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ABSTRACT

Optimization of District Heating Pipes Considering Thermal Fatigue Life

*, Young Jin Kim*, Sang Ho Kim""* and Youn Hong

Recently, in proportion to increased demand on environmentally-friendly heat source, efficient management of

district heating(DH) system becomes one of important issue. The objectives of this paper are to systematize data
processing of transition temperature, investigate the effect of temperature variations on thermal fatigue and find out a
way to improve design features of Korean DH pipes. For this purpose, reliable fatigue life evaluation procedures are
examined and applied to quantify thermal fatigue lives. Also, as a prototypal optimization analysis results, mean value of
original cross sectional area of selected pipes was reduced 18.6% sustaining their sufficient margins against fatigue

failure. So, it is anticipated that the output of this research can be used as useful information of optimal design and

operation in the future.
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A = cross sectional area of pipe

b = slope of fatigue curve represented log
coordinate system

D, = outer diameter of pipe

E = modulus of elasticity

L = length of pipe

n;= number of operating cycles at given alternating

stress level
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Ny = equivalent full temperature cycle

N; = number of allowable cycles at given
alternating stress level

Sa = alternating stress

t = thickness of pipe

AT = temperaturé range

Twean ™ Mean temperature

AT,r= reference temperature range

a = coefficient of thermal expansion

o = stress
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Heating Corporation)oll Y@M EE Holdle] 39
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Table 1 Data acquisition results at each location

Location No. ofraw | No. of Remark
data days

KDHCO1 | 247,398 343.6 Main pipeline
KDHCO02 | 240,440 33.9 Main pipeline
KDHCO03 259,207 360.0 | Service connection
KDHC04 271,403 377.0 | Service connection
KDHCO05 271,372 376.9 | Service connection
KDHCO06 | 271,332 376.9 | Service connection
KDHCO07 271,357 376.9 | Service connection
KDHCO08 263,844 366.5 Service connection
KDHC09 259,915 361.0 | Service connection
KDHC10 80,523 111.8 Service connection
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No. of filtered |  Filtering
. No. of raw .
Location data ratio[%]
data

S R S R
KDHCO1 | 247,398 (44,347|47,938| 17.93 | 19.40
KDHC02 | 240,440 [14,768]22,635| 6.14 | 9.41
KDHCO03 | 259,207 [26,179]28795] 10.10 | 11.11
KDHC04 | 271,403 |[4,252{ 5159 | 1.57 | 1.90
KDHCO05 | 271,372 [22,288]78734| 8.21 |29.01
KDHCO06 | 271,332 | 5986 {33627 2.21 | 12.39
KDHCO07 | 271,357 | 5117 | 7832 | 1.89 | 2.89
KDHCO08 | 263,844 | 5630 | 8061 | 2.13 | 3.08
KDHCO09 | 259,915 | 4992 |21683| 1.92 | 8.34
KDHC10 | 80,523 | 1506 | 3272 | 1.87 | 4.08
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Fig. 2 Number of temperature cycles converted to 30 years
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Table 3 Number of equivalent full temperature cycles
converted to 30 years
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Equivalent full temperature IEA
Location | Pipe cycle( 4T,.~110C) Criteria
b=3 b=4 b=5 | (cycles)
KDHC S 243 71 28
2
01 R 93 9 2 50
KDHC S 32 3 0
02 R 41 4 1 250
KDHC S 233 92 52
2
03 R 928 367 173 300
KDHC S 404 225 137
04 R 907 487 282 2,500
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
2
08 R 345 138 63 500
KDHC S 49 24 16
09 R 368 106 42 2,500
KDHC S 21 2 2
2,500
10 R 470 110 29 ’
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Table 4 The material and geometries of each pipe
o = E¢ = Ea(AT) 3) Carrier pipe | Casing foam ,
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A7H, B BAAS, & WAE, o= 93 [mm) mm] fmm]] (] fmmd
Adolth. A A wlP A2 A672 AS59]  KDHCOI | A672,A55 | 9.5 | 812.8 |17.6] 1000 | 76
2AXE Agstdlen, @AAT R ABEAT ypucor | a672.a55 | 95 | 812.8 [17.6] 1000 | 76
®2 27 198.17GPa¥} 1.186x10°C o] Tt
KDHCO3 | SPPS 370 | 4.5 | 763 | 32| 140 |28.65 [12000
422 REQLAHE 0|8 SHEY KDHCO4 | SPPS370 | 4.5 | 76.3 | 32| 140 |28.65
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g 28 AAtstn, o4& ol &3l 7
Aol w@sts] 9§ Aojoh xdyul wjge  KDHCO8| SPPS370 15511652 4 | 250 | 384 | 6000
ol RE&Toz Hol oyt BEA(Rigid  KDHC09| SPPS370 | 36| 427 | 3 | 110 |30.65
Polyurethane Foam; RPF) % 9] ¥ (casing foam)<
Zﬂ; & carir )pipe)% ( o é EH/‘JQ)E KDHCI10 | SPPS 370 | 4.9 [ 1143 | 3.5 | 200 |39.35
ARstg e, M2 75152 4L Table 49
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duiside $9suct 2 FEged] e A §
Aole o 4Rasdies 7e A ex g E O \\/ \/ T,
ede 20 oM YL B wepy
o deo] 2% dlolEl o)zt B HEAle) 5H > T -
W ¥ B4Ed  gPesselZe A3 B EIB ) o
dFzdor MU Tine fc]
AAZAL HBE FYFoz FHAVn
iAo 2k GEA 2 2 P3e 4 Qs Fig. 3 Idealized typical load type of A, B and C
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Table 5 Verification of stress intensity of each pipe

