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[bookmark: _Toc215067715]Introduction
With this assignment I will take a cylinder head, the Ford 2.0 Duratec, and actually treat it like a working mechanical system rather than a lump of aluminium with valves stuck in it. Instead of talking about combustion theory in abstract, my report digs into the physical pieces that decide how the engine breathes, how fast it can safely spin, and where its power naturally wants to live. That means breaking the system down into the basics: the valve gear and its mass, the piston and crank kinematics, the geometry that dictates how the air moves into the cylinder, and finally the flowbench data that shows how well the head actually performs in the real world.
Part 1 focuses on the mechanical side. The valvetrain components were weighed, their motion modelled, and the piston’s position and speed plotted across a full 360 degrees of crank rotation. From there, it becomes possible to estimate when the valves stop following the cam, the point of valve float, and to look at the dynamic clearance between the piston crown and the valve at different timings. This lays out the engine’s mechanical limits: how fast the head can safely run, how much mass matters, and what kind of improvements lightweight components could offer. Even for a stock engine, this sort of analysis is surprisingly revealing. It shows which parts are operating comfortably and which parts are closer to the edge than they look.
Part 2 is where the breathing side comes in. Using the flowbench data, my report looks at how the head behaves as the valve lifts through its range, how the flow coefficient shifts, and where the ports start to saturate. With that information, the flow can be tied back into engine performance by estimating the rpm where peak power should naturally fall. This method isn’t perfect but comparing the calculated result with the known performance of the Duratec gives a good sense of how realistic the flow measurements are and whether the engine has hidden potential or is more or less maxed out in stock form. The final discussion ties all of this together, looking at what the flow and kinematic behaviour say about tuning options, real-world limitations, and how far the head could be pushed without major redesign.
Overall, the report aims to bridge the gap between the theoretical and the mechanical. It uses real measured data, links it to dynamic models, and then interprets the two together in the context of actual engine behaviour. The accompanying Excel document contains all the calculations, intermediate steps and raw figures used throughout, while the written sections focus on explaining what those numbers mean. By the end, the goal is to have a complete picture of how this Duratec cylinder head behaves, mechanically, aerodynamically and practically, and what it would take to boost those performance boundaries.


[bookmark: _Toc215067716]Part 1 – Analysis
[bookmark: _Toc215067717]Section 1 – Component Characterisation
The measurement data used in this analysis was obtained from workshop testing carried out on the Ford 2.0 Duratec cylinder head. Although I was not directly present during the practical session, the dataset reflects the typical procedures and instrumentation used in the laboratory, allowing for reflection on the accuracy and potential sources of error. The bore and stroke values are consistent with manufacturer specifications and would normally be measured using vernier calipers or dial indicators, both of which offer fine resolution but still rely on careful operator technique to avoid parallax or misalignment errors. Component masses were likely obtained using digital bench scales, which provide good repeatability but remain sensitive to calibration drift and surface vibration. Flowbench measurements introduce further complexity: airflow readings depend on stable pressure drop, proper sealing of the test fixture, and correct valve lift positioning, all of which can introduce systematic deviations if not controlled. Finally, the compression ratio was taken from published specifications rather than direct measurement, which removes experimental uncertainty but introduces an assumption about the exact condition of the test engine. Overall, while the dataset is suitable for engineering analysis, the inherent uncertainties should be acknowledged when interpreting results.
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[bookmark: _Toc215067719]Section 4 – Dynamic System Assessment
Valve float is the point where the spring can no longer control the motion of the valvetrain, and the valve begins to lose contact with the cam profile. With the reciprocating mass measured at roughly 114 grams, and with the valve accelerations taken from the lift curve sitting in the 2000-3000 metres per second squared range, it becomes a simple balance of forces. The valve spring provides around 350 newtons at full lift, and once the inertial load matches that, float begins.
Working through the numbers places the onset of float at around 6800 to 7000 rpm for the inlet valve, with the exhaust slightly lower due to its higher effective mass. It’s reassuring to me that this estimate lines up with the known behaviour of a stock 2.0 Duratec, which typically floats just below 7000 rpm. The calculation isn’t perfect, but it shows the dynamics moving in the right direction, and it gives a realistic boundary for the engine’s mechanical limit.
Plotting piston position alongside the inlet and exhaust lift curves makes the critical timing points easy to see. The tightest clearances appear just after overlap TDC for the exhaust valve and shortly after intake TDC for the inlet, when the piston is nearest the cylinder head and the valves reach meaningful lift. Under normal operation the curves remain well separated, but this is also the region where float would be most dangerous; any loss of spring control here would push the valve beyond its intended path and bring it uncomfortably and perhaps dangerously close to the piston. 
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To raise the mechanical rev limit by 25%, the valvetrain needs to handle the higher inertial loads without floating. Since float RPM is tied to the inverse square root of mass, the only practical way to get that increase is to make the moving parts lighter. With the current setup weighing about 114 grams, the maths works out to a target of roughly 72 grams, meaning around ~42 grams need to be removed. That sounds a bit dramatic at first but becomes realistic once the reduction is spread across several components rather than forced onto one part. A titanium valve, for example, usually cuts around ~14 grams on its own. Titanium retainers shave off another ~6 grams. Switching to a beehive-style spring can remove another ~8 grams through reduced coil mass, and lighter followers or buckets typically offer another 10–15 grams of savings. Added together, these changes easily fall into the 38–43 gram range, which is enough to achieve the mass reduction needed for a 25% increase in float RPM. It’s just using the same materials and designs found in higher-revving valvetrains, ultimately. 
The actual weight reduction comes from swapping out the heavier steel parts for materials that are basically the “normal” choice when an engine is meant to rev higher. Titanium is the main one: it’s strong, light, and handles heat well, so using titanium valves and retainers immediately cuts a noticeable chunk of mass from the parts that move the most. Granted, it costs more – but I’m not worrying about cost today! Beehive springs help too, just because they use less material and have a higher natural frequency, so they’re lighter and also behave better at high RPM. A lighter or hollow follower/bucket then finishes the job, since that’s another component that does the full lift stroke every cycle and benefits directly from being lighter. None of this is experimental or unusual, these are the same parts you’d see in engines designed to run safely at higher revs, and using them together gives a realistic and practical way to hit the 25% increase in float RPM that the calculations call for.
[bookmark: _Toc215067720]Part 2 – Flow Analysis and Cylinder Head Performance
[bookmark: _Toc215067721]Section 1 – Flowbench Testing and Data Collection
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All supporting calculations, raw measurements and plotted results for this section are documented in the accompanying Excel file. That’s where the lift increments, converted flow figures, flow coefficients and all derived values were processed before being brought into the report. 
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[bookmark: _Toc215067723]Section 3 – Integration and Valve Kinematics
This section is not completed as Excel was refusing to play ball and I spent more than an hour trying to troubleshoot the formulae. I accept defeat here. 



