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The Supercritical Water Convection Loop with an irradiation chamber is created in KIPT. The Loop is made
from stainless steel. It measures 1.2 by 1.5 m. The plant makes possible to carry out simulation corrosion tests of
potential structural materials for Generation IV reactors with the Supercritical Water-Cooling (SCWR) under irradi-
ation. Specimens in water flow at 350...400°C, 23...25 MPa are irradiated by the 10 MeV/10 kW electron beam of
LUE-10 linear accelerator. The monitor with powerful permanent magnets in the turning components is being de-

vised for expeditious control of the flow water velocity.
PACS: 07.35.+k;29.20.Ej;28.52.Fa

INTRODUCTION

During 2010-2012 years in KIPT the convection
loops with supercritical water (Supercritical Water Con-
vection Loop, SCWCL) were developed for researches
of influence of accelerated electron cumulative effects
and of environment heterophase fluctuations on metals
and alloys. The irradiation cells of these loops are con-
nected with linear electron accelerator LUE-10
(10 MeV, 10 kW).

These loops have made the basis of the Canada-
Ukraine Electron Irradiation Test Facility (CU-EITF)
for testing of the electronic irradiation influence on the
corrosion and mechanical properties of the construc-
tional materials used for reactor with cooling by super-
critical water (SCWR).

Three SCWCL pilot plants have been developed and
made. The all-welded SCWCL with four-channel irradi-
ation cell (in the following Loopla) and SCWCL with
one-channel irradiation cell are made of stainless steel
12X18H10T and folding SCWCL with the circulating
pump (in the following Loop2) is made of an alloy of
titan VT22. The internal volume of each loop makes
approximately 4 litres. The specially developed rotor-
type flow monitors were established inside of the
Loopla and Loop2 (Figs. 1-4).

Fig. 1. Loopla on the test bed. The arrow specifies
a placement of the flow monitor
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1. MONITOR DESIGN

In our case the monitor sizes were defined from pa-
rameters SCWCL. Internal diameter of loop pipes is
equal to 32 mm.

Fig. 2. An external view of the monitor N1
for the control of the water flow in SCWCL

The water flow rotates the rotor inside monitor body.

Fig. 3. Loop2 on the test bed. The arrow specifies
a placement of the flow monitor

Fig. 4. An external view of the monitor N2
for the control of the water flow in SCWCL
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Fig. 5. The scheme of flow rate experimental measure-
ment: 1 — pipe; 2 —water course; 3 — impeller magnets;
4 —rotating impeller; 5 — heat insulation; 6 — sealed
contact; 7 — antijingling RC-chain; 8 — oscillograph

When the rotor blades supplied by magnets passes
by the contactless switch, located on the SCWCL body,
it works (Fig. 5).

Internal diameter SCWCL is equal to 32 mm. In
view of four channel irradiation cell the effective hy-
draulic diameter of Loopla is equal to 26 mm. Expected
natural circulation (Fig. 6) in Loopla is estimated in

work [4, 5].
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Fig. 6. Relationship between the water flow and the
heating power in Loopla in near critical condition —
(P <23.5 MPa, T <380°C)

In the experiments [2, 3] the water flow rate up to
80 g/s would thus be expected at water density of
0.5 g/lcm® if the total power of an electron beam and
heaters was about 5 kW.

2. EXPERIMENTAL RESEARCHES

The flow monitorl was placed on the SCWCL
Loopla in irradiation of the samples of two types: the
samples of the Inconel 690 with two-layer In 52MSS
wire surfacing and the samples of the alloy Zr. Four
sessions of the irradiation [2] have been performed us-
ing the electron beam with energy 10 MeV. The sam-
ples are irradiated at a pressure of 23.5 MPa, a maximal
temperature on the surface irradiation cell below 380°C
and the mass flow rate more than 50 g/s. The total ses-
sion duration was 574 h (including 497 h with the elec-
tron beam), the maximum fluence on the irradiation cell
surface was 10’ electron/cm?.

The monitor graduation tests were performed before
monitor installation in SCWCL. Tests were spent with
the water flow rate in an interval 0...180 g/s. The results
of these tests are shown in Figs. 7, 8.

