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The following report will be investigating engine intake and exhaust systems. The investigation will focus more into the factors that influence the operation and design of the manifolds respectively. There will be a comparison of different induction systems in this report also, which will include a single-carburettor, multi carburettor, single point and multi-point injection systems. The report will then conclude with results gathered from a flow bench test on a standard head and a modified head and a critical evaluation of both components will follow. 
[bookmark: _Toc536384250]Methodology
To conduct this test the first thing to do is to set up the cylinder head onto the flow bench machine. On the flow bench there was a hole in the centre of it to allow air flow through the ‘cylinder’. The cylinder was represented by two metal plates allowing the head to sit evenly on the top and also a glass tube in-between the two metal plates. This glass tube represented the cylinder of the engine and it would align with the cylinder head surface allowing the inlet and exhaust valves of one cylinder to breathe into the cylinder. Usually there would be a gasket between the cylinder head and the engine block, however in this test blue-tack was used as a sealant which has proven to be a good substitute. Once the cylinder head was set the testing equipment would then be set up. The H20 pressure drop was set to 10” rather than the stated 25”. When operating you had to choose induction or exhaust to either allow hair to be sucked or to be blown out of the machine. When working the flow bench you would occasionally have to pull the bungs at the top of the testing equipment to allow more air to flow, this would be dependent on the flow rate percentage. The increments in which the valve lift would increase was in 0.1mm starting at 0.1mm working up to 0.5mm. When running the tests a scribe should be noting down; the valve lift (mm), the air flow rate (%), the number of the bungs removed, and the air flow (cfm). This would then give you a table of results for each cylinder heads exhaust and inlet valve ports. With this information along with the valve diameters you should be able to plot the graphs required such as; volumetric flow rate (VFR) (m3 /sec) against L/D (valve lift / valve head diameter) and the coefficient of discharge against L/D.




[bookmark: _Toc536384251]Induction Systems Comparisons
Over the years there have been several different ways of getting the fuel into the combustion chamber. As you would expect over the years the process has gradually got more economic due to the rising concerns of global warming which has effected the emission regulations of vehicle the last few decades. Of course the component where the fuel injection system is mounted has mainly remained the same, the intake manifold. Although it is very challenging to design a satisfactory intake manifold the objective is to get the air/fuel ratio into the chamber as efficiently as possible. For everyday road cars the intake manifold shouldn’t be too long and the length of pipe between the fuel injection component and the valve port should be similar (Hillier's, 2014)
[bookmark: _Toc536384252]Single Carburettor
A single carburettor was an early form of fuelling a vehicle. The purpose of the carburettor is to mix the air and fuel to the correct ratio to allow the vehicle to run efficiently (Princeton University, 2012). A carburettor is usually located on the inlet manifold between the air filter and where the manifold branches out to the cylinders. The system is completely mechanical and uses a cable from the throttle pedal to the butterfly in the carburettor to control the fuel input. Most vehicles today have a throttle butterfly, a throttle butterfly can be found in the carburettors too. They are controlled by the throttle input of the driver and it affects the amount of air that travels through into the manifold. In Haynes Beginner’s guide to throttle body it states ‘On older carburetted engines, the throttle body is built into the carburettor and via mechanical means and engine vacuum, more fuel is delivered as the valve opens.’ (Haynes) They refer the throttle butterfly as the throttle body. The amount the butterfly pens also determines how much fuel gets picked up along the way via the needle. One of the biggest issues about carburetted systems was that when the air/fuel mixture travels through the manifold the fuel sometimes used to de-atomise which meant the mixture wouldn’t burn as evenly as it should causing a loss in fuel economy. Another issue with carburettors is the un-even distribution of fuel, as the fuel mixture travels through and into the branches of the manifold you would usually find that some cylinders get more fuel than others. This is once again down to the intake manifold design. The most common for this error was the Siamesed/twin manifold, this is where one branch supplies fuel to two cylinders in a 4 cylinder engine (Hillier's, 2014). It is important that carburetted engines and multi-branch manifolds have the throttle spindle parallel with the engine axis to avoid a branch being starved during part-throttle operation (Hillier's, 2014).