Location | Pipe | 4T(T) Stress Intensity [MPa]
Eq.(3) | FEA [|Diff.[%]

KDHCO1 S 65 152.8 | 151.6 | -0.79
R 40 94.0 920 [ -2.17
KDHC02 S 30 70.6 69.8 | -1.15
R 35 82.2 81.6 | -0.74
KDHCO3 S 80 188.0 | 186.2 | -0.97
R 75 176.2 | 1752 { -0.57
KDHC04 S 80 188.0 | 187.2 | -0.43
, R 75 176.2 | 1794 | 1.78
KDHCO5 S 30 70.6 73.6 | 4.08
R 60 1410 | 140.6 | -0.28
KDHCO06 S 50 117.6 | 117.2 | -0.34
R 60 141.0 | 1422 | 0.84

KDHCO7 S 75 176.2 | 176.5 | 0.15
R 60 141.0 | 1408 | -0.14
KDHCO8 S 90 211.6 | 210.2 | -0.67
R 80 188.0 | 186.4 | -0.86
KDHCO09 S 85 199.8 | 198.6 | -0.60
R 75 176.2 | 174.8 | -0.80

KDHC10 S 20 470 | 472 | 042
R 40 940 | 946 | 0.63
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Fig. 4 S-N curve used in fatigue life evaluation

Table 6 Stress-based fatigue life evaluation results

Location PlpC CUF 30-Years, Equation CUF 30-Years, FEA
KDHCO1 S 5.85E-05 3.26E-04
R 7.46E-07 9.10E-05
KDHCO02 S 0 4.49E-05
R 0 4.51E-05
KDHCO03 S 7.82E-05 2.59E-04
R 2.78E-04 1.36E-03
KDHCO04 S 2.33E-04 6.48E-04
R 4.83E-04 1.36E-03
KDHCO05 S 2.60E-06 4.47E-05
R 1.06E-04 2.94E-03
KDHCO06 S 4.01E-06 8.57E-05
R 4.68E-04 5.11E-03
KDHCO07 S 1.68E-05 1.33E-04
R 2.20E-04 1.14E-03
KDHCO08 S 2.80E-04 8.90E-04
R 9.15E-05 4.06E-04
KDHC09 S 2.62E-05 9.12E-05
R 5.41E-05 5.18E-04
KDHC10 S 0 4.52E-05
R 2.61E-06 2.08E-04
ta Aolg mol: olfE slsHehH FAhuste
e oedq ArEAFS W FB me
Aoz guEn. EF EE @MY CUF,
ps= 10 139 GOEH HE NFL F23
BEgod), #F o Y HzFd 4%

58 F712 3 ¥ garst ot
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Table 7 Optimization results

Optimum Optimum
. . variable object function
Location | Pipe
! D, CUFy. A
[mm] | (mm] | veus [mm?]
S 16.2 | 528.3 | 3.6E-05 | 2.6E+04
KDHC02
R 11.4 | 536.5 | 3.3E-05 | 1.9E+04
KDHC03 S 7.7 | 48.1 | 2.0E-04 | 9.8E+02
KDHC04 S 4.9 31.1 | 5.2E-04 | 6.8E+02
KDHC05 S 59 | 45.8 | 3.3E-05 | 7.3E+02
KDHC06 S 82 53.5 | 6.5E-05 | 1.2E+03
KDHCO07 | -S 66| 399 | 1.0E-04 | 6.9E+02
S 94 | 109.0 | 6.6E-04 | 2.6E+03
KDHC08
R 78 | 859 | 3.1E-04 | 1.9E+03
S 6.1 27.5 | 7.2E-05 | 4.1E+02
KDHC09
R 4.3 28.2 | 3.9E-04 | 3.2E+02
S 841 743 | 3.5E-05 | 1.6E+03
KDHC10
R 7.8 89.2 | 1.6E-04 | 2.6E+03
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