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ABSTRACT

In SMART, the flow mixing header assembly (FMHA) is used to mix the coolant flowing into the reactor core
to maintain a uniform temperature. The FMHA is designed to have enough stiffness so the resonance with reactor
internal structures does not occurs during the pipe break and the seismic accidents. Since the gap between the FMHA
and the core support barrel assembly is very narrow compared with the diameter of FMHA, the hydrodynamic mass
effect acting on the FMHA is not negligible. Therefore the hydrodynamic mass characteristics on the FMHA are investigated
to consider the fluid and structure interaction effects. The result of modal analysis for the dry and underwater conditions,
the natural frequency of primary vibration mode for the horizontal direction is reduced from 136.67 Hz to 43.76 Hz.
Also the result of frequency response spectrum seismic analysis for the dry and underwater conditions, the maximum
equivalent stress are increased from 13.89 MPa to 40.23 MPa. Therefore, reactor internal structures located in underwater
condition shall consider carefully the hydrodynamic mass effects even though they have sufficient stiffness required
for performing its functions under the dry condition.

Key Words : SMART (SMART ¥A2), Modal characteristics (¥1-55-3), Flow mixing header assembly (F-52%3]
t3134), Hydrodynamic mass('55-2 &), Frequency response spectrum (I8 H~HEH)

7|5AH o = mass density of fluid
a, b = radius of the inner and outer cylinder
M, = mass terms of inner cylinder Swaters faiy = natural frequencies in water and air
M, = mass terms of outer cylinder M; = mass of solid structure
M, M, = diagonal term of hydrodynamic mass matrix M, = hydrodynamic mass effected on solid structure
M, M, = off-diagonal term of hydrodynamic mass matrix

.M B

u,, u, = absolute accelerations for cylinders

z,, x, = relative displacements for cylinders ARpEOrE ] Po] MAEE AEET

ky, k, = stiffness terms for cylinders 2o gaunAe] FAYE TREZA oS

L = length of cylinder

=
AEEAE A A4ETe] 2A FFL
al
1

E-mail: gmlee@kaeri.re.kr
TEL: (042)868-8390

=
9]
T AYAR, 39, ARG AT =
i
FFUALATY °l

*



SMART #EEFLATAL 559 4% &

2 Z 39 FZK(water annulus)oll A 2 o]=
to ok s79 Ao FFE F453 vt
o] o]&& YF-E9 WA dHe] S E3t
8 AR A 547 Ftetd

X0
tlo |0

N

B2 &89t System integrated modular
advanced reactor (SMART)S} 22 FAYUAZE9)
A5, AARWRETZES] o] B wt
FeshE o] 29 A 8ol $HA7F QlojA 3+ S A
2S5 o] &3 At FAsA Y] oS BT
= A7V itslA = ok

2 AFolAe destd 3ad 2EE 83k
71& ATE st destE A 2 AA ¥
9] 32+ A =S &85l SMARTY| F-5&F
3|7 A (flow mixing header assembly, FMHA)®|
ok {472 Fezg a3E 13 A
Yot o]8H o2 EAS] AHE FF T
£ stz st

o

o=

O_>L _D'

23
b

At o

2. FMHAS| 7|5 % =

58 gt} wpels AR AL AT
Ut AA2Y AT = Z7)8447]9] 7]
o] BAFIHEIE HAICE fRlEE 25

FMHAE A A A2 gkl o 12238 8-7]
Atolol YA|Etal AR ZHA| ol Ao m =
AR 2R 7 Aol o A} FRE] AP EHAE
aejstefof gtk FxEC] FA Lol ArE 37
o] A EY AFEF7E doA L S7e A7)
7b Zadb ol EEAEe Wske fA £

o

% 31

Bl —]

ek
| E| 5

s

Fig. 2 FMHA configuration
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Table 1 Element properties

Structure Fluid
Material SA240 Type 304 -
Density 7641.6 kg/m’® 676.2 kg/m’
Elastic Modulus 174.3 GPa -
Speed of Sound - (inc;;f:;zible)
Element Type Sol%d186 Flu%d220
Solid187 Fluid221
Mass 63,468 kg -
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Fig. 3 Finite element model of FMHA under dry condition
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Fig. 4 Finite element model of FMHA under underwater
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Table 2 Natural frequencies and mode shapes under

dry condition
Serial mode Natural frequency

No. (Hz2) Mode shape

1 64.88 I@er cylmde.r
vertical translation

Inner cylinder

2 136.67 shell mode
Inner cylinder

3~5 152.15~156.89 shell mode
Outer cylinder

6 194.78 shell mode
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(a) 1st mode (64.88 Hz) (b) 2nd mode (136.67 Hz)

(d) 6th mode (194.78 Hz)

(c) 3rd mode (152.15 Hz)
Fig. 5 Mode shapes under dry condition
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Table 3 Natural frequency and mode shape under underwater

condition
Serial mode Natural frequency
No. (Hz) Mode shape
1 40.57 Inper cyhnde.r
vertical translation
Inner cylinder
2 43,
376 shell mode
39 56.39-84.08 Inner cylinder
shell mode
Outer cylinder
10 %822 shell mode
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(a) 1st mode (40.57 Hz)

(b) 2nd mode (43.76 Hz)

(¢) 3rd mode (56.39 Hz)

(d) 10th mode (98.22 Hz)
Fig. 6 Mode shape under underwater condition
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Fig. 8 FMHA arrangement in reactor pressure vessel
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Fig. 9 Acceleration frequency response spectrum
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B: Response Spectrum
Equivalent Stress

Type: Equivalent Stress
Unit: Pa

Time: 0

1.3891e7 Max
1.234%e7
1.0807e7
9264186
7.7218e6
61704e6
463716
2.0047e6
1.5524e6
99989 Min

(a) Dry Condition

C: Response Spectrum
Equivalent Stress
Type: Equivalent Stress
Unit: Pa

Time: 0

4022987 Max
3658387
3.2936e7
2092807
25642e7
2.1995e7
1.8348e7
14701e7
1.1054e7
74075e6
3.7606e6
1.1375e5 Min

(b) Underwater Condition

Fig. 10 Equivalent stress occurred on FMHA
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