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This report will look into the flow of air through a modified cylinder head and a factory standard cylinder head. The data collected will be analysed and a comparison carried out to establish a full understanding of the use of Flowbench equipment and various equations to obtain maximum data from testing. A comparison of different types of induction systems will also be carried out, to understand the differences and the positives and negatives of each system.
It was found that modifications to cylinder head inlet and exhaust ports can improve the performance of a vehicle but if done incorrectly can be costly or ineffective. It was also found that, as induction systems are advancing, multi-point injection induction systems are a more efficient way of improving power and mpg, although it isn’t cost effective, but current emissions standards make it a requirement to obtain ever shrinking hydrocarbon output.
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[bookmark: _Toc536299988][bookmark: _Toc536371502]Introduction
The purpose of this report is to investigate engine induction systems and to gain a broad understanding of air flow through intake manifolds and cylinder heads. A comparison of different induction systems will be researched and created for single and multi-carburetor induction systems and also single and multi-point fuel injection induction systems.
Testing will be carried out on two cylinder heads, both are from the MG 16v K-Series engine. One has had inlet and exhaust port modifications and the other is factory standard. Testing will be in the form of Flowbench testing. This will enable a valid understanding of differences created by the modifications carried out. Data will be collected in the form of air flow percentage (%) and then converted into Cubic Feet per Minute (cfm) using the Air Flow percentage chart mounted on the Flowbench. From here Equations will be formed to understand further the abilities of each cylinder head. These equations will allow collection of data that is unachievable from a Flowbench.
All collected data will be input into Excel. Tables and graphs will be produced to give a full visual understanding of what is happening at each individual section throughout all testing.
[bookmark: _Toc536299989][bookmark: _Toc536371503]Research & Literature Review
[bookmark: _Toc536299990][bookmark: _Toc536371504]Single-Carburetor Induction Systems
Single carburetor induction systems are good for smaller engine applications but when used in larger engines such as V8s, distributing the fuel throughout the entire intake manifold evenly (per cylinder) proves difficult. Additionally, “in engines with horizontally opposed cylinders, it is very difficult to arrange satisfactory carburation from a single carburetor” as said by Stone (1999, p.193) 
It is also stated by Stone (1999, p.193) that “Long inlet manifolds will be particularly bad in these respects because of the large volume in the manifold and the length that fuel film and droplets have to travel.”
[bookmark: _Toc536299991][bookmark: _Toc536371505]Multi-Carburetor Induction Systems
Multi carburetor induction systems allow for more air and fuel delivery due to the aid of an additional carburetor. If mounted to a v8 engine then each carb can cover 4 cylinders as apposed to having to cover all 8 cylinders as a single carburetor system would. This can improve performance and is a simple bolt on upgrade. The down side to a multi carburetor induction system is the setting up of the carburetors to run simultaneously, as this can be difficult. 

[bookmark: _Toc536299992][bookmark: _Toc536371506]Single-Point Fuel Injection Induction Systems
As found by Manning (2012 p. 461-468)
· “Also known as throttle body fuel injection”
· “Replaces a carburetor with an electronically controlled low pressure fuel injector spraying into inlet air flow at central point in inlet manifold”
· “More accurate air/fuel ratio control at all engine operating conditions than a carburetor”
As found by Stone (1999 p. 192) “The single-point injection system can look very much like a carburetor, and as with a carburetor, a throttle plate and inlet manifold play an important part in mixture preparation.”

[bookmark: _Toc536299993][bookmark: _Toc536371507]Multi-Point Fuel Injection Induction Systems
As found by Manning (2012 p. 461-468)
· “Uses a low-pressure fuel injector for each cylinder, spraying into inlet port as close to the back of the inlet valve as possible”
· “With two inlet valves per cylinder, injector is upstream of convergence of inlet ports 
· Injectors may be mounted in cylinder head (minimizes fuel spray distance to valves) or inlet manifold tracts (protects injectors from high cylinder head temperatures)”
· “Inlet manifold distributes air from plenum chamber equally to all cylinders (no fuel distribution hence none of the air/fuel mixture compromises of carburetor manifolds)”
· “More accurate air/fuel mixing and distribution than carburetor/single point injection”
· “Induction system requires separate throttle valve and air mass flow meter”
[bookmark: _Toc536299994][bookmark: _Toc536371508]Induction System Conclusion
“As manufacturers strive to limit engine emissions whilst maintaining and enhancing engine performance, injection offers a means of eliminating inlet manifold wet flow and carburetor fuel delivery problems”. As stated by Burgess and Gollan (2010, p. 68).
Multi-point injection induction systems are the better option due to better atomization and fuel mixing with less wasted fuel than single-point or carburetor injection induction systems. 
	“Multi-point fuel injection has the potential of a higher power output, since the manifold can be designed for optimum air flow, and perhaps also include some induction tuning features. The fueling level is controlled by the fuel supply pressure and the duration of the injection pulses. As with carburetor, the single-point fuel injection system leads to fuel transport delays in the inlet manifold” As stated by Stone (1999 p. 199-200).

