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Section 1 — Introduction

Lish (2015) describes an engine dynamometer (dyno) as a device for measuring the torque, power and

revolutions per minute (rpm) of an engine.

This experimental report will detail the investigation into the performance characteristics of a 1.6 litre
Inline 4 Honda VTech engine. Using the dyno, the raw data for Load (W), Engine Speed (N) and Fuel
Flow Rate (A) will be collected in order to create a spreadsheet that will accurately calculate the Torque
(T), Power (P), Specific Fuel Consumption (SFC), Brake Mean Effective Pressure (BMEP) and finally the
Brake Thermal Efficiency (nt) of the engine. Using this data and graphs, observations will be made on

how and why SFC, Torque and Power vary with engine speed.




Section 2 — Experimental Procedure

Section 2.1 — Procedure

1. Before starting the experiment, the accuracy of the dyno must be checked. This is done by
adding mass to the arms of the dyno to see how it affects the torque. The arms would attach
to the two bolts on the blue housing, as seen in figure 1 below. With the mass added, get a
torque value from the dyno. As well as this, get a calculated value for the torque using the
equation T=Fr where r is the radius of the torque arm, which should be imprinted on the
torque arm, and F is the force acting on the torque arm, which can be calculated using the

equation F=mg.

Figure 1 — Image of the dynamometer to
show how to calibrate the device

2. Begin the run by turning on all fuel pumps and turning on the ignition using the screens, as
seenin figure 2.

3. Pressthe crank button on the screen to start the engine.

4. Take the engine off idle by pressing the idle button on the screen. The engine is now in your
control.

5. Using theload and engine speed controls, gradually raise them both at the same time. Be sure
to carefully raise them simultaneously to avoid stalling the engine. Raise the engine speed to

2500rpm and the load to 75Nm and hold it there for 5 seconds.




6.

10.

Gradually bring the load and engine speed back down to zero again to finish the test.

Figure 2 — An image of the screens that
control the engine dynamometer
Using this collected data, calculate the Torque using the equation mentioned in step 1 and

plot a graph of Torque against Engine Speed.

Now, calculate the Brake Power (BP) of the engine using the equation BP = %where N

is the engine speed and T is the Torque.
For a more accurate reading, calculate the corrected BP that has been adjusted to consider

the pressure and temperature in the dyno room on the day of the test. Do this using the
equation Corrected BP = BP X %Fzs X ’% where BP is the uncorrected Brake Power,

P is the ambient pressure of the dyno room on the day of the run and T is the ambient
temperature on the day of the run. After this, plot a graph of Corrected BP against Engine
Speed.

Now, calculate the Specific Fuel Consumption (SFC) in kg/kWh by multiplying the fuel flow rate
(V) with the specific gravity of petrol, which is 0.739m/s? (Prasad, 2017), to get its units into
kg/min. Then multiply that value by 60 to change the units to kg/hour and then divide that
value by the BP over 1000 to finally get your Specific Fuel Consumption in kg/kWh. After this,
plot a graph of SFC against Engine Speed.




11. Next, calculate the Brake Mean Effective Pressure (BMEP) using the equation

BMEP = % , where BP is the Corrected Power, Lis the stroke of the engine, which is

2
0.09m (Honda, 2001), A is the Piston Area, calculated using the equation A = % where d is

the bore of the engine, N is the engine speed and n is the number of cylinders, which is 4

(Honda, 2001).

BP
12. Finally, calculate the Brake Thermal Efficiency (nt) using the equation nt = % x 100

