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APPLICATION OF CAD TECHNOLOGIES FOR RESEARCH
OF HEAT EXCHANGE UNITS OF MICROCLIMATE
SYSTEMS BASED ON ALTERNATIVE ENERGY SOURCES

O.A. Knumuyk, I'B. Jlyscancoka, I'A. Banacansn M1 Cepeees, ILM. Axcvorosa. 3acrocyBannss CAIIP TexHoutoriii y pociuimxeHHi
TeNI000MiHHHX YCTAHOBOK CHCTeM MIKPOKJIIMATy Ha OCHOBi aJIbTEPHATHBHHX JKepes eHeprii. EKOHOMIs MalMBHO-€HEPreTHYHNX PecypeiB
HUHI CTa€ OJHMM 13 HAMBMUIMBIININX HANpPSAMIB IEPEBENCHHS EKOHOMIKM YKpalHM Ha NUBIX IHTGHCUBHOIO PO3BHTKY Ta DPalliOHAIEHOTO
HPUPOJIOKOPUCTYBAHHA. AKTYaJIbHIM HAIpPSMKOM Y PO3BHUTKY CY4YacHOi €HEPIeTHKHM € PO3BHTOK EKOJIOTIYHO YHCTOI €HEPreTMKH Ha OCHOBI
aIbTepHATHBHIX JUKEpPEN eHeprii 3 MEeTOro eHepromnocTadants. OfHIM 3 IULIXIB BUpIIIEHHS 1€ 3a/1a4i € BUKOPHCTAHHS Yy CUCTEeMaX MIKpOKIIMATy
NPUMILIEHb PI3HOrO NpH3HAYEHHS KOMOIHOBAaHOI CHCTEMHM TEIUIONOCTa4aHHs, O CKIamy sKOi BXOIUTb JEKIIbKa JDKEpeN TEIUIOBOI EHeprii
(TpaauuiiiHuX ab0 BiTHOBIIFOBAHKX), PH3HAUEHHS 11 KOMIIEHCALLiS TEIUIOBTPAT Yepe3 30BHILIHI Oropo/KyBalbHI KOHCTPYKIIIL, 3a0e3neueHHs: poOoTH
CHCTEM IPHIUTHBHO-BUTSDKHOI BEHTIULILII Ta Trapsyoro BOONOCTAYaHHS —CHOXKHBa4iB. /U1 y3rO/DKEHHSI PEKHMMIB TeHepalil Ta CIIOKHBAHHS
TEIUIOTH 3aCTOCOBAHO aKyMYJIOBaHHsI eHepril. s pisHMX CXeM MiIKITIOUEHHS FeHEpaToOpiB TEIUIOTH Ta CIOKHBAYiB MPOBEICHO JOCIIHKCHHS
e(heKTUBHOCTI BHKOPHCTAHHS 00’€My aKyMyJIITOpa. 3a JIOOMOIOI0 CHCTEMH aBTOMATH30BAHOIO NPOEKTYBAHHS PO3POOIEHO METOX edeKTUBHOI
POOOTH TEIIOBOTO aKyMYJIATOPA, IIPY AOCIIIKEHHI IMHAMIKY HATPIBY TEIUIOHOCIS B 0aKy aKyMyJsTOpa TEIUIOTH MPH PI3HUX CXeMaxX ITiIKIIFOUEHHSI.
B pesyibTati BUKOHAHHX JOCII/DKEHb TEIIOOOMIHHOI YCTAaHOBKH 32 JOIOMOTOIO CIIELIali30BaHOrO MPOrPaMHOrO KOMIUIEKCY OTPHMAHO, LIO TP
MEPEXPECHOMY ITIIKIIIOUEH] reHepaTopa Ta CIIOKMBa4a TEIUIOTH JI0 0aKy aKyMyJsiTopa, CEepeiHs TeMIeparypa TEIIOOOMIHHOIO aKyMyIIHOK4Oro
Matepiay NPaKTHYHO CHIBIIAZA€ i3 TEMIIEPaTypOI0 3BOPOTHOI MaricTpaii, IO CBITYMTH NPO OUIBII PIBHOMIpHE IOJe TeMmieparyp B 00’emi
TEIUIOBOrO aKyMyIisitopa. [Ipu oMy, TpH 3apsiiili Ta PO3PSILI aKyMyJsITOpa TEIIOTH CIIOCTEPIraeThest MOBHMIA 30ir TpadikiB 3MiHH TeMIIepaTypu
U1 000X TIepioziB.
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O. Klymchuk, G. Luzhanska, G. Balasanian, M. Serheiev, |. Aksyonova. Application of CAD technologies for research of heat
exchange units of microclimate systems based on alternative energy sources. Saving fuel and energy resources is now becoming one of
the most important areas of transition of Ukraine's economy to the path of intensive development and rational use of nature. An important
direction in the development of modern energy is the development of clean energy based on alternative energy sources for energy supply.
One of the ways to solve this problem is to use in microclimate systems for various purposes combined heat supply system, which includes
several sources of heat (traditional or renewable), its purpose — to compensate for heat loss through external enclosing structures, supply and
exhaust ventilation systems and hot water supply to consumers. Energy accumulation was used to coordinate the modes of heat generation
and consumption. A study of the efficiency of battery capacity has been conducted for various connection schemes of heat generators and
consumers. With the help of the automated design system the method of efficient operation of the heat accumulator is developed, at research
of dynamics of heating of the heat carrier in a tank of the heat accumulator at various schemes of connection. As a result of researches of heat
exchange installation by means of the specialized software complex it is received that at cross connection of the generator and the consumer
of heat to the accumulator tank, average temperature of heat exchange accumulating material practically coincides with temperature of the
return highway that testifies to more uniform temperature field in heat accumulator volume. At the same time, when charging and
discharging the heat accumulator, there is a complete coincidence of temperature change graphs for both periods.