[bookmark: _Toc536384253]Multi-Point Carburettor
The best way to improve the previous single carburettor to supply a 4 cylinder engine was to add more into the system. Along with the carburettors came some issues you wouldn’t get with a single carb like, needing to balance them regularly to ensure that the same amount of fuel was being delivered to each cylinder (Hillier's, 2014). With a multi carb system there is a plenum chamber. A plenum chamber is a mechanical ventilation system that is used to equalize irregularly distributed pressure (What is a Plenum Chamber?, n.d.). It is essentially a reservoir for the air travelling through. The air then sits here until the valve opens in which the drop in pressure allows the air to travel through the carb and its butterfly into the cylinder, carrying atomised fuel in from the carb. This allows for a more equally heat dissipation and a better combustion which in turn improves fuel economy. You could argue that multiple carburettors are more error prone as there is more components that could break or be faulty, and also the cost of maintenance will go up due to the increase in components. This system is most definitely an improvement from the single carburettor system due to the improved fuel economy and in turn the lower emissions that come out. 
[bookmark: _Toc536384254]Single Point Injection
The next breakthrough from carburettors were the injectors. Due to the cost of implementing them into the cars at the time of discovery it was only financially beneficial to fit one injector to a 4 cylinder engine. The injector would usually be situated exactly in the same area as the single point carburettor would be. The injector is slightly more precise with the amount of fuel added in to atomise in the air travelling past the throttle butterfly due to the fact that the ECU will read the opening of the butterfly and translate this using some equations programmed to add the precise amount of fuel for the best combustion. However similarly to the single carburettor it is common for the fuel to de-atomise however it wasn’t as bad as the carbs at doing so because of the pressure the fuel was being injected. It was also vastly better at low engine speed at doing this (Hillier's, 2014). Another advantage it has over the carburettor is that due to cars having more and more sensors on the components to improve emissions and safety the injector is easier to control which makes it the more attractive proposition (Hillier's, 2014). The fuel is injected via the solenoid operated injector into a venturi shaped region in the throttle body this is so the increased air speed in this region can break up the fuel further for better atomisation (Hillier's, 2014). Due to the fact that injectors are electronically controlled the components around it went the same way, for instance the throttle butterfly was operated by a throttle potentiometer rather than cable and there are MAP sensors, hot-wire systems in place all for better fuel economy and improved emission levels. There is an argument that all this has increased the maintenance cost of vehicles and also lambda sensors to monitor emissions given out, however the improved accuracy and arguably improved reliability is far greater than the argument of cost. When the single point injection was introduced into the masses of vehicles the induction system also changed slightly. When cold starting a vehicle with single point injection a component called an auxiliary air valve was working. This component allows a small amount of air to by-pass the throttle butterfly and allows additional air to travel into the cylinder along with additional fuel. There is an aperture in the auxiliary air valve that controls the amount of air that gets through, it is also heated to track with engine characteristics (Bosch, 2019). This is an improvement from the carburettor systems as they don’t have a similar component.
[bookmark: _Toc536384255]Multi Point Injection
The multi-point injection system is a combination of the single point injection as well as the multi point carburettor system. What is meant by this is that it is similar to the carb system due to the location of the injectors etc. but it has similar components to the single point injection system. As mentioned above the injectors in a multi-point system are located very close to the inlet valve of each cylinder. This is to allow for better atomised fuel to enter the cylinder as it has got very little distance or corners to travel (Hillier's, 2014). All the sensors in the single point injection system will be in use to control the injectors in this system, however since there is an injector for each cylinder the accuracy of the amount of fuel injected into each cylinder is far greater than the single point due to it feeding the 4 cylinders. There are a few issues with the multi-point injection system. Because of the location the injector is injecting the fuel (back of the valve head), some fuel sits on top of the head and doesn’t enter the chamber therefore some fuel is inefficiently sat. Another issue with this system is the cost of maintenance because of the added components in turn the maintenance price drastically increases. It is also important to note that in the injection systems you will need an OBD reader to diagnose some of the faults in an efficient manner and this also costs to just plug the device in and read the codes.
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[bookmark: _Toc536384258]Inlet
	Valve Lift (mm)
	Flow Rate (%)
	Bungs Removed
	Air Flow (cfm)
	Valve D (mm)
	Valve Stem (mm)
	
