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[bookmark: _Toc215927012]Part 1 – Cylinder Head and Valve Train Analysis
[bookmark: _Toc215927013]1.Component Characterisation
1.1. [bookmark: _Toc215927014]Valvetrain Component Weights

Intake side
	Component 
	Mass (G)

	Valve Spring
	35

	Valve 
	48

	Collets
	0.92

	Seal Covers
	10

	Camshaft 
	2182

	Followers
	32.9



Exhaust Side
	Component 
	Mas (G)

	Valve Spring
	35

	Valve 
	41

	Collets
	0.93

	Seal Covers 
	10

	Camshaft 
	2098

	Followers
	32.41



Data Collected from the 2.0 Ford duratec Engine.
Measurements referenced from, (SBD Motorsport, 2020,)






1.2. [bookmark: _Toc215927015]Measurements Bore, Stroke and compression ratio

	Compression Ratio
	11.16

	Bore
	87.5mm

	Stroke 
	83.4mm

	Clearance Volume
	39.27cc

	Cylinders
	4

	Con rod length
	146.25mm

	Capacity
	2006.01cc



Data acquired from the Piston Dynamics Spreadsheet located in teams, for the 2.0 Ford Duratec engine. 

Technical reflection
The dataset for the Ford Duratec 2.0 engine was compiled using a combination of direct measurement and calculated values. Bore and stroke dimensions (87.5 mm × 83.4 mm) were measured with digital vernier callipers and internal micrometres, offering resolution down to 0.01 mm. This level of precision is sufficient for geometric calculations of displacement and compression ratio, though small misalignments of the calliper jaws can introduce systematic error. Clearance volume was determined using burette fluid displacement, a widely accepted method that provides reliable accuracy but is sensitive to meniscus reading errors and sealing quality of the combustion chamber.
Mass measurements of valvetrain components (valves, springs, followers, camshafts) were taken with an electronic balance capable of 0.01 g resolution. While this minimizes random error, calibration drift and environmental factors such as vibration or airflow can affect readings. Human error is most likely in recording values, ensuring consistent measurement conditions, or interpreting instrument scales. Systematic errors may also arise from assumptions in geometric calculations, such as treating combustion chambers as idealized shapes. Despite these limitations, the tools used provide sufficient resolution and repeatability to ensure that the recorded values are accurate enough for simulation modelling, comparative analysis, and academic reporting of the Duratec 2.0 engine.
referenced by (SBD Motorsport, 2020.) for measurements, Copilot (Smart GPT-5) for text structure and measuring apparatus.




2. [bookmark: _Toc215927016] Piston Motion Analysis
[bookmark: _Toc215927017]2.1 Piston Position vs Crank Angle


This graph illustrates the piston position in millimetres as a function of crank angle, ranging from −225° to +225°. The curve shows a smooth sinusoidal motion typical of a reciprocating piston, with minimum position near 0 mm at top dead centre (0° crank angle) and maximum extension around 85 mm at ±180°, corresponding to bottom dead centre. Vertical lines at −90° and +90° mark mid‑stroke positions, useful for analysing intake/exhaust timing or velocity symmetry. The graph effectively visualizes the piston’s kinematic cycle over a full crank revolution.
Graph Referenced from the Piston dynamics data excel spread. 





[bookmark: _Toc215927018]2.2 Piston Velocity, Mean and Peak Piston Speed

Referenced from Piston Dynamics data spread in excel.

Using the Piston dynamics data spread, the mean piston velocity was 11.12m/s and the peak indicated by the graph was around 20m/s.
3. [bookmark: _Toc215927019]Camshaft and Valve Motion Analysis

[bookmark: _Toc215927020]3.3 Valve Lift vs Crank Angle










This graph shows inlet and exhaust valve lift versus crank angle, highlighting valve timing and overlap. The inlet valve (blue curve) peaks near 0°, while the exhaust valve (orange curve) reaches a higher lift around −5°, indicating earlier exhaust opening. The overlapping lift profiles around TDC suggest a period of valve overlap, critical for scavenging and performance tuning. The lift magnitudes and timing reflect camshaft design choices for breathing efficiency.
Graph Referenced from Cam measurements in my Piston dynamics/ excel spread. 







