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Abstract. With the increasingly stringent requirements of diesel engine fuel consumption and
pollutant emission, higher requirements are put forward for the performance of diesel engine fuel
injection systems. Cavitation flow in diesel fuel injectors is an extremely important factor affecting
spray characteristics. In this study, the occurrence of cavitation in the fuel injector nozzle and its
impact on mass flow rate and vapor fraction at the outlet of the fuel injection hole are studied
numerically for various fuels such as diesel, gasoline, ethanol and methanol. The results show that
the mass flow rate of diesel is the highest and that of gasoline is the lowest. Methanol and gasoline
have the highest vapor content, followed by ethanol, and then diesel with the lowest vapor phase.
For mass flow, the mass flow is inversely proportional to the viscosity of the fuel, and for
cavitation, the amount cavitation is inversely related to the viscosity of the fuel. This agrees with
many researchers’ findings.

Aunomayus. B cBA3M C yXecTOUeHMEM TpeOOBaHMM K pacxoly TOIUIMBA JWU3EJIbHBIMU
JIBUTATEJISIMU U BBIOpOCAM 3arpsi3HSIONIMX BEUIECTB MOBBIIIAIOTCS TPEOOBAaHUS K XapaKTepPUCTUKAM
CHCTEM BIpBICKA TOIUIMBAa JM3ENbHBIX JBUraresedl. KaBuranuoHHBIE TOTOK B (hopcyHKax
JM3EIIBHOTO TOIUIMBA SIBISIETCS YPE3BBIYAHHO BaXKHBIM (DAaKTOPOM, BIMSIOIIUM Ha XapaKTEPUCTUKU
pacnbUieHus. B 1aHHOM ucclieZJOBaHUM BO3HUKHOBEHHME KaBUTALMU B COIUIE TOTUIMBHOM (POPCYHKH
U ee BJIMSHUE Ha MAacCOBBIM pacXoj W JOJIO Mapa Ha BBIXOJE M3 OTBEPCTHS JUIsl BIPHICKA TOIIHMBA
YHUCICHHO M3YYalOTCS JJIS Pa3IUYHBIX BUJIOB TOIUIMBA, TAaKUX KaK JU3EIbHOE TOIUIUBO, OEH3MUH,
9TaHOJ U METaHOJ. Pe3ynbTaTsl MOKa3bIBaOT, YTO MACCOBBIN PACXO IU3EIBHOTO TOIUIMBA SBISETCS
CaMbIM BBICOKHUM, a pacxo]] OEH3MHa — caMbIM HU3KUM. MeTaHoI U OEH3UH UMEIOT CaMO€e BBICOKOE
cofiepaHue mapa, 3a HUM CJIEYeT 3TaHOJI, a 3aTeM JU3eIbHOE TOIUIMBO C CaMOM HU3KOM mapoBoit
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¢azoit. MaccoBblil pacxom 00OpaTHO MPOMOPIIMOHANICH BS3KOCTH TOIUIMBA, & BEMYMHA KAaBUTAI[UU
o0paTHO TMPOMOPLUMOHANEHA BSI3KOCTH TOIIMBA. JTO COMNACYeTCS C BBIBOJAMH MHOTHUX
uccieaoBaresei.
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Introduction

Nowadays, the total amount of global automobile are showing an increasing trend. Emissions
such as and have caused pollution problems, while inefficient automobiles have generated more
and. With the shortage of energy and the environmental deterioration, countries all over the world
are strengthening the control of vehicle emissions. People have put forward higher requirements for
the overall performance of diesel engines to improve efficient of vehicle fuel.

Diesel engine as a power source is widely used into our daily life, the fuel injection system
plays a key role in the performance of engine. The nozzle is an important part of fuel injection
system, the internal flow of fuel in the nozzle directly affects the atomization of fuel. The main
factors that affect fuel cavitation include injection pressure, ambient pressure, temperature,
combustor configuration, nozzle structure [ 1-5].

For a long time, increasing the injection pressure has been an important method to improve
the atomization. Higher injection pressure will not only improve the atomization effect of fuel, but
also reduce the emission of poisonous gas. Cavitation can improve the atomization effect of the
fuel, but it will also erode the needle valve, thereby reducing the use time of the fuel injector.
Therefore, it is necessary to study the cavitation in the nozzle.

Cavitation is one of the most important parameters affecting fuel atomization, it will directly
affect the process of combustion [6]. Cavitation must have three elements: low pressure, acting time
of low pressure and cavitation core. Nowadays, the physical properties of nozzle cavitation in diesel
engines are not fully understood, many researchers have used experiments and computer
simulations to better understand the phenomenon. At present, the experiments for cavitation in
nozzle can be divided into visual tests based on actual size nozzle and enlarged size nozzle. The
visualization of nozzle was carried out based on the actual size of the nozzle (about 0.2 mm) and
injection pressure (about 10 ~ 100 MPa), these are very similar to the fuel injection engines used in
real internal combustion engines, so the experimental results can better reflect the cavitation in
nozzle. However, if the nozzle diameter is too small and the injection pressure is too high, it will
significantly increase the difficulty of visual testing [7]. The theoretical basis of the visual test based
on the enlarged size nozzle is that under the condition that the Reynolds number and cavitation
number are consistent, the distribution of the gas phase region in the orifice with different sizes has
a high degree of similarity. However, there is a certain degree of difference between the
experimental results obtained by this method and the cavitation in the actual nozzle [8]. CFD is also
widely used in the study of cavitation in nozzle. It is not limited by the nozzle shape, nozzle size,
injection pressure and other conditions, and can provide the flow situation in the nozzle [9]. In this
study, the effects of injection pressure on cavitation will be investigated. A comparison on the
amount of cavitation between diesel, gasoline, ethanol and methanol will hopefully give a better
understanding of how the various properties of the fuels affect cavitation. This study seeks to
understand the how the injection pressure affects cavitation of various fuels.

