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ABSTRACT

A change in the main operating parameters of a high speed turbocharged direct injection diesel 
engine MAN D0826 LOH15 during the fuel mass flow variation has been analyzed. On the basis of two 
measurement sets, on two different engine rotational speeds, performed with standard diesel fuel, 
several operating parameters have been calculated: engine torque, effective power, excess air ratio, 
specific effective fuel consumption and heat released per engine process. The calculated parameters 
are presented for a wide engine operating range. In addition to measurement sets, several important 
parameters have been measured. Additional measured parameters have been lubrication oil 
temperature and exhaust gas temperature before and after the turbocharger turbine. The presented 
engine operating parameters allow deep insight into the analyzed diesel engine process.

1 Introduction

Experimental measurements are the basis of internal 
combustion engines operating parameters analysis, [1] 
and [2], regardless of the engine type.

Numerous researchers are involved in the investigation 
of the diesel engines from the several points of view [3]. 
Experimental analysis of diesel engines will be impossible 
without proper engine management [4], troubleshoot-
ing and repairing processes [5]. Along with diesel engine 
measurements, numerical simulations have been devel-
oped in order to make easier, faster and much cheaper in-
vestigations of engine operating parameters [6].

Until now, several types of diesel engine numerical 
models have been developed. Each of them has its own ad-
vantages, specifics and disadvantages. 

The earliest diesel engine numerical models were 0D 
(zero dimensional) models [7], which are very fast and re-
liable but are not able to predict emissions from diesel en-
gines, at least not without certain approximations [8]. The 
improvement of 0D models was obtained with multizone 
models [9], which can predict diesel engine emissions, but 
the predictions are only general [10]. 

Multizone models were upgraded with QD (quasi di-
mensional) numerical models, which monitor each fuel 
spray inside the diesel engine cylinder by using the pack-
ages (control volumes). Such QD models were tested and 
validated in a wide range of diesel engines such as a high 
speed four-stroke diesel engine [11] and marine two-
stroke diesel engine [12]. With regard to high speed, accu-
racy and precision, QD numerical models can also be used 
for predicting diesel engine operating parameters during 
the engine transient operations [13].

The most detailed diesel engine numerical models 
are CFD (Computational Fluid Dynamics) models [14]. 
These models provide the most accurate and the most 
precise predictions of the diesel engine operating pa-
rameters [15], but simulations have an extremely long 
time of calculation. CFD models are usually based on 
just one engine cylinder [16], because a simulation of 
the entire engine would be impossible without the use 
of supercomputers. As they are the most detailed, CFD 
simulations requires assuming certain operating param-
eters during the calculation start. Those assumed oper-
ating parameters are difficult or impossible to measure 
on a real diesel engine.
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In order to determine the accuracy and precision of each 
model, they must necessarily be validated in several different 
measured operating points of the diesel engine. Therefore, 
experimental measurements are inevitable, even nowadays.

To improve engine operating parameters and reduce 
emissions, scientists are intensively involved in imple-
menting combustion of alternative fuels in the existing 
diesel engines. Some analysis of the alternative fuel usage 
in diesel engines can be found in [17] and [18]. A review 
of alternative fuels for diesel engines can be found in [19] 
while in [20] a review of performance, combustion and 
emission characteristics of bio-diesel fueled diesel engines 
has been presented 

Optimization of diesel engines can be performed in 
several ways [21]. The most used optimization methods 
are multi-objective optimization [22], multi response opti-
mization [23], genetic algorithm optimization [24] and op-
timization by using Artificial Neural Networks (ANN) [25].

This paper aims to present the change in the main op-
erating parameters of a high speed turbocharged direct 
injection diesel engine during the fuel mass flow varia-
tion. The operating parameters analysis has been based 
on two measurements set at two different engine rota-
tional speeds. For each measured point, regardless of 
the measurement set, fuel and air mass flow have varied. 
Measurements have been obtained with a standard die-
sel fuel D2. The calculated parameters, which change is 
traced in each observed operation point, have been engine 
torque, effective power, excess air ratio, specific effective 
fuel consumption and heat released per engine process. 
Along with the presented measurement sets, measure-
ment of additional engine operating parameters has been 
performed and those parameters have been the lubrica-
tion oil temperature and the exhaust gas temperatures 
before and after the turbocharger turbine. The presented 
operating parameters allow insight into a wide operating 
range of the analyzed engine.