[bookmark: _Toc215927021]3.4 Valve Velocity, Acceleration and Jerk
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Graphs Referenced from my excel spreadsheet, calculations done in excel. 
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Graph referenced from my calculations used in the excel spreadsheet.

[image: ]
Graph referenced from my calculations on excel spreadsheet. 


4. [bookmark: _Toc215927022]Dynamic System Assessment

[bookmark: _Toc215927023]4.1 Valve float RPM 

Estimated Valve float.
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Referenced from hand calculations.

[bookmark: _Toc215927024]4.2 Valve Lift and Piston Position














Graph referenced from data within my excel spreadsheet.


















[bookmark: _Toc215927025] 4.3 Lightweight Components
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Hand Calculations referenced from Copilot calculations. 

Mass reduction impact on float and rev limit
To raise both the inertia‑limited valve‑float RPM and the spring‑mass (resonance) rev limit by 25%, the reciprocating valvetrain mass can be reduced to 64% of its current value. With your measured moving mass of about 0.1025 kg, this implies a target mass near 0.0656 kg—a reduction of approximately 36.9 g. That level is realistic by combining material and geometry changes: swap the 48 g stainless intake valve for titanium (typically 35–40% lighter, saving ~19 g), use hollow or gun‑drilled stems (often 15–25% saving on the relevant components, ~7–9 g), and adopt lightweight retainers/keepers/followers/seal covers (a further ~8–10 g). These substitutions are justified by widely documented density and design differences (Ti vs stainless; hollow stems reducing rod‑like inertia), but they come with caveats: titanium exhaust valves may face temperature limits and require coatings and compatible guides; lighter components alter spring dynamics and may require re‑optimizing seat/open pressures and damping to avoid surge; and any raised rev limit must be checked for valve‑to‑piston clearance and validated in testing.
Text referenced from Copilot. 
[bookmark: _Toc215927026]Part 2 – Flow Analysis and Cylinder Head Performance.
[bookmark: _Toc215927027]1.Flow-Bench Testing and Data Collection
Available in my Excel File
[bookmark: _Toc215927028]2.Data Analysis and Graphs
[bookmark: _Toc215927029]2.2 Flow Rate (l/s) vs Valve Lift









Graph referenced from flow bench data in my excel file.











[bookmark: _Toc215927030]2.3 Flow Rate (l/s per cm^2) vs Valve Lift













[bookmark: _Toc215927031]
2.4 Flow Coefficient vs Valve lift














Graphs referenced from my flow bench data in the excel document.

[bookmark: _Toc215927032]3.Intergartion with Valve Kinematics
[bookmark: _Toc215927033]3.1 Flow Coefficient Vs Crank angle













Graph referenced from the Flow bench data, used to calculate CF and the crank angle from piston characteristics. 















[bookmark: _Toc215927034]4.Performace Assessment

	Mean CF Inlet
	Mean CF Exhaust

	2.8
	1.8


Estimating the engine speed at which maximum power is achieved from steady-flow characteristics is always an approximation, but with my provided data—Mean Cf Intake = 2.8, Mean Cf Exhaust = 1.8, intake valve diameter = 35 mm, and engine displacement = 2006.01 cc. I can build a coherent, defensible analysis. The heart of the method is to match the engine’s volumetric demand at a given RPM to the instantaneous intake capacity of the active valves, using a simplified orifice-style relation. Because a four-stroke engine only admits a fresh charge once every two crankshaft revolutions per cylinder, engine demand grows linearly with RPM, while valve capacity depends on an effective flow coefficient, the area presented, and the square root of the pressure differential over the intake air density. When these two are balanced, the intake side is on the cusp of limiting the charge; in practice, that RPM sits near peak power when the intake is the dominant constraint (exhaust, combustion phasing, friction, and heat rejection can shift the actual peak). For the Ford 2.0 Duratec family, manufacturer data place peak power around 6000–6500 rpm depending on variant and calibration, which I will use as a reality check for the computed range and as a prompt to discuss discrepancies and limitations of the approach.
[image: ]Calculation to find peak power, RPM/ RPM max.











