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Introduction
Within this assignment, a critical comparison between, single-carburettor, multi-carburettor and single and multi-point fuel injection systems will be made. From here, the testing of two cylinder heads will be done using a Flowbench, one cylinder head will be unmodified and the other will be modified. The methodology for this test will be discussed and the calculations that will be used will also be shown. The results of the test will then be shown along with graphs illustrating the volumetric flow rate against the L/D, the flow velocity against the L/D and the coefficient of discharge against the L/D. A comparison between the two heads will then be made. Finally, a conclusion will be made upon which head is better. 


Research
Both single and multi-carburettors use venturi, which is a narrowing passage with smooth walls to allow for a frictionless flow. A single-carb feeds multiple cylinders with the desired air-fuel ratio, thus allowing for efficient combustion (HowStuffWorks. 2019). Multi-carburettors feeds to each cylinder, thus reducing the chance of fuel condensing on the intake walls. A disadvantage of multi-carbs is that they have to be synced together, this is due to if one of the carbs being out of sync, it would cause the one cylinder to rev higher than the others, which would cause damage. Single point fuel injection systems consist of one or two fuel injectors within the throttle body and inject the fuel into the intake manifold (Quora. 2019). Multi point fuel injection systems consist of separate injectors in each cylinder, it is also known as port injection. They allow for a higher precision when metering the fuel, thus allowing for a better air-fuel ratio. Single point injection systems are relatively easy to service and are a low-cost fuel system, due to this they are very common. Multi-point allows for a better mpg and reduces the chance of fuel condensing on the intake walls.

Methodology
The initial part of the testing begins with the setting up of the flow bench. Firstly, an imitation cylinder bore is attached to the head, from here the head is placed onto the flow bench using blue tack as a sealant and bolted into the flow bench. In order to open valves during the testing. The valves were then measured, and a jig was set up using a steel plate with a bolt going through it, when the bolt was tightened, using a spanner, the valve would be opened. The amount the valve was opened was measured using a DTI. The pressure drop across the head was then set to 10” H2O. The flow percentage is then set to 0% and the system is tested for any leaks. Once everything is set up, the testing can begin, the valve is opened to 0.1mm and the flow is measured. The flow is measured as being a percentage, a conversion chart is used to convert the flow percentage to cfm. The valve is then opened by a further and 0.1mm and the flow is measured once again and then converted to cfm. If the flow percentage gets too high, bungs were placed into breather holes to reduce the pressure. The process is then repeated until the valve is opened to 0.5mm. Once the testing of the unmodified head has been completed, the testing of the modified head could begin. The same testing methods were used for the modified head. The flow percentages were measured then were converted to cfm. The results were then put into a table the L/D was then calculated using the valve lift divided by the valve diameter. The Volumetric Flow Rate is then calculated by dividing the cfm by 60 then multiplying the answer by 0.0283, which is the conversion from ft3/sec to m3/sec. the Flow Velocity (m/sec) is then calculated, this is done by using the following formula;

 Finally, the Coefficient of Discharge is then calculated, the formula used is; 

The valve flow potential is given in the SF-110 Flowbench Operator’s Manual. 

Results
	Valve Lift (mm)
	Flow (%)
	Bungs
	Air Flow (cfm)
	L/D
	VFR (m3/sec)
	FV (m/sec)
	Cd

	0.1
	47
	1+2
	19
	0.0036
	0.009
	0.000015
	0.0003

	0.2
	72
	1+3
	29
	0.007
	0.014
	0.000024
	0.00028

	0.3
	71.5
	1+2+3
	42.5
	0.012
	0.02
	0.000034
	0.00032

	0.4
	89
	1+2+3
	52.5
	0.014
	0.025
	0.000043
	0.00039

	0.5
	73
	1+3+4
	61
	0.018
	0.029
	0.000049
	 


Unmodified Inlet and Exhaust Ports
Unmodified Inlet Port (Figure 1)
The above table shows the results from the testing of the inlet ports on the unmodified head. The results for the L/D, VFR, FV and Cd have also been calculated. 
	Valve Lift (mm)
	Flow (%)
	Bungs
	Air Flow (cfm)
	L/D
	VFR (m3/sec)
	FV (m/sec)
	Cd

	0.1
	74
	1
	7.5
	0.004
	0.004
	0.000000019
	0.00013

	0.2
	57.5
	1+2
	18
	0.008
	0.008
	0.000000038
	0.00016

	0.3
	92
	1+2
	27
	0.012
	0.013
	0.000000062
	0.0002

	0.4
	60
	1+2+3
	35.5
	0.017
	0.017
	0.000000081
	0.00027

	0.5
	74
	1+2+3
	44
	0.021
	0.021
	0.0000001
	 


Unmodified Exhaust Port (Figure 2)
The above table shows the results from the testing of the exhaust ports on the unmodified head. The results for the L/D, VFR, FV and Cd have also been calculated. 

