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Abstract. The pulsation-enhanced heat transfer technology is introduced, and a volume coil
heat exchanger is designed. A pulsation valve is installed at the heat exchanger outlet of the heat
exchanger to pulsate the heat medium, and the same heat exchanger is subjected to pulsation and
non-pulsation heat transfer tests. Based on the experiments, combined with the theory of pulsation-
enhanced heat transfer technology, heat transfer capacity, heat flow, and convective heat transfer
coefficient coefficients, the effective temperature difference, heat flow, and convective heat transfer
coefficient of the heat exchanger at different pulse frequencies are analyzed. The relationship
between the pulsation frequency of the heat transfer effect of the heat exchanger is obtained.
The test results show that the heat exchanger has higher heat exchange efficiency when there is
pulsation under the test conditions.

Annomayus. PaccMOTpeHa TeXHOJOTHs UMITYJbCHOW MOJayl TETJIOHOCHUTENS U pa3paboTaH
3MEEBUKOBBIN TeII00OMEHHUK. Ha BhIXO/e M3 TEmI00OMEHHHKA YCTAHOBJIECH YAApHBIN KJamaH AJis
CO3/IaHUSI UMITYJIBCHOTO PEXUMa TEUYCHHs] TEIUIOHOCUTEINSI, TaKXke JaHHBIA TerJI000MEHHUK
MOJIBEPTaJICS UCTIBITAHUSM TP UMIYJIHCHOW U TPAAUIIMOHHON Tojaue pabouei cpenpl. Ha ocHoBe
MPOBEJCHHBIX JKCIEPUMEHTOB B COUETAaHHHM C TEOPUEH HMITYJbCHOW TEXHOJOTHUHM TEII000MeHa
MPOaHAIM3UPOBAHbl  KOY(D(UIIMEHTBI TEIIOEMKOCTH, TEIUIOBOTO TOTOKa U Kod(hUIMEeHTa
KOHBEKTHBHOM TEIUTOOTAa4YH, d(h(HEeKTHBHAS pa3HUIA TEMIIeparyp, TEIUIOBOM MOTOK U KO3 PHUITHEHT
KOHBEKTUBHOW TEIUIOOTJaYu TETUIOOOMEHHUKA TPH Pa3IMYHBIX YacTOTax WUMIyibcoB. [lomydena
3aBHCUMOCTh YacTOTHI MYJbCAlMK OT Terutonepenarmero d3pgexra TeriooOMeHHUKA. Pe3ynbTars
UCIBITAHUN TOKA3bIBAIOT, 4YTO TEIUIOOOMEHHMK HMeEeT Oojiee BBICOKYIO 3(PPEeKTUBHOCTH
TEIJI000MeHa MPY UMITYJILCHOM MO/1a4e TEeTJIOHOCUTETIS.
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Research Background and Theoretical Research

Energy is an important material basis for human survival and development, and a driving force
for various economic activities. At present, energy, materials and information are called the three pillars
of the prosperity and development of modern society. Since the outbreak of the global oil crisis in the
early 1970s, energy-centric environmental, ecological and socio-economic issues have intensified. The
countries of the world are fully aware of the importance of energy conservation, and the rational use of
energy has become a core issue in the healthy development of industry. In practical industrial
production, the most common device for enhancing heat transfer technology is a heat exchanger. The
research on heat transfer enhancement technology of heat exchangers mainly focuses on two
directions. First, the development of new heat exchangers, followed by the strengthening of traditional
heat exchangers.

Enhanced heat transfer technology is an advanced technology developed in the 1960s and 1970s
to improve heat transfer performance. Its main task is to increase the heat transfer rate, achieve the
specified heat transfer with more economical equipment, or use more efficient cooling methods to
protect the safe operation of high temperature components, or use higher thermal efficiency to achieve
reasonable energy utilization [1] . The annual data on the number of enhanced heat transfer literatures
in the United States by Professor Bergles, USA [2], intuitively reflects the rapid development of
enhanced heat transfer research. Enhanced technology can be divided into passive and active
technologies or passive and active technologies based on whether additional power is needed [3-6].

The enhanced heat transfer technology aims to improve heat transfer performance, improve heat
transfer efficiency, achieve the most economical equipment to complete the transfer of the determined
energy, and most effectively cool and protect the high-temperature components for safe operation and
achieve efficient use of energy. Ortega [7], Staats [8], Yan [9], Mahmoudi [10], Defraeye [11], Changt
[12], Guo [13] and many other scholars used experimental and numerical analysis methods to study
how to achieve reinforcement. Heat transfer and how to optimize the convective heat transfer problem
have yielded many valuable research results.

