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Hydraulic System of Fuel Oil Supply to the 
Electronically Controlled Main Engine

Abstract

Hydraulic system of the fuel oil supply to the electronically controlled main engine resolve the problem 
of the optimized control of the engine which act beneficially to the specific fuel oil consumption and 
a reduction of the NOx emission. The assumed numerical example is giving insight to the power 
consumption for the hydraulic control of the fuel oil injection and exhaust valve operation for the 
two stroke marine engine. The calculated power is higher for the fuel oil pressure booster operation 
compared to the exhaust valve actuator for about 88%, which is resulted due to the higher operating 
pressure of the fuel injection to the cylinder, versus lower operating pressure required for the opening 
of the exhaust valve.
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1. Introduction

The computer tunings and modeling of the marine two stroke diesel engines were 
not fully possible without changing of the fuel injection and exhaust gas valve timing 
adjustment. The changing of those parameters were difficult to achieve with the classical 
camshaft drive as the cams are in the fixed geometry and position of the camshaft. 
The cam geometry is not the only thing that affects optimal consumption of the two 
stroke marine engine, but it is one of significance [1, 2]. Comprehensive research also 
takes into account other parameters, some of which are listed here, which relate to the 
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optimal fuel consumption and reduction of NOx emissions, such as fuel injector nozzle 
performance [3, 4]. The mathematical spray models of the fuel oil injector nozzle 
parameters and their validation studied in the literature under [5, 6], were concluded 
that implemented models showed very good agreement with the experimental results 
with respect to their vapor penetration and the spray shape what is related to the NOx 
emissions. The quasidimensional models of the liquid fuel evaporation and combustion 
in the diesel engine studied under [7, 8], consists of many experimentally obtained 
coefficients which influences chemical reaction dynamics of the liquid fuel evaporation 
and combustion inside the cylinder of a diesel engine. The improved numerical 
model is given in the literature under [9], without numerical iteration calculation. 
That study was going deeper to developed software for the numerical model of the 
evaporation and fuel oil combustion process. The ignition delay and its effect to the 
numerical model studied under [10, 11]. The proper definition and calculation of 
the same can properly predict the change in the cylinder pressure and cylinder heat 
release of any diesel engine, what are again related to the optimal fuel consumption 
and lower NOx emissions of the marine diesel engines. The above process may be 
optimized by multilayer perceptron, with achieving lowest specific fuel consumption 
and minimization of the cylinder process highest temperature for the reducing NOx 
emission [12, 13]. The optimization processes may vary by applied techniques which 
may include genetic algorithm approach [14-16], neural network application [17-20], 
program solution with programming languages, such are Modelica [21, 22]. However 
the comprehensive optimization of the fuel oil consumption and the reduction of the 
NOx emission is not achievable without electronically controlled fuel pressure and 
injection timing at the wide range operating what is briefly described in the below text.

2. The system of the fuel oil injection MAN ME marine two stroke engine

The concept of the electronically controlled engines replaces cam shaft drive of 
the high- pressure fuel pump injection and exhaust valve control by the hydraulically 
operated FIVA control valve, which is controlled by the electronic control system in 
the hydraulic power unit [23]. The FIVA (Fuel Injection-Valve actuation), is operating 
hydraulic fuel, oil pressure booster which is now acting as a fuel oil pump. The crank 
shaft angle is detected by the pickup sensor and tachometer which sends the signal 
to the ECU unit, (Engine Control Unit). The ECU control function is related to the 
plant control system, the safety system, supervision and alarm system, and is directly 
connected to sensors and actuators [24]. The next in the control line is CCU (Cyilnder 
Control Unit) which is connected to the components to be controlled and activated. 
The Control hierarchy is given in the Figure 1.
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Figure 1. The control hierarchy of the ME engines.

The fuel oil pressure booster consists of a plunger powered by a hydraulic piston 
which is activated by the oil pressure from the lower side of the unit. The booster 
has bigger diameter compared to the plunger what enables higher operation fuel 
oil pressure, with the relatively lower control oil pressure. As per the Figure 2, the 
control oil pressure is controlled by FIVA valve which is an electronically controlled 
proportional valve. The exhaust valve is controlled by the same FIVA valve which 
operates the exhaust valve actuator. The shape of the exhaust gas valve actuator is 
different from those which is related to the fuel oil pressure booster as it is not required 
so high control lube oil operating pressure for the opening of the exhaust valve. The 
outlet control lube oil pressure to the exhaust valve is lower then the operating pressure 
from the FIVA valve from the lower side of the exhaust valve actuator.
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Figure 2. MAN FIVA valve operation, [25].