L/D
	Vol. Flow Rate (m3/sec) 

	0.1
	47
	1 + 2
	19
	27.4
	1.37
	0.003649635
	0.008961667

	0.2
	72
	1 + 3
	29
	27.4
	1.37
	0.00729927
	0.013678333

	0.3
	71.5
	1 + 2 + 3
	42.5
	27.4
	1.37
	0.010948905
	0.020045833

	0.4
	89
	1 + 2 + 3
	52.5
	27.4
	1.37
	0.01459854
	0.0247625

	0.5
	73
	1 + 3 + 4
	61
	27.4
	1.37
	0.018248175
	0.028771667
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[bookmark: _Toc536383933]The test conducted gave the set of results above for the inlet ports on the               un-modified head apart from the Volumetric Flow Rate. The Volumetric Flow Rate was found by using the following the Flowbench operating manual flow conversions which will show you that to get from cubic feet per minute (ft3/min) to cubic meters per minute (m3/min) you must multiply the Flow Rate by 0.0283 (Superflow Corporation). This was done after each valve lift. This then allows you to plot the graph of Volumetric Flow Rate against Valve Lift/Valve Head Diameter which in this case would look like the following:   Graph 1







As you can see in the graph there is a positive correlation between the valve lift/valve head diameter and the volumetric flow rate. 



The next stage is to find the flow velocity of the air travelling into the chamber via the inlet ports in the cylinder head. To do this there is an equation that must be followed which is: 
   Equation 1

If we were to put numbers in for the first one it would look like this:

With this information you can carry on and calculate the Flow Velocity for each section and in turn, plot a graph of Flow Velocity against L/D. 
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As you can see in the table above once again there is a positive correlation between the increase of L/D and the velocity of flow. More detail will be found in the comparison section.









As seen in the Flowbench Operators Manual there is a set of data showing the Hemi Intake and Exhaust Valve Flow Potential at different test pressure. As the tests have been conducted in 10” of H2O we will use the potential at this pressure. The numbers given are in cfm per square inch of valve area, this must be converted to cubic meters per minute to keep the test in metric units. This is done by multiplying each figure by 0.0283 and dividing it by 60. Using this information the Coefficient of Discharge can be found by using this equation: 
[bookmark: _Toc536383989] Equation 2
Using this equation to find each Coefficient of Discharge for each valve lift parameter will give a table looking like the following: 
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With this graph there is a small anomaly with the second point plotted on the graph this could be down to several factors. Also there was only enough information to plot the graph from 0.1mm valve lift to 0.4. The projected line shows that the 0.5mm section would also increase the coefficient of discharge.
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After doing each of the calculations and graphs above for the inlet side of the un-modified head, the same must be done to the exhaust side. This will show the differences between the two sides due to a different valve size and various other component changes. Just as the inlet side after conducting the test a table of results can be produced. After this particular test the table looks like the following:
	Valve Lift (mm)
	Flow Rate (%)
	Bungs Removed
	Air Flow (cfm)
	Valve D (mm)
	Valve Stem (mm)
	L/D
	Vol. Flow Rate (m3/sec)