It is well known that the heat transfer surface enhances the disturbance of the surrounding fluid
by vibration and destroys the boundary layer of the wall to achieve enhanced heat transfer. Early
research on vibration-enhanced heat transfer focused on enhanced heat transfer experiments based on
forced vibration. The vibration modes used mainly include: (1) mechanical vibration or motor drive
biasing device; (2) fluid flow induced vibration; (3) ultrasonic excitation vibration. With the rapid
development of computer technology and numerical analysis methods, various numerical simulation
methods have been used to study the heat transfer characteristics of heat transfer elements under forced
vibration conditions.

There is a large amount of fluid pulsation in the heat exchanger. The pulsation frequency of the
fluid ranges from 1 Hz to the ultrasonic frequency and has a certain degree of influence on heat
transfer. In 1929, Richardson [14] applied a hot wire anemometer to measure the steady state and
pulsation velocity of the tube and compare the theoretical values of the average velocity gradient
within the tube. And measuring the value, found the “ring effect” of the pulsating flow rate, marking
the beginning of the pulsating heat transfer study. Later, Uchida [15] and other theories deduced the
velocity distribution of the pulse flow in the circular tube and the parallel plate channel, and obtained
the analytical solution of the laminar flow velocity distribution in the circular tube and the parallel plate
channel. Confirm that there is a “speed loop effect”. Due to the “speed loop effect” of the reciprocating
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velocity distribution in the pulse stream, the flow velocity near the wall surface is greater than the flow
velocity at the center of the tube, so that convective heat transfer can be enhanced by the pulse. In
1954, Havemaim [16] published a research paper entitled “Heat Transfer in Pulsating Flows” in the
internationally renowned magazine “Nature”, which attracted widespread attention from scholars in
various countries on pulsating heat transfer. In the experiment, Havemaim studied the heat transfer
performance under different parameters in detail. The experimental results show that the heat transfer
performance varies with frequency, amplitude, waveform and Re number, Nu can be increased by
30%; the limit frequency can improve heat transfer, and vice versa, heat transfer is weak; the limit
frequency is waveform and Re number Function, as Re increases, the value will increase slowly;
pressure amplitude and pressure are considered to be in the wave. The rate of change plays an
important role in pulsating heat transfer. Bergles [17] experimentally studied the flow and heat transfer
characteristics of pulsating flow in the 1960s, confirming that pulsating flow can enhance heat transfer.
Subsequently, relevant scholars carried out a large number of theoretical analysis, numerical
simulation, experimental testing and other work on the pulsating flow heat transfer problem, but the
conclusions about its influence on heat transfer are still inconsistent. Wang et al. [18] studied the
turbulent heat transfer problem of large velocity amplitude in the heat transfer tube under the boundary
of the wall temperature by numerical simulation. The analysis shows that Womersley number plays a
decisive role in flow and heat transfer; under the optimal Womersley number parameter, the heat
transfer coefficient is the largest; large amplitude and reflow promote heat transfer; the flow state and
heat transfer in the tube are mainly affected by the pulsation frequency and pulsation amplitude. The
influence of the Reynolds number, the Prandtl number, and the form of the pulsating flow (square
wave, sine); the position of the pulsation origin, the position of the upstream and downstream of the
pulsating flow also affects the heat transfer characteristics. Elshafei et al. [19] also carried out related
research in this field, indicating that the heat transfer performance is mainly affected by the pulsating
flow frequency and the flow Reynolds number, and the influence of pulsating flow on heat transfer
depends on the flow parameters, when Re=37100, f=13.3 When » = 0.5, the heat transfer performance
is increased by 9% compared with the steady-state flow condition; and when Re = 13350, f = 42.5 Hz,
o = 4.4, the heat transfer performance is reduced by 12%.

Experimental Research

Installation of laboratory equipment includes assembly of structural components, such as: metal
heat exchanger body; copper coil, @10mm; flange; rotary joint; electric engine; polypropylene water
pipe, @25mm; influence node; liquid flow meter; thermocouple temperature sensor. The drain valve is
installed at the outlet of the pipe at the working environment; the impact node is installed in the
network behind the energy flow converter, and its rotation is performed by the operation of the 12V
engine.

In this experiment, the cooling medium was cold water with an initial temperature of 20 °C, and
the heating medium was hot water with a temperature of 79 °C. A total of two trials were designed. In
the first group, control the flow rate to 0.2 L/s, change the frequency of the pulsation generator, and
record the temperature of the heat exchanger inlet and outlet and the heat exchanger refrigerant. The
frequency was controlled at 16.6 Hz, 20.6 Hz, 24.8 Hz, and 28.4 Hz, and a total of 8 sets of data were
recorded. The second set of experiments controlled the frequency to 20 Hz and changed the heat
medium flow. The inlet and outlet temperatures of the heat exchanger and the initial temperature of the
refrigerant are the same as in the first set of tests. The flow of each group was 0.143 L/s, 0.182 L/s,
0.222 L/s, and 0.286 L/s, and a total of 8 groups of data were recorded.
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(b) Temperature sensor and flow meter;

Figure 1. Main components of heat exchanger.

