34 3 Vol.34, No. 3
2007 JOURNAL OF BEWJING UNIVERSITY OF CHEMICAL TECHNOLOGY 2007
( , 100029)
(
)
: TQO51.5
1
1.1
, 1 16
Mn , 20# ,
( ) , HO8M n2S , 48
) mm )
( ) : 6
) , 1.5 %x45° ,
1.5x1.5mm ,
Yokell S 2] 3
mm 2
, [3] AIIam[‘” ,
160 180MPa
[5] [6]
[7] [8]
, | 91 Jawad
[10] 1
Fg.1 Specimen for testing tube-to-tubesheet joints
1.2
(D (@2
, 160 180 MPa; (3) ;
: 2006-04-29 (4) (5) , 160 180
: (3002009) MPa:(6) (7) , 160
,1963 ,

E mail : duanch @mail. buct. edu. cn

180 M Pa 1



3 : - 309 -

15x45° 1, '
7 |
I ”ﬁ | ’
D2 . -
@25
5 B e y
D254 @254 =,
I N 1 3 )
| IS L
3 I b
T l_ 32
‘” 3
1
i 1
] 2
| 2.1
(1)
2 , 360°/ 12
Fig.2 Geometry and dimendon of ajoint 30° , 4
2
L 2
1
Table 1  Pull-out forcesof joints under different conditions
/ I kKN
MPa 1 2 3 4 5 6 / kN / kN
160 8.2 8.4 10.7 4.3 11.1 — 8.54 9.68
180 16.0 10.0 8.2 6.4 11.1 — 10. 34 10. 70
0 66.5 66. 0 — — — — 66. 25 58. 19
160 65.9 64.5 65.3 65.5 66. 6 67.3 65. 85 56. 76
180 64.3 64.5 64.6 64.6 64.3 — 64. 46 56. 77
160 65.5 65.0 65.9 65.7 66. 8 64.5 65.57 56. 75
180 67.5 65.7 67.3 64.3 — — 66. 20 56. 83
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Fg.6 Stressdran curvesfor tube materia
at different temperatures
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Table 2 Therma parametersof materia
K/ Cy ax 109
W/ (m- ) J (kg- ) -1
20 51.55 478.6 11.71
100 50. 83 486.7 11.72
200 48.11 499.8 12.28
300 44.00 516.5 12. 86
400 42.49 536. 4 13.38
500 38.93 557.0 13.90
600 35.24 588. 3 14. 47
700 31.33 620.5 14.81
800 25.72 691. 2 14.81
900 26.13 695. 3 14.81
1000 27.29 690. 7 14.81
1100 28.39 691.6 14.81
1200 29.45 692.0 14.81
1300 30. 99 692.0 14.81
1400 32.81 692.3 14.81
1500 71. 48 693.1 14.81
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Pull-out force study of tube-to-tubesheet
joints in heat exchangers

DUAN ChengHong QIAN CaFu
(Collage of Mechanicd and Hectrica Engineering, Beijing Universty of Chemicad Technology , Beijing 100029 ,China)

Abstract: The pull-out forces and failure forms of hydraulicaly expanded, welded , and expanded-and-wel ded
(including expanding prior to welding and welding prior to expanson) tube-to-tubesheet jointsin heat exchang-
ers have been experimentally and numericaly studied. Geometrical , materid and contact nonlinearities, as well
as coupling of heat and structure in the finite element andyss were consdered in order to smulate the easto-
plastic and thermoplastic behaviors of the joint materials and the influence of the welding heat on the expanded
connections. The results show that the pull-out force of the welded joint is much larger than that of the hydrauli-
caly expanded joint and even dightly larger than that of the expanded-and-welded joint. Thereis no dgnificant
difference between the pull-out forcesof the joint expanded prior to welding and that welded prior to expandon.
Under tendle loadings, thefailure of the expanded joint wasfound to involve the pull-off damage of the tube and
tubesheet connection, while the failure of the welded joint involved mainly a shear break of the welding.

Key words: pull-out force; tubeto-tubesheet joint ; expanded; welded; expanded-and-welded



