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Abstract

This paper investigated spray characteristics of rapeseed oil (RSO) as renewable fuel for conunon-
rail (OR.) diesel engines using high-speed camera image technique and Phase Doppler Anemometry (PDA).
Experimental spray penetration at variows injection pressures and fuel temperatures for RSO were
compared with data of standard oil (S0) taken at the same varving ambient conditions. Additionally,
corresponding to penetration data. data sets of spray development for these two oils were also aguired. It
has been found thar RSO remperature of 60°C being used in practice to preheat plant eils in modified OR,
engines does not improve spray penetration to be sufficient to reach the penetration equivaltent ar 25°C for
SO. It is concluded that producing RSO spray similar to SO one requires high injection pressure and fuel
temperature, and the pressure effect is more influential. The PDA measuremens revealed stronger injection
pressure effect on values of Ds2 and DD than oil temperature.

Kevwaords: common rail, rapeseed oil spray, spray characteristics
1. Introduction

Secking for cleaner and sustainable fuels led into interest of using neat vegetable oils in
Diesel engines. Particularly, cold pressed RSO is emerging as a potentiaily viable alternative
to diesel fuel. Its physical and chemical properties as well as simple production and low
price make it attractive source of energy. The recent studies and engine tests showed
difficulties in direct fuelling Diesel engines caused by mainly by higher viscosity of RSO
leading to a decrease of engine performance [15] [19] [2] [14] [4]. Despite the successful use of
RSO and its derivatives in the indirect injection (IDI) Diesel engines presented by
Hemmerlein [5] and in [9], similar application in the direct injection (DI) Diesel engines is
still highly problematic manifesting in so-called " short-" and " long-term” problems [2] [18].
The number of successful modification of IDI engines as well as some attempts on DI ones
shows that RSO can help to create sustainable and cheap source of mechanical energy.
Theoretical work of modelling of plant oil atomization in DI engines has been already
performed [17]. The latest development of common-rail engines indicates the high
performance and efficiency together with deep emission reduction. It can be expected that
modifications of the common-rail injection system would enable it to operate on RSO and
hence create very efficient and sustainable diesel powered energy source. Nevertheless recent
operating of the common-rail on RSO is problematic due to different physical properties of
this oil badly influencing fuel delivery, spray development and reducing the creation of
air/fuel mixture. The long-term problems manifest in cooking tendencies and carbon
deposit formation [2]. The CR injection process finely controlled by an electronic control
unit does not overcome spray obstruction and therefore needs to be redesigned. To improve
atomization the injection system requires modification derived from fundamental spray
pattern characteristics, droplet sizing tests and careful engine tests. In order to improve
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comparison to SO. Spray processing revealed differences in the shape and rate of
development of RSO sprays, therefore the results presented have been derived from the
injection for comparative analysis. The figures and images presented here are limited to a
few examples of a larger set of experimental data. Average spray data penetration with
respect of time are graphically presented for SO and RSO. Additionally, for two different
injection system of 56.3 and 131.3 MPa the penetration data are presented together with
sequences of images presenting spray development at ambient pressure of 4.9 MPa and 1.4
ms after the nozzle was energized. For each injection pressure of 56.3 and 131.3 MPa, a set of
three graphs corresponding to three different ambient pressures of 0.5, 1.2 and 4.9 MPa are
presented.

It can be seen that temperature increase has some effect on spray development resulting
in an increase of penetration due to a reduction of RSO viscosity. Although, the RSO oil
spray penetration at 60 °C was observed to be stower than that of SO at 25 °C for all the
pressure conditions investigated. Figures 4(a) and 4(b) represent the liquid spray developing
at the lowest and the moderate ambient pressure employed. It can be seen that penetration at
ambient pressure of 0.5 MPa is more effected by temperature, whereas the effect of ambient
pressure at 1.2 and 4.9 MPa temperature effect is less pronounced, Figures 4(b) and 4(c),
resulting in flatter curve slopes and closer location of the penetration curves for the RSO.
Noticeable similarity in the curve trends between 1.2 and 4.9 MPa can be seen. Also it can
be found that the spray penetration curves are approximately linear with time in the earlier
stages of the injection i.e. before 12 °10™* s. Tt was observed from spray images that increased
ambient pressure results in significant reduction of penetration and "richer" and denser fuel
spray. Some typical spray images corresponding to 4.9 Map of amient pressure are shown
in Figure 4(d). It can be clearly seen from the Figure 4(d) that increase temperature results
in fuller spray with longer penetration. The front edge of the sprays appears to be more
rounded and slightly demonstrates sign of conical shape as the whole spray becomes more
symmetrical. Air entrainment in this case remains low and periphery of the sprays is
smooth. The aerodynamic interaction between spray and ambient gas is negligible due to
relatively low injection pressure and the high ambient gas density (p=59.96 kg/m®).

It can be conculed from the data presented in these figures that lower ambient pressure,
higher injection pressure and higher fuel temperature render RSO spray characteristics
similar to that of SO.