	0.1
	74
	1
	7.5
	24.1
	1.205
	0.004149378
	0.0035375

	0.2
	57.5
	1 + 2
	18.5
	24.1
	1.205
	0.008298755
	0.008725833

	0.3
	92
	1 + 2
	27
	24.1
	1.205
	0.012448133
	0.012735

	0.4
	60
	1 + 2 + 3
	35.5
	24.1
	1.205
	0.01659751
	0.016744167

	0.5
	74
	1 + 2 + 3
	44
	24.1
	1.205
	0.020746888
	0.020753333


[bookmark: _Toc536384002]Table 2
As you can see above there are some differences between the inlet and the exhaust side of the unmodified head. The biggest difference between the inlet and exhaust on this head is the air flow (cfm). Further comparison will be done in the comparison section. In the same manner as the inlet side this gives a good foundation to gather further results and plot the graphs required. 
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As you can see in the graph above, similarly to the intake side there is a positive correlation between the L/D and the Volumetric Flow Rate. Comparing to the standard inlet the numbers are smaller this is down to the smaller valve head diameter restricting the amount of air can escape.
Following the same steps as the inlet manifold the next graph required is the flow velocity against L/D. Using Equation 1 You can find the data required. 
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Once again comparing the exhaust to the inlet you can see that the flow velocity is smaller at the exhaust side. This is once again down to the smaller valve head diameter.
The last graph required for the standard exhaust ports is the coefficient of discharge. The same steps taken for the inlet will be required for the exhaust (Equation 2). 
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Comparing this to the inlet there is no anomaly in the exhaust side, however there is a positive correlation similarly to the inlet. The same issue occurred with the lack of data and only acquiring 4 points of data, the projected line does show once again the coefficient of discharge would increase at the next point.
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The same test was conducted on the modified head and the original table looks like this: 
	Valve Lift (mm)
	Flow Rate (%)
	Bungs Removed
	Air Flow (cfm)
	Valve D (mm)
	Valve Stem (mm)
	L/D
	Vol. Flow Rate (m3/sec)

	0.1
	0.1
	1+2
	53
	27.4
	1.37
	2.74
	0.007546667

	0.2
	0.2
	1+3
	72.5
	27.4
	1.37
	5.48
	0.013678333

	0.3
	0.3
	1+2+3
	71.5
	27.4
	1.37
	8.22
	0.020045833

	0.4
	0.4
	1+3+4
	65.5
	27.4
	1.37
	10.96
	0.025941667

	0.5
	0.5
	1+3+4
	76.5
	27.4
	1.37
	13.7
	0.0304225
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As you can see the table above gives you the information to find the same as the unmodified head. Therefore the first table looks like the following: 
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Similar to the other two graphs, you can see that there is a positive correlation as the L/D increases so does the Volumetric Flow Rate. 



Using Equation 1 Once more you can find the Flow velocity for the modified head also. The graph looks like this using the information found: 
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As you can see in the graph above there is also a positive correlation between L/D and the Flow Velocity, a comparison of the standard and modified heads will be further down. 
The next graph shown will be the Coefficient of Discharge against L/D. the equations required are stated above to find the relevant information.
[bookmark: _Toc536383941]Graph 9








As you can see above there is a positive correlation between the L/D and the Coefficient of Discharge.
[bookmark: _Toc536384262]Exhaust
The final set of graphs are for the exhaust side on the modified cylinder head. After these graphs a comparison between the modified and the standard head will commence. 
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As you can see in the graph above there is a positive correlation between L/D and the Volumetric Flow Rate.
The next graph shown will be the Flow Velocity against L/D. the data for this graph was found by using the table and Equation 1. 
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As you can see there is also a positive correlation between these two parameters.

