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1
Engine valves are located in the cylinder head and primary jobs are to manage intake of air fuel mixture and the removal of exhaust gasses (Erjavec, 2010). Valve performance plays such an important part in an engines performance, this is because getting the air fuel mixture into a combustion chamber is key because once it is in the combustion chamber it can be easily ignited then increasing revs will require more air fuel mixture and quicker removal of exhaust gasses (Heisler, 1989)So much research has been done to see what shape of valves give the best flow whilst also the arrangement of valve these include two, three, four and five valve heads being used in different vehicles (Reif, 2014), its also hard to calculate what size valves are needed because with increased valve size comes more mass and then reduces performances and increase the chance of valve float. During this assignment two different cylinder heads will be looked at with one being modified, they will be placed on a flow bench and the air flow of each will be measured for both the intake and exhaust with the results being compared to one and other. 

2
Valves are made up of various different components these include the poppet valve, valve springs, seal and valve lock. The poppet valve component will need to be made out of a material that can withstand high heat because it is a component of the combustion chamber so will be subject to high heats of 800-2200°C (Erjavec, 2010) this is why most valves are made out of a hardened steel or a steel alloy. Although being made of similar materials the intake and exhaust will be made out of different materials with the exhaust having more treatment to deal with added oxidation resistance (Hiller, 2006). 

2.1 
Both of the heads that will be tested are four valve, this was first brought into production in 1918 with the dual-valve Pierce Arrow it gave an increase in both flow and power  (Erjavec, 2010). Multi valve engines allow higher rpm, this is because they will allow for the same flow as larger valve with lighter parts meaning that there is less mass per valve to move meaning that moving the parts becomes easier then meaning that the springs used can be weaker and not require as much force to ease the tension of the spring(Reif, 2014). The most common multivalve arrangement is for a vehicle to have two intake valves and two exhaust valves, this allows for a cleaner combustion because of the better air flow then meaning that the chances of a misfire are reduced whilst also creating better fuel efficiency because of the exhaust gasses being cleared out (Erjavec, 2010). 

2.2
There are a few principles in induction that will need to be looked at these include induction swirl, this is the where the charge will rotate on its own axis and discharges into cylinder tangentially meaning it will create a greater surface area for the flame front to ignite. Valve float is something that needs to be counter acted and this is when the valve have not been closed fully meaning that the combustion is not as efficient which causes problems. 

The arrangement of the four valves is a big topic because it can change the amount of flow greatly although it is still a hotly debated topic what is seen to be the definitive best. These are just a few of the different arrangements. 

-Direct straight port, this is where the charge will flow straight and parallel through the port passage. The cylinder wall deflects flow sideways and downwards in a spiralling motion and will help to create swirl, it will not propel the swirl in a direction though. (Heisler, 1995)

-Deflector wall port, will contain a slightly curved/tapered port passage that will create a semi-circular flow path towards the valve opening. The directional effect will provide bigger swirl around the outer port wall. (Heisler, 1989)

-Masked valve port, will charge flow through straight and parallel port towards the valve opening which then forces it into the cylinder with swirling motion. Although a large amount of swirl is created the masked valve blocks off some of the air flow. (Heisler, 1989)

-Helical Port, swirling motion will be created above the valve seat sending the flow into the cylinder with a rotational flow around the valve axis. The swirl will be influenced by the steepness of the port helix and diameter. It will give greater flow compared to the others but will have poor volumetric efficiency at high speed due to swirling into open valve. (Heisler, 1989)


3
The test for both heads will take place in the same environment to keep the results as valid as possible with one going after the other, although this should not make a big difference a change in air temperature could cause a change in result. Both heads will be tested on the SF-300/600 this machine works by flowing air through the head until a certain pressure is created and will give a flows rate of what’s happening at the required pressure. There are several different flow rates on this machine and is capable of flowing heads much bigger than the two chosen so it is key the correct flowscale is chosen to give accurate results. The test will be completed by attaching the head to the machine using G clamps whilst a seal is created using blue-tac to ensure that no air is let out of the system, whilst DTI gauges will be attached to the valve heads which means accurate change in valve openings can occur. 