2	 Diesel	engine	specifications

The analyzed diesel engine is a high speed turbo-
charged engine with direct injection MAN D0826 LOH15. 
The main engine specifications and characteristics are 
presented in Table 1. 

Table	1 Engine Specifications and Characteristics

Cylinder bore 108 mm
Cylinder stroke 125 mm
Crank radius 62.5 mm
Length of the connecting rod 187.2 mm
Nozzle diameter 0.23 mm
Number of nozzle holes 7
The total operating volume 6870 cm3

Compression ratio 18
Number of cylinders 6
Peak effective power 160 kW

In order to maximize the suction and exhaust valve 
flow rate, the fuel injector is positioned eccentrically in re-
lation to the cylinder symmetry axis and hence the hole in 
the piston head is positioned in the same way. As the fuel 
injection is performed in the vicinity of the top dead cent-
er, the fuel spray must have enough space for dispersion 
and mixing with the air, what is the primary purpose of a 
hole in the piston head, Figure 1.

3	 Engine	measuring	equipment	and	
measurement	results

Engine measurement has been performed in the 
Laboratory for Internal Combustion Engines and 
Electromobility at the Faculty of Mechanical Engineering 
of the University of Ljubljana, Slovenia. 

The measured engine has been connected to an eddy 
current brake Zöllner B-350AC, Figure 2. Measurements 
control has been secured with a control system KS ADAC/
Tornado. Cylinder pressure has been measured with pres-
sure sensor AVL GH12D, placed in an extra hole in the cyl-
inder head. The cylinder pressure signal has been led to 
amplifier AVL MicroIFEM.

The piston top dead centre has been determined by a 
capacitive sensor COM Type 2653, and the crankshaft an-
gle has been measured by crank angle encoder Kistler CAM 
UNIT Type 2613B with an accuracy of 0.1° crank angle.

The lubrication oil temperature has been measured 
with Greisinger GTF 401-Pt100 Immersion probe while 
the flue gas temperature at the turbocharger turbine inlet 
and outlet has been measured with two Greisinger GTF 
900 Immersion probes.

A few measurement sets have been performed and two 
measurement sets, presented in Table 2 and Table 3 have 
been selected for the analysis. Each of the measurement 
set has almost a constant engine rotational speed (1500 
rpm and 2400 rpm). In each measurement set, fuel and 
air mass flow continuously increases from measurement 

Figure 1 Engine Piston with Main Dimensions (in mm) and Eccentrically 
Positioned Hole



121V. Mrzljak et al. / Scientific Journal of Maritime Research 31 (2017) 119-127

point 1 to 4. In this analysis, the impact of these two vari-
ables on the change of the other engine main operating pa-
rameters has been investigated.

4	 Equations	for	calculating	engine	main	operating	
parameters

Engine torque has been calculated by using the 
equation:

M = F · R (1)

where M (Nm) is the engine torque, F (N) is the brake re-
action force and R (m) is the brake prong length at which 
end the reaction force is measured. For the used eddy cur-
rent brake, the brake prong length amounts R = 0.955 m. 

Engine effective power has been calculated according 
to the equation:

100060
2
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where Pef (kW) is the effective power and n (rpm) is the 
engine rotational speed.

Excess air ratio has been calculated by using the 
equation:
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where λ (-) is the excess air ratio, m.
a (kg/s) is the air mass 

flow, m.
f (kg/h) is the fuel mass flow and Lst (-) is the stoi-

chiometric air mass, which is dependable on the used fuel 

Figure 2 Diesel Engine MAN D0826 LOH15 Connected to Eddy Current Brake in the Laboratory

Table	2 Obtained Measurement Results – Set 1 

Measurement	 
No.

Fuel	mass	flow
(kg/h)

Air	mass	flow
(kg/s)

BMEP*

(bar)
Brake	reaction	force

(N)
Rotational	speed

(rpm)
1 9.743 0.09761 4.88 279.4 1501
2 13.977 0.10337 7.21 412.7 1498
3 18.673 0.12048 10.02 573.9 1501
4 23.358 0.13943 12.65 724.1 1500

* BMEP = Brake Medium Effective Pressure

Table	3	Obtained Measurement Results – Set 2

Measurement	 
No.

