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Kurzfassung (Deutsch)

Ziel dieser Arbeit war es, verschiedene Einbausdnan von Rohren der Fa. Georg Fischer Piping
Systems, bei mdglichst realitatsnaher Belastungrzersuchen.

Hierzu wurden zun&chst mehrschichtige Rohre, sowit)lals auch ohne Glasfaserverstarkung, einer
freien Langenanderung, aufgrund einer Temperaterand zwischen -50 °C und +70 °C, unterzo-
gen. Die Ergebnisse hierbei zeigen die Abnahmééagenbezogenen Ausdehnung mit zunehmendem
Glasfaseranteil, was auf eine langsseitige Auari@hider Glasfasern schliel3en liel3. Die Ausdehnung
bei Rohren mit 30 Gew.-% Glasfasern betrug ledigiioch knapp ein Viertel von der des Referenz-
rohres.

In zweitem Versuch wurden die Axialkraftmessungen Worgéangers vergleichend an CF 4.0 Rohren
der gleichen Dimension durchgefuihrt. Die Ergebnissigen, dass, aufgrund des gréfl3er werdenden
Durchmesserverhaltnisses, auch die Krafte in fiegtespanntem Zustand zunehmen. Hierbei war die
maximale Zugkraft von acht Kilonewton, aufgrund eamendem E-Modul fir kalte Temperaturen,
leider nicht mehr ausreichend, alle Rohre bei -@QAd -30 °C auf Referenzlange zuriick zu stellen.
Beim Vergleich mit den Ergebnissen der Vorgangesmeg konnte festgestellt werden, dass die Dif-
ferenz der resultierenden Kraft, zwischen CF 2.8 @f 4.0, mit tiefer werdender Temperatur zu-
nimmt.

Neben der Axialkraft wurden auch die Messungen agéschenkelprifstand vergleichend an CF 4.0
Rohren durchgefiihrt. Die Ergebnisse hierbei zeigetter thermisch bedingten Kraft groRe Uberein-
stimmungen. Die Uberzogene Auslangung zeigt hidebisie Tendenz und muss in weiteren Messun-
gen verifiziert werden. Der Ausfall der Pumpe zwang vorzeitigen Abbruch des Versuches.

Ein weiterer Versuch beschaftigte sich mit dem-aaid temperaturabhangigen Durchbiegeverhalten
verschiedener Rohrleitungen. Hierzu wurde ein Mighsstand konstruiert, der es erméglicht, das zeit-
abhangige Durchbiegeverhalten messtechnisch zsseriaum resultierende Steifigkeitsgrof3en ablei-
ten zu kénnen. Fur den Versuch kamen, neben vedmhen Einfachrohren, unter anderem CoolFit
Rohre mit und ohne mittig angeschweil3tem Fittirayyvie die mehrschichtigen glasfaserverstarkten
Rohre aus dem Ausdehnungsversuch, zum EinsatBddeichtung der Ergebnisse von Einfachrohren
kann die Abnahme des E-Moduls mit zunehmender Teatyreerkannt werden. AuRerdem kann bei
Rohren aus PP-H eine maximale Anderung des E-Mailchen kalten und warmen Temperaturen,
wahrend bei Rohren aus PB-H kaum eine Anderungede®duls in bestimmten Temperaturberei-
chen beobachtet wird. Die Betrachtung mancher Exigeb liel3 eine Ergebnisstreuung vermuten, was
sich in Reproduzierbarkeitsversuchen auch bestégigt

Die CoolFit Rohre ergaben in ihrem Durchbiegevdgmatlie gleichen E-Module wie die entsprechen-
den Einfachrohre, allerdings unterschieden sie #icihrem Kriechverhalten. Die mittigen Fittings
stellten sich dabei als Schwachstelle heraus. Andier Schweil3verbindung von ecoFit Rohren, hier-
bei war zwischen durchgehendem und geschweil3tem IRaim ein Unterschied festzustellen. Das
glasfaserverstérkte Rohr ergab, wie erwartet, gghBeModule. Bei einer abschlielenden Bewertung
des Kriechverhaltens konnten Temperaturbereichegtaithem Verhalten, tendenzielle Abnahmen
und eine zunehmende Kriechbestandigkeit mit zunalereTemperatur festgestellt werden.

Ein abschliel3ender Versuch sollte den EinflussSolarstrahlung auf den Verzug von im freien gela-
gerten, als auch fest verbauten Rohren simulig¢iearzu wurden in Vorversuchen die verschiedenen
Parameter fur die Simulation untersucht und daneiaem Prifstand fur die Versuchsdurchfihrung
eingestellt. Eine Kundenangabe gab vor, dass diflabhentemperatur zu +60 °C eingestellt werden
sollte. Diese konnte fur die Versuche gut und gieiaRig eingestellt werden. Bei Betrachtung der
Ergebnisse konnte festgestellt werden, dass digdtagerten Rohre bei dieser Temperatur einen ma-
ximalen Verzug von ungeféhr einem Zentimeter aufemi In der eingebauten Situation konnte kein
wirklich messbarer Verzug festgestellt werden. NAbkiihlen der Rohre kehrten sie wieder in ihre
Ausgangsform zurick.
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Abstract (English)

The aim of this work was to investigate differerstd®g Fischer pipe installations with a lifelike dba
Therefore, there were multi-coated pipes with défe glass fibre contents, which were subjecteal to
free change in length because of the temperatuaerange between -50 °C and +70 °C. The results
showed the decrease of length related expansiandogasing glass fibre content, which suggests a
longitudinal orientation. The expansion of pipestm80 wt.-\% was only a quarter compared to the
reference pipe.

The second test repeated the axial force predecessasurements comparative with CF 4.0 pipes by
the same inner diameter. The results showed thati@ihe increasing diameter ratio, the forces in
firmly clamped state increase also. Unfortunatéhg maximum tensile force of eight kilo Newton
was no longer sufficient to reset all pipes tortheference length at -10 °C and -30 °C. The coinpar
son with the previous measurements showed thalitfegence of the resulting force between CF 2.0
and CF 4.0 increases by decreasing temperatures.

Next to the axial force, there was the L-Bent buifdmeasurements, which was comparatively done
for the CF 4.0 pipe systems. The results showsrdanoe in the thermal force. The coated extension
shows no tendencies and has to be verified indurteasurements. The failure of the pump forced to
stop the experiments prematurely.

Another attempt investigated the time dependenedidn behaviour of various pipelines. For this
purpose a test stand was designed, which makessilge to measure the time dependent deflection
behaviour by measurement. This made it possibtietive resulting strength parameters. In addition
to various single pipes, there were also CoolFd awlti coated pipes. Both are checked with and
without central welded fittings. By considering tlesults of single pipes, the behaviour of the modu
lus of elasticity could be recognized well. By ieased temperatures, the modulus decreased. There
were pipes such as PP-H with a maximum range @f tledulus of elasticity between cold and warm
temperatures. Hardly any changes were detecteeriaiic temperature ranges for pipes such as PB-H.
The consideration of some results suggested ahbdigom of conclusions, which was confirmed in
reproducibility experiments.

The CoolFit pipes yielded the same modulus of elfstas the corresponding single pipes but they
were different in their creep behaviour. The cdntiglded fitting turned out to be a weak spot. Hard
any difference could be detected between weldedcantinuous ecoFit pipe. As expected, the fiber-
glass reinforced pipe resulted in larger moduluslas$ticity. The creep behaviour of the single pipe
showed temperature ranges with the same behavengency declines and even increasing creep
resistance with increasing temperatures in a maluation.

A final trial stimulate the influence of solar ingiabn the distortion. For this purpose, the varipas
rameters for the simulation were investigated eligiinary experiments and then set on a test rig fo
the experimental procedure. A customer specifiatittihe surface temperature should be set to +60 °C.
This could be adjusted well and evenly for the expents. Looking at the results, it could be deter-
mined that the freestanding pipes have a maximaft df about one centimetre at this temperature.

In the installed situation, no measurable arreauocbe determined. After cooling down all pipes,

they returned to their original shape.
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Vii

Nomenclature
Latin formula

Symboal Unit Definition

A mm? Area

Q w Heat flow

q W/m? Specific heat flow (in special cases al§@m)
d mm Outer diameter from flowed pipes

D mm Outer diameter from casing pipes

E N/mm? Modulus of elasticity

F N Force

g m/s? Gravitational constant

h mm Height

I mm* Moment of inertia

1 mm Length

m kg Mass

p bar Pressure

q kg/m Distributed load

R m Outer radius

r m Inner radius

S mm Depth

t S Time

T °C Temperature

wst mm Thickness

X mm Length at a various place

X cm Distance between radiation source and pipe surface
zZ cm Distance between two radiation sources

Greek formula

Symboal Unit Definition

a 1/K Coefficient of thermal expansion

AL mm/m Thermal induced change of length per meter pipe
€ mm Deflection

A um Wavelength

A W/(m-K) Thermal conductivity

g cm Elastic line

p kg/m? Density
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viii

Subscripts

Symboal Definition

1 Reference to reference conditions (usually 20 °C)
1-2 Long lying pipe in L-bent buildup measurements
2 Measurement by new conditions

3 Measurement by new conditions

3-4 Deflection by L-bent buildup measurements
32A Exit CF 4.0 d32

32E Entrance CF 4.0 d32

3201 Surface measurement CF 4.0 d32 number one
3202 Surface measurement CF 4.0 d32 number two
63A Exit CF 4.0 d63

63E Entrance CF 4.0 d63

6301 Surface measurement CF 4.0 d63 number one
6302 Surface measurement CF 4.0 d63 number two
68 Depth of the PT-Element in the pipe

75 Depth of the PT-Element in the pipe

83 Depth of the PT-Element in the pipe

90° Positioning at 90° around the scope

180° Positioning at 180° around the scope

A Outer

Ausl. Deflection

AulBRenrohr  Reference to the outer pipe

B L-Bent buildup

B32 Bow CF 4.0 d32

B63 Bow CF 4.0 d63

Bm. Tape measure

Di. Direct radiation

Gesamt Summary

Gl. Reference to the glass rod

[ General name

In Indirect radiation

innen Measure on the inner side

Innenrohr Reference to the inner pipe

Isolation Reference to the insulation

KK Climate chamber

Links Deflection of the L-Bent buildup to the Isitle

m Average

max Maximum

Messbereich Reference to the measurement area

Symboal

Definition
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Oberflache
PE-aul3en
PE-innen
Prifgewicht
R

rechts
R32

R63

Ref
Referenz
Th.

Uber
umg.

V-B

V32

V63

V3a

V3b

V5

V6

w

Z

Topscripts
Symboal

Reference to the surface
Reference to the outer surface of the PE
Reference to the inner surface of the PE
Reference to the test weights
Provision
Deflection of the L-Bent buildup to the tigide
Surface pipe CF 4.0 d32
Surface pipe CF 4.0 d63
Reference to reference pipe PE-100
Reference
Thermally
Crossing between insulation an inner pipe
Referenc to environment
Connection to L-Bent
Connection place CF 4.0 d32
Connection place CF 4.0 d63
Reference to layer structure of V3a pipes
Reference to layer structure of V3b pipes
Reference to layer structure of V5 pipes
Reference to layer structure of V6 pipes
Real length
Center

Definition

*

Reference of the formula to a black radiator
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1 Georg Fischer AG
1.1 TheGeorg Fischer Group

The Georg Fischer Group has been founded in 18@ asdustrial company and operates currently
136 companionships in 34 countries, by headquaiterSwitzerland. In 2017, the approximately
16.000 employees could generate sales of CHF 4nll50n.

The group of companies includes three divisionsF+®iping Systems, +GF+ Automotive and GF+
Machine Solutions.

+GF+ Piping Systems deals with piping systems n@daastic and metal for the safe transport of
gas, water and chemicals. The product offering aél the components of gas, water and chemical
transport. +GF+ Piping Systems is represented irertitan 100 countries and therein in the supply,
the industrial and building service sectors. Idi&dn, the division operates several researchded
velopment centres, as well as around 30 produsites in Europe, Asia, North and South America. In
2017 +GF+ Piping Systems generate sales of CHB Irfillion.

+GF+ Automotive deals with cast solutions and systenade of aluminium, magnesium and iron for
the global automotive industry and industrial aggtions. In addition, the division is still dealingth

the CQ reduction of modern automobiles, through highlynptex lightweight solutions. +GF+ Au-
tomotive produces in 13 locations. The researchdeveélopment centres are located in Schaffhausen
(Switzerland) and Suzhou (China). Sales by +GF-oative in 2017 amounted CHF 1.482 million.
+GF+ Machine Solution deals with tool- and mold malkparts as well as the production of precision
parts. The division is represented in the aerospafiemation and communications technology, med-
ical technology and automotive industries. +GF+ Mae Solution has locations in more than 50
countries. In addition, the division operates rese@nd development centres, as well as production
facilities in Switzerland, Sweden, the USA and @hiBales could be generate in 2017 to CHF 992
million [1].

1.2 Vision and strategy

The vision is subdivided in:

» Safe transport of water and gas
» Safe vehicles and efficient energy consumption
* Precision manufacturing

The strategy is subdivided in:

» Expansion in growth markets
» Shifting the divisional portfolio into higher margbusinesses
* Increase in sales and innovation strength
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2 Structureand properties of thetest pipes
2.1 Test pipes

There are different test pipes, which were use@ fdlowing chapters 2.1.1 until 2.1.4 will explain
these in a short way.

2.1.1 Pipes without insulation

Pipes without an insulation will also be called‘aaked pipes” by +GF+. The polymers of the pipes
are explained in chapter 2.2.

In the name, the wall thickness is indicated nexhe outer diameter. The designation of the pipe i
chapter 2.1.5 Figure 1 out of the polymer Acrylolgtbutadiene-styrene sounds “ABS d32x2,9”. In
general is this “Polymer outer diameter x wall kimess”.

2.1.2 CoolFit ABS

CoolFit pipes, called as “CF” in the following rapaare insulated. There are three different Clepip
which are explained in the following chapters. Tley almost identical in their design and diffelyon
in their diameter ratio between outer and innee pgs well as in their connection technology.

