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2. Introduction: 

This report is looking at a comparison of two different cylinder heads, the comparison would be done using a flow bench, to test the heads. The testing was carried out in groups. Within this report there will be graphs and charts produced and these will be talked about. A comparison of the results from both cylinder heads will be discussed. Both data sets will be compared and analysed. The equipment will be discussed and improvement will be mentioned.

3. Research/literature review: 

The way power is made by an engine consists of moving fuel and air through the engine, and the faster the fuel and air can move and if the amount of it can be increased then the engine will make more power.  The intake and exhaust ports of a cylinder head are critical in affecting how much air can get through the engine. This is why the design of the ports is so important. Using a flowbench to flow test the cylinder head can help prove or disprove whether and adjustment to the head would actually be an improvement.
Cylinder heads are usually made from an aluminium alloy or cast iron. They are usually made using a casting process followed by using a CNC machine to mill the valve seats, and add in any small chamfers and cuts that are needed to finish off the cylinder heads design.
To increase the efficiency of the cylinder heads performance, the head can have any rough patches machined out to help reduce the amount of turbulence that the flow experiences. By having a smoother intake and exhaust, the power should increase.
According to Michael Fernie, “Basic head porting can be completed using a small handheld drill with tapered grinder drill bits, essentially acting as motorised sandpaper. For heavier-duty jobs like port matching, you’ll need a die grinder and carbide burrs to eat through the cylinder head material cleanly. More complex geometry can be ported using a CNC machine, using laser guidance to perfectly shape and shave the cylinder head to exact user-inputted specifications.” (Michael Fernie, 2017)
To correctly analyse the improvement of a port job, the cylinder heads volumetric flow rate should be assessed using a flow bench, these figures can then be compared to the results gained after the cylinder head has been fully ported and polished. The main focusses of a porting job are the Exhaust ports, Inlet ports, Valve throat pocket, Valve seat, and the Combustion chamber .

4. Methodology: 

Testing was carried out in group of around five or six. Before the testing began all required equipment was gathered, this included: the ford cylinder head, the rover cylinder head, G clamps (to hold the cylinder heads secure), DTI gauges (to measure valve lift), blue tack (used to make a  gasket), and, two custom metal plates with two bolts attached (used to open and close the valves). 
Using the equation given on the sheets provided the appropriate valve lift was found for the intake and exhaust for each cylinder head.
Before the practical testing began a leak test was carried out to ensure that there were no leaks and that the results of testing would be accurate. 
The valves on each cylinder where then slowly moved in the appropriate increments, this can be seen in the tables in the results section of this report. As the valves moved the flow pressure changed this was noted and tabulated as seen below in the results section. 
When finding the flow pressure, if it looked like the measure was going to go off the end of the scale the range could be changed to allow for further and more accurate testing.





5. Results & Analysis:

5.1 Rover:
	 
	Valve head diameter (mm)
	Valve steam diameter (mm)
	Valve head diameter (inch)
	Valve head diameter (inch)
	Effective Valve Area (in^2)
	
	
	

	Intake
	27.7
	6.45
	1.09
	0.26
	0.87
	
	
	

	Exhaust
	24
	6.08
	0.94
	0.24
	0.65
	
	
	

	Valve lift/ Diameter
	0.05
	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
	9.70
	11.08

	B. Exhaust  Valve lift (mm)
	1.2
	2.4
	3.6
	4.8
	6
	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
	
	



Figure 1: Table of Initial Rover data

5.1.1 Rover Intake
	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. Flowscale(%)
	93.5
	89
	61
	74.8
	84.1
	90
	45.5
	47

	6. Flowscale (5./100)
	0.935
	0.890
	0.610
	0.748
	0.841
	0.900
	0.455
	0.470

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

	8. Leakage (Flowscale %)
	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
	103.60
	127.04
	142.84
	152.86
	153.23
	158.28

	11. Potential Flow (P30 of Manual)
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	12. % Potential Flow (10./11.) 
	1.49
	1.54
	1.58
	1.58
	1.57
	1.56
	1.51
	1.57


Figure 2: Table to Rover Intake data



 
Figure 3: Graph of CFM against Valve Lift for Rover Intake

The drop off point has been circled and when referring back to figure 1 it can be seen that the L/D value for this point is 0.3.


