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> Introduction

> Atomization of fuel, sprays

> Fuel systems - in-line systems, distributor systems

» Common-rail systems, unit pump and unit injector systems




Fuel Atomization

In Diesel engines, fuel-air mixture is prepared as a result of fuel injection
into the cylinder at the end of compression stroke (usually before
TDC) during a limited time (crank angle) interval.

The purpouse of fuel injection is to provide good mixing of air and fuel
in the limited time available, by increasing the surface area of the
liquid fuel as a result of atomization

Dividing unit fuel volume into droplets of 100 x 106 [m] diameter
would increase the total surface area by 10,000 times.

Liquid Atomization

Liquid atomization is effected by internal and external forces.

controlled by Reynolds number defining the balance between inertia
effects and viscous effects

Re=pubD/pn




Atomization at Low Speeds

Rayleigh regime : internal
effects are dominant

surface tension, fuel density,
liquid column diameter

Any disturbance produces break-
up of liquid column

Weber : indicated the importance
of viscous effects

Heavy fuel, (left) 5000 cS
Diesel fuel (right) 6 cS

Atomization at High Speeds




Atomization at High Speeds

LIGAMENTLER

ANA JET

| e
5 o

Secondary Atomization

Weber number —

pou°D

W, =
o




Spray Structure

In difusion flames, combustion is controlled by
the mixing rate of the fuel and air.

The local conditions in the combustion chamber
such as the air-fuel ratio, temperature,
pressure control the ignition of the fuel and
the combustion process. Heat and mass
transfer in the combustion chamber and the
fluid flow (air flow) also effects this process.

Spray structure,
core
breakup length
spray tip penetration
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Temperature Contours

Temperature distribution inside the cylinder




Diesel Combustion Phases
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Droplet Size Distribution

Sauter Mean Diameter
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indicates the total Area-to-Volume ratio applicable for the
whole spray
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Droplet Size Measurements

1 mW
He/Ne
Laser

2600HSD Malvern
Spray Particle
Sizer

Gecikme
. Sinyaly

2600HSD Malvern Sinyal Geciktirici
Optik Urite




Droplet Size Measurements
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Injection Pump

Spill part Blix Vertical groove  Annular groove  Intake port
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Bottom desd Port closing Port opening Port closing Port opening Mo delivery
center [start of defivery] lend of delivery) {start of delivery) {end of delivery}
Maximum delivery Partial delivery
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Injection Pump — fuel metering
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Nozzle Body MNeedle valve
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Spray angle Spray orifice Valve seat

Needle
valve
—  Biney closed opan
1 Fig. 50  Pintle nozzie (DN..), with cylindrical pintle (narrow
: wpray)
- — Trunk
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Fig. 48  Finta nozzie

clomd open

Fig. 51  Pintle nozzie (DN..}, with conical pintle (wide spray)
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In-line Fuel Injection System

Pump Barrel

Inlet Port

Helix

Pump Plunger

Plunger Spring
Camshaft

Fuel Outflow to Nozzle

Nouhrwne

1. Irg‘_ection Timing
Adjustement
e 2 Roller
— [ 3 Cam Plate
\ 4 Axial Piston
. G _ i . 5. Control Sleeve
I L_IIT_""'"?Q =] 6.  High-Pressure Chamber
! 7 Fuel Outflow to Nozzle
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Distributor Fuel Injection System
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