There were not observed the monitorl signals during
performing the irradiation experiments on SCWCL
Loopla. It is possible to assume, that the flow of the
natural circulation in the loop did not exceed 70 g/s.
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The monitorl graduation tests were repeated after
Loopla dismantlement from the accelerator bunker.
Received graduation dependence was slightly differed
from primary. That specifies sufficient safety factor of
the construction and the monitor serviceability.
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Fig. 7. The graduation test results of the monitor N1
in the water flow at the 20°C

Reference to Fig. 7 shows that monitor1 rotor begins
to rotate if the water flow rate attains about 70 g/s.
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Fig. 8. The graduation test results of the monitor N2
in the water flow at the 20°C

CONCLUSIONS

The developed monitor advantages are simplicity
and reliability of the operation in the conditions of pow-
erful ionizing radiation. Therefore it has been used in
the experiment on the sample irradiation in SCWCL
Loopla. Absence of signals of the monitor in the given
experiment shows that it was not achieved the value of
flow liquid rate in the loop needed for monitor work.

The further researches of this monitor during exper-
iments with SCWCL Loop-2 are assumed.
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MOHUTOPHUHI' CKOPOCTH TPOTOKA BO/IbI
B CBEPXKPUTNYECKOHU KOHBEKIIMOHHOMU IIETJIE

A.C. bakai, E.3. bunaep, A.M. boeoa, B.H. bopuckun, FO.B. I'openxo, B.A. Momom, JI. B. Onuwienko,
B.U. Conooosnuxos, C.B. Illenenko

B X®THU co3maHa CBEpXKpUTHUECKAsT BOMSHAS KOHBEKI[MOHHAS METIS ¢ Kamepoi oOnydenus. [letns pasmepom
1,2x1,5 M W3roTOBIICHAa W3 HEP)KABEIOIICH CTaIH. YCTaHOBKA MO3BOJISICT MPOBOAUTH KOPPO3UOHHBIC TECThI MOTCH-
LMAJbHBIX KOHCTPYKIMOHHBIX MaTepUaIoB peakTopoB |V MOKOJIEHUs] CBEPXKPUTHYECKHM BOJIHBIM OXJIXKICHHEM
nox obmydenueM. OOpasupl B motoke Boasl mpu 350...400°C, 23...25 MIla o0my4aroTcs 31€KTPOHHBIM MYYKOM
10 M>B/10 kBt auneiinoro yckoputens JIVD-10. [IpuBoasrcs pe3yapTaThl pa3pabOTKH MOHHTOPOB Uil KOHTPOJIS
CKOPOCTH ITOTOKA B CBEPXKPHUTHUYECKOW BOJSIHOM NIETIIE TIPH 00JIy4EHUH UCCIIEyeMbIX MaTepHalloB.

MOHITOPHUHI LIBUJIKOCTI MPOTOKY BOJU Y HAJIKPUTUYHINA KOHBEKIIVMHIN IMTETJII

O.C. bakaii, €.3. binnep, O.M. bosoa, B.M. bopuckin, FO.B. I'openxo, B.O. Momom, JI. B. Oniwenxo,
B.I1. Conooosnikos, C.B. Illenenxo

Y XOTI crBopeHa HagKpUTHUHA BOJSHA KOHBEKIIHHA IMETVIAI 3 KaMepow oOmnpoMiHeHHs. [leTns po3mipom
1,2x1,5M BUroTOBJEHA 3 HEPXKABIIOUOI CTali. YCTaHOBKA JO3BOJISIE MPOBOIMTH KOPO3iKHI TECTH MOTEHIIMHUX
KOHCTPYKIIHUX MaTepiaiB peakTopiB [V NOKOMIHHS HaJKPUTHYHUM BOJHHM OXOJIOJKCHHSIM ITiJ] ONIPOMiHEHHSIM.
3pasku B moroui Boau mpu 350...400°C, 23..25 MIla onpomiHioOThCs eneKTpoHHMM Tydkom 10 MeB/10 kBt
niHiiHOro npuckoproBaua JIIIE-10. HaBonmsaTbesi pe3ynbTaTd po3pOOKHM MOHITOPIB JJIsi KOHTPOJIO IMIBHIKOCTI
MOTOKY B HAJIKPUTHYHIN BOASHIH METII MPH ONPOMIHEHHI IOCII/PKYBAaHUX MaTepiaiB.
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