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SMART NUCLEAR REACTOR

 Small Modular Reactor (SMR~ ~“eenarian™

In Core
Instrumentation

* Nominal Power =330 MW, =

Closure Head

* Nuclear Fuel UO, e SR
* Light water as both coolant  sen
and reflector Fgditar.

Reactor Vessel

* Cladding made of Zircaloy-4
* Similar to PWR S



OBJECTIVES

* Project purpose

Build a thermal model for the most power (Critical region) of
SMART Nuclear Reactor.

* Purpose of the presentation

Present the thermal model constrution process as well the first
results.



REACTOR CORE AND ASSEMBLY

1.1 E L
A B ¢ D E F G H J D o O A S o
;E O O [ [= O O s | |
0 I O O ] | |
: L
D D D 1 if O O O O u
" l- Ho':* ol 1111 -0
BlA|B|A|B 2 ® 1] o=
T B
BlBlA|lD|A]|B]|B 3 TPe
| |
DIA|A|D|A|J]DJAJA]|D 4 ONEORNO Tt tet e
p{B{bplAlclAa|lD|B]|D 5 S N R REORECERCE
HEC ni]ln- .[___| O OEINCOMEEO O
blA|A]|]D|A|lD|A|A]|D 6 ..__—E..‘ ..E.“-n
B|B|A|D|A|B|B 7 = ERONNNGN=
I 1 |
B A B A B a Type C Type D
D D D a [] Fuel Rod [¢] Guide Tube [E] Instrumentation Thimble
O ALO,-B,C Poison Rod B Gd,0,-U0, Fuel Rod
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METHODS



OPENFOAM

e Solver solution for differential equations by the Finite Volume
Method (FVM)

* Can be used for solve consevation equations for the fluid transport
(Energy, mass and momentum)

Main input parameters:
(1) Mesh (Domain discretization)
(2) Boundary Condition: Pressure, temperature, flow velocity ...

(3) Control parameters: Number of interations and decomposition of
the process



MESH

For the first results only the fluid regions was simulated at steady state.



MAIN OPERATIONAL ASPECTS

The simulations were performed using both constant
and sinusoidal power distribution.

Table I. Main operational parameters used during the simulations.

Parameter Value Units
[nlet Pressure 15 [ M Pal
[nlet Temperature 243.15 [ K]
[nlet Coolant velocity  1.294 1/ 8]
Fuel Assembly Height 2166 [mm]
Rods Diameter 9.5 [rmeim]

KAERI, 1998. Nuclear Characteristics Analysis Report for
System-integrated Modular Advanced ReacTor.



RESULTS USING CONSTANT POWER



COOLANT VELOCITY PROFILE AT CONSTANT POWER
DISTRIBUTION

1.5e+00
[ 14
— 1.3

— 1.2

1]

Flow Velocity Modulus (m/s)

1.0e+00

Flow Velocity Modulus (m/s)

1.0e+00



COOLANT TEMPERATURE AT CONSTANT POWER
DISTRIBUTION
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RESULTS WITH SINUSOIDAL POWER
DISTRIBUTION



COOLANT VELOCITY MODULUS USING SINUSOIDAL
POWER DISTRIBUTION
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COOLANT TEMPERATURE USING SINUSOIDAL

POWER DISTRIBUTION
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CONCLUSION

At both cases the profile of the physical proporties presents a
compatible patter with the expected for the power distribution
imposed as initial condition. The coolant temperature presents
high values at the points closed to the rods na gradative decrease
with the distance. The maximum flow velocity was found at point
near to the middle of the thermal hydraulic channel.



NEXT STEPS

Construct the solid regions for the new mesh
mpose the real SMART power distribution

mpose the adjacent fuel assemblies as boundary condition

Use the thermal model to make previsions of physical changes
in the reactor project
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