where BP is the Corrected Brake Power, SFC is the Specific Fuel Consumption in kg/s and CV
is the calorific value of petrol, which is 43900kJ/kg (Department for Business, Energy &
Industrial Strategy, 2013).
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rpm Ifmin Lambda Nm w w lpfewh Pa
1000 00704 130942 | Baanssro: | 9287478797 9208 516163 0337150836 £a82 879567
1050 00724 130366 | BA6BAT1085 | 9751834028 S84 831894 mmmul 7007 5087
1100 00737 120254 | 893853921 | 1029645801 10236 64235 0517376507
1150 00728 127711 | o0.63108205 | 1001449443 40850 87642 ussueml 716057
1200 00744 126074 | 9237160758 | 1159519218 11527 50655| 0284505504 7290 5961
1250 007695 124451 |9a0B834074 | 12316135 12244 34717 0284232269 7434
1300 0073 127724 | 96.18243773 | 1309385172 13017.5407] 0267519245/ 7599 50001
1350 00796 120757 | 9856858253 | 1 13853 58238 025328406, T7BE 1343
1400 00835 11931 | 1010420154 | 1481353315
1450 00847 118486 | 108 1205861 | 1565857226
1500 008865 117842 | 104 8253780 | 1641880813
1550 00932 117953 | 1055165467 | 1712608375
1600 00959 11852 | 106.2605344 | 17804 12343
1650 009875 119185 | 106.7761049 | 18449 58646
1700 10005
1750 10805
1800 01083
1850 11418
1900 11748 130642 | 107 6130068 | 2141167374
1950 12055 120033 | 1083108795 | 2211740188 93197873
2000 012558 11043 | 1003088780 | 23892 as61s 3372384568
2050 013785 118008 | 110.0587875 | 3863683501 5417816658
2100 0.1309 118558 | 110.6600144 | 24335 40818 3438280311
2150 013435 118312 | 1112155579 | 25039.90187 34 46367935
2200 01377 117937 | 1118404423 | 15766 1682 34 60656756,
2150 014105 117362 | 112.1577791 | 2642655412 34 65051857
2300 014495 116666 | 113.6382712 | 27129.54001 34 61517265
2350 0145985 115508 | 1131603678 | 27847.79612
2400 0.1537 115132 | 1133553383 | 28489 30384
2450 15565 114569 | 113.5731505 | 20138 71364
2500 0.1584 114114 | 113636781 | 107500087
2350 0.1626 11568 | 1156694121 | 5035375414
2600 016805 119568 | 118713464 | 8006001086
2650 017148 113364 | 1135020938 | 3149791514
2700 0.17465 115238 | 113.2068671 | 32008 48757
2750 0.1784 13769 | 118181578 | 3259395462
2800 18008 13073 | 1133145495 | 33275 56125
1850 1881 11391 | 1135135088 | 3387838138
2900 1879 10783 | 113511 34472 14171
2950 19255 10134 | 1133088391 | 35003 73795
3000 3] 10951 | 1133626803 | 35613 93636
3050 0.2060% 108794 | 11382508928 | 3617467204
3100 021008 108038 | 113 5698874 | 3686833347
3150 021605 107302 | 1137689867 | 8752864386
3200 21795 106188 | 1136092502 | 3817195812
3150 22308 105401 | 114 2518761 | 3888430250 3224151078
3300 0.225% 10489 | 1144823723 [ 39462 93892 3184774428
3350 0.2285 104268 | 1146255015 | 4021190741 32 54650481
3400 0.2342 103897 | 1148628024 | 40896 60748 3229554982
3450 0.2360% 1152895482 | 41652 16692 32 6344215
3500 0.24105 10264 | 1156264587 [ 4237931054 9135917723) 32 39444563
3350 0.24545 102145 | 1188231986 | 42983 51618 5135 653898| 31 38778104
3600 0.25505 101677 | 1154053034 | 43506 80456 9118.450046) 3154816843
3850 025755 101337 | 1153197168 | sso7mazss 51 11.||2u!| 3165230022
3700 0.26445 101249 | 1150252316 | 4456803219 9086 413375| 3116895052
3750 0.2651 101208 | 1145026598 | 45004 35827 3139682727
3800 0.2693 101206 | 114248613 | 4546352976 3122260173
3850 0.27375 101243 | 113.9630914 | 4594662005 3104143094
3500 02758 101326 | 1134915728 | a63sorsraz 3107044159
3950 0.28285 10147 | 112 9188081 [ 46708 11548 3054066252
4000 0.28455 101515 | 112.2964611 | 47038 63161 3057302285
4050 0.2871 101656 | 1117017604 | 47374 39301 3051776735
4100 028895 101733 | 1113653702 | 47771 87604 3057678954
4180 0.29308 10176 | 1105006683 | 4818598694 3041665448
4200 0.2048 101741 | 1103040714 | 48553 84853 3045027214
4250 0.2971% 101673 | 110.1093656 | 49005 15068 305005988
4300 0.3022 101544 | 110.1664699 | 49607 40474 30.3594807 1
4350 0.30605 101328 | 1100016832 | 50109 16056 30.28078386
4400 03082 50487 19573
250 03099
4500 031445
4550 03171
4600 03194
4650 033055
4700 03207
4750 032485
4800 032458 X X
4850 03257 0998659 | 102 2044962 | 51908 73458
4900 0999367 | 101 170908 | 851913 50427
122774 4950 0099956 | 1001593457 | 51918 87768
121877 5000 100054 | 09 01644355 | 51844 88861
1 5050 100132 | 978310068 | 5173692915
118218 5100 3297 100213 | 96 43940717 | 51505 46662
116.37 5150 085095 100344 | 0485027853 | 5118399277
091 5200 3354 10084 LTS 5112628651
115,53 5150 ELTE] 100649 | 9261504928 | 5091778273
112164 5300 3334 100692 | 9150069926 | 5078423335
110706 5350 3308 100678 | 9031129786 | 50596 96693
a2 5400 3388 10079 890827352 | 5037510228
107 685 5450 3438 100864 | 6784683856 | 5013618185
106.267 5500 3488 100911 | 8669006819 | 49920 89482

