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Cylinder Head Analysis

Introduction

According to Vangelder (2017, pg435) the cylinder head “provides a means for admitting air and fuel to the combustion chamber and exhausting gases after combustion”.  This 
suggests that the cylinder head controls the flow of air, fuel and exhaust gases.  In addition to this, the cylinder head plays a key part in the engines cooling system (Vizard 2012).  Therefore, this proposes that the cylinder head can have an effect on fuel consumption as well as engine power and torque. The aim of this report is to analyse two different types of cylinder heads, a standard cylinder head and a modified cylinder head (these being a Ford 1.6 16 valve head and a Rover K Series 1.8 head) and compare the different sets of data.  The data from the test will be gathered from conducting a flow bench test.  Bettes (2010) states that flow bench testing can be used to determine the amount of air that flows through a cylinder.  A detailed description of the exercise will be given in the methodology section along with a discussion about the reliability and validity of testing procedure.  The findings will the presented in the results sections.  In addition to this, the literature review in the next section will provide an insight into cylinder head design.  

Literature review

From research it can be seen that the cylinder head, which contributes to the overall design of the engine can promote the vehicles efficiency as well as allowing the vehicle to achieve more power and torque (Taylor 1985; Vizard 2012). Burgess (2003) supports this point and considers that poor cylinder head design limits the vehicles ability to produce power.   To add to this, the cylinder head design can also contribute towards a vehicles emissions (Wright 2015).  Therefore, this suggests that the overall cylinder head design can have an effect on a vehicles overall performance. Furthermore, Carley (2016) believes that vehicle potential is influenced not only by cylinder head design but by the way the “cylinder heads, camshaft and induction system work together”. Therefore this suggests that all components need to collaborate effectively in order to achieve optimum performance.  

According to Hadfield and Nussier (2017) there are several components to a cylinder head, the majority of cylinder heads contain “valves, valve seats, valve guides, springs, spark plugs, inlet and exhaust ports and camshafts in some designs”.  To add to this
it is apparent that there are several different types of cylinder head design, these being flathead cylinder heads, overhead valve (OHV) cylinder heads and overhead camshaft (OHC) cylinder heads (Burgess and Gollan 2006).  Furthermore, Vizard (2012) states that the main difference in the heads are the location of where the valves are placed.  The various types of cylinder head designs suggest that there a correct choice and modication of cylinder heads to ensure optimum performance could be difficult.  However, Jain and Asthana (2003) consider that the most common cylinder heads used today are the OHV and OHC heads because they “reduce cooling losses and increase engine efficiency”.  Therefore this suggests that the flathead cylinder head does not improve overall vehicle performance as much as the OHV and OHC heads.  

To develop the previous point further, Goodnight and Vangelder (2017) believe that the “overall efficiency of the combustion chamber is determined by its overall design, including the shape, positioning of the valves, the position of the spark plugs and the shape of the top of the piston”.  This suggests that the efficiency of a vehicle can be influenced by several factors of design.  Moreover, Finkbeiner (2009) believes that the suitable valve size on cylinder heads depends on what the vehicle is being used for, he goes on to state that smaller valves are suitable for low-revving engines whereas larger valves are best for high revving racing engines.  Therefore, when considering optimum efficiency it is important to bear in mind what the vehicle is being used for.   According to Gorr (2004) the compression ratio can affect the efficiency of the design; he states that a lower compression ratio is best for high power.  The above implies that a cylinder head could be modified to influence vehicle performance.  

Regardless of what the vehicle is being used for it appears that an efficiently designed cylinder heads would be quick to achieve complete combustion (Vangelder 2017).  This could be because less energy would be wasted.  To add to this, Stapleton (2017) states that the combustion chamber is where all work takes place.  Therefore, this suggests that a good combustion chamber design is needed to optimise the filling of the chamber with air and fuel and to exhaust gases properly. Furthermore, Samuri et al (2015) implies that “delivery of the air-fuel mixture to the combustion chamber is one of the most important aspects in designing effective cylinder head.” Also, it can be seen in research that the modification of cylinder heads can be conducted in order to achieve complete combustion quickly.  A modification that is apparent on the Rover K Series 1.8 cylinder head is the porting of the inlet and exhaust ports.  According to Stapleton (2017) this process involves smoothing the material of the walls of the ports.  To add to this, Fernie (2016) considers that this modification will “reduce the turbulence of the fluid flow and will produce a smoother intake and exhausting of the system”.  This suggests that a smoother intake will increase the power.  This implies that the Rover K Series cylinder head should produce more power than the Ford cylinder head.   