Based on the calculations provided, the estimated peak engine speed for the 2.0 Duratec is approximately 8416 rpm, derived using a mean intake flow coefficient of 2.8, an intake valve diameter of 35 mm, a pressure drop of 1500 Pa, and an intake air density of 1.22 kg/m³. This value was obtained by equating the engine’s volumetric demand to the intake valve’s flow capacity using the standard orifice flow equation. While this result offers a useful theoretical upper bound for intake-limited performance, it exceeds the manufacturer’s quoted peak power range of 6000–6500 rpm, indicating several limitations in the method. The calculation assumes steady-state flow conditions, constant pressure drop, and uniform valve area usage, whereas real engines operate under pulsating flow with time-varying lift and pressure. It also treats all intake valves as simultaneously active, which overstates flow capacity in a four-stroke cycle. Additionally, the model does not account for exhaust restrictions, combustion phasing, or mechanical limits that influence actual peak power. Despite these discrepancies, the method remains valuable for understanding how intake geometry and flow coefficients scale with RPM and for identifying potential bottlenecks in engine breathing.




















[bookmark: _Toc215927035]5.Flow Potential and Tuning Insight
Cylinder head tuning potential for the Duratec 2.0
My data indicates an intake flow profile with strong capacity (high mean flow coefficient and 35 mm intake valve), which aligns with the Duratec’s reputation for well‑formed ports, a robust short‑side radius, and multi‑valve geometry that supports high piston demand at elevated engine speeds. The Duratec family has documented “high‑port” and “low‑port” castings; the later high‑port design (e.g., 2008‑on Focus heads) typically outflows the early low‑port variant and is better suited to sustaining high RPM power, with earlier heads often posting 10–15 bhp less in otherwise similar setups. This head architecture—particularly in the high‑port casting—biases toward maintaining velocity with sufficient cross‑section, consistent short‑turn quality, and controlled throat ratios, all of which Favor extending the power band upward rather than peaking early at lower RPM. In short, the flow profile is better matched to mid–high RPM performance, provided cam timing and runner lengths are tuned to place VE peaks around 6–7k rpm instead of sacrificing tractability at the bottom end. Duratec flow developers also emphasize that velocity management and minimum cross‑section choke control are core to this head.
Suitability for high‑RPM or low‑RPM performance
· High‑RPM inclination: The high‑port Duratec head’s geometry (short‑side radius, splitter, throat/CSA ratios) is designed to maintain flow quality at lifts typical of performance cams, enabling VE rises in the upper mid‑range. Builders consistently find that later high‑port castings respond well to cam and runner tuning aimed at 6–7.5k rpm bands, with stock low‑port heads lagging by 10–15 bhp due to port limitation rather than valve size alone.
· Low‑RPM trade‑offs: Because this head supports higher velocities at realistic cross‑sections, you can retain acceptable low‑end response if runner length and cam phasing (IVC) are set conservatively. However, aggressive port enlargement or throat over‑cutting tends to slow low‑end mixture motion and reduce tumble, compromising torque below ~3.5k rpm—something experienced porters caution against in Duratec development.
Effects of adding trumpets/intake manifold
· Trumpets (velocity stacks): Properly sized stacks that raise inlet pressure recovery and stabilize entry flow can improve cylinder filling at target resonant frequencies, especially when combined with runner lengths tuned to the desired peak‑power RPM. For the Duratec, aftermarket systems and CNC‑ported head packages frequently pair stacks/longer runners to support high‑RPM breathing without sacrificing mid‑range, reinforcing that well‑matched intake geometry complements the head’s high‑port bias rather than constricting it.
· Potential restrictions: Poorly chosen trumpet length or diameter can move resonance out of the desired range, reduce plenum effectiveness, or cause local separation at the bell mouth, which undermines the head’s velocity advantages. Developers point out that chasing static CFM without velocity and CSA balance (including entry geometry) is counterproductive; smooth pretty entries that upset boundary‑layer behaviour or reduce pressure recovery can hurt real flow despite impressive bench numbers.
· Manifold pairing: Tuners and suppliers who CNC‑port Duratec heads typically offer staged packages with runner and valve sizing coordination (e.g., 35/30 mm stock up to 37/31 mm oversize), reflecting that manifold/stack dimensions should be chosen to match the head’s Min‑CSA and throat geometry. When coordinated, the result is an RPM band that advances upward with minimal losses; when mismatched, the manifold becomes the bottleneck rather than the head.
Real‑world performance limits.
· Intake capacity vs. dynamic operation: My mean intake coefficient and 35 mm valve imply ample steady‑state capacity, but the real limit sits where wave tuning, valve timing (IVC/overlap), and exhaust blowdown converge. Published experience on Duratec heads suggests peak power around 6–7k rpm for NA builds with appropriate cams and runners, with well‑developed variants pushing higher bands; claims of extremely high RPM capability require corresponding valve‑train upgrades (springs, light retainers) to avoid float and surge.
· Head casting variation: High‑port heads (2008‑on Focus) materially outperform low‑port variants; if your head is the high‑port type, expect better high‑RPM potential and headroom for cam/runner changes. Using an early low‑port casting will constrain top‑end gains without significant rework, and in some cases aggressive reshaping risks breaking into water jackets due to limited material, placing a practical ceiling on DIY porting.
· Porting philosophy and CSA control: Experienced Duratec porters stress preserving SSR, splitter, throat/CSA relationships, and surface texture to maintain mixture quality and velocity. Over‑polishing or indiscriminate enlargement may increase bench CFM at one test point yet reduce effective flow under pulsation and degrade fuel homogenization, limiting real torque and shifting peak power poorly. My data’s strong mean coefficient fits a quality‑flow profile; gains will come from coordinated valve events and tuned intake lengths; not blunt area increases.
Comparison to similar engines and published flow studies.
· Duratec vs. peer platforms: CNC‑ported Duratec heads from reputable suppliers demonstrate consistent top‑end gains without destroying velocity, often paired with stiffer springs and lightweight retainers to extend usable RPM. These packages cite flow bench development at standard depressions and emphasize ram tuning on‑car to translate static capacity into real VE peaks; the messaging is that the head can support high‑RPM power if the rest of the system is matched and the valvetrain is controlled.
· Community and tuner consensus: Aftermarket guides note Duratec 2.0’s popularity in high‑revving applications (kit cars, Caterham), attributing success to the head’s inherent port quality and DOHC four‑valve layout, again contingent on cam and intake tuning rather than raw port enlargement alone.
· Vendor technical guidance: Suppliers outline staged CNC programs (Phase 1–3) scaling valve sizes from 35/30 to 37/31 mm while retaining proper seat and throat relationships, reaffirming that controlled geometry, not aggressive polishing, delivers the best on‑road gains. These staged approaches mirror what your flow profile suggests: prioritize velocity and CSA management to push the VE peak into the intended RPM window. 
(Torque cars 10th Jan 2020), (SBD Motorsport 2020)
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Piston Speed (degrees)



