
6.0 METERING SYSTEMS 
6.0.1 CARBURETTORS 
6.0.1 Carburettors Systems 

The fuel is transported from the fuel tank to the carburettor by a fuel pump (generally 
a diaphragm unit) powered by the camshaft or distributor shaft. The system is designed to 
limit the maximum supply pressure. A fine-mesh fuel filter can be installed upstream or 
downstream from the pump as required. 
 
 

 
Figure 1: Fuel Metering System 
 
1 Fuel tank, 2 Fuel supply pump, 3 Fuel filter, 4 Carburettor, 5 Intake manifold 
 
6.1 Types of Mechanically Controlled Carburettor  
6.1.1 Downdraft carburettors 

Downdraft carburettors are the most common type. Designs featuring optimized float 
chamber and metering-jet configurations result in efficient units. These designs work in 
conjunction with the corresponding intake-manifold layouts for optimum mixture formation 
and distribution. 
6.1.2 Horizontal-draft carburettors 

Horizontal-draft carburettors (familiar as fixed-venturi and constant-depression units) 
are useful for minimizing engine height. Constant-depression carburettors feature venturi 
cross sections which vary in size during operation to maintain essentially constant vacuum 
levels at the fuel outlet. The variation in intake cross section is provided by a pneumatically-
actuated plunger; attached to the plunger is a needle which regulates the fuel quantity. 
6.1.3 Venturi configurations 

The single-throat carburettor with one venturi is the least expensive design. The two-
stage carburettor featuring two venturis provides convenient tuning for individual 
applications and has become the standard in 4-cylinder applications. The first barrel controls 
part-throttle operation, while the second venturi opens for maximum power. 

The double-barrel carburettor features two carburettor sections sharing a single float 
chamber and operating in parallel, making it ideal for use on 6-cylinder engines. The two-
stage four-barrel carburettor has four venturi fed from a single float chamber. 
 



6.2 Design and Operating Principle 
 

The driver uses the accelerator pedal to vary the throttle valve's aperture so that the 
airflow into the engine is varied and with it the engine's power output. The carburettor varies 
the amount of fuel metered to the engine to reflect the current intake air flow. Together with 
the needle valve, the float regulates the fuel flow to the carburettor while maintaining a 
constant fuel level in the float chamber. 

Airflow is monitored by an air funnel designed to induce a venturi effect. The 
progressively narrower diameter increases the velocity of the air, producing a corresponding 
vacuum at the narrowest point. The resulting pressure differential relative to the float 
chamber – which can be further augmented with a boost venturi – is exploited to extract fuel 
from the float chamber. The jets and metering systems adapt fuel delivery to airflow. 
 

 
 
Figure 2: The Schematic of a Two-Stage Carburettor 
 
1 Idle cutoff valve, 2 Accelerator pump, 3 Idle circuit, 4 Choke, 5 Boost venturi, 6 Main 
systems with venturi tubes, 7 Full-throttle enrichment, 8 Float, 9 Fuel supply, 10 Needle 
valve, 11 Bypass plug, 12 Idle mixture screw, 13 Throttle valves, 14 Venturi wall, 15 Part-
throttle control valve, 16 Venturi chamber. 
 
6.3 Fuel-Metering Systems in Mechanically Operated Carburettors 
6.3.1 Main system 

The fuel is metered by the main jet. Correction air is added as a delivery aid to the 
fuel through side orifices in the venturi tube. 
6.3.2 Idle and progression system 

At idle, the vacuum which the air stream produces at the fuel outlet is not sufficient to 
withdraw fuel from the main system. For this reason, there is a separate idle system with an 
outlet located downstream from the throttle valve at the point of maximum vacuum. The 
emulsion required for idling emerges from the idle circuit after initial processing by the idle 
fuel and air-correction jets. During transitions to the main metering system the throttle valve 
controls a series of orifices, or a slit, drawing fuel from the idle circuit. 
 