The inner pipe from CF ABS is made out of the paymcrylonitrile-butadiene-styrene (ABS),
Chapter 2.2.1. For a shorter heat loss througletkegonment, CF ABS is insulated with polyurethane
foam, Chapter 2.2.2. The outer pipe is from the/mper HDPE, polyethylene high density, Chapter
2.2.3 and gets his black colour through blendetharar This makes it more resistance against UV-
radiation. In comparison to other Polymers (PVCPE, PP, PVDF) ABS is not chemical resistance.
Therefore, it is characterized by the high impaatrgyth for deep temperatures. Furthermore, itihas,
contrast to polyethylene, an adhesive connectiomnigogy. That's the reason why it is used often in
explosive area where welding isn’t possible.

The nomenclature is similar to pipes without insala with the difference that instead of the wall
thickness the outer diameter of the outer pip@écidied. The name for the pipe in chapter 2.1¢ Fi
ure 2 is “CF ABS d32/D75", also frequently indicatzs “CF ABS d32”.

2.1.3 CoolFit 2.0

The inner pipe from CF 2.0 is PE-100. It has alsangulation to reduce heat losses to a minimum.
The outer pipe is also from the polymer PE-100.2aFand 4.0 pipes have a welded connection tech-
nology that could be done automatically througheédimg machine from +GF+.

CF 2.0 pipes were used for the transport of coltemia large residential and commercial buildings,
as well as data centers and process cooling systems

The nomenclature is the same used for CF ABS. Tfeeip chapter 2.1.5 Figure 3 is indicated as “CF
2.0 d32/D75” or “CF 2.0 d32".

2.1.4 CoolFit 4.0

CF 4.0 is the youngest product family. Figure 4 pams CF 2.0 and 4.0. While the inner pipes have
the same diameter, the diameter of the outer pipeeases. The polymers are the same. Through the
bigger diameter ratio, the heat loss is more redleoenpared with CF 2.0.
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2.1.5 Drawings
The following figures visualize chapter 2.1.1 util.4.

« d=32 mm « D=75mm >
A
g
g
= ﬁ---
I
=
Figure 1: Schematic structure from Figure 2: Schematic structure of Figure 3: Schematic structure of
Pipes without an insulation CF ABS d32/D75 CF 2.0d32/D75
D=75mm oL D =90 mm q

d=32mm

32 mm

d

Figure 4: Comparison CF 2.0 and CF 4.0
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2.2 Polymers

2.2.1 Acrylonitrile-butadiene-styrene

Acrylonitrile-butadiene-styrene (ABS), counts tae throup of styrene polymers. In his structure, it
belongs to amorphous thermoplastics. ABS courks,Riolyethylene, to the mass polymers. Due to its
polarity and the associated adhesive joint is ABR8noused where welding is not possible, for exam-
ple in potentially explosive atmospheres. Next wioepABS polymers, blends are also available. This
allows setting properties depending on the mixatiprof the plastics. Blends for ABS are Polyamide
(PA-ABS), Polycarbonate (PC-ABS) or Polymethylmetiytate (ABS-PMMA). Special characteris-
tics are high impact strength, also in deep tempe¥s and a low thermal conductivity. [4, p. 120ff]
Table 1 shows more characteristics.

Table 1: Characteristics ABS [5]

Characteristic Value Unit

Density 1035 kg - m?

Yield stress at 23 °C 40 N -mm™2
Modulus of elasticity 1600 N -mm™2
Impact strength (Charpy) at 23 °C 42 kj -m~2
Impact strength (Charpy) at -40 °C 10 kj -m~2
Crystallite melt point - °C

Thermal conductivity at 23 °C 0,17 W-(m-K)!
Coefficient of thermal expansion 0,100 mm-(m-K)™?!
Water absorption at 23 °C <=45 %

Colour 9005 (graphite-black)  RAL

2.2.2 Polyurethane foam

Polyurethane foam is one of the cross linked p@thanes. They are obtained from an addition
polymerization as a step reaction. [6, p. 213]

There are hard foams that have mostly closed aftdasons that have closed and opened cells. Due
his opened cells and the air trapped inside, thartal insulation is high. That is the reason whyshe
used often in the automotive ore household induktefore. [7, p.27]

The foam formation in PUR is caused by gas-forningaporizing additives during the mixing and
cross linking with the reactant. Another possipilif foaming is the release of G@uring the reac-
tion. [8, p. 532]
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2.2.3 Polyethylene

Polyethylene counts to the group of polyolefin poérs. Due his market share of 30 %, he is like
ABS also a mass polymer. That is also the reasgnhetis that cheap. Another subdivision classifies
polyethylene into the group of semi crystalline amohpolar thermoplastics. Depending on the
polymerization the molecular weight, the molecwestribution, the average chain length and the de-
gree of branching can be determined. Dependindn@set characteristics, the four main types of poly-
ethylene results: [9, p. 85]

* Polyethylene high density, PE-HD

» Polyethylene medium density, PE-MD

» Polyethylene low density, PE-LD

* Polyethylene linear low density, PE-LLD

In general, the properties of polyethylene depemtheir main type. In addition to the microstruetur
and the resulting density, they differ mainly ireithstrength values, such as the yield stress er th
elasticity modulus. Polyolefin polymers are chagdazed by their good chemical resistance and good
electrical insulation properties. [4, p. 89f]

Other names are used for pipes out of polyethyl@éhese are based on the creep rupture strength
(MRS) at 20 °C after 50 years with the test medwater. Table 2 shows the observed values, which
according to DIN. [10, p.7]

Table 2: MRS from PE-80 and PE-100

Test pipe MRSin MPa
PE-80 8,0
PE-100 10,0

The pipes by GF+ are out of PE-100 and get hiskidatour through the additive carbon. The reason
is to make them more resistance against UV-radiatiothe atmosphere. Table 3 shows some tech-
nical data by Georg Fischer of PE-100.

Table 3: Characteristics of PE-100 [5]

Characteristic Value Unit
Density 950 kg - m?
Yield stress at 23 °C 25 N -mm™2
Modulus of elasticity 900 N -mm™2
Impact strength (Charpy) at 23 °C 83 kj -m~2
Impact strength (Charpy) at -40 °C 13 kj -m~2
Crystallite melt point 130 °C
Thermal conductivity at 23 °C 0,38 W-(m-K)!
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2.2.4 Other polymers
Chapter 2.2.1 until 2.2.3 describes the main potgnfiem this report. But there are also other poly-
mers used in some tests which will be explaindtiénfollowing numbering.

1. Polyvinylchloride:
Polyvinylchloride (PVC), is one of the bulk plastidike PE, and comes in third with a con-
sumption of 32 million t/a. Due its additives, @hthe widest range of applications. These
make it possible to produce very powerful compoufkads the experiments, PVC-C and PVC-
U are used.
PVC-C has adjustable flexibility, good electricabperties in the low-voltage and low fre-
guency ranges and a high chemical resistance.
PVC-U, on the other hand, is characterized by tigh Imechanical strength, stiffness and
hardness, impact sensitivity when unmodified indcobnditions, transparency in unfilled
state, good electrical properties in low frequenayges, high resistance to chemical attack
and self-extinguishing after removing the ignitswurce. [11, p. 293]

2. Polypropylene:

Polypropylene (PP) lies with a market share of 4lian t/a behind polyethylene on the sec-
ond place of bulk polymers. The main applicatiores due his food authenticity, in the food
packaging and fiber area. Next to these main agjhics, PP will be used more and more in
the automotive and consumer section. [11, p. 213]

Isotactic, high heat resistance polypropylene kellused in the tests (PP-H). Excellent sliding
properties, extreme wear resistance, high impasstesce and very good durability against
chemicals characterize the materials of this prothmily. [12]

3. Poalybutene:
Polybutene (PB) is available in four different ¢afsforms, which can be formed from the
melt during crystallization and can be convertedrduprocessing or time. Due his density of
0,91 g/cm3, Polybutene is a light material. Hisganties can be compared with PE-LD. It's
characterized by the high dimensional stabilitghia heat, high flexibility, even in the cold,
low embrittlement temperature, high toughness, lEgtasion resistance and high chemical
resistance. [11, p. 254f]. For the experimentsHPiB-used.

4. Polyvinylidenefluoride:

Polyvinylidenefluoride (PVDF) is a high moleculanrhopolymer. It's structure depends on
the production process. For example the degreaystallinity depends very much on the
thermal history of the mouldings. Quick coolingtbé non-shaped mouldings and foils leads
to transparent products, slow cooling or post-hairdgeleads too highly crystalline products
of higher rigidity and pressure stability. PVDFcisaracterized by the following properties. It
has a high mechanical strength, rigidity and toeglsna relatively high temperature resistance
at low temperatures and a high chemical resistdhtep. 587]
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3 Préiminary work

The work is based on the results of a previousgh&ale to further tests with new pipes at thetexis
ing test labs, they will be explained in their d@sand function in the following chapters. Thereois

the one hand, the axial force test lab, ChapteraBdlLon the other hand the L-bent buildup, Chapter
3.2.

3.1 Axial forcetest stand

Figure 5: Design of the axial force test stand ammnbering of his components

The axial force test stand exists of a frame contitn {1}, an vertical sliding beam {2}, two patel
mounted steel rulers {3}, four analog scales {4pdwo threaded rots {5}. Between frame and verti-
cal slide beam is the testing pipe {6}, which igefil with the frame construction on the left sidd an
the vertical slide beam on right side through semdtreaded rots {7} in the inner pipe.

At the beginning of each test, the length of thet m@pe at reference temperature of 20 °C will be
measured by both steel rulers. This average lesgibed as reference. With this measure, a possible
imbalance of the vertical slide bar can be cousterh After that, the target temperature is seé Th
pipe changes its length and gets longer for waresy. shorter for colder temperatures. To accommo-
date this movement, the vertical slide beam isdfikg sliding rails {8} with the frame construction
and can change his axial position without a foropdct. After reaching the target temperature, the
changed length will be measured and the analogsedll be mounted. After that, the threated rots
produce an axial force, which is showed on theanatales, and pulling the test pipe back to His re
erence length. It is important to note, that evegterial change his length due to changing tempera-
tures. That is the reason, why the real lengtthefdteel rulers has to be calculated via the therma
expansion coefficient first. That applies for bdtie increase of length as well as the decreapgef
length.

After measuring all data, the same procedure isghegpeated after one, two and three hours. The
results of the measured data’s are the declingseddxial force, while keeping the length of thstte
pipes for a reference temperature of 20 °C constant

For a detailed description, please refer to theipus work. [13, p. 25ff]
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3.2 L-Bent buildup

1250

r,\l“"' @

Figure 6: The construction of the L-Bent buildup foeliminary tests

The L-Bent buildup is a test construction to chtéekresulting forces for the installation variasht-

ing leg. The preliminary tests check them for C& @32/D75 and CF 2.0 d63/D110. Both pipes are
connected in series. Figure 6 shows just one mipget a better overview and to describe the basic
structure of the test lab.

The test buildup is located in the pipe rack nexthe climatic chamber. He has on the right side,
shown with a dashed line, the examined bendingTlas dashed line shows a standing pipe, which is
hold at the bottom side by to fixing points. Duetlie temperature of the medium flowing through it,
the L-Bent buildup bends to the left side for coldad to the right side for warmer temperatureg Th
result is a bending line of the standing pipe (ddsime). A fix-point, which can be opened, holds t
lying pipe on the left side. Thus the resultingcobends the vertical pipe. After bending and if no
temperature changings could be detected anymaedixiad point becomes opened and the bending
will be fixed to a 90°-position. After that, theaag scales adjust the measured bending agairhand t
force becomes noted. Furthermore, the lying pigssdiip it points in a too large dimension as guide
rail to reduce the friction to a minimum.

Knowledge about the expansion behavior can be wothé lower pipe run. The medium flowing
through is a propylene glycol / water mixture.

The hydraulic circuit provides a pump for conveyihg fluid. The temperature can be adjusted to a
desired temperature by a heat exchanger, whidtédd in the climate chamber, by their temperature
control. A compensating vessel is switched in frafrthe pump for pressure monitoring. Have a look
to the previous work for a detailed descriptiorg,[ft.41 ff.]
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4 Axial force measurements

41 Test mode

The preliminary tests shell comparative done forddFpipes of the dimension d32, d50 and d63. The
test temperatures are the same. Table 4: Test tatupes for the axial force tests shows these.

Table 4: Test temperatures for the axial forcesest

Name Target temperature AT tothereferencetemperature
T-Positive +60°C +40K

+40 °C +20 K
T-Reference +20 °C 10K
T-Negative -107c 30K

-30 °C -50 K

4.2 Test procedure

The experiment takes a lot of time and should beethout at the same time as the measurements of
the deflection (Section 7). Because of this, itésessary to change the experimental procedubheof t
predecessor work accordingly. The following numbgihows the procedure:

1. Set the climate chamber to reference temperatu2e 6€
Measuring of the reference data’s
Calculation of the reference length while targetgerature due to thermal expansion

Set the climate chamber to target temperature aheutight

o &~ N

At 1pm of the following day, while the deflectioremsurements is going on since at least four
hour: Starting of the axial force measurement thhocheck of the length for target tempera-
tures

6. Putting in the analog scales and set them to zkygram

7. Pulling the test pipe back to calculated referdangth

8. Reading of the analog scale forces and note theheiprotocol

9. Waiting for approximately one hour

10. Repeat point 7 until 9 three more times

11. Putting out the analog scales and relax the test gbout night

12. Set the climate chamber to a neawget temper atur e about night

13. Repeat point 5 until 11

The predecessor set the climate chamber about taightemperature of 20 °C and could take the ref-
erence length again. The target temperature waabseit the day and the procedure could be done in
the evening. The procedure described in 1 unthdsthe difference that he set the new target tempe
ature about night. Because of this, it is no lonmessible to see the influence of a permanent cesapr
sion or extension of the pipes.
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4.3 Resaults
4.3.1 Overview of the results
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Figure 7: Results axial force measurements CF 42035
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Figure 8: Results axial force measurements CF 4@R510
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Figure 9: Results axial force measurements CF 430510
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4.3.2 Discussion of the results

Figure 7: Results axial force measurements CF 3200¥5 shows the results of the axial force meas-
urements for CF 4.0 d32/D75. In this, the solickIshows the measured force, the dashed line the
percentage resetting length compared to referemgH. The Figure shows how the elasticity modu-
lus decreases by increasing temperatures. Becdubis,othe resulting force gets smaller for higher
temperatures. There is a cracking noticeable atita®® kilograms per scale. The reset cancelled and
the length kept on the length for number one irepribt to destroy the pipe directly. The percentage
resetting is at 44 percent at this time. The noisg be a detachment of the foam from the pipe or
breakages in the insulation. For a final evaluatéord a comparison with the previous measurement of
CF 2.0 d32/D75 this must be considered. The crackimoticeable for low temperatures in all pipes.
In agreement with +GF+ for further attempts, theeteshell be done until a maximum of eight kilo
Newton is reached despite cracking. For a temperaifi-10 °C, the initial force is approximately
2805 N and he declines hardly in the first houreDmthe softer E-modulus with higher temperatures,
the forces get smaller. For +40 °C he is about 185&hd for +60 °C 1089 N. This is approximately a
third of the force compared with -10 °C.

