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4 Milena Harlampieva

Chapter I. Energy sources type overview, analysis and systematization.

1.1. Energy storage systems nature and benefits

Energy supply and demand determine the course of global development in every field
of human activity. Finding energy sources to meet the growing demand in the world is one
of the main challenges of society in the next half century.

The most important directions in the development of methods and tools for energy
management are the creation of economical, efficient technologies for energy storage and
heat generation, as well as the creation of energy-saving technologies and application of
materials and equipment that provide longer service life [1].

There are a number of methods for energy storage, and their use depends on factors
such as purpose, resource, technical capability and more. From an economic point of view
and due to the increasing energy efficiency requirements, their demand and research in
their improvement are constantly increasing. Their use is extremely suitable for areas
where the emphasis is on the production of energy from renewable sources such as sun
and wind, as they create an opportunity to optimize production by ensuring a constant
supply, despite the periodic source nature [2].

Intelligent management of energy storage systems leads to increased energy
efficiency of both the systems themselves and the fields of integration, which in turn leads
to:

- Environmental benefits

- Economic benefits

1.2. Energy

Energy is a scalar physical quantity that describes the ability of a system to change
the state of its environment or to perform work. It exists in various forms, such as motion,
heat, light, electrical, chemical, nuclear energy and gravitational. Total energy is the sum
of all energy forms of the system.

1.3. Energy types

Primary and secondary types of energy are the two main types as shown in Figure1.1.
Primary energy is extracted or captured directly from the environment, while the
secondary energy is converted from the primary energy in the form of electricity or fuel.
Distinguising the primary and secondary energy sources are important in the energy
balances to count and record energy supply, transformations, and losses.

Abstracts of Dissertations 2022 (3) 4-34
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Figure 1.1 Primary and secondary energy types [3]

1.4. Nonrenewable energy sources

It is generally accepted that nonrenewable energy sources or fossil fuels are formed
from the remains of dead plants and animals by exposure to heat and pressure in the
earth’s crust over the millions of years. Major nonrenewable energy sources are:

- Coal

- Petroleum

- Natural gas
- Nuclear

Fossil fuels contain high percentages of carbon and include mainly coal, petroleum,
and natural gas. Natural gas, for example, contains only very low boiling point and
gaseous components, while gasoline contains much higher boiling point components. The
specific mixture of hydrocarbons gives a fuel its characteristic properties, such as boiling
point, melting point, density, and viscosity. These types of fuels are known as

nonrenewable energy sources.

1.5. Renewable energy sources

Renewable energy comes from natural resources and are naturally replenished.
Major renewable energy sources are:

- Hydroelectric
- Solar energy

Abstracts of Dissertations 2022 (3) 4-34



6 Milena Harlampieva

- Biomass

- Wind

- Geothermal heat
- Ocean

In its various forms, renewable energy comes directly from the sun, or from heat
generated deep within the earth. In 2008, about 19% of global final energy consumption
came from renewables, with 13% coming from traditional biomass, which is mainly used
for heating, and 3.2% from hydroelectricity. Other renewables, such as small hydro,
biomass, wind, solar, geothermal, and biofuels contributed around 2.7% and are growing
rapidly [4].

1.6. Hydrogen

Hydrogen is the simplest element. Each atom of hydrogen has only one proton. The
sun is basically a giant ball of hydrogen and helium gases. In the sun’s core, hydrogen
atoms combine to form helium atoms (called fusion process) and gives off radiant energy.
This radiant energy sustains life on earth as it drives the photosynthesis in plants and
other living systems, and is stored as chemical energy in fossil fuels.

Hydrogen does not exist on earth as a gas and is found only in compound form with
other elements, such as water H20 and methane CH4. Hydrogen is produced from other
resources including natural gas, coal, biomass, and even water. The two most common
production methods are steam reforming and electrolysis in which the water is split into
oxygen and hydrogen. Steam reforming is currently the least expensive and most
common method of producing hydrogen, while the electrolysis is an expensive process.

1.7. Electric energy

The protons and electrons of an atom carry an electrical charge. Protons have a
positive charge (+) and electrons have a negative charge (-). Opposite charges attract
each other. The electrons in an atom’s outermost shells do not attract strongly to the
protons and can move from one atom to another and create electricity. The amount of
electricity a power plant generates or a customer uses over a period of time is measured
in kilowatt hours (kWh), which is equal to the energy of 1000 watts working for 1 h.

Most of the electricity used in the residential sector is for air conditioning, refrigerators,
space and water heating, lighting, and powering appliances and equipment. Electricity is
the fastest growing form of end-use energy worldwide and it is the most well-known energy
carrier to transfer the energy in coal, natural gas, uranium, wind power, and other energy
sources to homes, businesses, and industry. For many energy needs, it is much easier to
use electricity than the energy sources themselves.
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1.8. Magnetic energy

There is no fundamental difference between magnetic energy and electric energy: the
two phenomena are related by Maxwell’s equations. The potential energy of a magnet of
magnetic moment m in a magnetic field B is defined as the work of magnetic force
(magnetic torque).

1.9. Chemical energy

Chemical energy results from the associations of atoms in molecules and various other
kinds of aggregates of matter. It may be defined as a work done by electric forces that is
electrostatic potential energy of electric charges. If the chemical energy of a system
decreases during a chemical reaction, the difference is transferred to the surroundings in
the form of heat or light. On the other hand, if the chemical energy of a system increases
as a result of a chemical reaction, the difference then is supplied by the surroundings in
form of heat or light. Typical values for the change in molar chemical energy during a
chemical reaction range from tens to hundreds of kilojoules per mole.

1.10. Energy and global warming

The burning of fossil fuels produces around 21,3 Gigatons of carbon dioxide per year,
and natural processes can only absorb about half of that amount, so there is a net increase
of 10,65 billion tons of atmospheric carbon dioxide per year.

One tonne of carbon is equivalent to: MWco>/ MWc = 44/12 = 3,7 tons of carbon
dioxide [5].

1.11. Energy balances
Figure 1.2 shows an open system with mass and energy interactions with its
surroundings.

- with no internel source of changing mass and energy;
- with an internal source of changing mass and energy.
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8 Milena Harlampieva

Figure 1.2 (a). An open system with no internal source of changing mass and energy. (b)
An open system with internal source of changing mass and energy, entropy and exergy.

[e]
Thesis purpose and tasks:
Purpose:

The main thesis purpose is an Innovative approaches development to improve solar
heat storage systems.

To achieve this purpose, the following tasks will be solved:
Tasks:

1. A detailed overview, analysis and systematization of the types of energy sources
and to review the existing methods and tools for research and management of
energy storage sources will be made .

2. Innovative approaches to thermal energy storage will be explored and an
innovative approach based on phase change materials will be proposed.

3. An innovative combined system for heat storage and heat supply in a building will
be developed

4. Experiments and simulations will be performed (experimental calculations and
technical and economic analysis will be made) with the proposed approaches and
the developed systems

5. The results will be tested

Abstracts of Dissertations 2022 (3) 4-34



INTELLIGENT MANAGEMENT OF THERMAL ENERGY SOURCES 9

Chapter Il. Existing methods and tools for energy storage
sources research and management

2.1. Energy storage methods

For many energy technologies, storage is a crucial aspect. If we consider the storage
of fuels as the storage of the energy embedded in them, then oil is an excellent example.
The massive amounts of petroleum stored worldwide are necessary for the reliable,
economic availability of gasoline, fuel oil, and petrochemicals.

Compressed air and pumped hydroelectric systems are two of the most widely used
methods for long-term storage of electricity.

Thermal energy saving system's energy is accumulated when its production exceeds
its consumption, and its access is provided by consumers when necessary. These
systems keep energy supply and consumption to be in accordance, to balance the
variable nature of renewable energy, to increase overall efficiency, and to reduce carbon
dioxide emissions.

An energy storage system is usually characterized by: capacity, power, efficiency,
storage period, charging / discharging time and price. Capacity, power and discharge time
are interdependent variables. For example, in thermal energy storage systems (TES),
high power means increased heat transfer (additional fins of the heat exchanger), which,
for a certain volume, reduces the amount of material for active storage and thus reduces
the capacity.

Thermal energy can be stored in the form of heat content in a storage medium, latent
heat associated with phase changes of materials, or as thermochemical energy
associated with chemical reactions occurring at temperatures from - 40 °C to above 400
°C.

Advanced new storage devices are often an integral part of other new technologies
and can sometimes become more feasible through storage innovations. Advances in
storage are beneficial, especially in wind and solar technologies. Also, new storage
technologies can contribute a lot to the development of electric cars.

Energy storage methods can classify into several groups (Figure 2.1).

Energy storage methods

r
Mechanical energy | | Electrochemical energy | | Thermal energy Chemical energy
storage systems storage systems storage systems storage systems

Figure 2.1 A classification of energy storage methods
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10 Milena Harlampieva

2.1.1. Mechanical energy storage systems

Mechanical energy may be stored as the kinetic energy of linear or rotational motion,
as the potential energy in an elevated object, as the compression or strain energy of an
elastic material, or as the compression energy in a gas. It is difficult to store large
quantities of energy in linear motion because one would have to chase after the storage
medium continually. However, it is quite simple to store rotational kinetic energy. There
are three main mechanical storage types: hydrostorage (Figure 2.2), compressed-air
storage (Figure 2.3), and flywheels (Figure 2.4).

Figure 2.2 A pumped hydfostorage plant [7]

Figure 2.3 (a) Compressed-air system in charging mode; (b) discharging mode [7]
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Figure 2.4. Main components of a flywheel energy storage system [§8]
2.1.2. Electrochemical energy storage systems

Energy may be stored in systems composed of one or more chemical compounds that
release or absorb energy when they react to form other compounds. The most familiar
chemical energy saving device is the battery.

The lead—acid battery operates on the principle of the galvanic cell. A single-cell
battery consists of two electrodes immersed in an electrolyte (Figure 2.5).

Figure 2.5. Schematic of a liquid-acid battery [9]
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12 Milena Harlampieva

The Na-S battery (Figure 2.6) requires high-temperature operation.

Queypa 2.6 High-temperature sodium—sulfur battery [9]
2.1.3. Thermal energy storage systems

Thermal storage systems can store heat or cold to be used later in various conditions
such as temperature, location or power. These systems are divided into three types:
Sensible Heat Storage Systems, Latent Heat Storage Systems, and Thermochemical
Heat Storage Systems.

Thermal energy saving (TES) tanks for use in heating, air-conditioning, and other
applications have, in general, received increasing attention in recent years. Thermally
stratified storage tanks have seen more widespread use recently (Figure 2.7).

Other commonly used materials in Sensible Heat Storage Systems are rocks and
water. Rock is an inexpensive TES material from the standpoint of cost, but its volumetric
thermal capacity is much less than that of water. The advantage of rock over water is that
it can easily be used for TES above 100 -C. Rock-bed and water storage types can both
be utilized in many ways (Figure 2.8).

Figure 2.9 illustrates the operating principle of simple Aquifer Thermal Energy Storage
(ATES) systems.

Abstracts of Dissertations 2022 (3) 4-34
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Solar ponds differ in several ways from natural ponds. Solar ponds are filled with clear
water to ensure maximum penetration of sunlight. The bottom is darkened to absorb more
solar radiation. Salt is added to make the water denser at the bottom and to inhibit natural
convection. The cooler water on top acts as insulation and prevents evaporation. Salt
water can be heated to high temperatures, even above the boiling point of fresh water
(Figure 2.10).

