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1 Introduction


The design and characteristics of an engine are contingent on the operating conditions it will encounter, whether it be for a passenger car, an SUV or a performance motorcycle (Calex 2012, pg. 45). An engine’s performance characteristics can be measured by its:
· Power output
· Torque output
· Engine speed
· Fuel consumption 

And its power is dependent on three efficiencies:
· Volumetric Efficiency
· Thermal Efficiency
· Mechanical Efficiency

(Manning 2012, pg. 104)

Using data captured from a sweep test from a dynamometer and comparison graphs, this report presents the engine performance characteristics of a 2000-2001 1.6 litre V-Tec d16 Honda engine.
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The Dynamometer Cell, situated in the University of Wales Trinity St David Engineering workshops, contains the dynamometer and an adjacent viewing room, where the engine and dynamometer’s computer and controls are located (Fig. 1 & 2). 
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Figure 1: View of Dynamometer cell from adjoining control room.


The WS230 Eddy-Current Dynamometer, utilised for the engine test, has versatile applications such as diagnostic testing of engine components, performance and efficiency testing for fuels or for simply running engines in (Fig.2) (Schenck Pegasus GmbH 2001, pg.3).

[image: Diagram

Description automatically generated]Figure 2: Dynamometer and key components


The engine is self-contained on a rig with a drive shaft connecting the engine crankshaft to the inner core of the dynamometer, so engine and inner core turn in unison (Fig.3). The engine is controlled by sensor modules from the main controls in the adjoining room (Fig.2). 
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      Figure 3: Drive shaft connecting engine crank shaft to inner core.         Figure 4: Strain gauge on outer core.

*Please see Appendix 1 for details on how the fuel is delivered to the engine.
The outer casing of the dynamometer, energised by an electromagnetic field, resists the inner core’s movement, ultimately working against the engine’s motion. This resistance produces a turning reaction in the outer casing, which is measured by a strain gauge that transmits a load value in volts to the computer which in turn converts these values to useful data (Fig.4). To produce useful data, the dynamometer must first be calibrated** with known masses. 

**Please see Appendix 2 for further details of the calibration process.
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There are different ways to run tests using the dynamometer. Broadly these can be categorised as manual tests or tests with sequences pre-programmed for the dynamometer to follow.  

[bookmark: _Toc130744994]2.1.1 Manual Tests

There are two main manual control dials as shown in Figure 1:
1. Dynamometer Control dial – controls the amount of current going to the dyno to produce the electromagnetic field that controls the torque which works against the engine speed.

2. Engine Control dial – controls the engine speed measured in rpm. 

In manual mode, the user can control both dials independently to target specific rpms, loads or combinations of the two. The accuracy of the data gathered from manual mode is dependent on the skills and experience of the controller.  




[bookmark: _Toc130744995]2.1.2 Programmed Tests

Programmed tests can be divided into two broad categories - step and sweep.

1. Step Test: These are when a set of parameters are assigned to individual steps, and a sequence of such steps (up to 1000) can be programmed for the dynamometer to run through automatically. Parameters include engine speed, load amount, length of time maintained at certain engine speeds, etc.

2. Sweep Test: This type of test differs to a step test in that the engine is subject to constantly changing rpm and loads and usually only lasts from 5-10 seconds. This is a commonly used test for evaluating the main engine characteristics, i.e. torque, power and efficiency, and is the type of test the results in this report are based on. 

It should be noted that targeting rpms in step tests can put strain on the engine for longer periods than in a sweep test, which generates additional heat and should therefore not be maintained for long periods of time. 

(Fall 2021)
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Torque is a turning moment around a given point which, for an engine, is a measure of its ability to do work. (Zammit 1987, pg. 270 & Heywood 2018, pg.60). The torque characteristics of the VTtec engine are illustrated in Figure 5 and summarised in Table 1.