[bookmark: _Toc536299995][bookmark: _Toc536371509]Methodology
The Flowbench testing was carried out by Richard Osborne, Jakub Kot and Scott Witts. Before the commencement of any testing, health and safety precautions had to be adhered to. All students participating in testing activities had to be wearing appropriate PPE (personal protective equipment). This consisted of a pair of safety boots with steel toe caps. Any loose clothing or jewelry had to be removed as well as tying back long hair.
With all Health and Safety rules adhered to, the testing could begin. The Cylinder heads used for testing were from the 16v MG K-series engines. One had modified intake and exhaust ports and the other was standard. The valve head sizes were measured, Inlet Valve being 27.8mm diameter, and the Exhaust Valves measured 24.1mm diameter. These valve head sizes were measured to be the same on both cylinder heads. 
Setting up the Flowbench was carried out next, this consisted of making 2 Blu Tack gaskets, one to sit between the cylinder head and the artificial cylinder, and the other to sit between the artificial cylinder and the Flowbench itself. This creates a good seal for testing. 
The artificial cylinder was mounted to the Flowbench and secured with four 10mm M6 bolts. The cylinder head was then fitted on top of the artificial cylinder and secured with a number of g-clamps. A plate was then fitted on top of the cylinder head and secured with 2 allen-key bolts. The plate had two angled bolts, one for each inlet valve, mounted to it above the valves and once tightened operated the valves therefore creating valve lift. Two DTI gauges mounted on magnetic stands were positioned and zeroed on the top of these bolts (one for each inlet valve). As the bolts were tightened, valve lift was created. One full rotation on the DTI gauge will indicate 1mm of valve lift. The valve lift was adjusted in 1.4mm increments (or as close to). This is done so that the valve lift ratio (L/D) increases in 0.05 increments up to 0.4. 
The modified cylinder head was tested first on the inlet valves, the mode selector switch was set to INTAKE (this was switched to EXHAUST when testing exhaust valves). A quick pressure test was completed to ensure a good seal had been created between all surfaces. With no leaks found, testing could begin. The Valve Lift was adjusted to 1.39mm or 0.05L/D and the Flowbench was turned on. The fluid pressure was set at 10inches, regulated by the Flow Control Knob and visually checked using the test pressure meter found on the left-hand side of the Flowbench. The Flow Meter indicates the flow % and could not exceed 90% for fear of damage to the Flowbench. This was regulated by the amount of rubber bungs fitted to the orifice plate. A measurement of 66% air flow with rubber bungs 1&2 removed was obtained. Mounted to the back of the Flowbench, was the air flow % chart. Using this chart, the CFM reading could be obtained. This was achieved by following the ‘Y’ axis on the chart to find the flow % of 66%. From there, following across the chart horizontally, and meeting with the angled lines representing the number of bungs removed. As the ‘Flow %’ and ‘bungs removed’ lines meet, following that point vertically will reveal the CFM reading. This was found to be 19cfm. Temperature readings were also taken throughout the testing. The Air Flow cfm graph can be seen below.
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[bookmark: _Toc536371524]Figure 1 Air Flow Graph cfm
This method of testing was used throughout while adjusting valve lift on both cylinder heads. The cylinder heads were removed and rotated 180 degrees to aid ease of testing. All test results can be seen in the tables below.
[bookmark: _Toc536299996][bookmark: _Toc536371510]Modified Cylinder Head Data (Inlet)

	L/D
	Lift (mm)
	% Flow
	Bungs Removed
	Flow (cfm)
	Temp (Deg C)

