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Abstract. This paper has developed a diesel engine cylinder liner and cooling water heat
exchange enhancement device, including diesel engine cylinder liner, cylinder liner water cooler,
hydraulic accumulator, check valve, diaphragm booster, centrifugal water pump, pulse valve and
Conical tube. As well as the pulsating circulation system and booster system composed of
equipment. The device heats the heat generated by the diesel engine cylinder liner in a pulsating
circulation system through a cylinder circulator in a pulsating circulation system to exchange heat
with the external low-temperature seawater. By controlling the opening and closing of the pulsating
valve in the pulsating circulation system, fluid is generated in the pipe. Pulsing and hydraulically
impacting the diaphragm booster connected near the pulsation valve pipeline, the fluid at the outlet
of the diaphragm booster is subjected to hydraulic shock and circulates in a closed booster circuit
connected to the diaphragm booster and passes through the cone during the flow. The shaped tube
accelerates the fluid to return to the diaphragm supercharger, and the kinetic energy of the fluid is
converted into the pressure in the pulsating heat exchange system by impacting the elastic
diaphragm of the diaphragm supercharger, so that the pulsating speed is increased. The present
invention is to increase the pulsating velocity of the diaphragm. Based on the design of the
compressor drive, it improves energy efficiency, avoids the use of high-power water pumps, and
saves equipment construction and daily operation.

Annomayusa. B nanHo# crarbe ObUM pa3paOoTaHbl TWIb3a LHUIMHIPA AU3EIBHOTO JBUTATEN
U YCTPOWCTBO JAJIS YAYYIIEHHUS TEIIO0OMEHA OXJIaXXIalollel BOAbI, B TOM YMCIe TUib3a LMIMHIPA
JU3EJIbHOTO JIBUTATEeNsl, OXJIAAUTENb BOABI B T'WIIb3€ LWIMHAPA, THIPABIMYECKUU aKKyMYJSTOD,
oOpaTHBIM KIanaH, TUAPOYCHWINTEIh MeMOpaHbl, IEHTPOOEKHBI BOISHON HAacoC, MMITYJIbCHBII
KJIalaH ¥ KoHUYeckas TpyOka. Takke mynbcupyrolias cucTeMa HUPKYISALUY U OycTepHas cUcTeMa B
cocTtaBe O0OOpYIOBaHHUS. YCTPOMCTBO HAarpeBaeT TeIUI0, TeHEpUpyeMOe THIb30H IWIMHIpA
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IU3EIbHOTO JBUTATENsS] B IYJIbCUPYIOLICH LUPKYIALHOHHOW CHCTEME, 4epe3 LUPKYIALUOHHBINA
WIMHAP B NYJIbCUPYIOIIEH NIHUPKYIALMOHHOM cucteMe i oOMEHa TEeIUIOM C BHEIIHEH
HU3KOTEMIIEpaTypHOM Mopckoi Bomou. IlocpeacTBoM ympaBiieHMs OTKpPBITUS M 3aKPBITUSA
MYJIbCUPYIOILEro KiarnaHa B HYJIbCUPYIOILEH LUPKYISILMOHHON cucremMe B Tpybe oOpasyercs
KHUIKOCTh. VIMIynbCHOE M THAPABIMYECKOE BO3JIEHCTBYIOIIEE HA YCHIMTENb Auadparmsl,
COEIMHEHHBIN PSIIOM C TPYOOIIPOBOIOM KJilalaHa IMyJIbCalluM, )KUIAKOCTh Ha BBIXOAE U3 YCHIIUTENSA
nuadparMbel MOJBEpPraeTcsi TUAPABIMUYECKOMY yAapy U IHPKYIHPYET B 3aMKHYTOM KOHTYpe
YCUJIMTENS], COEJUHEHHOM C YCUJIUTENeM JuadparMel, U MPOXOAUT Yepe3 KOHYC BO BpeMs IOTOKA.
ITpodunupoBanHas TpyOka yCKOpPsET KHUAKOCTb, YUTOOBI BEPHYThCSI B MEMOPAHHBIA HarHeTaTelb, U
KMHETUYECKas SHEprusi JKUIKOCTH IpeolOpasyercs B JaBICHHUE MYJIbCUPYIOUIEH CUCTEMBI
TEII000MEHa, BO3CUCTBYS HA YIPYTyI0 MeMOpaHy MeMOPaHHOTO HAarHeTaTesns, Tak YTO CKOPOCTh
OyIbCallMM  yBENIMYMBAETCA. 3afaded  HACTOSILEro M300peTeHMs  SBISETCS — yBEJIWYECHHE
YJIbCUPYIOIEH CKOPOCTH JuadparMbl, OCHOBaHHBIH Ha KOHCTPYKLUHU IPHUBOJA KOMIpEccopa, OH
MOBBIIIACT 3HEProdpPEeKTUBHOCTH, MPEHEOPEraeT UCTIONIb30BAaHIHEM MOIIHBIX BOASHBIX HACOCOB, a
TaK)K€ SKOHOMMT KOHCTPYKIMIO OOOpYHAOBaHUS U €XKEIHEBHbIE 3aTparbl Ha OJKCIUIyaTalUI0 U
o0CITy)KHBaHHE.