Figure 5: Torque against Engine Speed


Table 1: Summary of torque characteristics
	Engine Speed
	Torque Characteristic
	Torque Range

	Idle – 1500 rpm
	Initial steep increase
	83 – 96 Nm

	1500 – 2050 rpm
	Slower increase
	96 – 100 Nm

	2,050 – 3,850 rpm
	Mostly consistent with a small dip.
	100 Nm +/- 3 Nm

	2,350 rpm
	Peak Torque value
	103.46 Nm

	3,850 – 5,500 rpm
	Steady drop off
	100 – 72 Nm



From the data in table 1 and figure 5, there are a few areas where the engine appears to be under performing; most notably from 2600-3500 rpm where there is a pronounced dip in the torque value. Lower torque values are a result of a decrease in volumetric efficiency (VE) (Zammit 1987, pg. 273), which is the engine’s ability to draw in and effectively utilise air in the cylinder and its ability to expel exhaust gasses (Manning 2012, pg. 105). Table 2 highlights how VE at different engine speeds can impact torque. 

Table 2: Torque at different engine speeds (Manning 2012, pg. 104 & Calex 2012, pg.42)
	Engine Speeds
	Possible negative result on Volumetric Efficiency & Torque

	
Low

	The volume of air drawn into the cylinder may be reduced by valve timing and gas pressure resulting in lower torque. Potential for flow reversal during valve overlap when some of the new charge can lost through the exhaust port.

	
Mid-range

	Good conditions for larger amounts of air/fuel mixture (charge) due to time between power strokes results in higher pressure combustion and more torque.

	
High

	Less time between strokes for exhaust gasses to be effectively removed from the cylinder and for a complete fresh charge to fill the cylinder resulting in lower torque.



Torque characteristics can be tuned for the vehicle’s intended use. For example, having good torque at low speeds with minimal gear changes is ideal for driving in most urban environments (Manning 2012, pg. 106). There are many ways of affecting how the charge is drawn into the cylinders to increase Torque, and Table 3 presents some of these.








Table 3: Some ways of increasing Torque. 
	Method
	Description
	Result

	Variable Valve Timing
	Ability to adjust the duration the inlet and exhaust valves are open for across the range of engine speeds rather than one fixed timing.
	More air and better removal of exhaust gasses when needed to maintain a more consistently higher torque value (Calex 2012, pg.43)

	Variable Geometry Intake Manifolds 
	Systems that have multiple routes, different tube lengths or diameters for the charge to reach the cylinder from and tuned to different engine speeds. 
	Ensures the right level of charge is getting to the combustion chamber at the right engine speeds to maximise torque characteristics (Bosch 2006, pg. 48)

	Improving airflow with an appropriate air filter.
	Air filters can alter the amount of air an engine receives and should be considered alongside fuel delivery. This engine is currently fitted with an aftermarket lawnmower air filter. 
	A better charge ratio closer to, or, stoichiometric; thus, producing better compression on the power stroke and improved torque. 

	Forced induction (supercharging and turbo charging)
	Forcing more air into the cylinders at a pressure higher than atmospheric.
	Increased pressure at combustion = more torque and power. 
(Calex UK 2012, pg.133)
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If torque is the engine’s ability to do work, power is the rate at which work is done (Heywood 2018, pg.60). Brake Power, then, is the available power that is delivered by the engine to overcome a load or ‘brake’; with the ‘brake’ being the resistance to the engine from the dynamometer (Heywood 2018, pg.60 & Stone 2012, pg.17). Corrected brake power is the brake power value inclusive of the conditions the test takes place in, i.e., the ambient temperature in Kelvin and atmospheric pressure in Bar. The Corrected Brake Power characteristics of the VTec engine are illustrated in Figure 6 and summarised in Table 4.




Figure 6: Brake Power against Engine Speed





Table 4: Summary of Brake Power characteristics
	
	Engine Speed
	Brake Power Characteristic
	Brake Power Range

	1
	Idle – 2750 rpm
	Fairly consistent rise
	8.79 – 29.3 kW

	2
	2750 – 3400 rpm
	Slower rise or dip
	29.3 – 35.93 kW

	3
	3400 – 4000 rpm
	Rise more consistent with initial rpms
	35.93 – 41.26 kW

	4
	4000 – 4700 rpm
	Slower rise followed by sharper rise to peak power value
	41.26 – 44.43 kW

	5
	4750 – 5500 rpm
	Steady drop off
	44.43 – 41.91kW 



The power curve mostly reflects what is usually seen in such tests. However, there are a few areas where its growth slows or dips. These dips, and the steady drop off at higher rpms, can be attributed to a drop in Brake Mean Effective Pressure (BMEP) (Zammit 1987, pg.273), which is the average pressure applied to the piston throughout the power stroke to produce mechanical work. Many of the factors discussed in Table 3 also impact BMEP and corresponding power characteristics and Figure 7 illustrates how the drop off in power at higher engine speeds corresponds with the decline in torque at the same speeds.  