Figure 4: Graph of CFM sqin against Valve lift for Rover Intake

Figure 5: Graph of CFM sqin vs Manual against Valve lift for Rover Intake

Looking at the point where the measured value for CFM squared inches starts to drop off, it can be seen to happen here at (8.31, 152.86) we then look at the table from the manual and select the according number of 6.98 LPS squared cm, this number is then converted into 95.47 CFM squared inch. The difference between this and the measured value gives the tuning potential of 57.39.




5.1.2 Rover Exhaust
	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 (B)
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6

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

	5. Flowscale(%)
	50
	96.5
	74
	88
	96
	57
	61.5
	65

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

	7. Raw Test Flow cfm (6.*F.)
	20.67
	39.89
	58.20
	69.21
	75.51
	90.63
	97.79
	103.35

	8. Leakage (Flowscale %)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7.-8.)
	20.67
	39.89
	58.20
	69.21
	75.51
	90.63
	97.79
	103.35

	10. Test cfm/sqin (9./Effective Area)
	31.80
	61.37
	89.54
	106.48
	116.16
	139.43
	150.44
	159.00

	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.)
	1.26
	1.30
	1.36
	1.33
	1.28
	1.42
	1.48
	1.57


Figure 6: Table to Rover Exhaust data

Figure 7: Graph of CFM against Valve Lift for Rover Exhaust

The drop off point has been circled and when referring back to figure 1 it can be seen that the L/D value for this point is 0.3.



Figure 8: Graph of CFM sqin against Valve lift for Rover Exhaust

Figure 9: Graph of CFM sqin vs Manual against Valve lift for Rover Exhaust

Looking at the point where the measured value for CFM squared inches starts to drop off, it can be seen to happen here at (6, 116.16) we then look at the table from the manual and select the according number of 6.48 LPS squared cm, this number is then converted into 88.63 CFM squared inch. The difference between this and the measured value gives the tuning potential of 27.53.




















5.2 Ford:
	
	Valve head diameter (mm)
	Valve stem diameter (mm)
	Valve head diameter (inch)
	Valve stem diameter (inch)
	Effective Valve Area (in^2)
	
	
	

	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
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve lift (mm)
	1.50
	3.00
	4.51
	6.01
	7.51
	9.01
	10.51
	12.02

	B. Exhaust  Valve lift (mm)
	1.21
	2.41
	3.62
	4.83
	6.03
	7.24
	8.45
	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
	
	



Figure 10: Table of Initial Ford data


5.2.1 Ford Intake
	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)
	1.50
	3.00
	4.51
	6.01
	7.51
	9.01
	10.51
	12.02

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

	5. Flowscale(%)
	56.5
	56.7
	81
	95
	48
	48.5
	49
	49.5

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

	7. Raw Test Flow cfm (6.*E.)
	40.10
	83.78
	119.69
	140.38
	140.63
	142.10
	143.56
	145.03

	8. Leakage (Flowscale %)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7.-8.)
	40.10
	83.78
	119.69
	140.38
	140.63
	142.10
	143.56
	145.03

	10. Test cfm/sqin (9./Effective Area) 
	38.19
	79.79
	113.99
	133.69
	133.94
	135.33
	136.73
	138.12

	11. Potential Flow (P30 of Manual)
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

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


Figure 11: Table to Ford Intake data

Figure 12: Graph of CFM against Valve Lift for Ford Intake

The drop off point has been circled and when referring back to figure 10 it can be seen that the L/D value for this point is 0.2.



Figure 13: Graph of CFM sqin against Valve lift for Ford Intake

Figure 14: Graph of CFM sqin vs Manual against Valve lift for Ford Intake

Looking at the point where the measured value for CFM squared inches starts to drop off, it can be seen to happen here at (6.01, 133.69) we then look at the table from the manual and select the according number of 5.71 LPS squared cm, this number is then converted into 78.1 CFM squared inch. The difference between this and the measured value gives the tuning potential of 55.59.



