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Abstract: Massive construction of diesel engine enables to use different types of fuels, eventually additives, which enables to 
reduce basic fuel consumption. Before different alternative fuels use, it is necessary to verify the performing of alternative fuels in diesel 
engine and their impact on exhaust engine emissions. We found out, using free acceleration measurement that enrichment of intake air with 
hydrogen results in modest increase of engine smoke emission, which is caused by higher reactivity of hydrogen compared to conventional 
fuels. Despite this disadvantage, enrichment of intake air results in the engine torque increase, which leads to the fuel consumption 
reduction. 
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1. Introduction 
1.1 Formation of fuel mixture in diesel engines 
The mixture in diesel engines is formed, when fuel is injected 

directly into the combustion chamber containing hot compressed air 
with certain preinjection. During injection, the fuel enters 
combustion chamber of engine formed in fuel beams, where fuel is 
diffused to very small droplets, sized only a few µm. This enables 
fuel atomization, which enables better access of fuel droplets to 
compressed air for easier ignition. After the injection and diffusion, 
the fuel starts to vaporize, creating heterogeneous mixture, which 
starts to ignite. Vaporization and combustion of fuel in combustion 
chamber starts where heat and oxygen have the closest access to the 
fuel surface i.e. external surface burns and the temperature increases 
inside of droplets. High temperature and high pressure cause 
molecules cracking at oxygen deficiency. If the oxygen is not 
distributed close to the fuel droplets, fuel will not burn, but leaves in 
exhaust gases formed in fine particles and soot. Time designed for 
mixture formation in engine combustion chamber is short, causing 
uneven fuel distribution in combustion engine. Therefore, real air 
excess in particular area of combustion chamber is different in 
every moment of combustion. It ranges from λ = 0 inside of fuel 
beam during injection to λ = ∞ in the area without fuel appearance.  

        

1.2 Ignition and combustion of fuel mixture 
Hardly vaporized liquid fuel is used in diesel engine, which 

contacts air in cylinder at the end of compressed stroke right before 
combustion. The fuel is injected into the air compressed from pk = 
3.5 to 5.5 MPa. Fuel beam is emerged from injection nozzle under 
the high-speed enters air in compressed area, forming a mixture of 
the air and diffused fuel. The heat of compressed air, from tk = 800 
°C to 900 °C quickly vaporizes diffused fuel and after the 
combustible mixture formation, the vapour is ignited from the heat 
of the air. The course of combustion depends on chemical reactions, 
heat exchange conditions and substances in the burning zone and 
heat removal zone, their concentration in the volume and other 
elements. Therefore, the speed of combustion process is evaluated 
according to the speed of entering components, respectively heat 
increasing speed.  

Decomposition (cracking, cleavage) of carbon molecules occurs 
at a complete air deficiency (inside of droplet of liquid fuel) and at 
the high temperature resulted in carbon non-reaction and carbon 
solid particles (soot) formation in exhaust gases. These particles, 
together with carbon (soot) forms monitored diesel engine exhaust 
emission, which is evaluated such as engine smoke emission. The 
cause of high carbon leakage is a significant mixture inhomogeneity 
from λ = 0 inside of fuel droplets with complete oxygen deficiency 
to λ = ∞ in the area without fuel appearance. Therefore, carbon 
leakage depends significantly on diffused fuel quality at injection to 
cylinder. Oxygen delivery, necessary for oxidation, improves by 
increase of total amount of the air in cylinder.     

 
1.3 The process of measurement at exhaust-

emission control             
Exhaust-emission control of diesel engine is realized according 

to steps and processes alleged in „Methodical advice for regular of 
emission control, administrative of emission control and specific of 
emission control”, issued by Ministry of Transport Post and 
Telecommunications of the Slovak republic. According to fourth 
chapter of mentioned Guideline, following steps are realized at 
exhaust-emission control of the diesel engine vehicle: 

1. Vehicle and engine identification, 
2. Evaluation of controlled variables, 
3. Visual control, 
4. Engine conditioning, 
5. Exhaust-emission measurement, 
6. Data and measured values recording. 

However, the entire exhaust-emission control is not necessary 
for our study; the next topic will deal with evaluation of controlled 
variables, engine conditioning and exhaust-emission measurement. 

 

1.3.1 Evaluation of controlled variables 
The variables designed by vehicle producer for the engine type 

alleged in Vehicle Registration Certificate and identified on vehicle 
are alleged in service information documents or specialized expert 
catalogues.  

Engine temperature – is the main and significant variable at 
diesel engine. If the engine temperature is designed by producer, we 
use this data value; if the temperature variable is not designed, the 
temperature is evaluated at 80 °C for M1 and N1 vehicle category. 

