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Thermal Stress Analysis of Piping Systems in Steam-driven Power
Engines
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Abstract : The piping systems in the steam-driven power engines liec under the cyclic condition of thermal

expansion and contraction by superheated steam. These phenomena might cause some severe damages on the pipes
and the accessory devices. To avoid these damages, the calculation of the proper strength and the consideration of

the reduced resultant forces on the materials are needed. In the present study, numerical investigations on the

effects of the thermal deformation of the industrial piping system were performed with comparison of the design
data. Commercial software, ABAQUS with the thermal-fluidic loadings based on the design conditions was used
for the thermal stress analysis of the piping system. From the analysis of the initially-designed pipe supporters,
the rearrangement was suggested to improve the piping design.
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E  : Modulus of elasticity [GPal

f : Stress range reduction factor [-]
N.D : Nominal diameter |mm)]

O.D : Out diameter [mm]

S. @ Allowable stress at 20C [MPa]
S, . Allowable stress at 520C [MPa]

t © Thickness [mm]
W Weight [kg/m]
o : Thermal expansion coefficient [10°%/C]
v > Poisson’s ratio [-]
p : Density [kg/m’]
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Fig. 1 Schematic diagram of the present piping

system'”

Table 1 The dimensions and weights of the steel pipe

Description Symbol Value Unit
Nominal N.D 250 mm
diameter

Out :
diameter 0-D 273 m
Thickness t 21.43 mm
Weight W 132.85 kg/m
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Table 2 Boundary conditions of the piping system'”
N Driving .
Description State Value Unit
OFF 0
Pressure MPs
Tessy ON o )
Temperat OFF 20 ©
emperature — )
ON 520

Table 3 Material properties for piping system analysism

Deseripton | Symbol | VAU | g | Referonce
e temperature
Modulus 205 207
of E |77 GPa o
elasticity 155 520°C
Thermal 118 10/ 20T
expansion o ‘*{ °C/ —,—‘T
coefficient 144 ’ 520C
Pmsspn s y 03 -
ratio ]
Density p 7844 _kg/m -
Allowable Se 1034 MP3 20 C
stress Sn | 5867 520C
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Fig. 2 The computational meshes for the piping
system
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Fig. 3 The schematic of the anchor

Fig. 4 Constraint of anchor section in ABAQUS/CAE

SADDLE

e

PIPE

[ ]

77

Fig. 5 The schematic of the saddle
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Fig. 6 Kinematic coupling of Saddle section in
ABAQUS/CAE

Fig. 7 The position of the pipe supporters on the

initial piping system
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Table 4 The results of the initial piping system

Case Initial piping system
Max. thermal stress
[MPa] 1380
Nozzle stress
[MPa] 405
Max. displacement 5151
fmm]
Max. X-displacement 3571
{mm)]
Max. Y-displacement 5979
{mm]
Max. Z-displacement 4341
[mm]

Table 5 Suggested pipe support spacing in steam and
gas service

Nominal pipe size Suggested maximum span

[NPS] [m]
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Fig. 8 Definition of supporter arrangement patterns
for experimental design methods
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Table 6 The results of the piping system using
5-supporters

7l 538713 W wj@A 2

289 34

6-supporters

Table 7 The results of the piping system using

Case 6-1 6-11
Array pattern P-52-S5 P-52-56
Max. thermal stress
[MPa] 142.9 132.2
Nozzle stress
[MPal 3R.73 1171
Max. displacement 5393 5359
[mm)]
Max. X-displacement 43.49 4259
[mm]
Max. Y-displacement 4989 ~49.93
[mm]
Max. Z-displacement 506 3694
{mm]

7-supporters

Table 8 The results of the piping system using

Case 71 !
Array patten | P-S1-S3-S5 | P-S1-53-S6
Max. thermal stress
[MPx] 59 o
Nozzle stress
(MPa] 3848 1169
Max. displacement 5357 53.49
[mml]
Max. X-displacement 19,62 1286
[mm]
Max. Y-displacement -4985 -4989
[mm]
Max. Z-displacement 4453 3603
[mml]

Case 51 511
Array Pattern P-51-S5 P-51-S6
Max. thermal stress
[MPal 131.1 1306
Nozzle stress
[MPal 3368 1169
Max. displacement 52,90 54.04
[mm]
Max. X-displacement 1269 3.05
[mm]
Max. Y-displacement 5095 5001
[mm]
Max. Z-displacement 7153 -17.90
[mm]

® : Primary Supporter

@ : Secondary Supporter
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Fig. 10 The position of the pipe supporters on the
rearranged piping system
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