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Abstract. The emergence of global energy crisis makes energy saving technology become
the key technology of sustainable development. Enhanced heat transfer technology can improve
the efficiency of various heat transfer equipment and reduce the weight and volume, which plays
avital role in energy saving and sustainable economic development. In recent years, based on
theoretical and experimental research, Chinese researchers and technicians have developed many
new technologies to strengthen heat transfer, such as cross-scaled elliptic tube, discontinuous
double-inclined inner rib tube, spiral groove tube, spiral groove tube, inner fin tube, twisted elliptic
tube and so on. Among them, the pulsating heat transfer technology is an efficient and energy-
saving means that can significantly strengthen the convective transport operation and improve
the heat transfer effect. Through fluid pulsation or the vibration of the heat transfer pipe,
the technology can remove the dirt deposited on the heat exchange surface, reduce the thermal
resistance of the dirt, and improve the performance and life of the heat exchanger. It is widely used
in the cooling of electronic components, automobile turbines, and the utilization of atomic energy in
Marine environment. Firstly, the construction scheme of the experimental device is proposed, and
the working principle of the experimental device is described in detail. The complex impedance,
frequency function, amplitude-frequency characteristic and phase-frequency characteristic are
obtained by mathematical transformation of power supply circuit. Finally, the frequency response of
the circuit is constructed.

Annomayus. C TIOSBIEHHEM MHPOBOIO 3HEPreTUYECKOr0 KpU3Hca 3SHeprocOeperarouiie
TEXHOJIOTMU CTalU KIKYEBBIMHU I YCTOMYMBOIO Pa3BUTHUA. Y CHUIIEHUE TEILIONEPENAadd UIpaeT
KIIIOYEBYIO POJIb B COKPAIIEHUH SHEPromnoTpedIeHus U yCTOWYMBOM SKOHOMMYECKOM DPa3BUTHH,
MTOCKOJIBKY OHO MOJKET MOBBICUTH 3((EKTUBHOCTh Pa3IMUHBIX TEIJIOBBIX YCTPONUCTB U YMEHBIIUTh
ux Bec U oObeM. B mocrnegHue roabpl Ha OCHOBE TEOPETHUECKUX U HIKCIIEPUMEHTAIbHBIX
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uccinenoBanuii B Kurae 6110 pa3paboTaHO MHOTO HOBBIX U YKPEIUISIOIIMX TEXHOJIOTUIl B 00nacTu
M3MEHEHHUS KJIMMaTa, TaKuX KaK CKPEIIMBAIOIIUECs AIIUNTHYECKUE TPYObl, HEMoclea0BaTeIbHbIE
JBYCTBOpYAThIE MEXpeOepHble TPYOKH, CIUpabHbIEe TPYOKH, CriMpajbHble O0pO3/bl, CIUPaIbHbIC
TPYOKH W KpUBBIE JUIMNTHYECKUE TPYObl. B 4acTHOCTH, TEXHONOTHS MyJIbCHPYIOLIETO MEepeHoca
Teruia sBisieTcss YQQPEKTUBHBIM CPEJICTBOM IKOHOMHUHU SHEPTrUHU, KOTOPOE 3HAUUTEIHHO YCHIIMBAET
3¢ (deKTUBHOCTh pabOThl KOHBEKTOPOB U MOBBIMIAET TEIJIOBbIE 3((EKTH, OUUIAET TEepPMAaJbHBIC
Macchl OT 3arpsA3HEHUI uepe3 MyNIbCAlMI0 WM BUOpalMu B TPyOKaX, CHIDKACT TEIUIOBOE
CONPOTHBIIEHUE HAa TEIJIOOOMEHHBIX IIOBEPXHOCTSAX, IIOBBIIIAET IPOU3BOAUTEIBLHOCTh U
paboTocrnocoOHOCTh  TemooOMeHHUKOB. IIIUpoko mnpuMeHstOTCS B TakUX O00JacTsIX, Kak
OXJIKJEHUE SJIEKTPOHHBIX KOMIIOHEHTOB, aBTOMOOWJIbHBIE TYpOMHBI, HCIOJIb30BaHHE AaTOMHOMN
SHEPruud B MOPCKOM cpene. bbuin mnpemiokeHsl IIaHbl [0 CO3AAHUIO AKCHEPUMEHTAIBHOTO
YCTPOWCTBA W JIETAJIbHOE OIMCAaHME TOro, Kak OHO paboTraeT. MaTemarndeckoe mpeodpazoBaHHe
JNEKTPUYECKUX CXEeM JIaeT CJOXKHbI€ HMMIIEJIAaHChl, YacTOTHbIE (YHKUWH, YacCTOTHBIE
XapaKTePUCTUKU aMIUIUTYbI U (Da30Bble YaCTOTHBIE XapaKTEPUCTHUKU. BbII MOCTPOEH 4acCTOTHBIM
OTBET LIEIH.

