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Summary

1. Project Title
Development of the tube bundle structure for fluid-structure interaction

analysis model

II. Objective and Importance of the Project

This research focuses on the integrity analysis of a tube bundle
structure subjected to a coupled condition of fluid and structure which is a
recent issue of the multi-physics problem. Examples of those structure under
the fluid-structure interaction are nuclear fuels, heat exchangers and steam
generators of a nuclear power plant. Besides, it is not difficult to find such
structures in the general industry, which has the interaction between
fluid-structure and thermal-structure and fluid-thermal-structure during service.
A conventional approach on this kind of multi-physics problem was to solve
either a thermal or a fluid problem at first, then its result was applied to a
structure. However, this method of independent treatment is not sufficient to
analyze an actual condition since the fluid causes deformation of a structure and
that causes fluid motion again. In short, the conventional method generically has
a problem of insufficient simulation of the actual structure and fluid behavior.
Therefore, the intrinsic purpose of present research 1s to establish a
methodology that enables to analyze such a multi-physics problem in a domain
for better result. This also enables to evaluate a structural behavior more
realistically, through which a design improvement can be achieved for an
Integrity enhancement. So the importance of present research cannot be

underestimated.

III. Scope and Contents of Project

In this research, an analysis model for solving a fluid-structure
interaction problem such as a flow-induced vibration (FIV) of a fuel rod is
developed. The developed model is to be validated by using the experimental
results. The model is expanded for a tube bundle structure to evaluate the fuel
assembly FIV behavior inside the reactor. The scope of the present research
includes to draw the design parameters to improve the structural integrity of a
fuel assembly.

To this end, an analysis model for a fluid-structure interaction of a

single rod was developed and the validation could not be carried out due to the



large discrepancy with the experimental result. On the other hand, the model is
to be expanded for a tube bundle structure to analyze nuclear fuel assembly’s
in-reactor FIV behavior.

In the experiment, a vibration amplitude of a single rod during the
variation of flow velocity was investigated in the first year. in addition to that,
a support is to be installed at the mid point of the single rod in the second
year. The variation of vibration characteristics of a single rod corresponding to
the wvariation of the supporting condition was investigated through the

experiment.

IV. Result of Project

As a result of the first year's study, the developed fluid-structure
interaction model was validated by comparing with the FIV result in the case of
a single rod. The analysis was carried out by using the commercial code,
ADINA that can analyze the relevant multi-physics problem in a single domain.
The experiment was carried out by using the FIVPET, which has been built for
an FIV analysis of a partial fuel assembly in the present project team.

It was found that the trace of a single rod was almost a circle at the
mid point of the rod. The displacement of the rod’s vibration provides an
experimental as well as analysis condition for a fretting wear of a fuel rod.

It was also found that the influencing parameters of convergence during
the fluid-structure analysis was an applied turbulence model and the size of the

smallest element used in the analysis.

V. Proposal for Application

To develop a fluid-structure model for a fuel rod bundle is a challenging
task in the nuclear field. It has not been tackled before since the strong
turbulence around the rods is very difficult to be dealt with. Therefore, if an
accuracy of the analysis result is enhanced, the developing method can be used
not only to obtain a more realistic behavior of the relevant nuclear components
but also to provide an efficient tool to deal with a more generalized
multi-physics problem that can be widely found in the industry.

The realistic two-way fluid-structure interaction analysis will be further
studied through evaluating the pressure perturbation by the improved
computational enhancement using the parallel computing and the turbulence

modelling at the annular sub—channel.
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W2 PB#E 339 = 4 ;:M(B D shell)i wAgsldn, FAE 33
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ANz % 229 Fi 17863570010t Y Bl F EwelA] AHA ] AH R Go]
pabe vhEEoR x %y BFAN AAFT Uk B& AN A% AARE
0= Aoz A AXAM AAsa 9 - &g
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AlA sk

Table 1. Geometrical and material properties for FSI analysis model.