Figure 7: Torque and Corrected Brake Power

Another consideration for improving power is ignition timing. Maximum pressure is achieved when combustion takes place roughly 10° after Top Dead Centre (TDC), and, due to a short delay for the charge to burn and create pressure, the spark should be timed to ignite in advance of the piston reaching TDC (Calex 2012, pg.154). This can be affected by tuning but also by spark-plug contamination – a dirty or wet spark plug can lead to shortened spark duration or no spark (Bosch 2006, pg. 166).
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Specific Fuel Consumption (SFC) is a measure of the amount of fuel (in kilograms) an engine consumes to produce power (in kW) in a set time (in hours). The SFC characteristics of the VTec engine are illustrated in Figure 8 and summarised in Table 5.



Figure 8: Specific Fuel Consumption against Engine Speed



Table 5: Summary of Specific Fuel Consumption characteristics

	Engine Speed
	SFC Characteristic
	SFC Range

	Idle – 1750 rpm
	Sharp fall to lowest value
	0.360 – 0.259 kg/kW.h

	1800 – 2700 rpm
	Remains flat
	approx.0.265 +/5 kg/kW.h 

	2700 – 5500 rpm
	Gradual rise to its peak value
	0.271 – 0.374 kg/kW.h



[bookmark: OLE_LINK1]Lower SFC values are desirable for fuel efficiency as less fuel is required to produce the same amount of power. In real terms, 0.235 kg/kW.h is considered a good SFC value for a spark ignition engine (Heywood 2018, pg. 66).  If an engine is at its most efficient when it uses the least amount of fuel to produce the same amount of power, then approximately the 1500-3000 rpm range represents when this engine is at its most efficient. In this range, the engine  is said to be operating at or close to its ideal air/fuel ratio to achieve complete combustion - known as its stochiometric ratio (Stone 2012, pg. 23) (Appendix 3).  If Thermal Efficiency (TE) measures how well the air/fuel mixture is utilised during combustion (Manning 2012, pg. 105), then we would expect TE to be an inverse curve of SFC, as demonstrated in Figure 9. Therefore, as less fuel is required to produce power, the thermal efficiency increases. 


Figure 9: Shows the inverse relationship between SFC and Thermal Efficiency

On either side of the stochiometric ratio there are lean and rich conditions (Appendix 3). Incomplete combustion products are low during lean conditions and high under rich conditions.  (Heywood 2018, pg. 100). As compression increases, cycle efficiency should also increase (Stone 2012, pg. 16). Therefore, as we can see more fuel is used to produce power under 1500 rpm and over 3000 rpm, it indicates more fuel is required here or the charge is running rich and producing more incomplete combustion products. To understand this better, a review of the emissions or ‘Lambda’ value is important.
[bookmark: _Toc130745000]3.4 Lambda Sensor ***

***For additional information on Lambda and Stoichiometric, please see Appendix 3.

A lambda sensor measures the oxygen levels in the exhaust gasses to explain how well the fuel has been burnt (Calex UK 2014, pg. 105).  Figure 10 illustrates the Lambda readings for this engine test against the ideal stoichiometric value of Lambda 1.  


Figure 10: Actual Lambda reading in relation to stoichiometric ratio.

The results in Figure 10 show that the charge is in fact running lean, not rich as SFC might suggest. This is the case for the entire test, reaching its lowest value of Lambda 1.094 at 3650 rpm. The engine therefore is not achieving complete combustion at any point across in the test resulting in poor BMEP and VE and therefore less torque and power. 
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After exploring the performance of the VTec engine in tests, its characteristics not surprisingly reflect those best suited to driving in an urban environment, as it is most effective at lower engine speeds, when its power, torque and fuel consumption are at their best. There are, however, improvements to be made especially to the air intake, fuel delivery or exhaust systems. 