The final graph for the exhaust on the modified head is the Coefficient of Discharge against L/D, all relevant information can be found in the table and using equation 2. 
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 Once again only 4 point of data could be collected for this test as the parameters were different in some areas. 
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A comparison of the data gathered between the standard and modified head will show the advantages or disadvantages that come with a modified head. The general results show that the intake numbers are larger than the exhaust numbers. This is down to the fact that the exhaust valve port is much larger than the exhaust port.
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The graph above shows the Volumetric Flow Rate for both the standard and the modified cylinder head. As you can see from the data gathered in this particular test the modified head has a better flow rate than the standard but only by a narrow margin. As you can see at the very beginning of the table the two heads are very similar and it carries on that way until around 2/3 of the way through the graph where the modified head carries on increasing as the L/D increases, whereas the standard head although is still increasing it doesn’t increase at the same rate as the modified. This suggests that the modified head does in fact have a better flow rate which in turn would increase the engines overall volumetric efficiency. This means that if the fuel system and ignition system were improved alongside the head, the power output would also be greater (Nutter, 2017)
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This graph shows the comparison between the flow velocity found in both the modified and standard cylinder head exhaust sides. With the modified head marked in orange you can see that similarly to the volumetric flow rate the standard head and the modified head are very similar with little L/D. As the L/D up to about 0.012448 which is the third point on the table both heads remain at around the same point, and from here into the last point which is 0.020747, the modified heads’ flow velocity increases to 3.00662x10-5 m/s whereas the standard head has a flow velocity of 2.79927x10-5 m/s.
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The graph above shows the difference in the exhaust co-efficient of discharge on both the modified and standard head. As you can see at the very beginning there is quite a difference between the modified (orange) and the standard (blue). As the L/D increases the gap between the two becomes smaller for the middle third it remains the same and then the modified head has a greater rate of increase than the standard head which shows from point 3 to point 4. This shows that the modified head works better than the standard head at the start of the valve lift and towards the end. This test does not have enough data to prove the extent of the improvement the modified head gives.
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The graph above shows the difference between the standard and modified heads inlet port volumetric flow rate. As you can see at the start the standard head has in fact a better volumetric flow rate at the lower L/D. Over time and the increase of the L/D the modified head has a steeper gradient of increase in volumetric flow rate over the standard head and eventually overtakes it. Towards the end of the graph the modified heads’ volumetric flow rate is higher than the standards’. The conclusion is that during these L/D measurements there is no big difference between the two heads.
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The graph above shows the differences between the modified and standard head in terms of Flow Velocity. Similarly to the volumetric flow rate the standard head is better at the start, then the modified head has a better increase gradient over time and increase in L/D. This means that there is no big effect and the modified head isn’t as effective as predicted.
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The last comparison graph is the co-efficient of discharge on the intake ports. As you can see once again the standard head is better than the modified head when there is very little valve lift and a smaller L/D. As the L/D increases, the coefficient of discharge of the standard head and the modified even out. You can also see that the second point of the standard head is actually lower than the first this is an anomaly in the test. Gradually the co-efficient of discharge surpasses that of the standard. Once again the amount of money and time to put into a modified head isn’t shown at all by this set of data.
[bookmark: _Toc536384264]Conclusion
In conclusion, from the data gathered you can see that the modified head is in fact better than the standard head. If you compare the results from the intake and the exhaust ports you can see that the results are slightly more beneficial in the exhaust side over the inlet side however, the margin is still very small. The recommendation is that along with the modified the buyer should also upgrade the camshaft, the injectors and the air filter to name a few components to really feel the difference in power. 
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Exhaust- Standard Head

Air Flow (cfm)Volumetric Flow Rate (VFR)	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	3.5374999999999998E-3	8.725833333333332E-3	1.2735E-2	1.6744166666666668E-2	2.0753333333333332E-2	Valve Lift / Valve Head Diameter


Volumetric Flow Rate (M3/sec)



Exhaust - Standard Head

4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	7.7757627443339653E-6	1.9180214769357114E-5	2.7992745879602276E-5	3.6805276989847438E-5	4.5617808100092593E-5	L/D


Flow Velocity (m/s)



Inlet - Modified Head

0.13700000000000001	0.27400000000000002	0.41100000000000003	0.54800000000000004	0.68500000000000005	7.5466666666666659E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.5941666666666665E-2	3.0422500000000002E-2	Valve Lift / Valve Head Diameter


Volumetric Flow Rate (M3/sec)



Inlet - Modified Head

3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	1.2830727308225975E-5	2.3255693246159578E-5	3.4081619412475244E-5	4.4105625122026787E-5	5.1723869461285967E-5	L/D


Flow Velocity (m/s)



Inlet - Modified Head

3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	0.53511705685618727	0.57199211045364895	0.68438003220611909	0.86071987480438195	L/D


Coefficient of Discharge (Cd)



Exhaust- Modified Head

Volumetric Flow Rate (VFR)	2.41	4.82	7.23	9.64	12.05	4.4808333333333332E-3	9.4333333333333318E-3	1.3678333333333332E-2	1.8394999999999998E-2	2.2875833333333331E-2	Valve Lift / Valve Head Diameter


