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ABSTRACT

The intermediate heat exchanger (IHX) which forms the reactor
coolant pressure boundary is one of the most important components of
the Multi-purpose Experimental Very High Temperature Gas-cooled
Reactor (ex. VHTR) under development at Japan Atomic Energy Research
Institute. This paper presents the results of the finite element
modeling, eigenvalue analysis and dynamic response analysis of the
IHX.

For the model ing, the structure of the IHX was separated into a
he Iical tube bundle, inner and outer vessels, and a centerpipe.
The eigenvalue analysis was made for each structure with a

detailed three-dimensional finite element mode!. Then the
simplified model of the whole structure of the IHX was constructed
using the result of the eigenvalue analysis.

A dynamic response analysis was made for the simplified model
with and without stoppers of the helical tube bundle supports and
the centerpipe. The effect of stoppers on the behavior of the
centerpipe, the helical tube, and the connecting tube is discussed.

1. INTRODUCTION

The finite element model (FEM) is a powerful method for structual
analysis, but it is expensive to model a complicated component such
as the IHX which is made up of a centerpipe, inner and outer
vessels, tube bundle supports and so on. It is especially
expensive when a dynamic response analysis is performed because of a
large amount of CPU-time. It is therefore necessary to simplify
the model to some extent. Simplified models using beam, spring and
mass elements are often used to carry out dynamic response analyses.

When the modeling is not adequate, however, it is difficult to
predict the local vibration behavior of the parts of a component
under consideration.

We therefore decided to carry out the seismic analysis of the IHX
as follows:



i) Regard inner structure of the IHX as an assemblage of
several structure elements and make a detailed local model
(DL-model) for each structure element.
ii) Make the detailed inner structure model (Dl-model) by
combining DL-models.
iii) Make the simplified inner structure model (Si-model)
using beam, spring and mass elements. In this step, static
FEM analyses are carried out to estimate the stiffness of the
joint between structure elements in case of need.
iv) Evaluate the propriety of the Si-model by comparing the
mode shapes and frequencies of the Si-model with those of the
Dl-model. Modify the stiffness of the Si-model when
necessary.
v) Make the simplified whole structure model (SW-model) by
combining the Si-model with the vessel model which is made up
of beam, spring and mass elements.
vi) Perform the dynamic response analysis of the SW-model
using an adequate seismic wave.
vii) Perform dynamic response analyses or response spectrum
analyses of structure elements as lower connecting tubes where
local vibration behavior should be predicted exactly. At this
stage, time history responses of joints between structure
elements obtained in vi) are used as the boundary conditions.

To allow for the thermal expansion, the heat tube bundle supports
(HTBS) and the centerpipe are suspended from the upper part of the
IHX, and gaps are provided between the centerpipe and the HTBS and
between the HTBS and the inner vessel. In dynamic response
analysis, therefore, the effect of gaps should be taken into
consideration.

2. DESCRIPTION OF THE IHX

The ex. VHTR is made up of 2 loops (A-loop and B-loop) and the
IHX is located in each loop. The structure of the A-loop IHX in
1981 is shown in Fig.l and Table 1 shows the main specifications of
the IHX.

Both IHXs have similar structural arrangements. In each IHX,
secondary helium gas flows inside heat transfer tubes, while primary
helium gas flows outside in the opposite direction. The low
temperature secondary helium gas flows downward in helical tubes
from the upper tube sheet to the high temperature tube sheet at the
bottom of the centerpipe. In the centerpipe the gas flows upward
from the high temperature tube sheet to the upper exit nozzle. On
the other hand, the hot primary helium gas enters the IHX at the
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bottom and flows upward outside the helical tubes and exits from the
upper nozzle on the side of the pressure vessel. After being
pressurized by the gas circulator, primary helium gas enters the IHX
once more at the nozzle located at the upper part of the pressure
vessel, and flows down the annular space between the inner vessel
and the outer vessel for cooling.

Helical heat transfer tubes are supported by the HTBS as shown in
Fig.2 and the HTBS, the centerpipe, and the high temperature tube
sheet are suspended from the upper part of the IHX and are allowed
thermal expansion downward.

The centerpipe and the manifold type high temperature tube sheet
are in a body and the relative displacement between the tube sheet
and heat tube bottom ends is absorbed by flexibility of the
connecting tubes.

The IHX is located on the floor of the IHX room within the
reactor containment vessel as shown in Fig.3.

3. MODELING OF THE IHX

Modeling of the A-loop IHX was carried out according to the flow
mentioned above.

* DL-model *
To begin with the DL-fliodels were made for the structure elements;
-upper and lower connecting tubes,
-helical tube bundles and the HTBS,
-the centerpipe and the tube sheet.

Fig.4 shows the DL-models of the helical tube bundle and the HTBS
and Fig.5 shows the mode shapes of these models obtained by the
eigenvalue analysis.

It can be observed that vibration behavior of this structure
element is governed by the stiffness of upper and lower connecting
tubes and supporting rods.

