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[bookmark: _Toc30454318]CHAPTER 1.0 Introduction
[bookmark: _Toc30454319]1.1 Aims
The aim of this report is to investigate the dynamics of engine characteristics, this includes the relation between engine speed, torque, power, fuel consumption and thermal efficiency. This will be done by using an engine dynamometer to collect data then using software to interpret the data, then using equations and graphical representations to convert the data into meaningful and understandable information, that can be analysed for the purpose of the investigation.  
[bookmark: _Toc30454320]1.2 Background
Honda Civic D16 1.6L VTEC SOHC Japan 
The engine that will be used in this investigation is a Honda Civic D16 VTEC SOHC Japan. The D series of engines began production in the 80s and lasted over 25 years. The D series is an inline-4 naturally aspirated engine and came in a range of engine sizes from 1.2L to 1.7L. The D series engines are relatively weak on performance as the series was designed to be the economy focused Honda engine. Specifically, the D16 is a 1.6L. This engine was used in multiple models including the Integra and Accord but was mainly associated with the Civic, the model of engine that is used in this investigation. The engine is considered reliable often achieving more than 200,000 miles. (Bryce Cleveland, 2018) (Motor Reviewer, 2020) 

Eddy Current Dynamometer 
	“The construction of eddy-current electro brake as shown in the picture below, has a notched disc (rotor) which is driven by a prime mover (such as engine) and magnetic poles (stators) are located outside of it with a gap. The coil which excites the magnetic pole is wound in circumference direction. When a current runs through exciting coil, a magnetic flux loop is formed around the exciting coil through stators and a rotor. The rotation of rotor produces density difference, then eddy-current goes to stator. The electromagnetic force applies in opposite of the rotational direction by the product of this eddy-current and Vector of magnetic flux and it becomes a brake.” (Tokyo Meter Co. Ltd, 2000)  


[image: http://www.tokyometer.co.jp/english/product1/dyna/genri1e.jpg]
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[bookmark: _Toc30454322]1.1 Equipment
Honda Civic D16 VTEC Japan 
A 1.6L engine mounted onto the dynamometer at the flywheel
Eddy-Current Electro Brake Dynamometer
A motor that produces a magnetic field creating load that resists against motion creating load on the engine in which load is measured with load sensors (Tokyo Meter Co. Ltd, 2000)  
Software DSG DataQ Pro
A software package that is used for data acquisition and control for engine testing environments (Apicom DSG, 2019) 
Load Arms and Weights
Used to calibrate the dyno by attaching weights to the end of the load arm and making sure the weight on the load arm in newtons matches the reading on the software from the load sensors. 
[image: ][image: ]
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To calibrate dynamometer
-Mount the torque arm onto the system and place weights onto the end of load arm using -the hook.
 -Make sure to take note of the measurements of the load arm. Take note of the total mass including the mass of the hook. Make sure to measure the mass just before the procedure to ensure accuracy isn’t affected by outdated measurements due to wear of the weights that could reduce their mass. 
-Then multiply the mass by 9.81 to get the measurement in Newtons. Then multiply this number by the length of the torque arm. This will give you the torque that the dynamometer should read. 
-Give the engine an inspection by checking the engine is properly mounted to the dynamometer and check any problems with the engine (e.g. leak)
-Load up the software DSG DataQ Pro and set up the software.
-Familiarise yourself with the software running the dynamometer manually using throttle/ load control 
-Program step test by setting the max and minimum rpm and the increments that engine speed will maintain rpm and produce data. Advantages to this program is that it gives time to read data whilst conducting the procedure when using the dynamometer and the disadvantages is that it takes longer and runs more risk to overheat the engine. 
-Next is the program used in this investigation. Program the sweep test by setting the max and minimum rpm. In this investigation this was 1000 and 5500 rpm. Next set an increment for the logging step. 50 rpm was used. Then run the test. Notice that the program doesn’t pause the engine’s increase in rpm at the logging step. Advantages to this test is that it’s safer for the engine because it takes less time. It also is the preferable program to process results into a spreadsheet. A disadvantage is that it doesn’t allow the user to read the data at the time of using the dyno as well as the step test. 