Piston Position and Velocity

-180	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	83.4	83.399217215804441	83.39686528502034	83.392933474438053	83.38740389999387	83.380251533728284	83.371444213591218	83.360942656154037	83.348700472309815	83.334664186059541	83.318773256499867	83.300960103147332	83.281150134751073	83.259261781765503	83.235206532671953	83.208888974358132	83.180206836781991	83.149051042165979	83.11530575898675	83.078848461043805	83.039549991910008	82.997274635085546	82.951880190195624	82.903218055590997	82.851133317727658	82.795464847721917	82.736045405491637	82.672701751913195	82.605254769438659	82.533519591632739	82.45730574210242	82.376417283305386	82.290652975733167	82.199806447974822	82.103666378173585	82.002016687393706	81.894636745416648	81.781301589485395	81.66178215651189	81.535845529253692	81.403255196957332	81.263771330947293	81.117151075622132	80.963148855292644	80.801516697267601	80.632004571556791	80.454360747519985	80.268332167741221	80.073664839356269	79.870104242997343	79.657395759454147	79.435285114073906	79.203518838841319	78.961844751992601	78.710012454918115	78.447773846009625	78.174883650994929	77.891099969189384	77.596184834970984	77.289904793659559	76.972031490847911	76.642342274098866	76.30062080578324	75.946657685693452	75.580251081928139	75.201207368401811	74.809341767197168	74.404478993842616	73.986453903469027	73.555112135677433	73.110310755836423	72.651918890423445	72.179818353934905	71.693904264809845	71.194085647752246	70.680286019789861	70.152443957380157	69.610513641867684	69.054465380608235	68.484286101110357	67.899979815600645	67.301568053497718	66.689090259380407	66.062604154159516	65.42218605730595	64.76793116815395	64.099953804483192	63.41838759678528	62.723385636840817	62.01512057946492	61.293784696525833	60.559589882595461	59.812767611852252	59.053568846123781	58.282263894223149	57.499142222999268	56.704512220783627	55.898700914170206	55.082053639310942	54.25493366914246	53.417721798178675	52.570815886706512	51.714630366407107	50.849595709589337	49.976157864367863	49.09477765823965	48.205930172614501	47.31010409093355	46.40780102306428	45.499534808696581	44.585830802475641	43.667225143599381	42.744264012581965	41.8175028778372	40.887505734675443	39.954844339227492	39.020097439719081	38.083850007415265	37.146692469439927	36.209219945554338	35.272031490847894	34.33572934616106	33.400918197921698	32.46820444893612	31.538195501534659	30.61149905433237	29.688722413725856	28.770471821111755	27.857351796681428	26.949964500517439	26.048909111596771	25.154781225189026	24.268172269027474	23.389668938528843	22.519852651239603	21.659299020598723	20.808577349024063	19.968250140253815	19.138872630807469	18.320992340368122	17.515148640834553	16.721872343742319	15.941685305711275	15.175100051541193	14.422619414546034	13.684736193691805	12.961932827083103	12.254681081326424	11.563441756287233	10.888664404749221	10.230787066480218	9.5902360162071147	8.9674255250041313	8.3627576346033266	7.7766219441411124	7.2093954088653334	6.6614421503347501	6.1331132776574577	5.6247467193255716	5.1366670652189157	4.669185418365231	4.2225992560607608	3.7971922999709307	3.393234394848804	3.010981395526187	2.6506750618498245	2.3125429612538539	1.9967983786768855	1.7036402335516811	1.4332530036121511	1.1858066552817093	0.96145658042502191	0.76034353926283416	0.58259360926777504	0.42831813987720579	0.29761371287671068	0.1905621083245137	0.10723027590660195	4.7670311627740602E-2	1.1919439761413742E-2	0	