The valve lift for each of the heads will need to be calculated by the Lift/Diameter times it then by 0.05, 0.1,0.15,0.2,0.25,0.3,0.35 and 0.4 this then gives values of:

Rover 
	Valve L/D
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	Intake 
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.68

	Exhaust 
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6



Ford
	Valve L/D
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	Intake 
	1.50
	3.00
	4.50
	6.00
	7.50
	9.01
	10.51
	12.01

	Exhaust 
	1.20
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65



4
Figure 1 
	Test Number 
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure 
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.08

	Flow Range 
	1
	2
	3
	3
	3
	3
	4
	4

	Flowscale%
	93.5
	89
	61
	74.8
	84.1
	90
	45.5
	47

	Flowscale
	0.935
	0.89
	0.61
	0.748
	0.841
	0.9
	0.455
	0.47

	Raw Test CFM
	32.71
	63.17
	90.14
	110.53
	124.27
	131.99
	67.23
	69.45

	Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM 
	32.71
	63.17
	90.14
	110.53
	124.71
	131.99
	67.23
	69.45

	Test CFM/Squin
	37.59
	72.61
	103.61
	127.05
	142.84
	152.86
	77.28
	79.83

	Potential Flow
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	%Test Flow
	1.49
	1.54
	1.58
	1.71
	1.79
	1.85
	0.94
	0.97







Figure 2
	Test Number 
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure 
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift
	1.29
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6

	Flow Range 
	1
	1
	2
	2
	2
	3
	3
	3

	Flowscale%
	50
	96.5
	74
	88
	96
	57
	61.5
	65

	Flowscale
	0.5
	0.965
	0.74
	0.88
	0.96
	0.57
	0.615
	0.65

	Raw Test CFM
	20.67
	39.89
	58.2
	69.21
	75.51
	90.63
	97.79
	103.35

	Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM 
	20.67
	39.89
	58.2
	69.21
	75.51
	90.63
	97.79
	103.35

	Test CFM/Squin
	31.8
	61.37
	89.54
	106.48
	116.17
	139.43
	150.45
	159

	Potential Flow
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	%Test Flow
	1.26
	1.29
	1.36
	1.44
	1.46
	1.23
	1.82
	1.92



Figure 3 
	Test Number 
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure 
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift
	1.502
	3
	4.5
	6
	7.51
	9.01
	10.51
	12.01

	Flow Range 
	2
	3
	3
	3
	4
	4
	4
	4

	Flowscale%
	56.5
	56.7
	81
	95
	48
	48.5
	49
	49.5

	Flowscale
	0.565
	0.567
	0.81
	0.95
	0.48
	0.485
	0.49
	0.495

	Raw Test CFM
	40.1
	83.78
	119.68
	140.37
	140.63
	142.05
	143.56
	145

	Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM 
	40.1
	83.78
	119.68
	140.37
	140.63
	142.05
	143.56
	145

	Test CFM/Squin
	36.37
	75.99
	108.55
	127.31
	127.5
	128.87
	130.2
	131.55

	Potential Flow
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	%Test Flow
	1.43
	1.6
	1.65
	1.71
	1.66
	1.56
	1.57
	1.59



Figure 4 
	Test Number 
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure 
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift
	1.2
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65

	Flow Range 
	1
	2
	2
	3
	3
	3
	3
	3

	Flowscale%
	66
	60.5
	84.5
	53
	57
	60.5
	62.5
	64.5

	Flowscale
	0.66
	0.605
	0.845
	0.53
	0.57
	0.605
	0.625
	0.645

	Raw Test CFM
	27.28
	47.58
	66.96
	84.27
	90.63
	95.4
	98.58
	101.76

	Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM 
	27.28
	47.58
	66.96
	84.27
	90.63
	95.4
	98.58
	101.76

	Test CFM/Squin
	62.66
	109.2
	152.5
	193.31
	208.1
	219
	226.3
	233.6

	Potential Flow
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	%Test Flow
	2.47
	2.3
	2.33
	2.6
	2.66
	2.65
	2.73
	2.82




