


Abstract
This assignment covers the results and analysis of a dynamometer test performed on a 1.6 litre Honda v-tech DOHC engine. From the results of this test, further analysis work was performed to find out additional information about the engine. Recommendations are made to further improve the results if this investigation were to be performed again. 
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[bookmark: _Toc30768684]Introduction 
This assignment evaluates data that was acquired from an engine test that was performed using an engine dynamometer. An engine dynamometer is a device that measures torque and the engine speed. With the engine dynamometer measuring these values, it can calculate how much power the engine is producing. (Lish, 2015) 
This test collected the load, speed and fuel consumption rate of the engine when the engine is at 100% throttle. Also included is the lambda readings. This data is put into a spreadsheet where the following is to be calculated:
· Corrected power
· Torque
· Brake mean effective pressure 
· Specific fuel consumption 
· Brake thermal efficiency 
The aim of this investigation is to show the results of the dyno test and analysis the results to find additional data about the test engine
A glossary can be found in appendix 1 
[bookmark: _Toc30768685]Research 
Before any form of investigative work can be performed, the following must be known:
· The calorific value of the fuel used during the test 
· Specific gravity of the fuel 
· The bore and stroke of the cylinders
· Radius of the torque arm 
These values are important for the analysis because they are required for calculating the torque produced by the engine, area of the piston, the S.F.C, and for the conversion of the volumetric flow rate from litres per minute to kilograms per minute 
The bore and stroke of the engine is 81.0mm x 77.4mm respectively (Honda, 1990)
The radius of the torque arm is 0.815776m
The specific gravity of the fuel is 0.75
The calorific value of the fuel is 43700KJ/KG (Department for Business, Energy & Industrial Strategy, 2014) 
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The engine is first placed onto the dynamometer without gearbox. The gearbox is removed so that a true reading of the engine speed is shown.  
Before the dynamometer is started, the stator is balanced using a 20lb weight that is hung from a beam measuring 0.815776 metres long. 
The test room then is cleared of people and shut for safety purposes. Once the room is cleared and the extraction fans are turned on, the engine is started. 
The engine is first warmed up to optimal operating temperature and the test is conducted at 100% throttle open. As the engine runs through the its power range, data is then recorded of the test and once all the data is collected, the engine is turned down from its highest engine speed to idle so it can be switched off and it can safely cool down. 
[bookmark: _Toc30768687]Calculations and equations 
The calculations are performed on Microsoft Excel. This program allows calculations to be performed. Also, the program allows the creation of graphs that will be used in this investigation. 
The calculations used in the table is as follows:
·  
· 
· 
· 
· 
· 
· 
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The results of the dyno test is shown in the table below:  
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[bookmark: _Toc30768706]Table 1-Sample of the results from the dynamometer test
[image: ][bookmark: _Toc30768707]Table 2-Room conditions on the day of the dynamometer test





A full view of the table is shown in the appendix 2 
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The first procedure in this analysis is to find the torque. To do this the following equation is used:  

This W is substituted with the dyno speed and the R is substituted with the length of the torque arm (0.815776m). This calculation is then duplicated to find the torque at all engine speeds. 
Now that the torque has been acquired. The brake power can now be calculated using the following equation:  

The T value is what was already calculated from the last step and the N is substituted with the dyno speed values. This calculation is duplicated to find the power at all engine speeds 

The brake power value is then corrected for the pressure and temperature conditions at the time of the test using the following equation: 

Before performing any calculations, this equation must be rearranged so that the corrected power is the subject. This is done by moving the brake power over to the other side of the equals sign, the result of this is shown below:


This procedure means that the equation is suitable for the use of finding the corrected power. The appropriate numbers are substituted into the equation to find the corrected power. Also, the equation was duplicated to find the corrected power across all engine speeds. 
The next value to find in this analysis is the S.F.C. To do so the equation below was used with the relevant numbers: 

This equation was duplicated to find the S.F.C across all engine speeds 
In preparation to find the B.M.E.P, the piston area must be calculated using the relevant numbers and the equation displayed below:


Once this is performed, the B.M.E.P can be calculated using the following formula and the relevant numbers: 

Once this is done the calculation is duplicated to find the B.M.E.P across all engine speeds
The last stage of the analysis is to calculate the brake thermal efficiency using the relevant numbers and the formula below: 

The S.F.C was recalculated so that it can be used in the calculation above. 
This calculation is duplicated across all engine speeds 
A full view of the fully analysed table is shown in appendix 3 
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[bookmark: _Toc30768691]Torque against engine speed graph evaluation  

[bookmark: _Toc30768703]Figure 1-Torque against engine speed graph
In figure 1 (shown above) the torque starts of at 92Nm and steady increases through to around 3500RPM. From 3500RPM, the torque beings to drop and at engine speeds over 5000RPM, the amount of torque produced is less than was made when the engine speed was at 1000RPM. 
A reason why the torque varies with engine speed is due to air flow. The piston in this case is working like an air pump. The piston creates a negative pressure inside the combustion chamber. The air will be sucked into the combustion chamber as the piston moves down. As engine speed increases the more air is being sent into the combustion chamber to be compressed and burnt per second hence an increase in torque. This will only be up to a point. 
When the engine gets to higher speeds, the volumetric efficiency of the engine will decrease due to higher frictional forces and higher flow resistances. (Heywood, 2018) This means that the amount of air that can get into the combustion chamber is lower hence why torque is lower at higher engine speeds 
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[bookmark: _Toc30768704]Figure 2-Brake power against engine speed graph
As shown in figure 2 (shown above) the brake power steadily increases with engine speed until around 4500RPM. From here it levels and then decreases when the engine speed is beyond 5000RPM. One mathematical reason why brake power changes with engine speed is because of the following equation