Modified Inlet and Exhaust Ports
	Valve Lift (mm)
	Flow (%)
	Bungs
	Air Flow (cfm)
	L/D
	VFR (m3/sec)
	FV (m/sec)
	Cd

	0.1
	53
	1+2
	16
	0.0036
	0.0075
	0.000013
	0.00025

	0.2
	72.5
	1+3
	29
	0.007
	0.012
	0.00002
	0.00024

	0.3
	71.5
	1+2+3
	42.5
	0.012
	0.02
	0.000034
	0.00032

	0.4
	65.5
	1+3+4
	55
	0.014
	0.026
	0.000044
	0.00041

	0.5
	76.5
	1+3+4
	64.5
	0.018
	0.03
	0.000051
	 


Modified Inlet Port (Figure 3)
The above table shows the results from the testing of the inlet ports on the modified head. Like the tables for the unmodified ports, the results for the L/D, VFR, FV and Cd have also been calculated. 
	Valve Lift (mm)
	Flow (%)
	Bungs
	Air Flow (cfm)
	L/D
	VFR (m3/sec)
	FV (m/sec)
	Cd

	0.1
	91
	1
	9.5
	0.004
	0.0045
	0.0000098
	0.00015

	0.2
	68.5
	1+2
	20
	0.008
	0.0094
	0.000021
	0.00019

	0.3
	74
	1+2
	29
	0.012
	0.014
	0.000031
	0.00023

	0.4
	66
	1+2+3
	39
	0.017
	0.018
	0.00004
	0.00028

	0.5
	82
	1+2+3
	48.5
	0.021
	0.023
	0.000051
	 


Modified Exhaust Port (Figure 4)
The above table shows the results from the testing of the exhaust ports on the modified head. The results for the L/D, VFR, FV and Cd have also been calculated for these figures. 



Analysis
Volumetric Flow Rate – Inlet Ports








Figure 5 – illustrates the VFR against the L/D of the unmodified inlet








Figure 6 – illustrates the VFR against the L/D of the modified inlet
The above graphs illustrate the Volumetric Flow Rate of the unmodified inlet (fig. 5) and the modified inlet (Fig. 6) ports of the head, compared to the L/D. From the graphs it is evident that the unmodified inlet ports have a higher volumetric flow rate than the modified inlet ports at a lower L/D, however as the L/D increases, the volumetric flow rate of the modified inlet increased quicker than the unmodified. 
 Volumetric Flow Rate – Exhaust ports








Figure 7 – illustrates the VFR against the L/D of the unmodified exhaust








Figure 8 – illustrates the VFR against the L/D of the modified exhaust

From the above graphs, it is evident that the modified exhaust port (Fig. 8) has a higher volumetric flow rate against the L/D compared to the unmodified exhaust (Fig. 7) throughout the whole test. Thus, meaning that the modified exhaust port allows for a better flow rate than the unmodified port.
   Flow Velocity – Inlet ports








Figure 9 – illustrates the flow velocity against the L/D of the unmodified inlet








Figure 10 – illustrates the flow velocity against the L/D of the modified inlet

From the graphs, it is evident that initially the flow velocity of the unmodified inlet (Fig. 9) is higher than the modified inlet (Fig. 10), however as the L/D increases, the modified inlet reaches a higher flow velocity than the unmodified inlet. Thus meaning that as the valve opens on the modified inlet, the flow velocity increases quickly. 

Flow Velocity – Exhaust ports








Figure 11 – illustrates the flow velocity against the L/D of the unmodified exhaust








Figure 12 – illustrates the flow velocity against the L/D of the modified exhaust

From the above graphs, it is evident that the flow velocity of the modified exhaust port (Fig. 12), is higher than that of the unmodified exhaust port (Fig. 11). This is due to the flow velocity of the unmodified exhaust port being rather low. 

  Coefficient of Discharge - Inlet








Figure 13 – illustrates the Cd against the L/D of the unmodified inlet








Figure 14 – illustrates the Cd against the L/D of the modified inlet

The graphs show that the Coefficient of Discharge of the modified inlet (Fig. 13) is lower than the Cd of the unmodified inlet (Fig. 14), however, when the L/D reaches 0.014, the Cd of the modified inlet is far higher than the Cd of the unmodified inlet. 

 Coefficient of Discharge - Exhaust








Figure 15 – illustrates the Cd against the L/D of the unmodified exhaust








Figure 16 – illustrates the Cd against the L/D of the modified exhasut

The Coefficient of Discharge of the modified exhaust port (Fig. 16) has a higher starting point compared to the unmodified exhaust port (Fig. 15). The modified exhaust port also has a very linear Cd. 


Conclusion
When analysing the data found during the testing of the two heads and the results of the calculations prior to the testing, it is evident that the modified head has a better flow than the unmodified head. The unmodified head was better in the initial findings but as the L/D was increased, the modified head surpassed the unmodified head, as it has an increased flow in both the inlet and exhaust ports. The unmodified head was, in most cases, almost as good as the modified head, this is likely to be due to the modified head not being heavily modified as the changes are not drastic between the two, if the head was ported as well as being polished then there would have been a substantial increase in flow between the two heads. The modified head was, in general more linear in the way of flow compared to the unmodified head. 
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