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Introduction
The purpose of this report is analysing the results gathered from a flow bench test, taken place on the Rover K series and  Ford 1.6 cylinder heads. The test will take place on both inlet and exhaust ports of said cylinder heads. By using a flow bench, measured flow can be attained, and then it can be compared to a potential flow. By plotting the results into a spread sheet, a comparison will be made of the Cubic feet/ minute(CFM) of air vs Valve lift, and also the tuning potential. This will be done for both cylinder heads, of both the inlet and the exhaust valve. 
Once these calculations have been made, a comparison of both cylinder heads will be achievable. This will compare the relative flow of both the cylinder heads. By doing this test, a technician has the ability to find out the efficiency of the cylinder head, and if there’s room for improvement. Also potential recommendations will be made to possibly increase the affective flow. 
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Gathering data using Super Flow SF-300/600FC Flow Bench
In this report, the SF-300/600FC Flowbench was used in order to discover the relevant flow of the intake and exhaust ports. As explained in the SF-300/600FC User manual “In it’s simplest form, flow testing consists of blowing or sucking air through a cylinder head at a constant pressure. Then the flow rate is measured at various valve lifts”. The various valve lifts were altered during the testing to gather a range of data throughout a valves opening and closing cycle.
[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.0-12/16467321_1562058540474293_790087823_n.jpg?oh=4c76bff20723a610549e7caa1bf909d4&oe=58963DEB]
Before testing starts, the cylinder adapter must be attached to the Flowbench. Then the Cylinder head is attached to the cylinder adapter. 
As shown to the left in Figure 1, the cylinder adapter plate is secured via bolts to the Flowbench, and the cylinder head is then positioned on the adapter plate, and clamped into place. It is positioned in such a way the cylinder adapter lines up with valves. When securing the adapter plate and cylinder head, malleable putty is used on the mating surfaces. This is used to make sure there is minimal leakage between the flat mating surfaces. 
 When testing starts, the dial indicator needs to read zero with the valves closed (SF-300/600FC User manual) to ensure that all results are attained from the same starting point, this is for greater validity of results. With the intake and exhaust valves closed, at this point a leakage test can be undertaken. By setting the Flowbench to Range 1, and using the intended test pressure (25psi) the flow meter will reveal the leakage in CFM (cubic feet/minute). In both cylinder head test sessions the leakage achieved was 0%. Figure 1: The Cylinder head and adapter fixed to the Flowbench
Source – Thomas 2017



Altering the cylinder head to achieve Valve lift Variations
[image: https://scontent-lht6-1.xx.fbcdn.net/v/t34.0-12/16443603_1562058567140957_1756482364_n.jpg?oh=9ceb899d92881c30b3e9909753bc16c7&oe=5896292E]To alter the valve lift for experiment, another plate in mounted on top of the cylinder head. This plate has 2 bolts located directly above the intake/exhaust valves. When turned clockwise into the plate, they alter the valves by pushing down on them. This is interpreted as the valve lift. The valve lift is altered in calculated intervals, and measured accurately by using DTI gauges as shown in Figure 2 below.
When altering the valves, the amount of pressure output from the machine will increase. This means the pressure within the cylinder will drop. Because of this, the Flowbench has different flow ranges, which alter the amount airflow in order to achieve the desired cylinder pressure. For example, when first opening the exhaust valve, the Flow range will be a lower Flow Range than when the valve is almost fully lifted. When testing both cylinder heads, the required test pressure was 25psi, and various Flow Ranges were used to secure the right cylinder pressure throughout the tests. 

Figure 2: The Valve Alteration Plate and DTI gauges
Source – Thomas 2017








Calculating Valve lift intervals
To calculate the Valve Lift Diameter, the diameter of the intake/exhaust valves needed to be measured. This was done by using a Vernier Caliper. The Valve head, and also the stem diameters needed to be measured, and are as follows: 
Ford 1.6 Valve Measurements (Figure 3)
	
	Valve head diameter, DH (mm)
	Valve stem Diameter, Ds (mm)
	Valve head Diameter, DH(inches)
	Valve stem Diameter, Ds (inches)
	Effective Valve area (inches):)


	Intake 
	30
	6
	1.181
	0.24
	1.05

	Exhuast
	24
	6
	0.95
	0.24
	0.66



Rover K Series Valve Measurements (Figure 4))
	
	Valve head diameter, DH (mm)
	Valve stem Diameter, Ds (mm)
	Valve head Diameter ,DH (inches)
	Valve stem Diameter, Ds (inches)
	Effective Valve area (inches):)


