
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

The dependence of the temperature cycle in the
cylinder of the CI engine when burning methyl
hydroxide
To cite this article: A A Anfilatov and A I Chuprakov 2020 IOP Conf. Ser.: Earth Environ. Sci. 548
062072

 

View the article online for updates and enhancements.

You may also like
Application of integrated wavelet -EEMD in
cylinder wall clearance Detection of
internal combustion engine
Liu Jiajing, Liu Zhanfeng and Hu Zhiyuan

-

Dynamic Measurement of Extra Long
Stroke Cylinder in the Pneumatic System
Ho Chang, Chou-wei Lan and Liang-Chia
Chen

-

Numerical investigation on the pulsating
bubble dynamics in a narrow cylinder with
a compliant coating
V Farhangmehr, A Hajizadeh Aghdam, M
T Shervani-Tabar et al.

-

This content was downloaded from IP address 3.149.251.154 on 07/05/2024 at 08:02

https://doi.org/10.1088/1755-1315/548/6/062072
https://iopscience.iop.org/article/10.1088/1742-6596/1168/2/022058
https://iopscience.iop.org/article/10.1088/1742-6596/1168/2/022058
https://iopscience.iop.org/article/10.1088/1742-6596/1168/2/022058
https://iopscience.iop.org/article/10.1088/1742-6596/48/1/113
https://iopscience.iop.org/article/10.1088/1742-6596/48/1/113
https://iopscience.iop.org/article/10.1088/0169-5983/46/1/015513
https://iopscience.iop.org/article/10.1088/0169-5983/46/1/015513
https://iopscience.iop.org/article/10.1088/0169-5983/46/1/015513
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst3Rv9K1Eoaf-jh0MWPQDT1eLDHqNVPr4N4gHqvFGThbD7-utAyOsbYwiJbQ7ya_5Ouo0blOsfodp7AKJjxgCvFs6M5-LPSn7eNu_mNcJuXWzgUMIDiXEFCXhrvhFFbvTpU2HdvbiG776Fu6m_L6Ya0MrLO9wM7E3AnxqfRpp6gVA8DfCQC59HC_kj1BcBO2lliE7laSszF-BYgP1r4P53XMS2ARDsRrQoTbkt_Dz--XAk22AcWHdbhy1Ycef6v5D8U7D9F3YcF0uScl6LME8DXvxJ4LCrm0j42MqjrnT3OIBrmy3HdYZcMFfjy6WikHeRNwwvrSCyl1CxMRWThAsdlvNWJ_Q&sig=Cg0ArKJSzDGzZAQZzuTf&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

AGRITECH-III-2020

IOP Conf. Series: Earth and Environmental Science 548 (2020) 062072

IOP Publishing

doi:10.1088/1755-1315/548/6/062072

1

The dependence of the temperature cycle in the cylinder of the 

CI engine when burning methyl hydroxide 

А А Аnfilatov and A I Chuprakov 

Department of thermal engines, Vehicles and tractors, Vyatka State Agricultural 

Academy, 610017, Kirov, October prospect, 133, Russian Federation 

 

E-mail: anfilatov001@mail.ru 

Abstract. In the course of burning, the processes of gas movement intensively occur in the 

cylinder, which contribute to heat transfer to the cylinder walls. A diesel engine has different 

heat dissipation conditions than a gas engine. Due to the higher compression ratio, the 

temperature of the gases leaving the cylinder is much lower. The temperature of the gases in the 

cylinder in the course of burning reaches 2000-2300 °C. Using methyl hydroxide and changing 

the installing angles of advancing fuel injection there is a tendency to change the temperature of 

the cycle in the cylinder of the diesel engine. Starting from a certain position of the piston in the 

course of the compression stroke, the air temperature becomes higher than the wall temperatures, 

and the heat flux changes direction, i.e., heat is transferred from the air to the cylinder walls. 

1. Introduction 

More heat is diverted from the engine to the cooling system and carried away with the exhaust gases 

(EG). Heat removal to the cooling system is necessary in order to prevent the piston rings from burning, 

valve seats burning, piston seizing and jamming, cracking of cylinder heads, the occurrence of 

detonation, etc. To remove heat to the atmosphere, part of the engine’s effective power is spent on the 

fan drive. With air cooling, the power spent on the fan drive is higher due to the need to overcome the 

high aerodynamic drag. 

To reduce losses, it is important to find out how much heat must be removed to the engine cooling 

system and how to reduce this amount [1-5]. 

The burning time in a diesel engine is very short, but in the course of this period the gas pressure 

increases significantly, and the temperature (T) reaches an average of 2000 °C. In the course of burning, 

the processes of gas movement intensively occur in the cylinder, which contribute to heat transfer to the 

cylinder walls. The heat saved in this phase of the work cycle can be converted into useful work in the 

course of the subsequent expansion course. In the course of burning, about 6% of the thermal energy 

contained in the fuel is lost due to heat transfer to the walls of the burning chamber and cylinder. 

