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1.0 Introduction
The aim of the given task was to flow bench test the inlet and exhaust port of a standard Rover head. A graph will have to be plotted demonstrating CFM (Cubic Feet/ Minute) against valve lift. Once the flow rate begins to drop off, the value of valve lift divided by diameter of the valve. This will discover the valve area. The next task set is to plot a graph of CFM/square inch against valve lift. This will then be used to compare the peak flow of the Rover head against the best obtained flow/square inch. This exercise must be repeated on another Rover head which is modified. The two data sets will be compared and analysed to determine which has a better flow; stock or modified. Research will be undertaken to acquire a larger understanding of 2 and 4 port systems as well as the flow through the cylinder head. This assignment will include graphs, tables and photographs with a wide range of citations from books, handouts or websites. 


2.0 Background Research
2.1	Ports
[image: Image result for port swirl]There are to primary designs of cylinder heads; Straight Short port and the High Approach port. Firstly, the straight short port allows it to be designed where a line of sight from the inlet precisely into the opening of the intake valve. This is where the mixture travels through a straight and parallel port into the cylinder tangential to the cylinders axis where it deflects off the cylinder wall sideways and downwards in a spiral motion, enhanced by the motion of the piston [1]. On occasions, this design provides a lower flow volume into the cylinder because of it being straight. A straight port can also be advantageous as the velocity of the air and fuel entering the chamber will be higher. The straight port creates a swirl in the combustion chamber, resulting in a more efficient and complete burn achieving maximum propulsion. The other type of port is a high approach port where it incorporates a turn in the design. The term high approach comes from the angle the air and fuel enter the cylinder; it is more in line with the valve stem. This high approach is being used to its full advantage to get a full volume flow path into the full circumference of the valve. The addition of a turn in the port is problematic as it is less efficient; the sharper the turn, the less efficient it will be. The straight shot into the cylinder incorporates a fuller more uniform flow around the valve curtain [2]. 
The rotational flow of charge within the cylinder is known as swirl which is always parallel to the axis of the port. Swirl is caused by the induction port being offset to one side of the cylinder encouraging the mixture to spiral once in contact with the cylinder wall [1].  The image to the right shows the swirl pattern in a cylinder where the fuel and air enter the cylinder, meet the wall and move in a circumferential pattern around the outside edge of the cylinder. 
Another type of port is called the Deflector Wall Port. This type features ports that have curved or tapered edges which will provide a semi-circular flow towards the open valve. This type of port allows the air, fuel mix to be a predetermined spiral downwards. This is more influenced by the shape of the port rather than the cylinder wall. The Masked Valve port produces the same outcome as the Deflector Wall. The mixture is forced into the cylinder by the port masking the flow, this causes a spiral downwards. This reduces volumetric efficiency but benefits swirl [1].
A port where the mixture is already spiralling before entering the cylinder is known as the Helical Port. Generally, the ports are less dependent on their position in relation to the cylinder wall. The positioning of the chamber wall deflected swirl encourages the mixture to enter the cylinder from a steeper angle causing the mixture to rotate if the port is positioned close to the cylinder wall [1]. 


	2.2	Porting a Head [5][6][7]
[image: https://upload.wikimedia.org/wikipedia/commons/8/81/Port_modification2.GIF]What does porting a head involve? Porting a head involves the reconstruction of the design of the intake and exhaust ports. Cylinder head porting is the process of modifying the intake and exhaust ports. Porting a combustion engine improves the quality and the quantity of the air flow into the cylinder. Finely detailed attention is required to porting a head to bring the engine to the highest level of efficiency possible. The porting process is responsible for the high-power output of many modern engines. To port a head, careful flow testing on a flow bench must be undertaken where the original port will be carefully reshaped. The old port will be welded up or similarly built up to add material where none existed prior to porting. The aim of porting is to get the air to effectively pass the restrictions of the engine such as a sharp turn in the port as seen in the picture above. When a valve opens, the air doesn’t rush into the cylinder, it decompresses into the low-pressure region below the port. Material should be removed from the upper region of all exhaust ports as this is where the highest velocity air is found exiting the cylinder; the quicker the gasses leave, the quicker more can be made. Material should be removed from the inlet port for the air to have a smooth, straight as possible run through the port, this will cause the air to be less disturbed entering the cylinder. The air will then be able to enter in a way that’s required; swirl, tumble or both. 