MethodologyImage 1: Flowbench set up

[image: E:\20171212_161059.jpg]In order to analyse the two different types of cylinder heads, a flowbench test was set up (see image 1 for set up of flowbench).  Hansen (2007) implies that flowbench testing is used to “measure the airflow and evaluate the changes made to port flow in search of more flow”.  Therefore, flowbench testing should determine whether the modified cylinder head produced more airflow than the unmodified cylinder head.  Prior to the test all members of the testing team read the SF-300/600 flowbench operators manual; this ensured that team members were fully aware of the testing procedure, as this allowed the team to achieve the overall end goal of the task (Poe et al 2010).  Before the testing took place on the cylinder heads the valves were checked on the machine to ensure the flowbench was working properly (Flowbench operators manual, no date).  By testing that the flowbench was operating adequately beforehand this increased the reliability of the testImage 2: Ford Cylinder head

[image: E:\20171218_111403.jpg]At the start of the test the cylinder adapter was mounted onto the flowbench and was secured by using four 10mm bolts. It was important to check that this was flat to sure it was airtight as this could have affected test reliability (Vizard 2012). In addition to this, it was important to use an adaptor which was the same size as the bore as Bohacz(2002) states that “this maintains the relationship of bore shrouding that the cylinder head would experience on the engine”.  Therefore this improved testing validity.   The Ford 1.6 16 valve cylinder head (see image 2 for Ford cylinder head)was then placed over the adaptor and then held in place using two G-clamps.  The fuel injector hole was then blocked with bluetac to prevent any air from leaking out. After this, two DTI’s were placed over two of the bolts in order to allow the valves to be opened at 0.05mm per increment. 
 Following this, to ensure that readings were accurate, the flowbench was set to zero in order to check for any air leaks as air leaks would have produced unreliable results (Bettes 2010). The flow control dial for the inlet was turned so that the test meter pressure was set to 25.0” (60cm) water.  The flow meter and test pressure meter levels were then checked to measure any changes that had taken place.  As there were no leaks present this mean that the testing procedure could continue.  
At the start of the test on first cylinder head the inlet valve was set to 1.502mm running on flow range two, the lift was then set and pressure was tested to 25.0” (60cm) water.   The reading was then taken from the flow meter which gave a reading of 56.5% flow.  Flow range two was only used on this valve lift.  The same test was then conducted but flow range three was used for valve lift 3.00mm (56.7% flow), 4.50mm (81% flow), 6.00mm (95% flow) as the flow range was increased in 1.5mm increments. After this, flow range four was used for valve lift 7.51mm (48% flow),9.01mm (48.5%flow), 10.51mm (49%) and 12.01mm (49.5%).  
Next, the exhaust valves were tested, once again the flowbench was set to 0 to test for any air leaks, this provided consistency throughout the test and ensured that results were accurate (Vizard 2012).  After this, the flowbench was switched on and the exhaust flow control dial was set to 25.0” (60cm) water to test the pressure with the exhaust valve set to 1.20mm (66% flow) on flow range one.  Following this, the same test was conducted but flow range two was used for valve lift 2.41mm (60.5% flow)and 3.61mm (84.5% flow). Subsequently, flow range three was used for valve lift 4.82mm (53% flow) ,6.03mm (57.0%flow),7.23mm (60.5% flow), 8.44mm (62.5% flow) and 9.65mm (64.5%flow).  Image 3: Rover Cylinder head