As the exhaust valve is closed by the ‘air spring’, for the proper operation of the 
exhaust valve it is required the control air pressure as well. The control hydraulic oil 
is taken from the engine system oil, which is filtered and pressurised by the hydraulic 
pumps. These pumps are driven by the main engine and for the starting purposes are 
provided two electrically driven pumps. The typical two stroke engine marine lube oil 
is given in the Table 1.

Table 1. Typical two stroke marine lube oil, [26].

Methods Units 2005 3005 4005
S.A.E. Grade 20 30 40

Density at 15 ⁰C ISO 3675 kg/m3 890 890 890
Kinematic viscosity 

at 40 ⁰C ISO 3104 mm2/s 70 105 150

Kinematic viscosity 
at 100 ⁰C ISO 3104 mm2/s 8.8 11.5 14.7

Flash point (COC) ASTM D 
92 mm2/s 	or = 220 	220 	230

Pour Point ISO 3016 ⁰C -6 -9 -9

BN ASTM D 
2896 mgKOH/g 6 6 6

The system is very flexible in the control of the combustion process what was 
previously not achievable with the fixed camshaft angle. The flexibility of the fuel 
combustion process is mainly outlined by the following features which is a different 
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running mode of the main engine. The different running mode of the main engine 
meets criteria such as; ‘low fuel consumption’ or ‘limited exhaust gas emissions’. The 
flexibility of the system is given in the fuel consumption optimization at various loads, 
compared to the conventional cam shaft drive which were optimized performance in 
the range from 80-85% of MCR, [27]. The optimization of the large two stroke engines 
by electro-hydraulic control takes place in the varying of the P max which is achieved 
by the latter closing of the exhaust valve, what acts beneficial to the specific fuel oil 
consumption. In this type of engines the control oil pressure also varies with load 
variation, what is also beneficiary acting to the specific fuel oil consumption, what is 
shown in the Figure 3. There are three options of the engine tuning which includes 
high load tuning, partial load tuning and low load tuning. The optimal parameters were 
moved from the before mentioned area of 80 to 85% to the lower zones in the range 
from about the 55 to 85%. This is advantageous as nowadays charterers and shipowners 
do not prefer anymore higher speed of the ships due to very high fuel oil cost, but rather 
include one or two more vessels in line rotation which will make up delivered goods 
with the lowest specific fuel oil consumption.

Figure 3. Influence of the engine tuning to the specific fuel consumption [23].

3. The preliminary lube oil power calculation for the two stroke engine 
required for the opening of the exhaust valve and fuel oil booster with 
given assumptions 

The marine two stroke engine specific fuel oil consumption at 105 min-1 is 171 g/
kW. The engine is equipped with the 8 cylinders and the total power is 19040 kW. The 
opening of the exhaust valve and fuel oil injection is according to the Figure 4, where 
ones per each stroke or one full revolution of the crankshaft exhaust valve is opened and 
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fuel oil injected. The movement of the FIVA valve to the right implies that the control 
hydraulic oil is entering to the fuel oil booster via channel ‘’P’’ and moves it forward 
what overtakes the spring force of the fuel oil injector where after fuel oil injection into 
the cylinder takes place. While the FIVA valve is in the fully right position, the exhaust 
valve activator is connected to the sump tank by the channel ‘’T’’. Movement of the 
FIVA valve to the left position, causing that hydraulic control oil enters to the exhaust 
valve activator via channel ‘’P’’ what push exhaust valve downside to the fully opened 
position when the air force is overcome. At that moment the FIVA valve drain channel 
is connected with the fuel oil booster with the tank by the side’’.

The following assumption where taken for the control lube oil power calculations:
 - Mass fuel oil consumption, ̇m 171 g/kWh,
 - Fuel oil and control lube oil density, ρ 1000 kg/m³,
 - Two stroke engine power 19040 kW,
 - The cylinder number, i 8, and
 - The fuel oil booster stroke at the engine load 0,04 m.

Figure 4. The lube oil distribution of the fuel oil injection and opening of the exhaust 
valve, [28].
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3.1. The fuel oil booster diameter

The fuel oil consumption

 (1)

The fuel oil consumption per one cylinder

 (2)

Mass fuel oil consumption per cylinder

 (3)

Mass lube oil rate to the fuel oil pressure booster

 (4)

3.2. The mass flow rate of the control oil to the exhaust valve

The exhaust valve stroke 0,04 m while the exhaust valve actuator diameter is 
0,02 m.

