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[bookmark: _Toc536623955]Introduction
This report will investigate testing of a standard and a modified cylinder head using a flowbench. The results will be analysed, and a comparison will be made of the two-cylinder head systems. The report will focus on a critical comparison of inductions systems, single and multi-carburettors, single and multi-point injection systems. 
[bookmark: _Toc536623956]Induction Systems-
[bookmark: _Toc536623957]Single-Carburettor-
The carburettor was used on petrol engines predominantly until the late 1980’s. Due to advancements in technology and stricter regulations the carburettor was replaced with fuel injection. However, carburettors are still used on certain vehicles today. The carburettor takes advantage of the venturi principle, where airflow increases pressure decreases. Airflow through the carburettor determined by the throttle butterfly creates a low-pressure condition. This low pressure pulls fuel into the intake air stream where it is vaporized to create the air/fuel mixture. (Probst, n.d.) The induction system, which the single carburettor uses, is effective but also has many down falls, which have since been improved with more advanced systems. ‘Induction Robbery’ is a problem of the single-carburettor, as cylinders do not get equal distribution of new air/fuel; this is due to the design of the intake manifold with the single carburettor. The carburettor is situated in the centre of the manifold with four pipes suppling each cylinder, the outer cylinder have a greater distance from the carburettor. This means that the centre two cylinder are likely to receive more air and fuel than the outer cylinders. This has a direct impact on the smooth running of the engine, this means that from the engine’s potential energy, low power will only ever be achievable with this design. A key design aspect in making operation of the single-carburettor efficient is to have the throttle butterfly for the carburettor in line with the cylinder head to prevent starvation of a cylinder; this is because if the throttle butterfly were to be offset at an angle it would dramatically affect the consistency of air/fuel flow to each cylinder. The single-carburettor has better fuel consumption when compared to multi-carburettor system, yet the fuel consumption is of lower efficiency in comparison to single and multi-point injection system. A carburettor needs constant setting up and calibration in particular with change in temperature and altitude, whereas injection does not need any additional set up after its initial set up during manufacturing. Single-carburettor requires no electrical assistance that makes it simple and easy to implement on an engine, this is contradictory to Injection, which relies on electrical control. (Hillier, 2014) Carburettors have been developed for many decades but are still limited in their ability of fuel metering. With greater efficiency need for modern cars, including good fuel economy and low exhaust emissions, the carburettor struggles to comply with these requirements. (Probst, n.d.)
[bookmark: _Toc536623958]Multi-Carburettor-
The multi-carburettor system was developed to improve on the design of the single-carburettor. The system predominantly uses two carburettors to fuel two cylinders each using two separate manifold for each carburettor; this design produces a better volumetric efficiency than a single-carburettor. The system provides a straight air passage from the carburettor to the cylinders this prevents uneven distribution of mixture across the cylinders. However, two separate manifolds create an irregular flow of air from each carburettor, the system must run a richer fuel mixture to compensate for this. The richer fuel mixture means that the system has a larger fuel consumption that a single-carburettor system and produces higher emissions. This system also requires a balance pipe between the two carburettors to allow for a smooth idling this is achieved as the balance pipe equalises depression in each manifold. The two carburettor are very difficult to calibrate and set up, as both carburettors must be balanced to each other and same as a single-carburettor the system will have to be altered with altitude and temperature to run efficiently. Some derivatives of the system involve an individual carburettor for each cylinder; this system is temperamental and requires constant balancing to keep each carburettor equal to each other. This system was used mainly for performance applications due to its large volumetric efficiency allowing more power to be gained from the engine. (Hillier, 2014) However, this system of individual carburettors for each cylinder has been used on motorcycles for many years due to the small size and tolerances in a motorcycle engine with the capability to produce high power. 
[bookmark: _Toc536623959]Single Point-Injection-