[image: E:\20171218_112415.jpg]In order to be able to compare the two sets of data reliably the exact same procedure was used to test the Rover K series cylinder head(see image 3 for Rover cylinder head). Firstly, the inlet valve was set 1.39mm at flow range 1; a reading was taken from the flow meter which gave a reading of 93.5% flow.  The same test was conducted on flow range two for 2.77mm (89% flow).  Following this, flow range 3 was used for valve lift 4.16mm (61% flow), 5.54mm (74.8% flow), 6.93mm (84.1% flow) and 8.31mm (90% flow).  Finally, flow range 4 was used for valve lift 9.69mm (45.5%flow) and 11.08mm (47% flow).  
After this, the exhaust valves were tested on the Rover K series, this started at flow range 1 for valve lift 1.2mm(50% flow) and 2.4mm (96.5% flow).  Following this range 2 was used for valve lift 3.6mm(74% flow), 4.8mm (88% flow) and 6.0mm (96% flow).  After this flow range 3 was used for the remaining valve lifts which were 7.2mm(57% flow), 8.4mm (61.5%) and 9.6mm(65%flow). To ensure that the test was reliable the testing of the two cylinder heads was conducted on the same day, in the same conditions (Jackson 2007).  However, in order to improve reliability further in the test the atmospheric conditions of the workshop such as temperature could have been monitored to ensure that there was no change in conditions.   
Results
To compare the two cylinder heads and provide an in-depth analysis a series of results were gathered from the flowbench test.   A series of results and specifications for both cylinder heads can be found in the appendix (see appendices A for Ford and appendices B for Rover K series) . According to Samuri et al (2015) “The value of flow in the intake and exhaust ports are measured in terms of CFM (cubic feet per minute)”. From the results a graph was plotted to compare CFM against valve lift for the Ford 1.6 cylinder head intake value (see table 1 for results and figure 1 for graph) and exhaust valve (see table 2 for results and figure 2 for graph).
	Valve Lift (A)
	Test cfm 

	1.502
	40.1

	3
	83.78

	4.5
	119.68

	6
	140.37

	7.51
	140.63

	9.01
	142.09

	10.51
	143.56

	12.01
	145.02


[bookmark: _GoBack]Table 1: CFM and valve lift (ford) intake valve
	valve lift (B)
	CFM

	1.2
	27.28

	2.41
	47.58

	3.61
	66.46

	4.82
	84.27

	6.03
	90.63

	7.23
	95.4

	8.44
	98.58

	9.65
	101.76


Table 2: CFM and valve lift (ford) exhaust valve

 
Figure 1: CFM vs Valve lift (Ford intake valve)

Figure 2: CFM vs Valve lift (Ford exhaust valve)
From the graph it can be seen that the maximum flow is achieved as the valve lift increases.   The results are similar to the statement by Vizard (2013) who states that increasing the valve lift will increase air flow.  As more air flows into the cylinder at a higher lift, this means that more power is achieved when the valve lift is higher (Holendor 2000).  However, it can be seen that the flow only rises significantly until 140.37 CFM, after this the flow begins to drop off.  According to Bettes (2010) this reason is because the maximum capacity of the port is controlling the flow.  When looking at the exhaust valve it appears that it has a similar pattern to the inlet valve suggesting that it is working as it should be and there are no leaks present.  In addition, Rotella (2012) states that low and mid-lift exhaust flow is important as “the quicker blow-down pressure can evacuate the cylinder, the less negative work the engine must perform as the piston travels upwards during the exhaust stroke”.  From looking at the graph it can be seen that there is a large increase in flow during the low and mid-range suggesting that the exhaust is performing as it should be. 
In order to investigate the drop in flow rate the value of L/D was found when the flow rate starts to drop off by using table 2.   From the table it can be seen that the flow rate starts to drop off at a valve lift 6.0mm and a L/D value of 0.20d, this is similar to the study of Samuri et al (2015) who found that “air in the intake port of gasoline engine could be optimized up to specific potential flow, subjected to valve lift to diameter ratio (L/D).”


	Valve lift/Diameter (L ∕ D)
	0.5
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve lift (mm)
	1.502
	3.00
	4.5
	6.0
	7.51
	9.01
	10.51
	12.01

	B. Exhaust Valve lift (mm)
	1.20
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65


Table 3: L/D value for intake and exhaust valve for Ford. 

Following this, a graph was plotted of CFM/square inch against valve lift (See figure 2 for graph), this was done by dividing the valve area (see table 3 for results).  Ismail and Bakar (2008) “in order to obtain the valve efficiency, it is necessary to calculate the flow in cubic feet per minute (cfm)/square inch (inch2)”.  Another reason for doing this was to calculate peak flow so that is could be used to work out the potential flow percentage. According to Vizard (2013) peak flow measures the fastest rate of air flow.  Also, Shepard (2016) suggests that the peak flow of the exhaust port is rarely considered, therefore these results will also focus on the peak flow of the intake valve. 