1.1919439761413742E-2	4.7670311627740602E-2	0.10723027590660195	0.1905621083245137	0.29761371287671068	0.42831813987720579	0.58259360926777504	0.76034353926283416	0.96145658042502191	1.1858066552817093	1.4332530036121511	1.7036402335516811	1.9967983786768855	2.3125429612538539	2.6506750618498245	3.010981395526187	3.393234394848804	3.7971922999709307	4.2225992560607608	4.669185418365231	5.1366670652189157	5.6247467193255716	6.1331132776574577	6.6614421503347501	7.2093954088653334	7.7766219441411124	8.3627576346033266	8.9674255250041313	9.5902360162071147	10.230787066480218	10.888664404749221	11.563441756287233	12.254681081326424	12.961932827083103	13.684736193691805	14.422619414546034	15.175100051541193	15.941685305711275	16.721872343742319	17.515148640834553	18.320992340368122	19.138872630807469	19.968250140253815	20.808577349024063	21.659299020598723	22.519852651239603	23.389668938528843	24.268172269027474	25.154781225189026	26.048909111596771	26.949964500517439	27.857351796681428	28.770471821111755	29.688722413725856	30.61149905433237	31.538195501534659	32.46820444893612	33.400918197921698	34.33572934616106	35.272031490847894	36.209219945554338	37.146692469439927	38.083850007415265	39.020097439719081	39.954844339227492	40.887505734675443	41.8175028778372	42.744264012581965	43.667225143599381	44.585830802475641	45.499534808696581	46.40780102306428	47.31010409093355	48.205930172614501	49.09477765823965	49.976157864367863	50.849595709589337	51.714630366407107	52.570815886706512	53.417721798178675	54.25493366914246	55.082053639310942	55.898700914170206	56.704512220783627	57.499142222999268	58.282263894223149	59.053568846123781	59.812767611852252	60.559589882595461	61.293784696525833	62.01512057946492	62.723385636840817	63.41838759678528	64.099953804483192	64.76793116815395	65.42218605730595	66.062604154159516	66.689090259380407	67.301568053497718	67.899979815600645	68.484286101110357	69.054465380608235	69.610513641867684	70.152443957380157	70.680286019789861	71.194085647752246	71.693904264809845	72.179818353934905	72.651918890423445	73.110310755836423	73.555112135677433	73.986453903469027	74.404478993842616	74.809341767197168	75.201207368401811	75.580251081928139	75.946657685693452	76.30062080578324	76.642342274098866	76.972031490847911	77.289904793659559	77.596184834970984	77.891099969189384	78.174883650994929	78.447773846009625	78.710012454918115	78.961844751992601	79.203518838841319	79.435285114073906	79.657395759454147	79.870104242997343	80.073664839356269	80.268332167741221	80.454360747519985	80.632004571556791	80.801516697267601	80.963148855292644	81.117151075622132	81.263771330947293	81.403255196957332	81.535845529253692	81.66178215651189	81.781301589485395	81.894636745416648	82.002016687393706	82.103666378173585	82.199806447974822	82.290652975733167	82.376417283305386	82.45730574210242	82.533519591632739	82.605254769438659	82.672701751913195	82.736045405491637	82.795464847721917	82.851133317727658	82.903218055590997	82.951880190195624	82.997274635085546	83.039549991910008	83.078848461043805	83.11530575898675	83.149051042165979	83.180206836781991	83.208888974358132	83.235206532671953	83.259261781765503	83.281150134751073	83.300960103147332	83.318773256499867	83.334664186059541	83.348700472309815	83.360942656154037	83.371444213591218	83.380251533728284	83.38740389999387	83.392933474438053	83.39686528502034	83.399217215804441	83.4	Velocity	-180	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	-9.1965045107190872E-16	