From SFC and Lambda results, it seems likely there are issues with the air intake system and, as previously mentioned, the engine is currently fitted with an air filter from a lawnmower. This is most likely unsuitable for this application and should be the first change made ahead of further tests. Spark plugs should be inspected for any wear, corrosion, or contamination and changed if required. Introducing variable valve timing should be considered to help deliver smoother more consistent torque and power throughout. As a general approach to further testing, these changes should be implemented individually, with a sweep test conducted after each change is made to assess the result of each change.
[bookmark: _Toc130745002]5 Considerations for further work

A Morse Test can be conducted to arrive at the engine’s Indicated Brake Power and its frictional losses, which would help calculate the engine’s Brake Mean Effective Pressure and its Mechanical Efficiency.  Additional data like this is useful for comparing engine’s indented or ‘indicated’ performance against its current performance.

As well as the further sweep tests suggested in the conclusion, step tests are also recommended to target the areas where the initial results highlighted inconsistencies. Areas to explore are:
· SFC in the initial 1500 rpm
· Dips in torque values, especially at 2500-3500 rpm
· Dips in power, especially at 2700-3400rpm and 4000-4500 rpm

Finally, considering the quality of the air intake system, inspection and improvement of the exhaust system would also be highly recommended. 
[bookmark: _Toc130745003]
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The fuel for the engine is stored in a safe attached to the rear wall. The fuel is taken from the fuel supply by a lift pump via a filter. The fuel then passes through a fuel flow meter to a secondary swirl pot, which feeds the main fuel pump. From here the fuel is supplied to the engine via a regulator to allow for both fuel injected and non-fuel injected engines to be run. The fuel flow meter only registers what fuel is being supplied to the engine while it is running.


[bookmark: _Toc130745006]Appendix 2: Calibration of dynamometer


To convert the voltage output to a load value, calibration of the dynamometer is necessary. This is done by using equally sized and weighted calibration arms on either side of the dynamometer. Each arm measures 815.776mm from centre pivot of dynamometer to the hook eye. One of the arms is then loaded with a known mass which can then be used to calculate the Torque that is being applied around the pivot of the dynamometer:

Torque = Force x Distance 
Where:
· Force = weight on the arm 
· Distance = the length of the arm. 

Hanging a few different sized weights from the arm will provide the computer with different torque values with the voltage equivalent. From here the computer can build up a picture of how the different torque values correspond to the voltage outputs.


[bookmark: _Toc130745007]Appendix 3: Further details on Lambda and Stoichiometric 


[bookmark: OLE_LINK2]Complete combustion in gasoline engines takes place when the air/fuel ratio is 14.7:1 – i.e. 14.7kg of air for 1kg of fuel (Bosch 2006, pg. 18). Lambda is then calculated as:



When the actual air fuel ratio is 14.7:1 and is divided by the ideal ratio (also 14.7:1), then Lambda equals ‘one’ and the air/fuel ratio is said to be ‘stoichiometric’ (Bosch 2006, pg. 18), which is the ideal air/fuel mixture for complete combustion (Stone 2012, pg. 23).  Lambda values below one are the result of rich fuel mixtures and values above one are lean mixtures (Bosch 2006, pg. 18).


[bookmark: _Toc130745008]Appendix 4: Formulas

	Measurement
	Formula
	Inputs and units

	Brake Specific Fuel Consumption
	

	= the Fuel Flow Rate in kg/h
 = the Brake Power in kW
 = kg/kW.h

	Torque
	

	T = Torque in Nm
F = Force/Load in N
s = distance of Dyno Arm in m

	Brake Power
	

	N = Engine Speed in rpm
T = Torque in Nm

	Corrected brake Power
	

	P = Power in kW
 Atmospheric Pressure in Bar
 Ambient Temperature in Kelvin

	Fuel Energy
	.