6.3.3 Other systems 
These basic devices are supplemented by a range of additional systems. These are 

designed to adapt carburettor performance for warm operation (part-throttle control, full-
throttle enrichment), to compensate for fuel accumulation within the intake-manifold during 
acceleration (accelerator pump) and to meet the special engine requirements encountered 
during starting and in the warm-up phase. 

Other supplementary systems include lambda closed-loop mixture control and devices 
to deactivate the fuel supply during trailing-throttle operation. 
 
6.4 Electronically-Controlled Carburettor System (ECOTRONIC) 
 
Basic carburettor 

The basic carburettor is restricted to the throttle valve, float system, idle and transition 
systems, main system and choke. An idle-air control system with a choke-activated needle jet 
is also provided. 

 
 

 

 
 
 
Figure 3: Schematic of an electronically controlled carburettor (ECOTRONIC). 
 
1 ECU, 2 Temperature sensor, 3 Carburettor, 4 Throttle actuator, 5 Choke actuator, 6 Choke 
valve, 7 Idle switch, 8 Throttle valve, 9 Throttle potentiometer. 
 
Additional components and actuators 

The throttle-valve actuator is an electro-pneumatic servo device for controlling the 
cylinder charge. The actuator's plunger moves the throttle valve via a lever attached to the 
carburettor’s throttle shaft. The choke valve actuator is a final-control element designed to 
adapt the mixture in response to variations in engine operating conditions. This unit closes 
the choke valve to enrich the mixture by raising the pressure differential (vacuum) at the 
main jets while simultaneously increasing flow rates from the idle circuit. 
 
Sensors 

The throttle-valve potentiometer monitors the throttle valve's position and travel. One 
temperature sensor monitors the engine's operating temperature while a second sensor can be 
installed if necessary to monitor the temperature within the intake manifold. 

The idle switch serves to identify trailing-throttle operation; it can be replaced by 
appropriate software in the electronic control unit (ECU). 



 
Electronic control unit (ECU) 

The ECU's input circuit converts incoming analogue signals into digital form. The 
processor performs further operations with the input data in order to calculate output values 
with reference to the programmed data map. The output signals control several functions, 
including regulation of the servo elements that operate the choke valve and main throttle 
valve. 
6.4.1 Functions of the Basic Carburettor and the Electronic Components 
Basic functions 

The basic carburettor determines the primary functions of the system. The idle, 
transition and full-throttle systems all contribute to matching performance to the programmed 
curves. The base calibrations can be intentionally "lean", as the choke-valve control can 
provide a corrective enrichment. 
Electronic functions 

Electronic open and closed-loop control circuits regulate a number of secondary 
operations within the ECU. Some of the functions may include: ignition control, 
transmission-shift control, fuel consumption displays and diagnosis capabilities. 
 
6.5 Types of Injection Systems 

Injection systems for gasoline engines could be operated mechanically, electronically 
or a combination of the two. 
6.5.1 Mechanical Injection System 

The K-Jetronic system operates without a drive and injects the fuel continuously. The 
injected fuel mass is not determined by the fuel injector but rather pre-specified by the fuel 
distributor. 
6.5.2 Combined Mechanical-Electronic Injection System 

KE-Jetronic is based on the mechanical basic system of K-Jetronic. Thanks to the 
extended acquisition of operating data, this system facilitates electronically controlled 
supplementary functions in order to adapt the injected fuel quantity more exactly to the 
different engine operating states. 
6.5.2 Electronic Injection Systems 

Electronically controlled injection systems inject the fuel intermittently with 
electromagnetically actuated fuel injectors. The injected fuel mass is determined by the 
injector opening time (for a given pressure drop across the injector). Examples of this are: L-
Jetronic, LH-Jetronic, and Motronic as an integrated engine management system. 
 
6.6 Gasoline Injection Systems 

The short comings in the air-fuel mixture preparation and distribution, led to the 
development and replacement of carburettors with injectors in gasoline engines. 

Gasoline injection systems are identified by external mixture formation (as it is also 
seen in carburettors) since the air-fuel mixture is created outside the combustion chamber (in 
the intake manifold). 
 