Idle rpm (speed) – rpm (speed) range is designed by 
subtracting of the 50 min-1 from the lower bound and by adding of 
the 50 min-1 to upper bound of the toleration band designed by 
producer. 

Maximal engine rpm – the lower range value is presented by 
maximal power rpm designed by producer. Upper range value is 
maximal regulated rpm increased by 150 min-1. 

Maximal allowable smoke emission value – is a variable 
calculated as a corrected coefficient of absorption “xL” increased by 
0.5 m-1. If corrected coefficient of absorption “xL” is not alleged in 
Vehicle Registration Certificate, service information documents or 
specialized documents, the smoke emission “D” variable alleged in 
service information documents or specialized documents is 
detected.  

Dispersion – the dispersion variable is evaluated at 0.5 m-1.  

 
 

53

SCIENTIFIC PROCEEDINGS XX INTERNATIONAL SCIENTIFIC-TECHNICAL CONFERENCE "trans & MOTAUTO ’12" ISSN 1310-3946

YEAR XX, P.P. 53-55 (2012)



1.3.2 Engine conditioning 
The engine is conditioned to operating temperature by higher 

rpm running, short ride or by other method designed by producer 
(e.g. free accelerations to medium engine rpm).  

 
 
1.3.3 Exhaust-emission measurement 
First step is an engine temperature measurement. Engine 

temperature is measured in the location of oil level dipstick 
insertion and must achieve the bound designed by producer. If the 
required temperature has not been achieved, the measurement could 
continue even without one. After the temperature measurement, the 
speed indicator is connected to provide reliable and correct rpm 
measurement at all time of the measurement. Recorded idle rpm 
should range according to 1.3.1. After the idle rpm measurement, 
follows the maximal engine rpm measurement. Correct function of 
maximal rpm regulator is verified by slow gradual rpm increase. 
Recorded rpm should range according to 1.3.1. The measurement 
will be repeated, if recorded rpm are lower than those ones 
according to 1.3.1. If allowable rpm range is not achieved by 
following measurement, the measurement will not continue, 
because measured results would be non-relevant. In the case of 
overrevving of maximal engine rpm upper bound designed 
according to 1.3.1, the measurement will not continue because of 
engine damage thread.     

Before exhaust-emission measurement, two “flush” 
accelerations are realized, designed for exhaust pipe washing from 
sedimentary soot. Flush acceleration is realized by quick accelerator 
pedal compression until 75% of maximal power rpm. The pedal is 
released after their achievement.  

After flush accelerations, the measurement by free acceleration 
method is realized. The accelerator pedal is compressed quickly 
(max. for 1 second) for maximal batch of fuel achievement and is 
released after maximal engine rpm achievement and after the rpm 
are recorded by indicator. After the pedal release, a waiting for the 
idle engine rpm achievement according to 1.2.3 as well as for 
turbocharger rpm decrease in the case of supercharged engines is 
necessary. Maximal value of coefficient of absorption, idle rpm, 
maximal rpm and acceleration time is recorded. 

The smoke emission variable is calculated from measuring 
data. Smoke emission is calculated according to relation 1, as an 
arithmetic mean of coefficients of absorption “k” values detected 
from last three recorded free accelerations.        
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where: 
D – calculated smoke emission value, m-1, 
k – measuring coefficient of absorption value, m-1, 
N – measurement serial number.   
 

Value dispersion “r” of coefficients of absorption from last 
three recorded free accelerations cannot exceed 0.5 m-1. Dispersion 
“r” is a difference between maximal and minimal value of 
measuring coefficients of absorption “k” from last three recorded 
free accelerations. 
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2. Utilized tools 
The measurement was realized on Citroen Xsara vehicle, 1999 

vintage with DHY engine type. Main parameters of DHY engine 
are presented in table 1.     

 

Table 1: Main parameters of DHY engine 

Engine type (producer label) DHY (XUD9TE/L3) 
Number of cylinders  / engine capacity, 
pcs/cm3 4/1905 

Engine compression ratio, :1 21.8:1 
Maximal power / Maximal power rpm, 
kW/min-1 66/4000 

Engine valvetrain OHC 
Number of valves per cylinder, pcs 2 

 

Limiting rpm variables, as well as smoke emission and 
dispersion variables were evaluated from information alleged in 
AUTODATA 2007 technical literature presented in table 2. The 
variables were processed according to 1.3.1 and are presented in 
table 2. 