Keywords: heat exchange units, heat accumulators, alternative energy sources, microclimate systems, renewable energy sources

Introduction

In the current global energy crisis, the question of efficient use of fuel and energy resources aris-
es. The solution to this problem is the development and implementation of innovative energy efficient
systems and technologies.
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Implementing an effective policy will allow Ukraine to create conditions for optimizing the struc-
ture of the country's energy balance. According to the Ukraine 2020 Sustainable Development Strategy,
the implementation of the Energy Independence Program will be among the top priorities. The main task
of the program is to ensure energy security and the transition to energy efficient and energy efficient use
and consumption of energy resources with the introduction of innovative technologies [1, 2].

The main objectives of public policy are the transition to the use of energy efficient technologies
and equipment, the implementation of projects using alternative energy sources [3].

The scientific program of the Ministry of Education and Science of Ukraine indicates the need to
increase the scale of rational use of alternative energy sources for energy supply [4].

Analysis of recent research

Although currently the unit cost of alternative energy is higher than traditional energy generation,
competitiveness can be significantly improved using the latest energy-saving and environmentally
friendly technologies.

One of the ways to solve this problem is to use in microclimate systems for various purposes
combined heat supply system, which includes several sources of thermal energy (traditional or renew-
able). Its purpose is to compensate for heat loss through external enclosing structures, ensuring the
operation of supply and exhaust ventilation systems and hot water supply to consumers [5].

Gas boilers, solid fuel boilers, electric boilers are used as traditional energy sources, and heat
pumps and solar systems are preferred as renewable ones [6, 7].

It should be noted that manufacturers of heat and power equipment have developed recommendations
for circuit solutions for the use of renewable heat sources, but they are usually aimed at improving the hy-
draulic performance of traditional and alternative systems, as well as coordination of automation system.

Purpose

The aim of the work is to study the operation of the heat exchange unit for microclimate systems
for the introduction of alternative energy sources using CAD tools.