Test pipe and analog scale form mechanically @&seadnnection of two springs. The spring of the
analog scale has a constant of about 100 kg/cnt.rm&ans, that with a maximum force of 200 kg the
pulled way of the spring is two centimeter. Aftesetting the test pipes to reference length, thagp

of the analog scale pulls the pipe during the wgitime of one hour. This causes the pipe length du
ing this time to change. It is observed that tliienpmenon happens also for other test pipes and is
the following report called as “tensile length cgah

Figure 8 shows the results for CF 4.0 d50/D110. fbinees for -10 °C and - 30 °C are the same. The
reason therefore is, that for both temperaturesrtagimum force of eight kilo Newton is no longer
sufficient to reset to reference length. By compaithe reference length with the reached length, du
to eight kilo Newton traction, the percentage tasgtof -10 °C is closer than -30 °C. The reached
length of 995 mm for -10 °C corresponds a percentagetting of 62 percent and the reached length
of 991,5 mm for -30 °C just 35 percent. This reagkumes a higher E-modulus for -10 °C.

The analog scales pulled the pipe too much for *2l0The percentage resetting therefore is 112 per-
cent. This is a length of 0,2 mm for which the pipeeset too far. On consideration between +40 °C
and +60 °C, the tensile length change can be obdeihat assumes a smaller force than the meas-
ured in the reality.

Finally, Figure 9 shows the results for CF 4.0 @3325. As expected, the maximum forces for -10 °C
and -30 °C are also no longer sufficient, due titttreasing diameters. A decline of the percentage
resetting shows the increasing force. For a tentypeyaf -30 °C, the maximum force of eight kilo
Newton resets to 29 percent, for a temperatur@é®f€ to 51 percent. Both percentage resetting's a
lower than for CF 4.0 d50/D110. That assumes eefthat is higher than for the other CF pipes. The
line of the force for -10 °C declines. On the othety, the associated line of the percentage ragetti
increases. The reason therefore is that the lesfgtiumber one hold as constant as possible. Due to
tensile length change, the force was too largetasdto be reduced. By resetting to 100 % for both
temperatures -10 °C and -30 °C, it can be expebtdt would look like the lines of CF 4.0 d50 kit
lower percentage for reset.

An interesting detail is that the force for +60 ¥Chigher than for +40 °C. The reason is increased
thermal expansion resulting in a longer reset disgaThus, despite to a softer E-modulus, the figrce
higher.

+GF+ compared the results with theoretically calted data. Initially this comparison showed no
matches. The measured data of the axial forcestast are for some twice as big as in the simulatio
model. Therefore the calculation model, especiaiiyower temperatures, has been adapted to depict
reality.
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4.3.3 Inaccuracy and measurement errors

Due to tolerances in the test stand and procetheefpllowing numbering explains the inaccuracy’s
and measurement errors:

1. Analog scales:
When attaching the scales, care is taken to mbwent in the most stress-free condition and to
set them to “0 kg”. Therefore, the nut on the ttedaot is fixed until the scales hold the verti-
cal slide beam that he can’t move anymore withoodycing a force. By rotating the hard-
ness screw, which is mounted with the spring ofdtede, the scale becomes set. It is neces-
sary to repeat this procedure for each test pipaoh temperature. Because of this, the force
of “0 kg” is different between each measurement.

2. Resetting:
The forces of the analog scales increases by mgtétte nuts on the threated rots in the same
velocity and same direction. Especially for coltemperatures, the force increases a lot per
millimeter. Because of this it's not possible, & the length to reference length by exactly
this resulting force. Person one reads the refertargth for a force of 4,5 kN and person two
reads the reference length for a force of 5,2 kbtuAlly, this variation in force measurement
can't be avoided with the current test set-up.

3. Tenslelength change:

The firmly clamped, installed state in systems dugspermit any change in the length of the
pipes. Due to the strong tensile forces and thenar@cal series connection of two springs, the
length of the test pipe changes between reset nuantgeand two. At cold temperatures, the
pipe becomes pulled, or at hot temperatures prdesatiuch compared to the force in nature.
This effect causes the pipe to change his lengthpaoed with the set reset. The traction de-
creases, which explains most of the relaxation eehweset one and two. The test set-up does
not allow measuring decreasing force at a congtigetlength, what would be of interest.

4. Forcebuild-up:
A change in temperature gradually causes the nmeguibrce. During reset, this force is ap-
plied from 0 to 100% within a few minutes. Thus theasured force is higher than the result-
ing one in a real installation. Point 3 descrillesdonsequence.

5. Permanent changein length:
Due to the parallel measurement of the deflectimhaxial force, it is only possible occasion-
ally to approach the reference temperature in betwbe different set temperatures and to
record a permanent change in length. It is conbésvenat at 8 kN tensile force, the length of
the test pipe may change from the reference ldogftbre application of the tensile force. This
error is not considered.
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4.3.4 Comparison with previously results
After discussing and evaluate the results, thipthacompares them with the previous measurements.
Figure 10 shows the temperature on the x-scalerenfibrce of reset number one on the y-scale.
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nCF 2.0 d32 aCF 2.0 d63 «CF 4.0 d32 +CF 4.0 d50 o CF 4.0 d63

Figure 10: Comparison of Reset Number one with pre/ineasurements

By having a look on it, it is noticeable that f@0-°C the force of CF 4.0 d32 is lower than for Z&
d32. The reason therefore is the percentage réddt 4. As well as CF 4.0 d63, the force of CF 2.0
d63 was also not sufficient to reset to referemegyth. The percentage reset of CF 2.0 for -30 °C is
55 % and for CF 4.0 only 29 %. That assumes a higiseilting force for CF 4.0 due its higher diame-
ter ratio. This can also be observed for other txatpres. The data’s of CF 4.0 are slightly larger.
example are the forces for d63 +40 °C and +60 °@agimately 1000 N higher. It was possible to
reset CF 2.0 d63 to reference length for -10 °C land20%. This means that the measured force is
too large. Anyway is the force of CF 4.0 d63 larged the percentage reset for this temperature just
51 %. That assumes a higher difference between.@&r2l 4.0 by deeper temperatures.

There is no comparison of the relaxation of thedoiThe real decrease of it can’t be measuredodue t
tensile length change. The decrease of the forngpems not for a constant length of the test pipes.

4.3.5 Evaluation

With the determined values, it is possible to makstatement about the approximate generation of
force at fixed clamped state. Accordingly, pipengis must withstand a force of more than 8 kN at
low temperatures without being damaged. The ineréadorce with larger diameter ratio is evident
from the comparison between Figure 7 and 8. Witinarease of the inner pipe diameter by a factor
of 1.56 from 32 mm to 50 mm, the force increasesentioan twice. Calculate an exact statement about
the increase can’t be done, because 8 kN tensde feas not sufficient. It is also interesting tuien
that the values between +40 °C and +60 °C hardigrdn their initial value for the reset numbereon
The comparison with the predecessor tests brirgsahlization that with the same inner pipe dimen-
sion the force at CF 4.0 for warm temperaturefightty larger than for CF 2.0. With decreasing tem
perature, this difference increases, so that foy l@v temperatures, the force on CF 4.0 pipesgs s
nificantly higher. A comparison of the force reltina does not take place due to the tensile length
change at this point. Because of the measuremactunacies described in Section 4.3.3, the obtained
data’s serve only as a guide for further interpieia. A clear statement about the resulting fasce
not possible at this point.
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5 L-Bent buildup measurements

5.1 Test mode

The measurement is the same than the previous reeasot. The test temperatures are listed in the
following table:

Table 5: Test temperatures for the L-Bent build@asurements

Name Target temperature AT to thereferencetemperature
T-Positive +60 °C +40 K
T-Reference +20 °C 10K

T-Negative -20 °C -40 K

The results of these and the preliminary work carcdmpared through the same inner diameter of the
pipes. The following table compares both test pipes

Table 6: Comparison of the test pipes

Thiswork Preliminary work
CF 4.0 d32/D90 CF 2.0 d32/D75
CF 4.0 d63/D125 CF 2.0 d63/D110

5.2 L-Bent buildup setup

F1 Lo L2 L3 L4 Bauteilbezeichnung
Y F 2 N\ 7 5 7 5, 7
AVAR'S! /N/ N/ \/ CF40d63D125 A = Ausdehnungsgefa

E = Entluftung

F4‘ :—@ /T % F = Festlager
: e/ LS L6 L7 R2 L = Loslager

M = Massen- / Volumenstrom

w1 - -
VAl L . Kimakammer | p = pympe
a7 ) R = Reduzierung / Ubergang
/T FS L8 L9 L10 L1l ™~ .
Y NTw N NS Nof ./ CFa0 290 2 & \F3 i
- VA 'RV, / € <3 !
I
¥ i
ol |
I
|

V = Verbindung
W = Kraftmesswaage
WU = Warmeiibertrager

i
-~ P ~ .
’_(2 ;— % L1 Li3 114 R4 & L1 Messstellen
W2 . - - £ (TN 17y B @} T = Temperatur
2% SN o 3 Hay p = Druck

. | ETEEER [ ~~"| B =Bogen (d32 oder d63)
4 ] F6 KK = Klimakammer
k G /T R = Rohr (d32 oder d63)
I ‘ F7 A Umg. = Umgebung
{ V = Verbindung (d32 oder d63)

[ 63E = Eingang CF 4.0 d63

R3 63A = Ausgang CF 4.0 d63
TN 630 = Oberflache CF 4.0 d63
P M /P\ 32E = Eingang CF 4.0 d32

=/ 32A = Ausgang CF 4.0 d32
\‘/ 320 = Oberflache CF 4 0 d32
Figure 11: L-Bent buildup setup

Figure 11 shows the L-bent buildup setup. It inelcll components of the test bench, which are
slightly different to the structure of the predes®s For this reason, the test stand is explaihéais
point. For a detailed test stand description, szfee is made to the previous work. [13, p.41 ff.]

The test bench has three pressure measuring goimpressure control and monitoring. These are
before and after the pump, as well as after thé dvezhanger, which is located in the climatic cham-
ber. By controlling the temperature of the climat@mber, the fluid temperature can be adjusted and
controlled manually by measuring the inlet tempaes of both test pipes d32 and d63. The bend
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buildup, which has to be examined, is located betwi€2 and L4 at CF 4.0 d63, and between F6 and
L11 at CF 4.0 d32. "F" refers to fixed and "L" ftoay bearings. Newly added is a movable bearing in
front of the connector on each test tree. The reésothis is that the predecessor test bench kants
this point. This measure should prevent this. Térenection (V) on test tree CF 4.0 d63 is a T-piece
pointing downwards, test tree CF 4.0 d32 is anlated welding socket. The fixed bearing after the
connecting piece is used for axial clamping andlingl, so when changing the fluid temperatures, due
to the expansion or contraction of the lying Cobffpe, the resulting force presses on the benieimg
and length this. F1 and F5 are fix points thatlsanightened and opened with nuts. F2, F3, asasell
F6 and F7 are welded and non-solvable fixed pahtdGF+. On the left side of both test trees aee th
same analog scales used for the axial force tast sfor measuring the forces. New is a vent (E) be
tween both test trees. This is done by a ball valve

5.3 Measurement values
The measured values of the experiment are explam#ee following not scale illustration, using the
test tree CF 4.0 d63 / D125 as an example.

L lp_g ..|
(1Y FI Ll I3 L3 L4
\\Q(.f VI \ ; \\ i / .\‘.\ ’;
h .E J_
e |
- i
F4y » Q3 o
T Wl Ve LS L6 L7
% ,."‘ :
TN :,-"’ "\\ 4N j-"r \
\Re3/ ., == @
L,

[
¥

Figure 12: Measured values of the L-Bent buildup

The deflection of the L-Bent due to a change ingerature is controlled by the lengt,. This is
measured by using the depth caliper presentedapteh7.3.3 on page 30. Therefore is one wing on
the inner side of the pipe shelf and a right sidemagle at the edge of the sealing lip of the 3®k&.b
The lengthl;_, is used to examine the free change of length efldlwver, underlying CF pipe. The
sealing lip of the 90° elbow and the peeled pipgeeskrve as the measuring marks.

The bending leg is divided in his height from thpper fixed point (F2) to the 90° circle, into sigual
parts, which are marked on the pipe. These ararsfi@lly drawn in the Figure 12. A bending line
can be measured to show deflections and provigicaghically due this dividing.
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5.4 Test procedure

The test procedure is the same as from the prestaceBecause of increasing diameter ratios is it
necessary to change one detail. Point 12 becorstesmthof 10 cm only 5 cm bent.

1. Set the climate chamber to a fluid temperature0of@ at the inlet to CF 4.0 d63 about night.
2. Open the fixed points F1 and F5 and set the L-Beral 90°-position. Control about a spirit
level.

Measuring ofp; until ps, l;_,, I5_, and the bending line through measuring;ofintil &.

Set the target temperature

When medium- and surface temperatures constamatrepmber 3 at target temperature

o 0 b~ Ww

Calculation of thermal expansion through the défere ofl;_, at target and reference tem-

perature.

Opening the fix points F1 and F5.

Set the L-bend back to a 90°-position. Control almoeeasured;_, from number 3.

Set the analog scales to “0 kg".

10. Bending the L-Bent in the direction of thermal exgian by the calculated difference of num-
ber 6. Control vid;_,.

11. Measuring froml;_, and the bending line through to &, as well as the force of the analog
scale.

12. Bending of the L-bent in the direction of thermapansion for a length of 5 cm.
2 l3_4, Number 12, target = l3_4 numberz T 5cm

13. Measuring of;_,, the bending liné; until ¢, and the force of the analog scale.

14. Waiting for one hour.

15. Relaxation: Measuring d§_,, the bending lin€; until ¢, and the force of the analog scale.

16. Repeat Point 8 until 15 with the difference of @diflections in the opposite direction com-

pared to thermal expansion (bending left, bendigigty
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5.5 Results

5.5.1 Temperature recordings
Before the measurement results are consideretenfygerature records should be briefly displayed.

