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Introduction;
The purpose of this report is to discuss the differences between single and multi-carburettor and single and muti-point injection. More specifically how the induction systems differ between them. As well as this a test was conducted on two separate cylinder heads, one standard and one modified to improve air flow. The results of the test will be displayed and discussed, comparing both systems and discussing benefits and weaknesses of both. A comparison of both cylinder heads will be provided, supported by the data gathered, as well as recommendations on future developments to the system. 























Research;
Carburettor system;
A single carburettor system works by drawing in air through the vacuum created by the engine. The passage the air flows through has a narrow passage called a venturi. The air flow created draws in fuel from a float feed chamber, as the pressure drops in the venturi, the speed of the air increases, which pulls the fuel through. The float feed chamber woks by opening a valve that is connected to a small float inside, once the fuel level reaches a certain point, the valve opens, and the chamber is re-filled. The air flow is controlled by two valves, the choke and throttle. If the choke is closed, the mount of air that can flow is limited but more fuel is pulled through creating a richer mix, if the valve is open then more air can flow, creating a leaner mixture. The throttle valve simply allows more air through relative to how open it is. The fuel and air mixture is then sent to each cylinder via the inlet manifold. (Swan, 2015) (Wodford, 2018)
A multi carburettor system works by implementing more than one carburettor, some systems utilise a carburettor for each cylinder, others may only use two. The basic principle of how the carburettor works is the same but by using more than one, air and fuel may be more accurately delivered to each cylinder. This improves reliability should one carburettor become blocked or fail, the others would act as a backup, allowing the engine to continue running. As well as changing the number of carburettors used, the type of venturi used can also be changed to aid with the atomization and control the air and fuel mixture. (Anatomy, 2018) The main advantage of multiple carburettors over a single one is control of the fuel and air mixture, with a large single carburettor it is more difficult to ensure full atomisation given such a large amount of fuel is being drawn through larger jets, meaning the fuel spry is larger and less refined. Whereas running multiple carburettors means the jet sizes may be decreased for a smaller spry pattern, ensuring maximum atomisation and higher efficiency. Another advantage of using multiple carburettors is the distance the air and fuel mixture must travel before reaching the cylinder. In a six-cylinder engine, the air and fuel mixture must to travel a further distance to reach the sixth cylinder. This results in a non-uniform mixture. This can be overcome by using more than one carburettor but can not be eliminated completely as condensation can occur before reaching the inlet valve. This typically only occurs in colder climates where the air and fuel vapour condensates before entering the cylinder and results in poor combustion. (Rao, 2017)







Single and multi-point injection. 
Single point injection was designed to replace carburettors. By utilising a single electronic injector controlled by the ecu, the air flow rate can be measured to determine how much fuel is needed to maintain a constant air-fuel ratio. There can also be more than one injector, sometimes in a cluster formation above the throttle opening, typically only found on larger engines. The same method as the single carburettor is used for delivery of the air-fuel mixture to the engine, with one induction pipe leading to the inlet manifold. (Grant, n.d.)
Multi point injection, which is more common in production vehicles, now places the fuel injectors below the throttle. By doing this the number of injectors can be increased for the number of cylinders of the engine. The injector is placed in the intake manifold before the valve meaning the induction system is purely drawing in air, because of the relocation of the injectors, there is no obstruction to the induction system, improving performance. This also improves atomisation and results in a complete combustion as the distance is minimal for the ai-fuel mixture to travel before reaching the cylinder. The distance is now equal for all cylinders, creating equal power balance in all cylinders and reducing fuel consumption. The injector is placed at an angle, directed at the intake valve. As the valve opens the air and fuel mixture is drawn into the cylinder, forcing the air and fuel to mix and atomise as it is drawn in. (aermech, 2014) (Patil, 2016) 
The advantages of using multi-point injection are reduced fuel consumption given that complete combustion occurs, more precise control over the air and fuel ratio as it is electronically managed. This system will also allow the engine to continue running should a fuel injector fail as all other cylinders will still operate normally. (clubtechnical, 2019)












 
Methodology;
The test was conducted by using a sf-600e flowbench to measure air flow through a cylinder head. Two of the same cylinder heads were used in the test although one was modified to have larger inlet and exhaust ports. To conduct the test a simulation of a combustion chamber is created using the flowbench. The head is secured to an inlet and one cylinder is simulated. The head is sealed to prevent any air leaks and to provide an accurate reading. Bolts are used to simulate the camshaft opening the valve. This is set up by using a metal plate bolted across the head with the bolts angled towards the valves. Two DTI gauges are positioned above the bolts therefore the valve lift can be accurately measured. The valve lift is measured in increments of 0.1mm, up to 0.5mm of lift. The flow bench is set to a water pressure of 10 h20/inch. 
The head used had an intake valve radius of 27.4mm with a stem radius of 1.37mm. The exhaust valve has a head radius of 24.1mm and a stem radius of 1.205mm 
	Valve lift (mm)
	Flow (%)
	Bungs
	Air flow (cfm)
	L /D
	VFR (m3/sec)
	Flow Velocity (m/sec)
	Co-efficient of dsicharge