Mass lube oil rate to exhaust valve actuator

 (5)

3.3. The control oil pump power per cylinder unit

The efficiency of the hydraulic pump with inclined plane is 0,9. The net delivery 
high of the same is 1800 m. The main engine speed 105 min-1

The ideal power of the hydraulic pump is [29]:

 (6)

The substitution equation (4) to (6) is the power which is related to the fuel oil 
booster per cylinder unit and exhaust valve activator

 (7)
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The Figure 5 shows the power variation of the control oil pump related to the 
fuel oil delivery rate and exhaust valve opening rate of the main engine. As per given 
assumptions, fuel oil pressure booster consumes more power than the exhaust valve 
in the all observed ranges of the engine running point which were taken in the output 
percentage. The high power consumption is related to the higher pressure force which 
has to be delivered to the injector to overcome the spring pressure and to disperse 
the fuel oil into the fine spray inside the cylinder which is required for the proper 
combustion process inside the cylinder, [30] and NOx control, [31, 32]. The fuel injector 
nozzle geometry and change of Reynolds number by changing of fuel oil temperature 
has impact to the pressure of the hydraulic power pump unit but it is not relevant as 
such. The lower viscosity pulls higher power at the pump side, however the viscosity 
of the fuel oil to the nozzle is more related to the proper spraying inside the cylinder 
and effective combustion process what again implies efficient fuel oil consumption 
and NOx emissions.

Figure 5. Control oil lube oil pump power versus main engine load change per 
cylinder unit.

4. Conclusion

The advantage of the hydraulically control two stroke marine engines are obvious 
in the sense of the optimized fuel consumption control in the wide running range and 
reduced NOx emission, what was not the case compared to the classical camshaft drive 
engines. The achievement of such control is carried out by the variable timing of fuel 
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oil injection to the cylinder, variable fuel oil pressure control and with the adjustable 
angle of the exhaust valve open and close timing control. The classical camshaft 
drive engines had optimized engine consumption at the 80-85% of the MCR, while 
electronically controlled engines a have wider optimized range of fuel oil consumption 
and Nox emissions in the range from about 55 to 85%.

In this manuscript, it is roughly given, with the assumed parameter only variation 
in the power which is required for the operation of the fuel oil booster pump and exhaust 
valve. As per given result, it is obvious that power for the operation of the booster 
pump is higher about 88% compared to the power of the opening of the exhaust valve. 
This is caused due to lower operating pressure required for the exhaust valve operation 
compared to the fuel oil injection pressure of the fuel oil pressure booster.

Literature

1. Marques, C. H., Caprace, J. D., Belchior, C. R., & Martini, A. (2019). An Approach for Predicting 
the Specific Fuel Consumption of Dual-Fuel Two-Stroke Marine Engines. Journal of Marine 
Science and Engineering, 7(2), 20. (doi:10.3390/jmse7020020), Available from: https://www.
mdpi.com/2077-1312/7/2/20, [Accessed 06th April 2021].

2. Zhu, S., Gu, Y., Yuan, H., Ma, Z., & Deng, K. (2020). Thermodynamic analysis of the turbocharged 
marine two-stroke engine cycle with different scavenging air control technologies. Energy, 191, 
116533. (doi:10.1016/j.energy.2019.116533)

3. Kocijel, L., Mrzljak, V., Čohodar Husić, M., & Čekić, A. (2019). Numerical Analysis of Fuel 
Injector Nozzle Geometry-Influence on Liquid Fuel Contraction Coefficient and Reynolds Number. 
Pomorski zbornik, 57(1), 23-45. (doi:10.18048/2019.57.02.), Available from: file:///C:/Users/
ipoljak/Downloads/02_Kocijel_et_al.pdf, [Accessed 06th April 2021].

4. Wang, Z., Zhou, S., Feng, Y., & Zhu, Y. (2020). EGR modeling and fuzzy evaluation of Low-Speed 
Two-Stroke marine diesel engines. Science of The Total Environment, 706, 135444. (doi:10.1016/j.
scitotenv.2019.135444)

5. Senčić, T., Lucchini, T., & Mrzljak, V. (2010). TUNING AND VALIDATION OF A DIESEL 
SPRAY MODEL. Transactions of FAMENA, 34(4).

