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Abstract —Comfort and safety, this are two targets for today designer and engineering of the road vehicle. 

Increasing the performances of the engine through all the system of the thermal engine, have concerned the main 

vehicles companies to develop all the systems of the engine. One of this system is and the air intake system. This 

paper presents parts of the mathematic calculation and the experimental tests of the intake manifold system 

concerning the performances of the engine. The vehicle used was a BMW vehicle. We study the air flow inside 

the filter housing with CFD (Computational Fluid Dynamics) simulation, being mentioned the high importance 

of this system on increasing the performances of the engine. 
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Introduction 

 

The emissions of CO2, as a consequence for burning the fossil fuels inside the thermal 

engine are made the automotive designer and engineers to reanalyze all the systems of the 

engine with internal combustion, because the level of the CO2 concentration in the 

atmosphere presents a very high level. Another reason for which they started to reanalyze was 

to increase the performances of the engine after the request of the drivers. One of this system, 

which was reanalyzed was and the intake manifold system. 

This paper preset the theoretical studies [1], and experimental research concerning the role 

of this system in formation and distribution of the mixture air fuel inside the combustion 

chamber, with consequence in power and torque of the engine. 

As we know, the thermal engine can function properly only with air and fuel, in specific 

conditions, as pressure and temperature. The mixture between these elements is held in the 

intake manifold system. The air is taken from the atmosphere, where are also other elements, 

which compose the earth atmosphere [3] like N2 – 78.1%, O2 – 20.9%, Ar – 0.9%, CO2 – 

0.035% and others elements – 0.065%, with consequences on the nature of the exhaust gases. 

The fuel we buy it from the station, and here are also discussions about the component of the 

gasoline. On the market we can found different gasoline, but the components of the gasoline 

are: sulphur (0.08 – 0.5%), aromatic hydrocarbons (42%) and benzene (3%), also with 

consequences concerning the nature of the exhaust. 
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Intake manifold systems have a wide variety of tasks [4], including and: 

- Uniform air distribution to the cylinder 

- Filtration of the air before admission into the cylinder. 

- Improved performance. 

- Integration air flow meter in the intake route. 

- Reducing noise made by the air intake in to the engine as well as its movement inside 

the intake manifold. 

More, the intake manifold system has and other important task: increasing the 

performances of the engine thought the supercharging effect. This is a solution to reduce the 

fuel consumption and also de exhaust, by controlling the movement of the air with valves 

installed for this purpose. 

 

Technical Data 

Thermal engines, (or internal combustion engine), transform the heat obtained from the 

combustion chamber, into the mechanical work [5], [6], due to the proprieties of the fuels as a 

consequences of chemical reactions. But not only the fuels are important in this phenomenon 

but also the air. This mixture, called fresh fluid, must be introduced into the engine whit help 

of the intake manifold system, which allowed to the air to reach at perfect condition for 

burning process. 

 

 
Figure 1 – Constructive scheme of filter system 

 

To work properly, the engine must have a certain quantities of air, and this mass can be 

calculated with the equation: 

      (1) 

were, 

Ar – Air requirements 

D – Displacement [mc] 

S – Speed [rpm] 

Ef – The filling efficiency 
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The air, before to be introduced into the engine, has the ambient pressure and the ambient 

temperature. For this reason we need the intake manifold system. We know that the pressure 

in the cylinder at the end of intake is influenced by hydrodynamic losses on the route. 

Generally, the route of intake of an internal combustion engine with fuel injection, is 

composed by air filter housing related, duct mounted between the filter and throttle body, 

collector and the intake manifold, at the end of which is the intake valve with the purpose of 

opening and closing the orifice passage between the gallery practiced in cylinder head and the 

cylinder. 

The main hydraulic resistance on the route is: air filter, throttle and valve or intake 

valves. In the following figure can be seen the scheme of the route of the intake. 

 

 
Figure 2.The route of intake of a spark ignition engine with direct injection [9] 

 

Losses on the route of intake depend on fluid density and functional factors such as 

engine speed, which directly influence the flow velocity. It can be define two fluid flows, as 

relationships: 

     (2) 

 

      (3) 

were, 

 – fresh fluid flow for ideal condition [kg/s] 

ρff0 – fresh fluid density for ideal condition [kg/m
3
] 

Vs – displacement 

i – number of cylinder  

n – speed [rad/s] 

Tc – length of a cycle 

The equation without 0 indexes means the condition for real situation when we have 

losses on the route intake. The relative level of losses during the intake process is given by the 

ratio of fresh fluid flow in real and ideal flow conditions without losses or other influences. 