Keywords: membrane pump, electric drive, hydraulic drive, pipe pulsation.

Knrouesvle cnosa:  MeMOpaHHBI  HAcoC, DJJEKTPONPHUBOMA, THAPABIMYECKUN  TPUBOJ,
mynbcanus Tpyo.

Introduction

In the study of pulsating heat transfer, the average speed of the pulsating flow, the pulsating
frequency, and the pulsating amplitude can be controlled by adjusting the speed of the motor to
enhance the heat transfer [1]. However, because of the frequency modulation of the motor and the
transmission of fluid by the pipeline pump, electrical energy is required, and energy consumption is
high [2]. The traditional pulsation generating device generally adopts a method such as a solenoid
valve or a reciprocating pump. The method of enhancing heat exchange efficiency by consuming
additional energy makes the energy saving effect not ideal, resulting in the limitation of active
enhanced heat exchange in practical applications [3]. Therefore, improving the heat exchange
efficiency of the heating system and reducing the energy consumption of the pulsation device has
become a problem for the pulsation heat exchange technology [4]. Since pulsation-enhanced heat
transfer belongs to active intensified heat transfer in the classification of convection-enhanced heat
transfer technology, additional mechanical energy is required to perform work during heat exchange,
which increases efficiency while increasing new energy consumption [11].

Material and research methods

As shown in Fig.1, a marine diesel engine cylinder liner and cooling water heat exchange
enhancement device includes a diesel engine cylinder liner 1, a cylinder liner water cooler 5, a
centrifugal water pump 2, an electric motor 4, a pulsation valve 3, and a first check valve 8 , A second
check valve 11, a diaphragm booster 7, a conical tube 9, a first hydraulic accumulator 6, a second
hydraulic accumulator 10, which are characterized by a diesel engine cylinder liner 1 and a centrifugal
water pump 2, a pulsation valve 3. The cylinder liner water cooler 5 and the first hydraulic accumulator
6 constitute a pulsating circulation system of cooling water. The cooling water in the diesel cylinder
liner 1 is connected to the centrifugal water pump 2 through a pipeline, and a pulsation valve 3 is
installed in the pipeline behind the centrifugal water pump 2. The first hydraulic accumulator 6 is
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connected between the centrifugal water pump 2 and the pulsation valve 3. To compensate for the
pressure fluctuations of the pulsating circulation system in the pipeline, the motor 4 is installed on the
pulsation valve 3 to control the pulsation valve to open and close periodically. The cooling water that
cools the diesel engine passes through the cylinder liner 1 of the diesel engine and flows out of the
pipeline and is sucked in by the inlet of the circulating pump 2 and continues to flow through the
pipeline through the pulsation valve 3 to generate a hydraulic shock to form a pulsating flow [5]. The
generated pulsating flow flows through the pipeline to the cylinder liner water. The cooler 5 is cooled
by sea water. The cooled cooling water enters the diesel engine cylinder liner 1 along the pipeline again
to form a closed pulsating cycle. The supercharging system consisting of the diaphragm supercharger 7
and the tapered tube 9 and the second hydraulic accumulator 10 is connected to the inlet of the
pulsation valve 3 through the inlet of the diaphragm supercharger 7 [6]. A second check valve 11 is
connected to an outlet a, and a first check valve 8 is connected to the second outlet b. The conical tube
9 is connected to the pipeline behind the first check valve 8, and the second hydraulic accumulator 10
is connected to the pipeline behind the conical tube 9 to compensate for pressure fluctuations in the
booster system. At the moment when the pulsation valve 3 is closed, there is a sharp pressure jump in
the pipe, and the fluid thereby forms a pulse pointing in the opposite direction to the flow direction
[12].

