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[bookmark: _Toc39457782]Introduction.

That aim of this assignment is to Investigate and report on the factors which influence the design and operation of the induction and exhaust manifolds. This is done by completing a valve train analysis with the data that has been provided, this analysis includes calculated valve velocities, accelerations and the contact force up to 10000 RPM. Then with this information the valve float point will be indicated.

Next using the first calculations, changes that can be made to the valve train to allow an increase of RPM to 12000 RPM with no valve float will be investigated and the calculations and results will be reviewed and analysed.

[bookmark: _Toc39457783]Research.

The intake valve must already be open before TDC, before the piston begins moving down on its intake stroke. If the valve was closed, the piston would drag against the resistance presented by the unopened valve port, especially at higher speed. The specification for intake opening for stock applications is listed in most service literature. The piston must start and stop at the beginning and the end of each stroke. During the intake stroke the connecting rod spins, whipping the piston down into the bore. At higher speeds the piston accelerates very quickly, causing a big gulp of air when it reaches its maximum velocity at 90° of rod angle.
(Gilles, 2011)
Dynamic model of valve spring
The valve spring is only supported at the upper and lower end structurally. It can be excited by the harmonics of the cam profile and camshaft angular velocity. The valve spring vibrates at the natural frequency after the valve is closed. The valve spring surge may play a big role on the dynamic behaviour of valve train system, especially at high speed. There is no significant source of nonlinearity in the valve spring due to its low damping coefficient. Therefore, the valve spring is usually described by linear models. In this paper, the valve spring is modelled by the surge-mode approach, and the displacement of each spring element is governed by the wave equation. The displacement ψ of each element of valve spring is a function of the position, y, and the time, t, as shown in the diagram bellow.
(Guo, 2011)
[image: ]
This paper presents the experimental results achieved by applying early IVC (Miller cycle) to a four-cylinder engine operated with natural gas and fitted with a fully variable electro-hydraulic valve train. The focus of the work presented is the effect of IVC at low loads, and IVC effects on boosted operation were not considered. Loads ranging from 1.5 up to 5 bar BMEP were achieved in unthrottled operation with different combinations of IVC and intake lift, and the results were compared to throttled operation. Pumping losses reduction achieved with early IVC explains the efficiency gains achievable using early IVC. An indicated efficiency increases of up to 10% was observed when compared to throttled operations using high lift with an early IVC angle. Efficiency increases of up to 3% were observed by comparing unthrottled operations with higher lifts. As expected, a longer combustion duration resulted from earlier IVC angles. The earlier the valve closes, the more the lack of turbulence during combustion slows down the flame propagation. Therefore, the heat supply is less efficient. To understand the net effects, a Willan’s approximation was used to split the influences into pumping losses and fuel conversion efficiency at constant IMEP for various IVC and lift combinations. The Willan’s efficiency decrease for earlier IVC angles was weaker than expected, the reason being that multiple factors affect the Willan’s efficiency variation (in cylinder mass, heat losses, and combustion efficiency). The simplified energy balance for constant Fuel MEP outlines that the earlier IVC angles lower heat losses (wall, incomplete combustion and exhaust ones), since early IVC strategies reduce in-cylinder temperature levels. For example, at low loads (ca. 3 bar IMEP), by advancing IVC the combustion deterioration was almost completely compensated by the reduction in heat losses so that the effect of reduced pumping losses with early IVC is fully exploited. Studies in the literature typically report a trade-off between pumping losses and combustion deterioration for premixed combustion. The present experimental research shows that the behaviour of the heat losses is an additional factor that also must be considered, as it plays an important role in the overall energy balance. It can therefore be concluded that early IVC does not only reduce turbulence (therefore increasing combustion duration), but it also lowers pressure and temperature, thus leading to a significant reduction in wall heat losses, blowby, incomplete combustion, and also exhaust gas temperature.
(balmali, 2020)
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The graph above shows velocity against crank angle. From the graph its clear to see that the valves velocity is consistent in its opening and closes phases. And its maximum opening point is at 108°, this is indicated by the velocity being 0 after its maximum positive opening velocity of 6.000E+03.
Valve lift describes the distance a valve is opened. Increased valve lift allows more air and fuel flow. Unlike an increase in duration, which keeps valves open longer, valve lift does not cause a rough idle or ruin low end performance. Do not confuse valve lift with lobe lift, which, depending on engine design, is sometimes a considerably smaller measurement. Measuring valve lift is discussed later in the chapter. The valve velocities are calculated by the velocity multiplied by six multiplied by half the measured RPM.
(Gilles, 2011)

The graph above shows the acceleration of the valve against the angle of the crank. At 108° the valve is at its maximum opening point and on the graph, there are some oscillations this could be due to the valve float where the valve is fluctuating due to the acceleration and the opposite force produced by the spring force.
Also, at the end of the graph there are some irregularities this could be due to incorrect data or vibrations during the closing of the valves from the force of the contact between the valve and the valve seat.
The acceleration was calculated by multiplying the valve acceleration worked out from the velocity, multiplied by 6 multiplied by half the revolutions per minute squared. 