-0.13103193475836317	-0.26218277580417743	-0.39357119970731436	-0.52531542390823593	-0.65753297791718091	-0.79034047542904518	-0.9238533876572943	-1.0581858181889332	-1.1934502796604833	-1.3297574725527705	-1.4672160663996781	-1.6059324837029199	-1.7460106868416816	-1.8875519682620725	-2.0306547442274239	-2.1754143524058622	-2.3219228535669956	-2.4702688376542441	-2.6205372344940514	-2.7728091293973836	-2.9271615839027665	-3.0836674619038678	-3.2423952613977054	-3.4034089520828119	-3.5667678190291281	-3.7325263126341	-3.9007339050713905	-4.07143495343065	-4.2446685697384607	-4.4204684980418616	-4.5988629987272303	-4.7798747402380704	-4.963520698346251	-5.1498120631215416	-5.3387541537349845	-5.5303463412215788	-5.7245819793179447	-5.9214483434806606	-6.120926578180387	-6.3229916525570173	-6.5276123245101587	-6.7347511132891249	-6.9443642806355932	-7.1564018205217206	-7.3708074575154674	-7.5875186537941897	-7.8064666248167915	-8.0275763636536404	-8.2507666739628593	-8.4759502115904777	-8.7030335347613583	-8.9319171628167275	-9.1624956434436733	-9.3946576283310606	-9.6282859571757449	-9.8632577499526199	-10.09944450735126	-10.336712219271993	-10.574921481263644	-10.813927618775617	-11.053580819086545	-11.293726270762498	-11.534204310487842	-11.774850577102574	-12.015496172670925	-12.255967830396736	-12.496088089192765	-12.73567547470218	-12.974544686562535	-13.212506791694349	-13.449369423388656	-13.684936985960499	-13.919010864727998	-14.151389641069896	-14.38186931230768	-14.610243516152218	-14.836303759448747	-15.059839650948474	-15.280639137829649	-15.498488745685968	-15.713173821695532	-15.924478780679211	-16.132187353753405	-16.336082839278475	-16.535948355800922	-16.731567096684518	-16.922722586123125	-17.109198936225731	-17.290781104862486	-17.46725515395925	-17.638408507927021	-17.804030211912067	-17.963911189552391	-18.117844499926242	-18.265625593378918	-18.407052565915112	-18.5419264118452	-18.67005127437573	-18.79123469383623	-18.90528785323707	-19.012025820855772	-19.111267789552407	-19.20283731251827	-19.286562535165846	-19.362276422872473	-19.429816984294526	-19.489027489974156	-19.539756685965607	-19.581859002214095	-19.615194755425922	-19.639630346174911	-19.655038449996862	-19.661298202230519	-19.658295376370827	-19.645922555707731	-19.624079298031454	-19.592672293193328	-19.551615513319511	-19.500830355483341	-19.440245776651143	-19.369798420724976	-19.28943273751533	-19.199101093486014	-19.098763874123222	-18.988389577790549	-18.867954900941786	-18.737444814573223	-18.596852631807927	-18.44618006651443	-18.285437282873147	-18.114642935814416	-17.933824202262684	-17.743016803132473	-17.542265016032452	-17.33162167864505	-17.111148182759987	-16.880914458951274	-16.640998951898169	-16.391488586361721	-16.132478723839686	-15.864073109933457	-15.586383812471862	-15.299531150447494	-15.003643613832303	-14.698857774349792	-14.385318187292143	-14.063177284481	-13.732595258481416	-13.39373993818856	-13.046786655917387	-12.691918106135256	-12.329324195987658	-11.959201887776878	-11.581755033562978	-11.197194202065937	-10.8057364980569	-10.407605374435455	-10.003030437198547	-9.5922472435151427	-9.1754970931289535	-8.7530268133194902	-8.3250885376593509	-7.8919394788131543	-7.4538416956304943	-7.0110618547922128	-6.5638709872757026	-6.1125442399112071	-5.6573606223068582	-5.1986027494258007	-4.73655658010387	-4.271511151801179	-3.8037583118854541	-3.3335924457490909	-2.8613102020656775	-2.3872102154951764	-1.9115928271499574	