6.6.1 Gasoline Injection Systems Types 
 
6.6.1.1 Single-point injection (SPI) 

Single-point injection is an electronically controlled injection system in which an 
electromagnetic fuel injector injects the fuel intermittently into the intake manifold at a 
central point ahead of the throttle valve. The Bosch single-point injection systems are called 
Mono-Jetronic and Mono- Motronic. 



 
 
Figure 4: Single-point fuel injection system 
1 Fuel, 2 Air, 3 Throttle valve, 4 Intake manifold, 5 Injector, 6 Engine. 

 
6.6.1.1.2 Single-point injection systems operation 

Single-point fuel injection has advanced beyond the compact fuel-injection system 
stage to become part of a comprehensive engine-management system. 

The various single-point injection systems differ in the design of the central-injection 
unit. All systems feature an injector located above the throttle plate; they differ from 
multipoint injection units in that they frequently operate at low pressure (0.7...1 bar). This 
means that an inexpensive, hydrodynamic electric fuel pump can be used which is generally 
in the form of an in-tank unit. The injector is flushed continuously by the fuel flowing 
through it in order to inhibit the formation of air bubbles. This arrangement is an absolute 
necessity in such a low-pressure system. The designation "Single-Point Injection" (SPI) 
corresponds to the terms Central Fuel Injection (CFI), Throttle-Body Injection (TBI) and 
Mono-Jetronic (Bosch). 
 
6.6.1.1.3 Mono-Jetronic 

Mono-Jetronic is an electronically controlled, low-pressure single-point injection 
system for 4- cylinder engines, and features a centrally located solenoid-controlled fuel 
injector. At the heart of the system is the central injection unit, which uses the throttle valve 
to meter the intake air while injecting the fuel intermittently above the throttle valve. The 
intake manifold then distributes the fuel to the individual cylinders. Various sensors monitor 
all important engine operating data, which are then used to calculate the triggering signals for 
the injectors and other system actuators. 
 
 



 
 
Figure 5: Schematic of a Mono-Jetronic system 
 
1 Fuel tank, 2 Electric fuel pump, 3 Fuel filter, 4 Pressure regulator, 5 Injector, 6 Air-
temperature sensor, 7 ECU, 8 Throttle actuator, 9 Throttle potentiometer, 10 Canister-purge 
valve, 11 Carbon canister, 12 Lambda sensor, 13 Coolant-temperature sensor, 14 Ignition 
distributor, 15 Battery, 16 Ignition switch, 17 Relay, 18 Diagnostic connector, 19 Central 
injection unit. 
 
 
6.6.1.1.4 Central injection unit 

The injector is located above the throttle, in the intake-air path, in order to ensure 
homogeneous mixtures and consistent cylinder-to-cylinder distribution. The fuel spray is 
directed into the sickle-shaped orifice between the housing and throttle plate, whereby fuel 
wetting of the intake-tract walls is inhibited to a great extent, and the high pressure 
differential promotes optimum mixture formation. The injector operates at a system pressure 
of 1 bar (referred to atmospheric pressure). Efficient fuel atomization ensures consistently 
good mixture distribution, even in the critical full-load range. Injector triggering is 
synchronized with the ignition pulses. 
 
 



 
Figure 6: Mono-Jetronic central injection unit 
 
1 Pressure regulator, 2 Air-temperature sensor, 3 Injector, 4 Upper part (hydraulics), 5 Fuel 
supply, 6 Fuel return, 7 Insulator plate, 8 Throttle valve, 9 Lower part. 
 
6.6.1.1.5 System control 

In addition to the engine speed n, the main actuating variables for the injection system 
can include the air volume/air mass flow, the absolute manifold pressure, and the throttle 
position α. The (α/n) system applied with Mono-Jetronic can meet stringent emission 
requirements when used in conjunction with lambda closed-loop control and a 3-way 
catalytic converter. A self-adaptive system employs the signal from the lambda sensor as a 
reference to compensate for component tolerances and engine changes, thus maintaining high 
precision throughout the service life of the system. 
 

