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Evaluation of Integrity of the Tubes in the Horizontal Fixed
Tubesheet Heat Exchanger by Using Equivalent Modeling
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Abstract

Finite element analysis was performed to evaluate the integrity of the tubes in the fixed tubesheet of
horizontal type heat exchanger under operating condition. For the finite element analysis of the heat
exchanger, tubes and tubesheets were equivalently modeled with concentroidal hexagonal columns and solid
plates having equivalent properties for the convenience of finite element modeling, respectively. Load
combination of tube pressure and thermal expansion most likely to precipitate possible failure of the tubes
was selected and applied to the finite element analysis. The compressive stresses of the tubes were calculated
based on displacements of each tube, which were obtained from finite element analysis. Finally, the maximum
tube stress was compared with the design criterion of ASME Boiler and Pressure Vessel Code Section VIII.
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Table 1 Coefficients C, and D, for effective properties“)

*

E
() E=C0 +Cn +Cn 2 +Can° +C ¢

n C, C C, G Cs
0.10 0.0353 | 1.2502 | -0.0491 | 0.3604 | -0.6100
0.25 0.0135 | 0.9910 | 1.0080 | -1.0498 | 0.0184

() v =D, +Dn +Dn’ +Dg’ +Dgn*

n D, Dy D, D, D,
0.15 0.8897 | -9.0855 | 36.144 | -59.543 | 35.822
0.25 0.7439 | -4.4989 | 12.578 | -14.209 | 5.7822

General notes:

(1) For both parts (a) and (b) of this Table, these
coefficients are only valid for 0.1<n <0.6

(2) For both parts (a) and (b) of this Table; for values of
t/P lower than 0.1, use t/P=0.1; for values of t/P
higher than 2.0, use t/P=2.0
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Fig. 2 Schematic drawing for perforated region in the
tubesheet and its dimension
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Table 3 Table for determining allowable stress of tubular
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Table 4 Dimensions of each part of a horizontal heat

material under external pressure for carbon or exchanger
low alloy steels Diameter, d; 1600mm
Tubesheet
Temperature A B, [MPa] Pitch, p 47.6mm
0.01 77.22 L
148.9°C Length, 5700mm
0.15 82.05 Tub Total Number, N, 500
ube
0.01 58.61 i )
260.0°C Inner Diameter, d; 31.3mm
0.15 64.47 Thickness, t, 3.4mm
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Table 5 Elastic moduli of each part with respect to
temperature[Unit: GPa}

Tubesheet Shell Tube
93.3°C 198.6 197.2 198.6
148.9°C 195.1 193.7 195.1
204.4°C 191.0 189.6 191.0
260.0°C 188.2 186.5 188.2
315.6°C 184.1 182.7 184.1

Table 6 Thermal expansion coefficients of each part with
respect to temperature[Unit: 10%/°C]

Tubesheet Shell Tube
93.3°C 10.60 10.96 12.01
148.9°C 11.27 11.57 12.37
204.4°C 11.90 12.13 12.73
260.0°C 12.44 12.71 13.05
315.6°C 1291 13.10 13.36

Table 7 Operating conditions for a horizontal heat

exchanger
Load Shell Side Tube Side
Pressure, kPa 599.8 46.5
Inlet Temperature, °C 110 307
Outlet Temperature, °C 165 180
Mean Metal Temp. , °C 1375 190.5
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Fig. 6 Schematic drawing for the display of temperature
loading in the heat exchanger
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