	Valve Lift (A)
	CFM/Square inch

	1.502
	38.19

	3
	79.79

	4.5
	113.98

	6
	133.68

	7.51
	133.93

	9.01
	135.32

	10.51
	136.72

	12.01
	138.11


Table 4: CFM/square inch against valve lift (Ford intake valve)


	valve lift (B)
	CFM/SQUARE INCH

	1.2
	41.3

	2.41
	72.09

	3.61
	101.45

	4.82
	127.68

	6.03
	137.32

	7.23
	144.54

	8.44
	149.36

	9.65
	154.18


Table 5: CFM/square inch against valve lift (Ford exhaust valve)



Figure 3: CFM/Square inch vs Valve lift (Ford intake valve)


Figure 4: CFM/Square inch vs Valve lift (Ford exhaust valve)
After the CFM/Square inch against valve lift was plotted, the peak flow for the inlet valve (133.68) and the peak flow for the exhaust valve (127.68) was plotted against the best obtained flow in the Superflow manual (78.06 for inlet and exhaust valve).  The reason for doing this was to find the tuning potential of the Ford 1.6 cylinder head (Vizard 2013).  As the figures in the Superflow manual were shown in centimetres this meant that they needed to be converted into inches in order to be comparable with the test data.  Therefore, 5.71cm x 13.67017 = 78.06 (best obtained flow/square inch).  The tuning potential percentage for the Ford 1.6 cylinder head was 55.62% for the inlet valve and 49.62% for the exhaust valve (see table  6 for tuning potential results).  From these results it can be seen that currently the Ford 1.6 is only achieving about half of its full potential, meaning it could be modified to increase horsepower and improve the overall performance (Bettes 2010).  This set of data will be compared with the tuning potential of the Rover K series later on in the results. 
	Ford 1.6 
	Valve lift at drop off (mm)
	Liters per second/SQcm
	Flowbench CFM/Sqinch
	CFM/Sqinch at drop off
	Tuning potential

	Intake valve
	6.00
	5.71
	78.06
	133.69%
	55.63%

	Exhaust valve
	4.82
	5.71
	78.06
	127.68%
	48.62%


Table 6: tuning potential for Ford 1.6 cylinder head
As stated previously in the methodology, in order to compare and analyse the date thoroughly the same procedure was carried out on the Rover K series cylinder head (ported head).  A graph (see figure 5 for inlet valves and figure 6 for exhaust valves) which compared CFM and valve lift was plotted (see table 6 for inlet valve results and table 7 for exhaust valve results).
	Valve Lift (A)
	Test cfm

	1.39
	32.71

	2.77
	63.17

	4.16
	90.14

	5.54
	110.53

	6.93
	124.27

	8.31
	132.99

	9.69
	133.31

	11.08
	137.7



Table 7: CFM and valve lift (Rover) intake valve

	valve lift (B)
	Test CFM

	1.2
	20.67

	2.4
	39.89

	3.6
	58.2

	4.8
	69.21

	6
	75.51

	7.2
	90.63

	8.4
	97.79

	9.6
	103.35


Table 8: CFM and valve lift (Rover) exhaust valve


Figure 5: CFM vs Valve lift (Rover intake valve)

Figure 6: CFM vs Valve lift (Rover exhaust valve)
From the graphs it can be seen that the intake flow increases at a steady rate until it reaches 132.99 at valve lift 8.31. Therefore suggesting that the flow has reached its maximum capacity at this point (Bettes 2010).  Also, it appears that the flow exhaust valve increases at low and mid-range flow which is said to be an important factor (Vizard 2013).  In order to analyse results further, a graph was plotted to compare the two sets of data for the Ford and Rover intake and exhaust valves (See figure 7 for a comparison of intake valves).  

Figure 7: CFM vs Valve lift (Rover and Ford intake valve)

Figure 8: CFM vs Valve lift (Rover and Ford exhaust valve)
The graph in figure 7 illustrates that there is more flow present in the Ford head in comparison to the Rover head.  This is quite surprising as the Rover head is ported and therefore would be expected to have a greater flow present (Bettes 2010).  However, when analysing the graph further it is evident that the flow rate of the Ford starts to drop off at a lower valve lift than the rover (Ford valve lift = 6mm and Rover valve lift = 8.31).  From this it can be seen that the Rover would have greater power than the Ford at higher speeds (Bettes 2010).  From comparing the exhaust valves of the two cylinder heads in figure 8 it can be seen that both follow a similar pattern; they both increase the most at low to mid-range.  However, it can be seen that the rover exhaust valve drops off a little at valve lift 6, meaning that less air is let out at this point (VIzard 2013).  
The value of L/D when flow rate starts to drop off was then calculated for the Rover K Series cylinder head (See table 8).  From the table it can be seen that the flow rate starts to drop off at a valve lift 8.31 and L/D value of 0.30.  When comparing this with the Ford cylinder head it is noticeable that the L/D and intake valve lift is greater on the Rover K series head than the Ford head.  As greater flow is achieved when the valve is opened more (Vizard 2013) this suggests that there is greater flow in the Rover K series head. 