	0.1
	47
	1+2
	19
	0.0036
	0.0091
	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+4
	52.5
	0.014
	0.025
	0.000043
	0.00039

	0.5
	73
	1+3+4
	61
	0.018
	0.029
	0.000049
	 


Analysis;
The following data is the data collected for the inlet and exhaust port of the unmodified head.
Inlet;

Exhaust;
	Valve lift (mm)
	Flow (%)
	Bungs
	Air flow (cfm)
	L/D
	VFR (m3/sec)
	Flow Velocity (m/sec)
	Co-efficient of discharge

	0.1
	74
	1
	7.5
	0.004
	0.0035
	0.000000019
	0.00013

	0.2
	57.5
	1+2
	18.5
	0.008
	0.0091
	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
	0.00000001
	 



The values for valve lift, flow rate, number of bungs in and air flow were discovered through the test. The values for L/D, VFR, flow velocity and co-efficient of discharge must be calculated. The following methods and formulas were used to find these values. 



To calculate L/D the valve lift is divided by the valve diameter  =  
This process is repeated for each increment of valve lift.
The next calculation is for the volumetric flow rate (VFR). To obtain this the air flow must be converted from cubic feet per minute (cfm) to cubic feet per second in order to use the flow conversion. To do so the data for the air flow rate collected is divided by 60. With this then divided the new air flow rate is multiplied by 0.0283to covert into cubic meters per second, giving the volumetric flow rate. To obtain the flow velocity the following equation was used;

= 

The final value calculated is for the co-efficient of discharge (CD). To calculate this the following equation was used;

=

The valve flow potential is a constant given by the operation manual of the flowbench. A different value is given for each increment therefore at 0.1mm of valve lift the valve flow potential is 29.9, 0.2 is 50.7, 0.3 is 62.1 and 0.4 is 63.9. There is no value given as the scale does not go high enough. The discrepancy in the data is due to the increments being measured out incorrectly. 







	Valve lift (mm)
	Flow (%)
	Bungs
	Air flow (cfm)
	L /D
	VFR (m3/sec)
	Flow Velocity (m/sec)
	Co-efficient of discharge

	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
	 


Data collected for the modified head;
Inlet;

Exhaust;
	Valve lift (mm)
	Flow (%)
	Bungs
	Air flow (cfm)
	L/D
	VFR (m3/sec)
	Flow Velocity (m/sec)
	Co-efficient of discharge

	0.1
	91
	1
	9.5
	0.004
	0.0045
	0.0000098
	0.00015

	0.2
	68.5
	1+2
	20
	0.008
	0.00943
	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
	 



















Data analysis;
The following graphs displays the data for the volumetric flow rate against valve lift / valve head diameter. Both have a very similar valve flow, with the un-modified head performing better at lower flow rate than the modified head. Whereas the modified head has a higher flow rate at higher valve lift. This could be due to the restriction of the un-modified head with smaller inlets, meaning as the valve is lifted, more air is able to pass through, but passes through the inlet slower. Compared to the modified head the opposite is seen where it performs worse at low lift, and better at high lift. Given the larger ports, the air will move slower at low lift as the space is larger and there is not enough air supplied to fill the port. Once at high lift the restriction is no longer seen, and the flow rate is increased. The dip in the data is seen in both graphs, this could be down to a discrepancy in the equipment used or in the head itself.









Unlike the inlet port, the exhaust port of the modified head performs better across all reading, not only at higher valve lift. Although the curve of the graph of the un-modified head is soother suggesting a smoother flow rate in comparison to the modified head where a slight drop can be seen. 




















Similar to the volumetric flow rate, the flow velocity of the modified head is worse at low valve lift compared to the un-modified head. With the modified head then improving performance as the valve lift is increased. Although the increase in flow velocity is more efficient and smoother in the modified head as compared to the un-modified.


















The flow velocity through the exhaust port is much greater through the modified head in comparison to the un-modified head. The increase of flow velocity in relation to valve lift is also smoother through the modified head.  













The co-efficient of discharge in the modified head is again lower than the un-modified at low valve lift. As the valve lift increases the co-efficient also increases and becomes greater on the modified head. The Modified head also has a more linear pattern to begin with in comparison to the un-modified head where the co-efficient decreases initially before then increasing. Both display a similar pattern, with the modified head showing a smoother increase.












The co-efficient of discharge is clearly greater in the modified head as the pattern is incredibly linear, whereas the pattern of the un-modified head has a curved pattern. The co-efficient of discharge is also lower in the un-modified head. In comparison to the inlet the exhaust port does not suffer with the initial loss of efficiency at low valve lift.