3.0 Methodology
This is the methodology explaining the processes undertaken to complete the task given, flow bench testing the two Rover heads.
1. Be sure personal protective equipment is worn. Steel toe cap boots must be worn along with a dust coat that will be provided by the university to protect your clothes.
2. Distinguish which head is the standard head and which is the modified version. This will be extremely important for your results as all the results gathered will be wrong and the testing will have to be undertaken again. The modification will be to the inlet ports of the modified head and it will be a visible modification
3. Once the heads have been distinguished, a gasket will have to be created between the head and the flow bench table. This will need to be absolutely air tight to create the correct vacuum, pulling the air through the head. Clamp the head to the bench using G clamps and bolts.
4. Once the head has been clamped properly, a valve pusher plate will have to be added to the head. Ensure the two bolts are resting on top of the valves and DTI gauges are set to zero on top of both bolts. The DTI gauges will be used to determine how far the valve has been opened.
5. Calculate the intake valve lift by multiplying the diameter by 0.05 increments. This will determine how much the valve needs to be opened each time of testing. Repeat this for the exhaust ports. The test set up data will also have to be measured and calculated by using the intake and exhaust ports. These results will be needed to complete the table on the following page. 
6. Turn the flow bench on and increase the flow pressure to 25 and hold remaining on flow range 1. As the valve lift increases, it will take more pressure to increase to 25, therefore the flow range will have to be increased accordingly. 
7. Jot down the flow scale percentage which can be found on the back wall of the machine. Complete the table found on the handout completing all the required fields. Refer to the first page to complete all the rows and columns as all the required information will have already been calculated. To calculate potential flow, pages 30 and 31 will be needed in the SF – 300/600 manual which would’ve been provided by the lecturer prior to testing.
Equipment
Doing this testing, specific equipment will be needed. Firstly, both heads must be collected along with the flow cylinder that will be the connection between the flow bench and the head and the valve push plate. A gasket will be created from blue tack. DTI gauges will be required to determine how far the ports will be opened. A spanner will be needed to turn the bolts in the plate to push the valves open. G clamps will be used to hold the head to the cylinder and hold the pusher plate to the head. The cylinder will be bolted to the bed of the flow bench. Be sure to record all results in the table provided by the lecturer.

4.0 Results Gathered
4.1	Ford Head
	
	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(DH2 – Ds2)

	Intake
	30.04
	5.94
	1.185
	0.256
	1.05 in2

	Exhaust
	24.13
	5.97
	0.95
	0.243
	0.66 in2



	Valve Lift/Diameter (L/D)
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40

	A. Intake Valve Lift (mm)
	1.502
	3.00
	4.50
	6.00
	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
	70.652
	159
	314.82
	465.552
	603.352



Intake Ports
	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)
	1.502
	3.00
	4.50
	6.00
	7.51
	9.01
	10.51
	12.01

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

	5. Flow Scale (%)
	56.50
	56.70
	81.00
	95.00
	48.00
	48.50
	49.00
	49.50

	6. Flow Scale (5./100)
	0.57
	0.57
	0.81
	0.95
	0.48
	0.49
	0.49
	0.50

	7. Raw Test Flow CFM (6. x E)
	40.10
	83.78
	119.68
	140.37
	140.63
	142.09
	143.56
	145.02

	8. Shut Valve Leakage 
	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
	143.56
	145.02

	10. Test CFM/Sqin (9./Effective Area)
	36.37
	75.99
	108.55
	127.31
	127.50
	128.87
	130.20
	131.55

	11. Potential Flow (P31 Manual)
	25.30
	47.30
	65.70
	74.20
	79.50
	82.60
	82.60
	82.60

	12. % Potential Flow (10./11.)
	1.43
	1.60
	1.65
	1.71
	1.66
	1.56
	1.57
	1.59





Exhaust Ports
	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 (%)
	86.00
	60.50
	84.50
	53.00
	57.00
	60.50
	62.50
	64.50

	6. Flow Scale (5./100)
	0.66
	0.61
	0.84
	0.53
	0.57
	0.60
	0.62
	0.64

	7. Raw Test Flow CFM (6. x E)
	27.28
	47.58
	66.96
	89.27
	90.63
	95.40
	98.58
	101.76

	8. Shut Valve Leakage 
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test CFM (7.-8.)
	27.28
	47.58
	66.96
	89.27
	90.63
	95.40
	98.58
	101.76

