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Introduction
The purpose of this assignment is to investigate and report on the factors which influence the design and operation of induction and exhaust manifolds. Also, to inspect and analyses a cylinder head and its components and do following tests on a cylinder head using a flow bench to determine the flow characteristics on a cylinder head or more specific a 1.6 Ford Zetec SE Sigma cylinder head.

Research
Automotive manufacturers design the engine to perform according to its application. Similarly, the heads are designed to achieve certain performance parameters. Whether it’s a diesel engine that produces low down torque for an off-road terrain vehicle or more commonly referred to as 4x4. Or if it’s a small hatchback made for city/town driving with low power and a good return on MPG for commuters. The cylinder head is the most important and complex designs in the engine which requires a lot of mathematical calculations and precise machining to achieve the desired results from an engine. So, manufacturers use precision machines and methods to design and manufacture cylinder heads. 
Earlier, manufacturers used cast iron for the purpose. Nowadays, in order to reduce weight and improve performance, aluminium alloy is the preferred choice. Besides, aluminium alloy cylinder head maintains temperature more uniformly because of better thermal conductivity. Often, manufacturers use aluminium alloy head with cast-iron cylinder block and crankcase.
Grey cast-iron for cylinder head is the same that the cylinder block uses. However, aluminium alloys are usually quite different. They contain 3% copper, 5% silicon and 0.5% manganese in aluminium-alloy. Copper increases the hardness and strength if aluminium over time due to its age-hardening quality. However, it decreases the corrosion resistance as well. There is an alternate alloy which consists of 4.5% silicon, 0.5% manganese and 0.5% magnesium in aluminium-alloy. heavy applications such as commercial engines, rail- engines and marine engines still use cast iron.
Furthermore, the cylinder head sits on the top surface of the cylinder block. It is fixed with studs/bolts fixed to the block. A head gasket sits between the head and the block. It provides a tight, leak-proof joint. The head has a combustion chamber above each cylinder in which the combustion takes place. It also contains critical engine parts such as the valves, valve guides, spark plugs (petrol engines) or injectors (diesel engines). Besides, the head also has ports, oil passages and water jackets carved inside it to provide lubrication and cooling. However, the overhead camshaft (OHC) engines also have provisions to mount the camshaft and other parts.
Types of cylinder heads 
The cylinder head may be classified depending upon the layout of valves and ports. There are mainly three types - Loop-flow type, offset crossflow type or in-line crossflow type. In the loop-flow design, the inlet & exhaust manifolds are on the same side which helps pre-heating of the intake air.
Loop flow - However, when the inlet and exhaust manifolds are on different sides of the cylinder head, it is an offset crossflow type.
Offset cross flow - Additionally, this arrangement provides lower exhaust valve temperatures. The inline crossflow type positions the valves transversely and inclined to each other.
Inline cross flow - However, the inlet and exhaust manifolds are on the different sides of the head. This arrangement provides better performance; however, it is costlier. As Stated by: https://carbiketech.com/cylinder-head-what-are-its-types-classification/
Methodology
The methods used to complete the tasks within the assignment was to complete the following assigned tests which required weight the following components e.g. Camshaft, followers/buckets, valves, springs, spring retainer and collets. 
Also measure the bore and stroke of the engine as well as the compression ratio. Next measure the camshaft profile of the inlet cam and plot graphs of valve lift against crank angle.
Measure the flow properties of the cylinder head using a flow bench and following the proper guidelines on how to use the machine correctly and in a safe manner. Flow the head bare without an inlet manifold, flow the head plus the standard intake and flow bare the head with a flared entry to inlet port and record measurements every 0.5mm throughout the process. 
Plot graphs of CFM against valve lift. Identify on the graph the flow at valve lift equal to a quarter of valve diameter. 
From the notes from measuring the flow bench, plot graphs of flow coefficient against lift for all of the tests. On each graph show maximum practical design flow coefficients for the cylinder head. Use this to establish the tuning potential of the head. Determine the loss in coefficient for inlet system caused by adding inlet an inlet manifold. Determine the improvement in the inlet flow by using a flared entry. 
Using these results, plot graphs of inlet flow coefficient (CF) against crank angle. Plot above graphs for all intake tests carried out.
find the mean inlet flow coefficient for the bare head and the head with the inlet manifold fitted.
Using the mean flow coefficient, inlet valve diameter and displacement to determine the engine speed maximum power of the road engine. Discuss how close this speed is to the stated original manufacturer specifications, Explain the theory.
By utilising a combination of the maximum available inlet valve area and the highest practical flow coefficient for your head type, calculate and make a graph of the required inlet valve lift profile (graph of lift versus crank angle) needed to achieve the required mean flow coefficient to raise the RPM of maximum power by 50% (or another realistic target to suit your engine).
During the testing procedure appropriate (PPE) Personal Protective Equipment was used in the workshop to carry out the following tests and correct operation. Also, correct techniques were used during the operation of test equipment and measuring tools. 









