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One of the most frequent causes of machinery fracture stems from fatigue phenomena,

repeated stress produces the

initiation of crack, followed by its growth, resulting in fatigue

fracture. It is important for fatigue evaluation to estimate the life of fracture and prevent

the fracture.

In the case of pressure vessels, repeated thermal stress-under cyclic operation may cause

fatigue fracture in structual discontinuity.

This paper describes the thermal stress and fatigue evaluation in accordance with CODE
JIS B 8250, and the influence of operating condition and manufacturing condition on fatigue

strength of glass lined equipment.
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PROGRAM USED : ANSYS

ELEMENT TYPE : B~NODE
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QUABRILATERAL
(STIF 85

and STIF 82)
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Fig. 3 Temperature distribution contor
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Table 1 Boundary conditions for analisys

Bulk temperaturé { Heat transfer coef. Pressure
Vessel Tp=293 °K  |hp=841 W/(m2.K) Pp=ATM
Jacket Tj=423°K |hj=11600 W/(m2+K)| Pj=476 kP:
Outside To=293 °K _ |ho=11.6 W/(m2:K) | Po=ATM
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Table 2 Physical constants of construction material

Carbon steel GL

192 x 103MPa

Poisson’s ratio 0.3

78.4x 108 MPa
0.24

Thermal conductivity 53.5W/(m+K) [872x 1073W/(m-K

Coefficient of liner expansion |10.9x 10~8K~1| 6.56x 1076K~1

Young’s modulus
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P Table 4 Fatigue evaluation (10 M3 standard reactor)
S g | Load Temperature S C L : 1/0 ] SI o Saltk N
50 difference i (MPa) ' : (MPa)
TR 1 Inside i 208 2.19 | 246 11100
BER 74 vy MER freisoor | Sealed | Ouside | 271 150 . 220 15800
Fig. 5 Form of fillet = 2 Inside 231 1.80 | 225 15000
(Diaphragm) |  Outside 152 1.80 | 148 66 300
1 | Inside 132 | 219 156 54000
o] Gl Gi 7t
=4 R e JE e 2t — ) N T : . :
BIR Eﬁ%ﬁi (REZE 4T=130K, HEH: (Diaphragm) | Outside 164 : 180 = 160 48100
Table 3 Stress evaluation (Temp. difference : 1 ' Insi(;le 102 2.19 121 160 000
AT=130°K steam press.: Pj=476 kPa) AT=107.5°K (Sealer) : Outside 147 150 119 169 000
5 5 - : 2 " Inside 215 1.80 | 209 18100
1 (MPa) _ (MPa) 1 Inside | 77 © 219 i 91 = 743000
1 Inside 208 : < AT=100°K (Sealer) Outside : 123 1.50 : 100 425 000
i Outside | 271} <! 2 Inside 205 © 1.80 i 200 20 400
10 M8 ; ;izéA; o~ (Diaphragm) = Outside 164 180 | 160 = 48400
2 side : ; : :
Y Outside 152 < ‘ *Salt=1/2xaxrXSI  E ; Young's modulus of design curve
- : 382 r=E/E E’; Young’s modulus of construction material
1 Inside 167 ¢ <
Outside 215 | <
3 M3 ; - —
z I“S“'ie 332‘5 < 8B 5 R YL (3 MSEHEE)
i Outside 225 < Table 5 Fatigue evaluation (3M3 standard reactor)
Temperature| g ¢ 1, 1/0 S Salw
. . C L. : N
difference ‘ (MPa) | (MPa) |
1 Insigle L1657 2.04 173 35500
F: v —2jsh [MPa] AT=130°K (Sealer) i Out-51de 215 1.50 174 34 200
ere _ 2 i Inside 332 1.61 289 7 080
Sm @ BEIS R X [MPa] (Diaphragm) | Outside 225 | 161 | 19 | 22000
2. 2 HEYEME (J IS B 8250 4.12) 1 " Inside 99 204 | 110 | 266000
T IR X 3R A 2 U Ui ST=115k | (Sealen) OIuts(iide ‘ 142 150 | 120 162 ggg
» = -5 LmL e S - 2 nside 30 1.61 @ 266
FRME D RIE Salt & R, FEESTHR (Disphragm) | Outside = 228 = 161 = 198 = 21000
Y z SR Z SR : . R
(S/N#RED & & FPA#E L BN E R 1 Inside | 77 | 2.04 | 85 1000000
BB, _ . (Secaler) Outside 127 1.50 i 103 362 000
£ # 0t <ty AT=107.5°K 2 i Inside 291 ¢ 161 | 253 10 200
CoTAND \]Jﬁ SR E IR BT KD (Diaphragm) | Outside @ 224 1.61 i 195 22 200
N5 HEFRE (o) TFHET 5, T7/abb, : . , :' ‘
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REBERNELEZERL, 5 ”erd A - 2 i Inside 274 | 161 © 239 12 300
C7 4 vy bR | we S b B (Diaphragm) ;| Outside 218 1.61 190 24 500
T o

#Salt=1/2X a Xrx SI E ; Young’s modulus of design curve
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