These tables include the results from the flow bench test as well as showing the calculated CFM, potential flow and the effective area. 
4.1
[image: ]Figure 5                                                                   Figure 6 
[image: ] 
Figure 5 shows a cfm against valve lift of intake for the rover head, it shows a gradual increase in CFM as there is an increase in valve lift this is because the further the valve is opened the more space there is for air to flow through. At 8.31mm of valve lift there is a peak of CFM and there is then a considerable drop off point after, this is because it gets to a point where they are over extended causing a drop in pressure because the air is having to flow around in a more open channel which then causes a drop in speed meaning less flow. The air flow drops dramatically and I believe that this may be due to inaccuracy of the testing and a false result because it then starts to raise again although a peak flow should be achieved it shouldn’t be rising again. Figure 6 shows the effective area of the rover intake and mirrors the CFM against valve lift results. 
4.2
 Figure 7                                                                            Figure 8 
[image: ][image: ] 

Figure 6 shows a cfm against valve lift of intake for the ford head, it shows that throughout all the tests the peak air flow is at a valve lift of 12mm tit also shows a gradual increase in CFM until this point because the valves giving more space for the air to flow. There is no peak in the air flow and I believe this is because the valves have not been opened to the point where this can be achieved and the valves will need to be opened further to reach a peak.. Figure 8 shows the effective area of the Ford intake and mirrors the CFM against valve lift results. 


Figure 9
[image: ]
Figure 9 shows a comparison of the ford and the rover head on intake of both, although they have been tested with different valve lifts the comparison shows a clear difference in CFM. Although the Ford has not been opened to its full potential because no peak has been found it shows better flow than the Rover head this may be down to the shape of the valves with the ford giving a more efficient flow of charge as well as having a larger diameter meaning that there is then more air for the flow to charge when opened. 
4.3
Figure 10                                                             Figure 11
[image: ] [image: ]
Figure 10 shows a cfm against valve lift of in exhaust for the Rover head, it shows that throughout all the tests the peak air flow is at a valve lift of 9.6mm, it also shows a gradual increase in CFM until this point because the valves giving more space for the air to flow. There is no peak in the air flow and I believe this is because the valves have not been opened to the point where this can be achieved and the valves will need to be opened further to reach a peak. Figure 11 shows the effective area of the Rover exhaust and mirrors the CFM against valve lift Results . 

4.4
Figure 12                                                               Figure 13 
[image: ] [image: ]

Figure 12 shows a CFM against valve lift in the exhaust for the Ford head, it shows that the top air flow is at a valve lift of 9.65mm, it also shows a gradual increase in CFM until this point because the valves giving more space for the air to flow. There is no peak in the air flow and I believe this is because the valves have not been opened to the point where this can be achieved and the valves will need to be opened further to reach a peak. Figure 13 shows the effective area of the Ford exhaust and mirrors the CFM against valve lift. 
Figure 14
[image: ]

Figure 14 shows a comparison of both the Ford and Rover head on exhaust, although they have been tested with different valve lifts the comparison shows a clear difference in CFM. Although neither of the two exhausts never hit their peak flow it does show how they are efficient at different valve lifts with the Ford head being much more efficient at lower valve lifts but towards the higher lifts it evens out with the Rover giving more flow at a final valve lift. Both will need further valve lifts to see the full capability of each head. 
5
Although the test gave results the validity of the results can be questioned, this is due to the problems in the test. Although the same machine was used throughout it was not give adequate time after each test so this then means that the machine was already warm although this shouldn’t make a significant difference to the results it can lead to incorrect results. Whilst it was the best way to test the flow it is at a constant pressure so the results will only show what the heads are capable at that test pressure, whilst in real deployment it will be the subject of multiple different pressures. The seal that was used in the testing was blue tac and it gave a reasonably seal, it still meant there was chance of change between the tests which then means the validity of the results come into question. Even though one of the heads was modified it was still very hard to tell what modifications were doing what so if the test were to be repeated I would use two heads that are the same size and manufacture so that it is easier to see the modifications that have been made in action.
6
In conclusion, I believe that the test does show that there is a difference in the two heads and if the test was to be repeated with the adjustments it would be more accurate, whilst also running the tests for longer would create more accurate results and seeing the full capability of each head. This test is also a static test so things like the inertia of the valves will not have an impact whereas when in a running engine it will make a difference because the heavier the valve the more factors such as valve float come into play. Seeing modification techniques in action by testing each technique on a different head that contains the same dimensions will show what each technique does. 
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