	0.05
	1.39
	66
	1 & 2
	 19 
	 

	0.1
	2.78
	61
	1, 2 & 3
	 36
	 

	0.15
	4.17
	85
	1, 2 & 3
	 50
	 

	0.2
	5.56
	75
	1, 3 & 4
	 63
	36

	0.25
	6.95
	68
	1, 2, 3 & 4
	 71
	 

	0.3
	8.34
	76
	1, 2, 3 & 4
	 80
	 

	0.35
	9.73
	80
	1, 2, 3 & 4
	 85
	 

	0.4
	11.12
	84
	1, 2, 3 & 4
	 88
	40


[bookmark: _Toc536371525]Figure 2 Modified Head Inlet Data

[bookmark: _Toc536299997][bookmark: _Toc536371511] Modified Cylinder Head Data (Exhaust)

	L/D
	Lift (mm)
	% Flow
	Bungs Removed
	Flow (cfm)
	Temp (Deg C)

	0.05
	1.21
	40
	1 & 2
	 12
	 

	0.1
	2.41
	83
	1 & 2
	 24
	 

	0.15
	3.62
	87
	1 & 3
	 35
	 

	0.2
	4.82
	77
	1, 2 & 3
	 46
	38

	0.25
	6.03
	91
	1, 2 & 3
	 54
	 

	0.3
	7.23
	72
	1, 3 & 4
	 60
	 

	0.35
	8.44
	78
	1, 3 & 4
	 65
	 

	0.4
	9.64
	84
	1, 3 & 4
	 70
	40


[bookmark: _Toc536371526]Figure 3 Modified Head Exhaust Data
[bookmark: _Toc536299998][bookmark: _Toc536371512] Standard Cylinder Head Data (Inlet)

	L/D
	Lift (mm)
	% Flow
	Bungs Removed
	Flow (cfm)
	Temp (Deg C)

	0.05
	1.39
	70
	1 & 2
	21
	38

	0.1
	2.78
	66
	1, 2 & 3
	39
	38

	0.15
	4.17
	90
	1, 2 & 3
	53
	40

	0.2
	5.56
	76
	1, 3 & 4
	64
	40

	0.25
	6.95
	84
	1, 3 & 4
	70
	40

	0.3
	8.34
	72
	1, 2, 3 & 4
	76
	40

	0.35
	9.73
	74
	1, 2, 3 & 4
	78
	40

	0.4
	11.12
	76
	1, 2, 3 & 4
	80
	40


[bookmark: _Toc536371527]Figure 4 Standard Head Inlet Data
[bookmark: _Toc536299999][bookmark: _Toc536371513]Standard Cylinder Head Data (Exhaust)

	L/D
	Lift (mm)
	% Flow
	Bungs Removed
	Flow (cfm)
	Temp (Deg C)

	0.05
	1.21
	40
	1 & 2
	12
	28

	0.1
	2.41
	83
	1 & 2
	24
	32

	0.15
	3.62
	91
	1 & 3
	35
	34

	0.2
	4.82
	79
	1, 2 & 3
	47
	35

	0.25
	6.03
	90
	1, 2 & 3
	53
	37

	0.3
	7.23
	68
	1, 3 & 4
	57
	39

	0.35
	8.44
	71
	1, 3 & 4
	59
	39

	0.4
	9.64
	73
	1, 3 & 4
	61
	39


[bookmark: _Toc536371528]Figure 5 Standard Head Exhaust Data
[bookmark: _Toc536300000][bookmark: _Toc536371514]Analysis
[bookmark: _Toc536300001][bookmark: _Toc536371515]Volumetric Flow Rate
Using the Tables above (fig. 2, 3, 4 & 5), the Volumetric Flow Rate can be found by Multiplying the CFM readings by 0.0283. This will convert CFM to . Then divide the answer by 60 (seconds in a minute). The Equations are:




The First reading for Modified Inlet can be seen as follows:





These Equations have been carried out to obtain each of the results in the tables that follow.
	Volumetric Flow Rate
Standard Inlet
Vs
Modified Inlet

	

	

	L/D
	Standard
	Modified

	0.05
	0.009911
	0.008961

	0.1
	0.018406
	0.01699

	0.15
	0.025013
	0.023597

	0.2
	0.030205
	0.029733

	0.25
	0.033036
	0.033508

	0.3
	0.035868
	0.037756

	0.35
	0.036812
	0.040116

	0.4
	0.037756
	0.041531


[bookmark: _Toc536371529]Figure 6 VFR Standard vs Modified Head (Inlet)

