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Goals Tasks

1. Determine the natural
frequencies and oscillation
shapes of the reactivity
modulator construction;

1. Evaluate the strength of the
reactivity modulator (RM)
construction during its rotation;

2. Check the RM construction for
the overheating of titanium
hydride in the «window» area.

. Determine the distribution of
stresses and displacements in the
RM construction during its
rotation

. Determine the temperature field
of the RM construction elements.




NEPTUN reactor

Main parameters

* Average thermal power — 10-15 MW <
* Pulse repetition rate — 10 Hz S

* Pulse half-width — 200 us ’ |

« Time-average thermal neutron
flux density ~101% cm~2-s71




Reactivity modulator

Main parameters

Disc diameter — 3000 mm
Thickness — 50 mm

Rotation rate — 10 Hz

Window cover, KhN77TYuRU
Nickel inserts, KhN77TYuRU
Titanium hydride TiH2

Covers of the boxes with
titanium hydride, KhN77TYuRU



Modal analysis of the RM disc




Mesh model

Constructed mesh has ~396 thousand
control elements (tetrahedral and
hexahedral elements are used).

The amount of model nodes is ~137

thousand.
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Boundary conditions

Bearing assembly (1) is modeled using a
Frictional contact on the wheel hub .
surface (frictional force is taken into S
account, the friction coefficient of radial

ball bearing is accepted as 0.002).

\
The hub doesn’t move translationally, ‘.
only rotation is allowed.




Results of the modal analysis

First 7 frequencies and its oscillation shapes have been determined.
Natural frequencies do not coincide with rotational frequency of RM disc.

1 (20,35Hz) 2 (22,00Hz) 3 (28,21Hz) 4 (33,44Hz) 5 (70,67 Hz) 6 (125,02 Hz) 7 (147,96 Hz)




Temperature calculation of the RM

0 KhN77TYuRU
o TiH2 >

0000000




Mesh model

— Upper part of the RM rim

— Cooling jacket

Helium

Window covers
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Mesh model
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The amount of model nodes is ~5.6 million.
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Boundary and initial conditions

Source
User Function: Energysource
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Boundary and initial conditions
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Results of the temperature calculation
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Distribution of the temperature in the RM
disc (central cross-section in the XY plane)

Distribution of the temperature in the RM disc
(cross-sections in the YZ plane)
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Distribution of the temperature in titanium
hydride

Tmax = 512.75°C

Tmin = 46.73°C

Tav TiH. = 233.7°C.
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Mechanical calculation of the RM disc for

stresses and deformations

The calculation uses the same model as was used in modal and thermal analysis

Materials

B KhN77TTYuRU g
O TiH2 '
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Boundary conditions

Bearing assembly (1) is modeled using Cylindrical Support on the wheel hub surface
(tangentional movement only).

Rotation rate of the RM disc is 10 Hz.



Results of the mechanical calculation

= 808.6 MPa)

Distribution of stresses in the RM disc Maximum stress area (o

max




Results of the mechanical calculation

Maximum deformations:

Total 3.48 mm (in the maximum
temperatures area of the rim)

Axial 0.2 mm (in the maximum
temperatures area of the cover)

Radial 3.45 mm (in the maximum
temperatures area of the rim)
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Conclusion

1. The natural frequences do not coincide with the RM rotation
frequency;

2. Overheating of titanium hydride is observed, with a maximum
temperature of 512.75°C.

3. The maximum displacements are observed in the area of peak
temperatures. The maximum axial displacements reached 0.2 mm,
which is less than the clearance between the RM disc and the cooling
jacket. The maximum radial displacements reached 3.45 mm, which
also does not lead to contact between the RM disc and the jacket.
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Further work

1.Carrying out calculations using power density computed
in Serpent with varying reactor power levels (12 and 15
MW);

2.Carrying out the corresponding mechanical calculations;

3.Calculation of the RM cooling jacket and reactor vessel
deformations.
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Thank you for your attention!
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OCHOBHbIEe XapaKTepUCTUKU peaKTopa

HEINTYH

Mapametp 3HayeHue

CpeaHaa TennoBaa mowHocTb, MIBT 15

Pexxum paboTtbli NmnynbCHbIN

Yacrota umnynbcos, Iy 10

MonywupuHa umnynbca, MKC 200

Tonaueo NpN

Martepuan 060104KkM TBINA Cranb HC-68-U/,
TennoHocutenb Na

OTtpakartenb HukeneBsbit cnnas + bepunnni
3amegnurenu Boaa, yrnesogopogabl, 6epnnnnii

TemnepaTtypa TeN/JIOHOCUTENA HA BXOAeE B aKTUBHYIO 30HY, °C

290

TemnepaTtypa Ten/IoHOCUTENSA HA BbIXOAE U3 aKTUBHOM 30HDI, °C 390

Pacxop TennoHoCUTENA Yepes NOJI0OBUHY aKTUBHOM 30HbI, Kr/c 58

dnroeHc 6bICTPbIX HEUTPOHOB Ha Kopnyce peaKTopa B TedeHue 10000 3. u, cm2:

E> 0,1 M3B; 1,72:10%2

E>0,5 M3B 9,6-:1021
1,10

CpeaHaa NMNTH c noBepXHOCTU BOAAHOrO 3ameanutens npu mowHoctu 15 MBT, 1014 cm2-c?

MakcumanbHasa MMATH, 1014 cm2-c1:

E> 0,4 M3B; 4,0

MHTerpanbHasn 7,2
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