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Abstract

The basic requirements to improve the joints quality of tube-to-tubesheet for heat exchangers are to obtain
high residual contact pressures between the tubes and the tubesheet as well as low residual stresses in the
transition zone of the tubes. The residual contact pressures and residual stresses which govern the joint
quality are influenced by parameters such as material properties, geometric dimension of tube and tubesheet
and expansion pressures. There are two types of tube layout patterns, triangular and square, which are
frequently used for heat exchangers. The purpose of the present work is to examine the superior tube layout
patterns considering the joints quality by comparing numerical results from sensitivity analyses which were

performed for both of tube layout patterns.
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Fig. 1 Tube layout scheme (a) triangular tube layout (b) square tube layout.

Table 1 Pitches and gap in terms of pitch and tube
outer diameter (d,).

Layout pattern P, P, g
Triangular layout P Psin60° | Psin60°—d,
Square layout P . P P-d,
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Fig. 2 Expanded tube/tubesheet regions with hydraulic
Pressure.

Table 2 Material properties and dimensions of tube/

tubesheet.

Tube outer diameter 18mm

Tube thickness Imm
Tubesheet inner diameter - 18.2mm
Tube yield stress 300MPa
Tubesheet yield stress 450MPa
Tube young’s modulus 210GPa
Tubesheet young’s modulus 210GPa

Pitch 24mm
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Fig. 3 Two-dimensional finite element mesh for tube/
tubesheet (a) triangular model (b) square model.
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Fig. 5 Variations of contact pressure for three differe-
nt expansion pressures (a) triangular layout (b)
square layout.
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Table 3 Variations of contact pressure for various design parameters. Unit : MPa
Triangular layout Square layout
Parameter -
-5% 5% -5% 5%
Expansion pressure 19.162 (-152%) | 26095 (154%) | 17436 (-162%) | 24211 (164%)
Tube young’s modulus 120625 (88%) | 23714 (49%) 18875 (9.2%) 21859 (5.1%)
Tube thickness 22081 (-126%) | 23010 (21%) 20325 (23%) | 21215 (2%)
Tube yield stress 24295 (1.5%) 20126 (-11%) 2249 (8.2%) 18318 (-11.9%)
Tubesheet young’s modulus 24499 (8.4%) 20855 (-1.7%) 22638 (8.8%) 19.098 (-8.2%)
Clearance 22857 (L1%) 22353 (L1%) | 21051 (12%) 20545 (-12%)
Tubesheet yield stress 22584 (0.1%) | 22618 (006%) | 20784 (007%) | 20805 (0.03%)
Plastic tangent | Tube 22899 (13%) 2313 (13%) 21089 (14%) 20508 (-14%)
modulus Tubesheet 22606 (0%) 2605 (0%) 20798 (0%) 20798 (0%)
Tube 22851 (1.1%) 2359 (-1.1%) 21048 (1.2%) 20547 (-12%)
Poisson’s ratio
Tubesheet 2359 (11%) | 22851 (11%) 20547 (-12%) 21048 (12%)
Friction coefficient 22605 (0%) 22605 (0%) 20798 (0%) 20798 (0%)

Table 4 Tube wall reduction ratio for three different expansion pressures.

Expansion Tube Triangular model Square model
pressure Inner Expanded tube Tube expansion Expanded tube Tube expansion
diameter inner diameter ratio inner diameter ratio

200MPa 16 mm 16.2151mm 0.76% 16.215 mm 0.75%

250MPa 16 mm 16.2164 mm 0.82% 16.2162 mm 0.81%

300MPa 16 mm 16.22 mm 1.00% 16.2196 mm 0.98%
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Fig. 6 Finite element meshes for the determination of
equivalent outer radius (a) triangular model (b)
square model.
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Fig. 7 A finite element mesh for the analysis of
transition area.
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Fig. 9 Variations of residual contact pressure in the secondary side region for three different expansion pressures

(a) triangular layout (b) square layout.

Table 5 Comparison of contact pressures between two models.

Unit : MPa
Expansion Plane stress model Axisymmetric model
pressure Triangular layout Square layout Triangular layout Square layout
200 9.147 7.669 9.467 8.027
250 22,632 20.798 22.537 20.728
300 36.073 | 34310 35.605 33.488
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