Results
Components Weighing
	Components
	Measured Weight (grams)

	Valve
	78

	Spring
	21

	Spring Retainer
	8

	Collets (x2)
	1

	Buckets/followers
	24



Cylinder Head Measurements Including Bore, Stroke and Compression Ratio
	Components
	Measured Values (mm)
	Correct Values

	Inlet Valve Diameter
	24
	24

	Exhaust Valve Diameter
	30
	30

	Bore
	78.85
	79

	Stroke
	78.25
	81.4

	Head Gasket
	0.38
	

	Compression Ratio 
	11.1
	11.1



Camshaft Profile
	Camshaft Profile
	Inlet Cam (mm)

	Maximum lift
	8.03



Flow Calibration
	Intake
	Range
	Exhaust

	16.5
	1
	19.5

	33.2
	2
	37.1

	69.7
	3
	75.0

	138.2
	4
	148.5

	207.8
	5
	219.6

	279.5
	6
	284.6

	
	Range Value x % Flow scale = Flow
	








Flow Testing 
	Intake
	Bare Cylinder Head 

	Cylinder head with Intake Manifold
	Cylinder head with flared entry to port
	Flow Calibration in Litres Per Second

	
	
	Flow Rate %
	
	

	0.5
	38/16.5
	40/16.5
	42/16.5
	

	1
	81/16.5
	75/16.5
	81/16.5
	

	1.5
	53.5/32.2
	60/33.2
	62/33.2
	

	2
	74/32.2
	76/33.2
	77/33.2
	

	2.5
	41/69.7
	95/33.2
	48/69.7
	

	3
	54/69.7
	54/ 69.7
	57/69.7
	

	3.5
	63/69.7
	59/69.7
	65/69.7
	

	4
	67/69.7
	66/69.7
	73.5/69.7
	

	4.5
	73/69.7
	70/69.7
	78.5/69.7
	

	5
	78/69.7
	74/69.7
	83/69.7
	

	5.5
	81/69.7
	76/69.7
	87/69.7
	

	6
	85/69.7
	78/69.7
	90/69.7
	

	6.5
	87/69.7
	80/69.7
	92/69.7
	

	7
	89/69.7
	81/69.7
	94/69.7
	

	7.5
	91/69.7
	82/69.7
	96/69.7
	

	8 (Maximum lift of Standard Cam)
	92/69.7
	83/69.7
	48/138.2
	

	8.5 
	93/69.7
	83/69.7
	48.5/138.2
	

	9
	94/69.7
	84/69.7
	49/138.2
	

	9.5
	95/69.7
	84/69.7
	49/138.2
	

	10
	42/138.2
	85/69.7
	49.5/138.2
	

	10.5
	42/138.2
	85/69.7
	49.5/138.2
	













	Flow Calibration in Litres Per Second
	Bare Cylinder Head 

	Cylinder head with Intake Manifold
	Cylinder head with flared entry to port

	0.5
	6.27
	6.6
	6.93

	1
	13.365
	12.375
	13.365

	1.5
	17.227
	19.92
	20.584

	2
	23.828
	25.232
	25.564

	2.5
	28.577
	31.54
	33.456

	3
	37.638
	37.638
	39.729

	3.5
	43.911
	41.123
	45.305

	4
	46.699
	46.002
	51.2295

	4.5
	50.881
	48.79
	54.7145

	5
	54.366
	51.578
	57.851

	5.5
	56.457
	52.972
	60.639

	6
	59.245
	54.366
	62.73

	6.5
	60.639
	55.76
	64.124

	7
	62.033
	56.457
	65.518

	7.5
	63.427
	57.154
	66.912

	8 (Maximum lift of Standard Cam)
	64.124
	57.851
	66.336

	8.5 
	64.821
	57.851
	67.027

	9
	65.518
	58.548
	67.718

	9.5
	66.215
	58.548
	67.718

	10
	58.044
	59.245
	68.409

	10.5
	58.044
	59.245
	68.409














	Flow Calibration in CFM (Cubic feet per minute)
	Bare Cylinder Head 

	Cylinder head with Intake Manifold
	Cylinder head with flared entry to port

	0.5
	2.96571
	3.1218
	3.27789

	1
	6.321645
	5.853375
	6.321645

	1.5
	8.401426
	9.42216
	9.736232

	2
	11.62066
	11.93474
	12.09177

	2.5
	13.51692
	14.91842
	15.82469

	3
	17.80277
	17.80277
	18.79182

	3.5
	20.7699
	19.45118
	21.42927

	4
	22.08863
	21.75895
	24.23155

	4.5
	24.06671
	23.07767
	25.87996

	5
	25.71512
	24.39639
	27.36352

	5.5
	26.70416
	25.05576
	28.68225

	6
	28.02289
	25.71512
	29.67129

	6.5
	28.68225
	26.37448
	30.33065

	7
	29.34161
	26.70416
	30.99001

	7.5
	30.00097
	27.03384
	31.64938

	8 (Maximum lift of Standard Cam)
	30.33065
	27.36352
	31.37693

	8.5 
	30.66033
	27.36352
	31.70377

	9
	30.99001
	27.6932
	32.03061

	9.5
	31.3197