Conclusion;
To conclude, the modified head displays improvements in the ability to exhaust and induct air through the system. However, weaknesses are seen in the inlet side where a certain flat spot can be seen at low valve lift, where a dip in valve flow is noticed. Although the modified head can produce a higher rate of flow, the gain seen is not majorly beneficial when the system lacks at low lift. The improvement can be seen in the exhaust side as the volumetric flow and flow rate are constantly higher than the figures produced by the un-modified head. The differences in the data between the inlet ad exhaust, although both ported, could be down to one being ported better than the other, which could explain the discrepancy seen in the inlet with the flat spot, or it could be down to human error in setting the equipment and there was a slight air leak. 
Although the head has been ported to increase flow, the change would barely be noticed under driving conditions as the changes are so small. To benefit this system and maximise power increase, other modifications o the induction and exhaust system would be necessary. If the addition of a 4-2-1 exhaust manifold were to be implemented, a significant power increase may be seen as it reduces the restriction of the flow rate. If a standard exhaust manifold were to be used alongside the porting of the modified head, then the restriction would hinder the flow rate. As well as this an improved induction system would be beneficial to the system as it would create a higher flow rate before reaching the valve and with denser air this would also improve volumetric flow and flow speed. Another implementation that would improve this system would be the addition of an addition of an improved camshaft with higher lifting lobes. This would safely maximise valve lift and increase the flow of air into the cylinder, creating more power. The modified head alone would not create sufficient power without supporting modifications.
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Volumetric flow rate against Valve lift / Valve head diamater (Exhaust) Modified


VFR (m3/sec)	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	2.1000000000000001E-2	4.4999999999999997E-3	9.4299999999999991E-3	1.4E-2	1.7999999999999999E-2	2.3E-2	L/D


VFR



Flow Velocity (m/sec) against Valve lift / Valve head diamater (Inlet) Modified

Flow Velocity (m/sec)	3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	1.7999999999999999E-2	1.2999999999999999E-5	2.0000000000000002E-5	3.4E-5	4.3999999999999999E-5	5.1E-5	L/D


FV



Flow Velocity (m/sec) against Valve lift / Valve head diamater (Inlet) Un-modified

Flow Velocity (m/sec)	3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	1.7999999999999999E-2	1.5E-5	2.4000000000000001E-5	3.4E-5	4.3000000000000002E-5	4.8999999999999998E-5	L/D


FV



Flow Velocity (m/sec) against Valve lift / Valve head diamater (Exhaust) Un-modified


Flow Velocity (m/sec)	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	2.1000000000000001E-2	1.9000000000000001E-8	3.8000000000000003E-8	6.1999999999999999E-8	8.0999999999999997E-8	9.9999999999999995E-8	L/D


FV



Flow Velocity (m/sec) against Valve lift / Valve head diamater (Exhaust) Modifed


Flow Velocity (m/sec)	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	2.1000000000000001E-2	9.7999999999999993E-6	2.0999999999999999E-5	3.1000000000000001E-5	4.0000000000000003E-5	5.1E-5	L/D


FV



Co-efficient of dsicharge against Valve lift / Valve head diamater (Inlet) Modified

Co-efficient of dsicharge	3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	2.5000000000000001E-4	2.4000000000000001E-4	3.2000000000000003E-4	4.0999999999999999E-4	L/D


CD



Co-efficient of dsicharge against Valve lift / Valve head diamater (Inlet) Un-modified

Co-efficient of dsicharge	3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	2.9999999999999997E-4	2.7999999999999998E-4	3.2000000000000003E-4	3.8999999999999999E-4	L/D


CD



Co-efficient of discharge against Valve lift / Valve head diamater (Exhaust) Un-modified

Co-efficient of dsicharge	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	1.2999999999999999E-4	1.6000000000000001E-4	2.0000000000000001E-4	2.7E-4	L/D


CD



Co-efficient of discharge against Valve lift / Valve head diamater (Exhaust) Modified

Co-efficient of dsicharge	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	1.4999999999999999E-4	1.9000000000000001E-4	2.3000000000000001E-4	2.7999999999999998E-4	L/D


CD



Volumetric flow rate against Valve lift / Valve head diamater (Inlet) Un-modified

3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	1.7999999999999999E-2	9.1000000000000004E-3	1.4E-2	0.02	2.5000000000000001E-2	2.9000000000000001E-2	VFR


 L/D



Volumetric flow rate against Valve lift / Valve head diamater (Inlet) Modified 

3.5999999999999999E-3	7.0000000000000001E-3	1.2E-2	1.4E-2	1.7999999999999999E-2	7.4999999999999997E-3	1.2E-2	0.02	2.5999999999999999E-2	0.03	VFR


L/D



Volumetric flow rate against Valve lift / Valve head diamater (Exhaust) Un-modified


VFR (m3/sec)	4.0000000000000001E-3	8.0000000000000002E-3	1.2E-2	1.7000000000000001E-2	2.1000000000000001E-2	3.5000000000000001E-3	9.1000000000000004E-3	1.2999999999999999E-2	1.7000000000000001E-2	2.1000000000000001E-2	L/D


VFR



2

