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1. Introduction
This report is going to be looking into how different cylinder heads flow through their valves. This is going to be done by testing two different cylinder head on a SF-300 flow bench and recording the cubic feet per minute that the cylinder head can pass through. The results that have been gathered for the two cylinder heads can then be compared and manipulated using graphs. This will allow us to see how changing the inlet ports on a head will affect how well the engine can breathe and we can also use these results to see how much more tuning potential we can get out of the cylinder head. 

2. Methodology
To start the testing, two gaskets have to be made. These are made from blu tack, for the adapter piece for the flow bench and the head. These gaskets were made by rolling blue tack into a long noodle shape, then creating a ring around the combustion chamber with the blu tack. The adapter piece can then be clamped down to the head to creating a sealing surface so that no air can leak out of the combustion chamber rather than go through the valve ports. Then the second gasket was made to go between the adapter and flow bench, this was also made using the same method before. With this gasket in place and the head and adapter placed on top of the flow bench it can be bolted down into place with the 4 bolts for the flow bench. 
Next another two pieces of equipment are attached to the cylinder head. The first a metal bracket that attaches to the cylinder head with two bolts on it is attached to be used to open the valves and set how much the valves are opened. This is attached with two bolts going through it into the threads on the top of the cylinder head. Then another flat piece of metal is clamped down onto the cylinder head, this is to provide a flat surface for the DTI gauge to.
Now that the flow bench is all set up, the testing can be started. Firstly, checking that the intake and exhaust control valves are closed, and the flow range is set to #1. Also checking what setting the flow bench is on. The intake valves are being measured first, so the flow direction is set to Intake valve under 150cfm. 
The increments in which the valve needs to be opened need to be worked out, this is done by multiplying the diameter of the valve in increments of 0.05. So, for example the 0.05 x 30.04 = 1.502. This will be the first increment that the valve will be opened. To continue working out the rest of the increments, just increase the first number by 0.05 each time. So, for the second increment it would be 0.1 x Diameter, third 0.15 x diameter etc. 
 Open the intake valves by turning the tightening the bolts that push down on the valve buckets, looking at the DTI gauge that should be reset to zero when the bolt head is just touching the top of the valve bucket. With the intake valves opened to the first specification, the flowbench could now be turned on, opening the intake flow control valve until the test pressure meter reads 25”, whilst adjusting the intake flow control keep an eye on the flow meter reading to make sure that it does not go over 100%. If the flow meter does go over 100% before the test pressure gets to 25” then the flow range needs to be increased. If the test pressure is not reaching 25” no matter what flow range you are in, then turn the flow direction to full intake. 
Once the test pressure has reached 25”, record the amount of lift that the valve has been opened to, the flow range that the test bench has been set to and the flow meter reading. Repeat this for each increment that you wish to open the valve to. Once you have finished all of the increments for the intake valves, move on to measuring the flow of the exhaust valves using the same technique. However, remember to change the flow direction on the flow bench to exhaust under 150cfm when you start testing, then again opening it to full exhaust when the test pressure struggles to reach 25”.
Repeat the test on a second cylinder head. 
3. Results
3.1 Test Setup Data
3.1.1 Rover K Series 1.8
	
	Valve Head Diameter (mm)
	Valve Stem Diameter (mm)
	Valve Head Diameter (in)
	Valve Head Diameter (in)
	Effective Valve Area (in2)

	Intake
	27.7
	6.45
	1.083
	0.26
	0.86

	Exhaust
	24
	6.08
	0.94
	0.24
	0.65



 
	Valve Lift /Diameter
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.35
	0.4

	Intake Valve Lift (mm)
	1.39
	2.77
	4.16
	5.54
	6.93
	8.31
	9.69
	11.08

	Exhaust Valve Lift (mm)
	1.2
	2.4
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6



3.1.2 Ford 1.6
	
	Valve Head Diameter (mm)
	Valve Stem Diameter (mm)
	Valve Head Diameter (in)
	Valve Head Diameter (in)
	Effective Valve Area (in2)

	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
	0.1
	0.15
	0.2
	0.25
	0.3
	0.35
	0.4

	Intake Valve Lift (mm)
	1.50
	3.00
	4.5
	6.0
	7.51
	9.01
	10.51
	12.01

	Exhaust Valve Lift (mm)
	1.2
	2.41
	3.61
	4.82
	6.03
	7.22
	8.44
	9.65




3.2 Flow Bench Results
3.2.1 Rover K series 1.8
Intake Valves
	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
	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
	0.89
	0.61
	0.748
	0.841
	0.9
	0.455
	0.47