	27.6932
	32.03061

	10
	27.45481
	28.02289
	32.35746

	10.5
	27.45481
	28.02289
	32.35746




Further Investigation
	Further inspection for possible modifications to the cylinder head
	Standard Measurements
(mm)

	Inlet Valve
	24

	Exhaust Valve 
	30

	Inlet Port
	43.21 by 28.43

	inlet port wall thickness (higher)
	12.28

	Inlet port wall thickness (lower)
	8.98

	Exhaust Port
	32.45 by 28.22

	Exhaust port wall thickness (higher)
	12.07

	Exhaust port wall thickness (lower)
	10.70

	Wall thickness between exhaust valves
	8.34

	Wall thickness between inlet valves
	12.63

	Cylinder head chamber 
	74.13



Analysis
Valve lift Against Crank Angle

In the graph above you can see measured valve lift against crank angle which was measured in the workshop using a combination of instruments and tools. We took a measurements every two degrees taking notes each time for a full 360-degree cycle which revealed the maximum lift of the standard cam for the 1.6 Sigma Zetec SE engine.  

Smoothed Profile Against Crank Angle

This is a smoothed profile of the crank angle against valve lift which shows a smoother and more accurate representation of the cam lobe measured. In order to get the smoother profile for the graphs 



CFM (Cubic feet per minute) Against Valve lift

In the graph above you can see CFM (Cubic feet per minute) against the valve lift in order to get the CFM from the super flow testing. We first had to calculate percent of flow by the range that we were in using the calibration card which converts to LPS (Litres per second) e.g. 0.38 (percent) x 16.5 (range). Then to convert LPS into CFM (cubic feet per minute) by using a conversion rate of 1 CFM is = to 0.473 (LPS). e.g. 6.27 x 0.473 = 2.96571 (CFM). I then Repeated this for all of the recorded data from the flow bench for the bare head, intake manifold and flared entry to port and then produced a graph of each CFM for the individual testing against valve lift. During the testing we decided to go further with the valve lift to provide more range and data for when improving upon the system. 
A quarter of the inlet valve diameter, when the valve is 24mm equals 6mm. The flow at 6mm of valve lift shows that the flow when the standard intake is fitted is at it’s worst at around 25 CFM, the bare head is improved flow with 27-28 CFM and with a flared entry to the port the flow is increased to 29-30 CFM. The main reason why the flow is greater with a flared entry and no restrictions with the standard intake is because the air can flow better compared to a bare head or standard intake due to the flared entry.
The flared entry allows the air to flow better, with a bare head the air can’t flow past the sharp corners of the port therefore reducing the airflow because it creates turbulence. The standard intake reduces the flow mainly due to length & size of each tubing and what the air has to travel through e.g. Airbox, Air Filter, MAF (Mass air flow), throttle body, intake manifold, head cylinder ports, valves and finally into the combustion chamber. The intake manifold has been designed so that the engine produces the figures stated by the manufacturer. There are many limitations on the standard intake system which impacts how much power the engine produces. 