 
 



Figure 7: Multec central injection unit (Opel) 
 
1 Pressure regulator, 2 Injector, 3 Fuel return, 4 Stepper motor for idle-speed control, 5 To 
intake manifold, 6 Throttle valve, 7 Fuel inlet. 
 
6.6.1.1.6 Adaptation functions 

The injection time is extended to provide additional fuel for cold starts and during the 
post-start and warm-up phases. When the engine is cold, the throttle actuator adjusts the 
throttle position to supply more air to the engine, thus maintaining idle speed and exhaust 
emissions at a constant level. The throttle potentiometer recognizes the change in throttle 
position and initiates an increase in the fuel quantity via the ECU. The system regulates the 
enrichment for acceleration and full-throttle operation in the same way. The overrun fuel 
cutoff provides reductions in fuel consumption and in exhaust emissions during trailing-
throttle operation. Adaptive idle-speed control lowers the idle speed and stabilizes it. For this 
purpose, the ECU issues a signal to the servomotor to adapt the throttle-valve position as a 
function of engine speed and temperature. 
 
6.6.2 Multipoint injection (MPI) 

Multipoint injection creates the ideal preconditions for satisfying the demands placed 
on a mixture formation system. In multipoint injection systems, each cylinder is assigned a 
fuel injector, which injects the fuel directly ahead of that cylinder's intake valve. Examples of 
such systems are KE- and L-Jetronic with their respective variants. 
 
 
 

 
 
Figure 8: Multipoint fuel injection system 
1 Fuel, 2 Air, 3 Throttle valve, 4 Intake manifold, 5 Injectors, 6 Engine. 



6.6.2.1 Multipoint injection systems 
6.6.2.1.1 K-Jetronic 
Operating principle 
 Continuous injection, 
 Direct air-flow measurement. 

K-Jetronic is a mechanical system which does not require an engine-driven injection 
pump. It meters a continuous supply of fuel proportional to the quantity of air being drawn 
into the engine. Because of direct air-flow measurement, K-Jetronic also takes into account 
changes caused by the engine and permits the use of emission-control equipment, for which 
precise intake-air monitoring is an essential requirement. 
 

 
 
Figure 9: Schematic of a K-Jetronic system 
 
1 Fuel tank, 2 Electric fuel pump, 3 Fuel accumulator, 4 Fuel filter, 5 Warm-up regulator, 6 
Injector, 7 Intake manifold, 8 Electric start valve, 9 Fuel distributor, 10 Air-flow sensor, 11 
Frequency valve, 12 Lambda sensor, 13 Thermo-time switch, 14 Ignition distributor, 15 
Auxiliary-air valve, 16 Throttle switch, 17 ECU, 18 Ignition switch, 19 Battery. 
 
Operation 

The intake air flows through the air filter, the air-flow sensor, and the throttle valve, 
before entering the intake manifold and continuing to the individual cylinders.  

The fuel is delivered from the fuel tank by an electric (roller-cell) fuel pump. It then 
flows through the fuel accumulator and fuel filter to the fuel distributor. A pressure regulator 
in the fuel distributor maintains the fuel at a constant system pressure. The fuel flows from 
the fuel distributor to the injectors. Excess fuel not required by the engine is returned to the 
tank. 
Mixture-control unit 

The mixture-control unit consists of the air-flow sensor and the fuel distributor. 
Air-flow sensor 

The air-flow sensor consists of an air funnel and a pivoting air-flow sensor plate. A 
counterweight compensates for the weight of the sensor plate and pivot assembly. The sensor 
plate is displaced by the air flow, while the control plunger in the fuel distributor exerts 
hydraulic counter-pressure to maintain the system in a balanced state. The position of the air-



flow sensor plate provides an index of intake air flow, and is transmitted to the fuel 
distributor's control plunger by a lever. 
Fuel distributor 

The amount of fuel supplied to the individual cylinders is regulated by varying the 
aperture of the metering slots in the fuel-distributor barrel.  
 
