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1.0: Abstract
This report will focus on the differences between a carburettor fitted induction system compared to a fuel injection fitted induction system, it will also cover the differences in flow rate of a standard cylinder head compared to a modified head, both followed by comparisons to decide which of the methods would be best used on a vehicle. The report will also include personal measurements taken from a flow bench being tested in a small group, with graphs to show the results.
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1.1: Introduction

As an individual, research is needed on a carburettor fitted system and a fuel injection fitted system to determine the strengths and weaknesses of both systems, with a comparison of both to determine the most effective. 
Then as a group there will need to be a workshop test taking place on a flow bench, this measures the flow rate able to pass through a cylinder head, then compare it to a modified cylinder head to decide if there’s a noticeable difference from any adjustments made to the head. 
So, with the results from the flow bench, there will need to be a few graphs created to show some of the key differences in the standard cylinder head compared to the modified cylinder head.

Using the flow bench, measurements will be taken in increments of a certain amount of valve lift per test. This is adjusted by rotating the bolts which push down on the valves to open them, then the amount of rotation is measured by a DTI Gauge showing the distance that the bolt has moved downwards to calculate the amount of valve lift is being applied.
These increments are first calculated by dividing the valve lift 






1.2: Comparison of Induction Systems
1.2.1: Carburettor 

Single Carburettor – A carburettor is a device which mixes the air and fuel together ready to be combusted by the engine, a carburettor can be easily adjusted to manually change the air/fuel ratio to a leaner or richer mixture. It does this by holding the fuel in a chamber and measures the amount of air coming in through a venturi, then it will mix the air with the fuel being passed into the venturi from the jet. This will differ depending on the amount of air being passed through the venturi, which is controlled by the choke valve rotating to provide the engine with the amount of air that it needs. The amount of air depends on whether the engine is idling or accelerating, as it constantly needs different amounts of air and fuel to have an efficient combustion process. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/2/2b/Carburetor.svg/1024px-Carburetor.svg.png] Multi Barrel – A carburettor can be fitted with more than just one venturi, this is useful for larger engines to make sure that there is always enough air flow to the engine. These can be different sizes to progress the amount of air flow, such as using a smaller venturi for low speed driving, then under full throttle it will also take advantage of the larger venturi and provide more air to the engine, this method can be more efficient. Figure 1: Carburettor system, K. Aainsqatsi (2018)

1.2.2: Fuel Injection

Single Point – this is where an injector is positioned in the throttle body, providing fuel to many cylinders by one injector, this could cause problems if any of the cylinders weren’t getting enough fuel, but this method was very cheap, so a lot of manufacturers preferred to use this. 
Multi Point – this method was preferred over a single point injection system as it was more reliable and efficient, instead of one injector this system used one injector per cylinder which meant that each cylinder had enough fuel to achieve an efficient combustion. This avoided any cylinder from being starved of fuel and improved the efficiency. 
Direct Injection – this method included an injector feeding fuel to each cylinder from directly inside of the combustion chamber, this maximised the efficiency as there would be no fuel lost on the way to the cylinders, instead it would just need to introduce the air into the cylinder to mix with the injected fuel. This can then be combined with the fuel by introducing a pattern on the piston head to force the airflow around the cylinder and therefore mixing with the fuel sprayed into the cylinder. However this system was much more expensive and therefore harder to maintain. 







