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INTRODUCTION

The emission of carbon dioxide (CO.), considered to be a greenhouse gas, and toxic compounds,
including particulate solids and nitrogen oxides (NOx), which are generated by compression ignition engines,
is a serious problem related to the development of the automotive business. Therefore, there is a strive to
lower the emission. One of the methods to achieve that is to apply alternative fuels, among which those of
plant origin enjoy growing interest, and this includes ethyl alcohol. In compression ignition engines, ethanol
is applied as a mixture with diesel oil in order to avoid costly changes in the structure of the engine, and
possibly adjustment parameters are changed [1,7,9]. The mixture of ethanol with diesel oil (ON) may be
affected by water content in fuel, as even a small quantity of water may result in delamination of the mixture.
Such mixture has some limitations compared to conventional fuel, including lower viscosity and
comparatively low stability.

One of the additions applied as stabilisers of ethanol mixture with diesel oil is dodecanol (Ci2Has).
Dodecanol is produced by reduction of methyl esters [11]. At the temperature of 24°C it is a solid body
insoluble in water, however, it is well miscible with the aforesaid fuels [2].

For such types of mixtures to be used in fuelling a compression ignition engine, it is necessary to
determine their physical and chemical characteristics, as these affect the process of fuel spraying, the correct
operation of a combustion engine, the operating parameters and the cleanliness of the exhaust gas emitted to
the environment [8]. Replacement fuels have different physical and chemical properties compared to diesel
oil, which contributes to a change in the fuel dose supplied by the injectors.

Biofuels usually reflect lower calorific value than diesel oil, so in order to ensure an equivalent fuel
dose is injected in the combustion chamber, a proper adjustment of the injection time must be selected. For
that purpose, it is necessary to determine the heat of combustion and the calorific value of such fuels.

Papers [5,6] discuss the influence of adding Ci2Has on the Cold Filter Plugging Point (CFPP) and self-
ignition properties of the mixture of diesel oil and dehydrated ethanol. From the research carried out it
appears that dodecanol does not practically affect the aforesaid physical and chemical parameters of the
tested fuels. The possibility of applying Ci2Has as a stabiliser is also supported by its influence on the fuel
calorific value, which is the subject matter of this article.

TEST BENCH AND METHODS

The heat of combustion test, based on which the calorific value of fuel has been determined, was
carried out with isoperibolic method, using the IKA C5000 calorimeter (Fig. 1). The test was carried out in
accordance with the PN-C-04062:2018-05 standard. The determination of the heat of combustion consists in
continuous measurement of the temperature of water surrounding the calorimetric bomb filled with oxygen
at the pressure of 30 bars. The result of the heat of combustion is the increment of water temperature
between the beginning and end of the measurement.
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The difference between the heat of combustion Qs and the quantity of heat needed to vaporise water
contained in the fuel and that originating from the combustion of hydrogen present in the fuel is the calorific
value W The calorific value was determined based on the following formula [10]:

Wp= Qs — rmw (1)
where:

Wp —is the calorific value [kJ/kg],

Qs —is the heat of combustion [ kl/kg],

mw —is the total mass of water produced in the combustion of one unit of weight of fuel [kg of

water/kg of fuel].

The determination of the heat of combustion was carried out for nine samples with various volume
percentages of ethanol in the diesel oil. The samples were made with commercial diesel oil, which in
accordance to the standard could contain up to 7% FAME and up to 200 mg/kg of water. The addition of
dodecanol was fixed and equalled 2%.

The basic properties of dodecanol and ethanol are presented in Tables 1 and 2, and the identification
of fuels for which the heat of combustion has been determined is presented in Table 3.

Figure 1 — IKA C5000 calorimeter used in measuring the heat of combustion

The calorific value of the tested mixtures was calculated based on formula 2:
Wpp= Qs — 24.42-(8.94-H — W) )
where:
Wpp — is the calorific value of the tested fuels [kJ/kg],
Qs —is the heat of combustion [kl/kg],
H — mass share of hydrogen in the tested fuels [%],
W —moisture content in the tested fuel [%].
The mass share of hydrogen in diesel oil was calculated based on the following formula [10]:
Hon=0.001195-Qs —41.4 3)
where:
Hon — mass share of hydrogen [%],
Qs —is the heat of combustion [kJ/kg].