-1.4347598031365785	-0.95701405149051177	-0.47865933782290032	0	0.47865933782290032	0.95701405149051177	1.4347598031365785	1.9115928271499574	2.3872102154951764	2.8613102020656775	3.3335924457490909	3.8037583118854541	4.271511151801179	4.73655658010387	5.1986027494258007	5.6573606223068582	6.1125442399112071	6.5638709872757026	7.0110618547922128	7.4538416956304943	7.8919394788131543	8.3250885376593509	8.7530268133194902	9.1754970931289535	9.5922472435151427	10.003030437198547	10.407605374435455	10.8057364980569	11.197194202065937	11.581755033562978	11.959201887776878	12.329324195987658	12.691918106135256	13.046786655917387	13.39373993818856	13.732595258481416	14.063177284481	14.385318187292143	14.698857774349792	15.003643613832303	15.299531150447494	15.586383812471862	15.864073109933457	16.132478723839686	16.391488586361721	16.640998951898169	16.880914458951274	17.111148182759987	17.33162167864505	17.542265016032452	17.743016803132473	17.933824202262684	18.114642935814416	18.285437282873147	18.44618006651443	18.596852631807927	18.737444814573223	18.867954900941786	18.988389577790549	19.098763874123222	19.199101093486014	19.28943273751533	19.369798420724976	19.440245776651143	19.500830355483341	19.551615513319511	19.592672293193328	19.624079298031454	19.645922555707731	19.658295376370827	19.661298202230519	19.655038449996862	19.639630346174911	19.615194755425922	19.581859002214095	19.539756685965607	19.489027489974156	19.429816984294526	19.362276422872473	19.286562535165846	19.20283731251827	19.111267789552407	19.012025820855772	18.90528785323707	18.79123469383623	18.67005127437573	18.5419264118452	18.407052565915112	18.265625593378918	18.117844499926242	17.963911189552391	17.804030211912067	17.638408507927021	17.46725515395925	17.290781104862486	17.109198936225731	16.922722586123125	16.731567096684518	16.535948355800922	16.336082839278475	16.132187353753405	15.924478780679211	15.713173821695532	15.498488745685968	15.280639137829649	15.059839650948474	14.836303759448747	14.610243516152218	14.38186931230768	14.151389641069896	13.919010864727998	13.684936985960499	13.449369423388656	13.212506791694349	12.974544686562535	12.73567547470218	12.496088089192765	12.255967830396736	12.015496172670925	11.774850577102574	11.534204310487842	11.293726270762498	11.053580819086545	10.813927618775617	10.574921481263644	10.336712219271993	10.09944450735126	9.8632577499526199	9.6282859571757449	9.3946576283310606	9.1624956434436733	8.9319171628167275	8.7030335347613583	8.4759502115904777	8.2507666739628593	8.0275763636536404	7.8064666248167915	7.5875186537941897	7.3708074575154674	7.1564018205217206	6.9443642806355932	6.7347511132891249	6.5276123245101587	6.3229916525570173	6.120926578180387	5.9214483434806606	5.7245819793179447	5.5303463412215788	5.3387541537349845	5.1498120631215416	4.963520698346251	4.7798747402380704	4.5988629987272303	4.4204684980418616	4.2446685697384607	4.07143495343065	3.9007339050713905	3.7325263126341	3.5667678190291281	3.4034089520828119	3.2423952613977054	3.0836674619038678	2.9271615839027665	2.7728091293973836	2.6205372344940514	2.4702688376542441	2.3219228535669956	2.1754143524058622	2.0306547442274239	1.8875519682620725	1.7460106868416816	1.6059324837029199	1.4672160663996781	1.3297574725527705	1.1934502796604833	1.0581858181889332	0.9238533876572943	0.79034047542904518	0.65753297791718091	0.52531542390823593	0.39357119970731436	0.26218277580417743	0.13103193475836317	9.1965045107190872E-16	Crank Angle



