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[bookmark: _Toc30455216]Introduction:

 The following report aims to understand the relations between produced torque, produced power, specific fuel consumption related to engine speed of a conventional 4-stroke engine. To perform that, an engine will be tested over an engine dynamometer where data will be collected and interpreted using a computer software.
The engine mounted on the engine dynamometer for the test is a Honda D16 Vtec 2001 Japanese Specs. These engines where produced in Japan between 1986 and 2007. It’s a 4 cylinder 1.6l with single overhead camshaft. It is equipped with the variable cam timing Vtec system. From factory, this engine produces 105 hp @6200rpm and 135Nm of torque @ 3400rpm. (Motor Reviewers, 2020)

The Dynamometer is supplied by Apicom DSG company and it is an Eddy Current type Dynamometer. Is uses magnetic field to create load resistance on the engine.
[bookmark: _Toc30455217]
Experimental Procedure:

[bookmark: _Toc30455218]Tools required: 

· Engine Dyno supplied by apicom DSG
· DataQ Pro Software
· Calibration Torque arms
· Calibration weight
· Microsoft Excel
· Engine (Honda D16V1 2001 Japan specs)


[bookmark: _Toc30455219]Mechanical Methodology:

Identify the engine and search in the engine manual the piston stroke, the cylinder bore, engine peak power and torque specifications. Data found Has to be saved for later application.
Also note down the temperature and atmospheric pressure of the day and save it for later application.
Note down the radius of the calibration arm for later purpose.
Ask to the supervisor the origin and calorific value of the fuel running for the dyno test.
[bookmark: _Toc30455220]Safety checks:

Before starting any actions around the engine, safety boots must be worn at all times. Before starting the engine dyno process, a series of safety checks have to be undertaken. 
First, go in the fuel system area and check for any fuel leaks or fuel vapours leak. If leak, report to the supervisor.
[image: ]

Now check on the engine area for any suspicious coolant, fuel or oil leak. Repeat the process on the Dyno torque converter area. If leak appears, report to supervisor.
Next step of this safety check is to verify any loose components that might become a hazard when the engine will be running. Have a look on both intake and exhaust sides if every electrical plug are properly connected and no loose components or no tools left on the engine bay. 
[image: ]
Now check on the most exposed danger, the flywheel and the propeller shaft That connects the engine with the dyno torque converter. These rotates at a fairly high speeds during the engine test. Again, check for any loose bolts or anything suspicious that looks loose or abnormal. If so, report to the supervisor. 
Last step of this safety check is verifying that both engine and engine dyno are properly mounted and stable on the floor. 
All that steps been checked; the rest of the engine Dyno test procedure may continue.


[bookmark: _Toc30455221]Dyno Calibration:

The engine dyno has to be calibrated with DataQ pro software to make sure the reading will be as much accurate as possible. 
First, DataQ pro software has to be launched on the dyno room computer, go on live data. Next step, securely mount the calibration arms on both sides of the dyno torque converter. Safely add the calibration weight on the right arm. 
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Use a calculator to convert the mass of the calibration weight into Nm (multiply by gravity *9.81). Go and check on the software live reading if the torque calculated previously corresponds to the torque applied on the torque converter. If yes, the torque converter is calibrated and the next step can be proceeded.

[bookmark: _Toc30455222]Computer Methodology:

[bookmark: _Toc30455223]Creating Data:
Turn on the engine using the software. 
Use the computer dashboard buttons to get familiar with the engine speed/load relation. Dynamometer button (on left) adjusts the load on the engine where Engine button (on right) simply adjusts engine speed (open throttle more or less). 
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[bookmark: _Toc30455224]Collecting data:

Two types of test are available on the software for the data collection method. 
· Step test
· Sweep test
Sweep test is the one used to collect the data in this case. The Step test means to set up a min and max engine rpm range, the steps from when the engine is stopping for data logging and a duty time for how long the software will hold the engine for every step. When launched, the step test makes the engine run from its min rpm to max rpm with stops at every step for a certain period of time. It allows more time for data logging so more precise results but it takes a longer time and may make the engine overheat after a long period.
For the sweep test, the min and max rpm range is settled up as well as the data logging steps. When launched, the sweep test makes the engine go from min to max rpm in one go without stops and data is collected at different engine speed. This type of test is quicker which results that the engine has less risk to overheat but, data logging is less efficient due to less time given for data logging. In fine, results tend to be less accurate than a step test.
After programming and running the engine test, the raw data is automatically saved as a file in the dyno computer.
Engine data given are the following: Load (in Newtons), Dyno speed (in rpm), fuel flow rate (in l/min) and Lambda reading.
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[bookmark: _Toc30455225]Data application:

If necessary, raw data could be smoothed using an online tool called Mazurka project data smoother. (References)
Use the raw data collected from engine test and upload it in a new excel worksheet. Also upload the ambient temp and atmospheric pressure of the day as well as the engine specification found online earlier for cylinder Bore and piston stroke length. 
Use all upload data to calculate in the following order, engine Torque, engine power, Corrected Power, Specific fuel consumption (S.F.C), Fuel flow rate in Kg/min then in Kg/hr, Piston Area, Brake mean effective Pressure, and final Break thermal efficiency.
Formulas are the following:

· Torque in Nm = Load* torque arm Radius

· Brake Power in watts = 

· Corrected Power in watts:  

Rearranged for corrected power gives:
Corrected power = Brake power x 

· Fuel flow rate in Kg/min = Fuel flow rate (l/min) 

· Fuel Flow rate in Kg/hr = Fuel flow rate (Kg/min) 

· S.F.C = 

· Piston Area in m²: A = 

· BMEP in Pa:   BP =  

Rearranged for BMEP gives:
BMEP = 

· Brake thermal efficiency in %: ƞt = 
With S.F.C converted gives: 
Ƞt = 

[bookmark: _Toc30455226] Data use: 

Using the data calculated on excel previously to plot graphs for Torque over engine rpm, engine power over engine rpm and S.F.C over engine rpm on the excel worksheet. 



[bookmark: _Toc30455227]Results:
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Full data lot is visible is the appendices. Appendices:













[bookmark: _Toc30455228]Analysis:
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Full data is lot is visible in the appendices. Appendices:


[image: ]Torque over engine speed graph shows a fairly linear curve. Indeed, torque at 1000rpm (minimum rpm) is at 86.7Nm. Peak Torque is 138.3Nm and occurs at 3550 engine RPM. Lowest engine torque is 79.1Nm and occurs at the maximum engine RPM. Due to the design of the engine, the torque increases from 1000rpm to 3550rpm. It relates to a leaner air/fuel mixture. From 3550rpm to 5500rpm, torque decreases due to maximum cylinders volume capacity being reached.  Regarding the curve shape, the engine is designed to deliver max torque at low rpm. 







[image: ]Engine power over engine speed curve is constant and linear until a certain point. Starting from 9077 W at 1000rpm, the curve goes up linearly to 47902W at 4750rpm. Due to the engine design, power starts decreasing slowly after max power and reaches 45580w at max rpm 5500rpm. This reduction of engine power is due to the engine having reached its maximum power range. Also, curve going down is due to the engine reaching its maximum volumetric capacity (for inlet and outlet). It restricts the power at higher rpm. Regarding the curve, the engine is design to produce maximum power at higher rpm.




[image: ]S.F.C over engine speed curve shows an irregular and none constant curve. Indeed, at minimum 1000rpm, the S.F.C is at 0.034 Kg/KWhr. At its lowest point, S.F.C is 0.25 Kg/KWhr at 2250rpm. At maximum 5500rpm, S.F.C is at 0.34Kg/KWhr.  Overall, S.F.C over engine speed curve is proportional to power created and 
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[bookmark: _Toc30455229]Discussion:
The engine on the dyno is underpowered compare the what it is supposed to produce




[bookmark: _Toc30455230]Conclusion:

[image: ]The Honda D16 engine tested on the engine dyno has a decently good thermal efficient. Looking at the thermal efficiency curve, the engine has its best efficiency of 30.3% at 2250 rpm and an average of 27% thermal efficiency along the dyno engine test.  In fact, a standard SI engine has a thermal efficiency turning between 20% and 30%.









[image: ]Along acceleration, the S.F.C value decreases from 1000rpm to 2250rpm due to a leaner mixture in relation to create more torque. The more linear part after 2250rpm, the S.F.C value is rising up due to more air being inducted in the engine in relation to get a richer mixture for higher rpm power. If using the lambda curve as a comparison, it makes sense to say that the mixture is being leaner (further to 1v value) on low Rpm for the first part of the curve and gets richer (closer to 1v) on high rpm until the max rpm. 




Overall, the Honda D16 engine tested has a good thermal efficiency however, it has poor performances. Conclusion is that It must have a tuning problem linked to two main problems. 
First, the fact that the engine is not running on a factory exhaust system. Indeed, factory exhaust systems are sized and design as factory to meet engine requirements in terms of exhaust gases emissions, noise and back pressure waves. The one currently fitted on the engine is completely modified and short. It may affect engine performances. 
Secondly the air filtration system. In fact, factory air boxes are an important part of the intake system as the length of the intake pipe and the air box design matters in the engine performance. The filter installed on the engine test is too small and not well placed as it is mounted straight on the throttle body and must catch up hot air coming from the engine. Again, engine performances are affected.




[bookmark: _Toc30455231]Evaluation:
Error prevention, consistency


[bookmark: _Toc30455232]Further work

For further work, it would have been great to experience when the Vtec system activates and compare the data curves with 
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[bookmark: _Toc30455236]Excel Spreadsheet:
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