Table 1 — Basic dodecanol characteristics [4]

Parameter Value Unit

Density at 16°C 0.9 g/cm?
Solubility in water at 25°C 0.037 g/l
Autoignition point 275 °C
Flash-point at 101.3 kPa pressure 134.8 °C
Melting/solidification point at 101.3 kPa pressure 24 °C
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Table 2 — Basic characteristics of ethyl alcohol [3]

Parameter Value Unit
Alcohol content at 20°C 99.9 %
Density 0.7897 g/cm?
Esters content <0,2 mg/100 cm’
Methanol content <0,6 mg/100 cm?
Water content <=0,1 %(m/m)
Auto-ignition point 425 °C

Fuels used in the tests were stored in closed containers (Fig. 2 and 3) with regard to the water-
absorption capacity of ethanol, and at the temperature of 15+2°C. In these conditions, the mixture with 15%
ethanol got delaminated, while the other mixtures with 5% and 10% of ethanol were homogeneous and clear.
The samples containing 2% (v/v) of dodecanol, with the same percentages of ethanol (5%, 10% and 15%,

respectively), have not delaminated.

The addition of ethanol in the quantity of 20% or more requires higher concentration of dodecanol in

order to keep the mixture stable, particularly at lower temperatures [5].

Table 3 - Fuels used to determine the heat of combustion

Fuel identification Percentage v/v
Diesel oil Ethanol Dodecanol

ON 100 100 0 0
ET 100 0 100 0

D 100 0 0 100
ON+ET 5 95 5 0
ON+ETI10 90 10 0
ON+ET15 85 15 0
ON+ET5+D 93 5 2
ON+ET10+D 88 10 2
ON+ET15+D 83 15 2

Figure 2 - Mixture of diesel oil with 5%, 10% and 15% of ethanol by volume




Figure 3 — Mixture of diesel oil with 5%,
by volume and 2% dodecanol addition

TEST RESULTS AND ANALYSIS

10% and 15% of ethanol

The content of hydrogen in fuel affects the heat of combustion and decides, among other things, about

the self-ignition characteristics of fuel. Table 4 presents the values

of the percentage share of hydrogen in the

samples of fuels for which the analysis has been made. The largest mass percentage of hydrogen applies to

the mixture with dodecanol.

Table 4 - Mass share of hydrogen in the tested fuels

Fuel identification Mass share of hydrogen H [%]
ON 100 13.14
ET 100 13

D 100 14.43

ON+ET5 13.3
ON+ETI10 13.13
ON+ETI15 13.12
ON+ET5+D 13.16
ON+ET10+D 13.15
ON+ET15+D 13.14

The chart (Fig. 4) presents the results of the heat of combustion determination for the tested mixtures.
The ON100 fuel reflects the highest value of the heat of combustion equal to 45.65 MJ/kg, whereas the

lowest value of 42.87 MJ/kg applied to the ON+ET15+D fuel.

Figure 5 presents the results of the calculated calorific value for all of the tested mixtures. The highest

calorific value of 42.78 MJ/kg is reflected by the commercial

diesel oil.Along with the growth of the

concentration of ethanol and after adding 2% of dodecanol, the calorific values decrease. For the mixture of
ON+ET15+D, the calorific value equalled 40 MJ/kg and was the lowest compared to the other fuels.
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Figure 4 — Heat of combustion values for the tested mixtures
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Figure 5 — Calculated calorific value for the tested mixtures
Table 5 — Comparison of the calculated and measured calorific values for tested fuels

Table 5 presents a comparison of calorific values obtained experimentally and calculated as the
function of the percentage of components in the mixture. It shows that the relative errors between both

calorific values does not exceed 1%.

CONCLUSIONS

The highest value of the calorific valueequal to 42.78 MJ/kg was obtained for ON100. Increase of the
share of ethanol in the tested fuels results in a decrease of the heat of combustion and calorific value.
Addition of 2% (v/v) dodecanol slightly decreases the heat of combustion even more, owing to the fact that
the value of this parameter for dodecanol is 92.7% of the heat of combustion of diesel oil. Introduction of
dodecanol addition to the mixtures of diesel oil and ethanol resulted in increasing the mass share of hydrogen
compared to that in the commercial diesel oil or diesel oil mixtures with ethanol, resulting in dodecanol
calorific value of only 91.6% of the calorific value of diesel oil.

The lowest heat of combustion compared to other fuels was determined for the ON+ET5+D,
ON-+ET10+D, ON+ET15+D mixtures. The same mixtures with Ci2Hs addition have a lower percentage of
diesel oil to the benefit of dodecanol. Both ethyl alcohol and dodecanol reflect lower energy value compared
to diesel oil. Therefore, it resulted in decreasing the value of the heat of combustion.