Volumetric Flow Rate (M3/sec)



Exhaust - Modified Head

4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	9.8492994761563556E-6	2.0735367318223906E-5	3.0066282611424666E-5	4.0433966270536618E-5	5.0283265746692975E-5	L/D


Flow Velocity (m/s)



Exhaust - Modified Head

4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.31772575250836121	0.39447731755424059	0.46698872785829304	0.61032863849765262	L/D


Coefficient of Discharge (Cd)



Volumetric Flow rate (VFR) Comparison

Exhaust	Modified-Volumetric Flow Rate (VFR)	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	4.4808333333333332E-3	9.4333333333333318E-3	1.3678333333333332E-2	1.8394999999999998E-2	2.2875833333333331E-2	Exhaust	Standard-Volumetric Flow Rate (VFR)	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	3.5374999999999998E-3	8.725833333333332E-3	1.2735E-2	1.6744166666666668E-2	2.0753333333333332E-2	L/D


Volumetric Flow Rate




Flow Velocity (m/s) Exhaust Comparison

Exhaust	Modified-Flow Velocity m/sec	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	9.8492858288534887E-6	2.0735338587059974E-5	3.0066240951236966E-5	4.0433910244766955E-5	5.028319607362044E-5	Exhaust	Standard-Flow Velocity m/sec	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	7.7757519701474924E-6	1.9180188193030478E-5	2.799270709253097E-5	3.6805225992031462E-5	4.5617744891531947E-5	L/D


Flow Velocity (m/s)




Exhaust Co-efficient of Discharge (Cd)

Exhaust	Modified-Co-efficient of Discharge Cd	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.31772575250836121	0.39447731755424059	0.46698872785829304	0.61032863849765262	Exhaust	Standard-Co-efficient of Discharge Cd	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.25083612040133779	0.36489151873767256	0.43478260869565216	0.55555555555555569	Valve lift/ valve diameter (l/d)


Co-efficient of discharge (cd)




Volumetric Flow Rate (VFR) Intake Comparison
Intake	Modified-Volumetric Flow Rate (VFR)	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	7.5466666666666659E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.5941666666666665E-2	3.0422500000000002E-2	Intake	Standard-Volumetric Flow Rate (VFR)	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	8.9616666666666664E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.47625E-2	2.8771666666666664E-2	Valve Lift / Valve Head Diameter

Volumetric Flow Rate (M3/sec)


Intake Flow Velocity (m/s) Comparison

Intake	Modified-Flow Velocity m/sec	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	1.2830727308225975E-5	2.3255693246159578E-5	3.4081619412475244E-5	4.4105625122026787E-5	5.1723869461285967E-5	Intake	Standard-Flow Velocity m/sec	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	1.5236488678518346E-5	2.3255693246159578E-5	3.4081619412475244E-5	4.2100823980116485E-5	4.8917147862611531E-5	L/D


Flow Velocity (m/s)




Intake Co-efficient of Discharge Cd

Intake	Modified-Co-efficient of Discharge Cd	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	0.53511705685618727	0.57199211045364895	0.68438003220611909	0.86071987480438195	Intake	Standard-Co-efficient of Discharge Cd	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	0.63545150501672243	0.57199211045364895	0.68438003220611909	0.82159624413145549	Valve lift/ valve diamter (l/d)


Co-efficient of discharge (cd)




Intake- Standard Head

3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	8.9616666666666664E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.47625E-2	2.8771666666666664E-2	Valve Lift / Valve Head Diameter


Volumetric Flow Rate (M3/sec)



Inlet - Standard Head

3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	9.1418900000000004E-4	1.395341E-3	2.0448969999999999E-3	2.52556E-3	2.9344599999999998E-3	L/D


Flow Velocity (m/s)



Exhaust - Standard head

4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.25083612040133779	0.36489151873767256	0.43478260869565216	0.55555555555555569	L/D


Coefficiant of Discarge (Cd)
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