	Intake
	27.67
	6
	1.05
	0.24
	0.8202465

	Exhuast
	24.14
	6
	0.95
	0.24
	0.6632465



Figure 3 and Figure 4 are tables that represent the measurements  of the valves using a Vernier Caliper. Both the intake and exhaust valve on both the Ford and the Rover cylinder heads are represented in the respective figures. The Effective Valve Area will be used later on in the report to calculated the Measured CFM/sqin.
Valve lift Diameter intervals are calculated as follows:



The Length changes in increments of 0.05, and each result corresponds to the valve lift diameter at that length. It is these increments which are used to alter the valves in the Flowbench testing. The results of these calculations follow as Figure 5 & Figure 6


          

Figure 5 : Table showing Calculated Valve Lift Intervals for the Ford 1.6 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)
	1.5
	3
	4.5
	6
	7.5
	9
	10.5
	12

	B. Exhaust Valve Lift (mm)
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6



Figure 6 : Table showing Calculated Valve Lift Intervals for 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)
	1.38
	2.77
	4.15
	5.53
	6.92
	8.3
	9.68
	11.1

	B. Exhaust Valve Lift (mm)
	1.21
	2.41
	3.62
	4.83
	6.03
	7.24
	8.45
	9.67



In Figures 5 & 6 It can be seen that the Intake valve intervals are close, with each increment they are within 0.5mm of each other. The difference between the two intake valves is 2.23mm. This equates to almost 0.5mm difference in valve lift between the two heads, it could be said the Ford needs a greater lift to overcome the area of the valve head diameter.
Although closer than the Intake valve increments are the exhaust valve increments.  When looking at Figure 3 and Figure 4, the measurements on the exhaust valve head diameters have a 0.14mm difference. This is a very minute difference between the two valves. The Rover valves have a larger diameter. This could be due to the valves belonging to an engine that has operating for longer. Leaving carbon deposits on the valve increasing diameter.
The valve lift increments in Figure 5 & 6 are used in the collection of the Flow data in the later part of this report.






Rover K Series Intake Flow Data
Below in Figure 7, a table shows the data gathered during the Flowbench testing of the Intake port of the Rover K Series cylinder head. When testing the cylinder head, the results of the test were plotted into this table, to be turned into a graphical form. The data explanation follows on page 10
	Test Number
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure (Psi)
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift (A)
	1.38
	2.77
	4.15
	5.53
	6.92
	8.3
	9.68
	11.1

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

	Flowscale %
	87
	43
	61
	72
	40
	41
	42
	42

	Flowscale 
	0.87
	0.43
	0.61
	0.72
	0.4
	0.41
	0.42
	0.42

	Raw Test Flow CFM (Flowscalex E)
	30.4326
	63.53852
	90.13604
	106.39008
	117.1936
	120.12344
	123.05328
	123.05328

	Leakage (Flowscale % when valve are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM 
	30.4326
	63.53852
	90.13604
	106.39008
	117.1936
	120.12344
	123.05328
	123.05328

	Test CFM/sqin (Test CFM/Effective Area)
	18.5564634
	38.743
	54.961
	64.872
	71.4595122
	73.246
	75.0324878
	75.0324878

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	Potential Flow %
	0.73345705
	0.8190909
	0.8365449
	0.80887781
	0.78440738
	0.74588595
	0.73923633
	0.74216111










Rover K Series Exhaust Flow Data
Below in Figure 8, a table shows the data gathered during the Flowbench testing of the Exhaust port of the Rover K Series cylinder head. When testing the cylinder head, the results of the test were plotted into this table, to be turned into a graphical form. The data explanation follows on page 10

	Test Number
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure (Psi)
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift (B)
	1.21
	2.14
	3.62
	4.83
	6.03
	7.24
	8.45
	9.67

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

	Flowscale %
	39
	54
	74
	46
	52
	55
	29
	31

	Flowscale (5/100)
	0.39
	0.54
	0.74
	0.46
	0.52
	0.55
	0.29
	0.31

	Raw Test Flow CFM (6 x F)
	16.1226
	42.47208
	58.20248
	73.14
	82.68
	87.45
	91.2978
	97.5942

	Leakage (Flowscale % when valve are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM (7-8)
	16.1226
	42.47208
	58.20248
	73.14
	82.68
	87.45
	91.2978
	97.5942

	Test CFM/sqin
	9.83085366
	25.8976098
	35.4893171
	44.597561
	50.4146341
	53.3231707
	55.6693902
	59.5086585

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	Potntial Flow %
	0.38857129
	0.54751818
	0.54017225
	0.55607931
	0.55339884
	0.54300581
	0.5484669
	0.58861185








Analysis of Rover K Series Intake measured data
In Figure 8 It can be seen that as valve lift increases the Cubic Flow per minute/ square inches (CFM/sqin) also increases. When looking at the graph the peak flow starts to level out at the 5th increment of valve lift (6.92mm). ”At high speed cylinder filling can be compromised by high gas velocities and breathing limitations” this means “fixed size and lift are only optimum at one engine speed”-Manning 2012. To expand on what manning said, the intake flow may peak and level off, because the optimum breathing of the valves may have been reached. This can be due to the engine speed in which the valves operate best at, or at least start to peak is at 6.92mm of valve lift.Figure 9: Graph that represents the amount of Intake flow with varying valve lift..