Keywords: hydraulic, heat exchanger, heat transfer.
Knroueswie cnosa: TruapaBJIvKa, TGHJI006M€HHI/IK, TEILIOOOMEH.

The increasing global energy demand is a problem that people have been paying attention to,
people's demand for energy is increasingly urgent, and improving energy efficiency has become a
hot topic in this century. Studies have shown that pulsating flow has an important impact on heat
transfer, and it has been concluded in most literatures that turbulent pulsation can enhance heat
transfer effect to varying degrees [1-3]. Pulsation heat transfer is a comprehensive heat transfer
process, and the best heat transfer performance can be achieved only when the thermal resistance of
each part is reasonably coordinated. Pulsed heat transfer is a special fluid pulsation enhanced heat
transfer technology [4], which is a typical representative of non-fixed process related to flow and
heat transfer technology [5-7]. How to improve heat flux by pulsating flow technology has become
the most concerned issue today. Therefore, it is necessary to design a device with warm substrate
which can be used to increase the pulsating pressure and enhance the heat exchange efficiency of
the pulsating flow, to achieve the purpose of improving the heat exchange efticiency. Pulsating heat
transfer mode saves equipment operation and maintenance costs, improves economic benefits, and
has high engineering value and wide application prospects in the field of waste heat recovery and
central heating [8].

This study puts forward reasonable suggestions for the design of heating pipeline, describes
the working principle of the experimental device in detail, and draws a simplified power circuit
diagram, which has guiding significance for the fine adjustment of hydraulic energy circuit and
heating energy circuit.

Materials and Methods
Based on the above review and analysis, the circuit scheme of the experimental device with
heat carrier pulse supply mode is developed. This solution is shown in Figure 1. The laboratory unit
is designed to perform hydraulic and thermal tests of hot springs at frequencies up to SHz and heat
carrier flows up to 360 L/min.
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Figure 1. Laboratory circuit with a warm baseboard in pulse mode: 1 — boiler; 2 —heating device; 3 —
pipeline; 4 — shock valve; 5 —pump; 6 — check valve

The experimental setup works as follows. The hot water or steam generated in the boiler 1
reaches the heat devices 2 through the pipeline 3, and hot water or steam continues through the
shock valve 4 and the pump 5 and the check valve 6 return to the boiler 1 again.

When drawing up the chain, we begin to move from point a to point b. I — pipelines; 11, 1, —
valves; m — boiler. The installation site works as follows. When the shock valve is abruptly closed,
the kinetic energy of the flow turns into potentiate (pressure increase). A wauled of increased
pressure goes along the chain: the heat device 2. A wauled of increased pressure in the heat device 2
increases its heat transfer. Then it enters the boiler 1.

During the study, for a better understanding of the scheme, it was decided to study 2
characteristics of hydraulic and thermal, to better understand the nature of the forces arising and to
determine the required parameters more accurately on the obtained model.

The temperature range for a warm baseboard is 40-80 degrees Celsius. The temperature range
for a warm baseboard is 40-80 degrees Celsius. Set the heat flow temperature to 80°C, the
parameters are automatically recorded during the test. See Table 1-4.
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Figure 2. Part of the heat transfer plant: t - The temperature of hot water; t1, t2 - Wall temperature; t3
- The temperature of the air; ol - Convective heat transfer coefficient of water and left wall; a2 - Convective
heat transfer coefficient of air and right wall; & - The thickness of the wall surface; A - Thermal conductivity
of the wall
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When the hot water flows, the convective heat transfer coefficient between the water and the
left wall is h;, and the temperature of t is greater than t;, so the wall absorbs the heat brough by the
hot water, and the wall temperature rises. When the temperature rises to t;, the surface temperature
of the left wall is stable. The thickness of the wall is A, and the heat is transmitted from the left wall
to the right wall by means of heat conduction. When the temperature rises to t,, the surface
temperature of the right wall reaches a stable state. The right wall carries out convective heat
transfer with the air, and the convective heat transfer coefficient is h,. Through convective heat

transfer, heat is transferred to the air until the air temperature t; reaches a stable state.

Results and discussion

Table 1
CIRCUIT PARAMETERS
" kPa - s kPa - s? lis-s P kP Ve Tit
m,kg 1 it T2, it l,[ Pa ] 30, kKA 10, lit/s
18 10.8 21.6 0.0093 300 1.667
18 10.8 43.2 0.0093 300 1.667
18 10.8 64.8 0.0093 300 1.667

Dependency graphs are plotted based on the input values. For the best perception of graphs
values are taken only those that affect the dependence. The values obtained for the first stage of the
energy circuit are shown in Table 2.