The cooling water is guided to the elastic diaphragm of the diaphragm supercharger 7 at high
speed. The fluid that forms a hydraulic shock under the action of the water hammer flows under
pressure to the inlet ¢ of the diaphragm supercharger 7 and enters the lower cavity of the diaphragm
supercharger 7 to deform the elastic diaphragm. After the elastic diaphragm is deformed, the liquid in
the cavity of the diaphragm supercharger 7 is pushed through the first one-way valve 8, and the fluid
flows to the conical tube 9 through the first one-way valve 8. The large static pressure decreases, and
the second hydraulic accumulator 10 connected to the conical tube 9 will compensate for the pressure
fluctuation of the liquid [7]. After the speed increases, the fluid continues to flow along the pipeline to
the second one-way valve 11. After passing through the second one-way valve 11, it flows back to the
diaphragm supercharger 7 and impacts the elastic diaphragm [14]. Boost cycle. At this time, the
pressure in the pulsating circulation system increases due to the effect of the elastic diaphragm, so the
velocity of the pulsating fluid increases due to the pressure rise, and the heat exchange efficiency will
also increase after the speed increases.

=]
0 :
B ?

Figure 1. Experimental installation diagram.

As shown in Fig.2, the exterior of the diaphragm booster 7 is composed of a lower cavity 7-1
having an inlet ¢ and an upper cavity 7-5 having a first outlet a and a second outlet b. The lower cavity
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7-1 is of equal height design. The upper cavity 7-5 is a cylindrical shell without a bottom surface. The
top circular surface has two symmetrical first and second outlets a and b. It is connected with the lower
cavity 7-1 by screws. The lower cavity 7-1 is a rounded truncated shell without a top surface. The
diameter of the top surface is larger than the diameter of the bottom surface. The diameter of the top
surface is the same as the diameter of the upper cavity 7-5. The top is also symmetrical to the upper
cavity 7-5. The flange has a fluid inlet c at the bottom circle center. A circular elastic diaphragm 7-2
having a diameter larger than the diameter of the bottom surface of the upper cavity 7-5 is located
inside the diaphragm supercharger 7 and is fixed between the lower cavity 7-1 and the upper cavity 7-5
by screws. Separated and sealed at the flange to prevent fluid leakage. Insert a hollow bolt 7-6 at the
top circle center of the upper cavity 7-5 and fix it with the upper cavity 7-5. The solid bolt 7-4 is fixed
to the circle center of the elastic diaphragm 7-2 by the support washer at the bottom. And into the
hollow bolt 7-6 on the other side. The adjusting spring 7-3 is sleeved on the solid bolt 7-4, the top is
supported by the hollow bolt 7-6, and the bottom is supported by the washer. When a water hammer
occurs at the source of the fluid pulsation, its positive wave will ensure that the elastic diaphragm 7-2
moves upward, which overcomes the rigidity of the elastic diaphragm 7-2. At the moment when the
positive wave of the water hammer changes the sign to the opposite, the elastic diaphragm 7-2 will
move downward under the action of the elastic force of the adjustment spring 7-3 [13]. Therefore, a
part of the newly injected fluid will enter the upper cavity 7-5 of the diaphragm supercharger 7 through
the first outlet a of the diaphragm supercharger 7. After that, the working process of the diaphragm
booster 7 will be completely repeated in the above order [15].

