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Abstract. This article describes the design of an experimental device for
simulating pipe expansion. The device consisted of various variants of
compensating elements and types of piping materials. Based on this, a 3D
model was developed, together with numerical design calculations of
compensators. Subsequently, a more complex analysis was performed by
using the CAE Pipe calculation program, which performed calculations of
dilatations, forces at fixed points and stresses in the pipeline.

1 Introduction
Thermal expansion causes stresses that can escalate to exceeding the allowable stress of the
pipe material. The force that arises as the compressive force during expansion and the tensile
force during shrinkage of the material, is equally stressful for the joints and supports of the
pipeline network. That´s the reason why is very important to compensate the thermal
expansion of the pipe either by the pipe's own flexibility or by compensators [1]. In addition,
the design of the pipeline network must consist of calculations of the pipe wall thickness and
the allowable pipe stresses, which are complex calculations involving the effects of load
conditions, operating conditions or properties of the materials used [2]. A lot of studies have
already been devoted to the topic of pipeline expansion, most often dealing with the design
of the pipeline network, the effects of thermal expansion on the pipeline network, examining
the thermal expansion of various materials, or dilatation of the pipe to our conditions in
unconventional conditions [3-5]. The essence of this article was the design of an experimental
device for the simulation of pipe expansion, which will later be used as a teaching aid.
The inspiration from the point of view of work processing stemmed from the principle of
work processing on the use of heat pipes for heat transfer from the flue gas [6]. The designed
device consisted of various types of compensators. These represented 3 types of natural
compensator (“L” compensator, “Z” compensator and “U” compensator) and one variant of
axial bellows compensator. Natural expansion joints were designed for 3 types of materials
(polyethylene, galvanized steel and copper), for the variant with an axial bellows expansion
joint, galvanized steel piping was considered. The calculations in the article were divided
into 2 parts for numerical calculations, based on the basic formulas for defining the
dimensions of the compensating elements and their associated expansion displacements, and
the calculations performed in the calculation program CAE Pipe, to obtain more accurate
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results of expansion displacements, forces at fixed points a stresses acting on pipeline
sections. For all variants of compensators, the calculated length of the expansion section was
considered to be 2 m. No further attention was paid to a deeper analysis of the effect of
stresses on the pipeline. If demands were made to investigate potential deformations of the
pipeline, in the context of the design of the device, such a solution could be
counterproductive, due to the complexity of the whole process and the purpose of the study
[7]. The same can be said for the analysis of heat transfer by pipeline network [8].
The advantage of the CAE Pipe software was the possibility of obtaining the data in various
load cases. For the needs of the design, load conditions were considered as the effect of the
self-weight of the pipeline (Empty weight - W1), the effect of temperature (Expansion - T1)
and the effect of weight, pressure and temperature (Operating - W1 + P1 + T1).

2 Experimental device
Figure 1 shows a scheme of the proposed device, which will consist of:
1.

Refrigerated – Heating circulator JULABO to regulate the circulating water
temperature,

2.

Measuring control panel for sensing the surface temperature of the pipeline using a
contact temperature sensor,

3.

Computer for processing and evaluation of data from the measuring control panel,

4.

Natural or axial compensators, on which the effects of thermal expansion will be
simulated. These will form complex compensating sections, which will include
additional elements such as a manometer, vent valve, measures for visual reading
of expansion displacements, fixed points and sliding supports for fixing the
expansion section on the board with the stand.

Fig. 1. Scheme of the experimental device.

Figure 2 shows a 3D model of the proposed device in a variant with a natural "U"
compensator. Julabo FP35-HL is a heating circulation pump with a range of operating
temperatures -35 °C to + 150 °C, with a heating capacity of 2 kW. This will be connected to
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the loop of the compensating section by flexible water hoses, as an inlet and outlet of the
circulating water. The measuring control panel will be used to sense the surface temperature
of the pipeline through the input for the Pt100 contact sensor. The task of venting the section
will be performed by the DISCALSLIM Caleffi vent valve for horizontal pipes, with a
maximum operating pressure of 5 bar and a temperature of 110 °C. The length changes in the
expansion sections will be shown by a pointer located at the end of the section and the length
gauge, Figure 3.

Fig. 2. 3D model of the experimental device.

Fig. 3. Detail of the measure.
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3 Numerical calculations
Numerical calculations were performed as calculations of dilatations of individual materials
for pipes with a length of 2 m, together with calculations of the dimensions of natural
compensators "U", "Z" and "L". The calculation of thermal expansion was based on the basic
formula [9]:
ΔL = L0 ∙ α ∙ ΔT [mm]

(1)

where ΔL is change of the length of the pipeline due thermal expansion, L0 is the length of
the pipeline section, α is the coefficient of thermal expansion and ΔT is the change of the
temperature. The values of the coefficient of thermal expansion α are expressed in Table 1.
Table 1. Coefficients of thermal expansion.
Material

Coefficient of thermal expansion [K-1]

Steel

1.2 ∙ 10-5

Cooper

1.8 ∙ 10-5

PE

18 ∙ 10-5

For the purposes of this article, a variant of the "U" compensator was selected from all
considered compensators, because the principle of calculations of natural compensators was
identical in all selected types. For these types of expansion joints, the outer diameter of the
pipe was calculated to be D = 32 mm. The dilatation of the pipe with the length of 2 m was
calculated by mentioned formula (1) at different temperature changes. Then during the device
designs and calculations in the CAE Pipe software, the temperature change ΔT = 50 K was
considered. The obtained results of length expansion are shown in Table 2.
Table 2. Thermal expansion of the 2 m pipeline.
∆L for 2m pipeline
[mm]:
∆T = 10 K