	7. Raw Test Flow CFM (6 x F)
	32.71
	63.17
	90.14
	110.53
	124.27
	132.99
	167.23
	169.45

	8. Leakage 
	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
	167.23
	169.45

	10. Test CFM/sqin (9/effective area)
	37.59
	72.61
	103.61
	127.05
	142.84
	152.86
	77.28
	79.93

	11. Potential Flow (p30-31 of manual)
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	12. % Potential Flow (10/11) 
	1.49
	1.54
	1.58
	1.71
	1.79
	1.85
	0.94
	0.97



Exhaust Valve 
	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
	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. 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 x F)
	20.67
	39.89
	58.2
	69.21
	75.51
	90.65
	97.79
	103.35

	8. Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test CFM (7-8)
	20.67
	39.89
	58.2
	69.21
	75.51
	90.65
	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. % Potential Flow (10/11) 
	1.26
	1.30
	1.36
	1.33
	1.28
	1.42
	1.48
	1.57



3.2.2 Ford 1.6 
Intake Valves
	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
	1.50
	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. Flowscale (%)
	56.5
	56.7
	81
	95
	47
	48.5
	49
	49.5

	6. Flowscale (5 / 100) 
	0.565
	0.567
	0.81
	0.95
	0.47
	0.485
	0.49
	0.495

	7. Raw Test Flow CFM (6 x F)
	40.1
	83.78
	110.68
	140.35
	140.63
	142.05
	143.56
	145.02

	8. Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test CFM (7-8)
	40.1
	83.78
	110.68
	140.35
	140.63
	142.05
	143.56
	145.02

	10. Test CFM/sqin (9/effective area)
	36.37
	75.99
	108.55
	127.31
	127.5
	128.87
	130.2
	131.55

	11. Potential Flow (p30-31 of manual) lb/sq.cm
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	12. % Potential Flow (10/11) 
	1.44

	1.61
	1.65
	1.72
	1.6
	1.56
	1.58
	1.59






Exhaust Valves

	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
	1.2
	2.4
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6

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

	5. Flowscale (%)
	16
	60.5
	84.5
	53
	57
	60.5
	62.5
	64.5

	6. Flowscale (5 / 100) 
	0.16
	0.605
	0.845
	0.53
	0.57
	0.605
	0.625
	0.645

	7. Raw Test Flow CFM (6 x F)
	27.28
	47.58
	66.96
	84.27
	90.63
	95.4
	98.58
	101.76

	8. Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test CFM (7-8)
	27.28
	47.58
	66.96
	84.27
	90.63
	95.4
	98.58
	101.76

	10. Test CFM/sqin (9/effective area)
	62.66
	109.2
	152.5
	193.3
	208
	219
	226.3
	233.6

	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) 
	2.48
	2.31
	2.32
	2.41
	2.28
	2.23
	2.23
	2.31














4. Analysis
4.1 Test Flows against Valve Lift




These two graphs show the test flow that we measured on the flow bench, against the amount of lift on the valves. As we can see from the two graphs they both have rather similar characteristics, both heads have exhaust valves that flow less than the intake valves. This will be seen in most to all heads, as the exhaust valves are commonly smaller than the intake valves. This is because when the engine is on the exhaust stroke the exhaust fumes are being forced out of the combustion chamber by the piston returning to TDC on its exhaust stroke. 
However, the intake valves seem to have different characteristics, on the k series head the intake valves start to increase their flow as the valve is lifted rather proportionately all the way until 11mm. However, on the Ford cylinder head the intake valves start to flow proportionately up until 140 cfm at 6mm, after 6mm the flow of the valve seems to drop off, as at 12mm of valve lift the valve is only flowing an extra 5CFM. This must be where the valve starts to become a restriction and more lift does not improve the rate of flow. 
	4.1.1 Flow Rate Drop Off Points
The table below shows the values of lift / diameter at which the flow rate starts to drop off
	
	Rover K Series 1.8
	Ford 1.6

	Intake
	0.35
	0.25

	Exhaust
	0.3
	0.2



4.2 CFM / Square Inch 

When looking at the Flow of the valves, we are looking at the CFM. To be able compare the efficiency of the valves we will look at the CFM per square inch of valve area. This value is worked out by taking the flow of the valve and dividing it by the area of the valve. This is worked out using the following equation. 