70 +

40
30 |

Temperatur in °C

20

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
Uhrzeit [hh:mm]

— Ts3E Toza ——T30 —— T304 —Tvme. — Tk ---Tsz30 --- T30

Figure 13: Temperature recording, Medium +60 °C
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Figure 14: Temperature recording, Medium -20 °C

Figure 13 shows the temperatures plotted withithe bn the x-axis about the temperature recordings
of the inserted sensors. For the target temperatut&0 ° C, the test medium water is used as the
refrigerant. Water, as shown in the figure, takegldy the temperature of the climatic chamber. All
measured fluid temperatures are constant and akwastly +60 °C.

Figure 14 has a propylene glycol / water mixture tuthe cold temperatures as refrigerant. The mix-
ing ratio is approximately 70/30. The target terapane of -20 °C is set for the input in the pip8d6

In a first comparison with Figure 13, it can be extved that the temperatures of the PG / W mixture
differ significantly between the individual measwipoints. This can be attributed to the higher vis
cosity for cold temperatures and the associated pamp ability of the pump. This phenomenon was
also observed in the previous work. At about 15t08, pump makes strange noises. The pump was
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switched off and follow-up tests can’t be done.sTéxplains why at -20 ° C only left measurements
are made.

5.5.2 CF4.0d32/D90

—a— 5 cm links

= 800 60°C —=— 5 cm rechts
£ 600 —=— Th. links
E= 400 —m— Th. rechts
)
= 200 —a— Entspannung 20 °C
== \ Riickstellung 20 °C
6|0 8‘0 160 120 140 1é0 15_50 —a— Th. Ausdehnung
& in mm
Figure 15: Bending line CF 4.0 d32/D90 for +60 °C
= 800 -20°C —a— 5 cm links
= 600 —m— Th. links
=400 —a— Entspannung 20°C
% 200 Riickstellung 20°C
2= —a— Th. Ausdehnung
60 80 100 120 140 160 180

& in mm
Figure 16: Bending line CF 4.0 d32/D90 for -20 °C

Figure 15 and 16 shows the measured bending lihgsed.-bend buildup. They visualize and check
the resets and deflections. As example, Figurehblvs the accordance between the 90°-positon for
target and reference temperature. Both bending lne almost on top of each other. The same applies
to the thermally induced deflection. This is reaatdin each case after the tempering (Th.
Ausdehnung) and set again after the return to 2pd%tion with the analog scales to be able toinbta
the resulting force. Both bending lines (Th. Extensand Th. Left) are nearly on top of each other
and are also well adjusted. By comparing Figureai® Figure 16, the contraction and expansion of
the materials can be observed. For temperaturéghtban 20 °C, the materials expand, the resulting
deflection presses on the bending leg and lengtiteRer this reason the bending line for the tharm
expansion runs to the right at +60 °C. At -20 & tesulting force pulls on the bending leg duthéo
contraction and extends it to the left, as wellh&scourse of the bending line.

Figure 17 shows the measured forces for the berafitite showed bending linesAl;_,” shows the
force induced thermally. Therefore, the accordiegding line is the setting of "Th. Links" and "Th.
Rechts". The corresponding solution tables shownbasured data’s. "5 cm" is the exaggerated de-
flections "5 cm links" and "5 cm rechts". Last m@@&sindicates the relaxation of the force of "5 cm"
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Figure 17: Measured forces for test pipe d32

Table 7 and Table 8 show the measurements for €6intl -20 °C. Therein the set for the deflection
can be compared. From the difference between radaxat +20 °C (Relax) and the thermally induced
deflection (Thermal) at the target temperature lteghe reference valui_, for the left and right
side.Fgz (N) is the measured force as plotted in FigureM&asured forces for test pipe d32.

The force values for right deflections at -20 °Qldonot be recorded due to the defective pump. Be-
cause of this, they are all zero. The measurec featues of the thermally induced deflection arel th
coated deflection of 5 cm hardly differ for all tpematures. Only in the relaxation, small differesnce
are measured. At a temperature of -20 °C, the for¢cke loaded hour decreases by about 50 %. This
relaxation is much smaller for +60 °C. For the thardeflection, there is a maximum force of <80 N,
for the excessive "5 cm" deflection the force ianhe200 N.

Table 7: Results L-Bend buildup CF 4.0 d32 for +60 °

- Relax Thermal Reset Th.Left  Th. Right S5cmleft 5cmright

l3_4 14,85cm 1590cm 14,85cm 13,85cm 15,90 cm 1B5c¢c 19,90 cm
Al;_, 0,00 cm 1,05 cm 0,00 cm -1,00 cm -1,05 cm -5,00 cm 5,05 cm
Fg - - - 78,48 N 58,86 N 176,58 N 196,20 N

Table 8: Results L-Bend buildup CF 4.0 d32 for >0

- Relax Thermal Reset Th.Left  Th. Right S5cmleft 5cmright

l3_4 1496 cm 13,72cm 15,00cm 13,70 cm - 10,00 cm -

Al;_, 0,00cm -1,24 cm 0,04 cm -1,26 cm - -4,96 cm -

Fp - - - 49,05 N - 196,20 N -
Hochschule Karlsruhe Bachelorarbeit Timo Klumpp

Technik und Wirtschaft



20

5.5.3 CF4.0d63/D125

—a— 5 cm links

= 800 60°C —a— 5 cm rechts
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2 400 —a— Th. rechts
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Figure 18: Bending line CF 4.0 d63/D125 for +60 °C
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Figure 19: Bending line CF 4.0 d63/D125 for -20 °C

Figure 18 and Figure 19 shows also the bendinglibat for CF 4.0 d63. The thermally induced
elongations are adjusted very well for -20 °C aha&D °C. The coated deflection at -20 ° C is too
large compared to +60 °C. The deflection for -200%3.07 cm was calculated with the thermally
induced deflection and not with_, at +20 °C. A striking error when looking at thending lines. For

a comparison of forces, this must be taken int@awet As with the recorded bending lines for CF 4.0

d32, the direction of the deflection can also bseoted with CF 4.0 d63 by considering the "Th. Ex-
pansion"”.

1000 "
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g m Links +60°C
E 600 . Rechts +60°C
“‘E } ] mLinks —20°C
% 00y mRechts —20°C

200

0 l & >
> > N
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Figure 20: Measured forces for test pipe d63

The measured forces of the thermally induced dedledaliffer slightly. With a maximum of 180 N
and a minimum of 150 N are they 30 N apart. Theggeeated deflection shows differences in the
forces, which happens not only due to the deflactib6 cm but also due to an increased modulus of
elasticity for cold temperatures. An increase fi&80 N at +60 °C to 1030 N at -20 °C corresponds to
an increase of 77,5 %. This increase is not rtladehe thermally induced force and the increase t
the excessive 5 cm deflection at + 60 °C. Whenilapkt the surface temperatures from chapter 5.5.1,
it is clear that they do not change significantiido the change in the fluid temperature. The rusdu

of elasticity of the outer pipe can therefore beuased to be the same for all measurements. Only the
modulus of the inner pipe changes, because it contegdirect contact with the medium. Such an
increase must be confirmed with comparative measemés. As already seen, the forces between
warm and cold temperatures are not significantfgrént.
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Table 9: Results L-Bend buildup CF 4.0 d63 for +60 °

- Relax Thermal Reset Th.Left  Th. Right S5cmleft 5cmright
l3_4 16,60cm 1750cm 16,65cm 15,70 cm 17,45 cm 1dny0 21,60cm
Al;_, 0,00 cm 0,90 cm 0,05cm  -0,90cm 0,85 cm -4,90 cm ,00 Bm
Fp - - - 176,58 N 147,15 N 578,79 N 578,79 N

Table 10: Results L-Bend buildup CF 4.0 d63 for>@0

- Relax Thermal Reset Th.Left  Th. Right S5cmleft 5cmright

l3_4 16,07cm 15,02cm 16,10cm 15,10 cm - 10,00 cm -
Al;_, 0,00cm -1,05 cm 0,03 cm -0,97 cm - -6,07 cm -
Fg - - - 176,58 N - 1030,05 N -

5.5.4 Comparison of all results

When considering the results, care must be takatrtiie deflection, in Figure 16 and 17 with "Ausl."
abbreviated, for all CF 2.0 pipes amounts to 10fomCF 4.0 amounts to only 5 cm.

800
-00 uCF 2.() d32 links
. CF 2.0 d32 rechts
= 600 ¢ A mCF 2.0 d63 links
5 500 n ¥ mCF 2.0 d63 rechts
% 400 | ; 4 CF 4.0 d32 links
Wz 900 ACF 4.0 d32 1"<,3('llts
‘ 4 CF 4.0 d63 links
200 f F 7y aCF 4.0 d63 rechts
100 £
. i ‘
N D >
V\_b/ ?3\ Qé'
Figure 21: Comparison with privious tests for +60 °C
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Figure 22: Comparison with privious results for -20

The measurement of the resulting bending forcesatemperature change can be compared directly
with each other. The art of measurement corresptungeeliminary work. The comparison shows that
the forces of the pipe d63 are the same as expdaiterences can be found between CF 2.0 and CF
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4.0. Only CF 2.0 d63 at -20 °C is lower than tHeeotspecimens. The measured values of preliminary

work are listed in Tables 11 to 14.

The comparison of the exaggerated deflection issnaomplex due to different deflection. The forces
of CF 4.0 are lower than for CF 2.0. For +60 °Qs tfifference is much smaller compared with -20
°C. There are two reasons, which explain the asirgy. Due to higher E-modules of the inner pipe,
the forces become too strong at -20 °C. The compardf both temperatures shows these significant
increases in force at cold temperatures. Secorsbmes that, due to increasing diameter ratio, the
forces increase. Because of this, the exaggeraedilg of 5 cm for CF 4.0 needs almost the same

force than 10 cm for CF 2.0.

Table 11: Results L-Bend buildup CF 2.0 d32 for +60

- Relax Thermal Reset Th.Left Th.Right 10cmleft 10cmright
l3_4 11,60cm 1258cm 11,60cm 10,35cm 12,85cm In60c 21,90 cm
Al;_, 0,00cm 1,25 cm 0,00 cm -1,25cm 1,25 cm -10,00 cm10,30 cm
Fg - - - 46,60 N 36,79 N 166,77 N 154,51 N

Table 12: Results L-Bend buildup CF 2.0 d63 for +60

- Relax Thermal Reset Th.Left Th.Right 10cmleft 10cmright
l3_4 11,00cm 12,70cm 11,00cm 9,50 cm 12,50 cm 1,00 cm 21,00 cm
Al;_, 0,00cm 1,70 cm 0,00 cm -1,50 cm 1,50 cm -10,00 cm10,00 cm
Fg - - - 176,58 N 186,39 N 627,84 N 49541 N

Table 13: Results L-Bend buildup CF 2.0 d32 for°20

- Relax Thermal Reset Th.Left Th.Right 10cmleft 10cmright
l3_4 11,60cm 10,05cm 11,60cm 10,05cm 13,15cm In60c 21,60 cm
Al;_, 0,00 cm -1,55cm 0,00 cm -1,55cm 1,55cm -10,00 cm10,00 cm
Fg - - - 70,31 N 40,88 N 274,68 N 196,20 N

Table 14: Results L-Bend buildup CF 2.0 d63 for°20

- Relax Thermal Reset Th.Left Th.Right 10cmleft 10cmright
l3_4 11,00 cm 9,00 cm 11,00 cm 9,00 cm 13,00 cm 1,00 cm 21,00 cm
Al;_, 0,00 cm -2,00 cm 0,00 cm -2,00 cm 2,00 cm -10,00 cm10,00 cm
Fg - - - 379,32 N 23544N 1466,60 N 925,41 N
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Table 15: Overview about the resets of the L-Berildi o

Temp- Test pipe Al3—4-,th. Al3—4,left AlB—4,right Al3—4,exag.lefl: A13—4,exag.right

CF2.0d32 1,25cm -1,25cm 1,25 cm -10,00 cm 10,30 cm
160 °C CF2.0d63 1,70cm -1,50 cm 1,50 cm -10,00 cm 10,00 cm
CF4.0d32 1,05cm 1,00 cm 1,05cm -5,00 cm 5,05 cm
CF4.0d63 0,90cm -0,90 cm 0,85 cm -4,90 cm 5,00 cm
CF20d32 -155cm -1,55 cm 1,55 cm -10,00 cm 10,00 cm
20 °C CF2.0d63 -2,00cm -2,00 cm 2,00 cm -10,00 cm 10,00 cm
CF4.0d32 -1,24cm -1,26 cm - -4,96 cm -
CF4.0d63 -1,05cm -0,97 cm - -6,07 cm -

5.5.5 Evaluation

For the warm temperature of the medium, which 8 %®, water turns out to be well suited due to the
large heat transfer. The temperatures can be adjestsily and constantly. In order to avoid fregzin
of water at low temperatures and to protect comptsnfom destruction, a propylene glycol / water
mixture is used. The PG/W mixture can’t promotedy@sd as water and has a lower heat transfer,
which is shown by the temperature recordings duartger differences compared with water. Setting a
constant fluid inlet temperature turns out to beem@mmmplex or not possible.

When assessing the measurement results, the fdumeso the thermal deflection show agreement
with the previous tests. For the exaggerated ond ba determined any definite tendency. In the pre
vious experiments, a mean value is formed fromrs¢veeasurements and used for the comparisons.
The measurements carried out in this work are baseohly one measurement per temperature. For
this reason, no verification of the results candbee, because no comparative measurements have
been carried out. The pump failure also cause@m@aiure termination of the measurements.
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6 Thermally induced change of length

6.1 Test mode

As a result of temperature changes, there is andidrinduced change in length for all materialst,[
p.18]

The following tests will investigate different mildtyer pipes of +GF+ and compare them with a PE-
100 reference pipe. For this purpose, the lengthisecinner and the outer pipe at -50 °C, +20 °@ an
+70 °C are documented. From these lengths, a thexpansion coefficienty,;,-, as well as an ex-
pansion per meter of pipe lenglihi can be calculated. All test pipes have an appratanength of
one meter and are of dimension d110.

