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Effect of the Flanging Angle of Jacket on Stress and Fatigue Life
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(1. School of Energy and Power Engineering , University of Shanghai for Science and Technology , Shanghai 200093 , China ;

2. Shanghai Institute of Ceramics , Chinese Academy of Sciences , Shanghai 200050 , China)

Abstract: The joint of the cylinder nozzle and jacket is one of the key components of the heat
exchanger, which has much effect on the stress of the equipment. APDL language was applied to
establish the structural analysis model of the bottom channel with jacket and insulation. According
to the operation conditions, the temperature and pressure were loaded to obtain the stress intensity
and fatigue life at different angles of jacketed flanging structure. The recommended flanging angle
of jacket was given after checking and comparing the stress intensity and the fatigue life of the
equipment. The result provides an effect reference to the design of the joint structure and has a

certain engineering application signifigance.
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Tab.1 Structure parameter
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Fig.1 Pressure and temperature in an exchanging cycle

F b AT 8 Aar BE A R 0 38047 s SCAG I B 4K
i s FE LG M T2 4205 T ) 2% B BBCIE B A el P e
T WA T

IRA KEES 0.4 MPa. kERHE7.8°C,
BRES 0.1 MPa, & 31.4 C;

TIRB KEES 0.6 MPa, EHFEL70 C,
BHEE S — 0.1 MPa & 170 C.

F T 30 3 R B T R 38 203 1) o A RS TR B R
PR P 2 A 25 5 A R] 00 B4R A B
RESHINE 2~4 PR,

x2 FEEBETHHEEME

Tab.2 Material properties at different temperatures

06Cr19Nil0 Q345R

WE/C — :

VEFIRZS Sm/MPa PAPERRE E/ % 10°MPa

7.8 137.0 196.0
31.4 133.7 196.0
170.0 100.2 90.8
7.8 195.0 206.0
31.4 194.4 205.6
170.0 185.8 198.4
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Tab.3 Material properties at different cases

KR /(%10 S mm -

T IR ENG oL mm-1«C )
THA T B
06Cr19Nil0 16.7x10°3 16. 46 17.14
Q345R 56.7%x10°3 10. 82 12.03
PRiZ 5.6x1073 = =
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Tab.4 Heat Transfer coefficient at different cases

XA R H k /(X107 6W -

X B mm-~? « C 1)
T A T4 B
BN S ERNRE 50 50
FEAN TS IEN KR 400 5 000
RIZEAN R 5 =R 10.8 10.8
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2 FEERIE(a=45")
Fig.2 Solid model (a¢=45")
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Fig.3 Finite element model
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Fig.4 Displacement boundary conditions
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0.064 39.014  78.964 116.915  155.565 0.064 39.038  78.007 116.978  155.949
19.539 58.485  97.439 136.390  175.340 19.550 58521  97.493 136.446  175.435

(a)a=25" () 2 =30
| |

PASAARE
———0-064——38.826— 77587 116.349155.11 0.064—38.825— 77535 116346 155.106
19.445 58207  96.968 135.730  174.491 19.445 58205 96.965 135.726  174.486
(©) 2=35" (d) & =40°
0.609— 44,492 88.922 133.353 177.784 | 0061 43828 87506 131365 175132
22216  66.707 11.138 155568  199.999 21945 65712 109481  153.249  197.016
(e) a=45" ) a=50"
0.061 43 8492 R7.628 131.404 175.185 0.061 43 854 67 647 131.441 175.234
21951 65732 109513  153.294  197.075 21.957 65750 109.544  153.337 197.130

(8) @ =55 (h) 2 =60
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Fig.5 Stress intensity distribution at different flanging angles of jacket
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Fig.6 Defined paths for linearized stress of case A
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Fig.7 Eraluation results of linearized stress of case A
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Fig.8 Defined paths for linearized stress of case B
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Fig.9 Evaluation results of linearized stress of case B
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Tab.5 Fatigue loading conditions
9 57 W U S 4 T A8 A8 Bl B 8 VR btk o EH K&
SR RORER BLG ) AR S AR TR0 WE/CEJ/MP) /T E)/MPa
—p e R ; . T IR THC 7.8 -0.1 31.4 0.4
Bl E Fe R WA B 220 A7 98 577 53 A » 7 0 ERUJ 38 Twp 1700 o 00 o
P 184 min I 240 min B4~ 2125 18, Je B FE
149 . TR P 3 Bl 33X 4 B 220 2 TR 98 3 s 49 e PR To045 B M8 2 )5 - 78 Ansys HhE A

KFEMETI PN 0~0.62 MPa. J BEW S AHRIRYERAT A, 7RSS E P tr 22, AR5 P 4 242
31.4~170 C  EREMARAEE S HE K — 0.1 MPa,  SKAFAITT NG —K A R D 00 TH3 A 584> 10 )
TP SN 7.8~170 C K PIAIS 20 To0sr SRS i Rh 00 2 18] 43 A 3 e A 2 77 56 38 (L
BIVERIIE 7 8 o3 T g T C A 00 DL BARfE  So S0 &L 10 o,

0.017  47.999 65981 143962  191.943 0.164 48839 97.641 146453  195.266

24.009 71990 119.971 167.953 215.934 24423 73235 122.047 170.860  219.672
(a) 2=25° (b) 2=30°

0.015 52.057 104.098 156.139  208.180 0.014 54.150 108285 162.420  216.555
26.036  78.077 130.119 182.160  234.201 27.083 81218 135353 189.488  243.623
(¢) 2=35" (d) «=40°

0.050 55.968  11.885 167.802  223.719 0.050 56.635 113219  169.802  226.386
28.009 83.926 139.843  195.760  251.677 28.343 84.927  141.510 198.094  254.678

() a=45" (f) 2=50"
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0.051 57.076 114101 171126  228.151
28.564 85.589  142.614 199.639  256.664

(8) a=b5"

114.542

0.051 57.297
28.674 85.920

171.788  229.033
143.165  200.411  257.656

(h) 2=60°
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Fig.10 Stress amplitude distribution at different flanging angles of jacket
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Tab.6 Constant of carbon steel

KRy S, FRAK (DA (2) 7183 N,
R THUR.

xRT EFRIRE
Tab.7 Fatigue cycle times

a/) Sa/MPa N/R
25 107.967 276 095
30 109. 836 254 573
35 117.101 186 612
40 121.812 154 263
45 125.839 132 314
50 127.339 125 248
55 128.332 120 863
60 128.828 118 587

. Ci

' 48<S,<214 214<CS,<<3 999

1 2.254 510 7.999 502

2 —4.642 236x 107! 5.832 491 x10°2
3] —-8.312 745x 107! 1.500 851 x 107!
4 8.634 66 %102 1.273 659104
5 2.020 834x10°1 —5.263 661 x10°°
6 —6.940 535x10°% 0.0

7 -2.079 726 X102 0.0

8 2.010 235x10~4 0.0

9 7.137 717x10°* 0.0

10 0.0 0.0

11 0.0 0.0
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