	M’ = Fuel Flow Rate in kg/h
CV = Calorific Value constant in kJ/kg

	Thermal Efficiency
	

	BP = Brake Power in kW
M’ = Fuel Flow Rate in kg/h
CV = Calorific Value constant in kJ/kg
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Torque (Nm)	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	83.433490399999997	83.825878656	84.586997663999995	85.011201184000001	86.318074335999995	87.704077760000004	89.317682687999991	91.201309471999991	93.217091967999991	94.452992607999988	95.43355536	96.088623487999996	96.645798495999998	96.891347072000002	96.796717055999991	96.963951135999991	97.553757183999991	97.839278783999987	98.036696575999997	98.666475647999988	99.652748831999986	100.21400272	100.989805696	101.80395014399998	102.08376131199999	102.810617728	103.32618815999999	103.458343872	103.35066144	103.238084352	103.145085888	102.982746464	102.919115936	102.66296227199999	101.89939593599999	101.096672352	100.90251766399999	100.65778486399999	99.948059743999991	99.391700512	99.287281183999994	98.809236447999993	98.810052223999989	98.587345375999988	98.379322496	98.578371840000003	99.225282207999996	99.672327455999991	100.285791008	100.72794159999999	100.689600128	101.32345807999999	101.21006521599999	101.129303392	101.00530543999999	100.96614819199999	100.75567798399999	100.072873472	99.652748831999986	98.858998783999994	97.896383103999995	96.860347583999996	95.806364991999985	95.037903999999997	94.573727455999986	93.841976383999992	93.317432416000003	93.011516415999992	92.893228895999997	92.986227359999987	92.432315455999998	92.243055423999991	91.525988319999982	90.600898336	89.713334047999993	88.637325503999989	87.350030975999985	85.852266239999992	84.540498431999993	83.482436959999987	82.479848255999997	81.018711862399996	79.604645743999995	78.190987513599993	77.338256860799987	75.94678773759999	74.878936953600004	73.904247788799992	73.124039622399991	72.543370265600004	72.316421382399994	Brake Power (kW)	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	8.7918627117276724	9.2748714450902305	9.8047557857537395	10.301832359084756	10.914993326509313	11.552348571716477	12.235487694511182	12.97404284563261	13.751943247921552	14.431923231584936	15.084566990928307	15.694379700688513	16.29459034674889	16.846489803916661	17.340037597347248	17.880877918481154	18.503632353308582	19.073283163690451	19.62830307665325	20.274246022519439	21.001956945030891	21.648248040923793	22.347930737210287	23.06447506997592	23.665725867967971	24.375917537283147	25.042560366219327	25.619689954952907	26.137556672471955	26.653025023140291	27.172464863002283	27.672292251359217	28.197452926845418	28.668181850006352	28.991845324844402	29.296115553749761	29.771486477266929	30.229621825387365	30.543081495738658	30.896737450656126	31.387401186457978	31.756882924071402	32.277754047376561	32.724439127951626	33.173728886504357	33.76023703521691	34.504581792338186	35.185189305679351	35.930131505439078	36.619257949063623	37.135830923890786	37.903458751317338	38.394294413058319	38.896485783078148	39.380968781368644	39.89767070065016	40.345361547969077	40.599210197079138	40.953816042810232	41.148479187378399	41.263600796212863	41.337245272234732	41.392218591268218	41.560946707920181	41.856246700951978	42.026823021449466	42.28357721893066	42.635019627381951	43.070232949669268	43.603276429464103	43.830541030237796	44.226804531017564	44.365230700899687	44.394170134602	44.431946561575053	44.366047349110517	44.181940457204306	43.876703144891401	43.651720860959522	43.545251425011237	43.456860001561388	43.113888813945366	42.780817121903837	42.433065963365436	42.377780598752437	42.015467313170632	41.819229327000144	41.664259583626226	41.609684273141802	41.661482120079754	41.912165612650618	ENGINE SPEED (RPM)


TORQUE (Nm)


BRAKE POWER (kW)