Fuel	mass	flow
(kg/h)

Air	mass	flow
(kg/s)

BMEP*

(bar)
Brake	reaction	force

(N)
Rotational	speed

(rpm)
1 16.045 0.18775 4.13 236.5 2400
2 21.961 0.21650 6.40 366.4 2400
3 30.086 0.25726 8.99 514.5 2400
4 36.001 0.28798 10.60 606.6 2400

* BMEP = Brake Medium Effective Pressure
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properties. During measurements, the standard diesel fuel 
D2 has been used, which lower heating value (Hd) amounts 
to Hd = 42700 kJ/kg and the stoichiometric air mass for 
the used fuel amounts to Lst = 14.7.  

Specific effective fuel consumption has been calculated 
according to the equation:
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where bef (g/kWh) is the specific effective fuel consump-
tion. 

The heat released per engine process has been ob-
tained according to the equation:
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where Qpp (kJ/proc.) is the heat released per engine 
process.

5	 Change	in	engine	operating	parameters	and	
discussion

For the lower observed engine rotational speed (1500 
rpm – Set 1), an increase in the engine torque is much 
sharper than for the higher engine rotational speed (2400 
rpm – Set 2), Figure 3. In the measurement Set 1, torque 
increases from 266.83 Nm up to 691.52 Nm, while in the 
measurement Set 2, torque increases from 225.86 Nm to 
579.28 Nm. 

Comparing both measurement sets, for the same fuel 
mass flow, engine torque in Set 1 is approximately two 
times higher than torque in Set 2. The change of engine 
torque, in each of the observed measurement sets is al-
most linear (engine torque linearly increases with the in-
crease in the fuel mass flow).

For each of the engine rotational speeds, the increase 
in fuel mass flow is linearly followed by an increase in 

the engine effective power. In the measurement Set 1 at 
1500 rpm, the investigated engine has developed a maxi-
mum effective power of 108.66 kW at a fuel mass flow of 
23.358 kg/h, while in the measurement Set 2 at 2400 rpm, 
the engine has developed a maximum effective power of 
145.56 kW at a fuel mass flow of 36.001 kg/h, Figure 4. 
The minimum achieved effective power in both measure-
ment sets has been 41.93 kW – Set 1 and 56.76 kW – Set 
2, for different fuel mass flows (9.743 kg/h – Set 1 and 
16.045 kg/h – Set 2). 

During the same fuel mass flow (range of fuel mass 
flow rates from 16 kg/h to 23.5 kg/h), as in Figure 4, it can 
be seen that the higher engine effective power has been 
developed at a lower rotational speed (1500 rpm – Set 
1). According to equation (2), the reason for this fact is a 
much higher engine torque in Set 1 in comparison with 
the engine torque in Set 2, Figure 3. Therefore, it can be 
concluded that, for the observed engine, a greater impact 
on the change of the effective power has a change in the 
engine torque, when compared with the change in the 
torque with a change in the engine rotational speed.

In comparison with the gasoline engines, where the 
excess air ratio is strictly maintained at 1 (due to triple-
action catalyst), the global excess air ratio in diesel en-
gines has been always higher than 1. Only in certain zones 
within the diesel engine cylinder, the excess air ratio may 
be equal to 1, but these zones do not have a long life span 
and they have no major impact on the diesel engine global 
excess air ratio. 

An increase in the fuel mass flow, in both measurement 
sets, reduces the value of the analyzed diesel engine glo-
bal excess air ratio. According to equation (3), the increase 
in the fuel mass flow has a greater impact on the excess 
air ratio than the simultaneous increase in the air mass 
flow in both measurement sets. The maximum value of the 
excess air ratio in measurement Set 1 is 2.45 at the low-
est observed fuel mass flow and it continuously decreas-

 
Figure 3 Engine Torque Change in Each Measurement Set
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es with an increase in the fuel mass flow until a minimum 
value of 1.46 at a fuel mass flow of 23.358 kg/h, Figure 5. 
In measurement Set 2, the excess air ratio change during 
the increase in fuel mass flow is very similar to the meas-
urement Set 1. The maximum value of the excess air ratio 
in Set 2 is 2.87 while the minimum value is 1.96.

