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According to the developed general research methodology, the experiments were conducted 

in two stages: 

- laboratory - taking the loading and external speed characteristics of the 4Ch 11/12.5 engine 

when injecting different mass-volume fractions of water into the intake manifold; 

- field - carrying out traction tests of the pilot model of the agricultural seeding machine-

tractor unit as part of the MTZ-82 tractor and the SZS-2.1 stubble planter on the stubble of fodder 

crops (clover of the first year of use). 

In accordance with the experimental research program, measurement methods were selected 

and sensor installation locations were determined, current collector designs and measurement 

schemes for individual parameters were developed. 

Laboratory tests. Laboratory tests were conducted in a room with active ventilation at an 

ambient air temperature not exceeding 20...30 0C. Atmospheric pressure was recorded at no more 

than 90...100 kPa (675...760 mm Hg). The values of engine parameters (torque, engine crankshaft 

speed, and fuel consumption) were determined simultaneously. The time for measuring fuel 

consumption was at least 30 seconds. Experiments were conducted in accordance with the 

recommendations of DSTU 18509 and DSTU 41.96-2011. 

Before starting the tests, the brake stand and instruments were calibrated. Temperatures 

were recorded during the measurements: 

- air supplied to the engine (measurements were carried out at a distance of no more than 

0.15 m from the inlet to the air cleaner); 

- exhaust gases of the engine (measurements were carried out at a distance of no more than 

0.10 m behind the outlet flange of the exhaust pipeline); 

- coolant and oil in the engine crankcase; 

- diesel fuel (at the entrance to the engine fuel system). 

Atmospheric pressure and exhaust gas pressure were also recorded (at a distance of no more 

than 0.10 m from the outlet flange of the exhaust pipeline). The test bench was additionally 
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equipped with a device for supplying water to the intake manifold of the experimental engine 4Ch 

11/12.5. 

Water was supplied under pressure created by an electric centrifugal pump. The 

synchronicity of the water supply control depending on the load on the brakes was ensured by the 

mechanical connection of the liquid rheostat reducer with the ball valve on the water line of the 

water injection system (Fig. 2). 

Fuel consumption was measured by a mass method. In order to increase the accuracy, the 

measurement of water flow was carried out simultaneously by mass and volume methods. 

When testing the engine, an electric brake stand KI-1363В was used. 

The study of the working process (indication) was carried out with the help of a 

piezoelectric pressure sensor, which was installed in the first cylinder of the experimental engine. 

Considering the fact that the readings of the piezoelectric sensor largely depend on the heating of 

the sensitive element, the sensor was equipped with a cooling system. The applied cooling system 

ensured a stable temperature of the piezoelectric sensor throughout the experiment. 

 

References: 

 

1. Avduevsky, V.S. Reduction of nitrogen oxide emissions from power plants by 

introducing water into the burning zone [Text] / V.S. Avduevsky, U.G. Pyrumov, A.I. Papusha, 

V.A. Hryhoryev, E.P. Volkov, V.I. Kormylitsyn // Proceedings of Energy Institute. – 2004. – No. 

50. - S. 3 – 19. 

2. Aleksandrov, A.A. Thermophysical properties of working substances of thermal energy: 

Internet reference [Text] / A.A. Aleksandrov, K.A. Orlov, V.F. Ochkov - Publishing House. – 2009. 

3. Alekseev, V.P. Engines of internal combustion: The structure and operation of piston 

and combined engines: Textbook for university students on the specialty "Engines of internal 

combustion" [Text] / V.P. Alekseev, V.F. Voronin, L.V. Grekhov and others; Under the 

municipality ed. A.S. Orlyna, M.G. Kruglova. - 4th ed., revised. and additional - 2000. - 288 p. 

4. Altukhov, A.I. Grain sources of alternative fuel [Text] / A.I. Altukhov // Vestnyk GAU. 

–2007. – No. 2. - S. 4 - 9. 

5. Blednykh, V.V. Improvement of working bodies of tillage machines based on 

mathematical modeling of technological processes: 05.20.01 [Text] / V.V. Blednykh // Diss. ... Dr. 

Tech. Sciences. — L.: B.y., 2009. – 230 p.: ill. 

6. D. Marchenko; A. Dykha; V. Aulin; K. Matvyeyeva, K. Tishechkina, V. Kurepin, 

“Development of Technology and Research of Method of Electric Hydropulse Hardening of 

Machine Parts”, IEEE Problems of Automated Electrodrive. Theory and Practice (PAEP), 21-25 



175 
 

Sept. 2020, Conference Location: Kremenchuk, Ukraine © Publisher: IEEE (Institute of Electrical 

and Electronics Engineers), USA, 2020. https://doi.org/10.1109/PAEP49887.2020.9240796. 

7. A.V. Dykha, D.D. Marchenko, V.A. Artyukh, O.V. Zubiekhina–Khaiiat, V.N. Kurepin, 

“Study and development of the technology for hardening rope blocks by reeling”, Eastern–

European Journal of Enterprise Technologies, vol. No. 2/1 (92), Ukraine: PC "TECHNOLOGY 

CENTER", 2018, pp. 22–32. https://doi.org/10.15587/1729-4061.2018.126196. 

8. A.V. Dykha, D.D. Marchenko, "Prediction of the wear of sliding bearings", 

International Journal of Engineering and Technology (UAE), vol. 7, no 2.23, India: “Sciencepubco–

logo” Science Publishing Corporation. Publisher of International Academic Journals, 2018, pp. 4–8. 

https://doi.org/10.14419/ijet.v7i2.23.11872. 

9. D. Marchenko; A. Dykha; V. Kurepin; K. Matvyeyeva, K. Tishechkina, V. Kurepin. 

Development of Technology and Research of Method of Electric Hydropulse Hardening of 

Machine Parts. ISBN: 978-1-7281-9936-8, IEEE Problems of Automated Electrodrive. Theory and 

Practice (PAEP), Date of Conference: 21-25 Sept. 2020, Conference Location: Kremenchuk, 

Ukraine © Publisher: IEEE (Institute of Electrical and Electronics Engineers), USA. 

https://doi.org/10.1109/PAEP49887.2020.9240796. 


