Bronnemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne8. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/81

UDC 621.311.243 https://doi.org/10.33619/2414-2948/81/33

DESIGN OF A HEAT EXCHANGER - A HEAT ENERGY ACCUMULATOR WITH AN
OSCILLATING COIL FOR HEATING HOT WATER WITH A CAPACITY OF 25 KW

©Chen Xuanyou, ORCID: 0000-0001-7010-6060, Ogarev Mordovia State University,
Saransk, Russia, 526748614(@qq.com
©Golyanin A. A., ORCID: 0000-0003-0275-5637, Ogarev Mordovia State University,
Saransk, Russia, anton.golyanin@yandex.ru

KOHCTPYKIIUAA TEINIOOBMEHHUKA-AKKYMVJISITOPA TEILJIOBOH SHEPTUH
C KOJIEBATEJIbHBIM 3MEEBUKOM JIJIS1 HATPEBA TOPSTYE BOJIbI
MOIIHOCTBIO 25 KBT

©UYrub Croansvro, ORCID: 0000-0001-7010-6060, Hayuonanvhbwlii ucciedo8amenbCKull
Mopoosckuii cocyoapcmeennwiii ynugeepcumem um. H.I1. Oz2apesa,
2. Capanck, Poccus, 526748614@qq.com
©lonanun A. A., ORCID: 0000-0003-0275-5637, Hayuonanvhwiii ucciedosamenbCkuil
Mopoosckuii cocyoapcmeennviil ynugepcumem um. H. I1. Ozapesa,
2. Capanck, Poccus, anton.golyanin@yandex.ru

Abstract. The subject of the research is designing a regenerative heat exchanger to heat hot
water. Qualitative and quantitative analysis of relevant physical parameters to optimize heat
exchanger models. The purpose of this study is to simulate realizing the goal of heating hot water
with 25 kW and optimize the model to optimize the heat exchange efficiency in practical work. As
a result of the research, Amplitude-frequency response of the circuit increases linearly as speed of
rotation. When the speed is constant, the less of water mass is, the value of Amplitude great. The phase
frequency response of the circuit increases overall as the speed increases. The greater the mass,
the greater, and the rate of increase gradually decreases. we know that increasing the water volume
can improve the heat transfer efficiency, but when the water volume (QG) increases to 1.6, the rate of
increasing the heat transfer efficiency begins to decline, so this should be taken into account in
the design process. With the heating time increases, the heat transfer efficiency will also improve. It
should be noted that when the heating time increases, the rate of increase of heat transfer efficiency
decreases and specific heat capacity (KF) decreases.

Aunnomayus. llpengmeToM uccleoBaHUs SBISETCS MNPOEKTUPOBAHUE PEKYIIEPaTUBHOIO
TEITI000MEHHHUKA /1T HarpeBa ropsiueid Bozsl. [IpoBeeH KaueCTBEHHBIN M KOJTMYECTBEHHBIN aHAIN3
COOTBETCTBYIOIIUX (PU3UUECKUX MTAPAMETPOB ISl ONITUMHU3AIINY MOJIETIeH Tem1000MeHHHUKOB. L{enbio
WCCIIEIOBAHUS SIBIISETCS MOJEIMPOBAaHUE HArpeBa ropsyeil BOAbl U ONTUMHU3ALKS dPPEKTUBHOCTH
MOJIENIM TETJI000MEHa MOIHOCThIO 25 KBT B mpaktuueckoi padote. B pesynbrare uccienoBanus
YCTaHOBJIEHO, YTO aMIUIMTYJHO-4aCTOTHAs XapaKTepUCTHKAa KOHTypa JIMHEMHO BO3pacTaer ¢
YBEJIMUEHUEM CKOPOCTH BpaileHus. Korma cKkopocTh MOCTOSHHA, Y€M MEHBIIE Macca BOAbI, TEM
OoJbllle 3HAYCHUE aMILUTUTYAbl. Pa304acTOTHAS XapaKTePUCTUKA CXEMbI YBETTMUUBACTCS B 1IETIOM I10
Mepe YBEIMYEHHUS CKOPOCTH. YBEIHUEHHUE OO0beMa BOABI MOXKET YAy4dliuTh 3()(PEeKTUBHOCTH
Teronepenadn, Ho, korma oObem Boawl ((G) yBenuwumBaercs A0 1,6, CKOPOCTh yBEITUYCHUS
3¢ (GeKTUBHOCTH TEIUIONEpeIadyl HAUMHAET CHUKAThCS, TIO3TOMY CJIeIyeT YUUTHIBATh 3TO B IpOIIecce
npoektupoBanus. C yBeqnueHHEM BpeMeHU HarpeBa 2(pPeKTUBHOCTH TEIUIONEpeayl Takke OyneT
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yay4marbes. ClielyeT OTMETUTh, YTO NPH yBEITHMUYECHHH BPEMEHH HarpeBa CHUKAETCS CKOPOCTh
MOBBIICHHS YPHEKTUBHOCTH TETNIOOOMEHA U CHUIKAETCS yAebHas TETIOeMKOCTh (KD).