@ueypa 2.7 Position of inlet and outlet for a thermally stratified TES tank [10]

Figure 2.8 Solar storage tanks: (a) heat storage tank directly tied to both the collector and
the house heating system, (b) sensible TES system using a heat exchanger to extract solar
heat from a storage tank, and (c) using water and stone as storage media [10]
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14 Milena Harlampieva

Figure 2.9 Schematic of the operation of an ATES system [10]

Figure 2.10 A cross-section representation of a typical salinity-gradient solar pond [10]

Another energy storage medium are zeolites. They are naturally occurring minerals
with high heat of adsorption and ability to hydrate and dehydrate, while maintaining
structural stability (Figure 2.11) .

Knowledge of the melting and freezing characteristics of Phase Change Materials
(PCMs), their ability to undergo thermal cycling, and their compatibility with construction
materials is essential for assessing the shortand long-term performance of a latent TES.

More than 20,000 compounds and mixtures have been considered as PCMs, including
one-component systems, similar mixtures, fusible (eutectic) alloys, and liquids that are in
equilibrium with the crystalline phases.

Abstracts of Dissertations 2022 (3) 4-34
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Sokolov and Keizman (1991) developed an attractive PCM application for hot water
heating. The system contains a solar pipe consisting of two concentric pipes with the
space between them filled with PCM (Figure 2.12).

Figure 2.11 A process for using zeolites as a heat storage media [11]

Figure 2.12 A solar TES pipe using a PCM [11]
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16 Milena Harlampieva

2.1.4. Chemical energy storage systems

Figure 2.13 shows the relative relationship of energy densities when physical and
chemical changes occur.

Figure 2.13 Energy density of physical and chemical changes [12]

Chapter lll. Innovative approaches to improve solar heat
storage systems.

Solar space heating significantly reduces the use of non-renewable energy sources
and alleviates the degree of pollution of the environment and air. To solve the problems
of solar instability and insufficient heat storage, an auxiliary heat source is usually added
to solar heating systems.

The so-called "combi-system" is a heating system that supplies heat for domestic hot
water and space heating in a building, using two energy sources - solar energy and any
other auxiliary heat source (Figure.3.1).
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Figure 3.1 Solar system for domestic hot water and heating components [13]
3.1. Solar heat sources (Solar collectors)

A solar collector is the main component of any active solar thermal system. The main
task of the solar collector is to collect solar energy, then convert it into the useful heat that
is transferred by the working medium (water or antifreeze mixture), or air from collectors
to the storage tank.

Main types of solar collectors used in buildings are listed according to their complexity
and advancement of technology used:

e Low-temperature unglazed collectors, so-called swimming pool absorbers in the

form of black absorbing plastic panels or strips;

o Flat-plate liquid solar thermal collectors;

e Evacuated tube collectors.

The essential element of a flat-plate solar collector is the absorber. The absorber
absorbs solar radiation and converts it into heat that is transferred through its surface into
liquid or air, which flows under the entire absorber plate or in tubes A cross-section of a
sample of flat plate liquid solar collector is shown in Figure 3.2.

Abstracts of Dissertations 2022 (3) 4-34



18 Milena Harlampieva

Figure 3.2 A cross-section of a flat-plate liquid solar collector [14]

Evacuated collectors are primarily built as tubular collectors. However, flatplate
evacuated collectors are also made and they usually are based on very large negative
pressure, so-called imperfect vacuum. This type of collector is intended for large sized
applications for large roof areas (Figure.3.3).

Figure 3.3 Double glass tube (Dewar tube) [15]

3.2. Heat exchanger

A heat exchanger is a heat transfer device that exchanges heat between two or more
process fluids.

The four most common types of heat exchangers, based on the flow path
configuration, are illustrated in Figure 3.4.
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Figure 3.4 Heat exchangers classification according to the flow path configuration [16]

¢ Insimultaneous or parallel streams, where hot and cold liquids connect at the same
point, flow in the same direction and exit at the same end.

¢ In case of countercurrent, hot and cold liquids connect at opposite ends, flow in the
opposite direction and exit at opposite ends.

e In single-pass cross-flow heat exchangers, one liquid moves through the heat
transfer matrix at right angles to the flow path of the other liquid.

e In multi-pass cross-flow heat exchangers, one fluid flow moves up and down,
crossing with the flow path of the other fluid.

According to the transfer processes, heat exchangers are classified as indirect and

direct.
According to the design characteristics the heat exchangers can be:

Abstracts of Dissertations 2022 (3) 4-34



20 Milena Harlampieva

e Shell and tube - Figure 3.5.

Figure 3.5 Shell and tube heat exchanger [16]

e Plate - Figure 3.6.

Figure 3.6 Plate heat exchanger [11]

e Plate-fin - Figure 3.7.
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Figure 3.7 Plate-fin heat exchanger [11]

e Flat finned tube - Figure 3.8.

Figure 3.8 Flat finned tube heat exchanger [11]
3.3. Auxiliary heat source
Solar space heating systems are much more complex than systems that provide only

domestic hot water. They must be equipped with auxiliary heat sources (Figure 3.9), which
can be solid fuel boilers (wood, coal, pellets), liquid, gaseous or electric.
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Solar installations are often combined with heat pumps - Figure 3.10.

Figure 3.9 (a) solid fuel boiler; (b) liquid / gaseous fuel boiler; (c) electric boiler. [11]

Figure 3.10 Solar heating system with a heat pump. [11]
3.4. Accumulating tang

A typical system using a hot water storage tank is shown in Figure 3.11.

tc‘o tS TO load
Tank at tg
tei=ts I :
-~ -}
To collector Return from load

Figure 3.11 Solar system using a hot water storage tank [17]
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3.5. Innovative design and selection of storage tank with phase-changing
material

Phase-change materials (PCM) used for heat storage are chemicals that go through a
transition from solid to liquid at temperatures in the desired range for heating and cooling.
During the transition process, the material absorbs energy when it changes from a solid
to a liquid state and releases energy as it returns from a liquid to a solid state. The water
storage tank is made of steel, and in its total volume there are closed cylindrical tubular
containers filled with PCM (paraffin) (Fig. 3.12).

Ty
=
TeMnepaTypH CEHIOPU

Figure 3.12 Phase-change material storage tank construction
3.6. Building heating system

The first step is usually the choice of heat generator and energy source - solid fuel,
gas, oil, electricity; if necessary, both heating and cooling.
There are several options:
e Boiler heating system
e Heat pump system
e renewable energy sources usage opportunities

3.7. Controller

Automated control of building heating systems is implemented centrally, with network
platforms or decentralized - through local controllers, thermostats and other modules.
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24 Milena Harlampieva

3.8. Innovative heat storage and building heat supply combined system.

The innovative heat storage system, including PCM, is used to store excess energy
as latent heat (Figure 3.13).

Figure 3.13 Space heating system using PCM storage tank

The system components are:

Solar collectors for domestic hot water (DHW);
Hot water storage tank with PCM;
Pellet boiler;

Water distributors;

Plate heat exchanger;

Buffer storage tank;

Air to water heat pump;

Heat exchanger (ventilation system);
9. Fan coil unit (cassette type);

10. Aluminium heater;

11. Water supply system.

©®NOOhE WD~
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Chapter IV. Experimental results and simulations.

4.1. Project description and heating system scheme

The considered building is a newly built restaurant, which has the following spaces:
a visitors hall, a kitchen with ancillary rooms, an office, warehouses and bathrooms.

A pellet hot water boiler with a fuel hopper and an air-to-water heat pump air
conditioning unit is provided for heating. The accumulating tank supply, the heating
sections, the air curtain, the floor heating and the other heating units is through
separate standpipes, equipped with electronic water supply pumps (Figure 4.1).

To supply the building with hot water, a stainless steel accumulation tank with two
coils and a volume of 500 liters is provided. During the heating season the water will
be heated by circulation from the boiler, and in the summer it will be heated by means
of four flat solar collectors, which will be mounted on the roof at an angle of 45 ° in a
southerly direction. The connection between the accumulation tank and the collectors
is implemented with insulated copper pipes, and the circulation is realized with a
microprocessor controled pump group. A closed expansion vessel is provided to
absorb the water expansions in the solar system. The accumulation tank also has an
additional electric heater with a capacity of 7.5 kW.

Figure 4.1 Combi-heating system detailed scheme
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The solar panels characteristics installed in the system are listed in Table 4.1

Tilt angle 45°
Collector area 46p. X 2m2= 8m2
Overall surface conductance, Uc 8,0 W/m2.K

Heat transfer coefficient inside the

tube for water, hy 1500 W/m.K
Cover transmittance, 1 0,9
Solar absorption of the copper

0,9
surface,a
The water inlet temperature, T 65°C

Table 4.1 Solar panels characteristics

4.2. Calculating annual hot water energy demand.

The annual energy consumption of domestic hot water (DHW), including heat and
circulation losses, can be calculated as follows:

Qdemand=QoHw + Qlosses )

The energy required to raise the water temperature neglecting any losses is found
by:

m.Cp.AT
3600

Qpuw = ,kWh/day,

where:

m (kg) — mass of water to be heated

Cp (kJ/kg.°K) — specific heat capacity of water

AT (°K) — required temperature rise

Losses can be calculated taking into account the static losses of the storage tank and
the pipeline coefficient of circulation losses:

Quosses = QsHL + Qcirc,

where:

QSHL (kWh/day) — standby heat losses

Qcirc (kWh/day) — circulation heat losses
Qcirc = k. QDHW , k(%) — assumed loss factor
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The annual hot water energy demand can be expressed as follows:

Qdemand = [(1 + k)- QDHW + QSHW]- 365» kWh/year

Therefore, for the considered storage tank with volume V = 500 I, static losses 2.5 kWh
/ day (energy efficiency class B) and circulation losses 20%, the required energy for DHW
will be:

_ m.C,.AT _ 500.4,18.(60 — 10)
Qorw = 3600 3600

= 29,02 kWh/day

Qaemana = [(1 + k). Qppw + Qspw]. 365 =
=[(1+0,2).29,02 + 2,5].365 = 13623 kWh/year
The amount of heat stored in water is expressed by the equation:
Quz0 =V.p.Cp. AT
Qyz0 = 0,5.1000.4,18.50 = 104500 kJ
4.3. Calculating solar panels area.

Having calculated the annual energy demand, the collector area should be determined
to cover part of the required energy.
On an annual basis, this energy is calculated as follows:

Qsolar - Qdemand : sz ’

where:
St — design solar fraction, typically 30% - 60% (This is an expression of how much of the
total energy consumption is supplied by solar thermal).
With a solar fraction of 50%, the following is obtained:
Qsotar = 13623.60% = 8174 kWh/year

The annual solar yield obtained from the solar array is:

Qsolar = Q;olar- Aapmina
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where:

Q’solar — specific annual solar yield adjusted for location, tilt, orientation and shading (for
the Sofia region Q'solar = 1200 W/m?2year).

Azpmin — minimum aperture area of solar collector array (m?).

Rearranging the above equation gives the required aperture area to meet the solar
contribution of the annual energy demand is:

_ Qsolar

Aapmin - ’

Q;olar
For the considered conditions it is obtained:

8174

Agpmin = 1200 = 6,8 m?

8m

For the system are provided n = 4 pcs. solar panels with aperture area Aapcoll =
2.0 m? each. The total aperture area will be:

Agp =N Agpeon = 4.2 =8,0m?
The annual solar yield obtained from the solar array will be:
Qsotar = Qbotar-Aap = 1200.8 = 9600 kWh/year
4.4. Balancing the array and calculating the system flow rate

The arrangement of the solar panels has a direct impact on the flow rate of the system
and therefore on the choice of piping and circulation pump.