Specific Fuel Consumption 

1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	0.36033319717039375	0.35127171511629557	0.33825421789891574	0.31800168026526199	0.30673404003543375	0.30753486859790308	0.29054828779687847	0.27608973105910406	0.27323411188218094	0.26410201459902133	0.26445903302355922	0.26722942097647917	0.26484249730531162	0.26377898611061801	0.2596447657465733	0.25934129303612519	0.26581267429476013	0.26931650706988719	0.26926678171616902	0.26756851988352648	0.26901064575969164	0.26576053586988058	0.26358145052741094	0.262123893201889	0.26183435211624273	0.26039019824758736	0.26046657788229738	0.26320576134436652	0.26461922538017679	0.26279381023050385	0.26431168597365379	0.26441611462962927	0.26818911692553443	0.26912240337969984	0.27108484858206178	0.274029503511173	0.27214798314443445	0.27256378024154848	0.27683847162506192	0.2804422316057838	0.28530555769184274	0.2919760740425732	0.29284100703308535	0.29709447309352743	0.29564810255593432	0.29730982011558943	0.29409137780807049	0.29223943946040587	0.29331927155358761	0.29007278123372293	0.29318719223798295	0.29140480483502373	0.29893113483279593	0.29796393598729942	0.30218276411803446	0.29900241769767277	0.30036910155313817	0.30342339026305143	0.30315856248955431	0.3093249192039198	0.31031586562787822	0.31253896854800167	0.31413513076931227	0.31729907628612641	0.3170494501050945	0.31817180168901621	0.32161422695125308	0.32302670716152077	0.32305374378307938	0.31982688325175002	0.32283995742233779	0.32264370332232301	0.32396991456889979	0.32492442039719455	0.32480008455178566	0.32949182704898045	0.33055927034591237	0.33403831531281464	0.33782173323638021	0.33942277323746528	0.34037203791227777	0.34428000832991174	0.34680263253792998	0.3509703968329238	0.35445461720197308	0.3548336113668934	0.35768234471845045	0.35728464033116042	0.36640508733302213	0.37135020677873054	0.37449747037796527	Engine Speed (Rpm)


SFC (kg/kW.h)