Fuel injection works by forcing fuel into the intake air stream. Fuel injection system measures the incoming air and precisely injects the correct amount of fuel needed. Due to the fuel being delivered under pressure it can be positively controlled, this means fuel can be manipulated easier depending on the engines operating temperature and power demands. (Probst, n.d.)
Single point injection sprays fuel using a single injector into the air stream, this is done at the air side of a manifold where a carburetor is normally situated. More accurate fuel metering is achievable with this system in comparison to a carburetor system, this metering allows for improvement of fuel economy, emissions by controlling the air/fuel ratio to suit the engines operating condition. The system uses a throttle body with a venturi shape to increase air speed, this helps to atomize the fuel, this design is very similar to a carburetor. The system has introduced an ecu to fueling system to control the fueling, this in on the contra to the carburetor system which doesn’t any electrical fueling assistance.  The ecu monitors various sensors on the engine, air flow, lambda, and engine temperature etc. The ecu uses the information from these sensors to precisely monitor the air/fuel ratio, and the required fuel for the operating condition, the ecu will aim to run a stoichiometric ratio (14.7:1) to reduce emissions produced by the engine. (Hillier, 2014) This system has since been replaced on production car by multi-point injection due to stricter emission regulations.
[bookmark: _Toc536623960]Multi Point-Injection-
Multi point injection system delivers fuel through the intake manifold to the intake ports. This design means the intake manifold is only used to deliver air to the cylinder and can be used as a plenum chamber to help with the air flow. This design is different from single point and carburetor systems, this change in design has many benefits. The system can achieve more power as it doesn’t suffer from venturi losses due to mixing the fuel and air at the intake port. The manifold can be designed with better intake runners providing better torque characteristics. (Probst, n.d.)
The fuel is delivered from pressure be hide the injector which causes the fuel to atomize as it leaves the injector, this atomization allows the fuel to be drawn straight into the cylinder as the intake valve opens. (Hillier, 2014) Fuel economy is increased by the precise metering of fuel due to the control of fueling by an ECU same as single point injection. The better metering of fuel allows for the system to run where possible stoichiometric ratio of air/fuel. The placement of the injector means the fuel mixes just before the port, this avoid manifold wetting when fuel would condensate on the manifold walls wasting fuel, this was a common problem with carburetor systems. (Probst, n.d.)
Multi point injections design means it is capable of sequential or simultaneous injection.  Sequential injection is more expensive than simultaneous due to the requirement of an advanced ECU system; however the system provides many benefits. Each injector can be pulsed individually meaning the injector can be pulsed for longer this helps lower idle speeds, reduce variation between cylinders air/fuel ratio producing reduced emissions and smoothing running and idling. Fuel pressure is benefited by sequential injection due to injectors opening individually avoiding sudden loss of pressure when all injectors are pulsed in simultaneous injection. Individually opening injectors improves the acceleration of the engine, change in power demand can be controlled by the ECU which will alter the next firing injector requirements rather than waiting a full cycle. (Probst, n.d.)
[bookmark: _Toc536623961]Methodology-
A Superflow flowbench was used for testing, the testing started by setting up the cylinder head and flowbench. The cylinder was sealed against the flowbench plate using blue tack which performed a good seal, the plate consisted of two aluminium plates one bolted to the flowbench and one clamped to the cylinder head, there is a clear tube between the two plates to replicate the engines cylinder. A different plate was set up to adjust the lift of the valve during the tests, a DTI gauge was set up on the plate to measure the increments of the valve lift. The flow was set to 10” of H2O pressure drop then the controls were set to ether exhaust or intake so the machine sucks or blows air. During the testing bungs were removed to allow for more air flow demanding on the flow rate percentage. Valve lift was recorded in 0.1 mm increments, flow rate percentage and bungs used were recorded. Using the flowbench graph the air flow was (cfm) was calculated. The process was repeated for the two cylinder heads exhaust and intake ports. 
[bookmark: _Toc536623962]Flow bench testing and results-
Tests were conducted in the workshop using Superflow flowbench with 10” of water. The flowbench was used to measure the flow of air through a cylinder head port at a certain pressure drop over a range of valve lift. The tests comprised of a Rover V8 standard cylinder head and a Rover V8 modified cylinder, these tests allowed results for flow rate of Inlet and Exhaust ports to be obtained. 
	Standard Head
	