1.3: Flow Bench Head Results
1.3.1: Standard Head
	Standard Head Intake

	 
	Test pressure 
	Valve Lift (mm)
	Test flow (CFM 
	Bung Used
	Temp
	Potential flow% 

	1
	10
	1.39
	19
	1+2
	32
	64

	2
	10
	2.8
	36.5
	1+3
	40
	90.5

	3
	10
	4.2
	49.5
	1+2+3
	48
	84

	4
	10
	5.55
	59
	1+3+4
	49
	70.5

	5
	10
	6.9
	66.5
	1+3+4
	49
	79.5

	6
	10
	8.3
	70.5
	1+3+4
	48
	84.5

	7
	10
	9.7
	75
	1+3+4
	47
	89

	8
	10
	11.1
	78.5
	1+3+4
	48
	93.5

	 
	 
	 
	 
	 
	Start Temp
	25

	


	

	
	
	


	






	

	Standard Head Exhaust

	 
	Test pressure 
	Valve Lift (mm)
	Test flow (CFM 
	Bung Used
	Temp
	Potential flow% 

	1
	10
	1.2
	10
	1
	39
	97

	2
	10
	2.4
	21.5
	1+2
	38
	73

	3
	10
	3.6
	33.5
	1+3
	37
	83.5

	4
	10
	4.8
	43
	1+2+3
	35
	72.5

	5
	10
	6
	50
	1+2+3
	33
	84.5

	6
	10
	7.2
	55
	1+2+3
	32
	93

	7
	10
	8.4
	59
	1+3+4
	32
	70.5

	8
	10
	9.6
	62
	1+3+4
	31
	73.5

	
	
	
	
	
	Start Temp
	31






To the left is a graph to show the volumetric flow rate of the standard cylinder head from the intake side, increasing in flow with the increase in valve lift



To the left is a graph to show the volumetric flow rate of the standard cylinder head from the exhaust side, increasing in flow with the increase in valve lift


	


To the left is a graph to show the flow velocity of the standard cylinder head from the intake side, increasing in flow velocity with the increase in valve lift


To the left is a graph to show the flow velocity of the standard cylinder head from the exhaust side, increasing in flow velocity with the increase in valve lift

To the left is a graph to show the co-efficient of discharge of the standard cylinder head from the intake side, increasing in discharge with the increase in valve lift


To the left is a graph to show the co-efficient of discharge of the standard cylinder head from the exhaust side, increasing in discharge with the increase in valve lift

Modified Head 
	Modified Head Intake

	 
	Test pressure 
	Valve Lift (mm) L/D
	Test flow (CFM) 
	Bung Used
	Temp 
	Potential flow %

	1
	10
	1.39
	20.5
	1+2
	53
	70

	2
	10
	2.8
	37
	1+2+3
	50
	62.5

	3
	10
	4.2
	56
	1+2+3
	50
	94.5

	4
	10
	5.55
	67.5
	1+3+4
	47
	80.5

	5
	10
	6.9
	83
	1+2+3+4
	45
	79

	6
	10
	8.3
	84
	1+2+3+4
	45
	80

	7
	10
	9.7
	89
	1+2+3+4
	40
	85

	8
	10
	11.1
	91
	1+2+3+4
	41
	87.5

	
	
	
	
	
	Start Temp
	24



	Modified Head Exhaust

	 
	Test pressure 
	Valve Lift (mm)
	Test flow (CFM)
	Bung Used
	Temp
	Potential flow %

	1
	10
	1.2
	9.5
	1
	30
	93

	2
	10
	2.4
	22
	1+2
	30
	72

	3
	10
	3.6
	30
	1+3
	30
	75

	4
	10
	4.8
	40
	1+2+3
	30
	67.5

	5
	10
	6
	50
	1+2+3
	30
	85

	6
	10
	7.2
	57
	1+2+3
	30
	97

	7
	10
	8.4
	62
	1+3+4
	30
	74

	8
	10
	9.6
	65
	1+3+4
	30
	78

	
	
	
	
	
	Start Temp
	33


To the left is a graph to show the volumetric flow rate of the modified cylinder head from the intake side, increasing in flow velocity with the increase in valve lift

To the left is a graph to show the volumetric flow rate of the modified cylinder head from the exhaust side, increasing in flow velocity with the increase in valve lift

To the left is a graph to show the flow velocity of the modified cylinder head from the intake side, increasing in flow velocity with the increase in valve lift


