


Abstract

The following report is based on a flowbench test carried out on two identical cylinder heads, with one being ported and polished to improve air flow through the ports, it was shown that polishing and porting of the modified cylinder head improved the flow. Included in the report are the equations and further calculations that were required to retrieve the volumetric flow rate, flow velocity and co-efficient of discharge, including supporting graphs that aids in displaying a comparison of both cylinder heads. Research was made into the design and operation of manifolds including the various induction systems available for different fuel injection systems. 
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2. Introduction

The following report was produced based on the results received during testing of two identical cylinder heads on the flowbench at the university, one being completely standard and the other being modified to improve the flow characteristics as the air enters and leaves the cylinder head. From the results received during testing, calculations are to be made to retrieve the volumetric flow rate, flow velocity and co-efficient of discharge. Six graphs are to be produced from these results by using Microsoft Excel, each graph produced contains both results from both heads to aid in the comparison including explanations of the why the results found for the standard cylinder head are not the same as the modified cylinder head.
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3. Literature Review and Research

Volumetric efficiency – Volumetric efficiency is the parameter that’s used to measure how effective the engines induction system is, as expressed by (Heywood, 1988). As an engine produces power the flow of air mass increases into the cylinders which increases the volumetric efficiency as stated by (Manning, 2012). 
Manifold design and operation – The inlet manifolds on petrol engines use a throttle valve to control the amount of air flowing into the cylinders. The throttle valve is controlled by the driver by applying the throttle pedal which opens the throttle valve with the use of a throttle cable or electronically controlled, the more air mass that’s allowed to flow into the cylinders results in an increase in engine output power, as confirmed by (Hillier, 2014) and further verified by (Manning, 2012).
Manifolds with sharps bends in them are more likely to decrease the volumetric efficiency, and long streamlined manifolds are more likely to improve the volumetric efficiency, as confirmed by (Manning, 2012). This information was confirmed by (Hillier, 2014) who quoted “To obtain the best flow of gas into the cylinder, the pipe should be of a large diameter and all bends should be gentle”.
The Inlet manifold design was described as complex by both (Manning, 2012) and (Hillier, 2014). Bends can be added to the manifold where change in direction happens, these bends create a turbulence which assists in keeping the fuel in suspension in the air, as confirmed by (Hillier, 2014). A short manifold would be more suitable for a vehicle that aims for higher fuel consumption and smoothness of the drive over the performance as described by (Hillier, 2014). 
Carburettors – The induction system used for carburettors can be a side-draft carburettor which is mounted onto the side of the inlet manifold and it has a horizontal airflow. The other can be a down-draft carburettor which is mounted to the top of the inlet manifold and uses vertical airflow, confirmed by (Manning, 2012). The air enters the air filter and is drawn into the manifold as the throttle valve opens, the fuel is then dripped into the manifold and combines with the air creating an air and fuel mixture as it enters the cylinder. This means that all the cylinders are receiving an equal amount of air/fuel as it mixes in the manifold and then into the cylinders as displayed by (Manning, 2012) and confirmed by (Hillier, 2014).
Single point injection – The single point injection system replaced the carburettor by using an electronically controlled low pressure fuel injector. The air filter can be found mounted on top of the injector which is situated in the intake manifold before or after the throttle valve, the fuel is sprayed into the inlet manifold mixing with the air and into the cylinder, as displayed and confirmed by (Manning, 2012) and (Hillier, 2014). The single point provides better atomisation of the fuel compared to the carburettors due to the low pressurised injector providing pressurised fuel.
Multipoint injection – A low pressure fuel injector supplies fuel to each cylinder; the injectors can be fitted before or after the intake valves. The air filter is fitted within an airbox which is mounted in the engine bay beside the engine usually, the air is drawn in through an air mass or air volumetric meter as the throttle body opens and then flows through the inlet manifold and into the cylinder as the intake valves open. This is a far more superior system as the air mass is monitored which allows the control over the emissions, air/fuel ratio, efficiency and performance, as illustrated by (Manning, 2012).
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4. Methodology

4.1. Setting up the flow bench.
A flow bench can be used to test the flow properties of all components where gas flows through them. It was first required to make two sealing rings from blue tack to provide a seal to prevent any air leaks to perform a successful test, the blue tack was placed at both ends of the pre-supplied chamber block which was made from glass.
[image: ]The chamber block was mounted onto the flow bench using four bolts ensuring that the blue tack has provided a good seal. The cylinder head was then clamped to the chamber block again ensuring that there is a good seal produced between the head and block. A steel plate was bolted to the top of the cylinder head over the valves, this plate consisted of 4 bolts at 45-degree angles through the plate that would be wound in and out to open and close the valves during testing. Two DTI gauges were placed on both inlet valves to allow an accurate adjustment of the valve opening to each 1.39mm increment.	
[bookmark: _Hlk536365768]       Fig 1: Chamber block used during testing.
4.2. Testing methods used.
Now that the cylinder head was set up on the flow bench it was crucial to ensure that there is no air leaks between the cylinder head, chamber block and flow bench, this was done by turning on the air flow and increasing the amount water (H2O) up to 10”, with the valves closed the percentage of airflow should remain at 0% confirming that the system is sealed and the testing can now proceed.
The method used to perform the test was to ensure that the DTI gauges are set to zero, and then the bolts can be wound in to open both inlet valves. The airflow was turned on and the water was increased up to 10” whilst monitoring the percentage of flow to ensure that the flow doesn’t increase above 100%. As the lift ratio of the valves increased it was required to open the bungs above, these bungs covered holes to allow the airflow to be increased by releasing pressure from the flow bench, and from the results recorded it was possible to use the chart provided to determine the amount of air flow in cubic feet per minute at every increment.
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5. Results

