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ABSTRACT: The fact that the oil crisis happens around the world, the alternatives for the conventional diesel fuel
can be considered as the future solution. the best option for the biodiesel production, is to produce it from the waste.
In this way, the production doesn’t affect on the food production, even more, the potential waste can be used for
something useful. In the paper is conducted the experimental analysis of the combustion process of the blend made
from conventional diesel fuel and biodiesel fuel made from waste grape seeds. The proportion of the investigated
blend is the 86 %vol of the diesel fuel and 14 %vol of the biodiesel fuel. All results were compared to the combustion
process when diesel fuel is used as only fuel. On the basis of the results, have come the conclusions and propositions
what is necessary to conduct in the future researches.
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ISTRAZIVANJE PROCESA SAGREVANJA MESAVINE
KONVENCIONALNOG DIZEL GORIVA | BIODIZELA GORIVA
NAPRAVLJENOG OD OTPADNIH SEMENKI GROZDbA

REZIME: Cinjenica da se naftna kriza de$ava Sirom sveta, alternative za konvencionalno dizel gorivo mogu se
smatrati buduéim reSenjem. Najbolja opcija za proizvodnju biodizela jeste njegova proizvodnja iz otpada. Na ovaj
nacin, proizvodnja ne utie na proizvodnju hrane, StaviSe, potencijalni otpad se moze iskoristiti za nesto korisno. U
radu je sprovedena eksperimentalna analiza procesa sagorevanja mesavine napravljene od konvencionalnog dizel
goriva i biodizel goriva napravljenog od otpadnih semenki grozda. Proporcija ispitivane meSavine je 86 %vol dizel
goriva i 14 %vol biodizel goriva. Svi rezultati su uporedeni sa procesom sagorevanja kada je dizel gorivo koriséeno
kao jedino gorivo. Na osnovu rezultata, doneti su zakljuéci i predlozi Sta je potrebno sprovesti u buduéim
istraZzivanjima.

KLJUCNE RECI: sagorevanje, dizel gorivo, biodizel gorivo, otpad, semenke grozda

INTRODUCTION

Biodiesel represents one of the most established renewable alternatives to conventional diesel fuel (D100) in road
transportation. Its application is motivated by the need to reduce dependence on fossil fuels and to improve the
sustainability of the transport sector. Nevertheless, biodiesel differs from conventional diesel in several important
physicochemical properties, including density, viscosity, oxygen content, volatility, and heating value. These
differences directly influence fuel injection, ignition, combustion development, heat release, and, consequently, the
energy and environmental performance of diesel engines (Ekbom, T. 2023; Nguyen, V. G. et al. 2023; Knezevi¢, D.
M. et al. 2020).

Most commercially available biodiesel is produced through alcohol-based transesterification and consists
predominantly of fatty acid esters. The properties of the resulting fuel depend not only on the production process but
also on the origin and chemical composition of the feedstock. Consequently, biodiesel obtained from different
vegetable oils, animal fats, or waste materials may exhibit considerably different combustion characteristics and
engine performance. For this reason, the selection of an appropriate feedstock is an important aspect of biodiesel
development, particularly when the objective is to combine acceptable engine performance with improved resource
utilization (Ekbom, T. 2023; Nguyen, V. G. et al. 2023; Hunich, J. et al. 2021).

In practical applications, biodiesel is generally used as a component of blends with conventional diesel rather than
as a neat fuel. The use of biodiesel—diesel blends can facilitate the integration of renewable fuels into existing diesel-
engine technology without requiring substantial engine modifications. However, increasing the biodiesel fraction may
alter combustion characteristics and may result in changes in brake thermal efficiency (BTE), brake-specific fuel
consumption (BSFC), cylinder pressure, and heat release behavior. Previous investigations have demonstrated that
these effects depend strongly on the type of biodiesel and its concentration in the blend (Asokan, M. A. et al. 2021;
Gautam, R., & Kumar, S. 2020; Behget, R. et al. 2014).

Research has increasingly focused on biodiesel obtained from waste materials because such feedstocks can reduce
production costs while simultaneously providing a useful route for valorizing residues generated by agricultural and
food-processing activities. Waste animal fats, used cooking oils, fish-processing residues, and other biomass-derived
materials have been investigated as potential biodiesel feedstocks, with their effects on combustion and engine
performance differing according to their physicochemical characteristics (Gautam, R., & Kumar, S. 2020; Behget, R.
etal. 2014; Emma, A. F. et al. 2022). Biodiesel derived from waste materials is therefore of particular interest because
its use may provide both energy-related and environmental benefits.