A decrease in calorific value in reference to diesel oil, as a result of adding small percentages of
ethanol, equals approximately 2% for the ON+ET5 and ON+ET5+D fuels. The largest difference of the
energy parameter applies to the higher concentrations of ethanol in the tested fuels and equals nearly 5.5%,
while after adding dodecanol, the difference increased to 6.5%.
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The differences in calorific value between the mixtures of diesel oil and ethanol and the same samples
with stabiliser in the form of dodecanol are small and reach the maximum value of 1.2%.

The deterioration of energy parameters results mainly from the addition of ethanol, as it reflects the
lowest value of the heat of combustion, namely 29.51 MJ/kg and the lowest calorific value equal 26.87
MlJ/kg.

Dodecanol may be added as a stabiliser as it has an insignificant impact on the calorific characteristics
of fuel. As a result of the carried out tests it may be stated that the use of diesel oil mixtures with ethanol and
dodecanol may result in lowering the operating parameters of an engine, therefore, maintaining the
parameters at the level applicable to diesel oil only requires an adequate adjustment of the time of injection.

The calorific values of tested fuel mixtures calculated on the basis of percentage composition do not
differ by more than 1% from the experimental values. However, due to the variances of the calorific value of
various types of diesel oils, this parameter should be each time determined for the specified fuel used at
preparing the mixtures with ethanol.
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ABSTRACT

KRZEMINSKI Artur, LEJDA Kazimierz, USTRZYCKI Adam. Influence of dodecanol addition on the
energy value of diesel oil mixture with ethanol. Visnyk of National Transport University. Series «Technical
sciencesy». Scientific and Technical Collection. Kyiv. National Transport University. 2019. Vol. 3 (45).

Currently, there is a strive to lower the emission of carbon dioxide, considered to be a greenhouse gas,
and toxic compounds, including particulate solids and nitrogen oxides, which are generated by compression
ignition engines. One of the methods to achieve the objective is to apply alternative fuels, among which those
of plant origin enjoy growing interest. As a bio-component for fuelling compression ignition engines ethyl
alcohol may be applied, which is mixed with diesel oil in order to avoid costly structural changes of engines.
However, ethanol is hardly miscible with diesel oil, particularly at low temperatures, which calls for the
application of additions improving that characteristic. Additions may, yet, affect other parameters of such fuel.

As a result of the tests carried out, the highest calorific value was obtained for diesel oil; it equals to
42.78 MJ/kg. Increase of the share of ethanol in the tested fuels results in a decrease of the heat of
combustion and calorific value. Addition of 2% (v/v) dodecanol slightly decreases the heat of combustion
even more, owing to the fact that the value of this parameter for dodecanol is 92.7% of the heat of
combustion of diesel oil. Introduction of dodecanol addition to the mixtures of diesel oil and ethanol resulted
in increasing the mass share of hydrogen compared to that in the commercial diesel oil or diesel oil mixtures
with ethanol, resulting in dodecanol calorific value of only 91.6% of the calorific value of diesel oil. The
results of the research indicate that the influence of dodecanol addition to diesel oil mixed with ethanol is
small as regards calorific values. Dodecanol may be added as a stabiliser as it has an insignificant impact on
the calorific characteristics of fuel. As a result of the carried out tests it may be stated that the use of diesel
oil mixtures with ethanol and dodecanol may result in lowering the operating parameters of an engine,
therefore, maintaining the parameters at the level applicable to diesel oil only requires an adequate
adjustment of the time of injection.

KEY WORDS: DODECANOL, ETHANOL, BLEND, DIESEL FUEL, DIESEL, CALORIFIC
VALUE, ADDITIVES.
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PE®EPAT

KIONEMIHBCKI Aptyp. B 100aBKH 10I€KaHOITy Ha €HEPIE€THYHY LIHHICTh CyMillli AU3€IBHOTO
nmamuBa 3 eranonom / A. KIIEMIHBCKI, K.JIEWMJA, A.YCTLIULKI // Bicuuk HarjonansHOro
TpaHcnopTHoro yHiBepcutery. Cepisa «Texniuni Hayku». HaykoBo-texniunmii 30ipauk — K.: HTY, 2019. —
Bum. 3 (45).

