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Abstract. This paper designs a pulsation-generating structure to provide pulsating flow for
experiments. The relationship between frequency, flow and pulsating flow enhancement heat
transfer is discussed separately. The characteristics of pulsating flow enhanced heat transfer are
analyzed, and the theoretical research and engineering application of pulsating heat transfer are
proposed. The scheme of the laboratory installation is developed, which is an independent circuit
from the heat source with a pulse circulation of the coolant. The unit allows testing the heat
exchanger-supercharger at different performance at the frequency of fluctuations of the coolant
from 0.5 to 2 Hz. As a result of thermal tests, graphs of temperature changes over time in the heated
and closed circuit at flow interruption frequencies from 0.5 to 1 Hz are obtained. It is found that
with increasing frequency of flow fluctuations, the heating time of the coolant in a closed loop
decreases by almost 1.85 times.

Annomayus. B crathe pa3zpaOaTbIBaeTCs CTPYKTYpa, TEHEPHUPYIOLAs MYJIbCALUIo0, IS
obecriedeHnss MyJIbCUPYIOIIEr0 IMOTOKAa JJI 3KCIIEPUMEHTOB. B3auMoCBsA3b MeXIy 4YacTOTOH,
MOTOKOM U YJIYYIIEHHOW TerIonepeaadeil MyabCUPYIOLIET0 IOTOKa OOCYXKIAeTcs OTIENbHO.
[Ipoananu3upoBaHbl XapaKTEPUCTUKH MYJIbCUPYIOIIETO TOTOKAa MOBBIIIEHHON TEIJIOOTAAYH,
MNPEATIOXKCHBI TCOPCTUUCCKHUEC HMCCICAOBAHUA W HHXCHCPHOC TIPUMCHCHHUC MMIYJIbCHPYIOLICTO
teruiooOMena. Pa3paboraHa cxema J1a0OpaTOpHOM  yCTAHOBKH, MpeACTaBIsioUIed  co0oif
HE3aBUCHMBI OT MCTOYHMKA TEIUIa KOHTYp C MMIIYJbCHOM LHPKYISIIMEN TEIJIOHOCUTEIS.
VYcTraHoBka IT03BOJISET IIPOBOAUTL MCIIBITAHUSA TEINI0O0OMEHHHUKA-HarHeTaTe s npu paanquﬁ
MIPOM3BOAUTEILHOCTH MPHU YacToTe Kojebanuit Termmonocutens ot 0,5 mo 2 I'u. Ilo pesynpratam
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TEIUIOBBIX HCIBITAHUN MOCTPOEHBI IpauKU MU3MEHEHHs TeMIEpaTypbl BO BPEMEHHM B HArpeToM U
3aMKHYTOM KOHType INpHU 4acToTax IpepeiBaHus noroka or 0,5 mo 1 I'm. YcraHosineHo, 4to ¢
YBEJIIMYEHUEM YaCTOThl KOJICOAHUI MOTOKAa BpeMsl HarpeBa TEIJIOHOCHUTENS B 3aMKHYTOM KOHTYpE
yMEHbIIIaeTcs no4ytu B 1,85 pasa.

Keywords: pulsating generator, pulsating flow, frequency, heat transfer.
Knioueevie cnosa: ymnapHblil y3ei, MyIbCUPYIOIINI TOTOK, 4aCTOTA, TEILIONepe1aya.

Research Background and Theoretical Research

In the development and utilization of energy, problems related to heat transfer are quite
common. Heat transfer enhancement plays an important and even key role in energy development,
utilization and conservation. The rapid development of applied science and technology and the
serious shortage of energy put forward new requirements for strengthening heat exchange.
Therefore, the depth and breadth of heat transfer enhancement research is expanding and
penetrating into new fields and has become a very attractive research field in modern science.

In practical industrial production, heat exchanger is the most common application of heat
transfer enhancement technology. Heat exchanger is an indispensable component to ensure the
normal operation of engineering equipment in various industrial production processes and occupies
an important share in the metal consumption, power consumption and investment of the whole
project. The research on heat transfer enhancement of heat exchanger is mainly concentrated in two
aspects. The first is to develop new types of heat exchangers, such as plate-fin type, parallel flow
type, vibrating coil type, micro-channel type and other compact heat exchangers. The second is to
strengthen the traditional shell and tube heat exchanger.

According to the motion state of fluid, flow can be divided into steady flow and unsteady
flow. In recent years, unsteady flow has attracted the attention of many scholars for its unique
physical characteristics and research value, while pulsating flow is the basic research of unsteady
flow. Pulsating heat transfer is a typical application of unsteady flow and heat transfer technology.
The heat transfer of turbulent pulsation is an important component. Pulsating flow heat transfer is a
mechanical method in active heat transfer technology, which makes use of external conditions to
make the flow change circularly.