Among the potential waste-derived feedstocks, grape-processing residues represent an interesting resource for
biodiesel production. The wine industry generates substantial quantities of solid residues, including grape seeds,
which contain oil suitable for conversion into biodiesel. The utilization of grape seed oil can contribute to the
valorization of an otherwise underutilized by-product while reducing the reliance on oils obtained from purpose-grown
energy crops. Previous studies have investigated grape seed-derived biodiesel and its blends with conventional
diesel, demonstrating that the resulting fuels can be used in compression-ignition engines and that their combustion
and performance characteristics are generally comparable to those of conventional diesel, although differences in
efficiency and fuel consumption may occur (Chelladorai, P. et al. 2018; Azad, A. K. & Rasul, M. G. 2019).
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Despite the growing body of research on biodiesel from various renewable and waste feedstocks, further investigation
is required to establish the influence of the biodiesel fraction on the combustion process and engine efficiency under
different operating conditions. This is particularly relevant for biodiesel produced from waste grape seed oil, for which
the relationship between blend composition, heat release characteristics, and brake thermal efficiency remains
worthy of further examination.

Objective and Scope of the Research

The objective of this study is to evaluate the influence of the proportion of biodiesel produced from waste grape seed
oil in blends with conventional diesel fuel on the combustion process and energy efficiency of a diesel engine.
Particular attention is given to the heat release rate and brake thermal efficiency obtained under different engine
operating conditions. The experimental investigation compares conventional diesel fuel (D100) with B7 and B14
blends, thereby enabling the effect of increasing the waste grape seed biodiesel content to be assessed within a
practically relevant concentration range.

The results are intended to contribute to a better understanding of the combustion behavior of waste-derived biodiesel
blends and to provide additional evidence regarding their suitability as alternative fuels for conventional compression-
ignition engines.

EXPERIMENTAL PROCEDURE

The combustion process was investigated by measuring the instantaneous in-cylinder pressure over the engine
cycle. The experimental setup consisted of a pressure measurement and crank-angle recording system, comprising
a piezoelectric pressure transducer, signal-conditioning units, an optical crank-angle encoder with TDC detection,
and a digital data-acquisition system. The measuring chain included an AVL QC32D pressure sensor (1), Kistler
5007 amplifier (2), angle encoder (3), optical transmitter (4), AVL 365CC signal multiplier (5), AVL Indimeter 619
acquisition system (6), and AVL IndiCom 1.2 (7) software, Figure 1.

Figure 1 The measuring chain

Prior to the measurements, the pressure transducer was calibrated using a dead-weight calibration procedure. The
resulting calibration coefficient was 9.97 bar/V. The engine operating points were selected based on its performance
characteristics. To ensure that the selected speeds were defined according to a standardized procedure and could
subsequently be compared with results from other studies, the reference speeds were determined in accordance
with the European Stationary Cycle (ESC) methodology.

Since the tested engine is intended for applications in small agricultural machinery, particular attention was given to
medium-high and full-load operation, which represent characteristic working conditions for this type of engine.
Accordingly, the combustion analysis was performed at BMEP values of 1.4 bar, corresponding to low-load operation,
respectively.

Three fuels were investigated: conventional diesel fuel (D100), and blend containing biodiesel produced from waste

grape seed oil, namely B14. For each operating condition, pressure data were recorded over 50 consecutive engine
cycles. Each measurement was repeated three times, and the obtained results were subsequently averaged.
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During testing, the required engine speed and load were first established and maintained at the selected operating
point. Measurement stability was assessed primarily from the variation in engine speed during data acquisition. The
minimum, mean, and maximum engine speeds, together with their standard deviations, were determined for each
operating condition to characterize the stability of the experimental regimes.

RESULTS AND DISCUSSION

The results obtained for the in-cylinder pressure and heat release rate are presented in Figures 2—4. These
parameters were selected to provide an assessment of the combustion process for the investigated fuels under the
considered engine operating conditions. The in-cylinder pressure traces provide an overall indication of the
development of combustion and the associated pressure rise, while the heat release rate enables a more detailed
assessment of the intensity and temporal distribution of the combustion process.
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Figure 2 Cylinder pressure (a) and heat reease rate (b) for engine speed 1635
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Figure 3 Cylinder pressure (a) and heat reease rate (b) for engine speed 1937

A general tendency toward more intense combustion can be observed for the biodiesel—diesel blends compared with
conventional diesel fuel. This behavior is reflected in both the in-cylinder pressure development and the heat release
rate, with the differences being particularly evident during the period of uncontrolled combustion. The biodiesel blends
generally exhibit a more pronounced heat release during this stage, indicating a faster energy release once the
accumulated fuel becomes involved in the combustion process. Consequently, the pressure rise associated with this
phase is also more pronounced than that observed for D100 under comparable operating conditions.