£ (mm) 1100 Epp (N/mm’) 99.3x10

d (mm) 22.5 ppp (kg/mm”) 6.56x10 °
ki (N/mm) 233 VpB 0.37
ko (N/mm) 654 Pwater (kg/mm”) 9.8x10"

m (kg) 0.352 Jwater (Mm’/s) 2.18x10 "

Lt
200.00 (mm) z

Figure 1. Fluid-structure interaction analysis model of a unit rod.

100.00
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Figure 2. Fluid model for FSI analysis model.
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Figure 3. Boundary condition of unit cell of single span rod

contained the coolant in axial flow.
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Figure 4. Y and Z-displacements for actual support analysis model.

LI A W el A Alztel mE dEAES Fig. 5 o WE I &
demz Ak dste] wE FAe 4

J

H

H ol &) A (transient analysis)S 43 3} ,

T8 EAEAH. dEdES A 3 FEoE dd FH 59 #HeE 4

A Ha o]z sl #o ME 3 WEFgow IS & + A}y ARt

o] 3555 4¥ Al7|(ntensity)7} o] #olx|™, #e] F+ FOo8 ZAFEH 9

ZlolA = A AAS F 9 ZA sl F o WHEd gEs Z2ed A

HAoh 4748 d3e i AsAFo2RY A2 Ao vls)] F2(
oz} fj Aol ] sbe A3 A A A ES et

_18_



inlet
-« center
=====gutlet

-02

N

2

-

gy g
A O EL O
SaodTTUD
...
b
T ONELOE
Zde+d

1 NNELOE
e

=

X T OE T NS

~ = e
. X" g ok =
2 TN T o B
) = AR N X el et
= = i K it
< - o O %0
— = o s x

vl % o gy N
> ) .3 T X
b i o O_U \\W

— S = ‘gl
3 ) ol L °* Nr

o ey =
: TaEnIy
MW

— 0

= Hod oz
= R 9T oy o
9 < M; o Fom 5

o —

Q my < 2 o

< X =0 [F
= o W om W.o‘_ m N

B X o .72
~ M
o X n T ) Sy
O A N

$ \ﬂl ~ O o EME
= T o o ™ mo I
. 2 T Ny =0 <°
> g T F o
0 woEn M _ wﬂ .
= n: o Hr o ©
Lt 7 : I e R R
2 B! ot MM by o
e g8 & wm DTSN
L it 4z wDOmTgHLT
P28 wmEwwW T

Co A X 3
s Wx R T
N - o m o ) N
M V o o oj < ,_MT N
2 X R
N

E

bz

27441

1

Y

Fig. 6 °lA]

——3{inlet)
—Z3{inlet)

[e)

=

3.00E-02

=

al
250E-02
— 19 _

A

-

T

\V/

\ /\ 7/

\

A

1.00E

4 00E-06
3.00E-06
2.00E-06
1.00E-06
0.00E+00
-1.00E-06
-2.00E-06
-3.00E-06

AT A7 WA}

O
o=



20066

-3.00E-06 -2.00E-06 -1.

0.00E+00 T 1

+00 1.00E-06 2.00E-06 3.00E-06 4.00E-06

2.00E-05

1.00e-05

0.00E+00

-1.00E-3500)

-2 00E-05

——Yl{center)

—Z1{center)

-3.00E-05

-4.00E-05

-5.00E-05

-6.00E-05

-7.00E-05

e
5

5 [mpge e 1
-7.00E-056.00E-055.00E-054.00E-053.00E-052.00| 1.00E —DE).%E +00L.00E-05

00585

(b) center

2.50E-06

2.00E-06

1.50E-06

1.00E-06

5.00E-07

0.00E+00

-5.00E-3:

——YZ{outlet)

——Z2{outlet)

-02

-1.00E-06

-1.50E-06

-2.00E-06

_20_




(c) outlet
Figure 6. Y and Z-displacements for actual support analysis model.
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