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Fatigue Life Evaluation and Optimization for District Heating Pipes Considering Operating
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ABSTRACT

A district heating(DH) system supplies environmentally-friend heat and is appropriate for reduction of energy
consumption and/or air pollutions. The objectives of this paper are to systematize data processing of transition temperature,

investigate its effects on fatigue life of DH pipes and optimization for size of DH pipes. A relational database management

system as well as reliable fatigue life evaluation procedures is established for Korean DH pipes. Also, since the prototypal

evaluation results satisfied both cycle-based and stress-based fatigue criteria. Through the optimum design process, the cross

section diminished 18.64% and the CUF diminished 23.35%. So, it can be used as useful information in the future for optimal

design, operation and energy saving via setting of efficient condition and stabilization of water temperature.
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Fig 1. Number of temperature cycles converted to 30 years

Table 1 Number of equivalent full temperature cycles
converted to 30 years

Equivalent full temperature IEA
Location | Pipe cycle( 4T, .~1107C) Criteria
b=3 b=4 b=s |(cycles)

KDHC S 243 71 28

o [ RT 9 9 2 |
KDHC S 32 3 0

02 R 41 4 1 250
KDHC S 233 92 52

2,

03 R 928 367 173 500
KDHC S 404 225 137 2500

04 R 907 487 282 ’
KDHC S 58 7 2

05 R 2015 487 140 2,500
KDHC S 104 26 7

06 R 2490 728 249 2,500
KDHC S 90 27 12

07 R 820 321 134 2,500
KDHC S 612 297 164

08 R 345 138 63 2,500
KDHC S 49 24 16

09 R 368 106 42 2,500
KDHC S 21 2 2

10 R 470 110 29 2,500
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Fig 2. Idealized typical load type of A,B and C
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Fig. 3 S-N curve used in fatigue life evaluation

Table 3 Stress-based fatigue life evaluation results

7} W 3A JeEREey, o FAizie ZAE 4 9L AR Location | Pipe | CUF30.years, Equation | CUF30-vears, FEA
2 Zgich ubd Aoz oA Erjs il oj2ale KDHCo1 1S 5.848E-05 3.26E-04
ol 23 Ao} nlaiA|E nE dwine n24n y)a R 7.464E-07 9.10E-05
Table 2 The material and geometries of each pipe KDHCO02 S 0 4.49E-05
R 0 4.51E-05
S 819E-05 2.59E-04
Carrier pipe| Casing foam KDHC03 78 9E
) . trpF R 2.778E-04 1.36E-03
Pipe ID | Material | D, ' D, |{mm] [mm]
(mm] [mm} | fmm]| fmrn] KDHCO04 |3 2.333E-04 6.48E-04
KDHCO1 | A672,A55| 9.5 |812.8 I 000 R 4.850E-04 1.36E-05
672, 5 (8128 176 |1 76 KDHCOS |_S 2.602E-06 4.47E-05
KDHCO02 | A672,A55| 9.5 (812.8: 17.6 | 1000 76 R 1.063E-04 2.94E-03
KDHCO3 | SPPS 370 | 4.5 | 76.3 | 3.2 | 140 |28.65{12000 o S 4.006E-06 8.57E-05
R 4.680E-04 5.11E-03
KDHC04 | SPPS370 | 4.5 | 763 | 3.2 | 140 [28.65
KDHCo7 LS 1.684E-05 1.33E-04
KDHCO05 | SPPS370{ 4.5 | 763 | 3.2 | 140 [28.65 R 2.201E-04 1.14E-03
KDHCO6 | SPPS370 | 4.5 | 89.1 | 3.2 | 160 |32.25 KDHC08 |.S 2.798E-04 8.90E-04
KDHCO7 | SPPS370 | 3.9 | 60.5| 3.2 | 125 |29.05 R 9.153E-05 4.06E-04
KDHC09 LS 2.620E-05 9.12E-05
KDHCO08 | SPPS 370 | 5.5 {165.2| 4 | 250 | 38.4 6000 R 5.405E-05 S 18E-04
KDHC09 | SPPS370 | 3.6 | 42.7 | 3 | 110 [30.65 KDHC10 LS 0 4.52E-05
KDHC10 | SPPS 370 | 4.9 |114.3| 3.5 | 200 |39.35 R 2.613E-06 2.08E-04
[Note] ¢ thickness, D,: outer diameter, L: length ~ _
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Fig. 4 Optimization Strategy
Table 4 Optimization results
Optimum Optimum
Locati . variable object function
ocation | Pipe ; D, CUF “irea
[mm] [mm] 30-Years [mmZ]
KDHC02 S | 16.15| 52832 | 3.62E-05 2.60E+04
R 1140 | 53645 | 3.33E-05 1.88E+04
KDHCO03 S 7.74 48.07 | 1.97E-04 9.81E+02
KDHC04 S 4.90 31.10 | 5.18E-04 6.78E+02
KDHCO05 S 5.85 45.78 | 3.26E-05 7.34E+02
KDHC06 S 8.19 53.46 | 6.51E-05 1.16E+03
KDHC07 S 6.59 39.93 | 1.03E-04 6.90E+02
S 9.41 109.03 | 6.56E-04 2.58E+03
KDHC08 R 7.81 85.90 | 3.09E-04 1.92E+03
S 6.08 27.54 | 7.23E-05 4.09E+02
KDHC09 R 4.29 2821 | 3.87E-04 | 3.22E+02
S 8.43 74.30 { 3.48E-05 1.60E+03
KDHC10 R 7.84 89.15 | 1.64E-04 | 2.57E+03
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