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This experiment is to learn how use an engine dynamometer and how to formulate the results into useable data such as corrected engine power, fuel flow rates and thermal efficiency 
A graph can be plotted from this data and presented to whom its required by and it will then be easily readable what the engine is doing, for example a engine power graph will clearly show what power is being produced at any given engine speed, the plotted line shows a power curve which is incredibly useful for defining how the engine characterises its power delivery.
Showing the fuel consumption in a graph allows a visual representation of where the fuel is being delivered the least and where the consumption begins to climb.
A dynamometer is a device that can measure force, power, or speed—so you can figure out how much power you need or how much you have to hand. But dynamometers come in all shapes and sizes. Woodford(2009/2018)
Engine dynamometer much like chassis dyno’s are apparatus that can measure the engines brake horse power or BHP torque and , by reading the rate and effort the engine can gain speed relative to engine speed, the dyno uses water and a turbine to measure the required power used to spin the turbine. You can use the machine to add load to the engine even while under revving, this can simulate entering a hill or driving with a heavier car.
The engine used is a 2003 Honda Civic D16 SOHC which dates back to the late 80’s found in many models such as the CRX
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Fixbook (2011) Reintroducing channel/ d16 zc engine transmission swap overview 

Using the dyno itself requires the knowledge of setting up the engine and extraction conduit for the exhaust emissions, the fuel lines and the coolant system to enable the engine to run for a period of time. 
    Then the flywheel needs to be connected to the dyno using the correct prop shaft for the selected engine
[bookmark: _Toc30456627]Experimental procedure  

The Engine gets bolted into position on the dyno, the flywheel connected to the appropriate fitting drive shaft, and then the drive shaft tube is sealed.
2 arms are connected to the drum of the dyno, where a 20.45Kg weight is placed on the end of one of the arms, Using the dyno itself requires the knowledge of setting up the engine and extraction conduit for the exhaust emissions, the fuel lines and the coolant system to enable the engine to run for a period of time. 
The dyno is then activated and the engine started, then once warmed up to operating temperature the first test can begin.

Step test was the first test, working to a specific range of engine speed, the step test is then set up to rev the engine to 50rpm increments and hold for 1 second before moving onto the next increment, this will be completed only between a set range of rpm such as 3000 to 5500.
This is a big benefit if the data needed is set between this rev range, or if there is a requirement for a higher level of resolution on what Is happening at each increment of rpm, however this can increase the levels of heat building up through the slower revving of the engine, and can have an adverse effect on the test as the engines temperature rises.
A sweep test is also performed where the engine is revved up naturally through its entire rev range in one sweep, this is more akin to real world driving and will give a full comprehensive graph that shows all the relevant data needed from the test

Once the engine is up to working temperature it can be used reliably and with true to normal readings, the extractor is turned on and the dyno software can now be used to control the engine, using the software to set up the sweep test and the rev range it is to determined.
Similarly, the sweep test is set with low and high limit and pressed begin the engine will then be taken through the rev range in one motion.
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Figure 3
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The torque is made from a very low point, where it begins to climb to its peak figure at 3500rpm torque is a force of effort that isn’t essentially better with higher engine speeds where as power is, the engine power climbs gradually rising to a peak power of 4800rpm, higher engine speeds give more power until the engine reaches its sweet spot, the power will then trail off and this is highlighted in the graph for this engine just as the engine reaches vtec, however to safe the engine from stress the test is stopped prior to vtec engaging, the dip on the graph is where vtec is beginning to change over.

Torque = 

Brake power = 

 Corrected power = 

Specific fuels consumption = 

Area of piston = 

Brake Mean Effective Pressure =   

Brake Thermal Efficiency = 
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The findings of this report show that S.F.C graphs proves that as the engine speed climbs the fuel demand suddenly spikes, and drops drastically, this is due to the flooring the throttle and then once the engines sensors and ecu catches up it adjusts the fuelling to meet the demand actually needed by the engine, the speed of the engine increases and the injectors stay open longer providing more fuel, similarly for the power and torque, as the engine speed increases the engine makes more power and torque, and does so faster as shown in the graph by the steady and linear climb in power and torque, typically the more an engines revs the more power it will produce.

