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One of the main tasks around the world is to reduce energy consumption with constant consumer
comfort. The hot water supply system uses a significant part of thermal energy and requires no less
attention than the heating or ventilation system. The amount of heat loss from hot water distribution
systems is of great importance for the energy consumption of buildings. In winter, part of this heat is
used for space heating, in summer they are unused and is considered as lost heat.

For this reason, this paper considers the influence of water velocity in the pipe, pipe size and
water temperature on the total heat losses in the insulated hot-water distribution system.

The data are presented in tabular and graphical form. A graph of the dependence of the amount
of heat loss on the temperature and velocity of hot water is obtained.
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Introduction

Due to the constant rise in energy prices, it is simply necessary to find solutions to reduce the
consumption of thermal energy in general and energy for hot water in particular. The energy consumption
of the system consists of energy consumption for hot water preparation and losses in the system of
distribution and production of thermal energy. In winter, the heat lost from the pipelines of the hot water
supply system is partially spent on space heating. However, heat from hot water transferred through the
walls of pipes to apartment buildings is an unused loss of heat energy in the summer season. (Kapalo,
2014). Due to the optimal insulation thickness of the pipes used in the distribution system, it is possible
to significantly reduce heat loss from the hot water supply system to the environment (Sieniutycz, 2009;
Kegebas, 2011; Oztiirk, 2006). Another optimization method is to minimize overhead, which includes
investment in pipes and insulation and operating costs to pay for heat (Oztiirk, 2006; Wepfer, 1979). In
research works (Seddegh, 2015; Gorzin, 2018), was studied the heat transfer mechanism with combination of
convection and conduction.

The underlying formula used to calculate heat transfer of insulated and uninsulated pipes are
mentioned in the following references (Bejan, 2003; Kapalo, 2013 This paper did not cover the entire
calculation algorithm, but only key concepts. The paper presents the results of research related to the
assessment of the influence of hot water velocity on heat loss in distribution systems (STN EN 15316-3-3,
2007; Act No. 321/2014, 2014).

The purpose of the article

The aim of the article is to study the influence of hot water flow in the pipeline on the total thermal
resistance during heat transfer from hot water to the environment near the distribution network.
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Analysis of heat transfer processes in hot-water distribution systems

The hot water distribution system consists mainly of heat-insulated pipes leading to mines and
technical corridors. The proximity of the pipeline also significantly affects heat transfer. The magnitude
of the heat flux from the pipe to the environment is described by following formula (1).
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where: F is the heat flow through the cylindrical wall, W; U is the heat transfer coefficient, W/(m?K);
DT is the temperature difference, K; L is the length of the cylindrical wall section, m; R is the thermal
resistance of the multilayer cylindrical wall, (m?-K)/W.
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Fig. 1. Heat transfer through insulated circular pipes

The heat transfer coefficient U [W/(m?-K)] of the cylindrical multilayer cylindrical wall (see Fig. 1)
calculated by Formula (2):
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where: de is the outer diameter of the multilayer cylindrical wall, m; d; is the inner diameter of the
multilayer cylindrical wall, m; hs is the heat transfer coefficient on the outer surface, W/(m?K); hsi is the
heat transfer coefficient on the inner surface, W/(m?K); n is the number of layers; d; is the outer diameter
of the layer (insulation), m; d;.1 is the inner diameter of the layer (insulation), m; 2; is the coefficient of
thermal conductivity of the layer, W/(m-K).

Equation (3) describes the total thermal resistance R [(m?K)/W] of a multilayer cylindrical wall
per 1 meter of length — in our case, a water pipe insulated (Maguire et al, 2012):

R=Rsit+ Rr + Riz + Ree (3)
where: Rsi is the thermal resistance of heat transfer by the flow from hot water to the inner surface of the
pipe, (M*K)/W; R, is the thermal resistance for heat transfer through the pipe wall, (m*K)/W; Rj, is the
thermal resistance for the heat transfer through the thermal insulation, (m?K)/W; Rs is the thermal
resistance of heat transfer by flow from the surface of the thermal insulation to the surroundings of the

pipes, (M?*K)/W. The aim of the article is to study the rate of influence of hot water on the inner part of
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the pipe, which affects the thermal resistance during heat transfer Rsi. The thermal resistance Rsi in the
case of transfer can be formulated by the formula:

Ri=1 / (Tl', : his : di), (4)
where: Rsi is the thermal resistance of heat transfer by the flow from hot water to the inner surface of the
pipe, (M?K)/W; hsi is the heat transfer coefficient on the inner surface, W/(m?.K); di is the inner diameter
of the multilayer cylindrical wall, m.