Figure 2. Diaphragm booster schematic

In this experiment, three groups of different pulsating frequencies were analyzed, and the
effects of the presence or absence of a diaphragm booster on the pulsating pressure of the pipeline were
compared at the same pulsating frequency. The three sets of pulsating frequencies in the experiment
were f1; the flow rate in the pipeline was f1=1.43Hz, f2=1.70Hz, f3=2.85Hz; the flow in the pipeline
is 0.000182m3/s, 0.00022m3/s. The cylinder liner of the diesel engine selected for the experiment is
SD1125 series direct injection single cylinder diesel cylinder liner. The selected centrifugal water pump
is the WILO TOP-S40/10 centrifugal water pump made in Germany. The pulsation valve is a VFR
camshaft valve produced by Chongging Chuanyi Regulating Valve Co., Ltd. The first and second
hydraulic accumulators are both diaphragm type hydraulic accumulators in gas hydraulic
accumulators. In this experiment, the heat exchanger is a self-designed spiral coil heat exchanger. Fig.
3 shows the overall setup of the experimental system.
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Figure 3. Shows the overall setup of the experimental system

Results and discussion

Through the pulsation boosting heat transfer experiment, the change curves of the pressure
increase value of the diaphragm supercharger with time at different pulsation frequencies were
obtained. The change curves of the pipe pressure before and after the boost were compared [8]. The
pressure was obtained by analyzing the experimental data Change as a function of time.
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Figure 4. The relationship between the experimental pressure curve a) and the fitted pressure

curve b) over time when f = 1.43HZ
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Figure 5. The relationship between the experimental pressure curve a) and the fitted pressure
curve b) over time when f = 1.70HZ
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Figure 6. The relationship between the experimental pressure curve a) and the fitted pressure
curve b) over time when f = 2.23HZ

When the flow rate G1 in the pulsation system is constant, the relationship between the
pulsation frequencies f3>f2>f1 and pressure changes is shown in Figs.3,4,5. As the pulsation
frequency increases, the pressure generated by the diaphragm booster increases. The valve of the
pulsation valve is driven by the motor to rotate the cam mechanism to control the opening and
closing of the valve to generate a pulsating flow. As the frequency of the motor increases, the valve
closing time is reduced [9]. Is due to the effect of pressure increase, which is the water hammer
pressure. The pressure of the hydraulic shock in the pipeline increases as the valve closing time
decreases, and the valve closing time is controlled by the motor frequency. Therefore, increasing the
frequency of the motor means that the pipeline can produce a higher hydraulic shock. When the
valve in the pipeline is momentarily closed, the moving fluid will produce a reverse shock wave.
The pressure of the shock wave will cause the elastic diaphragm of the diaphragm supercharger to
deform to promote the circulation of fluid in the pipeline connected to the outlet of the diaphragm
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supercharger[10]. When the fluid in the diaphragm booster system flows through the standard
orifice plate, the flow rate increases, and the greater the impact pressure, the greater the acceleration
of the fluid. When the accelerated fluid returns to the diaphragm booster, the elastic diaphragm will
The high impact pressure acts on the pulsating fluid in the pipeline connected at the inlet of the
diaphragm booster, thereby increasing the pressure of the pulsating fluid. As shown in Fig. 6, when
the pulsation frequency f3>f2>f1, the change in pressure difference caused by the fluid acceleration
in the diaphragm booster hasAP3>AP2>AP1.
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Figure 7. Relationship between pressure difference and frequency f at the same flow

Conclusion

The analysis of the literature on the issue of increasing the energy efficiency of the membrane
supercharger, in order to determine the relevance of the study. As a result of the analysis of the
literature on the design, calculation, operation of diaphragm pumps with different types of drives, as
well as pulsed heating systems, the idea of using pulsed coolant flow with acceleration in the circuit
of a diaphragm pump to drive it was obtained.

