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Summary: This paper investigates the effect of the intake runner length on the performance of four stroke petrol engine. Two methods are presented, one method is based on theoretical approach using equations to calculate the intake length for certain speed range, and the other uses a trial and error principle varying the runner length in 50mm increments to find the highest volumetric efficiency and thus the best engine performance. A very precise engine model was made in RICARDO Wave software, which was validated and then used for further experiments. This work is a base for further development of continuously variable intake system.
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1. INTRODUCTION 
Modern SI engine represents compromise between three essential factors : performance, efficiency and  ecology [1]. Vehicle users demand good performance and reliability along with minimal service costs, while legal requriments are focused on fuel consumption and emission reduction. Because these demands are often contradictory, it is clear that engine construction is a highly compex engineering task.
The four stroke conventional engine has evolved through a hundred year history, but even today it is known as a quite unefficient machine. Spark ignition engines use approximately 25% of fuel energy while the other 75% can be assigned to heat and mechanical losses[1]. Better efficiency can be achieved by reducing one or both of these unwanted factors. Effective engine pressure which demonstrates the engine performance can be expressed via equation:
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                                                                         (1.1)

where the members are :
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 - represents the fuel and air mixture quality and can be treated as a constant for    a certain engine. 
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 – relative value which expresses the thermal efficiency of the engine
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 - coefficient of mechanical efficiency
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 - volumetric efficiency

Today there are many practical solutions for engine performance  improvement, one of them is by using variable length intake manifold through which the the amount of intake charge is increased, thus the volumetric efficiency is significantly improved. 
2. VARIABLE LENGTH INTAKE THEORY

The intake system is responsable for feeding the engine with an accurate amount of air/fuel mixture. This amount vary in function of operating conditions, engine speed and throttle position. From air inlet to intake valve there is a certain pressure drop, so the engine sucks in less fresh mixture than is needed for optimal cycle, so the volumetric efficiency [image: image13.png]


 is less than 1. One possibility of increasing the mass of induced mixture is by using physical phenomenon of inertia charging [2].

Fresh charging is entering the cylinder as the piston moves toward the BDC. Because the air has inertia, as the intake valve suddenly closes, a high pressure wave is produced which passes backwards through the intake runners to the open end of the pipe where it is reflected again and travels back to toward valves at the speed of sound. To take advantage of this effect, the length of the induction pipes must be such that the pressure wave arrives back while the inlet valves are open, and therefore the charge is boosted.

Time needed for the wave to travel from inlet valve to the plenum and back is two times the length of the pipes divided by traveling speed of the wave, in this case the speed of sound:
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                                                                                                   (2.1)

  As the speed of sound is dependent of enviroment temperature and humidity, precise measurment is needed to obtain the right intake length for every RPM. Because the intake charge is a composition of fresh air, fuel droplets and exhaust gases, there is a slight dependency of sound speed on these factors, but the influence is so small that it can be eliminated. 

From previous equation it is clear that the ideal length of the intake runners decreases with engine speed as the pressure wave needs less time to travel back and forth. The equation for the intake length is :
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                                                                                               (2.2)

It is important to mention that on the open side of the intake runners where they meet the plenum the reflection does not occur right at the pipe end, so that the effective intake length is L plus about 0.6 time its radius. The final equation now becomes :
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                                                                                  (2.3)

3. ENGINE MODEL VALIDATION

The use of one dimensional CFD engine simulation is an essential tool to the engine development and testing. With the rapid evolution of computer technology and software packages it has become possibile to perform engine simulations in the early phase of design, long before any production begins [3]. For car companies that means great reduce in time and money for actual engine testing.

WAVE is one of the market-leading ISO approved, engine & gas dynamics simulation software package from Ricardo Software. It is used worldwide in industry sectors including passenger car, motorcycle, truck, locomotive, motor sport, marine and power generation. WAVE enables performance simulations to be carried out based on virtually any intake, combustion and exhaust system configuration, and includes a drivetrain model to allow complete vehicle simulation [4].

In this paper the BMW M10 type engine is used for modeling. The basic characteristics are given in the table 1. Majority of the necessary data have been manually measured or obtained from various catalogues. The essential valve train parameters are collected by precisely measuring the valve lift for every 5o of camshaft rotation.
Table 1 Basic parameters of the BMW M10 engine
	Engine volume
	1766 ccm

	Number of cylinders
	4

	Number of valves per cylinder
	2

	Compression ratio
	10:1

	Maximum power at RPM
	77 kW at 5800 rpm

	Maximum torque at RPM
	140 Nm at 4500 rpm

	Bore/stroke
	89/71 mm

	Connecting rod length
	135 mm

	Intake runner length
	450 mm

	Intake valve diameter
	46 mm

	Exhaust valve diameter
	38 mm


Probably the biggest challange in engine modeling process is the definition of combusiton inside the cylinders. Determination of pressure which defines the heat release inside the combustion chamber is impossibile without sofisticated measuring equipment. Wave uses a mathematical model to define the power stroke with acceptable accuracy [4]:
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                                                                     (2.4)    
where the members are :

W – cumulative mass fraction burned
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 - crank degres past start of combustion

   BDUR – user-entered 10-90% burn duration in crank angle degrees

   WEXP – user- entered Wiebe exponent

 AWI – internally calculated parameter to allow BDUR to cover the 10-90%    range

After the stock engine model is finished a series of simulations was conducted to get data for validation. Factory torque curve is used as reference. Figure 1. shows that the results are within the 5% accuracy range, so the model can be used for further optimisation of the intake manifold. Accuracy of 5% has been achived in other studies [5].
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Figure 1. Factory and WAVE model torque

4. SIMULATION RESULTS

After succesful model validation optimal intake lengths were calculated according to the equation 2.3. The temperature values for sound speed calculation have been taken from previous simulation results. It is taken that the pressure wave arrives slightly before the maximum valve lift, 1200 after valve opening.

The next step was a set of simulations with intake runner length from 200 to 800 mm in increments of 50mm. The engine model speed range was from 1000 to 6000 rpm with resolution of 500rpm. The goal was to find intake length for every rpm which will give maximum torque through the whole speed range.
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Figure 2. Torque from calculation in relation to factory torque
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Figure 3. Torque curves for different intake runner lengths
5. CONCLUSION

From the results of this study it can be concluded that the use of variable length intake manifold is an effective way of increasing engine performance. The engine speed at which peak torque occures changes greatly with intake runner length. In order to increase engine performance, length of the intake pipes must be extended for low engine speeds and shortened as the engine speed increases. Calculations via given equations gave slightly smaller performance gain, because of complex influence of a large number of factors which are not discussed in this paper. On the other hand, the second method showed much better results, though it requires much more data processing. Future work includes a fabrication of actual intake plenum and testing.
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