Figure 2. Installation principle of test equipment.

The working principle of the pulsation valve is as follows: the upper end of the component is
connected to the outlet of the heat exchanger coil, and the lower end is connected to the hot water
recovery pipe. The inner cam is connected to the motor through a metal rod on the right side, and the
cam rotation drives the reciprocating motion of the inner piston (valve), thereby causing pulsation in
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the tube (Figure 1-2). The operating frequency of the pulsation generator can be controlled by
controlling the motor speed. The speed is controlled by the frequency converter. At the end of the test,
the data obtained is recorded in a table for further processing.

Analysis of test results
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Figure 3. Temperature comparison at different frequency.

<
4200 o 1300

4000+ 12504

=
N
o
o
1

3800 A

(J5)
.
2
g

Heat flux
w
B D
o o
o o
-
=
o
o
L

=
o
a1
o
1

3200 4 —s— without hydraulic shock
—e— with hydraulic shock

—s— without hydraulic shock
—e— with hydraulic shock

=
o
o
o
1

3000 4 950 4

2800 T T T T T T T T T T T T
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 30

Frequency (Hz) Frequency (Hz)

900

Convective heat transfer coefficient (W/m”

(@) heat flux of heat exchanger; (b) convective heat transfer coefficient.

Figure 4. Heat flux and convective heat transfer coefficient of heat exchanger.

As shown in the Figure 3, in the event of pulse impact, the time required for the refrigerant to
reach 60 °C will be shorter and the heating rate will be accelerated. With the increase of frequency,
the time needed for the refrigerant to reach 60 °C is shorter and shorter, and the heating rate is faster
and faster. When the pulsation frequency was 16.6 Hz, it was 60 seconds less than when there was
no pulsation. At the frequency of 20.6 Hz, when pulsation impact occurs, the temperature change of
the heat exchanger will be faster, which is 60s faster than that at 16.6 Hz. The pulsation rate was
20 seconds faster than 20.6Hz at 24.8Hz, and the pulsation rate was 20 seconds faster than 24.8 Hz
at 28.4Hz. Thus, it can be seen that the speed of temperature change does not increase infinitely
with the increase of the pulsation frequency. When the pulsation frequency is higher than 28.4 Hz, a
cut-off frequency will appear. When the pulsation frequency exceeds this frequency, the heat
transfer velocity will not increase, but remain unchanged.
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As shown in Figure 4, when there is a pulsating shock, the heat flux between the heat
exchanger and the refrigerant of the heat exchanger is higher than that without pulsation at four
frequencies, and the convective heat transfer coefficient is the same. It can be seen from the curve
trend in the figure that the higher the frequency, the larger the heat flow, and the larger the
convective heat transfer coefficient. As the frequency increases, the increasing trend of heat flux
and convective heat transfer coefficient slows down. It can be seen that the heat flux and convective
heat transfer coefficient will not increase infinitely with the increase of the pulsation frequency, but
there is a cut-off frequency. When the pulsation frequency reaches this frequency, the increase of
the pulsation frequency will not continue to strengthen the heat transfer.

Conclusion

The purpose of this test is to generate a pulsating flow through a pulsation generator to
enhance heat transfer around the heat exchanger.

Assess the integrity of the task solution:

The structure of coil heat exchanger is designed. The development and testing of experimental
samples of pulsed disk heat exchangers were carried out. The effect of pulsating frequency on heat
transfer efficiency was obtained.

During the development of the experimental device, the heat transfer efficiency was
improved, the time loss of industrial production equipment was reduced, and the time cost was
reduced.

Based on the data analysis, we can conclude that the heat transfer efficiency peaks around
28.4 Hz, which means that the pulsation frequency is best controlled around 28.4 Hz. When the heat
exchange efficiency of each frequency is considered in the experiment, it can be said that the heat
exchange efficiency increases as the frequency increases. As the flow increases, so does the amount
of heat exchange. The heat transfer rate can be increased by increasing the flow.

It is worth noting that when the pulsation frequency is increased to 28.4 Hz, the improvement
in heat transfer efficiency is not so obvious. It can be inferred that within a certain frequency range,
as the pulsation frequency increases, the heat transfer efficiency increases, and beyond this
frequency, the heat transfer efficiency no longer increases or decreases. Therefore, it is necessary to
find a suitable pulsation frequency according to the structure and characteristics of the heat
exchange device, so as to achieve the effect of improving heat exchange efficiency, saving time and
cost, and reducing energy consumption
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