[bookmark: _Toc30454324]1.3 Excel Methodology 
- Upload data into excel 
- Identify engine stroke and engine bore
- Identify fuel properties fuel density and calorific value
- Identify dyno torque arm length. Which gives you the radius in the torque equation.
-Calculate the torque, brake power, corrected brake power for pressure and temperature, BMEP, SFC and thermal efficiency using formulas listed below. 
- Then create graphs for torque, brake power and SFC against engine speed.  
Torque 

T = Torque (Nm) 
W = Load (N)
R = Torque Arm Length (m) 

Brake Power 

BP = Brake Power (W)
N = Engine Speed (RPM)
T = Torque (Nm) 

Corrected Brake Power

Ps = Corrected Power (W)
Pa = Air Pressure (Bar)
Ta = Temperature (Kelvin) 
BP = Brake Power ~






Specific Fuel Consumption

S.F.C = Specific Fuel Consumption 
F.F.R = Fuel flow rate (l/min) 
0.741 = Fuel Density (Converts litres to kg)
60 = Minutes to Hours
BP = Brake Power (kW) 

 
Area of Piston 

A = Area
d = Bore (diameter) (m) 
Brake Mean Effective Pressure

B.M.E.P = Brake Mean Effective Pressure (Pa)
BP = Brake Power (W)
L = Stroke (m) 
A = Area of Piston (m²)
N = Engine Speed (RPM) 
n = Number of Cylinders
Thermal Efficiency 

nt = Thermal Efficiency (%) 
BP = Brake Power (W)
S.F.C = Specific Fuel Consumption (kg/sec)
C.V = Calorific Value (kg/kJ) 
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(See appendix for full result set
[bookmark: _Toc30454326]CHAPTER 4.0 Analysis 
[bookmark: _Toc30454327]1.1 Torque, Brake Power and SFC
Torque
Figure 1 shows the engine has a very stable torque curve with little variation throughout the rev ranges, incrementally increasing to peak torque starting from 92Nm at 1000 rpm to 110 Nm at 3600 rpm whilst maintaining 109 Nm from 2800 to 3700 RPM. Noticeably the torque curve starts declining at a faster gradient down to 80Nm at 5400 rpm. This could be because the engine and specifically the air intake system is designed to produce maximum torque at a specific range of rpm. This would allow the car to accelerate more effectively at lower speeds or from a standstill as this is where a car generally creates the most load for an engine. Having higher torque at these rpms would allow for better performance for example better responsiveness and acceleration when a car is being used at lower rpm. (X-Engineer, 2020) [bookmark: _Toc30454336][bookmark: _Toc30454509]Figure 1 Torque vs Engine Speed


Brake Power 
Figure 2 shows the engine develop a gradual linear power curve from 1000 to 4600 RPM. The curve then remains close to 49 kW until 5000 RPM where it decreases. This could be because the current valve timing has become ineffective and the air fuel intake is no longer being injected early enough. Therefore, the power starts decreasing. This is where Hondas VVT VTEC system would be used to advance the intake valves to allow fuel to be injected earlier. (X–Engineer, 2020) [bookmark: _Toc30454337][bookmark: _Toc30454510]Figure 2 Brake Power vs Engine Speed


Specific Fuel Consumption 
Looking at figure 3 The specific fuel consumption starts at a high rate and then drops. This could be because the engine is reacting to the full throttle input at the start of the test and therefore allows for a higher amount of fuel to create power hence the higher amount of fuel per kW. Another explanation is that the engine is overcoming the load of the dyno and using more fuel to do this. Noticeably the engine is using the least amount of fuel from 1500 RPM to 3000 RPM at 0.25 kg/kWh and therefore is the most efficient. The graph then starts to increase at a gradual rate up to 0.3 kg/kWh. This could be because the engine requires more fuel per kWh because the RPM is increasing. [bookmark: _Toc30454338][bookmark: _Toc30454511]Figure 3 SFC vs Engine Speed


















[bookmark: _Toc30454328]1.2 BMEP and Thermal Efficiency 
BMEP
Figure 4 shows the BMEP is directly proportional to the torque graph as the BMEP calculates the amount of pressure would be required to mechanically operate the engine accounting for all frictional losses. The BMEP is used to compare engines for performance regardless of the capacity of the engine (EPI Inc. 2020) [bookmark: _Toc30454339][bookmark: _Toc30454512]Figure 4 BMEP vs Engine Speed



Thermal Efficiency [bookmark: _Toc30454340][bookmark: _Toc30454513]Figure 5 Thermal Efficiency vs Engine Speed