Injector 

The injector opens automatically at a pressure of approximately 3.8 bar, and has no 
metering function. It provides efficient mixture formation by opening and closing at a 
frequency of approx. 1500 Hz ("chatter"). 
 
Lambda closed-loop control 

Open-loop control systems do not regulate the A/F ratio with enough accuracy to 
allow compliance with stringent emissions limits. Lambda closed-loop control is required for 
operation of the 3-way catalytic converter. When it is installed, the K-Jetronic system must 
include an electronic control unit which uses the Lambda sensor's signal as its main input 
variable. 
 
6.6.2.1.2 KE-Jetronic 

KE-Jetronic is an advanced version of the K-Jetronic system. KE-Jetronic includes an 
ECU for increased flexibility and supplementary functions. Additional components include: 
 A sensor for the intake air flow, 
 A pressure actuator for mixture ratio adjustment, and 
 A pressure regulator which maintains system pressure at a constant level as well as 

providing a fuel-cutoff function when the engine is switched off. 
 

 
Figure 10: Schematic of a KE-Jetronic system 
 
1 Fuel tank, 2 Electric fuel pump, 3 Fuel accumulator, 4 Fuel filter, 5 Fuel-pressure regulator, 
6 Injector, 7 Intake manifold, 8 Electric start valve, 9 Fuel distributor, 10 Air-flow sensor, 
11 Electro-hydraulic pressure actuator, 12 Lambda sensor, 13 Thermo-time switch, 14 
Coolant temperature sensor, 15 Ignition distributor, 16 Auxiliary-air valve, 17 Throttle 
switch, 18 ECU, 19 Ignition switch, 20 Battery. 
 



Operation 
An electric fuel pump generates the system pressure. The fuel flows through the fuel 

distributor, while a diaphragm regulator maintains the system pressure at a constant level. 
With K-Jetronic, the control circuit performs mixture corrections via the warm-up regulator. 
In contrast, with KE-Jetronic the primary pressure and the pressure exerted upon the control 
plunger are equal. The ratio is corrected by adjusting the pressure differential in all the fuel 
distributor's chambers simultaneously. 

The system pressure is present upstream from the metering slots, and applies a 
counter-pressure to the control plunger. As with K-Jetronic, the control plunger is moved by 
an air-flow sensor flap. A damper unit prevents the oscillations that could be induced by the 
forces generated at the sensor flap. 

From the control plunger the fuel flows through the pressure actuator, the lower 
chambers of the differential-pressure valve, a fixed flow restrictor, and the pressure regulator, 
before returning to the fuel tank. Together with the flow restrictor, the actuator forms a 
pressure divider in which the pressure can be adjusted electro-dynamically. This pressure is 
present in the lower chambers of the differential-pressure valves. 

A pressure drop corresponding to the actuator current occurs between the actuator's 
two connections. This causes variations in the pressure differential at the metering slots, and 
alters the amount of fuel injected. The current can also be reversed to shut down the fuel 
supply completely. This feature can be employed for such functions as overrun fuel cutoff 
and engine-speed limitation. 
 
Lambda closed-loop control 

The signal from the Lambda sensor is processed in the KE-Jetronic's ECU. The 
pressure actuator carries out the necessary adjustments 
6.6.2.1.3 L-Jetronic 
Operating principle 
 Air-flow measurement, 
 Main controlled variables: air flow and engine speed, 
 Intermittent injection. 

L-Jetronic combines the advantages of direct air-flow measurement with the unique 
possibilities afforded by electronics. It is similar to K-Jetronic in that it recognizes all 
changes in engine condition (due to wear, combustion-chamber deposits, changes in valve 
setting). This ensures consistently good exhaust-gas composition. 
 