	10. Test CFM/Sqin (9./Effective Area)
	62.66
	109.20
	152.50
	193.31
	208.00
	219.00
	226.30
	233.60

	11. Potential Flow (P31 Manual)
	25.30
	47.30
	65.70
	80.20
	91.10
	98.20
	101.50
	101.10

	12. % Potential Flow (10./11.)
	2.47
	2.30
	2.33
	2.41
	2.28
	2.23
	2.23
	2.31









As both above graphs demonstrate, the further the valves open, the less cubic feet pass through the port per square inch opened. Both the intake and exhaust ports flow increase until the fourth stage of opening where it begins to gradually level off. This is due to the valve allowing the volume to pass through easier.  In the case of the intake valves in both graphs above, they were opened approximately 1.2mm each time where the flow through the valves became easier. On the exhaust side of both graphs above, the valves were calculated to open approximately 1.5mm each time where they began to level off at approximately 6mm
 

	4.2	Rover Head
	
	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(DH2 – Ds2)

	Intake
	27.70
	6.45
	1.08
	0.26
	0.87

	Exhaust
	24.00
	6.08
	0.94
	0.24
	0.65



	Valve Lift/Diameter (L/D)
	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
	9.69
	11.08

	B. Exhaust Valve Lift (mm)
	1.20
	2.40
	3.60
	4.80
	6.00
	7.20
	8.40
	9.60



	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
	70.652
	159
	314.82
	465.552
	603.352



Intake Ports
	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 (%)
	93.50
	89.00
	61.00
	74.80
	84.10
	90.00
	45.50
	47.00

	6. Flow Scale (5./100)
	0.94
	0.89
	0.61
	0.75
	0.84
	0.90
	0.46
	0.47

	7. Raw Test Flow CFM (6. x E)
	32.71
	63.17
	90.14
	110.53
	124.27
	132.99
	67.23
	69.45

	8. Shut Valve 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
	67.23
	69.45

	10. Test CFM/Sqin (9./Effective Area)
	37.59
	72.61
	103.61
	127.05
	142.84
	152.84
	77.28
	79.83

	11. Potential Flow (P31 Manual)
	25.30
	47.30
	65.70
	74.20
	79.50
	82.60
	82.60
	82.60

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







Exhaust Ports
	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
	2.40
	3.60
	4.80
	6.00
	7.20
	8.40
	9.60

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

	5. Flow Scale (%)
	50.00
	96.50
	74.00
	88.00
	96.00
	57.00
	61.50
	65.00

	6. Flow Scale (5./100)
	0.50
	0.97
	0.74
	0.88
	0.96
	0.57
	0.62
	0.65

	7. Raw Test Flow CFM (6. x E)
	20.67
	39.89
	58.20
	69.21
	75.51
	90.63
	97.79
	103.35

	8. Shut Valve Leakage 
	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
	116.17
	139.43
	150.45
	159.00

	11. Potential Flow (P31 Manual)
	25.30
	47.30
	65.70
	80.20
	91.10
	98.20
	101.50
	101.10

	12. % Potential Flow (10./11.)
	1.26
	1.29
	1.36
	1.33
	1.28
	1.42
	1.48
	1.57











As both above graphs demonstrate, the further the valves open, the less cubic feet pass through the port per square inch opened. As shown in these graphs, the valves peak a lot later than the valves on the Ford system. This is due to the head being modified to allow ease of flow through the head. In the case of the intake valves on both graphs above, they were opened approximately 1.4mm each time where the flow through the valves became easier until the 7th phase of opening and the valves dramatically drop in CFM. On the exhaust side of both graphs above, the valves were calculated to open approximately 1.2mm each time but didn’t level off at any point, there was an anomaly at the 5th phase of opening but the CFM kept rising until the 8th phase of opening where testing was stopped.

5.0 Conclusion
To conclude, the Rover head allowed a lot more flow through the ports due to the modifications undertaken on the head. This is clearly demonstrated in the graphs above. The rover head allows the increase in flow to keep on rising until the very end of the opening sequence. As seen in the graphs, the modified head improves the quality and quantity of the air flow through the ports. The modified provides the finely detailed attention required to bring the engine to the highest level of efficiency. I believe this experiment/test could’ve been improved greatly. A unmodified Ford head and a modified Rover head were used during the testing and I believe two of the same heads should’ve been used; a modified over head and an unmodified Rover head of the same engine capacity and size. This would’ve made the test fair test with the only variable being the modification.
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