5.2.2 Ford Exhaust
	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 (B)
	1.21
	2.41
	3.62
	4.83
	6.03
	7.24
	8.45
	9.65

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

	5. Flowscale(%)
	66
	60.5
	84.5
	53
	57
	60.5
	62.5
	64.5

	6. Flowscale (5./100 )
	0.660
	0.605
	0.845
	0.530
	0.570
	0.605
	0.625
	0.645

	7. Raw Test Flow cfm (6.*F.)
	27.28
	47.58
	66.46
	84.27
	90.63
	96.20
	99.38
	102.56

	8. Leakage (Flowscale %)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7.-8.)
	27.28
	47.58
	66.46
	84.27
	90.63
	96.20
	99.38
	102.56

	10. Test cfm/sqin (9./Effective Area)
	41.34
	72.10
	100.70
	127.68
	137.32
	145.75
	150.57
	155.39

	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.)
	1.63
	1.52
	1.53
	1.59
	1.51
	1.48
	1.48
	1.54


Figure 15: Table to Ford Exhaust data

Figure 16: Graph of CFM against Valve Lift for Ford Exhaust
The drop off point has been circled and when referring back to figure 10 it can be seen that the L/D value for this point is 0.2.



Figure 17: Graph of CFM sqin against Valve lift for Ford Exhaust


Figure 18: graph of CFM sqin vs Manual against Valve lift for Ford Exhaust

Looking at the point where the measured value for CFM squared inches starts to drop off, it can be seen to happen here at (4.83, 127.68) we then look at the table from the manual and select the according number of 5.71 LPS squared cm, this number is then converted into 78.1 CFM squared inch. The difference between this and the measured value gives the tuning potential of 49.58.










6. Conclusion: 

This report analysed and compared two cylinder heads from the ford and the rover. This report showed the difference in flow rates between the two different cylinder heads. Due to the rover and the ford having similar sized valves, it can be expected that the would also have similar values of flow. However when viewing the graphs it can be seen that the ford graphs have the expected shape of curve whereas the rover seems to have some anomalies. 

6.1 Improvements
If a real gasket was used for the testing instead of blue tack then this could improve the results and accuracy of the testing. Another improvement would be if the custom plate was a direct fit for the task, this could have potentially also improved the results and accuracy of the testing. Additionally the assignment itself could have been more informative and explained exactly what was needed when it came to doing the testing.
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Rover Exhaust: CFM against Valve lift

7. Raw Test Flow cfm (6.*F.)	1.2000000000000002	2.4000000000000004	3.5999999999999996	4.8000000000000007	6	7.1999999999999993	8.3999999999999986	9.6000000000000014	20.67	39.893100000000004	58.202480000000001	69.213760000000008	75.505920000000003	90.63	97.784999999999997	103.35000000000001	Valve lift


CFM



Rover Exhaust: CFM sqin against Valve lift

10. Test cfm/sqin (9./Effective Area)	1.2000000000000002	2.4000000000000004	3.5999999999999996	4.8000000000000007	6	7.1999999999999993	8.3999999999999986	9.6000000000000014	31.8	61.374000000000002	89.542276923076926	106.4827076923077	116.16295384615384	139.43076923076922	150.43846153846152	159	Valve lift


CFM sqin



Rover Exhaust: CFM sqin vs Manual against Valve lift

10. Test cfm/sqin (9./Effective Area)	1.2000000000000002	2.4000000000000004	3.5999999999999996	4.8000000000000007	6	7.1999999999999993	8.3999999999999986	9.6000000000000014	31.8	61.374000000000002	89.542276923076926	106.4827076923077	116.16295384615384	139.43076923076922	150.43846153846152	159	11. Potential Flow (P30-31 of Manual)	1.2000000000000002	2.4000000000000004	3.5999999999999996	4.8000000000000007	6	7.1999999999999993	8.3999999999999986	9.6000000000000014	25.3	47.3	65.7	80.2	91.1	98.2	101.5	101.1	Valve lift 


