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Abstract - The air intake system is the one of the most important part of our vehicle and has significant impact on the 

quality and quantity of fuel combustion. The important thing is properly selected parameters of flowing air and shape of the 

air intake manifold. The main aim of this article is selecting the suitable air intake system for 4-stroke combustion engine - 

Honda GX 35 with spark ignition a very popular and light engine with a capacity of 35cm3. The engine works in the most 

efficient vehicle Eco Arrow 3.0  mostly during Shell Eco-marathons. The air is delivered to the combustion engine by the air 

intake system. It provides the delivering air which is needed to the fuel combustion process.  Rightly designed air intake 

system has direct influence on the engine efficiency. The important aspect is to provide the right dose of the air to the motor. 

(In case) If the dose of delivering air is too big or too small then the engine efficiency decreases significantly. In Eco Arrow 

3.0 the air intake system is replaced by one air intake manifold due to the specific size of our vehicle. This solution is 

fulfilled our requirements because of velocity and pressure of the delivering air. The three types of shape of the manifold 

were distinguished for the sake of appropriate parameters of the flow to the combustion chamber. The air intake systems had 

subjected to the numerical analysis CFD and the best solution was chosen.     
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I. INTRODUCTION 

 

Nowadays, the knowledge and experience are being 

used by the engineers from automotive’s brand to 

construct the smallest and the most efficiency 

engines, so as to the quantity of using fuel will be the 

small as possible. The best motivation for the 

engineers to build the effective engines is more and 

more restrictive norms(1) which should be respected 

by the newest cars on the market due to the quantity 

and quality of using fuel. The future engineers of 

automotive’s brand can gain the experience on the 

Shell Eco-marathon.  The main goal of the 

competition is to construct a vehicle that will achieve 

the lowest fuel consumption on the appointed track. 

The good results while the race are gained by 

reducing the resistance (it is created when the vehicle 

is moving) or by leading to the highest efficiency 

parameters of the drive system and what is the most 

important part by the engine and its all properly 

designed equipment. While the vehicle was being 

constructed then Students from the Science Club of 

Automotive Lovers were making researches which 

allowed to check very important aspects for Eco 

Arrow 3.0, for example: aerodynamic shape of car’s 

body, scheme of light wheels and parameters of 

injector which are significant to delivery gasoline to 

the engine in properly way(2). These researches were 

helped to design and create above mentioned sub-

assemblies and to choose the most optimal solutions 

and the best parameters of theirs working. It 

translated into engine’s effectiveness and better 

results during the competitions. The researches had 

brought positive effects so the next step was designed 

air intake system which is one of the most significant 

part of engine and this publication is focused on that 

problem. The air intake system is basing factor of 

combustion engine’s work because it delivers air to 

the combustion chamber.(13) Without air the process 

of combustion fuel is not possible. The crucial aspect 

is that the parameters of air flow have influence on 

the combustion fuel’s quality.  Appropriate control of 

working parameters or air intake system’s shape are 

allowed to reach the better or worse results so it 

should be make respectively, for example: high air 

pressure in the air intake system is caused that the 

engine’s power will be also higher but at the result 

the amount of fuel combustion will be increased. The 

attention should be drawn on this factor during the 

choice the most effective air intake system to the 

vehicle Eco Arrow 3.0. Therefore the perfect air 

intake system should be generated the air flow with 

high velocity to fill the cylinder as soon as possible 

but must have relatively low pressure of the working 

factor. If this parameter is bigger then the quantity of 

fuel combustion is also higher. The most efficient 

vehicle Eco Arrow 3.0 was built by the Students from 

Science Club of Automotive Lovers at Technical 

University of Lodz. Above mentioned prototype is 

smaller than a usual car and is worked by unusual 

engine Honda GX35 with a capacity of 35cm3 (spark 

ignition, four stroke combustion engine). Due to the 

specific and simplicity of vehicle, its size, and 

restrictions of Shell Eco-marathon rules the role of 

the air intake system was fulfilled by the elastic 

ventilation manifold with additional brackets which 
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were made by the 3D printer to fasten manifold to the 

engine and to the vehicle’s body. However this 

solution had not worked so the new idea was 

appeared to design and print whole air intake 

manifold using the 3D printer. This concept was 

allowed to tailored new, optimal element the our 

needs. At the result new parameters and working 

factors of air intake manifold are improved engine’s 

effectiveness.(5) Bearing in mind our restrictions 

such as: low pressure and high velocity of air flow, 

vehicle’s specifications (the space in the car is limited 

so the inlet and outlet places of air intake manifold 

are presupposed and also the engine’s temperature 

affected to the choose of material from which the 

manifold was made) therefore the three types of air 

intake system had designed and afterwards these were 

examined by numerical analysis of air flow using 

boundary conditions like vacuum pressure generated 

by engine in intake stroke which was read from 

registers of pressure’s sensor in the motor’s manifold 

intake and the registers of the atmospheric pressure’s 

sensor(10)(Fig. 1). The sum of this pressures was 

taken like a pressure generated by the engine in 

outlet’s plane (read from the on-boarding computer 

ECU) and the velocity of the air flow on the vehicle’s 

body(3).  