For both diesel engine rotational speeds, as expected, 
the calculated global excess air ratio has a value signifi-
cantly higher than 1 in all observed fuel mass flows.

For the most diesel engines which operate with stand-
ard diesel fuel as well as for the diesel engine analyzed in 
this paper, during the increase in the fuel mass flow, the 
specific effective fuel consumption firstly decreases up to 
the minimum value, after which a slight increase follows. 

At the measurement Set 1, the maximum value of the 
specific effective fuel consumption amounts to 232.37 g/
kWh, while in Set 2, the maximum value for the specific ef-
fective fuel consumption is 282.69 g/kWh, Figure 6. The 

highest specific effective fuel consumption values for both 
measurement sets has been calculated at the lowest fuel 
mass flow in each measurement set.

The minimum specific effective fuel consumption for 
the Set 1 is approximately 214 g/kWh, while in the Set 2 
the minimum specific effective fuel consumption amounts 
to approximately 242 g/kWh.

It can be seen, from Figure 6, that for the same fuel 
mass flow a significantly lower specific effective fuel con-
sumption has been obtained at the lower engine rotational 
speed (1500 rpm – Set 1) compared to the higher rotation-
al speed (2400 rpm – Set 2).

The heat released per engine process, calculated at 
each engine operating point for both measurement sets by 
using equation (5), linearly increases during the increase 
in the fuel mass flow. In both measurement sets, trends of 
heat released per engine process growth are similar, with 
a sharper increase in measurement Set 1. 

Figure 5 Excess Air Ratio Change in Each Engine Measurement Set

Figure 4 Engine Effective Power Change in Each Measurement Set
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Figure 7 Heat Released per Engine Process Change in Each Measurement Set

Figure 6 Engine Specific Effective Fuel Consumption Change in Each Measurement Set

Figure 8 Lubrication Oil Temperature Change in Each Engine Measurement Set
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The maximum and minimum values of the heat re-
leased per engine process are approximately the same for 
both measurement sets, Figure 7. In measurement Set 1, 
the heat released per engine process increases from 4.44 
kJ/proc. at a fuel mass flow of 9.743 kg/h up to 10.64 kJ/
proc. at a fuel mass flow of 23.358 kg/h. In Set 2, the heat 
released per engine process arises from 4.57 kJ/proc. at 
fuel mass flow of 16.045 kg/h up to 10.25 kJ/proc. at a fuel 
mass flow of 36.001 kg/h.

For the same fuel mass flow, a much higher heat re-
leased per engine process can be seen at lower engine 
rotational speed (Set 1) in comparison with higher rota-
tional speed (Set 2), Figure 7.

The measured lubrication oil temperature continu-
ously increases during the increase in fuel mass flow for 
both measurement sets of the analyzed engine, Figure 8. 
In the measurement Set 1, the lubrication oil tempera-

ture range is between 97.39 °C and 105.75 °C, while in 
the Set 2 the lubrication oil temperature range is be-
tween 103.20 °C and 112.63 °C. From Figure 8 it is appar-
ent that the lubrication oil temperature change curve is 
not uniform in both measurement sets. In the measure-
ment Set 2, the change of the lubrication oil temperature 
is linear, while in the Set 1 the curve significantly devi-
ates from the linear change. 

For the same fuel mass flow, a slightly higher lubrica-
tion oil temperature is observed in the measurement Set 2, 
at higher engine rotational speeds.

In neither of the measurement sets, the lubrication oil 
temperature has not reached the values near the oil tem-
perature limit specified by the producer. Crossing the lu-
brication oil temperature limit would cause a loss of the 
expected oil characteristics and a problem in the engine 
operation could be expected.

Figure 9 Exhaust Gas Temperature before the Turbine Change in Each Measurement Set

Figure 10 Exhaust Gas Temperature after the Turbine Change in Each Measurement Set
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The analyzed engine has a turbocharger in order to 
increase the air pressure at the cylinder inlet and as a 
consequence save fuel. At the entrance into the turbine 
of the turbocharger, the exhaust gas has the highest tem-
perature (and therefore the highest enthalpy). The turbo-
charger turbine converts the exhaust gas enthalpy into the 
mechanical energy which is then delivered directly to the 
charger (blower). 