Valve area = 0.785 x (D² Valve – D² Stem)

4.2.1 Rover K series 1.8
Below in the table is the CFM/ Square inch of the intake and exhaust valves of the K Series head.
	Intake (CFM / Square Inch)
	37.59
	72.61
	103.61
	127.05
	142.84
	152.86
	77.28
	79.93

	Exhaust (CFM / Square Inch)
	31.8
	61.37
	89.54
	106.48
	116.17
	139.43
	150.45
	159










4.2.2 Peak Flow
	
	Peak Flow (CFM/ Sq.In
	Lift (mm)

	Intake
	150.45
	8.4

	Exhaust
	159
	9.6


4.2.3 Tuning Potential
Intake
	CFM/sqin 
	37.59
	72.61
	103.61
	127.05
	142.84
	152.86
	77.28
	79.93

	Potential Flow 
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	% Potential Flow 
	1.49
	1.54
	1.58
	1.71
	1.79
	1.85
	0.94
	0.97



Exhaust
	Test CFM/sqin 
	31.8
	61.37
	89.54
	106.48
	116.17
	139.43
	150.45
	159

	Potential Flow 
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	% Potential Flow  
	1.26
	1.30
	1.36
	1.33
	1.28
	1.42
	1.48
	1.57



  





4.3.1	Ford 1.6 
Below in the table is the CFM/ Square inch of the intake and exhaust valves of the Ford 1.6 head.
	Intake (CFM / Square Inch)
	36.37
	75.99
	108.55
	127.31
	127.5
	128.87
	130.2
	131.55

	Exhaust (CFM / Square Inch)
	62.66
	109.2
	152.5
	193.3
	208
	219
	226.3
	233.6





4.3.2	Peak Flow
	
	Peak Flow (CFM/ Sq.In
	Lift (mm)

	Intake
	131.55
	12.01

	Exhaust
	233.6
	9.6



4.3.3	Tuning Potential
Intake
	CFM/sqin 
	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

	% Potential Flow 
	1.43
	1.6
	1.65
	1.71
	1.66
	1.56
	1.57
	1.59




Exhaust
	Test CFM/sqin 
	62.66
	109.2
	152.5
	193.3
	208
	219
	226.3
	233.6

	Potential Flow 
	25.3
	47.3
	65.7
	74.2
	79.5
	82.6
	82.6
	82.6

	% Potential Flow  
	2.47
	2.3
	2.33
	2.60
	2.66
	2.65
	2.73
	2.82



5. Conclusion
[bookmark: _GoBack]To conclude this report, I feel as if this was a very poor attempt at flowbench testing two different cylinder heads. Firstly, there were too many variables to actually gather any reliable results, too many different people were operating the flowbench, doing things differently and that is displayed in our results. On the ford 1.6-cylinder head, the results show that it flows more CFM than the potential flow. This is obviously incorrect as the standard cylinder head should not be able to flow more than its potential flow. In the results for the exhaust data on the ford head, the percentage of total flow is always in the %200+ region, there is no way that this head will be flowing over 2x its potential flow in stock form. 

K Series 1.8 CFM Against Lift

Intake	32.71	63.17	90.14	110.53	124.27	132.99	167.23	169.45	1.39	2.77	4.16	5.54	6.93	8.31	9.69	11.08	Exhaust	20.67	39.89	58.2	69.209999999999994	75.510000000000005	90.65	97.79	103.35	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	Test Flow (CFM )


Valve Lift (mm)




Ford 1.6 CFM Against Lift

Intake	40.1	83.78	110.68	140.35	140.63	142.05000000000001	143.56	145.02000000000001	1.5	3	4.5	6	7.51	9.01	10.51	12.01	Exhaust	27.28	47.58	66.959999999999994	84.27	90.63	95.4	98.58	101.76	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	Test Flow (CFM)


Valve Lift (mm)




CFM / Square Inch vs valve lift  

Exhaust	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	77.28	79.930000000000007	Intake	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 (mm)


Flow CFM/




CFM / Square Inch vs Valve Lift

Intake	1.5	3	4.5	6	7.51	9.01	10.51	12.01	36.369999999999997	75.989999999999995	108.55	127.31	127.5	128.87	130.19999999999999	131.55000000000001	Exhaust	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	62.66	109.2	152.5	193.3	208	219	226.3	233.6	Valve Lift (mm)


Flow CFM / Square Inch




