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Introduction

The aim of this assignment is to investigate the effect that valve lift for a cylinder head has on flow rate, and consequently the tuning potential of both the intake and exhaust ports. Two cylinder heads will be tested, the Ford 1.6 and the Rover K Series 1.8. To do the necessary testing, the use of the flow bench machine is needed, so the results can be compared and analysed. 

[bookmark: _Toc505536320]Background Research

The flow bench is a device that measures, and records the airflow at a particular pressure which simulates the downwards motion of the piston. It tells the user the airflow rate in cubic feet per minute (cfm), and can be used to help locate problem areas where the flow of air is stagnant, or where the turbulence of the charge may be effected (Baechtel, 2015).  The ports inside the cylinder head have an effect the airflow that can be produced. Some different shapes of ports perform better (Gilles, 2010), and the flow bench machine can be used to measure the airflow and therefore help an engineer alter the port to improve the airflow. The porting of the cylinder heads means that the engine can produce more horsepower and increase the torque the engine can produce (Vizard, 2012). 
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Before the testing of the intake and exhaust valves can be started, measurements need to be taken for the valve head diameter and valve stem diameter. Then these measurements need to be converted into inches, and then effective valve area can be calculated, which is used later. 

After the measurements have been taken for both cylinder heads, the first cylinder head, either the Ford or the Rover, needs to be placed in the flow bench machine. When placing the cylinder head in the flow bench machine, bluetac is needed to place under the cylinder head so that there is as little leakage as possible, otherwise all the results would have to be corrected for the leakage after the testing had been completed. The cylinder head is secured to the machine with g clamps so that it does not move under testing. Once the cylinder head is secured in place, the dtis used to measure the change in valve lift, need to be secured to the cylinder head. The use of g clamps is needed again to secure them in place. 

Before testing the intake ports for the varying flowscales at changing valve lifts, the machine needs to be tested for leakage. Once this has been completed, the testing can be started. By using a spanner, the bolt directly above the intake valve needs to be turned so the dti reads the desired valve lift needed for the test. After doing this with both dtis, the flow bench machine is turned on and used with 25inches of H2O being used as the test pressure, which is controlled by the intake knob. Once the pressure has reached 25inches of H2O, the flowscale percentage needs to be noted and written down, along with the flow range used with that test. Now the valve lift is changed for the second test, and the test is then performed in the same way. However, the flow range needs to be changed when the flowscale for a specific valve lift goes passed 100%. The intake valve is then tested another six times with differing valve lifts, with the flowscale for each one being written down. 

Now the dtis need to be removed and the cylinder head needs to be repositioned so that the exhaust ports can be tested. Once the dtis are secured back onto the cylinder head, the machine needs to be tested for leakage, as done in the first test. Now the test is performed in the same way for the intake valve, the only difference being that a different knob is used to control the test pressure. 

Once the testing for the exhaust ports on that cylinder head is complete, all the apparatus needs to be removed from the flow bench test machine, and the other cylinder head needs to be placed and secured ready for testing. The tests are carried out in the same way as the first cylinder head was. The valve lifts needed for the individual tests can be seen below:

	Valve Lift/Diameter (L/D)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.35
	0.4

	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
	7.2
	8.4
	9.6


Table 1 - The valve lifts used for testing with the Rover K Series Cylinder Head

	Valve Lift/Diameter (L/D)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.35
	0.4

	A. Intake Valve Lift (mm)
	1.502
	3
	4.5
	6
	7.51
	9.01
	10.51
	12.01

	B. Exhaust Valve Lift (mm)
	1.2
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65


Table 2 - The valve lifts used for testing with the Ford Cylinder Head
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First, the dimensions for the valve head diameter and valve stem diameter for both cylinder heads, and the converted values in inches, with the calculated effective value area, which is calculated by multiplying 0.785 by the valve head diameter in inches squared minus the valve stem diameter in inches squared. 