* Dl-model *
Fig.6 shows the detailed inner structure model which consists of

the helical tube bundle, the HTBS, the centerpipe and so on.
Because the vertical stiffness of helical tubes is low enough
compared with that of the HTBS, tubes were treated as an additional
mass to HTBS. Horizontally, however, because the movement of the
HTBS is restrained by helical tubes, beam elements which model the
HTBS are jointed by rigid circles.

In the A-loop IHX, 270 tubes are connected to the lower and upper
tube sheet and these are modeled by 8 pipes as shown in Fig.6.
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* Si-model and SW-ciodel *
Based on the Dl-model, a two dimensional Si-model which consists

of beam, pipe and mass elements is made as shown in Fig.7.
Fig.8 and Fig.9 show the result of eigenvalue analyses of the

SI-model and the Dl-model using SAP-V^). Mode shapes and
frequencies of these models agree well.

Then the SW-model is made by combining the Si-model with the
vessel model which is made of beam, spring and mass elements.

4. DYNAMIC RESPONSE ANALYSIS OF THE IHX

4.1 Modeling and Analytical Conditions
Time history analysis was performed with the SW-model shown in

Fig.10 using the floor response of a design basis earthquake Sg for
ex. VHTR.

Gap elements are connected between the centerpipe and the HTBS
and between the HTBS and the inner vessel. By combining 2 gap
elements the condition below is posed between 2 nodes at both ends
of gap.

|uj_-uj| > Lgap : closed (works as a spring)

I UJ_-Uj | < Lgap : open

where
UJ_,UJ '• horizontal displacements of 2 nodes at both ends
of gap.
Lgap : gap length.

By employing the constraint above, behavior of the centerpipe,
the HTBS and the inner vessel which contact each other at the right
and the left side of the central axis of the IHX can be simulated.

A general purpose FEM program ANSYS^) was used for the response
analysis and Rayleigh damping was assumed with 3 % critical
damping. The Houbolt integration scheme with time step 0.0005 sec.
was employed in direct integration.

4.2 Results
The results of the response analysis are shown in Fig.11 to

Fig.15. Gap stiffness k=10' kg/cm is assumed in the calculations.
Fig.11 and Fig.12 show horizontal displacement response at the

bottom of the high temperature tube sheet calculated with Lgap=0.5
cm. In the calculation of Fig.11 the gap element at the bottom of
the tube sheet is not used and a pair of gap elements between node 1
and node 41 which simulates the stopper was employed in the
calculation of Fig.12. It can be observed that horizontal



displacement reduced by a factor of four by the stopper at the
bottom.

Fig.13 to Fig.15 show horizontal relative displacement between
both ends of the lower connecting tube. Analytical conditions of
Fig.13 and Fig.14 are the same as those of Fig.11 and Fig.12.
Amplitude decreases and frequency increases by locating the

stopper. Fig.15 shows the result of changing Lgap to 0.1 cm.
Other relevant conditions are the same as Fig.14. Amplitude
decreases and frequency increases more compared with the result of
Fig.14.

5. CONCLUSIONS

Modeling, eigenvalue analyses and dynamic response analyses in an
earthquake using FEM was performed for the IHX. In the stage of
modeling, good agreement between Dl-model and Si-model was obtained.

In the dynamic response analyses using SW-model, gaps between the
centerpipe and the HTBS and gaps between the HTBS and the inner
vessel are modeled by gap elements and the effect of the stopper on
the behavior of the centerpipe and connecting tubes is examined.
The results show that gap elements used can simulate the behavior of
the structure elements in earthquakes and that the vibration of the
centerpipe and the connecting tube can be restrained effectively by
the stopper at the bottom of the centerpipe.
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Table 7 Main specif icat ions of I H X

type

heating arcs (m*)

heat tube
;size (mm)
; number

number of layers
of coils

material

A loop

helical coil

i j eo

tf 3 1.6 x 41

27 0

1 3

Hastelloy X"R

B loop

helical coil

] 4B5

tf> 2 5.4 x 4 t

474

] 7

Hastelloy XR

20870

?ry Helium

Oolltl

12750

Helium

Fig -1 Intermediate Heat Exchanger (A-loop)
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Fig. 2 Tube support structure of the A-loop IHX
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Fig.3 Reactor building of the experimental VHTR (A-A section)
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Fig.4 Modeling of helical tubes and support plates
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Fig.5 Mode shapes of the helical tubes
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Fig.6 Detailed inner structure model
Fig.7 Simplified inner structure model
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Fig.8 Comparison of the mode shape of the detailed model with that of
the simplified model
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iFig.10 Simplified whole structure model
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Fig.11 Horizontal displacement at node 1
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Fig.12 Horizontal displacement at node 1
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Fig.13 Horizontal relative displacement between both
ends of the lower connecting tube
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Fig.15 Horizontal relative displacement between both
ends of the lower connecting tube


