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This paper highlights the main causes of heat losses in heat networks and methods, that can
significantly reduce heat losses, which means to increase the efficiency of heat supply systems.

The results of experimental research on determination of thermal and technical characteristics
of pre-insulated pipes are presented in the paper. Experimentally, the data on the thermal conductivity
of the closed-cell foam samples were obtained.

The study was conducted in two popular ways using advanced equipment. As a result, the
obtained data was compared and the error of the experiment was determined, which did not exceed
the admissible values.

In addition, the characteristics of popular thermal insulation materials for heat transfer
network — mineral wool and polyurethane foam were compared. From the obtained comparison, it is
clear that polyurethane foam is a modern material with high thermal performance, is safe for humans
and retains its properties over a long period.
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Introduction

In modern conditions of rapid development of technologies and sharp growth of energy
consumption, rational use of thermal energy is a necessary factor of cost-effective functioning
of industrial enterprises and objects of heat power industry. While up to 70% of heat is lost when
transported to the consumer, the topic of research is very relevant. Heat losses in the areas
of transport of the heat transfer medium to the consumer include (Vashishishak et al., 2007);
(Giurca, 2015):

» losses of thermal energy along the length of the heat line related to the method of laying and the
type / quality of thermal insulation of pipelines;

* heat losses due to the uneven and inaccurate distribution of heat between its customers, as well
as the lack of quality hydraulic adjustment of the heating system.

» leakage of coolant, which periodically occur during emergencies and emergencies, which
often occur due to the high degree of wear of pipelines and thermomechanical equipment of
thermal networks, destruction of the waterproofing shell and thermal insulation layer under the
influence of corrosive environments and groundwater, no anti-activity, no warning settings (Law
of Ukraine, 2017).

The economic feasibility of district heating in large cities is largely determined by the durability of
the pipelines and the quality of their thermal insulation. Solution of problems of thermal networks is
possible when using pre-insulated pipes (Matusevych et al., 2016).

The world and domestic experience of the last decades shows that the most effective solution to the
above problems is the widespread implementation in the construction of thermal networks of pipelines
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with polyurethane foam thermal insulation. In this construction, the polyurethane insulated steel pipes are
protected by an outer pipe-shell made of polyethylene with a ductless gasket or a steel protective coating
when laying above ground. Pipe insulation is carried out at the factory, and work on the isolation of butt
joints is carried out at the installation site.

It follows from the foregoing that the use of modern high-quality thermal insulation of heat
pipelines is an efficient and extremely important method that allows reducing heat loss by 30%. Thermal
insulation is provided for linear sections of pipelines of thermal networks, fittings, flange connections,
compensators and pipe supports for aboveground, underground channel and channelless gaskets
(Dasdemir et al., 2017).

The most important indicator of the quality of the insulation is its thermal conductivity. However,
due to the complexity and dynamism of thermal processes, standardized relatively accurate methods of
measuring the thermal conductivity of building materials require considerable time to produce special
samples of the material being tested, and to carry out expensive and bulky equipment to implement them.
The quality of all thermal insulation materials for pipelines must be monitored not only during initial
certification, but also during production, and when necessary, and when delivered to construction sites
(DSTU B B.2.7-41-95, 1995).

Currently, there are many options for insulation of network pipelines: mineral and fiberglass,
foamed rubber, polymer concrete and the like. One of the most popular insulation is polyurethane
foam. The advantages of PPU-insulated pipelines include the low coefficient of thermal
conductivity of PPPs (0.032-0.04 W/(m-K)), the manufacturability in the manufacture and
installation of heat pipes, the durability of meeting the requirements of installation and operation
(DSTU-N B V.2.5-35:2007, 2008).

This article describes the data obtained from experimental studies that have been conducted to
determine the thermal performance of pipes currently available on the market.

Target of this article

This article presents the results of the study of thermal characteristics of pre-insulated foamed
polyurethane pipes.

Techniques used

In Ukraine, the construction standard (DSTU B B.2.7-41-95, 1995), which regulates the method of
determining thermal conductivity by a surface transducer, operates. The standard applies to building
materials and products with a thermal conductivity of 0,02 to 1,0 W/(m-K) and establishes a method of non-
destructive accelerated determination of thermal conductivity in the temperature range 278-313 K
(5-40 °C). The method is to create a one-sided short-term thermal pulse on the surface of the product and to
record the temperature change on that surface. The method is based on the analytical solution of the problem
of non-stationary thermal conductivity in the system of two tangent semi- infinite bodies, whose contact
zone is operated by a pulsed heat source (Platunov et al., 1986).