To the left is a graph to show the flow velocity of the modified cylinder head from the exhaust side, increasing in flow velocity with the increase in valve lift

To the left is a graph to show the co-efficient of discharge of the modified cylinder head from the intake side, increasing in discharge with the increase in valve lift


To the left is a graph to show the co-efficient of discharge of the modified cylinder head from the exhaust side, increasing in discharge with the increase in valve lift
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Standard Intake - Volumetric Flow Rate (m₃/sec) 

Test flow (CFM) 	1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	19	36.5	49.5	59	66.5	70.5	75	78.5	Valve Lift (mm)


Test Flow Rate (CFM)



Standard Intake - Volumetric Flow Rate (m₃/sec) 

Test flow (CFM) 	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	10	21.5	33.5	43	50	55	59	62	Valve Lift (mm)


Test Flow Rate (CFM)



Standard Intake - Flow Velocity (m/s)  

Flow Velocity (In)	1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	0.79166666666666663	1.5208333333333333	2.0625	2.4583333333333335	2.7708333333333335	2.9375	3.125	3.2708333333333335	Valve Lift (mm)


Flow Velocity (m/s)



Standard Exhaust - Flow Velocity (m/s)  

Flow Velocity (Ex)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	0.41666666666666669	0.89583333333333337	1.3958333333333333	1.7916666666666667	2.0833333333333335	2.2916666666666665	2.4583333333333335	2.5833333333333335	Valve Lift (mm)


Flow Velocity (m/s)



Standard Head - Co-efficient of Discharge (Cd)

1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	0.29285714285714287	0.59199999999999997	0.59259259259259256	0.83850931677018636	1.0506329113924051	1.05	1.0470588235294118	1.04	Valve Lift (mm)


Co-efficient of Discharge (Cd)





1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	0.10215053763440861	0.30555555555555558	0.4	0.59259259259259256	0.58823529411764708	0.58762886597938147	0.83783783783783783	0.83333333333333337	Valve Lift (mm)


 Co-efficient of Discharge (Cd)




Modified Intake - Volumetric Flow Rate (m₃/sec) 

Test flow (CFM) 	1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	20.5	37	56	67.5	83	84	89	91	Valve Lift (mm)


Test Flow Rate (CFM)



Modified Exhaust - Volumetric Flow Rate (m₃/sec) 

Test flow (CFM)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	9.5	22	30	40	50	57	62	65	Valve Lift (mm)


Test Flow Rate (CFM)



Modified Intake - Flow Velocity (m/s) 

Flow Velocity (In)	1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	0.85416666666666663	1.5416666666666667	2.3333333333333335	2.8125	3.4583333333333335	3.5	3.7083333333333335	3.7916666666666665	Valve Lift (mm)


Flow Velocity (m/s)



Modified Exhaust - Flow Velocity (m/s) 

Flow Velocity (Ex)	1.2	2.4	3.6	4.8	6	7.2	8.4	9.6	0.39583333333333331	0.91666666666666663	1.25	1.6666666666666667	2.0833333333333335	2.375	2.5833333333333335	2.7083333333333335	Valve Lift (mm)


Flow Velocity (m/s)



Modified Head - Co-efficient of Discharge (Cd)

1.39	2.8	4.2	5.55	6.9	8.3000000000000007	9.6999999999999993	11.1	0.296875	0.40331491712707185	0.5892857142857143	0.83687943262411346	0.83647798742138368	0.83431952662721898	0.84269662921348309	0.83957219251336901	Valve Lift (mm)


Co-efficient of Discharge (Cd)



Modified Head - Co-efficient of Discharge (Cd)

10	21.5	33.5	43	50	55	59	62	0.10309278350515463	0.29452054794520549	0.40119760479041916	0.59310344827586203	0.59171597633136097	0.59139784946236562	0.83687943262411346	0.84353741496598644	Valve Lift (mm)


Co-efficient of Discharge (Cd)
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