	
	
	
	

	Valve Lift- Inlet
	Flow %
	Bungs
	Air Flow (cfm)
	Valve Diameter mm
	Valve Stem mm

	0.1
	47
	1+2
	19
	27.4
	1.37

	0.2
	72
	1+3
	29
	27.4
	1.37

	0.3
	71.2
	1+2+3
	42.5
	27.4
	1.37

	0.4
	89
	1+2+3
	52.5
	27.4
	1.37

	0.5
	73
	1+3+4
	61
	27.4
	1.37

	
	
	
	
	
	

	Valve Lift-Exhaust
	Flow%
	Bungs
	Air Flow (cfm)
	Valve Diameter mm
	Valve Stem mm

	0.1
	74
	1
	7.5
	24.1
	1.205

	0.2
	57.5
	1+2
	18.5
	24.1
	1.205

	0.3
	92
	1+2
	27
	24.1
	1.205

	0.4
	60
	1+2+3
	35.5
	24.1
	1.205

	0.5
	74
	1+2+3
	44
	24.1
	1.205

	Modified Head
	
	
	
	
	

	Valve Lift- Inlet
	Flow %
	Bungs
	Air Flow (cfm)
	Valve Diameter mm
	Valve Stem mm

	0.1
	53
	1+2
	16
	27.4
	1.37

	0.2
	72.5
	1+3
	29
	27.4
	1.37

	0.3
	71.5
	1+2+3
	42.5
	27.4
	1.37

	0.4
	65.5
	1+3+4
	55
	27.4
	1.37

	0.5
	76.5
	1+3+4
	64.5
	27.4
	1.37

	
	
	
	
	
	

	Valve Lift-Exhaust
	Flow%
	Bungs
	Air Flow (cfm)
	Valve Diameter mm
	Valve Stem mm

	0.1
	91
	1
	9.5
	24.1
	1.205

	0.2
	68.5
	1+2
	20
	24.1
	1.205

	0.3
	74
	1+3
	29
	24.1
	1.205

	0.4
	66
	1+2+3
	39
	24.1
	1.205

	0.5
	82
	1+2+3
	48.5
	24.1
	1.205



These were the results obtained from testing inlet and exhaust ports on both cylinder heads. These results were used to calculate the Volumetric Flow Rate (VFR)(m3/sec). VFR was calculated using the equation below. 

	Standard
	Modified

	Inlet-Volumetric Flow Rate (VFR)
	Inlet-Volumetric Flow Rate (VFR)

	0.008961667
	0.007546667

	0.013678333
	0.013678333

	0.020045833
	0.020045833

	0.0247625
	0.025941667

	0.028771667
	0.0304225

	
	

	Exhaust-Volumetric Flow Rate (VFR)
	Exhaust-Volumetric Flow Rate (VFR)

	0.0035375
	0.004480833

	0.008725833
	0.009433333

	0.012735
	0.013678333

	0.016744167
	0.018395

	0.020753333
	0.022875833














A graph was created from the results to show VFR against L/D (valve lift/valve head diameter). 

The Graph above shows the results for volumetric flow rate against L/D for standard and modified cylinder head’s intake and exhaust ports. The Standard intake has a better VFR with smaller L/D, however as L/D increases the modified VFR increase and becomes larger than the Standard Intake. The exhaust ports have a lower VFR than the intake this is because exhaust ports is not as critical to get the gases out of the cylinder as fast. The exhaust VFR is linear for both head, however the modified head has a larger VFR due to its modifications to the throat/port it produces a larger VFR. 
Using the equation below and data recorded during the tests, Flow Velocity (FV)(m/sec) was calculated. 


The Graph above shows the results for flow velocity against L/D for standard and modified cylinder head’s intake and exhaust ports. The lines show the same curves as the Graph for VFR, the modified head’s intake and exhaust have larger FV, however the standard intake has a large FV at lower L/D same as the VFR graph.  However, the graph clearly shows that the modified head has performance improvement from the standard head. 
Using valve flow potential from results recorded in the Superflow manual the Co-efficient of Discharge (Cd) was calculated. Results for 10” of pressure was used, as this is the same water pressure used on the flowbench in the workshop. The results were then converted from cfm to cm3/sec using (cfm x 0.283)/60. The co-efficient of Discharge was calculated using VFR (m3/sec) / Valve Flow Potential (m3/sec). Cd was then plotted L/D to create the graph below.

