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ABSTRACT

Biofuel is a kind of clean energy which has good application prospects in diesel engines. The cavitation behaviors
inside injector nozze of diesel engine of biofuel and diesel fuel are numerically simulated and compared using
homogeneous mixture flow model and full cavitation model. The dimensionless numbers such as cavitation number
and discharge coefficient are introduced to analyze the internal flow characteristics of various fuels. The results
show that the change pattern of mass flow rate and dimensionless numbers of injection nozzle are variable before
and after transition cavitation. The dynamic viscosity was the primary property for the development of cavitation
compared with surface tension and saturated vapor pressure.
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INTRODUCTION

Cavitation is the formation of vapor bubbles ofl@ing liquid in a region where the pressure of liogid falls
below its saturated vapor pressure[l]. The fornmatib cavitation in diesel injector nozzles is primmascribed of
breakdown of nonequilibrium of liquid dynamics atitt separation of boundary layers due to the ge@mnet
characteristics of nozzles[2]. Cavitation is liabbeoccur when the fuel passes through the noZzleumber of
studies have shown that the cavitation flow in dtge nozzles has a strong impact on the spray towization
characteristics and nozzle wear behavior, whictiesisive for engine performance and pollutant faromg3,4].
There are many factors such as injection condioth injector geometric structure parameters whifluénce the
generation and development of cavitation in no2l6% Arcoumanisshowed that cavitation numbers was a key
factor of the formation of different cavitation flocharacteristics[7]. The existing research objecinainly for
diesel fuel and few for other fuels. Martynowade a cavitation comparison of experiment on aimiozzle
structure for water and diesel fuel, which foundo® very similar cavitation form despite of diffatecavitation
numbers[8].

In recent years, many researchers aim at makingficettbns for biofuels to be new alternative fuéts diesel
engine for environment protection and alleviatimemgy crisis. The biofuel has different densityscasity and
surface tension compare to diesel fuel, which shdwave different cavitation flow characteristicstire injector
nozzle. Due to the small size of diesel injectozzades, Computational fluid dynamics (CFD) is a @nsally
method to simulate the cavitation in real size tex{®,10].

In this paper, a homogenous mixture flow methodhissen and the cavitation is forecasted by liqudsity or

vapor phase volume fraction. A common conservagiguation for liquid and vapor is used with the adage of
accurate prediction and high computational efficierAt the same time, full cavitation model is ugedsimulate
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cavitation flow in injector nozzles of two fuelsh& dimensionless numbers such as cavitation nuiieand
discharge coefficientdy) are introduced to analyze the internal flow chteastics. The difference of cavitation
flow between biofuel and diesel fuel under simidanditions was also compared as well. Besidesintheence of
fuel properties on cavitation is also analyzed.

EXPERIMENTAL SECTION

NUMERICAL MODELS
Governing Equation: Isothermal nozzle flow is assumed and there isrmyovalocity slips between the liquid and
vapor phase and no consideration of energy exchagtyeeen the two phases.

Continuity equation can be expressed by Eq. (1).
P, o(au) _ W
ot 0%

Where pis the density of mixture flowl, represent average velocity, t is the time.

Momentum equation is described by Eq. (2).
o(pu) , Apuy) __dp , 01y
ot 0x; ax  ox,

i
Where U; and U; represent average velocity, denotes static pressure of mixture f|0\N{j denotes the stress

@)

tensor, which can be expressed by Eq. (3).

T = (u+ ut){"“i ¥ ‘;‘;} 3)

0X;

]
Where [ is the turbulence viscosity.

Both RNGK — & turbulence model and standard wall function weilezed during simulation.

Cavitation M odel: Full cavitation model proposed by Singhal was adadptith consideration of turbulence effect
and non-condensable gas[9].

The vapor mass fraction transport equation is ksvie.

oA, owf)_ o of, 4
o ok _ax“b&)+&+R: @

J J

Where U; is the velocity vector, f, is the vapor mass fractiorl; is the phase diffusion coefficient}, and R,
denote vapor generation and condensation rates.

R, andR_can be obtained as follows:

JK 2(R, - P)
= - _ —_ v 7 5
R=C 5 am -1, 1) [ ®
JK 2(P-R)
= - - v/ 6
RC CC a_p|prV 3[0| ()

where P, is the critical cavitation pressure or phase chahgeshold pressure of liquid and vapofg is the mass

fraction of non-condensation gaselé, represents the local turbulence kinetic energydenotes surface tension of
liquid, and C and C_ are the phase change velocity coefficient of vapgoreration and condensation.