In the course of the expansion course, about 7% of the thermal energy of the fuel is transferred to the 

walls of the cylinder. When expanding, the piston moves from TDC to BDC and gradually releases a 

larger surface of the cylinder walls. However, only about 20% of the heat saved even with a long 

expansion course can be converted into useful work [6-9]. 

About half of the heat diverted to the cooling system is accounted for by the exhaust stroke. The EG 

exit the cylinder at high speed and have a high T. Part of their heat is diverted to the cooling system 

through the exhaust valve and the exhaust channel of the cylinder head. Directly behind the valve, the 
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gas flow changes direction by almost 90°, while vortices arise, which intensifies the heat transfer to the 

walls of the exhaust channel. 

EG must be removed from the cylinder head in the shortest way, since the heat transferred to it 

noticeably loads the cooling system and for its removal into the ambient air, it is necessary to use part 

of the effective engine power. In the course of the period of the release of gases, about 15% of the heat 

contained in the fuel is removed to the cooling system [10-14]. 

A diesel engine has different heat dissipation conditions than a gas engine. Due to the higher 

compression ratio, the T of the gases leaving the cylinder is much lower. For this reason, the amount of 

heat allocated in the course of the course of the exhaust is less and in some cases amounts to about 25% 

of all the heat transferred to the cooling system. 

The T of gases in the course of burning in a diesel engine is higher than that of a gasoline engine. 

Together with high speeds of gas rotation in the cylinder, these factors increase the amount of heat 

transferred to the walls of the burning chamber. In the process of burning, this value is about 9%, and 

in the course of the expansion process - 6%. In the course of the course of the discharge, 9% of the 

energy contained in the fuel is allocated to the cooling system [15-19]. 

The T of the gases in the cylinder in the course of burning reaches 2000-2300 °C. If the heat 

transferred to the walls of the burning chamber and cylinder were not removed, then their T would 

exceed the permissible values for the materials from which these parts are made. Much depends on the 

gas velocity near the wall. It is practically impossible to determine this speed in the burning chamber, 

since it varies throughout the entire working cycle. Similarly, it is difficult to determine the T difference 

between the cylinder wall and air. At the inlet and at the beginning of compression, the air is colder than 

the walls of the cylinder and the burning chamber, and therefore heat is transferred from the wall to the 

air. Starting from a certain position of the piston in the course of the compression stroke, the air T 

becomes higher than the wall T, and the heat flux changes direction, i.e., heat is transferred from the air 

to the cylinder walls. The calculation of heat transfer under such conditions is a task of great complexity 

[20-26]. 

Sudden changes in the T of the gases in the burning chamber also affect the T of the walls, which 

fluctuates in the course of one cycle on the surface of the walls and at a depth of less than 1.5-2 mm, 

and is set deeper at a certain average value. When calculating heat transfer, it is this average T value 

that must be taken for the outer surface of the cylinder wall, with which heat is transferred to the coolant 

[27]. 

The surface of the burning chamber includes not only forcedly cooled parts, but also the piston 

bottom, valve plates. Heat transfer to the walls of the burning chamber is inhibited by a layer of soot, 

and into the walls of the cylinder by an oil film. The valve heads must be flat so that a minimum area is 

exposed to hot gases. When opening, the inlet valve is cooled by the flow of the incoming charge, while 

the exhaust valve in the course of operation is very heated by the EG. The valve stem is protected from 

the effects of hot gases by a long guide extending almost to its plate [28]. 

 

2. Experimental part 

Figure 1 shows the effect of the use of methyl hydroxide on the maximum averaged cycle T in a diesel 

cylinder 2H 10.5 / 12.0 when working with fuel injection angle (FIA) at various installing angle 

advances fuel injection at a nominal operating mode at n = 1800 min-1 [29]. 

As can be seen from the graphs, with an increase in the installing of methyl hydroxide, the value of 

the maximum averaged T increases in the entire range of changes in the installing of diesel fuel (DF). 

With a change in the installing DF, the value of the maximum averaged T changes over complex 

dependencies. 

With the installing of the DF Θdf = 26º, the value of the maximum averaged T of the cycle increases 

from Tmax = 1980 K at Θm = 22º to Tmax = 2050 K at Θm = 34º. The growth is 3.53%. With an increase 

in the installing to Θdf = 30º, the value of the maximum averaged T of the cycle changes from Tmax = 

1960 K at Θm = 22º to Tmax = 2050 K at Θm = 34º. The increase is 4.6%. With a change in the installing 

of DF to Θdf = 34º, the value of the maximum averaged cycle T changes from 1930 K to 2050 K with a 



AGRITECH-III-2020

IOP Conf. Series: Earth and Environmental Science 548 (2020) 062072

IOP Publishing

doi:10.1088/1755-1315/548/6/062072

3

change in the installing of methyl hydroxide from Θm = 22º to Θm = 38º, respectively. The increase is 

6.2% [30-35]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of the use of 

methyl hydroxide on the maximum 

averaged cycle T in a diesel cylinder 

when working with FIA for: at n = 1800 

min-1 and pe = 0.585 MPa, qcdf = 6.6 

mg/cycle. 