In practice we need to keep the array layout simple whilst still minimising the pressure
drop across the collector field. We have the added consideration that banking too many
collectors together will have an effect on efficiency, particularly on the last few collectors
in each series as they start to operate at a hotter temperature and their performance is
affected.

To achieve a good hydraulic balance, it must be taken into account that no series of
collectors should be larger than 10 m2. Ideally, the goal is for an even number of collectors
and a balanced pipeline. On larger systems the goal is for a total number of collectors that
can be divided by 3 or 4 to obtain a suitable array.
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When sizing the pipeline, we aming to achieve the following:

e Minimise pressure drop and therefore reduce the pump size and energy consumption

¢ Maintain pipe velocity between 0.4 — 1.0 m/s

e Ensure that the pipe will fit in the available space

e A choice of pipework and fittings are cost effective both in terms of materials and
labour

4.5. Sizing the pcm storage tank volume

Latent heat storage technology reduces temperature fluctuations and offers a higher
heat storage capacity per volume/mass. The temperature and the amount of energy
stored can be adjusted by selecting a specific phase changing material. Stored heat is
transferred by a heat transfer fluid such as water or air in a heat exchanger. When the
heat transfer fluid temperature Tf is lower than the melting temperature (Tf<Tm), the
phase changing material solidifies and releases its heat of melting to the heat transfer
fluid. Respectivly, when the temperature of heat transfer fluid is higher than the melting
temperature (Tf>Tm), phase changing material starts melting and stores heat.

The selected phase-change material is paraffin with a mass of 50 kg. The total heat
stored by the solid-liquid phase-changing material between the initial and final
temperature is determined:

Qpem = M|Cps (T, — T)) + AH; + Cpy(T; — Ty
Qpcy = 50[1,05. (54 — 46) + 213 + 2,384. (68 — 54)] = 12738,8 k] = 3,538 kWh

The water volume that can compensate the total heat stored in the paraffin is
calculated according to:

E
VHZO(PCM) = m )
where:
Vh20(Pcm) — the water volume heated by PCM (1);
Cp = 4184 J/kg.°C — water specific heat capacity;
AT - PCM temperature difference (22°C);
E — The energy stored in PCM (J).

Therefore:

12738800 3
VHZO(PCM) = m = 138,4l = 0,138 m
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The paraffin amount in m3 will be:

Mpey
Vecw Prcm’
where:
mpcm — PCM mass (kg);
ppcm — PCM dencity (kg/m3).
In this case it obtains:
50

V =——=0,064 m?3
PCM = Zog m

Due to the above, the volume of the storage tank (V1) with PCM will be:

Vl =V - VHZO(PCM) + VPCM = 0,5 - 0,138 + 0,064 = 0,4‘26 m3

Increasing the mass of paraffin in the storage tank leads to an increase in the energy
stored amount (Figure 4.2).

Figure 4.2 Amount of heat stored in paraffin depending on the mass
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Conclusion:

Encapsulating phase change materials can maintain the outlet water temperature,
especially when the inlet water temperature is reduced at night time. In addition, it is
particularly important to insulate the PCM tank well, as insulation increases the
productivity of the material. There are also some inconveniences that result from the PCM
characteristics. Due to the low thermal conductivity of the material, charging and
discharging the tank takes time. The low heat transfer rate between the heat transfer fluid
and PCM leads to less efficient thermal systems. Therefore, it is appropriate to use
encapsulated FPM to increase the heat transfer area between the material and the heat
transfer fluid. Encapsulating the PCM in a sphere shape around the heat exchanger shows
cycle stability and better performance for a hot water storage tank.
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Mnaea l. O630p, aHanNn3 U cuctemaTu3aumsa Ha BUAOBETE EHepPrumHu
M3TOYHULM.

1.1. CobLHOCT U Non3u npm cucremunTe 3a CbXxpaHeHune Ha eHeprua

TbpceHeTO 1 NpegnaraHeTo Ha eHeprus onpefensT xoga Ha rnobanHoTo pasBuTue
BbB BCSAKa cdpepa Ha voselukaTa AenHOCT. HamupaHeTo Ha eHeprumHm U3TOYHULK, KOUTO
Aa 3a00BOMAT HapacTBalOTO TbpceHe B CcBeTa, € €eOHO OT OCHOBHUTE
npean3BuKaTencTea Ha obLLEeCcTBOTO Npe3 creaBalyus NOMOBUH BEK.

Han-BaxxHuTe Hacoku B pa3BUTMETO Ha MeToauTe U cpeacTBaTa 3a ynpasreHue Ha
eHepruiHUTe U3TOYHULM Ca BbBEXOAHETO Ha MKOHOMWYHU, ePEKTUBHU TEXHOMNOrnm 3a
CbXpaHeHWe Ha eHeprns W reHepupaHe Ha TOMNMNWHA, KakTO W BbBexdaHe Ha
eHeprocnecTsBalln TexHonormm W npunaraHe Ha wMaTepuann wn obopyasaHe,
ocurypsiBaLLy no-4bnarv ekcnnoaTaunoHHu cpokose [1].

CtouecTByBaT peanua MeToam 3a CbXpaHeHUe Ha eHeprus, a camoTo UM U3MNon3saHe
3aBUCK OT (pakTopu, KaTo npegHasHayeHue, pecypc, TeXxHMYecka Bb3MOXHOCT U ap. OT
MKOHOMMYECKa rnegHa Tovka M 3apagu yBenuyaBaHe W3UCKBaHUATA 3a eHeprumHa
edEeKTMBHOCT, TAXHOTO TbpCEHE N u3cregosaTenckaTa JENHOCT B YCbBbPLUEHCTBAHETO
MM HenpekbcHaTo ce yBenuyaeat. /3non3saHeTo MM e U3KMIYMTENHO NoAXOASLWO 3a
panvoHu, KbAeTo ce Habnsdra Ha nNPoOW3BOACTBOTO Ha eHeprus OT Bb30OHOBAEMMU
N3TOYHWULW KaTO CNbHLUE U BATBP, TbI KaTo Te Cb3aBaT Bb3MOXHOCT 3a ONTUMU3MpaHe
Ha MpoM3BOACTBOTO, KaTO Ce OcCuUrypsisa NoCTOSIHHa OOCTaBKka, BbMpekn nepuoguyHns
Xapaktep Ha U3To4yHuka [2].

MHTenureHTHOTO ynpaBneHne Ha cucTeMuTe 3a CbXpaHeHue Ha eHeprus Boau Ao
noBuLIaBaHe Ha eHepruvHata e@EeKTUBHOCT KakTO Ha caMuTe CUCTeMW, Taka U Ha
06eKTnTE, B KOUTO Ce MHTEerpmpar, KOeTo NbK OT CBOA CTpaHa BoAu J0:

- [lonswn 3a okonHaTta cpena
- MlkoHOMM4eckn nonau

1.2. EHeprus

EHeprusita e ckanapHa u3nyHa Benm4ymHa, KosaTo Xapakrepusmpa cnocobHocTTa Ha
[afleHa cucteMa fja NPOMEHs CbCTOSIHMETO Ha 3aobukanswarta s cpega unu ga
n3BbpluBa pabota. Ta cbllecTByBa B pasnnyHM OpMM, KaTo ABWXKEHWE, TOMMMUHA,
CBETNNHA, €eneKkTpuyecka, XUMWUYECKa, siApeHa eHeprus u rpaBuTaumoHHa. Obwata
EHeprusa e cymata OT BCUYKM (DOPMM Ha EHEPTrUATa, KOATO eAHa CUCTEMA NpUTeXxasa.
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1.3. BwupoBe eHeprusa

MbpBUYHUTE U BTOPUYHUTE BUOOBE E€HEPrusi ca ABaTa OCHOBHM TuUMa, KakTo e
nokasaHo Ha cur. 1.1. MbpBMYHATA €Heprus ce U3BNMYa UNU ynaBs AMPEKTHO OT
oKornHaTa cpefa, 4oKaTo BTOpUYHaTa eHeprusi ce npeobpasyBa OT MbpBUYHATa eHeprus
nog dopmata Ha enekTpM4ecTBO UNKU ropveo. PasrpaHnyaBaHeTO Ha MbPBUYHUTE U
BTOPUYHUTE EHEPrUAHU M3TOYMHULM Ca BaXkHU B eHepruiHuTe GanaHcu 3a oTyuTaHe U
3anucBaHe Ha eHeprunH1MTe AOCTaBKKU, TpaHcdopMauun 1 3aryou.

Queypa 1.1 lMbpeuyHU U emMopuyHU sudose eHepausi [3]

1.4. HeBBL30OHOBAEMM €HEPrMMHU U3TOYHULM

O6uwonpneTo e, Ye HEBb3OOHOBAEMUTE EHEPruiHM U3TOMHULMN WUMN MU3KoMaemuTe
ropusa ce obpasyBaT OT OCTAHKMTE HA MbPTBU PaCTEHMS U XXMBOTHU Ype3 nsnaraHe Ha
TONNMHA M HansiraHe B 3eMHaTa kopa B NpoAbJPKeHNe Ha MUNNOoHU roanHn. OCHOBHUTE
HEBBH30OHOBSAEMUN EHEPIUIAHN U3TOYHULIN ca:

- Bbrnvwa

- Hedt

- [MpwupogeH ras

- HppeHa eHeprus

N3konaemnte ropvea cbabpKaT BUCOKM NMPOLEHTU BLIMEPOA W BKMOYBAT NPEANMHO
BbrNuWa, NeTpon n npupodeH raa. MNpupoaHuaT ra3 Hanpumep CbabpXKa MHOMO HUCKa
TOYKa Ha KuneHe 1 razaoobpasHyN KOMMNOHEHTU, JOKATO BEH3NHBT CbAbpXKa KOMMNOHEHTU C
MHOrO NO-BUCOKa TOYKa Ha kuneHe. CneumduyHaTa cmec oT BbreBo40pOAM NpuaaBa Ha
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roOpnBOTO XapaKTepHunTe My CBOWCTBA, KaTo TOYKa Ha KUMNeHe, TOYKa Ha ToneHe, NITbTHOCT
n BUCKO3UTET. Te3n BMAOOBE ropymBa ca MU3BECTHU KaTo HeBb30OHOBsAEMU eHepFVIVIHVI
N3TOYHULWN.

1.5. B1b300HOBAEMU €eHEePrMMHU N3TOUYHULU

Bb3obHoBssema eHeprna e eHeprundaTta, nostydeHa ot U3To4HuUn, KOMTo ce npnemar
3a eCTeCTBEHO Bb3CTAHOBABALLM Ce UMK 3a MPaAKTUYECKN HEU3TOLLUMMN. OcHoBHUTE
Bb306HOBSAEMY €HEPrmmHn N3TOYHMUM ca:

- XugpoenekTpuyecka eHeprus
- CnbHYeBa eHeprus

- Buomaca

- Batbp

- leotepmanHa eHeprus

- OkeaHcka eHeprus

B pasnuyHuTe cu dhopmm Bb306HOBsIEMaTa eHeprus nasa AMPEKTHO OT CITbHLETO Unu
OT TonnuHaTa, reHepmpaHa obnboko B 3emsTa. Npes 2008 r. okono 19% ot rmobanHoTo
KpanHO noTpebneHne Ha eHeprua nasa oT Bb30OHOBAeMU M3TOYHUUM, kKaTo 13% vaBat
OT TpaguuMoHHaTa Gumomaca, KOSTO ce M3non3ea rnaBHO 3a oTtonneHue, un 3,2% ot
BOAHOENEKTPUYECKN ueHTpanu. [Opyrn Bb30OHOBAEMU W3TOYHULM, KATO Hanpumep
Gvomaca, BATbpP, CNbHYEBA €Heprusi, reotepmanHa eHeprus wn 6uoropmea, ca
aonpuHecnu ¢ okono 2,7% vn 6bp3o HapacTearT [4].