Nishimura et al. studied and analyzed the fluid flow field change and pressure drop in a two-
dimensional wave-walled tube [1-2]. The results show that the motion state of the fluid changes
with the change of the Reynolds number, for example, the vortex phenomenon will appear in the
flow in the laminar flow state, and the vortex size will increase with the increase of the Reynolds
number. Later, Nishimura [3—5] used visualization experiments to study the pulsating flow in the
corrugated channel and found that the size of the vortex generated in the groove of the corrugated
channel was closely related to the flow velocity of the fluid, and the vortex could accelerate the
mixing of the fluid. Attya and Habib [6] studied the correlation between the pulsating frequency of
medium flow with air as the medium and Reynolds number and Nusselt number in laminar flow
state. The results show that when the medium is at constant heat flux density, the Nusselt number
changes obviously with the change of pulsation frequency. It is found that the pulsating flow of the
fluid has a significant effect on enhancing heat transfer.

Zhong Yingjie's [7—8] research group of Zhejiang University of technology has systematically
studied the pulsating flow heat transfer. The metering pump was used as the pulsation source in the
experiment, and laminar flow was taken as the main research condition. The study found that: for
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the periodic groove heat transfer surface, the pulsation flow could improve the heat transfer
performance by about 80% compared with the steady-state flow. On this basis, they used
visualization experiments to further study the mechanism of heat transfer enhancement by pulsating
flow. It is found that the variation rules of vortex in the flow field are different at different pulsating
frequencies, and there is a pulsating frequency that can optimize the heat transfer effect. Under the
optimal pulsating frequency, the vortex has enough time to develop and fully expand in the groove,
and finally falls off into the mainstream in time. When the frequency is too high, the vortexes in the
channel will fall off quickly without sufficient development and expansion, resulting in insufficient
mixing of the fluids in the channel and the mainstream fluid, so the heat transfer effect is not good.
Yang Bingchang [9] et al. from Dalian University of technology also carried out an experimental
study on the periodic groove structure with different structural parameters and analyzed in detail the
specific influence of different Reynolds number Re, Strouhal number St and pulsating amplitude A
on the heat transfer effect. It is found that the heat transfer enhancement factor of pulsating flow
first increases and then decreases with the increase of St number of Strouhal number, so there is an
optimal St number of Strouhal number to maximize the heat transfer enhancement factor.

Zeng Danling’s [10] research group of Chongqing University also carried out simulation and
experimental research on the heat transfer problem of pulsating flow enhancement, which adopted
Helmholtz self-excited oscillation cavity as the pulsating source. The pulse jet generated by the
Helmholtz resonant cavity is introduced into the heat exchanger to generate pulsating flow at the
inlet of the heat exchanger. When the self-excited oscillation reaches a certain intensity, the
performance of the heat exchanger can be enhanced. The pulsation of the fluid creates a large
number of vortices on the wall, which increases the mixing of the fluid. Different oscillation
intensities correspond to different intensification heat transfer effects. There is an optimal intensity
with the best intensification heat transfer effect, and the surface heat transfer coefficient will be
increased by about 30%.

Muller studied pulsating flow heat transfer and steady-state heat transfer under specific
conditions through experiments. The pulsating frequency of the pulsating flow involved in the
experiment increased from 0.038Hz to 0.248Hz, and the Reynolds number increased from 53000 to
76000.The experimental results show that Nu under pulsating conditions is smaller than Nu under
corresponding steady-state conditions. Ishino [11] studied the influence of pulsating flow on the
heat transfer performance of the fluid in the tube under the condition of constant wall temperature
through experiments. The pulsation frequency was controlled from 17.7hz to 35.5h, and the
Reynolds number was changed from 8000 to 12800. The experimental results show that when
pulsating flow is added to the turbulent area, the heat transfer performance decreases with the
increase of pulsating amplitude and pulsating frequency, up to 50%.

Experimental Research
In the course of the study, all the work of the flow energy Converter was divided into 3 stages
in order to more accurately understand the nature of the forces arising and more accurately
determine the desired parameters on the obtained model.
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1 - pump
2 - boiler
3 - heat exchanger-supercharger
4 - shock valve
5 - check valve
6 - hot water tank
Aig/l 7 - cold water tank

8 - check valve

Figure 1. Work concept heat exchanger—supercharger.

Both circuits are filled with water before starting operation. Then turn the pump 1 and the
boiler 2. The pump 1 circulates in the heating circuit and the heat from the boiler 2 is transferred to
the heat exchanger-supercharger 3. Next, include the drive of the shock valve 4 and it is periodically
closed and opened. At the moment of closing the shock valve 4, a reverse wave of increased
pressure occurs, which expands the inner surface and displaces the inner volume from the heat
exchanger of the supercharger 3 through the check valve 5 to the hot water tank 6. Further, when the
shock valve 4 is opened, the inner surface is compressed by the action of elastic forces and the inner
cavity of the heat exchanger-supercharger is filled with cold water from the cold water tank 7
through the check valve 8.