 
Fig.1 Chart of changes of the pressure in air intake manifold 

while making the measure. 

 

Thereafter the optimal solution was chosen and used 

in Eco Arrow 3.0. This publication is not about the 

analysis of whole air intake system but it is only 

focused on the researches about air flow in element 

which is used as connector of the engine with the 

place of air intake. Some kind of wastages which may 

be generated by other components and engine are 

overlooked. This article is analyzed degradation 

coefficient in the air intake manifold therefore  high 

velocity values may be appeared. A pressure sensor 

measures also component parts of pressure so this 

measurement is incomplete, only approximate and its 

value is not total.   

 

II. SHAPES OF EXAMINED ELEMENTS 

 

Three shapes of air intake manifold was distinguished 

during the researches. The publication is showed 

three analyzed shapes. One of them is conception 

which is using in Eco Arrow and the other two was 

considered during the vehicle was built. Shape 

number 1 (Fig. 2) is the reflection of current air 

intake system which is detailed describing in the 

introduction. This is the elastic, ventilation, pleated 

manifold with the nominal diameter equals 32 mm. 

The manifold is fastened through the special elements 

which are made by 3D printer. Manifold’s cross-

section is constant on the whole length. Shape 

number 2 (Fig. 3) is the intuitive solution which is 

like connector of engine and Shape number 3 (Fig. 4) 

is the tapered manifold with the greater inlet width 

and permanent outlet diameter. Under this 

assumption described shape could have triggered 

higher air speed in the place of working factor’s 

outlet.  The fixing of the air intake system is similar 

as the in second case. The wider side of manifold is 

tightly fitted to the vehicle’s body and the second side 

is fastened  to the engine by the screws. The goal of 

the analyzed the above mentioned shapes was to find 

the best solution from among 2 and 3 opportunities 

however the first model was the control sample to 

check quality of the current air intake system and 

then compare to the other ideas. 

 
Fig.2 shape number 1 - ventilation manifold which is currently 

works in the Eco Arrow 3.0 

 

 
Fig.3 shape number 2 - manifold with the constant diameter 

through the whole length 

 

 
Fig.4 shape number 3 - manifold with the convergent cross-

section (the diameter is decreased) 
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III. ANALYSIS 

 

In order to obtain the most reliable results, the CFD 

(Computational Fluid Dynamics) analysis was used to 

examine the shapes of air intake manifold. The whole 

researches and analysis was conducted by the 

ANSYS program and specifically by the ANSYS 

CFX. It is the software which is dealt with the flow 

numerical analysis. In this case, like in the ever 

numerical analysis of the finite element methods, the 

subject of researches should be covered by the mesh. 

The mesh is the crucial issue to consider the physical 

phenomenons which are being appeared in the 

examined air intake manifold. The basis for correctly 

performed CFD analysis is properly generated 

mesh.(Fig. 6) It must meet the appropriate conditions 

such as: it must be good quality it other words it can 

not contain too distorted elements and also the mesh 

should be density enough so as to ensure high 

accuracy of the researches and reasonable calculation 

time to not to burden the computer for the long time. 

The mesh needs to be modificated and concentrated  

in the place where the local phenomenon should be 

described more details in the physical point of view. 

According to these rules the mesh was made in the 

shapes which were administered in the analysis. In 

accordance with the assumption the mesh is 

graduated by the Inflation tool to specify 

phenomenon which is occurred in the boundary layer. 

The Mesh Refinement option was used to check the 

results of analysis. In the place where the changes os 

gradient had occurred the system was increased the 

density of the mash and was checked this once more 

to specify the results. The mesh was controlled by the 

Aspect Ratio(8)(11) (Fig.5). It is a parameter which 

shall monitor the density of mesh. Its perfect value is 

equal 1 however permissible value of this coefficient 

may reach to 100 units.  

 

 
Fig.5 Chart of quality of the generated mesh 

 

 
Fig.6 Mesh on a convergent manifold model 

 

Analysis of air flow was performed on the basis of 

boundary condition in which the value of vacuum 

pressure was generated by the engine in the intake 

stroke. The results was registered by the sensor of 

vacuum pressure which is fastened in intake manifold 

of GX35 engine which is sent the signal to the on-

board computer ECU EMU (value of this parameter 

is needed to control the dose of fuel delivering to the 

engine and motor working). The pressure had been 

registered and the was compared to the pressure in 

the outlet plane of the air so at the end of the intake 

manifold.(4) This simplification was allowed to  

designate the boundary condition of analysis. 