6.2 Test pipes

CoolFit 2.0, as well as CoolFit ABS has been stdreprevious work on their thermal expansion.
The test pipes examined in this work differ in tremnstruction from CoolFit and should be explained
in their structure.

The test pipes are from the "ecoFIT-stiff pipe"durct class, which is made up of three differenypol
ethylene layers. For this reason, they are alsoned to as three-layer pipes. They exhibit higpdot
strength and good chemical abrasion resistancanndthwide temperature range from -50 °C to +60
°C. In all pipes, the core layer is glass fibenfeiced. The following pipes are used for the exper
ment:

1. PE-GF25V3a
Pipes from the class 2.5 V3a are equal in theierldlygickness distribution to V3b. It consists
of a 3.33 mm inner layer, a 3.33 mm core layer @333 mm outer layer. In addition, they
have a glass fiber content of 20 wt.-% of the coamgbof the core layer. V3a differs from
V3b in it’s not pre-dried during production.

2. PE-GF 25V3b:
The structure and the layer thickness distributorrespond to the same of V3a pipes. How-
ever, this variant is pre-dried during producti®he background is a type of bubble formation
in the glass-fiber reinforced polyethylene layeridg extrusion, which can be caused by wa-
ter absorption of the pellets. For this reason,pbiéets are pre-dried in an oven before being
extruded.

3. PE-GF 2.7V5:
Class 2.7 pipes have a different layer thicknessttre. With glass fiber content of 30% they
are 10 wt.-% higher than class 2.5. The layer tiesk distribution is the same as for the pipes
of class 2.5. It consists of a 3.33 mm inner lage8,33 mm core layer and a 3.33 mm outer
layer.

4. PE-GF 2.7 V6:
Variant 6 differs by the layer thickness distriloutiof the variant V5. This consists of a
4.99 mm inner layer, a 3.33 mm core layer and & @ outer layer.

5. PE-100 reference:
The reference pipe is PE-100 d110, which is madpobfethylene. However, this does not
have multiple layers and has a wall thickness omb@. It's used to have the possibly to com-
pare the results of different layer structures.
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6.3 Test procedure

The four test pipes, the PE-100 reference pip®yrasiicate glass rod and the tape measure aredstor
in the climatic chamber and tempered overnight 0+°C. In the morning, the lengths on the inner
and outer pipe are documented and the climate ahiaimilswitched to +70 °C during the day, so that
in the evening the new lengths can be measuredchetvaemperature. Temperatures of +70 °C and -
50 °C are not sustainable for the human body, satbasurements are being carried out quickly. In
order to exclude measurement errors, the measutaémespeated after one hour and the measured
values are compared with each other. During thetpaytemperature of +20 °C is set again so theat th
temperature can be adjusted to -50 °C during tlye Tee borosilicate glass rod has a very linear and
constant coefficient of thermal expansion, as dydavestigated in previous work. The extent of the
actual measuring instrument due to the temperatoamge can be taken into account with its help.
Following numbering describes the test procedusaimmary:

=

Tempering to +20 °C about night.

Measuring of the length at the inner- and outee pgs well as the borosilicate glass rod.
Tempering to target temperature number one whdedty.

Repeat point two at about 16:30.

Waiting for one hour and repeat point two at adau80.

Tempering to +20 °C about night.

Repeat point two.

Tempering to second target temperature while tlye da

© ©® N o 0o bk~ D

First measurement at about 16:30.

10. Second measurement after one hour waiting at &b080.

6.4 Evaluation

The calculation process for the evaluation is shealrematically in the appendix chapter A.3 on page
70 in the German version. The following values ltesam Table 16 and Table 17. For a better over-
view the final results are summarized in Figure 23.

Table 16: Results of the thermal change of lengtbutation for +70 °C

Type Structure Thermal expansion coefficient AL
o5 V3a U v3a 5,795E-05 1/K ALys, 2,897 mm/m
' V3b A v3b 6,042E-05 1/K ALysp 3,021 mm/m
57 V5 Amys 3,398E-05 1/K ALys 1,699 mm/m
' V6 Amve 4,050E-5 1/K ALyg 2,025 mm/m
Ref. PE-100 ®m Ref. 1,668E-04 1/K ALgey. 8,338 mm/m

Table 17: Results of the thermal change of lengtbutation for -50 °C

Type Structure Thermal expansion coefficient AL
25 V3a U v3a 6,762E-051/K ALys, -4,733 mm/m
V3b U v3b 8,681e-05 1/K ALysp -6,076 mm/m
27 V5 Amys 6,549E-05 1/K ALys -4,584 mm/m
V6 Amve 6,267E-05 1/K ALyg -4,387 mm/m
Ref. PE-100 ®m Ref. 1,174E-04 1/K ALgey. -8,216 mm/m
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It is noticeable that the PE-100 reference pipetsemore strongly to temperature changes, than the
multi-coated pipes. With an increase of 8,54 mmim#%0 °C it reacts more than four times greater
than PE-GF 2.7 V5. This pipe reacts hardly to #mperature rise, only by 1,699 mm/m. Of the three-
layer pipes, the increase in PE-GF 2.5 is the #rgehe data’s are almost the same, which are
3,1 mm/m for V3a and 3,2 mm/m for V3b. The sameab@iur is also seen for cold temperatures,
with the difference that the pre-dried variant &imtracts more than the not pre-dried V3a. This val
ue is the largest with a length decrease of -6,69rm Only the PE-100 reference pipe is even larger
and is calculated to -8,23 mm/m. The behaviouhefgipes can be explained by their structure and
corresponds to the expectations. Class 2.7 pigetharleast sensitive to temperature changes due to
the higher glass fiber content. Pipes of classaPe510 wt.-% less than class 2.7. The reference pip
does not have glass fiber reinforcement and thexefeacts more to temperature changes. It is also
noticeable that PE-GF 2.7 pipes show the same mairawith very little difference in warm and cold
temperatures. As a result, it can be said thagkhes fibers must be aligned longitudinally. Oriiist
orientation explains the big difference betweenpipes.

10

A L in mm/m
|
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|
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/ -—m—25V3b
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Figure 23: Expansion and contraction of multi-laygpes
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7 Timedependent deflection behaviour

7.1 Test mode

The aim is to investigate the time-dependent cfemp test pipes to bending stress at different tem-
peratures. For this purpose there are pre-insylatedvell as single pipes, which have the innee pip
dimension d32. A centrally mounted single loadirzeasl the bending stress. The documentation of the
increase in deflection and the time should prowdermation about the modulus of elasticity of the
material, from which further conclusions can beiamt. The following pipes are used for the experi-
ment:

+ CF 2.0d32/D75

* CF 2.0 d32/D75 with central fitting

e CF 4.0d32/D90

e CF 4.0 d32/D90 with central fitting

e CF ABS d32/D90

» CF ABS d32/D90 with central fitting

e Single pipes: PB-H, ABS, PVC-C, PVC-U, PE-100, PP-H

Due to their greater inherent stability, CoolFipgs should have a span of three meters, whereas sim
ple pipes only have half of them.

7.2 Timedependent behaviour of polymersby constant stress

Polymers can withstand greater elastic strainsrbgitastic deformation remains compared with met-
als. If they are subjected to a tension, whichel®w the yield stress occurs a strain that incieasth
time. When the voltage is applied, as it jumps f@@ro too, the strain increases to an initiglbefore
the increasing gets lower. The constant stressdiependent modulus of elasticiEy(t) is defined as
follows: [15, p.268]

o
E. () = -0 (7-1)

The deformation and alsé,.(t) strive for a constant value for large times. Afiemoving the load at
time t, the strain decreases abruptly by the non-timegl@dgnt amoun¢, and returns then to zero.
The retardation timeg,, is defined as the time at which the time-depengention of the strain has
decreased to 1/e times the original value. FigdreHbws the creep behavior after applying and keep-
ing a constant stress for polymers.

For the evaluation of the creep properties, thegmesistance index. should be introduced. He de-
scribes the temporal decrease of the materiahetff. The larger the index, the smaller the crEleg.
creep resistance can assume a maximum valeg fl. Such a material has a temporally constant
rigidity. The definition of the measure is showntie following equation, wherg,, equalsE,(t =
10° h) andE,; equalsE,(t = 103 h): [16]

Ec3

= — 7-2
Ce E. (7-2)
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Figure 24: Creep behaviour by constant stress fdymers [15, p.268]

7.3 Teststand
7.3.1 Total Construction

Figure 25: CAD Construction to measure the time-delead deflection

There are different elements in the constructiarst lBf all, the frame elements guide profile {1fdh
setting Profile {2}. So-called "clip-it" holdersdm +GF+ {3} hold the pipes. They are in larger di-
mension than the test pipe, so that it can beredyfrén the middle of the frame construction, thare
two identical bridges {4}. These are mounted pafallith an interval of a few millimeters, so thhaet
pipe deflection can be measured with a depth measant (chapter 7.3.3). Below the bridge, the test
weights {5}, as presented in chapter 7.3.2, aresgttically shown. Due to the fact, that simple pipe
are tested at a different distance of the clipaitders than CoolFit pipes, the setting profilestha
frame are connected to the guide profile by fiximgckets {6}. By opening the connecting screws the
distance can be adjusted. Attached markings ogulue profile allow a quick change of the span.
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7.3.2 Test weights

For the test weights there are weight plates uséith has a single weight of about 1270 g. They
have a central bore and are connected by a threade®n this are nuts as balancing weights. With a
screwed eyelet, the weights get into hooks thag wéith cable ties or chains around the test pifres.
order to obtain measurable deflections, test weiglith a total weight of five kilograms are suféot

for CooFit pipes and 2.5 kg for single pipes. Tlesign can be found in the appendix, chapter A.4,
page 72 of the German edition. The designed tegfhtgeserve as reference. The weight must be ad-
justed depending on the temperature. For soft sssriple weight is reduced and increased for hard
samples. The following two figures show the tesigives.

-
-

?

=
|
—_

Figure 26: Test weight without mounting Figure 27 flesight mounted
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7.3.3 Deflection measurement
The "bridge” {4} is necessary to measure the tinepehdent deflection and described in the following
figure.

Figure 28: Measuring of the deflection shows aisect
through the bridge from Figure 25. In addition he t
/. depth caliper {1}, there is also the bridge of M&d
profiles {2} and the test pipe {3}. The bridge hasmall
gap in the middle. The caliper can be extended amd
measure the depthh). As a measuring instrument, a
depth caliper is selected because it rests ondidés by
the wings. This ensures that the deflection is nneas
o vertically and at each measurement at the exace sam
angle. In addition, it is possible to read the e&ibn to
h; \. the nearest tenth of a millimeter. The depthis the
dimension from the top of the bridge to the topthod
test pipe. To capture a deflectionof the test pipe, it is
necessary to measure a referehggr.,.n, without a

weight and subtract it from its depth

Figure 28: Measuring of the deflection

That means in equation:

€(t) = hy(t) — hReferenz(t =0s) (7-3)
Therein describes™ any measured timeReferenz’'describes the height without any load.

7.3.4 Thermal induced error

Each material changes his length due to temperahaagings. The measured deflection should be
compared by a measured reference length, whichdimimeasured if the caliper has a core tempera-
ture from 20 °C. The Problem is that the calipes lfior the whole time of the test in the climataroh

ber and take the same core temperature than thpipes. Because of this he change his length and
the measured length are false. If the test pipeaided at temperatures below 20 ° C, the lengthef
depth caliper will contract and the value of thipea h; will increase. If the test temperature is higher
than 20 °C, the situation is exactly the other waynd. The depth of the depth gauge will expand and
decrease the measured depth.

Figure 29 shows the thermal induced mistake ofidpth caliper. A caliper gauge measures the length
at all used temperatures. Therefore he is storeundly isolated at room temperature of about 20 °C
and comes into contact with other temperatures forlyhe measurement. It can be assumed that he
has the same temperature in all measurements gotkeln addition, the figure shows a linear expan
sion behaviour, which confirms this assumption. €h@rs are given as an extension in millimeters
per meter length of the depth caliper at the déffietemperatures and each referenced to 20 °C.

As it can be seen, the maximum error at +60 °C4snh/m, or at -30 °C -0.4mm/m. The measured
deflections of the pipes are less than one metdrOgh mm/m to measure is very low. This error
should be neglected in the measurements. At a nuiatimmeasuring range of 300 mm of the depth
caliper, the error at +60 ° C is exa®363 mm/m - 0,3 m = 0,109 mm.
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Figure 29: Thermal expansion of the depth caligethie used temperature range

7.3.5 Time recording

In order to measure the creep behaviour propedygaaphically, it is important to be able to stop t
measurement period correctly. Since in the firstritbe increase of the deflection increases the,mos
especially in this, the measuring duration musexectly detectable. For each measurement, the exact
time becomes recorded in the format hour:minutersgé@nd the data processing program Excel cal-
culates a time;, which elapsed between hooking in the test wedgitt measurement. Thus, the de-
flection should be recorded with time in second® Tollowing clock is used:

Figure 30: Clock to measure the time period

A section of the test protocol describes the tigerding more detailed.

1. Vorgang: Aufnahme der Referenzbedingungen unmittelbar vor Einhangen des Priifgewichtes
Uhrzeit: hs: Wi t1:

08 26 15 11,8 cm 0,00 cm Os

Notizen:

2. Vorgang: Messung unmittelbar nach Einhangen des Priifgewichtes
Uhrzeit: ha: Wa! ta:

08 : 26 : 30 13,44 cm 1,64 cm 15s
Notizen:

3. Vorgang: Messung nach Zeit t;

Uhrzeit: hs: wa: ta:

08 : 33 : 40 13,76 cm 1,96 cm 445 s
Notizen:

Figure 31: Section of the test protocol
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7.4 Test procedure
The test procedure consists of 10 measurementsatbabeing carried out throughout the day. The
procedure is as follows:

1. Setting the adjustment profiles to the requirednging length, 1.5 meters for single pipes and
three meters for CoolFit pipes.
Setting the test weights
Storage the test pipes in the climatic chamberingnavernight for temperature control to the
target temperature

4. Positioning of the clock for time recording
Mounting the test pipe number one

6. Measuring the deflection due to its own weight dimthg the adjusting screw, so that the
length cannot change due to friction on the briggen pulling out.