In each measurement set, the exhaust gas temperature 
before the turbocharger turbine increases with the in-
crease in the fuel mass flow, Figure 9. In the measurement 
Set 1 and at 1500 rpm, the temperature of the exhaust 
gas before the turbine ranges from 317.18 °C at the low-
est observed fuel mass flow, up to 609.33 °C at the highest 
observed fuel mass flow. In the measurement Set 2 and at 
2400 rpm, the exhaust gas temperature before the turbine 
ranges from 385.83 °C up to 620.09 °C. 

For the same fuel mass flow, significantly higher ex-
haust gas temperature before turbocharger turbine can be 
seen in the measurement Set 1 at a lower engine rotation-
al speed, Figure 9. Therefore, in measurement Set 1, at the 
same fuel mass flow, the higher heat content is available 
for the turbine operation than in Set 2.

Comparing the temperatures of the exhaust gas before 
(Figure 9) and after (Figure 10) the turbocharger turbine, 
it is evident that they have almost identical trends. This 
fact points to the stability of the turbocharger turbine op-
eration without any noticeable oscillations which would 
be primarily visible in the uneven change of exhaust gas 
temperatures before and after the turbine.

Identical to the exhaust gas temperature before the 
turbine, in each measurement set the exhaust gas tem-
perature after the turbine increases with the increase in 
the fuel mass flow, Figure 10. In the measurement Set 1, 
the exhaust gas temperature after the turbine ranges from 
285.57 °C at the lowest fuel mass flow up to 536.38 °C at 
the highest fuel mass flow. In the measurement Set 2, the 
exhaust gas temperature after the turbine ranges from 
316.12 °C to 479.33 °C.

The maximum exhaust gas temperature after the tur-
bine in Set 1 is 72.95 °C lower than the maximum temper-
ature before the turbine, while the maximum exhaust gas 
temperature after the turbine in the measurement Set 2 is 
140.76 °C lower than the maximum temperature before 
the turbine.

6 Conclusion

The paper aims to present the main operating parame-
ters change for a high speed turbocharged direct injection 
diesel engine MAN D0826 LOH15 during the fuel mass 
flow variation. The analysis has been based on two meas-
urement sets at two different engine rotational speeds 
(1500 rpm and 2400 rpm). 

According to the measurement results, the following 
engine main operating parameters have been calculated: 
engine torque, effective power, excess air ratio, specific 

effective fuel consumption and heat released per en-
gine process. During the variation in the fuel mass flow, 
for both engine measurement sets, the obtained engine 
torque has been in the range 225.86 Nm to 691.52 Nm, 
while the engine effective power has been in the range 
41.93 kW to 145.56 kW. It is important to notice that 
there is no observed operating point in which the en-
gine peak effective power of 160 kW has been obtained. 
In the same analyzed measurement sets, the air excess 
ratio continuously decreases during the increase in the 
fuel mass flow. The highest air excess ratio amounts to 
2.87 in the measurement Set 2, while the lowest air ex-
cess ratio amounts to 1.46 in the measurement Set 1. The 
specific effective fuel consumption firstly decreases fol-
lowed by a slight increase after, during the increase in 
the fuel mass flow. The lowest obtained specific fuel con-
sumption has been at 214.96 g/kWh in the measurement 
Set 1. The measurement Set 1 has shown a wider range 
of heat released per engine process in comparison with 
the measurement Set 2. In Set 1, the heat released per 
engine process amounts from 4.44 kJ/proc. up to 10.64 
kJ/proc.

Additionally measured engine operating parameters, 
which are not presented as a part of any measurement set, 
have presented engine operating parameters necessary 
for detailed engine simulations. The lubrication oil tem-
perature does not exceed 113 °C in any of the observed 
engine operation points, what is far below the limit values 
prescribed by the manufacturer. The same trend of ex-
haust gas temperatures before and after the turbocharger 
turbine provides information about the satisfactory tur-
bine operation regimes. Those two temperatures are the 
essential measurement data for a detailed analysis of the 
exhaust gas turbine operation and turbocharging process 
as a whole.

 The diesel engine analysis has been performed with a 
standard diesel fuel. In future research, it will be interest-
ing to compare the same operating parameters with those 
obtained when the engine uses alternative fuels or its 
blends with standard diesel fuel.
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