Moreover it is worth remembering that the air intake 

system is not working uniformly for the all time. 

Therefore the boundary condition was addiction to 

the time and the value of this condition such as 

vacuum pressure generating by the engine was read 

from the registers of motor during the competition. 

The part of curvy was chosen in which the motor has 

the constant engine speed and it was worked for the 

one second. At that time the maximum values of 

vacuum pressure was not higher than 2 kPa. 

Relationship between value of pressure in the intake 

manifold and the time of work of engine is presented 

on the graph. The analysis was made by the Case 

Comparison tool and performing research in 0.05s 

cycles. To identify the characteristics each of the 

analyzed manifolds, the occurring pressure and 

velocity were checked at the moment of  suction 

stroke and while generating the highest vacuum 

pressure by the motor. The first analyzing shape is the 

pleated manifold which is actually uses in the Eco 

Arrow 3.0. The graphs show the distribution of 

velocities and pressures.  

 

 
Fig.7 Distribution of pressures (upside) and velocities 

(downside) in the first shape of manifold. 

 

The value of velocity in the boundary layer according 

to the analysis amount to 0 m/s and it is confirmed 

correctness of researches. The air flow is affected 
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because of the pleated structure of manifold and this 

is generated disruptions and created more 

turbulences. It is caused by the boundary layer 

distraction and by the irregular and untypical shape of 

the air intake manifold. The highest value of velocity 

is occurred in the manifold’s outlet and amounts 36 

m/s. On the graph, the streamline is remoted from the 

boundary layer. The pleated structure of manifold is 

influenced on the remoting velocities from streamline 

and it causes theirs distraction and lower speed of air 

even to 12 m/s.  

 

 The velocities are negligible due to pleated shape of 

internal walls of manifold. The analysis was revealed 

the pressures distribution is uniform and only in the 

fixing place of manifold to the engine the pressure 

drop was noted (about 1kPa).  The value of pressure 

in  the air intake manifold is almost equal the highest 

vacuum pressure generated by the engine. (Fig. 7) 
 

 

 
Fig.8 Distribution of pressures (upside) and velocities 

(downside) in the second shape of manifold. 

 

The second solution is the manifold with the constant 

cross-section. The velocity distribution indicates wide 

and characteristic streamline with high and constant 

speed which equals about 68 m/s and in the biggest 

radius of curvature of manifold and in the outlet it is 

increasing even to 113 m/s. Local decreases in 

velocity and wide of streamline are caused by the 

curvature of manifold. In this case the velocity in the 

boundary layer is also equal 0 m/s. The pressure is 

constant distributed in the mostly parts of the 

manifold’s cross-section. The local increasing of 

pressure is noted similar like in the velocity's case so 

in the biggest radius of curvature of manifold and in 

the outlet so in the place where the air flow is the 

most disrupted. (Fig. 8) 

The third solution is the manifold with the even and 

harmonious velocity growth. In compliance with the 

formula of mass flux if the cross-sectional area of 

manifold decreases, the velocity is higher however if 

the diameter is larger the velocity decreases 

(G=ρVA).(12) In this case the local turbulent and 

disturbance of air flow don’t exist. The velocity in the 

boundary layer is also equal 0 m/s.The distribution of 

the pressure is uniformed as with the velocity’s case. 

However the high pressure is occurred around inlet 

and is correspond to the atmospheric pressure. If the 

working factor gets close to the inlet, the pressure 

decreases till to values generating by the engine. (Fig. 

9) 

 

 
Fig.9 Distribution of pressures (upside) and velocities 

(downside) in the third shape of manifold. 

 

IV. CONCLUSIONS 

 

Performed researches is showed that the most optimal 

solution is the second air intake manifold with the 

constant cross-section because of it is comply with 

the guidelines. In this case the air flow is reached the 

highest velocity with the constant boundary 

conditions. This solution should be therefore 

implemented in the Eco Arrow 3.0 to reduce the 

specific fuel consumption. The surface roughness of 

3D print may directly influence on the result because 

of that the friction between liquid and manifold’s wall 

is increased. But this paper is focused on the shape of 

manifold so above mentioned factor is disregarded. 

The conditions to the all manifolds is the same and 

the only difference is the shape of analyzed elements 

and this factor is influenced on the final results. The 

simulation was performed chart of pressure’s 

difference which is constant for all analyzed shapes. 

If the values of velocities and pressure are the 
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highest, the  largest wastages are generated, hence  

the values of the highest vacuum pressure was 

checked (the highest vacuum pressure generated by 

the engine). The most important is the highest 

velocity of the air to fill the cylinder as soon as 

possible and the lowest pressure to reduce the specific 

fuel consumption.  The aim of this publication is 

relationship between analysis of different manifolds 

shapes and factor of air flow friction. This paper may 

be use as information source about optimal shape of 

air intake manifold. 
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