[bookmark: _Toc536371530]Figure 7 Standard vs Modified Head (Inlet) VFR Graph
Graphs have been produced as a visual aid to display the comparison of the improvements created by enlarging the inlet and exhaust ports within a cylinder head. It can be seen in the graph above (fig. 7) that, although the flow rate at initial valve opening has been slightly reduced, improvements have been made at higher valve lift.
Below is the table of results for Exhaust Volumetric Flow Rate.
	Volumetric Flow Rate
Standard Exhaust
Vs 
Modified Exhaust

	

	

	L/D
	Standard
	Modified

	0.05
	0.005663
	0.005663

	0.1
	0.011327
	0.011327

	0.15
	0.016518
	0.016518

	0.2
	0.022182
	0.02171

	0.25
	0.025013
	0.025485

	0.3
	0.026901
	0.028317

	0.35
	0.027845
	0.030677

	0.4
	0.028789
	0.033036


[bookmark: _Toc536371531]Figure 8 VFR Standard vs Modified Head (Exhaust)


[bookmark: _Toc536371532]Figure 9 Standard vs Modified Head (Exhaust) VFR Graph













[bookmark: _Toc536300002][bookmark: _Toc536371516]Valve Area
The Area of the valve head can be found by using the equation “  “ as found by Meerkamm (2014, p. 67). To Obtain the area of the Valve, you must also get the Area of the Valve Stem. This can also be done by using the same equation, then subtract the Valve Stem area from the Valve Head area.
The Inlet Valve Head diameter is 27.8mm, therefore the equation would be

The Valve Stem diameter is 6mm, the Valve Stem area would be

The over-all area for the inlet valves would be

The same can then be done for the Exhaust Valves. All Valve Stem diameters are the same at 6mm so there’s no need to redo that equation, but the Exhaust Valve Head diameter is smaller, measuring at 24.1mm, therefore the equation will be

The over-all area for the Exhaust Valves would be

It was found that the Inlet Valve area was , and the Exhaust Valve area was . These figures can be used to work out the Flow Velocity (FV) in Meters per Second (m/sec) by dividing the Volumetric Flow Rates by the Valve Area. Before this can be carried out the Valve areas must be converted from millimeters to meters. As there are 1000mm in 1 meter, this can be done by dividing the valve areas by 1000.
Inlet Valve Area - 
Exhaust Valve Area - 

[bookmark: _Toc536300003][bookmark: _Toc536371517]Flow Velocity
To obtain the Flow Velocity, the Volumetric Flow Rate results must be divided by the Inlet and Exhaust Valve areas. The tables and graphs below show the results for Standard Inlet and Exhaust, and also Modified Inlet and Exhaust.
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[bookmark: _Toc536371533]Figure 10 Standard vs Modified (Inlet) FV Results
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[bookmark: _Toc536371534]Figure 11  Standard vs Modified (Inlet) FV Graph
Again, as before, the graph above (fig. 11), provides a visual display of flow benefits of the port modifications carried out on the modified cylinder head.
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[bookmark: _Toc536371535]Figure 12 Standard vs Modified (Exhaust) FV Results


[bookmark: _Toc536371536]Figure 13 Standard vs Modified (Exhaust) FV Graph



[bookmark: _Toc536300004][bookmark: _Toc536371518]Co-Efficient of Discharge (Cd)
Co-Efficient of Discharge data (Cd), can be obtained using the equation below.



Readings for Valve Flow Potential were obtained via pages 30-31 of the SuperFlow Flowbench Operators Manual. These values were in cfm and had to be converted to . This was carried out the same way as for Volumetric Flow Rate.
Below are the tables of data calculated in this way, and also comparative graphs to present the differences.

	Co-Efficient of Discharge
Standard Inlet
Vs
Modified Inlet

	

	L/D
	Standard
	Modified

	0.05
	1.313397
	1.1883119

	0.1
	1.305124
	1.2047301

	0.15
	1.293452
	1.2202382

	0.2
	1.263079
	1.2433433

	0.25
	1.216001
	1.2333727

	0.3
	1.224561
	1.2890117

	0.35
	1.215677
	1.3247757

	0.4
	1.252701
	1.3779716


[bookmark: _Toc536371537]Figure 14 Cd Standard vs Modified Inlet

[bookmark: _Toc536371538]Figure 15 Cd Standard vs Modified Inlet Graph

	Co-Efficient of Discharge
Standard Exhaust
Vs
Modified Exhaust

	