Table 1 — A table showing the raw and

calculated data for the dynamometer run




Section 4 — Analysis

Section 4.1 —How and Why does Torque vary with Engine Speed

Section 4.1.1 - Graph of Torque against Engine Speed
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140
120
100

80

60

Torque (Nm)

40

20

0 1000 2000 3000 4000 5000 6000
Engine Speed (rpm)

Graph'1='A graph showing the
relationship between Torque in Nm and
Engine Speed inrpm

Section 4.1.2 — How and Why does Torque vary with Engine Speed

Looking at the graph in Section 4.1.1, you can see that the torque initially rises with engine speed until
it reaches a peak of 115.63Nm at 3500rpm. At this point, the torque begins to decrease down to its
lowest point of 86.69Nm at 5500rpm. The reason for the drop in torque after 3500rpm is that at this

point, the engine is revving too quickly for it to properly complete the four-stroke cycle as the exhaust




gases are not being completely expelled before the start of the next cycle and therefore less air is

being drawn in and the engine is starting to suffocate (adilca.com, 2001).

For comparison, the peak torque of a 2001 Honda Civic Hatchback is 142Nm at 5200rpm

(ultimatespecs.com, 2013) showing a difference of 26.37Nm.

Section 4.2 — How and Why does Specific Fuel Consumption vary with Engine Speed

Section 4.2.1 - Graph of SFC against Engine Speed

Specific Fuel Consumption against Engine Speed
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Graph 2 — Graph of SFC in kg/kWh
against Engine Speed in rpm

Section 4.2.2 — How and Why does SFC vary with Engine Speed

Looking at the graph in section 4.2.1, you can see that initially the SFC is quite high with a peak SFC of
0.34kg/kW but then suddenly drops down to its lowest value of 0.23kg/kWh within 1000rpm. The
reason for this drop in SFC could be that a high amount of fuel is needed to initially pull away from

rest but after that very little is needed to power the car. After the drop, the SFC gradually increases to




a final value of 0.31kg/kWh at 5500rpm. The reason for the increase in SFC is that as the engine speed
increases, the amount of fuel required to keep accelerating the car also increases and therefore the

specific fuel consumption (Hosseini et al., 2017).

Section 4.3 — How and Why does Brake Power vary with Engine Speed

Section 4.3.1 - Graph of Brake Power against Engine Speed
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Section 4.3.2 — How and Why does Brake Power vary with Engine Speed

As you can see from the graph in section 4.1.2, the power starts at its lowest point of 9203W and then
rapidly rises to its peak power of 51,723.55W at 4800rpm, after this point the power drops back off to
a final value of 49,638.87W at 5500rpm. The reason for the rise in Power is because as the Engine
Speed rises, the power generated by the engine also increases and therefore there is a proportional

relationship between the pair. The reason for the drop in power after this peak is similar to the drop




in Torque mentioned in Section 4.1.2. After the peak power, the engine is revving too high to properly
complete the four-stroke cycle. At such high revolutions, the engine is not drawing enough air-fuel
mixture to effectively combust and therefore the power generated by the engine will decrease

(Sherman, 2016).