B nmanmii wac icHye mparHeHHS OO 3HW)KCHHS BHUKHIIB JIBOOKHCY BYIJICIIO, IO BBAKAETHCA
MAPHUKOBHM Ta30M 1 TOKCHYHUX CIIOIYK, BK/IIOYAIOYH TBEPl YACTHHKH i OKCHJIH a30Ty, sKi T€HEPYIOThCS
JIBUTYHAMH 13 3allalOBaHHSIM BiJ cTHCHEHHA. OOHMM i3 METOHIB JOCATHEHHS METH € 3aCTOCYBaHHS
aNbTEpPHATUBHUX BHJIB MaluBa, cepell SIKUX 3POCTaE iHTepec Ui MajkB POCIUHHOTO MOXOMKEHHS. SIK
O10KOMITOHEHT ISl 3alpaBKH JIBUTYHIB i3 3alaJIIOBAaHHSAM BiJl CTHCHEHHS MOXKE 3aCTOCOBYBATHCS E€THIIOBUI
CIHPT, KUK 3MIIIYETHCS 3 AW3EIBHUM MaTMBOM, 00 YHHKHYTH AOPOTHUX CTPYKTYPHUX 3MiH ABHUTYHIB.
OpnHak, eTaHod MOraHo 3MILIYETbCS 3 JW3ENbHUM MAIMBOM, OCOOJIMBO HPU HHU3BKUX TEMIIEpaTypax, IO
BHMArae 3acTOCyBaHHS 100aBOK, II0 MOKPAIIYIOTh II0 XapaKTepUCcTUKY. Jlo0aBKH MOXYTh, OIHAaK, BIJTUBATH
HA 1HIII MapaMeTpH TaKoro MajuBa.

B pesynbrarti npoBeaeHUX BUNPOOYBaHb HAWBHUINE 3HAYEHHS TEIUIOTBOPHOI 3aTHOCTI, IO JTOPIBHIOE
42,78 M/Ix / xr, OyJ0 OTpUMaHO Ui AW3ENBHOTO MaluBa. 30UIBIIEHHS YaCTKH €TaHONy B IOCITIKYBaHHX
MaJIMBaX MPU3BOAUTH 10 3MEHIIEHHS TETIOTH 3TOPSHHS 1 TEMJIOTBOPHOI 3aaTHOCTI. HomaBanus 2% (v / v)
JOAEKaHOY JIeII0 3HMKYE TEIJIOTY 3rOpsHHS Iie Oiiblile, BHACTIJOK TOTO, IO 3HAYEeHHs [[LOTO MapaMeTpa
IUIsl I0JIeKAaHOIy CTaHOBHTH 92,7% TEIoTH 3ropsHHS AW3ENBHOrO NaiuBa. BBeOeHHs AOAEKaHOIY M0
CyMilleil AM3eIbHOro ManuBa 1 €TaHOJy MPU3BEIO A0 301UIbILICHHS MAacoBOi YacTKM BOJIHIO MOPIBHSHO 3
TAaKOI0 B KOMEpLIMHMX Au3enbHUX HadTOoBHX ab0 AM3ENBHUX CyMilllaX 3 €TaHOJIOM, B pe3yJbTaTi 4Oro
JOACKaHOJbHA TEIUIOTBOpHA 37AaTHiCTh Jnuie 91,6% TemnoTBOPHOI 34aTHOCTI IU3EIBHOTO MaluBa
orpumManoro 3 Hadtu. JogekaHon Moxxe OyTH JOAaHUI K CTab1Ti3aTOP, OCKUTBKY BiH Ma€ HE3HAYHUH BIUIMB
Ha TEMJIOTBOPHY 3AaTHICTh ManuBa. B pesynbTari mpoBeneHHX BUNPOOYBaHb MOXKHA CTBEPIXKYBAaTH, IO
BUKOPUCTAHHS CyMillled AWM3EIbHOrO MajiBa 3 €TaHOJIOM 1 JOJEKaHOJIOM MO)KE MPH3BECTH 0 3HWKECHHS
poOoUMX TmapaMeTpiB ABUTYHA, TOMY HiATPUMKa MapaMmeTpiB Ha PiBHI, IO 3aCTOCOBYETHCS IO TU3EIBEHOTO
MaJINBa, BUMArae JIMIIE BiNOBIHUX PETYIIOBaHb 4acy BIIOPCKYBaHHSL.

KJIIOYOBI CJIOBA: AOAEKAHOJI, ETAHOJI, CYMILI, JU3EJIBHE ITAJIMBO, AW3EJIb,
TEIUIOTBOPHA 3JATHICTb, JOFABKMH.
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