Keywords: accumulator of heat exchanger, general spiral, heart transfer, energy of flow.

Knrouegvle cnosa: akkymynaTtop TeIIOOOMEHHHKA, TE€HEpalbHas CHHpaib, CEpICUHBIH
IIEPEHOC, SHEPT U [TOTOKA.

Introduction

Regenerative heat exchange technology for the rise of the 1980s of the new energy saving
technology, the biggest characteristic of this technology is efficient energy saving, the average energy
saving rate on the existing basis can be increased by 30% [1]; The significance of the application of
regenerative heat exchange technology is that it not only saves fuel to the greatest extent but also
reduces pollutant emissions, especially NOx emissions [2].

With the continuous improvement of heat exchange theory and the improvement of steel
properties, the heat exchange performance of heat exchange device has made great progress [3]. Due
to the wide application of heat exchanger, almost covering all manufacturing and other fields,
according to the physical properties of the heat transfer fluid, operating parameters and other
characteristics, the structure and type of heat exchanger will produce corresponding changes and
adjustments [4]. Due to the influence of thermal physical properties of heat transfer medium, the
further improvement of heat recovery rate of current heat exchanger is greatly limited. Regenerative
heat exchanger can not only greatly improve the thermal efficiency of equipment, but also get higher
heat exchange temperature efficiency [5], so that the fluid after heat exchange can be close to the inlet
temperature, which is widely used in high, medium and low temperature thermal equipment. For
large-scale energy storage system [6], a large amount of heat storage medium is needed. Due to its
low price, such as pebbles, the packed bed heat exchanger can effectively reduce the investment cost
[7], land it has more advantages under the condition of high temperature heat storage without
gasification and has good applicability in the utilization of low temperature waste heat, industrial
waste heat and solar energy heat storage and other fields. Chao-xiang li’s [8] design for the
regenerative heat exchanger is put forward based on the mixed diffusion model, the temperature in
the heat exchanger frontier extension, on the basis of analysis and in thermal efficiency, guarantee for
the highest thermal efficiency of heat exchanger under the constraint condition of structure parameters
is designed, studied the theory of regenerative heat exchanger, but not on the design and calculation
of periodic heat exchanger. Du et al [9] designed a new type of regenerative tube and shell heat
exchanger, used paraffin as phase change materials. For heat transfer fluid velocity, phase change
materials and the key factors including phase-change layer thickness to thermal system [3], heat-
exchange unit/heat storage process is simulated, studied the design of the regenerative heat exchanger.
Theory and the solid filling principle is not the same.

The purpose of this study is to simulate realizing the goal of heating hot water with 25 kW and
optimize the model to optimize the heat exchange efficiency in practical work.

Technological scheme of a hot water heater based on a heat exchanger-accumulator with a
vibrating coil, with a capacity of 25kW
When the centrifugal pump 7 is turned on, it will supply the coolant to the hot water boiler 1
through the return pipeline 9. In the hot water boiler 1, the coolant will be heated and through the
supply pipeline 8 it will be supplied to heat exchanger-accumulator 2, In the heat exchanger-
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accumulator 2, the heat from the heated coolant will be transformed to cold water. When the set speed
is reached, the value of the impact valve quickly close with the formation of a hydraulic shock. In
this case, the wave of hydraulic shock is transmitted to the coil 3 and it will oscillate. At the end of
the water hummer wave, the valve 6 will open again under the action of spring 10, Thus, the shock
valve 6 will periodically close and open, and the coil 3 will oscillate. The vibrations of the coil 3 will
increase the heat transfer.
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Figure 1. The principle of operation of the scheme: 1 — hot water boiler; 2 — heat exchanger-
accumulator; 3— coil; 4, 5— movable support; 6 — shock valve; 7— centrifugal pump; 8 — supply pipeline;
9 — return pipeline; 10 — spring; 11 — check valve; 12 — hydraulic accumulator