	
	Valve Head Diameter Dh (mm)
	Valve Stem Diameter Ds (mm)
	Valve Head Diameter Dh (in)
	Valve Stem Diameter Ds (in)
	Effective Valve Area (in^2)

	Intake
	27.7
	6.45
	1.083
	0.26
	0.87

	Exhaust
	24
	6.08
	0.94
	0.24
	0.65


Table 3 - The measured valve head and valve stem diameters with the converted dimensions and calculated effective valve area for the Rover K Series Cylinder Head







	
	Valve Head Diameter Dh (mm)
	Valve Stem Diameter Ds (mm)
	Valve Head Diameter Dh (in)
	Valve Stem Diameter Ds (in)
	Effective Valve Area (in^2)

	Intake
	30.04
	5.94
	1.185
	0.256
	1.05

	Exhaust
	24.13
	5.97
	0.85
	0.243
	0.66


Table 4 - The measured valve head and valve stem diameters with the converted dimensions and the calculated effective valve area for the Ford Cylinder Head


Before the results of the tests can be looked at, the values for the different flow ranges needs to be known:

	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
	314.92
	465.552
	603.352


Table 5 - The values for the differing flow ranges on the flow bench test machine
Now the results of the tests for the two cylinder heads:

	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
	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*E)
	32.7063
	63.1722
	90.13604
	110.527472
	124.269524
	132.9876
	133.30772
	137.70248

	8. Leakage (Flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	32.7063
	63.1722
	90.13604
	110.527472
	124.269524
	132.9876
	133.30772
	137.70248

	10. Test cfm/sqin (9/Effective Area)
	37.59344828
	72.61172414
	103.6046437
	127.0430713
	142.8385333
	152.8593103
	153.2272644
	158.2787126

	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)
	1.485907046
	1.535131589
	1.576935216
	1.584078195
	1.567931211
	1.556612122
	1.50962822
	1.565565902


Table 6 - The results of the testing on the Intake port of the Rover K Series Cylinder Head
	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
	7.2
	8.4
	9.6

	4. Flow Range
	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
	39.8931
	58.20248
	69.21376
	75.50592
	90.63
	97.785
	103.35

	8. Leakage (Flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	20.67
	39.8931
	58.20248
	69.21376
	75.50592
	90.63
	97.785
	103.35

	10. Test cfm/sqin (9/Effective Area)
	31.8
	61.374
	89.54227692
	106.4827077
	116.1629538
	139.4307692
	150.4384615
	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)
	1.256916996
	1.297547569
	1.362896148
	1.32771456
	1.275114751
	1.419865267
	1.48215233
	1.572700297


Table 7 - The results of the testing for the exhaust port on the Rover K Series Cylinder Head

	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)
	1.502
	3
	4.5
	6
	7.51
	9.01
	10.51
	12.01

	4. Flow Range
	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)
	40.1037
	83.782188
	119.68884
	140.3758
	140.63232
	142.09724
	143.56216
	145.02708

	8. Leakage (Flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	40.1037
	83.782188
	119.68884
	140.3758
	140.63232
	142.09724
	143.56216
	145.02708

	10. Test cfm/sqin (9/Effective Area)
	38.194
	79.79256
	113.9893714
	133.6912381
	133.9355429
	135.3307048
	136.7258667
	138.1210286

	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)
	1.509644269
	1.6869463
	1.734998043
	1.666973044
	1.470203544
	1.378113083
	1.347052874
	1.366182281


Table 8 - The results of the testing for the intake port of the Ford Cylinder Head

	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
	2.41
	3.61
	4.82
	6.03
	7.23
	8.44
	9.65

	4. Flow Range
	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)
	0.66
	0.605
	0.845
	0.53
	0.57
	0.605
	0.625
	0.645

	7. Raw Test Flow cfm (6*F)
	27.2844
	47.58446
	66.46094
	84.27
	90.63
	96.195
	99.375
	102.555

	8. Leakage (Flowscale % when valves are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	9. Test cfm (7-8)
	27.2844
	47.58446
	66.46094
	84.27
	90.63
	96.195
	99.375
	102.555

	10. Test cfm/sqin (9/Effective Area)
	41.34
	72.09766667
	100.6983939
	127.6818182
	137.3181818
	145.75
	150.5681818
	155.3863636

	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)
	1.633992095
	1.524263566
	1.53270006
	1.592042621
	1.507334597
	1.484215886
	1.483430363
	1.536957108


Table 9 - The results of the testing for the exhaust port for the Ford Cylinder Head
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To see the correlation between valve lift and flow rate, the data needs to be plotted on a graph. 