 



 
 
Figure 11: Schematic of an L-Jetronic system 
 
1 Fuel tank, 2 Electric fuel pump, 3 Fuel filter, 4 ECU, 5 Injector, 6 Fuel-pressure regulator, 7 
Intake manifold, 8 Electric start valve, 9 Throttle switch, 10 Air-flow sensor, 11 Lambda 
sensor, 12 Thermo-time switch, 13 Coolant-temperature sensor, 14 Ignition distributor, 15 
Auxiliary-air valve, 16 Battery, 17 Ignition switch. 
Operation 

The fuel is injected through the engine's solenoid-operated injectors. A solenoid valve 
assigned to each cylinder is triggered once per crankshaft revolution. All of the injectors are 
wired in parallel to reduce the complexity of the electrical circuit. The pressure differential 
between fuel and intake manifold pressures is maintained at a constant level of 2.5 or 3 bar 
such that the injected fuel quantity is only dependent on the opening period of the valves. For 
this purpose, the ECU delivers control pulses whose duration is dependent on the intake air 
flow, the engine speed, and other influencing variables. These are monitored by sensors and 
processed in the ECU. 
6.6.2.1.4 L3-Jetronic 

L3-Jetronic incorporates functions extending beyond those provided by the L-
Jetronic's analogue technology. The L3 system's ECU employs digital technology to adjust 
the mixture ratios based on a load/engine-speed map. In order to save space, the ECU is 
installed in the engine compartment, directly on the air-flow sensor, where the two 
components form a single monitoring and control unit. 
6.6.2.1.5 LH-Jetronic 

LH-Jetronic is closely related to L-Jetronic. The difference lies in the method of 
intake air-flow  measurement, with LH-Jetronic using a hot-wire air-mass meter to measure 
the mass of the intake air. Thus, the results no longer depend on the air density, which varies 
with temperature and pressure. 



The other LH-Jetronic components and the basic system concept are to a large extent 
the same as those in L-Jetronic. 
 

 
Figure 12: Schematic of an LH-Jetronic system 
1 Fuel tank, 2 Electric fuel pump, 3 Fuel filter, 4 ECU, 5 Injector, 6 Fuel distributor, 7 Fuel-
pressure regulator, 8 Intake manifold, 9 Throttle switch, 10 Hot-wire air-mass flow meter, 11 
Lambda sensor, 12 Coolant-temperature sensor, 13 Ignition distributor, 14 Idle-speed 
actuator, 15 Battery, 16 Ignition switch. 
 
Operating-data processing in the ECU 

LH-Jetronic is equipped with a digital ECU. Arrangements for adjusting the mixture 
ratio vary from those used with L-Jetronic in using a load/engine-speed map programmed for 
minimum fuel consumption and exhaust emissions. The ECU processes the sensor signals 
when calculating the injection duration that determines the injected fuel quantity. The ECU 
includes a microprocessor, a program and data memory, and an A/D converter. The 
microprocessor is provided with a suitable voltage supply and with a stable clock rate for data 
processing. The clock rate is defined by a quartz oscillator. 
 
6.6.2.1.6 Electromagnetic fuel injectors 
Design and operation 

Fuel injectors essentially consist of a valve housing with current coil and electrical 
connection, a valve seat with spray-orifice disk and a moving valve needle with solenoid 
armature. 

A filter strainer in the fuel feed protects the injector against contamination. Two O-
rings seal the injector against the fuel-distribution pipe and the intake manifold. When the 
coil is de-energized, the spring and the force resulting from the fuel pressure press the valve 
needle against the valve seat to seal the fuel-supply system against the intake manifold. 
 



 
Figure 13: Fuel injector EV6 
 
1 O-rings, 2 Filter strainer, 3 Valve housing with electrical connection, 4 Current coil, 5 
Spring, 6 Valve needle with solenoid armature, 7 Valve seat with spray-orifice disk. 
 

When the injector is energized, the coil generates a magnetic field which attracts the 
armature and lifts the valve needle off of its seat to allow fuel to flow through the injector. 

The injected fuel quantity per unit of time is essentially determined by the system 
pressure and the free cross-section of the spray orifices in the spray-orifice disk. The valve 
needle closes again when the field current is switched off. 
 