Experimental investigation revealed that turbuléatv has considerable influence on cavitating fld8inghal
established a humerical model to represent theeptifzenge threshold pressure as:

p, =(Ps+ P) (7)
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Where p,is the saturated vapor pressure for given temperatuiquid, pI is the turbulent pressure fluctuations

denoted ag, = 0390k .

DEFINITION OF PARAMETERS

Dimensionless parameters:

The cavitation numbers can be defined by Eq. (8).

K=P"P ©)
PP,

Where P, is the injection pressure or inlet pressure ofztesz P, is the outlet pressurep, is the saturated

vapor pressure.

The discharge coefficient can be defined by Eq.\@)jch indicates the flow efficiency in nozzles.

C, =M )
m
Where m, and M is the actual and theoretical mass flow rate retbyady.

RESULTSAND ANALYSIS

Nozzle model and mesh size: The geometry model of nozzle is a simplified &s@c volume nozzle with a single
circular orifice. The nozzle have a rounded inléhva diameter of 0.45mm, the radius of sac volisnémm and
the rounded radius is g8, the nozzle length over nozzle diameter rati®jLié 4.Figure 1 shows the boundary
condition and computational grid of the axial nezmhodel. Localized finest meshes are used in tbmityi of
nozzle inlet.The governing equations of numerical models areesblising 2D CFD software Fluent 6.3.

wall
~ \
i Pressure outlet
Pressure inlet

axis
Fig. 1 Boundary conditions and computational grid of injector nozzle

Table 1 shows the fuel properties of biofuel arebdi fuel at 300K.

Table 1. Physical propertiesof biofuel and diesel fuel

Item Biofuel Diesel fuel
Density (kg/m*) 860 840
Dynamic viscosity(Pa:- 9 0.0044 0.003
Surface tensiort N/m) 0.045 0.028
Saturated vapor pressure(Pa) 150 300

Hydraulic Characteristics: Figure 2 shows the mass flow rate against injectimssure of the two fuels from
single phase flow to super-cavitation flow. It stsomow the mass flow rate of two fuels increasesnvihe injection
pressure increases, except for different varigbiaperty before and after cavitation. The mass flate of biofuel
is slightly less than that of diesel fuel beforgitation occurs. However, the mass flow rate offlsédis higher than
that of diesel fuel after cavitation.

Variation Characteristics of Dimensionless Parameters: Figures 3 shows the variations of discharge cdefiis

with the injection pressure of two fuels in nozzlksan be seen from Figure 3 that discharge wmefft increases
with injection before cavitation occurs, and thectliarge coefficient of biofuel is lower than thétdiesel fuel.

When the cavitation occurs, the discharge coeffisi®f two fuels increase continuously and reaelr ttnaximum

values of 0.815 and 0.827 respectively at the pafittansition cavitation. After the transition @ation, they both
decrease with injection increase and have the airtghdency.
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Fig. 2 Relationship between injection mass flow rate and injection pressure
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Fig.4 Relationship between dischar ge coefficient and squareroot of cavitation number
Figure 4 represents a linear relation of dischargefficient with the square root of cavitation nuentafter
transition cavitation. The discharge coefficientr@@ases when the cavitation number decrease conshuand has
an asymptotic minimum value equal to contractingfficient of nozzles.

Influence of Fuel Property on Cavitation Based on Cavitation M odel: Altering the property of fuel respectively,
the according cavitation flow characteristics arabsmflow rate are showed in Figure 5. Althoughehisra evident
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difference of mass flow rate for different densttygir caviation characteristics are quite the sarhe results show
that the variations of density, surface tension satirated vapor pressure have no significant effecavitation

flow inside nozzles which is still in a state obstavitation. Decreasing the dynamic viscosity fr8@® Pa to 150
Pa will greatly change the cavitation character$stSo it can be concluded that the dynamic visgasifuel has

significant influence on cavitation characteristics
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CONCLUSION

The variation patterns of cavitation flow charaistiics are different after transition cavitatiomgeared with those
of early cavitation stages; Biofuel required highgection pressure than diesel fuel on differemti@ation stages
including inception cavitation, transition cavitatiand super-cavitation. The mass flow rate ofu@bfs lower than
that of diesel fuel before cavitation occurs. Theckiarge coefficient of biofuel are lower than thad diesel fuel
after cavitation. Thus, the overall flow efficienoy biofuel in nozzles is less than that of didsel. The dynamic
viscosity of fuel is the most significant factorfliencing cavitation characteristics under similajection

conditions.
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