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Proposal on the Mitigation Methods of Thermal Stress Near the Sodium
Surface of Reactor Vessel
| Masanori ANDO*! Naoto KASAHARA*!
Abstract

A Reactor vessel of fast reactor plants contains high temperature liquid
sodium in its inside and its upper end is supported by a low temperature
structures. Therefore, a significant temperature gradient will arise at the
vessel wall near the sodium surface. For this reason, a large thermal stress
will be generated around this part. To lower this stress and to protect the
vessel, a number of methods have been applied the plants. Generally, these
mitigation methods by protection equipments for thermal stress also have
some problems such as, increase a mount of materials or to be complicate for
control, hard to maintenance and so on. In this research, authors suggested
another simple methods for thermal stress, and evaluated their effects using
computer analysis. The results obtained in this research are as follows.

Authors suggested one method, circulate high temperature gas around
outside of the vessel and evaluated the effects of this method by analysis.
In case of using this method, Sn(one of index values of design) value
might be getting lower about 45%.
Authors also suggested another method by setting up a heat transfer plate
outside of the vessel and evaluated the effects of this method by analysis.
Effects of this method depend on material of the plate.
In case of using Carbon as material of plate, Sn value might be 27% lower
and in case of using 12Cr steel as material of plate, Sn value might be
15% lower.
Authors also suggested another method by changing material of the guard
vessel to be the one which has good ability of heat transfer and evaluated the
effects of this method by analysis.
In case of changing material of guard vessel to 12Cr steel, Sn value might
be lower about 12%.

*1:Structural Mechanics Research Group, Advanced Technology Division,
O-arai Engineering Center, JNC
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Table 1 Equipments for analysis

EITIRIE
HEH# Endeavor Pro 800L
A=V 866MHz
AE 256MB
BRT0I 5.4
FINAS for Windows 3.0°
RS RFE IO S A

RANGE

Table 2 Elements for analysis

BERERETIVIERICAW-ER

BVREEN
BnE S Hf A PRID S Bl > FREE 3R (HQAXS)
R B 3H R B FRE SR (FCAXI)

SEI MMM B E ¥ FAE F (QAXS)
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Table 3 Material property data

B |vooms| sy |BEREERE pg (ool memeces]  wm
(°C)  F(N/mm*x2) ke mm/mm/°C) kg/m*%3) | kcal/mm=s*°C) |(kcal/kg-°C)
20 1.54E+05 0.3 15.15 7.97 3.5556 0.114
50 1.54E+05 0.3 15.65 7.97 3.6389 0.117
75 1.54E+05 0.3 16.07 7.97 3.7500 0.118
100 1.54E+05 0.3 16.48 7.97 3.8611 0.120
125 1.54E+05 0.3 16.86 7.97 3.9722 0.122
150 1.54E+05 | ' 0.3 17.22 7.97 4.0556 0.123
175 1.54E+05 0.3 17.55 7.97 4.1667 0.125
200 1.54E+05 0.3 17.85 7.97 4.2778 0.127
225 1.54E+05 0.3 18.12 7.97 4.3611 0.127
250 1.54E+05 0.3 18.36 7.97 4.4722 0.128
275 1.54E+05 0.3 18.58 7.97 4.5556 0.129
300 1.54E+05 0.3 18.79 7.97 46111 0.130
325 1.54E+05 0.3 18.99 7.97 4.7222 0.130
350 1.54E+05 0.3 19.19 7.97 4.8056 0.132
375 1.54E+05 0.3 19.39 797 4.8889 - 0.133
400 1.54E+05 0.3 19.57 7.97 4.9722 0.133
425 1.54E+05 0.3 19.75 7.97 50278 0.133
450 1.54E+05 0.3 19.93 7.97 5.1389 0.134
475 1.54E+05 0.3 20.11 7.97 5.2222 0.136
500 1.54E+05 0.3 20.28 7.97 ' 5.3056 0.136
525 1.54E+05 0.3 20.45 7.97 5.3889 0.137
550 1.54E+05 0.3 20.60 7.97 5.5000 0.137
575 1.54E+05 0.3 20.74 7.97 5.5556 0.138
600 1.54E+05 0.3 20.87 7.97 5.6389 0.138
Table 4 Comparison of Sn values in each case
R BT BRI IRE R T T 47 RERE
& KSn 406(MPa) 372(MPa) 225(MPa)
FFAE 400MPa 400MPa 400MPa
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Table 5 Elements for heat transfer analysis

BERERETIMERKICHAW-ER
BB
#5388 i m P Rz st FREE 3k (HQAXS)
R EIE R #E R (FCAX3)
2511 V68 S B iz Bl FRE S (RALINKS)
W) ¥y

S i P9 iz Bl FAE R (QAXS)

Table 6 Material property data for heat transfer analysis (Carbon)
%K L2 N CE
(kg/mx3) (kcal/kg°C) (kcal/mm-=s-°C)
2.25E+03 0.165 - 5.70E-06
2.25E+03 0.165 2.51E-04

Table 7 Material property data for heat transfer analysis (12Cr steel)

—— TE R BEEE
(XE+3 kg/m#**3) (kcal/kg’C) (kcal/mm=+s=°C)

0 7.860 0.1061 5.422E-06
400 7.860 0.1746 7.452E-06
450 7.860 0.1873 7.643E-06
500 7.860 0.1999 7.810E-06
550 7.860 "~ 0.2174 8.049E-06
600 7.860 0.2348 8.264E-06
650 7.860 0.2695 . 8.192E-06
700 7.860 0.3039 8.096E-06
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Table 8 Values of each coeffiéient for analysis

g &L $1 2 ARTI77-RIVIRUE
_ MERE At # (kcal/m2hrK4)
TREE (RTLR) 0.1
RER (BER) 1.0 0.8 4.88E-08 -
EREHr (12CriH) 0.1

Table 9 Analysis cases for heat transfer plate method

R —X | BMEER SHHE AEREEST
1 |L ~ BT 38
2 24 0.8 BT Eh
3 12Crif 0.1 L
4 ;{08 - 0.64W/m2K
5 B 0.8 0.64W/m2K
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fig.1 Examples of thermal stress mitigation methods
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fig.2 Design case of reactor vessel around Sodimu surface
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fig.10 Temperature histry of the vessel (with passive mitigation measuré)
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fig.23 Design case of reactor vessel around Sodium surface
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fig.37 Comparison of temperature distribution (near the Sodium surface)
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