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Study on the frequency response mechanisms of thermal stress
induced by thermal stratification oscillation phenomenon
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Abstract

The temperature oscillation produced by thermal stratification phenomenon induces thermal fatigue damages
on structures of nuclear components, which should be prevented. To evaluate thermal fatigue, the frequency
response function was developed. However, this theoretical method does not take particular effects of thermal
stratification oscillation into account. To clarify these effects, finite element simulations were conducted with
two fluid temperature models. Based on mechanisms of the effects, the frequency response function was
improved. Agreement with the results of the finite element simulations confirmed the proposed function.
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Fig.1 Thermal stratification oscillation phenomenon in

upper plenum of sodium cooled fast breeder reactor [5]
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Fig.2 Frequency response characteristics of structures of
fluid temperature [3]
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Fig.3 Thermal stress divided into membrane, bending , and

peak component [6]
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Fig.5 Temperature oscillation with the fixed layer model
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Fig.6 Temperature oscillation with the moving layer model
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Fig.7 Temperature histories at the point of interest for each
model
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Fig.8 Mechanical and thermal pipe model
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Fig.9 Gains of the frequency response function and finite
element simulation results
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Fig.10 Temperature gradient across wall-thickness
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Fig.11 Stress histories at a point of interest for each model

ZDZ EPBEET NVOESTINEA T = K LOEN
B#EET 5, Figl2, Figl3 3BT LV OMMEREPHE
&L BGTAOIS 5 EFR LD, BallBEEET L
DA, TR EIRD & X ERIS MBI DIk L,
IRIED & ZIHEIFE L TR, ZAUSKH LEVE

BT /L O A RREES " OB & oWl 1m0
IS AT B RBET H DT, RS IINTINZ B3R 57
BT D, ZHDEET VOIREEREE 3T 2800
JEEA T = A LDENTH D,

Position Position Position
L »
Tup
ngwn,.

I

1 . 1 1
> L
stress stress stress

Fig.12 Steady state thermal stress distribution of the fixed
layer model
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Fig.13 Steady state thermal stress distribution of the
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4.2 ERBEEICHETDRICHEEAD=X L

WIZ, TRARIRED b EREEE D & & OFRET VOE
JESIEA T1 = R BOENE T,

Fig.14 |37 VOREENIRIE TR OIRE AR CTh 5,
Z DD AEENDOIRE AR EET /UL 218D B 5
ZENDDD, ZOZEDLIRERED L X DSEEE O
& BT IE A 1 = R INOFE N TR DA E~DE
RIEEEFRC D Z LA,

490

—Fixed Layer
---Moving Layer

-~
£
(1]
P
=1
- . ——meeesneeee e
@40 T
o =
o

440 -~
5
= 430 .

I”
420 #°
410
[} 5

15 20 25 0 35 40 45 50
Wall-thcknessfmm)

Fig.14 Temperature gradient across wall-thickness
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Fig.15 Heat flux histories at the point of interest for each
model
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Fig.17 Gains of the frequency response function and finite

element simulation results
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