The graph above shows the contact force between the cam lobe and the valve. Looking at the graph when the force is positive it means the camshaft lobe is in contact with the valve, applying force and opening it. When the force is negative it means there is no force being applied to the valve hence valve float is occurring.
Valve float is an adverse condition which can occur at high engine speeds when the poppet valves in an internal combustion engine valvetrain do not properly follow the closure phase of the cam lobe profile. This reduces engine efficiency and performance and potentially increases engine emissions. There is also a significant risk of severe engine damage due to valve spring damage and/or pistons contacting the valves
(Lingenfelter, 1996)
Heavy valves require stronger springs. Racing engines use lightweight titanium valves that are stronger and require less valve closed seat pressure from the spring, helping prevent valvetrain separation.
(Gilles, 2011)
The contact force was calculated by taking the measured moving mass and multiplying it by the acceleration at the measured RPM plus the spring force multiplied by the initial compression plus valve lift.


Modifications that could take the engine revolutions up to 12000 rpm with minimal to zero valve float would be to decrease the amount of mass that moves, such as changing the material of the valve to a lighter material with the same strength this would allow for the same amount of air flow and would allow for better closing with the same valve spring stiffness. This would also in turn take the same if not less energy being produced from the engine. In conjunction with this method the valve springs could be replaced with stiffer or thicker material springs, this would increase the force available to close the valves and would produce more contact force between the spring and the camshaft lobe. This method would have the downside of making the camshaft work harder to open the valves and in turn take more energy from the engine decreasing that maximum power. To combat the power losses other methods to use are dual valve springs or progressive-sprung valve springs.  
The quality of valve springs varies widely. Racing engine builders are known to order springs made of Swedish steel or rolled wire from Kobe, Japan. At speeds above 14,000 rpm, even the best valve springs do not work well. Formula One racing engines operate at speeds higher than this; they often use pneumatic valve closing mechanisms.
(Gilles, 2011)







388/2 x 108/360 x 60/10,000 = 0.3492m -> 349.2mm long intake length.
388/2 x 108/360 x 60/12,000 = 0.291m -> 291mm short intake length.

Above are the ideal lengths for the inlet runners. The longest inlet runner should be no more than 349.2 millimetres for the best torque applications at ten thousand RPM. For maximum top end speed, the inlet runners should be short and no longer than 291 millimetres this will allow the engine to hit its peak RPM at twelve thousand.

S1) 388/2 x 1 x 0.2475 x 108/360 x 60 =12,000
L1) 388/2 x 1 x 0.297 x 108/360 x 60 = 10,000
S2) 388/2 x 2 x 0.2475 x 108/360 x 60 = 6,000
L2) 388/2 x 2 x 0.297 x 108/360 x 60 =5,000
S3) 388/2 x 3 x 0.2475 x 108/360 x 60 =4,000
L3) 388/2 x 3 x 0.297 x 108/360 x 60 = 3,333.3
S4) 388/2 x 4 x 0.2475 x 108/360 x 60 =3,000
L4) 388/2 x 4 x 0.297 x 108/360 x 60 = 2,500
S5) 388/2 x 5 x 0.2475 x 108/360 x 60 =2,400
L5) 388/2 x 5 x 0.297 x 108/360 x 60 = 2,000
Above are the calculations for the harmonics produced through the intake runners at the lengths stated in the last paragraph, as you can see from the calculations above the first harmonics are the only ones needed to help the positive air fuel mixture flow.
These were calculated for an intake system running at ten and twelve thousand RPM with an intake cam duration of 280° and a maximum opening point at 108° after top dead centre.
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385/2 x 80/360 x 60/10,000 = 0.2566
385/2 x 80/360 x 60/12,000 = 0.21388

S1) 385/2 x 1 x 0.21388x 80/360 x 60 =12,000.49872
L1) 385/2 x 1 x 0.2566 x 80/360 x 60 = 10,002.59808
S2) 385/2 x 2 x 0.21388x 80/360 x 60 = 6,000.249361
L2) 385/2 x 2 x 0.2566x 80/360 x 60 =5,001.299039
S3) 385/2 x 3 x 0.21388x 80/360 x 60 =4,000.166241
L3) 385/2 x 3 x 0.2566x 80/360 x 60 = 3,334.199359
S4) 385/2 x 4 x 0.21388x 80/360 x 60 =3,000.124681
L4) 385/2 x 4 x 0.2566 x 80/360 x 60 = 2,500.649519
S5) 385/2 x 5 x 0.21388x 80/360 x 60 =2,400.099744
L5) 385/2 x 5 x 0.2566x 80/360 x 60 = 2,000.519615

These were calculated for an intake system running at ten and twelve thousand RPM with an intake cam duration of 305° and a maximum opening point at 80° after top dead centre.


[bookmark: _Toc39457785]Conclusion.
To conclude for this engine to produce its max torque at ten thousand RPM and its peak power at twelve thousand RPM with no valve float lighter valves made from preferably titanium should be used. This allows a lighter moving mass to close without reducing the size of the valve and therefore reducing power.
These valves should be accompanied by progressively sprung titanium springs for a stiffer spring rate and a lower moving mass.
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