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Abstract: In this study, alternative designs for the bends used in district heating pipes are investigated. The district
heating pipes, which are subjected to temperatures of 10 to 120°C and a water pressure of 16 kgf/cmz, have to
withstand thermomechanical cyclic loads when in use. These pipes comprise three concentric tubes: a steel pipe
(internal), polyurethane (PUR) insulator (middle), and a high-density polyethylene (HDPE) case (external). In addition,
the bends in the district heating pipe system are covered with foam pads that cause aging. In this study, an alternative
bend design that does not involve the use of a foam pad is proposed to overcome the aging problem in the bends.. In
the proposed design, “shear rings” are added to the surface of a bend, and its dimensions are determined by a
combination of the statistical (Taguchi) method and FEM. The geometrical parameters such as thickness, height, and
number of the rings significantly affect the design optimization, and hence, they affect the results of the FEM.
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Table 1 Dimensions of district heating pipe

Carrier Pipe PUR

Size di do thickness Di Do

@mm) | @mm) | ™| nm) | (mm)

125A| 129.6 | 139.8 39.1 218.0 | 225.0

Casing Pipe
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(b) Bend shape
Fig. 1 CAD model for district heating pipe
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Table 2 Design factors and levels

Table 3 Orthogonal table Lo(3*) of 125A

Levels
Factors| Description
1 2 3
A Number 1 3 5

A B e C

B Height(mm) 10.5 14.0 17.5

No Condition
1 2 3 4
1 1 1 1 1 Al1BICI
2 1 2 2 2 A1B2C2

C Thickness(mm) | 15.0 20.0 25.0

3 1 3 3 3 A1B3C3

(a) Number

(b) Height and thickness

Fig. 2 Factor descriptions
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(b) Bend shape
Fig. 3 FE model for district heating pipe
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Table 4 Material properties of each part

Elastic Thermal
Material Poisson's| Expansion
Part Modulus : .
Name Ratio | Coefficient
(MPa) (1/°C)

Carrier | PG38W Iy
Pipe | (SPPS38) 210,000 03 |1.2x10

Insulation| PUR 29 031 |7.2x10°°

Casing | HDPE 827 035 |1.8x10*

Soil csfaf; 520 | 03 ]

Table 5 Allowable stress of each part

Allowable Stress
MP
Part (MPa)
tensile | compressive | shear
Cartier 841 154 -
ipe
Insulation 0.42 0.3 0.2
Casing 17 10.2 -
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Fig. 4 Shear stress distribution of PUR foam



=

oA SRS o83 A G agY =gy dA 311

Table 6 Experimental layout L9(34) and data
collection of 125A

Experiment Max. shear stress | Factor SN
No. condition of PUR foam of ratio
(MPa) safety

1 Al1BICl 0.20565 097 | 13.74
2 A1B2C2 0.15387 1.30 | 16.26
3 A1B3C3 0.12744 1.57 | 17.89
4 A2BI1C3 0.13215 1.51 | 17.58
5 A2B2Cl1 0.15818 1.26 | 16.02
6 A2B3C2 0.12559 1.59 | 18.02
7 A3BI1C2 0.13322 1.50 | 17.51
8 A3B2C3 0.11149 1.79 | 19.06
9 A3B3Cl1 0.11992 1.67 | 18.42
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Table 7 Factors and SN ratio response table

Placement A B C

factor (number)| (height) |(thickness) Sum.

Level 1| 15.96 | 16.27 16.06

SN

. |Level 2| 17.21 17.11 17.26 154.5
ratio

Level 3| 18.33 | 18.11 18.18

Sum of squares| 0.9337 | 0.5642 | 0.7517 | 2,250

Contribution | 41.51 | 25.08 33.41 100

SN ratio (db)
— T

&
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Fig. 5 Influential factors Vs. SN ratio
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(b) Shear stress

Fig. 6 Shear stress distribution of PUR foam of the
optimum design(A3B3C3)
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Table 8 Comparison of maximum shear stress of
PUR foam in bend

Max. shear stress

Bend type of PUR foam Imp(.o/r)atlo
(MPa) °
In-use bend 013 )

with foam pad

Proposed bend of
shear ring 0.10 -23.1

without foam pad
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