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ABSTRACT

In a pressurized water reactor (PWR), control rod assembly (CRA) falls into the guide tubes of a fuel assembly due to

gravity for scram. Various theoretical approaches and numerical analyses have been performed because its shape is simple and

its design was completely developed several decades ago. A control rod assembly for a sodium-cooled faster reactor (SFR)

which is geometrically more complicated is being actively developed in Korea nowadays. Drop time and impact velocity of

a CRA are important parameters with respect to reactivity insertion time and the mechanical robustness of a CRA and a guide

duct. In this paper, computational method considering simultaneously the equation of motion for rigid body and the

Navier-Stokes equations for fluid is suggested and verified by comparison with theoretical analysis results. Through this valuable

CFD analysis method, drop time and impact velocity of initially designed SFR CRA are evaluated before performing scram

tests with it.
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Fig. 1 Configuration of a guide duct and control rod assembly
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Table 1 Material properties of sodium (430 C)

Properties Values
Density 852 kg/m’
Viscosity 264 x 10 Pa's

(ver, 15)5 ARE-3}3IT)
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a) Piston head (b) Upper adapter  (c) Damper ) Nose piece

(e) Horizontal cross section of a control rod and hexagonal duct

Fig. 2 FVM model for components of a guide duct and
control rod assembly
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Fig. 3 Schematic drawing for free falling of a steel ball in water
for methodology verification
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Fig. 5 Falling distance of a steel ball in various fluid
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Fig. 6 Drag coefficient as a function of Reynolds number

F2 W $A47F B2 1.38 m2] olollA] BIE7HA]
st Alof| deli= A]ﬂﬁ 0.63 22 A=At &7l
Afols dEet Hrrt @] giite] fsAge] A ¢
sh&tmof mX|= ggFo] A% gkol Al W] Yalel= AL
2 oEElon, ol fFEAT0] gl T Y
SAIZEL Blesholt,

H5 - A2 age] Aol el =7t B3 FAF
517] wjtol = mjEo A A Q] A7kl W YatA e 7F A
o] FAkst AFE YeR A

719 Bl Ak dAj2 sy
A B T2 S FE5] WGt S HolF

+ Aotk

i3
o
-
é_l‘l
9
QL
>
N
rE

3.3 0|2

=
M 2y

A et Ao e5uAAe ofe} 2k,

) S o)

o7|A, me FA A7, Ve HYokEE, t+= AT ge
FY71EE, p= A1G U, d= Ae AE, CD= A
9] gHA4(drag coefficient)o|th, HA} f= FA, s= T+
A& ou|gtth, Reynolds (Re)oll whE HA|(vEeE ¥
< 71 A o] FeEAS MBS Fig. 69 Ul o

L obgfel go] wAT 4+ QI &Y

Re Re —7.94
2.6\ =— 411
o =2 6(5-0)+0 (263,000) ( RS ) .
D Re 1+(ﬁ) R | 80 161,000
5.0 11 563,000

2 (DI A (2)S AFEsle] AZHAT TUsE 24 o)
A AHl mhe o] el Elel Yol tiet AR

s=FHOIHE S =28 H18d, Me=, 2015



24L&z HHS

0.5

—=—CFD
—a— Analytic

Falling Distance [m]

-2.0 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Time [s]

Fig. 7 Falling distance of a steel ball in water
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Fig. 8 Falling velocity and Reynolds number of a steel ball in water
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Fig. 9 Falling distance of a SFR control rod assembly
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