	Valve lift/Diameter (L ∕ D)
	0.5
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve lift (mm)
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.08

	B. Exhaust Valve lift (mm)
	1.2
	2.4
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6


Table 9: L/D value for intake and exhaust valve for Rover.
After this, a graph was plotted of CFM/square inch against intake valve lift (See figure 8 for graph), this was done by dividing the valve area (see table 9 for results).  As mentioned previously, the reason for doing this was to improve efficiency of valve results (Ismail and Bakker 2008) and to calculate peak flow so that is could be used to work out the potential flow percentage. Also a graph was plotted for exhaust valve lift (see figure 9 for graph and table 10 for results)
	Valve Lift (A)
	CFM/Square inch

	1.39
	37.59

	2.77
	72.61

	4.16
	103.61

	5.54
	127.05

	6.93
	142.84

	8.31
	152.86

	9.69
	153.23

	11.08
	158.28







Table 10: CFM square feet and valve lift (Rover) Intake valve

Figure 9: CFM square feet vs Valve lift (Rover intake valve)
	valve lift (B)
	CFM/SQUARE INCH

	1.2
	31.8

	2.4
	61.37

	3.6
	89.54

	4.8
	106.48

	6
	116.17

	7.2
	139.43

	8.4
	150.45

	9.6
	159








Table 11: CFM square feet and valve lift (Rover) Exhaust valve


Figure 10: CFM square feet vs Valve lift (Rover exhaust valve)
Interestingly from the results it is demonstrated that both the inlet and exhaust valves show similar patterns on both heads; they both increase in flow at the valve lift increases. From this graph (shown in figure 8) it can be seen that flow increases significantly until 159 CFM/SQinch at valve lift 9.6, whereas the Ford head only increases until 138.11. This illustrates that the port has reached its maximum capacity at a higher valve lift on the Rover head.  When applying this to real time terms (e.g a car that is being driven), this shows that greater horsepower can be produced by the Rover K series than the Ford 1.6 head (Samuri et al 2015).  The reason for this could be that the Rover head is modified and therefore could have a greater potential than the Ford head (see figure 11 and 12 for comparisons of CFM/SQ inch and valve lift for the Rover and Ford). 


Figure 11: CFM Sq/inch vs Valve lift (Rover and Ford intake valve)

Figure 12: CFM Sq/inch vs Valve lift (Rover and Ford exhaust valve)

When looking at the tuning potential for the Rover K series head (see table 12 for results) it can be seen that the tuning potential for the inlet valve on the Rover (57.44%) is more than the tuning potential of the Ford (55.63%), this means that the Ford head has less tuning potential than the Rover head (Bettes 2010).  As the Rover head has already been ported it was expected that the tuning potential would have been less.  However, this could mean that the Rover head could be modified even further to achieve its full tuning potential.  Also, as the Rover has a larger valve size (1.8) than the Ford (1.6) this could explain why the Rover has more tuning potential.  When comparing the tuning potential of the exhaust valves it can be seen that the tuning potential for the Ford exhaust valve (49.62%) is more than the Rover exhaust valve (28.42%).  This could be because the Ford exhaust has not been modified.  
	Rover K series cylinder head
	Valve lift at drop off (mm)
	Liters per second/SQcm
	Flowbench CFM/Sqinch
	CFM/Sqinch at drop off
	Tuning potential