Figure 1 - A graph showing the relationship between valve lift and test cfm for the intake port of the ford cylinder head


Figure 2 - A graph showing the relationship between valve lift and cfm for the exhaust port of the ford cylinder head





Figure 3 - A graph showing the relationship between valve lift and cfm for the intake port of the rover cylinder head



Figure 4 - A graph showing the relationship between the valve lift and cfm for the exhaust port of the rover cylinder head





Figure 5 - A graph showing the comparison between the valve lifts and the cfm for the intake ports of both the ford and the rover cylinder heads


Figure 6 - A graph showing the comparison between the valve lifts and cfm for the exhaust ports of both the ford and the rover cylinder heads




Looking through figures 1 to 4, in all cases there is a positive correlation between valve lift and test cfm produced. However, there is a drop off where the rate of increase in cfm slows down in all the figures. Especially when looking at figures 5 and 6, where the difference between the two cylinder heads can be seen easily. With both the intake and exhaust valves for the Ford cylinder head, there is a steep increase at first for the cfm, but then the increase drastically decreases, whereas for both the intake and exhaust valves of the rover cylinder head, the increase in cfm is more gradual and the drop off is not as drastic. 

Looking at the graphs, each one has point at which the flow rate decreases, which can be seen in the tables below:

	Ford 1.6
	Flow Rate Drop Off (mm)
	L/D Value

	Intake
	7.51
	0.25

	Exhaust
	6.03
	0.25


Table 10 - The valve lift where the flow rate starts to drop off

	Rover K Series 1.8
	Flow Rate Drop Off (mm)
	L/D Value

	Intake
	9.69
	0.35

	Exhaust
	4.8
	0.2


Table 11 -  The valve lift where the flow rate starts to drop off

After looking at valve lift against cfm, the graphs of valve lift against cfm/sqin need to be investigated:


Figure 7 - A graph showing the relationship between valve lift and cfm/sqin for the intake port of the ford cylinder head


Figure 8 - A graph showing the relationship between valve lift and cfm/sqin for the exhaust port of the ford cylinder head




Figure 9 - A graph showing the relationship between valve lift and cfm/sqin for the intake port of the rover k series cylinder head





Figure 10 - A graph showing the relationship between valve lift and cfm/sqin for the exhaust port of the rover k series cylinder head

Using the graphs in figures 7 to 10, the tuning potential can be calculated. To do this, the point on the graphs where the rate of cfm/sqin starts to decrease, but it has to be the point at which thee cfm/sqin starts to decrease, not where it decreases the most. Once this area has been identified, the valve lift where it occurs needs to be noted and the L/D value for that valve lift also needs to be written down. Once this value is known for both cylinder heads, the flow rate at the L/D value needs to be found, by using page 31 from SF-110 Flowbench Operator’s Manual. However, these values need to be converted from lps/sq.cm to cfm/sq.in. Now this has been done, the tuning potential can be calculated; the difference between the maximum potential and the measured flow rate.



	Tuning Potential

	Ford
	Flow Rate Drop Off Point (mm)
	Corresponding L/D Value
	Potential (lps/sq.cm)
	Converted Potential (cfm/sqin)
	Tuning Potential

	Intake
	6
	0.2
	5.71
	78.056649
	55.643351

	Exhaust
	6.03
	0.25
	6.48
	88.58267698
	48.71732302


Table 12 - The tuning potential for the intake and exhaust ports of the ford cylinder head




	Tuning Potential

	Rover
	Flow Rate Drop Off Point (mm)
	Corresponding L/D Value
	Potential (lps/sq.cm)
	Converted Potential (cfm/sqin)
	Tuning Potential

	Intake
	9.69
	0.35
	7.22
	98.69859986
	54.52866444

	Exhaust
	4.8
	0.2
	5.71
	78.056649
	28.4260587


Table 13 - The tuning potential of the intake and exhaust ports of the rover cylinder head
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After analysing all the data, the ford cylinder head produced the better tuning potential when compared to the rover, and overall the investigation went well. However, there are improvements that could be made if the investigation was to be repeated:

· The flow bench test machine used to carry out the tests for the investigation needs to have been better maintained and look after a while carrying out the test, the machine would easily overheat and then the test would have to be stopped so that the machine could cool down and be able to be used again. 
· Also when carrying out the tests, the person in charge of writing down all the data needs to be the same all the way through, as when carrying out the test, if the scribe changes, the new person may not know what data needs to be written down which could mean that the data gathered in the second half of the test may be wrong. 
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Test cfm Against Valve Lift For The Intake On The Rover K Series 1.8

Test cfm	1.39	2.77	4.159999999999997	5.54	6.93	8.31	9.69	11.08	32.7063	63.1722	90.13603999999998	110.527472	124.269524	132.9876	133.30772	137.70248	Valve Lift (mm)


Test cfm



Test cfm Against Valve Lift For The Exhaust On The Rover K Series 1.8

Test cfm	1.2	2.4	3.6	4.8	6.0	7.2	8.4	9.6	20.67	39.8931	58.20248	69.21376	75.50592	90.63	97.785	103.35	Valve Lift (mm)


Test cfm



Comparison Between The Valve Lifts and Test cfm For The Intake on The Ford and Rover Cylinder Head

Test cfm	1.39	2.77	4.159999999999997	5.54	6.93	8.31	9.69	11.08	40.1	83.78	120.0	140.4	140.6	142.0	143.6	145.0	1.39	2.77	4.159999999999997	5.54	6.93	8.31	9.69	11.08	32.7063	63.1722	90.13603999999998	110.527472	124.269524	132.9876	133.30772	137.70248	Valve Lift (mm)


Test cfm



Comparison Between The Valve Lifts and The cfm For The Exhaust on the Ford and Rover Cylinder Head

Test cfm	1.2	2.4	3.6	4.8	6.0	7.2	8.4	9.6	27.28	47.58	66.5	84.27	90.63	96.2	99.38	102.6	1.2	2.4	3.6	4.8	6.0	7.2	8.4	9.6	20.67	39.8931	58.20248	69.21376	75.50592	90.63	97.785	103.35	Valve Lift (mm)


Test cfm



Test cfm/sqin Against Valve Lift For The Ford 1.6 Cylinder Head Intake

Test cfm/sqin	1.502	3.0	4.5	6.0	7.51	9.01	10.51	12.01	38.19	79.79	114.0	133.7	133.9	135.0	136.7	138.1	Valve Lift (mm)


Test cfm/sqin



Test cfm/sqin Against Valve Lift For The Ford 1.6 Cylinder Head Exhaust

Test cfm/sqin	1.28	2.41	3.61	4.819999999999998	6.03	7.23	8.44	9.65	41.34	72.1	101.0	127.7	137.3	146.0	150.6	155.4	Valve Lift (mm)


Test cfm/sqin



Test cfm/sqin Against Valve Lift For The Rover K Series Cylinder Head Intake

Test cfm/sqin	1.39	2.77	4.159999999999997	5.54	6.93	8.31	9.69	11.08	37.59344828	72.61172414	103.6046437	127.0430713	142.8385333	152.8593103	153.2272644	158.2787126	Valve Lift (mm)


Test cfm/sqin



Test cfm/sqin Against Valve Lift For The Rover K Series Cylinder Head Exhaust

Test cfm/sqin	1.2	2.4	3.6	4.8	6.0	7.2	8.4	9.6	31.8	61.374	89.54227692	106.4827077	116.1629538	139.4307692	150.4384615	159.0	Valve Lift (mm)


Test cfm/sqin



Test cfm Against Valve Lift For The Intake On The Ford 1.6

Test cfm	1.502	3.0	4.5	6.0	7.51	9.01	10.51	12.01	40.1	83.78	120.0	140.4	140.6	142.0	143.6	145.0	Valve Lift (mm)


Test cfm



Test cfm Against Valve Lift For The Exhaust On The Ford 1.6

Test cfm	1.2	2.41	3.61	4.819999999999998	6.03	7.23	8.44	9.65	27.28	47.58	66.5	84.27	90.63	96.2	99.38	102.6	Valve Lift (mm)


Test cfm
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