m Tun nuyenzuu CC: Attribution 4.0 International (CC BY 4.0) 255


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 7. Nel. 2021
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/62

Methodology and diesel nozzle geometry

In this study, the commercial computational fluid dynamics (CFD) software ANSYS
FLUENT was used for the numerical study. The models used are RNG turbulence model and
Schnerr and Sauer cavitation model to predict onset of cavitation. The fuels tested are diesel,
gasoline, methanol and ethanol. The mesh of the nozzle created above will be used. For this study,
the outlet pressure is kept constant at 40 bar. The inlet pressure tested are of 50, 100, 200, 400, 600,
1000, 1500 and 2000 bar.

The mass flow rate is also calculated in the study [10]. The mass flow rate m"is calculated as:

m:ACaVZp(Pinj_R/) ey

where © is the density of the liquid-vapor fuel mixture at the nozzle outlet, A is the cross-

sectional area of the nozzle outlet orifice, ™ and ™ are the injection pressure and vapor pressure

of the fuel respectively. = is the coefficient of contraction as follows:

I:)in' - I:)v
Ca = CD JAP (2)

where ¢ is the coefficient of discharge and AP is the difference between the injection pressure

and ambient pressure. c_ is given as:
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where V is the velocity of the liquid-vapor fuel mixture.
Reynolds number is a dimensionless number that is an indicator if a flow is laminar or turbulent.
It is given as:

R — IOVDH
H

“4)

where P+ is the hydraulic diameter of the flow and H s the dynamic viscosity of the fluid.

The fuel injector used in this project was scanned by X-ray and 3D model and mesh has been
created by using ANSYS, as shown in Figure 1. Important dimensions include the nozzle outlet
orifice diameter of 138um and the fully raised needle lift height of 200pm. The injector is a multi-
hole injector whereby fuel is injected into the combustion chamber through multiple nozzles. For
the following studies, only one orifice hole will be modelled. As such, it is assumed that flow is
symmetric across all the orifices. The studies will be exploring two-dimensional flows which is
adequate for cavitation modelling [11].
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{c) Cross section of 3D scanning model

(d) 3D model of nozzle hole

Figure 1. 3D model of the fuel injection hole and mesh.

Results and discussion

A graph of mass flow rate in Figure 2, vapor fraction in Figure 3 and turbulent kinetic energy
in figure 4 at outlet against pressure difference is plotted.

Diesel has the highest mass flow rate followed by the alcohols which have similar mass flow
rate and lastly is gasoline. This is because diesel has the highest density; methanol and ethanol have
similar densities and gasoline has the lowest density. Up to about pressure difference of 160 bar, the
mass flow rate of all the fuels are about the same. This is because cavitation does not occur before
that.
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Figure 2. Mass flow rate against difference in pressure.
For vapor fraction at outlet, a key trend has been noticed that inversely correlates to the

viscosity of each fuel. Reynolds number is inversely proportional to dynamic viscosity. With higher
Reynolds number, cavitation will be stronger [12]. This shows in the results as seen in figure 3 as
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gasoline and methanol, which have similar and lowest dynamic viscosity, has the highest vapor
fraction with similar results. This is followed by ethanol which has almost twice the viscosity of
ethanol and gasoline. Diesel which has twice the dynamic viscosity of methanol has the lowest
vapor fraction at outlet.
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Figure 3. Vapor fraction at outlet against difference in pressure.

Looking at the graph of turbulent kinetic energy (TKE) in figure x at outlet, gasoline has the
highest TKE and has the highest vapor fraction. Ethanol has lower TKE and vapor fraction that
gasoline. Diesel has the lowest vapor fraction but the second lowest TKE. Methanol on the other
hand, which has similar viscosity to gasoline, has the highest vapor fraction together with gasoline
but the lowest TKE. Contours drawn as seen in figure 5 on ANSYS Fluent comparing the
turbulence in the nozzle at an injection pressure of 1500 bar of the different fuels show that
methanol has a later onset and less intense turbulence further from the nozzle orifice entrance.
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Figure 4. Turbulent kinetic energy at outlet against difference in pressure.

TURBULENT KIMNETIC EMERGY [M2/52)
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Figure 5. TKE for various fuels at 1500bar injection pressure.

Conclusion

A numerical study was performed to investigate the effect of different fuels and injection
pressure on the cavitation in the nozzle. The following observations were made based on the results
from the numerical simulations performed.

1) Gasoline had the lowest mass flow rate as it has the lowest density. Ethanol and methanol
have similar densities and as such have a higher mass flow rate than gasoline. Diesel has the highest
density which caused it to have the highest mass flow rate.

2) For cavitation, the amount cavitation is inversely related to the viscosity of the fuel. This
agrees with many researchers’ findings. Methanol and gasoline have the lowest viscosities and thus
has the largest vapor fraction at the nozzle outlet. This is then followed by ethanol and then diesel
which has the least amount of vapor fraction.

The research results show that the model can better predict the cavitation phenomenon in the
diesel injector. In the future, the model will be extended to 3D to gain a deeper understanding of the
flow phenomena in the injector and reconstruct it with the injection process to accurately capture
spray development and fragmentation.
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