6.7 Fuel-Metering Requirement in Modern Engines 
 

The high standards required of a vehicle's smooth running and exhaust-emissions 
necessitate high demands being made on the A/F mixture composition of each working cycle. 
Precisely timed injection is significant as well as precise metering of the injected fuel mass in 
accordance with the air drawn in by the engine. 

In modern multipoint injection systems, therefore, not only is each engine cylinder 
assigned an electromagnetic fuel injector but also this fuel injector is activated individually 



for each cylinder. In this way, both the fuel mass appropriate to each cylinder and the correct 
start of injection are calculated by the control unit (ECU). Injecting the precisely metered fuel 
mass directly ahead of the cylinder intake valve(s) at the correct moment in time improves 
mixture formation. This, in turn, helps to a large extent in preventing wetting of the intake-
manifold walls with fuel, which can result in temporary deviations from the desired lambda 
value during transient engine operation. The advantages of multipoint injection can thus be 
fully exploited.  
 
6.8 Systems for Internal A/F Mixture Formation 

In direct-injection systems for internal mixture formation, the fuel is injected directly 
into the combustion chambers by electromagnetically actuated fuel injectors. Each cylinder is 
assigned a fuel injector. Mixture formation takes place inside the cylinder. To ensure efficient 
combustion, it is essential that the fuel be finely atomized when leaving the injectors. 
 
 

 
 
Figure 6: Direct injection (DI) system 
1 Fuel, 2 Air, 3 Throttle-valve (EGAS), 4 Intake manifold, 5 Injectors, 6 Engine. 
 
6.8.1 Operation 

In normal operation, a direct-injection engine draws in only air and not an air-fuel 
mixture, as is the case in conventional injection systems. The advantage of this new system is 
that no fuel can precipitate on the intake-manifold walls. With external mixture formation, 
the air-fuel mixture is generally present throughout the entire combustion in a homogeneous 
state and in a stoichiometric ratio. On the other hand, formation of the mixture in the 
combustion chamber permits two completely different operating modes: 
6.8.1.1 Stratified-Charge Operation 

In stratified-charge operation, the mixture only has to be combustible in the area 
around the spark plug. The remaining section of the combustion chamber thus only contains 
fresh mixture and residual exhaust gas without unburned fuel. In the idle and part-load 



ranges, this creates an altogether highly lean mixture and thus a reduction in the fuel 
consumption. 
 
6.8.1.2 Homogeneous Operation 

In homogeneous operation, as with external mixture formation, there is a 
homogeneous mixture throughout the entire combustion chamber; and the entire fresh air 
available in the combustion chamber takes part in the combustion procedure. For this reason, 
this operating mode is used in the full-load range. 
MED-Motronic is the management system for direct-injection gasoline engines. 
 
 
6.9 Spray formation 

The fuel injectors' spray formation, i.e. spray shape, spray angle and droplet size, 
influences the formation of the A/F mixture. Individual geometries of intake manifold and 
cylinder head make it necessary to have different types of spray formation. 
Tapered spray 

Individual fuel sprays emerge through the openings in the spray-orifice disk. These 
fuel sprays combine to form a tapered spray. Tapered sprays can also be obtained by means 
of a pintle projecting through the injector needle tip. Tapered-spray injectors are typically 
used in engines with one intake valve per cylinder. The tapered spray is directed into the 
opening between the intake valve disk and the intake-manifold wall. 
Dual spray 

Dual-spray formation is used in engines with two intake valves per cylinder. The 
openings in the spray-orifice disk are arranged in such a way that two fuel sprays emerge 
from the injector. Each of these sprays supplies an intake valve. 
Air-shrouding 

In the case of an air-shrouded injector, the pressure drop between intake-manifold and 
ambient pressures is used to improve mixture formation. Air is routed through an air-
shrouding attachment into the outlet area of the spray-orifice disk. In the narrow air gap, the 
air is accelerated to a very high speed and the fuel is finely atomized when it mixes with it. 
 
 
 
 