Table 2
RECEIVED INFORMATION FOR HYDRADULIC
Q A.(2) $,G2) A,(j2) $2G2) A3(j2) $3(2)
1 140.58449 -0.87606 201.24612 -1.10715 267.58924 -1.22777
2 218.97945 -1.40565 361.79552 -1.47113 505.28408 -1.49949
3 328.46918 1.40565 542.69328 1.47113 757.92612 1.49949
4 468.00000 1.17601 742.15901 1.32582 1023.94531 1.39409
5 639.19011 1.00623 962.78970 1.20765 1305.58952 1.30575
6 843.50696 0.87606 1207.47671 1.10715 1605.53542 1.22777
7 1081.94824 0.77363 1478.74136 1.01994 1926.33642 1.15732
8 1355.15018 0.69134 1778.63318 0.94349 2270.28456 1.09297
9 1663.51555 0.62402 2108.76741 0.87606 2639.37947 1.03389
10 2007.30267 0.56810 2470.39754 0.81632 3035.33590 0.97950

Based on the results of the calculation, the graphs of the amplitude frequency response and
phase-frequency response and frequency response of the circuit are constructed. Further in these
graphs are under construction:
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Figure 3. Amplitude frequency response
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Figure 4. Phase frequency response

For power circuits of the heat transfer calculations are conducted similarly and are written in
Table 4. A graphical view is presented in Figure 5-6.

Table 3
RECEIVED INFORMATION FOR HEAT TRANSFER
Ny, W 11,°C2 /W 15,°C2 /W r3,°C2 /W ¢y, W /°C? cy, W /°C? to, °C
500 7.143x10° 2.174x10° 3.33x10™ 1.235x10°° 1.235x107 90
500 14.286x107 2.174x10° 3.33x10* 1.235%10° 1.235x10° 90
500 21.426x10° 2.174x10° 3.33x10* 1.235%10° 1.235x10° 90
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Table 4
VALUE AMPLITUDE FREQUENCY RESPONSE FOR ENERGY CIRCUIT
Q A,(42) .G A, () b, () A;(j) $3(G2)
1 0.00750 0.00017 0.01464 0.00035 0.02178 0.00053
2 0.00750 0.00034 0.01464 0.00070 0.02178 0.00105
3 0.00750 0.00052 0.01464 0.00105 0.02178 0.00158
4 0.00750 0.00069 0.01464 0.00139 0.02178 0.00210
5 0.00750 0.00086 0.01464 0.00174 0.02178 0.00263
6 0.00750 0.00103 0.01464 0.00209 0.02178 0.00315
7 0.00750 0.00121 0.01464 0.00244 0.02178 0.00368
8 0.00750 0.00138 0.01464 0.00279 0.02178 0.00420
9 0.00750 0.00155 0.01464 0.00314 0.02178 0.00473
10 0.00750 0.00172 0.01464 0.00349 0.02178 0.00525
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Conclusion

In the course of the work, the problems associated with this work and possible solutions are
described. A constructive scheme of the experimental device is proposed, and the principle of its
operation is described in detail. The power circuit of the device is drawn up, each link is explained.
Complex impedance, frequency function, amplitude-frequency characteristic and phase-frequency
characteristic are obtained by mathematical transformation of the power circuit. The frequency
response of the circuit is constructed.

In the process of modeling the hydraulic power circuit, it is found that with the increase of
frequency, the frequency response of the hydraulic circuit first increases and then decreases, and
finally becomes stable, and the amplitude gradually increases in this process. It can be found that
after the parameter r is changed, the frequency response of the hydraulic circuit reaches a peak in
advance, and then gradually decreases, while changing the water mass has little effect on this. The
changes of parameters r and water mass have little effect on the amplitude, and both show a trend of
gradual increase.

In the process of heat transfer modeling of energy circuit, it is found that the frequency
response of hydraulic circuit gradually decreases with the increase of frequency, resulting in
uniform pulsation, in which the amplitude gradually increases. It can be found that the frequency
response changes the most when the resistance r value is changed. It can be found that after the
change of parameter r, the frequency response of the hydraulic circuit in the heat transfer model
increases overall, but still presents a trend of gradual decrease, resulting in uniform pulsation. The
change of parameters r has a great influence on the amplitude, in which the amplitude increases
with the increase of frequency as follows: ¢3 j 2)>¢ G 2)>¢1(j 2).
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