7. Noting the deflection, opening the set screw argitipming the depth caliper for quick acces-
sibility.

8. Hooking in the test weight and simultaneous readinipe second-precise time
Measuring the weight-loaded deflection and sim@tars reading of the second-precise time

10. Noting the time when the weight was hooked in,riocpdure 1 (protocol), noting the time and
the measured deflection in process 2 (protocol)

11. Mounting test pipe number two, three, etc. andaepteps 5-10 until all test pipes are mount-
ed and recorded by measurement.

12. After the last test pipe has been hooked in, refcethe deflection on all pipes after about five
minutes.

13. After another 15 minutes, re-detect the deflection

14. Distribute the outstanding measurements to timeniats of the approximately equal period,
so that the last measurement, number 10, occunsadproximately eight or nine hours.

15. After eight hours of measurement, unhook the tesgts and label the test pipes with exact
dimensions and test temperature (each pipe isusdyg for one temperature due to permanent
deformation)

16. Storage of new specimens in climatic chamber asiditeat point number 1.

7.5 Analysis

The deflection is recorded for the test and the uhaslof elasticity is determined in the evaluation.
This calculation is shown as an example in theofalhg calculation. For this purpose, the first meas
uring point from Table A.4-1, in the appendix orgpa& 6 of the German version, is used. Therefore is
PB-H at -30 °C used.

The reference altitude at 08:41:00 is 12,52 cm0&#1:15 the height, is 14,93 cm. For this meas-
urement the test weight is hooked in. By compabiath times, it is noticeable that the timeis 15 s.
From this, the required deflection for calculatithg modulus of elasticity can be calculated as fol-
lows:
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€, =h, —h; =1493cm— 12,52 cm = 2,41 cm = 24,1 mm (7-4)
The modulus of elasticity is calculated by equafirgd9) of the appendix as follows:

F-13 F-13

- JE=— 7-5
48 E-1 = 48.-¢-1 (79

€j

Therein, the test weight and the pipe dimensionglébermining the area moment of inertia must be
known. The test weight is measured on a scale avithaximum measuring range 3 kg + 1 g to
2,67 kg and the dimensions with a Vernier caliper to d82,2 determined.

From these findings, the area moment of inertiabmnalculated as follows:

=™ (R4 ]
1_64 (R*—r1%) (7-6)

With R for outer- and r for inner diameter:

T T
I= e [R* = (R—2- -wst)*] = e [(32,2mm)* — (32,2 mm — 2 - 3,2 mm)] -7
= 31.021 mm*
Finally, equation (7-5) can be calculated:
m.g-1® 267kg- 9,815 (1500 mm)?
= = S = 2463 (7-8)
48 -€; - 1 48-24,1 mm-31.021 mm* mm?

The E-Modul for PB-H at -30 °C after 15 s is caitat to 2463 N/mmz2.

7.6 Results

7.6.1 Single pipes

The following diagrams show the e-modulus calcalatechapter Analysis7.5. All associated meas-
ured values can be found in the appendix, chaptfrAm page 72 of the German version.

All figures are shown with the modulus of elastiain the y-axis and the logarithmic loading time in

seconds on the x-axis. The calculated measureévale shown with a marker. The solid line forms a
resulting, logarithmic balance line.

5000 4
PE-100
= 4000 |
23000 e
= TTT—m |
= ] [ |
= 2000 | i N EAER EE s T—
=) 1000 | A
0 e . e e e =S DN
10! 102 10 10 109
Zeit seit einhidngen des Priifgewichtes in Sekunden
m—30°C 4—10°C e+20°C x4+40°C +4+60°C
Figure 32: Results deflection behaviour PE-100 d32
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Figure 33: Results deflection behaviour PVC-C d32
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Figure 34: Results deflection behaviour PVC-U d32
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Figure 35: Results deflection behaviour PVDF d32
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5000 4
PP-H
B 4000 |
= —
Z: 3000 ]
= 2000 1 BRI
oy 1000 + —
I e e e = UV
10t 10 10 10 10°
Zeit seit einhiingen des Priifgewichtes in Sekunden
m—-30°C 4 —-10°C e 20°C x440°C ++60°C
Figure 36: Results deflection behaviour PP-H d32
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Figure 37: Results deflection behaviour PB-H d32
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Figure 38: Results deflection behaviour ABS d32
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7.6.2 Reproducibility measurements

In order to be able to make a reliable statemeatitathe correctness of the measured experiments,
reproducibility experiments should be carried aut40 °C. Here, the remaining pieces of the single
pipes are tested at the same test temperaturee Hneswo ABS, two PVC-U and two PB-H pipes.
The comparison is intended to allow a first stateimehether the pipes have a large dispersion. It
should be noted that the remaining samples areamdgrom the same five meter bar and the compar-
ison pipe from another bar. In addition, for aable statement about the scattering far more sample
of each other bar are necessary.

3000 4

Reproduzierbarkeit
L 2500 - HH——
— 2000
= 1500
< 1000
£
M 500 - g mmp

10! 102 10? 104 10°

Zeit seit einhingen des Priifgewichtes in Sekunden
e ABS Vgl. 2«ABSR ePB-H Vgl. xPB-HR ePVC-C Vgl. oPVC-CR

Figure 39: Results reproducibility experiments AB8;H and PVC-C, d32

Figure 39 shows the results of reproducibility. fehare one the one hand the so called “Vgl” test
pipes and on the other hand “R” test pipes. The dh“Vgl” correspondents the line from the figures
in chapter 7.6.1, the “R”-lines correspondentsréproducibility lines.

There are partly deviations between the compamseasurement (Vgl.) and the reproducibility meas-
urement (R). The calculated values for PVC-C at ¥@@re too small at the beginning of the meas-
urement and make no sense compared to the re$B80c’C. On the other hand, the results of the
two test pieces in the reproducibility for PVC-@ @ne same. The calculated E-modules are also much
closer to expectations. Nevertheless, it is clemmfthis examination that a great deal of diveraifi
tion is possible.

Similar behaviour is also apparent in ABS. The test pipes are at most 400 N/mm? lower than those
of the comparison measurement. The results of datkidates also differ by < 200 N/mm?2.

The result of PB-H differs a little bit. Both compson and reproducibility measurements are almost
completely coincide.

7.6.3 Evaluation of single pipes

PE-100 is compared with the values of the litematticarious for all test pipes. The values are com-
pared with PE-100 by a densitiy of 0,95 g/cm3.le likerature, Figure 40: Literatur of the bending e
modulus for PE-100 [11, p.140 f], at 23 °C, aftaedour, a bending creep modulus of 650 N/mm? is
given. 400 N/mm? for +40 °C and equal duration.cAs be seen, the values in the literature arerarge
than the calculated. They are for +20 °C 520 N/ran# 290 N/mm? for +40 °C. One reason for this is
that the test method in the literature accordingttmdard, mainly with the three-point method. The
method differs significantly from the deflectiorstecarried out in this report. The three-point roeth
uses a flat sample and not a pipe.
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Figure 40: Literatur of the bending e-modulus fdE-200 [11, p.140 f]

Furthermore, in chapter 7.6.2 a reproducibility sueament on other plastic pipes shows a variance,
which is larger than the deviation found in thertture. For comparison with PE, it can be condude
that a bending creep module can be calculatedtivittapplied measuring method. In order to be able
to determine a tolerance range of the measurertdatnecessary to carry out more reproducibility
measurements for all temperatures, not just forrepeesentative, and to make a statement about the
compatibility of the literature with the determinedatter band. Due to the deviations found in the
reproducibility measurements, the comparison ikiwia possible tolerance.

The figures from chapter 7.6 show the decreasheoétmodules with increasing time or temperature.
It can also be seen, for example, that PB-H pipdaké temperature range from -30 °C to +40 °C have
almost the same stiffness properties. This can laéscecognized for PVC. PVC-U has a calculated
modulus of 3800 N/mm? for cold temperatures of *30and 2500 N/mm? for +60 °C. PVC-C at cold
temperatures ~3000 N/mm?2 and for hot approxim&2830 N/mm?. The difference between the mod-
ulus of warm and cold temperature is within a raog&000 N/mm?2. This is different for pipes such as
PP-H. For cold temperatures they show large e-nusdofl about 4600 N/mmz2 and for warm tempera-
tures only about 500 N/mm2, respectively at therrdgg of the measurement after about ten seconds.
Similar behaviour can be observed for PVDF and P&-1

In part, the effects of the determined reproduitibih the calculated modulus of elasticity arecals
shown. PVC-C is considered between +40 °C and &0At the beginning of the +60 °C has a larger
modulus of elasticity than+40 °C. The same caolmerved for PP-H between -10 °C and -30 °C or
PVC-U between +20 °C and +40 °C.

In summary, the behaviour with regard to the sti¥f properties can be assessed. PVC, PB-H and
ABS pipes show temperature ranges in which theipgrties barely change. PE-100, PVDF and PP-H
show big differences between hot and cold tempegathlso the decrease of the modulus of elastici-
ty with increase of the temperature can be obsemedd

In order to be able to make a statement aboutdirectness of the calculated measured values, more
reproducibility measurements are necessary. Howdvercalculated values give a first indication of
the order of magnitude of the modulus of elastiaityhe respective temperature.
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7.6.4 EcoFit pipes
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Figure 41: Results ecoFit for +20 °C

Looking at the figure, the higher modulus of 2.7 ¥&pparent. As expected, this is larger and ean b
attributed to the glass fiber-reinforced portiorthe core. It is also noticeable that there is lyaady
difference between the continuous three-meter-PEgLOO reference pipe and the pre-connected ref-

erence pipe, consisting of three one-meter-londdede PE-100 pipe sections. The weld does not
weaken the pipe.

7.6.5 CoolFit pipes

The evaluation of the CoolFit pipes differs slighflom the evaluation with ecoFit or single pipesd

to the interaction of several layers. The procedwe is shown in the appendix on page 86 of the
German version. On the y-axis the modulus of el@gtf the media-carrying inner pipe is applied.
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Figure 42: Results CF pipes with and without centraded fitting

There are significantly higher e-modules for CF A&ficulated compared to CF 2.0 and 4.0. Reason
is that it is calculated back to the inner pipe &BS5, as already seen in chapter 7.6.1, has higher
modules. Furthermore, it can be seen that thealdritmg is a weak point. The modulus of elagici
drops by about half for all test pipes. That cquoeegls to the expectations. As a countermeasure, in-
stallation instructions are given by +GF+, accogdia which it must be avoided to install the conrnec
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tion point in heavily loaded areas. In generalytbleould be laid close to clamps, so that the bendi
moment in the fitting approaches to zero and thatrot subjected to any load.

The calculated e-modulus for CF 2.0 and 4.0 ar@siimompletely identical. Due to the fact that the
inner pipes are both made of PE-100, the resutteggond with the expectations. Compared to chap-
ter 7.6.1, almost the same moduli at +20 °C aghHeroad of the single pipe PE-100 dimension d32.
This is about 950 N/mm? for the single pipe aftar $econds, and just under 1000 N/mma2 for the same
load time for CF 2.0 and 4.0. Also for CF ABS thatah is ensured in the direct comparison. After
twelve seconds, the modulus of elasticity of thegla pipe as well as the CF ABS pipe is just 2100
N/mm2,

The results of the calculation are satisfactorye Tiathematical agreement with the single pipes, as
well as the internal comparison between CF 2.0 4f0dshows a great security in the measurement
process. The different approaches to evaluationiggathe same insight. Only the creep behaviour is
different. This is evident from the following chapt

7.6.6 Creep resistance

For the comparison between the pipes, the creégtanse from equation (7-2) of all pipes shall be
calculated. This requires a measurement duratidt000 hours witlE 3, but the maximum duration
are only ten hours. The creep resistance will he defined because of this. The determined, loga-
rithmic balance line is valid for a period of tegtends to ten hours. The equation (7-2) is redéfase
follows:

Es(t = 101 h)

_ 7-9
‘<DB = (t=10""h) (9

This results in the following figure for single pig. The calculation can be seen in the appendix fro
page 87 of the german version.

Ce,DB

—30 —20 ~10 0 10 20 30 40 50 60
Temperatur in °C

—a—-PB-H—+—PE-100 -PVC-C —+ PVC-U —~—-PVDF ——PP-H ABS

Figure 43: Results of the creep resistance forlsipgpes

Figure 43 shows how the creep resistance varids thit temperature of the individual pipes. There
are three different types of behaviour. First ¢f @lmost constant, as second increasing and e thi
one decreasing creep behaviour by increasing texper

A comparison between the values at -30 °C withdHosm +60 °C shows a tendency to decrease with
increasing temperature. PB-H is the exception.thisrcandidate, the coefficient increases from 0,58
at -30 °C to 0,82 at +60 °C, an increase of 41,3 %.

Some candidates shows nearly the same behavidiffeaent temperatures. PVC-C and PVC-U bare-
ly differ in their behaviour between -30 °C and +2Z0 For this temperature range, both specimens
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have the same creep strengths. PVC-C also for €48t°this temperature PVC-U already drops from
0,9 at +20 °C to a value of 0,8. PVDF has alsorestamt creep behaviour in a temperature range from
-30 °C to +40 °C with a value of approximately pé temperature be determined.

The maximum value of all measurements has ABStatnperature of -10 °C. The creep resistance at
this temperature is calculated to 0,96.
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Figure 44: Results creep resistance CoolFit and écfofF +20 °C

The creep resistance of CF 2.0 and 4.0 with andowttfitting, hardly differ. The reason is that the
modulus of elasticity calculated back to the inpigre, which is for both samples the same material.
The creep resistance of CF ABS is higher than ah&@F 2.0 and CF 4.0. A direct comparison with
+20 °C shows that the bending creep resistandeediessted ABS single pipe is minimally greater than
that of CF AB. Reverse behaviour is evident whemgaring PE-100 with CF 2.0 and CF 4.0. Here,
the creep resistance of CF pipes is slightly highan that of the single pipe. The different creep
haviour of the CF pipes can be explained due tfierdint own weight. The impact of the own weight
isn’t considered in this work.

The continuous and pre-fabricated ecoFit PE-108reete pipe does not differ in its calculated val-
ues. Their results have the same course of the lnoad elasticity and due this the same creep re-
sistance. The calculated modulus of elasticity fittin ecoFit PE-100 pipe coincides with that of the
single PE-100 pipe. By comparing the creep registalirectly, no difference can be detected between
them, which is satisfactory for the result of theasurement.