Another engine of the same kind has a far better state of repair and makes more power, however the characteristics of that engine are very similar, albeit the higher levels of power and torque.
      The torque curve is a steady climb to its max figure and then a slow trail off as the engine speed increases, the power is a stead but more meaningful climb to a higher power figure where it reaches peak power just shy of its max rpm, however on this engine vtec is enabled and the slight dip in the curve seen is where the cam profiles switch over to vtec, the power increase at this point is a bit more aggressive and will climb faster and to a higher max power than otherwise possible without vtec.
Graphs of both engines display a similar curve character and despite being worlds apart in performance are indeed the same engine 
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The engine wasn’t in a very good state of repair for using on a dyno, the results are not inline with similar engines that produce much closer to the intended figures, this is due mostly to heavy wear and tea.
There are a few things that can cause an inaccuracy however, the engine floods when the throttle is fully opened this is caused by all the fuel entering the combustion chamber at once and then a delay as the engines sensors catch up with what is happening, as the ecu recalculates this sudden change, the fuel will be pulled back and the ignition will also be advanced to increase the burn rate, at this point the engine will use less fuel and avoid wasting but also increasing the fuel economy, the engine will produce more power this way and perform marginally better, giving a far better result in the lower rpm range.

The sweep test is a great way to show the power curve the engine produces, but it happens far too fast to see any issues that could be there, or to formulate specific information that may be required at a certain rpm, this is where the step test is great.
But the step test also has its own issues, mainly with heat build up, holding an engine at a constant rpm for long periods creates heat, heat that makes the engine less efficient therefore making the results less accurate

[bookmark: _Toc30456632]Further work

With a bigger budget this engine could be further improved due to its currently poor state of repair, beginning with a rebuild using OE original gaskets and parts, replacing the pistons, rings, big end bearings, crank journals and head gasket, the valves and headbolts, then using higher grade oil and fuel such as motul and shell v power. A high quality air filter and a new exhaust system to avoid having a carbon built up exhaust. 
The dyno is already state of the art and would be hard to improve apon however a colder room with a good air supply would increase the engines performance, running an engine in a building is never a good idea due to heat, air supply and lack of cooling.
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Total spreadsheet data
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Torque vs Engine speed

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	86.998398589999994	86.435833279999997	87.081905140000003	87.749154840000003	89.011991170000002	90.247426770000004	91.571287100000006	92.651753859999999	93.441854530000001	94.105992860000001	95.262137409999994	96.289107700000002	97.037756239999993	97.300320240000005	97.449066279999997	98.195707420000005	98.834552819999999	99.102837800000003	99.455934130000003	99.949947829999999	100.6715973	101.75959159999999	102.8967665	103.4518042	103.78101289999999	104.3511058	104.745554	104.7786756	104.7887125	104.80075669999999	104.9412726	105.5023324	105.73920200000001	105.93090580000001	105.8536221	105.66794040000001	105.66292199999999	105.85562950000001	105.58061979999999	105.22130060000001	105.2815217	105.55050919999999	105.6207672	106.00818959999999	106.18383439999999	106.3163208	106.3514497	106.2872139	106.4718919	106.6967174	106.5933378	106.77099010000001	106.73887209999999	106.5983562	106.4227114	106.06138489999999	105.59667880000001	105.21628219999999	104.89008459999999	104.5779387	103.92052510000001	103.36950210000001	102.9479544	102.72614009999999	102.67595590000001	102.33269559999999	102.1450066	101.6602268	100.69167090000001	100.1210761	99.983772040000005	99.548574259999995	99.039806389999995	98.182860270000006	97.633242490000001	96.654348670000005	95.439388129999998	94.238981080000002	93.276045850000003	92.048840369999994	90.786907409999998	89.602057419999994	88.298371180000004	86.806092550000002	84.921072100000004	83.346892789999998	82.375426210000001	81.801820320000004	81.359396039999993	80.526036509999997	79.426800869999994	Engine Speed (RPM)


Engine Tourque (NM)



Engine Power vs Engine Speed
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SFC vs Engine Speed
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