CFM per Sq. Inch Against Valve Lift




In order to convert CFM to CFM per sq. inch, first find the area of the inlet valve in inches which is 0.944882. And following the equation Area = 3.14. D^2/4, find the area of the valve which = 0.70085. To make these results even more accurate you can include the area of the stem of the valve. Then proceed to do the equation CFM/Area for the bare head, intake manifold and flared entry. The above graph shows CFM sq. inch plotted against valve lift for the bare head and inlet manifold fitted. From analysing the graph, you can see the restriction the standard intake manifold has on the system with only reaching a flow CFM sq. inch of 38-39 meanwhile with removing the intake manifold the flow is greater by 3-4 CFM sq. inch. 


To calculate the Coefficient of flow (Cf), use the following calculation measured CFM sq. inch/The perfect CFM sq. inch which equals 138 CFM/in^2 which can be found using the super flow manual for the flow bench. Proceed to do the following calculations using the CFM sq. inch previously calculated for all three tests over the perfect CFM sq. inch (138). The graph above shows the Coefficient of flow (Cf) of all three tests plotted against the valve lift

	Loss of (Cf) By adding an inlet Manifold

	-0.00161

	0.004842

	-0.01055

	-0.00325

	-0.01449

	0

	0.013635

	0.003409

	0.010226

	0.013635

	0.017044

	0.023861

	0.023861

	0.02727

	0.030678

	0.030678

	0.034087

	0.034087

	0.037496

	-0.00587

	-0.00587



From the graph previously shown the loss of Coefficient of friction by adding an inlet manifold is shown in the table above, the loss is more prominently shown as the valve starts to lift where it shows a maximum loss of 0.037496 Cf. To get these results in the table of the loss of Cf by adding an inlet manifold by taking the Flow Coefficient from the bare head away from the flow coefficient in the intake manifold and repeated for each valve lift of 0.5mm which produced the loss of coefficient of friction by adding an inlet manifold to the head. 











	Improvement in (Cf) by adding a flared entry

	0.001614

	0.004842

	0.003247

	0.001624

	0.00937

	0.010226

	0.020452

	0.025565

	0.028974

	0.030678

	0.037496

	0.040905

	0.040905

	0.044313

	0.047722

	0.041496

	0.044876

	0.044846

	0.044846

	0.044817

	0.044817



Like the previous table shown and calculations this table shows the improved flow coefficient (Cf) by adding a flared entry to the port of the cylinder head. By taking the flared entry Cf from the inlet manifold Cf these results were achieved which shows the improvement by adding a flared entry to the port over the standard intake system. The maximum improvement of Cf was 0.044876 at 8.5mm of valve lift. 
In order to get the mean flow coefficient (Cf) for all three flow bench tests. You must find the highest Cf and the lowest and take the highest value away from the lowest and divide by how many values there are e.g. 21 and repeat for all three tests.
E.g. of calculation for flared entry:
0.334557282645805 - 0.0338914758107183/21 = 0.332943


	Mean Inlet Flow Coefficient (Bare Head)

	0.32236725


	Mean Inlet Flow Coefficient (Inlet Manifold)

	0.288203301




	Mean Inlet Flow Coefficient (Flared Entry)