[bookmark: _Toc215067724]Section 4 – Performance Assessment
The flow-based power estimate comes out at roughly 6200 rpm, which is almost bang-on where the stock Duratec is supposed to hit its peak power. That’s a good sign the inputs aren’t fantasy numbers: the mean flow coefficient of about 0.35, the inlet valve area, the assumed 0.9 volumetric efficiency, they all fit together the way they should. Nothing’s fighting my maths, and nothing feels like it’s trying to oversell the head’s capability.

That said, this method is hardly gospel. It treats the cylinder like a simple air pump, ignores the pulsing and chaos of a real running engine, freezes VE, pressure drop and air density as if they don’t shift with rpm, and relies on flowbench numbers that are far calmer than anything happening at 6000 rpm on the road. 

But the fact the estimate lands right next to the actual Duratec peak is what saves it for me. It shows the flow we measured genuinely matches the engine’s known behaviour, and more importantly, that the head isn’t hiding some big reservoir of untapped high-rpm performance. If I want this thing to breathe harder past 6200, I’d need real work: porting, cams, geometry changes. The calculation shows me where the ceiling really is.

[bookmark: _Toc215067725]Section 5 - Flow Potential and Tuning Insight
The intake flow profile from the bare-head tests makes it pretty clear this Duratec head is aimed more at usable mid-range than crazy high-RPM power. Measured flow increases more or less linearly up to around 10–11 mm of lift, then plateaus a bit, and the flow coefficient steadily drops from about 0.45 at low lifts to roughly 0.26 at maximum lift. That’s a strong hint that the port becomes the main restriction once the valve is open far enough, which fits with typical stock Duratec data, where mildly worked heads tend to sit in the 0.35–0.40 CF range and support peak power around 6–6.5k rpm.

The flow-based power estimate of roughly 6200 rpm lines up nicely with the factory peak power point, so in standard form this head doesn’t really have much spare high-RPM flow “in the bank”. To push peak power higher you’d be looking at proper port work, not just more cam lift, because the plateau shows that extra lift on its own won’t buy much more air. A well-shaped bellmouth or trumpet on the bare port entry would probably help low-lift flow and smooth the approach into the port, and a tuned-length manifold could improve cylinder filling over a specific rpm band, but if the internal port shape stays the same the overall saturation behaviour won’t change dramatically. In real-world terms, the data suggests this head is well suited to a responsive, road-biased NA engine that lives around 3–6k rpm, and that serious high-rpm tuning would need a combination of porting, cam changes and possibly larger valves rather than bolt-ons alone.


[bookmark: _Toc215067726]Conclusion
Stepping back from all the graphs and maths, the whole picture comes together pretty neatly. The motion modelling shows the valves and piston doing exactly what they should, with plenty of clearance where it matters and float speeds that line up with what people see on real Duratec builds. Just a solid, predictable setup.

The flowbench work backs that up. The head behaves like a classic stock Duratec: strong through the middle, tapering off once the lift gets high enough that the port becomes the bottleneck. The mean flow coefficient pointing straight at a ~6200 rpm power peak is basically the engine shining a light on where it’s happiest. The nice thing is, the numbers all agree with each other. Kinematics, flow, and the known factory behaviour are singing the same tune. 

All the number-crunching and plots sit in the Excel file, but the story is simple: this head is built for general/practical usable power, not big-rev heroics. If someone wanted to chase high-rpm gains, they’d need to reshape the ports, not just bolt shiny bits on. For this assignment though, everything adds up to a clean, realistic assessment of how the Duratec breathes, and it’s always nice when the theory, the data, and the engine’s real personality line up that well.
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Flow Analysis
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Motion Analysis
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