6. Serrano, J., Jiménez-Espadafor, F. J., Lora, A., Modesto-López, L., Gañán-Calvo, A., & López-
Serrano, J. (2019). Experimental analysis of NOx reduction through water addition and comparison 
with exhaust gas recycling. Energy, 168, pp. 737-752. (doi:10.1016/j.energy.2018.11.136)

7. Mrzljak, V., Mrakovčić, T., & Poljak, I. (2016) Quasi-dimensional numerical model of fuel 
evaporation and combustion in diesel engine. International Congress ENERGY AND THE 
ENVIRONMENT 2016 25th Scientific Conference on Energy and the Environment/ Franković, 
Bernard - Rijeka : Croatian Solar Energy Association, pp. 483-496.

8. Mrzljak, V., Medica, V., & Mrakovčić, T. (2015). Simulation of diesel engine cylinder process 
using quasi-dimensional numerical model. Pomorstvo, 29(2), pp. 165-169.

9. Mrzljak, V., Medica, V., & Bukovac, O. (2017). Quasi-Dimensional diesel engine model with direct 
calculation of cylinder temperature and pressure. Technical Gazette, 24(3), 681-686. (doi:10.17559/
TV-20151116115801), Available from: https://www.researchgate.net/publication/318093624_
Quasi-dimensional_diesel_engine_model_with_direct_calculation_of_cylinder_temperature_
and_pressure, [Accessed 06th April 2021].

10. Mrzljak, V., & Poljak, I. (2017). Ignition delay in quasi-dimensional numerical model for 
simulation of diesel engine in cylinder progress, Proceedings of International Conference on 
Innovative Technologie (IN-TECH 2017) / Pepelnjak, Tomaž ; Car, Zlatan ; Kudláček, Jan - 
Ljubljana : Faculty of Engineering, University of Rijeka, 2017, pp. 5-8.

11. Mrzljak, V., Žarković, B., & Poljak, I. (2017). Fuel mass flow variation in direct injection diesel 
engine–influence on the change of the main engine operating parameters. Pomorstvo, 31(2), pp. 
119-127. (doi:10.31217/p.31.2.6)



18 Pomorski zbornik 60 (2021), 9-19

Hydraulic System of Fuel Oil...Igor Poljak, Ivica Glavan, Toma Ribičić

12. Li, H., Butts, K., Zaseck, K., Liao-McPherson, D., & Kolmanovsky, I. (2017). Emissions modeling 
of a light-duty diesel engine for model-based control design using multi-layer perceptron neural 
networks (No. 2017-01-0601). SAE Technical Paper. (doi:10.4271/2017-01-0601)

13. Bukovac, O., Medica, V., & Mrzljak, V. (2015). Steady state performances analysis of modern 
marine two-stroke low speed diesel engine using MLP neural network model. Brodogradnja: 
Teorija i praksa brodogradnje i pomorske tehnike, 66(4), pp. 57-70.

14. Lorencin, I., Anđelić, N., Mrzljak, V., & Car, Z. (2019). Genetic algorithm approach to design 
of multi-layer perceptron for combined cycle power plant electrical power output estimation. 
Energies, 12(22), 4352. (doi:10.3390/en12224352)

15. Rezaie, A., Tsatsaronis, G., & Hellwig, U. (2019). Thermal design and optimization of a heat 
recovery steam generator in a combined-cycle power plant by applying a genetic algorithm. 
Energy, 168, pp. 346-357. (doi:10.1016/j.energy.2018.11.047)

16. Poljak, I., Bielić, T., Mrzljak, V., & Orović, J. (2020). Analysis and Optimization of Atmospheric 
Drain Tank of Lng Carrier Steam Power Plant. Journal of Marine Science and Engineering, 8(8), 
568. (doi:10.3390/jmse8080568), Available from: https://www.mdpi.com/2077-1312/8/8/568, 
[Accessed 06th April 2021].

17. Baressi Šegota, S., Lorencin, I., Ohkura, K., & Car, Z. (2019). On the traveling salesman problem in 
nautical environments: an evolutionary computing approach to optimization of tourist route paths 
in Medulin, Croatia. Pomorski zbornik, 57(1), pp. 71-87. (doi:10.18048/2019.57.05.) Available 
from: https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=338470, [Accessed 06th 
April 2021].