1.6. Bopopopn

BogopoabT e Ham-npoctuaT enemeHT. Bcekn BogopogeH aToM Mma caMmo eauH
NPOTOH. CABbHUETO € OCHOBHO rMraHTCKa Tornka OT BOAOPOA U Xxenuesu rasose. B aapoTo
Ha CNbHUETO BOOOPOAHWUTE aToMM ce KOMOMHMpaT, obpasyBamkm Xenuesun aToMu
(Mpouec Ha CUHTE3) MU OTAENAT NbUYUCTa eHeprus. Tasum NbYUCTa eHeprus nogabpxa
XMBOTa Ha 3eMsATa, Tbi KaTo 3aABwXKBa (POTOCUHTE3aTa B pacTeHMATa U OPYrv >XUBU
CUCTEMMU 1 Ce CbXpaHsiBa KaTo XMMUYECKa EHeprus B M3konaemuTe ropmea.

BooopoabT He chbluecTByBa Ha 3eMdATa KaTo ras, a ce Hammpa camo B CbeHEHNE C
apyru enemeHTu, kato Boga H20 n metan CH4. BogopoabT ce npoussexga oT apyru
pecypcu, BKIOYUTENHO MpUPOAdEH ras, Bbrivwa, 6uomaca n gopwu Boga. [lBata Hawm-
4YecTo cpellaHM MeToda 3a NPoU3BOACTBO ca npeobpasyBaHe Ha nNapa U enexkTponuaa,
Npv KOUTO TOW Ce pasaens Ha Kucrnopog v sogopoa. lNoHacToswem npeobpasyBaHeTo Ha
napa € Han-eBTUMHUAT W HaW-pas3npocTpaHeH MeToq 3a NPOM3BOACTBO Ha BOLOPOA,
[0KaTo enekTponuaaTa e CKb npoLec.
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1.7. Enektpuyecka eHeprus

[MpoTOHNUTE N ENEeKTPOHUTE Ha aToOMa HOCAT erniekTpuyeckn 3apsg. [NpoToHuTe umart
NONOXWUTENEH 3apsaA (+), a enekTpoHuTe — oTpuuaTteneH (-). MpoTMBONONOXHUTE NOMCK
ce npuBnu4yaTt B3anmMHo. EnekTpoHnTe B Han-BbHLWHUTE OOBMBKM HA aTOMa He ca CUITHO
npuBreYeHn oT NPOTOHUTE U MOraT fa ce ABWXaT OT eQuH aToM B ApYyr U Aa cb3gasar
enekTpmyecTBo. KonmyecTtBoTO €NeKTpnYeCcTBO, KOETO efHa enekTpoueHTpana reHepupa
UNu gageH KNMeHT U3nonasa 3a onpegeneH nepnog ot BpeMe, ce M3aMepBa B KurnoBaTtyac
(kWh), koeTo ce paBHsiBa Ha eHeprudata ot 1000 BaTa, paboTtelum B npoabrkeHne Ha 1
yac.

Mo-ronsma 4acT OT €enekTPUYEeCTBOTO B XWIMULHUSA CEKTOp Ce W3nonsea 3a
KnMMaTmnsaums, OTOMMEHME Ha NOMELLEHUS N BOAA, OCBETNIEHNE U 3aXpaHBaHE Ha ypeau
n obopyaBaHe. EnektpnyecTBOTO € Han-6bp30 pasBuBallaTta ce opma Ha KparHo
notpebneHne Ha eHeprusi B CBETOBEH MaLab v CnyXXu 3a NPEHOC Ha eHeprus nony4veHa
OT BbIMMWa, NpUPOAEH ras, ypaH, BATbPHA €HEprus U Apyrn eHeprmmHn U3TOYHULM B
aomoBeTe, bBusHeca 1 NPOMULLIIEHOCTTA. 3a MHOIMO EHEPIrMAHN HYXXOWN € MO-NTIeCHO Aa ce
N3MNoNn3Ba eNeKTpn4eCcTBO, OTKONTKOTO CaMUTE EHEePrUHUN U3TOYHULN.

1.8. MarHuTHa eHeprus

Hama ocHOBHa pa3snuka Mexay MarHuTHaTa eHeprust U enekTpudeckata eHeprus:
ABeTe SIBNeHUs ca CBbp3aHu C ypaBHeHuaATa Ha Makcyen. MNMoTeHumanHata eHeprus Ha
MarHuT C MarHuTeH MOMEHT M B MarHUTHO norne B ce onpegens kato paboTa Ha MarHUTHa
cuna (MarHUTeH BbpTSLL, MOMEHT).

1.9. Xumuuyecka eHeprus

B xumusita ToBa € eHeprusita, KOSTO Ce CBbp3Ba C aTOMUTE U MONEKYNUTE U ce
aedunHupa kato paboTtaTta, n3BbpLUEHA OT eNeKTPUYECKMTE CUNKM Npu NpenoapexnaHe
Ha enekTpuyeckute 3apsan. AKO XMMUYeckaTa eHeprma npu  gageHa XuMudHa
peakumnsa HamarnsiBa, ToBa O3Ha4aBa, Y€ e npegageHa Ha 3aobukansuwaTa cpega (Ham-
4ecTO BbB (popmata Ha TonnMHA). AKO XMMUYecKaTa eHeprnsa ce ysenuyaba, ToBa
O3Ha4vaBa, 4Ye eHeprus oT 3aobukansiiaTta cpefa e NpeBbpHaTa B XMMUYecka. TUnmyHuTe
CTOMHOCTU 3a NpoMsiHaTa B MOSfiapHaTa XMMW4YHa eHEpPrus no BpemMe Ha XMMu4Ha peakums
Bapupat OT geceTkun Ao crotmum kd/mol.

1.10. EHeprusaTa 1 rno6anHoOToO 3aTonnsiHe

N3rapsiHeTO Ha u3konaemu ropuea MpousBexaa OKOSo 21,3 ruratoHa BbrnepoaeH
Anokcuna roauniHo, a ectectBeHuTe npouecn mMorat ga noemMmaTt CaMo OKOJ10 NMofoBuHaTa
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OT TOBa KOMMYECTBO, Taka 4Ye MmMa HeTHo yBenuyeHne ot 10,65 munmnapga ToHa
aTMocdepeH BbrnepoaeH ANOKCUA roguLIHo.

EovH TOH Bbrnepon e ekBuBaneHteH Ha: MWcoz / MWce = 44/12 = 3,7 ToHa
BbrnepoaeH guokeug [5].

1.11. EHeprunHmu 6anaHcu

Cbmrypa 1.2 nokasea aBa Buaa OTBOPEHN CUCTEMWU C B3aUMOLEWNCTBME Ha Maca U
eHeprna Cbe 3aobukansuwara g cpefa.
- bes BbTpeELlEH N3TOYHUKa Ha NpoOMAHa Ha Maca N eHepruAd,
- C BbTpelweH NU3TOYHUK 3a MNMpoMdAHa B Macata U eHeprudrta, eHTponumdTta u
eKceprudra.

Queypa 1.2 (a). OmeopeHa cucmema 6e3 8bmpewieH U3MOYHUK Ha NMpoMsHa Ha Maca u
eHepausi. (b) OmeopeHa cucmema ¢ 8bmpeweH U3MOYHUK 3a MNpoMsHa 8 macama u
eHepausima, eHmponusima u ekcepausima [6].

Llen n 3apayu Ha gucepTauMoOHHUA TPYA:
Uen:

OcHoBHa Lien Ha ancepTauMoHHUS Tpya e paspaboTBaHeTo Ha MIHOBaTMBHU Noaxoau
3a noaoGpeHMe Ha conapHy CUCTEMU 3a CbXPaHeHWe Ha TONMNMHHA eHeprus.

3a n3nbrHeHne Ha Tasu Len we ce pewart cnegHuTte
3apgaum:

1. Oa ce Hanpaeu petanneH O6G30p, aHanu3 M cucTtemaTusauuss Ha BUOOBETE
€HeprunHN U3TOYHMLUM U Oa ce HanpaBu npernea Ha CblUecTBYBallM MEeToau U
CpeAcTBa 3a u3cneaBaHe W ynpaBrieHWe Ha M3TOYHUUM 3a CbXpaHeHue Ha
eHeprus.
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2. [la 6bpgat m3cneaBaHM MHOBATMBHU MNOAXOAM 3@ CbXpaHEHMEe Ha TOMMUHHA
eHeprs M ga O6bae npeanoxeH mMHoBaTMBeH noaxon, GasvpaH Ha ¢as3oBO
N3MeHeHne Ha maTepuanure.

3. Oa ce paspabot WHOBaTMBHA KOMOMHMpaHa CUCTEMa 3a CbXpaHeHVWe Ha
TOMMIMHHA eHeprus 1 TonnocHabassaHe B crpaaa.

4. [la ce npoBeadaTt eKCNepMMEHTU U CUMynauumn (EKCnepuMeHTanHn N34ncrneHns un
lLle ce HanpaBW TEXHUKO-MKOHOMWYECKM aHanu3) C npeanioXeHuTe noaxoam U
pa3paboTeHuTe CUCTEMM.

5. Pesyntatute ga 6baat anpobupanm.

naBa ll. CblwecTByBalWwm MeToau U cpeacTBa 3a
yrnpaBneHue N nscriegBaHe Ha U3TOYHULM 3a CbXPaHEeHMe Ha
eHeprus

2.1. MeToam 3a cbxpaHeHUe Ha eHeprus

3a MHOr0O €eHEeprMmHn TEeXHOSIOTMN CbXPaHeHMeTO e pellaBal, acnekT. AkKo
pasrnexgamMme CbXpaHEHMETO Ha ropvBaTa KaTO CbXpPaHEHME Ha BrOXeHaTa B TsX
eHeprusi, ToraBa MeTponbT € OTNu4eH npumep. [onemuTe KomuyecTBa nNeTpon,
CbXpaHsiBaHW B LIENusi CBAT, ca HeobxoaMmMmM 3a HagexaHaTa MKOHOMUYECKa HanmMyHOCT
Ha 6EeH31H, Ma3yT U HepTOXMMMKanMW.

M3non3BaHeTo Ha CrbCTEH Bb3AyX U NMOMMNEHU XNMOPOENEKTPUYHN CUCTEMM Ca ABa OT
Han-MacoBO NpunaraHMTe MeToau 3a Ab/TOCPOYHO CbXPaAHEHME HA ENEKTPOEHEPTUS.

Mpn cuctemuTe 3a CbXpaHeHMEe Ha TOMMMHHA €Heprusd TA Ce akymynupa, KoraTo
NPOM3BOACTBOTO W Ha[BuULIABa KOHCyMauudaTa, U ce ocurypsiBa AOCTbN A0 Hes npwu
HeobXoaAUMOCT OT CTpaHa Ha noTpebutenuTte. Te3n cuctemum cnomaraT 3a NOCTUraHETO
Ha CbOTBETCTBUE MeXAy JOoCTaBkaTa M NoTpebneHneTo Ha eHeprus, 3a U3non3BaHeTo Ha
npoMeHnMBaTa no Xxapaktep eHeprua ot BEW, 3a noBuwaBaHeTo Ha obuwarta
e(EKTMBHOCT, KaKTO 1 3a HamarnsBaHe EMUCUNTE Ha BLIMEPOAEH AMOKCUA,.