This ratio is noted with ηv and is called the degree of filling, defined bellowed: 

      (4) 
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The degree of filling is a perfection criterion for admission process and as the ηv have a 

higher value, as much the losses are small. This is a criterion for comparison of the intake 

engine systems. Relation 5 shows the dependence of effective power to the degree of filling: 

 

    (5) 

Were, 

Pe – effective power [W] 

ηe – effective yield  

Qi – lower calorific power of fuel [J/kg]. 

λ – excess air coefficient 

Lmin – minimum air necessary for combustion [kgair/kgfuel] 

 

Maximum engine power is obtained at the highest value of the product (n∙ηv)max, due to 

decrease of the degree of filling value with speed increasing, after reach its peak (Figure 3). 

 

 
Figure3. Variation of the degree of filling and actual power, with speed 

 

Effective torque Me is not depend directly by speed, but also by the degree of filling: 

     (6) 

 

Experimental Research 
 

The experimental test was realised inside of Mahle Componente de Motor Timisoara, in 

testing laboratory. For testing we take the model of the intake manifold from the thermal 

engine BMW N52, with dates: year of manufacturing – 2004, fuel – gasoline, cylinder 

capacity – 2996 cm
3
, mass – 1580 kg, number of cylinder – 6 (in line), power – 189.2 kW at 

6600 rpm, torque – 300 Nm at 2500 – 4000 rpm, CO2 emission – 226 g/km, compression 

ration – 10.7:1. 
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Our purpose is to optimise the intake manifold using the CFD simulation and, if is 

possible, to increase the performances of the engine, on power and torque [7]. The CFD 

simulation was made on an inhomogeneous fluid. We have the actual curve of the torque of 

the engine with the ordinary intake manifold, then we realised the optimisation, we realised 

the intake manifold with optimisation on the test bench, and all this curves compared with the 

ideal power and torque curves. 

First step in our experiment research it was to create a model using the CFD simulation 

software. The model is presented in below: 

 

 
Figure 4 – Intake manifold BMW N52 6 SL. Figure 5 – Optimization of the intake manifold and 

simulation of pressure drop before and after changes. 

 

We start to create a succession of 3D simulation models to optimize the air flow inside the 

inlet collector to analyze each modification [8]. For reducing the pressure inside the intake 

manifold, it can be followed the Figures 5 were we modified the connection between the 

distributor and a resonator tube. CFD simulation, over the intake manifold, allows us to 

analyze all the difficult areas, like optimization from Figure 5, where it can be seen the 

reduction of pressure inside the intake manifold. 

Below are presented the scheme of the test bench from the testing laboratory from 

Mahle Timisoara, where we realized the experimental research. 

 

 
Figure 6 – Functional scheme of the bench test [8] 
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CFD simulation started by calculation the dispersion D, between individual intake routes, 

using the equation: 

 

      (7) 

were, 

M – Maximum pressure drop 

m – Minimum pressure drop 

p – Average pressure drop 

And the pressure drop, PL, is calculated with the following equation: 

      (8)    

 were, 

Po – outlet pressure 

Pi – inlet pressure 

 

 

Conclusions 

 

The intake manifold system is a very important system concerning the performances of 

the engine, by his aim. He must help the air to get into the combustion chamber, and also the 

mixture consist by fuel and air. If the hydraulic resistance are not eliminated through 

simulation process, of the degree of filling is not properly calculated, or if the required 

quantities of air are not very well calculated, the performances of the internal combustion 

engine won’t be on the top.  

After our simulation with CFD software, and after the optimization of the intake manifold, 

we made the correction concerning the pressure drop. We realized the 3D model then 

proceeded to realize the real model for vehicle BMW, testing the advantage of the 

modification trough the simulation. The final conclusion is: we succeeded to optimize the 

intake manifold of the BMW N52 vehicle, E63 engine, using CFD simulation taking into 

account the degree of filling, hydraulic resistance, pressure drop and temperature. 

As future research concerning the intake manifold is the phenomena of wave, which can 

add a fresh flow air into the cylinder. 
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