The diaphragm booster device developed based on the principle of hydraulic shock is feasible.
The device improves the heat exchange efficiency of the system through the conversion of the
fluid's own energy, saving the energy consumption of the engine cooling system. Increased
pressure.

References:

1. Timité, B., Castelain, C., & Peerhossaini, H. (2010). Pulsatile viscous flow in a curved
pipe: Effects of pulsation on the development of secondary flow. International Journal of Heat and
Fluid Flow, 31(5), 879-896. https://doi.org/10.1016/j.ijheatfluidflow.2010.04.004

2. Zhuang, N., Tan, S., Yuan, H., & Yang, B. (2017). Flow resistance of low-frequency
pulsatile turbulent flow in mini-channels. International Journal of Heat and Fluid Flow, 65, 21-32.
https://doi.org/10.1016/j.ijheatfluidflow.2017.03.005

3.Yuan, H., Ding, Y.., & Li, R. (2017). Experimental research on enhanced heat transfer based
on pulsating flow of marine plate heat exchanger. Energy Conservation Technology, 35(5). 433-437.

4. Makeev A. N., (2010). A Pulsed Heat System for a Public Building: Dis. Cand. tech.
Sciences. Saransk. (in Russian)

5. Hovsepyan, V. M. (1968). Hydraulic ram and ram installations. Mechanical Engineering,
(in Russian)

() _©
@ X Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 220


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 6. Ned. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/53

6. Hemida, H. N., Sabry, M. N., Abdel-Rahim, A., & Mansour, H. (2002). Theoretical analysis
of heat transfer in laminar pulsating flow. International journal of heat and mass transfer, 45(8),
1767-1780. https://doi.org/10.1016/S0017-9310(01)00274-5

7. Valencia, A. (1997). Effect of pulsating inlet on the turbulent flow and heat transfer past a
backward-facing step. International communications in heat and mass transfer, 24(7), 1009-1018.
https://doi.org/10.1016/S0735-1933(97)00086-9

8. Wei-Wei, H. Y. L. Y., & Wen-Quan, Z. C. F. T. (2005). Numerical study of enhancing heat
transfer by pulsating flow [J]. Journal of Engineering Thermophysics, 3.

9. Karamercan, O. E., & Gainer, J. L. (1979). The effect of pulsations on heat
transfer. Industrial & Engineering Chemistry Fundamentals, 18(1), 11-15.

10. Lemlich, R. (1961). Vibration and pulsation boost heat transfer. Chem. Eng, 68(10), 171-
176.

11. Zhang, D. H., Ding, Y. X., Wu, M. F,, Zhang, F. M., & Chen, N. (2016). The Research
Progress of Heat Transfer Enhancement of Pulsating Flow in Tube. Energy Conservation
Technology, (3), 7.

12. Peng, L., Qu, D., Xu, W.., & Chen, J. (2018). Study on the closure of ball valve based on
water hammer protection. Vibration and Shock, 37(21). 41-45.

13. Popov, D. N. (1982). Nonstationary hydromechanical processes. Mechanical Engineering,
238. (in Russian)

14. Ogle, J. W., & Engel, A. J. (1965). The Effect of Vibration on a Double-pipe Heat
Exchanger. Chemical Engineering Progress Symposium Series, 61(5), 118-122. (in Russian)

15. West, F., & Taylor, A. (1952). The Effect of Pulsations on Heat Transfer. Chemical
Engineering Progress, 48(1), 39-43. (in Russian)

Cnucok numepamypui

1. Timité B., Castelain C., Peerhossaini H. Pulsatile viscous flow in a curved pipe: Effects of
pulsation on the development of secondary flow // International Journal of Heat and Fluid Flow.
2010. Vol. 31. Ne5. P. 879-896. https://doi.org/10.1016/j.ijheatfluidflow.2010.04.004

2. Zhuang N. et al. Flow resistance of low-frequency pulsatile turbulent flow in mini-channels
/I International Journal of Heat and Fluid Flow. 2017. Mol. 65. P. 21-32.
https://doi.org/10.1016/j.ijheatfluidflow.2017.03.005

3. Yuan H., Ding Y.., Li R. Experimental research on enhanced heat transfer based on
pulsating flow of marine plate heat exchanger // Energy Conservation Technology. 2017. Vol. 35.
Ne05. P. 433-437.