Piston Speed (m/s)



Lobe Lift, exhaust and inlet  vs Crank Angle 
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Valve Lift vs Piston position
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Piston position and Lift 




Flow rate (l/s) Vs Valve lift

Inlet lift (mm)	1.75	3.5	5.25	7	8.75	7.5	12.35	14	Exhaust lift (mm)	1.5	3	4.5	6	7.5	9	10.5	12	Inlet Flow rate (l/s)	29.547999999999998	61.335999999999999	39.728999999999999	98.122	109.178	110.56	116.08799999999999	116.08799999999999	Exhaust flow rate (l/s)	17.350000000000001	17.25	60.75	65.25	70.400000000000006	72.75	73.125	73.875	Valve lift


Flow Rate (l/s)




Flow rate (l/s/sqm) Vs Valve lift

Inlet Lift	1.75	3.5	5.25	7	8.75	7.5	12.35	14	exhaust Lift 	1.5	3	4.5	6	7.5	9	10.5	12	Inlet Flow	29548	61336	39729	98122.2	10917.8	11056	11608.8	11608.8	Exhaust Flow	17350	17250	60750	65250	70400	72750	73125	73875	Valve Lift


Flow Rate (l/s/sqm)




CF Vs Valve Lift

CF Inlet	1.0229999999999999	2.12	1.38	3.4	3.78	3.83	4.0199999999999996	CF Exhaust	0.60099999999999998	0.6	2.1	2.2599999999999998	2.44	2.52	2.5329999999999999	Inlet lift	1.75	3.5	5.25	7	8.75	7.5	12.35	14	Exhaust lift	1.5	3	4.5	6	7.5	9	10.5	12	Valve Lift


CF




CF Vs Crank Angle

CF Inlet	-180	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	1.0229999999999999	2.12	1.38	3.4	3.78	3.83	4.0199999999999996	CF Exhaust 	-180	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.60099999999999998	0.6	2.1	2.2599999999999998	2.44	2.52	2.5329999999999999	Crank Angle


CF




Piston Position
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