5.1. Cylinder Head intake airflow results.
Standard Cylinder Head (Intake)
Lift Ratio
Lift (mm)
Airflow Meter (%)
Bungs Open
Airflow Velocity (cf/m)
Volumetric Flow Rate (m3/sec)
Temp (oC)
0.05
1.39
70
1,2
20.5
0.009675
38
0.1
2.78
66
1,2,3
39
0.018406
38
0,15
4.17
90
1,2,3
53
0.025013
40
0.2
5.56
76
1,3,4
63.5
0.029969
40
0.25
6.95
84
1,3,4
70.5
0.033272
40
0.3
8.34
72
1,2,3,4
75.5
0.035632
40
0.35
9.73
74
1,2,3,4
78
0.036812
40
0.4
11.12
76
1,2,3,4
80
0.037756
40
[bookmark: _Hlk536365810] Fig 2: Table displaying standard head inlet flow results











Modified Cylinder Head (Intake)
Lift Ratio
Lift (mm)
Airflow Meter (%)
Bungs Open
Airflow Velocity (cf/m)
Volumetric Flow Rate (m3/sec)
Temp (oC)
0.05
1.39
66
1,2
19
0.008967

0.1
2.78
61
1,2,3
36
0.01699

0,15
4.17
85
1,2,3
50
0.023597

0.2
5.56
75
1,3,4
63
0.029733
36
0.25
6.95
68
1,2,3,4
71.5
0.033744

0.3
8.34
76
1,2,3,4
80
0.037756

0.35
9.73
80
1,2,3,4
84
0.039644

0.4
11.12
84
1,2,3,4
88
0.041531
40
      Fig 3: Table displaying standard head exhaust flow results


[bookmark: _Hlk535958280]
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5.2. Cylinder head exhaust airflow results.
[bookmark: _Hlk532241967]Standard Cylinder Head (Exhaust)
Lift Ratio
Lift (mm)
Airflow Meter (%)
Bungs Open
Airflow Velocity (cf/m)
Volumetric Flow rate (m3/sec)
Temp (oC)
0.05
1.21
40
1,2
12
0.005663
28
0.1
2.41
83
1,2
24
0.011327
32
0,15
3.62
91
1,3
36.5
0.017226
34
0.2
4.82
79
1,2,3
47
0.022182
35
0.25
6.03
90
1,2,3
53
0.025013
37
0.3
7.23
68
1,3,4
57
0.026901
39
0.35
8.44
71
1,3,4
59.5
0.02808
39
0.4
9.64
73
1,3,4
61
0.028789
39
Fig 4: Table displaying modified head inlet flow








 
Modified Cylinder Head (Exhaust)
Lift Ratio
Lift (mm)
Airflow Meter (%)
Bungs Open
Airflow Velocity (cf/m)
Volumetric Flow Rate (m3/sec)
Temp (oC)
0.05
1.21
40
1,2
12
0.005663

0.1
2.41
83
1,2
24
0.011327

0,15
3.62
87
1,3
35
0.016518

0.2
4.82
77
1,2,3
45.5
0.021473
38
0.25
6.03
91
1,2,3
54
0.025485

0.3
7.23
72
1,3,4
60.5
0.028553

0.35
8.44
78
1,3,4
65
0.030677

0.4
9.64
84
1,3,4
70
0.033036
40
Fig 5: Table displaying modified head exhaust flow

  







5.3. Further calculations and results.
The intake valve head diameter was measured at 27.8mm, and the exhaust was measured at 24.1mm, the following equation can be used to calculate both valve head area: 
[bookmark: _Hlk536023085][bookmark: _Hlk536023181][bookmark: _Hlk536176103]A = 2. 	
A = π (13.9)2.	    	 	 Intake valve head area = 606.99mm / 0.60699m.
A = 2.	    	 Exhaust valve head area = 456.17mm / 0.45617m.
The intake and exhaust valve stem diameter were measured at 6mm, the same equation is applied to calculate the valve stem area: 
A = 2.	Valve stem area = 28.27mm / 0.02827m
The valve stem area is subtracted from the valve head area to give the overall valve area:
0.60699 - 0.02827 = 0.57872m (intake valve area)
0.45617 - 0.02827 = 0.4279m (Exhaust valve area)		
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The flow velocity is measured in metres per second and can be calculated by the following equation: 
[bookmark: _Hlk536035291]