The BI-T021A device was used for testing by this method. This measuring complex (Fig. 1)
consists of:

— the primary transducer 2 mounted on the product under test 1, designed to convert the electrical
energy pulse into thermal and generate an electrical signal that characterizes the change in the surface
temperature of the product material under the influence of thermal pulse;

— a secondary measuring device 4 for recording the electrical signal;

— pulse current source 3 with a timer heat pulse that provides heating of the plate of the primary
transducer.
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Fig. 1. Diagram of the measuring complex for determining
the thermal conductivity of the materials of research products:
1 — study material; 2 — primary converter; 3 — pulse current source;
4 — the secondary measuring device; 5 g base

The tests are carried out at a stable thermal equilibrium between the product under study, the body
of the primary transducer and the environment, for which the primary transducer is mounted on the
surface of the product and kept until a secondary measuring device of constant performance appears on
the display. They record a steady signal coming from the primary converter and include automatic
recording of the values of that signal. A heat pulse is applied and a signal change proportional to the
excess surface temperature of the test article is detected at regular intervals.

Registration is carried out until duplicate values appear. The values of thermal conductivity of the
investigated product is determined when processing the array of experimental data.

The standard (DSTU B B.2.7-41-95, 1995) states that “the error in determining the thermal
conductivity of this method is not more than 7 %”. However, the operation of such a device revealed a
number of disadvantages inherent in the method. First of all, it is necessary to provide a high flat surface
area of the product on which the primary transducer is installed. Small surface irregularities can lead to a
gap between the heater and the surface of the product, causing distortion of the non-stationary thermal
field compared to the theoretical solution and increasing the measurement error.

The second disadvantage is the need to install workspaces of different materials, depending on their
density. The workspace is understood to mean some limited range of values of an experimental data set
for which the calculation formulas used can be considered correct.

The need to pre-set the work area for each of the controlled materials is related to the application of
simplifications in solving the problem of non-stationary thermal conductivity and, accordingly, to the
simplified calculation formulas used. These disadvantages of the method lead to measurement uncertainty
— a significant excess of the measurement error compared to the value specified in the standard.

Products that meet the requirements of the regulatory documents for these products are selected for
testing. Products must have a flat surface to accommodate the primary transducer and provide thermal
contact between them.

It is allowed to determine thermal conductivity on products of the correct and irregular shape. The
number of products selected for testing shall be specified in the regulatory documents for these products,
but not less than three.
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Using the BI-T021A device, the following foam samples were tested:
Table 1

The results of experimental studies thermal conductivity of polyurethane prototypes

Coefficient of thermal
No. Photo with samples Name of sample conductivity,
W/(m-K)
“The New Sample”
(polyurethane foam
parallelepiped made the
day before experiments
1 Y P ) 0.046
“Old sample”
(polyurethane foam
parallelepiped made
several months before the
2 experiments) 0.047
Sample in a plastic pipe
3 0.036
“Smooth Sample”
(parallelepiped molded,
with smooth surface and
4 closed pores of 0.031
polyurethane)
Standard Sample
3 0.05

To verify the accuracy of the data obtained, studies were conducted using an alternative method of
determining the coefficient of thermal conductivity, namely, the Christiansen method.

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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Determination of the of thermal conductivity coefficient
by the Christiansen method

The flat layer method (the Christiansen method) is a relative method for determining the coefficient
of thermal conductivity A,, W/(m-K), that is, based on the use of a reference material for which the
coefficient of thermal conductivity is known in advance A¢, W/(m-K) (Kazarynovskyi & Tareev, 1980).

The experimental installation was a system of two tightly connected plates made of different
material (one of which is a reference) (Fig. 2). The temperature T, at the boundary between them is the
same (Stroy & Girman, 2007; Bryukhanov & Shevchenko, 2012)). The temperature varies along the
layer. In the stationary case, the heat flow through the two plates is unchanged. This allows writing the
equation:

eRURSIEESUNL P (1)
where hg and h, — the thicknesses of the plates, m; T, T,, Ts — respectively, the temperature on the surface
of the reference sample, the temperature between the two samples, the temperature on the surface of the
test sample, °C.

The final formula for determining the unknown thermal conductivity of the test substance is:

Ileetmg(Tsz) )

het (T 2 _T 3)

Thus, to determine A, it is necessary to know the thickness of the reference and test materials het
and h,, as well as the magnitude of the temperature stresses on both sides of the contact layer
ATe=(T1-T,) and AT, =(T~Ts).