Analysis of test results
Shows the results of 6 experiments from the LGraph program.
For figure 2 graph of temperature changes over time in the heating and closed loop at the
frequency of interruption of the flow of 0.5 Hz (this corresponds to the frequency of the supply
voltage of 10 Hz).
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interruption frequency of 0.5 Hz.

As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 460 seconds.

For figure 3 according to the results of the second experiment, a graph of temperature changes
over time in the heating and closed loop at the frequency of interruption of the flow of 0.6 Hz (this
corresponds to the frequency of the supply voltage of 12 Hz) is shown.
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Figure 3. Graph of temperature changes over time in the heating unit and closed loop at a flow

interruption frequency of 0.6 Hz.

o

As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 345 seconds.

In the results of the third experiment from the L Graph program.

Figure 4 shows a graph of temperature changes over time in the heating and closed loop at the
frequency of flow interruption of 0.7 Hz (this corresponds to the frequency of the supply voltage of
14 Hz).
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Figure 4. Graph of temperature changes over time in the heating unit and closed loop at a flow
interruption frequency of 0.7 Hz.

As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 343 seconds.

In the results of the fourth experiment from the L Graph program. For Figure. 5 graph of
temperature changes over time in the heating and closed loop at the frequency of interruption of the
flow of 0.8 Hz (this corresponds to the frequency of the supply voltage of 16 Hz).
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Figure 5. Graph of temperature changes over time in the heating unit and closed loop at a flow
interruption frequency of 0.8 Hz
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As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 292 seconds.

Figure 6 shows a graph of temperature changes over time in the heating and closed loop at the
frequency of interruption of the flow of 0.9 Hz (this corresponds to the frequency of the supply
voltage of 18 Hz) about exponential dependence and reaches the set value in 292 seconds.
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Figure 6. Graph of temperature changes over time in the heating unit and closed loop at a flow
interruption frequency of 0.9 Hz.

As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 253 seconds.

Figure 7 shows a graph of temperature changes over time in the heating (closed) circuit at a
frequency of interruption of the flow of 1 Hz (this corresponds to the frequency of the supply
voltage of 20 Hz).
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Figure 7. Graph of temperature changes over time in the heating unit and closed loop at a flow
interruption frequency of 1 Hz.

As can be seen from this graph, the temperature of the coolant in the heated (closed) circuit
increases exponentially and reaches the set value in 249 seconds.

Figure 8 shows a graph of changes in the flow rate of the coolant from the frequency of the
supply voltage in a closed loop.

As can be seen from this graph, the flow rate of the coolant in the heated (closed) circuit
increases to the maximum value at a frequency of about 16 Hz.

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 at 3 mass values:
2.7;5.4; 8.1 kg.
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Figure 8. Graph of the dependence of the coolant flow rate on the frequency of the supply voltage in
the heated (closed) circuit.

The frequency response graph shows that with an increase in mass by 2 times in relation to
the base value (m=2.7 kg), the amplitude of the pressure increment at a frequency of 5 Hz increases
by 3 times, and with an increase in mass by 3 times increases by 7 times. As for the frequency
response, at a frequency of 5 Hz, the pressure lags behind the phase flow rate (-1.6 rad.) for all mass
values.
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Figure 9. Amplitude frequency response energy circuit.
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Figure 10. Phase frequency response energy circuit.
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Conclusion

A review of the most well-known non-volatile hot water heating systems for industrial and
household needs has shown that the efficiency of such systems no longer meets the requirements of
today in terms of their energy efficiency. The greatest demand is for non-volatile systems with non-
traditional and renewable energy sources. However, the effectiveness of the latter is still low. Using
the potential of pulse systems, as well as combining the functions of heat transfer and supercharger
will make such systems more attractive.

A model sample of a heat exchanger-supercharger with a capacity of 200 1/h with a soldered
active part made of copper sheets, which have a large number of loading cycles, has been
developed.

The scheme of the laboratory installation is developed, which is an independent circuit from
the heat source with a pulse circulation of the coolant. The unit allows testing the heat exchanger-
supercharger at different performance at the frequency of fluctuations of the coolant from 0.5 to 2
Hz.

A mathematical model of a laboratory installation with a supercharger heat exchanger in the
form of an energy chain has been developed, which allows predicting the available head (pressure)
at the supercharger outlet for different water masses in the circuit. It is found that with increasing
water mass in the circuit, the pressure increment to the flow rate increases at the same frequency.
The increment of pressure to flow (hydraulic resistance) the greater it is the higher the heat transfer
according to the Reynolds hypothesis.

As a result of thermal tests, graphs of temperature changes over time in the heated and closed
circuit at flow interruption frequencies from 0.5 to 1 Hz are obtained. It is found that with
increasing frequency of flow fluctuations, the heating time of the coolant in a closed loop decreases
by almost 1.85 times.
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