When hot water flows in the pipe, near the surface of the pipe, a hydrodynamic boundary layer of
liquid is formed, in which the flow rate varies from 0 m/s to the free flow rate. In convective heat transfer,
heat transfer dominates near the surface of the tube, where the speed is very low, and the speed on the
surface of the tube drops to zero. Heat transfer occurs in such a way that the liquid enters from the free
flow into the boundary layer, where it transfers heat. Heat transfer occurs in such way that the liquid
separates from the free flow to the boundary layer, where it transfers heat. When heat is transferred from
a pipe to hot water, or vice versa, from hot water to a pipe, it is easy to assume a uniform temperature
distribution in hot water, although the reality is more complicated. According to this assumption, it is
possible to describe the heat transfer according to Fig. 2.
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Fig. 2. The thermal insulating effect
of the boundary layer of the fluid during heat transfer

To describe heat transfer, the ratio for heat flux @ (W) is used:

D = hi-A-(Te=Ts) (5)
where: Tt is the mean temperature of liquid (hot water), K; Ts is the pipe surface temperature, K; A is the
pipe surface area, m?; hy; is the heat transfer coefficient on the inner surface, W/(m?K). The heat transfer
coefficient hs depends on the properties of the fluid, her state of movement, on the surface of the pipe
(insulation). The heat transfer coefficient hsi is a complex function with a large number of variables that
determine the entire heat transfer process.

The flow of hot water in the internal water supply at modes close to the calculated one has the
character of turbulent flow. In turbulent flow, which most often occurs in the case of hot water
distribution, is an intensive mixing of the fluid particles. According to (Schack, 1965) in the case of
turbulent flow, the formula (6) can express the heat transfer coefficient:

he=3370x(1+0.014xq, )n°%, (6

where: ©r is the mean temperature of hot water, °C; v is the flow velocity, m/s.
The results of the calculated heat transfer coefficients are documented in Fig. 3.
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Fig. 3. The calculated heat transfer coefficients

Fig. 3 shows the heat transfer coefficients for certain diameters of pipes, which are most often used
in the distribution of hot water in rooms in apartment buildings. During the circulation of hot water in the
distribution system to maintain a constant water temperature in the system, the water temperature is
maintained at 50 °C, even when hot water is not consumed. Therefore, the water flow is a constant value

that depends on the diameter of the pipe.

The linear heat flow

Table 1

The nominal steel pipe | The linear heat flow with The linear heat flow The difference between linear
size Rsi without R heat flows
DN (O2] (O} (O OF)
[mm] [W/m] [W/m] [W/m]
15 7.571 7.586 0.0143
20 8.895 8.918 0.0227
25 10.510 10.547 0.0362
32 12.544 12.613 0.0694

The effect of the rate of hot water in the pipes on the total heat loss of the distribution system in

percent is shown in Fig. 4.
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Fig. 4. The influence of hot water velocity in pipes on the total heat loss
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In the research were analyzed the steel pipes Dy 15, 20, 25 and 32 mm with thermal insulation of
thick 20 mm, with the thermal conductivity coefficient A = 0.04 W/(m-K). Table 1 presents the results of
the linear heat flux, which are calculated for two alternative variants. In the first case, a linear heat flux ®;
with thermal resistance Rsi, which is affected by the hot water flow rate, was calculated. In the second
alternative, a linear heat flux @, without thermal resistance Rs was calculated.

Conclusions

From the analysis of the influence of hot water velocity in the hot water distribution system it can
be stated:

1. The velocity of hot water in the pipes in the normal operating mode, i.e. for the velocity of water
from 0.1 to 0.5 m/s, has an effect of 0.2 % to 0.55 % for the total heat flow through the wall of the pipe.