With an increase in the installing DF to Θdf = 38º, the value of the maximum averaged cycle T 

changes from Tmax = 1850 K at Θm = 22º to Tmax = 2070 K at Θm = 38º. The change is 11.9%. When 

installing the of DF Θdf = 42º, the value of the maximum averaged T increases from Tmax = 1870 K at 

Θm = 22º to Tmax = 2080 K at Θm = 38º. The growth is 11.2% [36-41]. 

With the installing of of methyl hydroxide Θm = 22º, the value of the maximum averaged cycle T 

decreases from Tmax = 1980 K at Θdf = 26º to Tmax = 1870 K at Θdf = 42º. The decrease is 5.5%. With an 

increase in the methyl hydroxide installing to Θm = 26º, the value of the maximum averaged T changes 

from Tmax = 1985 K at Θdf = 26º to Tmax = 1910 K at Θdf = 42º. The decrease is equal to 3.7%. 

With a change in the installing of methyl hydroxide to Θm = 30º, the value of the maximum averaged 

T of the cycle changes from 2000 K to 1970 K with a change in the setting of methyl hydroxide from 

Θdf = 26º to Θdf = 42º, respectively. The decrease is 1.5%. 

With an increase in the installed methyl hydroxide to Θm = 34º, the value of the maximum averaged 

cycle T changes from Tmax = 2050 K at Θdf = 26º to Tmax = 2010 K MPa at Θdf = 42º. The change is 

1.9%. With the installing of methyl hydroxide Θm = 38º, the value of the maximum averaged cycle T 

increases from Tmax = 2050 K at Θdf = 34º to Tmax = 2080 K at Θdf = 42º. The growth is 1.4% [42-46]. 

Figure 2 shows the effect of the use of methyl hydroxide on the maximum averaged cycle T in a 

diesel cylinder when working with FIA at various installing of drives at maximum torque mode at n = 

1400 min-1. 

As can be seen from the graphs, with an increase in the installing of methyl hydroxide, the value of 

the maximum averaged T of the cycle increases in the entire range of changes in the installing of AAFI 

of DF. When changing the installing angles of injection of DF, the value of the maximum averaged T 

changes in complex relationships [47-52]. 

With the installing of the DF Θdf = 26º, the value of the maximum averaged T increases from Tmax = 

1870 K at Θm = 22º to Tmax = 1940 K at Θm = 34º. The growth is 3.7%. With an increase in the installing 

AAFI to Θdf = 30º, the value of the maximum averaged T changes from Tmax = 1840 K at Θm = 22º to 

Tmax = 1980 K at ΘМ = 34º. The increase is 7.6%. When the installing DF is changed to Θdf = 34º, the 

value of the maximum averaged cycle T changes from 1810 K to 2000 K when the installing methyl 

hydroxide changes from Θm = 22º to Θm = 38º, respectively. The increase is 10.5% [53]. 
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Figure 2. The effect of the use of 

methyl hydroxide on the maximum 

averaged cycle T in a diesel cylinder 

when working with FIA for: at n = 1400 

min-1 and pe = 0.594 MPa, qcdf = 6.0 

mg/cycle. 

With an increase in the installing DF to Θdf = 38º, the value of the maximum averaged cycle T 

changes from Tmax = 1870 K at Θm = 22º to Tmax = 2030 K at Θm = 38º. The change is 8.6%. With the 

installing of the DF Θdf = 42º, the value of the maximum averaged T of the cycle increases from Tmax = 

1860 K at Θm = 22º to Tmax = 2050 K at Θm = 38º. The growth is 10.2% [54-58]. 

With the installing of methyl hydroxide Θm = 22º, the value of the maximum averaged cycle T 

decreases from Tmax = 1870 K at Θdf = 26º to Tmax = 1860 K at Θdf = 42º. The decrease is 10 K. With an 

increase in the installed of methyl hydroxide to Θm = 26º, the value of the maximum averaged T changes 

from Tmax = 1920 K at Θdf = 26º to Tmax = 1880 K at Θdf = 42º. The decrease is 2.0%. 

With a change in the installing of methyl hydroxide to Θm = 30º, the value of the maximum averaged 

T changes from 1920 K to 1950 K with a change in the installing of methyl hydroxide from Θdf = 26º to 

Θdf = 42º, respectively. The growth is 1.5% [59, 60]. 

With an increase in the installed methyl hydroxide to Θm = 34º, the value of the maximum averaged 

T changes from Tmax = 1940 K at Θdf = 26º to Tmax = 2000 K MPa at Θdf = 42º. The change is 3.0%. 

With the installing of methyl hydroxide Θm = 38º, the value of the maximum averaged T increases from 

Tmax = 2000 K at Θdf = 34º to Tmax = 2050 K at Θdf = 42º. The growth is 2.5% [61-65]. 

 

3. Conclusion 

Based on laboratory and bench tests and theoretical studies of the influence of methyl hydroxide on the 

maximum average cycle T in a diesel cylinder, as well as when working on DF at various set fuel 

injection angles, the T of the gases in the cylinder in the course of burning reaches 2000-2300 °C. 

Changes in the T of the gases in the burning chamber also affect the T of the walls, which on the wall 

surface and depth fluctuates less in the course of one cycle. 
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