHBEKIIHHA METIIS 3 YOTHPHOXKAHAIBHOIO KaMEPOI0 OIPOMiHEHHSI.
Mernst posmipom 1,2x1,5 M BUTOTOBIICHA 3 HEPKABifOYOI cTalli. Y CTaHOBKA JO3BOJISIE IPOBOIUTH KOPO3iiiHI TeCTH
KaH/IWIaTHAX KOHCTPYKIIHHUX MaTepianiB peakTopiB IV MOKOMIHHS 3 HAAKPUTHYHUM BOJSIHUM OXOJIO/PKEHHSM TTiJT
onpoMiHeHHsM. 3pa3ku B moroui Boxu mpu 350...400 °C, 23...25 MIla onpoMiHIOIOTBCS €IEKTPOHHUM Iy9KOM
10 MeB/10 kBt niniiinoro npuckoptoBaua JIITE-10. HaBeneno pe3yibpTaTi BUKOPUCTaHHS YOTHPHOXKAHAIBHOI Ka-
Mepu i yac 500-rognHHOTO CeaHCy ONMPOMiHEHHS 3pa3KiB IUPKOHIIO Ta IHKOHEIIO.
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