Section 5 — Evaluation

Overall, the test was a success with the graphs showing similar trends to other torque/power curves
for different cars. When comparing the results to that of an Inline 4 2.0L Saab Engine, shown in figure
3, you can see that the power curves both show similar if not identical trends to the ones shown in

sections 4.1.1 and 4.3.1.
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Figure 3 — Torque and Power Curve of an

Inline 4 2.0L Saab Engine (x-engineer.org,
2019)

However, the torque curves of the Saab and the Honda do not completely match up. This could be
down to the calculated torque not matching up with the measured torque when calibrating the
torque. When checking the torque using the same process mentioned in step one of section 2.1, the
calculated torque was shown to be 0.16 Nm away from the measured torque. This difference could be
down to the mass used to calibrate the dynamometer being quite old and damaged and therefore the

stated mass could now be different to the actual mass.

The setup was already done on arrival, which could create some variables that would affect the
collected data. As well as this, there was a delay between the control dials for the load and the engine
speed making it difficult to raise the values gradually causing issuesin the collection of results soif the

test was repeated more care should be taken to gradually raise the values.




Section 6 — Conclusion

In conclusion, the test was a success. The trends of all the graphs except the Torque are similar to
other curves, as mentioned in the evaluation. The calculated data is also quite representable with the
Brake Thermal Efficiency of the engine being around 30%, which is relatively good for a near 20-year-

old engine that has been run a lot.

If the test was re done, a new mass should be used to attempt to get a much better calibrated Torque
value to also try to get a much more representable Torque curve. As well as this, the test could be run
multiple times and average values taken to try and get more accurate results that would avoid the

delay issues with the load and engine speed control dials mentioned in the evaluation.
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RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information
gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with some
reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing may
show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very few
inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature. High-
level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very good
understanding.

Excellent knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% principles.
(0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret qualitative
and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts
(0) and principles. Failure to develop arguments, leading to illogical or invalid judgements.
Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) evidence to support emerging arguments and judgements but these may be
underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data, with minor errors. An emerging ability to use evidence to support the
argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data accurately. Ability to devise arguments using evidence to make mostly
appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret qualitative
(0) and quantitative data accurately and with some insight. Excellent ability to devise
arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80- Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to devise
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little or no
(0) appreciation of the context of the application. Very weak evidence of different approaches
to problem-solving in particular contexts.

UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

(©)

SKILLS PROF P

contexts.

An adequate awareness and mostly appropriate application of basic methods, materials,
tools and/or techniques. Basic appreciation of the context of the application. Can identify
problems in particular contexts and propose basic alternative approaches or solutions
though there may be errors.

A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Good evidence of different
approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different
approaches to problem-solving in particular contexts and proposes appropriate solutions.

An advanced application of a range of taught, basic methods, materials, tools and/or
techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and proposes
appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

0/0

Transferable skills for life and professional practice (Communicate the results of their study/work accurately and
reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise
of some personal responsibility within a structured and managed environment.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very
weak use of language and/or very inappropriate style. Failure to work effectively individual
or as part of a group. Little or no evidence of the skills for employment requiring the
exercise of some personal responsibility.

Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently,
structured, with information and ideas often poorly expressed. Weak use of language
and/or inappropriate style. Flawed approach to individual or group work, meeting only
partial obligations to others. Limited evidence of the skills for employment requiring the
exercise of some personal responsibility.

Mostly ordered presentation and structure in which relevant ideas / concepts are
reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as
part of a group, meeting most obligations to others but perhaps with limited involvement in
group activities. Demonstrates the basic skills for employment requiring the exercise of
some personal responsibility, with some areas of minor weakness.

Mostly coherent, organised and accurate work, in a suitable structure and is for the most
part clearly expressed. Can work effectively independently and/or as part of a team, with
clear contribution to group activities. Demonstrates the skills for employment requiring the
exercise of some personal responsibility, with some areas of strength and some of minor



VERY GOOD 60-69%
0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work effectively
independently and/or as part of a team, with very good contribution to group activities.

Demonstrates very good skills for employment requiring the exercise of some personal
responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group activities.
Demonstrates excellent skills for employment requiring the exercise of some personal
responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.
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