Presenting main material

The efficiency of the boiler room is influenced by the schemes of connecting consumers to heat
generators (Fig. 1). Scheme with one circulating pump — individual boilers (Fig. 1, a); scheme with
distribution manifold and one circulating pump (Fig. 1, b); scheme with distribution manifold and in-
dividual circulating pumps (Fig. 1, c); scheme with the use of a hydraulic distributor (Fig. 1, d).

The solution of hydraulic problems of the consumer-boiler system can be solved by using a hy-
draulic separator (Fig. 1, d) or a heat accumulator (buffer tank). With this solution, the boiler produces
the required power without changing the flow rate, and consumers receive the required amount of heat
with the desired parameters. This scheme has shown in practice the best technical and economic re-
sults, namely, reducing fuel consumption and reducing the number of accidents, so that leading manu-
facturers insist on its practical implementation.

Gas boiler differs favorably from solid fuel boilers by a simplified fuel economy system, low in-
ertia in the automatic control system, as well as a wide range of heat control.

Boilers that use solid fuel for reliable and economical operation require the installation of special
buffer tanks (heat accumulators). This measure, in addition to increasing the efficiency of the boiler, is
also a safety measure, when reducing the load must be removed from the boiler excess heat.

For the conditions of Ukraine, a rational solution is to use an electric boiler with a heat accumula-
tor, which is charged from 23.00 to 6.00 (at night rate), and during the day the battery is discharged,
providing heat to the house.

This system helps to address a number of issues:

— saves on heat supply;

— equalization of the daily schedule of energy consumption of the building;

— reducing the use of traditional fuels.

The heat source in the heat pump unit is a steam compression refrigeration machine with a heat
pump function. Fan coils — convectors with a fan and control system are used as heating and cooling
devices [7, 8]. This system allows you to integrate other heat sources without changing the internal
engineering systems of the building. To coordinate the modes of operation of the heat generation sys-
tem and consumers, as well as for more uniform thermal operation, such systems must be equipped
with heat accumulators (cold).
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Fig. 1. Schemes of connection of boiler-houses to consumers: a — single-circuit connection of the boiler to the
consumer; b — multi-circuit connection of the boiler to consumers; ¢ — multi-circuit connection of the boiler to
consumers with separate pumps; d — multi-circuit connection of the boiler to consumers with separate pumps and
hydraulic separator

Heliosystems are characterized by daily unevenness. Therefore, it is advisable to use heat accumula-
tors, which can be narrow-profile — hot water accumulator-water heater and multi-profile — accumulator
tank with a function of wide heat supply [9].

A feature of solar systems is the annual uneven heat productivity of solar collectors. In the cold
period of the year at the maximum need for heat productivity of solar collectors is minimum, and in
the summer — on the contrary. This leads to a rational approach to calculating the number of modules
of solar panels.

For the most efficient use of insolation in an alternative heat supply system resort to annual heat
storage [10].

Heat accumulation is the process of heat accumulation during the period of its greatest receipt for
subsequent use, when the need arises. The process of energy accumulation is called — charging, the
process of its use — discharge.

The main such processes include:

—accumulation — the release of internal energy when heating — cooling solid or liquid bodies;

— phase transitions with absorption — release of hidden heat;

— sorption — desorption processes;

— reverse chemical reaction that occurs with the release — heat absorption.

These processes are implemented in heat accumulators.

Heat accumulators are usually used in those areas of the economy where there is an uneven sup-
ply of heat energy, and can reduce energy consumption through the use of alternative energy sources,
or increase the efficiency of energy equipment [4, 11].

In the range of operating temperatures 0...100 °C water is the best liquid heat-accumulating
material [12] both on a complex of thermophysical properties, and on economic indicators.

The use of heat accumulators in combined heat supply systems is presented in the structural and
logical diagram (Fig. 2), which shows which factors can significantly affect the efficiency of energy
supply and thus increase the share of substitution and achieve a positive environmental effect.
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Fig. 2. Structural and logical scheme of microclimate systemswith heat accumulator

As can be seen from the diagram, the greatest effect from the use of different energy sources and
the connection of different potential consumers can be achieved through the correct redistribution of
heat when connected to the battery tank.