In this equation, the engine speed is represented by N, this means that engine speed has a direct influence over brake power. If the torque is kept at a constant and the engine speed is increased, the brake power will increase. 
The mathematical reason why the brake power dips at higher RPM is due to the engine producing not producing enough torque at the higher engine speeds to increase the brake power. As seen in figure 1, the amount of torque produced beyond 5000RPM is lower than the torque produced at 1000RPM. This downward trend effects the brake power as the engine speed is not high enough to counteract the decrease in torque and because of this the brake power is also negatively affected. 
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[bookmark: _Toc30768705]Figure 3- S.F.C against engine speed graph 
As shown in figure 3 (shown above) the S.F.C starts high and lowers down through the rev range until around 2250RPM. From this point the S.F.C starts to slowly increase as engine speed increases. 
The S.F.C varies with engine speed due to the characteristics of the engine. In terms of fuel usage, this engine operates best between 2000RPM and 3000RPM. As the engine speed increases, the demand for more fuel increases as well hence the increase in S.F.C in higher engine speeds   
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In conclusion, the aim of the test has been achieved and the analysis is also complete. Results are as expected as the engine used is an old engine and due to wear inside the combustion chamber the power and torque outcomes are lower than a new engine. Overall the test was conducted in a professional manner and the results and the aim were achieved. 

[bookmark: _Toc30768695]Recommendations 
If this task was to be performed again, some changes would be recommended. In terms of the engine dynamometer, no changes would be made as it is already of a high quality and it ran without fault in the original task. 
What would be recommended however is that the engine should be checked to see if it is running at its optimal best. Servicing the engine can have a positive effect on performance. For example, a clean air filter will allow more air to flow through into the engine than a dirty air filter. This allows more air to enter the combustion chamber and with more air available, the ECU can direct more fuel into the combustion chamber allowing for better combustion and as a result a bit more power.  
This recommendation will improve the results as it will give a better indication of the engines torque and power levels when the engine was new. This would not be totally accurate as it does not compensate for the age of the engine and the wear inside the combustion chamber.    
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	Abbreviation 
	Description 

	DOHC
	Dual overhead Camshaft

	S.F.C 
	Specific fuel consumption 

	T
	Torque 

	W
	Engine load 

	R
	The length of the arm where the load is acting on 

	BP
	Brake power

	N
	Engine speed in RPM 

	Ps
	Corrected power 

	Pa
	Ambient pressure 

	Ta
	Ambient temperature 

	V
	Volume of fuel being measured 

	d
	Value showing the length of the cylinder bore 

	t
	Time 

	A
	Area 

	B.M.E.P
	Brake mean effective pressure 

	L
	Length of the stroke 

	n
	Number of cylinders 

	ηt
	Brake thermal efficiency 

	C.V
	Calorific value of the fuel used 

	Nm
	Newton metres 

	RPM
	Revolutions per minute 

	ECU
	Engine control unit 
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Brake power against 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	9667.2732552932557	10153.417594997021	10659.842509365712	11188.393240239095	11732.867724766827	12305.776873478295	12876.968922144419	13498.059385561095	14168.057300518072	14866.553950556005	15535.654872951984	16215.848603352346	16860.999824369592	17500.247980056822	18095.620385331644	18702.444395635259	19269.245452145624	19851.124526467105	20433.900593349586	20991.791523754007	21603.8522620566	22256.730433277902	22997.454075973255	23731.43746028165	24428.609978443819	25098.748849374675	25769.673656644689	26528.431121209309	27155.604048468209	27693.927726863356	28302.678135476541	29002.703944261324	29612.030990949439	30163.15603460803	30682.220001300539	31378.209343560811	32014.740893206152	32574.989632628054	33193.7991721039	33780.72276173273	34436.569551191627	34995.921298052534	35428.207641557899	36030.576588808544	36532.234628424485	37028.087844752801	37757.030985147001	38432.13321491539	39081.846283814295	39678.389050811566	40230.116360903972	40790.578669983261	41367.8617252779	41895.643605384714	42332.376469156748	42761.557509843798	43237.894730880624	43770.964595704194	44207.483889818854	44576.506629414755	44783.336028409038	45106.821445658097	45500.127055298239	45918.868811132488	46313.519909614137	46778.461053733103	47192.145480080551	47520.89752508064	47872.783435368277	48111.528683961602	48493.339974641487	48715.366990455033	48891.134818479783	48982.418761437664	48981.124529313944	48826.978493402457	48947.295095584748	48959.143940176262	48895.423297200003	48817.564342905091	48841.672085830287	48713.602905085063	48415.17348003995	48076.797986278274	47635.123120634424	47319.497066776989	46834.740929846201	46408.203881517533	46461.80559412708	46577.274165086819	46586.18429119276	Engine speed (RPM)


Brake power (Watts)



S.F.C against engine speed 
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000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
000512397
0005152997

7066.324963
7273 887808
4a7.88127
7700657998
7919635438
132074475
8329.40521
a527.552451
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Load Dyno Speed  Fuel Flow Rate  Lambda

Newtons rpm I/min Lambda
113.163 1000 0.0704 1.30942
113.194 1050 0.0724 1.30366
113.438 1100 0.0737 1.29294
113.886 1150 0.0728 1.27711
114.452 1200 0.0744 1.26074
115.239 1250 0.07895 1.24451
115.95 1300 0.079 1.22724
117.041 1350 0.0796 1.20757
118.463 1400 0.0835 1.1931
120.017 1450 0.0847 1.18486

121.238 1500 0.08865 1.17942