EnoHa cuctema 3a cbxpaHeHuMe Ha eHeprust ODMKHOBEHO Ce XxapakTepusupa C
napameTpuTe KanauuTeT, MOLLUHOCT, ePeKTMBHOCT, Nepnog 3a CbXpaHeHune, BpeMe 3a
3apexgaHe/paspexaaHe un ueHa. KanaumteTsbT, MOLWHOCTTa U BPEMETO 3a paspexaaHe
Ca B3aMMO3aB/1CUMM NPOMEHNMBU. Hanpumep, npn cuctemn 3a CbxpaHeHne Ha TONAnHHa
eHeprua (CCTE) BucokaTa MOLLHOCT O3HayaBa yCWUreH TOnmnoobMeH (ZOMbiAHUTENHN
pebpa Ha TonnoobMeHHWs anapar), KOUTO, 3a onpeaeneH obem, peayumpa Kofm4ecTBOTO
mMaTepuan 3a akTMBHO CbXpaHEeHWe 1 No TO3M Ha4YUH MNOHWXKaBa M KanauuTeTa.
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TonnuHHaTa eHeprns Moxe pgda Obae cbxpaHsBaHa noa ¢opmaTta Ha
TonnocbabpXaHWe B cpefa 3a CbXpaHeHue, naTeHTHa TOMnuHa, CBbp3aHa C (ha3oBu
N3MEHEHMA Ha MaTepuanuTe, UNKn Kato TEPMOXMMUYHA EHEprusi, CBbp3aHa C XMMUYHU
peakuunn, npotnyawim npu temnepatypu ot -40 °C go Hag 400 °C.

YCbBBPLUEHCTBAHUTE HOBM YCTPOMCTBA 3a CbXPaHEHWE YecTo ca HepasgenHa 4vact
OT APYrn HOBWU TEXHONOMMW M MOHsSIKOra Te Morat ga CTaHaT MNo-OCbLLUECTBMMM 4pe3
MHOBaUUN B CbXpaHeHWeTo. HanpeabkbT B CbXpaHEHMETO € OT nons3a ocobeHo npwu
TEXHONMOrMnTe 3a BATbPHA U ClbHYeBa eHeprusi. CblUO Taka HOBWUTE TEXHOMOrMM 3a
CbXpaHeHue Morat ga [fonpuHecat MHOro 3a pasBUTUETO Ha asBTomMobunu ¢
€NeKTPUYECKO 3aBMKBaAHE.

MeToauTe 3a cbxpaHeHWe Ha eHeprust MoraT a ce cuctemaTusnpaTt B HAKOSTKO
rpynu (dour.2.1).

Memogu 30 CbXPUHEHUE HO cHepzud

/ Y | Y
MexaHuunu cucmemu EJTE‘KmIDOXUMUH'HU cucmemu TGPMUL«‘HU cucmemu XUMUYHU cucmemu
30 CbXpaHeHUe Ha 30 CbXpaHeHue Ha 30 CbxpaHeHue Ha 30 CbXDAHEHUE HA
eHepeauAa eHepeauda eHepeuda eHepeusa

Queypa 2.1 Knacugurxayus na memooume 3a cvoXpaHenue Ha eHepeusl
2.1.1. MexaHW4YHU CUCTEMU 32 CbXpPaHEHME Ha eHeprusa

MexaHn4yHaTa eHeprnsa Moxe Aa ce CbXpaHsiBa KaTo KMHETUYHA eHeprus Ha MIMHENHO
NN BbPTENUBO ABWXEHUE, KaTo NoTeHLManHa eHeprus B U3gurHat obekT, KaTo eHeprus
Ha komnpecus wnu gedopMaumss Ha enactudeH marepuan unuM Kato eHeprus Ha
koMrpecus B ra3. TpyaHo e Ja ce CbXpaHABaT rofieMmn KonuyecTsa eHeprusa B NIMHENHO
ABWKEHWe, 3aLL0To cpeaTta 3a CbxpaHeHue TpsbBa HenpekbcHaTo Aa ce cnean. Cbecem
necHo e oba4ve fa ce CbxpaHsiBa poTauUOHHATa KUHETUYHa eHeprud. Mima Tpu OCHOBHU
MeXaHW4HU TUNa 3a CbXpaHeHue,: xngpoxpaHunuule (dur. 2.2), CbxpaHeHue Ha CrbCTeH
Bb3ayX (cur. 2.3) n maxosuum (dpur. 2.4).
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Queypa 2.2 [lomneno-akymyaupawa 6ooHoerekmpuvecka yewmpana [7]

Queypa 2.3 (a) Paboma na cucmema ¢ 8b30yuHa KOMIpecust 8 pexcum Ha sapedxcoare; (b)
pedrcum Ha paspedicoane [7]
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Queypa 2.4. Untocmpayusi Ha 0CHOGHUNE KOMNOHEHMU HA CUCMEMA 30 CbXPAHeHUe Ha
enepeus upesz maxosux [8]

2.1.2. EneKTpOXMMUYHU CUCTEMMU 3a CbXPaHEeHUe Ha eHeprus

EHeprusiTa mMoxe fa ce CbXxpaHsBa B CUCTEMW, CbCTAaBEHW OT €4HO WM noBeve
XUMWYHN  CbedVHEeHWsl, KOUTO oTaensat wnn  abcopbupatr eHeprusi, KoraTto
B3aMMogencTBaT, 3a ga obpasyBaT ApyrM cbeamHeHusa. Hawn-nosHaTata XuMudHa
cucTemMa 3a CbXpaHeHue Ha eHeprus e batepusaTa.

OnoBHo-kucenuHHata 6Gartepusa paboTu Ha NpuHUMNA Ha ranBaHW4HaTa KreTka.

EgHoknetbyHata 6atepus ce CbCTOM OT [Ba eriekTpoga, MoTOMEeHW B enekTponuT
(durypa 2.5).

Queypa 2.5. Cxema na meuno-kuceaunna oamepus [9]
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HaTtpueBo-capHaTa 6atepus (Pur. 2.6) nsmncksa pabota npu Bucoka TemnepaTtypa.

Queypa 2.6 Bucoxomemnepamypna nampuego-capHa bamepus [9]
2.1.3. TepMNYHM CUCTEMMU 3a CbXPAHEHUE Ha eHeprusa

CucTemnTe 3a CbXpaHeHWe Ha TONMMHHA eHeprusi MoraT 4a CbXpaHsaBaT ToNnvMHa Unm
CTyq, 3a Aa Ce U3MNon3BaT no-KbCHO MpU pasnunyHM YCroBUS KaTo TemrepaTtypa, MsCTo
MM MOLLHOCT. Tean cuctemMu ce pasfensaT Ha TpU BMOA: CUCTEMM 3a CbXpaHeHue Ha
Ocesaema ToMnuHa (TONMMHa Ha ycelllaHe), CUCTEMU 3a CbXpaHeHue NaTeHTHa ToMNM1Ha
N TEPMOXMMUYHN CUCTEMU 3@ CbXPaHeHMe Ha TONMNunHa.

PesepBoapuTe 3a CbXpaHeHWe Ha TOMMUHHA eHeprus, U3ron3BaHu B CUCTEMUTE 3a
OTONJIEHNE W KNUMATM3ALMS, HaBNM3aT BCe MO-LUMPOKO B NOCNEeQHUTE roanHK, KaTo Bece
no-ronsiMa nonynspHoOCT Habupat cTpaTuduumMpaHmTe pesepsoapu (pur.2.7).

[pyrn 4ecTto n3nonseaHW maTepuanun npu CUCTEMU 3a CbXpPaHEHME Ha oce3aema
eHeprusi ca ckanute m BogaTta. Ckanata e eBTMH Martepuan OT rfedHa Todka Ha
pasxoanTe, HO 06EMHUAT My TOMSIMHEH KanauuTeT € MHOro No-manbk OT TO3W Ha Bogarta.
MpeanmcTBOTO HA ckanaTta npepg BodaTa e, Ye MOXe JIeCHO Aa ce npunara npy Takuea
cucTteMn 3a CbxpaHeHue Ha eHeprust Hag 100 -C. U gBata Buga, ckanHO ferno u
BOAOXpaHunuLLe, MoraT Ja ce U3non3sar no pasnnuyHu HauuHu (cur. 2.8).

dur 2.9 unocTpupa npuHuMna Ha paboTta Ha NPOCTM CUCTEMWU C NOL3EMEH Crlown
BOZAOHOCHAa NPONyCcKNuBa ckana.
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CnbHYeBUTE BOOOEMU Ce pasnuyasBaT Mo HAKOMKO Mpu3Haka OT ecTeCcTBeHuTe.
CnbHYeBUTE e3epa ca MbIIHM C YNCTa BOAA, 3a [1a OCUTYPAT MakCUMarHO NPOHUKBaHe Ha
CnbHYeBa cBETNUHA. [JbHOTO € 3aTbMHEHO, 3a Aa Noeme MNoBeYe CrbHYeBa pagvauus.
[loGaBss ce comn, 3a ga HanpaBu BogaTa MO-NAbTHAa Ha AbHOTO M [da MOTUCHE
ecTecTBeHaTa koHBekuusi. [Mo-xnagHata Boga oOTrope [AelcTBa KaTo u3onauus u
npepoTtepaTsBa wusnapeHuveTo. ConeHata Boga MOXe Oa Ce HarpsiBa [0 BUCOKM
TemnepaTtypu, 4OpW HaA TovkaTa Ha KuneHe Ha yucTata Boga — cur. 2.10.

Queypa 2.7 Ionodicenue Ha 6xo0a u uzxooa na mepmuiuno cmpamuguyupan pesepsoap [10]

Duzypa 2.8 Pesepsoapu 3a cvXxpaneHue Ha CONApHA eHepeus: (a) pe3epeoap 3a CbXpaHeHue
Ha MONAUHA, OUPEKMHO CEbP3AH KAKMO KoM KOJIeKMOopd, maKd U KoM OMONIUMeIHAmd
uxncmanayus na cepaoama, (b) cucmema 3a cvxpauenue Ha ocezaema MONIUHHA eHepeuUsl,
U3N036aU4a MONIOOOMEHHUK 3d U3BIUYAHE HA COLAPHAMA MONJIUHA OM pe3epeoaap 3a
CbXpaneHue, U () u3non38ane Ha 6004 U KAMbK Kamo cpeoa 3a cvxpanernue [10]
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Queypa 2.9 Cxema Ha paboma Ha MePMAIHA CUCEMA 3d CbXPAHEHUEe HA eHepeUsl C
noosemen cioti 6000HOCHa nponyckauga ckana [10]

Queypa 2.13 Hanpeuno ceuenue nHa corapuo ezepo c epaouenm Ha conerocm [10]

[pyra cpefa 3a CbxpaHeHne Ha eHeprusa ca seonutute.Te ca ecTeCTBEHU MUHepanu
C BMCOKa TONMuHa Ha agcopdumsa n cnocobHoCTTa Aa xugpatvpar 1 gexugpatmpar, kKaTo
CbLUEBPEMEHHO NoaabpXKaT CTPYKTYpHa cTabunHocT — dour. 2.11

[Mo3HaBaHETO Ha XapakTepuCTUKUTE Ha ToMeHe W 3aMpb3BaHe Ha (pas3oBo
NPOMEHSALNTE Ce maTepuanu, CnocobHOCTTa UM Aa ce nognarat Ha TEPMUYEH LMKBI U
TsIXHAaTa CbBMECTMMOCT CbC CTPOUTENHU MaTepuanu € OT CbLeCTBEHO 3HayeHue 3a
OLleHKa Ha KpaTKOCPOYHUTE M OBbJITOCPOYHUTE XapaKTEPUCTUKN HA NTAaTEHTHUTE CMTEMU 3a
CbXpaHeHWe Ha TOMJSIMHHA eHeprus.
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Hap 20 000 cbeamHeHust n cMmecu ce cumTaT 3a ha3oBO NPOMEHSLLM ce MaTepuanu,
BKITOYUTENHO €AHOKOMIMOHEHTHU CUCTEMM, CXOL4HU CMECHU, NECHOTONMUMU (€BTEKTUYHM)
CMnaBu 1 TEYHOCTU, KOUTO Ca B paBHOBECUE C KpUCTanHUTe dasn.