2. When designing the thermal insulation of hot water distribution in apartment buildings, where
the steel pipe sizes are Dy 15, Dy 20, Dy 25 and Dy 32 mm, can be to ignore.

Acknowledgments: This article was elaborated in the framework of the project VEGA 1/0697/17.
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HA BEJIMYUHY BTPAT TEIIJIOTH

O Kanano I1., Kosax X. P., Muponiok X. B., 2021

[ToOyToBHIT CEKTOp Ta MPOMHUCIIOBICTH B YKpaiHi CbOTO/HI HaI3BUYAHHO CHEPTrOBUTPATHI, a 11 03Ha-
Yae, MO0 NOTPIOHO JOKIACTH MAaKCUMAJIbHUX 3YCHJIb JUIS 3MEHILICHHS BUTPAT €HEPTii, He IOTipUIyIOuH SIKOCTI
TIOCITYT.

Cuctema rapsidoro BOAOIOCTauaHHS! BAKOPUCTOBYE 3HAUHY YaCTHHY TEIUIOBOT eHeprii Ta noTpedye He
MEHIIOI yBaru, HDK CHCTEMa ONajJeHHs abo BEHTWIALii. BemwuwHa BTpar TerioTw B MiJCHCTEMI PO3MO-
JIICHHS Taps901 BOAU Ma€ BEJIMKE 3HAYCHHS JUIA CHEProcHoXXuBaHHs OyniBens. B3umky dacTrHa mi€l Temo-
TH BUKOPHUCTOBYETHCS JISl ONAJICHHS MPUMIILLEHB, BIITKY LIS €HEpris He BUKOPHCTOBYETHCS 3 KOPUCTIO Ta
BBa)KA€THCSI BTPAYCHOIO.

Y po6OTi pO3MISIHYTO BIUIMB IIBHIKOCTI BOJM B TPYyOi Ha 3araibHi BTPAaTH TEIUIOTH B TEIUIOI30-
JLOBaHIHM micUCTeM] pO3MOAIIEHHS rapsiaoi Boau. s mboro mpoaHaii3oBaHO MPOIEC MepeaaBaHHs Teria
BiJl BOJM JIO CTIHKU TPYOH Ta BiJl CTIHKH JI0 HABKOJIUIITHHOTO CEPEIOBHUIIIA.

Y po06oTi reTanbHO PO3IIIHYTO HA TEIUIONepeady BiJl BOAM 0 CTIHKH TPYyOH, a TAKOXX BUTPATY BOJHU
B TpyOi Ta ii 4acTKy B 3arajJlbHUX BTpaTax TEIUIOTH ITiACUCTEMOIO PO3IIOIUICHHS TapsT901 BOAH.

Jani nogano y TabnuuHiil Ta rpadiuniii Gpopmax. Otpumano rpadik 3a1eXHOCTI BEIUYUHH TEIUIO-
BTpAT BiJl TEMIIEpaTypH Ta IIBUIKOCTI pyXy rapsdoi Boau. Temmneparypa Boau 3mintoBanacs Big 10 mo 60 °C,
a mBuakicte Boau Bix 0,1 no 2,0 m/c, 1o mano 3Mory mpoaHai3yBaTH BEJMYMHY TEIUIOBTPAT MPH Pi3HUX
BUXITHUX JaHUX.

KpiMm Tor0, BU3HAUCHO BEMMUYMHY TEIJIOBOTO MOTOKY Yepe3 CTIHKY TPYOH 3a pi3HHX JiaMeTpiB i307Ib0BaHO1
craneBoi Tpyou. liameTp TpyOompoBoay 3MiHIOBaBCs Bif 15 10 32 MM. B pe3ynbTati JOCTIKEHb OJICpKAHO
JIaHi, 3TiTHO 3 SIKUMH MOJKHA CTBEPKYBAaTH, IO TEIUIONepeiada BiJl BOAU A0 CTIHKH TPyOH HE3HAYHA 1 Li€l0
BEJIMYMHOIO MOXKHA 3HEXTYBATH.

Ku1rouoBi cjioBa: rapsiue BOJONOCTAYAHHSA, MiICKCTEMa PO3NOAiIJIEHHS, TEIJIOBTPATH, TeIJIole-
penaua.



