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Fig.l1 Model of cooling water jacket in diesel engine
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Fig.2 Cooling water jacket cavitation of diesel engine
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Note: The wall EFGH represents vibrated wall, the wall ABCD representsinlet wall
of cooling water, the wal IJKL represents outlet wall of cooling water, the rest
walls are simplified to rectangular wallsin order to smplify the calculation mode.
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Fig.3 Three-dimensional modd of cooling jacket with vibration wall
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Fig.4 Deformation trend curve of vibration wall components
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Note: Inlet velocity of cooling water is 2 m-s ™, flow temperatureis 70 C.
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Fig.6 Cavitation cloud picture with and without vibration
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Note: Cavitation cloud at the time of 5.004e- 4swith vibration , flow temperature
of 70 “C, inlet velocity of cooling water of 0.5, 2, 35, 5m-s™.
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Fig.7 Cavitation cloud picture under conditions of
different inlet flow velocity
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Note: Cavitation cloud at the time of 5.004e- 4 s with vibration, inlet velocity of
cooling water is 2 m-s*, flow temperature of 50, 60, 70, 80 C.
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Fig.8 Cavitation cloud picture under conditions of
different fluid temperature
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1. Submersible pump 2. Rubber tube 3. Diverging duct 4. Control vavel
5. Control valve 2 6. Flowmeter 7. Thermometer 8. Inlet pressure gauge
9. Exciter 10. Windows components of cavitation experiment 11. Lighting
system 12. Outlet pressure gauge 13. Control valve 3 14. High speed digital
camera 15. Computer 16. Thermostat device 17. Cooling water tank

B9 HKREXETEH
Fig.9 Schematic of experimental device
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Note: F is the force of vibration wall, the arrow points the direction of F.
Cavitation images with inlet velocity of cooling water of 2 ms™, flow
temperature of 70 °C. Cavitation images with inlet velocity of cooling water of 2
m-s%, flow temperature of 70 °C.
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Fig.10 Comparison of cavitation images with or without
vibration at different time
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Note: Flow temperature of 70 °C, inlet velocity of cooling water of 2 000, 2 500,
3000L-h™
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Fig.11 Cavitation images under conditions of different
inlet flow velocity at same time
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Note: Cavitation cloud with vibration, inlet velocity of cooling water of 2 000 L-h,
flow temperature of 50, 70 C.
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Fig.12 Comparison of cavitation images under conditions of
different fluid temperature at different time
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Analysis and experiment on cavitation mechanismin
cooling water jacket of diesel engine

Du Huiyong, Zhou Wenijin, Li Min, Liu Jianxin, Li Pengtao, Xu Bin
(College of \hicle and Transportation Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: Light weight and high power become the trend of the development of diesel engine. At the same time, the liner
cavitation erosion of engine cylinder becomes one of the important restrictions of engine reliability and life. A lot of research
has been made and the results show that cooling water jacket cavitation erosion theories widely accepted are: A high frequency
vibration of cooling water jacket leads to the cavitation and the cavitation bubbles breaking produces a shock wave and
micro-jet, which have the mechanical action to cooling water jacket and lead to the occurrence of cavitation erosion. Therefore,
the study of the flow characteristics of the cooling water jacket near the vibrating wall is an effective way to understand the
spatial and temporal distribution of cavitation. In this paper, the computational fluid dynamics (CFD) simulation method was
used to investigate the forming mechanism of cavitation in engine cooling jacket. By analyzing the cooling water jacket of the
diesel engine, taking the part of cooling water jacket in the minimum space of the flow channel near the vibration wall as the
research object, a three-dimentional model of diesel cooling water jacket was built. Then according to the calculation and
analysis of the vibration wall components’ single knock experiment, the moving mesh was set. Then the characteristics of flow
and cavitation under various inlet velocity and fluid temperature with and without wall vibration were simulated. The
cavitation characteristics were compared and analyzed under the conditions of different inlet velocity and different flow field
temperature with the influence of cylinder wall vibration, and the numerical theory of cooling water jacket cavitation erosion
was improved, which also guided the cooling water jacket cavitation erosion experiment of the vibration. According to the
simulation results, a wall vibration cavitation erosion visuaization bench was designed and built, the related experimental
verification was proceeded in the visual experiment platform, and the credibility of the simulation calculation was confirmed.
The simulation results were validated by the experiments on this optical rig. The outcome of the study indicated that cavitation
occurred in the minimum space of the flow channel, and grew up in the downstream. Higher velocity of inlet flow (from 2 000
to 3 000 liters per hour) caused stronger cavitation near the vibration wall of the cooling water flow field, but it was not
significant, so the significant change was not observed in the cavitation images under the condition of different inlet flow
velocity. On the contrary, higher temperature of inlet flow (above 50 ‘C) caused weaker cavitation, and the strongest
cavitation occurred at the temperature of 50 ‘C. An obvious cavitation phenomenon appeared when the wall which fluid
flowed by was vibrated in a very high frequency, and this change of cavitation was much stronger than those caused by various
inlet flow velocity and fluid temperature. So the author thought that cooling water jacket vibration was the more important
factor than cooling water flow velocity and temperature that caused cavitation. This study will be helpful in controlling the
occurrence of cavitation in cooling water jacket and lowering the cavitation erosion risk of cooling water jacket.
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