4. MaxkeeB A. H. UmnynbcHas cucteMa TEIUIOCHA0KEHHS 00IIIECTBEHHOTO 37[aHus: TUCCED. ...
kaH1. TexH. Hayk. Capanck, 2010. 153 c.

5. OscensiH B. M. I'mapaBnnueckuil TapaH ¥ TapaHHble yCTaHOBKU. M.: MammHocTpoeHuE.
1968.

6. Hemida H. N. et al. Theoretical analysis of heat transfer in laminar pulsating flow //
International journal of heat and mass transfer. 2002. Vol. 45. Ne8. P. 1767-1780.
https://doi.org/10.1016/S0017-9310(01)00274-5

7. Valencia A. Effect of pulsating inlet on the turbulent flow and heat transfer past a
backward-facing step // International communications in heat and mass transfer. 1997. Vol. 24. Ne7.
P. 1009-1018. https://doi.org/10.1016/S0735-1933(97)00086-9

8. Wei-Wei H. E. Y. L. Y., Wen-Quan Z. C. F. T. A. O. Numerical study of enhancing heat
transfer by pulsating flow [J] // Journal of Engineering Thermophysics. 2005. Vol. 3.

() _©
@ ¥ Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 221


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 6. Ned. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/53

9. Karamercan O. E., Gainer J. L. The effect of pulsations on heat transfer // Industrial &
Engineering Chemistry Fundamentals. 1979. Vol. 18. Nel. P. 11-15.

10. Lemlich R. Vibration and pulsation boost heat transfer // Chem. Eng. 1961. Vol. 68. Ne10.
P. 171-176.

11. Zhang D. et al. The Research Progress of Heat Transfer Enhancement of Pulsating Flow in
Tube // Energy Conservation Technology. 2016. Ne3. P. 7.

12. Peng L.., Qu D., Xu W.., Chen J..Study on the closure of ball valve based on water
hammer protection // Vibration and Shock. 2018. Vol. 37. Ne21. P. 41-45.

13. Tlonos /I. H. Hecranmonapuele TuapoMeXaHuuecKue mnpoueccbl. M.: MammHocTpoeHue,
1982.

14. Orn k. B., Ourens A. J[x. Bausaue BuOpauuu Ha ABYXTpYOHBIH TErI00OMEHHHK //
Xumuueckas umkeHepus. 1965. T. 61. Ne5. P. 118-122. (in Russian)

15. Bect @., Teitmop A. BiuusiHue mynbcanuii Ha TerioooMen // XuMudeckas WHKCHEPHS.
1952. Beim. 48. Nel. C. 39-43. (in Russian)

Paboma nocmynuna IIpunsma k nyoruxkayuu
6 peoaxyuro 01.03.2020 2. 05.03.2020 .

Ccolnka 015 yumupo8aHust.

Zhou Y., Liu Z., Golyanin A. Study on the Effect of Diaphragm Booster on the Pulsed Heat
Transfer of Cooling System // Bromierens Hayku u mpaktuku. 2020. T. 6. Ned. C. 214-222.
https://doi.org/10.33619/2414-2948/53/25

Cite as (APA):

Zhou, Y., Liu, Z., & Golyanin, A. (2020). Study on the Effect of Diaphragm Booster on the
Pulsed Heat Transfer of Cooling System. Bulletin of Science and Practice, 6(4), 214-222.
https://doi.org/10.33619/2414-2948/53/25

() _©
@ X Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 222


http://www.bulletennauki.com/

