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Low pressure system layout diversity
Engine

Engines that belong to an engine family can be very different in respect to power 
and emission requirements and also to safety demands.

Concerning the low pressure fuel system this causes the following differences:

• Number of Cylinders (6, 8, 10, 12, 16, 18, 20)
• Cylinder head machining and geometry
• Fuel lines double or single walled (with or without leakage detection)
• Component pressure demands (pumps, injectors)
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Low pressure system layout diversity
Applications

More differences are given by the application/application group.

• Marine, Construction, Industrial, Rail, Genset
• Fuel feed pressure (overpressure for elevated fuel tank, underpressure for bunker 

tank)
• Fuel return: to tank; engine internal return

� Engine/System layout test bench cannot cover all demands .
� The diversity in system layouts inside each engine family makes it necessary to 

use analytical simulation to validate the systems by ensuring both function and 
durability.
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Series 4000 Fuel System
Features

main features (high pressure):

• Injector with individual fuel accumulator 
(reduces interaction and pressure 
dynamics)

• System can provide 2200bar of 
injection pressure

• Triple fuel injection (pilot, main, post) is 
possible

• Nozzle and injection rate are optimized 
for the application
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Series 4000 Fuel System
Return Lines
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Modeling the fuel return system in GT-SUITE
Steps in detail

The model of the system was created in 3 parts, beginning from the fuel pipes. Most work 
was done when adding the injectors, first with a simple control valve, later on in all 
detail.

1. Peripheral fuel lines: cylinder head, fuel collection pipe, non-return valve.
• Simple flow inlet parts added to privide leakage flow from the injectors.
� Checking diameters, simple interactions between the cylinders.

2. Fuel lines inside the injector
• Injector containing a simple control valve (with given displacement).
� Detailed pressure dynamics in the fuel return system.

3. Full injector model
• Injectors with detailed control valve including the electromagnetic valve.
� Analysis of injection quantity response to low pressure system.

M
ore detail
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Modeling the fuel return system in GT-SUITE
1. Peripheral fuel lines; modeling

• cylinder head

• fuel collection pipe

• non-return valve

� All volumes and 
pipes downstream 
of the injector are 
modeled.
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Modeling the fuel return system in GT-SUITE
1. Peripheral fuel lines; first results

• pressure when 
actuating the 
injector

• simplified 
interactions 
between the 
injectors
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Modeling the fuel return system in GT-SUITE
2. Fuel lines inside the injector

• Individual Fuel 
Accumulator

• Fuel Stop Valve

• Control Valve

• Valve Plate

• Nozzle

� Control valve modeled with 
GT standard valve part.

Injector Injector Model
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Modeling the fuel return system in GT-SUITE
2. Fuel lines inside the injector

• Good prediction 
of pressure 
dynamics.

• Measurement 
data is matched.
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Modeling the fuel return system in GT-SUITE
3. Full injector model

• pressure compensated 
control valve

• magnetic force.

• detailed model of the 
leakage pipes inside the 
injector � GEM3D

� effects from the low 
pressure circuit on 
injection timing/quantity.
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Modeling the fuel return system in GT-SUITE
3. Full injector model

• Multiple Injection 
cycles shown.

• Influence of low 
pressure circuit 
design on injection 
timing and quantity.

Results:

• Shot to Shot variance: 
~0.4% (max. 1%)

• Injector/Injector 
variance: 

~1% (max. 1.7%)
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Summary, Benefits

The analytical simulation of low pressure circuits using GT-SUITE is established in the engine 
development process.

As an example the method is used for the fuel return system of a common rail injector. It is 
possible to start at an early development stage and improve the method during the engine 
development:

• Support for design engineering at an early devolopment stage 
� Design of the fuel lines.

• Analysing interactions between the injectors.
� Decoupling the injectors on the low pressure side.

• Optimization of injector function
� Injection quantity and variance.
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Thank you for your attention.