Specific Fuel Consumption & Thermal Efficiency

Specific Fuel Consumption	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	0.36033319717039375	0.35127171511629557	0.33825421789891574	0.31800168026526199	0.30673404003543375	0.30753486859790308	0.29054828779687847	0.27608973105910406	0.27323411188218094	0.26410201459902133	0.26445903302355922	0.26722942097647917	0.26484249730531162	0.26377898611061801	0.2596447657465733	0.25934129303612519	0.26581267429476013	0.26931650706988719	0.26926678171616902	0.26756851988352648	0.26901064575969164	0.26576053586988058	0.26358145052741094	0.262123893201889	0.26183435211624273	0.26039019824758736	0.26046657788229738	0.26320576134436652	0.26461922538017679	0.26279381023050385	0.26431168597365379	0.26441611462962927	0.26818911692553443	0.26912240337969984	0.27108484858206178	0.274029503511173	0.27214798314443445	0.27256378024154848	0.27683847162506192	0.2804422316057838	0.28530555769184274	0.2919760740425732	0.29284100703308535	0.29709447309352743	0.29564810255593432	0.29730982011558943	0.29409137780807049	0.29223943946040587	0.29331927155358761	0.29007278123372293	0.29318719223798295	0.29140480483502373	0.29893113483279593	0.29796393598729942	0.30218276411803446	0.29900241769767277	0.30036910155313817	0.30342339026305143	0.30315856248955431	0.3093249192039198	0.31031586562787822	0.31253896854800167	0.31413513076931227	0.31729907628612641	0.3170494501050945	0.31817180168901621	0.32161422695125308	0.32302670716152077	0.32305374378307938	0.31982688325175002	0.32283995742233779	0.32264370332232301	0.32396991456889979	0.32492442039719455	0.32480008455178566	0.32949182704898045	0.33055927034591237	0.33403831531281464	0.33782173323638021	0.33942277323746528	0.34037203791227777	0.34428000832991174	0.34680263253792998	0.3509703968329238	0.35445461720197308	0.3548336113668934	0.35768234471845045	0.35728464033116042	0.36640508733302213	0.37135020677873054	0.37449747037796527	Thermal Efficiency	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	0.23024943148368829	0.23618899621825568	0.24527857866350899	0.2608996082158313	0.27048355566796134	0.2697792096598331	0.28555154952826495	0.3005056127039431	0.30364625127391942	0.31414570585214446	0.31372161065790444	0.31046923460005327	0.3132673745238807	0.31453041433099677	0.31953855705361117	0.31991247063623623	0.31212399488965376	0.30806323272139141	0.30812012259513299	0.31007576612263105	0.30841349627217829	0.31218522916361169	0.31476613254525998	0.31651641054057489	0.31686642001943849	0.31862379748371206	0.31853036373317262	0.31521541690203836	0.31353169322442631	0.31570954323623773	0.31389650248552725	0.31377253201604255	0.30935824221465125	0.30828542236272688	0.30605367370086567	0.3027648947654285	0.30485808799527608	0.30439302580723399	0.29969286171160914	0.29584172582754414	0.29079879994064006	0.28415517971888865	0.28331590112244526	0.2792597012300006	0.2806258963812775	0.27905742824413543	0.28211134379916575	0.28389909981477246	0.28285394735144581	0.28601964458820966	0.28298137159360692	0.28471223678056268	0.27754390267708107	0.27844481755241457	0.27455739917970862	0.27747773557159655	0.2762152077699821	0.27343479921325609	0.2736736614392728	0.26821800845113275	0.26736149511824814	0.26545974148001455	0.26411090536101189	0.26147732531804585	0.26168319726049505	0.26076010932695753	0.25796904129417791	0.25684103497887484	0.25681953975092259	0.25941069415317497	0.25698960703506257	0.25714592579635398	0.25609326688123119	0.25534096111262694	0.25543870749810366	0.25180143172671038	0.25098831355225026	0.24837424328250435	0.24559258813324983	0.24443414035492045	0.24375243719216866	0.24098556926279305	0.23923265283780346	0.23639177133414574	0.23406808591777339	0.23381808018011183	0.23195585417695128	0.23221405128494416	0.22643384784058807	0.22341852051968458	0.22154091911341386	Engine Speed (rpm)


SFC (kg/kW.h)


Thermal Efficiency (%)




Lambda 

Actual Lambda value	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	1.2658	1.26783	1.2734399999999999	1.2847599999999999	1.2918099999999999	1.2972900000000001	1.29895	1.2946899999999999	1.2855000000000001	1.2781800000000001	1.2795000000000001	1.27766	1.2823500000000001	1.2902800000000001	1.29942	1.31053	1.3149	1.3184899999999999	1.3189200000000001	1.31484	1.31653	1.32098	1.32287	1.3216399999999999	1.3165199999999999	1.3046500000000001	1.2964599999999999	1.2822899999999999	1.2730399999999999	1.2698400000000001	1.2744599999999999	1.2787599999999999	1.27634	1.28027	1.2837099999999999	1.2811999999999999	1.2744800000000001	1.2603599999999999	1.2531000000000001	1.23943	1.2273499999999999	1.2193000000000001	1.20692	1.1927399999999999	1.1848099999999999	1.17378	1.1611800000000001	1.1510400000000001	1.14117	1.12669	1.11975	1.10622	1.09697	1.0940099999999999	1.09659	1.0980799999999999	1.09907	1.1053299999999999	1.11704	1.12259	1.1246100000000001	1.1222000000000001	1.1239399999999999	1.12233	1.1217900000000001	1.12456	1.1227799999999999	1.1194299999999999	1.1198600000000001	1.11873	1.1156299999999999	1.1095299999999999	1.1056900000000001	1.09782	1.09558	1.0882700000000001	1.08396	1.0822099999999999	1.0846	1.08823	1.08687	1.0891	1.09185	1.0940700000000001	1.0934600000000001	1.0880399999999999	1.0833900000000001	1.0800700000000001	1.0789500000000001	1.0792299999999999	1.0836600000000001	Lambda 1 - Stoichiometric	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	Engine Speed (rpm)


Lambda Value
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