The 30 wt.-% glass fiber reinforced pipe showsexgsected, a higher creep resistance. This liesavith
value of approximately 0,8 by 45 % over that of thkerence pipe.
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8 Solar impact
8.1 Test mode

A test stand shell be designed, which makes itiblesto map the expansion behaviour of the test
pipes due to partial heating of the surface tentperaby simulation of the solar radiation. For this
purpose, the pipe should be radiated on one side dnyitable radiation source (Caption 8.3.2). This
test will be carried out in two different ways:

« There flows a medium through the pipes
e There flows no medium through the pipes

Due to the one-sided irradiation and the resultdtifferent surface temperature around the circumfer
ence, it is expected that the test pipe extertiéndirection of the hot side. The test examines timv
test pipe expands and whether it completely rethaak to the original shape.

A customer note indicates that the surface temperatf pipes stored outside in summer months can
increase to ~ +60 °C. For this reason, a radia@mce in preliminary experiments, a distance aad t
associated radiation angle is determined to evesigblish a maximum surface temperature of ap-
proximately +60 °C.

8.2 Thermal radiation

Radiation is energy in the form of electromagnetaes and spread without the help of a medium.
This is the reason why the radiant energy arrivaingearth comes from the Sun. The energy power
from sun is ~3,8 - 1023 kW . Or 63.500 kW/m? converted to its surface. This huge energy results
from a core merger from hydrogen to helium. In thigcess, energy is released in the form of radia-
tion. [17, p.38]

Sun radiates in all directions, only a fractiontioése hits the earth's surface. This is given wieh
irradiance “E” and is defined as the radiant en&i@y which strike a surfac&A per unit of timedt.
This extra-terrestrial radiation was published Iy World Meteorological Organization Genf, WMO
for short, in the publication 590 of 1982 MWB86,7 + 0,7 mW/cm?which is the equivalent of
1367 W/m?.

There are different types of radiation with differeenergy content Figure depending on the wave-
lengthA. The following figure shows an overview of thesddication of the different wavelengths.
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Figure 45: Spectrum of electromagnetic wavess

The middle range, with wavelengths between abduta@d 100Qum, is called temperature or heat
radiation. The visible light (0,38m to 0,78um), which the human eye can perceive, is locatatim
area. The wavelength interv@l01 pum < A < 0,38 um is the range of ultraviolet radiation. Between
0,78 um < A < 1000 um lies the infrared radiation. Each wavelength hawn frequency “f’, so
the following relationship exists:= f- A, where “f” is the Frequency aridthe wavelength. It follows
that the frequency decreases with increasing wagtie From this result, the long wavelength is par-
ticularly low and short wavelength very high in eme Max Planck succeeded with his “ Planck’s
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radiation law”. This law gives a relationship beémethe energy content of a black emitter electro-
magnetic energy and the wavelength.

10 Plancksches Strahlungsspektrum

Spektrale spezifische Ausstrahlung, W/(m? pm)

0.1 1 10 100
Wellenlange, pm

Figure 46: Energy content of electromagnetic endrgyn black emitters [20, p. 316]

Figure 46 shows the radiation intensity of blackliee as a function of their wavelength, ., is the
wavelength at which the intensity reaches theirimam. The line with yellow color shows the spec-
tral specific radiation of the sun. This comes elts the distribution of a blackbody with the sada
temperature of 5777 K. The human eye perceivesbatiith the color at which the maximum intensi-
ty is reached. According to the “Wien shift theofemhich say that the product of maximum wave-
length and surface temperature is constant, treepped color of the sun can be calculat&ddenotes
the temperature of the blackbody: [21, p.5-1 ff]

2898 um - K 2898 um- K
T* ~ 5777K

2989 um - K = Apax * T 2 Apax = =0,517K (8-1)

The color is associated with this wavelength oraysjow, which is why the human eye perceives the
sun by this color. The higher the surface tempeeatfi black emitters, the more they move into the
ultraviolet or very short wavelength range and gaienergy content. [22, p.99]

8.3 Preiminary tests

Preliminary tests are carried out in which a seqaeand various attitudes are examined, which are
later of importance for the construction and exiecudf the main experiments. It is primarily a suit
ble radiation source for imaging the solar radiatigor this, a distance to the pipe, and a disthece
tween two radiation sources is checked. In additilifferent measuring methods for the temperature
absorption of the surface are investigated and eoadpwith each other. This helps to measure the
correct surface temperature and not any other value
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8.3.1 Preliminary test construction

ZStrahler

Figure 47: Construction for preliminary tests

The preliminary test stand consists of a test filpeA CF ABS d32 / D90 is used therefore. The pipe
is fixed by a pipe clamp in the middle between batkds{2}. A small substructure protects the exper-
imental setup from falling over {3}. The yellow alshows spotlight tripods {4}, which are connect-
ed by a Minitec-profile {5}. The examined spotlighic} are fixed by two screws in this profile. The
tripods can be adjusted in their height by a setvecA distance of X=90 cm can be adjust easilye Th
distance “z” can be set along the length of theitdaprofile.

8.3.2 Selection of a suitable radiation source

For the selection of a suitable radiation sourceif6Figure 47, various artificial light sourcesrne

into the selection. It's compared how they're simib natural light, but also what heat radiatiomae
nates from them.

For the artificial irradiation of plastics, the ugexenon arc lamps is recommended in the liteeatur
(Figure 48: Xenon arc lamps in their structure (kirgg from Osram AG) [22, p.104]). These have a
homogeneous spectrum and are closest to that efahaunlight. They're used, for example, for cin-
ema lighting or headlights in automobiles. Howetiee, artificial irradiation according to DIN aims a
the aging of the plastics, which shouldn’t be itigesed in the test mode in chapter 8.1. Xenon arc
lamps are expensive and therefore can’t be includa selection

Kathodensockel Elektrodenstab Anodensockel
. Lampenkolben
La chaft
‘ R PSS Einschmelzung
oo
o =]

Ziindhilfsdraht

Figure 48: Xenon arc lamps in their structure (Dragifrom Osram AG) [22, p.104]

In the case of artificial light sources, a distiontis made between thermal radiators, low-pressure
discharge lamps, high-pressure discharge lampglantfoluminescent radiators.

The most common thermal radiators are light bulbsadogen lamps. A tungsten wire coil is located
in an evacuated or gas-filled glass bulb for atllgiib. For halogen incandescent lamps, the butb co
sists primarily of quartz glass, because the twmgstire coil heats up to higher operating tempera-
tures. This also includes additions of halogen caumgls. [23, p.79 ff.]

The most common low-pressure discharge lamps aoescent lamps or compact fluorescent lamps.
The operating principle of discharge lamps is that piston is filled with xenon or krypton gas and
operated at a vapor pressure of abotfttb0L0’ bar. When switching on, electrons are releaseitwh
start a chain reaction. This emits radiation mainlyhe invisible UV range. A layer on the inside o
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the pipe absorbs this radiation and converts tiglrto visible light. [23, p.96]
The following table shows the spectrums of diffénauiation sources and compares them with solar
spectrum.

Table 18: Energy consumption of different lightrees [24, p.228]

Type Summary uv Visible IR-A IR-B IR-C

yp radiation 250-380 nmin % 380-780 nmin %  780-1400 nmin %  1400-3000 nmin %  >3000 nm in %
Light bulbs 93 0,05 10 37 31 15
Ej‘llgge” light 94...96 0,1...0,8 13...18 38-42 28...32 10...15
Fluorescent 65 0,5 20...30 1 0,2 35...45
bulbs
Compact fluo- 70 05 25...30 1 0.2 38...42
rescent bulbs
Global radiation 100 5 54 30 11 -

Table 18: Energy consumption of different light sms [24, p.228] shows the energy balance of dif-
ferent lamp groups divided to their according topartions of the radiation flux in defined spectral
ranges. The percentages refer to the absorbed pivilee lamp. For the selecting of a suitable light
source for the irradiation of the pipes, it shaodédcompared, which lamps have a high heat productio
to reach +60 °C surface temperature and which mnéha closest to the global radiation.

When considering the heat production, it is impurt®d check the long wavelength components,
which means to pay attention to the IR shares.Haige lamps have the largest proportion of IR-C
radiation, but there are no matches to the gloadiation. Global radiation has no IR-C radiation.
When looking at the IR-A component, the greatese@ment occurs in the case of both temperature
radiators. In the case of halogen light bulbs,dhgrgreater heat production. Light bulbs have allsm

er deviation from the global radiation. In the kisi portion, the discharge lamps are the mostldeita
However, all light sources are still far from thielg of global radiation. It is also noticeable ttlae

to the high IR-C content of discharge lamps, aiigantly lower total radiation flux compared to
global radiation is present than the case with dedoincandescent lamps. The decision of a suitable
radiation source therefore falls on halogen lighibb, as used for example in construction sposight
They have the largest total radiation flux compaxethe global radiation, as well as the largestt he
production.

8.3.3 Distance of the radiation source

In several experiments and different distances tX"the radiation source temperature curves, as
shown in Figure 50 and Figure 51, were recordee. rEsulting stationary temperatures, plotted over
the distance X, result in the following figurectinsists of four measurements.

Tin°C
80 -

R T

60
4

0 - T = —0,948 - X + 126,53

50 55 60 65 T0 75 80 Xincm

Figure 49: Stationary temperatures depending otagice "X"

Due the resulting line, the distance of the radimource can be calculated:

T= —0048 X + 126,53 » X = 2023 (8-2)
= — . —_ =— -
’ ’ —0,948
T isin °C, the result is calculated to:
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60 — 126,53 8.3
= W = 70,2 cm (8-3)
This results in a distance of approximately 70 dine resulting temperature profile, for the deter-
mined distance in the test pipe, is shown in FigilreTemperature recording for a distance X=70 cm.
The following homenclature must be observed. Eattelement in depth “s”, see also Figure 52 on
page 47, with s = 83 mm, s = 75 mm or s = 68 mnoivenclated ass;IThese temperatures are rec-
orded for the calculation schema according to arap3.4.1. In addition, the surface element has th
color red, which is shown in Figure 53 or agchachein the legend. The ambient temperaturejggd:

bung

The temperatures change after a period of 180 msnuwvhich corresponds to three hours, barely.
Based on this finding, the minimum irradiation timethe main experiments is set at four hours. The
drop in surface temperature after 90 minutes iatiah time is due to the contact measurement, ac-
cording to chapter 8.3.4.2. The cold tip of thetachmeasurement is held on the insulation tape. Du
this, the glued PT element is cooled. It reachesotiiginal temperature a short time after the aunta
measurement is finished again. In addition, a sgadbehaviour of the surface PT elements can be
observed. Bypassing air cools strongly. With teialization, windows and doors should remain closed
for the main test, in order to keep these fluctratias small as possible.

The slight increase in temperature after three $ofiirradiation can be attributed to the ambientt
perature. The start of the experiment for Figures5it 09:42 o'clock. The ambient temperatureiat th
time is 23,73 °C and gradually increases accorthnbpermsche At the end of the experiment at 12:51,
the temperature is 25,42 °C and rising. Furthersmeanents show this dependence.

Figure 51 is for a distance from 60 cm and wasrtakeernight, which explains the long test time of
over 900 minutes. The measurement begins at 15 2rds at 08:22 of the following day. It clearly
shows how the ambient temperature affects the ithai temperatures. While it hardly changes the
first 250 minutes, the temperature measuring pailsts show steady state behaviour. When the room
temperature drops at around 8:30 pm, after 250 teénuhe temperatures drop successively, first on
the surface then on the inside.
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Figure 50: Temperature recording for a distance X=¢m
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Figure 51: temperature recording for a distance X=ém
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8.3.4 Temperature measurements

To measure a correct surface temperature whenimgroyt all main experiments, the installation of
PT temperature sensors on the surface should bpazethwith alternative measuring instruments.
The following two measuring methods are used fienaperature measurement:

+ Calculation schema
* Glued PT elements on the surface

In the calculation (Figure 52), the temperatureeorded at three different depths. This is necgssa

to measure the temperature profile through the, fopeause materials and their thermal conductivity
coefficients are known. So the surface temperatanebe calculated back.

This calculated value is compared with the measteegberature by a glued PT element by a black PE
tape (Figure 53). If both values agree, it candsumed that the measured temperature corresponds to
the truth. If the two values do not agree, it isessary to compare them with alternative measuring
instruments and apply the method which gives mgreeanent to the main experiments. The follow-
ing figures shows both methods:

mm
mm

83!
68

i
|
|
Figure 52: Claculation scheme Figure 53: Glued Plefent on the surface

8.3.4.1 Calculation procedure of the surface temperature

The calculation assumes that the temperature ercdih be calculated by using the formulas of a mul-
tilayer board. The reason for this is that the Hieat hits the surface on one side and only frorowh
The calculation as a cylinder jacket is used winenhieat flow is distributed around the circumfeeenc
and hits from all directions by the same valuehengrofile.

First of all, the heat flowQ in the area of the insulation is calculated byfti®wing formula:

Q- — AlsoAthion “A-AT (8-4)
Alsolation

j = Lsotation ap (8-5)

1 As

The experiment showed that the PT elements doetettthe temperature with the tip. They measure
with the entire range of their measuring tips, shawwhite in Figure 52. That must be considered fo
“s”. In addition, temperature sensafsTs consequently excluded from the calculation bheeanot the
whole part of the area is in the insolation anddfae it is not possible to make a statement atiaut
exact depth. Equation (8-5) is changed as follows:

A .
q - Isolation AT (8-6)
Sg3 — S75
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Due the lengthyosspereich Of the measuring area follows:

l ; l i
Messbereich Messbereich
Sg3 = 83mm - ———— S75 = 75mm - ———— (8-7)

2 2
By using the radius does this mean:
D D
Tg3 = Sg3 — T7s =S5 (8-8)
Equation (8-6) has changed to:
A ,
q — Isolation AT (8-9)

g3 — 175

Right now it is possible to calculage Due this the temperature on the inner side oPtRaegipe can be
calculated:
q

1 “(TpE—innen — T83) + Tg3 (8-10)
Isolation

Trp_innen =

Finally, it is possible to calculate the surfacmperature:

q
TPE—auféen = 2 ' (TPE—auféen - rPE—innen) + TPE—innen (8-11)
PE

The following table shows the calculated valueseyTleorrespondent to the stationary values for
X=70 cm.

