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Study on the mechanism of stress generation of straight pipe and elbow pipe
which has thermal stratification
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In nuclear power plants, a lot of failure cases by high cycle thermal fatigue have been reported, which is induced
by temperature fluctuation of the coolant. To ensure the safety of the nuclear power plants, the thermal fatigue
failure should be prevented adequately. Thus The Japan Society of Mechanical Engineers (JSME) published the
high cycle thermal fatigue evaluation guideline. In the guideline, it is proposed that the structural integrity can be
judged by the location of thermal stratification, which is typical thermal fatigue phenomenon in nuclear power
plants. However, this evaluation method is not rational enough because the method is not based on stress. Thus
stress evaluation method is needed. To develop stress evaluation method, it is necessary to clarify the mechanism
of stress generation caused by thermal stratification. In this paper, the mechanism of stress generation of elbow
pipe is studied by comparing with the mechanism of stress of straight pipe.

Keywords: High cycle thermal fatigue, Pipe, Thermal stratification oscillation, Thermal stress

1. BIRER

A 7T 2 MZRBWT, AR OIREEENC LV FH
EINDEYA VB TRIK T DR % < )
HENTWA[1], TEARIREEENC X 2 BEitEE OB
AR TR RIR & REE DWW /B I s D MR BIG CTh D,
TAROIREZS B I S i B Tl v . BMmEC
K OHEEPIREEDEB L, BVER GHED R S 40T
DI LEYSIDFEAET B,

BYR AR b7 O IR RENBI G L LT, B
ZAL 2 TR PAZE IS AE TR LR LT
IRFAR & OBERUCERE 24 U S, 2o LTI
ZE LB P S X (Figl) 7o D,

BB 5 X LT, BUTO A2 EE
2] CIIEE S DOTE BAIRHIED T TEE i S AL TR0
ZEnb, FEAPAZESIEE O L AREIC RN & &

ERESEIEAR K T 113-8656 SUHRIXAAS 7-3-1
FROREERFE LR SR AIERRe
E-mail: hiroshi.kuribayashil16@gmail.com

A A 4

Hot fluid >

Main pipe

Penetration depth of
stratification interface

INN

Fig.1 Thermal stratification oscillation

Thickness of
stratification
interface l

f

e

Branch pipe

at closed branch pipe
ROTEY, BOTRSFHITH D, €I TEE HIHE
HCOBNE R b NIk 28 ABGT) TIFES
BAFEL7-[3] L LIRSV THIEL, &bAEL S
NTWD Bl R s LR A E T D 5a i
WHTE 20,

2. FREM

- 146 -



BN U A3 = L ARBUE AT D5 A O 1 T %
AMRRIC T D 720IZid, BYUSTIIEA I =X L2 BN
THYEND D, AHFIECTIIREBE R EOSHEE, K
BIAHET D8e & VNN AHES D86 & Dtk a
179 Z & T, ZARBIAAET 5B OEYGT FEAEA T

SRDERETH LR LT S,
3. RMG IR

Bl A VRN A ET D588, mEinEC
JE U TEBIC IO TE 5, — DI AKCEE
DBV S (Fig2(a) ThY ., BlERETFHIEE
AR KER LIRS /2 5 E B2 bivd, b oIk
REDAEEIZ D6 Fig2((b) THY ., JEHHHE
FESATH BRI R BRI C 72 D & B X B,

(a) Interface locates (b) Interface locates

above horizontal part at horizontal part
== m= Stress evaluation point

Fig.2 Two types of interface location at elbow
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Fig.4 Stress distribution comparing elbow pipe
(Fig.2(a)) and vertical pipe
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Fig.5 Stress distribution comparing elbow pipe
(Fig.2(b)) and horizontal pipe
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