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Abstract

Design programs of tube-sheet for heat exchanger based on the related engineering society codes have been widely
used. But it is not easy for beginners to use the design programs. So we need to develop an easy program for design of
tube-sheet for heat exchanger. This paper describes a developed design-program of tube-sheet for heat exchanger. The
developed program was coded on boiler theory and pressure vessel codes, provided by TEMA(Tubular Exchanger
Manufactures Association) and ASME(American Society of Mechanical Engineers). Visual Basic, which is convenient for
beginners to deal with, was used in the programming. Also a finite element analysis of tube-sheet for heat exchanger was
carried to verify this developed program by using a commercial software, ANSYS. In the finite element analysis, tube and
tube-sheet of heat exchanger were substituted by solid plate having equivalent properties for convenience of calculation.
The thickness of tube-sheet obtained by the developed design-program was in good agreement with that of tube-sheet by

FEA.
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Table 1 Polynomial coefficients for E '

h/p Cy q C, [ C,
0.10 0.0353 1.2502 ~0.0491 | 0.3604 -0.6100
0.25 0.0135 0.9910 1.0080 -1.0498 | 0.0184
0.50 0.0054 0.5279 3.0461 -4.3657 | 1.9435
2.00 -0.0029 0.2126 3.9906 -6.1730 | 3.4307

Table 2 Polynomial coefficients for v

h/p | Dy D, D, D D,
0.10 | -0.0958 0.6209 -0.8683 2.1099 -1.6831
0.15 | 0.8897 -9.0855 36.1435 -59.5425 | 35.8223
0.25 | 0.7439 -4.4989 12.5779 -14.7039 | 5.7822
0.50 | 0.9100 -4.8901 12.4325 -12.7039 | 4.4298
1.00 | 0.9923 -4.8759 12.3572 -13.7214 | 5.7629
2.00 | 0.9966 -4.1978 9.0478 -7.9955 2.2398
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Table 3 Specification of tube and tubesheet

Diameter (mm) 1768
Tube Sheet | Pitch (mm) 22.225
Thickness (mm) 185 | 190
Length (mm) 4400
Tube Total Number (EA) 2578
Inner Diameter (mm) 13.385
Thickness (mm) 1.245

Table 4 Design pressure and inlet temperature of

tubesheet
Shell side Tube side
Pressure (MPa) 0.10 7.20
Inlet Temperature (C) 49.02 15

Table 5 Material properties for tube and tubesheet

Young's | Poisson's | Allowable
Material | Modulus |Ratio Intensity
(GPa) (MPa)
Tubesheet | SA516-70 195 0.3 160.65
Tube SB338-2 106 0.32 82

Table 6 Input data calculated by equivalent modeling

n 0.2857
E'/E, 0.26
" 0.36
K| e buna, 33.526
Z 6.046
S 0.768
Ssn 0.674
Cr 1.942
Py 5.532 [MPa]
Py 0.134 [MPa]
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Fig. 5 Finite Element Modeling for Analysis
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Table 8 Input data for programming

Ex 1 Ex 2
Allowable stress for tube-sheet (N/cir) 12204 13792
Outside shell diameter (mm) 895.35 1632
Shell thickness (mm) 20 13
Modulus of elasticity for Shell (GPa) 172 202
Outside diameter of tubes (mm) 25.4 15.875
Tube wall thickness (mm) 2.1082 1.245
Tube length between Tube-sheet (mm) 4137 4400
Modulus of elasticity for tube (GPa) 169 106
Allowable stress for tube (N/cir) 10314 8223
Shell side design pressure (bar) 10.344 1.03
Tube side design pressure (bar) 27.58 72.01

P 7.2 [MPa]
Py 5.532 [MPa]
Py 0.134 [MPa]
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Table 9 Tube-sheet thickness calculated by conventional

codes
TEMA ASME
Tubesheet Ex. 1 77 54
thickness Ex.2 180 193
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Fig. 6 Location for stress calculation in section

Table 10 Comparison of primary membrane stress
intensity

Tube-sheet Allowable
thickness (mm) Intensity
190 185 (MPa)
1 Perforated | 21.23 15.57
2 | Perforated | 23.17 | 2095 | 160.65
3 Perforated | 77.43 17.09

Section | Region

Table 11 Comparison of primary membrane plus
bending stress intensity

Tube-sheet Allowable
Section | Region thickness (mm) Intensity
190 185 (MPa)

1 Perforated | 217.49 | 220.49

2 Perforated | 226.07 | 236.72 241.00
3 Perforated | 85.65 85.37
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