PaspaboTteH e atpaktmBeH metoq oT CokonoB u KenamaH (1991) 3a oTonneHue ¢
Tonna Boda, 4Ype3 u3nonssBaHe Ha pa3oBO MpoMeHsWwM ce maTepwann. Cuctemara
CbAbpxa cornapHa Tpbba, cbCTosIWa ce OT ABE KOHLEHTPUYHN TPOM C NPOCTPaHCTBOTO
Mexay TAX, 3anbISIHEHO € TakbB MaTepuan (durypa 2.12).

Queypa 2.11 H3nonszsane Ha 3eonum Kamo cpeda 3a CbXpaHeHue Ha moniunna enepeus [11]

Queypa 2.12 Conapna mpvbda 3a cvxpanenue Ha MONJIUHHA eHepaus, USNON36aad ¢azo6o
npomensuy ce mamepuan [11]
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2.1.4. XMMU4YHM CUCTEMU 3a CbXpPaHEeHUe Ha eHeprus

durypa 2.13 nokasBa OTHOCUTENHATa Bpb3ka Ha €HEPrmnHUTE NNBLTHOCTU MpU
PU3NYHN N XUMUYHU MPOMEHM.

Queypa 2.13 Enepeutina niemrocm Ha uzudnu u Xumuunu npomenu [12]

Mnaea Ill. WHoBaTMBHM noaxoaum 3a nogoOpeHMe Ha
CONapHN CUCTEMM 3a CbXpPaHEeHMe Ha TOMNSIMHHA eHeprus.

OTonneHWeTo Ha crpagy CbC CNbHYEBA €Heprus 3HauYUTenHo Hamansasa
M3MON3BaHETO Ha HEBb30OHOBAEMU €HEepPruiHM M3TOYHULM M obrekyasa cTeneHTa Ha
3ambpcaBaHe Ha OKonHaTa cpeda M Bb3ayxa. 3a Oa ce OTroBopu Ha npobrnemuTe Ha
HeCTabWUMHOCTTa Ha CribHYeBaTa eHeprua 1 HeJoCTaTbYHOTO ChXPaHeHne Ha ToNnuHa, B
CMbHYEBUTE OTOMMUTENHN CUCTEMU OBUKHOBEHO ce [06aBsa cromaraTternieH U3TOYHMK Ha
TOMNMMHa.

Taka HapeyeHaTa ,KOMBUHMpaHa conapHa cuctema“ e oToNnnuTenHa cucTema, Kosito
[loCTaBs TOMMMHa 3a GUTOBA ropella BoAa M OTOMMEHWE Ha MoMelleHuaTa B AafeHa
crpaja, U3nonasanku 18a eHepruiH1 N3TOYHKKA - ClTbHYEBaTa EHEprisa U BCAKaKbB Apyr
criomaraTteneH U3TOYHUK Ha TonnuHa - gur. 3.1.
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Queypa 3.1 Komnonenmu na corapua cucmema 3a bumosa copewja 600a u omonaerue [13]
3.1. WU3TOYHMUM Ha conapHa TonsinHa (CNbHYE€BU KONEKTOPW)

CnbHYEBMAT KOMEKTOP € OCHOBHUAT KOMMOHEHT Ha BCAKA akTMBHA CrbHYeBa
TonnuHHa cuctema. OCHOBHaTa 3afiaya Ha CNbHYEBUS KONEKTOp € Aa cbbupa cnbHYeBa
eHeprusl, crneg Koeto ga A npeobpasyBa B noresHarta TOMSIMHA, KOATO Ce npeHacs oT
TONnoHocUTEeN (HanpumMmep BoAda MM cMec OT aHTUMPU3), U Bb3AYX OT KONeKkTopuTe B
pe3epBoapa 3a CbXpaHeHue Ha TonnuHa.

OCHOBHUTE BMOOBE CMBbHYEBW KOJNEKTOPM, W3MNON3BaHW B crpagmte, ca mM3bpoeHwn
crnopea TAXHaTa CroXHOCT M Hanpeabk Ha M3nosni3aBaHaTa TEXHOMOIUS:

e HuckoTemnepaTypHu Komnektopy 6e3 CTbKNeHO MOKpUTME, Taka HapevyeHuTe
abcopbepun 3a nogrpsiBaHe Ha 6acenH nog dopmaTta Ha abcopbupawm YepHu
naHenun, n3paboTeHn Harn-4eCTo OT BUCOKOMOMEKYNAPEH NONIMETUNEH;

e [1nocku konekTopwu;

e Bakyym TpbOHM KOnekTopw.

OCHOBHUAT eneMeHT Ha MoCKUA CAbHYEB KONekTop e abcopbupalata noOBbLPXHOCT.
Ta nornblya cnbHYeBaTa paguaums u s npeobpasyBa B TONSIMHA, KOSATO ce npeaasa npes
MOBBPXHOCTTA My B TOMMOHOCUTEN (TEYHOCT UNKM Bb3AYX), KOUTO NpeMmnHaBa nog usnara
abcopbupalla nnoya unu B Tpbbu. HanpeyHo ceyeHne Ha NNOCHK CITbHYEB KONEKTOP €
nokasaHo Ha curypa 3.2.
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Queypa 3.2 Hanpeuno ceuerue Ha NI0CHK CibHYes Koaekmop [14]

BakyymMHUTE KONEKTopw ca uarpageHun NnpeanMHoO Kato TpbOHM KonekTopu. Bvnpeku
TOBa Ce NPaBAT M BaKyyMHM MITOCKM KONEKTOPU N Te 0OMKHOBEHO CE OCHOBaBaT Ha MHOIO
ronsmMo OTpuLaTeNnHO HamnsraHe, Taka HapeYeHUSIT HECLBBLPLUEH BakyyM. To3u Tum
KONEKTOp € NpeAHa3HayeH 3a rofieMu MHcTanauum 1 rorneMm NOKpUBHM nNnowwm - cour. 3.3.

Queypa 3.3 Tpvba c 06otino cmvkao (mpvoa na wap) [15]
3.2. TonnoobmMmeHHUK

TonnoobMeHHUKLT € YCTPOWCTBO 3a MPEHOC Ha TOMNMHAa, KOeTo OBMeHs1 TonnuHa
MeXay ABa UNn noseye TeXHOMNOrMYHM dnyunaa.

UeTupute Hai-yecTo cpellaHu Tuna  TOMNooOMeHHWUM, GasupaHu  Ha
KOHUrypauusita Ha MbTA Ha NOTOKa, ca UNCTpupaHn Ha durypa 3.4.
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Queypa 3.4 Knacughuxayus na moniooomerHuyume cnopeo KoH@ueypayusima Ha noms Ha
nomoxa [16]

e B egHOBpeMEHHW UK NapanenHu noTouu, Npu KOUTO B €4Ha M Cbllia Toyka ce
CBbp3BaT ropelunTe n CTyaeHuTe TeYHOCTU, TeKaT B CbLyaTa NOCOKa U U3Nn3aT B
CbLUNA KpaWn.

e [lpy NpOTUBOTK MNM NPOTUBOMOTOK B MPOTMBOMOSMOXHUTE Kpaullia ce CBbp3BaT
ropewm un CTygeHu TeyHocTW, TekaT B obpaTHa nocoka W uM3nmM3atT B
NPOTMBOMONOXHUTE KpauLla.

e B egHoxonoBu TOMNOOOMEHHMUM 3a KPbCTOCAH NMOTOK €4Ha TEYHOCT Ce ABUXU
npes3 martpuuara 3a NPeHoC Ha ToMNMMHa Nog NpaB brbSl CAPSAMO NbTA Ha NOTOKA
Ha gpyrata Te4YHOCT.
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e B mHoroxogoBu Tonnio0OMeHHULM 3a KPpBbCTOCaH NOTOK €aAunH (bJ'IyI/I,EI,eH NOoTOK Cce
npunaBm>Xsa Harope m Haporsy, KprTOCBaﬁKM Cé C NbT4d Ha MNOTOKa Ha Apyrua

dnywva.

Cnopen npouecute Ha MpeHoc TonfoobMeHHUUMTE ce Knacuduumpat KaTo
WUHOVPEKTHN N AVPEKTHMU.
Cropefl KOHCTPYKTUBHUTE XapaKTepUCTUKM TonnoobmeHHMuuTe MoraT aa 6baart:

o  KoXyxoTpbbHu - ®durypa 3.5.

Queypa 3.5 Koacyxompwvben moniooomenHux [16]

e [lnactnHyatu - durypa 3.6.

Queypa 3.6 Ilnacmunuam monnooomennux [11]

e OpebpeHun nnactnHyaTt - durypa 3.7.
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Queypa 3.7 Opebpen niacmunuam moniooomenHux [11]

e OpebpeHn TpbbHU - Durypa 3.8.

Queypa 3.8 Opebpen mpvoen monnooomennux [11]
3.3. CnomaraTeneH U3TOYHUK Ha TOMMUHA

ConapHuTe cucTemu 3a OTOMMEHNE Ha Aa4EHO NPOCTPAHCTBO Ca MHOIO MO-CIIOXHU OT
cucTemuTe, ocurypsisalm camo 6utoBa ropelua Boga. Te Tpsbea ga 6baat cHabgeHu ¢
MOMOLLHN U3TOYHMLM Ha TonnnHa (Purypa 3.9), kouTo MoraT ga 6baaTt KakTo KOTAM Ha
TBbPAO rOpMBO (AbpBa, BbIMMWA, NeneTn), Taka M Ha Te4YyHO, ra3oobpasHo wnu

EJ1IeKTPpU4eCKun.