Given that the formula is obtained under conditions where the coefficient of thermal conductivity
does not depend on the temperature, the value A, thus determined is attributed to the average temperature
of the material under study. The installation consists of two plates (Fig. 2). Plate 1 is considered a
reference plate 2 is a sample of the material whose thermal conductivity is to be determined. These plates
are tightly connected to each other.
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Fig. 2. Installation diagram for the Christiansen method
1 — standard plate; 2 — test sample; Q — heat flow

This method was used to re-investigate thermal conductivity coefficient of the test specimens to
confirm the adequacy of the data obtained.
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Table 2
The results of experimental studies of the thermal conductivity coefficient
of polyurethane prototypes using the Christiansen method
Coefficient of
No. Photo with samples Name of sample thermal conductivity,
W/(m-K)

“The New Sample”
(polyurethane foam
parallelepiped made the day

1 before experiments) 0.05
“Old sample” (polyurethane
foam parallelepiped made
several months before the
experiments)

2 0.052
Sample in a plastic pipe

3 0.04
“Smooth Sample”
(parallelepiped molded,
with smooth surface and

4 closed pores of 0.034
polyurethane)
Standard Sample

3 0.05

As a result, of the comparison of the results obtained in both studies, it was concluded that the

discrepancy does not exceed 10 %. Therefore, using the BI-TO21A instrument, reliable values of the
coefficient of thermal conductivity of the samples were obtained.

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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On the basis of the data obtained as a result of the experimental researches, a comparison of the
thermal characteristics of the polyurethane heater with the traditional mineral wool heater was made
(DSTU-N B V.2.5-3:2007, 2007; DSTU B B.2.5-31: 2007).

Table. 3

Comparative analysis of technical and ecological efficiency
when using as thermal insulation pipelines thermal networks
of traditional structures of mineral wool and polyurethane foam

. . Mineral wool
. Mineral wool (first
Indicators (second year of Polyurethane foam
year of use)
use)

Coefficient of thermal

conductivity, 0.05-0.07 0.1-0.15 0.031
W/(m-K)

The insulation coating has a smooth

The thermal insulation properties have .
prop surface and closed pores of foam, which

Moisture, aggressive . o
99 deteriorated significantly and cannot be

media contributes to the stability, properties do
restored . o
not change during the lifetime
Environmental . . . .
S Allergen Safe, permitted use in residential houses
friendliness
Below regulatory loss of heat. The
. amount of heat supplied through the pipe
In 2-3 times . . .
Actual heat losses Regulatory . wall of different diameters at different
higher standard . . . .
temperature differences is given in
Section 2

In modern Ukraine, the use of pipes with pre-insulated polyurethane foam is considered the most
effective solution for heat supply systems, since the coefficient of thermal conductivity is low enough, the
temperature range in the range from —-70 °C to +150 °C, and the antihyroscopicity of the foam
polyurethane allows to maintain stable parameters of construction 30 years. The monolithic construction
of pipes thanks to high adhesion is characterized by high mechanical strength, which makes it possible to
reduce heat losses up to 1.5-2 %.

Conclusions

1. According to the studies it was found that the coefficient of thermal conductivity of the samples
with smooth foamed polyurethane is 0.031 W/(m-K), which is a good indicator and will provide low heat
losses from the heat networks.

2. Comparison of the performance characteristics of traditional insulation for thermal networks —
mineral wool, as well as modern polystyrene foam. It is concluded that polystyrene foam has the best
performance and is safe for people.
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B. M. Keanx, X. P. Ko3zak, b. . [liznak, 10. B. ®ypaac, A. B. CragHuk
Hamionanenuiil yHiBepcuteT JIbBiBChKa MOJITEXHIKaH,
Kadenpa TeIora3onocTayaHHs Ta BEHTUIIALIT

