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Abstract: A mechanical model for calculating tubesheet deformation was established according to the structure
of the heat exchanger. The effective elastic constant of the tubesheet was calculated with reference to code
ASME VlI-1, the outer cylinder and the heat exchange tube bundle were respectively equalized to springs and e-
lastic foundations axially deforming due to temperature and pressure loads. An analytical solution of tubesheet
deflection was obtained with the Ritz method, and compared with the numerical simulation results of 3 heat ex-
changers of different scales. The results show that, the analytical solution is in good agreement with the numer-
ical simulation results, which verifies the correctness of the derived analytical solution of tubesheet deforma-

tion. The research work has guiding significance for the design of fixed tubesheet heat exchangers.
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Fig. 1 Schematic diagram of a fixed tubesheet heat exchanger structure Fig. 2 Schematic diagram of the tubesheet structure
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Fig. 3 The simplified mechanical model for the heat exchanger
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Table 1 ~ The values of A;
h/p Ay A, A, Ay Ay
0.10 0.0353 1.250 2 -0.049 1 0.360 4 -0.610 0
0.25 0.013 5 0.991 0 1.008 0 -1.049 8 0.018 4
0.50 0.005 4 0.527 9 3.046 1 -4.365 7 1.943 5
2.00 -0.002 9 0.212 6 3.990 6 -6.173 0 3.430 7
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Table 2 The values of B;
h/p B, B, B, B, B,
0.10 -0.095 8 0.620 9 -0.868 3 2.109 9 -1.683 1
0.15 0.889 7 -9.085 5 36.143 5 -59.542°5 35.822 3
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1.00 0.992 3 -4.8759 12.357 2 -13.721 4 5.762 9
2.00 0.996 6 -4.197 8 9.047 8 =7.995 5 2.239 8
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Table 3  Heat exchangers design parameters

heat exchange
h /mm 6 /mm a /mm p/mm n L /mm Ry /mm
tube specification

heat exchanger No.1 48 54 700 30 $19 mmx3.2 mm 1746 12 384 675.50
heat exchanger No.2 48 48 600 30 $19 mmx3.2 mm 1229 12 400 562.05
heat exchanger No.3 40 40 500 29 $19 mmx3.2 mm 901 7 900 466.71
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Fig. 4 The finite element mesh of the heat exchanger Fig. 5 The finite element mesh of the tubesheet
22 ARTISWER
4 T M RARZE A B P IR B 5 RS fe /MELI X L. AT LA H =i 22 A AR e 45
AT T AR IEAKIRR , DN A (i A Ty 2 AT pofly 22 A4 Al 8] B m U JBCAy Bl 1) 368 R T2 5 2L 1R 6 S
IAAR—AERS T 00N 2 WA i A5 2 by Pl R A A e 67 BB 1] ) B BE RS IR]  DR MR 8 B
RS A oS PRI 3 U 5 2.

x4 EHPEHEZMEAA: mm)

Table 4  Deflection values of the tubesheet mid-surface (unit; mm)

heat exchanger No.1 heat exchanger No.2 heat exchanger No.3
tube side  shell side design tube side  shell side design tube side  shell side design
max 1.32 2.06 -1.43 1.13 2.05 -1.65 0.79 1.37 2.16
left tubesheet
min -2.50 -0.26 -1.88 -2.49 -0.12 -2.14 -1.73 -0.13 2.08
max 2.51 0.26 1.88 2.50 0.15 2.15 1.72 0.13 -2.08
right tubesheet
min -1.32 -2.06 1.43 -1.13 -2.04 1.65 -0.79 -1.34 -2.16
w/mm w/mm w/mm
-2.50126 -0.258265 -1.878 68
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2119536 075063 84279
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o ~1.58356 | 0 0297636 = -1.771
o ~143061 | 3 0.390286 0= ~1.753 05
8 0 _1.27766 0 0482936 o 17351
! = -1.12471 0.575586 = -1.717 16
0 0971758 B 0668236 -1.699 21
= ~0-818807 % 0.760 886 -1.681 26
o 0.663857 o o 0853536 0 —1.663 31
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8 = 0359956 B 03884 H-i6712
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(a) The tube side test condition (b) The shell side test condition (¢) The design condition
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Fig. 6 Deflections of the middle surface of the left side tubesheet of heat exchanger No.1
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Table 5 Comparison of axial deformations of the heat exchange tube(unit; mm)

heat exchanger No.1 heat exchanger No.2 heat exchanger No.3

condition

tube side  shell side design tube side  shell side design tube side  shell side design
formula result -0.24 0.41 -1.06 -0.25 0.42 -1.35 -0.16 0.27 2.34
FEM result -0.24 0.41 -1.06 -0.25 0.42 -1.35 -0.16 0.27 2.34
error 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
F6 SR AIEXS (B mm)
Table 6 Comparison of axial deformations of the outer tube( unit; mm)
condition heat exchanger No.1 heat exchanger No.2 heat exchanger No.3
shell side design shell side design shell side design
formula result -1.47 -4.12 -1.38 -4.08 -0.88 0.57
FEM result -1.41 -4.11 -1.37 -4.08 -0.87 0.59
error 4.26% 0.24% 0.73% 0.00% 1.15% 3.39%
23 R
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Fig. 7 Deflection curves of the left side tubesheet of heat exchanger No.1
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Table 7 Comparison of tubesheet center deflection values(unit: mm)

heat exchanger No.1 heat exchanger No.2 heat exchanger No.3

condition
tube side  shell side design tube side  shell side design tube side  shell side design
analytical solution -2.39 1.97 -1.83 -2.62 2.14 -2.19 -1.68 1.37 2.07
FEM result -2.42 1.98 -1.88 -2.47 2.04 -2.13 -1.73 1.37 2.08
error 1.24% 0.51% 2.66% 6.07% 4.90% 2.82% 2.89% 0.00% 0.48%
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Fig. 8 Deflection curves of the left side tubesheet of heat exchanger No.2
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Fig. 9 Deflection curves of the left side tubesheet of heat exchanger No.3
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