ConapHuTe MHCTanaumm 4ecto ce kKoMbuHupat u ¢ Tepmonomnu - durypa 3.10.
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Queypa 3.9 (a) komen Ha mevpoo copuso; (b) komen Ha MmeyHo/2a3000paA3HO 20PUBO,
(c)enekmpuuecku komen. [11]

Queypa 3.10 Busyanuzayus na coraprHa omonaumenua uncmaiayus ¢ mepmonomna. [11]
3.4. Axymynupauw, cba/bonnep

TunuyHa cmucTema, Npu KOSTO Ce M3MOoN3Ba pe3epBoap 3a CbXpaHeHue Ha ropelua
BOAa, e nokasaHa Ha durypa 3.11.

tco t; Toload
Tank at tg
tei=ts I . o
~d
To collector Return from load

Queypa 3.11 Conapua cucmema, u3nonzeawa pe3epeoap 3a CbXpaneHue Ha 2opeua 800a

[17]
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3.5. WHoBaTuBeH Au3allH M u360p Ha akKymynupaw cbp c dasoBo-
NPOMEeHsLY ce maTepuan

dazoBo-npomeHsawmnTe ce matepuanu (®rM) / Phase-change material (PCM)
N3MoN3BaHN 3a CbXpaHeHWe Ha TONSMHa, ca XMMUYHU BeLLecTBa, KOUTO NpeMUHaBar npes
npexo4 OT TBbPAO B TEYHO CbCTOSHME MpU Temnepatypy B XenaHws guanasoH 3a
oTonneHve n oxnaxgaHe. o Bpeme Ha npoueca Ha npexon matepuanbT abcopbupa
eHeprusi, KoraTo npemMmHaBa OT TBbPAO B TEYHO CbCTOSIHME U OCBOOOXAaBa eHeprus,
[0KaTo ce Bpblla OT TeYHO B TBbPAO CbCTOSAHME. Pe3epBoapbT 3a CbXpaHeHue Ha Boda
€ n3paboTeH OT CTOMaHa, KaTo B o6wua My obem ca pas3nonoxeHu 3anbiiHeHn ¢ M
(napadmH) 3aTBOPEHN LUNUHAPUYHN TPBOHM KOHTEHepU (dur.3.12).
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TeMNepaTypHn CEHIOPM

Queypa 3.12 Koncmpykyus Ha akymyaupawy cvo ¢ (hazo80 NpOMeHAW ce Mamepua
3.6. CrpagHa oTonnuTesiHa MHcTanaums

lMbpBaTa cThbrnka O6UKHOBEHO € M30OPBT Ha reHepaTop Ha TONMMHA U eHEeProHOCUTEN
- TBbPLO rOpu1BO, ras, HagTa, TOK; NP HEOBXOOMMOCT U OT OTOMSIEHUE, N OT OXSaxJaHe.
BapuaHTute ca HaKorko:
o OmonnumernHa uHcmanayusi ¢ Komersi

e UVHcmanayus ¢ mepmoriomna
e Bn3moxHocmu 3a u3riondeaHe Ha 8b306HOBSIEMU eHepP2UlHU U3MOYHUUU
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3.7. KoHTponep

ABTOMaTM3NPaHOTO yMpaBfieHMe Ha CrpagHuTe OTOMMUTENHU WHCTanauum ce
OCbLUECTBSIBA LEHTPANM3NPaHo, C MPEXOBM NNaTOpMUN UNN AELIEHTPANN3MPAHO — Ype3
noKarnHu KOHTponepu, TepMoperynaTopuy u apyru Mogynm

3.8. WHoBaTMBHa KOMOMHMpaHa cuUCTeMa 3a CbXpPaHEHUe Ha TOMJIMHHA
eHeprusa v TonnocHabasBaHe B crpaaa.

MHoBaTuBHaTa cuctema 3a CbXpaHeHue Ha TOMMnHHa eHeprugd, Bkntoysalla ®riM, ce

M3non3ea 3a CbXpaHsBaHe Ha U3NWLIHATa eHeprus kato naTeHTHa TonnuHa (Purypa
3.13).

Queypa 3.13 Cepadna omonaumenna uHcmaniayus ¢ akymyaupaw cvo ¢ @IIM

EnemeHTnTe Ha MHCTanauusaTa ca:

ConapHu naHenu 3a 6utoBa ropeLla Boaa;
Akymynvpall cb 3a 6utoBa ropewa soga ¢ OIr1M;
OTtonnuteneH KoTen Ha neneTy;
Bopopasnpegenutenu;

MnacTnHyaT TONNOOBMEHHMK;

BydepeH cba;

Bopooxnaxpaawy arperar;

Nooas~LN =~
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8. BogeH TonnoobmeHHVK Boga-Bb3ayx (BeHTunauyus);
9. BeHTuMnaTopeH KOHBEKTOP TUMN KaceTa;

10. PaguwaTop;

11. Bogo4vepnHu npmnbopu.

MnaBa IV. EKcnepumeHTanHu pe3ynrtatm u CMMynauumu.

4.1. OnucaHue Ha o6eKTa U cxemMa Ha oTonfniuTenHaTa nHcTanauus

PasrnexgaHnsat obekT npeacTaBnsiBa pecTopaHT B HOBOCTpOsilLa ce crpaga, B
KOosATO ca obocobeHn cnegHuTe NOMELLEHMs: 3ana 3a MNOoCeTUTENU, KyXHA CbC
crnomaraTenHn noMeLleHust, oduc, CKNaaoBe U CaHUTapHU Bb3Mu.

3a oTonneHue e npedBuMAeH BOOOrpPeeH KOTen Ha nenetu ¢ OyHkep u
TEepMOMOMMeH KnMMaTudeH arperaTt ,Bb3gyx-Boga“. 3axpaHBaHeTo Ha Gounepa,
OTONNUTENHUTE CeKuMKM, Bb3QyluHaTa 3aBeca, NO4OBOTO OTOMIMEHNE U OCTaHanute
OTONNUTENHM Tena e Npe3 OTAENHU LLpaHrose, 060pyaBaHun € LUMPKYaunoHHN NOMMIn
C €NeKTPOHHO ynpasneHue (dPurypa 4.1).

3a cHabgsiBaHe Ha obekTa C ropella Boga ce npenswkaa Hepbxagaem bonnep ¢
ABe cepneHTHu 1 obem ot 500n. Npe3 oTonnMTENHUSI CE30H BoAaTa Le ce 3arpsisa
Yype3 uupKynauusa oT KoTena, a npes NAToTO We ce 3arpsiea C noMoLTa Ha YeTmpu
MIOCKN CITbHYEBWN KOMEKTOPA, KOMTO e Ce€ MOHTMpAT Ha MOKpuBa MoA brbn 45° B
nocoka tor. Bpb3kata mexay Oonnepa M KONEKTOpUTE Ce OCbLLECTBABA C MELHM
TpbOM C n3onaums, a unpkynaumsTa crasa C NomneHa rpyna ¢ MUKPOMNpPOLLECOPHO
yrnpaBneHue. 3a noemaHe Ha paslMpPeHnsiTa Ha BogaTa B ClbHYeBaTa CMCTEMA €
npeaBuAEH 3aTBOPEH paswmpuTeneH cba. bonnepa pasnonara n ¢ 4ONbAHUTENEH
erekTpoHarpeBaTen ¢ MowHocT 7,5kW.
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Queypa 4.1 [Ipunyunna cxema Ha KOMOUHUPAHA OMONTUMETHA UHCTNALAYUSL

XapakTepuCTUKUTE Ha 3anoXeHUTe B MWHCTanauusta CconapHuM naHenu ca
nocoyenun B Tabnuua 4.1

MoHTaXeH HaknoH 45°

Mnow, Ha abcopbupawiarta
NMOBBPXHOCT

46p. X 2m2= 8m2

[MpoBOAMMOCT Ha NOBBLPXHOCTTA, 8.0 W/m2.K
Uc | |

KoeduuneHT Ha
TonnonpemvHaBaHe Ha BoJaTa B 1500 W/m.K
TpbbaTa, hw
[MponycknMBOCT Ha kanaka, T 0,9

ConapHa nornbLuaTenHa
CNOCOBHOCT Ha MeaHaTa 0,9
MOBBbPXHOCT,q

TemnepaTypa Ha nocTbnNBaLwaTa B
aKymynupawma cba Boga ot 65°C
conapHaTta cuctema, T
Tabnuya 4.1 XapakmepucmuKku Ha CribHYeg8ume Kosiekmopu
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4.2. U3uncnsasaHe Ha roguLlHoO n0Tpe6neHV|e Ha eHeprua 3a ropewia Boga.

FoguwHoTO noTpebneHne Ha eHeprus 6utosa ropewa Boga bIB, BknounTenHo
TOMMUHHU U LMPKYNaLMOHHM 3aryou, Moxe aa 6bae 3anucaHo:

Qdemand=QoHw + Quosses ,

EHeprusiTa, HeobOxoguMma 3a noBulLABaHe Ha TemnepaTypaTa Ha BoaTa,
npeHebpersaiku 3arybute, ce Hammpa oT:

m.Cp.AT
3600

Qpuw = ,kWh/pen,

KbOEeTo:

m (kg) — KONMMYeCcTBOTO 3arpsita Boga

Cp (kJ/kg.°K) — cneumdmyeH TonnNmMHeH KanauyuTeT Ha BoaaTa

AT (°K) — TeMnepaTtypHa pasnuka

3arybute morat ga 6baaT M3dncneHn, Kato ce B3emaT NpeaBua ctaTudHUTe 3aryou
Ha akymynupaiums cba 1 KoedumumeHTa Ha 3arybu oT umpkynaums 3a Tpbbonposoga:

Quosses = QsHL + Qcirc,

KbAEeTo:
QsHL (kWh/day) — ctaTtuyHm 3ary6om

Qcirc (KWh/day) - 3arybu oT umpkynauus 3a TpbbonpoBoaa
Qcirc = K. QpHw , K(%) — KOEUUMNEHT Ha LUMPKYNauMOHHKN 3arybu

NoguwHoTo n0Tpe6neHme Ha €eHeprna 3a ropela BoAa MOXe [Oa ce u3pas3n no
cnegHna HauvnH:

Qaemana = [(1 + k). Qpuw + Qsuw]. 365, kWh /roguuno

CnepoBatenHo 3a pasrnexgaHus akymynupaiy, cbg ¢ obem V = 500 |, ctaTuyHM
3aryoum 2,5 kWh/geH (knac Ha eHepruiiHa edpekTuBHocCT B) n 3arybu ot uupkynauma 20%,
Heobxoaumarta eHeprus 3a bI'B we 6bae:

_ m.C,.AT _ 500.4,18.(60 — 10)
Qorw = 3600 3600

= 29,02 kWh/neun

Qaemana = [(1 + k). Qpuw + Qsuw]. 365 =
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=[(1+0,2).29,02 + 2,5].365 = 13623 kWh/rogumiHo
KonunyecTtBoTO TONNMHA, CbXpaHeEHO BbB BOAATa, Ce U3passBa Ype3 ypaBHEHNETO:
Quzo0 = V.p.Cp. AT
Qy20 = 0,5.1000.4,18.50 = 104500 kJ
4.3. OnpepensiHe NnoLuTa Ha KONeKTopuTe.

Cnep nsuyncnsiBaHe Ha roguwHOTO I'IOTpGGJ'IeHVIe Ha eHeprua, crnenBsa ga ce onpenenn
KONeKTopHaTa nrioLy, KOATO Aa NoKpue 4act OoT Heobxoanmara eHeprus.
Ha roguwHa 6a3a tasu eHeprmna ce n3duncnasa rno cnegHnAa HavynH:

Qsotar = Qaemana- sz )

KbAETO:
Sm — conapHa ¢pakums B gmanasoHa 30% - 60% (nokasBa kakBa 4yact OT obuwiata
noTpebHa eHeprna ce 4OCTaBs OT CMbHYEBA TONMMHA).

Mpwn conapHa dpakymsa 50% nonyyaBame:

Qsotar = 13623.60% = 8174 kWh/roaumso

roOULIHUAT CNbHYEB LI,OGVIB, nony4eH OT ClTbHYEeBUTE KOJ1EKTOPU €:

Qsotar = Qéolar'Aa min»
P

KbOEeTo:
Q'solar — CNELNDUYHM FOAMLLHM CITbHYEBU NeYanotun cnpsiMo OpueHTaL s, brblT Ha MOHTaxX
1 3aceH4YBaHe (3a TeputopusaTa Ha rp. Codumst Q'solar = 1200 W/m2roamiuHo).

Aapmin — MUHMManHa nnowy, Ha abcopbupaliata NoOBBbPXHOCT (mM?2).