Table 19: Calculated values of the surface tempeesfior X=70 cm

)\Isolation )\PE lMessbereich D T83 T75 q TPE—auEen

0,022i 0,38£ 14 mm 75 mm 45,26 °C 40,93 °C 11,908ﬂ 52,838 °C
m - K m - K m>

8.3.4.2 Comparison with alternative measuring instruments

The calculation schema vyields a surface temperatus,838 °C. The glued-PT element as shown in
Figure 53 measured a temperature of just undeCg0r’a distance “X” of 70 cm. These values differ
significantly. The calculated value according te ttalculation scheme is just under 7 K below the
measured value, so only one of the two methodsdeamsed for the main experiments. The compari-
son with alternative measuring instruments shotilitgba decision which method is used.

The following measuring instruments are used topame the values:

» Contact measuring by a test bulb
» Contactless measurement with infrared measurinigeev
* Contactless measurement with thermal camera

The following table shows the results of the cormmameasuring instruments for a distance of
X=70 cm and a emission coefficientaf0,95.
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Table 20: Results of the comparitive measuringimsents for X=70 cm

Nr. M easuring instrument Toberfriche Notice

1 Glued PT-Element 59,63 °C Accordance to Nr. 3dl&
2 Calculation schema 52,838 °C No accordance

3 Contact measuring 57,7 °C -

4 Infrared measuring 60,6 °C -

5 Thermal camera 60,17 °C -

The glued PT element complies with the infrared tiedmal camera measurements. The difference to
the contact probe is just under two Kelvin. Thecgkdtion schema does not show any significant
matches with differences greater than 4,9 K.

The glued PT element brings more agreement to amignt measuring instruments. Because of this,
this method should be used for surface measurerideat.calculation scheme also has the disad-
vantage that it is very complicated and the exagtld at which the temperature is detected, is- diff
cult to determine and manufacture. In addition, nvpesheating the contact probe, the difference to
the glued PT element is significantly lower. Thadil PE adhesive tape makes it possible to assume
that the sensor heats up to the same temperattine btack pipe surface. In addition, it is a veim-

ple method, which makes it possible to record gerature profile over the irradiation period. Image
of the thermal camera and infrared recordings arfopmed comparatively.

8.3.5 Radiation angle

Figure 54: Construction to determine the radiatiemgle of the source

In order to be able to determine a distance betweemadiation sources in the “z” direction, théira
ation angle is finally examined. The test standxamine this is shown in Figure 54.

To simplified the measurement, it is assumed thatyesite of the spotlights {6}has the same radia-
tion angle. It should also be noted that the enthefirradiated area begins as soon as the measured
surface temperature falls below 30 °C.

The experiment should be done for X=70 cm. Theasertemperature is measured at a distance of 3
cm with the contact measurement. It is measurethéycontact probe, because it is the easiest way
and it handles and records the temperature atighé place. In addition, the measured values are
served as a guide. If the radiation angle is deteeind two radiators are connected parallel by the
discovered distance “z”, images of the thermal ganséould illustrate the course of the temperature
in the irradiated area and shows possible cormestio

For the illustrated experimental setup, the follogviemperature profile results.
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Figure 55: Temperature recording in z-directiondwgistance X of 70 cm

At a distance of approximately 53 cm, the measteatperature falls below 30 °C. The resulting an-
gle is calculated tax = 36°. The measured values and the calculation are showre appendix on
page 89 of the German version. The distangg,zis calculated to 58 cm. Further experiments and
recordings with a thermal camera show that dudeaadiation superposition of two neighboring ra-
diation sources 72 cm must be kept. The followidgeh image with thermal camera shows the tem-
perature distribution on the pipe surface betwaanradiation sources for X=70 cm and z=72 cm.

r 62,8

542

r 456

36.9

Figure 56: Temperature on the surface taken byeanttal camera for X=70 cm and z=72 cm

8.3.6 Summary of the preliminary tests
For the main experiments, temperature measureraeatsarried out according to the glued PT ele-
ment. Based on the results of preliminary testsfolowing summary is agreed with +GF+:

1. Temperature measuring:
Two direct-irradiation temperature measuring pQitw® to indirect radiation, one is at the di-
rect Irradiation at 90°, one at 180° of circumfax@and one at the junction between insulation
and inner pipe. The remainder of the PT sensor mneaghe ambient temperature. An over-
view as well as the nomenclature is shown in tigaiféi below.
Distance X: 70 cm
Distance z: 72 cm
ATy = +5K

AT,,.x describes the maximum difference around the average of the surface temperature.
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Figure 57: Temperature recording for the radiatiohthe pipes

8.4 Main tests

On the basis of the findings from preliminary testsest stand is designed which allows to observe
the points described in the summary. The test stadéscribed in the following chapter.

8.4.1 Test construction

Figure 58: Main test stand for the solar radiation

The test stand simulates as far as possible thagset@nd installation outdoors. The selected haloge
spotlight {1} are used to image the solar radiatiol are screwed onto a common longitudinal profile
{2}. Due this, the X-distance is identical for afldiation sources. The radiated test pipe {3} ikl fie

a Clip-it clamps {4} by the correct dimension. Thelsave a distance of 1,60 meters. This distance
corresponds to the same as it is used in the peadthe radiated test pipe has a length of 1.8@nset
The experimental setup has four guide profiles {8hich are used to set a distance X. In ordermot t
fall over, these are screwed on feet {6}, whichegilie construction a stable state.

The test stand radiates the test pipes from oreefeida long time while the pipes can’t rotate side
ways. It simulates the one-sided distortion behavio one-sided irradiation. It is an extreme casé
does not include shadows, gusts of wind or a clmgngiin position. In a further experiment, the be-
haviour in the installation is additionally examihby clamping a pipe of five meters in length and
supporting it at both, free ends with supports.
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8.4.2 Test procedure
The following test procedure is chosen:

Fixing the test pipe in the Clip-it clamps andtbet distance X
Connect the glued PT-Elements

Start LabView to record the temperature profile

Mark the places to measure the height (maximum ngpaivay)
Measuring the heights by switched off lightspots

Start the saving from LabView

Switch on the lightspots

© N o o0 & 0 NP

Measuring the heights immediately after switchingtbe spotlights and every 15 minutes

again due the first hour of irradiation

9. Until switching off the spotlights measuring of theights every hour

10. If a stationary behaviour can be observed in LaWIgfter about four hours) taking pictures
by the thermal camera

11. Switching off the spotlights

12. Measuring the heights immediately after switchiriftbe spotlights and every 15 minutes
again

13. Stop saving data in LabView after every temperaisitewer than 30 °C

8.4.3 Maximum warpage

Maximum warpage is a quantity size that should meashe maximum deviation from the initial
shape. For this purpose, the pipe is compared itgittero position and as a result the maximum dis-
tortion is calculated. The following figure shovetexpected result for one-sided irradiation. Tipe p
clips are shown on the left and right sides. Thesd the pipe so that it can’t turn to the side.

Maximaler Verzug

A A

Figure 59: Maximum moving away by one-side iraridiat

8.4.4 Results

Three specimens are irradiated in the test stamelséare CF 2.0, CF 4.0 and CF ABS of the dimen-
sion d32. CF 2.0 and 4.0 pipes are tested accotditige structure of Figure 58, while CF ABS is
irradiated when installed and has a length of iheters.

The evaluation shows the temperature profile wigximum warpage and images from the thermal
camera.

Bachelorarbeit Timo Klumpp Hochschule Karlsruhe
Technik und Wirtschaft



53

8.4.4.1 CF 2.0 d32/D75
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Figure 60: Temperature recording and maximum moawgy for CF 2.0 d32/D75
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Figure 61: Image by the thermal camera for CF 2.@/8%5 at 14:30 from the top

By having a look at Figure 60, it is noticeabletttiee temperature in the directly irradiated artthe
center is warmer. The reason is a temperatureayeflall three spotlights. The higher temperatsire
also evident in the thermal camera. When compétirggrecording with the measured temperatures,
there is agreement. At approximately 68 °C of tfieelement in the directly irradiated area shows he
the same value as the legend of the thermal caatéh@ corresponding location. The same applies to
all other temperature sensors. The settings ofithéiation to a constant surface temperature ofiab
60 °C are maintained and there is a balanced tetyerover the entire length, as the recordindgef t
thermal camera at 14:30 shows. In addition, at#ginning of the measurement between 08:30 and
09:30 o'clock a colder temperature than after 09!8mck can be observed. This happens due to an
open window, causing a draft to cool the surfacena@imum moving away is measured to approxi-
mately 0,95 cm throughout the experiment. As carsd®n, the pipe reacts quickly to the different
temperatures. After switching on and after switghoff the spotlights, it returns quickly to its ginal
form. The draft between 08:30 and 09:30 has thecethat the maximum moving away in this time is
lower than after 09:30.
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8.4.4.2 CF 4.0 d32/D90
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Figure 62: Temperature recording and maximum moawgy for CF 4.0 d32/D90
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Figure 63: Images of the thermal camera for CF 43@/®90 at 15:20 from the top

The results of CF 2.0 are also evident in CF 4l difference between the two measurements is the
higher ambient temperature of about 5 K. This lmasftect on the surface temperature, as observed in
preliminary experiments that for CF 4.0 the aversgabout 65 °C. A constant surface temperature
distribution is set, as the image of the thermat@a shows. The temperaturelgf ; is higher, due to

the temperature overlay of all the spotlights.

The effect on the maximum moving away is negligilae for CF 2.0, about 0,95 cm. Equally, this
specimen also returns to its original position dgrihe cooling process, after the spotlights haenb
switched off.

The thermal camera shows also the temperaturdegaifthe circumference. This results in a hot soul
with an approximate width of 22 mm, when the pipeériadiated from the top. The enlarged extract
shows the approximate widths. The barely recogtézahter pink boundary layer therefore, has a
temperature of approximately 34-40 °C, which i®ateasured by the temperature sefiggr There

is a little difference betwe€eh,y andT,gp.
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8.4.4.3 CF ABS d32/D90
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Figure 64: Test construction for the irradiation 6F ABS d32

The experimental design of CF ABS differs from tbRCF 2.0 and CF 4.0. The test pipe has a length
of five meters. As with CF 2.0 and CF 4.0, the dreaveen the pipe clips is irradiated. The freesend
are supported, so that the pipe is horizontallthan experimental setup. This test arrangement corre
sponds to the usual pipe holder in practice.

80 AL | | | | | | | | | | i _.1 ::

¢ =1089 X% G

S 701+ ! - - R T P T0.83 8
: 60 L 0,67 s
E 50 1 - 0,5 %
2 Z
| 10,33 3
& g
.. 0,17 =

=

13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00 18:30

Uhrzeit [hh:mm]

-0 TDi.Z TDi.A irﬂ:{nl Tlu-z - TUmg, - T‘BO”

Tigoo emax. Verzug

Figure 65: Temperature recording and maximum moeway for CF ABS d32/D90

Figure 66: Image of the thermal camera for CF AB8 d817:00 from the top

The results of CF ABS differ from CF 2.0 and 4.0¢eTpipe is held in the pipe clips and can’t warp
due to the support of both free ends. With a marimearpage of one millimeter, which is almost no
longer measurable, the statement can be madehthgige does not warp. The temperature profile is
constant at about +60 °C. The directly irradiatedssr in the center measures a higher temperature
due to the temperature overlap. This area is ngdsithe thermal camera.
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Figure 67: CF ABS without irradiation Figure 68: GBS irradiated

8.4.4.4 Evaluation

Only pipes that are stored in the nature and arénstalled can warp due to the one-sided irraoimti

At an irradiated length of 1,60 meters maximum \vagepis about one centimeter. When cooled, the
pipes return to their original position. Maximumnwage does not differ between CF 2.0 and CF 4.0
pipes.

A firm installation does not allow for warpage. $htatement could be sustained on the specimen CF
ABS where warpage was < one millimeter, so notlyeabrth mentioning. For this reason, no further
tests are being carried out at this point. Fillgeepwill absorb the induced heat better resultimgun
even lower no more apparent max. warpage.

Finally, it has to be said that additional factars important in the nature. These are, for example
winds, shadows or the sun's position. Especiallyd&ihave an effect on the surface temperatures, as
can be seen in the tests. Due to forced convebeam from the hot surface is released to the passin
air.
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9 Conclusion

As a final summary it can be said that this worlareines extensively different stress situations of
Georg Fischer pipes. These were initially, basegrenious measurements, the force generation with
axial clamping, as well as the L-Bend buildup. Thkeults of both experiments partially coincided
with those of the predecessor. In the axial formestraint, reference values for the force arisiag b
tween -30 °C and +60 °C could be obtained. Whenpewed to previous measurements, the results
could be explained as plausible and showed a tegd#vith slightly larger readings and an increas-
ing difference to low temperatures, the resultghef work met expectations. The L-Bend buildup
showed great agreement between previous measuseam@hthe results of this work for the thermally
induced force generation. Only the excess defledist showed no clear tendency and should be
verified on occasion with further measurements.

In a further experiment, the thermal change in flera§ multilayer glass fiber pipes was investigated
by temperature changing. Helpful results could b&ioed. A clear trend shows the reliability of the
measurement, so that expansion decreases wittagicgeglass fiber content.

The most detailed attempt was concerned with the-tiependent deflection behaviour. The results
were of great importance, because there have beeneasurements in this regard and no literature
references to the investigated temperature rafgesresults showed clearly the behaviour of the in-
vestigated plastics, both in modulus of elastieityl in creep resistance. Across metrics, such as be
tween CF ABS and single pipe ABS or CF 2.0 andah@ PE-100, large matches could be found.
Reproducibility tests showed a scatter of the tesMVith regard to the use of the results, thesebea
used in many ways. On the one hand, insights heddemperature behaviour of various plastics have
been gained. Different applications presupposeldaaviour is known in this regard.

In the last experiment, the artificial irradiatiof the pipes was examined by partial heating of the
surface temperature on their dimensional stabilitythis case, a warpage of the pipes could bedoun
if they are irradiated on one side. When installeayever, no significant warpage can be measured.
After cooling, all pipes returned almost completefick to their original shape. On the basis ofghes
results, customers can be ensured that pipes dearptin a way that installation is being negatjvel
impacted. Nothing will happen once the piping sysig installed permanently.

As an outlook, further work is in progress. Itméeinded to repeat and verify scattering measurement
in order to increase the overall number of verifileda points (statistics). In further experimetig,
bursting behaviour, especially at lower temperatwil be investigated more in detail.

However the present and comprehensive findings blaeady been implemented into the GF theoret-
ical calculation and simulation model. As a resaift is in the position to accurately predict thedeh
iour of any piping system and installation beforgha
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