There are three means of connecting heat exchangers relative to the movement of coolant flows:
parallel, cross, compatible.

Results

We will study the operation of the heat accumulator using a specialized system complex that is a
powerful tool for 3D modeling and automated design of complex products for various purposes, which
allows you to conduct virtual technical tests and research on the model. The mathematical basis of the
complex is the method of finite volumes [4, 13, 14].

To perform time sampling, for each cell of the calculation grid in the calculation area under the
Courant condition, the allowable maximum time step is determined, which depends on both the values
of physical quantities and the space sampling step in this cell. If a nonstationary problem is solved,
then the minimum of the time steps defined in this way is determined for all cells of the calculation
grid in the calculation area. With this step, the same for all cells, the transition is performed (ie, the
calculation of parameters) to the next point in time.

As a result, to calculate the values of the flow parameters on the next time layer (n+ 1) from the
known values of these parameters on the previous time layer (n), the following system of algebraic
equations is used:

S AU P &)
Lh-6p=dlth—(tpu)+Ait-%, )
p=Ff(p"+3p,T,y), ®3)

(pu)™ = (pu)” — At-grad, -3p 4)

P =p"+dp, (5)

PT)"™ =(T)"; (PK)" =(pk)"; (pe)™™ =(pe)’; (pY)"™" = (pY), (6)
pn+1 — f (pn+l, Tn+1, yn+l)’ (7)

where U” - vector of all independent variables except pressure;
u — speed vector;
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y=(Y1, Y2 -.-, Yn) — Vector of concentrations of fluid components;

p" — auxiliary variable, pressure correction.

The index “*” indicates the intermediate (between layers n and n+ 1) values of variables. All val-
ues of variables refer to the centers of computing cells. Discrete operators Ay, div,, grad, and
L, =divigrad;, approximate the corresponding differential operators with the second order of accuracy.

Graphic dependences are constructed according to the results of researches of effective work of heat
exchange installation. Figures 3, 4 show the dynamics of heating the coolant in the heat accumulator tank
with parallel and cross connection schemes at the end of the charging and discharging processes.
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Fig. 3. Dynamics of heating the coolant in the heat accumulator tank with parallel connection schemes: a — at the
end of the charging); b — at the end of discharging
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Fig. 4. Dynamics of heating the coolant in the heat accumulator tank with cross connection schemes: a — at the
end of the charging; b — at the end of discharging

Analyzing the results of the study of the battery tank, which is connected to different circuits of
the coolant (parallel and cross), it should be noted that the greatest efficiency can be achieved using
cross-version, as the charging and discharging process compared to the analyzed tools in this case in-
creases.
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Conclusions

1. Taking into account the peculiarities of climatic conditions, the most promising for Ukraine is
the introduction of integrated systems of alternative combined heat supply. Namely:

— energy potential of alternative energy sources (insolation, ambient heat, etc.) based on the heat
pump cycle;

— technical potential of various devices for heat storage, including with the possibility of energy
storage at the night rate;

— dynamic capabilities of the heating system, including the ability of the system to forced space
heating;

— backup heat generators, including on alternative fuels, which is an efficient way to save energy.

The efficiency of combined use of alternative and traditional heat sources in the microclimate
systems of premises and buildings for different purposes depends on the technical characteristics of
the equipment used.

The use of heat accumulators can increase the efficiency of microclimate systems where there is
an uneven supply of thermal energy and reduces energy costs using alternative energy sources.

2. As a result of studies of the heat exchange unit using SolidWorks software, it was found that
when the generator and heat consumer are cross-connected to the battery tank, the average temperature
of the heat exchange storage material almost coincides with the return temperature, which indicates a
more uniform temperature field heat accumulator capacity. At the same time, when charging and dis-
charging the heat accumulator, there is a complete coincidence of temperature change graphs for both
periods.

The duration of the process of charging and discharging the battery increases compared to the
traditional (parallel) connection of the generator and the consumer, which indicates a more efficient
use of battery capacity with a cross-circuit.
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