	0.332943





Modifications to increase Flow
There are many ways to increase the flow of a cylinder head, here are some examples:
The Standard butterfly used on the vehicle, which disturbs the airflow even at full throttle because of its position. If a roller barrel throttle was fitted it will allow uninterrupted flow at full throttle increasing flow. 
The design of the standard valves fitted to the head create turbulence, so you could get valves with slimmer stems, remove protruding valve guides, change the shape of the port, change the surface finish of the port. 
The current valve seat also causes turbulence the ideal valve seat for flow would be radial, how-ether this isn’t good for heat transfer away from the valve. Closest possible is 3 angle seats while improving flow and maintaining reliability.
When air flows through a tube or port there is a boundary layer, this is where the air sticks to the port surface which makes the are of the port smaller reducing flow. An edge at the opening of the port creates turbulence in order to get rid of this turbulence or minimise it would be to add a trumpet with a rounded opening e.g. ITB’s.
To improve flow a modified cam with an improved lift would increase flow and therefore increase power. 
Porting the cylinder head would also increase the flow of the cylinder head. Porting seeks to remove restriction and promote increased volume of air charge entering or exiting the combustion chamber. Restrictions can manifest in several different forms. Burs, casting defects, sharp corners, and other design flaws can negatively affect flow characteristics.
From further inspection of the cylinder head it was found that the inlet valves could be made larger by about 2mm each which would increase flow, however any increase on diameter of the exhaust valves would impede the operation of the head and the valves will likely collide or with a very small increase it could thin the wall thickness between each valve and create a weak spot on the head. 

Conclusions
From this assignment I can conclude that any improvement on the design of the cylinder head to increase more/better flow ultimately equals more power to be produced/outputted by the engine. After all an engine is just a glorified air pump.
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Valve lift



Smoothed Profile Against Crank Angle
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Smoothed Profile



CFM Against Valve lift
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CFM (Cubic feet per minute)




CFM sq inch against Valve Lift

Bare Head	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	4.2315928369382583	9.0199742050526055	11.987488352423819	16.580825010829209	19.286479824750341	25.40170513503703	29.635322657543202	31.516930445323723	34.339342126994509	36.69135186172015	38.102557702555551	39.984165490336068	40.92496938422633	41.865773278116585	42.806577172006854	43.276979118951978	43.747381065897109	44.21778301284224	44.688184959787371	39.173616367981545	39.173616367981545	Inlet Manifold	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	4.454308249408693	8.3518279676413005	13.443912170942603	17.028955416527296	21.28619427065912	25.40170513503703	27.753714869762678	31.046528498378599	32.928136286159116	34.80974407393964	35.750547967829895	36.69135186172015	37.63215575561042	38.102557702555551	38.572959649500682	39.043361596445806	39.043361596445806	39.513763543390937	39.513763543390937	39.984165490336068	39.984165490336068	Valve lift 


CFM sq inch




Coefficient of Flow against Valve Lift

Bare Head	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	3.0663716209697524E-2	6.5362131920671057E-2	8.6865857626259563E-2	0.12015090587557398	0.13975710017935031	0.18407032706548573	0.21474871490973335	0.22838355395162119	0.24883581251445297	0.26587936131681267	0.27610549059822864	0.28974032964011642	0.29655774916106037	0.30337516868200426	0.31019258820294821	0.31360129796342012	0.3170100077238921	0.32041871748436407	0.32382742724483604	0.28386678527522857	0.28386678527522857	Inlet Manifold	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	3.2277596010207923E-2	6.0520492519139858E-2	9.7419653412627566E-2	0.1233982276559949	0.15424778456999363	0.18407032706548573	0.20111387586784549	0.22497484419114927	0.23860968323303708	0.25224452227492494	0.25906194179586883	0.26587936131681267	0.27269678083775667	0.27610549059822864	0.27951420035870062	0.28292291011917248	0.28292291011917248	0.28633161987964445	0.28633161987964445	0.28974032964011642	0.28974032964011642	Flared Entry	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	3.3891475810718316E-2	6.5362131920671057E-2	0.10066697519304847	0.12502188854620536	0.16361806850265398	0.1942964563469016	0.22156613443067724	0.25054016739468893	0.26758371619704874	0.28292291011917248	0.29655774916106037	0.30678387844247618	0.31360129796342012	0.32041871748436407	0.32723613700530796	0.32441918317168983	0.3277985496630616	0.33117791615443337	0.33117791615443337	0.3345572826458052	0.3345572826458052	Valve lift


Coefficient of Flow (Cf)
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