PE

Steel

Copper

3.6

0.24

0.36

∆T = 20 K

7.2

0.48

0.72

∆T = 30 K

10.8

0.72

1.08

∆T = 40 K

14.4

0.96

1.44

∆T = 50 K

18

1.2

1.8

The calculations of the dimensions of natural compensators were based on the formula
for the calculation of the length of the compensating arm, at the same time the individual
dimensions are explained in Figure 4 [9]:
L1 = C ∙ √(D ∙ ΔL) [mm]; LU ≥ (L1 / 2)

(2)

where L1 is the length of the compensating arm, C is the material coefficient, D is the outer
diameter of the pipe and LU is the width of the compensator.
The obtained dimensions of the compensating arm are shown in Table 3, for three types
of materials at different temperature changes. The size of the compensating arm depends on
the mechanical properties of the materials used as well as on the value of the coefficient of
thermal expansion. The higher the value is, the greater space requirements for the
construction of the natural compensator are needed, which also follows from Table 3.
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Fig. 4. Dimensions of "U" compensator.
Table 3. Dimensions of the compensating arm L1.
Compensating arm L1
[mm]
PE

ΔT = 10 K

ΔT = 20 K

ΔT = 30 K

ΔT = 40 K

ΔT = 50 K

290

410

502

580

648

Steel

100

141

173

200

223

Copper

54

77

94

109

121

4 Analysis of calculations in the CAE Pipe software
The obtained designs of compensating elements from numerical calculations were used as
models in the calculation program CAE Pipe. For the program calculations was used the
software version of CAE Pipe EVAL 10.10 (free to download from:
<https://www.sstusa.com/piping-software-download.php>). It offered the possibility of
analysis of expansion displacements of natural compensators and the magnitude of forces on
fixed points, in load cases:


Empty weight (W1) - due to the weight of the pipe,



Expansion (T1) - due to temperature,



Operating (W1 + P1 + T1) - due to weight, pressure and temperature.

In the variant of an axial compensator, the forces on the fixed points were examined
together with the compression of the compensator. The effects of the compensator on the
pipe section were compared with a straight pipeline with a length of 2 m without the
compensator, guided by two fixed points. Figure 5 shows an animation of the dilatation of
the "U" compensator, placed by three fixed points and two sliding supports. The analysis was
based on input data and materials according to Table 4.
The results of expansion displacements and angular deflections included the values
obtained in the three planes X, Y, Z, which gave the results a more realistic idea of the
behaviour of the pipeline section in practice, due to different loading conditions.
The individual designations of the elements of the pipe section in Figure 5 belong to the
designations expressed in Table 5, which contains the maximum values of displacements in
the X and Y axis [mm], and the values of angular deflections [°] for PE pipe material, in the
three selected load cases.
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Table 4. Input data of CAE Pipe calculations.
Material

PE

Steel

Copper

EN 15494

EN 1.0425 (P265GH)

EN 1057

Temperature

65°C

Pressure

5 bar

Fig. 5. Animation of the dilatation of the compensator.
Table 5. Maximum values of the displacements and angular deflections of the PE “U”compensator.
PE

X [mm]
Y [mm]
ZZ [°]

Empty weight (W1)

Expansion (T1)

Operating
(W1+P1+T1)

#

Value

#

Value

#

Value

Min

30

-0.010

70

-6.890

70

-6.880

Max

70

0.010

30

6.890

30

6.880

Min

40

-0.033

60

-1.720

60

-1.753

Max

10

0.000

30

2.647

30

2.614

Min

30

-0.016

70

-1.381

70

-1.365

Max

70

0.016

30

1.381

30

1.365

Table 6 contains the resulting values of the forces at fixed points for PE material, in the
operating load case.
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Table 6. Forces at fixed points in load case Operating

PE

#

FX [N]

FY [N]

10

-16

-10

MZ
[Nm]
-2

50

0

-165

0

90

16

-10

2

The values of the obtained dilatation results by numerical calculation and calculation in
the program report a deviation. This is mainly because the calculation program CAE Pipe
considered with the real conditions of load cases and stresses in all directions, i.e. with axial
and lateral load of the pipe section.
The distributions of stresses acting on PE pipe sections is shown in Figure 6. The highest
values were shown by steel pipes and the lowest by PE pipes, due to their good elastic
properties. However, the disadvantage of this type of pipe is the higher value of the
coefficient of thermal expansion, which causes the associated space requirements for guiding
the pipe, respectively for natural compensators.

Fig. 6. Stresses acting on pipe section of PE.

5 Conclusions
Although the issue of pipeline expansion is clarified in practice, it can be argued that the
proposed experimental device will serve its purpose as a teaching aid in academic studying
[10]. Thanks to this device, students will be able to observe the effect of thermal expansion
on the pipeline system and analyse its behaviour under various simulated conditions.
The most suitable variant among those proposed in the work seems to be a device with natural
compensators made of PE, for a high degree of thermal expansion of the material in
comparison with steel or copper. This will allow observers to see changes in the length of the
pipeline to a sufficient extent. Thanks to this experience, their acquired knowledge can be
further deepened and for those interested in this topic, other opportunities open up in the form
of improvement in computer programs for the issue, as the CAE Pipe program used in this
work.
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