High injection pressure (131.3 MPa) results in the penetration rates increasing rapidly.
The spray penetration under a higher injection pressure is faster than under a lower
injection pressure (56.3 MPa) for both types of oil under same ambient conditions. Figures
5(a,b) and 5(c) present the higher values of spray penetrations achieved in the presented
study for each set of ambient conditions. The data indicates that temperature has got some
degree of effect on the spray penetration. But the effect is not significant and does not
follow an expected trend of an increase with increased temperature. The injection pressure
effect is more significant and similar to one reported in [8] performed in the similar range of
the injection conditions. It can be concluded that in this case the pressure drop across the
nozzle is less affected by changes of RSO viscosities and more by momentum forces
resulting in penetration values less dependent on temperature. The SO values indicate
shorter injection delay and in all cases the first detected spray was recorded before 5 104,
The same trend cannot be observed clearly for RSO. Increased injection pressure slightly
reduces injection delay as it was concluded before this does affect the fuel flow inside the
nozzle.

Spray changes presented in Figure 5(d) show that higher injection pressure makes the
leading edge of the sprays more distorted. It indicates the higher degree of air entrainment
and presence of small vortexes at the edge of the sprays. The presence of turbulence
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Samples of RSO distribution for the injection pressure of 56.3 and 131.3 MPa are
presented in Figures 8 to 10 for different ambient pressures of 0.5, 1.2 and 4.9 MPa. Series of
drop size ranges placed on X-axis are given in Table-3. The distributions of droplet size are
broad and show generally only one pick. In all cases a drop population is presented by means
of the average distribution curve for strictly cooperative reason. These graphs supplement
previous presentation of D1, and Dy and should be carefully interpreted. Each graph consists
of 3 curves representing 3 different oil temperatures. In all cases effect of injection
temperuture does not follow expected trend. Temperature has less effect on distribution than
ijection pressure. Figures 8(a,b) shows that higher injection pressure results in higher
number of drops within smaller ranges which correlates with presented values of Dy» and Dy
in Figures 6 and 7 for 0.5 MPa. By increasing the ambient gas pressure (Figure 9) the
distribution curve shifts more towards higher drop ranges. Effect of injection pressure is
similar to that in Figures 8-10.

At high ambient gas pressure of 4,9 MPa (Figure 10), drop population consists of high
number of small drops as well as significant number of bigger ones (ranges from L-S).
Contribution of these big drops in values of Dz; and Dy is significant, thus the increased
number of small drops does not result in reduced values of mean drop diameters since the
noticeable number of big drops is present in the population. Explanation of presence of the
big drops at higher injection pressure is quite difficult.
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Figure 7. Effect of temperature and ambient pressure on the Sauter mean diameter, D;;
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Figure 8. Droplet diameter distribution of the RSO at ambient pressure of 0.5 MPa
at various injection femperatitres.
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Figure 9. Droplet diameter distriburion of the RSO at ambient pressure of 1.2 MPua
al vartons ijection temperatures.
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Figure 1) Draplet diamerer disivibution of the RSO at ambient pressure of 4.9 MPa
al varfous injection lemperatures.

An earlier study [10] indicates droplet diameters of diesel fuel up to 500 pm for much
lower injection pressures. Such dense spray of RSO especially at high injection pressures may
exhibit tendency to drop coalescence during interaction in dense atmosphere of the injection
volume. As penetration length increases viscosity of RSO dramatically drops down to
ambient temperature and even at high injection pressure the effect of viscosity on the mean
diameter remains still superior as it was shown by Tabata et al. [20]

Table 4. Do D;; of standard and rapeseed oil(ar ambient pressure of 1.2MPa

Standard oil | Rape-seed oil
Injection pressurc [MPa] | 563 [1313 | 563 |131.3
Do fum] 17.37 | 1520 2234 |17.21

D [pmi 5403 |34.60 [45.48 [40.04

4. Conclusion

In this paper a study of rape-seed oil spray was made and a comparison of penetration
and mean drop diameters with standard oil was performed. The experimental analysis of the
spray characteristics has led to the following conclusions:
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. The penetration profiles were shown to be more dependent on injection pressure than oil

temperature at high ambient pressures. Rape-seed oil temperature of 60°C does not
improve spray penetration to be sufficient to reach the penetration equivalent at 25 °C
for standard oil.

. RSO sprays penetration is slower than for SO and sprays have a conical shape. The spray

leading edge becomes more rounded and the spray becomes shorter and denser with
increases in ambient pressure.

. Higher injection pressure produces smaller Sauter and arithmetic mean diameter.

Similarly to penetration results, the mean drop size diameters are more dependent on
injection pressure than injection temperature.

. Values of Da» and Do for rape-seed oil at 30 °C and standard oil are very similar.

.PDA measurements of a rape-seed oil spray manifest some difficulties typically

accounted for dense sprays. Validation of the PDA result should be performed using
another sizing technique.
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