Hydraulic circuit

The hydraulic circuit considers the elastic properties of the shock valve 6. the compliance I
the active resistance of the coupling from r; and r2 the mass of water in the circuit.
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Figure 2. The hydraulic circuit

The input power of the hydraulic circuit is assumed to be 4 percent of the thermal (25kW),
nin=1kW.The mass of water in the circuit: m=40.0kg, a;=2.4, a,=0.768; b1=64.

After obtaining certain parameters, the graphical dependences of the obtained dependences of
the frequency characteristics and the technical result of this installation scheme are made, the data are
presented in Figures 3 and 4.

As Figure 3-4 shown, Amplitude — frequency response of the circuit increases linearly as speed
of rotation. When the speed is constant, the less of water mass is, the value of Amplitude great. The
phase frequency response of the circuit increases overall as the speed increases. The greater the mass,
the greater, and the rate of increase gradually decreases.
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Figure 3. Amplitude-frequency response
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Figure 4. Phase-frequency function of the energy circuit

Results of heat exchange calculation.
In this section, we present the result of heat exchanger calculation. Table shows the main
parameters of calculating the heat exchanger, and they were identified as a result of mathematical
modeling.

Table
THE MAIN PARAMETERS OF THE HEAT EXCHANGE
Water volume M 500 kg
initial temperature t2' 5°C
final temperature t2" 70 °C
Heating water consumption G1 0,8 kg/c
the initial temperature of the heating water t1' 80 °C
Heating time t 5h
outer diameter of the coil d2 25 mm
inner diameter of the coil d1 21 mm
water heat capacitycl 4,189 ki/kg*C
Kinematic viscosity 0,0000005 sq. m/s

Observe the physical parameters of the heat exchanger as they change by changing some data
in Table 1, such as the volume of water G and the heating time T, we can see some patterns in Figure
5-8. KF— specific heating capacity; a2 — heat transfer coefficient; F — heat exchange surface; n —
the number of coils; L — the length of the coil.
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Figure 5. Variation of water volume G and some physical parameters
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Figure 6. Variation of water volume G and 02

As Figure 5-6 shown, KF, F, n, and L increases linearly as water volume G increases; Increasing
the water volume can improve the heat transfer efficiency, but when the water volume (G) increases
to 1.6, the rate of increasing the heat transfer efficiency begins to decline, so this should be taken into
account in the design process. At the same time, the heat transfer area of the heat exchanger needs
more
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Figure 7. Variation of heating time T and some physical parameters

As Figure 7-8 shown, with the heating time increases, the heat transfer efficiency will also
improve. It should be noted that when the heating time increases, the rate of increase of heat transfer
efficiency decreases and specific heat capacity (KF) decreases. F and L increases with increasing
heating time, but the overall increase is not very significant. When heating time increase, the number
of coils is a constant. The heating time should be well controlled in the design to achieve better heat
transfer performance.
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Figure 8 Variation of heating time T and a2

Conclusion

Amplitude — frequency response of the circuit increases linearly as speed of rotation. When
the speed is constant, the less of water mass is, the value of Amplitude bigger. The phase frequency
response of the circuit increases overall as the speed increases. The greater the mass, the greater, and
the rate of increase gradually decreases.

Increasing the water volume can improve the heat transfer efficiency, but when the water
volume (G) increases to 1.6, the rate of increasing the heat transfer efficiency begins to decline, so
this should be taken into account in the design process. At the same time, the heat transfer area of the
heat exchanger needs more.

With the heating time increases, the heat transfer efficiency will also improve. It should be
noted that when the heating time increases, the rate of increase of heat transfer efficiency decreases
and specific heat capacity (KF) decreases. The heating time should be well controlled in the design
to achieve better heat transfer performance. When heating time increase, the number of coils is a
constant.

In addition, increasing the heating time does not change the number of coils, but length of the
coils requires higher.
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