CFM sqin




Ford Intake: CFM against valve lift

7. Raw Test Flow cfm (6.*E.)	1.502	3.004	4.5059999999999993	6.008	7.51	9.0119999999999987	10.513999999999999	12.016	40.103699999999996	83.782188000000019	119.68884000000001	140.3758	140.63231999999999	142.09724	143.56215999999998	145.02707999999998	Valve lift


CFM



Ford Intake: CFM sqin against Valve lift

10. Test cfm/sqin (9./Effective Area) 	1.502	3.004	4.5059999999999993	6.008	7.51	9.0119999999999987	10.513999999999999	12.016	38.193999999999996	79.792560000000009	113.98937142857143	133.69123809523808	133.93554285714285	135.33070476190477	136.72586666666663	138.12102857142855	Valve lift


CFM sqin



Ford Intake: CFM sqin Vs Manual against Valve lift

10. Test cfm/sqin (9./Effective Area) 	1.502	3.004	4.5059999999999993	6.008	7.51	9.0119999999999987	10.513999999999999	12.016	38.193999999999996	79.792560000000009	113.98937142857143	133.69123809523808	133.93554285714285	135.33070476190477	136.72586666666663	138.12102857142855	11. Potential Flow (P30 of Manual)	1.502	3.004	4.5059999999999993	6.008	7.51	9.0119999999999987	10.513999999999999	12.016	25.3	47.3	65.7	80.2	91.1	98.2	101.5	101.1	Valve Lift


CFM sqin




Ford Exhaust: CFM agaisnt Valve lift

7. Raw Test Flow cfm (6.*F.)	1.2065000000000001	2.4130000000000003	3.6194999999999995	4.8260000000000005	6.0324999999999998	7.238999999999999	8.4454999999999991	9.652000000000001	27.284400000000005	47.58446	66.460939999999994	84.27000000000001	90.63	96.194999999999993	99.375	102.55500000000001	Valve lift


CFM



Ford Exhaust: CFM sqin against Valve lift

10. Test cfm/sqin (9./Effective Area)	1.2065000000000001	2.4130000000000003	3.6194999999999995	4.8260000000000005	6.0324999999999998	7.238999999999999	8.4454999999999991	9.652000000000001	41.34	72.097666666666669	100.69839393939392	127.68181818181819	137.31818181818181	145.74999999999997	150.56818181818181	155.38636363636363	Valve lift


CFM sqin



Ford Exhaust: CFM sqin vs manual against Valve lift

10. Test cfm/sqin (9./Effective Area)	1.2065000000000001	2.4130000000000003	3.6194999999999995	4.8260000000000005	6.0324999999999998	7.238999999999999	8.4454999999999991	9.652000000000001	41.34	72.097666666666669	100.69839393939392	127.68181818181819	137.31818181818181	145.74999999999997	150.56818181818181	155.38636363636363	11. Potential Flow (P30-31 of Manual)	1.2065000000000001	2.4130000000000003	3.6194999999999995	4.8260000000000005	6.0324999999999998	7.238999999999999	8.4454999999999991	9.652000000000001	25.3	47.3	65.7	80.2	91.1	98.2	101.5	101.1	Valve lift


CFM sqin




Rover Intake: CFM against Valve Lift

7. Raw Test Flow cfm (6.*E.)	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	32.706299999999999	63.172200000000004	90.136040000000008	110.527472	124.269524	132.98760000000001	133.30771999999999	137.70247999999998	Valve lift


CFM



Rover Intake: CFM sqin against Valve lift

10. Test cfm/sqin (9./Effective Area) 	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	37.593448275862066	72.611724137931034	103.60464367816093	127.04307126436782	142.83853333333334	152.85931034482761	153.22726436781608	158.27871264367815	Valve lift


CFM sqin



Rover Intake: CFM sqin vs Manual against Valve lift

10. Test cfm/sqin (9./Effective Area) 	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	37.593448275862066	72.611724137931034	103.60464367816093	127.04307126436782	142.83853333333334	152.85931034482761	153.22726436781608	158.27871264367815	11. Potential Flow (P30 of Manual)	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	25.3	47.3	65.7	80.2	91.1	98.2	101.5	101.1	Valve lift


CFM sqin




Matthew Perry 		18