18. Ghoushchi, S. J., Manjili, S., Mardani, A., & Saraji, M. K. (2021). An Extended New Approach 
for Forecasting Short-Term Wind Power Using Modified Fuzzy Wavelet Neural Network: A Case 
Study in Wind Power Plant. Energy, 120052. (doi:10.1016/j.energy.2021.120052)

19. Baressi Šegota, S., Lorencin, I., Anđelić, N., Mrzljak, V., & Car, Z. (2020). Improvement of Marine 
Steam Turbine Conventional Exergy Analysis by Neural Network Application. Journal of Marine 
Science and Engineering, 8(11), 884. (doi:10.3390/jmse8110884), Available from: https://www.
mdpi.com/2077-1312/8/11/884, [Accessed 06th April 2021].

20. Baressi Šegota, S., Anđelić, N., Kudláček, J., & Čep, R. (2019). Artificial neural network for 
predicting values of residuary resistance per unit weight of displacement. Pomorski zbornik, 
57(1), pp. 9-22. (doi:10.18048/2019.57.01.) Available from: https://hrcak.srce.hr/index.
php?show=clanak&id_clanak_jezik=338466, [Accessed 06th April 2021].

21. Glavan, I., Prelec, Z., & Pavkovic, B. (2015). Modelling, simulation and optimization of small-
scale CCHP energy systems. International Journal of Simulation Modelling, 14(4), 683-696. 
(doi:10.2507/IJSIMM14(4)10.336), Available from: http://www.ijsimm.com/Full_Papers/
Fulltext2015/text14-4_683-696.pdf, [Accessed 06th April 2021].

22. Glavan, I., Prelec, Z., & Franković, B. (2015). Dynamic simulation small-scale CCHP systems 
with gas engine and apsorption refrigeration unit. 30th International Scientific & Expert Meeting 
of Gas Professionals / Šunić, Miljenko – Zagreb, 38-38.

23. MAN B&W S70ME-C8.5-TII Project Guide Electronically Controlled Two-stroke Engines, 
Edition 1.0 October 2017, MAN Diesel & Turbo Teglholmsgade 41 DK-2450 Copenhagen SV 
Denmark, Available from: www.marine.man.eu. [Accessed 09th April 2021]

24. Woodyard, D. (2009). Pounder’s marine diesel engines and gas turbines. Butterworth-Heinemann.
25. ME Engine FIVA Valve Operation, Available from: https://www.youtube.com/watch?v=GxpAaEX_

l5A, [Accessed 09th April 2021]
26. Repsol; Atalanta marine D, Typical Characteristics, LUBMARINE 11/6 1611, Available 

from: https://webcache.googleusercontent.com/search?q=cache:pct6Bt_vLvoJ:https://www.
totallubmarine.com/products/atlanta-marine-d-2005/tds+&cd=1&hl=en&ct=clnk&gl=hr, 
[Accessed 09th April 2021]

27. Hountalas, D. T., Raptotasios, S., Antonopoulos, A., Daniolos, S., Dolaptzis, I., & Tsobanoglou, 
M. (2014, June). Two-stroke marine diesel engine variable injection timing system performance 
evaluation and optimum setting for minimum fuel consumption at acceptable NOx levels. In ASME 
2014 12th Biennial Conference on Engineering Systems Design and Analysis. American Society 
of Mechanical Engineers Digital Collection. (doi:10.1115/ESDA2014-20528)

28. FIVA valve ME ENGINE BASICS, Available from: https://www.youtube.com/
watch?v=sHTf2wzDqVY, [Accessed 09th April 2021]



19Pomorski zbornik 60 (2021), 9-19

Hydraulic System of Fuel Oil...Igor Poljak, Ivica Glavan, Toma Ribičić

29. Cengel, Y. A., & Cimbala, J. M. (2018). Fluid Mechanics: Fundamentals and Applications, Forth 
Edition.

30. Mrzljak, V., Medica, V., & Bukovac, O. (2016). Volume agglomeration process in quasi-dimensional 
direct injection diesel engine numerical model. Energy, 115, pp. 658-667. (doi:10.1016/j.
energy.2016.09.055)

31. Senčić, T., Mrzljak, V., Blecich, P., & Bonefačić, I. (2019). 2D CFD simulation of water injection 
strategies in a large marine engine. Journal of Marine Science and Engineering, 7(9), 296. 
(doi:10.3390/jmse7090296)

32. Mrzljak, V., Blažević, S., Anđelić, N., & Car, Z. (2018). Exhaust gas emissions from turbocharged 
direct injection diesel engine during the fuel mass flow variation. In Proceedings of International 
Conference on Innovative Technologies, IN-TECH 2018 (p. 35).