Cnen npeobpasyBaHe Ha TOpPHOTO YypaBHeHWe, Morly4aBaMe HeobXoauMoTo
konuyecTBo abcopburpalla NoBbPXHOCT, KOETO OTrOBapPS Ha CIbHYEBMS NPUHOC Ha Gasa
roguvLLHo noTpebneHne Ha eHeprus:

A _ Qsolar
apmin —

! I
Qsolar

3a pasrnexpgaHuTe ycrnoBus nonyy4aBame:

8174 2
Agpmin = 00 = 6,8m
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3a uHcTanauuaTa ca npegsuaeHyn n = 4 6p. cnbHYeBWM Konektopu ¢ abcopbupalla
NOBBPXHOCT Aapcoll = 2,0 m2 BCekKW.

Obwara abcopbmpalla NnoBbPXHOCT Lie bbae:
Agp =N Agpeon = 4.2 = 8,0m?
FoguwHuTe nevandu oT CNbHYEBO rpeeHe 3a nHeTanauyuaTa we 6bvaar:
Qsotar = Qiotar-Aap = 1200.8 = 9600 kWh/roaumto
4.4. XupgpaBnu4yHo opasMmepsiBaHe Ha coflapHata UHCTanauus

Moppenbarta Ha conapHWUTE MaHenu okassBa MPsSiKO Bb3OeNCcTBME BbPXY AebuTa Ha
cucTemara u cnefoBaTteriHo Bbpxy nsbopa Ha TpbOonpoBoaAn M LMPKyNaLMoHHa nomna.

Ha npaktuka Tpsbea ga nogabpXame OgOpMMAEHMETO Ha KOJNIEKTOPHUSA MacuB
NPOCTO, KaTO CbLLEBPEMEHHO CBEXAAME 4O MUHUMYM CMaza Ha HansraHeTo B NoneTo Ha
konektopa. CbLuo Taka TpsibBa aa ce B3eme npeasus, Ye rpynmpaHeTo Ha TBbpae MHOro
KOMNEKTOpW Le NoBnusie Bbpxy edeKkTMBHOCTTA, 0COBEHO BbpXYy MOCNeaHUTE HSAKOSKO
KONEKTopM BbB BCsika Cepus, Tbi KaTo Te 3ano4yBaT Aga paboTaT npu no-BMCOKU
TemnepaTypu 1 ToBa Ce OTpa3ssiBa Ha TAXHaATa NPOU3BOAUTESTHOCT.

3a nocturaHe Ha gobbp xvapaBnuyeH banaHc TpsbBa Aa ce B3emMe nog BHMMaHue,
ye HUTO eHa cepust konekTopu He TpsibBa aa 6bae no-ronsama oT 10 M2, B npeanHus
Crny4yan CTPEMEXDbT € KbM YeTeH Opon konekTopu n 6anaHcupaH Tpbbonposog. MNpu no-
ronemm cuctemmn obwmsaT Bpon konektTopu Tpsibea aa morat ga 6baart pasgeneHn Ha 3
nnn 4, 3a ga ce nony4m NoAXoAsL, KONEKTOPEH MacuB.

lNpu opasmepsiBaHe Ha pr6onpOBop,a ce CTpeMumMm ga NnoCTUurHemM cnegHoTo:

e MwvHuMM3MpaHe cnaga Ha HangraHeTo M criefoBaTeNnHO HamarnsiBaHe pasmepa Ha
nomMnarta u KOHCyMauusaTa Ha eHeprus

e [logabpxaHe ckopocTTa B Tpbbonposoaga mexay 0,4 - 1,0 m/s

e OcurypsiBaHe Ha Heo6xo4UMO NPOCTPAHCTBO 3a TpbbonpoBoaa

e PeHTabuneH n3bop Ha TpbOM 1 PUTKMHIM NO OTHOLLEHME HA MaTepuanuTe 1 Tpyaa

4.5. U3uucnasaHe o6ema Ha akymynupau, cba Prm

TexHomnornsitTa 3a cbxpaHeHWe Ha naTeHTHa TonnuHa Hamansiea TemnepaTypHuTe
konebaHua v npegnara No-BUCOK KanauuTeT 3a CbXpaHeHue Ha TOMNnuMHa Ha eauHuua
obem/maca. TemnepaTtypaTta 1 KONMYECTBOTO Ha CbXpaHeHaTa eHeprus morat ga 6bvaat
perynupaHn u4pe3 u3bop Ha cneuuduyeH HasoBO-NPOMEHSLL Cce MaTepuarn.
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CbxpaHeHaTa TOMNMHaA Ce MpeHaca 4pe3 TonnoHocuTen (BoAa WNU Bb3AyX) B
TonnoobmeHHuK. Korato Temnepatypata Ha TonmoHocuTens Tf € no-HMCKa OT
TemnepaTtypaTta Ha cuHTe3d (Tf <Tm), (ba3oBO-NPOMEHALMNAT Ce MaTepumarn ce BTBbpasBa
n oceoboxagaBa TOMfIMHATaA CM Ha CUHTE3 KbM TOMnsioHocuTens. PecnekTuBHO, Korato
TemnepaTypaTa Ha TOMMOHOCUTENS € NO-BUCOKa OT TemnepaTypaTa Ha cuHTes (Tf >Tm),
(ha30BO-NPOMEHALLUNAT CE MaTepurarn 3ano4yea ga ce Tonu U CbxpaHsiBa ToNnMHaTa.

N3bpaHmnaT maTtepuan ¢ npoMmeHnuBa ¢asa e napadpuH ¢ maca 50 kg. Obwara
TONMIMHA, CbXpaHsiBaHa OT TBbPAO-TEYEH (a30BO-MPOMEHSLL ce maTepuan Mmexay
HauyanHaTa u KpanHaTa TemnepaTypa ce onpeaens:

Qpem = M|Cps (T — T1) + AH; + Cpy(T; — Ty

Qpcy = 50[1,05. (54 — 46) + 213 + 2,384. (68 — 54)] = 12738,8 k] = 3,538 kWh
BOD,HVIHT O6eM, KONTO MOXe Aa KOMMeHCcunpa o6u.|,aTa TOMJIMHA, CbXpaHABaHa B
napacbVlHa, ce n34vuncrndaBa CblriiacCHO:

Vizopemy = C:W )
KbAeTo:
VH2o(Pcm) — 06eM Ha 3arpsaTata ot ®IM Boga (1);
Cp = 4184 J/kg.°C — cneuncmnyeH TonnIMHEH KanauuTeT Ha BoAaTa;
AT - TemnepatypHa pasnuka Ha ®IM (22°C);
E — EHeprusaTa, cbxpaHeHa BB PI1M (J).

CnepoBaTernHo:

12738800 3
VHZO(PCM) = m = 138,4l = 0,138 m

KonunyectBoTo napaduH B m3 we 6bae:

Mpcey
Vpem = )
Ppcm
KbAeTo:
mpcm — Macata Ha ®I1M (kg);
ppcM — NbTHOCTTA Ha PIM (kg/m3).
B koHKpeTHMA cnyyan nonyyaBame:
V, = >0 = 0,064 m3
PCM — 778 — Y, m

Bcnencreue Ha ropensnoXeHoTo, 06embT Ha akyMmynupawms cba (V1) ¢ OINM we 6bae:
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Vl = V - VHZO(PCM) + VPCM = 0,5 - 0,138 + 0,064‘ = 0,4‘26 m3

[NoBuwaBaHeTO Ha MacaTta Ha nNapaduvHa B akyMmynupalims cb BoAW A0 NoBULLIABaHe
Ha KONMM4eCcTBOTO CbXpaHeHa eHeprusa (Purypa 4.2).

Queypa 4.2 Konuuecmso moniuna cvXpaneHo 6 napagpuua 8 3asuUcumocm om macama

3aknouyeHue:

KancynoBaHute matepuanu ¢ npoMeHnvea ¢asa moraT Aa 3anasqart TemnepaTypara
Ha BodaTa, M3nu3awa OT aKymynupawmsa cbh, ocobeHo KoraTto TemnepaTypaTa Ha
BXoAsLlaTa BoAa e NnoHwkeHa npes Howita. OcBeH ToBa, 0COBEHO BaXXHO € pe3epBoapbT
C (pasoBo-NpomMeHsL, ce maTepuan ga 6bae msonupaH Jobpe, T KaTto mMonauyusaTa
noBuLIaBa NPOM3BOAUTENHOCTTAa Ha MaTepuana. CbLl0 Taka CbLUeCTBYBAT U HSKOU
HeynobcTBa, KOMTO npomsTUdaT OT xapaktepuctukute Ha PrIM. [lMopagu Huckata
TOMMOMNPOBOAMMOCT Ha MaTtepuana, 3apexgaHeTo U paspexgaHeTo Ha pesepBoapa
OTHema Bpeme. HuckaTa CKOpPOCT Ha NPEHOC Ha TonfiMHa Mexay TonnoHocutens n ®rM
BOAM 40 NO-Manko epeKkTMBHM TOMIMHHKU cuctemun. MNMopagun Tasm NpuymHa e xenatenHo
Aa ce nsnonasart karncynosaHu ®INM, 3a ga ce ysenuyum nnowta Ha TonsonpeMmHaBaHe
Mexay matepuana u tonnoHocutens. KancynosaHeto Ha ®IM BbB dpopmaTa Ha cdepa
OKOJSI0 TONNOOOMEHHUKa nokasBa CTabuiIHOCT Ha UuKbna n no-gobpu nokasatenu Ha
pe3epBoOapa 3a CbXpaHeHue Ha Tonsa Boaa.
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NMPUHOCMU:

lNpuHOCKTE B AncepTauusita uMmaT OCHOBHO Hay4YHO-TMPUNOXEH XapaKkTep n ca
KaKTO cneaBa.

1. Cnepn aetanneH o630p e HanpaBeH KPUTUYEH aHanu3 U cuctemaTmsaums Ha
BMAOBE EHEPrUAHN U3TOYHULIN.

2. O6cbaeHM ca CbllecTBYBaLLM METOAM 3a CbXpaHeHWe Ha eHeprus ¢ Len n3bop
Ha MeToq 3a CbXpaHeHWe Ha TONMMHHA eHeprus.

3. W3cnegBaHu ca MHOBATUBHM NnpUMeEpPU 3a CbXpaHeHne Ha TOonJIMHHa eHeprma n e
npennoXxeH MHoBaTuUBEH Noaxod 3a CbXpaHeHne Ha TOMJIMHHaA eHeprua, 6a3mpaH
Ha (1)33OBO M3IMEeHEeHNE Ha MmaTepunanunTe.

4. PaspaboTeHa e MHOBaTUBHA KOMOUHMPaHa cMCTEMA 3@ CbXPaHEHne Ha
TOMNMHHA EHEpPrns 1 TonnocHabasisaHe B crpaga.

5. HanpaBeHM Ca ekcnepuMeHTallHn n3dyncreHnda n TeXHMKo-MKOHOMMUYEeCKN aHarnms
C npeanoXxeHumte noaxoan mn pa3pa60TeHV|Te CUCTEMWU.

6. B ekcnepumeHTanHata paspaboTka ca NpUNoXeHW MHOBATUBHWN PeLUEHns C Len
eHeprumHa edeKTUBHOCT n MHOroyHKLNOHANH UHTENUIEHTHU
NHEPOPMAaLMOHHO-KOMYHUKALMOHHN TEXHOOrK

7. PesyntaTtute ca anpobupanu BbB pupma ,MAPTMAKC* OO/.
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