	L/D
	Standard
	Modified

	0.05
	0.750513
	0.7505128

	0.1
	0.803153
	0.8031534

	0.15
	0.854167
	0.8541667

	0.2
	0.927574
	0.9078379

	0.25
	0.920687
	0.9380581

	0.3
	0.918421
	0.9667587

	0.35
	0.91955
	1.0130638

	0.4
	0.955185
	1.0961138


[bookmark: _Toc536371539]Figure 16 Cd Standard vs Modified Exhaust


[bookmark: _Toc536371540]Figure 17 Cd Standard vs Modified Exhaust Graph
[bookmark: _Toc536300005][bookmark: _Toc536371519]Conclusion
It was found that the modifications made to the inlet and exhaust ports of the modified MG K-Series cylinder head have some-what improved air flow. This is evident throughout all testing. The major difference being measured in the Co-Efficient of discharge, meaning that the ratio of the mass flow rate has been significantly improved on the inlet side of the cylinder head, as can be seen in fig. 15.
It was also recorded that the initial flow rate at the lower valve lift readings (fig. 2, 3, 4 & 5) showed that air flow had reduced slightly on the modified head compared to the standard head. Its was only at the higher valve lift readings that the differences were noticeable. This could be to create a quicker and higher revving engine as is needed for race applications.
Its is my personal opinion that the current electronic multi-point fuel injection induction systems are superior to the single point and carburetor systems of the past. This is because of the improvement to fuel used against fuel wasted, the higher tuning potential without the dramatic loss of Mpg and the reduced risk of engine damage due to improper air/fuel ratio’s contributing to detonation inside the cylinders etc. Multi-point injection induction systems are also a requirement to keep up with the strict emissions laws of today, as the controllability of multi-point Fuel injection assists to reduce hydrocarbons released into the atmosphere, something that carburetor induction systems struggle with.
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VFR, Standard vs Modified Inlet

Standard	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	9.9108964499999997E-3	1.8405950550000001E-2	2.501321485E-2	3.02046368E-2	3.30363215E-2	3.5868006199999997E-2	3.6811901100000002E-2	3.7755796000000001E-2	Modified	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	8.9670015499999992E-3	1.6990108199999999E-2	2.3597372500000002E-2	2.9732689350000001E-2	3.3508268950000003E-2	3.7755796000000001E-2	4.0115533250000002E-2	4.1531375600000003E-2	L/D (Valve Lift/Valve Head Diameter)


Cubic Meters/Second




VFR, Standard vs Modified Exhaust
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Cubic Meters/Second




Flow Velocity, Standard vs Modified Inlet
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Flow Velocity (m/sec)




Flow Velocity, Standard vs Modified Exhaust

Standard	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	1.3235263846693152E-2	2.6470527693386304E-2	3.8602852886188359E-2	5.1838116732881516E-2	5.8455748656228088E-2	6.2867503271792483E-2	6.5073380579574666E-2	6.727925788735685E-2	Modified	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	1.3235263846693152E-2	2.6470527693386304E-2	3.8602852886188359E-2	5.0735178078990417E-2	5.9558687310119186E-2	6.6176319233465758E-2	7.1691012502921245E-2	7.7205705772376718E-2	L/D (Valve Lift/Valve Head Diameter)


Flow Velocity (m/sec)




Cd Standard vs Modified Inlet

Standard	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	1.3133973562152133	1.3051243051172046	1.2934524616553396	1.2630788801304702	1.2160012330683156	1.2245610761168295	1.2156765331395927	1.2527014714909006	Modified	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	1.1883118937185262	1.2047301278004963	1.220238171372962	1.2433432726284317	1.2333726792550059	1.2890116590703471	1.3247757091905816	1.3779716186399908	L/D (Valve Lift/Valve Head Diameter)


Co-Efficient of Discharge




Cd Standard vs Modified Exhaust

Standard	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	0.75051277498012192	0.80315341853366429	0.85416671996107341	0.92757355259581409	0.92068664789458177	0.9184208070876223	0.9195501981440507	0.95518487201181168	Modified	0.05	0.1	0.15	0.2	0.25	0.3	0.35	0.4	0.75051277498012192	0.80315341853366429	0.85416671996107341	0.90783794509377547	0.93805809408127205	0.96675874430276021	1.0130637776163272	1.0961137875545381	L/D (Valve Lift/Valve Head Diameter)


Co-Efficient of Discharge
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