	Intake valve
	8.31
	6.98
	95.42
	152.86
	57.44%

	Exhaust valve
	4.80
	5.71
	78.06
	106.48
	28.42%


Table 12: Tuning potential percentage for the Rover K Series

Evaluation and Conclusion
When evaluating the study it is important to firstly reflect on previous literature studied in the literature review.  From this literature it was discovered that the cylinder head affects the vehicles overall power and torque (Taylor 1985; Burgess 2003; Vizard 2012).  In addition to this, it was found that the design of the cylinder head played an important part in allowing the head to achieve complete combustion quickly (Goodnight and Vangelder 2017).  From this, it was determined that modified cylinder heads could improve the vehicles overall performance and allow the vehicle to achieve greater horsepower.  When analysing the results of the study it was found that the study results mirrored what was said in literature and the modified cylinder head (Rover) generally performed better than the original cylinder head(Ford).  However, when looking at the tuning potential it appeared that the Rover cylinder head had more tuning potential than the Ford cylinder head, this was surprising as the Rover head had already been modified.  Nevertheless, a difference in the valves of the cylinder heads could explain these results.  
In order to improve the study and increase reliability the test could have been done using exactly the same cylinder heads (e.g both Rover K series) but with one ported and the other not.  When looking at the reliability of the study this could have been improved by monitoring the atmospheric conditions in the room to ensure they were the same during both tests. 
To conclude, the study proved that a modified cylinder head allowed more airflow than an unmodified cylinder head and therefore would subsequently will improve the vehicles overall performance.
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Appendix

Appendices A Ford 1.6
Super flow SF300/600 Test data results (Ford 1.6)

 
	Date
	23/01/2018

	Test Description: 
	Air flow through intake and Exhaust valve 

	Head Description
	Ford 1.6 16 valve 

	Port number
	Cylinder 1

	Test operator 
	Stephen Hutchings / Jack Edwards






	
	Valve Head Diameter, DH (MM)
	Valve Stem Diameter, Ds (MM)
	Valve Head Diameter, DH (in)
	Valve Stem Diameter Ds (in)
	Effective Valve Area (in₂): 0.785(DH ²- Ds²)

	Intake 
	30.04
	5.94
	1.185
	0.256
	1.05

	Exhaust
	24.13
	5.97
	0.95
	0.243
	0.66





	Valve lift/Diameter (L ∕ D)
	0.5
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve lift (mm)
	1.502
	3.00
	4.5
	6.0
	7.51
	9.01
	10.51
	12.01

	B. Exhaust Valve lift (mm)
	1.20
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65





	Range 
	1
	2
	3
	4
	5
	6

	E. Intake 
	34.98
	70.98
	147.764
	292.984
	440.536
	592.54

	F. Exhaust 
	41.34
	78.652
	159
	314.82
	465.552
	603.352





Intake Valve Test Data

	1. Test number
	1
	2
	3
	4
	5
	6
	7
	8

	[bookmark: _Hlk501543050]2. Test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. Valve Lift (A)
	1.502
	3.00
	4.5
	6.0
	7.51
	9.01
	10.51
	12.01

	4. Flow range (1-6)
	2
	3
	3
	3
	4
	4
	4
	4

	5. Flow scale %
	56.5
	56.7
	81
	95
	48
	48.5
	49
	49.5

	6. Flow scale (5/100)
	0.565
	0.567
	0.81
	0.95
	0.48
	0.485
	0.49
	0.495

	7.Raw Test Flow cfm(6XE) 
	40.10
	83.78
	119.68
	140.37
	140.69
	 142.09
	143.56
	145.02

	8.Leakage (Flow scale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	40.10
	83.78
	119.68
	140.37
	140.63
	142.09
	193.56
	145.02

	10. Test cfm/sqin (9/Effective Area)
	38.19
	79.79
	113.98
	133.68
	133.93
	135.32
	136.72
	138.11

	11. Potential Flow (p30-31 of Manual )
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12.% Portentail Flow (10/11)
	1.51
	1.69
	1.73
	1.67
	1.47
	1.38
	1.35
	1.37



Exhaust Valve Test Data

	1. Test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. Test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. Valve Lift (A)
	1.20
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65

	4. Flow range (1-6)
	1
	2
	2
	3
	3
	3
	3
	3

	5. Flow scale %
	66
	60.5
	84.5
	 53.0
	57.0
	60.5
	62.5
	64.5

	6. Flow scale (5/100)
	0.66
	0.605
	0.845
	0.53
	0.57
	0.605
	0.625
	0.645

	7.Raw Test Flow cfm(6XE) 
	27.28
	47.58
	66.96
	84.27
	90.63
	95.4
	98.58
	101.76

	8.Leakage (Flow scale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	27.28
	47.58
	66.46
	84.27
	90.63
	    95.4
	98.58
	101.76

	10. Test cfm/sqin (9/Effective Area)
	41.3
	72.09
	101.45
	127.68
	137.32
	144.54
	149.36
	154.18

	11. Potential Flow (p30-31 of Manual )
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1


	12.% Potential Flow (10/11)
	1.70
	1.52
	1.54
	1.59
	1.51
	1.47
	1.47
	1.53




	
	
	Ford Intake and Exhaust max and average flow (row 6) 
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	INTAKE VALVE
	