 Analysis of Rover K series Exhaust measured data
When comparing the slope of the exhaust flow of the K Series to the intake. There isn’t a point where the exhaust drops off or levels. This means affective expulsion of the exhaust gases occurs all throughout the valve lift range.Figure 10: Graph that represents the amount of Exhaust flow with varying valve lift.


Analysis of K Series Measured Flow Data vs Potential Flow
Figure 11: Graph that represents the amount of Intake flow with varying valve lift of measured flow vs Potential Flow

	Measured Flow
	18.5564634
	38.743
	54.961
	64.872
	71.4595122
	73.246
	75.0324878
	75.0324878

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1


 Figure 12: Table containing data from measured Intake flow and potential flow


When analysing Figure 10 & 11 it’s clear that the Potential flow is far higher than the measured flow. As airflow passes through the intake on the induction phase, there are pressure loses as the charge passes through each of the engines components, such as the throttle body and manifold  as mentioned by Heywood (1988).  Heywood (1988) Also mentions “There is an additional pressure drop across the intake port and valve”. When calculating the forces for the potential flow, such pressure loses aren’t calculated. 
The potential flow is calculated assuming that the flow is optimal at each of the valve lift intervals. Another loss of pressure which isn’t accounted for is the possible backflow of gases during the 4-sroke cycle. When the pressure in a cylinder equalises due to valve overlap , “Backflow of exhausted gas into the cylinder and of cylinder gases into the intake will usually occur”-Heywood (1988). This back flow of gas also lowers the pressure, but at high engine speed, valve overlap helps improve volumetric efficiency by opening the valves for longer. These facts could explain why the initial measured flow slope isn’t as steep as the potential, but they level off in the same fashion.


Figure 13: Graph that represents the amount of exhaust flow with varying valve lift of measured flow vs Potential Flow

	Test CFM/sqin
	9.830853659
	25.89760976
	35.48931707
	44.59756098
	50.41463415
	53.32317073
	55.66939024
	59.50865854

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1


Figure 14: Table containing data from measured Exhaust flow and potential flow


Looking at Figure 12, when comparing both data series it can be seen that Potential flow has a smoother flow, and also has a greater CFM/sqin than the measured flow. It’s also Worthing noting that the Exhaust flow isn’t as smooth as the intake flow (Figure 10).  Even the potential flow doesn’t follow a clean curvature. This could be due to the contamination on the exhaust valves. Also the flow of the exhaust gases may be hindered by the reduction in size of the exhaust valves.






Ford 1.6 intake flow data
Below in Figure 13 & 14, tables show the data gathered during the Flowbench testing of the Intake and exhaust  ports of the Ford 1.6 cylinder head. When testing the cylinder head, the results of the test were plotted into these tables, to be turned into a graphical form. The data explanation follows on page 14
	Test Number
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure (Psi)
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift (B)
	1.2
	2.4
	3.6
	4.8
	6
	7.2
	8.4
	9.6

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

	Flowscale %
	50
	55
	76.8
	97
	60
	61
	61.5
	61.5

	Flowscale (5/100)
	0.5
	0.55
	0.768
	0.97
	0.6
	0.61
	0.615
	0.615

	Raw Test Flow CFM (6.x.E.)
	17.49
	39.039
	54.51264
	68.8506
	88.6584
	90.13604
	90.87486
	90.87486

	Leakage (Flowscale % when valve are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM (7-8)
	17.49
	39.039
	54.51264
	68.8506
	88.6584
	90.13604
	90.87486
	90.87486

	Test CFM/sqin (9./Effective Area)
	10.6646341
	23.8042683
	33.2394146
	41.9820732
	54.06
	54.961
	55.4115
	55.4115

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	Potential Flow %
	0.42152704
	0.50326149
	0.50592716
	0.52346725
	0.59341383
	0.55968432
	0.54592611
	0.54808605


