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Abstract

The contribution reviews our recent research activities on numerical simulations of diesel fuel sprav
evolution. The simulations are performed by means of an in-house mathematical model. The developed model is
capable of predicting the two-phase flows constituted by the dispersed liquid phase (droplets) injected into gaseous
environment, Both the multi-component compressible gas-phase flows as well as the "droplet-phase” flows are
solved using governing eguations written in Ewlerian coordinates. The conservation of mass, momentum, and
energy is balanced on finite volumes with arbitrarily movable boundaries. Thus, the model enables the computation
of movable boundary problems, which facilitates the solution of in-cylinder flow with moving engine piston. The
model features the two-way coupling between phases in mass, monientum, and energy equations. The phenomena
as spray indiced gaseous flow, gas-to-droplet heat transfer, and fuel evaporation with consequent vapor transport
are, therefore. taken into account. The predictive capabilities of the developed model have been tested in simplified.
axisynunetric flow cases of diesel fuel injection process. The results of these computations are presented.

1. Introduction

Spray formation is an essential process in fuel combustion of direct-injection (DI) diesel
engines. It requires understanding and control to deliver low emissions and high efficiency of
engine performance. Recent advances in fuel injection system technology have made it possi-
ble to control accurately the fuel injection process. This, on the other hand, calls for an in-
depth analysis of the influence of rate-of-injection (ROI) shaping on fuel spray evolution,
mixture formation and subsequent processes of combustion and emission production. Detailed
temporal and spatial information are prerequisites for such an analysis. Besides being time
consuming and costly experimental techniques, the methods of computational fluid dynamics
(CFD) are being proven to be so useful an aid that they have received increasing attention

over the past years.
The aim of this study is to develop an in-house CFD code that would be capable of

adequate description of the two-phase flows constituted by liquid sprays injected into gaseous
environment at conditions prevailing in diesel DI engines.

2. Basic methodology

The multidimensional mathematical model of the two-phase flow has been formulated solely on
the basis of the Eulerian approach. In correspondence to this, the governing equations for both
phases are developed starting with the balances of basic laws of conservation over an arbitrary
control volume. As seen in Fig. 1, the volume V" is bounded by the surface @V, which can move
arbitrarily at the velocity &'g. The volume contains a mixture of a gas (index G) and a dispersed
liquid (index L) each of which having its own flow field. Thus, the balance of a generic, volume
specific, quantity ¢ over this volume may be written as follows,
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displayed are identified using the flags A, B, C, and D in Fig. 4. The upper and middle plotts
in Fig. 6 and 7 show the fuel concentrations in terms of fuel/air equivalence ratio” for the liquid
fuel and fuel vapors, respectively. The bottom plotts show the gas-temperature ficlds. Due to the
use of flat piston, there is no significant vortex flow generated by the piston movement during
the compression stroke, that is why the plotts presented show only the situation after injection
commences.
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Figure 4. Results of ROI computations with a pilot injection; CRS of a commercial vehicle engine: bore

102mm, stroke 110mm; computed for maximum power 75 kW at 2600min™'; fuel pressure in rail of 130MPa

The case (A) shows the situation within the pilot injection. Due to relatively low
injection pressures, fuel is discharged at low velocities and spray with lower maximum
penetration results. The droplets gradually evaporate and thus fuel vapor region occurs close to
the spray tip. The depression in gas temperature field can also be observed, which is caused by
rapid heat transfer to evaporating droplets. The case (B) shows the flow-field imediately
before the start of main injection. All the fuel, which was injected during the pilot injection, has
already evaporated. Vapor-rich region has spread further from the injector. Maximum vapor

concentration are comparable to those of stoichiometric mixture (F/A eq. ratio = 1). At about
this instant one would expect the spontaneous ignition. The case (C) displays the begining of the
main injection. Due to large pressure differences at the injector, fuel is injected at high
velocities, which results in fast spray penetration into surrounding gas. The vapor region, which
has formed from the fuel evaporated during pilot injection, is being blown away from the
injector. The gas temperatures withing the spray further decrease. The case (D) shows the flow-
fields close to the end of main injection. The spray has approached the piston surface and its
interaction with solid wall results in occurence of significant vortexes. The vapors are blown

*ratio of fuel mass to air mass related to that of stoichiometric mixture
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