The observed behavior can primarily be associated with changes in the ignition delay period resulting from the
physicochemical characteristics of the biodiesel-containing fuels. The use of biodiesel blends appears to extend the
period between the start of fuel injection and the onset of significant combustion. Such an extension of the induction
period allows a larger fraction of the injected fuel to accumulate in the combustion chamber before the onset of the
uncontrolled combustion phase. Once ignition occurs, the accumulated fuel is rapidly consumed, resulting in a more
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intense premixed combustion phase and, consequently, a higher rate of heat release. This mechanism provides a
plausible explanation for the more pronounced combustion intensity observed for B7 and B14 compared with D100.
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Figure 4 Cylinder pressure (a) and heat reease rate (b) for engine speed 2239

The increase in ignition delay observed for the biodiesel-containing blends may be related to their less favorable
volatility characteristics compared with conventional diesel fuel. Reduced fuel volatility can affect the evaporation and
preparation of the injected fuel for combustion, thereby influencing the time required to form an adequately
combustible mixture. As a consequence, a greater amount of fuel may be present in a combustible state at the
moment of ignition, promoting a more rapid release of the accumulated chemical energy during the subsequent
uncontrolled combustion phase. The observed differences should therefore be interpreted primarily as a
consequence of the altered fuel preparation and ignition characteristics associated with the use of biodiesel.

The effect is most pronounced at the lowest investigated engine speed. This behavior is consistent with the shorter
available time for the individual combustion phases as engine speed increases. With increasing rotational speed, the
duration of the combustion process expressed in crank-angle-related temporal terms changes, reducing the
opportunity for differences in fuel preparation and ignition delay to develop to the same extent. Accordingly, the
differences between the combustion characteristics of D100 and the biodiesel-diesel blends gradually become less
pronounced as engine speed increases.

At higher engine speeds, the pressure development and heat release characteristics of the biodiesel blends
consequently tend to approach those obtained with conventional diesel fuel. This indicates that the influence of the
biodiesel component on the combustion process is strongly dependent on engine speed, with the effect of the altered
fuel properties being most evident under low-speed operation. Overall, the results indicate that the addition of
biodiesel produced from waste grape seed oil modifies the combustion process primarily through its influence on the
ignition and premixed combustion phases, while the magnitude of this influence decreases with increasing engine
speed.

CONCLUSIONS

This study investigated the influence of biodiesel produced from waste grape seed oil on the combustion process of
a compression-ignition engine when used in blends with conventional diesel fuel. The analysis was based on in-
cylinder pressure and heat release rate measurements obtained for D100, B7, and B14 fuels under medium-high
and full-load operating conditions and at different engine speeds.

The results indicate that the addition of waste grape seed biodiesel modifies the combustion process compared with
conventional diesel fuel. In general, both biodiesel-diesel blends exhibited a tendency toward more intense
combustion, particularly during the uncontrolled combustion phase. This behavior was reflected in the more
pronounced heat release and corresponding changes in the in-cylinder pressure development. The observed
differences are primarily associated with changes in the ignition delay and fuel preparation characteristics of the
biodiesel-containing blends.

The increased intensity of the uncontrolled combustion phase can be attributed to the accumulation of a larger
quantity of fuel during the extended induction period preceding the onset of combustion. Once ignition occurs, this
accumulated fuel undergoes relatively rapid combustion, resulting in a higher heat release rate compared with D100.
The observed extension of the induction period is most likely related to the less favorable volatility characteristics of
the biodiesel used in the investigated blends, which can influence fuel evaporation and mixture preparation.
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The influence of biodiesel addition was found to be most pronounced at the lowest investigated engine speed. With
increasing engine speed, the differences between the combustion characteristics of the biodiesel blends and D100
gradually decreased. At higher speeds, the pressure and heat release characteristics of B7 and B14 approached
those of conventional diesel fuel, indicating a reduction in the relative influence of biodiesel on the combustion
process.

Overall, the results demonstrate that waste grape seed oil biodiesel can be incorporated into conventional diesel fuel
without fundamentally altering the combustion behavior of the engine. However, its presence affects the intensity and
temporal development of combustion, with the magnitude of these effects depending on the biodiesel concentration
and engine operating conditions. The findings support the potential use of waste grape seed biodiesel as a renewable
fuel component while highlighting the importance of considering engine speed and blend composition when
evaluating its combustion characteristics.
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