Table 2: Variables designed and processed for exhaust-emission 
measurement 

Variables 

 Designed by 
producer 

Processed 
according to 1.3.1 

Engine temperature, °C 80 80 
Idle rpm (speed),  750 – 850 700 – 900 
Maximal engine rpm 4 975 – 5 275 4 000 – 5 425 
Maximal smoke emission 3.00 3.00 
Dispersion 0.5 0.5 
 
3. Own study  

The measurement were realized at Commissioned technical 
service for emissions control, which disposes of measuring devices 
used for exhaust-emission measurement at emissions control 
workstations, as well as of etalon, which is used for comparison test 
realization, when new measuring device suitability is being verified. 
As measuring device (same as being used at emissions control 
workstations), we used ATAL AT 605 with accredited software 
version 1.12.3.SVK and measuring chamber LCS 2400 with 0976 
serial number. Etalon used for comparison tests realizations is 
according to Commissioned technical service measuring device 
AVL DiSmoke4000 with software version 4000SK-1.05 and with 
1161 serial number. Measuring variables measured with hydrogen 
fuel producter utilization are presented in table 3 and variables 
measured without hydrogen fuel utilization are presented in table 4. 

Table 3:  Engine measuring variables with alternative fuel utilization 
Measuring device type AVL DiSmoke 4000 ATAL AT 605 

Measuring variables 
Engine temperature, °C unmeasurable 94 
Idle rpm (speed) 860 850 
Maximal engine rpm,  4 510 4 860 
Maximal smoke 
emission, m-1 0.30 0.36 

Dispersion, m-1 0.04 0.01 
Measuring parameters 

Acceleration 1. 2. 3. 1. 2. 3. 
Idle rpm (speed) 850 850 860 850 840 850 
Maximal engine rpm,  4 840 4 760 4 750 4 600 4 620 4 760 
Acceleration time, s 0.85 0.85 0.76 1.01 1.15 1.33 
Coefficient of 
absorption 0.32 0.28 0.31 0.36 0.35 0.36 

 

It is obvious from the measuring values, that measuring 
variables of coefficients of absorption and maximal smoke emission 
are at hydrogen fuel utilization higher than at usual conventional 
fuel utilization. This slight increase is caused by more reactive 
hydrogen, diffused in compressed air, which absorbs more oxygen 
causing that injected fuel cannot oxidate completely and then at 
compressed, as well as at combustion temperatures occurs cracking 
and decay of molecules causing higher emittance of fine particles. 
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Table 4: Engine measuring variables without alternative fuel utilization 
Measuring device type AVL DiSmoke 4000 ATAL AT 605 

Measuring variables 
Engine temperature, °C unmeasurable 97 
Idle rpm (speed) 860 870 
Maximal engine rpm,  4 840 4 850 
Maximal smoke 
emission, m-1 0.27 0.31 

Dispersion, m-1 0.01 0.03 
Measuring parameters 

Acceleration 1. 2. 3. 1. 2. 3. 
Idle rpm (speed) 850 850 850 840 840 850 
Maximal engine rpm,  4 800 4 760 4 840 4 670 4 720 4 690 
Acceleration time, s 0.93 0.89 0.93 1.16 1.36 1.66 
Coefficient of 
absorption 0.28 0.27 0.28 0.29 0.32 0.32 

By measuring values analysis, we detected another change in 
engine operating characteristics in relation to fuel utilization. At 
hydrogen fuel utilization, the free acceleration time is lower by 0.1 
than at free acceleration of engine with usual conventional fuel. 
This fact can cause a slight increase in engine torque, thereby an 
increase of engine flexibility. Slight increase in torque causes a 
psychological moment for driver, who is not forced to increase a 
batch of fuel significantly, e.g. at trailer dragging or at uphill ride 
etc. This fact causes a fuel consumption decrease.   
 

4. Conclusion   
An enrichment of intake air by diesel engine with hydrogen fuel 

causes a slight increase of smoke emission of diesel engine. This 
fact is caused by more reactive hydrogen, which absorbs more 
oxygen at compressed stroke causing that after injection of 
conventional fuel to the cylinder, there is not enough disposal 
oxygen for complete reaction of conventional fuel, diesel fuel. At 
our tested vehicle, the measuring smoke emission at alternative fuel 
use was 0.30 m-1 by AVL 4000 measuring device and 0.36 m-1 by 
ATAL AT 605 measuring device. Without alternative fuel use, the 
measuring smoke emission was 0.27 m-1 by AVL 4000 measuring 
device and 0.31 m-1 by ATAL AT 605 measuring device. It is 
obvious, that slight increase occurs in smoke emission by 0.03 m-1 
at AVL 4000 measuring device utilization and by 0.05 m-1 at ATAL 
AT 605 measuring device utilization. This minimal increase of 
smoke emission has not a significant effect on vehicle operation or 
on emissions control evaluation, where 3.00 m-1 is a maximal limit. 
Another benefit is a slight increase of engine torque causing fuel 
consumption decrease, e.g. at trailer dragging or at uphill ride or at 
frequent starting up of the vehicle etc. Therefore, this device 
utilization could have an economical significance by decrease of 
vehicle fuel expenses.     
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