	
	
	
	AVERAGE FLOW
	

	1
	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.565
	0.567
	0.81
	0.95
	0.48
	0.485
	0.49
	0.495
	0.60525
	60.53

	
	
	
	
	
	
	
	
	
	

	
	
	
	INTAKE VALVE
	
	
	
	
	MAX FLOW
	

	1
	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.565
	0.567
	0.81
	0.95
	0.48
	0.485
	0.49
	0.495
	0.95
	95

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	EXHAUST VALVE
	
	
	
	
	AVERAGE FLOW
	

	1
	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.66
	0.605
	0.84
	0.53
	0.57
	0.6
	0.62
	0.64
	0.633125
	63.31

	
	
	
	
	
	
	
	
	
	

	
	
	
	EXHAUST VALVE
	
	
	
	
	MAX FLOW
	

	1
	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.66
	0.605
	0.84
	0.53
	0.57
	0.6
	0.62
	0.64
	0.84
	84













Appendices B Rover K Series

Super flow SF300/600 Test data results

 
	Date
	23/01/2018

	Test Description: 
	Air flow through intake and Exhaust valve 

	Head Description
	Rover K series 1.8 16 valve

	Port number
	Cylinder 2

	Test operator 
	Stephen Hutchings / Jack Edwards






	
	Valve Head Diameter, DH (MM)
	Valve Stem Diameter, Ds (MM)
	Valve Head Diameter, DH (in)
	Valve Stem Diameter Ds (in)
	Effective Valve Area (in₂): 0.785(DH ²- Ds²)

	Intake 
	27.7
	6.45
	1.090
	0.25
	0.87

	Exhaust
	24
	6.08
	0.94
	0.24
	0.65




	Valve lift/Diameter (L ∕ D)
	0.5
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve lift (mm)
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.08

	B. Exhaust Valve lift (mm)
	1.2
	2.4
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6





	Range 
	1
	2
	3
	4
	5
	6

	E. Intake 
	34.98
	70.98
	147.764
	292.984
	440.536
	592.54

	F. Exhaust 
	41.34
	78.652
	159
	314.82
	465.552
	603.352







Intake Valve Test Data

	1. Test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. Test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. Valve Lift (A)
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.08

	4. Flow range (1-6)
	1
	2
	3
	3
	3
	3
	4
	4

	5. Flow scale %
	93.5
	89
	61
	74.8
	84.1
	90
	45.5
	47

	6. Flow scale (5/100)
	0.935
	0.89
	0.61
	0.748
	0.841
	0.90
	0.455
	0.47

	7.Raw Test Flow cfm(6XE) 
	32.71
	63.17
	90.14
	110.53
	124.27
	132.99
	133.31
	137.70

	8.Leakage (Flow scale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	32.71
	63.17
	90.14
	110.53
	124.27
	132.99
	133.31
	137.70

	10. Test cfm/sqin (9/Effective Area)
	37.59
	72.61
	103.61
	127.05
	142.84
	152.86
	77.28
	79.83

	11. Potential Flow (p30-31 of Manual )
	25.3
	47.3
	65.7
	80.2
	91.1
	 98.2
	101.5
	101.1

	12.% Portentail Flow (10/11)
	1.48
	1.53
	1.58
	1.58
	1.56
	1.56
	0.76
	0.78




Exhaust Valve Test Data

	1. Test number
	1
	2
	3
	4
	5
	6
	7
	8

	2. Test pressure
	25
	25
	25
	25
	25
	25
	25
	25

	3. Valve Lift (A)
	1.2
	2.4
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6

	4. Flow range (1-6)
	1
	1
	2
	2
	2
	3
	3
	3

	5. Flow scale %
	50
	96.5
	74
	88
	96
	57
	61.5
	65

	6. Flow scale (5/100)
	0.5
	0.965
	0.74
	0.88
	0.96
	0.57
	0.615
	0.65

	7.Raw Test Flow cfm(6XE) 
	20.67
	39.89
	58.2
	69.21
	75.51
	90.63
	97.79
	103.35

	8.Leakage (Flow scale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	20.67
	39.89
	58.2
	69.21
	75.5
	90.63
	97.79
	103.35

	10. Test cfm/sqin (9/Effective Area)
	31.8
	61.37
	89.54
	106.48
	116.17
	139.43
	150.45
	159

	11. Potential Flow (p30-31 of Manual )
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12.% Portentail Flow (10/11)
	1.26
	1.29
	1.36
	1.32
	1.28
	1.42
	 1.48
	1.57