Figure 15: Table containing data from measured Intake flow and potential flow

	Test Number
	1
	2
	3
	4
	5
	6
	7
	8

	Test Pressure (Psi)
	25
	25
	25
	25
	25
	25
	25
	25

	Valve Lift (B)
	1.5
	3
	4.5
	6
	7.5
	9
	10.5
	12

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

	Flowscale %
	50
	55
	76.8
	97
	60
	61
	61.5
	61.5

	Flowscale (5/100)
	0.5
	0.55
	0.768
	0.97
	0.6
	0.61
	0.615
	0.615

	Raw Test Flow CFM (6.x.E.)
	20.67
	43.2586
	60.40474
	76.29244
	95.4
	96.99
	97.785
	97.785

	Leakage (Flowscale % when valve are shut)
	0
	0
	0
	0
	0
	0
	0
	0

	Test CFM (7-8)
	20.67
	43.2586
	60.40474
	76.29244
	95.4
	96.99
	97.785
	97.785

	Test CFM/sqin (9./Effective Area)
	12.60366
	26.3772
	36.83216
	46.51978
	58.17073
	59.14024
	59.625
	59.625

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1

	Potential Flow %
	0.498168
	0.557657
	0.560611
	0.580047
	0.638537
	0.602243
	0.587438
	0.589763


Ford 1.6 Exhaust Flow dataFigure 16: Table containing data from measured Exhaust flow and potential flow


Analysis of Ford 1.6 Intake measured data
Figure 17: Graph that represents Intake flow at varying valve lifts


Figure 18: Graph that represents Exhaust flow at varying valve lifts


When Analysing both the intake and exhaust  flow on the Ford 1.6, it’s more evident that this engine may be tuned to a specific engine speed B(Heywood 1988). It can be seen that the Flow rate is very similar around 60 CFM/sqin. This means that the engine will be efficient in expelling the gas in the exhaust phase, because the CFM/sqin in greater in the exhaust port

Analysis of Ford 1.6 Measured flow data vs Potential flow
.Figure 19: Graph that represents measured flow vs potential flow


	Test CFM/sqin (9./Effective Area)
	10.6646341
	23.8042683
	33.2394146
	41.9820732
	54.06
	54.961
	55.4115
	55.4115

	Potential Flow
	25.3
	47.3
	65.7
	80.2
	91.1
	98.2
	101.5
	101.1


Figure 20: Table containing data obtained from measured flow and potential flow


The amount of air that a cylinder can occupy depends on how efficiently the air can fill the cylinder. “The downward motion of the piston in the cylinder creates a depression in the the air/fuel charge to enter the cylinder” - Manning 2012. It seems with the Ford 1.6, it’s peak flow is 54.961Cfm/sqin at 7.2mm of valve lift. Unlike with the Rover K series, the flow actually drops slightly past this peak point. With the K Series the flow peaked, but slightly increased. When the Ford 1.6 foregoes its peak, it may not be able to fill he cylinder efficiently.






Tuning Potential
The tuning potential of a vehicle, is the difference between the maximum measured cfm/sqin and the maximum flow potential.  This is the difference in CFM/sqin, which is the value which the current cylinder head can be improved by.Figure 21:Table containing maximum flow, and maximum potential. Also the Tuning Potential

Figure 22: Table containing maximum flow, and maximum potential. Also the Tuning Potential

	Intake
	

	Max Measured CFM/sqin
	55.4115

	Max Potential
	101.5

	Tuning Potential
	46.0885

	
	

	Exhaust
	

	Max Measured CFM/sqin
	59.1402

	Max Potential
	98.2

	Tuning Potential
	39.0598



Recommendations for increased flow
There are various ways in which the flow could be increased. For instance air charging with the likes of a super charger or a turbo charger could be used. This is a process where air is forced through intake, and as engine speed increases the air boost increases. This is a very invasive method and could also be expensive, due to the price of forging to deal with the increased boost. Another option could also to introduce variable valve timing. Manning (2012) suggests that by introducing variable valve timing, will increase the flow of gas throughout the whole operating range of the valves and could be great improvement on the current system. But much like air charging this is a very extreme method of improving the engine, and would mean that the engine internals, (Connecting rods/pistons) and operation would need to be altered. 
A relatively low cost method of increasing the flow could be by simply having the ports and valves polished. The metal of the ports and valves isn’t perfectly smooth, which means that as gas passes them, they create drag and natural turbulence. By polishing the valves and ports, the metallic surfaced is smooth making the drag less, and increasing the flow.
 A more costly improvement to directly affect the flow is to increase the flow. A variable geometry intake manifold could be used. By using telescoping branches which increase and decrease in length, the inlet manifold can be altered. The pipe length variation gives the vehicles the ability to change the amount of plenum volume it consumes. Also, a butterfly valve could be placed in the inlet which will prove the flow with a shorter distance to the cylinder head. This means that during the cycle of the engine, the engine will be able to alter the geometry of the intake thus altering the air flow. With the use of a Ram air type system, this will increase the flow of the engine, without directly changing any of the internal components.
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