EKCIIEPUMEHTAJIBHI JJOCJIKEHHS EKCILTY ATAIIIMHUX XAPAKTEPUCTHK
HOHNEPEJHBO I130JIbOBAHUX ITOJINNPOIIIJIEHOBUX TPYB

O JKenux B. M., Kozax X. P., I[Tisnax b. 1., @ypoac FO. B., Cmaouux A. B., 2020

VY cy4acHHX yMOBax CTPIMKOTO PO3BUTKY TEXHOJIOTIH i3 PI3KUM 3pOCTaHHAM EHEpromnoTpeOu Heoo-
XiTHUM (PAaKTOpPOM EKOHOMIYHO €(EeKTHBHOTO (DYHKIIIOHYBaHHS MPOMHUCIOBUX IMIAMPHEMCTB 1 00'€KTIB
TEIUIOCHEPTETHKH € paIlioHalbHe BUKOPUCTAaHHS TertoBoi eHeprii. Toxi sixk o 70 % Temnua BTpadaeThes Ipu
ii TpaHCIIOPTYBaHHI 10 CIOXKMBaya, 3aBJaHHs MONIYKY €HEPTrOOIIaAHMX PillleHb € HA3BUYAHO aKTyaJIbHHM.
3acTocyBaHHS CydyacHOi SIKICHOT TeruioBoi i30iswii TpyOONpOBOAIB TEIUIOBOI Mepexi € e(eKTHBHHM Ta
HA/I3BUYANHO BaXJIMBUM METOOM, SIKUH J103BOJIsIE CKOPOTUTH BTpaTH TerioTd Ha 30 %. TerioBy 13051110
nepeadayvaroTh UL JIHIHHUX IIISHOK TPYOONPOBOMIB TEIUIOBHX MEPEX, apMarypH, (IaHIEeBUX 3'€IHAHB,
KOMIIEHCATOPiB 1 omop TpyO M1 HaA3eMHOI, Mi3eMHOi KaHAIBHOI 1 Oe3kaHaIbHOI Mpokianku. Haiiaxin-
BIIUM TIOKa3HUKOM SIKOCTI YTEIUIIoBada € MOro TEeIUIonpoBigHiCTh. [IpoTe, BHACHINOK CKIQJIHOCTI Ta
JUHAMIYHOCTI TEIUIOBHX IIPOIECIB CTaHAAPTHU30BaHI, BIJHOCHO TOYHI METOAM BHMIpPIOBaHb TEILIOMPO-
BITHOCTI OyIiBEJIBHUAX MaTepialiB NOTPeOYIOTh 3HAYHUX 3aTpaT yacy Ha BUTOTOBJICHHS CIICLiaTbHUX 3pa3KiB
JOCTIKYBAHOTO Marepiaiy, MpOBEACHHS BHUIPOOYBaHb, a Ui IX pealizallii — JOpOroro i rpoMi3AKOro
oOmagHaHHA. SIKICTB YCIX TEIDIOI3ONAMIHHUX MaTepialiB TPYOOIPOBOAIB HEOOXITHO KOHTPOIOBATH HE
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TIBKH TPU TOYATKOBIM cepTudikamii, a i mix yac BUITycKy Ha BHPOOHMITBI Ta 3a HEOOXiAHOCTI — 1 mpu
mocTavyaHHi Ha Oy/iBeNbHI MaiTaHIHKH.

€ nmocTaTHRO 0arato BapiaHTIB yTEIICHHS MEPEKEBHX TPyOONpPOBOAIB: MiHEpaJlbHE Ta CKJIOBO-
JIOKHO, CIIHEHHH KaydyK, moniMepOeToH Tomo. OQHUM 3 HOMyJISIpHUX YTEIUTIOBAadiB € MiHOMOJIIypeTaH.
Ho mepeBar temnonpoBoxiB 3 [II1Y-i3ondmiero 3apaxoByrOTh HU3BKUI KOE(DIII€HT TEMIOMPOBIIHOCTI
M1y (0,032-0,04 Bt/(m-K)), TeXHOJIOTYHICTh BUTOTOBJICHHS i MOHTAXY TEIUIONPOBO/IIB, TOBIOBIYHICTD 3a
JIOTPUMAaHHSI BUMOT MOHT&)Ky Ta eKCILTyaTailii.

HuaBeneHo pe3ynbTaTH €KCHEPUMEHTaJIbHUX NOCHIPKEHb LIOJ0 BU3HAYCHHS TEIJIO-TEXHIYHUX
XapaKTEepUCTUK MOIEPENHbO i30JbOBAaHUX TPYO. 3TiAHO 3 MTAaHWMH, OTPUMAHUMH E€KCHEPUMEHTATbHUM
LUISXOM, KOE(II[I€HT TEIUIONPOBIJHOCTI TJAJAKOTO 3pa3ka IHOMOJIiypeTaHy i3 3aKpUTHMHU IOpamu
cranoBuTh 0,031 Br/(M-K), 1110 € BHCOKMM MOKAa3HHKOM Ta BiAMOBiZae BUMOTraM, BCTAHOBJICHHM 0
TEIUTOBOT 130JIAM11 TPyOOIPOBOIB.

[opiBHSHO TEIIOTEXHIYHI XapaKTEPUCTHKH MMOMYJSIPHUX ChOTOHI TETUIOI30JSIIHHIX MaTepialiB, sSKi
BUKOPHCTOBYIOTh JJISl TETUIOBMX MEPEK — MiHEPaIbHOI BaTH Ta MiHOMOJiypeTaHy. 3 HOPIBHSIHHS 3p03YMIJIO,
110 MHOMOMIypeTaH Ma€ Kpalli TeMJIOTEXHIYHI XapaKTePUCTUKH, a TAKOX € OE3MEYHNM IS JIIOAWHU Ta MOXKE
BUKOPHCTOBYBATHCS Y KUTIIOBUX IIPUMIIICHHAX.

Kir04oBi cioBa: monepeaHso i30/1b0BaHa TPyOa, Koe(ili€eHT TeNJONPOBIAHOCTI, 3aKpUTi NMopu
niHonojiyperany.



