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ABSTRACT

Moskvitina A.SEnergy efficient seasonal accumulation of heat in solar decentralize
heating systems.i Qualifying scientific work on the rights ¢fie manuscript.

Dissertation for the degree of candidate of technical sciences (doctor of philgsoph
speciality 05.2303¢ Vent i | ati on, |-G d 11 mE nipKyiv Madionah n d
University of Construction and Architecture, Kyiv, 202

The dissertation is devoted to solving an urgent problgra development of an energy
efficient system of decentralized heatglydrom secondary and renewable sources using
a heat storage with solid and liquid heat accumulating materials.

The analysis of the existing heat storage systems, as well as various types of seasonal
accumulators, has been carried out. The main adgas of organized heat accumulators
are determined.

The study of the problems of thermal energy storage systems was studied by st
scientists: Bekman H Levenberg V.. Zabarny G., Kharchenko N., Avezov R.,
Nakorchevsky A., Basok B., Belyaeva T., Antydav

Analysis of literature sources made it possible to determine the requirements for he
accumulating materials: high heat capacity and phase transition enthalpy, with
sufficiently high thermal conductivity; high density of the material and its chémica
stability; safety and netoxicity of the material; low cost. It is shown that the thermal
energy storage system is characterized by the following parameters: heat storage caps
or specific energy consumption; range of operating temperatures; tliecsseg@ply and
removal of heat when charging and discharging the heat accumulator, that is, wh
optimizing these parameters, we will get the best economic and operational indicators
Based on the analysis of the known data of theoretical and experirseermlials, it was
concluded that it is necessary to develop an ereffggient seasonal heat accumulator
with solid and liquid heat storage materials. Taking into account the current state of t
problem under consideration, the main tasks that are pegbrim this work are

formulated.
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Based on existing developments in solar heat supply systems, a schematic diagram of |
supply with solar thermal collectors and a seasonal heat accumulator was proposed.
described three operating modes of the systkenfitst May- August covering the heat
loads of the hot water supply due to the heat from the system of solar thermal collect
and charging the heat accumulator with excess heat from them; the second mc
SeptembeOctober covering the heat loads of bog water supply (and heat loads on the
heating system at the beginning of the heating season) due to heat from solar ther
collectors and, in the absence of heat from solar thermal collectors, is covered by us
the accumulated heat from the heat awmglator; the third mode NovembEebruary
covering the heat loads of the hot water supply and the heating system by using f
accumulated heat in the heat accumulator, and when the temperature in the h
accumulator drops below that required for the Imgasiystem connecting a heat pump

to increase the temperature of the heat carrier. From the analysis of literary sources, |
known that in June 65% of the heat from solar thermal collectors is used for hot wat
supply, in July 50%, and in August60%, and surplus heat from solar thermal collectors
is used to charge the heat accumulator. But when designing a system of thermal collect
it is possible to increase the rate of excess heat, which is used to charge the |
accumulator, by increasingedtarea of solar thermal collectors.

The given equations of energy conservation for heated water, both in the hot water sup
tank and in the buffer tank of the heating system; the heat balance equation of the h
exchanger, taking into account that theface of the heater of the heat accumulator also
has the form of a tubular heat exchanger, which is embedded in a solid heat accumula
material; energy conservation equations when heating aabeamulating material in a
heat accumulator.

To substantte the mathematical model of heat and mass transfer processes in the volu
of a heat accumulator with solid and liquid haatumulating materials, a feasibility
study of various types of heatcumulating materials was carried out on the basis of the
proposed factor optimization criterion. Using this optimization criterion, it was found tha
for heat supply systems with a heatisce in the range of 16D 0 @, itAs advisable to

use glycerin and concrete as haatumulating materials.
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To reduce thepecific cost of 1 GJ of heat that is accumulated, an efficient design of
heat accumulator should have minimal heat loss to the environment. When choosing
shape of the heat accumulator in terms of plan, one should try to simplify its shape
much agossible. It is shown that the location of the heat accumulator affects the sha
of the heat accumulator.

A mathematical model of a heat accumulator with liquid and solid -deatmulating
materials has been developed on the basis of the FRéradrhoff heat conduction
equations and NewteRichmann heat transfer equations to study heat exchangt
processes during the operation of a heat accumulator in order to study the temperai
distribution in the volume of heaiccumulating material. The mathematimodel takes
into account the heat exchange with the environment, the problems of temperatt
distribution in an array of solid heatcumulating material and temperature distribution
in channels with liquid heaticcumulating material are solved analstiy.

A study of the nonsothermal motion of a nonlinearly viscous fluid (within the
framework of the Ostwalede Ville model) in a circular channel with a given heat flux
on the wall is carried out, since with a change in temperature there is a shage an

the rheological properties of ndwewtonian fluids, which are glycerol and modern
coolants for solar thermal collectors (nanofluids based on propylene glycol / ethyler
glycol). The situation is analyzed when the temperature changes along thelchadn
this change is rather weak in relation to the temperature change along the channel w
(in the transverse direction, that is, in the plane of symmetry). The local value of tr
Nusselt number, which depends on the Biot criterion, has been obteiaktically for
solving the problem of heat transfer in a pipe of circular esession under boundary
conditions of the third kind, taking into account the role of the ewtonian properties

of these liquids.