The graph above shows the Co-efficient of discharge for intake and exhaust port for both the modified and standard head against L/D. The drop in the standard intake Cd can be a result of a sharp edge port, the drop is caused by flow breaking away from the one of the valve or port surfaces changing the flow rate. This has similar comparison to Fig 6.10 in The Internal- Combustion Engine in Theory and Practice. (Taylor, 1985) The drop doesn’t occur in the Cd of the Modified Intake this due to the port/throat being modified to reduce sharp edges which cause this change in flow rate, the modification allows for a more linear flow rate. The modified intake has a large Cd as the L/D increases, but the Standard intake has a better Cd at lower L/D. This is down to the increased breathing of the throat/port, enhanced breathing will shift the peak of Break Horse Power (BHP) curve to a high engine speed. To benefit from this the engine will have to operate at a higher engine rpm to benefit from the performance increase. (Campbell, 1974) The exhaust ports have very little change in Cd, the modified throat/port has a better Cd due to its better flow rate due to its modification, the curve is more linear than the standard exhaust which experiences small drops in Cd. Figure 6.13 in The Internal- Combustion Engine in Theory and Practice supports the graph showing the effect of the valve lift, the graph shows the exhaust valve lift has a small effect on Cd producing a more linear line in comparison to the intake systems. (Taylor, 1985)
[bookmark: _Toc536623963]Conclusion-
[bookmark: _GoBack]The report has highlighted many operational differences between comparable systems. The Inductions systems have many conflicting factors, however, multi-point injection produces the most power due to its manifold design and injector placement. Multi-point has the best fuel metering allowing fuel economy and emissions to be reduced. (Probst, n.d.) This report has brought to light the critical comparison of a standard and a modified cylinder head and has shown the modified cylinder head to be more beneficial by increased Volumetric Air Flow, Flow Velocity, and Co-efficient of Discharge. The modified head proved to have improved breathing and Cd, this would allow for a greater increase in the BHP curve in comparison to the standard head. However, research has shown that increase in Cd will not always increase the break mean effective pressure curve, to improve this the modified cylinder head should be accompanied by higher compression, larger valves and a high lift camshaft to achieve a greater power from the engine. (Campbell, 1974)
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Intake	Modified-Volumetric Flow Rate (VFR)	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	7.5466666666666659E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.5941666666666665E-2	3.0422500000000002E-2	Intake	Standard-Volumetric Flow Rate (VFR)	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	8.9616666666666664E-3	1.3678333333333332E-2	2.0045833333333332E-2	2.47625E-2	2.8771666666666664E-2	Exhaust	Modified-Volumetric Flow Rate (VFR)	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	4.4808333333333332E-3	9.4333333333333318E-3	1.3678333333333332E-2	1.8394999999999998E-2	2.2875833333333331E-2	Exhaust	Standard-Volumetric Flow Rate (VFR)	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	3.5374999999999998E-3	8.725833333333332E-3	1.2735E-2	1.6744166666666668E-2	2.0753333333333332E-2	Valve lift / valve diameter


Volumetric flow rate




Intake	Modified-Flow Velocity m/sec	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	1.2830727308225975E-5	2.3255693246159578E-5	3.4081619412475244E-5	4.4105625122026787E-5	5.1723869461285967E-5	Intake	Standard-Flow Velocity m/sec	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	1.8248175182481754E-2	1.5236488678518346E-5	2.3255693246159578E-5	3.4081619412475244E-5	4.2100823980116485E-5	4.8917147862611531E-5	Exhaust	Modified-Flow Velocity m/sec	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	9.8492858288534887E-6	2.0735338587059974E-5	3.0066240951236966E-5	4.0433910244766955E-5	5.028319607362044E-5	Exhaust	Standard-Flow Velocity m/sec	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	2.0746887966804978E-2	7.7757519701474924E-6	1.9180188193030478E-5	2.799270709253097E-5	3.6805225992031462E-5	4.5617744891531947E-5	Valve life / valve diameter (l/d)


Flow velocity (m/sec)




Intake	Modified-Co-efficient of Discharge Cd	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	0.53511705685618727	0.57199211045364895	0.68438003220611909	0.86071987480438195	Intake	Standard-Co-efficient of Discharge Cd	3.6496350364963507E-3	7.2992700729927014E-3	1.0948905109489052E-2	1.4598540145985403E-2	0.63545150501672243	0.57199211045364895	0.68438003220611909	0.82159624413145549	Exhaust	Modified-Co-efficient of Discharge Cd	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.31772575250836121	0.39447731755424059	0.46698872785829304	0.61032863849765262	Exhaust	Standard-Co-efficient of Discharge Cd	4.1493775933609959E-3	8.2987551867219917E-3	1.2448132780082987E-2	1.6597510373443983E-2	0.25083612040133779	0.36489151873767256	0.43478260869565216	0.55555555555555569	Valve lift/ valve diameter (l/d)


Co-efficient of discharge (cd)
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