	
	

	
	



	



	      
	




	
	Rover Intake and Exhaust max and average flow(row 6)
	
	

	
	
	
	
	
	
	
	
	

	
	
	INTAKE VALVE
	
	
	
	
	AVERAGE FLOW
	

	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.89
	0.61
	0.748
	0.841
	0.9
	0.455
	0.47
	0.731125
	73.11

	
	
	
	
	
	
	
	
	

	
	
	INTAKE VALVE
	
	
	
	
	MAX FLOW
	

	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.89
	0.61
	0.748
	0.841
	0.9
	0.455
	0.47
	0.935
	93.5

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	EXHAUST VALVE
	
	
	
	
	AVERAGE FLOW
	

	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.965
	0.74
	0.88
	0.96
	0.57
	0.615
	0.65
	0.735
	73.5

	
	
	
	
	
	
	
	
	

	
	
	EXHAUST VALVE
	
	
	
	
	MAX FLOW
	

	2
	3
	4
	5
	6
	7
	8
	Total
	In CFM

	0.965
	0.74
	0.88
	0.96
	0.57
	0.615
	0.65
	0.965
	96.5





Ford Intake valve Flow CFM Vs Valve lift
1.502	3	4.5	6	7.51	9.01	10.51	12.01	40.1	83.78	119.68	140.37	140.63	142.09	143.56	145.02000000000001	valve lift

cfm

Ford exhaust valve CFM vs Valve lift 
1.2	2.41	3.61	4.82	6.03	7.23	8.44	9.65	27.28	47.58	66.459999999999994	84.27	90.63	95.4	98.58	101.76	VALVE LIFT

CFM

Ford Intake valve Flow CFM/Square inch vs Valve lift
1.502	3	4.5	6	7.51	9.01	10.51	12.01	38.19	79.790000000000006	113.98	133.68	133.93	135.32	136.72	138.11000000000001	VALVE LIFT

CFM/SQURE NICH

FORD Exhaust valve CFM/Square inch vs Valve lift
1.2	2.41	3.61	4.82	6.03	7.23	8.44	9.65	41.3	72.09	101.45	127.68	137.32	144.54	149.36000000000001	154.18	VALVE LIFT

CFM SQUARE INCH

Rover K Series Intake valve flow CFM vs Valve lift 
1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	32.71	63.17	90.14	110.53	124.27	132.99	133.31	137.69999999999999	Valve Lift

CFM

Rover K Series Exhaust valve
1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	20.67	39.89	58.2	69.209999999999994	75.510000000000005	90.63	97.79	103.35	Valve Lift

 CFM

 Rover and Ford intake Test Cfm 
Rover	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	32.71	63.17	90.14	110.53	124.27	132.99	133.31	137.69999999999999	Ford	1.502	3	4.5	6	7.51	9.01	10.51	12.01	40.1	83.78	119.68	140.37	140.63	142.09	143.56	145.02000000000001	Valve lift

Test cfm


 Rover and Ford Exhaust Test Cfm
Ford	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	27.28	47.58	66.459999999999994	84.27	90.63	95.4	98.58	101.76	Rover	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	20.67	39.89	58.2	69.209999999999994	75.510000000000005	90.63	97.79	103.35	Valve lift 

Test Cfm 


Rover K Series Intake Valve
1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	37.590000000000003	72.61	103.61	127.05	142.84	152.86000000000001	153.22999999999999	158.28	Valve Lift

CFM/SQUUARE Inch

Rover K Series Exhaust Valve
1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	31.8	61.37	89.54	106.48	116.17	139.43	150.44999999999999	159	Valve Lift 

CFM/SQUARE iNCH

 Rover and Ford intake Test Cfm square Inch 
Ford Intake	1.502	3	4.5	6	7.51	9.01	10.51	12.01	38.19	79.790000000000006	113.98	133.68	133.93	135.32	136.72	138.11000000000001	Rover Intake	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	37.590000000000003	72.61	103.61	127.05	142.84	152.86000000000001	153.22999999999999	158.28	Valve lift

 cfm squre inch


 Rover and Ford Exhaust Test Cfm square Inch
Ford	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	41.3	72.09	101.45	127.68	137.32	144.54	149.36000000000001	154.18	Rover	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	31.8	61.37	89.54	106.48	116.17	139.43	150.44999999999999	159	Valve lift 

Test Cfm 
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