Figure 4 shows the thermal efficiency of the engine is at its highest 32.2% and at its lowest 23.8%. Taking the highest value, the engine would be considered fairly efficient. One trend with the thermal efficiency is that it is the inverse of the SFC graph. Where the engine is most efficient from 1500 to 3000 RPM








[bookmark: _Toc30454329]CHAPTER 6.0 Conclusion
In conclusion the investigation into vehicle characteristic was successful. It was found that the engine was most efficient in low range RPMs (1500 to 3000 RPM) which was discovered by analysing the SFC and thermal efficiency graphs. It was also found that the torque was similar throughout the entire test. However, displaying peak torque (110 Nm) at 3600 RPM and above 109 Nm from 2800 RPM to 3700. These findings show that the engine has been designed to operate most efficiently and perform well at low RPM. This means the engine is orientated around economy and lower speed practicality over performance. This engine would perform well in city driving scenarios where fuel efficiency and low-end torque accessible torque are preferable. However, the engine is also capable with a linear smooth power curve where maximum power is produced at 4500 RPM. Summarizing together the engine can be organised into three sections where the lowest RPMs produce the highest efficiency, the middle RPM produce the highest amount of torque and the top section produces the highest amount of power. One theory is that the engine could be designed to suit multiple variations of use where low speed is most efficient (city driving), a medium speed produces the most amount of torque to improve acceleration and responsiveness (normal roads) and the highest speeds produce high amounts of power for high speed (motorways). 

[bookmark: _Toc30454330]CHAPTER 7.0 Evaluation and Further Work
The investigation was relatively successful however could have been improved. It could have been improved is by increasing the range of rpm the sweep test covered by starting at minimum RPM and revving to maximum RPM of the engine. This would have allowed for the VTEC system in the engine to have been analysed further and see how the VTEC affected the characteristics of the engine. When looking at how the test could have been improved, one way could be that a wider representation of conditions the from the test being run multiple times where temperature, pressure, fuel type and engine components could be manipulated and changed. The practical session used for this investigation could have also been run multiple times to be able to identify anomalies from multiple data sets. 
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Torque vs Engine Speed
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46.8346835

46.408147
46.4617486
46.5772171
46.5861272

E

49305.86746

49317.8031
49253.61566
49175.18634
49199.47069
49070.46331
48769.84769
48428.99336
47984.08293

47666.1447
47177.83739
46748.17567
46802.17005
46918.48451
46927.45991

F
49.3059
49.3178
49.2536
49.1752
49.1995
49.0705
48.7698

48.429
47.9841
47.6661
471778
46.7482
46.8022
46.9185
46.9275

G
97.37743
96.396869
95.289046
94.176329
93.280608
92.114866
90.652997
89.145445
87.477185
86.069973
84.384582
82.834609
82.162411
81.610947
80.884499

H
772640.9846
764860.7213
756070.7068
747241.8556
740134.7599
730885.1791
719285.9846
707324.3153
694087.5114
682921.9921
669549.2601
657251.0071
651917.4489
647541.8599
641777.8629

|
772.6409846
764.8607213
756.0707068
747.2418556
740.1347599
730.8851791
719.2859846
707.3243153
694.0875114
682.9219921
669.5492601
657.2510071
651.9174489
647.5418599
641.7778629

J
0.32455
0.3257
0.3277
0.32845
0.3287
0.32985
0.3297
0.33095
0.3338
0.3313
0.3324
0.3308
0.3388
0.3438
0.3488

K
0.24049155
0.2413437
0.2428257
0.24338145
0.2435667
0.24441885
0.2443077
0.24523395
0.2473458
0.2454933
0.2463084
0.2451228
0.2510508
0.2547558
0.2584608

L
14.429493
14.480622
14.569542
14.602887
14.614002
14.665131
14.658462
14.714037
14.840748
14.729598
14.778504
14.707368
15.063048
15.285348
15.507648

M
0.292652655
0.293618553
0.295806547
0.296956414
0.297035757
0.298858621
0.300564031
0.303827025
0.309284811
0.309015929
0.313250984
0.314608384
0.321845077
0.325785203
0.330459991

N
0.00401
0.00402
0.00405
0.00406
0.00406
0.00407
0.00407
0.00409
0.00412
0.00409
0.00411
0.00409
0.00418
0.00425
0.00431

o
26.85867319
26.77031788

26.5723057
26.46941313
26.46234278
26.30093782
26.15170548
25.87084542
25.41431632
25.43642985

25.0925373
24.98427381
24.42250195

24.1271302
23.78582041