To reduce the number of field experimemd determine the optimal design of the heat
accumulator, a mathematical experiment was carried out by simulating the processes
operation of the heat accumulator with liquid and solid heat accumulating materials.
gualitative assessment of the proesssf temperature distribution in the volume of a heat

accumulator with solid and liquid heat accumulating materials has been carried out. T
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optimization criterion was the smallest temperature gradient in the volume of the he
accumulator; the comparisovas carried out with a concrete heat accumulator. The
problem of uniform distribution of temperatures in the volume of the heat accumulator
solved due to the system of channels filled with liquid heat accumulating material locats
in the middle of thesolid heat accumulating material. The diameter of the channels, th
distance between them is taken on the basis that the liquid heat accumulating material
a high cost and its amount in the structure must be minimized. Simulation of variot
design opbns for heat accumulators with liquid and solid keatumulating materials
with different options for the placement of channels, different diameters and differer
distances between the channels has been carried out. The best indicators have a
accumuator with liquid and solid heaccumulating materials, the charging heat
exchanger is located in the middle of the structure. To verify the correctness ¢
calculations of the volume of the heat accumulator and the operation of the system w
a seasonaldat accumulator with liquid and solid heat accumulating materials, the proces
of discharging the heat accumulator was simulated. It was found that the volume
glycerin and concrete in the developed design of the heat accumulator has a ratio
1.1: 6.

The equivalent thermophysical indicators of density, heat capacity, thermal conductivi
of the developed design of the heetw@mulator have been determingg,= 2082kg/m?;

fg= 1,39kJ(kgK); aeq= 1,23W/(MK).

Experimental studiesere carried out on an experimental model, the dimensions of whicl
were calculated according to the theory of similarity. The studies were carried out on t
basis of planning a full factorial experiment, the initial factors of which were: coolan
temperatre x = T, "C, heat accumulator charging time=xt, min. The response function

is the temperature of the heat storage material in the middle of the heat accumulai
Based on the results of experimental studies, it was concluded that in the devesogred de
of the heat accumulator, a uniform distribution of temperatures in the volume of the he
accumulator is ensured, that is, the smallest temperature gradient in the volume of

heat accumulator.
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An algorithm for the operation of a decentralized Ise@iply system with a seasonal heat
accumulator and a system of solar thermal collectors has been developed. Also, on
basis of theoretical studies, a methodology for calculating and optimizing tubular he
exchangers for neNewtonian fluids is proposedhe basic assumptions and technical
data are presented, which must be followed when performing these calculations. Fo
guantitative assessment, a parameter is introduced that is equal to the ratio of the amc
of transferred heat to the energy expehde it.

A method for calculating the structural elements of a heat accumulator with liquid ar
solid heat storage materials has been developed, taking into account the place where
heat accumulator is located, if the heat accumulator is locatedthedairilding, then the
area ofthis building is taken into account, the limiting value of crushing of the soil mas:
at the place of construction of the heat accumulator, the ratio volumes of glycerin al
concrete.

In order to avoid unproductive heat lossssthe heating system, an indicator of the
technical and economic efficiency of the heating device was proposed, determined as
weighted average value of the specific monetary equivalent of thermal inertia and tl
specific cost of 1 kW of the installedermal power of the heating device.

A technical and economic comparison of two heat supply systems of a private house |
been carried out. The following was accepted for comparison: opti@system with a
seasonal heat accumulator with solid andiidieataccumulating materials and a system
of solar thermal collectors; optioni Zoroviding heat supply using an electric boiler. The
payback period for a system with a seasonal heat accumulator with solid and liquid he
storage materials and a systefisolar thermal collectors is 8.97 years.

The practical value of the results obtainedA heat supply system based on renewable
sources and a heat accumulator with liquid and solid-dsatmulating materials has
been developed, which makes it possibleffectively use nosstationary heat inputs.
Such a system can be used in the construction of new and in the thermal modernizat
of existing private houses and public buildings, especially those located in areas rem
from infrastructure. The proposed tnedology makes it possible to design efficient

systems of decentralized heat supply from renewable energy sources. The method
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determining the effective heat storage material can be adapted depending on the type
operating conditions of the heat aowlator, and the given Ostwadi® Ville model
makes it possible to calculate the temperature field in the proposed heat accumulator
channels with glycerin) and other heat exchangers witiNewtonian fluids and can be
further used to improve existingngineering methods for calculating heat transfer
problems in heat exchangers.

The results of the work have been implemented in the projects of EDB Panorama LL
Kyiv. The proposed recommendations have been introduced in order to provic
autonomous heatpply for passive buildings.

The scientific novelty of the results obtained.

for the first time:

1 on the basis of theoretical and experimental studies, the features of heat exchar
processes in the volume of a heat accumulator with liquid and solid heat
accumulating materialsave been determined;

1 the thermophysical characteristics of the heat accumulator with liquid and solid
heataccumulating materials for operation in the temperature range of 100
200AC were determined, wisidesign. made i t

improved:

1 a mathematical model of unsteady heat transfer based on the HGrotdroff
thermal conductivity equations and NewdBichmann heat transfer equations for
a heat accumulator with liquid and isbheataccumulating materials;

further developed:

1 a mathematical model of nasothermal motion of a nonlinear viscous fluid in a
channel with a given heat flux on the wall, taking into account the non
Newtonian properties of the fluid, based on the Ostwlal/ille model for
calculating tloular heat exchayers

Key words: seasonal heat accumulator, heat accumulating material, accumulatior

of thermal energy, seasonal heat accumulator design, decentralized heat supply.
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