[image: ]
Fig 6: Results calculated for the VFR and FV of both heads.
The co-efficient of discharge (Cd) will be calculated using the valve flow potential found while using 10 inches of water pressure from the Chrysler Hemi cylinder head data that was retrieved from the Superflow manual. The values were retrieved in cubic feet per minute and would be converted into metres to match the volumetric flow rate unit of metres per second. The equation for calculating the co-efficient of discharge is the volumetric flow rate divided by the valve flow potential, these calculations are required for each 0.05 of lift ratio.
Cd = 
	Lift Ratio
	Standard Cylinder Head (Intake) Cd
	Modified Cylinder Head (Intake) Cd
	Standard Cylinder Head (Exhaust) Cd
	Modified Cylinder Head (Exhaust) Cd

	0.05
	1.282
	1.1875
	0.75007
	0.75007

	0.1
	1.305
	1.204
	0.80276
	0.80276

	0.15
	1.277
	1,205
	0.87978
	0.84362

	0.2
	1.253
	1.243
	0.92695
	0.89733

	0.25
	1.224
	1.241
	0.92027
	0.93764

	0.3
	1.216
	1.288
	0.91812
	0.97451

	0.35
	1.215
	1.308
	0.92673
	1.01244

	0.4
	1.252
	1.377
	0.95486
	1.09572


[bookmark: _Hlk536366342]Fig 7: Table displaying the results calculated to be the co-efficient of discharge values for both heads.
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6. Analysis

Volumetric flow rate graphs below in figure 8.
[image: ]
Fig 8: Graph displaying a comparison of the volumetric flow rate of the standard and modified heads.
It is shown in figure 8 that the modified cylinder head provides an increase over the standard head in the volumetric flow rate as the valve opens past the lift ratio of 0.25, this is due to the modified cylinder head being ported and polished resulting in an increase of the volumetric flow rate. Porting and polishing of a cylinder head involves sanding and grinding of the inlet ports, removing casting bumps and sharp or rough edges from the casting within the port to improve the flow, please see appendix A showing the standard cylinder head ports and appendix B showing the modified cylinder head ports.
Flow velocity graphs below in figure 9.
[image: ]
Fig 9: Graphs displaying the flow velocity calculated from both heads.
It is shown in figure 9 that the modified cylinder head provides an increase over the standard head in the flow velocity as the valve opens past the lift ratio of 0.25, the graph is almost identical to the volumetric flow rate graph as the flow velocity would increase on the modified cylinder head due to there being no casting bumps, and a smoother port allowing the air flow to increase in velocity to the cylinder and an increase of the exhaust gas leaving the cylinder as the exhaust ports have also been ported and polished.Page 8

6.1.3. Co-efficient of discharge graphs found below in figure 10.
[image: ]
[bookmark: _Hlk536366234]Fig 10: Graphs displaying the co-efficient of discharge of the both intake and exhaust manifolds.
“Discharge coefficient is also known as the parameter used to quantify the breathing capacity of the engine intake system. When there is minimal difference between geometrical passage area and the effective flow area, this will improve the efficiency of the intake system. Low differences indicate low resistance, thus allow the respective engine to operate close to the desirable condition”, as quoted by (Shafie, 2006).
From the results shown in the graph and from comparisons of how the coefficient of discharge graph should look like as shown by (shafie, 2006) the modified intake valve recordings are decreasing where as the modified intake results increases, it was expected that both heads would produce a similar result but with the modified head producing a slightly higher coefficient discharge as found on the exhaust graph.
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8. Conclusion

Based on the results obtained, the conclusion of the test is that there is an increase in the volumetric flow rate, flow velocity and the co-efficient of discharge, the increase of flow happens as the valve lift ratio reaches 0.25.  The modified head has shown an increase in flow due to the smoothness of the port compared to the standard port that contains casting bumps that would decrease the flow.
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9. Evaluation

The testing went successfully, however the results could have been more reliable and accurate if we had done the test more than once. The results recorded were as expected, as it is shown that the porting and polishing a cylinder head is beneficially to increasing the flow of air into the cylinder, which in turn increases the power output potential of the engine.
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11. Appendix

A) Standard ports				         B)    Modified ports (ported and polished)
[image: ][bookmark: _GoBack]Page 13
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By using the Insert Caption option under the Reference Tab in Microsoft Word, it means you are able
to cross reference to the figure, Figure 4-1, within the main body of the report and also produced a
table of figures if required. For the label, it is acceptable to use either Figure 1 or Fig 1.

Table 4-1- Vehicle data for o selection of models (Bauer Consumer Media Limited, 2017)

Make of | Model of | Engine | 0-60mph | Combined Fuel
Ve Vehicle | size (cc) | _(secs) use (mpg)
Ford | Fiesta 1399|144 67

Peugeot | 208 1308|131 74

Renault_| Clio 161|187 62

W Polo w2 |15 83

Again, it is wise to use the Insert caption option to enable cross referencing and the production of a
table of tables. Any tables or graphs that are included within a report, most include units and
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